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Influence of the difference in the wall thickness and strength between the elbow and the straight pipe on the
earthquake-resistance of small diameter gas pipelines subjected to permanent ground deformation

A &F0r, BME P BE OEER, T e
Yoshikazu HASHIMOTO, Hiroshi YATABE, Naoki FUKUDA, Koji YOSHIZAKI
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In this study, small diameter gas pipelines with elbows which had the same wall thickness and strength as
the straight pipes were analytically and experimentally evaluated. Good agreement was obtained between
the analytical and experimental results, even for plastic deformation as much as 20% strain. Analytical study
was also conducted to evaluate the effect of the difference in the wall thickness and strength between the
elbow and the straight pipe on the earthquake-resistance of typical pipeline with an elbow.
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LEREMND D, BT, RLAFRECHT Y
DEHRBEHTIE, ¥ miZkE—HAHBREN IS
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T, AHOBERZ2EHEMIHEOEBLELE
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DI BRBEROG E, HHELIX, FHEFRAEE
Exge LT, EELWICSGP (JIS G3452) , ¥R
WEHE LY VEERAESKRENSE YV PT370 (JIS
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o, TORR, AN TR 5 BT
BOERHEZHL IO L, WETICIXRIHRD
THN 0%BEICELTHLEH, RROBERRZL
ZE, EBICE, FOVAANOEREBOEMICH
FRERMYT (LUF, FEM f#47) BEAFRETH L Z
LEBRBLEDY. &b, thboomsicky, ¥
ZEERBMEOPLANRBST D HFACERE2ZT
DA (N T, RREGESTREOR
TREBE 25 —FT, HEOHPLABHEKT S FH
WEREZ T DA Utid) T, BERE R
ERILEOBESHCEENETTIHAL, HEWR
FRFETOERENRIENERDEED 2B RD

DL, BROEVIWEEEESCL > TREBEBRILE
ERELD Z BRI,

MBI, Zo&k)RAHTFOEREBHOMEIC
X, WE, FIHBTmmR, ARREL (D) %
THRZLEEHOLNILEY 72, BEEHICAEL
BETILEZONI BT L ZTORABOEE ORE
BIUREZIZOWTR, BEEOREOAEELE
HERRIFIES 2 b OD Y, EBRIC X B EMIZIT
bhTEHT, REBEZEANZ. Lo T, #
BETE O RE 2 ERMNICTEMT 5 HICi,
FROBRYVARLCMZ THETZERTIHHMTH
FPHELHBEOBEBLIUCREZICER LEERYE
EOERMNLEBTILNENDS.

Z ZTAHIRTIX, SGP EERB LU SGP EF &7k
B, WERRBEED FSGP (JISB2311) HEMNL A
RREZAVCTHANETEREER L, TOEHERE
% PT370 OB FRFER L 35 &L & b2, PT370 TO
Bt & FARICOT 3 20%RE £ COEREE 270
THREELLTO FEM ATOBAM LR L., &
Hiz, HEBRETOFTME LT, BUHBOWMEK %
EFAAL LTz FEM ATic i v, #iRf{bic ks —Fm
HAEMICT L CTHEE L HEORE R X UREZEN
ERERICBIIEITERZERMT DL LHICWE
P& L7z,

BB, ARmXHho 2 BIRLEEBRERO—HLE,
225 EITR L ERIIEELOBER PV TRRSNT
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2. FSGP O E Ml 745
2.1 EBBELUFEMBHFE
2.1.1 H#EHE

FSGP O E A #iF EE & Eie U= b3 LA 90°
ouryZxiuRE L, AR 14mm & Lz, BRAE
WCHWEbLD LRI Y FPOFSGP N OEILE-RABRA
WX, BIRBBREZER L. TOKEL Table 112
RF. Table 1 ICITHERHBERE L7 PTI70 DFERD
PFfE L7, Table 2 ICAXBRTHERTIHERSLIUE
BoOFERSERT.

