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Abstract: In the calculation of creep in soft clay using element models, model parameters exhibit significant
variability under different consolidation pressures and show high sensitivity to soil physical indices and stress states.
This necessitates extensive parameter calibration and multiple iterative adjustments, making direct application in
engineering with difficulty. To address these issues, we focus on a sea reclamation project to investigate the creep
characteristics of soft clay at varying depths through one-dimensional consolidation creep tests. Then we employ the
generalized Kelvin model to fit the creep test curves, and carry out a normalization analysis to propose empirical
formulas for five parameters within the model. The results show that the normalized Kelvin model features simplicity
in parameters and strong applicability. The parameters can be fitted using indices such as consolidation load, gravity
density, void ratio, liquid limit void ratio, and depth. Compared with the Burgers model and the Singh-Mitchell
model, the Kelvin model better fits the experimental data, with correlation coefficients exceeding 0. 98. Compared
with actual engineering monitoring results, this model can effectively reflect and predict the creep behavior of deep

soft foundations.

Keywords: soft soil creep; normalization; generalized Kelvin model; settlement prediction

KFmHE . 2024-10-22
«BHEE . 5B &R A TR S AR B (2023-ZIKJ-03) 5 ¥ 5 — Mg A2 5 A PR 8] #4097 B (2022-YHJJBGS-04)
EEREN . EKE (1990—), B, Mt, HR TN, NEHR LI E Fodb iR B ARG R,



- 210 - K oiE L A2

2025 %

B M L AR RE RT R AR E AR P 5
T FE AR AT Pl . AR [ A ek A R P 18ty B
W R E DR MR A4 AR TR] R DU LU S5 (] T e 52
2%, FEalE R, A URgitER . B,
M EH BB BRI, DTS 1 2 A
PERERIRZ IR AR5 R, X T 3 o B A A 1 1) T
FEKELBR, B TIFZAMERECE, 2
A AN 0 1 A R R 23— 25 BE T A TR, K
TSI F2 B O BRI TR | T 25 TR R (A 45
UURE (WAREEAZ IR ) o BEHDTRE n] DL 5 ) 2
fifRe, PR AR R o 11 45 UK 5 U T 45 TR [
LR RT 11 45 BER i e, JLHLERHR 1L B T
Xt — M Al A B AT R T, Bt
e, HE ST R I RS 2k m, 2
WEFEI IR, Bk B ] 25 2 B W ] 25 5 7 1
AR, R AE A R R PR AR PR A AL A, A
Al AITTE 20 AN TR O 25 2, I B 4 2R 42 i - AN [
MFBAFE, ARERTENRE, ARETHY
Wi, I, XEegiRp s iR, ArE =
BRI R AR, X TCRE R T BLSE T
Fe e PG B LS B E

BT R, mof, B AR R AR I
BETHER, o LB AN R0 M 7 I BB ST iR
21 WA UREAR W A2 A, W AR A — i
PERIERE, A4 g S MR VD S A 8 A A I [
LEUTRE QARSI — FRE BT ), {ES R 4E 9 B
TR —ARGE 42 F R IRGGTEN], W68 2 — A
B, XFT A TR B 0 AR LR 22 R R B(E AR,
DA R B O 24 B 3t I A 1 A fep 2 A 1. AT A2
B B4 4 Bl SRR TP JE AR
TR IR 1 o 2 3~ PR A RO RT Horp - SR AR
TPy B SCIA A B B o iz, (HOGPF R ALY
RO R BRSSP IRZS BA G U,
TEARIRE LS AT, SRS 5 22
Stk — T, EFEAT AR UTRE B B (E A A,
AR P B — 4 E 1 RS S EO TR A

UUREIE R, DDRE LA B 4 2 b AR A A [ B g 2% A
NIRRT s ST, S T PR AR
AERf P, SRAS R R RS 1 2 HBHOHR,
T L RE S HRE M 2 YRR R, e B
BT AR

AR S Pl 5 A 3 e A O A
IAETTTME) L Kelvin BERLAIERT T, 32 1 —Fh
LREFIE AR S B, I, LB, W
FRALB L LA S SR S 5 A ) U — f UG AR BT 5l
WA PRTCE AT R 0Ot A, oM B i TR
A IITIEE , DA T A6 A U — P G A A5 2 % 3 57 Y
A Ciey ST TR

