345 F5 114 *
20174 11K

T #M %
Journal of Yangtze River Scientific Research Institute

Vol.34 No.l11
Nov. 2 0 1 7

A A

doi; 10.11988/ckyyb.20160733

2017,34(11) :96-100

25 i P WO 2% e S PR AR AN R VSR B

FOE,DHRE R EEe
(L e A A O B ST S B AT LA 7). 610072, 2. 0P L b B A2 (RI0) TR B
BRI 4300743073 f TR HIBEAT FRA R L3R 250013)

R By | e T IS S NS o 7 T P N i €0 A A A O T 1 Py @ | O S
JIHFEI B RS RS AR AN b b B K R P 5 R i R B A e [ =% v ) S8 B R ) 4
H TR AN A 2R 28l R T 8 sURngesh IR 0 X, ol 7 W R IR AN A o RIS A SRR R AR T
Bt FPa] SRR 200 3G AN RN BE A8/, B 8l b e g a2 Wi s , 92l Tk Ty B i s 2 R AT B
Hh ) 2R 28 b FZE A 5k BE A W R, J2 8l b IR B s/, s T B g R . EREAT R R R, 2
JE R A8 2 A TR 8] S0 T BRI, SEAE 5 SR O, SR A A AR I AN L AR A B B PR RE

KB AR AL BN s 2R A s R BN ) R
FE 5 S TU432 CHAPRAERD A

1 HRES

FESZ PR TR AR, AT B Y R A4 R AR
1 o = I 10 B 1 e o N B R g A A R OB A B
BRI L i AR A AR R
HFEARRT D o MR B AR AR A LBy
SR BE N 2 Bishop £ H A RN 7 $T B 58 BE A
A Fredlund 8 M9 XU SRS A8 A W
28R FE T Mohr-Coulomb 28 s HE R AY , &
TERE T SEEER AR, K woe% 1
WO SRS e AR 36l L, 25 58 T AR A
PR ] 3= 0 s e, DTS T AR AR Y
PRk XL DE ML 1R/ W G v e S
T X 0 A R AU AR A AR B BT B 5 B A S
N & IR AN - A i 35 5 W g AN A a) 32 6 T R
LESRL R B 3 1A F Mohr-Coulomb 23 R 15 (4 45
e UL SE S S I B e 37 | i 0| 0 i e el 6]
N I3, 0] DL GF R R B SRR X
LT SR AR AR AN L R4S T B b R A Bl sh
YA L e - Y R Y VA B 1 e NI = = g OR e Y
w1580 TR L ER LR ISR, 4R,
MR AR A rERE N — DN EB R K . FERFEWN

I #5 B #A:2016-07-18; &[5l H#J : 2016-08-17
E&TE : ER A RFEIATH (50908217)

X EHS:1001-5485(2017) 11-0096-05

FAET, LA EIK I E B 2 , b AR HLR S
FORMARES , LR pTEREdL g 18 R A e fe . T
A 2 T W X AR AR - (9 R, 35T Iverson
LA T Richards J7 7 1 510 B30 e A7 6, 4
ST RER AT AR A L B A B
WV T AR SR L T
b AR B I8 2 R8T R AR T EE R o

SR, AL PR Ak 0t I W it JBE AL 608 R
FEAth L, R T 5 B/ NI B AN FRE o R
RIS R K S B A A, AT 3 BICHE T
JIRAEfk . B, AR SCAE B0AT A AR AR T - AH DG 2 I8
(LA L, 5 RN RN 2 R B2, 4 G 98—
e R A @ S, e
[F1) 2 17 7 o R R 2 i X AR A R B R T
U2

2 IR tinsraEs—f#

MRZFE MR L AT OIS, R TR 2R
TG A B AT s AR R
Rz B AR AR 4 5 5 B 2 202 Bishop Al
Fredlund 435142 3% Mohr-Coulomb 5% B v W42 H A9 .
Bishop (A0 I 8T 9 B AU FZ G AT AR

EEBA L FE191-), 5, ZBONEN, BB TR, A5 L, BT 587 1) A 2 0k AR P B S A o, (il ) 15377047232 (FL 75 48)