FERANZE 4 KOERFTOARB L CKREZHE
L7, BIENLEIX Fig1 W27 AW (/R gy
M), BUTHE (A WTE2>5 22.5°0H), CHrm (AR
WES» D 15mm ¥ BLXODWHEE Lz, 28D
Wik (EESmE5 10mm §THE) R A RNICEELE
SGPEETHD. TORKE, HEL :Ob\fh’;éT@ﬁt
RBELEL DWW THERR LIRSS, WESHIC
WTHRBEOBEN THAZ 2R L. £7-, Table
1 IZABRBLIUREOHERRO FHEE LT 5.

15mm

Fig.1 Definition of pipe cross-section

Tablel The geometry and tensile properties of the

90°

specimens
. D t Cy CT
Material @m | @m | 2% | e | orpw)
FSGP_ | FElbow | 114 | 45 | 25 | slo | 378
PT3709 | Elbow | 116 | 5.4 | 21 | 294 | 451
sgp | Straight | yi5 | 4o | 97 | 318 | 398

pipe

D: The outer diameter, t: The wall thickness

Table 2 Chemical composition of the specimens

(mass%)

C Si Mn P S Ni Cu
FSGP 1 5054 | 0.01 | 0.38 | 0.018 | 0.006 | 0.02 | 0.02
Elbow
SGP
Straight | 0.050 | 0.01 | 0.35 | 0.014 | 0.002 | 0.19 | 0.22
pipe
2.1.2 =REFHZ
KRBRIEE X Fig2 177, HRER, #HEORER

FRINZRWE DT, HEOEMAIIZ SGP B&

WL ER L. EREB~MRATLRET HHBICIL,
HMANOEIRORIZRD X HEEL, —imicxt LMEY
Yo RICE WV EMEBMML TEREST - /2. BETEE
IZoWTIE, BEREOBREER VLY, BRILEO g
EEBCHYTIO0TAEEL T ThHI ﬁﬁm@rm
BIOOTHIZEZDREBII/NINI L RER
TWAEY, Z 2 TRESHHS, 0. 1mm/sec 'C%ﬁ@
L. WEIFIZ oW TRt E O R A 8t 4 5 £ T,
ABHFIZ OV TIRMEY ¥ v FORERF (490kN)
ERBETEMEMEG LE.

WEIZ, BREZBRETH7-DIC 0.IMPa 2 ERIZT
15 Liesr—2 (BIF TWE 0.1MPal), B X UHE
HEOEBFERAENTH D IMPa 2 KEICTHE LK
r—A (LUF TAE IMPa)) & L7z, WE IMPa D%
B, BRI NEFHOBLRENCKRELS EETD
=, THRabhb—F—BLUAT7ToEEICLYE
&R Tz,

u— N¥n, £igt, EAHBLOCOTAFA V%
AWTF =2 23 Lz, 0T HF — D3R K TFigl
TEZL-HEBIOEED 12 Bimic>W\WT, o
AR EIUESMERICENETNREM L. FICO0THM8RE
FTCEBT 5 & PARINZEHSITE, BimNOE S
M SSRIRRICELE L7z, ok, OTFAF—TIZ2o0T
I 10%RENFERMAE 2D, BREICELEE
BTV BARZDZEICEY, HEOEBBRARETO
OFHRAEEERE L.

Elbow specimen -

Fixed jig Moving jig Hydraulic jack

Closing mode Opening mode

Fig.2 Experimental setup

2.1.3 BEFE

ERBREMEEZET VL L FEM BT 2 EM L, R
REREHBTHZEICLY, BITREORIEEZIT- 2.
FEM FEATIZILA = — K ABAQUS ver.6.3 % iV T E i
U, REC R & BB 5 7o DI BT FHIFER T
HEBRE LB & LT,

RN T V% Fig3 127, A 114mm & L, #
El:t Table 1 2R L= AT OZREOLHEZ H

CERICIZATHEOV o VERZREFRWE., BFIE
xﬁﬂ%%%%’ LT1/4EFLE L. BRSENZOV
THE, RAFRIC 48 3EE L, #iFmRIC>NTHE, &
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EREFTHLEFRINDHELL L CHEERITE
ODEEFHCTREROHBELEMZFE1:1 ¢ 25L512,
FEOMOEE TIIMARLN 1:5 ERBEHICHEL
7

MR, HEABICHVWZ b D LR Y PO
BIOEE»OERLERBRAICE D ERLZSIE
RBROT—# %2 KT, Figd [TRTHEY & Lz, #E
BTOBBROMEIX, Y 7 ®R% 205.8GPa, ®7T Y
VEE 03 & L. BRZH X von Mises D% 5 EAL
RlZ@HA L.

