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ADDENDUM NO. 3

DATE: September 16, 2025

DEPARTMENT OF GENERAL SERVICES
BUREAU OF CAPITAL PROJECT DESIGN MANAGEMENT

1800  HERR STREET
HARRISBURG, PENNSYLVANIA

ADDENDUM NO.  3

on

PROJECT NO. DGS C-0948-0087 PHASE 001
PROJECT TITLE - PA State Museum - Paver Repair/Replacement
PROFESSIONAL:
Chris Dawson Architect LLC
210 North 3rd Street, Suite C
Harrisburg, PA, 17101

If you submitted a bid prior to this Addendum being issued, your bid has been discarded and you 
must re-submit your bid(s) prior to the bid opening date and time.  

ADMINISTRATIVE CHANGES – ALL CONTRACTS
 
Item 1 – CLARIFICATION - All four prime contracts are out to Bid, HVAC is a Low Bid, all others are a 
best Value award model.
 
Item 2 – CLARIFICATION - Deadline for submitting questions is Saturday September 27, 2025 
(09/27/2025).
 
Item 3 – CLARIFICATION - If the existing topping slab is removed, the allowable live load on the 
structural slab can locally be increased in-kind in proportion to the amount of topping removed.  For 
reference, the existing pavers and topping slab are approximately 80 psf of dead load.

Item 4 – CLARIFICATION – Proposers shall include the unit price schedule in the Cost Submittal 
Envelope.
 
SPECIFICATION CHANGES – ALL CONTRACTS
 
Item 1 – Section 221423, 3.1, H: CLARIFICATION - all drains are to be provided by the .3 (Plumbing) 
Contractor and installed by the .1 (General) Contractor. Layout would be by the .1 contractor.  All core 
drilling and final connections will be by the .3 (Plumbing) Contractor.
 
Item 2 – Section 221413, 3.1, A: CLARIFICATION - the .3 (Plumbing) Contractor is responsible to meet 
the requirements for excavating, trenching, and backfilling specified in the Earth Moving specification 
section. 
 
Item 3 – Section 019100: Paragraph 1.5.G.15, Paragraph 1.5.P.6, Paragraph 1.5.P.13 and Paragraph 3.3.C: 
REMOVE references to spec section 080800
 
Item 4 – Section 019100 1.2: CLARIFICATION - Commissioning will be completed by the Department's 
commissioning agent, CxGBS. Contractors shall coordinate with the commissioning agent as required.
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Item 5 – Appendix B: ADD C-0948-0087 Probe Report to provide additional insight for contractors
 
Item 6 – Section 078413 2.1,1: CLARIFICATION – Performance of penetration firestopping system tests 
by a qualified testing agency acceptable to authorities having jurisdiction, is the responsibility of the prime 
contractor who created the penetration.
 
Item 7 - Section 071413 2.1, A, 4: REVISE to "Carlisle Companies Inc., Henry a Carlisle Company; Henry 
790-11"
DRAWING CHANGES – ALL CONTRACTS
 
Item 1 – Sheet C-102: CLARIFICATION – per sheet P-805, all existing plaza surface drains, including 
but not limited to trench drains, to be removed and replaced by .3 (Plumbing) Contractor.
 
Item 2 – Sheet C-104 Note: REVISE to remove the word “EXISTING”. The note will read “CONNECT 
UNDERDRAIN TO DRAINS WITH SOLID PVC PIPE (TYP. OF 8 LOCATIONS)”
 
Item 3 – CLARIFICATION - Existing topping slab thickness varies; Maximum known thickness of 
existing topping slab is ~8” and is sloped for drainage.
 
Item 4 – CLARIFICATION - Existing waterproofing membrane to be removed is documented as asphaltic 
based on the exploratory demolition.
 
Item 5 – Sheet CS2 Note 6: DELETE from documents. Per General Conditions to the Construction 
Contract, Prime Contractors shall not obtain building permits. Labor & Industry (L&I) has already reviewed 
and issued the building permit for the project.
 
Item 6 – Sheet CS2 Note 8: DELETE from documents. 
 
Item 7 – Sheets C-107 & C-701: REVISE, Base Bid Callouts, refer to updated sheets C-107 & C-701
 
Item 8 – Sheet AD101: REVISE Elevation Tag in northeast corner from referencing 4 / AD204 & 6 / 
AD204 to reference 3 / AD202 & 4 / AD202
 
Item 9 – Sheet AD101 & following Demo Sheets Demo Note Key D2.4: REVISE 2nd sentence to read: 
“REMOVE RIGID INSULATION, AND SLOPED CONCRETE TOPPING SLAB”
 
Item 10 – Sheets ED101 & E101: REVISE to show 4 light fixtures that are also shown on 2 / AD 201, & 2 
/ A20. All 4 Existing light fixtures to be removed and reinstalled by .4 (Electrical) Contractor
 
Item 11 – A101: CLARIFICATION - .2 (HVAC) contractor to be responsible for Merv 8 filters referenced 
on sheet A101
 
Item 12 – A201, A202, & A203 Proposed Elevation Key: REVISE “Replaced Stone” to “Reinstalled 
Stone” 
 
Item 13 – Sheets CS3 & CS4: REVISE 17-part construction sequence, into 4-part construction sequence.
 
Item 14 – Sheets CS3 & CS4: REVISE Sequencing Note 11, .1 (General) Contractor shall coordinate any 
closure of the Keystone Building egress pathways during construction with the BOC and Client Agency. A 
path from C to D, or B to A to be maintained at all times during construction. Disruptions to Keystone 
building egress pathways to be kept to a minimum. Area A is now located at North St. Stairs.
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Item 15 – Sheet AD101 & following Demo Sheets Demo Note Key D12.1 & D12.2: DELETE, Items to be 
removed by Client Agency and not to be included in Bidding.
 
Item 16 – Sheet AD101 & following Demo Sheets Demo Note Key D4.3A: ADD sentence to note “IF 
BLOCK OR SUPPPORT IS UNSALVAGABLE, CONTACT ARCHITECT AND ENGINEER FOR 
REVIEW AND REPAIR SPECIFICATIONS.”
 
Item 17 – Sheet A501: detail 1 Note: REVISE to remove the words “OR PROVIDE NEW”
 
Item 18 – Sheet AD101 & following Demo Sheets General Demo Notes: REMOVE Note 7, Note 7 is 
“NOT USED”
 
Item 19 – Sheet S002 Section IX Miscellaneous Note J: CLARIFICATION - is intended to remind the 
Owner that maintenance is required throughout the lifespan of the facility. It is not intended that the 
contractor bid this item.
 
Item 20 – Sheet A504 Detail 4: REVISE waterproofing membrane location 
 
Item 21 – Sheet AD101 & following Demo Sheets General Demolition Note 2: DELETE from drawings 
 
Item 22 – Sheet A115 Partition types: ADD new construction is to match existing, CMU sizes and stud wall 
constructions and finishes to be verified in field.
 
Item 23 – Sheets P-405 & P409: REVISE plan to show division of work between .1 (General) Contractor, 
and .3 (Plumbing) Contractor
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SECTION 01 91 00 - COMMISSIONING REQUIREMENTS 
 
 

PART 1 – GENERAL 

1.1 RELATED SECTIONS 

A. Section 07 08 00 – Commissioning of Thermal and Moisture Protection 

B. Section 08 08 00 – Commissioning of Openings and Fenestration Systems 

C. Section 22 08 00 – Commissioning of Plumbing Systems 

D. Section 23 08 00 – Commissioning of HVAC Systems 

E. Section 26 08 00 – Commissioning of Electrical Systems 

1.2 DESCRIPTION 

A. Commissioning: Commissioning is a systematic quality assurance process that checks and documents 
that commissioned systems are in accordance with the Owner’s objectives, criteria, and high level goals. 

B. The commissioning process does not take away from or reduce the responsibility of the designers or 
installing contractors to provide a finished and fully functioning product. 

C. Abbreviations: The following are common abbreviations used in the CxP Specifications and in the 
Commissioning Plan. Selected definitions are found in 1.2 of this Section. 

Note: The letter “C” at the end of any abbreviation denotes the word, “Contractor” 
Abbreviation Subject Abbreviation Subject 

A/E Architect/Engineer (Design 
Professional Team) CxP Commissioning Provider 

948-87.1 GC 948-87.1 General Contractor 948-87.4 EC 948-87.4 Electrical Contractor 
948-87.2 MC 948-87.2 Mechanical Contractor 948-87.3 PC 948-87.3 Plumbing Contractor 

TABC Testing and Balancing Contractor C/IC Controls and Instrumentation 
Contractor 

CWC Curtain Wall Contractor D/WC Door and Window Contractor 

DPC Dampproofing Contractor FSMC Flashing and Sheet Metal 
Contractor 

GLC Glazing Contractor MDC Metal Decking Contractor 
RFC Roofing Contractor SC Sealant Contractor 

Const-CK Construction Check List CxP-PM Commissioning Provider Project 
Manager 

HVAC Heating, Ventilation and Air 
Conditioning O&M Operations & Maintenance 

O-REP Owners Representative TP Test Procedure 
948-87.1 GC- 
SUPER 

948-87.1 General Contractor’s 
Field Superintendent 

948-87.1 GC- 
PM 

948-87.1 General Contractors 
Project Manager 

OPR Owner’s Project Requirements 
(and Performance Requirements) ESSC Electronic Safety and Security 

Contractor 

COC Communications Contractor   

 
D. Systems to be commissioned are listed in Section 019100, Part 1.06, Para. A. 

E. Commissioning requires the participation of the project team as defined in this Section 019100, Part 1.3, 
Para. A, to ensure that the selected systems are operating in a manner consistent with the Contract 
Documents. The general commissioning requirements and coordination are detailed in this Section 
019100. The project team shall be familiar with Section 019100 and the Commissioning Plan issued by 
the CxP and shall execute commissioning responsibilities assigned to them in the Contract Documents. 

1.3 DEFINITIONS 



DGS C-0948-0087 PHASE 001 01 9100 - 2 COMMISSIONING REQUIREMENTS  

Acceptance: A formal action, taken by a person with appropriate authority (which may or may not be 
contractually defined) to declare that some aspect of the project meets defined requirements, thus 
permitting subsequent activities to proceed. 
Acceptance Phase: Phase of construction after startup and initial checkout when commissioning tests, 
O&M documentation review, and training occurs. 
Approval: Acceptance that a piece of equipment or system has been properly installed and is functioning 
in the tested modes according to the contract documents. 
Architect / Engineer (A/E): (Design Professional Team) One or a multiple of professional firms that provide 
the design disciplines required for the execution of this project. 
Basis of Design (BOD): A document that records the concepts, calculations, decisions, and product 
selections used to meet the Owner’s Project Requirements and to satisfy applicable regulatory 
requirements, standards, and guidelines. The document includes both narrative descriptions and lists of 
individual items that support the design process. 
Building Enclosure: The building enclosure includes systems separating one defined environment from 
another, including walls, fenestration, roofing and roof openings, floors and or ceilings, below grade 
perimeter walls, crawlspaces and attics from the interior, slabs-on-grade and below grade perimeter walls 
and interior walls and floor/ceiling assemblies separating interior zones with differing performance criteria. 
Building Project: a task with the objective of delivering a base building or a building shell that must be 
fitted-up before it is suitable for occupancy 
Commissioning (Cx): See Commissioning Process. 
Commissioning Provider (CxP): An entity identified by the Owner who leads, plans, schedules, and 
coordinates the commissioning team to implement the Commissioning Process. 
Commissioning Construction Checklist (Const-CK): Verification checklists that are developed and used 
during all phases of the commissioning process to verify that the Owner’s Project Requirements are being 
achieved. This includes checklists for general verification, plus testing, training, and other specific 
requirements. 
Commissioning Plan (CxPlan): A document that outlines the organization, schedule, allocation of 
resources, and documentation requirements of the Commissioning Process. 
Commissioning Process: A quality-focused process for enhancing the delivery of a project. The process 
focuses upon verifying and documenting that the facility and all of its systems and assemblies are 
planned, designed, installed, tested, operated, and maintained to meet the Owner's Project Requirements. 
Commissioning Process Activities: Components of the Commissioning Process 
Commissioning Process Progress Report: A written document that details activities completed as part of 
the Commissioning Process and significant findings from those activities, and is continuously updated 
during the course of a project. Usually incorporated into the Commissioning Plan as an ongoing appendix. 
Commissioning Process Report: A document that records the activities and results of the Commissioning 
Process. Usually developed from the final Commissioning Plan with all of its attached appendices. 
Commissioning Team: The individuals who through coordinated actions are responsible for implementing 
the Commissioning Process. 
Commissioning Test – Active Test: Execution of an active test forces the system or assembly from one 
operating state to another through operator interaction. The test description includes the definition of a 
starting state and an expected response state. The test description also includes the operator interaction 
required to force the system into the expected state and the type of monitoring and data recording 
required. 
Commissioning Test – Passive Test: Execution of a passive test records the starting state or if necessary, 
places the system or assembly into a pre-defined starting state and monitors the occurrence of response 
states over a passage of time without operator interaction. The test description includes the record of a 
starting state, expected response states and describes the amount of time required to elapse before test 
completion, as well as the type of monitoring and data recording required. During execution of the test, the 
actual response states are recorded. 
Construction Checklist: A form used by the contractor to verify that appropriate components are on-site, 
ready for installation, correctly installed, and functional. 
Construction Documents (CD): This includes a wide range of documents, which will vary from project to 
project and with the Owner’s needs and with regulations, laws, and countries requirements. Construction 
documents usually include the project manual (specifications), plans (drawings) and General Terms and 
Conditions of the contract. 
Construction Manager: A professional service firm hired by an Owner to proactively advise, assist and 
manage a construction project with an emphasis on meeting goals and objectives, contracts, schedule, 
budget, scope, quality and documentation. Use of a Construction Manager is an Owners option and is not 
required. A Construction Manager may be designated as the Owner’s Representative. The scope of a 
Construction Manager’s services and responsibilities shall be clearly defined within the contract 
documents. 
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Contract Documents: This includes a wide range of documents, which will vary from project to project and 
with the Owner’s needs, regulations, laws, and countries requirements. Contract Documents frequently 
include price agreements, construction management process, subcontractor agreements or requirements, 
requirements and procedures for submittals, changes, and other construction requirements, timeline for 
completion, and the Construction Documents. 
Contractor: see General Contractor 
Coordination Drawings: Drawings showing the work of all trades to illustrate that equipment can be 
installed in the space allocated without compromising equipment function or access for maintenance and 
replacement. These drawings graphically illustrate and dimension manufacturers’ recommended 
maintenance clearances. 
Deficiency: A condition in the installation or function of a component, assembly, piece of equipment or 
system that is not in compliance with the Contract Documents (that is, does not perform properly or is not 
complying with the design intent). 
Design Authority: a prime consultant, usually an architect, responsible for the quality of the design solution 
to the owner's requirements. 
Design Professional Team: One or a multiple of professional firms that provide the design disciplines 
required for the execution of this project. Typically this team will consist of an Architectural Firm, 
Engineering Firm/s offering the required disciplines related to the building process, plus other 
professionals and consultants as required to satisfy the requirements of the project. 
Designer: a member of the project team involved in the finding of design solutions to the owner’s 
requirements and the preparation of construction and O&M documents during the conceptual design, 
construction documents (design), construction, commissioning, and operational stages of the project 
delivery. 
Equipment: A manufactured component used in the project. (Equipment, Systems and Assemblies) Used 
throughout this document to indicate building components made up of multiple parts. 
Facility Guide: A basic building systems description and operating plan with general procedures and 
confirmed facility operating conditions, set points, schedules, and operating procedures for use by facility 
operations to properly operate the facility. 
Factory Testing: Testing of equipment on-site or at the factory by factory personnel with an O-REP 
present. 
General Contractor (948-87.1 GC): The prime contractor for this project. 

