UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D.C. 2085850001

March 23, 1994

MEMORANDUM FOR:  Martin J. Virgilio, Acting Director
Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation

FROM: Conrad E. McCracken, Chief
Plant Systems Branch
Division of Systems Safety and Analysis

SUBJECT: SUMMARY OF MARCH 16, 1994, MEETING BETWEEN NRC STAFF AND
NUCLEAR ENERGY INSTITUTE REPRESENTATIVES Ld INDUSTRY
THERMO-LAG TEST PROGRAM

On March 16, 1994, staff members of the Office of Nuclear Reactor Regulation
(NRR) met with representatives of the Nuclear Energy Institute (NEI), formerly
Nuclear Management and Resources Council (NUMARC), to discuss Thermo-lag
issues. Enclosure 1 is a 1ist of attendees.

During this meeting, NEI representatives explained that NUMARC had merged with
the U. S. Council for Energy Awareness (USCEA), the American Nuclear Energy
Council (ANEC) and the Edison Electric Institute (EEI) to form the Nuclear
Energy Institute (NEI). Following a brief overview of the meeting agenda, NEI
presented the preliminary results of NEI Thermo-lLag Phase 2 test program
(Enclosure 2 and 3). The test results led NEI to conclude that most uporades
performed as anticipated, but while the test results for one-hour upgrades
appear to meet the NEI acceptance criteria, three-hour upgrades did not. The
staff concluded that, based on test results, upgrades of 3-hour barriers did
not provide satisfactory results and suggested that alternative solutions may
have to be considered. Phase 2 test reports have not yet been submitted to
the staff for review.

NEI presented its draft Application Guide to Evaluate Thermo-Lag Fire
Barriers. Several handouts were distributed by NEI during the course of the
presentation (Enclosures 4, 5, and 6). One of the handouts (Enclosure 7)
illustrates the kind of evaluation licensees may generate by following the
Application Guide methodology for comparing tested to installed
configurations. NEI plans to give guidance on the use of the Application
Guide to licensees during an industry workshop scheduled for

April 20-21, 1994, NEI emphasized the importance of obtaining feedback from
the staff and stated their intention to incorporate staff comments in the
Application Guide prior to the workshop. NEI invited the staff to attend the
workshop. The staff raised a number of questions and concerns about the
Application Guide and agreed to try to have written comments to NEI by

April 8, 1994, to support the workshop.

The staff distributed copies of Information Notice 94-22 "Fire Endurance and

Ampacity Derating Test Results for 3-hour Fire Rated Thermo-Lag 330-1 Fire AN

Barriers", and informed attendees that GL 86-10 Supplement 1 was under ﬂﬁ<i

Commission review and expected to be issued shortly. |
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Martin Virgilio

During the closing remarks, participants discussed the upcoming June meeting

March 25, 1994

-

with the Advisory Committee on Reactor Safeguards and the agenda of the
NRR/NET senior management meeting scheduled for April 8, 1994.
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Name

Marsha Gameroni
Loren Plisco
Morton Fieishman
Dantele OQudinot
Amarjit Singh
Jan MacGregor
Patrick Madden
tdward Connell
rRonaldo Jenkins
Steven West
Conrad McCracken
Alex Marion

Biff Bradley
Morris Schreim
Rick Dible

Cal Banning
Theresa Sutter
Rubin Feldman
James J Raieigh

ATTENDANCE
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NUMSRC /NE |

NE]

NUMARC /NE |

VECTRA

VECTRA

Bechtel

IS1

Southern Technical Services

Enclosure |

Phone No.

301-504-3024
301-504-3024
301-504-1850
301-504-3731
301-504-1237
202-371-5798
301-504-2854
301-504-2838
301-504-2985
301-504-1220
301-504-2873
202-739-8000
202-739-8083
202-739-8082
817-737-1045
817-737-114%2
301-4]7-8818
314-349-1233
301-652-2500
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PHASE 2 TESTING

« TEST 2-1 BASELINE CONDUITS
1 HOUR

2 NEI
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PHASE 2 TESTING

» TEST 2-1 BASELINE CONDUITS
1 HOUR
¢3/4”,2”, 4" AND 6” DIAMETER CONDUITS
+PRE-BUTTERED JOINTS

¢RESULTS:

» 3/4” EXCEEDED SINGLE MAX. AND
AVERAGE TEMPERATURE CRITERION AT

27 MINUTES

» 2” EXCEEDED AVERAGE TEMPERATURE
CRITERION AT 39 MINUTES

» 4” EXCEEDED AVERAGE TEMPERATURE
CRITERION AT 48 MINUTES

M
3 NEI




PHASE 2 TESTING

. TEST 2-1

¢ Results (Cont.)

» 6” EXCEEDED AVERAGE
TEMPERATURE CRITERION AT 50

MINUTES

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST FOR
2”,4” AND 6” CONDUITS

» BARRIER OPENING FOLLOWING HOSE
STREAM TEST FOR 3/4”

4 NEI



PHASE 2 TESTING

« TEST 2-2 BASELINE AND UPGRADE ;
BOX CONFIGURATION AROUND l
CONDUITS AND OUTDOOR 1
CONDUIT APPLICATIONS- 1 HOUR
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PHASE 2 TESTING

« TEST 2-2 BASELINE AND UPGRADE
BOX CONFIGURATION AROUND
CONDUITS AND OUTDOOR
CONDUIT APPLICATIONS- 1 HOUR

¢3/4”, 2" AND 3” DIAMETER CONDUITS IN
EACH BOX

+3/4” AND 2” DIAMETER CONDUITS FOR
OUTDOOR APPLICATIONS W/ PRE-
BUTTERED JOINTS

+ BASELINE BOX: PRE-BUTTERED 1/2”
PANELS

+ UPGRADE BOX: POST-BUTTERED 1/2”
PANELS WITH STRESS SKIN AND TROWEL
RADE REINFORCED AT JOINTS

6

M
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PHASE 2 TESTING

. TEST 2-2 (Cont.)
+BOXES HILTI BOLTED TO CONCRETE SLAB

¢ RESULTS:

» ALL CONDUIT TEMPERATURES IN
BASELINE AND UPGRADE BOX
APPLICATIONS MAINTAINED
ACCEPTABLE TEMPERATURES FOR ONE

HOUR
» 3/4” OUTDOOR APPLICATION CONDUIT

EXCEEDED AVERAGE TEMPERATURE
CRITERION AT 26 MINUTES

7 NEI



PHASE 2 TESTING

. TEST 2-2

¢ RESULTS (Cont.)

» 2”7 OUTDOGR APPLICATION CONDUIT
EXCEEDED AVERAGE TEMPERATURE
CRITERION AT 35 MINUTES

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST FOR
THE UPGRADED BOX AND 2” OUTDOOR
CONDUIT BARRIER APPLICATION

» 3/4” OUTDOOR APPLICATION CONDUIT
EXHIBITED BURN THROUGH AND THE
BASELINE BOX HAD OPENINGS AT
JOINTS FOLLOWING THE HOSE STREAM

TEST

”
8 NEI




PHASE 2 TESTING

« TEST 2-3 BASELINE CONDUITS
3 HOUR

9 NEI
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PHASE 2 TESTING

« TEST 2-3 BASELINE CONDUITS

3 HOUR
+3/4”, 3” AND 6” DIAMETER CONDUITS

+ PRE-BUTTERED JOINTS

¢RESULTS:

» 3/4” EXCEEDED AVERAGE TEMPER-
ATURE CRITERION AT 63 MINUTES AND
SINGLE MAX. TEMPERATURE CRITERION

AT 69 MINUTES

» 3”7 EXCEEDED SINGLE MAX. TEMPER-
ATURE CRITERION AT 91 MINUTES AND
AVERAGE TEMPERATURE CRITERION AT
99 MINUTES

M
10 NEI




PHASE 2 TESTING

M

. TEST 2-3

+RESULTS (Cont.)

» 6” EXCEEDED AVERAGE TEMPERATURE
CRITERION AT 102 MINUTES

» FOLLOWING THE HOSE STREAM TEST
SIGNIFICANT BURN THROUGH WAS
NOTED FOR THE 3/4” AND SMALL
OPENINGS WERE OBSERVED IN THE
BARRIER FOR THE 3” AND 6” CONDUITS

11 NEI



PHASE 2 TESTING

« TEST 2-7 BASELINE CABLE TRAYS
1 HOUR

12 NEI
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PHASE 2 TESTING

« TEST 2-7 BASELINE CABLE TRAYS

1 HOUR

+ TWO CABLE TRAYS, BASELINE FOUR PANEL
APPLICATION- TRAY A- 24”WIDE x 4” DEEP,
TRAY B-6” WIDE x 4” DEEP

+ TWO CABLE TRAYS, BASELINE SCORE AND
FOLD APPLICATION- TRAY D- 24” WIDE x 4”
DEEP, TRAY C- 6” WIDE x 4” DEEP

+ PRE-BUTTERED JOINTS

¢+ SINGLE LAYER OF CABLES -
APPROXIMATELY 15% FILL

13 NEI



PHASE 2 TESTING

« TEST 2-7 (Cont.)

¢+RESULTS:

» TRAY A (24”x 4”) FOUR PIECE
APPLICATION EXCEED SINGLE MAX.
TEMPERATURE CRITERION ON THE BARE
# 8 CONDUCTOR BELOW TRAY RUNGS
AT 21 MINUTES

» TRAY D (24”x 4”) SCORE AND FOLD
APPLICATION EXCEEDED SINGLE MAX.
TEMPERATURE CRITERION ON THE BARE
# 8 CONDUCTOR BELOW TRAY RUNGS
AT 23 MINUTES

14 NEI



PHASE 2 TESTING

e TEST 2-7

¢ RESULTS (Cont.)

» TRAY C (6”x 4”) SCORE AND FOLD
APPLICATION EXCEEDED AVERAGE AND
SINGLE MAX. TEMPERATURE CRITERION
ON THE TRAY RAILS AT 48 MINUTES

» TRAY B (6”x 4”) FOUR PIECE
APPLICATION EXCEEDED AVERAGE
TEMPERATURE CRITERION ON THE TRAY
RAILS AT 48 MINUTES

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST FOR

TRAY B

N
15 NEI



PHASE 2 TESTING

. TEST 2-7

¢ RESULTS (Cont.)

» BURN THROUGH BARRIER OPENINGS
WERE OBSERVED FOLLOWING THE
HOSE STREAM TEST FOR TRAYS A, C

AND D

16 NEI



PHASE 2 TESTING

F

« TEST 2-8 CABLE TRAYS UPGRADE
1 HOUR

17 NEI
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PHASE 2 TESTING

« TEST 2-8 CABLE TRAYS UPGRADE
1 HOUR

+« TWO CABLE TRAYS, UPGRADE FOUR PANEL
APPLICATION- TRAY A (24”x 4”), W/ FIRE
STOP, TRAY B (6”x 47)

+ TWO CABLE TRAYS, UPGRADE SCORE AND
FOLD APPLICATION- TRAY D (24” x 4”), TRAY
C(6” x4")

+POST-BUTTERED BASELINE JOINTS

+ EXTERNAL TROWEL GRADE 330-1 AND
STRESS SKIN REINFORCEMENT AT JOINTS

¢ SINGLE LAYER OF CABLES -
APPROXIMATELY 15% FILL

N

18 NEI




PHASE 2 TESTING

. TEST 2-8 (Cont.)
¢ RESULTS:

» TRAYS B, C AND D EXHIBITED
ACCEPTABLE TEMPERATURES
THROUGHOUT THE TEST

» TRAY A (24”x 4”) FOUR PIECE
APPLICATION EXCEEDED SINGLE MAX.
TEMPERATURE CRITERION ON THE TRAY
RAILS ADJACENT TO THE TRAY FIRE
STOP AT 57 MINUTES. ALL OTHER
THERMOCOUPLES FOR THIS TRAY
EXHIBITED TEMPERATURES WELL
BELOW TEMPERATURE CRITERION

”

19 NEI



PHASE 2 TESTING

. TEST 2-8

+RESULTS (Cont.)

