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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

Docket Nos. 50-445 and
50-446

TEXAS UTILITIES ELECTRIC
COMPANY, et al.

(Comanche Peak Steam Electric
Station, Units 1 and 2)

(Application for
Operating Licenses)
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APPLICANTS' STATEMENT OF MATERIAL FACTS
AS TO WHICH THERE IS NO GENUINE ISSUE

1. A 1/16 inch gap was designed into each U-bolt restraint on a
rigid frame. As a first support design effort, it was viewed
that this gap would accommodate the thermal and seismic movement
of piping. (The movement due to a seismic event was preliminarily
calculated to be very small, i.e., less than 1/32 inch, for
almost all piping.) Accordingly, in the initial pipe support
design (prior to as-built conditions), ali such U=bolts had been
considered as only one-way restraints (because the lateral gap
was present). Affidavit at 3.

- As the as-built design review and corresponding pipe support
reanalyses were being conducted, Applicants determined that the
thermal movement of piping associated with some U-bolt supports
would exceed the 1/16 inch gap provided and some seismic movement

may exceed 1/32 inch. 1d.
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3 As part of the as-built review program Gibbs & Hill reran
the thermal piping analyses at all locations where U-bolts were
initially considered as one-way restraints and where the piping
thermal movement was equal to or exceeded 1/16 inch. Those
reanalyses indicated that even assuming the U-bolt acted as a
two-way restraint, the piping stresses would remain well within
allowable values. Id. at 4.

4. Applicants decided to replace all U-bolts on rigid frames
initially considered as one-way restraints where piping thermal
movements were computed to equal or exceed 1/16 inch in the
original analysis. 1d.

S. There are currently seventy Unit 1 and common U=bolts on
rigid frames which were originally modeled as one-way restraints.
While the maximum thermal pipe movement associated with each of
the seventy U-bolts would not exceed the 1/16 inch design gap,
the maximum thermal plus seismic movement of eight would. Id4. at
6.

6. To assess the impact on piping analyses of a U-bolt
installed in the plant acting as a two-way restraint, Applicants
conservatively reanalyzed stress problems associated with the two
worst case U-bolts (i.e., those with the maximum combined thermal
and seismic movement, CC-X-013-012-A43R and CC-1-007-040-A63R)

and a representative sample of other U-bolts initially considered

as providing one-way restraints. Id. at 6-7.




The reanalyses reflected that any effects of the U-bolts
acting as two-way restraints on piping stresses and associated
loads (e.g., nozzie and anchor loads) would be small or
negligible and would not result in exceeding allowable stresses
or manufacturers' allowable values. Further, tne analyses
reflected that the effects on other associated piping supports
are generally decreases in the loads; where there are increases,
they are well within allowables. Id. at 8-10.

7. If maximum thermal and seismic movement were assumed to
occur simultaneously, there would be a lateral load (in addition
to the load in the normal directicr=) acting on eight of the 70
U-bolts, noted above. Id. at 10. CASE acknowledges that this
lateral load will be small when compared to the load in the
normal direction (CASE Findings of Fact at 1I-3).

8. Applicants commissioned ITT Grinnell to carry out a series
of tests on U-bolt capability to carry both ncrmal and lateral
loads. The tests reflected that even for lateral displacements
exceeding the maximum that could occur, the lateral load would
not impair the capability of the U-bolt to carry its load in the
normal direction. For e¢xample, the tests reflect that even if
the maximum seismic plue thermal lateral displacement were to
induce a lateral load equal to fifty percent of the rated normal
load, the U=~bolt would still have more than a factor of 2.5

margin of safety in its normal direction. 1d4. at 10-11.



9. Using conservative assumptions, it was determined that all
of the U-holts at issue here were well within the manufacturer's

interaction formula limits. Id4. at 12-15.
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Unlt ! and Common Bullding !

Table 1

ALL U=BOLTS ON RIGID FRAMES MODELED AS ONE-WAY RESTRAINTS

MAC I MUM MAX | MUM

THERMAL  SEISMIC TOTAL  LINE  DISTANCE TO NEAREST
MOVEMENT  MOVEMENT  MOVEMENT  SIZE RIGID SUPPORT |N
(N (N N N QPPOS I TE D1 RECTION

AF-1-038-004-533R  .002 .0006 0026 ) I A
AF-1-092-035-962R  .00% 004 009 . 2t -
AF=1-099-001 =533 .007 .00% 012 10 1«10 116"
AF=1-099-003-333R  .020 017 03 A $' -2 5"
AF=1067-001-§33R 0,000 016 016 3 1.9/
AF-1-008-022-963R 0% 004 0% ' 4 -2 6"
AF=1-098-032-533R 006 008 014 1 LUV
AF-1-098-700-5337  .019 03 0% ‘ 4 -on
AF=1-100-00%-S4% 003 033 0% ' CEN RV L
AF=1-100-007-533R 0,000 009 009 . 0« 6 14"
AF=1-100-009-§33R 002 017 019 . 0" = 11 e
AF=1-100-025-953R  .003 03 034 . o' = 8"
AF1+101-003-533R 014 029 047 ' 1.8 e
AF=12101014-§93R 001 022 023 . 0" = 6 A"
BRX-0%6-713-A03R 003 003 .008 ' LU
BA-X~162-700-A23R 029 028 094 3 LU RV7Y
£C-1-003-001 -AT3R 002 016 018 3 4.
CC+1-009-001-A73R 019 022 041 3 -
*CC-1-007-040-A8IR 028 13 a0 - LU RV L
CC-1+011-023-A53R 009 0442 0492 s 1" -9
$C0-1-011-020-A93R 0% 0668 J 168 . 2 -0 W
CC-1-089-001-533R 013 003 016 " 2 -2 18"
CC=1+137-709-¢63R 008 001 1009 3 9 . qe
CC=1+146-006-343R 004 0374 0414 . o .o
COm1+146-007-543R 008 0274 099 . - ne
CC1-148-003-3438  .013 0092 0182 ‘ 1.9
CC=1+166-00%-8438  .009 004 013 ' 1.
CC=2-009-703-A73R 003 N0Y 008 3 yesim
#CC-2007-006-A33R 034 093 087 . 8 -1
*CC~2-007-007-A3 3R 008 089 0N ) 6 = 1 e
00-2-020-007-A338  ,001 1000 001 1 " 1.0 1M
CC=2-099=112-€33R 010 020 030 L) ye0r
CO-2+126-00%-FA3R  .008 0201 004 1 1.y
CC=2+126-006-F4 3N 006 e 048 2 A L
CO=2-128-011-F4IR 0,000 0,000 0.000 "7 0t - ™
CC=2-164-401 A8 3R 001 001 1002 0 0' = 9 19/18"
SCC-A=01 301 2=A4 3N o» JSJm J697 L} LARCE
CC~X=021-002-Ad 3R L) 0292 092 U] »egm
CC=X=02%-014-Ad 3N 003 0082 O 12 L} *te @
CC=X~02%-00%-M IR O 0 097 L] H =814
CO=4=027-008-Ad IR 022 0079 0299 i) ' L
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Unit ! and Common Bullding !

Table 1

ALL U=BOLTS ON RIGID FRAMES MODELED AS ONE-WAY RESTRAINTS

MAX | MUM MAX | MUM
THE RMAL SEISMIC TOTAL LINE
MOVEMENT  MOVEMENT MOVEMENT  SIZE

DISTANCE TO NEAREST
RIGID SUPPORT IN

(IN) (IN) CIN) (IN) QPPOSITE 01 RECTION
AF=1+038-004-533R .002 0006 0026 3 1' -4 178"
AF=1-0%2-039-362R .00% .004 .009 4 20 - 9
AF=1=059 <001 -§33R .007 .00% 012 10 1' = 10 11/16"
AF =1 09900 3-533R 070 017 037 - 5' - 2 5/8"
AF=1<067-001=833R  0.0.J 16 016 3 1" - 9 1/4"
AF=1=098-022-363R 0N 004 038 4 4' = 2 316"
AF=1-098-032-833R 006 +008 014 4 -1 12"
AF=1=098=700-533R 019 037 .0%6 4 4" - 0"
AF=1=100-00% 54 A 003 033 0% 4 1" -4 12"
AF=1-100<007-§53R  0.000 009 009 4 0' = 6 174"
AF=1=100-009-5% 3R 002 017 019 4 0" = 11 /4"
AF=1=100-029-533R 003 O 034 4 o' - 5"
AF=1=101-003-533R 018 029 047 4 1" -9 778"
AF=1=101=014-5% 3R 001 022 023 4 0" = 6 3/4"
BAX-0%6-71 3=AS 3R 003 003 006 4 0' - 3
BR=X=162-700-A% 3R 02 029 094 3 5" < 3 174"
CC=1-003=C01 -AT3R 002 016 018 3 4 -
CC=1-009-001-A73R 019 022 041 3 4 ="
*CC=1-007-040-A8 3R 028 A13 41 "8 50 - 7 1/2%
CC~1=011-023~A33R +00% 0442 0492 6 1" - 9"
SCC=1<011-029~-A53% .0%0 0668 o168 6 2' =0 3an
CC=1-069-001-§33R 013 003 016 18 2' - 2 18"
CO=1+157-709-E63R 008 001 .009 3 8t - g
CC=~1=146-006~54 3R ,004 0374 0414 B 4 - 0"
CC~1+146-007-54 3R .008 0278 0395 6 2' -1
CC=1+148-003-84 3R 013 0032 0162 4 1" -5 7/8"
CO~1=166-00%-54 3R .009 004 013 4 1 - 4"
(C=2-00%-703-AT3R 003 +00% 008 3 3*-31/8"
CC=2-007-006-A% 3R 034 033 067 - 6' = 11"
*0C=2-007-007-A8 3R 006 089 091 . 6' = 11 174"
C0=2-020-007-A33R 001 0001 0011 24 1" =0 174"
CC-2~03%=T12-E33R JL010 020 030 6 3 -8"
C0=7-1 28-00%-F4 3R .008 0261 L0341 12 1" - 312"
CC=2+126-006~F43R 006 09 048 12 2" - 35/8"
CC=2=126-011-Fa 3R 0.000 0.000 0.000 12 o' = ™
CC-2=164-401-A5 3R 001 001 002 10 o' - %5 195/16"
SCC=X=01 3=012-Ad 3R 038 Jd21 J657 6 AN
CO=X=021<002-A43R 014 0292 0392 6 b R
CC=X 02 3-014~A4 3R 003 L0082 0112 6 AR L
CC=X=029-009~A 3R 014 0297 097 6 "' -6 18"

