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Abstract

In this paper, new formulae for seismic active pressure on
rigid retaining walls under the rotation about bases (RB)
are derived by the pseudo-static method with the consi-
deration of the principal stresses rotation. The calculation
of seismic active earth pressure by pseudo-static method
is transforming into that of static active earth pressure by
the rotating calculation model. The seismic active rupture
angle is obtained by Coulomb earth pressure theory.
According to Mohr stress circle and the assuming the circu-
lar arc trajectory of minor principal stresses as a circular
arch, the coefficient of the lateral seismic active earth
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Kljuéne besede

rotacija glavne napetosti, toga podporna stena; vrtenje
okoli osnove, seizmi¢ni aktivni zemeljski tlak, seizmi¢ni
aktivni kot razpoke, psevdo-stati¢na metoda

Izvlecek

V tem prispevku so podane nove enacbe za izracun seiz-
micnega aktivnega tlaka na toge podporne zidove ob rota-
ciji okoli osnove (RB), izvedene s psevdo-staticno metodo
ob upostevanju rotacije glavnih napetosti. Izracun seiz-
micnega aktivnega zemeljskega pritiska s psevdo-staticno
metodo je preoblikovan v staticni aktivni zemeljski tlak

z rotacijskim racunskim modelom. Kot potresne aktivne
razpoke dobimo s teorijo Coulombovega zemeljskega
pritiska. Na osnovi Mohrove kroZnice napetosti in ob
predpostavki, da je trajektorija manjsih glavnih napetosti
krozni lok, sta, ob rotaciji okoli osnove, predlagana koefi-
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pressure and the horizontal interfacial friction coefficient
are proposed under RB mode. Then based on the force
equilibrium of the differential sliding backfill element,

the formula for the seismic active earth pressure on the
rigid retaining wall under RB mode is obtained, as well as
the formulae for the resultant of the seismic active earth
pressure and the height of its application. Meanwhile,

the effects of influence parameters on the seismic active
rupture angle, the lateral seismic active earth pressure and
its coefficient, the horizontal interfacial friction coefficient,
the resultant of the seismic active earth pressure and

the height of its application are discussed. Moreover, the
comparisons of predicted values by the proposed method
and M-O method are carried out as well as model tests.
The result shows that the proposed method is more reaso-
nable and effective than the M-O method.

1 INTRODUCTION

Retaining walls as a common retaining structure are
widely used in geotechnical engineering of building
foundations, highways, railways, riverbanks, etc. The
distribution of the earth pressure is an important
parameter in the design of retaining walls, and it is

also the most fundamental and important problem in
geotechnical engineering. For the frequent earthquake
in the world scope, the analyses of various architectural
structures under earthquake have been gradually beco-
ming a hot subject. So, it is very necessary to consider
the effects of seismic on earth pressures for the design
of retaining structures. The pseudo-static and pseudo-
-dynamic methods are popularly used to calculate the
seismic earth pressure. However, the pseudo-static
method, which is first extended from Coulomb earth
pressure theory, is more favored than the pseudo-dyna-
mic method.

The most popular method of estimation the active

earth pressure during earthquakes is the M-O method.
Okabe [1] and Mononobe & Matsuo [2] firstly extended
the Coulomb theory to seismic earth pressures by the
pseudo-static method. The distribution of the seismic
earth pressure on a rigid retaining wall by M-O method
is linear along the wall height. However, some expe-
riments [3, 4, 5] have shown that this distribution is
nonlinear. In recent decades, many researchers improved
the calculation of the seismic earth pressure by the
pseudo-static method [6-13] and the pseudo-dynamic
theory [14-17]. Based on the limit equilibrium theory,
Azad et al. [18] applied the pseudo-dynamic method
into the horizontal slice method of analysis with the
consideration of the effect of earthquake on the lateral

