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SUMMARY

Various Thermo-Lag Enclosure Configurations, described in Paragraph 6.0 and hereinafter called the
specimens, were subjected to a test program as required by TVA Purchase Order P-94N3F-1 11611 -and
Wyle Laboratories' Test Procedure No. 543/7925/DB, Rev. B This test program was performed oh
September 24, and 25, 1994.

The test program consisted of the following:

* Receipt Inspection
* Single-Axis Resonance Search Tests
* Random Multifrequency Seismic Tests
* Post-Seismic Inspection

The specimens successfully completed the test program.

Test requirements, procedures, and results are described in Paragraphs 9.0, 10.0, and 11.0 of this report.
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5.0 REFERENCES

* Tennessee Valley Authority Purchase Order Number P-94N3F-1 11611

* Wyle Laboratories' Test Procedure 543/7925/DB, Revision B.

* IEEE Standard 344-1975 Specification entitled "IEEE Recommended
Practices for Seismic Qualification of Class IE Equipment for Nuclear
Power Generating Stations."

* 10 CFR 21, "Reporting of Defects and Noncompliance."

* 10 CFR 50, Appendix B, "Quality Assurance Criteria for Nuclear Power
Plants."

* Wyle Laboratories' (Eastern Operations) Quality Assurance Program
Manual dated June 1988.

6.0 SPECIMEN DESCRIPTION

The specimens for this test program were four Thermo-Lag Enclosure Configurations, as
shown in Attachment A of Appendix IX and in Photographs 1 and 2. The specimens
consisted of a multiple cable tray, a single cable tray with air drop, a ganged conduit and a
single conduit configuration.

7.0 QUALITY ASSURANCE

All work on this test program was performed in accordance with Wyle Laboratories'
Quality Assurance Program, which complies with the applicable requirements of 10 CFR
50 Appendix B, ANSI N45.2, and Regulatory Guides. Defects are reportable in
accordance with the requirements of 10 CFR Part 21.

8.0 TEST EQUIPMENT AND INSTRUMENTATION

All instrumentation, measuring, and test equipment used in the performance of this test
program were calibrated in accordance with Wyle Laboratories' Quality Assurance
Program which complies with the requirements of Military Specification MIL-STD-
45662A. Standards used in performing all calibrations are traceable to the National
Institute of Standards and Technology (NIST) by report number and date. When no
national standards exist, the standards are traceable to international standards or the basis
for calibration is otherwise documented.

WYLE LABORATORIES
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9.0 REQUIREMENTS

The specimen shall be subjected to the following:

* Receipt Inspection

* Single-Axis Resonance Search Tests

* Random Multifrequency Seismic Tests

* Post-Seismic Inspection

The following acceptance criteria apply for this test program:

* Position retention of the Thermo-Lag material, per TVA Seismic Category I(L)
acceptance criteria.

* Any failure to maintain position retention, based on visual observations during testing,
will be recorded as a test anomaly. Any loose Thermo-Lag material larger than
approximately one cubic inch that is found after each OBE, SSE and Resonance Search
Test shall be measured, photographed and weighed. TVA will disposition test
anomalies based on satisfying the position retention requirements.

10.0 PROCEDURES

10.1 Receipt Inspection

The specimens shall be inspected for obvious physical defects prior to testing.

10.2 Test Setup

10.2.1 Specimen Tie-Down and Orientation

The specimens described in Paragraph 6.0 were installed on TVA-fabricated test fixtures.
The specimens were attached to the test fixtures by TVA using TVA personnel, procedures,
drawings and specifications, as documented in Appendix X. The test fixtures were welded
to the test table, as shown in Photographs 1 and 2.

The specimens were installed on the Wyle. Triaxial Seismic Simulator Table such that the
principal axes of the specimens were collinear with the input excitations of the test table.

10.2.2 Excitation Control and Specimen Response

Control accelerometers were mounted on the test table at a location near the base of the
specimens. Six uniaxial piezoelectric accelerometers (two triaxial locations) were located
on each of the multiple cable tray, single cable tray with air drop and the conduit specimen
configurations. In addition, two accelerometers were located on the vertical support of the
single cable tray with air drop test fixture. Refer to Photographs 3 through 8 for response
accelerometer locations. Magnetic tape recorders provided a record of each
accelerometer's response.

WYLE LABORATORIES
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10.0 PROCEDURES (Continued)

10.2 Test Setup (Continued)

10.2.3 Temrerature Control

Two thermocouples were surface mounted (one on the top and one on the bottom) on each
of the specimens. Thermocouple outputs were recorded.

10.2.4 Specimen Temperature

The specimens were conditioned at a temperature of between 120 and 140'F in an
environmental enclosure installed on the Wyle Triaxial Seismic Simulator Table, as shown
in Photograph 9. The specimens were tested when the average of the four specimen
thermocouples was between 120 and 140'F for a minimum of 6 hours.

Prior to the Random Multifrequency Test, the Resonance Search Test (described in
Paragraph 10.3.1) was performed with the environmental enclosure installed on the test
table. During the Random Multifrequency Tests (described in Paragraph 10.3.2) and the
second Resonance Search Test, one end of the enclosure was removed, as shown in
Photograph 10, to provide video coverage of the tests. Between tests, the end of the
environmental enclosure was reinstalled. Specimen temperature was maintained between
120 and 140'F on a best effort basis.

10.3 Tests

Two series of Seismic Tests were performed. Series 1 consisted of the multiple cable tray
and the single cable tray with air drop specimen configurations. Series 2 consisted of the
ganged and single conduit specimen configurations.

10.3.1 Resonance Search Tests

A low-level (0.2g horizontally and vertically) single-axis sine sweep was performed in the
lateral, longitudinal and vertical axes to determine resonant frequencies prior to and after
the Random Multifrequency Tests. The sine sweep was performed from 1 to 35 Hz at a
sweep rate of one octave per minute.

10.3.2 Random Multifrequency Tests

The specimens were subjected to 30-second duration triaxial multifrequency random motion
which was amplitude-controlled in one-third octave bandwidths spaced one-third octave
apart over the frequency range of 1 to 100 Hz. Three simultaneous, but independent,
random signals were used as the excitation to produce phase-incoherent motions in the
vertical and two horizontal axes. The amplitude of each one-third octave bandwidth was
independently adjusted in each of the three axes until the Test Response Spectra (TRS)
enveloped the Required Response Spectra (RRS) within the limitations of the test machine.
The resulting table motion was analyzed by a response spectrum analyzer at the test
damping and plotted at one-sixth octave intervals over the frequency range of 1 to 200 Hz.

WYLE LABORATORIES
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10.0 PROCEDURES (Continued)

10.3 Tests (Continued)

10.3.2 Random Multifrequencv Tests (Continued)

The specimens were subjected to two Operating Basis Earthquake (OBE) Tests prior to the
application of a Safe Shutdown Earthquake (SSE) Test. The OBE and SSE RRS for each
seismic series are shown in Figures 1 through 12.

10.4 Post-Test Inspection

The specimens were inspected for obvious physical damage after each test.

11.0 RESULTS

The specimens completed the test program and met the acceptance criteria specified in
Paragraph 9.0.

During the Series 2 OBE Tests a small piece of Thermo-Lag material was seen c.oming from
the interior of the ganged conduit specimen configuration and falling on the test table. The
material was examined and found to be less than one cubic inch. However, it was
photographed and is documented in Photograph 11.

Some reduction in specimen/fixture resonant frequencies was noted due to seismic testing
as indicated by the pre- and post-resonance search transmissibility plots presented in
Appendices IV and V.

A post-test inspection revealed slight cracking of the Thermo-Lag on the multiple cable tray
specimen around the specimen-to-test fixture interface, as shown in Photograph 12.

The following appendices are included in this report:

Appendix Contents

I Tables (Test Run Descriptions and Temperature Profiles)

II Figures

III Photographs

IV Series 1 Resonance Search Transmissibility Plots

V Series 2 Resonance Search Transmissibility Plots

VI Series 1 Random Muitifrequency Test Response Spectrum Plots

WYLE LABORATORIES
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APPENDIX I

TABLES
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11.0 RESULTS (Continued)

Appendix Contents

VII Series 2 Random Multifrequency Test Response Spectrum Plots

VIII Instrumentation Log, Equipment, and Data Sheets

IX Wyle Laboratories' Test Procedure 543/7925/DB, Revision B

X Thermo-Lag Installation Procedures, Drawings, Data Sheets
and Photographs
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TABLE I

TEST RUN DESCRIPTIONS

Series Run
No. No.

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2

1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9

Type of
Test

RS
RS
RS
RMF
RMF
RMF
RMF
RS
RS
RS
RS
RS
RS
RMF
RMF
RMF
RS
RS
RS

Test
Axis

LAT
LONG
V
TRI
TRI
TRI
TRI
LAT
LONG
V
LAT
LONG
V
TRI
TRI
TRI
LAT
LONG
V

Test
Level

10.2g
0.2g
0.2g
OBE

<OBE
OBE
SSE
0.2g
0.2g
0.2g
0.2g
0.2g
0.2g
OBE
OBE
SSE
0.2g
0.2g
0.2g

Input Acceleration
(9)

LATZPA

N/A
N/A
N/A
2.4
1.7
2.4
4.0
N/A
N/A
N/A
N/A
N/A
N/A
2.3
2.3
3.9

N/A
N/A
N/A

LONGZPA

N/A
N/A
N/A
2.7
1.9
1.9
3.2
N/A
N/A
N/A
N/A
N/A
N/A
2.5
2.4
3.6
N/A
N/A
N/A

VZPA

N/A
N/A
N/A
2.0
1.3
1.3
2.9
N/A
N/A
N/A
N/A
N/A
N/A

1.7
1.6
2.8
N/A
N/A
N/A

LEGEND:

Resonant Search
Random Multifrequency
Lateral
Longitudinal
Vertical
Triaxial
Operating Basis Earthquake
Safe Shutdown Earthquake
Zero Period Acceleration

. WYLE LABORATORIES
Huntsville Facility
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TABLE II

TEMPERATURE PROFILES

Temperature
(OF)

Series
No.

* I
1
1

1
I

1

1

1

1
1

** 2
2
2

2

2

2

Run Run
No. Time

1 07:38
2 to
3 07:53

4 08:10:33
to

08:11:14

5 08:30:06
to

08:30:47

6 08:45:07
to

08:45:44

7 09:07:35

09:08:18

8 09:27
9 to
10 09:42

1 07:05
2 to
3 07:30

4 07:35:54
to

07:36:34

5 07:45:19
to

07:46:03

6 08:01:55
to

08:02:36

Specimen 1

Top

128

127

125

125

125

124

123

123

124

123

124

118

122

122

120

119

119

118

119

118

Bottom

138

138

135

134

135

134

133

133

134

133

134

126

137

136

133

132

132

130

132

131

Specimen 2

Top Bottom

118 124

118 124

115 121

115 121

115 121

115 120

114 119

113 119

115 119

115 119

115 119

108 112

127 126

127 126

125 124

125 124

125 124

124 123

125 124

124 124

WYLE LABORATORIES
Huntsville Facility
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TABLE II

TEMPERATURE PROFILES (Continued)

Specimen 1

Temperature

c- -. (OF) .-
Specimen 2

Top Bottom Ton Bottom

118

110

131

118

125

116

124

116

For Series 1, Specimen 1 was the multiple cable tray specimen configuration and
Specimen 2 was the single cable tray with air drop specimen configuration. For
Series 2, Specimen 1 was the ganged conduit specimen configuration and
Specimen 2 was the single conduit specimen configuration.

*At 24:06 chamber temperature was 137F and the average of the four specimen thermocoupleswas 122F. At 07:53 chamber temperature was 138"F and the average of the four specimenthermocouples was 1260F.
**

At 24:07 chamber temperature was 136"F and the average of the four specimen thermocoupleswas 1260 F. At 07:02 chamber temperature was 136"F and the average of the four specimenthermocouples was 1280F.

WYLE LABORATORIES
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7
8
9

Run
Time

08:19
to

08:40

Series
No.

2
2
2

NOTE:
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APPENDIX II

FIGURES

WYLE LABORATORIES
Huntsville Facility



T Page No. 14
Test Report No. 44213-1

This page intentionally left blank.

WYLE LABORATORIES
Huntsville Facility



Page No. 15
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM Ig Peak)

1.0 0 10 0 100 * 10000

DAMPING 5

I I ., I ,III

9 i , . .

71 . i . . -I . -I . -

I I, I I I . . . . .. . . .

�II
2 , 3 4 6 6 7

. T I, J -.. ... , .. , , -.

, I ! I I I I I I; r

9 1 0

.. ;I i I I I I f
3 4 6 6 7 i

Frequenzy (Hz]

E 9 10

100

I I

3 4 6 6 7 8 9 10

1000

FIGURE 1. SERIES I LATERAL OPERATING BASIS EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

Ic

2

10
9

a

1

I

l l l l l l l l

c

I

.,

I I ; I. -1

I qIT r I z I .I I I I I I -;



Page No. 16
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 S 10000

DAMPING S

* ; I i I I i

-A I I I I II

-ll :::I ; Lm [ JllX

F 6 89n10 26 910 2 3 6 7 a910010 Frequency (HZ] 100 1000

FIGURE 2. SERIES 1 LONGITUDINAL OPERATING BASIS EARTHQUAKE
P.EQUIRED RESPON'SE SPECTRUM

4

I

6

CLD7 2

0
CO
L.

CD3
I 1

, 7

x.o 6
t jJ
m jJ 6

aI..jj x 4

3

2

1

i : - -

l - -
-

-r ---- 1

I I I

-I - - - I - = - . =

,H . -

.. i =

I

i i I I I
TL Hrl -

I ! I

'-. ! I

-- 1-'' I ''I ! I I ! ' '

. -1-1 -

-F P... -, -1 ,

*o0 I I II
. P-

: i i 'TI I I I li I I .1 1,

iFTi I!

-T7,',7.'

I l'i,8!T ,,;I i ,,, T-1
; i i : i ; I i : ,. 'I Ji1, i ~I-

1. ~

- 3- ! i- i
====- II.I



Page No. 17
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM Ig Peak)

1.0 0 10 0 100 3 10000

DAMPING S

I ! I

II I I I I

B B 7 a -1 0

1 0

I I
: 'I

2 3 4

Frequency (Hz)

I a 9 10

100

I 1 ' I I I I J It I
2

iI TjiT
,1 , -- I i I I i I I I , , I . ' I I I I i
3 4 6 6 7 a 9 10

1000

FIGURE 3. SERIES 1 VERTICAL OPERATING BASIS EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

I ' i I i ;

s

2

10

7

I

I

I (

It

E

b

J

IllT l r I. I;!il li 7:I -I I !I . I I III IJ

:IHHHH;+4 III I .iE 1 1 -
I

II I I I ,III,, I f N I le I I I II II 1 11 1

....IJ III.II ! .C '. Iir



Page No. 18
.Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 O 10 0 100 * 10000

DAMPING 0

U, s i I

2 S 3 4 6 6

III

9 10

10

Il
2 3 4 B 6

Frequency (Hz)

I I

9 10

100

ilill 1-.i

a 4 b 6 7 6 I

1000

FIGURE 4. SERIES 1 LATERAL SAFE SHUTDOWN EARTHQUAKE

REQUIRED RESPONSE SPECTRUM

to
9

a

7

6

B

4

2

10
9

6

6

Is

4

a.

2
co

C
C0

L.
CD

0 9

cr a

6

4:

2-

1

:- i!77 ~

I I I I 1- i i

rI I i ! I !;I-I i I j .ii ;iij i i i i II I i

I

IIH II i ii iIIII i I i Il iI
I I I I ! I I I I I . I ; : I7

I j, I I~ ii II Ij II:', r mi I87



Page No. 19
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 O 100 10000

DAMPING

e 4 B 6 7 8t 910

10

* 4 a 6 7 8 5

1
Frequency (Hz)

I 1a

00
8 4 & 6 7 a 910

1000

FIGURE 5. SERIES 1 LONGITUDINAL SAFE SHUTDOWN EARTHQUAKE
RQTTIUIRE RESPONSE SPECTRUM

9

7

3

CL2
Ct3
c

9.a 2

<t

7

a

3

1

I



Page No. 20
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM ig Peak)

1.0 0 10 0 100 R 10000

DAMPING

2 3 & 6

Frequency (Hz)

7a t0 2 3 4 6 G 7 I

100 1000

FIGURE 6. SERIES 1 VERTICAL SAFE SHUTDOWN EARTHQUAKE
RFQUIDPY) RESPONSE SPECTRUMI

10 i

7

6

B

@8

2
coCD

.-0

LA

a)
a) 10

- t 9
U r<. II

I, I

-1 III I ;:
I I I II I F IF

1
s 10

10
9 10

4

i

, 1,. 1. !.I I I

I@ -I - 1 i .lI I I i , I I 1 I 1 II i I ,i I :.II ; i tI-IIIIII . !!I i I I1 1| I j I If i I i -
I

2 I

! ! i i~ ,-



Paoe PNa. 21
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM tg Peak)

1.0 0 10 O 100 l 10000

DAMPING b

. '1 I - IA Ir

. ! I I

Frequency I

.-4------
i + I -4 -- 4 I'-

:71

.

