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COUNTERMEASURES FOR BURIED PIPELINES SUBJECTED
TO LIQUEFACTION BY USE OF CCP METHOD

By Shiro TAxkADA, Jian-sheng Sun and Hiroyuki KAMEDA

Synopsis

Damages of buried pipelines in liquefied grounds are caused by uplift and
sinking of grounds as well as lateral flow. Hear, CCP (Cement Churning Pile)
method is proposed as countermeasures to these damages. Buried pipelines can be
fixed in any arbitrary shape to adopt the features of CCP method. On the other
hand, the method has the possibility that dynamic strains due to wave propagation
will become larger than the case with no—countermeasures. So experiments and
theoretical analyses were performed. Experimental and theoretical results are
summarized as follows:

1. Experimental results: Uplift static strain of pipes with the countermeasures
was shown to be 50% smaller than that of no—countermeasures and dynamic strain
was only 1/3-1/9 as large as uplift static strain.

2. Theoretical results: Beam theory was used in the response analysis of
experimental model. Analytical results showed that dynamic strain is much smaller
compared with static strain.
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Table. 1. Dimensions of pipeline and CCP pile

T, XNENHIES Item

Dimension of pipe | Dimension of CCP pile

CHHBESTESF L

Liv, QDT Diameter (mm)

¢48 ¢ 60 P42
(Norminal ¢40) | (Model-1) (Model-2)

A, Reickse,

I VBA I Thickness (mm) 4 —
BRI ORAEL: Unit Weight 138 190
#2000 TH-10 (gf /cm?®) ) ' )
ZOW, 0TS Young’s Modulus 30.000 12,300
hal, BoTs (Kgf/cm?) ’ ’
TR o
3 =,

#130, i, B v STRAIN GAGE UNIT: MM
LEEDQUVTHDHE QL 8 DISPL. METER - B F—400—
MRS, o140, 700 | ' Al
EHAHEDOF5 | |—wst__wss S5 PIPE
FhORAE LT WL g | %s2 “®4 AP i

. =} P A3m
EWBRhBE, KT - SAND : !
kB L, HAENEH ;Rmeoﬂmp
BBAOTHERD | i
BEAEZH800y T . 11 n
BT, FEHLL L 2200 -

Baol /25 1BE

Fig. 5. Model-1 experiment and measures.

_4_



EH - B - B EEEA TEC & 2 rhER OMER B X R ICBE 3 2 5T

P2
(x10"-?

All Al
(X 10-2(X102gal)(X 102gal)

kgf/cm2)

S1

(X102 ) (%102 1)

S2

Al

All

cm) (x10%p) (x10%p) (x10°u)(x10'p)(x10%gal)(x10%gal)

-t

S5 S3 s2 S1

D1

¢

W

o
.
o

a G et D
o o o @
N OO

1

kgf/cm

O NUWNO= O A NWON DD O= N N=O =0 =0

N
]

™rTr

gy oy Y gy
= -

k- -

E : 4

Time (sec)

Fig.6. Time histories of response.
{model-1, no-countermeasure)

A,

= o

v i

|
4 'J‘ ot RN SMAAMANIARAA AN AR
R e e T A

-*A,'&A'lm‘f‘)d\l \
W JMNVWL’U B MASMAAAAA A
| § \I

o »W}‘\\"‘i AN y@(,’}r‘.r‘.n-‘/p‘i.w‘b’-“.'l 4'4 \,J ih \'l
L ¥ ,/lf.; i ¥ \.
A vy ¥

Al
¥

L ed

2 4 6 8 10 12 14
Time(sec)
Fig.7. Time histories of response.
(model-1, countermeasure)

___5._..

131



132 AR KIEEmES $325B-2 F 1.4 (1989

B ACCEL.METER

) PIEZOMEI'%R UNIT: MM

¥ STRAIN GAGE (]} :

B DISPLMETER |— 400—

oo me |
i T

r, ; L, Fna.l‘Az .
S _Stw :
1y S SOl iy ]
by L_.aso_l. | . Pde i
it g = || PedcoRl |y

(x10%gal)

P2
(x10-?

kgf/cm?) kgf/cm?) kgf/cm?)

