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Calculation and analysis of active earth pressure on
retaining walls considering soil arching effects

ZHOU Yundong" *, YANG De'*
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering ,
Hohai University, Nanjing 210098, China;
2. Geotechnical Research Institute, Hohai University, Nanjing 210098, China)

Abstract; In order to study the active earth pressure on retaining walls in response to soil arching effects,
considering the effect of wall friction angles on the inclination of sliding planes, theoretical analysis was applied to
minor principal stress arches. The horizontal width of soil arch differential elements at different depths was
calculated, and the expression for the shape of minor principal stress arches was obtained. According to the arch
shape obtained, a differential element method was developed, in which differential elements were divided along the
axis of minor principal stress arches. Then, this method was used to compute the active earth pressure on retaining
walls, and a theoretical formula was obtained. Comparison of the present results with experimental data and results
from other theoretical methods shows that the results from the present theoretical formula agree with those of the

model test.

Key words: soil arch; retaining wall; wall friction angle; minor principal stress; circular arch; arch differential

element method ; active earth pressure

b5 bR TR — B R KA HTBCT AR T R R, 2 Y S R R B th T
TR TR S T e TR SE B PR B T N, SR, X P R 2 L B A B A b e T3 8 O Sk A
Fang %1 Sherif 512 J8I N e 45 AR 45 G i A h s RIS TE I . B85 B R AR A

FHERL I AR B DL —Fh IS . 1943 4R Terzaghi™ 38 i 35 44 093 2h 1 TR0 IE 52 T 4 Hk 4%
I A AFAE R SO A s DA R DX 38 % 81 4 1 X B4 . Handy '8 b SR /N F2 07 )
AT , 308 3o ST SF A7 85 6]/ 2 07 7 B BRI 0 B A5t HOR RO BB A, (B0 14 Bk S i 2 /N 219 7 2R 7K
5 T AF VRIS 153, Paik S5 NMBCE B L8 R KPR B O — E R (w/A /2,0 At
TR EERESR) s BRI N IRBIOE | thoKP 2o oA 25 L Ty, oo™ e i 24w i 7k

Wi BHE. 2015-03-25
BN, Ak (1975—) B orZE A RlZUZ, EE NS LA TR W K 4 3h F122 B 3AFSE . E-mail ; ydzhou@ hhu.edu.cn



150 IS S (SN S RE A S N T8 Ha4 6

P B At L BESE A 6 AL, MK ST KA B 1) B R 0P 2 s T kR
SRR A B TARR MR LD 4, #5055 AE Handy F1 Paik ALl L 2% IS 1 B 25 A1y 0 34
35 AR R B T2 ] AR N RSO 59 UK 15 T AR Y 2 I K-
JEWGT TSR AR TR i S ) o AR AE T S Ik B A AR R Y R, A 7R
PRI RISIIE 43, D2 AR T A PR 462 Rk 1 R 458 A I i) 3Bk E A5 25 1 b 0T, s I SO /)
N e i T A O LR, G K P SR AR BTk B T AT A B8 /0 35 i e ek R Sl o T Y
Titko

B 7 IE B A1k A SR T A A B R, R B A R AR AR AR A L S A
B BOE BISIOR H) /N TRt i 4 S 25 1 L BEPUBAEA R IR E A 1532 20 15 3 BSIUR i E AR $2
TR BT JF I HOR AR A 209 355 32 3h e I 5 BE 2 A A PS8 3K, Rl i S IR e
Tsagareli' " SR 90K K HAb 7 6 0 LB AIHT , AR SO 5 144 B HEA T AR

1 53N E R AR )y
|
PEEHIE RO B 1, A o, R4 B0 - /4 |
{1097 , AR SR 1 S B FE F7 0, Syl - i b - 1 ! /1 dghinl o
R 1 5K e A1 e, o A 2 il A/ T J JH-d)an]
FE KT TS 0, e, =m/2 o, Fy W B b /32 | '
J15 K A ) LT IZE 15 K 7 1 e i o R~
JgEHEINK S H9— VR EC, BRI IN K A 2 S=RO(R J9 I o
H-d L
B 0 FLL A ) T3 a=a, ~AS=/(S) , 3 A%D
B
dy _ ds _ dy R o
Fi:|£—tana\dx— 1+(dxj AL yl
Bt (1) B BEERAER
dx Fig. 1 Minor principal stress arch
(1) X} x A5 behind retaining wall

I
x = [eos(a, - 45) ds = - in(a, - 48) + € (2)

M B4 S=0 ) ,x=0 . a=a, =7/2-0 LI & (2) Al 15

sina, — Ax =sin(a, — AS) (3)
12(3) f A =tana 7
? =tan(a, — AS) = tan[aresin(sina, — Ax) ] (4)
x
LSRR AL TR LU d B AR =0 y=d, ikt A X (4) 15
1 CcosQ
Y= 1 - (sina, —Ax) > +d - (5)

2 IHESEKEEE LR

T BERMAOK SERE D R BOTARTE K D7 [ U B S RE  BIANTAT 1R L R
AP 1 LTSGRl £

S8l H-d
L"‘f sio ds = (6)
o tanf3 tan(3

K. S —HEIMAY K
o, o,

1 a=a,-AS.S. =
 a=a,-AS .S, 1

A (6) nT 15



552 IR NN R O B oS AR 12 ) (L e o) WA WA R Y 151

> sm(a - AS) ]—] -d
L+ j e (7)
P L A0 5 7 A9 n:fgmu:% =L a=a =40~ 8.0, 1T SCHR 12] 4
B, R AR (3) AT A LA
A = sina, L‘ sina, (8) 0 05 10 15 20 25
\
‘ o 0.5§
B (7) K (8) 1% 1.0§
H-d §
L= (9) =
cosa, — coso e
tanf + —————— = - §
sina, — sInQ, 25 §
K2 iR (5)2aHn Tsagareli““ ok 5 h 3.0§
H=4. 0 mf - HEX R0+ IR, 5=
3 By ERBEIEEHTED 0
B N B2 s
HEUIL B BTE AT (0 40 R I 3 A 4 Fig. 2 Soil arch shape
Firs ., B 4 (18 3 R LRI B TERD) T o
(BLJ3 o BISATT 1)) |y BT [0 7 B -F- 15 2 1A
0 HHHHHH 3
A
y
3 INERABTERE E4 BHRELBETZNE(EIPELEFE)
Fig. 3 Computational model for Fig. 4 Forces acting on differential elements on
minor principal stress arch sliding plane ( details in circle in Fig. 3)
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Fig. 5 Comparison of active earth pressure distributions obtained by different methods
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