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An analysis of active earth pressure of cohesive soil based on the
layering of principal stress traces

WANG Jiayu, CAO Wengui, WANG Yubo, ZHANG Huijie
(School of Civil Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: The rough back of a wall causes the deflection of the soil stress direction behind the wall. At present,
there are few studies on the influence of the deflection of the soil stress direction on the earth pressure in cohesive
soils. For this reason, this paper firstly discusses the deflection law of the principal stress of the soil behind the
wall, and adopts a layered formation of curved thin-layer elements along the principal stress trace. By analyzing
the force of the curved thin-layer element, the static balance equation of the curved thin-layer element is
established, and the formula for the distribution of the earth pressure of the cohesive soil along the wall height in
the translational mode is derived, and the new analysis method of the cohesive earth pressure is obtained. Finally,
the method in this paper is compared with the actual measurement results and the existing theory and the
parameters are analyzed to verify the reliability and rationality of the method in this paper. The research results
show that the calculation results considering the effect of wall-soil friction can more accurately reflect the
distribution law of cohesive soil along the wall height; the magnitude of earth pressure decreases with the
increasing cohesion. With the increase of wall-soil friction angle soil, the pressure resultant force gradually
decreases, and the height of the point of application increases slowly.
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Fig. 1 Soil wedge and principal stress trace model
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Fig. 2 Deflection of the principal stress and Mohr circle at the
contact surface of the wall back
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Fig.3 Deflection of the principal stress at the slip surface

2 TEARAKHE

21 ERIBLIUAIRAR . B8 E

RN ST £ 58 5 HERON X R T s, A
Z 2B TN ISR AT TRV, 4 hA Rk 3
N ST S IE R R BB LR L B, S . X BUIR T £k
o AR o PRI HE S L X HL AT R B,
J13 S I AR - R T3 58 BE K /N R Ay A s i/ . o
fa] AL it 98 SR, AR SCR B OIS 32 6 1l 26 K, +
PLARTE SRS TS B2 A A FH R 20 1 R AR, H1RN
B B% I %5 8 9% 32 R g 30 2, B — B i 4y R T
EFF'ERWFFE N4, W 4 iR, BOK E E 5RO
ML 5K T I AR 0y, F i 5RO HESL S
KT e R 0,, R T3l 28 i o B AL 5 R G Y
LSRN MBI AR 0,0 R T 3RS Mo R
JC EFF'E'W) 52 J153 8T, 8 S e BEuf e BN JL AT 7
RSHL KRBT T

W EMARRR: GRS, WE I R 2, K
TR x Bl E AR AR R (0, He2), & F SR AR bRl
xo, MR 4 7 R AT AL A AR bR zg=xgtang, [B9K 315 )
M I E. F WS 2 T ALROCER:



- 84 - 7K SC L T

B4 EEHBEHABEERRERATIENSN

Fig. 4 Layered model of the principal stress trace and force
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Fig.5 Comparative analysis of active earth pressure

3.2 ST

R T WA ARG S SBOSFE FE HE
G 05 0, 3 TR v T R S EGIE L 38 a4
A e, DA M ) A R R4 B B R - N EE 4B A (o
0) BB 1 ¢ SN FE N+ 758 B A i R LA

6 Feon b+ BESE £ o X K S0 A 2,
6 Al Bl o 38K, R SR Wi . o H AN
BF, R 7 3 AL S P 0 A, A 2 30 358 B Kb 58 AR SR £y
Ho oMK, + K 7740 A I oL 2 7% Sy itf 4k 43
A, NSRS BB . AT TR, R AR HE
Slp=2/3, Bl o Y&, 1 & JIARWIE/IN, B I A IR
B R . B8 FonFE LR A R A
SR, B L AREE IR T e 8, LR B W, bk
e 5 T 3% T 48 K

