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Slip line solutions of active earth pressure for a circular platform
foundation pit under transient infiltrations

ZHANG Ning' ,ZHANG Changguang”, LI Haixiang’

(1. School of Economics and Management, Chang’an University, 710064 Xi’an,China;
2. School of Civil Engineering, Chang’an University, 710061 Xi’an,China)

Abstract; In order to characterize the distribution law of active earth pressure with depth for a circular
platform foundation pit under transient infiltrations , this study derived the slip line equation for the active
earth pressure of circular platform foundation pits. The derivation was based on the strength equation of
generalized effective stress for unsaturated soils and matric suction under transient infiltration conditions.
Subsequently , the differential iterative method was adopted to obtain the slip line solution of active earth
pressure for circular platform foundation pits under transient infiltrations. Last, the accuracy of the obtained
slip line solution was verified, and an influencing factor analysis was conducted. The results indicate that

the obtained slip line solution, compared with the existing solutions , can reasonably account for comprehen-
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sive influences of transient infiltration ( time, infiltration ratio, nonlinear profiles of suction stress) , soil
types (sand,silt,clay) ,foundation pit model parameters (wall dip angle ,wall-soil friction angle) ,and the
circumferential stress coefficient on the active earth pressure of foundation pits. The accuracy of the ob-
tained slip line solution of active earth pressure under specific reduced conditions is demonstrated by com-
paring it with the slip line solution of circular platform foundation pits in saturated soils ( when suction
stress is zero ) , and the limit equilibrium solution of plane retaining walls under transient infiltrations
(when the radius of foundation pit tends to infinity) reported in the literature. The influence of time and
infiltration ratio on the value and distribution of active earth pressure is most pronounced for foundation
pits in clay, followed by foundation pits in silt. However,it is negligible for foundation pits in sand, which
is caused by nonlinear profiles of suction stress for different soils. The active earth pressure of foundation
pits decreases significantly with the increase of wall dip angle,wall-soil friction angle and circumferential
stress coefficient, while its distribution and change with depth are closely related to soil types.

Key words : transient infiltration; circular platform foundation pit; active earth pressure; the slip line

method ; the circumferential stress coefficient
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Fig. 10  Changes of active earth pressure with depth at different time points

4.1.2 ANEH%
ABR /K, =0 FRTKEW,L/K, >0 FRFE
TEWEBAS L/K, =1 RoRImRKA B Yt =T
0,

i, ANRIAB AT RSt gl ) p iIREE R A
e 11 s

Or Or
Y N LK=0 N 1/K=0 sl e [JK=0
—[/K=05 —[/K=05 —[/K=05
— K- — /K-
6F
£
N
ol
12
15 \ s ! s L ) 15 ) L D s ) ) )
0 20 40 60 80 100 120 0 20 40 60 80 100 120 120
p/kPa p/kPa
(@) L ) Bk
K11 ARIABET E8) 1B R A
Fig. 11  Changes of active earth pressure with depth for different infiltration ratios

EENESIR DRI B O S o 27 e ) S A WA | N Y
OIS B RIS, By 2T, TTRD +
U S ABRILF IR, Y L/K =0 0,3 fft
PRIESTRY 30 £ M)y, BLBEE A8 R I,
Byt B G B R TR R R B T AR

RIS T o A5 AW AB R X 8+
Fe 3 AR , ol A B bt TR 2 F

TERIE 2= 15 m 4b, AR AB RN R 80 +
3 p Bl TR] ¢ B4R, N 12 B

1201 1201 1207
---------- LIK=0 e [JK=0
100 —1/K=0.5 100 —1/K=05 100
— K=l — K=
< & £
£ gof £ gof Z sof
= N =
60F 60} ofF L/K=0
— 1JK=05
— /K-
40 1 1 1 1 J 40 1 1 1 1 ] 40 1 1 1 1 J
0 2 4+, 6 8 10 0 2 4,6 8 10 0 2 4,6 8 10
T T T
(a) Wb L (b) B 1= (o) FL
E 12 REABZRTN E5h 4 & S RE R AR

Fig. 12 Changes of active earth pressure with time for different infiltration ratios

