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1.0 BACXGROUND

2.0

3.0

3.1

ASME 111 requires that the effects of sttachment In producing theraal
stresses, stress concentration and restraints on pressure retaining
sesbers shall be taken Into account In checking for compllisnce with
stress criteria, (N8-3643) 3

Attachments to piping are generally categorized as Integral sttechments
and non=Integral attechments. Lugs and stanchlions welded to tte pipe
val! are examples of Integral sttachments, Clamps used for sttaching

hangers and snubbers to the pipe by bolting are non-integrai sttachments.

The design reports prepared by General Electric specifically address
locs! stresses at Integral attachments (lugs) If the loads on the lug are
significant, Rules for evaluating local stress et lugs have been defined

:xrm Code cases ). °2 snd N318. GE computer programs evaluate local
ess at lugs In a ma rer consistent with thess Code cases.

In November of 1983, the Nuclear Regulatory Committes |ssued IE
information Notice 83-80: Use of Speclallzed "Stiff" Pipe Clamps,
(Appendix B). The Information notice Ident!fled three concerns with
stitf plpe clamps: excessive bolt preload Induced stressas In the plpe,
smal| clamp contact bearing areas that could Induce local overstress and
the effect of clamp on elbow stress Indices. Al though no response was
required from the notice, the Issue vas ralsed In question 210,53 of the
Hope Creek final safety analysis report, The response to the question
comm|tted to evaluate the affect of stiff clamps on the plping.

PURPOSE

This analysis evaluates the stresses Induced by E-System clamps attached
to the recirculation piping In Genera! Electric's scope of supply.

DISCUSSION

The Code doss not have rules for the evaluation of non-integral
sttachments; however, methods consistent with the Intent of the Code have
been developed to address the concerns of Information Notice 83-80 and
the Code.

Brimacy Membrans SITesses

The existence of a pipe clamp will not affect the calculation for minimum
wall, In fect, membrane stresses In the circumferential direction dus to
pressure will be less In the vicinity of the clamp than In the arsas away
from the clamp, The primary sembrane stress Is less than that of
straight pipe due 1 clamp reinforcement of effective thickness.



3.2

Equation 9 Is almed at preventing col lapse of the piping system due to
loads that produce primary stresses. Col lapse Is prevented by keeping
the stresses due 1o pressure, dead weight, and Inertia effects of dynamic
loads to less than prescribed values. The existence of clamps on piping
ly affect the moment carrying capabl| Fty nor do

of the pliping system to resist collapse under
Ined loadings thai produce primary stresses.

833
;
4
!

The only concern Is the locading transaltted from the snubber through the
clamp pad to the pipe. This bearing load will result In local stress In
the pipe wall. These siressas are conservatively calculated using the
Indlce method and added to the membrane and overal| bending stresses
computed by equation 9 of the Code.

3.3 Stresses Qus fo Praicad

When the clamp Is Initially Installed on the piping system and the bolts
are tightened, the prelcad will produce stress In the pipe wall., The
stress produced by prelced Is applied one time and produces a stress of
only one quarter cycle, Stresses of this type need not be Included In
the stress evaluations required by NB-3600. Although bolt preicads are
not addressed under the Code, bolt prelceds could result In damage YO &
pipe It & clamp was poorly designed. Calculations have been made toO
snsure that bolt prelcads could not result In local plastic deformation
of the plping.

3.4 Clomp Deslgn Critecia

The stiff type clamps were designed to provide a high strength sttachment
for the pipe which would not siip and would fit on the smal lest practical
length of plpe. Clamp design of the strap type are too wide to fit In
many locations and require lugs to hold them In position. The stiffness
of & compact high strength clamp Is Inherent|y greater than that of &
strap type. Gensral Electric specifications require that ali clamps be
significantly stiffer than the snubber attached to It. The stiffness
requirement does not govern the design of stiff type clamps,

5.5 Protecticn from Locsenlng

in order for the clamp to hold Its position during vibratory loads, It
must grip the plipe with enough force to prevent silding. The two
sechanisms for clamp lcosening are loss of tension In the bolt due to nut
backing off and bolt stress relaxation. To prevent backing off of the
nuts, all bolts heve double nuts. The bolt material selected for the
clamp Is an AMS0 type commonly used for flange bolits., This material was
selected because st the temperatures of concern, It Is resistent to
relaxation, 5



5.6 Strass Ous to Contraint of Expapalon from lnternal Preasuce

the constralnt of pipe expansion due to

by
Internal mmmmuﬂfomwnlnmmd
and K, indices for m clamp.
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Clemp Induced stresses due to ditferential temparatures and material
expansion coefficlients have been sccounted for by computing special (':3
and :‘ Indlces for the clamp. The siressss have been sdded to other
opersting secondary and peak stresses,

3.8 Eatigue Usage

The fatigue usage at each clamp locatlon has been conservatively computed
taking Into consideration clamp Induced stresses from pressure,

temper sture and snubber loedings. The clamp Induced stresses vere added
to the stresses computed for esch load set using equation 10 and 11 of
N-36%0. Cumulative fatigue usage was computed by the rules cf the Code.

