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SE-310 

SE-310 
INVITATION FOR DESIGN-BID-BUILD CONSTRUCTION SERVICES 
  

AGENCY/OWNER:  Horry Georgetown Technical College  
PROJECT NAME:  UPGRADE AND REPLACE HVAC UNITS ON GEORGETOWN BUILDING 100  
PROJECT NUMBER:  H59-6212-ML  CONSTRUCTION COST RANGE: $ 1.0M  to $ 2.0M  
PROJECT LOCATION:  Georgetown Campus Building 100  
DESCRIPTION OF PROJECT/SERVICES:  Replace HVAC equipment on Georgetown Building 100, along with associated 
electrical and controls.  
BID/SUBMITTAL DUE DATE:  8/25/2022  TIME:  3:00pm  NUMBER OF COPIES:  1  
PROJECT DELIVERY METHOD:   Design-Bid-Build  
AGENCY PROJECT COORDINATOR:  Kevin Brown  
EMAIL:  Kevin.Brown@hgtc.edu  TELEPHONE:  843-349-5398  
DOCUMENTS MAY BE OBTAINED FROM:  www.hgtc.edu/purchasing (Construction Projects, Solicitations, and Awards)
  
  

BID SECURITY IS REQUIRED IN AN AMOUNT NOT LESS THAN 5% OF THE BASE BID. 
PERFORMANCE AND LABOR & MATERIAL PAYMENT BONDS:  The successful Contactor will be required to provide 
Performance and Labor and Material Payment Bonds, each in the amount of 100% of the Contract Price. 
DOCUMENT DEPOSIT AMOUNT: $  0.00  IS DEPOSIT REFUNDABLE  Yes   No   N/A   
Bidders must obtain Bidding Documents/Plans from the above listed source(s) to be listed as an official plan holder.  Bidders that rely on copies obtained from 
any other source do so at their own risk.  All written communications with official plan holders & bidders will be via email or website posting. 
Agency WILL NOT accept Bids sent via email. 
  
All questions & correspondence concerning this Invitation shall be addressed to the A/E. 

A/E NAME:  DWG Consulting Engineers, Inc.  
A/E CONTACT:  Will Billard  
EMAIL:  wbillard@dwginc.com  TELEPHONE:  843-849-1141  
  

PRE-BID CONFERENCE: Yes   No   MANDATORY ATTENDANCE: Yes   No   
PRE-BID DATE:   8/11/2022  TIME:   1:00pm  

PRE-BID PLACE:   Georgetown Building 100, 4003 S Fraser St, Georgetown, SC 29440  
BID OPENING PLACE:   HGTC Procurement Office  
BID DELIVERY ADDRESSES: 

HAND-DELIVERY:  MAIL SERVICE: 
Attn: HGTC Procurement Office  Attn: Horry-Georgetown Technical College  
Bldg. 100, Room 120  ATTN:  Purchasing Office     PO Box 261966  
2050 Hwy. 501 E. Conway, SC  29562  Conway, SC  29528  

  

IS PROJECT WITHIN AGENCY CONSTRUCTION CERTIFICATION? (Agency MUST check one) Yes   No   
  

APPROVED BY:  DATE: 7/20/2022  
 (OSE Project Manager) 
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Z]ZJxB\_[YTIJZNOL�VOLRĴHBzFTGJ
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XHF̂JUB\_[YTIJHŜJF[CBEISTIJaYGSaJ
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�C�C��WXYZ[Z\]YẐ_	̂[	�_̀WaW_̀W_Y	PXZ\W	�WYWXbZ_]YẐ_
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2021 Edition

SE-330
LUMP SUM BID FORM
Bidders shall submit bids on only Bid Form SE-330.

BF – 1 SE-330

BID SUBMITTED BY:       
(Bidder's Name)

BID SUBMITTED TO:       
(Agency’s Name)

FOR: PROJECT  NAME:  UPGRADE AND REPLACE HVAC UNITS ON GEORGETOWN 
BUILDING 100

PROJECT  NUMBER:  H59-6212-ML

OFFER

§ 1. In response to the Invitation for Construction Services and in compliance with the Instructions to Bidders for the above-
named Project, the undersigned Bidder proposes and agrees, if this Bid is accepted, to enter into a Contract with the 
Agency on the terms included in the Bidding Documents, and to perform all Work as specified or indicated in the Bidding 
Documents, for the prices and within the time frames indicated in this Bid and in accordance with the other terms and 
conditions of the Bidding Documents.

§ 2. Pursuant to SC Code § 11-35-3030(1), Bidder has submitted Bid Security in the amount and form required by the Bidding 
Documents.

§ 3. Bidder acknowledges the receipt of the following Addenda to the Bidding Documents and has incorporated the effects of 
said Addenda into this Bid:
(Bidder, check all that apply.  Note, there may be more boxes than actual addenda.  Do not check boxes that do not apply)

ADDENDA:   #1   #2   #3   #4   #5

§ 4. Bidder accepts all terms and conditions of the Invitation for Bids, including, without limitation, those dealing with the 
disposition of Bid Security.  Bidder agrees that this Bid, including all Bid Alternates, if any, may not be revoked or 
withdrawn after the opening of bids, and shall remain open for acceptance for a period of   60   Days following the Bid 
Date, or for such longer period of time that Bidder may agree to in writing upon request of the Agency. 

§ 5. Bidder herewith offers to provide all labor, materials, equipment, tools of trades and labor, accessories, appliances, 
warranties and guarantees, and to pay all royalties, fees, permits, licenses and applicable taxes necessary to complete the 
following items of construction work:

§ 6.1 BASE BID WORK (as indicated in the Bidding Documents and generally described as follows):   Replace HVAC equipment 
on Georgetown Building 100, along with associated electrical and controls..

$ , which sum is hereafter called the Base Bid.
(Bidder to insert Base Bid Amount on line above)



2021 Edition

SE-330
LUMP SUM BID FORM

BF – 2 SE-330

§ 7. LISTING OF PROPOSED SUBCONTRACTORS PURSUANT TO SECTION 3020(b)(i), CHAPTER 
35, TITLE 11 OF THE SOUTH CAROLINA CODE OF LAWS, AS AMENDED
(See Instructions on the following page BF-2A)

Bidder shall use the below-listed Subcontractors in the performance of the Subcontractor Classification work listed:
(A)

SUBCONTRACTOR
LICENSE CLASSIFICATION

or SUBCLASSIFICATION
NAME

(Completed by Agency)

(B)
LICENSE

CLASSIFICATION or
SUBCLASSIFICATION

ABBREVIATION
(Completed by Agency)

(C)
SUBCONTRACTOR and/or

PRIME CONTRACTOR
(Required - must be completed by Bidder)

(D)
SUBCONTRACTOR'S 

and/or
PRIME CONTRACTOR'S

SC LICENSE NUMBER
(Requested, but not Required)

BASE BID

Electrical EL

          

          

          

ALTERNATE #1

          

          

          

          

ALTERNATE #2

          

          

          

          

ALTERNATE #3

          

          

          

          

If a Bid Alternate is accepted, Subcontractors listed for the Bid Alternate shall be used for the work of both the Alternate and the 
Base Bid work.

 .
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SE-330
LUMP SUM BID FORM

BF 3 SE-330

§ 8. LIST OF MANUFACTURERS, MATERIAL SUPPLIERS, AND SUBCONTRACTORS OTHER 
THAN SUBCONTRACTORS LISTED IN SECTION 7 ABOVE (FOR INFORMATION ONLY):

Pursuant to instructions in the Invitation for Construction Services, if any, Bidder will provide to Agency upon the 
Agency’s request and within 24 hours of such request, a listing of manufacturers, material suppliers, and subcontractors, 
other than those listed in Section 7 above, that Bidder intends to use on the project.  Bidder acknowledges and agrees that 
this list is provided for purposes of determining responsibility and not pursuant to the subcontractor listing requirements 
of SC Code § 11-35-3020(b)(i).

§ 9. TIME OF CONTRACT PERFORMANCE AND LIQUIDATED DAMAGES

a) CONTRACT TIME

Bidder agrees that the Date of Commencement of the Work shall be established in a Notice to Proceed to be issued 
by the Agency.  Bidder agrees to substantially complete the Work within     230   Calendar Days 
from the Date of Commencement, subject to adjustments as provided in the Contract Documents.

b) LIQUIDATED DAMAGES

Bidder further agrees that from the compensation to be paid, the Agency shall retain as Liquidated Damages the 
amount of $    150.00   for each Calendar Day the actual construction time required to achieve Substantial 
Completion exceeds the specified or adjusted time for Substantial Completion as provided in the Contract Documents.  
This amount is intended by the parties as the predetermined measure of compensation for actual damages, not as a 
penalty for nonperformance.

§ 10. AGREEMENTS

a) Bidder agrees that this bid is subject to the requirements of the laws of the State of South Carolina.

b) Bidder agrees that at any time prior to the issuance of the Notice to Proceed for this Project, this Project may be 
canceled for the convenience of, and without cost to, the State.

c) Bidder agrees that neither the State of South Carolina nor any of its agencies, employees or agents shall be responsible 
for any bid preparation costs, or any costs or charges of any type, should all bids be rejected or the Project canceled 
for any reason prior to the issuance of the Notice to Proceed. 

§ 11. ELECTRONIC BID BOND

By signing below, the Principal is affirming that the identified electronic bid bond has been executed and that the Principal 
and Surety are firmly bound unto the State of South Carolina under the terms and conditions of the AIA Document A310, 
Bid Bond, referenced in the Bidding Documents.

ELECTRONIC BID BOND NUMBER: 

SIGNATURE AND TITLE:
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BF 4 SE-330

CONTRACTOR'S CLASSIFICATIONS AND SUBCLASSIFICATIONS WITH LIMITATION

SC Contractor's License Number(s):

Classification(s) & Limits:

Subclassification(s) & Limits:

By signing this Bid, the person signing reaffirms all representation and certification made by both 
the person signing and the Bidder, including without limitation, those appearing in Article 2 of the 
SCOSE Version of the AIA Document A701, Instructions to Bidders, is expressly incorporated by 
reference.

BIDDER’S LEGAL NAME:

ADDRESS:

TELEPHONE:

EMAIL:

SIGNATURE: DATE:

PRINT NAME:

TITLE:
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ta_zc~ûz_[qc[|cvyvc�[x{wuqbc

veoe�joelc_zcw[r_|_urcs]cbauc

�[{bacZp̂[}_qpc�_~_z_[qc[|c
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 µ¶· ¹̧W

ÉÊËÌÉËÍÉÍÍÎÉÏÐÉÑÐÉÉ ÍÌÌÒÓÓÍÊÊÓ



������

��

�����	
�������������������������������� �!"�� �#"�� $!"�� %&"�� !�"�� !#"�� '�"�� '%"�� '&"�� &("�� &&"�� #&"��  �"��  &"�$))&"�*+,�$)�&�-��.�/�
01/��2*+�3+4���5�/��6�0�2���/2�4��077������4��/4/�8/,9�:	��;�<=>	?��=���@�A�	��	B�C>	
�>����:>@�
AD�EBB�
�	B�:�=��F�G��>�H>A�	��	B������	
�����
������������������������$)�'�*+,�$)$)�-��.�/�01/��2*+�3+4���5�/��6�0�2���/2�4��077������4��/4/�8/,9�.�/�I01/��2*+�3+4���5�/��6�0�2���/2�4"J�I030"J���/�030�K���"�
I0�)�"J�*+,�I030���+��*2��L�251/+�4J�*�/��/��4�/�/,���*,/1*�M4�*+,�1*��+���-/�54/,�N����5���/�1�44��+9�.��4�,�251/+��N*4�2�/*�/,��+�

����������������������������������������������5+,/����/��/�14��6�030�L�251/+�4��+�L/1*+,O�P�,/��Q�9���������������������"��4�+���6����/4*7/"��4�7�2/+4/,�6����+/R��1/�54/��+7�"�*+,�
1*���+7��-/�54/,��+�*22��,*+2/�N������/�030���+��*2��L�251/+�4O�L�251/+�4R�+RL/1*+,�R�S+,�T4/��K�2/+4/�0��//1/+�9�.���/�����2���������8��7*���+4"��
/R1*�7�2��������U*�*9���9�

�
V�

W

X YZ[\]̂W

X _̀ à]bb̂W
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l W l

�
�

�

mnopqlrstuvwxyz{|} ~mo�q�~�mqlrstuvwxyz{|}
W
W

WW

r�ztvx{�}vw�{}wv�}xtx�{|} r�ztvx{�}vw�{}wv�}xtx�{|}
l

������������������� ����������



����������	
����

�
������������������
���
��������
���������������
���������
������

������������������������ �
!
����
"#$%&'#()*'#+*,-#+$*

./0123

43

5.536789:;/135<=<�3>3?=<@3ABC0D013523EFGHIJKLMNONPQRSNTHNULVNWXVIJYZ[N\[]MJM̂MVNF_NWIYLJMVYM]23ẀǸIJKLM]NIV]VIaVbc3d791C3efg7h0/f360i0j07/37k3
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|FcNNN NNtNJ]N[FMN_FINIV]Z̀VtNJ]ǸJYV[]VbN_FINF[V}MJXVN̂]VNF[̀HtNZ[bNXZHNF[̀HNTVN̂]VbNJ[NZYYFIbZ[YVNyJMLNMLVNW\WNEF[MIZYMNwFŶXV[M]zNwFŶXV[M]}F[}
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t�n�turnu�pros��n~urtp|nqwpqwtpmt��nmtstuq}pnupqwn}p�mqnr�tp���p~qpqwtpvo��o|nu�pqnst}ÂpÃÄÅp�mnompqoprossturtstuqpov
qwtpxomyÆpÃ�Åp��oupmtut|~�pompmt��~rtstuqpovpt~rwpmt��nmt�p�o�nr�povpnu}�m~urtÆp~u�pÃ�Åp��oupqwtp{|utm�}p|mnqqtu
mt��t}q�p�up~��nqnou~�prtmqnvnr~qtpt�n�turnu�prouqnu�~qnoupovprosstmrn~�p�n~�n�nq�pro�tm~�tzpnur���nu�pro�tm~�tpvom
ros��tqt�po�tm~qnou}zp}w~��p�tp}��snqqt�p|nqwpqwtpvnu~�p����nr~qnoupvompl~�stuqp~u�pqwtmt~vqtmp��oupmtut|~�pom
mt��~rtstuqpovp}�rwpro�tm~�tp�uqn�pqwtpt��nm~qnoupovpqwtp�tmno�}pmt��nmt�p��p�trqnoup������Äp~u�p�trqnoup������Ä�p�wt
rtmqnvnr~qt}p|n��p}wo|pqwtp{|utmp~}p~up~��nqnou~�pnu}�mt�poupqwtp�ouqm~rqom�}p�osstmrn~�pÇtutm~�pÈn~�n�nq�p~u�pt�rt}}
omp�s�mt��~p�n~�n�nq�p�o�nr�pomp�o�nrnt}�pÉuvoms~qnouprourtmunu�pmt��rqnoupovpro�tm~�tpoup~rro�uqpovpmt�n}t�p�nsnq}pom
r�~ns}p�~n�p�u�tmpqwtpÇtutm~�p���mt�~qtzpomp�oqwzp}w~��p�tpv�mun}wt�p��pqwtp�ouqm~rqomp|nqwpmt~}ou~��tp�mos�qut}}�

dT\�\e\][¿g������kg�[jh�[bgkÁÊWh��ig�[Ug�gh���h�\p�wtp�ouqm~rqomp}w~��p�n}r�o}tpqopqwtp{|utmp~u�p�t��rqn��tpomp}t�vËp
nu}�mt�pmtqtuqnou}p~���nr~��tpqop~u�pnu}�m~urtpmt��nmt�pqop�tp�mo�n�t�p��pqwtp�ouqm~rqom�

dT\�\e\�[T������hjk[Wh��ig�[̂�k�½j���h�\p�opqwtpv���t}qpt�qtuqp�tmsnqqt�p��p�~|zpqwtp�ouqm~rqomp}w~��pr~�}tpqwt
rosstmrn~�p�tutm~�p�n~�n�nq�pro�tm~�tpqopnur���tpÃÄÅpqwtp{|utmzpqwtp�mrwnqtrqzp~u�pqwtp�mrwnqtrq�}prou}��q~uq}p~}
~��nqnou~�pnu}�mt�}pvompr�~ns}pr~�}t�pnup|wo�tpompnup�~mqp��pqwtp�ouqm~rqom�}put��n�tuqp~rq}pomposn}}nou}p��mnu�pqwt
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UVWXYZ[XVY\]̂V_̀YZXaVW]b̂ZWĉdef̂Xg̀ ĥiẀŶZ]̂ZŴZccaXaVWZĵaW]kỲĉlVŶ[jZam]̂[Zk]̀ĉaŴigVj̀̂VŶaŴ_ZYX̂nôXg̀^
UVWXYZ[XVY\]̂Ẁpjap̀WX̂Z[X]̂VŶVma]]aVW]̂lVŶiga[ĝjV]]̂V[[kY]̂ckYaWp̂[Vm_j̀X̀ĉV_̀YZXaVW]q̂rg̀ ẐccaXaVWZĵaW]kỲĉ
[Vs̀YZp̀]̂gZjĵǹ _̂YamZYôZWĉWVWt[VWXYankXVYôXV̂ZWôVl̂Xg̀ ĥiẀY\]̂p̀ẀYZĵjaZnajaXôaW]kYZW[̀_̂Vja[à]̂ZWĉ]gZjĵ
Z__jôXV̂nVXĝVWpVaWp̂ZWĉ[Vm_j̀X̀ĉV_̀YZXaVW]ûig̀Xg̀Ŷ]k[ĝV_̀YZXaVW]̂ǹ n̂ôXg̀ ÛVWXYZ[XVŶVŶnôẐvkn[VWXYZ[XVŶVŶ
nôZWoVẀĉaỲ[XjôVŶaWcaỲ[Xjồm_jVòĉnôZWôVl̂Xg̀mûVŶnôZWoVẀl̂VŶigV]̀̂Z[X]̂ZWôVl̂Xg̀m̂mZôǹ ĵaZnj̀q̂rV̂
Xg̀^̀wX̀WX̂[Vmm̀Y[aZjjôZsZajZnj̀ûXg̀ ẐccaXaVWZĵaW]kỲĉ[Vs̀YZp̀]̂gZjĵǹ ŴV̂j̀]]̂XgZŴXgZX̂_YVsac̀ĉnôxW]kYZW[̀^
v̀Ysa[̀]̂hlla[̀ûxW[q̂dxvhf̂lVYm]̂Uŷeẑ{ẑz|̂z}ûUŷeẑ~|̂z|̂z}ûZWcûiaXĝỲ]_̀[X̂XV̂Xg̀�̂Y[gaX̀[X̂ZWĉXg̀^
�Y[gaX̀[X\]̂[VW]kjXZWX]ûUŷeẑ~êz|̂z}q̂

��������̂�̂lZajkỲ̂nôXg̀ ĥiẀŶXV̂̀aXg̀Ŷdaf̂c̀mZWĉẐ[̀YXala[ZX̀̂Vl̂aW]kYZW[̀V̂ŶiYaXX̀Ŵ̀WcVY]̀m̀WX̂Ỳ�kaỲĉno
v̀[XaVŴ�q~ûVŶdaaf̂Ỳ�̀[X̂Ẑ[̀YXala[ZX̀̂VŶ̀WcVY]̀m̀WX̂VŴXg̀ p̂YVkWc]̂XgZX̂aX̂lZaj]̂XV̂[Vm_jôiaXĝv̀[XaVŴ�q~û]gZjĵWVX
ǹ[̂VW]ac̀ỲĉẐiZas̀ŶVl̂UVWXYZ[XVY�]̂VnjapZXaVW]̂XV̂VnXZaŴXg̀ Ŷ̀�kaỲĉaW]kYZW[̀q

�����������������������������������������������
��������̂rg̀ ÛVWXYZ[XVŶ]gZjĵ_kY[gZ]̀̂ZWĉmZaWXZaŴXg̀ l̂VjjViaWp̂Xo_̀]̂ZWĉjamaX]̂Vl̂aW]kYZW[̀l̂YVm̂ZŴaW]kYZW[̀
[Vm_ZWôVŶaW]kYZW[̀[̂Vm_ZWà]̂jZilkjjôZkXgVYa�̀ĉXV̂a]]k̀âW]kYZW[̀âŴXg̀ �̂kYa]ca[XaVŴig̀Ỳ̂Xg̀ �̂YV�̀[X̂a]̂jV[ZX̀cq
rg̀ÛVWXYZ[XVŶ]gZjĵmZaWXZaŴXg̀ Ŷ̀�kaỲĉaW]kYZW[̀k̂WXaĵXg̀^̀w_aYZXaVŴVl̂Xg̀ _̂̀YaVĉlVŶ[VYỲ[XaVŴVl̂�VY ̂Z]̂]̀X
lVYXĝaŴv̀[XaVŴ{eqeqêVl̂Xg̀ ŷ̀ẀYZĵUVWcaXaVW]ûlVŶ]k[ĝVXg̀Ŷ_̀YaVĉlVŶmZaWX̀WZW[̀V̂l̂[Vm_j̀X̀ĉV_̀YZXaVW]
[Vs̀YZp̀Ẑ]̂]_̀[alàĉaŴXg̀ ÛVWXYZ[X̂¡V[km̀WX]ûVŶkWj̀]]̂Ẑcall̀ỲWX̂ckYZXaVŴa]̂]XZX̀ĉǹjVi¢
£¤¥¦§̈©¦ª«¬§®̄§«¦°±¦©²³°©́¦§«¦µ®°¬§®°¬¦°¬±³®¬̄©¦¥«¦®¦́³®§°«¬¦«§̈©¦§̈®¬¦§̈©¦©¶·°®§°«¬¦«¥¦§̈©¦·©°«́¦¥«¦̄«©̄§°«¬
«¥¦̧«¹º¦±§®§©¦§̈©¦́³®§°«¬»¼

�����������½½�����¾�¿�����¾�À��Á�¾��Â
����������̂UVmm̀Y[aZĵỳẀYZĵÃaZnajaXôaW]kYZW[̀l̂VŶXg̀ �̂YV�̀[X̂iYaXX̀ŴVŴZŴV[[kYỲW[̀l̂VYm̂iaXĝ_Vja[ôjamaX]̂Vl
WVX̂j̀]]̂XgZŴÄ{uzzzuzzẑ̀Z[ĝV[[kYỲW[̀ûÄ{uzzzuzzẑp̀ẀYZĵZppỲpZX̀ûÄ{uzzzuzzẑZppỲpZX̀̂lVŶ_YVck[X]t[Vm_j̀X̀c
V_̀YZXaVW]̂gZ�ZYcûÄ{uzzzuzzẑ_̀Y]VWZĵZWĉZcs̀YXa]aWp̂aW�kYoûÄÅzuzzẑlaỲ̂cZmZp̀d̂ZWôVẀ l̂aỲfûZWĉÄÅuzzẑm̀ca[Zj
ẁ_̀W]̀̂dZWôVẀ _̂̀Y]VWf̂_YVsacaWp̂[Vs̀YZp̀l̂VŶ[jZam]̂aW[jkcaWp

��̂ cZmZp̀]̂ǹ[Zk]̀̂Vl̂nVcajôaW�kYoû]a[ Ẁ]]̂VŶca]̀Z]̀ûaW[jkcaWp̂V[[k_ZXaVWZĵ]a[ Ẁ]]̂VŶca]̀Z]̀ûZWĉ
c̀ZXĝVl̂ZWô_̀Y]VWb̂

��̂ _̀Y]VWZĵaW�kYôZWĉZcs̀YXa]aWp̂aW�kYob̂
��̂ cZmZp̀]̂ǹ[Zk]̀̂Vl̂_go]a[ZĵcZmZp̀X̂V̂VŶc̀]XYk[XaVŴVl̂XZWpanj̀̂_YV_̀YXoûaW[jkcaWp̂Xg̀ ĵV]]̂Vl̂k]̀̂Vl̂

]k[ĝ_YV_̀YXob̂
��̂ nVcajôaW�kYôVŶ_YV_̀YXôcZmZp̀ẐYa]aWp̂VkX̂Vl̂[Vm_j̀X̀ĉV_̀YZXaVW]b̂ZWĉ
�Æ̂ Xg̀ ÛVWXYZ[XVY\]̂aWc̀mWaXôVnjapZXaVW]̂kWc̀Ŷv̀[XaVŴ~q{Ç̂Vl̂Xg̀ ŷ̀ẀYZĵUVWcaXaVW]q̂

����������̂rg̀ ÛVWXYZ[XVY\]̂UVmm̀Y[aZĵỳẀYZĵÃaZnajaXô_Vja[ôkWc̀ŶXga]̂v̀[XaVŴ�q~qeqê]gZjĵWVX̂[VWXZaŴZW
ẁ[jk]aVŴVŶỲ]XYa[XaVŴVl̂[Vs̀YZp̀l̂VŶXg̀ l̂VjjViaWp¢

��̂ UjZam]̂nôVẀ âW]kỲĉZpZaW]X̂ZWVXg̀ŶaW]kỲcûal̂Xg̀^̀w[jk]aVŴVŶỲ]XYa[XaVŴa]̂nZ]̀ĉ]Vj̀jôVŴXg̀ l̂Z[X̂
XgZX̂Xg̀ [̂jZamZWX̂a]̂ZŴaW]kỲcûZWĉXg̀Ỳ̂iVkjĉVXg̀Yia]̀̂ǹ [̂Vs̀YZp̀l̂VŶXg̀ [̂jZamq̂

��̂ UjZam]̂lVŶ_YV_̀YXôcZmZp̀X̂V̂Xg̀ ÛVWXYZ[XVY\]̂�VY ̂ZYa]aWp̂VkX̂Vl̂Xg̀ _̂YVck[X]t[Vm_j̀X̀ĉV_̀YZXaVW]̂
gZ�ZYĉig̀Ỳ̂Xg̀ ĉZmZp̀ĉ�VY ̂VŶXg̀ �̂VY ̂VkX̂Vl̂iga[ĝXg̀ ĉZmZp̀ẐYa]̀]̂iZ]̂_̀YlVYm̀ ĉnôẐ
vkn[VWXYZ[XVYq̂

��̂ UjZam]̂lVŶnVcajôaW�kYôVXg̀ŶXgZŴXV̂̀m_jVò ]̀̂Vl̂Xg̀ âW]kỲcq̂
��̂ UjZam]̂lVŶaWc̀mWaXôkWc̀Ŷv̀[XaVŴ~q{Ç̂Vl̂Xg̀ ŷ̀ẀYZĵUVWcaXaVW]̂ZYa]aWp̂VkX̂Vl̂aW�kYôXV̂̀m_jVò ]̀̂Vl̂

Xg̀ âW]kỲcq̂
�Æ̂ UjZam]̂VŶjV]]̂̀w[jkc̀ĉkWc̀ŶẐ_YaVŶiVY ̂̀WcVY]̀m̀WX̂VŶVXg̀Ŷ]amajZŶ̀w[jk]aVWZYôjZWpkZp̀q̂
�È̂ UjZam]̂VŶjV]]̂ck̀ X̂V̂_go]a[ZĵcZmZp̀k̂Wc̀ŶẐ_YaVŶaW�kYồWcVY]̀m̀WX̂VŶ]amajZŶ̀w[jk]aVWZYô

jZWpkZp̀q̂
�É̂ UjZam]̂ỲjZX̀ĉXV̂Ỳ]ac̀WXaZjûmkjXatlZmajoûVŶVXg̀ŶgZnaXZXaVWZĵ_YV�̀[X]ûal̂Xg̀ �̂VY ̂a]̂XV̂ǹ _̂̀YlVYm̀ ĉ

VŴ]k[ĝẐ_YV�̀[Xq̂
�Ê̂ UjZam]̂ỲjZX̀ĉXV̂YVVlaWpûal̂Xg̀ �̂VY ̂aWsVjs̀]̂YVVlaWpq̂
�Ë̂ UjZam]̂ỲjZX̀ĉXV̂̀wX̀YaVŶaW]kjZXaVŴlaWa]ĝ]o]X̀m]̂dÌxÍvfû]oWXg̀Xa[̂]Xk[[V̂VŶ]amajZŶ̀wX̀YaVŶ[VZXaWp]̂

VŶ]kYlZ[̀]ûal̂Xg̀ �̂VY ̂aWsVjs̀]̂]k[ĝ[VZXaWp]̂VŶ]kYlZ[̀]q̂
��Î̂ UjZam]̂ỲjZX̀ĉXV̂̀ZYXĝ]kn]ac̀W[̀V̂ŶmVs̀m̀WXûig̀Ỳ̂Xg̀ �̂VY ̂aWsVjs̀]̂]k[ĝgZ�ZYc]q̂
���̂ UjZam]̂ỲjZX̀ĉXV̂̀w_jV]aVWû[VjjZ_]̀̂ZWĉkWc̀YpYVkWĉgZ�ZYc]ûig̀Ỳ̂Xg̀ �̂VY ̂aWsVjs̀]̂]k[ĝgZ�ZYc]q̂
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T�

UVWXWYWXZ[\]̂_̂ àbcZdaèaba]fZĝhciajkZhclagbcmẐnjcopZejoZĵjq̂njcoZhclagbcmZ\mcopZ̀fZ]lcZr̂j]ieg]̂ipZna]lZŝbagft
ba_a]mẐuZĵ]ZbcmmZ]lejZvwpxxxpxxxZZsciZeggaocj]pZûiZ̀̂ oabfZajy\ifpZoce]lẐuZejfZscim̂jpZejoZsîsci]fZoe_ekcZeiamajkẐ\]t
ûZ]lcẐnjcimlaspZ_eaj]cjejgcZejoZ\mcẐuZ]l̂mcZ_̂ ]̂iZhclagbcmZeb̂jkZna]lZejfẐ]lciZm]e]\]̂iabfZicz\aicoZe\]̂_̂ àbct
ĝhciekc{

UVWXWYW|Z}lcZr̂j]ieg]̂iZ_efZeglachcZ]lcZicz\aicoZba_a]mZejoZĝhciekcZûiZr̂__cigaebZ~cjciebZdaèaba]fpZ�_sb̂fcimt
daèaba]fpZejoZ[\]̂_̂ àbcZdaèaba]fZ]lî\klZeZĝ_̀ aje]âjẐuZsia_eifZejoZc�gcmmẐiZ\_̀ icbbeZbaèaba]fZajm\iejgcpt
sîhaocoZm\glZsia_eifZejoZc�gcmmẐiZ\_̀icbbeZajm\iejgcZŝbagacmZicm\b]ZajZ]lcZme_cẐiZkice]ciZĝhciekcZemZ]lcZĝhciekcmt
icz\aicoZ\jociZ�cg]âjZ[{�{�{�ZejoZ[{�{�{�pZejoZajZĵZchcj]ZmlebbZejfZc�gcmmẐiZ\_̀ icbbeZbaèaba]fZajm\iejgcZsîhaoct
jeiînciZĝhciekcZ]lejZ]lcZsia_eifZŝbagf{Z}lcZc�gcmmZŝbagfZmlebbZĵ]Zicz\aicZ]lcZc�le\m]âjẐuZ]lcZ\jocibfajkZba_a]mt
ĵbfZ]lî\klZ]lcZeg]\ebZsef_cj]Z̀fZ]lcZ\jocibfajkZajm\icim{Z}lcZ\_̀ icbbeZŝbagfZba_a]mZmlebbZĵ]Z̀cZbcmmZ]lej
v�pxxxpxxx{

UVWXWYW�Z� î�cim�Zr̂_scjme]âjZe]Zm]e]\]̂ifZba_a]m{

UVWXWYW�Z�_sb̂fcim�Zdaèaba]fZna]lZŝbagfZba_a]mZĵ]ZbcmmZ]lejZvwxxpxxxZZceglZeggaocj]pZvwxxpxxxZceglZc_sb̂fccpZejo
v�xxpxxxZŝbagfZba_a]ZûiZgbea_mpZoamèaba]fZ̀cjcua]ZejoẐ]lciZma_abeiZc_sb̂fccZ̀cjcua]Zeg]mZ]le]ZeicZessbagèbcZ]̂Z]lct
� î�Z]̂Z̀cZsciûi_co{

UVWXWYW�Z�̂jcmZ[g]pZejoZ]lcZd̂jkml̂icZ�Z�eì̂ iZ� î�cim�Zr̂_scjme]âjZ[g]pZemZicz\aicopZauZ]lcZ� î�Zajĥbhcmt
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ajZ]lcZ§îycg]ZemZajm\icom{

UVWXWXW¦W¦Z®¤�£�£��̄�°�££W�}lcZajm\iejgcZicz\aicoZ̀fZ]lamZ�cg]âjZ[{�{�{wZmlebbZsîhaocZĝhciekcZûiZoaicg]ZslfmagebZb̂mm
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aYbLILcL]CEdĈH̀KIL]̀LbB4̂eeCHIJKLbCH]b]Hf]Zg4h68<i4jkl6mn;k45nonpn6;46q4rl678l:9:;<4h:lon7:ps4tqqn7:46q4h<k<:4u;vn;::l4w:lpn6;46q4232456789:;<42=>?�@=>?AB4
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XLLEHY]GCIbC]ỲEcHXJ]ZC}ILKCH]bF]̀LC
LECILbC̀E_Fe]LIEYCEHC_EZIdÌXLIEYgC
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�s��e�s��s��e�s�s��e�s��e�s��e�s��e�s�s��e�s�s��e�s��e�s��e
�s�s��e�s��e�s��e�s�s��e�s��e�s��s��e�s��s��e��s��e��s�s��e
��s�s��e��s�s��e��s�s��e��s�s��e��s�s��e��s�s�e
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jgjghvawgjgjvawgxghvawgyghvawghighvawghjg�va{gjghva{gjgwva
�gjgjvazghgjvazgjgjvazgwghvahhghvahhgjva��}�}�a
k���pn¡p�pn�q��q�lpq��s¢va�Y]\d\[\bdab]a
°}�}~q
k���±n�¡m���nuq
wgfghva¦}~}¦q
Xb�²�Y[\bdvaXbd�\[\bd̀āY�_[\d§a[ba
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|\Ŷc�j\c̀a
lmnmnoaqmqoaqmpoaqmlnmlwoapmnmnoapmnmvoaumlmqoaumnmpoavmlmqoa
vmqmpoavmqmuoarmnoalwoalnoalpoalsmlmpa
XYY\�eZ][eYZa]Z�aXY\\cd][eYZa
lmnoaqmnmloaqmqmloaqmlwoaqmlnmuoaumlmqoaumnmla
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lwmqmnoa�̄��oalpmqmnoa�©���°oalsmnmsa
�������������±�������®������������
���a
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�}³{
�©Ye\��̀d̂_«g̀gX̀���eYìg«èaX\b̀
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�©Ye\��̀d̂_«g̀gX̀�e\]̂Yhgèg«èjXYg\hZg̀
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ìj̀_d̂_̀àcd̂bàî
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ìj̀ad̂bh̀c̀gd̂b_̀b̀cd̂b_̀b̀î
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ĥgb̂gmZdcẐoZaYrêaYbZhiZduu ZnYao\afdg_YZhiZ]XYZl\g]ad_]\aZcXduuZhYZaYrêaYbZ\guiZ]\Z]XYZYv]Yg]Z_\gĉc]Yg]Zk̂]XZ]XY
l\g]ad_]Zs\_efYg]cZdgbZaYdc\gdhuiẐgoYadhuYZoa\fZ]XYfZdcZhŶgmZgY_YccdaiZ]\Zna\be_YZ]XYẐgb̂_d]YbZaYceu]ctZ¡gZ]XY
Y¢Yg]Z\oZnd]Yg]Zdfĥmê]̂YcZk̂]X̂gZ\aZhY]kYYgZnda]cZ\oZ]XYZl\g]ad_]Zs\_efYg]c�Z]XYZl\g]ad_]\aZcXduuZ�£Zna\¢̂bYZ]XY
hY]]YaZredû]iZ\aZmaYd]YaZredg]̂]iZ\oZp\aq�Z\aZ¤£Z_\fnuiZk̂]XZ]XYZf\aYZc]âgmYg]ZaYrêaYfYg]�ZŶ]XYaZ\aZh\]XẐg
d__\abdg_YZk̂]XZ]XYZ�a_X̂]Y_]�cẐg]YanaY]d]̂\gt

xyz�zyzyZWXYẐg¢dûb̂]iZ\oZdgiZna\¢̂ĉ\gZ\oZ]XYZl\g]ad_]Zs\_efYg]cZcXduuZg\]Ẑg¢dûbd]YZ]XYZl\g]ad_]Z\aẐ]cZaYfd̂ĝgm
na\¢̂ĉ\gctZ¡oẐ]ẐcZbY]Yaf̂gYbZ]Xd]ZdgiZna\¢̂ĉ\gZ\oZ]XYZl\g]ad_]Zs\_efYg]cZ¢̂\ud]YcZdgiZudk�Z\aẐcZ\]XYak̂cYẐg¢dûbZ\aZ
egYgo\a_YdhuY�Zce_XZbY]Yaf̂gd]̂\gZcXduuZg\]Ẑfnd̂aZ\aZ\]XYak̂cYZdooY_]Z]XYZ¢dûb̂]i�ZuYmdû]i�Z\aZYgo\a_Ydĥû]iZ\oZ]XY
aYfd̂ĝgmZna\¢̂ĉ\gZ\aZnda]cZ\oZ]XYZna\¢̂ĉ\gZ\oZ]XYZl\g]ad_]Zs\_efYg]c�ZkX̂_XZcXduuZaYfd̂gẐgZoeuuZo\a_YZdgbZYooY_]Zdc
ôZ]XYZegYgo\a_YdhuYZna\¢̂ĉ\gZ\aZnda]ZkYaYZbYuY]Ybt

xyz�z�Zjamdĝ¥d]̂\gZ\oZ]XYZwnY_̂ô_d]̂\gcẐg]\Zb̂¢̂ĉ\gc�ZcY_]̂\gcZdgbZda]̂_uYc�ZdgbZdaadgmYfYg]Z\oZsadk̂gmcZcXduuZg\]
_\g]a\uZ]XYZl\g]ad_]\aẐgZb̂¢̂b̂gmZ]XYZp\aqZdf\gmZweh_\g]ad_]\acZ\aẐgZYc]dhûcX̂gmZ]XYZYv]Yg]Z\oZp\aqZ]\ZhY
nYao\afYbZhiZdgiZ]adbYt

xyz�z¦Z§guYccZ\]XYak̂cYZc]d]YbẐgZ]XYZl\g]ad_]Zs\_efYg]c�Zk\abcZ]Xd]ZXd¢YZkYuu�qg\kgZ]Y_Xĝ_duZ\aZ_\gc]ae_]̂\g
ĝbec]aiZfYdĝgmcZdaYZecYbẐgZ]XYZl\g]ad_]Zs\_efYg]cẐgZd__\abdg_YZk̂]XZce_XZaY_\mĝ¥YbZfYdĝgmct

xyz¦|��̈�~���©�~���|
WYafcZ_dn̂]dû¥YbẐgZ]XYcYZªYgYaduZl\gb̂]̂\gcẐg_uebYZ]X\cYZ]Xd]ZdaYZ«�£ZcnY_̂ô_duuiZbYôgYb�Z«¤£Z]XYZ]̂]uYcZ\oZgefhYaYb
da]̂_uYc�Z\aZ«�£Z]XYZ]̂]uYcZ\oZ\]XYaZb\_efYg]cZnehûcXYbZhiZ]XYZ�fYâ_dgZ¡gc]̂]e]YZ\oZ�a_X̂]Y_]ct

xyz¬|��~��̈��~�~���|
¡gZ]XYẐg]YaYc]Z\oZhaY¢̂]iZ]XYZl\g]ad_]Zs\_efYg]cZoaYreYg]uiZ\f̂]Zf\b̂oîgmZk\abcZce_XZdcZ�duu�ZdgbZ�dgi�ZdgbZda]̂_uYc
ce_XZdcZ�]XY�ZdgbZ�dg��Zhe]Z]XYZod_]Z]Xd]ZdZf\b̂ôYaZ\aZdgZda]̂_uYẐcZdhcYg]Zoa\fZ\gYZc]d]YfYg]ZdgbZdnnYdacẐgZdg\]XYaẐc
g\]Ẑg]YgbYbZ]\ZdooY_]Z]XYẐg]YanaY]d]̂\gZ\oZŶ]XYaZc]d]YfYg]t

xyz|®̄ ������̈|���|°��|��|���̄����±|}̈�������~����±|���|®~���|���~�����~�|��|}��²���
xyzzyZWXYZ�a_X̂]Y_]ZdgbZ]XYZ�a_X̂]Y_]�cZ_\gceu]dg]cZcXduuZhYZbYYfYbZ]XYZde]X\acZdgbZ\kgYacZ\oZ]XŶaZaYcnY_]̂¢Y
¡gc]aefYg]cZ\oZwYa¢̂_YZdgbZaY]d̂gZduuZ_\ff\gZudk�Zc]d]e]\ai�ZdgbZ\]XYaZaYcYa¢YbZâmX]cẐgZ]XŶaZ¡gc]aefYg]cZ\oZwYa¢̂_Y�
ĝ_ueb̂gmZ_\niâmX]ctZWXYZl\g]ad_]\a�Zweh_\g]ad_]\ac�Zweh�ceh_\g]ad_]\ac�ZdgbZcennûYacZcXduuZg\]Z\kgZ\aZ_ud̂fZd
_\niâmX]ẐgZ]XYZ¡gc]aefYg]cZ\oZwYa¢̂_YtZwehf̂]]duZ\aZb̂c]âhe]̂\gZ]\ZfYY]Z\oô_̂duZaYmeud]\aiZaYrêaYfYg]cZ\aZo\aZ\]XYa
nean\cYcẐgZ_\ggY_]̂\gZk̂]XZ]XYZ̀a\³Y_]ẐcZg\]Z]\ZhYZ_\gc]aeYbZdcZdZ¢̂\ud]̂\gZ\oZ]XYZ�a_X̂]Y_]�cZ\aZ�a_X̂]Y_]�c
_\gceu]dg]c�ZaYcYa¢YbZâmX]ct
xyzz�ZWXYZl\g]ad_]\a�Zweh_\g]ad_]\ac�Zweh�ceh_\g]ad_]\ac�ZdgbZcennûYacZdaYZde]X\â¥YbZ]\ZecYZdgbZaYna\be_YZ]XY
¡gc]aefYg]cZ\oZwYa¢̂_YZna\¢̂bYbZ]\Z]XYf�Zceh³Y_]Z]\ZdgiZna\]\_\ucZYc]dhûcXYbZneacedg]Z]\ZwY_]̂\gcZ�t́ZdgbZ�t��Zc\uYui
dgbZYv_ueĉ¢YuiZo\aZYvY_e]̂\gZ\oZ]XYZp\aqtZ�uuZ_\n̂YcZfdbYZegbYaZ]X̂cZde]X\â¥d]̂\gZcXduuZhYdaZ]XYZ_\niâmX]Zg\]̂_Y�Ẑo
dgi�ZcX\kgZ\gZ]XYZ¡gc]aefYg]cZ\oZwYa¢̂_YtZWXYZl\g]ad_]\a�Zweh_\g]ad_]\ac�Zweh�ceh_\g]ad_]\ac�ZdgbZcennûYacZfdiZg\]
ecYZ]XYZ¡gc]aefYg]cZ\oZwYa¢̂_YZ\gZ\]XYaZna\³Y_]cZ\aZo\aZdbb̂]̂\gcZ]\Z]XYZ̀a\³Y_]Z\e]ĉbYZ]XYZc_\nYZ\oZ]XYZp\aqZk̂]X\e]
]XYZcnY_̂ô_Zkâ]]YgZ_\gcYg]Z\oZ]XYZjkgYa�Z�a_X̂]Y_]�ZdgbZ]XYZ�a_X̂]Y_]�cZ_\gceu]dg]ct

xyzµ|¶�~���
xyzµzyZ�v_Yn]ZdcZ\]XYak̂cYZna\¢̂bYbẐgZwY_]̂\gZ�t·t¤�ZkXYaYZ]XYZl\g]ad_]Zs\_efYg]cZaYrêaYZ\gYZnda]iZ]\Zg\]̂oiZ\a
m̂¢YZg\]̂_YZ]\Z]XYZ\]XYaZnda]i�Zce_XZg\]̂_YZcXduuZhYZna\¢̂bYbẐgZkâ]̂gmZ]\Z]XYZbYĉmgd]YbZaYnaYcYg]d]̂¢YZ\oZ]XYZnda]iZ]\
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WXYZ[\X][̂Y\_̀][_a[bccd]aa]c[b̂c[aXbee[f][c]]Z]c[\Y[Xbg][f]]̂[chei[a]dg]c[_j[c]e_g]d]c[_̂[k]daŶl[fi[Zb_el[fi[̀Yhd_]dl[
Yd[fi[]e]̀\dŶ_̀[\db̂aZ_aa_Ŷ[_j[b[Z]\XYc[jYd[]e]̀\dŶ_̀[\db̂aZ_aa_Ŷ[_a[a]\[jYd\X[_̂[\X][mnd]]Z]̂\o[

pqrsrt[uY\_̀][Yj[veb_Za[ba[kdYg_c]c[_̂[w]̀\_Ŷ[xyoxoz[aXbee[f][kdYg_c]c[_̂[Wd_\_̂n[b̂c[aXbee[f][c]]Z]c[\Y[Xbg][f]]̂
chei[a]dg]c[Ŷei[_j[c]e_g]d]c[\Y[\X][c]a_n̂b\]c[d]kd]a]̂\b\_g][Yj[\X][kbd\i[\Y[WXYZ[\X][̂Y\_̀][_a[bccd]aa]c[fi[̀]d\_j_]c
Yd[d]n_a\]d]c[Zb_el[Yd[fi[̀Yhd_]d[kdYg_c_̂n[kdYYj[Yj[c]e_g]dio

pqrsr{[uY\_̀][\Y[vŶ\db̀\Yd[aXbee[f][\Y[\X][bccd]aa[kdYg_c]c[_̂[w]̀\_Ŷ[|ozo}[Yj[\X][mnd]]Z]̂\o[[uY\_̀][\Y[~Ŵ]d[aXbee
f][\Y[\X][bccd]aa[kdYg_c]c[_̂[w]̀\_Ŷ[|o}o}[Yj[\X][mnd]]Z]̂\o[[�_\X]d[kbd\i[Zbi[c]a_n̂b\][b[c_jj]d]̂\[bccd]aa[jYd[̂Y\_̀]
fi[n_g_̂n[̂Y\_̀][_̂[b̀ Ỳdcb̂ ]̀[W_\X[w]̀\_Ŷ[xo�oxo

pqr�����������������������������������
�X][kbd\_]a[aXbee[bnd]][hkŶ[kdY\ỲYea[nYg]d̂_̂n[\X][\db̂aZ_aa_Ŷ[b̂c[ha][Yj[�̂a\dhZ]̂\a[Yj[w]dg_̀][Yd[b̂i[Y\X]d
_̂jYdZb\_Ŷ[Yd[cỲhZ]̂\b\_Ŷl[_̂̀ehc_̂n[_̂[c_n_\be[jYdZo[�X][kbd\_]a[W_ee[ha][m�m[�ỲhZ]̂\[�}�z��}�xzl[�h_ec_̂n
�̂jYdZb\_Ŷ[�Yc]e_̂n[b̂c[�_n_\be[�b\b[��X_f_\l[\Y[]a\bfe_aX[\X][kdY\ỲYea[jYd[\X][c]g]eYkZ]̂\l[ha]l[\db̂aZ_aa_Ŷl[b̂c[
]�̀Xb̂n][Yj[c_n_\be[cb\bo

pqr����������������������� ��������������¡�����¢�
m̂i[ha][Yjl[Yd[d]e_b̂ ]̀[Ŷl[bee[Yd[b[kYd\_Ŷ[Yj[b[fh_ec_̂n[_̂jYdZb\_Ŷ[ZYc]e[W_\XYh\[bnd]]Z]̂\[\Y[kdY\ỲYea[nYg]d̂_̂n
\X][ha][Yjl[b̂c[d]e_b̂ ]̀[Ŷl[\X][_̂jYdZb\_Ŷ[̀Ŷ\b_̂]c[_̂[\X][ZYc]e[b̂c[W_\XYh\[Xbg_̂n[\XYa][kdY\ỲYea[a]\[jYd\X[_̂[m�m[
�ỲhZ]̂\[�}�z��}�xzl[�h_ec_̂n[�̂jYdZb\_Ŷ[�Yc]e_̂n[b̂c[�_n_\be[�b\b[��X_f_\l[b̂c[\X][d]£h_a_\][m�m[�ỲhZ]̂\
¤}�}��}�xzl[¥dY¦]̀\[�h_ec_̂n[�̂jYdZb\_Ŷ[�Yc]e_̂n[¥dY\ỲYe[§YdZl[aXbee[f][b\[\X][ha_̂n[Yd[d]ei_̂n[kbd\ïa[aYe][d_a©
b̂c[W_\XYh\[e_bf_e_\i[\Y[\X][Y\X]d[kbd\i[b̂c[_\a[̀Ŷ\db̀\Yda[Yd[̀Ŷahe\b̂\al[\X][bh\XYda[Yjl[Yd[̀Ŷ\d_fh\Yda[\Yl[\X][fh_ec_̂n
_̂jYdZb\_Ŷ[ZYc]el[b̂c[]b̀X[Yj[\X]_d[bn]̂\a[b̂c[]ZkeYi]]ao

ª¡��«¬�t���®̄ °¡�
ptrq�±�������
ptrqrq[�X][~Ŵ]d[_a[\X][k]daŶ[Yd[]̂\_\i[_c]̂\_j_]c[ba[ah̀X[_̂[\X][mnd]]Z]̂\[b̂c[_a[d]j]dd]c[\Y[\XdYhnXYh\[\X][vŶ\db̀\
�ỲhZ]̂\a[ba[_j[a_̂nhebd[_̂[̂hZf]do[�X][~Ŵ]d[aXbee[c]a_n̂b\][_̂[Wd_\_̂n[b[d]kd]a]̂\b\_g][WXY[aXbee[Xbg][]�kd]aa
bh\XYd_\i[\Y[f_̂c[\X][~Ŵ]d[W_\X[d]ak]̀\[\Y[bee[Zb\\]da[d]£h_d_̂n[\X][~Ŵ]d̈a[bkkdYgbe[Yd[bh\XYd_²b\_Ŷl[]�̀]k\[ba
kdYg_c]c[_̂[w]̀\_Ŷ[³oxo³o[��̀]k\[ba[Y\X]dW_a][kdYg_c]c[_̂[w]̀\_Ŷ[́o}oxl[\X][md̀X_\]̀\[cY]a[̂Y\[Xbg][ah̀X[bh\XYd_\io
�X][\]dZ[µ~Ŵ]d¶[Z]b̂a[\X][~Ŵ]d[Yd[\X][~Ŵ]d̈a[·]kd]a]̂\b\_g][̂Y\]c[_̂[\X][mnd]]Z]̂\o

ptrqrt[�X][~Ŵ]d[aXbee[jhd̂_aX[\Y[\X][vŶ\db̀\Ydl[W_\X_̂[j_j\]]̂[̧xy¹[cbia[bj\]d[d]̀]_k\[Yj[b[Wd_\\]̂[d]£h]a\l
_̂jYdZb\_Ŷ[̂]̀]aabdi[b̂c[d]e]gb̂\[jYd[\X][vŶ\db̀\Yd[\Y[kYa\[uY\_̀][Yj[¥dY¦]̀\[vYZZ]̂ ]̀Z]̂\[khdahb̂\[\Y[wovo[vYc]
m̂ ô[º[}»¼y¼}zo

ptrt�¡����½���

ptr{�����������������¾��½�¢���¡�¿����������À��®Á����
ptr{rq[��̀]k\[jYd[k]dZ_\a[b̂c[j]]a[\Xb\[bd][\X][d]akŶa_f_e_\i[Yj[\X][vŶ\db̀\Yd[ĥc]d[\X][vŶ\db̀\[�ỲhZ]̂\al
_̂̀ehc_̂n[\XYa][d]£h_d]c[ĥc]d[w]̀\_Ŷ[zo³oxl[\X][~Ŵ]d[aXbee[a]̀hd][b̂c[kbi[jYd[̂]̀]aabdi[bkkdYgbeal[]ba]Z]̂\al
baa]aaZ]̂\a[b̂c[̀Xbdn]a[d]£h_d]c[jYd[̀Ŷa\dh̀\_Ŷl[ha][Yd[Ỳ h̀kb̂ ì[Yj[k]dZb̂]̂\[a\dh̀\hd]a[Yd[jYd[k]dZb̂]̂\
X̀b̂n]a[_̂[]�_a\_̂n[jb̀_e_\_]ao

ptr{rt[�X][~Ŵ]d[aXbee[d]\b_̂[b[c]a_n̂[kdYj]aa_Ŷbe[ebWjheei[e_̀]̂a]c[\Y[kdb̀\_̀]l[Yd[b̂[]̂\_\i[ebWjheei[kdb̀\_̀_̂nl[_̂
\X][¦hd_ac_̀\_Ŷ[WX]d][\X][¥dY¦]̀\[_a[eỲb\]co[�X][k]daŶ[Yd[]̂\_\i[_a[_c]̂\_j_]c[ba[\X][md̀X_\]̀\[_̂[\X][mnd]]Z]̂\[b̂c[_a
d]j]dd]c[\Y[\XdYhnXYh\[\X][vŶ\db̀\[�ỲhZ]̂\a[ba[_j[a_̂nhebd[_̂[̂hZf]do

ptr{r{[�j[\X][]ZkeYiZ]̂\[Yj[\X][md̀X_\]̀\[\]dZ_̂b\]al[\X][~Ŵ]d[aXbee[]ZkeYi[b[ah̀ ]̀aaYd[\Y[WXYZ[\X][vŶ\db̀\Yd[Xba
Ŷ[d]baŶbfe][Yf¦]̀\_Ŷ[b̂c[WXYa][a\b\ha[ĥc]d[\X][vŶ\db̀\[�ỲhZ]̂\a[aXbee[f][\Xb\[Yj[\X][md̀X_\]̀\o

ptr{rÂ[�X][~Ŵ]d[aXbee[jhd̂_aX[ahdg]ia[c]àd_f_̂n[kXia_̀be[̀Xbdb̀\]d_a\_̀al[e]nbe[e_Z_\b\_Ŷa[b̂c[h\_e_\i[eỲb\_Ŷa[jYd
\X][a_\][Yj[\X][¥dY¦]̀\l[b̂c[b[e]nbe[c]àd_k\_Ŷ[Yj[\X][a_\]o[whf¦]̀\[\Y[\X][vŶ\db̀\Yd̈a[Yfe_nb\_Ŷal[_̂̀ehc_̂n[\XYa][_̂
w]̀\_Ŷ[zo}l[\X][vŶ\db̀\Yd[aXbee[f][]̂\_\e]c[\Y[d]ei[Ŷ[\X][b̀ h̀db̀i[Yj[_̂jYdZb\_Ŷ[jhd̂_aX]c[fi[\X][~Ŵ]d[khdahb̂\[\Y
\X_a[w]̀\_Ŷ[fh\[aXbee[]�]d̀_a][kdYk]d[kd]̀bh\_Ŷa[d]eb\_̂n[\Y[\X][abj][k]djYdZb̂ ]̀[Yj[\X][ÃYd©o

ÄÅÆÇÈÉ

ÊÉ ËÌÍÎËÍÏËÏÏÐËÑÒËÓÒËË
ÏÎÎÔÕÕÏÌÌÕ



����������	
�������������������������������� �����!����" ����#$���� ����� !����%�����%#����%%����$&����$%����!$�����$��"&&$��'()�"&�$�*��+�,�-.,��/'(�
0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�7��
8�9:;�<=	:��=>=?=�	��@�A;���;���	
�7�;>=��?B�C@@=����@�7
:
��D	E=	��;�F�;?=�	��@�����������	
�����������
������������"&�%�'()�"&"&�*��+�,�-.,��/'(�0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�+�,�G-.,��/'(�0(1���2�,��3�-�/���,/�1�H�G-0-�H���,�-0-�I�����G-"&��H�'()�G-0-�
��(��'/��J�/2.,(�1H�'�,��,��1�,�,)���'),.'�K1�'()�.'��(���*,�21,)�L����2���,�.�11��(6�+��1�)�/2.,(��L'1�/�,'�,)��(��������
2(),����,��,�.1��3�-0-�J�/2.,(�1��(�J,.'()M�N�),��O�6�������������������������������1�(���3����,1'4,���1�4�/,(1,)�3����(,P��.,�21,��(4���'()�.'���(4��*,�21,)��(�'//��)'(/,�
L������,�-0-���(��'/��J�/2.,(�1Q�J�/2.,(�1P�(PJ,.'()�R�S()�T1,��I�/,(1,�-��,,.,(�6�+���,�����/���������5��4'���(1��,P.'�4�/��������U'�'6���6V

W�
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\Xkd]Z]bY[iab\kY[iaXj_Y[aZ]kaXYlj_Zcd\][iaZ]ka_Znej_a\XkYX[a\eagĵ_dbaZjch\XdcdY[r
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�{yz�yu�s��z�sx��s{z��vs{��vxz�{ywsz�xzs�{sy{zsx����zsz�{w�sv��x�yws{vs��xzuv�w}sª��u�wzws�{vsx�§uwz��yzws�ysz��s~{yzvx�z
|u�sxy�s~{yzvx�zs����sxv�w�y�s�v{�sz��s���wz�y��s{�swu��sv��x�yws{vs��xzuv�ws�x�s��s�x��sxws�v{�����s�ys�vz����s�̈}

XYZ«\¬nngoijĥc
XYZ«Zrs���s~{yzvx�z{vsw�x��s�y��u��s�ysz��s~{yzvx�zs|u�sx��sx��{�xy��wswzxz��s�ysz��s~{yzvx�zs�{�u��yzw}s�z��w
�{��v��s��sx��{�xy��wsw�x��s��swu������s�{vswu��sx�{uyzwsxy�s��swu��s��vw{yws{vs�yz�z��wsxwsz��s¤�y�vs�x�s��v��z�s�uz
z��s~{yzvx�z{vsw�x��sy{zs��sv��u�v��sz{s����{�s��vw{yws{vs�yz�z��wsz{s��{�sz��s~{yzvx�z{vs�xwsv�xw{yx���s{�§��z�{y}

XYZ«Z�s�y��wws{z��v��w�s�v{�����s�ysz��s~{yzvx�zs�{�u��yzw�
Zrs x��{�xy��wsw�x��s�{��vsz��s�{wzsz{sz��s~{yzvx�z{vs{�s�xz�v�x�wsxy�s��u����yzs������v��sxzsz��sw�z�sxy�sx��s

v��u�v��szx��w�s��wwsx�����x���szvx��s��w�{uyzws
Z�s ~{yzvx�z{v¦ws�{wzws�{vsuy�{x��y�sxy�s�xy���y�sxzsz��sw�z��s�x�{v�s�ywzx��xz�{ys�{wzw�s{��v��x��s�v{��z�sxy�s

{z��vs����yw�ws�{yz����xz��s�{vswzxz��sx��{�xy��sx�{uyzwsw�x��s��s�y��u���s�ysz��s~{yzvx�zs|u�s�uzs
y{zs�ysz��sx��{�xy��wsxy�s

ZYs ���y���vs�{wzwsxv�s�{v�sz�xys{vs��wwsz�xysx��{�xy��w�sz��s~{yzvx�zs|u�sw�x��s��sx�§uwz��sx��{v��y���s
��s~�xy��s¤v��v}s���sx�{uyzs{�sz��s~�xy��s¤v��vsw�x��sv�����zsz��s�����v�y��s��z���ysx�zux�s�{wzw�sxws
�{�u��yz��s��s�y�{���w�sxy�sz��sx��{�xy��wsuy��vs|��z�{ys®}�}¢}�}s

XYZ«ZYs̄xz�v�x�wsxy�s��u����yzsuy��vsxysx��{�xy��sw�x��s��sw����z��s��sz��s¤�y�vs��z�sv�xw{yx���s�v{��zy�ww}

XYZ°\±²m̂_ajb̂jk̂jb
XYZ°Zrs���s~{yzvx�z{vsw�x��s����{�sxs�{���z�yzswu��v�yz�y��yz�sx����zx���sz{sz��s¤�y�v�sxy�sy���wwxv�sxww�wzxyzw
��{sw�x��s��s�ysxzz�y�xy��sxzsz��stv{§��zsw�z�s�uv�y�s��v�{v�xy��s{�sz��s�{v�}s���swu��v�yz�y��yzsw�x��sv��v�w�yzsz��
~{yzvx�z{v�sxy�s�{��uy��xz�{yws����ysz{sz��swu��v�yz�y��yzsw�x��s��sxws��y��y�sxws��s����ysz{sz��s~{yzvx�z{v}

³́µ¶·̧

¹̧ º»¼½º¼¾º¾¾¿ºÀÁºÂÁºº
¾½½ÃÄÄ¾»»Ä



����������	
�������������������������������� �����!����" ����#$���� ����� !����%�����%#����%%����$&����$%����!$�����$��"&&$��'()�"&�$�*��+�,�-.,��/'(�
0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�7��
8�9:;�<=	:��=>=?=�	��@�A;���;���	
�7�;>=��?B�C@@=����@�7
:
��D	E=	��;�F�;?=�	��@�����������	
�����������
������������"&�%�'()�"&"&�*��+�,�-.,��/'(�0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�+�,�G-.,��/'(�0(1���2�,��3�-�/���,/�1�H�G-0-�H���,�-0-�I�����G-"&��H�'()�G-0-�
��(��'/��J�/2.,(�1H�'�,��,��1�,�,)���'),.'�K1�'()�.'��(���*,�21,)�L����2���,�.�11��(6�+��1�)�/2.,(��L'1�/�,'�,)��(��������
2(),����,��,�.1��3�-0-�J�/2.,(�1��(�J,.'()M�N�),��O�6�������������������������������1�(���3����,1'4,���1�4�/,(1,)�3����(,P��.,�21,��(4���'()�.'���(4��*,�21,)��(�'//��)'(/,�
L������,�-0-���(��'/��J�/2.,(�1Q�J�/2.,(�1P�(PJ,.'()�R�S()�T1,��I�/,(1,�-��,,.,(�6�+���,�����/���������5��4'���(1��,P.'�4�/��������U'�'6���6V

��

WXYZY[\]̂_̀abcdefgdbeh̀fìibbc̀fìjefgdkgflm_̀fnd_èfofep̀bǹd̂_̀abcdefgdh̀îfmm̀cbdknq̀d̂_̀roc_èfcp̀seĝkd_gd̀bǹd̂_
cft_̀fcp̀uvfmknkgfdkbcìbǹf̀jebjbi_p̀ivj_ekcd_cp_cdẁxkd̂kc̀yz̀pfqìbǹe_g_kjd̀bǹd̂_̀kcnbetfdkbch̀d̂_̀roc_ètfq
cbdknq̀d̂_̀abcdefgdbeh̀idfdkc{̀ô_d̂_èd̂_̀roc_è̂fìe_fibcflm_̀bl|_gdkbc̀db̀d̂_̀jebjbi_p̀ivj_ekcd_cp_cdẁ}fkmve_̀bn
d̂_̀roc_èdb̀jeb~kp_̀cbdkg_̀okd̂kc̀d̂_̀yz�pfq̀j_ekbp̀îfmm̀gbcidkdvd_̀cbdkg_̀bǹcb̀e_fibcflm_̀bl|_gdkbcw

WXYZYX̀]̂_̀abcdefgdbèîfmm̀cbd̀_tjmbq̀f̀jebjbi_p̀ivj_ekcd_cp_cd̀db̀ôbt̀d̂_̀roc_è̂fìtfp_̀e_fibcflm_̀fcp
dkt_mq̀bl|_gdkbcẁ]̂_̀abcdefgdbèîfmm̀cbdknq̀d̂_̀roc_èbǹfcq̀jebjbi_p̀ĝfc{_̀kc̀d̂_̀ivj_ekcd_cp_cdh̀kcgmvpkc{̀d̂_
e_fibc̀d̂_e_nbe_h̀jekbèdb̀tf�kc{̀ivĝ g̀̂fc{_ẁ̀]̂_̀abcdefgdbèîfmm̀cbd̀ĝfc{_̀d̂_̀ivj_ekcd_cp_cd̀okd̂bvd̀d̂_
roc_e�ìgbci_cdh̀ôkĝ ì̂fmm̀cbd̀vce_fibcflmq̀l_̀okd̂̂ _mp̀bèp_mfq_pw

WXY��\������������\������������\���\���������\���������
WXY��Y�̀]̂_̀abcdefgdbeh̀jebtjdmq̀fnd_èl_kc{̀fofep_p̀d̂_̀abcdefgdh̀îfmm̀ivltkd̀nbèd̂_̀roc_e�ìfcp̀seĝkd_gd�i
kcnbetfdkbc̀f̀abcdefgdbe�ìgbcidevgdkbc̀iĝ_pvm_̀nbèd̂_̀xbe�ẁ�vl|_gd̀db̀fcq̀fppkdkbcfm̀e_uvke_t_cdìkc̀d̂_̀abcdefgd
�bgvt_cdih̀d̂_̀iĝ_pvm_̀îfmm̀gbcdfkc̀p_dfkm̀fjjebjekfd_̀nbèd̂_̀�eb|_gdh̀kcgmvpkc{̀fd̀f̀tkcktvt̀�y�̀d̂_̀pfd_̀bn
gbtt_cg_t_cd̀bǹd̂_̀xbe�h̀kcd_ekt̀iĝ_pvm_̀tkm_idbc_̀pfd_ih̀fcp̀d̂_̀pfd_̀bǹ�vlidfcdkfm̀abtjm_dkbc�̀���̀fc
fjjbedkbct_cd̀bǹd̂_̀xbe�̀lq̀gbcidevgdkbc̀fgdk~kdq�̀fcp̀���̀d̂_̀dkt_̀e_uvke_p̀nbègbtjm_dkbc̀bǹ_fĝj̀bedkbc̀bǹd̂_
xbe�ẁ]̂_̀iĝ_pvm_̀îfmm̀jeb~kp_̀nbèd̂_̀bep_emq̀jeb{e_iikbc̀bǹd̂_̀xbe�̀db̀gbtjm_dkbc̀fcp̀îfmm̀cbd̀_�g__p̀dkt_
mktkdìgvee_cd̀vcp_èd̂_̀abcdefgd̀�bgvt_cdiẁ]̂_̀iĝ_pvm_̀îfmm̀l_̀e_~ki_p̀fd̀fjjebjekfd_̀kcd_e~fmìfìe_uvke_p̀lq̀d̂_
gbcpkdkbcìbǹd̂_̀xbe�̀fcp̀�eb|_gdw

WXY��Y[̀]̂_̀abcdefgdbeh̀jebtjdmq̀fnd_èl_kc{̀fofep_p̀d̂_̀abcdefgd̀fcp̀d̂_e_fnd_èfìc_g_iifeq̀db̀tfkcdfkc̀f̀gvee_cd
ivltkddfm̀iĝ_pvm_h̀îfmm̀ivltkd̀f̀ivltkddfm̀iĝ_pvm_̀nbèd̂_̀seĝkd_gd�ìfjjeb~fmẁ]̂_̀seĝkd_gd�ìfjjeb~fm̀îfmm̀cbd
l_̀vce_fibcflmq̀p_mfq_p̀bèokd̂̂ _mpẁ]̂_̀ivltkddfm̀iĝ_pvm_̀îfmm̀�y�̀l_̀gbbepkcfd_p̀okd̂̀d̂_̀abcdefgdbe�i
gbcidevgdkbc̀iĝ_pvm_h̀fcp̀���̀fmmbòd̂_̀seĝkd_gd̀e_fibcflm_̀dkt_̀db̀e_~k_òivltkddfmiẁ�ǹd̂_̀abcdefgdbènfkmìdb
ivltkd̀f̀ivltkddfm̀iĝ_pvm_h̀bènfkmìdb̀jeb~kp_̀ivltkddfmìkc̀fggbepfcg_̀okd̂̀d̂_̀fjjeb~_p̀ivltkddfm̀iĝ_pvm_h̀d̂_
abcdefgdbèîfmm̀cbd̀l_̀_cdkdm_p̀db̀fcq̀kcge_fi_̀kc̀abcdefgd̀�vt̀bè_�d_cikbc̀bǹabcdefgd̀]kt_̀lfi_p̀bc̀d̂_̀dkt_
e_uvke_p̀nbèe_~k_òbǹivltkddfmiw

WXY��YX̀]̂_̀abcdefgdbèîfmm̀j_enbet̀d̂_̀xbe�̀kc̀{_c_efm̀fggbepfcg_̀okd̂̀d̂_̀tbid̀e_g_cd̀iĝ_pvm_ìivltkdd_p̀db̀d̂_
roc_èfcp̀seĝkd_gdw

WXY��\ ��������\���\���¡���\��\���\����
]̂_̀abcdefgdbèîfmm̀tf�_̀f~fkmflm_h̀fd̀d̂_̀�eb|_gd̀ikd_h̀d̂_̀abcdefgd̀�bgvt_cdih̀kcgmvpkc{̀âfc{_̀rep_eih
abcidevgdkbc̀âfc{_̀�ke_gdk~_ih̀fcp̀bd̂_è¢bpknkgfdkbcih̀kc̀{bbp̀bep_èfcp̀tfe�_p̀gvee_cdmq̀db̀kcpkgfd_̀nk_mp
ĝfc{_ìfcp̀i_m_gdkbcìtfp_̀pvekc{̀gbcidevgdkbch̀fcp̀d̂_̀fjjeb~_p̀�̂bj̀�efokc{ih̀�ebpvgd̀�fdfh̀�ftjm_ih̀fcp
iktkmfèe_uvke_p̀ivltkddfmiẁ]̂_i_̀îfmm̀l_̀kc̀_m_gdebckg̀nbet̀bèjfj_ègbjqh̀f~fkmflm_̀db̀d̂_̀seĝkd_gd̀fcp̀roc_eh̀fcp
p_mk~_e_p̀db̀d̂_̀seĝkd_gd̀nbèivltkddfm̀db̀d̂_̀roc_èvjbc̀gbtjm_dkbc̀bǹd̂_̀xbe�̀fìf̀e_gbep̀bǹd̂_̀xbe�̀fi
gbcidevgd_pw

WXY�[\���¡\ ��£��¤�¥\¦������\ ���\���\���¡���
WXY�[Y�̀�̂bj̀�efokc{ìfe_̀pefokc{ih̀pkf{eftih̀iĝ_pvm_ih̀fcp̀bd̂_èpfdf̀ij_gkfmmq̀je_jfe_p̀nbèd̂_̀xbe�̀lq̀d̂_
abcdefgdbèbèf̀�vlgbcdefgdbeh̀�vl�ivlgbcdefgdbeh̀tfcvnfgdve_eh̀ivjjmk_eh̀bèpkideklvdbèdb̀kmmvidefd_̀ibt_̀jbedkbc̀bn
d̂_̀xbe�w

WXY�[Y[̀�ebpvgd̀�fdf̀fe_̀kmmvidefdkbcih̀idfcpfep̀iĝ_pvm_ih̀j_enbetfcg_̀ĝfedih̀kcidevgdkbcih̀lebĝve_ih̀pkf{eftih̀fcp
bd̂_èkcnbetfdkbc̀nveckî_p̀lq̀d̂_̀abcdefgdbèdb̀kmmvidefd_̀tfd_ekfmìbè_uvkjt_cd̀nbèibt_̀jbedkbc̀bǹd̂_̀xbe�w

WXY�[YX̀�ftjm_ìfe_̀ĵqikgfm̀_�ftjm_ìd̂fd̀kmmvidefd_̀tfd_ekfmih̀_uvkjt_cdh̀bèobe�tfcîkjh̀fcp̀_idflmkîìdfcpfepi
lq̀ôkĝ d̀̂_̀xbe�̀okmm̀l_̀|vp{_pw

WXY�[Y§̀�̂bj̀�efokc{ih̀�ebpvgd̀�fdfh̀�ftjm_ih̀fcp̀iktkmfèivltkddfmìfe_̀cbd̀abcdefgd̀�bgvt_cdiẁ]̂_kèjvejbi_̀ki
db̀p_tbcidefd_̀̂bòd̂_̀abcdefgdbèjebjbi_ìdb̀gbcnbet̀db̀d̂_̀kcnbetfdkbc̀{k~_c̀fcp̀d̂_̀p_ik{c̀gbcg_jd̀_�je_ii_p̀kc
d̂_̀abcdefgd̀�bgvt_cdìnbèd̂bi_̀jbedkbcìbǹd̂_̀xbe�̀nbèôkĝd̀̂_̀abcdefgd̀�bgvt_cdìe_uvke_̀ivltkddfmiẁ̈_~k_ò
lq̀d̂_̀seĝkd_gd̀kìivl|_gd̀db̀d̂_̀mktkdfdkbcìbǹ�_gdkbc̀zw�w©ẁ�cnbetfdkbcfm̀ivltkddfmìvjbc̀ôkĝd̀̂_̀seĝkd_gd̀kìcbd
_�j_gd_p̀db̀df�_̀e_ijbcik~_̀fgdkbc̀tfq̀l_̀ib̀kp_cdknk_p̀kc̀d̂_̀abcdefgd̀�bgvt_cdiẁ�vltkddfmìd̂fd̀fe_̀cbd̀e_uvke_p̀lq
d̂_̀abcdefgd̀�bgvt_cdìtfq̀l_̀e_dvec_p̀lq̀d̂_̀seĝkd_gd̀okd̂bvd̀fgdkbcw
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XYZ[\Z]̂_̀âbcdefghecf̂ìgjĵfaklam̂ncf̂hcopjlgdhâmlè̂èâbcdefghêqchroadeiŝgppfckaŝgdt̂iruolêeĉèa
vfh̀leaheŝẁcp̂qfgmldxiŝyfctrhêqgegŝwgopjaiŝgdt̂iloljgf̂iruoleegjîfazrlfat̂u{̂èâbcdefghêqchroadeiŝld
ghhcftgdhâmlè̂èâiruoleegĵih̀atrjâgppfckat̂u{̂èâvfh̀leahêcfŝld̂èâguiadhâcn̂gd̂gppfckat̂iruoleegj
ih̀atrjaŝmlè̂fagicdgujâpfcopedaiîgdt̂ld̂irh̀îazradhâgîeĉhgriâdĉtajg{̂ld̂èâ|cf}̂cf̂ld̂èâghelklelaîcn̂èa
~mdaf̂cf̂cn̂wapgfgeâbcdefghecfi�

Z[� _̀ânlfâipfld}jaf̂ìcp̂tfgmldxîìgjĵuâpfapgfat̂u{̂ĝjlhadiat̂nlfâipfld}jaf̂hcdefghecf̂gdt̂ìgjĵ
ghhrfgeaj{̂fanjahêghergĵhcdtlelcdîgnnaheldx̂èâfazrlfat̂jg{crêcn̂èânlfâipfld}jaf̂i{ieao�̂̂_̀ânlfâ
ipfld}jaf̂hcdefghecf̂ìgjĵhafeln{̂èâghhrfgh{̂cn̂̀lîìcp̂tfgmldxîpflcf̂eĉiruoleeldx̂èaôncf̂faklam̂
gdt̂gppfckgj�̂̂̂

Z\� _̀ânlfâipfld}jaf̂ìcp̂tfgmldxîìgjĵuâfaklamat̂gdt̂gppfckat̂u{̂èâvfh̀leahe�îadxldaaf̂cn̂fahcft̂
��~��̂pflcf̂eĉiruoleegĵeĉèâwegeâ�lfâ�gfìgj�̂̂_̀â�~�̂mljĵhcopjaeâèâ~nnlhâcn̂wegeâ�lfâ
�gfìgĵ�~w���̂ncfô��azraiêncf̂�lfâwpfld}jaf̂w{ieaôẁcp̂�aklam̂ncf̂wegeâbcdiefrhelcd̂
yfc�ahei�̂gdt̂iruolêlêeĉ~w�̂ncf̂ilxdgerfa�̂̂

ZY� ~w�̂mljĵilxd̂èâncfôgdt̂faerfd̂lêeĉèâvfh̀leahe�î�~��̂_̀â�~�̂mljĵiruolêĝhcp{̂cn̂èâilxdat̂
ncfômlè̂èâgppfckat̂ìcp̂tfgmldxîeĉ~w��n̂cf̂faklam̂gdt̂gppfckgj�̂gdtŝncfmgft̂ĝhcp{̂cn̂agh̀^
eĉ~w��̂

Z�� �pcd̂fahalpêcn̂èâ~w��ĝppfckgĵjaeeafŝèâ�~�̂mljĵncfmgft̂ĝhcp{̂cn̂èâjaeeaf̂eĉèâ~mdafŝ
bcdefghecfŝvfh̀leaheŝgdt̂~w��̂

Z]� �djaiîgrècfl�at̂ld̂mfleldx̂u{̂~w�ŝdalèaf̂èâbcdefghecf̂dcf̂iruhcdefghecf̂gêgd{̂elaf̂ìgjĵiruolê
èânlfâipfld}jaf̂ìcp̂tfgmldxîtlfahej{̂eĉ~w���̂

XYZ[\Z�̂�{̂iruoleeldx̂ẁcp̂qfgmldxiŝyfctrhêqgegŝwgopjaiŝgdt̂iloljgf̂iruoleegjiŝèâbcdefghecf̂fapfaiadeîec
èâ~mdaf̂gdt̂vfh̀leahêègêèâbcdefghecf̂̀gî���̂faklamat̂gdt̂gppfckat̂èaoŝ���̂taeafoldat̂gdt̂kaflnlat
ogeaflgjiŝnlajt̂oagirfaoadeîgdt̂nlajt̂hcdiefrhelcd̂hfleaflĝfajgeat̂èafaecŝcf̂mljĵtĉicŝgdt̂���̂h̀ah}at̂gdt
hccftldgeat̂èâldncfogelcd̂hcdegldat̂mlèld̂irh̀îruoleegjîmlè̂èâfazrlfaoadeîcn̂èâ|cf}̂gdt̂cn̂èâbcdefghe
qchroadei�

XYZ[\Z�̂_̀âbcdefghecf̂ìgjĵpafncfôdĉpcfelcd̂cn̂èâ|cf}̂ncf̂m̀lh̀ềâbcdefghêqchroadeîfazrlfâiruoleegĵgdt
faklam̂cn̂ẁcp̂qfgmldxiŝyfctrhêqgegŝwgopjaiŝcf̂iloljgf̂iruoleegjiŝrdelĵèâfaipahelkâiruoleegĵ̀gîuaad
gppfckat̂u{̂èâvfh̀leahe�

XYZ[\Z�̂_̀â|cf}̂ìgjĵuâld̂ghhcftgdhâmlè̂gppfckat̂iruoleegjîa�hapêègêèâbcdefghecf̂ìgjĵdcêuâfajlakat̂cn
faipcdiluljle{̂ncf̂taklgelcdînfcôèâfazrlfaoadeîcn̂èâbcdefghêqchroadeîu{̂èâvfh̀leahe�îgppfckgĵcn̂ẁcp
qfgmldxiŝyfctrhêqgegŝwgopjaiŝcf̂iloljgf̂iruoleegjiŝrdjaiîèâbcdefghecf̂̀gîipahlnlhgjj{̂dcelnlat̂èâvfh̀leahe
cn̂irh̀t̂aklgelcd̂gêèâeloâcn̂iruoleegĵgdt̂���̂èâvfh̀leahềgîxlkad̂mfleead̂gppfckgĵeĉèâipahlnlĥtaklgelcd̂gîg
oldcf̂h̀gdxâld̂èâ|cf}ŝcf̂���̂ĝb̀gdxâ~ftaf̂cf̂bcdiefrhelcd̂b̀gdxâqlfahelkầgîuaad̂liirat̂grècfl�ldx̂èa
taklgelcd�̂_̀âbcdefghecf̂ìgjĵdcêuâfajlakat̂cn̂faipcdiluljle{̂ncf̂affcfîcf̂coliilcdîld̂ẁcp̂qfgmldxiŝyfctrhe
qgegŝwgopjaiŝcf̂iloljgf̂iruoleegjiŝu{̂èâvfh̀leahe�îgppfckgĵèafacn�

XYZ[\Z�̂_̀âbcdefghecf̂ìgjĵtlfahêipahlnlĥgeeadelcdŝld̂mfleldx̂cf̂cd̂fairuoleeat̂ẁcp̂qfgmldxiŝyfctrhêqgegs
wgopjaiŝcf̂iloljgf̂iruoleegjiŝeĉfaklilcdîcèaf̂ègd̂èciâfazraieat̂u{̂èâvfh̀leahêcd̂pfaklcrîiruoleegji�̂�d̂èa
guiadhâcn̂irh̀d̂celhaŝèâvfh̀leahe�îgppfckgĵcn̂ĝfairuoliilcd̂ìgjĵdcêgppj{̂eĉirh̀f̂aklilcdi�

XYZ[\Z[�̂_̀âbcdefghecf̂ìgjĵdcêuâfazrlfat̂eĉpfckltâpfcnaiilcdgĵiafklhaîègêhcdielereâèâpfghelhâcn
gfh̀leaherfâcf̂adxldaafldx̂rdjaiîirh̀îafklhaîgfâipahlnlhgjj{̂fazrlfat̂u{̂èâbcdefghêqchroadeîncf̂ĝpcfelcd̂cn
èâ|cf}̂cf̂rdjaiîèâbcdefghecf̂daatîeĉpfckltâirh̀îafklhaîld̂cftaf̂eĉhgff{̂crêèâbcdefghecf�îfaipcdiluljlelaî
ncf̂hcdiefrhelcd̂oagdiŝoaèctiŝeah̀dlzraiŝiazradhaiŝgdt̂pfchatrfai�̂_̀âbcdefghecf̂ìgjĵdcêuâfazrlfat̂ec
pfckltâpfcnaiilcdgĵiafklhaîld̂klcjgelcd̂cn̂gppjlhgujâjgm�

XYZ[\Z[�Z[̂�n̂pfcnaiilcdgĵtailxd̂iafklhaîcf̂hafelnlhgelcdîu{̂ĝtailxd̂pfcnaiilcdgĵfajgeat̂eĉi{ieaoiŝogeaflgjiŝcf
azrlpoadêgfâipahlnlhgjj{̂fazrlfat̂cn̂èâbcdefghecf̂u{̂èâbcdefghêqchroadeiŝèâ~mdaf̂gdt̂èâvfh̀leahêmljj
ipahln{̂gjĵpafncfogdhâgdt̂tailxd̂hfleaflĝègêirh̀îafklhaîoriêigelin{�̂_̀âbcdefghecf̂ìgjĵuâadelejat̂eĉfaj{̂rpcd̂
èâgtazrgh{̂gdt̂ghhrfgh{̂cn̂èâpafncfogdhâgdt̂tailxd̂hfleaflĝpfckltat̂ld̂èâbcdefghêqchroadei�̂_̀a
bcdefghecf̂ìgjĵhgriâirh̀îafklhaîcf̂hafelnlhgelcdîeĉuâpfckltat̂u{̂gd̂gppfcpflgeaj{̂jlhadiat̂tailxd̂pfcnaiilcdgjs
m̀ ĉìgjĵhcopj{̂mlè̂fagicdgujâfazrlfaoadeîcn̂èâ~mdaf̂faxgftldx̂zrgjlnlhgelcdîgdt̂ldirfgdhâgdt̂m̀cia
ilxdgerfâgdt̂iagĵìgjĵgppagf̂cd̂gjĵtfgmldxiŝhgjhrjgelcdiŝipahlnlhgelcdiŝhafelnlhgelcdiŝẁcp̂qfgmldxiŝgdt̂cèaf
iruoleegjîpfapgfat̂u{̂irh̀p̂fcnaiilcdgj�̂ẁcp̂qfgmldxiŝgdt̂cèaf̂iruoleegjîfajgeat̂eĉèâ|cf}ŝtailxdat̂cf
hafelnlat̂u{̂irh̀p̂fcnaiilcdgjŝln̂pfapgfat̂u{̂cèafiŝìgjĵuagf̂irh̀p̂fcnaiilcdgj�îmfleead̂gppfckgĵm̀ad̂iruoleeat̂eĉ
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XYZ[\]̂Y_XẐX̀[aYZ[bcdZ][edf[XYZ[\]̂Y_XẐX[gYehh[iZ[ZdX_XhZf[Xj[]Zhk[lmjd[XYZ[efZnlêk[edf[ê l̂]êk[jo[XYZ[gZ]p_̂Zgq[
Ẑ]X_o_̂eX_jdgq[edf[emm]jpehg[mZ]oj]rZf[j][m]jp_fZf[ik[gl̂Y[fZg_sd[m]joZgg_jdehgq[m]jp_fZf[XYZ[bcdZ][edf[\]̂Y_XẐX[
YepZ[gmẐ_o_Zf[Xj[XYZ[tjdX]êXj][XYZ[mZ]oj]red̂Z[edf[fZg_sd[̂]_XZ]_e[XYeX[gl̂Y[gZ]p_̂Zg[rlgX[geX_gok̀[ul]gledX[Xj[XY_g[
vẐX_jd[ẁxỳxzq[XYZ[\]̂Y_XẐX[c_hh[]Zp_Zc[edf[emm]jpZ[j][Xe{Z[jXYZ][emm]jm]_eXZ[êX_jd[jd[glir_XXehg[jdhk[oj][XYZ[
h_r_XZf[ml]mjgZ[jo[̂YẐ{_ds[oj][̂jdoj]red̂Z[c_XY[_doj]reX_jd[s_pZd[edf[XYZ[fZg_sd[̂jd̂ZmX[Z|m]ZggZf[_d[XYZ[tjdX]êX[
}ĵlrZdXg̀[