ER L FRICEREICAE IMPa B XU 0.1MPa %
MELERIC, HRABLMEY v v FOEAICHY
THERICEFEEMEAS L. 2B, ZRIZBWT
BRIZHY T 2HMTIIRMERESER LR &
EETNMET B0, YU TEBEMEED 1054 L
y il

Fig.3 FE model
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Fig.4 The tensile properties for FE-analyses

2.2 BREBLUEE
2.2.1 EREBEIZDOWNT

WHEF AT & biz, WE 0.1MPa & NE IMPa T
FRDOER L 2o Teetd, LLFICHE IMPa DERZ
BEELDD.

(a) HEAIF

Fig.5 OICERRIEZRT. —HEEM QBN AL
W, AWAEB L CZOMIETORENET L. KK
BT IX Fig. SOOI T HIT A E 76° (RETEEALRE) I
DRETHLELAMFBOER & Ro 7. RBRKTRICE

FERAROTHIIHE (a=90°) ZBOHHHZ. ZD

X 5 REFEENT Fig.5(d)IZRT PT370YE R TH
o7,

Fig.5(c)lC Fig.5(b)& RAEEOHITAE 760 ITBT
% FEM fEAT OE R % 775, FEM FENT & EBR TR
DEFEZZE LT,

(a) 6=0° FSGP(Experiment) (b) 6=76° FSGP(Experiment)
(at the initial state) (at the maximum change in
bend angle)

(d) 6=78° PT370(Experiment)
(at the maximum change in

bend angle) ¥
Fig.5 The deformation behavior in the closing mode for

FSGP (a)-(c), and for PT370 (d)
(Internal pressure =1MPa)

(c) 6=76° FSGP
(FE analysis)

" (b) 6=
(Experiment)

(a) 6=-30° FSGP
(Experiment)

(d) 6=-38° PT370(Experiment)
(at the maximum change in
bend angle) ¥

(¢) 6=-30° FSGP
(FE analysis)

Fig.6 The deformation behavior in the opening mode for
FSGP (a)-(c), and for PT370 (d)
(Internal pressure =1MPa)

(b) #hefilf

Fig.6 ICEF RN Z Y. Fig6eIZrnT Lo, &
FERETT DL AWEICTNZHBELT.

—%, FHIE 51X PT370 NE IMPa T, 5K A%
BIZL CHEROERBIETET, BETICERELB
T L, Fig.6(d) D IR PLIC BV T EEEE BRI FF o B

(a=180°) DEBFHFICTEBEANBAE L L RE
LT3, zhbD2o00ERE— FB4ELCLEERER
IZDWTHE 225 TERTS.
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FSGP 2 # B IC CEB B ST L= DiZx L, PT370
HEEBCEEXBIT L 00, BEREOES TS
MENRR -7, &5IZ, FSGP TIEPT370 £V b K
ERBETAEETTEREZERBL, BER LA ®,
BHBAL UTIHPT370 2 LEIS Z L RmBENTE.

Fig.6(c)iZ Fig.6(a)& [MRRE O #ITAE-30° 2T
% FEM AT OERX 2777 . FEM 4T & LR TR
DEWHERE L.

2.2.2 BRAUVTHBELUVRHEOEEIZIONT

Table 3 KR KOTHELERBROFEIZHO>WTELD
%. Table 3 {21 FSGP OFERICHETEHE R OB EM L
72 PT370 DAEEVYE PR L. BB, T TORKD
FTHERBREENEEL IS EOTH OB E
OEKETHD. BIFAE (0) X, RETE2=A®
LIELL LB EORMERR»S, X (1) 2LV E
WUz, X (1) ©LEFig2 2B 5MFRETOH
HBEOEMBTHY, 13V v vy FEMERT.