-~ 0~ O0ONHd O~-NWSHL

P3
{x10-2

P4
(x10-2

MMNM

S2
(x10°%p)

D1
(em)
-

Time (sec)
Fig. 9. Time histories of response.
(model-2, no-countermeasure)

L%, ZOROHHVTARBHVOTADL /9 CHVT, ATIEE R, WERSEVHSOH 255
Th-Th, BNOTAHIRECEETHEI EBHON S,

(2) Model-2 (= v+ —IL—FHRED

X8 icEMAERD 13127 vk — VORI LE L RBROBE L HRABER L TV S, RSB WIES
i3, EROMBEEHBRMGLE->THY, HECHHBOMICE» N TV S, XIRIBETRRLI4
AOBEREERTEREEEL 2D TH 2, N9, KI0KBEAFNHROBVBALWHKRDOH ZHED
FREBOHABEATRLTVS, B9 OEDOB VBRI, < vh—LIidi25sec  TREEEET
ERETIcEEL, Zof% MERLECEHLCEHL, BEROVIFHE= Y& — VIEHETH 12004
R L1, ZOROEHMIEKSIIH200u T, BHOTADL /5THD, K10 OWEMD BEHITE,

.._6....



< B B EBEA TR & HrhERR O MR BRI B T TR
EILWWWWW%%MW' iy wwwmwws
z 8 ?{ ; it NMM%WMH%%H%%T i
X RTTI— T
~ 9} il sl s pibgig il
S| PR e
=281}
X %
0t
3ot
5 B,
5 h™ v
8 AN
Qai wwmwwmwmwwmmmmwmwwa
o Baf| [
X )
~ 0 L Db ~ — — - - —
3 6 9 12 15 18
Time(sec)
Fig.10. Time histories of response.
(model-2, countermeasure)
Yl . . Ko Cu
JPipeline X1, Udme & W 3
z Ko
EEzszrzrozozoeaz (Y.
m 1l K, Ci, A, Ity Ly, Eru M R
Bea Ki, Ci lre Ly Evv M Xa| lal 12
. Lz
CCP pile Beam 2 7
\ [AAM Ef;
Y2 =ie He

3.1 BREFNEEBHAHER

HIEBRICHIG LT EF AV ER LTV S, B 1
L, tOMAR S FERK, BEEHC, HMARONERK, BHEERC &¥5, 32 (@
%) TREFEESFIEZELITVS, TOSXERK, BREERC &5, KL, #HNEMHTRE
OHE S, SHEEEEONTHELERT 2, 518, BIRMEE MBS —RCHREIREICE s L
Eioh, ESHARCET IMBEMOENSVERL L THEHEZREL TV 5,
(1) HEREMH:

Input
Fig. 11. Model of analysis.

3. SEEREFIVORRICESHRIT

_7._

133

FrESN B LHCe vk — Vi EEFIR, BRODFAIIKHE00y T, PRABVEFEED L /260
EB ot FONDOERIEKSE 100, T, BHIRSEORREINL /5TH D, BV TAHIIRMTL
BaXhb/has s EPBmont,

(B oKk UITHROREE %~



134 ARG KFERER F325B-2 F1.4 (1989

L1 SN g A

ay,

ith1: X,=0 U,=0 Y,=0, Eﬁ=0
Y,

X,=L, U,=U,, Y,=0, ”‘ﬁ =¢

. _ _ oY,

3h2: X,=0 Y,=0, X, =0
ay,

Xy=Lo Y,=—U, aXZ =

.i f:Xl le, X2=L2—6‘i

-———aU‘l = — ——aBYZ .........................................................................
EA X, - Eil, X &)

2 2

oY, O G et e )

El ==t = —EJ—%
1 axt 2126)(3

(2) HrRBOEAHRENX (K11 28MDOI L)

o'y 0*Y oy
Ef ax* +M ot ot

2L, ROFBELEIH 1L IRLTH S0, WEDIYD, BRFEEEBLL,
FHoMBELBHIT, X (5) ORERDOELKET 2.
Y=Z(X, Dexpla,t)
X (5) BxAkZERsns,

¥z °z

B13% M %+ 2 M+ - + @M+ CatK)Z=F@exp(=a £) v

ax*
ZZT Z2aM+C=0 &¢93&K (6) 3k (7) &85,

CZ
4M

7'z 9z
ax? +M ot

El + (K—

(3) Eh5EHRE OEATEX

U M U ou

—EA Gy o ot

2L, R (8) o, HNIKRLTHS, RFERERLTH 5,

R (5) EELEARU=VX, D exp Bt 233LRK (8) IE, ROLIILE B,

oV &V
ax? +M ot

—FEA +(28+0)

v
ot

AT, 2B M+C=0&93E (9) R, RAOFICE 5,

_.8_.