~���������[aYZ[tjdX]êXj][gYehh[djX[iZ[]Zgmjdg_ihZ[oj][XYZ[efZnlêk[jo[XYZ[mZ]oj]red̂Z[edf[fZg_sd[̂]_XZ]_e[gmẐ_o_Zf[_d[
XYZ[tjdX]êX[}ĵlrZdXg̀

~����������������
~������[aYZ[tjdX]êXj][gYehh[̂jdo_dZ[jmZ]eX_jdg[eX[XYZ[g_XZ[Xj[e]Zeg[mZ]r_XXZf[ik[emmh_̂eihZ[hecgq[gXeXlXZgq[j]f_ded̂Zgq
ĵfZgq[]lhZg[edf[]ZslheX_jdgq[hecolh[j]fZ]g[jo[mlih_̂[elXYj]_X_Zgq[edf[XYZ[tjdX]êX[}ĵlrZdXg[edf[gYehh[djX
ld]Zegjdeihk[Zd̂lriZ][XYZ[g_XZ[c_XY[reXZ]_ehg[j][Znl_mrZdX̀

~�������aYZ[tjdX]êXj][edf[edk[ZdX_Xk[oj][cY_̂Y[XYZ[tjdX]êXj][_g[]Zgmjdg_ihZ[gYehh[djX[Z]ẐX[edk[g_sd[jd[XYZ[u]j�ẐX
g_XZ[c_XYjlX[XYZ[m]_j][c]_XXZd[̂jdgZdX[jo[XYZ[bcdZ]̀

~��������������������������
~������[aYZ[tjdX]êXj][gYehh[iZ[]Zgmjdg_ihZ[oj][̂lXX_dsq[o_XX_dsq[j][meX̂Y_ds[]Znl_]Zf[Xj[̂jrmhZXZ[XYZ[�j]{[j][Xj[re{Z
_Xg[me]Xg[o_X[XjsZXYZ][m]jmZ]hk̀[\hh[e]Zeg[]Znl_]_ds[̂lXX_dsq[o_XX_dsq[j][meX̂Y_ds[gYehh[iZ[]ZgXj]Zf[Xj[XYZ[̂jdf_X_jd[Z|_gX_ds
m]_j][Xj[XYZ[̂lXX_dsq[o_XX_dsq[j][meX̂Y_dsq[ldhZgg[jXYZ]c_gZ[]Znl_]Zf[ik[XYZ[tjdX]êX[}ĵlrZdXg̀

~������[aYZ[tjdX]êXj][gYehh[djX[feresZ[j][ZdfedsZ][e[mj]X_jd[jo[XYZ[�j]{[j][olhhk[j][me]X_ehhk[̂jrmhZXZf
ĵdgX]l̂X_jd[jo[XYZ[bcdZ][j][vZme]eXZ[tjdX]êXj]g[ik[̂lXX_dsq[meX̂Y_dsq[j][jXYZ]c_gZ[ehXZ]_ds[gl̂Y[̂jdgX]l̂X_jdq[j][ik
Z|̂epeX_jd̀[aYZ[tjdX]êXj][gYehh[djX[̂lX[j][jXYZ]c_gZ[ehXZ][̂jdgX]l̂X_jd[ik[XYZ[bcdZ][j][e[vZme]eXZ[tjdX]êXj][Z|̂ZmX
c_XY[c]_XXZd[̂jdgZdX[jo[XYZ[bcdZ][edf[jo[XYZ[vZme]eXZ[tjdX]êXj]̀[tjdgZdX[gYehh[djX[iZ[ld]Zegjdeihk[c_XYYZhf̀[aYZ
tjdX]êXj][gYehh[djX[ld]Zegjdeihk[c_XYYjhfq[o]jr[XYZ[bcdZ][j][e[vZme]eXZ[tjdX]êXj]q[_Xg[̂jdgZdX[Xj[̂lXX_ds[j]
jXYZ]c_gZ[ehXZ]_ds[XYZ[�j]{̀

~�����������������
~������[aYZ[tjdX]êXj][gYehh[{ZZm[XYZ[m]Zr_gZg[edf[gl]]jldf_ds[e]Ze[o]ZZ[o]jr[ê l̂rlheX_jd[jo[cegXZ[reXZ]_ehg[edf
]lii_gY[̂elgZf[ik[jmZ]eX_jdg[ldfZ][XYZ[tjdX]êX̀[\X[̂jrmhZX_jd[jo[XYZ[�j]{q[XYZ[tjdX]êXj][gYehh[]ZrjpZ[cegXZ
reXZ]_ehgq[]lii_gYq[XYZ[tjdX]êXj]�g[Xjjhgq[̂jdgX]l̂X_jd[Znl_mrZdXq[rêY_dZ]kq[edf[gl]mhlg[reXZ]_ehg[o]jr[edf[eijlX
XYZ[u]j�ẐX̀

~������[�o[XYZ[tjdX]êXj][oe_hg[Xj[̂hZed[lm[eg[m]jp_fZf[_d[XYZ[tjdX]êX[}ĵlrZdXgq[XYZ[bcdZ][rek[fj[gj[edf[XYZ[bcdZ]
gYehh[iZ[ZdX_XhZf[Xj[]Z_ril]gZrZdX[o]jr[XYZ[tjdX]êXj]̀

~��������������� �¡¢
aYZ[tjdX]êXj][gYehh[m]jp_fZ[XYZ[bcdZ][edf[\]̂Y_XẐX[c_XY[ê Ẑgg[Xj[XYZ[�j]{[_d[m]Zme]eX_jd[edf[m]js]Zgg[cYZ]ZpZ]
hĵeXZf̀

~���£�¤�¥������¦����������������¥¡�����
aYZ[tjdX]êXj][gYehh[mek[ehh[]jkehX_Zg[edf[h_̂ZdgZ[oZZg̀[aYZ[tjdX]êXj][gYehh[fZoZdf[gl_Xg[j][̂he_rg[oj][_do]_dsZrZdX[jo
ĵmk]_sYXg[edf[meXZdX[]_sYXg[edf[gYehh[Yjhf[XYZ[bcdZ][edf[\]̂Y_XẐX[Ye]rhZgg[o]jr[hjgg[jd[ê ĵldX[XYZ]Zjoq[ilX[gYehh
djX[iZ[]Zgmjdg_ihZ[oj][fZoZdgZ[j][hjgg[cYZd[e[me]X_̂lhe][fZg_sdq[m]ĵZggq[j][m]jfl̂X[jo[e[me]X_̂lhe][redloêXl]Z][j]
redloêXl]Z]g[_g[]Znl_]Zf[ik[XYZ[tjdX]êX[}ĵlrZdXgq[j][cYZ]Z[XYZ[̂jmk]_sYX[p_jheX_jdg[e]Z[̂jdXe_dZf[_d[}]ec_dsgq
vmẐ_o_̂eX_jdgq[j][jXYZ][fĵlrZdXg[m]Zme]Zf[ik[XYZ[bcdZ][j][\]̂Y_XẐX̀[§jcZpZ]q[_o[ed[_do]_dsZrZdX[jo[e[̂jmk]_sYX[j]
meXZdX[_g[f_ĝjpZ]Zf[ikq[j][refZ[{djcd[Xjq[XYZ[tjdX]êXj]q[XYZ[tjdX]êXj][gYehh[iZ[]Zgmjdg_ihZ[oj][XYZ[hjgg[ldhZgg[XYZ
_doj]reX_jd[_g[m]jrmXhk[ol]d_gYZf[Xj[XYZ[\]̂Y_XẐX̀

~���̈�©���ª�����������
~���̈��[aj[XYZ[olhhZgX[Z|XZdX[mZ]r_XXZf[ik[hecq[XYZ[tjdX]êXj][gYehh[_dfZrd_ok[edf[Yjhf[Ye]rhZgg[XYZ[bcdZ]q
\]̂Y_XẐXq[\]̂Y_XẐX�g[̂jdglhXedXgq[edf[esZdXg[edf[ZrmhjkZZg[jo[edk[jo[XYZr[o]jr[edf[ese_dgX[̂he_rgq[feresZgq[hjggZgq[
edf[Z|mZdgZgq[_d̂hlf_ds[ilX[djX[h_r_XZf[Xj[eXXj]dZkg�[oZZgq[e]_g_ds[jlX[jo[j][]ZglhX_ds[o]jr[mZ]oj]red̂Z[jo[XYZ[�j]{q
m]jp_fZf[XYeX[gl̂Y[̂he_rq[feresZq[hjggq[j][Z|mZdgZ[_g[eXX]_ilXeihZ[Xj[ijf_hk[_d�l]kq[g_̂{dZggq[f_gZegZ[j][fZeXYq[j][Xj
_d�l]k[Xj[j][fZgX]l̂X_jd[jo[Xeds_ihZ[m]jmZ]Xk[«jXYZ][XYed[XYZ[�j]{[_XgZho¬[_d̂hlf_ds[hjgg[jo[lgZ[]ZglhX_ds[XYZ]Zo]jrq[ilX
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WXYZ[\W[\]̂[̂_\̂X\[̀abĉd[eZ[\]̂[X̂fYgf̂X\[à\c[Wh[WigccgWXc[Wj[\]̂[kWX\hà\Whl[a[mbèWX\hà\Whl[aXZWX̂[dgĥ̀\YZ[Wh[
gXdgĥ̀\YZ[̂inYWẐd[eZ[\]̂il[Wh[aXZWX̂[jWh[o]Wĉ[à\c[\]̂Z[iaZ[ê[YgaeŶl[ĥfahdŶcc[Wj[o]̂\]̂h[Wh[XW\[cb̀][̀Yagil[
daiaf̂l[YWccl[Wh[̂_n̂Xĉ[gc[̀abĉd[gX[nah\[eZ[a[nah\Z[gXd̂iXgjĝd[]̂ĥbXd̂hp[mb̀][WeYgfa\gWX[c]aYY[XW\[ê[̀WXc\hb̂d[\W[
X̂fa\̂l[aehgdf̂l[Wh[ĥdb̀ [̂W\]̂h[hgf]\c[Wh[WeYgfa\gWXc[Wj[gXd̂iXg\Z[\]a\[oWbYd[W\]̂hogĉ[̂_gc\[ac[\W[a[nah\Z[Wh[n̂hcWX[
d̂c̀hgêd[gX[\]gc[m̂ \̀gWX[qprsp[

tuvwxvy[zX[̀Yagic[afagXc\[aXZ[n̂hcWX[Wh[̂X\g\Z[gXd̂iXgjĝd[bXd̂h[\]gc[m̂ \̀gWX[qprs[eZ[aX[̂inYWẐ [̂Wj[\]̂[kWX\hà\Whl
a[mbèWX\hà\Whl[aXZWX̂[dgĥ̀\YZ[Wh[gXdgĥ̀\YZ[̂inYWẐd[eZ[\]̂il[Wh[aXZWX̂[jWh[o]Wĉ[à\c[\]̂Z[iaZ[ê[YgaeŶl[\]̂
gXd̂iXgjg̀a\gWX[WeYgfa\gWX[bXd̂h[m̂ \̀gWX[qprspr[c]aYY[XW\[ê[Ygig\̂d[eZ[a[Ygig\a\gWX[WX[aiWbX\[Wh[\Zn̂[Wj[daiaf̂cl
Ẁin̂Xca\gWXl[Wh[êX̂jg\c[naZaeŶ[eZ[Wh[jWh[\]̂[kWX\hà\Wh[Wh[a[mbèWX\hà\Wh[bXd̂h[oWh{̂hc|[̀Win̂Xca\gWX[à\cl
dgcaegYg\Z[êX̂jg\[à\cl[Wh[W\]̂h[̂inYWẐ [̂êX̂jg\[à\cp
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\]̂[�fĥ̂ îX\p

t�vwvy[�b\ĝcl[ĥcnWXcgegYg\ĝcl[aXd[Ygig\a\gWXc[Wj[ab\]Whg\Z[Wj[\]̂[�h̀]g\̂̀\[ac[ĉ\[jWh\][gX[\]̂[kWX\hà\[�ẀbîX\c
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aXdl[a\[a[igXgibil[\W[accbĥ[̀WXjWhiaX̀ [̂og\][\]̂[�h̀]g\̂̀\|c[d̂cgfX[ac[c]WoX[gX[\]̂[kWX\hà\[�ẀbîX\c[aXd[\W
Weĉh�̂[\]̂[nhWfĥcc[aXd[¢baYg\Z[Wj[\]̂[nWh\gWX[Wj[\]̂[£Wh{[̀WinŶ\̂dl[aXd[\W[d̂\̂higX̂[gX[f̂X̂haY[gj[\]̂[£Wh{
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WXYZY[\]̂_\̀ab̂cd_bd\̂ef\egd̂hacdi\dh\a_j_bd\khal\d̂ed\mh_f\nhd\bhnohap\dh\d̂_\qhndaebd\rhbgp_ndfs\k _̂n_t_a\d̂_
àb̂cd_bd\bhnfcm_af\cd\n_b_ffeai\ha\emtcfeuv_w\d̂_\̀ab̂cd_bd\xcvv\̂et_\egd̂hacdi\dh\a_ygca_\cnfz_bdchn\ha\d_fdcn{\ho\d̂_
khal\cn\ebbhamenb_\xcd̂\|_bdchnf\}~s�s�\enm\}~s�s~w\x̂_d̂_a\ha\nhd\d̂_\khal\cf\oeuacbed_mw\cnfdevv_m\ha\bhpzv_d_ms
�hx_t_aw\n_cd̂_a\d̂cf\egd̂hacdi\ho\d̂_\̀ab̂cd_bd\nha\e\m_bcfchn\pem_\cn\{hhm\oecd̂\_cd̂_a\dh\_�_abcf_\ha\nhd\dh\_�_abcf_
fgb̂\egd̂hacdi\f̂evv\{ct_\acf_\dh\e\mgdi\ha\a_fzhnfcucvcdi\ho\d̂_\̀ab̂cd_bd\dh\d̂_\qhndaebdhaw\|gubhndaebdhafw\fgzzvc_afw
d̂_ca\e{_ndf\ha\_pzvhi__fw\ha\hd̂_a\z_afhnf\ha\_ndcdc_f\z_aohapcn{\zhadchnf\ho\d̂_\khals

WXYZY�\]̂_\̀ab̂cd_bd\xcvv\a_tc_x\enm\ezzaht_w\ha\del_\hd̂_a\ezzahzaced_\ebdchn\gzhnw\d̂_\qhndaebdha�f\fgupcddevf\fgb̂\
ef\|̂hz\raexcn{fw\�ahmgbd\redew\enm\|epzv_fw\ugd\hnvi\oha\d̂_\vcpcd_m\zgazhf_\ho\b̂_blcn{\oha\bhnohapenb_\xcd̂
cnohapedchn\{ct_n\enm\d̂_\m_fc{n\bhnb_zd\_�za_ff_m\cn\d̂_\qhndaebd\rhbgp_ndfs\]̂_\̀ab̂cd_bd�f\ebdchn\xcvv\u_\del_n
cn\ebbhamenb_\xcd̂\d̂_\fgupcddev\fb̂_mgv_\ezzaht_m\ui\d̂_\̀ab̂cd_bd\haw\cn\d̂_\euf_nb_\ho\en\ezzaht_m\fgupcddev
fb̂_mgv_w\xcd̂\a_efhneuv_\zahpzdn_ff\x̂cv_\evvhxcn{\fgoocbc_nd\dcp_\cn\d̂_\̀ab̂cd_bd�f\zaho_ffchnev\jgm{p_nd\dh
z_apcd\em_yged_\a_tc_xs\�_tc_x\ho\fgb̂\fgupcddevf\cf\nhd\bhnmgbd_m\oha\d̂_\zgazhf_\ho\m_d_apcncn{\d̂_\ebbgaebi\enm
bhpzv_d_n_ff\ho\hd̂_a\m_decvf\fgb̂\ef\mcp_nfchnf\enm\ygendcdc_fw\ha\oha\fgufdendcedcn{\cnfdagbdchnf\oha\cnfdevvedchn\ha
z_aohapenb_\ho\_ygczp_nd\ha\fifd_pfw\evv\ho\x̂cb̂\a_pecn\d̂_\a_fzhnfcucvcdi\ho\d̂_\qhndaebdha\ef\a_ygca_m\ui\d̂_
qhndaebd\rhbgp_ndfs\]̂_\̀ab̂cd_bd�f\a_tc_x\ho\d̂_\qhndaebdha�f\fgupcddevf\f̂evv\nhd\a_vc_t_\d̂_\qhndaebdha\ho\d̂_
huvc{edchnf\gnm_a\|_bdchnf\~s~w\~s�w\enm\~s}�s\]̂_\̀ab̂cd_bd�f\a_tc_x\f̂evv\nhd\bhnfdcdgd_\ezzahtev\ho\feo_di
za_begdchnf\ha\ho\eni\bhnfdagbdchn\p_enfw\p_d̂hmfw\d_b̂ncyg_fw\f_yg_nb_fw\ha\zahb_mga_fs\]̂_\̀ab̂cd_bd�f\ezzahtev\ho
e\fz_bcocb\cd_p\f̂evv\nhd\cnmcbed_\ezzahtev\ho\en\eff_puvi\ho\x̂cb̂\d̂_\cd_p\cf\e\bhpzhn_nds

WXYZY�\]̂_\̀ab̂cd_bd\xcvv\za_zea_\q̂en{_\�am_af\enm\qhnfdagbdchn\q̂en{_\rca_bdct_fw\enm\pei\ham_a\pcnha\b̂en{_f
cn\d̂_\khal\ef\zahtcm_m\cn\|_bdchn\�s�s\]̂_\̀ab̂cd_bd\xcvv\cnt_fdc{ed_\enm\pel_\m_d_apcnedchnf\enm\a_bhpp_nmedchnf
a_{eamcn{\bhnb_ev_m\enm\gnlnhxn\bhnmcdchnf\ef\zahtcm_m\cn\|_bdchn\~s�s�s

WXYZY�\]̂_\̀ab̂cd_bd\xcvv\bhnmgbd\cnfz_bdchnf\dh\m_d_apcn_\d̂_\med_\ha\med_f\ho\|gufdendcev\qhpzv_dchn\enm\d̂_\med_\ho
ocnev\bhpzv_dchn�\cffg_\q_adcocbed_f\ho\|gufdendcev\qhpzv_dchn\zgafgend\dh\|_bdchn\�s��\a_b_ct_\enm\ohaxeam\dh\d̂_
�xn_aw\oha\d̂_\�xn_a�f\a_tc_x\enm\a_bhamfw\xacdd_n\xeaaendc_f\enm\a_ved_m\mhbgp_ndf\a_ygca_m\ui\d̂_\qhndaebd\enm
eff_puv_m\ui\d̂_\qhndaebdha\zgafgend\dh\|_bdchn\�s}��\enm\cffg_\e\ocnev\q_adcocbed_\oha\�eip_nd\zgafgend\dh
|_bdchn\�s}�s

WXYZY��\�o\d̂_\�xn_a\enm\̀ab̂cd_bd\e{a__w\d̂_\̀ab̂cd_bd\xcvv\zahtcm_\hn_\ha\pha_\�ahj_bd\a_za_f_ndedct_f\dh\effcfd\cn
beaaicn{\hgd\d̂_\̀ab̂cd_bd�f\a_fzhnfcucvcdc_f\ed\d̂_\fcd_s\]̂_\�xn_a\f̂evv\nhdcoi\d̂_\qhndaebdha\ho\eni\b̂en{_\cn\d̂_
mgdc_fw\a_fzhnfcucvcdc_f\enm\vcpcdedchnf\ho\egd̂hacdi\ho\d̂_\�ahj_bd\a_za_f_ndedct_fs

WXYZY��\]̂_\̀ab̂cd_bd\xcvvw\cn\d̂_\ocafd\cnfdenb_w\cnd_aza_d\enm\m_bcm_\pedd_af\bhnb_ancn{\z_aohapenb_\gnm_aw\enm
a_ygca_p_ndf\how\d̂_\qhndaebd\rhbgp_ndf\hn\xacdd_n\a_yg_fd\ho\_cd̂_a\d̂_\�xn_a\ha\qhndaebdhas\�zhn\a_b_czd\ho\fgb̂
a_yg_fdw\d̂_\̀ab̂cd_bd\xcvv\zahpzdvi\zahtcm_\d̂_\hd̂_a\zeadi\xcd̂\e\bhzi\ho\d̂_\a_yg_fds\]̂_\̀ab̂cd_bd�f\a_fzhnf_\dh
fgb̂\a_yg_fdf\xcvv\u_\pem_\cn\xacdcn{\xcd̂cn\eni\dcp_\vcpcdf\e{a__m\gzhn\ha\hd̂_axcf_\xcd̂\a_efhneuv_\zahpzdn_ffs

WXYZY�Z\�nd_aza_dedchnf\enm\m_bcfchnf\ho\d̂_\̀ab̂cd_bd\xcvv\u_\bhnfcfd_nd\xcd̂\d̂_\cnd_nd\how\enm\a_efhneuvi\cno_aeuv_
oahpw\d̂_\qhndaebd\rhbgp_ndf\enm\xcvv\u_\cn\xacdcn{\ha\cn\d̂_\ohap\ho\maexcn{fs\k _̂n\pelcn{\fgb̂\cnd_aza_dedchnf\enm\
m_bcfchnfw\d̂_\̀ab̂cd_bd\xcvv\_nm_etha\dh\f_bga_\oecd̂ogv\z_aohapenb_\ui\uhd̂\�xn_a\enm\qhndaebdhaw\enm\xcvv\nhd\f̂hx\
zeadcevcdi\dh\_cd̂_as\��b_zd\cn\d̂_\bef_\ho\cnd_aza_dedchnf\a_fgvdcn{\cn\hpcffchnfw\m_o_bdfw\ha\_aahaf\cn\d̂_\�nfdagp_ndf\ho
|_atcb_\ha\z_az_dgedcn{\hpcffchnfw\m_o_bdf\ha\_aahaf\cn\d̂_\�nfdagp_ndf\ho\|_atcb_w\d̂_\̀ab̂cd_bd\xcvv\nhd\u_\vceuv_\oha
a_fgvdf\ho\cnd_aza_dedchnf\ha\m_bcfchnf\a_nm_a_m\cn\{hhm\oecd̂s\�o\_cd̂_a\zeadi\mcfzgd_f\d̂_\̀ab̂cd_bd�f\cnd_aza_dedchn\ha
m_bcfchnw\d̂ed\zeadi\pei\zahb__m\ef\zahtcm_m\cn\̀adcbv_\}�s\\]̂_\̀ab̂cd_bd�f\cnd_aza_dedchnf\enm\m_bcfchnf\pei\u_w\ugd
n__m\nhd\u_w\ebbham_m\eni\m_o_a_nb_\cn\eni\a_tc_x\bhnmgbd_m\zgafgend\dh\vex\ha\d̂_\qhndaebd\rhbgp_ndfs

WXYZY��\]̂_\̀ab̂cd_bd�f\m_bcfchnf\hn\pedd_af\a_vedcn{\dh\e_fd̂_dcb\_oo_bd\xcvv\u_\ocnev\co\bhnfcfd_nd\xcd̂\d̂_\cnd_nd
_�za_ff_m\cn\d̂_\qhndaebd\rhbgp_ndfs

WXYZY�X\]̂_\̀ab̂cd_bd\xcvv\a_tc_x\enm\a_fzhnm\dh\a_yg_fdf\oha\cnohapedchn\euhgd\d̂_\qhndaebd\rhbgp_ndf\fh\ef\dh
ethcm\m_vei\dh\d̂_\bhnfdagbdchn\ho\d̂_\�ahj_bds\]̂_\̀ab̂cd_bd�f\a_fzhnf_\dh\fgb̂\a_yg_fdf\xcvv\u_\pem_\cn\xacdcn{\xcd̂
a_efhneuv_\zahpzdn_ffs\�o\ezzahzaced_w\d̂_\̀ab̂cd_bd\xcvv\za_zea_\enm\cffg_\fgzzv_p_ndev\raexcn{f\enm\|z_bcocbedchnf
cn\a_fzhnf_\dh\d̂_\a_yg_fdf\oha\cnohapedchns\̀ni\a_fzhnf_\dh\e\a_yg_fd\oha\cnohapedchn\pgfd\u_\bhnfcfd_nd\xcd̂\d̂_\
cnd_nd\how\enm\a_efhneuvi\cno_aeuv_\oahpw\d̂_\qhndaebd\rhbgp_ndf\enm\xcvv\u_\cn\xacdcn{\ha\cn\d̂_\ohap\ho\maexcn{fs

������

�� ��� ��¡�¡¡¢�£¤�¥¤��
¡  ¦§§¡��§



����������	
�������������������������������� �����!����" ����#$���� ����� !����%�����%#����%%����$&����$%����!$�����$��"&&$��'()�"&�$�*��+�,�-.,��/'(�
0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�7��
8�9:;�<=	:��=>=?=�	��@�A;���;���	
�7�;>=��?B�C@@=����@�7
:
��D	E=	��;�F�;?=�	��@�����������	
�����������
������������"&�%�'()�"&"&�*��+�,�-.,��/'(�0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�+�,�G-.,��/'(�0(1���2�,��3�-�/���,/�1�H�G-0-�H���,�-0-�I�����G-"&��H�'()�G-0-�
��(��'/��J�/2.,(�1H�'�,��,��1�,�,)���'),.'�K1�'()�.'��(���*,�21,)�L����2���,�.�11��(6�+��1�)�/2.,(��L'1�/�,'�,)��(��������
2(),����,��,�.1��3�-0-�J�/2.,(�1��(�J,.'()M�N�),��O�6�������������������������������1�(���3����,1'4,���1�4�/,(1,)�3����(,P��.,�21,��(4���'()�.'���(4��*,�21,)��(�'//��)'(/,�
L������,�-0-���(��'/��J�/2.,(�1Q�J�/2.,(�1P�(PJ,.'()�R�S()�T1,��I�/,(1,�-��,,.,(�6�+���,�����/���������5��4'���(1��,P.'�4�/��������U'�'6���6V

���

WXYZ[[\][[̂Z_\̀̂ a[̂bXc\cd\b\ed_]f]gbc]dXh\[̂`̀YZiZXcbY\jabk]Xl[\da\m̀Zg]f]gbc]dX[\k]YY\Xdc\]XndYnZ\bX\b_ô[ciZXc\cd\
cpZ\qdXcabgc\m̂i\da\qdXcabgc\r]iZs\

tuvwxyz{|{{{}~�x��vutxv�u}{
�|��{�����������
�|����\�\m̂�gdXcabgcda\][\b\̀Za[dX\da\ZXc]c�\kpd\pb[\b\_]aZgc\gdXcabgc\k]cp\cpZ\qdXcabgcda\cd\̀Zafdai\b\̀dac]dX\df\cpZ
�da�\bc\cpZ\[]cZs\rpZ\cZai\�m̂�gdXcabgcda�\][\aZfZaaZ_\cd\cpad̂lpd̂c\cpZ\qdXcabgc\jdĝiZXc[\b[\]f\[]Xl̂Yba\]X\X̂i�Za
bX_\iZbX[\b\m̂�gdXcabgcda\da\bX\b̂cpda]�Z_\aZ̀aZ[ZXcbc]nZ\df\cpZ\m̂�gdXcabgcdas\rpZ\cZai\�m̂�gdXcabgcda�\_dZ[\Xdc
]XgŶ_Z\b\mZ̀babcZ\qdXcabgcda\da\cpZ\[̂�gdXcabgcda[\df\b\mZ̀babcZ\qdXcabgcdas

�|����\�\m̂��[̂�gdXcabgcda\][\b\̀Za[dX\da\ZXc]c�\kpd\pb[\b\_]aZgc\da\]X_]aZgc\gdXcabgc\k]cp\b\m̂�gdXcabgcda\cd\̀Zafdai
b\̀dac]dX\df\cpZ\�da�\bc\cpZ\[]cZs\rpZ\cZai\�m̂��[̂�gdXcabgcda�\][\aZfZaaZ_\cd\cpad̂lpd̂c\cpZ\qdXcabgc\jdĝiZXc[\b[\]f
[]Xl̂Yba\]X\X̂i�Za\bX_\iZbX[\b\m̂��[̂�gdXcabgcda\da\bX\b̂cpda]�Z_\aZ̀aZ[ZXcbc]nZ\df\cpZ\m̂��[̂�gdXcabgcdas

�|��{t����{��{}�����������{���{�����{x��������{���{��������{��{���{ ��¡
�|����\WXYZ[[\dcpZak][Z\[cbcZ_\]X\cpZ\qdXcabgc\jdĝiZXc[h\cpZ\qdXcabgcdah\k]cp]X\fd̂acZZX\¢£¤¥\_b�[\bfcZa\̀d[c]Xl\df
cpZ\¦dc]gZ\df\§XcZXc\cd\�kba_\cpZ\qdXcabgch\[pbYY\Xdc]f�\cpZ\̈kXZa\bX_\�agp]cZgc\df\cpZ\̀Za[dX[\da\ZXc]c]Z[\̀ad̀d[Z_\fda\
Zbgp\̀a]Xg]̀bY\̀dac]dX\df\cpZ\�da�h\]XgŶ_]Xl\cpd[Z\kpd\baZ\cd\f̂aX][p\ibcZa]bY[\da\Z©̂]̀iZXc\fb�a]gbcZ_\cd\b\[̀Zg]bY
_Z[]lXs\�]cp]X\£¤\_b�[\df\aZgZ]̀c\df\cpZ\]Xfdaibc]dXh\cpZ\̈kXZa\ib�\Xdc]f�\cpZ\qdXcabgcda\kpZcpZa\cpZ\̈kXZa\pb[
aZb[dXb�YZ\d�oZgc]dX\cd\bX�\[̂gp\̀ad̀d[Z_\̀Za[dX\da\ZXc]c�s\ªb]ŶaZ\df\cpZ\̈kXZa\cd\̀adn]_Z\Xdc]gZ\k]cp]X\cpZ\£¤�_b�
Z̀a]d_\[pbYY\gdX[c]ĉcZ\Xdc]gZ\df\Xd\aZb[dXb�YZ\d�oZgc]dXs

�|����\rpZ\qdXcabgcda\[pbYY\Xdc\gdXcabgc\k]cp\b\̀ad̀d[Z_\̀Za[dX\da\ZXc]c�\cd\kpdi\cpZ\̈kXZa\pb[\ib_Z\aZb[dXb�YZ
bX_\c]iZY�\d�oZgc]dXs\\rpZ\̈kXZa\[pbYY\Xdc\_]aZgc\cpZ\qdXcabgcda\cd\gdXcabgc\k]cp\bX�\[̀Zg]f]g\]X_]n]_̂bY\da\ZXc]c�\fda
[̂`̀Y]Z[\da\[Zan]gZ[\̂XYZ[[\[̂gp\[̂`̀Y]Z[\bX_\[Zan]gZ[\baZ\XZgZ[[ba�\fda\gdì YZc]dX\df\cpZ\�da�\bX_\cpZ\[̀Zg]f]Z_
]X_]n]_̂bY\da\ZXc]c�\][\cpZ\dXY�\[d̂agZ\df\[̂gp\[̂`̀Y�\da\[Zan]gZs

�|���«\§f\cpZ\̈kXZa\pb[\aZb[dXb�YZ\d�oZgc]dX\cd\b\̀Za[dX\da\ZXc]c�\̀ad̀d[Z_\��\cpZ\qdXcabgcdah\cpZ\qdXcabgcda\[pbYY
àd̀d[Z\bXdcpZa\cd\kpdi\cpZ\̈kXZa\pb[\Xd\aZb[dXb�YZ\d�oZgc]dXs\§f\cpZ\̀ad̀d[Z_\�̂c\aZoZgcZ_\m̂�gdXcabgcda\kb[
aZb[dXb�Y�\gb̀b�YZ\df\̀Zafdai]Xl\cpZ\�da�h\cpZ\qdXcabgc\m̂i\bX_\qdXcabgc\r]iZ\[pbYY\�Z\]XgaZb[Z_\da\_ZgaZb[Z_\��
cpZ\_]ffZaZXgZh\]f\bX�h\dggb[]dXZ_\��\[̂gp\gpbXlZh\bX_\bX\b̀ àd̀a]bcZ\qpbXlZ\̈a_Za\[pbYY\�Z\][[̂Z_\�ZfdaZ
gdiiZXgZiZXc\df\cpZ\[̂�[c]ĉcZ\m̂�gdXcabgcda¬[\�da�s\dkZnZah\Xd\]XgaZb[Z\]X\cpZ\qdXcabgc\m̂i\da\qdXcabgc\r]iZ
[pbYY\�Z\bYYdkZ_\fda\[̂gp\gpbXlZ\̂XYZ[[\cpZ\qdXcabgcda\pb[\bgcZ_\̀adì cY�\bX_\aZ[̀dX[]nZY�\]X\[̂�i]cc]Xl\XbiZ[\b[
aZ©̂]aZ_s

�|���®\rpZ\qdXcabgcda\[pbYY\Xdc\[̂�[c]ĉcZ\b\m̂�gdXcabgcdah\̀Za[dXh\da\ZXc]c�\fda\dXZ\̀aZn]d̂[Y�\[ZYZgcZ_\]f\cpZ\̈kXZa
ib�Z[\aZb[dXb�YZ\d�oZgc]dX\cd\[̂gp\[̂�[c]ĉc]dXs\rpZ\qdXcabgcda¬[\aZ©̂Z[c\fda\[̂�[c]ĉc]dX\î[c\�Z\ib_Z\cd\cpZ\̈kXZa
]X\ka]c]Xlh\bggdì bX]Z_\��\[̂`̀dac]Xl\]Xfdaibc]dXs

�|���|\�\m̂�gdXcabgcda\]_ZXc]f]Z_\]X\cpZ\qdXcabgcda¬[\̄]_\̀̂a[̂bXc\cd\cpZ\[̂�gdXcabgcda\Y][c]Xl\aZ©̂]aZiZXc[\df\mZgc]dX
°\df\cpZ\̄]_\ªdai\ib�\dXY�\�Z\[̂�[c]ĉcZ_\]X\bggda_bXgZ\k]cp\bX_\b[\̀Zai]ccZ_\��\cpZ\̀adn][]dX[\df\msqs\qd_Z\�XXs\±
££�²³�²́µ£s\\�\̀ad̀d[Z_\[̂�[c]ĉcZ\fda\b\Y][cZ_\[̂�gdXcabgcda\[pbYY\bY[d\�Z\[̂�oZgc\cd\cpZ\̈kXZa¬[\b̀ àdnbY\b[\[Zc\fdacp
]X\mZgc]dX\³sµs²s

�|���¶\�\qdXcabgcda\ib�\[̂�[c]ĉcZ\dXZ\̀ad[̀Zgc]nZ\[̂�gdXcabgcda\fda\bXdcpZah\k]cp\cpZ\b̀ àdnbY\df\cpZ\̈kXZa\b[
fdYYdk[·

��\ §f\cpZ\qdXcabgcda\aZ©̂Z[c[\cpZ\[̂�[c]ĉc]dXh\cpZ\qdXcabgcda\][\aZ[̀dX[]�YZ\fda\bYY\gd[c[\b[[dg]bcZ_\k]cp\cpZ\
[̂�[c]ĉc]dXs\

��\ §f\cpZ\̈kXZa\aZ©̂Z[c[\cpZ\[̂�[c]ĉc]dXh\cpZ\̈kXZa\][\aZ[̀dX[]�YZ\fda\bX�\aZ[̂Yc]Xl\]XgaZb[Z_\gd[c[\cd\cpZ\
qdXcabgcdas\

�|�«{}������������̧{u�̧������
�|�«��\̄�\b̀ àd̀a]bcZ\ka]ccZX\blaZZiZXch\cpZ\qdXcabgcda\[pbYY\aZ©̂]aZ\Zbgp\m̂�gdXcabgcdah\cd\cpZ\Z¹cZXc\df\cpZ\�da�\cd
�Z\̀ZafdaiZ_\��\cpZ\m̂�gdXcabgcdah\cd\�Z\�d̂X_\cd\cpZ\qdXcabgcda\��\cZai[\df\cpZ\qdXcabgc\jdĝiZXc[h\bX_\cd\b[[̂iZ
cdkba_\cpZ\qdXcabgcda\bYY\cpZ\d�Y]lbc]dX[\bX_\aZ[̀dX[]�]Y]c]Z[h\]XgŶ_]Xl\cpZ\aZ[̀dX[]�]Y]c�\fda\[bfZc�\df\cpZ
m̂�gdXcabgcda¬[\�da�\cpbc\cpZ\qdXcabgcdah\��\cpZ[Z\qdXcabgc\jdĝiZXc[h\b[[̂iZ[\cdkba_\cpZ\̈kXZa\bX_\�agp]cZgcs
ºbgp\[̂�gdXcabgc\blaZZiZXc\[pbYY\̀aZ[ZanZ\bX_\̀adcZgc\cpZ\a]lpc[\df\cpZ\̈kXZa\bX_\�agp]cZgc\̂X_Za\cpZ\qdXcabgc
jdĝiZXc[\k]cp\aZ[̀Zgc\cd\cpZ\�da�\cd\�Z\̀ZafdaiZ_\��\cpZ\m̂�gdXcabgcda\[d\cpbc\[̂�gdXcabgc]Xl\cpZaZdf\k]YY\Xdc
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�W�

XYZ[\]̂_Z̀a\_b̀Ŷcbdaèfg]̀abfhh̀fhhij̀dìdbZ̀k\l_igdYf_diYè\ghZaàaXZ_̂m̂_fhhǹXYiô]Z]̀idbZYĵaZ̀bZYẐgèiỲ̂g̀dbZ̀
a\l_igdYf_d̀fcYZZpZgdèdbZ̀lZgZm̂d̀im̀fhh̀ŶcbdaèYZpZ]̂Zaèfg]̀YZ]YZaàfcf̂gad̀dbZ̀qigdYf_diỲdbfd̀dbZ̀qigdYf_diYèlǹdbZ̀
qigdYf_d̀ri_\pZgdaèbfàfcf̂gad̀dbZ̀sjgZYt̀ubZYZ̀fXXYiXŶfdZèdbZ̀qigdYf_diỲabfhh̀YZv\̂YZ̀Zf_b̀k\l_igdYf_diỲdì
ZgdZỲ̂gdìâp̂hfỲfcYZZpZgdàĵdb̀k\lwa\l_igdYf_diYat̀xbZ̀qigdYf_diỲabfhh̀pfyZ̀fof̂hflhZ̀dìZf_b̀XYiXiaZ]̀
k\l_igdYf_diYèXŶiỲdìdbZ̀ZzZ_\d̂ig̀im̀dbZ̀a\l_igdYf_d̀fcYZZpZgdè_iX̂Zàim̀dbZ̀qigdYf_d̀ri_\pZgdàdìjb̂_b̀dbZ̀
k\l_igdYf_diỲĵhh̀lZ̀li\g]èfg]è\Xig̀jŶddZg̀YZv\Zad̀im̀dbZ̀k\l_igdYf_diYè̂]Zgd̂mǹdìdbZ̀k\l_igdYf_diỲdZYpàfg]̀
_ig]̂d̂igàim̀dbZ̀XYiXiaZ]̀a\l_igdYf_d̀fcYZZpZgd̀dbfd̀pfǹlZ̀fd̀ofŶfg_Z̀ĵdb̀dbZ̀qigdYf_d̀ri_\pZgdat̀
k\l_igdYf_diYàĵhh̀âp̂hfYhǹpfyZ̀_iX̂Zàim̀fXXĥ_flhZ̀XiYd̂igàim̀a\_b̀]i_\pZgdàfof̂hflhZ̀dìdbẐỲYZaXZ_d̂oZ̀
XYiXiaZ]̀k\lwa\l_igdYf_diYat̀

{|}~}�̀u d̂bi\d̀ĥp̂dfd̂ig̀ig̀dbZ̀cZgZYfĥdǹim̀kZ_d̂ig̀�t�t�èZf_b̀k\l_igdYf_d̀fcYZZpZgd̀fg]̀Zf_b̀k\lwa\l_igdYf_d
fcYZZpZgd̀abfhh̀̂g_h\]Zèfg]̀abfhh̀lZ̀]ZZpZ]̀dì̂g_h\]ZèdbZ̀mihhiĵgc̀kZ_d̂igàim̀dbZaZ̀�ZgZYfh̀qig]̂d̂iga�̀�t�è�t�e
�t��è�t�è�t�è�t�t�è�t�t�è�t�t�è�t�è��t�è��t�è��t�è��t�èfg]̀��t�t�t

{|}~}~̀�f_b̀k\l_igdYf_d̀�cYZZpZgd̀fg]̀Zf_b̀k\lwa\l_igdYf_d̀fcYZZpZgd̀abfhh̀Zz_h\]Zèfg]̀abfhh̀lZ̀]ZZpZ]̀di
Zz_h\]ZèkZ_d̂igà��t�̀fg]̀��t�̀fg]̀fhh̀im̀�Yd̂_hZ̀��èZz_ZXd̀kZ_d̂ig̀��t�t�èim̀dbZaZ̀�ZgZYfh̀qig]̂d̂igat̀̀�g̀dbZ̀Xhf_Z
im̀dbZaZ̀Zz_h\]Z]̀aZ_d̂igàim̀dbZ̀�ZgZYfh̀qig]̂d̂igaèZf_b̀k\l_igdYf_d̀�cYZZpZgd̀fg]̀Zf_b̀k\lwa\l_igdYf_d̀pfn
ĝ_h\]Z̀kZ_d̂igà��t�̀fg]̀��t�̀fg]̀fhh̀im̀�Yd̂_hZ̀��èZz_ZXd̀kZ_d̂ig̀��t�t�èim̀���̀ri_\pZgd̀����w����èqig]̂d̂igà
im̀dbZ̀qigdYf_dèfàiŶĉgfhhǹ̂aa\Z]̀lǹdbZ̀�pZŶ_fg̀�gad̂d\dZ̀im̀�Y_b̂dZ_dat

{|}~}�̀xbZ̀qigdYf_diỲabfhh̀faa\YZ̀dbZ̀sjgZỲdbfd̀fhh̀fcYZZpZgdàlZdjZZg̀dbZ̀qigdYf_diỲfg]̀̂dàk\l_igdYf_diY
ĝ_iYXiYfdZ̀dbZ̀XYiôâigàim̀kZ_d̂ig̀�t�t�̀fàgZ_ZaafYǹdìXYZaZYoZ̀fg]̀XYidZ_d̀dbZ̀Ŷcbdàim̀dbZ̀sjgZỲfg]̀dbZ
�Y_b̂dZ_d̀\g]ZỲdbZ̀qigdYf_d̀ri_\pZgdàĵdb̀YZaXZ_d̀dìdbZ̀jiYỳdìlZ̀XZYmiYpZ]̀lǹk\l_igdYf_diYàaìdbfd̀dbZ
a\l_igdYf_d̂gc̀dbZYZim̀ĵhh̀gid̀XYZ[\]̂_Z̀a\_b̀Ŷcbdat̀̀xbZ̀qigdYf_diY�àfaa\Yfg_Z̀abfhh̀lZ̀̂g̀dbZ̀miYp̀im̀fg̀fmm̂]fôd̀iY
ĝ̀a\_b̀idbZỲmiYp̀fàdbZ̀sjgZỲpfǹfXXYioZt̀̀�Xig̀YZv\ZadèdbZ̀qigdYf_diỲabfhh̀XYiô]Z̀dbZ̀sjgZỲiỲ�Y_b̂dZ_d̀ĵdb
_iX̂Zàim̀fgǹiỲfhh̀a\l_igdYf_dàiỲX\Y_bfaZ̀iY]ZYat

{|}����������������������������� ¡���¢£¡��
{|}�}¤̀�f_b̀a\l_igdYf_d̀fcYZZpZgd̀miỲf̀XiYd̂ig̀im̀dbZ̀uiYỳ̂àfaâcgZ]̀lǹdbZ̀qigdYf_diỲdìdbZ̀sjgZYèXYiô]Z]̀dbfd

}¤̀ faâcgpZgd̀̂àZmmZ_d̂oZ̀ighǹfmdZỲdZYp̂gfd̂ig̀im̀dbZ̀qigdYf_d̀lǹdbZ̀sjgZỲmiỲ_f\aZ̀X\Ya\fgd̀dì
kZ_d̂ig̀��t�̀fg]̀ighǹmiỲdbiaZ̀a\l_igdYf_d̀fcYZZpZgdàdbfd̀dbZ̀sjgZỲf__ZXdàlǹgid̂mn̂gc̀dbZ̀
k\l_igdYf_diỲfg]̀qigdYf_diY¥̀fg]̀

}�̀ faâcgpZgd̀̂àa\l[Z_d̀dìdbZ̀XŶiỲŶcbdàim̀dbZ̀a\YZdnè̂m̀fgnèilĥcfdZ]̀\g]ZỲlig]̀YZhfd̂gc̀dìdbZ̀
qigdYf_dt̀

{|}�}�̀�Xig̀a\_b̀faâcgpZgdè̂m̀dbZ̀uiYỳbfàlZZg̀a\aXZg]Z]̀miỲpiYZ̀dbfg̀��̀]fnaèdbZ̀k\l_igdYf_diY�a
_ipXZgafd̂ig̀abfhh̀lZ̀Zv\̂dflhǹf][\adZ]̀miỲ̂g_YZfaZà̂g̀_iad̀YZa\hd̂gc̀mYip̀dbZ̀a\aXZgâigt

{|}�}~̀�Xig̀faâcgpZgd̀dìdbZ̀sjgZỲ\g]ZỲdb̂àkZ_d̂ig̀�t�èdbZ̀sjgZỲpfǹm\YdbZỲfaâcg̀dbZ̀a\l_igdYf_d̀dìf
a\__ZaaiỲ_igdYf_diỲiỲidbZỲZgd̂dnt̀�m̀dbZ̀sjgZỲfaâcgàdbZ̀a\l_igdYf_d̀dìf̀a\__ZaaiỲ_igdYf_diỲiỲidbZỲZgd̂dnèdbZ
sjgZỲabfhh̀gZoZYdbZhZaàYZpf̂g̀hZcfhhǹYZaXigâlhZ̀miỲfhh̀im̀dbZ̀a\__ZaaiỲ_igdYf_diY�àilĥcfd̂igà\g]ZỲdbZ
a\l_igdYf_dt

{|}�}�̀�f_b̀a\l_igdYf_d̀abfhh̀aXZ_̂m̂_fhhǹXYiô]Z̀dbfd̀dbZ̀sjgZỲabfhh̀ighǹlZ̀YZaXigâlhZ̀dìdbZ̀a\l_igdYf_diỲmiY
dbiaZ̀ilĥcfd̂igàim̀dbZ̀qigdYf_diỲdbfd̀f__Y\Z̀a\laZv\Zgd̀dìdbZ̀sjgZY�àZzZY_̂aZ̀im̀fgǹŶcbdà\g]ZỲdb̂à_ig]̂d̂igfh̀
faâcgpZgdt

{|}�}|̀�f_b̀a\l_igdYf_d̀abfhh̀aXZ_̂m̂_fhhǹXYiô]Z̀dbfd̀dbZ̀k\l_igdYf_diỲfcYZZàdìXZYmiYp̀XiYd̂igàim̀dbZ̀uiYy
faâcgZ]̀dìdbZ̀sjgZỲ̂g̀f__iY]fg_Z̀ĵdb̀dbZ̀qigdYf_d̀ri_\pZgdat

{|}�}¦̀§idb̂gc̀̂g̀db̂àkZ_d̂ig̀�t�̀abfhh̀f_d̀dìYZ]\_Z̀iỲ]̂a_bfYcZ̀dbZ̀qigdYf_diY�àXfnpZgd̀lig]̀a\YZdn�àilĥcfd̂igà
dì_hf̂pfgdàmiỲ_hf̂pàfŶâgc̀XŶiỲdìdbZ̀sjgZY�àZzZY_̂aZ̀im̀fgǹŶcbdà\g]ZỲdb̂à_ig]̂d̂igfh̀faâcgpZgdt

�̈©ª�«¬�¦����®�©̈ �̄©ª®�°±�²®¬̈�̈�°±��¬³�̈�©¬��®©̈��©̈��
{¦}¤�́ ��¢µ��̈��¶�����³�¢��¢�������¢�¡�����£�·�����́£¢·���̧£¢£�������¢£¡��
{¦}¤}¤̀xbZ̀dZYp̀¹kZXfYfdZ̀qigdYf_diYºa»¼̀abfhh̀pZfg̀idbZỲ_igdYf_diYàYZdf̂gZ]̀lǹdbZ̀sjgZỲ\g]ZỲaZXfYfdZ
fcYZZpZgdat̀xbZ̀sjgZỲYZaZYoZàdbZ̀Ŷcbd̀dìXZYmiYp̀_igadY\_d̂ig̀iỲiXZYfd̂igàYZhfdZ]̀dìdbZ̀½Yi[Z_d̀ĵdb̀dbZ
sjgZY�àijg̀miY_Zaèfg]̀ĵdb̀kZXfYfdZ̀qigdYf_diYàYZdf̂gZ]̀\g]ZỲqig]̂d̂igàim̀dbZ̀qigdYf_d̀a\ladfgd̂fhhǹâp̂hfỲdi
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�W�

XYZ[\]Ẑ]XY_[]̀ZaXbcdXe]_adfgh_ai]XYZ[\]jbZk_[_Za[]Ẑ]XY\]̀Zah_X_Za[]Ẑ]XY\]̀ZaXbcdX]b\fcX\h]XZ]_a[gbcad\]cah]lc_k\b]Ẑ]
[gmbZicX_Zan]

opqrqs]tY\a][\jcbcX\]dZaXbcdX[]cb\]clcbh\h]̂Zb]h_̂̂\b\aX]jZbX_Za[]Ẑ]XY\]ubZv\dX]Zb]ZXY\b]dZa[XbgdX_Za]Zb]Zj\bcX_Za[]Za
XY\][_X\e]XY\]X\bw]x̀ZaXbcdXZby]_a]XY\]̀ZaXbcdX]zZdgw\aX[]_a]\cdY]dc[\][Ycff]w\ca]XY\]̀ZaXbcdXZb]lYZ]\{\dgX\[]\cdY
[\jcbcX\]|la\b}̀ZaXbcdXZb]~ib\\w\aXn

opqrq�]�Y\]|la\b][Ycff]jbZk_h\]̂Zb]dZZbh_acX_Za]Ẑ]XY\]cdX_k_X_\[]Ẑ]XY\]|la\b�[]Zla]̂Zbd\[]cah]Ẑ]\cdY]�\jcbcX\
Z̀aXbcdXZb]l_XY]XY\]tZb�]Ẑ]XY\]̀ZaXbcdXZbe]lYZ][Ycff]dZZj\bcX\]l_XY]XY\wn]�Y\]̀ZaXbcdXZb][Ycff]jcbX_d_jcX\]l_XY]ca�
�\jcbcX\]̀ZaXbcdXZb[]cah]XY\]|la\b]_a]b\k_\l_ai]XY\_b]dZa[XbgdX_Za][dY\hgf\[n]�Y\]̀ZaXbcdXZb][Ycff]wc�\]ca�
b\k_[_Za[]XZ]_X[]dZa[XbgdX_Za][dY\hgf\]h\\w\h]a\d\[[cb�]ĉX\b]c]vZ_aX]b\k_\l]cah]wgXgcf]cib\\w\aXn]�Y\]dZa[XbgdX_Za
[dY\hgf\[][Ycff]XY\a]dZa[X_XgX\]XY\][dY\hgf\[]XZ]m\]g[\h]m�]XY\]̀ZaXbcdXZbe]�\jcbcX\]̀ZaXbcdXZb[e]cah]XY\]|la\b]gaX_f
[gm[\�g\aXf�]b\k_[\hn

opqrq�]��������

opqs����������������������
opqsqr]�Y\]̀ZaXbcdXZb][Ycff]ĉ̂Zbh]XY\]|la\b]cah]�\jcbcX\]̀ZaXbcdXZb[]b\c[Zacmf\]ZjjZbXga_X�]̂Zb]_aXbZhgdX_Za]cah
[XZbci\]Ẑ]XY\_b]wcX\b_cf[]cah]\�g_jw\aX]cah]j\b̂Zbwcad\]Ẑ]XY\_b]cdX_k_X_\[e]cah][Ycff]dZaa\dX]cah]dZZbh_acX\]XY\
Z̀aXbcdXZb�[]dZa[XbgdX_Za]cah]Zj\bcX_Za[]l_XY]XY\_b[]c[]b\�g_b\h]m�]XY\]̀ZaXbcdX]zZdgw\aX[n

opqsqs]�̂]jcbX]Ẑ]XY\]̀ZaXbcdXZb�[]tZb�]h\j\ah[]̂Zb]jbZj\b]\{\dgX_Za]Zb]b\[gfX[]gjZa]dZa[XbgdX_Za]Zb]Zj\bcX_Za[]m�]XY\
|la\b]Zb]c]�\jcbcX\]̀ZaXbcdXZbe]XY\]̀ZaXbcdXZb][Ycffe]jb_Zb]XZ]jbZd\\h_ai]l_XY]XYcX]jZbX_Za]Ẑ]XY\]tZb�e]jbZwjXf�
aZX_̂�]XY\]~bdY_X\dX]Ẑ]cjjcb\aX]h_[db\jcad_\[]Zb]h\̂\dX[]_a]XY\]dZa[XbgdX_Za]Zb]Zj\bcX_Za[]m�]XY\]|la\b]Zb]�\jcbcX\
Z̀aXbcdXZb]XYcX]lZgfh]b\ah\b]_X]ga[g_Xcmf\]̂Zb]jbZj\b]\{\dgX_Za]cah]b\[gfX[]Ẑ]XY\]̀ZaXbcdXZb�[]tZb�n]�c_fgb\]Ẑ]XY\
Z̀aXbcdXZb]XZ]aZX_̂�]XY\]~bdY_X\dX]Ẑ]cjjcb\aX]h_[db\jcad_\[]Zb]h\̂\dX[]jb_Zb]XZ]jbZd\\h_ai]l_XY]XY\]tZb�][Ycff
dZa[X_XgX\]ca]cd�aZlf\hiw\aX]XYcX]XY\]|la\b�[]Zb]�\jcbcX\]̀ZaXbcdXZb�[]dZwjf\X\h]Zb]jcbX_cff�]dZwjf\X\h
dZa[XbgdX_Za]_[]̂_X]cah]jbZj\b]XZ]b\d\_k\]XY\]̀ZaXbcdXZb�[]tZb�n]�Y\]̀ZaXbcdXZb][Ycff]aZX]m\]b\[jZa[_mf\]̂Zb
h_[db\jcad_\[]Zb]h\̂\dX[]_a]XY\]dZa[XbgdX_Za]Zb]Zj\bcX_Za[]m�]XY\]|la\b]Zb]�\jcbcX\]̀ZaXbcdXZb]XYcX]cb\]aZX]cjjcb\aXn

opqsq�]�Y\]̀ZaXbcdXZb][Ycff]b\_wmgb[\]XY\]|la\b]̂Zb]dZ[X[]XY\]|la\b]_adgb[]XYcX]cb\]jc�cmf\]XZ]c]�\jcbcX\]̀ZaXbcdXZb
m\dcg[\]Ẑ]XY\]̀ZaXbcdXZb�[]h\fc�[e]_wjbZj\bf�]X_w\h]cdX_k_X_\[]Zb]h\̂\dX_k\]dZa[XbgdX_Zan]�Y\]|la\b][Ycff]m\
b\[jZa[_mf\]XZ]XY\]̀ZaXbcdXZb]̂Zb]dZ[X[]XY\]̀ZaXbcdXZb]_adgb[]m\dcg[\]Ẑ]c]�\jcbcX\]̀ZaXbcdXZb�[]h\fc�[e]_wjbZj\bf�
X_w\h]cdX_k_X_\[e]hcwci\]XZ]XY\]tZb�]Zb]h\̂\dX_k\]dZa[XbgdX_Zan

opqsq�]�Y\]̀ZaXbcdXZb][Ycff]jbZwjXf�]b\w\h�]hcwci\]XYcX]XY\]̀ZaXbcdXZb]lbZaîgff�]dcg[\[]XZ]dZwjf\X\h]Zb]jcbX_cff�
dZwjf\X\h]dZa[XbgdX_Za]Zb]XZ]jbZj\bX�]Ẑ]XY\]|la\b]Zb]�\jcbcX\]̀ZaXbcdXZb]c[]jbZk_h\h]_a]�\dX_Za]��n�n�n

opqsq�]�Y\]|la\b]cah]\cdY]�\jcbcX\]̀ZaXbcdXZb][Ycff]Yck\]XY\][cw\]b\[jZa[_m_f_X_\[]̂Zb]dgXX_ai]cah]jcXdY_ai]c[]cb\
h\[db_m\h]̂Zb]XY\]̀ZaXbcdXZb]_a]�\dX_Za] n�¡n

opq��¢£���¤����¥¦�����§�����̈��
�̂]c]h_[jgX\]cb_[\[]cwZai]XY\]̀ZaXbcdXZbe]�\jcbcX\]̀ZaXbcdXZb[e]cah]XY\]|la\b]c[]XZ]XY\]b\[jZa[_m_f_X�]gah\b]XY\_b
b\[j\dX_k\]dZaXbcdX[]̂Zb]wc_aXc_a_ai]XY\]jb\w_[\[]cah][gbbZgah_ai]cb\c]̂b\\]̂bZw]lc[X\]wcX\b_cf[]cah]bgmm_[Ye]XY\
|la\b]wc�]df\ca]gj]cah]XY\]~bdY_X\dX]l_ff]cffZdcX\]XY\]dZ[X]cwZai]XYZ[\]b\[jZa[_mf\n

©�ª«§¬�®���§̄©°±²�«°�ª̄�³¢�́�
o®qr�±�������
o®qrqr]̀Ycai\[]_a]XY\]tZb�]wc�]m\]cddZwjf_[Y\h]ĉX\b]\{\dgX_Za]Ẑ]XY\]̀ZaXbcdXe]cah]l_XYZgX]_akcf_hcX_ai]XY\
Z̀aXbcdXe]m�]̀Ycai\]|bh\be]̀Za[XbgdX_Za]̀Ycai\]z_b\dX_k\]Zb]Zbh\b]̂Zb]c]w_aZb]dYcai\]_a]XY\]tZb�e][gmv\dX]XZ]XY\
f_w_XcX_Za[][XcX\h]_a]XY_[]~bX_df\]µ]cah]\f[\lY\b\]_a]XY\]̀ZaXbcdX]zZdgw\aX[n

o®qrqs]~]̀Ycai\]|bh\b][Ycff]m\]mc[\h]gjZa]cib\\w\aX]cwZai]XY\]|la\be]̀ZaXbcdXZbe]cah]~bdY_X\dXn]~]̀Za[XbgdX_Za
Ỳcai\]z_b\dX_k\]b\�g_b\[]cib\\w\aX]m�]XY\]|la\b]cah]~bdY_X\dX]cah]wc�]Zb]wc�]aZX]m\]cib\\h]XZ]m�]XY\]̀ZaXbcdXZbn
~a]Zbh\b]̂Zb]c]w_aZb]dYcai\]_a]XY\]tZb�]wc�]m\]_[[g\h]m�]XY\]~bdY_X\dX]cfZa\n
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XYZ[Z\]̂_̀abcd]ea]f_c]ghij]d_̀kk]lc]mcinhiocp]qapci]̀mmker̀lkc]mihsedehad]hn]f_c]̂hafìrf]thrqocafdu]v_c
ĥafìrfhi]d_̀kk]mihrccp]mihomfkw]xef_]r_̀abcd]ea]f_c]ghijy]qakcdd]hf_cixedc]mihsepcp]ea]f_c]̂_̀abc]zipciy
ĥadfiqrfeha]̂_̀abc]teicrfescy]hi]hipci]nhi]̀]oeahi]r_̀abc]ea]f_c]ghiju

XYZ[Z{]|n]̀]r_̀abc]ea]f_c]ghij]mihsepcd]nhi]̀a]̀p}qdfocaf]fh]f_c]̂hafìrf]~qoy]f_c]̀ohqaf]hn]dqr_]̀p}qdfocaf]oqdf]lc
rhomqfcp]̀ap]phrqocafcp]ea]xiefeabu]|a]hipci]fh]ǹrekef̀fc]cs̀kq̀feha]hn]mihmhd̀kd]hi]rk̀eod]nhi]earic̀dcd]̀ap
pcric̀dcd]fh]f_c]̂hafìrf]~qoy]̀kk]mihmhd̀kd]hi]rk̀eody]c�rcmf]f_hdc]dh]oeahi]f_̀f]f_cei]mihmiecfw]r̀a]lc]dcca]lw
eadmcrfehay]d_̀kk]lc]̀rrhom̀aecp]lw]̀]rhomkcfc]efcoe�̀feha]hn]rhdfd]earkqpeab]k̀lhiy]òfcièkd]̀ap]dqlrhafìrfdu
�̀lhi]̀ap]òfcièkd]d_̀kk]lc]efcoe�cpu]g_cic]ò}hi]rhdf]efcod]̀ic]dqlrhafìrfdy]f_cw]d_̀kk]lc]efcoe�cp]̀kdhu]v_c
òhqaf]hn]f_c]̀p}qdfocaf]oqdf]̀mmih�eòfc]f_c]̀rfq̀k]rhdf]fh]f_c]̂hafìrfhi]̀ap]̀kk]rhdfd]earqiicp]lw]f_c]̂hafìrfhi
oqdf]lc]}qdfenèlkw]rhom̀icp]xef_]mics̀ekeab]eapqdfiw]df̀ap̀ipdu]]��rcmf]̀d]mihsepcp]ea]~crfeha]�u�u�y]̀kk]̀p}qdfocafd
fh]f_c]̂hafìrf]~qo]d_̀kk]lc]keoefcp]fh]}hl]dmcrener]rhdfd]̀ap]d_̀kk]ahf]earkqpc]eapeicrf]rhdfdy]_hoc]hnnerc]hsci_c̀p]hi
mihnefu

XYZ[Z�]v_c]rholeacp]hsci_c̀p]̀ap]mihnef]earkqpcp]ea]f_c]fhf̀k]rhdf]fh]f_c]zxaci]nhi]̀]r_̀abc]ea]f_c]ghij]d_̀kk]lc
l̀dcp]ha]f_c]nhkkhxeab]dr_cpqkc�

Z[� �hi]f_c�̂hafìrfhiy]nhi]ghij]mcinhiocp]lw]f_c]̂hafìrfhi�d]hxa]nhircdy]dcscafcca]�����]mcircaf]hn]f_c]
ĥafìrfhi�d]̀rfq̀k]rhdfdu]

Z�� �hi]f_c]̂hafìrfhiy]nhi]ghij]mcinhiocp]lw]f_c]̂hafìrfhi�d]~qlrhafìrfhidy]fca]�����]mcircaf]hn]c̀r_]
~qlrhafìrfhi�d]̀rfq̀k]rhdfd]�ahf]earkqpeab]f_c]~qlrhafìrfhi�d]hsci_c̀p]̀ap]mihnef�u]

Z\] �hi]c̀r_]~qlrhafìrfhi]eashkscpy]nhi]ghij]mcinhiocp]lw]f_̀f]~qlrhafìrfhi�d]hxa]nhircdy]dcscafcca]
�����]mcircaf]hn]f_c]~qlrhafìrfhi�d]̀rfq̀k]rhdfdu]

Z{] ĥdf]fh]x_er_]hsci_c̀p]̀ap]mihnef]ed]fh]lc]̀mmkecp]d_̀kk]lc]pcfcioeacp]ea]̀rrhip̀arc]xef_]~crfeha]�u�u�u]

v_c]mcircaf̀bcd]refcp]̀lhsc]d_̀kk]lc]rhadepcicp]fh]earkqpc]̀kk]eapeicrf]rhdfd]earkqpeaby]lqf]ahf]keoefcp]fh]neckp]̀ap]
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XYZ[\X][̂ZX][Z_̂ à\bcdZŶZef[g\h\g̀X\YbdiZX][ZjYbX̂̀gXŶZd]̀kkẐ[\lmn̂d[ZX][Zoab[̂ZhŶZ̀bpZ[qf[br\Xn̂[Z̀ddYg\̀X[rZa\X]Z
X][Zŝg]\X[gXdtẐ[u\[aZYhZX][Zf̂YfYd[rẐ[u\d\YbdiZ[qg[fXZXYZX][Z[qX[bXZX][Ẑ[u\d\YbdZ̀̂[Z̀gg[fX[rZmpZ[q[gnX\YbZYhZ̀Z
j]̀bc[Zôr[̂vZZ
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wxyzy�ZsZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[Z\dZ̀Zâ\XX[bZŶr[̂Zf̂[f̀ [̂rZmpZX][Zŝg]\X[gXZ̀brZd\cb[rZmpZX][Zoab[̂Z̀br
ŝg]\X[gXiZr\̂[gX\bcZ̀Zg]̀bc[Z\bZX][Z�Ŷ�Zf̂\ŶZXYZ̀ĉ[[l[bXZYbZ̀r�ndXl[bXiZ\hZ̀bpiZ\bZX][ZjYbX̂̀gXZenlZŶZjYbX̂̀gX
�\l[iZŶZmYX]vZ�][Zoab[̂Zl̀pZmpZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[iZa\X]YnXZ\bùk\r̀X\bcZX][ZjYbX̂̀gXiZŶr[̂Zg]̀bc[dZ\b
X][Z�Ŷ�Za\X]\bZX][Zc[b[̂̀kZdgYf[ZYhZX][ZjYbX̂̀gXZgYbd\dX\bcZYhZ̀rr\X\YbdiZr[k[X\YbdiZŶZYX][̂Ẑ[u\d\YbdiZX][ZjYbX̂̀gX
enlZ̀brZjYbX̂̀gXZ�\l[Zm[\bcZ̀r�ndX[rZ̀ggŶr\bckpv

wxyzy�ZsZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[Zd]̀kkZm[Znd[rZ\bZX][Z̀md[bg[ZYhZXYX̀kZ̀ĉ[[l[bXZYbZX][ZX[̂ldZYhZ̀Zj]̀bc[
ôr[̂v

wxyzyzZ�hZX][ZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[Zf̂Yu\r[dZhŶZ̀bZ̀r�ndXl[bXZXYZX][ZjYbX̂̀gXZenliZX][Z̀r�ndXl[bXZd]̀kkZm[
m̀d[rZYbZYb[ZYhZX][ZhYkkYa\bcZl[X]Yrd�

y�Z �nXǹkZ̀gg[fX̀bg[ZYhZ̀ZknlfZdnlZ\hZf̂Yf[̂kpZ\X[l\�[rZ̀brZdnmdX̀bX\̀X\bcZr̀X̀Z\dZbYXZ̀ù\k̀mk[ZXYZf[̂l\XZ
[ùkǹX\Yb�Z

y�Z �b\XZf̂\g[dZdf[g\h\[rZ\bZX][ZjYbX̂̀gXZ_Ygnl[bXdZŶZdnmd[�n[bXkpZ̀ĉ[[rZnfYbiZdnm�[gXZXYZ̀r�ndXl[bXZ\hZ
b̀piZ̀dZf̂Yu\r[rZ\bZe[gX\YbZ�v�v��Z

yzZ jYdXZ̀brZ̀Zf[̂g[bX̀c[Zh[[iZg̀kgnk̀X[rZ̀dZr[dĝ\m[rZ\bZe[gX\YbdZ�v�v�Z̀brZ�v�v��ZZ
y�{ \bZ̀bYX][̂Zl̀bb[̂Z̀dZX][Zf̀ X̂\[dZl̀pZ̀ĉ[[�ZŶZ
y�Z sdZf̂Yu\r[rZ\bZe[gX\YbZ�v v�vZ

wxyzy�Z�hZX][ZjYbX̂̀gXŶZrY[dZbYXẐ[dfYbrZf̂YlfXkpZŶZr\d̀ĉ[[dZa\X]ZX][Zl[X]YrZhŶZ̀r�ndXl[bXZ\bZX][ZjYbX̂̀gXZenli
X][Zŝg]\X[gXZd]̀kkZl̀�[Z̀bZ\b\X\̀kZr[X[̂l\b̀X\YbiZgYbd\dX[bXZa\X]Ze[gX\YbZ�v v iZYhZX][Zl[X]YrZ̀brZX][Z̀r�ndXl[bXZYb
X][Zm̀d\dZYhẐ[̀dYb̀mk[Z[qf[br\Xn̂[dZ̀brZd̀u\bcdZYhZX]Yd[Zf[̂hŶl\bcZX][Z�Ŷ�Z̀XX̂\mnX̀mk[ZXYZX][Zg]̀bc[iZ\bgknr\bciZ\bZ
g̀d[ZYhZ̀bZ\bĝ[̀d[Z\bZX][ZjYbX̂̀gXZenliZ̀bZ̀lYnbXZhŶZYu[̂][̀rZ̀brZf̂Yh\XZ̀dZd[XZhŶX]Z\bZe[gX\YbZ�v�v�vZ�bZdng]Zg̀d[i
b̀rZ̀kdYZnbr[̂Ze[gX\YbZ�v v v iZX][ZjYbX̂̀gXŶZd]̀kkZ�[[fZ̀brZf̂[d[bXiZ\bZdng]ZhŶlZ̀dZX][Zŝg]\X[gXZl̀pZf̂[dĝ\m[iZ̀b
\X[l\�[rZ̀ggYnbX\bcZXYc[X][̂Za\X]Z̀ff̂Yf̂\̀X[ZdnffŶX\bcZr̀X̀vZ�bk[ddZYX][̂a\d[Zf̂Yu\r[rZ\bZX][ZjYbX̂̀gXZ_Ygnl[bXdiZ
gYdXdZhŶZX][Zfn̂fYd[dZYhZX]\dZe[gX\YbZ�v v�Zd]̀kkZm[Zk\l\X[rZXYZX][ZhYkkYa\bc�

y�Z jYdXdZYhZk̀mŶiZ\bgknr\bcZ̀ffk\g̀mk[Zf̀p̂YkkZX̀q[diZĥ\bc[Zm[b[h\XdẐ[�n\̂[rZmpZ̀ĉ[[l[bXZŶZgndXYliZ
aŶ�[̂dtZgYlf[bd̀X\YbZ\bdn̂̀ bg[iZ̀brZYX][̂Z[lfkYp[[ZgYdXdZ̀ff̂Yu[rZmpZX][Zŝg]\X[gX�Z

y�Z jYdXdZYhZl̀X[̂\̀kdiZdnffk\[diZ̀brZ[�n\fl[bXiZ\bgknr\bcZgYdXZYhZX̂̀bdfŶX̀X\YbiZa][X][̂Z\bgŶfŶ̀ X[rZŶZ
gYbdnl[r�Z

yzZ ¡[bX̀kZgYdXdZYhZl̀g]\b[̂pZ̀brZ[�n\fl[bXiZ[qgknd\u[ZYhZ]̀brZXYYkdiZa][X][̂Ẑ[bX[rZĥYlZX][ZjYbX̂̀gXŶZ
ŶZYX][̂d�Z̀brZ

y�Z jYdXdZYhZf̂[l\nldZhŶZ̀kkZmYbrdZ̀brZ\bdn̂̀ bg[iZf[̂l\XZh[[diZ̀brZd̀k[diZnd[iZŶZd\l\k̀̂ZX̀q[diZr\̂[gXkpZ
[̂k̀X[rZXYZX][Zg]̀bc[vZ

wxyzy�Z�hZX][ZjYbX̂̀gXŶZr\d̀ĉ[[dZa\X]ZX][Z̀r�ndXl[bXZ\bZX][ZjYbX̂̀gXZ�\l[iZX][ZjYbX̂̀gXŶZl̀pZl̀�[Z̀Zjk̀\lZ\b
g̀gŶr̀bg[Za\X]Z̀ffk\g̀mk[Zf̂Yu\d\YbdZYhZŝX\gk[Z��v

wxyzy¢Z�fYbẐ[g[\fXZYhZ̀ZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[iZX][ZjYbX̂̀gXŶZd]̀kkZf̂YlfXkpZf̂Yg[[rZa\X]ZX][Zg]̀bc[Z\bZX][
�Ŷ�Z\buYku[rZ̀brZ̀ru\d[ZX][Zŝg]\X[gXZYhZX][ZjYbX̂̀gXŶtdZ̀ĉ[[l[bXZŶZr\d̀ĉ[[l[bXZa\X]ZX][Zl[X]YriZ\hZ̀bpi
f̂Yu\r[rZ\bZX][ZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[ZhŶZr[X[̂l\b\bcZX][Zf̂YfYd[rZ̀r�ndXl[bXZ\bZX][ZjYbX̂̀gXZenlZŶ
jYbX̂̀gXZ�\l[v

wxyzyxZsZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[Zd\cb[rZmpZX][ZjYbX̂̀gXŶZ\br\g̀X[dZX][ZjYbX̂̀gXŶtdZ̀ĉ[[l[bXZX][̂[a\X]i
\bgknr\bcZ̀r�ndXl[bXZ\bZjYbX̂̀gXZenlZ̀brZjYbX̂̀gXZ�\l[ZŶZX][Zl[X]YrZhŶZr[X[̂l\b\bcZX][lvZeng]Z̀ĉ[[l[bXZd]̀kk
m[Z[hh[gX\u[Z\ll[r\̀X[kpZ̀brZd]̀kkZm[Ẑ[gŶr[rZ̀dZ̀Zj]̀bc[Zôr[̂v

wxyzy£Z�][Z̀lYnbXZYhZĝ[r\XZXYZm[Z̀kkYa[rZmpZX][ZjYbX̂̀gXŶZXYZX][Zoab[̂ZhŶZ̀Zr[k[X\YbZŶZg]̀bc[ZX]̀XẐ[dnkXdZ\bZ̀Zb[X
r[ĝ[̀d[Z\bZX][ZjYbX̂̀gXZenlZd]̀kkZm[Z̀gXǹkZgYdXZ\bgknr\bcZYu[̂][̀rZ̀brZf̂Yh\XZ̀dZgYbh\̂l[rZmpZX][Zŝg]\X[gXZĥYlZX][
eg][rnk[ZYhZ¤̀kn[dv

wxyzy¥Z¦[br\bcZh\b̀kZr[X[̂l\b̀X\YbZYhZX][ZXYX̀kZgYdXZYhZ̀ZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[ZXYZX][Zoab[̂iZX][ZjYbX̂̀gXŶ
l̀pẐ[�n[dXZf̀pl[bXZhŶZ�Ŷ�ZgYlfk[X[rZnbr[̂ZX][ZjYbdX̂ngX\YbZj]̀bc[Z_\̂[gX\u[Z\bZsffk\g̀X\YbdZhŶZ¦̀pl[bXvZ�][
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pdarks_s\ĉ_\s_hem�
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XYZ\Z�Z[âsshrclnri_bajima~l̀}e_nabdlhha_inar_chgfeame�gebnbajimasl̀}e_najimasimnri_baijandeayimpajimaqdrcdande
�i_nmlcnimafieba_inar_ne_faniasl̀ala�goci_nmlcnimaimabgsshremtag_hebbabgcdayimpadlbaoee_asemjim}efaòaindembaqdi}
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m̂cdrnecn�bap_iqhefxetar_jim}lnri_tal_faoehrejtandeayimpadlbasmixmebbefaniandeasir_nar_frclnefar_aoindandeâsshrclnri_a
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vwxyx�̀�[Yb̀YcZ[Yf̀glfZq̀]ĉgeZŶ̀Z[Ỳ�fa[cZYaZ�̂̀]Yaĉc\b̀fY�lf]cb�̀l̀pYfZcocalZỲo\f̀�lqXYbZ̀eb]Yf̀tYaZc\b̀�u¡u�_̀cb̀
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olcŝ̀Z\̀oefbĉ[̀̂ea[̀Yrc]YbaỲncZ[cb̀̂YrYb̀]lq̂_̀Z[Ỳ�nbYf̀̂[lss̀[lrỲZ[Ỳfc�[Z̀Z\̀a\bZlaZ̀te�a\bZflaZ\f̂̀lb]̀̂eggscYf̂
Z\̀l̂aYfZlcb̀n[YZ[Yf̀Z[Yq̀[lrỲ�YYb̀gf\gYfsq̀glc]ùªYcZ[Yf̀Z[Ỳ�nbYf̀b\f̀�fa[cZYaZ̀̂[lss̀[lrỲlb̀\�sc�lZc\b̀Z\̀glq_̀\f
Z\̀̂YỲZ\̀Z[ỲglqXYbZ̀\òX\bYq̀Z\_̀l̀te�a\bZflaZ\f̀\f̀̂eggscYf_̀YmaYgZ̀l̂̀Xlq̀\Z[YfnĉỲ�ỲfYdecfY]̀�q̀slnu
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XYZ[Z\]̂_̀]abcdefgdbehi]jfkl̀cdi]db]imjjnòei]i_fnn]p̀]dèfd̀q]oc]f]lfcc̀e]iolonfe]db]d_fd]jebroq̀q]oc]s̀gdobci]tuvuwx
tuvuy]fcq]tuvuzu

XYZ[Z[]{]àedo|ogfd̀]|be]}fkl̀cdx]f]jeb~èii]jfkl̀cdx]be]jfedofn]be]̀cdoè]mì]be]bggmjfcgk]b|]d_̀]}eb�̀gd]pk]d_̀
��c̀e]i_fnn]cbd]gbcidodmd̀]fgg̀jdfcg̀]b|]�be�]cbd]oc]fggbeqfcg̀]�od_]d_̀]abcdefgd]�bgml̀cdiu

XYZ[Z�]�cǹii]d_̀]abcdefgdbe]jebroq̀i]d_̀]��c̀e]�od_]f]jfkl̀cd]pbcq]oc]d_̀]|mnn]j̀cfn]iml]b|]d_̀]abcdefgd]smlx
jfkl̀cdi]èg̀or̀q]pk]d_̀]abcdefgdbe]|be]�be�]jebj̀enk]j̀e|bel̀q]pk]smpgbcdefgdbei]be]jebroq̀q]pk]imjjnòei]i_fnn]p̀]
_̀nq]pk]d_̀]abcdefgdbe]|be]d_bì]smpgbcdefgdbei]be]imjjnòei]�_b]j̀e|bel̀q]�be�]be]|mecoi_̀q]lfd̀eofnix]be]pbd_x
mcq̀e]gbcdefgd]�od_]d_̀]abcdefgdbe]|be]�_og_]jfkl̀cd]�fi]lfq̀]pk]d_̀]��c̀eu]�bd_oc~]gbcdfoc̀q]_̀èoc]i_fnn]è�moè
lbc̀k]db]p̀]jnfg̀q]oc]f]ìjfefd̀]fggbmcd]fcq]cbd]gblloc~ǹq]�od_]lbc̀k]b|]d_̀]abcdefgdbex]gèfd̀]fck]|oqmgofek
nofponodk]be]dbed]nofponodk]bc]d_̀]jfed]b|]d_̀]abcdefgdbe]|be]pèfg_]b|]demidx]be]̀cdodǹ]fck]j̀eibc]be]̀cdodk]db]fc]f�feq]b|
jmcodor̀]qflf~̀i]f~focid]d_̀]abcdefgdbe]|be]pèfg_]b|]d_̀]è�moèl̀cdi]b|]d_oi]jebroiobcu

XYZ[Z��}ebroq̀q]d_̀]��c̀e]_fi]|mn|onǹq]odi]jfkl̀cd]bpno~fdobci]mcq̀e]d_̀]abcdefgd]�bgml̀cdix]d_̀]abcdefgdbe]i_fnn
q̀|̀cq]fcq]ocq̀lco|k]d_̀]��c̀e]|ebl]fnn]nbiix]nofponodkx]qflf~̀]be]̀�j̀cìx]ocgnmqoc~]èfibcfpǹ]fddbec̀khi]|̀̀i]fcq
nodo~fdobc]̀�j̀cìix]feoioc~]bmd]b|]fck]nòc]gnfol]be]bd_̀e]gnfol]|be]jfkl̀cd]pk]fck]smpgbcdefgdbe]be]imjjnòe]b|]fck
dòeu]�jbc]èg̀ojd]b|]cbdog̀]b|]f]nòc]gnfol]be]bd_̀e]gnfol]|be]jfkl̀cdx]d_̀]��c̀e]i_fnn]cbdo|k]d_̀]abcdefgdbeu]�|
fjjebr̀q]pk]d_̀]fjjnogfpǹ]gbmedx]�_̀c]è�moèqx]d_̀]abcdefgdbe]lfk]impidodmd̀]f]imèdk]pbcq]|be]d_̀]jebj̀edk]f~focid
�_og_]d_̀]nòc]be]bd_̀e]gnfol]|be]jfkl̀cd]_fi]p̀ c̀]fiìed̀qu

XYZ��������������������
�|]d_̀]{eg_od̀gd]qb̀i]cbd]oiim̀]f]àedo|ogfd̀]|be]}fkl̀cd]db]d_̀]��c̀ex]d_ebm~_]cb]|fmnd]b|]d_̀]abcdefgdbex]�od_oc]ìr̀c
qfki]f|d̀e]èg̀ojd]b|]d_̀]abcdefgdbehi]{jjnogfdobc]|be]}fkl̀cdx]be]o|]d_̀]��c̀e]qb̀i]cbd]jfk]d_̀]abcdefgdbe]�od_oc
ìr̀c]qfki]f|d̀e]d_̀]dol̀ ]̀idfpnoi_̀q]oc]d_̀]abcdefgd]�bgml̀cdix]d_̀]flbmcd]g̀edo|òq]pk]d_̀]{eg_od̀gd]be]f�feq̀q]pk
|ocfn]qoijmd̀]èibnmdobc]beq̀ex]d_̀c]d_̀]abcdefgdbe]lfkx]mjbc]ìr̀c]fqqodobcfn]qfkih]cbdog̀]db]d_̀]��c̀e]fcq]{eg_od̀gdx
idbj]d_̀]�be�]mcdon]jfkl̀cd]b|]d_̀]flbmcd]b�oc~]_fi]p̀ c̀]èg̀or̀qu]̂_̀]abcdefgd]̂ol̀]i_fnn]p̀]̀�d̀cq̀q
fjjebjeofd̀nk]fcq]d_̀]abcdefgd]sml]i_fnn]p̀]ocgèfìq]pk]d_̀]flbmcd]b|]d_̀]abcdefgdbehi]èfibcfpǹ]gbidi]b|
i_mdqb�cx]q̀nfk]fcq]idfed�mjx]jnmi]ocd̀èid]fi]jebroq̀q]|be]oc]d_̀]abcdefgd]�bgml̀cdiu

