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1.0 BACKGROUND

In 1981, Appendix R to 10CFR50 was issued and Section III.G specifically addressed the
requirements regarding the protection of safe shutdown systems. These requirements
have been made applicable to all nuclear power plants. Two of the acceptable methods of
complying with 10CFR50 Appendix R Section III.G credit enclosing safe shutdown
equipment / raceways in a fire rated (either 1 or 3 hour) barrier. One material widely used
to construct these barriers is the Thermo-Lag 330 fire barrier system manufactured by
Thermal Science, Inc. (TSI).

Generic Letter 86-10 provided guidance for evaluation of fire barriers installed on
conduits and cable trays where exact replication of tested configurations could not be
achieved. Additionally, the guidance stated that for newly identified conduit end cable
trays requiring protection, new materials which meet a 325 F maximum temperature
criteria on the unexposed surface when subjected to a standard fire exposure should be
used.

Generic Letter 92-08 identified three major areas of concern relative to Thermo-Lag 330
fire barriers: 1) the fire endurance capability ofinstalled barriers,2) the ampacity derating
of cables enclosed in Thermo-Lag barriers, and 3) the evaluation and application of the
results of tests conducted to determine the fire endurance ratings and ampacity derating
factors of these barriers.

I

The NRC, through Bulletin 92-01 and Supplement 1, declared existing Thermo-Lag i

'installations to be indeterminate, and called into question previous testing. In order to
|provide a basis to evaluate the effectiveness of Thermo-Lag fire barriers, an industry fire

test program was conducted by NUMARC. To address the generic industry issues, the
NUMARC Industry Test Program:

Assessed current industry configurations through the use of survey data..

Conducted tests to determine performance of various baseline and upgraded fire.

barrier system assemblies.
Developed a guideline to assist utilities in evaluating their as-built configurations..

This document summarizes the results of the fire endurance tests and provides a process
by which the utilities may evaluate their installed configurations.

2.0 PURPOSE AND SCOPE j

It is recognized that it is not feasible to perform specific testing for all configurations of
fire barriers. The purpose of the Application Guideis to provide utilities with the
necessary information and a process to evaluate installed configurations against fire
endurance test (s). Utilities may use this process to 1) establish the expected performance
ofinstalled Thermo-Lag barriers, and 2) provide reasonable assurance that these barriers

|

|
j
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will provide sufficient fire resistance to ensure that one train of Safe Shutdown systems
will remain free of fire damage. This process is consistent with the GL 86-10 guidance,
but in recognizing the unique performance characteristics of Thermo-Lag, has been greatly
expanded in detail. Additionally, to the extent that utilities may determine that upgraded
Thermo-Lag barriers are required, the specific methods used to construct design upgrades
tested by NUMARC will be issued via separate NUMARC guidance.

The scope of the Industry Application guide includes results of specific fire endurance
tests performed by Tennessee Valley Authority, Texas Utilities Electric, and NUMARC on
Thermo-Lag fire barrier systems. The area of concern relating to ampacity derating of
cables enclosed in Thermo-Lag barriers as described in GL 92-08 is not addressed by the
Application Guide.

!

|
i

!

|

|

1

03/03/94 Page 2



%

Industry Application Guide
'I DRAFT D

3.0 DEFINITIONS

The following terms will be used throughout the Industry Application Guide.

Baseline Configuration: Items which describe the base construction, in terms of fire
resistive barrier performance parameters, before the application of any upgrades.

Commodity: Materials, including raceway, cabling, etc. enclosed within the fire barrier
system segment being evaluated.

Fire Barrier System in a Fire Area

segment #1

Segment #4

Y

Segment #3

P
i !

7 Segment #2

Figure 3-1

Commodity Performance Parameters: The parameters of the commodity being
evaluated that could affect the performance of the fire barrier. These parameters include:
size, type of material, amount and type of cable, etc.

Fire Barrier: All materials, fasteners, seals, etc. comprising the barrier assembly and
enclosing the protected commodity.

Fire Barrier System (FBS): The continuous fire barrier segments enclosing the
protected commodities within a fire area. In Figure 3-1, fire barrier segments 1,2,3, and
4 make up the Fire Barrier System within the fire area.

03/03/94 Page 3
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Fire Barrier System (FBS): The continuous fire barrier segments enclosing the
protected commodities within a fire area. In Figure 3-1, fire barrier segments 1,2,3, and I

4 make up the Fire Barrier System within the fire area.

Fire Barrier System Segment: For purposes of evaluation, each change of construction i

technique, deviation from applicable installation criteria, change in material and change in j
orientation in a Fire Barrier System should be considered a separate segment. See Figure

'

3-1.

1

Fire Barrier Performance Parameters: The parameters of the Thermo-Lag assembly'
(both baseline and upgrade configurations) which could affect the performance of the fire
barrier. These parameters include: type of material, thickness, stiffener (v-rib)
location / orientation, stress skin location, joint reinforcement mechanisms, joint type, gap

'

width, fastener spacing and location, fastener size and material, unsupported span, etc.

Rating: The fire endurance rating expressed in units of time (i.e., hours) as determined by
fire endurance test for a specific Fire Barrier System

Upgrade Configuration: Upgrades, expressed in terms of fire resistive barrier
performance parameters, applied to a baseline configuration.

4.0 EVALUATION CRITERIA

To evaluate inst died (i.e., as-built) fire barrier configurations, the following two types of
criteria should be considered:

1) commodity and fire barrier performance parameter bounding criteria that pertain to
the installed configuration, and j

i

2) acceptance basis or criteria for each supporting test used to evaluate the installed ;

configuration i

|

Reasonable assurance for the acceptability ofinstalled configurations can then be
established provided the following are satisfied: 1

1) engineering evaluations demonstrate that the aggregate of commodity and barrier
performance parameters for installed configurations are bounded by te.sted
configurations, and

2) the acceptance bases of supportive tests are valid and applicable to installed 1

configurations

The following sections provide a more detailed explanation of the evaluation criteria:

03/n3/94 Page 4
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4.1 Performance Parameters

For fire barrier systems there are essentially two basic failure mechanisms:

Structural failures.

Thermal failures.

The NUMARC and utility test programs have provided insight into the effects that
variations in both commodity and barrier performance parameters have on the basic failure
mechanisms. Thermal failures can be generally attributed to thickness, continuity and
overall performance of the Thermo-Lag material. Structural failures can be generally
attributed to unsupported material spans (i.e., the size of the commodity being protected),
change in orientation, and methods used to construct the fire barrier.

Table 4-1 addresses each performance parameter, the failure mechanism it contributes to
and the associated bounding criteria. It should be noted that the basic failure mechanisms
are not necessarily independent of one another. For example, the outcome of a structural
failure could be a thermal failure. Additionally, testing has demonstrated that the
significance of each parameter can vary with barrier configuration. For purposes of this
guide Table 4-1 addresses each performance parameter separately.

4.2 Test Acceptance Criteria

Draft Supplement 1 to Generic Letter 86-10 provides the NRC staffs revised Fire Barrier
Acceptance Criteria. This criteria is summarized in Figure 4-1 and will be utilized by the
Application Guide to evaluate installed barrier perforn;ance. As noted in Figure 4-1, the
basis for acceptability of a fire test is difTerent for tests which do not pass based on
temperature and fire barrier condition. A review of the basis for acceptability of fire tests
used to evaluate installed configurations should be conducted to ensure that the test
acceptance basis remains valid for the installed configuration.

Additionally, for purposes of this guide, the following positions relative to acceptance of
previously conducted tests will be assumed:

,

1) Baseline barrier performance data for elapsed time to failure based on temperature
criteria can be used to evaluate installed barrier configurations regardless of the
barrier inspection results. For example, for 3-hour baseline cable tray or conduit
barriers which exceeded temperature criteria at 90 minutes, .a 89 minute duration
of acceptable performance could be used to evaluate similarly constructed barriers
regardless of observed barrier openings following the hose stream test.

~
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2) Cable tray barrier performance data can be used to evaluate installed barrier
configurations regardless of whether #8 bare copper conductors with
thermocouples were installed within the barrier envelope during the test, For
example, results of TU Electric tests for 1-hour cable tray barriers, which did not
utilize thermocouples on bare conductors, could be used to evaluate similarly
constructed cable tray barriers. Additienally, results ofNUMARC Phase 1 tests
for 1 or 3-hour cable tray barriers, which did not utilize bare conductors under tray
rungs, could be used to evaluate similarly constructed tray barriers.

3) For evaluation ofinstalled cable tray barrier performance, cable fill (percent by
area) utilized during testing would bound tray barriers containing higher cable fill.
Ifinstalled cable tray barriers are not bounded by cable fills utilized during testing,
the total enclosed mass per unit length (i.e., Ibm per ft) comprised by similar
cabling and cable tray can be used. For example, a 15% cable fill contained in a
cable tray test assembly would be used to evaluate similarly construc'.ed tray
barriers containing greater cable fills. Alternatively, a 15% cable fill contained in a ,

tray barrier test assembly can be used to evaluate cable trays and barriers of similar
construction which contain cable fills less than 15%, provided the total enclosed
mass per unit length (i.e., Ibm per ft) of the installed configuration is greater than
that of the tested cable tray assembly (i.e., cable tray plus cabling).

4) Although not addressed within this guide, evaluation of cable functionality of
temperatures which exceed test acceptance values provides an option. For such
cable functionality evaluations, the following temperature profile data can be used:

Conduit Barriers - temperatures recorded by thermocouples on #8 AWG bare
copper conductors contained within the conduit assembly.

Cable Tray Barriers - temperatures recorded by thermocouples installed on tray
side rail surfaces or on #8 AWG bare copper conductors (if
applicable) located on or above tray rungs.

i
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Figure 4-1

NRC Acceptance Criteria

Fire Test
ASTM E 119

I ,

Hose Stream ;

Test

arrier
,

Condition NO
OK '

?
YES

.

VisualTemperature i
.,

Rise Less NO Inspection NO >

Than Cables
Allowable .OK *

7 ?

YES YES
| Rated Fire Barrier |

Fire Barrier
Deviation Condition

Wwn the temperature criterion is exceeded, ;

component operability at the temperature conddions Engineering evaluation to :

experienced by the component during the fire test demonstrate functionality 'a

must be assessed. That is, fire endurance test
|results that are judged acceptable on the basis of a i

visual inspection of certain components may not | NRC Review
be apphed to other components without a specific '

evalutation.
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CATEGORY PERFORMANCE FAILURE TESTED BOUNDED BASIS
PARAMETER MECHANISM CONFIGURAllON CONFIGURATION

Commodity Size Thermal * 3/4" through 6" diameter * Smallest conduit is the most The smallest conduit*

* Condait conduits. thermally challenging and represents the smallest thermal
will bound larger conduits. capacity,least thermal

resistance, and the largest
external surface area to thermal
capacity ratio. Therefore,
anything larger (i.e., higher
thermal capacity, larger thermal
resistance, and less external ,

surface area to thermal capacity

ratio) would be bounded..
BASIS: NUMARC Tests 1-6,1-
7,2-1, and 2-3; TUE Tests 9-1,
10-1, and 10-2.