1 ETRI R GRS

TR E RO TR, B R O b T
PIR 0.5~60.0 m, >RFHHEER 85 MO, 22
RN TR E, KPS HILE 1L,

Xf FR AT BRI AR, e AR AR
25,50, 80, 100, 200, 250, 400, 800 kPa, %F
Pk N iREAEIE AR 24 h /T 0. 005 mm B
A TR TROGEREAZ R B, MRS IR BIFRE 55
JE 7 AN ek, g G A DT 100 d,

BRFREIE, LLA, A A, REAY IR 45 51 o0 )
WEATAHT, WEARRT AR MR WLIE 1, 25 P far Bt i 58
WG, 8557 M2 R B s/, 3R R e e AR
MRRIE, HBEM 2L o YK, Ul A2 B B ™ A 1
N AR e BRI, DI A, TR 0 4 2h
25 kPa I, B A KA B E AR IE 5, HASIE Bl (8]
GAAg A HL7E BRI ] P 38 B AR RS T IR
fESE; 24 Jin 45 28 4 50, 80, 100, 200, 250,
400 F1 800 kPa i, FKIN N3 iita E BIGAL, G
ot AT 255 R 1) 2 i, R U 7 I B AR 4 I ]
1K, TR — R B [F] 4 800K 7T, 5 722 i 44
REAR—F, EABTRE, HIREZHARE

EAZ BB



%8 EkE, F. AT A L Kelvin BA A HHRFR - 211 -
x1 THEYESH
Tab.1 Physical parameters of soil samples
T THEREE him TIREE wi% R p/(kgm™) ML S, /1% FLER L e WEBR wy 1%
A, 3.5~4.0 70.3 1 560 96. 4 2.013 56.2
A, 4.5~5.0 62.7 1610 96.7 1.789 57.8
A, 5.5~6.0 63.6 1610 97.3 1. 805 50. 8
A, 7.5~8.0 65.4 1 600 97.4 1. 853 56.9
Ay 8.5~9.0 50.3 1710 97.4 1. 426 47.8
6 9.5~10.0 35.4 1 830 94. 8 1. 020 38.5
A, 14.5~15.0 46.9 1730 96. 6 1.335 44.6
Aq 15.5~16.0 49.5 1710 96.9 1. 404 46. 8
A, 16.5~17.0 55.6 1 660 96.7 1.587 53.3
Ay 17.5~18.0 59.4 1630 96.7 1. 689 53.8
Ay 18.5~19.0 60. 3 1620 96. 1 1.731 56.5
A, 19.5~19.7 65. 4 1610 98.3 1. 835 64.2
A, 20.2~20.4 60. 4 1620 96.2 1.733 59.7
Ay 20.8~21.0 61.0 1620 96. 6 1.743 60. 6
A 21.8~22.0 62.3 1610 96.5 1.782 55.7
A 22.8~23.0 45.1 1770 98.6 1.263 53.5
Ay 24.5~24.7 36.5 1 840 96.2 1.048 41.5
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Tab.2 Creep model parameters
T [&4% % 71 /kPa E,/ MPa Ey,/MPa Ey,/MPa N, /( GPa*min) N2/ ( GPa+min) R?

25 3.602 2.497 1. 656 3.314 0.074 0. 995

50 1. 424 4.227 3.187 32.550 0.294 0. 995

80 1.245 6.920 8.290 45.040 1. 835 0. 994

100 1.152 6.752 20. 040 10. 840 0. 607 0.997

A 200 1. 795 13.420 7.092 27.550 0.382 0.997
250 1. 900 10. 600 12. 700 68. 900 2.810 0.998

400 1. 300 16. 600 48. 000 38.700 2. 960 0.993

800 2.420 18. 100 9.570 37.200 0.515 0. 989

25 9. 094 2. 086 0.777 2.378 0. 042 0.991

50 1. 006 1.249 3.439 39. 560 0.342 0.992

80 0.909 6. 950 4.403 50. 290 0.951 0.993

Ay 100 0. 841 9. 662 26. 600 21.430 0. 690 0.998
200 1. 460 13. 820 6. 664 20. 330 0. 346 0.994

250 1.390 10. 600 6. 740 76. 900 1. 450 0.998

400 2.370 7.970 25.700 14. 900 0. 745 0.990

800 1.970 18.700 9. 000 27.400 0. 466 0.989

2.2 H—SHHHR e, 17 AR 86 7E 25, 50, 80, 100, 200, 250,

KHT X Kelvin A5 B X - {4 i 28 457 v i 17 40 400 F11 800 kPa fuj 3% FI:A 680 PMIFA S8, YK
&, IS S BN Bl E AR RS B A FHZA T B AR B, AE N 8] N S KSR 75
Mk, BV A, ~A, THEAESHMERTHE 542 KA N B9 05 A8 S50, 78 TR N H B+ 43 23,