P 9 7R 1 Py JBE 488 A F )+ R 1 A 1 5
i, B EIE G I RBRX TG o K, X o R EER,
G IR0 Ry e 8 Bl A 6 B0, A SCOT ¥R 5 S0k [7] Ok
B ST, X iR A )B4 ) P HEE — R o
+ Ty, WA o, 5 SEPRE ARG . B 10 3%
N B - RS A A A B e, BB O Y
K, ARSCE TIVE R AR B8 e, # Rk R e

F3N ST 0,/kPa
-10 -5 0 5 10 15 20 25 30 35
T T T T T T T T 1

—=— J/p=1/4
L —e— 0/p=1/2
s —a— Olp=3/4
i Slp=1
H=10m
y=18 kN/m’?
9=36°
c=10 kPa

y/m

[so RN CRE I e Y N A S I =)
LN B B B L | T

i

E 6 ETEER MTEANDHIRI
Fig. 6 Influence of the wall-soil friction angle
on earth pressure distribution

FEHEIIRE o/kPa
-20 o 0 20 40 60 80
T T

—a— ¢=15°

2 —o— ¢=20°
—a— @=25°
9=30°
4L
H=10m
E y=18 kKN/m*
=6t 0lp=2/3
¢=10 kPa
8k
v~ o ————
L J

B7 TENEZER o METENDTHHRME
Fig. 7 Influence of the friction angle in soil on the
distribution of earth pressure

FB R IIRE 6,/kPa

—20 0 20 40 60 80
T T T T T

—a— =5 kPa
—e— c=10kPa
—&— c=15kPa

=20 kPa
4 H=10 m
y=18 kN/m?
E 0=10°
=6t p=15°

El8 FHEN cHEENSFHHZM
Fig. 8 Influence of cohesion on the distribution
of earth pressure

PEAR 225 1M SCHR (7] & SRR BT S, 5

B BG4 SR 22 O, SR SO BRA R E



2021 4 TAEF, % TR F N SR B+ £ 30 - a4 - 87 -
HA G W5
' ' ' ' ' ' & 3Hk ( References ) :
200 B
g (1] @EE SRR A R 8 ) A+
o180 1 T2 4f%, 1983, 5(1): 134 — 146. [ ZHAO Henghui. The
f]: ol m10m | computation of earth pressure of cohesive backfill on
E =18 KN/m?® retaining wall[J]. Chinese Journal of Geotechnical
gl 0K | Engineering, 1983, 5(1): 134 — 146. (in Chinese with
H : Sﬁi%g English abstract) |
120 - & Rao.PJiik 1 (2] WSAMRZE. Ktk - 3230 L ) SR 0 A i gk ).
0 s 10 15 20 25 30 + TR, 2006, 28(8): 1049 — 1052. [ HU Xiaojun.
o) Improvement on Coulumb accurate solution of active earth
B9 ELEERIHIENENNEIE pressure to cohesive soil[J]. Chinese Journal of
Fig. 9 Influence of wall-soil friction angle on the Geotechnical Engineering, 2006, 28(8): 1049 — 1052. (in
resultant force of earth pressure Chinese with English abstract) ]
T S A - - ™ [3] iﬁ‘ﬁl‘iﬁ.%f&*ﬁ%ﬁ&%%*ﬁ%ﬁﬂ@iﬁ]iﬁﬁ&
42 [ —e TS ] & 0. A+ J1 2, 2002, 23(4): 470 — 473. [LU
g 40 Rao PMAEJ5 14 ] Tinghao. A formula of active earth pressure including
g 381 5:1801(2 fd 1 cohesion and adhesion[J]. Rock and Soil Mechanics,
i“HE 361 c=10kPa ] 2002, 23(4): 470 — 473. ( in Chinese with English
E i; : : abstract) |
& 2ol ] [47  BRPE, /NG, W . 8t £ 3 8 4 ) 1507
28l ] 8 0], W P 5 TR 242, 2015, 11(5): 1180 —
26L . . . . . ] 1184. [ CHEN Qing, LIU Xiaoli, CAO Mianli. On the
0 5 10 15 20 25 30 computation methods of active earth pressure of cohesive
B0 LB 5 X?j':tJ:T:(;/;i,)%j]VEFH S soil[J]. Chinese Journal of Underground Space and
Fig. 10 Influence 0£ wall-soil friction angle on the height of the Engincering, 2015, 11(5): 1180 - 1184, (in Chinese with
resultant point of earth pressure English abstract) |
(5] ZEIC ER, Bk, & 88 55 1 0 £ 3)
4 %it R 0. T 2, 2006, 28(5): 650
. 652. [ LI Juwen, WANG Chong, LIANG Yongduo, et al.
(L) 5 5 00 R A BRAT 19 0 7 WA T R R Computation of earth pressure of cohesive backfill on
IR G3 A B (9 6 L 53 AT, S UEAS SO I 1 £ 34 retaining wall[J]. Chinese Journal of Geotechnical
‘riﬁﬁﬁﬁ‘rév M%‘fﬁz E/‘]ﬁ Eﬁﬂ? T%iﬁét@ﬁ N j:/fzig Engineering, 2006, 28(5): 650 — 652. (in Chinese with
W@@ﬁ N il'i%l%jj % %X“J‘j:ﬂzjj ?ﬁfﬁﬁﬁﬁ E"J%ﬁ ur‘ﬂﬁl English abstract) ]

