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SECTION 019113 - GENERAL COMMISSIONING REQUIREMENTS

PART 1 - GENERAL

11

A.

1.2

13

RELATED DOCUMENTS

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

Owner's Project Requirements and Basis-of-Design Document are included by reference for
information only.

SUMMARY
Section Includes:

General requirements for coordinating and scheduling commissioning activities.
Commissioning meetings.

Commissioning reports.

Use of commissioning process test equipment, instrumentation, and tools.

Construction checklists, including, but not limited to, installation checks, startup,
performance tests, and performance test demonstration.

Commissioning tests and commissioning test demonstration.

7. Adjusting, verifying, and documenting identified systems and assemblies.

arwdE
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Related Requirements:

1. Section 220800 "Commissioning of Plumbing" for technical commissioning requirements
for plumbing.

2. Section 230800 "Commissioning of HVAC" for technical commissioning requirements
for HVAC.

3. Section 260800 "Commissioning of Electrical Systems" for technical commissioning
requirements for electrical systems.

DEFINITIONS

Acceptance Criteria: Threshold of acceptable work quality or performance specified for a
commissioning activity, including, but not limited to, construction checklists, performance tests,
performance test demonstrations, commissioning tests, and commissioning test demonstrations.

Basis-of-Design Document: A document prepared by Architect that records concepts,
calculations, decisions, and product selections used to comply with Owner's Project
Requirements and to suit applicable regulatory requirements, standards, and guidelines.

Commissioning Authority: An entity engaged by Owner, and identified in Section 011000
"Summary," to evaluate Commissioning-Process Work.

General Commissioning Requirements 019113-1
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D.

14

Commissioning Plan: A document, prepared by Commissioning Authority, that outlines the
organization, schedule, allocation of resources, and documentation of commissioning
requirements.

Commissioning: A quality-focused process for verifying and documenting that the facility and
all of its systems and assemblies are planned, designed, installed, and tested to comply with
Owner's Project Requirements. The requirements specified here are limited to the construction
phase commissioning activities.

Construction-Phase Commissioning-Process Completion: The stage of completion and
acceptance of commissioning process when resolution of deficient conditions and issues
discovered during commissioning process and retesting until acceptable results are obtained has
been accomplished. Owner will establish in writing the date construction-phase commissioning-
process completion is achieved. See Section 017700 "Closeout Procedures™ for Certificate of
Construction-Phase Commissioning Process Completion submittal requirements.

1. Commissioning process is complete when the Work specified of this Section and related
Sections has been completed and accepted, including, but not limited to, the following:

a. Completion of tests and acceptance of test results.

b. Resolution of issues, as verified by retests performed and documented with
acceptance of retest results.

C. Comply with requirements in Section 017900 "Demonstration and Training."

d. Completion and acceptance of submittals and reports.

Owner's Project Requirements: A document that details the functional requirements of a project
and the expectations of how it will be used and operated, including Project goals, measurable
performance criteria, cost considerations, benchmarks, success criteria, and supporting
information. This document is prepared either by the Owner or for the Owner by the Architect
or Commissioning Authority.

Owner's Witness: Commissioning Authority, Owner's Project Manager, or Architect-designated
witness authorized to authenticate test demonstration data and to sign completed test data forms.

"Systems," "Assemblies," "Subsystems," "Equipment,” and "Components": Where these terms
are used together or separately, they shall mean "as-built" systems, assemblies, subsystems,
equipment, and components.

Test: Performance tests, performance test demonstrations, commissioning tests, and
commissioning test demonstrations.

Sampling Procedures and Tables for Inspection by Attributes: As defined in ASQ Z1.4.

COMMISSIONING TEAM
Members Appointed by Contractor(s):

1. Commissioning Coordinator: A person or entity employed by Contractor to manage,
schedule, and coordinate commissioning process.

General Commissioning Requirements 019113-2
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2. Project superintendent and other employees that Contractor may deem appropriate for a
particular portion of the commissioning process.

3. Subcontractors, installers, suppliers, and specialists that Contractor may deem appropriate
for a particular portion of the commissioning process.

4. Appointed team members shall have the authority to act on behalf of the entity they
represent.

Members Appointed by Owner:

1. Commissioning Authority, plus consultants that Commissioning Authority may deem
appropriate for a particular portion of the commissioning process.

2. Owner representative(s), facility operations and maintenance personnel, plus other
employees, separate contractors, and consultants that Owner may deem appropriate for a
particular portion of the commissioning process.

3. Architect, plus employees and consultants that Architect may deem appropriate for a
particular portion of the commissioning process.

INFORMATIONAL SUBMITTALS

Comply with requirements in Section 013300 "Submittal Procedures™ for submittal procedure
general requirements for commissioning process.

Commissioning Plan Information:

1. List of Contractor-appointed commissioning team members to include specific personnel
and subcontractors performing the various commissioning requirements.

2. Schedule of commissioning activities, integrated with the Construction Schedule.
Comply with requirements in Section 013200 "Construction Progress Documentation"
for the Construction Schedule general requirements for commissioning process.

3. Contractor personnel and subcontractors participating in each test.

4, List of instrumentation required for each test to include identification of parties that will
provide instrumentation for each test.

Commissioning schedule.
Two-week look-ahead schedules.

Commissioning Coordinator Qualification Data: For entity coordinating Contractor's
commissioning activities to demonstrate their capabilities and experience.

1. Experienced: When used with an entity or individual, "experienced” means having
successfully completed a minimum of five previous projects similar in nature, size, and
extent to this Project; being familiar with special requirements indicated; and having
complied with requirements of authorities having jurisdiction.

List test instrumentation, equipment, and monitoring devices. Include the following
information:

1. Make, model, serial number, and application for each instrument, equipment, and
monitoring device.
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2.
3.

Brief description of intended use.
Calibration record showing the following:

Calibration agency, including name and contact information.
Last date of calibration.

Range of values for which calibration is valid.

Certification of accuracy.

Certification for calibration equipment traceable to NIST.
Due date of the next calibration.

hOo o0 O

G.  Test Reports:

1.

2.

Pre-Startup Report: Prior to startup of equipment or a system, submit signed, completed
construction checklists.

Test Data Reports: At the end of each day in which tests are conducted, submit test data
for tests performed.

Commissioning Issue Reports: Daily, at the end of each day in which tests are conducted,
submit commissioning issue reports for tests for which acceptable results were not
achieved.

Weekly Progress Report: Weekly, at the end of each week in which tests are conducted,
submit a progress report.

Data Trend Logs: Submit data trend logs at the end of the trend log period, where
applicable.

System Alarm Logs: Daily, at the start of days following a day in which tests were
performed, submit printout of log of alarms that occurred since the last log was printed.

H. Construction Checklists:

1.
2.
3.

Material checks.
Installation checks.
Startup procedures, where required.

1.6 CLOSEOUT SUBMITTALS

A.  Commissioning Report:

1.

At Construction-Phase Commissioning Completion, include the following:

Pre-startup reports.

Approved test procedures.

Test data forms, completed and signed.

Progress reports.

Commissioning issue report log.

Commissioning issue reports showing resolution of issues.

Correspondence or other documents related to resolution of issues.

Other reports required by commissioning process.

List unresolved issues and reasons they remain unresolved and should be exempted
from the requirements for Construction-Phase Commissioning Completion.

—mSQ@ o o0 o

J. Report shall include commissioning work of Contractor.
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B.  Operation and Maintenance Data: For proprietary test equipment, instrumentation, and tools to
include in operation and maintenance manuals.

1.7 QUALITY ASSURANCE

A.  Commissioning Coordinator Qualifications:

1. Documented experience commissioning systems of similar complexity to those contained
in these documents on at least three projects of similar scope and complexity.

2. Certification of commissioning-process expertise. The following certifications are
acceptable. Owner reserves the right to accept or reject certifications as evidence of

gualification.

a. Certified Commissioning Authority, by AABC Commissioning Group (ACG).

b. Commissioning-Process Management Professional, by American Society of
Heating, Refrigerating and Air-Conditioning Engineers.

C. Certified Commissioning Professional, by Building Commissioning Association.

d. Accredited Commissioning-Process Authority Professional, by University of
Wisconsin.

e. Accredited Commissioning-Process Manager, by University of Wisconsin.

f. Accredited Green Commissioning-Process Provider, by University of Wisconsin.

B. Calibration Agency Qualifications: Certified by The American Association for Laboratory
Accreditation that the calibration agency complies with minimum requirements of
ISO/IEC 17025.

1.8 Systems to be Commissioned

A.  All HVAC equipment and systems.

w
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Building Automation System.
Testing, Adjusting and Balancing Verification.
Exterior and Interior Lighting controls

Service Hot Water equipment, systems and controls.
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PART 2 - PRODUCTS

2.1

2.2

2.3

A.

TEST EQUIPMENT, INSTRUMENTATION, AND TOOLS

Test equipment and instrumentation required to perform the commissioning process shall
remain the property of Contractor unless otherwise indicated.

Test equipment and instrumentation required to perform commissioning process shall comply
with the following criteria:

1. Be manufactured for the purpose of testing and measuring tests for which they are being
used and have an accuracy to test and measure system performance within the tolerances
required to determine acceptable performance.

2. Calibrated and certified.

a. Calibration performed and documented by a qualified calibration agency according
to national standards applicable to the tools and instrumentation being calibrated.
Calibration shall be current according to national standards or within test
equipment and instrumentation manufacturer's recommended intervals, whichever
is more frequent, but not less than within six months of initial use on Project.
Calibration tags shall be permanently affixed.

b. Repair and recalibrate test equipment and instrumentation if dismantled, dropped,
or damaged since last calibrated.

3. Maintain test equipment and instrumentation.
4, Use test equipment and instrumentation only for testing or monitoring Work for which
they are designed.

PROPRIETARY TEST EQUIPMENT, INSTRUMENTATION, AND TOOLS

Proprietary test equipment, instrumentation, and tools are those manufactured or prescribed by
tested equipment manufacturer and required for work on its equipment as a condition of
equipment warranty, or as otherwise required to service, repair, adjust, calibrate, or perform
work on its equipment.

1. Identify proprietary test equipment, instrumentation, and tools required in the test
equipment identification list submittal.

2. Proprietary test equipment, instrumentation, and tools shall become the property of
Owner at Substantial Completion.

REPORT FORMAT AND ORGANIZATION

General Format and Organization:
1. Electronic Data: Portable document format (PDF); a single file with outline-organized
bookmarks for major and minor tabs and tab contents itemized for specific reports.
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B.

Commissioning Report:

el NS>

Include a table of contents and an index to each test.
Include major tabs for each Specification Section.
Include minor tabs for each test.

Within each minor tab, include the following:

Test specification.

Pre-startup reports.

Approved test procedures.

Test data forms, completed and signed.

Commissioning issue reports, showing resolution of issues, and documentation
related to resolution of issues pertaining to a single test. Group data forms,
commissioning issue reports showing resolution of issues, and documentation
related to resolution of issues for each test repetition together within the minor tab,
in reverse chronological order (most recent on top).

Po0 o

PART 3 - EXECUTION

3.1

3.2

A

A

B.

C.

PREPARATION

Review preliminary construction checklists and preliminary test procedures and data forms.

CONSTRUCTION CHECKLISTS

Construction checklists cannot modify or conflict with the Contract Documents.

Create construction checklists based on actual systems and equipment to be included in Project.

Material Checks: Compare specified characteristics and approved submittals with materials as
received. Include factory tests and other evaluations, adjustments, and tests performed prior to
shipment if applicable.

1.

2.
3.

Service connection requirements, including configuration, size, location, and other
pertinent characteristics.

Included optional features.

Delivery Receipt Check: Inspect and record physical condition of materials and
equipment on delivery to Project site, including agreement with approved submittals,
cleanliness, and lack of damage.

Installation Checks:

Location according to Drawings and approved Shop Drawings.

Configuration.

Compliance with manufacturers' written installation instructions.

Attachment to structure.

Access clearance to allow for maintenance, service, repair, removal, and
replacement without the need to disassemble or remove other equipment or
building elements. Access coordinated with other building elements and

o0 o
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equipment, including, but not limited to, ceiling and wall access panels, in a
manner consistent with OSHA fall-protection regulations and safe work practices.
f. Utility connections are of the correct characteristics, as applicable.
Correct labeling and identification.
Startup Checks: Verify readiness of equipment to be energized. Include
manufacturer's standard startup procedures and forms.

s«

D.  Startup: Perform and document initial operation of equipment to prove that it is installed
properly and operates as intended according to manufacturer's standard startup procedures, at
minimum.

E. Performance Tests:

1. Static Tests: As specified elsewhere, including, but not limited to, duct and pipe leakage
tests, insulation-resistance tests, and water-penetration tests.

2. Component Performance Tests: Tests evaluate the performance of an input or output of
components under a full range of operating conditions.

3. Equipment and Assembly Performance Tests: Test and evaluate performance of
equipment and assemblies under a full range of operating conditions and loads.

4, System Performance Tests: Test and evaluate performance of systems under a full range
of operating conditions and loads.

5. Intersystem Performance Tests: Test and evaluate the interface of different systems under
a full range of operating conditions and loads.

F. Deferred Construction Checklists: Obtain Owner approval of proposed deferral of construction
checklists, including proposed schedule of completion of each deferred construction checklist,
before submitting request for Certificate of Construction-Phase Commissioning Process
Completion. When approved, deferred construction checklists may be completed after date of
Construction-Phase  Commissioning Completion. Include the following in a request for
Certificate of Construction-Phase Commissioning Process Completion:

1. Identify deferred construction checklists by number and title.

2. Provide a target schedule for completion of deferred construction checklists.

3. Written approval of proposed deferred construction checklists, including approved
schedule of completion of each deferred construction checklist.

G. Delayed Construction Checklists: Obtain Owner approval of proposed delayed construction
checkilists, including proposed schedule of completion of each delayed construction checklist,
before submitting request for Certificate of Construction-Phase Commissioning Process
Completion. When approved, delayed construction checklists may be completed after date of
Construction-Phase Commissioning Completion. Include the following in a request for
Certificate of Construction-Phase Commissioning Process Completion:

1. Identify delayed construction checklist by construction checklist number and title.

2. Provide a target schedule for completion of delayed construction checklists.

3. Written approval of proposed delayed construction checklists, including approved
schedule of completion of each delayed construction checklist.
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3.3 GENERAL EXECUTION REQUIREMENTS

A.  Schedule and coordinate commissioning process with the Construction Schedule.

B.  Perform activities identified in construction checklists, including tests, and document results of
actions as construction proceeds.

C. Perform test demonstrations for Owner's witness. Unless otherwise indicated, demonstrate tests
for 100 percent of work to which the test applies. In some instances, demonstration of a random
sample of other than 100 percent of the results of a test is specified.

1. Where sampling is specified, the sampling plan and procedure for the test demonstration
shall be determined using ASQ Z1.4.

2. On determination of the sample size, the samples shall be selected randomly by Owner's
witness at the time of the test demonstration.

3. Include in the Commissioning Plan a detailed list of the test demonstrations with lot and
sample quantities for each test.

D.  Report test data and commissioning issue resolutions.

E.  Schedule personnel to participate in and perform Commissioning-Process Work.

F. Installing contractors' commissioning responsibilities include, but are not limited to, the
following:

1. Operating the equipment and systems they install during tests.
2. In addition, installing contractors may be required to assist in tests of equipment and
systems with which their work interfaces.
3.4 COMMISSIONING COORDINATOR RESPONSIBILITIES
A. Management and Coordination: Manage, schedule, and coordinate commissioning process,

including, but not limited to, the following:

1. Coordinate with subcontractors on their commissioning responsibilities and activities.

2. Obtain, assemble, and submit commissioning documentation.

3. Attend periodic on-site commissioning meetings. Comply with requirements in
Section 013100 "Project Management and Coordination."

4, Develop and maintain the commissioning schedule. Integrate commissioning schedule
into the Construction Schedule. Update Construction Schedule at specified intervals.

5. Review and comment on preliminary test procedures and data forms.

6. Report inconsistencies and issues in system operations.

7. Verify that tests have been completed and results comply with acceptance criteria, and
that equipment and systems are ready before scheduling test demonstrations.

8. Direct and coordinate test demonstrations.

9. Coordinate witnessing of test demonstrations by Owner's witness.

10. Coordinate and manage training. Be present during training sessions to direct video
recording, present training, and direct the training presentations of others. Comply with
requirements in Section 017900 "Demonstration and Training."

11.  Prepare and submit specified commissioning reports.
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3.5

12.  Track commissioning issues until resolution and retesting is successfully completed.

13. Retain original records of Commissioning-Process Work, organized as required for the
commissioning report. Provide Owner's representative access to these records on request.

14.  Assemble and submit commissioning report.

COMMISSIONING TESTING

Quality Control: Construction checklists, including tests, are quality-control tools designed to
improve the functional quality of Project. Test demonstrations evaluate the effectiveness of
Contractor's quality-control process.

Owner's witness will be present to witness commissioning work requiring the signature of an
owner's witness, including, but not limited to, test demonstrations. Owner's project manager will
coordinate attendance by Owner's witness with Contractor's published Commissioning
Schedule. Owner's witness will provide no labor or materials in the commissioning work. The
only function of Owner's witness will be to observe and comment on the progress and results of
commissioning process.

Construction Checklists:

1. Complete construction checklists as Work is completed.
2. Distribute construction checklists to installing contractors before they start work.
3. Installers:

a. Verify installation using approved construction checklists as Work proceeds.
b. Complete and sign construction checklists weekly for work performed during the
preceding week.

4, Provide Commissioning Authority access to construction checklists.

Installation Compliance Issues: Record as an installation compliance issue Work found to be
incomplete, inaccessible, at variance with the Contract Documents, nonfunctional, or that does
not comply with construction checklists. Record installation compliance issues on the
construction checklist at the time they are identified. Record corrective action and how future
Work should be modified before signing off the construction checklist.

Pre-Startup Audit: Prior to executing startup procedures, review completed installation checks
to determine readiness for startup and operation. Report conditions, which, if left uncorrected,
adversely impact the ability of systems or equipment to operate satisfactorily or to comply with
acceptance criteria. Prepare pre-startup report for each system.

Test Procedures and Test Data Forms:

1. Test procedures shall define the step-by-step procedures to be used to execute tests and
test demonstrations.

2. Test procedures shall be specific to the make, model, and application of the equipment
and systems being tested.

3. Completed test data forms are the official records of the test results.
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4.

Commissioning Authority will provide to Contractor preliminary test procedures and test
data forms for performance tests and commissioning tests after approval of Product Data,
Shop Drawings, and preliminary operation and maintenance manual.

Review preliminary test procedures and test data forms, and provide comments within 14
days of receipt from Commissioning Authority. Review shall address the following:

a. Equipment protection and warranty issues, including, but not limited to,
manufacturers' installation and startup recommendations, and operation and
maintenance instructions.

b. Applicability of the procedure to the specific software, equipment, and systems
approved for installation.

After Contractor has reviewed and commented on the preliminary test procedures and test
data forms, Commissioning Authority will revise and reissue the approved revised test
procedures and test data forms marked "Approved for Testing."

Use only approved test procedures and test data forms marked "Approved for Testing" to
perform and document tests and test demonstrations.

G. Performance of Tests:

1.

N

The sampling rate for tests is 100 percent. The sampling rate for test demonstrations is
100 percent unless otherwise indicated.

Perform and complete each step of the approved test procedures in the order listed.
Record data observed during performance of tests on approved data forms at the time of
test performance and when the results are observed.

Record test results that are not within the range of acceptable results on commissioning
issue report forms in addition to recording the results on approved test procedures and
data forms according to the "Commissioning Compliance Issues” Paragraph in this
Article.

On completion of a test, sigh the completed test procedure and data form. Tests for which
test procedures and data forms are incomplete, not signed, or which indicate performance
that does not comply with acceptance criteria will be rejected. Tests for which test
procedures and data forms are rejected shall be repeated and results resubmitted.

H. Performance of Test Demonstration:

1.

w

Perform test demonstrations on a sample of tests after test data submittals are approved.
The sampling rate for test demonstrations shall be 100 percent unless otherwise indicated
in the individual test specification.

Notify Owner's witness at least three days in advance of each test demonstration.

Perform and complete each step of the approved test procedures in the order listed.
Record data observed during performance of test demonstrations on approved data forms
at the time of demonstration and when the results are observed.

Provide full access to Owner's witness to directly observe the performance of all aspects
of system response during the test demonstration. On completion of a test demonstration,
sign the completed data form and obtain signature of Owner's witness at the time of the
test to authenticate the reported results.

Test demonstration data forms not signed by Contractor and Owner's witness at the time
of the completion of the procedure will be rejected. Test demonstrations for which data
forms are rejected shall be repeated and results shall be resubmitted.
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7.

a. Exception for Failure of Owner's Witness to Attend: Failure of Owner's witness to
be present for agreed-on schedule of test demonstration shall not delay Contractor.
If Owner's witness fails to attend a scheduled test, Contractor shall proceed with
the scheduled test. On completion, Contractor shall sign the data form for
Contractor and for Owner's witness, and shall note the absence of Owner's witness
at the scheduled time and place.

False load test requirements are specified in related sections.

a. Where false load testing is specified, provide temporary equipment, power,
controls, wiring, piping, valves, and other necessary equipment and connections
required to apply the specified load to the system. False load system shall be
capable of steady-state operation and modulation at the level of load specified.
Equipment and systems permanently installed in this work shall not be used to
create the false load without Architect's written approval.

l. Deferred Tests:

1.

Deferred Test List: Identify, in the request for Certificate of Construction-Phase
Commissioning Process Completion, proposed deferred tests or other tests approved for
deferral until specified seasonal or other conditions are available. When approved,
deferred tests may be completed after the date of Construction-Phase Commissioning
Completion. Identify proposed deferred tests in the request for Certificate of
Construction-Phase Commissioning Process Completion as follows:

a. Identify deferred tests by number and title.
b. Provide a target schedule for completion of deferred tests.

Schedule and coordinate deferred tests. Schedule deferred tests when specified conditions
are available. Notify Architect and Commissioning Authority at least three working days
(minimum) in advance of tests.

Where deferred tests are specified, coordinate participation of necessary personnel and of
Architect, Commissioning Authority, and Owner's witness. Schedule deferred tests to
minimize occupant and facility impact. Obtain Architect's approval of the proposed
schedule.

J. Delayed Tests:

1.

Delayed Test List: Identify, in the request for Certificate of Construction-Phase
Commissioning Process Completion, proposed delayed tests. Obtain Owner approval of
proposed delayed tests, including proposed schedule of completion of each delayed test,
before submitting request for Certificate of Construction-Phase Commissioning Process
Completion. Include the following in the request for Certificate of Construction-Phase
Commissioning Process Completion:

a. Identify delayed tests by test number and title.
b. Written approval of proposed delayed tests, including approved schedule of
completion of delayed tests.
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2.

Schedule and coordinate delayed tests. Schedule delayed tests when conditions that
caused the delay have been rectified. Notify Architect and Commissioning Authority at
least three working days (minimum) in advance of tests.

Where delayed tests are approved, coordinate participation of necessary personnel and of
Architect, Commissioning Authority, and Owner's witness. Schedule delayed tests to
minimize occupant and facility impact. Obtain Architect's approval of the proposed
schedule.

K. Commissioning Compliance Issues:

1.

2.

Test results that are not within the range of acceptable results are commissioning
compliance issues.

Track and report commissioning compliance issues until resolution and retesting are
successfully completed.

If a test demonstration fails, determine the cause of failure. Direct timely resolution of
issue and then repeat the demonstration. If a test demonstration must be repeated due to
failure caused by Contractor work or materials, reimburse Owner for billed costs for the
participation in the repeated demonstration.

Test Results: If a test demonstration fails to meet the acceptance criteria, perform the
following:

a. Complete a commissioning compliance issue report form promptly on discovery of
test results that do not comply with acceptance criteria.

b. Submit commissioning compliance issue report form within 24 hours of the test.

C. Determine the cause of the failure.

d. Establish responsibility for corrective action if the failure is due to conditions
found to be Contractor's responsibility.

Commissioning Compliance Issue Report: Provide a commissioning compliance issue
report for each issue. Do not report multiple issues on the same commissioning
compliance issue report.

a. Exception: If an entire class of devices is determined to exhibit the identical issue,
they may be reported on a single commissioning compliance issue report. (For
example, if all return-air damper actuators that are specified to fail to the open
position are found to fail to the closed position, they may be reported on a single
commissioning issue report. If a single commissioning issue report is used for
multiple commissioning compliance issues, each device shall be identified in the
report, and the total number of devices at issue shall be identified.

b. Complete and submit Part 1 of the commissioning compliance issue report
immediately when the condition is observed.

C. Record the commissioning compliance issue report number and describe the
deficient condition on the data form.

d. Resolve commissioning compliance issues promptly. Complete and submit Part 2
of the commissioning compliance issue report when issues are resolved.

Diagnose and correct failed test demonstrations as follows:

a. Perform diagnostic tests and activities required to determine the fundamental cause
of issues observed.
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b. Record each step of the diagnostic procedure prior to performing the procedure.
Update written procedure as changes become necessary.

C. Record the results of each step of the diagnostic procedure.

d. Record the conclusion of the diagnostic procedure on the fundamental cause of the

issue.
e. Determine and record corrective measures.
f. Include diagnosis of fundamental cause of issues in commissioning compliance

issue report.
7. Retest:

a. Schedule and repeat the complete test procedure for each test demonstration for
which acceptable results are not achieved. Obtain signature of Owner's witness on
retest data forms. Repeat test demonstration until acceptable results are achieved.
Except for issues that are determined to result from design errors or omissions, or
other conditions beyond Contractor's responsibility, compensate Owner for direct
costs incurred as the result of repeated test demonstrations to achieve acceptable
results.

b. For each repeated test demonstration, submit a new test data form, marked
"Retest."”

8. Do not correct commissioning compliance issues during test demonstrations.

a. Exceptions will be allowed if the cause of the issue is obvious and resolution can
be completed in less than five minutes. If corrections are made under this
exception, note the deficient conditions on the test data form and issue a
commissioning compliance issue report. A new test data form, marked "Retest,"
shall be initiated after the resolution has been completed.

3.6 COMMISSIONING MEETINGS

A.  Commissioning Authority will schedule and conduct commissioning meetings. Comply with
requirements in Section 013100 "Project Management and Coordination."

3.7 SEQUENCING

A.  Sequencing of Commissioning Verification Activities: For a particular material, item of
equipment, assembly, or system, perform the following in the order listed unless otherwise
indicated:

1. Construction Checklists:

a. Material checks.

b. Installation checks.

C. Startup, as appropriate. Some startup may depend on component performance.
Such startup may follow component performance tests on which the startup
depends.

d. Performance Tests:
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Static tests, as appropriate.

Component performance tests. Some component performance tests may
depend on completion of startup. Such component performance tests may
follow startup.

Equipment and assembly performance tests.

System performance tests.

Intersystem performance tests.

2. Commissioning tests.

B.  Before performing commissioning tests, verify that materials, equipment, assemblies, and
systems are delivered, installed, started, and adjusted to perform according to construction

checklists.

C.  Verify readiness of materials, equipment, assemblies, and systems by performing tests prior to
performing test demonstrations. Notify Architect if acceptable results cannot be achieved due to
conditions beyond Contractor's control or responsibility.

D. Commence tests as soon as installation checks for materials, equipment, assemblies, or systems
are satisfactorily completed. Tests of a particular system may proceed prior to completion of
other systems, provided the incomplete work does not interfere with successful execution of

test.

3.8 SCHEDULING

A.  Commence commissioning process as early in the construction period as possible.

B.  Commissioning Schedule: Integrate commissioning activities into Construction Schedule.

1. Include detailed commissioning activities in monthly updated Construction Schedule and
short-interval schedule submittals.
2. Schedule the start date and duration for the following commissioning activities:

S@hooooTe

Submittals.

Preliminary operation and maintenance manual submittals.
Installation checks.

Startup, where required.

Performance tests.

Performance test demonstrations.

Commissioning tests.

Commissioning test demonstrations.

3. Schedule shall include a line item for each installation check, startup, and test activity
specific to the equipment or systems involved.

4. Determine milestones and prerequisites for commissioning process. Show commissioning
milestones, prerequisites, and dependencies in monthly updated critical-path-method
construction schedule and short-interval schedule submittals.

C.  Two-Week Look-Ahead Commissioning Schedule:
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Two weeks prior to the beginning of tests, submit a detailed two-week look-ahead
schedule. Thereafter, submit updated two-week look-ahead schedules weekly for the
duration of commissioning process.

Two-week look-ahead schedules shall identify the date, time, beginning location,
Contractor personnel required, and anticipated duration for each startup or test activity.
Use two-week look-ahead schedules to notify and coordinate participation of Owner's
witnesses.

Owner's Witness Coordination:

1.
2.

Coordinate Owner's witness participation via Architect.
Notify Architect of commissioning schedule changes at least two work days in advance
for activities requiring the participation of Owner's witness.

COMMISSIONING REPORTS

Test Reports:

1.

Pre-startup reports include observations of the conditions of installation, organized into
the following sections:

a.

b.

Equipment Model Verification: Compare contract requirements, approved
submittals, and provided equipment. Note inconsistencies.

Preinstallation Physical Condition Checks: Observe physical condition of
equipment prior to installation. Note conditions including, but not limited to,
physical damage, corrosion, water damage, or other contamination or dirt.
Preinstallation Component Verification Checks: Verify components supplied with
the equipment, preinstalled or field installed, are correctly installed and functional.
Verify external components required for proper operation of equipment correctly
installed and functional. Note missing, improperly configured, improperly
installed, or nonfunctional components.

Summary of Installation Compliance Issues and Corrective Actions: ldentify
installation compliance issues and the corrective actions for each. Verify that
issues noted have been corrected.

Evaluation of System Readiness for Startup: For each item of equipment for each
system for which startup is anticipated, document in summary form acceptable to
Owner completion of equipment model verification, preinstallation physical
condition checks, preinstallation component verification checks, and completion of
corrective actions for installation compliance issues.

Test data reports include the following:

a.

"As-tested" system configuration. Complete record of conditions under which the
test was performed, including, but not limited to, the status of equipment, systems,
and assemblies; temporary adjustments and settings; and ambient conditions.

Data and observations, including, but not limited to, data trend logs, recorded
during the tests.

Signatures of individuals performing and witnessing tests.

Data trend logs accumulated overnight from the previous day of testing.
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3. Commissioning Compliance Issue Reports: Report as commissioning compliance issues
results of tests and test demonstrations that do not comply with acceptance criteria.
Report only one issue per commissioning compliance issue report. Use sequentially
numbered facsimiles of commissioning compliance issue report form included in this
Section, or other form approved by Owner. Distribute commissioning compliance issue
reports to parties responsible for taking corrective action. Identify the following:

a.

D Qo0 o

=«

K.

Commissioning compliance issue report number. Assign unique, sequential
numbers to individual commissioning compliance issue reports when they are
created, to be used for tracking.

Action distribution list.

Report date.

Test number and description.

Equipment identification and location.

Briefly describe observations about the performance associated with failure to
achieve acceptable results. Identify the cause of failure if apparent.

Diagnostic procedure or plan to determine the cause (include in initial submittal)
Diagnosis of fundamental cause of issues as specified below (include in
resubmittal).

Fundamental cause of unacceptable performance as determined by diagnostic tests
and activities.

When issues have been resolved, update and resubmit the commissioning issue
report forms by completing Part 2. Identify resolution taken and the dates and
initials of the persons making the entries.

Schedule for retesting.

4. Weekly progress reports include information for tests conducted since the preceding
report and the following:

a.
b.

C.
d.
e.

Completed data forms.

Equipment or system tested, including test number, system or equipment tag
number and location, and notation about the apparent acceptability of results.
Activities scheduled but not conducted per schedule.

Commissioning compliance issue report log.

Schedule changes for remaining Commissioning-Process Work, if any.

5. Data trend logs shall be initiated and running prior to the time scheduled for the test
demonstration.

Trend log data format shall be multiple data series graphs. Where multiple data
series are trend logged concurrently, present the data on a common horizontal time
axis. Individual data series may be presented on a segmented vertical axis to avoid
interference of one data series with another, and to accommodate different axis
scale values. Graphs shall be sufficiently clear to interpret data within the accuracy
required by the acceptance criteria.

Attach to the data form printed trend log data collected during the test or test
demonstration.

Record, print out, and attach to the data form operator activity during the time the
trend log is running. During the time the trend log is running, operator intervention
not directed by the test procedure invalidates the test results.
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3.10

6. System Alarm Logs: Record and print out a log of alarms that occurred since the last log
was printed. Evaluate alarms to determine if the previous day's work resulted in any
conditions that are not considered "normal operation.”

a. Conditions that are not considered "normal operation" shall be reported on a
commissioning issue report attached to the alarm log. Resolve as necessary. The
intent of this requirement is to discover control system points or sequences left in
manual or disabled conditions, equipment left disconnected, set points left with
abnormal values, or similar conditions that may have resulted from failure to fully
restore systems to normal, automatic control after test completion.

CERTIFICATE  OF CONSTRUCTION-PHASE =~ COMMISSIONING PROCESS
COMPLETION

When Contractor considers that construction-phase commissioning process, or a portion thereof
which Owner agrees to accept separately, is complete, Contractor shall prepare and submit to
Owner and Commissioning Authority through Architect a comprehensive list of items to be
completed or corrected. Failure to include an item on such list does not alter Contractor's
responsibility to compete commissioning process.

On receipt of Contractor's list, Commissioning Authority will make an inspection to determine
whether the construction-phase commissioning process or designated portion thereof is
complete. If Commissioning Authority's inspection discloses items, whether included on
Contractor's list, which is not sufficiently complete as defined in "Construction-Phase
Commissioning Process Completion™ Paragraph in the "Definitions" Article, Contractor shall,
before issuance of the Certificate of Construction-Phase Commissioning Process Completion,
complete or correct such items on notification by Commissioning Authority. In such case,
Contractor shall then submit a request for another inspection by Commissioning Authority to
determine construction-phase commissioning process completion.

Contractor shall promptly correct deficient conditions and issues discovered during
commissioning process. Costs of correcting such deficient conditions and issues, including
additional testing and inspections, the cost of uncovering and replacement, and compensation
for Architect's and Commissioning Authority's services and expenses made necessary thereby,
shall be at Contractor's expense.

When construction-phase commissioning process or designated portion is complete,
Commissioning Authority will prepare a Certificate of Construction-Phase Commissioning
Process Completion that shall establish the date of completion of construction-phase
commissioning process. Certificate of Construction-Phase Commissioning Process Completion
shall be submitted prior to requesting inspection for determining date of Substantial
Completion.

END OF SECTION 019113
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SECTION 028213 - ASBESTOS ABATEMENT

PART 1 - GENERAL

11 SUMMARY

A.  This Section specifies the procedures for removal of existing asbestos-containing materials
(ACM) in a structure to be demolished and disposal of removed materials. The results of the
testing for ACM are listed in Documents 003126.

1. The report was compiled by an ELAP certified laboratory.

2. In order to determine asbestos content, samples were analyzed by polarized light
microscopy (PLM) and/or transmission electron microscopy (TEM).

3. The report is intended for estimate purposes only, and is included to provide bidders with
the same information available to the Owner.

4. The Bulk Samples are representative of like materials in the Work area. All ACM may not
have been sampled.

B.  Type of Asbestos Abatement Project:
1. Large Asbestos Abatement Project: An asbestos project involving the removal,
disturbance, repair or handling of more than 160 square feet or 260 linear feet of ACM.
1.2 RELATED WORK SPECIFIED ELSEWHERE

A.  Existing Hazardous Material Information: Document 003126.

B.  Summary of the Work: Section 011000.

C.  Removals, Cutting, and Patching: Section 017329.

D. Handling of Lead Containing Materials: Section 028304.

E. Disposal of PCB Liquid Filled Equipment and Fluorescent Lamps: Section 028403.

1.3 REFERENCES
A.  New York State Department of Environmental Conservation (DEC) 6NYCRR:

Part 360 Solid Waste Management Facilities.

Part 364 Waste Transporter Permits.

Part 370 Hazardous Waste Management System-General.

Part 371 Identification and Listing of Hazardous Wastes.

Part 372 Hazardous Waste Manifest System and Related Standards for Generators,
Transporters and Facilities.

Part 373 Hazardous Waste Management Facilities.
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Occupational Safety and Health Administration (OSHA): Asbestos Regulations (29 CFR Part

1926.1101).

U.S. Environmental Protection Agency (USEPA):

1. National Emission Standards for Hazardous Air Pollutants; Asbestos NESHAP Revision;

Final Rule.

2. Asbestos Emergency Response Act (AHERA) (40 CFR Part 763, Subpart E).

New York State Department of Labor (DOL): Industrial Code Rule 56.

DEFINITIONS

Authorized Personnel: Facility or the Owner’s Representative, and all other personnel who are
authorized officials of any regulating agency, be it State, Local, Federal or Private entity who

possess legal authority for enforcement or inspection of the work.

Clearance Criteria: Shall be determined and established by a Certified Asbestos Project Monitor
with an independent testing lab employed by the Contractor, conforming to all standards set forth
by all authorities having jurisdiction, mentioned in the references, and issue the certification of

cleaning.

Site Specific Variance: Relief in accordance with section 30 of the Labor Law from specific

sections of Industrial Code Rule 56 for a specific project.

Phase | & Il: Asbestos Project phases as defined and subcategorized in ICR 56-2.

ABBREVIATIONS

ASTM: American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103

CFR: Code of Federal Regulations
Government Printing Office
Washington, DC 20402

DOL: New York State Department of Labor
Harriman State Office Building Campus
Albany, NY 12240

NIOSH: National Institute for Occupational Safety and Health
Building J.N.E. Room 3007
Atlanta, GA 30333

OSHA: Occupational Safety and Health Administration
200 Constitution Avenue
Washington, DC 20210

Asbestos Abatement
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F.

1.6

1.7

USEPA: United States Environmental Protection Agency
401 M Street SW
Washington, DC 20460

ASBESTOS SITE SPECIFIC VARIANCE

If a site specific variance is sought, the application must be submitted by the contractor’s NYS
DOL Certified Asbestos Project Designer with 14 days after the Contract Agreement is approved
by the Owner. Forward the required forms to the Department of Labor for their action.

SUBMITTALS
Product Data: Catalog sheets, specifications and installation instructions for each item specified.

Submittals for this section are subject to the re-evaluation fee identified in Article 4 of the General
Conditions.

Manufacturer’s installation instructions shall be provided along with product data.
Submittals shall be provided individually in the order in which they are specified and tabbed.

Asbestos Site Specific Variance Submittals; if a site specific variance is sought submit the
following:

1. One copy of the completed DOSH-751 and DOSH-465 forms.
2. One copy of the New York State Department of Labor site specific variance decision.

Quality Control Submittals:

1. Notification Compliance Data: Within 2 days after notification is sent to the regulatory
agencies submit one copy of each notice sent to each regulatory agency (USEPA and
DOL).

2. Asbestos Removal Company Data: Name and address of proposed asbestos removal
company and abatement contractor license issued by DOL.

3. Asbestos Worker Certification Data: Name and address of proposed asbestos abatement
workers and licenses issued by DOL.

4. Work Plan: Submit one copy of the work plan required under Quality Assurance Article
1.08 (C).

5. Waste Transporter Permit: One copy of transporter’s current waste transporter permit from
NYS DEC (NYS Part 364 Permit).

6. NYS Part 360 Landfill Permit: Copy of NYS Part 360 permit of landfill to be used for
ACM disposal shall be licensed to receive ashestos waste by NYS DEC (NYS Part 360
Permit) and by USEPA. Out of state landfills shall provide licenses from local agencies
having jurisdiction.

7. Negative Air Pressure Equipment: Copy of manufacturer’s and performance data of all
units and HEPA filters used.

Asbestos Work Closeout Submittals:
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1.8

1.9

1. Waste Shipment Records and Disposal Site Receipts: Copy of waste shipment record and
disposal site receipt showing that the ACM has been properly disposed.

a. Waste shipment record and disposal site receipt must be received within 35 days of
the ACM waste leaving the Site. If receipts are not received within the specified
time period, the Owner’s Representative will notify USEPA in writing within 45
days of the ACM waste leaving the Site.

Contract Closeout Submittals:

1. Daily Log: Submit copy of the daily air sample analytical reports and a copy of Asbestos
Abatement Contractor’s Daily project log.

2. Personal Air Monitoring Data: Submit copy of personal air monitoring analytical reports
and chain of custody.

QUALITY ASSURANCE

Regulatory Requirements: Comply with the referenced standards.

Pre-Work Conference: Before the Work of this Section is scheduled to commence, a conference

will be held by the Owner at the Site for the purpose of reviewing the Contract Documents,

discussing requirements for the Work, and reviewing the Work procedures.

1. The conference shall be attended by the Contractor, the asbestos removal subcontractor,
and if applicable, the testing laboratory employed by the Contractor.

Work Plan: At the conclusion of the pre-work conference, before the physical abatement Work
begins, prepare a detailed work plan.

The work plan shall include, but not be limited to, work procedures, types of equipment, details
of equipment used, decontamination unit locations, crew size, and emergency procedures for fire
and medical emergencies and for failure of containment barriers.

If a site specific variance is sought, do not finalize the work plan until the Department of Labor
decision is received.

PROJECT CONDITIONS

In addition to the postings required by law, post at the entrance to the abatement area the following
documents:

1. Copy of the printed Work plan.
2. Copy of Industrial Code Rule 56.

Shut-down of Air Handling System: Complete the Work of this Section within the time limitation
allowed for shut-down of the air handling system serving the work area.

1. The air handling system will not be restarted until approval of the air monitoring tests
following the last cleaning.
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2. If total shut down of the system is not acceptable, follow all regulations for local isolation
and provision for temporary HVAC as per DOL regulations.

C.  Maintain electric services to those portions of the building and remaining facility not a part of the
asbestos abatement work area at all times. Follow all regulations for electric power shut down
exemptions as per DOL regulations.

D. Do not obstruct any aisle or passageway so as to reduce its required width as an exit.

1.10 HEALTH AND SAFETY

A.  Where in the performance of the work, workers, supervisory personnel or sub-contractors may
encounter, disturb, or otherwise function in the immediate vicinity of contaminated items and
materials, all personnel shall take appropriate continuous measures as necessary to protect all
ancillary building occupants from the potential ACM exposure.

1. Such measures shall include the procedures and methods described herein and shall be in
compliance with all applicable regulations of Federal, State and Local agencies.

111 FIRE PROTECTION, EMERGENCY EGRESS AND SECURITY

A.  Establish emergency and fire exits from the work area containment. Provide first aid kits and two
full sets of protective clothing and respirators for use by qualified emergency personnel outside
of the work area.

B.  Provide a loghook throughout the entire term of the project. All persons who enter the regulated
abatement work area or enclosure shall sign the logbook. Document any intrusion or incident in
the log book.

1.12 PERSONAL PROTECTIVE CLOTHING AND EQUIPMENT

A.  Workers must wear personal protective equipment for all projects as per OSHA and DOL
regulations. Provide respiratory protection in accordance with OSHA regulation 1910.134 and
ANSI Z88.2.

B.  Workers must be trained as per OSHA and DOL requirements, have medical clearance and must
have recently received pulmonary function test (PFT) and respirator fit tested by a trained
professional.

1. A personal air sampling program shall be in place as required by OSHA.

2. The use of respirators must also follow a complete respiratory protection program as
specified by OSHA.
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PART 2 - PRODUCTS

2.1

A

2.2

2.3

24

2.5

2.6

2.7

DISPOSAL BAGS

Type: Minimum 6 mil thick, black, and preprinted with a Caution Label.

EQUIPMENT

Temporary lighting, heating, hot water heating units, ground fault interrupters, and all other
equipment on site shall be UL listed.

All electrical equipment shall be in compliance with the National Electric Code, Article 305 -
Temporary Wiring.

GLOVE BAGS

Type: Minimum 6 mil thick, clear, fire retardant polyethylene. Select glove bag sizes appropriate
for the size and location of the project.

NEGATIVE AIR PRESSURE UNITS

Type: Local exhaust system, capable of maintaining negative air pressure within the containment,
and provides for HEPA filtration of efficiency not less than 99.97 percent with 0.3 micron
particles. Equip the unit with filter alarms lights and operation time meter.

PLASTIC SHEETS

Type: Minimum 6 mil thick, clear, fire retardant polyethylene.

RESPIRATORS

Type: As approved by the Mine Safety and Health Administration (MSHA), Department of
Labor, or the National Institute for Occupational Safety and Health (NIOSH), Department of
Health and Human Services.

VACUUM CLEANERS

Type: Vacuums equipped with HEPA filters.

Asbestos Abatement 028213 -6



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

PART 3 - EXECUTION

3.1

3.2

3.3

3.4

A

A.

ASBESTOS-CONTAINING MATERIAL HANDLING AND REMOVAL PROCEDURES

Comply with the standards referenced in Part 1 of this Section.

CLEAN UP PROCEDURES

Comply with the standards referenced in Part 1 of this Section.

PROJECT AIR SAMPLING, MONITORING AND ANALYSIS

Air Sampling and Analysis: If required, the Contractor will employ the services of an independent
testing laboratory to perform air sample monitoring. The laboratory shall use the methods
described in standards referenced in Part 1 of this Section.

1. The equipment, duration, flow rate, calibration of equipment, number and location of
samples are as per ICR 56-4.

2. Air sampling technician shall be on site to observe and maintain air sampling equipment
for the duration of the air sampling collection.

3. Period of time permitted between completion of air sample collection and receipt of results
on the project site shall be equal or less than 48 hours.

If air samples collected outside the regulated work area indicate airborne fiber concentrations at
or above 0.01 fibers per cubic centimeter, or the established background level, whichever is
greater, work shall stop immediately for inspection of barriers and negative air ventilation
systems. Clean up surfaces outside the regulated work area using HEPA filter equipped vacuums
and wet cleaning methods. Work methods shall be altered to reduce fiber concentrations to
acceptable levels.

Elevated air sample results, if any, along with background and all other air sample results
collected during Phase IlIA through Phase IIC shall be submitted to the Commissioner of
appropriate Asbestos Control Bureau within the same business day of receipt of results.

FINAL CLEANING AND CLEARANCE PROCEDURES

Negative Pressure Ventilation: Negative air pressure machines if used, shall remain in continuous
operation during the entire length of the project.

Cleaning and Visual Inspection: After first, second, third cleaning and required waiting/settling
and drying periods, perform a final visual inspection.

1. Final clearance air sampling shall commence after the waiting/settling and drying time as
per ICR 56 has elapsed.
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C.

Project Monitor Visual Inspection: The Contractor will employ the services of a DOL certified
asbestos project monitor employed by an independent testing laboratory to perform visual
inspection as required by ICR 56.

Final Clearance Air Sampling: The Contractor will employ the services of an independent testing
laboratory to perform final air sampling.

1.

2.

The laboratory shall use the methods described in standards referenced in Part 1 of this
Section.

The equipment, duration, flow rate, calibration of equipment, number and location of
samples are as per ICR 56-4.

If initial Post-Abatement (Clearance Air) Monitoring results do not comply with the
standards referenced in Part 1 of this Section the Contractor shall either re-clean or order a
full set of TEM analysis.

a. Results of the TEM analysis will be conclusive, and if the results do not comply with
the standards referenced in Part 1 of this Section, the Contractor shall re-clean and
additional full set of air samples will be collected and analyzed until the standards
are met.

b. All satisfactory PCM clearance air sample results along with background air sample
results, if they are greater than or equal to 0.01 fibers per cubic centimeter, shall be
submitted to the Commissioner of appropriate Asbestos Control Bureau within two
business days of receipt of satisfactory clearance air results.

C. All satisfactory TEM results of previously unsatisfactory PCM clearance air sample
results, along with the unsatisfactory PCM results shall be submitted to the
Commissioner of appropriate Asbestos Control Bureau within two business days of
receipt of satisfactory clearance air results.

Prior to removal of isolation barriers the Owner’s Representative at the site will receive an
affidavit from the air monitoring laboratory certifying the final air samples comply with
the standards referenced in Part 1 of this Section.

Dismantling of Regulated Abatement Work Area:

=

o ks

o

Remove all tools and equipment after proper decontamination as per Part 1 of this section.
Dismantle and remove each tent enclosure and air lock and any barriers only after final
clearance air monitoring has been performed and satisfactory results obtained.

All remaining polyethylene, duct tape, expandable foam and other barrier materials shall
be bagged, wrapped, containerized and labeled as asbestos waste.

Remove all temporary hard walled barriers from site.

Dismantle any remote decontamination units and plastic sheeting shall be disposed as
asbestos waste.

Remove all waste generated to the holding area, lockable trailer or dumpster.
Contractor’s Supervisor shall certify in writing to the Owner that abatement work is
complete and no debris/residue remains.

Asbestos Abatement 028213 -8
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3.5 DISPOSAL OF ASBESTOS-CONTAINING MATERIAL AND RELATED DEBRIS
A.  Remove all waste generated as part of the asbestos project from the project site within ten calendar
days from the site after completion of Phase 1IC of the project or within one day of the waste
disposal container/trailer becomes full, whichever occurs first.
B.  Transport and dispose of all the asbestos-containing waste, related debris, and waste water to the
approved disposal site.
C.  All generated waste removed from the site must be documented, accounted for and disposed of
in compliance with the requirements of USEPA NESHAP.
D.  Comply also with the standards referenced in Part 1 of this Section.
3.6 RESTORATION
A.  Remove temporary decontamination facilities and restore area designated for these facilities to
its original condition or better.
B.  Where existing work is damaged or contaminated, restore work to its original condition or better.

END OF SECTION 028213
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SECTION 028304 - HANDLING OF LEAD CONTAINING MATERIALS

PART 1 - GENERAL

11

A.

12

13

SUMMARY

This Section specifies the requirements for the detection and prevention of lead dust, paint
chips, or debris contamination of lead dust control work areas and areas adjacent to them,
protection of workers, post-work cleaning, predisposal testing and appropriate disposal of
removed material. The results of the testing for lead-containing materials are listed in the
appendix.

RELATED WORK SPECIFIED ELSEWHERE
Existing Hazardous Material Information: Document 003126.
Summary of the Work: Section 011000.

Asbestos Abatement: Section 028213.

Disposal of PCB Liquid Filled Equipment and Fluorescent Lamps: Section 028403

REFERENCES
New York State Department of Environmental Conservation (DEC) 6NYCRR:

Part 360 Solid Waste Management Facilities.

Part 364 Waste Transporter Permits.

Part 370 Hazardous Waste Management System-General.

Part 371 Identification and Listing of Hazardous Wastes.

Part 372 Hazardous Waste Manifest System and Related Standards for Generators,
Transporters and Facilities.

6. Part 373 Hazardous Waste Management Facilities.

arODE

New York State Department of Transportation (DOT): Follow all regulations of 49CFR Part
100 through 199.

Occupational Safety and Health Administration (OSHA): Lead Exposure in Construction:
Interim Final Rule 29 CFR 1926.62.

