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Study on loose soil pressure based on triangular slip surfaces
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Abstract: Soil deformation caused by karst collapse and tunnel excavation often causes uneven settlement, ground collapse and
cracking of foundation construction and foundation structure. Development of approaches to determine the distribution of loose earth
pressure at the top of soil structure and analyze the relationship between soil deformation and soil arching effect accurately is of much
importance. A series of classical trapdoor tests with different H/B ratios were conducted to reveal the variation law of soil deformation
and settlement on the loose earth pressure at the top of the structure. Based on the test results, a mathematical model is proposed to
analyze the loose earth pressure with triangle as the mechanical model under different slip surfaces. The relationship among the slip
surface angle, soil deformation and principal stress deflection is considered. The principal stress deflection of any horizontal
differential soil layer in the slip surface is analyzed and the stress equilibrium differential equation is established. The theoretical
formula of loose earth pressure is solved according to the boundary conditions under different slip surfaces. The rationality of the
theoretical formula is verified by comparing with the trapdoor tests results. The main parameters (e.g. slip surface angle, coefficient
of lateral earth pressure and internal friction angle) were analyzed. The results reveal that when the displacement-width ratio (1%—
3%) is smaller, the stress rapidly transfers and redistributes, and the angle of initial slip surface is slightly smaller than n/4+¢/2. With
the increase of H/B, the vertical stress increases slowly and finally tends to be stable; loose earth pressure of closed triangular slip
surface in foundation is related to the displacement-width ratio and internal friction angle; the increase of internal friction angle
makes full use of soil arching effect, strengthens stress transfer and reduces vertical stress; the increase of internal friction angle
brings a remarkable reduction in the horizontal stress component, thereby reducing the lateral earth pressure coefficient.

Keywords: loosening earth pressure; soil arching effect; triangular slip surfaces; principal stress rotation

R e 2022-04-22 SR H I 2022-08-13

HEWiH: ERARFEESIHE (No.41962017); [ AR A EE G T A0 H (No.2022GXNSFDA035081); [ 7 iy & 27 % e 7K - Q18 [ BA 2% .7k
FHEVWRIBE CEHAA1202016 5); T HHHFSUAEHE BIFTHRITHE (No.YCSW2021310),

This work was supported by the National Natural Science Foundation of China (41962017), the Natural Science Foundation of Guangxi Province of China
(2022GXNSFDA035081), the High Level Innovation Team and Outstanding Scholars Program of Guangxi Institutions of Higher Learning of China ([2020]6),
and the Innovation Project of Guangxi Graduate Education (YCSW2021310).

- fEH A R4 Y9, 1981 4028, W4, 08, B NIEIN A £ 45K SR E R TR R TR0 379 %7 T (0T 2. E-mail: wiquan1999@163.com
WIRIER: MER, 5, 1987 44, Hid, PRl EZNGE L TR WEIM S LIE. E-mail: zhinan_lin@gxust.edu.cn



698 = +

b 2023 4

1 5 =

Bl & LA WA W KR TRESE TRE 1
JR PR g, AT IRREN. B E 255 5 T
HEC ) AR AR TEAEAT £0) % 28 AR Y FE Atk 2 ORI R At
Sl R 3 ™ B ATRER , FLARIR e [ A AT
gk, BEM SR SARANS STt RIS SOT RS
fasE. EIXANFES, LAk B PR U ET o8 A I
ARSI, RN PEBE A AR R () e Fe A S A
FRZ AP, AR AN ST AR B ot L 4k 2%
MEIRAERAIRRK KRR Ft, i Enf ot 4k
ARG RN (1) 9¢ 2 B A e S5 R T AR 30 1 7
B ATAE O, AL TR & . BEmb s &5 07
i % R o

Terzaghil®Vd it 3% 20 | 1056 0 70 9 W 88 L HE AL
N, H ARG AR R AR AR AT B I e R 7
JE AT R RS T 51 RN ) B3 AR B, [R50
W) BT L N IR g th T BRI R A
i HEB) PR 5 R TR AR R T T2
WFFE S S B, FEIEA b, A g &3t
SEAIAGAES,  FHRHE BN TRAA 3 & 77 )5
BEAT T TSR

715 R R e FOG BEAR 23 B A S g B2
BRI T 16 T 0 THO 1 0T i g o it L s R
A TE 2 BN IR BAT I T, R 328 i
FAXHN ] = ) RBOFATAZIE R T BEIE HE T
FaBh 77 Bt SRR e PVAE A St Rl | DA
ERE R N AR, BT A e A N T
TR SR AEAS [RIR FE AR N g e £ A AR AE AL
IR R, FEAEMIAE B 7 25 T AA S -k
JITHE 7. Shuklal®l, B ARARIOSE WA &2 45
Fyrh BT R 1 B e br i AR IR, JfdE
T ULt se 7 eIz LE 71, S AR, 2N
AR 6 T2 J2 45 M 7E 25 A 58 4 e HE AR 11
THOL N KBRS ) B E s L k).
B IR 7R IR AT 25 e 7% 1 AR 5 N ) e
AR, JE BRI TR IEAZ [ A4
B, JFL I o AR 4 1R 389 i AN B A2 AR A

A i AL 2150 e e AR R R S BB AT X
PHEATE ST, KIAE LR BN, R
T AWIUG = F T 2 0, AR BEAE A A2 4228
HRIMILE 3 AR, HRH R OB SRR
NIRRT B 0 HT, IRt N A2 7
%). Liang 5L = MR R I N ) S BB AT R
AEEAIWTHE, S AN FEE R RS T

2R MER AN, /N RPN T R R E +
R EEHEAT 0BT TGO, TR AREHTTIE 2355 LA
BETE 25 #) S WA Tl T O 5%, Il e M ik ik 10
RERER S WA R B BEAR) A5 WL o

Zi ERTIR, 12 S AN R T T 2R A
BIAFRM A, HRZ IO A AR BAT IR IR
PBRARES . BTk, ASCHEAT AR = 98 LTS 3T T
%, T AR N L BN 5 AR AL 5%
F, HREBM IS G LARERE ZAR LR Z [
W&, UI=MIBEREE N A, e KM
IR S I LRI 52 F 1 B TR, A
[EIREEEA TG RS A I SV WA (17 /A VO
W SEAA A MBI ARG AR AT B, 5
UEHEPEVE, JRESLEEAR B pr il s 7). Ak
B S SR AR T AR R S 4

2 VEEN AR

2.1 REEE

A VR B PR A R, AR AR
KB .

(1) AR, BALRKC R, %, @3
2000, 1000 1200 mm FIRERIEE, a0l 1 Fiow,
H=M28 6 mm JERVER, ARk N A6 P 0 RE T

BRI ¢ |
VU T

:
i i
i j #
L [l =
Ly |
| »
PSS >,
N /i
v N
y \
| | ‘\
v e \
7

=)
E
‘g HH
= s B\

WEFTT
M
(b) RN IREE
B1 Es R E

Fig.1 Test device of movable door
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and deformation of sliding surface
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