022 0079 0299 k] 2t -

CC=x=027-008 -Ad 3R



MAX | MUM MAX | MUM

THE RMAL SEISMIC TOTAL LINE DISTANCE TO NEAREST
MOVEMENT MOVEMENT MOVEMEN.  SIZE RIGID SUPPORT IN
(IN) (IN) (IN) (IN) QPPOSITE OIRECTION

CC=X~031-002~A4 3R 034 0019 0359 4 B
*CC-X=034-005-A4 3R 032 0337 0675 B 4' - 9 13/16"
CC~X~039-005-F4 3R 010 0031 0131 12 - N
CC-X~082-700-A33R .003 0159 0189 24 "' -81/4"
CH=1-240-T17-A33R 002 0.000 .002 3 LS &
CH=1-249-005-543R L0 018 019 3 ¥t -
CH=1-249-010-S33R oot 018 019 3 o' -8 172"
CS-1-015-700~-542R 017 .0086 02%6 3 '-35 1/8"
CS~1-076-005-A42R 039 002 041 1 Q! = 3»
*CS-1-155-019-342R 018 0% .069 3 3 =-12"
CS~1-155-020-S42R 020 018 038 b 3 - 5/8"
C5~1-251-022-553R O3 0272 .0%82 3 3" -
C$~1-319-008-S53R 005 -0099 0149 3 1" -1 /4"
C5~1-454-008-S52R .004 0139 0179 3 o' -5 38"
R~ 1-005-008-C42R 001 .001 .002 3 o' -5 172"
SF-X=005-031-F53R 0.000 .0046 .0046 10 3 - 10"
SF-X-006-010~F3 3R 0.000 L0039 003% 10 3 - 10"
SF=X-024~702-A43R 030 0194 0494 B 2' -9 58"
SF=-X-034-012-F33R 0.000 0021 0021 10 3 - 10"
$1-1-029-0%5-832R 0.000 0273 0273 24 2' =11 1/4"
$1=1-031-004-A32R 003 .0028 0058 12 o' - 8 9/16"
S1=-1-039-016-522R +002 .00% 007 B o' -4 7/8"
$1-1-039-017-522R 0.000 018 018 4 1t =250
S1-1-039-022-522R 2.000 016 »016 4 o' =95 7/8"
SW=2-010-004-A33R 019 010 029 24 1" - 4 58"
*SW~2-102-018~-A43R 044 .0347 0787 10 5" - 6"
Sw=2-129-022-A4 3R 004 014 018 10 ot - o®
SW~2-129-027-M3R 007 045 052 10 1'=-91/8"
WP-1-049-700-S4 3R .005 002 007 3 Ll B

* Indizates two-way actlon
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(1)

Plang Allowable Calculated
Condition |Equation Stress Stress Mode |S.].F| Description
Sk .

Normal and 8 UuNcNAch
Upset

’ ISo0co X457 737 [3.26 Branel. covnEx
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Upset
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PP by ErERGENCY EQAfIen 9

d : o

Zg:r::l an 10 (2) | 8x 4s5° Laters|
KRR SO0 15 81 Y 799 |fee covmmx

3;:’::1 -~ 11 Spt Sni yse Lateral
31 500 73514 WY 1199 |fee couwex.

(1) Piping Material: SA-1ot _&r. B
Design Tamperature: Qoo " F .

Note: A separate maximum stress sheet should be used for each
piping material within a problem, :

(2) Based upon reference ll,équation 10 may be exceeded if equatioﬁ
11 is satisfied.
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| e 72/ ﬂ 728 -
B 322 333 )
Ce-1-067-0i4-A435 |B "
C |
A
ce-1 -0 -015=Adzk | B |j0/s I 272 -./
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- Cne C /75;! w58 -, 07
A 32/ 33/

CC-l=-067-62>~AY3R

550 £ .1 ~/

CL-]-0GT =023 =AU R

A il
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-_ C |94/ l 170 I‘/G
B 1166 . A
cc-[-067 -0%]-A53S | B
TR T RN W M | o
P =y 6/ |
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AB -1-62& WITHOUT C-BoCT A ¢ STIFFAESS

FMAXIMUM STRESS RESULTS

PEE DA Roole

(1)
pé‘nf Allowable Calculated
Conditicn [Equation Stress Stress Hode |S.I.F Description
Sh
Normal and 8
Upset 5000 6094.0 RS110 | caun
Normal and | 9 1.2 8 ¥ 4 '
t
- dove | 8822.0 1349 |,.9 | coun
Emergency 9 3.8 Sh
P 10090 0 (349 | 1.8 | ceunt
Faultea 9 2.48y | . | . fATED ITON' 9 23| BounE) '
BY EMERGE 1K mkmn 2
Normal and 10 (2) S,
Upset
29 800 372400 11322 12,28 £, gows
Normal and Sa+ §
Upset 11 oy BO26.0 325 1 1.0 | OluN
(1) Piping Material: -6 Cr A

Design Temperature: L2535 °F

Note: A separate maximum stress sheet should be used for each
Piping material within a problem,

(2) Based upon raference 11,equation 10 may be exceeded if equation
11 {9 satisfied,
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Condition [Eguation §5rcss Stress ”°d€4s'1'ﬁ Description
Sh
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i 76%1.©0 133 |2, tBou)
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(1) Piping baterial: _SA" /06 gr.é

Lesign Temperature: 225 °F

Note: A scparate maximum stress sheet should bde uud for each
piping mate;: ux wnhin a problm

{2) PBased upon ntcronco ll,cquotlon 10 ny be exceedad Lt oquatiou Y
11 h nulﬂod. bk s _ % Pty ,. k

. .y




AB-7-(=>/3 Table 4 *

| LOADS /-_,’7-;;WLOADS /-9
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TEST OBJECTIVE

The purpose of the present tests is the evaluation of the behavior of
the ITT Grinnell Figure 137N or equivalent U-bolts used on the Comanche
Peak Project, under different loading conditions anticipated during the
life of Lhe support.

These loading conditions are summarized below:

The U-bolt is subjected to an initial normal l1oad P, per ITT Grinnell

or NPSI Load Capacity Data Sheets (LCDS) and to a s?multan.ous uniformly
increasing axial load P,. The axial load will be increased in a
controlled manner and tﬂo deflection of the U-bolt in the axial
direction and change in normal load will be recorded. Failure of the
U-bolt to perform it's function and sustain the applied loads in either
direction, or the presence of excessive displacements will result in the
termination of the test.

Loading Condition 2 (See Figure 2)

The U-bolt is subjected to an initial nyrma) load P per ITT Grinnell

or NPSI Load Capacity Data Sheets (LCOS) and o a simultaneous uniformly

increasing side or lateral load Pg. The side load will be increased

in a controlled manner, and the deflection of the U-bolt in the lateral
(::> direction and change in normal load will be recorded. Failure of the

U-bolt to perform it's function and sustain the applied loads in either

direction, or the presence of excessive displacements will result in the

termination of the test.

Loading Condition 3 (See Figure 3)

The U-bolt is subjected to a normal load P,. This normal load will be
increased in a controlled manner until failure of the U-boit occurs in
the tensile mode. Elongation of the U-bolt will be recorded.

|
Loading Condition 1 (See Figure 1)

TEST SET-UP

The RHIELE testing machine located in the Research, Development and
Engineering Department of ITT Grinnell in Providence, R.[. will be used
for testing the Figure 137N 4" and 24" pipe U-bolts.

The test fixture consists of the lower test stand shown in sketch No.
SA-4995-1 (see Appendix [Il) to support the U-bolt and pipe section,
The Tower test stand has two different designs, one for the 4* and the
other for the 24" pipe U<bolt,

Sketch No. SA-4995-3 (see Appendix [I1) shows the upper test fixture
which consists of a length of structural tubing attached to the upper
fixed end of the machine.




The structural tubing supports the pipe and U-bolt under testing,
through rods, eye-nuts, clevises and hex nuts (see Sketch No. SA-4995-4
& 5 of Appendix III). This upper test fixture is the same for both the
4" and 24" pipe U-bolts.

In order to generate axial and side loads at the centerline of the pipe,
a lateral load base support is used shown in sketch No. SA-4995-2 (see
Appendix IIL). This base support is used for holding the cylinder end
of a hydraulic pump that in turn pushes axially or laterally on the pipe
through load-inducing columns or rods. The location of this lateral
load base support is shown in sketch No. SA-4995-4 & 5 (see Appendix
[1I). It is secured on to the RHIELE testing machine.

In order to allow axial and lateral movements of the pipe, the
introduction of pinned-joints was necessary in order to allow rotation
(see Detail "A" on Sketch SA-4995-4, Appendix III).

In order to obtain conservative results, the pipe spools used were very
stiff in comparison to actual pipes, in the case of the 24" being
heavily stiffened with reinforcing circular plates. In utilizing this
configuration, minimal energy is dissipated in deforming the pipe spool
pieces, the major expension of energy taking place in the U-bolt
deformation.
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LOADING CONDITION 2
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LOADING CONDITION 3
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APPLICATION OF LOADS

Normal Loads

Normal loads will be applied through the testing machine. For the 4"
pipe U-bolt this normal load will be 2260 1b and for the 24" pipe U<bolt
the normal load will be 9920 1b (per ITTG DRS 137 Rev. 3; NPSI LCD
PUS-040,240 Revision 1).

Axfal Loads

Axial loads are the loads acting along the axis parallel to the length
of the pipe. These loads will be applied through the 'ENERPAC §177°
hydraulic pump and cylinder set. The cylinder will be suitably
installed on the testing machine and its height adjusted to act along
the center line of the pipe. '

Side or Lateral Loads

Side or lateral loads are the loads acting perpendicular to the axis of
the pipe in the plane of the U-bolt. The 'ENERPAC $S177' hydraulic pump
and cylinder set will be used to generate these loads. The cylinder
will be installed in the same manner as for axial load and is height
adjusted to act perpendicular to the center line of the pipe .