I:

*1
- I i 1 1.1

4 6 6 7 8 9 10

Hz)00

11---;-

-i - I I I I '
-t;------ ---- '- 1 '1 1 1

.1 . I I III:
4 b 6 7 8 9 1

1000

FIGURE 7. SERIES 2 LATERAL OPERATING BASIS EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

9

8

7

6

2

7

4

S

2

iI I -

1
1

3 6 7 8 910

10 0

! I I I I, ., I , .... E . I I I il I I

9 ~7 ' ,-t

U 1,' : . Ia
I I . ;

* I w . 1 1 0 I I : I 4
* I

6

.
.

S., .

I i !

L. -t- -- -- ----1 EE=�

I, 71, i { ...... --,----- ..... i - I - ~
I ' I ' F ' I I II ' .- .-. .. -,-.-- . I. .--

. . - - -- :

; : I : i I I I I I I . I I - ,
I

i , ,i .71i 1 7 1 I I I iII1

I I I I I I~ i l i I I l-
- IIIle II ~ 1 I , : I ,IlI, I; AII i I



rage No. --
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 100 aO00 10000

DAMPING 5/

; l. - ':..~ ...... At.......1

4 6 6 7 8

Frequency (Hz)

I I , I i I I I : ! j
I9 10
100

3 4 6 6

FIGURE 8. SERIES 2 LONGITUDINAL OPERATING BASIS EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

9

7

6

7

6

B

4

10

9

8

7

6

B

4

S

1

I i I i

3
I i

8 9 10

10
7 8 9 10

1000

I

' - _ _ = -- - ~ _= -;7: __ =-+- 1 H ~-:7' :I - - ri. --- lZ- 7 t1 -

' ' ' 1! Ii: i,, i [ i I ;|,'

:,:,;

1 1' ! l l :; I_ m;' T



k-age ;No. 23
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 1G O 100 im 10000

DAMPING S

10

8 
- - - - - -I-=--+ ~-. ,

7g =f 
-%0

3l 
__ _ _ .It l!'i ; - X -

12 3 4 5 6 7 8 912 3 6 67 8910 789110 H 100 1000

h FIGURE 9. SERIES 2 VERTICAL OPERATING BASIS EARTHQUAKE
REQUIRED RESPONSE SPECTRUM



Page No. 24
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 1 10000

DAMPING S

;; V'!

I I i i
I- - I. . - I I ! ______ I I I I .I': .

I 3 9 10

10
3 4 6 6 7

Frequency (Hz)

I I I I

8 9 10

100

I I i I I i

I ! I- ! I ' I I 1 1! , I 1 I i

3 4 6 6

.I 1!i

.-4.
*1*

FIGURE 10. SERIES 2 LATERAL SAFE SHUTDOWN EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

B

7

£

B

9

8

7

4

3

1 7 8 9 10

1000

- ' -- ! iI

. I N I
: T,1

, . ': ' ' ' 1: ' ' ' t I '-I I ' ' I I I f ' I I I I J- I -

II _ __ - k - -4-- -1 - ; sII. I- . - ... - 5 =

...,1 , 1

I , I !

i

1 I 1 1 I I
I I I . I -1 I I I I I I I IIIH4 I III I 1 11l .1 I I i I I I



Pa~oc No. 25
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM [g Peak)

1.0 0 10 O 100 O 10000

DAMPING 0

-- -1-- 1' -
1-

- -

2 -- ---- -lmm 
- -

''Tr
S~~~~~'- : 

' 
e - - t l 

-

4.

1 .;; -
1 -i n

I Frequency (Hz) 1UU

FIGURE 11. SERIES 2 LONGITUDINAL SAFE SHUTDOWN EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

1000

1 4
7 ,--r

-- r
- I
-- L

--7171 i It .1 !; i ,l'i

. -l'

-: T

'T

-7

- 0

i .~i I -

Ml



Page No. 26
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM Lg Peak)

1.0 0 10 O 100 10000

DAMPING E

2 _ -i- 4-
! -t- I--I--

-t -- _. -- 4- - -; - -

-1 I / I ; , , - i : . ,. , . . . -

; -- ,-i -'--'- =17- t I-
1- t --- I I - --- ?- -

- 4--~~~- -VF4-4

E ' IC- . I 'F ! 0 I 1 ' M

..- -- I - 4-~- t-hI I -- 4-

.----- --- . - -

-I __ _ _ 4. i

I- - II ----,--- = :.

I
1..

I I

i Ii't j r -- , :- 1:,I- I I . , '' -ii!T-7-T -,l
i11 ~ r-,i

AI,' B

.1

I h±i

t ~ . ' ' 1. . ! l; -. . I , I | I- I IIIItTI i iT 8

T

I 2 I3 . I I I I : . , ' ' I . . - I I I III, I .II! i: I : I!I I i I I I II II III I i|I I II12 3 i4 £ 7 6 9 ICI 'I I I ~ - -i~ TT' -- T -

10
Frequency (Hz) 1 00

3 4 6 6 7 8 9 10

1000

FIGURE 12. SERIES 2 VERTICAL SAFE SHUTDOWN EARTHQUAKE
REQUIRED RESPONSE SPECTRUM

It

9

8

7

6

4

10
9

8

7

1

It

;~ .=
i - 'A.

-I I , -- ---

- - I i.

2 /: '

: .. f . -: : I ,, ; I 'i---
I I I

- 4 . I i I
..-- I. i j j, j

--- j�
----- I-

' i�� �11 . 11 I �;' , �'I .; 7 , -,

6 / -.- !

6 P= I - , - - - - -

zI; ------- 4 ;:
4 : - :: ' I *

o -

:1--,

-I ' -:"
2 =-

I I I I ' I I,,7 I t-17 I . i, I I ,i,1, i . i t-: ,- .: l -:-1 I I I I III

i

i

3

Ei t-~= i i - 1| - t|| . .-, 4##_Z | . |-

I I ! f I I ,
I -.

I I -4--
1 - - -i -- : -- ,, I

i

=--+- �--- - -= - - .--- --I;. I i i i i

===:P--
M= - -1- -I> = .>-

H+

2

= 1 1 - l l ! - -1 -

,-- :j

'El1, 4,,'-.l:!.1.1
-- CX } -- t~! 1 ' 'l -l--'ll' I 1' ' " I 1, I I 1

.S . i l;, t ,,:



Page No. 27
Test Report No. 44213-1

APPENDIX m

PHOTOGRAPHS

WYLE LABORATORIES
Huntsville Facility

0



Page No. 28
Test Report No. 44213-1

This page intentionally left blank

WYLE LABORATORIES
Huntsville Facilitv



Page No. 29
Test Report No. 44213-1

PHOTOGRAPH 1

MULTIPLE CABLE TRAY AND SINGLE CABLE WITH AIR DROP SPECIMEN
CONFIGURATIONS

INSTALLED ON THE WYLE TRIAXIAL SEISMIC SIMULATOR TABLE

PHOTOGRAPH 2

GANGED CONDUIT AND SINGLE CONDUIT SPECIMEN CONFIGURATIONS
INSTALLED ON THE WYLE TRIAXIAL SEISMIC SIMULATOR TABLE
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PHOTOGRAPH 3

SINGLE CABLE TRAY WITH AIR DROP SPECIMEN RESPONSE ACCELEROMETER
LOCATIONS

I LAT, 2 LONG, 3 V
4 LAT, 5 LONG, 6V

PHOTOGRAPH 4

MULTIPLE CABLE TRAY SPECIMEN RESPONSE ACCELEROMETER LOCATIONS
7 LAT, 8 LONG, 9V

10 LAT, 11 LONG, 12V
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PHOTOGRAPH 5

SINGLE CABLE TRAY WITH AIR DROP TEST FIXTURE VERTICAL SUPPORT RESPONSE
ACCELEROMETER LOCATIONS

16 LAT, 17 LONG
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PHOTOGRAPH 6

GANGED CONDUIT SPECIMEN RESPONSE ACCELEROMETER LOCATIONS
I LAT, 2 LONG, 3 V
4 LAT, 5 LONG, 6 V
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PHOTOGRAPH 7

SINGLE CONDUIT SPECIMEN RESPONSE ACCELEROMETER LOCATIONS
7 LAT, 8 LONG, 9 V

mt. .

PHOTOGRAPH 8

SINGLE CONDUIT SPECIMEN RESPONSE ACCELEROMETER LOCATIONS
10 LAT, 11 LONG, 12 V

WYLE LABORATORIES
Huntsville Facility
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PHOTOGRAPH 9

ENVIRONMENTAL ENCLOSURE INSTALLED
ON THE

WYLE TRIAXIAL SEISMIC SIMULATOR TABLE
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xt' ' c

I PHOTOGRAPH 10

ENVIRONMENTAL ENCLOSURE WITH SIDE REMOVED

WYLE LABORATORIES
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PHOTOGRAPH 11

THERMO-LAG MATERIAL FOUND AFTER
SERIES 2 OBE TEST

PHOTOGRAPH 12

SLIGHT CRACKING OF THE THERMO-LAG
ON THE UNDERSIDE OF THE MULTIPLE CABLE TRAY SPECIMEN
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APPENDIX IV

SERIES 1 RESONANCE SEARCH
TRANSMISSIBILITY PLOTS

Plots

Lateral Response Accelerometer/Lateral Control Accelerometer
Longitudinal Response Accelerometer/Longitudinal Control
Accelerometer

Vertical Response Accelerometer/Vertical Control Accelerometer
Lateral Response Accelerometer/Lateral Control Accelerometer
Longitudinal Response Accelerometer/Longitudinal Control
Accelerometer

Vertical Response Accelerometer/Vertical Control Accelerometer

Horizontal Control Accelerometer
Vertical Control Accelerometer
Lateral
Longitudinal
Vertical

WYLE LABORATORIES
Huntsville Facility
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APPENDIX V

SERIES 2 RESONANCE SEARCH
TRANSMISSIBILITY PLOTS

Test Run Plots
1 Lateral Response Accelerometer/ Lateral Control

Accelerometer
2 Longitudinal Response Accelerometer/ Longitudinal

Control Accelerometer
3 | Vertical Response Accelerometer/ Vertical Control

Accelerometer

7 Lateral Response Accelerometer/ Lateral Control
Accelerometer

8 Longitudinal Response Accelerometer/ Longitudinal
Control Accelerometer

9 Vertical Response Accelerometer/ Vertical Control
Accelerometer

LEGEND: HCA = Horizontal Control Accelerometer
VCA = Vertical Control Accelerometer
LAT = Lateral
LONG = Longitudinal
V = Vertical

WVLE L* ATC;R;EG
Huntsville Facility
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APPENDIX VI

SERIES 1 RANDOM MULTIFREQUENCY
TEST RESPONSE SPECTRUM PLOTS

Test Run Plots

4 Control Accelerometers @ 5% Damping

5 Control Accelerometers @ 5% Damping

6 Control and Response Accelerometers @ 5% Damping

7 Control and Response Accelerometers @ 5% Damping

LEGEND:
HCA = Horizontal Control Accelerometer
VCA = Vertical Control Accelerometer
LAT = Lateral
LONG = Longitudinal
V = Vertical
OBE = Operating Basis Earthquake
SSE = Safe Shutdown Earthquake

WV'.E L-f'9RATOP.EES
Huntsville Facility
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APPENDIX VII

SERIES 2 RANDOM MULTIFREQUENCY
TEST RESPONSE SPECTRUM PLOTS

Test Run Plots

4 Control Accelerometers @ 5% Damping

5 Control and Response Accelerometers @ 5%
Damping

6 Control and Response Accelerometers @ 5%
Damping

LEGEND:
HCA = Horizontal Control Accelerometer
VCA = Vertical Control Accelerometer
LAT = Front to Back
LONG Side to Side
V = Vertical
OBE = Operating Basis Earthquake
SSE = Safe shutdown Earthquake

WYLE LABORATORIES
Huntsville Facility



Page No. 134
Test Report No. 44213-1

This page intentionally left blank.

WYLS LABORATORIES
Huntsville Facility



Page No. i35
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pea',

1.0 0 10 X 100 0 10000

DAMPING

I 6 8 9 10

10

I I- , .

I|, ' I i ! ! j:; i I T I I i

Frequency (Hz)

8 9 10

100

SPECIMEN

AXIS -7-
LOCATION NO.

TEST RUN NO. -

2

7

6

4

9

8

7

6

6

1

I .I;
II IIII I I

2 3 7 8 9 10

1000

L,4 T C/9

t

4

I ' '

: ! I . .
, ., ....

j i i I IIII +;II, i

A

3

I,

.. 3

- jI

±= 1 1

I I I I

F =...I.
I

I I i ; I ! I
I !i i i ! I: ' iI II

I i I~~ I n1111

! :I|! I I I , I it I,

' i:: I' : I I I



i'age :.o. 13o
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 O 10o, 100 O 10000

DAMPING

- U ~ .-... . . ..

b 9 10

10
2 3 4

Frequency (Hz)

I I i I , I

I I I i

I I

- - ' ' ' ' -

b 9 10

100

SPECIMEN

AXIS TZ

LOCATION NO. | CAJ(f -H,•A

TEST RUN NO. LI' -- -_

2

7

4

2

9
8

7

6

B

4

51, - -

1

I, I...

., I I I I .

2 3
3 4 b 0 7 8 9 10

1000

9
"g0

I

I : -j-t- I
I I i e jl 1

= - ~s -

i i | ;I I !: ! | ,1 I I 1 1 nl | I |11| III |

!!. II

!. j- I -

I II 1 I -

6
! I I I i I i i ii



Page N o. 137 - -

Test Report No. 44213-1
FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 1 10,4 100 El 1 ooc)LD

DAMPING

I I I'~ I I

- I ----- i-., I-.--- r -U.-,-t:----+-

II I' :i- K'thiE-8 ,

- j= -

3 4 5 6 . b 9 10

10
3 4 6 6

Frequency (Hz)

' I ' 1,'1. 111,| |l|
8 9 10

100

LOCATION NO.

TEST RUN NO. -__L -- _

9
. :,

4

9.
0'

-Z 7

Ca

-o 10U

LIU 7

I-U w

J e

1
2

SPECIMEN

AXIS /al

S 4 6 I 7 a 9 10

1000

i : I 1. i :; l . I

3

IF

-- t-- j j- , , , I- -

I i

a 1:

+ I | f | 1 Z
.

I
I , r . ., .- I .

i, 1 : ! : :i I ; , !; : T- l-H-l

-------------------

1- -- I I-----

--I 1 : 1 - -,ii
i I

I

I I, II I I -I;ii
!I rI

- ! 1, .I- I I
i , III i 1 ;jiig



Page .-Io. ;jb

Test Report No. 44213-1
FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 P 100 0 10000

DAMPING [E/

10

2

1c

8

5

'I

. . 0::;,I

-H-.

I - -',,

III*. . .F . . .-1F

1

4-4--

I I

F ! I I I I I

t , -- 'F j -
-,-4. I I- :i = .- .

1 i 1 .I III I

i- - I -s-j . =~.- : : !:. I - = .
... I- - -I ... +.....

' li j I i I j i

1 -'* 'i* '' *-i '. *-- 7 ' i
.~ I ,.......---- -I-

!;i- --

--4--

-

I- ~ ~ - ~~ ~ * -_____---____

ii

I .. D i 7 9 10

10

I II~~I I .i ., F

EMKI2 3 4 6 6 7 8 9 1

, ,,, . 10C
Frequency [Hz)

I :-:;:i----1 7 -, ,

- F, I F. . F I i

0 2 3 4 B 6 7 8 9 10

1000

SPECIMEN

AXIS _I

LOCATION NO. ZA T-/ /4
TEST RUN NO.

I i I

3

-S
:::::

: : : : : 41 ::�: : :::::: :-.:
: ': -: : '.' I : : . -

i ' ! I I
9 1 1 1 ---- .

. I I I . . i .i . .; I
a~~~ ~~~I i . I I I * -=-- I : . -. - .. i$14I i i I .X I ' = -t- !-t . ; . EE i----

1 1 1- i

i I I I- I IA1
I i I I

l I I I
1- 1 I

I i I I

I

. i ' I [..;.FT-+
I I i I I

-- I-. I -- ; i,-t-. , i--.i [ I I --

I I I
EHt t]H



Page t'N6.39
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 X 100 0 10000

DAMPING 3

I\', -| . ! , ; I . ; ,

3 4 6 6

Frequency (Hz)

I .

.7 1 _ _ _ _ _ _ _ _ _ _ _

8 9 10

100

1 I I I I I '

* . 11j1o:

-- ....... j , --- ....... -- I - = =-S., -- - ... ,.., ,. ---. --. ,- - - -

-- - 'I ''''': '-' ' ---- ES m > -
-i-'-''-l -' ' ' '' ''4 ' -, t -

- -:: ::::::: 1 t-= :.. - =ti: -
1:1-- 1 - 1'---1--- f 5 l
- ... , , - s-- = -

.. , . {'.' i- -++F -
i i+- t @ i--��+- Tr 1 i 1; 1 ,

--- 4 - X - I ; I ; -
= - -- t -- . S -. I I I i
-,. - , . - .- = - - -=r . :-:: u:::: -- = Z t-- - -
,, iTl -- -
-,- '::, -- :: ,'- 1 -- = -1 t , >

, -- ,- ..-- - --- -
- -. .. - r - -

-v WW iS -4 ' i ,-' ' '1''' 4 * j ',1 X, , ; + .