cient bocnega seizmicnega aktivnega zemeljskega tlaka in
medploskovni horizontalni koeficient trenja. S pomocjo
ravnoteZja sil diferencnega drsnega zalednega elementa
dobimo enacbo za seizmicni aktivni zemeljski tlak, delujo¢
na togo podporno steno, ob rotaciji okoli osnove, kot tudi
enacbi za rezultanto seizmicnega aktivnega zemeljskega
tlaka in njeno rocico delovanja. V nadaljevanju obravna-
vamo vplive parametrov na seizmicni aktivni kot razpoke,
bocni seizmicni aktivni zemeljski tlak in njegov koeficient,
medploskovni horizontalni koeficient trenja, rezultanto
seizmicnih aktivnih zemeljskih tlakov in njeno rocico
delovanja. Poleg tega so izvedene primerjave napovedanih
vrednosti po predlagani metodi z vrednostmi po metodi
M-O ter modelnimi preizkusi. Rezultat kaZe, da je predla-
gana metoda primernej$a in bolj uc¢inkovita kot metoda
M-O.

earth pressure. Utilizing a composite logarithmic spiral
failure surface at which the Mohr-Coulomb failure
criterion is enforced and a limit-equilibrium approach,
a slice method for estimating seismic earth pressures
based on the pseudo-static method was put forward by
Shamsabadi et al. [19]. Chen et al. [20] used the limit
equilibrium variational method to study the seismic
active earth pressure under general conditions. For the
friction stress on the wall, the directions of the major
and minor principal stresses are rotated. So, some
researchers [21-27] took into account the effect of the
principal-stress rotation on static active earth pressures
for translating rigid retaining walls, and Li et al. [27]
took into account this effect on static active earth pres-
sures for rigid retaining walls under the rotation about
bases. And other researchers [12,13, 17] considered the
effect of principal-stress rotations on seismic active and
passive earth pressures for the translating retaining wall
by the pseudo-static and pseudo-dynamic methods. But
in these studies of seismic active earth pressures, the
rotation of principal stresses which is a well-established
phenomenon in geotechnical engineering is seldom
considered.

In this paper, by rotating the pseudo-static calculation
model for seismic active earth pressure under earthqua-
kes, the seismic active rupture angle is derived according
to Coulomb static earth pressure theory. Then, according
to the Mohr stress circle, stresses of the backfill behind
the rigid retaining wall under the earthquake are were
obtained. And by assuming the trajectory of the minor
principal stress as a circular arc, the coefficient of the
lateral seismic active earth pressure under RB mode and
the horizontal interfacial friction coefficient is proposed
by integrating shear stress and vertical stress on the
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horizontal in the sliding backfill. Furthermore, by force
equilibrium of the differential sliding backfill element,
analytical solutions for the seismic active earth pressure
are obtained. In addition, to check the accuracy of the
proposed solutions, comparisons of seismic active earth
pressures by the proposed method and M-O method are
carried out with the experimental results. Furthermore,
parametric studies are investigated.

2 PSEUDO-STATIC ANALYSIS OF THE SEISMIS
LOAD

3 THEORETICAL ANALYSIS

The pseudo-static method is generally applied to the
calculation of the seismic earth pressure. The horizontal
and vertical inertia forces Fj, and F, of the backfill under
the seismic load are calculated by the pseudo-static
method as follows:

E =k,pg (1)

F=(1-k)pg ()

where k;, is the horizontal seismic coefhicient; k, is the
vertical seismic coeflicient; p is the density of soil; g is
the gravitational acceleration.

According to Fig.1, the seismic angle between the
direction of the total acceleration and the plumb line is
obtained as follows:

F k k
1 =arctan—* = arctani =arctan —~ (3)
F, (1-k,)pg 1-k,

Then the total inertia force composed of the gravity and
the seismic force can be calculated as follows:

pZk)pg

cosn

! -

Figure 1. Principal stresses of sliding backfill under seismic load.
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A vertical rigid retaining wall with height H is analyzed
with a cohesionless backfills as shown in Fig. 1. The unit
weight of backfills is y, the wall-soil friction angle is 6,
the friction angle of backfills is ¢, and the horizontal and
vertical seismic accelerations are respectively kg and
k,g. A sliding surface exists in the backfill behind the
rigid retaining wall under the limit equilibrium state,
which is approximates to a plane at an angle of f3 to the
horizontal.