U.S. Department of Housing and Urban Development (HUD): Guidelines for evaluation and
control of Lead based paint hazards: Title Ten of Housing and Community Act of 1992.

U.S. Environmental Protection Agency (EPA): Resource Conservation and Recovery Act
(RCRA) Section 3004 Hazardous and Solid Waste Amendments.

Handling of Lead Containing Materials 028304 - 1
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F.

14

15

U.S. Environmental Protection Agency (EPA): Toxicity Characteristics Leaching Procedure
EPA Method 1311.

DEFINITIONS

Authorized Personnel: Facility or the Owner’s Representative, and all other personnel who are
authorized officials of any regulating agency, be it State, Local, Federal or Private entity who
possess legal authority for enforcement or inspection of the work.

Containment: The enclosure within the building which establishes a contaminated area and
surrounds the location where lead remediation is taking place and establishes a Lead Control
Work Area.

Fixed Object: Mechanical equipment, electrical equipment, fire detection systems, alarms, and
all other fixed equipment, furniture, fixtures or other items which cannot be removed from the
work area.

HEPA: High Efficiency Particulate Absolute filtration efficiency of 99.97 percent down to 0.3
microns. Filtration provided on specialized vacuums and air filtration devices to trap particles.

Lead Based Paint (LBP): Paints or other surface coatings that contain lead equal to or greater
than 1.0 milligrams per square centimeter or 0.5 percent of lead by weight.

Lead Dust Control Work Area: A cordoned off area with drop clothes or an enclosed area or
structure with containment to prevent the spread of lead dust, paint chips, or debris from lead-
containing paint disturbance operations.

PPE: Personal Protective Equipment.

ABBREVIATIONS

ASTM: American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103

CFR: Code of Federal Regulations
Government Printing Office
Washington, DC 20402

DOT: Department of Transportation
Main Office, 50 Wolf Road
Albany, NY 12232

NIOSH: National Institute for Occupational Safety and Health
Building J, N.E. Room 3007
Atlanta, Georgia 30333

OSHA: Occupational Safety and Health Administration
200 Constitution Avenue
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1.6

Washington, DC 20210

USEPA: United States Environmental Protection Agency
401 M Street SW
Washington, DC 20460

SUBMITTALS

Submittals for this section are subject to the re-evaluation fee identified in Article 4 of the
General Conditions.

Manufacturer’s installation instructions shall be provided along with product data.
Submittals shall be provided individually in the order in which they are specified and tabbed.

Quality Control Submittals: Submit the entire Lead Abatement submittal package at the same
time.

1. Worker’ Qualifications: The persons removing lead containing/coated material and their
Supervisors shall be personally experienced in this type of work and shall have been
employed by a company with a minimum of one year experience in this type of work.
Submit a copy of documentation of completion of the EPA lead renovators training
program.

a. Name of lead supervisor on site during the work.

2. Detailed Work Plan: Submit one copy of the work plan required under Quality
Assurance Article.

3. Waste Transporter Permit:  One copy of transporter’s current NYS DEC waste
transporter permit.

Operation and Maintenance Data: Submit air filtration unit operation and maintenance data and
manufacturer’s catalog sheets for the HEPA filter.

1. Provide an affidavit stating that the HEPA filters to be used for this project are new and
unused.

Contract Closeout Submittals:

1. Assessment Report compiled by a testing lab certifying that the work area has lead
concentrations below the levels specified under the cleaning criteria.

2. Disposal Site Receipts: Copy of waste shipment record and disposal site receipt showing
that the lead-containing materials have been properly disposed.

Handling of Lead Containing Materials 028304 - 3



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

1.7

A

1.8

19

QUALITY ASSURANCE
Regulatory Requirements: Comply with the referenced standards.

Pre-Work Conference: Before the Work of this Section is scheduled to commence, a
conference will be held by the Owner’s Representative at the Site with the contractor and the
lead handling subcontractor (if any) for the purpose of reviewing the Contract Documents,
discussing requirements for the Work, and reviewing the Work procedures.

Detailed Lead-Containing Material Removal Work Plan: Before the physical Work begins,
prepare a detailed lead-containing material removal work plan.

1. The work plan shall include, but not be limited to, the location, size, and details of lead
dust control work areas, containment, sequencing of lead containing material handling,
work procedures, types of equipment, crew size, and emergency procedures for fire and
medical emergencies.

PROJECT CONDITIONS

Shut-down of Air Handling System: Complete the Work of this Section within the time
limitation allowed for shutdown of the air handling system serving the work area.

1. The air handling system will not be restarted until approval of the post-work dust-wipe
testing following the last cleaning.

Cover and seal all fin-tube radiator covers, diffusers, duplex outlets, speakers, smoke and heat
detectors, etc. Use temporary plasticized partitions as required.

1. Prevent lead containing dust from entering hard to clean areas within the dust
containment area.

2. Items judged to be too difficult to protect may be disconnected, removed and replaced at
contractor’s option.

Remove or encase all movable equipment in the work area with two layers of six mil fire
retardant polyethylene sheeting.

Cut and alter existing materials as required to perform the work. Limit cutting to the smallest
amount necessary. Core drill round holes and saw cut other openings where possible for
removal work. Flame cutting, high speed grinding or welding is prohibited on lead painted
surfaces.

HEALTH AND SAFETY

Where in the performance of the work, workers, supervisory personnel or sub-contractors may
encounter, disturb, or otherwise function in the immediate vicinity of contaminated items and
materials, all personnel shall take appropriate continuous measures as necessary to protect all
ancillary building occupants from the potential lead exposure.
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1. Such measures shall include the procedures and methods described herein and shall be in
compliance with all applicable regulations of Federal, State and Local agencies.

1.10 FIRE PROTECTION, EMERGENCY EGRESS AND SECURITY

A.  Establish emergency and fire exits from the lead dust control work area containment. Provide
first aid kits and two full sets of protective clothing and respirators for use by qualified
emergency personnel outside of the work area.

B. Provide a logbook throughout the entire term of the project. All persons who enter the
regulated lead dust control work area or containment shall sign the logbook. Document any
intrusion or incident in the log book.

1.11 PERSONAL PROTECTIVE CLOTHING AND EQUIPMENT
A.  Workers must wear protective suits, protective gloves, eye protection and a minimum of half-
face respirator with new HEPA filter cartridge for all projects. Respiratory protection shall be in

accordance with OSHA regulation 1910.134 and ANSI Z88.2.

B.  Workers must be trained per EPA, have medical clearance and must have recently received
pulmonary function test (PFT) and respirator fit tested by a trained professional.

1. A personal air sampling program shall be in place as required by OSHA.

2. The use of respirators must also follow a complete respiratory protection program as
specified by OSHA.
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PART 2 - PRODUCTS

2.1

A.

2.2

2.3

24

25

RESPIRATORS

Type: Approved by the Mine Safety and Health Administration (MSHA), Department of
Labor, or the National Institute for Occupational Safety and Health (NIOSH), Department of
Health and Human Services.

VACUUM CLEANERS

Type: Vacuums equipped with new HEPA filters.

PLASTIC SHEETS
Type: Minimum 6 mil., clear, fire retardant polyethylene sheets.

Floor Protective Layer: Minimum 10 mil., reinforced polyethylene sheets.

DISPOSAL BAGS

Type: Minimum 6 mil thick, clear polyethylene bags with preprinted Caution Label. Properly
containerize/drum prior to disposal.

EQUIPMENT

Temporary lighting, heating, hot water heating units, ground fault interrupters, and all other
equipment on site shall be UL listed and shall be safe, proper, and sufficient for the purpose
intended.

All electrical equipment shall be in compliance with the National Electric Code, Article 305 -
Temporary Wiring.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

3.4

EMPLOYEE PROTECTION

Comply with all applicable Occupational Safety and Health Administration (OSHA)
Requirements.

LEAD-CONTAINING/COATED MATERIAL HANDLING AND DISPOSAL
Handle and dispose of lead-containing materials in accordance with OSHA 1926.62 and the
approved lead-containing material work plan. Use procedures and equipment required to limit

occupational and environmental exposure to lead when material containing or coated with lead
containing paint is handled and disposed of in accordance with referenced standards.

DISPOSAL OF LEAD-CONTAINING/COATED MATERIAL AND RELATED DEBRIS

Transport and dispose of lead-containing material classified as Hazardous Waste in accordance
with the standards referenced in Part 1 of this Section.

Transport and dispose of lead-containing material classified as Non- Hazardous Waste in
accordance with the standards referenced in Part 1 of this Section.

RESTORATION

Remove temporary decontamination facilities and restore area designated for these facilities to
its original condition or better.

Where existing construction is damaged or contaminated during the course of performing this
project, restore area to its condition or better.

END OF SECTION 028304
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SECTION 028403 - DISPOSAL OF PCB LIQUID FILLED ELECTRICAL EQUIPMENT AND
FLUORESCENT LAMPS

PART 1 - GENERAL

11

@

o 0O

m

1.2

13

14

REFERENCES

6 NYCRR, Parts 361, 364, 370, 371, 372, 373, and 376.
29 CFR, Part 1910.120.

40 CFR, Parts 260, 261, 262, 263, 264, 265, 268, and 761.
49 CFR, Parts 171, 172, and 173.

ANSI/IEEE Standard 799.

DEFINITIONS
Definitions and Abbreviations:

PCB: Polychlorinated Biphenyls.

PPM: Parts per million.

NYCRR: New York State Codes, Rules, and Regulations.
CFR: Code of Federal Regulations.

TSD Facility: Treatment, Storage, Disposal Facility.

akrwnE

DESCRIPTION

The existing light ballasts (which are suspect PCB-containing materials), DEHP, and / or lead
solder and Fluorescent Lamps as discussed in the Limited Hazardous Materials Survey (See
Section 003126).

SUBMITTALS

Submittals for this section are subject to the re-evaluation fee identified in Article 4 of the
General Conditions.

Manufacturer’s installation instructions shall be provided along with product data.
Submittals shall be provided individually in the order in which they are specified and tabbed.
Quality Control Submittals:

1. Detailed list of the codes, rules and regulations which are understood to govern the Work.
This list must cite specific title, chapter, and section of the citation.
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2. Detailed plan for notifying proper local, state, and federal authorities of any incident,
required to be reported, that occurs during the handling and transportation of this
hazardous waste.
3. Detailed plan for containment and cleanup of any PCB spill that occurs during the
handling and transportation of the PCB liquid.
4. Listing of licenses or permits issued by government agencies authorizing the handling of
PCB products by the service company, transporter, and operator of the TSD Facility.
5. Resume for each person handling PCB products at the Site. Include:
a. Hazardous materials training.
b. Licenses, permits, or certificates authorizing the handling of PCB products.
C. Number of years performing similar hazardous materials work.
d. Three recent job locations performing similar work.
6. Detailed step by step procedure indicating how the Work is to be accomplished.
Procedure shall also include information for off-site Work, such as:
a. Method of disposal.
b. Owner and operator of the TSD Facility.
C. Location of the TSD Facility.
d. Method of transporting to the TSD Facility.
e. Name and address of the transporter, if different from the service company.
7. Service Company Data:
a. Name, address, and telephone number.
b. Brochure explaining services offered.
C. Experience directly applicable to the required services.
d. Type and listing of equipment proposed to be used for the Work.
e. Licenses, permits, or certificates authorizing the handling of PCB products.
8. Transporter Company Data:
a. Name, address, and telephone number.
b. Brochure explaining services offered.
C. Experience directly applicable to the required services.
d. Type and listing of equipment proposed to be used for the Work.
e. Licenses, permits, or certificates authorizing the handling of PCB products.
9. Treatment, Storage, Disposal Facility Data:

Name, address, and telephone number.

Brochure explaining services offered.

Experience directly applicable to the required services.

Type and listing of equipment proposed to be used for the Work.

Licenses, permits, or certificates authorizing the handling of PCB products.

®Poo0ow

E. Contract Closeout Submittals:

1.

Generator’s Copies of Hazardous Waste Manifest and Other Documents: Deliver the
generator’s copies to the Owner for delivery to appropriate facility personnel.
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15 QUALITY ASSURANCE
A.  Service Company: The Work shall be performed by a qualified company specifically permitted
by the U. S. Environmental Protection Agency, Region 2 to operate as a commercially operated
PCB smelting or incineration disposal company.
1.6 PROJECT CONDITIONS

A.  Environmental Requirements:

1. Comply with applicable governmental agency codes, rules, and regulations for handling
PCB fluids and articles.
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PART 2 - PRODUCTS
2.1 MATERIALS FOR USE DURING DISPOSAL PROCEDURE

A.  Furnish the required drums, containers, and other materials which meet applicable
governmental agency codes, rules and regulations.
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PART 3 - EXECUTION
3.1 PERFORMANCE
A.  Remove, and thermally destroy by smelting and incineration, the PCB fluids and articles in

accordance with applicable governmental agency codes, rules, and regulations. No PCB fluids
or articles shall be disposed of by landfill.

END OF SECTION 028403
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Still need to finish formatting and apply styles throughout document.

Confirm with tim where spec is underlined in section 2

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

A.List of Items: All work in this section shall be as indicated on the complete set of drawings
and/or as listed herein. Note that this listing is primarily for the convenience of the Contractor
and that all items shall be provided whether included in this listing or indicated on the plans.

1. Face brick.

2. Miscellaneous unit masonry.

3. Mortar, grout, reinforcing, ties, anchors, embedded flashing, insulation, etc.
4, Masonry control and expansion joints (see Division 7 for Sealants).

SUBMITTALS

Samples for each type and color of exposed masonry units and colored mortars as requested by
the Architect.

Material Certificates: For each type of product indicated. Include statements of material
properties indicating compliance with requirements including compliance with standards and
type designations within standards.

1. For masonry units include material test reports substantiating compliance with
requirements.

Mix Designs: For each type of mortar and grout. Include description of type and proportions of
ingredients.

Sample Panel Mock-up: Construct a masonry sample panel for architect’s review and approval.
All submittals should be approved before the sample panel is constructed. Materials used in the
sample panel should be selected and supplied by the manufacturer. The representative of the
owner may choose to use more than one type of mortar joint color in the sample panel to help
make final choices as to the finished appearance. After a cleaning procedure has been approved,
it should be demonstrated on the sample panel. The sample panel shall be constructed by the
mason contractor selected for the project before the masonry work begins and should not be
removed or destroyed until all work has been accepted. The sample panel will be used to
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14

A.

15

A

B.

evaluate if the appearance and construction of the finished masonry work meets the
requirements of the contract documents.

QUALITY ASSURANCE

Sample Panels: Build sample panels to verify selections made under sample submittals and to
demonstrate aesthetic effects. Do not proceed with masonry work until sample panel is
approved by Architect.

1. Build sample panels for each type of exposed unit masonry construction in sizes
approximately 48 inches long by 48 inches high.

PROJECT CONDITIONS

A.  Cold-Weather Requirements: Do not use frozen materials or materials mixed or coated
with ice or frost. Do not build on frozen substrates. Remove and replace unit masonry
damaged by frost or by freezing conditions. Comply with cold-weather construction
requirements contained in ACI 530.1/ASCE 6/TMS 602.

Hot-Weather Requirements: Comply with hot-weather construction requirements contained in
ACI 530.1/ASCE 6/TMS 602.

PART 2 - PRODUCTS

2.1

A

B.

2.2

A

B.

BRICK
General: Provide shapes indicated and as follows:

1. For ends of sills and caps and for similar applications that would otherwise expose
unfinished brick surfaces, provide units without cores or frogs and with exposed surfaces
finished.

2. Provide special shapes for applications where shapes produced by sawing would result in
sawed surfaces being exposed to view. No blacks.

Face Brick: ASTM C 216, Grade SW, Type FBX. Note: All bricks shall comply with SW
(Severe Weathering) and FBX (Minimal Color and Size Variation).

1. Unit Compressive Strength: Provide units with minimum average net-area compressive
strength of 5500 psi.

2. Size (Actual Dimensions): 3-5/8 inches wide by 2-1/4 inches high by 7-5/8 inches long.

MORTAR AND GROUT MATERIALS

Portland Cement: ASTM C 150, Type | or 1, except Type Il may be used for cold-weather
construction.

Hydrated Lime: ASTM C 207, Type S.
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C.  Mortar Pigments: lron oxides and chromium oxides, compounded for use in mortar mixes. Use
only pigments with a record of satisfactory performance in masonry mortar.

1.

Products:

a. Bayer Corporation, Industrial Chemicals Div.; Bayferrox Iron Oxide Pigments.
b. Davis Colors; True Tone Mortar Colors.

C. Solomon Grind-Chem Services, Inc.; SGS Mortar Colors.

d. Architect approved equal.

D. Colored Cement Product: Packaged blend made from portland cement and lime and mortar
pigments, all complying with specified requirements, and containing no other ingredients.

1.

2.

Formulate blend as required to produce color indicated or, if not indicated, as selected
from manufacturer's standard colors.
Products:
a. Colored Portland Cement-Lime Mix:
1)  Glen-Gery Brick; Color Mortar Blend
2) Lafarge North America Inc.; Eaglebond.
3)  Lehigh Cement Company; Lehigh Custom Color Portland/Lime Cement.
4)  Architect approved equal.

E. Aggregate for Mortar: ASTM C 144,

1.

2.

For joints less than 1/4 inch thick, use aggregate graded with 100 percent passing the No.
16 sieve.

Colored-Mortar Aggregates: Natural sand or crushed stone of color necessary to produce
required mortar color.

F. Aggregate for Grout: ASTM C 404.

G. Water: Potable.

23 REINFORCEMENT

A.  Uncoated Steel Reinforcing Bars: ASTM A 615/A 615M or ASTM A 996/A 996M, Grade 60.

B.  Masonry Joint Reinforcement: ASTM A 951; mill galvanized, carbon-steel wire for interior
walls and hot-dip galvanized, carbon-steel wire for exterior walls.

akrwnE

Brick Masonry

Wire Size for Side and Cross Rods: 0.188-inch diameter.

Wire Size for Veneer Ties: 0.188-inch diameter.

Spacing of Cross Rods, Tabs, and Cross Ties: Not more than 16 inches o.c.
Single-Wythe Masonry: Truss type with single pair of side rods.

Multiwythe Masonry: Ladder type with 1 side rod at each face shell of hollow masonry
units more than 4 inches in width, plus 1 side rod at each wythe of masonry 4 inches or
less in width.

042613-3
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2.4 TIES AND ANCHORS

A.  Materials:

1. Hot-Dip Galvanized, Carbon-Steel Wire: ASTM A 82; with ASTM A 153/A 153M,
Class B-2 coating.
2. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M.

B.  Wire Ties, General: Unless otherwise indicated, size wire ties to extend at least halfway
through veneer but with at least 5/8-inch cover on outside face. Outer ends of wires are bent 90
degrees and extend 2 inches parallel to face of veneer.

C.  Adjustable Masonry-Veneer Anchors
1. General:  Provide anchors that allow vertical adjustment but resist tension and

compression forces perpendicular to plane of wall, for attachment over sheathing to metal
studs, and as follows:
a. Structural Performance Characteristics: Capable of withstanding a 100-1bf load in
both tension and compression without deforming or developing play in excess of
0.05 inch.
25 EMBEDDED FLASHING MATERIALS

A.  Metal Flashing: Provide metal flashing, where flashing is exposed or partly exposed and where
indicated.

1. Metal Drip Edges: Fabricate from stainless steel. Extend at least 3 inches into wall and
1/2 inch out from wall, with outer edge bent down 30 degrees and hemmed.
B.  Flexible Flashing: For flashing not exposed to the exterior, use one of the following, unless

otherwise indicated:

1. Copper-Laminated Flashing: 7-0z./sg. ft. copper sheet bonded with asphalt between 2
layers of glass-fiber cloth.
a. Products:
1)  AFCO Products Inc.; Copper Fabric.
2) Hohmann & Barnard, Inc.; H & B C-Fab Flashing.
3)  York Manufacturing, Inc.; York Copper Fabric Flashing.
4)  Architect approved equal.

2. Asphalt-Coated Copper Flashings: Manufacturer's standard product consisting of sheet
copper of 7 oz. per sg. ft. coated with flexible asphalt. Adhesive for flashings of type
recommended by manufacturer of flashing material for use indicated.

a. Products: Subject to compliance with requirements, provide one of the following:
1)  "Cop-A-Coat"; Afco Products Inc.
2)  Coated Copper Flashing; Sandell Manufacturing Co., Inc.
3)  "Copperseal™; York Manufacturing, Inc.
4)  Architect approved equal.

Brick Masonry 0426134



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

2.6

2.7

2.8

Adhesives, Primers, and Seam Tapes for Flashings: Flashing manufacturer's standard products
or products recommended by flashing manufacturer.

MISCELLANEOUS MASONRY ACCESSORIES

Bond-Breaker Strips: Asphalt-saturated, organic roofing felt complying with ASTM D 226,
Type | (No. 15 asphalt felt).

Weep/Vent Products: Use the following, unless otherwise indicated:

Round plastic weep/vent tubing: Medium density polyethylene, 3/8" OD x 4" long with insect
screen at outer end.

MASONRY CLEANERS

Proprietary Acidic Cleaner: Manufacturer's standard-strength cleaner designed for removing
mortar/grout stains from new masonry without damaging masonry. Use product approved for
intended use by cleaner manufacturer and manufacturer of masonry units being cleaned.

1. Manufacturers:
a. Diedrich Technologies, Inc.
b. EaCo Chem, Inc.
C. ProSoCo, Inc.
d. Architect approved equal.

The masonry contractor shall be responsible to completely remove any/all discoloration and/or
efflorescence from all exposed masonry surfaces without damaging or discoloring the masonry.

MORTAR AND GROUT MIXES
General: Do not use admixtures, unless otherwise indicated.

1. Do not use calcium chloride in mortar or grout.

2. Limit cementitious materials in mortar for exterior and reinforced masonry to portland
cement and lime.

3. Add cold-weather admixture (if used) at same rate for all mortar that will be exposed to
view, regardless of weather conditions, to ensure that mortar color is consistent.

Mortar for Unit Masonry: Comply with ASTM C 270 and BIA Technical Notes 8A, Proportion
Specification.

1. For masonry below grade or in contact with earth, use Type S.

2. For reinforced masonry, use Type N.

3. For exterior, above-grade, load-bearing and non-load-bearing walls and parapet walls; for
interior load-bearing walls; for interior non-load-bearing partitions; and for other
applications where another type is not indicated, use Type N.

4. Use colored mortar for all face brick joints.
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C.  Pigmented Mortar: Use colored cement product or select and proportion pigments with other
ingredients to produce color required. Do not add pigments to colored cement products.

1. Pigments shall not exceed 10 percent of portland cement by weight.
D.  Grout for Unit Masonry: Comply with ASTM C 476.

1. Use grout of type indicated or, if not otherwise indicated, of type (fine or coarse) that will
comply with Table 1.15.1 in ACI 530.1/ASCE 6/TMS 602 for dimensions of grout spaces
and pour height.

2. Provide grout with a slump of 8 to 11 inches as measured according to ASTM C 143/C
143M
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PART 3- EXECUTION

3.1

3.2

3.3

INSTALLATION, GENERAL

Use full-size units without cutting if possible. If cutting is required, cut units with motor-driven
saws; provide clean, sharp, unchipped edges. Allow units to dry before laying unless wetting of
units is specified. Install cut units with cut surfaces and, where possible, cut edges concealed.

Select and arrange units for exposed unit masonry to produce a uniform blend of colors and
textures.

Wetting of Brick: Wet brick before laying if initial rate of absorption exceeds 30 g/30 sqg. in.
per minute when tested per ASTM C 67. Allow units to absorb water so they are damp but not
wet at time of laying.

Comply with tolerances in ACI 530.1/ASCE 6/TMS 602 and with the following:

1. For conspicuous vertical lines, such as external corners, door jambs, reveals, and
expansion and control joints, do not vary from plumb by more than 1/8 inch in 10 feet,
1/4 inch in 20 feet, or 1/2 inch maximum.

2. For conspicuous horizontal lines, such as lintels, sills, parapets, and reveals, do not vary
from level by more than 1/8 inch in 10 feet, 1/4 inch in 20 feet, or 1/2 inch maximum.

LAYING MASONRY WALLS

Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint
thicknesses and for accurate location of openings, movement-type joints, returns, and offsets.
Avoid using less-than-half-size units, particularly at corners, jambs, and, where possible, at
other locations.

Bond Pattern for Exposed Masonry: Unless otherwise indicated, lay exposed masonry in
running bond; do not use units with less than nominal 4-inch horizontal face dimensions at

corners or jambs.

Built-in Work: As construction progresses, build in items specified in this and other Sections.
Fill in solidly with masonry around built-in items.

Fill space between steel frames and masonry solidly with mortar, unless otherwise indicated.
Fill cores in hollow concrete masonry units with grout 24 inches under bearing plates, beams,
lintels, posts, and similar items, unless otherwise indicated.

MORTAR BEDDING AND JOINTING

Lay hollow concrete masonry units as follows:

1. With face shells fully bedded in mortar and with head joints of depth equal to bed joints.
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B.

3.4

3.5

2. With webs fully bedded in mortar in all courses of piers, columns, and pilasters.

3. With webs fully bedded in mortar in grouted masonry, including starting course on
footings.

4. With entire units, including areas under cells, fully bedded in mortar at starting course on
footings where cells are not grouted.

Lay solid masonry units with completely filled bed and head joints; butter ends with sufficient
mortar to fill head joints and shove into place. Do not deeply furrow bed joints or slush head
joints.

Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint
thickness, unless otherwise indicated.

DCut joints flush for masonry walls to receive plaster or other direct-applied finishes (other than
paint), unless otherwise indicated.

MASONRY JOINT REINFORCEMENT

General: Install in mortar with a minimum cover of 5/8 inch on exterior side of walls, 1/2 inch
elsewhere. Lap reinforcement a minimum of 6 inches.

Interrupt joint reinforcement at control and expansion joints, unless otherwise indicated.
Provide continuity at wall intersections by using prefabricated T-shaped units.

Provide continuity at corners by using prefabricated L-shaped units.

ANCHORING MASONRY VENEERS

Anchor masonry veneers to wall framing, concrete and masonry backup with masonry-veneer
anchors to comply with the following requirements:

1. Fasten screw-attached anchors through insulation and sheathing to wall framing and to
concrete and masonry backup with metal fasteners of type indicated.

2. Embed connector sections and continuous wire in masonry joints. Provide not less than 3
inches of air space between back of masonry veneer and face of sheathing/insulation.

3. Locate anchor sections to allow maximum vertical differential movement of ties up and
down.

4, Space anchors as indicated, but not more than 16 inches o.c. vertically and 24 inches o.c.
horizontally with not less than 1 anchor for each 2.67 sq. ft. of wall area. Install
additional anchors within 12 inches of openings and at intervals, not exceeding 36 inches,
around perimeter.
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3.6

3.7

A.

CONTROL AND EXPANSION JOINTS

General: Install control and expansion joints in unit masonry where indicated on drawings.
Build-in related items as the masonry progresses. Do not form a continuous span through
movement joints unless provisions are made to prevent in-plane restraint of wall or partition
movement.

Form expansion joints in brick made from clay or shale as follows:

1. Build flanges of metal expansion strips into masonry. Lap each joint 4 inches (100 mm)

in direction of water flow. Seal joints below grade and at junctures with horizontal

expansion joints, if any.

Build flanges of factory-fabricated, expansion-joint units into masonry.

3. Build-in joint fillers where indicated.

4. Form open joint of width indicated, but not less than 3/8 inch (10 mm) for installation of
sealant and backer rod specified in Division 7 Section "Joint Sealants." Maintain joint
free and clear of mortar.

N

Build-in horizontal pressure-relieving joints where indicated; construct joints by either leaving
an air space or inserting a compressible filler of width required for installing sealant and backer
rod specified in Division 7 Section "Joint Sealants."

1. Locate horizontal pressure-relieving joints beneath shelf angles supporting masonry
veneer and attached to structure behind masonry veneer.

FLASHING, WEEP HOLES, CAVITY DRAINAGE, AND VENTS

General: Install embedded flashing and weep holes in masonry at shelf angles, lintels, ledges,
other obstructions to downward flow of water in wall, and where indicated. Install vents at
shelf angles, ledges, and other obstructions to upward flow of air in cavities, and where
indicated.

Install flashing as follows, unless otherwise indicated:

1. Prepare masonry surfaces so they are smooth and free from projections that could
puncture flashing. Where flashing is within mortar joint, place through-wall flashing on
sloping bed of mortar and cover with mortar. Before covering with mortar, seal
penetrations in flashing as recommended by flashing manufacturer.

2. At lintels and shelf angles, extend flashing a minimum of 6 inches into masonry at each
end. At heads and sills, extend flashing 6 inches at ends and turn up not less than 2
inches to form end dams.

3. Install metal drip edges beneath flexible flashing at exterior face of wall. Stop flexible
flashing 1/2 inch back from outside face of wall and adhere flexible flashing to top of
metal drip edge.

Install weep holes in head joints in exterior wythes of first course of masonry immediately
above embedded flashing and as follows:

1. Use specified weep/vent products to form weep holes.
2. Space weep holes 24 inches o.c., unless otherwise indicated.
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3.8

3.9

3.10

A

3. Cover end of weep holes with plastic insect screening

FIELD QUALITY CONTROL

Inspectors: Owner will engage qualified independent inspectors to perform inspections and
prepare reports. Allow inspectors access to scaffolding and work areas, as needed to perform
inspections.

Testing Agency: Owner will engage a qualified independent testing and inspecting agency to
perform field tests and inspections indicated below and prepare test reports:

CLEANING

In-Progress Cleaning: Clean unit masonry as work progresses by dry brushing to remove
mortar fins and smears before tooling joints.

Final Cleaning: After mortar is thoroughly set and cured, clean exposed masonry as follows:

1. Test cleaning methods on sample wall panel; leave one-half of panel uncleaned for
comparison purposes.

2. Protect adjacent surfaces from contact with cleaner.

3. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by
rinsing surfaces thoroughly with clear water.

4. Clean brick by bucket-and-brush hand-cleaning method described in BIA Technical
Notes 20.

5. Clean concrete masonry by cleaning method indicated in NCMA TEK 8-2A applicable to
type of stain on exposed surfaces.

MASONRY WASTE DISPOSAL

Waste Disposal: Legally dispose of masonry waste off-site of owner’s property

END OF SECTION 042613
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SECTION 072100 - THERMAL INSULATION

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Extruded polystyrene foam-plastic board insulation.

1.2 ACTION SUBMITTALS
A.  Product Data: For the following:

1. Extruded polystyrene foam-plastic board insulation.

1.3 INFORMATIONAL SUBMITTALS
A.  Product test reports.

B.  Research reports.
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PART 2 - PRODUCTS

2.1 EXTRUDED POLYSTYRENE FOAM-PLASTIC BOARD INSULATION — Typel

A.  Extruded Polystyrene Board Insulation, Type IV, “Rigid Insulation” at foundations:
ASTM C578, Type 1V, 25-psi minimum compressive strength; unfaced.

1.

N

o

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. DiversiFoam Products.
b. Dow Chemical Company (The).
C. Owens Corning.

Flame-Spread Index: Not more than 25 when tested in accordance with ASTM E84.
Smoke-Developed Index: Not more than 450 when tested in accordance with ASTM E84.
Fire Propagation Characteristics: Passes NFPA 285 testing as part of an approved
assembly.

Labeling: Provide identification of mark indicating R-value of each piece of insulation 12
inches and wider in width.

Thermal performance: R-5/inch, provide 2 inches for a total of R-10

Application: Foundation wall and masonry cavity wall

2.2 EXTRUDED POLYSTYRENE FOAM-PLASTIC BOARD INSULATION — Type 2

A.  Extruded Polystyrene Board Insulation, Type TV, “Rigid Insulation” below radiant heated slabs:
ASTM C578, Type IV, 100-psi minimum compressive strength; unfaced.

1.

wmn

o

Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to
the following:

a. DiversiFoam Products.
b. Dow Chemical Company (The).
C. Owens Corning.

Flame-Spread Index: Not more than 25 when tested in accordance with ASTM E84.
Smoke-Developed Index: Not more than 450 when tested in accordance with ASTM E84.
Fire Propagation Characteristics: Passes NFPA 285 testing as part of an approved
assembly.

Labeling: Provide identification of mark indicating R-value of each piece of insulation 12
inches and wider in width.

Thermal performance: R-5/inch, provide 3 inches for a total of R-15

Application: Install under entirety of radiant heated floor slab, Room 103 Garage.
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2.3 ACCESSORIES
A.  Insulation for Miscellaneous Voids:
1. Glass-Fiber Insulation: ASTM C764, Type Il, loose fill; with maximum flame-spread and
smoke-developed indexes of 5, per ASTM E84.
2. Spray Polyurethane Foam Insulation: ASTM C1029, Type I, closed cell, with maximum
flame-spread and smoke-developed indexes of 75 and 450, respectively, per ASTM E84.
B. Insulation Anchors, Spindles, and Standoffs: As recommended by manufacturer.
C.  Adhesive for Bonding Insulation: Product compatible with insulation and air and water barrier

materials, and with demonstrated capability to bond insulation securely to substrates without
damaging insulation and substrates.
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PART 3 - EXECUTION

3.1

3.2

3.3

INSTALLATION, GENERAL

Comply with insulation manufacturer's written instructions applicable to products and
applications.

for tight fit.
Adhesive Installation: Install with adhesive according to manufacturer's written instructions.

Miscellaneous Voids Install insulation that is undamaged, dry, and unsoiled and that has not
been left exposed to ice, rain, or snow at any time.

Install insulation with manufacturer's R-value label exposed after insulation is installed.

Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions and fill
voids with insulation. Remove projections that interfere with placement.

Provide sizes to fit applications and selected from manufacturer's standard thicknesses, widths,
and lengths. Apply single layer of insulation units unless multiple layers are otherwise shown or
required to make up total thickness or to achieve R-value.

INSTALLATION OF WALL INSULATION

Butt panels together: Install insulation in miscellaneous voids and cavity spaces where required
to prevent gaps in insulation using the following materials

1. Spray Foam Insulation: Apply according to manufacturer's written instructions.

MISCELLANEOUS INSULATION

Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where required
to prevent gaps in insulation using the following materials:

1. Spray Foam Insulation: Apply according to manufacturer's written instructions
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3.4 PROTECTION

A.  Protect installed insulation from damage due to harmful weather exposures, physical abuse, and
other causes.

B.  Provide temporary coverings or enclosures where insulation is subject to abuse and cannot be
concealed and protected by permanent construction immediately after installation.

END OF SECTION 072100
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Still need to finish formatting and apply styles throughout document.

Confirm with tim where spec is underlined in section 2

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

A.List of Items: All work in this section shall be as indicated on the complete set of drawings
and/or as listed herein. Note that this listing is primarily for the convenience of the Contractor
and that all items shall be provided whether included in this listing or indicated on the plans.

1. Face brick.

2. Miscellaneous unit masonry.

3. Mortar, grout, reinforcing, ties, anchors, embedded flashing, insulation, etc.
4, Masonry control and expansion joints (see Division 7 for Sealants).

SUBMITTALS

Samples for each type and color of exposed masonry units and colored mortars as requested by
the Architect.

Material Certificates: For each type of product indicated. Include statements of material
properties indicating compliance with requirements including compliance with standards and
type designations within standards.

1. For masonry units include material test reports substantiating compliance with
requirements.

Mix Designs: For each type of mortar and grout. Include description of type and proportions of
ingredients.

Sample Panel Mock-up: Construct a masonry sample panel for architect’s review and approval.
All submittals should be approved before the sample panel is constructed. Materials used in the
sample panel should be selected and supplied by the manufacturer. The representative of the
owner may choose to use more than one type of mortar joint color in the sample panel to help
make final choices as to the finished appearance. After a cleaning procedure has been approved,
it should be demonstrated on the sample panel. The sample panel shall be constructed by the
mason contractor selected for the project before the masonry work begins and should not be
removed or destroyed until all work has been accepted. The sample panel will be used to
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14

A.

15

A

B.

evaluate if the appearance and construction of the finished masonry work meets the
requirements of the contract documents.

QUALITY ASSURANCE

Sample Panels: Build sample panels to verify selections made under sample submittals and to
demonstrate aesthetic effects. Do not proceed with masonry work until sample panel is
approved by Architect.

1. Build sample panels for each type of exposed unit masonry construction in sizes
approximately 48 inches long by 48 inches high.

PROJECT CONDITIONS

A.  Cold-Weather Requirements: Do not use frozen materials or materials mixed or coated
with ice or frost. Do not build on frozen substrates. Remove and replace unit masonry
damaged by frost or by freezing conditions. Comply with cold-weather construction
requirements contained in ACI 530.1/ASCE 6/TMS 602.

Hot-Weather Requirements: Comply with hot-weather construction requirements contained in
ACI 530.1/ASCE 6/TMS 602.

PART 2 - PRODUCTS

2.1

A

B.

2.2

A

B.

BRICK
General: Provide shapes indicated and as follows:

1. For ends of sills and caps and for similar applications that would otherwise expose
unfinished brick surfaces, provide units without cores or frogs and with exposed surfaces
finished.

2. Provide special shapes for applications where shapes produced by sawing would result in
sawed surfaces being exposed to view. No blacks.

Face Brick: ASTM C 216, Grade SW, Type FBX. Note: All bricks shall comply with SW
(Severe Weathering) and FBX (Minimal Color and Size Variation).

1. Unit Compressive Strength: Provide units with minimum average net-area compressive
strength of 5500 psi.

2. Size (Actual Dimensions): 3-5/8 inches wide by 2-1/4 inches high by 7-5/8 inches long.

MORTAR AND GROUT MATERIALS

Portland Cement: ASTM C 150, Type | or 1, except Type Il may be used for cold-weather
construction.

Hydrated Lime: ASTM C 207, Type S.
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C.  Mortar Pigments: lron oxides and chromium oxides, compounded for use in mortar mixes. Use
only pigments with a record of satisfactory performance in masonry mortar.

1.

Products:

a. Bayer Corporation, Industrial Chemicals Div.; Bayferrox Iron Oxide Pigments.
b. Davis Colors; True Tone Mortar Colors.

C. Solomon Grind-Chem Services, Inc.; SGS Mortar Colors.

d. Architect approved equal.

D. Colored Cement Product: Packaged blend made from portland cement and lime and mortar
pigments, all complying with specified requirements, and containing no other ingredients.

1.

2.

Formulate blend as required to produce color indicated or, if not indicated, as selected
from manufacturer's standard colors.
Products:
a. Colored Portland Cement-Lime Mix:
1)  Glen-Gery Brick; Color Mortar Blend
2) Lafarge North America Inc.; Eaglebond.
3)  Lehigh Cement Company; Lehigh Custom Color Portland/Lime Cement.
4)  Architect approved equal.

E. Aggregate for Mortar: ASTM C 144,

1.

2.

For joints less than 1/4 inch thick, use aggregate graded with 100 percent passing the No.
16 sieve.

Colored-Mortar Aggregates: Natural sand or crushed stone of color necessary to produce
required mortar color.

F. Aggregate for Grout: ASTM C 404.

G. Water: Potable.

23 REINFORCEMENT

A.  Uncoated Steel Reinforcing Bars: ASTM A 615/A 615M or ASTM A 996/A 996M, Grade 60.

B.  Masonry Joint Reinforcement: ASTM A 951; mill galvanized, carbon-steel wire for interior
walls and hot-dip galvanized, carbon-steel wire for exterior walls.

akrwnE

Brick Masonry

Wire Size for Side and Cross Rods: 0.188-inch diameter.

Wire Size for Veneer Ties: 0.188-inch diameter.

Spacing of Cross Rods, Tabs, and Cross Ties: Not more than 16 inches o.c.
Single-Wythe Masonry: Truss type with single pair of side rods.

Multiwythe Masonry: Ladder type with 1 side rod at each face shell of hollow masonry
units more than 4 inches in width, plus 1 side rod at each wythe of masonry 4 inches or
less in width.

042613-3
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2.4 2.6 TIES AND ANCHORS

A.  Materials:

1. Hot-Dip Galvanized, Carbon-Steel Wire: ASTM A 82; with ASTM A 153/A 153M,
Class B-2 coating.
2. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M.

B.  Wire Ties, General: Unless otherwise indicated, size wire ties to extend at least halfway
through veneer but with at least 5/8-inch cover on outside face. Outer ends of wires are bent 90
degrees and extend 2 inches parallel to face of veneer.

C.  Adjustable Masonry-Veneer Anchors
1. General:  Provide anchors that allow vertical adjustment but resist tension and

compression forces perpendicular to plane of wall, for attachment over sheathing to metal
studs, and as follows:
a. Structural Performance Characteristics: Capable of withstanding a 100-1bf load in
both tension and compression without deforming or developing play in excess of
0.05 inch.
25 EMBEDDED FLASHING MATERIALS

A.  Metal Flashing: Provide metal flashing, where flashing is exposed or partly exposed and where
indicated.

1. Metal Drip Edges: Fabricate from stainless steel. Extend at least 3 inches into wall and
1/2 inch out from wall, with outer edge bent down 30 degrees and hemmed.
B.  Flexible Flashing: For flashing not exposed to the exterior, use one of the following, unless

otherwise indicated:

1. Copper-Laminated Flashing: 7-0z./sg. ft. copper sheet bonded with asphalt between 2
layers of glass-fiber cloth.
a. Products:
1)  AFCO Products Inc.; Copper Fabric.
2) Hohmann & Barnard, Inc.; H & B C-Fab Flashing.
3)  York Manufacturing, Inc.; York Copper Fabric Flashing.
4)  Architect approved equal.

2. Asphalt-Coated Copper Flashings: Manufacturer's standard product consisting of sheet
copper of 7 oz. per sg. ft. coated with flexible asphalt. Adhesive for flashings of type
recommended by manufacturer of flashing material for use indicated.

a. Products: Subject to compliance with requirements, provide one of the following:
1)  "Cop-A-Coat"; Afco Products Inc.
2)  Coated Copper Flashing; Sandell Manufacturing Co., Inc.
3)  "Copperseal™; York Manufacturing, Inc.
4)  Architect approved equal.
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2.6

2.7

2.8

Adhesives, Primers, and Seam Tapes for Flashings: Flashing manufacturer's standard products
or products recommended by flashing manufacturer.

MISCELLANEOUS MASONRY ACCESSORIES

Bond-Breaker Strips: Asphalt-saturated, organic roofing felt complying with ASTM D 226,
Type | (No. 15 asphalt felt).

Weep/Vent Products: Use the following, unless otherwise indicated:

Round plastic weep/vent tubing: Medium density polyethylene, 3/8" OD x 4" long with insect
screen at outer end.

MASONRY CLEANERS

Proprietary Acidic Cleaner: Manufacturer's standard-strength cleaner designed for removing
mortar/grout stains from new masonry without damaging masonry. Use product approved for
intended use by cleaner manufacturer and manufacturer of masonry units being cleaned.

1. Manufacturers:
a. Diedrich Technologies, Inc.
b. EaCo Chem, Inc.
C. ProSoCo, Inc.
d. Architect approved equal.

The masonry contractor shall be responsible to completely remove any/all discoloration and/or
efflorescence from all exposed masonry surfaces without damaging or discoloring the masonry.

MORTAR AND GROUT MIXES
General: Do not use admixtures, unless otherwise indicated.

1. Do not use calcium chloride in mortar or grout.

2. Limit cementitious materials in mortar for exterior and reinforced masonry to portland
cement and lime.

3. Add cold-weather admixture (if used) at same rate for all mortar that will be exposed to
view, regardless of weather conditions, to ensure that mortar color is consistent.

Mortar for Unit Masonry: Comply with ASTM C 270 and BIA Technical Notes 8A, Proportion
Specification.

1. For masonry below grade or in contact with earth, use Type S.

2. For reinforced masonry, use Type N.

3. For exterior, above-grade, load-bearing and non-load-bearing walls and parapet walls; for
interior load-bearing walls; for interior non-load-bearing partitions; and for other
applications where another type is not indicated, use Type N.

4. Use colored mortar for all face brick joints.
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C.  Pigmented Mortar: Use colored cement product or select and proportion pigments with other
ingredients to produce color required. Do not add pigments to colored cement products.

1. Pigments shall not exceed 10 percent of portland cement by weight.
D.  Grout for Unit Masonry: Comply with ASTM C 476.

1. Use grout of type indicated or, if not otherwise indicated, of type (fine or coarse) that will
comply with Table 1.15.1 in ACI 530.1/ASCE 6/TMS 602 for dimensions of grout spaces
and pour height.

2. Provide grout with a slump of 8 to 11 inches as measured according to ASTM C 143/C
143M
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PART 3- EXECUTION

3.1

3.2

3.3

INSTALLATION, GENERAL

Use full-size units without cutting if possible. If cutting is required, cut units with motor-driven
saws; provide clean, sharp, unchipped edges. Allow units to dry before laying unless wetting of
units is specified. Install cut units with cut surfaces and, where possible, cut edges concealed.

Select and arrange units for exposed unit masonry to produce a uniform blend of colors and
textures.

Wetting of Brick: Wet brick before laying if initial rate of absorption exceeds 30 g/30 sqg. in.
per minute when tested per ASTM C 67. Allow units to absorb water so they are damp but not
wet at time of laying.

Comply with tolerances in ACI 530.1/ASCE 6/TMS 602 and with the following:

1. For conspicuous vertical lines, such as external corners, door jambs, reveals, and
expansion and control joints, do not vary from plumb by more than 1/8 inch in 10 feet,
1/4 inch in 20 feet, or 1/2 inch maximum.

2. For conspicuous horizontal lines, such as lintels, sills, parapets, and reveals, do not vary
from level by more than 1/8 inch in 10 feet, 1/4 inch in 20 feet, or 1/2 inch maximum.

LAYING MASONRY WALLS

Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint
thicknesses and for accurate location of openings, movement-type joints, returns, and offsets.
Avoid using less-than-half-size units, particularly at corners, jambs, and, where possible, at
other locations.

Bond Pattern for Exposed Masonry: Unless otherwise indicated, lay exposed masonry in
running bond; do not use units with less than nominal 4-inch horizontal face dimensions at

corners or jambs.

Built-in Work: As construction progresses, build in items specified in this and other Sections.
Fill in solidly with masonry around built-in items.

Fill space between steel frames and masonry solidly with mortar, unless otherwise indicated.
Fill cores in hollow concrete masonry units with grout 24 inches under bearing plates, beams,
lintels, posts, and similar items, unless otherwise indicated.

MORTAR BEDDING AND JOINTING

Lay hollow concrete masonry units as follows:

1. With face shells fully bedded in mortar and with head joints of depth equal to bed joints.
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B.

3.4

3.5

3.6

2. With webs fully bedded in mortar in all courses of piers, columns, and pilasters.

3. With webs fully bedded in mortar in grouted masonry, including starting course on
footings.

4. With entire units, including areas under cells, fully bedded in mortar at starting course on
footings where cells are not grouted.

Lay solid masonry units with completely filled bed and head joints; butter ends with sufficient
mortar to fill head joints and shove into place. Do not deeply furrow bed joints or slush head
joints.

Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint
thickness, unless otherwise indicated.

DCut joints flush for masonry walls to receive plaster or other direct-applied finishes (other than
paint), unless otherwise indicated.

MASONRY JOINT REINFORCEMENT

General: Install in mortar with a minimum cover of 5/8 inch on exterior side of walls, 1/2 inch
elsewhere. Lap reinforcement a minimum of 6 inches.

Interrupt joint reinforcement at control and expansion joints, unless otherwise indicated.
Provide continuity at wall intersections by using prefabricated T-shaped units.

Provide continuity at corners by using prefabricated L-shaped units.

ANCHORING MASONRY VENEERS

Anchor masonry veneers to wall framing, concrete and masonry backup with masonry-veneer
anchors to comply with the following requirements:

1. Fasten screw-attached anchors through insulation and sheathing to wall framing and to
concrete and masonry backup with metal fasteners of type indicated.

2. Embed connector sections and continuous wire in masonry joints. Provide not less than 3
inches of air space between back of masonry veneer and face of sheathing/insulation.

3. Locate anchor sections to allow maximum vertical differential movement of ties up and
down.

4, Space anchors as indicated, but not more than 16 inches o.c. vertically and 24 inches o.c.
horizontally with not less than 1 anchor for each 2.67 sq. ft. of wall area. Install
additional anchors within 12 inches of openings and at intervals, not exceeding 36 inches,
around perimeter.

CONTROL AND EXPANSION JOINTS

General: Install control and expansion joints in unit masonry where indicated on drawings.
Build-in related items as the masonry progresses. Do not form a continuous span through
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3.7

3.8

movement joints unless provisions are made to prevent in-plane restraint of wall or partition
movement.

Form expansion joints in brick made from clay or shale as follows:

Build-in horizontal pressure-relieving joints where indicated; construct joints by either leaving
an air space or inserting a compressible filler of width required for installing sealant and backer
rod specified in Division 7 Section "Joint Sealants."

1. Locate horizontal pressure-relieving joints beneath shelf angles supporting masonry
veneer and attached to structure behind masonry veneer.

FLASHING, WEEP HOLES, CAVITY DRAINAGE, AND VENTS

General: Install embedded flashing and weep holes in masonry at shelf angles, lintels, ledges,
other obstructions to downward flow of water in wall, and where indicated. Install vents at
shelf angles, ledges, and other obstructions to upward flow of air in cavities, and where
indicated.

Install flashing as follows, unless otherwise indicated:

1. Prepare masonry surfaces so they are smooth and free from projections that could
puncture flashing. Where flashing is within mortar joint, place through-wall flashing on
sloping bed of mortar and cover with mortar. Before covering with mortar, seal
penetrations in flashing as recommended by flashing manufacturer.

2. At lintels and shelf angles, extend flashing a minimum of 6 inches into masonry at each
end. At heads and sills, extend flashing 6 inches at ends and turn up not less than 2
inches to form end dams.

3. Install metal drip edges beneath flexible flashing at exterior face of wall. Stop flexible
flashing 1/2 inch back from outside face of wall and adhere flexible flashing to top of
metal drip edge.

Install weep holes in head joints in exterior wythes of first course of masonry immediately
above embedded flashing and as follows:

1. Use specified weep/vent products to form weep holes.
2. Space weep holes 24 inches o.c., unless otherwise indicated.
3. Cover end of weep holes with plastic insect screening

FIELD QUALITY CONTROL

Inspectors:  Owner will engage qualified independent inspectors to perform inspections and
prepare reports. Allow inspectors access to scaffolding and work areas, as needed to perform
inspections.

Testing Agency: Owner will engage a qualified independent testing and inspecting agency to
perform field tests and inspections indicated below and prepare test reports:
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39 CLEANING

A.  In-Progress Cleaning: Clean unit masonry as work progresses by dry brushing to remove
mortar fins and smears before tooling joints.

B.  Final Cleaning: After mortar is thoroughly set and cured, clean exposed masonry as follows:

1. Test cleaning methods on sample wall panel; leave one-half of panel uncleaned for

comparison purposes.