S10o

SPECIMEN

AXIS -7

LOCATION NO. 10/ OLGJJh

TEST RUN NO. -

I f

7

t

4

4

lU

9

8

7

6

/ I.

I I I I I I ' :

II,

II

9 10

10

2

1'0
9

1

I i ! I I i

3 4

1 .I

S 6 7 t

1000

-- t 7

:, ,1, 1m,

J

e

--- ==f ---;t | i tt

I I

I l

. I ; I

I



Pa0c NO. 1"-

Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM tg Pea!k

1.0 0 1og 100 0 10000

DAMPING ¶

: I

. i . .

I ., ; --

I , I I I ' ; - -I I I

Frequency (Hz)

8 9 10

100

SPECIMEN

AXIS /

LOCATION NO. eLA

TEST RUN NO.

It

3

[T

.C

8

,I7I

7

4

mq 22

C.Z2 10U o

6

7

6

6

4

2

1I 6 7 B 9 10

10

-

7 8 9 10

1000

4 6 6

6

* I - W ! s | | |
. . . . . . .' 1'1 ' ' i

'I' + ' '

3

! : i j
I ;

; ;I. :, f . l, I IIIi I § i I! 1i I I l gII I

�� . .

i 11 iml I I It

l l

I-
i l i i .

I :.



Page No.;141
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pea.h)

1.0 0 10, 100 0 1G000

DAMPING •

-.- -W i rri i :- i -- i { - 1 1! =i =

_ _ _ 4

I4-- ' I4 1'

!-- t--t --- I

1 0

SPECIMEN

AXIS __ _ _ _ _ _ _ _ _ _ _

i I I .: i - -T
I. ;I

- ; J7 7 -, I; I I 1

I

I I i . Ez

I FTT
ThT1 I

,Tr

I

I

,r

CI Ii I Ir -= - 3I

F-- 7H

25 6 7 6 9 10 2 :4 6 7| a . -

Frequency (Hz) 100 1000

LOCATION NO. / /A T
TEST RIJN NO. 

-
-

I

7

8

6

6

4

1 0

9

6

S

1

6

I . r . s : s

i . . | I .. . I; ; I'. -,: I II'II'I- I .. I Ii

-~~~ .17
. ! j I

: e --1-!- - ------- i"-4 I--~~~ iM I

t
f
tI ! I, I , : 1I; . I 1: '; I i -

-

-r-

�H �,

-- | 1 , | A -~ *

=4 : 71--4----

LU 3
!1 11 E.~i! ! ' I



Pagc Nl. 142

Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10, 100 0 10000

DAMPING Eo,

I I I I I I ; :I I I hI I I i i
3 8 9 10

10
Frequency (Hz)

SPECIMEN - G2)vA
AXIS / Q7

LOCATION NO.
)~~OL:

TEST RUN NO. 5

I, , .,

6 - , F

2

10o . , I 1- I I I

0

CL

QX

.,

CD

CD
U1

.
0

8

7

6

j ,I I r

1
4 6 7 1

i i I i ! 11111' I iIi |I -H-i -f

3 9 10

100
. 6 6 7 8 9 10

1000

3

I

I I ''T' , .I I I IT -

:;;+,.4 ; ji I I I j-

* 1 j ~II : t ili H i! 1,



Page No. 143 '
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 1 0 p 100 0 10000

DAMPING S

9 10

10
Frequency (Hz)

8 9 10

100

SPECIMEN -- aYo Co.
AXIS / /1

LOCATION NO. 3
TEST RUN NO. __ _

7

6

.) 2

0

w

8

t2 7
1 0
A, 6

U
: I 6

4

1

:1

7 8 9 10

1000

Ito

2

I

i



!-'a>-: I c . i 4.
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pezkl

1.0 0 10,o 100 0 10003

DAMPING 5

.- I I''
, = t Ili

- 1

= I , . i

I- ,

=m-l

E- i1-

I . ; -

10

I,: I I - ;

I I 0 0 6 7 8 10

- -- ,,100
Frequency [Hz)

SPECIMEN GCavoe Ca;A4,At.

!illI i

2 3 4 5 6 7 8 9 10

1000

LOCATION NO. 4_ __ _

TEST RUN NO. I -

5

I0 I I , i

2

.I
C-

. O 10
C 9

4 .

1

AXIS / ZL

;;1 :, . ! II|I !' I. i jl I

b

g I 'I;
I i

,. . i j - -4 I -- i -- 4 1 1i-

I I ;



Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pe']

1.0 0 10,4 100 0 10G00

DAMPING S

; I l :1 i
m-I,.

2 3 4 5

: 1 I| | ! | '

I I i II Ifl
7 8 9 10

10
2

.I. . I | i

4 6 5
I III

Frequency (Hz)

I * I i I;

8 9 10

100

I

|.il IIi I I- I I I I
6 6 7 8 910

1000

SPECIMEN QCOAved CzuJ\

AXIS /77L=
LOCATION NO. 3 B O 45

TEST RUN NO. -

I0

8

7

. 4

21.

9 3

(D

L)aC)

Q 10

8

S

2

1

6

. , . , .,, ., .............. 1: ' '' ' ' t '

F

IOTT~w I I

I

;II-F

I

, I ' I ' i:: I ; --

i ' ' I I I !



Pag.. .\o. 14.

Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 o 10N o 100 o 10000

DAMPING E

I I i I :1,.,: I I.- I .--- .-- - .1 L..... I- -

5 I 8 9 10

10

I e I II I I

3 4 6 6 7 E

Frequency (H.-]

8 9 10

100

!I I i I 1 1 I , iiiij llli I I

2 3 6

SPECIMEN -G:tl Gai
AXIS T1L-

LOCATION NO. (D /

TEST RUN NO. _ --

II

7

6

4

-I ;

7

6

6

4

3

2

1 7 8 9 10

1000

IF

, . , , I
l l l

.

3

I-

t-*-;-X~ !--
. i : i

,! II!I ; I I, I 1 1 I I, I I I I I I 1 1 -



qiagNo- l47
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 K 100 0 10000

DAMPING /

,I I l: j--H=EI -I

-. I

H! I I

2 3 4 5 t 7 8 9 1G

10

--

3 4 6 6 7 8 9 10

100
r-requency t-zi

: I I I I ! I : i 1 f

i

2 S 4 b 6 789i10

1 000

SPECIMEN S\Vka' QOJV, C t
AXIS /

LOCATION NO. 7Z- /

TEST RUN NO. __

tc

7

2

*'
'O.*0

L-i

. -c

Ca

U 10
I C: 9

5

7

6

B

1L

I I,

I . I i.,,
I'.,, t I 111

1

. . . . II 1::
--JE

I'' .- �31, 1-

4, . j-

I

2
I I. . .. I

z

7 r i ., i .

i ' I

4.

t

T . I-- i--i i H

I ,

I ' 1 ':11 -- i-- i

I~ ; H-'-,: I . f I i-

I i I }! I I.. !. I . I, 1'!'1|il I ,
: i

, -I

, -- I-

.11,; I I , , i i . I -FT T
, 1 1 i ! ! : ! I .: � ! � � 1 : ; � � 1 : : I I 1 : ; ! j I I

. -f - I I I i ; ; I I I I 1:+# = rl --- � #1 :;il.i- I i II f I � !- � I I -1 14i, PI



.Page. -
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pcak)

1.0 0 10 0 100D 10000

DAMPING 0

II *. -I I

I I*,.. i, .. n-

i j -1.--4E i

- . - :~ I -
4 -- I --I 1 -

-. ,,I -- III-I ..... -f- - *i- - -

=:-- --- -!- I- ........

6 --- -_ _ _ H - -. - '- -i. . I.

! I -

4 ----- 7-

E ~1H

2f

1I =
1 2 3

1 .1 , - -1 izj I: l l l ~ il I . -i I . I I - -T -

6 78 9 1 0 2 3 4 6 78 9 i 2 3 4 6 67 88 t0
10 PFrpntupnrcv rI-71 100 1000

.,-M--- .- , ,.,

SPECIMEN SN\V\,- CsA t
AXIS rk

LOCATION NO. 9 £cA..)
TEST RUN NO. _ _---

3

7

6

5

E

tO0

-

l li . I - I I . I I
l

-�- 1 i : 4 -4-. !i -
: I ' I I ' '

. I I ~ . ,: - I -- t--+ i :--51wi
:=4z=:tt

.

- 1---- .
i -'.; 1: '

I . I 1 .I I ! II

1 . .....

: --

: 6- .: :.. 1 . -- m -
-,- 1-- __ --. -- 1

Ht-'-----

.

1 1 .- i- �==

, Ii II I i l 1 Ilg l

I,,--t :

T = ...

...... ---

.... j..... . - 4- -:I
I I 1. i -I



Fae No. 149
Test Report No. 44213-1

FULL SCALE SHDCK SPECTRUM (g Peak)

1.0 0 10 X 100 0 10000

DAMPING /

6 7 1

=-::::: ' :::::::::,: - --.--- -= , , E- -t - -= , t .--. -= ,. = = =

,-, * f -- = = - - =
i - - . = = =

.. ... , - - , - 1

- X | X * ' * . -.-.- - - T
- . - .... + -... --- - - - - ,
--- .... .... . ,. --- . - l l .

.- . -- .. ... ,.... ...-- ;-l l l- ,--. . =-.-j.- l . I
- -- ! 1 t -|-F - -
-'-'� ! - - -�-- =---l
----- j--- *- -''! '-n--. - . +

-- i---1---- - i--i , W
= , .,, ... z ... t-. -- , , I -l ,

- ... ...... .................... :.:,: , {-,* 1T;
-S * . .'

I 1. ---T I I h 2I T

9 10

10
2 3 4

Frequency (Hz)

8 9 10

100

I i, .

FIW IT
7, ' m- : | t I 1 i

3 4 5 6 7 8 9 10

1000

SPECIMEN Swk1W Q\t 'A 1i
AXIS 7/ Z2

LOCATION NO. I-,
TEST RUN NO. - -

7

4

I : i II !' I

10
9

.t3

2
0).

.0

C.)

C) 10
I: U

-- 1.

7

6

6

4

1
2 3 5

., I 1W 1: Itlt l i

-- 1=:==a

I10

8

i
1
. T

-!::Miami! i I
. .-- . . . 4 1 , : �H- ; -,. . I -4 -

I I I

Is II

I: ' , ' , ' 1 . '..
.iI'.,: : I :! :-

: . I



ivarse .y;. ,i6l

Test Report No. 44213-1

FULL SCALE.SHOCK SPECTRUM (g Pea!:)

1.0 0 10 0 100A 10000

DAMPING

9 10

1 0

I I 1

Iml I I I

Frequency (Hz)

8 9 10

100

SPECIMEN SIAcC\ e couIl

AXIS 7A/eS
LOCATION NO. /0 4/-4

TEST RUN NO. - -- -

I !
II

2

2

L 1: ' tI i, 1I

2 S

I].lI I T lil
1T

4 6 7 8 9 10

1000

I

I

6

! ' I I I w ' I

lit l'illll-I IIIII
it; IH I11 Ial

, i :;i I iTT eT i T Hl :

.. I

, I



}iage No.-1S1
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g PePI-

1.0 0 10 100 0 10000

DAMPING @

_ i-~'i

'I i I I l -
I I I'

. I , .
. I i ; . I , ,

I .. :,- i - 1 : 1

; I � - I ., '', , , ,------ �- I- H + 1 1 ; �H ..: .1 ...!... I...+I I : Ii , i, ::::Strip ''''''T'-- . I - I I I I I I

10

i i I : -
'------- - 7: , - II~ !S -- F-: 1' 1 :1,.

: 1, 1: ' .

: I, t ! , I I

2 3 4 6 6 7 8 9 10

I,,- I 100
rrequency lHzJ

SPECIMEN S \A94 c 'AA
AXIS T7

I EII .. I
2 3 4 6 6 7 8 9 10

1000

LOCATION NO. // ZcoAG
TEST RUJN NO.

IC

4

I i _ ___ I I__ _ _ __ I 1 _1 ! I !-_ _

-9-

1'0

4

f:) 2

. Z

tD o
L 9
Ci
CD) I

-I . 1 I 7 I

I = i #1 ""' 11 I m"!~,:111" j

4

3

2

±1fiT

I

=
+

I;,i i

i 1III

. , 1 , ' � ! 1 : 1 ..11.1-11, �. -IN

I, I I I g .,

I

i :-----

-T

77- , . !' .
iL, :, ,,:s , : . I

-;I'l''';il l ,

I l I | : [ ll # | ! i I i , i !

I . I I I I .I ,,, ---
r

b

2

: i - - -, .- ,-t -.- 4 i - I . . . i I
1 1 - , 1: i # ':-+ -w 4I , . - r

FIT TI-~i I ' | i jTFI1 i 3

i i I . ,I I
I . . 1 E ! :I 1 :I ; : ;,.

l ii , .

8

1: il I i ;

_T__1

== -= , - I !1 i 11

I I 1,-I

|;;

I I.,,l i.

t I I :| Iii|
III, I TIIT

f 11If

I I I, I



Paoe No. 152
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 O 10 O 100 10000

DAMPING

2

Frequency (Hz)

i I - ! 1 I.

89 10

100

II0 1 11

I I

s X

.: i .~ ..;:1 - -.; , I . ;l

II

SPECIMEN S- A\e C;
AXIS 71-

LOCATION NO. /f V/
TEST RUN NO. _

Ia

7

I C

7

5

4

9

8

7

6

6

.4

a

I I ! T II

I I
I 9 10

10

2

1

II I iI II
I 1 III 1 I i

6 6 7 8 9 10

1000

6

] . . .

I

. I : i 1 ilH+11l, 1; | ! |
. hi;jj i I I :1I I -1SJ T

1 : ; ' , l, 1 i I

i i ;II

1 I I I t 11
IIe

I l ! II,! li Ili[ i I ! I



Page No. 153
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 O 10 O 100 0 10000

DAMPING 0/a

3 4 5

Frequency (Hz)

8 9 10

100

ii li I I
II i I i I

3 4 6 6 7 8 9 10

1000

LOCATION NO. L- T 1CA
TEST RUN NO. ( PAXIS _ t_ _ -

6

10
9

B

7

6

m Z

10

9

8

7

6

.4

1
2 5 6

i I I I

9 10

10

SPECIMEN

I

! ; i ' i I

I :1 i I !I I i iI
I i

i
l l

;I I, .i I :1 ;, j ! .

I,



Pauge No. 154
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (1 Paerk

1.0 0 10 4 100 0 10u00

DAMPING

II- - - - S L ...... S - .1 .L..J.U.......�....... L

Frequency (Hz)

e 9 10

100
2 3 A

11111 'II I I I

SPECIMEN -

AXIS L

LOCATION NO. Z0o c /-/(

TEST RUN NO. LP

6

I ', if, I

9

8

7

6

A

9

8

7

6

6

4

S

I'
1

4 5 6 s 9 10

10
6 6 7 8 9

1000

10

E

: i'i'I' tt1 t i ; 1 I diIIII

@, |1 " +!l I
-----. 1-. .

I

II

. I
:: i

-I : TII, - I, 1,,r1 I I t

:II IIM | 1T 11~ It. i II m t !I i,;j I

i I i I I



Page Novl,5y5 'ko
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Pea!.'

1.0 0 10 P 100 0 10u00

DAMPING

! I | i ; . i 'I ,I , II !1:1 '

3

Frequency (Hz)

T 1:I I z I
8 9 10

100

I . III III

T I

I j
3 4 6 678 9

1000

SPECIMEN

AXIS 27Z
LOCATION NO. VC4
TEST RUN NO. __ _

7

4

3

Ic

8

7

6

4

. 3

0~

0 2

C:

0

i-u

Z

L) 10
< I

4

2

I I I ,

1
2 3

I I I r I I

6 7 E

I 0 1 1 i 1 1 ; I I jiI,

9 10

10
10

I9° 0', P- , ' I . !
8

6

k

o

i I i i i i i; I -- I ,

i--4 ! I

I. I: I ; li'jlj l Hli 1
I I !

.I I I I ; I I ; ; I - I i

I 1 i il

j I I I

I, i I -Imlliil iii I IL



i aq~c No.'156
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 X 10000

DAMPING @

|_ _ _ ' j - --

I fil|'l ' I I i
I !;! '| I I i I I I

I 1 f - I ' 1_4____ I4- I- 4-4-lt'
I I ;. ----- - I II - 1.-l A I i . I. i -..

