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Calculation methods of lateral earth pressure on retaining structures for
a circular foundation pit in unsaturated soils considering the
spatial soil arching effect

XU Jie!, ZHANG Zhen-guang', LI Hai-xiang’
(1. Shanghai Road and Bridge Group Co., Ltd., Shanghai 200433, China; 2. School of Civil Engineering, Chang’an University, Xi’an, Shaanxi 710061, China)

Abstract: To reasonably capture the magnitude, distribution, resultant force, and action point height of lateral earth pressure with
depth on retaining structures for a circular foundation pit in unsaturated soils, the inclination angle of the soil sliding surface behind
retaining structures was first derived. The derivation, suitable for both uniform and linear profiles of suction stress, was based on the
suction stress theory of unsaturated soils and the limit equilibrium method. Subsequently, a method for calculating lateral earth
pressure on retaining structures of circular foundation pits in unsaturated soils was introduced by integrating the characteristics of
vertical and circumferential soil arches to account for the spatial soil arching effect. Additionally, the proposed calculation method
was validated by comparing it with existing theoretical solutions and model test data, and the influence of relevant factors was
analyzed. The results show that the proposed calculation method not only demonstrates excellent consistency with existing theoretical
solutions and model test data, confirming its accuracy and rationality, but also effectively addresses the comprehensive effects of
unsaturated formation, spatial soil arching, and structure-soil contact parameters on the lateral earth pressure of circular foundation
pits. This contributes to optimizing the design and construction of circular foundation pits. Consequently, the proposed calculation
method holds theoretical significance and promising practical applications. The resultant force of lateral earth pressure for a
foundation pit significantly decreases with an increase in absolute value of surface suction stress, circumferential stress coefficient,
and external cohesion. However, the variation in the action point height of the resultant force remains relatively minor. Lateral earth

pressure under a linear profile of suction stress is greater than under a uniform profile. However, the variation in lateral earth pressure
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is more pronounced under the uniform profile of suction stress.

Keywords: circular foundation pit; lateral earth pressure; spatial soil arching effect; suction stress; limit equilibrium method
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a circular foundation pit
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Fig.2 Two distributions of suction stress

3 FERGUON A 4 s Ty

3.1 {BshmEbA

B 3(a) i B 1 S BT T B AR B AT
2. K, G OISR EE, 0 &
WA g E 71, CONWEhmEREIINE T, Cy
NEER- TR RIINETT; Ea NS5 AT
RS LRI ES LI G T, BACTERR AN
HNEEYESN 6 5 Er AT B 0 n2e 1 3h 2R 105 0,

A
lo

0

G y

sy -

Ea/ ER G
ﬂ VB

(a) ZJ1° V4 (b) KEA N

B3 WEIMRKIRZ I
Fig.3 Force analysis of the sliding body

S ENTHEL I NG RN EEE A . B 3(b)R
S B A ) R B A R LAY ABMNW US), w]
T NIUIATE ABMW , HA Civ Ei E, A1
Fr it fE 240

X FADMW, HIE5ZEHE

_ CsinZDMW  C;sin ZDMW
' osin(r2+5-B+¢) cos(5-B+¢)

(5)

A sin £ DMW=sin(rn/2—@p'—NMW)=cos(¢"“+ £ NMW)=
cos@'cos L NMW—sing'sin £/ NMW o
HIAMNW (¥ J LT 2% 52453

C,cospf

sin ZNMW = C
c lc , (6)
cosZNMW=++5mﬁ

1

K 6) fRARK (5) 15

C, (cos¢'cos LNMW —sing'sin ZNMW )

cos(6—-B+¢) -
(C+C, sinfB)cos¢' —C, cos fsing/
cos(6—f+¢)

E =

7

7sh, WA RN ETI CH

G g (s No —
C—JO cos(n/2—,8)dz (c O'tango)dz

OBy A
1 IH sin
sin 3 °° Hc'—ag(l—O.SH/Dw)tan(/)'
sin

y RMEWRN T

(8

gik-tHREROINETIC, N

C, = _[OH ¢, dz = L)H(cw - Jstan5)dz =

H(cW —o*gtanﬁ), PAGR S /g
H[c, -0y (1-0.5H/D, )tans |, LLHEWRITT  (9)

K o WINENER DT o NEANEN SR TT .
5tFAABD, HIE7%EFEE

E, B G+0
sin(B—¢') - sin(n/2+68—f+¢)

(10



248 s+ 1 % 2026 4
HE 3@ GO A Hcos f
a)fs G+0 E,=E,—E, =— Fi (0.57H+q) -
sin

2
G+Q=7/H .cosﬂ+qH.cos,3:H.coSﬂ(0'5}/H+q) (C+C, sin B)cosg' — C, cos Bsin g 12

2sin S sin sin cos(é—,ﬁ’+(/)')

(1)

A y ALEE,
EE 30+, d= (7. o). an A

4k, HR¥E Coulomb FEiEO), 4 dE/dp=0,
g4 (12) 15A 33 g ke A

(0.57/H+q)H{[cos(,H—(/)’)cotﬁ’—sin(ﬂ—(/)’)csc2 ,B]xcos(5—ﬂ+(p’)+sin(5—ﬂ+(p’)cotﬁsin(ﬂ—(p’)} =

[[§+ C, cosﬂjcos(pw- C, Sinﬁsin(/)}cos(é'_ﬂ+(pf)+sm(5_ﬁ+(pv)[(C+ C, sin,B)COS(p’—CW COSﬁsin(p’]

Hr:

dc
B {—H cotﬂcscﬂ[c' -0, (1-0.5H/D, )tanga’], 2R N 7

(13)
—Hcotﬂcscﬂ(c’—aostan(o’), AR S 7 14
o' =0'+ccotg , T =1 (15

BENHF RS ¢ ik (8) Wi, 4if-
HIARFR G T Co I (9) HiE .
3.2 ZE[A RN

[T 340 B A 2 (B o Btk ) -+ & 1
2% ) - RIS R I 18 1] = AR AN IR ) A= HE AR
WA G . B 4 R E518 J5 7 3 AR TE % B T A
(R ) R RN, B — A M E N o) T H T R
&, BAREN S o, 5E—AREN T o] EBH,
K FH B SIS 32 B e 1 38 88 ) LTS

~
X 7
o5 /é"l
I\F‘ [0’ J
a o'l -~
S oy Y2
B

B4 i RPN

Fig.4 Vertical soil arching effect
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Fig.11 Influences of unsaturated formation on the lateral
earth pressure of foundation pits
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Fig.12 Influences of the circumferential soil arching effect
on the lateral earth pressure of foundation pits
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Fig.13 Influences of external cohesion on the lateral earth
pressure of foundation pits
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