FCL FRYSF(f) coveveeresreeroraresrintoninieninteoniineenetesensneesseens

)Z:F(t)exp(c/2M. t) ....................................

FC o F K UZF,(£) rereeneeessnrmesesmeiiiniiniiinicnenne

+ (Ml32+CB +Ku) V:F,,exp(—ﬁ [ ) ICITITIT e



O -« B% - B : BEBNEA T & B E R O EERR LR IR T B 135

_EA‘Z%Z""M— +(K C? >V=Fu(t)€XP(C/2M't) e (10)

(4) EBOMFE
X (7)) ORHRHERRZROLSTHD

'z 0z CtN\,_
EIl —=- X +M +<K— )Z—O S PPN an
4 2
8, ZX,0 = 600 Z® ELT, R AD ERALT, &5k, L xg 00, La0 70
3L, KEAMESND
$e(X) | MZ, S ceereereree ettt ran
G X) _ 4 MZo _ A/ C .
S0 4= Tz - {l+ ITAGY }e:l,'c EHBEEITV,
Draas (X)) — AP (X 20 ovovvrerermrrnemmmnn ettt e (13)
Zo(t) +0220(t) TR T T LT S P P S P PP PPRUNN 14)
EI
w?= M{1+EI(K } ........................................................................ (15)
K (13 o (16) TH 3
¢ (X) =Asin(@X) +A,cos(aX) +Assinh(@X) +A,cosh(@X) sreeerrveeremernnsciniin. (16)
EricX (10) OFEAERZ
a 2 et ) R R N R Y YRRy
—EA 3= +m2Y 6tz +(K M)V—o an
HFOBALEIL &SV D=¢X Z,@® LT, X AT kKRALT,
¢ dzzl(t) va -
I a7 % ¢(X), —ir %22, &L, BETHE
¢=0 | _MZ S VU
e s (B~ =)0 (18)
600~ "=V Faz = fn+ (s ) evae
Goa(X) G (X) m0eeveverrerersessmsements ittt ettt (19)
Zi) F@WZ () =0 werrererrerreerrieri s (20)
EA 1 C
wzz_ﬁ'{n'}"ﬁ’_A-(K“—m } ..................................................................... 2D
X (19 ORIRAPZL SN D
¢(X) =Blsm(bX) +BZCOS (bX) ........................................................................ (22)



136 - FABFKBZERE® $5325B-2 F 1. 4 (1989)

0.00 0.00 0.01 -0.020.02 0,03 0.04 0.04 0.050.060. o% 0

9.15 79732 9. 74

a) lst normal function b) 3rd normal function
-17.0%° 18, 33 16.79
. 05'3 07, - - J2.64
-~ .53
L0.62°1-15 .4 54 0.2 089105026000 O.GD/T T T\s 0.01-0.04 0,00
0.00 =] =~ 0.63 1.05 0-22r—T~I: 2.16 070579.04 0,02 70.50- 3348
= -0, -
0000230570%8‘%--'- \;‘11‘;(25 030.030,00-0.03 g 40"~ -3,67T
ST I T T e R . R
8% ‘'ransverse vibrations.:¢filie
1.48 ——— . . . ‘ 1.30
30 Axial vibration 919
h028" 146
. .00 ¢ ’
¢) 5th normal function 0.0 d) 10th normal function -00

Fig. 12. Model-1 normal function.