PR3  https -/ cjam. xjtu. edu. en  BUFAART 1222440



6 ] KT BES AL TR GRS £ 8 T i B Ak 1427
HIIEN 12 A G, 2 L/K, =0.5 1 iF, B ] ¢ S BEUf o XU ESI L) p, BRI, [ 14 9k

AN,y | A a0 T 2 A TR ) B S K ek
N HABRERN LK, =1 B, F30+ S22
M JBE Fpe A, (EL A A MR 2 U 5 R AR A 5

4.2 EHEESH

SR A (B B A R [ B TR R AR A )
AR M =T, ABFR /K =18, E 13 X

TEEEEA ¢ W ESTESI ) p IR

AP 13 A7 B 5 BEUA o B3N, 3230
T g WS ML TR B 3 A B AR ANE TR A 1
14 v Bl s EEESE A ¢ BN, B R S A
08/ ELIT R BE 7 A A2 ARAR /I (EL S5 BEAT #1 1) 52 i 7
JEEAH I B Ay 10 SR B ki S BE A A L33
JEESEE A ] BT N 2L 4

or

or or
3F O e (=0 3 e (=0
— 0=5° — w=5° — w=5°
ol — w=10° — =10 ol — w=10°
£ £
' 9F ' 9F
12F 12F
15 1 . AN . ) L y L ) 15 L . ! ) R
0 20 40 60 80 100 120 60 80 100 120 0 20 40 60 80 100 120
p/kPa p/kPa p/kPa
(a) Wbt (b) #r L (c) FhL-
P13 sERER A X 8RR
Fig. 13 Influence of the wall dip angle on the active earth pressure
Or or or
5L e £=0° e £=0° 3k e £=0°
’ — =5 — =50 NS — =5
—{=10° —=10° —{=10°
6F 6F
£ £ £
Al 9 | Al Al 9 |
12+ 12+
15 L L i L L ), 15 L L A\ L ) 15 L ) L ) I )
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
p./kPa p/kPa p/kPa
(a) WL OFES (o) Fi L
B 14 5B X 3h L R s
Fig. 14  Influence of the wall-soil friction angle on the active earth pressure
B, ML = T, AR LK, = 1B, [ 15
4.3 IREEHEH : o ’

PR E) I ZR B m R, N BR ) 1 g B e ] 2
or or

NFRIE S Z R m RIS+ T p, BRI

0 r
b m=0 3 _ ---------- m=0 b m=0
. —m=1 : — m=1 — m=1
—m=2 — m=2 —m=2
6F 6F 6F
g g g
5 w N
9t 9t 9t
12+ 12F 12+
15 B L L ) 15 ' L g ' 15 L L T )
0 40 80 120 160 0 40 80 120 160 0 40 80 120 160
p./kPa p./kPa p/kPa
(@ WL (b) #3L OF ==
BLS  BRrap 0 0 R B0 F2 8 1 52
Fig. 15 Influence of the circumferential stress coefficient on the active earth pressure

PR3  https -/ cjam. xjtu. edu. en  BUFAART 1222440



1428

A P e

HI [ 15 A& Y, B i ) R B0 8 T TR
INF AT R R e AR SR, B A EA 1] 1 ) 2R R
N, FEE Ay B RGO HAT IR S A & AL .
W IR m =2 B o, = o, , % i Haar-Von Kar-
man {5 , s F 30 4By ad /), BT R SR TR B
B Tk
5 & it

1) 85 G AR AN 1 ) SCR RO )5 B A X 5 Bk
BB T HF 71 IVERSON 202, fr dt <7 1 B2
AB MR 15 G TR ST B+ R i S 4 R
EAH LO B A AU e T BRSNS (I ] AGB 36
W, FJARLAE I3 ) ARSI (R £ oy - ) |
FEGUBAY SR (R BEAGUAR B5 T BEEE AR ) 5 A 1] iy )
FEM LR, A )2 03 T v A ) He
B

2) AR AR S SOk R B SR AT 38
JEJERELARE WSS T V15 £ 3 5]
W BRAP 220 ) AP W &, B i 1 AR BT 28 1
5 T3 B AR B AR E A5 T IR A Y TR A 14 A 5 B
£ HH FE B R RET S 2 n P R 2 R, ] Dy
BILEGT BT S5l TG 25 15

