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Small-strain triaxial tests and constitutive modeling of Shanghai soft clays
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Abstract: In order to reduces the influence of the existing buildings in the surrounding area, the surrounding soil of the new
project usually requires the control of the small strain state (0.001%~0.1%). In recent years, the construction scale of
underground projects has been continuously expanded, and the mechanical properties of soft clay in the small strain range have
received increasing attention. At present, the study on the small-strain mechanical properties of soft soils in triaxial tests is
relatively few and lack of the relevant test data. A small strain is developed based on an the LVDT sensors with high-accuracy
triaxial apparatus, and K, consolidation undrained shear tests on layer @~®) soils are performed of Shanghai soft using the
triaxial apparatus. The change of modulus of Shanghai soft soils in the small strain range of 0.001%~20% is obtaived. The
shear modulus is normalized by using the initial shear modulus and effective average principal stress, so as to reveal the
nonlinear characteristics of Shanghai soft soils as well as the shear stiffness attenuation characteristics with strain, etc. The
empirical formula considering stress state, pore ratio and overconsolidation ratio of soils can reasonably describe the initial
shear modulus of Shanghai soft soils. The classical model for backbone curve can better fit the attenuation rules of shear
modulus of each soil layer.
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Table 1 Basic physical and mechanical properties of soils in Shanghai
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Fig. 1 Strain limits for reliable measurement of soil stiffness
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Fig. 3 Relationship between deviatoric stress and axial strain
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Fig. 4 Relationship between deviatoric stress and axial strain

within small strain range
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Fig. 5 Relationship between shear modulus and shear strain
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Fig. 6 Relationship between normalized shear modulus and shear
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Fig. 7 Relationship between normalized shear modulus and shear

strain
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Fig. 8 Relationship between test and calculated shear moduli
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Table 2 Initial shear moduli of Shanghai clays at different depths
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G, ik 5 {E/MPa 13.68 8.32 21.52 46.05 61.21 73.68

G, i+ H.18/MPa 17.72 9.05 22.93 51.83 61.34 75.43
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Fig. 9 Experimental and calculated values of shear modulus

__ G
L+ly /7,
A,y RIS,y R BY RS AE, A
By, N G=0.5Go I 57 BT AL o
R4 Ramberg-Osgood F I (fajfk RO FEAL),
BUPIRLE, WIIRBI YRR LB R IR RN
G=— D, (11)

_1+a|r/r

(10)

Kb s k AMEEREL « NBIND), 7, JERORTS
IR

MRIEIC (10> A5 2RI 2L BT IR AN Y N AR 2 [4)
MR, RE SuliemEm i, WK 7 s, A

9 ISR T B LR AR k6 45 R A A e, TR
A HD BB I & aie 45 ), prbixs T Bt
FR/NRIAR A KRR, U ] HD A,

4 & B

(1) FIFH LVDT /NS =A%, % bR 4347
Ko B S5 AHEKBIYISELS, B RS L ECAE 0.001%
INSEARR 20% KRN AR TG PRI LR BT DI R, DY
AR B 8 B B AR AR B . 0.001%~0.005% A8
BN, RFEAT seasn ke, N5 NAR 2R
R, BUIBEA, APIIEEIVIRE; 0.005%~0.5%5
ARV N B DA B U R 0.5%MN AR S IR GE .



10

BRI, 25 R /NS AR = a6 R AR AL 1935

(2) HWIGREIL B YRR Go X W B 598 ith £ 3t
TH— B E AT AR, RS B3 B A AT
B R RO . P R 8 A P X B VTN
FE R R HEAT A — Ao ab 3, % L R EIL BT )R
WA, Ui AN 5L, L. 450
AL BT LR =ANHERZ RN, B S
T AR RS e 75— AT .

(3) iR wIaa sy VIt & ] FH 250 A 50 (8)
AT . RIS PFE T S (HD BiAY
1RO ALY X g AT, SR E X L5
RILHD B E T Bl ict, Wi aT BUA B
X E YUt AN AR BUETH IR S5 . AR IE
TE AT 5 1% SRR (1) 45 RS g 3 A AR RS L 1R I
RN, 5 et bt 22 R R AH AR

B AR O R AR S S T KR TAE,
R LIRS o

SE -

[1] ATKINSON J H, SALLFORS G Experimental determination
of stress-strain-time characteristics in laboratory and in situ
tests[C]// Proceedings of the International Conference on Soil
Mechanics and Foundation Engineering. Brasilia, 1991: 915
- 956.