3.1 Seismic active rupture angle

To obtain the seismic active rupture angle by Coulomb
static earth pressure, rotating the original model
calculated seismic earth pressures shown in Fig. 1 with
the counterclockwise angle # yields a new inclined rigid
retaining wall as shown in Fig. 2. Then the seismic active
earth pressure on the vertical rigid retaining wall by
pseudo-static mothed is equal to the static active earth
pressure on the rigid retaining wall with an inclined
angle of 7, a height of H' = H cosn and an unit weight of
y'=y(1=k,)/cosn. According to Coulomb static earth
pressure theory, the seismic active earth pressure can be
obtained by analyzing the static active earth pressure on
this inclined rigid retaining wall as shown in Fig.2:

(b )yt cos( ' )sin(p'—)
a 2cosnsin(ﬁ'—n)cos(ﬁ'—(p—5—TI)

(5)

B'=pB+n (6)

where f"is the pseudo-static seismic active rupture angle.

(1-k,)pg

cosn

\
\
| '\ﬂ‘ //
Y
\\ i /\B\
v By P T Ui

Figure 2. The calculation model of seismic active rupture angle.
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From Egs. (5 and 6), solving dE/df’ =0 yields the
seismic active rupture angle:

B=B"-n :arctan{tan(q)fn)[lJr\/1+cot(q)+5)cot((pfn)}}

(7)

3.2 Stresses of the differential sliding backfill element

The relationship between the stresses and the principal
stresses at any point of the horizontal in the differential
sliding backfill element can be expressed by the Mohr
stress circle as shown in Fig.3(a), and the stresses of the
backfill at the wall surface and sliding surface are respec-
tively shown as Fig.3(b) and Fig.3(c).

From Fig.3(a), the lateral and vertical earth stresses at
any point of a distance x from the wall and a depth y
from the backfill surface can be obtained as follows:

_ 2 22
0,=0,cos"a+o,sin"a (8)

2 2
o, =0,sin" o +0,cos” o 9)

where « is the rotational angle of principal stresses at
any point in sliding backfills; o1 and o3 are the major and
minor principal stresses, respectively.

(]
Oy < the stress at Ov Jmf the stress at >JkD
E E D

! f
— lw \&/—— [45)
O O.up
(b) (0

Figure 3. Stresses of sliding backfill (a) Mohr stress circle.
(b) The stresses of the backfill at the wall surface.
(c) The stresses of the backfill at the sliding surface.

The shear stress at any point of a distance x from the wall
and a depth y from the backfill surface can be calculated
as follows:

o, —-c
! 5 2 sin2a (10)

Similarly, according to Fig.3(a), the lateral earth stress
and shear stress on the wall at a depth y can be obtained
as follows:

c,=0,cos’a, +o,sin"a,  (11)
7, =0, tand (12)

The shear stress and normal stress on the sliding surface
at a depth y can be calculated as follows:

. :(Gl—os)cosgo (13)
2
t,  (0,-0,)cos’e

o =——= . (14)
tang 2sin@

From the geometry knowledge in Fig.1, the rotational
angle of the principal stress at the wall can be obtained
from the equation:

T o0 1 siné
a,=—+—+—-arccos—— (15)
4 2 2 sing
The angle of the minor principal stress plane to the
sliding surface can be calculated as follows:

T.9
a, =—+— 16
p=t5 (19
From the geometry knowledge in Fig.1, the rotational
angle of the principal stress at the sliding surface can be

obtained as follows:

n T T
o =—-a,+f=—-L+B=—-
s F p 4 2 p 4

(SRES)

(17)