* Tray * 6" through 36" cable trays * No significant correlation, * Test data does not indicate a
use test for tray of closest correlation between tray size
size to as-built. and temperature. BASIS: All

,

cable tray tests.
* Box = Junction Boxes - various * The smallest box is the most * The smallest box represents

sizes thermally challenging and the smallest thermal capacity
would bound larger boxes. and the largest external surface

area to thermal capacity ratio.
Therefore, anything larger
(i.e., higher thermal capacity
and less external surface area
to thermal capacity ratio)
would be bounded. Thinner
enclosures provide less thermal
resistance resulting in higher
(bounding) internal
temperatures. BASIS: ASTM

,

E05.11.

|
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LJ "Table 4-1 1

Performance Paranieters FlM k _

t

CATEGORY PERFORMANCE FAILURE TESRID BOUNDED BASIS
PARAMETER MECHANISM CONFIGURATION CONFIGURATION I

'

Commodity Size - Continued Thermal - * Air Drops 1" through 5" = ne smallest utilizing the * The smallest represents the
* Air Drops Continued diameter bundles thinnest enclosure is the smallest thermal capacity and 3

most thermally challenging the largest external surfxe
and would bound larger air area to thermal capacity ratio.
drops. Therefore,anything larger

(i.e., higher thermal capacity *

and less external surface area

to internal area ratio) would be
bounded. BASIS: NUMARC
Tests 1-4;.TUE Tests 11-1 and
Il-2. !

Structural Not applicable. Not applicable. Not applicable.
_

Commodity Material ' Thermal Aluminum cable trays, Aluminum bounds steel. Lower thermal capacity and
conduits, and junction boxes. higher thermal conducdvity (less

thermalresistance)of aluminum
results in higher aluminum
temperatures. BASIS:
NUMARC Test 1-6.

'

N t applicable.Structural Not applicable. Not applicable. 9
Commodity Thermal mass of Thermal NUMARC 15% or less cable Contents with larger cable fill Ae material and size

contents fill for trays, no cable for or greater thermal capacity discussions. BASIS: ASTM
conduits. Low thermal mass (weight / linear foot)is E.05-11.
commodities. bounded by contents with

lower cable fill or thermal
TUE 40% cable fill for capacity (wt/ linear ft).
conduits and air drops, single
layer cable fill for trays.
Representative thermal mass

,

for commodities. j

Commodity Thermal mass of Structural Not applicable. Not applicable. Not applicable. |

contents -
Continued |
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Table 4-1

Performance Parameters

CATEGORY PERFORMANCE FAILURE TESTED BOUNDED BASIS
PARAMETER MECHANISM CONFIGURAT'ON CONFIGURA'ITON

Commodity ' Osie7tation Thermal and Both horizontal and vertical All barrier orientations Previous test results for all
Structural orientations for conduits and bounded for conduits and conduit and cable tray tests.

cable tray assemblies. cable trays.

Barrier Material Type Thermal See specific tests for Hermo- Different types of material Previous test results. BASIS:
Lag materials. provide different therraal TUE Tests 9-1, Il-1, and Il-2.

protection. Derefore,a test
for Thermo-Lag 330 materials
will not bound a Thermo-Lag
330-660 flexi-blanket '3

configuration.

Structural See specific tests for Thermo- Differen: types of materials Previous test results. BASIS.
Lag materials. require differentjoining TUE Tests 9-1, I l-1, Il-2.

techniques. Herefore,a test i'
for Thermo-Lag 330 materials
will not bound a Hermo-Lag i

'

330-660 Flexi-Blanket
configuration.

Barrier Thickness Thermal Thermo-Lag 330-I and 330- Thin material provides less Previous test results. BASIS.
660 for air d. ops, etc. thermal resistance and less NUMARC Tests 1 - 1, 1-6, 2- 1, 2-

material to acdvate and 7. TUE Tests 9-1,10-1,10-2,
NUMARC Baseline panel and therefore is more challenging. 12-1,12-2,Il-5,13-1,13-2 l

conduit section thickness: Therefore the thinnest

i Hour: 0.50" +.125"- 0") material will bound thicker i

3 Hour: 1.00"+.250" - 0") material applications.

TUE Baseline panel and
conduit section thickness:
1 Hour- 0.625" +/ .125"

Structural Thin traterial bounds thicker Previous test results. BASIS:
material. NUMARC Tes.1-1.

ONON94 Page 10
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iTable 4-1
Performance Parameters ;

,

CATEGORY PERFORMANCE F ILURE TESTED BOUNDED BASIS
PARAMhita MECHANISM CONFIGURATION CONFIGURATION ,

,

: Barrier Stifferer (V-Rib) Thermal TUE tests with flat panels on Configurations with stiffeners Commodities in direct contact -

Location / JBs and V-rib panels on JBs. (v-ribs) oriented facing with the barrier material are
j Orientation NUMARC tests with V-ribs on cutward or without stiffeners more conservative than

JBs would bound configurations configurations with an air gap
with the stiffeners (v-ribs) between the commodity and the-

oriented facing inward. backside of the barrier material.
Additional air gap provides an
added thermal r-Jstance which
will reduce internal
temperatures. BASIS: ;

NUMARC Test 1-6. TUE tests .

10 1,10-2. !

Structural TUE cable tray tests with "V" For configurations with large In previous ctble tray tests,*

ribs perpendicular to tray run unsupported spans, panels panels installed with stiffeners
(unsupported span) installed with stiffeners (v- (v-ribs) oriented perpendicular

ribs) oriented parallel to an (i.e., across tray top and bottom
'

NUMARC Tests with "V" ribs unsupported span would surfaces) have exhibited better
parallel to tray run bound perpendicular structural support against ;

(unsupported span) orientation. sagging effects. BASIS: !

NUMARC Tests 1-1,2-7. TUE i

Te:;ts 11-5,12-1,12-2, ;

14-1,15-1. !

Barrier Stress Skin Thermal and 1 Hour. Materialins:alled All configurations with stress Variations in stress skin
Location structural with stress skin facing skin installed consistent with locations not tested. ,

commodity. tested configurations.
3 Hour. Not applicable (stress
skin on both sides).

'

1

;- |
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Table 4-1 h
Perfornumee Parameters

CATEGORY PERFORMANCE FAILURE TESiED BOUNDED BASIS
PARAMETER MECHANISM CONFIGURATION CONFIGURATION ,

Barrier Joint Type Thermal and TUE testing of pre-buttered Dry fit joints bound post- Previous test results. BASIS:'

structural joints: NUMARC Testing of butteredjoints. Post-buttered NUMARC Phase I and 2 tests.
post butter *d upgrades and joints bound pre-buttered >'

score and feld joints. joints. Score and fold joints
bound pre or post. buttered butt
joints. See Appendix D for
generic assembly techniques. i

Barrier Fasteners: Thermal Band / wire spacing, Band / Wire spacing that is Close band / wire spacing on ;

Band / Wire ma7imum 12" O.C. and 2' - greater than that tested is radial bends displayed minimal
Spacing 3" from joints. Closer spacing bounded. thermal effect- However

for mitered joints at radial external fastening devices can
bends, etc. were tested. inhibit material activation as

demonstrated in cone
calorimeter testing, thus
impacting barrier performance.
(Reference 6.6.)

Structural Band / wire spacing, Band / wire spacing that is less Previous test results. All ,

maximum 12" O.C. and 2" - than that tested is bounded. NUMARC and TUE Testing.
3" from joints. Closer spacing
for mitered joints at radia!.

bends, etc. were tested.

Barrier Fasteners: Thermal NUMARC and TUETests Bands bound tie wires. In cone calorimeter testing and
Band / Wire Size with tie wires and bands. fire tests, the tie wires appeared i

and Material to inhibit the intumescence of
Cone calorimeter tests with the material less than bands.
fasteners over sample. Therefore tie wires allow for

(Reference 6.6.) better temperature performance
at the fastener location. (Omega
point cone calorimeter testing of
Thenno-Lag). BASIS:
NUMARC and TUE Testing and ;

reference 6.6.

03/03/94 Page 12
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Table 4-1 5 {
Performance Parameters

4

CATEGORY PERFORMANCE FAILURE TESTED | BOUNDED BASIS
PARAMETER MECHANISM CONFIGURATION l CONFIGtHATION

Barrier Fasteners: Structural 6" through 36" Cable Tray and Bands bound wires. In previous tests, the char layer
Band / Wire Size box enclosures. on the outside of the tested

'
ad Material- Hermo-lag tended to surround |

Continued and protect wires. Rus, bands !
are more exposed to the heat and

'

tend to expand more. BASIS:'

NUMARC Tests 1 -1,1 -4, 1-5, 2-
'7,2-8,2-9,2-10. TUE Tests 11-

5,12-1,12-2,13-1,13-2,14-1.
Barrier Fasteners: Thermal Mot applicable. Not applicable. Not applicable.

Band / Wire ,

Distance from
Joints

Structural 2" - 3" distance from joints for Band / Wire spacing such that Reduced band / wire spacing
6*' through 36" cable trays and fasteners are 3" or closer to would provide increased
box design. joints are bounded. structuralsupport. BASIS:

NUMARC,TUE, TVA Testing.

Barrier Fasteners Thermal Not applicable. Not critical. Not applicabic.
Edge Guards

Structural Not applicable. Not critical. Not applicable.

Barrier Unsupported Span Thermal Not applicable. Not applicable. Not applicable.

Structural Unsupported butt seams tested The largest unsupported span The greater the unsupported
with various span widths. bounds smaller unsupported span the more structural

spans. challenge to the FRB. This
increases sagging of material
andjoint failure. BASIS: ,

NUMARC Tests 1-1,2-7. ;

I

=+
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Table 4-1
Performance Parameters

CATEGORY PERFORMANCE FAILURE TESTED BOUNDED BASIS
PARAMETER MECHANISM CONFIGURATION CONFIGURATION

Barrier Joint Thermal 6" through 36" cable trays and Thermo-Lag materialinstalled Previous testing has

Reinforcement: box enclosures. without stress skin overlay and demonstrated that external stress
_

Stress Skin / Trowel additional trowel grade skin overlay with trowel grade
&ade Overlays material bounds installations material provides greater

using overlays and additional thermalresistance. BASIS:
trowel grade material. NUMARC Tests 1 - 1, 2-7, 2-8.

TUE Tests 11-5,12-1,12-2,13-
1, 13-2, 14-1, 15-1.

Structural 6" through 36" cable trays and . Thermo-Lag material e Previous testing has shown
box enclosures. instalbd without stress skin that stress skin overlays and

overlay and additional trowel additional trowel grade
grade material bounds material provide better
installations using overlays structural support at joints as
and additional trowel grade material softens. BASIS:
material. NUMARC Tests 1- 1, 2-7, 2-8.

TUE Tests 11-5, 12-1,12-2,
,

13-1,13-2,14-1,15-1.
Barrier Joint Thermal 12" through 36" cable trays. Not applicable. Not applicable.

Reinforcement-
Stress Skin Ties

Structural 12" through 36" cable trays. Barrier Configurations Previous testing has shown that
installed without stress skin stress skin ties provide better
ties bound installations using structural support atjoints as

,

ties. material softens. BASIS:
NUMARC Tests 1 - 1, 2-7, 2-8.
TUE Tests 11-5,12-1. 12-2,13-
1,13-2,14-1,15-1.