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST FOR
ALL TRAYS

20 NEI
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PHASE 2 TESTING |

- TEST 2-9 CABLE TRAY UPGRADE
l

1 HOUR

+36” WIDE x 4” DEEP FOUR PIECE
APPLICATION

¢+ BASELINE PRE-BUTTERED

+EXTERNAL TROWEL GRADE AND STRESS
SKIN REINFORCEMENT AT JOINTS

+INTERNAL PRE-BANDING
+SINGLE LAYER CABLE FILL (APPROX. 15%)

¢RESULTS:

» ALL TEMPERATURES WERE BELOW
TEMPERATURE CRITERION
THROUGHOUT THE TEST

22 NEI




PHASE 2 TESTING

. TEST 2-9

¢ RESULTS (Cont.)

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST

23 NEI



PHASE 2 TESTING

« TEST 2-10 BASELINE CABLE TRAYS
3 HOUR

24 NEI
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PHASE 2 TESTING

« TEST 2-10 BASELINE CABLE TRAYS

3 HOUR

+ TWO CABLE TRAYS, BASELINE FOUR PANEL
APPLICATION- TRAY A- 24”WIDE x 4” DEEP,
TRAY B- 6” WIDE x 4” DEEP

+ TWO CABLE TRAYS, BASELINE SCORE AND
FOLD APPLICATION- TRAY D- 24” WIDE x 4”
DEEP, TRAY C-6” WIDE x 4" DEEP

+ PRE-BUTTERED BASELINE JOINTS

¢ SINGLE LAYER OF CABLES -
APPROXIMATELY 15% FILL

25 NEI



PHASE 2 TESTING

e TEST 2-10 (Cont.)
+RESULTS:

» TRAY A (24”x 4”) FOUR PIECE
APPLICATION EXCEED SINGLE MAXIMUM
TEMPERATURE CRITERION ON THE TRAY
RAILS AT 86 MINUTES

» TRAY D (24”x 4”) SCORE AND FOLD
APPLICATION EXCEEDED SINGLE
MAXIMUM TEMPERATURE CRITERION ON
THE BARE #8 CONDUCTOR BELOW TRAY
RUNGS AT 85 MINUTES WHEN THE
BARRIER OPENED

26 NEi




PHASE 2 TESTING

. TEST 2-10

¢ RESULTS CONT.

» TRAYS B AND C HAD TEMPERATURES
BELOW TEMPERATURE CRITERION
WHEN THE TEST WAS TERMINATED AT 86
MINUTES

» SATISFACTORY BARRIER CONDITION
FOLLOWING HOSE STREAM TEST FOR
TRAYSBANDC

» BARRIER OPENING NOTED FOR TRAY A
FOLLOWING THE HOSE STREAM TEST

» BARRIER OPENED ON TRAY D AT 85
MINUTES

27 NEIi
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industry Application Guide DRAFT B.1
Appendix A
Tested Assemblies
1 HOUR
CONDUITS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
3 in Stee! with 172 in_preshaped condust sections with pest-buttered jornts Satisfactory conduit temperatures NUMARC 1-6
Radial Bend Baseline joints reinforced with trowel grade buildup and stress | Satisfactory barner condition
skin  Additional trowel grade buildup and stress skin at
couplings, supports and over entire radial bend area.
3 in. Steel with 172 i preshaped condunt sections with pre-butiered joints Indeterminate condunt temperatures (refer 10 Appendix B, | TU Electinic
Radial Bend Trowel grade butldup and stress skin over entire radial bend Note 1) Scheme 9-1
area Satisfactory barner condition
Sausfactory cable visual inspecuon
Sausfactory cable funcuionality
3an Steel 172 preshaped condust sections with pre-buttered jomts Indeterminate condust temperatures (refer to Appendix B, TU Efectric
Naote 1) Scheme 10-1 and
Satisfactery barner condition Scheme 10-2
Sausfactory cable visual inspection
Satisfactory cable functionality
4 1w Aluminum with | 172 in preshaped condwit sections with pre-butiered joints Average conduit lemperature requirements exceeded at 48 | NUMARC 2-1
Radial Bera Scparate "muered” pieces at radial bend meas  Basehne minutes
apphication, ro remforcement of jowats or addwonal overlay or | Satisfactory barnier conditton
trowel grade for conduit or radial bends
S Aluminum with | 172 in preshaped conduit sections with post-buttered joints Satisfactory conduil tcmperatures NUMARC 16
Rad:al Bend Baseline joints reinforced with trowel grade butldup and stress | Satisfactory barmier conditton
skin Additionai trowel grade buildup and stress skin at
couphings, supports and over eatire radial bend area
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Industry Apphication Guid DRAFT D.1
Appendix A
Tested Assemblies
1 HOUR
CONDUITS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
5 1. Steel with 172 m preshaped conduit sections with pre-buttered joints indeterminate conduit temperatures (refer to Appendix B, | TU Elecinc
Radial Bend Trowel grade buildup and stress skin over entire radial bend Note 1) Scheme 9-1
area Sausfactory barrier condiion
Satisfactory cabie visual inspection
Satisfactory cable functionality
6 1 Aluminum with | 1/2 m preshaped conduit sections with pre-butiered joints Average conduit temperature requrcments exceeded at 50 NUMARC 2-1
Rad:al Bend Separate “mutered” pieces at radial bend arcas Bascline nunuies
application. no remnforcement of jomts or additienal overlay or Sausfactory barner condition
trowel grade for condust or radial bends
03/11/94 Page 27




industry Application Guide

DRAFT D

Appendix A
Tested Assemblies

3 HOUR
CONDUITS
Commodity Tested Fire Resistive Barcier Construction Test Acceptance Basis Test Number
3/4 i Aluminum 1 1 preshaped conduil sections with pre-buttered joints Average conduit temperature requirement exceeded at 63 NUMARC 2-3
with Radial Bend Separate "mutered” pieces at radial bend areas. Baschine minutes

application, no reinforcement of joints or addiuonal overlay or | Through openings in barner developed

trowel grade for condust or radial bend
3/4 . Steel with | in preshaped conduit sections with post-buttered joints Satsfactory conduit temperatures NUMARC 1-7
Radial Bend Additional overlay of 7/8 in_ preshaped sections with pre- Satisfactory barner condition

buttered joints  Overlay layver remnforced with trowel grade

buildup and stress skin at all jownts and at entire radial bend

area
3 Alununum with | 1 preshaped conduit sections with pre-buttered joints Single pont conduit iemperature requirement exceeded at | NUMARC 2-3
Radial Bend Separate "mutered” pieces at radial bend arcas  Bascline 91 minutes

application, no reisforcement of joints or additional overlay ot Through openings i barnier developed

trowel grade for condunt or radial bend.
3 m Steel with | in preshaped conduit sections with post-buttered joints. Single point conduit temperature requirement exceeded at | NUMARC 1-7
Radial Bend Trowel grade bu:ldup and stress skin remnforcement at joints {12 munutes

and over entire radial bend arca Sausfactory barner condition
5 in. Steel wath I in preshaped conduit sections with posi-buttered joints Average conduit temperature requirement exceeded at 113 | NUMARC 1-7
Radial Bend Trowel grade buildup and stress skin reinforcement at joinis ninutes

and ever entire radial bend area Satisfactory barnier condition
6 in_ Aluminum with | | in. preshaped conduit sections with pre-buttered joints. Average conduit temperature requirement exceeded at 102 | NUMARC 2-3

Radial Bend Separate "matered” preces at radial bend areas. Bascline minutes
application, no remnforcement of joints or additional overlay or Through opesnings in barrier developed
rowel grade for conduit or radial bend.
03/11/94 Page 28
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Appendix A
Tested Assemblies

1 HOUR
BOXED COMMODITIES (OTHER THAN CABLE TRAYS)
3/4 . Aluminum 1/2 1n. V-nib panels with post-butiered joints. Trowel grade Satisfactory surface lemperatures NUMARC 1-6
LBD Condulet (Long | buildup and stress skin reinforcement at joints and condunt Satisfactory barner condinion
Leg Vertical) interfaces.
3/4 i Alurminum 172 in. V-nb panels with pre-buttered jeints. Bascline Later NUMARC 2-1
LBD Cendulet (Long | application, no reinforcement or additional trowel grade at
Leg Veruical) joints or conduit interfaces
3/4 in Steel LBD 172 i flat panels with pre-buttered joints. Trowel grade Indeterminate surface temperatures (Refer 1o Appendix B, | TU Electine
Condulet (Long Leg | burldup and stress skin reinforcement at joimnts and mterfaces Noie 1) Scheme 9-1
Vertical) Satisfactory barncr condition
Satisfactery cable visual inspecuon
Sausfactory cable functionality
2 in Aluminum 1/2 1. V-nb paneis with pre-buttered joints  Baseline Later NUMARC 2-1
LBD Condulet (Long | application, no reinforcement or addional trowel grade a
Leg Verucal) joints of condutt interfaces
3an Aluminum 1/2 in. V-nb panels with posi-butiered joints  Trowel grade Sausfactory surface iemperatures NUMARC 1-6
L BD Condulet (Long | busldup and stress skin semnforcement at joints and conduit Satisfactory barner condition
Leg Horizomtal) nterfaces.
3 in Steel LBD 1/2 in. V-nb panels with post-buttered jomnts. Trowel grade Sausfaciory surface 1emperatures NUMARC 16
Condulet (Long Leg | buldup and stress skin remforcement at joints and condust Satisfactory barner condition
Vertcal) interfaces.
3 ‘a Steel LBD 172 in. flat panels with pre-butiered joints. Trowel grade Indetermunate surface temperatures (Refer to Appendix B, | TU Electric
( ndulet (Long Leg | buildup and stress skin remforcement at joints and conduit Note 1) Scheme 9-1,
Vertical) interfaces. Sausfactory barrier condition Scheme 10-1 and
Satisfactery cable visual inspection Scheme 10-2
Satisfactory cable functionality
03/11/94 Page 29
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Steel Junction Box

Appendix A
Tested Assemblies
{ HOUR
BOXED COMMODITIES (OTHER THAN CABLE TRAYS)
1in Stee! LBD 172 in_flat panels wath pre-buttered jotnts. Trowel grade Indetermunate surface temperatures (refer to Appendix B, TU Electric
Condutet (Long Leg | buildup and stress skin reinforcement ai jownts and conduit Note 1) Scheme 10-1 and
Horizontal) interfaces. Satisfactory barner condition Scheme 10-2
Sausfactory cable visual inspection
Sansfactory cable functionality
4 in Aluminum 1/2 1. V-nb panels with pre-buttered joints. Basehine Later NUMARC 2-1
LBD Condulet (Long | apphcation, no remnforcement or addisonal trowel grade at
l.eg Vercal) joants or conduit interfaces
5 i Alunmnum i/2 . V-nib pancls with post-buttered joints. Trowel grade Satisfactory surface temperatures NUMARC -6
LBD Condulet (Long | buildup and stress skin reinforcement ai joints and condut Satisfactory barrier condition
Leg Vertical) mterfaces
5 Steel LBD 172 i flat pancls with pre-buttered joints. Pancl scored 10 Indeterniinate surface temperatures (Refer 10 Appendix B, | TU Elecinic
Conduiet (Long Leg | conform to LBD curvature, scores filled with trowel grade Note 1) Scheme 9-1
Vertical) Trowel grade buildup and stress skin remnforcement at joints Satisfactory barner condition
and condutt interfaces Satisfactory cable visual inspection
Satisfactory cable functionality
6 . Aluminem 1/2 in. V-nb paneis with pre-buttered joints One pancl scored | Later NUMARC 2-1
LBD Condulet (Long | to accommodate curvature of fiting Basehine apphication, no
Leg Verucal) remnforcement or additional trowel grade matenial at joints or
conduil interfaces.
18 x i2in x 61 | 1/2in flat pancls with pre-buttered joints. Trowel grade indeterminate surface temperatures (Refer to Appendix B, | TU Electnic
Steel Junction Box buildup and stress skin reinforcement at joinis and conduit Note 1) Scheme 10-2
{12 in. Side Vertical) | interfaces Satssfactory barrier condition
and Satisfactory cable visnal inspection
8in x 12 x6m Satisfactory cable functionaiity

