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1.0 SUMMARY

The experimental effort discussed herein was performed to: 1) demon-
strate the adequacy of a wide range of conduit clamp sizes (and their
attachment hardware) during postulated seismic events at the Comanche Peak
site, and 2) to determine the ultimate capacities of the clamps and their
related hardware in terms of ultimate load components at the attachment
locations so that design margins could be established. Other objectives
were to determine test specimen (conduit) resonant frequencies, damping
ratios and response shapes and to determine the axial and rotational slip
resistance of the conduit within its clamps.

In order to meet test objectives, a total of 18 conduit raceways were
constructed on a large shake table (using site-specific materials, construc-
tion details and procedures). These raceways were subjected to: modal test-
ing to 1identify resonant frequencies and rasponse shapes; random dwel)
moving support testing to identify resonant frequencies and modal damping
ratios; and earthq‘'ake testing at Safe Shutdown Earthquake amplitudes and
higher input levels to demonstrate design adequacy and to determine ultimate

loads.

A comparison of achieved peak loads with design values is beyond the
scope of this repo~t. However, it was determined that none of the clamps or
their attachment hardware suffered loss of load capacity when subjected to
site enveloping Safe Shutdown Eartnquakes (SSE), based on comparison nf test
response spectra with the SSE response spectra. Clamp/attachment hardware
failures began to occur when shake taole input amplitudes were scaled
upwards to minimum valut . corresponding to 2.3 - 4.6 times site enveloping
SSE response spectra,

Tensile and/or shear failure of the clamp attachment studs or bolts
established the ultimate capacities of supports in all cases where failure
occurred. Testing was performed to the 1limits of the shake table's

capacity.
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2.0 INTROOUCTION

Conguit clamps, which «re used to secure electrical conduits to
supports, at the Comanche Peak Site, in many cases are classified as seismic
category one structures. A thorough understanding of the clamps' behavior
during postulated seismic events was sought, hence the experimental effort
discussed herein was performed.

This test effort had two principal objectives: 1) to demonstrate the
adequacy of a wide range of conduit clamp sizes (including attachment
hardware) during postulated seismic events at the site; and 2) to determine
the ultimate load capacities of the conduit clamps (including attachment
hardware) in terms of ultimate load components at the attachment locations,

SO that design margins could be established.
Other objectives included:

¢ determination of conduit resonant frequencies, damping ratios and in
some cases mode shapes, and

¢ determination of the axial and rotational slip resistance of the
conduit within the clamps during dynamic loading.

A1l test results are summarized in Section 5.0. No comparison with design
values are made.

To achieve those goals, a total of 18 conduit runs were installed on
ANCO's R-4 Shake Table and subjected to (in some cases) modal testing to
identify resonant frequencies and mode shapes for the lowest few modes of
vibration, random dwell testing (in some cases) to icentify resonant
frequencies and modal dampings of the lowest few modes of vibration at
reaningful Tevels of support point input motion amplitude, earthquake
testing at safe shutdown levels to demonstrate design adequacy, and
fragility level testing to acquire data to meet the remaining objectives.

The 18 test specimens we, 2 assembled and installed on the shake table
and tested three at a time, hence a total of six test setups were made. The
test specimens are discussed in Section 3.0. Al]l test specimen components
were forwarded from the Comanche Peak Site. Installation was governed by
ANCO material control and site installation procedures to insure that the

test specimens were representative of site conditions.
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A total of 64 transducers consisting of accelerometers, displacement
transducers and strain gauges were used to sense support point 1input and
conduit response parameters. ANCO's Computerized Vibration Testing and
Analysis System (CVTAS) was used to acquire and store the test data.
Subsequent data analysi's presented the data in meaningful formats of
transfer function moduli, summaries of peak measured variables, test
response spectra, and time histories of the measured v.riables.

Subsequent sections of this report discuss the test specimens (Section
3.0), the test methods and tests performed (Section 4.9), the test results
in summary form (Section 5.0), and the references (Section 6.0). Unattached
appendices include Quality Assurance records (Volume II, Appendix A),
pertinent project documents and memoranda (Volume 111, Appendix B), the test
procedure (Volume IV, Appendix C), the test data (Volume V, Appendix D), and
a8 detailed discussion of the load measurement method used (Volume VI,

Appendix E).

Al work discussed herein was performed in compliance with the test
procedure contained in Volume IV, Appendix C, and under control of ANCO's
Quality Assurance Program which has been designed to meet the requirements
of 10CFR50, Appendix B.
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3.0 TEST SPECIMENS AND TESTS PERFORMED

This section is intended to provide the rrader with an overview of the
test specimens and the tests performed. Additional details on the test
specimens and construction details are contained in Volume II, Appendix A
and Volume IV, Appendix C. Additional details on the tests performed are
contained in Volume 1V, Appendix C.

3.1 Test Specimens

Table 3.1 summarizes the key features cof the test specimens. Test
Specimens 1 through 17 (Test Specimens 14 and 15 were deleted) consisted of
3-support, 2-span straight runs of conduit with a 90° cantilevered bend at
one end. Attachment of the clamps to a horizontal steel surface was
provided above the conduits. Conduits of two-inch diameter and less were
tested with 10-ft, 0-in. nominal support spacing. Conduits of three-inch
and greater diameter were tested with ia-ft, 0-in. nomina)l support spacing.
The clamps at each of the three supports on a given test specimen were the
same, i.e., either all No. P2558 or all No. C708S, as specified in the
table. Figures 3.1, 3.2 and 3.3 illustrate typical specimens with 10-ft and
14-ft support spacings and a typical conduit clamp assembly,

Figure 3.4 is typical of Test Specimens 18, 19 and 20. These specimens
consisted of 3-support, 2-span straight run sections with 14-ft, O0-in.
nominal support spacing. Guides were installed in lieu of clamps at the en!
supports (Supports 1 and 3), so that higher axial shears would result at the
clamp assembly located at the center support (Support 2). The cantilevere
elbows used previously were not installed.

Table 3.2 summarizes the approximate weight of each test system. Emp.y
rigid steel (RS) conduit was fi led with cable (from ANCO stock) to “he
maximum extent possible, resulting in the total test specimen weights shown
in the column headed by Footnote 3., Specimen weights remained as in that
column during all modal, random, SSE and fragility level testing. Next,
weight was added to the test specimens 1in the forms of wrapped chain
(Specimens 1 through 13, 16 and 17) and welded steel plate (Specimens 18
through 20) to increase the inertial lcads input to the specimens' clamps
during a subsequent series of SSE and fragility leve)l events. The added
weight was evenly distributed between supports and resulted in total speci-
men weights as shown in the column of Table 3.2 headed by Footnote 5.
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Table 3.3 serves to document the cabling used as fill in each of the
test specimens. This cabling was from ANCO's stock initially supplied by
Public Service of New Hampshire from their Seabrook site. The code number
stamped on each cable permitted easy identification of the cable's weight
and other properties through ANCO Report A-000161. The total fill weights
given in the table are in excess of minimum values specified for the project

(see Table 3.3, Footnote 1),

Specimen assembly and installation was governed by pertinent sections
of the test procedure (Volume IV, Appendix C), and appropriate sections of
the test specification and memoranda (Volume III, Appendix B). Al
materials, less cabling, were received from the Comanche Peak Site (CPSES) .
Installation was reviewed as part of ANCO's Quality Assurance Program. As-
built documentation for each of the test specimens is provided in Volume II,

Appendix A,

3.2 Tests Performed

Table 3.4 summarizes the tests performed. Conduit specimens were
assembled, installed on the P-4 Shake Table and tested three at a time.
Review of the second column of the table indicates that Setup 1 included
Test Specimens 1, 2 and 9, Setup 2 included Test Specimens 3, 10 and 17,
etc. Specimens were tested in order of priority (established in the test
specification) and in that order to minimize setup time.

Each setup was subjected to the following test sequence which is
detailed ‘n the test procedure contained in Volume IV, Appendix C after
verification that the test specimens complied with appropriate construction

details.

