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UNITED' STATES OF AMERICA
-NUCLEAR REGULATORY-COMMISSION.

;

1- BEFORE THE ATOMIC SAFETY AND LICENSING BOARD '
"

i

.In the Matter of ) ;
,

! )
: TEXAS UTILITIES ELECTRIC ) Docket'Nos. 50-445'and
| COMPANY, et al.- ) 50-446
L )

--

(Comanche Peak Steam Electric ) (Application for
Station, Units 1 and 2) ) Operating Licenses)'

,

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 j

rigid frame. .As a first support design effort, it was viewed
: - .

| that this gap would accommodate the thermal and seismic movement

i
; of piping. (The movement due to a seismic event was preliminarily.
:

! calculated to be very small,'i.e., less than :l/32 inch, for
J

; aimost all piping.) Accordingly, in the' initial pipe support'
1

'

design (prior-to as-built conditions), all such U-bolts had-been
,

! considered as only one-way restraints (because the lateral gap'
i

'

j was present). Affidavit'at 3.
,

f
'

2. As-the as-built design review and corresponding pipe support
1

| reanalyses were being conducted, Applicants determined.that the- i

l'
! thermal' movement of piping associated with'some U-b'olt supports-

. ,

j. would exceed the 1/16. inch gap provided and some seismic movement
' .may exceed 1/32' inch. Id.

i
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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. Id.

5. 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 seisnic movement of eight would. Id. 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.
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The reanalyses reflected that any effects of the U-bolts

acting as two-way restraints on piping stresses and associated

loads (e.g., nozzle and anchor loads) would be small or

negligible and would not result in exceeding allowable stresses

or manufacturers' allowable values. Further, the 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 direction) 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 II-3).

8. Applicants commissioned ITT Grinnell to carry out a series

of tests on U-bolt capability to carry both normal 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 th,e U-bolt to carry its load in the
,

normal direction. For example, the tests reflect that even if

the maximum seismic plus 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. Id. at 10-11.
.
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9. Using conservative assumptions, it was determined that all

of the U-bolts at issue here were well within the manufacturer's

interaction formula limits. Id. at 12-15. i
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INDEX OF TABLES

Table 1 Listing of all Unit 1 and common U-bolts on rigid
frames modeled as one-way rostraints (includes maximum
thermal and seismic movements).

.

Table 2 Load summary sheet for stress problem AB-1-65 which
compares the support loads (lbs.) for the as-built
analysis (dated 8-16-82) where all U-bolts were
considered one-way restraints to those for a reanalysis
(dated 5 10-84) where all U-bolts in rigid frames have
been modeled as two-way restraints. Includes a
comparison of maximum pipe strossos and nozzle loads.

Table 3 Same as Table 2, but for stress problem AB-1-62E; as-
built loads dated 5-21-82 and reanalysis loads dated
5-10-84.

!Table 4 Same as Table 2, but for stress problem AD-2-63B; as-
built loads dated 1-17-83 and reanalysis loads dated
5-11-84.

Tables 5a and Sb Results of thermal reanalysis by Gibbs & Hill
of stress probleu AB-1-62E, modeling U-bolts on rigid
frames as two-way restraints. ,

i Table 6 Results of thermal reanalysis by Gibbs & Hill of stress
problem AB-1-62F, modeling U-bolts on rigid frames as
two-way restraints.

Table 7 Results of thermal reanalysis by Gibbs & Hill of stress
problem AB-1-65, modeling U-bolts on rigid frames as
two-way restraints.

Table 8 Results of seismic reanalysis of stress problem AB-1-
62E, modeling U-bolts on rigid frames as two-way

: restraints.

Tables 9a and 9b Results of seismic reanalysis of stress
problem AB-1-62F, modeling U-bolts on rigid frames as
two-way restraints.

Tables 10a and 10b Results of seismic reanalysis of stress '

problem AB-1-65, modeling U-bolts on rigid frames as
two-way restraints.

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



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

|

9 0

i

Table 1

Unit 1 and Common Sullding i

ALI. U-80LTS ON R101D FMES MODELED AS ONE-WAY ES7RAINTS

MAXIMUM MAXIMUM

THE9ML SEISMIC TOTAL LINE DISTANCE TO EAEST

MOVEMENT MOVEMENT MOVEENT SIZE R1010 StPPORT IN

(lN) (lN) (lN1 (lN) OPPOSITE OlECfl0N

AF-1-038-004-533R .002 .0006 0026 3 l' - 4 1/4"
AF-t-052-035-$62R .009 .004 .009 4 2 ' - 9"
AF-1-0S9-001-533R .007 .005 012 10 l' - 10 11/16"

i AF-1-059-003-533R .020 .017 .037 8 S ' - 2 S/8"

| AF-1-067-001 -533R 0.000 .016 .016 3 1' - 9 t/4"

| AF-t -098-022-$63 R .031 .004 .03S 4 4' - 2 3/16"
AF-t -098-032-533R .006 .006 .014 4 3' - 1 1/2"
AF-t -098-700-833 R .019 .0 37 .056 4 4 ' - 0"

'

AF-1 -100-005-54 3A .003 .033 .0 36 4 l ' - 4 t /2"

AF-1-100 007-S$3R 0.000 .009 .009 4 0 ' - 6 1/4"
AF-1-100-009-S$ 3 R .002 .017 .019 4 0' - 11 3/4"

| AF-1-100-025-SS3R .003 .031 .034 4 0 ' - 5"
AF-t -101 -003-533R .018 029 047 4 l' - S 7/8"

AF-1-101-014-SS3R .001 .022 .023 4 0' - 6 3/4"
| 8R X456-713-AS3R .003 .003 .006 4 0 ' - 3"

8 M -162-700-A53R .0 29 .025 .054 3 S' - 3 1/4" ,

i CC-t -003-001 - A73 R .002 .016 .018 3 4' - 1"
l CC-1-005401-A73R .019 .022 .041 3 4' - 1"

I "CC-1 -007-040- A63 R .028 .113 .141 6 S ' - 7 t /2"
| CC-1-011-023-AS3R .009 .0442 .0492 6 1' - 9"

"CC- t -011-029-AS 3 R .050 .0668 1168 6 2' = 0 3/4"
CC-1-065 001-S33R .013 .003 .016 18 2' - 2 7/16"
CC-1-137-709-E63 R 006 .001 .009 3 S' - la

CC-1-146-006-543R .004 .0374 .0414 6 4 ' - 0"
CC-1-146-007-54 3R .000 .0275 .03S5 6 2' - 11"
CC-1-140 003-543R .013 .0032 .0162 4 l' - S 7/8"
CC-1-166-005-54 3R .009 .004 .01 3 4 l' - 4"

CC-2-005-703-A73R .003 .005 .006 3 3' - 3 I/8" ,

*CC-2-007-006- AS 3 R .034 .033 .067 6 6' - 11" .

*CC-2-007407-M 3R .006 .093 .091 6 6' - t1 1/4*
CC-2420-007-A33R .001 .0001 .0011 24 l ' - 0 t /4"
CC-2-035-712-E33R .010 .020 .030 6 3 ' - 8"
CC-2-1M409 F4 M .006 .0261 0341 12 l' - 3 1/2"
CC 2-126 006-F434 .006 .0 39 .049 12 2 ' - 3 5 /8"
CC-2 1 M41 l-F4 M 0.000 0.000 0 000 12 0' - 7"

G 2-164-401-MM .001 .001 .002 10 0' - S 15/16"
"CC-X413 012-A4 M .0 38 .1277 1657 6 78 - 3"
CC-X-021402-A4M .014 .0292 .0 392 6 3' - 3"
CC-X423 014-A4M .003 .0002 .0112 6 l' - 3"

CC-X429-009-A4 M .014 .0297 .0307 6 11' - 6 1/8"
CC-X427400-A4M .022 .0079 .0299 4 2' - 7"
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analysis (dated 8-16-82) where all U-bolts were
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Table 1

UQlt I and Common Building 1

ALL U-80LTS ON RIGIO FRMES MODELED AS ONE-WAY ESTRAINTS

MAXIMUM MAXIMUM

THE MAL SEISMIC , TOTAL LINE DISTANCE TO EAEST-

MOVEMENT MOVEMNT MOVEMENT SIZE R1GID StPPORT |N
,

'a

(IN) (lN) (lN) (lN) OPPOSITE OlECTION

AF-1-038-004-S33R .002 0006 0026 3 1' - 4 1/4"

AF-1-052-035-562R .005 .004 .009' 4 2 ' - 9""
'

AF-t-059-001 -533R 007 .005 .012 to l' - to 11/16"
AF-1-059-003-S33R .0'0 .017 .037 8 5' - 2 5/8"

AF-1-067-001 -533R 0.0sJ .016 .016 3 1' - 9 1/4"
,

AF-1-098-022-963R .031 .004 .035 4 4' - 2 3/16"

AF-1-098-032-533R .006 .006 .014 4 3' - 1 1/2"

AF-1-098-700-S33R .019 .0 37 .056 4 4 ' - 0"

AF-1 -100-005-54 M .003 033 .036 4 l' - 4 1/2"

AF-1-100-007-S53R 0 000 .009 .009 4 0' - 6 1/4"
AF-1 -100-009-$53 R 002 .017 .019 4 0' - 11 3/4"
AF-1-100-025-953R .003 . 031 .034 4 0' - 5"

AF-1-101 -003-533R .018 029 .047 4 1' - 5 7/8" _

AF-1-101-014-S53R .001 .022 .023 4 0' - 6 3/1"
? B R.X-056-713-A53 R .003 003 .006 4 0' - 3"

Sft.X-162-700-A53R .029 .025 .054 3 5' - 3 1/4"
CC-1-003-C01 -A73 R .002 .016 .018 3 4' - la

CC-1-005-001-A73R .019 .022 .041 3 4' - 1"
'

*CC-1-007-040-A63 R .028 .113 .141 6 5' - 7 1/2"
CC-1-011 023-A53R .005 .0442 .0492 6 l ' - 9"

*CC-1-011429-A53 R .050 .0668 ,1168 6 2' - 0 3/4"

CC-1-065-001-$33 R .013 .003 .016 18 2' - 2 7/16"
CC-1-137-709-E63 R 006 .001 .009 3 5'-1"

,

CC-1-146406-543R .004 .0374 .0414 6 4 ' ~ 0"
CC-1-146-007-$43R .006 .0275 .0355 6 2' - 11"

CC-1-148-003-543R .013 .0032 .0162 4 l' - 5 7/8"

CC-1-166-005-S43R .009 .004 .01 3 4 18 - 4"
CC-2-005-703-A73R .003 .005 .008 '3 3' - 3 1/8"

CC-2-007-006- A53 R .034 .033 .067 6 6' - 11"

*CC-2-007-007-A53R .006 .005 .091 6 6' - 11 1/4" .

