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Seismic Response Evaluation for Piping Systems with Support Structures
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Abstract This study investigated the effect of pipe slide on vibration behavior of piping
systems to consider modeling of pipe support structures beyond the yield point for seismic
response analysis. A piping system with frame-type support structures and a lumped mass was
vibrated on a shaking table with random waves which had maximum accelerations from 30gal to
400gal. The acceleration dependencies of resonance frequency, response reduction and damping
factor were measured. As a result, the acceleration dependencies of the piping vibration behavior
were demonstrated. Moreover, it was clarified that the acceleration dependencies differed
between resonance modes in the horizontal directions and the resonance mode in the vertical
direction. First, the resonance frequencies decreased when the input acceleration increased.
The resonance frequencies for the horizontal vibration modes were decreased when the input
acceleration increased. On the other hand, the resonance frequency for the vertical vibration
mode was decreased more at the large input acceleration than for the horizontal vibration
modes. Within the acceleration of this study, however, the resonance frequencies for the vertical
vibration mode were almost the same values. In a comparison with the natural frequency of modal
analysis performed in a conventional manner, the analysis results for the horizontal vibration
modes were estimated to be lower than the experimental result. On the other hands, the analysis
result for the vertical vibration mode was estimated to be higher than the experimental result.
Next, the damping factor increased when the input acceleration increased. The damping factors
for the horizontal vibration modes were increased to 3% at the 200gal input acceleration. On
the other hand, the damping factors for the vertical vibration mode were also increased but did
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not show a constant value as occurred for the horizontal vibration modes. Moreover, all of the
damping factors measured in this study were larger than the design damping factor of 0.5% for
all of the input accelerations. These results demonstrated that considering the input acceleration
dependencies of damping factor is needed to evaluate the seismic response accurately of piping
systems vibrating with large displacement of pipes during large scale earthquakes.

Keywords

Acceleration Dependency, Shaking Test

1. ¥S

JBRF7 7 2 b ORERTIE, Fris gt
BB L 72X R R ) S BT IS B W,
KAFEKEE (100A) O R— FEAHTEROIEL,
¥ — Y RRINAIRFEAT A VRS 0L
¥, BN L FNEE OV R — b OB MER
DY+ =2 FT VRERELTHEIRTVWS. Zh
SEE R AR — b OB F I S o R
DOEREDHEFF SN TV B 7204 OB %5
7e%s, RHERENC X ) A FHROEE ;A L7
EPHEIN TS,

—7J5, 20114E3 HICRE LIRS — R T H3HE
AT OFEGLIRE, EHEE % B 2 72 RBIC B 274
PERHIiASR D ST 5. HEE - B RO L ) Bl
W RIS AR, EEHE S (BDBA,
Beyond Design Basis Accident) DEHliZEH#EDFRE
e UTHW LN RSSO AN R HEICH
W oEEZONL. RERDOBREHLENFGE~D
WHIBD—o2k LT, +R— bOBMEnEROEEx
ZRE LS VEEHMEAT BRI 2 UL, TR S
DOEMIRFFHICH G T 5. S 612, Bl TIEHE
PRA DKM EAER ST 5, HEPRA O
JEA T E S5 720021%, MRHERNCH 3 5 EE SR
WRIGET =7 2 WATHIEDPLETHDL. Wi
BETHHGHERO T -5 2L T L2012,
R — b OB O 8 % Z I8 L 7= T 1
LEL MRV, ZOOICY, SiEEOTR— T
DWW EZE) WRIDELZHO2IT 5 LI,
M R OF N LICbF5 T L5205
n5.

ek, BT N7 Iy PORFIZOWTIE, EEto
RV RS 5720125 0FETRE V0 37
bl CT&7z, —hFHT, BEYTR— MIHWDHE
DLREH VAL L 72 IR OB R RIS SIS 5
WZEIZEEHE S OMAHETIEH T W IThbhTwin
0D " EAE IR A ARSI A T, SREE o B R —

Pipe, Pipe Support, Vibration, Elasticity, Random Wave, Resonance, Damping Factor,

N OB % 9 BE RIBISE 2 W] 5 223
HZ LK, SRHEENICBIT HEEROM R4
PRl 2 & ) FEZEEITI KATH S LAREIC R % &
EZbhb.

