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Abstract This note shows a study on the seismic
passive earth pressure behind a non-vertical cantile-
ver retaining wall using pseudo-dynamic approach. A
composite failure surface comprising of an arc of the
logarithmic spiral near the wall and a straight line in
the planar shear zone near the ground, has been
considered behind the retaining wall. The effects of
soil friction angle, wall inclination, wall friction
angle, amplification of vibration, horizontal and
vertical earthquake acceleration on the passive earth
pressure have been explored in this study. The results
available in the literature for passive pressure, on the
basis of pseudo-static analysis are found to predict
the passive resistance on the conservative side and
the assumption of a planar failure surface is found to
overestimate the passive resistance for higher wall
friction. An attempt has been made in the present
study to overcome both the limitations simulta-
neously. The present results are compared with the
existing values in the literature and found a reason-
able match among the values.
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1 Introduction

The determination of passive resistance of a retaining
wall, under both static and seismic conditions, is very
much essential as the damage of such earth retaining
structures may lead to significant loss of life and
wealth. Several investigations have been performed
by different researchers to determine the passive
earth pressure on a rigid retaining wall under seismic
condition. Okabe (1926) and Mononobe and Matsuo
(1929) provided theory to determine the active and
passive earth pressure using pseudo-static analysis.
This analysis was later recognized as well known
Mononobe-Okabe method (Kramer 1996) to compute
the seismic earth pressure. The Mononobe-Okabe
method incorporates pseudo-static accelerations to
the Coloumb’s failure wedge to determine the passive
earth resistance of cantilever retaining walls, where a
planar failure surface was considered. Pseudo-static
approach considers the dynamic load induced by an
earthquake as time-independent, which ultimately
assumes that the magnitude and phase of acceleration
are uniform throughout the backfill. To overcome this
constraint, Steedman and Zeng (1990) introduced the
pseudo-dynamic approach, with a planar failure
surface to predict the seismic active earth pressure
behind a vertical cantilever retaining wall where the
time and phase difference due to finite shear wave
velocity were considered. Later Choudhary and
Nimbalkar (2005) and Ghosh (2007) also considered
the planar failure surface to obtain the passive earth
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pressure using pseudo-dynamic approach. Nimbalkar
and Choudhury (2008) obtained the effect of body
waves and soil amplification on seismic earth pressure
using pseudo-dynamic approach. It has been reported
by several researchers that the assumption of a planar
failure surface overestimates the passive pressures for
higher magnitude of wall friction angle. Kumar
(2001) used composite failure mechanism for an
inclined wall in presence of the horizontal pseudo-
static earthquake body force and found that the curved
rupture surface results in more acceptable values of
passive resistance. Using pseudo-static approach
Choudhury and Subba Rao (2002), Choudhury et al.
(2004), and Subba Rao and Choudhury (2005) also
employed either logarithmic spiral or composite
failure mechanism for an inclined retaining wall with
inclined backfill to determine the seismic passive
earth pressure with both negative and positive wall
friction conditions. The consideration of wall inertia
effect was considered by Choudhury and Nimbalkar
(2007), and Nimbalkar and Choudhury (2007) for
sliding and rotational movements of wall for passive
cases. For vertical wall, Basha and Babu (2009)
adopted pseudo-dynamic approach with a composite
failure surface and showed that the pseudo-static
method overestimates the passive earth pressure
coefficients. However, in the analysis of Basha and
Babu (2009), the accelerations of the small radial
element inside the logarithmic failure zone were
considered same as those at the bottom of the element
while carrying out the integration of the inertia forces
acting in the logarithmic failure zone and also the
magnitude of radial reaction along the logarithmic
spiral failure surface was assumed as constant. These
assumptions eventually reveal more conservative
magnitude of passive resistance. In the present
analysis, pseudo-dynamic approach has been consid-
ered to obtain the seismic passive earth pressure
behind a non-vertical cantilever retaining wall taking
the failure surface as a combination of an arc of the
logarithmic spiral and a straight line. The present
study explores the effects of soil friction angle (¢),
angle of inclination of the wall (), interface friction
angle between the wall backface and soil medium (),
horizontal earthquake acceleration coefficient (o),
vertical earthquake acceleration coefficient (o),
amplification factor (f,), shear wave velocity (V)
and primary wave velocity (V) on the seismic passive
earth pressure using the pseudo-dynamic approach.
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2 Definition of the Problem

