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NOTE: This guide specification covers the
requirenents for testing of UMCS and field control
syst ens. Requi renents for a performance
verification test (PVT) which incorporates an
endurance test, and optional requirenents for a
factory test are included. The factory test is
simlar to the PVT, but perforned at the factory
prior to systeminstallation while the PVT is
perfornmed on the installed system

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)
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PART 1 GENERAL
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NOTE: The designer will need to edit this
specification if only a portion of the testing is
required on the project. The engineer nust keep in
mnd there can be testing of 1) new UMCS, 2)

buil ding level controls, and/or 3) conbined buil ding
| evel controls and UMCS
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1.1 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

1.2 DEFI NI TI ONS

In addition to the definitions provided in this Section, 23 09 00

| NSTRUMENTATI ON AND CONTROL FOR HVAC and 25 10 10 UTILITY MONI TORI NG AND
CONTROL (UMCS) FRONT END AND | NTEGRATI ON contain definitions related to
this Section.

1.2.1 Al gorithm

A set of well-defined rules or procedures for solving a problemor
providing an output froma specific set of inputs.

1.2.2 Anal og

A signal that can take on continuous (as opposed to discrete) val ues.
Sensors (e.g. tenperature, pressure, flow) typically provide anal og
signals as outputs to represent the measured vari abl e. Wthin the UMCS
anal og signals are generally represented by either 0-10 volt or a 4-20
mllianmp signal

1.2.3 Bi nary

A two-state system where an "ON' condition is represented by a high signal
| evel and an "OFF" condition is represented by a | ow signal |evel.

1.2.4 Change- O - Val ue (COV)
A type of data transmi ssion over the network where the point val ue is

transmtted over the network only when its val ue changes. COV is an
efficient use of network bandw dth.
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2.5 Control Wring

This includes conduit, wire, and wiring devices to install conplete HVAC
control systems, including motor control circuits, interlocks, sensors, PE
and EP switches, and like devices. This also includes all wiring from
node to node, and nodes to all sensors and points defined in the I1/0
sunmary shown on drawi ngs or specified herein, and required to execute the
sequence of operation. Does not include line voltage power wiring.

.2.6 Denmand

The maxi mumrate of use of electrical energy averaged over a specific
interval of tinme, usually expressed in kW

2.7 Graphi cal User Interface (GU)

Human- machi ne interfacing allows the operator to nanage, conmand, nonitor
and programthe system

. 2.8 I ntegration

Est abl i shi ng conmuni cati on between two or nmore systens to create a single
system

.2.9 Pr ot ocol

In control systens, "protocol" is generally shorthand for "comrunication
protocol "; a defined nethod by which digital information is exchanged

el ectronically. O'ten nmore than one protocol is used in a BAS, for
exanpl e, a typical BACnet systemw |l use at a mininum (in addition to
BACnet /| P and BACnet MS/TP) I P, UDP, ARP, Ethernet, and RS-485 protocols
(and this does not include any protocols used internally in the front end
or for communication with front end client workstations).

.3 ADM NI STRATI VE REQUI REMENTS

. 3.1 Sequenci ng

Performance Verification Testing required by this Section nmust be
proceeded by successful and accepted "contractors field testing" or
"start-up and start-up testing" of the control systemto be tested.

. 3.2 Schedul i ng

Coordi nate testing schedules with the Government and with work in other
Sections perfornmed on the conponents or systems to be tested.