+arctan{tan((p—n)[1+\/l + COt((P +5)C0t((/’ —U)J}

3.3 Seismic active stress coefficients

The trajectory of the principal stresses has been obser-
ved or inferred to be elliptic, catenary [23, 28], circular
arc [29-32] and parabolic [22, 25]. In this study, it is
assumed that the trajectory of the minor principal stres-
ses is a circular arc as shown in Fig.1. According to Fig.1,
the following expressions can be obtained:

dx =Rsinado (18)

a= arccos[cosaw —%j (19)
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The horizontal width L of the differential sliding backfill
element at a depth y from the backfill surface can be
calculated as follows:

L =R(cosa, —cosa, ) (20)

The gravity of the differential sliding backfill element is
obtained as follows:

dG=y(H—y)c0tﬁdy (21)

The average vertical stress o, and the average shear
stress 7, on the horizontal of the sliding backfill at a
depth y can be respectively calculated as follows:

L &

.2 2 .
J‘(yvd_x jol(s1n o +k, cos a)Rsmada
0

aW

GHV = L = L
(22)
— 1_ a 2 2
=0, 1- 3 (cos o, +cosa,, cose, +cos aw)
L “1-k
Irdx '[ Z“O'ISinZaRsinada
Ta =2 I =% i
(23)
o, (1-k, )(sin3 a, —sin’ aw)
- 3(cosaw —cosas)
where
o, 1-si
k=o2=220 (g
o, l+sing

Dividing Eq. (11) by Eq. (22) yields the coefficient of the
lateral seismic active earth pressure under RB mode:

o cos’a. +k sin’o
w a w

_c; B l—ka

2 2
(cos a, +cosa, cosa, +cos aw)

(25)

From Eq. (25), the coeflicient of the lateral seismic active
earth pressure k,,, is similar to the coefficient of the
lateral static active earth pressure calculated by Rao et al.
[30], but the «a; in the two coefficients are different.

Dividing Eq. (23) by Eq. (22) gives the horizontal inter-
facial friction coefficient under RB mode:

Lot (l—ka)(sin3 a, —sin3aw)
tang' =——=
o, 3(cosa, —cosa,)—(1-k, )(cossaw —cos’ 0‘5)
(26)

where ¢'is the horizontal interfacial friction angle.
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3.4 Seismic active earth pressure

The analytic model of the differential sliding backfill
element behind the rigid retaining wall under RB mode
is shown in Fig. 4.

Z Tam.
Tn‘l
k, dG /4,
! —— dy
Oy (1-k,)dG V/a
' /2
I ntdr
Gutday | dr
i

Figure 4. Stresses on differential sliding backfill element.

Analyzing the horizontal and vertical force equilibrium
of the differential sliding backfill element yield the
following equations:

dr
< cot
ay 7 (27)

—k,y(H—-y)cotp—o, —7,cotf=0

Gw+rsc0tﬂ+(H—y)

o+ (H-y) 2

—(l—kv)y(H—y)cotﬁ—Guv cotf=0

cotf+1 +0_ cotf (28)

where dy is the thickness of the differential sliding
backfill element.

By Egs. (12, 14, 25 and 26), the following expressions

can be got:

7, =0, tand T, =0 tang
(29)
c,=k,o

aw ~ av

_ '
T, =0, tan@

From Egs. (27 and 29), the differential equation of the
average vertical stress can be obtained as follows:

do 1-A

av:— B

dy H_yo-av+ y (30)

where
1+tan(ﬁ—¢)tan§
A=k

aw tanﬁ tan(ﬁ —(p)+tan(p' (31)
S )
_Sin(,B—(p-Hp’)[(l kv)sm(ﬂ @) +k, cos(B (p):| (32)
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Integrating Eq. (30) yields the average vertical stress as
follows:
7B(H-y) ()
=—4+C(H- 33
v (H-y) (33)
where C is the integration constant.

