#26 W2 a1 E TR Vol.26  Supp.2
2007 4 12 H Chinese Journal of Rock Mechanics and Engineering Dec., 2007

L Par E T R AR B IE + (h—4E[E 45388

RO&D MRS
(1. WHVTR2E H TR, Wi B 310027; 2. WK HARTRERBE, 1078 ®at 210098;
3. MR K SCK PR S KR LR E R s =, VL0 rgat 210098)

FEE: BUE TR R U2, TR HZABRLAT A ALB EL € R R0N ) o IR e % 2 3 T 31— 4
LRI OB IE A 25 AR TR, Sl BOE ARG AT RN AR R A 3 A RINEIE A B AR s 4 AR B
/N IE B, S AT R AR R — AL MR 45 BRI T R e R T I B AR 2 i iy T R, I &0 AR
BN E R Jr R, FF IR AR AT AR ML T A AR 3 B A R Hh AT RN o AR LUK TR U
RO, Hatb o3 3 h TR B U PR TR S5 8 Ug AN 2 FLISUK I 0 2 SCRAF IR 452 U i iE . SR
MATLAB i & G il AH R IV HORE S, 455 BARSEG] L A B AR R[] 45 PR (1 45 SRBEAT X LERIBIEAE IE
(RERATE. TS5 RN [ 45 R I TR R R R, SR WD s UK T Up fEs 2 FHEIERY
AR 2257, FER R AEHE 3 [ 45 7 RIS R T A R A AR R LS AS [R] R 6805 R B e

HEE -
KBIR: LN WAL R SUIMGEIRY s ARk
hESES: TU43 XERFRIREG: A XEHS: 1000 - 6915(2007)4 2 - 4306 - 05

ONE-DIMENSIONAL CONSOLIDATION THEORY BASED ON
HYPERBOLA MODEL UNDER TIME-DEPENDENT LOADING FOR
SATURATED SOIL

ZHANG Lei" *, SUN Shulin®
(1. Institute of Geotechnical Engineering, Zhejiang University, Hangzhou, Zhejiang 310027, China; 2. College of Civil Engineering,
Hohai University, Nanjing, Jiangsu 210098, China; 3. State Key Laboratory of Hydrology-water Resources and Hydraulic
Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract: It is supposed that the constitutive relation of soil is the hyperbola model. The hyperbolic relationship
between e and o', which was achieved from this model, is applied to the study on one-dimensional nonlinear
consolidation of one-layered and homogeneous saturated soil. With the assumptions that the decrease of the
hydraulic conductivity is proportional to the decrease of the compression conductivity and the distribution of initial
effective pressure does not vary with depth, the one-dimensional nonlinear partial differential consolidation
equation, which is under arbitrary loading, is deduced. With the & -o' transform, the nonlinear partial differential
equation is changed into a linear one. According to the idiographic initial condition and the boundary conditions,

the equation is then solved by using the variable separation method. Then the effective stress of soil and the excess
water pore pressure can be achieved. So the correlation approach of the average consolidation degree, which is

defined according to the settlement, and the correlation approach of the average consolidation degree that is
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defined according to the excess pore pressure are both deduced. The relevant computer program has been
developed by MATLAB language. The results using this program are gained with the data from a specific example
and the nonlinear consolidation theory with the same data. Both of the results are drawn in two charts. By
comparing the curves from the charts, it is found that the differences between the two results are very small, which
shows the rationality of this theory. The calculation shows that the consolidation degrees increase with the
increment of time; and the value of the U, is a little bigger than that of the U,. When the consolidation equation is
deduced, the different relationships between € and ¢’ can be obtained. The different changing laws of hydraulic
conductivity are adopted, and it clearly displays that the small differences in the results with the two different
theories.
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Fig.1 Loads and boundary conditions of soil layer
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Fig.2  Relationship between load and time
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Fig.3 Relation curve between load and time

20 —+ AU
= X ERAEE

Kl 4 UHIT, KR

Fig.4 Relation curves between Ug and T,

T,
0.0 0.5 1.0 1.5 2.0 25 3.0 35

20 W%, — R
% 7 F AL )

K5 Up AT, ISR AR L

Fig.5 Relation curves between Up and T,

MK 4, 5 FRTLUE 1 2 FHE IR IR T
RS, PR CRAEZR BN UAT, KA b JLP
AL, XA DL A SO [ 45 218 118 1E 2
IR AE U-T, KA M P2 25,
BTG AR EL BGE SR BUIIR, IFHAE T,—~0 A1
T>1.5 WAHER) U (A2 Dk, RSO
Hh BITAFAE BN 22 7 T AN S M6 A SCEAR TE A P 1)
UEW]e 2 BB IEAEHE S [l 45 5 RE IR A T AN
T3 = NARRAFAF FIBIE R B, I
SRAF IR L AAAT 2800 MR AL UK I 0 R 23 3t
AN, S S 5 R A AN A, AT TR AR
AR BN & e I A T VLN A R S
PN ZE SR



