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INTRODUCTION

This report, CR 699 was prepared by Metal Bellows Corporation,
Chatsworth, California, for Tennessee Valley Authority, Chattaoga,
Tennessee, in accordance with TVA Cppacification 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 .snalysis is in accordance with the rules of ASME Boiler and
Pressure Vessel Code Section |, Class 2 compoaents.

The hose is analysed to verify the hose meets all requirements.

The bellows analysis uses the Standard EJMA Prfvmnsace Xoatooes
and ignores the hoop support provided by the braid. The anaeysis of
the braid is to show the stresses imposed by the pressure end lead

are within Code allowables. The braid inward force vector far meooeds

the squirm force created by the hose, and bellows squirm calculatione
are ignored.

The hose consists of a basic "L" shaped sub-assembly with difftrent
length flex sections in each leg. To thisbasic sub-assembly, various
configurations of pipe and elbow are attahoed to meet customer required
end requirements.

A simplifying, conservative assumption is made that each hose flea
section absorbs motion in offset only and motion cut pflahe of the
hose is shared by both hoses in proportion to the length of the particular
hose. The offset mode and the shared moae are vetorally added and used
for computation.
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2. 1.

1.2, MOTION FOR HORIZONTAL HOSE :

@) . THeemal. = ,399 (.577_) = ,218 N

(b-) SEISMIC. OBE = J;‘* [ -3”(}74)Jt
= A s (399 (.05 +.577)2

= 305

©> SE/smic SSE = [+ 399(3+a)]°

= Jd.3p v+ (399 (.23 +.572)]*
i 0445 IN.

1. 3. MOTION For VERTIGCAL HOSE ;

() THERMAL = .4o| (,§70) = .343 w.

(b) S=ismic 0BE = x*+ [ .4o) (}ra)]*

= Q«v:s‘* (.60l Cns ¢.570)°
= .64 N

(€) SEISMIC STE = [3T0 T 4or (G 1ol

=J.9 % (.60) (.23 +.670))*

= "03 "/.




) ENGINCLA REFENENCE NU.IREW o/ 79940 \
. - 4 ,
METHL L lizs corpORATION | _ T cr 699 &
20077 AP SYALTY DATE . CUS.OMEA YACE  OF
CHATSNONTIC CALYIORNIA 91311 J'—}j 'fD TvA
2.0 MOTION CORRUECTION FOR COMPUTER USE:
16" . .
' 1,.875° X
I BELt.ow iennTy
] T'_ [ (Rc p) | X
17.878" , ¥
22" BeLtow
LENGTH
j__
o/
2.1. MOTIONS
g
L
= ,080Q —
A o ]
<t,9/
- .osg 11815 9
. fi.s =23
ol 0‘71 IN. )
THERM A L S z ;
INSTALLATION ,

2 ol 1. TOorAL Lenerd ¢ LENGTA RATIOS :

TOTAL LENGTH = 11,815 + 11815 = 29.1F .

LEnGTH RATIOS : s .39
) +9.18 m
AND
LENGTH RARTIOS : 11.81¢ =.60|
29. 18
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ENGINEER HEFEAENCE NUMBER N
METAL gﬂw CORPORATION 7. dFe~| crL 9] Fiv 2727/0
20077 KNAPP STRELT OATE CUSTOMER PAGE  OF
CHATSWORTH, CALIFORNIA 91311 13 -3@ -T V A 4,

2.1.8. MOTION FOoR VIBRAT(ON:

» &0

g = (os11) £*D §=15dy
S= (Lo5n) (1SYD

D =.043 . (FOR WORST ZoNDITION)

2.1.9.1. HorItoNTAL Hose:

DISPLACEMENT = A 043 %4 [.399(.043 4.§70)*

= 249 /.

2.1.4.2. verTIicAL MHOSE .

-

DISPLACEMENT = [ 0437+ (. 00| (043 +.52))

= 372 /¥
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IVA SPELt. 30K A2-826992

HORIZ. HOSE 47U 450-100?( PEN, NO.X-90"r)
METAL BELLOWS CORP DRAZMING 77750-*

STANUARDS OF THE EXPANSI ON JO NT MANUFACTURERS -
ASSCCI ATI ON (EJHA) FOQURTH EDI TI ON

ASSESSMENT OF FLEXI DLE LI NE FOR FLOW | NDUCED

VI DKATI ON - GEORG. C. MARSHAL SPACE FLI GHT CENTER
REPORT NUMBEP 20MD2540. -
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DESIGN CrONDI: TIONw
OPERATI NG PRESSURE
DESI GN PRESSURE
OPERATING TEMPERATIURE
DESI GN TEMPERATUFRE
ROuM TEMPERAIURE PROCF PRESSURE
| URST PRESSURE .
FLOW RATE, NI TROGE N
LITE Sl ZE
- MOTI ONS
THERVAL OFFS '1, DT
CYCLE LTFE
VIBRATION ( OFSET |V
ALLUWABLE LOADS
FORCE

MOMVENT

1" -1 iiiil 1o ~ 1l . - . . . 1 iil

120
120
-100
150
180

480

1.5

0.228
10000

- 0.249

N/A

N/A

CP699
PAGE
PSIG
PSIG
.
F
PSIG
PSI G-
0 LB/ SEC

I NCHES

INCHES
CYCLES
INCHES T - 15 HZ

LBS

IN-LBS

ni~ic

THh|

N ol |



3i,2 A . CP699

i PAGE 7
c.2...* (,;1; TUBE, OD 1.500 1:..WHES
11""IDE DIA OD 1.880 INCHES
i 1i E DIADA 1. 480 INCHES
tjif.l 1'IA pP i.680 INCHES
it *ESS T 0.020 INCHES
g, W 0. 200- | NCHES- - -i
1 <ie, 0 0.150 | NCHES =
|8i'H L 1i.875 | NCHES '
Ni [IF CONVOLUTIONS,- N .--. 79 .--.-- - - -
Q9 * . ) *KC-'. |
3.3 "1 ORMANCE CONSTANTS
TP= T(D) EXP. 5/ (DP) EXP. 5 (MATERI AL THI NNI NG)
STP= 0.019 INCHES (
Q 12W o. 38 A