(b Side Vertical)

03/11/94
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Industry Application Guide DRAFT D
Appendix A
Tested Assemblies
1 HOUR
BOXED COMMODITIES (OTHER THAN CABLE TRAYS)
1810 x 12in x6in | 1/2 in flat panels with pre-buttered joints. Additional overlay | Indeterminate susrface temperatures (Refer to Appendix B, | TU Electne
Steel Junction Box of 1/2 in_ V-rib panels with pre-buttered joints. Trowel grade Note 1) Scheme 10-1
(12 i Side Vertical) | buiidup and stress skin reinforcement at joints and conduit Satisfactory barner condition
and interfaces (outer layer only) Satisfactory cable visual inspection
I8 x12m x61n Satisfactory cable functionality
Steel Junction Box
6 1n side verucal)
2410 x 12 x 8 | 1/2 in V-nb pancls with post-buitered joints. Trowel grade Satsfactory surface temperatures NUMARC -6
Aluminum Junction | buildup and stress skin reinforcement at jownts and conduit Sauisfactory barner condition
Box (12 in Side mterfaces
Vertical}
34in, 2 m and3 172 . V-rib pancls (2) with "score and foid” method used 10 Saunsfactory conduit lemperatures NUMARC 2-2

in Aluminum
Conduits with LBD
Condulets inside 46
i (long}) x 260
{wide) x 22

construct sides and boitom of bex  Pancls flared out onte
underside of concrete test slab, pre-buttered with trowel grade
material and secured with 174 . x 2-1/4 in_anchor bolts a1 12
in intervals Butt joint between panels pre-buttered  Scored
pancl arcas filled with trowel grade matenal  Ends of box used

Through opening 1 barner developed

Informational thermocouples on unexposed panel surfaces
reached 307°F average temperature and 430°F single poit
maximum iemperature

{deep) five-sided separate panel picces with pre-buttered jonts  End panels also
enclosure flared out onto underside of test siab, pre-butiered with trowel
grade matenal and secured with anchor bolts at 12 ntervais
Stainless steel banding used around cntire enclosure  Bascline
application with ne upgrades applied to reinforce jomnis and
seams
03/1194 Page 31




Industry Application Guide DRAFT D
Appendix A
Tested Assembilies
1 HOUR
BOXED COMMODITIES (OTHER THAN CABLE TRAYS)
3/4in, 2 in and 3 1/2 in_ V-rib panels (2) with “score and fold" method used to Satisfactory conduit temperatures NUMARC 2-2

- Aluminum
Conduits with LBD
Condulets mnside 46
m {long) x 26 in.
{wide) x 22 n
{deep) five-sided
enclosure

construct sides and bottom of box. Panels flared out onto
underside of concrete test slab, pre-butiered with trowel grade
matenal ana >.... “th 1/4 in x 2-1/4 in. anchor bolis at 12
in intervals. Butt joint between pancls post-buttered  Scored
panei areas filled with trowel grade matenal  Ends of box used
separate panel preces with post-buttered joints. End panels also
flared out onto underside of test slab, pre-butiered with trowel
grade maierial and secured with anchor bolts at 12 . miervals
Stainless steel banding used aronnd entire enclosure. All joints
between panels and seams m scored areas remforced with
additional trowel grade buildup and stress skan secured with
staples and tic wires

Satisfactory barrier condition

Informational thermocouples on unexposed panel surfaces
reached 362°F average temperature and 377°F single pomnt
maximum temperature
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-

e g A R



Indusiry Apphcation Guide

DRAFT B.1

3 hulUR

Appendix A
Tested Assemblies

BOXED COMMODITIES (OTHER THAN CABLE TRAYS)

03/11/94

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
3/4 in Aluminum t in V-rib pancis with pre-buttered joiats  Bascline Later NUMARC 2-3
LBD Condulet (Long | application, no reinforcement or additional trowel grade at
| Leg Ventical) joints or conduit interfaces )

3/4 . Steel LBD 1 in V-rib panels with post-buttered joints  Trowel grade Sansfactory surface lemperatures NUMARC 1-7
Condulet (Long Leg | buildup and stress skin reinforcement at joints and condut Satisfactory barnier condition
Verticalh) interfaces  Additional overtay of /8 i V-nb paneis with pre-

buttered joints  Outer pancd layer joints stiiched with tic wire

and reinforced with trowel grade and stress skin Trowel grade

buildup and stress skin reinforcement at condunt 1nterfaces .,
3w Aluminum 1 1 V-nib panels with pre-buttered joints. Bascline Later NUMARC 2-3
LBD Condulet (Long | apphcation, no reinforcement or additonal trowel grade at

| Leg Verucal) joints or condunt imerfaces

3 m Steel LBD 1 in. V-nib panels, post-buttered.  Trowel grade buttdup and Sausfactory surface lemperatures NUMARC 1-7
(Long Leg stress skin reinforcement at joints and conduit interfaces Satisfactory barner condition
Honzontal) Additional overlay of 3/8 in. V-nib pancls with pre-buticred

joints. Outer panel layer jomnts stitched with tie wire and

reinforced with trowel grade and stress skin. Trowel grade

busldup and stress skin reinforcement at joints and conduit

mterfaces
51n Stect LBD 1 in V-nb panels with post-butiered jomnts  Trowel grade Single point surface temperature requirement exceeded at NUMARC 1-7
(Long Leg Vertical) | buildup and stress skin reinforcement at joints and conduit 151 munutes

interfaces. Additional overlay of $/8 in. V-rib panels with pre- | Sausfactory barner condition

buttered joints Outer panei layer joints stitched with tie wire

and reinforced with trowel grade and stress skin. Trowel grade

buildup and stress skin remnforcement at joints and condust

interfaces

Page 33
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Appendix A
Tested Assemblies

3 HOUR

BOXED COMMODITIES (OTHER THAN CABLE TRAYS)

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
6 in. Aluminum 1 in V-nib panels with pre-buttered joints One panel scored 10 | Later NUMARC 2-3
LBD Condulet (Long | accommodate curvature of fitting. Baschne application, no
Leg Venucal) reinforcement or additional trowel grade at joints or condunt

interfaces.

22 x 12 x9 1 1. V-nib panels with post-buticred joints Trowel grade Sausfactory surface temperatures NUMARC 1-7
. Steel Junction buildup and stress skin remnforcement at jownts and condun Sausfactory barner condition
Box (12 1 side interfaces  Additional overlay of 3/8 in. V-nib pancls with pre-
veriical) buttered joints  Outer panel layer joints stitched with tie wire

and remforced with irowel grade and stress skin - Trowel grade
butldup and stress skin remnforcement at joints and condun
interfaces
0311794 Page 34
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Appendix A
Tested Assembiies
I HOUR
CABLE TRAYS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
6in x4in 172 n V-rib panels with pre-buttered joints, V-nbs parallel to | Satisfaciory raceway temperatures at 4% munutes when test | NUMARC 2-7
Alununum Ladder tray rails on top and bottom of tray  Scparate nutered panci was terminated
Back with Radial pieces on inside and outside face of radial bend  Bascline Saunsfactory barner condition
Bend applhication with no upgrades appiied
(4 piece design) £l
6in x4 172 in V-rib pancls with pre-butiered joints  Score and fold Single pownt raceway temperatuce requirements exceeded at | NUMARC 2-7
Alununum Ladder singie panel for bottom and sides on honzontal and vertical 48 munules
Back with Radwal tray scgments with scparate top pancl  V-ribs paralicl to tray Through opemng 1w barnier developed
Bend (Score & Fold) | rails  Separate mutered panel pieces on inside and outside Lace
of radial bend  Bascline apphcation with no upgrades apphed = i PR L .
Gm x4in 172 . V-rib panels with post-buttered jonts, V-nibs parallel to | Sansfactory raceway femperatures NUMARC 2-8
Aluminum Ladder tray rails on top and bottom of tray. Scparate mutered panci Satisfactory barner condition
Back with Radial preces on inside and outside face of radial bend. Baschne
Bend barner reinforced with external trowel grade and stress skin
(4 picce design) fastened with staples and tie-wires
6 x4 172 m. V-rib paneis with post-buttered joinis. Score and fold Sausfactory raceway iemperatures NUMARC 2-8
Alumuinum Ladder single panel for botiom and sides on horizontal and vertical Sausfactory barner condition
Back with Radial tray segments with separate iop pancl  V-nbs pasaliel 1o tray
Bend (Score & Fold) | rails. Separate mitered pancl preces on inside and outside face
of radial bend Baschine barnier reinforced with external trowel
rade and stress skin fastened with staples and tie-wres.
12 m x4 in Steel 172 in V-nib panels with pre-buttered joints  V-nbs Satisfactory raceway temperatures TU Electnic
Ladder Back with perpendicular to tray rails on top and bottom of tray. Scored Sausfaciory varner condition Scheme 13-1
Radial Bends panels on inside and outside face of radial bends, scores filled
{4 piece design) with trowel grade  Longitudinal joints at side panels remforced

with trowel grade butldup and stress skin. Butt joints between
panels striched at vanous focations

03/11/94

Page 35

st |l
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Appendix A

Tested Assemblies
1 HOUR
CABLE TRAYS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis
120 x 410 Steel 172 1n. V-nib pancls with pre-buttered joints  V-ribs Satisfactory cable visual inspection
Ladder Back with perpendicular 1o tray rails on top and bottom of tray  Scored Sausfactory cable functionality
Radial Bends panels on inside and outside face of radial bends, scores filled

(4 prece design)

with trowel grade. Baschine apphication with no upgrades
apphed

24" x 4" Aluninum
Ladder Back wath
Radial Bend

(4 piece design)

172 in. V-nib panels with pre-buttered joinis, V-nbs paraliel 1o
wray rails on top and bottom of tray  Separate nutered pancl
pieces on instde and outside face of radial bend  Baschine
apphication with ne upgrades apphed

Single point raceway temperature requirements excecded at
29 minutes

Through openings in barner developed prior to ending the
test at 4% mtanies

NUMARC 2-7

24" x 4" Alununum
Ladder Back wath

1/2 . V-nib panels with pre-buttered joints  Scere 2nd fold
single panel for bottom and sides on horizontal and vertical

Single potnt raceway temperature regumrements exceeded at
29 nuaules

NUMARC 2-7

Radhal Bend tray scgments with separate top pancl  V-nbs parallel to tray Through openngs 1n barnicr developed prior 1o ending the
{Score & Fold) rails  Separate mutered panel pieces on inside and outside face | test at 48 minutes

of racdhal bend  Baseline application with no upgrades applied
24 m. x40 1/2 in V-nib panels with post-buttered jounts, V-ribs parallel 1o Satisfactory raceway temperatures (Single pomt NUMARC 2-8
Aluminum Ladder tray raiis on top and bottom of tray Separate mulered panel temperature requirements excecded on one tray rail ncar
Back with Radial pieces on inside and outside face of radial bend  Thermo-Lag fire stop at 57 min )
Bend and Fire Stop fire stop in horizontal tray segment to close envelope. Satisfactory cable visual mspection
{4 prece dessgn) Longitudinal joints at side panels and butt joints between Satisfactory barricr condition

panels reinforced with rowel grade and stress skin.
4m x4m 172 in. V-nib panels with post-buttered joints. Score and fold Satisfactory raceway temperatures NUMARC 2-8
Aluminum Ladder single panel for bottom and sides on horizontal and vertical Satisfactory barner condition
Back with Radial tray segments with separate top panel  V-nbs parallel 1o tray
Face Bend rails  Separate mitered panel picces on inside and outside face
(Score & Foldj of radhal bend Longitudinal score and fold seams at side

panels and butt joints between panels reinforced with trowe!

rade and siress skin
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Appendin A
Tested Assemblies