 

Indirect Indicators: Indicators of a response or condition, such as a reading from a control system screen 
reporting a damper to be 100% closed. 
Issues Log: A formal and ongoing record of problems or concerns – and their resolution – that have been 
raised by members of the Commissioning Team during the course of the Commissioning Process. 
Manual Test: Using hand-held instruments, immediate control system readouts or direct observation to 
observe and verify performance (contrasted to analyzing monitored data taken over time to make the 
“observation”). 
Monitoring: The recording of parameters (flow, current, status, pressure, etc.) of equipment operation 
using data-loggers or the trending capabilities of control systems. 
Non-Compliance: See Deficiency. 
Non-Conformance: See Deficiency. 
On-Going Commissioning Process: A continuation of the Commissioning Process well into the Occupancy 
and Operations phase to continually improve the operation and performance of a facility to meet current 
and evolving Current Facility Requirements or Owner’s Project Requirements. On-Going Commissioning 
Process activities occur throughout the life of the facility; some of these will be close to continuous in 
implementation, and others will be either scheduled or un-scheduled as needed. 
Over-written Value: Writing over a sensor value in the control system to see the response of a system 
(e.g., changing the outside air temperature value from 01°F to 75°F to observe economizer operation). 
See also Simulated Signal. 
Owner: a person or legal entity that will own the delivered facility or an agent representing the owner, who 
defines the project requirements. 
Owner-Contracted Tests: Tests specified by the Architect and paid for by the Owner outside the 
Construction Contract, which the CxP does not oversee (e.g. Concrete Testing, Weld Testing). These 
tests will not be repeated during commissioning tests if properly documented. 
Owners Project Requirements (OPR): A written document that details the functional requirements of a 
project and the expectations of how it will be used and operated. This includes project goals, measurable 
performance criteria, cost considerations, benchmarks, success criteria, and supporting information. (The 
term Project Intent or Design Intent is used by some owners for their Commissioning Process Owner’s 
Project Requirements.) 
Owners Representative (O-REP): Title assigned to the individual having the authorized responsibility for 
day to day management of the project. Use of an O-REP is an Owners option and is not required. An O- 



 

REP may be a trained individual assigned the task or the employee of the Owner. The scope of O-REPs 
services and responsibilities shall be clearly defined within the contract documents. 
Performance Criteria: Indicators that allow verification that a specific Owner Requirement or element in 
the Design Narrative or Design Basis has been met. 
Performance Test (PT or FPT): Performance Testing is the process of verifying that a material, product, 
assembly or system meets defined performance criteria. The methods and conditions under which 
performance is verified are described in one or more test protocols. 
Performance Test Protocol: A Performance Test Protocol is a written collection of tests that, when 
executed in the test process, allow verification of the performance of a system or assembly. 
Phased Commissioning: Commissioning that is completed in phases (by floors, for example) due to the 
size of the structure or other scheduling issues, in order minimize the total construction time. 
Preliminary Operating Manual: an elaboration of the design intent that includes operating information 
developed during the construction documents (design) stage. 
Project Delivery Stages: the following stages in the development of a project marking the delivery of a 
distinct product: planning, conceptual design, construction document preparation, construction, 
commissioning, operation, and evaluation. 
Sampling: Commissioning testing only a fraction of the total number of identical or near identical pieces of 
equipment, systems and assemblies. Refer to Part 3.03 for details. 
Specifications: The Contract Document that complement the Drawings and provide detailed written 
instructions and standards pertaining to procedures, materials, methods, equipment and construction of 
this project. 
Static Elements: Systems or assemblies that are static in nature (not dynamic like mechanical or electrical 
systems such as windows, enclosure or roofs) may have very simplified construction checklists for 
installation and have no start-up requirements. 
Systems: Building components and equipment (architectural, mechanical, plumbing, electric, etc.), when 
installed as designed, perform in unity to serve a unique function. 
Systems Manual: A system-focused composite document that includes the operation manual, 
maintenance manual, and additional information of use to the Owner during the Occupancy and 
Operations Phase. 
Test Procedures: A written protocol that defines methods, personnel, and expectations for tests conducted 
on components, equipment, assemblies, systems, and interfaces among systems. 
Test Requirements: Requirements specifying what modes and functions, etc. shall be tested. The test 
requirements are not the detailed test procedures. The test requirements are specified in the Contract 
Documents (Sections 230800 and 260800). 
Training Plan: A written document that details the expectations, schedule, budget, and deliverables of 
Commissioning Process activities related to training of project operating and maintenance personnel, 
users, and occupants. 
Vendor: Supplier of equipment and/or products and materials. 
Warranty Period: Warranty period for entire project, including equipment components. Warranty begins at 
Substantial Completion and extends for at least one year, unless specifically noted otherwise in the 
Contract Documents and accepted submittals. 

1.3 COORDINATION 

A. Commissioning Team: The members of the commissioning team consist of the CxP, the Owner and/or 
the Owners Representative, the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, the 
Design Professionals, the MECHC, the ELECC, the TABC, the Control Contractor, and any other installing 
subcontractors or suppliers of equipment, systems and assemblies. Also, if known, the Plant Operations 
building operators are members of the commissioning team. 

B. Management: The CxP works for the Owner. The CxP directs and coordinates the project commissioning 
activities and reports to the Owner and/or the O-REP. Team members work together to fulfill their 
contracted responsibilities and meet the objectives of the contract documents. 

The following organization chart clarifies the roles. 

 

 
 

Owner’s 
Representative 

CxGBS® 

Commissioning 
Provider 
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Owner 
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C. Scheduling: The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors will work with the 
CxP, Owner and/or the O-REP, according to established protocols, to schedule the commissioning 
activities. The Contractor will provide sufficient notice to the Owner and/or O- REP and CxP for scheduling 
commissioning activities. The 1.1GC will integrate commissioning activities into the master schedule. 
Affected parties will address scheduling problems and make necessary notifications in a timely manner in 
order to expedite the commissioning process. 

1.4 COMMISSIONING PROCESS 

A. Commissioning Process: The following narrative provides a brief overview of the typical commissioning 
tasks during construction and the general order in which they occur. 

1. Contractor and any applicable subs necessary to commission systems listed in Para. 1.6 of this 
document, shall attend a Commissioning Kickoff and Scoping meeting conducted by the CxP where 
the commissioning process is reviewed with the commissioning team members. 

2. Additional Commissioning meetings, with necessary parties attending, will be required throughout 
construction, scheduled by Contractor as deemed necessary by CxP, to plan, scope, coordinate, 
schedule future activities and resolve identified issues. Typically these meetings will be either before 
or after the regular process meetings. 

3. Equipment submittals shall include manufacturer or contractor developed start-up procedures, if there 
is no provided manufacturer start up procedure, to the CxP through the normal submittal process 
along with shop drawings, equipment cut sheets, and associated manufacturer technical 
specifications. 

4. Const-CK’s are updated at the end of each week by 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948- 
87.4 EC contractors for review by the CxP during site visits. 

5. The Const-CKs and start-up procedures constitute a start-up plan which is submitted to the CxP one 
week prior to scheduled start-up for approval. 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC 
contractors will not continue forward with equipment start-up without the approved start-up plan. 948- 
87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, under their own direction, shall fully 
document the equipment start-up procedure utilizing the start-up plan. The CxP may randomly 
witness the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors execution of the start- 
up plan. 

6. Completed Const-CKs (including signatures) and equipment start-up checklists shall be provided to 
CxP for review at least 72 hours prior to requesting CxP witnessing of tests. 

7. Testing procedures developed by CxP are executed by the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 
948-87.4 EC contractors, under the direction of and documented by the CxP. 

8. Items of non-compliance in equipment and systems installation and operation are corrected at the 
contractors’ expense and re-tested. The cost of retesting any item that fails to meet the specification 
requirements as demonstrated through commissioning testing may be withheld from the 948-87.1 
GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors by the Owner. 

9. Deferred testing is conducted as specified or required. 
10. The CxP reviews the O&M documentation for completeness after the designer has approved the 

submittal and prior to turnover to the owner. 
11. The CxP reviews and approves the training agenda to be provided by the 948-87.1 GC, 948-87.2 MC, 

948-87.3 PC, 948-87.4 EC contractors and documents training. 

1.5 RESPONSIBILITIES 

A. The responsibilities of select parties in the commissioning process are summarized in the following 
articles of this Section 1.05 Responsibilities. 

B. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors are not responsible for providing 
the services of the Engineer, Designer and CxP. Their responsibilities are listed here to clarify the 
commissioning process. Responsibilities of 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC 
contractors have been broken up by discipline to increase clarity only and are not intended to specify the 
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manner which 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall follow to meet 
these requirements. 

C. The responsibilities of the Designer, Engineer and CxP shown here are not intended to alter their 
contractual responsibilities to the Owner. These responsibilities have been established by separate 
contracts of the said parties with the Owner. Their responsibilities are listed here only to clarify the 
commissioning process. 

D. All Participating Parties 

1. Follow the Commissioning Plan. 
2. Attend commissioning scoping meeting and additional meetings, as necessary. 

E. Architect (of A/E) 

Construction and Acceptance Phase 

1. Does not manage the CxP’s contract; said contract managed directly by owner. 
2. Attend and participate in the Commissioning Kickoff and Scoping meetings and selected 

commissioning team meetings. 
3. Perform normal submittal review, construction observation, as-built drawing preparation, O&M 

manual, etc., as contracted. 
4. Coordinate resolution of issues identified during the (2) two Design Reviews (DD and CD phases of 

the drawings and specifications) in according with the contract documents. 
5. Coordinate resolution of system deficiencies identified during commissioning, according to the 

contract documents. 
6. Prepare and submit record drawings and documentation for inclusion in the O&M manuals. Review 

and accept the O&M manuals. 

Warranty Period 

1. Coordinate resolution of design non-conformance and design deficiencies identified during warranty- 
period commissioning. 

F. Mechanical and Electrical Designers/Engineers (of the A/E) 

Construction and Acceptance Phase 

1. Perform normal submittal review, construction observation, as-built drawing preparation, etc., as 
contracted with Owner. Conduct one site observation just prior to system start-up. 

2. Provide design narrative and sequence of operation documentation requested by the CxP. The 
designers shall assist (along with the contractors) in clarifying the operation and control of 
commissioned equipment in areas where the Specifications, control drawings or equipment 
documentation is not sufficient for writing detailed testing procedures. 

3. Attend commissioning kickoff and scoping meetings and other selected commissioning team 
meetings as contracted with the Owner. 

4. Participate in the resolution of system deficiencies identified during commissioning, according to the 
contract documents. 

5. Coordinate resolution of issues identified during the (2) two Design Reviews (DD and CD phases of 
the drawings and specifications) in according with the contract documents. 

6. Prepare and submit record drawings and documentation for inclusion in the O&M manuals. Review 
and accept the O&M manuals. 

7. Provide a presentation in accordance with Section 017900 at the final training session for the Owner’s 
personnel. The final training will discuss the overall/general functions of mechanical and electrical 
systems. The session will also be structured to address specific topics that trainees need to discuss 
and to answer questions concerning operation of system. 

