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DYNAMICAL ANALYSIS OF A SATURATED SOIL-LINING SYSTEM
WITH A DEEPLY BURIED CIRCULAR TUNNEL SUBJIECTED TO A
BLAST LOAD

YANG Xiao, JIANG Zhi-yun, ZHANG Min

(Department of Civil Engineering, Shanghai University, Shanghai 200072, China)

Abstract: Considering the reflection and the effect of suction pressure of explosion wave on inner lining, and
assuming the lining as the elastic medium, the axisymmetrical transient dynamic responses of a saturated
soil-elastic lining coupled system with a deep tunnel, subjected to a blast loading, are investigated. First, based on
the Biot theory and the elasticity, under the boundary conditions as well as the continuity conditions on the
interface between the saturated soil and elastic lining, analytical expressions of the displacements and stresses of
the saturated soil and elastic lining as well as the pore water pressure expression in the Laplace transformed
domain are derived by means of the Laplace transform. Then the dynamical responses in the time domain of the
saturated soil are obtained using the numerical inverse Laplace transform. The influences of the different tunnel
models and different blast loading models on the dynamical responses of the saturated soil are numerically
examined, and parameter studies are conducted. It is revealed that the effect of the suction pressure due to the
explosion wave reflection on the dynamical responses of the saturated soil is significant. Furthermore, the
response of the saturated soil-shell lining system, saturated soil-elastic lining system and saturated soil without
lining are almost the same, but the periods and amplitudes of the responses are different.

Key words: saturated porous medium; tunnel linings; blasting load; dynamical analysis; Laplace transform

Wk F . 2013-11-22; &k H 1. 2014-03-07
RE&WE: BEEAREEIESTE(10872124)
WIEE: B 38(1965—), B, WIEIEMA, #dZ, W+, WEEMAELMESIT. SN 515 Z 5 7L (E-mail: xyang@shu.edu.cn).
e #ER1990—), 5, LA, Wi, WERMZL I BT (E-mail: 1753986976@qq.com);
ik B(1989—), %, WEEHA, WitA, MFELHELMS) 715 B8t 7i(E-mail: 742226833@qq.com).



T &

71 e 139

B& 1] 1) 3 3R e Je HeBh g SR 5T e — A4
TR A IR, BRI TR v B EE
e SYEM .. 58, Forrestal M1 Sagartz!'V45 ! 1 Bivksh
Tar 8T AR A 5T A SR BR 5 AR 7 B g e R D A
Wrf, % REARIEST, Karpp S&PWTST T Sk EL
TRV L R TE AR IR NE AT T3 IR, K Ao 45 AL
NFENE, Feldgun 5PV RIS 73- 22 00 vE0F 70 T W6 TR
PR KE BT E BT B AR -2 ) 2R e 1) R SR P B
JIE R, T Zakout F1 Akkas 2535 FH AR 4338 15
B 7 bk AR R R BRI R AL . P
PRI R A, 33 T AT EEH T
R[5 V2 BT AT ) B e P AR ) g i 87 (1) A T A
I P S R B S O 72 T 40 B MR Mk s vt -
R R R BRI AR S B W B SR, XS AR
FEARTE R AR b FL B K R 521 RRY o

fEMIAI+ Biot MHLIE (13 I, Mei Al Foda®
PAJ: Mei Z5UORIE 5T T A AN 2 4 ] o B LR
XPTTH P AT SV B EUHAE R o A AT IR
H, Senjuntichai F Rajapakse! Vi 9% T JoPR 1A%
FLERE A 0T [ TR BE TR AE N A% 1R /R T R I
AW, 53] 7T Laplace AZHds (I fE T i 1 i) (8]
SRAHE . TR IR Mechant A5,
5T 1 (8 J) % 18 42 - S50 R 5L 1 T A A N g
FIRLFE DA S ALRBRZK DT B e, i R IE L%
HH R 2% R T AR TR AR R M R TE AR TR AE R . Xie
TR L S8 T2 7 WA DA A e PR
W& I A B F RS, T A7 BR AN AR AT DL R v A
(e B AR O A R A I T T 40 B RO () P AR
sk - IR AT R S B SR . B sR T
WA Fligge 5ok, WL T EIESAER T
AN R [ TR R 3 g R . FE RS |, Gao
USRS A R, BT A T T R T B Tl 1
MBS, 87 7 A far e A 20T Ak
BB I SRR . 346, A PR ITARADl 2 4 T b TE
70 S A R T B R, XA ST T T
VEAR G &R M A7 O T o) e 2 R 52, ELGH R M 2
T AT 7 — Ak