,

i

i
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Table 4-1
Performance Parameters -

CATEGORY PERFORMANCE FAILURE TESTED BOUNDED BASIS
PARAM7, 6R MECHANISM CONFIGURATION CONFIGURATION

Barrier Joint Thermal 6' through 24" cable trays. Cable tray configurations Previous testing has showm that
Reinforcement without internal banding with the improved structural
Internal Banding bound installations with performance and limited

intemal banding., sagging, reduced heat transfer
occurs. BASIS: NUMARC
Tests 1-1,2-9. TUE Test 15-1.

Structural 6' through 24" cable trays. Barrier Configurations without Previous testing has shown that
internal banding bound internal banding provides better
installations with internal structural support as material
bar iing.. softens.

Barrier Joint Thermal and Joints with maximum gap of Not critical. Provided adequate trowel grade
Reinic. ement structural 1/4" during fit up. material and fasteners are
Joint Gap utilized to sealjoints, original

gaps have not shown to be a
critical parameter. BASIS: All
NUMARC and TUE testing.

Barrier Box Enclosure Thermal Junction Boxes Condo!c Tested tox configurations not Previous testing has shown that
Performance Boxes, Boxed Enclosures attached to walls or ceilings box configurations attached to

around conduits,and air would bound boxes of similar concrete perform caual or better
drops. size and construction which than boxes totally extosed on all

are attached on one or more sides. BASIS: NUMARCTests
sizes to concrete walls or 1-6,2-2. TUE Tests 10-1,10-2,
ceilings provided acceptable Il-4.
mechanical attachment to the
concrete is utilized.

I
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5.0 METHODOLOGY

The following methodology can be used to evaluate installed configurations against those I

tested. This method is consistent with the guidance and acceptance criteria provided in
Generic Letter 86-10 and its proposed supplement. Figure 4.2 depicts the methodology.
Appendix H contains examples of this method. !

!

Step 1 -Identify configurations.tp be evaluated: j

Step la: Separate each fire barrier system into unique segments (refer to Figure 3-1)..

Steplb: Document the performance parameters of each segment's installed configuration.
Appendix G contains a suggested evaluation form.

Step _2 - Determine Tests to be Utilized in the Evaluation:

For each segment, review Appendix A, " Tested Assemblies" to determine the test (s)
which have similar performance parameters as the configuration being evaluated. Where
such parameters do not directly correlate, review pertinent bounding performance !

parameters in Table 4-1 to determine other tests that may apply to the installed ;

configuration. When selecting tests for use in the evaluation, methods of barrier
constmetion, commodity configuration and test acceptance basis should be considered.
Review Appendices B-E, as applicable, to further refine tested configurations to be used.
Once tests have been selected continue to the next step.

Step 3 - Evaluate Fire Barrier and Commodity performance parameters:

Step 3a: Using the selected tests, compare and evaluate each performance parameter of
the installed and tested configurations against the acceptance criteria (Table 4-1) for that
parameter. If all performance parameters are bounded and the referenced test (s) passed
based on temperature and barrier condition, then the configuration is acceptable.
Document results.

Step 3b: If all performance parameters are bounded but temperature acceptance criteria
was exceeded for the referenced test (s), (i.e., test passed based on cable visual inspection
or barrier deviation condition), then an assessment of component operability at the
temperature conditions which were experienced inside the barrier during the fire test is
required. The assessment should address, as a minimum,1) the cable or component
function,2) the cable insulation type or component material, and 3) the component
operability at the temperature conditions experienced during the test.

Step 3c: If all performance parameters are not bounded then perform an engineering
evaluation to determine if equivalency to a rated barrier can be esMiished for the installed
configuration. The following Generic Letter 86-10 guidance should be considered when
performing the evaluation:
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-

Industry Apptication Guide
- i

_- DRAFT D

i

Is the continuity of the fire barrier material consistent with the tested configurations?.

Is the effective thickness of the barrier material consistent with the tested.
i

configurations? i

Is the nature and effectiveness of the support assembly (if applicable) consistent with.

the tested configurations? '

'

Is the application or end use of the fire barrier consistent with the tested.

configurations?
Was the configuration reviewed by a qualified fire protection engineer and determined.

to provide an equivalent level of protection?
,

Step 3d: If equivalency to a rated barrier configuration cannot be established by
evaluation, then justification for exemption or deviation can be considered. To develop i

such justification, applicable baseline barrier performance during testing could be
compared to similar installed barrier contigurations and evaluated for acceptability under
specific plant conditions.

i

|
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FIGURE 4-2

i

Segment as-built FBS into largest
"Evaluateable" Segments

Review Appendix A to determine
tests to be utilized in the evaluation

Review Appenices B-E, as applicable, to ;

further refine tested configurations to be j
used in the evaluation

Evaluate / document each performance
parameter of installed configuration

Use performance parameter acceptance
criteria (Table 4-1) to determine if installed

configuration is bounded by tested
configuration

i

~\
i

A

J
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6.0 REFERENCES

The following references were used to develop this application guide:

6.1 TUE Fire Endurance Tests (see Appendix B)
6.2 TVA Fire Endurance Tests (see Appendix E)
6.3 ASTM Standard Test Methods for Fire Tests of Fire Resistive Barrier

Systems for Electrical System Components, Drafi 16, February 4,1994
6.4 NUMARC Fire Endurance Tests (see Appendix C and D)
6.5 " Fire Endurance Test Acceptance Criteria for Fire Barrier Systems used to

Separate Redundant Safe Shutdown Trains within the same Fire Area"
Supplement I to Generic Letter 86-10, " Implementation ofFire Protection
Requirements" (Drall)

6.6 Omega Point Laboratories Project No. 12340-94105, " Evaluation of Heat
Release Parameters on Thermo-Lag 330," prepared for TU Electric, March
5,1993 (Draft)

i

!

l

l

|

|

|
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5.0 METHODOLOGY l

The following methodology can be used to evaluate installed configurations against those
tested. This method is consistent with the guidance and acceptance criteria provided in
Generic Letter 86-10 and its proposed supplement. Figure 4.2 depicts the methodology.
Appendix H contains examples of this method.

Step 1 - Identify configurations to be evaluard:

Step la: Separate each fire barrier system into unique segments (refer to Figure 3-1)..

Step lb: Document the performance parameters of each segment's installed configuration. j

Appendix G contains a suggested evaluation form. j
l

SteJL2 - Determine Testilo be Utilized in the Evaluangn:
'

For each segment, review Appendix A, " Tested Assemblies" to determine the test (s)
which have similar performance parameters as the configuration being evaluated. Where |

such parameters do not directly correlate, review pertinent bounding performance
parameters in Table 4-1 to determine other tests that may apply to the installed
configuration. When selecting tests for use in the evaluation, methods of barrier

'

construction, commodity configuration and test acceptance basis should be considered.
Review Appendices B-E, as applicable, to further refine tested configurations to be used.
Once tests have been selected continue to the next step.

Step 3 - Eva.htate Fire Barrier and Commodity performance parameters:

Step 3a: Using the selected tests, compare and evaluate each performance parameter of
the installed and tested configurations against the acceptance criteria (Table 4-1) for that
parameter. If all perfbrmance parameters are bounded and the referenced test (s) passed
based on temperature and barrier condition, then the configuration is acceptable.
Document results.

Step 3b: If all performance parameters are bounded but temperature acceptance criteria
was exceeded for the referenced test (s), (i.e., test passed based on cable visual inspection
or barrier deviation condition), then an assessment of component operability at the
temperature conditions which were experienced inside the barrier during the fire test is
required. The assessment should address, as a minimum,1) the cable or component
function,2) the cable insulation type'or component material, and 3) the component
operability at the temperature conditions experienced during the test.

Etep 3c: If all performance parameters are not bounded then perform an engineering
evaluation to determine if equivalency to a rated barrier can be established for the installed ;

configuration. The following Generic Letter 86-10 guidance should be considered when 1

performing the evaluation: jj
|

!
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)

Is the continuity of the fire barrier material consistent with the tested configurations?.

Is the effective thickness of the barrier material consistent with the tested i
.

configurations?
Is the nature and effectiveness of the support assembly (if applicable) consistent with.

the tested configurations?
Is the application or end use of the fire barrier consistent with the tested.

configurations?
Was the configuration reviewed by a qualified fire protection engineer and determined.

to provide an equivalent level of protection?

Step 3d: If equivalency to a rated barrier configuration cannot be established by
evaluation, thenjustification for exemption or deviation can be considered. To develop
suchjustification, applicable baseline barrier performance during testing could be
compared to similar installed barrier configurations and evaluated for acceptability under .
specific plant conditions.

1
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FIGURE 4-2

Segment as-built FBS into largest
"Evaluateable" Segments

Review Appendix A to determine
tests to be utilized in the evaluation l

i

!

Review Appenices B-E, as applicable,to )
further refine tested configurations to be '

used in the evaluation
.|

|

Evaluate / document each performance ' |

parameter of installed configuration

Use performance parameter acceptance
criteria (Table 4-1) to determine if installed 1

configuration is bounded by tested !
configuration j

|
|

!

A

|
-

|

!

I
i

!

;

i
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FIGURE 4-2 Continued

A

Did any of
,

I tests used in
the evaluation YES

exceed
temperature
acceptance

criteria
?

NO

s

Was the barrier
condition for tests NO Review bases for test

used in the acceptance and perform

evaluation evaluation to determine if
satisfactory bases are applicable to

? Installedconfiguration

YES

I5 NO
Document results configuration Perform an

of evalution of fire bounded engineering

rated barrier ? evaluation -

YES

Document results '!
-

Iof evalution of fire
|| rated barrier
|

}
1
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6.0 REFERENCES

The following references were used to develop this application guide:

6.1 TUE Fire Endurance Tests (see Appendix B)
6.2 TVA Fire Endurance Tests (see Appendix E)
6.3 ASTM Standard Test Methods for Fire Tests of Fire Resistive Barrier

Systems for Electrical System Compor.ents, Dran 16, February 4,1994
6.4 NUMARC Fire Endurance Tests (sce Appendix C and D)
6.5 " Fire Endurance Test Acceptance Cnteria for Fire Barrier Systems used to

; Separate Redundant Safe Shutdown Trains within the same Fire Area"
Supplement I to Generic Letter 86-10, " Implementation ofFire Protection
Requirements" (Dran)

6.6 Omega Point Laboratories Project No. 12340-94105, " Evaluation of Heat
Release Parameters on Thermo-Lag 330," prepared for TU Electric, March
5,1993 (Dran)

i

l

|

|
|

1
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)- pse Appendix Af
jimi/ if' Tested Assemblies

a

1 IIOUR
CONDUITS

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

3/4 in. Aluminum 1/2 in. preshaped conduit sections with post-buttered joints. Satisfactory conduit temperatures NIA1 ARC 1-6

with Radial Bend Bascline layer reinforced with towel grade and stress skin at Satisfactory barrier condition
couplings and supports. Additional merlay of 1/4 in.
preshaped sections with pre-butteredjoints. Overlay layer,

reinforced with Trowel grade and stress skin at alljoints and at
entire radial bend area.