5.9 Clamps on Elbows

Scme clamps are located on or near the ends of elbows because of lack of
space. Clamp lcadings on elbows due to snubbers, Internal pressure and
differential expansion are similar to or less than those ca straight
pipe. The major dlfference betveen a clamp on straight pipe and on an
elbow Is the couping between the pipe bending and the clamp |ocads due to
elbow ovallzetion, The clamp tends to resist oval Ization by stiffening
the pipe wall. Tuls local stiffening results In three effects: @ slight
stitfening of the elbow In bending, & | Ight reduction In overall elbow
bending stress and a local stress concentration at the clamp pad. The
tirst two effects are small and can be neglected In a stress analysis,
The local stress concentration at the clamp pad Is caused by the pad
preventing the local region of elbow under It from assuming the

oval lzatlion curveture. This ocal res!stance to curveture causes the
stress concentration by crimplig the pipe wall, Berding Indices C, and
and K. for elbows vith clamps heve been calculated to account for fnis
secon stress concentration effect,
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SENERAL ELECTRIC e-'v# SFEC NO. 22A REV. NO. .
BOIL I MO um “” srs DEPARTMENTY

cmse .- B L L

THE LOADING COMBINATION USED FOR THE ANALYSIS == lesss ARE AS FOLLOW

oEsien PO+ W ¢+ OBE!

e 8 ) PP+ T « OBEI

e € ) PP o uTH

e 0 ) PP+ uTH ¢+ SORTI((SSEl )ss2 ¢ API jen2 )

sesMNOTEses ALL UNITS ARE IN POUNDS, INCHES EXCEFT NOTED
sesMOTEsss |F MO USER (NPUT PRESSURE FOR EACH LOAD COMBINATION, PEAX PRESSURE WILL BE USED FOR LEVEL B.C AND D

Table A.3



OEMERAL ELECTRIC COMPANY
BSOILING WATER REACTOR SYSTEMS DEPARTMENT

SUCTION NOZZLE TO PuMF
GO+ 20.002 10+ 25.800 Ts 1,200 i= 9097.8 2I= 649.0

1 = 0.80 Ci= 1.38 C2+ 1.00 C3* 1.23 C3'+ 0.80
B2 » 1.00 Ki= 1.0 K2+= 1.10 K3= 1.V0

STRESS DUE 7O LUG SNB D10 SBS  ARE INCLUDED

A. PRIMARY STRESSES (EQUATION &)

SERVICE COMB. PRESSURE BEMDING  AMD
LEVEL ND. STRESS TORSION STRESS
DESION ' 7208, 8. 78 28013, 0.3%0
LEVL B ' 0163, S8 . 11843, 28596 0.407
LEW. C ] 9183, 207. 9370. 34215, 0.273
LEVL D ' 9183 1943, 184986 . 38120 0.404
8. PRIMNARY PLUS SECOMDARY (EQUAT 100 1 474080, 80028,
C. SECOMDARY STRESS RANGE (EQUATION 12) 1 13 s7e. 80028 . 0.020
D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8§ 13 36200. 80028 . 0.724
E. Clamp Preload Stress 9411. 19064. 0.494
F. Cumulative Fatigue Usage Factor 0.047 1.0 0.047

Table A.4.]