%84 EKE, F. AT L Kelvin BB AR HRFL" - 213 -

HIZ 2 A, IRAE SRS BRSO,
S5 AR 2 B A 88 A A 5C 2R BT iR A 2
SMRARSHL, DT T R 43 BT st AE R TR R g 7K
FRISEGEA

HAER Ey T R ENL, 53 Eylo, GIA
HARBR b, RIRFLBLE e, WRIRFLBRE ¢, . EH T
Wy LR KSR p, # EJo 5B=0 -
(1+efe, ) Hp[l+exp (1-6y'h™)1} KAWL (3),
FHOCHE 7 0. 998,
E,=0[6.28+94. 81exp(0. 011 5-p/0.45) +
5 482. 44exp (0. 124 2-B/0. 042) ] (3)
B, WJHEST E . Eo. g e 5 h, y UK
E, BRI (4) ~(7), FHCEEHTE0.970 LI L,

770. 11 }
1+exp [E,/(0.6150) -11.92]

EKlzyh{20.643+

(4)

m‘m

E. \* E,\’
—0 306 6{—| -2.015 7(—| +3.688 8 -
EK] EK]

A

EH
) ()7871( )4{l2145 (5)

Kl
EH
7.729+0. 018 84exp [—28. 165 5a/(vh) |

M1 = (6)

EII

0. 003 34+0. 971 65exp [-21.492 150/(yh) ]

(7)
K (D) ~ ()BT IH—4k) X Kelvin # 28£5
R ONBGIEARSCRE AR [ nT SR 3 iR AR SC
iR Burgers #55 L K Singh-Mitchell #EEIXF A, +
FERI AT LS, WLIE 4, AT LLE H, Burgers 1
RILAE Y 25, 50 F1400 kPa frjk T G284k |
HASEEFE 0.800 AT ; Singh-Mitchell £ 7 1] 1)
BEAF HAUL G A AT BT PIF AR, ARG BRI T
0.930, {HAT#TE 400 kPa LA FIF, #0485 2 0
REAR, HARgfrs A ARG S8, xR
FHIZAR Y AT B8 A 70 B I 7 2 5 AN [R] 2 T K
TR SR (AR S R — T 4T WG AR fS
SRR, 5T — 90 85 i S AR G e

M2 =

BUREZH, I A ERAT AR, MR AR G AT
BRI ), SR IS — Ay 230 14 85 72 2 sk
P30 B (R G IR ZHOR) 5 A SO AT i e
BT BT G AL R, MO S AR T
0.970, HUEAEZBon] il ad + (R KA FLB

o TRPRFLBER L | i % R LA R A R AR R 5

TR, SRAS SCRE RS AT BB M v SR A B3RS
BORIRT, S AR ST RN T KA
TR AT EE

25
R 7.0 Y | A——— Singh-Mitchel I}

= =400 kPa

B R A e %

=s=s =200 kPa

=100 kPa
s 0=50 kPa

HIEl/d
B4 SETAEBIRT L 2

Fig.4 Comparison curves of creep models
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Fig.5 Comparison of simulated and test values
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Tab.3 Comparison of creep test and simulated values

e b A 1% W/
kPa e fE HAMA %
25 1.33 1.39 4.28
50 2.84 2.70 -4.90
80 3.88 3.83 -1.39
100 5.23 5.39 3.07
200 9.23 9.53 3.25
250 10. 34 10. 33 -0.08
400 13.79 14.13 2.47
800 19. 80 19. 65 -0.75

3.2 TR
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)2, HIEEE 9~14 m; 2) W H AV
MG SR A )2, Rl -k, R 6~
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FRULZE 4, ZTHET 2016 4F 6 H 5e b,
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Tab.4 Physical parameter indices of soil layers

T2 JEEE/m  y/(KN-m™) wi% w /% e e,
@, #+ 5 17.8 42,3 44.9 1.207 1.223
@, #+ 6 17.9 42.0 53.1 1.222 1.336
@, #t 16 19.5 27.4 42.6 0.793 0.996
@, BEFL 21 19.8 24.4 36.2 0.701 0.878
@, Fit 15 19.9 24.9 41.0 0.721 0.934
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