¢ Random dwell testing was performed (selected specimens). Random
dwel) testing consisted of random transverse and vertical support
point input motion at an amplitude corresponding to SSE levels.
Selected channels of data were recorded on FM tape for later
analysis so that he Jlowest few modes of vibration could be
identified, Input acceleration data were acquired using the CVTAS
system and Test Response Spectra (TRS) computed to assure that test
amplitudes approiched SSE requirements,

¢ Modal testiny, .as performed (selected specimens). Modal testing
consisted of multiple 1light impacts from a calibrated force
measuring hammer while transfer functions were recorded at many
locations on the specimen, Subsequent data analysis yielded
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detailed information on the resonant frequencies of the lowest few
modes of vibration of the test specimen and their corresponding mode
shapes.

¢ Seismic testing was performed (all test specimens). SSE  leve!
earthquake-like support point input motion was input to the tests
specimens to determine specimen response, loads at the center
support (clamp at Support 2) and rotational loads at the clamp
nearest ihe elbow (clamp at Support 1),

¢ Fragility testing was performed (all test specimens). Shake table
gains were adjusted to approximately one-half table capacity and
earthquake-like support point input motion input as in the seismic
test. Fragility testing was performed with the shake table input
gains set to yield the highest attainable input values.

Finally, weight was added to the test specimens as discussed in Section
3.1, and the one seismic test and two fragility level tests discussed above

repeated.

Test specimens were inspected between each test and post-test condi-
tions of the clamps’/clamp hardware, nut torques, etc., recorded. Nuts were
retorqued to specified values and hardware replaced as required. Inspection
data are included in Volume V, Appendix D.

Comanche Peak Conduit Tests, Document No. A-00C197, Page 6 of 63



TABLE 3.1: SUMMARY OF TEST SPECIMENS

(1) (2) (3) (4) Bolt Bolt Nut Span

Spec imen Setup/ Conduit Anchor Clamp Diameter Spacing Torque Length E1bow
o . No.  Conduit No. Size (in.) Type P/N  (in.) . {in.)  (ft-1b)  (ft) = (2)
3
s 1 1/¢1 5 NS P2558 3/8 7-1/32 19 14 Yes
O
-
> 2 1/¢3 4 NS P2558 3/8 6-5/32 19 14 Yes
e
i3 3 2/¢1 3 NS P2558 3/8 5-5/32 19 12 Yes
g a 3/C3 2 NS P2558 3/8 4-1/32 19 10 ves
a
=
= 5 a/c1 1-1/2 NS P2558 1/4 3-1/32 6 10 Yes
a2 6 5/C1 1 NS P2558 1/4 2-15/16 6 10 Yes
v
< 7 5/C2 3/4 NS P2558 1/4 2-3/16 6 10 Yes
S
o 8 a/c2 2 NS P2558 5/8% 4-1/32 10 10 Yes
3
3 3 1/¢2 5 NS c708S 3/8 8-1/8 19 14 Yes
5 10 2/¢3 a NS c708s 3/8 7 19 14 ves
v 1 3/C1 3 NS c708s 3/8 5-1/8 19 14 ves
o
= 12 3/C2 2 NS c708s 3/8 4-3/4 19 10 Yes
~3
N 13 4/C3 2 NS C708S 5/8% 4-3/a 70 10 Yes
S
™ 14 deleted
~4
S 15 deleted
b4 16 5/C3 3/4 A307  P2558 1/4 2-3/16 6 10 Yes

17 2/C2 4 A307 cr08s 3/8 7 19 14 Yes
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TABLE 3.1 (concluded)

(1) (2) (3) (4) Bolt Bolt Nut Span
Spec imen Setup/ Conduit Anchor Clamp Diameter Spacing Torque Length Elbow
No. Conduit No. Size (in.)  Type  P/N _{n.) in.)  (fe-W) @ (fr) = (?)
18%% 6/C1 3 NS P2558 3/8 5-5/32 19 14 No,
19%* 6/C2 4 NS P2558 3/8 6-5/32 19 14 No
20%* 6/C3 5 NS P2558 3/8 1-7/32 19 14 No

(1)
(2)
(3)

(4)

*

:

Conduits setup and tested three at a time, designated C1, C2 and C3 per location on shake table.
Nominal pipe size.
NS designates Nelson Studs, A307 designates A307 Bolts with appropriate nuts used through d-illed hole.

All 2-hole conduit straps with appropriate 1/4-in. spacer plates between conduit/clamp and support.

Oversized bolt, clamp drilled to bolt size + 1/16 1in.

Additional tests to increase axial shears at Support 2, reference GEH memo of 29 June 1987. See Test
Procedure (Volume IV, Appendix C).
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TABLE 3.2:

SUMMARY OF APPROXIMATE TEST SPECIMEN WEIGHTS

Test
Spec imen
No.

10
n
12
13
16

17

Setup/
Condun t
No.

1/C1
1/C3
2/C1
3/C3
4/C1
5/C1
5/C2
4/C2
1/C2
2/C3
3/C1
3/C2
4/C3
5/C3

2/C2

(4)
(1) (2) (3) Total (5)
Conduit Total Conduit Cable Conduit + Spec imen Added Spec imen

Diameter Length Weight Wr ight Cable Weight wWeight Weight Weight
(in.)  (ft) (Ib/ft)  (Ib/€t)  (Ib/ft)  (Ib) (Ib) (ib)
5 37.08 14.81 8.04 22.85 847.27 720 1,567

B 35.75% 10.89 7.26 18.15 648.86 540 1,189

3 36.33 7.62 $5.28 12.87 467 .57 360 828

2 28.28 3.68 1.2 4.89 138.29 180 318
1-1/2 24.79 2.73 1.06 3.79 93.96 S0 184
1 25.25 1.68 0.42 2.10 53.03 45 98
3/4 25.38 1.13 0.2 1.34 34.00 45 79

2 28.28 3.68 1.1 4.89 138.29 180 318

5 37.08 14.81 8.03 22.84 846.98 720 1,567

a 35.75 10.89 7.27 18.16 649.22 540 1,189

3 36.33 7.62 4.93 12.55 459.00 360 819

2 28.28 3.68 1.2 4.9 138.85 180 319

2 28.28 3.68 18 4.9 138.85 180 319
3/4 25.38 .13 0.1 1.34 34.0n 45 79

4 35.75 10.89 7.26 18.15 648 .86 540 1,189
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TABLE 3.2 (concluded)

(4)

(1) (2) (3) Total (5)
Test Setup/ Conduit Total Conduit Cable Conduit + Spec imen Added Specimen
Spec imen Conduit Diameter Length Weight Weight Cable Weight Weight Weight Weight
. No. = No.  (in.) __(ft) (1b/ft) (Ib/ft)  (Ib/ft) (1b) (1b) (Ib)
18 €/C1 3 30.00 7.62 4.49 12.11 363.30 390 753
19 6/C2 4 30.00 10.89 7.26 18.15 544 .50 525 1,070
20 6/C3 S 30.00 14.81 8.04 22.85 682.50 0 633

(1)
(2)
(3)

(4)

(5)

Reference Unistrut General Catalog No. 9, page 122, Rigid Steel (RS) Conduit.

Reference Table 3.3.

SSE and Fragility Level Tests.

Wrapped chawn for Specimens 1 through 17, steel plates for Specimens 18 through 20.

only.

Special Tests (ST . ), refer to Section 4.0.