CC-2-020-007-A33R .001 .0001 .0011 24 ,t' - 0 1/4"
CC-2-035-712-E33R .010 .020 .030 6 3' - 8"

CC-2-126 005-F43R .008 .0261 0341 12 l' - 3 1/2"

CC-2-126-006-F43R .006 .039 .045 12 2' - 3 5/8"

CC-2-136-Ol l-F43R 0.000 0.000 0.000 12 0' - 7"

CC-2-164-401-A53R .001 .001 .002 10 0' - 5 15/16"
'CC-X-01 H12-M 3R 038 .1277 1657 6 7' - 3"

CC-X-021402-M3R .014 .0252 .0392 6 3' - 3"

CC-X 02H14-M3R .003 .0082 0112 6 l' - 3"

CC-X-025-005-M3R .014 .0257 .0397 6 11' - 6 1/8"
CC-X-027-008-M 3R .022' .0079 .0299 4 2' - 7"

-
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MAXIMUM MAXIMUM

THEfMAL SEISMIC TOTAL LIE OlSTANCE TO NEAEST

MOVEMENT MOVEENT MOVEENT SIZE RIGID SUPPORT IN

(IN) (IN) (IN) (lN) OPPOSITE DIECTION |
;

CC-X-031-002-M 3R 034 .0019 - .0359 4- 5 ' - 2" .

'CC-X-034405-M3R .032 .0337 .0675 4 4' - 9'13/16"

.
CC-X-039-COS-F4 3R 010. .0031 0131 12 3' 7"

, ,

CC-X-082-700-A33R .003- .0159 .0189 24 11' - 8 1/4"'

CH-1-240-717-A33R 002 0.000 .002 3 l' - 3 1/2"

CH-1-249-005-S43R .001 .018 .019 3 l ' ~ 7"

CH-1-249-010-S33R 001 .018 .019 3 0' - 8 1/2"

CS-1-015-700-S42R .017 .0086 .0256 3 !! - 5 1/4" .

CS-1-076-005-M2R 039 .002 .041 4 0 ' - 3"

*CS-1 -155-019-S42R .018 .051 .069 3- 3' - 1/2"
CS-1-15 5-020-S42R .020 018 .038 3 3' - 5/8"

CS-1-251-022-S$3R .031 .0272 .0582 3 3' - 3"

CS-1-319 006-S53R .005 0099 0149 3 l ' - 1 1/4"
CS-1-454-008-552R .004 .0139 .0179 3 0' - 5 3/8"

RH-1-005-008-C42R .001 .001 .002 3 0' - 5 1/2"

SF-X-005-031-F53R 0 000 .0046 .0046 10 3' - 10"
,

SF-X-006-010-F53R 0 000 .0039 0039 10 3' - 10"

SF-X-024-702-M3R . 030 .0194 .0494 4- 2' .9 5/8"
$F-X-034-012-F53R 0.000 .0021 0021 10 3 ' - 10 "
SI-1-029-055-S32R . 0.000 .0273 .0273 24 2' - 11 1/4"
SI-1431-004-A32R 003 .0028 .0058 12 0' - 8 9/16"

SI-t-039-016-S22R .002 .005 .007 4 0' - 4 7/8"

S I-1-039-017-S22R 0.000 .018 .018 4 l' - 2 5/8"

i SI-1-039-022-S22R 0.000 .016 .016 4 0' - 5 7/8"

SW-2-010-004-A33R 019 010 .029 24 l' - 4 5/8"

esy.2-102-018-M3R .044 .0347 .0787 10 5 ' - 6"

Sw-2-129-022-M3R 004 .014 .018 10 0' - 6" ,

SW-2-129-027-M3R .007 .045 .052 to l' - 9 1/8"

WP-1-049-700-S43R .005 .002 .007 3 l' - la

* Indfestes two-way action
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Job No. 11-232 3-0 3 o Clerit -
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,

tusi-cnos !M ha-Duilt .9trons'Vorification-Analyslg_Besults- hximuS Stress
___

Cak2)latio.nNumber Problem Aa.i.4ee
.

'' __

- ~ Shoet N6.' 2 ?.-

-

*: m i|C' Des. >b- Dene % i Oste Rw Ome h Dele

-

.

M^5 I X X X X X
*

.%er f.//hsny $3H!ilN
C--- s TIW- Ftegt

.I
.

_ , -
- '

j

: g. l- A,26 W)7HouT U-20t-T '1 A7eMD GTIHNESS
.-

l''AXIMUM STRESS RESULTS.

Pst. @,.A. Bosti '
.

.

. m. ... . -

P14nt Allowable CalculatedConditien Equation Stress ~ Stress Mode'S.I.F. Description
*

_.

. Shtiormal and 8
Upset gggn Qg4,9 b26 l'C CAVA

,, Normal.and 1.2 S ',.9.,,,. 3 . . , . j. .. , . f v..- i P" "
- tJpset - ,

18050 00 0 '0 # I' O ""U
Emergency 9 1,8 s

:- h '

10000.0 1349 f, G cturl
.

Tault.e4 . 9. . 2 4 sy . Mwsb skerrow 9~ik hiOOff
-. . , . . ., . . ..-

' ' '

J3Y E&f&eWh Cy /$2 ydn049
Normal and 10 (2) SUpset A

22500 1 2 2,8 ng-

Normal and
Upset 11 __ A+ 8 h8 *

,

376bh gg'
, ,

, , .
,' .

* - (l') ' Fipib'g Nate'riali ''' 3 4-/S4 k a
' '

'
, '

Design Temperature _. 225 #7
'

-

Note:
Aseparatemaximumstresssheetshouldbeusehforeachpiping material within a problem.

(32)
Based upon reference 11, equation 10 may be exceeded if equation11 is satisfied..
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_
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~
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_
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-
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'
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0 0 7PO T'7 $-P g 7t$ij $ f o ,g a :-
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Condition E.guation Stress Stross Mod e,, S.I.E DescrIntlon

Sh

/ QQg,0 |40 WY* '

I.

.. . ..

Normal and 1.2 sh9
* * * * 76 V/. 0 1331 .2, M st.sotJ.

IPCMi 0 w ,1...
,

.-

,

D.argency 9 1.8 S'- -y .s

N 0 309 /i0 $AtJA.7.M8 O, (e470) .
-.

'

. . .-
'

f' L7hiiO CEW017/0 O B4 W'7/CN 9~ '

I'culted 9 2.4 sh d NMO WFM TMCY.

con 017/0N e&Anw *1w,G,$bcro..
-

-
.

Normal and 10 (2) S
' *

- - . .g g'g'U cet -P
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'
' ~
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. .

0 h
. .

$QZ2, $ jy(, ,g,g gg,ggy .Up et 11

.L .525T00 O. '.-uno; .-. .
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. . . . ... .. . . . . ...
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. ,

,

Design Temperature 22.f *F*
-

,

. . . - -
.

bote: A separate reaxiinum stresis sheet should be used for each' ' '
'

piping material within a problem. - - -

. -

. . . ,
. . . . .. .. . .. .. .. .

.,s .. .. . :. ..... . - -

M- ('2) Based upon reference liqquation 10, may'' be exceeded if equation''."b . "
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4'',' AB-2-/,3es radie 4

LOADS N 7-p ; LCADS r- / /-P V
: SUPPORT NUMBER Fx FY Fz. | FX FY FZ. %C#ANGE

1
'

A uro scro

cc 2- / 3 3 -go/-gg B //279 //e/o4 #/

C i1527 i uYS + 2.

A 3 art n92

CC 2 -157 -406 -A ng 0 65)z &&74 f3 - |.

C ,iur ,vac +V

i A 2zi ni

CC 2 -/S/.f//o -M3rl 0 3777 5 S9z ~C
'

C 4149 . v'07/ - (.

A v51r n1r

CC 2 -/f/- Yo6 - M3/f 0 n9'& % 76 /7

\ C iss9o iisio i//
-

A ssc nc
Cd 2 -/52- W/ -AV3 2 0 4'C/V YG3/ /3

C rev& sh z +/

A sys3 59s2

CC 2 -J52-403 - Ay3K 0 /3027 132 W t2

! C >Ya7 irsas + 2.

A 3,u m 2.

Cc2-!S? 'lo?-Avag 0 (,s&v Gsvu +/

C 7r22- 7srf 6 s-
A

CC 2-/CP- Yo 7- A'</1 k 0 4'385 %dfo f2

| 0 Sf00 58Y7 + [r

A

| cc 2 -is2-Yo 2-Ank 6 ssor s&sf +3

C x9r 2ss, 19'
.. . . - _ _ . . - _ - - - . . _

. . - - . - - -
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LOADS /-/ 7- 13 LCADS g -N-p r

SUPPORT NUMBER FX. PY FZ. FX FY FZ. %CMNGE

A a&,r 252r

CC 2-/ 2 6 -YC /- A43[{ O 56V/ E9// 45

C cs72- - ,ory +7

A /s 2 /s.2.