-. - - -. -l----!--. T, -e -
~~~~7- 1:iIz

. -I:I

iF * i 'i -t .i1 X 1 =1 I I l I .i : . I l It , , i '4 - '

. . .. 'i ,. - -i 1 1. I :

2 6 78910 3 4 5 67 [8H9 100
1 0 Frequency (Hz) 1 00

I i i!
I i i

SPECIMEN Sgea oJA7r
AXiS 7l

LOCATION NO. 2 i-A /
TEST RUN NO. _ _

10

2

7

6

B

I j :', I 1 i:iI

ITI

10
9

I -I :I - I , I -

-r

IhT

I I II! III II I I IIr I

2

1

- T++ss l ! I |

r .. 7 8> 9 1 i

. .. l1 I: I.

-s

2 1 i-
I I

--i1 -4 1 -i --
i i-; I - i-

-I . .i... I iI, I I : I 1:: l ' I ' ' ' 1 .: ' I ': 11 I1 . I i
-T-,II . IIii;I

I

, I

f
71

9

4 . I I - t-

i

I-.. IFil.11 , ;o

i 1~i

I I II I : s : I J 1 I I i

t~, i 4 , I

--!-1 --- H 1 i-' B i- 1 i - I I!. -1- i

_.r

I

!1!111! ! IHHlii I I II



Page No. 157
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 5 10000

DAMPING

4: 5 6 , 5 3 10

1 0

| 1 | ! | I I I ' I II I I I I I I i ' i I

2 3 4

Frequency (Hz)

S
100

SPECIMEN GaAD 4 Q~AuiJ
AXIS

LOCATION NO. r;? L °4rr;

TEST RUN NO. (D

IC

l

10
9

a

7

6

4

C;
Qa)

C)
0

CD

C-,

U

I u

-In

J X,

9

I8

4

3

2

1
2 3 I5b ?

1000

15

, . -

6



Page No. 158
Test Report No. 442131

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 10000

DAMPING 0

II-: .1 I

Frequency (Hz)

-T I ! , - I I , ,ri
I

: I + . I

.I

- f

2 3 8 9 i

100

: r

-- - T 4 i,

I .. I:

2 3 4 5 6 87 a 10

1 000

SPECIMEN -o.er

AXIS 27
LOCATION NO.

TEST RUN NO.

i I I I II I

tO

2

s

2

6

6

6

4

. . . s

-& 1

2

03
a;Q)

CL

(0

CD

L-

a)

C-D

U

C S

CE I
- U

-U08
Jr .

; 'I

4 5 6 6 9 10

10

3 ,V

H

L: , I . I I:
- :

I I -- - ~ -. 7 - -
, .i ; = 7- =

4

6

- -

I -

,. I



Page No. 159
- Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 O 100 o 10000

DAMPING

I I 1 1 i ' I i I I I !, i | I ii i

7.I I72

I I I i I
2 3 4 5 6 7 8 3 10

10

,, , I . .

Frequency (Hz)

I I I I , I I I
4 5 , e 9'0

100

:11

I--
; I I I -J=- I

- I , . .4 i I
-- * i

SPECIMEN ___ __ __A _ _ _ _ _t

AXIS 'LZ

LOCATION NO./ Z fF /

TEST RUN NO.

10
9

B

10

9

II

co
(0

CD 2
c

0
co

L.

0 10

L) 9

U

-.cu

o x
JMA

I ,'

4-K..- L H-
2 3 4 5 6 7 8 ? I

1000

7

6

4

2

1

a

' . . i l;

D

S-j j .I,,

I I

, . , . i I ! - I

I .

i)



Page No. 160
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 1000o

DAMPING @

_I _ I I I I
2 3 4 5

Frequency (Hz)

6 7 8 95:

100

SPECIMEN QQAe Gju t'
AXIS

LOCATION NO.

TEST RUN NO. CD

2

4

CM
0
i -(0

I-m

C 10
U

a

2

Z, SU
U i~0

(2 '

.j h '

.6

4

ITI

LIi.

7 6 9 10

l C-O

i I i I 1 i i

3 41
4 S 6 ,- 7 9 10

1 0

I

-,

- -

Z

rIII 1 1 , l I;I6 'I I !
, I ! I iI il'l .,

I i 'I
I 1 , : ., . ~

I I

6



Page No. 161
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 O 10 O 100 A 10000

DAMPING

I I i I I -!-

- ! I I I I: - I
D 7 6 - 10

10

2 3

Frequency I

. 7-1 I-4I i--I- I z

J-l-a---

.1-4 ---- - - -_ I j - I j ,

4 , 6 .7 - '

:Hz) 100

-F-', I I I I-
2 3

1 I
5 I , t 9 I'

1000

SPECIMEN GraCgz C,:u ,t
AXIS 7.N /

LOCATION NO. 6 ___

TEST RUN NO. __ __

IC

4

3

I

iiI iI

8

7

4

S

C;

co

CL
0
.4-

C.-L-,

CDa
U

9
8

7

6

S

4

S

1 2 3 4

I

6

D

::, -'iz --Jl�t �- ---. . I I
=tl

i i 'iI

II I I Il ttII II , I 'lit



Page No. 162
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 ;Q 10000

DAMPING

I I I i I I i ;

I I I
2 3 4

! : - , L I
6

1 0

3 4 5

Frequency (Hz)

8 9 i3

100
. 5 6 7 8 9 10

1000

SPECIMEN - 51'4 CLA.A,-

AXIS . 0T

LO-ATION NO. _7____ / _

TEaT RUN NO. CO

7

6

IS

9

S

7

6

B

4

-

CL

a)

C0

Lm

C,
CD

U
I0

7

6

. 5

4

S

1

j ' ' ' I . ,,,

1 1 1 I /, ; | 1 ! ! , ' ' I | I; |.I

-l | H r H :T
T

I I T ! I I z 1 ! -

I I .

23

1 j ! | ', I | i ! -I



Page No. 163
Test Report No. 44213-1

FULL SCALE SHOCK SPECTRUM tg Peak)

1.0 0 10 0 100 A. 10000

DAMPING 5 I

-- 2 I , L!I|i I,: I- = t-

! - I -' I

I I I I
2 3 4

Frequency (Hz)

: !.I . H' H1. 1 . .1

~~~~I ; 

-vP- 

l=

___: :.:. I-;-

--t----i_ I-. I
I--4--~-1-4-.

---- t - | = j_- i = 1 7

'2I
I I ; i . I, I--i i I I I

5 o . I 9 'Oi

100
4 5

-- 4-

I i4 l

7 8 9 13

1000

SPECIMEN - lyqC Q. X+ 't
AXIS

LOCATION NO.

TEST RUN NO. . _ _

iC

E

2
M

0

m
L_

C-)C-)
I !! I I !

7

*1�
I-.

j 4 j I

S

4

3

2

1

iti
1 1 1

i t=iE
, I ,TrT': 7

.- ;---

9 -

ElI j I

- 7 1.0
10

-

ic

S -L

~_l 1 .~ . I!

I I I . . . . I I I I I I I I

� � 1 i 1 ; .. H-+-+ -, � : 1 : , 1 �, i�-.-
. tT: . -

I , I .

__7 fit-'. .

I

- 1

= ---- L- : c iL

! . I P -

I
1

r I rI -

i i i #, i :i i; [

r-l



Page No. 164
Test Rcport No. 44213-1

FULL SCALE SHOCK SPECTRUM (g Peak)
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FULL SCALE SHOCK SPECTRUM (g Peak)
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FULL SCALE SHOCK SPECTRUM Lg Peak)
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FULL SCALE SHOCK SPECTRUM (g Peak)

1.0 0 10 0 100 A 10000

DAMPING

I I1 I

�U�.

1:1

. I! II I :

I I I

2 3 4 5 6 , E 9 10

1 0
Frequency (Hz)

-F -

6 7 i 9 10

100

2

--7. I-H-f

5

i-Il
I 71

I 8 L Ij

1000

SPECIMEN -W\ 9V C'. co l*

AXIS )/

LOCATION NO. 2) Z

TEST RUN' NO. (9

IC

80

8

co

Wa;
CL

10
C-

.,

co

CD

U

I- U

o x

10

9

18

4

1

as

I

r aIn,., aI . 1 : I1

I1

I riI

4

: , I 1It,... IIIr I '1 1 I f I lI



Page No. 168
Test Report No. 44213-1

This page intentionally left blank.

WYLE LABORATORIES
Huntsville Facility



Page No. 169
Test Report No. 44213-1

APPENDIX VIII

INSTRUMENTATION LOG, EQUIPMENT, AND DATA SHEETS

WYLE LABORATORIES
Huntsville Facility



Page No. 170
Test Report No. 44213-1

This page intentionally left blank.

WYLE LABORATORIES
Huntsville Facility



..' . .

W 322

JOB NO. ___ ___ ___ __

CUSTOMER -J-VA9 S,-Cp'gjQ, /

DATE TIME REMARKS

WYLE LABORATORIES
INSTRUMENTATION LOG SHEET

LOG PAGE NO. / OF____

TEST ENGINEER P-4)Ze

(Include Run Number, Part Changes, Shift Changes
and all other pertinent data)

-SE7- VP 2& IE'folfo RZE ?~~Co~ze i t~~-, U 72a-A/s?'
xcn:r/5 0 M TAF P5

-Y -~ / of -? / 3 ~ 7/ . er 4 ' AI - - . "I£A T 'M- )
57LAX' 7- 00~5-

- - -7 i ---- -It -%.~ %- USL-k& A-'

'a

7__ _ ie 570/ 0'5 V/:

0__ _ 7~ 57,5 O&C 5

CD

-J

I-

I

(-A 7- (,v -q ) "T

I - , E--'f I __;

I

- -- -- - - -1 I L--'r - t-/- -1 4
1 ----

-< ^ -) / Z�

fit,/ �=Z;-/�5 /- 36-V,?

5-1-4,0 7- / Z�

('I -D a 4 / /'. . r.-- /z-, -, I
<�^AD ^ 9



W 322 WYLE LABORATORIES
INSTRUMENTATION LOG SHEET

JOB NO. __ __ __DI 3 LOG PAGE NO. OF 2
CUSTOMER / A- SiE/S"/ / TEST ENGINEER Z) 5Jc (

(Include Run Number, Part Changes, Shift Changes
DATE TIME REMARKS and all other pertinent datal

q- z/-21 025 S:S- C),°B

_s;7 0 •05 5S7~2D 06,37
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I?- ;)S-- 1

WYLE LABORATORIES
INSTRUMENTATION LOG SHEET

0. c LOG PAGE NO. OF__
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WYLE LABORATORIES
INSTRUMENTATION LOG SHEET

JOB NO. 4qYD'3
CUSTOMER

LOG PAGE NO. __ _ OF

TEST ENGINEER Db. 36z L

(Include Run Number, Part Changes, Shift Changes
and all other pertinent data)

__ _ 46PT 090• 7/5h7 6 32
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INSTRUMENTATION EQUIPMENT SHEET

DATE: 09/23/94
TECHNICIAN: K. TRACH

JOB NUMBER: 44213-00
CUSTOMER: TVA

TEST AREA: 0 MACHINE
TYPE TEST: SEISMIC

NO. INSTRUMENT MANUFACTURER HODELI SERIAL $ WYLE $ RANGE 1 ACCURACY I CALDATE CALDUE

3
4
5
6
1
8
9

10
I1
12
13
14
15
16
17
18

21
22
23
24
25
26
27
28
29
30
31
32
33
34 -

35
36
31
38

DATALOGGER
DIG MIR
X-Y PLOTTER
RECORD TAPE
CHARGE PWR
CHARGE PVR
AMPL CHARGE
AMPL CHARGE
AHPL CHARGE
AMPl CHARGE
AMPL CHARGE
AMPL CHARGE
AMPL CHARGE
AMPL CHARGE
AMPL CHARGE
AMPL CHARGE
AMPL CHARGE
AHPL CHARGE
AMPl CHARGE
AMPL CHARGE
AMPL CHARGE
AMPl CHARGE
AMPL CHARGE
FILTER TRACK
FILTER TRACK
OSC AUDIO SW
AMP SERVO HONI
X-Y DISPLAY
X-Y RECORDER
ANALYZER
XIENT MEMORY
DUAL HI/LO FIL.
SYNTHESIZER
SYNTHESIZER
SYNTHESIZER
RECORD TAPE
ACCEL
ACCEL

FLUKE
FLUKE
H/P
TEAC
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
SPECTRAL DYN
SPECTRAL DYN
SPECTRAL DYN
SPECTRAL DYN
SPECTRAL DYN
H/P
SPECTRAL DYN
SPECTRAL DYN
WAVETEK
MRAD
KRAD
MRAD
TEAC
BRUEL I KJAER
BRUEL I KJAER

This is to certify that the above instruments were calibrated using
traceable to the National Institute of Standards and Tecnnology.

* TRUHNTATI 1

state-of-the-art techniques with standards whcse calibration is

CHE CED & RECEIVED BY r6 ?O /~ A

0.A. ''5Ot.

PAGE 1 OF 2

2240B
81
7044A
XR-1000
4221A
4331A
2121BM
2721 BM
21218
2121 B
212lB
27218
2121BM
212 1 B
212 1BM
2721 BM
212 IH
272 1BM
2721B
21212
2121B
212 1IB
2121B
SD-131
SD- 13 1
SD 104A
SD 105C
311
10458
13231
13192
852
197S
197S
197S
R-71
4366
4366

2215029
5639016S
2019A03819
172252
AB41
A060
BK13
BP62
BR41
DR30
BRO9
BP65
BP96
BP97
BR41
BW40
BR52
BP73
BR26
6R60
BR45
BP-9I
BRO 1
431
427
1430
157
435
2164
45
43
12907122
197-17
197-15
197-28
160555
1104928
1104947

000831
109759
101128
108206
092934
000356
096149
000385
000314
000376
000372
000311
000311
000369
000471
103055
000418
000210
000484
000361
000360
000413
0003715
092683
092684
095295
096142
096167
102373
096765
096766
100710
095417
095363
100181
102052
101766
101806

K&T1I.5DEG
DCV
MULTI
H-BAND
ISYDC
15VDC
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN
GAIN

2HZ-IOKHZ
2HZ-1OKHZ
5HZ-50KHZ
MULTI
12INCH SCREEN
.5-lOV/IN
.lHZ TO 10KHZ
.iHZ TO 10KHZ
100KHZ
.5HZ TO iOOHZ
.5HZ TO 100HZ
.5HZ TO 100HZ
DC-50KC
2KGSY/SKGSK
2KGSV/SKGSK

.02%RD

.1%

.2% FS
40KZ
5%
5%

I.5%
.S5%

1.5%
1.5%

1.5%
1.5%

1.%

1.5SX
.5SX

1 .5%

4.%

1.5%B
1.%
1.%

2.%
4%

I .SN

.5DB

25

5%

.5%D

08/15/ 94
1O/26/93
08/04/9 4
09/07/9 4
0S/2 6/94
05/03/94
05/26/94
05/26/94
05/26/94
05/ 26/94
05/26/94
05/2 6/94
05/2 6/94
OS/2 6/94
05/26/94
0 5/03/94
05/0i/94
05/03/94
05/03/94
05/03/94
05/03/94
05/03/94
05/03/94
01/28/94
01/28/94
08/06/94
08/08/9 4
05/13/94
08/ 08/94
05/13/94
05/13/94
05/12/94
05/10/94
05/11/ 94
05/12/94
05/13/94
08/02/ 94
08/16/94

02/10/95
10/26/94
11/02/ 94
03106/95
1 1/22/94
10/28/94
11/22/94
11/22/94
11/22/94
11/22/94
11/22/94
1I/22194
11/22/94
11/22/94
11/22/94
10/28/94
10J28/94
10/28/94
10/28/9 4
10/28/94

10/28/94
10/28/94
10/28194
01 / 24/95
01/24/95
11/04/94
1/04/94

II/09/94
11/04/94
11/09/94
11/09/94
11/08/94
11/04/94
11/07/94
11/08/94
11/09/94
10/31/ 94
11/14/94
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INSTRUMENTATION EQUIPMENT SHEET

DATE: 09/23/94
TECHNICIAN: K. TRACH

JOB NUMBER: 44213-00
CUSTOMER: TVA

TEST AREA: D MACHINE
TYPE TEST: SEISMIC

MANUFACTURER MODELI; . No .*NO
I . . -

39
:' -40'

; 41
-42

* : 43
44
45

* 46
. 47
48
49
50
51
52
53
54
55
56

. 0
59
60

4366
4366
4366
71701-100
4366
4366
4368
4383
4382
7701-100
7704-100
7 704-100
7701-100
4383
4383
12005
R7350
THERM-AL
R7350A
126
36 INCH
2721BM

SERIAL I

1104819
1104946
1104885
AE75
1104895
1104886
1108513
1579405
1504972
AE51
BJ75
BG18
BM7 1
1599863
1599575
263002
7848 3405
59
84243396
N/A
N/A
BR-t0

WYLE I RANGE 1

101745
101807
101790
011641
101798
101789
101369
108938
108681
011758
100852
100420
100265
109422
109418
094753
102648
105307
102085
100145
108592
000321

2KGSV/SKGSK
2KGSV/5KGSK
2KGSV/5KGSK
1KGSV/10KGSK
2KGSV/SKGSK
2KGSV/5KGSK
2KGSV/5KGSK
2KGSV/5KGSK
2KGSV/5KGSK
IKGSV/1OKGSK
1KGSV/1OKGSK
IKGSV/IOKGSK
lKGSV/IOKGSK
2KGSK/5KGSV
2KGSV/5KGSK
-125 TO +375*F
-125 TO 375tF
-125 TO 3164F
-125 TO 375tF
0-45 LBS
0-36 INCH
GAIN

ACCURACY 1 CALDATE CALDUE

5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
.25%
1%
.8 D6 C
1%
1 GRAM
*SEE CERTt
1.5%

08/16/94
08/16/9 4
08/16/ 94
0 9/09/94
08/16/94
08/16/94
08/16/94
08/16/94
08/16/9 4
09/09/ 94
07/18/94
08/16/94
09/09/94
07/18/94
07/18/94
09/1 4/94
09/13/94
09/15/94
09/13/ 94
09/06/94
04/27/93
05/03/94

11/14/94
1 1/14/94
11/14/94
12/08/94
11/14/94
11/14/94
11/14/94
11/14/94
11/14/94
12/08/94
10/14/94
1 1/14/94
12/08/94
10/14/94
10/14/94
03/13/95
03/10/95
03/14/95
03/10/95
09/06/95
04/26/ 96
10/28/94

This is to certify that the above instruments were calibrated using state-of-the-art techniques with
traceable to the National Institute of Standards and Technology.