Added between supports




TABLE 3.3: SUMMARY OF CABLE FILLS
Cables Used (1)
Test Setup/ unit
Specimen Conduit Weight Weight
NO. No. Quantity Code (1b/ft) (1b/ft)

1 1/C1 1 BB1H 0.76 0.76
2 BCIL 0.57 1.14

2 BC6F 2.4 4.82

1 BC6H 1,32 1i32

Total 6 8.04

2 1/C3 1 BB1H 0.76 0.76
2 BC1L 0.57 1.14

2 BC6G 2.02 4,04

1 BCEH 1.32 1.32

Total 6 7.26

3 2/C1 2 BB1H 0.76 1.52
1 BC6F 2.4 .41

1 BCEH % 7 1:32

Total 4 5.25

4 3/C3 1 AGEP 0.20 0.20
1 BB1H 0.76 0.76

1 BCAN .25 0.28

Total 3 1.2}

5 4/C1 2 ADEM 0.28 0.56
2 BC6H 0.25 0.50

Total 4 1.06

6 5/C1 1 ABEM 0.15 0.1%
1 AB6P 0.07 0.07

1 AGEP 0.20 0.20

Total 3 0.42

1 §/C2 1 AB1P 0.07 0.07
1 AB6P 0.07 0.07

1 ABTP 0.07 0.07

Total 3 0.21

8 4/C2 1 AGEP 0.20 0.20
1 BB1H 0.76 0.76

1 BCEN 0.25 0.25

Total 3 1,89
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TABLE 3.3 (continued)

Cables Used (1)

Test Setup/ Unit

Spec imen Conduit Weight Weight
No. No. Quantity Code (1o/ft) (1b/ft)

9 1/C2 3 BB1H 0.76 2.28

1 BC2H 1.32 1.32

1 BC6F 2.4 2.4

1 BC6G 2.02 2.02

Total 6 8.03

10 2/C3 2 BB1H 0.76 1.52

1 BC2H 1.32 1.32

1 BCGF 2.4 2.41

1 BC6G 2.02 2.02

Total 5 7.27

" 3/C1 4 BB1H 0.76 3.04

1 8B1L 0.57 0.57

1 BC2H 1.32 1.32

Total 6 4.93

12 3/C2 1 AB6D 0.07 0.07

1 AB6M 0.15 0.15

1 BB1H 0.76 0.76

1 BCSN 0.25 0.25

Total 4 1.23

13 4/C3 1 AB6D 0.07 0.07

1 ABEM 0.18 0.18%

1 BB1H 0.76 0.76

1 BCBN 0.25 0.25

Total 4 1.23

16 §/C3 1 AB1P 0.07 .07

2 ABSP 0.07 0.14

Total 3 0.21

17 2/C2 1 BB1H 0.76 0.76

2 BC1L 0.57 1.14

2 BC6G 2.02 4,04

1 BC6H 1.32 1.32

Total: 6 7.26
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TABLE 3.3 (concluded)

Cables Used (1)

Test Setup/ unit

Spec imen Conduit Weight Weight
No. No. Quantity Code (1b/ft) (1b/ft)

18 6/C1 1 BB1H 0.76 0.76

1 BC6F 2.4 2.4

1 BC6H 1.32 1.392

Total: 3 4.49

19 6/C2 1 BB1H 0.76 0.76

2 BC1L 0.57 1.14

2 BC6G 2.02 4.04

1 BCEBH 1.32 1.32

Total: 6 7.26

20 6/C3 1 BB1H 0.76 0.76

2 BC1L 0.57 1.14

2 BC6F 2.41 4,82

1 BCEBH 1.32 1.32

Total: 6 8.04

{1) Reference Memo from GEH to RSK, et al., dated 30 April 1987.
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TABLE 3.4:

SUMMARY OF TESTS PERFORMED

Conduit (1)
Specimen Setup/ Diameter Anchor

No. Conduit No. {in.) Type
1 /€1 5 NS
2 1/C3 4 NS
3 2/ 3 NS
4 3/C3 2 NS
5 4/C1 1-1/2 NS
6 5/C1 1 NS
7 5/C2 3/4 NS
8 4/C2 2 NS
9 1/C2 5 NS
10 2/C3 4 NS
n 3/C1 3 NS
12 3/C2 2 NS
13 4/C3 2 NS
16 5/C3 3/4 A307
17 2/C2 4 A307

—a ___Type of Test Performed

Bolt

Clamp Dirameter Random  Model
__P/N (in.)  Dwell  Survey
P2558 3/8

P2558 3/8

P2558 3/8 4 4
P2558 3/8 v

P2558 1/4 v

P.558 1/4 4 v
V2558 1,4 3

P2558 5/8 v

C708S 3/8

oy HEI 3/8 4

cr108s 3/8 4

c7oes 3/8 4

C798S 5/8 v

F2552 1/4 v

C7085 3/8 4

Seismic and

__Fragility

Seismic and

Fragility With

Added Weight

v

- R N R R R S 8 R R R W %

« Sh Hon W RN SR R W SRR TR SO R SR L o Tl
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TABLE 3.4 (concluded)

Spec imen
No.

18

19

20

PN

Conduit (1)
Setup/ Diameter Anchor Clamp
_Conduit No. (in.) Type
6/Ci 3 NS P2558
6/C2 4 NS P2559
6/C3 5 NS P2558

Type of Tect Performed

Bolt Seismic and
Diameter Random  Model Seismic and Fragility With
{(in.) Dwell Survey  Fragility Added Weight

3/8 4 4
3 8 Y Y
3/8 vV Y (2)

(1)

(2)

NS denotes Nelson Stud, A307 denotes A307 bolt and appropriate nut and washer.

Performed without added mass.
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4.0 TEST METHOOS,
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(x(w)} = (Hw)){F(w)] (4-1)

where {X(w)] = the vector of system responses (outputs),
Fourier transform of;

[H(w)] = transfer function matrix; and

{F(w)] - the vector of system applied forces (inputs),
Fourier transform of.

A particular element of the transfer function matrix, say Hij, was found by

applying only force Fj and measuring X;. This is seen from the following:

Rpo L WP s M Fovaee s Bty st s N

Hij(w) s Xi(U)/Fj(w)

The basic procedure used was to select an accelerometer as a fixed
(fixed location) reference and move the force location and direction. Some-
times the reference acceierometer was moved. By using a fixed reference and
moving the force, the element for a single row of the transfer function
matrix was developed. Once the needed parts of the transfer function had
been develoned, curve fitting was performel. After the curve fitting had
been completed, the orthogona! mcdes were “backed-out” using a sorting
method.

4.1.2 Random Owell Testing

Random dwell testing was performed by driving (moving) the shake
table in the coupled transverse and vertical (T/V) direc’.iuns with band-
Timited random (white) noise. Orive signal gains were adjusted so that TRS
computed from sensed input motions would closely match SSE required response
spectra. Selected transducers (accelerometers and load cell) signals were
recorded on FM tape during the two-minute event. Subsequent playback of
recorded input and response acceleration signals (two at a time) into a
Hewlett-Packard dual-channel ~zal-time analyzer (set to compute the transfer
function between input and response signals) permitted identification of
test specimen resonant frequencies by peaks noted in the transfer function
moduli. Damping was estimated by the half-power bandwidth method.
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The formula used to estimate damping was

Afi
B, ® =3~
i Zfi
where Af; is the bandwidth of ith the resonant peak (peak of the transfer
function modulus curve) at 0.707 of the maximum peak height and f; is the
ith test specimen resonant frequency. Examples of this calculation are
contained in the data of Volume V, Appendix D. In some cases, the presence
of closely spaced modes of vibration prevented the estimation of modal
damping.

4.1.3 Earthquake and Fragility Testing

Earthquake and fragility level earthquake testing was performed by
driving the shake table in the coupled transverse and vertical plus
independent longitudinal directions (T/V + L) with statistically independent
signals. These drive signals, illustrated in Figure 4.1, are the displace-
ment time histories whose resulting acceleration input motions when
converted to test response spectra (TRS) were expected to conservatively
match the shape of site enveloping required response spectra (RRS) cver the
frequency range of interest, 5 Hz and greater. DOrive signal gains were
adjusted to meet amplitude requirements. The 30-second plus event was a
collection of three 10-second time histories representing a range of soil
conditions at the site.