8. Review the Const-CK (equipment or system specific checklist’s prepared by CxP) for major pieces of 
equipment for sufficiency prior to their use. 

9. Review the test procedure forms for major pieces of equipment for sufficiency prior to their use. 
10. Final single line drawings for the water and air side of the entire HVAC system. Drawings should 

contain location of all dampers, coils, fans, sensors, etc. Drawings should be provided to CxP for 
review at same time as O&M Manuals (thirty (30) days prior to initial training). 

Warranty Period 

1. Participate in the resolution of non-compliance, non-conformance and design deficiencies identified 
during construction on warranty-period through the commissioning process. 
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G. Commissioning Provider (CxP): The CxP is not responsible for design concept, design criteria, 
compliance with codes, design or general construction scheduling, cost estimating, or construction 
management. The CxP may assist with problem-solving, non-conformance or deficiencies, but ultimately 
that responsibility resides with the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, 
and the A/E. The primary role of the CxP is to develop and coordinate the execution of a commissioning 
testing plan, observe and document performance that systems are functioning in accordance with the 
documented Owner’s Project Requirements and Performance Criteria and in accordance with the 
Contract Documents. The contractors will provide all tools or the use of tools to start, access equipment, 
check-out and performance test equipment and systems, except for specified testing with portable data- 
loggers, which shall be supplied and installed by the CxP. 

Construction and Acceptance Phase 

1. Coordinates and directs the commissioning activities in a logical, sequential and efficient manner 
using consistent protocols and forms, centralized documentation, clear and regular communications 
and consultations with the necessary parties, frequently updated timelines and schedules and 
technical expertise. 

2. Coordinate the commissioning work and, with the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 
EC contractors and Owner and/or O-REP, ensure that commissioning activities are being scheduled 
into the master schedule. 

3. Revise, as necessary, Commissioning Plan – Construction Phase. 
4. Plan and conduct a Commissioning Kickoff and Scoping meetings. 
5. Request and review additional information required to perform commissioning tasks, including O&M 

materials, contractor start-up and checkout procedures. Before start-up review current control 
sequences and interlocks and work with contractors and design engineers until sufficient clarity has 
been obtained, in writing, to be able to write detailed testing procedures. 

6. Develop the format for, and coordinate the completion of the emergency power and fire alarm 
response matrix as defined in this section. 

7. Review normal contractor submittals applicable to equipment, systems and assemblies being 
commissioned concurrent with the A/E reviews for compliance with commissioning, O & M needs, 
and coordination issues. 

8. Write and distribute construction checklists (Const-CK) for commissioned equipment and components 
of the building envelope. 

9. Reviews the enhanced start-up and initial systems checkout plan developed for selected equipment 
by the contractors. 

10. Perform site visits, as necessary, to observe equipment, component and systems and assembly 
installations. Attend selected planning and job-site meetings to obtain information on construction 
progress. Review construction meeting minutes for revisions/substitutions relating to the 
commissioning process. Assist in resolving discrepancies. 

11. Document construction checklist completion by reviewing completed construction checklists and by 
selected site observation. 

12. Witness the HVAC piping test and flushing procedure, sufficient to be confident that proper 
procedures were followed. Document this testing and include the documentation in O&M manuals. 
Notify Owner and/or the O-REP of any deficiencies in results or procedures. 

13. Witness ductwork testing and cleaning procedures, sufficient to be confident that proper procedures 
were followed. Document this testing and include the documentation in O&M manuals. Notify Owner 
and/or the O-REP of any deficiencies in results or procedures. 

14. Witness project specific building envelope testing. Document this testing and circulate the results. 
Notify Owner and/or the O-REP’s project manager and the 948-87.1 GC of any deficiencies in results 
or procedures. Reference Sections 070800. 

15. Document systems start-up by reviewing start-up reports and by selected site observation. 
16. Write commissioning test procedures for equipment and systems. This will include manual testing, 

energy management control system trending and may include stand-alone data-logger monitoring. 
The CxP will write detailed test procedures for commissioned equipment, systems and assemblies, 
and submit to O-REP, contractors’ and A/E for review and approval unless noted otherwise in the 
specifications. 

17. Review TAB execution plan. 
18. Witness sufficient commissioning testing of the control system to verify it may be used for TAB, 

before TAB is executed. 
19. Verify air and water systems balancing by spot testing, by reviewing completed reports and by 

selected site observation. 
20. Analyze performance trend logs and monitoring data to verify performance. 
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21. Coordinate through 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, and Owner 
and/or the O-REP, witness and verify manual PTs performed by installing Contractors. Coordinate re- 
testing as necessary until satisfactory performances achieved. 

22. Maintain a master deficiency and resolution log (Issues Log) and a separate testing record. Provide 
the O-REP and A/E with written progress reports and test results with recommended actions. 

23. Review equipment warranties to ensure that the Owner’s responsibilities are clearly defined. 
24. Oversee and verify the training of the Owner’s operating personnel. 
25. Compile and maintain a Commissioning Record and Building Systems book(s). 
26. Review and verify the preparation of the O&M manuals. 
27. Provide a Final Commissioning Report. 

Warranty Period 

1. Coordinate and supervise required seasonal or deferred testing and deficiency corrections. 
2. Return to the site at 10 months into the 12-month warranty period and review with facility staff the 

current building operation and the condition of outstanding issues related to the original and seasonal 
commissioning. Also interview facility staff and identify problems or concerns they have operating the 
building as originally intended. Make suggestions for improvements and for recording these changes 
in the O&M manuals. Identify areas that may come under warranty or under the original construction 
contract. Assist facility staff in developing reports, documents and requests for services to remedy 
outstanding problems. 

H. Owner and/or the O-REP 

Construction and Acceptance Phase 

1. Facilitate the coordination of the commissioning work by the CxP, and with the 948-87.1 GC, 948- 
87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, and CxP, ensure that commissioning activities are 
being scheduled into the master schedule. 

2. Review and Accept and/or Reject the final Commissioning Plan – Construction Phase. 
3. Attend a Commissioning Kickoff and Scoping meetings and other commissioning team meetings. 
4. Perform the normal review of contractor submittals. 
5. Authorize the GC to furnish a copy of all construction documents, addenda, change orders, approved 

submittals, shop drawings, etc. related to the project to the CxP. 
6. Review and accept and/or reject the test procedures submitted by the CxP, prior to commissioning 

testing. 
7. When necessary, observe and witness Const-CK, start-up and Commissioning Testing of selected 

equipment. 
8. Review commissioning progress and deficiency reports. 
9. Coordinate the resolution of non-compliance and design deficiencies identified in all phases of 

commissioning. 
10. Sign-off (final approval) on individual commissioning tests as completed and passing. 
11. Assist the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors in coordinating the 

training of Owner personnel. 
12. Manage the contract of the A/E and of the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC 

contractors. 

Warranty Period 

1. Assist the CxP as necessary in the seasonal or deferred testing and deficiency corrections required 
by the Specifications. 

I. Contractor – 948-87.1 General 

Construction and Acceptance Phase 

1. Facilitate the coordination of the commissioning work by the CxP with the Subs to ensure that 
commissioning activities are scheduled per project scheduling requirements and updated in the 
project specifications. 

2. Include the cost of commissioning incurred by the Contractor in the contract price. 
3. Forward completed Const-CKs to CxP weekly or monthly as specified. 
4. In each purchase order or subcontract written, include requirements for submittal data, O&M data, 

commissioning tasks and training. 
5. Ensure that Subcontractors and equipment or material suppliers execute their commissioning 

responsibilities according to the bidding documents and schedule. 
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6. Schedule and attend a Commissioning Kickoff and Scoping meeting and other necessary meetings 
requested by the CxP to facilitate the commissioning process. 

7. Assemble and maintain a digital consolidated set of all project drawings and specifications in PDF 
form. The consolidated set shall be updated and kept current within 7 days of the contractor 
receiving revisions from the Architect/Engineer. The consolidated set shall include the original project 
construction documents as a reference, and the revised sections shall be crossed out and new 
information added to make the consolidated set. The 948-87.1 GC shall provide a copy of this 
consolidated set to the CxP within 72 hours of a request. 

8. Address current punch list items before scheduling commissioning testing. 
9. Verify completion of Const-CK and Coordinate test schedule with CxP and required contractors. 
10. Provide skilled technicians to execute starting of equipment and execution of commissioning tests. 

Ensure that required personnel are available and present, during the agreed-upon schedule, and to 
complete test procedure adjustments and problem solving unidentified issues. Correct deficiencies 
(differences between specified and observed performance) as interpreted by the CxP, Designer and 
Engineer and retest the equipment as necessary. 

11. Prepare red-line as-built drawings that properly identify field conditions from contractor-generated 
coordination drawings. 

12. Provide and coordinate training of the Owner’s operating personnel as specified and outlined in the 
Section 017900 and the Commissioning Plan. 

13. Provide a complete summary of manufacturers to determine requirements to maintain the validity of 
the materials, equipment, system and warranty. 

14. Prepare O&M manuals, according to the bidding documents, including clarifying and updating the 
original sequences of operation to as-built conditions and sent to CxP for review thirty (30) days prior 
to initial training. 

15. Provide additional requested documentation, prior to normal O&M manual submittals, as outlined in 
Para. 1.07 of this section. 

16. Contractor shall provide CxP with fall protection (safety harness) as necessary for CxP site 
observations. Each CxP on site shall receive fall protection. 

Warranty Period 

1. Ensure seasonal, post occupancy and deferred testing (if required) is executed and witnessed by the 
CxP, according to the Project Manual. 

2. Ensure that deficiencies are corrected and necessary adjustments made to O&M manuals and as- 
built drawings for applicable issues identified in any seasonal or deferred testing. 

J. Contractor – 948-87.2 Mechanical, 948-87.3 Plumbing, Controls, and HVAC Test & Balance 

Construction and Acceptance Phases 

1. Contractor shall assist (along with the Designer) in clarifying the operation and control of 
commissioned equipment in areas where the Specifications, control drawings or equipment 
documentation is not sufficient for writing detailed testing procedures. 

2. Provide limited assistance to the CxP in preparing the Test Procedures as specified in Sections 
230800 and 220800. Contractor shall review test procedures to ensure feasibility, safety and 
equipment protection and provide necessary written alarm limits to be used during the tests. 

3. Develop a full start-up and initial checkout plan using manufacturer’s start-up procedures and the 
Const-CK from the CxP for commissioned equipment. Submit to CxP for review and approval prior to 
start-up. Refer to Section 019100 3.02 for further details on start-up plan preparation. 

4. Perform and clearly document the start-up and system operational checkout procedures, providing a 
completed copy to the CxP. 

5. Air and water TAB shall be completed with discrepancies and problems remedied before 
commissioning testing of the respective air- or water-related systems. 

K. Contractor – 948-87.2 Mechanical: The responsibilities of the Contractor, during construction and 
acceptance phases in addition to those listed in F. above are: 

1. Assist and cooperate with Testing and Balancing and CxP by: 
a. Putting all HVAC equipment and systems into operation and continuing the operation during 

each working day of TAB and commissioning, as required. 
b. Including cost of sheaves and belts changes that may be required by TAB. 
c. Providing test holes in ducts and plenums where directed by TAB to allow air measurements and 

air balancing. Provide an approved plug. 
d. Providing temperature and pressure taps according to the Construction Documents for TAB and 

commissioning testing. 
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2. Install a Pressure/Temperature (P/T) plug within 12” of water sensors that are input points to the 
control system. 

3. List and clearly identify on the as-built drawings and system manual drawings the locations of air-flow 
stations. 

4. Prepare a preliminary schedule for Divisions 22 and 23 pipe and duct system testing, flushing and 
cleaning, equipment start-up for use by the CxP. Update the schedule as appropriate. 

5. Notify the CxP when pipe and duct system testing, flushing, cleaning, start-up of each piece of 
equipment. Notify the CxP, ahead of time, when commissioning activities not yet performed or not 
yet scheduled will delay construction. Be proactive in seeing that commissioning processes are 
executed and that the CxP has the scheduling information needed to efficiently execute the 
commissioning process. 

L. Contractor - 948-87.2 Controls and Instrumentation: The commissioning responsibilities of the Contractor, 
during construction and acceptance phases in addition to those listed in F above are: 

1. Sequences of Operation Submittals: The Contractor’s submittals of control drawings shall include 
complete detailed sequences of operation for each piece of equipment, regardless of the 
completeness and clarity of the sequences in the Specifications. They shall include: 

 
a. An overview narrative of the system (1 or 2 paragraphs) generally describing its purpose, 

components and function. 
b. Interactions and interlocks with other systems. 
c. Written sequences of control for packaged controlled equipment. (Equipment manufacturers’ 

stock sequences may be included, but will generally require additional narrative). 
d. Start-up sequences. 
e. Warm-up mode sequences. 
f. Normal operating mode sequences. 
g. Unoccupied mode sequences. 
h. Shutdown sequences. 
i. Capacity control sequences and equipment staging. 
j. Temperature and pressure control: setbacks, setups, resets, etc. 
k. Detailed sequences for all control strategies, e.g., economizer control, optimum start/stop, 

staging, optimization, demand limiting, etc. 
l. Effects of power or equipment failure with standby component functions. 
m. Schedules of alarms and trigger setpoints. 
n. Emergency shutdown procedures. 
o. Schedule of original setpoints, parameters, and other control settings or fixed values, delays, etc. 

that will be useful during testing of equipment. 
p. Seasonal operational differences and recommendations. 
q. Schedule of final setpoints and parameters that are typically set or adjusted by operating staff; 

and any other control settings or fixed values, delays, etc. that will be useful during operation of 
the equipment. 

r. To facilitate referencing in testing procedures, sequences shall be written in small statements, 
each with a number for reference. For a given system, numbers will not repeat for different 
sequence sections, unless the sections are numbered or provide ladder logic diagrams 
illustrating the control programming. 