Protect adjacent surfaces from contact with cleaner.

3. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by
rinsing surfaces thoroughly with clear water.

4. Clean brick by bucket-and-brush hand-cleaning method described in BIA Technical
Notes 20.

5. Clean concrete masonry by cleaning method indicated in NCMA TEK 8-2A applicable to
type of stain on exposed surfaces.

N

3.10 MASONRY WASTE DISPOSAL
A.  Waste Disposal: Legally dispose of masonry waste off-site of owner’s property

END OF SECTION 042613
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SECTION 087100 - DOOR HARDWARE

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Mechanical door hardware for swinging doors.
2. Electrified door hardware.

1.2 PREINSTALLATION MEETINGS

A.  Keying Conference: Conduct at site

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product.

B. Shop Drawings: For electrified door hardware.

1. Include diagrams for power, signal, and control wiring.
2. Include details of interface of electrified door hardware and building safety and security
systems.

C. Samples: For each exposed product in each finish specified.
D. Door hardware schedule.

E. Keying schedule.

14 INFORMATIONAL SUBMITTALS

A. Sample warranty.

15 CLOSEOUT SUBMITTALS

A. Maintenance data.
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1.6 QUALITY ASSURANCE
A. Installer Qualifications: Supplier of products and an employer of workers trained and approved
by product manufacturers and of an Architectural Hardware Consultant who is available during
the course of the Work to consult Contractor, Architect, and Owner about door hardware and
keying.
1. Scheduling Responsibility: Preparation of door hardware and keying schedule.
2. Engineering Responsibility: Preparation of data for electrified door hardware, including
Shop Drawings, based on testing and engineering analysis of manufacturer's standard
units in assemblies similar to those indicated for this Project.
1.7 WARRANTY

A. Special Warranty: Manufacturer agrees to repair or replace components of door hardware that fail
in materials or workmanship within specified warranty period.

1. Warranty Period: Two years from date of Substantial Completion

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Electrified Door Hardware: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.

B. Means of Egress Doors: Latches do not require more than 15 Ibf to release the latch. Locks do not
require use of a key, tool, or special knowledge for operation.

C. Accessibility Requirements: For door hardware on doors in an accessible route, comply with
ICC A117.1.

D. Keying Coordination: Coordinate with Owner and with Owner’s Master Key System and
manufacturer of preference.

2.2 HINGES
A. Hinges: BHMA A156.1.

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

following:
a. Hager Companies.
b. Allegion
C. McKinney
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d. Stanley
2.3 EXIT DEVICES AND AUXILIARY ITEMS
A.  Exit Devices and Auxiliary Items: BHMA A156.3.
1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:
a. Von Duprin - Allegion plc
1) Basis of Design: 35 Series
b. Hager
C. Sargent
d. Precision
B.  Panic Exit Devices: Listed and labeled by a testing and inspecting agency acceptable to
authorities having jurisdiction, for panic protection, based on testing according to UL 305.
C.  Fire Exit Devices: Devices complying with NFPA 80 that are listed and labeled by a testing and
inspecting agency acceptable to authorities having jurisdiction, for fire and panic protection,
based on testing according to UL 305 and NFPA 252.
D. Rim Exit Devices: Grade 1.
E. Exit Device Outside Trim: As indicated in hardware set.
1. Lever design 07.
2.4 MECHANICAL LOCKS AND LATCHES
A.  Lock Functions: As indicated in door hardware schedule.
B. Lock Throw: Comply with testing requirements for length of bolts required for labeled fire
doors, and as follows:
C. Bored Locks: Minimum 1/2-inch latchbolt throw.
D.  Lock Backset: 2-3/4 inches unless otherwise indicated.
E. Lock Trim:

1. Levers and escutcheons: Basis of Design

a. Sargent - B Lever
b. Schlage — Athens
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F. Strikes: Provide manufacturer's standard strike for each lock bolt complying with requirements
indicated for applicable lock or latch and with strike box and curved lip extended to protect
frame; finished to match lock or latch.

1.  Flat-Lip Strikes: For locks with three-piece antifriction latchbolts, as recommended by
manufacturer.

G. Bored Locks: BHMA A156.2; Grade 1; Series 4000.

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

Best Access Systems; Stanley Security Solutions, Inc.
Allegion — Schlage

Corbin Russwin

Sargent

oo o

2.5 ELECTRIC STRIKES
A. Electric Strikes: BHMA A156.31; Grade 1; with faceplate to suit lock and frame.

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

a. Hager Companies.
b. Adams Rite
c. Securitron

2.6 ELECTROMAGNETIC LOCKS

A.  Electromagnetic Locks: BHMA A156.23; electrically powered; with electromagnet attached to
frame and armature plate attached to door; full-exterior or full-interior type, as required by
application indicated.

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

a. Hager Companies.
b. Allegion
c. Securitron
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2.7 MANUAL FLUSH BOLTS

A.  Manual Flush Bolts: BHMA A156.16; minimum 3/4-inch throw; designed for mortising into
door edge.

1.  Manufacturers: Subject to compliance with requirements, provide products by one the

following:
a. Allegion plc.
b. Adams Rite

2.8 LOCK CYLINDERS
A.  Lock Cylinders: Tumbler type, constructed from brass or bronze, stainless steel, or nickel silver.

1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Best Access Systems; Stanley Security Solutions, Inc.

B. Standard Lock Cylinders: BHMA A156.5; Grade 1 permanent cores; face finished to match
lockset.

1.  Core Type: Removable.

29 KEYING

A.  Keying System: Factory registered, complying with guidelines in BHMA A156.28, appendix.
Provide one extra key blank for each lock.

1.  Existing System:
a. Master key or grand master key locks to Owner's existing system.
B.  Keys: Nickel silver.

1.  Stamping: Permanently inscribe each key with a visual key control number and include
the following notation:

a. Notation: Information to be furnished by Owner.

2.10 OPERATING TRIM

A.  Operating Trim: BHMA A156.6
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1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Rockwood Manufacturing Company; an ASSA ABLOY Group company.
b. Ives
c. Hager

2.11 SURFACE CLOSERS

A.  Surface Closers: BHMA A156.4; rack-and-pinion hydraulic type with adjustable sweep and
latch speeds controlled by key-operated valves and forged-steel main arm. Comply with
manufacturer's written instructions for size of door closers depending on size of door, exposure
to weather, and anticipated frequency of use. Provide factory-sized closers, adjustable to meet
field conditions and requirements for opening force.

1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. LCN Allegion plc.
b. Sargent
c. Hager

2.12 MECHANICAL STOPS AND HOLDERS
A.  Wall- and Floor-Mounted Stops: BHMA A156.16.

1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Rockwood Manufacturing Company; an ASSA ABLOY Group company.
b. Ives
c. Hager

2.13 DOOR GASKETING

A.  Door Gasketing: BHMA A156.22; with resilient or flexible seal strips that are easily replaceable
and readily available from stocks maintained by manufacturer.

1.  Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Pemko Manufacturing Co.
b. Reese
c. National Guard
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B.  Maximum Air Leakage: When tested according to ASTM E283 with tested pressure differential
of 0.3-inch wg, as follows:

1.  Gasketing on Single Doors: 0.3 cfm/sqg. ft. of door opening.

2.14  FINISHES

A. Provide finishes complying with BHMA A156.18, Satin Chrome, 626, or as otherwise indicated
in this specification.

2.15 ELECTRICAL ACCESSORIES

A.  Provide hardware power supply equipment and logic control interface equipment necessary to
operate electronic hardware.

B.  Credential readers by Owner.
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PART 3 - EXECUTION

3.1 INSTALLATION

A.  Mounting Heights: Mount door hardware units at heights to comply with the following unless
otherwise indicated or required to comply with governing regulations.

1. Standard Steel Doors and Frames: ANSI/SDI A250.8.

B. Install each door hardware item to comply with manufacturer's written instructions. Where
cutting and fitting are required to install door hardware onto or into surfaces that are later to be
painted or finished in another way, coordinate removal, storage, and reinstallation of surface
protective trim units with finishing work. Do not install surface-mounted items until finishes
have been completed on substrates involved.

C.  Hinges: Install types and in quantities indicated in door hardware schedule, but not fewer than
the number recommended by manufacturer for application indicated or one hinge for every 30
inches of door height, whichever is more stringent, unless other equivalent means of support for
door, such as spring hinges or pivots, are provided.

D.  Perimeter Gasketing: Apply to head and jamb, forming seal between door and frame.

1. Do not notch perimeter gasketing to install other surface-applied hardware.

2. Door Bottoms: Apply to bottom of door, forming seal with floor when door is closed.

3.2 ADJUSTING

A.  Adjust and check each operating item of door hardware and each door to ensure proper
operation or function of every unit. Replace units that cannot be adjusted to operate as intended.
Adjust door control devices to compensate for final operation of heating and ventilating
equipment and to comply with referenced accessibility requirements.
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3.3 DOOR HARDWARE SCHEDULE

A. Hardware Set 1: Typical Use: Main Entrance Vestibule, Ext. Each opening to have the

following:
1. 1 Continuous Hinge
2. 1 Closers — Cush N Stop
3. 1 Exit Device, Rim mounted, electric latch retraction.
a. Exterior trim, 10” Offset Pull
b. Night Latch
4, 1 Electric Power Transfer
5. 1 Door Position Contact
6. 1 Cylinder
7. 1 Threshold, x W.O.0O.
8. 1 Sweep Strip, x W.O.D.
9. 1set Door Manufacturer’s Perimeter Weather Seal
10. 1 Exterior Surface Mounted Lock Guard
B. Hardware Set 2: Typical Use: Main Entrance Vestibule, Int. Each opening to have the
following:
1. 1% Pair  Hinges
2. 1 Closer — Cush N Stop
3. 1 Exit Device, Rim mounted, Lever Blank Escutcheon
4, 1 set Door Manufacturer’s Perimeter Weather Seal

C.  Hardware Set 3: Typical Use: Secured Access, Card Reader, Egress always available. Each
opening to have the following:

1. 1% Pair  Hinges

2. 1 Lockset; Storeroom function -F86
3. 1 Electric Strike, Fail Safe

4, 1 Closer; Cush N Stop

5. 1 Door Contract

6. 1 set Perimeter Weatherstrip

7. 1 Sweep Strip

D. Hardware Set 4: Typical Use: Stairways, Egress always available. Each opening to have the

following:
1. 1% Pair Hinges
2. 1 Closer; Cush N Stop
3. 1 Exit Device, Rim mounted, Lever Blank Escutcheon
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E.  Hardware Set 5: Typical Use: Secured Access, Card Reader, Egress always available. Each
opening to have the following:

1% Pair  Hinges

1 Lockset; Storeroom function -F86

Electric Strike, Fail Secure

Closer; Cush N Stop

Door Contact

Wall Stop; Concave

ok wdE
s

F. Hardware Set 6: Typical Use: Securable Access, Egress always available. Each opening to have

the following:
1. 1% Pair Hinges
2. 1 Lockset; Classroom function — F84
3. 1 Wall Stop — Concave

G.  Hardware Set 7: Typical Use: Exterior Door. Each opening to have the following:

1. 1% Pair Hinges NRP
2. 1 Exit Device Rim Mounted, Electric Latch retraction, Night Latch
NL-OP
3. 1 Power transfer
4. 1 10” offset pull
5. 1 Closer Cush-N-Stop w/Hold Open
6. 1 Cylinder
7. 1 Threshold x W.0.0
8. 1 Sweep Strip x W.0.D
9. 1 set Perimeter Weatherstrip
10. 1 Door Contact
11. 1 Exterior Surface Mounted Lock Guard
H.  Hardware Set 8: Typical Use: Interior room, free passage. Each opening to have the following:
1. 1% Pair Hinges
2. 1 Passage Set
3. 1 Floor Stop
I Hardware Set 9: Typical Use: Toilet Room, Locker Room. Each opening to have the following:
1. 1% Pair Hinges
2. 1 Closer Cush N Stop
3. 1 Push Plate
4 1 Pull
5 1 Mop Plate
J. Hardware Set 10: Typical Use: Interior access Assembly egress route, Egress always available.
Each opening to have the following:
1. 1% Pair Hinges
2. 1 Exit Device, Rim mounted, Blank Escutcheon
3. 1 Closer Cush N Stop
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K.  Hardware Set 11: Typical Use: Interior, Securable. Each opening to have the following:

1. 1% Pair Hinges
2. 1 Lockset Classroom Function F84, Key Side Rm 206
3. 1 Closer Cush-N-Stop.

L. Hardware Set 12: Typical Use: Secured Access, Card Reader, Egress always available. Each
opening to have the following:

1. 1% Pair  Hinges
2. 1 Exit Device Rim Mounted, Electric Latch retraction, Lever Trim, 08
3. 1 Cylinder
4, 1 Power Transfer
5. 1 Closer; Cush N Stop
6. 1 Door Contact
M.  Hardware Set 13: Typical Use: Multipurpose Room:
1. 3 Pair Hinges
2. 2 10” Pull
3. 2 Push plate
4, 2 Closer; Cush N Stop

N.  Hardware Set 14: Typical Use: Secured Access, Card Reader, Egress always available. Each
opening to have the following:

1. 3 Pair Hinges

2. 1 Lockset, Electrically unlocked fail secure (equal to Schlage
ND80OPDEU)

3. 1set Manual Flush Bolts

4. 2 Door Contacts

O. Hardware Set 15: Typical Use: Single Occupant Toilet Room. Each opening to have the

following:
1. 1% Pair Hinges
2. 1 Lockset; Privacy Function -F76
3. 1 Wall Stop — Concave
4, 1 Mop Plate
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SECTION 220800 - COMMISSIONING OF PLUMBING

PART 1 - GENERAL

11

A.

1.2

1.3

14

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes Cx process requirements for the following Plumbing equipment and systems,

assemblies, and equipment:

1. Service Hot Water equipment, systems and controls.

Related Requirements:

1. Section 019113 "General Commissioning Requirements" for general Cx process
requirements and CxA responsibilities.

DEFINITIONS

BAS: Building automation system.

Cx: Commissioning, as defined in Section 019113 "General Commissioning Requirements."

CxA: Commissioning Authority, as defined in Section 019113 "General Commissioning
Requirements."

IgCC: International Green Construction Code.
"Systems," "Assemblies," "Subsystems," "Equipment,” and "Components": Where these terms
are used together or separately, they mean "as-built" systems, assemblies, subsystems,

equipment, and components.

TAB: Testing, adjusting, and balancing.

INFORMATIONAL SUBMITTALS
Construction Checklists:

1. Draft Cx plan, including draft construction checklists to be prepared by CxA under
Section 019113 "General Commissioning Requirements." Div. 23 Subcontractor is to
review Construction Checklist in accordance with requirements in Section 019113
"General Commissioning Requirements" and ASHRAE 202 and to resolve any issues
with the CxA.
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2. Cx plan, including material, installation, and performance construction checklists for
systems, assemblies, subsystems, equipment, and components relating to BAS and
Plumbing equipment and systems to be part of the Cx process and in accordance with
requirements in  Section 019113 "General Commissioning Requirements and
ASHRAE 202."

B.  Test Equipment and Instruments: For all test equipment and instruments to be used in
conducting Cx tests by Div. 23 Subcontractor, provide the following:

Equipment/instrument identification number.

Planned Cx application or use.

Manufacturer, make, model, and serial number.

Calibration history, including certificates from agencies that calibrate the equipment and
instrumentation.

5. Equipment manufacturers' proprietary instrumentation and tools. For each instrument or
tool, identify the following:

el NS

a. Instrument or tool identification number.

b. Equipment schedule designation of equipment for which the instrument or tool is
required.

C. Manufacturer, make, model, and serial number.

d. Calibration history, including certificates from agencies that calibrate the
instrument or tool, where appropriate.

15 QUALITY ASSURANCE

A.  BAS Testing Technician Qualifications: Technicians performing BAS Construction Checklist
verification tests, Construction Checklist verification test demonstrations, Cx tests, and Cx test
demonstrations are to have the following minimum qualifications:

1. Journey level or equivalent skill level with knowledge of BAS, plumbing, electrical
concepts, and building operations.

2. Minimum three years' experience installing, servicing, and operating systems
manufactured by approved manufacturer.

3. International Society of Automation (ISA)-Certified Control Systems Technician (CCST)
Level I.

B.  Plumbing Testing Technician Qualifications: Technicians to perform plumbing Construction
Checklist verification tests, Construction Checklist verification test demonstrations, Cx tests,
and Cx test demonstrations shall have the following minimum qualifications:

1. Journey level or equivalent skill level; vocational school four-year-program graduate or
an Associate's degree in mechanical systems, air conditioning, or similar field. Degree
may be offset by three years' experience in servicing mechanical systems in the Plumbing
industry. Generally, required knowledge includes Plumbing systems, electrical concepts,
building operations, and application and use of tools and instrumentation to measure
performance of Plumbing equipment, assemblies, and systems.

2. Minimum three years' experience that is to include installing, servicing, and operating
systems manufactured by approved manufacturer.
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C.  Testing Equipment and Instrumentation Quality and Calibration:

1. Capable of testing and measuring performance within the specified acceptance criteria.

2. Be calibrated at manufacturer's recommended intervals with current calibration tags
permanently affixed to the instrument being used.

3. Be maintained in good repair and operating condition throughout duration of use on
Project.

4. Be recalibrated/repaired if dropped or damaged in any way since last calibrated.

D.  Proprietary Test Instrumentation and Tools:

1. Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed
equipment included in the Cx process, test instrumentation and tools manufactured or
prescribed by equipment manufacturer to service, calibrate, adjust, repair, or otherwise
work on its equipment or required as a condition of equipment warranty, shall comply
with the following:

a. Be calibrated by manufacturer with current calibration tags permanently affixed.
b. Include a separate list of proprietary test instrumentation and tools in operation and
maintenance manuals.

2. Plumbing proprietary test instrumentation and tools become property of Owner at the
time of Substantial Completion.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.

3.2

3.3

Cx PROCESS:

Perform Cx process in accordance with Section 019113 "General Commissioning
Requirements" for BAS and Plumbing equipment and system in accordance with the following:

CONSTRUCTION CHECKLISTS

Preliminary detailed construction checklists are to be prepared under Section 019113 "General
Commissioning Requirements” for each BAS and plumbing equipment and system, assembly,
subsystem, equipment, and component required to be commissioned, as detailed in
ASHRAE 202. Contractor performs the following:

1. Review BAS and Plumbing equipment and systems preliminary construction checklists
and provide written comments on checklist items where appropriate.

2. Return preliminary Construction Checklist with review comments within 10 days of
receipt.

3. When review comments have been resolved, the CxA will provide final construction
checklists marked "Approved for Use, (date).”

4. Use only construction checklists marked "Approved for Use, (date)" When performing
tests. Mark construction checklists in the appropriate place as indicated Project events are
completed, and provide pertinent details and other information.

Cx TESTING PREPARATION

Certify that Plumbing equipment and systems, subsystems, and equipment have been installed,
calibrated, and started and that they are operating in accordance with the Contract Documents
and approved submittals.

Certify that Plumbing instrumentation and control systems have been completed and calibrated,
point-to-point checkout has been successfully completed, and systems are operating in
accordance with their design sequence of operation, Contract Documents, and approved
submittals. Certify that all sensors are operating within specified accuracy and all systems are
set to and maintaining set points as required by the design documents.

Certify that TAB procedures have been completed and that TAB reports have been submitted,
discrepancies corrected, and corrective work approved.

Set systems, subsystems, and equipment into operating mode to be tested in accordance with
approved test procedures (e.g., normal shutdown, normal auto position, normal manual position,
unoccupied cycle, emergency power, and alarm conditions).

Commissioning of Plumbing 220800 - 4



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

3.4

3.5

Cx TEST CONDITIONS
Perform tests using design conditions, whenever possible.

1. Simulated conditions may, with approval of Architect, be imposed using an artificial load
when it is impractical to test under design conditions. Before simulating conditions,
calibrate testing instruments. Provide equipment to simulate loads. Set simulated
conditions as directed by CxA, and document simulated conditions and methods of
simulation. After tests, return configurations and settings to normal operating conditions.

2. Cx test procedures may direct that set points be altered when simulating conditions is
impractical.

3. Cx test procedures may direct that sensor values be altered with a signal generator when
design or simulating conditions and altering set points are impractical.

If tests cannot be completed because of a deficiency outside the scope of the Plumbing system,
document the deficiency and report it to Architect. After deficiencies are resolved, reschedule
tests.

If seasonal testing is specified, complete appropriate initial performance tests and
documentation, and schedule seasonal tests.

Cx TESTS COMMON TO PLUMBING SYSTEMS

Measure capacities and effectiveness of systems, assemblies, subsystems, equipment, and
components, including operational and control functions, to verify compliance with acceptance
criteria.

Conduct Cx Tests (Functional Performance Tests) for all equipment,/system modes and system
to system interfaces.

Test systems, assemblies, subsystems, equipment, and components for operating modes,
interlocks, control responses, responses to abnormal or emergency conditions, and response in
accordance with acceptance criteria.

Coordinate schedule with, and perform Cx activities at the direction of, CxA.
Comply with Construction Checklist requirements, including material verification, installation
checks, startup, and performance test requirements specified in Division 23 Sections specifying

Plumbing systems and equipment.

Provide technicians, instrumentation, tools, and equipment to perform and document the
following:

1. Cx Construction Checklist verification tests.
2. Cx Construction Checklist verification test demonstrations.

END OF SECTION 230800
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SECTION 230548 — SEISMIC AND VIBRATION CONTROLS FOR HVAC

PART 1 - GENERAL

11

1.2

DEFINITIONS

A. Designated Seismic System: A plumbing component that requires design in accordance with

ASCE/SEI 7, Ch. 13 and for which the Component Importance Factor is greater than 1.0.

B. IBC: International Building Code.

C. OSHPD: Office of Statewide Health Planning and Development (for the State of California owned

and requlated medical facilities).

ACTION SUBMITTALS

A. Product Data: For each type of product.

1.

N

5.

6.

Include rated load, rated deflection, and overload capacity for each vibration isolation
device.

Include load rating for each wind-load-restraint fitting and assembly.

lllustrate and indicate style, material, strength, fastening provision, and finish for each type
and size of vibration isolation device and seismic-restraint component.

Annotate types and sizes of seismic restraints and accessories, complete with listing
markings or report numbers and load rating in tension and compression as evaluated by
UL product listing.

Annotate to indicate application of each product submitted and compliance with

requirements.
Interlocking Snubbers: Include ratings for horizontal, vertical, and combined loads.

B. Shop Drawings:

1.
2.

Detail fabrication and assembly of equipment bases.

Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
to structure and to supported equipment. Include adjustable motor bases, rails, and frames
for equipment mounting.

C. Delegated Design Submittal:

1.

For each seismic-restraint device, including seismic-restrained mounting, pipe-riser resilient
support, snubber, seismic restraint, seismic-restraint accessory, and concrete anchor and
insert that is required by this Section or is indicated on Drawings, submit the following:

a. Seismic- and Wind-Load- Restraint Selection: Select seismic restraints complying
with performance requirements, design criteria, and analysis data.

b. Riser Supports: Include riser diagrams and calculations showing anticipated
expansion and contraction at each support point, initial and final loads on building
structure, and seismic loads. Include certification by professional engineer that riser
system was examined for excessive stress and that none exists.

VIBRATION CONTROLS FOR HVAC 230548.13-1
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W
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m

C. Post-Installed Concrete  Anchors and Inserts: Include calculations showing
anticipated seismic loads. Include certification that device is approved by an NRTL
for seismic reinforcement use.

d. Seismic Design Calculations: Submit all input data and loading calculations prepared
under "‘Seismic_Design_Calculations' Paragraph in "‘Performance Regquirements"
Article.

e. Qualified Professional Engineer: All designated-design submittals for seismic
calculations are to be signed and sealed by qualified professional engineer responsible
for their preparation.

2. Seismic- Restraint Detail Drawing:

a. Design Analysis: To support selection and arrangement of seismic restraints. Include
calculations of combined tensile and shear loads.

b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to
restrained items and to the structure. Show attachment locations, methods, and
spacings. Identify components, list their strengths, and indicate directions and values
of forces transmitted to the structure during seismic events. Indicate association with
vibration isolation devices.

C. Coordinate seismic_restraint details with wind-load restraint details required for
equipment mounted outdoors. Comply also with reqguirements in other Sections for
equipment mounted outdoors.

3. Product Listing, Preapproval, and Evaluation Documentation: By UL, showing maximum
ratings of restraint items and the basis for approval (tests or calculations).

4, All delegated design submittals for seismic-restraint detail Drawings are to be signed and
sealed by qualified professional engineer responsible for their preparation.

Riser Supports: Include riser diagrams and calculations showing anticipated expansion and
contraction at each support point, initial and final loads on building structure, and seismic loads.
Include certification that riser system was examined for excessive stress and that none exists.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Show coordination of seismic bracing for fire-suppression piping and
equipment with other systems and equipment in the vicinity, including other supports and
restraints, if any.

Qualification Data: For professional engineer and testing agency.

Welding certificates.

Field quality-control reports.

Seismic_Qualification Data: Provide special certification for designated seismic systems as
indicated in ASCE/SEI 7-16, Paragraph 13.2.2, "'Special Certification Requirements for
Designated Seismic Systems'" for all Designated Seismic Systems identified as such on Drawings
or in the Specifications.

1. Provide equipment manufacturer's written certification for each designated active fire-
suppression system seismic device and system, stating that it will remain operable following
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the design earthquake. Certification must be based on requirements of ASCE/SEI 7 and
AHRI 1270, including shake table testing per ICC-ES AC156 or a similar_nationally
recognized testing standard procedure acceptable to authorities having jurisdiction
ASCE/SEI 7-16.

2. Provide equipment manufacturer's written certification that components with hazardous
contents maintain containment following the design earthquake by methods required in
ASCE/SEI 7-16.

3. Submit_evidence demonstrating compliance with these requirements for approval to
authorities having jurisdiction after review and acceptance by a licensed professional

engineer.

QUALITY ASSURANCE

Testing Agency Qualifications: An independent agency, with the experience and capability to
conduct testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7 and that is
acceptable to authorities having jurisdiction.

Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"'Structural Welding Code - Steel."

Seismic-Restraint Device Load Ratings: Devices to be tested and rated in accordance with
applicable code requirements and authorities having jurisdiction. Devices to be listed by a
nationally recognized third party that requires periodic follow-up inspections and has a listing
directory available to the public. Provide third-party listing by one or more of the following: UL

product listing.

PART 2 - PRODUCTS

2.1

A

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 ""Quality
Requirements,"" to design seismic control system.

1. Seismic Performance: Equipment shall withstand the effects of earthguake motions
determined in accordance with ASCE/SEI 7-16.

Seismic Design Calculations:

1. Perform calculations to obtain force information necessary to properly select seismic-
restraint devices, fasteners, and anchorage. Perform calculations using methods acceptable
to applicable code authorities and as presented in ASCE/SEI 7-16. Where ""ASCE/SEI 7" is
used throughout this Section, it is to be understood that the edition referred to in this
subparagraph is the edition intended as reference throughout the section text.

a. Data indicated below to be determined by Delegated-Design Contractor must be
obtained by Contractor and must be included in individual component submittal
packages.

b. Building Risk Cateqgory: V.

C. Building Site Classification: C.
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1. Calculation Factors, ASCE/SEI 7-16, Ch.13 - Seismic Design Requirements for

Nonstructural Components: All section, paragraph, equation, and table numbers refer to

ASCE/SEI 7-16 unless otherwise noted.

a. Horizontal Seismic Design Force Fp: Value is to be calculated by Delegated Design

Contractor using Equation 13.3-1. Factors below must be obtained for this

calculation:

1)  Sps = Spectral Acceleration: 0.296. Value applies to all components on Project.

2) a,_= Component Amplification Factor: See Drawing Schedule for each
component.

3) I, = Component Importance Factor: See Drawing Schedule for each
component.

4) W, = Component Operating Weight: For each component. Obtain by Delegated
Design Contractor from each component submittal.

5)  Rp=Component Response Modification Factor: See Drawing Schedule for each
component.

6) z_= Height in Structure of Point of Attachment of Component for Base:
Determine from Project Drawings for each component by Delegated Design
Contractor. For items at or below the base, *'z"" is to be taken as zero.

7) h = Average Roof Height of Structure for Base: Determine from Project

Drawings by Delegated Design Contractor.

b. Vertical Seismic Design Force: Calculated by Delegated Design Contractor using

method explained in ASCE/SEI 7-16, Paragraph 13.3.1.2.

C. Seismic Relative Displacement Dyi: Calculated by Delegated Design Contractor using

methods explained in ASCE/SEI 7-16, Paragraph 13.3.2. Factors below must be

obtained for this calculation:

1)

2)
3)
4)
5)

6)

7)

8)

9

Dp = Relative Seismic Displacement that Each Component Must Be Designed to
Accommodate: Calculated by Delegated Design Contractor in accordance with
ASCE/SEI 7-16, Paragraph 13.3.2.

l. = Structure Importance Factor: 1.5. Value applies to all components on
Project.

dxa = Deflection at Building Level x of Structure A: See Drawing Schedule for
each component.

dya = Deflection at Building Level y of Structure A: See Drawing Schedule for
each component.

oy = Deflection at Building Level y of Structure B: See Drawing Schedule for
each component.

hx = Height of Level x to which Upper Connection Point Is Attached: Determine
for each component by Delegated Design Contractor from Project Drawings
and manufacturer's data.

hy = Height of Level y to which Upper Connection Point Is Attached: Determine
for each component by Delegated Design Contractor from Project Drawings
and manufacturer's data.

Aaa = Allowable Story Drift for Structure A: See Drawing Schedules for each

component.
Asg_= Allowable Story Drift for Structure B: See Drawing Schedules for each

component.
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10) hs = Story Height Used in the Definition of the Allowable Drift Aj: See
Drawings Schedules for each component.

d. Component Fundamental Period T,: Calculated by Delegated Design Contractor
using methods explained in ASCE/SEI 7-16, Paragraph 13.3.3. Factors below must be
obtained for this calculation:

1) W, = Component Operating Weight: Determined by contractor from Project
Drawings and manufacturer's data.

2) g =Gravitational Acceleration: 32.17 fps2.

3) Kp = Combined Stiffness of Component, Supports, and Attachments:
Determined by delegated design seismic engineer.

Consequential Damage: Provide additional seismic and wind-load restraints for suspended fire-
suppression system components or anchorage of floor-, roof-, or wall-mounted fire-suppression
system components as indicated in ASCE/SEI 7-16 so that failure of a non-essential or essential
fire-suppression system component will not cause the failure of any other essential architectural,
mechanical, or electrical building component.

Fire/Smoke Resistance: Seismic-restraint devices that are not constructed of ferrous metals must
have a maximum flame-spread index of 25 and maximum smoke-developed index of 50 when
tested by an NRTL in accordance with ASTM E84 or UL 723, and be so labeled.

Component Supports:

1. Load ratings, features, and applications of all reinforcement components must be based on
testing standards of a nationally recognized testing agency.

2. All component support attachments must comply with force and displacement resistance
requirements of ASCE/SEI 7-16 Section 13.6.

VIBRATION ISOLATION

Springs: All springs shall have a minimum additional travel to solid equal to 50% of the rated
deflection. All springs except internal nested springs shall have an outside diameter not less than 0.8 of
the compressed height of the spring. Ends of springs shall be square and ground for stability. Laterally
stable springs shall have kx/ky ratios of at least 0.9. All springs shall be fully color-coded to indicate
capacity — color striping is not considered adequate.

Corrosion Protection: All springs shall be powder-coated enamel. Housings shall be galvanized,
powder-coated enamel, or painted with rust-resistant paint. Hot-dipped galvanized housings shall be
provided as indicated on the Schedule.

MANUFACTURERS

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

Mason Industries, Inc.

Kinetics Noise Control, Inc.
Vibration Eliminator Co., Inc.
Vibration Mountings & Controls, Inc.

Eall A
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2.4 ELASTOMERIC ISOLATION PADS

A.  Elastomeric Isolation Pads - Type A:

1.

HBOoNoOR~WD

0.

Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform loading over
pad area.

Size: Factory or field cut to match requirements of supported equipment.
Pad Material: Neoprene.

Surface Pattern: Waffle pattern..

Load-bearing metal plates adhered to pads.

0.75”” minimum thickness.

50 PSI maximum loading.

1/16” galvanized steel plate between multiple layers of pad thickness.
Through Hole with Resilient washer.

Elastomeric Isolation Pads shall be Mason Type Super W or approved equal.

B.  Elastomeric Isolation Mount — Type D

agrwbdE

Molded unit type neoprene element with projecting bushing lining rod clearance hole.
Neoprene element to be minimum 1 3/4" (45 mm) thick.

Steel retainer box encasing neoprene mounting.

Clearance between mounting hanger rod and neoprene bushing shall be minimum 1/8" .
Mountings shall be Mason Industries Type HD or approved equal.

2.5 OPEN-SPRING ISOLATORS - Type E

A.  Open Spring Isolators:

1.

o

6.

7.

Spring isolators shall be free standing and laterally stable without any housing and complete with
a molded neoprene cup or 1/4"(6mm) neoprene acoustical friction pad between the baseplate and
the support.

All mountings shall have leveling bolts that must be rigidly bolted to the equipment.

Installed and operating heights shall be equal.

The ratio of the spring diameter divided by the compressed spring height shall be no less than 0.8.
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.

All air ducts with a cross section of 2ft2 or larger shall be isolated from the building structure by
Type C floor supports with a minimum deflection of 0.75". Isolators shall continue for 50" from
the equipment.

Submittals shall include spring diameters, deflection, compressed spring height and solid spring
height.

Mountings shall be Mason type SLF, or approved equal.

2.6 RESTRAINED-SPRING ISOLATORS

A.  Restrained spring isolators - Type F

1.

Spring isolators shall be free standing and laterally stable without any housing and complete with
a molded neoprene cup or 1/4"(6mm) neoprene acoustical friction pad between the baseplate and
the support.

All mountings shall have leveling bolts that must be rigidly bolted to the equipment. Installed and
operating heights shall be equal.
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3. Neoprene acoustical pad within a rigid sided housing that includes vertical limit stops to prevent
spring extension when weight is removed and temporary steel spacers between the upper and
lower housings.

4. Housings shall serve as blocking during erection. When the equipment is at full operating weight,
the springs shall be adjusted to assume the weight and the spacers removed, without changing the
installed and operating heights. All restraining bolts shall have large rubber grommets to provide
cushioning in the vertical as well as horizontal modes.

5. The hole through the bushing shall be a minimum of 0.75"(20mm) larger in diameter than the
restraining bolt.

6. Horizontal clearance on the sides between the spring assembly and the housing shall be a
minimum of 0.5"(12mm) to avoid bumping and interfering with the spring action.

7. Vertical limit stops shall be out of contact during normal operation.

8. Cooling tower mounts are to be located between the supporting steel and the roof or the grillage
and dunnage as shown on the drawings when there is no provision for direct mounting.

9. Housings and springs shall be powder coated and hardware electro galvanized.

10. The ratio of the spring diameter divided by the compressed spring height shall be no less than 0.8.
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.

11.  Submittals shall include spring diameters, deflection, compressed spring height and solid spring
height.

12.  Mountings shall be Mason Industries Type SLR, or approved equal..

2.7 PIPE-RISER RESILIENT SUPPORT

A.  Description: All-directional, acoustical pipe anchor consisting of Anchors, Guides and spring mounts —
Type H.

1.

All vertical risers subjected to thermal expansion and/or contraction shall be supported by spring
isolators and central anchors designed to insure loading within design limits at structural support
points.

The riser design must be prepared and submitted for approval by the same isolation vendor sup-
plying the HVAC mechanical equipment isolation and must include the initial load, initial deflec-
tion, change in deflection, final load and change in load at all spring support locations. In order to
minimize load changes, the initial spring deflection must be at least 4 times the thermal move-
ment. The submittal must also include anchor loads when installed, cold filled, and at operating
temperature. Include calculated pipe stress at end conditions and branch off locations as well as
installation instruction. The submittal must be stamped and signed by a licensed professional en-
gineer in the employ of the vibration vendor for at least five years.

Proper provision shall be made for seismic protection in seismic zones.

The isolation vendor shall provide and design all brackets at riser spring and anchor locations
where standard clamps lack capacity or do not fit. The contractor must install and adjust all isola-
tors under the supervision of the designing isolation vendor or his representative.

The support spring mounts shall be Mason Type SLF, anchors Type ADA and telescoping guides

Type VSG.
All vertical risers shall be supported by spring isolators designed to support the riser filled with

water, if it is a water line.
Assigned loads must be within the building design limits at the support points. Neutral central re-
silient anchors close to the center of the run shall direct movement up and down.
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8.

10.

11.

The anchors shall be capable of holding an upward force equal to the water weight when the sys-
tem is drained. If one level cannot accommodate this force, anchors can be located on 2 or 3 ad-
jacent floors.

Resilient guides shall be spaced and sized properly depending on the pipe diameter. Submittals
must include the initial load, initial deflection, change in deflection, final load and change in load
at all spring and anchor support locations, as well as guide spacing.

The initial spring deflection shall be a minimum of 0.75"(20mm) or four times the thermal
movement at the isolator location, whichever is greater.

Calculations shall include pipe stress at end conditions and branch off locations and the manufac-
turer must include installation instructions. Submittal must be stamped and signed by a licensed
professional engineer in the employ of the vibration vendor for at least 5 years.

B.  RESILIENT PIPE GUIDES — Type H-1

1. Description: Telescopic arrangement of post and sleeve arrangement separated by a minimum

1/2-inch- thick neoprene.

a. Pipe guides shall consist of a telescopic arrangement of two sizes of steel tubing separated
by a minimum 1/2"(12mm) thickness of 60 durometer or softer neoprene.

b. The height of the guides shall be preset with a shear pin to allow vertical motion due to
pipe expansion or contraction.

C. Guides shall be capable of 1-5/8"(40mm) motion, or to meet location requirements.

d. Pipe guides shall be Mason Industries Type VSG.

C. PIPE ANCHORS — Type H-2

1. Description: All directional acoustical pipe anchors consist of two sizes of steel tubing separated

by a minimum 1/2"(12mm) thickness of 60 duro or softer neoprene.

a. Split Seals consist of pipe halves with minimum 3/4"(20mm) thick neoprene sponge
cemented to the inner faces.

b. Vertical restraint shall be provided by similar material arranged to prevent up or down
vertical travel.

C. Allowable loads on the isolation material shall not exceed 500 psi (3.45 N/mm2) and the
design shall be balanced for equal resistance in any direction.

d. All directional anchors shall be Mason Industries Type ADA.

2.8 ACOUSTICAL WALL, CEILING OR FLOOR SEAL - Type |

A.  Description: Split Seals consist of pipe halves with minimum 3/4"(20mm) thick neoprene sponge
cemented to the inner faces.

1.

2.

3.

4.

The seal shall be tightened around the pipe to eliminate clearance between the inner sponge face
and the piping.

Concrete may be packed around the seal to make it integral with the floor, wall or ceiling if the
seal is not in place prior to the construction of the building member.

Seals shall project a minimum of 1"(25mm) past either face of the wall. Where temperatures
exceed 2400 /F (11511C), 10 Ib. density fiberglass may be used in lieu of the sponge.

Seals shall be Mason Industries Type SWS.
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SPRING HANGERS

A. Spring Isolator - Type J:

1.

4.

5.
6

Hangers shall consist of rigid steel frames containing minimum 1-1/4"(32mm) thick neoprene el-
ements at the top and a steel spring seated in a steel washer reinforced neoprene cup on the bot-
tom.

The neoprene element and the cup shall have neoprene bushings projecting through the steel box.
In order to maintain stability the boxes shall not be articulated as clevis hangers nor the neoprene
element stacked on top of the spring.

Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod
to swing through a 30° arc from side to side before contacting the cup bushing and short circuit-
ing the spring.

The ratio of the spring diameter divided by the compressed spring height shall be no less than 0.8.
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.
Submittals shall include a hanger drawing showing the 30° capability.

Hangers shall be Mason Industries - Type 30N.

B. Spring Isolator — Type K

1.

oo

8.
9

Hangers shall consist of rigid steel frames containing minimum 1-1/4"(32mm) thick neoprene el-
ements at the top and a steel spring seated in a steel washer reinforced neoprene cup on the bot-
tom.

The neoprene element and the cup shall have neoprene bushings projecting through the steel box.
In order to maintain stability the boxes shall not be articulated as clevis hangers nor the neoprene
element stacked on top of the spring.

Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod
to swing through a 30° arc from side to side before contacting the cup bushing and short circuit-
ing the spring.

The ratio of the spring diameter divided by the compressed spring height shall be no less than 0.8.
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.
Submittals shall include a hanger drawing showing the 30° capability.

Hangers shall be pre-compressed and locked at the rated deflection by means of a resilient up stop
to keep the piping or equipment at a fixed elevation during installation.

The hangers shall be designed with a release mechanism to free the spring after the installation is
complete and the hanger is subjected to its full load. Deflection shall be clearly indicated by
means of a scale.

Submittals shall include a drawing of the hanger showing the 30° capability.

Hangers shall be Mason Industries Type PC30N.

C. Spring Hanger Guidelines:

1.
2.

3.
4.

The first four pipe hangers in the main lines near the mechanical equipment shall be Type J.
Hangers supporting piping 2" and larger in all other locations throughout the building shall be
isolated by Type I.

Heat exchangers and expansion tanks are considered part of the piping run.

The first four isolators from the isolated equipment shall have the same static deflection as speci-
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2.10

fied for the mountings under the connected equipment.

If piping is connected to equipment located in basements and hangs from ceilings under occupied
spaces the first four hangers shall have 0.75" deflection for pipe sizes up to and including 3", 1-
1/2" deflection for pipe sizes over 3" and up to and including 6", and 2-1/2" deflection thereafter.
Where piping connects to mechanical equipment install Type R expansion joints or specification
P stainless hoses if O is not suitable for the service.

All piping passing through the equipment walls, floors or ceilings shall be protected against
sound leakage by means of an acoustical seal, Type J.

All air ducts with a cross section of 2ft? or larger shall be isolated from the building structure by
Type K hangers with a minimum deflection of 0.75". Isolators shall continue for 50' from the
equipment.

If air velocity exceeds 1000 fpm , hangers or supports shall continue for an additional 50' or as
shown on the drawings

VIBRATION ISOLATION EQUIPMENT BASES

Steel Bases: Factory-fabricated, welded, structural-steel bases and rails - Type O.

1.

Design Requirements: Lowest possible mounting height with not less than 1-inch clearance above
the floor. Include equipment anchor bolts and auxiliary motor slide bases or rails.

a. Include supports for suction and discharge elbows for pumps.

Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases shall
have shape to accommodate supported equipment.

Support Brackets: Factory-welded steel brackets on frame for outrigger isolation mountings and
to provide for anchor bolts and equipment support.

Centrifugal refrigeration machines and pump bases may be T or L shaped.

Pump bases for split case pumps shall be large enough to support suction and discharge elbows.
All perimeter members shall be steel beams with a minimum depth equal to 1/10 of the longest
dimension of the base. Base depth need not exceed 14"(350mm) provided that the deflection and
misalignment is kept within acceptable limits as determined by the manufacturer.

Height saving brackets shall be employed in all mounting locations to provide a base clearance of
1"(25mm).

Bases shall be Mason Industries Type WF or approved equal.

Concrete Inertia Base: Factory-fabricated, welded, structural-steel bases and rails ready for placement of
cast-in-place concrete — Type P.

1.

w

Design Requirements: Lowest possible mounting height with not less than 1-inch clearance above
the floor. Include equipment anchor bolts and auxiliary motor slide bases or rails.

a. Include supports for suction and discharge elbows for pumps.

Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases shall
have shape to accommodate supported equipment.

Bases shall be a minimum of 1/12 of the longest dimension of the base but not less than 6".
Minimum thickness of the inertia base shall be according to the following tabulation:

Motor Size Minimum Thickness
(HP) (Kw) (In) (mm)
5-15 (4-11) 6 (150)
20-50 (15-37) 8 (200)
60-75 (45-55) 10 (250)
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100-250 (75-190) 12 (300)
300-500 (220-375) 18 (350)

5. Forms shall include minimum concrete reinforcing consisting of 1/2" bars welded in place on 6"
centers running both ways in a layer 1-1/2" above the bottom. Forms shall be furnished with steel
templates to hold the anchor bolt sleeves and anchor bolts while concrete is being poured.

6. Height saving brackets shall be employed in all mounting locations to maintain a 1" clearance
below the base.

7. Wooden formed bases leaving a concrete rather then a steel finish are not acceptable.

8. Fabrication: Fabricate steel templates to hold equipment anchor-bolt sleeves and anchors in place
during placement of concrete. Obtain anchor-bolt templates from supported equipment
manufacturer.

9. Base shall be Mason Industries - Type BMK or K or approved equal.

2.11 ISOLATION ROOF-CURB RAILS

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

el NS =

Mason Industries, Inc
Ace Mountings Co., Inc.
Kinetics Noise Control.
Thybar Corporation.

B.  Spring Isolated Curb — Type Q

1.

© N

11.

Description: Factory-assembled, fully enclosed, insulated, air- and watertight curb rail designed
to resiliently support equipment and shall include the following:

Curb mounted rooftop equipment shall be mounted on spring isolation curbs.

The lower member shall consist of a sheet metal Z section containing adjustable and removable
steel springs that support the upper floating section.

The upper frame must provide continuous support for the equipment and must be captive so as to
resiliently resist wind forces.

Lower Support Assembly: The lower support assembly shall be formed sheet metal section
containing adjustable and removable steel springs that support upper frame. The lower support
assembly shall have a means for attaching to building structure and a wood nailer for attaching
roof materials and shall be insulated with a minimum of 2 inches of rigid glass-fiber insulation on
inside of assembly. Adjustable, restrained-spring isolators shall be mounted on elastomeric
vibration isolation pads and shall have access ports, for level adjustment, with removable
waterproof covers at all isolator locations. Isolators shall be located so they are accessible for
adjustment at any time during the life of the installation without interfering with the integrity of
the roof.

All directional neoprene snubber bushings shall be a minimum of 1/4"(6mm) thick.

Steel springs shall be laterally stable and rest on 1/4"(6mm) thick neoprene acoustical pads.
Hardware must be plated and the springs provided with a rust resistant finish.

The curbs waterproofing shall consist of a continuous galvanized flexible counter flashing nailed
over the lower curb’s waterproofing and joined at the corners by EPDM bellows.

All spring locations shall have access ports with removable waterproof covers. Lower curbs shall
have provision for 2"(50mm) of insulation.

Curb shall be Mason Industries - Type RSC or approved equal.
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C.  Vibration Isolation Bases — Type R

1.

2.

@

6.
7.

8.

Curb mounted rooftop equipment shall be mounted on vibration isolation bases that fit over the
roof curb and under the isolated equipment.

The extruded aluminum top member shall overlap the bottom to provide water runoff
independent of the seal. Aluminum members shall house electro galvanized or powder coated
springs selected for 0.75"(20mm) minimum deflection.

Travel to solid shall be 1.5"(40mm) minimum.

Spring diameters shall be no less than 0.8 of the spring height at rated load. Wind resistance shall
be provided by means of resilient snubbers in the corners with a minimum clearance of
1/4"(6mm) so as not to interfere with the spring action except in high winds.

Manufacturer's self adhering closed cell sponge gasketing must be used both above and below the
base and a flexible EPDM duct like connection shall seal the outside perimeter.

Foam or other sliding or shear seals are unacceptable in lieu of the EPDM ductlike closure.
Submittals shall include spring deflections, spring diameters, compressed spring height and solid
spring height as well as seal and wind resistance details.

Curb mounted bases shall be Mason Industries - Type CMAB or approved equal.

2 FLEXIBLE HOSES

A.  Flexible Stainless-Steel Hoses — Type T:

1.

Flexible stainless-steel hose shall have stainless steel braid and carbon steel fittings. Sizes 3" and
larger shall be flanged. Smaller sizes may have male nipples. Minimum lengths shall be as
tabulated below:

Flanged
3" x12" 6”x 18” 12” x 24”
4" x 12" 8’ x18” 14” x 30”
5 x18” 107 x 18> 16” x 18”
Male Nipples

1 x 127 1-1/4” x 127 27 x12”
¥ x 127 1-1/2”x 12” 2-1/2”7x 18”
173 X 12”

At equipment, hoses shall be installed on the equipment side of the shut off valves horizontal and
parallel to the equipment shafts wherever possible.

Hoses shall be Mason Industries - Type FFL.

PART 3 - EXECUTION

3.1

EXAMINATION

A. Examine areas and equipment to receive vibration isolation control devices for compliance with
requirements for installation tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before
installation.
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C.  Proceed with installation only after unsatisfactory conditions have been corrected.
VIBRATION CONTROL DEVICE INSTALLATION

A.  Coordinate the location of embedded connection hardware with supported equipment attachment and
mounting points and with requirements for concrete reinforcement and formwork specified in Division
03 Section "Cast-in-Place Concrete."

B. Installation of vibration isolators must not cause any change of position of equipment, piping, or
ductwork resulting in stresses or misalignment.

C.  All vibration isolators must be installed in strict accordance with the manufacturers written instructions
and all certified submittal data.

D. Installation of vibration isolators must not cause any change of position of equipment, piping or duct
work resulting in stresses or misalignment.

E. No rigid connections between equipment and the building structure shall be made that degrades the
noise and vibration control system herein specified.

F. The contractor shall not install any equipment, piping, duct or conduit which makes rigid connections
with the building unless isolation is not specified. “Building” includes, but is not limited to, slabs,
beams, columns, studs and walls.

G.  Coordinate work with other trades to avoid rigid contact with the building.

H.  Any conflicts with other trades which will result in rigid contact with equipment or piping due to
inadequate space or other unforeseen conditions should be brought to the architects/engineers attention
prior to installation. Corrective work necessitated by conflicts after installation shall be at the
responsible contractor’s expense.

I Bring to the architects/engineers attention any discrepancies between the specifications and the field
conditions or changes required due to specific equipment selection, prior to installation. Corrective work
necessitated by discrepancies after installation shall be at the responsible contractor’s expense.

J. Correct, at no additional cost, all installations which are deemed defective in workmanship and
materials at the contractor’s expense.

K. Where piping passes through walls, floors or ceilings the vibration isolation manufacturer shall provide
Type G seals.

L. Locate isolation hangers as near to the overhead support structure as possible.

M.  Air handling equipment and centrifugal fans shall be protected against excessive displacement which
results from high air thrust when thrust forces exceed 10% of the equipment weight. Horizontal thrust
restraints shall be Type J restraints.

N.  Rooftop equipment isolators must be bolted to the equipment and structure. Mountings must be

designed to resist 100m/h wind loads.
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3.3 VIBRATION ISOLATION EQUIPMENT BASES INSTALLATION

A.  Coordinate the location of embedded connection hardware with supported equipment attachment and
mounting points and with requirements for concrete reinforcement and formwork specified in Division
03 Section 033000 "Cast-in-Place Concrete."

