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Calculation of wall displacement to reach active
or passive earth pressure state
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(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
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Abstract: The movement of wall plays an important role in the calculation of lateral earth pressure and the design of retaining
structure. Regarding the process of backfill approach active or passive pressure state as the shearing process of soil sample in
simple shear test or direct shear test, the backfill process reaches active or passive earth pressure state when the soil deformation
equals to the ultimate value (shear strain in the simple test or shear displacement per unit length in the direct shear test). Based on the
geometric relationship between the soil shear deformation and wall displacement, the theoretical calculation method of wall
displacement required to reach active or passive earth pressure is provided, where the soil stress-strain behavior and initial stress state
are considered. The analysis indicates that the magnitude of needed wall displacement to reach active or passive earth pressure is
controlled by soil ultimate shear deformation, the range of active or passive zone, and the initial earth pressure state. The first factor is
the most important among them, which contributes to variation of wall displacement among different soils. The wall displacement in
passive state is greater than that in active state, because the range of passive zone is larger than that of active zone. The theoretically
calculated wall displacement attaining active state is about 0.5%0~13.2%0 H (where H is the height of the wall), of which the
non-cohesive soil is larger than the cohesive soil. As to the case of passive state, the wall displacement is —0.4%~-5.2% H. The
theories are concordant with the model test results from relevant literatures.

Keywords: active or passive earth pressure state; displacement of wall; Rankine and Coulomb earth pressure theories; soil ultimate
shear deformation; simple shear test; direct shear test

1 8 = et PR RE AR E AT . AR PR R
- H#A1F) Coulomb FEiS T Rankine ¥ig, Hr, KT
LIRS I R, ESCPSS SRR Rankine 3E,  F el s RS RS 5

R H 1 2016-06-02

BEWH . ERE ST BHRI(973 #K)) (No.2013CB036204); H [EEk#k i/ F R I & i+%) (No. 2014G003-A).

This work was supported by the National Program on Key Basic Research Project of China (973 Program) (2013CB036204) and the Research and
Development Program of China Railway (2014G003-A).

HEERA WG, 5, 1991 44, LA, REENE 8 KR TR T2 2] 55 FL. E-mail: 1535009557 @qg.com
IR P, 55, 1963 4, Wi, R, FENFREEE TR R LT TAE. E-mail: LQrock@swijtu.cn




% 5 4] S BRSO A AR T e 1683

R X NE— A TARPRARAS, 8ISy B R AR [R]
RHEEIRIR, Rankine ML AR IEAK; 1fif Coulomb #E
WA R X s — N, UM RZ0E#
T L BYN DIEBIRAE RN . BaIRES, A
R X N AR R BAETRES, RT 2RI
WE 1 Fos, TRIARE3 SRS TE— 2
WAL, TifEGer) R D EE A Ko 55
SERBIRAS, BRI A SR AR, T SRR
IR AARTEAS R DMETRE f5 TR SE A ABEEIRAS, &
LRI AR T RS RSEIR TR

-

Sp 0 Sa

B1 tE-hsis

Fig.1 Earth pressure-displacement curve

oy

HAT, A IARBRARAS By T s A 0l el 57 7% RT3
T AL AR . AN T, A
Terzaghill>e T2 %b, Ishihara 2256 h3smbi) = A
RS, DA SEAR R SRRV o M L (1) O
R BT, Matsuo ZEM45E T T LI iRD
J VA o T I R RS AES, A SED
B o o SIERELAURE L PR v T B B R AR AT T IR
Wit & 7o BN BRRAS T sl iy 57 7%
ZERRK, WK 1 Pr. FRHERFE, —J7m2FE A%
BECIRAS T s AR ) 7 A8 52 -2 e B S B R
SRR, HARSIFARORET; H—T51, Wik
Wizs, R EARE, BRI AR, Il
RIRZEFEEE K. BMEWL, — Bl AR R RIRES
By e e N T VA5 2503 8 N M S
+ K. IR, EFPRE NI RSN A7
s H5himH Z AN 0.5%0~5.0%, Zittth
4.0%0~20.0%0; HishIfbIHE+ N 2.0%~6.0%, Fitk
+4 2.0%~4.0%.