FET A 1 Biot 1541, 25 FERE I 4 1) Py BE
TR A SR FH B R M B 1) A7 O, Ao )
R A2 3 KR A 5 RO LD 22 SRR A 5T, AR ST
FU T BA TR E T RS TR A - MR iR & RS
TE R il 22 R AE A I (R B X PR B S 3 g R e
Je T Biot FARFISRNE J1%%, 43 4G 3] 1 AT AN

FPEATIIZE Laplace A2 3dsl (¥ 5)) Jyma BLad fg, A
FH 530 A Ak 80 AR R ok D A 1) 3% R R A A B i
oA, 13BN R T R A i ) AL 2
HIRE S UL R AUBRAK e 7156 4E Laplace 284 i H () fig
Mrig. fERLEEAN -, A Laplace W44/ Crump
o | N N B A S bl L ) A s o VT O N e S i it
A [F) 8 O A8 A A 28 o) VAT ) 7 i 82 ) 5270
1 =EH5E
WE 1w, IoBR A R oA )R
BN h G RRAC B TE &R, AW M A48 50 A
RAMR,, FHFENR, MR=(R -R,)/2, h=
R, — R, « 0 Ag il pug AR+ (AR Lame % %4,
e F pg 53 MRFLBRZK A LB Q) LS FE, noly
FLBREE, AL R A FE N p=(1-n)pg +
Nop o 1 MR R T 5 B e AN S 6 M
&, R T PSRBT AL R, R
Ao ) PR SO R 1) S AR FH DA R 8 8 e 1)
BREOERPY, BURSER N(E 2):
f(t)=f,F(t)=4f,("?—e")sint,) (1)
HAf, to=t/Ryp/ s HTRANRA.
LR,

e H

1 PRI o v g R [ T BT

Fig.1 Circular tunnel deeply buried in saturated soil

1.2

To BN R A P

0 i 4‘1 6 é 1‘0 12
Te I (] £
2 IRE R
Fig.2 Blast loading model

L1 iBFE ARSI 518 5K R

LRSS LA SEDAR CES X 1P (R i 7]
RFAE, T B T i1 24 A A K I T -4 ) R S R 30
3 2T A DA A R T N2 AR R AT 0 AT



140

T &

2

LU, NEERIRIANFE, W, LR KA X
ThRERMERAE, LERNERSEN a M

M, TfLBKEESEND,

YA A A Bl s 7 R e,

A +2u5+ M)—(

or\ or r

or\ or r
U, PfaW

SEILISAT

M a(aw W, jwM g[auSr

oUg,

U

M iy Biot #i& A 51,

Mg Ysi ),
or r

R

iy

atZ

or\_ or

eraWr

Pr

ot? n ot?

or

S+ pr

2
ot ?)

+ﬁj:
r

LKL T Py BPRESTTRE

P=-M (aw ﬂj M[ausr
or r

AN AR AR T FE N«
s, U U

Tsr AS( or r j "5

aUg U Us

= —or 4 St 49 T

Iso AS[ or r j Hs—

Hrr, og(i=r,0) AEMEARERN T,
B BIHIUE AT -

+$j 3)

or r

“)

AU (1,1)
ot
_w(rol

a i

X 77 FE (2 I (B A2 & t 1E4T Laplace A2
e, HINWTLEENLEMSEL:

h*zi,,as*zﬁ’ MFMap*:&,b*: bR,
R Hs Hs Plls

SR —, 1= R ,UZL’USﬂzusr ’WU:%
V Hs R, R, R R
A1 Laplace 28 #ts (4% 7 A2«

d*U du.. U
{(/IS*+2+0:2M*)[ S'7+1 Sn _ S”}L

dn* n dnp

d®w

aM. 2”+
dn ndn n

dU dUu. U dw
aM., > 18 2L+ M. T+
dp° n dnp 7 dn

1dw, WJ
7 dg n

=0,

t=0

St M=o
&)
W, (.t

(6)

(7

5N A b 9 B B U, = 0 (17,5) / o Fil
W, =0, (n,5)/ dnp » M7 AT RE— 2593
{ZZJS - QIZJS + a2¢75 =0 ®