1 HOUR
CABLE TRAYS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
24 in x 4 in Steel Internal banding instalied on cable tray 172 1n. V-nb paneis Satistactory raccway temperatures TU Electnic
Ladder Back with with pre buttered joints, V-ribs perpend:cular to tray rails on Satisfactory barner condition Scheme 11-5
Radial Bend top and bottom of tray. Scored panels on nside and outside
{4 piece design) face ¢ radial bend, scores filled with trowel grade

Longitudinal joists at side panels rexnforced with trowel grade

and stress skin
24 i x 410 Stect Interrat banding instalied on cabie tray 172 m. V-nb pancls Satisfactory cable visual inspection TU Electic
Ladder Back with with pre-buitered joints, V-ribs perpendicular to tray rails on Satisfactory barnier condition Scheme 11-3
Radial Bend t.p and botiom of tray  Scored pancls on mside and outsrde Satisfactory cable functionahity
{4 prece design) face of radial bend, scores filled with trowel grade 1 in wade

cerammc banding instatied around tray envelope at 24

intervals.
241 x 4.0 Seeel Internal banding installea on cable tray. 172 in. V-nib panels Satisfactory raceway temperaturcs TU Electne
Ladder Back with with pre-buttered jonts. V-nibs perpendicular to tray rails on Satisfactory barner condition Scheme 12-2
Radial Bend, 9G° top and bottom of tray  Scored panels on instde and sutside
Square Fitting and face of radial bend, scores filled with trowe! grade
Tee Section Longitudhnal joints at side pancls remforced with trowel grade
(4 piece design) and stress skin  Butt joints between pancls stitched at vanous

locations and reinforced with stress skin
30 . x 4 1n. Steel internal banding instailed on cable tray. 1/2 m. V-nb pancis Satisfzctory raceway lemperatures TU Elecine
Ladder Back with with pre-buttered joints, V-ribs perpendicuiar 1o tray rails on Satisfactory barner condition Scheme 12-1
Radia! Bends top and bottom of tray Scored panels on inside and outside
(4 piece design) face of radial bends, scores filled with trowel grade.

Longitudinal joints at side pancls reinforced with trowei grade

and stress skin  Butt joints between paneis stitched at vanous

locations and reinforced wath stress skin.
03/11/94 Page 37
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Appendix A
Tested Assemblies

I HOUR
CABLE TRAYS
Commedity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
301n x 4n Sweel internal banding instalied on cable tray. 1/2 1. V-nb panels Sausfactory cable visual mspection TU Electric
Ladder Back with with pre-buttered jotnts, V-ribs perpendicular to tray rails on Saunsfactory cable functionaiy Scheme 14-1
Rad:ial Bend, 90° top and bottom of tray. Scored pancis on inside and outside
Square Fiting and face of radial bends, scores filled with trowel grade
Tee Section Longiudinal joints at side panels reinforced with trowel grade
(4 picce design) and stress skin Butt joints between pancls reinforced with

trowel grade and stress skin
36n x 4.1 Steel 172 1. V-nib pancls with posi-buitered jounts, V-nbs paralicl to | Single point cmperature requuircinents exceeded at 54 NUMARC -1
L adder Back with trav rasls on top and bottom of tray Scored pancls on wswde nunutes for conductor on tep of cable fayer
Radha! Bends and outstde face of one radial bend. scores filled with trowel Through opemng i barner devcloped
{4 prece design) grade Separate mutered panel picces on inside and oaside face

of other radial bend Longitudmal jorms at side panels o4 butt

joints between pancls reinforced with trowel grade and stress

skin
3610 x4 internal banding installed on cable tray 172 in V-nb pancls Satisfactory raceway lemperaturcs NUMARC 29
Alununum Ladder with pre-butiered joints, V-ribs parallel o tray rails on top and | Sausfactory barrier condition
Back with Radial bottom of tray. Scored panels on mside and outside face of one
Bends radial bend, scores filled with trowel grade  Separate mutered
{4 piece design) panel pieces on inside and outside face of other radial bend

Longuudinal joints at side panels and butt joints between

panels reinforced with trowel grade and stress skin
36 1n. x 4 i Steel Internal banding instalied on cable tray. 172 i V-nib pancls Sausfactory raceway lemperatures TU Electnic
Ladder Back with with pre-buttered joints, V-nibs perpendicular to tray rails on Satisfactory barner condition Scheme 15-1
Radial Bends top and bottom of tray.  Scored pancls on inside and outside
{4 prece design) face of radial bends; scores Filed with trowel grade

Longitudinal joints at side panels remnforced with trowel grade

and stress skin. Butt joints between panels remforced with

trowed grade and stress skin
03/11/94 Page 38
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Appendix A
Tested Ass~mblies

3 HOUR
CABLE TRAYS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
6in x4in 1 1n. V-nib pancls with pre-butiered jotnts, V-nibs paraliel 1o Satisfactory raceway tempesatures at 86 minutes when test | NUMARC 2-10
Aluminum Ladder tray rails on top and botiom of tray  Scparate mutered panci was terminaied
Back with Radial preces on inside and outside face of radial bend  Baschine Satisfactory barner cond:tion
Bend application with no upgrades applicd
(4 prece design)
61n x4 ! in V-rib pancls with pre-buttered joints.  Score and fold Satisfactory raceway temperatures at 86 minutes when test | NUMARC 2-10
Aluminum Ladder single panel for bottom and sides on honzoatal and verucal was terminated
Back with Radial tray segments with separate top pancl  V-nbs paralicl to tray Sausfaciory barner conditton
Bend raills Separate mutered panel picces on inside and outside face
{Score & Foldj of radial bend Baseline application with no upgrades apphied
24 x4 172 in_v-rib panels with post-buttered joints  V-ribs parallel to | Single point raccway femperatire requirement exceeded at | NUMARC 1-5
Aluminum Ladder tray rails on top and bottom of tray and on inside and cutside 172 minutes
Back with Rachal pancis above radial bends V-ribs perpendicular on inside and | Hose stream dislodged panel creating through opeming
Bends and Tee outside of rachal bends  Pancls on instde and outside of left
Section radial bend and ice section radius were scored  Inside and
(4 prece design) outside panels on night radial bend were mutered. Additional

overlay of 5/8 in. V-rib paneis with V-nbs perpendicular to tray

ratls Jornts were pre-buttered  Buit joints were stitched and

reinforced with trowel grade and stress skin Longutudinal

joints remnforced with stitches, trowel grade and stress skin
24 x 4 in. Steel 172 in v-rib panels with posi-butiered joints  V-ribs paraliel to | Satisfactory raceway temperaturces NUMARC 14

Ladder Back with
Radial Bends
{4 prece design)

tray rails on top and bottom of tray and on nside and outside
panels above radial bends V-nibs perpendicular on inside and
outside of radial bends  Panels on inside and outside of nght
radial bend were scored Inside and outside panels on lcfl

radial bend were mitered  Additional overlay of /8 in V-nb
par:eis with V-ribs perpendicular to tray rails. Joints were pre-
buttered Buti joints were siitched and reinforced with trowel
grade and stress skin  Longnudinal jonts reinforced with

Sauisfactory barnier condiion
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Appendix A
Tested Assemblies
3 HOUR
CABLE TRAYS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
24m x4in 1 in V-nb panels with pre-buitered jomnts, V-nibs paraliei to Single point raceway temperature requirements exceeded at | NUMARC 2-10
Alummnum Ladder tray rails on top and bottom of tray Separatc mitered pancl 86 minuics
Back with Radal pieces on inside and outside face of radial bend  Baschine
Bend application with no upgrades apphed
(4 piece design)
240 x40 I in V-rib pancls with pre-butiered joimts Score and fold Single point rac=way temperature requirements exceeded at | NUMARC 2-10
Alurminum Ladder single panel for bottom and sides on honizontal and vertical 83 munutes when barnier opened
Back with Radal tray segments with separate top pancl  V-ribs paralle! te tay Through openings m barner developed
Bend rails Scparate nuiered panel preces on inside and outside face
{Score & Fold) of radial bend  Bascline apphication with no upgrades applicd
36 m x4 Steel 172 in. v-rib pancls with posi-butiered joints. V-nbs parallel 1o | Single pomnt raceway temperature requirement exceeded at | NUMARC 1-3

Ladder Back with
Radial Bends
(4 prece design)

tray rails on top and bottom of tray and on mside and outside
panels above radial bends  V-nbs perpendicular on inside and
cutside of radial bends  Pancls on inside and outside of left
radial bend were scored  Inside and outside panels on nght
radial bend were mitered. Additional overlay of 5/8 i V-nb
panels with V-nbs perpendicular to tray rails  Joints were pre-
buitered Butt joints were stitched and remforced with trowel
grade and stress skin  Longitudinal joints reinforced with
stitches, trowel grade and stress skin.

167 minutes
Through opemng n barner developed
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Tested Assemblies
1 HOUR
AIR DRCPS
Commodit ; Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
Two 750K M Power | Two layers 330-660 Flexi-Blanket on each cabie, scams on Satisfactory cable visual inspe-tion TU Electnc
Cables in Exposed second layer pre-butiered with 330-660 trowel grade Satisfactery barrier condition Scheme 15-2
36 1 x 4 11 Sieel Note Protected cables laid in horizontal cable tray Tray was | Sausfactory cable functionality
Ladder Back Tray exposed (no Thermo-Lag apphed)
Cable Burdic (3 Two lavers 330-660 Flexi-Blanket, scams on sccond layer pre- Sausfactory cable temperatures TU Electnic
cables) eating 1-172 | buttered with 330-660 trowel grade Flexi-Blanket reinforced Satisfactory barner condition Scheme 11-2
in verin_al condun at conduit stub interface with staples
stub; erdenng fire
stop m end of
hornizontal cable tray
Cable bundle (4 Two layers 330-660 Flexi-Blanket. scams on second layer pre- | Single point lemperatuic exceeded on cable at 59 munutes | TU Electaic
cables) exiting 2 in. | buttered wath 330-660 trowel grade  Flexi-Blanket reinforced Sauisfactory barnier condition Scheme §1-2
vertical conduit stub. | at conduit stub interface with staples and at tray interface with | Satisfactory cable v tsual inspection
entening honzonial statnless steel mesh and wowel grade Satisfactory cable functionality
cabie tray
Single nonessential | Two layers 330-660 Flexi-Blanket, overiap on second layer pre- | Satisfactory raceway temperatuees TU Elecinc
cable protruding buttered with 330-660 trowel grade  Flexi-Blanket reinforced Satisfactory barnier condiion Scheme 11-2
from vertical cable at tray interface with stainless steel mesh and trowel grade
tray replicating
thermal shon
Cable bundle (! Three layers 330-660 Flexi-Blanket. seams on all layers pre- Satssfactory cable iemperatures TU Electne
cable) exiing | in buttered with 330-660 trowel grade  Flexi-Blanket reinforced Satisfactory barner condition Scheme 1'-1
vertical conduit stub, | at condust stub with staples.
entenng fire stop in
end of horizontal
cable tray
03/11/94 Page 41
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Tested Assemblies
i HOUR
AIR DROPS
Commaodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
Cable bundle (5 Three lavers 330-660 Flexi-Blanket, scams on ali layers pre- Satisfactory cable temperatures TU Electric
cables) exiting 2 in. | buttered with 330-660 trowel grade  Flexi-Blanket remnforced Satisfactory barner condition Scheme 11-1
vertical conduit stub. | at conduit stub with staples
entering fire stop ¢
end of honzontal
cable tray
Cable bundle (10 Two layers 330-660 Flexi-Blanket. seams on both layers pre- Sausfactory cable temperatures TU Electric
cables) exiting 3.n buttered with 330-660 trowel grade  Flexi-Blanket reinforced Satisfactery barner condinion Scheme 11-1
vertical conduit stub, | at conduit stub with staples
entenng fire stop i
end of honzontal
cable tray
Cable bundlc (14 Two layers 330-660 Flexi-Blanket, scams on both layers pre- Satisfactory cable temperatures TU Elecine
cables) exating S buttered with 330-660 irowe! grade  Flexi-Bianket reinforced Sausfactory barner condition Scheme 11-1
vertical conduit stub. | at conduit stub with staples and at tray interface with addittonal
entening horizontal 172 in flat panel, 330-660 Fiexi-Blanket and trowel grade.
cable tray
Single nonessential | Two layers 330-660 Flexi-Blanket, scams on all layers pre- Satisfactory raceway cable temperatures TU Electnic
cable protruding buttered with 330-660 trowel grade  Flexi-Blanket remforced Sausfactory barrier condition Scheme 11-1
from vertical cable at tray interface with additional 1/2 m flat pancl, 330-660
tray rephicating Flexi-Blanket and trowel grade
thermal short
Single nonessential | Two layers 330-660 Flexi-Blanket, scams on all layers pre- Sausfactory essential cabie temperatures TU Electric
cable protruding buttered with 330-660 trowel grade. Satisfactory barrier condition Scheme 11-1
from 5 in (essential)
cable drop
rephicating thermal
short
03/11794 Page 42
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DRAFT D.1