*RljENIATION / / 7 -7 3 ( f i

standards whose calibration is

CHECKED & RECEIVED BY D 6t

Q .A . b \,\A

PAGE 2 OF 2

BRUEL & KJAER
BRUEL & KJAER
BRUEL & KJAER
ENDEVCO
BRUEL & KJAER
BRUEL I KJAER
BRUEL & KJAER
BRUEL I KJAER
BRUEL 6 KJAER
ENDEVCO
ENDEVCO
ENDEVCO
ENDEVCO
BRUEL S KJAER
BRUEL & KJAER
THERMOTRON
HONEYWELL
THERNOTRON
HONEYWELL
OHAUS
STARRETT
ENDEVCO

INSTRUMENT

ACCEL
ACCEL
ACCEL-
ACCEL
ACCEL
ACCEL
ACCEL
ACCEL
ACCEL
ACCEl
ACCEL
*ACCEL
ACCEL
ACCEL
ACCEL
TEMP ALARM
CONTR TEMP
LIMIT ALARM
CONTR TEMP
SCALES
STEEL RULER
AMPL CHARGE

�� (3, r�\. �o,':) V_ )

., , s

,,, - -. .... , .. -. r \, I \ -

. - - - ------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -



00
WYLE LABORATORIES INSTRUMENTATION DATA SHEET

Recorder No. /.EIC v'- 70'0. Date q-,2 Axis 2 Setup2Ž Tt S~g/E5 /

Insert Volt
q Pk q Rms

/d /76 / •(3 (iLeA- 300 300 ____

zos[ - ~ X (i°oua) T

/0,M3 YsC3 (e ert)--

| o t'f 7 y -- |so. 0 Lx / /r)

0/O/( G Y/ G__Z2G (,t

/2/ 79? * 7 7 '2. 7 7 (JA47) ___

/0/ 7'?O Y 0 /3 ( /G O'

/0/3C q ° ( LJr#) _

/of /30, /O 3o. c1 10

/ofai ( A, - /1 Lo 4 - ____ _j _ _ __ _

//17.59 I; ,X 2 _ _/ 1.2 LVHr) _ __ 3 0c _ _0

/&exi•. /1 , _ _ _ I/G_ -00 
____ ____) ___ __ ___ __

/oo0 • 1• 'f _ _ _ _ _ _ VcA 6& 4) _ooo _ _ _

Run # / - 3 Run # Li t

I I I 1 - 11I
comp.

Ch).L o c a tI i o_0

3 C.
.. I . _ _- . . , I I _ _ I I

.11, LX -rEn
WYIi IUtbA

Accel.
S/N

Amp.
Clh.

Galvo
Tape

' I i ; 1

,, .. /

I-'

1to1qQ
If

I
I

J/N_ <V/R/ ?

I
Remarks

mv/R ul in. mvl o -/ in

(OI)It Y-( 30(o 1A?7)IG



WYLE LABORATORIES INSTRUMENTATION DATA SHEET
Recorder No. l AC Xf. 7000 Date 7#15'Y Axis {t 4 Setup TJ.9 se~-(s l i/N '4 2/?

Run# / -3 Run# 9 Remarks

0-i

Zo

l* H-.

IWI!- 1026A

I

: V.,..



WYLE LABORATORIES

Recorder No. /AEC tAp- 7,00

0
INSTRUMENTATION DATA SHEET

. Date '?~'/Y Axis-7R.2 Setup. ZfA 5FL S I

Run # 7 Run # q -/ (
Accel. Amp. Galvo Insert Volt Comp.
SIN Clh. Tapc (I Pk q Rms Location Ch. mvI; g/iu. mvlg i

c9/ 7 I I •1. 3 I / /07 300 '

/ zFoG2 2 •0.0 aJo/0 7/ • 3 . _ _ _ V ~ 2__ ___ __ _ __ __ __3_

/o/7?C • •/.G @ (lo9) ____

S / .e e -

0//C-! 4 c 2 G (t,7-) L - __

/ 0 / 7 9 'K ' 77 _ _ 7 _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

/0_ _7 v / _ 30. I 7 L

Vo 7S9 - /; f -vo w I (SoG L00
/o3co 9 3VJOc (\/,tf) ____s

/00 f3'0' /0 30.' 10 ( T) . _

/0( P 1 3 0.4 /1 Lc00

/10y0 2 Z /y / / / I_ _ I_ A._ _ _ 300 _00_

/0to? 30 _ _ 130/(!AI(e4) 300 _ 0__

loqs~s 1/ _ _ /; /05 _ 3o00______________
WI-I 1OZ6A

I Z
Zto

JI N- Y/2 -.

Remarks



WYLE LAUORATORIES INSTRUMENTATION DATA SHEET ,i

Recorder No. t72-AC Xlf 7"0 - Date Axis- 11 Setup TJA S1U($ 1 -

Run 7 Run ' Remarks
Accel. Amp. Galvo Insert Volt Comp.
S/N Ch. Tape q Pk q Rms Localion Ch. mvlg B/n. mv/g g/n.

, /7 1 07 ,/7 300o

-, g /a G

i 1 11 I 11 I-

II-11�II

V

II

I

11 1 11 i

- -I1 -t 11

11 . II

I I 1 i . I 11 1 f1

I 1 11

ro

to

a(

C

I I I I II

Lir I In f lr 11
wV Ik 1 U C.U A

IC

t

F

.d.
0I

t
t-j

e

I

- . .

.



WYLE LABORATYES
INSTRUMENTATION DATA SHEET

tecorder No. /f/ - ARC (0cL C Date - 2& 7 t7/ Axis Z /2Setup / /4 5n=J/zC ; J/N _ _____3

II.........

Accel. Amp.
S/N Ch.

/0/76(y /

/41/7'7. 3

/0/730 0

o6/798 7

/0789 :2

'osc,3 /1

//7.5S /52

/ 05; T/3-

WVI-I 1 026A

Galvo
Tape

,-

-3

3-

s

-7-

-9--

-,,

L±L
Z,?-

/3

LS

/ (A

Inser Vol

- nsrt Volt I
q Pk q Rms

43 3

Y9.4

5/.

3Q.q

so.G

3c29

9Y./

.// d
1-

Location

3,1

3 ' dOAJ~,

9. V

1/0 Zc7AJ

// z V6N

OAJ6 /'CR (&-

4:.

f =lA

Comp.
Ch.

Run A . -Run # /- 3
mv/ g

300

g/ in.

I

IN

300

/000

f000

Run # 1- S

mvl g

3c00

L
36C)

g/ in.

. . . -.

Remarks

".0;- 2!

115 . P

11 14



WYLE LABORATORIES

Recorder No. /EA4 XR'/ 70

INSTRUMENTATION DATA SHEET :
Date 97%2§ ? V Axis Z4 Setup 7/ ; 5 -?/fiS =2

Run # (5) Run # 7- 9
Accel. Amp. Galvo Insert Volt Comp.
S/N Ch. Tape q Pk q Rms Location Ch. mv/g g/in. mv/g g/in.

/0/76(y / / 7. 3 ___/2A / _o 300

_ _ _o J2 a so.o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

/?/7YS- 2 3 49( C - -

/o/ 0.6 _ _ _so. a 7__

0//7DO S S /YY (o__ 
__ _ __ __ __ __

//6" /( ]; i72i (ol .?_ _ __ _ _ _ _ _ _ _ _ _

0/7 3c2 7 S 7 .7 _____ __

1613?89 2 C 3t^GO/6/309 f( 9 3.6, _ - -
uo ss3 3 / 6S /0 3 c. 7 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

11 7,5 j ~ ~ 9 / 0030_ _ _ _ _ _ _ _ _

o0091? ••l 13Z 7- ( (A/S-) 0 ,_ _,_.

l/o C /' q 9Y // /OA 11CR j _ _ _ 1/005vnq,3 / ar "44s 3o o) 1oo0

"&:5/o /5 'S /SO 6C - __ 3 0 __ _ _ _ _ __ _ _ __ _ _

._ __ ____ -__ __ _ 6 e. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11 ,.

WVH IUZhA

J/N 4Y,?3

CD
.z

Remarks
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APPENDIX IX

WYLE LABORATORIES' TEST PROCEDURE 543/7925/DB, REVISION B

WYLE LABORATORIES
Huntsville Facility

- - ----



Page No. 184
Test Report No. 44213-1

This page intentionally left blank.

WYLE LABORATORIES
Huntsville Facility



Page No. 185
Test Report No. 44213-1 TEST PROCEDURE

4seaE rSCIENTIFIC SERVICES

-% Eii & SYSTEMS

' ORATORIES GROUP
P. O. Bw 0777, H1i. AL 3507.7777
Plom 206) 837.4411, Fax (206) 83021

TEST PROCEDURE NO.5 4 3 / 7 9 25 /DB

DATE: September 14, 1994

REVISION A

REVISION B

September 23,1994

October 5, 1994

SEISMIC TEST PROCEDURE
FOR

VARIOUS THERMO-LAG
ENCLOSURE CONFIGURATIONS

For
Tennessee Valley Authority

Watts Bar Nuclear Plant
Spring City, Tennessee

APPROVED BY
PROJECT MANAGER:

APPROVED BY:-
FOR:-

APPROVED BY:-
FOR:-

APPROVED BY AD. Smith, P ect Manager
QUALITY ENGINEER:II2- \ •) r' Li
PREPARED BY R. G. Thomas, gAManager

PROJECT ENGINEE : i/f{
D. Bell, Project Engineer

REVISIONS FORM 1054-1 Rev. 4n4

REV. NO. DATE PAGES AFFECTED BY APP'L. DESCRIPTION OF CHANGES

A 9/ 23/94 2 I D'A Revised Dara. 3.1

PI 9/23/94 3 DB 9f ki *Y fl Deleted-last sentence of para. 3.1

A 9/23/94 13-18 DB Revised Figures 8-13

B 10/5/94 2 DB Revised 1st paragraph of section 3.1

[l___1 . .. ~ ..

COPYRIGHT BY WYLE LABORATORIES. THE RIGHT TO REPRODUCE, COPY, EXHIBIT, OR OTHERWISE UTILIZE ANY OF THE MATERIAL CONTAINED HEREIN
WITHOUT THE EXPRESS PRIOR PERMISSION OF WYLE LABORATORIES IS PROHIBITED. THE ACCEPTANCE OF A PURCHASE ORDER IN CONNECTION WITH
THE MATERIAL CONTAINED HEREIN SHALL BE EQUIVALENT TO EXPRESS PRIOR PERMISSION.

ROVED BY:
or FOR:

-
. - s - , .

-

(zdv_�



Page No. 186
Test Report No. 4421341 PaeNo

Test Procedure No. 543/7925/DB
REVISION B

1.0 SCOPE

The specimens shall be subjected to a Seismic Simulation Test Program as described in the
following paragraphs. The specimens shall be tested in accordance with IEEE 344-1975.

1.1 Specimen Description

The Various Thermo-Lag Enclosure Configurations, as shown in Attachment A and hereinafter
called the specimens, shall be subjected to seismic testing as described in Paragraph 4.0. The cable
tray and air drop configurations shown in Attachment A, Sheets I through 5, shall be installed for
Series 1. The conduit configurations shown in Attachment A, Sheets 6 through 10, shall be installed
for Series 2.

1.2 Acceptance Criteria

P osition retention of the Thermo-Lag material per TVA Seismic Category I(L) acceptance
criteria.

Any failure to maintain position retention, based on visual observations during testing, will be
recorded as a test anomaly. Any loose Thermo-Lag material larger than approximately one
cubic inch that is found after each OBE, SSE and Resonance Search Test shall be measured,
photographed and weighed. TVA will disposition test anomalies based on satisfying the position
retention requirements.

P3 Receipt Inspection

The specimens shall be inspected for obvious physical defects prior to testing.

2.0 MOUNTING

2.1 Specimen Tie-Down and Orientation

The specimens described in Paragraph J.1 shall be installed on TVA-fabricated test fixtures. The
specimens shall be attached to the test fixtures by TVA using TVA procedures, drawings and
specifications. The test fixtures shall be welded to the test table.

The specimens shall be installed on the Wyle Triaxial Seismic Simulator Table such that the principal
axes of the specimens shall be collinear with the input excitations of the test table.

3.0 TESTING CONDITIONS

3.1 Specimen Temperature

The specimens shall be conditioned at a temperature of between 1200 and 140'F in an enviror'mental
enclosure installed on the Wyle Triaxial Seismic Simulator Table. The specimens shall be tested B
when the average temperature of the four specimen thermocouples is between 1200 and 1401F for a
minimum of six hours.

WYLE LABORATORIES
Huntsville Facility
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3.0 TESTING CONDITIONS (Continued)

3.1 Specimen Temperature (Continued)

The Resonance Search Test described in Paragraph 4.2, prior to the Random Multifrequency Test,
shall be performed with the environmental enclosure installed on the test table. During the
Random Multifrequency Tests described in Paragraph 4.3, and the second Resonance Search Test, all
or part of the enclosure must be removed from the test table to provide a visual observation and
video coverage of these tests. Specimen temperature shall be maintained between 120 and 140OF on
a best effort basis. |A

4.0 EXCITATION

4.1 Simultaneous Triaxial Excitation

Both horizontal axes and the vertical axis shall be excited separately, but simultaneously. The input
acceleration level for each of the three axes shall be phase-incoherent during the Multifrequency
Tests.

4.2 Resonance Search

A low-level (0.2g horizontally and vertically) single-axis sine sweep shall be performed in each of
the three orthogonal axes to determine resonant frequencies prior to and after the Random
Multifrequency Tests. The sine sweep shall be performed from I to 35 Hz at a sweep rate of one
octave per minute. Transmissibility plots of the in-line specimen-mounted accelerometers shall be
included in the test report.

4.3 Random Multifrequency Tests

The specimens shall be subjected to 30-second duration triaxial multifrequency random motion
which shall be amplitude-controlled in one-third octave bandwidths spaced one-third octave apart
over the frequency range of I to 100 Hz. Three simultaneous, but independent, random signals shall
be used as the excitation to produce phase-incoherent motions in the vertical and two horizontal
axes. The amplitude of each one-third octave bandwidth shall be independently adjusted in each of
the three axes until the Test Response Spectra (TRS) envelop the Required Response Spectra (RRS)
within the limitations of the test machine, as shown in Figure 1. The resulting table motion shall be
analyzed by a response spectrum analyzer at the test damping and plotted at one-sixth octave
intervals over the frequency range of 1 to 200 Hz.

The specimens shall be subjected to two Operating Basis Earthquake (OBE) Tests prior to the
application of a Safe Shutdown Earthquake (SSE) Test. The OBE and SSE RRS shall be as shown in
Figures 2 through 13.

WYLE LABORATORIES
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5.0 INSTRUMENTATION

All instrumentation, measuring, and test equipment to be used in the performance of this test
program shall be calibrated in accordance with Wyle Laboratories' (Eastern Operations) Quality
Assurance Program Manual, which complies with the requirements of Military Specification MIL-
STD-45662A. Standards used in performing all calibrations are traceable to the National Institute of
Standards and Technology (NIST) by report number and date. When no national standards exist, the
standards are traceable to international standards or the basis for calibration is otherwise
documented.

5.1 Excitation Control

Control accelerometers shall be mounted on the test table at a location near the bases of the test
fixtures. TRS plots (filtered at 100 Hz) of the accelerometers at the test damping shall be included
in the test report.

5.2 Specimen Response

Six uniaxial piezoelectric accelerometers (two triaxial locations) shall be located on each of the cable
tray, air drop and conduit specimen configurations. The accelerometers shall be placed on the top
and on the side near the mid-span of each specimen. Magnetic tape Tecorders shall provide a record
of each accelerometer's response. TRS plots (filtered at 100 Hz) of the specimen response
accelerometers at the test damping for one OBE and the SSE Test shall be provided in the test
report.

5.3 Temperature Control

Two thermocouples shall be surface mounted (one on the top and one on the bottom) on each of the
cable tray, air drop and ganged conduit specimen configurations. One thermocouple shall be
mounted on the top of the single conduit specimen configuration. Thermocouple outputs shall be
recorded.