1448224559@ qq.com,

BIEEE DI (1974-) L, ZRUAILN, 2R, T4, EEATE + TR BT TRy i i 20 SR AR, (L) 13387652308 (HL T

#)419926022@ qq.com,,



11 pid

#E OFREWAERRLLGHFEMATLENITELN 97

TIZHX X ZAPRUEE , B W E I T AR i 1 0
JEEE R J) o Fredlund By RN RS 728 2
FERATWII ¢ HEX 2 MAR PR A
&R IR 3 S RS o AT S R X
VPSS 423 157 o B3 1S o L1118 SY AP DS % o X
BERREA , 1T AT A0 R AR RE . Tk
R R ) Gt — i B FE 5 Fredlund X0 )R8
i N A G R R HK I ik, @ TR
THH RS, HARIEAR
r=c + (o -p)tang’, + (u, —u, ) tang, , (1)
b(1-=m) + (2 +b +bm)sing’
2 +b(1 + sing’) » (2)
oy 201+ b)sing”
A 2 +b(1 + sing”)
. 2(1 +b)c’cosp’
Cl_[2+b(1 + sing”) Jcosp’,  ° (4)
K AR A BT BT 3 B (kPa) s¢' NG —A
WER T (kPa) 50," 5 5T )47 S I G — P9 JE
BAC) s NRE—ARNEEA(°) 50 N B0
WS (kPa) s, 25 BT (kPa) 5 (o, ) ik ol
W) (kPa) s, %5 BK s (kPa) 5 (u, e, ) N EE ST
W S (kPa) ;" LA+ (A UM BEAE ff s m g v (a]
FEI ) F R AR i A 1 T RAS IR, 27T AR
AT, m= 150" 15 3 R F7 B B AR Ltk
FRIMRAE R (), HERE 5L 5T W 7 3G i B A s ¢ S
AHERT 0 G —REHIESE,0<b<1,HHd
AR BE HE R AR E

sing’ =

(3)

3 AaMTAELtENE

T AR AN R A AR Sy T FE AR AR A
T BT R ESE— #E MBI T Mohr-Coulomb 24 2
g, WA

7= (o —p)tang’ +c', o (5)
R e =¢’ +(u,u, ) tang,”

AR SRS Y R AL DT I AN R, 42 s ]
oy 38R 07 h s fng b 501 AR
JEAFN LR T 43 B R S AE A 1R T 43 A
Z b [l AR 2 A R e ] 320 T 5200
3.1 EIHLENR

TEWE F 3+ I8 o A (B E B 3 oK
- B AL, BT B2 M EEER ) o SRR )
[ RN Z8 2 1) LA S R ANTE] 1 s o AR 20 BT
CIEC T

p.= (o), = (o, )k -2 /K, o (6)

qDl

2 ) . (7)
K (o, —w,) AR BRFHEPRE T ESh LR
(kPa) ;0 B KR J1 (kPa) 5 o, by S0 3T L. )
(kPa) ;&' AR AN+ 3 3+ 1 R 50

Tr\

k', = tanz(1 -
4

o'

o X
A
A

A0
[0, )Ha-u V2 | 7

c'“T

o [y O, oM, o1,

B1 EHEEATEAEFRHEIEELHILAXE

Fig.1 Geometric relation between stress circle

and failure envelope under active earth pressure

P ES R ] BT LR A 5 10 B B, iR R BR
SRS VR SRS B R 8+
A1 pao
3.2 HWITIENRR

Y S 013 AR TT RS Bl 2k SR BRP A
RIS M FTE SR 54l B 1 i pksh 5 )
Py HAH
py = (o, — ), = (o, —p )k, + 2 K, o (8)

¢,
2) o (9)

K (o), FRBRF AR T B B8 - s
(kPa) ;&' SHARMAN -4 3h T 15 ) 28

[ 2, T
kp—tan(z+

4 BEMKZEAXTHIEEMEENRE

LR A FEAE R AR R E EEAER, &
P B oK AR A 2 T R 3 ST Ty i AR Ak, [ RN AN
ZRR ARSI AR AN A A 7K 43 R, NI 2 3L
LR A ks

TESCHR[ 16— 18 ] o, {5 R i RN 28 A RS HR Ny
FEARAS . DIAKCE 7wy « B, " 7 1) oy 2 il
S w0z BAFR R AR 2 FiR o

KA iz B 28 JARAS K I T i sl
AR . WA RS T AR AN £ A 7K g4 ol
Tt
L d(y, +2)

dz

q == o (10)