Figure 4.2 illustrates the resulting shake table input motion
(measured at the test specimen attachment elevation) acceleration tine
histories for the longitudinal (x-direction), transverse (y-direction) and
vertical (z-direction), respectively.

Figures 4.3 through 4.5 illustrate comparisons of typical SSE test
TRS and RRS for the longitudinal, transverse and vertica) directions,
respectively. DOuring this test (and all earthquake tests), it was desired
to have as close a match between TRS and RRS as practica)l over the frequency
range of 5 t- /5 k', It should be noted that the lowest specimen frequency
was about 10 n. ence the range of at least one-half the lowest specimen
frequency and above was considered in assigning a test amplitude,
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Fragility level testing wes performed using the same input motion
time histories with input gains r.aled u ward to achieve approximately one-
half shake table maximum amplitudes (based on zero perica azceieration
values! then scaled to achieve shake tatie maximum amplitudes. :ximplas of
TRS tor one of the high-level fragility level tests are compared with RRS in
Figures 4.6 through 4.8.

4.2 Instrumentation and Data Acquisition

Three different types of transducers u=re used to sense shake table
input and test system resporse parameters. A total of 64 transducers were
comprised of accelerometers, displacement <transducers and load cells
comprised of strain gauged elements. Data were acquired and stcred in
#wnalog form (random znd moda)l testing) and in digital fors (earthqurke and
‘ragility tosting) with some overlap of the vt forms between test types.

4.2.1 Transducers

Figures 4.9 and 4.10 11lustrate typical instrumentation layouts used
during testing of Specimens 1 through 13, 16 and 37, and used during testing
of Specimens 18 through 20, respeccively. Tables 4.2 ang 4.3 summarize %5
measurement locations, :(ype of cransducers, t'eir oricntation, and their
data channel numbers during tesw‘ing of Specimens 1 trrough 13, 15 and 17,
and during testing of Specimeny (8 thiough 20, respectively, The location
identifiers shown 1in the <cab'!es correspond to measurement locations/

directions and trarsduces type, in gensral, by the following:

A ‘|
(s o]
F", 0! T
Location Identifier = Cj ior (F 7| X ;
M or| |or
L L !
L )

where: C; = Conduit Nos. 1, 2 or 3 (see Figures 4.9 and 4.10),
S; and M; = Support or mid-span locations,
A = accelerometer,
D = displacement ctransducer,

F = strain gauges configursd to sense load,
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M = strain gauges configured to sense moment, and

X,Y,Z = the sensed cirection or principal axis about
which a8 momant was sensed.

Accelerometers

Dytran Model 5100 piezo-electric acceieromiters were used to sense
both shake table (support point) input and conduit response ac:eleratio 4.
These are rugged, rel’able accelerometers with essen.‘aliv flat frequenc:
response (volts per g) over the frequency range of 1 to 5,000 Hz.

Additional details on these 2ccelerometers are contained in \ w JV

Appendix

Displ ement Transducers

Two types of displacement transduce y were used., where displace-
ments were expected to be large (> 1 in.), Celesco Model PT-101 linesr
potentiom2ters were usc¢d. These transcducers formed one leg of a wWheatstone
Bridge. A change in resistance across the bridge was convert '« to voltage
proportional to a positive or negativy displacemiar thr.ugh a signal

conditioner/amplifier. Amplifier gains we-e set ‘& yiela “»& hichest

possible resolution given the anticipat d 9r (. tua)l displacemer. resulting

from testing.

The second type, used where displacements were expected to be
small was Shevitz Model HCD Linear Variable Differential Transformers
(LVDTs). The LVDTs were supplied with a DOC voltage from a signa)

conditioner and responded wiith a DC voltage 'n proportion to displacement
Strain Gauges

Strain gauges were used to 3sense load ur mement proportional
\aterial strains. Bondable strain gauges were placed symmetrically about
neutral axes of specially constructed load cells (see Figure 4.17) and wired
SO that strains due to bending and axial forces would either aud (m \
measurement) or cancel (load measurement). For each measured moment or
force, the appropriate gz.ges formed one leg of a Wheatstone Bridge, as with
the displacement transducers; however a change in resistance across the
bridge (proportional to a changs. in length) was converted to a voltage

proportional to a moment or load as app wp 'i1ate
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Strain gauges were als. used to determine the moments at the clamps
near Support ) due to the eccentric cantilevers of the 90° bends. Gauges
mounted on either side of the ~lamp were orierted to sense tangential
strains in tle coﬁduit itsel? The difference in sensed tangentis) strains
was convertea to a moment, Volume VI, Appendix E contains an indepth
discussion of the load cells and moment sensing gauges used.

4.2.2 (Cata Acquisition and Ana'ysis

Oata acquisition and analysis during mcdal testing was accomplished
by L3ing a Hewlett Packard Mode! 3€82A Real-Time Analyzer (RTA) and special
purpose computer. See Section 4.1.1 for the data analysis methods used.

Aralog data resulting from rondom dwell testing were acquired and
stored on FM ‘upe. See Section 4.1.2 for the data analysis methods used.

 C0's CVTAS was used to wucquire, store and convert all data
resulting from seismic and fragility testing to usable formats. “he CVTAS
Syites, is represented symbel ally in Figure 4.12, The acquisition/
analysis proces: siarted w.th rthe measuring of responses by transducers.
The analog signails wwre then filtered (to prevent aliasing of the data) and
amplified (to acnicve hetter resolution). Finally, they were digitized and
then stored as computer files on hard disk (with tape backup) for subsequent
analy.is. The basic features of the CVTAS system are given in Table 4.4,

The data contained in Volume V, Appendix D of this report represent
the data acquired during performance of all testing. The seismic and
fragility test data are organized by test number as specified in the test
procedure contained in Voluwe IV, Appendix C. Each seismic or fragility
test data set consists of the following:

¢ a test usetup sheet indicating pertinent information about the
parfora.nce of the test (date, time, purpose, test specimen(s),
ete.),

* a post-tes inspection sheet 1indicating what test specimen/
instrumentation/test specimen support damage (if any) occurred as a
result of the test,

s a print out of the current transducer calibration file, The
calibration file lists transducer serial numbers, their location
identifiers, their calibration factors (g per volt, etc.) and
additional data relative tc the transducers,

Cr=an~he P» .nGuit Tests, Document Neo. A-000197, Page 25 of 63




* a print out indicating the status (operability) of the transducers,

measured input or response parameter in engineering units and the
times that the peak values were sensed within the data set by data
channel number, During some of the test, erroneous values are
reported in this data set, due to transducer failure/malfunction.
A review of the time traces was often necessary to determine paak
value validity,

* a summary of the peak positive and peak negative value of the
|

* plots of the calculated TRS at 7% damping for the control ‘
accelerometers (Accelerometers 1, 2 and 3 sensed shake table input
accelerations in the longitudinal (x), trznsverse (y), and vertical
(z) directions, respectively, near the C2S2 location), and

* plotted time histories of the measured input or response parameter
in engineering units by data channe)l number,

Post-i(est analyses of suein time history data, as discussed in
volume VI, Appendix E, was performed to determine the ultimate capacity of
the conduit clamps and/or their related hardware.
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TABLE 4.2: INSTRUMENTATION FOR SYSTEMS 1 THROUGH 13, 16 AND 17

Data (2)

Channe) (1) Measured (3)
NO. Location Variable Direction
1 Cc2s2 A X
2 c2s2 A Y
3 c2s2 A Z
4 c2s A |
5 c2s1 A Y
6 ca2s1 A 4
7 ce2s3 A X
8 C283 A Y
9 C283 A Z
1C c1s1 A Y
1 ci1s1 A b4
12 Cc1s3 A Y
13 C183 A b4
14 €381 A L
15 cis A z
16 C3s3 A X
17 C3s3 A Y
18 CsS3 A z
19 c1M A Y
< caM1 A Y
21 cam1 A 4
22 C3M1 A Y
23 CIM A Z
24 C182 S X
27 c181 o Z
28 ci1s1 R Z
29 cam2 0 Y
30 Cam2 0 P4
N c2s2 S X
32 c2s2 S Y
33 cam 0 Y
34 C2M1 0 Z
35 Cc2s81 R 2z
36 c2s1 & z
38 C3s2 S X
39 €382 S Y
40 C3M1 0 Y
41 CaM1 0 2
42 Cas R Z
43 C3s R 2z
44 C1S2-Upper MS-B X
45 C1S2-Upper MS-B Y
46 C1S2-Lower MS-B X
47 C1S2-Lower MS-8 Y
48 Ci1S2-Axia) MS-A 2z
49 Ci1S1-Insi1de MS-T X
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TABLE 4.2 (concluded)

