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Unsaturated Rankine soil pressure analysis under unsteady seepage

GUO Ding, ZHANG Mingyu, LIU Yan, WU Yongquan

(Key Laboratory of Urban Underground Engineering of Ministry of Education(Beijing Jiaotong University) , Beijing 100044, China)

Abstract : Changes in water content alter soil mechanical properties. Current engineering theories for earth pressure
calculation mainly use saturated soil theory. This study investigates unsaturated soil pressure under seepage effects
with dynamic soil-water characteristic curves. Unsteady seepage is considered. The Richards equation during
seepage process is solved. A theoretical solution for suction considering dynamic soil-water characteristic curves is
obtained. Suction distribution patterns are analyzed. Using the suction solution with dynamic effects, the Rankine
earth pressure equation for unsaturated soil under seepage is derived. The equation helps analyze dynamic effects on
unsaturated soil pressure distribution. The theoretical earth pressure solution is applied to foundation pit support
structures. Numerical software simulates earth pressure changes on support structures during rainfall infiltration with
different intensities. Safety factors of support structures are calculated using unsaturated soil theory. Results show;
Dynamic effects increase active earth pressure and decrease passive earth pressure. Larger suction leads to more
significant differences. Under rainfall infiltration, dynamic effects make active earth pressure on support structures
smaller than static effects. Faster infiltration rates cause greater pressure differences. Safety factors calculated by
unsaturated soil theory exceed those by saturated soil theory. Considering dynamic effects reduces safety factors,
indicating rainfall infiltration increases foundation pit instability risks.

Keywords: unsaturated soil ; soil-water characteristic curve; dynamic effect; Rankine earth pressure; seepage

SEPR TR P AR R AR A AR S IRl I
TE LR IEAE FE R KBTI RERS 0 T RIZAE T
E[SORN I EVNANI S N TS O N TR o o G
PRAZIE Fa BRI A A8 A, 0 RS ) B 4 A
PRI, AN R UK AR BOR S B ST R AR Y
RV R A A3 A3 4 ) B A 25 OB I
A ACIRZS B A0t 4 ST B2

AR Z2 5 B R AR A Y 5 7 IR AT BT 5T
N T EEEOW S AR, SCRR[ 2 ] 25T Bishop A
RO 126 T ARG AN - BRH  TR T B0 A A ik
2, SCHIR 3 ] 28 T3 B g R 3t % 7 B0, g 72 4
AR TSR R iR s A, TR
T KRS 2 52 W T 28 S R 5T PR 3R R W T A A
A DRIHAT b 25 B T TR By Ak, 3

IFE A 2024 -01 - 18; R A HH: 2024 -02-23 ; MEE X B 2025-02-18
P48 B & Ml : hitps://link. enki. net/urlid/23. 1235. T. 20250218. 1138. 006
BEEWH . g @SB 55 9% £ 3505 42 (2023 JBMC046 ) ; B H ARl 24 5L 4 (52278325)

EZERE N 3 TBI(2000—) , 5B BULBFFE A X H#(1983—) %, mlEUR

BIEIEE . X Hi,yanl@ bjtu. edu. cn



. 46 - MoK BT Ol k% %

557 %

R[4 175 BIRERT A0 T 00 8 L5 sl sh + 5 )
Jit, SCHKLS -6 JARGEAR I AN A28 U, 15 21 2 o
W JTH 3 A, A5 B RN B0 R B R D5 AR, X
BRL7 ] 0 1 VA 3 B KO L 254 B e, W58 1 Ak
R WAE N AR AN A rp ity £ Sy A, SCHR( 8]
HESL T AR AR S RSB AR N =4S
TR AR AR SR 15 2 TR AR AR E B R
FAFT R AR

OIS b He TR I, KRR 2R
AT ERAE TR S EARRMEHR, HATK
Z B T PR T L ACRHE i 2R J2 P A 26 A
ENY, KEIRE O ZIES | FKARIE I 2 A7
TESNASBONL , 5P 25 KRRl AR LE AR R 1R A0
JEI, B KRR 2k B W g A i A v
I, S R P U SR SR A8 T i A
A KR i 4 B AT I 9 3l 2800, BIAS [) £
B T R R Y LKRHE IO A B e
KA B AR KRR 2 2x 7 AR A . H T
T TaSBMEN WA R BIASE
B RBORFR W] L AR i 4 1) 30 2558007, 7+
B BTHES MFHSTHIEN ZEBKER