CC1 -/ 26-Yo2_'- 49'3 /f O 2&f'/ 38V7 f o/ ~ .

C asc. avra +, c

A oc s1 ti& 59-

CC2-/>& '/0 3 --AVs2 0 IftV 97 S I?3C 73 5 -W
;_

0 200 /22V 23 7L /2/9 -- Si V '

|A i1g<, iise.

Cr* 2 -12 & '|o 3 - / 4') /Z 0 %So Vf/1 -fd
C sm. sssr -/4 -

i

A
~ ~CC 1 -/2 6 - Voy -A '/3 /<' B 4'672. y993 +4

C &a r 6706 +7

A 122r >>2 r
.

Cc 2.-/) & - oo / - FV3/z' 0 y/S7 432/ fY
C feae 5227 17
A ne3 un

CCJ -12 6 -car -#43/? 0 Alfo / C322 ff

C Efr/P 6374 +f

A /2 3 / />3/

CC 2 -/.26-oc,-Prax B ats(, 2ci, -2

C .2151 3000 ./- /

A 231 23 i

CC2 -13 6 - cc1 -Fisk 0 /S/7 /571 fY
0 1826

'

I t o 1. fY
-__ - -- . . _ -. . _. - - .
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A xvt 22v,
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A
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C 307 5 . avers # 2-

A 2,23 2,73

| CC 2 - 126 - 007 -ft/zft 0 3nj </74/ -f Y/

C mr stor +6/-

A c/f 6/9

& C(1-l)G -00 5-Pfsf( 0 290V 3ysf '751

C srs7 Yry2- /42'/
.A vc vc

& C C.2_-l.p (o -c O G - Fy3ff 0 2335 2707 318

C L52/ 313o 327
~

A 222/ 2g2e

CC2 -/2 6 -Co ?-F4sg 0 570 1. 6027 -f 7

C &ng roe 2 +r

A Sv'l w/
CC 2-/6</- vo'3 -A 53 S 6

g .,

A /o3v fo3r !
CC-1 -/Gf -YO / -A53 fl 0 /979' I99/ f,8

D '.2 Vf/
'

2VSS +. fo

..- . --- __ _ _ - _ _ _ _ _ _ _ _ _



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

~

LOADS /-/7- p s LOADS s-a-py
SUPPORT NUMBER FX FY FZ. FX FY FZ. %OMNGE

A asc isc

CC 1 - / G '/ //c 2 - d 73R O / 7d f /763 + 2 __

C airr
- 220 tr +2

IA
4

d6 2 - /GV- %y'- A/,j/( B. 4G( 57f 4/7

C Gv3 77 - #/7

A sa en
.-

to - /6 Y-gof- A& >>e 0 %3 1017 +1
: C uc ,, /2ps #7.

A sov 3 6o73

Cc 3 / G V-%(o -A G Jr2 6 891o 'ffi5 +G;

C e e7/ /o>r/ /-6'

A
Cc 2 -lGV-l/c 7-A63/c B .2i?7 acif f .2 7

i C 26et sco t i2V
A n, /77

c c.2-tiv-Vo r-A +m 6 /ost a70 +1
_

| C /Vf4' /S6/ +7

A iqir ivir
*

C C 2 -/pf Vo << -A & s>< 0 por? 2231 t7

C 220, avao + c.-

A 7n arc...

c e 2 -/o v 4 /o - m e B /43 7 /s 73- re3

C accv n% + lo-

A isite iSvs

: . CC 2- /co Y- V//- 4& M S 3 Yo/ .2 9&c- t3

0 wt7 2&rc* W'
' '

-. . _ - _ - . - - _ . _ _ _ . -
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A B - 2 - 6 3 <.5
' 8-

. <,- '
ey' 7,

LOADS /-/ 7- s 3 :LCADS 5 -//- #

SUPPORT NUMBER FX P/ FZ- FX Ff, FZ_ %G%%.E_

A 92 9 2n v1 233

CC 2 -16V Lil 2 -/46?R S 16s 3 1 99/ i? ?2 xe :- +P
.

C 196 9 ms 2/tr 1996 Ho-

A >< 67 ac 61

dC2-/Wf - Y/1 -AG 3R B Sfd //S/ 664 !??? H 2-1

C m i& w 1H | m '' + 13
A 1796 n-t

'

CC 2_-/&'l-f/ S - AG J/( 0 3t|i 3/o 2 .9'
C 3we- . 36 p 3 .1 _

A yec vrr
__

__

CL 2-164- VIG -Ab st? O JY9C /5V7 43

C /nf _

/e2 r 73
A 5/67 5/62

cc 2 -/Gy'- V/ p - A63/t B 750f 222r H
C e30 z. eso a -t Y

.. _ _

A. sary 2.2 ev

//oc/n &,-f//53 0 3/'/V 2/gf f. .S'
__

C 3f&o 3rra 4.7
-_

: A
B
C

'

-MKm.

| *
A -

. .

8
_

C -

A
B
C; i |

~
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SElSMIC. DISPLACEMENT
1
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SUPPORT NOMS.R AX AY A Z.
~~

-

-

CC 2- I E6-Cll - F432. t Il3 +.218 t.141
: - 11 3 .Z|7 .14 7

~
'

t.123 f.2iL t.159
:

- .I22 - .ZIE - PA
'

CC-2- 126 - COS -F45R. T I13 . t- 027 t I 73
; - 1 IS .028 .174
.

' t.i t8 t.Eiz_ +. ibb
a.P ce to

- ( IP3 - FIF - 16 6

CC - Z - (Z6- CC6 -f3436_ t.ll3 f.255 t. lbb
sp. cc zz_ -

- . ll3 .235 .16 5;

+ . I l '7 t.212. -f .1 12
MP (C 16

i .ll 7 .212. . I 'l Z
:

1

!

c

i

k -

,
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MNo. 21.735[ 03o C3ert Tusi r-xes -

Mibbs S Hl/t. frwr. 3 r Stress _

K+rene verification-AEalvais Fesultz-Max pys/4$" N au-nu(It 46-J- 438 Sheed No.
f

!

C&Mr. Number Pron 3em one l
i > one > osm: >i one m;'

m i x x x x xoss'

tie =en w
_

hows /d4 /e //J/4J ,
>

Chesher Br& //S/ G
6444 S97PfN653_

,qs. p.(;s g urtyoo 7' O-80c3 L4 7
xAm:t,n sTxt:ss xesutts }

ikt 0. 4 B&k 0F A6-3-6'S '
,,

;

- _

(1)

Allowable calculated
Condition Equation Stress Stress tiod e_ S.I.E DescrioticePlant

sh
4 7 (,9 3 y,93$ 7gp!!cr oa) and 3 -

Y
- Upset gp99

1.2 Sh we Ce."7Wornial and 9

)g% /3g&7 g/2, 3oy*'"'
.- ,
t t

9 1 9 Sy, U-Emergency
/54/7 8/2 ; 3.o7am27sco -

.

Taulted 9 2.4 S ' 84v4 442 ) 87
-

/
h

36000 KH&ilfIGV4Y O'hW// '0W
_ _

Normal and 10 (2) S
GL*BDN

g
" " ' 'A4485 g 2,w

gg,

teormal and g A, 3 _| g 4h
11 L

- ,

Upset o).578dC
,

; -

,

SA~ /Od (A d "

(1) Piping ).aterial:
JSS ##

Design Temperature
A separate maximum stress sheet should be used for each

__

,

piping material *within. a problem.hotos

Based upon reference 11, equation 10 may be- exceeded if equatlets
,,,

4.
' 1 ,

(2)-

11 is satisfied. . *. 5

b !'
I"

.i,
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Subject Lfn ',iL. y e r,,qp , i r.iu t i on- An a h si s_.Ep.s_ql_ts .ga.x i r o A s_t_v.s s
Sheet No.%s r 6#

. . .}; Cakulation Number problem ,45--42- 4 33 _ -

Rw I, Date Res !i Dale Rev. ,; Daje j
' W,.m p~ om -Rev.t l cale

~ N M -

Nt R fg,p
.

j
ae2,e -- N ~i# wn/a -

.
'----

crede A M1K- MnM
_

..!-

.
__

7, N __ i ;''

-(p38 %)l?N 0-80l T MNW $ Y|5 N^Y
(YSIS 7 7Yh M !

h.P.XIMt,M T SS F.CSOLTS,

.- _ ,
.

~

_

__

(1)
A11ovrable Cal'culatedPlant

Condition E.guatio1 Stress Stress Mode S.I.E Descriotion_
_

Sh
nor"*1 '"* * --- H? 6 3. 0 yid 7AH 7sg
U *** |500p 0 mi

.

. -

Normal and 1.2 S39
Opset j q ,g M g y1gLt)Ot. gf

}% C00: O e4
..

.

Emergency 9 1.8 Sh '

I S M C , o' st2. 3,07 wecoowl
'

- .

g7, ooo, o ~ . >.

raulted 9 2.4 Sh
'

BounpBO BV BA CAlcy'
gg, mg .potM eM 9-

-

* -

Normal and 10 (2) S . .
. .

ki8'C.5 6 2'W SiBdD2,gh, $
'" ' ' " /.

#M-

.

Mormal and
S+S h_ | gg -

|
.

AUp' set ,11 ,

', ,

32 500;o se, -
- -*

p .(1.) Piping I.aterial: 84-/66 dh A .

'

.

Design Temperature 22f 7
-

! . s

"

'

.hotd: A separate maxiinum stres's sheet should be used for each '
' *

piping material within a problem. - .-.. .. ..
* . ,

,j ' '

5'-(.h (2) , Based'upon referenbe'11,equatiod 10 may'.be exceeded if equation'.}F
!* , .~.]; . ,

-.,,...'}
'* -

1.1 is' satistied., ..-
. -,

.. ..
. ;. . ..- -

..... ,

* *
C ' h

_ _ . *o .g . __ _ _ ._ _,.
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A\C.HbR SO?OK~S g .

y .g .