2. Control Drawings Submittal 
 

a. The control drawings shall have a key to all abbreviations. 
b. The control drawings shall contain graphic schematic depictions of the systems and each 

component. 
c. The schematics will include the system and component layout of any equipment that the control 

system monitors, enables or controls, even if the equipment is primarily controlled by packaged 
or integral controls. 

d. Provide a full points list with at least the following included for each point: 

1) Controlled system 
2) Point abbreviation/label 
3) Point description - DB temp, airflow, etc. 
4) Display unit 
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5) Control or set point - point that controls equipment and can have its setpoint changed (OSA, 
SAT, etc.) 

6) Monitoring point - Point that does not control or contribute to the control of equipment, but is 
used for operation, maintenance, or performance verification. 

7) Intermediate point - point whose value is used to make a calculation which then controls 
equipment (space temperatures that are averaged to a virtual point to control reset). 

8) Calculated point - virtual point generated from calculations of other point values. The 
Contractor shall keep the CxP informed of all changes to this list during programming and 
setup. 

3. An updated as-built version of the control drawings and sequences of operation shall be included in 
the final controls O&M manual submittal and a copy furnished to the CxP. 

4. Assist and cooperate with the CxP in the following manner: 

a. Using a skilled technician who is familiar with this building, execute the testing of the controls 
system as specified for Contractor in Sections 230800, 220800, and 260800. Assist in the 
testing of equipment specified in Sections 230800, 220800, and 260800. 

b. Execute control system trend logs specified in Sections 230800 and 220800. 
 

5. Prior to functional testing of the controls system, furnish electronic copies of the controls 
programming language, completed floor plan graphics, and completed equipment graphic to the CxP 
and DP for review and approval. 

6. The Contractor shall prepare a written plan, indicating in a step-by-step manner, the procedures that 
will be followed to verify the control system. At minimum, the plan shall include for each type of 
equipment controlled by the automatic controls: 

 
a. System name 
b. List of devices 
c. Step-by-step procedures for testing each controller after installation, including: 

 
1) Process of checking proper hardware and wiring installation. 
2) Process of downloading programs to local controllers and checking that they are addressed 

correctly. 
3) Process of performing operational checks of each controlled component. 
4) Plan and process for calibrating valve and damper actuators and all sensors. 
5) A description of the expected field adjustments for transmitters, controllers and control 

actuators which can be used in the event that control responses fall outside of expected 
values. 

7. Provide a signed and dated certification to the CxP upon completion of the checkout of each 
controlled device, equipment and system prior to testing for each piece of equipment or system, that 
system programming is complete as to respects of the Bidding Documents, except testing 
requirements. 

8. Beyond the control points necessary to execute documented control sequences, provide monitoring, 
control and virtual points as specified. 

9. List and clearly identify on the as-built duct and piping drawings the locations of static and differential 
pressure sensors (air, water and building pressure). 

10. Provide fittings, operations, and connections necessary for testing CO2, CO, VOC, particulate, etc. 
sensors installed as part of the building automation system. CxP will provide test gas as appropriate 
for each sensor. 

M. Contractor – 948-87.2 Testing, Adjusting & Balancing (TAB): The duties of the Contractor, in addition to 
those listed in F & G above are: 

1. Submit the outline of the TAB plan and approach for each system and component to the CxP six (6) 
weeks prior to starting the TAB. This plan will be developed after the Contractor has some familiarity 
with the control system and general construction schedule. 

2. The submitted plan will include: 
 

a. Certification that the Contractor has reviewed the construction documents and the systems with 
the design engineers and contractors to sufficiently understand the design intent for each 
system. 
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b. An explanation of the intended use of the building control system. The Contractor will comment 
on feasibility of the plan. 

c. Field checkout sheets and logs to be used that list each piece of equipment to be tested, 
adjusted and balanced with the data cells to be gathered for each. 

d. Discussion of what notations and markings will be made on the installed duct and piping and 
their associated drawings during the process. 

e. Final test report forms to be used. 
f. Detailed step-by-step procedures for TAB work for each system and issue: terminal flow 

calibration (for each terminal type), diffuser proportioning, branch / sub-main proportioning, total 
flow calculations, rechecking, diversity issues, expected problems and solutions, etc. Criteria for 
using air flow straighteners or relocating flow stations and sensors will be discussed. Provide the 
analogous explanations for the water side. 

g. List of all air flow, water flow, sound level, electrical data, system capacity and efficiency 
measurements to be performed and a description of specific test procedures, parameters, 
formulas to be used. 

h. Details of how total flow will be determined (Air: sum of terminal flows via BAS calibrated 
readings or via hood readings of terminals, supply (SA) and return air (RA) pitot traverse, SA or 
RA flow stations. Water: pump curves, circuit setter, flow station, ultrasonic, etc.). 

i. The identification and types of measurement instruments to be used, their serial numbers and 
most recent calibration date. 

j. Specific procedures that will ensure that both air and water side are operating at the lowest 
possible pressures and methods that will be used to check this. 

k. Confirmation that TAB understands the outside air ventilation criteria under all conditions. 
l. Details of how minimum outside air cfm will be verified and set and minimum/maximum setpoints 

with summation of the difference between exhaust and make-up air at minimum OSA 
setpoints(total building, zone, etc.). 

m. Details of how building static and exhaust fan / relief damper capacity will be checked. 
n. Proposed selection points for sound measurements and sound measurement methods. 
o. Details of methods for making any specified coil or other system plant capacity measurements. 
p. Details of any TAB work to be done in phases (by floor, etc.) or of areas to be built out later. 
q. Details regarding specified deferred or seasonal TAB work. 
r. Details of all exhaust fan balancing and capacity verifications, including any required room 

pressure differentials. 
 

3. A running log of events and issues shall be kept by the Contractor. Submit hand-written reports of 
discrepancies, deficient or uncompleted work by others at completion of each week to the CxP. 

4. Communicate, in writing to the Contractor and CxP, all set point and parameter changes made or 
problems and discrepancies identified during TAB which affect the control system setup and 
operation. 

5. Provide a draft TAB report within two weeks of completion to CxP with a copy to the Engineer. The 
report will contain a full explanation of the methodology, assumptions and the results in a clear format 
with designations of uncommon abbreviations and column headings. The report should follow the 
latest and most rigorous reporting recommendations by AABC, NEBB or ASHRAE Standard 111. 

6. Provide the CxP and Engineer with any requested data gathered, but not shown on the draft reports. 
7. Provide a final TAB report to the CxP and the Engineer with details, as in the draft. 
8. Conduct Tests and checks as necessary to demonstrate the accuracy of the report to the CxP as 

specified for TAB in Sections 230800 and 220800. 

N. Contractor – 948-87.4 Electrical, Communications, Electronic Safety and Security: The commissioning 
responsibilities applicable to the Contractor for electrical systems are as follows (all references apply to 
commissioned equipment only): 

Construction and Acceptance Phases 

1. Contractor shall assist (along with the design engineers) in clarifying the operation and control of 
commissioned equipment in areas where the Specifications, control drawings or equipment 
documentation are not sufficient for writing detailed testing procedures. 

2. The contractor shall review test procedures to ensure feasibility, safety and equipment protection and 
provide necessary written alarm limits to be used during the tests. 

3. Perform and clearly document completed start-up and system operational checkout procedures, 
providing a copy to the CxP for review. 

O. Material Suppliers 
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1. Provide all requested submittal data, including detailed start-up procedures and specific 
responsibilities of the Owner to keep warranties in force. 

2. Assist in equipment testing per agreements with Subcontractors. 
3. Include all special tools and instruments (only available from vendor, specific to a piece of equipment) 

required for testing equipment according to these bidding documents in the base bid price to the 
contractor, except for stand-alone data-logging equipment that may be used by the CxP. 

4. Provide information requested by CxP regarding equipment sequence of operation and testing 
procedures. 

5. Review test procedures for equipment installed by factory representatives. 
6. Provide and assist contractors in training of owner’s operating personnel in accordance with Section 

017900. 

P. Contractors – 948-87.1 Building Envelope: The commissioning responsibilities applicable to the Contractor 
for building envelope systems are as follows: 

Construction and Acceptance Phases 

1. Attend a Commissioning Kickoff and Scoping meeting and other meetings necessary to facilitate the 
commissioning process. 

2. Contractors shall provide the CxP with normal cut sheets and shop drawing submittals of 
commissioned components and composite assemblies. 

3. Provide additional requested documentation, prior to completion of mock-up assemblies, to the CxP 
for finalizing commissioning testing procedures. 

 
a. Typically, this will include detailed manufacturer installation instructions, testing laboratory 

certifications/reports, maintenance procedures, full details of any Owner-contracted tests, full 
factory testing reports, and full warranty information, including responsibilities of the Owner to 
keep the warranty in force clearly identified. In addition, the installation materials that are 
actually shipped with the building envelope exterior wall components and the actual field 
checkout sheet forms to be used by the factory or field technicians shall be submitted to the CxP. 

b. The CxP may request further documentation necessary for the commissioning process. 
c. This data request may be made prior to normal submittals. 

 
4. Provide a copy of the submittals of commissioned building envelope components, through normal 

channels, to the CxP for review and comment. Provide sufficient O&M data necessary to understand, 
operate, and maintain the system and/or assemblies and to inform those not involved in the design 
and construction process about the systems and assemblies. O&M data shall be provided in 
accordance with Section 017800. 

5. Contractors shall assist (along with the design professionals) in clarifying the installation and 
operation of commissioned assemblies in areas where the Specifications or component/assembly 
documentation is not sufficient for writing detailed commissioning testing procedures. 

6. Provide limited assistance to the CxP in preparing the specific performance test procedures required. 
Subs shall review test procedures to ensure feasibility, safety and material protection during tests. 
Reference Sections 070800. 

7. Develop initial and full checkout plan using manufacturer’s procedures and the Const-CK for 
commissioned assemblies. Submit to CxP for review and approval prior to proceeding with 
installation of building envelope. 

8. During the initial checkout process, execute the Const-CKs as provided via the GC by the CxP for 
components of the exterior wall and roof assembly to be commissioned. 

9. Perform and clearly document completed checkout procedures as required and/or listed on the 
Const-CK providing a signed and dated certification copy to the CxP. 

10. At applicable wall locations, conduct performance testing before installation of insulation and interior 
closure of the wall. Address current A/E punch list items before performance testing. Exterior Wall 
Contractors will provide installation foreman to assist with execution of the TPs conducted on the 
mock-up assemblies to resolve installation issues and establish future installation practices necessary 
to correct deficiencies observed prior to commencing with installation of the exterior wall systems. 

11. Exterior Wall Contractors will ensure that the installation foreman and sufficient labor assistance are 
available and present during the scheduled tests, adjustments and problem solving events. 

12. At exterior wall, window, curtain wall, roof, roof drains, back-up drains, scuppers, skylights, etc., 
provide access to the test area for both the CxP representative and the contractor’s work force, via 
ladders, scaffolding, man-lifts, etc. If the subcontractor does not have access equipment, the 948- 
87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors are to provide the necessary 
equipment for access required for commissioning. 
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13. Provide labor necessary to execute test procedure under direction of CxP as specified in Sections 
019100, 070800. 

14. Correct deficiencies as interpreted by the CxP, 948-87.1 GC contractor, Owner and/or O-REP and 
A/E and retest as required. 

15. Prepare redline as-built mark-ups for all applicable drawing sheets in accordance with Section 
017800. 

16. Provide training of the Owner’s operating personnel as specified. 
17. Coordinate with component and/or system manufacturers to determine specific requirements to 

maintain the validity of the warranty. 
18. Prepare a preliminary schedule for exterior wall assemblies testing for use by the CxP. Update the 

schedule as appropriate. 
19. Notify the 948-87.1 GC and CxP when exterior wall assembly testing is ready to occur. Be 

responsible to notify the 948-87.1 GC and CxP, ahead of time, when commissioning activities not yet 
performed or not yet scheduled will delay construction. Take an active role in seeing that 
commissioning processes are executed and that the CxP has the scheduling information needed to 
efficiently execute the commissioning process. 

1.6 SYSTEMS TO BE COMMISSIONED 

The following systems will be commissioned in this project: 

1. Building Envelope 
(a) Plaza drainage systems 
a. Exterior Louvers and Vents 

2. Mechanical and Related Systems 
a. Thermometers and Gauges 
b. Testing and Balancing 

3. Plumbing and Related Systems 
a. Roof and plaza drainage systems 

4. Electrical and Related Systems 
a. Service Switch Gear 
b. Switchboards 
c. Distribution Panelboards 
d. Transformers 
e. Grounding and Ground Fault Systems 
f. Overcurrent Protective Devices 
g. Lighting Control 
h. Emergency Power 
i. Emergency power system 
j. Dimming controls 
k. Power Monitoring and Metering 
l. Transient Voltage Surge suppressors 
m. Variable frequency and speed drives 
n. Automatic Transfer Switches 
o. Fire alarm and smoke detectors 
p. Emergency lighting 
q. Electrical primary voltage system 

 
1.7 SUBMITTALS 

A. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall provide the CxP with a list of 
required equipment/system submittals to the CxP within 30 days of award of the contract. The CxP will 
then identify submittals to be submitted to the CxP concurrent with submission to the A/E for review. At a 
minimum, information provided to the CxP shall include product data and shop drawings, the 
manufacturer’s printed installation and detailed start-up procedures (where applicable), full sequences of 
operation, O&M data, performance data, any testing procedures, control drawings and details of owner 
contracted tests. In addition, the installation and checkout materials that are actually shipped inside the 
equipment and the actual field checkout sheet forms to be used by the factory or field technicians shall be 
submitted to the CxP. This documentation will be required prior to the normal O&M manual submittals. 
All documentation requested by the CxP shall be obtained and included by the 948-87.1 GC, 948-87.2 
MC, 948-87.3 PC, 948-87.4 EC contractors later in the O&M manuals. 9948-87.1 GC, 948-87.2 MC, 948- 
87.3 PC, 948-87.4 EC contractors shall also provide additional information required to facilitate the 
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commissioning process from a written request by the CxP. 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 
948-87.4 EC contractors are not required to provide product samples to CxP as part of submittal. 