SEMERAL ELECTRIC COMPANY SPEC NO.  2BA
BOILING WATER REACTOR SYSTEMS DEPARTMENT
HOPE CREEX RECIRC ® SUCTION NO.."E Tu Pune
G0« 20.002 1D= 25.800 Te 1.201 i= S087.8 2« 640.8
B! » 0.80 Cis 1.38 C2» 1.00 C3= 1.28 C3'» 0.80
82 » 1.0 Kis 1.10 K2+ 1.10 K3+ 1.10
STRESS DUE TO LUO SNB 010, 8810 ARE |INCLUDED
A. PRIMARY STRESSES (EQUATION )
SERVICE COMB. PREASURE BENDING AND TOTAL ALLOVABLE
LEVEL ~NO STRESS TORSION STRESS STRESS STRESS
DESION | 7208 88 . 10187, 29013,
LEVL B i 9183, a8 . 12084 . 20596
LEWVL € ] 9183 207. #370. 34319,
LEVL O ] 9183 1943 19786. Je12e.
5. PRINARY PLUS SECONDARY (EQUATY 100 1 13 47400 S0028.
C. SECONDARY STRESS RANGE (EQUATION 12) 1 13 e7e. 80028 .
0. PRIMA PLUS BECO EXC TH ExF (EQUAT 13) 8 13 38200 . 80029,
E. Clamp Preload Stress 9411. 19064 .
F. Cumulative Fatigue Usage Factor 0.047 1.0

...........................................................

Table A.4.2

STRESS
RATIO

0.407
0. 422

0.273
0.818

0.020
0.724

0.494
0.047



SENERAL ELECTRIC COMPANY SPEC NO. 22A REV. NO.
BOILIND WATER REACTOR SYSTEMS DEPARTMENT

MOPE CREEX RECH PUMP DISCH TO RHR RTN TEE NEAR NODE 044,
OD= 29.000 1D= 25.180 Te 1.410 1= 10430.9% 2= 7a48.8

B) = 0.80 Ci= 1.84 C2% 7.92 C3+ 1.19 C3'+ 0.9%0
sz =2Mm Ki= 1,20 K2= 1.80 K3+ 1.70

..............................

STRESS DUE 1O LUD SNB D44, SB2  ARE INCLUDED

A. PRINARY STRESSES (EQUATION 8)

SERVICE COMB. PRESSURE BENDING AND TOTAL ALLOWABLE STRESS
LEVEL O STRESS TORSION STRESS STRESS STRESS RATIO
DESION { 7447, 15193, 10241 . 28013, 0.409
LEVL B 1 7804 . 1813, 10999, 28596 . 0.3
LEVL € ) 7804 . 880, 86588 . 343185, 0.202
LEVL D ' 7804. 2771, 14287 asi2e 0.377
8. PRIMARY PLUS SECONDARY (EQUAT 10) 113 80939 50028
C. SECOMDARY STRESS RANGE (EQUATION 12)12 13 2744. 50028 . 0.088
D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 3 41370. 80028 . 0.827
€. Clamp Preload Stress 7200. 19064. 0.378
F. Cumulative Fatigue Usage Factor 0.111 1.0 0.111

Table A.4.3



SEMERAL ELECTRIC COMPANY SPEC NO.  22A REV. NO.
BOILING WATER REACTOR SYSTEMS DEPARTMENT
WOPE CREEX RECIRC § PUMP DISCH TO RHR RTN TEE NEAR NODE 080,

D= 20.000 ID= 25.100 Te 1. 410 Iv 10430.9 2+ 745 .8

B! = 0.50 Ci= 1.20 C2= 1.00 CI= .19 C3's 0.80
B2 = 1,00 Ki= 1.10 K2+ 1.'0 K3+ 1.10

STRESS DUE 7O LUG SM® 000, 388  ARE |INCLUDED

A. PRIMARY STRESSES (EQUATION @)

SERVICE COMB. PRESSURE BENDING AND TOTAL ALLOWABLE  STRESS
LEVEL NO STRESS TORSION STRESS STRESS STRESS RATIO
DESIOM ] 7447, 813, 10386 20013, 0.4%4
LEVL & | 7004 813, 10724. 20996 . 0.978
LEWVL, C ] 7804. 140. 7944 . 34218, 0.2%2
LEVL D ! 7804 . 1438 185627, 38128, 0.470

B. PRIMARY PLUS SECONDARY (EQUAT 10) 113 48429, 80028.

C. BECOMDARY STRESS RANGE (EOUATION 12) 1 12 1390. 80029 . 0.028

D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 6178, 80028 . 0.723

E. Clamp Preload Stress 7200. 19054. 0.378

F.

Cumulative Fatigue Usage Factor 0.045 1.0 0.045

Table A.4.4



GEMERAL ELECTRIC COMPANY SPEC NO.  22A REV. NO. .
BOILING WATER REACTOR SYSTEMS DEPARTMENT
HOPE CREEX RECIRC B PUMP DISCH TO RMR RTN TEE NEAR NODE 081.