3/4 in Aluminum 1/2 in. preshaped conduit sections with pre-butteredjoints. Single point and average temperature requirements NIATARC 2-1

with Radial Bend Separate * mitered" pieces at radial bend areas. No exceeded at 27 minutes
reinforcement of baseline joints or additional overlay or trowel Through opening in barrier developed
grade for conduit or radial bcnds.

3/4 in. Stect with 1/2 in. preshaped conduit sections with pre-butteredjoints. Indeterminate conduit temperatures (refer to Appendix B, TU Electric
Radial Bend Additional overlay of 1/4 in. preshaped sections with pre- Note 1) Scheme 9-1

butteredjoints. Overlay layer reinforced with trowel grade Satisfactory barrier condition
buildup and stress skin at entire radial bend area. Satisfactory cable visual inspection

Satisfactory cable functionality

2 in. Aluminum with 1/2 in. preshaped conduit sections with pre-buttered joints. Average temperature requirements exceeded at 39 minutes NUMARC 2-1
Radial Bend Separate " mitered" pieces at radial bend areas. No Satisfactory barrier condition

reinforcement of baselinejoints or additional overlay or trowel
gr::de for conduit or radial bends.

2 in. Stect with 1/2 in. preshaped conduit sections with pre-butteredjoints. Satisfactory cable sisual inspection TU Electric
Radial Bend Trowel grade buildup and stainless steel mesh reinforcement Satisfactory cable functionality Scheme 13-2

over entire radial bend areas _

3 in. Aluminum with 1/2 in. preshaped conduit sections with post-butteredjoints. Satisfactory conduit temperatures NUMARC 1-6
Radial Bend Baselinejoints reinforced with trowel grade buildup and stress Satisfactory barrier condition

skin. Additional trowel grade buildup and stress skin at
couplings, supports and over entire radial bend area.

03/03/94 Page 22
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(13 M ,A y Appendix A

f Tested Assemblies

1 IIOUR
CONDUITS

Commodity Tested Fire Resist;ve Barrier Construction Test Acceptance Basis Test Number

3 in. Steel with 1/2 in.' preshaped conduit sections with post-buttered joints. Satisfactory conduit temperatures NUMARC14
Radial Bend Baselinejoints reinforced with trowel grade buildup and stress Satisfactory barrier condition

skin. Additional trowel grade buildup and stress skin at
couplings, supports and over entire radial bend area.

3 in. Steel with 1/2 in. preshaped conduit sections with pre-butteredjoints. Indeterminate conduit temperatures (refer to Appendix B, TU Electric
Radial Bend Trowel grade buildup and stress skin over entire radial bend Note 1) Scheme 9-1

area, Satisfactory bairier condition
Satisfactory cable visual inspection
Satisfactory cable ftmetionality

3 in. Steel with 1/2 in. preshaped conduit sections with pre-buttered joints. Indeterminate conduit temperatures (refer to Appendix B, TU Electric
Radial Rend Note 1) Scheme 10-1 and

Satisfactory barrier condition Scheme 10-2
Satisfactory cable visual inspection
Satisfactory cable functionality

4 in. Aluminum with 1/2 in. preshaped conduit sections with pre-buttered joints. Average temperature requirements exceeded at 48 minutes NUMARC 2-1
Radial Bend Separate " mitered" pieces at radial bend areas. No Satisfactory barrier condition

_

reinforcement of baselinejoints or additional overlay or trowel
grade for conduit or radial bends.

5 in. Aluminum with 1/2 in. preshapt4 conduit sections with post-butteredjoints. Satisfactory conduit temperatures NUMARC 14
Radial Bend Baseline joints reinforced with trowel grade buildup and stress Satisfactory barrier condition

skin. Additional trowel grade buildup and stress skin at
couplings, supports and over entire radial bend area.

_
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Appendix A .

C s
~

Tested Assernblies !

1 IIOUR
CONDUITS

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number t

- 5 in. Stect with 1/2 in. preshaped conduit sections with pre-buttered joints. Indeterminate conduit temperatures (refer to Appendix B, TU Electric
Radial Bend Trowel grade buildup and stress skin over entire radial bend Note 1) Scheme 9-1 -

area. Satisfactory barrier condition
Satisfactory cable visual inspection
Satisfactory cable functionality

6 in. Aluminum with 1/2 in. preshaped conduit sections witi: pre-buttered joints. Average temperature requirements exceeded at 50 minutes bM1 ARC 2-1
Radial Bend Separate " mitered" pieces at radial bend areas. No Satisfactory barrier condition

reinforcement of baselinejoints or additional overlay or trowel
grade for conduit or radial bends.'

3/4 in. Aluminum I in preshaped conduit sections with pre-butteredjoints. Average temperature requirement exceeded at 63 minutes NUMARC 2-3

with Radial Bend Separate * mitered" pieces at radial bend areas. No Through openings in banier developed
reinforcement of baseline joints or additional overlay on trowel
grade for conduit or radial bend.'-

3/4 in. Steel with I in. preshaped conduit s::ctions with post-buttered joints. Satisfactory conduit temperatures NUMARC 1-7

Radial Bend Additional overlay of 7/8 in. preshaped sections with pre- Satisfactory barrier condition !

butteredjoints. Overlay layer reinforced with trowel grade
buildup and stress skin at alljoints and at entire radial bend
area.

3 in. Aluminum with I in. preshaped conduit sections with pre-buttered joints. Single point temperature requirement exceeded at 91 hMIARC 2-3
Radial Bend Separate " mitered" pieces at radial bend areas. No minutes

reinforcement of baselinejoints or additional overlay on trowel Through openings in barrier developed
grade for conduit or radial bend.

3 in. Steel with I in. preshaped conduit sections with post-buttered joints. Single point conduit temperature requirement exceeded at NMIARC 1-7
Radial Bend Trowel grade buildup and stress skin reinforcement at joints 112 minutes

and over entire radial bend area.. Satisfactory barrier condition
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Tested Assemblicsn

3 HOUR
CONDUITS

Commodity Tested Fire Resistive Barr'er Construction Test Acceptance Basis Test Number

5 in. Stcel with I in. preshaped conduit sections with post-butteredjoints Average conduit temperature requirement exceeded at 113 hMIARC 1-7
Radial Bend Trowel grade buildup and stress skin reinforcement at joints minutes

and over entire radial bend area. Satisfactory barrier condition

6 in. Aluminum with I in. preshaped conduit sections with pre-buttered joints. Average conduit temperature requirement exceeded at 102 NM1 ARC 2-3

Radial Bend Separate " mitered" pieces at radial bend areas. No minutes
reinforcement of baseline joints or additional overlay on trowel Through openings in barrier developed
grade for conduit or radial bcud.

3/4 in. Aluminum 1/2 in.. V-rib pancis with post-butteredjoints. Trowel grade Satisfactory surface temperatures NUMARC 1-6
LBD Condulet (Long buildup and stress skin reinforcement at joints and conduit Satisfactory harrier condition
Leg Vertical) interfaces.

3/4 in. Aluminum 1/2 in. V-Rib panels with pre-buttered joints. No reinforcement Later NUMARC 2-1
LBD Condulet (Long ofjoints or conduit interfaces.
Leg Vertical)
3/4 in. Steel LBD 1/2 in. flat panels with pre-butteredjoints. Trowel grade Indeterminate surface temperatures (Refer to Appendix B, TU Electric
Condulet (Long Leg buildup and stress skin reinforcement atjoints and interfaces. Note 1) Scheme 9-1

Vertical) Satisfactory barrier condition
Satisfactory cable visual inspection
Satisfactory cable functionality

2 in. Aluminum 1/2 in. V-Rib panels with pre-buttered joints. No reinforcement Later NUMARC 2-1 '

LBD Condulet (Long ofjoints or conduit interfaces.
Leg Vertical)'

3 in. Aluminum 1/2 in. V-rib pancis with post-butteredjoints. Trowel grade Satisfactory surface temperatures NUMARC 1-6
LBD Condulet (Long buildup and stress skin reinforcement atjoints and conduit Satisfactory barrier condition

Leg Horizontal) interfaces.
.
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y ?! G':n Appendix A
. gg Tested Assemblies*

1 IIOUR
BOXED COMMODITIES (OTIIER TIIAN CABLE TRAYS)

Commodity Tested Fire Resistive Barrier Constmetion Test Acceptance Basis Test Number

3 in. Steel LBD Ir . V-rib panels with post-buttered joints. Trowel grade Satisfactory surface temperatures NUMARC14
Condulet (Long Leg buildup and stress skin reinforcement at joints and conduit Satisfactory barrier condition

Vertical) interfaces.

3 in steel LBD 1/2 in. ilat panels with pre-buttered joints. Trowel grade Indeterminate surface temperatures (Refer to Appendix B. TU Electric

Condulet (Long Leg buildup and stress skin reinforcement atjoints and conduit Note 1) Scheme 9-1

Vertical) interfaces. Satisfactory barrier condition
Satisfacto y cable visual inspection
Satisfactory cable ftmetionality

3 in. Steel LBD 1/2 in. flat panels with pre-butteredjoints. Trowel grade Indeterminate surface temperatures (refer to Appendix B. TU Electric

Condulet (Long Leg buildup and stress skin reinforcement atjoints and conduit Note 1) Scheme 10-1 and i

Horizontal) interfaces. Satisfactory barrier condition Scheme 10-2 i

Satisfactory cable visual inspection
Satisfactory cable functionality

4 in. Aluminum 1/2 in. V-Rib pancis with pre-butteredjoints. No reinforcement Later NUMARC 2-1

LBD Condulet (Long ofjoints or conduit interfaces. ,

Leg Vertical)
5 in. Aluminum 1/2 in. V-rib panels with post-butteredjoints. Trowel grade Satisfactory surface temperatures NUMARC 1-6

LBD Condulet (Long buildup and stress skin reinforcement at joints and conduit Satisfactory barrier condition

Leg Vertical) interfaces.

5 in. Steel LBD - 1/2 in. flat panels with pre-buttered joints. Panel scored to hdeterminate surface temperatures (Refer to Appendix B, TU Electric

Condulet (Long Leg conform to LBD curvature; scores filled with trowel grade. Note 1) Scheme 9-1

Vertical) Trowel grade buildup and stress skin reinforcement atjoints Satisfactory barrier condition
and conduit interfaces. Satisfactory cable visual inspection

Satisfactory cable functionality
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Tested Assemblies

1 IIOUR
IlOXED COMMODITIES (OTIIER TIIAN CABLE TRAYS)

i

Commodity Tested Fire Resistive Barrier Constnsction Test Acceptance Basis Test Number

6 in. Aluminum 1/2 in. V-Rib panels with pre-butteredjoints. One panel scored Later NUMARC 2-1

LBD Condulet (Long to accommodate curvature of fitting. No reinforcement of
Leg Vertical) joints or conduit interfaces.