RIFZEIE, AR IBT 2 B R O G R
fliom D712, BEYR— 2 E0ERE RO
BRIDEZFEBRICL VBRI E, BEYR—-1IO
BTEZE I OB % B L 7 B AR T 2 a3
HTERHME LTS, BUEMHN oM
LT, INFETIEETR— 02 KO
W2 H L72MGET 21T, BB R — b H3i
TS % & 9 2R TIREAE I R — b oML IE
2B % 2 KIMIVED % ERE L 7R CRisE PR
EFVT—HICHzBLZ 2 RLTERL Y. &
%, BEYR— b2 EUEEROMEILE O
F—F ZRE L, BEYR— b OBEBEEERORE
% ERE L 72BN R OBGEZ 4T ) PETH 5.
WFFERT R TH 5 BE R — N OPEEZIEIE, R
MR L CHilME#EH OIS ICB T 5 = 4L
F— W% WIFE U CIRE IS B O, 90 % FH
LEIT25b0THL75, —HTREROMEILE
CBWTIEHMREIHPATD, NHRDAIKRE LAY
FLE 2N AN L 72 & & OB R ORI EE O
02 % WEIHEE G 25 —-WTTh HEAE -4
HHE— bRMOFERIC X 2 BIRBI RO T @ %
O ATIMERE (HAF L 73R 0 2 b Ast i &
NTW5S. KFFEOIREHRERICBNTHRET L L
Zibhb,

ARG, BIEPEREPE T ORERIZ e b IR L 72,
LR PN O MBRRERICOWT, ATIEEZ2Z 2
7oL &0, REROMIRIREEL L NS NEE~DE
Brmtd s, ABRTIIMBOREY R— b LI
SN EAE K LT, AI#EE400gal £ T
7 V& NI E 1T o 7.



INSS JOURNAL Vol. 21 2014 NT-2

2. HMEAHE
21 HER{E

ARERIRIZIZ100ASch40 L4 (4F4£114.3mm, W
JE6.0mm) %M\ 7. EEROBIETHEZK 112
AT BLAE QMBI A ik FE 4T STPT370
& L7z BUEmHICIE S 2 B L 725 249 600kg
D2 WA 72, $RIT7H L TR 28T & 9 12K
T 7272 S O JF H T B VA L TR & — 1k
e LCTWwa, BAIZIK 2 1 RT &9 ICRkE&
WZHE AP T, IREIERBRICE L 72, IRED AR Ol
BIZIZAKFEIZ X ) IMPa W % Bt L 7-.

IFil 5 e B

AL 2 ———>

1 BRI SN

i

AU —

KB

2 WBkari

HEI2HEORESR—- ML) FBITEZS
N, W O—HEN—=2 7L — b &4 L TREEIC
BlE STV 5. Ml ZFEEnE %2 4 L CORE)E 1S
BEINTWAE. T2, BEEIYA— Mo LBIgE
B SN, MUK L M XY RS R A )

77

DEMDRHIN TS, BEL UKL FORIZIE
2mm D[RR % §% 1T 72

BC A 4K — MIZIE, ME50cm, & & 100cm @ [
BIRROHF E— N EH W R — oK ®IT
L65mm X 65mm X 6mm O &4 LA TrES T
Wa. HoR— N ORBIEO TG EARE 20mm DX —
ATV — MIWABECTEHESN, X=XA7L—F}
ROV P CIREBICEE SN Tw5, HR— |
(& — e e 280 SS400 THEUE L 7=

22 HABRRE

PREP BRI (Fk) THIF A OREG 2 w7
ABREEDORITZ K 1 ITRLZ.

#1 AABRERE HC

H H ft: 3

RFH B | 40m x 40m

Tk & | 20tf

AR | SR 3 KCP2, $RE D), iR 3

B KO3 WE | KCF £ 200mm, $iiE + 100mm

i K | K+ 100cm/s, S/ = 50cm/s

AN EE | KT+ 1.0G10t), il + 1.0G(10tf)

J& W BB | DC ~ 50Hz

BW) K | AR — AR

A P | B, BN

L 1B e S A

23 FHAIIER

RERCTIIEE & ARBI A OISR, Bl SRR
BT HECE O TN O R0 B0 & At RN
DEMB LT, BELRES K= FOOTARZEH
L7-.

FRBRAS R R 3 L RIRE) BU I LG OIS B3 EE 2
HRD7z. BB LMD AT 72 n# BT o Bl X
X3RS, NIRRT OB L, Bl I
DAL~ A6 LIREHRED AT & L7z, Bk oilbx
R TIE, OEIBEE I S-1 3 R — b ohnEE
FFASOfliZ VT /2. REOFH o3
R EMAZDOWTIE, B & RE TR — b ORIl
i DI E AN 55 % FER A AL R TR L To
L7z, s, Z2HBLO0TAOY V7)) V7
X 200Hz & L 7=



78

AT (REhH)
T

A2

1850 /
975 /

- i
Ca /B B
Al 7 {

= =1

B3 sk R

24 FHBREM

B IZRIES & ) N IMPa e, i
7 ¥ uP (M4, 3Hz-35Hz) 12 & 2 InkaERIC
L7z S1H A= MAHUT T S 72K EAE D4R
ByZeE) & T ORBIEE GUHRIREVE, W) ©
ATV EEARAFE 2 i % 720012, IRE)IAERE 5% 2
R IHRSA TIT 5 72

1.0
08 |
06
04
02
00
& -02
£-04
-06
08 |
-1.0

EE (m/s?)

