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Formulas for bearing capacity of soft soil foundations with hard crust

based on three-shear stress unified strength theory

GAO Jiang-ping, LIU Wen-zhi, YANG Ji-qiang

(Key Laboratory for Special Area Highway Engineering, Ministery of Education, Chang'an University, Xi'an 710064, China)
Abstract: The soft soil foundations with dry crust are different from the homogeneous foundations. Due to the closure effect
and stress diffusion of hard crust, the method for the plastic and critical loads of soft soil foundations is different from that for
the homogeneous foundation. By using the unified strength theory of three shears to analyze and calculate the double-layer
foundation and considering the influences of the closure effect and stress dispersion with the static lateral pressure coefficient,

the formulas for the plastic and critical loads of hard-shell layer soft soil foundations are obtained. Meanwhile, by adjusting the

the coefficients b, c and the static earth pressure, the bearing capacity of the foundation increases. The unified strength solution
solution is more in line with the actual situation.

coefficients b and c, the formulas for the bearing capacity of foundations under the unified strength theories of twin-shear and
Key words: soft soil foundation with dry crust; three-shear stress unified strength theory; plastic load; critical load

Mohr-Coulomb are obtained, and the three formulas are compared through examples. The results show that with the increase of

it

of twin-shear and Mohr-Coulomb solutions are divided into three shear unified strength solutions. The three-shear strength
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Fig. 1 Stress diagram of M in foundation
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Table 1 Plastic and critical loads corresponding to different values

of b at K, =1based on twin-shear unified strength theory (kPa)

b 0 0.2 0.4 0.6 0.8 1.0
Per 63.42  69.85 75.28 79.94  83.96 87.49
Dus 6722 74.03 79.79 84.72  88.99 92.72
K 1. B2 8rel s, 24 p=0 i, HXEI%—
03 S iR 5 Mohr—Coulomb ¥EiSfEAHTE, (HILIGEE
o BRI FAT A AR b BUE F IR, REAHLAZ
B[] 32 B RN, SR —PE A BV (1)1 2B A 2 AN 57
o 25, 20 v ) 32 82 7 (R s e B AR T Hb S A 11
FHxk, a2 MG S 2B b 1H (0<b<<1) I
KiK.
(3) =B —HitH
HEAL TG FURES, R N ) RE m=1 B, {7
Wb, ¢ 3HEBUEN 0, 0.2, 0.4, 0.6, 0.8, 1.0, 7335l
MR (18D, (19D THBAH XTI 1415 28 fir 2 R0 s S Ao
B, BRI 2, 3LLAE 3, 4 FRmgR.

L F1By /kPa

0 0.2 04 0.6 0.8 1.0
b

E 2 WEg—2EIRILTE b ETRIIREETrE IG5 ok
(K,=1)
Fig. 2 Plastic and critical loads (kPa) corresponding to different
values of b at K, =1based on twin-shear unified strength theory
R2 =95 —BEERTE b, c EXNNMIRERE (K, =1)
Table 2 Plastic loads corresponding to different values of b

at K, =1 based on three-shear unified strength theory (kPa)

b c
0 0.2 0.4 0.6 0.8 1.0

0 6342 68.09 7240  76.37  80.06 83.48
0.2 69.85 7391 77.67  81.17 84.42 87.46
04 7528 78.86 82.18  85.29  88.19 90.92
0.6 79.94 83.11 86.08  88.87 91.48 93.94
0.8 83.96 86.81 89.49  92.00 94.38 96.61
1.0 87.49  90.06 92.49 9478  96.94 98.99

x3 ZHG—BEERTE b, c EXNNMIEFRE (K =1)
Table 3 Critical loads corresponding to different values of b at

K, =1 based on three-shear unified strength theory (kPa)

c
0 0.2 0.4 0.6 0.8 1.0

0 6722 7248 77.33 81.82 85.98 89.84
0.2 74.03 78.62 82.88 86.84  90.52 93.96
04 79.79 83.84 87.62 91.15 94.45 97.54