A rigid non-vertical cantilever retaining wall of height
H s placed with a dry, cohesionless, horizontal backfill
as shown in Fig. 1a. The wall face (AB) on the backfill
side is inclined at an angle 6 with the vertical and has a
wall friction angle J. The objective is to determine the
passive earth resistance P,, in the presence of a
sinusoidal base shaking subjected to linearly varying
horizontal and vertical accelerations with amplitudes

of [1 +(f, — 1)<H—;)} ong and[l + (fu — 1)<H;) g,
respectively, where z is any depth below the ground
surface and g is the acceleration due to gravity. The

parameters shown in Fig. 1 are considered as positive
and the unit weight of the soil is taken as 7.

3 Assumptions

(a) The shear modulus (G) of the soil medium is
constant with depth.

(b) The nature of amplification depends on many
factors such as stiffness and damping of the soil
mass, the depth of soil layer, geometry and
rigidity of adjacent structures. However, a
simplified linear variation of amplification of
vibration is considered. This consideration of
amplification is in accordance with the finding
of Nimbalkar and Choudhury (2008).

(c) The point of application of the interface reaction
(R,) between the planar and logarithmic spiral
failure zone and passive resistance (P,.) is
considered at the bottom third of the plane on
which they act.

4 Analysis

A composite failure surface BCD (Fig. 1a) defined by
the angles #, and #, has been considered in the
analysis. The failure surface is assumed to be of a
composite shape comprising of an arc of the
logarithmic spiral near the wall and a straight line
in the planar shear zone near the ground. In order that
the arc of the logarithmic spiral joins tangentially
with the straight failure surface in the planar shear
zone, and also that the planar shear zone exists near
the ground; the focus (O) of the logarithmic spiral
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Fig. 1 Failure mechanism (a)
and associated forces 0
F\')‘ ________
\\\-\/\ \?l a,=f.ong,
\\T]z ~ A D 4= f.ong

must lie on the straight line (OC) passing through the
top of the wall (A) and inclined at an angle #, with
the horizontal, where #; has been optimized to get the
minimum value of passive resistance. The passive
thrust, P,, makes an angle, ¢ with the normal to the
wall face (AB). The failure mechanism has then been
solved using pseudo-dynamic approach to compute
the passive resistance.

The pseudo-dynamic analysis, which considers
finite shear and primary wave velocities, can be
developed by assuming constant shear modulus
G throughout the backfill and thus creating the
variation in phase not in magnitude of the horizontal
and vertical accelerations. The present analysis
considers both shear and primary wave velocities

acting within the backfill during the earthquake in the
direction as shown in Fig. 1a. The analysis includes a
period of lateral shaking 7 and therefore, the
horizontal and vertical accelerations at any depth
z below the ground surface and time ¢ can be given by

ap(z,t) = g {1 +(fa— 1)(H1; Z)} Sinw(t _H_Z)

s

(1)
ay(z,t) = ocvg|:] (- 1)(H[; z)} Sina)(t_H_Z>

Vp
()
These equations are similar to those mentioned by
Nimbalkar and Choudhury (2008).
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4.1 Derivation of Forces in the Wedge ACD

The mass of the small shaded part of thickness dz in
the failure wedge ACD (Fig. 2a) is given by

maco(z) = g{w —2)cotn + (h— 2)tan(y, + §)}dz
(3)

where, £ is the vertical depth of the planar shear zone
ACD as shown in Fig. la.

The total weight of the wedge (Wacp) can then be
derived from Eq. (3) and is given by

1
Wacp = EW’!2(00“71 + tan(n7, + ¢)) (4)

The inertia force exerted on the small element due to the
horizontal earthquake acceleration can be expressed as
macp(z)an(z,t). Therefore, the total horizontal inertia
force Qacp,, acting in the wedge ACD is given by

H,

Orcon(t) =7 / {(h—z2)cotn + (h—2)tan(n, + )}

0

Similarly, the total vertical inertia force Qacp, acting
in the wedge ACD is given by

Qacp (1) :y/ {(h—2z)cotn, + (h—z)tan(n, + ¢)}
0

IR T (R PR

p

xav[l—i-

Considering the horizontal and vertical force equi-
librium in the wedge ACD, the reaction R, can be
obtained as

_ (Wacp — Oacpatann; — Qacp,y)
Ra(t) = (cos(n, + ¢) + sin(n, + ¢) tann,) )

It is important to note here that the force R, acts at
the interface between logarithmic and planar failure
zone and in the present analysis, the point of
application of R, is assumed at one-third of AC from
point C.