0 50 100
e (s)

B4 AT

F2 RSN

W mﬁfﬁ R (ga)

>

O _ _
AN A O -

30, 60, 80, 200, 400

INSS JOURNAL Vol. 21 2014 NT-2

25 EERERMEDT—XIVEN

IRERERIZH 720, WERBIEKD T — 5 IVIRIT %
TFOEAAIRBE & IRE)E— P2k 7z. BiTET v
DRI 1 OFEERIOFEIHE, S RE
BHBOAHEZ W2, BEmRE1LIEN—2 T
L — b 28 L 72 XA CIRE AR e L 7.
EREPEER—Z2 7L — s O FEMENTIC L D) SR
7. BEAEUEE 2 12 oW IR ER B & 0 21X
TETIMEL TIREGICHEE L7z, BEOTHIZH
LY R—FIZOWTIE, KR — b HIEDO FEM @t
2RO 7ERAIVEE AT L7z, BLAE O 1A,
WHOBFITITbN A L HIZ, HR—= M LTH
HICT X5 4ME L7z, FEMBHIIZ A RS
FPfHT 2 — K ABAQUS Ver.6.12 % Hlv 7z

3. HERHER
31 EREEELHREBENTOIREE— NOLEEK

RERE T V7 AW TIIRL THRAXY 2K 4D
HIOIREE — F 2518, K IZmAMEE
A330gal DAEREZIRT. IREYE— FOEMAEFRITO
WTIE, BREFRRTVWEIIICHELTH ) RE)
T— FHOZEMBEOR/NERIZEREE R 2D, 1R
IRENIAKTY HoBEARE & 720, LIRIREEIE
85Hz T -7z, 2 WIRENIF & L COKFERE DOE
W OIRETH %25, KB OSRIE 710 O HRE)
LAL T 2 wIRE) O HIRIRE) $E 11.3Hz T
Hotz SEIREIF & L COKTFREDOIE LD
IRETH B D%, KFEREOFH T OZEN S ET T
Wiz, 3 RIREN O IHRIREN # 1% 15.9Hz TdH - 72,

WIZ, E—FIVIRENTIZ X ) RO 7ZIRE)E— K% X
6 1R T, 1 IRIREIKFAE DY J7 AR DR
e, BEAHKRDEIZS2Hz TH 7. 2 KIKE)
KFRCE O R & 22 0, A IREEUE
100Hz TH - 72, F 7z, 3 KIBEIIKFEE O
EATRECTH Y, FEAREEIL173Hz & 2o 7.

PRE) AR & T — ¥ VRN O IR F O LK %

#3  RIREE O R

JHRIRE R (Hz)

TR T mm | 2w | 3 wEs)

& B A OB 85 11.3 159

E— ¥ VRN 8.2 10.0 17.3




INSS JOURNAL Vol. 21 2014 NT-2

-
I
|
il
1
I
1
1
1
I

(@) 1WkIEHE—F (85Hz)

X Y

——— REIBR
------- AR
m S

(b) 2WIEEE— F (11.3Hz)

— IREPEIR
_______ AR

‘k)ﬁmm /f\
X Y

() 3WIEEE—F (159Hz)
K5 REEEBROESHE—F (A 30gal R

F3IRT. EMEO 1 KkIESE (85Hz) 1XE—
FOVIEHTIC & 5 1 kIREIEL (82Hz) 12I13IF—F
LHRETEL holz, T2, FEMED 2 RIREE
(11.3Hz) i3&— ¥ VIEFTIZ & 5 2 idkBh% (10.0Hz)
WZIEIE—% T 52, 1 RIREEL & FARICHE T & <
ol INOHOEENS, KERHNOIREE— F

79
— REPEIR
— MR
|
|
Z
X Y
(a) 1%&IREE—F (82Hz)
— JREPR
— PP
|
H
Z
X Y
(b) 2 wikEE—F (100Hz)
— REPR
— PIPEIR
kg
Z
X Y

(¢) 3WwIEEE— F (173Hz)
6 FE—FIVIENICL BIREE—F

ThoZz 1 KR & 2 KR\ ICOWTUE, E—F NV
AT IR TEBORE ORI IIETED &
A AR L7z, —, SREHORETH -
72 3YARENC OV T, FEME (15.9Hz) (3 fENTH
(17.3Hz) IZHARTEDDOETH - 72.

