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Structural Design of High Pressure Gas Pipelines
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Synaopsis:

The current developing stage and scope of work in Kawasaki Steel are described on the high-pressure gas pipeline design,
especially on the structural analysis and design methodology. Noting that the seismic design is the most important in the
structural design field of Japan, a new analytical method on structural behaviors of buried pipelines against earthquake-
induced ground movements is developed, in which both material and geometrical nonlinearities are taken into considera-
tion. The numerical study is devoted to the analysis of pipe deformation caused by lateral ground movements which are
forced by liquefaction.
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Fig. 1 Pipeline design and its related technologies

3 HESREET

W ETIE, ARANL 754 3R LTHlT AR oo BT
L, o T E i R S S0 X X (O A i D
AERIE - ERERE A, B LISk BNt T 5 A LRI EEAT
it {iomdk s,

N T T 4 v GANGBAE) I, TAAF ek L
R % B A RIS 7o A o LTEREENLD A, o
— M AEFGERTT TN TR ), @i N BGE, R
Wi 2 & 2 520 A, MDA I B R - b
MG 2T B &M TREE S LB T H 5 45,
R 5 2 THOR O A B, 75 L L —
AEPPRLRAE, & < CRGMRARNLX o R R IT A 2 AT E T, %
b7 DTS Tl Rl 7 R 0 N [ 18 L e S (RS R (1 S S S
REFELZLMLCHALMT LG R S w, R, kY
SOPEEE, AR S HI L SN A SIS AR o A
PRI EE YA 2R A, AT, ABPGERIZELTE, B
F LBt s T A CH o b o — b, i Y S E Y E
AXPEEMNNT L 8T, WM S TSR < K - el ¥ i
BT T B, - d, BRI L TR, iRt L &
LITHOEERS S A E X L O RS IY 7 T Al A 5 45 L ORI B SRR
B ERIEAEI N AMMIEL I FEFOTEMEN ST
by RRGETRMESOE= S )2 70 GIS BRMC LA 0E
PRSI A 7 A ¥ O LR L2258 5,

2 PG A e OGEEFIE, 10RO X 5 12 NANHIE R L FHA
REOSTNOWMYER > L LR R S EHRT 620, —
SRR  HIHAE AR Y LSRR e e, T
W R O B R ORI T H V3 F 77 14 -
LRI T AL Y MBI AR M R s BT I S
b, TS A ORTERTIAEE R B AR L AR
B LTEYITAILS,

T3 X4 75 4 AT 2 e k3 5 MR R o) A LR Rk
FHEGHE « JBEME, VT BB ORI R T W TR AL ) F AT
L, OMERESEEEPHEEL T4, L Ladn, 197845
MM 2 s, DO 20 EEICENTEE LV oh Ot
TEEINLMBEE RO WEER, WWEFEIRHEE LTy 28
B L 2EATOTAHSEREEANTR MRS L L0 D, g
DA A, T B A XM T A e i BN e L i kAL
AR TOMFFHENIC & D ABBE A AR L - T, ol ®
T, M E BTGB Lo # 2 2P L ST w4
ERREY I NTw b,

EEEA AL T 5 A ORI - FEERm RS S0
3, WA OERCE T NG RES EL (IR T A LAl
WTHY, FORDITIEIHBIL NI L - TR I N LEHE
DHIREN B L OB TR MR A LTI T & 2R 2
FLAPLEL LS,

LIFTd, MBS e 27200 2746 LTHE
AR LA ERIER R TR AF LI ONT, £D
B X AR R T 2,

3.7 PBREERIERHEEAERRR AT L

SiE AR S UL SR ORI T T, AT L A
BO{EAN A ¢, L ANMMERC L 2EROG L, LB LY
MEEOTETE (LN E, 20k 2B, EROBERIE
PESS TG a8 FERIEN 2 482 T 45, HMAEZKIC kO SREs e (o
FIF 2 el R4 & 20000 L 2R O MM ) & MONCIE L,
Bk FRCIT%T D ARG T &0 B AR e g i W
DU ATANMEF LR LD,