B. These submittals to the CxP do not constitute compliance for O&M manual documentation. The O&M 
manuals are the responsibility of the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, 
though the CxP will review and check their content. 

1.8 QUALITY ASSURANCE 

A. Test Equipment. 
1. All standard testing equipment required for the Contractor to perform installation, start-up and initial 

checkout and required testing shall be provided by the Contractor. 
2. Special equipment, tools and instruments, only available from vendor, specific to a piece of 

equipment, required for testing equipment according to the Contract Documents shall be included in 
the base bid price to the Contractor and left on site. 

3. Datalogging equipment and software required to test the HVAC and mechanical equipment will be 
provided by the CxP, but shall not become the property of the Owner. 

4. Datalogging and test equipment required to test the electrical systems shall be provided by the 
Contractor but shall not become the property of the Owner. Instruments must be calibrated in 
accordance with the following frequency: 
a. Field Instruments: Analog, 6 months maximum, Digital, 12 months maximum 
b. Laboratory Instruments: 12 months 
c. Leased specialty equipment: 12 months where accuracy is guaranteed by leaser. 

5. Testing equipment shall be of sufficient quality and accuracy to test and/or measure system 
performance with the tolerances specified in the specifications. If not otherwise given, the following 
minimum requirements apply: Temperature sensors and digital thermometers shall have a certified 
calibration within the past year with an accuracy of 0.5°F and a resolution of + or - 0.1°F. Pressure 
sensors shall have an accuracy of + or - 2.0% of the value range being measured (not full range of 
meter) and have been calibrated within the last year. Equipment shall be calibrated according to the 
manufacturer’s recommended intervals and when dropped or damaged. Calibration tags shall be 
affixed or certificates readily available. 

 
PART 2 – PRODUCTS 

2.1 MATERIALS 

A. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors provides their own respective 
tools, instruments and consumables required to meet the requirements of Commissioning as described in 
this section and related sections. 

PART 3 – EXECUTION 

3.1 MEETINGS 

A. Commissioning Kick-off Meeting and Scoping Meeting: Will be conducted within 60 days from start of 
construction. Contractor will schedule with CxP a commissioning kick-off meeting with the Engineer, 
Owner, Designer, 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors, and the facility 
operator (as necessary). One week prior to this meeting, the updated Commissioning Plan will be 
distributed to all members for their review. The Commissioning Plan, the overall commissioning process, 
general responsibilities of each team member, reporting and communication protocols and next steps will 
be discussed. Information gathered from this meeting will allow the CxP to revise the Commissioning 
Plan to its final version, which will also be distributed to all parties. 

B. Miscellaneous Meetings: Other meetings will be planned and conducted by the CxP as construction 
progresses. These meetings will cover coordination, deficiency resolution and planning issues with the 
Contractor. 

3.2 CONSTRUCTION CHECKLISTS, START-UP, AND INITIAL CHECKOUT 

The following procedures apply to equipment and assemblies to be commissioned. 

A. Start-up and Initial Checkout Plan. The Contractor develops installation, start-up and initial checkout plans 
for equipment, systems and assemblies with assistance from the CxP. The 948-87.1 GC, 948-87.2 MC, 
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948-87.3 PC, 948-87.4 EC contractors provide to the CxP written documentation that each of the 
manufacturer-recommended procedures have been completed and that the systems are ready for testing. 

 
1. The start-up and initial checkout plan consists of: 

 
a. The manufacturer’s installation instructions. 
b. The vendor’s field checkout and start-up sheets. 
c. The construction checklists provided by the CxP. 

2. Manufacturer’s Installation Instructions consist of the manufacturer’s detailed start-up and checkout 
procedures copied from the O&M manual or shipped with the equipment. Each individual 
instructional procedure in these documents will be initialed when completed. 

3. Vendor field checkout sheets consist of the manufacturer’s field checkout and start-up sheets 
normally used by the manufacturer for start-up. 

4. Construction Checklists: The CxP notes which trade is responsible for executing and documenting 
each of the line item tasks in the checklists (suggestions are provided) and notes that trade on the 
checklist form. 

a. Calibrations: The construction checklists will contain requirements for calibrations. The 948-87.2 
MC contractor is responsible to calibrate all field-installed temperature, relative humidity, CO, 
CO2, and pressure sensors and gauges and actuators (dampers and valves) on equipment using 
methods approved by the CxP. Sensors installed in the unit at the factory with calibration 
certification provided need not be field calibrated. 

b. Valve leak-by tests shall be conducted by the 948-87.2 MC and 948-87.3 PC contractors when 
shown on a construction checklist. All procedures used shall be fully documented on the 
construction checklists or other suitable forms, clearly referencing the procedures followed and 
written documentation of initial, intermediate and final results. 

c. Point-to-point Checkout: Included in the checkout plan will be a point-to-point checkout of each 
control point tied to a central control system. Each point will be verified to be commanding, 
reporting and controlling according to its intended purpose. For each output, commands will be 
initiated and verified to be functioning by visually observing and documenting the status of the 
controlled device in the field (e.g., command lights or sound off, command cooling coil valve to 
full open, or command heating water pump off). For each input, the system or conditions will be 
perturbed to initiate the input response being tested and the response in the control system 
observed and recorded (e.g., high duct static pressure alarm). 

5. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors compile the full installation, 
start-up and initial checkout plan and signs a signature block at the beginning of the plan verifying the 
completion of the plan. 

6. At the CxP’s request, for complex systems or assemblies, the 948-87.1 GC, 948-87.2 MC, 948-87.3 
PC, 948-87.4 EC contractors shall develop a custom narrative description of the proposed start-up or 
concealment process taking into account interactions and impacts on other systems, construction 
coordination and scheduling, indoor air quality, system cleanliness, equipment warranty, etc. 

7. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors submit the full plan to the 
CxP for review and approval. The Owner and/or O-REP, Construction Manager or member of the 
design team may also review selected start-up plans. 

B. Execution of Construction Checklists and Start-up. 

 
1. Each piece of equipment or assembly being commissioned receives full construction checkout by the 

948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors following the approved plan and 
forms. No sampling strategies are used. Only individuals that have direct knowledge and witnessed 
that a line item task on the construction checklist was actually performed shall initial or check that 
item off. It is not acceptable for non-witnessing supervisors to fill out the forms. Construction 
Checklists shall be completed on a weekly or monthly basis and accurately represent the materials 
and equipment installed during the prescribed time period. Completed checklists shall be submitted 
at the end of the project to the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors 
who will forward to the CxP for verification. 

2. For dynamic mechanical or electrical equipment, the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948- 
87.4 EC contractors shall complete the pre-start procedures in the plan prior to starting equipment. 
For static assemblies the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall 
complete pre-concealment procedures before concealing any assembly. The 948-87.1 GC, 948-87.2 
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MC, 948-87.3 PC, 948-87.4 EC contractors shall notify the CxP at least five days in advance of any 
equipment start-up or assembly concealment and provide the CxP a copy of the pre-start/pre- 
concealment sections of the installation and start-up plan at start-up. 

3. The CxP shall randomly observe installation, start-up and checkout of selected systems and 
assemblies. Procedures on the plans and construction checklists will be spot-checked by the CxP 
prior to testing. The CxP will indentify any incomplete areas. The Contractor shall correct areas that 
are deficient or incomplete in the checklists in a timely manner. 

4. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors and vendors shall execute 
start-up or concealment and provide the CxP with a signed and dated copy of the completed 
construction checklists and installation and start-up documentation. The 948-87.1 GC, 948-87.2 MC, 
948-87.3 PC, 948-87.4 EC contractors shall clearly note any items that have not been completed and 
the plan for their completion. 

3.3 COMMISSIONING TESTING 

A. This sub-section applies to commissioning testing for all divisions. 

B. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall be responsible to fully 
execute testing of equipment, systems and assemblies according to the specifications. 

C. Testing Requirements: The commissioning testing requirements for Building Envelope are found in 
Sections 070800. The commissioning testing requirements for HVAC and plumibing systems and 
equipment are found in sections 230800 and 220800. Commissioning testing requirements for the 
electrical systems and equipment are found in 260800. 

D. Objectives and Scope. 
1. The objective of commissioning testing is to demonstrate that each system is operating according to 

the documented Owner’s Project Requirements and Contract Documents. For dynamic systems, 
testing facilitates bringing the systems from a state of initial operation to full dynamic operation. For 
static elements, testing verifies the performance of the assembly in its installed state under conditions 
specified in the testing requirements. Additionally, during the testing process, areas of deficient 
performance are identified and corrected. 

2. In general, commissioning testing shall include testing each sequence in the sequence of operations, 
other significant modes, and sequences and control strategies not mentioned in the written 
sequences; including, but not limited to startup, shutdown, unoccupied and manual modes, 
modulation up and down the unit’s range of capacity, power failure, alarms, component staging and 
backup upon failure, and sensor and actuator calibrations. All interlocks and interactions between 
systems shall be tested. All larger equipment will be individually tested. Like units or assemblies that 
are numerous (many smaller rooftop packaged units, air terminal units, exhaust fans, windows, etc.) 
may have an appropriate sampling strategy applied. Heating equipment must be tested appropriately 
during winter and air conditioning equipment must be tested appropriately during summer to 
demonstrate performance under near-design conditions. 

E. Development of Test Procedures: The Contractor provides documentation (equipment specifications, 
testing requirements, O&M manuals, start-up and initial start-up instructions, sequences of operation, and 
mechanical, electrical and control drawings) to the CxP to write detailed step-by-step testing procedures 
to comply with the testing requirements. Prior to execution, the CxP will provide a copy of the test 
procedures to the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors who shall review 
the tests for feasibility, safety, equipment and warranty protection. 

F. Test Procedure Format: A sample test form is provided in the Commissioning Plan. The test procedure 
forms developed by the CxP shall include, but not limited to) the following information: 

 
1. System and equipment of component name(s) 
2. Equipment location and ID number 
3. Unique test ID number and reference to unique construction checklist and start-up documentation ID 

numbers for the piece of equipment. 
4. Date 
5. Project name 
6. Participating parties 
7. A copy of the specification section describing the test requirements 
8. A copy of the specific sequence of operations or other specified parameters being verified 
9. Formulas used in any calculations 
10. Required pre-test field measurements 
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11. Instructions for setting up the tests 
12. Special precautions, alarm limits, etc. 
13. Specific step-by-step procedures to execute the test, in a clear, sequential and repeatable format 
14. Acceptance criteria of proper performance with a Yes / No area to allow for clear marking of whether 

or not proper performance of each part of the test was achieved. 
15. A section for comments 
16. Signatures and date block for the CxP 

G. Commissioning Test Methods. 

1. Testing and verification for most dynamic equipment shall be achieved by an appropriate combination 
of manual testing (persons manipulate the equipment and observe its function) or by monitoring the 
performance and analyzing the results using the control system’s trend log capabilities or by stand- 
alone dataloggers. The testing requirements sections of the specification describe which methods 
shall be used for each test. The CxP may substitute specified methods or require an additional 
method to be executed, other than what was specified, with the approval of the Owner and/or the 
Owner’s Representative. 

2. Simulated Conditions: Simulating conditions other than by overwriting a value shall be allowed, 
though timing the testing to experience actual conditions is encouraged whenever practical. 

3. Overwritten Values: Overwriting sensor values to simulate a condition, such as overwriting the 
outside air temperature reading in a control system to be something other than it really is, shall be 
allowed, but shall be used with caution and avoided when possible. Such testing methods often can 
only test a part of a system, as the interactions and responses of other systems will be erroneous or 
not applicable. Simulating a condition is preferable. e.g., for the above case, by heating the outside 
air sensor with a hair blower rather than overwriting the value or by altering the appropriate setpoint 
to see the desired response. Before simulating conditions or overwriting values, sensors, 
transducers and devices shall have been calibrated. 

5. Simulated Signals: Using a signal generator which creates a simulated signal to test and calibrate 
transducers and DDC constants is generally recommended over using the sensor to act as the signal 
generator via simulated conditions or overwritten values. 

6. Altering Set points: Rather than overwriting sensor values, and when simulating conditions is difficult, 
altering setpoints to test a sequence is acceptable. For example, to see the AC compressor lockout 
work at an outside air temperature below 55°F, when the outside air temperature is above 55°F, 
temporarily change the lockout setpoint to be 2°F above the current outside air temperature. 

7. Indirect Indicators: Relying on indirect indicators for responses or performance shall be allowed only 
after visually and directly checking and documenting, over the range of the tested parameters, that 
the indirect readings through the control system represent actual conditions and responses. Much of 
this verification is completed during construction checklists and calibrations. 