4 SUBM TTALS
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NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submtta

items in the text, to reflect only the subnmttals
required for the project. The Guide Specification
technical editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submttal items can be reviewed by the Contractor's

SECTION 25 08 10 Page 5



Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO' for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submttals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCCEDURES.
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Covernment approval is required for submttals with a "G' or "S"
classification. Subnmittals not having a "G' or "S" classification are for
Contractor Quality Control approval. Subnittals not having a "G' or "S"
classification are for information only. Wen used, a code follow ng the
"G' classification identifies the office that will review the subnitta

for the Governnent. Submit the followi ng in accordance with Section

01 33 00 SUBM TTAL PROCEDURES:

SD- 06 Test Reports
PVT Plan; G, |
PVT Phase | Report; C, |
PVT Phase Il Report; G [__ ]
SD-07 Certificates
Test Instrunentation Calibration Certificates; G [___ ]
.5 TEST EQUI PMENT

Provide all test equiprment unl ess otherwi se noted in the contract
docunents. Use only test equipnent with current calibration traceable to
the National Institute of Science and Technology (NI ST). For each test
instrument, submit Test Instrumentation Calibration Certificates
denonstrating calibration traceable to NI ST. Use test equi pnment and test
met hods such that the overall accuracy of the test nethod, including al
test instrunentation and any errors inherent in the test procedure, is at
| east 50 percent better than the accuracy specified for the sensor. For
exanple, if a tenperature sensor has an accuracy requirenent of plus or

m nus 0.5 degrees Cel siusl degree Farenheit degree overall accuracy of the
test method, must be 0.25 Celsius0.5 degree Farenheit or better

VWhen val i dati ng sensor accuracy, the test instrument is treated as if it
is perfectly accurate; that is, the neasured value fromthe test
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instrument nmust lie within the bounds of the specified accuracy of the
sensor. Expressed mathematically:

G ven:
Sensor accuracy: Plus or mnus X
Sensor reading: Y
Test equi pnent reading: Z
Where X, Y and Z are real nunberts.

Then

Sensor passes if: (Y-X) <= Z <= (Y+X)
ot herwi se, sensor fails

PART 2 PRODUCTS
Not appli cabl e
PART 3  EXECUTI ON
3.1 PERFORVMANCE VERI FI CATI ON TEST ( PVT)

Perform a Performance Verification Test (PVT) to denonstrate that the
installed control systemmeets all requirenents of the project
specifications. Coordinate scheduling of the PVT with the Governnment, and
do not begin the PVT until the PVT Plan submittal is accepted.

3.1.1 PVT PLAN
Provide a PVT Pl an including system docunmentati on and PVT Procedures.

3.1.1.1 PVT Pl an System Docunentation

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: If Section 23 09 00 is part of the project,
keep the bracketed text referencing Section 23 09
00, otherw se renove it.
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I nclude the follow ng system docunmentation in the PVT Pl an

a. Copies of the npst recent as-built drawi ngs for the system including
but not Iimted to one-line drawi ngs and Points Schedul es [as
specified in Section 23 09 00 | NSTRUVENTATI ON AND CONTROL FOR HVAC]
showi ng devi ce address, point descriptions, network point nanes and
types, hardware point types, settings and ranges including units.

b. Copies of manufacturer's product data sheets when needed to denonstrate
conpliance with project requirenments. |In particular, provide data
sheets showi ng that surge protection requirenments have been net.

c. Operation or user manuals for all software and all DDC Hardware to be
tested.

d. List of test equipnent.
3.1.1.2 PVT Equi prrent Li st

Include in the PVT procedures a control system performance verification
test equipnment list that Iists the equi pnent to be used during perfornance
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verification testing. For each piece of equiprment include manufacturer
nane, nodel nunber, equiprment function, the date of the |atest
calibration, and the results of the latest calibration

.1.1.3 PVT Procedures

Devel op PVT procedures using the test procedures in this Section,

nodi fyi ng the procedures and addi ng tests as appropriate to devel op
procedures that test all requirements of the project specifications. The
test procedures nmust consist of detailed instructions for test setup
execution, and evaluation of test results.

When devel opi ng addi ti onal procedures, provide the same information and
fields as shown in the Test Tenpl ate.

. 1.2 PVT Phases
Conduct PVT testing in two phases:

I. Field testing for devices, conponents, subsystens and the overal
system usi ng the approved PVT Procedures.

I1. A one-week endurance test during which the systemis operated
conti nuously.