A3-7__-G 5 3
~

LOADS 1-17-83 LOADS 5-11-84
SUPPORT NUMBER A B C A B c '/.CJ4AA

FX ama. Ste9 c;occ scez szi7 scsi

FY I4 r44 (9ecr-- ace 77 (4744 zocci zrozz.

mg_.i_333co- A439 FZ. n6e s4aa 644e t tbe e467 bsco

._ MX ewez zaz4e _wsm ezcez zsasecaerie

MY ieziesgo 2540 % ioozco 22oyw> 239,v

ML io?us zuos 23xze \o2su. 2auv m er

FX z7 3 6 ens locsc 27t3 sero iezss

FY 4i r i 69es B986 417 7 72oI oci4

cc r_(=:g-7co _A43A. 1-/_. 3184 boeo rras St64 bi5s tazo

MX r.azse+ sz7eze eaa 7.czse4 ag e 4zme
,

MY zano 4msa ssie z umo vecceo, sino

er inna ov/w
~

-
- MZ4ses 16iee4 sca s

FX (350 seas 4csz. ino 32&o viv7

YY SzA4 so14 6 bbl h yy' 5.227 510f.

M-)G-OZZ.CC(-F42>A FZ zes7 sseo c;37e m7 3y2c oyy

MX 6458o 29rsz 4escc 6 mo+o g, oo ..v7/2n,
.

N Z7456 98100 lif49Z 2795c f P3of //26?o,

MZ s4iw tessc uwee nu mnc igono

FX isees tsosz_ iesze iew isite ise96
. .

_

FY est4 esi3 esto s9t4 est3 esto

Cf&O 70 7CO-A 15A FZ. Iee Gaie esu le e c res ass- 7

FX 71468 55f85Z.394c4422466 WM394556
'

MY 4es40 lesac t96492 48s4c tern 4 19sasz

I .MZ ese6 9c91z- re9w se4se 90 m im32
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Gibbs S HIII. Inc. Job No. Client

Sub ectt

Calculation Nu Tiber SheetNo.

Reveon T Date Res Date Rev. Date Rev. Date Rev. Date

m X 3< X X X
Preparer
Cheder

Als - i- G. e -

.

A>/o u-%cLTs v. M- B 0 L75,
ObE

- 7
~

y py pq 7x py p,a,

C C -1 - ooJ-015 A(R 33.5
*

-52 500 65 Soo
_

ct-I- 007- o40 - A6% q. 6 20 40

THERtAAL DISP W/o u Boti
ER.K 40bE. .

"b x by DE

'8%g
.

CC- |- 0 0 'J - 033 - A(,3R, 335
**

. .. - . - - _ . . -. 4
_ musse . smusa e

w/o W/a .[
_,

1522. 4J2f 436 4752' - - - - - - -- - - -

- - - - . _. - - .

7-,

-

1303 ~3637 357 4431- -

,339
_

r3:3 - M27 337 4412 - - -

- . - . ~.- . . _ . ,

142| - 554(,ist3 42 y #37 - ~ ^

p"' BOLT -
. .

- .u
- . . ,e .

__ __ . ..

,, .

s
__ _.

., . . . . . _ . .
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| TEST 08JECTIVE

O
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 the support..

7
These loading conditions are sumarized below:

- ...

Loadino Condition 1 (See Figure 1)
.

The U-bolt is subjected to an initial normal load Pn per ITT Grinnell
or NPSI Load Capacity Data Sheet:; (LC05). and to.a 'siemtitaneous uniformly' ' * . .
increasing axial load P The axial load Will be increased in a
controlledmannerandt$e. 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.

~

!

Loadino Condition 2 (See Figure 2)
'

.

The U-bolt is subjected to an initial narmal load Pn per ITT Grinnell "

or NPSI Load Capacity Data Sheets (LCOS) and to a simultaneous uniformly
increasing side or lateral load P . The side load will be increasedinacontrolledmanner,andthedfeflectionoftheU-boltinthelateral -

O. direction and change in normal load will be recorded. Failure of the '

U-bolt to perform it's function and 30 stain the applied loads in either
direction, or the presence of~ excessive displacements will result in the
termination of the test.

' !

Loadino Condition 3 (SeeFigure3)

The U-bolt is subjected to a nonnal load P . This normal load will be
increased in a controlled manner until faliure of the U-bolt occurs in

-

the tensile mode. Elongation of the U-bolt will be recorded..

i
-

. .

,

~

TEST SET-UP

The RHIELE testing machine located in the Research, Development and
Engineering Department of ITT Grinnell in Providence, R.I. 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 III) to support the U-bolt and pipe section.
,

.
,

The lower test stand has two different designs, one for the 4" and the
other for the 24" pipe U-bolt. , * .

SketchNo.SA-4995-3(seeAppendixIII)showst'heuppertestfixture
..

which consists of a length of structural tubing attached to the upper
fixed end of the machine.

O
.

. .
.

6
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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, i

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 III). 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
III). 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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O~ LOADING CONDITION 1
|

LCD NORMAL LOAD P AND AXIAL LOAD P
, N 4

i

-

. .

1

'

P: NORMAL LOAD PER LCD
N.

h-
*

-

AXIAL .

DEFLECTION
OF U-BOLT
w = -

2

.

=
.

'

- O = P: VARIABLEr , - .. p
'

I I
' AXIAL LOAD, ,

huJ .
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[ FIXED TEST FIXTURE \ .
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LOADING CONDITION 2

.

LCD NORMAL' LOAD PN_AND SIDE LOAD P g

. .

.

P: NORMAL LOAD PER LCDSN

n
-

|

' @) Pi VARIABLE SIDE.O As g==

OR LATERAL LOADSIDE DEFLECTION
r9i fritOF U-BOLT

i i

.

[FIXEDTESTFIXTURE\

|
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O LOADING CONDITION 3

NORMAL LOAD P TO~U-BOLT FAILUREN
1
,

;

P: NORMAL LOAD TO~ FAILUREN.

.
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APPLICATION OF LOADS

O
Normal Loads

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

,

Axial 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 5177'
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 perpendiculas' 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

All normal loads (P ) are measured on the Rhiele testing machine dial.n

Side and axial loads are recorded through strain gages. These gages are
installed on the load-inducing rods and connected to a strain measuring
device (see appendix IV). At any time during testing and for any U-bolt
axial or lateral deflection the strai,ns 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,
I and 3 for each of two U-bolt sizes. The sizes involved are:

(a) 4" pipe, 1/2" rod size U-bolt Figure 137N, LCOS rated at
2260 lb normal load P , and ,184 lb side load P *n s

(b) 24" pipe, 1" rod size U-bolt Figure 137N, LCDS rated at
9920 lb normal load P . No LCDS rating for side loading exists ,

''n
as of this time.
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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 E
Test F

Normal load to failure (Condition 3)

Test G
Test H
Test I -

.
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LOADING CONDITION 1
'

-

Rated Normal Load plus Variable Axial Load

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

.

Three tests A,8 and C were performed. In each test, the U-bolt was
loaded with the LCOS rated normal load of 2260 lb. Axial load was
induced through the hydraulic pump. 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 accomadate the axial load
needed to produce significant axial deflections.

It was then decided that axial loads would be determined using strain
gages mounted on the load-inducing columns. The gages were properlyplaced and the test continued.
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TEST 'A'

O
Axial Gage Axial Normal

Deflection Pressure Load Load
(IN) (PSIG) (LB) (LB)

-
.

.0 13. O. 2260.

.002 46. 37. 2260.

.005 57. 6.1. . 2260. ' .c.,

.010 67. 83. 2260.

.021 77. ~104 2260..
'

.027 85. 119. 2260.-

.035 95. 139. 2260..

.

.044 102. 154. 2260.

.051 112. 175. 2260.

.058 120, 190. 2260.

.063 126. 202. 2260.,

.069 135. 221. 2260.

h .075 140. 232. 2260._
,

.080 146. 245, 2260.

.085 152. 258, 2260.

.094 162. 277. 2260.'

.,122 192. 338. 2270. -

.151 212. 380 2305.
'

.176 227. 413. 2335.

.203 240. 440. 2375'.

.251 260. 479. 2490.

.312 290. 542. 2650.
.

g 6
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TEST 'A' (CONTINUED)
. ,

Axial Axial Strains (in/in x 10-6)
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.

.340 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.
.

.

,

O

6

e

G

G

I

l
;

e i,

O
- .,

* ' * * e 6e6

*
,te

No



. , -
,

TEST 'B'

O
.

Axial 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. 2260.
*

.015 1 -10 -4.5 75. 2260.

.030 3 -16 -6.5 109. 2250.

.045 6 -23 -8,5 143. 2245.
.

.060 10 -30 -10.0 168. 2245.-

.075 11 -36 -12.5- 210.- 2245.

.090 12 -41 -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 11 -70 -29.5 495. 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 11 -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.

.800 -6 -198 -102.0 1712. 6350.

(h) .850 -13 -227 -120.0 2014. 6800.
. .

S '

*
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TEST 'C'

:O
Axial Axial Strains (in/in x 10-6)'

Deflection Axial Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)

.0 0 0 0. O' 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.
i .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.s

' ~

.250 9 -54 -22.5 378. 2630.

.275 10 -59 -24.5 411. 2685.

.300 11 -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 -35.5 595. 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.
'

.650 25 -147 -61.0 1024. 4190.
~

.700 23 -163' -70.0 1175. 4640.

.750 22 -182 -80.0 1342. 5250.

.800 26 -210 -92.0 1544 5860.() .850 33 -263 -115.0 1930. 6275.
. .. . .
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LOADING CONDITION 2- )
Rated Normal Load Plus Variable Side Load

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

.