Data (2)

Channe) (1) Measured (3)
No. Location Variable Direction
50 C1S1-0utside MS-T X
51 C2S2-Upper MS-8 X
§2 C2S2-Upper MS-B Y
53 C2S2-Lower MS-B X
54 C2S2-Lower MS-B Y
58 C2S2-Axia) MS-A Z
56 C2S'-Inside MS-T X
57 C2S1-0utside MS-T X
58 C3S2-Upper MS-8 X
59 C3S2-Upper MS-B Y
60 C3S2-Lower MS-8 X
61 C3S2-Lower MS-B L 1
62 C3S2-Ax1a) MS-A Z
63 C3S1-Inside MS-T X
64 2381-Qutside MS-T X

(1)

(2)

(3)

C = conduit number, M = mid-span number, S = support number,
Upper = upper location on load ceil, Lower = lower location on
load cell, Axial = mid-point on load cell, Inside = on S2 side
of Support S1, Outside = on elbow side of S,

A = acceleration, DO = displacement, S = slip, R = rotation,
MS-B = microstrain-bending, MS-A = microstrain-axial,
MS-T = microstrain-torsion.

X = longitudinal, Y = transverse, Z = vertical.
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TABLE 4.3: INSTRUMENTATION FOR SYSTEMS 18 THROUGH 20 |

Data (2)
Channe! (1) Measured (3)
No. Location Variable Direction
1 Cc2s2 A X
2 Cc2s82 A Y
3 c2s2 A
4 c2s1 A X
5 c2s A Y
6 c2s1 A Z
7 €283 A X
8 c2s3 A Y
9 Cc2s3 A z
10 cist A Y
1 c1$1 A 4
12 c183 A Y
13 c183 A 2
14 c3sy A Y
15 c3s1 A Z
16 C383 A X
17 C383 A Y
18 C3s3 A z
19 Cim1 A : |
20 c2M1 A Y
21 cam A Z
22 cam A Y
23 C3m1 A z
24 C182 S X
27 C2M2 0 Y
28 Cam2 0 P4
29 c2s2 S X
30 Cc282 S Y
kR cam1 D Y
32 C2m1 D 2
33 C3s82 S X
34 C3s2 S Y
35 cam D Y
36 CaM1 0 z
37 C1S2-Upper MS-8B X
38 C1S2-Upper MS-8B )
38 C1S2-Lower MS-B X
40 C1S2-Lower MS-B Y
4 C1S2-Axial MS-A z
42 C2S2-Upper MS-B X
43 C2S2-uUpper MS-B Y
44 C2S2-Lower MS-B X
45 C2S2-Lower MS-B Y
46 C2SZ-Axia) MS-A P4
47 C3S2-Upper MS-B X
48 C3S2-Upper MS-A Y
49 C3S2-Lower MS-B X

|
|
|
|
|
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TABLE 4.3 (concluded)

Data (2)

Channe (1) Measured (3)
No., Location Variable Direction
50 C3S2-Lower MS-B Y
51 C3S2-Ax1a) MS-A Z

(1) C = conduit number, M = mid-span number, S = support number,
Upper = upper location on 1oad cell, Lower = lower location on
load cell, Axial = mid-point on load cell, Inside = on S2 side
of Support S1,

(2) A = acceleration, D = displacement, S = slip,
MS-B = microstrain-bending, MS-A = microstrain-axial.

(3) X = longitudinal, Y = transverse. 2 = vertical.
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TABLE 4.4: RASIC FEATURES OF THE CVTAS SYSTEM

ECLIPSE $-130 Chassis

256 k-byte Memory and CPU

96-Mbyte Disk Drive With Adapter

9-Track Digital Tape System

Data General G300 Graphics Terminal

DEC Writer II Printing Termina)

G300 Graphics Printer

Computer Products Rea) Time Peripheral (RTP) System with 128 channels
of A/D converters and 4 channels of D/A converters., The maximum sample

rate with a full compliment of channels is 62§ points/sec,

64 channels of STI different amplifier/anti-aliasing filters and
64 channels of frequenc, devices (FD).

Comanche Peak Conduit Tests, Document Mo, A-00N197, Paae 32 of 63




'7

AJAIIJLAIIIIJ _Lkllllljllll,kllillll

Longitudinal (L)

25 vdec =
2.5 inches

el

Transverse / Vertical (T/V)

LAAALIAA

AllllllAAJAlLLLlllAAAA’AAA

0 10 20 30 33

Time (seconds)

Figure 4.1: Typical Shake Table Actuator Drive Signals (T/V and L)
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P - Displacement Transducer

Dcuonn“ Coboco ‘

nyz - Dmus dboction 2

M - Moment Sensing Guage

Superscript 1 - Designates upper pais of strain gau
at S2 (vad cel) e
Stbscrm 2 - Designates lower paws ol stuh 9.09.

B —

at S2 (load cel)

I— —

—

Subscun x y,z Douon.us dvochon

F_- Force Sensng Gauge

xy.z - Desgnates direction

Figure 4.9: [Instrumentation Layout, Test Specimens 1 Through 13, 16 and 17



() - De: Signates input placoment ;
(CN) - Oounnalou conduft placement

—— e

A - Accelerometer

*

xyz - Dcuonﬂos direction
O Designates LVDT
K

S

— -

LO - Displacement Transducer ngt.. Cob.co
_ 1 xyzx - Dnionouu dwection

——

Superscript 1 - Designates upper paws of strain gauges,
at S2 (load cell)

M - Moment Sensing Guage v s..b.cru 2

S—

Dcuon.te: Jower p.h ol ﬂuh o.ugo.
&t S2 (load cel coﬂ

Subtcwt xy.z - Dnagnnos di
F_- Force Sensing Gauge Vv _|*xy.z - Designates direction

e e

€9 40 2¢ 3LRJ "[61000-V "ON JUBWNI0Q 'S3ISAL 3:NPUO) YRIY AYIUBWD)

G\

Figure 4.10: Instrumentation Layout, Test Specimens 18 through 20




Figure 4.11: Load Cell
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Displace.
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Inter- 2/‘;’ Fan Out Instr. Gain: 16-256 Computer
face 1-200 Mz 1-1000 Channels
———
CRT Hag. Digita Maq.
Tape Plotter Printe Disk
Figure 4.12: Data Acquisition/Instrumentation Flew Chart




5.0 TEST RESULTS

Test results are in the form of resonant frequencies und their
corresponding damping ratios from random dwe!) testing, resonant frequencies
and their corresponding mode shapes from modal testing, and achieved clamp
loads prior to failure, clamp rotationa) capacities and clemp slip capaci-
ties from earthquake, and fragility testing. The data which are summarized
in this section are contained in Volume V, Appendix 0 and Volume VI,
Appendix E. Clamp/attachment hardware failure modes were discussed briefly
in Section 1.0 and will not be discussed here.

5.1 Random Dwel)l Test Results

Table 5.1 summarizes the resonant frequencies and their corresponding
modal damping ratios identified during random dwel)l testing. Recall that
testing was performed using band-limited (5 - 33 HZ) white-noise support-
point input motion at amplitudes approximately equal to SSE levels based on
comparisons of calculated TRS with SSE RRS at or near the lowest specimen
modes of vibration. Random dwell testing was not performed on Test Setups 1
and 6 (Test Specimens 1, 2, 9, 18, 19 and 20). Further, Test Specimens 14
and 15 were deleted from the program.