XYZ����������������� �������
XYZ�Z¡]smpidfcdofn]abljǹdobc]oi]d_̀]idf~̀]oc]d_̀]jeb~èii]b|]d_̀]�be�]�_̀c]d_̀]�be�]be]q̀io~cfd̀q]jbedobc]d_̀èb|]oi
im||ogòcdnk]gbljǹd̀]oc]fggbeqfcg̀]�od_]d_̀]abcdefgd]�bgml̀cdi]ib]d_fd]d_̀]��c̀e]gfc]bggmjk]be]mdono¢̀]d_̀]�be�]|be
odi]ocd̀cq̀q]mìu
XYZ�Z£]�_̀c]d_̀]abcdefgdbe]gbcioq̀ei]d_fd]d_̀]�be�x]be]f]jbedobc]d_̀èb|]�_og_]d_̀]��c̀e]f~è̀i]db]fgg̀jd
ìjfefd̀nkx]oi]impidfcdofnnk]gbljǹd̀x]d_̀]abcdefgdbe]i_fnn]jèjfè]fcq]implod]db]d_̀]{eg_od̀gd]f]gbljè_̀cior̀]�eodd̀c
noid]b|]od̀li]db]p̀]gbljǹd̀q]be]gbeègd̀q]jeobe]db]|ocfn]jfkl̀cdu]¤fonmè]db]ocgnmq̀]fc]od̀l]bc]img_]noid]qb̀i]cbd]fnd̀e
d_̀]èijbcioponodk]b|]d_̀]abcdefgdbe]db]gbljǹd̀]fnn]�be�]oc]fggbeqfcg̀]�od_]d_̀]abcdefgd]�bgml̀cdiu

XYZ�Z¥]�jbc]èg̀ojd]b|]d_̀]abcdefgdbehi]noidx]d_̀]{eg_od̀gdx]d_̀]��c̀ex]fcq]fck]bd_̀e]jfedk]d_̀]{eg_od̀gd]be]d_̀]��c̀e
g_bbìx]�onn]lf�̀]fc]ocij̀gdobc]bc]f]qfd̀]fcq]fd]f]dol̀]lmdmfnnk]f~è̀fpǹ]db]q̀d̀eloc̀]�_̀d_̀e]d_̀]�be�]be
q̀io~cfd̀q]jbedobc]d_̀èb|]oi]impidfcdofnnk]gbljǹd̀u]̂_̀]abcdefgdbe]i_fnn]|mecoi_]fgg̀ii]|be]d_̀]ocij̀gdobc]fcq]d̀idoc~
fi]jebroq̀q]oc]d_oi]abcdefgdu]]̂_̀]ocij̀gdobc]i_fnn]ocgnmq̀]f]q̀lbcidefdobc]pk]d_̀]abcdefgdbe]d_fd]fnn]̀�mojl̀cdx
ikid̀li]fcq]bj̀efpǹ]gbljbc̀cdi]b|]d_̀]�be�]|mcgdobc]jebj̀enk]fcq]oc]fggbeqfcg̀]�od_]d_̀]abcdefgd]�bgml̀cdiu

Z¡] �|]d_̀]{eg_od̀gdhi]ocij̀gdobc]qoignbìi]fck]od̀lx]�_̀d_̀e]be]cbd]ocgnmq̀q]bc]d_̀]abcdefgdbehi]noidx]�_og_]
oi]cbd]im||ogòcdnk]gbljǹd̀]oc]fggbeqfcg̀]�od_]d_̀]abcdefgd]�bgml̀cdi]ib]d_fd]d_̀]��c̀e]gfc]bggmjk]
be]mdono¢̀]d_̀]�be�]be]q̀io~cfd̀q]jbedobc]d_̀èb|]|be]odi]ocd̀cq̀q]mìx]d_̀]abcdefgdbe]i_fnnx]p̀|bè]
oiimfcg̀]b|]d_̀]àedo|ogfd̀]b|]smpidfcdofn]abljǹdobcx]gbljǹd̀]be]gbeègd]img_]od̀l]mjbc]cbdo|ogfdobc]
pk]d_̀]{eg_od̀gdu]�c]img_]gfìx]d_̀]abcdefgdbe]i_fnn]d_̀c]implod]f]è�m̀id]|be]fcbd_̀e]ocij̀gdobc]pk]d_̀]
{eg_od̀gd]db]q̀d̀eloc̀]smpidfcdofn]abljǹdobcu]

¦£� �|]lbè]d_fc]bc̀]smpidfcdofn]abljǹdobc]ocij̀gdobc]oi]è�moèqx]d_̀]abcdefgdbe]i_fnn]èolpmeì]d_̀]
��c̀e]|be]fnn]gbidi]b|]è�ocij̀gdobci]bex]fd]d_̀]��c̀ehi]bjdobcx]d_̀]gbidi]lfk]p̀]q̀qmgd̀q]|ebl]
jfkl̀cdi]qm̀]db]d_̀]abcdefgdbeu]

Z¥] §̀jèìcdfdor̀i]b|]d_̀]sdfd̀]¤oè]̈fei_fnhi]�||og̀]fcq]bd_̀e]fmd_beodòi]_froc~]�meoiqogdobc]lfk]p̀]
jèìcd]fd]d_̀]smpidfcdofn]abljǹdobc]ocij̀gdobc]be]bd_̀e�oì]ocij̀gd]d_̀]gbljǹd̀q]�be�]fcq]fqroì]
d_̀]��c̀e]�_̀d_̀e]d_̀]�be�]l̀ d̀i]d_̀oe]èij̀gdor̀]è�moèl̀cdi]|be]d_̀]}eb�̀gdu]
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XYZ[Z\]̂_̀a]b_̀]̂cde]cd]f̀ghiajb̀f]kcdbhca]b_̀d̀cl]hg]gmngbjabhjoop]qcrkòb̀s]b_̀]tdq_hb̀qb]uhoo]kd̀kjd̀]j]v̀dbhlhqjb̀
cl]wmngbjabhjo]vcrkòbhca]b_jb]g_joo]̀gbjnohg_]b_̀]fjb̀]cl]wmngbjabhjo]vcrkòbhcax]̀gbjnohg_]d̀gkcaghnhohbh̀g]cl]b_̀
yuàd]jaf]vcabdjqbcd]lcd]g̀qmdhbps]rjhab̀ajaq̀s]_̀jbs]mbhohbh̀gs]fjrjì]bc]b_̀]̂cde]jaf]hagmdjaq̀x]jaf]lhz]b_̀]bhr̀
uhb_ha]u_hq_]b_̀]vcabdjqbcd]g_joo]lhahg_]joo]hb̀rg]ca]b_̀]ohgb]jqqcrkjaphai]b_̀]v̀dbhlhqjb̀{]̂jddjabh̀g]d̀|mhd̀f]np]b_̀
vcabdjqb]}cqmr̀abg]g_joo]qcrr̀aq̀]ca]b_̀]fjb̀]cl]wmngbjabhjo]vcrkòbhca]cl]b_̀]̂cde]cd]f̀ghiajb̀f]kcdbhca]b_̀d̀cl
maògg]cb_̀duhg̀]kdc~hf̀f]ha]b_̀]v̀dbhlhqjb̀]cl]wmngbjabhjo]vcrkòbhca{

XYZ[Z�]�_̀]v̀dbhlhqjb̀]cl]wmngbjabhjo]vcrkòbhca]g_joo]ǹ]gmnrhbb̀f]bc]b_̀]yuàd]lcd]hbg]udhbb̀a]jqq̀kbjaq̀]cl
d̀gkcaghnhohbh̀g]jgghiàf]ha]b_̀]v̀dbhlhqjb̀]jaf]j]qckp]cl]b_̀]ghiàf]v̀dbhlhqjb̀]g_joo]ǹ]f̀oh~̀d̀f]bc]b_̀]vcabdjqbcd{
�kca]gmq_]jqq̀kbjaq̀s]b_̀]yuàd]g_joo]rjè]kjpr̀ab]cl]d̀bjhajì]jkkophai]bc]b_̀]̂cde]cd]f̀ghiajb̀f]kcdbhca
b_̀d̀cl{]wmq_]kjpr̀ab]g_joo]ǹ]jf�mgb̀f]lcd]̂cde]b_jb]hg]haqcrkòb̀]cd]acb]ha]jqqcdfjaq̀]uhb_]b_̀]d̀|mhd̀r̀abg]cl]b_̀
vcabdjqb]}cqmr̀abg{

XYZ[Z�]�l]b_̀]tdq_hb̀qb]jaf]yuàd]qcaqmd]ha]b_̀]vcabdjqbcd�g]jgg̀ggr̀ab]b_jb]b_̀]̂cde]cd]j]kcdbhca]cl]b_̀]̂cde]hg]gjl̀
bc]cqqmkps]b_̀]yuàd]jaf]vcabdjqbcd]rjp]jddjaì]lcd]j]v̀dbhlhqjb̀]cl]yqqmkjaqp]hagk̀qbhca]np]yw�{]]�_̀]yuàds
tdq_hb̀qbs]jaf]vcabdjqbcd]g_joo]ǹ]kd̀g̀ab]jb]yw��g]hagk̀qbhca{]]�kca]~̀dhlphai]b_jb]b_̀]̂cde]cd]j]kcdbhca]cl]b_̀]̂cde
hg]gmngbjabhjoop]qcrkòb̀]jaf]gjl̀]bc]cqqmkps]yw�]uhoo]hggm̀s]jg]jkkdckdhjb̀s]j]�moo]cd]�jdbhjo]v̀dbhlhqjb̀]cl]yqqmkjaqp{

XYZ[Z�]�_̀]yuàd]rjp]acb]cqqmkp]b_̀]̂cde]mabho]joo]d̀|mhd̀f]cqqmkjaqp]k̀drhbgs]hl]japs]_j~̀]ǹ à]hggm̀f]jaf
f̀oh~̀d̀f]bc]b_̀]yuàd{

XYZY�������������������������
XYZYZ�]�_̀]yuàd]rjp]cqqmkp]cd]mg̀]jap]qcrkòb̀f]cd]kjdbhjoop]qcrkòb̀f]kcdbhca]cl]b_̀]̂cde]jb]jap]gbjì]u_̀a
gmq_]kcdbhca]hg]f̀ghiajb̀f]np]g̀kjdjb̀]jid̀̀ r̀ab]uhb_]b_̀]vcabdjqbcds]kdc~hf̀f]gmq_]cqqmkjaqp]cd]mg̀]hg]qcag̀ab̀f]bc
np]b_̀]hagmd̀d]jaf]jmb_cdh�̀f]np]kmnohq]jmb_cdhbh̀g]_j~hai]�mdhgfhqbhca]c~̀d]b_̀]�dc�̀qb{]wmq_]kjdbhjo]cqqmkjaqp]cd]mg̀
rjp]qcrr̀aq̀]u_̀b_̀d]cd]acb]b_̀]kcdbhca]hg]gmngbjabhjoop]qcrkòb̀s]kdc~hf̀f]b_̀]yuàd]jaf]vcabdjqbcd]_j~̀
jqq̀kb̀f]ha]udhbhai]b_̀]d̀gkcaghnhohbh̀g]jgghiàf]bc]̀jq_]cl]b_̀r]lcd]kjpr̀abgs]d̀bjhajìs]hl]japs]g̀qmdhbps]rjhab̀ajaq̀s
_̀jbs]mbhohbh̀gs]fjrjì]bc]b_̀]̂cde]jaf]hagmdjaq̀s]jaf]_j~̀]jid̀̀f]ha]udhbhai]qcaq̀dahai]b_̀]k̀dhcf]lcd]qcdd̀qbhca]cl
b_̀]̂cde]jaf]qcrr̀aq̀r̀ab]cl]ujddjabh̀g]d̀|mhd̀f]np]b_̀]vcabdjqb]}cqmr̀abg{]̂_̀a]b_̀]vcabdjqbcd]qcaghf̀dg]j
kcdbhca]gmngbjabhjoop]qcrkòb̀s]b_̀]vcabdjqbcd]g_joo]kd̀kjd̀]jaf]gmnrhb]j]ohgb]bc]b_̀]tdq_hb̀qb]jg]kdc~hf̀f]maf̀d
ẁqbhca]�{�{�{]vcag̀ab]cl]b_̀]vcabdjqbcd]bc]kjdbhjo]cqqmkjaqp]cd]mg̀]g_joo]acb]ǹ]mad̀jgcajnop]uhb__̀of{]�_̀]gbjì]cl
b_̀]kdcid̀gg]cl]b_̀]̂cde]g_joo]ǹ]f̀b̀drhàf]np]udhbb̀a]jid̀̀ r̀ab]ǹbù à]b_̀]yuàd]jaf]vcabdjqbcd]cds]hl]ac
jid̀̀ r̀ab]hg]d̀jq_̀fs]np]f̀qhghca]cl]b_̀]tdq_hb̀qb{

XYZYZ ]�rr̀fhjb̀op]kdhcd]bc]gmq_]kjdbhjo]cqqmkjaqp]cd]mg̀s]b_̀]yuàds]vcabdjqbcds]jaf]tdq_hb̀qb]g_joo]�chabop]hagk̀qb
b_̀]jd̀j]bc]ǹ]cqqmkh̀f]cd]kcdbhca]cl]b_̀]̂cde]bc]ǹ]mg̀f]ha]cdf̀d]bc]f̀b̀drhà]jaf]d̀qcdf]b_̀]qcafhbhca]cl]b_̀]̂cde{

XYZYZ¡]�aògg]cb_̀duhg̀]jid̀̀f]mkcas]kjdbhjo]cqqmkjaqp]cd]mg̀]cl]j]kcdbhca]cd]kcdbhcag]cl]b_̀]̂cde]g_joo]acb]qcagbhbmb̀
jqq̀kbjaq̀]cl]̂cde]acb]qcrkophai]uhb_]b_̀]d̀|mhd̀r̀abg]cl]b_̀]vcabdjqb]}cqmr̀abg{

XYZ�¢�£�����¤�¥����������¦�£��������¥���
XYZ�¢Z�]�aògg]b_̀]kjdbh̀g]jid̀̀]cb_̀duhg̀]ha]b_̀]v̀dbhlhqjb̀]cl]wmngbjabhjo]vcrkòbhcas]b_̀]vcabdjqbcd]g_joo]jq_h̀~̀
�hajo]vcrkòbhca]uhb_ha]b_hdbp]fjpg]jlb̀d]wmngbjabhjo]vcrkòbhca{]�kca]d̀q̀hkb]cl]b_̀]vcabdjqbcd�g]acbhq̀]b_jb]b_̀
^cde]hg]d̀jfp]lcd]lhajo]hagk̀qbhca]jaf]jqq̀kbjaq̀]jaf]mkca]d̀q̀hkb]cl]j]lhajo]tkkohqjbhca]lcd]�jpr̀abs]b_̀]tdq_hb̀qbs
b_̀]yuàds]jaf]jap]cb_̀d]kjdbp]b_̀]tdq_hb̀qb]cd]b_̀]yuàd]q_ccg̀]uhoo]rjè]ja]hagk̀qbhca]ca]j]fjb̀]jaf]jb]j]bhr̀
rmbmjoop]jid̀̀jnò{]̂_̀a]b_̀]tdq_hb̀qb]lhafg]b_̀]̂cde]jqq̀kbjnò]maf̀d]b_̀]vcabdjqb]}cqmr̀abg]jaf]b_̀]vcabdjqb
lmoop]k̀dlcdr̀fs]b_̀]tdq_hb̀qb]uhoo]kdcrkbop]hggm̀]j]lhajo]v̀dbhlhqjb̀]lcd]�jpr̀ab]gbjbhai]b_jb]bc]b_̀]ǹgb]cl]b_̀
tdq_hb̀qb�g]eacuòfìs]halcdrjbhca]jaf]ǹoh̀ls]jaf]ca]b_̀]njghg]cl]b_̀]tdq_hb̀qb�g]ca§ghb̀]~hghbg]jaf]hagk̀qbhcags]b_̀
^cde]_jg]ǹ à]qcrkòb̀f]ha]jqqcdfjaq̀]uhb_]b_̀]vcabdjqb]}cqmr̀abg]jaf]b_jb]b_̀]̀abhd̀]njojaq̀]lcmaf]bc]ǹ]fm̀]b_̀
vcabdjqbcd]jaf]acb̀f]ha]b_̀]lhajo]v̀dbhlhqjb̀]hg]fm̀]jaf]kjpjnò{]�_̀]tdq_hb̀qb�g]lhajo]v̀dbhlhqjb̀]lcd]�jpr̀ab]uhoo
qcagbhbmb̀]j]lmdb_̀d]d̀kd̀g̀abjbhca]b_jb]qcafhbhcag]ohgb̀f]ha]ẁqbhca]�{̈©{�]jg]kd̀q̀f̀ab]bc]b_̀]vcabdjqbcd�g]ǹhai
àbhbòf]bc]lhajo]kjpr̀ab]_j~̀]ǹ à]lmolhoòf{

Z�] �l]rcd̀]b_ja]cà]�hajo]vcrkòbhca]hagk̀qbhca]hg]d̀|mhd̀fs]b_̀]vcabdjqbcd]g_joo]d̀hrnmdg̀]b_̀]yuàd]lcd]
joo]qcgbg]cl]d̀§hagk̀qbhcag]cds]jb]b_̀]yuàd�g]ckbhcas]b_̀]qcgbg]rjp]ǹ]f̀fmqb̀f]ldcr]kjpr̀abg]fm̀]bc]
b_̀]vcabdjqbcd{]]]

Z �� �l]b_̀]vcabdjqbcd]fc̀g]acb]jq_h̀~̀]�hajo]vcrkòbhca]uhb_ha]b_hdbp]fjpg]jlb̀d]wmngbjabhjo]vcrkòbhca]cd]
b_̀]bhr̀ldjr̀]jid̀̀f]bc]np]b_̀]kjdbh̀g]ha]b_̀]v̀dbhlhqjb̀]cl]wmngbjabhjo]vcrkòbhcas]u_hq_̀~̀d]hg]
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WW�

XYZ[\ZY]̂\_Ẑ̀ ab\Y[c\aŶd_[eêfẐYZdgabdhfeẐiaŶ[bĵ[kkh\hab[êlYc_h\Zc\mY[êiZZd̂YZdme\hbX̂iYan̂\_Ẑ
kZe[jô

pqr sîtuv̂_[d̂ba\̂gYZwhamdeĵhddmZk̂[̂̀ ZY\hihc[\Ẑaîtccmg[bcĵiaŶ\_ẐZb\hYẐxYayZc\]̂\_Ẑx[Y\hZd̂d_[eê
[YY[bXẐiaŶ[̂YZgYZdZb\[\hwẐaîtuv̂\âg[Y\hchg[\Ẑhb̂\_Ẑzhb[ềangeZ\hab̂hbdgZc\habô

{|p}~p�̂�Zh\_ZŶihb[êg[jnZb\̂baŶ[bĵYZn[hbhbX̂YZ\[hbZk̂gZYcZb\[XẐd_[eêfZcanẐkmẐmb\hê\_Ẑ̀ ab\Y[c\aŶdmfnh\d̂\â
\_ẐlYc_h\Zc\�

p}̂ [̂b̂[iihk[wh\̂\_[\̂g[jYaeed]̂fheed̂iaŶn[\ZYh[ed̂[bk̂Z�mhgnZb\]̂[bk̂a\_ZŶhbkZf\ZkbZdd̂cabbZc\Zk̂�h\_̂\_Ẑ
�aY�̂iaŶ�_hc_̂\_Ẑt�bZŶaŶ\_Ẑt�bZY�d̂gYagZY\ĵnhX_\̂fẐYZdgabdhfeẐaŶZbcmnfZYZk̂�eZdd̂[namb\d̂
�h\__Zek̂fĵt�bZY�̂_[wẐfZZb̂g[hk̂aŶa\_ZY�hdẐd[\hdihZk]̂̂

p�r [̂cZY\hihc[\ẐZwhkZbchbX̂\_[\̂hbdmY[bcẐYZ�mhYZk̂fĵ\_Ẑ̀ ab\Y[c\̂�acmnZb\d̂\âYZn[hb̂hb̂iaYcẐ[i\ZŶihb[ê
g[jnZb\̂hd̂cmYYZb\eĵhb̂ZiiZc\]̂̂

pqr [̂�Yh\\Zb̂d\[\ZnZb\̂\_[\̂\_Ẑ̀ ab\Y[c\aŶ�ba�d̂aîbâYZ[dab̂\_[\̂\_ẐhbdmY[bcẐ�heêba\̂fẐYZbZ�[feẐ\â
cawZŶ\_ẐgZYhak̂YZ�mhYZk̂fĵ\_Ẑ̀ ab\Y[c\̂�acmnZb\d]̂̂

p�r cabdZb\̂aîdmYZ\j]̂hî[bj]̂\âihb[êg[jnZb\]̂
p�r kacmnZb\[\hab̂aî[bĵdgZch[ê�[YY[b\hZd]̂dmc_̂[d̂n[bmi[c\mYZYd�̂�[YY[b\hZd̂aŶdgZchihĉumfcab\Y[c\aŶ

�[YY[b\hZd]̂
p�r hîYZ�mhYZk̂fĵ\_Ẑt�bZY]̂a\_ZŶk[\[̂Zd\[fehd_hbX̂g[jnZb\̂aŶd[\hdi[c\hab̂aîafehX[\habd]̂dmc_̂[d̂YZcZhg\d̂

[bk̂YZeZ[dZd̂[bk̂�[hwZYd̂aîehZbd]̂ce[hnd]̂dZcmYh\ĵhb\ZYZd\d]̂aŶZbcmnfY[bcZd̂[YhdhbX̂am\̂aî\_Ẑ
àb\Y[c\]̂\â\_ẐZ�\Zb\̂[bk̂hb̂dmc_̂iaYn̂[d̂n[ĵfẐkZdhXb[\Zk̂fĵ\_Ẑt�bZY]̂

p�̂ YZ�mhYZk̂�Y[hbhbX̂�[bm[ed]̂
p�r Z�mhgnZb\̂tgZY[\habd̂[bk̂�[hb\Zb[bcẐ�[bm[ed]̂
p|r [bĵcZY\hihc[\Zd̂aî\Zd\hbX]̂hbdgZc\hab̂aŶ[ggYaw[êYZ�mhYZk̂fĵ\_Ẑ̀ ab\Y[c\̂�acmnZb\d̂[bk̂ba\̂

gYZwhamdeĵgYawhkZk]̂[bk̂̂
}~p abẐcagĵaî\_Ẑ�acmnZb\d̂YZ�mhYZk̂fĵuZc\hab̂�o��o

{|p}~pq̂si]̂[i\ZŶumfd\[b\h[ềangeZ\hab̂aî\_Ẑ�aY�]̂ihb[êcangeZ\hab̂\_ZYZaîhd̂kZe[jZk̂��̂k[jd̂\_YamX_̂bâi[me\̂ai
\_Ẑ̀ ab\Y[c\aŶaŶfĵhddm[bcẐaî̀ _[bXẐtYkZYd̂[iiZc\hbX̂ihb[êcangeZ\hab]̂[bk̂\_ẐlYc_h\Zc\̂dâcabihYnd]̂\_Ẑt�bZY
d_[ee]̂mgab̂[ggehc[\hab̂fĵ\_Ẑ̀ ab\Y[c\aŶ[bk̂cZY\hihc[\hab̂fĵ\_ẐlYc_h\Zc\]̂[bk̂�h\_am\̂\ZYnhb[\hbX̂\_Ẑ̀ ab\Y[c\]
n[�Ẑg[jnZb\̂aî\_Ẑf[e[bcẐkmẐiaŶ\_[\̂gaY\hab̂aî\_Ẑ�aY�̂imeeĵcangeZ\Zk]̂caYYZc\Zk]̂[bk̂[ccZg\Zkôsî\_Z
YZn[hbhbX̂f[e[bcẐiaŶ�aY�̂ba\̂imeeĵcangeZ\Zk̂aŶcaYYZc\Zk̂hd̂eZdd̂\_[b̂YZ\[hb[XẐd\hgme[\Zk̂hb̂\_Ẑ̀ ab\Y[c\
�acmnZb\d]̂[bk̂hîfabkd̂_[wẐfZZb̂imYbhd_Zk]̂\_Ẑ�Yh\\Zb̂cabdZb\̂aî\_ẐdmYZ\ĵ\âg[jnZb\̂aî\_Ẑf[e[bcẐkmẐiaŶ\_[\
gaY\hab̂aî\_Ẑ�aY�̂imeeĵcangeZ\Zk̂[bk̂[ccZg\Zk̂d_[eêfẐdmfnh\\Zk̂fĵ\_Ẑ̀ ab\Y[c\aŶ\â\_ẐlYc_h\Zc\̂gYhaŶ\a
cZY\hihc[\hab̂aîdmc_̂g[jnZb\ôumc_̂g[jnZb\̂d_[eêfẐn[kẐmbkZŶ\ZYnd̂[bk̂cabkh\habd̂XawZYbhbX̂ihb[êg[jnZb\]
Z�cZg\̂\_[\̂h\̂d_[eêba\̂cabd\h\m\Ẑ[̂�[hwZŶaî̀ e[hndo

{|p}~p�̂�_Ẑn[�hbX̂aîihb[êg[jnZb\̂d_[eêcabd\h\m\Ẑ[̂�[hwZŶaî̀ e[hnd̂fĵ\_Ẑt�bZŶZ�cZg\̂\_adẐ[YhdhbX̂iYan
p}̂ ehZbd]̂̀e[hnd]̂dZcmYh\ĵhb\ZYZd\d]̂aŶZbcmnfY[bcZd̂[YhdhbX̂am\̂aî\_Ẑ̀ ab\Y[c\̂[bk̂mbdZ\\eZk�̂
p�̂ i[hemYẐaî\_Ẑ�aY�̂\âcangeĵ�h\_̂\_ẐYZ�mhYZnZb\d̂aî\_Ẑ̀ ab\Y[c\̂�acmnZb\d�̂
pq̂ \ZYnd̂aîdgZch[ê�[YY[b\hZd̂YZ�mhYZk̂fĵ\_Ẑ̀ ab\Y[c\̂�acmnZb\d�̂aŶ
p�r [mkh\d̂gZYiaYnZk̂fĵ\_Ẑt�bZY]̂hîgZYnh\\Zk̂fĵ\_Ẑ̀ ab\Y[c\̂�acmnZb\d]̂[i\ZŶihb[êg[jnZb\ô

{|p}~p�̂lccZg\[bcẐaîihb[êg[jnZb\̂fĵ\_Ẑ̀ ab\Y[c\aY]̂[̂umfcab\Y[c\aY]̂aŶ[̂dmggehZY]̂d_[eêcabd\h\m\Ẑ[̂�[hwZŶai
ce[hnd̂fĵ\_[\̂g[jZẐZ�cZg\̂\_adẐdgZchihĉce[hnd̂hb̂d\[\Zk̂[namb\d̂\_[\̂_[wẐfZZb̂gYZwhamdeĵn[kẐhb̂�Yh\hbX̂[bk
hkZb\hihZk̂fĵ\_[\̂g[jZẐ[d̂mbdZ\\eZk̂[\̂\_Ẑ\hnẐaîihb[êlggehc[\hab̂iaŶx[jnZb\o

�������r}~rrr��������� r�¡r���¢� ¢r� £r�������¤r
{}~p}r¢¥¦§̈©r�ª§«¥¬̈®̄°r¥̄±r�ª®²ª¥³°
�_Ẑ̀ ab\Y[c\aŶd_[eêfẐYZdgabdhfeẐiaŶhbh\h[\hbX]̂n[hb\[hbhbX]̂[bk̂dmgZYwhdhbX̂[eêd[iZ\ĵgYZc[m\habd̂[bk̂gYaXY[nd̂hb
cabbZc\hab̂�h\_̂\_ẐgZYiaYn[bcẐaî\_Ẑ̀ ab\Y[c\o

{}~p�r¢¥¦§̈©r®¦r�§ª°®̄°r¥̄±r�ª®́§ª̈©
{}~p�p}̂�_Ẑ̀ ab\Y[c\aŶd_[eê\[�ẐYZ[dab[feẐgYZc[m\habd̂iaŶd[iZ\ĵai]̂[bk̂d_[eêgYawhkẐYZ[dab[feẐgYa\Zc\hab̂\a
gYZwZb\̂k[n[XZ]̂hbymYj]̂aŶeadd̂\a

p}̂ ZngeajZZd̂ab̂\_Ẑ�aY�̂[bk̂a\_ZŶgZYdabd̂�_ân[ĵfẐ[iiZc\Zk̂\_ZYZfj�̂
p�̂ \_Ẑ�aY�̂[bk̂n[\ZYh[ed̂[bk̂Z�mhgnZb\̂\âfẐhbcaYgaY[\Zk̂\_ZYZhb]̂�_Z\_ZŶhb̂d\aY[XẐab̂aŶaiî\_Ẑdh\Z]̂

mbkZŶc[YZ]̂cmd\akj]̂aŶcab\Yaêaî\_Ẑ̀ ab\Y[c\aY]̂[̂umfcab\Y[c\aY]̂aŶ[̂umfµdmfcab\Y[c\aY�̂[bk̂
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WX�

YZ[ \]̂_̀[à\a_̀]b[c][]̂_[de]_[\̀[cfgch_i][]̂_̀_]\j[dkĥ[cd[]̀__dj[d̂ k̀ldj[mcnidj[ncmodj[acp_q_i]dj[̀\cfncbdj[
d]̀kh]k̀_dj[cif[k]eme]e_d[i\][f_deric]_f[s\̀[̀_q\pcmj[̀_m\hc]e\ij[\̀[̀_amch_q_i][ei[]̂_[h\k̀d_[\s[
h\id]̀kh]e\it[

uvwYxYx[ŷ_[z\i]̀ch]\̀[d̂cmm[h\qamb[ne]̂j[cif[rep_[i\]eh_d[̀_{kè_f[lb[caamehclm_[mcndj[d]c]k]_dj[\̀feicih_dj[h\f_dj
k̀m_d[cif[̀_rkmc]e\idj[cif[mcnskm[\̀f_̀d[\s[aklmeh[ck]̂\̀e]e_dj[l_c̀eir[\i[dcs_]b[\s[a_̀d\id[\̀[à\a_̀]b[\̀[]̂_è
à\]_h]e\i[s̀\q[fcqcr_j[eigk̀bj[\̀[m\ddt

uvwYxYZ[ŷ_[z\i]̀ch]\̀[d̂cmm[eqam_q_i]j[_̀_h]j[cif[qcei]ceij[cd[̀_{kè_f[lb[_|ed]eir[h\ife]e\id[cif[a_̀s\̀qcih_[\s
]̂_[z\i]̀ch]j[̀_cd\iclm_[dcs_rkc̀fd[s\̀[dcs_]b[cif[à\]_h]e\ij[eihmkfeir[a\d]eir[fcir_̀[derid[cif[\]̂_̀[nc̀ieird
crceid][̂c}c̀fd~[à\qkmrc]eir[dcs_]b[̀_rkmc]e\id~[cif[i\]esbeir[]̂_[\ni_̀d[cif[kd_̀d[\s[cfgch_i][de]_d[cif[k]eme]e_d[\s
]̂_[dcs_rkc̀fdt

uvwYxY�[� _̂i[kd_[\̀[d]\̀cr_[\s[_|am\dep_d[\̀[\]̂_̀[̂c}c̀f\kd[qc]_̀ecmd[\̀[_{keaq_i]j[\̀[kikdkcm[q_]̂\fd[c̀_
i_h_ddc̀b[s\̀[_|_hk]e\i[\s[]̂_[�\̀oj[]̂_[z\i]̀ch]\̀[d̂cmm[_|_̀hed_[k]q\d][hc̀_[cif[hc̀̀b[\i[dkĥ[ch]epe]e_d[kif_̀
dka_̀pede\i[\s[à\a_̀mb[{kcmese_f[a_̀d\ii_mt

uvwYxY�[ŷ_[z\i]̀ch]\̀[d̂cmm[à\qa]mb[̀_q_fb[fcqcr_[cif[m\dd[�\]̂_̀[]̂ci[fcqcr_[\̀[m\dd[eidk̀_f[kif_̀[à\a_̀]b
eidk̀cih_[̀_{kè_f[lb[]̂_[z\i]̀ch][�\hkq_i]d�[]\[à\a_̀]b[̀_s_̀̀_f[]\[ei[�_h]e\id[��t�t�t�[cif[��t�t�t�[hckd_f[ei
n̂\m_[\̀[ei[ac̀][lb[]̂_[z\i]̀ch]\̀j[c[�klh\i]̀ch]\̀j[c[�kl�dklh\i]̀ch]\̀j[\̀[cib\i_[fè_h]mb[\̀[eifè_h]mb[_qam\b_f[lb[
cib[\s[]̂_qj[\̀[lb[cib\i_[s\̀[n̂\d_[ch]d[]̂_b[qcb[l_[meclm_[cif[s\̀[n̂eĥ[]̂_[z\i]̀ch]\̀[ed[̀_da\idelm_[kif_̀
�_h]e\id[��t�t�t�[cif[��t�t�t�t[ŷ_[z\i]̀ch]\̀[qcb[qco_[c[zmceq[s\̀[]̂_[h\d][]\[̀_q_fb[]̂_[fcqcr_[\̀[m\dd[]\[]̂_
_|]_i][dkĥ[fcqcr_[\̀[m\dd[ed[c]]̀elk]clm_[]\[ch]d[\̀[\qedde\id[\s[]̂_[�ni_̀[\̀[�̀ĥe]_h][\̀[cib\i_[fè_h]mb[\̀
eifè_h]mb[_qam\b_f[lb[_e]̂_̀[\s[]̂_qj[\̀[lb[cib\i_[s\̀[n̂\d_[ch]d[_e]̂_̀[\s[]̂_q[qcb[l_[meclm_j[cif[i\][c]]̀elk]clm_[]\[
]̂_[sckm][\̀[i_rmer_ih_[\s[]̂_[z\i]̀ch]\̀t[ŷ_[s\̀_r\eir[\lmerc]e\id[\s[]̂_[z\i]̀ch]\̀[c̀_[ei[cffe]e\i[]\[]̂_
z\i]̀ch]\̀�d[\lmerc]e\id[kif_̀[�_h]e\i[�t��t

uvwYxY�[ŷ_[z\i]̀ch]\̀[d̂cmm[f_deric]_[c[̀_da\idelm_[q_ql_̀[\s[]̂_[z\i]̀ch]\̀�d[\̀rcie}c]e\i[c][]̂_[de]_[n̂\d_[fk]b
d̂cmm[l_[]̂_[à_p_i]e\i[\s[chhef_i]dt[ŷed[a_̀d\i[d̂cmm[l_[]̂_[z\i]̀ch]\̀�d[dka_̀ei]_if_i][kim_dd[\]̂_̀ned_[f_deric]_f
lb[]̂_[z\i]̀ch]\̀[ei[ǹe]eir[]\[]̂_[�ni_̀[cif[�̀ĥe]_h]t

uvwYxY�[ŷ_[z\i]̀ch]\̀[d̂cmm[i\][a_̀qe][cib[ac̀][\s[]̂_[h\id]̀kh]e\i[\̀[de]_[]\[l_[m\cf_f[d\[cd[]\[hckd_[fcqcr_[\̀
h̀_c]_[ci[kidcs_[h\ife]e\it

uvwYxY���������������������� ��¡������ ��¢����
£s[_e]̂_̀[ac̀]b[dkss_̀d[eigk̀b[\̀[fcqcr_[]\[a_̀d\i[\̀[à\a_̀]b[l_hckd_[\s[ci[ch][\̀[\qedde\i[\s[]̂_[\]̂_̀[ac̀]bj[\̀[\s
\]̂_̀d[s\̀[n̂\d_[ch]d[dkĥ[ac̀]b[ed[m_rcmmb[̀_da\idelm_j[i\]eh_[\s[]̂_[eigk̀b[\̀[fcqcr_j[n̂_]̂_̀[\̀[i\][eidk̀_fj[d̂cmm[l_
rep_i[]\[]̂_[\]̂_̀[ac̀]b[ne]̂ei[c[̀_cd\iclm_[]eq_[i\][_|h__feir[��[fcbd[cs]_̀[fedh\p_̀bt[ŷ_[i\]eh_[d̂cmm[à\pef_
dkssehe_i][f_]cem[]\[_iclm_[]̂_[\]̂_̀[ac̀]b[]\[eip_d]erc]_[]̂_[qc]]_̀t

uvwYZ�¤�¥��¦��¡�§����̈�©¡���¦�ª�«¡���¬�¡
uvwYZYv[ŷ_[z\i]̀ch]\̀[ed[̀_da\idelm_[s\̀[h\qamecih_[ne]̂[cib[̀_{kè_q_i]d[eihmkf_f[ei[]̂_[z\i]̀ch][�\hkq_i]d
_̀rc̀feir[̂c}c̀f\kd[qc]_̀ecmd[\̀[dkld]cih_dt[£s[]̂_[z\i]̀ch]\̀[_ih\ki]_̀d[c[̂c}c̀f\kd[qc]_̀ecm[\̀[dkld]cih_[n̂eĥ
ncd[i\][fedh\p_̀clm_[cd[à\pef_f[ei[�_h]e\i[�t�t�[cif[i\][cff̀_dd_f[ei[]̂_[z\i]̀ch][�\hkq_i]dj[cif[es[̀_cd\iclm_
à_hck]e\id[nemm[l_[eicf_{kc]_[]\[à_p_i][s\̀_d__clm_[l\femb[eigk̀b[\̀[f_c]̂[]\[a_̀d\id[\̀[d_̀e\kd[m\dd[]\[̀_cm[\̀
a_̀d\icm[à\a_̀]b[̀_dkm]eir[s̀\q[dkĥ[c[qc]_̀ecm[\̀[dkld]cih_[_ih\ki]_̀_f[\i[]̂_[de]_[lb[]̂_[z\i]̀ch]\̀j[]̂_[z\i]̀ch]\̀
d̂cmmj[ka\i[̀_h\rie}eir[]̂_[h\ife]e\ij[eqq_fec]_mb[d]\a[�\̀o[ei[]̂_[css_h]_f[c̀_c[cif[i\]esb[]̂_[�ni_̀[cif[�̀ĥe]_h]
\s[]̂_[h\ife]e\it[c}c̀f\kd[qc]_̀ecmd[\̀[dkld]cih_d[c̀_[]̂\d_[̂c}c̀f\kdj[]\|ehj[\̀[̀cfe\ch]ep_[qc]_̀ecmd[\̀[dkld]cih_d
dklg_h][]\[̀_rkmc]e\id[lb[caamehclm_[r\p_̀iq_i]cm[ck]̂\̀e]e_d[̂cpeir[gk̀edfeh]e\ij[dkĥ[cdj[lk][i\][meqe]_f[]\j[]̂_[�tzt
�_ac̀]q_i][\s[_cm]̂[cif[®ipè\iq_i]cm[z\i]̀\mj[]̂_[̄t�t[®ipè\iq_i]cm[°̀\]_h]e\i[�r_ihbj[cif[]̂_[̄t�t[±khm_c̀
²_rkmc]\̀b[z\qqedde\it

uvwYZYx[̄a\i[̀_h_ea][\s[]̂_[z\i]̀ch]\̀�d[i\]eh_j[]̂_[�ni_̀[d̂cmm[\l]cei[]̂_[d_̀peh_d[\s[c[meh_id_f[mcl\̀c]\̀b[]\[p_̀esb
]̂_[à_d_ih_[\̀[cld_ih_[\s[]̂_[qc]_̀ecm[\̀[dkld]cih_[̀_a\̀]_f[lb[]̂_[z\i]̀ch]\̀[cifj[ei[]̂_[_p_i][dkĥ[qc]_̀ecm[\̀
dkld]cih_[ed[s\kif[]\[l_[à_d_i]j[]\[hckd_[e][]\[l_[̀_if_̀_f[̂c̀qm_ddt[̄im_dd[\]̂_̀ned_[̀_{kè_f[lb[]̂_[z\i]̀ch]
�\hkq_i]dj[]̂_[�ni_̀[d̂cmm[sk̀ied̂[ei[ǹe]eir[]\[]̂_[z\i]̀ch]\̀[cif[�̀ĥe]_h][]̂_[icq_d[cif[{kcmesehc]e\id[\s[a_̀d\id[
\̀[_i]e]e_d[n̂\[c̀_[]\[a_̀s\̀q[]_d]d[p_̀esbeir[]̂_[à_d_ih_[\̀[cld_ih_[\s[]̂_[qc]_̀ecm[\̀[dkld]cih_[\̀[n̂\[c̀_[]\
a_̀s\̀q[]̂_[]cdo[\s[̀_q\pcm[\̀[dcs_[h\i]ceiq_i][\s[]̂_[qc]_̀ecm[\̀[dkld]cih_t[ŷ_[z\i]̀ch]\̀[cif[]̂_[�̀ĥe]_h][nemm
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YZ[\Y]̂_̀ZaŶ_̀][̀]bàcdeaZ̀fèdZf]feg̀h]i]feg̀dba]baZ̀[Z̀e[]̀af]baZ̀bih̀Zaih[eiĵà[jkal]f[è][̀]bàYaZh[eh̀[Z̀ae]f]fah̀
YZ[Y[ham̀j_̀]bàcdeaZǹop̀af]baZ̀]bàq[e]Zil][Z̀[Z̀rZlbf]al]̀bih̀iè[jkal]f[è][̀ìYaZh[è[Z̀ae]f]_̀YZ[Y[ham̀j_̀]bà
cdeaZs̀]bàcdeaZ̀hbî̂ ỲZ[Y[hàie[]baZ̀][̀db[\̀]bàq[e]Zil][Z̀iem̀]bàrZlbf]al]̀bitàe[̀Zaih[eiĵà[jkal]f[eǹ
ubaè]bà\i]aZfî̀[Z̀hvjh]ielàbih̀jaaèZaemaZam̀biZ\̂ahhs̀u[Zẁfè]bàippal]am̀iZaìhbî̂ Z̀ahv\àvY[èdZf]]aè
igZaa\ae]̀[p̀]bàcdeaZ̀iem̀q[e]Zil][Zǹx_̀qbiegàcZmaZs̀]bàq[e]Zil]̀yf\àhbî̂ j̀àaz]aemam̀iYYZ[YZfi]â_̀iem̀]bà
q[e]Zil]̀{v\̀hbî̂ j̀àfelZaiham̀j_̀]bài\[ve]̀[p̀]bàq[e]Zil][Z|h̀Zaih[eiĵàimmf]f[eî̀l[h]h̀[p̀hbv]m[des̀mâi_s̀iem̀
h]iZ]}vYǹoè]bàijhaelà[p̀igZaa\ae]s̀]bàrZlbf]al]̀df̂̀̂\iwàièfe]aZf\̀ma]aZ\fei]f[èZagiZmfeg̀ie_̀mâi_̀[Z̀f\Yil]̀
[è]bàq[e]Zil][Z|h̀immf]f[eî̀l[h]hǹybàrZlbf]al]|h̀fe]aZf\̀ma]aZ\fei]f[è[p̀l[h]̀hbî̂ ìmkvh]̀]bàq[e]Zil]̀{v\̀[è]bà
hi\àjihfh̀ih̀ìqbiegàcZmaZs̀hvjkal]̀][̀]bàZfgb]h̀[p̀af]baZ̀YiZ]_̀][̀mfhigZaàiem̀ihhaZ]̀ìq̂if\̀fèill[Zmielàdf]b̀
rZ]fl̂à~�ǹ̀

�������̀ybàu[Zẁfè]bàippal]am̀iZaìhbî̂ j̀àZahv\am̀f\\amfi]â_̀p[̂̂[dfeg̀]bà[llvZZaelà[p̀ie_̀[eà[p̀]ba
p[̂̂[dfeg̀atae]h�̀�i�̀]bàcdeaZ̀livhah̀Za\amfî̀d[Zẁ][̀jàYaZp[Z\am̀]bi]̀Zahv̂]h̀fè]bàijhaelà[p̀bi�iZm[vh
\i]aZfîh̀[Z̀hvjh]ielah�̀�j�̀]bàcdeaZ̀iem̀]bàq[e]Zil][Zs̀j_̀dZf]]aèigZaa\ae]s̀malfmà][̀Zahv\àYaZp[Z\ielà[p̀]ba
u[Zw�̀[Z̀�l�̀]bàu[Zẁ\i_̀hipâ_̀iem̀̂idpv̂̂_̀YZ[laams̀ih̀ma]aZ\feam̀j_̀ièiYYZ[YZfi]àg[taZe\ae]î̀iv]b[Zf]_̀[Z̀ih
atfmaelam̀j_̀ìdZf]]aèZaY[Z]̀][̀j[]b̀]bàcdeaZ̀iem̀]bàq[e]Zil][Zs̀dbflb̀fh̀YZaYiZam̀j_̀ièaetfZ[e\ae]î̀aegfeaaZ
Zaih[eiĵ_̀hi]fhpil][Z_̀][̀j[]b̀]bàcdeaZ̀iem̀]bàq[e]Zil][Zn

�������̀ybàcdeaZ̀hbî̂ è[]̀jàZahY[ehfĵàvemaZ̀]bfh̀{al]f[è~�n�̀p[Z̀bi�iZm[vh̀\i]aZfîh̀[Z̀hvjh]ielah̀]ba
q[e]Zil][Z̀jZfegh̀][̀]bàhf]àvêahh̀hvlb̀\i]aZfîh̀[Z̀hvjh]ielah̀iZàZa�vfZam̀j_̀]bàq[e]Zil]̀�[lv\ae]hǹybàcdeaZ
hbî̂ j̀àZahY[ehfĵàp[Z̀bi�iZm[vh̀\i]aZfîh̀[Z̀hvjh]ielah̀Za�vfZam̀j_̀]bàq[e]Zil]̀�[lv\ae]hs̀azlaY]̀][̀]bàaz]ae]̀[p
]bàq[e]Zil][Z|h̀piv̂]̀[Z̀eaĝfgaelàfè]bàvhàiem̀biem̂feg̀[p̀hvlb̀\i]aZfîh̀[Z̀hvjh]ielahn

�������̀oèimmf]f[è][̀f]h̀[ĵfgi]f[eh̀vemaZ̀{al]f[è�n~�s̀]bàq[e]Zil][Z̀hbî̂ Z̀af\jvZhà]bàcdeaZ̀p[Z̀]bàl[h]̀iem
azYaehà]bàcdeaZ̀felvZh̀�~�̀p[Z̀Za\amfi]f[è[p̀bi�iZm[vh̀\i]aZfîh̀[Z̀hvjh]ielah̀]bàq[e]Zil][Z̀jZfegh̀][̀]bàhf]a
iem̀eaĝfgae]̂_̀biem̂ahs̀[Z̀���̀dbaZà]bàq[e]Zil][Z̀pif̂h̀][̀YaZp[Z\̀f]h̀[ĵfgi]f[eh̀vemaZ̀{al]f[è~�n�n~s̀azlaY]̀][̀]ba
az]ae]̀]bi]̀]bàl[h]̀iem̀azYaehàiZàmvà][̀]bàcdeaZ|h̀piv̂]̀[Z̀eaĝfgaelan

�������̀��������

�����������������
oèièa\aZgael_̀ippal]feg̀hipa]_̀[p̀YaZh[eh̀[Z̀YZ[YaZ]_s̀]bàq[e]Zil][Z̀hbî̂ ìl]s̀i]̀]bàq[e]Zil][Z|h̀mfhlZa]f[es̀][
YZatae]̀]bZai]aeam̀mi\igas̀fekvZ_s̀[Z̀̂[hhǹrmmf]f[eî̀l[\Yaehi]f[è[Z̀az]aehf[è[p̀]f\àl̂if\am̀j_̀]bàq[e]Zil][Z̀[e
ill[ve]̀[p̀ièa\aZgael_̀hbî̂ j̀àma]aZ\feam̀ih̀YZ[tfmam̀fèrZ]fl̂à~�̀iem̀rZ]fl̂à ǹybàq[e]Zil][Z̀hbî̂
f\\amfi]â_̀gftà]bàcdeaZ̀iem̀rZlbf]al]̀e[]flà[p̀]bàa\aZgael_ǹ̀ybfh̀fef]fî̀e[]flà\i_̀jà[Zî̀p[̂̂[dam̀df]bfe
pftà���̀mi_h̀j_̀ìdZf]]aèe[]flàha]]feg̀p[Z]b̀]bàei]vZàiem̀hl[Yà[p̀]bàa\aZgael_ǹ̀uf]bfèp[vZ]aaè�~¡�̀mi_h̀[p̀]bà
h]iZ]̀[p̀]bàa\aZgael_s̀]bàq[e]Zil][Z̀hbî̂ g̀ftà]bàrZlbf]al]̀ìdZf]]aèah]f\i]à[p̀]bàl[h]̀iem̀YZ[jiĵàappal]̀[p
mâi_̀[è]bàYZ[gZahh̀[p̀]bàu[Zwn

¢�£¤¥¦�������¤§̈©�¢§¥��¢§ª�«¬§ª̈�
������¥�®�̄�®�°��¤��±�̄����̄���«���
�������̀ybàq[e]Zil][Z̀hbî̂ ỲvZlbihàiem̀\ife]ifèfehvZielà[p̀]bà]_Yah̀iem̀̂f\f]h̀[p̀̂fijf̂f]_s̀l[e]ifefeg̀]ba
aem[Zha\ae]hs̀iem̀hvjkal]̀][̀]bà]aZ\h̀iem̀l[emf]f[ehs̀ih̀mahlZfjam̀fè]bàrgZaa\ae]̀[Z̀âhadbaZàfè]bàq[e]Zil]
�[lv\ae]hǹybàq[e]Zil][Z̀hbî̂ ỲvZlbihàiem̀\ife]ifè]bàZa�vfZam̀fehvZielàpZ[\̀ièfehvZielàl[\Yie_̀[Z
fehvZielàl[\Yiefah̀̂idpv̂̂_̀iv]b[Zf�am̀][̀fhhvàfehvZielàfè]bàkvZfhmfl]f[èdbaZà]bà²Z[kal]̀fh̀̂[li]amǹyba
cdeaZs̀rZlbf]al]s̀iem̀rZlbf]al]|h̀l[ehv̂]ie]h̀hbî̂ j̀àei\am̀ih̀immf]f[eî̀fehvZamh̀vemaZ̀]bàq[e]Zil][Z|h
l[\\aZlfî̀gaeaZî̀ f̂ijf̂f]_̀Y[̂fl_̀[Z̀ih̀[]baZdfhàmahlZfjam̀fè]bàq[e]Zil]̀�[lv\ae]hn

������³̀ybàq[e]Zil][Z̀hbî̂ ỲZ[tfmàhvZa]_̀j[emh̀[p̀]bà]_Yahs̀p[Z̀hvlb̀Yaeî̀hv\hs̀iem̀hvjkal]̀][̀hvlb̀]aZ\h̀iem
l[emf]f[eh̀ih̀Za�vfZam̀j_̀]bàq[e]Zil]̀�[lv\ae]hǹybàq[e]Zil][Z̀hbî̂ ỲvZlbihàiem̀\ife]ifè]bàZa�vfZam̀j[emh
pZ[\̀ìl[\Yie_̀[Z̀l[\Yiefah̀̂idpv̂̂_̀iv]b[Zf�am̀][̀fhhvàhvZa]_̀j[emh̀fè]bàkvZfhmfl]f[èdbaZà]bà²Z[kal]̀fh̀̂[li]amn

��������́Y[è]bàZa�vah]̀[p̀ie_̀YaZh[è[Z̀ae]f]_̀iYYaiZfeg̀][̀jàìY[]ae]fî̀jaeapflfiZ_̀[p̀j[emh̀l[taZfeg̀Yi_\ae]̀[p
[ĵfgi]f[eh̀iZfhfeg̀vemaZ̀]bàq[e]Zil]s̀]bàq[e]Zil][Z̀hbî̂ ỲZ[\Y]̂_̀pvZefhb̀ìl[Y_̀[p̀]bàj[emh̀[Z̀hbî̂ ìv]b[Zf�ài
l[Y_̀][̀jàpvZefhbamn

��������µ̄�¶±���®�·±��̧ �̄����¹±�����·�º��®»�¤��±�̄����̀op̀]bàq[e]Zil][Z̀pif̂h̀][̀YvZlbihàiem̀\ife]ifè]bàZa�vfZam
YZ[YaZ]_̀fehvZielas̀df]b̀î̂ [̀p̀]bàl[taZigah̀iem̀fè]bài\[ve]h̀mahlZfjam̀fè]bàrgZaa\ae]̀[Z̀âhadbaZàfè]ba
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YZ[\]̂_\̀aZ_bcd[\ef̀\gd̀YZ[\]̂_\Z]̀eĝhh̀i[jZ]c̀\gd̀kl[d]̀i[̀l]i\i[m̀n]iZ]̀\Z̀_Zccd[_dcd[\̀Zj̀\gd̀oZ]pq̀rnZ[̀
]d_din\̀Zj̀[Z\i_d̀j]Zc̀\gd̀YZ[\]̂_\Z]f̀\gd̀kl[d]̀ĉ s̀tdĥs̀_Zccd[_dcd[\̀Zj̀\gd̀oZ]p̀̂[t̀ĉ s̀Zu\̂i[̀i[eb]̂[_d̀\ĝ\̀
lihh̀n]Z\d_\̀\gd̀i[\d]de\èZj̀\gd̀kl[d]̀i[̀\gd̀oZ]pq̀ogd[̀\gd̀ĵihb]d̀\Z̀n]Zvitd̀_Zvd]̂md̀ĝèudd[̀_b]dt̀Z]̀]deZhvdtf̀
\gd̀YZ[\]̂_\̀wbc̀ [̂t̀YZ[\]̂_\̀xicd̀eĝhh̀[Z\̀ud̀dybi\̂uhs̀̂tzbe\dtq̀{[̀\gd̀dvd[\̀\gd̀YZ[\]̂_\Z]̀ĵihè\Z̀n]Z_b]d̀
_Zvd]̂mdf̀\gd̀YZ[\]̂_\Z]̀l̂ivdè̂hh̀]img\è̂m̂i[e\̀\gd̀kl[d]̀\Z̀\gd̀d|\d[\̀\gd̀hZeè\Z̀\gd̀YZ[\]̂_\Z]̀}i[_hbti[m̀
wbu_Z[\]̂_\Z]è̂[t̀wbu~ebu_Z[\]̂_\Z]e�̀lZbht̀ĝvd̀udd[̀_Zvd]dt̀us̀\gd̀i[eb]̂[_d̀\Z̀ĝvd̀udd[̀n]Z_b]dt̀us̀\gd̀
YZ[\]̂_\Z]q̀xgd̀_Ze\̀Zj̀\gd̀i[eb]̂[_d̀eĝhh̀ud̀_ĝ]mdt̀\Z̀\gd̀YZ[\]̂_\Z]̀us̀̂ Ỳĝ[md̀k]td]q̀{j̀\gd̀YZ[\]̂_\Z]̀tZdè[Z\̀
n]Zvitd̀l]i\\d[̀[Z\i_df̀̂[t̀\gd̀kl[d]̀ièt̂ĉmdt̀us̀\gd̀ĵihb]d̀Z]̀[dmhd_\̀Zj̀\gd̀YZ[\]̂_\Z]̀\Z̀nb]_ĝed̀Z]̀ĉi[\̂i[̀
\gd̀]dybi]dt̀i[eb]̂[_df̀\gd̀YZ[\]̂_\Z]̀eĝhh̀]dicub]ed̀\gd̀kl[d]̀jZ]̀̂hh̀]d̂eZ[̂uhd̀_Ze\è̂[t̀t̂ĉmdè̂\\]iub\̂uhd̀
\gd]d\Zq̀

��������������������������������������������������������������������������������̀oi\gi[̀\g]dd̀}��̀ubei[deèt̂sèZj̀\gd
t̂\d̀\gd̀YZ[\]̂_\Z]̀ud_Zcdè̂l̂]d̀Zj̀̂[̀icnd[ti[m̀Z]̀̂_\b̂h̀_̂[_dhĥ\iZ[̀Z]̀d|ni]̂\iZ[̀Zj̀̂[s̀i[eb]̂[_d̀]dybi]dt̀us
\gd̀YZ[\]̂_\̀aZ_bcd[\ef̀\gd̀YZ[\]̂_\Z]̀eĝhh̀n]Zvitd̀[Z\i_d̀\Z̀\gd̀kl[d]̀̂[t̀̂hh̀̂tti\iZ[̂h̀i[eb]dtèZj̀eb_g
icnd[ti[m̀Z]̀̂_\b̂h̀_̂[_dhĥ\iZ[̀Z]̀d|ni]̂\iZ[q̀r[hdeè\gd̀ĥned̀i[̀_Zvd]̂md̀̂]iedèj]Zc̀ [̂̂̀_\̀Z]̀ZcieeiZ[̀Zj̀\gd
kl[d]�̀}��̀\gd̀kl[d]f̀bnZ[̀]d_din\̀Zj̀[Z\i_d̀j]Zc̀\gd̀YZ[\]̂_\Z]f̀eĝhh̀ĝvd̀\gd̀]img\̀\Z̀e\Zǹ\gd̀oZ]p̀b[\ih̀\gd̀ĥned
i[̀_Zvd]̂md̀ĝèudd[̀_b]dt̀us̀\gd̀n]Z_b]dcd[\̀Zj̀]dnĥ_dcd[\̀_Zvd]̂md̀us̀di\gd]̀\gd̀kl[d]̀Z]̀\gd̀YZ[\]̂_\Z]�̀}��̀\gd
YZ[\]̂_\̀xicd̀̂[t̀YZ[\]̂_\̀wbc̀eĝhh̀[Z\̀ud̀dybi\̂uhs̀̂tzbe\dt�̀̂[t̀}��̀\gd̀YZ[\]̂_\Z]̀l̂ivdè̂hh̀]img\è̂m̂i[e\̀\gd
kl[d]̀\Z̀\gd̀d|\d[\̀̂[s̀hZeè\Z̀\gd̀YZ[\]̂_\Z]f̀wbu_Z[\]̂_\Z]ef̀̂[t̀wbu~ebu_Z[\]̂_\Z]èlZbht̀ĝvd̀udd[̀_Zvd]dt̀us
\gd̀i[eb]̂[_d̀ĝt̀i\̀[Z\̀d|ni]dt̀Z]̀udd[̀_̂[_dhhdtq̀{j̀\gd̀kl[d]̀nb]_ĝedè]dnĥ_dcd[\̀_Zvd]̂mdf̀\gd̀_Ze\̀Zj̀\gd
i[eb]̂[_d̀eĝhh̀ud̀_ĝ]mdt̀\Z̀\gd̀YZ[\]̂_\Z]̀us̀̂ [̀̂nn]Zn]î\d̀Yĝ[md̀k]td]q̀xgd̀jb][iegi[m̀Zj̀[Z\i_d̀us̀\gd
YZ[\]̂_\Z]̀eĝhh̀[Z\̀]dhidvd̀\gd̀YZ[\]̂_\Z]̀Zj̀̂[s̀_Z[\]̂_\b̂h̀Zuhim̂\iZ[̀\Z̀n]Zvitd̀̂[s̀]dybi]dt̀_Zvd]̂mdq

���� �¡¢���������������
���� ���xgd̀kl[d]̀eĝhh̀nb]_ĝed̀̂[t̀ĉi[\̂i[̀i[eb]̂[_d̀Zj̀\gd̀\sndè̂[t̀hici\èZj̀hîuihi\sf̀_Z[\̂i[i[m̀\gd
d[tZ]edcd[\ef̀̂[t̀ebuzd_\̀\Z̀\gd̀\d]cè̂[t̀_Z[ti\iZ[ef̀̂ètde_]iudt̀i[̀\gd̀£m]ddcd[\̀Z]̀dhedlgd]d̀i[̀\gd̀YZ[\]̂_\
aZ_bcd[\eq̀xgd̀kl[d]̀eĝhh̀nb]_ĝed̀̂[t̀ĉi[\̂i[̀\gd̀]dybi]dt̀i[eb]̂[_d̀j]Zc̀ [̂̀i[eb]̂[_d̀_Zcn̂[s̀Z]̀i[eb]̂[_d
_Zcn̂[idèĥljbhhs̀̂b\gZ]i¤dt̀\Z̀ieebd̀i[eb]̂[_d̀i[̀\gd̀zb]ieti_\iZ[̀lgd]d̀\gd̀¥]Zzd_\̀ièhZ_̂\dtq
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����§�̈��¦�������©�ª��«�����
����§��̀xgd̀kl[d]̀̂[t̀YZ[\]̂_\Z]̀l̂ivd̀̂hh̀]img\è̂m̂i[e\̀}��̀d̂_g̀Z\gd]̀̂[t̀̂[s̀Zj̀\gdi]̀ebu_Z[\]̂_\Z]ef
ebu~ebu_Z[\]̂_\Z]ef̀̂md[\ef̀̂[t̀dcnhZsddef̀d̂_g̀Zj̀\gd̀Z\gd]�̀}��̀\gd̀£]_gi\d_\̀̂[t̀£]_gi\d_\¬è_Z[ebh\̂[\e�̀̂[t̀}��
wdn̂]̂\d̀YZ[\]̂_\Z]ef̀ij̀̂[sf̀̂[t̀̂[s̀Zj̀\gdi]̀ebu_Z[\]̂_\Z]ef̀ebu~ebu_Z[\]̂_\Z]ef̀̂md[\ef̀̂[t̀dcnhZsddef̀jZ]̀t̂ĉmde
_̂bedt̀us̀ji]df̀Z]̀Z\gd]̀_̂bedèZj̀hZeef̀\Z̀\gd̀d|\d[\̀\gZed̀hZeedè̂]d̀_Zvd]dt̀us̀n]Znd]\s̀i[eb]̂[_d̀]dybi]dt̀us̀\gd
£m]ddcd[\̀Z]̀Z\gd]̀n]Znd]\s̀i[eb]̂[_d̀̂nnhi_̂uhd̀\Z̀\gd̀¥]Zzd_\f̀d|_dn\̀eb_g̀]img\è̂è\gds̀ĝvd̀\Z̀n]Z_ddtèZj̀eb_g
i[eb]̂[_dq̀xgd̀kl[d]̀Z]̀YZ[\]̂_\Z]f̀̂è̂nn]Zn]î\df̀eĝhh̀]dybi]d̀eiciĥ]̀l]i\\d[̀l̂ivd]èi[̀ĵvZ]̀Zj̀\gd̀i[tivitb̂he
[̂t̀d[\i\idèitd[\ijidt̀̂uZvd̀j]Zc̀\gd̀£]_gi\d_\f̀£]_gi\d_\¬è_Z[ebh\̂[\ef̀wdn̂]̂\d̀YZ[\]̂_\Z]ef̀ebu_Z[\]̂_\Z]ef̀̂[t
ebu~ebu_Z[\]̂_\Z]eq̀xgd̀nZhi_idèZj̀i[eb]̂[_d̀nb]_ĝedt̀̂[t̀ĉi[\̂i[dt̀us̀d̂_g̀nd]eZ[̀Z]̀d[\i\s̀̂m]ddi[m̀\Z̀l̂ivd
_ĥicènb]eb̂[\̀\Z̀\gièed_\iZ[̀��q�q�̀eĝhh̀[Z\̀n]Zgiui\̀\gièl̂ivd]̀Zj̀ebu]Zm̂\iZ[q̀xgièl̂ivd]̀Zj̀ebu]Zm̂\iZ[̀eĝhh̀ud
djjd_\ivd̀̂è\Z̀̂ ǹd]eZ[̀Z]̀d[\i\s̀}��̀dvd[̀\gZbmg̀\ĝ\̀nd]eZ[̀Z]̀d[\i\s̀lZbht̀Z\gd]lied̀ĝvd̀̂ t̀b\s̀Zj̀i[tdc[iji_̂\iZ[f̀
_Z[\]̂_\b̂h̀Z]̀Z\gd]liedf̀}��̀dvd[̀\gZbmg̀\ĝ\̀nd]eZ[̀Z]̀d[\i\s̀tit̀[Z\̀n̂s̀\gd̀i[eb]̂[_d̀n]dcibc̀ti]d_\hs̀Z]̀i[ti]d_\hsf
Z]̀}��̀lgd\gd]̀Z]̀[Z\̀\gd̀nd]eZ[̀Z]̀d[\i\s̀ĝt̀̂ [̀i[eb]̂uhd̀i[\d]de\̀i[̀\gd̀t̂ĉmdt̀n]Znd]\sq

����§� ̀{j̀tb]i[m̀\gd̀¥]Zzd_\̀_Z[e\]b_\iZ[̀nd]iZt̀\gd̀kl[d]̀i[eb]dèn]Znd]\idef̀]d̂h̀Z]̀nd]eZ[̂h̀Z]̀uZ\gf̀̂\̀Z]̀̂tẑ_d[\
\Z̀\gd̀ei\d̀us̀n]Znd]\s̀i[eb]̂[_d̀b[td]̀nZhi_idèedn̂]̂\d̀j]Zc̀\gZed̀i[eb]i[m̀\gd̀¥]Zzd_\f̀Z]̀ij̀̂j\d]̀ji[̂h̀n̂scd[\
n]Znd]\s̀i[eb]̂[_d̀iè\Z̀ud̀n]Zvitdt̀Z[̀\gd̀_Zcnhd\dt̀¥]Zzd_\̀\g]Zbmg̀̂ ǹZhi_s̀Z]̀nZhi_idèZ\gd]̀\ĝ[̀\gZed̀i[eb]i[m̀\gd
¥]Zzd_\̀tb]i[m̀\gd̀_Z[e\]b_\iZ[̀nd]iZtf̀\Z̀\gd̀d|\d[\̀nd]cieeiuhd̀us̀eb_g̀nZhi_idef̀\gd̀kl[d]̀l̂ivdè̂hh̀]img\èi[
_̂_Z]t̂[_d̀li\g̀\gd̀\d]cèZj̀wd_\iZ[̀��q�q�̀jZ]̀t̂ĉmdè_̂bedt̀us̀ji]d̀Z]̀Z\gd]̀_̂bedèZj̀hZeè_Zvd]dt̀us̀\gièedn̂]̂\d
n]Znd]\s̀i[eb]̂[_dq

����§�§��®������������̄��¡¢������̈��¦������©�ª��«�����
wZb\g̀Ŷ]Zhi[̂h̀̂l̀n]Zgiui\è\gd̀w\̂\d̀j]Zc̀i[tdc[ijsi[m̀̂ ǹ]iv̂\d̀n̂]\sq̀£__Z]ti[mhsf̀̂[t̀[Z\li\ge\̂[ti[m̀̂[s\gi[m
i[̀\gd̀£m]ddcd[\̀\Z̀\gd̀_Z[\]̂]sf̀i[_hbti[m̀ub\̀[Z\̀hici\dt̀\Z̀wd_\iZ[è��q�q�f̀��q�q�q̀̂[t̀��q°f̀\gd̀kl[d]̀_̂[[Z\̀̂[t
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XYZ[\]Ŷ\_̀abZ\[cdeYf̀ âY]\̂Y\̂gZ\ZĥZ]̂\̀]i\jY[[Z[\̀eZ\kYbZeZX\di\a][cè]kZ\leYbaXZX\di\̂gZ\mYĉg\ǹeYja]̀\o][cè]kZ\
pZ[ZebZ\qc]Xr\

sttuvwxyzzwy{w|z}~w��z��}zzw���}������y�~w���w�}���w��w�y���}��y�w��z�����}
�gZ\�_]Ze�\̀̂\̂gZ\�_]Ze�[\Yl̂aY]�\�̀i\lcekg̀[Z\̀]X\�̀a]̂̀a]\a][cè]kZ\̂g̀ \̂_ajj\leŶZk̂\̂gZ\�_]Ze\̀f̀a][̂\jY[[\Y�
c[Z\Y�\̂gZ\�_]Ze�[\leYlZêi�\Ye\̂gZ\a]̀dajâi\̂Y\kY]Xck̂\]Ye�̀j\YlZè̂aY][�\XcZ\̂Y\�aeZ\Ye\ŶgZe\k̀c[Z[\Y�\jY[[r\�gZ
�_]Ze\_̀abZ[\̀jj\eafĝ[\Y�\̀k̂aY]\̀f̀a][̂\̂gZ\nY]̂èk̂Ye\̀]X\�ekgâZk̂\�Ye\jY[[\Y�\c[Z\Y�\̂gZ\�_]Ze�[\leYlZêi�\XcZ\̂Y
�aeZ\Ye\ŶgZe\g̀�̀eX[\gY_ZbZe\k̀c[ZXr

sttu�w����z��}��w���w�}���}�}��wy{w��z��}�wxyzz
sttu�ut\�\jY[[\a][ceZX\c]XZe\̂gZ\leYlZêi\a][cè]kZ\eZ�caeZX\di\̂gZ\�feZZ�Z]̂\[g̀jj\dZ\̀X�c[̂ZX\di\̂gZ\nY]̂èk̂Ye[\̀[
�aXckàei\̀]X\�̀XZ\l̀ìdjZ\̂Y\̂gZ\nY]̂èk̂Ye\̀[\�aXckàei\�Ye\̂gZ\a][ceZX[�\̀[\̂gZae\a]̂ZeZ[̂[\�̀i\̀llZ̀e�\[cd�Zk̂\̂Y
eZ�caeZ�Z]̂[\Y�\̀]i\̀lljak̀djZ\�Yêf̀fZZ\kj̀c[Z\̀]X\Y�\mZk̂aY]\��r�r�r\�gZ\nY]̂èk̂Ye\[g̀jj\l̀i\̂gZ\�ekgâZk̂\̀]X
�_]Ze\̂gZae\�c[̂\[g̀eZ[\Y�\a][cè]kZ\leYkZZX[\eZkZabZX\di\̂gZ\nY]̂èk̂Ye�\̀]X\di\̀lleYleà̂Z\̀feZZ�Z]̂[\̂gZ\�ekgâZk̂
]̀X\�_]Ze\[g̀jj\�̀ Z\l̀i�Z]̂[\̂Y\̂gZae\kY][cĵ̀]̂[\̀]X\[Zl̀è̂Z\kY]̂èk̂Ye[\a]\[a�aj̀e\�̀]]Zer

sttu�u¡\¢eaYe\̂Y\[Ẑ̂jZ�Z]̂\Y�\̀]\a][ceZX\jY[[�\̂gZ\nY]̂èk̂Ye\[g̀jj\]Ŷa�i\̂gZ\�_]Ze\Y�\̂gZ\̂Ze�[\Y�\̂gZ\leYlY[ZX
[Ẑ̂jZ�Z]̂\̀[\_Zjj\̀[\̂gZ\leYlY[ZX\̀jjYk̀âY]\Y�\̂gZ\a][cè]kZ\leYkZZX[r\�gZ\�_]Ze\[g̀jj\g̀bZ\�£\X̀i[\�eY�\eZkZal̂\Y�
]ŶakZ\̂Y\Yd�Zk̂\̂Y\̂gZ\leYlY[ZX\[Ẑ̂jZ�Z]̂\Ye\̀jjYk̀âY]\Y�\̂gZ\leYkZZX[r\o�\̂gZ\�_]Ze\XYZ[\]Ŷ\Yd�Zk̂�\̂gZ\nY]̂èk̂Ye
[g̀jj\[Ẑ̂jZ\̂gZ\jY[[\̀]X\̂gZ\�_]Ze\[g̀jj\dZ\dYc]X\di\̂gZ\[Ẑ̂jZ�Z]̂\̀]X\̀jjYk̀âY]r\¤lY]\eZkZal̂�\̂gZ\nY]̂èk̂Ye\[g̀jj
XZlY[â\̂gZ\a][cè]kZ\leYkZZX[\a]\̀\[Zl̀è̂Z\̀kkYc]̂\̀]X\�̀ Z\̂gZ\̀lleYleà̂Z\Xa[̂eadĉaY][r\�gZeZ̀�̂Ze�\a�\]Y\ŶgZe
f̀eZZ�Z]̂\a[\�̀XZ\Ye\̂gZ\�_]Ze\XYZ[\]Ŷ\̂Ze�a]̀ Ẑ\̂gZ\nY]̂èk̂\�Ye\kY]bZ]aZ]kZ�\̂gZ\�_]Ze\̀]X\nY]̂èk̂Ye\[g̀jj
ZhZkĉZ\̀\ng̀]fZ\�eXZe\�Ye\eZkY][̂eck̂aY]\Y�\̂gZ\X̀�̀fZX\Ye\XZ[̂eYiZX\¥Ye \a]\̂gZ\̀�Yc]̂\̀jjYk̀ẐX\�Ye\̂g̀ \̂lcelY[Zr\
o�\̂gZ\�_]Ze\̂a�Zji\Yd�Zk̂[\̂Y\ZâgZe\̂gZ\̂Ze�[\Y�\̂gZ\leYlY[ZX\[Ẑ̂jZ�Z]̂\Ye\̂gZ\̀jjYk̀âY]\Y�\̂gZ\leYkZZX[�\̂gZ
nY]̂èk̂Ye\�̀i\leYkZZX\̂Y\[Ẑ̂jZ\̂gZ\a][ceZX\jY[[�\̀]X\̀]i\Xa[lĉZ\dẐ_ZZ]\̂gZ\�_]Ze\̀]X\nY]̂èk̂Ye\̀ea[a]f\Yĉ\Y�\̂gZ
[Ẑ̂jZ�Z]̂\Ye\̀jjYk̀âY]\Y�\̂gZ\leYkZZX[\[g̀jj\dZ\eZ[YjbZX\lce[c̀]̂\̂Y\�êakjZ\��r\¢Z]Xa]f\eZ[YjĉaY]\Y�\̀]i\Xa[lĉZ�\̂gZ
�_]Ze\�̀i\a[[cZ\̀\nY][̂eck̂aY]\ng̀]fZ\¦aeZk̂abZ\�Ye\̂gZ\eZkY][̂eck̂aY]\Y�\̂gZ\X̀�̀fZX\Ye\XZ[̂eYiZX\¥Ye r

sttu�u§\o�\eZ�caeZX\a]\_eâa]f\di\̀\l̀êi\a]\a]̂ZeZ[̂�\̂gZ\nY]̂èk̂Ye\̀[\�aXckàei\[g̀jj�\clY]\YkkceeZ]kZ\Y�\̀]\a][ceZX
jY[[�\fabZ\dY]X\�Ye\leYlZe\lZe�Ye�̀]kZ\Y�\̂gZ\nY]̂èk̂Ye�[\XĉaZ[r\�gZ\kY[̂\Y�\eZ�caeZX\dY]X[\[g̀jj\dZ\kg̀efZX\̀f̀a][̂
leYkZZX[\eZkZabZX\̀[\�aXckàeir\�gZ\nY]̂èk̂Ye\[g̀jj\XZlY[â\a]\̀\[Zl̀è̂Z\̀kkYc]̂\leYkZZX[\[Y\eZkZabZX�\_gakg\̂gZ
nY]̂èk̂Ye\[g̀jj\Xa[̂eadĉZ\a]\̀kkYeX̀]kZ\_âg\[ckg\̀feZZ�Z]̂\̀[\̂gZ\l̀êaZ[\a]\a]̂ZeZ[̂\�̀i\eZ̀kgr\o�\̀�̂Ze\[ckg\jY[[\]Y
ŶgZe\[lZkàj\̀feZZ�Z]̂\a[\�̀XZ\̀]X\c]jZ[[\̂gZ\�_]Ze\̂Ze�a]̀ Ẑ[\̂gZ\nY]̂èk̂\�Ye\kY]bZ]aZ]kZ�\eZlj̀kZ�Z]̂\Y�
X̀�̀fZX\leYlZêi\[g̀jj\dZ\lZe�Ye�ZX\di\̂gZ\nY]̂èk̂Yer
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st¡utw|��y²}���³wy{w°y�́
st¡utut\o�\̀\lYêaY]\Y�\̂gZ\¥Ye \a[\kYbZeZX\kY]̂èei\̂Y\̂gZ\eZ�caeZ�Z]̂[\[lZka�ak̀jji\ZhleZ[[ZX\a]\̂gZ\nY]̂èk̂
¦Ykc�Z]̂[�\a]kjcXa]f\a][lZk̂aY][\Y�\_Ye µa]µleYfeZ[[\eZ�caeZX\di\̀jj\̀ĉgYeâaZ[\g̀ba]f\�cea[Xak̂aY]\YbZe\̂gZ\¢eY�Zk̂�
â\�c[̂�\clY]\XZ�̀]X\Y�\̂gZ\�ekgâZk̂\Ye\̀ĉgYeâi\g̀ba]f\�cea[Xak̂aY]�\dZ\c]kYbZeZX\�Ye\Yd[Zeb̀ âY]¶a][lZk̂aY]\̀]X\dZ
eZlj̀kZX\̀̂\̂gZ\nY]̂èk̂Ye�[\ZhlZ][Z\_âgYĉ\kg̀]fZ\a]\̂gZ\nY]̂èk̂\�a�Zr

st¡utu¡\o�\̀\lYêaY]\Y�\̂gZ\¥Ye \g̀[\dZZ]\kYbZeZX\̂g̀ \̂̂gZ\�ekgâZk̂\g̀[\]Ŷ\[lZka�ak̀jji\eZ�cZ[̂ZX\̂Y\Zh̀�a]Z\leaYe\̂Y
â[\dZa]f\kYbZeZX�\̂gZ\�ekgâZk̂\�̀i\eZ�cZ[̂\̂Y\[ZZ\[ckg\¥Ye \̀]X\â\[g̀jj\dZ\c]kYbZeZX\di\̂gZ\nY]̂èk̂Yer\o�\[ckg
¥Ye \a[\a]\̀kkYeX̀]kZ\_âg\̂gZ\nY]̂èk̂\¦Ykc�Z]̂[�\̂gZ\nY]̂èk̂Ye\[g̀jj\dZ\Z]̂âjZX\̂Y\̀]\Z�cầdjZ\̀X�c[̂�Z]̂\̂Y\̂gZ
nY]̂èk̂\mc�\̀]X\nY]̂èk̂\�a�Z\̀[\�̀i\dZ\̀lleYleà̂Zr\o�\[ckg\¥Ye \a[\]Ŷ\a]\̀kkYeX̀]kZ\_âg\̂gZ\nY]̂èk̂
¦Ykc�Z]̂[�\̂gZ\kY[̂[\Y�\c]kYbZea]f\̂gZ\¥Ye �\̀]X\̂gZ\kY[̂\Y�\kYeeZk̂aY]�\[g̀jj\dZ\̀̂\̂gZ\nY]̂èk̂Ye�[\ZhlZ][Z\c]jZ[[
ĝZ\kY]XâaY]\_̀[\k̀c[ZX\di\̂gZ\�_]Ze\Ye\̀\mZl̀è̂Z\nY]̂èk̂Ye\a]\_gakg\ZbZ]̂\̂gZ\�_]Ze\[g̀jj\dZ\eZ[lY][adjZ\�Ye
l̀i�Z]̂\Y�\[ckg\kY[̂[r
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�gZ\nY]̂èk̂Ye\[g̀jj\leY�l̂ji\kYeeZk̂\¥Ye \eZ�Zk̂ZX\di\̂gZ\�ekgâZk̂\Ye\�̀aja]f\̂Y\kY]�Ye�\̂Y\̂gZ\eZ�caeZ�Z]̂[\Y�\̂gZ
nY]̂èk̂\¦Ykc�Z]̂[�\Xa[kYbZeZX\dZ�YeZ\mcd[̂̀]̂àj\nY�ljẐaY]\̀]X\_gẐgZe\Ye\]Ŷ\�̀deak̀ẐX�\a][̂̀jjZX\Ye\kY�ljẐZXr\
nY[̂[\Y�\kYeeZk̂a]f\[ckg\eZ�Zk̂ZX\¥Ye �\a]kjcXa]f\̀XXâaY]̀j\̂Z[̂a]f\̀]X\a][lZk̂aY][�\̂gZ\kY[̂\Y�\c]kYbZea]f\̀]X
eZlj̀kZ�Z]̂�\̀]X\kY�lZ][̀̂aY]\�Ye\̂gZ\�ekgâZk̂�[\[ZebakZ[\̀]X\ZhlZ][Z[\�̀XZ\]ZkZ[[̀ei\̂gZeZdi�\[g̀jj\dZ\̀̂\̂gZ
nY]̂èk̂Ye�[\ZhlZ][Zr
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WX�

YZ[ \]̂_̀âbcd_efg_ceĥf̂ijkgcd_efg_ceĥcêfdlcdâ]cêm̀cn̂ao_̀aêop̂eapqcdpokraĥjpap̂cêsfnftap̂fdl̂
qce_ocd̂c]̂_̀âucevĥodgrjsodtĥmo_̀cj_̂rono_f_ocdĥnag̀fdogfrĥarag_eogfrĥqrjnkodtĥfdŝc_̀aê
kjorsodt̂plp_anpĥnfg̀odaelĥawjoqnad_ĥcêc_̀aênag̀fdogfr̂saxogaĥ_̀âbcd_efg_cêp̀frr̂gfjpâ
pjg̀ô_an̂_ĉkâeap_ceaŝ_ĉyyrovâdamẑgcdso_ocd̂f_̂dĉa{qadpâ_ĉ_̀â|mdae}̂

~Z�Y�Y�[�����[�����������[����������[
~Z�Y�Y�YẐ\d̂fsso_ocd̂_ĉ_̀âbcd_efg_ce�p̂ckrotf_ocdp̂jdsaêiag_ocd̂�}�ĥo]ĥmo_̀od̂cdâlafêf]_aê_̀âsf_âc]̂ijkp_fd_ofr
bcnqra_ocd̂c]̂_̀âucev̂cêsapotdf_aŝqce_ocd̂_̀aeac]̂cêf]_aê_̀âsf_â]cêgcnnadganad_̂c]̂mfeefd_oap̂ap_fkrop̀as
jdsaêiag_ocd̂�}�}�ĥcêkl̂_aenp̂c]̂fdl̂fqqrogfkrâpqagofr̂mfeefd_l̂eawjoeaŝkl̂_̀âbcd_efg_̂�cgjnad_pĥfdl̂c]̂_̀a
ucev̂op̂]cjdŝ_ĉkâdc_̂od̂fggcesfdgâmo_̀̂_̀âeawjoeanad_p̂c]̂_̀âbcd_efg_̂�cgjnad_pĥ_̀âbcd_efg_cêp̀frr̂gceeag_̂o_
qecnq_rl̂f]_aêeagaoq_̂c]̂dc_ogâ]ecn̂_̀â|mdaê_ĉsĉpcĥjdrapp̂_̀â|mdaềfp̂qeaxocjprl̂toxad̂_̀âbcd_efg_cêf
meo__ad̂fggaq_fdgâc]̂pjg̀ ĝcdso_ocd}̂�̀â|mdaêp̀frr̂toxâpjg̀d̂c_ogâqecnq_rl̂f]_aêsopgcxael̂c]̂_̀âgcdso_ocd}
�jeodt̂_̀âcda�lafêqaeocŝ]cêgceeag_ocd̂c]̂ucevĥo]̂_̀â|mdaê]forp̂_ĉdc_o]l̂_̀âbcd_efg_cêfdŝtoxâ_̀âbcd_efg_ce
fd̂cqqce_jdo_l̂_ĉnfvâ_̀âgceeag_ocdĥ_̀â|mdaêmfoxap̂_̀âeot̀_p̂_ĉeawjoeâgceeag_ocd̂kl̂_̀âbcd_efg_ce}̂\]̂_̀a
bcd_efg_cê]forp̂_ĉgceeag_̂dcdgcd]cenodt̂ucev̂mo_̀od̂f̂eafpcdfkrâ_onâsjeodt̂_̀f_̂qaeocŝf]_aêeagaoq_̂c]̂dc_oga
]ecn̂_̀â|mdaêcê�eg̀o_ag_ĥ_̀â|mdaênfl̂gceeag_̂o_̂od̂fggcesfdgâmo_̀̂iag_ocd̂�}�}

~Z�Y�Y�Y�̂�̀âcda�lafêqaeocŝ]cêgceeag_ocd̂c]̂ucev̂p̀frr̂kâa{_adsaŝmo_̀̂eapqag_̂_ĉqce_ocdp̂c]̂ucev̂]oep_
qae]cenaŝf]_aêijkp_fd_ofr̂bcnqra_ocd̂kl̂_̀âqaeocŝc]̂_onâka_maad̂ijkp_fd_ofr̂bcnqra_ocd̂fdŝ_̀âfg_jfr
gcnqra_ocd̂c]̂_̀f_̂qce_ocd̂c]̂_̀âucev}