18 in. x 12 in. x 6 in. 1/2 in. flat pancis with pre-butteredjoints. Trowel grade Indeterminate surface temperatures (Refer to Appendix B, TU Electric

Steel Junction Box buildup and stress skin reinforcement at joints and conduit Note 1) Scheme 10-2

(12 in Side Vertical) interfaces. Satisfactory barrier condition

and Satisfactory cable visual inspection

18 in. x 12 in. x 6 in. Satisfactory cable ftmetionality

Steel Junction Box

(6 in. Side Vertical)
18 in. x 12 in. x 6 in. 1/2 in. pancis with pre-butteredjoints. Additional overlay of Indeterminate surface temperatures (Refer to Appendix B. TU Electric

Stect Junction Box I/2 in. V-rib pancis with pre-buttered joints. Trowel grade Note 1) Scheme 10-1
3

(12 in. Side Vertical) buildup and stress skin reinforcement at joints and conduit Satisfactory barrict condition

and interfaces (outer layer only). Satisfactory cable visual inspection
'

18 in. x 12 in. x 6 in. Satisfactory cabic functionality

Stect Junction Box
(6 in. side vertical)
24 in. x 12 in. x 8 in. 1/2 in. V-nb pancis with post-butteredjoints. Trowel grade Satisfactory surface temperatures NUMARC 1-6

Aluminum Junction buildup and stress skin reinforcement at joints and conduit Satisfactory barrier condition

Box (12 in. Side interfaces.

Vertical)

!
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Appendix A

Tested Assemblies

1 IIOUR
BOXED COMMODITIES (OTIIER TIIAN CABLE TRAYS)

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

3/4 in., 2 in. and 3 1/2 in. V-Rib pancis (2) with " score and fold" method used to Satisfactory conduit temperatures NUMARC 2-2
in. Aluminum construct sides and bottom of box. Panels flared out onto Through opening in barrier developed
Conduits with LBD underside of concrete test stab, pre-buttered with trowel grade Informational thermocouples on unexposed panel surfaces

Condulets inside 46 material and secured with 1/4 in. x 2-1/4 in. anchor bolts at 12 reached 407 F average temperature and 430 F single point
in. (long) x 26 in. in. intervals. Buttjoint between panels pre-buttered. Scored maximum temperature.

(wide) x 22 in. panel areas filled with trowel grade material. Ends of box used
(deep) five-sided separare panel pieces with pre-butteredjoints. End panels also
enclosure flared out onto underside of test stab, pre-buttered with trowel

grade material and secured with anchor bolts at 12 in. intennis.
Stainless steel banding used around entire enclosure.

3/4 in.,2 in. and 3 1/2 in. V-Rib panels (2) with " score and fold" method used to Satisfactory conduit temperatures NUMARC 2-2
in. Aluminum construct sides and bottom of box. Pancis flared out onto Satisfactory barrier condition

Conduits with LBD underside of concrete test stab, pre-buttered with trowel grade Informational thermocouples on unexposed panel surfaces

Condulets inside 46 material and secured with 1/4 in. x 2-1/4 in. anchor bolts at 12 reached 362 F average temperature and 377 F single point
in. (long) x 26 in. in. intervals. Butt joint between pancis post-buttered. Scored maximum temperature.

(wide) x 22 in. panel areas filled with trowel grade material. Ends of box used
(deep) five-sided separate panel pieces with post-butteredjoints. End panels also
enclosure flared out onto underside of test slab, pre-buttered with trowel

grade material and secured with anchor bolts at 12 in. inten als.
Stainless steel banding used around entire enclosure. All joints
between pancis and seams in scored areas reinforced with
additional trowel grade buildup and stress skin secured with
staples and tie wires.

3/4 in. Aluminum I in. V-Rib panels with pre-butteredjoints. No reinforcement Later NUMARC 2-3
LBD Condulet (Long ofjoints or conduit interfaces.
Leg Vertical)
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ilh Tested Assemblies

3 IlOUR
BOXED COMMODITIES (OTIIER THAN CABLE TRAYS)

i

Commodity Tested Fire Resistive Barrier Constmetion Test Acceptance Basis Test Number

3/4 in. Steel LBD 1 in. V-rib panels with post-butteredjoints. Trowel grade Satisfactory surface temperatures hM1 ARC 1-7
Condulet (Long Leg buildup and stress skin reinforcement at joints and conduit satisfactory barrier condition

Vertical) interfaces. Additional overlay of 5/8 in. V-rib pancis with pre-
buttered joints. Outer panel layerjoints stitched with tie wire
and reinforced with trowel grade and stress skin. Trowel grade
buildup and stress skin reinforcement at conduit interfaces.

3 in. Aluminum I in. V-Rib panels with pre-butteredjoints. No reinforcement Later NMIARC 2-3
LBD Condulet (Long ofjoints or conduit interfaces.
Leg Vertical)
3 in. Steel LBD 1 in. V-rib panels, post-buttered. Trowel grade buildup and Satisfactory surface temperatures NMfARC 1-7
(Long Leg stress skin reinforcement atjoints and conduit interfaces. Satisfactory barrier condition

IIorizontal) Additional overlay of 5/8 in. V-rib pancis with pre-buttered
joints. Outer panel layerjoints stitched with tie wire and
reinforced with trowel grade and stress skin. Trowel grade
buildup and stress skin reinforcement at joints and conduit
interfaces.

5 in. Steel LBD 1 in. V-rib panels with post-butteredjoints. Trowel grade Single point surface temperature requirement excceded at NMfARC 1-7
(Long Leg Vertical) buildup and stress skin reinforcement at joints and conduit 151 minutes

interfaces. Additional overlay of 5/8 in. V-rib panels with pre- Satisfactory barrier condition
butteredjoints. Outer panel layerjoints stitched with tie wire
and reinforced with trowel grade and stress skin. Trowel grade
buildup and stress skin reinforcement at joints and conduit
interfaces.

6 in. Aluminum I in. V-Rib panels with pre-butteredjoints. One panel scored Later NM4 ARC 2-3
LBD Condulet (Long to accommodate curvature cf fitting. No reinforcement of
Leg Vertical) joints or conduit interfaces.
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' ' " Tested Assemblies

1 IIOUR
CABLE TRAYS

. Commodity Tested Fire Resistive Barrier Constmetion Test Acceptance Basis Test Number
12 in. x 4 in. Stect 1/2 in. V-rib pancis with pre-butteredjoints. V-ribs Satisfactory raceway temperatures TU Electric
Ladder Back with perpendicular to tray rails on top and bottom of tray. Scored Satisfactory barrier condition Scheme 13-1
Radial Bends panels on inside and outside face of radial bena; scores filled

with trovel grade. Longitudinaljoints at side pancis reinforced i

with trowel grade buildup and stress skin. Buttjoints between j

pancis stitched at various locations. -i

12 in. x 4 in. Steel 1/2 in. V-rib pancis with pre-buttered joints. V-ribs Satisfactory cable visual inspection TU Electric
Ladder Back with perpendicular to tray rails on top and bottom of tray. Scored ' Satisfactory cable functionality Scheme 13-2
Radial Bends panels on inside and outside face of radial bends; scores filled

with trowel grade
24" x 4" Aluminum 1/2 in. V-rib pancis with pre-butteredjoints, V-ribs parallel to Single point temperature criterio 1 exceeded at 21 minutes NUMARC 2-7
Ladder Back with tray rails on top and bottom of tray. Separate mitered panel on the conductor below the tray rungs.
Radial Bend pieces on inside and outside face of radial bcnd. Baseline Through openings in barrier developed prior to ending the

application with no upgrades applied. test at 48 minutes
24" x 4" Aluminum 1/2 in. V-rib pancis with pre-buttered joints. Score and fold Single point temperature criterion exceeded at 23 minutes NUMARC 2-7
Ladder Back with single panel for bottom and sides on horizontal and vertical on the conductor below the tray rungs.
Radial Bend tray commoditics with separate top panel. V-ribs parallel to Openings ia barrier developed prior to ending the test

tray rails. Separate mitered panel pieces on inside and outside at 48 minun
of radial bend. Baseline application with no upgrades.

24 in. x 4 in. 1/2 in. V-rib pancis with post-butteredjoints V-ribs parallel to Satisfactory raceway temperatures NUMARC 2-8
Aluminum Ladder tray rails on top and bottom of tray. Separate mitered panel Satisfactory barrier condition
Back with Radial pieces on inside and outside face of radial bend. Thermo-Lag Single high teniperature on one tray rail adjacent to fire
Bend and Fire Stop fire step in horizontal tray commodity to close emclope. stop at 60 minutes attributed to fire stop performance

Longitudinal joints at side panels and butt joints between
pancis reinforced with trowel grade and stress skin.
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

24 in. x 4 in. U2 in. V-rib 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 barrier condition

Back with Radial tray commod ties with separate top panel. V-ribs parallel to
Bend tray rails. hnte mitered panel pieces on inside and outside

of radial benJ. Longitudinal buttjoints and score and fold
joints at side panels and butt joints between panels reinforced
with trowel grade and stress skin.

24 in. x 4 in. Steel Internal banding installed on cable tray. 1/2 in. V-rib pancis Satisfactory raceway temperatures TU Electric
Ladder Back with pre-buttered joints, V-ribs perpendicular to tray rails on Satisfactory barrier condition Scheme Il-5

w/ Radial Bend top and bottom of tray. Scored panels on inside and outside
face of radial bend, scores filled with trowel grade.
Longitudinaljoints at side pancis reinforced with trowel grade
and stress skin. ,

24 in. x 4 in. Steel Internal banding installed on cable tray. 1/2 in. V-rib pancis Satisfactory raceway temperatures TU Electric

Ladder Back with pre butteredjoints, V-ribs perpendicular to tray rails on Satisfactory barrier condition Scheme 12-2

w/ Radial Bend, 90* top and bottom of tray. Scored pancis on inside and our.ie
Square Fitting and face of radial bend; scores filled with trowel grade.

Tec Section Longitudinaljoints at side panels reinforced with trowel grade
and stress skin. Butt joints between pancis stitched at various
locations and reinforced with stress skin.

30 in. x 4 in. Steel - Internal banding installed on cable tray. 1/2 in. V-rib panels Satisfactory raceway temperatures TU Eiectric
Ladder Back with pre-buttered joints, V-ribs perpendicular to tray rails on Satisfactory barrier condition Scheme 12-1

w/ Radial Bends top and bottom of tray. Scored panels on inside and outside
face of radial bends; scores filled with trowel grade.
Longitudinaljoints at side panels reinforced with trowel grade
and stress skin. Butt joints between panels stitched at various
locations and reinforced with stress skin.
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

30 in. x 4 in. Stect Internal banding installed on cable tray. 1/2 in. V-rib pancis Satisfactory cable visual inspection TU Electric
Ladder Back with pre-buttered joints, V-iibs perpendicular to tray rails on Satisfactory cable functionality Scheme 14-1

w/ Radial Bend,90 top and bottom of tray. Scored panels on inside and outside
Square Fitting and face of radial bends; scores filled with trowel grade.

Tec Section Longitudinal joints at side panels reinforced with trowel grade
and stress skin. Butt joints between panels reinforced with
trowel grade and stress skin.

36 in. x 4 in. Steel 1/2 in. V-rib pancis with post-butteredjoints; V-ribs parallel to Single point temperature criterion exceeded at 54 minutes NUMARC 1-1

Ladder Back tray rails on top and bottom of tray. Scored pancis on inside for conductor on top of cable layer

w/ Radial Bends and outside face of one radial bend; scores filled with trowel Through opening in barrier developed
grade. Separate mitered panel pieces on inside and outside face
of other radial bend. Longitudinaljoints at side panels and butt
joints between pancis reinforced with trowel grade and stress
skin.