Three tests 0,E and F were performed. In e'ach test the U-bolt was loaded.
with the LCDS rated normal. load of 2260. Ib. 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 gages placed on
the load-inducing columns. The load inducing columns are inserted in the
cylinder end.of the pump and bear upon the pipe.

t

Deflections and strains were recorded as the hydraulic pump mas
activated. Also recorded.was any change in the normal load.
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[I TEST 'O'

-

F
Side Strains (in/in x 10-6)

L Deflection Side Normal
b (IN) Gage #1 Gage #4 Average Load (LB) Load (LB)

-
,

'

!

.0 0 0 0 0. 2270.;- -

: .015 4 -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 42 -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.

,m .225 15 -190 -87.5 1468. . 2436. .

I M .250 10 - -196 -93.0 1561. 2500.

! .275 5 -201 -98.0 1644. 2585.
'

i

; .300 0 -207 -103.5 1737. 2675.

} .325 -8 -211 -109.5 1837. 2775.
'

[ .350 -16 -213 -114.5 1921. 2880.
j .375 -24 -216 -120.0 2014. 2990.

'

.400 -33 -219 -126.0 ' 2114. 3100., -

I, .425 -42 -224 -133.0 2232. 3225.

j .450 -48 -232 -140.0 2349. 3310.
! .475 -52 -242 -147.0 2467. 3425.
<

.500 -61' -248 -154.5 '2593. 3550.
' '

i, .550 -81 -259 -170.0 2853. 3835.

[ .600 ' -101' -267' .-184.0 3088.
* 4110. --

.

! .650 -129 -276 -202.5 3398. 4425.
.700 -156 -284 *220.0 3692. 4675. '-

^

.750 -183 -295 -239.0 4010. 4875. .

4 - .800 -221 -299 -260.0 4363. 5325.
'

h .850 -261- -302 -281.5 4724. 5880.
'

.900- -31.1 - -307 , -309.0 5185.- 6375.
'

'
- -.-

, ,
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TEST 'E'

O
Side Strains (in/in x 10-6)

Deflection Side Normal. .

(IN) Gage #1 Gage #4 Average Load (L8) 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.. i

.110 73 -194 - -60.5 1015. 7075.~
~

.

.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 1554. 2430.
'

.225 71 -272 100.5 1686. 2540.

kJ .250 68 -278 -105.0 1762. 2630.--

.275 64 -283 109.5 1837. 2720.

.300 57 -288 -115.5 1933. 2830.
: .325 50 -291 -120.5 2022. - 2930. .

.350 42 -294 -126.0 2114. 3020. _.

.
.375 34 -298 -132.0 2215. 3110.

'
.400 24 -302 -139.0 2332. 3220.
.425 17 -305 -144.0 2416. 3280.
.450 5 -307 -151.0 2534. 3420. .

.475 -1 -310 -155.5 2609. 3510.j
L .500 -5' -320 -162.5 2727. 3590. -

' '

. 550 -21 -331 -176.0' 2953.# 3810.
i .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. - ,

h- .850 -214 -348 -281.0 4715|.5 5590.
-

.
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TEST:'F'<

. &~
,

'
.

,

Side Strains (in/in x 1.0-6)
>

Deflection Side' Nonnal
(IN) -Gage #1 Gage #4 Average Load (LB) Load (L8)

- .

.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.

-

.090 -2 -53 -27.5 461. 2150.

.110 -6 -64 -35.0 587. 2200.,

.125 -11 -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.

.225L -48 -108 -78.0 1309. 2480.

Q .250 -54 -111 -82.5 1384 2500.
.276 -59 -116 -87.5 1468 2550.
.300 -65 -120 -92.5 1552. 2610.
.325 -70 -123 -96.5 1619. 2680.,

e .350 -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. i
.

l.550 -150 -150 -150.0 2517. 3550. j
. 600 -1.71 -155 -163.0 . 2735. 3790..,

~~

.650 -196~ -162 -179.0 3004. 4080.

.700' -221 -171 -196.0 3289. 4340.
'

.750 -242 -178 -210.0 3524. 4500.

.800 -269 --187- -228.0 3826. 4800.

G.850 -299 -195 -247.0 4145. 5230.
'

4 900 .332 -204~ -268.'0 4497.. 5640.
'

,3 . , ,
.

I ^
3L

; .950. '366 -21'3 -289'.5 ^485'8. 6100.
'

'
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LOADING CONDITION 3
.

'' Normal Load to 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 untti the U-bolt failed. The charting capability of the
machine was utilized to plot the normal load against the normal
deflection or elongation of the U-bolt. The location of failure for each
U-bolt was observed.
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- 24" Pipe,1" Rod U-Bolt Testing

t

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 0

_ ,

-

Test P

Normal. load to. failure (Condition 3)
' ~

Test Q
Test R

~

Test S
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LOADING CONDITION 1

Rated Normal Load Plus Variable Axial Load

| U-bolt size : 24" pipe
| . 1" rod

.

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

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

.175 -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 17 -63.5 1066 9300.

.300 -151 18 -66.5 1116 9300.

.325 -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 ' 11 -111.0- 1863 10550.'-

| .650 -237 11 -113.0 1896 10700.

l .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.
.

>.
. .

-
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. .

- _ _



=-m .: . . . ww.. n .1.a _. .. a ~ ,- z
- a

_.

= . .,

TEST'K'(CbNTINUED)
*

;

@
Axial Strains (in/in x 10-6)

Deflection Axial Normal
(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)

. . '

.775 -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 2299 12350 .

.900 -28'8 7 -140.5 2358 12550 -

~ '

.925 -296 8 -144.0 2416 12800

.950 -301 ~7 - -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 -164.5 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 1734 19050

1.450 -400 -56 -228.0 3826 19500

1.475 -404 -64 -234.0 3927 19850

1.500 -405 -72 -238.5 4002 20200

@
.

.
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TEST 'L'()
)

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 9950

.025 -19 -3 -11.0 185 9900

.050 -25 -7 -16.0 268 9850.

.075 -29 -10 -19.5 327 9850
.

. . u
. . - -..

.100 -32 -14 -23.0 386 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 !'60 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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TEST 'l' (CONTINUED)

Axial Strains (in/in x 10-6)
Deflection Axial Normal.

(IN) Gage #1 Gage #4 Average Load (LB) Load (LB) a
v

.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 -16I -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

5 1.075 -135 -220 -177.5 2978 14900

. 1.100 -134 -230 -182.0 3054 15200__.

. 1.125 -13T -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

.
-

'|

I

'

.

.

4

5

0

=

.

: @
.

t

'
- - . -

.
.

. ~
D



_ _ . . - ---

., .. .

.

TEST 'M'. , -

Axial Strains (in/in x 10-6)
'

Deflection Axial Normal
(IN) Gage il Gage #4 Average Load (LB)' Load (LB)

*

,

.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
.275 -94 -25 -59.5 998 10050
.300 -97 -33 -65.0 1091 10150

.

~

.325 -99 -41 -70.0 1171 10200

.350 -106 -44 -75.0 1259 '10250
'

.

.375 -115 -37 -76.0 1275 10350

.400 -118 -48 ,-83.0 1393 10450 e

.425 -130 -38 -84.0 1410 10550

.450 -132 -50 -91.0 1527 10700

.475 -141 -42 -91.5 -1535 10750

.500 -143 -55 -99.0 1661 10905

.525 -154 -46 -100.0 1678 10900

.550 -157 -51 -104.0- 1745 11100

.575 -161 -55 -108.0 1812 11200

.600 No readings available due to U-bolt " slip",

'

.625- ,"" " " " " ' "

.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

.
. .

.
.

.

.. ..
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TEST 'M' (CONTINUED) |'

.O
Axial Strains (in/in x 10-6)

Deflection Axial Normal
! (IN) Gage #1 Gage #4 ' Average load (LB) Load (LB)

.

.775 -241 15. -113.0 1896 12500

.800 -244 7 -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 -151.0 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 15550 --

1.125 -268 -72 -170.0 2853 15800

1.150 -273 -77 -175.0 2937 16050

1.175 -275 -84 -179.5 3012 16350
i

1.200 -279 -90 -184.5 3096 16650

1.225 -281 -96 -188.5 3163 16950
2

.
,

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 3717 19100 .

1.425 -295 -160 -227.5 3815 19500

| 1.450 -297. -169 "233.0 3910 19850
' '

-

l.475 -299 -178 -238.5 4002 20200

1.500 -299 -191 -245.0 4111. 20650

'
'

-
. ,

.
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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 lb. Side load was induced
through the hydraulic pum~p.

The testing procedure is the same as for tests 0,E and F.
-

u

O

.

O
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1
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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

.175 -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

.325 -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 l-

.700 -843 477 -183.0 3071 15000 '

.725

h
.-868 492 -188.0 -3155 15250 |

| .750 -891 507 -192.0 3222 15500
-

.

_
" 9 @ g
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'. TEST''N' (CONTINUED)
f' k

'

'
'

' '
i *

- ;
_1.

.

.
. . ,

Side. Strains (in/in x 10.-6) .
,

'Def1ection
.

Average',. Load (LB) Load'(LB) |{

~

. Side Normal 4
.(IN) ' Gage #T' Gage #4

, ,

.775 . . 908. '519. ..1S4.5.. 3264 - 15800.- '

. .
. . . .

-

.800' -941 '
538' -201:5 3381 16050-

--

.825 -962' 553 -204.5 3432 16350

.-989 ...**.670 '.850 '

-209.5 3515 '

101. 588 ,
, . .a. *:s. .-

' ,L.
,16650 .

* * *-' ' 'r- .' e' ~ s. . ,, ,. , *,no 43*- * .
. .