8. Setup: Each function and test shall be performed under conditions that simulate actual conditions as 
close as is practically possible. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC 
contractors shall provide necessary materials, system modifications, etc. to produce the necessary 
flows, pressures, temperatures, etc. necessary to execute the test according to the specified 
conditions. At completion of the test, the Contractor shall return affected building equipment and 
systems, due to these temporary modifications, to their pre-test condition. 

9. Sampling: Multiple identical pieces of non-life-safety or otherwise non-critical equipment may be 
tested using a sampling strategy. Significant application differences and significant sequence of 
operation differences in otherwise identical equipment invalidates their common identity. A small size 
or capacity difference, alone, does not constitute a difference. The specific recommended sampling 
rates are specified with the testing requirements. It is noted that no sampling by the contractor is 
allowed in construction checklist execution. 

10. Testing Order: In general, testing is conducted after construction checklists are complete and start-up 
has been satisfactorily completed. The control system is sufficiently tested and approved by the CxP 
before it is used for testing, adjusting and balancing or to check performance of other components or 
systems. The air balancing and water balancing is completed and debugged before testing of air- 
related or water-related equipment or systems. Testing generally proceeds from components to sub- 
systems to systems. When the proper performance of interacting individual systems has been 
achieved, the interface or coordinated responses between systems is verified. 

11. Trend Logs and Monitoring: Trend logs required in the testing requirements will be set up and 
executed by the Contractor and provided to the CxP. Monitoring using dataloggers will be conducted 
by the CxP. Trend logs and monitoring are conducted after manual testing and subsequent trouble- 
shooting are complete and systems are in normal operation without frequent service shutdowns, etc. 
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H. Problem Solving: The burden of problem solving is on the Contractor and the Architect, though the CxP 
may recommend solutions to problems found. 

3.4 NON-CONFORMANCE AND APPROVAL OF COMMISSIONING TESTS 

A. Non-Conformance 
1. All deficiencies or non-conformance issues shall be documented within a CxP Field Report and 

circulated to all affected parties within (2) two working days of the test event. The 948-87.1 GC, 948- 
87.2 MC, 948-87.3 PC, 948-87.4 EC, in consultation with the Architect when necessary, will 
determine the responsible party and a suitable plan for resolution. The CxP is notified of the 
resolution and documents it in the Issues Log. 

2. If, after any scheduled test, deficiencies or non-conformance issues are observed, subsequent testing 
will be additional costs. See “Cost of Retesting”. 

3. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors notify the CxP when the 
issue has been resolved, reschedules the test and the test is repeated. 

4. Corrections of minor issues identified may be made during the tests at the discretion of the CxP and 
with the issue and resolution documented in the Issues Log. 

5. Every effort will be made to expedite the testing process and minimize unnecessary delays, while not 
compromising the integrity of the procedures. However, the CxP will not be pressured into 
overlooking deficient work or loosening acceptance criteria to satisfy scheduling or cost issues, 
unless there is an overriding reason to do so at the request of the Owner and/or the O-REP. 

6. Cost of Retesting. 
a. For a deficiency identified, not related to any construction checklist or start-up fault, the following 

shall apply: The CxP and 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors will 
direct the retesting of the equipment. The cost of retesting any item that fails to meet the 
requirements of these specifications as demonstrated through commissioning testing will be 
billed as an additional service to the Owner and may be held from the contractor by the Owner. 

b. The time for the CxP to witness any additional testing required because a specific construction 
checklist or start-up test item, reported to have been successfully completed, but determined 
during verification to be incomplete will be billed as an additional service to the Owner and may 
be held from the contractor by the Owner. 

7. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall respond in writing to the 
CxP and Owner and/or the O-REP at least as often as commissioning meetings are being scheduled 
concerning the status of each outstanding issue identified during commissioning. Discussion shall 
cover explanations of any disagreements and proposals for their resolution. 

8. Any required retesting by the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors 
shall not be considered a justified reason for a claim of delay or for a time extension by the 948-87.1 
GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors. 

B. Failure Due to Manufacturer Defect: For identical or near-identical components numbering more than ten 
(e.g., terminal units, diffusers, traps, valves, etc.): if 10%, or three, whichever is greater, of identical pieces 
(size alone does not constitute a difference) of equipment fail to perform to the Contract Documents 
(mechanically or substantively) due to manufacturing defect, not allowing it to meet its submitted 
performance specification, all identical units may be considered unacceptable by the CxP and Owner 
and/or the O-REP. In such case, the Contractor shall provide the CxP and the Owner and/or the O-REP 
with the following: 
1. Within one week of notification from the CxP and Owner and/or the O-REP, the 948-87.1 GC, 948- 

87.2 MC, 948-87.3 PC, 948-87.4 EC contractors or manufacturer’s representative shall examine other 
identical units making a record of the findings. The findings shall be provided to the CxP and Owner 
and/or the O-REP and 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors within two 
weeks of the original notice. 

2. Within two weeks of the original notification, the Contractor or manufacturer shall provide a signed 
and dated, written explanation of the problem, cause of failures, etc. and proposed solutions which 
shall include full equipment submittals. The proposed solutions shall not significantly exceed the 
specification requirements of the original installation. 

3. The CxP and Owner and/or the O-REP will determine whether a replacement of identical units or a 
repair is acceptable. 

4. Two examples of the proposed solution will be installed by the 948-87.1 GC, 948-87.2 MC, 948-87.3 
PC, 948-87.4 EC contractors. The GC and CxP will be allowed to test the installations for up to one 
week, upon which the Owner and/or the O-REP will decide whether to accept the solution. 

5. Upon acceptance, the Contractor and/or manufacturer shall replace or repair identical items, at their 
expense and extend the warranty accordingly, if the original equipment warranty had begun. The 
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replacement/repair work shall proceed with reasonable speed beginning within one week from when 
parts can be obtained. 

C. Approval and Acceptance: The CxP notes each satisfactorily demonstrated function on the test procedure 
form. However, formal approval of an entire test procedure form is not normally given. Approval or 
acceptance of a system is indicated only after testing and monitoring is complete and there are no 
outstanding issues for that equipment or assembly in the CxP’s Issues Log. 

3.5 DEFERRED COMMISSIONING TESTING 

A. Unforeseen Deferred Tests: If any check or test cannot be completed due to the building structure, 
required occupancy condition or other deficiency, execution of checklists and testing may be delayed 
upon approval of the Owner and/or the O-REP. 

B. Seasonal Testing: During the warranty period, seasonal testing (tests delayed until weather conditions 
are closer to the system’s design) specified in the testing requirements shall be completed as part of this 
contract. The CxP shall coordinate this activity. Tests will be executed, documented and deficiencies 
corrected by the Contractor, with facilities staff and the CxP witnessing. The 948-87.1 GC, 948-87.2 MC, 
948-87.3 PC, 948-87.4 EC contractors shall make needed final adjustments to the O&M manuals and as- 
builts due to the testing results. 

C. Scheduled Deferred Tests: Specific tests such as thermography of the electrical distribution system are 
less meaningful in an unoccupied or partially occupied building. All such tests requiring occupancy loads 
will be scheduled in accordance to meeting desired occupancy conditions. 

3.6 TRAINING OF OWNER’S PERSONNEL 

A. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall be responsible for training 
coordination and scheduling and for ensuring that training is completed. 

B. The CxP shall be responsible for overseeing and approving the content and adequacy of the training of 
Owner’s personnel for commissioned equipment. 

 
1. The CxP shall interview the facility manager or lead engineer to determine the special needs and 

areas where training will be most valuable. The Owner and CxP shall decide how rigorous the 
training should be for each piece of commissioned equipment. The CxP shall communicate the 
results to the contractor and vendors who have training responsibilities. 

2. In addition to these general requirements, the specific training requirements of the Owner’s personnel 
by contractor and vendors are specified in Section 017900. 

3. The CxP will develop training agendas for each piece of commissioned equipment which will include 
general areas which the Owner’s personnel should be trained on. These training agendas are sent to 
the 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors to be completed by the 948- 
87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors and vendors. Completed training 
agendas are to be sent back to the CxP to be reviewed and approved by CxP and Owner. 

4. The CxP develops an overall training plan for the commissioned systems. The CxP develops criteria 
for determining that the training was satisfactorily completed, including attending some of the training, 
etc. The CxP recommends approval of the training to the Owner. 

5. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors will provide videotaping of 
the training sessions, with DVDs cataloged by the GC and added to the O&M Manuals. 

3.7 DOCUMENTATION 

A. Commissioning Plan. The Commissioning Plan is defined in this section and follows the process outlined 
in the specifications. The CxP develops and updates the commissioning plan as construction progresses. 
The Specifications will take precedence over the Commissioning Plan. 

B. Schedule. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors works with the CxP 
and the Owner and/or O-REP using established protocols to schedule the commissioning activities. The 
948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall integrate commissioning 
activities into the master schedule. All parties will address scheduling problems and make necessary 
notifications in a timely manner in order to expedite the commissioning process. As construction 
progresses, more detailed commissioning schedules shall be developed. The 948-87.1 GC, 948-87.2 
MC, 948-87.3 PC, 948-87.4 EC contractors shall provide a minimum of two weeks notice prior to the date 
of testing to the CxP. In addition, the CxP shall be notified 36 hours in advance when tests are canceled 
or rescheduled. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall reimburse 
the CxP for labor and travel costs for a test that has either been canceled or rescheduled without required 
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notice. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall also reimburse the 
Owner and CxP for costs when a scheduled test cannot be completed due to failure of the Contractor to 
properly prepare for the test, including but not limited to: 

 
1. Failure to schedule the test with all parties required to perform the test or with regulatory authorities 

required to witness the test. 
2. Failure to complete pre-start or start-up procedures or other work required as a prerequisite for 

execution of the test. 
3. Failure to have in place test equipment, support equipment, instrumentation, permits, or other 

ancillary equipment or systems required for successful execution of the test. 

C. Reporting and Documentation by the CxP 

1. Commissioning Field Report: The CxP shall provide regular reports of issues and progress directly to 
the Owner and/or O-REP with increasing frequency as the construction and commissioning 
progresses. Issues that are in the schedule critical path or which significantly affect budget or 
building performance will be reported within 2 days of identification. 

2. Issues Log: The CxP shall keep a running log of issues throughout the Commissioning Process and 
provide to Owner and 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors. The 948- 
87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors shall be required to address all issues 
documented in issues log to satisfaction of the Owner. Completion of all issues log items shall be a 
prerequisite to Substantial Completion unless otherwise directed by Owner. 

3. Systems Manual. The 948-87.1 GC, 948-87.2 MC, 948-87.3 PC, 948-87.4 EC contractors are 
responsible for delivering the following data organized and indexed by system. See details below 
3.06 Para. D. 

D. Systems Manual: The CxP will compile a Systems Manual and a copy will be supplied to the Owner 
and/or the O-REP. The following components of the manual are organized and indexed by document 
type into one compilation. The responsibility of the contractor and other parties in the Systems Manual 
development are given in brackets. 

1. Design Record: The Design Record for each system or assembly included in the Systems Manual, 
consists of: 

a. Basis of Design (BOD) (see Definitions) [by Architect] 
b. Design Narrative (see Definitions) [by Architect] 
c. Performance Metrics (see Definitions) [by CxP] 

2. Fire and life safety and emergency power criteria including general strategy narrative, detailed 
sequences and HVAC fire and emergency power response matrix [format by CxP and content by 
Architect] 

3. Executive summary giving a brief description of the project and the major efforts accomplished 
through the commissioning process [by CxP] 

4. List of project team member and their roles [by CxP] 
5. Final design review document [by CxP] 
6. Commissioning Field Reports [by CxP] 
7. CxP Issues Log [by CxP] 
8. Submittal review document [by CxP] 
9. Completed training agendas and list of training participants [by CxP] 
10. Completed commissioning testing procedure forms [by CxP] 
11. Seasonal start-up and shutdown, manual and restart operation procedures [by 948-87.2 MC 

Contractor] 
12. Complete as-built control drawings with points list, valve schedules, schematics, control system 

architecture and full sequences of operation [by 948-87.2 MC Contractor] 
13. A description of and rationale for energy savings features and strategies with operating instructions 

and caveats about their function and maintenance relative to energy use [by Professional Design 
Team] 

14. Single line for the water and air side of the complete HVAC system [by Professional Design Team] 
15. Recommendations for recalibration frequency of sensors and actuators by type and use [by CxP] 
16. Plans for continuous commissioning and recommended frequency for recommissioning by equipment 

type with reference to tests conducted during initial commissioning [by CxP] 
17. Description of the primary recommended standard trend logs in the control system that will assist in 

maintaining comfort, energy efficiency and system control. This will include sample plots with 
explanations of what to look for in the plots [by CxP] 
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18. Specific recommendations regarding seasonal operational issues that affect energy use [by CxP] 
19. A list of user adjustable set points and reset schedules with a discussion of the purpose of each and 

the range of reasonable adjustments with energy implications. Include a schedule frequency to review 
the various set points and reset schedules to ensure they are at current relevant and efficient values 
[by CxP] 

20. A list of time of day schedules [by Contractor] and a schedule frequency to review them for relevance 
and efficiency [by CxP] 

21. Guidelines for establishing and tracking benchmarks for whole building energy use and primary plant 
equipment efficiencies [by CxP] 

22. Guidelines for ensuring that future renovations and equipment upgrades won’t result in decreased 
energy efficiency and maintaining the final design intent [by CxP] 

23. A list of diagnostic tools, with a description of their use that will assist facility staff in operating 
equipment more efficiently [by CxP] 

24. Systems to be included in the Systems Manual are: all the systems listed in this section as being 
commissioned. 

25. The units used in the manual will be English with parenthetical reference to metric according to 
details given in this section. 