3) WA A I E] A 200 3 BRI AN 4 BT
F 3 A T RN K 53 A B 5 e A7 AR B 22 e, Horp
E TR 03 1 ) A O ORGSR AN ) e e 7 M X |
TR Z 0 T B LR LR AE,
X G A] AA  W y AE Se v a3 A A OG5 ST £ 5
A 7 Bt FsF [R] % 3G I S 3 5 ) Rl E A S R
SRRy N

4) BEEE(A i A BE A X B ST 8 R R R
/NBSE I 2 B S R (A L B R AR A RS
F 3y A Ty TN (H TR BE o A BEAANAS 5 el s
I ;7 2 BT A5 B A 1) By g 1 2 R, 80 1
JE 73 Bt B [ 137 ) 28 500 Hg i B sl , HL U R
JEOI AN o S IRCE 38 1 SR T A S 5O 36
] o ) R, P e BE G TR R BT 2 4k

PR W% - https ; //cjam. xjtu. edu. en

H A2 5
SE -
[1] XIONG G J,CHEN J J,LI M G,et al. General axisymmetric active

[2]

[3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

(1]
[12]

Bl A

earth pressure obtained by the characteristics method based on cir-
cumferential geometric condition [ J]. Science China technological
sciences,2020,63(2) :341-356.

CHO J,LIM H,JEONG S, et al. Analysis of lateral earth pressure
on a vertical circular shaft considering the 3D arching effect[ J].
Tunnelling and underground space technology ,2015,48 :11-19.
EIEIRE, 22, FV, 45 X AR 3 R g () Y T R AR
[J]. &5+ 12£,2018,39(11) :4133-4141.

YAN Shuwang, LI Jia, YAN Yue,et al. A solution for axisymmetric
active earth pressure by slip line method [ J ]. Rock and soil me-
chanics,2018,39(11) :4133-4141 (in Chinese).

CHEHADEH A ,TURAN A,ABED F. Lateral earth pressures acting
on circular shafts considering soil-structure interaction[ J |. Interna-
tional journal of geotechnical engineering,2019,13(2) :139-151.
Bk, AR, R, 45 FRIR B R B S 1 T 2 A AR 5 i
HREMFELI]. HF A ) TRAER,2022,18 (1) :257-267.
MAO Pan,ZHANG Xudong, YE Bin, et al. Study on earth pressure
distribution pattern of ultra-deep circular shaft and its influential
factors[ J]. Chinese journal of underground space and engineering,
2022,18(1) :257-267 (in Chinese).

LIU F Q,WANG ] H. A generalized slip line solution to the active
earth pressure on circular retaining walls [ J ]. Computers and
geotechnics,2008 ,35(2) :155-164.

VO T,RUSSELL A. Rigid retaining walls interacting with unsatu-
rated soils in axial symmetry[ C]//Proceedings of the 4th Congres
International de Géotechnique-Ouvrages-Structures.
Springer Singapore ,2018 .775-785.

IVERSON R M. Landslide triggering by rain infiltration[ J . Water
resources research,2000,36(7) :1897-1910.

LU N,LIKOS W J. Unsaturated soil mechanics| M ]. Hoboken,NJ,
USA ; John Wiley & Sons,Inc,2004.

AT, AR, SIS 2 I gl X R 90 1 0 A 1) 49— R fIE 2%
T [T]. A E RN (E 4) ,2001,31(4) :323-331.

YU Maohong, LI Jianchun,ZHANG Yonggiang. Unified characteris-

Singapore ;

tics line theory of spacial axisymmetric plastic problem[ J]. Science
in China( series E) ,2001,31(4) :323-331(in Chinese).
FRIER. R IBVES 2A M. 2 R BN - BTV OR A A, 1999.
HU Q Z,LI Y G. Active soil pressure of unsaturated soil under
rainfall conditions[ J]. Advances in civil engineering,2022,2022
(1) :7039420.

(it HP)

IV IPIE

dn



	3_2025年6期目录.pdf
	4_2025年应用力学第6期1-80.pdf
	4_2025年应用力学第6期81-160.pdf
	4_2025年应用力学第6期161-240.pdf
	5_总目次.pdf