[2] CLAYTON CR I, HEYMANN G Stiffness of geomaterials at
very small strains[J]. Géotechnique, 2001, 51(3): 245 - 255.

[3] VIGGIANI G ATKINSON J H. Stiffness of fine-grained soil at
very small strains[J]. Géotechnique, 1995, 45(2): 249 - 265.

[4] CLAYTON C R I, HIGHT D W, HOPPER R J. Progressive

destructuring of Bothkennar clay: implications for sampling

and reconsolidation procedures[J]. Géotechnique, 1992, 42(2):

219 - 239.

[5] NG C W W, PUN W K, PANG R P L. Small strain stiffness
of natural granitic saprolite in Hong Kong[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2000,
126(9): 819 - 833.

[6] WANG Y, NG C W W. Effects of stress paths on the
small-strain stiffness of completely decomposed granite[J].
Canadian Geotechnical Journal, 2005, 42(4): 1200 - 1211.

(71 1L 48, BN SARRHE S AR ARG D).
3 [FIBF R, 2009. (JIANG Juan. Test study on the small
strain characteristics and long-tern deformation of shanghai soft
soil[D]. Shanghai: Tongji University, 2009. (in Chinese))

(8] VEH . bR AN AR EE ks BB O FE[T]. S
B S5 FRE, 2012, 29(3): 160 - 162. (WANG Zhong-wei.

Study on high-precion experiment os small strain rigidity of

soft soil in Shanghai[J]. Urban Roads Bridges & Flood
Control, 2012, 29(3): 160 - 162. (in Chinese))

91 BKz, PEA, THHE, 55 L XH + HSS B 24
AR 36 B AL [0, A+ TR %W, 2017(2): 269 - 278.
(LIANG Fa-yun, JIA Ya-jie, DING Yu-jin, et al. Experimental
study on the parameters of HSS model of Shanghai soft
soil[J]. Chinese Journal of Geotechnical Engineering,
2017(2): 269 - 278. (in Chinese))

[10] & 7, f&hfe, EIR, 55 Ll g /A g
BEUIHMER R I, &L F1%, 2016(11): 3263 -
3269. (LI Qing, XU Zhong-hua, WANG Wei-dong, et al.
Experimental study on the small strain shear modulus of typical
clay in Shanghai[J]. Rock and Soil Mechanics, 2016(11): 3263
- 3269. (in Chinese))

(117 Bk, eI, Mgk, &5 AR =Bl Ty % Je b
FE LR e R[] A TREEAR, 2015088 T 2):
37 - 40. (CHEN Chao-bin, WU Chao-jun, YE Guan-lin, et al.
Small-strain riaxial test method and its preliminary
application in Shanghai soft clay[J]. Chinese Journal of
Geotechnical Engineering, 2015(S2): 37 - 40. (in Chinese))

[12] WU Chao-jun, YE Guan-lin, ZHANG Lu-lu, et al
Depositional environment and geotechnical properties of
Shanghai clay: a comparison with ariake and bangkok
clays[J].
Environment, 2015, 74(3): 717 - 732.

[13] YE Guan-lin, WU Chao-jun, WANG Jian-feng, et al.

Bulletin of Engineering Geology and the

Influence and countermeasure of specimen misalignment to
small strain behaviour of soft marine clay[J]. Marine
Georesources & Geotechnology, 2015, 35(2): 170 - 175.

[14] BALDI G, HIGHT D W, THOMAS G E. A reevaluation of
conventional triaxial test methods[C]// Advanced Triaxial
Testing of Soil and Rock, ASTM STP 977. Philadelphia:
American Society for Testing and Materials, 1988:219 - 263.

[15] CLAYTON C R I, KHATRUSH S A. A new device for
measuring local axial strains on triaxial specimens[J].
Géotechnique, 1986, 36(4): 593 - 597.

[16] KIM T C, NOVAK M. Dynamic properties of some cohesive
soils of Ontario. Canadian Geotech. Journal, 1981, 18(3): 371 -
389.

[17] HARDIN B O, DRNEVICH V P. Shear modulus and
damping in soils: Measurement and parameter effects[J].
Journal of the Soil Mechanics and Foundations Division,
1972, 98(SM60): 603 - 624.

[18] RAMBERG W, OSGOOD W R. Description of stress-strain
curve by three parameters[C]// Technical Note 902, National
Advisory Committee for Aeronautics, Washington D C, 1943.