B K s R [6]1 HANDY R L. The arch in soil arching[J]. Journal of
(D)WFaE g FTH. R AR R/ANEH B Geotechnical Engineering, 1985, 111(3): 302 — 318.
(IS, 25 BB Sy ke, TR ) B R K 1 e [ 7] PAIK K H, SALGADO R. Estimation of active earth
B O BN, AT R AR L, B & 1 pressure against rigid retaining walls considering arching

j(, i}fﬁﬁﬁﬁ{ﬁ@d\, ﬁﬁ?ﬁﬁﬁl'ﬁ%'@;%%, T effects[J]. Géotechnique, 2003, 53(7): 643 — 653.
(81 MiZA:, #k, WA, 5 8 1 LR i #4532 30 1

F153 A s N BLAR LA A AR B

(3) i T A SCHT 5 i B sk i 2 4 O B 2R 4
B 75 B4 T LR 7 0 R4 R (32, e 5P T
R0 A5 A S 5% o B AR AR — 0, XIS A5 R A T A
—5E BRI, PRI AR TR B AT I E T A E— 2 Y

JE 153 A5 0] A TS24, 2007, 29(5): 717 - 722.

[ YING Hongwei, JIANG Bo, XIE Kanghe. Distribution
of active earth pressure against retaining walls considering
arching effects[J]. Chinese Journal of Geotechnical

Engineering, 2007, 29(5): 717 — 722. (in Chinese with


https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3969/j.issn.1000-7598.2002.04.016
https://doi.org/10.3969/j.issn.1000-7598.2002.04.016
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.1061/(ASCE)0733-9410(1985)111:3(302)
https://doi.org/10.1061/(ASCE)0733-9410(1985)111:3(302)
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.1983.01.012
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3321/j.issn:1000-4548.2006.08.023
https://doi.org/10.3969/j.issn.1000-7598.2002.04.016
https://doi.org/10.3969/j.issn.1000-7598.2002.04.016
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.3321/j.issn:1000-4548.2006.05.019
https://doi.org/10.1061/(ASCE)0733-9410(1985)111:3(302)
https://doi.org/10.1061/(ASCE)0733-9410(1985)111:3(302)
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014
https://doi.org/10.3321/j.issn:1000-4548.2007.05.014

88.

