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1.0 INTRODUCTION 

This report, CR 683, was prepared by Metal Bellows Corporation.  
Chatsworth. California. for Tennessee Valley Authority. Chattanoga, 
Tennessee. in accordance with TVA Specification No. 80K AZ-826892.  

This report provides the stress analysis for the hoses used for the 
Nuclear project at Watts Bar Nuclear Plants, Units 1 and 2.  

The analysis is in accordance with the rules of ASMkE Boiler and 
Pressure Vessel Code Section M, Class 2 components.  

The hose is analysed to verify the hose meets all requirements.  
The bellows analys's uses the Standard FJMA Performance Equations 
and ignores the hoop support provided by the braid. The analysis of 
the braid is to show the stresses imposed by the pressure end load 
are within Code allowables. The braid inward force vector far exceeds 
the squirm force created by the hose, and bellows squirm calculations 
are ignored.  

The hose consists of a basic "L shaped sub-assembly with different 
length flex sections in each leg. To this basic sub-assembly. vma'ios 
configurations of pipe and elbow are attached to meet customer required 
end requirements.  

A simplifying, conservative assumption is made that each bose flex 
section absorbs motion in offset only and motion out of the plane of the 
hose is shared by both hoses in proportion to the length of the particular 
hose. The offset mode and the shared mode are vectorally added and used 
for computation.
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3,0 REFEELNCLE

3 0.1i VA SOK A2-8?6892 

HORIZONTAL HOSE 47W-450-1027 (PEN. NO. X-71-I) 

3.0.2 METAL BELLOWS CORP DRAWINb 77753 

3.0.3 ASME BOILER AND PRESSURE VESSEL CODE, SECTIOi III 

SUBSECTION NC CLASS 2 COHMPCNFHTS 

3.0.4 STANDARDS OF THE EXPANSION JOINT NIAUFrCTURERS 

ASSOCIATION (EJWA) FOURTH EDITIGO 

( .0.5 $ASSESSHENT OF FLEXIPLE LINE FOR FLOJ INDUCED 

VIBRATION - GEORGE C. HARSHAL SPACE FL1HIT CCNTEk 

REPORT NUMBER 20H02540.

(

»,k'" J.01; Mj 1-17'"i



S3.1 ESITG CONNITIONS 

SrEF:~TIV G PRFSSIRF.E 

4ES'ICNw PRE$SSULE 

OPEFkATIiG CEhT:.MATIRF 

D IE!N :CH ;E.4'M-ATRE 

RfilO;: TEEtPERAF:TAUR PII:O0F F'RESSURF

FLOW RATE 

LINE SIZE

PRESSUKE LOSS. A.LOWA.LLE

CR68;3

160 FSIG 

T150 F 

200 r 

24Z PS 1 

2.0 rPS 

2.0 PSI/FT

MOTIONS

THERMAL OFFSET, DT 

CYCLE LIFE 

UL' SEISMIC OFFSET, 

CYCLE LIFE 

SSE SEISMIC OFFSET,

-OBE.

DSSE

CYCLE LIFE 

VIBRATION OFFSET DV 

LIFE 

Al.LLtWAiLE LOADS 

FOvC f

0.432 INCHES 

10000 CYCLES 

0.778 INCHES 

500 CYCLES 

i.190 INCHES 

500 CYCLES 

0.460 INHHES AT 15 HZ

40 fEARS (SEE NOE)

N/A LbL

l.OINENT N/. II-LEB

iNOTE 

THE TERM "YEARS OF SELUICL" EXPRESSED Uf IiPLIED IN THE DESIbH 
( .ECIriCA'iIuO FOR THIS UNIT IS INTERFRE1Ed BY I.iTAL BELLOWS CUKP 

TO I.E A DESILiN UbJECTIV', IiHLY. HETIL IELLOWS EI4ji4EriIl4U ikA TO 
THE BEST OF ITS ABILITY, BASED OW INFORIATION FURNtShED AND GENERAL 

S APPLICATION KNOWLEDGE, TRIED TO DEFINE ALL OF 'HE SEVUICE PARAMLTERS 
THAI WOULD )I E IMPOSED DURIGW "SERVICF LIFE" AND FVENTUALLY RESULT N1 
FATIOUE 1.FAILURE, HOWEVLR, IT HUST BE APPRLCIATftt IHAT THERE ARE 

I I'kACTICAI. I MItATIONS li DiEFINING ALL CUNDITIONF PHPOSED O4 A UNIT 
DURINHY :T "! ERVICE LIFE" ANL FOR THIS KEASONM :: NII WILL bE 
SUIJECT1 t ALL TERMS AND CONDITIOHN OF METAL BtLLOUS CORPORATIJO S 

( ,TANDAkLr WAr.,ANTY

jURS'T PFE•SURE



.PA62E 7 
S .?.i Ec*l; TUBE,O; 2.0C IC) CES PA E 

OUT.3 i. IA, b) 43( j'iNCHES 

ILTNH I DIA, D . I80U INCHE.  

.2.205 INCHES 

TI1.3.,!. ES , T 0.02-J,' INCHE3 

. A, W 0.225 INCHES 

SPIlCH, Q 0.i6a INCHES 

L.EHNTH, L !'.i25 INCHES , 

N'O OF CONVOLUTIONS, N i2 

C ( 

C C 

S ,.3 'EkF0RHMANCE CONSTANTS 

I TP- T(D)EXP.5/(PF)EXFP.5 %HATERIAL THINNING( 

TP" 0.019 1NCHES 

Q./2W- 0.37 

( U/2.2(DP(TP))EXP..= 0.37 

S .3.31 FkOOH FIGURE 38. EJliA SANDAR DS 

C•;' 0.73 
( 

3.3.2 FROM FIGURE 39, EJHA STANDARDS 

CF" 1.47 

3.3.3 FROM FIOURE 40. EJMA STANDARDS 

CDs 1.54 

((I
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BELLOWjS TARIFW.T CIRCUifl.rFERENTTAL Z~Sf: TprE 