~Z�Y�Y�Y�̂�̀âcda�lafêqaeocŝ]cêgceeag_ocd̂c]̂ucev̂p̀frr̂dc_̂kâa{_adsaŝkl̂gceeag_oxâucev̂qae]cenaŝkl̂_̀a
bcd_efg_cêqjepjfd_̂_ĉ_̀op̂iag_ocd̂��}�̂jdrapp̂c_̀aemopâqecxosaŝod̂_̀âbcd_efg_̂�cgjnad_p}

~Z�Y�Y�̂�̀âbcd_efg_cêp̀frr̂eancxâ]ecn̂_̀âpo_âqce_ocdp̂c]̂_̀âucev̂_̀f_̂feâdc_̂od̂fggcesfdgâmo_̀̂_̀a
eawjoeanad_p̂c]̂_̀âbcd_efg_̂�cgjnad_p̂fdŝfeâdao_̀aêgceeag_aŝkl̂_̀âbcd_efg_cêdcêfggaq_aŝkl̂_̀â|mdae}

~Z�Y�Y�̂�̀âbcd_efg_cêp̀frr̂kafê_̀âgcp_̂c]̂gceeag_odt̂sap_eclaŝcêsfnftaŝgcdp_ejg_ocd̂c]̂_̀â|mdaêcêiaqfef_a
bcd_efg_cepĥm̀a_̀aêgcnqra_aŝcêqfe_ofrrl̂gcnqra_asĥgfjpaŝkl̂_̀âbcd_efg_ce�p̂gceeag_ocd̂cêeancxfr̂c]̂ucev̂_̀f_
op̂dc_̂od̂fggcesfdgâmo_̀̂_̀âeawjoeanad_p̂c]̂_̀âbcd_efg_̂�cgjnad_p}

~Z�Y�Y�̂�c_̀odt̂gcd_fodaŝod̂_̀op̂iag_ocd̂��}�̂p̀frr̂kâgcdp_ejaŝ_ĉap_fkrop̀f̂̂qaeocŝc]̂rono_f_ocd̂mo_̀̂eapqag_̂_c
c_̀aêckrotf_ocdp̂_̀âbcd_efg_cềfp̂jdsaê_̀âbcd_efg_̂�cgjnad_p}̂�p_fkrop̀nad_̂c]̂_̀âcda�lafêqaeocŝ]ce
gceeag_ocd̂c]̂ucev̂fp̂sapgeokaŝod̂iag_ocd̂��}�}�̂earf_ap̂cdrl̂_ĉ_̀âpqago]oĝckrotf_ocd̂c]̂_̀âbcd_efg_cê_ĉgceeag_̂_̀a
ucevĥfdŝ̀fp̂dĉearf_ocdp̀oq̂_ĉ_̀â_onâmo_̀od̂m̀og̀_̂̀âckrotf_ocd̂_ĉgcnqrl̂mo_̀̂_̀âbcd_efg_̂�cgjnad_p̂nfl̂ka
pcjt̀_̂_ĉkâad]cegasĥdcê_ĉ_̀â_onâmo_̀od̂m̀og̀ q̂ecgaasodtp̂nfl̂kâgcnnadgaŝ_ĉap_fkrop̀_̂̀âbcd_efg_ce�p
rofkoro_l̂mo_̀̂eapqag_̂_ĉ_̀âbcd_efg_ce�p̂ckrotf_ocdp̂c_̀aê_̀fd̂pqago]ogfrrl̂_ĉgceeag_̂_̀âucev}

~Z�Y�[�  ����� �[��[¡�� ��������¢[£��¤
\]̂_̀â|mdaêqea]aep̂_ĉfggaq_̂ucev̂_̀f_̂op̂dc_̂od̂fggcesfdgâmo_̀̂_̀âeawjoeanad_p̂c]̂_̀âbcd_efg_̂�cgjnad_pĥ_̀a
|mdaênfl̂sĉpĉodp_afŝc]̂eawjoeodt̂o_p̂eancxfr̂fdŝgceeag_ocdĥod̂m̀og̀ ĝfpâ_̀âbcd_efg_̂ijn̂morr̂kâeasjgaŝfp
fqqecqeof_âfdŝawjo_fkra}̂ijg̀f̂s¥jp_nad_̂p̀frr̂kâa]]ag_aŝm̀a_̀aêcêdc_̂]odfr̂qflnad_̂̀fp̂kaad̂nfsa}

�¦§̈�©ª[Z�[[[«̈��ª©©�¡ª¬�[®¦¬̄ �̈̈¬¡�[
~Z�YZ[°�±�����¢[©�²
~Z�YZYẐ�̀âbcd_efg_ĥfdl̂sopqj_aĥgrfonĥcêgcd_ecxaepl̂earf_odt̂_ĉ_̀âbcd_efg_ĥfdŝfrr̂_̀âeot̀_p̂fdŝckrotf_ocdp̂c]
_̀âqfe_oap̂p̀frrĥod̂frr̂eapqag_pĥkâod_aeqea_asĥgcdp_ejasĥad]cegaŝfdŝtcxaedaŝkl̂fdŝjdsaê_̀ârfmp̂c]̂_̀âi_f_âc]
icj_̀̂bfecrodfĥa{gaq_̂o_p̂g̀cogâc]̂rfm̂ejrap}

~Z�YZY�̂�̀op̂bcd_efg_̂op̂]cenaŝqjepjfd_̂_ĉfdŝtcxaedaŝkl̂_̀âicj_̀̂bfecrodf̂bcdpcrosf_aŝ³ecgjeanad_̂bcsâfds
op̂saanaŝ_ĉodgceqcef_âfrr̂fqqrogfkrâqecxopocdp̂_̀aeac]̂fdŝ_̀âadpjodt̂eatjrf_ocdp}

~Z�Y�[��  ������[��́[����¢��
�̀â|mdaêfdŝbcd_efg_cêeapqag_oxarl̂kodŝ_̀anparxapĥ_̀aoêqfe_daepĥpjggappcepĥfppotdpĥfdŝratfr̂eaqeapad_f_oxap
_ĉgcxadfd_pĥfteaanad_pĥfdŝckrotf_ocdp̂gcd_fodaŝod̂_̀âbcd_efg_̂�cgjnad_p}̂�ao_̀aêqfe_l̂_ĉ_̀âbcd_efg_̂p̀frr
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�Y�X��¡��¢��£���������������������������������
�Y�X�XYZ�caZ�rfagZjhqoZhbZhfqZbljaoZbagjlfhbaZbcaZdefbgh]bZlfZrcêaZegZlfZnhgbZiegZbcaZ�rfag�kZ]ef�aflaf]aZhf̀
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îèp̀jieg_�bî_bfi_bîbi_xgdhgbg\\gpebĉbefgbhpfg_]rg_bpĉhed]pèĉz
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¶·̧¹º»

¼» ½¾¿À½¿Á½ÁÁÂ½ÃÄ½ÅÄ½½
ÁÀÀÆÇÇÁ¾¾Ç



����������	
�������������������������������� �����!����" ����#$���� ����� !����%�����%#����%%����$&����$%����!$�����$��"&&$��'()�"&�$�*��+�,�-.,��/'(�
0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�7��
8�9:;�<=	:��=>=?=�	��@�A;���;���	
�7�;>=��?B�C@@=����@�7
:
��D	E=	��;�F�;?=�	��@�����������	
�����������
������������"&�%�'()�"&"&�*��+�,�-.,��/'(�0(1���2�,��3�-�/���,/�1��-44������1��,1,�5,)6�+�,�G-.,��/'(�0(1���2�,��3�-�/���,/�1�H�G-0-�H���,�-0-�I�����G-"&��H�'()�G-0-�
��(��'/��J�/2.,(�1H�'�,��,��1�,�,)���'),.'�K1�'()�.'��(���*,�21,)�L����2���,�.�11��(6�+��1�)�/2.,(��L'1�/�,'�,)��(��������
2(),����,��,�.1��3�-0-�J�/2.,(�1��(�J,.'()M�N�),��O�6�������������������������������1�(���3����,1'4,���1�4�/,(1,)�3����(,P��.,�21,��(4���'()�.'���(4��*,�21,)��(�'//��)'(/,�
L������,�-0-���(��'/��J�/2.,(�1Q�J�/2.,(�1P�(PJ,.'()�R�S()�T1,��I�/,(1,�-��,,.,(�6�+���,�����/���������5��4'���(1��,P.'�4�/��������U'�'6���6V

WW�
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ur̂�aj_f\ĥ��zôn{h_a]ad_pk̂nmfffp̂l\d_̂]amahcâihq̂b]\ef_̂e\]̂l\d_̂cdâ\ê_̀âb]\ba]_rk̂nfyp̂j\d_d̂]adcl_fh~̂e]\ŝl\d_
b]\qcj_fmf_r̂\]̂aeefjfahjrz

� ��X�X�XYZ[\]̂_̀âg\h_]ij_\]k̂lfd_aq̂qisi~ad̂i]ânfp̂l\d_̂]amahcâihq̂b]\ef_k̂nffp̂l\ddad̂]adcl_fh~̂e]\ŝfhxc]r̂_\̂ucdfhadd
\]̂]abc_i_f\hk̂nfffp̂iqqf_f\hil̂\]̂adjili_aq̂\ma]̀aiq̂ihq̂iqsfhfd_]i_f\ĥaybahdadk̂nfmp̂iqqf_f\hil̂efhihjfh~̂j\d_dk̂nmp
i__\]harvd̂eaadk̂nmfp̂ihr̂fh_a]ad_k̂ayjab_̂_\̂_̀âay_ah_̂ill\waq̂ur̂�aj_f\ĥ��zôn{h_a]ad_p¡̂nmffp̂chis\]_f¢aq̂a�cfbsah_
j\d_d¡̂ihqk̂nmfffp̂l\ddad̂fhjc]]aq̂ur̂dcuj\h_]ij_\]d̂e\]̂_̀â_rbad̂\êqisi~ad̂_̀âg\h_]ij_\]̂̀id̂wifmâid̂i~ifhd_̂_̀a
�wha]ẑ̂�f_̀\c_̂lfsf_i_f\hk̂_̀fd̂sc_cil̂wifma]̂fd̂ibblfjiulâ_\̂ill̂qisi~ad̂qcâ_\̂af_̀a]̂bi]_r£d̂_a]sfhi_f\ĥfh
ijj\]qihjâwf_̀̂�]_fjlâ�¤z

���X�X�X�Z�\_̀fh~̂j\h_ifhaq̂fĥ_̀fd̂�aj_f\ĥd̀ill̂uâqaasaq̂_\̂b]ajlcqâiĥiwi]q̂\êlf�cfqi_aq̂qisi~adk̂ẁah
ibblfjiulak̂fĥijj\]qihjâwf_̀̂_̀â]a�cf]asah_d̂\ê_̀âg\h_]ij_̂�\jcsah_dẑ}̀fd̂sc_cil̂wifma]̂fd̂h\_̂ibblfjiulâ_\
is\ch_d̂qcâ\]̂\ulf~i_f\hd̂chqa]̂�aj_f\ĥ�z�¥̂n{hqashfefji_f\hpz

���X�X¦Z§��̈�������������©���ª����«��©�¬«���¬�
�\_wf_̀d_ihqfh~̂ihr̂\_̀a]̂b]\mfdf\ĥ\ê_̀âg\h_]ij_̂�\jcsah_dk̂fhjlcqfh~̂�aj_f\ĥ�z�z�k̂uc_̂dcuxaj_̂_\̂îqc_r̂\ê~\\q̂
eif_̀̂ihq̂eif]̂qailfh~k̂_̀âg\h_]ij_\]̂wifmad̂ill̂jlifsd̂i~ifhd_̂_̀â�]j̀f_aj_̂ihq̂ihr̂\_̀a]̂qadf~ĥb]\eaddf\hild̂ẁ\
b]\mfqâqadf~ĥihq\]̂b]\xaj_̂sihi~asah_̂da]mfjad̂_\̂_̀â�wha]k̂af_̀a]̂qf]aj_lr̂\]̂id̂fhqabahqah_̂j\h_]ij_\]d̂\]
dcuj\h_]ij_\]d̂_\̂_̀â�]j̀f_aj_k̂e\]̂lfd_aq̂qisi~ad̂i]fdfh~̂\c_̂\ê\]̂]ali_fh~̂_\̂_̀fd̂g\h_]ij_ẑ̂}̀âlfd_aq̂qisi~ad̂i]ânfp
l\d_̂]amahcâihq̂b]\ef_k̂nffp̂l\ddad̂]adcl_fh~̂e]\ŝfhxc]r̂_\̂ucdfhadd̂\]̂]abc_i_f\hk̂nfffp̂iqqf_f\hil̂\]̂adjili_aq̂\ma]̀aiq
ihq̂iqsfhfd_]i_f\ĥaybahdadk̂nfmp̂iqqf_f\hil̂efhihjfh~̂j\d_dk̂nmp̂i__\]harvd̂eaadk̂nmfp̂ihr̂fh_a]ad_¡̂nmffp̂chis\]_f¢aq
a�cfbsah_̂j\d_d¡̂ihqk̂nmfffp̂l\ddad̂fhjc]]aq̂ur̂dcuj\h_]ij_\]d̂e\]̂_̀â_rbad̂\êqisi~ad̂_̀âg\h_]ij_\]̂̀id̂wifmâid
i~ifhd_̂_̀â�wha]ẑ}̀fd̂sc_cil̂wifma]̂fd̂h\_̂ibblfjiulâ_\̂is\ch_d̂qcâ\]̂\ulf~i_f\hd̂chqa]̂�aj_f\ĥ�z�¥
n{hqashfefji_f\hpz
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WX�

YZ[\]̂_̀àbc̀d̂

YZ[\ê_̀àbc̀d̂

YZ[\f̂_̀àbc̀d̂
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YZ[\[\ê���������~��~�������������{�������}����~��}�~�}������|��~���������~�|����{�����§¡̈�������~�����~�|}��
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YZ[\[\f̂���~��������~��~�������~�������~��~|���|�����������|}���~|���{�����|��~|����}��������~�|}�������|�~�}����~��������
���~������������|}�����~��}�~�}��������~���������~�|�������������~���}����������~����§¡̈���|�����������|}���|}�~��
������~�������|�~�}����~���§©̈��������~��������~��~����}�~�������|}���|������|�~�}����~�������������}������|��§¤̈��������
~��������~��~�~��~���������|�~�}����~�����������������}���|��������ª�|}�������~�|��~�������|}���|������|�~�}����~���~��
�����~��~��������}�����}��}�~����������|}��}����|���}�����~�� ��~�|}�¡¢�¢�¢�

YZ[\[\[̂���������~��~��������}�����}��}�~����������|}��}����~�}�«�§¡̈��~�~�}��~�������|}��~�����|�«��}��§©̈�}|~����}��~��
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WX�

YZ[\]̂_̀aZbcd̀ _̂Zef̂Zĝh̀ijk̂Zâcd̂\]f̂̀ljfdmf̂Zĝn[acjecm\cZdk̂Zdbôcd̂\]f̂_Z[a\̂Zĝ_ZppZd̂qbf̀ĵgZak̂Zâcd̂\]f̂
l̀jfdmf̂Zĝn[acjecm\cZd̂̀ ĝfefàb̂mZ[a\̂bZm̀\fêcdk̂rcm]b̀dê_Z[d\ok̂Y\̀\f̂ZĝYZ[\]̂_̀aZbcd̀ŝ_Zd\àm\Zầtaffĵ\]̀\̂̀dô
m̀\̂lô\]f̂Y\̀\f̂aft̀aecdt̂\]f̂_Zd\àm\̂cĵdZ\̂̀î̀cufâZĝfc\]fâ\]f̂Y\̀\fvĵjZufafctd̂cpp[dc\ôZâ\]f̂Y\̀\fvĵcpp[dc\ô
[defâ\]f̂wbfufd\]̂xpfdepfd\̂Zĝ\]f̂ydc\fêY\̀\fĵ_Zdj\c\[\cZdŝ

z{|}~}���ĝ̀ dô�̀a\ôjff�ĵafjZb[\cZd̂\Ẑ`̂ecj�[\f̂�[aj[̀d\̂\ẐYfm\cZd̂��s�s�k̂\]f̂�̀a\cfĵj]̀bb̂�̀a\cmc�̀\f̂cd
dZd�lcdecdt̂pfec̀\cZd̂\ẐafjZbuf̂\]f̂_b̀cpŝ̂�ĝ\]f̂_b̀cp̂cĵtZufadfêlô�c\bf̂��k̂_]̀�\fâ��k̂xa\cmbf̂��̂Zĝ\]f̂YZ[\]
_̀aZbcd̀ _̂Zef̂Zĝh̀iĵ̀ĵ̀pfdefềdê\]f̂̀pZ[d\̂cd̂mZd\aZufajôcĵ����k���s��̂Zâbfjjk̂\]f̂_q�_̂j]̀bb̂̀��Zcd\̂̀
pfec̀\Zak̂Z\]faicjfk̂\]f̂pfec̀\cZd̂j]̀bb̂lf̂mZde[m\fêlồ d̂cp�̀a\c̀b̂pfec̀\Zâjfbfm\fêlôp[\[̀b̂̀taffpfd\̂Zĝ\]f
�̀a\cfjk̂Zâcĝ\]f̂�̀a\cfĵm̀ddZ\̂jẐ̀ taffk̂̀ p̂fec̀\Zâefjctd̀\fêlô\]f̂xpfacm̀d̂xalc\à\cZd̂xjjZmc̀\cZd̂��xxx��
�[aj[̀d\̂\Ẑc\ĵ_Zdj\a[m\cZd̂�de[j\aô�fec̀\cZd̂r[bfjŝ̂�]f̂pfec̀\cZd̂icbb̂lf̂tZufadfêlồdêmZde[m\fê�[aj[̀d\̂\Z
`̂pfec̀\cZd̂̀taffpfd\̂dftZ\c̀\fêlô\]f̂�̀a\cfĵZak̂cĝ\]f̂�̀a\cfĵm̀ddZ\̂jẐ̀taffk̂lô�aZmfe[afĵfj\̀lbcj]fêlô\]f
pfec̀\Zas

z{|}~}���c\]Z[\̂afbcfucdt̂̀dô�̀a\ôgaZp̂\]f̂Z\]fâaf�[cafpfd\ĵZĝYfm\cZdĵ��s�̂̀dê��s�k̂fc\]fâ�̀a\ôp̀ ôcdc\c̀\f
�aZmffecdtĵcd̂\]f̂̀��aZ�ac̀\f̂gZa[p̂�acZâ\Ẑcdc\c̀\cdt̂ZâmZp�bf\cdt̂\]f̂�aZmfe[afĵaf�[cafêlôYfm\cZdĵ��s�̂̀de
��s�̂cĝj[m]̂̀m\cZd̂cĵdfmfjj̀aô\Ẑ�afjfauf̂̀ m̂b̀cp̂lồuZcecdt̂\]f̂̀��bcm̀\cZd̂Zĝ̀dồ��bcm̀lbf̂j\̀\[\Zaô�facZêZg
bcpc\̀\cZd̂Zâaf�Zjfs

z{|}~}|�����������������  
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KNOW ALL MEN BY THESE PRESENTS, that (Insert full name or legal title and address of Contractor)

Name:       
Address:      

     
hereinafter referred to as “Contractor”, and (Insert full name and address of principal place of business of Surety)

Name:       
Address:      

     
hereinafter called the “surety”, are jointly and severally held and firmly bound unto (Insert full name and address of Agency)

Name:       
Address:      

     
hereinafter referred to as “Agency”, or its successors or assigns, the sum of        ($     ), being the sum 
of the Bond to which payment to be well and truly made, the Contractor and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents.

WHEREAS, Contractor has by written agreement dated          entered into a contract with Agency to construct
State Project Name: UPGRADE AND REPLACE HVAC UNITS ON GEORGETOWN BUILDING 100
State Project Number: H59-6212-ML
Brief Description of Awarded Work: Replace HVAC equipment on Georgetown Building 100, along with associated 

electrical and controls..
in accordance with Drawings and Specifications prepared by (Insert full name and address of A/E)

Name: DWG Consulting Engineers, Inc. 
Address: 1009 Anna Knapp Blvd, Suite 200

Mt. Pleasant, SC 29464
which agreement is by reference made a part hereof, and is hereinafter referred to as the Contract.

IN WITNESS WHEREOF, Surety and Contractor, intending to be legally bound hereby, subject to the terms stated herein, do 
each cause this Performance Bond to be duly executed on its behalf by its authorized officer, agent or representative.

DATED this       day of      , 2     BOND NUMBER      
(shall be no earlier than Date of Contract)

CONTRACTOR SURETY

By: 
(Seal)

By: 
(Seal)

Print Name:      Print Name:      

Print Title:      Print Title:      
(Attach Power of Attorney)

Witness: Witness: 

(Additional Signatures, if any, appear on attached page)
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NOW, THEREFORE, THE CONDITION OF THIS OBLIGATION IS SUCH THAT: 

1. The Contractor and the Surety, jointly and severally, bind 
themselves, their heirs, executors, administrators, successors and 
assigns to the Agency for the full and faithful performance of the 
contract, which is incorporated herein by reference.
2. If the Contractor performs the contract, the Surety and the 
Contractor have no obligation under this Bond, except to 
participate in conferences as provided in paragraph 3.1.
3. The Surety's obligation under this Bond shall arise after:
3.1 The Agency has notified the Contractor and the Surety at the 

address described in paragraph 10 below, that the Agency is 
considering declaring a Contractor Default and has requested 
and attempted to arrange a conference with the Contractor 
and the Surety to be held not later than 15 days after receipt 
of such notice to discuss methods of performing the Contract.  
If the Agency, the Contractor and the Surety agree, the 
Contractor shall be allowed a reasonable time to perform the 
Contract, but such an agreement shall not waive the Agency's 
right, if any, subsequently to declare a Contractor Default; or

3.2 The Agency has declared a Contractor Default and formally 
terminated the Contractor's right to complete the Contract.

4. The Surety shall, within 15 days after receipt of notice of the 
Agency's declaration of a Contractor Default, and at the Surety's 
sole expense, take one of the following actions:
4.1 Arrange for the Contractor, with consent of the Agency, to 

perform and complete the Contract; or
4.2 Undertake to perform and complete the Contract itself, 

through its agents or through independent contractors; or
4.3 Obtain bids or negotiated proposals from qualified  

contractors acceptable to the Agency for a contract for 
performance and completion of the Contract, arrange for a 
contract to be prepared for execution by the Agency and the 
contractor selected with the Agency's concurrence, to be 
secured with performance and payment bonds executed by a 
qualified surety equivalent to the Bonds issued on the 
Contract, and pay to the Agency the amount of damages as 
described in paragraph 7 in excess of the Balance of the 
Contract Sum incurred by the Agency resulting from the 
Contractor Default; or

4.4 Waive its right to perform and complete, arrange for 
completion, or obtain a new contractor, and:
4.4.1 After investigation, determine the amount for which it 
may be liable to the Agency and, within 60 days of waiving 
its rights under this paragraph, tender payment thereof to the 
Agency; or
4.4.2 Deny liability in whole or in part and notify the 
Agency, citing the reasons therefore.

5. Provided Surety has proceeded under paragraphs 4.1, 4.2, or 
4.3, the Agency shall pay the Balance of the Contract Sum to 
either:
5.1 Surety in accordance with the terms of the Contract; or
5.2 Another contractor selected pursuant to paragraph 4.3 to 

perform the Contract.
5.3 The balance of the Contract Sum due either the Surety or 

another contractor shall be reduced by the amount of 
damages as described in paragraph 7.

6. If the Surety does not proceed as provided in paragraph 4 
with reasonable promptness, the Surety shall be deemed to be in 
default on this Bond 15 days after receipt of written notice from the 
Agency to the Surety demanding that the Surety perform its 
obligations under this Bond, and the Agency shall be entitled to 
enforce any remedy available to the Agency.

6.1 If the Surety proceeds as provided in paragraph 4.4 and the 
Agency refuses the payment tendered or the Surety has denied 
liability, in whole or in part, then without further notice the 
Agency shall be entitled to enforce any remedy available to the 
Agency.

6.2 Any dispute, suit, action or proceeding arising out of or 
relating to this Bond shall be governed by the Dispute 
Resolution process defined in the Contract Documents and the 
laws of the State of South Carolina.

7. After the Agency has terminated the Contractor's right to 
complete the Contract, and if the Surety elects to act under 
paragraph 4.1, 4.2, or 4.3 above, then the responsibilities of the 
Surety to the Agency shall be those of the Contractor under the 
Contract, and the responsibilities of the Agency to the Surety shall 
those of the Agency under the Contract.  To a limit of the amount of 
this Bond, but subject to commitment by the Agency of the Balance 
of the Contract Sum to mitigation of costs and damages on the 
Contract, the Surety is obligated to the Agency without duplication 
for:
7.1 The responsibilities of the Contractor for correction of 

defective Work and completion of the Contract; and
7.2 Additional legal, design professional and delay costs resulting 

from the Contractor's Default, and resulting from the actions or 
failure to act of the Surety under paragraph 4; and

7.3 Damages awarded pursuant to the Dispute Resolution 
Provisions of the Contract. Surety may join in any Dispute 
Resolution proceeding brought under the Contract and shall be 
bound by the results thereof; and 

7.4 Liquidated Damages, or if no Liquidated Damages are 
specified in the Contract, actual damages caused by delayed 
performance or non-performance of the Contractor.

8. The Surety shall not be liable to the Agency or others for 
obligations of the Contractor that are unrelated to the Contract, and 
the Balance of the Contract Sum shall not be reduced or set-off on 
account of any such unrelated obligations.  No right of action shall 
accrue on this Bond to any person or entity other than the Agency 
or its heirs, executors, administrators, or successors.
9. The Surety hereby waives notice of any change, including 
changes of time, to the contract or to related subcontracts, purchase 
orders and other obligations.
10. Notice to the Surety, the Agency or the Contractor shall be 
mailed or delivered to the address shown on the signature page.
11. Definitions
11.1 Balance of the Contract Sum: The total amount payable by the 

Agency to the Contractor under the Contract after all proper 
adjustments have been made, including allowance to the 
Contractor of any amounts to be received by the Agency in 
settlement of insurance or other Claims for damages to which 
the Contractor si entitled, reduced by all valid and proper 
payments made to or on behalf of the Contractor under the 
Contract.

11.2 Contractor Default: Failure of the Contractor, which has 
neither been remedied nor waived, to perform the Contract or 
otherwise to comply with the terms of the Contract.
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KNOW ALL MEN BY THESE PRESENTS, that (Insert full name or legal title and address of Contractor)

Name:       
Address:      

     
hereinafter referred to as “Contractor”, and (Insert full name and address of principal place of business of Surety)

Name:       
Address:      

     
hereinafter called the “surety”, are jointly and severally held and firmly bound unto (Insert full name and address of Agency)

Name:       
Address:      

     
hereinafter referred to as “Agency”, or its successors or assigns, the sum of        ($     ), being the sum 
of the Bond to which payment to be well and truly made, the Contractor and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents.

WHEREAS, Contractor has by written agreement dated         entered into a contract with Agency to construct 
State Project Name: UPGRADE AND REPLACE HVAC UNITS ON GEORGETOWN BUILDING 100
State Project Number: H59-6212-ML
Brief Description of Awarded Work: Replace HVAC equipment on Georgetown Building 100, along with associated 

electrical and controls..
in accordance with Drawings and Specifications prepared by (Insert full name and address of A/E)

Name: DWG Consulting Engineers, Inc.
Address: 1009 Anna Knapp Blvd, Suite 200

Mt. Pleasant, SC 29464
which agreement is by reference made a part hereof, and is hereinafter referred to as the Contract.

IN WITNESS WHEREOF, Surety and Contractor, intending to be legally bound hereby, subject to the terms stated herein, do 
each cause this Labor & Material Payment Bond to be duly executed on its behalf by its authorized officer, agent or 
representative.

DATED this       day of      , 2     BOND NUMBER      
(shall be no earlier than Date of Contract)

CONTRACTOR SURETY

By:
(Seal)

By:
(Seal)

Print Name:      Print Name:      

Print Title:      Print Title:      
(Attach Power of Attorney)

Witness: Witness: 

(Additional Signatures, if any, appear on attached page)
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NOW, THEREFORE, THE CONDITION OF THIS OBLIGATION IS SUCH THAT: 

1. The Contractor and the Surety, jointly and severally, bind 
themselves, their heirs, executors, administrators, successors and 
assigns to the Agency to pay for all labor, materials and equipment 
required for use in the performance of the Contract, which is 
incorporated herein by reference.
2. With respect to the Agency, this obligation shall be null and 
void if the Contractor:
2.1 Promptly makes payment, directly or indirectly, for all sums 

due Claimants; and
2.2 Defends, indemnifies and holds harmless the Agency from all 

claims, demands, liens or suits by any person or entity who 
furnished labor, materials or equipment for use in the 
performance of the Contract.

3. With respect to Claimants, this obligation shall be null and 
void if the Contractor promptly makes payment, directly or 
indirectly, for all sums due.
4. With respect to Claimants, and subject to the provisions of 
Title 29, Chapter 5 and the provisions of §11-35-3030(2)(c) of the 
SC Code of Laws, as amended, the Surety’s obligation under this 
Bond shall arise as follows:
4.1 Every person who has furnished labor, material or rental 

equipment to the Contractor or its subcontractors for the work 
specified in the Contract, and who has not been paid in full 
therefore before the expiration of a period of ninety (90) days 
after the date on which the last of the labor was done or 
performed by him or material or rental equipment was 
furnished or supplied by him for which such claim is made, 
shall have the right to sue on the payment bond for the 
amount, or the balance thereof, unpaid at the time of 
institution of such suit and to prosecute such action for the 
sum or sums justly due him.

4.2 A remote claimant shall have a right of action on the payment 
bond upon giving written notice by certified or registered mail 
to the Contractor within ninety (90) days from the date on 
which such person did or performed the last of the labor or 
furnished or supplied the last of the material or rental 
equipment upon which such claim is made.

4.3 Every suit instituted upon a payment bond shall be brought in 
a court of competent jurisdiction for the county or circuit in 
which the construction contract was to be performed, but no 
such suit shall be commenced after the expiration of o ne year 
after the day on which the last of the labor was performed or 
material or rental equipment was supplied by the person 
bringing suit.

5. When the Claimant has satisfied the conditions of paragraph 4, 
the Surety shall promptly and at the Surety’s expense take the 
following actions:
5.1 Send an answer to the Claimant, with a copy to the Agency, 

within sixty (60) days after receipt of the claim, stating the 
amounts that are undisputed and the basis for challenging any 
amounts that are disputed.

5.2 Pay or arrange for payment of any undisputed amounts.
5.3 The Surety’s failure to discharge its obligations under this 

paragraph 5 shall not be deemed to constitute a waiver of 
defenses the Surety or Contractor may have or acquire as to a 
claim.  However, if the Surety fails to discharge its obligations 
under this paragraph 5, the Surety shall indemnify the 
Claimant for the reasonable attorney’s fees the Claimant 
incurs to recover any sums found to be due and owing to the 
Claimant.

6. Amounts owed by the Agency to the Contractor under the 
Contract shall be used for the performance of the Contract and to 
satisfy claims, if any, under any Performance Bond.  By the 
Contractor furnishing and the Agency accepting this Bond, they 
agree that all funds earned by the contractor in the performance of 
the Contract are dedicated to satisfy obligations of the Contractor 
and the Surety under this Bond, subject to the Agency’s prior right 
to use the funds for the completion of the Work.
7. The Surety shall not be liable to the Agency, Claimants or 
others for obligations of the Contractor that are unrelated to the 
Contract.  The Agency shall not be liable for payment of any costs 
or expenses of any claimant under this bond, and shall have under 
this Bond no obligations to make payments to, give notices on 
behalf of, or otherwise have obligations to Claimants under this 
Bond.
8. The Surety hereby waives notice of any change, including 
changes of time, to the Contract or to related Subcontracts, 
purchase orders and other obligations.
9. Notice to the Surety, the Agency or the Contractor shall be 
mailed or delivered to the addresses shown on the signature page.  
Actual receipt of notice by Surety, the Agency or the contractor, 
however accomplished, shall be sufficient compliance as of the 
date received at the address shown on the signature page.
10. By the Contractor furnishing and the Agency accepting this 
Bond, they agree that this Bond has been furnished to comply with 
the statutory requirements of the South Carolina Code of Laws, as 
amended, and further, that any provision in this Bond conflicting 
with said statutory requirements shall be deemed deleted herefrom 
and provisions conforming to such statutory or other legal 
requirement shall be deemed incorporated herein.  The intent is that 
this Bond shall be construed as a statutory Bond and not as a 
common law bond.
11. Upon request of any person or entity appearing to be a potential 
beneficiary of this bond, the Contractor shall promptly furnish a 
copy of this Bond or shall permit a copy to be made.
12. Any dispute, suit, action or proceeding arising out of or relating 
to this Bond shall be governed by the laws of the State of South 
Carolina.
13. DEFINITIONS
13.1 Claimant:  An individual or entity having a direct contract 

with the Contractor or with a Subcontractor of the Contractor 
to furnish labor, materials, or equipment for use in the 
performance of the Contract.  The intent of this Bond shall 
be to include without limitation in the terms “labor, materials 
or equipment” that part of water, gas, power, light, heat, oil, 
gasoline, telephone service or rental equipment used in the 
Contract, architectural and engineering services required for 
performance of the Work of the Contractor and the 
Contractor’s Subcontractors, and all other items for which a 
mechanic’s lien might otherwise be asserted.

13.2 Remote Claimant:  A person having a direct contractual 
relationship with a subcontractor of the Contractor or 
subcontractor, but no contractual relationship expressed or 
implied with the Contractor.

13.3 Contract:  The agreement between the Agency and the 
Contractor identified on the signature page, including all 
Contract Documents and changes thereto.
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SE-380 CHANGE ORDER NO.:       

CHANGE  ORDER  TO  DESIGN-BID-BUILD  CONTRACT

AGENCY: Horry Georgetown Technical College
PROJECT NAME: UPGRADE AND REPLACE HVAC UNITS ON GEORGETOWN BUILDING 100
PROJECT NUMBER: H59-6212-ML

CONTRACTOR:      CONTRACT DATE:      

This Contract is changed as follows: (Insert description of change in space provided below)
     

ADJUSTMENTS IN THE CONTRACT SUM:

1. Original Contract Sum: $      

2. Change in Contract Sum by previously approved Change Orders:      

3. Contract Sum prior to this Change Order $    0.00

4. Amount of this Change Order:      

5. New Contract Sum, including this Change Order: $    0.00

ADJUSTMENTS IN THE CONTRACT TIME:
1. Initial Date for Substantial Completion:      

2. Sum of previously approved increases and decreases in Days:      Days

3. Change in Days for this Change Order      Days

4. Total Number of Days added to this Contract including this Change Order    0  Days

5. New Date for Substantial Completion:      

CONTRACTOR ACCEPTANCE:

BY: Date:       
(Signature of Representative)

Print Name of Representative:       

A/E RECOMMENDATION FOR ACCEPTANCE:

BY: Date:       
(Signature of Representative)

Print Name or Representative:       

AGENCY ACCEPTANCE AND CERTIFICATION:
I certify that the Agency has authorized, unencumbered funds available for obligation to this contract.

BY: Date:       
(Signature of Representative)

Print Name of Representative:       

Change is within Agency Construction Contract Change Order Certification of: $        Yes  No  

APPROVED BY: DATE:      
(OSE Project Manager)

SUBMIT THE FOLLOWING TO OSE
1. SE-380, fully completed and signed by the Contractor, A/E and Agency;
2. Detailed back-up information, with OH&P shown, from the Contractor/Subcontractor(s) that justifies the costs and schedule changes shown.
3. If any item exceeds Agency certification, OSE will approved the SE-380 and return to Agency.
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SECTION 011000 - SUMMARY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Project information.
2. Work covered by Contract Documents.
3. Phased construction.
4. Work under separate contracts.
5. Future work.
6. Purchase contracts.
7. Access to site.
8. Coordination with occupants.
9. Work restrictions.
10. Specification and drawing conventions.
11. Miscellaneous provisions.

B. Related Requirements:

1. Section 015000 "Temporary Facilities and Controls" for limitations and procedures 
governing temporary use of Owner's facilities.

1.3 PROJECT INFORMATION

A. Project Identification:  

1. Project Location:  HGTC Conway Building 1100 and Georgetown Building 100

B. Owner:  Horry-Georgetown Technical College

1. Owner's Representative:  Kevin Brown

C. Engineer:  

1. Mechanical and Electrical:  DWG Consulting Engineers, Inc.
Contact: Will Billard

D. Contractor:  TBD

1.4 WORK COVERED BY CONTRACT DOCUMENTS

A. The Work of Project is defined by the Contract Documents and consists of the following:
1. Replace HVAC, controls, and associated electrical in the identified buildings.
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2. Provide all labor, materials, equipment and supervision to construct complete and 
operable mechanical systems as indicated on the drawings and specified herein. All 
materials and equipment used shall be new, undamaged and free from any defects.

3. Contractor shall coordinate system shutdown with owner. To reduce system shutdown to 
a minimum a coordinated schedule shall be provided prior to any work. The contractor is 
encouraged to pre manufacture as many components as possible to reduce total down 
time of the systems prior to shutting down. Staging of materials on site is permitted with 
guidance and approval of owner. 

4. The contractor is responsible to contact the HGTC Fire and Life Safety Department to 
request a hot work permit to allow welding, grinding, brazing and other smoke or dust 
producing activities to prevent accidental activation of campus fire alarm systems. 

5. All materials and equipment demolished shall be removed from site and disposed of 
properly.

6. The contractor shall provide a record that all hazardous materials have been removed, 
such as refrigerants, by a qualified recovery subcontractor and provide a copy to the 
owner’s Project Manager.

7. Startup of equipment shall be provided by a factory start up agent. Startup documents 
shall be provided to the owner’s Project Manager.

8. Building Automation control removal and installation of new controls shall be provided 
under the contractor’s sub-contractor team by Control Management Inc. (CMI) Controls.

B. Type of Contract:

1. Project will be constructed under a single Mechanical prime contract.

1.5 COORDINATION WITH OWNER

A. General:  Cooperate fully with Owner so work may be carried out smoothly, without interfering 
with or delaying work under this Contract or work by Owner.  Coordinate the Work of this 
Contract with work performed by Owner.

1.6 ACCESS TO SITE

A. General:  Contractor shall have full use of Project site for construction operations during 
construction period.  Contractor's use of Project site is limited only by Owner's right to perform 
work or to retain other contractors on portions of Project.  

B. Use of Site:  Limit use of Project site to work in areas indicated.  Do not disturb portions of 
Project site beyond areas in which the Work is indicated.

1. Limits:  Confine construction operations to area of work and access to area of work.
2. Driveways, Walkways and Entrances:  Keep driveways, loading areas, and entrances 

serving premises clear and available to Owner, Owner's employees, and emergency 
vehicles at all times.  Do not use these areas for parking or storage of materials unless 
otherwise noted.
a. Schedule deliveries to minimize use of driveways and entrances by construction 

operations.
b. Schedule deliveries to minimize space and time requirements for storage of 

materials and equipment on-site.

C. Condition of Existing Building:  Maintain portions of existing building affected by construction 
operations in a weathertight condition throughout construction period.  Repair damage caused 
by construction operations.
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1.7 COORDINATION WITH OCCUPANTS

A. Owner Occupancy:  Students will not be present in the building during the construction period.    
Outages required shall be fully coordinated with owner.  Cooperate with Owner during 
construction operations to minimize conflicts and facilitate Owner usage.  Perform the Work so 
as not to interfere with Owner's day-to-day operations.  Maintain existing exits unless otherwise 
indicated.

1. Maintain access to existing walkways, corridors, and other adjacent occupied or used 
facilities.  Do not close or obstruct walkways, corridors, or other occupied or used 
facilities without written permission from Owner and approval of authorities having 
jurisdiction.

2. Notify Owner not less than 72 hours in advance of activities that will affect Owner's 
operations.

1.8 WORK RESTRICTIONS

A. Work Restrictions, General:  Comply with restrictions on construction operations.

1. Comply with limitations on use of public streets and with other requirements of authorities 
having jurisdiction.

B. On-Site Work Hours:  Limit work in the existing building to normal business working hours of 7 
a.m. to 5 p.m., Monday through Friday, unless otherwise indicated.

1. Weekend and Night Hours:  Can be coordinated with prior notice to owner project 
coordinator.

2. Hours for Utility Shutdowns:  Must be fully coordinated.

C. Existing Utility Interruptions:  Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after providing temporary 
utility services according to requirements indicated:

1. Notify owner project coordinator not less than three days in advance of proposed utility 
interruptions.

2. Obtain owner project coordinator’s written permission before proceeding with utility 
interruptions.

D. Noise, Vibration, and Odors:  Coordinate operations that may result in high levels of noise and 
vibration, odors, or other disruption to Owner occupancy with Owner.

E. Nonsmoking Building:  Smoking is not permitted within the building or within 100 feet of 
entrances, operable windows, or outdoor-air intakes.

F. Controlled Substances:  Use of tobacco products and other controlled substances on Project 
site is not permitted.

G. Employee Identification:  Provide identification tags for Contractor personnel working on Project 
site.  Require personnel to use identification tags at all times.

H. Employee Screening:  Comply with Owner's requirements for drug and background screening of 
Contractor personnel working on Project site.

1. Maintain list of approved screened personnel with Owner's representative.
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1.9 SPECIFICATION AND DRAWING CONVENTIONS

A. Specification Content:  The Specifications use certain conventions for the style of language and 
the intended meaning of certain terms, words, and phrases when used in particular situations.  
These conventions are as follows:

1. Imperative mood and streamlined language are generally used in the Specifications.  The 
words "shall," "shall be," or "shall comply with," depending on the context, are implied 
where a colon (:) is used within a sentence or phrase.

2. Specification requirements are to be performed by Contractor unless specifically stated 
otherwise.

B. Division 01 General Requirements:  Requirements of Sections in Division 01 apply to the Work 
of all Sections in the Specifications.

C. Drawing Coordination:  Requirements for materials and products identified on Drawings are 
described in detail in the Specifications.  One or more of the following are used on Drawings to 
identify materials and products:

1. Terminology:  Materials and products are identified by the typical generic terms used in 
the individual Specifications Sections.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 011000
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SECTION 013100 - PROJECT MANAGEMENT AND COORDINATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes administrative provisions for coordinating construction operations on Project 
including, but not limited to, the following:

1. General coordination procedures.
2. Coordination drawings.
3. Requests for Information (RFIs).
4. Project meetings.

B. Each contractor shall participate in coordination requirements.  Certain areas of responsibility 
are assigned to a specific contractor.

C. Related Requirements:
1. Section 013200 "Construction Progress Documentation" for preparing and submitting 

Contractor's construction schedule.
2. Section 017300 "Execution" for procedures for coordinating general installation and field-

engineering services, including establishment of benchmarks and control points.
3. Section 017700 "Closeout Procedures" for coordinating closeout of the Contract.

1.3 DEFINITIONS

A. RFI:  Request from Owner, A/E, or Contractor seeking information required by or clarifications 
of the Contract Documents.

1.4 INFORMATIONAL SUBMITTALS

A. Subcontract List:  Prepare a written summary identifying individuals or firms proposed for each 
portion of the Work, including those who are to furnish products or equipment fabricated to a 
special design.  Include the following information in tabular form:

1. Name, address, and telephone number of entity performing subcontract or supplying 
products.

2. Number and title of related Specification Section(s) covered by subcontract.
3. Drawing number and detail references, as appropriate, covered by subcontract.

B. Key Personnel Names:  Within 15 days of starting construction operations, submit a list of key 
personnel assignments, including superintendent and other personnel in attendance at Project 
site.  Identify individuals and their duties and responsibilities; list addresses and telephone 
numbers, including home, office, and cellular telephone numbers and e-mail addresses.  
Provide names, addresses, and telephone numbers of individuals assigned as alternates in the 
absence of individuals assigned to Project.
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1. Post copies of list in project meeting room, in temporary field office, and by each 
temporary telephone.  Keep list current at all times.

1.5 GENERAL COORDINATION PROCEDURES

A. Coordination:  Coordinate construction operations included in different Sections of the 
Specifications to ensure efficient and orderly installation of each part of the Work.  Coordinate 
construction operations, included in different Sections, that depend on each other for proper 
installation, connection, and operation.

1. Schedule construction operations in sequence required to obtain the best results where 
installation of one part of the Work depends on installation of other components, before 
or after its own installation.

2. Coordinate installation of different components to ensure maximum performance and 
accessibility for required maintenance, service, and repair.

3. Make adequate provisions to accommodate items scheduled for later installation.

B. Coordination:  Each contractor shall coordinate its construction operations with those of other 
contractors and entities to ensure efficient and orderly installation of each part of the Work.  
Each contractor shall coordinate its operations with operations, included in different Sections, 
that depend on each other for proper installation, connection, and operation.

1. Schedule construction operations in sequence required to obtain the best results where 
installation of one part of the Work depends on installation of other components, before 
or after its own installation.

2. Coordinate installation of different components with other contractors to ensure maximum 
performance and accessibility for required maintenance, service, and repair.

3. Make adequate provisions to accommodate items scheduled for later installation.

C. Prepare memoranda for distribution to each party involved, outlining special procedures 
required for coordination.  Include such items as required notices, reports, and list of attendees 
at meetings.

1. Prepare similar memoranda for Owner and separate contractors if coordination of their 
Work is required.

D. Administrative Procedures:  Coordinate scheduling and timing of required administrative 
procedures with other construction activities to avoid conflicts and to ensure orderly progress of 
the Work.  Such administrative activities include, but are not limited to, the following:

1. Preparation of Contractor's construction schedule.
2. Preparation of the schedule of values.
3. Installation and removal of temporary facilities and controls.
4. Delivery and processing of submittals.
5. Progress meetings.
6. Pre-installation conferences.
7. Project closeout activities.
8. Startup and adjustment of systems.

E. Conservation:  Coordinate construction activities to ensure that operations are carried out with 
consideration given to conservation of energy, water, and materials.  Coordinate use of 
temporary utilities to minimize waste.
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1. Salvage materials and equipment involved in performance of, but not actually 
incorporated into, the Work.  See other Sections for disposition of salvaged materials that 
are designated as Owner's property.

1.6 COORDINATION DRAWINGS

A. Coordination Drawings, General:  Prepare coordination drawings according to requirements in 
individual Sections, and additionally where installation is not completely shown on Shop 
Drawings, where limited space availability necessitates coordination, or if coordination is 
required to facilitate integration of products and materials fabricated or installed by more than 
one entity.

1. Content:  Project-specific information, drawn accurately to a scale large enough to 
indicate and resolve conflicts.  Do not base coordination drawings on standard printed 
data.  Include the following information, as applicable:

a. Use applicable Drawings as a basis for preparation of coordination drawings.  
Prepare sections, elevations, and details as needed to describe relationship of 
various systems and components.

b. Coordinate the addition of trade-specific information to the coordination drawings 
by multiple contractors in a sequence that best provides for coordination of the 
information and resolution of conflicts between installed components before 
submitting for review.

c. Indicate functional and spatial relationships of components of architectural, 
structural, civil, mechanical, and electrical systems.

d. Indicate space requirements for routine maintenance and for anticipated 
replacement of components during the life of the installation.

e. Show location and size of access doors required for access to concealed dampers, 
valves, and other controls.

f. Indicate required installation sequences.
g. Indicate dimensions shown on the Drawings.  Specifically note dimensions that 

appear to be in conflict with submitted equipment and minimum clearance 
requirements.  Provide alternate sketches to A/E indicating proposed resolution of 
such conflicts.  Minor dimension changes and difficult installations will not be 
considered changes to the Contract.

B. Coordination Drawing Organization:  Organize coordination drawings as follows:

1. Floor Plans and Reflected Ceiling Plans:  Show architectural and structural elements, and 
mechanical, plumbing, fire-protection, fire-alarm, and electrical Work.  Show locations of 
visible ceiling-mounted devices relative to acoustical ceiling grid.  Supplement plan 
drawings with section drawings where required to adequately represent the Work.

2. Plenum Space:  Indicate sub-framing for support of ceiling and wall systems, mechanical 
and electrical equipment, and related Work.  Locate components within ceiling plenum to 
accommodate layout of light fixtures indicated on Drawings.  Indicate areas of conflict 
between light fixtures and other components.

3. Structural Penetrations:  Indicate penetrations and openings required for all disciplines.
4. Slab Edge and Embedded Items:  Indicate slab edge locations and sizes and locations of 

embedded items for metal fabrications, sleeves, anchor bolts, bearing plates, angles, 
door floor closers, slab depressions for floor finishes, curbs and housekeeping pads, and 
similar items.

5. Mechanical and Plumbing Work:  Show the following:

a. Sizes and bottom elevations of ductwork, piping, and conduit runs, including 
insulation, bracing, flanges, and support systems.
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b. Dimensions of major components, such as dampers, valves, diffusers, access 
doors, cleanouts and electrical distribution equipment.

c. Fire-rated enclosures around ductwork.

6. Electrical Work:  Show the following:

a. Runs of vertical and horizontal conduit 1-1/4 inches (32 mm) in diameter and 
larger.

b. Light fixture, exit light, emergency battery pack, smoke detector, and other fire-
alarm locations.

c. Panel board, switch board, switchgear, transformer, busway, generator, and motor 
control center locations.

d. Location of pull boxes and junction boxes, dimensioned from column center lines.

7. Review:  A/E will review coordination drawings to confirm that the Work is being 
coordinated, but not for the details of the coordination, which are Contractor's 
responsibility.  If A/E determines that coordination drawings are not being prepared in 
sufficient scope or detail, or are otherwise deficient, A/E will so inform Contractor, who 
shall make changes as directed and resubmit.

8. Coordination Drawing Prints:  Prepare coordination drawing prints according to 
requirements in Section 013300 "Submittal Procedures."

C. Coordination Digital Data Files:  Prepare coordination digital data files according to the following 
requirements:

1. File Submittal Format:  Submit or post coordination drawing files using format same as 
file preparation format, DWG or Portable Data File (PDF) format.

2. A/E will furnish Contractor one set of digital data files of Drawings for use in preparing 
coordination digital data files.

a. A/E makes no representations as to the accuracy or completeness of digital data 
files as they relate to Drawings.

b. Digital Data Software Program:  Drawings are available in ACAD or REVIT.

1.7 REQUESTS FOR INFORMATION (RFIs)

A. General:  Immediately on discovery of the need for additional information or interpretation of the 
Contract Documents, Contractor shall prepare and submit an RFI in the form specified.

1. A/E will return RFIs submitted to A/E by other entities controlled by Contractor with no 
response.

2. Coordinate and submit RFIs in a prompt manner so as to avoid delays in Contractor's 
work or work of subcontractors.

B. Content of the RFI:  Include a detailed, legible description of item needing information or 
interpretation and the following:

1. Project name.
2. Project number.
3. Date.
4. Name of Contractor.
5. Name of A/E
6. RFI number, numbered sequentially.
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7. RFI subject.
8. Specification Section number and title and related paragraphs, as appropriate.
9. Drawing number and detail references, as appropriate.
10. Field dimensions and conditions, as appropriate.
11. Contractor's suggested resolution.  If Contractor's suggested resolution impacts the 

Contract Time or the Contract Sum, Contractor shall state impact in the RFI.
12. Contractor's signature.
13. Attachments:  Include sketches, descriptions, measurements, photos, Product Data, 

Shop Drawings, coordination drawings, and other information necessary to fully describe 
items needing interpretation.

a. Include dimensions, thicknesses, structural grid references, and details of affected 
materials, assemblies, and attachments on attached sketches.

C. RFI Forms:  Software-generated form with substantially the same content as indicated above, 
acceptable to A/E.

1. Attachments shall be electronic files in Adobe Acrobat PDF format.

D. A/E Action:  A/E will review each RFI, determine action required, and respond.  Allow seven 
working days for A/E's response for each RFI.  RFIs received by A/E after 1:00 p.m. will be 
considered as received the following working day.

1. The following Contractor-generated RFIs will be returned without action:

a. Requests for approval of submittals.
b. Requests for approval of substitutions.
c. Requests for approval of Contractor's means and methods.
d. Requests for coordination information already indicated in the Contract 

Documents.
e. Requests for adjustments in the Contract Time or the Contract Sum.
f. Requests for interpretation of A/E's actions on submittals.
g. Incomplete RFIs or inaccurately prepared RFIs.

2. A/E’s action may include a request for additional information, in which case A/E's time for 
response will date from time of receipt of additional information.

3. A/E's action on RFIs that may result in a change to the Contract Time or the Contract 
Sum may be eligible for Contractor to submit Change Proposal.

a. If Contractor believes the RFI response warrants change in the Contract Time or 
the Contract Sum, notify A/E in writing within 10 days of receipt of the RFI 
response.

E. RFI Log:  Prepare, maintain, and submit a tabular log of RFIs organized by the RFI number.  
Submit log weekly

1. Project name.
2. Name and address of Contractor.
3. Name and address of A/E.
4. RFI number including RFIs that were returned without action or withdrawn.
5. RFI description.
6. Date the RFI was submitted.
7. Date A/E response was received.
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F. On receipt of A/E's action, update the RFI log and immediately distribute the RFI response to 
affected parties.  Review response and notify A/E within seven days if Contractor disagrees with 
response.

1. Identification of related Minor Change in the Work, Construction Change Directive, and 
Proposal Request, as appropriate.

2. Identification of related Field Order, Work Change Directive, and Proposal Request, as 
appropriate.

1.8 PROJECT MEETINGS

A. General:  Schedule and conduct meetings and conferences at Project site unless otherwise 
indicated.

1. Attendees:  Inform participants and others involved, and individuals whose presence is 
required, of date and time of each meeting.  Notify Owner and A/E of scheduled meeting 
dates and times.

2. Agenda:  Prepare the meeting agenda.  Distribute the agenda to all invited attendees.
3. Minutes:  Entity responsible for conducting meeting will record significant discussions and 

agreements achieved.  Distribute the meeting minutes to everyone concerned, including 
Owner and A/E, within three days of the meeting.

B. Preconstruction Conference:  A/E will schedule and conduct a preconstruction conference 
before starting construction, at a time convenient to Owner and A/E, but no later than 15 days 
after execution of the Agreement.

1. Conduct the conference to review responsibilities and personnel assignments.
2. Attendees:  Authorized representatives of Owner, A/E, and their consultants; Contractor 

and its superintendent; major subcontractors; suppliers; and other concerned parties 
shall attend the conference.  Participants at the conference shall be familiar with Project 
and authorized to conclude matters relating to the Work.

3. Agenda:  Discuss items of significance that could affect progress, including the following:

a. Tentative construction schedule.
b. Phasing.
c. Critical work sequencing and long-lead items.
d. Designation of key personnel and their duties.
e. Lines of communications.
f. Procedures for processing field decisions and Change Orders.
g. Procedures for RFIs.
h. Procedures for testing and inspecting.
i. Procedures for processing Applications for Payment.
j. Distribution of the Contract Documents.
k. Submittal procedures.
l. Preparation of record documents.
m. Use of the premises and existing building.
n. Work restrictions.
o. Working hours.
p. Owner's occupancy requirements.
q. Responsibility for temporary facilities and controls.
r. Procedures for moisture and mold control.
s. Procedures for disruptions and shutdowns.
t. Construction waste management and recycling.
u. Parking availability.
v. Office, work, and storage areas.
w. Equipment deliveries and priorities.
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x. First aid.
y. Security.
z. Progress cleaning.

4. Minutes:  Entity responsible for conducting meeting will record and distribute meeting 
minutes.

C. Progress Meetings:  Conduct progress meetings at biweekly intervals.

1. Coordinate dates of meetings with preparation of payment requests.
2. Attendees:  In addition to representatives of Owner and A/E, each contractor, 

subcontractor, supplier, and other entity concerned with current progress or involved in 
planning, coordination, or performance of future activities shall be represented at these 
meetings.  All participants at the meeting shall be familiar with Project and authorized to 
conclude matters relating to the Work.

3. Agenda:  Review and correct or approve minutes of previous progress meeting.  Review 
other items of significance that could affect progress.  Include topics for discussion as 
appropriate to status of Project.

a. Contractor's Construction Schedule:  Review progress since the last meeting.  
Determine whether each activity is on time, ahead of schedule, or behind 
schedule, in relation to Contractor's construction schedule.  Determine how 
construction behind schedule will be expedited; secure commitments from parties 
involved to do so.  Discuss whether schedule revisions are required to ensure that 
current and subsequent activities will be completed within the Contract Time.

1) Review schedule for next period.

b. Review present and future needs of each entity present, including the following:

1) Interface requirements.
2) Sequence of operations.
3) Resolution of BIM component conflicts.
4) Status of submittals.
5) Deliveries.
6) Off-site fabrication.
7) Access.
8) Site utilization.
9) Temporary facilities and controls.
10) Progress cleaning.
11) Quality and work standards.
12) Status of correction of deficient items.
13) Field observations.
14) Status of RFIs.
15) Status of proposal requests.
16) Pending changes.
17) Status of Change Orders.
18) Pending claims and disputes.
19) Documentation of information for payment requests.

4. Minutes:  Entity responsible for conducting the meeting will record and distribute the 
meeting minutes to each party present and to parties requiring information.
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a. Schedule Updating:  Revise Contractor's construction schedule after each 
progress meeting where revisions to the schedule have been made or recognized.  
Issue revised schedule concurrently with the report of each meeting.

D. Coordination Meetings:  Conduct project coordination meetings at regular intervals.  Project 
coordination meetings are in addition to specific meetings held for other purposes, such as 
progress meetings and pre-installation conferences.

1. Attendees:  In addition to representatives of Owner and A/E, each contractor, 
subcontractor, supplier, and other entity concerned with current progress or involved in 
planning, coordination, or performance of future activities shall be represented at these 
meetings.  All participants at the meetings shall be familiar with Project and authorized to 
conclude matters relating to the Work.

2. Agenda:  Review and correct or approve minutes of the previous coordination meeting.  
Review other items of significance that could affect progress.  Include topics for 
discussion as appropriate to status of Project.

a. Combined Contractor's Construction Schedule:  Review progress since the last 
coordination meeting.  Determine whether each contract is on time, ahead of 
schedule, or behind schedule, in relation to combined Contractor's construction 
schedule.  Determine how construction behind schedule will be expedited; secure 
commitments from parties involved to do so.  Discuss whether schedule revisions 
are required to ensure that current and subsequent activities will be completed 
within the Contract Time.

b. Schedule Updating:  Revise combined Contractor's construction schedule after 
each coordination meeting where revisions to the schedule have been made or 
recognized.  Issue revised schedule concurrently with report of each meeting.

c. Review present and future needs of each contractor present, including the 
following:

1) Interface requirements.
2) Sequence of operations.
3) Status of submittals.
4) Deliveries.
5) Off-site fabrication.
6) Access.
7) Site utilization.
8) Temporary facilities and controls.
9) Work hours.
10) Hazards and risks.
11) Progress cleaning.
12) Quality and work standards.
13) Change Orders.

3. Reporting:  Record meeting results and distribute copies to everyone in attendance and 
to others affected by decisions or actions resulting from each meeting.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 013100
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SECTION 013300 - SUBMITTAL PROCEDURES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes requirements for the submittal schedule and administrative and procedural 
requirements for submitting Shop Drawings, Product Data, Samples, and other submittals.

B. Related Requirements:

1. Section 012900 "Payment Procedures" for submitting Applications for Payment and the 
schedule of values.

2. Section 017823 "Operation and Maintenance Data" for submitting operation and 
maintenance manuals.

3. Section 017839 "Project Record Documents" for submitting record Drawings, record 
Specifications, and record Product Data.

1.3 DEFINITIONS

A. Action Submittals:  Written and graphic information and physical samples that require A/E's 
responsive action.  Action submittals are those submittals indicated in individual Specification 
Sections as "action submittals."

B. Informational Submittals:  Written and graphic information and physical samples that do not 
require A/E's responsive action.  Submittals may be rejected for not complying with 
requirements.  Informational submittals are those submittals indicated in individual Specification 
Sections as "informational submittals."

C. File Transfer Protocol (FTP):  Communications protocol that enables transfer of files to and from 
another computer over a network and that serves as the basis for standard Internet protocols.  
An FTP site is a portion of a network located outside of network firewalls within which internal 
and external users are able to access files.

D. Portable Document Format (PDF):  An open standard file format licensed by Adobe Systems 
used for representing documents in a device-independent and display resolution-independent 
fixed-layout document format.

1.4 ACTION SUBMITTALS

A. THIS IS A FAST-TRACK PROJECT REQUIRING TIMELY ATTENTION.  ALL SUBMITTALS 
SHALL BE SUBMITTED FOR OWNER / ENGINEER REVIEW WITHIN 7 DAYS OF NOTICE 
TO PROCEED.

B. Submittal Schedule:  Submit a schedule of submittals, arranged in chronological order by dates 
required by construction schedule.  Include time required for review, ordering, manufacturing, 
fabrication, and delivery when establishing dates.  Include additional time required for making 



SUBMITTAL PROCEDURES 013300 - 2

corrections or revisions to submittals noted by A/E and additional time for handling and 
reviewing submittals required by those corrections.

1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and 
Contractor's construction schedule.

2. Initial Submittal:  Submit concurrently with startup construction schedule.  Include 
submittals required during the first 60 days of construction.  List those submittals required 
to maintain orderly progress of the Work and those required early because of long lead 
time for manufacture or fabrication.

3. Final Submittal:  Submit concurrently with the first complete submittal of Contractor's 
construction schedule.
a. Submit revised submittal schedule to reflect changes in current status and timing 

for submittals.

4. Format:  Arrange the following information in a tabular format:
a. Scheduled date for first submittal.
b. Specification Section number and title.
c. Submittal category:  Action; informational.
d. Name of subcontractor.
e. Description of the Work covered.
f. Scheduled date for A/E's final release or approval.
g. Scheduled date of fabrication.
h. Scheduled dates for purchasing.
i. Scheduled dates for installation.
j. Activity or event number.

1.5 SUBMITTAL ADMINISTRATIVE REQUIREMENTS

A. A/E's Digital Data Files:  Electronic digital data files of the Contract Drawings will be provided by 
A/E for Contractor's use in preparing submittals.

1. A/E will furnish Contractor one set of digital data drawing files of the Contract Drawings 
for use in preparing Shop Drawings and Project record drawings.
a. A/E makes no representations as to the accuracy or completeness of digital data 

drawing files as they relate to the Contract Drawings.
b. Digital Drawing Software Program:  The Contract Drawings are available in ACAD 

and REVIT
c. Contractor shall execute a data licensing agreement in the form of 

AIA Document C106, Digital Data Licensing Agreement.
d. The following digital data files will by furnished for each appropriate discipline:

1) Floor plans.
2) HVAC and Electrical plans.

B. Coordination:  Coordinate preparation and processing of submittals with performance of 
construction activities.

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, 
and related activities that require sequential activity.

2. Submit all submittal items required for each Specification Section concurrently unless 
partial submittals for portions of the Work are indicated on approved submittal schedule.

3. Submit action submittals and informational submittals required by the same Specification 
Section as separate packages under separate transmittals.

4. Coordinate transmittal of different types of submittals for related parts of the Work so 
processing will not be delayed because of need to review submittals concurrently for 
coordination.
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a. A/E reserves the right to withhold action on a submittal requiring coordination with 
other submittals until related submittals are received.

C. Processing Time:  Allow time for submittal review, including time for resubmittals, as follows.  
Time for review shall commence on A/E's receipt of submittal.  No extension of the Contract 
Time will be authorized because of failure to transmit submittals enough in advance of the Work 
to permit processing, including resubmittals.

1. Initial Review:  Allow 10 days for initial review of each submittal.  Allow additional time if 
coordination with subsequent submittals is required.  

2. Intermediate Review:  If intermediate submittal is necessary, process it in same manner 
as initial submittal.

3. Resubmittal Review:  Allow 7 days for review of each resubmittal.
4. Sequential Review:  Where sequential review of submittals by A/E's consultants, Owner, 

or other parties is indicated, allow 10 days for initial review of each submittal.

5. Concurrent Consultant Review:  Where the Contract Documents indicate that submittals 
may be transmitted simultaneously to A/E and to A/E's consultants, allow 10 days for 
review of each submittal.  Submittal will be returned to A/E before being returned to 
Contractor.

D. Electronic Submittals:  Identify and incorporate information in each electronic submittal file as 
follows:

1. Assemble complete submittal package into a single indexed file incorporating submittal 
requirements of a single Specification Section and transmittal form with links enabling 
navigation to each item.

2. Name file with submittal number or other unique identifier, including revision identifier.
a. File name shall use project identifier and Specification Section number followed by 

a decimal point and then a sequential number (e.g., LNHS-061000.01).  
Resubmittals shall include an alphabetic suffix after another decimal point (e.g., 
LNHS-061000.01.A).

3. Provide means for insertion to permanently record Contractor's review and approval 
markings and action taken by A/E.

4. Transmittal Form for Electronic Submittals:  Use software-generated form from electronic 
project management software or electronic form acceptable to Owner, containing the 
following information:
a. Project name.
b. Date.
c. Name and address of A/E.
d. Name of Construction Manager.
e. Name of Contractor.
f. Name of firm or entity that prepared submittal.
g. Names of subcontractor, manufacturer, and supplier.
h. Category and type of submittal.
i. Submittal purpose and description.
j. Specification Section number and title.
k. Specification paragraph number or drawing designation and generic name for each 

of multiple items.
l. Drawing number and detail references, as appropriate.
m. Location(s) where product is to be installed, as appropriate.
n. Related physical samples submitted directly.
o. Indication of full or partial submittal.
p. Transmittal number.
q. Submittal and transmittal distribution record.
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r. Other necessary identification.
s. Remarks.

5. Metadata:  Include the following information as keywords in the electronic submittal file 
metadata:
a. Project name.
b. Number and title of appropriate Specification Section.
c. Manufacturer name.
d. Product name.

E. Options:  Identify options requiring selection by A/E.

F. Deviations and Additional Information:  On an attached separate sheet, prepared on 
Contractor's letterhead, record relevant information, requests for data, revisions other than 
those requested by A/E on previous submittals, and deviations from requirements in the 
Contract Documents, including minor variations and limitations.  Include same identification 
information as related submittal.

G. Resubmittals:  Make resubmittals in same form and number of copies as initial submittal.

1. Note date and content of previous submittal.
2. Note date and content of revision in label or title block and clearly indicate extent of 

revision.
3. Resubmit submittals until they are marked with approval notation from A/E's action 

stamp.

H. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 
fabricators, installers, authorities having jurisdiction, and others as necessary for performance of 
construction activities.  Show distribution on transmittal forms.

I. Use for Construction:  Retain complete copies of submittals on Project site.  Use only final 
action submittals that are marked with approval notation from A/E's action stamp.

PART 2 - PRODUCTS

2.1 SUBMITTAL PROCEDURES

A. General Submittal Procedure Requirements:  Prepare and submit submittals required by 
individual Specification Sections.  Types of submittals are indicated in individual Specification 
Sections.

1. Post electronic submittals as PDF electronic files directly to Project Web site  specifically 
established for Project.
a. A/E will return annotated file or submittal review form.  Annotate and retain one 

copy of file as an electronic Project record document file.

2. Submit electronic submittals via email as PDF electronic files.
a. A/E will return annotated file or submittal review form.  Annotate and retain one 

copy of file as an electronic Project record document file.

3. Certificates and Certifications Submittals:  Provide a statement that includes signature of 
entity responsible for preparing certification.  Certificates and certifications shall be 
signed by an officer or other individual authorized to sign documents on behalf of that 
entity.
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a. Provide a digital signature with digital certificate on electronically submitted 
certificates and certifications where indicated.

b. Provide a notarized statement on original paper copy certificates and certifications 
where indicated.

B. Product Data:  Collect information into a single submittal for each element of construction and 
type of product or equipment.

1. If information must be specially prepared for submittal because standard published data 
are not suitable for use, submit as Shop Drawings, not as Product Data.

2. Mark each copy of each submittal to show which products and options are applicable.
3. Include the following information, as applicable:

a. Manufacturer's catalog cuts.
b. Manufacturer's product specifications.
c. Standard color charts.
d. Statement of compliance with specified referenced standards.
e. Testing by recognized testing agency.
f. Application of testing agency labels and seals.
g. Notation of coordination requirements.
h. Availability and delivery time information.

4. For equipment, include the following in addition to the above, as applicable:
a. Wiring diagrams showing factory-installed wiring.
b. Printed performance curves.
c. Operational range diagrams.
d. Clearances required to other construction, if not indicated on accompanying Shop 

Drawings.

5. Submit Product Data before or concurrent with Samples.
6. Submit Product Data in the following format:

a. PDF electronic file.

C. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do not base 
Shop Drawings on reproductions of the Contract Documents or standard printed data, unless 
submittal based on A/E's digital data drawing files is otherwise permitted.

1. Preparation:  Fully illustrate requirements in the Contract Documents.  Include the 
following information, as applicable:
a. Identification of products.
b. Schedules.
c. Compliance with specified standards.
d. Notation of coordination requirements.
e. Notation of dimensions established by field measurement.
f. Relationship and attachment to adjoining construction clearly indicated.
g. Seal and signature of professional engineer if specified.

2. Sheet Size:  Except for templates, patterns, and similar full-size drawings, submit Shop 
Drawings on sheets at least 8-1/2 by 11 inches, but no larger than 30 by 42 inches.

3. Submit Shop Drawings in the following format:
a. PDF electronic file.

D. Samples:  Submit Samples for review of kind, color, pattern, and texture for a check of these 
characteristics with other elements and for a comparison of these characteristics between 
submittal and actual component as delivered and installed.
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1. Transmit Samples that contain multiple, related components such as accessories 
together in one submittal package.

2. Identification:  Attach label on unexposed side of Samples that includes the following:
a. Generic description of Sample.
b. Product name and name of manufacturer.
c. Sample source.
d. Number and title of applicable Specification Section.
e. Specification paragraph number and generic name of each item.

3. For projects where electronic submittals are required, provide corresponding electronic 
submittal of Sample transmittal, digital image file illustrating Sample characteristics, and 
identification information for record.

4. Disposition:  Maintain sets of approved Samples at Project site, available for quality-
control comparisons throughout the course of construction activity.  Sample sets may be 
used to determine final acceptance of construction associated with each set.
a. Samples that may be incorporated into the Work are indicated in individual 

Specification Sections.  Such Samples must be in an undamaged condition at time 
of use.

b. Samples not incorporated into the Work, or otherwise designated as Owner's 
property, are the property of Contractor.

5. Samples for Initial Selection:  Submit manufacturer's color charts consisting of units or 
sections of units showing the full range of colors, textures, and patterns available.
a. Number of Samples:  Submit one full set(s) of available choices where color, 

pattern, texture, or similar characteristics are required to be selected from 
manufacturer's product line.  A/E will return submittal with options selected.

E. Product Schedule:  As required in individual Specification Sections, prepare a written summary 
indicating types of products required for the Work and their intended location.  Include the 
following information in tabular form:

1. Type of product.  Include unique identifier for each product indicated in the Contract 
Documents or assigned by Contractor if none is indicated.

2. Manufacturer and product name, and model number if applicable.
3. Number and name of room or space.
4. Location within room or space.
5. Submit product schedule in the following format:

a. PDF electronic file.

F. Coordination Drawing Submittals:  Comply with requirements specified in Section 013100 
"Project Management and Coordination."

G. Contractor's Construction Schedule:  Comply with requirements specified in Section 013200 
"Construction Progress Documentation."

H. Application for Payment and Schedule of Values:  Comply with requirements specified in 
Section 012900 "Payment Procedures."

I. Closeout Submittals and Maintenance Material Submittals:  Comply with requirements specified 
in Section 017700 "Closeout Procedures."

J. Maintenance Data:  Comply with requirements specified in Section 017823 "Operation and 
Maintenance Data."
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K. Qualification Data:  Prepare written information that demonstrates capabilities and experience of 
firm or person.  Include lists of completed projects with project names and addresses, contact 
information of A/Es and owners, and other information specified.

L. Welding Certificates:  Prepare written certification that welding procedures and personnel 
comply with requirements in the Contract Documents.  Submit record of Welding Procedure 
Specification and Procedure Qualification Record on AWS forms.  Include names of firms and 
personnel certified.

M. Installer Certificates:  Submit written statements on manufacturer's letterhead certifying that 
Installer complies with requirements in the Contract Documents and, where required, is 
authorized by manufacturer for this specific Project.

N. Manufacturer Certificates:  Submit written statements on manufacturer's letterhead certifying 
that manufacturer complies with requirements in the Contract Documents.  Include evidence of 
manufacturing experience where required.

O. Product Certificates:  Submit written statements on manufacturer's letterhead certifying that 
product complies with requirements in the Contract Documents.

P. Material Certificates:  Submit written statements on manufacturer's letterhead certifying that 
material complies with requirements in the Contract Documents.

Q. Material Test Reports:  Submit reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting test results of material for compliance with 
requirements in the Contract Documents.

R. Product Test Reports:  Submit written reports indicating that current product produced by 
manufacturer complies with requirements in the Contract Documents.  Base reports on 
evaluation of tests performed by manufacturer and witnessed by a qualified testing agency, or 
on comprehensive tests performed by a qualified testing agency.

S. Research Reports:  Submit written evidence, from a model code organization acceptable to 
authorities having jurisdiction, that product complies with building code in effect for Project.  
Include the following information:

1. Name of evaluation organization.
2. Date of evaluation.
3. Time period when report is in effect.
4. Product and manufacturers' names.
5. Description of product.
6. Test procedures and results.
7. Limitations of use.

T. Preconstruction Test Reports:  Submit reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting results of tests performed before installation 
of product, for compliance with performance requirements in the Contract Documents.

U. Compatibility Test Reports:  Submit reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting results of compatibility tests performed 
before installation of product.  Include written recommendations for primers and substrate 
preparation needed for adhesion.
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V. Field Test Reports:  Submit written reports indicating and interpreting results of field tests 
performed either during installation of product or after product is installed in its final location, for 
compliance with requirements in the Contract Documents.

W. Design Data:  Prepare and submit written and graphic information, including, but not limited to, 
performance and design criteria, list of applicable codes and regulations, and calculations.  
Include list of assumptions and other performance and design criteria and a summary of loads.  
Include load diagrams if applicable.  Provide name and version of software, if any, used for 
calculations.  Include page numbers.

2.2 DELEGATED-DESIGN SERVICES

A. Performance and Design Criteria:  Where professional design services or certifications by a 
design professional are specifically required of Contractor by the Contract Documents, provide 
products and systems complying with specific performance and design criteria indicated.

1. If criteria indicated are not sufficient to perform services or certification required, submit a 
written request for additional information to A/E.

B. Delegated-Design Services Certification:  In addition to Shop Drawings, Product Data, and other 
required submittals, submit digitally signed PDF electronic file and three paper copies of 
certificate, signed and sealed by the responsible design professional, for each product and 
system specifically assigned to Contractor to be designed or certified by a design professional.

1. Indicate that products and systems comply with performance and design criteria in the 
Contract Documents.  Include list of codes, loads, and other factors used in performing 
these services.

PART 3 - EXECUTION

3.1 CONTRACTOR'S REVIEW

A. Action and Informational Submittals:  Review each submittal and check for coordination with 
other Work of the Contract and for compliance with the Contract Documents.  Note corrections 
and field dimensions.  Mark with approval stamp before submitting to A/E.

B. Project Closeout and Maintenance Material Submittals:  See requirements in Section 017700 
"Closeout Procedures."

C. Approval Stamp:  Stamp each submittal with a uniform, approval stamp.  Include Project name 
and location, submittal number, Specification Section title and number, name of reviewer, date 
of Contractor's approval, and statement certifying that submittal has been reviewed, checked, 
and approved for compliance with the Contract Documents.

3.2 A/E'S ACTION

A. Action Submittals:  A/E will review each submittal, make marks to indicate corrections or 
revisions required, and return it.  

B. Informational Submittals:  A/E will review each submittal and will not return it, or will return it if it 
does not comply with requirements.  A/E will forward each submittal to appropriate party.

C. Partial submittals prepared for a portion of the Work will be reviewed when use of partial 
submittals has received prior approval from A/E.
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D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned 
for resubmittal without review.

E. Submittals not required by the Contract Documents may be returned by the A/E without action.

END OF SECTION 013300
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SECTION 015000 - TEMPORARY FACILITIES AND CONTROLS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

B. Availability of space for temporary facilities, staging area, and parking are not guaranteed by the 
owner.  The owner will consider requests.

1.2 SUMMARY

A. Section includes requirements for temporary utilities, support facilities, and security and 
protection facilities.

B. Related Requirements:

1. Section 011000 "Summary" for work restrictions and limitations on utility interruptions.

1.3 USE CHARGES

A. General:  Installation and removal of and use charges for temporary facilities shall be included 
in the Contract Sum unless otherwise indicated.  Allow other entities to use temporary services 
and facilities without cost, including, but not limited to testing agencies, and authorities having 
jurisdiction.

B. Sewer Service:  Contractor shall furnish temporary toilet facilities.

C. Water Service:  Owner will pay water-service use charges for water used by all entities for 
construction operations.

D. Electric Power Service:  Owner will pay electric-power-service use charges for electricity used 
by all entities for construction operations.

E. Water and Sewer Service from Existing System:  Water from Owner's existing water system is 
available for use without metering and without payment of use charges.  Provide connections 
and extensions of services as required for construction operations.

F. Electric Power Service from Existing System:  Electric power from Owner's existing system is 
available for use without metering and without payment of use charges.  Provide connections 
and extensions of services as required for construction operations.

1.4 INFORMATIONAL SUBMITTALS

A.    Availability of space for temporary facilities, staging area, and parking are not guaranteed by 
the owner.  The owner will consider requests.

B.    Site Plan:  Show temporary facilities, utility hookups, staging areas, and parking areas for 
construction personnel.
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C. Fire-Safety Program:  Show compliance with requirements of NFPA 241 and authorities having 
jurisdiction.  Indicate Contractor personnel responsible for management of fire-prevention 
program.

1.5 QUALITY ASSURANCE

A. Electric Service:  Comply with NECA, NEMA, and UL standards and regulations for temporary 
electric service.  Install service to comply with NFPA 70.

B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each 
temporary utility before use.  Obtain required certifications and permits.

1.6 PROJECT CONDITIONS

A. Temporary Use of Permanent Facilities:  Engage Installer of each permanent service to assume 
responsibility for operation, maintenance, and protection of each permanent service during its 
use as a construction facility before Owner's acceptance, regardless of previously assigned 
responsibilities.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Chain-Link Fencing:  Minimum 2-inch (50-mm), 0.148-inch- (3.8-mm-) thick, galvanized-steel, 
chain-link fabric fencing; minimum 6 feet (1.8 m) high with galvanized-steel pipe posts; minimum 
2-3/8-inch- (60-mm-) OD line posts and 2-7/8-inch- (73-mm-) OD corner and pull posts.

B. Portable Chain-Link Fencing:  Minimum 2-inch (50-mm), 0.148-inch- (3.8-mm-) thick, 
galvanized-steel, chain-link fabric fencing; minimum 6 feet (1.8 m) high with galvanized-steel 
pipe posts; minimum 2-3/8-inch- (60-mm-) OD line posts and 2-7/8-inch- (73-mm-) OD corner 
and pull posts, with 1-5/8-inch- (42-mm-) OD top and bottom rails.  Provide concrete bases for 
supporting posts.

C. Fire Extinguishers:  Portable, UL rated; with class and extinguishing agent as required by 
locations and classes of fire exposures.

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Locate facilities where they will serve Project adequately and result in minimum interference 
with performance of the Work.  Relocate and modify facilities as required by progress of the 
Work.

1. Locate facilities to limit site disturbance as specified in Section 011000 "Summary."

B. Provide each facility ready for use when needed to avoid delay.  Do not remove until facilities 
are no longer needed or are replaced by authorized use of completed permanent facilities.
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3.2 SECURITY AND PROTECTION FACILITIES INSTALLATION

A. Protection of Existing Facilities:  Protect existing vegetation, equipment, structures, utilities, and 
other improvements at Project site and on adjacent properties, except those indicated to be 
removed or altered.  Repair damage to existing facilities.

B. Environmental Protection:  Provide protection, operate temporary facilities, and conduct 
construction as required to comply with environmental regulations and that minimize possible 
air, waterway, and subsoil contamination or pollution or other undesirable effects.

1. Comply with work restrictions specified in Section 011000 "Summary."

C. Site Enclosure Fence:  Before construction operations begin, furnish and install site enclosure 
fence in a manner that will prevent people and animals from easily entering site except by 
entrance gates.

1. Extent of Fence:  Fence is required to enclose entire Project site or portion determined 
sufficient to accommodate construction operations.

D. Barricades, Warning Signs, and Lights:  Comply with requirements of authorities having 
jurisdiction for erecting structurally adequate barricades, including warning signs and lighting.

E. Temporary Egress:  Maintain temporary egress from existing occupied facilities as indicated 
and as required by authorities having jurisdiction.

F. Temporary Fire Protection:  Install and maintain temporary fire-protection facilities of types 
needed to protect against reasonably predictable and controllable fire losses.  Comply with 
NFPA 241; manage fire-prevention program.

1. Prohibit smoking in construction areas.
2. Supervise welding operations, combustion-type temporary heating units, and similar 

sources of fire ignition according to requirements of authorities having jurisdiction.
3. Develop and supervise an overall fire-prevention and -protection program for personnel 

at Project site.  Review needs with local fire department and establish procedures to be 
followed.  Instruct personnel in methods and procedures.  Post warnings and information.

4. Provide temporary standpipes and hoses for fire protection.  Hang hoses with a warning 
sign stating that hoses are for fire-protection purposes only and are not to be removed.  
Match hose size with outlet size and equip with suitable nozzles.

3.3 OPERATION, TERMINATION, AND REMOVAL

A. Supervision:  Enforce strict discipline in use of temporary facilities.  To minimize waste and 
abuse, limit availability of temporary facilities to essential and intended uses.

B. Maintenance:  Maintain facilities in good operating condition until removal.

1. Maintain operation of temporary enclosures, heating, cooling, humidity control, 
ventilation, and similar facilities on a 24-hour basis where required to achieve indicated 
results and to avoid possibility of damage.

C. Operate Project-identification-sign lighting daily from dusk until 12:00 midnight.

D. Temporary Facility Changeover:  Do not change over from using temporary security and 
protection facilities to permanent facilities until Substantial Completion.
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E. Termination and Removal:  Remove each temporary facility when need for its service has 
ended, when it has been replaced by authorized use of a permanent facility, or no later than 
Substantial Completion.  Complete or, if necessary, restore permanent construction that may 
have been delayed because of interference with temporary facility.  Repair damaged Work, 
clean exposed surfaces, and replace construction that cannot be satisfactorily repaired.

1. Materials and facilities that constitute temporary facilities are property of Contractor.  
Owner reserves right to take possession of Project identification signs.

2. Remove temporary roads and paved areas not intended for or acceptable for integration 
into permanent construction.  Where area is intended for landscape development, 
remove soil and aggregate fill that do not comply with requirements for fill or subsoil.  
Remove materials contaminated with road oil, asphalt and other petrochemical 
compounds, and other substances that might impair growth of plant materials or lawns.  
Repair or replace street paving, curbs, and sidewalks at temporary entrances, as 
required by authorities having jurisdiction.

3. At Substantial Completion, repair, renovate, and clean permanent facilities used during 
construction period.  Comply with final cleaning requirements specified in Section 017700 
"Closeout Procedures."

END OF SECTION 015000
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SECTION 017300 - EXECUTION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes general administrative and procedural requirements governing execution of the 
Work including, but not limited to, the following:

1. Construction layout.
2. Field engineering and surveying.
3. Installation of the Work.
4. Cutting and patching.
5. Coordination of Owner-installed products.
6. Progress cleaning.
7. Starting and adjusting.
8. Protection of installed construction.

B. Related Requirements:

1. Section 011000 "Summary" for limits on use of Project site.
2. Section 013300 "Submittal Procedures" for submitting surveys.
3. Section 017700 "Closeout Procedures" for submitting final property survey with Project 

Record Documents, recording of Owner-accepted deviations from indicated lines and 
levels, and final cleaning.

1.3 DEFINITIONS

A. Cutting:  Removal of in-place construction necessary to permit installation or performance of 
other work.

B. Patching:  Fitting and repair work required to restore construction to original conditions after 
installation of other work.