Q 2. 2(DP(FTP)) EXP. 5" 0. 38

3.3.- 11ili  FI GURE 38, EJMA STANDARDS

*CP=0.73 '
3. 3. li,,ti FIGURE 39, EJMA STANDARDS

CF 1.8 . . -
3. 3. | I;il FIGURE 40, EJMA STANDARDS

CD it.55

*1%-



3.4

3.4.1

3.4.2

3.4.3

3.4. 4

PERFORMANCE EQUATIONS

BELLOAS | ANGENT Cl RCUMFERENTI AL PRESSURE STRESS
Si = (P)(D)(EB)/2((TC)Y(EC)+(N)(T)(EB))
Si = 522 PS|

A.l OUADL.E STRE.S 18550 PSI

BELLOWS CIRCUIFEIZENTIAL MEMBRANE PRESSURE STRESS
S2= (P)(DP)/2N(TP) (. 57i +2W Q
-S2". - 1661 PSI -

AtIOWABLE STRESS = 18550 PSI

BELLOWS MERIDIONAL PRESSURE STRESS
S3= (P)(W/2N(TP)

S3" 639 PSI

BE. LOAS MERI DI ONAL PRESSURE BENDING STRESS
S4<(P) (CP) (W TP) EXP2/ 2N

S4= 4977 PSI

CP699
PAGE

B

(1



J.6

).7

ET- 3rP(DT)/N(L) ( THERMAL)
ET= 0.0012249 | NCHES
EOBE=3DP( DOBE) / N( L)

EOBE= 0. 0016923 | NCHES

EQUI VALENT AXI AL MOTI ON DUE TO OFFSET

( SEI SM C- C(BE)

ESSL= 3DP( DSSE)/ N( L) ( SEI SM C- SSE)
ESSE= 0. 0023907 | NCHES
EV= 3DP(DV)/N(1.) (VI BRATI ON)

EW 0.0013377 | NCHES

BELLOAS MERI DI ONAL MEMBRANE DEFLECTI ON STRESS

SS= EB( TFP) LXP2( ET) / 2( W EXP3( CF) ( THERMAL)

. S5= 548 PSI

CRGA
PAGE 9

SSw EB( TP) EXP2( EOBE) / 2( W EXP3( CF) . (SEISMIC-OBE). --- -

SS= 757 PSI

S5 EB(TP) EXPM' (ESSE)/ 2( M EXP3(CF)  (SEISMIC-JSE)

5 1070 PSI

$5  EB( TP) EXP2( EV) / 2( W EXP3( CF)

S5= 599 'SI

S6- 5EB(TP) (ET)/ 3( W EXP2( * CD)
S6.  185Y2 PS|

i 6, SEB(TP) (kOBE)/ 3( M EXP2( CD)
$6 25687 PS

S6& SER(TP) ( ESSE) / 3( U) EXP2( CD)
$A  36R(8 PSI

$6w 5FbTP(EV) / 3 WEXPZ CD)

$6S 203V4 PKl

(VI BRATI ON)

= o e

BELLOWS MERI DTONAL DEFLECTI ON STRESS

( THERMAL)

tPH S & 655

( SEI SHI G- SSE)

(VI BRATI ON)

S)



3.8  TOTAL CYCLIC STRESS CR6(

PAGE il

ST - (S3+S4) +(S5+6)  (THERMAL)**- -. - -

St 24757 PS|

ST 2 . 7(S3+S4) +( S5+S6) ( SEI SM C- OBE) * *

ST= 30376 f'rl

ST .7(S3+S.1)+(S5+S6) (SEISMIC-SSE)**

ST& 41290 PS

ST = .7(S3+S4)+(35+56) (VI BRATI ON)

STt 24835 PS|

* MODI FI ED EJMA FATI GUE ANALYSI S BASED ON CYCLI NG PRESSURE.

t EJMA FATI GUE ANALYSI S BASED ON CONSTANT PRESSURE.

3.9 - CALCULATED LIFE

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

NC' MORE THAN | OEXP 8 CYCLES ( THERVAL)
REQUIRED LIFE= 10000 CYCLES

NC, MORE THAN I|.OEXP 8 CYCLES ( SEI SM C- OBE)
REQUI RED LI FE* 500 CYCLES

NC, MORE THAN |.OEXP 8 CYCLES ( SEI SM C- SSE)
REQUI RED LIFE* 500 CYCLES

NCw MORE THAN 1. CEXP 8 CYCLES (VI BRATION) =

.o.-nn -S - t =

~r o =T

04



.10

3.10t.1

=.10.2

1.10.3

3.11

3.11.1

3.11.2

3.11.3

BRAI DD ANALYSI S*

W RE DIA, D= .0180 | NCHES

NUMBER OF W RES PER BUNDLE, N= 13
NUVMBER COF BUNDLES, 48

ANCLE FROM HUSE AXIS, X=34 DEGREES

WFI GHT PER FOOT, FWs 0.677 LBS

rl) LOAD DU TO PRESSURE:
Fa .7854( DP) EXP2(P)-

F

266.01 L.BS
BRAID AREA, TOTAL
A" ;854(D)EXP2(N)41) -
An 0.159 SQ I NCHES
BRAID STRESS
ST= :[:ACOSX..
ST= 2020 PSI

ALLOWAULLE 'IRESS - 18550 PSI

SPRIN& RATES

AXI AL SPRI NG RATE

KA= 1-.7.HP) (EB) (DP) (TP) EXP3/ N(CF) It t r EXP3- -

KA,  607.92 LB/IN

OFFSET SPRIN RATE
KOm 1. 5( DP) EXP2( KA) (FI )/ (L) EXP2
KOO 14,75 LB/IN
THERVAL DEFLCCTI ON FORCES
Fs (KO) (DT)
Fm 1248 L

MAXIMUM ALLOWARLE v N/A LBS

CP699
PASBE 11

S A-



:3.11.4

3.12.3

S.i12.4

3.12.5-

DEFLECTION MOMENTS
SM (F)(L)(F2)/2
3 222.37 IN-LB
MAXI MUM ALLOMBLE * - N A IN-LB

NATURAL FREQUENCI ES

VEI GHT OF HOSE

((OD-D) N+.57(L))3.1416D(T) (. 3)
Wl -- 1.070-LB - Lo

WEl GHT OF FLUD -
W2- . 7A851( DP) EXP27L) (. 000444)

S2= . 70SE-02 LbS

VEI GHT OF BRAID
By (BI)(L)/12 -
(W= 0.670 LBS

TOTAL WEIGHT
WUl +W2+WUJ3

W.- i 75-LBS .