(5) HERHT
(@ (39 1 OfFiRS
X (18, U6 »5
#(X,)=Asin(aX,) +A,cos(aX,) + Assinh(aX ) +A,cosh(@X)) coreeevnemeeeeemieiniinns @23

wg,%{ El‘(K, ﬁl)} .................................................................. (24)

(b)) 1 1 OihRE)
= @D, @22 »5

¢(Xl) :Blsin(bxl) +B2COS(le) ..................................................................... (25)
_EA 1 7 C?
Wl = 1\:[1 {b2+ EA \Ku‘ i, >} ............................................................... (26)

(© &9 2 0fFiESy
& 15, U6 »5

¢(X2) = C]Sin (dXz) + CZCOS (dXQ) + C3Sinh (dXz) + C4COSh (dXQ) """"""""""""""" (27)
Eyly 1 (g, G
- 4 e T S
@z = {atr AT VA )} (28)

BRARML vi=w,=w, 1\ (23), (24), (25), @6), @7, (28) AT S L, KiHa, b, 4,
A, Ay, As Ay B, By C, Cp Cy CoRRBESNT, BERIFERIBBICHETEXS, K12 138
£ 1R, 3k, 5K OROBEHEATRLTVWS, 1RSI, 120 10 1L REFRSHELSK
DEEDTVE, 3REREFZZ, F0 20 1 RETREE D 1 © 2 REBTIRES TR E LD, 30
1 DA NSV, S RIREFEIL, &0 1 OfARIO 1R, HFAE 3R, 130 2 O 2 RIRENRK

i, RKEABILEETH 5, 10KREFE T, 30 | OABISERSSE  IKEf#T 2 2 L8500 5,
(6) 2EFROMR

SRFZOREERPRE ¢, (X) LT



B - T B EEEATEIC X 2 b ERR ORI LRI B 5% 137

Y,,(Z) +w?xYn (t) = Pz/;t) ................................................................................. (29)

rEL, M,,-—-ﬂgb?,(X)M(X)dX

P, =8, (OPX, Dexp(C/2M(X) - DaX

Lz, 2RBTERRLTH 5,

q DRy 1ofF AR
PX, )= {(-MUy,~K,Y*) . 130 10#kH
(—MU,—K,Y*) Dk v 2ohiF AR

$.(X) B0 1ofiFAE
m@%=PAL) DD 1A R
6.(X) v 2odhifhE

{M,3X=&

MX)=

M, X=X,

w, 13, R (24), (26), (28) THRESH B,

21, qBFN, g=n—7» 10 RTOLE, 7, IEROAMITHE, YRITERIEBOEMDOETH S,

%1 OBREFEEEOZETEAVTHRIBEFHEEEIT L 8 7V OEBIRBEEATREHRLY
TolRKEW, ROGERIARLHERMOPELLEVZINVLEDN LD, SKIRHLOH
BRI T NTE=012AV, BB, MINEREHE14) k- TEELT,

AT IR EREF I ECE L o RBI S OEE 7 — 7 2R L 7.

AR S R EBIIERER LHEERAMBL TRE L 1zo K 1323 k= 0.0003 kgf / ey D EERFER
CHEFHBOREARL TV, Ih oo 3 L3 0 T40BRSIEREGTEOmER, BL—
HAERL TV, BHIRSICEHEODENS B, GTEEFVTRERKFR T CELEEL 2> TV
20, FROBICEIEREELEEL TO AR OB L > TEEROOFAMBRESRELLELE
bhz, FHOTHMTEEERICL > TE LB AMBO R ERIEEMEOK 1 / 500 BETHY,
XHK13) OFEBRER L IZER CHEHICH B EELTIN,

4. EHRBEEROHE

LRIz L hid, EREEFEROOZE ¢300md PVCEETIE, FEHELES 31090 cicfi¥d 5,
%2 IEFEEBOEILET LTV,

41 FHICEBBHHUVTH

X (29) 2AVT, EEHEEEROENCLBHNOTAEHEL oo £3 IO XEROE I
L BBV TAOBILERL TV S, R EK%E, 000003 kgt /cf> S 001 kgl /e % TOMPFATELE
HERTHEHY, VFROREXEMLTED, XEk15) EEMOHRETH 5, tEICHVERE
DEEIIBTEXIZ600mTH3, EBRHSEAL/SREE00003 kel /i 2 558, HERKOTFAHRE
2750 & 125,