7K SCHb BT TR b S

5% 6 4

L9l

[10]

[11]

[12]

[13]

[14]

English abstract) ]

AR, S8R, WA, L B IR T I L R
B EFY A R R Ty R g (1], K SCHb BT T
& Hb 5T, 2018, 45(5): 73 — 79. [ HU Weidong, CAO
Wengui, ZENG Lyuxian, et al. Upper bound solution of
earth pressure for limited soils adjacent to existing
buildings considering friction energy consumption[J].
Hydrogeology & Engineering Geology, 2018, 45(5): 73 —
79. (in Chinese with English abstract) |

W TR, 8 X, XU 2L, 25 OIS A R b AR
P4 55 £ 3 TR 05 (7). K SCH BT TR M R
2018, 45(6): 63 — 70. [HU Weidong, ZENG
Lyuxian, LIU Xiaohong, et al. Active earth pressures
against rigid retaining walls for finite soil under the
grading condition[J]. Hydrogeology & Engineering
Geology, 2018, 45(6): 63 — 70. (in Chinese with English
abstract) |

RAO P P, CHEN Q S, ZHOU Y T, et al. Determination of
active earth pressure on rigid retaining wall considering
arching effect in cohesive backfill soil[J]. International
Journal of Geomechanics, 2016, 16(3): 04015082.
AR, BT . R L BN B R R e
g BRI ). s 0 15 TR A, 2012,
31(5): 1064 — 1070. [ TU Bingxiong, JIA Jinging.
Research on active earth pressure behind rigid retaining
wall from clayey backfill considering soil arching
effects[J]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31(5): 1064 — 1070. (in Chinese with
English abstract) ]

Bvoe . PEAR £ ) BRI TR ARG M A b Ry B () L.
it TR, 1998, 20(3): 80 — 84. [ WEI Rulong.
Application of Coulomb's theory to cohesive soill[J].
Chinese Journal of Geotechnical Engineering, 1998,
20(3): 80 — 84. (in Chinese with English abstract) ]

MR B, A, IR A TR L L

[15]

[16]

[17]

[18]

[19]

T L], o - TRE“E R, 2008, 30(4): 555 — 559.
[ LIN Zhiyong, DAI Zihang, SU Meixuan. Analytical
solution of active earth pressure acting on retaining walls
under complicated conditions[J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(4): 555 — 559. (in
Chinese with English abstract) ]
AR, B B R B0 R R SRR S
BB+ R g — i L] 5 £ 014, 2014, 35(9): 2501 -
2506. [ ZHU Jianming, ZHAO Qi. Unified solution to
active earth pressure and passive earth pressure on
retaining wall considering soil arching effects[J]. Rock
and Soil Mechanics, 2014, 35(9): 2501 — 2506. ( in
Chinese with English abstract) |
LI J P, WANG M. Simplified method for calculating
active earth pressure on rigid retaining walls considering
the arching effect under translational mode[J].
International Journal of Geomechanics, 2014, 14(2):
282 —290.
CAO W G, LIU T, XU Z. Estimation of active earth
pressure on inclined retaining wall based on simplified
principal stress trajectory method [J]. International Journal
of Geomechanics, 2019, 19(7): 06019011.
CAO W G, ZHANG H J, LIU T, et al. Analytical solution
for the active earth pressure of cohesionless soil behind an
inclined retaining wall based on the curved thin-layer
element method[J]. Computers and Geotechnics, 2020,
128: 103851.
JURL 28, B AL, PR TP P e 1 b i AR
A BT (7], 54 + TR 241, 1988, 10(2): 49 —
56. [ GU Weici, WU Quanshe, CHEN Weiping. Study on
filling sliding shape back of the retaining wall[J]. Chinese
Journal of Geotechnical Engineering, 1988, 10(2): 49 —
56. (in Chinese) ]

YiE: KRR


https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000313
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000313
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000589
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3969/j.issn.1000-6915.2012.05.025
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.1998.03.019
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000313
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.3321/j.issn:1000-4548.2008.04.015
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000313