AXI AL VIBRATION (PARALLEL TO AXIS)-. --

SF 9.8t | KA/ W EXP. 5( F3) ( FI RST HODE) .
SF'  366.0 H2

F. 1i9.6(KA/IWU)E XI. F3) - SECOND MODE)* .

r 732.0 HZ

r F 29.2<KA/W)EXPr.5(F3) ( THI RD MODE)
F-  1097.9 HZ -k
SF' 38. 6( KA/ W EXP. 5( F3) ( FOURTH MODE)

|f 1463.9 HZ

CP699
StAE 12

||IS



3.13
.13.1

3.13.1.1

3.13.1.2

3.13.1.; 3

5.13.2

.313.2. 1

3.13.2. 2

LRAERAL VIIRATION
F 24.8(DP/ L) (KA W EXP. 5( KVL) (FI RS- MODE)
F=  130.9 HZ

Fw 68. 2( DP/ L) (KA/ W EXP. 5(KVL) .'' SECOND- MODE)

F= 360.0 HZ

F, 133(DP/L)(KA/UEXP.«(KVL) (THIRD MODE)

Fr 702.0 HZ

- 22(DP/1.) (KA W EXP. 5( KVL) ( FOURTH MODE)
F 1166.4 HZ

FLOW IiDUCED VIbRATION

-FLOW - VELOCI TY- - *

SYSTEM FLOW

U- FR 0 LB/ CUFT/ 60 SEC/M N

.- 0.000 CIIFT/SEC - -

FLOM AREA  -.. -

A= .7854(D)EXFP2

A= 0.0119 SOFT

FLOW VELOCITY- * . -
V= QIA

V- 0.00 rF/SEC

METAL MASS ... - C-

WM-  .3DP(T)3.1416(3 .1416A+H-2A).;0(258)." . .-

MMy . 0000199 LD- ( SEC) EXP2/,(1N) | XP4

FLU D MASS

MF1s. 00n044DP(t H) (3. 1416) <. 00258) / 2( ( 2A- T(NF))
MF* ' .335E-07 LA- ( SEC) EXP2/ (1 N) EXP4
MF2m 000444DP( H) EXP3( 3. 1416) / 3DEL

MF2* . 294E-06 L- (SEC)EXP2/(IN)EXP4

13

il

"IC

(-

"%

_(



~yi wdGs! SPRING RATE'-C691
FROA PARA- 3. Lii

KAM.  607.92 V@I N
©.13.20.4 ELEMENTAI, SPRING RATE.
KE"- 2NC(KA)

KF-  96051.25 L).'/IN

3.13.3  FRE~QUENCY RAN-GE-(FLEX HOISE)
3,J3.3.0 1,1-PHASF LONG TUDIt 4AL

FRi . - (2KE/(MMA4I1IFij))EXP.5/2(3.1416)
FRi = 1,5613.3 HZ. -
3.13.33.2 QUT- PHASE LONG TUDI NAL
FRoW ( 2KE/ ' MVMF2) ) EXP. 5/ 2( 3. | 416) -
FR2w 1052.6 HZ
3.13.3.3 FI RST- B~ENDI NG MODE
FO1w (8KE/ MEMF2) ) EXP.5/2(3.14i6)..
rpin 31025.2 HZ
3.13.4, VORTEX SHEDDI NG VELOCI TY
3.13.4.1 PITCH (LAKIDA)Ju 0.150 INCHES .
CONVOLUTION WIDTH (SIGhA: - 0.095 INCHES
LAMDA/SIOIIAn  1.580
FROM FI GURC |
UPPER STROUHAL NUMBER, SUm .38279
LOWER SIROUHAL NUMBER, SLu .16420

3.13,4.2 rR FR

virs. 3891, FT/ SEC-

WY+

U. 7048, A)/l-i



VU; 3856. FT/KEC

VL FR2(SI1LMA)/SL

VLn  8990. FT/ SEC
S.13.4.4 FOR FBI

W, * FBi t SI GVA) / SU

SW- 7713. FT/SEC

SVL'-FB (SI GVA)/ SL

SVL,-17980. F-T/SECD---

*

( iMJ OVERLAP OCCUR& BETWEEN THE BELLOWS HOSE FLOW AND THE

SVORTEX SHEDDI NG RANGE THEREFORE NO ADDI TI ONAL ANALYSI S

IS REQUIRED ON HOSE ASSEMBLY FOR -INDUCED VIBRATION-" . -

3.14 PRESSURE DROP

3.14.1  LOSSm (FRI CTI ON r ACTOR) (L) ( DENSI TY) (V) EXP2/ 2 G

LOSS . 00CE+00 PSI/FT

S . - a b5 0,*_illl ._-ea
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"1 J)~GNI NTIFCP9

OPERATI NG: PRESSURE
DESI ON PRESSURE

OPEKATI N0 TEMPERATURE
DEI NTEMPERATURE

ROOM TEMPERATURE- PROOF PRESSURE
i URST PRESSURE . ..... - 40P1

FLOW RATE, N1t ROGEN
LI NE SI ZE
1101 1ONS..

THCRNAL OFFSE.T, DT

CYCLE LIFE
*. VI BRATI O\ OFFSET DV- -----

ALLOMBLE LOADS
FORCE
MOMENT

n

100 ~W5
*20 P$10
-0
150 F
S0 P310
LB/SEC.
1.5 -INCHES.

a .a~s

0.343 INCHES

10000 CYCLES
0r572-fAOHE-3-A1

N/A LBS(

*5- H- -

14.



o HOS'r.DATA

ASIC TUVEOD o | NCHES*
UTXI$,DE DIA, D 1.990 | NCHES(
USDE VIA -D . 1. 490 | NCHES
OEAN DIA DP L. 680 | NCHES(
H CKNESS, T | NCHES
SPAN, W 0.200-ItCNES
ITCH Q 0.150 | NCHES
LENOTH, L 17.875 | NCHES

10 OF CONVOLUTIONS, N

119

PERFORMAL | CL CON' Tt ANTS

TPr- 1(D)EXP. . 5/ (DP) EXP. 5
TPm 0.019 | NCHES

Q22U &.B

Q 2. 2(DP(TP)) EXP. 5& 0. 39

FROM FI GURE 39, EJMA STANDARDS
~-0. 73(

4.3.3

FROM FI GURE 40, EJMA STANDARDS
CDs 1.55

FROM FI GURE 39, EJMA STANDARDS.

