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Experimental study on parameters of HSS model for soft soil in Zhuhai
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Abstract: The HS-Small (HSS) model can reflect the decrease of the shear modulus of soft soil with
strain in the small range and describe hardening and dilatancy behavior. In the present study, the con-
ventional oedometer test, triaxial experiment, and resonant column test were conducted to obtain the
parameters of the HSS model for typical soft soil in Zhuhai and the relationship between these parame-
ters. Test results show that the effective shear strength index ¢’ of backfill is close to zero, which is less
than that of silt and silty soil, but ¢’ larger than silt and silty soil. Besides the loading-unloading tangent
modulus E™ of silt and silty soil is about 2.66 ~ 3.39 times than the triaxial tangent modulus E%;. How-
ever, the consolidation tangent modulus E', of backfill soil is significantly greater than triaxial tangent
modulus, which is about 2.89 times of E%. In addition, the loading-unloading tangent modulus £™' of
silt and silty soil under reference confining pressure of 100 kPa is 8.02 and 10.89 MPa, respectively,
showing proportional relationship with the consolidation tangent modulus is in the range of 3.6~4.1 .
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Table 1 Determination methods for HSS model parameters
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Fig.2 Oedometer test results
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Table 3 Compression coefficient, compression index and referenced tangent modulus of three soft soils from various depths

i+ ST 1A
i H
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R4 28 a, _/MPa™ 0.23 0.29 1.23 1.55 0.84 0.61
E4ETa%LC.. 0.06 0.07 0.44 0.36 0.25 0.18
E™ /MPa 12.37 17.47 1.73 1.67 2.20 3.60
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Fig. 3 Resonance column test results
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Fig. 4 Maximum shear modulus and damping ratio
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Fig. 5 Triaxial test results of backfill soil
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Fig. 8 The experiment results of silt and silty soil on loading-unloading 100 kPa confining pressure
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Table 4 HSS model parameters of soft soil in Zhuhai

L E g G’ £
= ¢ mpa ompa K apa YO pa Y Foo nvpa Ve
it 0 346 1237 428 092 100 46 05 — — 044 — 02
W 1076 909 173 301 087 100 0 075 162  2x10° 082 802 0.2
WIREE 1641 854 220 321 073 100 0 07 175  12x10* 087 1089 0.2

1) MRS R 5k, = 1 - sing’ (R E = 5,2017) . B P, b4 P=¢' - 30°, Mo'>30°0f; ¥=0, o' <30°HT;
FitEt, v=0(RE=4%,2017) . NAIAKFASCRHE S m, B+ F08 - m=0.5, Fitk4m=0.5~1.0.
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J& e e ik e, H [ 25 U2 i 43 B AE 1.67~1.73
MPa % 2.1~3.6 MPayu[El N, 5T ZRBHILHLIX (1.6~
3.8 MPa) J & = ffy b DX A e Joi 86 1 114 [ 45 1) e 4 i
(3.01 MPa( F4%,2018) )& i, [HARH] /N T
W4 1912.37 MPa, Ut R A28 T8 Rk 5 RS
A Ko geit il fiitJe BT 178 100 kPa [l T A99)
GRBY IR Gy RN A B £ an e 5 s .
WS TTLIE H, IR R 0 o R B
MHZEAR, HHBIKE R 1.61~2.02 2], 5
K =AU IR 1 1~2 5 5 R KRB Y R L =%,
2017). BEAb, Ay py e fnle i i Y
FE /) LB 6 R B = (2.66~3.39)Es, S5%%

=EQOIT)ZE R BT . teoh, AWM ES ]
BRTFES, AJEAHE92.894%, Miike ke i
T ESENT EY.

i = B AT A TR e B U U T A B 3R
J143% 91k 10.76 F1 16.41 kPa, [N FE 45 #4359 N
9.09°. 8.54°, W& T BRI PUHARI X 4K 11 4.93 kPa
F13.26°CRIFMAE,2019) . 5K =MKEAF, L
PRI MR A R = A R L R 7E 0.7 ~
0.9 Z [0, 577 FHIT H XU PR30+ 19 R, (0.61~
0.75) AH 24 (Jifi 25 45, 2021a) , {H IS & T K = A4k
+, XATREE R TRV T AR, ik
A AE R RALIA DL B DL FE S5 e JE 3 S X 3k
B85 A B R

FS5OPRIRAIAIR AL G E Y St
Table 5 Values of G;" and E*' for silt and silty soil

+ 14k G/ MPa E™/MPa REER
S 16.2 8. 02 Gy =2.02E}
T e+ 17.5 10. 89 G =1.61E
4 45 18 0, HU/NTIIABIRT LAY, {5 KT

AT 5T A a2 P TR G AR AT T BRI X
TR - HSS BT S8 . S 850 e T v DA B
RSHZ B ELBIE 5, B30 EEEEUT .

1) Jd b # R A5 . =SS HE K BT U] |
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E LA Z A Ee 56 & o

2) PR IX I A R0 BY AR S AR ¢ R T

SE

MR oE, 25k, PRz, %, 2020, FiIGHEE FOR 1L
d /N AR S HF T [T]. R K224 (A SRRl 2E
WZ), 48(6): 841-846.