BEEO Y 4 X3 2 OFIEHELH [ K- THRESN S, ®4WERGFNEZT 5581, H
ERICERT A5IENARANEL L, EBO [q] 0Btk -T, RELEREEOEEZRLTH



138 HOABGKWIZEATE® 55325 B-2 SF 1.4 (1989)
t e i
~ O[T Aualysis
2 . Bl LA PR SR "zﬂf CAPAFARAAN
= ot . *.\_,* WA )
; g zxperine t USAA \,;\,f Anhh A‘f\]"\f;,\f\,
= -8k
~ 8- e w'\’\')ﬁt,/x"um 1"1/'
:; P AP Ex{:eument
N O stk s )
w =1 XY SOy ARAN \-H‘*"\,J’\ AN AN
3(, 0 WY e Annlylu
.A 4 L ' 3 '] .
0 3 9
Time (sec)

Fig.13. Comparison of expenmental strains with analytical

ones. (model-1)

- By AR, X5k, BHEAT CEBAERSENL L EBA0BHROTAERL TV S, bSO,

5L, EREFEROEILICK
BRIy 2R LTV 3,
X142, HELBEEEORREL 0Z{ick
SBEROBAENMEEROTAERL TS, [
MoFIONB LD, L>25mic’i 3 EEKo
EOI—EBEL 3, Chid, FETRER %
ERELTEBY, HBORH (CSAEEXERE
D CEBRIIERT 23BN v A LLBRT
b5, COBBEZUYT, BROFHIXL> 15
mici3E—EflELD, L>20miE3ER0
DIEERNCH B, X 51T, Ko i KNUTEROE
MOERBERDO ] /21 3BOL 13125m T
H 5,

STOTRIERSEDELLIEL,

i, £4TR, ERELEZEOHEY

Table. 2. Dimension of actual pipeline

Item Dimension of pipe

$318

Diameter (mm) (Norminal ¢300)

Thickness (mm) 32
Uint Weight
(gf/cm?) 1.38
Young’s Modulus 30000

(kgfcm?)

Table. 3. Relation between spring constant and maximum

4.2 BBHUVISH static strains by bouyancy
(1) HomErERL 8N Spri
pring constant
FiEtoRY (kgt/cm*) 0.00003 | 0.0003 { 0.003 0.01
15 REDEBIHEL, & Maximum static
B EFEIEH O R E strain () 3100 | 2750 | 1239\ 493

EFNERLTOVE, U-Vid
BEEER X-Y 3AEEE

Table. 4. Diameter of CCP pile and stress changed by tensile
allowable stress [q] of CCP

FTHD, BOIRHIC L B

Tensile allowable stress 15 90 95 30
DENLE VoU, 1, ARTD | [q] of CCP (kg cm?) : ‘ : '
EULE MlU@), 1 TR [ er of OCP pile (om)| 8 | 30 | 28 | %
38, BMoEEROZENIZ
v 0.10 0.15 0.25 0.35
Static strains () 2750 2853 2931 3039
Dynamic strains () 175 238 — 252
. _Eid, /Ei
Note: v L L.t
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{a) Displacements with L (b) strains with L

Fig. 14. Displacements and strains of pipeline related with interval L of CCP pile by uplift.

vy, 1)

Pipeline
L1petine

g Ve LUA DT —M _ _— ¥
V VG (U . t)
Fig. 15. Analytical model of buried pipeline by SV-wave
propagation.
VU, £) = Vo[U(A), ]+ Y (X, £) rvererressernssssssnsonninseniniineiiiisn it 30
EX» 5
PV B D) |t
X Xt @D
v _ & BYXD e
o " o {(VolU4), t1} + Yo (32)
g H o OIER IR,
Q=K[V(Ut)—V,(U, 1] =K{V,[UA), ]+ Y(X, ) = Vo(U, D} revvernerseecrreniniiiinie (33)
WwZic,
PYXD YD e PP,y ceereremreeereeees s
El X +M P +K Y X,)=P+P, (34)

72120L, ERBERoY v /IR [ EROZKNEE— 4 v b, MEEROSHEER, K3t 2w
T,

P1=—Mg—; WoLU(A), ) GRENIT & BATD)
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Py=K{~V,U), ]+ V,(U, 1} (DB X 205
Vo(U, ) MB—DREEBHEDESIC,
IMM0=WSMwO—%>