CP699
PAGE 18

(MATERI AL TH NNINi G

~ -*W. (ht -



o . o FAY

rT 3

4.4.2

4.4.4- RELLOWS-

. PERFUORMANCE -—QUATIONS

“ e wecmes o wsecw: o

BFlLOUS TANGENT CIRCUHFERENTIAL PRESSURE STRESS

Sim (F)(D)(EB)/?((TC)(EC)+(N)(T)(EB))
522 PS1

Si=

ALLOWABLE STRESS =

i e e eamen vo

BELLOUS CIRLUHFERENTIQL MEMBRANE PRESSURE STRESS

ceew . O came cam oo

. ea e

CP&99
PAGE 19 i (
: T,
(R 1]

19550 PSI

ver won

S"= (P)(DP)/"N(TP)(.)71+2U/ﬂ)

ALLOUABLF STRESS =

- .« norees

o - §28--=8660 PRI -

e 0o e -

18550 PSI

e e e

oo

BELLOUS MERIDIONAL PRESSURE STRESS

g £id -

camsee & °.o mumes o

§3= (P)(W)/2H(TP)
n§3m e - b439-PST - -

@ meiie v

S4= (P)(CP)(U/TP)EXP"/ZN
S4= 4?78 P?I

-MERIDIONAL - FRES TURE- BENDING-STRESS

. GG . © Gpe: Wess GEERED SWe eV We e

o aslihnsgsncss .

lll (

+ cane ame. mmeo.

TOW 13 wave——

. e ®-

o ws oW o = S -




P (

4

.6

47

LQUI VALENT AXI AL MOTI ON DUE TO OFFSET CR6E

PAGE
ET= 3DP(DT)/N(L) ( THERVAL)
CTm 0.0008127 | NCHES
EO=»3DP( DOBE) / N( L) ( SEI sM C- (D)
EG Em 0. 0014548 |NCELS
FSE= 3DP(DSSE)/ N(L) (SEI SHVMC - SSE)
ESSE= 0.00244C05 NCHES
EV- 3DP(DV)/N(L) - (VI RATI ON)

Ev= 0.0008814 | NCHES

BLLLOUS MERI DI ONAL MEMBRANE DEFLECTI ON STRESS -

$51  EB( TP) EXP2( ET)/ 2( W EXP3( CF) ( THERVAL)

8S5 364 PS|

S5= EB( TP) EXP2( EOBE) / 2( M EXP3( CF) ( SEI SM C- OBE)
S5w 651 PSI

SS, EB(TP) EXP2(ESSE)/ 2(U)EXP3(CF) (SEISMC SSEY

SS 1093 PSI ... - ..

S5 EB( TP) EXP2( EV) / 2( W EXP3( CF) (VI BRATI ON)
S5& 394 PSI

BEL. LOAS MERIDIONAL DEFLECTI ON STRESS
$6' 5EB(TP) (ET)/ 3(U) EXP2( <CD) ( THERMAL)

S6" 12338 PS S 0
S6, SEB( TP) ( EOBE) / 3( W EXP2( CD) (SEISMIC-ORE)
Sén 22086 PEI

S6? S5EB(TP) (ESSE) / M W EXP2( CD)

S 37050 P' I

(SEISM1C-SSE)

S6" 5EB(TP) (LV)/ 3( W EXP2( CD)
Se" 13381 PS|

(VI BRATI ON)

A1 1 i e o1 - i . 1L

1*

zO

o-



. . *

8 7.1 AL CYCLIC STRESS .CR
ST * (S3t44)+(s5+s6)  ~(THERMAL)®
ST* 18319 PS
ST .. 17(S3+S4)+(S5+S6) ( SEl SM C- OBE) *

ST 26670 PSI

6T = . 7(S3+S4) +( S5+S61 (SElI SM C- SSE) **
ST* 42076 PS|

ST a .7(53+S4) +( S5+S6) (VIBRATION)

ST= 17708 PSI

« MODI Fl ED EJMA FATI GUF ANALYSI S BASED ON CYCLI NG PRESSURE.

*w EJMR FATI OUE ANALYSI S BASED ON CONSTANT PRESSURE. - --

CALCULATED LI FE

NC' c(C) (TF)/ (ST-D))EXP3. 4

NC' MORE THAN |.CEXP 8 CYCLES . (THERVAL)
REQUI RED LI FE* 10000 CYCLES

NCP MORE THAN i.CEXP 8 CYCLES ( SEI SM C- OBE)
REQUI RED LI FEw 500 CYCLES.