+4310 - A TSR 2007 4E
[5]1  3&Eing, & )8, S RFECT B KL TSR 4 [
4 .Q—E 'L'Q S50, MBS %, 2004, 25(8): 855 - 862(CAI Yuangiang,

A SCABE AR — RAR G ZR305 42 B I A
R, ORI A B A 2 FLIR LG R R0 ) R
£k ¢ F N B AR — e S 25 e et T, i
A i S AR A2 s ] 453 R V28 2R A BRI R
IR EN G AN A DS S Il R SR NN ERIN 22
S)o3An, SR TATE AT EAE RN 0 AR HE K 4%
I

THA 2 W B, (1] 45 B Bt A 1) ] [ 19 R G
HRRK R B WD g R, U B RS R
F U, IO, X AT s ch R
TNEAE, AHAE T,—0 FUAH KW T,>1.5) 150U T,
U R U, B T30, X 5 ALK Hs I B ALE
FSC I A P 3 [ 25 R AR 4 OX — B A &5
Whh, ASCNT REDTE, SRS TR
& WA BN IR SR S o0 AT, 5 SEBR B LA
XA TTIRE T 71 .

S X3k (References):

[1]  WILSON N E, ELGOHARY M M. Consolidation of soils under
cyclic loading[J]. Canadian Geotechnical Journal, 1974, 11(3): 420 -
423.

[2]  GRAY H. Simultaneous consolidation of contiguous layers of unlike
compressible soils[J]. Transactions, ASCE, 1945, 110: 1 327 - 1 356.

[31  WHREH. XUZME 4 5 Be SV A R, 1994,
16(5): 24 - 35.(XIE Kanghe. Theory of one-dimensional consolidation
of double-layered ground and its applications[J]. Chinese Journal of
Geotechnical Engineering, 1994, 16(5): 24 - 35.(in Chinese))

[4]  WHHERL, WEROT. R MM ER S SR ). A TR
23], 1995, 17(5): 80 - 85.(XIE Kanghe, PAN Qiuyuan. One-
dimensional consolidation theory of arbitrary layers under time-
dependent loading[J]. Chinese Journal of Geotechnical Engineering,

1995, 17(5): 80 - 85.(in Chinese))

(6]

(71

(8]

[9]

[10]

(1]

[12]

LIANG Xu, WU Shiming. One-dimensional consolidation of layered
soils with impeded boundaries under time-dependent loadings[J].
Applied Mathematics and Mechanics, 2004, 25(8): 855 - 862(in
Chinese))

VUK, SRR, IR 80 2B AL S 2 — e[ 45 AT AR ().
#1712, 2005, 26(1): 155 - 159.(LI Xibin, XIE Kanghe. Theory
of 1D consolidation of soft clayey soil with impeded boundaries
under cyclic loading[J]. Rock and Soil Mechanics, 2005, 26(1):
155 - 159.(in Chinese))

DAVIS E H, RAYMOND G P. A nonlinear theory of consolidation[J].
Geotechnique, 1965, 15(2): 161 - 173.

XIEKH, LIBH, LI Q L. A nonlinear theory of consolidation under
time-dependent loading[C]// Proc. the 2nd Int. Conf. Soft Soil Eng..
[S.1]: [s.n.], 1996: 193 - 198.

WRERN, A B, HWEK. DRPIA A R AR L P I 4%
IR BA %5 TSR, 2006, 25(1): 21 - 26.(XIE Kanghe,
ZHOU Jin, DONG Yagqin. Analytical solution for one-dimensional
nonlinear consolidation of soil under cyclic loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25(1): 21 -
26.(in Chinese))

RN, FEBER. A R AR M), dest: h STk
fRAL, 1989: 200 - 205(ZHENG Yingren, GONG Xiaonan. The
principle of geotechnical plastic mechanics[M]. Beijing: China
Architecture and Building Press, 1989: 200 - 205.(in Chinese))
WEE T, Wnre, MU, S I8 LIRS 0 — 4 [ 45
FIABHIFE[T]. TR A244], 2001, 29(1): 1 - 5.(SHI Jianyong, YANG
Lirang, ZHAO Weibing, et al. Research of one-dimensional
consolidation theory considering nonlinear characteristics of soil[J].
Journal of Hohai University, 2001, 29(1): 1 -5.(in Chinese))
WAk, Ser B R M]. mEa: RIS E T RAL, 20022 59 -
105.(CHEN Caisheng. Partial differential equations in mathematical
physics[M]. Nanjing: Southeast University Press, 2002: 59 - 105.(in

Chinese))