MRS, JBRIBESE , 507738, 2019, AN 78 54 - 1) 30
Yk g v b & TR R H 1], 5 - TR2R, 41
(S2): 133-136.

MR, B, BB, &, 2021, 4K 1 HSS A B SR A it
W RGE T [T, &+ TR, 43(S2): 197-201.

HEEE, TR, BRI, 45,2020, JETF FEZ5 I Hh 26 A9 HSS
ARV SHLA [ T]. A 0%, 41385)2) . 1-9.

ZEVERE, XFEM, 25504y, 45, 2019, TG SR E HSS 25k
PEICRGE FHPERRSR [T ], 5+ %, 40(10) : 4021-4029.

0 1O N o N/ % 1 Y [ 1 o O R S 1 Ol =
WK, H IR KL 1.61~2.02 Z [H]

3) BRI ES . ES. RIIRT IRV TRV F
+, IR AR R 4 AE 100 kPa 2 % [l K R ) £
A3 A7 T 8.02~10.89 MPa 2 [i] .

4) BRI Hb DX AU AU E BT A 0 B F1ES (1 L
I X F I EL = (2.66~3.39) E5. MU ) B K
T Ey, 025 H 02895, 1A AU E BT £ 1Y
Ery WM T Egpe

JIGEsE , XA, BRAEIG, 5%, 2021a. ) 7R FHYLHLIX 1 4R
1 HSS BET S B I i 58 [T, 55 + TR A4, 43
(S2): 41-44.

BRESE, REH, Bk, %, 2021b. I R/ AR R AL
IR e A SRR ke B T RRIRAE[ D). A+ S12E, 42
(3): 833-845.

TR, FEEK, TR, 45, 2021, m S AR H R Ak
d b 3 B e R FE [T]. A T4, 42(11) ¢ 3169-
3181.

L, B, IVRIRS, 2, 2019. TN T RS VD X8 3R
ARG AT [T]. RITTRF2EBEBEAR L 36(9): 99-103.

BT, ar A, REE, 45, 2010. BRI 35 U145 13



5 2 4]

A, S BRIEHCH HSS BRI S HUA I 5T 145

W45 A B A 9 (7). 5 £ F12%, 31(7) : 2017-2023+
2029.

A b, RIS, XU, 2010, 25 PR 5K 4 3008 P45 15 46
B T JLR; A LT] WL R 2 i (T2 M), 44(4) .
806-811.

A XA, R, 2, 2017, A HLFLE VSRR R E 45 T iy
T2 ARAE [T]. P D PR 223 (A SR B2 L 47
(10): 28-35.

Bk, FA, TEHE, %, 2017, i X R+ HSSHH
SRS T]. & TR, 39(2): 269-278.

XL, A%, 4B s, 2011, S5 H M 4+ = ki sl 5 45
ARFRERTFFE[T]. 5+ TRE2EAR, 33(4) 1 637-642.

aRil, XIME, $EEZE, 4, 2021, 2RSS
KRR ABTLIIE 1], A+ 1%, 42(2): 565-
573+ 580.

%, 2018, £ HSS HI M—C AR b 455 50 %5 + 457 48 I8 $(
SMELT]. A 550, (44) : 94-95.

BRJEIR , 2020. MC \HS \HSS A< A4 A 10 75 PRI BT A2 AR UL o
B LLE ST [T ) AR A S AR, 42(7): 128-131, 138.

W AT R, BCEEE, R E 0%, 2017, 5 T HE X LR K 2 HS-
small B 81 /)N 7 728 2 BB o0 AT (0], B H R 5 T
2, 17(2): 100-105.

RVFME, LB, MUdAs, 25, 2019. BRI PEHE A3 X K TH
RS TR IR (1], A A 225 TR 2R,
38(7): 1434-1451.

TR, TR, frhde, 2013, L b X LI FF 4250 (H 5>
B AR HS-Small BRI SR WEIE [V ]. 5+ 1%, 34
(6): 1766-1774.

AR, 8%, T3CH:, 2017, /N A8 i Ak 4878 2 8 1
SE G U ST [T, MR TR, 39(5) : 898-906.

A N RN E: 5 MU 2 15, 2019, & T il5 5 i s
#fE: GB/T 50123—2019[S |. AbAT: Hr 5l i ikt .

ALZABEEBEE S, 2020. Numerical analysis of the interfer-
ence of two active machine foundations|[J]. Geotech Geol
Eng, 38(5): 5043-5059.

BENZ T, VERMEER P A, SCHWAB R, 2009. A small-
strain overlay model [J]. Int J Numer Anal Meth Geo-
mech, 33(1): 25-44.

NIEMUNIS A, CUDNY M, 2018. Discussion on “Dynamic
soil-structure interaction: A three-dimensional numerical
approach and its application to the Lotung case study”—
Poor performance of the HSS model [J]. Comput Geo-
tech, 98: 243-245.

SAIF A, 2021. Influence of soil model complexity on the seis-
mic response of shallow foundations [J]. Geomech Eng,
24(2): 193-203.

SCHANZ T, VERMEER P A, BONNIER P G, 1999. The
hardening soil model: Formulation and verification [cly
Proceedings of the International Symposium Beyond

2000 in Computional Geotechnics. Amsterdam.

(REHRE FHF)