L RL O IIRIREY B O MV 7o mE B R 2 X 7



80

120
. 1 KRIEH) 2URE) (11.3Hz)
%100 (g5, o
E o | / 3 et
CE’ \ / (159Hz)
E 60 | —A3X/ ATX
e — A3-Y / AT-Y
m 40 — A3-Z / AT-Z
4
W 20 | J
O LA
0 10 20 30 4Q
I=ENE (Hz)
% 180
S 98 -
m -90 ¢ ?
£-180
0 10 20 30 40
I=E¥ (Hz)

7 2% (AJ): 30gal gk, Ms#EERT A3)

WRT. AZERBUE ST R — B R ICHUT ) 72 A3
TR EEEF O MRS HRD 7z, KD A3-X/AT-X
K ECE 7 (X)) CIRE A & R L T
AR ER AR T, FFRICAS-Y/AT-Y & A3-Z/
AT-ZZZNENY i ORFEBLE O ik £/ 75 1h)
EZJ50 SREJTR) SR LR TH 5.

J IR L7 IR R OB E— FIZB VT, 2K
PRE) OKTPRCE OB BT RE) TIEOKPRCE 4
7 10 0 T B 2R JRE) OB SR T R DOIREY H S
TWw7z, RO L3RRI BNTHELT
Wiz, 7 OFEFEBRTRLIZASY/AT-Y TIEAT
Bl ORI O ILRIRE $AT85HZ I b 5.
CORBEIC B W Tl A3 X/AT-X X A3-Z/
ATZOY =231 oNhdo7z. Thbb, K
AL DK A ORI,  BOAE 7 1) O 3R B) % Bl 4
YT OIRE) E D RV E VR D, —), k¥
TR L7z A3-X/AT-X TUEKEBLE o #ilt 5 101 4R B
O IIRIREHALLIHZ ICH S B & & iz, KP
Bl O $/1E J5 101 IRE) T 3 5 15.9Hz O LARIRE K O
Y—2rbHonhs, FkC, BIEHRTRLEZAZZ/
AT-ZTIE159Hz D AR E — 7 D I1E 12 11.3Hz D
HIRY— 27 SR LTE Y, KPERE OB R3RE)
&SI 5 MR SH HAC BFR 3 % JLIRIRB AT S 1
7z Dibs, BBRICHWZEE R T, AREE

INSS JOURNAL Vol. 21 2014 NT-2

AOIREY (1 WIRE) FHAEL, Fhm (X
Fin) okEh (2 WIRB) LEE I (ZHH) O
PRE) (3 WIRE)) IAHEICBRLTAHEL S 2 Lh%
Mo dz A (X)) oiREh & SE S (Z
Fa) OIREHHF EAZBIR L - BHE, B & R
PR — O OB R — b O OEEA
WS E D b REL, WELREY K- 25—
RE 7o TEEGIMCIRB L, BCER— b otk
BRZMNLT2HBOEEAA Lz Tl Rnhe
EZEZobhb.

FREOEER & AT O A S, A I EE 30gal
REONRI T, KFHNOIRBE— FTHD 1
PAREY & 2 YIREY O LARIREN B TUE, FERMEATE —
FIVIENTIC R TEL 2 A 2 8, $hiEIREITH 5 3
TARE) U, FEREDET A R T 2 2453
Mo, T, IBEMAEED K TIE, ARHERAEK
VA ECE O T 7 & SR 17 [ D15 BIFU B
DOHIFRE B OISR RS, MEISHESTL L
ootz —7, KFRE OF G A 5 M OfRE
M, o 2 it oMEoRE IR :
Mol TOMMZ, BEEREYR— N OROEE
BN R — OB OMITEACET L) &
DBHKREL, MELREYR— M2 —RE > TH
G ICIREI L, BUER— oLz LT
2 ORI E 2 SN,

32 EEXFHIHOEMAEY N KA

AERA TS 2T R— P LICEERTHEEE L
TWA7OICEE L R— FoMICHEH»H 5. 3
B & ILIRIRE R L ORISR & R R ZEIC X B
&, BEVYR— b EAHEET L LX) ERESR
OE T OIIRIREBIIE T T2 L E 25 Tw»
% 1 A O REBK T O IIRIRE O T & i
DFRY L OEBREWSPICT H72012, BEE
HOTRYEMERLZ. STHFFLICBT L EE
DOEHH TR OZEMEZ K 81K T. AT
FE80gal ~400gal i B A S-1ZLFHTHOT RN E
a2 RT.