.875 -215.0 3608 16950-

'

.900 -1039 603 .-218.0 3658 17250. . - *

.925 -1066 621 -222.5 3734 17550
'

,
.950 -1095 640 . ,227.5 3817 178.50,

. * n,, ,

.975 -1122 '657 -232.5 3901 18150'
1.000 -1146. 674 -236.0 3960 18450

1.025. -1171 692 -239.5 4019 18800.
1.050 -1202 711 -245.5 4119 19150
1.075 -1231 730 -250.5 4203 19500O. 1.100 -1260 750 -255.0 4279 20000

.

1.125 -1293 772 -260.5 4371 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 -31'1.5 5227 23650
1.375 .-1661 1022 -319.5 5361 24100
1.400 -1710 1053 -328.5 5512 24500
1.425 -1750' 1081 -334.5 5613 24900
1.450 -1797 1113 '342.0 5739 25350-

1.475 -1844 1143 -350.5 5881 25700
1.500 -1888 1172 -358.0 6007 26100

.
.
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TEST 'O'
.

.

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

'

.0 -28 14 -7.0 117 9950 -

| .025 -59 29 -15.0 252 9950

.050 -86 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 101'00

*

i _

.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 1045O'

.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-
.

.j
. ,

.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

0 .750 -720 398 -i6i.0 2702 i2iOO

. . .

. .
. .

4
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TEST 'O'(CONTINUED)

,

Side Strains (in/in x 10-6)
Deflection Side Normal

(IN) Gage #1 Gage #4 Average Load (LB)- Load (LB) - o

.775 -750 414 -168.0 2819 12300

.800 -774 430 -172.0 2886 12500

.825 -803 447 -178.0 2987 12750
I .850.e. -833. .464 -184.5 , .3096 12950- -

,;,

.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
1.000 -

-992 566 -213.0 3574 14400
1.025 -1026 587 -219.5 3683 14700
1.050 -1046 602 -222.0 3725 15000

I 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

3

1.225 -1231 725 -253.0 4245- 17300
1.250 -1262 747 -257.5 4321 1765.0

'

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,.

.

..
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TEST 'P

O
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 -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

.125 -215 134 -40.5 680 9750

.150 -253 160 -46.5 780 9700

.175 .-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 '

.275 -412 265 -73.5 1233 96501

.300 -438 282 -78.0' 1309 9650

.325 -460 294 -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 1025O

.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 2341 10800

.625 -699 414 -1.42.5 2391 10900.

,

.650 -719 425 -147.0 2467 11100

.675 -742 438 "152.0 2551 11250-

.700 -763 450 -156.5 2626 11400
|

|. .725 .-789 465 -162.0 2718 11600

h .750 -816 481 -167.5 2810 11750 *

| . .

1 - - |
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TEST 'P (CONTINUED)

O -

_

Side Strains (in/in x 10-6)
Deflection Side Norma.1

(IN) Gage #1 Gage #4 Average Load (LB) Load (LB)

.775 -841 496' ,172.5 2895 12000
'

*

.'800 -867 512 -177.5 2978 12260

.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
j 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 4271 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

0
-

. . .
,
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LOADING COP.DITION 3-
. - - -

Normal Loaa to. Failure...;g . - -
. . .. -

.
.

D
U-bolt size :. 24" pipe -

1" rod .'

, . .. . . n
. - - .

.

'
~

' Three tests Q,R''and-S were' performed. In each test |the U-bol:t.was' 35
'. loaded normally by means of the tdnsile. machine. The normal load was ''0

increased gradually until the Utbol.t' failed. . The charting capability of-'
- theimachine was utilized to - lot the- no'rinal .ldad'against the 'nbrmal'- "? -

deflection or elongation of the U-bolt. The location of failure for
each U-bolt was observed.
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LOAD RATING ACCORDING TO ASME NF-3260

G
MATERIAL PROPERTIES - Stress in KSI
Values from C.M.T.R.'s at 70* F 1

SIZES Su S .5Su .6S FALL /Su i
y y

~<4" PIPE 1/2" R00' '63.08 45.13 31.54 27.'08' O.43
'24" PIPE _l". R00 . 73.4 51.6 36 7 30.96 0.42 -.

,

MATERIAL PROPERTIES.- Stress in KSI
Values from ASME Appx. l at 100*.F . . . , .

SIZES S S .5Su . .6S FALL /S'u y y u

4" PIPE 1/2" R00 58 36 29 21.6 0.37
24" PIPE 1" R00 58 36 29 21.6 0.37

j -

'

MATERIAL PROPERTIES - Stress in KSI
Values from ASME Appx. 1 at 650' F

SIZES Su S .55u .6S FALL /Suy y

I{s. 4" PIPE 1/2" R00 58 26.1 29 15.66 0.27
24" PIPE 1" R00 58 26.1 29 15.66 0.27

1
.

FALL : Smallest of .55 and .6Su y

.

Per NF-3262.3, Winter 1974 Addenda,
-

.

.

'

LOAD RATING = T.L. X (FALL /S )u ,

where T.L. = TEST LOAD

-the TEST LOAD for normal loading is the final load that produces
failure of the U-bolt,,

.

'

-for axial and lateral loadi,ng, 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.

G-

.

# l' ,

*a s
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LOADS AND DEFLECTIONS FOR USE IN LOAD RATING OF 4" & 24" PIPE U-BOLTS

TEST LOAD DEFLECTION TEST LOAD DEFLECTION
,

t .A 1418 .75 K 4002 1.50
! 8 2014 .85' L 3725 1.25

.

C 1930 .85 M 4111 1.50; ,,

<

!
O 5185 .90 N 6007 1.50
E 4715 .85 0 5185 1.50

.F- 4858 .95 .P 5311 1.50 . . . . . . -

G 19825 FAILURE Q 89500 FAILURE,

j H 18675 FAILURE R 90000 FAILURE
,i 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 LBS.'

. TEST LOAD for 4" Normal Load. Test = 18675 LBS.

TEST LOAD for 24" Axial Load Test = 3725 L85.'

Q</ TEST LOAD for 24" Lateral Load Test = 5185 LBS. -

'
j TEST LOAD for 24" Normal Load Test = 89500 L85. -

1

j For material properties at 70* (per C.M.T.R.'s),
:

| NF Load Rating for 4" Axial Load = 1418 (0.43) = 610 L85.
| NF Load Rating for 4" Lateral Load = 4715 (0.43) = 2027 LBS.
i NF Load Rating for 4" Normal Load = 18675(0.43 8030 LBS.=
1 NF Load Rating for 24" Axial Load = 3725 (0.42 1565 LBS.=

NF Load Rating for 24" Lateral Load = 5185 (0.42 2178 LBS.= .

; NF Load Rating for 24" Normal Load = 89500 (0.42) = 37590 LBS.
.

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

j NF Load Rating for 4" Axial Load = 1418 0.37) = 525 LBS.
, NF Load Rating for 4" Lateral Load = 4715 0.37) = 1745 L85.! NF Load Rating for 4" Normal Load = 18675 0.37) = 6910 L85.

NF Load Rating for 24" Axial Load = 3725 0.37) = 1378 LBS.
: NF Load Rating for 24" Lateral Load = 5185 0.37) = 1918 LBS. .

NF Load Rating for 24" Normal Load = 89500 (0.37) = 33115 L8S. -

. . ,,

| For material properties at 650' (per ASME Appex. I), ',

NF Load Rating for 4" Axial Load = 1418 (0.27) = 383 L8S.
.

! NF Load Rating for 4" Lateral Load = 4715 0.27) = 1273 LBS.
NF Load Rating for 4" Normal Load = 18675 0.27) = 5042 L8S.

Q- NF Load Rating for 24" Axial Load = 3725 0.27) = 1006 L85.
NF Load Rating for 24" Lateral Load = 5185 (0.27) = 1400 L85.

,

.NF Load Rating for 24" -Normal: Load.=
, .

-

89500{0.27),=24165LBS. .

; .
-. .

,
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TEST RESULTS

O
l
I

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.lbs 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. Ibs 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-bolts'
Tests K,L,M '

Figures A-16 to A-21 of Appendix I

Axial loads of' between 3213 and 3725 lbs 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 ' I

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

iUpon 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 lbs and 9300 lbs. No measurements were.taken upon removal of '

normal load.

.
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TEST RESULTS (CONTINUED)

0
LATERAL LOADING OF U-8OLTS

.

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..lbs were required to: produce e

O.75" of deflection in the lateral direction, for three different
specimens. Load-deflection paths were comparatively similar for all

.U-bolts.

Normal load increased from the CCDS rated load of 2260 lbs at the
beginning of the test, to a load of between 4500 and 4875 lbs 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

i 2450 lbs and 2570 lbs (tests E and F only). No measurements were taken
j 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 lbs were required to produce
i 1.25" of deflection in the lateral direction for three different
! specimens. Load-deflection paths were comparatively similar for all '

1 U-bolts.
,

Nonnal load increased from the LCDS rated load of 9920 lbs at the*

beginning of the test, to a load of between 18200 and 22050 lbs at 1.25"
of lateral deflection. ,

,

;

! Upon removal of the lateral load, the axial ~ deflection was reduced to
i between 0.638" and 0.683" and the normal load was reduced to between

7450 lbs and 8350 lbs. No measurements were taken upon removal of
normal load.

,

.
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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', 18'675 and 19850 lbs were required to break the
J 'O"'three'different-U-bolts. ' r -

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 17890 lbs.

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
i

~

1" rod U-bolts>+

'"s Tests Q,R,5 '

Figures A-28 to A-30 of Appendix Ii

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

Based o'n 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 88475 lbs..

