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Mathematical Derivation of the Passive Earth Pressure Formula of

Structured Loess based on Joint Strength Theory

ZHENG Wen', LI Rongjian’, LUO Han’
(1. Department of Architectural Engineering, Yulin University, Yulin 719000, China;
2. Institute of Geotechnical Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The calculation of earth pressure is essentially an application of soil shear strength theory.
The calculation of earth pressure around different soil strength is different. The tensile strength of
structured soil need to be considered reasonably. Based on the theory of joint strength, which take con-
sideration of tension and shear properties of loess simultaneously, the equilibrium analysis of passive
limit stress state was conducted, then the new formulae of passive earth pressure were derived, and
compared with Rankine’s passive earth pressure. The results show that calculation and comparison of
passive earth pressure, the passive earth pressure based on the joint strength theory is smaller than
Rankine’s passive earth pressure which is determined by traditional Mohr-Coulomb theory. Due to the
overestimation of the tensile strength in Mohr-Coulomb strength theory, the value of Rankine’s active
earth pressure is smaller, and the value of Rankine’s passive earth pressure is larger, but the theory of
joint strength based on tensile strength of loess can reasonably evaluate active and passive earth pres-
sure.

Keywords: structural loess; tensile strength; joint strength formula; passive earth pressure
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Fig.1 Strength failure of the test structured loess

477



AL UE , ok 45 31— B BE fi 40 0B v 57 1 3K, S RE
VBT = 5 1 R 1) i B e 2R 3k 5K, AT LUK AH Y Mohr-
Coulomb 38 £ 1 58 FE % IR 5= 1 ) 2R 7F 7 55 X (1Y 1 2k
75 R G Bl 2 3% i e 5 KT Bl B 5 BE N )
1, 0., YA Mohr-Coulomb 5% J& 28 & i it £k , 1 545 1
XL 2R 2 AR 156 A i B 3 A =0
* =(c+ otang )* — (¢ + o,tang )’ (1)
SRy 7 A AT G5 ke P v A PR N T P A RS
B, W 1565 5 B 4 A i — B, an P 2 o, e B T
Sy R oy BRI N ) S R IR JE T
SRR B 11 7 Ay it 238 40, 532 B 1 oK F- [ Bz g
SRR R R TR B IR B I A R A R B AR E
Loy IR 5 B 1T AH R, 8 T R 89 3 .
rRL B T RIBE T W o A [i] £ 780 1) 43 BEAK I Sk 52 00 P
PR 5 B IR N IR A A

. BEAHEL,
I I
]<—>&I 0 4

K2 IRa LB

Fig.2 Segmental zone in joint strength
1.2 FHME LT WIHRRN S EEHKE

R 7K SF- 1w 13 F7 o Ak B8 AN TRDIR 28, 45 & 181 2
JIT AR 0 i B R G B D0 45 R M 1 ke s e B N
J1 A AR S A WA AR B, 23 0% 18T K 1) 18 7 4
RENN g R [ 5 B 1A B AR, dn &l 3 o, 7

T

0| o KPR ok b, o
(@) R&1

/

0 Ko, o,

S RCINALE PN p

(b) K752
3 gty e B b e S A BRI g P R A8 R e
Fig.3 Development of passive limit stress equilibrium state

of the structured loess

478

AR TRIRAS 2 3k .

2 ZHEEIEHLENTESN

21 WA ESHRE

L I R e B R T AT DR,
U5 A K F I TR E A o 0 A S 2 JE IR
23 18] A A S A AR B RE , G I AR P AT KR
AT RS T 8 S P T I AR BRSPS el
PAHE S R g iR 5

PH85 b F # 1L R S B 0 =K,o,, H 1 6, K F
N )0 B E N ) K Rk BT R Y
P8 TR A 2 A R 1w AR 5 w7 B I, e A
BN BT A i 32 55 1w 5 T3 4T3 AR S R g T
K- 1] B2 J) 0, 32 M 18 R, B2 IR B A R R 2 X
i} K- 18] 1 F7 0, BV R 8+ s 75 B2 p,, % B0/
B AR, e R R S) o A B 158 p,,
te/INFE L1 R B 18 S o,

22 WHETEHHES

S — i B, 24 K 18] B 38 O 2 ) B R TR
SRSy £ B 11 AT, 4l 4 B, B0 M s, N
FYIR . AFRBNQIEE T ol

T

K4 R 1HHIRE
Fig.4 Diagram of state 1

AR ()4, U5 N A& A5 8 N (oy,
\/(c+ oxtang )’ —(c 4 o tang )* ) , 1% 15 Ab B 28 2t
R fo 0] DL IE o X 5 P 2R AR 2O SR AR

_ dr (c+ aytango)tango (2)
Cdo \/(c+ oytang ) — (¢ +o, tang )’
W) N AR VR R TTRE R

T—tn=—- (06— ox) (3)

ky
IZIEER DT R 5 AL bR il (2=0) 19 52 5 B R 17 )