CUA HIF 78 A BRSSO [ 57 4% (1) 11 B
KT EEM TR, SR, SEERVE, KIRE DI
BRI R, HAERZ NoFE R %
o Je MR, A AR SRR B A R A A2 1)
W LF— A2 H. ik, 2% T Rankine 4%
JEAR K Coulomb NIZBAAARAY, Kkl 5 AR E I

PR VSR LA v v B ey WS LU b L
DI BT R . ARYE A AT DA S A A%
WL RE, LR BRARZS TR AR i A PR TR
Tk, FRE SRR 1S T LR

R1 EFPIITERE TR AR
Table1l Required wall displacement reaching active or
passive earth pressure state

2 %
LA H #iE
E3) Bz

b 0.1 -05 Terzaghill
rhaEb 0.4 -14 Ishihara 2512
T cnas ) Mewus
SRR+ 0.9~10 / EAHEAEE

pRith e 16 / AR

2 ARBRDES TR A R AL

2.1 Rankine 2RI
2.1.1 Rankine E&IRAS

B, ARG L IRRE I R, AR —
PN T I0E, L R IR ST & it . Terzaghi 551201
I 2 AR DA AR 24 BRI AR T
(FIRIAA, Skt T Rankine PR B AR ABC 347
S3HTe TARMITR I AR R SIS, BURAR
FEAI7 i, B 2 B i g2 53 0 FE RIARER K
K, BUE ARIA R LSRRI B AR N — 5
BN & e HHIR], HSRA FBPIRE TR
BEIE h JbBE AR A s, N

s, =¢ghtan (45" - %} D

e o LR EER S, BRI Terzaghi Jf5c4s
e, FIRARME, (UEH e 5 M0 3SR

Sa Htan(45°-¢/2)
o —

_B C
TR
) LIRS
\\_’ \\
H EEERE Mo

Sah hsin(45°—g/

it

B2 Rankine A FRHAMIAR SBYMARRR (3
Fig.2 Relation between shear strain and wall displacement
based on Rankine model (active state)

WP 2 fioR, 3T Terzaghi JEAMER %, KikbG+



1684 = +

J oz 2018 4F

RIHERSTET AC ST, AL T B B0 bR
S SURMRTT RS, YIS AT AT ik 5]
HRRRBTIEAS 5, I EIHEARRIRRA, R 5, BV
R, R T 2H LR, e H B 10 m,
FUI IR /JTE 200 kPa LA, 3%y, BRI AL
{2 52 T e N 39 B IR K G
R, R AL SRR P R T, B
IRAEFERLBRRE T 210, SRT, ASCRHE AR
& RO IR, JEO0 R R 1 R AT 4
. BB, AT, ) AR RS Gt
RiFHIRBIRE D) 1E g N B A bt

HRARI 2 s UTE R, 7 RS R B
h bR AMIRES s, , AR

S zyuhsin2(45°—%j (2

Sefi b, LARAEREIRAR, AC RILEZ AT
HIVRSTE | B AEBIR S o, OIS L A2
PR T IR 5, o ALY S L AR
S E AT E L, AL A7E + i BRI
RASFRHEIRAS 2 . B, EERA T
BRI, RIS TP A AT, IR
BAIEE h AEHE RO FIREAS s, ke T U

S, = (7, — 7, )D8IN? [45" —%) 3

B A Az A% Sa e 2 s, /H . # R
B
Sa

2=0 —;/Oa)sinz(45° _%j (4

B (4) mT%n, LfkabT Rankine FE3RASHT,
BRI ()57 7% S 88 2 BUA S AR BR BT R4 5, F
\ERHER I ERTAE BT AR yo, FHN BEER S @ AHOC,
BRI 3 E IR IR I ) R 2 ik
Ko AR ERBRET AR y, KTHRLL, Fafhi
SR, X FEURL N R BRI R A K
2 VA O /6 N 1 M o< (B 2% D P
2.1.2 Rankine #{ 3RS

AR AP BPRESE, BE LA
A S E SRS R T 1AAS T, B4 Az T )
TARRMAIFS . 5 EBPIRESRL, HBTIA Tk 2
WRPRBY AR —y B, LA NARPRIRES . AR4E ] 3 B
AJUTR R, ISR TR EIRAS I FEER)E h Ak
AR SARN AL Bz s, /h

S
2N (=, = 7op)siNZ| 45"+ £ (5)
h v 2

KA: o, AEFIERS G LA /EIRZ T AD #I468Y
JNiAg. Horpr, BETMEAR ShEmz s I H A
G WS

S . 2 4
ﬁ:—(yuﬂ/op)sm (45 +E) G))

B3 Rankine BB TGN A K 5B MARRR DD
Fig.3 Relationship between shear strain and wall
displacement based on Rankine model (passive state)