WRAT b S & 7 BB R (2, WO, SUMAS, MEEET. o
AL BRE L B RERBEHER L TE Y, Mg
(32 L&D WO D S OWARBIE T LT ST 0 5,

Nk ikdi sk Vol 25 No. 3 1992



191 ESLEA 2 T A o BT

lHE R EARGSE TG, REE LR EE,L LY, PR
AU, Tl Lot L W A o ve it iR s LT e FL L
L, oNAWHEEHET B Loy r 22 AL L TE Y L

LIREURE R AL T B, & 1o, MR s (BB L B
SURCERN, B LRI LA LD 4 MR 2T, ERE

1112 bi-linear J{f!’f*’ AN

AR R RIS TEA A S ATL, RTE A Yook TR R -
LTEFAIEL, !EIII PR R (T F ool SR i 2o -
Al [T Al S 2

500, Wk en HEETHORET Ay, FuELiz X Sk
M KN R, R b MR A £ A LT LR
N 3

NN EED B S O IR RE R R TAENT L. ERITE~ b )
o 72 Ky SHRIMET Y o 2 2K &G THS R 2EDWE
N2 PP, B MU BT ARDMEREI 28T

(K 4 Ko ) U = P (1)

FOBEHHU RRNEILHFTES,

ERROHEERE OB ) Fueig, EEXED S ORET S ER KB B

O EERGCTHTOEI T, $hbh, iitL#hz2ids
PN RARTT PN B DR g i, Fig 2t A T T A
® O TSR EE, S PEIREE S B o (3 Rl IR B
HAOIEIZH D22 BT b,

Fully plastic

Partially.
plastic

NN

Elastic

0 My My I
M/ My

Fig. 2 Yield function

0

1My em

w2

Ground displacement

(x:) n (ﬁ>’+(i5:), e (2)

() (B G )

Z2T, No Netd#hl, Freikably, M, M, 3dhiy€—x:F,
M,, M i3FRks e efEe—A v b, Gy S35 A—FT
k5,

3.2 HEEFCRIEC X M CHT 3 ERENEN

Hamada, O'Rourke” RERILICL 234 774 »HHECHT 5
PR s L 3 &, Mo MENEES £ R 510
AR THAZ 2R LT3, Fig, 3k, BRI TOWR
efbiz £ 0 R LA Sk AR B b v L fliAc ) 3T oA
WM DK ERL T 2,

4TS oe— EHEEE T, BRI TR el IE
BLOSHIRARID X g RIcET AR B L s, FO

BT, TEENAE O BRI R ORI o f, RIS g
HiFHE, FORSToRKLEERE, WRbaEETRcMEy
AR EEERA Y BIRE L TEARIct O RRE P 4,

e AL AR L 3 3 L2 W B ) S AT EN & MO T B 020, TERIE
FREROIE, HhAEok ACEGLE, TR {EIFo A cRoE ok R B B
HEH B, TERLEARD KT HE kA EMR ¢ b v I ZEFSET
HRHFHBEACELT, REO L IAMBHEERE LT (4
e Lr (5) KARESNL TS,

[iEH 6" DEFR]

5_075/— B/ @ cireeiier e e (1)

H oo mgdk bR (m)
O HLFERE L FERLB TR D BRI (%)
[ 590 BE 3]

u:[x“;‘{ﬁ_ (ﬁz—ll(ﬁ*L)) }:I

. T v — xtan & }
o Yo AHEAY L 59
XS[H{Z af{d+xtang) (

Crack

Straight
pipe

220 172
elhow

~— Bead

Straight
pipe

—

Fig. 3 Permanent ground displacements in the vicinity of the damaged gas pipe (Point No.1)
(Reprinted from M.Hamada and T.M.T'Rourke™}
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Photo 1 Numerical c¢xample of structural behaviors and

stress distributions of the buried pipeline system to
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