SR TR PR RT BRI, 28 K PR KA T
P8 3 SR 2 A2 KRR AIE 2 o0 A, 2 T S BCIE
WA LB e T S A R A B . AR SOR 5 R
R V) SR (1 E2 4 D P O VAR | EDA DL S B i |
SRS TR FEXHAR R AR AN £ A AT T
PR, LAAE SRR 13 520 2R 1] 4ol i B0 S 4
LER A, FHARPERL R A B R, 3R % 18 LK
SRR EEINE e E Fovy AR oM N =R A S

1 AR T e L5 n 72

ok SRSy €SP R SRR F S
fib, SCHRL13 ] 2% TR A S5 U4 AR 8] T B 40K
71 BERL A B AR A

aS

P, -P,=-12 1
dyn stat Tat ( )

S NN 5o S IRFIR]; P, R V-7 B % 6 40 s
1Py, TS B AR S, % T R0 1 %, B
Py, =u, —u,, Hodr w, B, 43 50 R S AR
BIET) 57 AEhS B AR, sk 7 FLBUK R T 89 3h
RO, SN AR A ORI 1 B AR B
TN TA] R e 7, FE AN Stauffer (1978) TR A
SRR T RLRE A3 A LB RIS SR T2
NRGEW MR ZSE, WAMI A 235 i 48 52 5 45
SRBCHH T 7 A HUE AR A S 50 45 2R % 28T LA
TR R MR Y R AR A AR SR BT

PR, NSCIR SRR S8 T BRI AR A%
P BNBOR A S EAHE S ARV 5 TR
PRI SR 7 BT A B A A8 4L, B s A B
AL,

1) W 3R R AH O L KRR i 2 9 05 72
AT 2 TR AFAE L B SEBR 9 B 20 0 S A R
AR A 56, RA A A F B A AR AN Bl
A8k, A5 3055 2 AT 0, (1) B WAL GE R £
KR Z R, RAE (1), 7% 08 2 2h 258500
i, T RIS 1K b ol

h-h, =-T%

(2)
y, ot
Kb HEEBRIK Sk b, RSP A5 IR 5K
%Ly, NKIEE,

e A 35 R — 4T 5 A BT DU —4E

Richards 7 B A4tk | B

%[k(h)(%ﬂ)]:% (3)
Kk (h) HERIRBEK L AEACIE 3 R AL, 2 AR
MITREE 6 R LRI Bk 3R

KA Gardner"™ 32 H A9 AR A+ 1938 8 R B0

FREFN L AKRHE 27 F
k(h) =k (4)
0(h) =6, + (6. -6.)e" (5)
Kk AN 19208 RGO (h) IRE 7K kAR
TR K350 NFRAR T 7K 350, MR & K38
T LB RN 0 SEL, R Bl AR T g
BB EoK Bl 77K Sk AR Ak B R A X R
RLA B (b ) BAE R, T AH X 240 B0k Y - (A
it B L)BEB/D,

AL 206 L KRR il 2 A0 S RN, K A
BN, 2 (4)  (5)RARK(3) , BIAT R4S Ze vk
161 Richards J7 % ;

7 I8 5] A M ) M KA T 1) ) — 4E R EHB
%oz AEHL RO ATREE R E b Rk A4k 2 = 0,
HRAL 2z = L, I RRRAG TG 245 I R4 X
T RMAE Kk h =0, q, b IR IRILG
Wi ,q, KT R HE R, Ak,
BT NS

Z =0z (7)

L=pl (8)
k

K:ki 9)

0=} (10)



%5110 UL, 4 AR B AR AT F AR AL BT TE 1500 47
0" o ﬁﬁu@ﬁfhKh% AT
9* d
. Bh.i ) o7tz -SK+K, =0 (17)
9.6, ) FRBE R R4 P (14) L (15) 8Ny
ST AT 4 BB 7 R (6) M TS 5 T
K oK 0K K(0) == (18)
972 "oz~ ot Y K -1 0
I E MO b s | R M R ) 524K =% (19)
ORI RIEIESS TR AR R (17) BT
K(Z,0)=0,-(Q—e™)e (14) 0, -
K(0,T) =e ™ (15) K= (s) +Qpe ? F(S) (20)
2K =o (16)  Hrh
| smh[ ( )
F(S) = , % T (21)
Tsinh[L(S +Z) ( 7) cosh[L(S +*) ]
ZeAS A B 55 R BT 7 2.1 EHEEH
K=0,-(Q,-¢")e -4(0,-0,) - MERRLE L ARTE T, 158 LA 8, i s
TTi sin(A,Z)sin(A,L)e " () PEAE SRS, MAETUR - PEASSR AR, 4+
R~ TN A A3 Bl P R 25, T Ak - ik S AR
‘ 2 %5, JET Bishop 1 Jy 1145 AR AN + F: 3+ K )
it':fj )\" y‘:’ﬁ%ﬁ(23)% n W\*E 73%357{7
tan(AL) +2A =0 (23) ,
Foh L R KR T E A R g O % = (0w K =20 K —x(u —u ) (1K)
R B 3 2 B2 )5 B (2) BT 5 5 78 3h 25 (27)
OV T KR IS B R RO A AR ke R K I B R R REL
LEBNA RN F I R, K =% tan (w _g) (28)
h_M T a5 (24) 7 42
B v, o MR (24) , AT LATHR RS K R A
AR % 1 A5 5o ALK R 9 10 3h Ak w oy oy MK, 08 (29)
R, B 7 =0 B, 2 (24) B AL A A5 4 PF T OS5 TNEEY g Ty
o mt(zg)w\ﬂzmn 55 2 25 ROU% T M
A ,74&7‘ W N 4 [3 =1 S
HTZ BB B R, vl LS5 & p.o=o, —u,=(o, —u)K, -2 m_
BhASROR R AR R L 1 I R A, A5 B R A A WK oS
SO IARI A LR R e S B, et At X(ua—%T”g)“ -k (30)
AR R0 1K R T Bishop A0 S B, RI 2.2 ®HTEH