Appendix A
Tested Assemblies

i HOUR
AIR DROPS
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
24 air drop cables 2-11-1/2" (W) x 1'-7-1/2" (H) x 11-1/2" (D) box design Sauisfactory cable temperature TU Electric
from two 24 1in x4 enclosure around air drop cables and embedded sleeves 1/2 | Hose sticam opened joint between pancls causing through | Scheme 114
in stee! ladder back | V-rib panels on top, front and sides of box with pre-buticred opening
honzontal cable joints. V-ribs perpendicular to trays on top pancl. V-nbs Sansfactory cable visual inspection
trays (stacked) vertical on front and sides. 1/2 1in flat panel on bottom with Satisfactory cable functionality
through embedded pre-buttered joinis. Al joints resnforced with trowel grade
sleeves buiidup and stress skin Panel butt joints at concrete wall

interface reinforced using stress skan and 2 m wide flat panci

preces mechamcally fastened to wall

L LIS | = "
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3 HOUR
AIR DROPS

Appendiz A
Tested Assemblies

Commodity Tested

Fire Resistive Barrier Construction

Test Accepiance Basis

Test Number

2 bare copper
conductors exiting §
in vertical condunt
stub mto honzonta!
cable tray

| in. preshaped conduit sections with post-butiered joints
Trowe! grade buildup and siress remforcement at longitudinal
and bult seams.

Average conductor temperature requirement exceeded at
104 munuies
Satisfactory barner condition

NUMARC 1 4

03/11/94
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Appendix A
Tested Assemblies
1 HOUR
SUPPORT/INTERVENING STEEL
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
P10G1 Unistrui- 1/2 in. V-rib panels wath pre-buttered joints. No reinforcement | Later NUMARC
Vertical or additional trowel grade at joints.  Protecied distance was 9 2-1
in from nearest condust envelope Conduit envelopes were
baselines
P10O1 Umistrut - 1/2 i V-nib pancls with post-buttered joints  Jownis between Satisfactory condwitl temperatures NUMARC
Vertical pancls reinforced with trowel grade buildup and stress at Satisfactory barrier condrion i-6
iterface with conduits  Protected distance was 9 in from
nearest conduit envelope  Conduit envelopes were upgrades
Pio0§ Umstoat - 172 . Nat paneis with pre-butiered joimts  No reinforcement or Indeterminate conduit (cmperatures (refer to Appendix B, TU Electne
Verncal additional (rowel grade at joints. Protected distance was 9 1 Note 1} Scheme 9-1
from nearest conduit envelope  Coaduint envelopes were Sausfaciory barner condition
basclines for 3 in and S in conduits and upgraue for 3/4
conduit.
3 in Stee! Channei 172 in. V-nb panels with pre-buttered joints  No rewcforcement | Later NUMARC 2-7
(C3 x 4.1) - Ventical | or additional trowel grade at yjownts  Protected distance was 9
in from necarest cable tray envelope.  Cable tray envelopes were
baschnes
3 in Steel Channel 172 m V-rib panels with posi-buttered joints. No Satisiactory raceway temperatures NUMARC 2-8
(C3x4.1)- Vertical | reinforcement or additional trowel grade at jomts  Protecied Sausfactory barmer condition
distance was 9 in_from ncarest cable tray envelope  Cable tray
envelopes were upgrades
3 in. Steel Channel 172 . V-nib panels with pre-buttered joints. No remnforcement Satisfactory raceway temperatures NUMARC 2-9
(C3 x 4. 1) - Vertical | or additional trowel grade ai joints. Protected distance was 9 Satisfactory barner condition
in_from cable tray cavelope  Cable tray envelope was upgrade
30 Steel Channel 172 in flat panels with pre-buttered jonts  No reinforcement or | Satisfactory raceway temperatures TU Electric
i(("«\-ln-\h:mcal additional rowel grade at jornts Protected distance was 9 in. Satisfactory barner condition Schemes 11-1,
f from nearest cable tray envelope  Cable tray envelopes were 11-2, 114, 11-5,
1 upgrades 12-1, 12-2, 13-1,
{ 14-1, 15-1

Page 45
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Appendix A
Tested Assemblies

1 HOUR
SUPPORT/INTERVENING STEEL
Commedity Tested Fire Resistive Barrier Constuciion Test Acceptance Basis Test Number
3 in. Tube Steel - 172 in flat panets with pre-buiicred joints No remnforcement or Satisfactory junction box surface temperatures TU Electnic
Vertical addional rowel grade at joints  Protected distance was 9 Satisfaciory barnier condition Schemes 10-1,

frem junct:on box eavelope  Junction box envelopes were and {0-2

_upgredes

Page 46
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3 HOUR

Appendix A
Tested Assemblies

SUPPORT/INTERVENING STEYL

Horrontal

additional rowel grade 2 jounts  Protected distance was 18 s
from nearest cable tray envelope  Cable tray cavelopes were
baschines

Cemmedity Tested Fire Resistive Barner Construction Test Accepiance Basis Test Number
P1001 Unssirut - ! in V-nib pancis with pre-buttered joints  No reinforcement or Later NUMARC 2-3
Vertcal additional trowe! grade al joints. Protected distance was entire

length of support members  Conduit envelopes were baselines.
P100G1 Unistrut - 1 in. V-nib panels with pre-buitered joints  No reinforcemcnt of Later NUMARC 2-3
Honzontal additional trowe! grade at joints  Umistrut member was

attached 10 protected support steel. not i direct contact with

conduit envelopes, 1 ¢, umistiut member was a secondary

attachment to raceway barner. Protected distance was 180

from nearest conduit envelope  Condutt cavelopes were

baschines.
3 Steel Channel I\ V-nb panels with pre-buticred jomts  No ranforcement of Later NUMARC 2-10
(C3 x4 1) - Verical | additional rowel grade at joinis.  Protecied distance was enire

iength of support members  Cable ray envelopes were

5 baschnes

P1O0T Unsstrut - 1 in V-nib panels with pre-buticred joints  No reinforcement o | Later NUMARC 2-10

T an Steel Channel 1 i V-nib pancls with post-buticred joints  Additional overlay Satisfactory raceway iCmperaturcs NUMARC 1-3
(C3 x4 1) - Vertical | of 5/8 in V-nib pancils with pre-buticred jounts and stitched Sauisfactory barmer cordition

along longitudinal joints. Protected distance was entire length

of support members  Cable tray envelope was upgrade.
P1OO1 Umistrut - 1 1n V-rib panels with post-buttered joints  Additional overlay | Sausfactory raceway emperatises NUMARC i-3
Horizonta! of 5/8 in V-rib paneis with pre-butiered joints and stitched Sausfactory barner condition

along longitudinal joints Protected distance was 18 . from

cable tray envelope Cable tray envelope was upgrade.
V31194
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Appendix A 3
Tested Assemblies

i HOUR
CABLE TRAY FIRE STOP
Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number
3610 x4 in Steel 5w deep Thermo-Lag 330-1 (trowel grade) internal fire stop Satisfactory cable temperatures inside tray envelope TU Electne
L.adder Back extended across entire inside width of tray.  Exposed tray and Scheme 4
(Verucal cabling extended 12 in. beyond fire stop in test furnace Through opentngs developed 1 barnier dunng straight
Orniemanion} with Remainder of cable tray (including portion contatming fire stop) | stream hosc test, but did not penctrate or distodge fire stop
40% Cable Fill covered with 172 in. V-nib pancls with pre-buttered joints. V-

ribs on top and bottom panels oneated perpendicular 1o tray Fire stop met acceptance critena of IEEE 634

ratls  No reinforcement or adGitiona! tray grade apphed o

joints of iray envelope.
24 x4 41 (nun o 5 in (max ; deep fire stop constructed of 172 m Satisfactory raceway lemperatures (single pomnt NUMARC 2-8
Aluminum Ladder V-nib pancls, pre-battered together  Fire stop extended across temperature requitements exceeded on one tray rail near
Back (Honzontal entire inside width of tray  Trowel grade used to fill around fire stop at 57 mun )
Onentation) with edges of panels forming fire stop  Exposed tray and cabling Sausfactory cable visual inspection
Single Cable Laver extended 6 i beyond fire stop in test furnace. Remainder of Satisfactory barnier condition

cable tray (including portion contaiming fire stop) covered with

172 in. V-nb panels with post-buttered jownis. V-ribs on top

and bottom panels onented perpendicular 1o tray ratls Al

joints of tray envelope reinforced with trowel grade butldup and

stress skin. External steci bracket instalied around tray

envelope at fire stop location 10 support bottom panel of tray

coverage
03/15/94 Page 48
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Industry Application Guide

Provide method for use of test
results, comparison to installed
configurations

Submitted in Draft to NRC on 3/4

Makes use of all test data

Addresses acceptance criteria
evolution

Intent: Achieve agreement with
NRC on content, provide to industry
ASAP

NEI



Industry Application Guide

« Approach

- Simplify evaluation process where possible

~ ldentify need for and type of engineering
evaluation if simple application of guide
does not provide needed result

« Does not address

~ Details of engineering evaluations

~ Fire modeling or determination of actual
hazards

NEI



Industry Application Guide

M

« Contents

~ Background, purpose, scope
— Definitions

- Acceptance Criteria

— Performance parameter tables
- Methodology

~ Tested assemblies tables

-~ Example applications

NEI



Industry Application Guide

M

* Methodology

— ldentify configurations (segments)
— Determine tests to be utilized
— Evaluate performance parameters

— Address result

NEI



Industry Application Guide

M

« Results of evaluation:

— PP bounded and upgrade tests satisfactory
on temperature and barrier integrity

» acceptable for upgrade

~ PP bounded and tests results exceeded
threshold temperatures

» Engineering evaluation for component
operability at elevated temperatures

or

» Evaluation of actual fire hazards versus
barrier performance for exemption,
deviation basis

NEI
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M

« Results of evaluation (Cont):

- PP not bounded

» GL 86-10 engineering evaluation to
address aggregate of PP

NEI



APPLICATION GUIDE
TECHNICAL POSITIONS FOR TEST RESULTS

« Four Positions Stated:
+ Use Of Baseline Time/Temperature Data Independent Of Barrier
Inspection Resuits
¢+ Use Of Cable Tray Test Data Independent Of Bare Copper Conductors
Installed During Tests
+ Use of Test Data Based On Total Enclosed Mass Per Ft. (Raceway +
Cabling) To Evaluate Similar Installed Barrier Configurations

¢+ Use Of Specific Temperature Profile Data For Utility Cable Functionality
Evaluations



Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

« Baseline Conduit Barriers

¢+ Test Methodology
» Tests Performed Without Cabling
» Multiple Conduits of Various Sizes Tested in Common Assemblies

» Fire Exposure Continued Until All Conduits Exceeded Temperature
Criteria

¢+ Test Results
» Small Diameter Conduits Exceeded Acceptance Temperatures First

» Barrier Condition Continued to Degrade For Up to 39 Minutes Prior
to Hose Stream Application

» Barrier Performance Not Influenced By Loss of Material Structural
Integrity

NEI



Position 1: Use of Time/Temperature Data independent
Of Barrier Inspection Results Following Hose
Stream Tests

N

« Baseline Conduit Barriers

¢ Test Results (Cont.)