3.4 INSPECTION

A.  On completion of installation of all vibration isolation devices herein specified, the local representative
of the isolation materials manufacturer(s) shall inspect the completed system and report in writing any
installation errors, improperly selected isolation devices, or other faults that could affect the
performance of the system. Contractor shall submit a report to the Architect, including the
manufacturer's representative’s final report, indicating all isolation reported as properly installed or
requiring correction, and include a report by the Contractor on steps taken to properly complete the
isolation work.

PART 4 — ISOLATOR APPLICATION SCHEDULE

ISOLATION SELECTION GUIDE EQUIPMENT INSTALLATION ARRANGEMENT
MOUNTED SUSPENDED
EQUIPMENT SIZE | LOCATIO | BASE | ISOLA | DEFL | BASE | ISOLATOR | DEFL
N TYPE TOR (in.) | TYPE TYPE (in.)
TYPE
Air Handlers Without In-
ternal Isolated Fan Sec-
tions
Below — 300 rpm (or
VFD) Above Per £ 4.0 Per 1K 4.25
301 —450 rpm Grade Mfr. 3.5 Mfr. ' 3.75
451 — 600 rpm 3.0 3.25
601 — 750 rpm 2.0 2.25
751 — 850 rpm 1.5 1.75
851 - greater 1.0 1.25
Air Handlers WITH Inter- Above Per
nal Isolated Fans Grade Mfr. A 0.25 D 0.5
Air Handlers ON Per A 0.25
GRADE Mfr.
Condensate Per
PUMps All Mir. A 0.10
Air-Cooled Con- Per
denser Al Mfr. F 2.0 T o o
PUMPS® - Me- | 5HP + P F.@ 2.0 JK 2.25
chanical and <5HP | All P B 0.5 ,\F,)ﬁc: D 05
Domestic Water | VFD P FL.@ 4.0 ' J,K 4.25
Cooling Towers
Below — 300 rpm (or Above Per E 4.0
VFD) Grade Mfr. 3.5
301 — 450 rpm 3.0
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451 — 600 rpm 2.0
601 — 750 rpm 15
751 — 850 rpm '
851 - greater 1.0
. Above Per
Boilers Grade Mr. F 1.0
Chillers — Absorp- Above Per
tion, Centrifugal, Mfr. FO 1.0
Grade
Rotary/Screw
Fans — Cabinet, Centrifu-
gal, In-Line Centrif.
Below — 300 rpm (or
VFD) P 4.0 4.25
301 — 450 rpm 0 F 35 ,\F/’ﬁc: 1K 3.75
451 — 600 rpm 0 3.0 ' 3.25
601 — 750 rpm @) 2.0 2.25
751 — 850 rpm 0 15 1.75
851 - greater 0 1.0 1.25
Per
Curb Mounted Roof fan
Equip. Roof © QR rREM | T
above
Vertical Pipe Riser All H 0.75 H,I 0.75
Horizontal Piping ALL E 1,J,K

Notes for Isolation Selection Guide
(1) Double Layer neoprene isolation pads to be included within spring assembly cup.

(2) Electrical Connections to be made with minimum 18” flexible conduit.
(3) In-Line Pumps to be mounted per manufacturer’s recommendations.

END OF SECTION 230548.13
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SECTION 230800 - COMMISSIONING OF HVAC

PART 1 - GENERAL

11

A.

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes Cx process requirements for the following HVAC systems, assemblies, and

equipment:

1. All HVAC equipment and systems.

2. Building Automation System.

3. Testing, Adjusting and Balancing Verification.

Related Requirements:

1. Section 019113 "General Commissioning Requirements” for general Cx process
requirements and CxA responsibilities.

DEFINITIONS

BAS: Building automation system.

Cx: Commissioning, as defined in Section 019113 "General Commissioning Requirements."

CxA: Commissioning Authority, as defined in Section 019113 "General Commissioning
Requirements."

IgCC: International Green Construction Code.
"Systems," "Assemblies," "Subsystems," "Equipment,” and "Components": Where these terms
are used together or separately, they mean "as-built" systems, assemblies, subsystems,

equipment, and components.

TAB: Testing, adjusting, and balancing.

Commissioning of HVAC 230800 - 1
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14

15

INFORMATIONAL SUBMITTALS

A. Construction Checklists:

1.

Draft Cx plan, including draft construction checklists to be prepared by CxA under
Section 019113 "General Commissioning Requirements." Div. 23 Subcontractor is to
review Construction Checklist in accordance with requirements in Section 019113
"General Commissioning Requirements" and ASHRAE 202 and to resolve any issues
with the CxA.

Cx plan, including material, installation, and performance construction checklists for
systems, assemblies, subsystems, equipment, and components relating to BAS and
HVAC to be part of the Cx process and in accordance with requirements in
Section 019113 "General Commissioning Requirements and ASHRAE 202."

B.  Test Equipment and Instruments: For all test equipment and instruments to be used in
conducting Cx tests by Div. 23 Subcontractor, provide the following:

roONME

Equipment/instrument identification number.

Planned Cx application or use.

Manufacturer, make, model, and serial number.

Calibration history, including certificates from agencies that calibrate the equipment and
instrumentation.

Equipment manufacturers' proprietary instrumentation and tools. For each instrument or
tool, identify the following:

a. Instrument or tool identification number.

b. Equipment schedule designation of equipment for which the instrument or tool is
required.

C. Manufacturer, make, model, and serial number.

d. Calibration history, including certificates from agencies that calibrate the
instrument or tool, where appropriate.

QUALITY ASSURANCE

A.  BAS Testing Technician Qualifications: Technicians performing BAS Construction Checklist
verification tests, Construction Checklist verification test demonstrations, Cx tests, and Cx test
demonstrations are to have the following minimum qualifications:

1.

2.

3.

Journey level or equivalent skill level with knowledge of BAS, HVAC, electrical
concepts, and building operations.

Minimum three years' experience installing, servicing, and operating systems
manufactured by approved manufacturer.

International Society of Automation (ISA)-Certified Control Systems Technician (CCST)
Level I.

B. HVAC Testing Technician Qualifications: Technicians to perform HVAC Construction
Checklist verification tests, Construction Checklist verification test demonstrations, Cx tests,
and Cx test demonstrations shall have the following minimum qualifications:

Commissioning of HVAC 230800 - 2
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1.

Journey level or equivalent skill level; vocational school four-year-program graduate or
an Associate's degree in mechanical systems, air conditioning, or similar field. Degree
may be offset by three years' experience in servicing mechanical systems in the HVAC
industry. Generally, required knowledge includes HVAC systems, electrical concepts,
building operations, and application and use of tools and instrumentation to measure
performance of HVAC equipment, assemblies, and systems.

Minimum three years' experience that is to include installing, servicing, and operating
systems manufactured by approved manufacturer.

C.  Testing Equipment and Instrumentation Quality and Calibration:

1.
2.

3.

4.

Capable of testing and measuring performance within the specified acceptance criteria.
Be calibrated at manufacturer's recommended intervals with current calibration tags
permanently affixed to the instrument being used.

Be maintained in good repair and operating condition throughout duration of use on
Project.

Be recalibrated/repaired if dropped or damaged in any way since last calibrated.

D.  Proprietary Test Instrumentation and Tools:

1.

Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed
equipment included in the Cx process, test instrumentation and tools manufactured or
prescribed by equipment manufacturer to service, calibrate, adjust, repair, or otherwise
work on its equipment or required as a condition of equipment warranty, shall comply
with the following:

a. Be calibrated by manufacturer with current calibration tags permanently affixed.
b. Include a separate list of proprietary test instrumentation and tools in operation and
maintenance manuals.

HVAC proprietary test instrumentation and tools become property of Owner at the time
of Substantial Completion.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.

3.2

3.3

Cx PROCESS:

Perform Cx process in accordance with Section 019113 "General Commissioning
Requirements" for BAS and HVAC and in accordance with the following:

CONSTRUCTION CHECKLISTS

Preliminary detailed construction checklists are to be prepared under Section 019113 "General
Commissioning Requirements" for each BAS and HVAC system, assembly, subsystem,
equipment, and component required to be commissioned, as detailed in ASHRAE 202.
Contractor performs the following:

1. Review BAS and HVAC preliminary construction checklists and provide written
comments on checklist items where appropriate.

2. Return preliminary Construction Checklist with review comments within 10 days of
receipt.

3. When review comments have been resolved, the CxA will provide final construction
checklists marked "Approved for Use, (date).”

4. Use only construction checklists marked "Approved for Use, (date)" When performing
tests. Mark construction checklists in the appropriate place as indicated Project events are
completed, and provide pertinent details and other information.

Cx TESTING PREPARATION

Certify that HVAC systems, subsystems, and equipment have been installed, calibrated, and
started and that they are operating in accordance with the Contract Documents and approved
submittals.

Certify that HVAC instrumentation and control systems have been completed and calibrated,
point-to-point checkout has been successfully completed, and systems are operating in
accordance with their design sequence of operation, Contract Documents, and approved
submittals. Certify that all sensors are operating within specified accuracy and all systems are
set to and maintaining set points as required by the design documents.

Certify that TAB procedures have been completed and that TAB reports have been submitted,
discrepancies corrected, and corrective work approved.

Set systems, subsystems, and equipment into operating mode to be tested in accordance with
approved test procedures (e.g., normal shutdown, normal auto position, normal manual position,
unoccupied cycle, emergency power, and alarm conditions).
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3.4

3.5

Cx TEST CONDITIONS
Perform tests using design conditions, whenever possible.

1. Simulated conditions may, with approval of Architect, be imposed using an artificial load
when it is impractical to test under design conditions. Before simulating conditions,
calibrate testing instruments. Provide equipment to simulate loads. Set simulated
conditions as directed by CxA, and document simulated conditions and methods of
simulation. After tests, return configurations and settings to normal operating conditions.

2. Cx test procedures may direct that set points be altered when simulating conditions is
impractical.

3. Cx test procedures may direct that sensor values be altered with a signal generator when
design or simulating conditions and altering set points are impractical.

If tests cannot be completed because of a deficiency outside the scope of the HVAC system,
document the deficiency and report it to Architect. After deficiencies are resolved, reschedule
tests.

If seasonal testing is specified, complete appropriate initial performance tests and
documentation, and schedule seasonal tests.

Cx TESTS COMMON TO HVAC SYSTEMS

Measure capacities and effectiveness of systems, assemblies, subsystems, equipment, and
components, including operational and control functions, to verify compliance with acceptance
criteria.

Conduct Cx Tests (Functional Performance Tests) for all equipment,/system modes and system
to system interfaces.

Test systems, assemblies, subsystems, equipment, and components for operating modes,
interlocks, control responses, responses to abnormal or emergency conditions, and response in
accordance with acceptance criteria.

Coordinate schedule with, and perform Cx activities at the direction of, CxA.
Comply with Construction Checklist requirements, including material verification, installation
checks, startup, and performance test requirements specified in Division 23 Sections specifying

HVAC systems and equipment.

Provide technicians, instrumentation, tools, and equipment to perform and document the
following:

1. Cx Construction Checklist verification tests.
2. Cx Construction Checklist verification test demonstrations.
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3.6 TAB VERIFICATION
A.  Prerequisites: Completion of "Examination™ Article requirements and correction of deficiencies,
as specified in Section 230593 "Testing, Adjusting, and Balancing for HVAC."
B.  Completion of "Preparation™ Article requirements for preparation of a TAB plan that includes
strategies and step-by-step procedures, and system-readiness checks and reports, as specified in
Section 230593 "Testing, Adjusting, and Balancing for HVAC."
C.  Scope: HVAC air systems and hydronic piping systems.
D.  Purpose: Differential flow relationships intended to maintain air and water pressurization
differentials between the various areas of Project.
E.  Conditions of the Test:
1. Cx Test Demonstration Sampling Rate: As specified in "Inspections” Article in
Section 230593 "Testing, Adjusting, and Balancing for HVAC."
2. Systems operating in full heating mode with minimum outside-air volume.
3. Systems operating in full cooling mode with minimum outside-air volume.
F. Acceptance Criteria:

1. Under all conditions, rechecked measurements comply with "Inspections™ Article in
Section 230593 "Testing, Adjusting, and Balancing for HVAC."

2. Additionally, no rechecked measurement shall differ from measurements documented in
the final report by more than the tolerances allowed.

3. Under all conditions, where the Contract Documents indicate a differential in airflow
between supply and exhaust and/or return in a space, the differential relationship shall be
maintained.

END OF SECTION 230800
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SECTION 230923.16 - GAS INSTRUMENTS

PART 1 - GENERAL

11

A.

1.2

1.3

SUMMARY
Section Includes:

1. Carbon monoxide sensors and transmitters.
2. Carbon monoxide monitoring system, multipoint air sampling.

Related Requirements:

1. Section 230923 "Direct Digital Control (DDC) System for HVAC" for control equipment
and software, relays, electrical power devices, uninterruptible power supply units, wire,
cable, and other requirements that relate to this Section.

DEFINITIONS

NDIR: Nondispersive infrared.

ACTION SUBMITTALS
Product Data:

1. Carbon monoxide sensors and transmitters.
2. Carbon monoxide monitoring system, multipoint air-sampling.

Product Data Submittals: For each product.

1. Operating characteristics, electrical characteristics, and furnished accessories indicating
process operating range, accuracy over range, control signal over range, default control
signal with loss of power, calibration data specific to each unique application, electrical
power requirements, and limitations of ambient operating environment, including
temperature and humidity.

2. Installation instructions, including factor affecting performance.

3. Product description with complete technical data, performance curves, product
specification sheets.

4. Product data indicating ASHRAE 62.1 compliance.

Shop Drawings:

1. Plans and mounting details.

2. Diagrams for power, signal, and control wiring.

3. Number-coded identification system for unique identification of wiring, cable, and tubing
ends.

Gas Instruments 230923.16-1
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1.5

A

B.

A

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plan drawings and corresponding product installation details, or BIM,
drawn to scale, on which wall-mounted instruments located in finished space are shown and
coordinated with each other, showing relationship to light switches, fire-alarm devices, and
other installed devices using input from installers of items involved.

Product Test Reports: For carbon monoxide sensors and transmitters, multipoint air-sampling
carbon monoxide monitoring system, for tests performed by manufacturer and witnessed by a
qualified testing agency.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For gas instruments.

PART 2 - PRODUCTS

21

A

CARBON MONOXIDE AND NITROGEN DIOXIDE SENSORS AND TRANSMITTERS
Carbon Monoxide And Nitrogen Dioxide Sensors and Transmitters, Wall Mounted:

1. Manufacturers: Provide sensors and transmitters by one of the following, or engineer
approved equal:
a. CTi Sensors
b. Honeywell Analytics; Honeywell International, Inc.
C. Sensidyne, LP

2. Source Limitations: Provide carbon monoxide and nitrogen dioxide sensors and
transmitters, wall mounted, from single manufacturer.

3. Description: Electrochemical measurement technology or equivalent technology that
provides performance indicated, long-term stability, and reliability.

a. Multiple Sensor/Transmitters for Zoned Applications: Multiple sensor/transmitters
arranged in zones as indicated on Drawings and directly connected to carbon
monoxide and nitrogen dioxide monitoring system controller; furnished with
sensors and transmitters as part of a complete system furnished by single
manufacturer.

4, Performance — Carbon Monoxide Sensor:

Carbon Monoxide Concentration Range: Zero to 100 ppm.

Accuracy: Within 5 percent of full-scale range.

Repeatability: Within 2 percent of full scale.

Long-Term Stability: Within 5 percent of full scale after more than 5 years.
Response Time: Within 30 seconds.

Warm-up Time: Within 1 minute(s).

Ambient Relative Humidity: 15-90 percent noncondensing.

Ambient Temperature: Minus 4 to plus 122 deg F.

S@hoooo
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Performance — Nitrogen Dioxide Sensor:

S@hooooe

Nitrogen Dioxide Concentration Range: Zero to 10.0 ppm.

Accuracy: Within 10 percent of full-scale range.

Repeatability: Within 2 percent of full scale.

Long-Term Stability: Within 5 percent of full scale after more than 5 years.
Response Time: Within 30 seconds.

Warm-up Time: Within 1 minute(s).

Ambient Relative Humidity: 15-90 percent noncondensing.

Ambient Temperature: Minus 4 to plus 122 deg F.

Sensor and Transmitter Output Signals:

a.
b.

Analog Output Signal: 4 to 20 mA.
Digital Output Signal: SPDT.

Sensor and Transmitter Serial Communication: BACnet MS/TP.
Sensor and Transmitter Construction:

a.
b.
C.

Enclosure: Painted metal or plastic; equivalent to NEMA 250, Type 4X.

Electrical Connections: Screw terminals.

Visual Display: Equip with digital display for continuous indication of carbon
dioxide concentration.

Gas Sensor System Controller:

a.

@

=

Configuration:

1)  Quantity of Sensors Connected to Each Controller: See Drawings.
2)  Arrangement and Quantity of Zones per Controller: See Drawings.

Signals:

1)  Sensor Signal to Controller: Analog or BACnet MS/TP.
2)  Controller Output Signal: Digital signal, through control relays, for each
sensor connected to controller to indicated alarm status, BACnet MS/TP.

Provide with battery backup.

Enclosure: Painted metal or plastic; equivalent to NEMA 250, Type 4X.

Electrical Connections: Screw terminals.

Operator Interface: Keypad or touch sensitive digital display, located on front of
enclosure; access protected by password.

Visual Display: Multiple lines, backlit LCD.

Alarms:

1)  Audible Alarm: Audible alarm with local silence reset.
2)  Visual Alarms: Faults or failures, individual sensor readings in alarm.

Calibration Kit: Provide kit and turn over to Owner at start of warranty period.

Gas Instruments
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PART 3 - EXECUTION

3.1

A

EXAMINATION

Examine substrates and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

Examine roughing-in for instruments to verify actual locations of connections before
installation.

Prepare written report, endorsed by Installer, listing conditions detrimental to performance.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION, GENERAL
Furnish and install products required to satisfy more stringent of all requirements indicated.
Install products level, plumb, parallel, and perpendicular with building construction.

Properly support instruments, tubing, wiring, and conduit to comply with requirements
indicated. Brace all products to prevent lateral movement and sway or a break in attachment
when subjected to seismic.

Fastening Hardware:

1. Wrenches, pliers, and other tools that cause injury to or mar surfaces of rods, nuts, and
other parts are prohibited for work of assembling and tightening nuts.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by using excessive
force or oversized wrenches.

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly.

Install products in locations that are accessible and that permit calibration and maintenance
from floor, equipment platforms, or catwalks. Where ladders are required for Owner's access,
confirm unrestricted ladder placement is possible under occupied condition.

Corrosive Environments:

1. Use products that are suitable for environment to which they are subjected.
2. If possible, avoid or limit use of materials in corrosive environments.

a. Where instruments are located in a corrosive environment and are not corrosive
resistant from manufacturer, field install products in a NEMA 250, Type 4X
enclosure.

b. When conduit is in contact with a corrosive environment, use Type 316 stainless
steel conduit and fittings or conduit and fittings that are coated with a corrosive-
resistant coating that is suitable for environment.
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3.3

3.4

A

INSTRUMENTS, GENERAL INSTALLATION REQUIREMENTS
Mounting Location:

1. Mount wall-mounted instruments in user-occupied space at locations indicated on
Drawings.

2. Mount instruments intended for wall-mounting using floor-supported freestanding pipe
stands, or floor-supported structural support frames where direct-to-wall mounting is not
possible. Use manufacturer's mounting brackets to accommodate field mounting.
Securely support and brace products to prevent vibration and movement.

Mounting Height:

1. Mount instruments in user-occupied space to match mounting height of light switches
unless otherwise indicated on Drawings. Mounting height is to comply with codes and
accessibility requirements.

2. Mount instruments located in mechanical equipment rooms and other similar space not
subject to code, state, and federal accessibility requirements within a range of 42 to 72
inches above the adjacent floor, grade, or service catwalk or platform.

a. Make every effort to mount at 60 inches.

ELECTRICAL CONNECTIONS
Furnish and install electrical power to products requiring electrical connections.

Furnish and install power wiring. Comply with requirements in Section 260519 "Low-Voltage
Electrical Power Conductors and Cables."”

Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical
Systems."

Furnish and install raceways. Comply with requirements in Section 260533.13 "Conduits for
Electrical Systems" and Section 260533.16 "Boxes and Covers for Electrical Systems."

Furnish and install circuit breakers. Comply with requirements in Section 262816 "Enclosed
Switches and Circuit Breakers."

Install electrical devices furnished by manufacturer, but not factory mounted, in accordance
with NFPA 70 and NECA 1.

Install nameplate for each electrical connection, indicating electrical equipment designation and

circuit number feeding connection.

1. Nameplate to be laminated acrylic or melamine plastic signs with a black background and
engraved white letters at least 1/2 inch high.
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3.5 CONTROL CONNECTIONS
A. Install control signal wiring to field-mounted control devices.
B.  Connect control signal wiring in accordance with Section 260523 "Control-Voltage Electrical
Power Cables.”
C.  Furnish and install raceways. Comply with requirements in Section 260533.13 "Conduits for
Electrical Systems" and Section 260533.16 "Boxes and Covers for Electrical Systems."
3.6 IDENTIFICATION
A. Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and
tubing is to have same designation at each end for operators to determine continuity at points of
connection. Comply with requirements for identification specified in Section 260553
"ldentification for Electrical Systems."
B.  Install engraved phenolic nameplate with instrument identification on face.
3.7 CLEANING
A. Remove grease, mastic, adhesives, dust, dirt, stains, fingerprints, labels, and other foreign
materials from exposed interior and exterior surfaces.
3.8 CHECKOUT PROCEDURES
A.  Check out installed products before continuity tests, leak tests, and calibration.
B.  Check instruments for proper location and accessibility.
C.  Check instruments for proper installation that impacts performance.
D.  Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and
support.
3.9 ADJUSTMENT, CALIBRATION, AND TESTING
A.  Description:

1. Calibrate each instrument installed that is not factory calibrated and provided with
calibration documentation.

2. Provide written description of proposed field procedures and equipment for calibrating
each type of instrument. Submit procedures before calibration and adjustment.

3. For each analog instrument, perform a three-point calibration test for both linearity and
accuracy.

4. Equipment and procedures used for calibration are to comply with instrument
manufacturer's written instructions.

5. Provide diagnostic and test equipment for calibration and adjustment.
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3.10

6. Field instruments and equipment used to test and calibrate installed instruments are to
have an accuracy of at least twice the instrument accuracy being calibrated. For example,
an installed instrument with an accuracy of 1 percent is to be checked by an instrument
with an accuracy of 0.5 percent.

7. Calibrate each instrument in accordance with instrument instruction manual supplied by
manufacturer.

8. If, after calibration, indicated performance cannot be achieved, replace out-of-tolerance
instruments.

9. Comply with field-testing requirements and procedures in ASHRAE's Guideline 11, in
the absence of specific requirements, and to supplement requirements indicated.

Analog Signals:

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100
percent.

2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.

Digital Signals:

1. Check digital signals using a jumper wire.
2. Check digital signals using an ohmmeter to test for contact.

Sensors: Check sensors at zero, 50, and 100 percent of Project design values.

Transmitters: Check and calibrate transmitters at zero, 50, and 100 percent of Project design
values.

DEMONSTRATION

Train Owner's maintenance personnel to adjust, operate, and maintain instrumentation and
control devices.

Coordinate training video with operation and maintenance manuals and classroom instruction
for use by Owner in operating, maintaining, and troubleshooting.

Record Owner training and submit digital files with closeout documents for Owner's future use.

END OF SECTION 230923.16
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SECTION 230923 - DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC

PART 1 - GENERAL

11

1.2

A.

B.

SUMMARY
Section Includes: Direct digital control (DDC) system for HVAC.

Related Requirements:
1. Section 260553 "ldentification for Electrical Systems" for identification requirements for
electrical power and communications components

DEFINITIONS

Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set
of well-defined rules or processes for solving a problem in a finite number of steps.

Analog: A continuously varying signal value, such as current, flow, pressure, or temperature.
BACnet Specific Definitions:

1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A
communications protocol allowing devices to communicate data and services over a
network.

2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of
BACnet functionality that is needed to perform a particular task. BIBBs are combined to
build the BACnet functional requirements for a device.

3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet
messages over IP networks. A BACnet/IP network is a collection of one or more IP
subnetworks that share the same BACnet network number.

4, BACnet Testing Laboratories (BTL): Organization responsible for testing products for
compliance with ASHRAE 135, operated under direction of BACnet International.

Binary: Two-state signal where a high signal level represents "ON" or "OPEN" condition and a
low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used
interchangeably with "Binary" to indicate a two-state signal.

Controller: Generic term for any standalone, microprocessor-based, digital controller residing
on a network, used for local or global control. Three types of controllers are indicated: network
controllers, programmable application controllers, and application-specific controllers.

Control System Integrator: An entity that assists in expansion of existing enterprise system and
support of additional operator interfaces to I/O being added to existing enterprise system.

COV: Changes of value.
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H.  DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer
and responsible for execution of DDC system Work indicated.

l. Distributed Control: Processing of system data is decentralized and control decisions are made
at subsystem level. System operational programs and information are provided to remote
subsystems and status is reported back. On loss of communication, subsystems to be capable of
operating in a standalone mode using the last best available data.

J. E/P: Voltage to pneumatic.

K.  Gateway: Bidirectional protocol translator that connects control systems that use different
communication protocols.

L. HLC: Heavy load conditions.

M.  1/O: System through which information is received and transmitted. 1/O refers to analog input
(Al), binary input (BI), analog output (AO) and binary output (BO). Analog signals are
continuous and represent control influences such as flow, level, moisture, pressure, and
temperature. Binary signals convert electronic signals to digital pulses (values) and generally
represent two-position operating and alarm status. "Digital,”" (DI) and (DO), is sometimes used
interchangeably with "Binary,” (Bl) and (BO), respectively.

N.  I/P: Current to pneumatic.
O.  LAN: Local area network.
P. LNS: LonWorks Network Services.
Q.  LON Specific Definitions:

1. FTT-10: Echelon Transmitter-Free Topology Transceiver.

2. LonMark International: Association comprising suppliers and installers of LonTalk
products. Association provides guidelines for implementing LonTalk protocol to ensure
interoperability through a standard or consistent implementation.

3. LonTalk: An open standard protocol developed by Echelon Corporation that uses a

"Neuron Chip" for communication. LonTalk is a register trademark of Echelon.

LonWorks: Network technology developed by Echelon.

Node: Device that communicates using CTA-709.1-D protocol and that is connected to a

CTA-709.1-D network.

6. Node Address: The logical address of a node on the network, consisting of a Domain
number, Subnet number, and Node number. "Node number" portion of an address is a
number assigned to device during installation, is unique within a subnet, and is not a
factory-set unique Node ID.

7. Node ID: A unique 48-bit identifier assigned at factory to each CTA-709.1-D device.
Sometimes called a "Neuron ID."

8. Program ID: An identifier (number) stored in a device (usually, EEPROM) that identifies
node manufacturer, functionality of device (application and sequence), transceiver used,
and intended device usage.

9. Standard Configuration Property Type (SCPT): Pronounced "skip-it." A standard format
type maintained by LonMark for configuration properties.

ok
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BB.

CC.

DD.

10.  Standard Network Variable Type (SNVT): Pronounced "snivet." A standard format type
maintained by LonMark used to define data information transmitted and received by
individual nodes. "SNVT" is used in two ways. It is an acronym for "Standard Network
Variable Type" and is often used to indicate a network variable itself (i.e., it can mean "a
network variable of a standard network variable type™).

11. Subnet: Consists of a logical grouping of up to 127 nodes, where logical grouping is
defined by node addressing. Each subnet is assigned a number, which is unique within a
Domain. See "Node Address."

12.  TP/FT-10: Free Topology Twisted Pair network defined by CTA-709.3 and is most
common media type for a CTA-709.1-D control network.

13.  TP/XF-1250: High-speed, 1.25 Mbps, twisted-pair, doubly terminated bus network
defined by "LonMark Interoperability Guidelines" and typically used only to connect
multiple TP/FT-10 networks.

14. User-Defined Configuration Property Type (UCPT): Pronounced "u-keep-it." A
Configuration Property format type that is defined by device manufacturer.

15.  User-Defined Network Variable Type (UNVT): Network variable format defined by
device manufacturer. UNVTs create non-standard communications that other vendors'
devices may not correctly interpret and may negatively impact system operation. UNVTs
are not allowed.

Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or
for remote-control, signaling power-limited circuits.

Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular
data network and running a native control application or accessing a web interface.

Modbus TCP/IP: An open protocol for exchange of process data.

MS/TP: Master-slave/token-passing, ISO/IEC/IEEE 8802-3. Datalink protocol LAN option that
uses twisted-pair wire for low-speed communication.

MTBF: Mean time between failures.
Network Controller: Digital controller, which supports a family of programmable application
controllers and application-specific controllers, that communicates on peer-to-peer network for

transmission of global data.

Network Repeater: Device that receives data packet from one network and rebroadcasts it to
another network. No routing information is added to protocol.

Peer to Peer: Networking architecture that treats all network stations as equal partners.
POT: Portable operator's terminal.

RAM: Random access memory.

RF: Radio frequency.

Router: Device connecting two or more networks at network layer.

Server: Computer used to maintain system configuration, historical and programming database.
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EE. TCP/IP: Transport control protocol/Internet protocol.

FF.  UPS: Uninterruptible power supply.

GG. USB: Universal Serial Bus.

HH. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying
protocol.

1. VAV: Variable air volume.

JJ.  WLED: White light emitting diode.

13 ACTION SUBMITTALS

A.  Multiple Submissions:

1.

If multiple submissions are required to execute work within schedule, first submit a
coordinated schedule clearly defining intent of multiple submissions. Include a proposed
date of each submission with a detailed description of submittal content to be included in
each submission.

Clearly identify each submittal requirement indicated and in which submission the
information will be provided.

Include an updated schedule in each subsequent submission with changes highlighted to
easily track the changes made to previous submitted schedule.

B. Product Data:

1.

2.

Construction details, material descriptions, dimensions of individual components and
profiles, and finishes.

Operating characteristics, electrical characteristics, and furnished accessories indicating
process operating range, accuracy over range, control signal over range, default control
signal with loss of power, calibration data specific to each unique application, electrical
power requirements, and limitations of ambient operating environment, including
temperature and humidity.

Product description with complete technical data, performance curves, and product
specification sheets.

Installation, operation, and maintenance instructions including factors affecting
performance.

Bill of materials of indicating quantity, manufacturer, and extended model number for
each unique product.

Workstations.

Servers.

Gateways.

Routers.

Protocol analyzers.

DDC controllers.
Enclosures.

Electrical power devices.

S@hooooTe
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i UPS units.

J. Accessories.

k. Instruments.

. Control dampers and actuators.
m.  Control valves and actuators.

When manufacturer's product datasheets apply to a product series rather than a specific
product model, clearly indicate and highlight only applicable information.

Each submitted piece of product literature to clearly cross reference specification and
drawings that submittal is to cover.

C. Software Submittal:

1.

2.

o

o ~

10.

11.

Cross-referenced listing of software to be loaded on each operator workstation, server,
gateway, and DDC controller.

Description and technical data of all software provided and cross-referenced to products
in which software will be installed.

Operating system software, operator interface and programming software, color graphic
software, DDC controller software, maintenance management software, and third-party
software.

Include a flow diagram and an outline of each subroutine that indicates each program
variable name and units of measure.

Listing and description of each engineering equation used with reference source.

Listing and description of each constant used in engineering equations and a reference
source to prove origin of each constant.

Description of operator interface to alphanumeric and graphic programming.

Description of each network communication protocol.

Description of system database, including all data included in database, database
capacity, and limitations to expand database.

Description of each application program and device drivers to be generated, including
specific information on data acquisition and control strategies showing their relationship
to system timing, speed, processing burden, and system throughout.

Controlled Systems: Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

D.  Shop Drawings:

1.

N

o

General Requirements:

a. Include cover drawing with Project name, location, Owner, Architect, Contractor,
and issue date with each Shop Drawings submission.
b. Include a drawing index sheet listing each drawing number and title that matches

information in each title block.

Include plans, elevations, sections, and mounting details where applicable.

Include details of product assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

Detail means of vibration isolation and show attachments to rotating equipment.

Plan Drawings indicating the following:
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Screened backgrounds of walls, structural grid lines, HVAC equipment, ductwork,
and piping.

Room names and numbers with coordinated placement to avoid interference with
control products indicated.

Each desktop workstation network port, server, gateway, router, DDC controller,
control panel instrument connecting to DDC controller, and damper and valve
connecting to DDC controller, if included in Project.

Exact placement of products in rooms, ducts, and piping to reflect proposed
installed condition.

Network communication cable and raceway routing.

Information, drawn to scale.

Proposed routing of wiring, cabling, conduit, and tubing; coordinated with building
services for review before installation.

6. Schematic drawings for each controlled HVAC system indicating the following:

a.

g.
h.

I/0 points labeled with point names shown. Indicate instrument range, normal
operating set points, and alarm set points. Indicate fail position of each damper and
valve, if included in Project.

I/0 listed in table format showing point name, type of device, manufacturer, model
number, and cross-reference to product data sheet number.

A graphic showing location of control 1/0 in proper relationship to HVAC system.
Wiring diagram with each 1/O point having a unique identification and indicating
labels for all wiring terminals.

Unique identification of each 1/O that to be consistently used between different
drawings showing same point.

Elementary wiring diagrams of controls for HVAC equipment motor circuits
including interlocks, switches, relays, and interface to DDC controllers.

Narrative sequence of operation.

Graphic sequence of operation, showing all inputs and output logical blocks.

7. Control panel drawings indicating the following:

a.

b.

C.
d.

Panel dimensions, materials, size, and location of field cable, raceways, and tubing
connections.

Interior subpanel layout, drawn to scale and showing all internal components,
cabling and wiring raceways, nameplates, and allocated spare space.

Front, rear, and side elevations and nameplate legend.

Unique drawing for each panel.

8. DDC system network riser diagram indicating the following:

o

Each device connected to network with unique identification for each.
Interconnection of each different network in DDC system.

For each network, indicate communication protocol, speed, and physical means of
interconnecting network devices, such as copper cable type, or optical fiber cable
type. Indicate raceway type and size for each.

Each network port for connection of an operator workstation or other type of
operator interface with unique identification for each.

9. DDC system electrical power riser diagram indicating the following:
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a. Each point of connection to field power with requirements
(volts/phase//hertz/amperes/connection type) listed for each.

b. Each control power supply including, as applicable, transformers, power-line
conditioners, transient voltage suppression and high filter noise units, DC power
supplies, and UPS units with unique identification for each.

C. Each product requiring power with requirements
(volts/phase//hertz/amperes/connection type) listed for each.

d. Power wiring type and size, race type, and size for each.

10.  Monitoring and control signal diagrams indicating the following:

a. Control signal cable and wiring between controllers and 1/0.
b. Point-to-point schematic wiring diagrams for each product.
C. Control signal tubing to sensors, switches, and transmitters.
d. Process signal tubing to sensors, switches, and transmitters.

11.  Color graphics indicating the following:

a. Itemized list of color graphic displays to be provided.

b. For each display screen to be provided, a true color copy showing layout of
pictures, graphics, and data displayed.

C. Intended operator access between related hierarchical display screens.

E.  System Description:

1. Full description of DDC system architecture, network configuration, operator interfaces
and peripherals, servers, controller types and applications, gateways, routers and other
network devices, and power supplies.

2. Complete listing and description of each report, log and trend for format and timing, and
events that initiate generation.

3. System and product operation under each potential failure condition including, but not
limited to, the following:

Loss of power.

Loss of network communication signal.

Loss of controller signals to inputs and outpoints.
Operator workstation failure.

Server failure.

Gateway failure.

Network failure.

Controller failure.

Instrument failure.

Control damper and valve actuator failure.

—oSe@meooooTe

4. Complete bibliography of documentation and media to be delivered to Owner.
5. Description of testing plans and procedures.
6. Description of Owner training.

F. Delegated Design Submittals: For DDC system products and installation indicated as being
delegated.
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Supporting documentation showing DDC system design complies with performance
requirements indicated, including calculations and other documentation necessary to
prove compliance.

Schedule and design calculations for control dampers and actuators.

oo oTe

X oDKQ o

Flow at Project design and minimum flow conditions.

Face velocity at Project design and minimum airflow conditions.

Pressure drop across damper at Project design and minimum airflow conditions.
AMCA 500-D damper installation arrangement used to calculate and schedule
pressure drop, as applicable to installation.

Maximum close-off pressure.

Leakage airflow at maximum system pressure differential (fan close-off pressure).
Torque required at worst case condition for sizing actuator.

Actuator selection indicating torque provided.

Actuator signal to control damper (on, close, or modulate).

Actuator position on loss of power.

Actuator position on loss of control signal.

Schedule and design calculations for control valves and actuators.

coe

T oo hoe o

Flow at Project design and minimum flow conditions.

Pressure-differential drop across valve at Project design flow condition.
Maximum system pressure-differential drop (pump close-off pressure) across valve
at Project minimum flow condition.

Design and minimum control valve coefficient with corresponding valve position.
Maximum close-off pressure.

Leakage flow at maximum system pressure differential.

Torque required at worst case condition for sizing actuator.

Actuator selection indicating torque provided.

Actuator signal to control damper (on, close or modulate).

Actuator position on loss of power.

Actuator position on loss of control signal.

Schedule and design calculations for selecting flow instruments.

Instrument flow range.

Project design and minimum flow conditions with corresponding accuracy, control
signal to transmitter, and output signal for remote control.

Extreme points of extended flow range with corresponding accuracy, control signal
to transmitter, and output signal for remote control.

Pressure-differential loss across instrument at Project design flow conditions.
Where flow sensors are mated with pressure transmitters, provide information for
each instrument separately and as an operating pair.

INFORMATIONAL SUBMITTALS

Coordination Drawings:
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Plan drawings, reflected ceiling plans, or Building Information Model (BIM), and
corresponding product installation details, drawn to scale, showing the items described in
this Section and coordinated with all building trades.

B.  Qualification Statements:

1.

2.
3.

Systems Provider's Qualification Data:

Po0 o

Resume of project manager assigned to Project.

Resumes of application engineering staff assigned to Project.

Resumes of installation and programming technicians assigned to Project.

Resumes of service technicians assigned to Project.

Brief description of past project including physical address, floor area, number of
floors, building system cooling and heating capacity, and building's primary
function.

Description of past project DDC system, noting similarities to Project scope and
complexity indicated.

Names of staff assigned to past project that will also be assigned to execute work
of this Project.

Owner contact information for past project including name, phone number, and
email address.

Contractor contact information for past project including name, phone number, and
email address.

Architect and Engineer contact information for past project including name, phone
number, and email address.

Manufacturer's qualification data.
Testing agency's qualification data.

C.  Welding certificates.

D. Product Certificates:

1.

Data Communications Protocol Certificates:

a.

b.

Certifying that each proposed DDC system component complies with
ASHRAE 135.

E.  Testand Evaluation Reports:

1.

2.

Product Test Reports: For DDC system equipment and components, for tests performed
by a qualified testing agency.

F. Source Quality-Control Reports: For DDC system equipment and components.

G.  Sample warranty.
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1.5 CLOSEOUT SUBMITTALS
A.  Operation and Maintenance Data: For DDC system.
1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"

include the following:

a.

b.

Project Record Drawings of as-built versions of submittal Shop Drawings provided
in electronic PDF format.

Testing and commissioning reports and checklists of completed final versions of
reports, checklists, and trend logs.

As-built versions of submittal Product Data.

Names, addresses, email addresses, and 24-hour telephone numbers of Installer
and service representatives for DDC system and products.

Operator's manual with procedures for operating control systems including logging
on and off, handling alarms, producing point reports, trending data, overriding
computer control, and changing set points and variables.

Programming manuals with description of programming language and syntax, of
statements for algorithms and calculations used, of point database creation and
modification, of program creation and modification, and of editor use.

Engineering, installation, and maintenance manuals that explain how to do the
following:

1)  Design and install new points, panels, and other hardware.
2) Perform preventive maintenance and calibration.

3) Debug hardware problems.

4) Repair or replace hardware.

Documentation of all programs created using custom programming language
including set points, tuning parameters, and object database.

Backup copy of graphic files, programs, and databases on electronic media.

List of recommended spare parts with part numbers and suppliers.

Complete original-issue documentation, installation, and maintenance information
for furnished third-party hardware including computer equipment and sensors.
Complete original-issue copies of furnished software, including operating systems,
custom programming language, operator workstation software, and graphics
software.

Licenses, guarantees, and warranty documents.

Recommended preventive maintenance procedures for system components,
including schedule of tasks such as inspection, cleaning, and calibration; time
between tasks; and task descriptions.

Owner training materials.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A.  Extra Stock Material: Furnish extra materials and parts to Owner that match products installed
and that are packaged with protective covering for storage and identified with labels describing

contents.
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B. Include product manufacturers' recommended parts lists for proper product operation over four-
year period following warranty period. Parts list to be indicated for each year.

C.  Furnish parts, as indicated by manufacturer's recommended parts list, for product operation
during two-year period following warranty period.

1.7 QUALITY ASSURANCE

A.  DDC System Manufacturer Qualifications:

1.
2.

3.

Nationally recognized manufacturer of DDC systems and products.

DDC systems with similar requirements to those indicated for a continuous period of 10
years within time of bid.

DDC systems and products that have been successfully tested and in use on at least five
past projects.

Having complete published catalog literature, installation, operation, and maintenance
manuals for all products intended for use.

Having full-time in-house employees for the following:

Product research and development.

Product and application engineering.

Product manufacturing, testing, and quality control.

Technical support for DDC system installation training, commissioning, and
troubleshooting of installations.

e. Owner operator training.

oo oTe

B. DDC System Provider Qualifications:

Authorized representative of, and trained by, DDC system manufacturer.

In-place facility located within 60 miles of Project.

Demonstrate past experience with installation of DDC system products being installed for
period within five consecutive years before time of bid.

Demonstrate past experience on five projects of similar complexity, scope, and value.
Demonstrate past experience of each person assigned to Project.

Staffing resources of competent and experienced full-time employees that are assigned to
execute work according to schedule.

Service and maintenance staff assigned to support Project during warranty period.
Product parts inventory to support ongoing DDC system operation for a period of not less
than five years after Substantial Completion.

DDC system manufacturer's backing to take over execution of the Work if necessary to
comply with requirements indicated. Include Project-specific written letter, signed by
manufacturer's corporate officer, if requested.

C.  Welding Qualifications: Qualify procedures and personnel in accordance with the following
welding codes:

ronNnE

AWS D1.1/D1.1M.
AWS D1.2/D1.2M.
AWS D1.3/D1.3M.
AWS D1.4/D1.4AM.
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1.8

D.

A.

Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators in
accordance with ASME Boiler and Pressure Vessel Code.
WARRANTY

Special Warranty: Manufacturer and Installer agree to repair or replace products that fail in
materials or workmanship within specified warranty period.

1. Adjust, repair, or replace failures at no additional cost or reduction in service to Owner.

2. Include updates or upgrades to software and firmware if necessary to resolve
deficiencies.
a. Install updates only after receiving Owner's written authorization.

3. Perform warranty service during normal business hours and commence within 24 hours
of Owner's warranty service request.
4. Warranty Period: Two year(s) from date of Substantial Completion.

a. For Gateway: Three-year parts and labor warranty for each.

PART 2 - PRODUCTS

2.1

2.2

A

A

B.

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

ABB, Electrification Business.

Automated Logic Corporation.

Delta Controls Inc.

Honeywell International Inc.

Johnson Controls, Inc.

Siemens Industry, Inc., Building Technologies Division.

IZEE NN

DDC SYSTEM DESCRIPTION

Microprocessor-based monitoring and control including analog/digital conversion and program
logic. A control loop or subsystem in which digital and analog information is received and
processed by a microprocessor, and digital control signals are generated based on control
algorithms and transmitted to field devices to achieve a set of predefined conditions.

1. DDC system consisting of peer-to-peer network of distributed DDC controllers, other
network devices, operator interfaces, and software.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.
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2.3 WEB ACCESS

A.  DDC system to be web compatible .

1. Web-Compatible Access to DDC System:

a.

b.

Workstation to perform overall system supervision and configuration, graphical
user interface, management report generation, and alarm annunciation.

DDC system to support web browser access to building data. Operator using a
standard web browser is able to access control graphics and change adjustable set
points.

Password-protected web access.

24 PERFORMANCE REQUIREMENTS

A.  Delivery of Selected Control Devices: Deliver to equipment and systems manufacturers for
factory installation and to HVAC systems installers for field installation.

B.  Delegated Design, Qualified Professional: Engage a qualified professional to design DDC
system to satisfy requirements indicated.

1. System Performance Objectives:

a.
b.

C.

d.

e.

DDC system manages HVAC systems.

DDC system operates HVAC systems to achieve optimum operating costs while
using least possible energy and maintaining specified performance.

DDC system responds to power failures, HYAC equipment failures, and adverse
and emergency conditions encountered through connected 1/O points.

DDC system operates while unattended by an operator and through operator
interaction.

DDC system records trends and transactions of events and produces report
information such as performance, energy, occupancies, and equipment operation.

C.  Surface-Burning Characteristics: Products installed in ducts, equipment, and return-air paths
complying with ASTM E84; testing by a qualified testing agency. ldentify products with
appropriate markings of applicable testing agency.

1. Flame-Spread Index: 25 or less.
2. Smoke-Developed Index: 50 or less.

D. DDC System Speed:

1. Response Time of Connected 1/O:

a.

b.

Update Al point values connected to DDC system at least every five seconds for
use by DDC controllers. Points used globally to also comply with this requirement.
Update Bl point values connected to DDC system at least every five seconds for
use by DDC controllers. Points used globally to also comply with this requirement.
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C. AO points connected to DDC system to begin to respond to controller output
commands within two second(s). Global commands to also comply with this
requirement.

d. BO point values connected to DDC system to respond to controller output
commands within two second(s). Global commands to also comply with this
requirement.

2. Display of Connected 1/O:

a. Update and display analog point COV connected to DDC system at least every 10
seconds for use by operator.

b. Update and display binary point COV connected to DDC system at least every 10
seconds for use by operator.

C. Update and display alarms of analog and digital points connected to DDC system
within 30 seconds of activation or change of state.

d. Update graphic display refresh within eight seconds.

e. Point change of values and alarms displayed from workstation to workstation when
multiple operators are viewing from multiple workstations to not exceed graphic
refresh rate indicated.

E. Network Bandwidth: Design each network of DDC system to include spare bandwidth with
DDC system operating under normal and heavy load conditions indicated. Calculate bandwidth
usage, and apply a safety factor to ensure that requirement is satisfied when subjected to testing
under worst case conditions. Minimum spare bandwidth as follows:

1. Level 1 Networks: 20.
2. Level 2 Networks: 20.

F. DDC System Data Storage:

1. Include capability to archive not less than 36 consecutive months of historical data for all
I/0 points connected to system, including alarms, event histories, transaction logs, trends,
and other information indicated.

2. Local Storage:

a. Provide with data storage indicated. Server(s) to use IT industry standard database
platforms and be capable of functions described in "DDC Data Access" Paragraph.

G. DDC Data Access:

1. When logged into the system, operator able to also interact with any DDC controllers
connected to DDC system as required for functional operation of DDC system.

2. Use for application configuration; for archiving, reporting, and trending of data; for
operator transaction archiving and reporting; for network information management; for
alarm annunciation; and for operator interface tasks and controls application
management.

H.  Future Expandability:

1. DDC system size is expandable to an ultimate capacity of at least 1.25 times total 1/O
points indicated.
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Design and install system networks to achieve ultimate capacity with only addition of

DDC controllers, 1/0, and associated wiring and cable. Design and install in

itial network

infrastructure to support ultimate capacity without having to remove and replace portions

of network installation.

Operator interfaces installed initially do not require hardware and software additions and

revisions for system when operating at ultimate capacity.

l. Input Point Values Displayed Accuracy: Meet following end-to-end overall system accuracy,
including errors associated with meter, sensor, transmitter, lead wire or cable, and analog to
digital conversion.

1.

o

Energy:

a. Thermal: Within 5 percent of reading.
b. Electric Power: Within 1 percent of reading.

C. Requirements indicated on Drawings for meters not supplied by utility.

Flow:

a. Air: Within 5 percent of design flow rate.
b. Natural Gas: Within 5 percent of design flow rate.
C. Water: Within 5 percent of design flow rate.

Gas:

a. Carbon Monoxide: Within 5 percent of reading.
b. Nitrogen Dioxide: Within 5 percent of reading.
C. Refrigerant: Within 5 percent of reading.
Pressure:

a. Air, Ducts and Equipment: 1 percent of instrument range.
b. Water: Within 1 percent of instrument range.

Speed: Within 10 percent of reading.
Temperature, Dew Point:

a. Air: Within 1 deg F.
b. Space: Within 1 deg F.
C. Outdoor: Within 3 deg F.

Temperature, Dry Bulb:

Air: Within 1 deg F.

Space: Within 1 deg F.

Outdoor: Within 2 deg F.

Chilled Water: Within 1 deg F.

Heating Hot Water: Within 1 deg F.

Temperature Difference: Within 0.1 deg F.

Other Temperatures Not Indicated: Within 1 deg F.

@me o0 o

Temperature, Wet Bulb:

Direct Digital Control (DDC) System for HVAC
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a. Air: Within 1 deg F.
b. Space: Within 1 deg F.
C. Outdoor: Within 2 deg F.
J. Precision of 1/0 Reported Values: Values reported in database and displayed to have following
precision:
1. Current:
a. Milliamperes: Nearest 1/100th of a milliampere.
b. Amperes: Nearest 1/10th of an ampere up to 100 A; nearest ampere for 100 A and
more.
2. Energy:
a. Electric Power:

1) Rate (Watts): Nearest 1/10th of a watt through 1000 W.

2)  Rate (Kilowatts): Nearest 1/10th of a kilowatt through 1000 kW; nearest
kilowatt above 1000 kW.

3) Usage (Kilowatt-Hours): Nearest kilowatt through 10,000 kW; nearest 10
kW Dbetween 10,000 and 100,000 kW; nearest 100 kW for above 100,000
kW.

b. Natural Gas (Usage): Nearest 1/10th of a unit (cubic feet, MCF, therm) up to 100
units; nearest unit for above 100 units.
C. Thermal, Rate:

1) Heating: For British thermal units per hour, nearest British thermal unit per
hour up to 1000 Btu/h; nearest 10 Btu/h between 1000 and 10,000 Btu/h;
nearest 100 Btu/h for above 10,000 Btu/h. For MBh, round to nearest MBh
up to 1000 MBh; nearest 10 MBh between 1000 and 10,000 MBh; nearest
100 MBh above 10,000 MBh.