.1.2.1 PVT Phase | (Field Tests)

Denonstrate conpliance of the control systemw th the contract docunents.
Using test plans and procedures approved by the CGovernnment, denonstrate
al | physical and functional requirenents of the project. Show,

st ep-by-step, the actions and results denbnstrating that the control
systens fully and correctly inplenment the sequences of operation. PVT for
surge protection is not required to include introducing a surge to the
equi pent; surge protection may instead be denonstrated through product
docunent ati on.

Do not start the perfornmance verification test until after receipt of
witten pernission by the Governnent, based on Governnment approval of the
PVT Plan and Draft As-Builts and conpl eti on of bal anci ng of the HVAC
System Do not conduct tests during schedul ed seasonal off periods of
base heating and cooling systems. At the conpletion PVT Phase | and in
accordance with the project schedul e and project sequencing provide a PVT
Phase | Report docunenting all PVT testing including all approved test
procedures with test results indicated on the procedures, and a record of
all actions taken to address PVT test failures.

.1.2.2 PVT Phase Il (Endurance Test)

Conpl ete an endurance test as part of the PVT in which the systemis
operated contui nuously for [one-week][___ ] without failure. During the
endurance test trend all points shown as requiring a trend on the Points
Schedul e for the entire duration of the endurance test. |If insufficient
buf fer or storage capacity exists to trend the entire endurance test,

of fload trend | ogs during the course of the endurance test to ensure that
no trend data is lost. |If the control system specification includes
bandwi dt h requirements for bandw dth usage on a non-IP network, measure
and record the network bandw dth usage on each non-IP channel during the
endur ance test.
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If the system experiences any failures during the endurance test portion
of the PVT, repair the system and repeat the endurance test portion of the
PVT until the system operates continuously and w thout failure for the

speci fied endurance test period. At the conpletion of PVT Phase Il and in
accordance with the project schedul e and project sequencing provide a PVT
Phase || Report docunenting failures and repair actions taken during PVT
Phase I1I.

.1.2.2.1 Tenmporary Trendi ng Capability

Unl ess trending capability exists, either within the building control
systemor through a connected Uility Mnitoring and Control System (UMCS)
Front End, tenporarily install hardware on the building control network to
performtrendi ng during the endurance test as indicated. Renove the
tenmporary hardware at the conpletion of all testing and conm ssi oning
activities.

.2 FACTORY TEST

Performa Factory Test to denpbnstrate the capability of the proposed
control systemsolution to neet the requirenents of project
specifications. Coordinate scheduling of the Factory Test with the
Government, and do not begin the Factory Test unil the Factory Test Pl an
submittal is accepted.

2.1 Factory Test Setup

Design the Factory Test Setup to represent the systemas it will be
fielded and to denponstrate the capability of the systemto neet the
requi renents of the project specification. At a m ninmum

a. Include at | east one of each nodel of DDC hardware, instrunentation and
control device to be used on the project.

b. Include at |east one network of each type to bue used on the project.

c. Include a programuable controller programed as it will be install ed,
or, if no programmable controller is to be installed on the project,
i ncl ude a programmabl e controller with a sanple application

d. Include sample hardware to provide a nmock field control systemfor the
front end to communicate with if the project requires a front end but
does not require a field control system

. 2.2 Factory Test Pl an

Provide a Factory Test Plan docunmenting the test setup and procedures.