4.2 Moment of Forces Acting in the Wedge AEC
About O

The mass of the small shaded part of thickness dz in
the wedge AEC (Fig. 2b) is given by

(h=z)tan (1, + 9) I

(H—-2) . H-—z
X oy |14+ —1)|sinw| t— dz 5
20 ) o
Fig. 2 Methodology to (a)
obtain the associated forces
'y
(h—z)cotn,
h
L2
(b)
A
T )
:9
h
A A
E
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magc(z) = éz(cotr/1 — tan 0)dz (8)

The total weight of the wedge (Wagc) can then be
expressed as
1 hzcos(”h +0)

Wagc = =
ABC =T Sin 17, cos 0

©)

The total horizontal and vertical inertia forces acting
in the wedge AEC can be expressed as

H,

Oaeci(t) = y/ z(cotn, —tan0)oy,
0

X [1+(H[;Z)(fa—1)] sinw<t—HV_SZ)dz (10)
Oaec,y(1) :?7Z(00“71 —tan0)a, )
x [1 + (HI;OZ)(fa - 1)} sinw(tHV; Z)dz

The moment of all the forces acting in the wedge
AEC with respect to the focus (O) of logarithmic
spiral failure surface can be expressed as

1
Magc(t) = = (Wagc — Qagcy) % (20 + 1) cos
3

1
+ htan0) — 3 [Oapcs X (I+2r)sing,
+ Rycos ¢ x (2r; +1)] (12)

where, [ is the distance from the top of wall to the
focus (O) of logarithmic spiral failure surface (BC)
and r; is the final radius of the logarithmic spiral
surface (BC).

4.3 Moment of Forces Acting in the Wedge EBC
About O

To overcome the conservative assumption of Basha
and Babu (2009) regarding the accelerations in the
radial strip, an elemental horizontal strip of thickness
dz has been considered in the wedge EBC (Fig. 2c) at
a depth z from the ground surface which can be
defined by an angle 7. At any angle #, the radius (OH)
of the logarithmic spiral can be expressed as
r=roem MM ¢ where r, is the initial radius of the
logarithmic spiral failure surface.

The moments due to the weight, horizontal and
vertical inertia forces acting in the whole wedge EBC
about O can be obtained by integrating the moments
of respective forces in the elemental strip with respect
to 1 varying from O to #, and their expressions can be
written as

M

Mggc,w = V/X(VCOS(Wl +1)
0

—sin(n; + n) tan ¢ }dn (13)

— %) r{cos(n; + 1)

o

Mggpcau(t) = y/xa11 {1 L H=2)
0

- 1)

X sinw(l — Z) rsin(n; + n)r{cos(n, + 1)

s

—sin(n, + 1) tan ¢ }dn (14)
U3
(H—7z)
Mgpc,(t) = xo, |1+ (f, — 1)
EBCv (7 VO/ o [ }
X sina)<t — Hv; Z) (rcos(rll +1) — )—ZC)

x r{cos(n, + 1) — sin(n, + n) tan ¢ }dn (15)

where, x is the horizontal length of the strip GH as
shown in Fig. 2c. It is worth mentioning here that the
resultant force (R;) of the normal and shear forces
along the logarithmic spiral failure surface does not
contribute any moment abut O as R; passes through
the focus (O) following the properties of the
logarithmic spiral. The resultant moment acting in
the wedge EBC is therefore, given by

Mgpc(t) = Mggc,w — Mesc — MEpc,y (16)

4.4 Estimation of Passive Earth Resistance

The total moment about point O; caused by the
weight, horizontal and vertical inertia forces acting in
the wedge ABC can be expressed as

Magc(t) = Magc + Megc (17)

It is assumed that the point of application of the
passive resistance lies at the bottom third of the wall,
which is found reasonable for lower values of H/TV
as observed by Steedman and Zeng (1990). Hence,
the total passive resistance P,, can be determined by
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taking the moment equilibrium of the whole wedge
ABC about the point O and is given by