2 O T S = £ s T I 3 T LY Q= O

o= #aw + ctang + /T3 + TR, (7)
bR cos ¢
1 3 2
oy = 1? oy -+ ctang (4) 0, = ———oxt ctang — /it ikl (8)
cos’ @ cos’@
(2 IO L T R C(7) Fn
B > M (—— oy ctang, 0) . 7€ ANQM X (2) &Yl B\ A bR o AR A K (7)) F
cos’ @ A ()i
FLINQ| = v, | QM| = Ay, I I 1 2R B 1 2 1
0= —— oy T ctang +
®h cos g
_ 2 2
[MN|= (kv + 7 (5) /(L'Jr oytang )’ 12 —(¢+ o,tang )* (9)
25 b AH N A N 7 SEOR B 1 7 R R cos ¢
|:o —( 12 oy T ctang )} + =i (1+ k3)(6) % cos’e on T ctang —
cos’g
L =0, KM 7 T2 (6) AT A5 K F 0 ST o F/N FE /(chaNtango)z- — —(c+otang)  (10)
I 0,57 3R cos’ g
s (9) ) 45
oy = — \/sinz<pal2 + 2csing-cosgo, — cos’ (o tan’ ¢ + 2¢+0,tang ) + o, (11)
S [ B 4 2 (10) 2 i I 20 3 e HR A
A= —cos’¢(o’tan’ ¢ + 2¢.c,tang) on = \/D-ag2 + Bwos + A + oy (14)
B = 2csing-cosg (12) T2 (13) 2k (14) 8938 75 61250 N 119 18 4
D =sin’¢ IENTEN
U ACCLL) AT R A28 4 - \/D-af + Bo,+A + 0= \/D-0§ + By, + A + o,
GNZ\/D-aerB-alJrA + o, (13) (15)

IS AT AWK AT 0, H

/—@mw@@¢uﬁ+5m+A4ﬁhﬁ+3@+ﬁy%@w+5+2¢uﬁ+5m+Ay
o, = +

2cos’ @

o, + B+ 2\/Dci + Boy + A
2cos’p
PIBE G L ARAL TS R P ARSI ek BT B =0, =z, M 3 (16) 4
IO 3 A 9 ) b TSR BEE L B o =p,, e/ I ) R

(16)

b=
\/—4cosz<p(2}/z D-(yz P+ Beyz+A 4+ D-(y2 )+ Beyz+(yz )2) + (272+B+ 2/ D-(yz )+ Byz+ A )2
2cos’ ¢ +
2yz+B+2\/D-(yz)2+B-y2+A (17)
2cos’ ¢
AL, Y e=0,0 =00, - B0 Ry TE R 4, eI 8 8l R 18 -
\/—40052<p(2y2\/ﬁ}/2)2 + D+(yz) —f—(yz)Z) + (Zyz-i— ZW) 2yz + ZW
P = 2cos’ @ ’ 2cos’ @ (18)
SRS AL L ORCTT [ 45 FI] B N
Zad A, AT DRI P SR A T p,,—yztan2(45°+¢) (19)
B o o T w2 WA S 2

479



AT DUE P g5 38+ o e R v et B
RIS NS LR AKX SME W LR
NAREAHRRFRIBIEA .

5 RN B Y KO I N B OK B ) 5 R (R
HE, H SR k2 5 Mohr-Coulomb 58 B £k AH
Yl P e Sl A g sh £ R 1k -

Dy = Vztan2(45° + ;0) + 2c‘tan(45° + ;0) (20)

3 AHEELIEHEIENSHEIE

TR LB T A 5 B BOR T B sh 4 i
S SR G B e IO B O 25 m BB AN
CILEOE &) SRS /AN g B N TS v - N N
DL 1A R NI 5 PR

F1 HHEIR
Table 1 Calculates conditions
T I/ BRI WNIEEM PURRIE
T (kNem %) c/kPa /(%) 0./kPa
1 16.8 20 20 —12
2 17.8 40 20 —25
3 19.2 60 20 —37

XF LG A3 A B 5 i s 100 H 2 R0k B O 8 4y
g, v LAAEH

(D) BRG 9 B FIR T M8 8k s + R 140 A ith
S NI IS X o T BN SN R =i S 9
TS 9 3 - R 77 {5 % Mohr-Coulomb #i8 F #
BBl A T E N

(2) Wi £ 58 5 s B ARG o, T
e LN D i e B WA WA N B S K 1/ S e S
Mohr-Coulomb ¢ i) B 15 9% 2h + & Ji{ .

(3) 25 T AR BT AL 5 B AE /N, T T o
B ) A SO (£ 2725 L O e o 71 VA
JERRE, —HE M EF R E  XEERNSAXES S
Btk T,

(4) AR 22 H 53 BTk A — 3 R IR EE S
Fofr i J3E 310 T B8R R 22 B B bz o R 3 R R K,
AHRE 22 {H BE & I b B R RS o 9 22 ook
N

4k B U], Mohr-Coulomb % JF 3 16 1 #r 45 1
PR B bz o B 2 v Al R e A5 55 R A5 1
H BB s A R O I TR SF . KA 5 B 3LiS

480

1000 0.30

§ ——mrmampmen
WAL {025
800 \ --o- - HFM-CHRBEERIR )
ﬁ W+ S {020
S o0 L\ —a—fx2lE =
§ 0.15 ’ﬁg
H 400 =
4 0.10
=
200 L 0.05
. ) s 0.00
0 s 10 15 20 =
RV /m
(@) T 1
1400 030
1 —— ETHEREEILK
1200 BWEh s A 0.25
--o-- HTM-CEEEILHY
< 1000 WEIE S
g —a— X g
Sogoof #
'R 0.15 ol
ﬁ 600 | =
| "
200§~ o
. ) i A A 0.00
0 s 10 15 20 2
BEHEAEE /m
(b) L 2
1200 030
| — %5;};&?%&@%%
1 000 . 023
——e-- %giﬁﬁﬁﬂi@%
B} | ;
8 800N\ myn o &
E 600} 015 &
8 2
R 400 010
&
200+ 0.03
. . - A 0.00
o 5 10 15 20 25
WEH R /m
(c) L3

5 Besh % 7oA th £k

Fig.5 Distribution curves of the passive earth pressure
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