1.4 INFORMATIONAL SUBMITTALS

A. Cutting and Patching Plan:  Submit plan describing procedures at least 10 days prior to the time 
cutting and patching will be performed.  Include the following information:

1. Extent:  Describe reason for and extent of each occurrence of cutting and patching.
2. Changes to In-Place Construction:  Describe anticipated results.  Include changes to 

structural elements and operating components as well as changes in building 
appearance and other significant visual elements.

3. Products:  List products to be used for patching and firms or entities that will perform 
patching work.

4. Dates:  Indicate when cutting and patching will be performed.
5. Utilities and Mechanical and Electrical Systems:  List services and systems that cutting 

and patching procedures will disturb or affect.  List services and systems that will be 
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relocated and those that will be temporarily out of service.  Indicate length of time 
permanent services and systems will be disrupted.
a. Include description of provisions for temporary services and systems during 

interruption of permanent services and systems.

1.5 QUALITY ASSURANCE

A. Cutting and Patching:  Comply with requirements for and limitations on cutting and patching of 
construction elements.

1. Structural Elements:  When cutting and patching structural elements, notify A/E of 
locations and details of cutting and await directions from A/E before proceeding.  Shore, 
brace, and support structural elements during cutting and patching.  Do not cut and patch 
structural elements in a manner that could change their load-carrying capacity or 
increase deflection

2. Operational Elements:  Do not cut and patch operating elements and related components 
in a manner that results in reducing their capacity to perform as intended or that results in 
increased maintenance or decreased operational life or safety.
a. Primary operational systems and equipment.
b. Fire separation assemblies.
c. Air or smoke barriers.
d. Fire-suppression systems.
e. Mechanical systems piping and ducts.
f. Control systems.
g. Communication systems.
h. Fire-detection and -alarm systems.
i. Conveying systems.
j. Electrical wiring systems.
k. Operating systems of special construction.

3. Other Construction Elements:  Do not cut and patch other construction elements or 
components in a manner that could change their load-carrying capacity, that results in 
reducing their capacity to perform as intended, or that results in increased maintenance 
or decreased operational life or safety.

4. Visual Elements:  Do not cut and patch construction in a manner that results in visual 
evidence of cutting and patching.  Do not cut and patch exposed construction in a 
manner that would, in A/E's opinion, reduce the building's aesthetic qualities.  Remove 
and replace construction that has been cut and patched in a visually unsatisfactory 
manner.

B. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved 
in cutting and patching, including mechanical and electrical trades.  Review areas of potential 
interference and conflict.  Coordinate procedures and resolve potential conflicts before 
proceeding.

C. Manufacturer's Installation Instructions:  Obtain and maintain on-site manufacturer's written 
recommendations and instructions for installation of products and equipment.
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PART 2 - PRODUCTS

2.1 MATERIALS

A. General:  Comply with requirements specified in other Sections.

B. In-Place Materials:  Use materials for patching identical to in-place materials.  For exposed 
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 
possible.

1. If identical materials are unavailable or cannot be used, use materials that, when 
installed, will provide a match acceptable to A/E for the visual and functional performance 
of in-place materials.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Existing Conditions:  The existence and location of underground and other utilities and 
construction indicated as existing are not guaranteed.  Before beginning sitework, investigate 
and verify the existence and location of underground utilities, mechanical and electrical 
systems, and other construction affecting the Work.

1. Before construction, verify the location and invert elevation at points of connection of 
sanitary sewer, storm sewer, and water-service piping; underground electrical services, 
and other utilities.

2. Furnish location data for work related to Project that must be performed by public utilities 
serving Project site.

B. Examination and Acceptance of Conditions:  Before proceeding with each component of the 
Work, examine substrates, areas, and conditions, with Installer or Applicator present where 
indicated, for compliance with requirements for installation tolerances and other conditions 
affecting performance.  Record observations.

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of 
connections before equipment and fixture installation.

2. Examine walls, floors, and roofs for suitable conditions where products and systems are 
to be installed.

3. Verify compatibility with and suitability of substrates, including compatibility with existing 
finishes or primers.

C. Written Report:  Where a written report listing conditions detrimental to performance of the Work 
is required by other Sections, include the following:

1. Description of the Work.
2. List of detrimental conditions, including substrates.
3. List of unacceptable installation tolerances.
4. Recommended corrections.

D. Proceed with installation only after unsatisfactory conditions have been corrected.  Proceeding 
with the Work indicates acceptance of surfaces and conditions.
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3.2 PREPARATION

A. Existing Utility Information:  Furnish information to Owner that is necessary to adjust, move, or 
relocate existing utility structures, utility poles, lines, services, or other utility appurtenances 
located in or affected by construction.  Coordinate with authorities having jurisdiction.

B. Field Measurements:  Take field measurements as required to fit the Work properly.  Recheck 
measurements before installing each product.  Where portions of the Work are indicated to fit to 
other construction, verify dimensions of other construction by field measurements before 
fabrication.  Coordinate fabrication schedule with construction progress to avoid delaying the 
Work.

C. Space Requirements:  Verify space requirements and dimensions of items shown 
diagrammatically on Drawings.

D. Review of Contract Documents and Field Conditions:  Immediately on discovery of the need for 
clarification of the Contract Documents caused by differing field conditions outside the control of 
Contractor, submit a request for information to A/E according to requirements in Section 013100 
"Project Management and Coordination."

3.3 CONSTRUCTION LAYOUT

A. Verification:  Before proceeding to lay out the Work, verify layout information shown on 
Drawings, in relation to the property survey and existing benchmarks.  If discrepancies are 
discovered, notify A/E promptly.

3.4 INSTALLATION

A. General:  Locate the Work and components of the Work accurately, in correct alignment and 
elevation, as indicated.

1. Make vertical work plumb and make horizontal work level.
2. Where space is limited, install components to maximize space available for maintenance 

and ease of removal for replacement.
3. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated.
4. Maintain minimum headroom clearance of 96 inches  in occupied spaces and 90 inches 

in unoccupied spaces.

B. Comply with manufacturer's written instructions and recommendations for installing products in 
applications indicated.

C. Install products at the time and under conditions that will ensure the best possible results.  
Maintain conditions required for product performance until Substantial Completion.

D. Conduct construction operations so no part of the Work is subjected to damaging operations or 
loading in excess of that expected during normal conditions of occupancy.

E. Sequence the Work and allow adequate clearances to accommodate movement of construction 
items on site and placement in permanent locations.

F. Tools and Equipment:  Do not use tools or equipment that produce harmful noise levels.

G. Templates:  Obtain and distribute to the parties involved templates for work specified to be 
factory prepared and field installed.  Check Shop Drawings of other work to confirm that 
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adequate provisions are made for locating and installing products to comply with indicated 
requirements.

H. Attachment:  Provide blocking and attachment plates and anchors and fasteners of adequate 
size and number to securely anchor each component in place, accurately located and aligned 
with other portions of the Work.  Where size and type of attachments are not indicated, verify 
size and type required for load conditions.

1. Mounting Heights:  Where mounting heights are not indicated, mount components at 
heights directed by A/E.

2. Allow for building movement, including thermal expansion and contraction.
3. Coordinate installation of anchorages.  Furnish setting drawings, templates, and 

directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and 
items with integral anchors, that are to be embedded in concrete or masonry.  Deliver 
such items to Project site in time for installation.

I. Joints:  Make joints of uniform width.  Where joint locations in exposed work are not indicated, 
arrange joints for the best visual effect.  Fit exposed connections together to form hairline joints.

J. Hazardous Materials:  Use products, cleaners, and installation materials that are not considered 
hazardous.

3.5 CUTTING AND PATCHING

A. Cutting and Patching, General:  Employ skilled workers to perform cutting and patching.  
Proceed with cutting and patching at the earliest feasible time, and complete without delay.

1. Cut in-place construction to provide for installation of other components or performance 
of other construction, and subsequently patch as required to restore surfaces to their 
original condition.

B. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or 
damaged during installation or cutting and patching operations, by methods and with materials 
so as not to void existing warranties.

C. Temporary Support:  Provide temporary support of work to be cut.

D. Protection:  Protect in-place construction during cutting and patching to prevent damage.  
Provide protection from adverse weather conditions for portions of Project that might be 
exposed during cutting and patching operations.

E. Adjacent Occupied Areas:  Where interference with use of adjoining areas or interruption of free 
passage to adjoining areas is unavoidable, coordinate cutting and patching according to 
requirements in Section 011000 "Summary."

F. Existing Utility Services and Mechanical/Electrical Systems:  Where existing services/systems 
are required to be removed, relocated, or abandoned, bypass such services/systems before 
cutting to minimize interruption to occupied areas.

G. Cutting:  Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar 
operations, including excavation, using methods least likely to damage elements retained or 
adjoining construction.  If possible, review proposed procedures with original Installer; comply 
with original Installer's written recommendations.
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1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping.  Cut holes and slots neatly to minimum size required, and with 
minimum disturbance of adjacent surfaces.  Temporarily cover openings when not in use.

2. Finished Surfaces:  Cut or drill from the exposed or finished side into concealed surfaces.
3. Concrete and Masonry:  Cut using a cutting machine, such as an abrasive saw or a 

diamond-core drill.
4. Excavating and Backfilling:  Comply with requirements in applicable Sections where 

required by cutting and patching operations.
5. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be 

removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent 
entrance of moisture or other foreign matter after cutting.

6. Proceed with patching after construction operations requiring cutting are complete.

H. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations 
following performance of other work.  Patch with durable seams that are as invisible as 
practicable.  Provide materials and comply with installation requirements specified in other 
Sections, where applicable.

1. Inspection:  Where feasible, test and inspect patched areas after completion to 
demonstrate physical integrity of installation.

2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 
restoration into retained adjoining construction in a manner that will minimize evidence of 
patching and refinishing.

a. Clean piping, conduit, and similar features before applying paint or other finishing 
materials.

b. Restore damaged pipe covering to its original condition.

3. Floors and Walls:  Where walls or partitions that are removed extend one finished area 
into another, patch and repair floor and wall surfaces in the new space.  Provide an even 
surface of uniform finish, color, texture, and appearance.  Remove in-place floor and wall 
coverings and replace with new materials, if necessary, to achieve uniform color and 
appearance.
a. Where patching occurs in a painted surface, prepare substrate and apply primer 

and intermediate paint coats appropriate for substrate over the patch, and apply 
final paint coat over entire unbroken surface containing the patch.  Provide 
additional coats until patch blends with adjacent surfaces.

4. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an even-
plane surface of uniform appearance.

5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a 
weathertight condition and ensures thermal and moisture integrity of building enclosure.

I. Cleaning:  Clean areas and spaces where cutting and patching are performed.  Remove paint, 
mortar, oils, putty, and similar materials from adjacent finished surfaces.

3.6 OWNER-INSTALLED PRODUCTS

A. Site Access:  Provide access to Project site for Owner's construction personnel.

B. Coordination:  Coordinate construction and operations of the Work with work performed by 
Owner's construction personnel.

1. Construction Schedule:  Inform Owner of Contractor's preferred construction schedule for 
Owner's portion of the Work.  Adjust construction schedule based on a mutually 
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agreeable timetable.  Notify Owner if changes to schedule are required due to differences 
in actual construction progress.

2. Preinstallation Conferences:  Include Owner's construction personnel at preinstallation 
conferences covering portions of the Work that are to receive Owner's work.  Attend 
preinstallation conferences conducted by Owner's construction personnel if portions of 
the Work depend on Owner's construction.

3.7 PROGRESS CLEANING

A. General:  Clean Project site and work areas daily, including common areas.  Enforce 
requirements strictly.  Dispose of materials lawfully.

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and 
debris.

2. Do not hold waste materials more than seven days during normal weather or three days if 
the temperature is expected to rise above 80 deg F (27 deg C).

3. Containerize hazardous and unsanitary waste materials separately from other waste.  
Mark containers appropriately and dispose of legally, according to regulations.
a. Use containers intended for holding waste materials of type to be stored.

4. Coordinate progress cleaning for joint-use areas where Contractor and other contractors 
are working concurrently.

B. Site:  Maintain Project site free of waste materials and debris.

C. Work Areas:  Clean areas where work is in progress to the level of cleanliness necessary for 
proper execution of the Work.

1. Remove liquid spills promptly.
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the 

entire work area, as appropriate.

D. Installed Work:  Keep installed work clean.  Clean installed surfaces according to written 
instructions of manufacturer or fabricator of product installed, using only cleaning materials 
specifically recommended.  If specific cleaning materials are not recommended, use cleaning 
materials that are not hazardous to health or property and that will not damage exposed 
surfaces.

E. Concealed Spaces:  Remove debris from concealed spaces before enclosing the space.

F. Exposed Surfaces in Finished Areas:  Clean exposed surfaces and protect as necessary to 
ensure freedom from damage and deterioration at time of Substantial Completion.

G. Waste Disposal:  Do not bury or burn waste materials on-site.  Do not wash waste materials 
down sewers or into waterways.  

H. During handling and installation, clean and protect construction in progress and adjoining 
materials already in place.  Apply protective covering where required to ensure protection from 
damage or deterioration at Substantial Completion.

I. Clean and provide maintenance on completed construction as frequently as necessary through 
the remainder of the construction period.  Adjust and lubricate operable components to ensure 
operability without damaging effects.
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J. Limiting Exposures:  Supervise construction operations to assure that no part of the 
construction, completed or in progress, is subject to harmful, dangerous, damaging, or 
otherwise deleterious exposure during the construction period.

3.8 STARTING AND ADJUSTING

A. Start equipment and operating components to confirm proper operation in accordance with 
manufacturers requirements.  Remove malfunctioning units, replace with new units, and retest.

B. Adjust equipment for proper operation.  Adjust operating components for proper operation 
without binding.

C. Test each piece of equipment to verify proper operation.  Test and adjust controls and safeties.  
Replace damaged and malfunctioning controls and equipment.

3.9 PROTECTION OF INSTALLED CONSTRUCTION

A. Provide final protection and maintain conditions that ensure installed Work is without damage or 
deterioration at time of Substantial Completion.

END OF SECTION 017300
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SECTION 017700 - CLOSEOUT PROCEDURES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes administrative and procedural requirements for contract closeout, including, 
but not limited to, the following:

1. Substantial Completion procedures.
2. Final completion procedures.
3. Warranties.
4. Final cleaning.
5. Repair of the Work.

B. Related Requirements:

1. Section 017300 "Execution" for progress cleaning of Project site.
2. Section 017823 "Operation and Maintenance Data" for operation and maintenance 

manual requirements.
3. Section 017839 "Project Record Documents" for submitting record Drawings, record 

Specifications, and record Product Data.

1.3 ACTION SUBMITTALS

A. Product Data:  For cleaning agents.

B. Contractor's List of Incomplete Items:  Initial submittal at Substantial Completion.

C. Certified List of Incomplete Items:  Final submittal at Final Completion.

1.4 CLOSEOUT SUBMITTALS

A. Certificates of Release:  From authorities having jurisdiction.

B. Certificate of Insurance:  For continuing coverage.

C. Field Report:  For pest control inspection.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. Schedule of Maintenance Material Items:  For maintenance material submittal items specified in 
other Sections.
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1.6 SUBSTANTIAL COMPLETION PROCEDURES

A. Contractor's List of Incomplete Items:  Prepare and submit a list of items to be completed and 
corrected (Contractor's punch list), indicating the value of each item on the list and reasons why 
the Work is incomplete.

B. Submittals Prior to Substantial Completion:  Complete the following a minimum of 10 days prior 
to requesting inspection for determining date of Substantial Completion.  List items below that 
are incomplete at time of request.

1. Certificates of Release:  Obtain and submit releases from authorities having jurisdiction 
permitting Owner unrestricted use of the Work and access to services and utilities.  
Include occupancy permits, operating certificates, and similar releases.

2. Submit closeout submittals specified in other Division 01 Sections, including project 
record documents, operation and maintenance manuals, final completion construction 
photographic documentation, damage or settlement surveys, property surveys, and 
similar final record information.

3. Submit closeout submittals specified in individual Sections, including specific warranties, 
workmanship bonds, maintenance service agreements, final certifications, and similar 
documents.

4. Submit maintenance material submittals specified in individual Sections, including tools, 
spare parts, extra materials, and similar items, and deliver to location designated by A/E.  
Label with manufacturer's name and model number where applicable.
a. Schedule of Maintenance Material Items:  Prepare and submit schedule of 

maintenance material submittal items, including name and quantity of each item 
and name and number of related Specification Section.  

5. Submit test/adjust/balance records.
6. Submit changeover information related to Owner's occupancy, use, operation, and 

maintenance.

C. Procedures Prior to Substantial Completion:  Complete the following a minimum of 10 days prior 
to requesting inspection for determining date of Substantial Completion.  List items below that 
are incomplete at time of request.

1. Advise Owner of pending insurance changeover requirements.
2. Complete startup and testing of systems and equipment.
3. Perform preventive maintenance on equipment used prior to Substantial Completion.
4. Instruct Owner's personnel in operation, adjustment, and maintenance of products, 

equipment, and systems.  
5. Terminate and remove temporary facilities from Project site, along with mockups, 

construction tools, and similar elements.
6. Complete final cleaning requirements, including touchup painting.
7. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual 

defects.

D. Inspection:  Submit a written request for inspection to determine Substantial Completion a 
minimum of 10 days prior to date the work will be completed and ready for final inspection and 
tests.  On receipt of request, A/E will either proceed with inspection or notify Contractor of 
unfulfilled requirements.  A/E will prepare the Certificate of Substantial Completion after 
inspection or will notify Contractor of items, either on Contractor's list or additional items 
identified by A/E, that must be completed or corrected before certificate will be issued.

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected.

2. Results of completed inspection will form the basis of requirements for final completion.
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1.7 FINAL COMPLETION PROCEDURES

A. Submittals Prior to Final Completion:  Before requesting final inspection for determining final 
completion, complete the following:

1. Submit a final Application for Payment according to Section 012900 "Payment 
Procedures."

2. Certified List of Incomplete Items:  Submit certified copy of A/E's Substantial Completion 
inspection list of items to be completed or corrected (punch list), endorsed and dated by 
A/E.  Certified copy of the list shall state that each item has been completed or otherwise 
resolved for acceptance.

3. Certificate of Insurance:  Submit evidence of final, continuing insurance coverage 
complying with insurance requirements.

4. Submit pest-control final inspection report.

B. Inspection:  Submit a written request for final inspection to determine acceptance a minimum of 
10 days prior to date the work will be completed and ready for final inspection and tests.  On 
receipt of request, A/E will either proceed with inspection or notify Contractor of unfulfilled 
requirements.  A/E will prepare a final Certificate for Payment after inspection or will notify 
Contractor of construction that must be completed or corrected before certificate will be issued.

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected.

1.8 LIST OF INCOMPLETE ITEMS (PUNCH LIST)

A. Organization of List:  Include name and identification of each space and area affected by 
construction operations for incomplete items and items needing correction including, if 
necessary, areas disturbed by Contractor that are outside the limits of construction.

1. Organize items applying to each space by major element, including categories for ceiling, 
individual walls, floors, equipment, and building systems.

2. Include the following information at the top of each page:
a. Project name.
b. Date.
c. Name of A/E.
d. Name of Contractor.
e. Page number.

3. Submit list of incomplete items in the following format:
a. MS Excel electronic file.  A/E will return annotated file.
b. PDF electronic file.  A/E will return annotated file.

1.9 SUBMITTAL OF PROJECT WARRANTIES

A. Time of Submittal:  Submit written warranties on request of A/E for designated portions of the 
Work where commencement of warranties other than date of Substantial Completion is 
indicated, or when delay in submittal of warranties might limit Owner's rights under warranty.

B. Partial Occupancy:  Submit properly executed warranties within 15 days of completion of 
designated portions of the Work that are completed and occupied or used by Owner during 
construction period by separate agreement with Contractor.

C. Organize warranty documents into an orderly sequence based on the table of contents of 
Project Manual.
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1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders, 
thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch  
paper.

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty.  Mark 
tab to identify the product or installation.  Provide a typed description of the product or 
installation, including the name of the product and the name, address, and telephone 
number of Installer.

3. Identify each binder on the front and spine with the typed or printed title "WARRANTIES," 
Project name, and name of Contractor.

4. Warranty Electronic File:  Scan warranties and bonds and assemble complete warranty 
and bond submittal package into a single indexed electronic PDF file with links enabling 
navigation to each item.  Provide bookmarked table of contents at beginning of 
document.

D. Provide additional copies of each warranty to include in operation and maintenance manuals.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Cleaning Agents:  Use cleaning materials and agents recommended by manufacturer or 
fabricator of the surface to be cleaned.  Do not use cleaning agents that are potentially 
hazardous to health or property or that might damage finished surfaces.

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not 
applicable, use products that comply with the California Code of Regulations maximum 
allowable VOC levels.

PART 3 - EXECUTION

3.1 FINAL CLEANING

A. General:  Perform final cleaning.  Conduct cleaning and waste-removal operations to comply 
with local laws and ordinances and Federal and local environmental and antipollution 
regulations.

B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each 
surface or unit to condition expected in an average commercial building cleaning and 
maintenance program.  Comply with manufacturer's written instructions.

1. Complete the following cleaning operations before requesting inspection for certification 
of Substantial Completion for entire Project or for a designated portion of Project:
a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, 

including landscape development areas, of rubbish, waste material, litter, and 
other foreign substances.

b. Sweep paved areas broom clean.  Remove petrochemical spills, stains, and other 
foreign deposits.

c. Rake grounds that are neither planted nor paved to a smooth, even-textured 
surface.

d. Remove tools, construction equipment, machinery, and surplus material from 
Project site.

e. Remove snow and ice to provide safe access to building.
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f. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free condition, 
free of stains, films, and similar foreign substances.  Avoid disturbing natural 
weathering of exterior surfaces.  Restore reflective surfaces to their original 
condition.

g. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces.

h. Sweep concrete floors broom clean in unoccupied spaces.
i. Vacuum carpet and similar soft surfaces, removing debris and excess nap; clean 

according to manufacturer's recommendations if visible soil or stains remain.
j. Clean transparent materials, including mirrors and glass in doors and windows.  

Remove glazing compounds and other noticeable, vision-obscuring materials.  
Polish mirrors and glass, taking care not to scratch surfaces.

k. Remove labels that are not permanent.
l. Wipe surfaces of mechanical and electrical equipment and similar equipment.  

Remove excess lubrication, paint and mortar droppings, and other foreign 
substances.

m. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency.
n. Leave Project clean and ready for occupancy.

C. Pest Control:  Comply with pest control requirements in Section 015000 "Temporary Facilities 
and Controls." Prepare written report.

D. Construction Waste Disposal:  Comply with waste disposal requirements in Section 015000 
"Temporary Facilities and Controls."

3.2 REPAIR OF THE WORK

A. Complete repair and restoration operations before requesting inspection for determination of 
Substantial Completion.

B. Repair or remove and replace defective construction.  Repairing includes replacing defective 
parts, refinishing damaged surfaces, touching up with matching materials, and properly 
adjusting operating equipment.  Where damaged or worn items cannot be repaired or restored, 
provide replacements.  Remove and replace operating components that cannot be repaired. 
Restore damaged construction and permanent facilities used during construction to specified 
condition.

1. Remove and replace chipped, scratched, and broken glass, reflective surfaces, and other 
damaged transparent materials.

2. Touch up and otherwise repair and restore marred or exposed finishes and surfaces.  
Replace finishes and surfaces that that already show evidence of repair or restoration.
a. Do not paint over "UL" and other required labels and identification, including 

mechanical and electrical nameplates.  Remove paint applied to required labels 
and identification.

3. Replace parts subject to operating conditions during construction that may impede 
operation or reduce longevity.

4. Replace burned-out bulbs, bulbs noticeably dimmed by hours of use, and defective and 
noisy starters in fluorescent and mercury vapor fixtures to comply with requirements for 
new fixtures.

END OF SECTION 017700
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SECTION 017823 - OPERATION AND MAINTENANCE DATA

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes administrative and procedural requirements for preparing operation and 
maintenance manuals, including the following:

1. Operation and maintenance documentation directory.
2. Emergency manuals.
3. Operation manuals for systems, subsystems, and equipment.
4. Product maintenance manuals.
5. Systems and equipment maintenance manuals.

B. Related Requirements:

1. Section 013300 "Submittal Procedures" for submitting copies of submittals for operation 
and maintenance manuals.

1.3 DEFINITIONS

A. System:  An organized collection of parts, equipment, or subsystems united by regular 
interaction.

B. Subsystem:  A portion of a system with characteristics similar to a system.

1.4 CLOSEOUT SUBMITTALS

A. Manual Content:  Operations and maintenance manual content is specified in individual 
Specification Sections to be reviewed at the time of Section submittals.  Submit reviewed 
manual content formatted and organized as required by this Section.

1. A/E will comment on whether content of operations and maintenance submittals are 
acceptable.

2. Where applicable, clarify and update reviewed manual content to correspond to revisions 
and field conditions.

B. Format:  Submit operations and maintenance manuals in the following format:

1. PDF electronic file.  Assemble each manual into a composite electronically indexed file.  
Submit on digital media acceptable to A/E.
a. Name each indexed document file in composite electronic index with applicable 

item name.  Include a complete electronically linked operation and maintenance 
directory.

b. Enable inserted reviewer comments on draft submittals.

2. Three paper copies.  Include a complete operation and maintenance directory.  Enclose 
title pages and directories in clear plastic sleeves.  A/E will return three copies.
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C. Initial Manual Submittal:  Submit draft copy of each manual at least 15 days before commencing 
demonstration and training.  A/E will comment on whether general scope and content of manual 
are acceptable.

D. Final Manual Submittal:  Submit each manual in final form prior to requesting inspection for 
Substantial Completion and at least 10 days before commencing demonstration and training.  
A/E will return copy with comments.

1. Correct or revise each manual to comply with A/E's comments.  Submit copies of each 
corrected manual within 10 days of receipt of A/E's comments and prior to commencing 
demonstration and training.

PART 2 - PRODUCTS

2.1 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY

A. Directory:  Prepare a single, comprehensive directory of emergency, operation, and 
maintenance data and materials, listing items and their location to facilitate ready access to 
desired information.  Include a section in the directory for each of the following:

1. List of documents.
2. List of systems.
3. List of equipment.
4. Table of contents.

B. List of Systems and Subsystems:  List systems alphabetically.  Include references to operation 
and maintenance manuals that contain information about each system.

C. List of Equipment:  List equipment for each system, organized alphabetically by system.  For 
pieces of equipment not part of system, list alphabetically in separate list.

D. Tables of Contents:  Include a table of contents for each emergency, operation, and 
maintenance manual.

E. Identification:  In the documentation directory and in each operation and maintenance manual, 
identify each system, subsystem, and piece of equipment with same designation used in the 
Contract Documents.  If no designation exists, assign a designation according to 
ASHRAE Guideline 4, "Preparation of Operating and Maintenance Documentation for Building 
Systems."

2.2 REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE MANUALS

A. Organization:  Unless otherwise indicated, organize each manual into a separate section for 
each system and subsystem, and a separate section for each piece of equipment not part of a 
system.  Each manual shall contain the following materials, in the order listed:

1. Title page.
2. Table of contents.
3. Manual contents.

B. Title Page:  Include the following information:

1. Subject matter included in manual.
2. Name and address of Project.
3. Name and address of Owner.
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4. Date of submittal.
5. Name and contact information for Contractor.
6. Name and contact information for A/E.
7. Names and contact information for major consultants to the A/E that designed the 

systems contained in the manuals.
8. Cross-reference to related systems in other operation and maintenance manuals.

C. Table of Contents:  List each product included in manual, identified by product name, indexed to 
the content of the volume, and cross-referenced to Specification Section number in Project 
Manual.

1. If operation or maintenance documentation requires more than one volume to 
accommodate data, include comprehensive table of contents for all volumes in each 
volume of the set.

D. Manual Contents:  Organize into sets of manageable size.  Arrange contents alphabetically by 
system, subsystem, and equipment.  If possible, assemble instructions for subsystems, 
equipment, and components of one system into a single binder.

E. Manuals, Electronic Files:  Submit manuals in the form of a multiple file composite electronic 
PDF file for each manual type required.

1. Electronic Files:  Use electronic files prepared by manufacturer where available.  Where 
scanning of paper documents is required, configure scanned file for minimum readable 
file size.

2. File Names and Bookmarks:  Enable bookmarking of individual documents based on file 
names.  Name document files to correspond to system, subsystem, and equipment 
names used in manual directory and table of contents.  Group documents for each 
system and subsystem into individual composite bookmarked files, then create composite 
manual, so that resulting bookmarks reflect the system, subsystem, and equipment 
names in a readily navigated file tree.  Configure electronic manual to display bookmark 
panel on opening file.

F. Manuals, Paper Copy:  Submit manuals in the form of hard copy, bound and labeled volumes.

1. Binders:  Heavy-duty, three-ring, vinyl-covered, post-type binders, in thickness necessary 
to accommodate contents, sized to hold 8-1/2-by-11-inch paper; with clear plastic sleeve 
on spine to hold label describing contents and with pockets inside covers to hold folded 
oversize sheets.
a. If two or more binders are necessary to accommodate data of a system, organize 

data in each binder into groupings by subsystem and related components.  Cross-
reference other binders if necessary to provide essential information for proper 
operation or maintenance of equipment or system.

b. Identify each binder on front and spine, with printed title "OPERATION AND 
MAINTENANCE MANUAL," Project title or name.  Indicate volume number for 
multiple-volume sets.

2. Dividers:  Heavy-paper dividers with plastic-covered tabs for each section of the manual.  
Mark each tab to indicate contents.  Include typed list of products and major components 
of equipment included in the section on each divider, cross-referenced to Specification 
Section number and title of Project Manual.

3. Protective Plastic Sleeves:  Transparent plastic sleeves designed to enclose diagnostic 
software storage media for computerized electronic equipment.

4. Supplementary Text:  Prepared on 8-1/2-by-11-inch white bond paper.
5. Drawings:  Attach reinforced, punched binder tabs on drawings and bind with text.
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a. If oversize drawings are necessary, fold drawings to same size as text pages and 
use as foldouts.

b. If drawings are too large to be used as foldouts, fold and place drawings in labeled 
envelopes and bind envelopes in rear of manual.  At appropriate locations in 
manual, insert typewritten pages indicating drawing titles, descriptions of contents, 
and drawing locations.

2.3 EMERGENCY MANUALS

A. Content:  Organize manual into a separate section for each of the following:

1. Type of emergency.
2. Emergency instructions.
3. Emergency procedures.

B. Type of Emergency:  Where applicable for each type of emergency indicated below, include 
instructions and procedures for each system, subsystem, piece of equipment, and component:

1. Fire.
2. Flood.
3. Gas leak.
4. Water leak.
5. Power failure.
6. Water outage.
7. System, subsystem, or equipment failure.
8. Chemical release or spill.

C. Emergency Instructions:  Describe and explain warnings, trouble indications, error messages, 
and similar codes and signals.  Include responsibilities of Owner's operating personnel for 
notification of Installer, supplier, and manufacturer to maintain warranties.

D. Emergency Procedures:  Include the following, as applicable:

1. Instructions on stopping.
2. Shutdown instructions for each type of emergency.
3. Operating instructions for conditions outside normal operating limits.
4. Required sequences for electric or electronic systems.
5. Special operating instructions and procedures.

2.4 OPERATION MANUALS

A. Content:  In addition to requirements in this Section, include operation data required in 
individual Specification Sections and the following information:

1. System, subsystem, and equipment descriptions.  Use designations for systems and 
equipment indicated on Contract Documents.

2. Performance and design criteria if Contractor has delegated design responsibility.
3. Operating standards.
4. Operating procedures.
5. Operating logs.
6. Wiring diagrams.
7. Control diagrams.
8. Piped system diagrams.
9. Precautions against improper use.
10. License requirements including inspection and renewal dates.
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B. Descriptions:  Include the following:

1. Product name and model number.  Use designations for products indicated on Contract 
Documents.

2. Manufacturer's name.
3. Equipment identification with serial number of each component.
4. Equipment function.
5. Operating characteristics.
6. Limiting conditions.
7. Performance curves.
8. Engineering data and tests.
9. Complete nomenclature and number of replacement parts.

C. Operating Procedures:  Include the following, as applicable:

1. Startup procedures.
2. Equipment or system break-in procedures.
3. Routine and normal operating instructions.
4. Regulation and control procedures.
5. Instructions on stopping.
6. Normal shutdown instructions.
7. Seasonal and weekend operating instructions.
8. Required sequences for electric or electronic systems.
9. Special operating instructions and procedures.

D. Systems and Equipment Controls:  Describe the sequence of operation, and diagram controls 
as installed.

E. Piped Systems:  Diagram piping as installed, and identify color-coding where required for 
identification.

2.5 PRODUCT MAINTENANCE MANUALS

A. Content:  Organize manual into a separate section for each product, material, and finish.  
Include source information, product information, maintenance procedures, repair materials and 
sources, and warranties and bonds, as described below.

B. Source Information:  List each product included in manual, identified by product name and 
arranged to match manual's table of contents.  For each product, list name, address, and 
telephone number of Installer or supplier and maintenance service agent, and cross-reference 
Specification Section number and title in Project Manual and drawing or schedule designation or 
identifier where applicable.

C. Product Information:  Include the following, as applicable:

1. Product name and model number.
2. Manufacturer's name.
3. Color, pattern, and texture.
4. Material and chemical composition.
5. Reordering information for specially manufactured products.

D. Maintenance Procedures:  Include manufacturer's written recommendations and the following:

1. Inspection procedures.
2. Types of cleaning agents to be used and methods of cleaning.
3. List of cleaning agents and methods of cleaning detrimental to product.
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4. Schedule for routine cleaning and maintenance.
5. Repair instructions.

E. Repair Materials and Sources:  Include lists of materials and local sources of materials and 
related services.

F. Warranties and Bonds:  Include copies of warranties and bonds and lists of circumstances and 
conditions that would affect validity of warranties or bonds.

1. Include procedures to follow and required notifications for warranty claims.

2.6 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS

A. Content:  For each system, subsystem, and piece of equipment not part of a system, include 
source information, manufacturers' maintenance documentation, maintenance procedures, 
maintenance and service schedules, spare parts list and source information, maintenance 
service contracts, and warranty and bond information, as described below.

B. Source Information:  List each system, subsystem, and piece of equipment included in manual, 
identified by product name and arranged to match manual's table of contents.  For each 
product, list name, address, and telephone number of Installer or supplier and maintenance 
service agent, and cross-reference Specification Section number and title in Project Manual and 
drawing or schedule designation or identifier where applicable.

C. Manufacturers' Maintenance Documentation:  Manufacturers' maintenance documentation 
including the following information for each component part or piece of equipment:

1. Standard maintenance instructions and bulletins.
2. Drawings, diagrams, and instructions required for maintenance, including disassembly 

and component removal, replacement, and assembly.
3. Identification and nomenclature of parts and components.
4. List of items recommended to be stocked as spare parts.

D. Maintenance Procedures:  Include the following information and items that detail essential 
maintenance procedures:

1. Test and inspection instructions.
2. Troubleshooting guide.
3. Precautions against improper maintenance.
4. Disassembly; component removal, repair, and replacement; and reassembly instructions.
5. Aligning, adjusting, and checking instructions.
6. Demonstration and training video recording, if available.

E. Maintenance and Service Schedules:  Include service and lubrication requirements, list of 
required lubricants for equipment, and separate schedules for preventive and routine 
maintenance and service with standard time allotment.

1. Scheduled Maintenance and Service:  Tabulate actions for daily, weekly, monthly, 
quarterly, semiannual, and annual frequencies.

2. Maintenance and Service Record:  Include manufacturers' forms for recording 
maintenance.

F. Spare Parts List and Source Information:  Include lists of replacement and repair parts, with 
parts identified and cross-referenced to manufacturers' maintenance documentation and local 
sources of maintenance materials and related services.
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G. Maintenance Service Contracts:  Include copies of maintenance agreements with name and 
telephone number of service agent.

H. Warranties and Bonds:  Include copies of warranties and bonds and lists of circumstances and 
conditions that would affect validity of warranties or bonds.

1. Include procedures to follow and required notifications for warranty claims.

PART 3 - EXECUTION

3.1 MANUAL PREPARATION

A. Operation and Maintenance Documentation Directory:  Prepare a separate manual that 
provides an organized reference to emergency, operation, and maintenance manuals.

B. Emergency Manual:  Assemble a complete set of emergency information indicating procedures 
for use by emergency personnel and by Owner's operating personnel for types of emergencies 
indicated.

C. Product Maintenance Manual:  Assemble a complete set of maintenance data indicating care 
and maintenance of each product, material, and finish incorporated into the Work.

D. Operation and Maintenance Manuals:  Assemble a complete set of operation and maintenance 
data indicating operation and maintenance of each system, subsystem, and piece of equipment 
not part of a system.

1. Engage a factory-authorized service representative to assemble and prepare information 
for each system, subsystem, and piece of equipment not part of a system.

2. Prepare a separate manual for each system and subsystem, in the form of an 
instructional manual for use by Owner's operating personnel.

E. Manufacturers' Data:  Where manuals contain manufacturers' standard printed data, include 
only sheets pertinent to product or component installed.  Mark each sheet to identify each 
product or component incorporated into the Work.  If data include more than one item in a 
tabular format, identify each item using appropriate references from the Contract Documents.  
Identify data applicable to the Work and delete references to information not applicable.

1. Prepare supplementary text if manufacturers' standard printed data are not available and 
where the information is necessary for proper operation and maintenance of equipment 
or systems.

F. Drawings:  Prepare drawings supplementing manufacturers' printed data to illustrate the 
relationship of component parts of equipment and systems and to illustrate control sequence 
and flow diagrams.  Coordinate these drawings with information contained in record Drawings to 
ensure correct illustration of completed installation.

1. Do not use original project record documents as part of operation and maintenance 
manuals.

2. Comply with requirements of newly prepared record Drawings in Section 017839 "Project 
Record Documents."

G. Comply with Section 017700 "Closeout Procedures" for schedule for submitting operation and 
maintenance documentation.
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END OF SECTION 017823



PROJECT RECORD DOCUMENTS 017839 - 1

SECTION 017839 - PROJECT RECORD DOCUMENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes administrative and procedural requirements for project record documents, 
including the following:

1. Record Drawings.
2. Record Specifications.
3. Record Product Data.
4. Miscellaneous record submittals.

B. Related Requirements:

1. Section 017300 "Execution" for final property survey.
2. Section 017700 "Closeout Procedures" for general closeout procedures.
3. Section 017823 "Operation and Maintenance Data" for operation and maintenance 

manual requirements.

1.3 CLOSEOUT SUBMITTALS

A. Record Drawings:  Comply with the following:

1. Number of Copies:  Submit two set(s) of marked-up record prints.
2. Number of Copies:  Submit copies of record Drawings as follows:

a. Initial Submittal:
1) Submit two set(s) of marked-up record prints.
2) Submit PDF electronic files of scanned record prints.
3) Submit record digital data files and one set(s) of plots.
4) A/E will indicate whether general scope of changes, additional information 

recorded, and quality of drafting are acceptable.
b. Final Submittal:

1) Submit two paper-copy set(s) of marked-up record prints.
2) Submit PDF electronic files of scanned record prints.
3) Print each drawing, whether or not changes and additional information were 

recorded.
4) Submit record digital data files.

B. Record Specifications:  Submit annotated PDF electronic files of Project's Specifications, 
including addenda and contract modifications.

C. Record Product Data:  Submit annotated PDF electronic files and directories of each submittal.

1. Where record Product Data are required as part of operation and maintenance manuals, 
submit duplicate marked-up Product Data as a component of manual.
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D. Miscellaneous Record Submittals:  See other Specification Sections for miscellaneous record-
keeping requirements and submittals in connection with various construction activities.  Submit 
annotated PDF electronic files and directories of each submittal.

E. Reports:  Submit scans of written reports indicating items incorporated into project record 
documents concurrent with progress of the Work, including revisions, concealed conditions, 
field changes, product selections, and other notations incorporated.

PART 2 - PRODUCTS

2.1 RECORD DRAWINGS

A. Record Prints:  Maintain one set of marked-up paper copies of the Contract Drawings and Shop 
Drawings, incorporating new and revised drawings as modifications are issued.

1. Preparation:  Mark record prints to show the actual installation where installation varies 
from that shown originally.  Require individual or entity who obtained record data, 
whether individual or entity is Installer, subcontractor, or similar entity, to provide 
information for preparation of corresponding marked-up record prints.
a. Give particular attention to information on concealed elements that would be 

difficult to identify or measure and record later.
b. Accurately record information in an acceptable drawing technique.
c. Record data as soon as possible after obtaining it.
d. Record and check the markup before enclosing concealed installations.
e. Cross-reference record prints to corresponding archive photographic 

documentation.

2. Content:  Types of items requiring marking include, but are not limited to, the following:
a. Dimensional changes to Drawings.
b. Revisions to details shown on Drawings.
c. Depths of foundations below first floor.
d. Locations and depths of underground utilities.
e. Revisions to routing of piping and conduits.
f. Revisions to electrical circuitry.
g. Actual equipment locations.
h. Duct size and routing.
i. Locations of concealed internal utilities.
j. Changes made by Change Order or Change Directive.
k. Changes made following A/E's written orders.
l. Details not on the original Contract Drawings.
m. Field records for variable and concealed conditions.
n. Record information on the Work that is shown only schematically.

3. Mark the Contract Drawings and Shop Drawings completely and accurately.  Use 
personnel proficient at recording graphic information in production of marked-up record 
prints.

4. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish 
between changes for different categories of the Work at same location.

5. Mark important additional information that was either shown schematically or omitted 
from original Drawings.

6. Note Construction Change Directive numbers, alternate numbers, Change Order 
numbers, and similar identification, where applicable.
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B. Record Digital Data Files:  Immediately before inspection for Certificate of Substantial 
Completion, review marked-up record prints with A/E.  When authorized, prepare a full set of 
corrected digital data files of the Contract Drawings, as follows:

1. Format:  Same digital data software program, version, and operating system as the 
original Contract Drawings.

2. Format:  DWG, Version compatible with TTC’s operating system.
3. Format:  Annotated PDF electronic file.
4. Incorporate changes and additional information previously marked on record prints.  

Delete, redraw, and add details and notations where applicable.
5. Refer instances of uncertainty to A/E for resolution.
6. A/E will furnish Contractor one set of digital data files of the Contract Drawings for use in 

recording information.
a. See Section 013300 "Submittal Procedures" for requirements related to use of 

A/E's digital data files.
b. A/E will provide data file layer information.  Record markups in separate layers.

C. Newly Prepared Record Drawings:  Prepare new Drawings instead of preparing record 
Drawings where A/E determines that neither the original Contract Drawings nor Shop Drawings 
are suitable to show actual installation.

1. New Drawings may be required when a Change Order is issued as a result of accepting 
an alternate, substitution, or other modification.

2. Consult A/E for proper scale and scope of detailing and notations required to record the 
actual physical installation and its relation to other construction.  Integrate newly prepared 
record Drawings into record Drawing sets; comply with procedures for formatting, 
organizing, copying, binding, and submitting.

D. Format:  Identify and date each record Drawing; include the designation "PROJECT RECORD 
DRAWING" in a prominent location.

1. Record Prints:  Organize record prints and newly prepared record Drawings into 
manageable sets.  Bind each set with durable paper cover sheets.  Include identification 
on cover sheets.

2. Format:  Annotated PDF electronic file.
3. Record Digital Data Files:  Organize digital data information into separate electronic files 

that correspond to each sheet of the Contract Drawings.  Name each file with the sheet 
identification.  Include identification in each digital data file.

4. Identification:  As follows:
a. Project name.
b. Date.
c. Designation "PROJECT RECORD DRAWINGS."
d. Name of Contractor.

2.2 RECORD SPECIFICATIONS

A. Preparation:  Mark Specifications to indicate the actual product installation where installation 
varies from that indicated in Specifications, addenda, and contract modifications.

1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later.

2. Mark copy with the proprietary name and model number of products, materials, and 
equipment furnished, including substitutions and product options selected.

3. Record the name of manufacturer, supplier, Installer, and other information necessary to 
provide a record of selections made.
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4. For each principal product, indicate whether record Product Data has been submitted in 
operation and maintenance manuals instead of submitted as record Product Data.

5. Note related Change Orders and record Drawings where applicable.

B. Format:  Submit record Specifications as annotated PDF electronic file.

2.3 RECORD PRODUCT DATA

A. Preparation:  Mark Product Data to indicate the actual product installation where installation 
varies substantially from that indicated in Product Data submittal.

1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later.

2. Include significant changes in the product delivered to Project site and changes in 
manufacturer's written instructions for installation.

3. Note related Change Orders, record Specifications, and record Drawings where 
applicable.

B. Format:  Submit record Product Data as annotated PDF electronic copy of Product Data.

1. Include record Product Data directory organized by Specification Section number and 
title, electronically linked to each item of record Product Data.

2.4 MISCELLANEOUS RECORD SUBMITTALS

A. Assemble miscellaneous records required by other Specification Sections for miscellaneous 
record keeping and submittal in connection with actual performance of the Work.  Bind or file 
miscellaneous records and identify each, ready for continued use and reference.

B. Format:  Submit miscellaneous record submittals as PDF electronic file.

1. Include miscellaneous record submittals directory organized by Specification Section 
number and title, electronically linked to each item of miscellaneous record submittals.

PART 3 - EXECUTION

3.1 RECORDING AND MAINTENANCE

A. Recording:  Maintain one copy of each submittal during the construction period for project 
record document purposes.  Post changes and revisions to project record documents as they 
occur; do not wait until end of Project.

B. Maintenance of Record Documents and Samples:  Store record documents and Samples in the 
field office apart from the Contract Documents used for construction.  Do not use project record 
documents for construction purposes.  Maintain record documents in good order and in a clean, 
dry, legible condition, protected from deterioration and loss.  Provide access to project record 
documents for A/E's reference during normal working hours.

END OF SECTION 017839
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SECTION 024119 - SELECTIVE DEMOLITION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Demolition and removal of selected portions of building or structure.
2. Demolition and removal of selected site elements.
3. Salvage of existing items to be reused or recycled.

B. Related Requirements:

1. Section 011000 "Summary" for restrictions on the use of the premises, Owner-occupancy 
requirements, and phasing requirements.

2. Section 017300 "Execution" for cutting and patching procedures.

1.3 DEFINITIONS

A. Remove:  Detach items from existing construction and legally dispose of them off-site unless 
indicated to be removed and salvaged or removed and reinstalled.

B. Remove and Salvage:  Carefully detach from existing construction, in a manner to prevent 
damage, and deliver to Owner ready for reuse.

C. Remove and Reinstall:  Detach items from existing construction, prepare for reuse, and reinstall 
where indicated.

D. Existing to Remain:  Existing items of construction that are not to be permanently removed and 
that are not otherwise indicated to be removed, removed and salvaged, or removed and 
reinstalled.

1.4 MATERIALS OWNERSHIP

A. Unless otherwise indicated, demolition waste becomes property of Contractor.

B. Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and 
their contents, commemorative plaques and tablets, and other items of interest or value to 
Owner that may be uncovered during demolition remain the property of Owner.

1. Carefully salvage in a manner to prevent damage and promptly return to Owner.
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1.5 PREINSTALLATION MEETINGS

A. Predemolition Conference:  Conduct conference at Project site.

1. Inspect and discuss condition of construction to be selectively demolished.
2. Review structural load limitations of existing structure.
3. Review and finalize selective demolition schedule and verify availability of materials, 

demolition personnel, equipment, and facilities needed to make progress and avoid 
delays.

4. Review requirements of work performed by other trades that rely on substrates exposed 
by selective demolition operations.

5. Review areas where existing construction is to remain and requires protection.

1.6 INFORMATIONAL SUBMITTALS

A. Proposed Protection Measures:  Submit report, including drawings, that indicates the measures 
proposed for protecting individuals and property, for environmental protection, for dust control 
and, for noise control.  Indicate proposed locations and construction of barriers.

B. Schedule of Selective Demolition Activities:  Indicate the following:

1. Detailed sequence of selective demolition and removal work, with starting and ending 
dates for each activity.  Ensure Owner's on-site operations are uninterrupted.

2. Interruption of utility services.  Indicate how long utility services will be interrupted.
3. Coordination for shutoff, capping, and continuation of utility services.
4. Use of elevator and stairs.
5. Coordination of Owner's continuing occupancy of portions of existing building and of 

Owner's partial occupancy of completed Work.

C. Inventory:  Submit a list of items to be removed and salvaged and deliver to Owner prior to start 
of demolition.

D. Predemolition Photographs or Video:  Submit before Work begins.

E. Warranties:  Documentation indicated that existing warranties are still in effect after completion 
of selective demolition.

1.7 CLOSEOUT SUBMITTALS

A. Inventory:  Submit a list of items that have been removed and salvaged.

B. Landfill Records:  Indicate receipt and acceptance of hazardous wastes by a landfill facility 
licensed to accept hazardous wastes.

1.8 FIELD CONDITIONS

A. Owner will occupy portions of building immediately adjacent to selective demolition area.  
Conduct selective demolition so Owner's operations will not be disrupted.

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as far 
as practical.
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C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding 
with selective demolition.

D. Hazardous Materials:  It is not expected that hazardous materials will be encountered in the 
Work.

1. Hazardous materials will be removed by Owner before start of the Work.
2. If suspected hazardous materials are encountered, do not disturb; immediately notify 

Architect and Owner.  Hazardous materials will be removed by Owner under a separate 
contract.

E. Storage or sale of removed items or materials on-site is not permitted.

F. Utility Service:  Maintain existing utilities indicated to remain in service and protect them against 
damage during selective demolition operations.

1. Maintain fire-protection facilities in service during selective demolition operations.

1.9 WARRANTY

A. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or 
damaged during selective demolition, by methods and with materials so as not to void existing 
warranties.  Notify warrantor before proceeding.  Existing warranties include the following:

B. Notify warrantor on completion of selective demolition, and obtain documentation verifying that 
existing system has been inspected and warranty remains in effect.  Submit documentation at 
Project closeout.

PART 2 - PRODUCTS

2.1 PEFORMANCE REQUIREMENTS

A. Regulatory Requirements:  Comply with governing EPA notification regulations before 
beginning selective demolition.  Comply with hauling and disposal regulations of authorities 
having jurisdiction.

B. Standards:  Comply with ANSI/ASSE A10.6 and NFPA 241.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that utilities have been disconnected and capped before starting selective demolition 
operations.

B. Review record documents of existing construction provided by Owner.  Owner does not 
guarantee that existing conditions are same as those indicated in record documents.

C. Survey existing conditions and correlate with requirements indicated to determine extent of 
selective demolition required.
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D. When unanticipated mechanical, electrical, or structural elements that conflict with intended 
function or design are encountered, investigate and measure the nature and extent of conflict.  
Promptly submit a written report to Architect.

E. Survey of Existing Conditions:  Record existing conditions by use of preconstruction 
photographs and videotapes.
1. Inventory and record the condition of items to be removed and salvaged.  Provide 

photographs or video of conditions that might be misconstrued as damage caused by 
salvage operations.

2. Before selective demolition or removal of existing building elements that will be 
reproduced or duplicated in final Work, make permanent record of measurements, 
materials, and construction details required to make exact reproduction.

3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS

A. Existing Services/Systems to Remain:  Maintain services/systems indicated to remain and 
protect them against damage.

1. Comply with requirements for existing services/systems interruptions specified in 
Section 011000 "Summary."

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned:  Locate, identify, 
disconnect, and seal or cap off indicated utility services and mechanical/electrical systems 
serving areas to be selectively demolished.

1. Owner will arrange to shut off indicated services/systems when requested by Contractor.
2. Arrange to shut off indicated utilities with utility companies.
3. If services/systems are required to be removed, relocated, or abandoned, provide 

temporary services/systems that bypass area of selective demolition and that maintain 
continuity of services/systems to other parts of building.

4. Disconnect, demolish, and remove fire-suppression systems, plumbing, and HVAC 
systems, equipment, and components indicated to be removed.

a. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap 
or plug remaining piping with same or compatible piping material.

b. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same 
or compatible piping material.

c. Equipment to Be Removed:  Disconnect and cap services and remove equipment.
d. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and 

remove, clean, and store equipment; when appropriate, reinstall, reconnect, and 
make equipment operational.

e. Equipment to Be Removed and Salvaged:  Disconnect and cap services and 
remove equipment and deliver to Owner.

f. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material.

g. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible 
ductwork material.

3.3 PREPARATION

A. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and other 
adjacent occupied and used facilities.
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1. Comply with requirements for access and protection specified in Section 015000 
"Temporary Facilities and Controls."

B. Temporary Facilities:  Provide temporary barricades and other protection required to prevent 
injury to people and damage to adjacent buildings and facilities to remain.

1. Provide protection to ensure safe passage of people around selective demolition area 
and to and from occupied portions of building.

2. Provide temporary weather protection, during interval between selective demolition of 
existing construction on exterior surfaces and new construction, to prevent water leakage 
and damage to structure and interior areas.

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are 
exposed during selective demolition operations.

4. Cover and protect furniture, furnishings, and equipment that have not been removed.
5. Comply with requirements for temporary enclosures, dust control, heating, and cooling 

specified in Section 015000 "Temporary Facilities and Controls."

3.4 SELECTIVE DEMOLITION, GENERAL

A. General:  Demolish and remove existing construction only to the extent required by new 
construction and as indicated.  Use methods required to complete the Work within limitations of 
governing regulations and as follows:

1. Proceed with selective demolition systematically, from higher to lower level.  Complete 
selective demolition operations above each floor or tier before disturbing supporting 
members on the next lower level.

2. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use 
cutting methods least likely to damage construction to remain or adjoining construction.  
Use hand tools or small power tools designed for sawing or grinding, not hammering and 
chopping, to minimize disturbance of adjacent surfaces.  Temporarily cover openings to 
remain.

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 
existing finished surfaces.

4. Do not use cutting torches until work area is cleared of flammable materials.  At 
concealed spaces, such as duct and pipe interiors, verify condition and contents of 
hidden space before starting flame-cutting operations.  Maintain[ fire watch and] portable 
fire-suppression devices during flame-cutting operations.

5. Maintain adequate ventilation when using cutting torches.
6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and 

promptly dispose of off-site.
7. Remove structural framing members and lower to ground by method suitable to avoid 

free fall and to prevent ground impact or dust generation.
8. Locate selective demolition equipment and remove debris and materials so as not to 

impose excessive loads on supporting walls, floors, or framing.
9. Dispose of demolished items and materials promptly.

B. Removed and Reinstalled Items:

1. Clean and repair items to functional condition adequate for intended reuse.
2. Pack or crate items after cleaning and repairing.  Identify contents of containers.
3. Protect items from damage during transport and storage.
4. Reinstall items in locations indicated.  Comply with installation requirements for new 

materials and equipment.  Provide connections, supports, and miscellaneous materials 
necessary to make item functional for use indicated.
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C. Existing Items to Remain:  Protect construction indicated to remain against damage and soiling 
during selective demolition.  When permitted by Architect, items may be removed to a suitable, 
protected storage location during selective demolition and cleaned and reinstalled in their 
original locations after selective demolition operations are complete.

3.5 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS

A. Concrete:  Demolish in small sections.  Using power-driven saw, cut concrete to a depth of at 
least 3/4 inch at junctures with construction to remain.  Dislodge concrete from reinforcement at 
perimeter of areas being demolished, cut reinforcement, and then remove remainder of 
concrete.  Neatly trim openings to dimensions indicated.

B. Concrete:  Demolish in sections.  Cut concrete full depth at junctures with construction to 
remain and at regular intervals using power-driven saw, then remove concrete between saw 
cuts.

C. Masonry:  Demolish in small sections.  Cut masonry at junctures with construction to remain, 
using power-driven saw, then remove masonry between saw cuts.

D. Concrete Slabs-on-Grade:  Saw-cut perimeter of area to be demolished, then break up and 
remove.

E. Roofing:  Remove no more existing roofing than what can be covered in one day by new roofing 
and so that building interior remains watertight and weathertight.  

3.6 DISPOSAL OF DEMOLISHED MATERIALS

A. General:  Except for items or materials indicated to be reused, salvaged, reinstalled, or 
otherwise indicated to remain Owner's property, remove demolished materials from Project 
site and legally dispose of them in an EPA-approved landfill.

1. Do not allow demolished materials to accumulate on-site.
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 

and areas.
3. Remove debris from elevated portions of building by chute, hoist, or other device that will 

convey debris to grade level in a controlled descent.
4. Comply with requirements specified in Section 017419 "Construction Waste Management 

and Disposal."

B. Burning:  Do not burn demolished materials.

C. Disposal:  Transport demolished materials off Owner's property and legally dispose of them.

3.7 CLEANING

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 
demolition operations.  Return adjacent areas to condition existing before selective demolition 
operations began.

END OF SECTION 024119
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SECTION 230000 - BASIC MECHANICAL MATERIALS AND METHODS 

 

PART 1 -   GENERAL 

 

1.1 IMPOSED REGULATIONS: 

 

A. Applicable provisions of the State and Local Codes and of the following codes and standards 

in addition to those listed elsewhere in the specifications are hereby imposed on a general 

basis for mechanical work: codes and standards listed on the mechanical drawings. 

 

1.2 SCOPE OF WORK: 

 

A. Provide all labor, materials, equipment and supervision to construct complete and operable 

mechanical systems as indicated on the drawings and specified herein.  All materials and 

equipment used shall be new, undamaged and free from any defects. 

 

1.3 RELATED DOCUMENTS AND OTHER INFORMATION: 

 

A. The general provisions of the Contract, including General and Supplementary Conditions and 

General Requirements, apply to the portions of work specified in each and every Section of 

this Division, individually and collectively. 

 

B. It is recognized that separate sub-contracts may be instituted by THIS CONTRACT'S 

GENERAL CONTRACTOR with others.  It is the responsibility of THIS CONTRACT'S 

GENERAL CONTRACTOR to completely inform, coordinate and advise those sub-

contractors as to all of the requirements, conditions and information associated with 

providing and installing their portion of the total job. 

 

1.4 EXISTING SERVICES AND FACILITIES: 

 

A. Damage to Existing Services: Existing services and facilities damaged by the Contractor 

through negligence or through use of faulty materials or workmanship shall be promptly 

repaired, replaced, or otherwise restored to previous conditions by the Contractor without 

additional cost to the Owner. 

 

B. Interruption of Services: Interruptions of services necessary for connection to or modification 

of existing systems or facilities shall occur only at prearranged times approved by the Owner. 

 Interruptions shall only occur after the provision of all temporary work and the availability of 

adequate labor and materials will assure that the duration of the interruption will not exceed 

the time agreed upon. 

 

C. Removed Materials: Existing materials made unnecessary by the new installation shall be 

stored on site. They shall remain the property of the Owner and shall be stored at a location 
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and in a manner as directed by the Owner. If classified by the Owner's authorized 

representative as unsuitable for further use, the material shall become the property of the 

Contractor and shall be removed from the site at no additional cost to the owner. 

 

1.5 PRODUCT WARRANTIES: 

 

A. Provide manufacturer's standard printed commitment in reference to a specific product and 

normal application, stating that certain acts of restitution will be performed for the Purchaser 

or Owner by the manufacturer, when and if the product fails within certain operational 

conditions and time limits.  Where the warranty requirements of a specific specification 

section exceeds the manufacturer's standard warranty, the more stringent requirements will 

apply and modified manufacturer's warranty shall be provided.  In no case shall the 

manufacturer's warranty be less than one (1) year. 

 

1.6 PRODUCT SUBSTITUTIONS: 

 

A. General:  Materials specified by manufacturer's name shall be used unless prior approval of 

an alternate is given by addenda.  Requests for substitutions must be received in the office of 

the Architect at least 10 days prior to opening of bids. Refer to the general conditions for the 

substitution request form and required documentation. 

 

PART 2 -  PRODUCTS 

 

2.1 GENERAL MECHANICAL PRODUCT REQUIREMENTS 

 

A. Standard Products: Provide not less (quality) than manufacturer's standard products, as 

specified by their published product data.  In addition to the indication that a particular 

product/model number is acceptable, comply with the specified requirements.  Do not assume 

that the available off-the-shelf condition of a product complies with the requirements; as an 

example, a specific finish or color may be required. 

 

B. Uniformity:  Where multiple units of a general product are required for the mechanical work, 

provide identical products by the same manufacturer, without variations except for sizes and 

similar variations as indicated. 

 

C. Product Compatibility, Options: Where more than one product selection is specified, either 

generically or proprietarily, selection is Purchaser's or Installer's option.  Provide mechanical 

adaptations as needed for interfacing of selected products in the work. 

 

D. Equipment Nameplates: Provide a permanent operational data nameplate on each item of 

power operated mechanical equipment, indicating the manufacturer, product name, model 

number, serial number, speed, capacity, power characteristics, labels of tested compliance, 

and similar essential operating data.  
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E. Locate nameplates in easy-to-read locations. When product is visually exposed in an 

occupied area of the building, locate nameplate in a concealed position (where possible) 

which is accessible for reading by service personnel. 

 

PART 3 -  EXECUTION 

 

3.1 PRODUCT INSTALLATION, GENERAL: 

 

A. Except where more stringent requirements are indicated, comply with the product 

manufacturer's installation instructions and recommendations, including handling, anchorage, 

assembly, connections, cleaning and testing, charging, lubrication, startup, test operation and 

shut-down of operating equipment.  Consult with manufacturer's technical experts, for 

specific instructions on unique product conditions and unforeseen problems. 

 

B. Protection and Identification: Deliver products to project properly identified with names, 

models numbers, types, grades, compliance labels and similar information needed for distinct 

identifications; adequately packaged or protected to prevent deterioration during shipment, 

storage and handling.  Store in a dry, well ventilated, indoor space, except where prepared 

and protected by the manufacturer specifically for exterior storage. 

 

C. Permits and Tests: Provide labor, material and equipment to perform all tests required by the 

governing agencies and submit a record of all tests to the Owner or his representative.  Notify 

the Architect five days in advance of any testing. 

 

D. Where components such as duct, pipe, conduit, etc. pass through non-fire-rated, interior 

partitions, fill void between component and opening in wall with fiberglass insulation and 

sealant for acoustical separation.   

 

END OF SECTION 
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SECTION 230510 – MECHANICAL COORDINATION 

 

PART 1 - GENERAL 

 

QUALITY ASSURANCE 

 

Mechanical Coordination Drawings: Prepare a set of coordination drawings showing the coordination 

of the major elements, components and systems of the mechanical work, and showing the 

coordination of mechanical work with other work. Prepare drawings at accurate scale and sufficiently 

large to show locations of every item, including clearances for installing, maintaining, insulating, 

breaking down equipment, replacing motors and similar requirements. Drawings shall indicate 

coordination with all other trades including, but not limited to, lighting, structural, plumbing and 

architectural items. Where applicable, existing conditions shall be accounted for.  Prepare drawings to 

include plans, elevations, sections and details as needed to conclusively show successful coordination 

and integration of the work.  Submit drawings for review by the Architect/Engineer. 

 

PART 2 - PRODUCTS 

 

MECHANICAL PRODUCT COORDINATION 

 

Power Characteristics: Refer to the electrical sections of the specifications and the electrical drawings 

for the power characteristics available for the operation of each power driven item of mechanical 

equipment. The electrical design was based on the power requirements of the mechanical equipment 

manufacturer scheduled or specified as "basis of design."  Any modifications to the electrical system 

that are required due to the use of an approved equivalent manufacturer shall be made at no additional 

cost to the owner.  All changes must be clearly documented and submitted for review by the 

Architect/Engineer prior to purchasing equipment.  Coordinate purchases to ensure uniform interface 

with electrical work.  Refer to specification Div. 26 for additional coordination requirements. 

 

Coordination of Options and Substitutions: When the contract documents permit the selection from 

several product options and it becomes necessary to authorize a substitution, do not proceed with 

purchase until coordination of interface to equipment has been checked and satisfactorily established. 

 

PART 3 - EXECUTION 

 

INSPECTION AND PREPARATION 

 

Substrate Examination: The Installer of each element of the mechanical work must examine the 

condition of the substrate to receive the work, the conditions under which the work will be performed, 

and must notify the Contractor in writing of conditions detrimental to the proper completion of the 

work.  Do not proceed with the work until unsatisfactory conditions have been corrected in a manner 

acceptable to the Installer. 

 

Do not proceed with the installation of sleeves, anchors, hangers, roof penetrations and similar work 

until mechanical coordination drawings have been processed and released for construction.  Where 

work must be installed prior to that time in order to avoid a project delay, review proposed 

installation in a project coordination meeting including all parties involved with the interfacing of the 

work. 

 

CUTTING AND PATCHING 
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Structural Limitations: Do not cut structural framing, walls, floors, decks and other members intended 

to withstand stress, except with the Architect's or Engineer's written authorization.  Authorization will 

be granted only where there is not other reasonable method for completing the mechanical work, and 

where the proposed cutting clearly does not materially weaken the structure. 

 

Where authorized, cut opening through concrete (for pipe penetrations and similar services) by core 

drilling or sawing.  Do not cut by hammer-driven chisel or drill. 

 

Other work: Do not endanger or damage other work through the procedures and processes of cutting 

to accommodate mechanical work.  Review the proposed cutting with the Installer of the work to be 

cut, and comply with his recommendations to minimize damage.  Where necessary, engage the 

original Installer or other specialists to execute the cutting in the recommended manner. 

 

Where patching is required to restore other work, because of either cutting or other damage inflicted 

during the installation of mechanical work, execute the patching in the manner recommended by the 

original Installer.  Restore the other work in every respect, including the elimination of visual defects 

in exposed finishes, as judged by the Architect.  Engage the original Installer to complete patching of 

the following categories of work: 

Exposed concrete finishes. 

Exposed masonry. 

Waterproofing and vapor barriers. 

Roofing, flashing and accessories. 

Interior exposed finishes and casework, where judged by the Architect to be difficult to achieve an 

acceptable match by other means. 

 

COORDINATION OF MECHANICAL INSTALLATION 

 

General:  Sequence, coordinate and integrate the various elements of mechanical work so that the 

mechanical plant will perform as indicated and be in harmony with the other work of the building.  

The Architect/Engineer will not supervise the coordination, which is the exclusive responsibility of 

the Contractor.  Comply with the following requirements: 

 

Install piping, ductwork and similar services straight and true, aligned with other work and with 

overhead structures and allowing for insulation.  Conceal where possible. 

 

Arrange work to facilitate maintenance and repair or replacement of equipment.  Locate services 

requiring maintenance on valves and similar units in front of services requiring less maintenance.  

Connect equipment for ease of disconnecting, with minimum of interference with other work. 

 

Give the right-of way to piping systems required to slope for drainage (over other service lines).  

 

Piping shall be located to avoid interference with ductwork and light fixtures. 

 

Drawings:  Conform with the arrangement indicated by the contract documents to the greatest extent 

possible, recognizing that portions of the work are shown only in diagrammatic form. Where 

coordination requirements conflict with individual system requirements, comply with the Architect's 

decision on resolution of the conflict. 
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Electrical Work: Coordinate the mechanical work with electrical work, and properly interface with 

the electrical service.  In general, and except as otherwise indicated, install mechanical equipment 

ready for electrical connection. Refer to the electrical sections of the specifications for electrical 

connection of mechanical equipment.  

 

Utility Connections: Coordinate the connection of mechanical systems with exterior underground 

utilities and services.  Comply with the requirements of governing regulations, franchised service 

companies and controlling agencies.  Provide a single connection for each service except where 

multiple connections are indicated. 

 

COORDINATION OF MECHANICAL START-UP 

 

Seasonal Requirements: Adjust and coordinate the timing of mechanical system start-ups with 

seasonal variations, so that demonstration and testing of specified performance can be observed and 

recorded.  Exercise proper care in off-season start-ups to ensure that systems and equipment will not 

be damaged by the operation. 

 

Painting and Air Distribution: Coordinate the initial cleaning and start-up of the HVAC air 

distribution system, to occur prior to preparatory cleaning and general interior painting and decorating 

on the project. 

 

END OF SECTION 230510 
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 

horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 

600 V and installed at equipment manufacturer's factory or shipped separately by equipment 

manufacturer for field installation. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 

following: 

1. Motor controllers. 

2. Torque, speed, and horsepower requirements of the load. 

3. Ratings and characteristics of supply circuit and required control sequence. 

4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

B. Comply with IEEE 841 for severe-duty motors. 

2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 104 deg F and at altitude of 3300 feet above 

sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads 

at designated speeds, at installed altitude and environment, with indicated operating sequence, 

and without exceeding nameplate ratings or considering service factor. 
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2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Energy efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 

2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

H. Temperature Rise:  Match insulation rating. 

I. Insulation:  Class F. 

J. Code Letter Designation: 

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 

2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 

K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 

frame sizes smaller than 324T. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection 

requirements for controller with required motor leads.  Provide terminals in motor terminal box, 

suited to control method. 

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features 

coordinated with and approved by controller manufacturer. 

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 

tested to resist transient spikes, high frequencies, and short time rise pulses produced by 

pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 

3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 

4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors. 

C. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor. 



 

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513 - 3 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 

requirements of specific motor application: 

1. Permanent-split capacitor. 

2. Split phase. 

3. Capacitor start, inductor run. 

4. Capacitor start, capacitor run. 

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 

thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 

when winding temperature exceeds a safe value calibrated to temperature rating of motor 

insulation.  Thermal-protection device shall automatically reset when motor temperature returns 

to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal pipe hangers and supports. 

2. Trapeze pipe hangers. 

3. Metal framing systems. 

4. Thermal-hanger shield inserts. 

5. Fastener systems. 

6. Pipe stands. 

7. Equipment supports. 

B. Related Sections: 

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for trapeze 

hangers for pipe and equipment supports. 

2. Section 230548 "Vibration and Seismic Controls for HVAC" for vibration isolation 

devices. 

3. Section 233113 "Metal Ducts" for duct hangers and supports. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including 

comprehensive engineering analysis by a qualified professional engineer, using performance 

requirements and design criteria indicated. 

B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand 

the effects of gravity loads and stresses within limits and under conditions indicated according 

to ASCE/SEI 7. 

1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water. 
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2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 

3. Design seismic-restraint hangers and supports for piping and equipment and obtain 

approval from authorities having jurisdiction. 

1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  Signed and sealed by a qualified professional engineer. Show fabrication and 

installation details and include calculations for the following; include Product Data for 

components: 

1. Trapeze pipe hangers. 

2. Metal framing systems. 

3. Pipe stands. 

4. Equipment supports. 

C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation. 

1. Detail fabrication and assembly of trapeze hangers. 

2. Design Calculations:  Calculate requirements for designing trapeze hangers. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 

Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 

2. Galvanized Metallic Coatings:  Pregalvanized or hot dipped. 

3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
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4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel or stainless 

steel. 

B. Stainless-Steel Pipe Hangers and Supports: 

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 

2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 

C. Copper Pipe Hangers: 

1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 

components. 

2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of copper-coated steel or 

stainless steel. 

2.2 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 

structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-

bolts. 

2.3 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 

1. Description:  Shop- or field-fabricated pipe-support assembly for supporting multiple 

parallel pipes. 

2. Standard:  MFMA-4. 

3. Channels:  Continuous slotted steel channel with inturned lips. 

4. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel 

slot and, when tightened, prevent slipping along channel. 

5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel. 

6. Metallic Coating:  Hot-dipped galvanized, Mill galvanized, or In-line, hot galvanized. 

B. Non-MFMA Manufacturer Metal Framing Systems: 

1. Description:  Shop- or field-fabricated pipe-support assembly made of steel channels, 

accessories, fittings, and other components for supporting multiple parallel pipes. 

2. Standard:  Comply with MFMA-4. 

3. Channels:  Continuous slotted steel channel with inturned lips. 

4. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel 

slot and, when tightened, prevent slipping along channel. 

5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel or stainless 

steel. 

6. Coating:  Zinc, Paint, or PVC. 
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2.4 THERMAL-HANGER SHIELD INSERTS 

A. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig 

minimum compressive strength and vapor barrier. 

B. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass with 100-psig 

minimum compressive strength. 

C. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe. 

D. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

E. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient 

air temperature. 

2.5 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete 

with pull-out, tension, and shear capacities appropriate for supported loads and building 

materials where used. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in hardened 

portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported 

loads and building materials where used. 

2.6 PIPE STANDS 

A. General Requirements for Pipe Stands:  Shop- or field-fabricated assemblies made of 

manufactured corrosion-resistant components to support roof-mounted piping. 

B. Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe clamps, or V-shaped 

cradle to support pipe, for roof installation without membrane penetration. 

C. Low-Type, Single-Pipe Stand:  One-piece plastic base unit with plastic roller, for roof 

installation without membrane penetration. 

D. Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports made from structural-

steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof 

curb. 

2.7 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-

steel shapes. 
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2.8 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and 

galvanized. 

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 

nonmetallic grout; suitable for interior and exterior applications. 

1. Properties:  Nonstaining, noncorrosive, and nongaseous. 

2. Design Mix:  5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 

supports, clamps, and attachments as required to properly support piping from the building 

structure. 

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange 

for grouping of parallel runs of horizontal piping, and support together on field-fabricated 

trapeze pipe hangers. 

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 

install intermediate supports for smaller diameter pipes as specified for individual pipe 

hangers. 

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being 

supported.  Weld steel according to AWS D1.1/D1.1M. 

C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and 

support together on field-assembled metal framing systems. 

D. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping. 

E. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches thick in concrete after concrete is placed and completely cured.  Use 

operators that are licensed by powder-actuated tool manufacturer.  Install fasteners 

according to powder-actuated tool manufacturer's operating manual. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely 

cured.  Install fasteners according to manufacturer's written instructions. 

F. Pipe Stand Installation: 

1. Pipe Stand Types except Curb-Mounted Type:  Assemble components and mount on 

smooth roof surface.  Do not penetrate roof membrane. 

2. Curb-Mounted-Type Pipe Stands:  Assemble components or fabricate pipe stand and 

mount on permanent, stationary roof curb.  See Section 077200 "Roof Accessories" for 

curbs. 
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G. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 

washers, and other accessories. 

H. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 

I. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

expansion joints, expansion loops, expansion bends, and similar units. 

J. Install lateral bracing with pipe hangers and supports to prevent swaying. 

K. Install building attachments within concrete slabs or attach to structural steel.  Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 

and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten 

inserts to forms and install reinforcing bars through openings at top of inserts. 

L. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment. 

M. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed 

maximum pipe deflections allowed by ASME B31.9 for building services piping. 

N. Insulated Piping: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 

insulation. 

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield 

insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 

piping. 

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 

indicated.  Fill interior voids with insulation that matches adjoining insulation. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields 

shall span an arc of 180 degrees. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 

b. NPS 4:  12 inches long and 0.06 inch thick. 

c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 

d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 
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e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 and Larger:  Include wood or reinforced calcium-silicate-insulation inserts 

of length at least as long as protective shield. 

6. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation. 

3.2 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 

equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make bearing surface smooth. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 

supports. 

B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be 

shop welded because of shipping size limitations. 

C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 

appearance and quality of welds; and methods used in correcting welding work; and with the 

following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

4. Finish welds at exposed connections so no roughness shows after finishing and so 

contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 

indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.5 PAINTING 

A. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 
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3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment. 

B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in 

piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 

not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal framing 

systems and attachments for general service applications. 

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile 

environment applications. 

G. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping and 

tubing. 

H. Use padded hangers for piping that is subject to scratching. 

I. Use thermal-hanger shield inserts for insulated piping and tubing. 

J. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 

piping system Sections, install the following types: 

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30. 

2. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30. 

3. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate. 

4. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 

with U-bolt to retain pipe. 

5. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes 

NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 

support and cast-iron floor flange. 

6. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30, from two 

rods if longitudinal movement caused by expansion and contraction might occur. 

7. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to 

NPS 24, from single rod if horizontal movement caused by expansion and contraction 

might occur. 

8. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 if 

longitudinal movement caused by expansion and contraction might occur but vertical 

adjustment is not necessary. 
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9. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 to NPS 24 if small 

horizontal movement caused by expansion and contraction might occur and vertical 

adjustment is not necessary. 

10. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes NPS 2 to 

NPS 30 if vertical and lateral adjustment during installation might be required in addition 

to expansion and contraction. 

K. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to 

NPS 24. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 

to NPS 24 if longer ends are required for riser clamps. 

L. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads. 

2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F piping installations. 

3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 

4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments. 

5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F piping installations. 

M. Building Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend 

pipe hangers from concrete ceiling. 

2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction, to attach to top flange of structural shape. 

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles. 

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 

5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large. 

6. C-Clamps (MSS Type 23):  For structural shapes. 

7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 

8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads. 

10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 

12. Welded-Steel Brackets:  For support of pipes from below or for suspending from above 

by using clip and rod.  Use one of the following for indicated loads: 

a. Light (MSS Type 31):  750 lb. 
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b. Medium (MSS Type 32):  1500 lb. 

c. Heavy (MSS Type 33):  3000 lb. 

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 

14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 

15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited. 

N. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 

insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer 

to prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

O. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 

system Sections, install the following types: 

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement. 

2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 

1-1/4 inches. 

3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger with 

springs. 

4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal 

expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 

trapeze support. 

8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress 

from one support to another support, critical terminal, or connected equipment.  Include 

auxiliary stops for erection, hydrostatic test, and load-adjustment capability.  These 

supports include the following types: 

a. Horizontal (MSS Type 54):  Mounted horizontally. 

b. Vertical (MSS Type 55):  Mounted vertically. 

c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member. 

P. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections. 

Q. Comply with MFMA-103 for metal framing system selections and applications that are not 

specified in piping system Sections. 
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R. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 

attachments where required in concrete construction. 

END OF SECTION 230529 
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Elastomeric isolation pads. 

2. Elastomeric isolation mounts. 

3. Restrained elastomeric isolation mounts. 

4. Open-spring isolators. 

5. Housed-spring isolators. 

6. Restrained-spring isolators. 

7. Housed-restrained-spring isolators. 

8. Pipe-riser resilient supports. 

9. Resilient pipe guides. 

10. Elastomeric hangers. 

11. Spring hangers. 

12. Snubbers. 

13. Restraint channel bracings. 

14. Restraint cables. 

15. Seismic-restraint accessories. 

16. Mechanical anchor bolts. 

17. Adhesive anchor bolts. 

18. Vibration isolation equipment bases. 

19. Restrained isolation roof-curb rails. 

1.3 DEFINITIONS 

A. IBC:  International Building Code. 

B. ICC-ES:  ICC-Evaluation Service. 

C. OSHPD:  Office of Statewide Health Planning & Development (for the State of California). 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
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1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 

2. Illustrate and indicate style, material, strength, fastening provision, and finish for each 

type and size of vibration isolation device and seismic-restraint component required. 

a. Tabulate types and sizes of seismic restraints, complete with report numbers and 

rated strength in tension and shear as evaluated by an evaluation service member 

of ICC-ES, OSHPD, or an agency acceptable to authorities having jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 

requirements. 

3. Interlocking Snubbers:  Include ratings for horizontal, vertical, and combined loads. 

B. Shop Drawings: 

1. Detail fabrication and assembly of equipment bases.  Detail fabrication including 

anchorages and attachments to structure and to supported equipment.  Include adjustable 

motor bases, rails, and frames for equipment mounting. 

2. Vibration Isolation Base Details:  Detail fabrication including anchorages and 

attachments to structure and to supported equipment.  Include adjustable motor bases, 

rails, and frames for equipment mounting. 

C. Delegated-Design Submittal:  For each vibration isolation and seismic-restraint device. 

1. Include design calculations and details for selecting vibration isolators, seismic restraints, 

and vibration isolation bases complying with performance requirements, design criteria, 

and analysis data signed and sealed by the qualified professional engineer responsible for 

their preparation. 

2. Design Calculations:  Calculate static and dynamic loading due to equipment weight, 

operation, and seismic and wind forces required to select vibration isolators and 

seismic and wind restraints and for designing vibration isolation bases. 

a. Coordinate design calculations with wind load calculations required for equipment 

mounted outdoors.  Comply with requirements in other Sections for equipment 

mounted outdoors. 

3. Riser Supports:  Include riser diagrams and calculations showing anticipated expansion 

and contraction at each support point, initial and final loads on building structure, spring 

deflection changes, and seismic loads.  Include certification that riser system was 

examined for excessive stress and that none exists. 

4. Seismic- and Wind-Restraint Details: 

a. Design Analysis:  To support selection and arrangement of seismic and wind 

restraints.  Include calculations of combined tensile and shear loads. 

b. Details:  Indicate fabrication and arrangement.  Detail attachments of restraints to 

the restrained items and to the structure.  Show attachment locations, methods, and 

spacings.  Identify components, list their strengths, and indicate directions and 

values of forces transmitted to the structure during seismic events.  Indicate 

association with vibration isolation devices. 
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c. Coordinate seismic-restraint and vibration isolation details with wind-restraint 

details required for equipment mounted outdoors.  Comply with requirements in 

other Sections for equipment mounted outdoors. 

d. Preapproval and Evaluation Documentation:  By an evaluation service member of 

ICC-ES, OSHPD, or an agency acceptable to authorities having jurisdiction, 

showing maximum ratings of restraint items and the basis for approval (tests or 

calculations). 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Show coordination of vibration isolation device installation and 

seismic bracing for HVAC piping and equipment with other systems and equipment in the 

vicinity, including other supports and restraints, if any. 

B. Qualification Data:  For professional engineer and testing agency. 

C. Welding certificates. 

D. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 

conduct the testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7 and that 

is acceptable to authorities having jurisdiction. 

B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are 

more stringent. 

C. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 

D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall 

bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or 

preapproval by another agency acceptable to authorities having jurisdiction, showing maximum 

seismic-restraint ratings.  Ratings based on independent testing are preferred to ratings based on 

calculations.  If preapproved ratings are unavailable, submittals based on independent testing 

are preferred.  Calculations (including combining shear and tensile loads) to support seismic-

restraint designs must be signed and sealed by a qualified professional engineer. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

1. Unless specifically noted otherwise below, subject to compliance with requirements, 

available manufacturers offering products that may be incorporated into the Work 

include, but are not limited to, the following: 
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a. Ace Mountings Co., Inc. 

b. California Dynamics Corporation. 

c. Isolation Technology, Inc. 

d. Kinetics Noise Control, Inc. 

e. Mason Industries, Inc. 

f. Vibration Eliminator Co., Inc. 

g. Vibration Isolation. 

h. Vibration Mountings & Controls, Inc. 

i. Or Pre-Approved Equal. 

2.2 PERFORMANCE REQUIREMENTS 

A. Wind-Restraint Loading: 

1. Basic Wind Speed:  156 mph. 

2. Building Classification Category:  III. 

3. Minimum 10 lb/sq. ft. multiplied by maximum area of HVAC component projected on 

vertical plane normal to wind direction, and 45 degrees either side of normal. 

B. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  See Structural 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  See 

Structural. 

a. Component Importance Factor:  See Drawings. 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second):  See Structural. 

4. Design Spectral Response Acceleration at 1.0-Second Period:  See Structural. 

5. Rated strengths, features, and applications shall be as defined in reports by an evaluation 

service member of ICC-ES, OSHPD, or an agency acceptable to authorities having 

jurisdiction. 

a. Structural Safety Factor:  Allowable strength in tension, shear, and pullout force of 

components shall be at least four  times the maximum seismic forces to which they 

are subjected. 

2.3 ELASTOMERIC ISOLATION PADS 

A. Elastomeric Isolation Pads. 

1. Fabrication:  Single or multiple layers of sufficient durometer stiffness for uniform 

loading over pad area. 

2. Size:  Factory or field cut to match requirements of supported equipment. 

3. Pad Material:  Oil and water resistant with elastomeric properties. 

4. Surface Pattern:  Smooth, Ribbed, or Waffle pattern. 

5. Infused nonwoven cotton or synthetic fibers. 

6. Load-bearing metal plates adhered to pads. 

7. Sandwich-Core Material:  Resilient and elastomeric . 

http://www.specagent.com/LookUp/?uid=123456867199&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867200&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867201&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867202&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867203&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867204&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867205&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867206&mf=04&src=wd
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a. Surface Pattern:  Smooth, Ribbed, or Waffle  pattern. 

b. Infused nonwoven cotton or synthetic fibers. 