Mapc

The seismic passive earth pressure coefficient can
then be obtained as

P, (t) = 18
pell) cos(d — 0)(3H + Isinn,) — sin(6 — 0) (3H tan 0 + [ cos ;) (18)
Fig. 3 Variation of passive (a)
pressure coefficient K, 4.0 =-10° 4.0 06=-10°
with o, for ¢ = 30°, -5° -5°
o, = 0.50,, H/TV, = 0.3 3.5 0° 3.5 0°
and H/TV,, = 0.16. 5° 5°
ao=00;,bo=05¢; 3.0 10° (lower 3.0 10°(lower
co=¢ Ma most) Mg most)
2.5 2.5
fa=1.0
1.5 1.5
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
®y Oy
(b) 60 0=-10° 7.0 0=-10°
_50 6 0 _5(}
5.0 0° ' 0°
5° 5°
. 10°(lower g 5.0 10°(lower
2 40 most) =4 most)
e 4.0
3.0 30
f.=1.0
2.0 2.0
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Oy Oy
(©
9.0 0=-10° 10.0 0=-10°
-5° _5°
(e} (e}
Oo 8.0 00
70 5 5
' 10°(lower 10°(lower
M& most) 2 6.0 most)
5.0
4.0
fu=1.0 fuo=1.4
3.0 2.%
0.0 0.1 0.2 0.3 .0 0.1 0.2 0.3
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Kpe(t) = —=

It can be observed that K,,. is a function of 7, #,,
H/TV; and H/TV,. The optimization has been per-
formed with respect to #y, 1, and #T to obtain the
minimum value of K. During optimization, the
values of 7y, #, and #T have been varied in the range
of 0 to (90 — ¢), 0 to (90 — 5; — 0) and 0-1,
respectively.

(19)

5 Results

The computations have been performed by writing a
computer code in MATLAB. To find out the mini-
mum value of K,,., the magnitude of the variables 7,
1, and #T has been varied independently at an
interval of 1°, 1° and 0.1, respectively.

The variation of seismic passive earth pressure
coefficient K),, with changes in «,, for different values
of 0, ¢ and f, are presented in Fig. 3 for ¢ = 30°,
o, = 0.505, H/TV; =03 and H/TV, = 0.16. The
values of K,,, are also presented in Table 1 for ¢
=40° o, =050, f, =14, HTV,=0.3 and H/
TV, = 0.16. It can be seen that the magnitude of
passive earth pressure coefficient decreases continu-
ously with an increase in the magnitude of o, It can
also be observed that the value of K,,, decreases with
increase in the wall inclination 6 from negative to
positive. It is important to mention here that the
magnitude of 6 becomes positive or negative when
the wall face rotates in the anti-clockwise or

Table 1 Values of passive earth pressure coefficient K, for
¢ = 40°, o, = 0.50, f, = 1.4, H/TV, = 0.3, H/TV, = 0.16

0 oy er
0=-10° 0=-5° 0=0° 0=5° 0=10°

00 0.0 636 5.37 4.60 4.05 3.67
02 486 4.12 3.56 3.16 2.86
04 3.16 2.73 2.42 2.19 2.02
0.5¢ 0.0 14.28 11.66 9.67 8.15 6.96
0.2 10.87 8.87 7.36 6.20 5.31
04 7.03 5.72 4.75 4.01 3.44
¢ 0.0 29.00 23.22 18.87 1555 1299
02 22.62 17.97 1452 11.92 9.93
04 15.36 12.01 9.58 7.80 6.46

_(xv:
..... o, =050,
8t X 1
o o, =0y
¢ =40

pe

Fig. 4 Variation of passive pressure coefficient with oy, for
different values of ¢ and «, (0 = 0°, § = 0.5¢, H/TV, = 0.3,
H/TV,, = 0.16)

clockwise direction from the vertical, respectively.
Therefore, the uppermost line in Fig. 3 indicates
0 = —10°; whereas the lowermost line is for 0 =
10°. The value of K,,, also increases with increase in
the magnitude of J. It has been seen that higher the
amplification factor f;, the lesser is the magnitude of
K.
The variations of K, with changes in o, for
different values of ¢ and «, are presented in Fig. 4
with 0 = 0° 6 = 0.5¢, H/TV, = 0.3 and H/TV, =
0.16. It can be noticed that the values of K,
continuously decrease with increase in the magnitude
of o, and «,. It is worthy to observe here that the
reduction in the magnitude of K,, with increase in o,
becomes higher as the magnitude of «;, increases.