2)  Cooling: For tons, nearest ton up to 1000 tons; nearest 10 tons between 1000
and 10,000 tons; nearest 100 tons above 10,000 tons.

d. Thermal, Usage:

1) Heating: For British thermal unit, nearest British thermal unit up to 1000
Btu; nearest 10 Btu between 1000 and 10,000 Btu; nearest 100 Btu for
above 10,000 Btu. For MBtu, round to nearest MBtu up to 1000 MBtu;
nearest 10 MBtu between 1000 and 10,000 MBtu; nearest 100 MBtu above
10,000 MBtu.

2)  Cooling: For ton-hours, nearest ton-hours up to 1000 ton-hours; nearest 10
ton-hours between 1000 and 10,000 ton-hours; nearest 100 tons above
10,000 tons.

3. Flow:
a. Air: Nearest 1/10th of a cubic feet per minute through 100 cfm; nearest cubic feet

per minute between 100 and 1000 cfm; nearest 10 cfm between 1000 and 10,000
cfm; nearest 100 cfm above 10,000 cfm.
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©

10.

b. Fuel Oil: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon
per minute between 100 and 1000 gpm.

C. Natural Gas: Nearest 1/10th of a cubic feet per hour through 100 cfh; nearest cubic
feet per hour between 100 and 1000 cfh; nearest 10 cfh between 1000 and 10,000
cfh; nearest 100 cfth above 10,000 cfh.

d. Water: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon per
minute between 100 and 1000 gpm; nearest 10 gpm between 1000 and 10,000
gpm; nearest 100 gpm above 10,000 gpm.

e. Steam: Nearest 1/10th of a pound per hour through 100 Ib/h; nearest pound per
hour between 100 and 1000 Ib/h; nearest 10 Ib/h above 1000 Ib/h.

Gas:

a. Carbon Dioxide (ppm): Nearest ppm.

b. Carbon Monoxide (ppm): Nearest ppm.

C. Oxygen (Percentage): Nearest 1/10th of 1 percent.
d. Refrigerant (ppm): Nearest ppm.

e. Volatile Organic Compounds (ppm): Nearest ppm

Moisture (Relative Humidity):
a. Relative Humidity (Percentage): Nearest 1 percent.

Level: Nearest 1/100th of an inch through 10 inches; nearest 1/10 of an inch between 10
and 100 inches; nearest inch above 100 inches.
Speed:

a. Rotation (rpm): Nearest 1 rpm.
b. Velocity: Nearest 1/10th of feet per minute through 100 fpm; nearest feet per
minute between 100 and 1000 fpm; nearest 10 fpm above 1000 fpm.

Position, Dampers and Valves (Percentage Open): Nearest 1 percent.
Pressure:

a. Air, Ducts and Equipment: Nearest 1/10th of an inch water closet.

b. Space: Nearest 1/100th of an inch water closet.

C. Steam: Nearest 1/10th of pounds per square inch gauge through 100 psig; nearest
pounds per square inch gauge above 100 psig.

d. Water: Nearest 1/10 of a pound per square inch gauge through 100 psig; nearest
pound per square inch gauge above 100 psig.

Temperature:

Air, Ducts and Equipment: Nearest 1/10th of a degree.
Outdoor: Nearest degree.

Space: Nearest 1/10th of a degree.

Chilled Water: Nearest 1/10th of a degree.

Condenser Water: Nearest 1/10th of a degree.

Heating Hot Water: Nearest degree.

Heat Recovery Runaround: Nearest 1/10th of a degree.
Steam: Nearest degree.

S@hooo0 o

Direct Digital Control (DDC) System for HVAC 230923 - 17



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

11.
12.

Vibration: Nearest 1/10th of an inch per second.
Voltage: Nearest 1/10 V up to 100 V; nearest volt above 100 V.

K.  Control Stability: Control variables indicated within the following limits:

1.

Flow:

a. Air, Ducts and Equipment, except Terminal Units: Within 5 percent of design flow
rate.

b. Air, Terminal Units: Within 10 percent of design flow rate.

C. Water: Within 5 percent of design flow rate.

Gas:

a. Carbon Dioxide: Within 50 ppm.
b. Carbon Monoxide: Within 5 percent of reading.
C. Oxygen: Within 5 percent of reading.

Moisture (Relative Humidity):

a. Air: Within 5 percent RH.

b. Space: Within 5 percent RH.

C. Outdoor: Within 5 percent RH.
Pressure:

a. Air, Ducts and Equipment: 1 percent of instrument range.
b. Water: Within 1 percent of instrument range.

Temperature, Dew Point:

a. Air: Within 1 deg F.
b. Space: Within 1 deg F.

Temperature, Dry Bulb:

a. Air: Within 2 deg F.

b. Space: Within 2 deg F.

C. Heating Hot Water: Within 2 deg F.
Temperature, Wet Bulb:

a. Air: Within 1 deg F.
b. Space: Within 1 deg F.

L. Environmental Conditions for Controllers, Gateways, and Routers:

1.

Products to operate without performance degradation under ambient environmental
temperature, pressure, and humidity conditions encountered for installed location.

a. If product alone cannot comply with requirement, install product in a protective
enclosure that is isolated and protected from conditions impacting performance.
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Enclosure to be internally insulated, electrically heated, cooled, and ventilated as
required by product and application.

Protect products with enclosures satisfying the following minimum requirements unless
more stringent requirements are indicated. House products not available with integral
enclosures complying with requirements indicated in protective secondary enclosures.
Installed location dictates the following NEMA 250 enclosure requirements:

a. Outdoors, Unprotected: Type 4X.

b. Mechanical Equipment Rooms:

1)  Chiller and Boiler Rooms: Type 12.
2)  Air-Moving Equipment Rooms: Type 1.

C. Localized Areas Exposed to Washdown: Type 4X.

d. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible
Condensation: Type 2.

e. Within Duct Systems and Air-Moving Equipment Exposed to Possible
Condensation: Type 4X.

M.  Environmental Conditions for Instruments and Actuators:

1.

Instruments and actuators to operate without performance degradation under the ambient
environmental temperature, pressure, humidity, and vibration conditions specified and
encountered for installed location.

a. If instruments and actuators alone cannot comply with requirement, install
instruments and actuators in protective enclosures that are isolated and protected
from conditions impacting performance. Enclosure is internally insulated,
electrically heated, and ventilated as required by instrument and application.

Protect instruments, actuators, and accessories with enclosures satisfying the following
minimum requirements unless more stringent requirements are indicated. House
instruments and actuators not available with integral enclosures complying with
requirements indicated in protective secondary enclosures. Installed location is to dictate
the following NEMA 250 enclosure requirements:

a. Outdoors, Unprotected: Type 4X.
b. Mechanical Equipment Rooms:

1)  Chiller and Boiler Rooms: Type 12.
2)  Air-Moving Equipment Rooms: Type 1.

C. Localized Areas Exposed to Washdown: Type 4X.

d. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible
Condensation: Type 2.

e. Within Duct Systems and Air-Moving Equipment Exposed to Possible
Condensation: Type 4X.
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N. DDC System Reliability:

1. Design, install, and configure DDC controllers, gateways, routers, to yield a MTBF of at
least 40,000 hours, based on a confidence level of at least 90 percent. MTBF value
includes any failure for any reason to any part of products indicated.

2. If required to comply with MTBF indicated, include DDC system and product
redundancy to maintain DCC system, and associated systems and equipment being
controlled, operational, and under automatic control.

O.  Electric Power Quality:

1. Power-Line Surges:

a.

b.
C.

Protect DDC system products connected to ac power circuits from power-line
surges to comply with requirements of IEEE C62.41.1 and IEEE C62.41.2.

Do not use fuses for surge protection.

Test protection in the normal mode and in the common mode, using the following
two waveforms:

1)

2)

10-by-1000-microsecond waveform with a peak voltage of 1500 V and a
peak current of 60 A.

8-by-20-microssecond waveform with a peak voltage of 1000 V and a peak
current of 500 A.

2. Power Conditioning:

a.

Protect DDC system products connected to ac power circuits from irregularities
and noise rejection. Characteristics of power-line conditioner are as follows:

1)

2)
3)

4)

At 85 percent load, output voltage to not deviate by more than plus or minus
1 percent of nominal when input voltage fluctuates between minus 20
percent to plus 10 percent of nominal.

During load changes from zero to full load, output voltage to not deviate by
more than 3 percent of nominal.

Accomplish full correction of load switching disturbances within five
cycles, and 95 percent correction within two cycles of onset of disturbance.
Total harmonic distortion to not exceed 3 percent at full load.

3. Ground Fault: Protect products from ground fault by providing suitable grounding.
Products to not fail due to ground fault condition.

P. Backup Power Source:

1. Serve DDC system products that control HVAC systems and equipment served by a
backup power source also from a backup power source.
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Q. UPS:
1. DDC system products powered by UPS units are to include the following:

a. Gateways.
b. DDC controllers.

R.  Continuity of Operation after Electric Power Interruption:

1.

Equipment and associated factory-installed controls, field-installed controls, electrical
equipment, and power supply connected to building normal and backup power systems
are to automatically return equipment and associated controls to operating state occurring
immediately before loss of normal power, without need for manual intervention by
operator when power is restored either through backup power source or through normal
power if restored before backup power is brought online.

25 PANEL-MOUNTED, MANUAL OVERRIDE SWITCHES

A.  Manual Override of Control Dampers:

1.

w

Include panel-mounted, two-position, selector switch for each automatic control damper
being controlled by DDC controller.

Label each switch with damper designation served by switch.

Label switch positions to indicate either "Manual" or "Auto" control signal to damper.
With switch in "Auto" position, control signal to damper actuator with control loop
output signal from DDC controller.

With switch in "Manual™ position, control signal to damper actuator at panel with either
an integral or a separate switch to include local control.

a. For Binary Control Dampers: Manual two-position switch with "Close" and
"Open" switch positions indicated. With switch in "Close™ position, close damper.
With switch in "Open" position, open damper.

b. For Analog Control Dampers: A gradual switch with "Close" and "Open" switch
limits indicated. Operator switches knob to adjust damper to any position from
close to open.

DDC controller to monitor and report position of each manual override selector switch.
With switch placed in "manual” position, DDC controller to signal an override condition
to alert operator that damper is under manual, not automatic, control.

Terminal equipment including fan-coil units, and unit heaters do not require manual
override unless otherwise indicated by sequence of operation.

B. Manual Override of Control Valves:

1.

w

Include panel-mounted, two-position, selector switch for each automatic control valve
being controlled by DDC controller.

Label each switch with valve designation served by switch.

Label switch positions to indicate either "Manual” or "Auto™ control signal to valve.

With switch in "Auto" position, control signal to valve actuator with a control loop output
signal from DDC controller.
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5. With switch in "Manual™ position, control signal to valve actuator at panel with either an
integral or a separate switch to include local control.

a. For Binary Control Valves: Manual two-position switch with "Close" and "Open"
switch positions indicated. With switch in "Close" position, close valve. With
switch in "Open" position, open valve.

b. For Analog Control Valves: A gradual switch with "Open™ and "Close" switch
limits indicated. Operator rotates switch knob to adjust valve to any position from
close to open.

6. DDC controller to monitor and report position of each manual override selector switch.
With switch placed in "manual” position, DDC controller to signal an override condition
to alert operator that valve is under manual, not automatic, control.

7. Terminal equipment including fan-coil units, and unit heaters do not require manual
override unless otherwise indicated by sequence of operation.

SYSTEM ARCHITECTURE

System architecture consisting of no more than two levels of LANSs.

1. Level 2 LAN: Connect network controllers and operator workstations.

2. Level 1 or Level 2 LAN: Connect Level 1 or Level 2 programmable application
controllers to other programmable application controllers and to network controllers.

Minimum Data Transfer and Communication Speed:

1. LAN Connecting Operator Workstations and Network Controllers: 2.5 Mbps.
2. LAN Connecting Programmable Application Controllers: 100 kbps.

Provide dedicated and separated DDC system LANs that are not shared with other building
systems and tenant data and communication networks.

Provide modular system architecture with inherent ability to expand to not less than 1.25 times
system size indicated with no impact to performance indicated.

Configure architecture to minimize need to remove and replace existing network equipment for
system expansion.

Make number of LANs and associated communication transparent to operator. Configure all 1/0
points residing on any LAN to be capable of global sharing between all system LANs.

Design system to eliminate dependence on any single device for system alarm reporting and
control execution. Design each controller to operate independently by performing own control,
alarm management, and historical data collection.

Special Network Architecture Requirements:
1. Air-Handling Systems: For control applications of an air-handling system that consists of

air-handling unit(s) and VAV terminal units, include a dedicated LAN of application-
specific controllers serving VAV terminal units connected directly to controller that is
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controlling air-handling-system air-handling unit(s). Basically, create DDC system LAN
that aligns with air-handling system being controlled.

2.7 DDC SYSTEM OPERATOR INTERFACES

A.  Operator Means of System Access: Operator able to access entire DDC system through any of
multiple means including, but not limited to, the following:

1.
2.
3.

4.

Portable workstation with hardwired connection through LAN port.

Portable operator workstation with wireless connection through LAN router.

Mobile device and application with secured wireless connection through LAN router or
cellular data service.

Remote connection through web access.

B.  Make access to system, regardless of operator means used, transparent to operator.

C.  Network Ports: For hardwired connection of desktop or portable workstation. Network port
easily accessible, properly protected, clearly labeled, and installed at the following locations:

1.

2
3.
4.
5

o

7.
8.

Water Services Room

Electric Services Room

Lobby

Utility Room

Each outdoor on-grade yard and elevated platform with equipment connected to DDC
system.

Each different roof level with roof-mounted equipment connected to DDC system.
Security system command center.

Fire-alarm system command center.

D. Portable Workstations:

1.

2.
3.

o

Connect portable workstation(s) to DDC system Level 1 LAN through a communications
port directly on LAN or through a communications port on a DDC controller.

Able to communicate with any device located on any DDC system LAN.

Connect to DDC system Level 2 or Level 3 LAN through a communications port on an
application-specific controller, or a room temperature sensor connected to an application-
specific controller.

Connect to system through a wireless router connected to Level 1 LAN.

Connect to system through a cellular broadband data service.

Portable workstation able to communicate with any device connected to any system LAN
regardless of point of physical connection to system.

Monitor, program, schedule, adjust set points, and report capabilities of 1/0 connected
anywhere in system.

Have dynamic graphic displays that are identical to desktop workstations.

Connect DDC controller through a communications port local to controller.
Able to communicate with any DDC system controller that is directly connected or with
LAN or connected to DDC system.
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2.9

F. Mobile Device (Tablet and Smart Phone):

1.

2.

Connect Owner-furnished mobile devices to system through a wireless router connected
to LAN and cellular data service.

Able to communicate with any DDC controller connected to DDC system using
dedicated application and secure web access.

G.  Critical Alarm Reporting:

1.

2.
3.

Send operator-selected critical alarms to notify operator of critical alarms that require
immediate attention.

Send alarm notification to multiple recipients that are assigned for each alarm.

Notify recipients by any or all means, including email, text message, and prerecorded
phone message to mobile and landline phone numbers.

H.  Simultaneous Operator Use: Capable of accommodating up to five simultaneous operators that
are accessing DDC system through any of operator interfaces indicated.

NETWORKS
A.  Acceptable networks for connecting workstations, mobile devices, and network controllers
include the following:
1. ATA 878.1, ARCNET.
2. CTA-709.1-D.
3. IP.
4. ISO/IEC/IEEE 8802-3, Ethernet.
B.  Acceptable networks for connecting programmable application controllers include the
following:
1. ATA 878.1, ARCNET.
2. CTA-709.1-D.
3. IP.
4. ISO/IEC/IEEE 8802-3, Ethernet.
C.  Acceptable networks for connecting application-specific controllers include the following:
1. ATA 878.1, ARCNET.
2. CTA-709.1-D.
3. TIA 485-A.
4, IP.
5. ISO/IEC/IEEE 8802-3, Ethernet.
NETWORK COMMUNICATION PROTOCOL
A.  Use network communication protocol(s) that are open to Owner and available to other

companies for use in making future modifications to DDC system.
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B. ASHRAE 135 Protocol:

1.

2.

Use ASHRAE 135 communication protocol as sole and native protocol used throughout
entire DDC system.

DDC system to not require use of gateways except to integrate HVAC equipment and
other building systems and equipment; not required to use ASHRAE 135 communication
protocol.

If used, gateways to connect to DDC system using ASHRAE 135 communication
protocol and Project object properties and read/write services indicated by
interoperability schedule.

Use operator workstations, controllers, and other network devices that are tested and
listed by BTL.

Operator workstations and network controllersare to communicate through
ASHRAE 135 protocol.

Provide portions of DDC system networks using ASHRAE 135 communication protocol
as an open implementation of network devices complying with ASHRAE 135. Use
network devices that are tested and listed by BTL.

Use gateways to connect networks and network devices with different protocols.

2.10 PORTABLE WORKSTATIONS

A.  Description: A self-contained computer designed to allow for normal use in different locations
and conditions.

B.  Performance Requirements:

1.

2.
3.
4.

Performance requirements may dictate equipment exceeding minimum requirements
indicated.

Energy Star compliant.

Hardware and software to support local downloading to DDC controllers.

Data transfer rate to DDC controller is to be at network speed.

C. Processor:

1. Minimum Processor Speed: 2.5 GHZ.

2. RAM:
a. Capacity: 32 GB

3. Hard Drive:
a. Number of Hard Drives: one.
b. Capacity: 1 TB SSD

4. Video Card: 16 GB of RAM.

D. /O Ports:
1. Serial port.
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Shared port for external keyboard or mouse.
Four USB 3.0 ports.

Ethernet port.

HDMI port.

IEEE 1394 port.

oL

E. Battery:

Capable of supporting operation of portable workstation for a minimum of 8 hours.
Battery life of at least three years.

Battery charge time of less than three hours.

Spare Battery(ies): One.

el N

F. Keyboard:

1. 85-key backlit keyboard.
2. Full upper- and lowercase ASCII keyset.

G.  Integral Pointing Device: Touchpad with two buttons. Gesture enabled.

H.  Display:
1. 14 diagonal or larger high-definition WLED color display.
2. Antiglare screen.
3. 1920 by 1080 pixel resolution.
4. Brightness: 300 nits.

I Network Interfaces:
1. Network Interface Card: Include card with connection, as application.

a. 10-100-1000 base TX Ethernet with RJ-45 connector port.
b. 100 base FX Ethernet with SC or ST port.

2. Wireless:

a. Internal with integrated antenna, capable of supporting WiFi standards 802.11
a/b/g/n.

J. Accessories:

Nylon carrying case.

Docking station.

Mobile broadband card.

Wireless optical mouse.

Category 6a patch cable. Minimum cable length is to be 6 feet
HDMI cable. Minimum cable length is to be 3 feet.

ouakrwpnpE
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2.11

A.

212

PORTABLE OPERATOR TERMINALS

Description: Handheld device with integral keypad or touch screen operator interface.

Display: Multiple lines of text display for use in operator interaction with DDC system.

Cable: Flexiblecable, at least 36 inches long, with a plug-in jack for connection to DDC
controllers, network ports, or instruments with an integral LAN port. As an alternative to
hardwired connection, POTs may be accessible to DDC controllers through a wireless network
connection.

Power POTs through network connection.

Connection of POTs to DDC system to not interrupt or interfere with normal network operation
in any way, prevent alarms from being transmitted, or preclude central initiated commands and
system modification.

POTs to give operator ability to do the following:

WCoNO~WNE

Display and monitor Bl point status.

Change BO point set point (on or off, open or closed).
Display and monitor analog point values.

Change analog control set points.

Command a setting of AO point.

Display and monitor 1/O point in alarm.

Add a new or delete an existing 1/0 point.

Enable and disable 1/O points, initiators, and programs.
Display and change time and date.

Display and change time schedules.

Display and change run-time counters and run-time limits.
Display and change time and event initiation.

Display and change control application and DDC parameters.
Display and change programmable offset values.

Access DDC controller initialization routines and diagnostics.

SYSTEM SOFTWARE

System Software Minimum Requirements:

1.

N

Real-time multitasking and multiuser 32-bit operating system that allows concurrent
multiple operator workstations operating and concurrent execution of multiple real-time
programs and custom program development.

Operating system capable of operating DOS and Microsoft Windows applications.
Database management software to manage all data on an integrated and non-redundant
basis. Additions and deletions to database are to be without detriment to existing data.
Include cross linkages so no data required by a program can be deleted by an operator
until that data have been deleted from respective programs.

Network communications software to manage and control multiple network
communications to provide exchange of global information and execution of global
programs.
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5.

Operator interface software to include day-to-day operator transaction processing, alarm
and report handling, operator privilege level and data segregation control, custom
programming, and online data modification capability.

Scheduling software to schedule centrally based time and event, temporary, and
exception day programs.

B.  Operator Interface Software:

1.

2.

o

Minimize operator training through use of English language prorating and English
language point identification.

Minimize use of a typewriter-style keyboard through use of a pointing device similar to a
mouse.

Make operator sign-off a manual operation or, if no keyboard or mouse activity takes
place, an automatic sign-off.

Make automatic sign-off period programmable from one to 60 minutes in one-minute
increments on a per operator basis.

Record operator sign-on and sign-off activity and send to printer.

Security Access:

Use password control for operator access to DDC system.

Assign an alphanumeric password (field assignable) to each operator.

Grant operators access to DDC system by entry of proper password.

Use same operator password regardless of which computer or other operator
interface means are used.

Automatically update additions or changes made to passwords.

Assign each operator an access level to restrict access to data and functions the
operator is cable of performing.

Provide software with at least five access levels.

Assign each menu item an access level so that a one-for-one correspondence
between operator assigned access level(s) and menu item access level(s) is
required to gain access to menu item.

i Display menu items to operator with those capable of access highlighted. Make
menu and operator access level assignments online programmable and under
password control.

oooTw
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Data Segregation:

a. Include data segregation for control of specific data routed to a workstation, to an
operator or to a specific output device, such as a printer.

b. Include at least 32 segregation groups.

C. Make segregation groups selectable such as "fire points,” "fire points on second
floor," "space temperature points,” "HVAC points," and so on.

d. Make points assignable to multiple segregation groups. Display and output of data
to printer or monitor is to occur where there is a match of operator or peripheral
segregation group assignment and point segregations.

e. Make alarms displayed and printed at each peripheral to which segregation allows,
but only those operators assigned to peripheral and having proper authorization
level will be allowed to acknowledge alarms.

f. Assign operators and peripherals to multiple segregation groups and make all
assignments online programmable and under password control.
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Operators able to perform commands including, but not limited to, the following:
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Start or stop selected equipment.

Adjust set points.

Add, modify, and delete time programming.
Enable and disable process execution.

Lock and unlock alarm reporting for each point.
Enable and disable totalization for each point.
Enable and disable trending for each point.
Override control loop set points.

Enter temporary override schedules.

Define holiday schedules.

Change time and date.

Enter and modify analog alarm limits.

Enter and modify analog warning limits.

View limits.

Enable and disable demand limiting.

Enable and disable duty cycle.

Display logic programming for each control sequence.

Reporting:

oo

Generated automatically and manually.
Sent to displays, printers and disc files.
Types of Reporting:

1) General listing of points.

2)  List points currently in alarm.

3) List of off-line points.

4)  List points currently in override status.

5) List of disabled points.

6) List points currently locked out.

7) List of items defined in a "Follow-Up" file.
8) List weekly schedules.

9) List holiday programming.

10) List of limits and deadbands.

Summaries: For specific points, for a logical point group, for an operator selected
group(s), or for entire system without restriction due to hardware configuration.

C.  Graphic Interface Software:

1.

Include a full interactive graphical selection means of accessing and displaying system
data to operator. Include at least five levels with the penetration path operator assignable
(for example, site, building, floor, air-handling unit, and supply temperature loop). Native
language descriptors assigned to menu items are to be operator defined and modifiable
under password control.
Include a hierarchical-linked dynamic graphic operator interface for accessing and
displaying system data and commanding and modifying equipment operation. Interface is
to use a pointing device with pull-down or penetrating menus, color, and animation to
facilitate operator understanding of system.
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3. Include at least 10 levels of graphic penetration with the hierarchy operator assignable.

4. Make descriptors for graphics, points, alarms, and such modifiable through operator's
workstation under password control.

5. Make graphic displays online user definable and modifiable using the hardware and
software provided.

6. Make data displayed within a graphic assignable regardless of physical hardware address,
communication, or point type.

7. Make graphics online programmable and under password control.

8. Make points assignable to multiple graphics where necessary to facilitate operator
understanding of system operation.

9. Graphics to also contain software points.

10. Penetration within a graphic hierarchy is to display each graphic name as graphics are
selected to facilitate operator understanding.

11. Provide a back-trace feature to permit operator to move upward in the hierarchy using a
pointing device. Back trace to show all previous penetration levels. Include operator with
option of showing each graphic full-screen size with back trace as horizontal header or by
showing a "stack" of graphics, each with a back trace.

12.  Display operator accessed data on the monitor.

13.  Provide operator with ability to select further penetration using pointing device to click
on a site, building, floor, area, equipment, and so on. Display defined and linked graphic
below that selection.

14. Include operator with means to directly access graphics without going through
penetration path.

15.  Make dynamic data assignable to graphics.

16. Display points (physical and software) with dynamic data provided by DDC system with
appropriate text descriptors, status or value, and engineering unit.

17.  Use color, rotation, or other highly visible means, to denote status and alarm states. Make
colors variable for each class of points, as chosen by operator.

18. Provide dynamic points with operator adjustable update rates on a per point basis from
one second to over a minute.

19. For operators with appropriate privilege, command points directly from display using
pointing device.

a. For an analog command point such as set point, display current conditions and
limits so operator can position new set point using pointing device.

b. For a digital command point such as valve position, show valve in current state
such as open or closed so operator could select alternative position using pointing
device.

c. Include a keyboard equivalent for those operators with that preference.

20.  Give operator ability to split or resize viewing screen into quadrants to show one graphic
on one quadrant of screen and other graphics or spreadsheet, bar chart, word processing,
curve plot, and other information on other quadrants on screen. This feature allows real-
time monitoring of one part of system while displaying other parts of system or data to
better facilitate overall system operation.

21.  Help Features:

a. Online context-sensitive help utility to facilitate operator training and
understanding.

b. Bridge to further explanation of selected keywords and contain text and graphics to
clarify system operation.
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22.

1) If help feature does not have ability to bridge on keywords for more
information, provide a complete set of user manuals in an indexed word-
processing program, which runs concurrently with operating system
software.

C. Available for Every Menu Item:
1) Index items for each system menu item.

Provide graphic generation software to allow operator ability to add, modify, or delete
system graphic displays.

a. Include libraries of symbols depicting HVAC symbols such as fans, coils, filters,
dampers, valves pumps, and electrical symbols similar to those indicated.

b. Use a pointing device in conjunction with a drawing program to allow operator to
perform the following:

1)  Define background screens.

2)  Define connecting lines and curves.

3) Locate, orient, and size descriptive text.

4)  Define and display colors for all elements.

5)  Establish correlation between symbols or text and associated system points
or other displays.

D.  Project-Specific Graphics: Graphics documentation including, but not limited to, the following:

1.

2.

Site plan showing each building, and additional site elements, which are being controlled
or monitored by DDC system.

Plan for each building floor, including interstitial floors, and each roof level of each
building, showing the following:

a. Room layouts with room identification and name.

b. Locations and identification of all monitored and controlled HVAC equipment and
other equipment being monitored and controlled by DDC system.

C. Location and identification of each hardware point being controlled or monitored
by DDC system.

Control schematic for each of following, including a graphic system schematic
representation with point identification, set point and dynamic value indication, sequence
of operation and control logic diagram.

Graphic display for each piece of equipment connected to DDC system through a data
communications link. Include dynamic indication of all points associated with equipment.
DDC system network riser diagram that shows schematic layout for entire system
including all networks and all controllers, gateways operator workstations and other
network devices.

E.  Customizing Software:

1.

Software to modify and tailor DDC system to specific and unique requirements of
equipment installed, to programs implemented and to staffing and operational practices
planned.
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2. Online modification of DDC system configuration, program parameters, and database
using menu selection and keyboard entry of data into preformatted display templates.

3. At a minimum, include the following modification capability:

a. Operator Assignment: Designation of operator passwords, access levels, point
segregation, and auto sign-off.

b. Peripheral Assignment: Assignment of segregation groups and operators to
consoles and printers, designation of backup workstations and printers, designation
of workstation header points, and enabling and disabling of printout of operator
changes.

C. System Configuration and Diagnostics: Communications and peripheral port
assignments, DDC controller assignments to network, DDC controller enable and
disable, assignment of command trace to points, and application programs and
initiation of diagnostics.

d. System Text Addition and Change: English or native language descriptors for
points, segregation groups and access levels and action messages for alarms, run
time, and trouble condition.

e. Time and Schedule Change: Time and date set, time and occupancy schedules,
exception and holiday schedules, and daylight-savings time schedules.

f. Point related change capability is to include the following:

1)  System and point enable and disable.

2) Run-time enable and disable.

3)  Assignment of points to segregation groups, calibration tables, lockout, and
run time and to a fixed 1/0O value.

4)  Assignment of alarm and warning limits.

g. Application program change capability is to include the following:

1) Enable and disable of software programs.

2) Programming changes.

3)  Assignment of comfort limits, global points, time and event initiators, time
and event schedules and enable and disable time and event programs.

4. Provide software to allow operator ability to add points, or groups of points, to DDC
system and to link them to energy optimization and management programs. Make
additions and modifications online programmable using operator workstations,
downloaded to other network devices and entered into their databases. After verification
of point additions and associated program operation, upload and record database on hard
drive and disc for archived record.

5. Include high-level language programming software capability for implementation of
custom DDC programs. Include a compiler, linker, and up- and down-load capability.

6. Include a library of DDC algorithms, intrinsic control operators, arithmetic, logic, and

relational operators for implementation of control sequences. Also include, at a
minimum, the following:

Proportional control (P).

Proportional plus integral (PI).

Proportional plus integral plus derivative (PID).
Adaptive and intelligent self-learning control.

cooe
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10.

1)  Algorithm monitors loop response to output corrections and adjust loop
response characteristics in accordance with time constant changes imposed.

2)  Algorithm operates in a continuous self-learning manner and retains in
memory a stored record of system dynamics so that on system shut down
and restart, learning process starts from where it left off.

Fully implemented intrinsic control operators including sequence, reversing, ratio, time
delay, time of day, highest select AO, lowest select AO, analog controlled digital output,
analog control AO, and digitally controlled AQ.

Logic operators such as "And," "Or," "Not," and others that are part of a standard set
available with a high-level language.

Arithmetic operators such as "Add," "Subtract," "Multiply," "Divide," and others that are
part of a standard set available with a high-level language.

Relational operators such as "Equal to," "Not Equal to,” "Less Than," "Greater Than,"
and others that are part of a standard set available with a high-level language.

F. Alarm Handling Software:

1.

2.

~No

Include alarm handling software to report all alarm conditions monitored and transmitted
through DDC controllers, gateways and other network devices.

Include first in, first out handling of alarms in accordance with alarm priority ranking,
with most critical alarms first, and with buffer storage in case of simultaneous and
multiple alarms.

Make alarm handling active at all times to ensure that alarms are processed even if an
operator is not currently signed on to DDC system.

Alarms display is to include the following:

a. Indication of alarm condition such as "Abnormal Off" "Hi Alarm," and "Low
Alarm."

b. "Analog Value" or "Status" group and point identification with native language
point descriptor such as "Space Temperature, Building 110, 2nd Floor,
Room 212."

C. Discrete per point alarm action message, such as "Call Maintenance Dept. Ext-
5561."

d. Include extended message capability to allow assignment and printing of extended

action messages. Capability is to be operator programmable and assignable on a
per point basis.

Direct alarms to appropriate operator workstations, printers, and individual operators by
privilege level and segregation assignments.

Send email alarm messages to designated operators.

Send email, page, text, and voice messages to designated operators for critical alarms.
Categorize and process alarms by class.

a. Class 1:

1)  Associated with fire, security, and other extremely critical equipment
monitoring functions; have alarm, trouble, return to normal, and
acknowledge conditions printed and displayed.

2)  Unacknowledged alarms to be placed in unacknowledged alarm buffer.
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10.

3) Al conditions make an audible alarm sound and require individual
acknowledgment to silence audible sound.

b. Class 2:

1) Critical, but not life-safety related, and processed same as Class 1 alarms,
except do not require individual acknowledgment.
2)  Acknowledgement may be through a multiple alarm acknowledgment.

C. Class 3:

1)  General alarms; printed, displayed, and placed in unacknowledged alarm
buffer queues.

2)  Configure so each new alarm received makes an audible alarm sound that
are silenced by "acknowledging" alarm or by pressing a "silence" key.

3) Make acknowledgement of queued alarms either on an individual basis or
through a multiple alarm acknowledgement.

4)  Print alarms returning to normal condition without an audible alarm sound
or require acknowledgment.

d. Class 4:

1) Routine maintenance or other types of warning alarms.
2)  Alarms to be printed only, with no display, no audible sound and no
acknowledgment required.

Include an unacknowledged alarm indicator on display to alert operator that there are
unacknowledged alarms in system. Operator able to acknowledge alarms on an individual
basis or through a multiple alarm acknowledge key, depending on alarm class.

To ensure that no alarm records are lost, make it possible to assign a backup printer to
accept alarms in case of failure of primary printer.

G. Reports and Logs:

1.

N

Include reporting software package that allows operator to select, modify, or create
reports using DDC system 1/O point data available.

Setup each report so data content, format, interval, and date are operator definable.
Sample and store report data on DDC controller, within storage limits of DDC controller,
and then uploaded to archive on workstation for historical reporting.

Make it possible for operators to obtain real-time logs of all 1/0 points by type or status,
such as alarm, point lockout, or normal.

Store reports and logs on workstations hard drives in a format that is readily accessible by
other standard software applications, including spreadsheets and word processing.

Make reports and logs readily printable and set to be print either on operator command or
at a specific time each day.

H.  Standard Reports: Provide standard DDC system reports with operator ability to customize
reports later.

1.
2.

All 1/O: With current status and values.
Alarm: All current alarms, except those in alarm lockout.
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3. Disabled 1/0: All I/O points that are disabled.
4, Alarm Lockout I/O: All 1/0 points in alarm lockout, whether manual or automatic.
5. Alarm Lockout I/O in Alarm: All I/O in alarm lockout that are currently in alarm.
6. Logs:

Alarm history.
System messages.
System events.
Trends.

oo oTe

l. Custom Reports: Operator able to easily define and prepare any system data into a daily,
weekly, monthly, annual, or other historical report. Reports to include a title with time and date
stamp.

J. Standard Trends:

1. Trend all I/O point present values, set points, and other parameters indicated for trending.

2. Associate trends into groups, and setup a trend report for each group.

3. Store trends within DDC controller and uploaded to hard drives automatically on
reaching 75 percent of DDC controller buffer limit, or by operator request, or by
archiving time schedule.

4. Preset trend intervals for each 1/O point after review with Owner.

5. Make trend intervals operator selectable from 10 seconds up to 60 minutes. Make
minimum number of consecutive trend values stored at one time 100 per variable.

6. When drive storage memory is full, overwrite oldest data with most recent data.

7. Make archived and real-time trend data available for viewing numerically and graphically
by operators.

K. Custom Trends: Operator-definable custom trend log for any 1/0 point in DDC system.
1. Include each trend with interval, start time, and stop time.
2. Sample and store data on DDC controller, within reaching 75 percent storage limits of
DDC controller, and then uploaded to archive on workstation hard drives.
3. Make data retrievable for use in spreadsheets and standard database programs.

L. Programming Software:

1. Include programming software to execute sequences of operation indicated.

2. Include programming routines in simple and easy to follow logic with detailed text
comments describing what the logic does and how it corresponds to sequence of
operation.

3. Programming Software: Any of the following:

a. Graphic Based: Use a library of function blocks made from preprogrammed code
designed for DDC control systems.

1)  Assemble function blocks with interconnection lines that represent to
control sequence in a flowchart.

2) Make programming tools viewable in real time to show present values and
logical results of each function block.
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4.

b. Menu Based: Done by entering parameters, definitions, conditions, requirements,
and constraints.

C. Line by Line and Text Based: Programming is to declare variable types such as
local, global, real, integer, and so on, at the beginning of the program. Use
descriptive comments frequently to describe programming code.

Include means for detecting programming errors and testing software control strategies
with a simulation tool before implementing in actual control. Simulation tool may be
inherent with programming software or as a separate product.

M.  Database Management Software:

1.

Where a separate SQL database is used for information storage, include database
management software that separates database monitoring and managing functions by
supporting multiple separate windows.

Secure database access using standard SQL authentication including ability to access data
for use outside of DDC system applications.

Include database management function summarizing information on trend, alarm, event,
and audit for the following database management actions:

a. Backup.
b. Purge.
C. Restore.

Database management software supporting the following:

a. Statistics: Display database server information and trend, alarm, event, and audit
information on database.

b. Maintenance: Include method of purging records from trend, alarm, event, and
audit databases by supporting separate screens for creating a backup before
purging, selecting database, and allowing for retention of a selected number of
day's data.

C. Backup: Include means to create a database backup file and select a storage
location.

d. Restore: Include a restricted means of restoring a database by requiring operator to
have proper security level.

Information of current database activity, including the following:

Ready.

Purging record from a database.
Action failed.

Refreshing statistics.

Restoring database.

Shrinking a database.

Backing up a database.

Resetting Internet information services.
Starting network device manager.
Shutting down the network device manager.
Action successful.
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6. Database management software monitoring functions is to continuously read database
information once operator has logged on.

7. Include operator notification through on-screen pop-up display and email message when
database value has exceeded a warning or alarm limit.

8. Monitoring settings window with the following Sections:

a. Allow operator to set and review scan intervals and start times.

b. Email: Allow operator to create and review email and phone text messages to be
delivered when a warning or an alarm is generated.

C. Warning: Allow operator to define warning limit parameters, set reminder
frequency, and link email message.

d. Alarm: Allow operator to define alarm limit parameters, set reminder frequency,
and link email message.

e. Database Login: Protect system from unauthorized database manipulation by
creating a read access and a write access for each of trend, alarm, event, and audit
databases as well as operator proper security access to restore a database.

9. Monitoring settings taskbar with following informational icons:

a. Normal: Indicates by color and size, or other easily identifiable means, that all
databases are within their limits.

b. Warning: Indicates by color and size, or other easily identifiable means, that one or
more databases have exceeded their warning limit.

C. Alarm: Indicates by color and size, or other easily identifiable means, that one or
more databases have exceeded their alarm limit.

2.13 OFFICE APPLICATION SOFTWARE
A.  Microsoft 365
B. Include current version of office application software at time of Substantial Completion.

C.  Office application software package to include multiple separate applications and use a common
platform for all applications.

Database.

Email.
Presentation.
Publishing.
Spreadsheet.
Word processing.
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2.14 ASHRAE 135 GATEWAYS
A. Include BACnet communication ports, whenever available as an equipment OEM standard

option, for integration via a single communication cable. BACnet-controlled plant equipment
includes, but is not limited to, boilers, chillers, and variable-speed drives.
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B. Include gateways to connect BACnet to legacy systems where indicated, existing non-BACnet
devices, and existing non-BACnet DDC-controlled equipment.

C. Include with each gateway an interoperability schedule showing each point or event on legacy
side that BACnet "client" will read, and each parameter that BACnet network will write to.
Describe this interoperability of BACnet services, or BIBBs, defined in ASHRAE 135,
Annex K.

D. Gateway Minimum Requirements:

1. Read and view all readable object properties on non-BACnet network to BACnhet
network, and vice versa, where applicable.

2. Write to all writable object properties on non-BACnet network from BACnet network,
and vice versa, where applicable.

3. Include single-pass (only one protocol to BACnhet without intermediary protocols)
translation from non-BACnet protocol to BACnet, and vice versa.

4, Comply with requirements of Data Sharing Read Property, Data Sharing Write Property,
Device Management Dynamic Device Binding-B, and Device Management
Communication Control BIBBs in accordance with ASHRAE 135.

5. Hardware, software, software licenses, and configuration tools for operator-to-gateway
communications.

6. Backup programming and parameters on CD media with ability to modify, download,
backup, and restore gateway configuration.

2.15 DDC CONTROLLERS

A. DDC system consisting of a combination of network controllers, programmable application
controllers, and application-specific controllers to satisfy performance requirements indicated.

B. DDC controllers to perform monitoring, control, energy optimization, and other requirements
indicated.

C. DDC controllers are to use a multitasking, multiuser, real-time digital control microprocessor
with a distributed network database and intelligence.

D. Each DDC controller is capable of full and complete operation as a completely independent unit
and as a part of DDC system wide distributed network.

E. Environment Requirements:

1. Controller hardware suitable for anticipated ambient conditions.

2. Controllers located in conditioned space rated for operation at 32 to 120 deg F.

3. Controllers located outdoors rated for operation at 40 to 150 deg F.

F. Power and Noise Immunity:

1. Operate controller at 90 to 110 percent of nominal voltage rating and perform an orderly
shutdown below 80 percent of nominal voltage.

2. Protect against electrical noise of 5 to 120 Hz and from keyed radios with up to 5 W of
power located within 36 inches of enclosure.
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G. DDC Controller Spare Processing Capacity:

1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will
implement requirements indicated with the following spare memory:

a.
b.
C.

Network Controllers: 50 percent.
Programmable Application Controllers: Not less than 60 percent.
Application-Specific Controllers: Not less than 70 percent.

2. Memory for DDC controller's operating system and database are to include the following:

hD o0 T

g.

Monitoring and control.

Energy management, operation, and optimization applications.
Alarm management.

Historical trend data of all connected 1/0 points.

Maintenance applications.

Operator interfaces.

Monitoring of manual overrides.

H.  DDC Controller Spare 1/0 Point Capacity: Include spare 1/0 point capacity for each controller

as follows:

1. Network Controllers:

a.
b.

10 percent of each Al, AO, BI, and BO point connected to controller.
Minimum Spare 1/O Points per Controller:

1)
2)
3)
4)
5)

Als: Two.

AOs: Two.

Bls: Three.

BOs: Three.

Option to provide universal I/O to meet spare requirements.

2. Programmable Application Controllers:

10 percent of each Al, AO, BI, and BO point connected to controller.
Minimum Spare /O Points per Controller:

1)
2)
3)
4)
5)

Als: Two.

AOs: Two.

Bls: Three.

BOs: Three.

Option to provide universal 1/0 to meet spare requirements.

3. Application-Specific Controllers:

a.
b.

10 percent of each Al, AO, BI, and BO point connected to controller.
Minimum Spare 1/O Points per Controller:

1)
2)

Als: One.
AOs: One.
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3) Bls: One.
4) BOs: One.
5)  Option to provide universal 1/O to meet spare requirements.

I Maintenance and Support: Include the following features to facilitate maintenance and support:

el NS

Mount microprocessor components on circuit cards for ease of removal and replacement.
Means to quickly and easily disconnect controller from network.

Means to quickly and easily access connect to field test equipment.

Visual indication that controller electric power is on, of communication fault or trouble,
and that controller is receiving and sending signals to network.

J. General Requirements for CTA-709.1-D DDC Controllers:

=

10.

LonMark certified.

Distinguishable and accessible switch, button, or pin, when pressed is to broadcast its 48-
bit Node ID and Program ID over network.

TP/FT-10 transceiver in accordance with CTA-709.3 and connections for TP/FT-10
control network wiring.

TP/XF-1250 transceiver in accordance with CTA-709.3 and connections for TP/XF-1250
control network wiring.

Communicate using CTA-709.1-D protocol.

Controllers configured into subnets, as required, to comply with performance
requirements indicated.

Network communication through LNS network management and database standard for
CTA-709.1-D network devices.

Locally powered, not powered through network connection.

Functionality required to support applications indicated including, but not limited to, the
following:

a. I/0s indicated and as required to support sequence of operation and application in
which it is used. SNVTs to have meaningful names identifying the value
represented by SNVT. Unless SNVT of an appropriate engineering type is
unavailable, all network variables to be of SNVT with engineering units
appropriate to value the variable represents.

b. Configurable through SCPTs defined in LonMark SCPT List, operator-defined
UCPTs, network configuration inputs (NCIs) of SNVT type defined in LonMark
SNVT List, NCIs of an operator-defined network variable type, or hardware
settings on controller itself for all settings and parameters used by application in
which it is used.

Programmable controllers comply with "LonMark Interoperability Guidelines” and have
LonMark certification.

K. 1/0 Point Interface:

1.

2.

Connect hardwired 1/0 points to network, programmable application, and application-
specific controllers.
Protect 1/0 points so shorting of point to itself, to another point, or to ground will not
damage controller.
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3. Protect 1/0 points from voltage up to 24 VV of any duration so that contact will not
damage controller.

4.  Als:
a.

b.

@

oo

6. Bls:

oo

7. BOs:

Include monitoring of low-voltage (0 to 10 V dc), current (4 to 20 mA) and
resistance signals from thermistor and RTD sensors.

Compatible with, and field configurable to, sensor and transmitters installed.
Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 8 bits
or better to comply with accuracy requirements indicated.

Signal conditioning including transient rejection for each Al.

Capable of being individually calibrated for zero and span.

Incorporate common-mode noise rejection of at least 50 dB from 0 to 100 Hz for
differential inputs, and normal-mode noise rejection of at least 20 dB at 60 Hz
from a source impedance of 10000 ohms.

External conversion resistors are not permitted.

Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 8 bits
or better to comply with accuracy requirements indicated.

Output signals range of 4 to 20 mA dc or0 to 10 V dc as required to include proper
control of output device.

Capable of being individually calibrated for zero and span.

Drift is to be not greater than 0.4 percent of range per year.

External conversion resistors are not permitted.

Accept contact closures and ignore transients of less than 5 ms duration.

Isolate and protect against an applied steady-state voltage of up to 180 V ac peak.
Include a wetting current of at least 12 mA to be compatible with commonly
available control devices and protected against effects of contact bounce and noise.
Sense "dry contact" closure without external power (other than that provided by
controller) being applied.

Pulse accumulation input points complying with all requirements of Bls and accept
up to 10 pulses per second for pulse accumulation. Include buffer to totalize
pulses. Pulse accumulator is to accept rates of at least 20 pulses per second. Reset
the totalized value to zero on operator's command.

Include relay contact closures or triac outputs for momentary and maintained
operation of output devices.

1)  Relay contact closures to have a minimum duration of 0.1 second and at
least 180 V of isolation.

2) Include electromagnetic interference suppression on all output lines to limit
transients to non-damaging levels.

3)  Minimum contact rating to be 1 A at 24 V ac.

4) Triac outputs to have at least 180 V of isolation and minimum contact rating
of 1 Aat24V ac.
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2.16

b. Include BOs with two-state operation or a pulsed low-voltage signal for pulse-
width modulation control.

C. BOs to be selectable for either normally open or normally closed operation.

d. Include tristate outputs (two coordinated BOs) for control of three-point, floating-
type electronic actuators without feedback.

e. Limit use of three-point floating devices to VAV terminal unit control applications.
Control algorithms to operate actuator to one end of its stroke once every 24 hours
for verification of operator tracking.

NETWORK CONTROLLERS
General:

1. Include adequate number of controllers to achieve performance indicated.

2. Provide one or more independent, standalone, microprocessor-based network controllers
to manage global strategies indicated.

3. Include enough memory to support its operating system, database, and programming
requirements with spare memory indicated.

4, Share data between networked controllers and other network devices.

5. Operating system of controller to manage I/O communication signals to allow distributed
controllers to share real and virtual object information and allow for central monitoring
and alarms.

6. Include network controllers with a real-time clock.

7. Controller to continually check status of its processor and memory circuits. If an
abnormal operation is detected, controller is to assume a predetermined failure mode and
generate an alarm notification.

8. Make controllers fully programmable.

Communication:

1. Network controllers communicate with other devices on DDC system Level 1 network.
2. Network controller to also perform routing if connected to network of programmable
application controllers and application-specific controllers.

Operator Interface:

1. Equip controllers with a service communications port for connection to portable
operator's workstation POTormobile device.
2. Local Keypad and Display:

a. Equip controller with local keypad and digital display for interrogating and editing
data.
b. Use of keypad and display requires a security password.

Serviceability:

1. Equip controller with diagnostic LEDs or other form of local visual indication of power,
communication, and processor.

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a
termination card connected by a ribbon cable.
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2.18

3. Maintain Basic Input Output System (BIOS) and programming information in event of
power loss for at least 72 hours.

PROGRAMMABLE APPLICATION CONTROLLERS
General:

1. Include adequate number of controllers to achieve performance indicated.

2. Provide enough memory to support its operating system, database, and programming
requirements with spare memory indicated.

3. Share data between networked controllers and other network devices.

4. Include controller with operating system to manage 1/0O communication signals to allow

distributed controllers to share real and virtual object information and allow for central

monitoring and alarms.

Include controllers that perform scheduling with a real-time clock.

6. Controller is to continually check status of its processor and memory circuits. If an
abnormal operation is detected, controller assumes a predetermined failure mode and
generates an alarm notification.

7. Fully programmable.

o

Communication:
1. Programmable application controllers are to communicate with other devices on network.
Operator Interface:

1. Equip controllers with a service communications port for connection to portable
operator's workstation POTor mobile device.
2. Local Keypad and Display:

a. Equip controller with local keypad and digital display for interrogating and editing
data.
b. Protect use of keypad and display by security password.

Serviceability:

1. Equip controller with diagnostic LEDs or other form of local visual indication of power,
communication, and processor.

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a
termination card connected by a ribbon cable.

3. Maintain BIOS and programming information in event of power loss for at least 72
hours.

APPLICATION-SPECIFIC CONTROLLERS

Description: Microprocessor-based controllers, which through hardware or firmware design are
dedicated to control a specific piece of equipment or system. Controllers are not fully user-
programmable but are configurable and customizable for operation of equipment they are
designed to control.
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1. Capable of standalone operation and continued control functions without being connected
to network.
2. Share data between networked controllers and other network devices.

Communication: Application-specific controllers are to communicate with other application-
specific controllers and devices on network, and to programmable application controllers and
network controllers.

Operator Interface: Equip controllers with a service communications port for connection to
portable operator's workstation POT or mobile device.

Serviceability:

1. Equip controller with diagnostic LEDs or other form of local visual indication of power,
communication, and processor.

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a
termination card connected by a ribbon cable.

3. Use nonvolatile memory and maintain all BIOS and programming information in event of
power loss.

CONTROLLER SOFTWARE
General:

1. Software applications are to reside and operate in controllers. Edit applications through
operator workstations or mobile devices.

2. Identify 1/0O points by up to 30-character point name and up to 16-character point

descriptor. Use same names throughout, including at operator workstations.

Execute control functions within controllers using DDC algorithms.

4. Configure controllers to use stored default values to ensure fail-safe operation. Use
default values when there is a failure of a connected input instrument or loss of
communication of a global point value.

w

Security:

=

Secure operator access using individual security passwords and user names.