o'=(oc-u,) +x(u, —u,) (25)
Ao JPRLIAIA BN ST 5 0 DRSS 5w, I ALBR S
7 5u, MFLBOKIE DT (u, —u,) IIETWR T) 50 M
AR S x SWAEAR S, T LRy 5 Lk
A A BEAR ) BB 0 ~ 1, B
-6,
X=9 0,
Horr. 0 R E K 0, IR AR AR EK & 5 0, M it
FARE K

(26)

£ T R SN R T 161
R IEEATRS 8 O LI 5 4 b Sl i
R GRS USSR, S L
S ISP BRSO 9 L PR ) S BB A
SET Bishop [ 43 1 18 8 4 0 A +- b 5 - I Sy
ERb”

o, -u,=(o, —u)K, +2¢" /K, +x(u, —u,) (K, 1)
(31)



.48 - 172 S - S R | A N = = 57 %
K HIE s 5T R25L B 45 R0 DL, B R K 2R F
K _0" . (1+£') (32) HZR T 100 em Ab | DAL T 7K A 2 3 b R Ak i 34 i A
o 4 2 TR 2 W58 X5 G, O 7K 67 4k i e g K sk
b B (29) FRAZ (31) P, IR BB B R R0, [E B 3R eI R o 0, BRI TS

R R AR L W L PR ) p, IR
p, =0, —u,=(o, -u,)K, +20’/K7p+

0L T WIR T FLBR K i g Ak s g, LB R
w, =0, HHIEIRTRENG LT A ) BETR BE 1) 22 1k

(u y M+T§)(K 1 (33) FIEE 308 o T 0 e ) () AR Al e R 45 380 1 0 B s
T Tt AL A B AN 7 =100 Pach, %18
; 6y, %
3 A Wﬁfmm%:{$?L4xﬁﬁ?a§ﬁ,/%jCﬁk[ ]‘,4
TS H (WL ) 1152510 h A9 55 +
WG AT — N H SRS AR R Rk st T R AL
x1 TEMSH
Tab.1 Soil parameters
LGS pem™ q/(emth™') k/(emeh”!) 6, 0, o/ (%) ¢/kPa ¥/ (kN+m ™)
1 0.075 0.4 2 0.078 0.43 30 2 18
2 0.050 0.2 1 0.034 0.46 25 2.5 17

AR W A SR, MU (4) L (5) AT
WHIK 12608, I 1 PR, 73 3R ER T 4R 1 it

Ph2 B ERBOTRMZ (K 1 (a)) Fld - KR
B (I 1(h) ) 5L

10'g — h41: k=2 cm/h, B=0.075 cm’! — +4£1: 0=0.078, 0,=0.043, $=0.075 cm
== :4&2: k=1 cm/h, p=0.050 cm™ 0.4 - St +:4%k2: 6=0.034, 6=0.046, =0.050 cm!
~ 10° N
<
£ 10" = 03}
: 3
= N
ﬁi 107g & 02}
& O
2§\ 10° &
0.1f
10
10 ! . 1 0 . . )
1 10 100 1000 1 10 100 1000
W% 737K 3k/em W 717K k/em
(a) BIERH (b) L-7KAFAE Hh &
BE1 TRk DEHE

Fig. 1 Distribution of hydrological parameters of soil
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Tab.2 Mechanical indexes of soil around pile
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WERLE  5.75 17 20.3 19 38
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Tab.3 Hydromechanical parameters of soil
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Fig.6  Active earth pressure with depth for different infiltration rate
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