5.4 Post-Test Inspection

The specimens shall be inspected for obvious physical damage.

6.0 IN-PROCESS INSPECTION

The records shall be checked for quality of performance after each test.

The specimens shall be visually examined for possible damage following all violent tests such as at a
severe structural resonance.

All important vibration effects shall be logged.

Photographs shall be taken of any noticeable physical damage that may occur.

Video coverage of the dynamic tests with two copies of the video tape shall be provided.

WYLE LABORATORIES
Huntsville Facility
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7.0 REPORT

Two copies (one spiral-bound and one unbound reproducible) of a certification-type test report shall
be issued subsequent to completion of testing. This report shall be signed by a Registered
Professional Engineer. The report shall summarize results and conclusions, details and
recommendations concerning deficiencies and repairs, and contain photographs of test setups,
failures, etc. The report shall also contain a list of test equipment used, calibrations, and
Instrumentation Log Sheets.

In addition, the report shall include an appendix documenting the installation of the Thermo-Lag
enclosures on the test fixtures per applicable TVA design documents.

8.0 QUALITY ASSURANCE

All work performed on this test program shall be completed in accordance with Wyle Laboratories'
Quality Assurance Program which complies with the applicable requirements of Military
Specification vIhL-STD-45662A, 10 CFR 50 Appendix B, ANSI N45.2, and Regulatory Guides.

WYLE LABORATORIES
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THERMO-LAG INSTALLATION PROCEDURES, DRAWINGS,
DATA SHEETS AND PHOTOGRAPHS
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The TVA procedure, "Special Requirements and Application of Thermo-Lag 330
Electrical Raceway Fire Barrier Systems" Revision 0, presented in this appendix was
utilized in the preparation of the specimens for seismic testing at Wyle Laboratories.
The installation of the Thermo-Lag on the test specimens was witnessed by Wyle
Laboratories' personnel. Comments and exceptions to the procedure are as follows:

Paraeranh 7.3

Paragraph 7.9.1

Parayraph 9.5

ParaEraph 9.8

Para2raph 11.3.2

Parazraph 11.3.3

Paraeraph 7.9.3
and

Paraeraph 11.3.4

Paragraph 11.3.5

Paragraph 11.3.6

Figure 2(B)

"V" rib orientation was perpendicular to the side rails.

The Thermo-Lag supports need to be a tight fit, not all of them
were. The middle three supports on each side were modified to
be a tight fit.

The inside corners between the conduit box and the enclosure
were filled in with trowel grade Thermo-Lag instead of Thermo-
Lag board.

The stress skin was applied after the installation of the second
layer of Thermo-Lag.

There were four rows of support bolts. Between the first and
second conduits there were 7 bolts on 18-inch centers. Between
the third and fourth conduits there were 4 bolts on 36-inch
centers. Between the fourth and fifth conduits there were three
bolts, the first on an 18-inch center and the next two on 36-inch
centers. Between the sixth and seventh conduits there were 7
bolts on 1 8-inch centers.

The surface of the conduit was buttered instead of the inside
surface of the Thermo-Lag panels.

The stress skin was applied to the enclosures then the fender
washers and nuts were installed. A thin layer of trowel grade
was applied and allowed to dry. The bolts were cut off flush
with the head of the nuts and a ball of putty formed from trowel
grade was applied to each nut and fender washer. A piece of
stress skin was cut to go over each putty ball and to extend a
couple of inches on all sides and was stapled to the Thermo-Lag
panel. A layer of trowel grade was then applied to cover the
stress skin.

Omitted

Omitted

Tie wire was installed on the scored Thermo-Lag panel instead
of in the score fold as shown.

WYLE LABORATORIES
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Paragraph 12.1

NOTE:

NOTE:

NOTE:

The first and second layer of Thermo-Lag was applied in four
sections. The section of the air drop coming out of the cable
tray was formed first by cutting the Thermo-Lag conduit
sections, applying them to the cables and installing tie wires to
each section. The section of the air drop nearest the top was
formed second by cutting the Thermo-Lag conduit sections,
stapling stress skin to the I.D. to hold the sections together,
applying them to the cables and installing tie wires to each
section.

The middle section was formed next by cutting the Thermo-Lag
conduit sections and applying them to the cables and installing
tie wires to each section. The top was formed last by cutting the
Thermo-Lag conduit sections, applying them to the
cable/conduit and installing tie wires to each section.

Following the application of the second layer of Thermo-Lag,
the entire air drop was covered with stress skin held by tie wires,
a layer of trowel grade was applied and allowed to dry and tie
wires were installed.

Installed second layer to Therrno-Lag panels around the air
drop/cable tray intersection.

The order of installation for the single cable tray, multiple cable
tray and ganged conduit specimen configurations was: Thermo-
lag panel, tie wire on 6-inch centers, stress skin, trowel grade, tie
wire on 6-inch centers.

All stress skin overlap was 4 inches minimum.

Small cracks
during curing.

had developed on the surface of trowel grade
These cracks were filled in prior to testing.

WYLE LABORATORIES
Huntsville Facility
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SPECIAL REQUIREMENTS AND APPLICATION
OF THERMO-LAG 330 ELECTRICAL RACEWAY

FIRE BARRIER SYSTEMS

1.0 PURPOSE

1.1 The purpose of this appendix is to describe the method
for the control, application and quality assurance of
Thermo-Lag 330 fire barriers on cable raceways (conduits,
cable trays, and junction boxes) and their supports.

2.0 SCOPE

2.1 This appendix provides guidance to personnel involved in
the procurement, receiving, application/installation and
quality assurancelof Thermo-Lag fire barriers.

3.0 REFERENCES

3.1 Design Standard
Barrier Systems.

3.2 General Engineeri
Modification, and
Barrier Systems.

3.3 Watts Bar Drawin
Raceway Fire Barr

.J

DS-M-17.2.2, Electrical Raceway Fire

ng Specifications G-98, Installation,
Maintenance of Electrical Raceway Fire

I series 47W243, One-hour Electrical
ier Systems.
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4.0 DEFINITIONS

4.1 THERMO-LAG 330-1

A water based, subliming, thermally activated fire
resistance material which volatilizes at fixed
temperatures, exhibits a volume increase through the
formation of multi-cellular matrix, and blocks heat to
protect the substrate material to which it is applied.

This material is supplied in a trowel grade consistency
and in prefabricated shapes (4'x 6%W' panels/boards and
36-inch long conduit sections). The term panel and board
are used interchangably.

4.2 FASTENING MATERIALS

The following materials are approved for attaching the
Thermo-Lag fire barrier system:

4.2.1 Tie Wire - Annealed type 304 stainless steel, 16
gauge (temporary wire may be 18 gauge).

4.2.2 Banding - 0.5" X 0.020" (minimum) stainless steel
bands and banding clamps, type 304.

4.2.3 Staples - 0.5" long Arrow or Bostitch T-50.

4.2.4 Bolts - 0.25" (length as required to ensure full
thread engagement) hex head bolts, nuts, and

£,a 4-1 'a-t washers, type A-307. All thread rod may be
used in lieu of bolts.

4.2.5 Bolts - 0.375" (length as required to ensure full
thread engagement) hex head bolts, nuts, and-frl
washers, type A-307. All-thread rod may be used
in lieu of bolts.

4.2.5 Anchor Bolts - Sleeve anchors (0.25" X 2.25")
type 304 or Hilti Kwik Bolts (0.25" X length
required).

4.2.6 T-Lag Supports - 2"xYX", 10 GA angle (cut to fit)

4.3 STRESS SKIN

4.3.1 ASTM E-437 type 304, stainless steel plain weave,
8X8 square mesh wire cloth, 0.017" diameter wire.

4.3.2 ASTM E-437 type 304 stainless steel knitted mesh
wire cloth, 60 density, 0.011" diameter wire.
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4.3.3 ASTM E-437 type 304 primer coated steel plain
weave, 8x8 square mesh wire cloth, 0.017" diameter
wire.

4.4 PROTRUDING ITEM

Any metallic item physically attached (bolted, welded,
etc.) to the protected item or support and capable of
providing a continuous thermally conductive path directly
to the inside of a protected envelope. Typical
protruding items can include a neighboring raceway
(excluding cable trays) sharing a common support and
within the 18-inch rule or a nonrequired conduit attached
to a junction box.

4.5 18-INCH RULE

The distance which a protruding item must be protected to
prevent heat from being conducted along the protruding
item and into the protective envelope.

4.6 BUTTER

A term used to describe the application of the trowel
grade Thermo-Lag 330-1 to the prefabricated conduit
sections and panels.

4.7 CURED

The trowel grade Thermo-Lag 330-1 is considered cured
when (1) a minimum of 72 hours has passed following
application, or (2) a moisture meter reading of less than
100 when using a meter with a scale of 0-100, such as a
Delmhorst D-P Model or equal.

4.8 INTERFERENCE

An interference is an object that is located so close to
an item to be protected with Thermo-Lag that it actually
occupies the same physical space that would be required
for the installation of the Thermo-Lag. An interference
is not physically attached to the item being protected.

4.9 MONITOR .

Physically observing a task being performed on a periodic
or random basis to assure that a specific operation is
being performed in accordance with applicable
requirements. The Inspector monitoring an operation must
determine the extent of physical observation required
during the performance of an operation based on variables
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-..' 4.10

associated with the operation. The responsible
organization must be notified prior to an operation being
performed that has a monitor designation.

FOREIGN MATERIAL

Dirt, scale, heavy rust, oil, loose impediments and other
contaminants.

4.11 PRIMARY ATTACHMENT

A primary attachment is a commodity physically attached
to the protected item (e.g., raceway support, junction
box, support, etc.) by bolting, welding, etc. The entire
primary attachments shall be protected with a single
layer of nominal ¾" Thermo-Lag application.

4.12 SECONDARY ATTACHMENT

' '-'A 'secondary 'attacthment -'is 'a cbhimodity' attached -'tc' a'
primary attachment but not in direct contact with the
protected item. Secondary attachments shall be protected
in accordance with the 18-inch rule. Only the support of
an unprotected cable tray requires protection.

4.13 PUTTY

Trowel grade Thermo-Lag 330-1 material that 'has been
spread out on a piece of plastic and allowed to dry
partially until it attains a consistency of putty.

4.14 TYPICAL DETAILS

Drawings issued by Engineering depicting the essential
characteristics of a given configuration (e.g., LB
condulette fittings, conduits, cable trays, etc.). This
does not imDly that field configurations must be
identical to the associated detail drawings.

5.0 RESPONSIBILITIES

5.1 ENGINEERING

Responsible for the documentation of testing that bounds
the installed Thermo-Lag fire barriers, standard drawings
and design standards, and for evaluating nonstandard
configurations.

5.2 QUALITY ASSURANCE/CONTROL

Responsible for the implementation of this procedure as

-Page 5 of 26
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it pertains to the QA/QC releases, preplacement and post
placement inspection activities for Thermo-Lag fire
barrier installation. - Responsible for the performance
and documentation of the daily surveillance activities.

5.3 INSTALLERS

Responsible for notification of QC prior to each day that
Thermo-Lag is to be installed. Responsible for the
craftsmanship required for installing the Thermo-Lag in
a quality manner in accordance with these instructions.

6.0 GENERAL REQUIREMENTS

6.1 INSPECTIONS (May be done at the source)

6.1.1 The measurements shall be taken along each edge
a... .end at-appaient minimum aind-maximum p5oints.
The acceptable tolerances for the thickness of the
4 x 6% foot panels and the preformed conduit
pieces are:

Nominal Thickness
%-inch

Vs-inch

Maximum
h-inch

!u-inch

Minimum
',4-inch

%-inch

6.1.2 The acceptable inside circumferences for preformed
conduit pieces are:

CONDUIT
SIZE
(INCHES)

THERMO-LAG DIMENSIONS (INCHES + 1'")
FIRST LAYER SECOND LAYER
Ye AND% M. MOVER % M OVER s

4%

1

1A

2

3

4

5

112

125'm

NA

NA

13 IA

9

10%

12%

15'S

19

15%

167A

1 8%/

233X

15%

17W

NA

NA
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6.1.3 Each piece is to be visually inspected to ensure;

1. There are no open cracks or delaminations.
2. The stress skin is continuous (no breaks,

tears, gaps, etc.)
3. The color of each piece'is uniform (no obvious

areas of discoloration).

6.2 DATA SHEET

Complete a Data Sheet (Attachment 1) for each electrical
raceway (conduit, cable tray, junction box) to be
protected.

6.3 QC NOTIFICATION

The monitoring organization shall be notified prior to
beginning any work plan that involves the installation or
repair of a Thermo-Lag fire barrier sytstem and each day

.'that'Thermo- Lag 'isto'be installedd'' If thd "fire barrier........'
system requires two layers of Thermo-Lag, the monitoring
organization shall be notified prior to the installation
of each layer. Do not put a skim coat on the first layer
until after QC acceptance.

6.4 ORDER OF INSTALLATION FOR CONDUITS

6.4.1 The Thermo-Lag shall be installed on conduit
fittings (e.g., LB, LS, Tee, etc.) and junction
boxes before installing on the conduit.

6.4.2 The preformed sections of Thermo-Lag for the
conduits shall be installed on any curved sections
of conduit (e.g., bends, 45, 90, etc.) and then on
the straight sections. The panels shall be
installed on curved sections, Tee sections, etc.
of trays first and then on the straight sections

6.4.3 The Thermo-Lag shall be installed on supports,
last.

6.4.4 For assemblies requiring multiple layers of
Thermo-Lag, the first layer shall be completed
(minimum 12 hour drying time) before starting the
second layer. The second layer shall be applied
in the same-sequence as the first (i.e., fittings
and boxes first, curved sections of conduit
second, straight sections third, and supports
last).

6.4.5 Upon completion of the installation and before the
permanent tie wires are applied, the circumference
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of the conduit configurations shall be measured t(
ensure it is within allowable tolerances (sexAttachment 

2).

7.0 CABLE TRAYS

7.1 When installing panels on cable trays, either the scoreand fold method or individual piece methods may be used.When using the score and fold method to- cover traybottoms and side rails, ensure all corners and joints aresufficiently built up with trowel grade to achieve 3•-inchmini'm r dry thickness (e.g. square the corners withtrowel grade).

NOTE Whenever the score and fold method is used on "V"ribbed panels, localized stress skin damage in theV" rib is acceptable provided the stress skinbetween the "V" ribs remain intact.
7.2 For horizontal trays (wider than 18-inches) withoutcovers, stainless steel bands shall be installed around

the tray prior to installing the top panel. Bands shallbe located no greater than 6-inches from butt joints(both sides) and not greater than 24-inches on centerbetween joints. Vertical runs of cable trays do notrequire this banding.

7.3 The n"v' rib orientation for prefabricated panels
installed on cable trays shall be in accordance with thefollowing:

a. For trays wider than 18-inches, ribs on top panelsshall be aligned perpendicular to the side rails.Ribs on top-panels of cable trays 18-inches wide orless may be aligned either perpendicular or'parallel to the side rails.
b. For trays wider than 18-inches, ribs on 'bottompanels on straight runs and bottom panels on Teesections shall be aligned perpendicular to the siderails.

c. For trays 18-inches wide or less, ribs on bottompanels at Tee sections shall be alignedperpendicular to the side rails on the "through"direction of Tee. Ribs on bottom panels of- -
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straight sections may be aligned either
perpendicular or parallel to the side rails.

d. For parallel trays enclosed within a single
- enclosure, ribs on top and bottom panels shall be

aligned perpendicular to the side rails.

e. For stacked trays enclosed within a single
enclosure, ribs on side panels shall be aligned
perpendicular to the side rails.

7.4 The "V" ribs may be flattened as needed to ensure a tight
fit-along seams.

7.5 For parallel or stacked trays within a single enclosure,
the Thermo-Lag supports shall be installed prior to
installatijn of the Thermo-Lag.

' '76 BiUtt- joint's "on *bottor' panels of'-hor'iz6n-EaI tEr'ay runs''' '
o" re" (including bends), butt joints on vertical runs

e.) (including bends and side rails) and butt joints on Tee
section bottom panels require stainless steel tie wires
installed through the stress skin of abutting panels as

a, - t 2 ~'4 described below.

,,+t,-7.6.1 Drill holes on 5-inch centers (maximum) through
' -bottom panels (minimum hole size to accommodate the

tie wire). The holes should be located between M-
inch and 1M-inch from the edge of the butt joint.

7.6.2 Install tie wires through adjoining panels, butter
the joint and install the panels.

7.6.3 Cinch the panel edges together by tightening the
tie wires.

7.6.4 Where it is not possible to install tie wires in
butt joints due to insufficient work space,
clearances, etc., then an acceptable alternative is
to tie wire the longitudinal joints as follows:

a. For vertical trays, the two longitudinal joints
which intersect the butt joint shall have a minimum
of three tie wires on each side of the butt joint.
If the score and fold method is used at these
longitudinal joints, then tie wires shall be
installed at the other two longitudinal joints.

- b. For horizontal trays, all four longitudinal joints
* shall have a minimum of three tie wires on each
-'* side of the butt joint. If the score and fold

W * - 'Page 9 of 21(o
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method is used on the bottom longitudinal Joints,0 then only the top two longitudinal joints require
tie wires.