.2.2.1 Factory Test Plan Setup Docunentation

Include the following information, at a mninmum to document the factory
test setup:

a. Systemone-line block diagram of equi pnent used in the factory test
identifying conputers (servers and workstations), network hardware,
DDC hardware, and other instrumentation including, but not linmted to,
sensors, actuators, test signal generators, and neters.

b. System hardware description used in the factory test.
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c. System software description used in the factory test.
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NOTE: It is best to keep the first bracketed text
to require the use of the Points Schedul e fornat
specified in UFGS 23 09 00. If this is not
feasible, the second bracketed text may used and

edited to address additional specific requirements.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

d. Points Schedul es for each controller showi ng the configuration to be
used during the test. Points Schedul es nust [be as specified in
Section 23 09 00 | NSTRUVENTATI ON AND CONTROL FOR HVAC][i ncl ude the
following information at a m nimum device address, point
descriptions, network point nanes and types, hardware point types,
settings and ranges including units].

e. Required passwords for each operator access |evel.

f. List of other test equipnent.

3.2.2.2 Test Procedures

Devel op factory test procedures using the Test Procedures in this Section
nodi fyi ng the procedures and addi ng tests as appropriate to devel op test

procedures that test all requirements of the specification. The test
procedures must consist of detailed instructions for test setup
execution, and evaluation of test results. Factory test procedures mnust

i nclude testing of surge protection by introducing a surge to the
equi pnment and denonstrating that the equi pnment survives.

VWhen devel opi ng additional procedures, provide the same information and
fields as shown in the Test Tenpl ate.

. 2.3 Factory Test Report

Upon conpl etion of the Factory Test provide a conplete test report,
consisting of a short summary of the factory test, a copy of the Factory
Test Plan, and copies of the executed test procedures separated by test.
For each test, include date perfornmed and identify the Governnent
representative who w tnessed and approved the test.

If a portion of any test failed, docunent the failure and corrective
action.

.2.4 Fatory Test Execution

Conduct the Factory Test at a |location and tinme approved by the
CGovernnment. The CGovernnent will witness the factory test.

If the systemfails a portion of a test, the Government will deternine
whet her the entire test or only the portion that failed nmust be repeated.

.3  TEST PROCEDURES
Devel op test procedures using the tenplate procedure in the Appendix. A

test tenmplate and sanmple test procedures in electronic format are
avai |l abl e at the \Wol e Buil ding Design Guide page for this section
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https://ww. wbdg. org/ ffc/dod/unified-facilities-guide-specifications-ufgs/ufgs-25-08-1
Refer to the Sanple Test Procedures Table to view the existing sanple
tests.

Sanpl e Test Procedures

Test No. Test Title

1 Syst em Equi pnent Verification

2 System Start-up

3 Monitoring and Control (M&C) Software Passwords
4 Graphic Display of Data

5 Graphi ¢ Navi gati on Schere

6 Command Functions

7 Command | nput Errors

8 Speci al Functions

9 Sof tware Editing Tools

10 Schedul i ng

11 Al arm function

12 Trendi ng

13 Demand Limting

14 Report Generation

15 Uni nterruptabl e Power Supply (UPS) Test
16 Routers and Repeaters

17 Gat eways (Buil ding Level)

18 Gat eways (Device Level)

19 Local Display Panel (LDP)

20 Open Network Point Verification
21 Cust om Test Tenpl ate
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APPENDI X A
TEST NUMBER: <TEST NUMBER>
TEST TI TLE: <TEST Tl TLE>
OBJECTI VE: <STATE TEST OBJECTI VE>
I NI TI AL REQUI REMENTS/ CONDI TI ONS
1. Submittals: <LIST REQU RED SUBM TTALS>
2.  Equi prent: <LI ST EQUI PMENT REQUI RED FOR TEST>
3. Reference Docunentation: <LIST REQUI RED REFERENCE DOCUVENTATI ON>
Date of Test:
Time of Test:

Contractor's Representative:
Covernnment's Representative:

Specification References for this verification:
<LI ST SECTI ONS REFERENCED FOR THI S TEST>

TEST PROCEDURES: <USE THE FOLLOWN NG FORVAT FOR TEST PROCEDURES, EXPAND AS
NECESSARY TO CAPTURE ALL TEST | TEMS>

Item Acti on Expected Results Appr oved

1
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Item

Acti on Expected Results

Appr oved

Not es:

End of Section --
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