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On HSS model parameters for Shanghai soils with engineering verification
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Abstract: The hardening strain model with small strain (HSS) can appropriately consider the nonlinear and stress-dependent behavior
of soils at small strain range. Thus, it is widely used for deformation predictions during pit and tunnel excavations. However,
currently there is a lack of systematic study on how to reasonably and conveniently determine all the model parameters. This paper
firstly introduces the definitions of all the HSS model parameters and their measurements. Based on the statistics of laboratory and
field test data, the relationships between the model parameters and the void ratio of Shanghai soils are proposed, which can be
conveniently used in engineering practice. Finally, the HSS model with parameters determined by the proposed method is used to
analyze the deformation in four excavation cases. The results show that with the field measured small strain shear stiffness, the
calculated lateral deformations of the retaining wall agree well with the measurements. It indicates that the proposed method for
determining the HSS model parameters is appropriate and it can provide references for similar projects in Shanghai and similar
regions.
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Table 1 Definition of HSS model parameters and suggested values for Shanghai soils
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Table 3 HSS model parameters used in the excavation of New Jinqiao Plaza in Shanghai

] £ £ f £ ref REE .
T2 e c'lkPa  ¢/(°) Ko E.,/MPa Eg /MPa E; /MPa G,; /MPa Gj:/MPa _ Yoq /1074 m R
Gy /MPa
OE+. @F+ 0910 4235 323 0.42 3.92 4.42 27.2 46.3 78.2 98.0 3.2 0.65 0.95
@I RS 1202 834 27.0  0.50 2.71 297 19.2 34.4 50.6 58.5 3.2 0.65 0.77
@R FRF+ 1.515 11.2 2330 0.55 1.71 1.77 12.5 26.9 35.2 38.8 3.2 0.65 0.50
G+ 1.202 8.3 27.03  0.50 3.92 4.42 27.2 344 50.6 58.5 3.2 0.65 0.77

T P RO S pef= 100 kPa; =05 0, =0.2; Hi— b A HSH Riner= 0.67.
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Fig.11 Calculated and measured lateral deformation
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Table 4 HSS model parameters used in the excavation of Xinye bank in Shanghai
B e ckPa  @I°) Ko Ex/MPa Ey /MPa E;'/MPa G /MPa G /MPa IJ,?EE Yor 11074 m Ry
G- /MPa
Ok, @FL 0954 507 313 043 371 417 2585 44.0 72.6 89.6 32 065 095
OUWNBRKIRS L 1043 639 296 046 333 371 2330 40.1 632 75.9 32 065 077
@REFEF T 1343 975 252 052 223 240 1602 30.6 425 479 32 065 050
OF+ 0971 534 310 044 364 408 2534 432 70.6 86.6 32 065 077
i+ — 6000 250 050 1500 1500 8500  170.0 1700 1700 200 012 095
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Table S HSS model parameters used in the excavation of Shanghai Bank building

J ref ref ref f ref 1}%%%): -

LR e c/kPa @IC) Ko ES/MPa EX/MPa EX /MPa G*f /MPa G /MPa Yor 1074 m Rt
G- /MPa

O#EL. OFL 0.889  3.97 32.8 0.41 4.02 4.54 27.88 47.5 81.2 102.5 32 0.65 0.95
(O SIEYE: = 1343 9.75 25.2 0.52 223 2.40 16.02 30.6 425 47.9 32 0.65 0.64
OF+ 0.949 498 314 0.43 3.74 4.20 26.02 443 733 90.6 32 0.65 0.95
©F 1 0.657  20.0 35.0 0.38 5.33 6.12 36.58 65.6 130.4 159.9 32 0.65 0.95
(@) 0.820  2.60 31.0 0.48 8.41 10.59 50.83 55.5 108.1 131.8 39 0.70 0.95
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Table 6 HSS model parameters used in the excavation of Shangcheng Road station of metro line 9 in Shanghai

+2 e c/kPa ¢/°) Ko ESi/MPa EX/MPa EX/MPa Gy /MPa Gjt/MPa l’ff%ﬁ %,/107% m Re
oe ur G /MPa

O+, @F+  1.024 613 2994 052 3.41 3.81 23.81 40.8 65.0 752 32 0.65 093
QWM AT 1231 8.65 2662 0.50 2.61 2.85 18.52 33.6 48.7 56.2 32 0.65  0.74
@R RE L 1443 1061 24.04 0.61 1.92 2.02 13.94 283 38.0 412 32 0.65  0.55
®1 %+ 1.174  8.03 2744 0.56 2.82 3.10 19.89 353 52.5 59.1 32 0.65  0.79

o2 fmFL 1.043 639 29.60 048 3.33 3.71 23.30 40.1 63.2 74.6 32 0.65 091
®% FF L 0.743 093 3677 0.48 4.80 5.48 33.06 57.6 107.7 131.0 32 0.65 095
@¥rantd 0.882 4.69 2944 041 7.03 8.85 43.67 54.1 104.6 133.1 32 0.70  0.95
I+ —  60.00 2500 050  15.00 15.00 84.96 170.0 170.0 170.0 20.0 0.12 095
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Fig.17 Calculated and measured lateral deformation
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