NCs MORE THAN i.COEXP 8 CYCLES ( SEI SM C- SSE)
REQUI RED LIFE= 500 CYCLES

NC' MORE THAN |.OEXP 8 CYCLES - (VIBRATION)
4

rr roFrer - --FC -.-~C [

-r



> LY
f 4,40 BRATID. ANALYSIS CoL e CP&99 ;
4 | PAGE 22 (
4 WIRE DIA, D= .0180 INCHES ,
3 NUMBER OF WIRES PER BUNDLE, M= 13 (
NUMRER OF BUNDLES, B= 48 - - :
‘ AWGLE FROM HOSE AXIS, X=34 DEGREES -
{ WETGHT PER FOOT, LWe C.677 LBS }f(
4.10.1 END LOAD DUE TO FRESSUKE =¥(
g lf
F= .7854(DP)EXP2(P) e
'8
( Fe  266.04 LES - €
¢ 4.10.2  BRAID AREA, TOTAL ;L(
As 7854 (DIEXF2(N) (B)- o e e s e e
{ A= 0.459 SQ INCHES ¢
STB F/ACOSX R .0s (@ i e @ cemem. e®  + cem st et . cewe s e v
¢ ST= 2020 PSI f (
4 ‘ ALLOWABLE STRESS = 18550 PSI "
ST SPRING RATES ¢
(  4-11.1 WKIAL SPRING RATE ~i(
KA= §.7(NP)(EF) (DP) (TPIEXP3/N(CF) (WIEXPS -+ ~==—=m = o= ="
( KA= 403.68 LE/TN «
€ 4.44.2 OFFSET SPRING RATE ‘ ‘”‘
KO= &.5(DPYEXF2(KA)(F1)/(LIEXP2 ‘
e ;.
KO=  16.05 LB/IN : e e
€ 4.11.3  THCRMAL DEFLECTION FORCES F%
f Fe (KO)(DT) .Y
] .‘to
'. ’ 5 so lF Cve en te s e resmar ....:.‘.
!"'(
MAXIMUM ALLOWHHLE =  N/A LBS t?
- . b et m—
n:.. ‘




4.

1.4 DiFLECTION MOMENTS - . - CP&99 i
| PAGE 23 b
M= (F)(LIC(F2)/2 :
. "o ¢ o e o . o et G @I s ¢ . - o @ @ . = - ....—...‘\
We  147.57 IN-LE ‘i
MAXIMUM ALLOWABLE =  N/A IN-LB - - @ - c=e= commiom o o]
tey
442 NATURAL FREQUENCIES i by
. e e emmm o ie s wpew . om —oreet  -E90000:0 EPEee o = e e ;i
4.42.1  VEIGHT OF HOSE €
Wis (COD-DINY.57(L))3.1416D(T)(.3) d
vg‘
— e WiE - 4682 LBS - = eem e e e = .- ol
T
he)
4.42.2 — WEIGHT-OF FLUID - o oo o commee - - 'l
&,
N2 .7851(DPIEXP2(L) (.000444) ?ic
—_— e —— ———— . 4;:'
W2e .406E-05 LBS e
© 4.12,3  WEIGHT UF LRAID ' | :'( |
3= (BWICL)/§2 - - - ' R
W3= 1.008 | BS n
4.12.4  TOTAL WEIGHT A
Ve MEAU2eU3 | #
We - ~2,63-LBS - C e e e e e
'«
gﬂ(
4,12.5 - ALIAL-VIBRATION -(PARALLEE—TO-AXISY : : ol
| o
F 9.81(KA/WEXF.5(F3)  (FIRST MODE) ' ,j;‘(
.o - . - - . . e rew -—cn wve . d.“
Fr 19.6(KA/M)EXF.5(F3) - (SECOND-MODEY— =~ =—- - fui
F&

- e e - ¢ ® e wmivamES e ‘v e v ew - - e

!

F- 29. 2(KA/U)EXP..D(F3) (THIRD MODE) |¢“
A 'l- 729.‘ Hz . R . Te R ¢ SEEES G ST G ® - SRS < ~® W ¢ :“‘

u"
e 38.6(KAZWIEXF .5(F3) (FOURTH HODE.) (

L B S - Cewwrre ' weOesvem t® ' ' e * cam we o'}

F 972.2 W2

4841 H2 E( |



oty

4.42.6

Fo 24,8(DP/LY(KA/ZWIEXF .S(KVL)

LATERAL VIBRATION

Fr= 57.7 HZ

Fe 68.2(DP/L) (KAZWIEXP.5(KVL)

F= 15808 HZ

4.43

‘013-1

4.13.4.14

b e
g
i

F=  309.7 HZ

F

[

514.6 HZ

FLOW INDUCED VIERATION

FLOW VELOCITY
SYSTEH FLOW
Q= FR/

Q= 0.000 CUFT/SEC

4.13.4.2

4.13.4.3

4.‘3020‘-

FLOW AREA

A= ,7854(D)EXP2
A= 0.0449 fQFT..
FLOW VELOLYTY

V= Q/A

V- 0. 00 FT/?EC
HETAL ‘MASS

Fe 133(DP/L‘(KA/U)LXP.ﬁ(KVL)

221(DP/L)(KA/H)LKP.J(KVL)

- -

c® o - e

0 LB/CUFT/bo SEC/HIN

(FIRST MODE)

®e wes GBr@e: cwms o

(SECOND MODE)

. e -

(THIRD MODE)

o see o e o w

ELTRIEY 2 S

- .

(FOURTH MODE)

. et aw: o - W @t cow

tn e

e W cume o mEm amren & ® -

®r v AP EEEBED G S AP ® ceri o

v A G - CEE- e s e e o weww'

e @ amoe b

MM~ 3DF(T)3.1406(3.1416A+H=-2A)(,03258)" -

MM= ,0000499 LB--(SEC)EXP2/(IN)EXP4

FLUID MASS

tem s @t oo

H.3=.000444DP(H)(3.14!6)( 00”59)/2((20-T(NF))
MFi=s ,3ISE-07 Lh- (SECOEYP2/(IN)EXPA

HF"-.000444DV(HﬁF)P3(3 1416)/3DEL

MF2m [ 2P4E-06 LB*(SEC)LVP2/(IN)EXP4

RN W e




4,13.2.3
{
A.43.2.4
(
{
T aa3.3
C A.13.3.9
i
4.13.3.2
(
¢
3.3.
¢ 4.13.3.3
(
( “‘3.‘
4.13.4.1
¢
(
(
(
4.13.4.2
(