6 Comparison

In absence of vertical seismic force and amplification
of accelerations («, = 0 and f, = 1.0), the compar-
ison of present values of passive earth pressure
coefficient with the values given by Soubra (2000),
Kumar (2001), Choudhary and Nimbalkar (2005),
Subba Rao and Choudhury (2005), Ghosh (2007), and
Basha and Babu (2009) for a vertical wall (0 = 0°)
are presented in Table 2. A comparison of passive
earth pressure coefficient is also shown in Fig. 5 for
¢ =30° 0=2¢/3, 0=0° a,=0, f, =10, H/
TV, = 0.3 and H/TV, = 0.16. The values predicted
by Kumar (2001) are slightly lower than the present
values for lower values of o;; whereas the difference
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Table 2 Comparison of passive earth pressure coefficient K, for ¢ = 30°, 0 = 0° o, =0, f,=1.0, HTV,= 0.3 and H/

TV, =0.16
0 o, K.
Present Soubra Kumar Choudhary Subba Rao Ghosh Basha and
analysis (2000) (2001) and Nimbalkar and Choudhury (2007) Babu (2009)
(2005) (2005)

0 0.00 3.00 3.00 3.00 3.00 - 3.00 3.00
0.05 292 291 2.92 292 - 292 2.87
0.10 2.85 2.82 2.82 2.85 - 2.85 2.75
0.15 2.77 2.73 2.72 2.77 - 2.77 2.61
0.20 2.68 2.63 2.62 2.68 - 2.68 2.44
0.25 2.60 2.53 2.51 2.60 - 2.60 2.28
0.30 2.51 242 2.39 2.51 - 2.51 2.11

P13 0.00 4.02 4.05 4.02 4.14 - 4.14 4.03
0.05 391 3.91 3.89 4.01 - 4.01 3.74
0.10 3.79 3.77 3.75 3.87 - 3.87 3.60
0.15 3.67 3.62 3.61 3.73 - 3.73 3.46
0.20 3.54 3.47 3.46 3.59 - 3.59 3.30
0.25 3.41 331 3.30 3.45 - 3.45 3.07
0.30 3.27 3.13 3.13 3.29 - 3.29 2.85

2¢/3 0.00 5.26 5.40 5.26 6.11 - 6.11 5.25
0.05 5.10 5.20 5.08 5.87 - 5.87 4.69
0.10 4.94 5.00 4.89 5.63 - 5.63 4.40
0.15 4.78 4.79 4.69 5.38 - 5.38 4.10
0.20 4.60 4.57 4.48 5.14 - 5.14 3.75
0.25 442 4.34 4.27 4.88 - 4.88 3.46
0.30 4.23 4.10 4.03 4.63 - 4.63 3.00

¢ 0.00 6.68 6.86 6.68 10.10 5.78 10.10 6.60
0.05 6.47 6.61 6.44 9.64 5.67 9.64 6.02
0.10 6.26 6.35 6.19 9.17 5.40 9.17 5.60
0.15 6.05 6.07 5.93 8.70 5.33 8.70 5.08
0.20 5.82 5.79 5.66 8.23 5.10 8.23 4.48
0.25 5.59 5.49 5.37 7.75 5.00 7.75 3.88
0.30 5.34 5.17 5.07 7.26 4.75 7.26 3.40

increases for higher values of o, and o. This
difference occurs due to the pseudo-static approach
adopted by Kumar (2001), which does not consider
the effect of time and phase difference due to finite
shear wave velocity and therefore predicts the
conservative results; whereas the present analysis
incorporates the pseudo-dynamic approach. For a
vertical wall with zero wall friction (6 = 0° and
0 = 0°), the present values are in line with those
reported by Choudhary and Nimbalkar (2005), and
Ghosh (2007), which implies that the logarithmic

@ Springer

spiral part of the failure surface disappears for a
smooth vertical wall; whereas for higher values of
wall friction, the assumption of composite failure
surface gives more reasonable values of K,,, which
are much lesser than those predicted using a planar
failure surface. It can be seen that the values of K,
given by Basha and Babu (2009) are much lower than
the values predicted by the present analysis, Soubra
(2000) and Kumar (2001). The significant difference
between the results of Basha and Babu (2009), and
the present analysis might be caused due to the
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6.5 v T T
—+— Choudhary and Nimbalkar (2005)
—*— Soubra (2000)

6.0 —6— Present analysis 1
—8— Kumar (2001)

55} —#A— Basha and Babu (2008)

50}

2
2sl .