» Substantial Barrier Quantities Remaining At Specific Times
Temperature Criteria Were Exceeded

» 1 Hr. Conduit Barriers >2” Dia.: No Openings After 50 Minute Fire
Exposure and Hose Stream Test

» 3 Hr. Conduit Barriers >3” Dia.: Bulk Material Quantities Remained
With Isolated Through Openings After 102 Min. Exposure and Hose
Stream Test

» Bare Conductor Temperatures Inside Conduits Averaged 40° F
Lower Than Conduit Surfaces When Temperature Criteria Was 1
Exceeded



Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

« Baseline Conduit Barriers

¢ Conclusion - Baseline Time/Temperature Data Can Be Used To Evaluate
Installed Conduit Barrier Configurations Independent of Post Hose
Steam inspection Resuits

» Remaining Thermo-Lag Material When Temperature Criteria
Exceeded In Conjunction With Conduits Themselves Provide
Sufficient Protection Of Enclosed Cabling From Falling Debris

» Hose Stream Test Not Required by Latest ASTM E05.11 Draft
Standard
|

NEI



Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

——————————————————————————————————————————————————————————————

« Baseline Cable Tray Barriers

¢ Test Methodology
» Two 24” and Two 6” Wide Trays Tested In Common Assemblies For
1 And 3 Hr. Appiications
» Temperatures Recorded On Tray Rails And On #8 AWG Conductors
Positioned On Rungs, On Top Of Cabling And Below Rungs
» 1 Hr. Test Continued Until All Trays Exceeded Temperature Criteria
(48 Min.)

» 3 Hr. Test Termi ated At 86 Min. When Both 24” Trays Exceeded
Temperature Criteria And One Barrier Had Opened




Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

N

« Baseline Cable Tray Barriers

¢ Test Results
» 24” Wide Trays Exceeded Temperature Criteria First

» 24” Tray Barriers In 1 Hr. Test Continued To Degrade For Up To 27
Minutes Prior To Hose Stream Application

» Test Data From Extensive Instrumentation Demonstrates Barrier
Integrity Maintained For Tray Envelopes Until Temperature Criteria
Was Exceeded

NEI



Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

« Baseline Cable Tray Barriers

¢ Test Results (Cont.)

» Following Hose Stream Tests 1/4”-3/8” Of Uncharred Material
Quantities Remained Across Tray Spans Where Damage To Cabling
From Falling Debris Could Credibly Occur

» Areas With Little Or No Material Remaining Were At Panel Edges
plsing Side Rails And At Joints On Undersides Of Tray Barriers

NEI



Position 1: Use of Time/Temperature Data Independent
Of Barrier Inspection Results Following Hose

Stream Tests

N

 Baseline Cable Tray Barriers

¢ Conclusion - Baseline Time/Temperature Data Can Be Used To Evaluate
Installed Cable Tray Barrier Configurations Independent 2f Post Hose
Stream Inspection Results

» Reasonable Approach Is Use Of Last Satisfactory Time/
Temperature Data Points And Consider Barrier Condition
Acceptable At That Time

» Hose Stream Test Not Required By Latest ASTM E05.11 Draft
Standard

NEI



Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

N

» Cable Tray Test Instrumentation
¢ TU Electric Testing
» Tray Side Rails Iinstrumented At 12" Intervals
» Single Layer Of Cables installed

» Cables Instrumented At 6” Intervals: Power Cable Positioned In
Center, Control/instrument Cables Along Side Rails

» Side Rail And Cable Temperatures Demonstrated Satisfactory
Barrier Performance

NEI



Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

M

« Cable Tray Test Instrumentation
¢+ NUMARC Phase 1 Testing
» Tray Side Rails Instrumented At 6” Intervals
» Single Layer Of Cables Installed

» Bare Copper Conductors Instailed On Tray Rungs And On Top Of
Cables - Instrumented At 6” Intervals

» Side Rail And Conductor Temperatures Demonstrated Satisfactory
Barrier Performance

NEI



Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

w

« Cable Tray Test Instrumentation

¢ NUMARC Phase 2 Testing
» Tray Side Rails Instrumented At 6” intervals
» Single Layer Of Cables Installed

» Bare Copper Conductors Instailed On Tray Rungs, On Top Of
Cables And Below Tray Rungs - instrumented At 6” Intervals

» Side Rail And Conductor Temperatures Demonstrated Satisfactory
Barrier Performance




COMPARISON OF CABLE TRAY TEST INSTRUMENTATION

E ‘ \ﬂ' TU ELECTRIC
f g\

'/ ] NUMARC PHASE |
f \
L / NUMARC PHASE 2
P AN |
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Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

M

+ Phase 2 Testing - Bare Copper Conductor Below Tray Rungs

¢ General

» Conductor Below Rungs Provides Early Indication Of Envelope
Breach

» Side Rail Temperatures Dominant For 3 Hr. Configurations - Both 24"
And 6” Trays

» Side Rail Temperatures Dominant For 1 Hr. Configurations With 6"
Trays

» Resuits Less Conclusive For 1 Hr. Configurations With 24”-36” Trays
As Early Structural Failure Skewed Temperature Data

» However, Trending Indicates Maximum Temperatures Also Occurs On
Side Rails For 1 Hr. Configurations With 24”-36” Trays

NEI



Position 2: Use of Cable Tray Test Data Without Bare , l
Copper Conductors Utilized During Tests %

» Phase 2 Testing - Bare Copper Conductor Below Tray Rungs |

¢ 3 Hr. Test

|
» Extensive Instrumentation Demonstrated Side Rail Average And |
Single Maximum Temperatures 11°-57°F Higher Than Conductors F
Below Rungs I
» Both 24” And 6” Wide Trays ;
» Temperature Difference Attributed To 1” Thick Panels Which |

Resisted Pronounced Sag Effects And Prevented Excessive Heat
Entry Through Bottom Joints




Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

M

« Phase 2 Testing - Bare Copper Conductor Below Tray Rungs

¢ 1 Hr. Tests

» 6” Trays: Extensive Instrumentation Demonstrated Average Side Rail
Temperatures 10°-36°F Higher Than Conductors Below Rungs

» 6” Trays: Temperature Difference Attributed To Short Panel Spans
Which Resisted Pronounced Sag Effects And Prevented Excessive
Heat Entry Through Bottom Joints

» 247-36” Trays: Results Less Conclusive As Early Structural Failure
Skewed Temperature Data

» 24”-36” Trays: Average Temperatures Of Conductors Below Rungs
Approximately 10°F Higher Than Side Rails

NEI



Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

+ Phase 2 Testing - Bare Copper Conductor Below Tray Rungs

¢ 1 Hr. Tests (Cont.)

» 24”-36" Trays: Temperature Difference Attributed To 1/2” Thick
Panels With Wide Spans, Resulting Sag Induced Stresses On Bottom
Joints Which Facilitated Heat Entry

» 24”-36” Trays: Trending Of Test Results Indicates Maximum
Temperatures Still Occur On Side Rails

» Test 2-9: Satisfactory Test Of 36” Tray Upgrade Had Maximum Side
Rail Temperature 30°F Higher Than Conductor Below Rungs




Position 2: Use of Cable Tray Test Data Without Bare
Copper Conductors Utilized During Tests

”

« Conclusions

¢+ Phase 2 Cable Tray Test Results Demonstrate Use Of Side Rail
Temperature Profiles Is Appropriate To Evaluate Similar Installed

Configurations
» Four Cable Tray Tests Performed With Conductors Below Tray
Rungs
» Extensive Instrumentation

« Accordingly, Side Rail Temperature Data From TU Electric And
NUMARC Phase 1 Testing Can Be Us i To Evaluate Similar Installed

Configurations

¢ General Cable Types, Cable Quantity And Total Enclosed Mass Must
Still Be Assessed In Performing Evaluations Of Installed Configurations

NEI



Position 3: Use of Test Data Based On Total Enclosed Mass -
To Evaluate Similar Installed Configurations

 Bounding Position

¢ Total Enclosed Mass (i.e., Raceway + Cabling) Within Tested
Configurations May Be Used To Evaluate Installed Configurations
Of Similarly Constructed Raceways And Barriers

» If Total Enclosed Mass Per Length (lbm/ft.) Is Greater Than
That Tested, The Installed Configurations Can Be Bounded

» Basis: Greater Enclosed Mass And Associated Thermal
Capacity Provides Higher Thermal Resistance Of Contents
And Results In Lower Internal Temperatures

NEI



Position 3: Use of Test Data Based On Total Enclosed Mass
To Evaluate Similar Installed Configurations

| —
« Bounding Position

¢ Restrictions

» Raceway And Barrier Configurations Must Be Truly
Comparable, e.g., Ladder Back Cabie Trays With Low Cable
Fills Would Not Bound Expanded Metal Wireways With
Higher Cable Fills Even If Enclosed Mass Was Equal

» General Cable Types And Applicable Temperature Effects
Must Still Be Assessed In Evaluating Installed Configurations

NEI



Position 4: Use of Temperature Profile Data For
Utility Cable Functionality Evaluations

- Temperature Profile Data For Performance Of Cable
Functionality Evaluations

¢ Conduit Barriers

» Temperatures Recorded By Thermocouples On #8 AWG
Bare Copper Conductors Contained Within Conduit Test
Assemblies

¢ Cable Tray Barriers

» Temperatures Recorded By Thermocouples Instalied On
Tray Side Rail Surfaces Or On #8 AWG Bare Copper
Conductors Located On Or Above Tray Rungs

+ Methodology For Performance Of Cable Functionality
Evaluations Is Outside Scope Of Application Guide

NEI
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Thermo-Lag Fire Barvier !

I''TO TESTED EVALUATION

tem | 4
AFEGUAKRE 2 24Ukl

Ve A d ! ; |

|*
[L-410!-LEGQMENTOL-4 #< C !

e A ,’—}.1./..., J‘ '..’.‘! I
o g LQMENT02-4'¢ L CONDUIT
o KADIAL BEN[(HORR)
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__FADIAL BEND (VERT
= AT PSTEE L LNNDUN
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m

SKETCH

EMO-LAG INSTALLATION DETAILS




AS-BUILT

TO TESTED EVALUATION

PA :SCOF2F
PERFORMANCE FIRE RESISTIVE BARRIER: SC—- TL - 4101
PARAMETERS :
sEGMENT: 01 ¢ OS5 4"4 conDpurT STRAIGHT Pur
RATING :_ 1 HOUK
COMMODITY AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
bk CONVU!_‘T CONDU LT 4°¢ NUM ARC Te<TED (ONFIGUZRTOS
STRAGHT fun TfEST i~ | SAME FOR ALL
LoNDUY 29 TUE | PERFOERMAY
i S HEME -1 A ETEr S
SIZE i L 4"¢ 16 THE SAME , 2"
4 4) { 4 ﬁb WoULD BOUMY THE ING
| 3" ¢ ConFiaURATION (TABLE 4-1
SHMALLEST CONDUT REPRESENTS S LeST
e e
‘ AND LA N T
s STeEL 4" ALuMINUM A | TERMAL CAPALITY Eitit, °a
20 . 3id <AME MATERIAL 4" &
¢ STEEL ALUPINUM WCU yﬁmo
STEEL (TABLE +-1) LgsS
THEEMAL WWQ}E
CONTENTS o < A = b ALuM, — NoCalla Fill THERMAL MASS | L, [/l O,
4/¢$+?" BC:_' ';Z/" -ﬁ' z i s — Condui ™ 3.413‘/3.«».&. OF INSTALLED CONF){::J‘?A‘T}()]
Chgee P © TORER 1o o cregi — CABLE .33%/infs) 15 GEEATER TAN EITHER
ZABLE WT. =0 m. TeeE 283 _ . S s T £/ ynpeo
P SSTEEL TOWL= 1.9 bt | semakd)® ¥ O 1WA
ORIENTATION HORRAGATAL AORIZ ONTAL SAME ~ N/