#=90" -2 sin”" [%%j (1)

AHETFIZ20TR, ABRBLITCRAECELSLT
PT370 & AIREOHITAEE TEREMFELTH, &
TOr—ATRBIZELT, FHBEROTH 20%LL
EHIE L. —F, AEFIiconTi, PT370 ThRE
r— A TRIRSFEA L= LT, FSGP Tix R4
LZgdof. ZOEORNEORBREIZLDL ST PT370
XV bREQMFAELE TEREER L.

723, FSGP oWehf, AT L PT370 DN T
TIXEE R R il CEM L, FSGP & R UEESLRMED
PT370 DA aaF TIXIEERIHE L 125 X, BB TRK
LizZ &hd, BEBIRRCEEBLPRIEERNVEEX
bha.

Table 3 Summary of test results

FSGP | PT370%
Maximum strain, €y,
Internal (%) 2 25
pressure Maximum change in 76 78
: =0,1MPa bend angle (degree)
Closing P Fleak N N
mode Macimum sin, e | g0 | g
Internal (%) o 20 23
pressure Maximum change in 76 78
=1MPa bend angle (degree)
Presence of leakage No No
Maximum strain, €pay 64 s
Internal (%)
pressure Maximum change in 63 .44
Oneni =0.1MPa bend angle (degree)
pening
mode Presence of leakage No Yes
Maximum strain, €max 66 .
Internal (%)
pressure Maximum change in 65 38
=1MPa bend angle (degree)
Presence of leakage No Yes

*Maximum strain could not be measured

2.2.3 BIFE—AY FELIURKVDTHIZONT

WE 0.1MPa O EiFE— X > b L AE OGRS
Fig 712, M ROTH L #iFAEOBFK%E Fig8 IR .
Fig.7 & Fig.8 {13 PT370 OfEE L HFE L7z V. FSGP
& PT370 Tit, HiFfe— A v PR IUBRKOTL L #
FTAEOBEERBRAFRZROBEmE R L. 2L, W
Chif A CL#d 5 &, FSGP iX PT370 £ v & #iif
F—A Y FAMEVERR LZ. i FSGP DFEE N
PT370 £ ¥ LR, IEB/NEVW I LRRERL TV
EEZLND. BEKOTHRICOWVTI, N, s
F e bicHiFAEDORE RFERTIX, FSGP O N
PT370 £ YV HIEVMEZ R L 7=,

AERE COMITERMREICE LT, FEM #iro
BWHAMRAZERTIENTHENTNE ERGREZ LR L
7=. MNJE 0.1MPa D& D, iFAEL#TFE—2
rOBRE Fig9 o, RROTHEHTAEOEFRE
Fig.10 2, ThFNhERE XU FEM TR R % OF
T 5. B CORKOTARETATEHIhWEED
BAXEZRT. iFE— A MIOWTIE, N
X 75°, AT TRERIBWTELARNHRER R
FT30FETCERLFITICBER—BRAOND. &KX
DFHICONTH, RRKOTH 20%E B 2HRTH
5, 30°FETRER—HEZRL, SLIKREMBIZD
WTHLERLBITTRER—BRRbohk. ¥k, A
T IMPa D3H b RERIC, EREFBITOMICREFR—

BEnRbohi.
20
10 3
_ 22200
|E 0
é -10
t -20
£
E -30 o
w —40 g
£ a X FSGP-experiment(closing mode)
2 -50 i O FSGP-experiment{opening mode)
(g E1 @ PT370-experiment{closing mode)
-60 8 8 PT370-experiment{opening mode)
] | 1 ; [ !
_70 i

-80 -60 -40 20 0 20 40 60 80
Change in bend angle, 8 (degree)
Fig.7 Relationship between bending moment and
change in bend angle
| .‘

g : X FSGP-experiment(closing mode)
60 ‘E i O FSGP-experiment(opening mode)