2.4 ELASTOMERIC ISOLATION MOUNTS 

A. Double-Deflection, Elastomeric Isolation Mounts. 

1. Mounting Plates: 

a. Top Plate:  Encapsulated steel load transfer top plates, factory drilled and 

threaded with threaded studs or bolts. 

b. Baseplate:  Encapsulated steel bottom plates with holes provided for anchoring to 

support structure. 

2. Elastomeric Material:  Molded, oil-resistant rubber, neoprene, or other elastomeric 

material. 

2.5 RESTRAINED ELASTOMERIC ISOLATION MOUNTS 

1. Description:  All-directional isolator with seismic restraints containing two separate and 

opposing elastomeric elements that prevent central threaded element and attachment 

hardware from contacting the housing during normal operation. 

a. Housing:  Cast-ductile iron or welded steel. 

b. Elastomeric Material:  Molded, oil-resistant rubber, neoprene, or other elastomeric 

material. 

2.6 OPEN-SPRING ISOLATORS 

A. Freestanding, Laterally Stable, Open-Spring Isolators. 

1. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

2. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

3. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

4. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

5. Baseplates:  Factory-drilled steel plate for bolting to structure with an elastomeric isolator 

pad attached to the underside.  Baseplates shall limit floor load to 500 psig. 

6. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw 

to fasten and level equipment. 

2.7 HOUSED-SPRING ISOLATORS 

A. Freestanding, Laterally Stable, Open-Spring Isolators in Two-Part Telescoping Housing 

1. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 
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2. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

3. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

4. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

5. Two-Part Telescoping Housing:  A steel top and bottom frame separated by an 

elastomeric material and enclosing the spring isolators. 

a. Drilled base housing for bolting to structure with an elastomeric isolator pad 

attached to the underside.  Bases shall limit floor load to 500 psig. 

b. Top housing with attachment and leveling bolt, threaded mounting holes and 

internal leveling device, or elastomeric pad. 

2.8 RESTRAINED-SPRING ISOLATORS 

A. Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop Restraint:  . 

1. Housing:  Steel housing with vertical-limit stops to prevent spring extension due to 

weight being removed. 

a. Base with holes for bolting to structure with an elastomeric isolator pad attached to 

the underside.  Bases shall limit floor load to 500 psig. 

b. Top plate with elastomeric pad. 

c. Internal leveling bolt that acts as blocking during installation. 

2. Restraint:  Limit stop as required for equipment and authorities having jurisdiction. 

3. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

4. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

5. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

6. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

2.9 HOUSED-RESTRAINED-SPRING ISOLATORS 

A. Freestanding, Steel, Open-Spring Isolators with Vertical-Limit Stop Restraint in Two-Part 

Telescoping Housing:  . 

1. Two-Part Telescoping Housing:  A steel top and bottom frame separated by an 

elastomeric material and enclosing the spring isolators.  Housings are equipped with 

adjustable snubbers to limit vertical movement. 

a. Drilled base housing for bolting to structure with an elastomeric isolator pad 

attached to the underside.  Bases shall limit floor load to 500 psig. 

b. Threaded top housing with adjustment bolt and cap screw to fasten and level 

equipment. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 
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4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

2.10 PIPE-RISER RESILIENT SUPPORT 

A. Description:  All-directional, acoustical pipe anchor consisting of two steel tubes separated by a 

minimum 1/2-inch- thick neoprene. 

1. Vertical-Limit Stops:  Steel and neoprene vertical-limit stops arranged to prevent vertical 

travel in both directions. 

2. Maximum Load Per Support:  500 psig on isolation material providing equal isolation in 

all directions. 

2.11 RESILIENT PIPE GUIDES 

A. Description:  Telescopic arrangement of two steel tubes or post and sleeve arrangement 

separated by a minimum 1/2-inch- thick neoprene. 

1. Factory-Set Height Guide with Shear Pin:  Shear pin shall be removable and reinsertable 

to allow for selection of pipe movement.  Guides shall be capable of motion to meet 

location requirements. 

2.12 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods. 

1. Frame:  Steel, fabricated with a connection for an upper threaded hanger rod and an 

opening on the underside to allow for a maximum of 30 degrees of angular lower hanger-

rod misalignment without binding or reducing isolation efficiency. 

2. Dampening Element:  Molded, oil-resistant rubber, neoprene, or other elastomeric 

material with a projecting bushing for the underside opening preventing steel to steel 

contact. 

2.13 SPRING HANGERS 

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in 

Compression. 

1. Frame:  Steel, fabricated for connection to threaded hanger rods and to allow for a 

maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing 

isolation efficiency. 

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
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6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced 

cup to support spring and bushing projecting through bottom of frame. 

7. Adjustable Vertical Stop:  Steel washer with neoprene washer "up-stop" on lower 

threaded rod. 

8. Self-centering hanger-rod cap to ensure concentricity between hanger rod and support 

spring coil. 

2.14 SNUBBERS 

A. Description:  Factory fabricated using welded structural-steel shapes and plates, anchor bolts, 

and replaceable resilient isolation washers and bushings. 

1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or 

female-wedge type. 

2. Resilient Isolation Washers and Bushings:  Oil- and water-resistant neoprene. 

3. Maximum 1/4-inch air gap, and minimum 1/4-inch- thick resilient cushion. 

2.15 RESTRAINT CHANNEL BRACINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper B-Line, Inc. 

2. Hilti, Inc. 

3. Mason Industries, Inc. 

4. Unistrut. 

5. Or Pre-Approved Equal. 

B. Description:  MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel 

channels with accessories for attachment to braced component at one end and to building 

structure at the other end and other matching components and with corrosion-resistant coating; 

rated in tension, compression, and torsion forces. 

2.16 RESTRAINT CABLES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Kinetics Noise Control, Inc. 

2. Loos & Co., Inc. 

3. Vibration Mountings & Controls, Inc. 

4. Or Pre-Approved Equal. 

B. Restraint Cables:  ASTM A 492 stainless-steel cables.  End connections made of steel 

assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; 

with a minimum of two clamping bolts for cable engagement. 

http://www.specagent.com/LookUp/?uid=123456867233&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867234&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867235&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867236&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867279&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867280&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867281&mf=04&src=wd
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2.17 SEISMIC-RESTRAINT ACCESSORIES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Cooper B-Line, Inc. 

2. Kinetics Noise Control, Inc. 

3. Mason Industries, Inc. 

4. TOLCO. 

B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 

connections or Reinforcing steel angle clamped to hanger rod. 

C. Hinged and Swivel Brace Attachments:  Multifunctional steel connectors for attaching hangers 

to rigid channel bracings and restraint cables. 

D. Bushings for Floor-Mounted Equipment Anchor Bolts:  Neoprene bushings designed for rigid 

equipment mountings, and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene 

elements and steel sleeves designed for rigid equipment mountings, and matched to type and 

size of attachment devices used. 

F. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant 

neoprene, with a flat washer face. 

2.18 MECHANICAL ANCHOR BOLTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Cooper B-Line, Inc. 

2. Hilti, Inc. 

3. Kinetics Noise Control, Inc. 

4. Mason Industries, Inc. 

B. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel 

for interior applications and stainless steel for exterior applications.  Select anchor bolts with 

strength required for anchor and as tested according to ASTM E 488. 

2.19 ADHESIVE ANCHOR BOLTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Hilti, Inc. 

2. Kinetics Noise Control, Inc. 

3. Mason Industries, Inc. 

4. Or Pre-Approved Equal. 

http://www.specagent.com/LookUp/?uid=123456867237&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867238&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867239&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867240&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867241&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867242&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867243&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867244&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867245&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867246&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867247&mf=04&src=wd
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B. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing PVC or urethane 

methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  

Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless 

steel for exterior applications.  Select anchor bolts with strength required for anchor and as 

tested according to ASTM E 488. 

2.20 VIBRATION ISOLATION EQUIPMENT BASES 

A. Steel Rails:  Factory-fabricated, welded, structural-steel rails. 

1. Design Requirements:  Lowest possible mounting height with not less than 1-inch 

clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  

Rails shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel brackets on frame for outrigger isolation 

mountings and to provide for anchor bolts and equipment support. 

B. Steel Bases:  Factory-fabricated, welded, structural-steel bases and rails. 

1. Design Requirements:  Lowest possible mounting height with not less than 1-inch 

clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 

bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  

Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel brackets on frame for outrigger isolation 

mountings and to provide for anchor bolts and equipment support. 

C. Concrete Inertia Base:  Factory-fabricated, welded, structural-steel bases and rails ready for 

placement of cast-in-place concrete. 

1. Design Requirements:  Lowest possible mounting height with not less than 1-inch 

clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 

bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  

Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel brackets on frame for outrigger isolation 

mountings and to provide for anchor bolts and equipment support. 

4. Fabrication:  Fabricate steel templates to hold equipment anchor-bolt sleeves and anchors 

in place during placement of concrete.  Obtain anchor-bolt templates from supported 

equipment manufacturer. 
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2.21 RESTRAINED ISOLATION ROOF-CURB RAILS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Ace Mountings Co., Inc. 

2. California Dynamics Corporation. 

3. Kinetics Noise Control. 

4. Mason Industries, Inc. 

5. Thybar Corporation. 

6. Or Pre-Approved Equal. 

B. Description:  Factory-assembled, fully enclosed, insulated, air- and watertight curb rail designed 

to resiliently support equipment and to withstand seismic and wind forces. 

C. Upper Frame: The upper frame shall provide continuous support for equipment and shall be 

captive to resiliently resist seismic and wind forces. 

D. Lower Support Assembly:  The lower support assembly shall be formed sheet metal section 

containing adjustable and removable steel springs that support the upper frame.  The lower 

support assembly shall have a means for attaching to building structure and a wood nailer for 

attaching roof materials, and shall be insulated with a minimum of 2 inches of rigid, glass-fiber 

insulation on inside of assembly.  Adjustable, restrained-spring isolators shall be mounted on 

elastomeric vibration isolation pads and shall have access ports, for level adjustment, with 

removable waterproof covers at all isolator locations.  Isolators shall be located so they are 

accessible for adjustment at any time during the life of the installation without interfering with 

the integrity of the roof. 

E. Snubber Bushings:  All-directional, elastomeric snubber bushings at least 1/4 inch thick. 

F. Water Seal:  Galvanized sheet metal with EPDM seals at corners, attached to upper support 

frame, extending down past wood nailer of lower support assembly, and counterflashed over 

roof materials. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic- and wind-control 

devices for compliance with requirements for installation tolerances and other conditions 

affecting performance of the Work. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations 

before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

http://www.specagent.com/LookUp/?uid=123456867303&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867287&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867283&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867284&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867288&mf=04&src=wd
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3.2 APPLICATIONS 

A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for application 

by an evaluation service member of ICC-ES, OSHPD, or an agency acceptable to authorities 

having jurisdiction. 

B. Hanger-Rod Stiffeners:  Install hanger-rod stiffeners where indicated or scheduled on Drawings 

to receive them and where required to prevent buckling of hanger rods due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of 

components so strength is adequate to carry present and future static and seismic loads within 

specified loading limits. 

3.3 VIBRATION CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported equipment 

attachment and mounting points and with requirements for concrete reinforcement and 

formwork. 

B. Installation of vibration isolators must not cause any change of position of equipment, piping, or 

ductwork resulting in stresses or misalignment. 

C. Comply with requirements for installation of roof curbs, equipment supports, and roof 

penetrations. 

D. Equipment Restraints: 

1. Install seismic snubbers on HVAC equipment mounted on vibration isolators.  Locate 

snubbers as close as possible to vibration isolators and bolt to equipment base and 

supporting structure. 

2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 

between anchor and adjacent surface exceeds 0.125 inch. 

3. Install seismic-restraint devices using methods approved by an evaluation service 

member of ICC-ES, OSHPD, or an agency acceptable to authorities having jurisdiction 

that provides required submittals for component. 

E. Piping Restraints: 

1. Comply with requirements in MSS SP-127. 

2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a maximum 

of 80 feet  o.c. 

3. Brace a change of direction longer than 12 feet. 

F. Install cables so they do not bend across edges of adjacent equipment or building structure. 

G. Install seismic-restraint devices using methods approved by an evaluation service member of 

ICC-ES, OSHPD, or an agency acceptable to authorities having jurisdiction that provides 

required submittals for component. 
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H. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide 

resilient media between anchor bolt and mounting hole in concrete base. 

I. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide 

resilient media where equipment or equipment-mounting channels are attached to wall. 

J. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at 

flanges of beams, at upper truss chords of bar joists, or at concrete members. 

K. Drilled-in Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 

anchors.  Do not damage existing reinforcing or embedded items during coring or 

drilling.  Notify the structural engineer if reinforcing steel or other embedded items are 

encountered during drilling.  Locate and avoid prestressed tendons, electrical and 

telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved 

full design strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty 

sleeve anchors shall be installed with sleeve fully engaged in the structural element to 

which anchor is to be fastened. 

4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust prior to 

installation of adhesive.  Place adhesive in holes proceeding from the bottom of the hole 

and progressing toward the surface in such a manner as to avoid introduction of air 

pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque, using a torque wrench. 

6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior 

applications. 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or 

branches are supported by different structural elements, and where the connections terminate 

with connection to equipment that is anchored to a different structural element from the one 

supporting the connections as they approach equipment.  Comply with requirements in 

Section 232113 "Hydronic Piping" for piping flexible connections. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to 

authorities having jurisdiction. 
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2. Schedule test with Owner, through Architect, before connecting anchorage device to 

restrained component (unless post connection testing has been approved), and with at 

least seven days' advance notice. 

3. Obtain Architect's approval before transmitting test loads to structure.  Provide temporary 

load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners selected by 

Architect. 

5. Test to 90 percent of rated proof load of device. 

6. Measure isolator restraint clearance. 

7. Measure isolator deflection. 

8. Verify snubber minimum clearances. 

D. Remove and replace malfunctioning units and retest as specified above. 

E. Prepare test and inspection reports. 

3.6 ADJUSTING 

A. Adjust isolators after piping system is at operating weight. 

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal operating height.  

After equipment installation is complete, adjust limit stops so they are out of contact during 

normal operation. 

3.7 VIBRATION ISOLATION EQUIPMENT BASES INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported equipment 

attachment and mounting points and with requirements for concrete reinforcement and 

formwork. 

END OF SECTION 230548 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Pipe labels. 

3. Duct labels. 

4. Valve tags. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Samples:  For color, letter style, and graphic representation required for each identification 

material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed 

content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 

1/16 inch thick and having predrilled holes for attachment hardware. 

2. Letter Color:  White 

3. Background Color: Black 

4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

5. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 

6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 

for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 

size of principal lettering. 

7. Fasteners:  Stainless-steel rivets or self-tapping screws. 

B. Label Content:  Include equipment's Drawing designation or unique equipment number, 

drawing numbers where equipment is indicated (plans, details, and schedules), plus the 

Specification Section number and title where equipment is specified. 

C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch 

bond paper.  Tabulate equipment identification number and identify Drawing numbers where 

equipment is indicated (plans, details, and schedules), plus the Specification Section number 

and title where equipment is specified.  Equipment schedule shall be included in operation and 

maintenance data. 

2.2 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering 

indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full circumference of 

pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations or 

abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate 

both directions, or as separate unit on each pipe label to indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 

2.3 DUCT LABELS 

A. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing. 
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B. Duct Label Contents:  Include identification of duct service using same designations or 

abbreviations as used on Drawings, duct size, equipment name (i.e. AHU-1, etc.), and an arrow 

indicating flow direction. 

1. Flow-Direction Arrows:  Integral with duct system service lettering to accommodate both 

directions, or as separate unit on each duct label to indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 

2.4 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-

inch numbers. 

1. Tag Material:  Brass, 0.032-inch or Stainless steel, 0.025-inch minimum thickness, and 

having predrilled or stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate valve 

number, piping system, system abbreviation (as shown on valve tag), location of valve (room or 

space), normal-operating position (open, closed, or modulating), and variations for 

identification.  Mark valves for emergency shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of identification 

devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 

encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 

machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and 

exterior exposed locations as follows: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 
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3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 

4. At access doors, manholes, and similar access points that permit view of concealed 

piping. 

5. Near major equipment items and other points of origination and termination. 

6. Spaced at maximum intervals of 25 feet along each run.  Reduce intervals to 10 feet in 

areas of congested piping and equipment. 

7.  

B. Pipe Label Color Schedule: 

1. Comply with ANSI / ASME A13.1. 

3.4 DUCT LABEL INSTALLATION 

A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color 

codes: 

1. Blue :  For cold-air supply ducts. 

2. Yellow: For hot-air supply ducts. 

3. Green :  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 

4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 

B. Locate labels near points where ducts enter into concealed spaces and at maximum intervals of 

50 feet in each space where ducts are exposed or concealed by removable ceiling system. 

3.5 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; valves within 

factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering 

hose connections; and HVAC terminal devices and similar roughing-in connections of end-use 

fixtures and units.  List tagged valves in a valve schedule. 

END OF SECTION 230553 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Balancing Air Systems: 

a. Constant-volume air systems. 

b. Variable-air-volume systems. 

2. Balancing Hydronic Piping Systems: 

a. Constant-flow hydronic systems. 

b. Variable-flow hydronic systems. 

c. Primary-secondary hydronic systems. 

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 ACTION SUBMITTALS 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, submit documentation 

that the TAB contractor and this Project's TAB team members meet the qualifications specified 

in "Quality Assurance" Article. 
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B. Contract Documents Examination Report:  Within 30 days of Contractor's Notice to Proceed, 

submit the Contract Documents review report as specified in Part 3. 

C. Strategies and Procedures Plan:  Within 60 days of Contractor's Notice to Proceed, submit TAB 

strategies and step-by-step procedures as specified in "Preparation" Article. 

D. Certified TAB reports. 

E. Sample report forms. 

F. Instrument calibration reports, to include the following: 

1. Instrument type and make. 

2. Serial number. 

3. Application. 

4. Dates of use. 

5. Dates of calibration. 

1.6 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC, NEBB, or TABB.. 

1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC, NEBB, 

or TABB. 

2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC, 

NEBB, or TABB as a TAB technician. 

B. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports. 

2. Certify that the TAB team complied with the approved TAB plan and the procedures 

specified and referenced in this Specification. 

C. TAB Report Forms:  Use standard TAB contractor's forms approved by Architect or Engineer. 

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, 

Section 5, "Instrumentation." 

E. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air 

Balancing." 

F. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 

Section 6.7.2.3 - "System Balancing." 

1.7 PROJECT CONDITIONS 

A. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial 

Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's 

operations. 
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1.8 COORDINATION 

A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and 

times. 

B. Perform TAB after leakage and pressure tests on air and water distribution systems have been 

satisfactorily completed. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 TAB SPECIALISTS 

A. Subject to compliance with requirements, available TAB contractors that may be engaged 

include, but are not limited to, the following: 

1. Airflow Services 

2. Carolina Air & Water Balancing 

3. Palmetto Air & Water Balance 

3.2 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover 

conditions in systems' designs that may preclude proper TAB of systems and equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer 

wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify 

that locations of these balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions 

for environmental conditions and systems' output, and statements of philosophies and 

assumptions about HVAC system and equipment controls. 

E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to 

verify that they meet the leakage class of connected ducts as specified in Section 233113 "Metal 

Ducts" and are properly separated from adjacent areas.  Verify that penetrations in plenum walls 

are sealed and fire-stopped if required. 

F. Examine equipment performance data including fan and pump curves. 

1. Relate performance data to Project conditions and requirements, including system effects 

that can create undesired or unpredicted conditions that cause reduced capacities in all or 

part of a system. 
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2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 

installed under conditions different from the conditions used to rate equipment 

performance.  To calculate system effects for air systems, use tables and charts found in 

AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."  

Compare results with the design data and installed conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, 

cleaning, and adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 

I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned 

and tight, and equipment with functioning controls is ready for operation. 

J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible 

and their controls are connected and functioning. 

K. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated 

perforations. 

L. Examine three-way valves for proper installation for their intended function of diverting or 

mixing fluid flows. 

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

N. Examine system pumps to ensure absence of entrained air in the suction piping. 

O. Examine operating safety interlocks and controls on HVAC equipment. 

P. Report deficiencies discovered before and during performance of TAB procedures.  Observe 

and record system reactions to changes in conditions.  Record default set points if different from 

indicated values. 

3.3 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the following: 

1. Permanent electrical-power wiring is complete. 

2. Hydronic systems are filled, clean, and free of air. 

3. Automatic temperature-control systems are operational. 

4. Equipment and duct access doors are securely closed. 

5. Balance, smoke, and fire dampers are open. 

6. Isolating and balancing valves are open and control valves are operational. 

7. Ceilings are installed in critical areas where air-pattern adjustments are required and 

access to balancing devices is provided. 

8. Windows and doors can be closed so indicated conditions for system operations can be 

met. 
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3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures contained 

in AABC's "National Standards for Total System Balance", ASHRAE 111, NEBB's "Procedural 

Standards for Testing, Adjusting, and Balancing of Environmental Systems", SMACNA's 

"HVAC Systems - Testing, Adjusting, and Balancing" and in this Section. 

1. Comply with requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing." 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 

minimum extent necessary for TAB procedures. 

1. After testing and balancing, patch probe holes in ducts with same material and thickness 

as used to construct ducts. 

2. After testing and balancing, install test ports and duct access doors that comply with 

requirements in Section 233300 "Air Duct Accessories." 

3. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation," 

Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping 

Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve position 

indicators, fan-speed-control levers, and similar controls and devices, with paint or other 

suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 

recommended testing procedures.  Crosscheck the summation of required outlet volumes with 

required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air 

dampers through the supply-fan discharge and mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 
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K. Check for proper sealing of air-handling-unit components. 

L. Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts." 

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 

fan manufacturer. 

1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 

measurements, measure airflow at terminal outlets and inlets and calculate the total 

airflow. 

2. Measure fan static pressures as follows to determine actual static pressure: 

a. Measure outlet static pressure as far downstream from the fan as practical and 

upstream from restrictions in ducts such as elbows and transitions. 

b. Measure static pressure directly at the fan outlet or through the flexible connection. 

c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as 

possible, upstream from the flexible connection, and downstream from duct 

restrictions. 

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum 

that houses the fan. 

3. Measure static pressure across each component that makes up an air-handling unit, 

rooftop unit, and other air-handling and -treating equipment. 

a. Report the cleanliness status of filters and the time static pressures are measured. 

4. Measure static pressures entering and leaving other devices, such as sound traps, heat-

recovery equipment, and air washers, under final balanced conditions. 

5. Review Record Documents to determine variations in design static pressures versus 

actual static pressures.  Calculate actual system-effect factors.  Recommend adjustments 

to accommodate actual conditions. 

6. Do not make fan-speed adjustments that result in motor overload.  Consult equipment 

manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor 

amperage to ensure that no overload will occur.  Measure amperage in full-cooling, full-

heating, economizer, and any other operating mode to determine the maximum required 

brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 

airflows within specified tolerances. 

1. Measure airflow of submain and branch ducts. 

a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube 

traverse measurements, measure airflow at terminal outlets and inlets and calculate 

the total airflow for that zone. 
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2. Measure static pressure at a point downstream from the balancing damper, and adjust 

volume dampers until the proper static pressure is achieved. 

3. Remeasure each submain and branch duct after all have been adjusted.  Continue to 

adjust submain and branch ducts to indicated airflows within specified tolerances. 

C. Measure air outlets and inlets without making adjustments. 

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written 

instructions and calculating factors. 

D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of 

indicated values.  Make adjustments using branch volume dampers rather than extractors and 

the dampers at air terminals. 

1. Adjust each outlet in same room or space to within specified tolerances of indicated 

quantities without generating noise levels above the limitations prescribed by the 

Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.7 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Compensating for Diversity:  When the total airflow of all terminal units is more than the 

indicated airflow of the fan, place a selected number of terminal units at a minimum set-point 

airflow with the remainder at maximum-airflow condition until the total airflow of the terminal 

units equals the indicated airflow of the fan.  Select the reduced-airflow terminal units so they 

are distributed evenly among the branch ducts. 

B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been 

adjusted, adjust the variable-air-volume systems as follows: 

1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a 

position that simulates full-cooling load. 

2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.  

Measure static pressure.  Adjust system static pressure so the entering static pressure for 

the critical terminal unit is not less than the sum of the terminal-unit manufacturer's 

recommended minimum inlet static pressure plus the static pressure needed to overcome 

terminal-unit discharge system losses. 

3. Measure total system airflow.  Adjust to within indicated airflow. 

4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the 

designed maximum airflow.  Use terminal-unit manufacturer's written instructions to 

make this adjustment.  When total airflow is correct, balance the air outlets downstream 

from terminal units the same as described for constant-volume air systems. 

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the 

designed minimum airflow.  Check air outlets for a proportional reduction in airflow the 

same as described for constant-volume air systems. 

a. If air outlets are out of balance at minimum airflow, report the condition but leave 

outlets balanced for maximum airflow. 
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6. Remeasure the return airflow to the fan while operating at maximum return airflow and 

minimum outdoor airflow. 

a. Adjust the fan and balance the return-air ducts and inlets the same as described for 

constant-volume air systems. 

7. Measure static pressure at the most critical terminal unit and adjust the static-pressure 

controller at the main supply-air sensing station to ensure that adequate static pressure is 

maintained at the most critical unit. 

8. Record final fan-performance data. 

3.8 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end 

of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct 

variations that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 

general preparation procedures specified above: 

1. Open all manual valves for maximum flow. 

2. Check liquid level in expansion tank. 

3. Check makeup water-station pressure gage for adequate pressure for highest vent. 

4. Check flow-control valves for specified sequence of operation, and set at indicated flow. 

5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type unless several terminal 

valves are kept open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 

7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded. 

8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

3.9 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement 

pumps: 

1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 

differences in gage heights.  Note the point on manufacturer's pump curve at zero flow 

and verify that the pump has the intended impeller size. 

a. If impeller sizes must be adjusted to achieve pump performance, obtain approval 

from Engineer and comply with requirements in Section 232123 "Hydronic 

Pumps." 
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2. Check system resistance.  With all valves open, read pressure differential across the 

pump and mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve 

until indicated water flow is achieved. 

a. Monitor motor performance during procedures and do not operate motors in 

overload conditions. 

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 

system based on pump manufacturer's performance data.  Compare calculated brake 

horsepower with nameplate data on the pump motor.  Report conditions where actual 

amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 

designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open 

position, to verify that valves are functioning as designed. 

D. Set calibrated balancing valves, if installed, at calculated presettings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 

relationship may be used as a flow-indicating device. 

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 

percent greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 

1. Determine the balancing station with the highest percentage over indicated flow. 

2. Adjust each station in turn, beginning with the station with the highest percentage over 

indicated flow and proceeding to the station with the lowest percentage over indicated 

flow. 

3. Record settings and mark balancing devices. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 

heads, and systems' pressures and temperatures including outdoor-air temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.10 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems at 

maximum flow through heat-exchange terminals and proceed as specified above for hydronic 

systems. 
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3.11 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS 

A. Balance the primary circuit flow first and then balance the secondary circuits. 

3.12 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 

1. Manufacturer's name, model number, and serial number. 

2. Motor horsepower rating. 

3. Motor rpm. 

4. Efficiency rating. 

5. Nameplate and measured voltage, each phase. 

6. Nameplate and measured amperage, each phase. 

7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 

from minimum to maximum.  Test the manual bypass of the controller to prove proper 

operation.  Record observations including name of controller manufacturer, model number, 

serial number, and nameplate data. 

3.13 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 

3.14 PROCEDURES FOR BOILERS 

A. Hydronic Boilers:  Measure and record entering- and leaving-water temperatures and water 

flow. 

3.15 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS 

A. Perform a preconstruction inspection of existing equipment that is to remain and be reused. 

1. Measure and record the operating speed, airflow, and static pressure of each fan. 

2. Measure motor voltage and amperage.  Compare the values to motor nameplate 

information. 

3. Check the refrigerant charge. 

4. Check the condition of filters. 

5. Check the condition of coils. 

6. Check the operation of the drain pan and condensate-drain trap. 

7. Check bearings and other lubricated parts for proper lubrication. 

8. Report on the operating condition of the equipment and the results of the measurements 

taken.  Report deficiencies. 
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B. Before performing testing and balancing of existing systems, inspect existing equipment that is 

to remain and be reused to verify that existing equipment has been cleaned and refurbished.  

Verify the following: 

1. New filters are installed. 

2. Coils are clean and fins combed. 

3. Drain pans are clean. 

4. Fans are clean. 

5. Bearings and other parts are properly lubricated. 

6. Deficiencies noted in the preconstruction report are corrected. 

C. Perform testing and balancing of existing systems to the extent that existing systems are 

affected by the renovation work. 

1. Compare the indicated airflow of the renovated work to the measured fan airflows, and 

determine the new fan speed and the face velocity of filters and coils. 

2. Verify that the indicated airflows of the renovated work result in filter and coil face 

velocities and fan speeds that are within the acceptable limits defined by equipment 

manufacturer. 

3. If calculations increase or decrease the air flow rates and water flow rates by more than 5 

percent, make equipment adjustments to achieve the calculated rates.  If increase or 

decrease is 5 percent or less, equipment adjustments are not required. 

4. Balance each air outlet. 

3.16 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent. 

2. Air Outlets and Inlets:  Plus or minus 10 percent. 

3. Heating-Water Flow Rate:  Plus or minus 10 percent. 

4. Cooling-Water Flow Rate:  Plus or minus 10 percent. 

3.17 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 

specified in "Examination" Article, prepare a report on the adequacy of design for systems' 

balancing devices.  Recommend changes and additions to systems' balancing devices to 

facilitate proper performance measuring and balancing.  Recommend changes and additions to 

HVAC systems and general construction to allow access for performance measuring and 

balancing devices. 

3.18 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 

for tested systems and balanced systems. 
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1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 

2. Include a list of instruments used for procedures, along with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 

1. Pump curves. 

2. Fan curves. 

3. Manufacturers' test data. 

4. Field test reports prepared by system and equipment installers. 

5. Other information relative to equipment performance; do not include Shop Drawings and 

product data. 

C. General Report Data:  In addition to form titles and entries, include the following data: 

1. Title page. 

2. Name and address of the TAB contractor. 

3. Project name. 

4. Project location. 

5. Architect's name and address. 

6. Engineer's name and address. 

7. Contractor's name and address. 

8. Report date. 

9. Signature of TAB supervisor who certifies the report. 

10. Table of Contents with the total number of pages defined for each section of the report.  

Number each page in the report. 

11. Summary of contents including the following: 

a. Indicated versus final performance. 

b. Notable characteristics of systems. 

c. Description of system operation sequence if it varies from the Contract 

Documents. 

12. Nomenclature sheets for each item of equipment. 

13. Data for terminal units, including manufacturer's name, type, size, and fittings. 

14. Notes to explain why certain final data in the body of reports vary from indicated values. 

15. Test conditions for fans and pump performance forms including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 

b. Conditions of filters. 

c. Cooling coil, wet- and dry-bulb conditions. 

d. Face and bypass damper settings at coils. 

e. Fan drive settings including settings and percentage of maximum pitch diameter. 

f. Inlet vane settings for variable-air-volume systems. 

g. Settings for supply-air, static-pressure controller. 

h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 

each system with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 
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2. Water flow rates. 

3. Duct, outlet, and inlet sizes. 

4. Pipe and valve sizes and locations. 

5. Terminal units. 

6. Balancing stations. 

7. Position of balancing devices. 

E. Air-Handling-Unit Test Reports:  For air-handling units with coils, include the following: 

1. Unit Data: 

a. Unit identification. 

b. Location. 

c. Make and type. 

d. Model number and unit size. 

e. Manufacturer's serial number. 

f. Unit arrangement and class. 

g. Discharge arrangement. 

h. Sheave make, size in inches, and bore. 

i. Center-to-center dimensions of sheave, and amount of adjustments in inches. 

j. Number, make, and size of belts. 

k. Number, type, and size of filters. 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and rpm. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches, and bore. 

f. Center-to-center dimensions of sheave, and amount of adjustments in inches. 

3. Test Data (Indicated and Actual Values): 

a. Total air flow rate in cfm. 

b. Total system static pressure in inches wg. 

c. Fan rpm. 

d. Discharge static pressure in inches wg. 

e. Filter static-pressure differential in inches wg. 

f. Preheat-coil static-pressure differential in inches wg. 

g. Cooling-coil static-pressure differential in inches wg. 

h. Heating-coil static-pressure differential in inches wg. 

i. Outdoor airflow in cfm. 

j. Return airflow in cfm. 

k. Outdoor-air damper position. 

l. Return-air damper position. 

F. Apparatus-Coil Test Reports: 

1. Coil Data: 
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a. System identification. 

b. Location. 

c. Coil type. 

d. Number of rows. 

e. Fin spacing in fins per inch o.c. 

f. Make and model number. 

g. Face area in sq. ft.. 

h. Tube size in NPS. 

i. Tube and fin materials. 

j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm. 

b. Average face velocity in fpm. 

c. Air pressure drop in inches wg. 

d. Outdoor-air, wet- and dry-bulb temperatures in deg F. 

e. Return-air, wet- and dry-bulb temperatures in deg F. 

f. Entering-air, wet- and dry-bulb temperatures in deg F. 

g. Leaving-air, wet- and dry-bulb temperatures in deg F. 

h. Water flow rate in gpm. 

i. Water pressure differential in feet of head or psig. 

j. Entering-water temperature in deg F. 

k. Leaving-water temperature in deg F. 

l. Refrigerant expansion valve and refrigerant types. 

m. Refrigerant suction pressure in psig. 

n. Refrigerant suction temperature in deg F. 

o. Inlet steam pressure in psig. 

G. Electric-Coil Test Reports:  For electric furnaces, duct coils, and electric coils installed in 

central-station air-handling units, include the following: 

1. Unit Data: 

a. System identification. 

b. Location. 

c. Coil identification. 

d. Capacity in Btu/h. 

e. Number of stages. 

f. Connected volts, phase, and hertz. 

g. Rated amperage. 

h. Air flow rate in cfm. 

i. Face area in sq. ft.. 

j. Minimum face velocity in fpm. 

2. Test Data (Indicated and Actual Values): 

a. Heat output in Btu/h. 

b. Air flow rate in cfm. 

c. Air velocity in fpm. 

d. Entering-air temperature in deg F. 
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e. Leaving-air temperature in deg F. 

f. Voltage at each connection. 

g. Amperage for each phase. 

H. Fan Test Reports:  For supply, return, and exhaust fans, include the following: 

1. Fan Data: 

a. System identification. 

b. Location. 

c. Make and type. 

d. Model number and size. 

e. Manufacturer's serial number. 

f. Arrangement and class. 

g. Sheave make, size in inches, and bore. 

h. Center-to-center dimensions of sheave, and amount of adjustments in inches. 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and rpm. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches, and bore. 

f. Center-to-center dimensions of sheave, and amount of adjustments in inches. 

g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 

b. Total system static pressure in inches wg. 

c. Fan rpm. 

d. Discharge static pressure in inches wg. 

e. Suction static pressure in inches wg. 

I. Round and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the 

duct cross-section and record the following: 

1. Report Data: 

a. System and air-handling-unit number. 

b. Location and zone. 

c. Traverse air temperature in deg F. 

d. Duct static pressure in inches wg. 

e. Duct size in inches. 

f. Duct area in sq. ft.. 

g. Indicated air flow rate in cfm. 

h. Indicated velocity in fpm. 

i. Actual air flow rate in cfm. 

j. Actual average velocity in fpm. 

k. Barometric pressure in psig. 
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J. Air-Terminal-Device Reports: 

1. Unit Data: 

a. System and air-handling unit identification. 

b. Location and zone. 

c. Apparatus used for test. 

d. Area served. 

e. Make. 

f. Number from system diagram. 

g. Type and model number. 

h. Size. 

i. Effective area in sq. ft.. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm. 

b. Air velocity in fpm. 

c. Preliminary air flow rate as needed in cfm. 

d. Preliminary velocity as needed in fpm. 

e. Final air flow rate in cfm. 

f. Final velocity in fpm. 

g. Space temperature in deg F. 

K. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following: 

1. Unit Data: 

a. System and air-handling-unit identification. 

b. Location and zone. 

c. Room or riser served. 

d. Coil make and size. 

e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm. 

b. Entering-water temperature in deg F. 

c. Leaving-water temperature in deg F. 

d. Water pressure drop in feet of head or psig. 

e. Entering-air temperature in deg F. 

f. Leaving-air temperature in deg F. 

L. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and 

include the following: 

1. Unit Data: 

a. Unit identification. 

b. Location. 

c. Service. 
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d. Make and size. 

e. Model number and serial number. 

f. Water flow rate in gpm. 

g. Water pressure differential in feet of head or psig. 

h. Required net positive suction head in feet of head or psig. 

i. Pump rpm. 

j. Impeller diameter in inches. 

k. Motor make and frame size. 

l. Motor horsepower and rpm. 

m. Voltage at each connection. 

n. Amperage for each phase. 

o. Full-load amperage and service factor. 

p. Seal type. 

2. Test Data (Indicated and Actual Values): 

a. Static head in feet of head or psig. 

b. Pump shutoff pressure in feet of head or psig. 

c. Actual impeller size in inches. 

d. Full-open flow rate in gpm. 

e. Full-open pressure in feet of head or psig. 

f. Final discharge pressure in feet of head or psig. 

g. Final suction pressure in feet of head or psig. 

h. Final total pressure in feet of head or psig. 

i. Final water flow rate in gpm. 

j. Voltage at each connection. 

k. Amperage for each phase. 

M. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 

b. Serial number. 

c. Application. 

d. Dates of use. 

e. Dates of calibration. 

N. Space Differential Pressure Reports: 

 

1. Report Data 

 

a. Provide differential pressures in all rooms indicated to have a positive or negative 

pressure relationship. Pressure relationship shall be ± 0.1 in. wg.. 

3.19 INSPECTIONS 

A. Initial Inspection: 
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1. After testing and balancing are complete, operate each system and randomly check 

measurements to verify that the system is operating according to the final test and balance 

readings documented in the final report. 

2. Check the following for each system: 

a. Measure airflow of at least 10 percent of air outlets. 

b. Measure water flow of at least 5 percent of terminals. 

c. Measure room temperature at each thermostat/temperature sensor.  Compare the 

reading to the set point. 

d. Verify that balancing devices are marked with final balance position. 

e. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 

1. After initial inspection is complete and documentation by random checks verifies that 

testing and balancing are complete and accurately documented in the final report, request 

that a final inspection be made by Architect or Engineer. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the 

presence of Architect or Engineer. 

3. Architect or Engineer shall randomly select measurements, documented in the final 

report, to be rechecked.  Rechecking shall be limited to either 10 percent of the total 

measurements recorded or the extent of measurements that can be accomplished in a 

normal 8-hour business day. 

4. If rechecks yield measurements that differ from the measurements documented in the 

final report by more than the tolerances allowed, the measurements shall be noted as 

"FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of the total 

measurements checked during the final inspection, the testing and balancing shall be 

considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, 

proceed as follows: 

1. Recheck all measurements and make adjustments.  Revise the final report and balancing 

device settings to include all changes; resubmit the final report and request a second final 

inspection. 

2. If the second final inspection also fails, Owner may contract the services of another TAB 

contractor to complete TAB Work according to the Contract Documents and deduct the 

cost of the services from the original TAB contractor's final payment. 

D. Prepare test and inspection reports. 

3.20 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions 

are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and 

winter conditions, perform additional TAB during near-peak summer and winter conditions. 
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END OF SECTION 230593 
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SECTION 230713 - DUCT INSULATION  

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes insulating the following duct services:

1. Indoor, concealed supply, return, and outdoor air.
2. Indoor, exposed supply, return, and outdoor air.
3. Duct Liner

B. Related Sections:
1. Section 230719 "HVAC Piping Insulation."
2. Section 233113 "Metal Ducts".

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 
permeance thickness, and jackets (both factory- and field-applied if any).

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified Installer.

B. Material Test Reports:  From a qualified testing agency acceptable to authorities having 
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 
materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include 
dates of tests and test methods employed.

C. Field quality-control reports.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training.

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing agency acceptable to authorities 
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having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, 
and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature.

1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

B. Coordinate clearance requirements with duct Installer for duct insulation application.  Before 
preparing ductwork Shop Drawings, establish and maintain clearance requirements for 
installation of insulation and field-applied jackets and finishes and for space required for 
maintenance.

1.8 SCHEDULING

A. Schedule insulation application after pressure testing systems and, where required, after 
installing and testing heat tracing.  Insulation application may begin on segments that have 
satisfactory test results.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum 
Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" 
articles for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 
than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795.

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process.

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply 
with ASTM C 534, Type II for sheet materials.
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1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA, Inc.; Aerocel.
b. Armacell LLC; AP Armaflex.
c. K-Flex USA; Insul-Sheet, K-Flex Gray Duct Liner, and K-FLEX LS.
d. Or Approved Equal

G. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK 
jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. CertainTeed Corp.; SoftTouch Duct Wrap.
b. Johns Manville; Microlite.
c. Knauf Insulation; Friendly Feel Duct Wrap.
d. Manson Insulation Inc.; Alley Wrap.
e. Owens Corning; SOFTR All-Service Duct Wrap.
f. Or Equal.

H. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide 
insulation with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. CertainTeed Corp.; Commercial Board.
b. Fibrex Insulations Inc.; FBX.
c. Johns Manville; 800 Series Spin-Glas.
d. Knauf Insulation; Insulation Board.
e. Manson Insulation Inc.; AK Board.
f. Owens Corning; Fiberglas 700 Series.
g. Or Equal.

2.2 ADHESIVES

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated.

B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Aeroflex USA, Inc.; Aeroseal.
b. Armacell LLC; Armaflex 520 Adhesive.
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c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 85-75.K-Flex USA; R-373 Contact Adhesive.

d. Or Equal.

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-127.Eagle Bridges - Marathon Industries; 225.

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25.

c. Or Equal.

2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

D. FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation 
jacket lap seams and joints.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-82.

b. Eagle Bridges - Marathon Industries; 225.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-50.Mon-Eco Industries, Inc.; 22-25.
d. Or Equal.

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.3 MASTICS

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II.
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1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 30-80/30-90.

b. Vimasco Corporation; 749.
c. Or Equal.

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry 
film thickness.

3. Service Temperature Range:  Minus 20 to plus 180 deg F.
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
5. Color:  White.

C. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below ambient services.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 60-95/60-96.
d. Or Approved Equal.

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
3. Service Temperature Range:  Minus 50 to plus 220 deg F.
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight.
5. Color:  White.

2.4 LAGGING ADHESIVES

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-50 AHV2.Foster Brand, Specialty Construction Brands, Inc., a 
business of H. B. Fuller Company; 30-36.

b. Vimasco Corporation; 713 and 714.
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c. Or Equal.

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation.

4. Service Temperature Range:  0 to plus 180 deg F.
5. Color:  White.

2.5 SEALANTS

A. FSK and Metal Jacket Flashing Sealants:

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-76.Eagle Bridges - Marathon Industries; 405.

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 95-44.

c. Mon-Eco Industries, Inc.; 44-05.
d. Or Equal.

2. Materials shall be compatible with insulation materials, jackets, and substrates.
3. Fire- and water-resistant, flexible, elastomeric sealant.
4. Service Temperature Range:  Minus 40 to plus 250 deg F.
5. Color:  Aluminum.
6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.6 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following:
1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II.

2.7 FIELD-APPLIED JACKETS

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.

B. Metal Jacket:

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; Metal Jacketing Systems.
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b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.
c. RPR Products, Inc.; Insul-Mate.
d. Or Equal.

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, 
Temper H-14.

a.  Factory cut and rolled to size.
b. Finish and thickness are indicated in field-applied jacket schedules.
c. Moisture Barrier for Outdoor Applications:  2.5-mil- thick polysurlyn.

2.8 TAPES

A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136.

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. ABI, Ideal Tape Division; 491 AWF FSK.
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
c. Compac Corporation; 110 and 111.
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.
e. Or Equal.

2. Width:  3 inches.
3. Thickness:  6.5 mils.
4. Adhesion:  90 ounces force/inch in width.
5. Elongation:  2 percent.
6. Tensile Strength:  40 lbf/inch in width.
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

2.9 SECUREMENTS

A. Bands:

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.
c. Or Equal.

2. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 
thick, 3/4 inch wide with wing seal or closed seal.

3. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept 
metal bands.  Spring size determined by manufacturer for application.

B. Insulation Pins and Hangers:
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1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for 
capacitor-discharge welding, 0.135-inch- diameter shank, length to suit depth of 
insulation indicated.

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; CWP-1.
2) GEMCO; CD.
3) Midwest Fasteners, Inc.; CD.
4) Nelson Stud Welding; TPA, TPC, and TPS.
5) Or Equal.

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; CHP-1.
2) GEMCO; Cupped Head Weld Pin.
3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.
5) Or Equal.

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to 
projecting spindle that is capable of holding insulation, of thickness indicated, securely in 
position indicated when self-locking washer is in place.  Comply with the following 
requirements:

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.
2) GEMCO; Perforated Base.
3) Midwest Fasteners, Inc.; Spindle.
4) Or Equal.

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 
square.

c. Spindle:  Aluminum, fully annealed, 0.106-inch- diameter shank, length to suit 
depth of insulation indicated.

d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 
capability to bond insulation hanger securely to substrates indicated without 
damaging insulation, hangers, and substrates.

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate fastened 
to projecting spindle that is capable of holding insulation, of thickness indicated, securely 
in position indicated when self-locking washer is in place.  Comply with the following 
requirements:
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a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) GEMCO; Nylon Hangers.
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers.
3) Or Equal.

b. Baseplate:  Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in diameter.
c. Spindle:  Nylon, 0.106-inch- diameter shank, length to suit depth of insulation 

indicated, up to 2-1/2 inches.
d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 

capability to bond insulation hanger securely to substrates indicated without 
damaging insulation, hangers, and substrates.

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is 
capable of holding insulation, of thickness indicated, securely in position indicated when 
self-locking washer is in place.  Comply with the following requirements:

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.
2) GEMCO; Peel & Press.
3) Midwest Fasteners, Inc.; Self Stick.
4) Or Equal.

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.
c. Spindle:  Copper- or zinc-coated, low-carbon steel, Aluminum, or Stainless steel, 

fully annealed, 0.106-inch- diameter shank, length to suit depth of insulation 
indicated.

d. Adhesive-backed base with a peel-off protective cover.

6. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick, 
aluminum sheet, with beveled edge sized as required to hold insulation securely in place 
but not less than 1-1/2 inches in diameter.

a. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following:

1) AGM Industries, Inc.; RC-150.
2) GEMCO; R-150.
3) Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.
5) Or Equal.

b. Protect ends with capped self-locking washers incorporating a spring steel insert to 
ensure permanent retention of cap in exposed locations.

7. Nonmetal Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- 
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place 
but not less than 1-1/2 inches in diameter.
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a. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following:

1) GEMCO.
2) Midwest Fasteners, Inc.
3) Or Equal.

C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.

D. Wire:  0.062-inch soft-annealed, galvanized steel.

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following:

a. C & F Wire.
b. Or Equal.

2.10 DUCT LINER

A. Fibrous duct liner in the airstream shall not be acceptable.

B. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying 
with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following:

a. Aeroflex USA Inc.
b. Armacell LLC.
c. Rubatex International, LLC
d. Or Equal

2. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.

3. Liner Adhesive:  As recommended by insulation manufacturer and complying with 
NFPA 90A or NFPA 90B.

a. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

b. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers."

C. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."
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1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive 
coverage at liner contact surface area.  Attaining indicated thickness with multiple layers 
of duct liner is prohibited.

2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal 
nosing.

3. Butt transverse joints without gaps, and coat joint with adhesive.
4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-

edge overlapping.
5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, 

unless duct size and dimensions of standard liner make longitudinal joints necessary.
6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm.
7. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 

exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not 
exceeding 18 inches longitudinally.

8. Secure transversely oriented liner edges facing the airstream with metal nosings that have 
either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge 
facings at the following locations:

a. Fan discharges.
b. Intervals of lined duct preceding unlined duct.
c. Upstream edges of transverse joints in ducts where air velocities are higher than 

2500 fpm or where indicated.

9. Secure insulation between perforated sheet metal inner duct of same thickness as 
specified for outer shell.  Use mechanical fasteners that maintain inner duct at uniform 
distance from outer shell without compressing insulation.

a. Sheet Metal Inner Duct Perforations:  3/32-inch diameter, with an overall open 
area of 23 percent.

10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning 
vane assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other 
buildout means are optional; when used, secure buildouts to duct walls with bolts, screws, 
rivets, or welds.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

B. Proceed with installation only after unsatisfactory conditions have been corrected.



DUCT INSULATION 230713 - 12

3.2 PREPARATION

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application.

3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of ducts and fittings.

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for 
each item of duct system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Keep insulation materials dry during application and finishing.

G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer.

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses.

K. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation 

jacket.  Secure strips with adhesive and outward clinching staples along both edges of 
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Clean and dry surface to receive 
self-sealing lap.  Staple laps with outward clinching staples along edge at 4 inches o.c.
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a. For below ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to duct flanges and fittings.

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness.

M. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement.

N. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches similar 
to butt joints.

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations.

1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing.

4. Seal jacket to roof flashing with flashing sealant.

B. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  
Install insulation continuously through walls and partitions.

C. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at 
fire damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper 
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.

1. Comply with requirements in Section 078413 "Penetration Firestopping"irestopping and 
fire-resistive joint sealers.

D. Insulation Installation at Floor Penetrations:

1. Duct:  For penetrations through fire-rated assemblies, terminate insulation at fire damper 
sleeves and externally insulate damper sleeve beyond floor to match adjacent duct 
insulation.  Overlap damper sleeve and duct insulation at least 2 inches.

2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 
Section 078413 "Penetration Firestopping."
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3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated.

3.6 INSTALLATION OF MINERAL-FIBER INSULATION

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation 
pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 
for 100  percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as 
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 
centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 
inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each 
way, and 3 inches maximum from insulation joints.  Install additional pins to hold 
insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
d. Do not overcompress insulation during installation.
e. Impale insulation over pins and attach speed washers.
f. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing.

4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 
intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.
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6. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Install insulation on round and flat-oval duct elbows with individually 
mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch- wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c.

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 
for 100  percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as 
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 
centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 
inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each 
way, and 3 inches maximum from insulation joints.  Install additional pins to hold 
insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
d. Do not overcompress insulation during installation.
e. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing.

4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 
intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches.

5. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Groove and score insulation to fit as closely as possible to outside and 
inside radius of elbows.  Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow.

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch- wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c.
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3.7 FIELD-APPLIED JACKET INSTALLATION

A. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints.

3.8 FINISHES

A. Insulation with Paintable Jacket Material:  Paint jacket with paint system identified below.

1. Flat Acrylic Finish:  Two  finish coats over a primer that is compatible with jacket 
material and finish coat paint.  Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material:  Interior, flat, latex-emulsion size.

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating.

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work.

D. Do not field paint aluminum or stainless-steel jackets.

3.9 FIELD QUALITY CONTROL

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.

B. Perform tests and inspections.

C. Tests and Inspections:

1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and 
insulation in layers in reverse order of their installation.  Extent of inspection shall be 
limited to one  location(s) for each duct system defined in the "Duct Insulation Schedule, 
General" Article.

D. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements.

3.10 DUCT INSULATION SCHEDULE, GENERAL

A. Plenums and Ducts Requiring Insulation:

1. All supply, return, and outdoor air.
2. Where energy recovery wheel is present, environmental air exhaust to the wheel.
3. Exhaust between isolation damper and penetration of building exterior.

B. Items Not Insulated:
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1. Fibrous-glass ducts.
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1.
3. Factory-insulated flexible ducts.
4. Factory-insulated plenums and casings.
5. Flexible connectors.
6. Vibration-control devices.
7. Factory-insulated access panels and doors.
8. Environmental air exhaust where energy recovery wheel is not present
9. Where energy recovery wheel is present, environmental air exhaust after the wheel.

3.11 INDOOR DUCT AND PLENUM INSULATION SCHEDULE

A. Concealed supply, return, and outdoor-air duct and plenum insulation shall be the following:
1. Mineral-Fiber Blanket:  2.2 inches  thick and 0.75-lb/cu. ft. nominal density.

B. Exposed supply, return, and outdoor-air duct in Utility and Service Spaces Below 8’ Above 
Finished Floor, insulation shall be the following:
1. Mineral-Fiber Board:  2 inches thick and 2-lb/cu. ft. nominal density.

C. Exposed supply, return, and outdoor-air duct where indicated on the drawings or Metal Duct 
Specification to have single wall duct, insulation shall be the following:
1. Mineral-Fiber Blanket:  2.2 inches  thick and 0.75-lb/cu. ft. nominal density.  Surface of 

insulation shall be prepared for painting to match adjacent surfaces, coordinate with 
architectural plans.

3.12 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE

A. Supply, return, and outdoor air duct:
1. Flexible Elastomeric:  2 inch thick.

3.13 DUCT LINER

A. Duct Liner:
1. Return Air and Transfer Air Ducts:  Flexible elastomeric, 1 inch thick.

END OF SECTION 230713
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SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes insulating the following HVAC piping systems:

1. Condensate drain piping, indoors and outdoors.
2. Heating hot-water piping, indoors and outdoors.
3. Refrigerant suction and hot-gas piping, indoors and outdoors.

B. Related Sections:

1. Section 230713 "Duct Insulation."

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 
permeance thickness, and jackets (both factory and field applied if any).

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 
insulation and hanger.

2. Detail insulation application at pipe expansion joints for each type of insulation.
3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation.
4. Detail removable insulation at piping specialties.
5. Detail application of field-applied jackets.
6. Detail application at linkages of control devices.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified Installer.

B. Material Test Reports:  From a qualified testing agency acceptable to authorities having 
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 
materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include 
dates of tests and test methods employed.
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C. Field quality-control reports.

1.5 QUALITY ASSURANCE

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training.

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to 
authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, 
mastic, tapes, and cement material containers, with appropriate markings of applicable testing 
agency.

1. Insulation:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature.

1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

B. Coordinate clearance requirements with piping Installer for piping insulation application.  
Before preparing piping Shop Drawings, establish and maintain clearance requirements for 
installation of insulation and field-applied jackets and finishes and for space required for 
maintenance.

C. Coordinate installation and testing of heat tracing.

1.8 SCHEDULING

A. Schedule insulation application after pressure testing systems and, where required, after 
installing and testing heat tracing.  Insulation application may begin on segments that have 
satisfactory test results.

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction.
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PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 
Piping Insulation Schedule" articles for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 
than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795.

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process.

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply 
with ASTM C 534, Type I for tubular materials.

G. Mineral-Fiber, Preformed Pipe Insulation:

1. Type I, 850 deg F Materials:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ-SSL.  Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

2. Minimum thermal performance: 0.23 Btu-in/hr-ft2-F at mean rating temperature of 75 
deg F.

H. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Semirigid board material with factory-applied ASJ complying with ASTM C 1393, 
Type II or Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB.  Nominal 
density is 2.5 lb/cu. ft. or more.  Thermal conductivity (k-value) at 100 deg F is 0.29 Btu x in./h 
x sq. ft. x deg F or less.  Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article.

2.2 ADHESIVES

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated.

B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.

1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."
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C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.

1. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

D. ASJ Adhesive, and FSK Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding 
insulation jacket lap seams and joints.

1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

E. PVC Jacket Adhesive:  Compatible with PVC jacket.

1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.3 MASTICS

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II.

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services.

1. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry 
film thickness.

2. Service Temperature Range:  Minus 20 to plus 180 deg F.
3. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
4. Color:  White.

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-ambient services.

1. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
2. Service Temperature Range:  0 to 180 deg F.
3. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight.
4. Color:  White.

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient services.
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1. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
2. Service Temperature Range:  Minus 50 to plus 220 deg F.
3. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight.
4. Color:  White.

E. Breather Mastic:  Water based; suitable for indoor and outdoor use on above-ambient services.

1. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
2. Service Temperature Range:  Minus 20 to plus 180 deg F.
3. Solids Content:  60 percent by volume and 66 percent by weight.
4. Color:  White.

2.4 LAGGING ADHESIVES

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

3. Service Temperature Range:  0 to plus 180 deg F.
4. Color:  White.

2.5 SEALANTS

A. Joint Sealants:

1. Materials shall be compatible with insulation materials, jackets, and substrates.
2. Permanently flexible, elastomeric sealant.
3. Service Temperature Range:  Minus 100 to plus 300 deg F.
4. Color:  White or gray.
5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
6. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

B. FSK and Metal Jacket Flashing Sealants:

1. Materials shall be compatible with insulation materials, jackets, and substrates.
2. Fire- and water-resistant, flexible, elastomeric sealant.
3. Service Temperature Range:  Minus 40 to plus 250 deg F.
4. Color:  Aluminum.
5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
6. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."
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C. ASJ Flashing Sealants and PVC Jacket Flashing Sealants:

1. Materials shall be compatible with insulation materials, jackets, and substrates.
2. Fire- and water-resistant, flexible, elastomeric sealant.
3. Service Temperature Range:  Minus 40 to plus 250 deg F.
4. Color:  White.
5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
6. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.6 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I.

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 
removable protective strip; complying with ASTM C 1136, Type I.

2.7 FIELD-APPLIED JACKETS

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  
Thickness is indicated in field-applied jacket schedules.

1. Adhesive:  As recommended by jacket material manufacturer.
2. Color:  White.
3. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and 
supply covers for lavatories.

C. Metal Jacket:

1. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, 
Temper H-14.

a. Sheet and roll stock ready for shop or field sizing.
b. Finish and thickness are indicated in field-applied jacket schedules.
c. Moisture Barrier for Indoor Applications:  1-mil- thick, heat-bonded polyethylene 

and kraft paper
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d. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded 
polyethylene and kraft paper.

e. Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows.
3) Tee covers.
4) Flange and union covers.
5) End caps.
6) Beveled collars.
7) Valve covers.
8) Field fabricate fitting covers only if factory-fabricated fitting covers are not 

available.

2.8 TAPES

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136.

1. Width:  3 inches.
2. Thickness:  11.5 mils.
3. Adhesion:  90 ounces force/inch in width.
4. Elongation:  2 percent.
5. Tensile Strength:  40 lbf/inch in width.
6. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

B. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications.

1. Width:  2 inches.
2. Thickness:  6 mils.
3. Adhesion:  64 ounces force/inch in width.
4. Elongation:  500 percent.
5. Tensile Strength:  18 lbf/inch in width.

2.9 SECUREMENTS

A. Bands:

1. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 
inch thick, 1/2 inchwide with wing seal or closed seal.

2. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 
thick, 1/2 inchwide with wing seal or closed seal.

3. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept 
metal bands.  Spring size determined by manufacturer for application.

B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.
3. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application.

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a 
corrosion coating to insulated surfaces as follows:

1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 mils thick and an 
epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F.  
Consult coating manufacturer for appropriate coating materials and application methods 
for operating temperature range.

2. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 and 300 
deg F with an epoxy coating.  Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range.

C. Coordinate insulation installation with the trade installing heat tracing.  Comply with 
requirements for heat tracing that apply to insulation.

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 
stainless-steel surfaces, use demineralized water.

3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of piping including fittings, valves, and specialties.

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 
for each item of pipe system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

E. Install multiple layers of insulation with longitudinal and end seams staggered.
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F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G. Keep insulation materials dry during application and finishing.

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer.

I. Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation 

jacket.  Secure strips with adhesive and outward clinching staples along both edges of 
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with 
longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  
Staple laps with outward clinching staples along edge at 2 incheso.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to pipe flanges and fittings.

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness.

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement.

O. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches similar 
to butt joints.
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P. For above-ambient services, do not install insulation to the following:

1. Vibration-control devices.
2. Testing agency labels and stamps.
3. Nameplates and data plates.
4. Manholes.
5. Handholes.
6. Cleanouts.

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations.

1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing.

4. Seal jacket to roof flashing with flashing sealant.

B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at 
least 2 inches.

4. Seal jacket to wall flashing with flashing sealant.

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  
Install insulation continuously through walls and partitions.

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 
continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
and fire-resistive joint sealers.

E. Insulation Installation at Floor Penetrations:

1. Pipe:  Install insulation continuously through floor penetrations.
2. Seal penetrations through fire-rated assemblies.  
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3.5 GENERAL PIPE INSULATION INSTALLATION

A. Requirements in this article generally apply to all insulation materials except where more 
specific requirements are specified in various pipe insulation material installation articles.

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with 
continuous thermal and vapor-retarder integrity unless otherwise indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from 
same material and density as adjacent pipe insulation.  Each piece shall be butted tightly 
against adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular 
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is 
uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 
material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 
each section closely to the next and hold in place with tie wire.  Bond pieces with 
adhesive.

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  For valves, insulate up to and including the bonnets, 
valve stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular surfaces with 
insulating cement.

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  Fill joints, seams, and irregular surfaces with insulating 
cement.  Insulate strainers so strainer basket flange or plug can be easily removed and 
replaced without damaging the insulation and jacket.  Provide a removable reusable 
insulation cover.  For below-ambient services, provide a design that maintains vapor 
barrier.

6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  
Overlap adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for 
above-ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the 
mastic to a smooth and well-shaped contour.

8. For services not specified to receive a field-applied jacket except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation 
facing using PVC tape.

9. Stencil or label the outside insulation jacket of each union with the word "union."  Match 
size and color of pipe labels.

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape 
insulation at these connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant.
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D. Install removable insulation covers at locations indicated.  Installation shall conform to the 
following:

1. Make removable flange and union insulation from sectional pipe insulation of same 
thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe 
insulation.

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union long at least two times the insulation thickness over adjacent pipe 
insulation on each side of flange or union.  Secure flange cover in place with stainless-
steel or aluminum bands.  Select band material compatible with insulation and jacket.

3. Construct removable valve insulation covers in same manner as for flanges, except divide 
the two-part section on the vertical center line of valve body.

4. When covers are made from block insulation, make two halves, each consisting of 
mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached 
insulation, to flanges with tie wire.  Extend insulation at least 2 inches over adjacent pipe 
insulation on each side of valve.  Fill space between flange or union cover and pipe 
insulation with insulating cement.  Finish cover assembly with insulating cement applied 
in two coats.  After first coat is dry, apply and trowel second coat to a smooth finish.

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket.

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated.

B. Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of sheet insulation of same thickness as 
pipe insulation.

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 
to eliminate openings in insulation that allow passage of air to surface being insulated.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to 

eliminate openings in insulation that allow passage of air to surface being insulated.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed valve covers manufactured of same material as pipe insulation when 
available.

2. When preformed valve covers are not available, install cut sections of pipe and sheet 
insulation to valve body.  Arrange insulation to permit access to packing and to allow 
valve operation without disturbing insulation.
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3. Install insulation to flanges as specified for flange insulation application.
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated.

3.7 INSTALLATION OF MINERAL-FIBER INSULATION

A. Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten 
bands without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 
with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 
outward-clinched staples at 6 inches o.c.

4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 
longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by 
insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with mineral-fiber blanket insulation.
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 

1 inch, and seal joints with flashing sealant.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as straight segments of pipe insulation when 
available.

2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation 
materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as straight segments of pipe insulation when 
available.

2. When preformed sections are not available, install mitered sections of pipe insulation to 
valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without 
disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.
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3.8 FIELD-APPLIED JACKET INSTALLATION

A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 
factory-applied jackets.

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive.
3. Completely encapsulate insulation with coating, leaving no exposed insulation.

B. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications.  Seal with manufacturer's recommended adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 
finish bead along seam and joint edge.

C. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints.

3.9 FINISHES

A. Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with 
paint system identified below and as specified in Section 099113 "Exterior Painting" and 
Section 099123 "Interior Painting."

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket 
material and finish coat paint.  Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material:  Interior, flat, latex-emulsion size.

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating.

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work.

D. Do not field paint aluminum or stainless-steel jackets.

3.10 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing 
field-applied jacket and insulation in layers in reverse order of their installation.  Extent 
of inspection shall be limited to three locations of straight pipe, three locations of 
threaded fittings, three locations of welded fittings, two locations of threaded strainers, 
two locations of welded strainers, three locations of threaded valves, and three locations 
of flanged valves for each pipe service defined in the "Piping Insulation Schedule, 
General" Article.



HVAC PIPING INSULATION 230719 - 15

B. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements.

3.11 PIPING INSULATION SCHEDULE, GENERAL

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range.  If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option.

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:

1. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

3.12 PIPING INSULATION SCHEDULE

A. Condensate and Equipment Drain Water:

1. All Pipe Sizes:  Insulation shall be one of the following:
a. Flexible Elastomeric:  1 inch thick.

B. Heating-Hot-Water Supply and Return:

1. NPS 1-1/4 and Smaller:  Insulation shall be one of the following:
a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inches thick.

2. NPS 1-1/2 and Larger:  Insulation shall be one of the following:
a. Mineral-Fiber, Preformed Pipe, Type I or Pipe and Tank Insulation:  2 inches 

thick.

C. Refrigerant Suction and Hot-Gas Piping:

1. All Pipe Sizes:  Insulation shall be one of the following:
a. Flexible Elastomeric:  1 inch thick.

D. Refrigerant Suction and Hot-Gas Flexible Tubing:

1. All Pipe Sizes:  Insulation shall be one of the following:

a. Flexible Elastomeric:  1 inch thick.

3.13 INDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the 
field-applied jacket over the factory-applied jacket.

B. If more than one material is listed, selection from materials listed is Contractor's option.
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C. Piping, Exposed:
1.  PVC:  20 mils thick.
2. Aluminum, Embossed :  0.016 inch thick.

3.14 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the 
field-applied jacket over the factory-applied jacket.

B. If more than one material is listed, selection from materials listed is Contractor's option.

C. Piping, Exposed:
1.  Aluminum, Embossed :  0.016 inch thick.

END OF SECTION 230719
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC 
 
 
PART 1 - GENERAL 

 
1.1 SYSTEM DESCRIPTION 

 
A. A fully integrated building automation system, incorporating direct digital control (DDC) for 

energy management, equipment monitoring and control. Use of multiple manufacturers’ 
products is not allowed.  

 
B. A peer-to-peer network of DDC controllers and a web-based operator interface. Depict each 

mechanical system and building floor plan by a point-and-click graphic. A web server with a 
network interface card shall gather data from the system and generate web pages accessible 
through a conventional web browser on each PC connected to the network. Operators shall be 
able to perform all normal operator functions through the web browser interface. 

 
C. Provide DDC controls for new air handlers, rooftop units, split systems, etc. 

 
D. Provide control system consisting of interface equipment and other apparatus and accessories 

to operate mechanical systems and to perform functions specified. 
 
E. Provide installation and calibration, supervision, adjustments and fine tuning necessary for 

complete and fully operational system. 
 

F. Controls Contractor shall provide new DDC control panel(s) and system to integrate the new 
equipment into the existing campuswide infrastructure.. 

 
1.2 SUBMITTALS 

 
A. Shop Drawings – Indicate the following: 

 
1. Network riser diagrams showing programmable control unit locations and network data 

conductors. 
2. Connected data points, including connected control unit and input-output device. 
3. System graphics showing monitored systems, data (connected and calculated). 
4. System configuration with peripheral devices, batteries, power supplies, diagrams, 

modems and interconnections. 
5. Description and sequence of operation for operating user. 

 
C. Product data: Submit data for each system component and software module. 

 
D. Manufacturers installation instructions: Submit installation instruction for each control   system 

component. 
 

E. Manufacturer’s certificate: Certify products meet or exceed specified requirements. 
 

1.3 CLOSEOUT SUBMITTALS 
 
A. Execution Requirements: Requirements for submittals. 
 
B. Project Record Documents:  

 
1. Record actual locations of control panels and components, including control units, 

thermostats and sensors.  
2. Revise shop drawings to reflect actual installation and operating sequences. 
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3. Submit data specified in “Submittals” in final “Record Documents” form. 
 

C. Operation and Maintenance data: 
 

1. Submit interconnection wiring diagrams, complete field installed systems with identified 
and numbered, system components and devices. 

2. Submit inspection period, cleaning methods, cleaning materials recommended and 
calibration tolerances. 

 
1.4 WARRANTY 

 
A. Execution Requirements: Requirements for warranties. 

 
1. Contractor shall provide a standard 1-year warranty on all control products and labor 

associated with this project. 
 

1.5 SERVICE 
 

A. Execution Requirements: Requirements for service. 
 

B. Furnish service and maintenance of control systems for one year from date of substantial 
completion. Include complete service of control systems including callbacks. Make a minimum 
of two complete normal inspections of four hours duration in addition to normal service calls to 
inspect, calibrate and adjust controls. 

 
C. Perform work without removing units from service during normal building occupied hours.  

 
D. Provide emergency call back service at all hours for this maintenance period. 

 
E. Maintain at local branch office, adequate levels of replacement parts in stock for emergency 

purposes. Have personnel available to ensure fulfillment of this maintenance service, without 
reasonable loss of time. 

 
F. Perform maintenance work using competent and qualified personnel under supervision and in 

direct employ of manufacturer or original installer. 
 
 
PART 2 -  PRODUCTS 

 
2.1 DIRECT DIGITAL CONTROLS 

 
A. Acceptable manufacturers: 

 
1. Siemens by Control Management, Inc. 

Matthew Watts – (843) 834-2612 
MatthewW@controlmanagement.com 

 
2.2 MATERIALS 

A. Use new products the manufacturer is currently manufacturing and selling for use in new 
installations. Do not use this installation as a product test site unless explicitly approved in 
writing by Owner. Spare parts shall be available for at least five years after completion of this 
contract. 
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2.3 COMMUNICATION 
 

A. Control products, communication media, hubs, and routers shall comprise a unified control 
network. Acceptable network mediums are Cat 5 Ethernet or twisted pair networks. Controller 
products and hardware or software gateways shall be from a single manufacturer. 

B. Use Owner Provided TCP/IP Ethernet backbone for network segments to all DDC Building 
Controller panels marked on project drawings. Project drawings indicate remote buildings or 
sites to be connected via intranet or internet connections. In each remote location an intranet or 
internet connection shall be provided for connection to the building automation system (BAS).  

C. Connection to BAS shall be by connecting to any Ethernet port in the facility for temporary 
connection to a laptop computer or other operator interface such as a Pocket PC or system 
display panel. In addition, any workstation in the facilities may be used for web browser 
communication to BAS system. Connection shall support commissioning and troubleshooting 
operations.  

D. System shall automatically synchronize controller time clocks daily from an operator-designated 
controller via the network. If applicable, system shall automatically adjust for daylight saving 
and standard time.  

E. System shall communicate in a peer-to-peer way and discretely check for system errors and 
verify controller communications. 

 
2.4 BUILDING CONTROLLERS  

A. General: Provide Building Controller (BC) as required to achieve sequence of operation. 
Provide one BC for Chilled Water System application. Controller shall be capable of adequately 
covering all IO points listed in points list plus 25% expansion capability. Using more than one 
BC controller to carry out an equipment application is not acceptable. 

B. Stand-Alone Operation. Each building controller on the BAS system shall be of true stand-alone 
operation. All schedules, data logs, time-clock, alarms graphics and program application shall 
reside in the controller. Controllers that require global or master controllers or devices are not 
acceptable. Each BC controller shall be able to broadcast data from one to another or globally 
throughout the system in a true peer-to-peer way, any data value within the controller to any 
other controller, specified group of controllers, or globally around the system. Controllers shall 
build LAN and internetwork communications across data networks and routers and report 
communications loss to Operator Interface. 

C. Hardware Design. BC’s must be modular in design and be mounted on standard DIN Rail for 
ease of replacement and expansion. Every input or output shall have 2-part connectors 
provided to facilitate commissioning and replacement. BC’s shall have a minimum of 16 IO 
points and be capable of expanding to a total of 128 input-output points through a series of plug 
in input-output modules. Input-output modules shall be connected to the BC by a CAN network 
bus and have the capability of being mounted up to 33 feet from controller. Each BC shall 
provide a serial service communication port for connection to a Portable Operator's Terminal or 
connection to a local controller display panel. 

D. Hardware. Controllers shall be powered by 24VAC or DC and shall be protected by a self-
resetting solid state circuit breaker and bus communications shall be protected by a multifuse. 
Controllers shall be rated to operate at plus or minus 15%. Each BC shall have LED status 
indication of network, bus, power and controller failure. 
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E. Environment. Controller hardware shall be suitable for anticipated ambient conditions and 
mounted in plenum or inside specified equipment. Controllers shall have the following 
specifications as a minimum: 

 
1. UL916 Listed – Enclosed Energy Management Equipment 
2. Temperature – rated at 32°F to 120°F  
3. Humidity – 0 to 90%RH non-condensing 

F. Memory. BC’s must have flash memory that is non-volatile to power cycles. Application 
program and controller parameters must be stored in flash in case of a power outage. 
Controllers using batteries to store program or parameters are not acceptable. A minimum of 
16MB of SDRAM and 8MB of Flash memory shall be employed at each controller. 

G. Network communication. Each BC shall have a minimum of one 10BaseT Ethernet port as its 
primary network communications connection and communicate directly on the buildings TCP/IP 
data network without the need for master control panels. Each BC shall have an on-board web 
server that will allow local or remote system control, monitoring and configuration via a standard 
web browser.  

H. Real Time Clock. Each BC must have a Real Time Clock. In case of a power outage the time-
clock must be maintained for 6 days by a capacitor. Any BC shall have the ability to act as the 
system time-master. System timemaster will automatically adjust to Daylight Savings Times. 

I. Sequencing. BC’s shall execute all program sequences independent of program size once per 
second. Controller shall execute all program and mathematical functions and PID Loops as 
described in Section 2.4.E 

J. Scheduling.  BC controllers shall provide the following schedule options as a minimum. All 
schedule, exception or holiday changes shall be configurable from the web browser interface or 
the Operator Interfaces. 

 
1. Weekly. Provide separate schedules for each day of the week. Each schedule shall be 

able to include up to 50 occupied periods (50 start-stop pairs). Days shall have the ability 
of being copied and pasted from the web browser. 

2. Exception. Operator shall be able to designate an exception schedule for each of the next 
365 days in advance. After an exception schedule has executed, system shall discard 
and replace exception schedule with standard schedule for that day of the week. 
Exceptions shall have up to 16 priority levels. Should exceptions overlap, exception with 
highest priority level shall take precedence over others with lower priorities. Exceptions 
shall be added, edited or adjusted from the web browser. 

3. Holiday. Web operator shall be able to define holiday exception schedules of varying 
length on a scheduling calendar that repeats each year. 

4. Controller shall support multiple shifted scheduling, enabling start-stop of equipment up 
to 6 hours before-after normal schedule start-stop. Shifted scheduling shall also support 
Optimized start-stop. 

5. Optimized start-stop. One optstart-stop function shall be assigned to any schedule within 
the controller. Optstart functions shall be self-learning and shall have operator adjustable 
start-stop limits. 

K. Data Logs. Each BC controller shall be able to log any data within a controller at one second, 1 
minute, 5 minute, 10 minute, 15 minute, 20 minute, 30 minute, 1 hour, 6 hour or 24 hour 
intervals. 1000 points of data must be held in data log until last value is overwritten. Multiple 
data logs with differing intervals shall have the capability of being attached to any data point. 
Any data log shall be viewed from the browser or Operator Interfaces. Data logs shall be 
viewed in graphical or text format by the operator. 
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L. Alarms. BC controllers shall generate alarms configured by the programming tool. Alarms shall 
be sent to the operator interface workstation. In event that operator workstation is off-line for 
any reason, alarms shall be sent to the system Display Panel, via email or cell phone text 
message directly from the controller across the data network to any internal or external email or 
cell phone email address. Alarms shall have the capability of being sent to different locations 
depending on schedule status or operator defined alarm group. An internal alarm log shall 
record the last 50 alarms generated by controller. Alarm log shall be viewed from the browser 
or Operator Interfaces. 

M. Graphics. Each building controller shall be capable of containing graphics pages of the 
connected mechanical equipment as well as the application program. Dynamic data points shall 
be shown on graphical backdrops representing all hardware and software points within the 
controller. Graphics pages shall contain links to other graphics pages within the controller, other 
building controllers on the BAS system, any intranet or internet website and any valid email 
address. Controller shall have the ability to add any user defined text to any graphics page. 
Graphics pages shall be accessible from any standard web browser on the intranet or internet.  

N. Security. Each BC shall have username and password security with the ability to have a unique 
username and password for up to 500 users. In addition, each user shall have a level of access 
from 0 to 100 to the controller ranging from read only access through to full configuration rights 
to the controller. Access to the controller shall be read only until a valid username and 
password is entered via any standard web browser. All users and levels of access shall be 
configurable by the operator. Each user shall have a default graphics page assigned and 
loaded when valid username and password is entered. 

O. Controller Input-Outputs. All controller inputs and outputs may be overridden on-off or by any 
analog value of the operator’s choice via a standard web browser. In addition an override timer 
may be initiated to switch all inputs-outputs to automatic operation after user has logged out. 

 
1. Controller inputs shall all be Universal Inputs and be selectable by moving a jumper for 

the required input type. Controller shall support thermistor, 0-10vdc voltage and 0-20 or 
4-20mA current inputs with 12-bit resolution. All digital inputs shall be volt free contacts 
capable of pulse counting up to 30 pulses per second. When input is selected for digital, 
LED shall indicate when contact is closed. All sensor scaling and curves shall be 
software configurable. 

2. Controller shall have analog or Form C relay outputs. Analog outputs shall be modulating 
0-10Vdc and current limited to 20mA as required to properly control output devices. All 
analog outputs shall have modulating LED’s to indicate output voltage. Analog outputs 
shall have 11-bit resolution as a minimum. Form-C relay outputs shall have common, 
normally-open and normally-closed contacts. All relay outputs shall have LED’s to 
indicate relay status. 

3. Protection. All input and outputs shall have over-voltage protection built-in to protect main 
board from failure. 
 

P. PID Loops. Loops shall have the capability to be sequenced once per second and switched 
between occupied and unoccupied setpoints. In addition, a manual override and level may be 
initiated and implemented in logic. PID Loops shall support drift-limit alarm and controlled input 
alarms. Should controlled input fail or alarm, one of the following actions shall be initiated: 

 
1. Maintain output at level when sensor failed and return to normal operation on alarm clear. 
2. Automatically go to pre-defined controlled input value and return to normal operation on 

alarm clear. 
3. Automatically go to pre-defined loop output level and return to normal operation on alarm 

clear. 
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4. Automatically go to pre-defined loop output level and stay there until a alarm clears and a 
manual override is initiated by operator. 
 

Q. Runtime Totalization. Controller shall provide an algorithm that can totalize runtime for each 
digital input or output and calculate the number of starts. Operator shall be able to enable 
runtime alarm based on exceeded adjustable runtime limit via the web browser interface. 

 
R. Staggered Start. Controller shall stagger controlled equipment restart after power outage. 

Operator shall be able to adjust equipment restart order and time delay between equipment 
restarts via the web browser interface. 

 
S. Web Browser. In addition, the web browser interface shall support the following functions on 

the building controller other than outlined above: 
 

1. Configuration and editing of any function or programming module stored within the 
controller. 

2. Operator override of any function module or software point within the controller in addition 
to the physical input-outputs. 

3. Support of navigation through logic flow diagram to support commissioning via the 
browser. 

4. Display lists of each type of function or programming module within the controller in 
numerical order and highlight any current alarm points in flashing red format. 

5. Operation will be mouse driven point and click between views, graphics and modules. 
Values shall be changed by drop-down menus or by clicking and typing in open fields. 

 
2.5 AUXILARY CONTROL DEVICES 
 

A. Temperature Sensors. Temperature sensors shall be thermistor or 4-20mA dependent   on   
application.  

 
1. Immersion Sensors. Provide immersion sensors with a separable stainless steel or brass 

well. Well pressure rating shall be consistent with system pressure it will be immersed in. 
Well shall withstand pipe design flow velocities. Immersion sensors shall be thermistor of 
type 10KII. 
 

B. Relays. 
 

1. Control Relays. Control relays shall be plug-in type, UL listed, and shall have dust cover 
and LED "energized" indicator. Contact rating, configuration, and coil voltage shall be 
suitable for application. 

2. Time Delay Relays. Time delay relays shall be solid-state plug-in type, UL listed, and 
shall have adjustable time delay. Delay shall be adjustable ±100% from setpoint shown. 
Contact rating, configuration, and coil voltage shall be suitable for application. Provide 
NEMA 1 enclosure for relays not installed in local control panel. 

3. Relay-in-box. Shall be UL listed and have a compact NEMA 1 housing with ½ or ¾    inch 
NPT nipples. Relays shall have LED “energized” indication. Wires shall be color-coded. 
Contact rating, configuration, and coil voltage shall be suitable for application. 
 

C. Current Switches. 
 

1. Current-operated switches shall be self-powered, solid-state with adjustable trip current. 
Select switches to match application current and DDC system output requirements. Any 
current switches used on VSD’s shall be specialized for VSD application. Current 
switches shall be Veris Hawkeye or equivalent. 

 
D. Local Control Panels. 
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1. Indoor control panels shall be fully enclosed NEMA 1 construction with hinged door key 

lock latch and removable sub-panels. A common key shall open each control panel and 
sub-panel. 

2. Pre-wire internal and face-mounted device connections with color-coded stranded 
conductors tie-wrapped or neatly installed in plastic troughs. Field connection terminals 
shall be UL listed for 600 V service, individually identified per control and interlock 
drawings, with adequate clearance for field wiring. 

3. Each Building Control panel shall have one 110Vac power outlet for connecting laptops.  
 
2.6 WIRING RACEWAYS AND POWER SUPPLIES 

A. General. Provide copper wiring, plenum cable, and raceways as specified in applicable 
sections of Division 16. 

B. Insulated wire shall use copper conductors and shall be UL listed for 200°F minimum service 
and be plenum rated. 

C. Power Supplies. Control transformers shall be UL listed. Furnish Class 2 current-limiting type or 
furnish over-current protection in primary and secondary circuits for Class 2 service in 
accordance with NEC requirements. Limit connected loads to 80% of rated capacity. 

1. DC power supply output shall match output current and voltage requirements. Unit shall 
be full-wave rectifier type with output ripple of 5.0 mV maximum peak-to-peak. Regulation 
shall be 1.0% line and load combined, with 100-microsecond response time for 50% load 
changes. Unit shall have built-in over-voltage and over-current protection and shall be 
able to withstand 150% current overload for at least three seconds without trip-out or 
failure. 
 

D. Wiring Standards and Identification. Control wiring shall conform to the following standards and 
color codes: 

1. Ethernet Communication  Orange  CAT5E 
2. Twisted Pair Communication  Blue Jacket 22-2 
3. Two Wire Sensors   Purple strip 20-2/SH 
4. Wall Sensors    Purple Jacket 22-6 
5. Digital Output    Green Stripe 18/2 
6. Interface Device   Orange Stripe 18/4 
7. ASC Power    Red Stripe 16/2 
8. Comb Digital Input/Output  Orange Stripe 18/4  

 
 
PART 3 - EXECUTION 
 
3.1 EXAMINATION 

 
A. Thoroughly examine project plans for control device and equipment locations. Report 

discrepancies, conflicts, or omissions to Architect or Engineer for resolution before starting 
rough-in work. 

B. Inspect site to verify that equipment can be installed as shown. Report discrepancies, conflicts, 
or omissions to Engineer for resolution before starting rough-in work. 
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3.2 INSTALLATION 
 

A. Install control units and other hardware on permanent walls where not subject to excessive 
vibration. 

 
B. Install controller software and implement features of programs to specified requirements and 

appropriate to sequence of operation. 
 

C. A 120volt alternating current, dedicated power circuit to each programmable control panel shall 
be provided by Division 16. 

 
D. Mechanical Rooms and exposed locations to be in full conduit. 

 
E. Conduit sleeves in fire rated walls to be caulked with firestop and have bushings on both ends. 

All conduit stubs and knockouts to have bushings. 
 
3.3 COORDINATION 

 
A. Site: 
 

1. Assist in coordinating space conditions to accommodate the work of each trade where 
work will be installed near or will interfere with work of other trades.  

2. Coordinate and schedule work with other work in the same area and with work 
dependent upon other work to facilitate mutual progress. 
 