2. Passwords restrict operator to points, applications, and system functions as assigned by
system manager.

Record operator log-on and log-off attempts.

4. Protect from unauthorized use by automatically logging off after last keystroke. Make the
delay time operator-definable.

w

Scheduling: Include capability to schedule each point or group of points in system. Each
schedule is to consist of the following:

1. Weekly Schedules:

a. Include separate schedules for each day of week.
b. Each schedule should include capability for start, stop, optimal start, optimal stop,
and night economizer.
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C. Each schedule may consist of up to 10 events.
d. When a group of objects are scheduled together, include capability to adjust start
and stop times for each member.

2. Exception Schedules:

a. Include ability for operator to designate any day of the year as an exception
schedule.

b. Exception schedules may be defined up to a year in advance. Once an exception
schedule is executed, it will be discarded and replaced by regular schedule for that
day of week.

3. Holiday Schedules:
a. Include capability for operator to define up to 99 special or holiday schedules.
b. Place schedules on scheduling calendar with ability to repeated each year.

C. Operator able to define length of each holiday period.

D.  System Coordination:

1. Include standard application for proper coordination of equipment.

2. Include operator with a method of grouping together equipment based on function and
location.

3. Include groups that may be for use in scheduling and other applications.

E. Binary Alarms:

1. Set each binary point to alarm based on operator-specified state.
2. Include capability to automatically and manually disable alarming.

F. Analog Alarms:

1. Provide each analog object with both high and low alarm limits.
2. Include capability to automatically and manually disable alarming.

G.  Alarm Reporting:

1. Include ability for operators to determine action to be taken in event of an alarm.
2. Route alarms to appropriate operator workstations based on time and other conditions.
3. Include ability for alarms to start programs, print, be logged in event logs, generate

custom messages, and display graphics.
H.  Remote Communication:

1. Include ability for system to notify operators by phone message, text message, and email
in event of an alarm.

. Electric Power Demand Limiting:

1. Monitor building or other operator-defined electric power consumption from signals
connected to electric power meter or from a watt transducer or current transformer.
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2.

Predict probable power demand such that action can be taken to prevent exceeding
demand limit. When demand prediction exceeds demand limit, action will be taken to
reduce loads in a predetermined manner. When demand prediction indicates demand limit
will not be exceeded, action will be taken to restore loads in a predetermined manner.

3. Accomplish demand reduction by the following means:

a. Reset air-handling-unit supply temperature set points.
b. Reset space temperature set points.
C. De-energize equipment based on priority.

4. Base demand-limiting parameters, frequency of calculations, time intervals, and other
relevant variables on the means by which electric power service provider computes
demand charges.

5. Include demand-limiting prediction and control for any individual meter monitored by
system or for total of any combination of meters.

6. Include means operator to make the following changes online:

a. Addition and deletion of loads controlled.

b. Changes in demand intervals.

C. Changes in demand limit for meter(s).

d. Maximum shutoff time for equipment.

e. Minimum shutoff time for equipment.

f. Select rotational or sequential shedding and restoring.
g. Shed and restore priority.

7. Include the following information and reports, to be available on an hourly, daily,

weekly, monthly, and annual basis:
a. Total electric consumption.
b. Peak demand.
C. Date and time of peak demand.
d. Daily peak demand.
J. Maintenance Management: Monitor equipment status and generate maintenance messages

based on operator-designated run-time, starts, and calendar date limits.

K.  Sequencing: Include application software based on sequences of operation indicated to properly
sequence chillers, boilers, and other applicable HVAC equipment.

L.  Control Loops:

1.

Support any of the following control loops, as applicable to control required:

Two-position (on/off, open/close, slow/fast) control.
Proportional control.

Proportional plus integral (PI) control.

Proportional plus integral plus derivative (PID) control.

cooe

1) Include PID algorithms with direct or reverse action and anti-windup.
2) Algorithm to calculate a time-varying analog value used to position an
output or stage a series of outputs.
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3) Make controlled variable, set point, and PID gains operator-selectable.

e. Adaptive (automatic tuning).

M.  Staggered Start: Prevent all controlled equipment from simultaneously restarting after a power
outage. Make the order which equipment (or groups of equipment) is started, along with the
time delay between starts, operator-selectable.

N.  Energy Calculations:

1.

2.

Include software to allow instantaneous power or flow rates to be accumulated and
converted to energy usage data.

Include algorithm that calculates a sliding-window average (rolling average). Make
algorithm flexible to allow window intervals to be operator specified (such as 15, 30, or
60 minutes).

Include algorithm that calculates a fixed-window average. Use a digital input signal to
define start of window period (such as signal from utility meter) to synchronize fixed-
window average with that used by utility.

0.  Anti-Short Cycling:

1.
2.

Protect BO points from short cycling.
Feature to allow minimum on-time and off-time to be selected.

P. On and Off Control with Differential:

1.

2.

Include algorithm that allows BO to be cycled based on a controlled variable and set
point.
Use direct- or reverse-acting algorithm and incorporate an adjustable differential.

Q. Run-Time Totalization:

1.
2.

Include software to totalize run-times for all Bl and BO points.
Assign a high run-time alarm, if required, by operator.

2.20 ENCLOSURES

A.  General:

1. House each controller and associated control accessories in enclosure. Enclosure is to
serve as central tie-in point for control devices such as switches, transmitters, transducers,
power supplies, and transformers.

2. Do not house more than one controller in single enclosure.

3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures
and include one pair of keys per enclosure.

4. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall
or freestanding support stand as indicated.

5. Supply each enclosure with complete set of as-built schematics, tubing, and wiring

diagrams and product literature located in pocket on inside of door.
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B. Internal Arrangement:

1. Arrange internal layout of enclosure to group and protect electric, and electronic
components associated with controller, but not an integral part of controller.

2. Arrange layout to group similar products together.

3. Include a barrier between line-voltage and low-voltage electrical and electronic products.

4. Factory or shop install products, tubing, cabling, and wiring complying with requirements
and standards indicated.

5. Terminate field cable and wire using heavy-duty terminal blocks.

6. Include spare terminals, equal to not less than 10 percent of used terminals.

7. Include spade lugs for stranded cable and wire.

8. Install maximum of two wires on each side of terminal.

9. Include enclosure field electric power supply with toggle-type switch located at entrance
inside enclosure to disconnect power.

10.  Include enclosure with line-voltage nominal 20 A GFCI duplex receptacle for service and
testing tools. Wire receptacle on hot side of enclosure disconnect switch and include with
5 A circuit breaker.

11.  Mount products within enclosure on removable internal panel(s).

12. Include products mounted in enclosures with engraved, laminated phenolic nameplates
(black letters on a white background). Nameplates are to have at least 1/4-inch-high
lettering.

13. Route tubing cable and wire located inside enclosure within a raceway with continuous
removable cover.

14. Label each end of cable, wire, and tubing in enclosure following an approved
identification system that extends from field I/O connection and all intermediate
connections throughout length to controller connection.

15.  Size enclosure internal panel to include at least 15 percent spare area on face of panel.

C.  Environmental Requirements:

1.

2.

Evaluate temperature and humidity requirements of each product to be installed within
each enclosure.

Calculate enclosure internal operating temperature considering heat dissipation of all
products installed within enclosure and ambient effects (solar, conduction, and wind) on
enclosure.

Where required by application, include temperature-controlled electrical heat to maintain
inside of enclosure above minimum operating temperature of product with most stringent
requirement.

Where required by application, include temperature-controlled ventilation fans with
filtered louver(s) to maintain inside of enclosure below maximum operating temperature
of product with most stringent requirement.

Include temperature-controlled cooling within the enclosure for applications where
ventilation fans cannot maintain inside temperature of enclosure below maximum
operating temperature of product with most stringent requirement.

Where required by application, include humidity-controlled electric dehumidifier or
cooling to maintain inside of enclosure below maximum relative humidity of product
with most stringent requirement and to prevent surface condensation within enclosure.

D. Wall-Mounted, NEMA 250, Type 1:

1.
2.

NRTL listed in accordance with UL 50 or UL 50E.
Construct enclosure of steel, not less than the following:
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6.
7.
8.

a. Enclosure Size Less Than 24 Inches (600 mm): 0.053 inch thick.
b. Enclosure Size 24 Inches (600 mm) and Larger: 0.067 inch thick.

Finish enclosure inside and out with polyester powder coating that is electrostatically
applied and then baked to bond to substrate.

a. Exterior Color: Manufacturer's standard.
b. Interior Color: Manufacturer's standard.

Hinged door full size of front face of enclosure and supported using the following:

a. Enclosures Sizes Less Than 36 Inches (900 mm) Tall: Multiple butt hinges.
b. Enclosures Sizes 36 Inches (900 mm) Tall and Larger: Continuous piano hinges.

Removable internal panel with white or gray polyester powder coating that is
electrostatically applied and then baked to bond to substrate.

a. Size Less Than 24 Inches (600 mm): Solid or perforated steel, 0.053 inch thick.
b. Size 24 Inches (600 mm) and Larger: Solid aluminum, 0.10 inch or steel, 0.093
inch thick.

Internal panel mounting hardware, grounding hardware, and sealing washers.
Grounding stud on enclosure body.
Thermoplastic pocket on inside of door for record Drawings and Product Data.

E. Wall-Mounted, NEMA 250, Types 4 and 12:

1.
2.
3.

4.

oo

NRTL listed in accordance with UL 508A.

Seam and joints are continuously welded and ground smooth.

Where recessed enclosures are indicated, include enclosures with face flange for flush
mounting.

Externally formed body flange around perimeter of enclosure face for continuous
perimeter seamless gasket door seal.

Single-door enclosure sizes up to 60 inches tall by 36 inches wide.

Double-door enclosure sizes up to 36 inches tall by 60 inches wide.

Construct enclosure of steel, not less than the following:

a. Size Less Than 24 Inches (600 mm): 0.053 inch thick.
b. Size 24 Inches (600 mm) and Larger: 0.067 inch thick.

Finish enclosure with polyester powder coating that is electrostatically applied and then
baked to bond to substrate.

a. Exterior Color: Manufacturer's standard.
b. Interior Color: Manufacturer's standard.

Corner-formed door, full size of enclosure face, supported using multiple concealed
hinges with easily removable hinge pins.

a. Sizes through 24 Inches (600 mm) Tall: Two hinges.
b. Sizes between 24 Inches (600 mm) through 48 Inches (1200 mm) Tall: Three
hinges.
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10.

11.

12.
13.
14.

C. Sizes Larger Than 48 Inches (1200 mm) Tall: Four hinges.

Double-door enclosures with overlapping door design to include unobstructed full-width
access.

a. Single-door enclosures 48 inches and taller, and all double-door enclosures, with
three-point (top, middle and bottom) latch system.

Removable internal panel with white or gray polyester powder coating that is
electrostatically applied and then baked to bond to substrate.

a. Size Less Than 24 Inches (600 mm): Solid or perforated steel, 0.053 inch thick.
b. Size 24 Inches (600 mm) and Larger: Solid aluminum, 0.10 inch or steel, 0.093
inch thick.

Internal panel mounting studs with hardware, grounding hardware, and sealing washers.
Grounding stud on enclosure body.
Thermoplastic pocket on inside of door for record Drawings and Product Data.

F. Wall-Mounted, NEMA 250, Type 4X-SS:

1.
2.
3.

4.

o

o N

9.

10.

NRTL listed in accordance with UL 508A.

Seams and joints are continuously welded and ground smooth.

Externally formed body flange around perimeter of enclosure face for continuous
perimeter seamless gasket door seal.

Construct enclosure of Type 304 or Type 316L stainless steel, not less than the following:

a. Size Less Than 24 Inches (600 mm): 0.053 inch thick.
b. Size 24 Inches (600 mm) and Larger: 0.067 inch thick.

Outside body and door of enclosure with brushed No. 4 finish.
Corner-formed door, full size of enclosure face, supported using multiple concealed
hinges with easily removable hinge pins.

a. Sizes through 24 Inches (600 mm) Tall: Two hinges.

b. Sizes between 24 Inches (600 mm) through 48 Inches (1200 mm) Tall: Three
hinges.

C. Sizes Larger Than 48 Inches (1200 mm) Tall: Four hinges.

Removable internal panel of 0.093-inch stainless steel.

Internal panel mounting studs and hardware, grounding hardware, and sealing washers.

Install corrosion-resistant polyester vent drain in a stainless steel sleeve at bottom of

enclosure.

Include enclosure with stainless steel mounting brackets.

221 RELAYS

A.  General-Purpose Relays:

1.
2.
3.

NRTL listed.
Heavy-duty, electromechanical type; rated for at least 10 A at 250 V ac and 60 Hz.
SPDT, DPDT, or three-pole double-throw, as required by control application.
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4.

NGO

11.

Plug-in-style relay with 8-pin octal or multi blade plug for DPDT relays and 11-pin octal
or multi blade plug for three-pole double-throw relays.

Construct contacts of silver, silver alloy, or gold.

Enclose relay in apolycarbonate dust-tight cover.

Include LED indication.

Performance:

Mechanical Life: At least 10 million cycles.

Electrical Life: At least 100,000 cycles at rated load.
Pickup Time: 20 ms or less.

Dropout Time: 20 ms or less.

Pull-in Voltage: 85 percent of rated voltage.

Dropout Voltage: 50 percent of nominal rated voltage.
Power Consumption: 2 VA or less.

Ambient Operating Temperatures: Minus 40 to 115 deg F.

S@hooooTe

Equip relays with coil transient suppression to limit transients to non-damaging levels.
Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in
control panels into sockets that are mounted on a DIN rail.

Include relay socket with screw terminals. Mold into socket the coincident screw terminal
numbers.

B.  Multifunction Time-Delay Relays:

1.
2.
3.

© N O

10.
11.

12.

NRTL listed.

Continuous-duty type, rated for at least 10 A at 240 V ac and 60 Hz.

Relay with up to 4 programmable functions to provide on/off delay, interval, and recycle
timing functions.

Plug-in-style relay with either multi-pin or blade plug.

Construct contacts of silver, silver alloy, or gold.

Enclose relay in a dust-tight cover.

Include knob and dial scale for alternative digital interface for setting delay time.

Visual Status Indication: Power "On" status.

Performance:

Mechanical Life: At least 10 million cycles.

Electrical Life: At least 100,000 cycles at rated load.

Timing Ranges: Multiple ranges from 0.1 seconds to 100 minutes.
Repeatability: Within 2 percent.

Recycle Time: 45 ms.

Minimum Pulse-Width Control: 50 ms.

Power Consumption: 5 VA or less.

Ambient Operating Temperatures: Minus 40 to 115 deg F.

S@hooooe

Equip relays with transient suppression to limit transients to non-damaging levels.

Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in
control panels into sockets that are mounted on a DIN rail.

Include relay socket with screw terminals. Mold into socket the coincident screw terminal
numbers.

C. Latching Relays:

1.

NRTL listed.
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2. Continuous-duty type, rated for at least 10 A at 250 V ac and 60 Hz.
3. SPDT, DPDT, or three-pole double-throw, as required by control application.
4. Plug-in-style relay with either multi-pin or blade plug.
5. Construct contacts of silver, silver alloy, or gold.
6. Enclose relay in apolycarbonate dust-tight cover.
7. Performance:
a. Mechanical Life: At least 10 million cycles.
b. Electrical Life: At least 100,000 cycles at rated load.
C. Pickup Time: 20 ms or less.
d. Dropout Time: 20 ms or less.
e. Pull-in Voltage: 85 percent of rated voltage.
f. Dropout Voltage: 50 percent of nominal rated voltage.
g. Power Consumption: 2 VA or less.
h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

©

10.

Equip relays with coil transient suppression to limit transients to non-damaging levels.
Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in
control panels into sockets that are mounted on a DIN rail.

Relay socket with screw terminals. Mold into socket the coincident screw terminal
numbers.

D.  Current Sensing Relays:

CoNoO~wWNE

NRTL listed.

Monitors ac current.

Independent adjustable controls for pickup and dropout current.

Energized when supply voltage is present and current is above pickup setting.
De-energizes when monitored current is below dropout current.

Dropout current is adjustable from 50 to 95 percent of pickup current.

Visual indication of contact status.

Include current transformer, if required for application.

House current sensing relay and current transformer if required in its own enclosure. Use
NEMA 250, Type 12 enclosure for indoors applications and NEMA 250, Type 4X for
outdoor applications.

E.  Combination On-Off Status Sensor and On-Off Control Relays:

1.

Description:

a. On-off control and on-off status indication in a single device.

b. LED status indication of activated relay and current trigger.

C. Closed-Open-Auto override switch located on the load side of relay.

Performance:

a. Ambient Temperature: Minus 30 to 140 deg F.

b. Voltage Rating: Single-phase loads rated for 300 V ac. Three-phase loads rated for
600 V ac.

Status Indication:
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a.

b.
C.
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Current Sensor: Integral sensing for single-phase loads up to 20 A and external
solid or split sensing ring for three-phase loads up to 150 A.

Current Sensor Range: As required by application.

Current Set Point: Fixed or adjustable, as required by application.

Current Sensor Output:

1)  Solid-state, SPDT contact rated for 30 V ac and dc and for 0.4 A.
2)  Solid-state, SPDT contact rated for 120 VV ac and 1.0 A.

3) Analog,0to50r10V dc.

4)  Analog, 4 to 20 mA, loop powered.

Relay: SPDT, continuous-duty coil; rated for 10-million mechanical cycles.
Enclosure: NEMA 250, Type 12 enclosure for indoor applications; NEMA 250, Type 4X

enclosure for outdoor applications.

ELECTRICAL POWER DEVICES

Control Transformers:

1. Sizing Criteria: Size control transformers for total connected load, plus additional 25
percent of connected load for future spare capacity.

N

Transformer Minimum Capacity: 40 VA.

3. Protection: Provide transformers with both primary and secondary fuses. Integral circuit
breaker is acceptable in lieu of fuses.

4, Enclosure: House control transformers in NEMA 250 enclosures, type as indicated in
"Performance Requirements™ Article for application.

Power-Line Conditioners:
1. General Power-Line Conditioner Requirements:

a.
b.

Design to ensure maximum reliability, serviceability, and performance.

Overall function of power-line conditioner is to receive raw, polluted electrical
power and purify it for use by electronic equipment. Power-line conditioner is to
provide isolated, regulated, transient, and noise-free sinusoidal power to loads
served.

2. Standards: NRTL listed per UL 1012.
3. Performance:

a.

b.

Single phase, continuous, 100 percent duty rated kVA/KW capacity. Design to
supply power for linear or nonlinear, high crest factor, resistive and reactive loads.
Automatically regulate output voltage to within [2] <Insert number> percent or
better with input voltage fluctuations of plus 10 to minus 20 percent of nominal
when system is loaded 100 percent. Use Variable Range Regulation to obtain
improved line voltage regulation when operating under less than full load
conditions.

1) At 75 Percent Load: Output voltage automatically regulated to within 3
percent with input voltage fluctuations of plus 10 to minus 35 percent of
nominal.
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2) At 50 Percent Load: Output voltage automatically regulated to within 3
percent with input voltage fluctuations of plus 10 to minus 40 percent of
nominal.

3) At 25 Percent Load: Output voltage automatically regulated to within 3
percent with input voltage fluctuations of plus 10 to minus 45 percent of
nominal.

With input voltage distortion of up to 40 percent, limit the output voltage sine
wave to maximum harmonic content of 5 percent.

Automatically regulate output voltage to within 2.5 percent when load (resistive)
changes from zero to 100 to zero percent.

Output voltage returns to 95 percent of nominal level within two cycles and to 100
percent within three cycles when output is taken from no load to full-resistive load,
or vice versa. Recovery from partial resistive load changes is corrected in a shorter
period.

K Factor: 30, designed to operate with nonlinear, non-sinusoidal, high crest factor
loads without overheating.

Input power factor within 0.95 approaching unity with load power factor as poor as
0.6.

Attenuate load-generated odd current harmonics 23 dB at the input.

Electrically isolate the primary from the secondary. Meet isolation criteria as
defined in NFPA 70, Article 250-5D.

Lighting and Surge Protection: Compares to UL 1449 rating of 330 V when
subjected to Category B3 (6000 V/3000 A) combination waveform as established
by IEEE C62.41.1 and IEEE C62.41.2.

Common-mode noise attenuation of 140 dB.

Transverse-mode noise attenuation of 120 dB.

With loss of input power for up to 16.6 ms, output sine wave remains at usable ac
voltage levels.

Reliability of 200,000 hours' MTBF.

At full load, when measured at 1 m distance, audible noise is not to exceed 54 dB.
Approximately 92 percent efficient at full load.

4, Transformer Construction:

JQ

Ferroresonant, dry type, convection cooled, 600 V class. Transformer windings of
Class H (220 deg C) insulated copper.

Use Class H installation system throughout with operating temperatures not to
exceed 150 deg C over a 40 deg C ambient temperature.

Configure transformer primary for multi-input voltage. Include input terminals for
source conductors and ground.

Manufacture transformer core using M-6 grade, grain-oriented, stress-relieved
transformer steel.

Configure transformer secondary in 240/120 V split with 208 V tap or straight
120 V, depending on power output size.

Electrically isolate the transformer secondary windings from primary windings.
Bond neutral conductor to cabinet enclosure and output neutral terminal.

Include interface terminals for output power hot, neutral, and ground conductors.
Label leads, wires, and terminals to correspond with circuit wiring diagram.
Vacuum impregnate transformer with epoxy resin.
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C.

2.23

5.

Cabinet Construction:

a. Design for panel or floor mounting.
b. NEMA 250, Type 1 or Type 2 enclosure for indoor applications. NEMA 250,
Type 3R for outdoor applications.

C. Manufacture the cabinet from heavy gauge steel complying with UL 50 or
UL 508A.
d. Include textured baked-on paint finish.

DC Power Supplies:

1.

Description: Linear or switched, regulated power supplies with ac input to one dc
output(s).

a. Include both line and load regulation to ensure stable output.
b. To protect both power supply and load, include power supply with an automatic
current limiting circuit.

Features:

a. Connection: Plug-in style suitable for mating with standard socket. Include power
supply with mating mounting socket.

b. Housing: Enclose circuitry in a housing.

C. Local Adjustment: Include screw adjustment on exterior of housing for dc voltage
output.

d. Mounting: DIN rail.

e. Visual status indicator.

Performance:

a. Input Voltage: Nominally 120 V ac, 60 Hz.

b. Output Voltage: Nominally 24 V dc with plus or minus 1 V dc adjustment.
c. Output Current: Minimum 100 mA.

d. Load Regulation: Within 0.1 percent.

e. Line Regulation: Within 0.05 percent.

f. Stability: Within 0.1 percent of rated volts after warmup period.

g. Ripple: 1 mV rms.

UNINTERRUPTABLE POWER SUPPLY (UPS) UNITS

Furnish local UPS units, of type indicated, installed with DDC system.

DIN Rail Mounted UPS:

1.

2.

Provide continuous, regulated output power without using batteries during brown-out,
surge, and spike conditions.

Performance:

a. Capacity: Load not to exceed 75 percent of rated capacity.

b. Efficiency: Minimum 94 percent.

C. Input Voltage: Single phase, 120 V ac, compatible with field power source.
d. Load Power Factor Range (Crest Factor): 0.65 to 1.0.
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e. Output Voltage: 101 to 132 V ac, while input voltage varies between 89 and
152 V ac.

f. On Battery Output Voltage: Sine wave.

g. Inverter Overload Capacity: Minimum 150 percent for 30 seconds.

h. Battery Backup: 15 minutes of operation at full load with battery power.

i. Battery Recharge Time: Maximum of four hours to 90 percent capacity after full
discharge.

J. Transfer Time: 6 ms.

k. Surge Voltage Withstand Capacity: IEEE C62.41.1 and IEEE C62.41.2,

Categories A and B.

Automatic bypass operation during fault or overload conditions.

Integral line-interactive, power condition topology to eliminate all power contaminants.
Include power switch and visual indication of power, battery, fault.

Include audible alarm of faults with silence feature.

Include dry contacts (digital output points) for low battery condition and battery-on
(primary utility power failure) and connect points to DDC system.

Batteries: Sealed; maintenance free; replacement without dropping load.

2.24 PRESSURE INSTRUMENT SIGNAL AIR PIPING AND TUBING

A.  Products in this article are intended for use with the following:

B.  Copper Tubing:

1.
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Seamless phosphor deoxidized copper, drawn tempered, or soft annealed, with chemical

and physical properties in accordance with ASTM B75/B75M.

Performance, dimensions, weight, and tolerance in accordance with ASTM B280.

Diameter, as required by application, not less than nominal 3/8 inch.

Wall thickness, as required by application, but not less than 0.030 inch.

Copper Tubing Connectors and Fittings - Brass, Compression Type

a. Single or double ferrule design creating a constant tension between fitting body
and fitting nut for leak-free seal.

Copper Tubing Connectors and Fittings - Copper, Solder-Joint Type
a. Copper Solder-Joint Fittings: Cast, ASME B16.18 or wrought, ASME B16.22.

2.25 PROCESS TUBING

A.  Products in this article are intended for signals to instruments connected to liquid and steam
systems.

B.  Copper Tubing:

1.
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Seamless phosphor deoxidized copper, drawn tempered with chemical and physical
properties in accordance with ASTM B75/B75M.

Performance, dimensions, weight, and tolerance in accordance with ASTM B280.
Diameter, as required by application, of not less than nominal 3/8 inch.

Wall thickness, as required by application, but not less than 0.030 inch.
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5.

6.

Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Compression Type
a. Single or double ferrule design creating a constant tension between fitting body
and fitting nut for leak-free seal.

Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Solder-Joint Type
a. Copper Solder-Joint Fittings: Cast, ASME B16.18 or wrought, ASME B16.22.

C.  Stainless Steel Tubing (for Process Tubing):

1.
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Seamless Type 316 stainless steel, Grade TP, cold drawn, annealed and pickled, and free
from scale.

Chemical and physical properties in accordance with ASTM A269/A269M.

Diameter, as required by application, of not less than nominal 3/8 inch.

Wall thickness, as required by application, but not less than 0.035 inch.

Furnish stainless steel tubing in 20 ft. straight random lengths.

D.  Stainless Steel Tubing Connectors and Fittings (for Process Tubing) - Stainless Steel,
Compression Type

1.

2.

3.

Connectors and fittings constructed from Type 316 stainless steel, with collets, flareless
type.

Single or double ferrule design creating a constant tension between fitting body and
fitting nut for leak-free seal.

Connect instruments to tubing with connectors having compression connector on one end
and IPS or NPT thread on other end.

2.26 CONTROL WIRE AND CABLE

A.  Wire: Single conductor control wiring above 24 V.

1.
2.
3.

4.
5

Wire Size: Minimum 18AWG.

Conductors: 7/24 soft annealed copper strand with 2- to 2.5-inch lay.

Conductor Insulation: 600 V, Type THWN or Type THHN, and 90 deg C in accordance
with UL 83.

Conductor Insulation Colors: Black (hot), white (neutral), and green (ground).

Furnish on spools.

B. Single, Twisted-Shielded, Instrumentation Cable above 24 V:

ronNE
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Wire Size: Minimum 18 AWG.

Conductors: Twisted, 7/24 soft annealed copper strand with a 2- to 2.5-inch lay.
Conductor Insulation: Type THHN/THWN or Type TFEN rating.

Conductor Insulation Colors:

a. Twisted Pair: Black and white.
b. Twisted Triad: Black, red, and white.

Shielding: 100 percent type, 0.35/0.5-mil aluminum/Mylar tape, helically applied with 25
percent overlap, and aluminum side in with tinned copper drain wire.

Outer Jacket Insulation: 600 V, 90 deg C rating, and Type TC cable.

Furnish on spools.
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C. Single, Twisted-Shielded, Instrumentation Cable 24 V and Less:

Wire Size: Minimum 18 AWG.

Conductors: Twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch lay.
Conductor Insulation: Nominal 15-mil thickness, constructed from flame-retardant PVC.
Conductor Insulation Colors:

el NS>

a. Twisted Pair: Black and white.
b. Twisted Triad: Black, red, and white.

5. Shielding: 100 percent type, 1.35-mil aluminum/polymer tape, helically applied with 25
percent overlap, and aluminum side in with tinned copper drain wire.

6. Outer Jacket Insulation: 300 V, 105 deg C rating, and Type PLTC cable.

7. Furnish on spools.

D. LAN and Communication Cable: Comply with DDC system manufacturer requirements for
network being installed.

1. Comply with following requirements for balanced twisted pair cable described in Section
260523 ""Control-Voltage Electrical Power Cables."

a. Plenum rated.
b. Unique color that is different from other cables used on Project.
2.27 RACEWAYS
A. Comply with requirements in Section 260533.13 "Conduits for Electrical Systems" and
Section 260533.16 "Boxes and Covers for Electrical Systems" for electrical power raceways
and boxes.
B. Comply with requirements in Section 270528 "Pathways for Communications Systems" for
raceways for balanced twisted pair cables and optical fiber cables.

2.28 OPTICAL FIBER CABLE AND CONNECTORS

A. Comply with requirements in Section 271323 "Communications Optical Fiber Backbone
Cabling" for optical fiber backbone cabling and connectors.

B.  Comply with requirements in Section 271523 "Communications Optical Fiber Horizontal
Cabling" for optical fiber horizontal cabling and connectors.
2.29 ACCESSORIES
A.  Pressure Electric Switches:

1. Description: Diaphragm-operated, snap-acting switch.
2. Performance:

a. Rating: Resistance loads at 120 V ac.
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3.

b. Set Point: Adjustable from 3 to 20 psig.
C. Differential: Adjustable from 2 to 6 psig.

Body and Switch Housing: Metal.

B.  Control Damper Blade Limit Switches:

1. Application: Sense positive open and/or closed position of damper blades.

2. NEMA 250, Type 13, oiltight construction. Install in instrument enclosure where required
for additional environmental protection.

3. Arrange for mounting application, and to prevent "over-center" operation.

C. Instrument Enclosures:

1. Application: Include instrument enclosure for secondary protection to comply with
requirements indicated in "Performance Requirements" Article.

2. Certification: NRTL listed and labeled to UL 50 or UL 508A as applicable.

3. Subpanel:
a. Size enclosure with least 25 percent spare area on subpanel.
b. Mount instrument(s) within enclosure on internal subpanel(s).

4, Identification: Include on face of enclosure an engraved, laminated phenolic nameplate
for each instrument installed within enclosure.

5. Raceways: For enclosures housing multiple instruments, route tubing, cable, and wiring
within enclosure in a raceway having continuous removable cover.

6. Access: Provide enclosures larger than [12 inches] <Insert dimension> with hinged full-
size face cover.

7. Security: Equip enclosures with lock and common key.

D. Manual Valves:

1.

Brass Needle Valves:

Pressure Rating: 150 psig.

Temperature Rating: 250 deg F.

Body: Brass.

Seat: Brass.

Handle: Aluminum, brass, or stainless steel T-bar handle.
Connections: Include tubing connections.

Applications: Copper and polyethylene pneumatic tubing.
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Stainless Steel Needle Valves:

Pressure Rating: 5000 psig.

Temperature Rating: 450 deg F.

Body: Type 316 stainless steel.

Seat: Type 316 stainless steel.

Packing: PTFE.

Handle: Aluminum or stainless steel T-bar handle.

Connections: Include tubing connections.

Applications: Copper pneumatic tubing; copper and stainless steel process tubing.

S@ oo o

Bronze Body Ball Valves:
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Standard: MSS SP-110.
SWP Rating: 150 psig.
CWP Rating: 600 psig.
Body Design: Two piece.
Body Material: Bronze.
Ends: Threaded.

Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel, vented.
Handle: Stainless steel with vinyl grip.
Port: Full.

E. Retractable, Wall-Mounted Cabinet for Portable Workstations:

Description: Surface-mounted or recessed wall cabinet for tilt-out operation of laptop
computers and large-format mobile devices.

Cabinet Load Limit: 50 Ib.

Cabinet Material: Carbon steel.

Cabinet Finish: Powder-coat epoxy; manufacturer's standard color.

Features include the following:

1.
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Oil-filled dampers for controlled lowering of equipment to operational position.
3RU EIA mounting rails.

Removable laptop shelf.

Separate top compartment with mounting area, hinged rail.

Front ventilation slots.

Security key lock access.

Knockouts for conduit connections on top and bottom of cabinet.

Field Coordination: Provide inside center of backbox with provision to mount a field-
furnished and -installed, single-gang electrical outlet box.

2.30 IDENTIFICATION

A.  Control Equipment, Instruments, and Control Devices:

1.

Self-adhesive label bearing unique identification.

a.

Include instruments with unique identification identified by equipment being
controlled or monitored, followed by point identification.

Letter size as follows:

S@hopooTe

DDC Controllers: Minimum of 0.5 inch high.
Gateways: Minimum of 0.5 inch high.

Repeaters: Minimum of 0.5 inch high.

Enclosures: Minimum of 0.5 inch high.

Electrical Power Devices: Minimum of 0.25 inch high.
UPS units: Minimum of 0.5 inch high.

Accessories: Minimum of 0.25 inch high.

Instruments: Minimum of 0.25 inch high.

Direct Digital Control (DDC) System for HVAC 230923 - 60



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

B.

C.

i Control Damper and Valve Actuators: Minimum of 0.25 inch high.

3. Engraved phenolic consisting of three layers of rigid laminate. Top and bottom layers
color-coded black with contrasting white center exposed by engraving through outer
layer.

Fastened with drive pins.

Instruments, control devices, and actuators with Project-specific identification tags
having unique identification numbers following requirements indicated and provided by
original manufacturer do not require additional identification.

o ks

Raceway and Boxes:

1. Comply with requirements for identification specified in Section 260553 "ldentification
for Electrical Systems."

2. Paint cover plates on junction boxes and conduit same color as tape banding for conduits.
After painting, label cover plate "HVAC Controls".

3. For raceways housing air signal tubing, add phenolic tag labeled "HVAC Air Signal
Tubing."

Equipment Warning Labels:

=

Self-adhesive label with pressure-sensitive adhesive back and peel-off protective jacket.

Lettering size at least 14-point type with white lettering on red background.

3. Warning label to read "CAUTION-Equipment operated under remote automatic control
and may start or stop at any time without warning. Switch electric power disconnecting
means to OFF position before servicing."

4. Lettering to be enclosed in a white line border. Edge of label is to extend at least 0.25

inchbeyond white border.

N

PART 3 - EXECUTION

3.1

A

D.

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of the Work.

1. Verify compatibility with and suitability of substrates.

Examine roughing-in for instruments installed in piping to verify actual locations of connections
before installation.

Examine roughing-in for instruments installed in duct systems to verify actual locations of
connections before installation.

Examine walls, floors, roofs, and ceilings for suitable conditions where product will be
installed.

Prepare written report, endorsed by Installer, listing conditions detrimental to performance of
the Work.
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3.2

3.3

3.4

Proceed with installation only after unsatisfactory conditions have been corrected.

DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT
Communication Interface to Equipment with Integral Controls:

1. DDC system has communication interface with equipment having integral controls and
having communication interface for remote monitoring or control.
2. Equipment to Be Connected: As Shown on Controls Drawings.

CONTROL DEVICES FOR INSTALLATION BY INSTALLERS

Deliver selected control devices, specified in indicated HVAC instrumentation and control
device Sections, to identified equipment and systems manufacturers for factory installation and
to identified installers for field installation.

Deliver the following to duct fabricator and Installer for installation in ductwork. Include
installation instructions to Installer and supervise installation for compliance with requirements.

1. Control dampers, which are specified in Section 230923.12 "Control Dampers."

2. Airflow sensors and switches, which are specified in Section 230923.14 "Flow
Instruments.”

3. Pressure sensors, which are specified in Section 230923.23 "Pressure Instruments."

Deliver the following to plumbing and HVAC piping installers for installation in piping. Include
installation instructions to Installer and supervise installation for compliance with requirements.

1. Control valves, which are specified in Section 230923.11 "Control Valves."

2. Pipe-mounted flow meters, which are specified in Section 230923.14 "Flow
Instruments."

3. Pipe-mounted sensors, switches, and transmitters. Flow meters are specified in
Section 230923.14 "Flow Instruments."

4. Tank-mounted sensors, switches, and transmitters. Pressure sensors, switches, and
transmitters are specified in Section 230923.23 "Pressure Instruments."

5. Liquid temperature sensors, switches, and transmitters are specified in Section 230923.27
"Temperature Instruments."

6. Pipe- and tank-mounted thermowells. Liquid thermowells are specified in
Section 230923.27 "Temperature Instruments."

GENERAL INSTALLATION REQUIREMENTS
Install products to satisfy more stringent of all requirements indicated.
Install products level, plumb, parallel, and perpendicular with building construction.

If codes and referenced standards are more stringent than requirements indicated, comply with
requirements in codes and referenced standards.
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3.5

D.

Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation
of products. Before proceeding with drilling, punching, and cutting, check for concealed work
to avoid damage. Patch, flash, grout, seal, and refinish openings to match adjacent condition.

Firestop Penetrations Made in Fire-Rated Assemblies: Comply with requirements in
Section 078413 "Penetration Firestopping."

Seal penetrations made in acoustically rated assemblies. Comply with requirements in
Section 079200 "Joint Sealants."

Welding Requirements:

1. Restrict welding and burning to supports and bracing.

2. No equipment is cut or welded without approval. Welding or cutting will not be approved
if there is risk of damage to adjacent Work.

3. Welding, where approved, is to be by inert-gas electric arc process and is to be performed
by qualified welders in accordance with applicable welding codes.

4, If requested on-site, show satisfactory evidence of welder certificates indicating ability to
perform welding work intended.

Fastening Hardware:

1. Wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other parts are
prohibited for work of assembling and tightening fasteners.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force
or by oversized wrenches.

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly.

If product locations are not indicated, install products in locations that are accessible and that
will permit service and maintenance from floor, equipment platforms, or catwalks without
removal of permanently installed furniture and equipment.

INSTALLATION OF WORKSTATIONS

Portable Workstation Installation:

1. Install DDC system software onworkstation(s) and verify that software functions
properly.

Color Graphics Application:

1. Use system schematics indicated on Drawings as starting point to create graphics.

2. Develop Project-specific library of symbols for representing system equipment and
products.

3. Incorporate digital images of Project-completed installation into graphics where

beneficial to enhance effect.
4. Submit sketch of graphic layout with description of all text for each graphic for Owner's
review before creating graphic using graphics software.
Seek Owner input in graphics development once using graphics software.
6. Make final editing on-site with Owner's review and feedback.

o
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7. Refine graphics as necessary for Owner acceptance.
8. On receiving Owner acceptance, print a PDF file of each graphic and include with
softcopy of DDC system operation and maintenance manual.

C. Retractable, Wall-Mounted Cabinet for Portable Operator's Workstation Installation:
1. Install retractable, wall-mounted portable operator's workstation cabinet(s) at following
location(s) and at additional locations indicated on Drawings:
a. Each mechanical room.
b. Each electrical room
2. Connect each cabinet to 120 V, single-phase, 60 Hz field power source and install single
gang electrical box with NEMA WD 6, Type 20R duplex receptacle and metal cover
plate in cabinet. Comply with requirements in Section 262726 "Wiring Devices."
3. Connect each cabinet to Ethernet network and install an Ethernet network port for
connection to portable operator workstation Ethernet cable. Comply with requirements in
Section 271513 "Communications Copper Horizontal Cabling."”
3.6 INSTALLATION OF POT
A. Install one POT(s).

B.  Turn over POTs to Owner at Substantial Completion.

C. Install software on each POT and verify that software functions properly.
3.7 INSTALLATION OF GATEWAYS
A.  Install gateways if required for DDC system communication interface requirements indicated.
1. Install gateway(s) required to suit indicated requirements.

B.  Test gateways to verify that communication interface functions properly.

3.8 INSTALLATION OF CONTROLLERS
A.  Install controllers in enclosures to comply with indicated requirements.
B.  Connect controllers to field power supply and to UPS units where indicated.

C. Install controllers with latest version of applicable software and configure to execute
requirements indicated.

D. Test and adjust controllers to verify operation of connected 1/O to achieve performance
indicated requirements while executing sequences of operation.

E. Installation of Network Controllers:
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3.9

1. DDC system provider and DDC system manufacturer to determine quantity and location
of network controllers to satisfy requirements indicated.

2. Install controllers in a protected location that is easily accessible by operators.

3. Locate top of controller within 72 inches of finished floor.

Installation of Programmable Application Controllers:

1. DDC system provider and DDC system manufacturer to determine quantity and location
of programmable application controllers to satisfy requirements indicated.

2. Install controllers in a protected location that is easily accessible by operators.

3. Locate top of controller within 72 inches of finished floor, except where dedicated
controllers are installed at terminal units.

Application-Specific Controllers:

1. DDC system provider and DDC system manufacturer to determine quantity and location
of application-specific controllers to satisfy requirements indicated.

2. For controllers not mounted directly on equipment being controlled, install controllers in
a protected location that is easily accessible by operators.

INSTALLATION OF ENCLOSURES
Install the following items in enclosures, to comply with indicated requirements:

Gateways.

Controllers.

Electrical power devices.
UPS units.

Relays.

Accessories.
Instruments.

Actuators.

Nk~ E

Attach wall-mounted enclosures to wall using the following types of steel struts:

1. For NEMA 250 Enclosures: Type 1; use corrosion-resistant-coated steel strut and
hardware.

2. For NEMA 250 Enclosures and Enclosures Located Outdoors: Type 4X; use stainless
steel strut and hardware.

3. Install plastic caps on exposed cut edges of strut.

Align bottom of adjacent enclosures.

Install floor-mounted enclosures located in mechanical equipment roomson concrete
housekeeping pads. Attach enclosure legs using stainless steel anchors.

Install continuous and fully accessible wireways to connect conduit, wire, and cable to multiple
adjacent enclosures. Wireways used for application are to have protection equal to NEMA 250
rating of connected enclosures.
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3.10 ELECTRIC POWER CONNECTIONS

A.  Connect electrical power to DDC system products requiring electrical power connections.

B.  Design of electrical power to products not indicated with electric power is delegated to DDC
system provider and installing trade to provide a fully functioning DDC system. Work is to
comply with NFPA 70 and other requirements indicated.

C.  Comply with requirements in Section 262816 "Enclosed Switches and Circuit Breakers" for
electrical power circuit breakers.

D. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and
Cables" for electrical power conductors and cables.

E. Comply with requirements in Section 260533.13 "Conduits for Electrical Systems,"
Section 260533.16 "Boxes and Covers for Electrical Systems," and Section 260533.23 "Surface
Raceways for Electrical Systems" for electrical power raceways and boxes.

3.11 INSTALLATION OF IDENTIFICATION

A.  ldentify system components, wiring, cabling, and terminals. Comply with requirements in
Section 260553 "ldentification for Electrical Systems" for identification products and
installation.

B.  Install self-adhesive labels with unique identification on face for each of the following:

1. Server.

2. Gateway.

3. Router.

4, Protocol analyzer.

5. DDC controller.

6. Enclosure.

7. Electrical power device.
8. UPS unit.

9. Accessory.

C. Install unique instrument identification for each instrument connected to DDC controller.

D. Install unique identification for each control damper and valve actuator connected to DDC
controller.

E.  Where product is installed above accessible tile ceiling, also install matching identification on
face of ceiling grid located directly below.

F. Where product is installed above an inaccessible ceiling, also install identification on face of
access door directly below.

G.  Warning Labels and Signs:
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3.12

3.13

1. Permanently attach to equipment that can be automatically started by DDC control
system.
2. Locate where highly visible near power service entry points.

INSTALLATION OF NETWORKS

Install optical fiber cable when connecting between the following network devices and when
located in different buildings on campus, or when distance between devices exceeds
manufacturer’s recommendations:

1. Operator workstations.

2. Operator workstations and network controllers.
3. Network controllers.
4.

Install balanced twisted pair or optical fiber cable when connecting between the following
network devices located in same building:

1. Operator workstations.

2. Operator workstations and network controllers.
3. Network controllers.
4.

Install balanced twisted pair or copper cable (as required by equipment) when connecting
between the following:

Gateways.

Gateways and network controllers or programmable application controllers.
Routers.

Routers and network controllers or programmable application controllers.
Network controllers and programmable application controllers.
Programmable application controllers.

Programmable application controllers and application-specific controllers.
Application-specific controllers.

NG~ LNE

Install cable in continuous raceway.

1. Where indicated on Drawings, cable trays may be used for copper cable in lieu of
conduit.

NETWORK NAMING AND NUMBERING

Coordinate with Owner and provide unique naming and addressing for networks and devices.

ASHRAE 135 Networks:

1. MAC Address:
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a. Assign and document a MAC address unique to its network for every network
device.

b. Ethernet Networks: Document MAC address assigned at its creation.

C. MS/TP Networks: Assign from 00 to 64.

2. Network Numbering:

a. Assign unique numbers to each new network.

b. Provide ability for changing network number through device switches or operator
interface.

C. DDC system, with all possible connected LANS, can contain up to 65,534 unique
networks.

3. Device Obiject Identifier Property Number:

a. Assign unique device object identifier property numbers or device instances for
each device network.

b. Provide for future modification of device instance number by device switches or
operator interface.

C. LAN is to support up to 4,194,302 unique devices.

4, Device Object Name Property Text:

a. Device object name property field to support 32 minimum printable characters.
b. Assign unique device "Object Name" property names with plain-English
descriptive names for each device.

1) Example 1: Device object name for device controlling heating water boiler
plant at Building 1000 would be "Heating Water System Bldg. 1000."

2)  Example 2: Device object name for VAV terminal unit controller could be
"VAV Unit 102."

5. Object Name Property Text for Other Than Device Obijects:

a. Object name property field is to support 32 minimum printable characters.
b. Assign object name properties with plain-English names descriptive of application.

1) Example 1: "Zone 1 Temperature."
2) Example 2 "Fan Start and Stop."

6. Object Identifier Property Number for Other Than Device Objects:

a. Assign object identifier property numbers according to [Drawings] [or] [tables]
indicated.

b. If not indicated, object identifier property numbers may be assigned at Installer's
discretion but must be approved by Owner in advance, be documented, and be
unique for like object types within device.
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3.14 INSTALLATION OF PROCESS TUBING

A. Install process tubing for signal to instruments in liquid and steam systems. Instruments include,
but are not limited to, the following:
1. Meters.

2. Sensors.
3. Switches.
4. Transmitters.

B.  Support tubing in accordance with MSS SP-58, but at intervals no more than 60 inches apart.

C. Install minimum NPS 1/2 process tubing for industrial-grade sensors, transmitters, and switches.
Install bushings where required.

D.  Make smooth tubing bends with a bending tool. Flattened or wrinkled bends are unacceptable.

E.  Support tubing independent of other trades.

F. Route tubing parallel to and at right angles to building construction.

G.  Install tubing concealed in areas with ceilings.

H.  Install dirt leg with an isolation valve and threaded plug in drain valve at each connection to a
transmitter and switch.

I Insulate process piping and tubing connected to hot water and steam systems for personnel
protection if surface temperature exceeds 120 deg F. Only insulate piping and tubing within
maintenance personnel reach from floor, platform, or catwalk.

J. Wrap pipe threads of fitting in process tubing with service temperatures below 350 deg F with
single wrap of PTFE tape.

K.  Coat pipe threads of fittings on process tubing in services with temperatures exceeding 350
deg F with pipe compound before being made up to reduce possibility of galling.

L. Do not make tubing connections to a fitting before completing makeup of connection.

M.  Check tubing for correct diameter and wall thickness. Cut the tube ends square and deburred.
Exercise care during cutting to keep tubing round.

N. Do not install fittings close to a bend. Straight length of tubing, not deformed by bending, is
required for proper connection.

O.  Align tubing with fitting when installed. Avoid springing tube into position.

P. Install tubing with extreme care to keep foreign matter out of system. Plug open tubing ends to
keep out dust, dirt, and moisture.

Q. Do not attach tubing to equipment that may be removed frequently for maintenance or may

impart vibration and expansion from temperature change.
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R. Identify above-grade process tubing as follows:
1. Every 50 ft. of straight run.
2. At least once for each branch within 36 inches of main tee.
3. Near each change in direction.
4, Within 36 inches of each ceiling, floor, roof, and wall penetration.
5. Where exposed to and where concealed from view, including above ceiling plenums,
shafts, and chases.
6. Near each isolation valve.
7. Mark each instrument tube connection with a number-coded identification. Each unique

tube is to have same unique number at instrument connection and termination at opposite
end of tube.

S. Process Tubing Isolation Valves Installation:

1.
2.

w

Install valves full size of piping and tubing.
Install isolation valves at the following locations:

a. Process connection.
b. Inlet to each instrument including, sensors, transmitters, switches, gauges, and
other control devices.

Locate valves to be readily accessible from floor.
Install needle valves for isolation and throttling applications. Option to install ball valves
in lieu of needle valves for isolation only applications.

3.15 INSTALLATION OF CONTROL WIRE, CABLE, AND RACEWAY

A.  Comply with NECA 1.

B. Wire and Cable Installation:

1.

2.

Comply with installation requirements in Section 260523 "Control-Voltage Electrical
Power Cables."

Comply with installation requirements in Section 271313 "Communications Copper
Backbone Cabling."

Comply with installation requirements in Section 271513 "Communications Copper
Horizontal Cabling."

Install cables with protective sheathing that is waterproof and capable of withstanding
continuous temperatures of 90 deg C with no measurable effect on physical and electrical
properties of cable.

a. Provide shielding to prevent interference and distortion from adjacent cables and
equipment.

Terminate wiring in a junction box.
a. Clamp cable over jacket in a junction box.

b. Individual conductors in the stripped section of cable is to be slack between the
clamping point and terminal block.
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3.16

3.17

6. Terminate field wiring and cable not directly connected to instruments and control
devices having integral wiring terminals using terminal blocks.

7. Install signal transmission components in accordance with IEEE C2, REA Form 511a,
NFPA 70, and as indicated.

8. Use shielded cable to transmitters.

9. Use shielded cable to temperature sensors.

10.  Perform continuity and meager testing on wire and cable after installation.

Conduit Installation:

1. Comply with Section 260533.13 "Conduits for Electrical Systems," Section 260533.16
"Boxes and Covers for Electrical Systems,” and Section 260533.23 "Surface Raceways
for Electrical Systems" for control-voltage conductors.

2. Comply with Section 270528 "Pathways for Communications Systems™ for balanced
twisted pair cabling and optical fiber installation.

INSTALLATION OF OPTICAL FIBER CABLE SYSTEMS

Comply with installation requirements in Section 271323 "Communications Optical Fiber
Backbone Cabling."

Comply with installation requirements in Section 271523 "Communications Optical Fiber
Horizontal Cabling."

FIELD QUALITY CONTROL
Testing Agency: Engage a qualified testing agency to perform tests and inspections.
Tests and Inspections: Perform the following tests and inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS.
Certify compliance with test parameters.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Optical Fiber Cable Testing:

1. Perform preinstallation, in-progress, and final tests, supplemented by additional tests, as
necessary.

2. Preinstallation Cable Verification: Verify integrity and serviceability for new cable
lengths before installation. This assurance may be provided by using vendor verification
documents, testing, or other methods. At a minimum, furnish evidence of verification for
cable attenuation and bandwidth parameters.