B9 _D %, AJIHEE 80gal Tld t=0 D #IH
PLE T BE I BV TRUNMERE) L, A J7:# B 200gal
AN &N EE D 12D N THRBYRIEAS D 3 2 B
L7z, —, AJTM#EE400gal TIEE# XY o
BARDSZE DY, 3D AL OHRE) O Al 12 R 0E 2mm
BEOMRM T R) AL LTV #E-T, AT



INSS JOURNAL Vol. 21 2014 NT-2

- S-147R—b

ZN( (mm)
N

0 50 100 150
BFE (s)

(a) AJIhN#EE’0gal

f

ZHL (mm)
N

0 50 100 150
BFE (s)

(b) AJIIMEEE200gal

f

Z{L (mm)
N

0 50 100 150
BFfE (s)

(c) AJhm# EE400gal
8 BLEOFEIT Y LN (X IR

I#EE200gal LU TIAEE &R — b —fkE %o
THERPRIZ L ZR oM, ATINERED

81

400gal B 2 5 L EEF IR — b L2 REIE o d
DBEZEITR)PELLEEZONS. 2O
i, H8IIRLAXKAHOT ¥ 5 LEMRDA O
Y Flapndg, Z AR T S e

DLEOKERD S, RRBRORE & E K-
DEOFTRYIREIZATIIHEDOR & S 12X Y &AL
LTz 25HTHRRZEEE T IV T, &l
A DWW T HHIZT RS S TRAE & R — b DL
HWEEEFTVEL TV, BEEDOTRY RO
HABE, KE % AJIIMEE S ORI &
R—=POWMEVHDETMLEEZ DULENDH D L
Bbihs.

33 HiRRFUANDERETANY OFE

S1XFFROBAEEWM TN EMOM RN S, A
JIMGEPEAT400gal 1272 % L BLAE L B R—+ o
FTRORMAZALT B e D ol TD2D,
IRIRBEN RT3 2 5B A B 720, AJIIEEE
LS L & O HRIREN L & 7.

F9, ATIMEEE K3 2 JIRIRE O ZALIZD
WCE— S IVIRNT O E A IRE L & i U7z, Lo
REMIITRT. M OKFEOMBHILTE — 7 IV IENT
WX BEARBIE A RS, 1 RIREIEUIMEL CE—
FNSENT O 1 RIEE B % 21 Bl Y, 400gal hidizic
BWTE— S VBN OFER L ZIZF CRBE L 72>
720 F72, 1 RIRE) & FBICKPRE) TH 5 2 KRk
BHTH, WITNDOATMEEIIBNTHE—FVIE
Hro 1 wkIRE B A BBl Y, 400gal i3kl BT 10%
BEBVIREIEE 2o72. —7F, $HEIRETH S 3

20 o IRIRENYAM)
= 2RI (XHTE)
18 L A SRAREH(ZI51E)
™ 16 4 aa A E— ¥ IVIENT
L gl 3 JEH) 17.3Hz
B |
=120, .. T 5 VAN
I o®2 W) 1001z
|
8 | ®00 _____ & ________ _4_’{——57‘)1/%7]‘}?
1 KIRE) 82Hz
6 ‘ '

0 200 400 600
AFNRE (gal)
B9 JRBER & AT O SRIRBI RO H e



82

TAREN I VT IND AINEEIZ BT E— 7 ViR
iz Tl b, 400gal M4k IC 3> T 10% F2 FE AR W 3R
L o7, ZOMEIZIE, - S VENTICHW
T2 RERPIRE BN O [ 1 & 7 B BUAE v <2 [ 2 1
BP0 $E, £ 7-0A5 2 25 368 &K
EYR— MHOBEIEMIOEELEZ OGNS, 20O
W, BEIZOWTIE, WEBRICH W 72EE O AR
2k 28R, SEOFWMT—F7ICL2EEEHNT
BOEBILEWEEZONL, T2, WOV
Tid, B 1B X US1S2% R — b omIPEEE
filiz FEMIZ & D kR 2 iz, st o 25T
filiik, SHOBERETH 5.

WIS, AR % HRIRE B 02 b %
10127739, #efl O IRBY I 1 Z AT B 30gal o 3
IRAREIEL (1 RIRBE85Hz, 2 kIRE)$11.3Hz,
3WIRENE159Hz) T 5 TH L. KFEHN
(XY 1) OIREE— FTH S 1 KRS & 2 KIRD)
DILIRIREN T, IRBYE DO AT Z T &
WK L7z, 1 kRS %L 85Hz (30gal) 7425
82Hz (400gal) ~FJ4%IK T L7z, F72, 2 RIRE)
#¥1x11.3Hz (30gal) #*5109Hz (400gal) ~& 1
IR & FARICHI 4% KT L7z, — 7, $hEJim
DIRFE— FTH 5 3KIRFIZOWTIL, AJjhns
£ 200gal ¥ TORRIRBEUZIZIZFH ETFH ST,
400gal M3 IZ 7% A & 159Hz (30gal) 75 15.7Hz~
1% BT 255 2 /R L7z,