4.0}

35¢ i

3.0 L L L L L

0 0.05 0.1 0.15 0.2 0.25 0.3
oy

Fig. 5 Comparison of passive earth pressure coefficient K,
for ¢ = 30°, 0 =2¢/3,0 =0° a, =0, f, = 1.0, H/TV, = 0.3
and H/TV,, = 0.16

assumption of constant magnitude of radial reaction
along the logarithmic spiral failure surface as well as
the conservative consideration of accelerations inside
the logarithmic failure zone.

The comparison of present values of passive earth
pressure coefficient with the values given by Chang
(1981), Soubra (2000), Kumar (2001), Choudhary
and Nimbalkar (2005), Subba Rao and Choudhury

(2005), Ghosh (2007) and Lancellotta (2007) are
shown in Table 3 for 6 =0° 6 =0.5¢, «, =0,
fa=10, HTV; =03 and H/TV, = 0.16. Being a
lower-bound solution the values obtained by Lancel-
lotta (2007) are found to be the lowest; whereas the
values of Choudhary and Nimbalkar (2005), and
Ghosh (2007) are found to be higher due to the
assumption of a planar failure surface. However, the
present values match reasonably well with the values
given by Chang (1981), Soubra (2000), Kumar
(2001), and Subba Rao and Choudhury (2005).

For o, = 0 and f, = 1.0, the comparison of present
values of passive earth pressure coefficient with the
values obtained by Mononobe-Okabe method, Kumar
(2001), Kumar and Chitikela (2002), and Ghosh (2007)
are given in Tables 4 and 5 for 6 = —15 and 15°,
respectively. Itis worth mentioning here that according
to Kumar (2001), the shape of the proposed logarithmic
failure surface shifts gradually from convex to concave
for a combination of lower values of 0 and higher
values of 0 (positive). In such cases, the assumption of
a convex failure surface, as in the present analysis,
slightly overestimates the passive pressure coefficient
as seen in Table 5.

Table 3 Comparison of passive earth pressure coefficient K, for 0 = 0° 6 = 0.5¢, o, =0, f, = 1.0, H/TV, = 0.3 and H/

TV, = 0.16
¢ oy K,.
Present Chang Soubra Kumar Choudhary Subba Rao Ghosh Lancellotta
analysis (1981) (2000) (2001) and Nimbalkar and Choudhury (2007) (2007)
(2005) (2005)

25° 0.0 3.39 3.45 3.43 3.39 3.55 - 3.55 3.10
0.1 3.17 2.89 3.15 3.13 3.26 - 3.26 2.86
0.2 2.92 2.74 2.85 2.84 2.96 - 2.96 2.62
0.3 2.65 2.38 2.50 2.49 2.63 - 2.63 2.26

30° 0.0 4.61 4.64 4.69 4.61 4.98 4.44 4.98 4.29
0.1 434 4.29 4.35 4.30 4.60 422 4.60 3.93
0.2 4.05 3.93 3.99 3.95 421 3.89 421 3.57
0.3 3.73 3.45 3.59 3.56 3.80 3.44 3.80 3.21

35° 0.0 6.52 6.67 6.67 6.52 7.36 - 7.36 5.71
0.1 6.17 6.19 6.24 6.12 6.84 - 6.84 5.48
0.2 5.81 5.71 5.78 5.68 6.31 - 6.31 5.00
0.3 5.42 5.24 5.29 522 5.76 - 5.76 452