7~ 7 iP7ik I 

COP)` L~A1L i~i4OO P.SI

3. t.2 L:ELLJWZ CI RC'rFERT ,LlE 4IN "r~Ir~ T~ 

E2= 2862 P'SI 

CODE~ ALLf~'4Aiv*LL= 1.840o F*Sl

7.4.3 B3ELLOW"% 

93= 

.j.4.4 !SELLOWS

MERIDIONAL PRESSURE STRES3 

949 PSI 

MERIDIONA4. PRESSUIPT-.BENDLIMG M~TESS 

(P) (CP) 'W/TP)EXP2/2N 

82:57 F 3I

PAGE

I

(

C 

(
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EIJ~.1'.4LEN iX fL iiilr] Ola D)UL7 TP o.: F
cRA1~.E

' Z6 B~ELL0149 MERTDILINAI. MEMB~RANE DEFLE;`rTO10 STRESX" 

95vw E(TE)7XP2(ET)/2(W)EXPZS(C"F) (THERM1AL) 

S5= 525 F51I 

(S5'= FB(TP)EXP.-',EOBE)/2(W)EXrs(lý"F) (SEISA1IC-OK~) 

.35= 947 PSI 

55a ED: ( TF) EXU':! ( ESSL) /2(W EXF':; (tr (6'i'sF.I'So I : 

(Ss 15~ 4413 PST 

S5= 560) PS I 

3..' ELLOW-3 I-IERIIIOI4AL. DEFLECTICIN STEY 

S6.= 5EB~(TP)(lT,/3(W)EXr,2(CD) (THERMA~L) 

( S6= 19849 PSI 

S6z - 5EB(TP) (E()EE) /3(W.XxF2cD (S'EISMIC-OiE) 

S6wr 35747 V951 

( 6.' 5EP TP)(FSX5E/3wW E*X2 (Ci)) (SEISMIIC-SSE) 

4.W 5 !4678 PSI 

(S6w. 2113-L PSI

Tm 3E..3EP ~O ( 1. /1 fJ Ii" ý' 1 -'~1.  

;E-.. 3DF' 8E)/1 ) /14'R~ L.) 

EV= 0.0017420 INCHES

JS E* 

,.-SSE)
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3.9 CALCULATED LIFE 

NC= ((C)(TF)/(ST-b))EXP3.
4 

NC= MORE THAN .OEXP 8 CYCLES (THERMAL.) 

REQUIRED LIFE= 10000 CYCLES 

HC= MORE THAN i.OEXP 8 CYCLES (SEIS11IC-OBE) 

REQUIRED LIFE
=  500 CYCLES 

NC= 87850944 CYCLES (SEISMIC-SSE) 

REQUIKED LIFE. 500 CYCLES 

NC= MORE THAN i.OEXP d CYCLES (VIBRATION)

TOfAL. CYCL. STRE.SZ PAGE C66 
PAGE 0.  

-T , IS c.' tk() 

.T-. 4 i4" F-SI 

rFT = .7*.'35.4/)+(.(+S6) (:l.lrIC-SSE)** 

ST= 62572 PSI 

ST - .7(.'3+34)+(SS+S6) (VIBRATION) 

-T 1 2.814 PFS) 

, IMODIFIED EJNiA FATIGUE ANALYSIS BASED ON CYCLING PhESSUFE.  

** EJiA FATIGl M,.....-;IS BASED ON CONSTANT PRESSURE.



0 BRAID ANALYSI. CR683 

WIRTE DIA, t- .0120 J'!CHE PAGE ii 

NUME·FOR OF WiRE PER BUNDLE, i 
i, NUl.F;; FR UF lI L, .E1'. bU- .4 j.  

WLlIGHT F'Ei FOOr, •b.:: 0.;,335 LB.  

3..0.i END LOAD 1UE TO FPiESSLIRE 

F= .7854(DP)EXF2(P) .* 

SF= 610.98 LBS 

3..C.2 BRAID AREA, TOIAL 

A= .7854(D)EXP2(N)(B) 

( An 0.065 SQ INCHES 

3.10.3 BRAID STRESS 

ST= F/ACOSX 

SST= 12822 PSI 

CODE ALLOWABLEw= 18400 PSI 

3. J SPRING RATES 

3.11.1 AXIAL SPRING RATE 

KA= 1.7(NP)(EO(<DP)(TP)EXP3/N(C))(W)EXP3 

( KA= 447.83 LB/IN ( 

3.11.? OFFSET SPRING RAi 

KO 1.5(DP)EXP2(KA)(FI)/(L)EXP2 

KO= 27.84 LB/IN 

3.11.3 THERMAL DEFLECTION FORCES 

Fw (KO)(DT) 

F= 12.03 LB 

MAXIMUM ALLOWABLE " N/A .E (



..." . .. 4 
;...jD 

( < 5-

DEFLECTIOI! MOHtE'lt 

Ml (F)(L)(F2)/2 

M= 257.47 IN-LE 

14AXI. MUM ALL'OWABLF 

NATUPAL FREQUEINCIES

CR683 
FAGE 12

N/A IN-!.ki

3..2. WEIGHT OF HOSE 

Si1= ((OD-D)N+.57(L))3.i416D(T)(.3) 

Wi= 2.077 LBS 

( 
3.12.2 "--;'- OF FLUID 

( W2= .785i(DF)EXF2(L)(.036) 

W2= 2.354 LiS 

3.12.3 WETGHT OF BRAID 

W3= (<W)(I)/J2 

(  W3= 0.475 LBS 

( 23.i2.4 TOTAL WEIGHT 

W= Wi+W2+W3 

W= 4.91 L.S

3.12.5 AXIAL VIBRATION (PARALLEL 

F= 9.8i(KA/W)EXP.5(F3) 

F= 201.2 HZ 

F: 19.6(KA/W)EXP.5(F3) 1 

Fw 562.3 HZ 

Fm 29.2(KA/W)EXP.5(F3) 

F- 843.5 HZ 

F= 3b.6(KA/W)EXPF.5 F3) 

F, ***** HZ ,-

TO AXIS) 

(FIRST MODE) 

(SECONIl hODE) 

(THIRD MODE)

(FOURTH iODFs 

ACTUAL IjtSH,

( 

C



3 12.B LAiTEfAL VIJRiTIO4 

F= 24.8(DP/L)() (IA/L)EXP.5(;KVL.  

F- 91.5 Hm' 

F r . 2 (D)F /L. (KA/) L;XP. 5 (KVL ) 

F- 251.7 H7 

i"'- .33(1 t,·' / .) (l»i /i.)r?; ',,- .-, K(i VL L 

Fr: 490.8 HZ 

Fr 21rL5.6 H KA/W)EZX .5KV..) 