A¢ — oA+, =0
Hor,
- d 1d
ar ©
" _ (Jge+2+a’M.)(p.sl +nbs.)
" N(Ag. +2)M, |
2 2
M.s; —2aM.s; p. (10)
(A +2)M.,
_s}(pSc+h)—n(pst)?
2T n(A. +2)M,
R H 1 ANFEAHE—BRN:
(A= BEYA-B)fs =0 (11)
Horp:
:B12,2 :0!1-T-— W (12)
E = BB s %imUSr =0, FFIH Bessel
R BT T, ASHERS B D FE R
ds = BK, (B7) + B, K, (1) (13)
FEE, (@) 2 N EA B
¢ =C Ko (Bim) + C, Ko (Bor) (14)
B RA)FXAHRANR)FEE 2 K15
C,=6B, i=12 (15)
Hrp, B, fIB, NMFEHE, H:
_ n(p*s*z _aM*ﬂiz)
TR —bs) - p.5 (1o

T3, Laplace A2 38 v A4 FR 42 1m) 457 8% A1 FLER
IK AR A L% 23 00 A -
{USU (7,8)=-BBK,(Bn) - 5,B,K,(Bn)
W, (17,8) ==6,8B /K (1) - 6,5,B,K,(5:1)
XFE, FIFHRE)FI20(4) 118 Laplace A8 i
AT A EI’;J?LK?7J<J£73$DE&FJ73%%’J7’§:
T (a+8)MBBK, (B) -

S

(a+6, )M*ﬁzz B, Ko (5,1)

(17)

(18)



T &

&
4k

141

ﬁZMS* +1+0!((Z+51)M*]ﬁ1281K0(ﬂ177)+

Hs

[Age +1+a(a +8,)M.15;B,K, (Bn) +

. BB, K, (Bam) + BB K, () (19)

&Z[ﬂs* +1+a(a+6)M.B B K, (Bm) +

Hs

[Ase + 1+ a(a +5,)M.]5;B,K, (Byn) -
ﬂlz B/K,(Bn) - :322 B,K,(Bm)
1.2 #HEIESI SRS KR

KAt IR 9 4SRRI B, AT
WA R B0 S TT RN

oV, 1oU, 1 o’U

&f+73f—Puh=%fak7¥£(m)
Horbe U AR IALRE . o AR
M Ay Al gy, AW Lame 5 2.
Ao R FRIAE [r) RER [v) I 5 43 700 A «

oU,  Ug ou,
o= | —+—|+2 .
b ﬂl( or r j #
oU U @0
— Lr +£ +2 Lr
OLp 2’L( or r j My r
EE LGRS L
ULr(r,t) o :M =0 (22)
- ot |,

Xzl 75 2 (20) OB 8] 48 & t #E4T Laplace 4%
e, FEGIANWFEENLEMNSE:
U, =S, p=f g o

b R, P My,
A3 Laplace A% #4542 1) J 2«
dzUIZ‘” +ldUL” —LQUL;;_QZUM -0 (24)
dp~ n dn 7n
Hep, g% =82 /(4. +2).
Q4N -
UL77 =B,;K,(gn) +B,1,(9n) (25)
o, B, AIB, MR ER AL
MM AT 43 Laplace A2 #da s Af #1612 70 4 -

O-Lr

=—B{g(ﬂu +2)Ko(gn>+2@}+

Hi

B{g(ﬂwz)lo(gn)—z@} 26)

o =B, [_gﬂL*Ko(gﬂ) + 2—K1 (77977)} +

Hi

|
B{gﬂt*lo(gnm%} @7)

1.3 FERGMAFEH

ABCE VAT A4 R B AT ) 5 A B i, DG
AR, BAEM AN EIE, WIAEA AR A 55
PEA IR AR T (r = R)) Ab IR SR 2R -
op,

= op ‘77:?72 -

O-Sr n=1, = O-Lr > U Sr

= Ler

n=m,
(28)

I, EATRINIS (r = R) A MIiB R 41 -
=T () (29)
He,  f(s) MEFEHE R (1)K Laplace 28, H.:

