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Nonlinear soil spring model and parameters for calculating deformation of
enclosure structure of foundation pits
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Abstract: At present, when calculating deformation of foundation pits, it is unreasonable to use linear elastic spring to simulate
the soil in the passive area. In order to make the calculation of foundation pit deformation closer to the actual monitoring results,
the spring reflecting the non-linear deformation characteristics of soil should be used to simulate the soil in the passive zone
during the calculation. In this study, a hyperbolic function soil spring model is established, and the parameters of non-linear
spring in the passive zone of more than 30 foundation pits are analyzed based on the monitoring data. For a typical project, the
parameters of the non-linear spring are obtained by the in-situ testing method. Based on the back analysis results, the correlation
between the parameters obtained by back analysis and those obtained by in-situ testing is discussed. The results of this study
can be used for reference when introducing non-linear elastic spring to improve the algorithm of foundation pits.
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Table 1 Standard recommended values of horizontal subgrade
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Fig. 2 p-s relation of non-linear spring
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Table 3 Parameters of pressuremeter tests

R iS5 R E/m & /0 m kN b /(107kPa )
4.5 21.500 5.09
® PYl 6.0 31.200 4.09
Pyo 6.0 18.800 7.15
8.0 8.940 5.84
10.0 8.960 4.09
PY1 12.0 6.750 5.47
@ 14.0 5.060 3.77
10.0 6.290 6.67
PY2 11.0 7.400 5.77
15.0 8.580 3.55
18.0 7.910 1.94
PY1 20.0 4.320 2.76
® 22.0 5.420 2.62
H 18.0 6.650 2.90
PY2 200 5.950 3.31
22.0 3.520 2.58
245 4.200 1.76
25.5 2.840 2.13
PYl 27.0 2.330 1.91
® 29.0 3.240 1.13
12 245 2.950 2.17
25.5 3.830 1.93
PY2 500 2.760 2.05
29.0 3.020 1.45
33.0 2.230 0.75
PYl 37.0 2.240 1.09
33.0 1.330 0.843
PY2 37.0 1.960 0.835
®, 40.0 1.120 0.67
PY1 45.0 1.030 0.79
50.0 0.744 0.52
45.0 1.230 0.682
PY2 50.0 0.948 0.493
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Table 4 Parameters of nonlinear springs
2% ’ @+ ’ ’ ®, =L ’
a a b b a a b b
JmE 1 1.18X10°  2.82X10° 1.14X10%  7.42X10° 1.18X10° 6.49X 107
R 2 151X10°  2.82X10° L14X107  5.17X10°  1.18X10° 6.49x10°°
FHE1 6.92X10°  2.82X10°  444X10°  1.14X10%  432X10°  1.18X10° 2.03X10°  6.49X10°
FHE2  7.42X10°  2.82X10°  533X10°  1.14X10°  4.10X10°  LI8X10° 234X10°  6.49x10°
BERER 2.73X10°  2.82X10°  3.12X10°  1.14X102  136X10°  1.18X10° 1.83X10°  6.49X10°
:oar o BIRATA mYKN, b, b ALK kPa .
2507 PR 2B 1 1.5 X 10%~3.0 X 10™, $51tk 7 Rl e e 39 <]
. 14, MBS MAE R 53 % BT AR A7
R Bo WTLVEH: L R R R X 1]
ol WK T T TERUMR BRI X, Mt
5 . BB A ARG RIS Al 7 3R R EUE . Pl 7EFETik
%mm ®' g0 THIF, AT DASE B I B G0 AT B 9 5 A i A6 % B
¥ L% ¢ T8 I P D R o R R R A U Y
AP LK 44 EHNERSRENKERNELLR
é%ﬁy ° o, EH T & i A7 456 v (R I L ) R 3 7 2% A A
A T A BV A, S PR SR RO, BRI
= TG LRGBS . B SRR L S5 AL
(=) BR AT B oA e Mt T A A S P JE 2R M 5
o MW SRR ar b RFwW ER “HS2E”, HE
ol —ERRE has AR 2 P TR N VA B A A
7 3 5 X, s R A A F B e o, b H
2 0l FIFLL, 348 A e A ) A A 2 1 2
5 | WA,
1 20 FH T AR SCER G AR S T 27 Fh A 2 3 TR [ B
S ¢+ . NGttt J& 1 JEAL IR LA R A TAE, BT AW RS T
or 3000~ 13000 a, b MG, b HZANEK%R. AEZBRR
C TE N
0 80 a=ma , (9a)
b'=mp (9b)
107y, K, me my NARLRME IR S E 40 R A
| — s 7 LB SO L, 7T i Bt
2”1‘ JE R AR s s T RGN, N SR A T B
z . |4 € LRSI SRR S 0 R G E, BRI
§ e F 4. R ATLUEL, WY m A BEEE 4~7; 5%
% 04l m BT 2~4; SEHERR m, MHZ9 105 551E my (4
ERET ) JERR 0.3~0.5: BRHENT my 12009 03. B4R, bk
02 15000~ 30000 ZIRKRERREBNERK G, EHTEIHE S
~ PR I RS FE B e o
T » m @ s &
3@% 5 % %
Bl14 REXMIk-s % & TEFEGTR TS, 30 X AR R AR 4 1 1) 3
Fig. 14 k - s relationship of different layers of soil R . ASCEE T shIX A 58 1 X R B
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