Fz 3i5.6 HZ

3 *. 4.3 

3.1.3.  

( 3.J3..1i

(FIRST MODE)

CR683 
PAGE 13

(SECO4l. HMODE ) 

(THIRD HODE) 

(FOURTH NODE)

FLOW INDUCED VIBRATION 

FLOW VELOCITY 

SYSTEM FLOW 

Q= FR/7.48GAL/CUPT/60SEC HIN 

G= 0.051 CUFT/SEC

3.1 *:..2 FLOW AREA 

A= .7854(D)EXP2 

A-- 0.0214 SOFT 

3.13.1.3 FLCOW VELOCITY 

V=- /A 

V= 2.40 FT/SEC 

3.13.2 METAL MASS

3.13.2.1 NM= .3DP(T)3.1416(3.14i6€.H-2A)(.00258) 

MM= .0000294 LB-(SEC)EXP2/(IN)EXP4 

FLUID MASS 

MFiL .036DP(H)(3.1i46)(.00258)/2((2A-T(NF)) 

HIFi: .0000046 LB-(SEC)EXP2/(IN)EXP4 

HF2- .036DP(H)EXP3cZ3.1i6)/3DEL 

nF2, .0000384 LB-(SFC)EXP2/ (N)EXP4

(



blU-OW? 5FfAtE irATL.  

FRO'I PARA 3, .1I.  

I 4A t 44.7. .;3 LbIH 

FL.EilENTAL SPRIHN3 rATE 

KLK' 2NC(i'A) 

I'F 91357.81 LI/Til

S3.i3.3.2 

3 1 3.3 

3.13.4 

3.13.4.1

FRL'UENCY IRANGE (FLEX HOSE) 

IN -PHASE LONGITUDINAL 

FRi- (2KE/(HM+ilFi))E.<P.5/.(3.1416) 

FRi- 11661.3 HZ 

(0'II-PHASE LONGITUDINAL 

Fk2-: (2KE/(MH+MF2))EXP.5/2(3.14i6) 

FR2F= 265.3 f2 

FIR1T BENDING HODE 

FBi- (8IKE/iMMiHiF2))EXP.5/.ý(3.1416) 

FBi= 16530.7 HZ 

VORTEX SHEDDING VELOCITY 

PITCH (LAMDA)= 0O.6a INCHES 

CONVOLUTION WIDTH (SIGMA)s 0.!04 IHCK, 

LAMDA/SIGMA= 1.615 

FROM FIGURE 1 

UPPER STROUHAL NUMBER. SU- .37279 

LOWER STOUHAL NUMER, 16123 LOWER STROUHAL NUMBER, XL= .16123

FOR FRI 

VUw FRi(SIGMA)/SU 

VU= 3252. FT/SEC 

VLL Fki(SISMA)/SL 

VLv 7518. FT/SEC

CR683 
PCzGE 14

4

3.13.4.2



3- 3.34.3 FOR Fk2 

VUL 

I: vui VU= 

VL

* /* VL.

J :.i:~.. ~

3.14

CR683 
PAGE 15

FR2(SIGMA)/SU 

2305. FT/SEC 

FR2(S<IMA)/SL 

5327.FT/SEC

F ;- FBIti 

VU- FBI (SIGM4)/SU 

VU- 4609. FT/SEC 

VL= Fbl(S16MA)/SL 

VL= 10657. FT/SEC 

NO OVERLAP OCCURS BETWEEN THE bELLOWS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS 

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION

PRESSURE DROP

3.i4.1 LU'S= (FRICTION FACTOR)(L)(DENSITY)(V)EXP2/2D(G) 

LOSS- 0.02 PSI/FT 

PRESSURF LOSS ALLOWABLE= 2.0 FSI/FT
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4.0 REFERENCES 

4.0. i TVA 80K A2-.26892 

VERTICAL HCISE 47W-4 50-i027(PEN.NO. X-7i-I) 

S . .2 METAL BSLLOWS CORP DRAWING

I -3~

CR683 
PAGE 16

77753

ASME BOILER AND PRESSURE VESSEL CODE, SECTION III 

SU.SECTION NC CLASS 2 COMPONENTS

4..0.4 STANDARDS OF THE EXPANSION JOINT MANUFACTURERS 

ASSOCIATION (EJHA) FOURTH EDITION 

1.0.5 ASSESSMENT OF FLEXIBLE LINE FOR FLOW INDUCED 

VIBRATION - GEORGE C. MARSHAL SPACE FLIGHT CENTER 

FEPOR1 NUMBER 20M02540.
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43.j IESIGH CONDITI' Oila' 

OFE:ATING PFIE..SI1REC 

DES16t Pk;'sURE:.  

OPERATING TEiHFERATURE 

DE•SiGl , Tr:iirt" iR-Tll U E 

ROOii TEINFERATLUREF PF'rOF PRESZURE 

:ll:.5s PFRESSLUIE 

FLOW RATE 

LINE SIZE 

PRESSURE LOSS ALLOWABLE 

MOTIONS 

THERMAL OFFSET, DT 

CYCLE LIFE 

OBE SEISMIC OFFSET, DOBE 

CYCLE LIFE 

SSE SEISMIC OFFSET, DSSE 

CYCLE LIFE 

VIBRATION OFFSET )DV 

LIFE 

ALLOWABLE LOADS 

FORCE 

MOMENT

0.282 

10000 

0.517 

500 

0.806 

500 

0.460 

40 

N/A 

N/A

150 

160b 

240 

-640 

23 

2.0 

2.0

(:G683 
PAGE 17

INCHES 

CYCLES 

INCHES 

CYCLES 

INCHES 

CYCLES.  