; @ PT370-experiment(closing mode)
50 "%qu m PT370-experiment{opening mode) ||
40
30

70

20

Maximum strain (%)

10

0
-80 -60 -40 -20 o] 20 40 60 80
Change in bend angle, 8 (degree)

Fig.8 Relationship between maximum strain and
change in bend angle
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10 ROTREFBLEBIETTIHETHL bOO,
0 aaaied HEMICERBER Lz, LaBoT, AZRERIT
E -10 - PEROMATHDNE, YIHBEERE XU Dt LS
= > -t 3N - B > >~
< 20 WA TR EBICEET IR TRFEETDS &,
é -30 DJ;[l:p %% L/'CII\ 6 .
g —40 o X Experiment(closing mode)
» 50 u D Experiment(opening mode) (a) BITEE
5 | O — FE analysis(closing mode) | 4E O FSGP & PT370 D ERTIE, EEWILE biC
e ~— FE analysis(opening mode) SGP & IV TV 5. Lieato TEERICAT 5 8 #
= I B
0 o0 0 20 o 20 40 oo s  CHEEDXOREESNETEREBICEET S
Change in bend angle, § (degree) EEZ, TNHLORFE Table 417 57y —AD K
Fig.9 Relationship between bending moment and s &ME ST FEM MRATZ K L 7o, FRHTH & ;ff
change in bend angle Fig3 IZ/R T 100A BB E L, Y= VEREHAVWTET
70 ME LT, REBBERMI Fig1l IR T X518, BR
ol 8 X Experiment(clasing mode) 7571 (YS) % 174MPa, WM THEALE 0.007<E
E 0 Experiment(opening mode) | CIRELIEALS D =TEFABERLE L, hEHOR
£ 50 i%]h —— FE analysis(closing mode) RIS ZEEHO 11E, T3 ZEEEED L
§ 4 || ——FE analysis(opening mode) 0 B L B OB O BB R I L1
E 30 s
g ; : Table 4 Wall thickness and tensile properties for
% 20 = | - SRR | FE-analyses
= 0 ‘1 / i Straight pipe Elbow Defor-
W“ Case | Gy tep GyelMPa) | tomm) | mation
0 i : (MPa) | (mm) | (6ye/ Gyup) | (te /ts) | behavior
-80 -60 -40 -20 0 20 40 60 80 1 522 4.2 A
Change in bend angle, 8 (degree) (f,'&) (i'g)
Fig.10 Relationship between maximum strain and 2 (1.0) 1.0) A
change in bend angle 174 4.6
L B (1.0) @D A
4 174 5.0 B
2.2.4 FEMBITOAMEDONT 19 %?
5 (1.0) .9 B
AR OBEY, EREE, HFTE—2A L FBLITERKX A: The maximum strain was observed in the elbow

Ufﬁkﬁﬁﬁﬁmeﬁ%ﬁk%ﬁ_kwfaﬂ&
—HP R b, AdFR-30°, AT 750,
IR OT AT 20%RBEOEE £ TOEREE
2kt % FEM AT OB DM ER T & 7=,
2.2.5 HSHTFEREDORICHTIEER
INETOHELLABTOERL LTI, thF L
EEOBERLFEOBEE CERT A, $dEd
RWHEH CERT IR0 2@ BETFONRS. 20k
) REREBOMEICIE, RE, MHWEFIK, DA
BDEETHZERHLMTERTWS D9 FlxiF,
WIS OB OTix, NE, EMENFR L THAITE
WEELI DAICEEEZTTALEL, DA BREL 2D
LHBEMNRERT D EHERLTVS.