<

| PERFORMANCE FIRE RESISTIVE BARRIER
| PARAMETERS

| s

EaaMELDT

| . .
‘s RATING : L HOUE
{

BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATIONG EVALUAT.ON
UTHLZED FOR EVALUATION

% A o e o




AS-BUILT TG TESTED EVALUATION

PAGE4 OF 4%
PERFORMANCE FIRE RESISTIVE BARRIER: X~ TL- 4101
PARAMETERS §
m OLLt 06 4" ¢ corinui{ STRAGHT Purd
RATING : L HE
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTHLIZED FOR EVALUATION
S AT PRE - BUTTERED BufT | PRE- BUTIERED BUTT | SAME -N/A
SoINTS JUNTS FoR BCOTH 1EsTY
CONFIGURATIONS
prahe TIE-LIRES 4% - 112" w08 STANLES] B B R R ALY
Ao, TP SPACNG | STEel BANDS [770.C. | AnD THEEMALLY) BANDS
2" AKX, SPACING Feom | 118X SPACING AND Z | loulD BOUND TIE-WIRES,
BUTT TomTs MAX . SPALING FROM IN ADDITION 8" TYPICAL
u BUTT JOINTS SPALING WOULD BE ROUNDE
2ip — /2" LIDE STAINLES] STRUCTURALLY BY 12"
STEEL BANDS AND TIE~ | MAX SPALING UT|LIZEP
" TH TESTS, HERMALY
HES (&SR SoAph o8 ek §PAZSm sznof 1
Cronn o somers el BoUNDED, HowgVER WiTH
coM B <SOINTS Usg OF‘?’P'HUZESFOQ
: INSTALLED CONFiG . AND PREY)IOUS

1E2TinNG WITH CLOSE SPACING OF
FASTENERS 0N PADIAL BENDS,
THEEE HILL BE NO HEEMAL [MPACT,



AS-BUILT TO TESTED EVALUATION
PAGE HOF 1#
PERFORMANCE FIRE RESISTIVE BARRIER: &C - TL- 4101
PARAMETERS :
m: 61405 4"¢ LonpUiT STRAIGHT Funl
RATING : 4 HE,
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
UNSUPPORTED N/A FOR ONDUIITS - 4" coppulT- AS DISWSSED (NDER AS
akncn HALFP ROGUNDS COI‘H’NUOUQ* ri -"('/2" BETWEEN LUILT CUNFIG = UNSUPPLRTED
SUPPGRTED BY (oNDuUlT SUPPLRTS SPAN STRUCTURAL CQSWE
FOR -THERMAL LCNSIDERRTIWY 27 @ CoNDUIT— IS 5";’&“ ?22%&”23 T
L6 . st ON RADINL BE page . TH HsTALLED
?’ﬁ&ffz‘ﬁs SPRUNG BETLIEEN f_rg’ mgNﬁuﬂolz\zL " NP 1 ONEIE: 1B BOUNDED .,
JOINT
REINFORCEMENT /A N/A

No ApDITIe NAL ToinT
LEINFORCE MEN OHi
STRRIGHT RUN FOR
INSTALLED AND TESTED
LOGNFIGURKTION S

ENVEL OPE

STRUCTURAL AND ; a ”
9! proTECTIoN N 94" PRAAECTRN Ot SAME — N/A
e eoTecTion | STEEL FRUM BARRIBR | STPgl FROM BARRIER

ENVE LOPE

Aty 1



AS-BUILT TO TESTED EVALUATION

PAGE @©OF ;%
PERFORMANCE FIRE RESISTIVE BARRIER: 5 - TL-4101
e ?f.f’..'ﬁ%ﬁﬁ? . 01¢05 4"¢ conpurT sepenT U
RATING :_ L HE
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
BOX ENCLOSURE [}, /n, /A e/

PERFORMANCE




AS-BUILT TO TESTED EVALUATION

PAGE 7 OF 2%
Thermo-Lag Fire Barrier System: .A.:' TL-4 10\
Segment Nos: ééé;MENﬁ 01305 4”439551, CONDUIT
STEAIGHT KUN
Required Rating: | HOU Q
Additional
Evaluation: AS DISCUSSED INTHE INSTALLED 1O

TESTED PARAMETER COMPARISUN ,
THE INSTALLED CONFIGURBATION |9
BLUNDED By THE TESTED CCNFIQURATIONS,

NUMARC 25T 7-1 HAD THINNER BARR[ER
rjeggg! L AWmINUM 4" ConpulT AND
2% AHERMAL A THE TEMPEEATURE

ﬂ:ggN cN THE QEDIQS 0 THE CONDUIT
ERLKTURE kAS EXCEFDED

WLHEN __z__mm"
ON THE (UTSIDE OF THE CONDUIT WAS 3]5°F 5, H.
AND 22| £ AVERAGE. THE TEMP INTHE IN%iLE

Ch A ZRATURL
mw E&r S.H, a’gd gﬁi éfﬁ g;ﬂa

BARKIER /CNDmQy WbS SETISFACTORY FOLLOWING
THE HOSE STREAM TEST,

TUE zwgmeqamggmg ALENT ]h&&N%S
T WHKH |5

LONS| gmrr Wt T NPIG e G-I HAD LES S
A% _DUE o e uH(sex. P« 2)

IN1 z

‘f 40 MiN
Avgzge_;_; 0N THE IMTKUMJ;NT%‘%ON LABLE, (worr (45E)

IN TH - LONTINUEBO—




AS-BUILT TO TESTED EVALUATION
PAGE B OF 2+

Thermo-Lag Fire Barrier System: SC=TL=4 10|

Segment Nos: SEGMENT-0(405 4"PSTEEL CONDUIT
STRAIGHT RUl

Required Rating: | HOUR LR
Additional _
Evaluation: -~ (ONTINUED =

OF CONDUIT HAD IN

TEMPEERA ) s

DISCUZEED N TH

_DISCUBEDR IN THE TEST REPART. HE
HA K. MDD A F
FOLLOWING THE Hoé'é SAXEAM TEST.

" S

n ALl AND INTEENAL

_LLOUIT TEMPERATUPE FEEHLEIILE
FUR THE SHMALLER 3¢ DIAMETER £
MM PALED __THE

“onNDUTT A
AL M OND

‘J

41 b

- - s
AT nl - A Z { L~

CON . . HE I¢ '.-‘f: Rn’;ﬂ
MATE K| A 4 NSTALLELD OVEE S1EEL (O n’sFERfﬁlfné
LU SIDERABLY BETTER THERMAULY, IN

APDITION IN _BO1H TESTS STRUCTURAL

N bl ANTA LLOWIING
THE 505% ?1‘ REAM ’

1T 1% 0 D “TH AND
PARAMETER. FIGQUIATIN S
e f N4T, " COND, WITH THE 25 1,125
BATRIE £ TRICEINESS AND GREATER THERMAL MASS HAS

URANCE 75 A 1 HR , RATED ASSEMELY,
(N ADDIT? O ,NO |NTERNAL CGNDU[T TEMPY RATURES O

ZITHER TeSTED LONFI4, EACBEDED THE 475°F LOGA

GUALIALRTION WARM AIR OVEN TEST QUALIFIATION FOR
THE INSTALLED CABLE (SEE ATTAWEBD POLUMEN TATICN )




Tie Teer G-1 2"DSFTEEL CONDUIT LABLE FILL

QuinT. T{PE _SI2E _ _WklafFT. TOTAL WT
| W-010  3fc* (@ JAIO A0
| W-023  3/c *3 + 295 o A5
| W -043 /¢ ¥I2 > 0292
| ki-048  5/c¥FI2 o IS o215
2 W=062 45D, THST.#., 268 . 530
3 We 07| Sle¥i( 195 585
2,33 lbs
JOB NO PAGE
A'“ CALC NO o(j
REV BY DATE |CHECKED| DATE i GPEL1 CONPORAT iF




AS-BUILT TO TESTED EVALUATION

PAGE (COF 2+
PERFORMANCE FIRE RESISTIVE BARRIER: 5C—- L -4 10|
PARAMETERS
SEGMENT: O “ od A4"conput RAVIAL BEND
| RATING : L Hb’JR
‘ COMMODITY AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
7 UTILIZED FOR EVALUATION
TYPE é/omoutf RADIAL BENDY Z0riiT RADIAL BEND | SAME TC=TS UTILIZED
“DE‘G\.V‘]EN('O’;Z HC'JK‘I'E_“ ‘ 2hh MUMARL TE=T 1-G | For AL PARNAETER
SEGMENT-OF HORKIZAGLAT ¢ NUAARCTEST L-| | COMPARISONS.BXEPT
_ 2'gh TUE TEST G-} | T G-1UTIIZED OhLY O PG
SIZE 4" b R - TeST | - (suwvug) SMALLER ¢ TESTED
- oz NEENFIGURATICH OR SAME
4" - TEST A-1 (1 "‘JufaE Bou s INSTALLET
gl CONF I (’f/\f,LE 4- ()
RARE_ STEEL 2P - STEEL ALDINIIIM BOL /<
4
4" - ALUIAIHUIA STEEL (T’“"‘E P
CONTENTS i D] THEZ MAL MALS OF INSTAUED
STEE YU 4 '& ALuM a,;_‘rr\gﬁ
4 ¢6 EEL Ccrio T “OMQ, IDUIT=2 4\/‘&/{1 &+ CONFIs, >‘rfsﬁD
CA&L& WNT,. = [0 /{170H4(3 ¢ ‘{;‘C;'E'E)SCO&JBL”T Qi') Con ""63 A ’HEK&;QH
STEEL CONDUT={0.TT%/lon -(’\*Kuouqx&')éorvmrr:“l.S%**/‘mm BOUNLED i
L = g,-'.@Oii/,‘,,"H
ORIENTATION S$Eb. 02 - HORIE. 4" - poRle, JYERT,  [RADAL rgemgc I 'r:sfwl
’ - - 20 - » 2 /"J"sé\ ;)A Jl)‘r) 5 N
620‘.04 © H(,/H.t/\/Ef i /‘ 'b = H(‘F' Z:/VERT g\./ T VE k7 + PﬂJ(fﬁ
QPLEM f/(ﬁ&" A TRCRE -
Fu“: gLUhH_/ ‘I“J'h, ‘,F_}

1541k
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AS-BUILT TO TESTED EVALUATION

PAGEIZOF2#+
PERFORMANCE FIRE RESISTIVE BARRIER: 0C - TL- 410/
‘ 3
PARAMETERS ,Eﬁmg,«;ﬁ: Pzt 04
RATING : - HOUR
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
JOINT TYPE PRE- BUTTERED BUTT Toinfs| 4D - PRE-BUTTERED | 4" ¢ - SAME -1/A
BuUTtT JToinNTs oM ervtAL | PIECES w/ BUTT “CoinaTS | STRUCTUR A~ UPGIrnlLT
BEND ord RADIAL BENY s BETTER STRUCTURALLY
2 d TiaAN INSTALLED, KOWEVER
PASELING - 4" g BASELINE WiTh Tanneh
POST BPUTTERLED BUTr Jonds BAR I ER MATERAL Ex+HIZHED
MITERED PIECES w/Busf | NO GPENINGS AND I ctell
SonITS OIN PADIAL BEND | DEPTH WITH /8! +< 1/4"
UPGRADE ~ UNCHARRED THERIMULAG
7—-——‘-_ Ll e REMAIN inG (N ARCZAS OF
RoOMNEL GRADE Z20-1 SKHA ¢
LoAT & EXTERNAL Sregss sk e PARIAL BEND
FASTENERS TE-WIRLES

| or 2 MAX, MIE WIRES
PER MITERED SECTON
AS REQUIRED FOR
TGHT FiT,

414 £3"'d - SAME
SPACING oN BsSELINE
ONUE WITH [/2 WIiDE
BANDS .