INCHES AT 15 HZ 

YEARS (SEE NOTE)

LBS 

IN-LBS

' NOTE: 

THE TERM "YEARS OF SERVICE" EXPRESSED OR IiPLIED IN THE DESIGN 
S SPECIFICATION FOR THIS UNIT IS INTERPRETED BY METAL BELLOWS CORP 

TO BE A DESIGN OBJECTIVE ONLY. METAL BELLOWS ENGINEERING HAS TO 
THE BEST OF ITS ABILITY, BASED ON INFORMATION FURNISHED AND GENERAL 

S APPLICATION KNOWLEDGE, TRIED TO DEFINE ALL OF THE SERVICE PARAMETERS 
THAT WOULD BE IMPOSED DURING "SERVICE LIFE" AND EVENTUALLY RESULT IN 
FATIGUE FAILURE, HOWEVER, IT MUST bE APPRECIATED THAT THERE ARE 

S PRACTICAL LIMITATIONS IN DEFINING ALL CONDITIONS IMPOSED ON A UNIT 
DURING ITS "SERVICE LIFE" AND FOR THIS REASON THE UNIT WILL BE 
SUBJECT TO ALL TERIS AND CONDITIONS OF hETAL BELLOWS CORPORATION S 

S STANDARD WARRANTY

PSIG 

PS I ES 

PS16 

GPM 

IPS 

PSI/FT

( 

( 

( 

'4' 

(



4. HOSE II JTA 

4*.2.i 'BA5IC TUBE,IOD 

OUTSiDE DIA, OD 

IN.'ITDE DIA, D 

MEAN DIA, DP 

THICKNESS. 1 

SPAN, W 

PITCH, Q 

LENGTH, I.  

NO OF CONVOLUTIONS, N

2.000 

2.430 

i.980 

2.2095 

0.020 

0.225 

0.169 

ii.i25

[:;R6t 
PAGE 1a

IN.CHE 

INCHES I NCHES 

INCHES 

INCHES 

INCHES 

INCHES

4.3 PERFORMANCE CONSTANTS

TP= T(D)EXP.5/(PP)EXP.5 

TP= 0.019 INCHES 

Q/2W= 0.37 

Q/2.2(DP(TP))EXP.5= 0.37

(NATERIAL THINNING)

I 4.3.1 FROM FIGURE 38, EJMA STANDARDS 

CP= 0.73 

4.3,2 FRUiM FIGURE 39, EJMA STANDARDS 

C:F= 1.47 

4.3.3 FROi FIGURE 40, EJMiA STANDARDS 

( CID= 1.54

(A: (^



·14..  

(,l 

(·

I L."ORHANCE FGUATIOI:S 

;FLLOWS TAiGE'iT CIRCUMFERFiTIAL PRESSURE STRESS 

'J i= (P)<D)(EB)/2.(tTC)(EC)+(Wi)>T)(EB)) 

Si= 791 PSI 

CODE ALL.GOWL.F= J 3400 PSI

CR6E3 
PAGE 19

4.4.2 BELL.OWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS 

S2= (P)(IPF')/2N(TP)(.57i+2W/G) • 

S2= 2872 PSI 

CODE ALLOWABLE= $8400 PSI 

4.4.3 BELLOWS MERIDIONAL PRESSURE STRESS 

S3= (P)(W)/2N(TP) 

S3= 949 PSI 

4.4.4 BELLOWS MERIDIONAL PRESSURE BENDING STRESS 

S4= (P)(CP)(W/TP)EXP2/2N 

1 4= 8248 PSI

C-:

.° 

(



. 4 -'EQuiALEtf t XFiriAXL7 HIOTl O DUE T7. GFFtE'T 

SETr 3DP('DT)/N(L) (THEF:itAL 

Er ' T 0.0025406 INCHiES 

SEOBE 3DP(DOBE)/N(L) (CEISMIC-OBE) 

EOBE= 0.00465?7 INCHES 

ESSE= 3DP(DSSE)/N(L) (SEISiIC-SSE, 

ESSE= 0.0072614 INCHES 

. EV= 3DP(DV)/N(L) (VIBRATION) 

EV= 0.0041442 INCHES

4.6 BELLOWS MERIDIONAL HEMBRANE DEFLECTION.  

S5= EB(TP)EXP2(ET)/2(c;)E:XP3(CF) 

S5= 815 PSI 

55 EB(TP)EXP2(EOBE)/2(W)EXPj(CF) 

S5= 1493 PSI 

S5= EB(TP)EXP2(ESSE)/2(W)EXP3(CF) 

S5= 2331 PSI 

S5= EB(TP)EXP2(EV)/2(W)EXF3(CF) 

S5= 1330 PSI

CR683 
PAGE 20

STRESS 

(THEf.R; AL.) 

(SEIXSMC-OBE) 

(SEISHIC-SSE) 

(VIBRATION)

BELLOWS MERIDIONAL DEFLECTION STRESS 

S6= 5EB(TP)(ET)/3(W)EXP2(CD) 

S6" 30790 PSI 

S6= 5EB(TP)(EObE)/3(W)kXP2(CD) 

S6w 56449 PSI 

S6u 5EB(TP)(ESSE)/3(W)EXP2(CD) 

S6= 88004 PSI 

S6 5EB<(TF')(EV)/3(W)EXP2(CD) 

S6w 50225 PSI

(THERMAL)

(SEISMIC-OBE)

',

(SEISMIC-SSE)

;I 

(.  
( 

C:i 

q.  

q

4.7

(VIBRATION)
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S .TOTAL CYCLIC SRESS CR6$3 
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'.ST = /'S+S4)+O '05+-) (1PHEi.HL).A 

STl' 40803 PS! 

ST .7(S3+'4)+(SS•+St6 JEI.)CE-OE)M* 

ST- <386 V51 

"T - 7(33+.:-')+(S5+-b6) (El.E IiIC-.SE) * 

S.T"= 96773 P'S3 

S T .7(S3+S4)+(S5+S6) (VIbRATION) 

S 1= 57994 PSI 

i MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.  

( wk JMA FATIGUE ANALYSTS IASED ON CONSTANT PRESSURE.