By the boundary conditions g, = 0 at y = 0, substituting
04, =0and y = 0 into Eq. (33) gives C as follows:
By pe-a)

C=
2-A

(34)

Substituting Eq. (34) into Eq. (33) yields the average
vertical stress:

(a-1)
HB| H - H-
o, =1 { y—( yj ] (35)
A=2 H H

From Egs. (29 and 35), the lateral seismic active earth
pressure can be obtained:

_ A
o, =k, 0. =k yHB[H y—[H yj ] (36)

™A-2| H H

Integrating Eq. (36) yields the resultant of the lateral
seismic active earth pressure:

H 2
yH® B
E, =|o,dy=k, —— (37)
" ! 2 A

From Eq. (37), the resultant of the seismic active earth
pressure can be calculated:

Eh _ kuw }/HZE

E = =
* coséd cosS 2 A

(38)

Substituting Eqgs. (31 and 32) into Eq. (38) yields:

_ (1-k,)yH*sin(B+n—-0)
“ 2cosntanBcos(B—p-5)

(39)

Substituting Eq. (6) into Eq. (5) also yields Eq. (39), this
verifies it is correct that the derivation of the seismic
active earth pressure under RB mode considering princi-
pal stress rotation by pseudo-static method.

From Eq. (36), the moment M of the resultant of the lateral
seismic active earth pressure about the wall base is obtai-
ned by integrating o,,(H — y) with respect to y as follows:

yH’B
"3(A+1)

M= Io-w (H—y)dy =k, (40)

Dividing Eq. (40) by Eq. (37) gives the height of the
application of the Ej:

M _H 2A
E 3

- A+1 (1)

h

Letting A = 1 in Eq. (41), the height of the application
of the seismic active earth pressure is equal to that of
the static active earth pressure obtained by Rankine and
Coulomb.

4 COMPARISONS

To check the applicability of the proposed method,

the calculated values of the lateral seismic active earth
pressure under RB mode by Eq. (36) are compared with
those by M-O method and the experimental results
under RB mode by Ishibashi and Fang [4], as shown

in Fig. 5. The parameters considered in the field test by
Ishibashi and Fang [4] were: ¢ = 40°, § = 20°, kj, = 0.215
and k, = 0.

o /(yH)
0.00 0.05 0.10 0.15 0.20 0.25 030 0.35 0.40 0.45 0.50
0.0 T T T T T : : : :
01 \'. The method of this paper
\\‘ [ ]
02 | A e s e The method of M-O
0.3 ™ B The test of Ishibashi and
Fang
04
| | b
= L k=0.215
= 0.5 . k=0
0 - p=40°
T 820"
0.7
n
0.8
0.9 .
1.0

Figure 5. Comparison of the lateral seismic active earth pressure.

It can be seen clearly from Fig. 5 that the distributions
of the lateral seismic active earth pressure by the propo-
sed method and by field test are non-linear, but this
distribution by M-O method is linear. This is because in
the M-O method the distribution of the lateral seismic
active earth pressure was assumed to be linear, and

the displacement mode of the retaining wall and the
principal-stresses rotation were not considered. Fig. 5
shows that the results obtained by the proposed method
is closer to the measured values than those by M-O
method. Therefore, it is proved that the seismic active
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earth pressure predicted by the proposed method is
feasible and reasonable for the design of retaining walls
under RB mode.

5 PARAMETRIC STUDY

5.1 Seismic active rupture angle

Figs. 6 and 7 show the variations of the seismic active
rupture angle $ under RB mode with the horizontal and
vertical seismic coeflicients, internal friction angle of
backfills and wall-soil friction angle.

Figs. 6 and 7 show that the seismic active rupture angles
B are always smaller than 7 /4+¢ /2 . The f increases

70
L
60
-
50
~ 40
= 30 —%—p=20°
—h—p=30° )
20 } 5=10°
——=40° K Jk=1/3
10} —ep=d5°
O L i i 1 L L
0.00 0.05 0.10  0.15 0.20 0.25 030  0.35 0.40
ki
Figure 6. Effect of the horizontal seismic coefficient
on f3 under different ¢.
45
L
40
35
°_ 30
=
25
20
Is 1 L 1 1 1 1 I
0.00 005 010 015 020 025 030 035 040

k,

v

Figure 7. Effect of the vertical seismic coefficient
on f3 under different 4.
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with the increase of ¢, but it decreases with the increase
of kj, and k, respectively, and it almost decreases linearly
with the increase of 8. Moreover, the effect of ¢ on 8 is
greater than that of 6.