C REETH 5,

K1l oxEeF LT, R (29 DANECEOEIBIC L3R4 P, #A L, BOEEOERRK
R X BERONEITETE B,

EBEFAHEICSVT, PELEBOBSOEHHERLERKICHEETE 24, REOHME LEKT 3,
(2) HEZRHE

BRI L, A10HRENE 0.625 Hz OIEZEOBA, MEEEA 250 gal, HIZL V, 13 162
13,

B C i, HRIEHICE-T, RRANCHERED, WIKMLFICE C=320m /sec, #IR{LHIciz C=
800 m /sec 2IFMT 5, EHBTRIERINMLIEBIZSFRIIREVEEL SN, T HHELE
B i3RI HAR 13 S BRI S HB O T A AR ECEET 2 DICAVAERLKETH 5,

HARD SRERIE, XK 15) 2BRLT, FERIREHEETIZ 0043 kef /ef & LT, BiRILHIM T4,
0.0003 kgf / ci % F W 12,

(3) PHASICKZEBEEEROITS
(a) #ek1ka]

B 16 1243, BWRILATIOEBEBOKERD IC L 2EROBAROTAERLTVWE, BOTFAHON,
DIEBIC L 20 THHBRER % HD, RFCLB0FARE, OWFROESICH 100 PITT, BUOTFAD
1/ 0BEETHS, ROTHRIBIRILDPOFENCL S 2750 DOFHLO/NE W, B0 F A & HEXMHIE
ROZUEARERET 2720, HITRE, ISCEOEERICL30F40MKS RS EFRL
Foo FEWEMMER v AAREVIZ L, B RIAZLNE, Thid, v BRIV E, BFEROBE~OHHEA
N850, BEROUTABREL L -1-bDTH B, BRI v< 025 DBEAIRIE, vAikEL
BENS<H D, Thid, vikEVE, BEROMAHROERMEINS B -T, GEFRLERLENS
RHTHB, Hiz, v> 026 BRBEENIAEL L5013, BRMEN IEBERBOREOREL S
iz EHtflsh 3,

(b) FELHIRILHAR

B 18 i3, Bk LB hOE B ZIBOKERN IC L BEROBAVFAERL TV S, BOFHDN,
R KBV FABELHDE LY, BOZBILZVDFARVTNOEAICS 10 BITT, BUTa
D1/3BoVTHB, 18 DRVTABIUK 19 RTEE TSR, BIRILRTE R0, v
RKEL KB ElcohT#KT 2,

B8, R4PICBBRMLPOEROBNO T4 LBENCL30FE2HEL 1, EROBA &I,
PO TABROTAO] / I5BETHY, ERTEX2EHICH 3,

(4) SV HEASIC & 3 EBIEEEROTH

PRASHC L 2BROHENL SHION B LS i, BR{EbhTR, HOEEBL PRI L3EROVT
BINEVDOT, SVIEAGICX Z25HE, BKLATOBERBIC SV TOAITS, X 20 i< AR
By LIRBVTAHOMBRERLTVWS, v OELICL » TAER VA, SR EHIFERSD 1 / 1581
TT BOFHRBIRMLIC L 2ZNEROSAL0DHE DT,
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Maximum pipe strains

€(u)  ——= by wave propagation
1600 ~" by vibration
1200
800} ~7
by P-wave Non-liquefied
= Eili /B2l K=0.043kgf/cmd
00 v=ga/ €=320m/sec
T — ey —
0 0.1 0.2 3.0 ,
Fig. 17. Bending and axial strains by P-
wave propagation.
- Maximum strains
€(#)  —-— by wave propagation
300 ———— by vibration
2501
200} 'y
/ During liquefaction
150 /
K=0.0003kgf/cm3
100}~ €=800m/s
50
0 0.1 0.2 0.3 vy

Fig. 18. Strains of pipeline by P-wave prop-
agation in liquefied ground

Axial satraius

S —— Bending strains
1000 |-
800 /
Non-liquefied
600 - k=0.043kgf/cm
C=320m/sec
400 .
—
—
200 e
1 i 1
0 0.1 0.2 3.0 v
Fig. 16. Strains of Pipeline by P-wave prop-
agation in non-liquefied ground.
&(1) ——axial strains
2501 Bending strains
2004
During liquefaction
150 K=0.0003kgf/cm?
100}~ €=800m/s
S0
T —
¢ 0.1 0.2 0.3 v

Fig. 19. Bending and axial strains of pipe-
line by vibration in liquefied
ground.