4.9 *CALCULATED LIFE 

NC= ((C)(TF)/(ST-B))EXP3.4 

C NC= MORE THAN i.OEXP -: CYCLES (THEI 

( REQUIRED LIFE= 0000 CYCLES 

NC= 43799776 CYCLES (SEISMIC-ObE) 

• REQUIRED L.JFE= 300 LYCLES 

N C- 37185 CYCLES (SFISMIC-SSE) 

REQUI RED LIFE= 500 CYCLES 

( NC- MORE THAN i.OEXP 8 CYCLES (VI

RMAL)

BRATION)

_··_



S... .A D A A..SI.rS 
W' 1-: M , A -. .0120 TJ".c..IEX 

Uf!I.[L OF U 1 RES FE.r l'UNDLI , i

OULifPER OF B.iUNDILE.S, B:= 48 

SAfi.t.E FO'i:O1 HOSE AXI.Y, X- 43 D•E:-E-,ES 

i, S;1'. T PF'F F O'i, PW=- 0.333 L tF 

4 iO.1 i' FN L.0.; PUlE TO PRESSURE 

F= .7854(DP)EXP2(P) 

( F= '.0 .8 LIDS 

''.102 ERAID AREA, TOTAL 

A= .7854())EXP2(N)(P) 

( A= 0.065 S4 IN4CHES 

4.10.3, F'RAID STRESS 

ST- F/ACOSX 

t S=- 12822 PSI 

CODE ALLOWABLE= 18400 PSI

4.ii

CkcPE 22 
PAItE 22 •

SPRING RATES

4.11.1 AXIAL SPRING RATE 

KA= 1.7(NP)(E)(I)DP)(TP)EXP3!N(CF)(W)EXP3 

KA= 691.'i0 LB/IN 

4 .11.2 OFFSET SPRING RATE 

KO= 1.5(DP)EXP2(KA)(Fi•:/(L)EXP2 

I0= 61.09 tIVIN 

S 4.11.3 THERMAL DEFLECTIO; FORCES 

Fu (KOCI)( 1' 

F'- 17.23 LB 

( IIAXIMUMl ALLOWABL.E 1a N/A .LES



.4,:1 .4 DEL..ECTTO; HOIENT'• CBS68 
SPAGE 23 

M= 143.73 IN-IE 

MAXIMUh ALLOWADLE -" N/A IN-LI ' 

1 4.i2 NATURAL FRFCQUNCIES ( 

i.1i2. i EIGHT OF lH.IOE 

LWI- ( (O-I;)+.57(L))3.J.4j6&(T( )(.3) 

Wi- .34e LI S 

4.12.2 WEIH(T OF FLUID 

W2= .785t(DP)EXP2(L)(.036) 

W2= 1.529 LBS 

4..12.3 WEIGHT OF BRAID 

W3= (BW)(L)/i2 

I W3= 0.309 LBS ( 

S4.2.4 TOTAL WEIGHT 

W= Wi+W2+W3 
I 

W= 3.18 LBS 

i.( 
4.12.5 AXIAL VIBRATION (PARALLEL TO AXIS) 

i F= 9.81(KA/W)EXP.5(F3) (FIRST IODE) 

F= 433.6 HZ 

F 19.6(KA/W)EXP.5(F3) (SECOND MODE) 

Fr 867.3 HZ 

F' 29.2(KA/W)EXP.5(F3) (THIRD MODE) 

rF ***** HZ ----- ACTUAL * 1191 N 

SF* 38.6(KA/W)EXP.5(F3) (FOURTH MODE) 

Fr ***** HZ -- *' ACTUAL. = 110 eI 

( (



S 4 2., L.A!.TEAL VIER-TlION 

F F- 2*.8(DP/L)(KA/U)E:XP.:i.VL) 

-F 217.3 HZ 

Ft 68e.;'(P/;L)(KA/W)E>-XF.5(FiVL) 

!:F- 597.5 HZ 

IF'- i33(DP/L)(KA/W)EXP.5(KVL), 

SF-: *w*** HZ -- 4- Acru^L II 6 

£ F= 22i(DP/L)(KA/W)EXP.5(KVL) 

F *.tcM,. HZ A-- AtruAL- 1936

4. 13 

( 3 4.13.1 

S 4.13.1.1

PAGE 2:
(FThSi S» 0trE) 

(THIRD MODE) 

(FOURTH fODE) 

@
FLOW INDUCED VIBRATION 

FLOW VELOCITY 

SYSTEM FLOW 

Q= FR/7.48GAL/CUFT/60SEC MIN 

Q= 0.051 CUFT/SEC

4.13.1.2 FLOW AREA 

A= .7954(D)EXP2 

A= 0.0214 SQFT 

4.13.1.3 FLOW VELOCITY 

V= Q/A 

V= 2.40 FT/SEC 

4.13.2 METAL MASS

4.13.2.1 

4.13.2.2

MM- .3DP(T)3.1416(3.1416AtH-2A)(.00258) 

MM- .0000294 LB-(SEC)EXP2/(IN)EXP4 

FLUID MASS 

HFI& .036DP(H)(3.1416)(.00258)/2((2A-T(NF)) 

MFI- .0000047 LB-(SEC)EXP2/(IN)E'P4 

MF2& .036DP(H)EXP3(3.i416)/3DEL 

MF2- .0000382 LB-(SEC)EXP2/iIN)EXP4



4.13.2.4 

p-' ' 
I-' . * 

·-;:** ' * i; ,t 

I'· 4. ^. .

CRPK3 
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ELOU.,S YPIHG RATF.  

FROil PARA 4.1 1..  

KIE= 691. i LI /IN 

FLFVENTAI. SF'P'IN RATE 

-;:E 2N{"(KA) 

I[= 9122:.i? I B/JH

4.j.3 FRhEQU'4Cf RANGE (FLEX HOSE) 

1. -1. 3.31 IN-PHASE L[ONGITUDINAL 

FRi= (21(E/(MH•hi-iF )) E:XF'P./2(3, .43J.) 

S7F'I-i 11645.2 HZ 

4.13.3.2 OUT-PHASE LONGITUDINAL 

FR2=- (2KE/(CM+MF2))EXP.5/2(3.i416) 

( FR2= 8270.3 H7 

4.13.3.3 FIRST BENDING MODE 

FBti (8KE/MM=MF2))EXP.5/2(3.1 i,) 

( FEBi 16540.5 HZ 

4.13.4 VORTEX SHEDDING VELOCITY 

4.13.4.1 PITCH (LAMDA)= 0.169 INCHES 

I CONVULUTIOI WIDTH (SIGMA)= 0.104 INCHt', 

LAMDA/SIGMA- 1.616 

FkO"i FIUiUE i 

t UPPER STROIJHAL 4NUNBER, SU- .37244

LOWER STROUHAL NUiiBER, .L.- .16113

FOR FRI 

VUw FRI(SIGMA)/SU 

VU- 3261. r,/SEC 

VLw FR1(SIOMA)/SL 

VLa 7537. FT/SEC

( 

'EU
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4.: t..'. to

,;,i-r;· .. · ·;-.-:· -:··r·· 
r

Fh2

VU-

vU

VL

VL -

(AG68E 
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FRl2 •lA• /.S 

F.316i. Fi/.'L"C 

'Ti,. . i /Si)C

frji FBI 

VU- FTi(SIGHA)/SU 

VU= 4631. FT/SEC 

VL= FBi(SIGMA)/SL 

VL= 10705. FT/SEC 

NO OVERLAP OCCURS BETWEEN THE BELLOWS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS 