5.2 Coefficient of lateral seismic active earth pressure

Figs. 8-11 show the variations of the coeflicient k,,, of the
lateral seismic active earth pressure under RB mode with
the horizontal and vertical seismic coeflicients, internal
friction angle of backfills and wall-soil friction angle.

From Figs. 8-11, the k,,, is smaller than 0.5, and non-line-
arly decreases with the increase of ¢. But k,,, non-linearly
increases with the increases of §, kj, and k,, respectively.

0.60

—'—lp=25°

MSOAO M//A

035 |

_.._/A——M/lﬂ
0.30 x & &
025 | _)(-———)('—-_'_’(_-_-_-_J
0.20

000 005 010 015 020 025 030 035 040
ky

Figure 8. Effect of the horizontal seismic coeficient
on kg, under different ¢.

——5=0°

—a—5=10° 40°
kJk=1/3

0_ 20 Il I I I L L 1
000 005 010 015 020 025 030 035 040
ki

Figure 9. Effect of the horizontal seismic coefficient
on k,,, under different é.
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0.30

0.25 .M
0.20 e e e
0.15 : : : : : : :

0.00 0.05 010 015 020 025 030 035 040
k.

v

Figure 10. Effect of the vertical seismic coefficient
on k,, under different ¢.

0.32

= 5=0°

0.30
0.28

H
x4 0.26

0.24

0.22

0‘20 i A L i i L L
000 005 010 015 020 025 030 035 040

Figure 11. Effect of the vertical seismic coefficient
on k,,, under different é.

5.3 Horizontal interlayer friction coefficient

Figs. 12 and 13 show the variations of the horizontal
interfacial friction coefficient with these influence
parameters (i.e. the internal friction angle ¢, horizontal
seismic coefficient kj, and vertical seismic coefficient k,,).

From Fig. 12, the horizontal interlayer friction coefficient
tang' decreases from 0.18 to 0.09 with the increase of ¢
from 15° to 45° and with the decrease of k, from 0 to ky,.
From Fig. 13, the tang'increase from 0 to 0.3 with the incre-
ase of § from 0 to ¢ and kj, from 0 to 0.2, and it is smaller
than tang = tan40° = 0.839. Moreover from Fig. 12 and Fig.
13, it can be seen obviously that influence of k;, on tang'is
more significant than that of k, on tang’, and the influence
of § on tang'is more significant than that of ¢ on tang".

0.21
g
2018
=]
g
S 0.15
2
2
E0.12
-]
$ 0.09 —o—kv/kh=0
-; ——kv/kh=1/3
006 [ _, yuahelp | O-10°
S 5=0.2
:‘:3 —o—kv/kh=2/3
0.03
—e—kv/kh=1
0_00 L i L L i L L 1 L
15 18 21 24 27 30 33 36 39 42 45
o(")
Figure 12. Effects of the internal friction angle
on tang' under different k,/kj,.
0.30
o kh=0
025
—»%—kh=0.05 b
=40°
—a—kh=0.1 P
0.20 | k k=213
—e—kh=0.15
015 —8—kh=0.2

e
—
=

e
=
h

Horizontal interfacial friction coefficient

L L L L L L L

25 30 35 40

0.00 d
0 5 10 15

20
I )

Figure 13. Effects of the wall-soil friction angle
on tang' under different kj,.

5.4 Lateral seismic active earth pressure

Figs. 14-17 show the distributions of the normalized
lateral seismic active earth pressure o,,/(yH) along the
normalized wall height with ¢, §, kj, and k,.