Fe)= 4f0(1+(0.15+ s> 1+(11+ s)zj G0

B 17)~3019). K25~ @28) Fi=k
(9, IR HEB, (1=1,2,3,4) i 2 LR
HOTHEA

GLr

AB=bh (1)
o AJNAx4lr 1 R B M. B={B,B,,
B,,B,}": b={b,b,,b, b} . HITEMEHIE, X
BEAG HHAAKEE,

HRGUIE R E R B, (1=1,2,3,4) )5, 1
R A1 P VR R % 3 D - e T R G
Laplace A5 93 J1 W REAR 4 T 785k 5
GiRi A1, BLE RIS R A3 00 3 1 R, 7 R
Laplace A2 #3g i ) AH R B S db AT AR 4. AR,
3% 1R 75 5 Laplace 3748 MR AT RIS, Mk,
X BUR A0 R B9 Crump 38828 ik,

e | f(a) & ( knij knt
ft) —<— E Re| f — ——
) T*{ 2 +k:1 e a+_|_* COST*

Im{f (a+gﬂsm '_(r” }} (32)
2 BplFasth

2.1 TZRFIIE

NESUE Crump HUE AR i (1) A R ANA SRR
FFRIATEEVE, E 5, B ERE TG A 1) [ JE B i A2
K 3 s faite = M e e R sl /i
L, 5 SCHER[1 1845 kAT EL . X T o b 1]
JERE, B R =R, WIAFEMAEN:

- oR,
i =—1(s) 6_7;"7:1 =0 (33)

Og;



142 T /s

&
4k

H S RT Rf E T AT - R s e WAL B A1 B, , AT 52
AR R AE TR AN = 30 g R

£
5 Jo
")
&
g
o 1 2
TE RGN 18] 2,

K3 =MIR e iy
Fig.3 Triangle blast load
MU T RS,
Aw=2,0.=10, M.=20, p,=0.5, =0.98, n=0.4 (34)
4~ 6 3t T AT E TR L 5 (r = R,)
R+ BN AU, = uUg, /TR, . T
I8 N 1) o =og, /Ty A1 TG 2 N ALK 7
P.=P./ f, BEE RN E t, mg R, Hoer, mB&A
SCER[TTIRIAHR S S e AT, I TEft, < S B, AR3C
Crump HUEW AR S5 R 5 SCER[11]145 R W) & R i .
B4t >50, —FHAFENEN, HEEFRREZ
SCHR[TTR A2 Stehfest $fE S isvERe. RN &
WUASCH] Crump U 25 8 B A W] R sh M

0.4

S S
o w
T

TR U,
e

o 3 6 9 12 15
To A4 ) 2,
Bl 4 ASCH SR AR AR UL XL
Fig.4 Comparisons of the radial displacements U« of soil
between results presented in the paper and those in Ref. [11]

1.2

T B8 R S o,
o o
= x

2
=)
T

-0.4
0

6 9
TE AN ],
K5 ASCSSCRR1 AR 3R 5] R ) o5 SR HE

Fig.5 Comparisons of the circumferential stresses o« of soil

between results presented in the paper and those in Ref. [11]

0.75

0.50

025+

TeE MUK TP,

—0.25F

-0.50 .

0 3 6 9
TR 17,
K6 ASCESTHR[11]1 RARFLERACE 71 Pa2h Bixt Lk

Fig.6 Comparisons of the pore water pressures P« of the soil
between results presented in the paper and those in Ref. [11]

FL b, e AP el Crump 8%
Stehfet VAR KME. B 7 44 T A -5
P Ao ) 28 GeAE R NE AT (D AE T T Akl A bz
A7 7 U, ) Crump 75£F1 Stehfet yA50(E 45 R HLEL.
AT, AEAE S oA i) % R AR AR 45 2R

Stehfest&
0.41 - = =Crump#

8 12 16 20
TCEA A,

K7 A b-s A i R G L AR AL RS U Crump VA
Stehfet ¥£45 % L
Fig.7 Comparisons of the radial displacements U+ of soil of
the saturated soil-elastic lining system between the Crump and
Stehfet methods

2.2 3 FEEREERAER B 0 R
Wik V] ] Bl VR RN = g i BRI FU IR SR A 3 AN
[ AT, ) 22088 Al 8 850 2 114 TG Ao 80t AR - o IR A
YU s Jeb 5 8k g [R5 AR R - T A e IR
£ F G RS IRN R S0 S (R0 A W5 Rk B
PS5 AT -3 A BT A R G A 01181
FEMAN -+ 28 (34) LR L, BG4
pre=152.=0431=434h,=005 (35)
Hrr, =gy ) pg AR SR B )RR L
Bl 8~KEl 10 Al TEIEHm ()T 3 Fpif
- VI At YA Y A i A ARl S AN AR TR AL RS U,
1A B 77 o FHFLIRZK e 77 P Bl B [E] ¢, R 0e 52 . Af