IS REQUIRED ON HOSE ASSEIMBLY FOR INDUCED VIBRATION

4.14

( 

( i

PRESSURE DROP

4.14.1 LOSS= (FRICTION FACTOR)(L)(DEtNSITY)(V)EXP2/2D(G) 

LOSS- 0.02 PSI/FT 

PRESSURE LOSS ALL.UOAbLE- 2.0 FSI/FT

I~

. I 4.i3. .1 •

2~` .. -.;·



METAL iulCORPORATION 
C""0041"~. C&LIPOWA, 91311

EO~N 

-A,>DI

0i HOR/Zo#IrAL Hosf) 

ADAProA

SltA103 (Z-077+.475).g 

4'eit (Z-394) .5

Isla1

YZ 0AD McLiri~.m J.7i is 

MT VEF.alck 
(4 Fit.~ IL of ) wt 1 1+a 3.1 a i3.e 

(- J76) * (to.3 5114 i?)

(C) ' 

IF (3.7) '(L.. 1s 11 7#* at8 

4;Mert: AT £Ler$471W~ 792 VT.r A20AErpd 300 *ae.

5.1.

Le 

LIPS 

La



METAL 
NW, - lIMP 
mamoatw. Causm

WCORPORATION 

1"211il

.S~aipol c FORCES (US) 
F~ ~ 

r 47.1 '6t 

v4 (3 oa~ -7 6)q 

13.7a (10Itsa 0p3F.)a 

AT p4&C %rALut C te$OslP.v^ravsk vAIus)

J4.I F0 v 

*(171 

14 ' 

k.1 
w;L7. 14 (.14) w e. s.gj

199F. pmA4 i ~E~ 

40~M~~IP~~e



METAL- CORPORATION 7-44 7 7 77t13 

@HAISM1T. CWUPOMMA 91311 V 1f v 

V.5'.I. tOur ro XAoftr/A 

F~ 0104muwZ. dDSCf + .I TraorEs4.+Veer. 0409)A~ 

-8.94 (~s 

=4.47 AS 

()F,= mJr (' NL oRI?. Nosl) tl 

7 J.10 

S.C.IrrA. FOXDRCEIC$ 

F,,-t AccG.,DIEAT AWD Ju.SMIC FRi&( Du 

C717.74 J 47.1 tZ.4 i47 

Spa GE FECATlIMY 4 LL*W,4,#lj 

-X .016' 

- s1 (30,ooo) (.78S4 (a.2s7?-1..d)) 

32S.3 L8 

oas,'fe 15 Agf~AZ WA0t



METAL CORPORATION 1~ -/04" C-F-& 

2... Zm Y- OIRc iCTom : 

F, - ZvSrA"JArsvjw MlISA"4#Aicd.rt Fo~cc +E 

A"t10^ $~~ %Ylfme Jt/$/ OtisC ra TovevScowus 

4 L/IRATIOp/ 

U12. 03 -t(7. 89 +3.76 +14)*ga

= 3 1. 1'v A.45~ 

JpeGs, iA 7'el*414. A£ei4BS48

Pr .0/ify ~A 

=JZZ.3 4.8 

Pr > Fr 
pe$16W

P ACF A So.3 549`4

ii *.4vatla

Ir.6.3. ZNv' JD401pte OY 

F - *EAP t4sic.YrT (A@'iSPivr ANO teli.fl F.A'a 
0 Of To /WIRTJ4 4 .0APVb'A09 ) t. I/Isk.4nola 

-. 3.76 t(19-36 + )t:.7Zft 0.o. +1.88

JpICqIBCATioAJ AIPIPOWANLZ 

32.az.3 8 

Pi F, CI

PA&A 5..O .s leb) 
Lr. I. f) 0.4. S. AV.& (b60

ARM rDQ19e



M 'NjaskEEE RE rMETAL e CORPORATION m * 6 ( 
1anTDOI*. IOAmNA a1n 4 - -1 tVo -r s A

P/N -7? r3
FA OF 

I /

S.7. DYvAMIe MOamr( 

MoMErT ARMS : 

.Socker ADAprtoRs 

FIRA utsE 

WosE 4 894/ 0 

FLaUIO 1N WA R

/./ b8 a . 0?,f = 96 #.1s8 

.L& Z 8 2.43 sI. .49 IM*sa 

1. 18 O 5 6.0. W .7*7 IU-4.  

1.18 A 1.74 w.2= -.e*r W.

5.`t 7 I. a c osr 7T eMa: w 
M *M qw#r A Irs L 

7. 1. 1. I. Dut ro iltarA TA 

M i11.2. Ito.3 S14 3o&) f) 

- (7.6B IMf*58 asF. PAUXA * 

- f t. 2. I. &s 
r £3. 51 ***AS~ 

W.7.2.JSomeMe~ b 7amr {(jig) 
S.7Z .p. DuT ro IMERrIA: 

*I. * Z I tWLB 
IPARA. S. 17.  

M3 e.l. . C eq s ,j3oe) I * * o * *6 6 
,7.3. MoOMENT AT soctgt AtPwTop.  

0oscl vat f IL Du .sgt #D TO Se0&XTAp APr) 
f. 7. 3 *I.jMj F a .).  

S14 (1.74) 

= 44.34 od*-B If. PA MA. t. 4..

----- ---
I mmmý



MMETAL col 
2S1 KNAPP STLWRWA T 

~m7. 3.2.

tPORATION

M~F

- ZO.(1.7 4) 

JnS. 94 imJ-LS 

99F. PARtA. V'.4.3.

V.7.4. TOTAL A4omaNT

5.7 .4. 1. IN Y- DIRgerl"A 

Mj - TOTAL. DILFU1'IV~r MoM^P7(D ~re. :srAT# V) 

t111ise. ig tAccfoivr Pas Te A0Vt#4THy

=7 47 e(12.03) ( 1.7+) #&ZO

- 333j.i /N*Vo RSV 

Sp~~~~~cR aprSNALO4G.