OD= 20.000 1D+ 28.180 Te 1.410 1= 10438.9 2+ 745.8

5! = 0.80 Ci= 1.20 C2+ 1,00 C3= 1.19 C3'= 0.80
82 » 1.00 Ki= 1,10 X2+ 1,10 K3= 1.10

STRESS DUE TO LUG 8M8 281, SB7 ARE INCLUDED

A. PRINARY STRESSES (EQUATION 8)

SERVICE COMB. PRESSURE BENDIMO AND TOTAL ALLOWABLE STRESS
LEVEL NO . STRESS TORSION STRESS STRESS STRESS RATIY
DESION 1 7447, ars. 987s. 28013, 0.387
LEVL B Al 780« ar. 10038 28398 . 0.0
LEVL C 1 7804, 133. 7937. 34318, 0.2
LEVL D t 7804 . 133%0. 18289 38120 0.400
S. PRIMARY PLUS SECONDARY (EQUAT 10) L T 47118, 80028 .
C. SECOMDARY STRESS RANGE (EQUATION 12) 1 13 1800. 80028 . 0.030
D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 36422 80028 0.720
E. Clamp Preload Stress 8930. 19004 . U.468
F. Cumulative Fatioue Usage Factor 0.048 1.0 0.048

Table A.A.5



GENERAL ELECTRIC COMPANY SPEC WO, 22A REV. NO.
BOILING WATER REACTOR SYSTEMS DEPARTHENT

HOPE CREEX RECIRC B RHR RTN TEE TO RPV NOZZLES NEAR NODE 108,
OD= 21.9080 D= 19.730 T+ 1.134 |i= 40886.3 2= 2J608.8

8 = 0.5 Ci= 1.82 C2+% 1.50 C3= 1.40 C3'+ 0.%
21 . Ki= 1. 00 K2+« 1.00 K3+ 1.00

STRESS DUE TO LUG SMB 108, 3813 ARE INCLUDED

A. PRIMARY STRESSES (EQUATION #)

SERVICE COMB. PRESSURE BENDING  AND TOTAL ALLOVABLE  STRESS
LEVEL . STRESS TORSION STRESS STRESS STRESS RATIO
DESION ' 7274. 338. sant. 20013, 0.3%¢
LEVL B ' 7624. 338, 8760. 28596, 0.308
Lew. ¢ i 7624. 113, 7737. 34318, 0.22%
LEWVL D ) 7624 2038, 15098, 30128. 0.417

B. PRIMARY PLUS SECONDARY (EQUAT 10) T 55538, 80028 .

C. SECONDARY STRESS RANGE (EQUATION 12) 1 13 1696 80025 0.034

D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 26703. 80028 0.734

E. Clamp Preload Stress 15064 . 190614. 0.790

F. Camulative Fatigue Usage Factor 0.114 1.0 0.114

Table A.4.6



SENERAL ELECTRIC COMPANY sPEC NO. 224 REV. WO, >
BOILING WATER REACTOR SYSTEMS DEPARTMENT
HOPE CREEX RECIAC § RHA RTN TEE TO RPV NOZZLES NEAR NODE 108,

G0« 21.998 D= 19.730 Te 1,134 I» 4008.50 2+ 2J68.0

) = 0.50 Ci= 1.82 C2+ 1.50 C3* 1.40 C3'+* 0.%
B = 1.0 Ki= 1.00 K2= 1.00 K3+ 1.00

STRESS DUE TO LUG SM 108, 3813 ARE INCLUDED

A. PRINARY STRESSES (EQUATION ®)

SERVICE COMB. PRESSURE BENDING AND TOTAL ALLOWABLE STRESS
LEVEL NO . STRESS TORSION STRESS STRESS STRESS RATIO
DESION ' TR7A. 338. 8034 . 20013, 0.3
LEVL B ' 7624, 338. 83e3. 205098, .29
LEWVL C ' 7024, 112, 7737. 34318, 0.228
LEVL D ] 7024 2030 11984, 20128 0.314
8. PRIMARY PLUS SECONDARY (EQUAT 10) 113 858338 80028.
C. SECONDARY STRESS RANGE (EQUATION 12) 1 13 1696, 80023 0.0%4
D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 36703, 80028 0.734
E. Clamp Preload Stress 15064 . 19064 . 0.790
F. Cumulative Fatigue Usage Factor 0.114 1.0 0.114

Table A.4.7



GEMERAL ELECTRIC COMPANY SPEC NO. 224 REV. MO, .
BOILING WATER REACTOR SYSTEMS DEPARTMENT
HOPE CREEX RECINC B RMR RTN TEE TO RPV NOZZLES NEAR NODE 208.