T &

o 143

WL, FEIX 3 FpErh, 2R AR U, « F IR ) o A
FLBR/K H 77 P 2RI (8] t, (o ma o e A AR — 3, |
TN - SR AR A 1) 2R A 2R . e /), AN -
o) R G AR e 2R 2, T TG A RN A - B VR AR Y
M B K o Hor, B KAR A U VB AR T3
T %) 8%; MO0 A--SE AR AT RY) 22 GuibE B AN AN -5
P H9) 22 BB B 1 fe K FR 171 B 7 o Al K AL R ZK
731 PIEAMIE, HITCAT AN BRI ) e KA
W] 8 ) o A K ALBRZK 77 P BT R AR 2 43 3]
HINZ) 15%F0 10%, H. 3 Fhibe 30 e 57 ) B 36 K
AT UL, A BT XeF B V] A2 L R i )9 B PR 5

045
— Stk
------ SR ALY
0.30F - ToA AR
o
2
= 015
E
@
13 0.00¢
il

=0.15F

-0.30 ‘ ‘
8 12 16 20
Je A 2N (i,

B8 3 AL IR A RS U
Fig.8 Radial displacements U« of soil in three models of the

saturated soil-lining

L
0 4

— SRR

A s BRI
1.2+ N L TCAS A

S

0.6

§

£ o

i

}.R

|
e
=

-12 L
0 16 20

) S
B9 3 AP An -4 R AL 1 AR [ NS o,

Fig.9 Circumferential stresses o, of soil in three models of
the saturated soil-lining

0.4
Sl
o B
o2bf b N e J I
&
3
2 0
E’% -0.2
]

i
<
'S

) 3 8 1 16 20
TC AN A]t,
K110 3 Al LA R Y () FLBR /K R 7T P

Fig.10 Pore water pressures P of soil in three models of the
saturated soil-lining

23 3 FURMERT SRR AR B N R

TR Ve R (0 52 24 P, 30 8 5 A A I 3 By
HORE R BT AT & A I L . I 2 SR RN ey
{9 AN [ i A A R ol AR = - 38 4ok ) 2 495 3 g i
sem o Tl (DRI R NE A RO 1, Z
WS A HE I8t I S 77 A T R0 ) R A A A B i Ry
R T, BRI 2 i ABBORICD Bt 1M
AN FEAT NE 1 I ST RN 1) 48 M 28R A B 2R 3 Sy A Y
I, BRI B 2 R AB EX

B 11~F 13 i - A i) 2R G A rp iy
MEIB T (r = R AR S R . [, F 1
U H T 5 B 11~ 13 56 R 3 B ) ¢ 130 e
BAREE . A AT L, R ROA R 1K
WEEAE 2 BT, AN [F R XE B AT A5 B0 AN - Fr i )82 ) L
B RN, A [N B A B 2R P S ) = B (AR IALE 5
1 R AR 2 R A BRI TR BN . R, RS
T AR AR Y TT RIS TR T f ) I 22 Sl 8 /N o S5 EE AR
RIS T ANABEAY TIT Fy o) 82 A ] LK IR, A2 0 28k frr A 2R
1 5 AR A S RS FER ) 87 A7 f) 7 W L 2
PRVERR AT AR T 512 1) AR AR A AL RS AR [ B

0.6

— B
------ B
--mm BRI

<
=
T

e
o
T

FRAEFARU,
=3

|
o
o

—0.4 1 L
0 8 12 16 20
T AR e,

Bl 11 ARSI T AR AL U i 2 e 5
Fig.11

)
4

Responses of radial displacements U« with time for
different blast load models

— g
------ BRI
1ok ‘-. s BRI

S AR R o

—0.5}F

8 12 16 20

ToE AN (e,

B 12 AERER IR T L ARIR AR ) o, A FEmE R

Fig.12 Responses of circumferential stresses o, with time
for different blast load models