7.7 jolKoxiX rtinfoIecLL L. Or DLLLA.. fnts-wtttr-t --w4 e ag
install a layer of trowel grade and stress skin around
the tray at the joint as follows:

7.7.1 Apply a layer of trowel grade approximately 3/16-
inch thick at least 5-inches wide on both sides of
the joint. Apply stress skin when trowel grade is
-dry to the touch, but still pliable enough to
penetrate through the stress skin.

7.7.2 Wrap a single piece of stress skin arouhd the joint
such that a minimum of 5-inches extends on each
side of the joint. The ends of the stress skin
should overlap a minimum of 2-inche' Work the
stress skin into the trowel grade.

7.7.3 Secure the stress skin to the panels with M-inch
long Arrow or Bostitch T-50 staples as necessary to
achieve a snug fit. Staple spacing should be
between 1 and 2-inches from the edge of the stress
skin and on 3-inch (approximate) centers.

-~t .-. " 4. IC~)7.7.4 Where the two ends of the stress skin overlap each
other, secure with tie wire on 5 to 6-inch spacing.
Tie wires should be installed 1 to 2-inches from
each edge of the overlap.

7.7.5 Tighten the tie wires and flatten to the panels.
Apply a skim coat of trowel grade (approximately
1/16-inch thick) over the entire stress skin
surface. The stress skin and fasteners within the
stress skin should not be readily distinguishable
(visually) following the cure.

. 7.8

p~VC ~

Thermo-Lag panel pieces installed over' splice plates
shall be reinforced at the seams by installing a piece of
stress skin cut and formed to fit over the splice plate
panel.

.7.8.1 The stress skin shall cover the entire splice plate
piece and lap onto the side rail, top, and bottom'
panels by 2-inches minimum. Apply a layer of
trowel grade approximately 3/16-inch thick over the
splice plate piece and 2-inches onto the adjacent
panel pieces. Apply the stress skin when the
trowel grade is dry to the touch, but still pliable
enough to penetrate the stress skin.
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7.8.2 Secure the stress skin to the panels using Arrow or
Bostitch M-inch long T-50 staples as necessary to
achieve a snug fit. Placement of the staples
should be M-inch maximum from the edge of stress
skin and spaced on 3-inch (approximate) centers.

NOTE: THIS PIECE OF STRESS SKIN MUST BE INSTALLED PRIOR
TO STRESS SKIN OVERLAY

7.8.3 Apply a skim coat of trowel grade approximately
1/16-inch thick over the entire stress skin area.
The stress skin and fasteners should not be readily
distinguishable (visually) following cure.

7.9 STACKED OR PARALLEL TRAYS IN A SINGLE ENCLOSURE

7.9.1 Measure the distance between trays and make the
- .. Thermo-Lag- support.".'' Install the' Thermo-Lag"

supports on 24" maximum spacing.

7.9.2 Use either the score and fold method or cut
individual pieces of the Thermo-Lag panel and
install on the trays.. Drill holes in Thermo-Lag
panels to line up with Thermo-Lag support bolts.

7.9.3 Install the fender washers and nuts on the bolts
and tighten (just enough to secure the panel to the
trays). Cut the bolt of f flush with the head of
the nut. Form a ball of putty to go over each nut
and fender washer (minimum M" thick over the nut).
Cut a piece of stress skin to go over this and
extend a couple of inches on all sides. Staple
this stress skin to the panel and cover with a
layer of trowel grade (approximately W' thick)

7.9.4 Complete installation per the instructions in
sections 7.1 - 7.8. ' '

7.10 SPECIAL TRAY FITTINGS

7.10.1 Attach tray rung clips or U-bolts to tray rungs on
18" maximum spacing (see Attachment 3). Cut;
Thermo-Lag panel to fit bottom of tray fitting and
drill holes to line up with clips or U-bolts.

7.10.2 Position Thermo-Lag panel so edges are centered on
a tray rung and extend past the bottom edge of tray
-by approximately in,.

?.10.3 Install braces across the top of the tray fitting
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(see Attachment 3). Cut the Lop piece-of Thermo-
Lag to fit so edges are centered on a support and
extend past the top edge of the tray by
approximately %".

7.10.4 Complete installation per 'the instructions in
sections 7.1 - 7.8.

7.11 Where the bottom panel butts to a support, reinforcing of
the interfacing joints with stress skin is required.

7.11.1 Cut the stress skin to fit around the support and
tray interface joint (extend at least 3-inches out
from the joint), up the side rail and onto the top
panel for at least 3-inches. Install a fillet of
partially dried trowel grade (putty) to the joint..

7.11.2 Apply an approximate 3/16-inch thick layer of
'' ttbwel-grade' over' the area't6'-be_'c6vedrd by' this'

stress skin. Apply the stress skin over the trowel
grade when the trowel grade is dry to the touch,
but still pliable enough to penetrate the stress
skin.

7.11.3 Install the stress skin over the trowel grade and
use tie wire attached to each side (minimum of %-
inch of stress skin to hold the tie wire) of the
stress skin and cinch tight (minimum of two tie
wires). The maximum spacing between tie wires
should be 5-inches where possible. Work the stress
skin into the trowel grade.

7.11.4 Secure the stress skin to the panels with M-inch
long Arrow or Bostitch T-50 staples as necessary.
Spacing should be a maximum of M-inch from the edge
of the stress skin and a maximum of 3-inches on
centers.

7.11.5 Install tie wires within 1-inch of the joint over
the stress skin and around the tray.

7.11.6 Apply a skim coat (approximately 1/16-inch thick)
of trowel grade over the stress skin area. The
stress skin and fasteners should not be readily
distinguishable (visually) following cure.

7.12 Where interferences prevent securing the stress skin to
panel surfaces with staples, use of tie wires or M-inch
banding wrapped around the tray is acceptable provided a
snug fit of the stress skin to panel surfaces is
achieved. Tie wires may be secured to other stress skin
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or cross banding on Tees. When securing to stress skin
allow for a minimum of M-inch of stress skin to be
engaged.

7.13 Wrap the entire raceway enclosure with stress skin and
overlap 1 to 2 inches. Use tie wire, on approximately 6-
inch spacing to tie the overlap together. Apply a skim
coat of trowel grade 'approximately 1/16-inch thick over
the entire stress skin area. The stress skin and
fasteners should not be readily distinguishable
(visually) following cure.

7.14 When cable extend above the side rails, the tray must
have a cover. The Thermo-Lag side rail pieces must be
cut wide enough to extend up to the tray cover.

.... . ..- , .. .. ........ ... . . ............................. .. .......... ....... .....- .-.....

8.0 .CONDUIT BOXES (LB, LS) FOR CONDUITS 4 INCHES AND LARGER

8.1 Use the pattern as shown on 47W243-1 and measure the
conduit box to determine the exact dimensions for each
cut/score. Allow a minimum of 3-inches for the stress
skin overlaps.

0 8.2 Score the Thermo-Lag (DO NOT CUT THROUGH THE STRESS SKIN)
as shown in the detail and remove the excess Thermo-Lag.
Hammer the ribs flat.

8.3 Dry fit the box to the conduit box to ensure a firm fit.
After fit up, remove the box and butter the entire inside
surfaces of the box and attach it to the conduit box with
temporary tie wire. Cut the overlapping stress skin as
required to make a tight fit around the conduit.

8.4 Fold the bottom piece of the box up. Wrap the stress
skin over this piece and tie the stress skin together
every 3 to 4 inches (minimum of three places) with tie
wire. Wrap temporary tie wire around the box to hold the
bottom up.

8.5 Fill in the inside corners between the conduit box and,
the Thermo-Lag enclosure with Thermo-Lag board (scrap
pieces with or without stress skin may be used for- this).
Cut two pieces of Thermo-Lag to fit around the conduit at
the long side of the box. Butter the two pieces and
close the box. Pull the overlapping stress skin up over
the end of the enclosure and around the conduit. Attach
the stress skin to the conduit with permanent tie wire.

- I

Page 13 of 26



Page No. 232
Test Repor No. 4213-1

8.6 Fill the outside corners of the enclosure with trowel
grade to achieve a minimum of %1' dry thickness (e.g.,
square the corners with trowel grade/putty).

NOTE: TROWEL GRADE THAT HAS BEEN ALLOWED TO DRY AND
BECOME PUT-TY CAN BE USED JUST LIKE THE WET TROWEL
GRADE.

8.7 An acceptable alternative to the above is to cut each
side of the enclosure separately and assemble as above
(e.g. butter all interior surfaces, fill in the inside
corners, etc.). After completing the installation of the
enclosure to the conduit box, the whole enclosure shall
be wrapped in stress skin. Allow enough overlap of the
stress skin to extend at least 3 inches onto-the conduit
and attach with permanent tie wires.

8.8 Apply a thin coat of trowel grade to cover the stress
skin (thick enough such that the stress skin will not be
'readily distingcishable when'dry) .

8.9 Install the preformed conduit sections over the stress
skin and as close to the conduit box enclosure as
possible (See section 10.0 for conduit installation
instructions). Use trowel grade (wet or putty) to fill
any gaps.

8.10 Allow the installation to dry a minimum of 12 hours.
Remove the temporary tie wires and smooth the rough spots
(a rasp can be used for this step). Apply a thin coat of
trowel grade to fill any low places and indentations
caused by the temporary tie wires. The skim coat should
only be approximately 1/16-inch dry thickness.

8.11 Allow this skim coat to dry a minimum of 2-hours and
smooth out with an abrasive pad (e.g. Scotch-Brite) and
water. Allow this to dry a minimum of 12 hours.

8.12 Install permanent tie wires. The spacing between tie
wires is to be 6-inches maximum on straight sections and
4-inches on curved sections (NOTE: IT IS NOT POSSIBLE TO
ACHIEVE THIS SPACING LIMITATION ON LARGE ENCLOSURES).

9.0 CONDUIT BOXES (LB, LS) FOR CONDUITS SMALLER THAN 4 INCHES

9.1 Use the pattern as shown on 47W243-2 and measure the
conduit box to determine the exact dimensions for each
cut/score. Allow a minimum of 2 inches for the stress
skin overlaps.
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9 .2 Score the Thermo-Lag (DO NOT CUT THROUGH THE STRESS SKIN)
as shown in the detail and remove the excess Thermo-Lag.
Hammer the ribs flat.

9.3 Dry fit the enclosure to the conduit box to ensure a firm
fit. The edge of the front piece should overlap the edge
of the side piece. After fit up, remove the enclosure
and butter the entire inside surfaces of the enclosure
and attach it to the conduit box with temporary tie wire.
Cut the overlapping stress skin as required to make a
tight fit around the conduit.

9.4 Fold the bottom piece of the enclosure up and wrap the
stress skin over it. Tie the stress skin together with
tie wire at each end and in the middle. Miter the FT
piece (if used) so it fits snugly. Secure the bottom
piece and FT piece to the conduit box with temporary tie
wire.

9.5 Fill in the inside corners between the conduit box and
the enclosure with Therm-Lag board (scrap pieces with or
without stress skin may be used). Cut two pieces of
Thermo-Lag board to fit around the conduit at the long
end of the conduit box. Butter these pieces and put in
place. Pull the overlapping stress skin up over the
these pieces and around the conduit. Attach the stress
skin to the conduit with permanent tie wire.

9.6 Fill the outside corners of the enclosure with trowel
grade to achieve a minimum of M" dry thickness (e.g.,
square the corners with trowel grade/putty).

NOTE; TROWEL GRADE THAT HAS BEEN ALLOWED TO DRY AND MADE
INTO PUTTIY CAN BE USED JUST LIKE THE WET TROWEL
GRADE.

9.7 An acceptable alternative to the above is to cut each
side of the enclosure separately and assemble as above
(e.g. butter all interior surfaces, fill in the inside.
corners, etc.).

9.8 After completing the installation of the enclosure to the
conduit box, wrap the enclosure with either 0.011
diameter stainless steel mesh *or 0.017 diameter stress
skin held in place with tie wire. Allow enough overlap
of the stress skin to extend at least 2 inches onto the
conduit and attach with permanent tie wires.
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9.9 Apply a thin coat of trowel grade to cover the stress
skin (thick enough such that the stress skin will not be
readily distinguishable when dry).

9.10 Install the preformed conduit sections over the stress
skin and as close to the conduit box enclosure as
possible (See section 10.0 for conduit installation
instructions). Use trowel grade (wet or putty) to fill
any gaps.

9.11 Allow the installation to dry a minimum of 12 hours.
Remove the temporary tie wires and smooth the rough spots
(a rasp can be used for this step)., Apply a thin coat of
trowel grade to fill any low places and indentations
caused by the temporary tie wires. The skim' coat should
only be approximately 1/16-inch dry thickness.

9.12 Allow this skim coat to dry a minimum of 2-hours and
smooth out with an abrasive pad (e.g. Scotch-Brite) and

-water;- Allow this- to dry a minimum of 12 hours.--

9.13 Install permanent tie wires. The spacing between tie
wires is to be 6-inches maximum on straight sections and
4-inches on curved sections (NOTE: IT IS NOT POSSIBLE TO
ACHIEVE THIS SPACING LIMITATION ON ALL ENCLOSURES).

10.0 CONDUITS

10.1 ALWAYS INSTALL THE THERMO-LAG TO THE CONDUIT BEFORE
INSTALLING IT TO THE SUPPORTS. STAGGER THE BUUTT JOINTS
OF EACH HALF SECTION A MINIMUM OF 4-INCHES.

10.2 Conduits 4-inches and larger require only one layer of
nominal 5/8-inch thick preformed Thermo-Lag for one hour
protection. Conduits smaller than 4 inches and larger
than 1-inch require two layers of nominal M-inch thick
preformed Thermo-Lag for one hour protection. Conduits
1-inch and smaller require one layer of f-inch and one
layer of ¾-inch thick preformed Thermo-Lag for one hour
protection.

10.3 Cut the preformed conduit sections of Thermo-Lag to fit
snug around any support and dry fit to check for
clearances and proper fit (minimize the gap between
pieces of Thermo-Lag). Butter the entire inside surface
and edges of the preformed sections and attach to the
conduit with temporary tie wire. Smooth the seams 'and
joints where the trowel grade has squeezed out.

NOTE: USE A HAMMER OR MALLET AND THE TIE WIRE TO TAMP AND
CINCH THE PREFORMED SECTIONS TIGHTLY TO THE
CONDUIT.
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10.4 To ins:all Preformed sections on curved sections of
conduits (45, 90 bends), the Thermo-Lag must be cut down
to the stress skin in several places for the outside
bend. The inside bend requires wedges to be cut out of
the Thermo-Lag. CAUTION - NO NOT CUT THE STRESS SKIN.
These pieces are then bent around the curved section of
conduit (NOTE: EXPECT THE STRESS SKIN TO TEAR). Where
the stress skin tears, cut a piece of stress skin (scrap
or 0.017 diameter stress skin) to fit inside the
preformed section. Overlap the tear one to two inches.
Butter the entire inside surface and edges of the
preformed sections with trowel grade and install on the
conduit with temporary tie wires. Fill the open cuts
with trowel grade *and smooth the edges and seams where
the trowel grade has squeezed out.

NOTE: USE A HAMMER OR MALLET AND THE TIE WIRE TO TAMP AND
CINCH THE PREFORMED SECTIONS TIGHTLY T THE
CONDUIT. .. |

10.5 Allow to dry for a minimum of 12 hours. Wrap the curved
sections with either 0.011 diameter stainless steel mesh
or 0.017 diameter stress skin and hold in place with
permanent tie wire. Apply a thin skim coat of trowel
grade over the installation and allow to dry at least two
hours. Smooth the installation with an abrasive pad and
water. Allow to dry a minimum of 12 hours.

10.6 Attach permanent tie wires. The maximum spacing for the
tie wires on curved sections is 4-inches and 6-inches on
straight sections.

10.7 For conduits smaller than 4-inches, repeat steps 10.1
through 10.4 for the additional layer of M-inch thick
preformed sections.

10.8 Apply a skim coat of trowel grade over the installation
and allow to dry for a minimum of two hours. Smooth the
installation with an abrasive pad and water and allow to
dry for a minimum of 12 hours.

10.9 Attach permanent tie wires. The maximum spacing is to be
4-inches on the curved sections and 6-inches on straight
section.

11.0 MULTIPLE CONDUITS WITHIN A SINGLE ENCLOSURE

11.1 ALWAYS INSTALL THE THERMO-LAG TO THE CONDUIT BEFORE
INSTALLING IT TO THE SUPPORTS.
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11.2 Multiple conduits can le protectec- by configurations
shown as ganged conduits enclosure, 4-sided enclosure,
3-sided enclosure, and 2-sided enclosure.

11.3 GANGED CONDUIT ENCLOSURES

11.3.1 Cut the preformed conduit sections and the panel of
Thermo-Lag to fit snug to each other, around the
conduits and around any support. Dry fit to check
for clearances and proper fit (minimize the gap
between pieces of Thermo-Lag).

11.3.2 If more than four (4) conduits are-parallel, attach
the support bolts (or All-Thread) to the panel
pieces with fender washers and, nuts on
approximately 18-inch centers (see 47W243-17)

11.3.3 Butter the entire inside surf ace and edges of the
Thermo-Lag pieces and attach to the conduit with

.......temporary "tie wire. Smooth the seams and joints
where the trowel grade has squeezed out.