4Bl FSGP & PT370 DEER TiX, N/E IMPa B &
THIE 0.1MPa IZBE L C, WERREHETHY, 5
WIERRIZ L DICHERREFRIRZIZEENTH -
7=. —7, FSGP 100A ® DX 25 TH Y, BEHEDOM

B: The maximum strain was observed in the straight pipe

1000

900

800
E 700 Case2~Case5 /1/
600 | - e
? 500 | —
80— e
S 300 —
. 200 iYOUﬂg‘S modulus:205.8(GPa) —

100 Poisson's ratio: 0.3 |

0
0 0.1 0.2 0.3 04 05

True strain (-

)

Fig.11 The tensile properties for FE-analyses
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(a)Case3 (b)CaseS
Fig.12 The deformation shape and the strain distribution
(Change in bend angle8=-19°)

Direction of minor axis -
> . .  #l Case3-major axis
Direction

160 of major — DCaseS—min.or axis
axis ‘ ® Caseb5—major axis
140 O Case5-minor axis
B my 1
o..=|
T 120 | . o
£
k™
|53 P
2 100 5 8 oa
£ 000 © o
a 80 0 £ -
O
60 —
40
-30 ~25 -20 -15 -10 -5 0

Change in bend angle , 6 (degree)

Fig.13 The relationship between change in bend angle and
diameter at central cross section of Cases 3 and 5

(b) BRHTKER

Table 4 IZIZOTHERHOMNELHFRLE. Fr—
ZN1BELBTr—R20E» S, HEHORELEE
DIFICLEBE L 1S LEBESTOTAETTIT
FLUHBEBTHo. EEORE T, EEICXT
LZEHHEMOBEN I HL EL X b, B2
B EERIETR L L2 AREE/AE V.

—%, HEROKRER r—R 20 b —R 52T
XoI, EEHO 1015, LI4F, 128X 0 1410
EERMSIBRLERE, OTHOAOHEAIZREL FiT D
L2fEE L ko, ENENREWROTHANMAKE
Fig. 2 IZR Y. ZZCEROBWVWEHSBHEOTLNE
<, BOBEBNHSIIHYBOTHRBEN L 27RT.
Fig.12(a), Fig.12(b)IXFNEN EHEHORENEEH
DINETHEr—23, 14ETHEr— R 5 OFER
TH5H. Figl3 iZixr—RA3 & —X 5120,
TAEL ANROERRBIVEROBEZEEZ R L. i
FRBER-15°L LICERNEITT S L, ¥—RX3 Tk
BEMICERBICERPNHE K LREXRETT S0
LT, =25 TRFEFPETETRELSIVCHE
BB —EEIZESL. LENoT, EHEHE MEHo
WRERBRWESIZE A WEORERETTIED
MEHOOTAHBER L, REZRHHIHEEICIE A
Wit OREREIT LRV OB T < BB
WWOTHOEFERBITT O ENHERTE 2.

Dbz b iToEBRcH LT, 2hE
TICHLPE RS TWD, NE, FIHWERIR, Dit
PAC b, EEE L BT MOREESZEL RIETA
TFeRDBENERINT.

RBEBERTIE, #HEEIER L FSGP DIk
EIZEEHO 1.07 % (4.5mm/4.2mm), EEFEHIZT
ERT D5 PT370 oHREITHEEFEH O 1.29 %
(5.4mm/4.2mm) THY, ABFTEROZLYHEEZR
LT3,

3. WRFEMNICHT IHEREDLMMEE

BIEICRLEL D, mRHETRROME, FSGP
D RK#ITFE—A> M PT370 L9 LIEWVEZTL
7o, LR - T, ZOEZHEEOB AN L EEMIC
MY 5 Z L& BRI, sIE CENM TR LT
BN HER TE 7~ FEM T2 BWT, MEHEH
TAHHEBREE OTT VL EITV, FSGP & PT370 OE
TEMEREIZ DWW T B R 21T o 12,

3.1 fEWEH

R e U EBREE I, mANHEITEREY ERL 24
£ 114mm & U, Figl4 iIZxt X o7, hEHE 1o
HETHLTHROBEL L. 5B 5 ORI THEME
PHERAINTWVWEIVVEREBIVERZEAEGD
¥ZEFNVEROWT, Figl4 CRTHBREEETVE
ER L. EEBPERTIETFREINDIHFAL LT,
HEOF LML AD ORISRV = VERERW, £
NUAOEFRTXVEREAVTET M LE.
FSGP MO AZITATE T FEM f##47 & FIE 114mm % /8
VW, BREIR IS HBRETH D 4.5mm FHW =, F£iz,
PT370 DA £51% FSGP & [AME, #H/EiL Sch40 O JIS #
HETHD 6.0mm & Liz. #EHMIX Figd ITRTiE
&L,

BB EFICRITTHBOREIL, RET A EER
WRACTH B RR FHE IR EN B R/MEBEICLT, &
A AR L OERIEA SR OWT, Fig 15 ICRT 4
HEEETIHERBERIZTET ML .