.
4



144 T B/ 5 %
04 0.60
— | — ,=0.1
------ BRI A ]
e g 045}
0.2 ORI L=45
» S8 =
E 20300 t,=7.5
Hoof o\ e g £ ; ~me 1,125
2 E /
&= § 0.15
= 02 o4 R -
il R0 R—— =
R jo
~04 0151
~030 N L ! L
064 " L - L o 1.05 4 8 12 16 20
‘ A ARk
TR L, S
15 TR ERN D] o, IR FHALE n 046

K13 AREBEERHE AT L ARFUBRIKH 77 P i 75 i 52
Fig.13 Responses of pore water pressures P« with time for
different blast load models

1 r=R, I8 AREN IR
Table I Dynamical responses of the saturated soil at r =R,
B ] e 0 3 6 9 12
Us 0 03935  —02691  0.1005  —0.0249
BT o, 0 14003  -09753 03633  —0.0876
P, 0 —04867 03501  —0.1302  0.0303
Us 0 03935  —0.1215 00531  —0.0096
BRI oo 0 14005  —0.4585 0.1838  —0.0351
P, 0 —04868  0.1738  —0.0620  0.0127
U 0 03935  —0.1215  0.0179 0.0012
BRI o, 0 14005  —04591  0.0650 0.0055
P, 0 —04868  0.1741  —0.0236  —0.0027

TG P 2o A . DRI, MR S S 77 A 1) e
X LR A (1 30y e A Y 2 TR
24 Z[ESfhLk

Bl 14~ 16 g5 1B ER ()MEH Al
B A ) 28 G R R (1 U R AR AR AR R B %t
) Sy NP A AL B o B A e T, FE R
t.=1.5flt. =4.50, HREARKmNER K, X&
R 2t ~ 1.5 I B 38 P B2 1 08 0 47 204 T 3 K IR
B, M2t ~ 4.5 BHRIERE T R 7E, Fik,
RGNS, JEH, BEERERHER, Hiks)

0.3
— =01
------ =15

5702 —emm 1,245

% .............. t":7'5

= cm =125

E

= 0.1F

=

e

R

s 3 12 16 20

TRz Aebrn
Bl 14 TRFmAE U, IR RALE § 9T
Fig.14 Distributions of the radial displacements U, of soil
along the radial position 7

Fig.15 Distributions of the circumferential stresses o, of
soil along the radial position 7

0.8
— =01

06 e =15
o* —mms 1, =45
E 0.4k 1,=175
K% T seme 1, =125
&
= 02
=
P R -
5 0 == = —
i%} B S

,0'2:\\

0.4 L L

0 4 16 20

8 12
T EEN R 8] e
Bl 16 HAASLERKE 7T PIRAR AL E » 1) A
Fig.16 Distributions of the pore water pressures P, of soil
along the radial position 7

FI0E NGBS, fEt =125, AKBh Sy S
LI TE,
2.5 BHEHHh

B 17~ 19 451 T U5 ML BUARME,
BSHFNG)~XES)E, BESA(DIEH TR
AN - A i) R G AR P MR AR I R (r = R, Ak
MZhJIma R, vl WL, BEESE M. M, AR
A2 U, MIER [ R 75 o DAKASLIRK ) P B3RS
JE ARG, 2 AR U, (3RS B RS A 3 0, (HER
7] B 7] o AL BRIK 77 P B8 20 8 B A B 2 3

0.6

— M=l

041

=== M, =200

M, =20000

0.2+

TR AU,
=1
=3

16 20

4 g 12
Te A 8]«
K17 AHEBHEM, BEEERAS U, RN

Fig.17 Responses of radial displacements U, of soil with
time for different values of parameter M,



T ® ¥ 145
2.25 15
— M=l
) wemes M, =20
L50F /_’ —mmm M, =200
E‘ ~ 5 M, =20000
20.75F i
= i
5
N
1 0.00
_R
—0.75F
. .
-1.50 ~0 4 16 20

8 2 16 20
TEAEZAINT 1),
K18 AFRSE M, 1 ARIR I N i R 3
Fig.18 Responses of circumferential stresses of soil with time
for different values of parameter M,

L
0 4

— M~1

M.=20000

TeAAAFLEKIE TP,

4 8 12 6 20
TE AN 1] 1,
K19 ARZSH M, 1 ARFURE KT 7 i R

Fig.19 Responses of pore water pressures of soil with time
for different values of parameter M,
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