Resonant frequencies of the lowest modes of vibration were closely
spaced (lowest vertical and lowest transverse modes) but separable in the
data. These were found to range from 9.6 Hz (4-1in. conduit on 14-ft support
spacing) to 31.6 Mz (2-in. conduit on 10-ft support spacing). Dampings for
the lowest modes ranged from as great as approximately 8.4% to as little as
2.4% of critical. The table indicates that (generally) the lower the first
mode frequency the higher the moda) damping ratio. Second and higher order
modes were (generally) found to be somewhat less damped than the lowest
modes of vibration. Application of least-mean-square curve fitting
techniques to the data contained in Table 5.1 suggests that damping could be
expressed in terms of frequency by the relation, 8 = 7.81 - 0.18f; (%),

where f. is the frequency of interest and 9.6 < f < 31.6 Hz.
5.2 Moda) Test Results

Table 5.2 summarizes mode shape, natural frequency and damging ratios
obtained from modal tests performed on Test Specimens 3 and 6. For Spec imen
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measurements > 1/8 in. to be sensed by the LVDT and often causing damage to
the LVOT.

Table 5.3 summarizes the available data (from Volume V, Apperdix D)
on axial slip characteristics. The table indicates the test number and test
description where the maximum axia) slippage at the S2 location was sensed
and whether or not conduit clamp/attachment hardware failure occurred during
that test. Data were not available on Test Specimen 11. Clamp/attachment
hardware failure occurred on eight of the remaining 17 test specimens. On
the eight specimens where failure occurred, there was no evi.dence of
slippage during the prior tests. Where no failure occurred, slippage rang-
ing from 10 to 70 mils, was noted in Table 5.3.

§.3.2 Clamp Torsiona) Capacities

Rotational displacements and strains measured on either side of the
clamp closest to the cantilevered elbows (Support S1) were reviewed to
determine the clamps' rotational restraint capacities, These data are
discussed in Volume VI, Appendix E and summarized here in Table 5.4. The
table gives two torque values (TY and T2) for each test specimen for all
earthquake and fragility tests performed. The value, labeled T1 in Table
5.4, represents the peak torsional moment restrained by the clamp prior to
rotation of the conduit (if rotation occurred). The value, labeled T2,
represents the peak torsional moment restrained by the clamp dur-<ng rotation
of the conduit, if rotation occurred. No rotation occurred if the values of
T1 and T2 are reported as equal. If rotation commenced at the onset of the
test, a zerorotation torsional capacity could not be determined. Occasions
when this happened are noted by Footnote 5§ in Table 5.4, Clamp failures or
instrumentation failures are conspicuous in the table by the absence of
values for 71 and T2.

Data scatter in Table 5.4 is large. A discussion of the rotation
phenomenon 1s warranted. Da:a presented for Test Specimens 1, 2 and 9 are
extreme examples and in our opinion should not be used. During the testing
of these specimens, several clamp/hardware change outs were made, The
rotational phenomenon was found to be largely unpredictable and dependent on
the following:

¢ The mechanical state of the other two specimen clamps,

Comanche Peak Conduit Tests, Document No. A-000197, Page 47 of &3







In Tables 5.5 and 5.6, the indicated peak resultant forcs, the compo-
nents making up the resultant. and the peak component forces have been cor-
rected for 1inertial loading effects due to additional weight of bottom
plate(s) on the 10ad cells. Specifically, Specimens § through 7, 16 and 17
have these corrected values. Appendix E contains the calculations used to
arrive at the inertial loading contribution, The method used assumes that
the peak inertial loading occurs at the peak input acceleration; hence, con-
Servative numbers are generated for the inertia) effects. All other speci-
mens tabulated have not been corrected for inertial effects, due to the
tnsignificance of these effects. (Worst case error less than 5%.)

Table 5.6 ‘ndicates the peak x-direction shear, the peak y-direction
shear and the peak 2-direction loads that the clamps experienced during the
highest level tests prior to clamp failure. The times that these pesk load
components were sensed within the data sets s also indicated along with
the remaining two components sensed at that instance in time. None of the
peak components were sensed at the same instance in time for a given test
specimen,

It is interesting to note that the resultants, which can be computed
from the peak values at given instances in time from Table 5.6, are all less
than or equal to the peak resultants presented in Table §.5,

Test Specimen 16 appears to have its ultimate load capacity
established by x-direction (longitudinal) shear since the SRSS load case
ncluding the peak x-shear was the largest of the three possible SRSS load
combinations. The majority of the test specimens' clamp failures or ulti-
mate load capacities (Test Specimens 1, 3 through 6. 9 through 13 and 18
through 20) appear to be established by the peak y-shear component for the
same reasons. Finally, Test Specimens 2, 7, B8 and 17 appear to h e had
their ultimate capacities established by the z-direction (vertical) load

component .,
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TABLE 5.1

SUMMARY OF RESONANT FRE
IDENTIFIED DURING

QUENCIES AND DAMPING RATIOS
RANDOM DWELL TESTING

Test Setup/
Spec imen Condun t
No. No.
3 2/

4 3/C3
5 a4/
6 s/C1
7 5/C2
10 2/C3
1 3/
12 3/c2
13 4/C3
16 5/C3
17 2/C2

Span
Diameter Length
—fin.)  (fe)

3 14
2 10
1-1/2 10
1 10
3/4 10
4 14
3 14
2 10
2 10
3/4 10
4 iz

(n

CiMiva

C3miva
C3miZa

CiMiva
CiMivya

C2Miva
C2m12a

Cimiva
CiMiva

C2Miva
C2M12a

C3Miva
C3mMi1ZA

C3miva
C3M17A

L.o3YA
C2M1 /A

(2)
_Location Direction

T

T
v

1

(Hz)

f2
(Hz)
21.6

33.2

16.4

18.4

18.4

21.2

28.8

A

%)

- PR

Awz)

18.0

20.8

24.0

24.8

(%)

i)

(2)

-

Refer to Section 4.7.1

T = transverse (y-diwrection),

Could not be estimated from data.

V = vertical (z-direction).



TABLE §.2: MODAL TEST RESULTS

(1

Spec men Frequency Damp ing
_.No, AHz2) _AN) Descrption =
3 12.84 % 1 Y spans out-o'-phase, Compares
With 14.8 Hz mode from random.
16.30 0.93 Y spans in-phase.
21.84 1.02 Z spans in-phase. Compa:¢s
with 21.6 Hz mode from .'¢:dow.
6 15.20 0.85 Y spans out-of-phase,
13.44 0.88 Z spans out-of-prage,

(1) Damping estimated at very low respocsy amplitudes.
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TABLE §.3: PEAK AXIAL SLIP AT SUPPORT 2

Peak
Sparimen Test Test Axia!l
__No. No. Descrintion _Slip (in.)  Comment
1-1C1 ST1.10, Run ¢ 1st Fragiiity 0.128 Failed,
With Added Macs
2~ 57T1.10, Run 1 15t Frogility 0.125 Failed.
Wil ddded Mass
10, Rur 1 1st Fragil Jy 0.04 No failure.
Wi*h Agded Mass
4-30. 18.3, Run 1 2nd Fragility 0,0V’ No failure.
5-4C1 5.23.3, Run 1 2nd Fragility 0.025 No failure.
6-5C1 €75.21, Run 2 2nd Fragility 0.045 No failure,
With Addet Mass
7-5C2 ST5.21, Run 2 2nd Fraqility 0.070 No failure.
With Added Mass
8-4C2 ST4 .21, Run 1 2nd Fragility 0.035 No failure
With Added Mass |
E] ST1.10, Run 1 1st Fragility 0.12% Failad,
With Added Mass
10-2C3 ST2.10, Run 1 1st fragility 0.125 Fai v
With Added Mass
11-3C1
12-~3C2 §.18.3, Run 1 2nd Fragilit- 0.03 No far\u,e,
13-4C3 ST4.21, Run 1 2nd Fragility 0.018 No fz /\ure.
With Added Mass
16-5C3 ST5.21, Run 2 2nd Fragility 0.10 No failure,
With Added Mass
17-2C2 §T2.10, Run 1 1st Fragility 0.125 Failed.
With Addec Wwa i3
18-6C1 ST7.21, Run 1 2nd Fragility 0.125 Failed.
With Added Mass
19-6C2 ST7.21, Run 1 2/4 Fragility 0.500(1)  Faile’. Z{ijiﬁ
Wit' Added Mass
20-6C3 §T7.21, Run 1 2nd .vagiiity 0.500(°)  Failed.

