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A discussion of the Prandlt calculation formula for anti-uplift stability
of the bottom of a foundation pit wall in deep soft soil areas

YANG Jibao
(Shanghai Municipal Engineering Design Institute (Group) Co. Ltd., Shanghai 200092, China)

Abstract: The Prandlt formula is often used to calculate the anti-uplift stability of foundation pits in deep soft soil
areas, which often fails to meet the specification requirements and brings great confusion to the design of
foundation pit support. Based on the analysis of the difference in mechanical boundary conditions between the
foundation pit excavation and the Prandlt formula for calculating the foundation bearing capacity, this paper points
out the shortcomings of the improved calculation methods such as the Prandlt formula, critical width method, and
takes into account the shear strength of the soil inside the foundation pit method, and puts forward an improved
calculation formula considering the shear effect of the soil inside and outside the foundation pit support. Through
sensitivity analysis of each parameter of the four calculation formulas, it is found that the internal friction angle is
the most important factor affecting the stability of foundation pit wall bottom against uplift. The excavation depth
and the insertion depth of the supporting body are the main influencing factors, the cohesion of soil body is the
secondary influencing factor, and the influence of soil weight can be ignored. The friction angle of soft soil is
small. Under certain excavation depth, the stability against uplift of foundation pit wall bottom can be guaranteed

only by increasing the insertion depth. Therefore, considering the favorable effect of shear strength of soil on the
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inner and outer sides of foundation pit support, the foundation pit design can be reasonably optimized. This paper

also verifies the rationality of taking into account the shear strength effect of soil on the inner and outer sides of

the foundation pit support through engineering case studies. At the same time, according to the statistical analyses

of wall bottom stability calculation of many projects, it is pointed out that the current standard is too high and

unreasonable in soft soil areas. It is suggested that the standard limited value of the standard calculation method

should be appropriately reduced on the basis of accumulated engineering experience.

Keywords: soft soil area; anti-uplift stability; Prandlt formula; improvement
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Fig.1 Diagram of foundation bearing capacity checking at the
bottom of a retaining wall
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Fig. 2 Diagram of uplift bearing capacity of a single-sided
sliding rough substrate
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inside and outside the pit
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Table 1 Benchmark parameters and variation range of the
influencing factors
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Fig. 6 Sensitivity curves of uplift resistance coefficient of different formulas among the different factors of foundation pit
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Table 2 Ranking of sensitivity of various influencing factors
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Table 3 Parameters of the foundation pit design

I EHEE = o
— — AR Y
WA A +REE/m . [ 25 PR By =#Hhuu
y/(kN-m ")
c/kPa o/(°) c/kPa o/(°) Cu/kPa Cu’/kPa
@, 18 15.9 8.3/11.9* 6.7/9.6* 7.3 0.4 21.28 7.08
@, 20 16.2 8.5/12.1* 6.9/9.8* 8.4 0.4 35.84 12.53
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Table 4 Comparison of the anti-uplift calculation results between pit bottom and wall bottom
R PR E R AL
P FEPOBE AR A LL BURSRE R E R LK,
Ky K, Ky Ky
1 1:15 1.397/1.305%* 1.194/1.621* 1.491/2.035% 1.321/1.796* 1.318/1.602%*
2 1:1.8 1.482/1.415%* 1.258/1.70* 1.578/2.147* 1.388/1.879* 1.350/1.642*
3 1:20 1.524/1.489** 1.295/1.745%* 1.627/2.209* 1.425/1.925%* 1.368/1.666*
4 1:22 1.558/1.564** 1.326/1.784* 1.670/2.264* 1.460/1.966* 1.384/1.685*
5 1:24 1.587/1.639** 1.366/1.819* 1.711/2.313* 1.488/2.003* 1.405/1.702*
6 1:26 1.807/1.868** 1.391/1.850* 1.745/2.357* 1.514/2.035* 1.417/1.718%*
7 1:3.0 1.996/2.145%* 1.435/1.904* 1.804/2.431* 1.559/2.091* 1.439/1.745%
8 1:4.0 2.231/2.715%* 1.515/2.002* 1.912/2.568* 1.642/2.194* 1.478/1.794*
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Table 5 Calculation results of different formulas for stability coefficient of foundation pit against uplift in the Zhejiang area

Rl IE 2 =1 LARE

Fr T H 44 8K THERE/m  #HARE/m
c/kPa 9/(°) Ky, Ky Ky Ky
1 WM /N X 4.95 11.40 9.50 6.60 1.41 1.78 1.55 1.45
2 SRIE AR 5.00 12.00 11.00 6.80 1.48 1.91 1.64 1.49
3 AEBRTTSEH N 11.60 8.90 5.00 19.00 257 2.70 2.80 228
4 PRSI 5.80 13.90 10.00 7.00 1.46 1.86 1.61 1.47
5 SRIBWEDK TR 5.10 11.70 10.00 7.00 1.46 1.86 1.62 1.48
6 e ANRERE 430 8.50 9.50 9.20 1.72 2.07 1.92 1.66
7 (AP AN 6.25 12.30 10.00 6.00 127 1.65 1.40 136
8 IRLE 7E A TR SN 7.00 10.00 16.00 8.70 1.62 2.15 1.82 1.61
9 AR 6.05 12.20 11.00 7.90 1.53 1.95 1.70 1.53
10 RN LB CHLR 7.60 15.20 10.00 8.00 1.49 1.88 1.64 1.50
11 T SR 8.35 14.20 10.00 7.00 131 1.67 144 1.39
12 T fh A bR 6.50 13.00 10.00 9.00 1.65 2.03 1.82 1.60
13 B % (2007)3 5 Mk 7.00 14.00 16.10 6.30 1.42 2.03 1.58 1.46
14 TTHTEE 485 7.50 8.00 10.00 1.67 1.93 1.85 1.63
15 B AL AR B s 8.80 11.50 17.50 10.50 1.81 2.37 2.02 1.74
16 TWIE Y 11.00 16.50 14.00 12.00 1.98 2.47 2.19 1.84

£1F: R FTE T E LR TR 16.5 kKN/m’; # R QIR IS A R B

(2) HHl, Sk 5wk ilm 5t 96 B2 12 5 Prandtl 1155
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(3) 38 1o OB BE o3 A, 5 ) BR G P B R AR K A
REMEERNZ R NEEM, 4 MR ARXY
T — B FEGUIZ B S IR AR B 2 32 25 e A
R, LEFRNEREE WK E; LEZEEXAA
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(4) 38 1k X W VTR 4 b X 16 20 3 B T A% 52 491 43
BT, i B B A 0 R 358 G e I A 0 1 s o EBU(EL
P ver o R BLANHE Ky, 5 00 0 R A AR MR, —
P TG SHIEYURT 43 1.35, 1.25, 1.15 AR EE
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