B. Test and Balance:  
 

1. Provide Test and Balance Contractor a single set of necessary tools to interface to 
control system for testing and balancing. 

2. Train Test and Balance Contractor to use control system interface tools. 
3. Test and Balance Contractor shall return tools undamaged and in working condition at 

completion of testing and balancing. 
 
3.4 SYSTEM CHECKOUT AND TESTING 

 
A. Startup testing. Complete startup testing to verify operational control system before notifying 

owner of system demonstration. 
 

1. Calibrate and prepare for service each instrument, control, and accessory equipment 
furnished under Section 15900. 

2. Verify that control wiring is properly connected and free of shorts and ground faults. 
Verify that terminations are tight. 

3. Enable control systems and verify each input device's calibration. Calibrate each device 
according to manufacturer's recommendations. 

4. Verify that binary output devices such as relays, solenoid valves, two-position actuators 
and control valves, and magnetic starters, operate properly and that normal positions are 
correct. 

5. Verify that analog output devices such as actuators are functional, that start and span are 
correct, and that direction and normal positions are correct. Check control valves and 
automatic dampers to ensure proper action and closure. Make necessary adjustments to 
valve stem and damper blade travel. 

6. Verify that system operates according to sequences of operation. Simulate and observe 
each operational mode by overriding and varying inputs and schedules. Tune PID loops 
and each control routine that requires tuning. 

7. Alarms and Interlocks.  
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a) Check each alarm with an appropriate signal at a value that will trip the alarm. 
b) Trip interlocks using field contacts to check logic and to ensure that actuators fail in 

the proper direction. 
c) Test interlock actions by simulating alarm conditions to check initiating value of 

variable and interlock action. 
3.5 TRAINING  

A. Provide training for a designated staff of Owner's representatives. Training shall be provided via 
on-site computer-based training. 

B. Training shall enable students to accomplish the following objectives.  
 

1. Proficiently operate system 
2. Understand control system architecture and configuration 
3. Understand job layout and location of control components 
4. Understand DDC system components 
5. Understand system operation, including DDC system control and optimizing routines. 
6. Log on and off system 
7. Access graphics, point reports, and logs 
8. Adjust and change system setpoints, time schedules, and holiday schedules 
9. Recognize common HVAC system malfunctions by observing system graphics, trend 

graphs, and other system tools 
10. Understand system drawings and Operation and Maintenance manual 
11. Access data from DDC controllers 
12. Create, delete, and modify alarms, including configuring alarm reactions 
13. Create, delete, and modify point trend logs (graphs) and multi-point trend graphs 
14. Add new users and understand password security procedures 

C. Provide a total of 8 hours training as part of this contract.  

3.6 SEQUENCE OF OPERATIONS AND POINTS LIST  

A.    Sequence of Operation and Points List: See Drawings 

 

END OF SECTION 230900 
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SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes pipe and fitting materials and joining methods for the following:

1. Hot-water heating piping.
2. Condensate-drain piping.

1.3 REFERENCE DOCUMENTS

A. ASTM F 2389-07 - Standard Specification for Pressure-rated Polypropylene (PP) Piping 
Systems

B. CSA B137.11 - Polypropylene (PP-R) Pipe and Fittings for Pressure Applications

C. NSF/ANSI 14 – Plastic Piping System Components and Related Materials

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of the following:

1. Plastic pipe and fittings with solvent cement.
2. Pressure-seal fittings.

B. Delegated-Design Submittal:

1. Design calculations and detailed fabrication and assembly of pipe anchors and alignment 
guides, hangers and supports for multiple pipes, expansion joints and loops, and 
attachments of the same to the building structure.

2. Locations of pipe anchors and alignment guides and expansion joints and loops.
3. Locations of and details for penetrations, including sleeves and sleeve seals for exterior 

walls, floors, basement, and foundation walls.
4. Locations of and details for penetration and firestopping for fire- and smoke-rated wall 

and floor and ceiling assemblies.
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1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings:  Piping layout, drawn to scale, on which the following items are shown 
and coordinated with each other, using input from installers of the items involved:

1. Suspended ceiling components.
2. Other building services.
3. Structural members.

B. Qualification Data:  For Installer.

C. Welding certificates.

D. Field quality-control reports.

E. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:

1. Installers of Pressure-Sealed Joints:  Installers shall be certified by pressure-seal joint 
manufacturer as having been trained and qualified to join piping with pressure-seal pipe 
couplings and fittings.

B. Material shall be certified by NSF International as complying with NSF 14, and ASTM F 2389 
or CSA B137.11.

C. Material shall comply with manufacturer’s specifications.

D. Special Engineered products shall be certified by NSF International as complying with NSF 14.  

E. Steel Support Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel."

F. Pipe Welding:  Qualify procedures and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX.

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and 
installation.

2. Certify that each welder has passed AWS qualification tests for welding processes 
involved and that certification is current.



HYDRONIC PIPING 232113 - 3

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Hydronic piping components and installation shall be capable of withstanding the pressure of 
the piping system to which it is attached. 

2.2 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.

B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K.

C. DWV Copper Tubing:  ASTM B 306, Type DWV.

D. Copper or Bronze Pressure-Seal Fittings:

1. Housing:  Copper.
2. O-Rings and Pipe Stops:  EPDM.
3. Tools:  Manufacturer's special tools.
4. Minimum 200-psig working-pressure rating at 250 deg F.

E. Wrought-Copper Unions:  ASME B16.22.

2.3 STEEL PIPE AND FITTINGS

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; welded and seamless, Grade B, 
and wall thickness as indicated in "Piping Applications" Article.

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in "Piping 
Applications" Article.

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in "Piping 
Applications" Article.

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping 
Applications" Article.

E. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Classes 25, 125, and 250; raised 
ground face, and bolt holes spot faced as indicated in "Piping Applications" Article.

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.

G. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, 
nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group:  1.1.
2. End Connections:  Butt welding.
3. Facings:  Raised face.
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H. Steel Pressure-Seal Fittings:

1. Housing:  Steel.
2. O-Rings and Pipe Stop:  EPDM.
3. Tools:  Manufacturer's special tool.
4. Minimum 300-psig working-pressure rating at 230 deg F.

I. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as pipe in 
which they are installed.

2.4 POLYPROPYLENE PIPE AND FITTINGS

A. Polypropylene Pipe: 

1. Pipe shall be manufactured from a PP-R resin meeting the short-term properties and long-
term strength requirements of ASTM F 2389 or CSA B137.11.  The pipe shall contain no 
rework or recycled materials except that generated in the manufacturer's own plant from 
resin of the same specification from the same raw material.  All pipe shall be made in an 
extrusion process.  Hydronic hot water and heating piping shall contain a fiber layer  to 
restrict thermal expansion.  All pipe shall comply with the rated pressure requirements of 
ASTM F 2389 or CSA B137.11. All pipe shall be certified by NSF International as 
complying with NSF 14, and ASTM F 2389 or CSA B137.11.

B. Polypropylene Fittings:

1. Fittings shall be manufactured from a PP-R resin meeting the short-term properties and 
long-term strength requirements of ASTM F 2389.  The fittings shall contain no rework 
or recycled materials except that generated in the manufacturer's own plant from resin of 
the same specification from the same raw material.  All fittings shall be certified by NSF 
International as complying with NSF 14, and ASTM F 2389 or CSA B137.11.

C. Polypropylene Valves:
1. Valves shall be manufactured in accordance with the manufacturer’s specifications and 

shall comply with the performance requirements of ASTM F 2389 or CSA B137.11.  The 
valves shall contain no rework or recycled thermoplastic materials except that generated 
in the manufacturer's own plant from resin of the same specification from the same raw 
material.  

D. Polypropylene Smoke and Fire Ratings:

1. Where indicated on the drawings that a Plenum-rated Piping System is needed, the pipe 
shall be wrapped and/or insulated with standard fiberglass or mineral wool pipe 
insulation, field installed, with bare fittings no closer than every 6 ft. of pipe.  The pipe, 
wrap or insulation as a system shall meet the requirements of CAN/ULC-S102.2-03 or 
ASTM E84. The system shall have a Flame Spread Classification of less than 25 and 
Smoke Development rating of less than 50.

E. Polypropylene UV Protection
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1. Where indicated on the drawings that the pipe will be exposed to direct UV light for more 
than 30 days, it shall be provided with a Factory applied, UV-resistant coating or 
alternative UV protection.

2.5 JOINING MATERIALS

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
otherwise indicated.

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813.

D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for joining 
copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel.

E. Welding Filler Metals:  Comply with AWS D10.12M/D10.12 for welding materials appropriate 
for wall thickness and chemical analysis of steel pipe being welded.

F. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working 
temperatures and pressures.

G. Fusion Welding of Polypropylene Joints

1. Install fittings and joints using socket-fusion, elecrofusion, or butt-fusion as applicable 
for the fitting or joint type.  All fusion-weld joints shall be made in accordance with the 
pipe and fitting manufacturer’s specifications and product standards.

2. Fusion-weld tooling, welding machines, and electrofusion devices shall be as specified 
by the pipe and fittings manufacturer.

3. Prior to joining, the pipe and fittings shall be prepared in accordance with ASTM F 2389 
and the manufacturer’s specifications.

4. Joint preparation, setting and alignment, fusion process, cooling times and working 
pressure shall be in accordance with the pipe and fitting manufacturer’s specifications.

2.6 DIELECTRIC FITTINGS

A. General Requirements:  Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material.  Include end connections compatible with pipes to be joined.

B. Dielectric Unions:

1. Description:
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a. Standard:  ASSE 1079.
b. Pressure Rating:  125 psig minimum at 180 deg F.
c. End Connections:  Solder-joint copper alloy and threaded ferrous.

C. Dielectric Flanges:

1. Description:

a. Standard:  ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.
c. Pressure Rating:  125 psig minimum at 180 deg F
d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder-

joint copper alloy and threaded ferrous.

D. Dielectric-Flange Insulating Kits:

1. Description:

a. Nonconducting materials for field assembly of companion flanges.
b. Pressure Rating:  150 psig.
c. Gasket:  Neoprene or phenolic.
d. Bolt Sleeves:  Phenolic or polyethylene.
e. Washers:  Phenolic with steel backing washers.

E. Dielectric Nipples:

1. Description:

a. Standard:  IAPMO PS 66.
b. Electroplated steel nipple, complying with ASTM F 1545.
c. Pressure Rating:  300 psig at 225 deg F.
d. End Connections:  Male threaded.
e. Lining:  Inert and noncorrosive, propylene.

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be any of the following:

1. Type L drawn-temper copper tubing, wrought-copper fittings, and soldered, brazed, or 
pressure-seal joints.

2. Schedule 40, Grade B, Type 96 steel pipe; Class 150, malleable-iron, Class 250, cast-
iron, or Class 300, malleable-iron fittings; cast-iron flanges and flange fittings; and 
threaded or pressure-seal joints.

3. polypro

B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger, shall be any of the following:
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1.  Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 
and flange fittings, and welded and flanged joints.

2. polypro

C. Condensate-Drain Piping:

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.
2. Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.

3.2 PIPING INSTALLATIONS

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Install piping as indicated unless deviations to layout are approved on Coordination 
Drawings.

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas.

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise.

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping to permit valve servicing.

F. Install piping at indicated slopes.

G. Install piping free of sags and bends.

H. Install fittings for changes in direction and branch connections.

I. Install piping to allow application of insulation.

J. Select system components with pressure rating equal to or greater than system operating 
pressure.

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves.

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage.

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow.

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up.

O. Install branch connections to mains using mechanically formed tee fittings in main pipe, with 
the branch connected to the bottom of the main pipe.  For up-feed risers, connect the branch to 
the top of the main pipe.
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P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated.

Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated.

R. Install shutoff valve immediately upstream of each dielectric fitting.

S. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" 
for identifying piping.

T. Install sleeve seals for piping penetrations of concrete walls and slabs.  

U. Install escutcheons for piping penetrations of walls, ceilings, and floors.  

3.3 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B. Dielectric Fittings for NPS 2 and Smaller:  Use dielectric unions.

C. Dielectric Fittings for NPS 2-1/2 to NPS 4:  Use dielectric flanges. 

D. Dielectric Fittings for NPS 5 and Larger:  Use dielectric flange kits.

3.4 HANGERS AND SUPPORTS

A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment" for hanger, support, and anchor devices.  Comply with the following requirements 
for maximum spacing of supports.

B. Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for 
seismic restraints.

C. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 

longer.
3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze.
4. Spring hangers to support vertical runs.
5. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe.

D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

1. NPS 3/4:  Maximum span, 7 feet.
2. NPS 1:  Maximum span, 7 feet.
3. NPS 1-1/2:  Maximum span, 9 feet.
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4. NPS 2:  Maximum span, 10 feet.
5. NPS 2-1/2:  Maximum span, 11 feet.
6. NPS 3 and Larger:  Maximum span, 12 feet.

E. Install hangers for drawn-temper copper piping with the following maximum spacing and 
minimum rod sizes:

1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. NPS 1-1/4:  Maximum span, 7 feet; minimum rod size, 3/8 inch.
4. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
6. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
7. NPS 3 and Larger:  Maximum span, 10 feet; minimum rod size, 3/8 inch.

F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

3.5 PIPE JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly.

C. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 
lead-free solder alloy complying with ASTM B 32.

D. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8/A5.8M.

E. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut 
threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 
full ID.  Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified.

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 
damaged.  Do not use pipe sections that have cracked or open welds.

F. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using qualified processes 
and welding operators according to "Quality Assurance" Article.

G. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

H. Mechanically Formed, Copper-Tube-Outlet Joints:  Use manufacturer-recommended tool and 
procedure, and brazed joints.
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I. Pressure-Sealed Joints:  Use manufacturer-recommended tool and procedure.  Leave insertion 
marks on pipe after assembly.

3.6 TERMINAL EQUIPMENT CONNECTIONS

A. Sizes for supply and return piping connections shall be the same as or larger than equipment 
connections.

B. Install control valves in accessible locations close to connected equipment.

C. Install bypass piping with globe valve around control valve.  If parallel control valves are 
installed, only one bypass is required.

D. Install ports for pressure gages and thermometers at coil inlet and outlet connections.  

3.7 FIELD QUALITY CONTROL

A. Prepare hydronic piping according to ASME B31.9 and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure.  If temporary restraints are impractical, isolate expansion joints from testing.
3. Flush hydronic piping systems with clean water; then remove and clean or replace 

strainer screens.
4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be 

capable of sealing against test pressure without damage to valve.  Install blinds in flanged 
joints to isolate equipment.

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test.

B. Perform the following tests on hydronic piping:

1. Use ambient temperature water as a testing medium unless there is risk of damage due to 
freezing.  Another liquid that is safe for workers and compatible with piping may be 
used.

2. While filling system, use vents installed at high points of system to release air.  Use 
drains installed at low points for complete draining of test liquid.

3. Isolate expansion tanks and determine that hydronic system is full of water.
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

system's working pressure.  Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test.  Verify that stress due to 
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum 
yield strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building 
Services Piping."

5. After hydrostatic test pressure has been applied for at least 15 minutes, examine piping, 
joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks.

6. Prepare written report of testing.
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C. Perform the following before operating the system:

1. Open manual valves fully.
2. Inspect pumps for proper rotation.
3. Set makeup pressure-reducing valves for required system pressure.
4. Inspect air vents at high points of system and determine if all are installed and operating 

freely (automatic type), or bleed air completely (manual type).
5. Set temperature controls so all coils are calling for full flow.
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, 

cooling towers, to specified values.
7. Verify lubrication of motors and bearings.

END OF SECTION 232113
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes special-duty valves and specialties for the following: 

1. Hot-water heating piping. 

2. Condensate-drain piping. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Valves:  Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 

2. Air-control devices. 

3. Hydronic specialties. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air-control devices, hydronic specialties, and special-

duty valves to include in emergency, operation, and maintenance manuals. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Differential Pressure Meter:  For each type of balancing valve and automatic flow control valve, 

include flowmeter, probes, hoses, flow charts, and carrying case. 

1.6 QUALITY ASSURANCE 

A. Pipe Welding:  Qualify procedures and operators according to ASME Boiler and Pressure 

Vessel Code:  Section IX. 

1. Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and 

stamp air separators and expansion tanks to comply with ASME Boiler and Pressure 

Vessel Code:  Section VIII, Division 1. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 

minimum working pressure and temperature unless otherwise indicated: 

1. Hot-Water Heating Piping:  Existing pressure (field verify) at 180 deg F. 

2. Condensate-Drain Piping:  150 deg F. 

3. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system to 

which it is attached. 

2.2 VALVES 

A. Bronze, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 

3. Ball:  Brass or stainless steel. 

4. Plug:  Resin. 

5. Seat:  PTFE. 

6. End Connections:  Threaded or socket. 

7. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 

8. Handle Style:  Lever, with memory stop to retain set position. 

9. CWP Rating:  Minimum 125 psig. 

10. Maximum Operating Temperature:  250 deg F. 

B. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements. 

2. Body:  Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or 

venturi. 

3. Ball:  Brass or stainless steel. 

4. Stem Seals:  EPDM O-rings. 

5. Disc:  Glass and carbon-filled PTFE. 

6. Seat:  PTFE. 

7. End Connections:  Flanged or grooved. 

8. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 

9. Handle Style:  Lever, with memory stop to retain set position. 

10. CWP Rating:  Minimum 125 psig. 

11. Maximum Operating Temperature:  250 deg F. 

C. Diaphragm-Operated, Pressure-Reducing Valves:  ASME labeled. 

1. Manufacturers:  Subject to compliance with requirements. 

2. Body:  Bronze or brass. 
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3. Disc:  Glass and carbon-filled PTFE. 

4. Seat:  Brass. 

5. Stem Seals:  EPDM O-rings. 

6. Diaphragm:  EPT. 

7. Low inlet-pressure check valve. 

8. Inlet Strainer:  Removable without system shutdown. 

9. Valve Seat and Stem:  Noncorrosive. 

10. Valve Size, Capacity, and Operating Pressure:  Selected to suit system in which installed, 

with operating pressure and capacity factory set and field adjustable. 

D. Diaphragm-Operated Safety Valves:  ASME labeled. 

1. Manufacturers:  Subject to compliance with requirements. 

2. Body:  Bronze or brass. 

3. Disc:  Glass and carbon-filled PTFE. 

4. Seat:  Brass. 

5. Stem Seals:  EPDM O-rings. 

6. Diaphragm:  EPT. 

7. Wetted, Internal Work Parts:  Brass and rubber. 

8. Inlet Strainer:  Removable without system shutdown. 

9. Valve Seat and Stem:  Noncorrosive. 

10. Valve Size, Capacity, and Operating Pressure:  Comply with ASME Boiler and Pressure 

Vessel Code:  Section IV, and selected to suit system in which installed, with operating 

pressure and capacity factory set and field adjustable. 

E. Automatic Flow-Control Valves: 

1. Manufacturers:  Subject to compliance with requirements. 

2. Body:  Brass or ferrous metal. 

3. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and removable. 

4. Combination Assemblies:  Include bronze or brass-alloy ball valve. 

5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 

6. Size:  Same as pipe in which installed. 

7. Performance:  Maintain constant flow, plus or minus 5 percent over system pressure 

fluctuations. 

8. Minimum CWP Rating:  175 psig. 

9. Maximum Operating Temperature:  200 deg F. 

2.3 AIR-CONTROL DEVICES 

A. Automatic Air Vents: 

1. Body:  Brass. 

2. Internal Parts:  Nonferrous. 

3. Operator:  Noncorrosive metal float. 

4. Inlet Connection:  NPS 3/4. 

5. Discharge Connection:  NPS 1/4. 

6. CWP Rating:  150 psig. 
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7. Maximum Operating Temperature:  250 deg F. 

B. In-Line Air Separators: 

1. Tank:  One-piece cast iron with an internal diffuser constructed to decelerate system flow 

to maximize air separation. 

2. Maximum Working Pressure:  Up to 150 psig. 

3. Maximum Operating Temperature:  Up to 250 deg F. 

2.4 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and 

larger. 

3. Strainer Screen:  Stainless-steel, 20-mesh strainer, or perforated stainless-steel basket. 

4. CWP Rating:  125 psig. 

B. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain 

connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and 

larger. 

3. Strainer Screen:  40 or 60-mesh startup strainer, and perforated stainless-steel basket with 

50 percent free area. 

4. CWP Rating:  125 psig. 

C. T-Pattern Strainers: 

1. Body:  Ductile or malleable iron with removable access coupling and end cap for strainer 

maintenance. 

2. End Connections:  Grooved ends. 

3. Strainer Screen:  40 or 60-mesh startup strainer, and perforated stainless-steel basket with 

57 percent free area. 

4. CWP Rating:  750 psig. 

D. Stainless-Steel Bellow, Flexible Connectors: 

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective 

jacket. 

2. End Connections:  Threaded or flanged to match equipment connected. 

3. Performance:  Capable of 3/4-inch misalignment. 

4. CWP Rating:  150 psig. 

5. Maximum Operating Temperature:  250 deg F. 

E. Spherical, Rubber, Flexible Connectors: 

1. Body:  Fiber-reinforced rubber body. 
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2. End Connections:  Steel flanges drilled to align with Classes 150 and 300 steel flanges. 

3. Performance:  Capable of misalignment. 

4. CWP Rating:  150 psig. 

5. Maximum Operating Temperature:  250 deg F. 

PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains and at supply connection 

to each piece of equipment. 

B. Install calibrated-orifice, balancing valves in the return pipe of each cooling unit. 

C. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

D. Install safety valves as required by ASME Boiler and Pressure Vessel Code.  Install drip-pan 

elbow on safety-valve outlet and pipe without valves to the outdoors; pipe drain to nearest floor 

drain or as indicated on Drawings.  Comply with ASME Boiler and Pressure Vessel Code:  

Section VIII, Division 1, for installation requirements. 

3.2 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 

for system air venting. 

B. Install automatic air vents at high points of system piping in mechanical equipment rooms only.  

Install manual vents at heat-transfer coils and elsewhere as required for air venting. 

C. Install in-line air separators in pump suction.  Install drain valve on air separator. 

END OF SECTION 232116 
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SECTION 232300 - REFRIGERANT PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes refrigerant piping used for air-conditioning applications. 

1.3 PERFORMANCE REQUIREMENTS 

A. Line Test Pressure for Refrigerant R-410A: 

1. Suction Lines for Air-Conditioning Applications:  300 psig. 

2. Suction Lines for Heat-Pump Applications:  535 psig. 

3. Hot-Gas and Liquid Lines:  535 psig. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include 

pressure drop, based on manufacturer's test data, for the following: 

1. Thermostatic expansion valves. 

2. Solenoid valves. 

3. Hot-gas bypass valves. 

4. Filter dryers. 

5. Strainers. 

6. Pressure-regulating valves. 

B. Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, and 

fitting sizes, flow capacities, valve arrangements and locations, slopes of horizontal runs, oil 

traps, double risers, wall and floor penetrations, and equipment connection details.  Show 

interface and spatial relationships between piping and equipment. 

1. Refrigerant piping indicated on Drawings is schematic only.  Size piping and design 

actual piping layout, including oil traps, double risers, specialties, and pipe and tube sizes 

to accommodate, as a minimum, equipment provided, elevation difference between 

compressor and evaporator, and length of piping to ensure proper operation and 

compliance with warranties of connected equipment. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Field quality-control test reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For refrigerant valves and piping specialties to include in 

maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel 

Code:  Section IX, "Welding and Brazing Qualifications." 

B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems." 

C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components." 

1.8 PRODUCT STORAGE AND HANDLING 

A. Store piping in a clean and protected area with end caps in place to ensure that piping interior 

and exterior are clean when installed. 

1.9 COORDINATION 

A. Coordinate size and location of roof curbs, equipment supports, and roof penetrations.   

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Copper Tube:  ASTM B 88, Type K or L; ASTM B 280, Type ACR. 

B. Wrought-Copper Fittings:  ASME B16.22. 

C. Wrought-Copper Unions:  ASME B16.22. 

D. Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder to join copper 

socket fittings on copper pipe. 

E. Brazing Filler Metals:  AWS A5.8. 

F. Flexible Connectors: 
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1. Body:  Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced 

protective jacket. 

2. End Connections:  Socket ends. 

3. Offset Performance:  Capable of minimum 3/4-inch misalignment in minimum 7-inch- 

long assembly. 

4. Pressure Rating:  Factory test at minimum 500 psig. 

5. Maximum Operating Temperature:  250 deg F. 

2.2 VALVES AND SPECIALTIES 

A. Diaphragm Packless Valves: 

1. Body and Bonnet:  Forged brass or cast bronze; globe design with straight-through or 

angle pattern. 

2. Diaphragm:  Phosphor bronze and stainless steel with stainless-steel spring. 

3. Operator:  Rising stem and hand wheel. 

4. Seat:  Nylon. 

5. End Connections:  Socket, union, or flanged. 

6. Working Pressure Rating:  500 psig. 

7. Maximum Operating Temperature:  275 deg F. 

B. Packed-Angle Valves: 

1. Body and Bonnet:  Forged brass or cast bronze. 

2. Packing:  Molded stem, back seating, and replaceable under pressure. 

3. Operator:  Rising stem. 

4. Seat:  Nonrotating, self-aligning polytetrafluoroethylene. 

5. Seal Cap:  Forged-brass or valox hex cap. 

6. Working Pressure Rating:  500 psig. 

7. Maximum Operating Temperature:  275 deg F. 

C. Check Valves: 

1. Body:  Ductile iron, forged brass, or cast bronze; globe pattern. 

2. Bonnet:  Bolted ductile iron, forged brass, or cast bronze; or brass hex plug. 

3. Piston:  Removable polytetrafluoroethylene seat. 

4. Closing Spring:  Stainless steel. 

5. Manual Opening Stem:  Seal cap, plated-steel stem, and graphite seal. 

6. Maximum Opening Pressure:  0.50 psig. 

7. Working Pressure Rating:  500 psig. 

8. Maximum Operating Temperature:  275 deg F. 

D. Service Valves: 

1. Body:  Forged brass with brass cap including key end to remove core. 

2. Core:  Removable ball-type check valve with stainless-steel spring. 

3. Seat:  Polytetrafluoroethylene. 

4. End Connections:  Copper spring. 

5. Working Pressure Rating:  500 psig. 
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E. Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labeled by an NRTL. 

1. Body and Bonnet:  Plated steel. 

2. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless steel. 

3. Seat:  Polytetrafluoroethylene. 

4. Electrical:  Molded, watertight coil in NEMA 250 enclosure of type required by location 

with 1/2-inch conduit adapter, and electrically powered coil. 

5. Working Pressure Rating:  400 psig. 

6. Maximum Operating Temperature:  240 deg F. 

7. Manual operator. 

F. Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; listed and labeled 

by an NRTL. 

1. Body and Bonnet:  Ductile iron and steel, with neoprene O-ring seal. 

2. Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Seat Disc:  Polytetrafluoroethylene. 

4. Working Pressure Rating:  400 psig. 

5. Maximum Operating Temperature:  240 deg F. 

G. Thermostatic Expansion Valves:  Comply with ARI 750. 

1. Body, Bonnet, and Seal Cap:  Forged brass or steel. 

2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Packing and Gaskets:  Non-asbestos. 

4. Capillary and Bulb:  Copper tubing filled with refrigerant charge. 

5. Reverse-flow option (for heat-pump applications). 

H. Hot-Gas Bypass Valves:  Comply with UL 429; listed and labeled by an NRTL. 

1. Body, Bonnet, and Seal Cap:  Ductile iron or steel. 

2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Packing and Gaskets:  Non-asbestos. 

4. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless steel. 

5. Seat:  Polytetrafluoroethylene. 

6. Electrical:  Molded, watertight coil in NEMA 250 enclosure of type required by location 

with 1/2-inch conduit adapter, electrical requirements coordinated with Electrical 

Contractor. 

7. End Connections:  Socket. 

8. Throttling Range:  Maximum 5 psig. 

9. Working Pressure Rating:  500 psig. 

10. Maximum Operating Temperature:  240 deg F. 

I. Strainers: 

1. Body:  Forged brass or cast bronze. 

2. Drain Plug:  Brass hex plug. 

3. Screen:  100-mesh stainless steel 

4. End Connections:  Socket or flare. 

5. Working Pressure Rating:  500 psig. 

6. Maximum Operating Temperature:  275 deg F. 
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J. Moisture/Liquid Indicators: 

1. Body:  Forged brass. 

2. Window:  Replaceable, clear, fused glass window with indicating element protected by 

filter screen. 

3. Indicator:  Color coded to show moisture content in ppm. 

4. Minimum Moisture Indicator Sensitivity:  Indicate moisture above 60 ppm. 

5. End Connections:  Socket or flare. 

6. Working Pressure Rating:  500 psig. 

7. Maximum Operating Temperature:  240 deg F. 

K. Filter Dryers:  Comply with ARI 730. 

1. Body and Cover:  Painted-steel shell with ductile-iron cover, stainless-steel screws, and 

neoprene gaskets. 

2. Filter Media:  10 micron, pleated with integral end rings; stainless-steel support. 

3. Desiccant Media:  Activated alumina or charcoal. 

4. Designed for reverse flow (for heat-pump applications). 

5. Access Ports:  NPS 1/4 connections at entering and leaving sides for pressure differential 

measurement. 

6. Maximum Pressure Loss:  2 psig . 

7. Working Pressure Rating:  500 psig. 

8. Maximum Operating Temperature:  240 deg F. 

L. Mufflers: 

1. Body:  Welded steel with corrosion-resistant coating. 

2. End Connections:  Socket or flare. 

3. Working Pressure Rating:  500 psig. 

4. Maximum Operating Temperature:  275 deg F. 

M. Receivers:  Comply with ARI 495. 

1. Comply with ASME Boiler and Pressure Vessel Code; listed and labeled by an NRTL. 

2. Comply with UL 207; listed and labeled by an NRTL. 

3. Body:  Welded steel with corrosion-resistant coating. 

4. Tappings:  Inlet, outlet, liquid level indicator, and safety relief valve. 

5. Working Pressure Rating:  500 psig. 

6. Maximum Operating Temperature:  275 deg F. 

N. Liquid Accumulators:  Comply with ARI 495. 

1. Body:  Welded steel with corrosion-resistant coating. 

2.  

3. Working Pressure Rating:  500 psig. 

4. Maximum Operating Temperature:  275 deg F. 

2.3 REFRIGERANTS 

A. ASHRAE 34, R-410A:  Pentafluoroethane/Difluoromethane. 
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PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS FOR REFRIGERANT R-410A, 407C, 134A 

A. Concealed, Hot Gas, Liquid, and Suction Lines NPS 3-1/2 and Smaller:  Copper, Type ACR or 

L, annealed or drawn-temper tubing and wrought-copper fittings with brazed or soldered joints. 

B. Exposed, Hot Gas, Liquid, and Suction Lines NPS 7/8 and Smaller:  Copper, Type ACR or L, 

annealed or drawn-temper tubing and wrought-copper fittings with brazed or soldered joints. 

C. Exposed, Hot Gas, Liquid, and Suction Lines NPS 1 and Larger:  Copper, Type L, annealed or 

drawn-temper straight piping and wrought-copper fittings with brazed or soldered joints. 

D. Safety-Relief-Valve Discharge Piping:  Copper, Type K, annealed- or drawn-temper tubing and 

wrought-copper fittings with brazed or soldered joints. 

3.2 VALVE AND SPECIALTY APPLICATIONS 

A. Install diaphragm packless or packed-angle valves in suction and discharge lines of compressor. 

B. Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and strainers if 

they are not an integral part of valves and strainers. 

C. Install a check valve at the compressor discharge and a liquid accumulator at the compressor 

suction connection. 

D. Except as otherwise indicated, install diaphragm packless or packed-angle valves on inlet and 

outlet side of filter dryers. 

E. Install a full-sized, three-valve bypass around filter dryers. 

F. Install solenoid valves upstream from each expansion valve and hot-gas bypass valve.  Install 

solenoid valves in horizontal lines with coil at top. 

G. Install thermostatic expansion valves as close as possible to distributors on evaporators. 

1. Install valve so diaphragm case is warmer than bulb. 

2. Secure bulb to clean, straight, horizontal section of suction line using two bulb straps.  Do 

not mount bulb in a trap or at bottom of the line. 

3. If external equalizer lines are required, make connection where it will reflect suction-line 

pressure at bulb location. 

H. Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.  Pipe 

safety-relief-valve discharge line to outside according to ASHRAE 15. 

I. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or 

at the inlet of the evaporator coil capillary tube. 

J. Install strainers upstream from and adjacent to the following unless they are furnished as an 

integral assembly for device being protected: 
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1. Solenoid valves. 

2. Thermostatic expansion valves. 

3. Hot-gas bypass valves. 

4. Compressor. 

K. Install filter dryers in liquid line between compressor and thermostatic expansion valve, and in 

the suction line at the compressor. 

L. Install receivers sized to accommodate pump-down charge. 

M. Install flexible connectors at compressors. 

3.3 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems; indicated locations and arrangements were used to size pipe and calculate friction loss, 

expansion, pump sizing, and other design considerations.  Install piping as indicated unless 

deviations to layout are approved on Shop Drawings. 

B. Install refrigerant piping according to ASHRAE 15. 

C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 

and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 

angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 

otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping adjacent to machines to allow service and maintenance. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Select system components with pressure rating equal to or greater than system operating 

pressure. 

J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and 

fittings. 

K. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and 

specialties in accessible locations to allow for service and inspection.  Install access doors or 

panels if valves or equipment requiring maintenance is concealed behind finished surfaces. 

L. Install refrigerant piping in protective conduit where installed belowground. 

M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical 

injury. 
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N. Slope refrigerant piping as follows: 

1. Install horizontal hot-gas discharge piping with a uniform slope downward away from 

compressor. 

2. Install horizontal suction lines with a uniform slope downward to compressor. 

3. Install traps and double risers to entrain oil in vertical runs. 

4. Liquid lines may be installed level. 

O. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve 

stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply 

heat near expansion-valve bulb. 

P. Install piping with adequate clearance between pipe and adjacent walls and hangers or between 

pipes for insulation installation. 

Q. Identify refrigerant piping and valves according to Section 230553 "Identification for HVAC 

Piping and Equipment." 

R. Install sleeves for piping penetrations of walls, ceilings, and floors.   

S. Install sleeve seals for piping penetrations of concrete walls and slabs.   

T. Install escutcheons for piping penetrations of walls, ceilings, and floors.   

3.4 PIPE JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs.   

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

C. Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or welding, 

to prevent scale formation. 

D. Soldered Joints:  Construct joints according to ASTM B 828 or CDA's "Copper Tube 

Handbook." 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and 

Tube." 

1. Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with copper 

pipe. 

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze. 

F. Threaded Joints:  Thread steel pipe with tapered pipe threads according to ASME B1.20.1.  Cut 

threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 

full ID.  Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry-seal 

threading is specified. 



REFRIGERANT PIPING 232300 - 9 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds. 

G. Welded Joints:  Construct joints according to AWS D10.12/D10.12M. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 

application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

3.5 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor products are specified in Section 230529 "Hangers and Supports 

for HVAC Piping and Equipment." 

B. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal runs less than 20 feet long. 

2. Roller hangers and spring hangers for individual horizontal runs 20 feet or longer. 

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze. 

4. Spring hangers to support vertical runs. 

5. Copper-clad hangers and supports for hangers and supports in direct contact with copper 

pipe. 

C. Install hangers for copper tubing with the following maximum spacing and minimum rod sizes: 

1. NPS 1/2:  Maximum span, 60 inches; minimum rod size, 1/4 inch. 

2. NPS 5/8:  Maximum span, 60 inches; minimum rod size, 1/4 inch. 

3. NPS 1:  Maximum span, 72 inches; minimum rod size, 1/4 inch. 

4. NPS 1-1/4:  Maximum span, 96 inches; minimum rod size, 3/8 inch. 

5. NPS 1-1/2:  Maximum span, 96 inches; minimum rod size, 3/8 inch. 

6. NPS 2:  Maximum span, 96 inches; minimum rod size, 3/8 inch. 

7. NPS 2-1/2:  Maximum span, 108 inches; minimum rod size, 3/8 inch. 

8. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

9. NPS 4:  Maximum span, 12 feet; minimum rod size, 1/2 inch. 

D. Support multifloor vertical runs at least at each floor. 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

B. Tests and Inspections: 

1. Comply with ASME B31.5, Chapter VI. 

2. Test refrigerant piping, specialties, and receivers.  Isolate compressor, condenser, 

evaporator, and safety devices from test pressure if they are not rated above the test 

pressure. 

3. Test high- and low-pressure side piping of each system separately at not less than the 

pressures indicated in Part 1 "Performance Requirements" Article. 



REFRIGERANT PIPING 232300 - 10 

a. Fill system with nitrogen to the required test pressure. 

b. System shall maintain test pressure at the manifold gage throughout duration of 

test. 

c. Test joints and fittings with electronic leak detector or by brushing a small amount 

of soap and glycerin solution over joints. 

d. Remake leaking joints using new materials, and retest until satisfactory results are 

achieved. 

3.7 SYSTEM CHARGING 

A. Charge system using the following procedures: 

1. Install core in filter dryers after leak test but before evacuation. 

2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers.  If vacuum 

holds for 12 hours, system is ready for charging. 

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig. 

4. Charge system with a new filter-dryer core in charging line. 

3.8 ADJUSTING 

A. Adjust thermostatic expansion valve to obtain proper evaporator superheat. 

B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating 

suction pressure. 

C. Adjust set-point temperature of air-conditioning controllers to the system design temperature. 

D. Perform the following adjustments before operating the refrigeration system, according to 

manufacturer's written instructions: 

1. Verify that compressor oil level is correct. 

2. Open compressor suction and discharge valves. 

3. Open refrigerant valves except bypass valves that are used for other purposes. 

4. Check open compressor-motor alignment and verify lubrication for motors and bearings. 

E. Replace core of replaceable filter dryer after system has been adjusted and after design flow 

rates and pressures are established. 

END OF SECTION 232300 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Single-wall rectangular ducts and fittings. 

2. Single-wall round ducts and fittings. 

3. Sheet metal materials. 

4. Sealants and gaskets. 

5. Hangers and supports. 

6. Seismic-restraint devices. 

B. Related Sections: 

1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and 

balancing requirements for metal ducts. 

2. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-

mounting access doors and panels, turning vanes, and flexible ducts. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint 

construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible" and performance requirements and design 

criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports and seismic restraints shall withstand the 

effects of gravity and seismic loads and stresses within limits and under conditions described in 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and ASCE/SEI 7. and 

SMACNA's "Seismic Restraint Manual: Guidelines for Mechanical Systems." 

1. Seismic Hazard Level as stated on contract documents. 

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 

ASHRAE 62.1. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of the following products: 
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1. Sealants and gaskets. 

2. Seismic-restraint devices. 

B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, elevations, sections, components, 

and attachments to other work. 

2. Factory- and shop-fabricated ducts and fittings. 

3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes. 

4. Elevation of top of ducts. 

5. Dimensions of main duct runs from building grid lines. 

6. Fittings. 

7. Reinforcement and spacing. 

8. Seam and joint construction. 

9. Penetrations through fire-rated and other partitions. 

10. Equipment installation based on equipment being used on Project. 

11. Locations for duct accessories, including dampers, turning vanes, and access doors and 

panels. 

12. Hangers and supports, including methods for duct and building attachment, seismic 

restraints, and vibration isolation. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown and 

coordinated with each other, using input from installers of the items involved: 

1. Duct installation in congested spaces, indicating coordination with general construction, 

building components, and other building services.  Indicate proposed changes to duct 

layout. 

2. Suspended ceiling components. 

3. Structural members to which duct will be attached. 

4. Size and location of initial access modules for acoustical tile. 

5. Penetrations of smoke barriers and fire-rated construction. 

6. Items penetrating finished ceiling including the following: 

a. Lighting fixtures. 

b. Air outlets and inlets. 

c. Speakers. 

d. Sprinklers. 

e. Access panels. 

f. Perimeter moldings. 

B. Welding certificates. 

C. Field quality-control reports. 
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1.6 QUALITY ASSURANCE 

A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 

Equipment" and Section 7 - "Construction and System Start-up." 

B. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 

Section 6.4.4 - "HVAC System Construction and Insulation." 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise 

indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse 

Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-

support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal 

Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-

support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types 

and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable 

sealing requirements, materials involved, duct-support intervals, and other provisions in 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on 

indicated static-pressure class unless otherwise indicated. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Lindab Industries, Inc. 

b. McGill AirFlow LLC. 

c. SEMCO Incorporated. 

d. Sheet Metal Connectors, Inc. 

http://www.specagent.com/LookUp/?ulid=3426&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812638&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812639&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812640&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812641&mf=04&src=wd
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e. Spiral Manufacturing Co., Inc. 

f. Eastern Sheet Metal. 

g. Hamlin Sheet Metal. 

h. Turn Key Duct Systems. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for 

static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, 

and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible." 

1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter:  Flanged. 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," 

for static-pressure class, applicable sealing requirements, materials involved, duct-support 

intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible." 

1. Fabricate round ducts larger than 90 inches  in diameter with butt-welded longitudinal 

seams. 

D. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and 

Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials 

involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible." 

2.3 SHEET METAL MATERIALS 

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct 

construction methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, 

seam marks, roller marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90. 

2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for 

exposed ducts. 

D. Aluminum Sheets:  Comply with ASTM B 209 (ASTM B 209M) Alloy 3003, H14 temper; with 

mill finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to 

view. 

E. Factory- or Shop-Applied Antimicrobial Coating: 

http://www.specagent.com/LookUp/?uid=123456812642&mf=04&src=wd
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1. Apply to the surface of sheet metal that will form the interior surface of the duct.  An 

untreated clear coating shall be applied to the exterior surface. 

2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the 

EPA for use in HVAC systems. 

3. Coating containing the antimicrobial compound shall have a hardness of 2H, minimum, 

when tested according to ASTM D 3363. 

4. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum 

smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

5. Shop-Applied Coating Color:  Black or White. 

6. Antimicrobial coating on sheet metal is not required for duct containing liner treated with 

antimicrobial coating. 

F. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and 

galvanized. 

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum 

ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials. 

G. Tie Rods:  Galvanized steel, 1/4-inch  minimum diameter for lengths 36 inches  or less; 3/8-inch  

minimum diameter for lengths longer than 36 inches. 

2.4 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and 

gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index 

of 50 when tested according to UL 723; certified by an NRTL. 

B. Two-Part Tape Sealing System: 

1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified 

acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight 

seal. 

2. Tape Width:  4 inches. 

3. Sealant:  Modified styrene acrylic. 

4. Water resistant. 

5. Mold and mildew resistant. 

6. Maximum Static-Pressure Class:  10-inch wg , positive and negative. 

7. Service:  Indoor and outdoor. 

8. Service Temperature:  Minus 40 to plus 200 deg F . 

9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum. 

10. For indoor applications, sealant shall have a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 

2. Solids Content:  Minimum 65 percent. 

3. Shore A Hardness:  Minimum 20. 

4. Water resistant. 
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5. Mold and mildew resistant. 

6. VOC:  Maximum 75 g/L (less water). 

7. Maximum Static-Pressure Class:  10-inch wg , positive and negative. 

8. Service:  Indoor or outdoor. 

9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets. 

D. Solvent-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 

2. Base:  Synthetic rubber resin. 

3. Solvent:  Toluene and heptane. 

4. Solids Content:  Minimum 60 percent. 

5. Shore A Hardness:  Minimum 60. 

6. Water resistant. 

7. Mold and mildew resistant. 

8. For indoor applications, sealant shall have a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

9. VOC:  Maximum 395 g/L. 

10. Maximum Static-Pressure Class:  10-inch wg , positive or negative. 

11. Service:  Indoor or outdoor. 

12. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets. 

E. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 

2. Type:  S. 

3. Grade:  NS. 

4. Class:  25. 

5. Use:  O. 

6. For indoor applications, sealant shall have a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

F. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

G. Round Duct Joint O-Ring Seals: 

1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be 

rated for 10-inch wg  static-pressure class, positive or negative. 

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings 

and fitting spigots. 

2.5 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized 

rods with threads painted with zinc-chromate primer after installation. 
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C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, 

"Minimum Hanger Sizes for Round Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 

E. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and 

bolts designed for duct hanger service; with an automatic-locking and clamping device. 

F. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 

with duct materials. 

G. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 

2. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc 

chromate. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 

system.  Indicated duct locations, configurations, and arrangements were used to size ducts and 

calculate friction loss for air-handling equipment sizing and for other design considerations.  

Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and 

Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible" unless otherwise indicated. 

C. Install round ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 

branch connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 

perpendicular to building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and permanent 

enclosure elements of building. 

H. Install ducts with a clearance of 1 inch , plus allowance for insulation thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 

enclosures. 
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J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to 

view, cover the opening between the partition and duct or duct insulation with sheet metal 

flanges of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 

inches . 

K. Where ducts pass through non-fire-rated, interior partitions, fill void between duct and opening 

in wall with fiberglass insulation and sealant for acoustical separation.   

L. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  

Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke 

dampers. 

M. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use 

two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When 

welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 

and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, 

hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 

requirements. 

F. Do not penetrate fire-rated assemblies except as allowed by applicable building codes and 

authorities having jurisdiction. 

3.3 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct 

Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible": See schedule. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 

Chapter 5, "Hangers and Supports." 
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B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners 

appropriate for construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for 

slabs more than 4 inches  thick. 

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for 

slabs less than 4 inches  thick. 

5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum Size," and Table 5-2, 

"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and 

supports within 24 inches  of each elbow and within 48 inches  of each branch intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, 

bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 

feet. 

F. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, 

and shear capacities appropriate for supported loads and building materials where used. 

3.5 SEISMIC-RESTRAINT-DEVICE INSTALLATION 

A. Install ducts with hangers and braces designed to support the duct and to restrain against seismic 

forces required by applicable building codes.  Comply with requirements indicated in Seismic 

Specification. 

B. Select seismic-restraint devices with capacities adequate to carry present and future static and 

seismic loads. 

C. Install cables so they do not bend across edges of adjacent equipment or building structure. 

D. Install cable restraints on ducts that are suspended with vibration isolators. 

E. Attachment to Structure:  If specific attachment is not indicated, anchor bracing and restraints to 

structure, to flanges of beams, to upper truss chords of bar joists, or to concrete members. 

F. Drilling for and Setting Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 

anchors.  Do not damage existing reinforcement or embedded items during drilling.  

Notify the Architect if reinforcing steel or other embedded items are encountered during 

drilling.  Locate and avoid prestressed tendons, electrical and telecommunications 

conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved 

full design strength. 
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3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty 

sleeve anchors shall be installed with sleeve fully engaged in the structural element to 

which anchor is to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque wrench. 

5. Install zinc-coated steel anchors for interior applications and stainless-steel anchors for 

applications exposed to weather. 

3.6 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with Section 233300 "Air 

Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 

branch, outlet and inlet, and terminal unit connections. 

3.7 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not have 

duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.   

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Leakage Tests: 

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test report 

for each test. 

2. Test the following systems: 

a. Ducts with a Pressure Class of 2-Inch wg or Higher:  Test representative duct 

sections totaling no less than 50 percent of total installed duct area for each 

designated pressure class. 

3. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing 

and for compliance with test requirements. 

4. Test for leaks before applying external insulation. 

5. Conduct tests at static pressures equal to maximum design pressure of system or section 

being tested.  If static-pressure classes are not indicated, test system at maximum system 

design pressure.  Do not pressurize systems above maximum design operating pressure. 

6. Give five days' advance notice for testing. 

C. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 

D. Duct system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 
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3.9 START UP 

A. Air Balance:  Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing 

for HVAC." 

3.10 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows: 

B. Ductwork 

Table 1: Recommended Ductwork Seal Levels by Duct Type (Current ASHRAE Handbook – 

Fundamentals) 

Duct Location Supply (less than 

or equal to 2 in-

wg) 

Supply (greater 

than to 2 in-wg) 

Exhaust Return 

Outdoors A A A A 

Unconditioned 

Spaces 

B A B B 

Conditioned 

Spaces (concealed 

ductwork) 

C B B C 

Conditioned 

Spaces (exposed 

ductwork) 

A A B B 

Table 2: Duct Leakage Classification (Current ASHRAE Handbook – Fundamentals) 

Duct Type Sealed Unsealed 

Metal (flexible excluded) – 

Round 

3 30 

Metal – Rectangular (less than 

or equal to 2 in-wg) 

12 48 

Metal – Rectangular (greater 

than 2 in-wg) 

6 48 
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Flexible (metal, aluminum) 8 30 

 

C. Intermediate Reinforcement: 

1. Galvanized-Steel Ducts:  Galvanized steel. 

2. Aluminum Ducts:  Aluminum. 

 

D. Double-Wall Duct Interstitial Insulation: 

1. Supply Air Ducts:  1 inch  thick. 

2. Return Air Ducts:  1 inch  thick. 

3. Exhaust Air Ducts:  1 inch thick. 

E. Elbow Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible," Figure 4-2, "Rectangular Elbows." 

a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 

b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 

2. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane Runners," and Figure 4-4, 

"Vane Support in Elbows." Round Duct:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 3-4, "Round Duct Elbows." 

a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-

1, "Mitered Elbows."  Elbows with less than 90-degree change of direction have 

proportionately fewer segments. 

1) Radius-to Diameter Ratio:  1.5. 

b. Round Elbows, 12 Inches  and Smaller in Diameter:  Stamped or pleated. 

c. Round Elbows, 14 Inches  and Larger in Diameter:  Standing seam. 

F. Branch Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible," Figure 4-6, "Branch Connection." 

a. Rectangular Main to Rectangular Branch:  45-degree entry. 

b. Rectangular Main to Round Branch:  Spin in. 

2. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical 

Tees."  Saddle taps are permitted in existing duct. 
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a. Velocity (less than 2 in-wg)1000 fpm  or Lower:  90-degree tap. 

b. Velocity 1000 to 1500 fpm :  Conical tap. 

c. Velocity 1500 fpm  or Higher:  45-degree lateral. 

END OF SECTION 233113 
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SECTION 233300 - AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Manual volume dampers. 

2. Flange connectors. 

3. Turning vanes. 

4. Duct-mounted access doors. 

5. Flexible connectors. 

6. Flexible ducts. 

7. Duct accessory hardware. 

1.3 ACTION SUBMITTALS 

A. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details and 

attachments to other work. 

1. Detail duct accessories fabrication and installation in ducts and other construction.  

Include dimensions, weights, loads, and required clearances; and method of field 

assembly into duct systems and other construction.  Include the following: 

a. Special fittings. 

b. Manual volume damper installations. 

c. Wiring Diagrams:  For power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which ceiling-mounted 

access panels and access doors required for access to duct accessories are shown and 

coordinated with each other, using input from Installers of the items involved. 

B. Source quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air duct accessories to include in operation and 

maintenance manuals. 

PART 2 - PRODUCTS 

2.1 ASSEMBLY DESCRIPTION 

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with 

NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 

acceptable materials, material thicknesses, and duct construction methods unless otherwise 

indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, 

discolorations, and other imperfections. 

2.2 MATERIALS 

A. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90. 

2. Exposed-Surface Finish:  Mill phosphatized. 

B. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on 

galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 

C. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch 

minimum diameter for lengths longer than 36 inches. 

2.3 MANUAL VOLUME DAMPERS 

A. Standard, Steel, Manual Volume Dampers: 

1. Standard leakage rating, with linkage outside airstream. 

2. Suitable for horizontal or vertical applications. 

3. Frames: 

a. Frame:  Hat-shaped, 0.094-inch- thick, galvanized sheet steel. 

b. Mitered and welded corners. 

c. Flanges for attaching to walls and flangeless frames for installing in ducts. 

4. Blades: 

a. Multiple or single blade. 

b. Parallel- or opposed-blade design. 

c. Stiffen damper blades for stability. 

d. Galvanized-steel, 0.064 inch thick. 
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5. Blade Axles:  Galvanized steel. 

6. Bearings: 

a. Oil-impregnated bronze. 

b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full 

length of damper blades and bearings at both ends of operating shaft. 

c. Tie Bars and Brackets:  Galvanized steel. 

2.4 FLANGE CONNECTORS 

A. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors, 

gaskets, and components. 

B. Material:  Galvanized steel. 

C. Gage and Shape:  Match connecting ductwork. 

2.5 TURNING VANES 

A. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support 

with bars perpendicular to blades set; set into vane runners suitable for duct mounting. 

1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated 

faces and fibrous-glass fill. 

B. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded 

fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into 

vane runners suitable for duct mounting. 

C. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows." 

D. Vane Construction:  Single wall. 

E. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger 

dimensions. 

2.6 DUCT-MOUNTED ACCESS DOORS 

A. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels," 

and 7-3, "Access Doors - Round Duct." 

1. Door: 

a. Double wall, rectangular. 

b. Galvanized sheet metal with insulation fill and thickness as indicated for duct 

pressure class. 

c. Vision panel. 



AIR DUCT ACCESSORIES 233300 - 4 

d. Hinges and Latches:  1-by-1-inch butt or piano hinge and cam latches. 

e. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets. 

3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches Square:  No hinges and two sash locks. 

b. Access Doors up to 18 Inches Square:  Continuous and two sash locks. 

c. Access Doors up to 24 by 48 Inches:  Continuous and two compression 

latches with outside and inside handles. 

d. Access Doors Larger Than 24 by 48 Inches:  Continuous and two compression 

latches with outside and inside handles. 

2.7 DUCT ACCESS PANEL ASSEMBLIES 

A. Labeled according to UL 1978 by an NRTL. 

B. Panel and Frame:  Minimum thickness 0.0528-inch carbon or 0.0428-inch stainless steel. 

C. Fasteners:  Carbon or Stainless steel.  Panel fasteners shall not penetrate duct wall. 

D. Gasket:  Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for 

minimum 2000 deg F. 

E. Minimum Pressure Rating:  10-inch wg, positive or negative. 

2.8 FLEXIBLE CONNECTORS 

A. Materials:  Flame-retardant or noncombustible fabrics. 

B. Coatings and Adhesives:  Comply with UL 181, Class 1. 

C. Metal-Edged Connectors:  Factory fabricated with a fabric strip 3-1/2 inches wide attached to 

two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick 

aluminum sheets.  Provide metal compatible with connected ducts. 

D. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd.. 

2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 

3. Service Temperature:  Minus 40 to plus 200 deg F. 

E. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, 

synthetic rubber resistant to UV rays and ozone. 

1. Minimum Weight:  24 oz./sq. yd.. 

2. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling. 

3. Service Temperature:  Minus 50 to plus 250 deg F. 

F. High-Temperature System, Flexible Connectors:  Glass fabric coated with silicone rubber. 
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1. Minimum Weight:  16 oz./sq. yd.. 

2. Tensile Strength:  285 lbf/inch in the warp and 185 lbf/inch in the filling. 

3. Service Temperature:  Minus 67 to plus 500 deg F. 

G. High-Corrosive-Environment System, Flexible Connectors:  Glass fabric with chemical-

resistant coating. 

1. Minimum Weight:  14 oz./sq. yd.. 

2. Tensile Strength:  450 lbf/inch in the warp and 340 lbf/inch in the filling. 

3. Service Temperature:  Minus 67 to plus 500 deg F. 

H. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in 

compression, and with a load stop.  Include rod and angle-iron brackets for attaching to fan 

discharge and duct. 

1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a maximum of 

30 degrees of angular rod misalignment without binding or reducing isolation efficiency. 

2. Outdoor Spring Diameter:  Not less than 80 percent of the compressed height of the 

spring at rated load. 

3. Minimum Additional Travel:  50 percent of the required deflection at rated load. 

4. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 

7. Coil Spring:  Factory set and field adjustable for a maximum of 1/4-inch movement at 

start and stop. 

2.9 FLEXIBLE DUCTS 

A. Insulated, Flexible Duct:  UL 181, Class 1, 2-ply vinyl film supported by helically wound, 

spring-steel wire; fibrous-glass insulation; aluminized vapor-barrier film. 

1. Pressure Rating:  10-inch wg positive and 1.0-inch wg negative. 

2. Maximum Air Velocity:  4000 fpm. 

3. Temperature Range:  Minus 10 to plus 160 deg F. 

4. Insulation R-value:  Comply with ASHRAE/IESNA 90.1. 

B. Flexible Duct Connectors: 

1. Clamps:  Nylon strap in sizes 3 through 18 inches, to suit duct size. 

2. Non-Clamp Connectors:  Adhesive plus sheet metal screws. 

2.10 DUCT ACCESSORY HARDWARE 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap 

and gasket.  Size to allow insertion of pitot tube and other testing instruments and of length to 

suit duct-insulation thickness. 
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B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 

and grease. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous 

Glass Duct Construction Standards," for fibrous-glass ducts. 

B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in 

galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and 

aluminum accessories in aluminum ducts. 

C. Install volume dampers at points on supply, return, and exhaust systems where branches extend 

from larger ducts.  Where dampers are installed in ducts having duct liner, install dampers with 

hat channels of same depth as liner, and terminate liner with nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 

2. Install aluminum volume dampers in aluminum ducts. 

D. Set dampers to fully open position before testing, adjusting, and balancing. 

E. Install test holes at fan inlets and outlets and elsewhere as indicated. 

F. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining 

accessories and equipment at the following locations: 

1. On both sides of duct coils. 

2. Upstream and downstream from duct filters. 

3. At outdoor-air intakes and mixed-air plenums. 

4. At drain pans and seals. 

5. Downstream from manual volume dampers, control dampers, backdraft dampers, and 

equipment. 

6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.  

Access doors for access to fire or smoke dampers having fusible links shall be pressure 

relief access doors and shall be outward operation for access doors installed upstream 

from dampers and inward operation for access doors installed downstream from dampers. 

7. At each change in direction and at maximum 50-foot spacing. 

8. Upstream and downstream from turning vanes. 

9. Upstream or downstream from duct silencers. 

10. Control devices requiring inspection. 

11. Elsewhere as indicated. 

G. Install access doors with swing against duct static pressure. 

H. Access Door Sizes: 
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1. One-Hand or Inspection Access:  8 by 5 inches. 

2. Two-Hand Access:  12 by 6 inches. 

3. Head and Hand Access:  18 by 10 inches. 

4. Head and Shoulders Access:  21 by 14 inches. 

5. Body Access:  25 by 14 inches. 

6. Body plus Ladder Access:  25 by 17 inches. 

I. Label access doors according to Section 230553 "Identification for HVAC Piping and 

Equipment" to indicate the purpose of access door. 

J. Install flexible connectors to connect ducts to equipment. 

K. For fans developing static pressures of 5-inch wg and more, cover flexible connectors with 

loaded vinyl sheet held in place with metal straps. 

L. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of flexible 

duct.  Do not use flexible ducts to change directions. 

M. Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch lengths of 

flexible duct clamped or strapped in place. 

N. Connect flexible ducts to metal ducts with adhesive plus sheet metal screws. 

O. Install duct test holes where required for testing and balancing purposes. 

P. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment.  Attach 

thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start 

and stop of fans. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 

2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 

3. Inspect turning vanes for proper and secure installation. 

4. Operate remote damper operators to verify full range of movement of operator and 

damper. 

END OF SECTION 233300 
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SECTION 233600 - AIR TERMINAL UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

 

1. Fan-powered air terminal units. 

2. Venturi air valves 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of the following products, including rated capacities, furnished 

specialties, sound-power ratings, and accessories. 

1. Air terminal units. 

2. Liners and adhesives. 

3. Sealants and gaskets. 

4. Seismic-restraint devices. 

B. Shop Drawings:  For air terminal units.  Include plans, elevations, sections, details, and 

attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

3. Hangers and supports, including methods for duct and building attachment, seismic 

restraints, and vibration isolation. 

C. Delegated-Design Submittal: 

1. Materials, fabrication, assembly, and spacing of hangers and supports. 

2. Design Calculations:  Calculations, including analysis data signed and sealed by the 

qualified professional engineer responsible for their preparation for selecting hangers and 

supports and seismic restraints. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from Installers of the items involved: 

1. Ceiling suspension assembly members. 

2. Size and location of initial access modules for acoustic tile. 

3. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 

B. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air terminal units to include in emergency, operation, and 

maintenance manuals.  In addition to items specified in Section 017823 "Operation and 

Maintenance Data," include the following: 

1. Instructions for resetting minimum and maximum air volumes. 

2. Instructions for adjusting software set points. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Fan-Powered-Unit Filters:  Furnish one spare filter(s) for each filter installed. 

1.7 QUALITY ASSURANCE 

A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 

Equipment" and Section 7 - "Construction and System Start-Up." 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance:  Hangers and supports and seismic restraints shall withstand the effects 

of gravity and seismic loads and stresses within limits and under conditions described in 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and ASCE/SEI 7. 

2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 
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2.3 PARALLEL FAN-POWERED AIR TERMINAL UNITS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide product by one of 

the following:  

1. Anemostat Products; a Mestek Company. 

2. Carnes. 

3. Environmental Technologies, Inc. 

4. Krueger. 

5. METALAIRE, Inc. 

6. Nailor Industries Inc. 

7. Price Industries. 

8. Titus. 

9. Trane; a business of American Standard Companies. 

10. Tuttle & Bailey. 

B. Configuration:  Volume-damper assembly and fan in parallel arrangement inside unit casing 

with control components inside a protective metal shroud. 

C. Casing:  0.034-inchsteel, single wall. 

1. Casing Lining:  Adhesive attached, 3/4-inch-thick, coated, fibrous-glass duct liner 

complying with ASTM C 1071, and having a maximum flame-spread index of 25 and a 

maximum smoke-developed index of 50, for both insulation and adhesive, when tested 

according to ASTM E 84. 

a. Cover liner with nonporous foil. 

b. Cover liner with nonporous foil and perforated metal. 

2. Casing Lining:  Adhesive attached, 3/4-inch-thick, polyurethane foam insulation 

complying with UL 181 erosion requirements, and having a maximum flame-spread 

index of 25 and a maximum smoke-developed index of 50, for both insulation and 

adhesive, when tested according to ASTM E 84. 

3. Air Inlets:  Round stub connections or S-slip and drive connections for duct attachment. 

4. Air Outlet:  S-slip and drive connections. 

5. Access:  Removable panels for access to parts requiring service, adjustment, or 

maintenance; with airtight gasket and quarter-turn latches. 

6. Fan:  Forward-curved centrifugal, located at plenum air inlet. 

7. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

D. Volume Damper:  Galvanized steel with flow-sensing ring and peripheral gasket and self-

lubricating bearings. 

1. Maximum Damper Leakage:  ARI 880 rated, 2percent of nominal airflow at 3-inch wg 

inlet static pressure. 

2. Damper Position:  Normally open. 

E. Velocity Sensors:  Multipoint array with velocity sensors in cold- and hot-deck air inlets and air 

outlets. 

http://www.specagent.com/LookUp/?ulid=3482&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821554&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813216&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813217&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813218&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813219&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813220&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813221&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813222&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821556&mf=04&src=wd
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F. Motor: 

1. Comply with NEMA designation, temperature rating, service factor, enclosure type, and 

efficiency requirements for motors specified in Section 230513 "Common Motor 

Requirements for HVAC Equipment." 

2. Type:  Electronically commutated motor. 

3. Fan-Motor Assembly Isolation:  Rubber isolators. 

4. Enclosure:  Open dripproof. 

5. Enclosure Materials:  Cast iron. 

6. Efficiency:  Premium efficient. 

7. Motor Speed:  Single speed. 

a. Speed Control:  Infinitely adjustable with electronic controls. 

G. Filters:  Minimum arrestance according to ASHRAE 52.1 and a minimum efficiency reporting 

value (MERV) according to ASHRAE 52.2. 

1. Material:  Glass fiber treated with adhesive; having 80 percent arrestance and 5 MERV. 

H. Attenuator Section:  0.034-inch steel or 0.032-inch aluminum sheet. 

1. Lining:  Adhesive attached, 3/4-inch-  thick, polyurethane foam insulation complying 

with UL 181 erosion requirements, and having a maximum flame-spread index of 25 and 

a maximum smoke-developed index of 50, for both insulation and adhesive, when tested 

according to ASTM E 84. 

2. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

I. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 

0.1 inch , and rated for a minimum working pressure of 200 psig  and a maximum entering-

water temperature of 220 deg F .  Include manual air vent and drain valve. 

1. Location:  Plenum air inlet. 

J. Factory-Mounted and -Wired Controls:  Electrical components mounted in control box with 

removable cover.  Incorporate single-point electrical connection to power source. 

1. Control Transformer:  Factory mounted for control voltage on electric and electronic 

control units with terminal strip in control box for field wiring of thermostat and power 

source. 

2. Wiring Terminations:  Fan and controls to terminal strip.  Terminal lugs to match 

quantities, sizes, and materials of branch-circuit conductors.  Enclose terminal lugs in 

terminal box that is sized according to NFPA 70. 

3. Disconnect Switch:  Factory-mounted, fuse type. 

K. Control Panel Enclosure:  NEMA 250, Type 1, with access panel sealed from airflow and 

mounted on side of unit. 

L. Electric Controls:  24-V damper actuator with wall-mounted electric thermostat and appropriate 

mounting hardware. 
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M. Electronic Controls:  Bidirectional damper operator and microprocessor-based controller with 

integral airflow transducer and room sensor.  Control devices shall be compatible with 

temperature controls and shall have the following features: 

1. Occupied and unoccupied operating mode. 

2. Remote reset of airflow or temperature set points. 

3. Adjusting and monitoring with portable terminal. 

4. Communication with temperature-control system. 

N. Control Sequence: 

1. Occupied (Primary Airflow On): 

a. Operate as throttling control for cooling. 

b. As cooling requirement decreases, control valve throttles toward minimum airflow. 

c. As heating requirement increases, fan energizes to draw in warm plenum air and 

hydronic heat is energized. 

2. Unoccupied (Primary Airflow Off): 

a. When pressure at primary inlet is zero or less, fan is de-energized. 

b. As heating requirement increases, fan energizes to draw in warm plenum air and 

hydronic heat is energized. 

2.4 VENTURI AIR VALVES 

A. Airflow Control Device – General 

 

1. The valve assembly manufacturer’s Quality Management System shall be registered to 

ISO 9001:2008. 

2. The airflow control device shall be pressure independent over its specified differential 

static pressure opening range. An integral pressure-independent assembly shall respon 

and maintain specific airflow within one second of a change in duct static pressure 

regardless of the magnitude of pressure drop (from 0.3” to 3.0” WC) (75 Pa to 750 Pa) 

and/or flow change or quantity of airflow controllers on a manifolded system. 

3. The airflow control device shall maintain accuracy within ±5% of signal over an airflow 

turndown range of no less than: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pressure Drop 

Across Valve 

Valve Body 

Type 

Airflow Range Minimum 

Turndown 

 

Medium 

0.6-3.0” WC 

(150-750 Pa) 

Standard Up to 1,000 CFM (472 

l/s) 

20 to 1 

Standard Up to 1,500 CFM (708 

l/s) 

16 to 1 

Standard Up to 2,500 CFM (1,180 

l/s) 

12 to 1 

Shut-off Up to 850 CFM (401 l/s) 17 to 1 

Shut-off Up to 1,300 CFM (614 

l/s) 

14 to 1 

Shut-off Up to 1,600 CFM (755 

l/s) 

8 to 1 

Low 

0.3-3.0” WC 

(75 – 750 Pa) 

Standard Up to 1,050 CFM (495 

l/s) 

11 to 1 

Standard Up to 1,400 CFM (660 

l/s) 

7 to 1 

Shut-off Up to 900 CFM (420 l/s) 9 to 1 

Shut-off Up to 1,000 CFM (472 

l/s) 

5 to 1 
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4. No minimum entrance or exit straight length of duct shall be required to ensure accuracy 

and/or pressure independence. 

5. The airflow control device shall be constructed as following: 

a. Class A: 

1) The airflow control device for non-corrosive airstreams, such as supply and 

general exhaust, shall be constructed of 16-gauge aluminum. The device's 

shaft, shaft support brackets, and internal mounting link shall be made of 

316 stainless steel. The pivot arm shall be made of aluminum for standard 

valves and 303/304 stainless steel for shut-off valves. The pressure-

independent springs shall be a spring-grade stainless steel. All shaft-bearing 

surfaces shall be made of a PP (polypropylene) or PPS (polyphenylene 

sulfide) composite. 

6. A standard-speed electric actuator shall be used to modulate the airflow over the range of 

the specific valve size. The maximum time to modulate from minimum to maximum flow 

shall be less than 60 seconds for standard valves and 90 seconds for shut-off valves. A 

UL or CSA listed electronic actuator shall be factory mounted to the valve. The actuator 

shall have sufficient torque to modulate the airflow against the maximum duct static 

pressure (within product specifications). Loss of main power shall cause the valve to 

maintain its last airflow position. This position shall be maintained until power is 

restored. During loss of power, the valve shall maintain pressure independence as 

previously specified in Section 2.01.B 

7. The shut-off airflow control device shall have shut-off leakage and casing leakage of no 

more than (with 5.0” WC pressure): 

 

 

 

 

 

 

 

 

 

8. Certification 

a. Each airflow control device shall be factory characterized to the job specific 

airflows as detailed on the plans and specifications using NIST accredited air 

stations and instrumentation having a combined accuracy of no more than ±1% of 

signal (5,000 to 250cfm), ±2% of signal (249 to 100cfm) and ±3% of signal (99 to 

35cfm). Electronic airflow control devices shall be further characterized and their 

accuracy verified to ±5% of signal at a minimum of 48 different airflows across the 

full operating range of the device. 

b. Each airflow control device shall be marked with the room number, tag number, 

serial number, and model number. All information shall be stored by the 

manufacturer for use with as-built documentation.  

 

2.5 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

Shut-off Valve Type and Airflow Range Shut-off Leakage Casing Leak-

age 
Shut-off devices up to 850 CFM (472 l/s) 6 CFM 

0.010 CFM/ ft² Shut-off devices up to 1,300 CFM (708 l/s) 6 CFM 

Low leakage shut-off devices up to 850 CFM 

(472 l/s) 

0.005 CFM 

Low leakage shut-off devices up to 1,300 CFM 

(708 l/s) 

0.010 CFM 
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B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized 

rods with threads painted with zinc-chromate primer after installation. 

C. Steel Cables:  Galvanized steel complying with ASTM A 603. 

D. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and 

bolts designed for duct hanger service; with an automatic-locking and clamping device. 

E. Air Terminal Unit Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; 

compatible with duct materials. 

F. Trapeze and Riser Supports:  Steel shapes and plates for units with steel casings; aluminum for 

units with aluminum casings. 

2.6 SEISMIC-RESTRAINT DEVICES 

A. General Requirements for Restraint Components:  Rated strengths, features, and applications 

shall be as defined in reports by an agency acceptable to authorities having jurisdiction. 

1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout force of 

components shall be at least four  times the maximum seismic forces to which they will 

be subjected. 

B. Channel Support System:  Shop- or field-fabricated support assembly made of slotted steel 

channels rated in tension, compression, and torsion forces and with accessories for attachment 

to braced component at one end and to building structure at the other end.  Include matching 

components and corrosion-resistant coating. 

C. Restraint Cables:  ASTM A 603, galvanized-steel cables with end connections made of 

cadmium-plated steel assemblies with brackets, swivel, and bolts designed for restraining cable 

service; with an automatic-locking and clamping device or double-cable clips. 

D. Hanger Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 

connections to hanger rod. 

E. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type.  Select anchor 

bolts with strength required for anchor and as tested according to ASTM E 488. 

2.7 SOURCE QUALITY CONTROL 

A. Factory Tests:  Test assembled air terminal units according to ARI 880. 

1. Label each air terminal unit with plan number, nominal airflow, maximum and minimum 

factory-set airflows, coil type, and ARI certification seal. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air 

Conditioning and Ventilating Systems." 

B. Install air terminal units level and plumb.  Maintain sufficient clearance for normal service and 

maintenance. 

C. Install wall-mounted thermostats. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 

Chapter 5, "Hangers and Supports." 

B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners 

appropriate for construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes and for 

slabs more than 4 inches thick. 

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes and 

for slabs less than 4 inches thick. 

5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

D. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, 

and shear capacities appropriate for supported loads and building materials where used. 

3.3 SEISMIC-RESTRAINT-DEVICE INSTALLATION 

A. Install hangers and braces designed to support the air terminal units and to restrain against 

seismic forces required by applicable building codes.  Comply with ASCE/SEI 7. 

B. Select seismic-restraint devices with capacities adequate to carry present and future static and 

seismic loads. 

C. Install cables so they do not bend across edges of adjacent equipment or building structure. 

D. Install cable restraints on air terminal units that are suspended with vibration isolators. 

E. Install seismic-restraint devices using methods approved by an agency acceptable to authorities 

having jurisdiction. 
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F. Attachment to Structure:  If specific attachment is not indicated, anchor bracing and restraints to 

structure, to flanges of beams, to upper truss chords of bar joists, or to concrete members. 

G. Drilling for and Setting Anchors: 

1. Identify position of reinforcing steel and other embedded items before drilling holes for 

anchors.  Do not damage existing reinforcement or embedded items during drilling.  

Notify the Architect if reinforcing steel or other embedded items are encountered during 

drilling.  Locate and avoid prestressed tendons, electrical and telecommunications 

conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved 

full design strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Install heavy-

duty sleeve anchors with sleeve fully engaged in the structural element to which anchor is 

to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque wrench. 

5. Install zinc-coated steel anchors for interior applications and stainless-steel anchors for 

applications exposed to weather. 

3.4 CONNECTIONS 

A. Install piping adjacent to air terminal unit to allow service and maintenance. 

B. Hot-Water Piping:  In addition to requirements in Section 232113 "Hydronic Piping" and 

Section 232116 Hydronic Piping Specialties," connect heating coils to supply with shutoff 

valve, strainer, control valve, and union or flange; and to return with balancing valve and union 

or flange. 

C. Connect ducts to air terminal units according to Section 233113 "Metal Ducts." Coordinate duct 

installations and specialty arrangements with Drawings. 

D. Make connections to air terminal units with flexible connectors complying with requirements in 

Section 233300 "Air Duct Accessories." 

3.5 IDENTIFICATION 

A. Label each air terminal unit with plan number, nominal airflow, and maximum and minimum 

factory-set airflows.  Comply with requirements in Section 230553 "Identification for HVAC 

Piping and Equipment" for equipment labels and warning signs and labels. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 
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1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

D. Tests and Inspections: 

1. After installing air terminal units and after electrical circuitry has been energized, test for 

compliance with requirements. 

2. Leak Test:  After installation, fill water coils and test for leaks.  Repair leaks and retest 

until no leaks exist. 

3. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

E. Air terminal unit will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

3.7 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

2. Verify that inlet duct connections are as recommended by air terminal unit manufacturer 

to achieve proper performance. 

3. Verify that controls and control enclosure are accessible. 

4. Verify that control connections are complete. 

5. Verify that nameplate and identification tag are visible. 

6. Verify that controls respond to inputs as specified. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain air terminal units. 

END OF SECTION 233600 
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Rectangular and square ceiling diffusers. 

2. Perforated diffusers. 

3. Linear slot diffusers. 

B. Related Sections: 

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-control 

dampers not integral to diffusers, registers, and grilles. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated, include the following: 

1. Data Sheet:  Indicate materials of construction, finish, and mounting details; and 

performance data including throw and drop, static-pressure drop, and noise ratings. 

2. Diffuser, Register, and Grille Schedule:  Indicate drawing designation, room location, 

quantity, model number, size, and accessories furnished. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from Installers of the items involved: 

1. Ceiling suspension assembly members. 

2. Method of attaching hangers to building structure. 

3. Size and location of initial access modules for acoustical tile. 

4. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 

5. Duct access panels. 

B. Source quality-control reports. 
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PART 2 - PRODUCTS 

2.1 Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on drawings or equal. 

2.2 Refer to drawings  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with 

requirements for installation tolerances and other conditions affecting performance of 

equipment. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb. 

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, 

and accessories.  Air outlet and inlet locations have been indicated to achieve design 

requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make 

final locations where indicated, as much as practical.  For units installed in lay-in ceiling panels, 

locate units in the center of panel.  Where architectural features or other items conflict with 

installation, notify Architect for a determination of final location. 

C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and 

maintenance of dampers, air extractors, and fire dampers. 

3.3 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, 

before starting air balancing. 

END OF SECTION 233713 

http://www.specagent.com/LookUp/?ulid=3480&mf=04&mf=95&src=wd&mf=04&src=wd
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SECTION 237413 - PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes packaged, outdoor, central-station air-handling units (rooftop units) with 

the following components and accessories: 

1. Direct-expansion cooling. 

2. Heat-pump refrigeration components. 

3. Hot-gas reheat. 

4. Electric-heating coils. 

5. Economizer outdoor- and return-air damper section. 

6. Integral, space temperature controls. 

7. Roof curbs. 

1.3 DEFINITIONS 

A. DDC:  Direct-digital controls. 

B. ECM:  Electrically commutated motor. 

C. Outdoor-Air Refrigerant Coil:  Refrigerant coil in the outdoor-air stream to reject heat during 

cooling operations and to absorb heat during heating operations.  "Outdoor air" is defined as the 

air outside the building or taken from outdoors and not previously circulated through the 

system. 

D. Outdoor-Air Refrigerant-Coil Fan:  The outdoor-air refrigerant-coil fan in RTUs.  "Outdoor air" 

is defined as the air outside the building or taken from outdoors and not previously circulated 

through the system. 

E. RTU:  Rooftop unit.  As used in this Section, this abbreviation means packaged, outdoor, 

central-station air-handling units.  This abbreviation is used regardless of whether the unit is 

mounted on the roof or on a concrete base on ground. 

F. Supply-Air Fan:  The fan providing supply air to conditioned space.  "Supply air" is defined as 

the air entering a space from air-conditioning, heating, or ventilating apparatus. 

G. Supply-Air Refrigerant Coil:  Refrigerant coil in the supply-air stream to absorb heat (provide 

cooling) during cooling operations and to reject heat (provide heating) during heating 
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operations.  "Supply air" is defined as the air entering a space from air-conditioning, heating, or 

ventilating apparatus. 

H. VVT:  Variable-air volume and temperature. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design RTU supports to comply with wind and seismic performance 

requirements, including comprehensive engineering analysis by a qualified professional 

engineer, using performance requirements and design criteria indicated. 

B. Wind-Restraint Performance: 

1. Basic Wind Speed:  156 mph. 

2. Building Classification Category:  III. 

3. Minimum 10 lb/sq. ft multiplied by the maximum area of the mechanical component 

projected on a vertical plane that is normal to the wind direction, and 45 degrees either 

side of normal. 

C. Seismic Performance:  RTUs shall withstand the effects of earthquake motions determined 

according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified." 

1.5 ACTION SUBMITTALS 

A. Product Data:  Include manufacturer's technical data for each RTU, including rated capacities, 

dimensions, required clearances, characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

C. Delegated-Design Submittal:  For RTU supports indicated to comply with performance 

requirements and design criteria, including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation. 

1. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic 

restraints and for designing vibration isolation bases. 

2. Detail mounting, securing, and flashing of roof curb to roof structure.  Indicate 

coordinating requirements with roof membrane system. 

3. Wind- and Seismic-Restraint Details:  Detail fabrication and attachment of wind and 

seismic restraints and snubbers.  Show anchorage details and indicate quantity, diameter, 

and depth of penetration of anchors. 
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1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Plans and other details, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from installers of the items involved: 

1. Structural members to which RTUs will be attached. 

2. Roof openings 

3. Roof curbs and flashing. 

B. Manufacturer Wind Loading Qualification Certification:  Submit certification that specified 

equipment will withstand wind forces identified in "Performance Requirements" Article and in 

Section 230548 "Vibration and Seismic Controls for HVAC." 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculations. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of wind force and 

locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

C. Manufacturer Seismic Qualification Certification:  Submit certification that RTUs, accessories, 

and components will withstand seismic forces defined in "Performance Requirements" Article 

and in Section 230548 "Vibration and Seismic Controls for HVAC." 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

D. Field quality-control test reports. 

E. Warranty:  Special warranty specified in this Section. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For RTUs to include in emergency, operation, and 

maintenance manuals. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials described below that match products installed and that are packaged 

with protective covering for storage and identified with labels describing contents. 

1. Fan Belts:  One set sets for each belt-driven fan. 

2. Filters:  One set sets of filters for each unit. 
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1.9 QUALITY ASSURANCE 

A. ARI Compliance: 

1. Comply with ARI 203/110 and ARI 303/110 for testing and rating energy efficiencies for 

RTUs. 

2. Comply with ARI 270 for testing and rating sound performance for RTUs. 

B. ASHRAE Compliance: 

1. Comply with ASHRAE 15 for refrigeration system safety. 

2. Comply with ASHRAE 33 for methods of testing cooling and heating coils. 

3. Comply with applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 

Equipment" and Section 7 - "Construction and Startup." 

C. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 

Section 6 - "Heating, Ventilating, and Air-Conditioning." 

D. NFPA Compliance:  Comply with NFPA 90A and NFPA 90B. 

E. UL Compliance:  Comply with UL 1995. 

F. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

1.10 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to replace 

components of RTUs that fail in materials or workmanship within specified warranty period. 

1. Warranty Period for Compressors:  Manufacturer's standard, but not less than five years 

from date of Substantial Completion. 

2. Warranty Period for Control Boards:  Manufacturer's standard, but not less than three 

years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

http://www.specagent.com/LookUp/?ulid=3594&mf=04&mf=95&src=wd&mf=04&src=wd
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1. AAON, Inc. 

2. Addison Products Company. 

3. Carrier Corporation. 

4. Engineered Air. 

5. Lennox Industries Inc. 

6. McQuay International. 

7. Trane; American Standard Companies, Inc. 

8. YORK International Corporation. 

9. Or Approved Equal. 

2.2 CASING 

A. General Fabrication Requirements for Casings:  Formed and reinforced double-wall insulated 

panels, fabricated to allow removal for access to internal parts and components, with joints 

between sections sealed. 

B. Exterior Casing Material:  Galvanized steel with factory-painted finish, with pitched roof panels 

and knockouts with grommet seals for electrical and piping connections and lifting lugs. 

1. Exterior Casing Thickness:  0.0626 inch thick. 

C. Inner Casing Fabrication Requirements: 

1. Inside Casing:  Galvanized steel, 0.034 inch thick, perforated 40 percent free area. 

D. Casing Insulation and Adhesive:  Comply with NFPA 90A or NFPA 90B. 

1. Materials:  ASTM C 1071, Type I. 

2. Thickness:  1 inch. 

3. Liner materials shall have air-stream surface coated with an erosion- and temperature-

resistant coating or faced with a plain or coated fibrous mat or fabric. 

4. Liner Adhesive:  Comply with ASTM C 916, Type I. 

E. Condensate Drain Pans:  Formed sections of stainless-steel sheet, a minimum of 2 inches 

deep, and complying with ASHRAE 62.1. 

1. Double-Wall Construction:  Fill space between walls with foam insulation and seal 

moisture tight. 

2. Drain Connections:  Threaded nipple both sides of drain pan. 

3. Pan-Top Surface Coating:  Corrosion-resistant compound. 

F. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 

ASHRAE 62.1. 

2.3 FANS 

A. Direct-Driven Supply-Air Fans:  Double width, forward curved or backward inclined, 

centrifugal; with permanently lubricated, ECM motor resiliently mounted in the fan inlet.  

Aluminum or painted-steel wheels, and galvanized- or painted-steel fan scrolls. 

http://www.specagent.com/LookUp/?uid=123456813777&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813779&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813780&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813781&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813782&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813783&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822130&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813785&mf=04&src=wd
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B. Belt-Driven Supply-Air Fans:  Double width, forward curved, centrifugal; with permanently 

lubricated, single-speed motor installed on an adjustable fan base resiliently mounted in the 

casing.  Aluminum or painted-steel wheels, and galvanized- or painted-steel fan scrolls. 

C. Condenser-Coil Fan:  Propeller, mounted on shaft of permanently lubricated motor. 

D. Relief-Air Fan:  Propeller, Forward curved, or Backward inclined, shaft mounted on 

permanently lubricated motor. 

E. Seismic Fabrication Requirements:  Fabricate fan section, internal mounting frame and 

attachment to fans, fan housings, motors, casings, accessories, and other fan section components 

with reinforcement strong enough to withstand seismic forces defined in Section 230548 

"Vibration and Seismic Controls for HVAC" when fan-mounted frame and RTU-mounted 

frame are anchored to building structure. 

