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Analysis of soft soil with viscoelastic fractional derivative Kelvin model
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(1.Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;

2.Department of Mechanics and Civil Engineering, Jinan University, Guangzhou 510632, China)

Abstract: Soft soil is a material with the characteristics of viscosity, elasticity and plasticity. Till now, we have not yet seen

researches on the creep laws of soft soil by using the models of fractional calculus. A number of one-dimensional consolidation tests

for the Pearl River Delta typical soft soil have been carried out; and the creep laws of the soft soil are simulated by using fractional

Kelvin model. The creep compliance and relaxation modulus of fractional Kelvin model and its application are discussed. It is shown

by comparison with the traditional Kelvin model that fractional Kelvin model can simulate the creep compliance curves accurately. It

has a simple and uniform form, only a few of the parameters should be adjusted in the calculation processes. It is predictable that

fractional Kelvin body will have wide applications to the field of rheological constitution of soft soil and its calculation.
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Fig.1 Kelvin model and fractional Kelvin model
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Table 1 Basic properties of the soil samples
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/m /% Jgem® /% FE/kPa /%

1.4 79.0 2.67 1.53 993 2124 550 240 52 2.0
22 876 2.67 1.53 100 2274 51.0 23.0 6.3 3.4
42 873 2.67 1.51 100 2312 495 225 6.8 4.6
56 947 2.68 1.49 100 2.502 60.0 345 6.8 4.7
69 858 2.70 1.51 998 2322 478 242 7.1 4.7
8.6 947 2.67 1.40 932 2713 660 340 7.5 4.7

s.0r
4.5t
4.0
35
3.0
g2.5.
i)
2.0
® st
1.0}
0.5}

0

0 0.5 1 1.5 2.0 2.5
IS 18] /10*min

B2 ZRMES ARG AR

Fig.2 Uniaxial consolidation tests under multilevel loading
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Fig.3 Curves respectively simulated by fractional
Kelvin model and Kelvin model (37.5 kPa)
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Fig.4 Curves respectively simulated by fractional Kelvin
model and Kelvin model (87.5 kPa)

4 4 ik

ASCHEH 0 B0 B T IR SCIE AR R SR A
FUFE VD M AR - G AR R o 20 B O R S A
BERR 5 53 B 500 70 27 SR e R &8 B b s v 2
W) Newton Fhiaw, JLAXIET™H, HA
PIPEE o B R BOT /R SCEMARIL S A /D (1)



1986 b + 0 2 2007 4F

S8, B HIRE S BRI L&, BE TR Seps A s drainage preloading[J]. Journal of Hohai University,
W2, JF HAEW RN D FA s IS . 5%, 2 1995,23(5): 1—7.

BUFEOTF IR SC AR R A AT LS At 505 . Fhaw (7] B, Pt Bt Ae - gk S o SRR T Y
PEBEAESETCAEREAT BV IFIG,  JRRAER i 2% (T4 A1J55 5 LRk, 2003, 22(5): 728 —734.
et e, A BT A S EER 4 Sk Hh iR CHEN Xiao-ping, BAI Shi-wei. Research on
TR AS AN e B aX— B R 0 B, e TR creep-consolidation characteristics and calculating model
AT 255 %, of soft soil[J]. Chinese Journal of Rock Mechanics and

SO R OV S R TR T SR 2k Engineering, 2003, 22(5): 728—734.
T R - (8 SR FE B | [8] Yin J H, Graham J. Viscous-elastic-plastic modeling of

one-dimensional time-dependent behavior of clays[J].

Canadian Geotechnical Journal, 1989, 26: 199 —209.

2 % X B
(1] BRZEIE. [45 B i IR) 508 1 B g ] JBL[D]. AR TRE2E
%, 1958, 5(1): 1—10.

[91 Yin J H, Graham J. Equivalent times and elastic

visco-plastic modeling of time-dependent stress-strain
HEN  Zong-ji. -di ional 1 ith .
¢ ong:ji-  One-dimensional  problem  wit behavior of clays[J].Canadian Geotechnical Journal,

consolidation and time efficiency[J].China Civil 1994, 31: 42— 52.

Engineering Journal, 1958, 5(1): 1 —10.
(2] BAUERN, HfE. RS S RAL M. At
HiRRAL, 1997. 200—214.
[31 ZEWRRE. w55t i M BUM: RO R R, 1996.
[4] AL, BRSO, BRarkk. TR AR M6 K A A
R[], A TFR2EH, 1993, 15(3): 54—62.
ZHAN Mei-li, QIAN Jia-huan, CHEN Xu-lu. Tests on

[10] Yin J H, Graham J. Elastic visco-plastic modeling of
one-dimensional consolidation [J]. Geotechnique, 1996,
46(3): 515—527.

(117 5K I — TR 2> B 3 By e A Y B[]0
W BARRLA2A4R, 2001, 23(1): 30—35.
ZHANG Wei-min. A new rheological model theory
with fractional order derivatives[J]. Natural Science

rheological behavior of soft soil and rheologic

model[J].Chinese Journal of Geotechnical Engineering, Journal of Xiangtan University,2001, 23(I): 30—35.

1993, 15(3): 54—62. [12] SHIMIZU Nobuyuki, ZHANG Wei. Fractional calculus
[5] RN, A5Al, B, BRRE AR B A e 2 approach to dynamic problem of viscoelastic materials
B e [A]  E F A A S TR s N e [J1.JSME International Journal,1999,1(42):827—830.
SR ICAE[CT AL R Bl AL, 1994 [13] Koeller R.C. ‘Applications of fractional calculus to the
(6] &, BYEN, Biw. R H-Z 08 AR L HE K IR 19 theory of viscoelasticity’ transactions of the ASMEJ[J].
=Y B IT AT ] R 2R 2R, 1995, 23(5): 1—7. Journal of Applied Mechanics,1984, 51: 299—307.
YU Zhi-wan, ZHAO Wei-bing, GU Jie. 3-D FEM [14] P2 S R ) 2 RE ML A A ERE AR K
analysis of Soft viscoelastic /viscoplastic foundation with R, 1997.
BB 1982 T
Investigation on triaxial rheological mechanical 2004, 25 (2) : 167—170.
properties of green schist specimen (II): model XU Tao, TAHG Chun-an, WANG Shan-yong, et al.
analysis[J]. Rock and Soil Mechanics, 2005, 26(5):693 Influence of crack continuity on propagation of an
—698. echelon cracks in heterogeneous materials [J]. Journal
[13] SHAOIJF, ZHU Q Z, SU K. Modeling of creep in rock of Northeastern University, 2004, 25(2): 167—170.
materials in terms of material degradation[J]. [16] ZE3U, (], XIAME. HA % 5EA TRM).
Computers and Geotechnics, 2003, 30(7): 549—555. Jent: BleEhikigt, 2000.
[14] Dahou A, Shao J F, Bederiat M. Experimental and [17] WEKR. Bea R R T[], Ba
numerical investigations on transient creep of porous 5 TR, 1997, 16 (3): 246—251.
chalk[J]. Mechanics of Materials, 1995, 21(1):147— XU Hong-fa. Time dependent behaviors of strength
158. and elasticity modulus of weak rock[J]. Chinese
[15] ik, RifEw, £355, 5 REOESEXNAER R Journal of Rock Mechanics and Engineering, 1997,

MR EAT Gy B, KA R, 16(3): 246—251.