0.6 84.72 88.33 91.72 94.89 97.87 100.67
0.8 88.99 92.24 95.29 98.17 100.88 103.44
1.0 92.72 95.67 98.44 101.07 103.55 105.90

0 02 04 s 06 08 10
Bl 3 =55 —BEIEIRAE » ETRIRERH (K =1)
Fig. 3 Plastic loads corresponding to different values of b at

K, =1 based on three-shear unified strength theory
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Fig. 4 Critical loads corresponding to different values of b at

K, =1 based on three-shear unified strength theory
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1.0, =0, MHFRSHELRANNX (200, (21D, " USRI
ARG T RO, WA 4 AL S s .
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Table 4 Plastic and critical loads corresponding to different values
of bat K,=0.6 based on twin-shear unified strength theory

(kPa)

b 0 0.2 0.4 0.6 0.8 1

D 4257 4791 5244  56.31 59.66  62.60

Dus 4409 4970 5445 58.52 62.04 65.12

95 - —=— 1, (Kop=1)

90 | —*— Anu(Ko=1)

—4— 1 (Kp=0.6)
85 r —¥—1,,(K)=0.6)
80
75 |
70 -
65 [
60 |

Py F1P 4 /kPa

0 0.2 04 0.6 0.8 1.0
b

5 FEMEANRBERE b ETHIGRLEREEHFIRFEEH
Fig. 5 Plastic loads and critical loads under different lateral
pressure coefficients and values of b
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(3) =814 —HiRfR
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0.4, 0.6, 0.8, 1.0, 73HIMRHE (18D, (19 H5HA
XF L PRI 2R ey AT S fp e, 7920 5, K6 Kk 6,
K7,
*5 ZHG—BEIEL AR b, c EXMNAIEERH(K, =0.6)
Table 5 Plastic loads corresponding to different values of b at

K, =0.6 based on three-shear unified strength theory (kPa)

C

b 0 0.2 0.4 0.6 0.8 1.0

0 4257 4557 48.34  50.89  53.25 55.45
0.2 4791 5048 52.86  55.07 57.12 59.04
04 5244 54.66 56.73  58.66  60.46 62.15
0.6 5631 58.26 60.08  61.78  63.38 64.88
0.8 59.66 61.38 63.00 64.52 65.94 67.29
1.0 62.60 64.13 65.57 66.93  68.22 69.43

MN#& S5, 6 kK6, 7A[LIEH, TEFIEMIET R
BN 0.6 A1 1 254 I S AT BRI S 2K (122 1E
FaAMIE, BEE b, o BRI, B2, £
1EME 71 208 0.6 B G 2B AN S 48340 /8 T [F) 45
MR 2SI R A R EN4E, sRkar L, F b
A 77 28 H500T 1 258 A 482 DA B W A 0 H B EE LY
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5B g — AR, e =85 —HIS
5

6 =HE—BEERAE b ETHIREREH (K, =0.6)
Fig. 6 Plastic loads corresponding to different values of b at
K, = 0.6 based on three-shear unified strength theory
*6 ZHGE—BFIPILAE b, c B RAIIEREEH(K, =0.6)
Table 6 Critical loads corresponding to different values of b at

K, =0.6 based on three-shear unified strength theory (kPa)

b c
0 0.2 0.4 0.6 0.8 1.0

0 4409 4751 50.65 53.56  56.26 58.76
0.2 4970  52.64 5536 57.89  60.25 62.45
04 5445 57.01 59.39  61.62  63.70 65.65
0.6 5852  60.77 62.88 6485  66.71 68.45
0.8 62.04 64.04 6592  67.69 69.35 70.93
1.0 65.12  66.91 68.60  70.20  71.70 73.13

PjalkPa

0 02 04 06 08 10
b

7 =g —RERILAE b ETHIRAREE (K, =0.6)

Fig. 7 Critical loads corresponding to different values of b at

K, =0.6 based on three-shear unified strength theory
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