With Added Mass

(1) LVDT with a range of +1/2 in. used,
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TABLE 5.4: SUMMARY OF ClLAM® TORSIONAL CAPACITIES

Test Setup/ Conduit Bolt (1) (2) (3) (4)
Spec:en Conduit Diameter Clamp Diameter Bolt Test No., ™ T2
M- _MNo. (in.) P/ (in.) Type __Run No. __Test Description (in.-1b) (in.-1b)
1 1/C1 5 P2558 3/8 NS 5257, M SSF (6) * *
5.3.2, R Ist Fragility * : *
5.3 37" Znd reagility * *
$.3.3, R2 3rd Fragility * *
3.3, N3 4th Fragility 1200 10180
5.3.3, Ra 5th Fragility 6400 6400
ST1.5, R} SSE With Added Weight * .
ST1.10, R 1st Fragility With Added Weight * *
ST1.19, R1 2nd Frag'lity With Added Weight » »
2 1/C3 4 P2558 3/8 NS 5.2.7, R} SSE 5840 5840
5.3:2, R} Ist Fragility 47<0 4740
5.3.3, A 2nd Fragility I 3200
5%.3.3; RS 3rd Fragility 7300 7900
5.3.2. R3 4th Fragility ensa0 9680
5.3.3, Ra 5th Fragility 2440 2440
ST1.5, ®} SSE With Added weight 6020 6720
ST1.10, R1 Ist Fragility with Added Weight (5) 14100
ST1.19, R 2nd Fragility With Added Weight * *
3 2/Ch 3 P2558 3/8 NS 5.12.7, m SSE 33940 3940
5.13:2, m I1st Fragility 6120 6120
5.13.3, R2 2nd Fragility (5) 6720
ST2.5, R SSE With Added Weight 3560 3560
S$T2.12, R1 1st Fragility With Added Weight (5) 6120
$T2.21, R1 2nd Fragility With Added Weight
4 3/C3 2 F2558 3/8 NS 5 17.7,. A% SSE 1400 1400
$.18.2. ® Ist Fragility 2000 2840
$.18.3, R} 2nd Fragility 3400 3400
ST3.5, R1 SSE With Added Weight 3400 3600
$T3.12, R Ist Fragility With Added Weight 3380 3380

$T3.21, R1 2nd Fragility With Added Weight 3460 4610
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Test Setup/ Conduit
Specimen Conduit Diameter Clamp

Mo. __MNo. (im.) P/N_
5 a/C1 1-1/2 P2558
6 5/C1 1 P2558
7 5/C2 3/4 P2558

Bolt (1)
Drameter Bolt
{in.) Type
1/4 NS
1/4 NS
1/4 NS

TABLE 5.4 (continued)

(2)
Test No.,

_Run No. =

$-22:7, ™%
5.23.2, R
5.23.3, M
ST4.5, R

ST4.12, R

$5.28.3, Ri
$T5.5, R1
§T5.12, M1

5.28.3, m1
S$T5.5, R1
$T5.12, R}

Test Description

Fragility

Fragility

With Added Weight

Fragility with Added wWeight
Fragility wWith Added Weight

Fragility

Fragility

With Added wWeight

Fragility With Added Weight

Fragility With Added Weight
Fragility

Fragility

With Added wWeight

Fragility With Added Weight
Fragility with Added Weight

Fragriity

Fragility

With Added Weight

Fragility with Added Weight
Fragility With Added wWeight

(3)
mn

(w.-1b) (in.-1b)

500
1000
1300

/\

(4)
F2

500
1380
1300

900
1000



TABLE 5.4 (cont 1nued) A

Test Setup/ Conduit Bolt (1) (2) (3) (4)
§‘ Specimen Conduit Diameter Clamp Diameter Bolt Test No., T T2
& No. No.  (in.)  P/N_ (wn.) Type Run No. Test Description , (in.-1b) (in.-1b)
O
4 9 1/C2 “ c708S 3/8 NS 5.2.7, R SSE (6) (5) 13600
o 5.3.2, R1 1st Fragility 1340 11340
2 5.3.3, R1 2nd Fragility 7280 7280
| 5.3.3, R2 3rd Fragility (5) 27800
S 5.3.3, R3 4th Fragility 1400 23400
a 5.3.3, R4 5th Fragility 6740 6740
- ST1.5, R1 SSE With Added Weight (5) 8440
™ ST1.10, R1 Ist Fragility With Added Weight (5) *
§' ST1.19, R1 2nd Fragility With Added Weight * *
e e e e i e e B AR i b e et
- 10 2/C3 4 C708S 3/8 NS 5.12.7, Ri SSE 2280 2280
9 5.13.2, R1 1st Fragility 5500 5500
a 5.13.3, R2 2nd Fragility 5660 6400
S $T2.5, R1 SSE With Added Weight 2500 3900
s ST2.12, R1 st Fragility With Added Weight (5) 5420
X S$12.21, R1 2nd Fragility With Added Weight (s) 5880
e e o e e e o o e e e e e e £
i 1 3/c1 3 C708S 3/8 NS 5.17.7, R1 SSE 4240 4240
% 5.18.2, R1 Ist Fragility 5060 6020
3 5.18.3, R2 2nd Fragility * *
= ST3.5, R1 SSE With Added Weight (5) 2900
< ST3.12, R1 1st Fragility With Added Weight * *
to ST3.21, R1 2nd Fragility With Added Weight
e ot e o LA M R s SR e T
» 12 3/C2 2 C708S 3/8 NS 5.17.7, R1 SSE 1500 1500
on 5.18.2, R1 1st Fragility 3040 3040
-2 5.18.3, R1 2nd Fragility 3800 3800
- ST3.5, R1 SSE With Added Weight 3540 3540
o ST3.12, R1 Ist Fragility With Added Weight 3000 3480
2

ST3.21, R1 2nd Fragility With Added Weight (5) 4860
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TABLE 5.4 (conc luded!

Test Setup/ Conduit Bolt (1) (2)

(3) (4)

Specimen Conduit Diameter Clamp Diameter Bolt Test No., T1 T2

__No. = No. (in.) _P/N __ (in.) Type  Run No. _Test Description (in.-1b) (in.-1b)

13 4/C3 2 c708S 5/8 NS 5.22.7, R1 S3E 1288 1288
$.23.2, /1 Ist Fragility 3440 3440
$.23.3, RV 2nd Fragility 3000 4620
ST4.5, R1 SSE With Added Weight 2500 2500
ST4.12, R1 Ist Fragility With Added Weight 4900 4900
$T4.21, R1 2nd Fragility With Added Weight 4000 4320

16 5/C3 3/4 P2558 1/4 A307 5.27.7, m SSE 193
5.28.2, M 1st Fragility 447
5.28.3, R1 Znd Fragility 720 720
S$15.5, R} SSE With Added Weight 200 200
$T5.12, R st Fragility With Added Weaight 500 760
ST5.21, R1 2nd Fragility With Added Weight

17 2/C2 4 Cc708S 3/8 A307 5. 12.7, W) SSE 2040 2040
5.13.2, R 1st Fragility 4040 4040
$.13.3, R} 2nd Fragility 5640 5640
$12.5, K1 SSE With Added wWeight 3560 3560
$T2.12, R1 Ist Fragirlity With Added Weight 5660 9180
§T2.21, R 2nd F agility With Added Weight (5) 6500

" Gage failure.