MEASUREMENTS

AlT normal loads (P,) are measured on the Rhiele testing machine dial.

Side and axial loads are recorded through strain gages. These gages are
installed on the load-inducing rods and connected to a strain measuri

device (see appendix IV)., At any time during testing and for any U<bolt
axial or lateral deflection the stra[ps may be recorded and printed out.

Strains obtained are then averaged and converted into pounds furce (see
Appendix V),

TESTING PROCEDURE

Three (3) tests will be performed for each of the loading conditions 1,
« and 3 for each of two U-bolt sizes. The sizes involved are:

(a) 4" pipe, 1/2" rod size U-bolt Fi?urn 137N, LCDS rated at
2260 1b normal load P,, and 184 1b side load Pq.

(b) 24" pipe, 1" rod size U-bolt Figur' 137N, LCDS rated at
9920 1b normal load Pn. No LCOS rating for side loading exists
as of this time.

T e A 0 e i



4" Pipe, 1/2" Rod U-Bolt Testing

Axial load plus rated normal load (Condition 1)

Test A
Test B
Test C

Side load plus rated normal load (Condition 2)
Test 0
Test £
Test F
Normal load to failure (Condition 3)
Test G

Test M
Test |
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LOADING CONDITION 1
Rated Normal Load Pl!! Variable Axial Load

U«bolt size : 4" pipe
1/2" rod.

Three tests A,B and C were performed. I[n each test, the U-bolt was
loaded with the LCDS rated normal load of 2260 1b. Axial load was
induced through the hydraulic pumn. The magnitude of the axial load was
determined through strain gages placed on the load-inducing columns and
connected to the cylinder end of the pump.

As the hydraulic pump was activated, strains and deflections were
recorded as well as any change in the original normal load.

Test 'A'

Test 'A' was performed as two separate parts, The test started using a
pressure gage on the hydraulic pump. Halfway along the test it became
evident that the pressure gage could not accommudate the axial load
needed to produce significant axfal deflections.

[t was then decided that axfal loads would be determined using strain

gages mounted on the load-inducing columns. The gages were properly
placed and the test continued.



TEST ‘A’

Axial Gage Axial Normal
Deflection Pressure Load Load
(IN) (PSIG) (L8) (L8)
.0 13. 0. 2260,
.002 46. 37. 2260.
.005 57, 61. 2260.
.010 67. 83. 2260.
.021 77. 104, 2260,
027 8s. 119, 2260.
.035 9. . 139. 2260,
044 102. 154, 2260.
.051 112. 178, 2260,
.058 120. 190. 2260.
.063 126. 202, 2260,
.069 135. 221, 2260.
.075 140, 232. . 2260,
.080 146. 245, 2260.
.085 152. 258. 2260,
.094 162. 277, 2260.
J22 192. 338. 2270,
151 212. 380 2305.
176 227, 413, 2335.
.203 240, 440, 2375.
.251 260. 479, 2490,

312 290. 542, 2650.



Axial

TEST 'A' (CONTINUED)

Axial Strains (in/in x 10'5)

Deflection Axial Normal

~ (IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
.312 53 -119 -33.0 554, 2825.
.325 53 -123 -35.0 587. 2860.
.330 53 -125 -36.0 604, 2920.
.355 54 -129 -37.5 629. 2990.
.400 55 -137 -41.0 688. 3180.
.450 58 -149 -45.5 763. 3410.
.500 61 -162 -50.5 847, 3620.
.550 65 =175 -55.0 923. 3830.
.600 66 -184 -59.0 .990. 4030.
.650 68 =202 . -67.0 1124, 4510.
.700 68 -218 -75.0 1259. 4990,
.750 71 -240 -84.5 1418. 5480.




TEST ‘"

Axial Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1  Gage #4 Average _ Load (LB)  Load (LB)
.0 0 0 =2 N 0. 2260.
015 1 -10 -4.5 79, 2260.
.030 3 -16 -6.5 109. 2250.
.045 6 -23 -8.5 143, 2245,
.060 10 -30 -10.0 168. 2245,
.075 1 -36 -12.5 210. 2245,
.090 12 -4] -14.5 243 2245,
110 14 -48 -17.0 285. 2260.
.125 15 -53 -19.0 319. 2275.
.150 16 -60 -22.0 369. 2320.
175 16 -66 -25.0 420. 2365.
.200 14 -68 -27.0 453, 2415,
.225 14 -69 -27.5 461, 2475.
.250 n -70 -29.5 49s, 2540,
.275 10 -71 -30.5 512. 2600.
.300 9 -74 -32.5 545. 2685,
.325 8 =77 -34.5 579. 2770.
.350 9 -81 -36.0 604, 2860.
.375 7 -84 -38.5 646. 2965.
.400 7 -88 -40.5 680. 3080.
.425 6 -92 -43.0 722. 3200.
.450 6 -97 -45.5 763. 3330.
.475 7 =103 -48.0 805. 3460,
.500 8 -109 -50.5 847, 3600.
.550 n -123 -56.0 940. 3850.
.600 12 -136 -62.0 1040, 4170.
.650 6 -151 -72.5 1217, 4770.
.700 2 -168 *-83.0 1393, 5400.
.750 -1 -184 -92.5 1552. 5860.
200 -6 -198 -102.0 1712. 6350.
.850 -13 -227 -120.0 2014, 6800,



TEST ‘¢t

Axial Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1  Gage #4 Average  Load (LB)  Load (L8B)
.0 0 0 0 0 2280,
015 2 -12 -5.0 84, 2280.
.030 3 -17 -7.0 117. 2280.
.045 3 =20 -8.5 143, 2290,
.060 3 -22 -9.5 159. 2310.
.075 2 -24 -11.0 185. 2330.
.090 2 -26 -12.0 201, 2345,
110 1 =25 - -12.0 201. 2365.
. 125 4 =32 -14.0 235. 2400,
.150 4 -35 -15.5 260. 2440.
175 5 =40 -17.5 294, 2495,
.200 6 -44 -19.0 319. 2545,
.225 7 -49 -21.0 352. 2585.
.250 S -54 -22.5 378. 2630.
.275 10 -59 -24.5 411, 2685,
.300 1 -64 -26.5 445, 2750.
.325 12 -69 -28.5 478. 2805.
.350 13 -74 -30.5 512. 2865.
.375 15 -82 -33.5 562. 2930.
.400 17 -88 -35.5 §9S. 3015.
.425 21 -97 -38.0 638. 3090.
.450 23 -103 -40.0 671. 3175.
.475 25 -109 -42.0 705. 3275.
.500 24 -114 -45.0 755. 3375.
.550 24 -124 -50.0 839. 3620.
.600 25 -134 -54.5 915. 3835.
.65C 25 -147 .-61.0 1024. 4190,
.700 23 -163 -70.0 1175. 4640,
.750 22 -182 -80.0 1342. §250.
.800 26 =210 -92.0 1544, 5860.
.850 33 =115.0 1930. 6275.

-263
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LOADING CONDITION 2
Rated Normal Load Plus Variable Side Load

U-bolt size : 4" pipe
1/2* rod

Three tests D,E and F were performed. In each test the U-bolt was loaded
with the LCDS rated normal load of 2260. 1b. Side load was induced
through the hydraulic pump. As in the case of the axial load, the
magnitude of the side load was determined through strain cages pliced on
the load-inducing columns. The load inducing columns arz inserted in the
cylinder end of the pump and bear upon the pipe.

{

Deflections and strains were recorded as the hydraulic pump was
activated. Also recorded was any change in the normal load.



TEST lol

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) Gage #1  Gage #4 Average  Load (L8)
.0 0 0 0 0. 2270,
.015 8 -15 -5.5 92. 2225,
.030 9 -25 -8.0 134, 2180.
.045 13 -36 -11.5 193. 2125.
.060 22 -54 -16.0 268, 2125.
.075 30 -69 -19.5 327, 2125.
.090 37 -92 -27.5 461, 2160.
110 42 -119 -38.5 646. 2185,
125 a2 -136 -47.0 789, 2200.
.150 34 -157 -61.5 1032. 2245,
175 27 =173 -73.0 1225. 2300,
.200 21 -182 -80.5 1351, 2360.
.225 15 -190 -87.5 1468. 2436,
.250 10 - -196 -93.0 1561. 2500.
.275 - 201 -98.0 1644, 2585,
300 -207 -103.5 1737, 2675.
.325 -8 <21 -109.5 1837. 2775.
.350 -16 -213 -114.5 1921, 2880,
.375 -24 -216 -120.0 2014, 2990,
.400 -33 -219 -126.0 2114, 3100.
425 -42 -224 -133.0 2232, 3225.
.450 -48 232 -140.0 2349, 3310,
475 -52 -242 -147.0 2467. 3425,
.500 -61 -248 -154,5 2593, 3550.
.550 -81 -259 -170.0 2853. 3835,
.600 =101 -267 - «184,0 3088. ano.
.650 129 276 -202.5 3398, 4425,
.700 -156 -284 «220.0 3692, 4675,
. 750 -183 -295 -239.0 4010. 4875,
.800 221 -299 -260.0 4363, 5325,
.850 -261 =302 -281,5 4724, 5880,
.900 =31 -307 -309.0 5185. 6375.
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Side Strains (in/in x 10-6)