36 in. x 4 in. Internal banding installed on cable tray. 1/2 in. V-nb pancis Satisfactory raceway temperatures NUMARC 2-9

Aluminum Ladder with pre-buttered joints; V-ribs parallel to tray rails on top and Satisfactory barrier condition
Back Cable Tray bottom of tray. Scored pancis on inside and outside face of one
with Radial Bends radial bend; scores filled wilt trowel grade. Separate mitered

panel pieces on inside and outside face of other radial bend.
Longitudinaljoints at side panels and butt joints between
panels reinforced with trowel grade and stress skin.

36 in. x 4 in. Steel Internal banding installed on cable tray, 1/2 in. V-rib panels Satisfactory raceway temperatures 'IU Electric

Ladder Back with pre-butteredjoints, V-ribs perpendicular to tray rails on Satisfactory barrier condition Scheme 15-1

w/ Radial Bends top and bottom of tray. Scored panels on inside and outside
face of radial bends; scores filled with trowel grade.
Longitudinaljoints at side panels reinforced with trowel grade
and stress skin. Buttjoints between panels reinforced with
trowel grade and stress skin.
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Commodity Tested Fire Resistive Barrier Constivetion Test Acceptance Basis Test Number

6 in. x 4 in. I in. V-rib panels with pre-butteredjoints, V-ribs parallel to Satisfactery raceway temperatures at 86 minutes when test NUMARC 2-10
Aluminum Ladcier tray rails on top and bottom of tray. Separate mitered panel was terminated

Back with Radial pieces on inside and outside face of radial bend. Baseline Satisfactory barrier condition
Bend application with no upgrades applied. Opening developed in the barrier

6 in. x 4 in. I in. V-nb panels with pre-butteredjoints. Score and fold Satisfactory raceway temperatures at 85 minutes when test NUMARC 2-10

Aluminum Ladder single panel for bottom and sides on horizontal and vertical was terminated

Back with Radial tray commodities with separate top panel. V-ribs parallel to Satisfactory barrier condition

Bend tray rails. Separate mitered panel pieces on inside and outside Opening developed in the barrier (panel fell off in furnace
of radial bend. Baseline application with no upgrades. at 85 minutes)

24 in. x 4 in. 1/2 in. v-rib panels with post-buttered joints. V-ribs parallel to Single point raxway temperature requirement exceeded at NUMARC 1-5
Aluminum Ladder tray rails on top and bottom of tray and on inside and outside 172 minutes

Back w/ Radial pancis above radial bends. V-ribs perpendicular on inside and Hose stream dislodged panel creating through opening

Bends and Tec outside of radial bends. Panels on inside and outside ofleft
Section radial bend and tee section radius were scored. Inside and

outside panels on right radial bend were mitered. Additional
overlay of 5/8 in. V-rib pancis with V-ribs perpendicule.r to tray
rails. Joints were pre-buttered. Buttjoints were stitched and
reinforced with trowel grade and stress skin. Longitudinal
joints reinforced with stitches, trowel grade and stress skin.

24 in. x 4 in. Steel 1/2 in. v-nb panels with post-butteredjoints. V-ribs parallel to Satisfactory raceway and conductor temperatures NUMARC 1-4
Ladder Back tray rails on top and bottom of tray and on inside and outside Satisfactory barrier condition
w/ Radial Bends panels above radial bends. V-ribs perpendicular on inside and

outside of radial bends Panels on inside and outside of right
radial bend were scored. Inside and outside panels on left
radial bend were mitered. Additional overlay of 5/8 in. V-rib
panels with V-ribs perpendicular to tray rails. Joints were pre-
buttered. Buttjoints were stitched and reinforced with trowel
grade and stress skin. Longitudinaljoints reinforced with
stitches, tmwel grade and stress skin.
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

24 in. x 4 in. I in. V-rib panels with pre-butteredjoints, V-ribs parallel to Single point temperature criterion exceeded at 86 minutes NUMARC 2-10
Aluminum Ladder tray rails on top and bottom of tray. Separate mitered panel on the tray siderail
Back with Radial pieces on inside and outside face of radial bend. Baseline
Bend application with no upgrades applied.
24 in. x 4 in. I in. V-rib pancis with pre-butteredjoints. Score and fold Single point temperature criterion exceeded at 85 ndnutes NUMARC 2-10
Aluminum Ladder single panel for bottom and sides on horizontal and vertical on the conductor below the tray rungs

Back with Radial tray commodities with separate top panel. V-ribs paralici to
Bend tray rails. Separate mitered panel picces on inside and ontside

of radial bend. Baseline application with no upgrades.

36 in. x 4 in. Steel 1/2 in. v-rib pancis with post-buttered joints. V-ribs parallel to Single point raceway temperature requirement exceeded at NUMARC 1-3
Ladder Back tray rails on top and bottom of tray and on inside and outside 167 minutes

w/ Radial Bends pancis abow radial bends. V-ribs perpendicular on inside and Through opening in barrier developed
outside of radial bends. Pancis on inside and outside of len
radial bend were scored. Inside and outside panels on right
radial bend were ndtered. Additional overlay of 5/8 in. V-nb
pancis with V-ribs perpendicular to tray rails. Joints were pre-
buttered. Butt joints were stitched and reinforced with trowel
grade and stress skin. Longitudinaljoints reinforced with
stitches, trowel grade and stress skin.
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1 IIOUR
AIR DROPS

Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

Two 750KCM Power Two layers 330-660 Flexi-Blanket on cach cable, seams on Satisfactory cable sisual inspection TU Electric
Cables in Exposed second layer pre-buttered with 330460 trowel grade. Satisfactory barrier conditica Scheme 15-2

36 in. x 4 in. Steel Note: Protected cables laid in horizontal cable tray. Tray was Satisfactory cable functionality
Ladder Back Tray exposed (no Thermo-Lag applied).

Cable Bundle (3 Two layers 330-660 Flexi-Blanket, seams on second layer pre- Satisfactory cable temperatures TU Electric
cables) exiting 1-1/2 buttered with 330-660 trowel grade. Flexi-Blanket reinforced Satisfactory barrier condition Scheme 112

in. vertical conduit at conduit stub interface with staples -
stub; entering fire
stop in end of
horizontal cable tray

Cable bundle (4 Two layers 330-660 Flexi-Blanket. scams on second layer pre- Single point temperature exceeded on cable at 59 minutes TU Electric
cables) exiting 2 in. buttered with 330-660 trowel grade. Flexi-Blanket reinforced Satisfactory barrier condition Scheme Il-2
vertical conduit stub; at conduit stub interface with staples Satisfactory visualinspection
entering horizontal Satisfactory cable functionality

cable trav
Single nonessential Two layers 330-660 Flexi-Blanket, overlap on second layer pre- Satisfactory racewny temperatures TU Electric

cable protruding buttered with 330-660 trowel grade. Satisfactory barrier condition Scheme Il-2

from vertical cable
tray replicating
thermal short

Cable bundle (1 Three layers 330-660 Flexi-Blanket, scams on all layers pre- Satisfactory cable temperatures TU Electric
cabic) exiting 1 in. buttered with 330-660 trowel grade Satisfactory barrier condition Scheme Il-1 )
vertical conduit stub;
entering fire stop in
end of horizontal
cable trav

|
i

|
|

|
!
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

Cable bundle (5 Three layers 33040 Flexi-Blanket. seams on all layers pre- Satisfactory cable temperatures TU Electric
cables) exiting 2 in. buttered with 33040 trowel grade Satisfactory barrier condition Scheme Il-1
vertical conduit stub;
entering fire stop in
end of horizontal
cable tray

Cable bundle (10 Two layers 330-660 Flexi-Blanket, seams on both layers pre- Satisfactory cable temperatures TU Electric

cables) exiting 3 in. buttered with 330-660 trowel grade Satisfactory barrier condition Scheme Il-1
vertical conduit stub;
entering horizontal
cable tray

Cable bundle (14 Two layers 330-660 Flexi-Blanket, seams on both layers pre- Satisfactory cable temperatures TU Electric

cables) exiting 5 in, buttered with 330-660 trowel grade Satisfactory barrier condition Scheme 11-1

vertical conduit stub;
entering horizontal
cable tray
Single nonessential Two layers 330-660 Flexi-Blanket. seams on all layers pre- Satisfactory raceway cable temperatures TU Electric

cable protruding buttered with 330-660 trowel grade. Reinforcement at tray Satisfactory barrier condition Scheme Il 1'

from vertical cable interface.
tray replicating
thermal short
Single nonessential Two layers 330-660 Flexi-Blanket, seams on all layers pre- Satisfactory essential cable temperatures TU Electric

cable protruding buttered with 330-660 trowel grade. Satisfactory barrier condition Scheme Il-1

from 5 in. (essential)
cable drop
rcplicating thermal

'

short

03/03/94 Page 37

_ _ _ - _ _ _ _ _ _ - _ _ _ _ _ - _ . ___- - - -_____ -_ -. . - _ . . - . . -



Industry Application Guide DRAFT C '

Appendix A
3[7 g garan$g Tested Assemblies

1 IIOUR
AIR DROPS

,

Com nodity Tested Fire Resistive Barrier Construction Test Acceptance Basis T*st Number

24 air drep cables 2*-11-1/2" (W) x l'-7-1/2" (H) x 11-1/2" (D) box design Satisfactory cabic temperature TU Electric
from two 24 in. x 4 enclosure around air drop cables and embedded sleeves. 1/2 in. Hose stream opened joint between panels causing through Scheme 11-4

in. steelladder back V-rib panels on top, front and sides of box with pre-buttered opening

horizontal cable joints. V-ribs perpendicular to trays on top panel. V-ribs Satisfactory cable visual inspection

trays (stacked) vertical on front and sides. 1/2 in. flat panel on bottom with Satisfactory cable functionality

through embedded pre-butteredjoints. Alljoints reinforced with trowel grade
s!ceves buildup and stress skin. Panel butt joints at concrete wall

interface reinforced using stress skin and 2 in wide flat panel
pieces mechanically fastened to w211.
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

2 bare copper 1 in. preshaped conduit sections with post-butteredjoints. Average conductor temperature requirement exceeded at NUMARC 1-4

conductors exiting 5 . Trowel grade buildup and stress reinforcement at longitudinal 104 minutes

in. vertical conduit and butt seams. Satisfactory barrier condition

stub into horizontal ,

cable tray

1

6
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1 IlOUR
SUPPORTS

Commodity Tested Fire Resistise Barrier Construction Test Acceptance Basis Test Number

P1001 Unistrut - 1/2 in. V-rib pancis with post-butteredjoints. Protected Satisfactory conduit temperatures NUMARC
Vertical distance was 9 in. from nearest conduit envelope. Joints Satisfactory barrier condition 1-6

between panels reinforced with trowel grade buildup and stress
at interface with conduits.