STPUCTURALLY TESTED
CONFIGURRKTIONS BounD
INSTALLED

THER NALLY BANSS KWl
INHIBIT 1L, EXPANSION
LnD ACTIVATION ArD
THEREFGRE WOULD oD
INSTALLE LD




AS-BUILT TO TESTED EVALUATION

PAGE 30F 27
PERFORMANCE FIRE RESISTIVE BARRIER: <~ 7. - 410]
PARAMETERS > ENAS S
g oc Loe
RATING :
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
UNSUPPORTED WA~ FCR. CondDULT S NfA FOE ({oniDulTS M/A
SPAN
|
JOINT " g - No e T
REINFORCEMENT | T © = 4@~ No 4"'¢ TE<TED »/ E N&
3" - UPGRADE WTH | 3'¢ TESTED o055 NI
EXTERNAL TOMEL SRAOE] BOUND INSTALLED
220 -1 AND STRES SKiN
STRUCTURALAND [Sgg <6 (%5 <LE SE6& (45 SeC SEa |45
INTERVENING

STEEL PROTECTION




AS-BUILT TO TESTED EVALUATION

PAGE [4OF 2F

PERFORMANCE FIRE RESISTIVE BARRIER: =<~ [L- 41O
PARAMETERS SEGMENTS /- 4

COMMOBIFY-: %

RATING
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) | EVALUATION

UTILIZED FOR EVALUATION

BOX ENCLOSURE N/A A M /A

PERFORMANCE




AS-BUILT TO TESTED EVALUATION :
PAGE D0OF 2%

Thermo-Lag Fire Barrier System: ¢~ T

Segment Nos:

Required Rating:

Additional
Evaluation:

TL- 410 |

02 +O4

1 HE,

THERMALLY _ THE INSTALLE D ZENEIGURAT O
Fog RALIAL BENDS WITH THICKE
(26 2 0. 125" BASELINE MATE RIAL

AR

WouL PEREORM CONDISTANT 1 TH THE
#EST{':U LONE[GURATION IN ASS & MBLY
[=(o WHICH HAL ALEPTABLE TEMPER ~
ATURES FOR THE ONE HR, FIRE URATICN
AND TUE SCHEME - | Fok STRAIGHT

Pur) CoNDUIT (SEE SEQMENTS 155 PARAMETER
COMPAR|SENS) IN BOTH CASES TEMPER~

ATNES WERE AU PTABLE FOR 2" ¢
HLp PEREQ‘EM WORSE

LOPOITS WHICH |
THEKMALLY (PER TABLE 4 -1), IN ADDITICH]

NUMARE TEST 2=| WITH NON- UPERADED
THINNE L MATERIAL HAD ACLEPTAALE
INTEPNAL cohiDULT TEMPERATURES AT
TAE ZADIAL PEND WHEN THE TEST WAS

TERMINATED o 50 MINUTES . IN COMLUSI G
1 ARING T.C. PR N )

HALF ROUNDS ON RAD/AL BEND PEREQRM
mm OR_BETTER THAN
SIRAIGHT FUn APPLICATIONS.

' 2.~ | SEL! "
ALUMIN RAD| ~ A cTurY

PRIER ZohDITION FOLIOWING THE
H M TEST WITH APPROXIMATELY
|" CHAR LAYER AND |/&" = (/4" UNCHARRER

VRTER AL AGAINGT TRE CANDUT 1N (CONTINUED)




AS-BUILT TO TESTED EVALUATION

PAGE [OF 2F

Thermo-Lag Fire Barrier System: SC- T(~ 4 (0|

Segment Nos: Q02 JV 04

Required Rating: _ L HE

Additional ‘
Evaluation: CONTINUED

AREAS 1 757 EADIAL BEAD,

Zépggrmgcp CNQUIT TESTS }.LAVQ

AHOWN THAT PR

APPLICATIUNS UNQNDUITS 20 NO‘f

FAIL STRUCTUR

N N _CA

T BURN 20UGH WHEN MATERIAL

< SPENT Dd QPENINGS JeLUlk. N

NIE_CASE UF 7415 THICKER MATERIAL

THERE 15 REASONABLE ASSURANCE
i TH ~ % - | |P&QIIE

ND HAS F(RE

ErbURANCE CAPABILITY EQUIVALENT

10 GQNE HOUR




AS-BUILT TO TESTED EVALUATION

PAGE'70F 17
PERFORMANCE FIRE RESISTIVE BARRIER: 2C -~ T.- 410l
PARAMETERS . y

sscmENT: 03 4" CONDULET BOX

RATING : 1 HE
COMMODITY AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION

UTILIZED FOR EVALUATION
R~ AR PR

TYPE

4'¢ conpuiT LB

NUMARSE TEST -G
2 CaNDULET -STEEL

TESTED LoinFla, SAME FOR

it LiL PEEFORMANCE
e pton il NUMARC TEST 2-1 PARAMETER'S
4 COMNDULET - ALV,
SIZE i, 44 b 4" LMDULET 15 THE SAME
7H¢ Ang 3“¢; ‘;PKJL'LL\) B(’UNL)
. INSTALLED CONF 14URRTIGN
TABLE 4-
MATERIAL STEEL 4" 4 ALumMinum SEE SEGMENTO %05
21 ¢ STEEL DIsCuss tond
CONTENTS SEE Sta. 014 05 SEE SEq Ol40S SEE SEGMENT (1505
DISCUsSiON
ORIENTATION VERTICAL Jp RNCAL FOR BOTH SAME — NA

4V4 AnD Y &




AS-BUILT TO TESTED EVALUATION

PAGE |BOF 2F
PERFORMANCE FIRE RESISTIVE BARRIER: (- TL- 4101
PARAMETERS T .
ggg‘oﬁ:‘r\‘: 02 4"€ cONDULET BOX
raTinG : 1 HE
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
MATERIAL TYPE | THE RMO- LAG 320)- | THERMO - LAG 330~ W - <aME
V- GROOVED PANELS Y- GROGYED PANELS
THICKNESS .25t 125" 4" ¢ AND EAR = 0"55 THINNER TesTED MATERCIAL
+ 0025 -0 WolLD Bouni) INSTAUED

STIFENER (V) | [NTERNAL— ot CRTICAL | INTERNAL — NoT CRITIAL | SAVIE= N/A

ORIENTATION

STRESS SKIN 1] o a‘ ™
LOCATION INTERNAL INTERNAL - A"4 £ 2§ | FoR IS PARAMETER CiilY

EXTERNAL - 2 SEE
JOMNT
RE INFoRCEMEN

INTERNAL STRESS SKIN
EVALWUATED

SAME - N/A




AS-BUILT TO TESTED EVALUATION

PAGEITOF 1
PERFORMANCE FIRE RESISTIVE BARRIER: SC - TL- 41O
PARAMETERS
M: N3 A4"d LonDULET BOX
RATING : L HK
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
JOINT TYPE PRE- BUTTERED BUTT |44 - ppg BUTTERED  [FOR BASELINE J0INTS
ToI N T Bufr ToINT TISTED CANE [GUIRIKTICNS
gl WD INSTALLED
29 ef - pest- ButrERed | PO
ZuTT JGINT
BASELINE
FASTENERS

e WIRES AND
1/2" LIDE STAINLESS
<1egl BANDS ON BOX

4" CoNDULET AND
2V & coNDULET - 1/2"
;,J|DE S:s BANDS

TesTeD BOUNDS (NSTAUED
(SEE TABLE 4-1|)




AS-BUILT TO TESTED EVALUATION

2

DURKTIGN . INSTAUWED
NCT  BOunNDED BY

PAGEIOOF .+
PERFORMANCE FIRE RESISTIVE BARRIER: =<~ TL- 410/
PARAMETERS 2
S 03 4'$ condyLET BOX
RATING :_L HIZ
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION
UTILIZED FOR EVALUATION
UNSUPPORTED M/A M
SPAN / A A
[ JOINT Y, =t an . ey ¢ CONDULET NUMARC -TEST
T N/A A"¢ combult - N/A 4%¢
REINFORCEMENT . 2-1 BASELINE HAD <SATK-
3v 4 conbuiT - Fpetoeg BaRKIER S.GND-
EXTERMAL TROWEL GUOE | FOLLOWING  SC MUl
72<§~' AND STRESS DURATION Ar HoSE S‘T;(EA»‘
e < 3/4" AR DEPTH AND | /8"
SKin AT SN o | /4" UNCHARRE MATERAL
REMAIN NG FolOWING HS,
INTERFACE PG!nTS PETWLEN
Box & LenDulTS INTACT,
3 g LoNDULET NumARC TesT
|- WITh EXTERNAL TOINT
LPGIADE HAD SATSFACTRY
STRUCTURAL AND | v /0 N/A MAT BARRIER ZoNDiTIaN
INTERVENING FoLLok g, HOSE STREAM
STEEL PROTECTION AND 0 M. FIRE




AS-BUILT TO TESTED EVALUATION

PAGEZIOF 2%

PERFORMANCE FIRE RESISTIVE BARRIER: 9C-TL - 410/
PARAMETERS enT 4

(?ogué‘ufqoamfs 4" 4 COriDULET BOX

RATING :_LHZ.
BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION(S) EVALUATION

UTILIZED FOR EVALUATION

BOX ENCLOSURE -, MNELS i A _ L :
oL s BoX i/ | hr PANE 4P (oNDULET - SAME SE NEXT PAGE

PRUTECTING CONDULET _
(68 PARAMETER [MPNUSAS

{

3'd LZeNDULET - UPHADE)
LTH EBATERNAL TRGWEL
GRERDE ¥ STRESS SKIN




AS-BUILT TO TESTED EVALUATION __
PAGELLOF 1#

Thermo-Lag Fire Barrier System: SC- TL- 410/

Segment Nos:

Required Rating:

Additional

Evaluation:

03 4" & conDULET BOX

1HE.

THE mf-ﬁAu,ED Lo JFJ{luiAﬂoN 15 _BoUh QgQ

THE_UPGRADE CF AT
CONDULET wi/ EXTERNAL STRESS SKINTTRUEL HBADE )
LHERMALLY, WITU THE (N;;[Au,ﬁo fumtgg
BAnR(ER MATERIA L ungEgéﬁﬁgTﬁggmy

LULL PERFORM ZET] mmm
SBARRIER, FOR REFERENCED CoNOUIT TESTS
TEMPERATURES AT CoNDULETS TRACE WIELL
_ag_wJ “TUE AVERAGE FOR TNE COMDUIT KUN,
(4EE ATTACHED TC. (,uzvras)

STRUCTURALL L AT 5O MINUTES THE

Mo - UPGRADE D BOX (TEST 1-1) HAD SATISFACORY

PIER

TEMPERATUIZES AND BARRIER INTEGRITY.
FOULOWING THE m STREAM 185T

- Al NON- CHARR
o (I/8" ~ ‘ 3" AND AN APPRCX IMA’TE

mzw;g CEPF zzwwmz THE FULL [ HR,
11 L
[N (ONCLUSION SINCE THE JOINTS JF THE IN-
STALLED CONF laU RATION ARE NoT BOUNDED

BY A T<TED CONFIGURATION FOR MAPE THAN
50 MIN, THE BARRIER CANNOT BE EX XPLICITLY
(oNSIDERE D T0 STRUCTURALLY PROVIDE
R FIRE ENDURANCE CoNTINUED




AS-BUILT TO TESTED EVALUATION

PAGE,JOF L]
Thermo-Lag Fire Barrier System: 5C-TL =4[O |
Segment Nos: O3  4'¢d LoNDULET BOX
Required Rating: 1 HE.
Additional ,
Evalustion: CONTINUED
THEREFQEE LTHER QPTIONS SHoULD

BE _CONG\DERED . £ - UPGIRADE | FURTHER
TESTING  EXEMPTION | PRoB, RISK ASSESSMENT,
E1C

O PTION 1.-
2ASED ON ZASE QF APPLICATION AND
141 (U MAL MPACT (HE/GHT, AMPACITC, ETC)
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