Deflection Side Normal
(IN) Gage #1  Gage #4 Average  Load (LB8) Load (L3,
.0 0 0 0 0 2260.
.015 18 -35 -8.5 143, 2145,
.030 37 -68 -15.5 260. 2070.
.045 51 -100 -24.5 411, 2030.
.060 56 =122 -33.0 554, 2020.
.075 62 -144 -41.0 688. 2010.
.090 67 -167 -50.0 839. 2010,
110 73 -194 . -60.5 1015. 2075.
.125 76 =214 -69.0 1158. 2140,
.150 76 -236 -80.0 1342, 2235,
175 75 =252 -88.5 1485, 2330.
.200 73 -263 -95.0 15¢4, 2430.
.225 n =272 100.5 1686. 2540.
.250 68 -278 -105.0 1762. 2630.
.275 64 -283 109.5 1837, 2720.
.300 57 -288 -115.5 1238, 2830.
.325 50 =291 -120.5 2022. 293¢,
.350 42 -294 -126.0 2114, 3020.
.375 34 -298 -132.0 2215, 3ano.
.400 24 -302 - =139.0 2332. 3220.
.425 17 -305 -144,0 2416. 3280.
.450 B -307 -151.0 2534. 3420.
.475 -1 -310 -155.5 2608. 3510.
.500 -5 -320 -162.5 2727. 3590.
.550 =21 -331 -176.0 2953. 3810.
.600 -44 -336 -190.0 3188. 4030.
.650 -69 -341 -205.0 3440. 4270.
.700 -100 -346 -223.0 3742, 4540,
.750 -133 -349 -241.0 4044, 4790.
.800 -174 -346 -260.0 4363. 5190.
.850 <214 -348 -281.0 4715, 5590.

s T o



TEST 'F

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
.0 0 0 0 0 2260.
.015 -3 -10 -6.5 109. 2210.
.030 0 -19 -9.5 159. 2160.
.045 0 -28 -14.0 235. 2120.
.060 1 -37 -18.0 302. 2120.
.075 0 -45 -22.5 378. 2130.
.030 -2 -53 -27.5 461. 2150.
.10 -6 -64 -35.0 587. 2200.
125 -1 -73 -42.0 705. 2240.
.150 -19 -87 -53.0 889. 2300.
175 -29 -98 -63.5 1066. 2380.
.200 -38 -104 -71.0 1191, 2440,
. 225 -48 -108 -78.0 1309. 2480.
.250 -54 -1 -82.5 1384 2500.
Q7% -59 -116 -87.5 1468 2550,
.300 -65 -120 -92.5 1552. 2610.
.325 -70 -123 -96.5 1619, 2680.
.35C -75 -127 -101.0 1695. 2750.
.375 -81. -131 -106.0 1779. 2830.
. 400 -87 -136 -111.5 1871. 2940.
.425 -96 -139 -117.5 1972. 3050.
.450 =105 -141 -123.0 2064. 3120.
475 -116 -142 -129.0 2165. 3250.
.500 =127 -145 -136.0 2282. 3290.
.550 -150 -150 -150.0 2517. 3550.
.A00 -1 -155 -163.0 2735. 3790.
.659 -196 -162 -179.0 3004. 4080.
« 7R =221 -17 -196.0 3289. 4340,
.750 -242 -178 -210.0 3524, 4500.
.800 -269 -187 -228.0 3826. 4800.
.850 -299 -195 -247.0 4145, 5230.
.900 -332 - =204 -268.0 4497, 5640.
.950 -366 -213 -289.5 4858. 6100.
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LOADING CONDITION 3

Normal Load %) Failure

U-Bolt size : 4" pipe
1/2" rod

Three tests G,H and I were performed. In each test the U-bolt was loaded
normally by means of the tensile machine. The normal load was increased
gradually until the U-bolt failed. The charting capability of the
machine was utilized to plot the normal load against the normal
deflecticn or elongation of the U-bolt. The location of failure for eacn
U-bolt was observed.

w]l=



24" Pipe, 1" Rod U-Bolt Testing

Axial load plus rated normal load (Condition 1)

Test K
Test L
Test M

Side load plus rated normal load (Condition 2)
Test N
Test O
Test P
Normal load to failure (Condition 3)
Test Q

Test R
Test S




LOADING CONDITION 1

Rated Normal Load Plus Variable Axial Load

U-bolt size : 24" pipe

1 rod
Three tests K,L and M were performed. In each test the U-bolt was
loaded with the LCDS rated normal load of 9920 1b. Axial load was
induced through the hydraulic pump.

The testing procedure is the same as for tests A,8 and C.



TEST 'k*

Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1 Gage #4 Average  Load (LB) Load (LB)

.0 0 0 0 0 9920.
.025 -18 -5 -11.5 193 9850.
.050 =31 -8 -19.5 327 9750.
.075 -52 -1 -26.5 445 9600.
.100 -63 -2 -32.5 545 9500.
.125 -70 -5 -37.5 629 9400.
.150 -76 -8 -42.0 705 9350.
179 -84 -10 -47.0 789 9350.
.200 -117 16 -50.5 847 9300.
.225 -127 14 -56.5 948 9300.
.250 -135 15 -60.0 1007 9300.
.275 -144 i7 -63.5 1066 9300.
.300 =151 18 -66.5 1116 9300.
- -160 18 -71.0 1191 9400.
.350 -168 20 -74.0 1242 9500.
375 =177 22 -77.5 1300 9500.
.400 -185 23 -81.0 1359 9550.
.425 -194 23 -85.5 1435 9700.
.450 =201 22 -89.5 1502 9800.
.475 =207 21 -93.0 1561 9900.
.500 =211 19 -96.0 1611 9950.
525 =217 19 -99.0 1661 10050.
.550 -222 18 -102.0 1712 10200.
.575 =227 16 -105.5 1770 10300.
.600 -232 13 -109.5 1837 10400.
.625 -233 n -111.0 1863 10550.
.650 -237 n -113.0 1896 10700.
.675 -241 9 -116.0 1946 10800.
.700 -245 7 -119.0 1997 11000.
.725 =251 8 -121.5 2039 11150.
.750 -256 8 -124.0 2081

11300.




TEST 'K'(CONTINUED)

Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
o775 -263 10 -126.5 2122 11500
.800 -266 8 -129.0 2165 11700
.825 =271 8 -131.5 2207 11900
.850 -278 7 -135.5 2274 12100
.875 -282 8 -137.0 229¢ 12350
.900 -288 7 -140.5 2358 12550
.925 -296 8 -144.0 2416 12800
.950 =301 B -147.0 2467 13050
.975 -308 6 -151.0 2534 13350
1.000 -314 6 -154.0 2584 13600
1.025 -320 5 -157.5 2643 13850
1.050 -326 4 -161.0 2702 14150
1.075 =331 2 -164.3 2760 14450
1.100 -336 0 -168.0 2819 14700
1.125 -342 -1 -171.5 2878 15000
1.150 -345 -4 -174.5 2928 15250
1.175 =351 -7 -179.0 3004 15600
1.200 -354 -10 -182.0 3054 15950
1.225 -358 -14 -186.0 3121 16250
1.250 -364 -19 -191.5 3213 - 16600
1.275 -368 =22 -195.0 3272 16850
1.300 -374 -26 -200.0 3356 17200
1.325 =377 =30 -203.5 3415 17650
1.350 -383 -35 -209.0 3507 18000
1.375 -388 -39 -213.5 3583 18400
1.400 -393 -44 -218.5 3666 18700
1.425 -395 -50 =222.5 3734 19050
1.450 -400 -56 -228.0 3826 19500
1.475 -404 -64 -234.0 3927 19850
1.500 -405 -/2 -238.5 4002 20200

DL e —



TEST ‘L'

Axial Strains (in/in x 10-6)
Ceflection Axial Normal
(IN) Gage #1  Gage #4 Average  Load (LB)  Load (LB)
.0 0 0 0 0 9950
.025 -19 -3 -11.0 185 9900
.050 -25 R -16.0 268 9850
.075 -29 -10 -19.5 327 9850
.100 -32 -14 -23.0 336 9850
.125 -33 -20 -26.5 445 9800
.150 -38 -23 -30.5 512 9800
175 -42 27 -34.5 579 9800
.200 -47 -31 -39.0 654 9800
.225 -51 -35 -43.0 722 9850
.250 -56 -38 -47.0 789 9900
.275 -59 -43 -51.0 856 9950
.300 -64 -47 -55.5 931 10000
.325 - -67 -52 -59.5 998 10050
.350 -70 -57 -63.5 1066 10150
.375 -72 -63 -67.5 1133 10250
.400 -74 -69 -71.5 1200 . 10350
.425 -75 -76 -75.5 1267 10450
.450 -78 -81 -79.5 1334 10500
.475 -81 -33 -57.0 956 - 10600
.500 -130 -44 -87.0 1460 10700
.525 -132 -51 -91.5 1535 10800
.550 -135 -57 -96.0 1611 10850
.575 -136 -63 -99.5 1670 10950
.600 -138 -68 - «103.0 1728 11000
.625 -140 -74 -107.0 1795 11100
.650 -141 -80 -110.5 1854 11200
.675 -141 -87 <114,0 1913 11300
.700 -141 -92 -116.5 1955 11400
.725 -141 -100 -120.5 2022 11500
.750 -141 -107 -124.5 2081 11650
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Axial

TEST 'L' (CONTINUED)

Strains (in/in x 10-6)

Deflection Axial Normal
(IN) Gage #1  Gage #4 Average Load (LB) Load (LB)
775 -141 -114 -127.5 2139 11800
.800 -142 -119 -130.5 2190 12000
.825 -142 -127 -134.5 2257 12150
©.850 -142 -136 -139.0 2332 12400
.875 -142 -143 -142.5 2391 12650
.900 -142 -152 -147.0 2467 12900
.925 -140 -162 -151.0 2534 13100
.950 -140 -170 -155.0 2601 13400
.975 -140 -179 -159.5 2676 13700
1.000 -139 -186 -162.5 2727 13950
1.025 -138 -198 -168.0 2819 14250
1.050 -136 -209 -172.5 2895 14600
1.075 -135 -220 -177.5 2978 14900
1.100 -134 -230 -182.0 3054 15200
1.125 -131 -243 -187.0 3138 15500
1.150 -132 -250 -191.0 3205 15900
1.175 -129 -264 -196.5 3297 16250
1.200 -126 =277 -201.5 3381 16650
1.225 -125 -287 -206.0 3457 16950
1.250 -141 -303 -222.0 3725 17300



TEST 'M*

Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (L8)