(1) NS = Nelson Stud, A307 = A307 Bolt and appropriate nut.

(2) See Test Procedure, Volume IV, Appendix C.

(3) Peak torque recorded prior to rotation.

(4) Peak torque recorded during rotation.

(5) Rotation commenced at beginning of test.

(6) For System 1, Specimens 1, 2 and 9, the tests can be ordered from lowest level input to hig. st level input as
follows: 5.3.3, R4 - L =0.7, T = 1.2, V= 1.2; §.3.3, Rl - L = 1.0, T =1.8, V=1.3; 53.2, Rl - = 1.2,
T=3.6,V=20; 5.2.7, Rl - L = 1.8, T =4.0, ¥ =2.8; 53.3, R2 - L = 1.8, T = 4.0, V= 2.8:
$.3.3, R3-L =18, T=4.0,V= 2.8; STYr.5, R1 - L = 1.2, T = 1.0, V= 1,0; ST1.10, R} - L = 1.5, 7T = 3.0,
V=2.0; SF1I.19,. R -~ L = 1.8, T = 4.0, V= 2.7.




TABLE 5.5: PEAK RESULTANT FORCE SUMMARY

o Conduit (;e:; Time of Components

S Soecimen Size Clamp Resultant Occurrence X-Shear Y-Shear Z-Tension

§ ~No. _ (in.) Type  Bolt Type  (Wb)  (sec.) __ (Ib) (1b) (1b) —__Comments
i 1-1C1 5 P2558 2/8", Nelson Stud 4460 6.68 1100 4050 1520 Failed at - 7 sec.
‘5. 2-1C3 4 P2558  3/8", Nelson Stud 4170 7.01 538 3060 2780 Failed at - 10 sec.
g 3-2¢C1 3 P2558  3/8", Nelson Stud 3540 5.95 150 3490 585 Failed at - 8 sec.
f‘: 4-3C3 2 P2558  3/8", Nelson Stud 1590 20.80 379 1450 527 No failure.

g 5-4c1i2) 1.1/2 P2558 1/4", Nelson Stud 1237 3.55 52 1216 222 Failed at - 22 sec.
< 6-5c1(2) 4 P2558 1/4", Nelson Stud 718 32.80 472 527 121 No failure.

‘Z: 7-5¢2(2) 3,4 P2558  1/4", Nelson Stud 370 34.70 227 169 238 No failure.
:?’;&a-tcz 2 P2558  5/8", Nelson Stud 317 22.10 a5 1270 347 No failure.

5 9-1C2 5 C7085 5/8", Nelson ¢ tud 5470 5.94 273 5240 1550 Failed at -~ 7.5 sec.
g 10-2C3 4 C708S 3/8", Nelson Stud 4060 0.94 101 3960 906 Failed at -~ 3 sec.
§‘ 11-3C1 3 C7085 3/8", Nelson Stud 3090 3.23 68 3080 263 Failed at - 20 sec.
';‘, 12-3C2 2 C7085 3/8", Nelson Stud 1470 16.50 5 153 1460 No failure.

i 13-4C3 2 C708S 5/8", Nelson Stud 1650 6.49 4 1450 780 No failure.

9: 16-5c3(2) 3,4 P2558  1/4", A307 Bolt 831 22.60 774 151 263 No failure.

& 171-2c2(2) 4 C708S  3/8", A307 Bolt 5465 1.88 353 3434 4237 Failed at - 4 sec.




TABLE 5.5 (conc luded)

(1.2)
Condu1t Peak Time of Components

>

Si1ze Resultant Occurrence X-Shear St Z-Tensi10n
Bolt Type (b} (sec.) ('b) (Ib) (Ib) Comments

8", Nelson St 3690 218 53( 1050 Failed at
Nelson ¢ 4000 ‘ 1030 Failed at 6 sec.

', Nelson Stud 2910 20.7 2670 y Failed at 28 sec.

\

Peak Resultant [Vx(t}2 « Vy(t)2 + Fz(t)?)

i for mass added below load cel All other specimen loads were not corrected, due to wnsignificant

tabulated values.
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TABLE 5.6: INDIVIDUAL PEAK FORCE SUMMARY

Peak X- Time of Z- Peak Y- Time of ) - Peak Z- Time of xX- Y-
Spec imen Shear Occurrence Shear Tension Shear Occurrence Shear Tension Tension Occurrence Shear Shear
No. (1b) (sec.) (W) (W) (W)  (sec.) (b)) = (Ib) () = (sec.) (1b) (b}
1-1C1 1300 4.88 2900 1110 4050 6.68 1100 1520 2900 5.16 836 2180
2-1C3 1410 7.69 1320 1440 3910 9.69 13 94 3380 7.90 0 1010
3-2C1 1250 2.34 137 1080 3490 5.95 150 585 1960 4.50 694 904
4-3C3 627 6.25 602 946 1540 3.09 146 479 1210 21.80 105 21
s-ac1(1) 487 3.32 43 121 1216 3.5% 52 220 685 21.10 216 124
6-5C1(1) 469 29.50 406 101 527 32.80 472 121 304 32.70 217 293
7-5c2(1) 296 30.50 87 20 286 35.00 67 108 278 34.60 106 188
8-4C2 379 21.50 45 190 1270 21.20 a5 347 107 22.10 187 130
9-1C2 1080 5.77 1970 230 5330 5.33 520 834 3650 7.19 237 1320
10-2C3 1040 1.14 3010 2160 3960 0.94 101 306 3280 1.32 982 1290
11-3C1 1240 11.30 1650 556 3080 3.23 68 263 2140 6.66 381 1030
12-3C2 a24 26.10 60 3s 1280 5.43 148 450 1460 16.50 5 153
13-4C3 733 5.95 807 527 1620 6.68 3 20 1450 22.20 269 108
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Peak X- Time of Y- Z-
Spec imen Shear Occurrence Shear Tension
No. (Ib) _(sec.) (b)
16-5c3(1) 774 22.60 151 263
17-2c2(1) 957 3.49 3112 2411
18-6C1 1330 5.35 1380 702
19-6C2 2650 4.46 2640 604
20-6C3 1810 15.00 1010 281

TABLE 5.6 (concluded)

Peak Y-
Shear

554

4147

3530

3750

2670

Time of

Occurrence Shear

(Ib) (b))  (sec.)

32.60

3.72

4.31

4.24

20.70

X~

205

219

218

1760

1130

-

Tension

),

(1b)

263
1572
1050
3710

281

Peak Z- Time of X~
Tension Occurrence Shear
() = (sec.) (W)
409 27.20 411
4237 1.88 353
1640 5.25 639
4510 4.39 1850
1870 23.00 484

Y-
Shea
(o)

3434
2080
2550

205

(1) Values corrected for mass added below load cell.



Specimen 3 - 1st 7 Mode

Mode ¢3 Damp. 1.02%
Freq: 2184 Mz View: « =532 »

o

Specimen 3 - 1st X-Y Mode

Mode #1 Damp: 122%
Freq: 12.85 Hz View: <-532 >

Snecimen 3 - 2nd X-Y Mode

Mode #2 Damp: 92%
Freq: 18.30 Hz View: <008 >

Figure 5.1: Experimentally Obtained Mode Shapes

Comanche Peak Conduit Tests, Document tlo. A-000197, Paae 61 of £3




Specimen 6 - 1st 7 Mode

Mode #1 Damp: 88%
Freq: 13.44 Hz View: <-532 >

Specimen 6 - 1st X-Y Mode

Mode #2 Damp: 65%
Freq: 1528 Hz View: «-532 >

Fiqure 5.1 (concluded)
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6.0 REFERENCES

test specifications and memoranrda which

References are Ebo;co services'
report and the test

are contained 1n volume II! (Appendix B) of this

procedure which is contained in Volume IV (Appendix C).
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