E. O&M Documentation Review: Prior to substantial completion, the 9948-87.1 GC, 948-87.2 MC, 948-87.3 
PC, 948-87.4 EC contractors shall deliver to the CxP the O&M manuals, documentation and redline as- 
builts for systems that were commissioned to review compliance with the Specifications. The CxP will 
communicate deficiencies in the manuals to the Owner and the O-Rep, Contracting Officer or the 
Architect, as requested. Upon a successful review of the corrections, the CxP recommends approval and 
acceptance of these sections of the O&M manuals. The CxP also reviews each equipment warranty and 
verifies that requirements to keep the warranty valid are clearly stated. This work does not supersede the 
Architect’s review of the O&M manuals according to their contract. 

 
END OF SECTION 01 91 00 
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SECTION 071413 - HOT FLUID-APPLIED WATERPROOFING 
 
 
PART 1 - GENERAL 

 
 
1.1 STIPULATIONS 

 
A. The specifications sections "General Conditions to the Construction Contract", "Special 

Conditions", and "Division 01 - General Requirements” form a part of this Section by this reference 
hereto, and shall have the same force and effect as if printed herewith in full. 

 
 
1.2 SUMMARY 

 
A. This Section includes the following: 

1. Reinforced waterproofing membrane. 
 

B. Related Sections include the following: 
 

1. Section 070800 “Commissioning of Thermal and Moisture Protection” 
2. Section 079200 "Joint Sealants" 
3. Section 079513 "Expansion Joints" 
4. Section 321400 “Unit Pavers” 
5. Section 321416 “Cast Stone Masonry Pavers” 

 
 
1.3 PERFORMANCE REQUIREMENTS 

 
A. Provide waterproofing that prevents the passage of water and complies with physical 

requirements in CAN/CGSB-37.50, "Hot Applied, Rubberized Asphalt for Roofing and 
Waterproofing." 

 
 
1.4 SUBMITTALS 

 
A. Product Data: Include manufacturer's written instructions for evaluating, preparing, and 

treating substrate, technical data, and tested physical and performance properties. 
 

B. Shop Drawings: Show locations and extent of waterproofing. Include details for substrate 
joints and cracks, sheet flashings, penetrations, inside and outside corners, tie- ins to 
adjoining waterproofing, and other termination conditions. 

 
1. Include Setting Drawings showing layout, sizes, sections, profiles, and joint 

details of concrete pavers with paver support assemblies. 
 

C. Samples: For the following products: 
 

1. 12-by-12-inch (300-by-300-mm) square of flashing sheet. 
2. 12-by-12-inch (300-by-300-mm) square of insulation. 
3. 4-by-4-inch (100-by-100-mm) square of drainage panel. 

 
D. Installer Certificates: Signed by manufacturers certifying that installers comply with 

requirements. 
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E. Product Test Reports: From a qualified independent testing agency indicating and 
interpreting test results of waterproofing for compliance with requirements, based on 
comprehensive testing of current waterproofing formulations. 

 
F. Sample Warranty: Copy of special waterproofing manufacturer's and Installer's warranty 

stating obligations, remedies, limitations, and exclusions before starting waterproofing. 
 
 
1.5 QUALITY CONTROL 

 
A. Installer Qualifications: A qualified installer who is authorized, approved, or licensed to 

install waterproofing manufacturer's products; and who is eligible to receive waterproofing 
warranty specified. 

 
B. Source Limitations: Obtain waterproofing materials, sheet flashings, protection course, and 

drainage panels through one source from a single manufacturer. 
 

C. Mockups: Apply waterproofing to 100 sq. ft. (9.3 sq. m) of deck to demonstrate surface 
preparation, crack and joint treatment, corner treatment, thickness, texture, and execution 
quality. 

 
1. If Architect determines mockups do not comply with requirements, reapply 

waterproofing until mockups are approved. 
2. Approved mockups may become part of the completed Work if undisturbed at 

time of Substantial Completion. 
 

D. Preinstallation Conference: Conduct conference at Project site to comply with 
requirements in Specification Section 010400 “Coordination and Control” Review 
requirements for waterproofing, including surface preparation specified under other 
Sections, substrate condition and pretreatment, minimum curing period, forecasted 
weather conditions, special details and sheet flashings, installation procedures, testing and 
inspection procedures, and protection and repairs. 

 
 
1.6 DELIVERY, STORAGE, AND HANDLING 

 
A. Deliver liquid materials to Project site in original containers with seals unbroken, labeled 

with manufacturer's name, product brand name and type, date of manufacture, and 
directions for storing and mixing with other components. 

 
B. Store liquid materials in their original undamaged containers in a clean, dry, protected 

location and within the temperature range required by waterproofing manufacturer. 
 

C. Remove and replace liquid materials that cannot be applied within their stated shelf life. 
 

D. Protect stored materials from direct sunlight. 
 
 
1.7 PROJECT CONDITIONS 

 
A. Environmental Limitations: Apply waterproofing within the range of ambient and substrate 

temperatures recommended by waterproofing manufacturer. Do not apply waterproofing 
to a damp or wet substrate, or when temperature is below 0 deg F (minus 18 deg C). 
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1. Do not apply waterproofing in snow, rain, fog, or mist. 
 

B. Maintain adequate ventilation during application and curing of waterproofing materials. 
 
 
1.8 WARRANTY 

 
A. Special Manufacturer's Warranty: Written warranty, signed by waterproofing manufacturer 

agreeing to repair or replace waterproofing and sheet flashings that do not comply with 
requirements or that do not remain watertight within specified warranty period. 

 
1. Warranty does not include failure of waterproofing due to failure of substrate 

prepared and treated according to requirements or formation of new joints and 
cracks in substrate that exceed 1/8 inch (3 mm) in width. 

2. Warranty insulation will retain 80 percent of original published thermal value. 
3. Warranty pavers will not dish or warp and will not crack, split, or disintegrate in 

freeze-thaw conditions. 
4. Warranty includes removing and reinstalling protection board, drainage panels, 

insulation, pedestals, and pavers on plaza decks. 
5. Warranty Period: 20 years after date of Substantial Completion. 

 
B.  Special Installer's Warranty: Written waterproofing Installer's warranty, signed by Installer, 

covering Work of this Section, for warranty period of two years. 
 
 
PART 2 - PRODUCTS 

 
 
2.1 MANUFACTURERS 

 
A. Products: Subject to compliance with requirements, provide one of the following products: 

 
1. American Hydrotech, Inc.; Monolithic Membrane 6125 - FR. 
2. American Permaquik Inc.; Permaquik 6100. 
3. Barrett Company; Ram-Tough 250. 
4. Carlisle Companies Inc., Henry a Carlisle Company; Henry 790-11. 
5. T. C. Miradri; Miraseal 9100. 
6. Monsey Bakor; Elasto-Seal 790-11. 
7. Protecto Wrap Co.; HM625B. 
8. Tremco; Tremproof 150. 

 
 
2.2 MEMBRANE 

 
A. Single-component; 100 percent solids; hot fluid-applied, rubberized asphalt with the 

following properties measured per applicable test methods in CAN/CGSB-37.50: 
 

1. Flash Point: Not less than 260 deg C or not less than 25 deg C above 
manufacturer's maximum recommended application temperature. 

2. Cone Penetration: 110 maximum at 25 deg C, and 200 maximum at 50 deg C. 
3. Flow: 3 mm maximum at 60 deg C. 
4. Toughness: Not less than 5.5 J 
5. Ratio of Toughness to Peak Load: Not less than 0.040. 
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6. Adhesion Rating: Pass. 
7. Water-Vapor Permeance: 1.7 ng/Pa x s x sq. m. 
8. Water Absorption: 0.35-g maximum mass gain, or 0.18-g maximum mass loss. 
9. Pinholing: Not more than one pinhole. 
10. Low-Temperature Flexibility: No cracking. 
11. Crack Bridging Capability: No cracking, splitting, or loss of adhesion. 
12. Heat Stability: Comply with requirements for penetration, flow, low-temperature 

flexibility, and viscosity when heated for five hours at manufacturer's 
recommended application temperature. 

13. Viscosity Test: 2 to 15 seconds. 
 
 
2.3 AUXILIARY MATERIALS 

 
A. Primer: ASTM D 41, asphaltic primer. 

 
B. Elastomeric Flashing Sheet: 50-mil- (1.3-mm) minimum, nonstaining, uncured sheet 

neoprene with manufacturer's recommended contact adhesives and predrilled metal 
termination bars and anchors, with the following physical properties as measured per 
standard test methods referenced: 

 
1. Tensile Strength: 1400 psi (9.6 MPa) minimum; ASTM D 412, Die C. 
2. Elongation: 300 percent minimum; ASTM D 412. 
3. Tear Resistance: 125 psi (860 kPa) minimum; ASTM D 624, Die C. 
4. Brittleness: Does not break at minus 30 deg F (34 deg C); ASTM D 2137. 

 
C. Modified-Bituminous Flashing Sheet: SBS-modified bituminous sheet, 160-mil- (4-mm-) 

thick, woven or nonwoven polyester or glass-fiber reinforced; suitable for application 
method specified; granular surfaced. 

 
D. Sealants and Accessories: Waterproofing manufacturer's recommended sealants and 

accessories. 
 

E. Reinforcing Fabric: Manufacturer's recommended spun-bonded polyester fabric. 
 

F. Separator Sheet: ASTM D 4397, polyethylene sheet, minimum 4 mils (0.10 mm) thick. 
 

G. Protection Course: Semirigid sheets of fiberglass or mineral-reinforced-asphaltic core, 
pressure laminated between two asphalt-saturated fibrous liners and as follows: 

 
1. Thickness: 1/8 inch (3 mm), nominal, for vertical applications; 1/4 inch (6 mm), 

nominal, elsewhere. 
2. Adhesive: Rubber-based solvent type recommended by waterproofing 

manufacturer for type of protection course. 
 
 
2.4 MOLDED-SHEET DRAINAGE PANELS 

 
A. Molded-Sheet Drainage Panel: Prefabricated, composite drainage panels, manufactured 

with a permeable geotextile facing laminated to a molded-plastic-sheet drainage core. 
 

1. Drainage Core: Three-dimensional, nonbiodegradable, molded-plastic-sheet 
material designed to effectively drain water under backfill pressure; complying with 
the following properties determined according to tests indicated: 
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a. Compressive Strength:  10,000 lbf/sf. ft. (479 kPa), minimum; ASTM 
D 1621. 

b. Flow Rate: 2.8 gpm per ft. (35 L/min. per m), minimum, at hydraulic 
gradient of 1.0 and compressive stress of 25 psi (172 kPa); ASTM 
D 4716. 

2. Geotextile: Nonwoven needle-punched geotextile, manufactured for subsurface 
drainage, made from polyolefins or polyesters; with elongation greater than 50 
percent; complying with the following properties determined according to AASHTO 
M 288: 
a. Survivability: Class 2. 
b. Apparent Opening Size: No. 70 (0.21-mm) sieve, maximum. 
c. Permittivity: 0.1 per second, minimum. 

3. Geotextile: Woven geotextile fabric, manufactured for subsurface drainage, made 
from polyolefins or polyesters; with elongation less than 50 percent; complying with 
the following properties determined according to AASHTO M 288: 
a. Survivability: Class 2. 
b. Apparent Opening Size: No. 70 (0.21-mm) sieve, maximum. 
c. Permittivity: 0.1 per second, minimum. 

 
 
2.5 INSULATION 

 
A. Refer to Specification Section 072100 “Thermal Insulation.” 

 
B. Insulation Drainage Panels: Extruded-polystyrene board insulation complying with ASTM 

C 578; of type, density, and compressive strength indicated below; fabricated with rabbeted 
edges and with one side having ribbed drainage channels. 
1. Type VII, 2.2-lb/cu. ft. (35-kg/cu. m) minimum density and 60-psi (414-kPa) 

minimum compressive strength. 
 

C. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

 
1. Diversifoam Products. 
2. Dow Chemical Company (The). 
3. Owens Corning. 
4. T. Clear Corporation. 
5. Tenneco Building Products. 

 
 
2.6 PLAZA DECK PAVERS 

 
A. Plaza Deck Pavers: As specified in Specification Section 321400 “Unit Paving” and Section 

321416 “Cast Stone Masonry Pavers” 
 

B. Setting Bed: Provide mortar setting-bed materials specified in Specification Section 
321400. 
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PART 3 - EXECUTION 
 
 
3.1 EXAMINATION 

 
A. Examine substrates, areas, and conditions, with Installer present, for compliance with 

requirements and other conditions affecting performance. 
 

1. Verify that concrete has cured and aged for minimum time period recommended 
by waterproofing manufacturer. 

2. Verify that substrate is visibly dry and free of moisture. Test for capillary 
moisture by plastic sheet method according to ASTM D 4263. 

3. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

 
 
3.2 PREPARATION 

 
A. Clean and prepare substrate according to manufacturer's written instructions. Provide 

clean, dust-free, and dry substrate for waterproofing application. 
 

B. Mask off adjoining surfaces not receiving waterproofing to prevent spillage and overspray 
affecting other construction. 

 
C. Close off deck drains and other deck penetrations to prevent spillage and migration of 

waterproofing fluids. 
 