3. In-Progress Testing: Perform standard tests for correct pair identification and termination
during installation to ensure proper installation and cable placement. Perform tests in
addition to those specified if there is any reason to question condition of material
furnished and installed. Testing accomplished is to be documented by agency conducting
tests. Submit test results for Project record.
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4.

Final Testing: Perform final test of installed system to demonstrate acceptability as
installed. Perform testing according to test plan supplied by DDC system manufacturer.
Correct defective Work or material and retest. At a minimum, final testing for cable
system, including spare cable, to verify compliance of attenuation, length, and bandwidth
parameters with performance indicated.

Test Equipment: Use optical fiber time-domain reflectometer for testing of length and
optical connectivity.

Test Results: Record test results and submit copy of test results for Project record.

3.18 DDC SYSTEM 1/0 CHECKOUT PROCEDURES

A.  Check installed products before continuity tests, leak tests, and calibration.

B.  Check instruments for proper location and accessibility.

C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion
depth, or other applicable considerations that will impact performance.

D.  Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and
support.

E.  Control Damper Checkout:

oL E

C
1
2.
3.
4
5
6

Verify that control dampers are installed correctly for flow direction.

Verify that proper blade alignment, either parallel or opposed, has been provided.

Verify that damper frame attachment is properly secured and sealed.

Verify that damper actuator and linkage attachment are secure.

Verify that actuator wiring is complete, enclosed, and connected to correct power source.
Verify that damper blade travel is unobstructed.

ontrol VValve Checkout:

Verify that control valves are installed correctly for flow direction.

Verify that valve body attachment is properly secured and sealed.

Verify that valve actuator and linkage attachment are secure.

Verify that actuator wiring is complete, enclosed, and connected to correct power source.
Verify that valve ball, disc, or plug travel is unobstructed.

After piping systems have been tested and put into service, but before insulating and
balancing, inspect each valve for leaks. Adjust or replace packing to stop leaks. Replace
valve if leaks persist.

G. Instrument Checkout:

1.

wmn

o

Verify that instrument is correctly installed for location, orientation, direction, and
operating clearances.

Verify that attachment is properly secured and sealed.

Verify that conduit connections are properly secured and sealed.

Verify that wiring is properly labeled with unique identification, correct type, and size
and is securely attached to proper terminals.

Inspect instrument tag against approved submittal.

For instruments with tubing connections, verify that tubing attachment is secure and
isolation valves have been provided.
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3.19

7. For flow instruments, verify that recommended upstream and downstream distances have
been maintained.
8. For temperature instruments, verify the following:

a. Sensing element type and proper material.
b. Length and insertion.

DDC SYSTEM 1/0 ADJUSTMENT, CALIBRATION, AND TESTING

Calibrate each instrument installed that is not factory calibrated and provided with calibration
documentation.

Provide written description of proposed field procedures and equipment for calibrating each
type of instrument. Submit procedures before calibration and adjustment.

For each analog instrument, make three-point test of calibration for both linearity and accuracy.

Equipment and procedures used for calibration to comply with instrument manufacturer's
written instructions.

Provide diagnostic and test equipment for calibration and adjustment.

1. Use field testing and diagnostic instruments and equipment with an accuracy at least
twice the instrument accuracy of instrument to be calibrated. For example, test and
calibrate an installed instrument with accuracy of 1 percent using field testing and
diagnostic instrument with accuracy of 0.5 percent or better.

Calibrate each instrument in accordance with instruction manual supplied by instrument
manufacturer.

If after calibration the indicated performance cannot be achieved, replace out-of-tolerance
instruments.

Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11,
"Field Testing of HVAC Controls Components," in the absence of specific requirements, and to
supplement requirements indicated.

Analog Signals:

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100
percent.

2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.

3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating
span using a precision-resistant source.

Digital Signals:

1. Check digital signals using a jJumper wire.
2. Check digital signals using an ohmmeter to test for contact making or breaking.
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3.20

3.21

Control Dampers:

1.

2.

3.

Stroke and adjust control dampers following manufacturer's recommended procedure,
from 100 percent open to 100 percent closed and back to 100 percent open.

Check and document open and close cycle times for applications with cycle time less
than 30 seconds.

For control dampers equipped with positive position indication, check feedback signal at
multiple positions to confirm proper position indication.

Control Valves:

1.

2.

3.

Stroke and adjust control valves following manufacturer's recommended procedure, from
100 percent open to 100 percent closed and back to 100 percent open.

Check and document open and close cycle times for applications with cycle time less
than 30 seconds.

For control valves equipped with positive position indication, check feedback signal at
multiple positions to confirm proper position indication.

Meters: Check meters at zero, 50, and 100 percent of Project design values.

Sensors: Check sensors at zero, 50, and 100 percent of Project design values.

Switches: Calibrate switches to make or break contact at set points indicated.

Transmitters:

1.
2.

Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a
precision-resistant source.

DDC SYSTEM CONTROLLER CHECKOUT

Verify power supply.

ocouprLNE

Verify voltage, phase, and hertz.

Verify that protection from power surges is installed and functioning.
Verify that ground fault protection is installed.

If applicable, verify if connected to UPS unit.

If applicable, verify if connected to backup power source.

If applicable, verify that power conditioning units are installed.

Verify that wire and cabling are properly secured to terminals and labeled with unique
identification.

Verify that spare 1/0 capacity is provided.

DDC CONTROLLER I/O CONTROL LOOP TESTS

Testing:
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1. Test every /O point connected to DDC controller to verify that safety and operating
control set points are as indicated and as required to operate controlled system safely and

at optimum performance.

2. Test every 1/O point throughout its full operating range.

3. Test every control loop to verify that operation is stable and accurate.

4. Adjust control loop proportional, integral, and derivative settings to achieve optimum
performance while complying with performance requirements indicated. Document
testing of each control loop's precision and stability via trend logs.

5. Test and adjust every control loop for proper operation according to sequence of
operation.

6. Test software and hardware interlocks for proper operation. Correct deficiencies.

7. Operate each analog point at the following:

a. Upper quarter of range.
b. Lower quarter of range.
C. At midpoint of range.

8. Exercise each binary point.

9. For every 1/0O point in DDC system, read and record each value at operator workstation,
at DDC controller, and at field instrument simultaneously. Value displayed at operator
workstation, at DDC controller, and at field instrument must match.

10. Prepare and submit report documenting results for each 1/O point in DDC system and

include in each 1/O point a description of corrective measures and adjustments made to
achieve desire results.

3.22 DDC SYSTEM VALIDATION TESTS

A.  Perform validation tests before requesting final review of system. Before beginning testing, first
submit Pretest Checklist and Test Plan.

B.  After review of Pretest Checklist and Test Plan, execute all tests and procedures indicated in

plan.

C.  After testing is complete, submit completed Pretest Checklist.

D.  Pretest Checklist: Submit the following list with items checked off once verified:

N

Nk~

11.

Detailed explanation for any items that are not completed or verified.

Required mechanical installation work is successfully completed and HVAC equipment
is working correctly.

HVAC equipment motors operate below full-load amperage ratings.

Required DDC system components, wiring, and accessories are installed.

Installed DDC system architecture matches approved Drawings.

Control electric power circuits operate at proper voltage and are free from faults.
Required surge protection is installed.

DDC system network communications function properly, including uploading and
downloading programming changes.

Each controller's programming is backed up.

Equipment, products, tubing, wiring cable, and conduits are properly labeled.

All I/O points are programmed into controllers.
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12.  Testing, adjusting, and balancing work affecting controls is complete.

13.  Dampers and actuators zero and span adjustments are set properly.

14.  Each control damper and actuator goes to failed position on loss of power and loss of
signal.

15.  Valves and actuators zero and span adjustments are set properly.

16. Each control valve and actuator goes to failed position on loss of power and loss of
signal.

17.  Meter, sensor, and transmitter readings are accurate and calibrated.

18.  Control loops are tuned for smooth and stable operation.

19.  View trend data where applicable.

20.  Each controller works properly in standalone mode.

21.  Safety controls and devices function properly.

22.  Interfaces with fire-alarm system function properly.

23.  Electrical interlocks function properly.

24. Operator workstations and other interfaces are delivered, all system and database
software is installed, and graphics are created.

25.  Record Drawings are completed.

E.  TestPlan:

1. Prepare and submit validation Test Plan including test procedures for performance
validation tests.

2. Address all specified functions of DDC system and sequences of operation in Test Plan.

3. Explain detailed actions and expected results to demonstrate compliance with
requirements indicated.

4. Explain method for simulating necessary conditions of operation used to demonstrate
performance.

5. Include Test Checklist to be used to check and initial that each test has been successfully
completed.

6. Submit Test Plan documentation 10 business days before start of tests.

F. Validation Test:

1.

Verify operating performance of each 1/0 point in DDC system.

a. Verify analog 1/0 points at operating value.
b. Make adjustments to out-of-tolerance 1/O points.

1) Identify 1/O points for future reference.

2)  Simulate abnormal conditions to demonstrate proper function of safety
devices.

3) Replace instruments and controllers that cannot maintain performance
indicated after adjustments.

Simulate conditions to demonstrate proper sequence of control.

Readjust settings to design values and observe ability of DDC system to establish desired
conditions.

24 hours after initial validation test, do as follows:

a. Re-check 1/0 points that required corrections during initial test.
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b. Identify I/O points that still require additional correction and make corrections
necessary to achieve desired results.

5. 24 Hours after second validation test, do as follows:

a. Re-check 1/0 points that required corrections during second test.
b. Continue validation testing until 1/O point is normal on two consecutive tests.

6. Completely check out, calibrate, and test all connected hardware and software to ensure
that DDC system performs according to requirements indicated.

7. After validation testing is complete, prepare and submit report indicating results of
testing. For all 1/0O points that required correction, indicate how many validation re-tests
it took to pass. Identify adjustments made for each test and indicate instruments that were
replaced.

DDC System Response Time Test:
1. Simulate HLC.

a. Heavy load to be occurrence of 50 percent of total connected binary COV, one-half
of which represents "alarm™ condition, and 50 percent of total connected analog
COV, one-half of which represents "alarm™ condition, that are initiated
simultaneously on a one-time basis.

2. Initiate 10 successive occurrences of HLC and measure response time to typical alarms
and status changes.

Measure with timer having at least 0.1-second resolution and 0.01 percent accuracy.

4, Purpose of test is to demonstrate DDC system, as follows:

@

a. Reaction to COV and alarm conditions during HLC.
b. Ability to update DDC system database during HLC.

5. Passing test is contingent on the following:
a. Alarm reporting at printer beginning no more than two seconds after initiation
(time zero) of HLC.
b. All alarms, both binary and analog, are reported and printed; none are lost.
c. Compliance with response times specified.
6. Prepare and submit report documenting HLC tested and results of test including time
stamp and print out of all alarms.

FINAL REVIEW

Submit written request to Architect Owner Commissioning Agent and Construction Manager
when DDC system is ready for final review. State the following:

1. DDC system has been thoroughly inspected for compliance with Contract Documents
and found to be in full compliance.
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2. DDC system has been calibrated, adjusted, and tested and found to comply with
requirements of operational stability, accuracy, speed, and other performance
requirements indicated.

3. DDC system monitoring and control of HVAC systems results in operation according to
sequences of operation indicated.

4. DDC system is complete and ready for final review.

B. Upon receipt of written request for final review, Architect Owner Commissioning Agent and
Construction Manager to start review within 10 business days and upon completion issue field
report(s) documenting observations and deficiencies.

C.  Take prompt action to remedy deficiencies indicated in reviewer's field report(s) and submit
second written request after all deficiencies have been corrected. Repeat process until no
deficiencies are reported.

D.  Compensation for Subsequent Reviews: Should more than two reviews be required, DDC
system manufacturer and Installer to compensate entity/entities performing reviews for total
costs (labor and expenses) associated with subsequent reviews. Estimated cost of each
subsequent review to be submitted and approved by DDC system manufacturer and Installer
before review.

E. Prepare and submit closeout submittals when no deficiencies are reported.

F. Part of DDC system final review to include demonstration to parties participating in final
review.

1. Provide staff familiar with DDC system installed to demonstrate operation of DDC
system during final review.

2. Provide testing equipment to demonstrate accuracy and other performance requirements
of DDC system that is requested by reviewers during final review.

3. Demonstration to include, but not be limited to, the following:

a. Accuracy and calibration of 10 1/0 points randomly selected by reviewers. If
review finds that some 1/O points are not properly calibrated and not satisfying
performance requirements indicated, additional 1/O points may be selected by
reviewers until total 1/O points being reviewed that satisfy requirements equals
guantity indicated.

b. HVAC equipment and system hardwired and software safeties and life-safety
functions are operating according to sequence of operation. Up to 10 1/O points to
be randomly selected by reviewers. Additional 1/O points may be selected by
reviewers to discover problems with operation.

C. Correct sequence of operation after electrical power interruption and resumption
after electrical power is restored for randomly selected HVAC systems.

d. Operation of randomly selected dampers and valves in normal-on, normal-off, and
failed positions.

e. Reporting of alarm conditions for randomly selected alarms, including different
classes of alarms, to ensure that alarms are properly received by operators and
operator workstations.

f. Trends, summaries, logs, and reports set up for Project.

For up to three HVAC systems randomly selected by reviewers, use graph trends
to show that sequence of operation is executed in correct manner and that HYAC
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systems operate properly through complete sequence of operation including
different modes of operations indicated. Show that control loops are stable and
operating at set points and respond to changes in set point of 20 percent or more.
Software's ability to communicate with controllers, operator workstations, and
uploading and downloading of control programs.

Software's ability to edit control programs offline.

Data entry to show Project-specific customizing capability including parameter
changes.

Step through penetration tree, display all graphics, demonstrate dynamic update,
and direct access to graphics.

Execution of digital and analog commands in graphic mode.

Spreadsheet and curve plot software and its integration with database.

Online user guide and help functions.

Multitasking by showing different operations occurring simultaneously on four
guadrants of split screen.

System speed of response compared to requirements indicated.

For Each Controller: Applies to network and programmable application
controllers.

1) Memory: Programmed data, parameters, trend, and alarm history collected
during normal operation are not to be lost during power failure.

2)  Operator Interface: Ability to connect directly to each type of digital
controller with portable workstation and mobile device. Show that
maintenance personnel interface tools perform as indicated in
manufacturer's technical literature.

3)  Standalone Ability: Demonstrate that controllers provide stable and reliable
standalone operation using default values or other method for values
normally read over network.

4) Electric Power: Ability to disconnect any controller safely from its power
source.

5) Wiring Labels: Match control drawings.

6) Network Communication: Ability to locate controller's location on network
and communication architecture matches Shop Drawings.

7) Nameplates and Tags: Accurate and permanently attached to control panel
doors, instrument, actuators, and devices.

For Each Operator Workstation:

1) 1/0 points lists agree with naming conventions.
2)  Graphics are complete.
3) UPS unit, if applicable, operates.

Communications and Interoperability: Demonstrate proper interoperability of data
sharing, alarm and event management, trending, scheduling, and device and
network management. Requirements must be met even if only one manufacturer's
equipment is installed.

1) Data Presentation: On each operator workstation, demonstrate graphic
display capabilities.

2) Reading of Any Property: Demonstrate ability to read and display any used
readable object property of any device on network.
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3.24

3.25

3)  Set-Point and Parameter Modifications: Show ability to modify set points
and tuning parameters indicated. Modifications are made with messages and
write services initiated by operator using workstation graphics, or by
completing a field in menu with instructional text.

4) Peer-to-Peer Data Exchange: Network devices are installed and configured
to perform without need for operator intervention to implement Project
sequence of operation and to share global data.

5)  Alarm and Event Management: Alarms and events are installed and
prioritized according to Owner. Demonstrate that time delays and other
logic are set up to avoid nuisance tripping. Show that operators with
sufficient privileges are permitted.

6)  Schedule Lists: Schedules are configured for start and stop, mode change,
occupant overrides, and night setback as defined in sequence of operations.

7)  Schedule Display and Modification: Ability to display any schedule with
start and stop times for calendar year. Show that all calendar entries and
schedules are modifiable from any connected operator workstation by an
operator with sufficient privilege.

8)  Archival Storage of Data: Data archiving is handled by operator workstation
and server and local trend archiving and display is accomplished.

9) Modification of Trend Log Object Parameters: Operator with sufficient
privilege can change logged data points, sampling rate, and trend duration.

10) Device and Network Management:

a) Display of network device status.

b) Display of BACnet object information.

C) Silencing devices transmitting erroneous data.

d)  Time synchronization.

e) Remote device re-initialization.

f) Backup and restore network device programming and master
database(s).

g)  Configuration management of routers.

ADJUSTING

Occupancy Adjustments: When requested within 12 months from date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.

SOFTWARE SERVICE AGREEMENT

Technical Support: Beginning at Substantial Completion, verify that service agreement includes
software support for two year(s).

Upgrade Service: At Substantial Completion, update software to latest version. Install and
program software upgrades that become available within two year(s) from date of Substantial
Completion. Verify that upgrading software includes operating system and new or revised
licenses for using software.
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Upgrade Notice: No fewer than 30 days to allow Owner to schedule and access system
and to upgrade computer equipment if necessary.

DEMONSTRATION

Engage a factory-authorized service representative with complete knowledge of Project-specific
system installed to train Owner's maintenance personnel to adjust, operate, and maintain DDC
system.

Extent of Training:

1.

Base extent of training on scope and complexity of DDC system indicated and training
requirements indicated. Provide extent of training required to satisfy requirements
indicated even if more than minimum training requirements are indicated.

Inform Owner of anticipated training requirements if more than minimum training
requirements are indicated.

Minimum Training Requirements:

a. Provide not less than five days of training total.

b. Stagger training over multiple training classes to accommodate Owner's
requirements. All training to occur before end of warranty period.

C. Break down total days of training into not more thanfive separate training classes.

d. Schedule training so each training class is not less than two consecutive day(s).

Training Schedule:

=

4.

Schedule training with Owner 20 business days before expected Substantial Completion.
Schedule training to provide Owner with at least 10 business days of notice in advance of
training.

Training to occur within normal business hours at mutually agreed on time. Unless
otherwise agreed to, training to occur Monday through Friday, except on U.S. Federal
holidays, with two morning sessions and two afternoon sessions. Each morning session
and afternoon session to be split in half with 15-minute break between sessions. Morning
and afternoon sessions to be separated by 60-minute lunch period. Training, including
breaks and excluding lunch period, are not to exceed eight hours per day.

Provide staggered training schedule as requested by Owner.

Training Attendee List and Sign-in Sheet:

1.

2.

Request from Owner in advance of training a proposed attendee list with name, phone
number, and email address.

Provide preprinted sign-in sheet for each training session with proposed attendees listed
and no fewer than six blank spaces to add additional attendees.

Include preprinted sign-in sheet with training session number, date and time, instructor
name, phone number, email address, and brief description of content to be covered during
session. List attendees with columns for name, phone number, and email address and a
column for attendee signature or initials.

Circulate sign-in sheet at beginning of each session and solicit attendees to sign or initial
in applicable location.
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5. At end of each training day, send Owner an email with attachment of scanned copy
(PDF) of circulated sign-in sheet for each session. Indicate which attendees, if any, joined
for only part of training sessions.

E.  Training Attendee Headcount:

1. Plan in advance of training for up to fiveattendees.
2. Headcount may vary depending on training content covered in session. Attendee access
may be restricted to some training content for purposes of maintaining system security.

F. Training Attendee Prior Knowledge: For guidance in planning required training and instruction,
assume attendees have the following:

High school education and degree.

user knowledge of computers and office applications.
Intermediate knowledge of HVAC systems.

Basic knowledge of DDC systems.

Basic knowledge of DDC system and products installed.

arwdE

G.  Attendee Training Manuals:

1. Provide each attendee with color hard copy of all training materials and visual
presentations.

2. Organize hard-copy materials in three-ring binder with table of contents and individual
divider tabs marked for each logical grouping of subject matter. Organize material to
provide space for attendees to take handwritten notes within training manuals.

3. In addition to hard-copy materials included in training manual, provide each binder with
a sleeve or pocket that includes DVD or flash drive with PDF copy of all hard-copy
materials.
H.  Instructor Requirements:

1. One or multiple qualified instructors, as required, to provide training.

2. Use instructors who have provided not less than five years of instructional training on not
less than five past projects with similar DDC system scope and complexity to DDC
system installed.

I Organization of Training Sessions:

1. Organize training sessions into logical groupings of technical content and to reflect
different levels of operators having access to system. Plan training sessions to
accommodate the following three levels of operators:

a. Daily operators.
b. Advanced operators.
C. System managers and administrators.

2. Plan and organize training sessions to group training content to protect DDC system

security. Some attendees may be restricted to some training sessions to ensure DDC
system security.
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J. Training Outline:

1.

2.

Submit training outline for Owner review at least 10 business day before scheduling
training.

Include in outline a detailed agenda for each training day that is broken down into each of
four training sessions that day, training objectives for each training session, and synopses
for each lesson planned.

K. On-Site Training:

1.

N

Owner will provide conditioned classroom or workspace with ample desks or tables,
chairs, power, and data connectivity for instructor and each attendee.

Provide training materials, projector, and other audiovisual equipment used in training.
Provide as much of training located on-site as deemed feasible and practical by Owner.
Include on-site training with regular walk-through tours, as required, to observe each
unique product type installed with hands-on review of operation, calibration, and service
requirements.

Use operator workstation that is to be used with DDC system in the training. If operator
workstations are unavailable, provide temporary workstation to convey training content.

L.  Off-Site Training:

1.

2.
3.

Provide conditioned training rooms and workspace with ample tables desks or tables,
chairs, power, and data connectivity for each attendee.

Provide capability to remotely access to Project DDC system for use in training.

Provide operator workstation for use by each attendee.

M.  Training Content for Daily Operators:

ISR
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11.

13.
14.

15.
16.

Basic operation of system.

Understanding DDC system architecture and configuration.

Understanding each unique product type installed including performance and service
requirements for each.

Understanding operation of each system and equipment controlled by DDC system
including sequences of operation, each unique control algorithm, and each unique
optimization routine.

Operating operator workstations, printers, and other peripherals.

Logging on and off system.

Accessing graphics, reports, and alarms.

Adjusting and changing set points and time schedules.

Recognizing DDC system malfunctions.

Understanding content of operation and maintenance manuals including control
drawings.

Understanding physical location and placement of DDC controllers and I/O hardware.
Accessing data from DDC controllers.

Operating portable operator workstations.

Review of DDC testing results to establish basic understanding of DDC system operating
performance and HVAC system limitations as of Substantial Completion.

Running each specified report and log.

Displaying and demonstrating each data entry to show Project-specific customizing
capability. Demonstrating parameter changes.
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17.  Stepping through graphics penetration tree, displaying all graphics, demonstrating
dynamic updating, and direct access to graphics.

18.  Executing digital and analog commands in graphic mode.

19. Demonstrating control loop precision and stability via trend logs of 1/O for not less than
10 percent of 1/O installed.

20. Demonstrating DDC system performance through trend logs and command tracing.

21. Demonstrating scan, update, and alarm responsiveness.

22. Demonstrating spreadsheet and curve plot software, and its integration with database.

23.  Demonstrating on-line user guide, and help function and mail facility.

24. Demonstrating multitasking by showing dynamic curve plot, and graphic construction
operating simultaneously via split screen.

25. Demonstrating the following for HVAC systems and equipment controlled by DDC

system:

a. Operation of HVAC equipment in normal-off, normal-on, and failed conditions
while observing individual equipment, dampers, and valves for correct position
under each condition.

b. For HVAC equipment with factory-installed software, show that integration into
DDC system is able to communicate with DDC controllers or gateways, as
applicable.

C. Using graphed trends, show that sequence of operation is executed in correct
manner, and HVAC systems operate properly through complete sequence of
operation including seasonal change, occupied and unoccupied modes, warm-up
and cool-down cycles, and other modes of operation indicated.

d. Hardware interlocks and safeties function properly and DDC system performs
correct sequence of operation after electrical power interruption and resumption
after power is restored.

e. Reporting of alarm conditions for each alarm, and confirm that alarms are received
at assigned locations, including operator workstations.
f. Each control loop responds to set-point adjustment and stabilizes within time

period indicated.

g. Sharing of previously graphed trends of all control loops to demonstrate that each
control loop is stable and set points are being maintained.

h.

N.  Training Content for Advanced Operators:

10.
11.

Making and changing workstation graphics.

Creating, deleting, and modifying alarms including annunciation and routing.

Creating, deleting, and modifying point trend logs including graphing and printing on an
ad-hoc basis and operator-defined time intervals.

Creating, deleting, and modifying reports.

Creating, deleting, and modifying points.

Creating, deleting, and modifying programming including ability to edit control programs
offline.

Creating, deleting, and modifying system graphics and other types of displays.

Adding DDC controllers and other network communication devices such as gateways and
routers.

Adding operator workstations.

Performing DDC system checkout and diagnostic procedures.

Performing DDC controllers operation and maintenance procedures.
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12.  Performing operator workstation operation and maintenance procedures.
13. Configuring DDC system hardware including controllers, workstations, communication
devices, and 1/O points.
14.  Maintaining, calibrating, troubleshooting, diagnosing, and repairing hardware.
15.  Adjusting, calibrating, and replacing DDC system components.
16.

O.  Training Content for System Managers and Administrators:

N

©oN O~ W

DDC system software maintenance and backups.

Uploading, downloading, and offline archiving of all DDC system software and
databases.

Interface with Project-specific, third-party operator software.

Understanding password and security procedures.

Adding new operators and making modifications to existing operators.

Operator password assignments and modification.

Operator authority assignment and modification.

Workstation data segregation and modification.

P. Video of Training Sessions:

1.

N

Provide digital video and audio recording of each training session. Create separate
recording file for each session.

Stamp each recording file with training session humber, session name, and date.

Provide Owner with two copies of digital files on cloud and flash drives for later
reference and for use in future training.

Owner retains right to make additional copies for intended training purposes without
having to pay royalties.

END OF SECTION 230923
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES
PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Backboards.

Category 5e balanced twisted pair cable.
Category 6 balanced twisted pair cable.
Category 6a balanced twisted pair cable.
Balanced twisted pair cable hardware.
Twin-axial data highway cable.

RS-232 cable.

RS-485 cable.

: Control cable.

0. Control-circuit conductors.

1. Fire-alarm wire and cable.

RBRoOoo~NoO~wWNE

B.  Related Requirements:

1. Section 260010 "Supplemental Requirements for Electrical” for additional abbreviations,
definitions, submittals, qualifications, testing agencies, and other Project requirements
applicable to Work specified in this Section.

2. Section 260011 "Facility Performance Requirements for Electrical” for seismic-load,
wind-load, acoustical, and other field conditions applicable to Work specified in this
Section.

1.2 ACTION SUBMITTALS
A. Product Data:

Backboards.

Category 5e balanced twisted pair cable.
Category 6 balanced twisted pair cable.
Category 6a balanced twisted pair cable.
Balanced twisted pair cable hardware.
Twin-axial data highway cable.

RS-232 cable.

RS-485 cable.

Control cable.

Control-circuit conductors.

Fire-alarm wire and cable.

RBPpowoo~NoGk~wNE
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1.3 INFORMATIONAL SUBMITTALS
A.  Source quality-control reports.

B.  Field quality-control report.
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PART 2 - PRODUCTS

2.1

A.

2.2

2.3

PERFORMANCE REQUIREMENTS

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

Flame Travel and Smoke Density in Plenums: As determined by testing identical products
according to NFPA 262, by a qualified testing agency. Identify products for installation in
plenums with appropriate markings of applicable testing agency.

1. Flame Travel Distance: 60 inch or less.

2. Peak Optical Smoke Density: 0.5 or less.

3. Average Optical Smoke Density: 0.15 or less.

Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As
determined by testing identical products according to UL 1666.

Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum
Building Spaces: As determined by testing identical products according to UL 1685.
BACKBOARDS

Description: Plywood, fire-retardant treated, 3/4 by 48 by 96 inch. Comply with requirements
for plywood backing panels in Section 061000 "Rough Carpentry."

Painting: Paint plywood on all sides and edges with flat black latex paint. Comply with
requirements in Section 099123 "Interior Painting."
CATEGORY 5e BALANCED TWISTED PAIR CABLE

Description:  Four-pair, balanced-twisted pair cable, certified to meet transmission
characteristics of Category 5e cable at frequencies up to 100 MHz.

Standard: Comply with ICEA S-90-661, NEMA WC 63.1, and TIA-568-C.2 for Category 5e
cables.

Conductors: 100 ohm, No. 24 AWG solid copper.
Shielding/Screening: Screened and shielded twisted pairs (F/FTP).
Cable Rating: Plenum.

Jacket: White thermoplastic.
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24 CATEGORY 6 BALANCED TWISTED PAIR CABLE
A.  Description: Four-pair, balanced-twisted pair cable, with internal spline, certified to meet
transmission characteristics of Category 6 cable at frequencies up to 250 MHz.
B. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for Category 6
cables.
C.  Conductors: 100 ohm, No. 23 AWG solid copper.
D.  Shielding/Screening: Screened and shielded twisted pairs (F/FTP).
E.  Cable Rating: Plenum.
F. Jacket: White thermoplastic.
2.5 CATEGORY 6a BALANCED TWISTED PAIR CABLE
A.  Description: Four-pair, balanced-twisted pair cable, with internal spline, certified to meet
transmission characteristics of Category 6a cable at frequencies up to 500 MHz.
B.  Standard: Comply with TIA-568-C.2 for Category 6a cables.
C.  Conductors: 100 ohm, No. 23 AWG solid copper.
D.  Shielding/Screening: Screened and shielded twisted pairs (F/FTP).
E.  Cable Rating: Plenum.
F. Jacket: White thermoplastic.
2.6 BALANCED TWISTED PAIR CABLE HARDWARE
A.  Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper
communications cable.
B.  General Requirements for Balanced Twisted Pair Cable Hardware:
1. Comply with the performance requirements of Category 6.
2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or
3. g);)tljés must be terminated with connecting hardware of same category or higher.
C.  Source Limitations: Obtain balanced twisted pair cable hardware from same manufacturer as
balanced twisted pair cable, from single source.
D.  Connecting Blocks: 110-style IDC for Category 6. Provide blocks for the number of cables

terminated on the block, plus 25 percent spare, integral with connector bodies, including plugs
and jacks where indicated.
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E.

Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and
permit interconnection between cables.

1. Number of Terminals per Field: One for each conductor in assigned cables.

Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each
jack location for permanent termination of pair groups of installed cables.

1. Features:

Universal T568A and T568B wiring labels.
Labeling areas adjacent to conductors.
Replaceable connectors.

24 or 48 ports.

cooTpe
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Construction: 16-gauge steel and mountable on 19 inch equipment racks.
3. Number of Jacks per Field: One for each four-pair conductor group of indicated cables,
plus spares and blank positions adequate to suit specified expansion criteria.

Patch Cords: Factory-made, four-pair cables in 48 inch lengths; terminated with an eight-
position modular plug at each end.

1. Patch cords must have bend-relief-compliant boots and color-coded icons to ensure
performance. Patch cords must have latch guards to protect against snagging.
2. Patch cords must have color-coded boots for circuit identification.

Plugs and Plug Assemblies:

1. Male; eight position; color-coded modular telecommunications connector designed for
termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair
cable.

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and
IEC 60603-7.5.

3. Marked to indicate transmission performance.

Jacks and Jack Assemblies:

1. Female; eight position; modular; fixed telecommunications connector designed for
termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair
cable.

2. Designed to snap-in to a patch panel or faceplate.

3. Standards:

a. Category 5e, unshielded balanced twisted pair cable must comply with IEC 60603-

7-2.

b. Category 5e, shielded balanced twisted pair cable must comply with IEC 60603-7-
3.

C. Category 6, unshielded balanced twisted pair cable must comply with IEC 60603-
7-4.

d. Category 6, shielded balanced twisted pair cable must comply with IEC 60603-7.5.
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e. Category 6a, unshielded balanced twisted pair cable must comply with IEC 60603-

7-41.
f. Category 6a, shielded balanced twisted pair cable must comply with IEC 60603-

7.51.

2.7

4. Marked to indicate transmission performance.

Faceplate:

=

Six port, vertical single-gang faceplates designed to mount to single-gang wall boxes.

12 port, vertical double-gang faceplates designed to mount to double-gang wall boxes.

3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 260533.16 "Boxes
and Covers for Electrical Systems."

4. Metal Faceplate: Brass, complying with requirements in Section 260533.16 "Boxes and
Covers for Electrical Systems."

5. For use with snap-in jacks accommodating any combination of balanced twisted pair,

optical fiber, and coaxial work area cords.

N

a. Flush mounting jacks, positioning the cord at a 45-degree angle.
Legend:

1. Machine printed, in the field, using adhesive-tape label.
2. Snap-in, clear-label covers and machine-printed paper inserts.

TWIN-AXIAL DATA HIGHWAY CABLE
Standard Cable: NFPA 70, Type CM.

Paired, two pairs, No. 20, AWG, stranded 7x28 tinned-copper conductors.

Polypropylene insulation.

Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
PVC jacket.

Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire.

6. Flame Resistance: Comply with UL 1685.

agkrwbdE

Plenum-Rated Cable: NFPA 70, Type CMP.

1. Paired, two pairs, No. 20 AWG, stranded 7x28 tinned-copper conductors.

2. Plastic insulation.

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.

4. Plastic jacket.

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire.

6. Flame Resistance: Comply with NFPA 262.
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2.8

A.

2.9

2.10

211

212

RS-232 CABLE
Plenum-Type, TIA 232-F:

Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.

PE insulation.

Aluminum foil-polyester tape shield with 100 percent shield coverage.

Fluorinated ethylene propylene jacket.

Conductors are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper
drain wire.

Flame Resistance: Comply with NFPA 262.

S

o

RS-485 CABLE
Plenum-Rated Cable: NFPA 70, Type CMP.

Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
Fluorinated ethylene propylene insulation.

Unshielded.

Fluorinated ethylene propylene jacket.

Flame Resistance: NFPA 262.

arwnE

CONTROL CABLE
Plenum-Rated, Paired Cable: NFPA 70, Type CMP.

Multi-pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
PVC insulation.

Unshielded.

PVC jacket.

Flame Resistance: Comply with NFPA 262.

akrwdE

CONTROL-CIRCUIT CONDUCTORS

Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway.

Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway.

Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2,
complying with UL 83 in raceway.

SOURCE QUALITY CONTROL

Testing Agency Engage a qualified testing agency to evaluate cables.

Factory test twisted pair cables according to TIA-568-C.2.
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C.

D.

Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

A.

3.2

A

D.

G.

EXAMINATION
Test cables on receipt at Project site.

1. Test each pair of twisted pair cable for open and short circuits.

INSTALLATION OF RACEWAYS AND BOXES

Comply with requirements in Section 260533.13 "Conduits for Electrical Systems" for raceway
selection and installation requirements for conduits as supplemented or modified in this Section.

Comply with requirements in Section 260533.23 "Surface Raceways for Electrical Systems" for
raceway selection and installation requirements for wireways as supplemented or modified in
this Section.

Comply with requirements in Section 260533.16 "Boxes and Covers for Electrical Systems" for
raceway selection and installation requirements for boxes as supplemented or modified in this
Section.

1. Outlet boxes must be no smaller than 2 inch wide, 3 inch high, and 2-1/2 inch deep.

2. Outlet boxes for cables must be no smaller than 4 inch square by 1-1/2 inch deep with
extension ring sized to bring edge of ring to within 1/8 inch of the finished wall surface.

3. Flexible metal conduit must not be used.

Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends
between pull points.

Install manufactured conduit sweeps and long-radius elbows if possible.
Raceway Installation in Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is
installed, or in the corner of the room if multiple sheets of plywood are installed around
perimeter walls of the room.

Install cable trays to route cables if conduits cannot be located in these positions.

Secure conduits to backboard if entering the room from overhead.

Extend conduits 3 inch above finished floor.

Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.

arwn

Backboards: Install backboards with 96 inch dimension vertical. Butt adjacent sheets tightly and
form smooth gap-free corners and joints.
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3.3 INSTALLATION OF CONDUCTORS AND CABLES

A.  Comply with NECA 1.

B.  General Requirements for Cabling:

1.
2.
3.

9.

10.

11.
12.

13.
14.

15.

Comply with TIA-568-C Series of standards.

Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."

Terminate all conductors; cable must not contain unterminated elements. Make
terminations only at indicated outlets, terminals, and cross-connect and patch panels.
Cables may not be spliced and must be continuous from terminal to terminal. Do not
splice cable between termination, tap, or junction points.

Cables serving a common system may be grouped in a common raceway. Install network
cabling and control wiring and cable in separate raceway from power wiring. Do not
group conductors from different systems or different voltages.

Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch
from cabinets, boxes, fittings, outlets, racks, frames, and terminals.

Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5,
"Copper Structured Cabling Systems." Install lacing bars and distribution spools.

Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard
cable if damaged during installation and replace it with new cable.

Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use
heat lamps for heating.

Pulling Cable: Comply with BICSI ITSIMM, Ch.5, "Copper Structured Cabling
Systems.” Monitor cable pull tensions.

Support: Do not allow cables to lie on removable ceiling tiles.

Secure: Fasten securely in place with hardware specifically designed and installed so as
to not damage cables.

Provide strain relief.

Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a
radius less than 10 times the cable OD. Use sleeves or grommets to protect cables from
vibration at points where they pass around sharp corners and through penetrations.
Ground wire must be copper, and grounding methods must comply with IEEE C2.
Demonstrate ground resistance.

C. Balanced Twisted Pair Cable Installation:

1. Comply with TIA-568-C.2.

2. Install termination hardware as specified in Section 271513 "Communications Copper
Horizontal Cabling" unless otherwise indicated.

3. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination
to maintain cable geometry.

D. Installation of Control-Circuit Conductors:
1. Install wiring in raceways.
2. Use insulated spade lugs for wire and cable connection to screw terminals.

E.  Open-Cable Installation:
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1.

Install cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inch above ceilings
by cable supports not more than 30 inch apart.

3. Cable must not be run through or on structural members or in contact with pipes, ducts,
or other potentially damaging items. Do not run cables between structural members and
corrugated panels.

F. Installation of Cable Routed Exposed under Raised Floors:

1. Install plenum-rated cable only.

2. Install cabling after the flooring system has been installed in raised floor areas.

3. Below each feed point, neatly coil a minimum of 72 inch of cable in a coil not less than

12 inch in diameter.

G.  Separation from EMI Sources:

1.

Comply with BICSI TDMM and TIA-569-D recommendations for separating unshielded
copper voice and data communications cable from potential EMI sources including
electrical power lines and equipment.

Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment must be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
12 inch.

C. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inch.

Separation between communications cables in grounded metallic raceways and
unshielded power lines or electrical equipment must be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-
1/2 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
6 inch.

C. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inch.

Separation between communications cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or enclosures must
be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
3inch.

C. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inch.

Separation between Communications Cables and Electrical Motors and Transformers,
5 kVA or 5 HP and Larger: A minimum of 48 inch.

Separation between Communications Cables and Fluorescent Fixtures: A minimum of
5 inch.
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3.4 REMOVAL OF CONDUCTORS AND CABLES
A. Remove abandoned conductors and cables. Abandoned conductors and cables are those
installed that are not terminated at equipment and are not identified with a tag for future use.
3.5 CONTROL-CIRCUIT CONDUCTORS
A.  Minimum Conductor Sizes:
1. Class 1 remote-control and signal circuits; No 14 AWG.
2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.
3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.
3.6 FIRESTOPPING
A.  Comply with requirements in Section 078413 "Penetration Firestopping."”
B.  Comply with TIA-569-D, Annex A, "Firestopping."
C.  Comply with BICSI TDMM, "Firestopping" Chapter.
3.7 GROUNDING
A.  For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding
and Grounding (Earthing)" Chapter.
B.  For control-voltage wiring and cabling, comply with requirements in Section 260526
"Grounding and Bonding for Electrical Systems."
3.8 IDENTIFICATION
A.  Comply with requirements for identification specified in Section 260553 "ldentification for
Electrical Systems."
B. Identify data and communications system components, wiring, and cabling according to TIA-
606-B; label printers must use label stocks, laminating adhesives, and inks complying with
UL 969.
C.  Identify each wire on each end and at each terminal with a number-coded identification tag.
Each wire must have a unique tag.
3.9 FIELD QUALITY CONTROL
A.  Tests and Inspections:
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1. Visually inspect cable jacket materials for UL or third-party certification markings.
Inspect cabling terminations to confirm color-coding for pin assignments, and inspect
cabling connections to confirm compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment
and patch cords, and labeling of all components.

3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and
polarity between conductors. Test operation of shorting bars in connection blocks. Test
cables after termination, but not after cross-connection.

a. Test instruments must meet or exceed applicable requirements in TIA-568-C.2.
Perform tests with a tester that complies with performance requirements in its
"Test Instruments (Normative)" Annex, complying with measurement accuracy
specified in its "Measurement Accuracy (Informative)" Annex. Use only test cords
and adapters that are qualified by test equipment manufacturer for channel or link
test configuration.

B. Document data for each measurement. Print data for submittals in a summary report that is
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument
to the computer, save as text files, print, and submit.

C.  End-to-end cabling will be considered defective if it does not pass tests and inspections.

D.  Prepare test and inspection reports.

END OF SECTION 260523
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SECTION 260800 - COMMISSIONING OF ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

12

13

14

SUMMARY

Section Includes:

1. Electrical equipment connected to Normal electrical systems, including the following:
a. Interior Lighting Controls
b. Exterior Lighting Controls

Related Requirements:

1. Section 019113 "General Commissioning Requirements” for general Cx process
requirements and CxA responsibilities.

DEFINITIONS

BoD: Basis-of-Design Document, as defined in Section 019113 "General Commissioning
Requirements."

Cx: Commissioning, as defined in Section 019113 "General Commissioning Requirements."

CxA: Commissioning Authority, as defined in Section 019113 "General Commissioning
Requirements."

OPR: Owner's Project Requirements, as defined in Section 019113 "General Commissioning
Requirements."

"Systems," "Assemblies," "Subsystems," "Equipment,” and "Components": Where these terms
are used together or separately, they mean "as-built" systems, assemblies, subsystems,
equipment, and components.

INFORMATIONAL SUBMITTALS

Construction Checklists by CxA: Draft construction checklists will be created by CxA for
Contractor review.

QUALITY ASSURANCE

Testing Equipment and Instrumentation Quality and Calibration: For test equipment and
instrumentation required to perform electrical Cx work, perform the following:
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1.

Submit test equipment and instrumentation list. For each equipment or instrument,
identify the following:

Equipment/instrument identification number.

Planned Cx application or use.

Manufacturer, make, model, and serial number.

Calibration history, including certificates from agencies that calibrate the
equipment and instrumentation.

coopw

Test equipment and instrumentation must meet the following criteria:

a. Capable of testing and measuring performance within the specified acceptance
criteria.

b. Be calibrated at manufacturer's recommended intervals with current calibration
tags permanently affixed to the instrument being used.

C. Be maintained in good repair and operating condition throughout duration of use
on Project.

d. Be recalibrated/repaired if dropped or damaged in any way since last calibrated.

B.  Proprietary Test Instrumentation and Tools:

1.

Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed
equipment included in the Cx process, test instrumentation and tools manufactured or
prescribed by equipment manufacturer to service, calibrate, adjust, repair, or otherwise
work on its equipment or required as a condition of equipment warranty, perform the
following:

a. Submit proprietary instrumentation and tools list. For each instrument or tool,
identify the following:

1) Instrument or tool identification number.

2) Equipment schedule designation of equipment for which the instrument or
tool is required.

3) Manufacturer, make, model, and serial number.

4)  Calibration history, including certificates from agencies that calibrate the
instrument or tool, where appropriate.

b. Include a separate list of proprietary test instrumentation and tools in operation and
maintenance manuals.
c. Electrical proprietary test instrumentation and tools become property of Owner at

the time of Substantial Completion.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

3.2

CONSTRUCTION CHECKLIST REVIEW

Review and provide written comments on draft construction checklists. CxA will create
required draft construction checklists and provide them to Contractor.

Return draft Construction Checklist review comments within 10 days of receipt.

When review comments have been resolved, CxA will provide final construction checklists,
marked "Approved for Use, (date)."

Use only construction checklists, marked "Approved for Use, (date)."

GENERAL TESTING REQUIREMENTS

Certify that electrical systems, subsystems, and equipment have been installed, calibrated, and
started and that they are operating according to the Contract Documents and approved Shop
Drawings and submittals.

Set systems, subsystems, and equipment into operating mode to be tested according to approved
test procedures (for example, powered by normal power source, powered by emergency power
source, etc.).

Test systems, assemblies, subsystems, equipment, and components operating modes, interlocks,
control responses, and responses to abnormal or emergency conditions, and response according
to acceptance criteria.

Construction Checklists: Complete and submit detailed construction checklists for electrical
systems, subsystems, equipment, and components.

1. Contributors to development of construction checklists must include, but are not limited
to, the following:

a. Electrical systems and equipment installers.
Perform tests using design conditions, whenever possible.
If tests cannot be completed because of a deficiency outside the scope of the electrical system,
document the deficiency and report it to Owner. After deficiencies are resolved, reschedule
tests.
Coordinate schedule with, and perform Cx activities at the direction of the CxA.
Comply with Construction Checklist requirements, including material verification, installation

checks, startup, and performance tests requirements specified in Sections specifying electrical
systems and equipment.
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3.3 Cx TESTS FOR ELECTRICAL SYSTEMS

A.  Functional Testing of Lighting Controls

1. Automatic lighting controls shall comply with the requirements of the 2020 Energy
Conservation Code of New York State (ECCNYS). Functional testing shall be performed
in accordance with ECCNY'S Section C408, and as described in the following sections.

B.  Occupant Sensor Controls

1. Certify that the occupant sensor has been located and aimed in accordance with
manufacturer recommendations.

2. For projects with seven or fewer occupant sensors, each sensor shall be tested.

3. For projects with more than seven occupant sensors, testing shall be done for each unique
combination of sensor type and space geometry. Where multiples of each unique
combination of sensor type and space geometry are provided, not less than 10 percent and
in no case fewer than one, of each combination shall be tested unless the building official
or design professional requires a higher percentage to be tested. Where 30 percent or
more of the tested controls fail, all remaining identical combinations shall be tested.

4. For occupant sensor controls to be tested, verify the following:

a. Where occupant sensor controls include status indicators, verify correct operation.

b. The controlled lights turn off or down to the permitted level within the required
time.

C. For auto-on occupant sensor controls, the lights turn on to the permitted level when
an occupant enters the space.

d. For manual-on occupant sensor controls, the lights turn on only when manually
activated.

e. The lights are not incorrectly turned on by movement in adjacent areas or by
HVAC operation.

C. Interior Time-Switch Controls

1. Where time-switch controls are provided, the following procedures shall be performed:

a.

—~® a0

Confirm that the time-switch control is programmed with accurate weekday,
weekend and holiday schedules.

Provide documentation to the owner of time-switch controls programming
including weekday, weekend, holiday schedules, and set-up and preference
program settings.

Verify the correct time and date in the time switch.

Verify that any battery back-up is installed and energized.

Verify that the override time limit is set to not more than 2 hours.

Simulate occupied condition. Verify and document the following:

1)  All lights can be turned on and off by their respective area control switch.
2)  The switch only operates lighting in the enclosed space in which the switch
is located.

Simulate unoccupied condition. Verify and document the following:
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Nonexempt lighting turns off.

Manual override switch allows only the lights in the enclosed space where
the override switch is located to turn on or remain on until the next
scheduled shutoff occurs.

h. Additional testing as specified by the registered design professional or
commissioning agent.

D. Daylight Responsive Controls

1. Where daylight responsive controls are provided, the following shall be verified:

a. Control devices have been properly located, field calibrated and set for accurate
setpoints and threshold light levels.

b. Daylight controlled lighting loads adjust to light level setpoints in response to
available daylight.

C. The calibration adjustment equipment is located for ready access only by
authorized personnel.

E. Exterior Lighting Controls

1. Daylight Shutoff:

a. Verify lights automatically turn off when daylight is present and satisfies the
lighting needs.

2. Decorative Lighting Shutoff:

a. Verify building facade and landscape lighting automatically shuts off from not
later than 1 hour after business closing to not earlier than 1 hour before business
opening.

3. Lighting Setback:

a. Verify exterior lighting is automatically reduced by not less than 30 percent by
selectively switching off or dimming luminaires at one of the following times:

1)
2)

3)

4)

From not later than midnight to not earlier than 6 a.m.

From not later than one hour after business closing to not earlier than one
hour before business opening.

During any time where activity has not been detected for 15 minutes or
more.

Luminaires serving outdoor parking areas and having a rated input wattage
of greater than 78 W and a mounting height of 24 feet (7315 mm) or less
above the ground shall be controlled to automatically reduce the power of
each luminaire by a minimum of 50 percent when no activity has been
detected in the area illuminated by the controlled luminaires for a time of no
longer than 15 minutes. No more than 1500 W of lighting power shall be
controlled together.
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F. Exterior Time Switch Control:

1. Verify Time-switch controls for exterior lighting comply with the following:

a

b,
C.
d.

They shall have a clock capable of being programmed for not fewer than 7 days.
They shall be capable of being set for seven different day types per week.

They shall incorporate an automatic holiday setback feature.

They shall have program backup capabilities that prevent the loss of program and
time settings for a period of not less than 10 hours in the event that power is
interrupted.

G.  Documentation Requirements:

1. Construction documents shall include the location and catalogue number of each piece of

equipment.

2. An operating and maintenance manual shall be prepared and provided to include the
following:

a. Name and address of not less than one service agency for installed equipment.

b. A narrative of how each system is intended to operate, including recommended
setpoints.

C. Submittal data indicating all selected options for each piece of lighting equipment
and lighting controls.

d. Operation and maintenance manuals for each piece of lighting equipment.
Required routine maintenance actions, cleaning and recommended relamping shall
be clearly identified.

e. A schedule for inspecting and recalibrating all lighting controls.

3. A report of test results shall be provided and include the following:

a.
b.

Results of functional performance tests.
Disposition of deficiencies found during testing, including details of corrective
measures used or proposed.

END OF SECTION 260800
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SECTION 263100 - PHOTOVOLTAIC COLLECTORS

PART 1 GENERAL
11 RELATED DOCUMENTS

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

B.  Division 01, Commissioning Requirements, apply to this section and will require the
contractor participation in the Commissioning Process.

1.2 SUMMARY

A.  This Section includes a fully operational, photovoltaic (PV), grid-tie, electric-generating
system. This Section includes:

1. PV laminates (cells laminated into rigid sheets, with connecting cables).
2. PV modules (laminates in mounting frames).