1.2
I o 1)RIREN(YAH])
i = 2R REN (XA M)
11 f A SRIREN(ZA 1))
e
I PO B0
% ) "
| | |
09 1 80gal  200gal 400gal
08 L

0 100 200 300 400 500

AFIIRE (gal)
BI10  AJIMIEEEN K 2 SlRm B 2L

ERED ATIIE 222 2 72 & & OIRIREY B D 5
B R o, RIREBUI AT EE A3 9712201
TETFTHZE, RPN (XY ) O3RIRENE
DT I SR IRBN B O T I & e b Z &A%

INSS JOURNAL Vol. 21 2014 NT-2

Grirolz. Eiz, B— IR OBEAIREI E DL
o, K (X0, YR OREE—F
T BB I IRBYEL 2K FFI L, SRS DI
B — N TR IS IRBY B A 15 < BRIl 9 2 M)
2R L7z REIERER & £ — S VR OB ICB W T,
AR5 AR B) & SR 5 TRE) O [ A3 5 7 B PRI
SHROBGETHRETH 5.

34 MEEICERZER, BRERICHT S
ADIMREDRE

B2WNIR L2 & 912, AJIINsEE A 3 & Bl
DT XY IRWDZAL L Tz, BEEHFE— PO
DOIBENIEE OISENHEE B X ORLE R O E 5L
BT L LEZOND.

BT AT E 3 5 IR B R 0L Z R
T R OB MEE ORI 7 R L2 L 9 &
EZEEBO 1 kDS 3ROIRIREI O ¥ — 27 Ofi
THb. ANIHEE0gal D & X & [FBE hkER
A3 DIBENHEE DOFRERZ FV TmER K % kb 72,
AJTMBEAH T L, 1R D 3ROETOIRE)
E— FORBERBEFRITHLMEEZR L. 209 b,
AFEHMOWwETH 2 1 WIRE (Y 1) OISR
X AT E0gal F TIETFAY, LIRSS
KTIRZIE—ED LV T T H2HRAVNS L o
72, b9 —DOKFHMOIRETH 2 2 KIRE) (X
Ji) OISR, AT 200gal £ TFA50,
ZORBRIZZT—EL R AMEER L. —TF, il
FHIOIRETH 5 3 KIRE) (ZFH) OIRERFRIX
A OPRE) & Fe 7 HEE Z R L, AJINHEEDS

160
140 o 1RIREN(Y A1)
m 2)RIREN (XA )
120 i A JRIREN(ZF5 )
ﬁIN)
REBO
12 60 [+t
g A
40 5 H
20 I I I
0 80gal 200gal 400gal
0 200 400 600
ANIHRE (gal)

BT s BE RS A5 =8 D A I BEARAF



INSS JOURNAL Vol. 21 2014 NT-2

B4 125N T400gal T THFIZACT L7z,

PDLEA S, BRI A 518 O JR8)
CERIE AN E TIRELL I LG oTz. BEY
AR— b FIZHEE X S N2RE QKRBT 56
BT A TN E A3 200gal 2 5 400gal #2 i T —
EHICHE DA CHMERL, —F, SHERESTH S
3UARENE, AT L= & & DO—E D
PRI RSN Ll A2 R L7z, 2O
ERFOWR OE L, B LR R— MO
BRMFoBIC L2 EZ 50505 i, 5%
DOIETHE E L7z,

KIZ, PILTRLZZIBEREOETIZOWT,
B RO W B Z TN L7z, FREK121TRT.
WEEE BT FFT A 5 3K o 7= 4% B B0 Pl
ZWMMT ALK A L7z, P e X
1BITRT & 9 LR (G RlOEE 7 1238
L7z &9 2 mZB%) oRREf () & LR
HROWMMOIRE . (F, 1) 2 5 E R HE
THHETHD. |, LIEHIIBITBIEET AL F—
(fo DIRBYIRME D —3f) D3O L % B IEFL T
H5.