e ——— -— e . s e oo

i N (
BELLOWS SPRING RATE CPey7 :
FROM PARA  4.11.1 = o _zs ... (
K= 403.68 LB/IN | ) e
ELEMENTAL SPRING RATE Comem s e — s L
e S ¢
KE=  96076.25 LB/TH n-l «
e e jo
o
FREQUENCY KANGE. (FLEX HOSE) i
IN-PHASE LONGITUDINAL e
- FRi= (2KE/(MM*HF1) IEXP.5/2(3.1446) — - - - i:.;i
FRi= 15616.3 HZ 5‘(
OUT-PHASE LONOITUDINAL (
_FR2= (2KE/(MM+HF2))EXP.5/2(3. 14463 --— M
FRae ASSIS.SWZ . .j;;(
"FIRST BENDING MODE ‘ "
Fuim (BRE/HMsMF2))EXP.5/2(3,1416) " momn wor e o cee
Fhi= 31031.0 HZ =i
CVORTEX SHEDDING VELOCITY R (
PITCH (LAMDA)= 0.150 INCHES -- -=-- ———— .o
CONVOLUTION WIDTH (SIGMA)= 0.095 INCHES i:k
LAMDA/SIONA® 8.579 ¢
FROM FIGURE 4 e -
UPPER STROUAL NUMDER, SUs .38205
LOVER STROUWAL NUMDER, SL= .16422
e e e mea—— e
VUs -FR1 (S1GMA)/SU C——— e
e 3679, FT/SEC
e e—— e oo
VL= FKS(STONA) /5L
VL= 9044, FT/SEL - ——— el
A

B



4

M ur>~

41, 13

4.13.4.4

4.14

4.14.1

FOR Fr;2 CP699
PAGE 26
VU FR2(S1GHA) / SU

VUu 3854. FT/SEC
VL* FR2( SGOMA) / SL
VL= 8986. Fl / SEC
v rii
Ull= FIl 1 (S1GHA)/ SU }
VU= 7708. FT/SEC
VL= FrL(SIGtA)/SL
WL 17971. FT/ SEC - - ) -
NO OVERLAP OCCURS BETWEEN THE BELLOL'" - «LOW AND THE
VORTEX SHEDDI NG RANGE THEREFORE NO ADDI TI ONAL ANALYS

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION -

|'"1: ESSURE DROP

LtJSS= (FRICTION AICTf1R)L) (DENSITY)(V)EXP2/2(DG)
LOSS= . OOOCECO PSI/ FT



" ENGINEER =T HEF LHLNCE NUMNER Piv 777¢ \
METAL Zslom CORPORATION | 7. A%~ | CR G99 s
o KA STALET OATE. CUSTOMEN FACE OF
CHATZWORTH, CALIFORNIA 91311 J=|3- 80 T VA &7

.0 . LOoADING COMBINATION:
5.l . WEIGHT (‘6_ HORIZONTAL H0SE)

SOCKET ADAPTOR = ,57 LB
FERRuULE -, l; Le
HoSE & BRAIDS (l.o1 +.47).5 = .87 L8
FLWIO 1~ HosE ( .007 ) .5 =.,003 (B

Yz DEAD wsmdfg I.f73 L8

§ 2. ACCIDENT FORCE:
§.2.!. DUE TOo ZINERTIA: .

F=w=rg
o
() Fx= ( Homiz Hose + PITTimést VERT. Hose) ¢ g

=[(1.573r.813 )+ 49 +-(2.63) ] « (6.4 cos157)

L]

= 4.45] (6.18)

= 27.50 LB
N REF. PARA 5.1, ¢1/2. 4.

*tb) Fz- ( ./?. Mokl}. HOJI)&?‘
= (1.513) «( 6.4 Sivs®)

e = 2.605 LG8

( Fy = (),s93) 2 (.67 ¢'sD = |,054 48

4 NovE: AT ELEVATION 733.8 FT. ARIMurH 285 D26.
9" PEAK vALUE (AceipTNT RESPONSS CowDITion))

e e




(

/., ENGINEEN REFEALN UMBER
METAL T2 %n¢ CORPORATION | 7: AHa~ Cﬂf 99 Pl '777" o
§. [V]
:x:mnf'&';‘u:mA 9131 §$=13- Ho TVvA o 28

5.3 Jeismic FPoRcCs - (SSE)
Fa we g
(&) F, 2 (Homiy Hos€ + §17TiNGs + & Vier Hose) xg*
2 (44981 (296 cos |5°)
2 17,0085 8
o) Fa ({- Hoki, Ho.se)-a*

* (1.573) Q9657 |5%)
: |.0l2 LB

() Fa w (4 HoRIp NWosE)® a*
e (bsP)le4g) = | e

NOTE - AT ELRVATION 724.§ § 7645 £1 285 Dg§.
..8. Av peak VALuE ( CONSER VATIVE vALug)

5 4 Dut To MovgmMEnNT

5.4.1 F, . k’z .
w(16.08) (.9/)
> 196 L8 REF. PARA ¢ 1. 2,2,

5.4.2 F otk ¢* _Fat |
4 sls H RAT
*(54.15)(.23)(.399) 2‘:‘: ¥
* 04 L8

5.4.3 F& 2 key
* 0495 (.31)s]697.86  R¥{. enra 8.1 2

Ref. pawa 3113, 2.)

' EN )



i N T T T TR L e

7~ oy o Qs \
METAL ﬁz’w corroRaTioN | 7 dF*e=lcr b9 Piv-2720

20077 KNAPP ST( £ET TE. [CUSTOMEN PAGE OF |
CHATSWORTH, CALIFORNIA 91311 .$~-13-80 TVvA 29

§$.5. VIBRATION FORCES
5.5.1. DuE To INERTIA
Fawn 3
(@) .= (Homz. HOSE + £17TINGS + + vear. Hose)4 g

=(q.451) (.» ;'3)
= ),.11: L8

(b) FT- FJ = (ln Hor . HosE) X
=(1573) (.5 4%)
S .7865 8
5.¢. ToTAL FomcE

5.6.1. In X~ DIRECTION

Fx = ACCIOENT AND SBISMIC FORCE JUE TO
INERTIA & MOVEMENT) + VIBRATION
«(27.5 41%08 #1406 )+ 2205

= 61,35 L)

IPECIFICATION ALLOWABLE

Pom .ol GpA

= .0/ (30,000) [.7854 (1.90" 1.6}

= 2398 L8
P;g >rx




N ENGINLEH _ REFERENCE NU° CLN \
METAL lins conpoRaTioN | 2 APem |cR 9]  PIW-21240 |
20077 V.NAPP STHLI Y OATE" CUS1OM:R ﬂm_
CHATSWONTH, CALIFORNIA 91331 $-13-80 TVA 30