F. Fan Motor:  Comply with requirements in Section 230513 "Common Motor Requirements for 

HVAC Equipment." 

2.4 COILS 

A. Supply-Air Refrigerant Coil: 

1. Aluminum or Copper-plate fin and seamless internally grooved copper tube in steel 

casing with equalizing-type vertical distributor. 

2. Polymer strip shall prevent all copper coil from contacting steel coil frame or condensate 

pan. 

3. Coil Split:  Interlaced. 

4. Baked phenolic or Cathodic epoxy coating. 

5. Condensate Drain Pan:  Stainless steel formed with pitch and drain 

connections complying with ASHRAE 62.1. 

B. Outdoor-Air Refrigerant Coil: 

1. Aluminum or Copper-plate fin and seamless internally grooved copper tube in steel 

casing with equalizing-type vertical distributor. 

2. Polymer strip shall prevent all copper coil from contacting steel coil frame or condensate 

pan. 

3. Baked phenolic or Cathodic epoxy coating. 

C. Hot-Gas Reheat Refrigerant Coil: 

1. Aluminum or Copper-plate fin and seamless internally grooved copper tube in steel 

casing with equalizing-type vertical distributor. 

2. Polymer strip shall prevent all copper coil from contacting steel coil frame or condensate 

pan. 

3. Baked phenolic or Cathodic epoxy coating. 

D. Electric-Resistance Heating: 
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1. Open Heating Elements:  Resistance wire of 80 percent nickel and 20 percent chromium, 

supported and insulated by floating ceramic bushings recessed into casing openings, 

fastened to supporting brackets, and mounted in galvanized-steel frame.  Terminate 

elements in stainless-steel machine-staked terminals secured with stainless-steel 

hardware. 

2. Overtemperature Protection:  Disk-type, automatically reset, thermal-cutout, safety 

device; serviceable through terminal box. 

3. Overcurrent Protection:  Manual-reset thermal cutouts, factory wired in each heater stage. 

4. Control Panel:  Unit mounted with disconnecting means and overcurrent protection.  

Include the following controls: 

a. Magnetic contactors. 

b. Step Controller:  Pilot lights and override toggle switch for each step. 

c. SCR Controller:  Pilot lights operate on load ratio, a minimum of five steps. 

d. Time-delay relay. 

e. Airflow proving switch. 

2.5 REFRIGERANT CIRCUIT COMPONENTS 

A. Number of Refrigerant Circuits:  One or Two. 

B. Compressor:  Hermetic, reciprocating,  Semihermetic, reciprocating, or Hermetic, scroll, 

mounted on vibration isolators; with internal overcurrent and high-temperature protection, 

internal pressure relief. 

C. Refrigeration Specialties: 

1. Refrigerant:  R-410A. 

2. Expansion valve with replaceable thermostatic element. 

3. Refrigerant filter/dryer. 

4. Manual-reset high-pressure safety switch. 

5. Automatic-reset low-pressure safety switch. 

6. Minimum off-time relay. 

7. Automatic-reset compressor motor thermal overload. 

8. Brass service valves installed in compressor suction and liquid lines. 

9. Low-ambient kit high-pressure sensor. 

10. Hot-gas reheat solenoid valve with a replaceable magnetic coil. 

11. Hot-gas bypass solenoid valve with a replaceable magnetic coil. 

12. Four-way reversing valve with a replaceable magnetic coil, thermostatic expansion 

valves with bypass check valves, and a suction line accumulator. 

2.6 AIR FILTRATION 

A. Minimum arrestance according to ASHRAE 52.1, and a minimum efficiency reporting value 

(MERV) according to ASHRAE 52.2. 

1. Glass Fiber:  Minimum 80 percent arrestance, and MERV 5. 

2. Pleated:  Minimum 90 percent arrestance, and MERV 7. 
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2.7 DAMPERS 

A. Outdoor-Air Damper:  Linked damper blades, for 0 to 25 percent outdoor air, with motorized 

damper filter. 

B. Outdoor- and Return-Air Mixing Dampers:  Parallel- or opposed-blade galvanized-steel 

dampers mechanically fastened to cadmium plated for galvanized-steel operating rod in 

reinforced cabinet.  Connect operating rods with common linkage and interconnect linkages so 

dampers operate simultaneously. 

1. Damper Motor:  Modulating with adjustable minimum position. 

2. Relief-Air Damper:  Gravity actuated or motorized, as required by 

ASHRAE/IESNA 90.1, with bird screen and hood. 

2.8 ELECTRICAL POWER CONNECTION 

A. Provide for single connection of power to unit with unit-mounted disconnect switch accessible 

from outside unit and control-circuit transformer with built-in overcurrent protection. 

2.9 ACCESSORIES 

A. Electric heater with integral thermostat maintains minimum 50 deg F temperature in gas burner 

compartment. 

B. Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection.  Include 

transformer if required. Outlet shall be energized even if the unit main disconnect is open. 

C. Filter differential pressure switch with sensor tubing on either side of filter.  Set for final filter 

pressure loss. 

D. Coil guards of painted, galvanized-steel wire. 

2.10 ROOF CURBS 

A. Roof curbs with vibration isolators and wind or seismic restraints are specified in 

Section 230548 "Vibration and Seismic Controls for HVAC." 

B. Materials:  Galvanized steel with corrosion-protection coating, watertight gaskets, and factory-

installed wood nailer; complying with NRCA standards. 

1. Curb Insulation and Adhesive:  Comply with NFPA 90A or NFPA 90B. 

a. Materials:  ASTM C 1071, Type I or II. 

b. Thickness:  1-1/2 inches. 

2. Application:  Factory applied with adhesive and mechanical fasteners to the internal 

surface of curb. 

a. Liner Adhesive:  Comply with ASTM C 916, Type I. 



PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS 237413 - 9 

b. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, 

mechanical attachment, or welding attachment to duct without damaging liner 

when applied as recommended by manufacturer and without causing leakage in 

cabinet. 

c. Liner materials applied in this location shall have air-stream surface coated with a 

temperature-resistant coating or faced with a plain or coated fibrous mat or fabric 

depending on service air velocity. 

d. Liner Adhesive:  Comply with ASTM C 916, Type I. 

C. Curb Height:  14 inches. 

D. Wind and Seismic Restraints:  Metal brackets compatible with the curb and casing, painted to 

match RTU, used to anchor unit to the curb, and designed for loads at Project site.  Comply with 

requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for wind-load 

requirements. 

2.11 CAPACITIES AND CHARACTERISTICS 

1. Refer to drawings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 

requirements for installation tolerances and other conditions affecting performance of RTUs. 

B. Examine roughing-in for RTUs to verify actual locations of piping and duct connections before 

equipment installation. 

C. Examine roofs for suitable conditions where RTUs will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Equipment Mounting: 

1. Install RTUs on cast-in-place concrete equipment bases.  Comply with requirements for 

equipment bases and foundations. 

2. Comply with requirements for vibration isolation and seismic control devices specified in 

Section 230548 "Vibration and Seismic Controls for HVAC." 

B. Roof Curb:  Install on roof structure or concrete base, level and secure, according to NRCA's 

"Low-Slope Membrane Roofing Construction Details Manual," Illustration "Raised Curb Detail 

for Rooftop Air Handling Units and Ducts." or ARI Guideline B. Install RTUs on curbs and 

coordinate roof penetrations and flashing with roof construction. Secure RTUs to upper curb 

rail, and secure curb base to roof framing or concrete base with anchor bolts. 
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C. Unit Support:  Install unit level on structural curbs.  Coordinate wall penetrations and flashing 

with wall construction.  Secure RTUs to structural support with anchor bolts. 

3.3 CONNECTIONS 

A. Install condensate drain, minimum connection size, with trap and indirect connection to nearest 

roof drain or area drain. 

B. Install piping adjacent to RTUs to allow service and maintenance. 

C. Duct installation requirements are specified in other HVAC Sections.  Drawings indicate the 

general arrangement of ducts.  The following are specific connection requirements: 

1. Install ducts to termination at top of roof curb. 

2. Remove roof decking only as required for passage of ducts.  Do not cut out decking 

under entire roof curb. 

3. Connect supply ducts to RTUs with flexible duct connectors specified in Section 233300 

"Air Duct Accessories." 

4. Install return-air duct continuously through roof structure. 

5. Install normal-weight, 3000-psi, compressive strength (28-day) concrete mix inside roof 

curb, 4 inches thick.  Concrete, formwork, and reinforcement are specified with concrete. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections.  

Report results in writing. 

B. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing.  Report results in writing. 

C. Tests and Inspections: 

1. After installing RTUs and after electrical circuitry has been energized, test units for 

compliance with requirements. 

2. Inspect for and remove shipping bolts, blocks, and tie-down straps. 

3. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

D. Remove and replace malfunctioning units and retest as specified above. 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
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B. Complete installation and startup checks according to manufacturer's written instructions and do 

the following: 

1. Inspect for visible damage to unit casing. 

2. Inspect for visible damage to compressor, coils, and fans. 

3. Inspect internal insulation. 

4. Verify that labels are clearly visible. 

5. Verify that clearances have been provided for servicing. 

6. Verify that controls are connected and operable. 

7. Verify that filters are installed. 

8. Clean condenser coil and inspect for construction debris. 

9. Remove packing from vibration isolators. 

10. Inspect operation of barometric relief dampers. 

11. Verify lubrication on fan and motor bearings. 

12. Inspect fan-wheel rotation for movement in correct direction without vibration and 

binding. 

13. Adjust fan belts to proper alignment and tension. 

14. Start unit according to manufacturer's written instructions. 

a. Start refrigeration system. 

b. Do not operate below recommended low-ambient temperature. 

c. Complete startup sheets and attach copy with Contractor's startup report. 

15. Inspect and record performance of interlocks and protective devices; verify sequences. 

16. Operate unit for an initial period as recommended or required by manufacturer. 

17. Calibrate thermostats. 

18. Adjust and inspect high-temperature limits. 

19. Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers. 

20. Start refrigeration system and measure and record the following when ambient is a 

minimum of 15 deg F above return-air temperature: 

a. Coil leaving-air, dry- and wet-bulb temperatures. 

b. Coil entering-air, dry- and wet-bulb temperatures. 

c. Outdoor-air, dry-bulb temperature. 

d. Outdoor-air-coil, discharge-air, dry-bulb temperature. 

21. Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and 

normal and emergency shutdown. 

22. Measure and record the following minimum and maximum airflows.  Plot fan volumes on 

fan curve. 

a. Supply-air volume. 

b. Return-air volume. 

c. Relief-air volume. 

d. Outdoor-air intake volume. 

23. Simulate maximum cooling demand and inspect the following: 

a. Compressor refrigerant suction and hot-gas pressures. 

b. Short circuiting of air through condenser coil or from condenser fans to outdoor-air 

intake. 
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24. Verify operation of remote panel including pilot-light operation and failure modes.  

Inspect the following: 

a. High-temperature limit on gas-fired heat exchanger. 

b. Low-temperature safety operation. 

c. Filter high-pressure differential alarm. 

d. Economizer to minimum outdoor-air changeover. 

e. Relief-air fan operation. 

f. Smoke and firestat alarms. 

25. After startup and performance testing and prior to Substantial Completion, replace 

existing filters with new filters. 

3.6 CLEANING AND ADJUSTING 

A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 

provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to 

two visits to site during other-than-normal occupancy hours for this purpose. 

B. After completing system installation and testing, adjusting, and balancing RTU and air-

distribution systems, clean filter housings and install new filters. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain RTUs.   

END OF SECTION 237413 
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SECTION 238113 - PACKAGED TERMINAL AIR-CONDITIONERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes packaged terminal air conditioners and their accessories and controls, in the 

following configurations: 

1. Through-the-wall and freestanding air conditioners. 

2. Heat-pump units. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating 

characteristics, furnished specialties, electrical characteristics, and accessories. 

B. Shop Drawings:  For packaged terminal air conditioners.  Include plans, elevations, sections, 

details for wall penetrations, seismic bracing, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Color Samples:  For unit cabinet, discharge grille, and exterior louver, and for each color and 

texture specified. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product Test Reports:  Based on evaluation of comprehensive tests performed by manufacturer 

and witnessed by a qualified testing agency, for packaged terminal air conditioners. 

B. Field quality-control reports. 

C. Warranty:  Sample of special warranty. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For packaged terminal air conditioners to include in 

emergency, operation, and maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1,  Section 4 - "Outdoor Air 

Quality," Section 5 - "Systems and Equipment," Section 6 - "Ventilation Rate Procedures," and 

Section 7 - "Construction and Startup." 

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1. 

1.7 COORDINATION 

A. Coordinate layout and installation of packaged terminal air conditioners and wall construction 

with other construction that penetrates walls or is supported by them. 

1.8 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace components of packaged terminal air conditioners that fail in materials or workmanship 

within specified warranty period. 

1. Warranty Period for Sealed Refrigeration System:  Manufacturer's standard, but not less 

than five years from date of Substantial Completion, including components and labor. 

2. Warranty Period for Nonsealed System Parts:  Manufacturer's standard, but not less than 

five years from date of Substantial Completion, including only components and 

excluding labor. 

3. Warranty Period for Heat Exchangers:  Manufacturer's standard, but not less than five 

years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide comparable 

product by one of the following: 

1. Marvair. 

http://www.specagent.com/LookUp/?ulid=3596&mf=04&mf=95&src=wd&mf=04&src=wd
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2. Carrier Corporation; a United Technologies company. 

3. ClimateMaster, Inc. 

4. Friedrich Air Conditioning Co. 

5. General Electric Company; GE Consumer & Industrial - Appliances. 

6. McQuay International. 

7. Suburban Manufacturing Company; a subsidiary of AIRXCEL, Inc. 

8. Trane; a business of American Standard Companies. 

9. Or Approved Equal. 

2.2 MANUFACTURED UNITS 

A. Description:  Factory-assembled and -tested, self-contained, packaged terminal air conditioner 

with room cabinet, electric refrigeration system, heating, and temperature controls; fully 

charged with refrigerant and filled with oil; with hardwired chassis. 

2.3 CHASSIS 

A. Cabinet:  0.052-inch- thick steel with removable front panel with concealed latches. 

1. Mounting:  Wall with wall sleeve or Floor with subbase. 

2. Discharge Grille:  Punched-louver discharge grille allowing four-way discharge-air 

pattern or Extruded-aluminum discharge grille. 

3. Louvers:  Extruded aluminum with enamel finish or Stamped aluminum with clear-

anodized finish. 

4. Finish:  Epoxy coating or Baked enamel. 

5. Access Door:  Hinged door in top of cabinet for access to controls. 

6. Cabinet Extension:  Matching cabinet in construction and finish, allowing diversion of 

airflow to adjoining room; with grille. 

7. Finish of Interior Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

8. Subbase:  Enameled steel with adjustable leveling feet and adjustable end plates. 

9. Wall Sleeves:  Galvanized steel with polyester finish. 

B. Refrigeration System:  Direct-expansion indoor coil with capillary restrictor; and hermetically 

sealed scroll compressor with vibration isolation and overload protection. 

1. Indoor and Outdoor Coils:  Seamless copper tubes mechanically expanded into aluminum 

fins. 

2. Accumulator. 

3. Constant-pressure expansion valve. 

4. Reversing valve. 

5. Charge:  R-410A. 

C. Indoor Fan:  Forward curved, centrifugal; with motor and positive-pressure ventilation damper 

with electric operator. 

D. Filters:  Washable polyurethane in molded plastic frame. 

E. Condensate Drain:  Drain pan and piping to direct condensate to building waste and vent piping. 

http://www.specagent.com/LookUp/?uid=123456822168&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813800&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813801&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822170&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813802&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822172&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822174&mf=04&src=wd
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1. Comply with ASHRAE 62.1 for drain pan construction and connections. 

F. Outdoor Fan:  Forward curved, centrifugal type with separate motor. 

1. Indoor and Outdoor Fan Motors:  Two speed; comply with NEMA designation, 

temperature rating, service factor, enclosure type, and efficiency requirements for motors 

specified in Section 230513 "Common Motor Requirements for HVAC Equipment." 

a. Fan Motors:  Permanently lubricated split capacitor. 

b. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven 

load will not require motor to operate in service factor range above 1.0. 

c. Controllers, Electrical Devices, and Wiring:  Comply with requirements for 

electrical devices and connections specified in electrical Sections. 

2.4 HEATING 

A. Electric-Resistance Heating Coil:  Nickel-chromium-wire, electric-resistance heating elements 

with contactor and high-temperature-limit switch. 

2.5 CONTROLS 

A. Control Module:  Unit-mounted digital panel with touchpad temperature control and with 

touchpad for heating, cooling, and fan operation.  Include the following features: 

1. Low Ambient Lockout Control:  Prevents cooling-cycle operation below 40 deg F 

outdoor air temperature. 

2. Heat-Pump Ambient Control:  Field-adjustable switch changes to heat-pump heating 

operation above 40 deg F and to supplemental heating below plus 25 deg F. 

3. Temperature-Limit Control:  Prevents occupant from exceeding preset setup temperature. 

4. Building Automation System Interface:  Allows remote on-off control with setback 

temperature control. 

5. Reverse-Cycle Defrost:  Solid-state sensor monitors frost buildup on outdoor coil and 

reverses unit to melt frost. 

B. Remote Control:  Standard unit-mounted controls with remote-mounted, low-voltage adjustable 

thermostat with heat anticipator, heat-off-cool-auto switch, and on-auto fan switch. 

C. Outdoor Air:  Motorized intake damper.  Open intake when unit indoor air fan runs. 

D. Outdoor Air:  Manual intake damper. 

2.6 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings:  Factory test to comply with ARI 300, "Sound Rating and Sound 

Transmission Loss of Packaged Terminal Equipment." 

B. Unit Performance Ratings:  Factory test to comply with ARI 310/380/CSA C744, "Packaged 

Terminal Air-Conditioners and Heat Pumps." 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install units level and plumb, maintaining manufacturer's recommended clearances and 

tolerances. 

B. Install wall sleeves in finished wall assembly; seal and weatherproof.   

C. Retain paragraph below in seismic areas.  Equipment protection may be required for some types 

of buildings.  Verify requirements with model building codes and ASCE/SEI 7. 

D. Install and anchor wall sleeves to withstand, without damage to equipment and structure, 

seismic forces required by building code. 

3.2 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

C. Tests and Inspections: 

1. Inspect for and remove shipping bolts, blocks, and tie-down straps. 

2. After installing packaged terminal air conditioners and after electrical circuitry has been 

energized, test for compliance with requirements. 

3. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

D. Packaged terminal air conditioners will be considered defective if they do not pass tests and 

inspections. 

E. Prepare test and inspection reports. 

3.3 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Complete installation and startup checks according to manufacturer's written instructions and do 

the following: 

1. Inspect for visible damage to unit casing. 
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2. Inspect for visible damage to compressor, coils, and fans. 

3. Inspect internal insulation. 

4. Verify that labels are clearly visible. 

5. Verify that clearances have been provided for servicing. 

6. Verify that controls are connected and operable. 

7. Verify that filters are installed. 

8. Clean condenser coil and inspect for construction debris. 

9. Remove packing from vibration isolators. 

10. Inspect operation of barometric relief dampers. 

11. Verify lubrication on fan and motor bearings. 

12. Inspect fan-wheel rotation for movement in correct direction without vibration and 

binding. 

13. Adjust fan belts to proper alignment and tension. 

14. Start unit according to manufacturer's written instructions. 

a. Start refrigeration system. 

b. Do not operate below recommended low-ambient temperature. 

c. Complete startup sheets and attach copy with Contractor's startup report. 

15. Inspect and record performance of interlocks and protective devices; verify sequences. 

16. Operate unit for an initial period as recommended or required by manufacturer. 

17. Calibrate thermostats. 

18. Adjust and inspect high-temperature limits. 

19. Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers. 

20. Start refrigeration system and measure and record the following when ambient is a 

minimum of 15 deg F above return-air temperature: 

a. Coil leaving-air, dry- and wet-bulb temperatures. 

b. Coil entering-air, dry- and wet-bulb temperatures. 

c. Outdoor-air, dry-bulb temperature. 

d. Outdoor-air-coil, discharge-air, dry-bulb temperature. 

21. Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and 

normal and emergency shutdown. 

22. Measure and record the following minimum and maximum airflows.  Plot fan volumes on 

fan curve. 

a. Supply-air volume. 

b. Return-air volume. 

c. Relief-air volume. 

d. Outdoor-air intake volume. 

23. Simulate maximum cooling demand and inspect the following: 

a. Compressor refrigerant suction and hot-gas pressures. 

b. Short circuiting of air through condenser coil or from condenser fans to outdoor-air 

intake. 

24. After startup and performance testing and prior to Substantial Completion, replace 

existing filters with new filters. 
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C. After installation, verify the following: 

1. Unit is level on base and is flashed in exterior wall. 

2. Unit casing has no visible damage. 

3. Compressor, air-cooled condenser coil, and fans have no visible damage. 

4. Labels are clearly visible. 

5. Controls are connected and operable. 

6. Shipping bolts, blocks, and tie-down straps are removed. 

7. Filters are installed and clean. 

8. Drain pan and drain line are installed correctly. 

9. Electrical wiring installation complies with manufacturer's submittal and installation 

requirements in electrical Sections. 

10. Installation.  Perform startup checks according to manufacturer's written instructions, 

including the following: 

a. Lubricate bearings on fan. 

b. Check fan-wheel rotation for correct direction without vibration and binding. 

D. After startup service and performance test, change filters. 

3.4 ADJUSTING 

A. Adjust initial temperature set points. 

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain packaged terminal air conditioners. 

END OF SECTION 238113 
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SECTION 238126 - SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes split-system air-conditioning and heat-pump units consisting of separate 

evaporator-fan and compressor-condenser components. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating 

characteristics, and furnished specialties and accessories.  Include performance data in terms of 

capacities, outlet velocities, static pressures, sound power characteristics, motor requirements, 

and electrical characteristics. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Samples for Initial Selection:  For units with factory-applied color finishes. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Warranty:  Sample of special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For split-system air-conditioning units to include in 

emergency, operation, and maintenance manuals. 
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1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Filters:  One set for each air-handling unit. 

2. Gaskets:  One set for each access door. 

3. Fan Belts:  One set for each air-handling unit fan. 

1.7 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. ASHRAE Compliance: 

1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Standard 

for Refrigeration Systems." 

2. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1,  Section 4 - 

"Outdoor Air Quality," Section 5 - "Systems and Equipment," Section 6 - " Procedures," 

and Section 7 - "Construction and System Start-up." 

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1. 

1.8 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-

bolt inserts into bases.  Concrete, reinforcement, and formwork are specified in Section 033000 

"Cast-in-Place Concrete." 

B. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with 

actual equipment provided. 

1.9 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace components of split-system air-conditioning units that fail in materials or workmanship 

within specified warranty period. 

1. Warranty Period: 

a. For Compressor: Five years from date of Substantial Completion. 

b. For Parts: Five years from date of Substantial Completion. 

c. For Labor: One year from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on Drawings or comparable product by one of the following: 

1. Carrier Corporation; Home Comfort and HVAC Building & Industrial Systems. 

2. Lennox International Inc. 

3. Mitsubishi Electric & Electronics USA, Inc.; HVAC Advanced Products Division. 

4. SANYO North America Corporation; SANYO Fisher Company. 

5. Trane; a business of American Standard companies. 

6. YORK; a Johnson Controls company. 

7. Or Approved Equal. 

2.2 INDOOR UNITS (5 TONS OR LESS) 

A. Concealed Evaporator-Fan Components: 

1. Chassis:  Galvanized steel with flanged edges, removable panels for servicing, and 

insulation on back of panel. 

2. Insulation:  Faced, glass-fiber duct liner. 

3. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and thermal-

expansion valve.  Comply with ARI 206/110. 

4. Water Coil:  Copper tube, with mechanically bonded aluminum fins spaced no closer 

than 0.1 inch; leak tested to 300 psig underwater; with a two-position control valve. 

5. Electric Coil:  Helical, nickel-chrome, resistance-wire heating elements; with refractory 

ceramic support bushings, automatic-reset thermal cutout, built-in magnetic contactors, 

manual-reset thermal cutout, airflow proving device, and one-time fuses in terminal box 

for overcurrent protection. 

6. Fan:  Forward-curved, double-width wheel of galvanized steel; directly connected to 

motor. 

7. Fan Motors: 

a. Comply with NEMA designation, temperature rating, service factor, enclosure 

type, and efficiency requirements specified in Section 230513 "Common Motor 

Requirements for HVAC Equipment." 

b. Multitapped, multispeed with internal thermal protection and permanent 

lubrication. 

c. Wiring Terminations:  Connect motor to chassis wiring with plug connection. 

8. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

9. Filters:  Permanent, cleanable. 

10. Condensate Drain Pans: 

a. Fabricated with two percent slope in at least two planes to collect condensate from 

cooling coils (including coil piping connections, coil headers, and return bends) 

and humidifiers, and to direct water toward drain connection. 

http://www.specagent.com/LookUp/?ulid=3602&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822240&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813850&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822246&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822247&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822250&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822252&mf=04&src=wd
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1) Length:  Extend drain pan downstream from leaving face to comply with 

ASHRAE 62.1. 

2) Depth:  A minimum of 2 inches deep. 

b. Single-wall, stainless-steel sheet. 

c. Double-wall, stainless-steel sheet with space between walls filled with foam 

insulation and moisture-tight seal. 

d. Drain Connection:  Located at lowest point of pan and sized to prevent overflow.  

Terminate with threaded nipple on both ends of pan. 

1) Minimum Connection Size:  NPS 1. 

e. Pan-Top Surface Coating:  Asphaltic waterproofing compound. 

f. Units with stacked coils shall have an intermediate drain pan to collect condensate 

from top coil. 

2.3 INDOOR UNITS (6 TONS OR MORE) 

A. Concealed Evaporator-Fan Components: 

1. Chassis:  Galvanized steel with flanged edges, removable panels for servicing, and 

insulation on back of panel. 

2. Insulation:  Faced, glass-fiber duct liner. 

3. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and thermal-

expansion valve.  Comply with ARI 206/110. 

4. Water Coil:  Copper tube, with mechanically bonded aluminum fins spaced no closer 

than 0.1 inch; leak tested to 300 psig underwater; with a two-position control valve. 

5. Electric Coil:  Helical, nickel-chrome, resistance-wire heating elements; with refractory 

ceramic support bushings, automatic-reset thermal cutout, built-in magnetic contactors, 

manual-reset thermal cutout, airflow proving device, and one-time fuses in terminal box 

for overcurrent protection. 

6. Fan:  Forward-curved, double-width wheel of galvanized steel; directly connected to 

motor. 

7. Fan Motors: 

a. Comply with NEMA designation, temperature rating, service factor, enclosure 

type, and efficiency requirements specified in Section 230513 "Common Motor 

Requirements for HVAC Equipment." 

b. Multitapped, multispeed with internal thermal protection and permanent 

lubrication. 

c. Three-phase, permanently lubricated, ball-bearing motors with built-in thermal-

overload protection. 

d. Wiring Terminations:  Connect motor to chassis wiring with plug connection. 

8. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1. 

9. Filters:  1 inch thick, in fiberboard frames. 

10. Condensate Drain Pans: 
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a. Fabricated with two percent slope in at least two planes to collect condensate from 

cooling coils (including coil piping connections, coil headers, and return bends) 

and humidifiers, and to direct water toward drain connection. 

1) Length:  Extend drain pan downstream from leaving face to comply with 

ASHRAE 62.1. 

2) Depth:  A minimum of 2 inches deep. 

b. Single-wall, stainless-steel sheet. 

c. Double-wall, stainless-steel sheet with space between walls filled with foam 

insulation and moisture-tight seal. 

d. Drain Connection:  Located at lowest point of pan and sized to prevent overflow.  

Terminate with threaded nipple on both ends of pan. 

1) Minimum Connection Size:  NPS 2. 

e. Pan-Top Surface Coating:  Asphaltic waterproofing compound. 

f. Units with stacked coils shall have an intermediate drain pan to collect condensate 

from top coil. 

2.4 OUTDOOR UNITS (5 TONS OR LESS) 

A. Air-Cooled, Compressor-Condenser Components: 

1. Casing:  Steel, finished with baked enamel in color selected by Architect, with removable 

panels for access to controls, weep holes for water drainage, and mounting holes in base.  

Provide brass service valves, fittings, and gage ports on exterior of casing. 

2. Compressor:  Hermetically sealed with crankcase heater and mounted on vibration 

isolation device.  Compressor motor shall have thermal- and current-sensitive overload 

devices, start capacitor, relay, and contactor. 

a. Compressor Type:  Scroll. 

b. Two-speed compressor motor with manual-reset high-pressure switch and 

automatic-reset low-pressure switch. 

c. Refrigerant Charge:  R-410A. 

d. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and 

liquid subcooler.  Comply with ARI 206/110. 

3. Heat-Pump Components:  Reversing valve and low-temperature-air cutoff thermostat. 

4. Fan:  Aluminum-propeller type, directly connected to motor. 

5. Motor:  Permanently lubricated, with integral thermal-overload protection. 

6. Low Ambient Kit:  Permits operation down to 45 deg F. 

7. Mounting Base:  Polyethylene. 

2.5 OUTDOOR UNITS (6 TONS OR MORE) 

A. Air-Cooled, Compressor-Condenser Components: 
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1. Casing:  Steel, finished with baked enamel in color selected by Architect, with removable 

panels for access to controls, weep holes for water drainage, and mounting holes in base.  

Provide brass service valves, fittings, and gage ports on exterior of casing. 

2. Compressor:  Hermetically sealed with crankcase heater and mounted on vibration 

isolation device.  Compressor motor shall have thermal- and current-sensitive overload 

devices, start capacitor, relay, and contactor. 

a. Compressor Type:  Scroll. 

b. Two-speed compressor motor with manual-reset high-pressure switch and 

automatic-reset low-pressure switch. 

c. Refrigerant Charge:  R-410A. 

d. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and 

liquid subcooler.  Comply with ARI 206/110. 

3. Heat-Pump Components:  Reversing valve and low-temperature-air cutoff thermostat. 

4. Fan:  Aluminum-propeller type, directly connected to motor. 

5. Motor:  Permanently lubricated, with integral thermal-overload protection. 

6. Low Ambient Kit:  Permits operation down to 45 deg F. 

7. Mounting Base:  Polyethylene. 

2.6 ACCESSORIES 

A. Thermostat:  Low voltage with subbase to control compressor and evaporator fan. 

B. Automatic-reset timer to prevent rapid cycling of compressor. 

C. Refrigerant Line Kits:  Soft-annealed copper suction and liquid lines factory cleaned, dried, 

pressurized, and sealed; factory-insulated suction line with flared fittings at both ends. 

D. Drain Hose:  For condensate. 

E. Additional Monitoring: 

1. Monitor constant and variable motor loads. 

2. Monitor variable-frequency-drive operation. 

3. Monitor economizer cycle. 

4. Monitor cooling load. 

5. Monitor air distribution static pressure and ventilation air volumes. 

2.7 CAPACITIES AND CHARACTERISTICS 

a. Refer to drawings. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install units level and plumb. 
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B. Install evaporator-fan components using manufacturer's standard mounting devices securely 

fastened to building structure. 

C. Install roof-mounted, compressor-condenser components on equipment supports specified in 

Section 077200 "Roof Accessories." Anchor units to supports with removable, cadmium-plated 

fasteners. 

D. Equipment Mounting: 

1. Install ground-mounted, compressor-condenser components on cast-in-place concrete 

equipment base(s).   

2. Comply with requirements for vibration isolation and seismic control devices specified in 

Section 230548 "Vibration and Seismic Controls for HVAC." 

E. Install and connect precharged refrigerant tubing to component's quick-connect fittings.  Install 

tubing to allow access to unit. 

3.2 CONNECTIONS 

A. Where piping is installed adjacent to unit, allow space for service and maintenance of unit. 

B. Duct Connections:  Duct installation requirements are specified in Section 233113 "Metal 

Ducts." Drawings indicate the general arrangement of ducts.  Connect supply and return ducts 

to split-system air-conditioning units with flexible duct connectors.  Flexible duct connectors 

are specified in Section 233300 "Air Duct Accessories." 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

C. Tests and Inspections: 

1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest 

until no leaks exist. 

2. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 

3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

D. Remove and replace malfunctioning units and retest as specified above. 

E. Prepare test and inspection reports. 
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3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain units. 

END OF SECTION 238126 
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SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 IMPOSED REGULATIONS

A. Applicable provisions of the State and Local Codes and of the following codes and standards 
in addition to those listed elsewhere in the specifications are hereby imposed on a general 
basis for electrical work: codes and standards listed on the electrical drawings.

1.2 SCOPE OF WORK

A. Provide all labor, materials, equipment and supervision to construct complete and operable 
electrical systems as indicated on the drawings and specified herein.  All materials and 
equipment used shall be new, undamaged and free from any defects.

1.3 RELATED DOCUMENTS AND OTHER INFORMATION

A. The general provisions of the Contract, including General and Supplementary Conditions and 
General Requirements, apply to the portions of work specified in each and every Section of 
this Division, individually and collectively.

1.4 EXISTING SERVICES AND FACILITIES

A. Damage to Existing Services: Existing services and facilities damaged by the Contractor 
through negligence or through use of faulty materials or workmanship shall be promptly 
repaired, replaced, or otherwise restored to previous conditions by the Contractor without 
additional cost to the Owner.

B. Interruption of Services: Interruptions of services necessary for connection to or modification 
of existing systems or facilities shall occur only at prearranged times approved by the Owner. 
 Interruptions shall only occur after the provision of all temporary work and the availability 
of adequate labor and materials will assure that the duration of the interruption will not 
exceed the time agreed upon.

C. Removed Materials: Existing materials made unnecessary by the new installation shall be 
stored on site. They shall remain the property of the Owner and shall be stored at a location 
and in a manner as directed by the Owner. If classified by the Owner's authorized 
representative as unsuitable for further use, the material shall become the property of the 
Contractor and shall be removed from the site at no additional cost to the owner.

1.5 PRODUCT WARRANTIES

A. Provide manufacturer's standard printed commitment in reference to a specific product and 
normal application, stating that certain acts of restitution will be performed for the Purchaser 
or Owner by the manufacturer, when and if the product fails within certain operational 
conditions and time limits.  Where the warranty requirements of a specific specification 
section exceed the manufacturer's standard warranty, the more stringent requirements will 
apply and modified manufacturer's warranty shall be provided.  In no case shall the 
manufacturer's warranty be less than one (1) year.



COMMON WORK RESULTS FOR ELECTRICAL 260500 - 2

1.6 PRODUCT SUBSTITUTIONS

A. General:  Materials specified by manufacturer's name shall be used unless prior approval of 
an alternate is given by addenda.  Requests for substitutions must be received in the office of 
the Engineer at least 10 days prior to opening of bids. 

1.7 ELECTRICAL DRAWINGS

A. Electrical contract drawings are diagrammatic and indicate the general arrangement of 
electrical equipment.  Do not scale electrical plans.  

B. Coordinate installation of electrical equipment with the structural and mechanical equipment 
and access thereto.  Coordinate exterior electrical work with civil and landscaping work.

C. Discrepancies shown on different drawings, between drawings and specifications or between 
documents and field conditions shall be installed to provide the better quality or greater 
quantity of work; or, comply with the more stringent requirement; either or both in 
accordance with the A/E’s interpretation.

1.8 SYSTEMS REQUIRING ROUGH-IN

A. Rough-in shall consist of all outlet boxes/raceway systems/supports and sleeves required for 
the installation of cables/devices by other Divisions and by the Owner.  It shall be the 
responsibility of this Contractor to determine the requirements by reviewing the contract 
documents and meeting with the Superintendent of the trade involved and Owner’s 
representative to review submittal data, shop drawings, etc.

B. Sealing of all sleeves, to meet the fire rating of the assembly, whether active or not, is work 
of this Division.

1.9 SUBMITTALS

A. Refer to section 260510

PART 2 - PRODUCTS

2.1 FIRESTOPPING: 

A. Refer to Division 07 sections for additional requirements.

B. A firestop system shall be used to seal penetrations of electrical conduits and cables through 
fire-rated partitions per the NEC. The firestop system shall be qualified by formal 
performance testing in accordance with ASTM E-814, or UL 1479.  

C. The firestop system shall consist of a fire-rated caulk type substance and a high temperature 
fiber insulation.  It shall be permanently flexible, waterproof, non-toxic, smoke and gas tight 
and have a high adhesion to all solids so damming is not required.  Only metal conduit shall 
be used in conjunction with this system to penetrate fire rated partitions.  Install in strict 
compliance with manufacturer's recommendations.  3M, Hilti, STI or equal
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D. Comply with TIA/EIA-569-A, Annex A, "Firestopping."

E. Comply with BICSI TDMM, "Firestopping Systems" Article.

PART 3 - EXECUTION

3.1  PRODUCT INSTALLATION, GENERAL

A. Except where more stringent requirements are indicated, comply with the product 
manufacturer's installation instructions and recommendations, including handling, anchorage, 
assembly, connections, cleaning and testing, charging, lubrication, startup, test operation and 
shut-down of operating equipment.  Consult with manufacturer's technical experts, for 
specific instructions on unique product conditions and unforeseen problems.

B. Protection and Identification: Deliver products to project properly identified with names, 
models numbers, types, grades, compliance labels and similar information needed for distinct 
identifications; adequately packaged or protected to prevent deterioration during shipment, 
storage and handling.  Store in a dry, well ventilated, indoor space, except where prepared 
and protected by the manufacturer specifically for exterior storage.

C. Permits and Tests: Provide labor, material and equipment to perform all tests required by the 
governing agencies and submit a record of all tests to the Owner or his representative.  
Notify the Architect five days in advance of any testing.

D. Install temporary protective covers over equipment enclosures, outlet boxes and similar items 
after interiors, conductors, devices, etc. are installed, to prevent the entry of construction 
debris and to protect the installation during finish work performed by others. Do not install 
device plates, equipment covers or trims until finish work is complete.

E. Clean all equipment, inside and out, upon completion of the work. Scratched or marred 
surfaces shall be touched-up with touch-up paint furnished by the equipment manufacturer.

F. Replace all equipment and materials that become damaged.

G. No more than three phase conductors, each of opposite phases for a three phase WYE 
system, shall be combined in a single raceway unless written approval is granted by the 
engineer or noted otherwise on the construction documents. (For 120 volt and 277 volt 
receptacle and lighting circuits are no more than 3 circuits unless written approval is granted 
by the engineer or noted otherwise on the construction documents.)

3.2 LOW VOLTAGE CABLING SEPARATION FROM EMI SOURCES

A. Comply with BICSI TDMM and TIA/EIA-569-A recommendations for separating unshielded 
copper voice and data communication cable from potential EMI sources, including electrical 
power lines and equipment.

B. Separation between open communications cables or cables in nonmetallic raceways and 
unshielded power conductors and electrical equipment shall be as follows:

1. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches 
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2. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12 inches
3. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24 inches 

C. Separation between communications cables in grounded metallic raceways and unshielded 
power lines or electrical equipment shall be as follows:

1. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2 inches 
2. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches 
3. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches 

D. Separation between communications cables in grounded metallic raceways and power lines 
and electrical equipment located in grounded metallic conduits or enclosures shall be as 
follows:

1. Electrical Equipment Rating Less Than 2 kVA:  No requirement.
2. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3 inches
3. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches 

E. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and 
Larger:  A minimum of 48 inches 

F. Separation between Cables and light fixtures:  A minimum of 5 inches 

3.3 EQUIPMENT PROTECTION

A. Equipment and materials shall be protected during shipment and storage against physical 
damage, vermin, dirt, corrosive substances, fumes, moisture, cold and rain.

B. Store equipment indoors in clean dry space with uniform temperature to prevent 
condensation.  Equipment shall include but not be limited to switchgear, switchboards, 
panelboards, transformers, motor control centers, motor controllers, uninterruptible power 
systems, enclosures, controllers, circuit protective devices, cables, wire, light fixtures, 
electronic equipment, and accessories.

C. During installation, equipment shall be protected against entry of foreign matter; and be 
vacuum-cleaned both inside and outside before testing and operating.  Compressed air shall 
not be used to clean equipment.  Remove loose packing and flammable materials from inside 
equipment.

D. Damaged equipment shall be, as determined by the Engineer, placed in first class operating 
condition or be returned to the source of supply for repair or replacement.

E. Painted surfaces shall be protected with factory installed removable heavy kraft paper, sheet 
vinyl or equal.

F. Damaged paint on equipment and materials shall be refinished with the same quality of paint 
and workmanship as used by the manufacturer so repaired areas are not obvious.

3.4 ELECTRICAL WORK:

A. Electrical work shall be accomplished with all affected circuits or equipment de-energized. 
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B. Nothing in the above shall impose any duty on the Architects and Architect’s consultants, 
nor relieve the General Contractor and its subcontractors of its obligations, duties and 
responsibilities including but not limited to, construction means, methods, sequence, 
techniques or procedures necessary for performing, superintending and coordinating the 
Electrical Work in accordance with the Contract Documents and any health or safety 
precautions required by any regulatory agencies.  

END OF SECTION 260500
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SECTION 260501 - ELECTRICAL DEMOLITION

PART 1 - GENERAL

1.1 Not Used

PART 2 - PRODUCTS

2.1 Not Used

PART 3 - EXECUTION

3.1 EXAMINATION

A. Field verify measurements and circuiting arrangements are as shown on Drawings.

B. Verify that abandoned wiring and equipment serve only abandoned facilities.

C. Demolition drawings are based on casual field observation.

D. Report discrepancies to Engineer before disturbing existing installation.

E. Beginning of demolition means installer accepts existing conditions.

3.2 PREPARATION

A. Provide temporary wiring and connections to maintain existing systems in service during 
construction. 

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK

A. Maintain electrical service to areas outside of the construction area.

B. Remove, relocate, and extend existing installations to accommodate new construction.

C. Remove abandoned wiring to source of supply.

D. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling 
finishes.  Cut conduit flush with walls and floors, and patch surfaces.

E. Disconnect and remove electrical devices and equipment serving utilization equipment that 
has been removed.

F. Repair adjacent construction and finishes damaged during demolition and extension work.

G. Maintain access to existing electrical installations that remain active.  Modify installation or 
provide access panel as appropriate.

H. Extend existing installations using materials and methods compatible with existing electrical 
installations, or as specified.
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I. Remove all abandoned conductors and cables within the construction area.

3.4 REUSE OF EXISTING MATERIALS

A. Where new devices are to replace existing, it shall be permissible to reuse existing outlet 
boxes and branch circuit conduits.  It shall be the responsibility of the Contractor to ensure 
that existing outlet boxes and conduits that are reused comply with requirements for new.

B. The reuse of conduits (not remaining in place), conductors, and devices is not permitted.

3.5 CUTTING AND PATCHING

A. Structural Limitations: Do not cut structural framing, walls, floors, decks, and other members 
intended to withstand stress, except with the Engineer’s written authorization.  Authorization 
will be granted only when there is no other reasonable method for completing the electrical 
work, and where the proposed cutting clearly does not materially weaken the structure.

B. Cutting Concrete: Where authorized, cut openings through concrete (for conduit penetrations 
and similar services) by core drilling or sawing.  Do not cut by hammer-driven chisel or drill. 
Prior to cutting of existing concrete walls, floors, or ceilings x-ray existing concrete to locate 
existing hidden utilities.

C. Other Work: Do not endanger or damage other work through the procedures and process of 
cutting to accommodate electrical work.  Review the proposed cutting with the Installer of the 
work to be cut, and comply with his recommendations to minimize damage. Where 
necessary, engage the original Installer or other specialists to execute the cutting in the 
recommended manner.

D. Patching:  Where patching is required to restore other work, because of cutting or other 
damage inflicted during the installation of electrical work, execute the patching in the manner 
recommended by the original Installer. Restore the other work in every respect, including the 
elimination of visual defects in exposed finished, as judged by the Engineer.  Engage the 
original Installer to complete patching of various categories of work including: concrete and 
masonry finishing, waterproofing and roofing, exposed wall finishes, etc.

3.6 CLEANING AND REPAIR

A. Clean and repair existing materials and equipment that remain or that are to be reused.

B. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace 
damaged circuit breakers and provide closure plates for vacant positions.

3.7 LABELING

A. Provide typed circuit directory showing revised circuiting arrangement.

END OF SECTION 260501
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SECTION 260510 – ELECTRICAL SUBMITTALS

PART 1 - GENERAL

1.1 RELATED REQUIREMENTS

A. Comply with the applicable requirements of the Division 1 specifications (013300) and the 
requirements of this Division of the specifications.

1.2 SUBMITTALS

A. Submit for review by the Engineer Architect a schedule with engineering data of materials 
and equipment to be incorporated in the work.  Submittals shall be supported by descriptive 
materials, i.e., catalog sheets, product data sheets, diagrams, performance curves and charts 
published by the manufacturer, warranties, etc., to show conformance to Specifications and 
Plan requirements; model numbers alone shall not be acceptable.  Data submitted for review 
shall contain all information to indicate compliance with Contract Documents.  Complete 
electrical characteristics shall be provided for all equipment. Submittals for lighting fixtures 
shall include Photometric Data. The Engineer reserves the right to require samples of any 
equipment to be submitted for review.

B. The purpose of shop drawing review is to demonstrate to the Architect that the Contractor 
understands the design concept.  The Architect's review of such drawings, schedules, or cuts 
shall not relieve the Contractor from responsibility for deviations from the drawings or 
specifications unless he has, in writing, called the Architect's attention to such deviation at 
the time of submission, and received written permission from the Architect for such 
deviations.

C. Where cut sheets include an entire product family, mark all specific items to be utilized for 
this project on equipment cut sheets.  Generic cut sheets with no indication of which items 
on the cut sheet shall be used will be rejected.

D. Response to Submittals: Shop drawings shall be returned by the Electrical Engineer with the 
following classifications:

1. "No Exceptions Taken": No corrections, no marks.  Contractor shall submit copies 
for distribution

2. "Make Corrections Noted": A few minor corrections. Items may be ordered as 
marked up without further resubmission.  Submit copies for distribution.

3. "Amend and Resubmit": Minor corrections.  Item may be ordered at the Contractor's 
risk.  Contractor shall resubmit drawings with corrections noted.

4. "Rejected - Resubmit": Major corrections or not in accordance with the contract 
documents.  No items shall be ordered.  Contractor shall correct and resubmit 
drawings.

E. Prior Approvals and Shop Drawings must be hand delivered, received by mail, or email.
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F. Equipment and materials requiring submittals:
1. Section 260500 – Common Work Results for Electrical

a. Product Warranties
b. Firestopping Materials
c. Firestopping Installation Drawings for each conduit penetration, cable in metal 

sleeve penetration and blank metal sleeve penetration for each type of wall/floor 
construction encountered.

2. Section 260511 – Electrical Work Closeout
a. Record Drawings
b. Record Manuals
c. Close out submittals
d. Training verification

3. Section 260512 – Electrical Coordination
a. Coordination Affidavit

4. Section 260519 – Low-Voltage Electrical Conductors and Cables 
a. Splice Kits
b. Waterproof Wire Connectors
c. Wire

5. Section260526 – Grounding and Bonding for Electrical Systems
a. Grounding Connections
b. Ground Wire

6. Section 260529 – Hangers and Supports for Electrical Systems
a. Product Data

7. Section 260533 – Raceway and Boxes for Electrical Systems
a. Raceway
b. Boxes
c. Enclosure ratings
d. Dimension data
e. Conduit Bodies, Fittings, Outlet Boxes, and Covers

8. Section 260548 – Vibration and Seismic Controls for Electrical Systems
a. Submit seismic force level (Fp) calculations from applicable building code. 
b. Submit pre-approved restraint selections and installation details 
c. Restraint selection and installation details shall be sealed  by a professionally 

licensed engineer experienced in seismic restraint design.
d. Submit manufacturer's product data on strut channels including, but not limited 

to, types, materials, finishes, gauge thickness, and hole patterns.  For each 
different strut cross-section, submit cross sectional properties including Section 
Modulus (Sx) and Moment of Inertia (Ix).

9. Section 260553 – Identification for Electrical Systems
a. Product data for all labeling products

10. Section 262400 – Switchboards and Panelboards
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a. Circuit Breaker Product data

11. Section 262816 – Enclosed Switches and Circuit Breakers
a. Product data
b. Enclosures
c. Dimensional Data
d. Control Wiring Diagrams
e. Accessories
f. Short Circuit Current Rating
g. Test reports
h. Indicate on the submittal the name of the load served by each device submitted. 

PART 2 - PRODUCTS

2.1 Not Used. 

PART 3 - EXECUTION

3.1 MANUFACTURER’S DATA

A. Include the manufacturer's comprehensive product data sheet and installation instructions. 
Where operating ranges are shown, mark data to show portion of range required for project 
application. Where pre-printed data sheet covers more than one distinct product-size, type, 
material, trim, accessory group or other variations, delete or mark-out portions of the pre-
printed data which are not applicable.

3.2 EQUIPMENT LIST

A. Where more than one type of a product is being used (i.e. starters, disconnects, breakers, etc.) 
provide a list with each submittal correlating the type and size of product to the load served.

3.3  TEST REPORTS

A. Submit test reports which have been signed and dated by the firm performing the tests, and 
prepare in the manner specified in the standard or regulation governing the tests procedure as 
indicated.

END OF SECTION 260510
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SECTION 260511 - ELECTRICAL WORK CLOSEOUT

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510.

1.2 RELATED SECTIONS

A. Refer to section 017839 for additional requirements.

PART 2 - PRODUCTS

2.1 RECORD DRAWINGS

A. Except where otherwise indicated, electrical drawings prepared by Engineer are 
diagrammatic in nature and may not show locations accurately for various components of 
electrical system. Shop drawings, including coordination drawings, prepared by the 
Contractor show portions of work more accurately to scale and location, and in greater detail. 
 It is recognized that actual layout of installed work may vary substantially from both 
Contractor drawings and shop drawings.

B. The electrical superintendent shall maintain a white set of contract documents and shop 
drawings in clean, undamaged condition, for mark-up of actual installations which vary 
substantially from the work as shown.  PDF or digital mark-ups is acceptable alternates 
Mark-up whatever drawings are most capable of showing installed conditions accurately.  
However, where shop drawings are marked, record a reference note on appropriate contract 
drawings.  Mark with erasable pencil, and use multiple colors to aid in the distinction 
between work of separate electrical systems.  These documents shall be used for no other 
purpose.  In general, record every substantive installation of electrical work which previously 
is either not shown or shown inaccurately, but in any case, record the following:

1. Post all addenda prior to beginning work.
2. Underground feeder conduits, both interior and exterior, drawn to scale and fully 

dimensioned.
3. Work concealed behind or within other work, in a non-accessible arrangement.
4. Mains and branches of wiring systems, with panelboards and control devices located 

and numbered, with concealed splices located, and with devices requiring 
maintenance located.

5. Scope of each change order (C.O.), noting C.O. number.

C. Upon each visit by the Architect/Engineer, the Contractor shall demonstrate that the record 
documents are being kept current, as specified hereinbefore.

2.2 RECORD MANUALS 

A. Record manuals shall include the following:
1. Manufacturer’s operation and maintenance manuals for:

a. Circuit Breakers
b. Enclosed Switches
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2. Shop drawings, revised to reflect all review comments, supplemented with the 
installation instructions shipped with equipment.

3. One copy of all revised panelboard directories.
4. All field test Reports
5. Electrical Contractor’s Warranty

B. Submit record manuals in quantities and in the format prescribed in the Division 1 
specifications.

PART 3 - EXECUTION

3.1 SITE VISITS 

A. At all construction observations by the Engineer, the Contractor shall demonstrate to the 
Engineer that all work is complete in accordance with the contract documents and that all 
systems have been tested and are fully operational. The Contractor shall furnish the 
personnel, tools and equipment required to inspect and test all systems.

END OF SECTION 260511
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SECTION 260512 - ELECTRICAL COORDINATION

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510.

PART 2 - PRODUCTS

2.1 ELECTRICAL WORK SCHEDULE

A. After the award of contract, the Contractor shall prepare a detailed schedule (aka milestone 
chart) using “Microsoft Project” software or equivalent.  The Contractor Project Schedule 
(CPS) shall indicate detailed activities for the projected life of the project.  The CPS shall 
consist of detailed activities and their restraining relationships.  It will also detail manpower 
usage throughout the project.

2.2 EQUIPMENT REQUIRING ELECTRICAL SERVICE

A. Provide electrical connections for all electrically driven equipment. Final connections are 
electrical work, except as otherwise noted. Obtain a copy of the shop drawings of equipment. 
Review shop drawings to verify electrical characteristics and to determine rough-in 
requirements, final connection requirements, location of disconnect switch, etc. Notify the 
General Contractor if the information received is ambiguous or incomplete. Keep a copy of 
these shop drawings at the project site throughout the course of construction.

B. Equipment to be connected includes, but is not limited to the following:
1. HVAC Equipment

C. The design of circuits for electrically driven equipment is based on the product of one 
manufacturer and may not be representative of all acceptable manufacturers.  If equipment 
furnished has differing characteristics, make necessary adjustments to circuit components at 
no additional cost to the Owner, subject to the approval of the Engineer. 

D. Provide motor starters and disconnects for all mechanical equipment unless provided by the 
mechanical contractor.

PART 3 - EXECUTION

3.1 COORDINATION OF MECHANICAL INSTALLATION:

A. Attachment Number 1 shall be filled out and returned with shop drawing submittals.  The 
intent of Attachment Number 1 is to ensure that the electrical requirements for equipment 
have been reviewed and coordinated by the Contractor.  No electrical equipment shall be 
ordered, nor shall rough-in begin, before this coordination has taken place.  This document 
shall be returned appropriately marked whether or not any changes are deemed to be 
necessary by the contractor.
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ATTACHMENT NO. 1

SHOP DRAWING COORDINATION AFFIDAVIT
                                
I, the undersigned, certify that I have reviewed the equipment shop drawings for electrically driven 
equipment and that the accompanying electrical shop drawings reflect the requirements of the actual 
equipment to be furnished for use on this project.  The following deviations from design drawings were 
required to serve the furnished equipment:        

ITEM CKT.DESIG.  BKR.SIZE CONDUIT/WIRE DISC.SIZE     STARTER

 New     Old New     Old   New     Old New     Old New     Old

NOTE:  If no deviations are required, please indicate by circling the appropriate answer above your 
signature.

PROJECT: _____________________________  DEVIATIONS:  Yes /  No 

COMPANY:________________________________________________________

TITLE: _____________________ SIGNATURE: ________________________

TELEPHONE: __________________DATE:______________________________

IT IS THE RESPONSIBILITY OF THE DIVISION 26 CONTRACTOR TO OBTAIN SHOP 
DRAWING INFORMATION FROM OTHER TRADES.  FAILURE TO PERFORM THE WORK 
REQUIRED BY THIS AFFIDAVIT, PRIOR TO ORDERING MATERIALS OR ROUGHING-IN, MAY 
RESULT IN IMPROPER CONNECTIONS BEING PROVIDED.  THE EXPENSE OF CORRECTIVE 
MEASURES, IF REQUIRED, SHALL BE BORNE BY THE CONTRACTOR.  

NOTE:
PANELBOARD SHOP DRAWINGS WILL NOT BE REVIEWED UNTIL THE ELECTRICAL 
CONTRACTOR COMPLETES AND SUBMITS THIS AFFIDAVIT TO THE ELECTRICAL 
ENGINEER. 
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END OF SECTION 260512
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SECTION 260519 – LOW-VOLTAGE ELECTRICAL CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 SUMMARY

A. This section includes the requirements for the following:
1. Wire and cable for 600 volts and less.
2. Wiring connectors and connections.

1.2 SUBMITTALS

A. Refer to section 260510.

1.3 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Furnish products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated.

1.4 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Contracting; National Electrical 
Contractors Association; current edition.

B. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; current edition.

C. NFPA 70 - National Electrical Code; National Fire Protection Association, current edition.

PART 2 - PRODUCTS

2.1 WIRING REQUIREMENTS

A. Concealed Dry Interior Locations:  Use only THHN-2, THWN-2 or XHHW-2 wire in 
raceway.

B. Exposed Dry Interior Locations:  Use only THHN-2, THWN-2, or XHHW-2 in raceway.

C. Above Accessible Ceilings:  Use only THHN-2, THWN-2, or XHHW-2 in raceway.

D. Wet or Damp Interior Locations:  Use only THWN-2 or XHHW-2 in raceway.

E. Exterior locations (above or below grade) THWN-2, XHHW-2 or USE in raceway.

F. Use conductors not smaller than 12 AWG for power and lighting circuits.

G. Use conductors not smaller than 14 AWG for control circuits.

H. Metal Clad (MC) cable shall not be used unless prior approval has been granted by the 
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architect and engineer.

2.2 BUILDING WIRE

A. Conductor:  Copper.

B. Insulation Voltage Rating:  600 volts.

C. Temperature Rating: 90° C.

PART 3 - EXECUTION

3.1  INSTALLATION

A.  Pull all conductors into raceway at same time.

B.  Use suitable wire pulling lubricant for building wire 4 AWG and larger. Do not exceed 
manufacturers recommended maximum pulling tensions and sidewall pressure values. 

C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that 
will not damage cables or raceway.

D. Neatly train and lace wiring inside boxes, equipment, and panelboards.

E. Clean conductor surfaces before installing lugs and connectors.

F. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible 
temperature rise.

G. Use split bolt connectors or compression fittings for splices and taps on conductors 6 AWG 
and larger.  Tape uninsulated conductors and connector with electrical tape to 150 percent of 
insulation rating of conductor.

H. Use solderless pressure connectors with insulating covers for copper conductor splices and 
taps, 8 AWG and smaller.

I. Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 
10 AWG and smaller.

J. Tighten electrical connectors and terminals according to manufacturer’s published torque-
tightening values or UL 486A and UL 486B.

K. Identify and color code wire and cable under provisions of Section 26 05 53.  Identify each 
conductor with its circuit number or other designation indicated.

L. For each electrical connection/termination, provide a complete assembly of materials, 
including but not necessarily limited to, pressure connectors, terminals (lugs), electrical 
insulating tape, heat-shrinkable insulating tubing, cable ties, solderless wire nuts, and other 
materials necessary to complete splices and terminations.  Torque all connections according 
to installation instructions.
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M. Motor connections shall be made with compression connectors forming a bolted in-line or 
stub-type connection.  

N. Splicing of feeder conductors shall not be acceptable, unless specifically indicated on the 
drawing. Where splicing of feeder conductors is indicated, splices shall be made using 
compression type butt splice. 

O. All splices made underground or in the pipe basements shall be rated suitable for water 
immersion.

P. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of 
threaded body and insulating wedging plug or plugs for cables in riser conduits.  Plugs shall 
have number, size, and shape of conductor gripping pieces as required to suit individual 
conductors or cables supported.  Body shall be malleable iron.

3.2 LABELING

A. Color Coding
1. Color shall be green for grounding conductors.
2. The color of the circuit conductors shall be as follows:

120/208 volt, 3-phase Phase A - Black
Phase B -Red
Phase C - Blue
Neutral - White

277/480 volt, 3-phase: Phase A - Brown
Phase B - Orange
Phase C - Yellow
Neutral – Gray

3.3 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA STD ATS, except Section 4.

B. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2.

END OF SECTION 260519
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SECTION 260526 – GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Grounding and bonding components.

1.2 SUBMITTALS

A. Refer to section 260510.

1.3 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

1.4 REFERENCES

A. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; current edition.

B. NFPA 70 - National Electrical Code; National Fire Protection Association; current edition.

C. IEEE Standard 142 “Green Book” – Recommended Practices for Grounding of industrial and 
Commercial Power Systems; current edition.

PART 2 - PRODUCTS

2.1 CONDUCTORS

A. Electrical Grounding conductors:  Unless otherwise indicated, provide bare or green 
insulated stranded copper electrical grounding conductors sized according to NEC or as 
shown or specified.  Provide green insulated for conductors sized No. 10 AWG and smaller. 

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify existing conditions prior to beginning work.

B. Verify that final backfill and compaction has been completed before driving rod electrodes.

3.2 CORROSION INHIBITORS

A. When making ground and ground bonding connections, apply a corrosion inhibitor to all 
contact surfaces.  Use corrosion inhibitor appropriate for protecting a connection between the 
metals used.
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B. Where concrete penetration is necessary, non-metallic conduit shall be cast flush with the 
points of concrete entrance and exit so as to provide an opening for the ground wire and the 
opening shall be sealed with a suitable compound after installation of the ground wire.

3.3 SECONDARY EQUIPMENT AND CIRCUITS 

A. Switchgear, Panelboards, Disconnects, Switchboards; Connect metallic conduits, which 
terminate without mechanical connection to the housing, by grounding bushings and 
grounding conductor to the equipment ground bus.

B. Feeders and Branch Circuits: Install equipment grounding conductors with all feeders and 
power branch circuits, sized in accordance with Article 250 of NFPA 70. 

C. Boxes, Cabinets, Enclosures, and Panelboards: 
1. Bond the equipment grounding conductor to each pullbox, junction box, outlet box, 

device box, cabinets, and other enclosures through which the conductor passes 
(except for special grounding systems for intensive care units and other critical units 
shown). 

2. Provide lugs in each box and enclosure for equipment grounding conductor 
termination. 

3. Provide ground bars in panelboards, bolted to the housing, with sufficient lugs to 
terminate the equipment grounding conductors. 

D. Motors and Starters: Provide lugs in motor terminal box and starter housing or motor control 
center compartment to terminate equipment grounding conductors. 

E. Metallic Conduit: Metallic conduits which terminate without mechanical connection to an 
electrical equipment housing by means of locknut and bushings or adapters, shall be 
provided with grounding bushings. Connect bushings with a bare grounding conductor to the 
equipment ground bus. 

3.4 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA STD ATS except Section 4.

B. Perform inspections and tests listed in NETA STD ATS, Section 7.13.

END OF SECTION 260526
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SECTION 260529 – HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. This section includes the requirements for the following:
1. Conduit and equipment supports.
2. Anchors and fasteners.

1.2 SUBMITTALS

A. Refer to section 260510.

1.3 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated.

1.4 REFERENCE STANDARDS

A. NECA 1 - Standard Practices for Good Workmanship in Electrical Contracting; National 
Electrical Contractors Association; current edition.

PART 2 - PRODUCTS.

2.1 MATERIALS

A. Hangers, Supports, Anchors, and Fasteners - General:  Corrosion-resistant materials of size 
and type adequate to carry the loads of equipment and conduit, including weight of wire in 
conduit.

B. Supports:  Fabricated of structural steel or formed steel members; galvanized, or PVC.

C. Anchors and Fasteners:
1. Do not use powder-actuated anchors.
2. Concrete Structural Elements:  Use precast inserts, expansion anchors, or preset 

inserts.
3. Steel Structural Elements:  Use beam clamps, steel spring clips, steel ramset 

fasteners, or welded fasteners.
4. Concrete Surfaces:  Use self-drilling anchors or expansion anchors.
5. Hollow Masonry, Plaster, and Gypsum Board Partitions:  Use toggle bolts or hollow 

wall fasteners.
6. Solid Masonry Walls:  Use expansion anchors or preset inserts.
7. Sheet Metal:  Use sheet metal screws.
8. Wood Elements:  Use wood screws.

PART 3 - EXECUTION
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3.1 INSTALLATION

A. Install hangers and supports as required to adequately and securely support electrical system 
components, in a neat and workmanlike manner, as specified in NECA 1.

1. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit.

B. Cutting or Holes:
1. Cut holes through concrete and masonry in new and existing structures with a 

diamond core drill or concrete saw. Pneumatic hammer, impact electric, hand or 
manual hammer type drills are not allowed.

C. Rigidly weld support members or use hexagon-head bolts to present neat appearance with 
adequate strength and rigidity.  Use spring lock washers under all nuts.

D. Install surface-mounted cabinets and equipment with minimum of four anchors.

E. In wet and damp locations use steel channel supports to stand cabinets, disconnects and 
panelboards 1 inch (25 mm) off wall.

F. Use sheet metal channel to bridge studs above and below cabinets and panelboards recessed 
in hollow partitions.

G. Use stamped steel bridges to fasten flush mounting outlet box between studs.

H. Use adjustable steel channel fasteners for hung ceiling outlet box.

I. Do not fasten boxes to ceiling support wires.

J. Support boxes independently of conduit, except cast box that is connected to two rigid metal 
conduits both supported within 12 inches of box.

K. Support conduit using coated steel or malleable iron straps, lay-in adjustable hangers, clevis 
hangers, and split hangers.

L. Group related conduits; support using conduit rack.  Construct rack using steel channel; 
provide space on each for 25 percent additional conduits

M. Do not support conduit with wire, wire ties, or perforated pipe straps.  Remove wire used for 
temporary supports.

N. Do not attach conduit to ceiling support wires.

END OF SECTION 260529
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SECTION 260533 – RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510

1.2 QUALITY ASSURANCE

A. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for purpose 
specified and shown.

1.3 REFERENCE STANDARDS

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 
current edition

B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT); 
current edition

C. ANSI C80.5 - American National Standard for Electrical Rigid Aluminum Conduit (ERAC); 
current edition

D. NECA 1 - Standard Practices for Good Workmanship in Electrical Contracting; National 
Electrical Contractors Association; current edition

E. NECA 101 - Standard for Installing Steel Conduit (Rigid, IMC, EMT); National Electrical 
Contractors Association; current edition

F. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical 
Metallic Tubing, and Cable; National Electrical Manufacturers Association; current edition

1.4 DELIVERY, STORAGE, AND HANDLING

A. Accept conduit on site.  Inspect for damage

B. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide 
appropriate covering.

PART 2 - PRODUCTS

2.1 CONDUIT REQUIREMENTS

A. Conduit Size:  Comply with NFPA 70.
1. Minimum Size:  3/4 inch

B. Wet and Damp Locations:  
1. Exterior above ground and in pipe basements: RMC, IMC, or LFMC (LFMC shall be 

only used with restrictions, see conduit installation)
2. Interior: RMC, IMC, or LFMC (LFMC shall be only used with restrictions, see 
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conduit installation)

C. Dry Locations:
1. Concealed:  Use EMT or FMC (FMC shall be only used with restrictions, see conduit 

installation)
2. Exposed:  Use EMT or FMC (FMC shall be only used with restrictions, see conduit 

installation)

D. Area subject to physical damage: RMC, IMC, or LFMC (LFMC shall be only used with 
restrictions, see conduit installation)

1. “Areas subject to physical damage” shall be defined as the most stringent of the 
following:

a. Exposed conduit below eight feet above finished floor. 
b. As interpreted by the authority having jurisdiction (AHJ).

2.2 METAL CONDUIT

A. Rigid Steel Galvanized Conduit (RMC):  ANSI C80.1.

B. Intermediate Metal Conduit (IMC): ANSI C80.6.

C. Fittings and Conduit Bodies:  NEMA FB 1; material to match conduit.
1. Fittings shall meet the requirements of UL 514B and ANSI/ NEMA FB1. 
2. Standard threaded couplings, locknuts, bushings, and elbows: Only steel or malleable 

iron materials are acceptable. Integral retractable type IMC couplings are also 
acceptable.

3. Die-cast or pressure-cast zinc-alloy fittings or fittings made of "pot metal" are 
prohibited.

4. Locknuts: Bonding type with sharp edges for digging into the metal wall of an 
enclosure. 

5. Bushings: Metallic insulating type, consisting of an insulating insert molded or 
locked into the metallic body of the fitting. Bushings made entirely of metal or 
nonmetallic material are not permitted. 

6. Sealing fittings: Threaded cast iron type. Use continuous drain type sealing fittings to 
prevent passage of water vapor. In concealed work, install fittings in flush steel boxes 
with blank cover plates having the same finishes as that of other electrical plates in 
the room.

2.3 FLEXIBLE METAL CONDUIT

A. FLEXIBLE METAL CONDUIT (FMC) Description:  Interlocked steel construction.  
Flexible metal conduit shall conform to UL 1.

B. Fittings:  NEMA FB 1.
1. Conform to UL 514B. Only steel or malleable iron materials are acceptable.
2. Die-cast or pressure-cast zinc-alloy fittings or fittings made of "pot metal" are 

prohibited.
3. Clamp type, with insulated throat.

2.4 LIQUIDTIGHT FLEXIBLE METAL CONDUIT
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A. LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC) Description:  Interlocked steel 
construction with PVC jacket. Liquid-tight flexible metal conduit: Shall Conform to UL 360.

B. Fittings:  UL 514B and ANSI/ NEMA FB1.
1. Only steel or malleable iron materials are acceptable.
2. Die-cast or pressure-cast zinc-alloy fittings or fittings made of "pot metal" are 

prohibited.
3. Fittings must incorporate a threaded grounding cone, a steel or plastic compression 

ring, and a gland for tightening. Connectors shall have insulated throats.
4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness, 0.040 inch, with 

overlapping sleeves protecting threaded joints.

2.5 ELECTRICAL METALLIC TUBING

A. ELECTRICAL METALLIC TUBING (EMT) Description:  ANSI C80.3

B. Fittings and Conduit Bodies:  NEMA FB 1; steel compression type.
1. Fittings shall meet the requirements of UL 514B and ANSI/ NEMA FB1.
2. Only steel or malleable iron materials are acceptable.
3. Die-cast or pressure-cast zinc-alloy fittings or fittings made of "pot metal" are 

prohibited.
4. Couplings and connectors: Concrete tight and rain tight, with connectors having 

insulated throats. Use gland and ring compression type couplings and connectors for 
conduit sizes 50mm (2 inches) and smaller. 

5. Indent type connectors or couplings are prohibited.

2.6 EXPANSION AND DEFLECTION COUPLINGS

A. Conform to UL 467 and UL 514B.

B. Accommodate, 0.75 inch deflection, expansion, or contraction in any direction, and allow 30 
degree angular deflections.

C. Include internal flexible metal braid sized to guarantee conduit ground continuity and fault 
currents in accordance with UL 467, and the NEC code tables for ground conductors.

D. Jacket: Flexible, corrosion resistant, watertight, moisture and heat resistant molded rubber 
material with stainless steel jacket clamps.

2.7 CORROSION PROTECTION

A. Corrosion protection for conduits passing through concrete slabs shall be by one of the 
following means:  field-wrapped with 3M Scotchrap No. 50, 2-inch wide (minimum), with a 
50 percent overlay, or shall have a factory-applied polyvinyl chloride, plastic resin, or epoxy 
coating. 

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify routing and termination locations of conduit prior to rough-in.
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B. Any conduit routing shown on drawings in approximate locations unless dimensioned.  Route 
as required to provide a complete wiring system.

3.2 CONDUIT INSTALLATION

A. Install conduit securely, in a neat and workmanlike manner, as specified in NECA 101.

B. Waterproofing: At floor, exterior wall, and roof conduit penetrations, completely seal 
clearances around the conduit and make watertight.

C. Arrange supports to prevent misalignment during wiring installation.

D. Arrange conduit to maintain headroom and present neat appearance.

E. Route exposed conduit parallel and perpendicular to walls.

F. Route conduit installed above accessible ceilings parallel and perpendicular to walls.

G. Route conduit in and under slab from point-to-point.

H. Maintain adequate clearance between conduit and piping.

I. Maintain 12 inch (300 mm) clearance between conduit and surfaces with temperatures 
exceeding 104 degrees F (40 degrees C).

J. Cut conduit square using saw or pipecutter; de-burr cut ends.

K. Bring conduit to shoulder of fittings; fasten securely.

L. For power conduits install no more than equivalent of three 90 degree bends between boxes.  
Use conduit bodies to make sharp changes in direction, as around beams.  Use hydraulic one 
shot bender to fabricate bends in metal conduit larger than 2 inch (50 mm) size.

M. Avoid moisture traps; provide junction box with drain fitting at low points in conduit system.

N. Provide suitable fittings to accommodate expansion and deflection where conduit crosses 
seismic, control, and expansion joints.

O. Seal the inside of all conduits where conduit passes below floor or outside of the building. 

P. Provide suitable pull string in each empty conduit except sleeves and nipples.

Q. Use suitable caps to protect installed conduit against entrance of dirt and moisture.

R. Do not install FMC or LFMC in lengths over 6’.

S. Use LFMC or FMC only to connect to equipment subject to vibration or to suspended light    
fixtures.

T. Wherever possible, install horizontal raceway runs above water and drain piping. Give the 
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right-of-way in confined spaces to piping that must slope for drainage and to larger HVAC 
ductwork and similar services that are less conformable than electrical services. 

U. Complete the installation of electrical raceways before starting installation of cables within 
raceways.  

V. Raceways shall not be installed exposed in finished spaces.  Install concealed in walls, 
ceilings, below slab-on-grade or embedded in slabs above grade.

3.3 BOX INSTALLATION

A. Boxes for Concealed Conduits:
1. Flush mounted.
2. Provide raised covers for boxes to suit the wall or ceiling, construction and finish.

B. In addition to boxes shown, install additional boxes where needed to prevent damage to 
cables and wires during pulling in operations. 

C. Remove only knockouts as required and plug unused openings. Use threaded plugs for cast 
metal boxes and snap-in metal covers for sheet metal boxes.

D. Minimum size of outlet boxes for ground fault interrupter (GFI) receptacles is 4 inches square 
by 2-1/8 inches deep, with device covers for the wall material and thickness involved.

E. Clean all debris out of floor boxes.

3.4 IDENTIFICATION

A. Stencil or install phenolic nameplates on covers of the boxes identified on riser diagrams; for 
example "SIG-FA JB No. 1"

B. On all concealed junction box covers, identify the circuits with black marker. For exposed 
junction boxes use printed labels. 

END OF SECTION 260533
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SECTION 260548 – VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510.

1.2 QUALITY ASSURANCE

A. Submittals must be signed and sealed shop drawings from a professional engineer licensed in 
the state that the project is located in. Shop drawings to include project specific details, 
sketches, product data cut sheets.

B. The contractor shall provide pre-engineered seismic restraint systems to meet total design 
lateral force requirements for support and restraint of piping, conduit, cable trays and other 
similar systems and equipment where required by the applicable building code.

C. System Supports/Restraints Manufacturers shall be firms regularly engaged in the 
manufacture of products of the types specified in this section, whose products have been in 
satisfactory use in similar service for not less than 5 years.

PART 2 - PRODUCT

2.1 SEISMIC BRACING 

A. General:
1. Seismic restraint designer shall coordinate all attachments with the structural 

engineer of record.
2. Design analysis shall include calculated dead loads, static seismic loads, and capacity 

of materials utilized for the connection of the equipment or system to the structure.
3. Analysis shall detail anchoring methods, bolt diameter, and embedment depth.
4. All seismic restraint devices shall be designed to accept without failure the forces 

calculated per the details and notes on the construction documents

B. Friction from gravity loads shall not be considered resistance to seismic forces.

PART 3 - EXECUTION

3.1 INSTALLATION

A. All seismic restraint systems shall be installed in strict accordance with the manufacturer’s 
seismic restraint guidelines manual and all certified submittal data

B. Installation of seismic restraints shall not cause any change in position of equipment or 
piping, resulting in stresses or misalignment.

C. No rigid connections between equipment and the building structure shall be made that 
degrade the noise and vibration-isolation system specified.

D. Do not install any equipment, piping, duct, or conduit that makes rigid connections with the 
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building.

E. Prior to installation, bring to the architect’s/engineer’s attention any discrepancies between 
the specifications and the field conditions, or changes required due to specific equipment 
selection.

F. Bracing may occur from flanges of structural beams, upper truss cords of bar joists, cast in 
place inserts, or wedge-type concrete anchors.  Consult structural engineer of record.

G. Overstressing of the building structure shall not occur from overhead support of equipment.  
Bracing attached to structural members may present additional stresses.  The contractor shall 
submit loads to the structural engineer of record for approval in this event.

H. Brace support rods when necessary to accept compressive loads.  Welding of compressive 
braces to the vertical support rods is not acceptable.

I. Provide reinforced clevis bolts where required.

J. Seismic restraints shall be mechanically attached to the system.  Looping restraints around 
the system is not acceptable.

K. Do not brace a system to two independent structures such as a ceiling and wall.

L. Provide appropriately sized openings in walls, floors, and ceilings for anticipated seismic 
movement.  

M. Provide seismic controls as required for all existing electrical items exposed during 
renovations.

3.2 FIELD QUALITY CONTROL

A. Inspect all seismic supports after installation and submit a report from a professional engineer 
licensed in the state that the project is located in.

END OF SECTION 260548
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SECTION 260553 – IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510.

PART 2 - PRODUCTS

2.1 NAMEPLATES AND LABELS

A. Nameplates:  Engraved three-layer laminated plastic, black letters on white background 
unless noted otherwise.

B. Locations:
1. Each electrical distribution and control equipment enclosure.

C. Letter Size:
1. Use 1/4 inch (6 mm) letters for identifying grouped equipment and loads.

D. Labels:  Embossed adhesive tape, with 3/16 inch (5 mm) white letters on black background.  
Use only for identification of individual wall switches, receptacles, and control device 
stations.  Labels shall identify the panel and circuit number (Ex: PANEL: CIRCUIT).

E. Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking.
1. Minimum Width:  3/16 inch (5 mm).
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  7000 psi (48.2 

MPa).
3. UL 94 Flame Rating:  94V-0.
4. Temperature Range:  Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).
5. Color:  burgundy.

PART 3 - EXECUTION

3.1 PREPARATION

A. Degrease and clean surfaces to receive nameplates and labels.

3.2 INSTALLATION

A. Install nameplates and labels parallel to equipment lines.

B. Secure nameplates to equipment front using corrosion resistant screws.

C. Secure nameplates to inside surface of door on panelboard that is recessed in finished 
locations.

D. Provide name plates on all disconnects, panelboards, switchboards, switchgear, transformers, 
and motor starters.
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E. Provide labels on all receptacles, light switches, and wall mounted occupancy sensors.

END OF SECTION 260553
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SECTION 262400 – SWITCHBOARDS AND PANELBOARDS

PART 1 - GENERAL

1.1 SUBMITTALS

A. See section 260510.

1.2 QUALITY ASSURANCE

A. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated.

1.3 REFERENCE STANDARDS

A. NECA 1 - Standard Practices for Good Workmanship in Electrical Contracting; National 
Electrical Contractors Association; current edition.

B. NEMA PB 1 - Panelboards; National Electrical Manufacturers Association; current edition.

C. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of 
Panelboards Rated 600 Volts or Less; National Electrical Manufacturers Association; current 
edition.

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; current edition.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Eaton Electrical/Cutler-Hammer

B. GE Industrial

C. Square D

D. Siemens

2.2 CIRCUIT BREAKERS

A. For circuit breakers over 200 amps provide -Adjustable Trip molded case, solid state 
adjustable trip type circuit breakers.

1. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 
(where indicated) 

2. Trip units shall have field adjustable tripping characteristics as follows: 
a. Ampere setting (continuous). 
b. Long time band. 
c. Short time trip point. 
d. Short time delay. 
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e. Instantaneous trip point. 

B. For all circuit breakers 200 amps and smaller provide - Molded Case Circuit Breakers:  
Thermal magnetic trip circuit breakers. 

1. Type SWD for lighting circuits.
2. Type HACR for air conditioning equipment circuits.
3. Class A ground fault interrupter circuit breakers where scheduled.
4. Do not use tandem circuit breakers.

2.3 CONTROL WIRING:

A. Control wiring shall be 600 volt class B stranded SIS. Install all control wiring complete at 
the factory adequately bundled and protected. Wiring across hinges and between shipping 
units shall be Class C stranded. Size in accordance with NEC. Provide control circuit fuses. 
Provide integral power supply in switchgear for control power.

2.4 SHORT CIRCUIT CURRENT RATING: 

A. Devices which achieve the level of fault protection indicated by means of "series" or 
"integrated" rating shall not be acceptable unless specifically indicated on the drawings. All 
panelboards shall be fully rated.

B. Minimum SSCR
1. 208 Volt Panelboards:  Minimum 22,000 amperes rms symmetrical unless noted 

otherwise on plans.
2. 480 Volt Panelboards: Minimum 22,000 amperes rms symmetrical unless noted 

otherwise on plans.
3. Match existing equipment short circuit current ratings.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Provide filler plates for unused spaces in panelboards.

B. Provide typed circuit directory for each branch circuit panelboard.  Revise directory to reflect 
circuiting changes required to balance phase loads.

C. Ground and bond panelboard and switchboard enclosure according to Section 26 05 26.

D. Do not splice conductors in panelboard or switchboard enclosure.

E. Piggy-back or tandem type breakers shall not be used. 

F. Multi-pole breakers shall be common trip, with a single handle. 

3.2 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA STD ATS, except Section 4.

B. Perform inspections and tests listed in NETA STD ATS, Section 7.5 for switches, Section 7.6 
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for circuit breakers.

3.3 ADJUSTING

A. Adjust the breaker trip set points per the values provided by the engineer, per an Overcurrent 
protective device study provided by the contractor.

B. Touch-up scratched or marred surfaces to match original finish.

C. Clean all debris from panel interiors.

D. Provide a typed legend for all modified or new electrical panels. Update the panel board 
schedules after load balancing.

E. Identify load served and location by room names assigned by user, not by room numbers on 
floor plans.  Note spares and spaces as such.

3.4 CLEARANCE AND WORKSPACE  

END OF SECTION 262400
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SECTION 262816 – ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 SUBMITTALS

A. Refer to section 260510.

1.2 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications: Company specializing in manufacturing the products specified 
in this section with minimum three years documented experience.

C. Products: Furnish products listed and classified by Underwriters Laboratories Inc.; or testing 
firm acceptable to authority having jurisdiction as suitable for purpose specified and 
indicated.

1.3 REFERENCES 

A. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association; 
current edition.

B. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association; current edition.

C. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; current edition.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Acceptable manufacturers
1. Eaton Electrical/Cutler-Hammer
2. GE Industrial
3. Square D
4. Siemens

2.2 NON-FUSIBLE SWITCH

A. Non-fusible Switch Assemblies: NEMA KS 1, Type HD enclosed load interrupter knife 
switch.

1. Externally operable handle interlocked to prevent opening front cover with switch in 
ON position.

2. Handle lockable in OFF position.

2.3 FUSIBLE SWITCH

A. Fusible Switch Assemblies: NEMA KS 1, Type HD enclosed load interrupter knife switch.
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1. Externally operable handle interlocked to prevent opening front cover with switch in 
ON position.

2. Handle lockable in OFF position.
3. Fuse clips: Designed to accommodate NEMA FU1, Class R or J fuse

B. Fusible switches serving elevators shall be provided with a set of Form C contacts.

2.4 ENCLOSURES

A. Enclosures:  NEMA KS 1.
1. Interior Dry Locations:  Type 1.
2. Exterior Locations:  NEMA 4X stainless steel.
3. Kitchen and locations subjected to hose down: gasketed, stainless steel, NEMA 4X 

Rated.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install in accordance with Manufacturer’s instructions.

B. Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size 
installed.

C. All switches associated with outdoor equipment shall be located as close to the equipment as 
possible (when equipment is in a service yard, switches shall also be in the service yard) and 
mounted such that the top of the switch is no more than 6'-6" above grade.  All switches 
associated with equipment mounted above a lay-in ceiling shall also be located above the lay-
in ceiling.

D. Coordinate safety and disconnect switch installation with surrounding equipment to provide 
unobstructed access to the switch (4 foot clearance) and to ensure that the switch is within 
sight of the controller or driven equipment.  

3.2 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA STD ATS, except Section 4.

B. Perform inspections and tests listed in NETA STD ATS, Section 7.5.

C. Touch-up scratched or marred surfaces to match original finish.

D. Clean all debris from enclosure interiors.

3.3 LABELING

A. Provide nameplates on all switch enclosures wherein new circuits are modified or installed. 
Indicate the following information:

1. Equipment Switch Serves.
2. Branch Circuit.
3. Voltage, phase, wire, short circuit current rating
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4. Date installed

3.4 CLEARANCE AND WORKSPACE  

A. Maintain workspace and clearances as required by the NEC for the voltage encountered. No 
pipes or ducts shall pass above the outline of the switch enclosure.  It shall be the 
responsibility of this Contractor to make sure that other trades do not encroach on this space. 

END OF SECTION 262816
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