0.05
0.04 |
2003 e . -
® R
®0.02 |
o 1/RHR A
001 | 2 4a A Nl
: A SREB(ZAE)

0 100 200 300 400 500
ATTIIRE (gal)

P12 JREETE T D AT BEARAF

2T ORDFRIEEFNT ATTINEFE A3 HE§ & by
U7z 1 IR o P 2 Bd A 73 B 30gal ©
2% 75 80gal T3% & %2V, 80gal U L Tid#3% T
otz 2 WIRE) O P E E L 30gal KD 1% 5 5
200gal THI3% L2, FOBBITIFIFELETH -
72, KEHMOBEHTH 5 1 RIRE) & 2 RARE) D,
FEBIZ30gal DA R 5 b DD, ZDHDY
MZERTHITIZIEI% E oz, —T, 3EWIRFD
R E S A IINHEE 80gal F TI#Y 1% THER L
ZDBIT AT EEABE IO CTIEE e UL 2
400gal THI25% TH o 72. L FIMOIRFH T — F

33

2X fo
h:RERTERN

AlA,

»
>

f
P13 IREEEBDHEE I 7l D F

A B IRFEERUL, KPEHMOYEERZY, A
TIMGEREE 3B 12D THFNZHI L 72

DLEAS, KPH I OIREE — FIZH§ 2 3 E
B L ST OIREE — P23 2L, A
JIMEEED R & S0 LT % 2 8En 2R3 2
EWro .

4, ER

41 BREBNDANMREDZE,
RETRBREREDILR

Ll OIREY R T S N EE I OWT, ]
FIIFEFIORE RO EHFHIH 2 5158
TN 52 i SR B (JEAC4601-2008) ™ 125Dk
ENTV B EFHHRIEE R L ket L7z, ABr
PRI VT AT & 7z 3085 B oo RO e OV 2
5 JEAC4601-2008 (2Bl S M7z BLE X 0 IVICIE L
R E R 05% & 72 B

T ¥ & A PIRRB T S N e L, AT
TR E 30gal 12 BT % I FEEH 1% % /M e LT
ANNGEED BT & KEL ot F72, Aok
BT &, EETHRECRII R MM TH 2 —
Fi CHRBADWEE R & D VEEL 72, Al ORI
L, EEFDHIRFE R W CHIEINE % TS
5&, K& AJymaEE (410058 T ik 400gal)
VW29 A AN S 20 AJTIEREE (40 3Bk T i
30gal) 12X B5H & D b X D ZEMOFHI & 7% -
TWhb EEZONDL. ATTIHEEEITK§ 24K 1% %
EETENL, EBRORECBI S, AT
B BT 5 & e BN L 7 BISIS I Wi e
BEHWDEZENRTE S, SR, BERME
W8 L TR & REUE RN 2 43 5 I & il &



84

BHIICAT) 720121d, BUE &Y R — P OH O
TRDHHVE, ThE ML EREZET
HIEHPRETHDLIEERLTVD.

5 #&

il

RIFZEIL, SRHLEEYIC BT B B RO R
fliom D701, BEYR— 2 E0ERE RO
BN FEBICLDILET AL, BEY K-
BT T OB & Z R L 7 BT Rk o MGt &
HE LTwa,

ARFSCIE, BEPEEPE T O RBRIC G B FEME L 72,
PR PA N T O IR O W T L7z, BT
M OB R — b LIRS N FEE ISR L C,
I KINGHEE 400gal £ TO T ¥ & 2 P ni Pk i 5
ATV, BUE RO SLIRIRBYEL & IS B EE DT
ATTINHEEE DB % <7

(1) HIRIREH BT L T A IMEE DR T 120N
T L7z KT N @ JE3RIRB) B 0T 6
) 8 1 5 0] O HiR B B o A T T & e o
72 AJIMIREE AT 30gal 7 5 400gal I2 B35 &,
AT N O S IRIRE BRI 4% IR T L7z, —
i, SRE T OIRBYEIIFI 1% KT L7z,

(2)  PERTFITAT o 728 — F VRN O [ A IR 5L
& EBROIRIRE B 2 L9 A &, BUEmAT
(&, RPN OARE)E — F O RIREY % K
CEHilid 2 —75, SnEdRE)OIRE)E — Fodk
IRAREY R 2 5 < RIS 2 758 - 72,

(3)  WITEBUI ATIIEE A5 &8 L 7. A
TIN5 3 2 i EE i Eh o B ) 13K
AN OIRE)E — F LFERBOREE— KT
Rp o7z KFHHNOIREE — FOREEE K
13200gal L ETIEIZ—ZEMHD3% & 72 - 72,
—7J5, SRIE M OIREYE — FOMEE T H
A HE L 72

(4)  FEBRTHONMEELKIE, JEACL601-2008
ZRCHR S 7z R R A O E $00.5% 12 R T,
ETOANTTMEETRKE L o7z NIk
TN g AR R T E UL, FERICH
WS N7AFPNEIRIEE T VA 2 &
TE%. RELHETRA—-TFOBOTY H

INSS JOURNAL Vol. 21 2014 NT-2

HWiE, TheMLREEREERT 5
CEPRETHLILERTEEZLNS.