OD= 21.998 1D+ 19.730 Te 1.134 I= 4088.8 2= 2J80.0

S = 0.% Ci= 1.24 C2+ 1,80 C3= 1.18 C3'= 0.80
sz = .00 Ki= 1.00 K2+* 1.00 K3+ 1.00

STRESS DUE 7O LUG SM8 208, 3A14 ARE |NCLUDED

A. PRIMARY STRESSES (EQUATION §)

SERVICE COMB. PRESSURE BENDING AND TOTAL ALLOWASLE sTRESS
LEVEL O SYRESS TORSION STRESS STRESS STRESS RATIO
DESION ' 7274. ao. 848 . 28013, 0.338
LEVL B | 7624, 310. 88, 203568 . 0.308
LEVL C | 7824. 7. 7701, 34318, 0. 224
LEVL O ' 7024 1856 13387, 38128, 0.380

8. PRINARY PLUS SECONDARY (EQUAT 10) 112 anz18. 500286

€. SECONMDARY STRESS RANOE (ZQUATION 12) ) 13 2138. 50028 0.043

D. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 3ieez. 80028 0.837

E. Clamp Preload Stress 7200. 19064 0.378

F. Cumulative Fatigue Usage Factor 0.039 1.0 0.039

Table A.4.8



SEMERAL ELECTRIC COMPANY SPEC NO.  RRA REV. WO,
BOILING WATER REACTOR SYSTEMS DEPARTMENT
HOPE CREEX RECINC B RHR RTN TEE TO RPV NOZZLES NEAR NODE 208.

GD= 21.9898 1D= 19.730 Ts 1.134 |I= 4088.85 2+ 2J68.8

B! » 0.80 Ci= 1.24 C2% 1.5 C3= 1.18 C3'+ 0.%0
s =100 Kis 1.00 K2+ 1.00 K3 1.00

STRESS DUE 7O LUO SN 208, 3810 ARE INCLUDED

A. PRINARY STRESSES (FQUATION ®)

SERVICE COMB. PRESSURE BENDING  AND TOTAL ALLOWABLF STRESS
LEVEL NO . STRESS TORSION STRESS STRESS STRESS RATIO
DESION | 7274, 301 . anse . 28013, 0.3%42
LEVL B ] 7624 201 . 8908 20596 . o.an
LEwvL © 1 7624 . 7699 34318, 0.224
LEVL. O ] 7624 . 1479 13102. 38123 0 348

5. PRIMARY PLUS SECONDARY (EQUAT 10) 113 4c982. 80028

C. SECONDARY STRESS RANGE (EQUATION 12) 1 13 1904 80028 0.038

©. PRIMA PLUS SECO EXC TH EXP (EQUAT 13) 8 13 31848, 80028 0.837

E. Clamp Preload Stress 7200. 19064 . 0.378

F. Cmulative Fatigue Usage Factor 0.039 1.0 0.039

Table A.4.9
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A.5 Highest Clamp Induced Stress and Fatigue
Hope Creek Recirculation Loop B

Ttem Righost Ratio Governi
Evaluated (1) Allowable Sctun) Loed (2) Identification of Locatire
/Factor Limits of t Stress Points
i ATowed Comb. No. Sighes

Primpry Stress

2 ’11-55-". 10366 25013 0.414 1 S88, Discharge Riser

!thry Stress

s..ié‘i::‘."“’ 12064 285396 0.422 1 $810, Suction Riser

Primary Stress

R e § A 9370 U315 0.273 1 5810, Suction Riser
Stress

S s 19758 8128 0.518 1 5810, Suction Riser

Primary plus Secondary o

8. Wi 55535 50025 1.110 " $813, Recirc Header

£q. 12 <1.05a 2784 50025 0.055 - $82, Discharge Elbow

Primary plus h:-h"

"'"“ :!""" Thgren 41370 50025 0.827 - $82, Discharge Elbow

£q. 13<3.05a

Cumulative Usage Factor

v<l.0 0.114 1.0 0.114 . 813, Recirc Header

\ (1) A1) equations usad are from ASME BAPY Code, Sec. 111 - N8-3650. (3) Egn. 10 triggers fatigue calculations using

2 low cycle fatigue method. Since fatigue usage is
- See Table A.3 within allowable, the higher ratio is acceptable.