5.6.2. IN }- OIRECTION :

F. = INSTALLATION MISALIGNMENT FoRrce +
ACCIDENT § SEISMIC FORCE DUE TO MOVEMENT

+ VIBRATION
= 2,48 +(2.60511.6I245024) 1 .786S

= 22.5075 L8 REF. pARA 3.//.3 5.4.2

JPECIZICATION AbbowhBLE

5

= .0/ KJA

= 2398 L8

P, > F, |

DESI1GN 13 AOERUATE

§5.6.3, IV [~ D/RECTION
¢

F? = DEAD WECIGHT +(Ac¢.wewr AND SEIsSriIC FoRreg
OUE To INERTIA § MOVEMENT) + VIBRATION
= 1.e13+{1osat | ¢ 16.97 )t 7868
=2).3835 L8 REE. PARA §.0. S a.1(¢e)
SPECIFICATI on ALLOowABLE  5:3.0-),5.9.3.5.5.L(b)
Pa = .0’ 63A
= 239.8 L8
P, >F, DESIGN 15 AnERUATE
p—rnr—— ]

e




METAL Jelios CORPORATION .| 7 fFm|CR 699  PIN-77740 |
20977 KNAPP STAEET ' ATE CUSTOMER PAGE  OF |
CHATSWORTH, CALITORNIA 91311 §=-13-80| TVA 3]

- ENGINEER T RCFENENCENUMBER N\

§.7.. DywAamMic MOMENT

57,3, MOMENT AT SOCKET ADAPTOR

‘5.7.3-I.M_y - F’ (")

MOMENT ARMS

S'OCKET ADAPTORS .87 48 « .8 N = 454 v-L8

FERRULE L1368 K2.2) W, = .29C IV-L8
Hose § BrAIDS 87 LB 4 457 in= 3.9 /v-23
FLUu1o 1~+ Hoce . 093 LB K |0 N= .005 N-LB

To7AL = 4.73| iv-L8
£ 7.)]. AGCCIDENT MOMENT: '
M= MoMENT ARMS « q

§.7.1.1. DUE To INCRTIA :

MJ' =4.13) [(6.74 SN 1¥) g's )

= 1830 IN-LS REF. PARM 5.7,
My = 4131 C.67 9.
& 347 iv-LB ¢

§.2,2. SEISMIC MOMENT (SSE)
£.7.21 DUE To INERTIA:

My = ¢.93) (.4)

® 3017 IN-LB
PARA 5.7,
My 2473 (3%s/v 18] = 4849 w-1p

HoSE Forck x L (HoSE T¥D TO Sockit ADAPTOR )

5“'?7( '0’00)

= 22,182 IN-LB REP. PARA. §.4.3.

>




(

-7,
METAL /lrawvesd CORPORATION

20977 KNAPP SIRECT
CHATSWOKTH, CALIFOHNIA 91211

ENGINEEMX

T A e

DATE

§5-13 «fo

§:7.4.2. N Y -direerioN

JPRCIBICATION ALLowABLSE

M.a = -.0707({,J

Mey > My

Npoe o Sl

Ma- OEAD WEIGHT + S&ISMIC AnND ACGLIVENT

DuETO SwERTIA & MOVEMENT

=413 ¢+ [3.17 + 3,027 ¢ (Dzﬂ.ura'w MOMENT
t MIMENT AT JockeT AoAyrmJJ

= 4730+ [6197 } (302.27 +.,z7.as:.‘)]_.:

= 340.35 twn-us REF. PARA. §'.7, &.92. 1.1,

§ 2&.. §$.7% 3.7
DEF LEcrion MOMBNY 1w d - OIREcTION

Fov(ka) p ‘ |
{ flr Lonent mATIOS
= 5ey) ()
= [6.97 <& RER 3.//.%. 2.1, 2.0. 1.
M= (F)(L) (Fa)/a .

=(16.97)(11815) 13,004

= 302..1.7‘ W L0

w(89.3 /~-.8

OEII1GN 13 NOEQRuNTE




TP m
METAL Jrieiad CORPOL/TION

20277 KNAPP STRLETY

(L[N REFEMENCE NUP 1A

7 R | er b 99

P/IN-77210 )
PaGe  ofF 1

DAY L CUS104ER

$-13-F0 T VA

34

CHAISWOIT I CALITORNIA 91311

M3= F&{L)

[(.ue])

((‘v} l’:?J ()

=4.99 (w-e)

5.8, - ToRsiewAL MOMENT

= EL8ow RADIUS

< 2.25v.

(a3d0b,05)] (2.25)

SPECIFICTION ALLOWABLE
€y T
M, = .| =¥
¢x R,

[ (30,000) 620

= .60

Mt w o My

= X '
; 32 (d,

.o /2_

1957.8 '~v-28

Pad)

= == (190 %161 %)

.

DEsi1gn 13 ANOEQuATE
—s

£ . LENGTH RATID

REE. 2. 1.1, 2.), 412




) ENGINECIL TEF CRCNCE NU~oult B \
fETal Lillse corpoRATION | F A |[CR LYY PN 27770
20977 KNAPP SYITET DATE CUSTUME:R PAGE  OF
CHAISIOT 1, CLLITORNIA 91311 5.13 - Fb T VA 35

6.0 MOoTioN AT CENTER DUE TO RESFONSE FRoM

Ac.cmuvr zi SEISMIC CoNDITION 1

6.0 1. ANDER ACCIDENT CoNDITION:
6.0.1.1. ASSUMPTIONS :

A. Selsmic InvpuT o{Kzt}sszS?l *(.672"3=.|§‘+5‘g.

B. AmpLI[I1CATION FALTOR IS DERIVED FRom
ResulTs of TesT DATA AND 135 CONSIDERED

CONSERVATIVE.
&

FREQuewe) INPUT  Ampli€i1cnTion OUTPUT DISPLECEMINT  ExcurSiIin
HJ 9 ' 3 NCHES INCHES
i30.9 1,786 4 72.14¢  .008 t 004
6.°. 1. 2.