.0 0 0 0 0 9950
.025 -30 2 -14.0 235 9950
.050 -44 4 -20.0 336 9950
.075 -42 0 -21.0 352 9700
.100 -49 -5 -27.0 453 9800
.125 -54 -11 -32.5 545 9850
.150 -58 -16 - =37.0 621 9850
175 -62 =21 -41.5 695 9900
.200 -66 =25 -45.5 763 9950
.225 -95 -4 -49.5 831° 9950
.250 -94 -16 -55.0 923 10000
% 44 ] -94 -25 -59.5 998 10050
.300 -97 -33 -65.0 1091 10150
.325 -99 -41 -70.0 1N 10200
+35C -106 -44 -75.0 1259 10250
.375 =115 =37 -76.0 1275 10350
.400 -118 -48 =-83.0 1393 10450
.425 -130 -38 -84.0 1410 10550
.450 -132, -50 -91.0 1527 10700
.475 -14] -42 -91.5 1535 10750
.500 -143 -55 -99.0 1661 10900
525 -154 -46 -100.0 1678 10900
.550 -157 =51 -104.0 1745 11100
578 -161 =55 -108.0 1812 11200
.600 No readings available due to U-bolt "slip"

625 ® L " “ w " "

.650 -186 30 -78.0 1309 11100
.675 =211 32 " -89.5 1502 11450
.700 -227 34 -96.5 1619 11700
.725 -238 32 -103.0 1728 12000
.750 -240 23 -108.5 1821 12250



TEST 'M' (CONTINUED)

Axial Strains (in/in x 10-6)
Deflection Axial Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
775 -24) 15 -113.0 18926 12500
.800 -244 -118.5 1988 12700
.825 -246 1 -122.5 2056 12950
.850 -247 -5 -126.0 2114 13200
.875 -249 -12 -130.5 2190 13350
.900 -252 -17 -134.5 2257 13600
.925 -250 -26 -138.0 2316 13850
.950 -254 -33 -143.5 2408 14100
.975 -256 -39 -147.5 2475 14350
1.000 -258 -44 -151.9 2534 14550
1.025 -259 -52 -155.5 2609 14800
1.050 -261 -58 -159.5 2676 15100
1.075 -263 -64 -163.5 2744 15300
1.100 -268 -66 -167.0 2802 15850 —
1.125 -268 -72 -170.0 2853 15800
1.150 -273 =77 -175.0 2937 16050
1.175 =275 -84 -179.5 3012 16350
1.200 -279 -90 -184.5 3096 16650
1.225 -281 -96 -188.5 3163 16950
- 1.250 -286 -104 -195.0 3272 - 17250
1.275 -286 -112 -199.0 3339 17550
1.300 -286 -123 -204.5 3432 17900
1.325 -290 -128 -209.0 3507 18250
1.350 -292 -136 -214.0 3591 18550
1.375 -294 -143 -218.5 3666 18850
1.400 -289 -154 -221.5 kYA 19100
1.425 -295 -160 -227.5 3815 19500
1.450 -297 -169 -233.0 3910 19850
1.475 -299 -178 -238.5 4002 20200

1.500 -299 =191 -245.0 an 20650



(Tg‘ LOADING CONDITION 2

Rated Normal Load Plus Variable Side Load

U-bolt size : 24" pipe

1" rod
Three tests N,0 and P were performed. In each test the U-bolt was loaded
with the LCDS rated normal load of 9920 1b. Side load was induced
through the hydraulic pump.

The testing procedure is the same as for tests 0, and F.
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TEST 'N'

Side Strains (in/in x 10-6) _
Deflection Side Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
.0 0 0 0 0 9920
.025 -38 24 -7.0 117 9900
.050 -76 49 -13.5 227 9900
.075 -107 68 -19.5 327 9950
.100 -130 80 -25.0 420 10050
125 -158 97 -30.5 512 10250
.150 -187 114 -36.5 612 10400
J175 =222 134 . -44.0 738 10550
.200 -256 155 -50.5 847 10700
.225 -295 178 -58.5 982 10850
.250 -330 199 -65.5 1099 11000
.275 -365 220 -72.5 1217 11200
.300 -398 239 -79.5 1334 11300
389 -433 260 -86.5 1451 11550 -
.350 -468 279 -94.5 1586 11700
.375 -496 295 -100.5 1686 11950
.400 523 309 -107.0 1795 12150
.425 =555 326 -114,5 1921 12350
.450 -584 341 -121.5 2039 12550
.475 -612 355 -128.5 2156 12800
.500 634 365 -134.5 2257 13000
.525 -660 377 -141.5 2374 13300
.550 -683 387 -148.0 2483 13500
.575 =711 402 -154.5 2593 13750
.600 -737 416 -160.5 2693 14000
.625 -766 432 -167.0 2802 14250
.650 =790 446 -172.0 2886 14500
.675 -818 462 -178.0 2987 14750
.700 -843 477 -183.0 3071 15000
.725 -868 492 -188.0 3155 15250
.750 -891 507 -192.0 3222 15500



S : " TEST *N*' (CONTINUED)

Side Strains (in/in x 10-6)

Deflection g 2 Side Normal -4
(IN) __ Gage #1 Gage#s Average . Load (18) load (18) i
JIS . =908 . 519 . =194.5 3264 15800
.800 - -941 - 538 -201.5 3381 16050
.825 -962 553  -204.5 3432 16350
850 -989 5707 -209.5 3515 16650 -
875 © .10i. 888" -215.0 3608 - 16980
.900 -1039 - 603 -218.0 3658 117250
.925 -1066 621 " .222.5 3734 17550
.950 -1095 640 . -227.5 3817 17850 {
.975 1122 657 -232.5 3901 18150
1.000 -1146 674 -236.0 3960 18450
1.025 17N 692 -239.5 4019 18800
1.050 -1202 m -245.5 4119 19150
(:> 1.075 -1231 730 -250.5 4203 19500
1.100 -1260 750 -255.0 4279 20000
1.125 -1293 772 -260.5 437N 20150
1.150 -1325 793 -266.0 4463 20550
1.175 -1354 814 -270.0 4531 20900
1.200 -1391 838 -276.5 4640 21300
1.225 -1424 860 -282.0 4732 21600
1.250 -1458 885 -286.5 4807 22050
1.275 -1496 910 -293.0 4917 22400
1.300 -1538 938 -300.0 5034 22800
1.325 -1576 964 -306.0 5135 23250
1.350 -1616 993 -311.5 5227 23650
1.375 -1661 1022 -319.5 5361 24100
1.400 -1710 1053 -328.5 §512 24500
1.425 -1750 1081 -334.5 5613 24900
1.450 -1797 13 ~342.0 5739 25350 ‘
1.475 -1844 1143 -350.5 5881 25700
1.500 -1888 172 -358.0 6007 26100




TEST '0'

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) Gage #1  Gage #4 Average  Load (LB)  Load (LB)
.0 -28 14 -7.0 117 9950
.025 -59 29 -15.0 252 9950
.050 -6 44 -21.0 352 9950
.075 -104 52 -26.0 436 9950
.100 -123 61 -31.0 520 9950
.125 -145 72 -36.5 612 9950
.150 -168 85 -41.5 696 9950
.175 =192 99 -46.5 780 9950
.200 =211 108 -51.5 864 10000
.225 -242 128 -57.0 956 10000
.250 =270 145 -62.5 1049 10100
275 =295 160 -67.5 1133 10100
.300 =316 174 -71.0 1191 10100
325 -342 189 -76.5 1284 10100
.350 -363 202 -80.5 1351 10100
.375 -385 215 -85.0 1426 10150
.400 -402 225 -88.5 1485 10200
.425 -421 238 -91.5 1535 10250
.450 -447 250 -98.5 1653 10300
.475 -466 261 -102.5 1720 10350
.500 -484 272 -106.0 1779 10450
.525 -503 282 -110.5 1854 10550
.550 -520 292 -114.0 1913 10700
.575 -542 303 -119.5 2005 10800
.600 565 316 -124.5 2089 11000
.625 590 328 -131.0 2198 11200
.650 -614 340 -137.0 2299 11350
.675 -636 353 ~141.5 2374 11550
.700 -665 368 -148.5 2492 11700
725 -691 382 -154.5 2593 11900
.750 -720 398 -161.0 2702 12100



TEST '0'(CONTINUED)

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
775 -750 414 -168.0 2819 12300
.800 -774 430 -172.0 2886 12500
.825 -803 447 -178.0 2987 12750
.850 -833 464 -184.5 3096 1295C
.875 -859 480 -189.5 3180 13150
.900 -887 497 -195.0 3272 13400
.925 -919 516 -201.5 3381 13650
.950 -942 533 -204.5 3432 13900
.975 -969 549 -210.0 3524 14150
1.008 - =992 566 -213.0 3574 14400
1.025 -1026 587 =219.5 3683 14700
1.050 -1046 602 -222.0 3725 15000
1.075 -1069 618 -225.5 3784 15300
1.100 -1102 638 - -232.0 3893 15600
1.125 -1123 654 -234.5 3935 15950
1.150 -1147 671 -238.0 3994 16300
1.175 <1171 687 -242.0 4061 16600
1.200 -1202 707 -247.5 4153 16950
1.225 -1231 725 -253.0 4245 17300
1.250 -1262 747 -257.5 4321 ; 17650
1.275 -1286 764 -261.0 4380 18000
1.300 -1305 780 -262.5 4405 18200
1.325 -1347 806 -270.5 4539 18650
1.350 -1387 832 =277.5 4656 19050
1.375 -1415 853 -281.0 4715 19450
1.400 -1449 877 -286.0 4799 19800
1.425 -1486 901 -292.5 4908 20200
1.450 -1525 928 -298.5 5009 20600
1.475 -1557 952 -302.5 5076 21000