HAREALE LT, HELOMREZEEICY, Fig.14
WRT LD 7, EE400m OMHEOREIZI=ZAFIZT
AT D HMEMEEEL, HEBICRKEMNELD
BREITE— REAAHTFE—FE L. H8BEMIT,
BiEsian, FREZFOFLOESEATRVHO
B AICEEIENM E LT 5 L.
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200m 200m

Elbow Straight pipe

400m

(a) Closing mode (b) Opening mode

Fig.14 FE analytical model of a buried pipeline
with an elbow

g
vy
31 £210
3 @
& <
& 2
5]
2.5 i A 6 >
Relative displacement (mm) Relative displacement (mm)
(2)Parallel to the pipe (b)Normal to the pipe
longitudinal axis longitudinal axis

Fig.15 Stress conveyed to pipeline from adjacent ground

3.2 MBFER

Fig.16 IZ, HAHMZEN B 3m B, FSGP B &
O PT370 OWNEFE— FB L UAEHIFE— FOOT
HoMKERT. v, BEVAEERRICHER
et Tk, RECHWDHBOKFEEMNZ K 3m &
LTW5., MOEBERITIIZETHY, AREBEVIEY
KEBROTHEPELTNWDBI LEEZRZLTWD. FSGP
& PT370 DN ET £ — FE L FSGP DA iifE— K
TIX S B8 R G, PT370 DA E T — KTkl
B OBBEREGFOEEN TERBEF L, 221
TRLEEBEEHEENENRBEOEMERLE.

Fig17 12, BB & L BERBEEOTHOBEKER
T, IhLOERELY, FSGPBIUPT370 & bk
FEATELFA T 5 B E Sm OFERE T, AU
EMEICH LT, AldFe— Nk}, Niife—
ROEBRKENWOTHENRBELTWDZEN 5.
¥/, HBEMNE Im FORKOTHIE, NihiFE—
RTIXFSGP B L PT370 T& HIZ 10%TH D, s il
if & — F I FSGP T 6%, PT370 T 7%% /R L72. 2
BEORLEBREELY, FSGP X, PT370 & R4k
10%FE TOOTH LV TH, REICED Z Lixhn
Toth, —H R OHMAZEEAITX LT PT370 & AEE O
BEERAETHIL2HRLE.
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(c) PT370-Closing mode (d) PT370-Opening mode

Fig.16 The deformation and the strain distribution
(Ground displacement = 3m)

25 T
| =—FSGP T
g X - - -pran0]
£ 1 P
g 15 /l‘ 3
@ ! !
E 10 ;
0 It
0 1 2 3 4 5
Ground displacement (m)
(a) Closing mode
25
” . ——FsGP
8 . == - PT370 i
£ _ ;
8 15 |
=
[’
g 10 _— ‘;
g .- —/
X
= 5 —
0 L/
0 1 2 3 4 5
Ground displacement (m)
(b) Opening mode

Fig.17 Relationship between maximum strain
and ground displacement



4. & El

IOBRTABERAEE 2SR E LT, A2 114mm
(D/t=25) #0248 90° @ FSGP (JISB2311) ny /=
R L, FEEEOFERIEIMUYONEEE L
THNEITERB IO FEM BT 2 EE L7, & 5IT,
FOMRAERBL, FMEAT2EERENRIC, #
RRELXEE L MBS TMET R, UToOZ
EWEENERST.

(1) FSGP 2 AW~ HAHITER2E R LR, W
HF G PT370 & ARBEOERAE, sdif Tk
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