/it Z3.~Zt1I.2.

vp.V iravo u L~t,,& 
SIT M& ro 56A~ 

PARA 3. 11.43..

.07076 
MA .07e (3je)~t

= ties .W.Af Mb$ 20my 

W14v s Avg~aT3r

X. $s7



r METAL & CORPORATION C.4"' it. &,t 7 PW77%l3 
nwateSml PRIM SIM 
CHAmO0sI. CAUOMSA 91311A

V. 7. 4. z. /At J - diagcr, op

I~ = DEAD IPS4iUIM7 XSJ./JAI/. AmP AG-CaPPET

-It. Z +' (s7&8 F@4t(EL-sTcr ipm AI 

+ #4 004&my Ar JOG~car AVAIIT1IoLi

066.e) (1. /t4)(af 

*441 ,i.  

JP861FICATa.I AOe.  

046 0707 61

# 3w.843 -.

'ar,L Jw^aI~rwp 

Jr.~l 7.~

0141d so~ '4004I#Mr



METAL CORPORATION 7 
m"e "Aau smn"eas N eIlw ou 5smOON "ST-T @ilmatI~ AU9OIWSA 113 11 r-

i giving$ auwow 
LkMl 3

orruc use 

-r- 
VA

$.. o8. pst,44 MOageytr

f X Fy &. i 

Is 49 K ,3i to

L.a £LtOAe 7pDI P 

4 t*S&er' IA trP

= [(.394) (.83)f(l.v)) (.o)4

- s*9.93 (I/ .s) 

ini 
JPSCI FIC-AN ALOImBv 

M4(y 'T 
A.  

- . I (j.,e*) I*33 
a. 173/ 

3360 1.3 

do 
· dr <f 

) (2.ss.o7'

M -% .>e

We 4& is/ ANE '*4~ tg

4. 8i.2.

,I
-14 

9/EI~ f( ' ) Plm-nJ-I-cl I II

F - - -- A



MPAL ~SVCORPOSATION 'Co 16 
=*Wmwv"1 ow 

-pg mt1 ,

pmY - 77 to

ScIS.4e. ASSUMeoro.HS 

A. Saismic &iwpu. vp .L Somse', 4 0~. 1 1,.JK 

5. A~efC~l'e~gFJvr.T is 01osaeva , 

RESLT ~1gTE& PAT^ Aftpss CoWSO.IiR.M 

4C-e1J0safVATIVI.
raa ~,4 

"I4,00e

91-S

sop&. 1' 

S-Z S
at. 6fJ

~Ws~

.efr .t ..#far

8.. it.* 
CQUOVA&(MT AaiIA6. P~ptew#

s5psi 

3 (. 9 Lj)"fe 14) it.q)~4s' 96PS 

*~~S siog :vM'OASf#bbm.r9 JaM Ai. is i

M 

W 
I;



METAL CORPORATION 
0~l£M STREET 

OGA1wOAT. CALIPOO* gull

G.. 0-. &£iVDAI J115MIC C.*DIVoir.**M

4.0. 2.1I A Ss U0#4Tooevs

A. SEawsi4c. L.JPUT fkras~l

FEAug.Cvc r p

V. s 3.24

A',1sI-f~c4v,# oftr 

4 0030. . i

-3 (a. %or)UIf )nt.  
(ri) I 8.64) 7 

4 t 4

w3 wL ; 
U( (* a 01 f g)

12 714 Ps5I



METAL ~S iCORPORATION 
Noy1 KAwP StanE 
0cWMATHOT. CAPONUa" 91311

J~~vc + 54,oo>+S 

=,(,~ +NFA.1 s~pcz 

JFPCGIF lCAyao0. ALLOWAGL.E W A"Cc~

PVt4dAe SA~uT



FMETAL CORPORATION 
M"7 Kt6AD SYSIET 

Ch.ASPOATW. CAUPFOWAA 913SI

7.0 L.OADING : 

7. ub. I. Sul rA ,VNV d *.A P

6'Iv - it MA = A4omAfST Dug wro DEFL~cr HOJE 't 
AI.msAI rU ?u Oo DRAD wgi4tiT 

$4Vg: Xs/ optaxrio,. meamstr 7p VdF/PUCTr WJI& 

Apwu o4* pa* costs .vATI~vE 

= 40 (2-371r) *795Lr??z~)' ez 
4 /-1 J4) 1 a ~~(aq

.= 66P&S + 631 P31

7.0.

= 1. 247 kJs 4 18.4 Ak.sz 
141F. PA&& 3.##.4. 57 

z. O~CCASipMA,~4.L 

4 t

- 4(.L)1) W1 (1.11)L "(J.3+) aa

REPF. PAvL i r.7A.if7. 4 2 

CAl..-#AUAT'0#J WA6 BA19P *.4 AfVAt-41P SQ.ed.4 pere(A") 
dq rotHo FlSS. - -

cove. -36tz- 0

k (mc-345W)



K METAL ýý CORPORATION J511 K6APF STRU1T 
ca4A1OA7. CAUFOWUA Simi1

IT71EA RItpma"ECE WASIE

I UTa cfgUIQE 
4-iI -Ptn I -r vA -S*W

p/iJ 77 7w,t

M OF-
3q

8. o I.DA prop. s 

0.0. =Z.38

( P// 72016 > 

fEND: 

I±- 03 1w.

z. o. = Z.o~ *.ODf 
-. *00

t~G~U=
PD + A 

L(+ pFY)
16- Ico (LW) 

Z (OO 11 0 60()

-total*. > .*t&

Z.rC.o= Z. 161.

tPJ*JLS * pj) 4A

+-#A-V t#Xtop

APgGUArg

90vlo

Ama A rr

1~.

( etc-3,941-1)



QMETAL ~I fCORPORATION 
Io 26Wxo"P STRUT 

cHAUMMMw CAISFOWAA @1311 IDAT41 GUSTUMIR

s-vP' I7~oI

FIN~ ~77ft 
- AR O

El. Vw par %A',' -rp,3rp4 t2 rh1iS44 10i)

0. D. n3 8 

t = .11l 1w. 1 .  

- ., 98 i14.

p 04 
'm~IB( J Z( t ) ( oNc - 5 1

P l paA#v4 -C C.I i JmewF at-wrIAL') ~wir

LS 4 .4fP 

- ~ 4( (o (1)7 

- oQ48 ow.

K

S~. 0. Z.

6. 0.3.