1.500 -1596 978 -309.0 5185 21350



TESY ‘P

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) ~Gage #1 Gage #4 Average Load (LB) Load (LB)
.0 Q 0 0 0 9920
.025 -58 35 -11.5 193 9920
.050 -96 57 -19.5 327 9850
.075 -132 80 -26.0 436 9850
.100 -176 108 -34.0 571 9800
189 =215 134 -40.5 680 9750
.150 -253 160 -46.5 780 9700
179 -287 182 . -52.5 881 9700
.200 -322 206 -58.0 973 9650
.225 -353 227 -63.0 1057 9650
.250 -385 247 -69.0 1158 9650
219 -412 265 -73.5 1233 9650
.300 -438 282 -78.0 1309 9650
(::) " -4560 294 -83.0 1393 9650
.350 -482 305 -88.5 1485 9750
.375 -501 314 -93.5 1569 9800
.400 -522 324 -99.0 1661 9850
.425 -541 333 -104.0 1745 9950
.450 -560 342 -109.0 1829 10000
.475 -581 352 -114.5 1921 10100
.500 -599 360 -119.5 2005 10250
.525 -620 369 -125.5 2106 10350
.550 -637 378 -129.5 2173 10450
.575 -656 389 -133.5 2240 10600
.600 -682 403 -139.5 234) 10800
.625 -699 414 -142.5 2391 10900
.650 -719 425 -147.0 2467 11100
.675 -782 438 -152.0 2551 11250
.700 -763 450 -156.5 2626 11400
.725 -789 465 -162.0 2718 - 11600

(::) .750 -816 481 -167.5 2810 11750



TEST 'P (CONTINUED)

Side Strains (in/in x 10-6)
Deflection Side Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)
775 -841 496 -172.5 2895 12000
.800 -867 512 -177.5 2978 12200
.825 -893 528 -182.5 3062 12450
.850 -919 544 -187.5 3146 12700
.875 -944 560 -192.0 3222 12950
.900 -966 575 -195.5 3280 13250
.925 -991 591 -200.0 3356 13550
.950 -1011 606 . -202.5 3398 13850
.975 -1035 622 -206.5 3465 14150
1.000 -1060 638 -211.0 3541 14450
1.025 -1085 655 -215.0 3608 14800
1.050 -1110 672 -219.0 3675 15150
1.075 -1133 688 -222.5 3734 15450
1.100 -1164 708 -228.0 3826 15850
1.125 -1200 730 -235.0 3943 16150
1.150 -1220 747 -236.5 3968 16550
1.175 -1254 769 -242.5 4069 17000
1.200 -1286 790 -248.0 4161 17400
1.225 -1322 813 -254,5 a2 17800
1.250 -1352 835 -258.5 4338 18200
1.275 -1386 857 -264.5 4438 18600
1.300 -1413 877 -268.0 4497 18950
1.325 -1452 903 -274.5 4606 19450
1.350 -1482 924 -279.0 4682 19800
1.375 -1519 949 -285.0 4782 20250
1.400 -1559 975 -292.0 4900 20650
1.425 -1600 1002 -299.0 5017 21100
1.450 -1632 1025 303.5 5093 21500
1.475 -1671 1050 -310.5 5210 22000
1.500 -1709 1076 -316.5 5311 22400
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LOADING CO'DITION 3
Normal Coac to.Failure. .

U-bolt size : 24" pipe
rod

Three tests Q,R and S were performed. In each test the U-bolt was

loaded normally by means cf the tensile machine. The normal load was
increased gradually until the U-bolt failed. The charting capability of
the -machine was utilized to plot the normal load a?ainst the normal-

deflection or elongation of the U-bolt. The location of failure for
each U-bolt was observed.




LOAD RATING ACCORDING TO ASME NF-3260

MATERIAL PROPERTIES - Stress in KSI
Values from C.M.T.R.'s at 70° F
SIZES Sy Sy .55y .55, FALL/Sy

4" PIPE 1/2" ROD | 63.08 45,13 31.54 27.08 0.43
24" PIPE 1" ROD | 73.4 51.6 36.7 30.96 0.42

MATERIAL PROPERTIES - Stress in KSI
Values from ASME Appx. 1 at 100° F

SIZES Sy Sy .55, .65, FaLL/S,
4" PIPE 1/2" ROD | 58 36 29 21.6 0.37

24" PIPE 1" ROD 58 36 29 21.6 0.37

MATERIAL PROPERTIES - Stress in KSI
Values from ASME Appx. 1 at 650° F
SIZES Su Sy .55y .SS, FALL/Sy

4" PIPE 1/2" ROD 58 26.1 29 15.66 0.27
24" PIPE 1" ROD 58 26.1 29 15.66 0.27

FaLL : Smallest of .55, and .65y

Per NF-3262.3, Winter 1974 Addenda,
LOAD RATING = T.L. X (FaLL/Sy)

where T.L. = TEST LOAD

-the TEST LOAD for normal loading is the final load that produces
fatlure of the U-holt,

-for axial and lateral loading, the test load may be taken as the
load at maximum observed axial or lateral deflection, since at
this deflection the support was still sustaining the indicated
loads.
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LOADS AND DEFLECTIONS FOR USE IN LOAD RATING OF 4" & 24" PIPE U-BOLTS

TEST LOAD DEFLECTION TEST LOAD DEFLECTION
A 1418 .75 K 4002 1.50
8 2014 .85 L 3725 1.25
c 1930 .85 M 411 1.50
0 5185 .90 N 6007 1.50
E 4715 .85 0 5185 1.50
F 4858 .95 - 53N 1.50
G 19825 FAILURE Q 89500 FAILURE
H 18675 FAILURE R 90000 FAILURE
I 19850 FAILURE S 90750 FAILURE
Based on the minimum values of the above table,
TEST LOAD for 4" Axial Load Test = 1418 LBS.
TEST LOAD for 4" Lateral Load Test = 4715 LB8S.
TEST LOAD for 4" Normal Load Test = 18675 LBS.
TEST LOAD for 24" Axial Load Test = 3725 LBS.
TEST LOAD for 24" Lateral Load Test = 5185 LBS.
TEST LOAD for 24" Normal Load Test = 89500 LBS.

For material properties at 70°

NF Load Rating for 4" Axial
NF Load Rating for 4* Lateral
NF Load Rating for 4" Normal
NF Load Rating for 24" Axial

NF Load Rating for 24" Lateral
NF Load Rating for 24" Normal

(per C.M.T.R.'s),

Load = 1418 (0.43) =
Load = 4715 (0.43) =
Load = 18675 (0.43) =
Load = 3725 (0.42) =
Load = 5185 (0.42) =
Load = 89500 (0.42) =

For material properties at 100° (per ASME Appex. I),

NF Load Rating for 4" Axial
NF Load Rating for 4" Lateral
NF Load Rating for 4" Normal
NF Load Rating for 24" Axial

NF Load Rating for 24" Lateral
NF Load Rating for 24" Normal

Load =

Load
Load
Load
Load

1418 (0.37)
Load = 4715
18675
3725
5185 (0.37)
89500 (0.37) =

0.37)
0.37
0.37

For material properties at 650° (per ASME Appex. 1),

NF Load Rating for 4" Axial
NF Load Rating for 4" Lateral
NF Load Rating for 4" Normal
NF Load Rating for 24" Axial

NF Load Rating for 24" Lateral
NF Load Rating for 24"

Load
Load
Load
Load

Load = 5185
Normal Load = 89500

418 (0.27)
4715 (0.27)
18675 (0.27)
3725 (0.27)

(53

610 LBS.
2027 L8S.
8030 LBS.
1565 L8S.
2178 LBS.

37590 LBS.

525 LBS.
1745 LBS.
6910 LBS.
1378 LBS.
1918 LBS.

33115 LBS.

383 L8S.
1273 LBS.
5042 LBS.
1006 L8S.

1400 LBS.
24165 LBS.
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TEST RESULTS

AXIAL LOADING OF U-BOLTS

4" PIPE

1/2" rod U-bolts
Tests A,8,C
Figures A-1 to A-6 of Appendix I

Axial loads of between 1342 and 1552 1bs were required to produce 0.75"
of deflection in the axial direction for three different specimens.,
Load-deflection paths were comparatively similar for all U-bolts.

Normal load increased from the LCDS rated load of 2260. lbs at the
beginning of the test, to a load of between 5250 and 5860 lbs at 0.75"
of axial deflection. ;

Upon removal of the axial load, the axial deflection went down to
approximately 0.51" and the normal load was reduced to 2500 lbs (test C
data only). No measurements were taken upon removal of normal load.

24" PIPE

(::> 1" rod U-boits

Tests K,L M
Figures A-16 to A-21 of Appendix I

Axial loads of between 3213 and 3725 1bs were required to produce 1.25*
of deflection in the axial direction for three different specimens.
Load-deflection paths were comparatively similar except for test M when
the U-bolt "slipped" on the pipe at about 0.6" of axial deflection.

Normal load increased from the LCDS rated load of 9920 1bs at the

beginning of the test to a load of between 16600 and 17300 1bs at 1.25"
of axial deflection.

Upon removal of the axial load, the axial deflection went down to
between 0.602" and 0.742" and the normal load was reduced to between
7500 }b? :gd 9300 1bs. No measurements were taken upon removal of
normal load.

Bl T ok S =7 SRS
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TEST RESULTS (CONTINUED)

LATERAL LOADING OF U-BOLTS

4" PIPE

1/2" rod U-bolts
Tests 0,E,F
Figures A-7 to A-12 of Appendix I

Lateral loads of between 3524 and 4044 1bs were required to produce
0.75" of deflection in the lateral direction, for three different
spec:mens. Load-deflection paths were comparatively similar for all
U'bO ts .

Normal load increased from the LCDS rated load of 2260 lbs at the
beginning of the test, to a load of between 4500 and 4875 1bs at 0.75"
of lateral deflection.

Upon removal of the lateral load, the axial deflection was reduced to
between 0.507" and 0.627" and the normal load was reduced to between
2450 1bs and 2570 1bs (tests E and F only). No measurements were taken
upon removal of normal load.

24" PIPE -

1" rod U-bolts
Tests N,0,P
Figures A-22 to A-27 of Appendix I

Lateral loads of between 4321 and 4807 1bs were required to produce
1.25" of deflection in the lateral direction for three different
specimens. Load-deflection paths were comparatively similar for all
U"bO]tS. ¢

Normal load increased from the LCDS rated load of 9920 1bs at the
beginning of the test, to a load of between 18200 and 22050 1bs at 1.25"
of lateral deflection.

Upon removal of the lateral load, the axial deflection was reduced to
between 0.638" and 0.683" and the normal load was reduced to between
7450 1bs and 8350 1bs. No measurements were taken upon removal of
normal load.