R (@) FIxC (6) g, N TR S
W P A A I A R AR, R AR
BN T BB SRS AR, WAL R AR UG 2 RS
MIREFEZ). B 5 AN Rankine #i3h 5 8RS
BE T ) 275 2 N

S__Jullw tan2(45°+£) D
Sa Yu = 70a 2

M0 (7D BTN, IARIREBIPRAS B 75 8k A ) 7
Rt KT F 3RS X — 7 T2 s X G R T
FEX, H—I5mE N H T AR ER L A EIR S
I IIBIVIATE Cr, +70, ) KT AERIEFEN L ZPRES

Cry—oa Do

AL, SR B E B S W BARAS R R A e 5 #2 3=
P57 3 TR R : — RSB TEHE, FEARIE
MRS @ b, FB)5HENIX TG o 135 7 5
PUH BN K eSS, X2 SBUAEIM SRS TR
LN INETER 75 vy N R V) [ -2y S Py 3= )|
UEN PR, FBRIERS 5 T RWIAH Y BRI B v
A b, XGRBEAPIRAS TR A A A7 RS KT E B X —
Rz, HEbLEJ 2%k, B, B FaRE,
S ECAIRTAE BT NS RTBY RASER K, R (1) 22 S R
%, X5 Potts SFMAEARILE R —8 =R TEN
PBRBIRAR v, 3% 2 S BN FIBURL A R AN [R] 2 SE -+
A1 BB BRPR B 75 B A I ) 67 6 22 S 2 3 1 A2 2
2.2 Coulomb R¥B{AAER]
2.2.1 Coulomb FEZRZS

WK 4 Bz, HR3E Coulomb WAL FR-F45 7 74,



% 5 4] S BRSO A AR T e 1685

LA ABC B BUXA R A AT HINIERA, K
HUVER I AC TSI A PIRBRIRS L RE, 24K
BRI RS B DI BT U R, VORI
AC LR BT YIRS i LI 1) &, $EIN AR PR
WM g, 1, BIREANTZRGS, IHBOE 6, NBEIRIE
LU

Fig.4 Relationship between ultimate shear displacement and
wall displacement based on Coulomb model
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Fig.13 Measured earth pressure-displacement curves
based on Wilson model
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Table 2 Calculated wall displacement required to reach active or passive earth pressure state

Rankine &7 Coulomb # 7Y
s S s S
ot /(‘f) 7. 1% & 1% 1 2o 1% /%
S=¢l2 5=0 S=¢l2 6=0
30 3.0 15 4.8 2.7 5.5 6.1 -3.1 -4.3
34 2.0 1.0 2.8 -1.8 3.3 3.7 2.2 -3.3
bickvAa oy
37 1.0 0.5 1.2 -0.9 15 1.7 -1.1 -1.8
40 0.5 0.2 0.5 -0.5 0.6 0.6 -0.4 -05
32 2.0 1.0 3.0 -1.8 35 3.9 2.1 -3.1
26 3.0 15 55 -2.6 6.1 6.9 -2.9 -39
iip
20 4.0 2.0 8.8 -3.3 9.4 10.7 -3.6 -4.6
15 5.0 25 12.8 -4.0 13.2 154 4.1 -5.2

9 A 30° ~40° . ¥, N 0.5%~3.0%H} ALl
FR D, FET Rankine LRI RS R) 33 5
B BN IR A 85 T 1) A2 B 5 8 E 2 B gl o T
0.5%0~4.8%0f1 — 0.5%~ —2.7%, Coulomb %!}
HAE AN 0.6%0~5.5%0F1 — 0.4%~ — 3.1%; X4 o=
15° ~32° . y, =2.0%~5.0%fF GElgnkit),
T Rankine S TEARBAY THEIA B 3 5)) 5 1 Sl IR A 1
T 1) 57 #% 5 58 s 2 EG 23 0l O 3.0%0 ~ 12.8%0 Al

—1.8%~ —4.0%, Coulomb M3 i1+ EAE
N 3.5%0~13.2%0F1 — 2.1%~ — 4.1%.

Al WL, i f& 3T Rankine i£ /& Coulomb 1%,
HTHHEREZRAKR, H50A THEERERA
e s F BB T B KA —S Hodr, SRR
IR SR A 2 K TR i oL, B sk
A THEMAE ., X2 B s B AR 2 150
B K, FEMRFRRE T RS2,
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