Failure occured, as expected, in the threaded section of the U-bo'lt, 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

O
|
'

MAXIMUM
PIPE LOAD TEST NF-RATED * LCD
SIZE . DIRECTION TEST LOAD LOAD LOAD REMARKS

4 "" AXIAL A 1418 no failure A =0.75"
.8. 2014- 383 N/A no failure A =0.85" -

C 1930 no failure A =0.85"

4" LATERAL D 5185 no failure A=0.90" - -
'

t E 4715 1273. 184: no failure .o=0.85" . - + -. -

'F 4858 no failure A =0.95"

4" NORMAL G 19825 fa.ilure
H 18675 5042 2260 failure
I' 19850 failure

,

24" AXIAL K 4002 no failure A=1.50"
L 3725 1006 N/A no failure 4 =1.25"
M 4111 no failure d =1.50"

24" LATERAL N 6007 no failure 4 =1.50"
0 5185 1400. N/A no failure A =1.50"
P 5311 no failure A. = 1. 50"

24" NORMAL Q 89500 failure
R 90000 24165 9920 failure
S 90750 failure

All 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 values are presented to
emphasize the fact that the items under investigation poses considerable.
re. serve strength in comparison to their published design load.

.
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CONCLUSIONS

O
! During all tests, the U-bolt specimens sustained permanent deformation

with no loss in the load-carrying capacity for either 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 pot'nt 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 s_ignificantly.to the overall stiffness.. Hence .

with the U bolts'being loaded'both normally 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
v- 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 (below 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 displa~ cement 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 bolt due to fatigue is nonexistent,
since no yielding was. evident.within this range of. deflections.,

s

In light of these observations it ma/ be concluded that the U-bolt
. assemblies will perform satisfactoriiy at postulated dispicament values
under operating conditions. Added to the safe performance of the

'U-bolts is the evidence contained herein of their substantial reserve
strength. '

O
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' APPENDIX I

The purpose of this appendix is to graphically represent the results
obtained through testing the 4" and 24" pipe U-bolts. The graphs are -

self-explanatory, depicting deflection of the pipe andLbolt (axial-
'

or lateral) and load (axial or lateral) required to produce that
deflection.. '

-

..

Each test represents a separate U-bolt, and each curve represects a
separate test. Three curves of the same test (axial load 014" pipc
U-bolt for instance) are also plotted together to show comparative

.

. behavior over.the entire, deflection range. A combinedfgraph is also ..
.

'-

.;.

included to show behavior over the first one-eighth inch of
deflection.
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- AX:AL LOAD TESTS - 4" PIPE '

.

Test B,

1500 -

| Test A

Test C
,

., -

O
cn 1000 --

d
.

* O
<
a -

g . _ , . .

y _i
-

< .

m
X
<

500 -

, - - - - - .
_

.

'

'For magnification of this
. ! area see Fig. A-5

1

,i. . . . . . ..
. . . . . . . . .g .

. .

H 8 8 8 8 8 8 8 8 58.- m m 4 m e e- m
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'
. A

AXIAL DEFLECTION (IN) '

FIGURE A-4 TEST COMPARISONS': AXIAL DEFLECTION VS. AXIAL LOAD
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The stress-strain relationship within a material's elastic range is
given by;

.

0" =~ E d. E

wh~ere T =' stress in' PSI
~ '

~

6 = 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) E
.

but @=P
'K

{3 therefore =(27900000)6'

or P = (27900000) A C

P .= (27900000).7f. ( .875)2.

T

P = (16780000)6.

/

P = 16.78 6 LBS

where C = strain in IN/IN X 10-6
.
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LIST OF PHOTOGRAPHS .

e
,

Photo 1 : General T.est Set-up for Axial Load on 4" Pipe U-Bolt
2 : Hydraulic Pump and Cylinder Arrangement

. 3 . : : Strain Gages on Load-Inducing Rods .
,,

4 : Typical Axial Deflection and Dial Indicator
5 : Permanently Deflected Shape

Photo 6 : General Test Set-up for Lateral Load on 4" Pipe U-Bolt
~

7 : Load-Inducing Rods and Dial Indicator
8' : Lift-up of Hex' Nut due to Excessive Deformation
9 : Pronounced. Deformation of U-Bolt

-10 : 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-

s

i 14 : ' Necking' of. Threaded Section of U-Bolt
,c.~ .

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

j 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 un' der 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.,
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The material listed below is supplied in accordance with the
following specifications based on the review of the material
manufacturer's certified mill tesc report and the requirements -

of your P.O.
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]Other
)~ This. material was rocured and controlled by our Quality Assurance
- Program, revision , approved by your BRV l'21,16 _ dated G 1J-el .

Item Piecea Description Heat # Other

30 25 ) #- y. 4o pop A220To
39 26 l b f x '2.o e L-WZG
40 12 19d X 4o \ rA 047.31 ~

h! 40 ceJe 14.* x to ~/ Mo423i .

4.1 '2.5 '2. * x '2.o \ m ooM1*
,

41 to '2.'2.4 70 h Go9i1:

-

.

Prepared by 6. N Date 9 #26-81

. Checked by M Date 'Z.5'[ff
~

Attachments 'a *

,

W CMIR (Manufacturer's> FOR INE0RMATION DNLY* *

3.3 [25! CMIR (Approved Vendor)
W C 2 Ultrasonic Report. ,

.C3 Other *

.

@-

.

* * :. , . . .s' .. . . .< .. .

. . s
, ,

.

G
.

. .
,

-
. .

. or

. ~
1

-110- '.|
'

-
.

.



- ~ ~. ,.. - - - - , , . _ , ,_ , , , , - . - ~ . __ . . . _ .
-

..

e o

* Og

.

'. y/.)'

CERTIFIED MATERIAL TEST REPORT

1/2 INCH HEX NUT

-
, i.

*. - n '. . *.

.

e

i f ,

.

.S-

L:..-)
-

J _

.

4
S

6

9

9

0

.

O

* * F D 8 ,' og * * *#e g $ 4 ,j, ,

'
e e

O

6

0
/ 8 8 4 6 4, ,

*
e

* '
. . ,* '

, . . . e s,

* .

k _Mh _ ._ m



_. _ __ - . _ _ . - -

~ .
- _..

2 .

-

p. , . A
-

V ' . .. ; nps industries,Inc.
,

uu,o - ,~,s. e
.

..... s~ ,_ ,.,2.a ,-,,

.

FOR INFORMATION ONLY~

,

.

...

CERTIFICATE OF CONF 0 PRANCE
,

_
.

s,v
,

.

REFERE!40E: Texas utilities Services. Inc.
P. O. Number CP.0046A.1/CPPA d2 6 T 99
NPS Order No.: A/A - fJ 3 L
ltee m mber(s): 11, jg ,13, j$ , t y

.

We certify that the materials supplied on NPSI $ hipping Notice AU$. \'5313}TC6
confom to ne referenced purchase order and to the applicable requirements
of ASME Section !!!. Subsection NF, Class ( ,1974 Edition, Winter 1974
Addenda.

.

1

l

* *

_

'

ant Manager o lity Assurance
'~

. ,
es p . ..

A.S.M.E. Certificate of Author 12ation Number N.2323 2 expires on July 13. 1985.

<

e*

.
.

812 't 12 49
.

.

.

.

Paga 185 f IMo
. . .. -

*%*'*****"*""''"
'- =_

, * ' . ' ' , = . .
,

*
.

9

@
'

.

i
- * *

. .

. .
O.g'

-112-



~~
* O

,e e

. i

|
QAA-G060 |

,
5/10/82* * ,

[- . ~;: Op51rW3UStrie$, LAC.

. $ ' ,. : mto mm me
' * ' - i... ratsa

' . iesuasa-aist ,

MATERIAL TRACER RECORD*

FOR SALES OROERS

Procwetion Release (oCJ 3 7 '

Code: r43M 4 /

ITEM NO. DESCRIPTION MIC.NO. ITEM NO. DESCRIPTION MIC.NO.

//^ ' gm b D-Of ' 692R rA Stj9 Vv6 7 '

/a sm op-a f wmf4,9jc47

o\ 8mPA /n EEv12 4t43QR9

h, PMitJ-04 n,9/JJA $fy>Mb

I, 5 HAl- m 7tA % A $fy ,r !R

,

nun' . . . ,
_

C. M.. INQ
M

,

_
.t a l'h

.

Q.A. REVIEW: 2 M -

. ~

' g 44/nonTE:

Phge ISc f ~ 1:o.%--
.

- . . . . ., ; .

.

e

O
.

t .k

p
* s , ,.

-113-
__



- _w .-. __ . . - - . _ . . . . - . . . . - _ - ~ - -

-
_..

.

. , - .

*

.s

yE.
.

7400ULUS -- ss.4 * t rea r
*- '.*E ', Pe.sur a Engineering Proovets

I !$7 Helen Street 7 CUR ADORI:52 wooyLys centgraygag
,

South Plainfteld N.J. 07000 1 CREW Arc scLT OMsicN*
acreo uooulus RoAo
MT. PLL45 ANT. PA. IS464(,. j

* Ot30*Jm 0N or M.A*'TRJ.At A ND $*tCU'tc4 TToy
__

CfJITOMEA CURi

$35 Ot303Jff10N CRDERPC. ORDER NO, IIMCAYION-

UoC Hwy Men Mut N-t!38 200193 ,5 fQ t g o *p.//

' M 9A ( )P IV p . k n . AUS-13,04
rT*-re un - O -rv . I n.1: *4 3 . *

*
. . , _ , . . . . _ _

I~..-,-... - 44 - Ovv ):MA
_,.7..7.,.,,,, .;-

-

|oriseen mns

_, s $1|* 'Msus Lo? Mo. un? No. )C \u. 'P,
_

C, w
t"|12-|) en e e J k _ t in s- N9t.7J f o4 */J on d swt Try A/3 .47/
J73-a & nuts AJo3vv L g e 7,7 7 o9 | v7 .c,4 lar/of pg syf
3/s-lo nuts 9 _1 o s~ t 9 L t3* C L *7 01 |Yo oc.s- W.'/e9 A/A L.o7]
1/0-9 nuta # *n rsf N 32/CJ .h3 . 4 ./ oc t 'J 3 3 NA L4 H

I _ . ant M
m AntWTM UMbu

. an ununsm = -

t.