ERUIVALENT AXIAL MoTION

e = 3 &p &
(TS W)I.SL)

= 3 ( l-58 )(-t .004>= + . 000056
(-5 t2q) ($937) ~

‘ \
5 = Eb ‘p (X
, J awsd Cf’
L (22108 (o19)?
2(.2 Y(1.48)

(z .000039:1' 38 .Psi1

S‘=SEb t e
3 w*Cq
_S(2941(c®) (.019)
3 (.2 )8

(1.000088)s  |273 Psi

T NOTE . TT 15 worsT freguency, SBE 3./2.6 PAGc 13 )

.



I

€l INEER

NEFERENNCE NUNALER

e/N 72?272{0 \

METAL Z-2lea corPoRaTION | T A%e~cR 0y
20877 KIAPP STHEET LATE CUSTOMER PAGE  OF
CHATSWORTH, CALIFONNIA 91311 5-13 - &o T v 26

6. °.2. UNDER SEISMIC CoNOiTION

‘6. 0. 2.\ ASSUMPTIONS

A. SEISMIC IwnpuT o{."j(_y.%s:m ‘;.o)‘.,..eqz_

FREQUZINCY  INPUT  AmplifiCATION OUTPul  DISPIACGMNT Ex7ur.

Hy P

Iao'? '0108 4

6. 0. & .

d

4832 ‘

EQUIVALENT AXIAL MoTioN

= 30p a
(SNY(.5L)

_3(1.68 )(2 .0075)
((.5) (19)) (5.9379¢)

S.= _E.‘Lt?z e

S z.w’C,"

_ (29 ¢10*) C.o|9* (1
20,20 )(1.48)

S‘=5£¢ te &

3wt

. oooo&'?l) %4

=1, 000059/

’No ’N'

241} t.00275

26 Psi

_5( 29 5(0‘) (-°i‘f) (1 ..oow‘r?o.i 875’ .?3‘

T 3 (-20)%0188)

- r——— wal




-

SPECIFICATIoN ALLOWABLE = §o0 eyeLas

Y ENGINEER REFERCNCE NUBER o \
METAL Toelize corporation | 7. 4R CR 699 W 2%7“’ i
20977 KNAPP STRELET DATE CUSTOMER PAGE  OF |
CHATSWORTH, CALIFONNIA £1311 $£-13- 8o - VA 37 i

]f
. 0.3. Cycle LiFE (ACCIDENT + 56E) |
!
'z
|

St 22083 +5,5+ (SgtS,)nccivewT+ (S50 %%

=2(639 + 4977 )+ (76+2546)+( $2 +1150)
= 333’3’ P31
3.4

M - 1186 0,000 )
(X

SincE 54,000 > S+

Ne == INFINMITE CrelES

_2_5 StawNn 1S AOEQUATE

Cnm—




' ( s ENGINLTR REFERENCE uuuiEi—P \
METAL Zzlioe corvonation | 4lm |CR LTS N 2722¢t0 )
20077 KNAPP STALCT DATE CUSTOM: 7 v{ ] —
CHATSWOITI, CALI ORNIA 91311 3 - ?0 T VA 38

7 .0. LoOADING:

2.0.1. SUSTAINED LoAD. (N&-3482.1)

K.
SS" - 4t“ + z s I.OS(

WHERE : Mp = MOMENT DUE To DEFLEcT HOSE
MOMENT OUE To DEAD wWelGHT

NOTE : I OPERATION, MOMENT To DEFLBCT Wikt

ApproAcd To J RO, FoR CONSERVATIVG,

Fukbk vAlut VUSED,
_ l120¢ 190> 15 a.p)lM22237 5 19.90 ) rdan

4 (.4a8) x (.876,*(.148)

= 393 rei 4+ 932 ps)

= 32§ Kst & (885 kel

REE, PARMN 3.11.4. §.7.

7.0.2 OCCASIONAL LOAD (NC-3650.R) )
&
= PD’ ."5 C ‘Mh*i!)
3 T
) o .
o 420 (190) 2 S8 (1.8) [.!nr.m t340.35
4 146) n (81D (145

= 393 psi + [bBL PSI

RET. PARA §.7.4.]1, £7.4.2

'
CALCU IATION 'AS BA. ID oN ATTALUILD $ed. 40 pwc(o&')J

\ ¥ THB FI5LD, — —




R
ENGINLER 1tEFERENCE WUMBER

N F o 27 7Ve
METAL Tasias cORFORATION | T At |CR09g  P/N 777

-

20977 KESAVP STRELT DATL CUSTOMER V] T3
CHAYEWOII M, CALITONNIA 91311 r=l3- fo _-r v A 3 9

8. 0. PIPING .
8. o /.‘ ADAprors ( PIN 77798 D

8.0.1. 1. Uletiows END:

o.b. = .90 X .03

- +.00%
I.6.= lbe -. 000

-Lh.”‘a ~l37-$' IN MIN.

P D

~Nc=-3641.1
t"apgz(.s-rpy) tA ( )

_l20 (.90
2 ( |8s50 +160 (.4))

= ,006 W
tmiv. ¥ taep ADEQUATE

8.o.1.2. WeLp e~n0

PC

O'D.= 2.: :003 '”‘

l.qz 'i'.o|05

Z.D0.= -.000 'V

Tow = 2765 1w,
P D

- 4
t"“"‘ 2(S+*pPy) A
= (20 ( 2.‘1

L((gsso Tt lbo(.4)
a 009% W

JATE
Cinw > CicaP -4:0-.5—-&-——4——--




REFERENCE NIIMOER

ENGINE
(;ETAL ’g{ﬁw CORPORATION [ ?M CR b 29 °/Nv 7277200

20977 KNAPP STREET DATE CUSTOM

CHATSWORTM, CALIFORNIA 91311 $-13 - &u -r v A

PAGE

OF

40

©.0.= |.90 I~

I.o.= [,b6l 1~

t = /45 N NoM.

= .116 IN, MIIN,

P P
2(J5 + P

= _|*° (190>
2 (18550 +160(.4))

tawo =

= 006 IN

thl“- ) t.‘av

8.0.3. Pipinwg ( CIRCUMFERENTIAL) WELD

PR _
RV ERT (e 23443

- 120 (.805)
Z(18550)+.4(120)

- ,0026 N

8.0.2. ELBow piR $A312,3%6 TP 304 (71ps sci.lo)

+A (M-;é;‘/.l)



