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Average tangent modulus method for settlement calculation of composite
foundation

MA Jian
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Abstract: The calculation of foundation settlement has always been a key issue in foundation engineering. During the
process of foundation design, the settlement of foundation serves as a significant parameter for controlling structural
deformation. Under the requirements for bearing capacity of foundation, controlling the settlement within the allowable
deformation range can lead to improved economic benefits. Therefore, the accurate calculation of foundation settlement is
crucial to the foundation engineering. The calculation of foundation settlement not only depends on the physical and
mechanical properties, strength parameters and deformation index of the foundation soil, but also depends on the size of the
foundation. In this work, assuming that the p-s curve obtained from the in-situ loading test adheres to a hyperbolic shape,
the tangent modulus method is employed to calculate the tangent modulus and the strength index cohesion of the foundation
soil layer. This enables the determination of deformation and strength parameters for the foundation soil layer. Subsequently,
the average tangent modulus method is utilized to calculate the p-s curve for the actual foundation and its settlement. This
study optimizes the calculation of foundation settlement using the tangent modulus method by conducting in-situ loading
tests on CFG pile composite foundations and comparing the results with the calculation method of current code. This
comparison serves to validate the rationality of the proposed calculation approach.
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Fig. 1 Test curve and verification curve of in-situ loading test
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Fig. 2 Fitting curve of in-situ loading test
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Fig. 3 Tangent modulus of in-situ loading test
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Table 1 Settlement calculation
Tt 454 5 B /kPa HEff#/kPa PRIV AL EE/MPa 7% p/kPa 43 %% As/mm 24t s/mm

0~90 45.00 279.19 90 0.44 0.44
90~180 135.00 238.89 180 0.51 0.95
180~270 225.00 201.73 270 0.61 1.56
270~360 315.00 167.72 360 0.73 2.30
360~450 405.00 136.84 450 0.90 3.19
450~540 495.00 109.09 540 1.13 432
540~630 585.00 84.49 630 1.45 5.77
630~720 675.00 63.03 720 1.95 7.72
720~810 765.00 44.71 810 2.75 10.47
810~900 855.00 29.52 900 4.16 14.64
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Table 2 Physical and mechanical indexes of foundation soil layer
- RINERE  RE)  R4ERE J— FLBREL %ﬁ @ﬁ S A Neas
Y/(KN/m®)  fu/kPa EJ/MPa e B I R0
FH+ 1.00 18.5 80 5.00 19.1 0.68 8.2 0.15 12
R 2.00 19.0 120 7.00 23.6 0.71 12.5 0.42 —
W+ 2.85 19.0 120 8.00 24.8 0.78 13.2 0.36 —
R+ 2.00 19.0 150 14.41 19.6 0.67 8.0 0.03 —
e 4.00 20.0 210 32.00 — — — — 28
L 2.00 19.0 210 15.57 28.0 0.78 14.0 0.49 —
4l b 0.70 20.0 220 35.00 — — — — 33
ik e 7.00 19.0 210 16.53 22.9 0.77 13.6 0.54 —
4 0.70 20.0 220 35.50 — — — — 42
W Rt 5.50 19.0 230 15.78 24.1 0.70 12.7 0.32 —
Hrhd 3.00 20.0 240 26.82 — — — — 56
4l b 3.00 20.0 240 26.82 — — — — —
HoH RS 2.10 20.0 230 44.70 — — — — 78
#*3 ZMREMTEEHER
Table 3 Calculation of foundation settlement
faf #38 2 Bt /kPa B A 2 /kPa PV B E/MPa fui X p/kPa I3 2% As/mm 23t s/mm
0~90 45.00 292.66 90 4.76 4.76
90~180 135.00 277.25 180 5.02 9.78
180~270 225.00 262.27 270 531 15.09
270~360 315.00 247.70 360 5.62 20.72
360~450 405.00 233.54 450 5.96 26.68
450~540 495.00 219.81 540 6.34 33.02
540~630 585.00 206.48 630 6.75 39.76
630~720 675.00 193.58 720 7.20 46.96
720~810 765.00 181.09 810 7.69 54.65
810~900 855.00 169.02 900 8.24 62.89
i #p/kPa FEE T E SRR R E R 4, KiFEE
o S50 150 270 3 450 540 620 20 610 0 BRI IRFIE fon 9 400 KPa, (ST 248
13 : BN TR SR fopa NV 464.9 kPa, i /2 3L KIR
s | : BeHHEER, JURETSORTEIR 30 m, R EEER,
;g [ SRR AR R 1 M R {E N 38.889 MPa, VLF%
Eat A R B 0.200, SUTFEREN 36.45 mm.,
£ 0l SEIRIE J14% 450 kPa H IR, PRI HES
Tt THRDTRER S5 R S5 REE T UL R R T ik
ol W45 S L 3% 5.
gg [ ZEREY, R ERIH RN E S
70 L LR R, TG R A R WK, BAR
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Fig. 4 Calculated curve of p-s results
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Table 4 Calculation of foundation settlement (specification method)
- BEEUL T INVAE AT RARHFE 24 VR Bt s/mm
IRIE z/m 2,021 Gy E/MPa EJ/MPa As/mm
it 2.00 1.999 1 14.41 38.46 19.72 19.72
4 wb 6.00 3.9376 32.00 85.41 17.49 37.21
W Rt 8.00 1.880 7 15.57 41.56 17.17 54.38
4 wb 8.70 0.636 3 35.00 93.42 2.58 56.96
W Rt 15.70 55429 16.53 44.12 47.66 104.62
4 wb 16.40 0.466 9 35.50 94.76 1.87 106.49
mEEt 18.00 1.009 4 15.78 42.12 9.09 115.58
mEEt 21.90 2.1492 15.78 15.78 51.67 167.25
Sy 24.15 1.0617 26.82 26.82 15.02 182.27

x5 OHEINES IR RITEE

Table 5 Comparison between calculated settlement and

measured settlement mm
SIS RAR RE FTEIE SEPGTRE
26.68 36.45 26.00
:l: N
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