6. SHROFE

G, BEYR— b2 EUREROMEISE DR
Br—5 e L, BEY R — b OMBIELE O
B LB L BUEMmT FEORE 2179 TETH
5.

e

IRE AR ERECH 72D, (FR) ANl ESHRAFHIR
Xt FHIFZSERO R MBS, BAKK, AE
BHIRIC S ATEW /2 2 L Ic#iEe &3, 72, ol
WG TR SAARENID S XL R — b
DM FEFHG 7 3B LIRIA KBS 2 THW/2, 221
MLTHELERT

SCHR

(1) K. Tai, T.Ito, K. Suzuki, Y. Sasaki, H.
Abe and K. Kuroda, “Proving Test on the
Seismic Reliability of the Main Steam Piping
System (Partl : Simulation for PWR Main
Steam Piping) ", Trans.SMiRT 14, K15-1,
(1997) .

(2) Y. Namita, K. Suzuki and H. Abe, “Seismic
Proving Test of Ultimate Piping Strength
(Piping Component Test Result and
Simplified Piping System Test Planning) ",
ASME PVP, Vol428-1, pp.13-19, (2001) .

(3) K. Suzuki, Y. Namita, H. Abe, I.
Ichihashi, K. Suzuki, M. Ishiwata, T.
Fujiwaka and K. Tai, “Seismic Proving Test
of Ultimate Piping Strength (Test Results
on Piping Component and Simplified Piping
System) ", ASME PVP, Vol445-1, pp.99-
106, (2002) .

(4) K. Suzuki, Y. Namita, H. Abe, L Ichihashi, K.
Suzuki, M. Ishiwata, T. Fujiwaka, and
K. Tai, “Seismic Proving Test of Ultimate
Piping Strength (Simulation Analysis of
Simplified Piping System Test) " ASME
PVP, Vol466, pp.22-30, (2003) .



(5)

(6)

(7)

(8)

9)

(10)

(11)

(12)

INSS JOURNAL Vol. 21 2014 NT-2

K. Suzuki, Y. Namita, H. Abe, L Ichihashi, K.
T. Sakakida, T. Sato and H.
Yokota, “Seismic Proving Test of Ultimate
Piping Strength (Status of Design Method
Trans.SMiRT 17,

Suzuki,

Confirmation Test) ",
K152, (2003) .

E. Shirai, T. Yamada, K. Ikeda, T. Yoshii,
M. Kondo, H. Okamoto and K. Tai, “Seismic
Design Margin of the Piping and Support
System Partl: Static Loading Test of the
Support”, Proceedings of ASME Pressure
Vessels and Piping Division Conference,
PVP2010-25524, (2010) .

I. Nakamura,“Seismic Safety Capacity of a
Piping System with Pipe Supports Based
on the Shake Table Test”, Proceedings of
ASME Pressure Vessels and Piping Division
Conference, PVP2013-97852, (2013) .

T. Takahashi and A. Maekawa, "Effect of
Elastic Plastic Property of Support Structure
on Seismic Response of Piping System",
Trans.SMIiRT 21, 282, (2011) .
T. Takahashi and A. Maekawa,
Response Reduction in Piping Systems

"Seismic

Using Plastic Deformation of Pipe Support
Structures', Proceedings of ASME Pressure
Vessels and Piping Division Conference,
PVP2012-78052, (2012) .

T. Takahashi and A. Maekawa, "Analytical
Study on Effect of Failure of Pipe Support
Structure on Seismic Response of Piping
System", Proceedings of ASME Pressure
Vessels and Piping Division Conference,
PVP2013-97222, (2013) .

T. Takahashi and A. Maekawa, "Impact of
Deformation Stiffness beyond Yield Point
of Pipe Support Structures on Nonlinear
Seismic Response Analysis’, Proceedings of
ASME Pressure Vessels and Piping Division
Conference, PVP2014-28371, (2014) .
E.Shirai, K.Eto, A.Umemoto, T.Yoshii,
M.Kondo, M.Monde and K.Tai,
Seismic Test of the Small Bore Piping and

“Inelastic

Support System Partl:Seismic Proving
Test of the Small Bore Piping System”,

(13)

(14)

(15)

85

Proceedings of ASME Pressure Vessels
and Piping Division Conference, PVP2008-
61342, (2008).

PRk, =HKE, SR, WEAKET
ANIMEAT, EwWBLE, "EEYR-FEAT
5 MR OIRBYFEER ", H AR 7 2w S8 (C
i), Volb8, 5527, 1992.

HRHEA, “IRE) o7 -JRE) 0 FLBE 2> & FEH iR
FrAR E T, AR, (2005).

(#t) HAELAMS EFORBERRERET
JI5E BT 52 ik G EUl B E JEAC4601-2008”,
HAE L2, (2008).