P1001 Unistrut - 1/2 in. Dat panels with pre-butteredjoints. Protected distance Indeterminate conduit temperatures (refer to Appendix B. TU Electric
Vertical was 9 in. from nearest conduit envelope. Note 1) Schem- 9-1

Satisfactory barrier condition

3 in. Steel Channel 1/2 in. Dat panels with pre-buttered joints. Proixted distance Satisfactory raceway temperatures TU Electric

(C3 x4.1)- Vertical was 9 in. from cable tray envelope. Satisfactory barrier condition Schemes Il-1,
I l-2,12-1,12-2,
13-1, 13-2, 14-1,
15-1
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Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

3 in. Steel Channel I in. V-rib panels with post-buttered joints. Additional overlay Satisfactory raceway temperatures NMtARC 1-3
(C3x1.1) - Vertical of 5/8 in. V-rib panels with pre-butteredjoints and stitched Satisfactory barrier condition

along longitudinaljoints.
P1001 Unistrut - 1 in. V-rib panels with post-butteredjoints. Protected distance Satisfactory raceway temperatures hM1 ARC 1-3
Iforizontal was 18 in from cable tray envelope. Additional overlay of 5/8 Satisfactory barrier condition

in. V-rib panels with pre-buttered joints and stitched along

~

longitudinaljoints.
Thermo-Lag Cable 36" x 4" cable tray with 40% cable fill (1/3 mix of power, Satisfactory temperatures on the inside of the em elope TU Electric
Tray Fire Stop control and instrument) mounted wrtically with 5" deep which met the requirements ofIEEE 634. Joints on the Scheme 4

(Tested to IEEE 634 Thermo-Lag 330-1 fire stop poured in place and extending over Thermo-Lag envelope around the fire stop opened during

for I hour) the entire inside width of the cable tray 12" from the bottom of the hose stream test (straight stream hose). However, the
the tray. The fire stop and the tray above the fire stop were hose stream did not penetrate or dislodge the Thermo-Lag
covered with V-rib panels with pre-butteredjoints and no fire stop.
internal banding orjoint reinforcement leaving the bottom 12*
of tray and cable fill unprotected by Thermo-Lag. V-ribs were
perpendicular to tray rails on top and bottom of tray (front and
back panels) with V-ribs on side panels installed vertically
(parallel to tray rails). Side panels were installed in
compression.
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GENERAL NOTES FOR TU ELECTRIC THERMO-LAG TESTS

| Molgtgn Mattrial and Installajign

1. The Thermo-Lag thicknesi given in thq.lest deintipli_ons arp nominal. The aglual
thig_k_nJss is the stated thi.g.k.ngss i 1/8 inch,.

2. Steel bands itstd in the tests were 1/2 in wide x 0.020 in. thickJype 304 stainis2s
steel rolled-edge banding strapt

|3. Tie witss_used in the tests _were 16 to 18 GA stainleJ_s.ltest

|4. BandJpagingfor all tg1Ls._was 12 inch. maximum.

5. All_lhgrmo-Lagyanels had strgss_skirunonolithically adhered _lo_iite panel on ong
fa_ce. The fase with thejtress skiruvas installed adjacent to the.protss.tsd
commadily,

| Malpign Tell_Aggeplang.g

1. Conduit surface Temperatures (Schemes 9-1,10-1 and 10-2)

Dmingjhg_Lrgsndurance tests ofJchems 9-1 andJ.qhsms 10-1. the tempenlures
repaILeJLb1Epme of th thermesquples installed on the conduit surfaces between thet
condnil_anithe Thermo-Lag.materialansgfaSigr and higher tha.n_gxp_qsted. Em
g3amplg _afler 31 minutes _alhntrn_qq.gnple on the 3-inch digmeter conduit for
Scheme 9-1 repmtssiAtsspsra191e of 1480 F (804 Cl _Thqsgrrg3ponding cable
thgrnqcauple_tsmperatures were less than 200 F (93 C1 By the end of the test th.e ]
ismperature.rgputtd_by this conduit surface therm _acquple had drppped_12468 E i

L2_4.2 CL]t waulso noltd_1b_althe thermocouple with the Ipngest run_of
th.3Img.couplg_wirg had the highs 3Llgmperature reading. Durin.g_the_ post-fire
irtspsglign_of the barrier._the firelarrier wasin.lagiand virgin Thermo-Lag mjttetial |

Ismaingdletweenjhe char layer and_therenduitsurfage thermocouples. When the I

laboratory ditalsgenklgdjhtirplaititr ij was ngLesi that many_of ths thermosqupig |
wirs11ggattdistEpsn the outgr_gnaduit surfagtand the Thermo-Lag malerial wers |
gRaltd withjLdmk brown gwymyJuhslangt.ajldjhaljhtbnidsd.f1hgrglass |
1hermocouple wirginsulation wauplutated3jthjhgaubstance in plageLThe
foreigtLEuhslaDIsJppeared to be mixture of waltrJnd decompgsed Thermo-Lag
matsrialthathad migrated into thernclosurg_uader fire exposure and_go_n_dgnsed_gn
thg_coptsonduitsurfages

The morning after the fire test, the laboratory tested the operability of the Scheme 9-
1 thermocouple that reported the highest temperature. It performed correctly. ,

When the laboratory immersed a residue-saturated segment of the insulation in warm !
water, with the thermaljunction exposed to ambient air, the thermocouple reponed a l'

l
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temperature rise of about 10 F (12 C). The temperature reported by the
thermocouple should not have changed. This demonstrated that the saturation of the !

thermocouple wire insulation affected the temperature reading.

The test laboratory concluded that the high temperatures reported by the conduit
surface thermocouples were caused by saturation of themlocouple wire insulation
with a residue composed of water and Thermo-Lag off-gases which migrated
through the thermo-Lag material and condensed on the conduit surfaces. The
saturation set up an ionic potential across the thermocouple wires which afTected the j

thermocouple readings. The longer the thermocouple wire, the greater the potential,
and the higher the temperature reported by the thermocouple. When the conduit
surface reached 212 F (100 C), the water began to evaporate. This dried out the
thermocouple wire insulation and reduced the potential, thereby lowering the
thermocouple reading.

4

The conduit surface temperatures for Schemes 10-1 and 10-2 were also irregular and
inconsistent with visual observations. It was concluded that the conduit surface
temperatures for the three fire tests were indeterminate.

The fire test acceptance criteria specified that a fire test was successful if the barrier
did not burn through and the cables did not have any visual fire damage even if the
temperature criteria were exceeded. Scheme 9-1, and the Schemes 10-1 and 10-2
fire tests met the conditions of acceptance for post-fire barrier condition and post-
fire cable condition; therefore, the conduit surface temperatures were not needed to
declare these three fire tests satisfactory. This was, therefore, an acceptable
deviation from the temperature acceptance criteria.

:

i
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NUMARC Test included Pageji
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Project No. 13890-95671 15 through 18, |

One llour Fire Test,36 in. Cable Tray Appendix A (6 pages), !
Assembly Appendix C (7 pages)

Test 1-3 Cover, ii,6 through 13,15 through
Project No. 13890-95673 18 Appendix A(6 pages),
Three Ilour Fire Test, 36 in. Cable Tray Appendix C (7 pages)
Assembly

Test 1-4 Cover, ii,6 through 15,17
Project No. 13890-95674 through 20, Appendix A (6 pages),
Three IIour Fire Test,24 in. Cable Tray Appendix C (8 pages)
with Air Drop Assembly

Test 1-5 Cover, ii,6 through 13,15 through !

Project No. 13890-95675 18, Appendix A (7 pages),
Three Ilour Fire Test,24 in. Aluminum Appendix C (9 pages) j
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Project No. 13890-95676 24, Appendix A (9 pages),;
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GENERAL NOTES FOR NUMARC THERMO-LAG TESTS

| Notes on Material and Installation

1. The Thermo-Lag thickness given in the test descriptions are nominal. The actuaj
,

thickness is the stated thickness + 1/8 inch, - 0 inch.. |

2. Steel bands used in thg_ tests wqre 1/2 in. wide x 0.020 in. thick type 304 stainless
steel rollsd-edge banding strapt

I

|3. Tie wires used in the tssts were 16 to 18 GA stainless steel.

4. Band spacing for all tests was 12 inch. maximum, and within 2 inches from butt
joints.

5. All Thermo-Lagyanels]>ad stress skin monolithicallradhered to theranel on one
face. The face with the stress skin was installed adjacent to the protected

commodits

i

1

|
i

I
|
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GENERIC THERMO-LAG|
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ASSEMBLY TECHNIQUES
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ILLUSTRATION #1

ELEMENTS OF ATYPICAL THERMO-LAG
CABLE TRAY ENCLOSURE

Stainless Steel Band
.OR-

Stainless SteelTie

Stress Skin
(1 hour inner,

gg;*3aie 3 hour inner & outer)

sGZft"
'

ad@U -. . .. . ? _ ,,.g' __ gw+s ~_}gy
.

- , .

. ..,,. s/s ,^4* :h'[ T ' ., u,
%#'

- 3301 TrowelL. ,_ ,e y m .- ,<w.

pg ; te.e- - ei gjg ~

Grade Fillin-

,, ,
x.y *g

f.1
'ra.ng

_(IM. ^"!'ii"* ^"

T. er
t, -, .

~ $ tgyh,A * g ft.-

I? J!g;?f ~

+ 4
Thermolag

4cris@4 djiR;m 3301 Panel;) 5 a:
c.=Ry;.r~ *

c ,. , e ;. c ,+q, "S. :c.;s,m.tn[s ,w
' @ 7h,' ..~ %
'

S %. .,
.

L

u
t

L = Unsupported barrier span .

S = Spacing -
t = Barrier panel thickness

.

NOTE:

Pane!s composing this assembly were scored (cut with a knife and folded open). Stress Skin re-
mains continuous at scored seams. Enclosure could be made with only one longitudinal seam tied.

This is for illustrabon purposes only.

.
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ILLUSTRATION #2

TYPICAL CONDUlT ENCLOSURES |
1

SCORED PANEL WITH TROWEL GRADE FILL

Scored Prefab.
Thermo lag 330-1
""'I

Conduit
.a

Stress Skin 330 693301 Trowel
Grade Fillin

BUTT JOINT BOX CONSTRUCTION

hh%%%%%%\%%%%%N
f.C "d"'t

Stress Skin

Tie -

hM Butt Joint
33h1Pae

" -

PRE SHAPED CONDUlT SECTIONS
WITH TROWEL GRADE JOINT FILL

Y'$ Nd$lt$ctN!
'

3301 Trowel '

Grade Fillin

Conduit

This is for illustration purposes ony

*
.
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ILLUSTRATION #3-

TYPICAL CONSTRUCTION TECHNIQUES .

SCORING

Knife Cut . %%3
% OR 1" |g %]

\ ressSkin33049
1

St -

Fold and assemble
as needed toenvelop raceway-

GROOVING
Stress Skin 33049

, 4f-Groove as needed
*

_ -__-_______F_--_____-__. c

bkhkUkhN c%"
-

n.
|

!-
'

Fold and assemble-

as needed to envelop raceway _

GROOVING i

oroove as needed

,'

5Ly

\ ressSkin33049

L\
: ne

St |

;

Fold and assemble i
'

.as needed to envelop raceway

- TNs is for numrmen purposes onty.

|

.. . . , - . , . - - - - ,
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ILLUSTRATION #4

TYPICAL JOINT CONFIGURATIONS

Stress Skin m7
'- /Thermo-lag 3301 Panel N INDIVIDUAL PIECES

b BUTT JOINT
..s .