1 UE 9"*~Q ! I

watnameAt PocPn T*n
itNstLE STyrCTH PRoor LCAD MA 84Nt31 ' l

I @L.&$ . P. S . I. P. S. I. i M PC. SPOD Ra
{/213nuen 7 t r/, PF a.g es .Y ' 23000:'

fi t. / ,5 WM 9*-fa' S/4-!! nut e 9 a 2 4. f o# srP + < 16000
92 ~7e o oA V7Or

3/4-10 nuts 9 f a a */ o #(. Str 9) 16300
\* ' f.7trv o. AC t*r t ?7/4-9 nute h to f O# a e N 7000

f.ta73 et pr' .D.I M, ** I dd *186
, ir

D EU ' n e aneir6+: 3
N W M" _ . U, M . ft* b y te ;,;v

uc m use-m t_u,

IdPT O I St ID i agrg '3 aulaan Q e M . Ah5 ljh [ g g
6 wer i 6 ne f - -' ne ic _,

at fjl.1- *ADettWM M e . .

u ar amr cur 1 wwar wr uintrurwys Fen carvainnua er pr Amc
* 1 * Ma t erials ou,r * * * a dnder this 4rder have been produchd OO NOT W14TE Dd T143 8 PACE )f n 'secor0.nc e with*a louality Syptem Program meeting thet
*

v3 f eeu tremen t s of Sec tion !!! o f the ASME Code se aporoked
a by PEPCO. Quality C4ntrol P'anuel Rev. 4 (&/19). tolts

f3 a nd nu t s < onestic manufacture, f y Q t)w ?A t.
wrn ner

,

cO%yORu1 To 1rr**mement s9.S ne r? r3 & J C *y * /3 J * e

ut HEREFf CERTDY TV THC St37 CP CUR |(NQ4I2'ICI APC SQJIF Tit 47 TN[$ ., , , [g g , f g,, , j#

tl T1 tut A.@ CORRfCT IM (VERY, RZ1PECT.
Taggynd{r'AL DEPT. f,*e- =.

%$8 0 edern L
, ' . sc 'l '', ,

*
e e

0

O
.

i
. . ..

I

; . .

*.;.

111.-



0

**$ |h

0
CERTIFIED MATERIAL TEST REPORT

1 INCH HEX NUT

4 [..w .

t

e

. . ~

-

* .c ,

me-

O

O

9

e

8

g es
e ek h

6

0

-@
'

.

. .

'

, , ,
t ', s, , , e ' ' *

-115-



.w- --
.. __- - . _ . ... _ . .... _ . - _ _..- -. _

'-. _-.

,. .e - ,

.

G'
,

-

Qu Gc40,

gy 10/22/81

3- --r nps industries.Inc.
; e42o -me ..

*ZT2 /// ia DOC. REVIEviEO
"'*

NPSI

O.f 4 QATE
I!NMA m TAI, UActR RZC0 0 W i *

FHJJ-/ f0+7 no nco, nu.zAst /Nm CCct AM?Funs no. 7 3 .

t!:M so. ot 6 or e os 06 os 8 06 or a . os s o+- i to,

wtC.9o.| | | | i | Aa% M l I
*

t m NO. 11 12 13 16 | If k 16 17 IS I 19 | 20
11 | f IntC. no. '

t m No. 1 21 l 22 23 24 | 25 26 27 23 | 19 10
* '

Mtc. No.
'

H | | |
'

.

SC3A33ZM3tIzS

G uwtNG/tTIM No, iOP.Awu c/tTEM No. DR.AutrcetTIM No,

MATU LAL MIC MC. ' MATERIAL | M!C. 90. M IAL | w!C. NO..

I

I

ft i I
Q- -;) | |

.

| |

ORAWDC/ t!!M NO. DRAWDG/ tTIM 90,

i S TTRIAL I Mtc. MO. whTTRIAL MIC. No.
I

I .

I I
'

I I i
-

1

FOR INf0RMATION ONLYYrd 5 % ,.c.t.IIU N

DOCUIENTED ON

GP N9. M?Z. . 4(& 7,2 . . . ,. , ,

. - - - _ . -

.

.

e

.
. .

e e **

I



a - .. - . - . ,~ ~ .. - - - - - - - _

---
_.

C
----- ,- ,,.

.

.

. .

h *
*

,u
|Brinuum $nn CostotArmN 3fh.oo':"

za ..es.1 r.. . nav=. - weeun n.st ,g
ensas-oO e 1 Irr * k sik Mr6 hthe m k I, ao a

1> >2 T3' > **F 8 It cou.tcr"

"

INCO NUCLEAR FASTD8ERS |NC f INCO NUC1, EAR FASTDeCJtS INC~

s SW 2eTN SUITE A -

3W 26TM SulTC A I; LANQ 0A 97219
- - OR y|219

L - - --
-

ne = . carn.c .
. .ra rt s m 4 w y Tre

-

- .. . - . - _ _ _=

WO 729
'

13 CANTgg @ts or /8
e.. - , y.

- ' - -- nugumee i wt counrtn ruc ex mr.as as
SJ. 347 4 t .. .s o ano um tai int

g TATION h'IlEW .cwarMau.swirstTHE BC.W LA0Lst

n=< 4m2d m _DATEWstlas _I pau ET -

__ -.
.

! 3 m NWT W f M E E M N* 2 7 0 $ b63),

== -= h>

; g 30 1 ' ,,. . .. . .,, m ,.
- =e opstica53 ,p'ett,o.11.a aat

! gg3L 3 m NUT HVY * W EM SA 57*IN G8 E ' '

stles ts utt as unetI
r200 1-1 4 - 3gg ****88 an pruertW. la aseen'

g
- '~

.

anse nam et.adart mi== a -m. --:.ll t.e

M M ''* " *. ,etas.
3 y0 1 1/2 sis .uses a

.m
.tute a:w a.,,

ai-, p> , no 1 -3^ - i, 2
m,t.2 .

- -

.. ,1'

-

FOR INFDRilAIl0X DNQ 7a3
- *

,. . . . .. .: e -

i acr act Tests _ ,,, , ,,,neno,, _ dhst. m . -

conucimo c= = u.,,,, :.
i wr 01 St O loce F - A N l. jf,3 e y

sy /fk Cf,MNN1125(
(I M sfB wti N9

~
j

.
, , , . ,;-

- N,e , cue < u a .

,.m M u - m
.

@ A. . . . . . . . . .. _ . MA.h..s,an.+:T,,7&> ner ' w 1._ t

| DCC.LhENTED ON '
'

RlR NO. f7/A7 6y y -

. . x . .== mua nw a.... .. .

.
.

8 .

5

'O
-

.
.

&

. &6 g

4.

.

?
L. g



_

.-.. .

. .

.

$

-
.

. . .

| Yl,hPIN i c o u *on slu y
'

*

3
.

' h Ij-I t- NO 031NWinDOG s

q g NOU.0-' '.?'l SH !1 g, }} q

!il i ',1
~

'I E 8 8 8-

g.,

! 'i8 8 48 E8 3% #-

|
-

| 8
4 s = 4 -

.

|
,

i :+, -

B i
3 } .I. <.,~

| >8*
I h a 1 Q.

'

! > nl : A
' '

-|| I s
si ss ay

11 .:a
t.iy n 21 u

n g -N v
dg -

fi E N5
.

%n is e-

| 'l sEN
.

15 24
.

g=a'I eWM
8m

I is 3 A3
1

.

r, e m .v.-

|$ *ED |
.

i },1 is 553 'ia -

!= as : =2 5 4: A i- <

gg. gg '

.g.L g a A. .g j g .j . , ,<, , . - .

I

f.) a.

I" * " !E
|s* |5 9.

[E
II , zr 3

|jn V- u 3 ,IgI a. ]. . .

iIf 8, ga na -. .

I, f.H A E'I g.I.R 8
-

E
'' '

r

||q
ag

,

1 .I I I! !
-

.,.

!91 : L J ,1 = 5' - a* . . . I'

-
.

~''
1

' q)-

. .
. . .. .

.
.

. .

l
-

!

, e.g.n S

*. . - .

-- _ - - -. .. .. - , , . . ..-



+4- %

i; .
. .

.. .......E , . . ~ . - . . . . . . . . . - .

,
,

,

DEPARTMENT OF CIVIL ENo!NEER!No AND ENo!NEERINo MECHANICS

~57 &"G Witr,''" t': m't.".::*.?r#:1...

I ..Aue._2L 2d *: Sent.2 1. 1975 . . . , , , , ,

.. . ?!D'i Iniustries. Inc. ,,,,,,,, j . Anderson
215 ',*oo_re St. =a =

Hsekinatek. N.J.07601
. ... , , , .

'

REPORT OF TESTS Page 1 of 1

.

Lateral Load Tests of Iteavy Duty U-Bolts

'.

yps,t_.Sppy,impns, Two 4" and two 6" !! cavy Duty U-Dolts (7/8" stock,
.7/8 - 9 thread) were selected from a group of 3 cach submitted.-

by NPS Industries..

How Tested: The test setup is shown on Page 2 of this report. .The
4 x 4 x 3/8 aagle was bolted to a steel pedestal (14 WF 370 with 1)" 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 call calibrated before use. The latest
,

'

i 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" laast reading.

.

| .

In tests af ter 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 50 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 t" in deflection "U".'

Lesults of Tests: The data recorded for each test will be found
on Pages 3 through 6 and plotted deflection"U" vorsus load "P" on,

.

|
Pages 7 and G.

Aside from the permanent lateral distortion of the U-Bolts
it should be r.oted that at the conclusion of each test the pipe,

'

moved very freely in the U-Bolt. !!o visual distortions were foundi

| 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" in

j 2".
2

Attachments: Calibration of Testing Mach'ine .
*

Photograph of Test No. 01077, no load.
i
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