3. Utility-interactive inverters.

4. Mounting structures.

B. CONTRACTOR DELEGATED DESIGN AND INSTALLATION REQUIREMENTS

1. This specification is a performance-based specification, and the Contractor shall be fully
responsible for designing and providing the PV system, including the electrical grid-tie
connections and the structural support system, necessary to meet the specified
requirements.

2. The Contractor shall work in collaboration with Owner and lead the interconnection
process with the local utility company to ensure all interconnection requirements,
including applications, equipment, etc. are completed and provided.

3. The Contract Drawings, with respect to the PV system, are diagrammatic and are
intended to convey roof availability, roof interferences, electrical room availability, and
the nature of the electrical distribution system. The Contractor shall provide engineered
shop drawings for review and approval. The Contractor shall field verify and coordinate
the PV system layout with all roof interferences (i.e. roof hatches, vents, mechanical
units, roof drains, area dividers, lightning protection, etc.). The Contractor shall field
verify and coordinate interferences with any proposed PV equipment intended to be
located within electrical rooms.

A. The system shall incorporate a “distributed inverter topology” with conduit
routed from each inverter to the identified “Point of interconnection,

1) Distribution panels shall not be roof mounted.

2)  Although roof penetration shall be maintained to a minimum, homeruns to
the PV system distribution panels be routed inside building wherever
possible.

B. Design the PV array layout, electrical DC systems, and electrical AC systems,
using the performance requirements and design criteria indicated. The design
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process shall include comprehensive analysis by a qualified professional

engineer.

1)  Provide short circuit calculations to determine whether the AIC ratings of
electrical distribution equipment are sufficient to accommodate the
additional PV system contribution.

2)  Provide required information for the development of the Overcurrent
Protection Coordination and Arc Flash Study (performed by others), if
required.

C. Design structural support systems, including comprehensive analysis by a
qualified professional engineer, using performance requirements and design
criteria indicated.

1) Specified Design Wind Loads: Not less than the winds loads applicable to
the project as required by ASCE 7 “Minimum Design Loads for Buildings
and Other Structures,” Section 6.0 “Winds Loads.”

2) Specified Design Snow Loads: Not less than the snow loads applicable to
the project as required by ASCE 7 “Minimum Design Loads for Buildings
and Other Structures,” Section 7.0 “Snow Loads.”

The Contractor shall provide details for attachment, fastening, penetrations, and electrical
connections. Provide concealed fastening wherever possible. All connections shall be
coordinated with the roofing installer.

The Contractor shall coordinate locations of weather-tight penetrations of the building
envelope for electrical conduits with the roofing contractor. The roofing contractor shall
provide flashing as necessary to maintain the roof warranty. Minimize the number of
roof penetrations to the greatest extent possible.

The Contractor shall account for site peculiarities, such as expansion and contraction
movements, so there is no possibility of loosening, weakening, or fracturing within the
PV system or between the PV system and the building envelope components.

C. PV SYSTEM PERFORMANCE REQUIREMENTS

1.

The Base Bid, fixed-angle PV system shall produce a minimum of 193.6 kWh of
converted AC energy per year with a minimum estimated DC STC Peak Power Rating of
165.6 kW at the PV modules. Maximizing the annual energy production per overall
construction cost of the total PV system will be a critical component in the bid selection
process. AC energy production shall include expected “real-world” system losses,
including but not limited to anticipated environmental conditions at the PV modules, wire
losses, fault protection losses, and inverter efficiency. AC energy production estimation
shall utilize one of the following web sites or software programs:

PV Watts: http://rredc.nrel.gov/solar/calculators/PVWATTS/versionl/
RETScreen® International: http://www.retscreen.net/ang/centre.php
PV Design Pro: http://www.mauisolarsoftware.com/
PVSYST: http://www.pvsyst.com/en/

The PV system shall be modular and scalable.

Cow>

Methods, assumptions, and results of the PV system energy performance estimate shall
be submitted as part of the bid. Report the following:

A The physical area required for each PV module and the total array square
footage.
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1.3

A

B. The tilt angle (from horizontal) and the azimuth angle (from geographical south)
of the fixed array.

C. The DC STC Peak Power Rating, NOCT Power Rating, and efficiency per each
module.

D. The solar radiation data set utilized to determine the annual energy production,
including each month and the annual average (kwh/m2/day). Indicate if the
data was adjusted for the tilt and azimuth angles of the proposed PV array.

E. After “real-world” system losses, the total calculated peak power rating (kW) at
the AC grid-connection point(s) and the energy production (kWh) calculated for
the duration of the warranty period (25 years).

3. Photovoltaic modules shall produce no less than 80 percent of the DC STC Peak Power

Rating during the first 25 years of service, and no less than 90 percent of the DC STC
Peak Power Rating during the first 10 years of service. As part of the bid, submit a copy
of the proposed PV module’s performance warranty, indicating the guaranteed module
power performance over time.

4, Design and document the interface of the PV system with the proposed building AC

power distribution system as necessary and in full compliance with the National
Electrical Code. Provide appropriately sized disconnects and overcurrent protection to
accommodate the PV system grid-tie point. As part of the bid, indicate the inverter
strategy (distributed), quantity of inverters, and the duration of the proposed inverter

warranty.

5. Provide required grounding tie-ins as well as Code-mandated warning or instructional
signage.

6. The PV system shall be monitored for kW and kWh data by a building management

system meter(s) at the main switchboard. The meter shall be provided by the building
management system contractor.

7. A public view display shall be provided. A free-standing lobby display designed for

indoor use and displaying information about all applicable solar power arrays shall be
provided. The display shall be read-only, always available for use, go into sleep or
hibernation mode during non-business hours based on the location, difficult to disconnect
or interrupt by a non-administrative user and show at least the following data:

A. Project AC capacity.
B. Total and daily historical AC energy production.

C. Current AC power production no more than one hour old.
D. Approximate total historical CO2 emissions reduced.
DEFINITIONS

Array: A mechanically-integrated assembly of modules and panels, together with support
structure, thermal control, and other components, to form a DC power-producing unit.

Array Azimuth Angle: The horizontal angle between geographical south and the direction an
array surface faces.

IP Code: Required ingress protection to comply with IEC 60529.
Module: A number of solar cells connected together electrically and sealed inside a

weatherproof package with a clear face. A module is also sometimes referenced as a “solar
panel.”
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E. MPPT: Maximum power point tracking.

F. NOCT: Nominal operating cell temperature. A reference temperature of an open-circuited
module based on an irradiance level of 800W/m?, ambient temperature of 20 °C (68 °F),
and wind speed of 1 m/s.

G. PTC: USA standard conditions for PV. A reference condition that rates module
performance at a solar irradiance of 1,000W/m?, ambient temperature of 20 °C (68 °F), and
wind speed of 1 m/s.

H. PV: Photovoltaic.

l. STC: Standard Test Conditions applied to PV modules, defined in IEC 61215. Conditions
include irradiance of 1,000W/m2, cell temperature of 25 °C (77 °F), and an air mass of 1.5.

J. String: A number of PV modules interconnected electrically in series to produce the
operating voltage required by the load.

K.  Tilt Angle: The angle of inclination of a solar panel measured from the horizontal plane.

L.  Utility-Interactive Inverter: An inverter that utilizes the prevailing line-voltage frequency
as a control parameter to fully convert and synchronize the PV array’s DC output to AC
power.

1.4 SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for PV panels.
2. Include rated capacities, operating characteristics, electrical characteristics, and furnished
specialties and accessories.
B.  Shop Drawings:

1. Include dimensioned plans, elevations, sections, and mounting details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Detail fabrication and assembly.

4. Include rough-in requirements, detailed conduit layouts, and electrical penetration
locations of the existing weather-tight building envelope.

5. Include diagrams for power, signal, and control wiring.

6. Include electrical calculations, including:

A Module series string voltage and current calculations.
B. Over current ratings at source combiner boxes.

C. Array rated voltage, current, and peak power.

D. Maximum system DC voltage and current.
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E. Short circuit calculations attributable to the PV system at the grid-tie connection
point. The calculations shall be based on the actual selected PV equipment, its
precise location, and actual feeder sizes and lengths.

7. Delegated-Design Submittal: For DC and AC electrical systems and for structural
support systems indicated to comply with performance requirements and design criteria,
including analysis data signed and sealed by the qualified professional engineer
responsible for their preparation.

15 INFORMATIONAL SUBMITTALS
A.  Estimated design data.

1. Provide assumptions utilized to obtain AC kWh energy production including, but
not limited to, environmental loss factors, local weather data, tilt and azimuth
angle orientations, shading losses, and electrical losses (i.e. DC losses, AC
losses, and inverter losses).

2. Estimated monthly and yearly AC kWh energy production for the duration of the
warranty period (25 years).

B.  Field quality-control reports.

1. Provide written results obtained from manufacturer or independent third party
certification of testing specified in “Field Quality Control” article.

C.  Qualification Data.

1. Manufacturer’s qualifications verifying a minimum of 5 years of commercial PV
system experience.

1.6 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: Submit manufacturer’s printed recommended operation and
maintenance data for all DC or AC system components.

B.  Project Record Documents.
C.  Product Warranty and Performance Warranty.
1.7 QUALITY ASSURANCE
A.  Single Source Responsibility: To ensure quality of appearance and performance, obtain
equipment for systems from a single photovoltaic system installer or from manufacturers

approved by photovoltaic system installer.

B.  Manufacturer Qualifications: Company specializing in manufacturing Products specified in this
Section with a minimum of 5 years documented experience.

C. Installer Qualifications: Certified in writing by equipment manufacturers as qualified for

installation of specified systems. Installer must have NABCEP certification (North American
Board of Certified Energy Practitioners), 5 years design and installation of commercial

Photovoltaic Collectors 263100 -5



DPW ADMINISTRATIVE BUILDING Issued for Bid
City of Rye, NY Addendum 3

experience, and proper licensing. Provide contractor's license number from Authority Having
Jurisdiction where project is located.
1. Electrical and Structural Engineering Responsibility: Preparation of working
plans, calculations, and field test reports by a qualified professional engineer(s).

D.  Regulatory Requirements:

1. Provide system meeting requirements of National Electric Code (NEC), edition
adopted by local jurisdiction, containing information on photovoltaic systems
such as grounding, conductor, over-current protection, disconnect, and labeling
requirements.

2. Provide system meeting requirements of federal, state, and local building codes.

3. Provide system that meets or exceeds the local electric utility company
interconnection requirements for self-generating equipment.

4. Provide system, components, and installation meeting local electric utility service

provider requirements for interconnection and operation with that electric utility
service provider.

5. Provide system components compliant with requirements of IEEE 1547-2003
Standard for Interconnecting Distributed Resources with Electric Power Systems.
6. Provide system components certified by an NRTL as meeting requirements of

UL-1741 - Standard for Inverters, Converters, and Controllers for Use in
Independent Power Systems.

7. Provide photovoltaic modules compliant with requirements of UL-1703 -
Standard for Flat Plate Photovoltaic Modules and Panels.

E.  Certifications: Submit system component manufacturer's certification that products furnished
for Project meet or exceed specified requirements.

F. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Avrticle 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

1.8 DELIVERY, STORAGE, AND HANDLING

A.  Protect finished surfaces as necessary to prevent damage.

B. Do not use adhesive papers or sprayed coatings that become firmly bonded when exposed to
sun.

C. Do not leave coating residue on any surfaces.
D.  Replace damaged units.
1.9 PROJECT CONDITIONS
A.  Environmental Requirements:
1. Do not install system during rain, snow, or windy conditions.

B.  Existing Conditions: Ensure existing conditions are stable, solid, and ready to accept new
construction.
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1.10 WARRANTY

A.  Manufacturer's Special Materials and Workmanship Warranty: Manufacturer agrees to repair or
replace components of PV modules or inverters that fail in materials or workmanship within
specified warranty period.

1. Manufacturer's materials and workmanship warranties include, but are not
limited to, the following:
A.  Faulty operation of PV modules or factory-assembled DC connectors and
cables.
2. PV Module Warranty Period: Twenty-five years from date of Substantial
Completion.

B.  Manufacturer's Special Minimum Power Output Warranty: Manufacturer agrees to repair or
replace components of PV modules that fail to exhibit the minimum power output within
specified warranty period. Special warranty, applying to modules only, applies to materials
only, on a prorated basis, for period specified.

1. Manufacturer's minimum power output warranties include, but are not limited to,
the following warranty periods, from date of Substantial Completion:
A.  Material defect for a period of 10 years.
B.  Specified minimum power output to 90 percent or more, for a period of 10
years, and 80 percent or more, for a period of 25 years.

PART 2 PRODUCTS
2.1 SYSTEM DESCRIPTION

A.  Grid-Tied PV System:

1. Multiple arrays of modules as necessary to generate a minimum of 193.6 kwh of
converted AC energy per year with a minimum estimated DC STC Peak Power
Rating of 165.6 kW at the PV modules.

2. Connect utility-interactive decentralized inverter(s) to the building power
distribution as necessary. Provide all modifications necessary to the building
power distribution system to comply with the NEC. The connection point shall
be limited to a single point at the main switchboard. Refer to drawings. System
Components:

Cell materials.
PV modules.
Array frames.
Inverters.
Overcurrent protection/combiner boxes.
Mounting structure.
Metering.
DAS - Weather Station
1) Horizontal Pyranometer
2) POA Pyranometer
3) Combined Temperature/Humidity Probe
4) Wind speed/direction sensors

IOMMUO®»
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5) Thermistor (back of cell temperature sensor)

B.  Performance Requirements:

1. NRTL (Nationally Recognized Testing Laboratory) Listing: Entire assembly
shall be listed and labeled by a qualified testing agency acceptable to authorities
having jurisdiction for electrical and fire safety, minimum Class C, according to
UL 1703.

2.2 PV MODULE

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

1. Hanwha Q Cells (Basis of Design) Q.PEAK DUO BLK ML-G10+ Series

2. Trinia Vertex S400W

3. SolarEdge

4. Other manufacturers or models must be submitted to the Engineer for review and

approval prior to the final addendum.

B.  Cell Materials: Monocrystalline or polycrystalline silicon, as evaluated and proposed by the
qualified professional engineer. The module technology shall be proven and utilized
extensively in the field. Experimental or beta type modules shall not be allowed. All
manufacturers subject to compliance with specified requirements and the allotted footprint.

C.  Peak Power: Peak power shall be a minimum of 410 watts (STC) for a nominal 74.0 inch by
41.1 inch module.

D.  Front Panel: Fully tempered glass. Modules shall withstand a minimum sustained wind of
2,400 Pa or local wind loading requirements, whichever is greater. Modules shall withstand a
minimum of 1-inch hailstone impacts at 50 mph.

E.  Bypass Diode Protection: Internal.

F. Junction Box:

1. Fully potted, vandal resistant.
2. IP Code: P65 minimum.
3. Flammability Test: UL 1703.

G.  Output Cabling:
1. Quick, multiconnect, polarized connectors.

H. Nominal Electrical Characteristics at STC:

1. Maximum System Voltage: 1000 VDC.

2. Module Power Output Tolerance: +5W--3% to +5%..
I Additional Electrical Characteristics:

1. Module Efficiency: 16.0 percent minimum.

2. Operating Temperature Range: -40 °C to 85 °C.

J. Module framing:
1. PV laminates mounted in anodized extruded-aluminum frames.
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2. Entire assembly UL listed for electrical and fire safety, Class C, according to
UL 1703, complying with IEC 61215.
3. Frame strength exceeding requirements of certifying agencies in subparagraph
above.
4. Finish: Anodized aluminum.

A.  Alloy and temper recommended by framing manufacturer for strength,
corrosion resistance, and application of required finish.

2.3 PV ARRAY CONSTRUCTION

A.  Framing:
1. Material: Extruded aluminum or galvanized steel. All hardware utilized shall be
compatible with the framing material to avoid galvanic corrosion.
2. Metal framed PV modules shall be grounded in conformance with electrical
codes.
3. Attached system, with a tilt angle matching roof pitch.

B.  Pitched Roof Mounting:
1. Provide all necessary system components, such as attachments, mounting rails,
module clamps, grounding hardware, and wire management clips, for a complete
mounting system.

2. Roof penetrations shall be minimized as much as possible.

3. Clamp must be compatible with roofing panel and seam type, if applicable.
Coordinate with roofing contractor

4, Warranty: 20 years minimum.

24 INVERTER (UTILITY-INTERACTIVE)

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

1. Chint (Basis of Design)
2. SMA
3. Solectria

B.  Other manufacturers of inverters must be submitted to the Architect/Engineer for review and
approval prior to the final addendum. All manufacturers subject to compliance with
requirements. All manufacturers subject to compliance with specified requirements and the
allotted footprint.

C.  Control Type: Maximum power point tracker (MPPT) control.

D. Inverter Electrical Characteristics:
1. Nominal Output Voltage: 480 V ac, 3-phase, 60 Hz as shown on the Drawings.
2. CEC Weighted Efficiency: 98 percent minimum.
3. Maximum Harmonic Distortion: 5 percent THD.
4. Solar DC Watts to Inverter AC Output Watts Ratio: 115% maximum clipping,

but the overall system design shall produce the minimum energy requirements
outlined in Article 1.2.C above.

E.  Operating Conditions:
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Operating Ambient Temperatures: Minus 40 to plus 140 °F (minus 40 to plus
60 °C).
Noise level: less than 65dB(A) at 3 meters.

F. Distributed inverter(s) shall have the following:

1.

©CooNOR~ WD

G. Enclosure:
1.
2.

3.

Utility-interactive operations, controls, and safe-guards.
DC input combiner bus bar and fuses as necessary.
Overcurrent protection.

Digital display.

Transformerless.

DC disconnect switch.

Surge overload protection.

Ground fault detection and interruption (GFDI).
Modbus RS485 communication interface.

NEMA 250, Type 3R or better for outdoor locations.
Cooling Method:
A.  Variable speed fan.
Protective Functions:
AC over/under voltage.
AC over/under frequency.
Ground overcurrent.
Over temperature.
AC and DC overcurrent.
F.  DC overvoltage.
Digital Display: Standard liquid crystal display, four lines, 20 characters, with
user display and on/off toggle switch.

moow>

H.  Regulatory Approvals:

1.

2.

3.
25 METERING

A.  Metering:
1.

PART 3 EXECUTION

UL 1741 (“Inverters, Converters, Controllers, and Interconnection System
Equipment for Use with Distributed Energy Resources™)

IEEE 1547 (“Standard for Interconnecting Distributed Resources with Electric
Power Systems)

IEEE C62.41.2 (“Guide for Surge Voltages in Low-Voltage AC Power Circuits”)

The PV system shall be monitored for kW and kwWh data by a building
management system meter(s) at the main switchboard. The meter shall be
provided by the electrical contractor.

3.1 EXAMINATION

A.  Examine substrate areas and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of the Work.

Photovoltaic Collectors
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B. Do not begin installation until mounting surfaces have been properly prepared.

C. If preparation of mounting surfaces is the responsibility of another installer, notify Architect of
unsatisfactory preparation before proceeding.

D.  Examine modules and array frame before installation. Reject modules and arrays that are wet,
moisture damaged, or mold damaged.

E. Examine roofs, supports, and supporting structures for suitable conditions where PV system will
be installed.

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

3.2 INSTALLATION

A.  Locate PV array as shown on approved shop drawings. Install operational PV modules in
location and manner to ensure maximum unobstructed, direct sun exposure.

B. Install photovoltaic system in accordance with NEC, manufacturer's printed instructions,
electric utility service provider requirements, and approved shop drawings. Train, secure, and
protect cables.

C. Install PV modules and inverters with sufficient clearance to allow for proper ventilation and
cooling.

D.  Comply with manufacturer's clearance recommendations.

E. Provide suitable means to secure attachments to mounting surfaces and structures.

F. Anchors (where allowed), fasteners (where allowed), and braces shall be structurally stressed
not more than 50% of allowable stress when maximum loads are applied.

G.  Allow for expansion and contraction due to thermal changes and structural movement without
detriment to appearance or performance.

H.  Roof penetrations (for electrical conduits) shall be in accordance with the roofing membrane
manufacturer to maintain the roofing warranty. Roof flashing and repair of penetrations shall
be performed by the roof contractor.

l. Minimize the quantity of power conduits that penetrate the roof. Route the conduits such that
they run parallel with each other.

J. Provide permanent signage and plagues in compliance with NEC Article 690, NEC Article 705,
and local electrical utility service provider requirements.

K. Ensure the installation has been performed in accordance with NEC and other local codes. The

following NEC articles refer to PV systems:

1. Avrticle 690, Solar Photovoltaic Systems
2. Article 230: Service Equipment - Disconnecting Means
3. Article 240: Overcurrent Protection
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Article 250: Grounding

Article 300: Wiring Methods

Article 310: Conductors for General Wiring

Article 705: Interconnected Electric Power Production Sources

No gk~

3.3 FIELD QUALITY CONTROL

A.  Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections. Report
results in writing.

B. Perform the following field tests and inspections and prepare test reports:
1. Perform continuity test of all wiring connections.
2. Measure DC output voltage and current for each string, record irradiance levels,
and compare to manufacturer’s performance curves to ensure PV modules are
operating properly.

3. Perform start up tests recommended in accordance with the inverter
manufacturer's instructions.

4, Test calibration of metering equipment.

5. Perform start-up and acceptance tests required by the Utility Company.

C. PV module will be considered defective if it does not pass tests and inspections.
34 ADJUSTING

A.  Testand adjust operating functions in accordance with manufacturer's instructions to ensure
smooth operation.

B.  Refer to commissioning requirements contained within IEEE 1547.1 Standard Conformance
Test Procedures for Equipment Interconnecting Distributed Resources with Electric Power
Systems.
35 CLEANING

A.  Clean surfaces in compliance with manufacturer's recommendations; remove excess mastic,
mastic smears, foreign materials, and other unsightly marks.

B.  Clean metal surfaces exercising care to avoid damage.

C.  Clean energy generating surfaces of the PV module to ensure no obstructions block sunlight.
3.6 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain the photovoltaic system.

END OF SECTION 263100
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SECTION 283111 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

e S A o

Fire-alarm control unit.

Manual fire-alarm boxes.

System smoke detectors.

Heat detectors.

Notification appliances.

Magnetic door holders.

Remote annunciator.

Addressable interface device.

Digital alarm communicator transmitter.
Fire alarm document storage cabinet

1.2 ACTION SUBMITTALS

A.  Product Data: For each type of product, including furnished options and accessories.

B.  Shop Drawings: For fire-alarm system.

1.

2.
3.

e A

e

11.

Comply with recommendations and requirements in the "Documentation" section of the
"Fundamentals" chapter in NFPA 72.

Include plans, elevations, sections, details, and attachments to other work.

Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and locations. Indicate conductor
sizes, indicate termination locations and requirements, and distinguish between factory
and field wiring.

Detail assembly and support requirements.

Include voltage drop calculations for notification-appliance circuits.

Include battery-size calculations.

Include input/output matrix.

Include statement from manufacturer that all equipment and components have been tested
as a system and meet all requirements in this Specification and in NFPA 72.

Include performance parameters and installation details for each detector.

Verify that each duct detector is listed for complete range of air velocity, temperature,
and humidity possible when air-handling system is operating.

Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts,
drawn to scale; coordinate location of duct smoke detectors and access to them.

a. Show critical dimensions that relate to placement and support of sampling tubes,
detector housing, and remote status and alarm indicators.
b. Show field wiring required for HVAC unit shutdown on alarm.
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Locate detectors according to manufacturer's written recommendations.

12.  Include floor plans to indicate final outlet locations showing address of each addressable
device. Show size and route of cable and conduits and point-to-point wiring diagrams.

C.  General Submittal Requirements:

1. Shop Drawings shall be prepared by persons with the following qualifications:

a.
b.
C.

Trained and certified by manufacturer in fire-alarm system design.
NICET-certified, fire-alarm technician; Level III minimum.
Licensed or certified by authorities having jurisdiction.

D.  Delegated-Design Submittal: For notification appliances and smoke and heat detectors, in

addition to submittals listed above, indicate compliance with performance requirements and
design criteria, including analysis data signed and sealed by the qualified professional engineer
responsible for their preparation.

1. Drawings showing the location of each notification appliance and smoke and heat
detector, ratings of each, and installation details as needed to comply with listing
conditions of the device.

2. Design Calculations: Calculate requirements for selecting the spacing and sensitivity of
detection, complying with NFPA 72. Calculate spacing and intensities for strobe signals
and sound-pressure levels for audible appliances.

3. Indicate audible appliances required to produce square wave signal per NFPA 72.

1.3 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For fire-alarm systems and components to include in
emergency, operation, and maintenance manuals.

1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:

a.

b.

4

Comply with the "Records" section of the "Inspection, Testing and Maintenance"
chapter in NFPA 72.

Provide "Fire Alarm and Emergency Communications System Record of
Completion Documents" according to the "Completion Documents" Article in the
"Documentation" section of the "Fundamentals" chapter in NFPA 72.

Complete wiring diagrams showing connections between all devices and
equipment.

Riser diagram.

Record copy of site-specific software.

Provide "Inspection and Testing Form" according to the "Inspection, Testing and
Maintenance" chapter in NFPA 72, and include the following:

1)  Equipment tested.

2) Frequency of testing of installed components.

3) Frequency of inspection of installed components.

4)  Requirements and recommendations related to results of maintenance.
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B.

1.4

A.

B.

1.5

A.

5) Manufacturer's user training manuals.
g. Manufacturer's required maintenance related to system warranty requirements.
h. Abbreviated operating instructions for mounting at fire-alarm control unit and each

annunciator unit.

Software and Firmware Operational Documentation:

1. Software operating and upgrade manuals.

2. Program Software Backup: On magnetic media or compact disk, complete with data files.
3. Device address list.

4. Printout of software application and graphic screens.

QUALITY ASSURANCE

Installer Qualifications: Personnel shall be trained and certified by manufacturer for installation
of units required for this Project.

Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm
Level II (minimum) technician.
WARRANTY

Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and
components that fail in materials or workmanship within specified warranty period.

1. Warranty Extent: All equipment and components not covered in the Maintenance Service
Agreement.
2. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

B.

C.

D.

2.2

A.

SYSTEM DESCRIPTION

Noncoded, UL-certified addressable system, with multiplexed signal transmission and
horn/strobe evacuation.

Automatic sensitivity control of certain smoke detectors.

All components provided shall be listed for use with the selected system.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

SYSTEMS OPERATIONAL DESCRIPTION

Fire-alarm signal initiation shall be by one or more of the following devices and systems:
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Manual stations.

Heat detectors.

Smoke detectors.

Duct smoke detectors.

Carbon monoxide detectors.

Automatic sprinkler system water flow.
Fire-extinguishing system operation.
Fire standpipe system.

Dry system pressure flow switch.

WO R WD

B.  Fire-alarm signal shall initiate the following actions:

—

Continuously operate alarm notification appliances.

Identify alarm and specific initiating device at fire-alarm control unit and remote
annunciators.

Transmit an alarm signal to the remote alarm receiving station.

Unlock electric door locks in designated egress paths.

Release fire and smoke doors held open by magnetic door holders.

Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode.
Close smoke dampers in air ducts of designated air-conditioning duct systems.

Activate preaction system.

Activate emergency shutoffs for gas and fuel supplies.

0. Record events in the system memory.

N
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C. Supervisory signal initiation shall be by one or more of the following devices and actions:
1. Valve supervisory switch.
2. High- or low-air-pressure switch of a dry-pipe or preaction sprinkler system.

3. Loss of communication with any panel on the network.

D.  System trouble signal initiation shall be by one or more of the following devices and actions:

—

Open circuits, shorts, and grounds in designated circuits.

2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating
devices.

3. Loss of communication with any addressable sensor, input module, relay, control

module, or remote annunciator.

Loss of primary power at fire-alarm control unit.

Ground or a single break in internal circuits of fire-alarm control unit.

Abnormal ac voltage at fire-alarm control unit.

Break in standby battery circuitry.

Failure of battery charging.

Abnormal position of any switch at fire-alarm control unit or annunciator.

AR

E. System Supervisory Signal Actions:

1. Initiate notification appliances.

2. Identify specific device initiating the event at fire-alarm control unit and remote
annunciators.

3. After a time delay, transmit a trouble or supervisory signal to the remote alarm receiving
station.
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23 FIRE-ALARM CONTROL UNIT

A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

Fire-Lite Alarms, Inc.; a Honeywell International company.

Notifier.

Siemens Industry, Inc.; Fire Safety Division.

SimplexGrinnell LP.

United Technologies Corporation (UTC Climate, Controls & Security - Edwards).

Nk W=

B. General Requirements for Fire-Alarm Control Unit:

L. Field-programmable, microprocessor-based, modular, power-limited design with
electronic modules, complying with UL 864.

2. Addressable Initiation Device Circuits: The FACP shall indicate which communication
zones have been silenced and shall provide selective silencing of alarm notification
appliance by building communication zone.

3. Addressable Control Circuits for Operation of Notification Appliances and Mechanical
Equipment: The FACP shall be listed for releasing service.

C.  Alphanumeric Display and System Controls: Arranged for interface between human operator at
fire-alarm control unit and addressable system components including annunciation and
supervision. Display alarm, supervisory, and component status messages and the programming
and control menu.

1. Annunciator and Display: Liquid-crystal type.
2. Keypad: Arranged to permit entry and execution of programming, display, and control
commands.

D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits:

1. Pathway Class Designations: NFPA 72, Class B.
2. Pathway Survivability: Level 0.

E.  Notification-Appliance Circuit:

1. Audible appliances shall sound in a three-pulse temporal pattern, as defined in NFPA 72.

2. Where notification appliances provide signals to sleeping areas, the alarm signal shall be
a 520-Hz square wave with an intensity 15 dB above the average ambient sound level or
5 dB above the maximum sound level, or at least 75 dBA, whichever is greater, measured
at the pillow.

3. Visual alarm appliances shall flash in synchronization where multiple appliances are in
the same field of view, as defined in NFPA 72.

F. Remote Smoke-Detector Sensitivity Adjustment: Controls shall select specific addressable
smoke detectors for adjustment, display their current status and sensitivity settings, and change
those settings. Allow controls to be used to program repetitive, time-scheduled, and automated
changes in sensitivity of specific detector groups. Record sensitivity adjustments and
sensitivity-adjustment schedule changes in system memory.
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G.  Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory,
and trouble signals to a remote alarm station.

H.  Primary Power: 24-V dc obtained from 120-V ac service and a power-supply module. Initiating
devices, notification appliances, signaling lines, trouble signals, supervisory signals, supervisory
and digital alarm communicator transmitters, and digital alarm radio transmitters shall be
powered by 24-V dc source.

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-
supply module rating.

L Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and
automatic transfer switch.

2.4 MANUAL FIRE-ALARM BOXES

A.  General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38.

1. Single-action mechanism, pull-lever type; with integral addressable module arranged to
communicate manual-station status (normal, alarm, or trouble) to fire-alarm control unit.

2. Station Reset: Key- or wrench-operated switch.

2.5 SYSTEM SMOKE DETECTORS

A.  General Requirements for System Smoke Detectors:

1. Comply with UL 268; operating at 24-V dc, nominal.

2. Detectors shall be two-wire type.

3. Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.

4, Base Mounting: Detector and associated electronic components shall be mounted in a
twist-lock module that connects to a fixed base. Provide terminals in the fixed base for
connection to building wiring.

5. Self-Restoring: Detectors do not require resetting or readjustment after actuation to
restore them to normal operation.

6. Integral Visual-Indicating Light: LED type, indicating detector has operated and power-
on status.

a. Rate-of-rise temperature characteristic of combination smoke- and heat-detection
units shall be selectable at fire-alarm control unit for 15 or 20 degF (8 or 11
deg C) per minute.

b. Fixed-temperature sensing characteristic of combination smoke- and heat-detection
units shall be independent of rate-of-rise sensing and shall be settable at fire-alarm
control unit to operate at 135 or 155 deg F (57 or 68 deg C).

C. Multiple levels of detection sensitivity for each sensor.

d. Sensitivity levels based on time of day.

B.  Photoelectric Smoke Detectors:
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1. Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.
2. An operator at fire-alarm control unit, having the designated access level, shall be able to

manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.
Sensor range (normal, dirty, etc.).

oo o

C.  Duct Smoke Detectors: Photoelectric type complying with UL 268A.

1. Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.
2. An operator at fire-alarm control unit, having the designated access level, shall be able to

manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.
Sensor range (normal, dirty, etc.).

°o o o

3. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed for use with
the supplied detector for smoke detection in HVAC system ducts.

4. Each sensor shall have multiple levels of detection sensitivity.

5. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific
duct size, air velocity, and installation conditions where applied.

6. Relay Fan Shutdown: Fully programmable relay rated to interrupt fan motor-control
circuit.

2.6 CARBON MONOXIDE DETECTORS
A.  General: Carbon monoxide detector listed for connection to fire-alarm system.

1. Mounting: Adapter plate for outlet box mounting.

2. Testable by introducing test carbon monoxide into the sensing cell.

3. Detector shall provide alarm contacts and trouble contacts.

4. Detector shall send trouble alarm when nearing end-of-life, power supply problems, or

internal faults.

5. Comply with UL 2075.
6. Locate, mount, and wire according to manufacturer's written instructions.
7. Provide means for addressable connection to fire-alarm system.
8. Test button simulates an alarm condition.
2.7 HEAT DETECTORS

A.  General Requirements for Heat Detectors: Comply with UL 521.
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2.8

2.9

1. Temperature sensors shall test for and communicate the sensitivity range of the device.
Heat Detector, Combination Type: Actuated by either a fixed temperature or a rate of rise.

1. Mounting: Twist-lock base interchangeable with smoke-detector bases.
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.

Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds a fixed
temperature.

1. Mounting: Twist-lock base interchangeable with smoke-detector bases.
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.

NOTIFICATION APPLIANCES

General Requirements for Notification Appliances: Connected to notification-appliance signal
circuits, zoned as indicated, equipped for mounting as indicated, and with screw terminals for
system connections.

1. Combination Devices: Factory-integrated audible and visible devices in a single-
mounting assembly, equipped for mounting as indicated, and with screw terminals for
system connections.

Horns: Electric-vibrating-polarized type, 24-V dc; with provision for housing the operating
mechanism behind a grille. Comply with UL 464.

Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with clear or
nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is
engraved in minimum 1-inch- (25-mm-) high letters on the lens.

1. Mounting: Wall or ceiling mounted as per drawings.

2. Flashing shall be in a temporal pattern, synchronized with other units.
3. Strobe Leads: Factory connected to screw terminals.

4. Mounting Faceplate: Factory finished, red.

REMOTE ANNUNCIATOR

Description: Annunciator functions shall match those of fire-alarm control unit for alarm,
supervisory, and trouble indications. Manual switching functions shall match those of fire-alarm
control unit, including acknowledging, silencing, resetting, and testing.

I. Mounting: surface cabinet, NEMA 250, Type 1.

Display Type and Functional Performance: Alphanumeric display and LED indicating lights
shall match those of fire-alarm control unit. Provide controls to acknowledge, silence, reset, and
test functions for alarm, supervisory, and trouble signals.
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2.10 ADDRESSABLE INTERFACE DEVICE
A.  General:
1. Include address-setting means on the module.
2. Store an internal identifying code for control panel use to identify the module type.
3. Listed for controlling HVAC fan motor controllers.
B.  Monitor Module: Microelectronic module providing a system address for alarm-initiating
devices for wired applications with normally open contacts.
C.  Integral Relay
1. Allow the control panel to switch the relay contacts on command.
2. Have a minimum of two normally open and two normally closed contacts available for
field wiring.
D.  Control Module:
1. Operate notification devices.
2. Operate solenoids for use in sprinkler service.
2.11 DIGITAL ALARM COMMUNICATOR TRANSMITTER
A.  Digital alarm communicator transmitter shall be acceptable to the remote central station and
shall comply with UL 632.
B.  Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-
alarm control unit and automatically capture two telephone line(s) and dial a preset number for
a remote central station. When contact is made with central station(s), signals shall be
transmitted. If service on either line is interrupted for longer than 45 seconds, transmitter shall
initiate a local trouble signal and transmit the signal indicating loss of telephone line to the
remote alarm receiving station over the remaining line. Transmitter shall automatically report
telephone service restoration to the central station. If service is lost on both telephone lines,
transmitter shall initiate the local trouble signal.
C. Local functions and display at the digital alarm communicator transmitter shall include the
following:
1. Verification that both telephone lines are available.
2. Programming device.
3. LED display.
4. Manual test report function and manual transmission clear indication.
5. Communications failure with the central station or fire-alarm control unit.
D. Digital data transmission shall include the following:

1. Address of the alarm-initiating device.
2. Address of the supervisory signal.
3. Address of the trouble-initiating device.
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4. Loss of ac supply.
5. Loss of power.
6. Low battery.
7. Abnormal test signal.
8. Communication bus failure.

E. Secondary Power: Integral rechargeable battery and automatic charger.

F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station.

2.12 FIRE ALARM DOCUMENT STORAGE CABINET

A. A document storage cabinet shall be provided adjacent to the FACP to contain record
documents including the following as applicable:
1. Fire alarm system as-built drawings

Equipment technical data sheets

Alternative means and methods, variances, appeals, approvals and so forth.

Performance based design documentation in accordance with NFPA-72 section 7.3.7

Risk analysis documentation in accordance with NFPA-72 section 7.3.6

Emergency response plan in accordance with NFPA-72 section 7.3.8

Evaluation documentation in accordance with NFPA-72 section 7.3.9

Software and firmware control documentation in accordance with 23.2.2

PN R WD

PART 3 - EXECUTION

3.1 EQUIPMENT INSTALLATION
A.  Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for
installation and testing of fire-alarm equipment. Install all electrical wiring to comply with

requirements in NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems."

B.  Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm)
above the finished floor.

C. Manual Fire-Alarm Boxes:

1. Install manual fire-alarm box in the normal path of egress within 60 inches (1520 mm) of
the exit doorway.
2. Mount manual fire-alarm box on a background of a contrasting color.

3. The operable part of manual fire-alarm box shall be between 42 inches (1060 mm) and 48
inches (1220 mm) above floor level. All devices shall be mounted at the same height
unless otherwise indicated.

D.  Smoke- or Heat-Detector Spacing: Comply with NFPA 72. Detectors shall not be located closer
than 36” from air supply registers and return air grilles.
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3.2

3.3

E.

Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they
extend the full width of duct. Tubes more than 36 inches (9100 mm) long shall be supported at
both ends.

Remote Status and Alarm Indicators: Install in a visible location near each smoke detector,
sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal
viewing position.

Audible Alarm-Indicating Devices: Install not less than 6 inches (150 mm) below the ceiling.
Install bells and horns on flush-mounted back boxes with the device-operating mechanism
concealed behind a grille. Install all devices at the same height unless otherwise indicated.

Visible Alarm-Indicating Devices: Install appliances such that the entire lens is not less than 80”
and not more than 96” above finished floor. Where low ceilings do not permit mounting at a
minimum of 807, than device shall be within 6 inches (150 mm) from ceiling. Where installed at
a reduced mounting height, room size coverage shall be adjusted as required. Install all devices
at the same height unless otherwise indicated.

Device Location-Indicating Lights: Locate in public space near the device they monitor.

PATHWAYS
Pathways above recessed ceilings and in nonaccessible locations may be routed exposed.

1. Exposed pathways located less than 96 inches (2440 mm) above the floor shall be
installed in EMT.

Exposed EMT shall be painted red enamel.

CONNECTIONS

For fire-protection systems related to doors in fire-rated walls and partitions and to doors in
smoke partitions, comply with requirements in Section 087100 "Door Hardware." Connect
hardware and devices to fire-alarm system.

1. Verify that hardware and devices are listed for use with installed fire-alarm system before
making connections.

Make addressable connections with a supervised interface device to the following devices and
systems. Install the interface device less than 36 inches (910 mm) from the device controlled.
Make an addressable confirmation connection when such feedback is available at the device or
system being controlled.

Smoke dampers in air ducts of designated HVAC duct systems.

Magnetically held-open doors.

Electronically locked doors and access gates.

Alarm-initiating connection to activate emergency shutoffs for gas and fuel supplies.
Supervisory connections at valve supervisory switches.

Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system.

AU e
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7. Supervisory connections at fire-extinguisher locations.
3.4 IDENTIFICATION

3.5

3.6

Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification specified in Section 260553 "Identification for Electrical Systems."

Install framed instructions in a location visible from fire-alarm control unit.

GROUNDING

Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a ground
wire from main service ground to fire-alarm control unit.

Ground shielded cables at the control panel location only. Insulate shield at device location.

FIELD QUALITY CONTROL

Field tests shall be witnessed authorities having jurisdiction.
Perform the following tests and inspections:

1. Visual Inspection: Conduct visual inspection prior to testing.

a. Inspection shall be based on completed record Drawings and system
documentation that is required by NFPA 72 in its "Completion Documents,
Preparation" table in the "Documentation” section of the "Fundamentals" chapter.

b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section
of the "Inspection, Testing and Maintenance" chapter in NFPA 72; retain the
"Initial/Reacceptance” column and list only the installed components.

2. System Testing: Comply with the "Test Methods" table in the "Testing" section of the
"Inspection, Testing and Maintenance" chapter in NFPA 72.

3. Factory-authorized service representative shall prepare the "Fire Alarm System Record of
Completion" in the "Documentation" section of the "Fundamentals" chapter in NFPA 72
and the "Inspection and Testing Form" in the "Records" section of the "Inspection,
Testing and Maintenance" chapter in NFPA 72.

Fire-alarm system will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.

Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly,
quarterly, and semiannual periods. Use forms developed for initial tests and inspections.

Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm
system complying with visual and testing inspection requirements in NFPA 72. Use forms
developed for initial tests and inspections.
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3.7 SOFTWARE SERVICE AGREEMENT
A.  Comply with UL 864.

B.  Technical Support: Beginning at Substantial Completion, service agreement shall include
software support for two years.

C.  Upgrade Service: At Substantial Completion, update software to latest version. Install and
program software upgrades that become available within two years from date of Substantial

Completion. Upgrading software shall include operating system and new or revised licenses for
using software.

1. Upgrade Notice: At least 30 days to allow Owner to schedule access to system and to
upgrade computer equipment if necessary.

3.8 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain fire-alarm system.

END OF SECTION 283111
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SECTION 284400 - REFRIGERANT DETECTION AND ALARM

PART 1 - GENERAL

11

A.

1.2

13

14

SUMMARY

Section Includes:

1. Refrigerant detectors and sensors.
Related Requirements:

1. Section 260011 "Facility Performance Requirements for Electrical” specifies seismic-
load, wind-load, acoustical, and other field conditions applicable to Work specified in
this Section.

2. Section 280010 "Supplemental Requirements for Electronic Safety and Security"

specifies additional abbreviations, definitions, submittals, qualifications, testing agencies,

and other Project requirements applicable to Work specified in this Section.

Section 104300 "Emergency Aid Specialties” specifies SCBA and associated accessories.

4. Section 260553 "ldentification for Electrical Systems" specifies equipment labels,
nameplates, and warning signs installed by this Section.

@

ACTION SUBMITTALS

Product Data: For each type of product.

1. For Refrigerant Detectors and Sensors: Include refrigerant sensing range in ppm,
temperature and humidity range, alarm outputs, display range, furnished specialties,

installation requirements, and electric power requirement.

Field quality-control reports.

INFORMATIONAL SUBMITTALS
Field Reports:

1. Manufacturer's field reports for field quality-control support.

MAINTENANCE MATERIAL SUBMITTALS
Special tools.

Consumable items.
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PART 2 - PRODUCTS

2.1 REFRIGERANT DETECTORS AND SENSORS

A. Performance Criteria:

1. Regulatory Requirements: Components listed and labeled in accordance with NFPA 70,
by qualified electrical testing laboratory recognized by authorities having jurisdiction,
and marked for intended location and application.

B.  Fixed Refrigerant Monitor

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

a.
b.
C.

N

ChillGard; brand of Mine Safety Appliances Co. (MSA).
Calibration Technologies (CTI)
Honeywell Analytics; Honeywell International, Inc.

Source Limitations: Obtain products from single manufacturer.

3. Product Characteristics:

a.

JQ

Product Description: Factory tested, calibrated, and certified to continuously
measure and display specific gas concentration and capable of indicating,
alarming, shutting down fuel-fired equipment, and automatically activating
ventilation system(s).

Product Reference Standards: ASHRAE 15.

Compatible with environmental conditions for intended location specified in
Section 260011 "Facility Performance Requirements for Electrical."”

HVAC Refrigerant(s) to Be Monitored: R-410A.

Range: 0 to 1000 ppm.

Sensitivity, Minimum Detectability at 20 ppm:

1)  Accuracy: 0to 100 ppm; plus or minus 20 ppm, 100 to 1000 ppm; plus or
minus 5 percent of reading.

2) Repeatability: Plus or minus 1 percent of full scale.

3)  Response: 50 percent of a step change in 60 seconds.

4)  Detection Level Set Points:

a) Detection Level 1: 20 ppm.
b) Detection Level 2: 50 ppm.
c) Detection Level 3: 250 ppm.

Maximum Power Input: 120 V(ac), 60 Hz, 75 W.
Notification Appliances:

1) Horns: Comply with UL 464; electric-vibrating-polarized type, listed by a
qualified testing agency with provision for housing the operating mechanism
behind a grille. Horns must produce a sound-pressure level of 90 dB(A-
weighted), measured 10 ft from the horn.
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2)  Visible Alarm Devices: Comply with UL 1971; three color xenon strobe
lights, with clear or nominal white polycarbonate lens mounted on an
aluminum faceplate. The words "REFRIGERANT DETECTION" printed in
minimum 1/2 inch high letters on the lens. Rated light output is 75 cd.

4. Required Product Options:

a.

S53—RT

Product Listing Criteria: Investigated, labeled, and marked by qualified electrical
testing laboratory in accordance with guide information and standards specified for
the following UL product categories:

1)  Gas and Vapor Detectors and Sensors: UL CCN FTAM, including UL 2075.

Number of Air-Sampling Points: One.

Air-Sampling Point Inlet Filter: 0.10 micron filter element for each sampling point.
Air-Sampling Point Analog Output: 0 to 10 V(dc) into 2 kQ, or 4 to 20 mA into
1 kQ matched to sensor output.

Alarm Relays: Minimum 2 relays at a minimum of 5 A resistive load each.

Alarm Set Points: Displayed on front of meter and adjustable through keypad on
front of meter.

Alarm Acknowledge Switch: Mount in the front panel of the monitor to stop
audible and visual notification appliances, but alarm LED remains illuminated.
Alarm Manual Reset: Momentary-contact push-button in the front panel of the
monitor stops audible and visual notification appliances, extinguishes alarm LED,
and returns monitor to detection mode at current detection levels.

Display: Alphanumeric LCD, LED indicating lights for each detection level;
acknowledge switch and test switch mounted on front panel; alarm status LEDs
and service fault LEDs.

Audible Output: Minimum 75 dB(A-weighted) at 10 ft.

Visible Output: Strobe light.

Sensor Analog Output: 0 to 10 V(dc) into 2 kQ, or 4 to 20 mA into 1 kQ.

Serial Output: TIA-232 or TIA-485 compatible with HVAC controls.

Enclosure: UL 50E, Type 12, with locking quarter-turn latch and key.

5. Sequence of Operation:

a.

Comply with ASHRAE 15 and requirements of authorities having jurisdiction.

PART 3 - EXECUTION

3.1 PREPARATION

A.  Shop Drawings: Prepare and submit the following:

1. Refrigerant Detection and Alarm Drawings, Diagrams, and Supporting Documents:
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a. Plans and attachment details to other Work.

b. Machinery-room layout, showing location of monitoring devices and air-sampling
tubing with filter/inlet locations in relation to refrigerant equipment.

C. Air-Sampling Tubing: Size, routing, and termination including elevation above
finished floor.

d. Wiring Diagrams: Power, signal, and control wiring.

3.2 INSTALLATION

A.  Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements are
specified in Contract Documents or manufacturers' published instructions, comply with the

following:
1. Comply with ASHRAE 15.
2. Consult Architect for resolution of conflicting requirements.

C.  Special Installation Techniques:

1.

Floor mount diffusion-type monitors, sensor/transmitters, or air-sampling inlets on slotted
channel frame 12 to 18 inch above the floor in a location near the refrigerant source or
between the refrigerant source and the ventilation duct inlet.

Infrared Monitors: Extend air-sampling tubing from outdoors to outdoor inlet connection
of infrared monitors. Terminate air-sampling tubing at outdoor inlet location with filter
recommended by monitor manufacturer.

Signs, Labels, and Nameplates:

a. Install warning signs, labels, and nameplates to identify refrigerant detection
devices in accordance with Section 260553 "ldentification for Electrical
Equipment."

b. Place warning signs inside and outside each door to the refrigeration equipment
room. Sample wording: "AUDIBLE AND VISUAL ALARM SOUNDING
INDICATES REFRIGERANT DETECTION - ENTRY REQUIRES SCBA."

Audible Alarm-Indicating Devices: Install at each entry door to refrigeration equipment
room, and position not less than 6 inch below the ceiling. Install horns on flush-mounted
back boxes with the device-operating mechanism concealed behind a grille.

Visible Alarm-Indicating Devices: Install adjacent to each alarm horn at each entry door
to refrigeration equipment room, and position at least 6 inch below the ceiling.

3.3 FIELD QUALITY CONTROL

A.  Field tests and inspections must be witnessed by Commissioning Agent.

B.  Tests and Inspections:

1.

Perform manufacturer's recommended tests and inspections.
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3.4

3.5

2. Inspect field-assembled components, equipment installation, and electrical connections
for compliance with requirements.

Test and adjust controls and safeties.

4. Test Reports: Prepare a written report to record the following:

@

a. Test procedures used.

b. Test results that comply with requirements.

C. Test results that do not comply with requirements and corrective action taken to
achieve compliance with requirements.

Nonconforming Work:
1. Refrigerant detection and alarm equipment will be considered defective if it does not pass
tests and inspections.

2. Remove and replace defective units and retest.

Field Quality-Control Reports: Collect, assemble, and submit test and inspection reports.

CLOSEQOUT ACTIVITIES
Maintenance Material Submittals:

1. Special Tools: Furnish to Owner proprietary equipment, keys, and software required to
operate, maintain, repair, adjust, or implement future changes to refrigerant detection and
alarm equipment, that are packaged with protective covering for storage on-site and
identified with labels describing contents. Include the following:

a. One calibration kit, pressure regulator, and tubing.

2. Consumable Items: Furnish to Owner extra consumable items for storage on-site,
identified with labels describing contents. Include the following:

a. One clean air calibration gas bottle for zero calibration and one refrigerant gas
bottle for each specified monitored refrigerant for span calibration, minimum
15.3 gal. capacity each.

PROTECTION

After installation, protect refrigerant detection and alarm equipment from construction
activities. Remove and replace items that are contaminated, defaced, damaged, or otherwise
caused to be unfit for use prior to acceptance by Owner.

END OF SECTION 284400
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