N SEVERED STRESS SKINh Tie

N''
- '. * " Pre buttered"(Thermo-lag'~ '

~
MNW2"\T Trowel Grade 3301 appliedi'M %9s prior to joining)

-[,; / ress SkinSt r"
9 MITERED JOINT

U: / Thermo lag 3301 Panel ?. INDIVIDUAL PIECES
/ SEVERED STRESS SKIN/ L

| Tie f/
/ / N / " Dry Fitti (places joined

A ~NNNN W 'N W M $9,'tger,e bde$ng'AS'r

D /
ress Skin > SCORED PANEL

St-

'
' / Therrno-lag 330-1 Panel : FILLED JOINT

N CONTINUOUS STRESS SKINN
\ x

\ NN
s- 330-1 Trowel Grade Fillin| 'A'N'N'%.y N'\.'\% 's\ x

This is for inustraton purposes mri.

5.
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ILLUSTRATION #5

TYPICAL ORIENTATION OF STRUCTURAL RIBS
.

Staintess SteelTies! Banding

Panel Butt Joint (Gap Width is Limited)

Stress Skin and Trowel
Grade Thermolag~

3:01 JointIt -..

JE ~m %(
*

V 47 Reinforcement~-

% 'O ErN'Mi
%:,p@4hE g% g

% g , . , . . ,-
, *

%4h m ( g
-

% ik c_u s, aPanell wq% ,, y, j
% St @g: M et p; ggg ,7s

' A C &;Q7Panel 2

Panel 3
CABLE TRAY ENCLOSURE

|

|
|

I

bkk\\bkkkkkkkkM
MEhs$$Eds5Mjsi$;f$ ,

.

mg;menswe; ban:3,*. . y
%$55EQRE55|Sisti$$ Structural Ribs help to prevent sagging

Ja*$SSR between stainless steel ties / banding
g g g$...1.c.i.m ~jM54 (Ribs running longitudinally with tray)en a n. e +wr. . . . . . . , -

h\\\\\\\k\\\\\\\\ \\\\k ;

CROSS SECTION |
|
i

,_

|

hh %%%\
. structural Ribs helptou

v *=,ww*EM4 cabletrayedes
uma cw
sessdrat .x *w prevent sensing between~;;S g --yn wssenswa :

p astructurs!M:C.L,a:hr -~~"--A9F (Ribe runni ic-g

AN\\\\%\\h\\M\M\\\\\\\\\T *'''"'"

LONGITUDINAL SECTION m ,,, ..w. ony.

.

*
n ~ .---_ - _-___-- --_-__ _ ----_
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Il1USTRATION #6 .

TY'PICAL TIES

W_P
- m-

--
-- C TIES BENEATH

s w.a
/MGP .<, s%.it TOP PANELn.s u~ ,

.

$ fy

'5 _ss.g ( 1 NIkk @"# '7e'
Stainless Steel Band

-

: r'

' tilatto RCOM .OR-
A_ui ._)!,Is3 ~ 57 + Staintess SteelWire

. . .

. a
(This method provides suppon for TOP PANEL)'

.

5@
TIES TO RUNG OF

LADDER BACK'Y .;a
~

Jifi@ CABLE TRAY
~.-

e.;gf3%ec /)dII
NCrE: Edge guards may be |

, ~

gg;;fhIh usedtopremnt.

:an== auenanormmc <.

y :,, , - --n,s . _ . _

g muuammmmmuuammung j g?y
Stainless SteelWire

'
' "

MNNNb NNNM$n. TIES AROUND
?% ENTIREjg|ggggggr ENCLOSURE

Aememew=w # .,
~

umusmsmmmm +r-
.. .,

''' ,j' g- Q. 7 -)
- Stainless Steel Band

.

,

r. v . .OR...

t

Egig 'N
' ,, , # Stainless SteelWire

,

., . ;
-

. .

Et$ n f0fi!!ustration purp0Ses 314

|
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ILLUSTRATION #7
'

TYPICAL CONCRETE FASTENER DETAIL

|

Unitstrut

/
.

~ 9?h'g.in~ vprz,s.,.>,ew mteu+=f % -; V :e ~ . . . ., ..

,:.L.s. g - .mn . a- . .-nw . 4y p . ... - .F- .u, y -23_"r.n, .>1"m _ =_ -:-~
-

,e: g . ...
. ,, ~ : # .<<-, ?r:. .

c ~=a, .- . ..

. e-2F-:. .m - ; . ': g. ',;a-<_ Q.~,"~ '

. ,,, .

, h 4 'k,t - ' .t- - g ,
tic'I' ' h-*

g i?.p e Q . ti. w e.n ---%[T(.,su*%e,7j;. ;bh Ii Q, -0 h
3

k2ki$~$ h.@2 _ l_ MS
,, ;

^

:.J . ; . g . . _; . ' 1 , m :w4 44 j1 e
.. nm .w n , ,.,

-

g. .n m . . , _ _ .

:P ;.a.w+k%Q 4gg
_ . _g ,

A Washer
. . f - ConduitConcrete i i

Fastener ~ - Stress Skin ,

N $Tie \ .A .

%\%\ \ \ W !$'fp,'I -

ne

D = Depth of penetration

This is for illustration purposes ony

i
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l
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ILLUSTRA710N #8

TYPICAL PROTECTION FOR SUPPORTS
AND INTERVENING STEEL

(Cross sectional View) !
l

Concrete !

l

I
;

&%:aa .- n.

,

. Et'cL . . .x .: ; -

)
r e

Support - p ~

:. 9" F r._ 58
t, %- y

'
. n .

1

f 1 i ? Conduit '

e c , u

b
t.:

-

Ar-~. sc - -1
f

b- 1 .0

[ oo gCable

E
T.i

.

f: :e. ,9

i ' 4
'ES;'jk,f ,'. %-

.g;5 |6 'f-
n.sh 4

,

%- a
i %

%nth

Shaded ares identifies 18"
Thermo-lag enclosure 'S4 25

W '?}sA
N W
;e d

9" represents one hour protection
18" represents three hour protection

I,

NOTE: Conduit is intervening steel This is for tilustration purposes onty.

l
;

,

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _



_ _ , . .. . .. ..

Industry Application Guide DRAFT D

N

APPENDIX G

EVALUATION GUIDE-

!

|

|

|

I.

03/03S 4 Page G - 1

1

_. . .



-. _ _ _ . _ _ _ . . . _ _ . - _ _ _ . . _ . - _ _ _ - . . - _ . . _ . _ . _ _ _ _ - .

.

F!' r[i U\ 5 ~f
~

AS-BUILT TO TESTED EVALUATION
| a PAGE OF

Thermo-Lag Fire Harrier System:

Fire Area Location:

Required Rating: '

Unique Segments:

_

,

i
,

SKETCII |
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AS-BUILT TO TESTED EVALUATION

PAGE OF

PERFOR31ANCE FIRE RESISTIVE BARRIER:
PARAMETERS

' SEGMENT: p

RATING :
;

COMMODITY AS BUILT CONFIGURATION TESTED CONFIGURATION (5) EVALUATION
UTILIZED FOR EVALUATION

_ _ _ _ ..

!

SIZE
,

e

MATERIAL

,

CONTENTS-

ORIENTATION
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AS-BUILT TO TESTED EVALUATION

PAGE OF

PERFORMANCE FIRE RESISTIVE BARRIER:
PARAMETERS

COMMODITY :

RATING :
,

BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION (S) EVALUATION
UTILIZED FOR EVALUATION

MATERIAL TYPE.

..

,

,

THICKNESS

STIFFENER (V-RIB)
LOCATION /
ORIENTATION

i

STRESS SKIN,
'

LOCATION
:

|

|

!
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PERFOR31ANCE FIRE RESISTIVE BARRIER:
PARAMETERS

COMMODITY :

RATING :

IIARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION (S) EVALUATION
UTILI7.ED FOR EVALUATION

JOINT TYPE

s

i

,

FASTEST.RS

,

t

t.

. -- , m.. - c- . . -r- ,



___

,m r:a.

Y k _a
AS-BUILT TO TESTED EVALUATION

PAGE OF -

|

PERFORMANCE FIRE . RESISTIVE BARRIER:
:

PARAMETERS
COMMODITY :

RATING :

IBARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION (S) EVALUATION
UTILIZED FOR EVALUATION

UNSUPPORTED I
SPAN

JOINT
REINFORCEMENT

'
,

,

!

.

! STRUCTURAL AND
i INTERVENING
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BARRIER AS BUILT CONFIGURATION TESTED CONFIGURATION (S) EVALUATION
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3 IIOUR
BOXED COMMODITIES (OTHER TIIAN CABLE TRAYS)

%Commodity Tested Fire Resistive Barrier Construction Test Acceptance Basis Test Number

22 in.. x 12 in. x 9 1 in. V-rib pancis with post-butteredjoints. Trowel grade Satisfactory surface temperatures NMIARC 1-7
in. Steel Junction buildup and stress skin reinforcement atjoints and conduit Satisfactory barrier condition

Box (12 in. side interfaces. Additional owrlay of 5/8 in. V-rib panels with pre-
vertical) buttered joints. Outer panel layerjoints stitched with tie wire

and reinforced with trowel grade and stress skin. Trowel grade
buildup and stress skin reinforcement at joints and conduit
interfaces.

6 in. x 4 in. 1/2 in. V-Rib pancis with pre-butteredjoints, V-ribs parallel to Single point temperature criterion exceeded at 48 minutes NUMARC 2-7
Aluminum Lidder tray rails on top and bottom of tray. Separate mitered panel on the conductor below the rungs
Back with Radial pieces on inside and outside face of radial bend. Baseline Satisfactory barrier conditien
Bend (4 piece) application with no upgrades applied.
6 in. x 4 in. 1/2 in. V-rib panels with pre-butteredjoints score and fold Satisfactory raceway temperatures at 48 minutes uhen test NMIARC 2-7
Aluminum Ladder single panel fcr bottom and sides on horizontal and vertical was terminated

Back with Radial tray commodities with separate top panel. V-ribs parallel to Through opening in barrier developed

Bend (Score & Fold) tray rails. Separate mitered panel pieces on inside and outside
of radial bend. Baseline application with no upgrades

6 in. x 4 in. 1/2 in. V-rib panels with post-buttered joints, V-ribs parallel to Satisfactory raceway temperatures NM1 ARC 2-8
Aluminum Ladder tray rails on top and bottom of tray. Separate mitered panel Satisfactory barrier condition
Back with Radial pieces on inside and outside face of radial bend. Baseline
Bend (4 piccc) barrier runforced with external trowel grade and stress skin

fastened with staples and tic-wires.

6 in. x 4 in. 1/2 in. V-rib pancis with post-butteredjoints. Score and fold Satisfactory raceway temperatures NM1 ARC 2-8
Aluminum Ladder single panel for bottom and sides on horizontal and vertical Satisfactory barrier condition

(Score & Fold) tray commoditics with separate top panel. V-ribs parallel to
tray rails. Separate mitered panel pieces on inside and outside
of radial bend with post-butteredjoints. Baseline barrier
reinforced with external trowel grade and stress skin fastened
with staples and tie-wires.
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