98 KL AL 2 B B 4k

2017 %

o
p, NN
o(X,Z ) T fji h
l [

2 xOz IR &
Fig.2 The xOz coordinate system
Hrp, o=(pep) /v o (11)
AP g S BT 1) B SR TR AR B (m/s) 5 2 ¢<0
I, FROM RS IE , 2 >0 I, RODZ8 AR 5k AR
WHEMBERE (n/s) 3¢, NEEFH(m) ;2 HE
Fi#(m) 5y, KK EE (KN/m?)
Gardner 3 3 R AN 19 LK FRAE M £, 15 5] T
CRE SV EOE 5 S L /N |
ko= ke ) (12)
A A AR LA B R (n/s) o a8 itk
SAAMEIE (kPa™) MR LK RFAE fh AU A 7551
e (10) ZROTD) R (12) BRA7 T %
d(p, —p.)

g =— ke ") 7){ % +1| o (13)

i 0 M A )P R P
R FATB O
oy = L1 et
Aot A S K G R (m)

(T (e, ) >0, FLIEE 2 4 (14) FY BB
PYTEN

0 < (1+-b)er ™ -

(14)

4

1, 15
ks< (15)

PNIIES
=1
kS

' (16)

q —ay(h-2) q
1+ Lyerontio 5 4
( ki) k:

X1 FRAZ(6) i, a3 F3h + T

b
tangp,
P, == 2{6,[ - L In[ (1 + i)efay“‘(hfz) - i]} .
(84 ks ks
JE, + (o, —p)k, (17)

[l B R X (1) ARAG(8) T AR sl £ 1

b
tangp,
Py = 2{0'1 - In[ (1 + Tz] e T - ki]} :

o s

S+ (o )k, (18)

RRIECL7) AL C18) , RIATSR AT Y e 286 4 4%
ERARME A L TT .

5 SEFmMaH

SrMrat(17) Fs (18) AT UK B, F 3+ TR T p,
sl LIE 1 p, ST S 28 R IE g FIUREE = A
o [N, 25 (D —R(S) TTH, B b MBE m
W LS IR Sy p s LIRSy p, o BHIEAL
TSRS T M m=1, B, EEAMHREH &
FERRIE q JRIE 2 FIZHL b 0 1B S

A —34 % BRI, R R ATAE m= 1, %
J5 R B AR B E 1, TR y =18 kN/m”,
HEER ST ¢ =10 kPa, FRNEESE A @' =200, 153k
JRW SIS @ = 13°, 28 K A BIEL «=0.01
kPa™, FIRIIMRAIE B R Rk, =3%107 m/s, LI&
F KT B 5 B 6N, B e I T /K 1A B B
12 m,

MEETHREE q=-3%107 m/s, B b 4351 0,
0.5,1 i, 315y p, ML JE 1 p, BEGIE H
AEAL AN 3 R

100
80 g
g o0 o
=40 g
2 =

01234567389101112 01234?6789101112
R z/m K z/m
(a)p, (b)p,

B3 MBREBEARHNEp.Mp,
Fig.3 Curves of p,and P, when rainfall intensity is constant
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Calculation and Analysis on Rankine’ s Earth Pressure of
Unsaturated Soil in Rainfall and Evaporation Conditions

WANG Yang'?, MA Shu-zhi’, JIA Hong-biao®, REN Chuan-jian’
(1.Chengdu Engineering Corporation Limited, Power China, Chengdu 610072, China;
2.Faculty of Engineering, China University of Geosciences, Wuhan 430074, China;
3. Shandong Electric Power Engineering Consulting Institute Corp.,Ltd., Jinan 250013, China)

Abstract: Rainfall and evaporation give rise to the change of moisture in unsaturated soil, hence resulting in the
change of matrix suction. In view of this, we applied the water flow control equation to the calculation of Rankine’ s
earth pressure of unsaturated soil at steady state. Meanwhile, we overcome the shortcomings of Rankine’ s earth
pressure by deriving the formulas of active earth pressure and passive earth pressure under rainfall and evaporation
conditions in consideration of the influence of intermediate earth pressure. Results showed that under the condition
of rainfall, with the increase of parameter b and the decrease of rainfall intensity, the active earth pressure de-
creased gradually and the passive earth pressure increased gradually; while under the condition of evaporation, with
a gradual increase of parameter b and evaporation intensity, the active earth pressure decreased gradually and the
passive earth pressure increased gradually. Taking the influences of rainfall, evaporation and intermediate principal
stress into account in calculating the earth pressure is more consistent with the actual situation, and could also give

more play to unsaturated soil” s properties.

Key words: unsaturated soil; rainfall; evaporation; intermediate principal stress; soil pressure
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