TEST RESULTS (CONTINUED)

NORMAL LOADING OF U-BOLTS

4" PIPE

1/2" rod U-bolts
Tests G,H,I
Figures A-13 to A-15 of Appendix I

Normal loads of 19825, 18675 and 19850 1bs were required to break the
three different U-bolts.

Based on theoretical calculations involving the tensile stress area of
the threaded section of the U-bolts and the ultimate strength of the
U-bolt material, failure should occur at 178S0 1bs.

Failure occured, as expected, in the threaded section of the U-bolt, in
the region between the two hex nuts securing the U-bolt on the base
plate. Excessive necking is evident,

24" PIPE

1" rod U-bolts
Tests Q,R,S
Figures A-28 to A-30 of Appendix I

Normal loads of 89500, 90000 and 90750 1bs were required to break the
three different U-bolts.

Based on theoretical calculations involving tﬁe tensile stress area of
the threaded section of the U-bolts and the ultimate stiength of the
U-bolt material, failure should occur at 88475 1bs.

Failure occured, as expected, in the threaded section of the U-bolt, in
the region between the two hex nuts securing the U-bolt on the base
plate. Excessive necking is evident.
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SUMMARY OF RESULTS

MAX IMUM
PIPE LOAD TEST NF-RATED* LCD
SIZE DIRECTION TEST LOAD LOAD LOAD REMARKS
4" AXIAL A 1418 no failure 4 =0,75%
8 2014 383 N/A ne failure &=0,85"
C 1930 no failure 4&=0,85"
4 LATERAL ) 5185 no failure &=0,90"
E 4715 1273 184 no failure &=0.85"
F 4858 no failure & =0,95"
4" NORMAL G 19825 failure
- 18675 5042 2260 failure
E 19850 failure
24" AXIAL K 4002 no failure 4=1,50"
L 3725 1006 N/A no failure 4=1,25"
M 41N no failure 4=1,50"
24" LATERAL N 6007 no failure 4&=1,50"
0 5185 1400 N/A noc failure 4=1,50"
S 5311 no failure 4 =1,50"
24" NORMAL Q 89500 failure
R 90000 24165 9920 failure
S 90750 failure

A1l loads in pounds

These NF rated loads are those loads which have been extracted from the
test results of the U-bolt specimens covered in this report. These
loads are determined in accordance with the ASME Boiler and Pressure
Vessel Code, Section III, Subsection NF, Article NF-3262.3, Winter 1974
Addenda. They reflect the maximum design load similar U-bolts installed
at the plant may be qualified to. These vaiues are presented to
emphasize the fact that the items under investigation poses considerable
reserve strength in comparison to their published design load.
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CONCLUSIONS

Ouring all tests, the U-bolit specimens sustained permanent deformation
with no loss in the load-carrying capacity for eilher the axial or
lateral loading direction. The load carrying capability only ceased at
the actual U-bolt failure for the pullout test. For both the axial and
lateral load tests, the U-bolts sustained the indicated loads.

Determination of the yield point of the U-bolt cannot be made from the
plots of the tests included in the Appendix I. The nature of the
applied normal load causes a stress stiffening effect where the state of
stress in the member adds significantly to the overall stiffness. Hence
with the U-bolts being loaded both normaily and in bending, the
transition between elastic and inelastic behavior is difficult to
detect. It was observed during the course of testing that under the
simultaneous loading, axial displacements in excess of one-eighth inch
caused no noticeable permanent deformation upon removal of load.

The increase in normal- load as axial or lateral deflection of the U-bolt
increased may be attributed to the following. As the U-bolt is
displaced, the bending resistance of the U-bolt predominates at smaller
values of deflection. As yielding proceeds through the cross-section,
this bending resistance diminishes. To account for this condition, the
U-bolt resists load in the normal direction along the U-bolt axis.
Throughout the course of each test, a space or "gap" existed between the
pipe spool and base fixture as the pipe was forced upward against the
U-bolt. This “gap" never closed. Stretching of the U-bolt caused the
normal load to increase. This points out the fact that there is a
tremendous amount®of reserve strength available in the U-bolt to
accommodate very large load increases. Also to be concluded is the fact
that under the action of U-bolt tension and bending forces at low values
of displacement (beiow one-eighth inch), no permanent deformation occurs
in U-bolts which undergo such loading.

To summarize, it must be stated that failure of the specimens due to
either axial or lateral load was not accomplished, even at the excessive
maximum values of displacement for which the testing was done. It
appears that after the elastic limit of the material was reached,
yielding occured over a wide span of deflection due to the nature of the
load. Even under cyclic loading with displacemants in the order of
one-eighth inch, failure of the bclt due to fatigue is nonexistent,
since no yielding was evident within this range of deflections.

In light of these observations it mas be concluded that the U-bolt
assemblies will perform satisfactori y at postulated displcament values
under operating conditions. Added toc the safe performance of the
U-bolts is the evidence contained her2in of their substantial reserve
strength. ‘
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APPENDIX I

The purpose of this appendix is to graphicaily reprasent the results
obtained through testing the 4" and 24" pipe U-bolts. Tie graphs are
self-explanatory, depicting deflection of the pipe and '-bolt faxial
or lateral) and load (axia? or lateral) required to produce that
deflection.

tach test represents a separate U-bolt, and eact curve represerts a
separate test. Three curves of the same test (axial load on 4" gipe
U-bolt for instance) are also plotted together (o show comparative
behavior over the entire deflection range. A combined aragh is alse
included to show behavior over the first one-eighth inch of
deflection.
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AXIAL LOAD (LBS)

@

AXIAL LOAD TESTS - 4" PIPE

Test B

Test A

Test C

For magnification of this
area see Fig. A-5

L 1 Y 1 M 1 & 1 " 1 F e

. 800 L

1 1 . 1
R " % % % 8 2 3
r . . ' . . . » . .

AXIAL DEFLECTION <IN)
FIGURE A-4 TEST COMPARISONS: AXIAL DEFLECTION VS. AXIAL LOAD
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LATERAL LDAD (LBS)
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LATERAL LOAD TESTS - 4" PIPE
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FIGURE A-10 TEST COMPARISONS: LATERAL DEFLECTION VS. LATERAL LOAD
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LATERAL LOAD TESTS - 4" PIPE
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P
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FIGURE A-11 TEST COMPARISONS: LATERAL DEFLECTION VS. LATERAL LOAD
SCALE MAGNIFICATION- 0 IN. TO .125 IN.
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APPENDIX II
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TEST FIXTURE SKETCHES
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(\ APPNDIX IV

MEASUREMENT OF STRAINS IN LOAD-INDUCING RODS
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APPENDIX Vv

STRAIN TO LOAD CONVERSION



The stress-strain relationship within a material’s elastic range is
given by;

T=Ffe

-

where T = stress in PSI
€ = strain in IN/IN
E = Young's Modulus in PSI

Since the gages are placed diametrically opposite on the 0.875 in.
diameter rod whose material Young's modulus is 27900000 PSI, then,

T = (27900000) &
but T =p
x
therefore' ;_ = (27900000)¢"
or P = (27900000) A€
P= (27900000)1; (.875)2
P = (16780000) €

/
P=16.78€ LBS

’
where € = strain in IN/IN X 10-6



APPENDIX VI

PHCTOGRAPHS OF TEST



LIST OF PHOTOGRAPHS

: General Test Set-up for Axial Load on 4" Pipe U-Bolt
¢ Hydraulic Pump and Cylinder Arrangement

: Strain Gages on Load-Inducing Rods

: Typical Axial Deflection and Dial Indicator

: Permanently Deflected Shape

: General Test Set-up for Lateral Load on 4" Pipe U-Bolt
: Load-Inducing Rods and Dial Indicator

: Lift-up of Hex Nut due to Excessive Deformation

: Pronounced Deformation of U-Bolt

: Permanently Deflected Shape

Photo 11 : Normal Load Set-up for 4" Pipe U-Bolt
12 : Lift-up of Hex Nut due to Excessive Deformation
13 : Failure of U-Bolt in the Tensile Mode
14 : 'Necking' of Threaded Section of U-Bolt

- Photo 15 : General Test Set-up for Axial Load on 24" Pipe U-Bolt
16 : Axially Deflected U-Bolt
17 : Axially Deflected U-Bolt
18 ¢ Axially Deflected U-Bolt

Photo 19 ¢ Lateral Load on 24" Pipe U-Bolt General Deflected Shape
20 : Lateral Load on 24" Pipe U-Bolt General Deflected Shape
21 : Lateral Load on 24" Pipe U-Bolt General Deflected Shape
22 : Detail of U-Bolt and Hex Nut at Plate Interface

Photo 23 : Eminent Failure of U-Bolt under Normal Load
24 : Failed U-Bolt at Threaded Section
25 : Failed U-Bolt at Threaded Section
26 : 'Necking' of Threaded Section of U-Bolt
and Damaged Washer due to Bearing



PHOTO 2
Hydraulic Pump
and Cylinder
Arrangement

PHOTO 1
General Test Set-up for
Axial Load on 4" Pipe U-Bolt
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a" AYIAL LOAD

PHOTO 3 : Strain-Gages on Load-Inducing Rods
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PHOTO 4 : Typical Axial Deflection and Dial Indicator



—— e

4" AXIAL LOAD

Permanently Deflected Shape

PHOTO 5
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PHOTO 7
Load-Inducing Rods
and Dial Indicator

4" LATERAL LOAD

PHOTO 6 :
General Test Set-up for Side
l.Load on 4" Pipe U-Bolt
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PHOTO 8

4" LATERAL LOAD

Lift-up of Hex Nut due to Excessive Deformation

PHOTO 9

Pronounced Deformation of U-Bolt



N

e s . M

e

et e L . Gt

4" LATERAL LOAD

o

Permanently Deflected Shape
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PHOTO 12
Lift-up of Hex
Nut due to
Excessive
Deformation

'
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d"

NORMAL LOAD

Set-up for 4"




4" NORMAL LOAD
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PHOTO 13 :
Failure of U-20lt in the
Tensile Mode

PHOTO 14 :
‘Necking' of
Threaded Section
of U-Bolt
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PHOTO 16 :
Axially Deflected
U-Bolt