5. ERAUL-T® [C & 3 EBREETROMBICE BT

ERAUL-T i, BHEHISE 0 0 BB IS~ b U » 2 REEROE T TEBA 2 kake
FEHIEBIGERBIT Y0 73 6 ThH b, A7 0753 L%2HWT CCP 2HW-HbhEREZDINE I 3,
HEEFATRESBHEESTROBESEOLRRIE, K14 0RE2HEWT, K22 10m &7 3,

ATHIERRE & L CTIEZiE AW,

HorpAE RS & i & DN DIRA L 18 5 & 51V IRIES 1.9 cn,

HE%160m & Uiz, MO 2EHIZ K= 0.043kef /i TH 3,

X2l 3 PEASKROERVTAHERLTVS, RboaghdL5ic, BEROWHVTAIIMROBEIC
b 59, HEHRIBOEHRT 660 OBAMEN S, —F4, HFOFHRERSGLOERZEREELTL
B, HRRICIEERTRKA 130 185, RUOTAORKMEIZIZEA LMLV,

X 22 13 SV AN OBEROFAERLTV B,

BOFAHIIBLAERELR O,

I RS RN S

®REINT 55, WIFRLDBAI S 0L LIFTCEACLB30FALD T > EhE 0,
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6. ¥ E

it ERR DR LIR LD —>o & L
THEEATLZ (CCPE&) %EELT,
BRILIC & 285, F, fIAREOE
EBLBRHTAFEHICODVTRE L, X
RS EFAL T, dEoEEICL 3
ERBEHLTR Lo &5, Hvbg
Loy oR#ER L ERAUL-T Yo
75 hick T, KBEFNEEEMEE
EROHBICELHE L, EREER
AR L - TUTOHENHL M ERL -
7o

(1) CCP I & aREEH DR
Kk »T, BRILHBhOEEE <~
- NOFEMNBE SN, A, F
M XB3EEXROUTHORELBDL,
EREHT TR, WRBBVEED1 /
2-1/3&t-1

(2) EENCKZEEROVOTHIE, O
ThOFETH, wRkhoF itk 3
DEFBLOMIEDNEL, BETEZE
BEThHd, xihkd, BHIEECLE
BOTAERKOBRNIZE L,

(3) BERiEcL-T, kit
thTokREzgIc L - T, BROTA

“Maximum strains
~——=—— Axial strains

&Eu) —-— Bending strains
800
600~ KS
w00k Non-liquefied
K=0.043kgf/cm?
C=320m/sec
200 =
. P W
0 0.1 0.2 3.0 v

Fig. 20. Strains of pipeline by SV-wave prop-
agation in non-liquefied ground.

Axial strains
of no-countermeasure

T Axial strains  of councermeasure
—-+= Bending strains

o
Q] P—
- 26
o N
als
aX 4
ccp : : inusoidal wav

“ 3 | pile Pipeline Q1Cal wave
o
» 2 1234567891011
c 1 L=10m
o 0 4 i1/\ 4\ )
i F 1 N
)
)

4 5 6 7 8

Fig.21. Strains of pipeline by P-wave by ERAUL-T

B, BEALRELBROL EMIEME program.
A9 tO Bending strains
(4) Feitfomcn, gokwz 7] S
BN L BEROTHERECLBH, & 2y
BRLROF L BOFHEUBTL W24
Eh7En/h&En, 'B‘_X,B- |
~r 2 \ l
s i N .
g ‘OI*\/' [l\ ,‘J:!‘\ !r\. ey
.§ -1 L - v_\{:ri "’ ‘\’ I‘ - \‘J '
5 yil6 8
;; _2 ’ ‘] ) ‘ } ’
-3 , ’
-4 I ipeline §inusoidal vave
=51 CCP pile
-6 “r234 567891011
-7 L=10m
Fig. 22. Strains of pipeline by SV-wave by ERAUL-T
program.
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