From Figs. 14-17, the maximum value of the lateral
seismic active earth pressure is located near the wall
toe,that is consistent with the experimental results [4]
for rigid retaining walls under RB mode. Moreover, the
lateral seismic active earth pressure o,, is concave nonli-
near distribution along the wall height except for k;<0.1,
and the distribution of o,, varies from right-convex to
concave with increase of kj, from 0 to 0.2. The o,, decrea-
ses with the increase of ¢, § and k,, respectively. But the
0,, increases with the increase of ky,.
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Figure 14. Effect of the internal friction angle on o,, /(yH).
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Figure 15. Effect of the wall-soil friction angle on o, /(yH).
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Figure 16. Effect of the horizontal seismic coefficient on 0,, /(yH).
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Figure 17. Effect of the ratio between the vertical and

horizontal seismic coefficients on ¢,, /(yH).

From Figs. 14-17, the resultant of the seismic active
earth pressure respectively decreases with the increase
ofp, § and k,, but increases with the increase of kj,.

5.5 Height of the application of the seismic active
earth pressure

Figs. 18-19 show the variations of the normalized height
of the application of the seismic active earth pressure
h/H with ¢, 6/¢, kj, and k,/kj,.
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Figure 18. Change of the height of the application of the lateral
seismic active earth pressure with ¢ under different kj,.
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Figure 19. Change of the height of the application of the lateral
seismic active earth pressure with 6/¢ under different k,/kj,.

From Figs. 18 and 19, the normalized height of the
application of the lateral seismic active earth pressure
h/H approximately decreases linearly with the increase
of ¢, and first decreases and then increases with the
increase of 6/¢, but it non-linearly decreases with the

increase of kj,. Moreover, the h/H increases with the
increase of k,/ky, for 6/¢ < 0.1 and ¢ < 28°, but decreases
with the increase of k,/k, for 6/¢ > 0.6.

The h/H is greater than 1/3 and smaller than 0.3406

for kj, < 0.03, but it is smaller than 1/3 and greater than

0.319 for kj, > 0.1. Moreover, the h/H is smaller than 1/3
and greater than 0.3311 for ¢ > 33° and kj, = 0.05, and it
is smaller than 1/3 and greater 0.3199 for §/¢ < 0.8 and

ky, > 0, but it is greater than 1/3 and smaller than 0.3359
for 23° < ¢ < 33°and kj, = 0.05.

6 CONCLUSIONS

In the proposed method, the seismic problem was simpli-
fied to the static problem using the pseudo-static method.
By rotating, the seismic angle is added to the inclined
angles of the wall and backfill surface in the formula of
Coulomb static earth pressure, then the seismic active
rupture angle was obtained according to Coulomb static
earth pressure theory. Moreover, the basic equations of
the seismic active earth pressure under RB mode were
established by stress analysis and the static equilibrium.
Then, the theoretical formulae for the seismic active earth
pressure and its coefficient, the resultant of the seismic
active earth pressure and its application height are put
forward for the design of rigid retaining walls under RB
mode considering the principal-stress rotation.

The effects of main parameters (i.e. the internal friction
angle of backfills, wall-soil friction angle, horizontal and
vertical seismic coeflicients) on the seismic active rupture
angle, the coefficient of the lateral seismic active earth
pressure, the horizontal interface friction coefficient, the
distribution of the seismic active earth pressure, the resul-
tant earth pressure and the height of its application were
analyzed. The horizontal seismic coeflicient has a greater
influence on the seismic active earth pressure of rigid
retaining walls than the vertical seismic coefficient, and
the internal friction angle of backfills has a greater influ-
ence on the seismic active earth pressure of rigid retaining
walls than the wall-soil friction angle. The comparisons of
predicted and measured values of the lateral seismic active
earth pressure showed that the proposed method agreed
better with the experiment than M-O method. This
proposed method is feasible and reasonable in the design
of seismic rigid retaining walls under RB mode.
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