(wc - 3 SdRýU)

G"W"Eaft ftlFr.R3Ncm 

aft



METAL :AWCORPORATION 
2Wl KIM"9 PRT01 
O4AIvQTh. CA"tPOMtIA 01311

MOTION

IT-in 
I IB.$25~

SLf.-v6T

12, 62Z5"

r 4FO-14
fitc P)

Mf0 /OTINS

.09L 

'/7-

w .74 S m.

rJAAL

ZNTrALLAT,~oN

*Vaw . 17

w .075J- .15 
331

7OrA4 1SN#V#( 4LsNf~TW tr~fioss

TOTA1- Z814frol w 1Z.&rff .I.i.J1a e.

Lfv~riV ItAt' 10 1.62±A .404 
ASS1

A &o

LC#Vfrsi iAT/o! 841696Z 
lilts

/ 
91.0

'?'. 1.

9/si, is



METAL i4~ t CORPORATION 
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MbC JOB NO 14727 CP683 
PAKE 44 

10.0 REFERENCES 

S1.0.1 TVA 80K A2-826892 

HORIZ. HOSF 47W 450-1003/1004(PEN.NO.X-39A-I/-O) 

10.0.2 NETAL BELLOUS CORP DRANING 77751 

10.0.3 STANDARDS OF THE EXPANSION JOINT MANUFACTURERS 

ASSOCIATION (EJHA) FOURTH EDITION 

10,0.4 ASSESSHENT OF FLEXIBLE LINE FOR FLOW INDUCED 

VIBRATION - GEORGE C. NARSHAL SPACE FLIGHT CENTER 

REPORT NUMBER 20M02540.  

t 

I <



10.1 DESIGN CONDITIONS 

'" OfpEAlTJiREISURE 

DESIGN PRESSURE 

OPERATING TEMPERATURE 

DESIGN TEMPERATURE 

ROOM TEMPERATURE PROOF PRESSURE 

BURST PRESSURE 

FLOW RATE, 

LINE SIZE 

NOTIONS

650 PSIO 

900 PSIG 

100 F 

150 F 

1350 PSIG 

3600 PSIG 

0.0 LB/SEC 

1.0 INCHES

CP613 
SPAGE 45,

THERNAL OFFSET, DT 

CYCLE LIFE 

VIBRATION OFFSET DV 

ALLOWABLE LOADS 

FORCE 

MOMENT

0.300 INCHES 

10000 CYCLES 

0.320 INCHES AT 15 HZ 

N/A LBS 

N/A IN-LBP

4 

I ( 

I C

(t1
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' 10.2 
. ·?: .*

HOSE DATA

.t 10.2.1 BASIC TUBE,OD 

OUTSIDE DIA, OD 

INSIDE DIA, D 

MEAN DIA, DP 

THICKNESS, T 

SPAN, W 

PITCH, Q 

LENGTH, L 

NO OF CONVOLUTIONS, N

CP683 
PAGE 46

i.000 

1.310 

0.980 

1.145 

0.020 

0.165 

0.129 

12.625 

98

10.3 PERFORMANCE CONSTANTS

TP= T(D)EXP.5/(DP)EXP.5 

TP= 0.019 ;rCHES 

Q/2WU 0.39 

Q/2.2(DP(TP))EXP.5 0.40

(HATERIAL THINNING)

10.3.1 FROM FIGURE 38, EJMA STANDARDS 

CPw 0.72 

S 10.3.2 FROM FIGURE 39, EJMA STANDARDS 
' 

CF= 1.50 

10.3.3 FROM FIGURE 40, EJMA STANDARDS 

( CDs 1.56

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES



;10,4 PERFORMANCE EQUATIONS 

10.4.1 BELLOWS TANGENT CIRCUNFERENTIAL PRESSURE STRESS 

, . Si- (P)(D)(EB)/2((TC)(EC)+N)(T)(EB)) 

Sim 2672 PSI 

SALLOWABLE STRESS - 18550 PSI 

10.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS 

SS2- (P)(DP)/2N(TP)(.571+2W/Q) 

S2- 8889 PSI 

ALLOWABLE STRI.SS - 18550 PSI 

10.4.3 BELLOWS MERITIONAL PRESSURE STRESS 

( S3* (P)(J)/2N(TP) 

S3" 4012 PSI

10.4.4 BELLOWS 

S4

S4,

CP683 
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C..

MERIDIONAL PRESSURE BENDING STRESS 

(P)(CP)(W/TP)EXP2/2N 

25854 PSI

( .



r..- r.· 
i:-4 

(··

EQUIVALENT AXIAL MOTION DUE TO OFFSET 

ET- 3DP(DT)/N(L) (THERMAL) 

ETO 0.0008329 INCHES 

EOBEn3DP(DOBE)/N(L) (SEISMIC

EOBE= 0.0009495 INCHES 

ESSE* 3DPCDSSE)/N(L) (SEISMIC 

ESSEu 0.0011077 INCHES 

EV- 3DP(DV)/N(L) (VIBRATION) 

EVa 0.0008884 INCHES

ODE)

-SSE)

10.6 BELLOWS MERIDIONAL MEMBRANE DEFLECTION ST'-r

S5- EB(TP)EXP2(ET)/2(U)EXP3(CF) (THER 

$5" 636 PSI 

S5m EB(TP)EXP2(EOBE)/2(U)EXP3(CF) (SEISM 

SS5 725 PSI 

S5C EB(TP)EXP2(ESSE)/2(W)EXP3(CF) (SEISI 

S5" 846 PSI 

S5- EB(TP)EXP2(EV)/2(W)EXP3(CF) (VIBRi 

S55 678 PSI

MAL) 

IC-OBE) 

HIC-SSE)

ATION)

10.7 . BELLOWS MERIDIONAL DEFLECTION STRESS 

S6- 5EB(TP)(ET)/3(W)EXP2(CD) 

( S6" 18107 PSI 

$6 5EB(TP)(EOBE)/3(W)EXP2(CD) 

S6- 20642 PSI 

( S6. 5EB(TP)(ESSE)/3(U)EXP2(CD) 

56- 24082 PSI 

S6- 5EB(TP)(EV)/3(U)EXP2(CD) 

E S6. 19314 PSI

(THERMAL)

(SEISMIC-OBE) 

(SEISMIC-SSE) 

(VIBRATION)

CR683 
PAGE

c..