11.3.4 Cut the bolts flush with the nut and cover with
putty.

11.3.5 Cut a piece of stress skin 6-inches wide, center
over the butt joints and wrap around the enclosure.
Overlap the ends approximately 2-inches and tie
together with tie wire (three places) . Staple the
stress skin to the Thermo-Lag (staples to be within
1-inch of the edge of the stress skin and within 1-
inch on each side of the butt joint). Install tie
wires within 1-inch of the edge of the stress skin
and within 1-inch on each side of the butt joint.

11.3.6 Apply a skim coat of trowel grade thick enough such
that when ,dry the stress skin is not readily
distinguishable.

11.3.7 Wrap the entire assembly with stress skin. Overlap
the ends approximately 2-inches and tie together
with tie wire on 6-inch spacing (approximate).
Overlap the edges of the stress skin approximately
2-inches and either lace a tie wire through both
pieces around the enclosure or wrap two tie wires
around the overlap. Install tie wires around the
entire assembly on approximate 6-inch spacing for
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straight runs and 4-inch spacing on curved or
offset sections.

11.3.8 Apply a coat of trowel grade over the entire
assembly such that when dry the stress skin will
not be readily distinguishable.

11.3.9 Allow the installation to dry a minimum of 12
hours. Smooth any rough spots. Apply a thin skim
coat of trowel grade (approximately 1/16-inch dry
thickness) to fill in any low spots.

11.3.10 Allow this skim coat to dry a minimum of 2-hours
and smooth out with an abrasive pad (e.g., Scotch-
Brite) and water. Allow this to dry a minimum of
12 hours.

11.3.11 Install tie wires at required spacing.

11.4 FOUR SIDED ENCLOSURES.

11.4.1 Measure and cut the preformed sections and the
panels to fit snug to each other, supports and on
the conduits. If the score and fold method is
used, measure and score the panel to fit snug
against the conduits and supports (NOTE: Cut the
last fold to overlap the first piece as shown on
47W243-16). Dry fit to conduits to ensure proper
fit (minimize gaps and clearances between pieces of
Thermo-Lag).

11.4.2 If more than four (4) conduits are parallel, attach
the support bolts (or All-Thread) to the panel
pieces with fender washers and nuts on
approximately 18-inch centers (see 47W243-16).

11.4.3 Butter the entire inside surface and edges of the
Thermo-Lag pieces and attach to the conduit with
temporary tie wire. Smooth the seams and joints
where the trowel grade has squeezed out. If the
score and fold method is used, fill in the edges
with putty 'and trowel grade (minimum M-inch dry
thickness).

11.4.4 Cut the bolts flush with the nut and cover with
putty.

11.4.5 Cut a piece of stress skin 6-inches wide, center
over the butt joints and wrap around the enclosure.
Overlap the ends approximately 2-inches and tie
together with tie wire (three places). Staple the
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stress skin to the Thermo-Lag (staples to be within
1-inch of the edge of the stress skin and within 1-
inch on each side of the butt joint). Install tie
wires within 1-inch of the edge of the stress skin
and within 1-inch on each side of the butt joint.

11.4.6 Apply a skim coat of trowel grade thick enough such
that when dry the stress skin is not readily
distinguishable.

11.4.7 Wrap the entire assembly with stress skin. Overlap
the ends approximately 2-inches and tie together
with tie wire spaced approximately 6-inches on
center. Overlap the edges of the stress skin
approximately 2-inches and either lace a tie wire
through both pieces around the enclosure or wrap
two tie wires around the overlap. Install tie
wires around the entire'assembly on approximate 6-
inch spacing for straight runs and 4-inch spacing
on.curved sections.

11.4.8 Apply a coat of trowel grade over the entire
assembly thick enough such that when dry the stress
skin will not be readily distinguishable.

11.4.9 Allow the installation to dry a minimum of 12
hours. Smooth any rough spots. Apply a thin skim
coat of trowel grade to fill in any low spots.

11.4.10 Allow this skim coat to dry a minimum of 2-hours
and smooth out with an abrasive pad (e.g., Scotch-
Brite) and water. Allow this to dry a minimum of
12 hours.

11.4.11 Install tie wires at required spacing.

11.5 THREE SIDED ENCLOSURES

11.5.1 Measure and cut the preformed sections and the
panels to f it snug to each other, supports and on
the conduits. If the score and fold method is
used, measure and score the panel to fit snug
against the conduits and supports (Cut the edge,
pieces wide enough to allow for 2 to 3 inches of
stress skin to lap onto the barrier). See 47W243-
15. Dry fit to conduits to ensure proper fit
(minimize gaps and clearances between pieces of
Thermo-Lag).

11.5.2 Butter the entire inside surface and edges of the
i Thermo-Lag pieces and attach to the conduit with
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temporary tie wire. Smooth the seams and joints
where the trowel grade has squeezed out. If the
score and fold method is used, fill in the edges
with putty and trowel grade.

11.5.3 Cut a piece of stress skin 6-inches wide, center
over the butt joints and staple to the Thermo-Lag
(staples to be within 1-inch of the edge of the
stress skin and within 1-inch on each side of the
butt joint).

11.5.4 Apply a coat of trowel grade over this stress skin
thick enough such that when dry the stress skin
will not be readily distinguishable.

11.5.5 Cover the entire assembly with stress skin and lap
the stress skin onto the barrier 2 to 3 inches.
Attach the stress skin to the enclosure with either
tie wire or staples are required to ensure close

. f-it. -.. . . . . . . . - . . . . . -~ . -~

11.5.6 Cut pieces of Thermo-Lag panel to form a border
around the enclosure and attach to the barrier with
sleeve anchors. Ensure that the sleeve anchors
engage the stress skin overlap.

11.5.7 Apply a coat of trowel grade over the entire
assembly thick enough such that when dry the stress
skin will not be readily distinguishable.

11.5.8 Allow the installation to dry a minimum of 12
hours. . Smooth any rough spots. Apply a thin skim
coat of trowel grade to fill in any low spots.

11.5.9 Allow this skim coat to dry a minimum of 2-hours
and smooth out with an abrasive pad (e.g., Scotch-
Brite) and water. Allow this to dry a minimum of
12 hours.

11.5.10 Install tiewires at required spacing if needed.

11.6 TWO SIDED ENCLOSURE

11.6.1 Install the unistrut frame (see 47W243-14).

11.6.2 Measure and cut Thermo-Lag to mount on the frame
(use either the individual piece method or the
score and fold method). Dry fit to ensure close
fit and to mark support stud locations.
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11.6.4

12.0 AIR DROPS

12.1 Air drops shall consist of a first layer of %-inch
preformed conduit sections overlaid with a second layer

I of ¾-inch preformed conduit sections.
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Drill the holds for the support studs and backing
pieces. Cut the backing pieces and attach the
bolts, fender washers and nuts. Prebutter the
backing pieces and install on the Thermo-Lag panel.

Prebutter the edges of Thermo-Lag panels and all
portions of the panels where they will be against a
piece of frame, angle or backing piece. Install
the prebutter panels on the studs and secure with
fender washers and nuts. Cut the studs off flush
with the nut and cover with putty. Cover the putty
wKith a piece of 4-inch square stress skin and
staple the stress skin to the panel. Apply a coat
of trowel grade over the stress skin thick enough
such that when dry the stress skin will not be
readily distinguishable.

Fill any gaps between panels and/or barriers with
putty or trowel grade. If the score and fold
method is used, -fill *in the-edges-with putty and
trowel grade.

Cover the entire enclosure with stress skin and lap
the stress skin onto the' barrier 2 to 3 inches.
Cut pieces of Thermo-Lag panel to form a border
around the enclosure-barrier interface and attach
to the barrier with sleeve anchors. Ensure that
the sleeve anchors engage the stress skin overlap.
Staple the stress skin to the panels as necessary
to ensure a close fit. Apply a skim coat of trowel
grade over the stress skin thick enough such that
when dry the stress skin will not be readily
distinguishable.

Allow the assembly to dry a minimum of 12 hours.
Smooth out any rough spots and apply a thin skim
coat of trowel grade over the entire surface to
fill any low spots.

Allow this skim coat to dry a minimum of 2-hours
and smooth out with an abrasive pad (e.g., Scotch-
Brite) and.water. Allow this to-dry a minimum of
12 hours.

11. 6.5

11. 6. 6

11. 6 .7

11. 6. 8

_m -
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12.2 The entire volume of the preformed conduit sections
shall be filled with trowel grade prior to installing
around the air drop cables.

12.3 The chart below shall be used to determine the diameter
of the preformed conduit sections to use.

CABLE PREFORMED
BUNDLE CONDUIT
DIAMETER (IN) SIZE (IN)

D 1 1

I < D < 13 l

-- l < D < 21X 2

2W < D < 23X 2%

*'2'< D < 3143 . -- .....

3 1 < D < 4'A 4

41' < D < 51/ 5

12.4 The preformed conduit sections that protect air drops
shall be installed in the same manner and sequence as
that installed on conduits (see section 10.0).

13.0 JUNCTION BOXES (JB)

13.1 Use the appropriate design as shown on drawing 47W243-3
and measure the JB to determine the exact dimensions for
each cut/score. Allow a minimum of 2-inches for the
stress skin overlaps.

13.2 Score the Thermo-Lag panel where required and remove the
excess from the overlaps. Make the cutouts for the
conduits. Hammer the ribs flat.

13.3 Dry fit the enclosure/panels to the JB and around the
conduits to ensure a firm fit. After fit up, remove and,
butter the entire inside surfaces of the enclosure/
pieces and attach to the JB with temporary tie wire.

13.4 For multiple conduits entering a single side of a JB, the
panel can be cut down the middle and cutouts provided for
each conduit. The two pieces of the panel are to be
stitched back together with tie wire (at least two tie
wires between each conduit and at the ends). Butter the
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entire inside surface of the panel and secure it to the0 JB with tie wire.

13.5 Fill in the outside corners/seams of folded pieces with
trowel grade (minimum M-inch thick).

. NOTE: TROWEL GRADE THAT HAS BEEN ALLOWED TO DRY AND BECOME
PUTTY CAN BE.USED JUST LIKE WET TROWEL GRADE.

Place stress skin (minimum of 2-inch overlap) on the
edges/seams and staple (see 47W243-3).

13.6 Apply a coat of trowel grade over the stress skin and
thick enough such that when dry the stress skin will not
be readily distinguishable.

13.7 Cut pieces of Thermo-Lag panel to form a border around
the enclosure and attach to the barrier with sleeve
anchors. Ensure that the sleeve anchors engage the

a- -stress-skin overlap..- ..

13.8 Install prebuttered Thermo-Lag on the studs (JB with
length or width greater than 15-inches) and secure with
fender washers and nuts. Cut the stud off flush with the
nut and cover with putty. Cover the putty with a piece
of 4-inch square stress skin and staple the stress skin
to the panel. Apply a coat of trowel grade over the
stress skin and thick enough such that when dry the
stress skin will not be readily distinguishable.

13.9 Install the preformed conduit sections (see section 10)
on the conduits entering the JB (maintain as close a fit
as possible). Use trowel grade (wet or putty) to fill
any gaps.

13.10 For J~s that require two layers of Thermo-Lag (any
dimension 24-inches or greater), the second layer shall
be installed in the same sequence as the first layer. If
the conduits entering the JB require two layers of
Thermo-Lag, the first layer shall be installed on the
conduit before the second layer is started on the JB.

13.11 Allow the installation to dry a minimum of 12 hours.
Remove the temporary tie wires and smooth the rough spots
(a rasp may be used for this step). Apply a thin coat of
trowel grade to fill any low places and indentations
caused by the temporary tie wire.

13.12 Allow this skim coat to dry a minimum of 2-hours and
I smooth out with an abrasive pad (e.g. Scotch-Brite) and
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wate-. Allow this to dry & minimum of 12 hours.

13.13 Install permanent tie wires.

14.0 REPAIR

14.1 Remove the damaged Thermo-Lag and at least one inch of
undamaged material down to the stress skin.

14.2 From a piece of equal thickness Thermo-Lag, cut a piece
to fit tightly into the removed cutout.

14.3 Butter the edges and stress skin side of the plug and
install in the cutout such that it is flush with thesurrounding Thermo-Lag.

14.4 Cut a piece of stress skin to overlap the cutout at least-....-.-. two inches.- Spread a thin layer of trowel- grade over the--cutout and at least two inches out from the cutout.
Place the stress skin over the trowel grade and attach asfollows:

Flat Surface - Staple the stress skin down with T-50,
M-inch staples.

Conduit - Tie wire around the conduit if possible. If
tie wire cannot be used, then staple the
stress skin down with T-50, M-inch staples.

Cover the stress skin with a layer of trowel grade thick
enough such that when dry the stress skin is not visible.

15.0 FINAL QC HOLD POINT

15.1 No openings or cracks in final coat of trowel grade.

15.2 Correct spacing of tie wires (bands on cable trays).

15.3 Thermo-Lag is installed at correct location per NE outputdrawings.

15.4 Outside dimensions (circumferences) are within acceptable
tolerances.

16.0 SPECIAL REQUIREMENTS

16.1 The installation of the Thermo-Lag 330 Fire Barrier
System shall be by individuals who have been trained andqualified to this procedure and who have the equipment
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and tools to perform the installation.

16.2 Standard industrial safety practices established for the
handling of chemical coating and site specific safety
rules shall be followed.

16.3 The Thermo-Lag 330 Fire Barrier System materials shall be
delivered to the job site on pallets or in original
factory sealed containers, which show the product name,
color, name of manufacturer, and in the case of trowel
grade material, the expiration date.

16.4 The Thermo-Lag 330 materials shall be stored of f the
ground when not in use and in totally enclosed and
weather protected areas. The preformed conduit sections
and panels do not need any temperature protection. The
trowel grade material shall be protected against freezing
and from temperatures above 1000 F.

16:5 The - trowel ''grade material shall' be ' shipped -under-
"protective" service by truck with an intransit
temperature recorder included with each shipment. The
chart tape from this recorder shall be inspected and
retained upon arrival of the shipment to insure that the
temperature conditions have been maintained.

16.6 The preformed conduit sections shall be shipped with two
sections fitted together to form a circular tube and
bound (taped) together. The binding (tape) shall not be
removed until the day the preformed pieces are to be
used.
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DETAIL A
AIR DROP TO CABLE :TRAY

(DS-MI 7.22-35)

NOTES:

I. STAPLES SHALL BE ARROW OR BOSTITCH 750. 1/2-INCH LONG.

2. TIE WIRE SHALL BE ANNEALED TYPE 30A STAINLESS STEEL. 0.016-iNCH DIA.

3. ASTH EA37 TYPE 30Z STAIILESS STEEL. KNITTED MESH. 60 DENSITY. 0.011-

DIAMETER WIR-E.
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PHOTOGRAPH 1

BOTTOM AND SIDES INSTALLED ON THE SINGLE CABLE TRAY WITH AIR DROP
SPECIMEN CONFIGURATION

PHOTOGRAPH 2

THERMO-LAG CONDUIT SECTIONS INSTALLED ON THE GANGED CONDUIT
SPECIMEN CONFIGURATION

WYLE LABORATORIES
Huntsville Facility



Page No. 274
- Test Report No. 44213-1

wn- ' _

--

PHOTOGRAPH 3

MULTIPLE CABLE TRAY SPECIMEN CONFIGURATION
WITH THERMO-LAG SUPPORTS INSTALLED
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PHOTOGRAPH 4

THERMO-LAG SUPPORT-TIGHT FIT (FOREGROUND)
THERMO-LAG SUPPORT-LOOSE FIT (BACKGROUND)

WYLE LABORATORIES
Huntsville Facility
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PHOTOGRAPH 5

THERMO-LAG PANELS SHOWING SUPPORT BOLT PATTERN INSTALLED
ON THE GANGED CONDUIT SPECIMEN CONFIGURATION

PHOTOGRAPH 6
-- -

INSTALLATION OF FIRST LAYER OF THERMO-LAG
ON THE CONDUIT BOX OF THE SINGLE CONDUIT SPECIMEN CONFIGURATION

WYLE LABORATORIES
Huntsville Facility
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PHOTOGRAPH 7

FIRST LAYER OF THERMO-LAG CONDUIT SECTIONS INSTALLED ON THE AIR DROP
PROIR TO THE INSTALLATION OF THE TOP PANEL OF THE SINGLE CABLE TRAY

PHOTOGRAPH 8

INSTALLATION OF THE TOP PANEL OF THE SINGLE CABLE TRAY
AND CONTINUATION OF THE FIRST LAYER OF THERMO-LAG ON THE AIR DROP
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PHOTOGRAPH 9

INSTALLATION OF THE SECOND LAYER OF THERMO-LAG ON THE AIR DROP

PHOTOGRAPH 10

INSTALLATION OF THE FINAL LAYER OF STRESS SKIN ON THE AIR DROP

WYLE LABORATORIES
Huntsville Facility
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SINGLETON LABORATORIES
TEST REPORT

FOR
STATIC PHYSICAL TESTING OF THERMO-LAG