D. Remove grease, oil, form-release agents, paints, curing compounds, and other penetrating 
contaminants or film-forming coatings from concrete. 

 
1. Abrasive blast clean concrete surfaces uniformly to expose top surface of fine 

aggregate according to ASTM D 4259 with a self-contained, recirculating, blast- 
cleaning apparatus. Remove material to provide a sound surface free of laitance, 
glaze, efflorescence, curing compounds, concrete hardeners, or form- release 
agents. Remove remaining loose material and clean surfaces according to ASTM 
D 4258. 

 
E. Remove fins, ridges, and other projections and fill honeycomb, aggregate pockets, and 

other voids. 
 
 
3.3 JOINTS, CRACKS, AND TERMINATIONS 

 
A. Prepare and treat substrates to receive waterproofing membrane, including joints and 

cracks, deck drains, corners, and penetrations according to CAN/CGSB-37.51, 
"Application of Rubberized Asphalt, Hot-Applied, for Roofing and Waterproofing," and 
waterproofing system manufacturer's written instructions. 

 
1. Rout and fill joints and cracks in substrate. Before filling, remove dust and dirt 

according to ASTM D 4258. 
2. Adhere elastomeric flashing sheet to substrate in a layer of hot, rubberized asphalt. 

Extend elastomeric flashing sheet a minimum of 6 inches (150 mm) on each side 
of joints and cracks and beyond deck drains, corners, and penetrations. 
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3. Embed reinforcing fabric into a layer of hot, rubberized asphalt. Extend reinforcing 
fabric a minimum of 6 inches (150 mm) on each side of joints and cracks and 
beyond deck drains, corners, and penetrations. 

 
B. At expansion joints and discontinuous deck-to-wall or deck-to-deck joints, bridge joints with 

elastomeric flashing sheet extended a minimum of 6 inches (150 mm) on each side of joints 
and adhere to substrates in a layer of hot, rubberized asphalt. 

 
 
3.4 FLASHING INSTALLATION 

 
A. Install flashing sheets at terminations of waterproofing membrane according to 

CAN/CGSB-37.51, "Application of Rubberized Asphalt, Hot-Applied, for Roofing and 
Waterproofing," and waterproofing system manufacturer's written instructions. 

 
B. Prime substrate with asphalt primer. 

 
C. Install elastomeric flashing sheet and adhere to deck and wall substrates in a layer of hot, 

rubberized asphalt. 
 

D. Extend flashing sheet up walls or parapets a minimum of 8 inches (200 mm) above plaza 
deck pavers and 6 inches (150 mm) onto deck to be waterproofed. 

 
E. Install termination bars and mechanically fasten to top of flashing sheet at terminations and 

perimeter of waterproofing membrane. 
 
 
3.5 MEMBRANE APPLICATION 

 
A. Apply rubberized asphalt according to CAN/CGSB-37.51, "Application of Rubberized 

Asphalt, Hot-Applied, for Roofing and Waterproofing," and manufacturer's written 
instructions. 

 
B. Heat rubberized asphalt in an oil- or air-jacketed melter with mechanical agitator 

specifically designed for heating rubberized-asphalt waterproofing. 
 

C. Start application with manufacturer's technical representative present. 
 

D. Apply primer, at manufacturer's recommended rate, over prepared substrate and allow to 
dry. 

 
E. Reinforced Membrane: Apply waterproofing to substrates and adjoining surfaces 

indicated. Spread hot fluid-applied, rubberized asphalt to a thickness of 90 mils (2.3 mm); 
embed reinforcing fabric, overlapping sheets 2 inches (50 mm); and spread another 125-
mil- (3.2-mm-) thick layer to provide a uniform, reinforced, seamless membrane 215 mils 
(5.5 mm) thick. 

 
F. Apply waterproofing over prepared joints and up wall terminations and vertical surfaces to 

heights indicated or required by manufacturer. 
 

G. Cover waterproofing with separator sheet with overlapped joints while rubberized asphalt 
is still hot and before membrane is subject to traffic. 

 
1. Install protection course with overlapped joints over separator sheet.. 
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3.6 MOLDED-SHEET DRAINAGE PANEL INSTALLATION 
 

A. Place and secure molded-sheet drainage panels to substrate according to manufacturer's 
written instructions. Use adhesives that do not penetrate waterproofing. Lap edges and 
ends of geotextile to maintain continuity. Protect installed molded-sheet drainage panels 
during subsequent construction. 

 
 
3.7 INSULATION INSTALLATION 

 
A. Install insulation drainage panels over waterproofed surfaces. Cut and fit to within 3/4 inch 

(19 mm) of projections and penetrations. 
 

B. On horizontal surfaces, loosely lay insulation units according to manufacturer's instructions. 
Stagger end joints and tightly abut insulation units. 

 
 
3.8 PLAZA DECK PAVER INSTALLATION 

 
A. Setting Bed: Install setting bed in locations and of thickness indicated to comply with 

requirements in Specification 321400 and 321416 
 
 
3.9 FIELD QUALITY CONTROL 

 
A. Flood Testing: Refer to Specification Section 070800 

 
 
3.10 CURING, PROTECTING, AND CLEANING 

 
A. Cure waterproofing according to manufacturer's written recommendations, taking care to 

prevent contamination and damage during application stages and curing. 
 

1. Do not permit foot or vehicular traffic on unprotected membrane. 
 

B. Protect waterproofing from damage and wear during remainder of construction period. 
 

C. Protect installed insulation drainage panels from damage due to ultraviolet light, harmful 
weather exposures, physical abuse, and other causes. Provide temporary coverings where 
insulation will be subject to abuse and cannot be concealed and protected by permanent 
construction immediately after installation. 

 
D. Clean spillage and soiling from adjacent construction using cleaning agents and 

procedures recommended by manufacturer of affected construction 
 
 
END OF SECTION 071413 
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180 Maiden Lane, 18th Floor, Suite 803 · New York, New York 10038  
 

November 30th, 2023 

  

Mr. Chris Dawson, AIA 

Principal  

Chris Dawson Architect  

300 North 2nd Street, Suite 701  

Harrisburg, PA 17101 

 

RE:   PA State Museum Plaza Paver Repair / Replacement Project 

Harrisburg, PA 

Walter P Moore Project No. D17.22018.00 

 

Dear Chris: 

 

We have completed a probe survey of the PA State Museum Plaza on August 2nd, 2023. 

 

Included in our report are our visual observations at seven probe locations and three core locations 

to observe the existing waterproofing conditions and drainage issues at the plaza, and to 

understand the leaks observed at the office spaces underneath. 

 

Sincerely, 

 

WALTER P. MOORE AND ASSOCIATES, INC. 

 

 
Christopher P. Pinto, P.E. 
Principal & Managing Director 
Diagnostics Group 

 
 
 
 
DC Burney 
Graduate Engineer 
Diagnostics Group 

 

Enclosure cc:  

Chaitanya Patki, P.E. 
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Visual Assessment 
Walter P Moore representatives were at the project site on August 2, 2023 to observe the probes 

performed at the plaza for the Pennsylvania State Museum. Investigative probes were performed as 

indicated in the probe drawings prepared by Walter P Moore (revised issued July 11, 2023). 

 

Following summarizes our observations form each probe location: 

 

Probe #1 

• To investigate the waterproofing at the plaza trench drain, the paver and topping slab 
adjacent to the existing trench drain were removed (Photo 01).  

• It was confirmed that the waterproofing membrane runs under the edge of the trench 
drain to correctly tie into the trench drain (Photo 02 and Photo 03).  

• The trench drain is set in the topping slab. 
 

Probe #2 

• The column face stone was removed at the east courtyard to observe the connections to 
the underlying concrete column (Photo 04). 

• It was observed that the face stone is connected to the underlying embedded steel 
slot/clip utilizing dowel at top and bottom of the panel (Photo 05). 

 

Probe #5 

• A coping stone around the perimeter of the west courtyard was removed to observe the 
underlying waterproofing details (Photo 06). 

• It was confirmed that the railing is not connected to the structural slab, and instead is 
slotted into a pocket in the limestone coping panel (Photo 07) allowing water to 
accumulate in the pocket with missing outlet/drainage. Continuous exposure to elements 
and to constant freeze/thaw cycles have led to the deterioration of the coping stones. The 
connection also transfers all the forces from the railing to the coping stone rather than 
directly to the structural slab, which may have led to the cracking in the coping stone. 

• Incorrect drainage for the coping stones (missing weep holes) was noted.  
 

Probe #8 

• The expansion joint cover was removed (Photo 08). The location of the existing expansion 
joint probe aligned with leaks experienced in space below. 

• No expansion joint found underneath the cover (Photo 09). 

• There may be an expansion joint below the insulation. This will be verified when the 
existing waterproofing system is removed. 

 

Probe #10 

• The expansion joint cover and adjacent pavers were removed to expose the termination of 
the plaza waterproofing system and the details associated with the intersection of 
expansion joints. The probe location aligned with leaks experienced in the office 
underneath (Photo 10).  

• The termination of the plaza waterproofing was confirmed (Photo 11). 

• Expansion joint waterproofing details were confirmed for the expansion joint 
perpendicular to the museum wall (Photo 12). 
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• No waterproofing membrane between the plaza and the museum wall was found. Walter 
P. Moore assumes that the original waterproofing membrane is directly on top of the 
structural deck (below the setting bed) and there has been no additional waterproofing 
installed since the original construction. This will be verified when the existing 
waterproofing system is removed. 

• The L-shaped granite stone was unable to be removed without damaging it, and therefore 
the expansion joint details for the expansion joint running along the museum wall could 
not be observed (Photo 13). 

 

Probe #13 

• The pavers, setting bed and stone curb adjacent to the planter were removed to expose 
the underlying condition at the plaza roofing system (Photo 14). 

• It was confirmed that the waterproofing runs under the facing stones and that the stones 
sit on top of the topping slab and are not anchored to the structural slab (Photo 14). 

 

Probe #14 

• A stone facing panel on the perimeter of the plaza at the south façade was removed to 
observe connection details (Photo 15). 

• The stone facing panel is supported by a steel lintel (Photo 16) and anchored at the top 
with steel angles (Photo 17). 
 

Cores 

• Three concrete cores were taken at different locations on the plaza (Photo 18). 

• The depth of the lightweight concrete topping slab and asphaltic setting bed were 
determined at these locations. The concrete cores were sent to CMC, Inc. for petrographic, 
chloride, and compressive strength testing. 

• Testing of the cores was performed by CMC, Inc for all three core samples for compressive 
strength, chloride content and petrographic analysis. Signed and sealed results were 
forwarded for review. Based on our review of the report, the concrete core was observed 
to be indicating no water penetration through the top surface/waterproofing membrane. 

• Compressive strength of concrete was observed to be 3,650 psi, which is greater than the 
3,300 psi that was specified in the original structural drawings. However, only one sample 
was tested for compressive strength in lieu of minimum 3 samples for field testing as 
required by ACI.   

• Though chloride contamination was observed in the core samples, it is within acceptable 
reach for concrete this age and construction and is not a major concern particularly since 
this is not exposed concrete with constant exposure to deicing chemicals or to elements. 

• We also noted that the report indicated the concrete is exposed, which is true only for the 
underside of the slab above unconditioned space such as the garage and loading dock. The 
top surface of the concrete is never exposed. We have requested a supplementary letter 
from CMC clarifying this, but we believe that their concerns regarding air entrainment are 
not issues given the protection of the structure offered by the waterproofing membrane 
and paver system. 
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Appendix 

 

01 Probe #1 – The paver and topping slab adjacent to the trench drain were removed. 

 

02 
Probe #1 – It was confirmed that the waterproofing membrane runs under the edge of 

the trench drain to tie into the trench drain. 
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03 Probe #1 – Close-up view of waterproofing membrane. 

 

04 
 
 
 
 

Probe #2 – The column facing stone was removed to observe the connection details. 
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05 
Probe #2 – The facing stone is connected to the panels above and below with steel 

dowels. It is connected to the column with a slot and steel clip. 

 

06 
 
 
 
 

Probe #5 – A coping stone around the perimeter of the courtyard was removed. 
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07 Probe #5 – The railing is not connected to the structural slab. 

 

08 Probe #8 – The expansion joint cover was removed.  
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09 
 
 
 
 

Probe #8 – No expansion joint was found underneath the cover and pavers. 

 

10 

Probe #10 – The expansion joint cover and adjacent pavers were removed. The 

expansion joint cover and adjacent pavers were removed. Expansion joint 

waterproofing details were confirmed for the expansion joint perpendicular to 

museum wall. 
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Probe #10 –The termination of the plaza waterproofing installed during the 1990 

renovations was confirmed. 

 

12 
Probe #10 – Expansion joint details were observed for the expansion joint perpendicular 

to the Museum wall. 
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Probe #10 – The L-shaped granite wall was unable to be removed without damaging it, 

therefore the expansion joint along the museum building wall was not observed. 

 

14 
 
 
 
 

Probe #13 – The pavers, setting bed and stone curb were removed adjacent to the 

planter. It was confirmed that the waterproofing runs under the facing stones. The 

stones sit on top of the topping slab and are not anchored to the slab. 
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15 
Probe #14 – A stone facing panel on the perimeter of the plaza was removed to observe 

connection details.  

 

16 
 
 
 
 

Probe #14 – The stone facing panel is supported below by a steel lintel. 
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17 Probe #14 – The panels are anchored at the top with steel angles. 

 

18 
 
 
 
 

Cores – Three concrete cores were taken at different locations on the plaza. 