PHOTQ 15
"General Test Set-up for
Axial .oad on 24" Pipe U-Bolt




24" AXIAL LOAD

PHOTO 17 : Axially Deflected U-Bolt

) PHOTO 18 : Axially Deflected U-30lt
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PHOTO 19
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PHOTO 20

24" LATERAL LOAD

Side Load on 24" Pipe U-Bolt General Deflected Shape
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Side Load on 24" Pipe U-Bolt General Deflected Shape



. Detail of U-Bolt

PHOTO 21 : Side Load on

PHOTO 22 :

and Hex Nut at
Plate Interface

24" LATERAL LOAD




PHOTO 24 :
Failed U-Bolt
at Threaded Section

24"

NORMAL LOAD




PHOTO 25

24" NORMAL LOAD

Failed U-Bolt at Threaded Section

PHOTO 26

‘Necking' of Threaded Section of U-Bolt
and Damaged Washer due to Bearing
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1421 East Sivih Sweer
Linie Rock, AR 72203

@E@@ ' FOR INFORMATION 01
S."-CEGLL MATERIAL CERTIFICATION

T0: Brown ¢ Root Inc. YOUR OROER F _CPE-1Dio-5
Texas Utilities OUR GRIER J 05413

Glen Rose, Texas

The material listed below is supplied in accordance with the
following specifications based on the review of the material
manufacturer's certified mill test report and the requirecments

of your p.o.
D ASTM Specification
E ASME Specification a3l

E ASME Section 111, Subsection dF’ Class ! Component
Supports, 14 EditTon__1u) ‘74— Addenda.

D Paragraphs ;
D Other

This material was procured and controlled by our Quality Assurance
Proyram, Rev.5, ASME-NCA-3800 Supplement, Rev.0, dated 1/28/82
Approved by your BRV-12913 dated 2/3/82.

Item | Pieces|Description Heat ¢ Other
27 | 358 | R.RoD afx Zo - lel34 cove 134
24 | 332 L - dal
Y1 |
Rl Z I ZZ

Prepared by/date Sjléh} #t(l&_cruckcd by/date @v ’/’[92
28 CHTR (QSC Numher w/exp. date) C ultrasonic report

) CMTR (Approved Vendor) C3) Other
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FOR INFORMATION OMLY

Material Furnisned To:

ACO Steed
Lettde Kuck, Arhanaen

Ko. o

Data: /1573

Heat Numben 16'1%:’—‘-

AFCO STEEL
QUALITY ASSURANCE
Current Approved
”"—Lw;fm

Other
O APPpa By Quality Gon
e 22T BT JukS

*ASME DUALITY SYSGTC4 CTATIFICATE
(MATCRIALS) OSC 327 MARCH 31, 1984°

|

ASIE Quality
Custamer Order No. 11408 Systom Cert. lo.
Deliwery Copy No. 15728 05¢-2.7

Expiration Date:
Muach 31, 198%

TYPE DESCRIPTION TESTS PERFORMED
ASME 750 Pieces Chemicad and Physical
S4-56 172" x 20’ Rounds [Sce attached CNIR Laom

Auburn Sieed Companyl

CPF 1310
[ 24
;--' . . . .;‘-.‘:.; I:D O;'l
D MO £ o~

This 23 to certify that this material has been supplied in accordanc

with the Quality Systom Program approved by the ASME as requirecd Ly
Soctien NCA-3800 of the Code.

’

1

This 1s to coertify *hat the material deocribed above and tested or
examined as shown, meets or excceds specification roquirements noted

([ Jasms x-36
v ] asre_stess

(1980 Edition ‘hru Swwmer 1981 Addenda, Subsection
AF -2000, Class }, Section 111 MCA-3800, 10T7R21)

/4 ///g;z_ i/

QA Mann&rcr £ Date
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AUBUQNSTEEL COMPAILY PelL o Aty oY YOI

SRdIERE i e P Y e

sr EICREETIDE GHLY oare L2 P
CUSTOMER P.0. #674911-N
PHYSICAL AND CHEMICAL TESTS

/508 pesgur 0. 12 Lo 10
sold tode | Blovp. ). Bed. | ] CHIMICAL ANALTSS
reisind r | s R e T
__ROUND vey ) 180
X'PD ~L3 8 ,zu..sl W lael s2 nxljjr
5390 63,590 l27.00 |0 "

g s ( ~ i I 4
* MATERIAL CONFORMS TO THE OLLOWING SPECIFICATIONS:

ASTM AY6-77
ASME SA36 /g /
” -

}ocuetds the ohove rernits ta e coniecl

o containad ia The racords of the company Seviar Mataller

LA

THIS MATERIAL PRODUCED UNDER QUALITY ASSURANCE PROGRAM IN
ACCORDANCE WITH SECTION 3 OF NCA-3800 AND ALSO CONFORMS WITH

10-CFR-21.
$
: THIS PRODUCT WAS PRODLCED IN ACCORDANCE WITH Q.A. PROGRAM ¢ (9°
' REVISION 1 DATED 1-2-81. ¢ \W-l

‘\_ Z .‘ . . > . 2 ﬂ
. DBOSE STFEL
QA 2LV LY

- TISFACIUy
ezl te
. INC (AL DATE .
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B Ao : FOR INFORMATION ONLY
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: THIGANTPECTION g s Comont dporoves -
‘ Service e —

nin o, LY FTZ e e TERE S Gy




FOR INFORMATION LY

CERTIFICATE OF COMPLIANCE

TAIS MATERIAL PRODUCED BY AUZURN STEEL COMPANY, INC.

AND SOLD TO DUBOSE STEEL INC. ON PURCHASE ORDER __£749:-11
WAS PRODUCED IN ACCUROANCE wlTH AUSURN STEEL COMPANY, INC.
QUALITY ASSURANCE MAWNUAL REVISION | DATED 1-1-21

AND AUDITED BY DUBOSE STEEL INC. ON OCTOBER 10, 1980.

AUB STEEL CO., INC.
M%’BJ
RICHARD A. SUCHAN
MANAGER QuN.lTY ASSURANCE

y AFCO Steed '
\ PON 17408 ! .
.-—-" ’-'"T- s
. ,‘.
SC K
AFCO STEEL
QUALITY ASSURANCE
Nl Current Approved
Service Warehouse o
Other
owel-32-Y W“*%
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fexhs Unumes * .  Our Order §_5038L |~ -
Bk e - TN R

The material listed below is supplied in lccozdincc with the

following specifications based on the review of the material

manufacturer's certified mill test report and the requirements
of your P.O.

[X] Asmt specificacion A3
EASHE Specification_ !  SA3b

. ASIE Section III, Subsection HNF Class Component
Suppore,, 14 Edicion__ ) A7 Addenda.

D Paragraphs

D Other

This material was grocuud and controlled by our Quality Assurance

Program, revision approved by your BRV 1Zb\( dated 5-ZI-91.
Item Pieces Description Heat ¢ Other
30 25 |9 x40 poO A22010
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nps industries, inc.
104 70 menrx Bovievard

austn tesas 78758
(npphone 517-830-4l0!

FOR INFORMATION ONLY

DATE: o /s /5_5

CERTIFICATE OF CONFORMANCE

REFERENCE: Texas uUtilities Services, Inc.
P. 0. Number CP-0046A.1/CPPA_R 5599
NPS QOrder No.: AJA- 330
Ttem Number(s): // /2 /3, /6 ,!7)

We certify that the materials supplied on NPS1 Shipping Notice WSP}%}!‘”
conform to the referenced purchase order and to the applicable requiremen

of ASME Section 111, Subsection NF, Class ( , 1974 Edition, Winter 1974
Addenda.

y Assurance

L -— - o -

A.S.M.E. Certificate of Authorization Number N=2323-2 expires on July 13, 1985,

RIA2 1249
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Attachment 2
DEPARTMENT OF CIVIL ENGINEERING AND ENGINEERING MECHANICS

Corlorom Marer giy L aberatoy

1D 280 1972 491148 e e T Yoass
p— Al‘!,_zz‘ 29 % Sant.2, 13, 1975 ol mnt wi6D
wamios HPS _Induatrias, Inz. 5. Anderson

AT LU L

238 Yoora St. s
Hackangsack, N.J.07%01

REPORT OF TESTS Page 1 of ]

Lateral Load Tasts of Heavy Duty U-Bolts
4

Tast Spocimons: Two 4" and two 6" licavy Duty U-Dolts {7/8" stock,
7/8 - 9 thread) were selected from a group of 3 each submitted
by NPS Industries.

ow Tested: The test setup is shown on Page 2 of this report. The
4 x 4 x 3/8 angle was bolted to a steel pedestal (14 WF 370 with 13" pl.
top and bottom) bolted to the floor. The U-Bolt was attached to
the angle through 15/16 diameter holes.

In all tests, due to the interference fit, a gap, 1/8" - 3/16",
was found between the top of the U-Bolt and the pipe. No attempt was
made to reduce this gap, but, rather the nuts on both sides of the
U-Bolt were tightened so that the pipe slid freely in the U-Bolt.

Each load P/2 indicated in the test setup was monitored
by a strain gage load cell calibrated before use. The latest
calibration of the testing machine used for the calibration is
attached,

All deflections were measured by new standard dial indicators
with 1" travel and a 0.001" least reading.

In tests after Test No. 81071 an additional deflection
"B* was measured, For one test in each size the deflection u"
was measured relative to the pedestal and in the other test relative
to the free end of the angle.

The loading increment of S0 lbs, was found to be too
small and was increased as reflected in the data. The tests were
stopped at an approximate permanent set of 3" in deflection .

Results of Tests: The data recorded for each test will be found
on Pages )} through 6 and plotted deflection"y" versus load “P" on
Pages 7 and 8.

Aside ‘rom the permanent lateral distortion of the U-Bolts
it should be roted that at the conclusion of each test the pipe
moved very freely in the U-Bolt, No visual distortions were found
in the angles except in Test No. 81078. After this test the corner
of the angle above the U-Bolt was bent back approximately 0.1" ‘a
2..

Attachments: Calibration of Testing Machine
Photograph of Test No. 81077, no load.
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