40° 0.0 9.67 10.00 9.99 9.67 11.77 9.00 11.77 8.33
0.1 9.21 9.29 9.40 9.13 11.00 8.78 11.00 7.86
0.2 8.73 8.57 8.79 8.56 10.21 8.44 10.21 7.26
0.3 8.22 8.10 8.15 7.96 9.41 8.22 9.41 6.67
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pasive carth presre 0 0w K
coefficient K, for Present Mononobe- Kumar Kumar and Ghosh
0= —15° o, = 0, analysis Okabe (2001) Chitikela (2002) (2007)
fa=10,HTV; =03 method
and H/TV, = 0.16
30° 0 0.0 4.30 4.45 4.30 4.29 4.45
0.2 3.78 3.74 3.69 3.68 3.84
04 3.17 2.93 293 2.92 3.17
¢ 0.0 10.56 34.06 10.56 10.24 34.06
0.2 9.19 25.02 8.87 8.60 26.26
04 7.56 15.61 6.79 6.60 18.23
40° 0 0.0 7.68 8.15 7.68 7.66 8.15
0.2 6.94 7.09 6.81 6.80 7.24
0.4 6.13 5.97 5.85 5.84 6.29
¢ 0.0 36.76 - 36.76 34.59 -
0.2 3347 - 32.26 30.35 -
04 29.80 - 27.23 25.64 -
Tab!e 5 Comparison of P s %, K,
Esgglcie;irt; prfeos rs%re: 150 Present Mononobe- Kumar Kumar and Ghosh
a2, =0, f, :”f 0. H/ ’ analysis Okabe method (2001) Chitikela (2002) (2007)
IVy = 0.3 and H/ 30 0 00 245 2.38 234 2.30 238
TV, = 0.16
0.2 2.21 2.16 2.08 2.00 2.19
0.4 1.95 1.86 1.73 1.61 1.92
¢ 0.0 4.73 5.46 4.73 4.69 5.46
0.2 4.15 4.48 4.04 4.01 4.58
04 3.46 3.38 3.18 3.16 3.61
40° 0 0.0 3.40 3.26 3.17 3.07 3.26
0.2 3.13 3.04 291 2.77 3.06
0.4 2.86 2.77 2.59 2.42 2.82
10} 0.0 11.01 17.37 11.01 10.8 17.37
0.2 9.94 14.57 9.74 9.57 14.84
04 8.76 11.68 8.31 8.18 12.24

In the presence of seismic vertical force, the

7 Conclusion

comparison of the present values of K, with the
values given by Mononobe-Okabe method and Ghosh
(2007) are presented in Table 6 for § = —5°. It can be
seen that the present values of K,,, match quite well
with the values obtained by Mononobe-Okabe method
and Ghosh (2007) for lower values of ¢ and J; whereas
for higher values of ¢ and J, the present values differ
and the difference increases with increase in ¢ and 4.
This difference arises due to the application of planar
failure surface by Mononobe-Okabe method and
Ghosh (2007), whereas the present analysis considers
a composite failure surface.

@ Springer

Using the pseudo-dynamic analysis and with the
assumption of composite failure surface, the effects
of soil friction angle, wall inclination, wall friction
angle, horizontal and vertical earthquake accelera-
tion, amplification of vibration, and shear and
primary wave velocity on the total seismic passive
earth pressure behind a non-vertical cantilever retain-
ing wall have been determined. Both positive and
negative wall inclinations have been considered and
it is found that the magnitude of seismic passive earth
pressure decreases with increase in the values of wall
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Table 6 Comparison of passive earth pressure coefficient K,
for 0 =-5° o, =0.50, f,=10, HTV,=03 and H/
TV, = 0.16

¢ o Oy K,
Present Mononobe- Ghosh
analysis Okabe method (2007)
20° 0 0.0 2.18 2.19 2.19
0.1 1.94 1.90 1.93
0.2 1.66 1.58 1.66
0.5¢ 0.0 2.77 291 291
0.1 243 2.46 2.51
0.2 2.06 1.97 2.08
¢ 0.0 3.35 4.04 4.04
0.1 2.93 3.33 341
0.2 2.46 2.57 2.74
30° 0 0.0 3.34 3.35 3.35
0.2 2.65 2.56 2.65
0.4 1.86 1.60 1.85
0.5¢ 0.0 5.23 5.93 5.93
0.2 4.09 4.25 4.44
04 2.75 2.32 2.80
10} 0.0 7.68 13.70 13.70
0.2 5.98 9.17 9.67
0.4 3.99 4.22 541
40° 0 0.0 5.37 5.39 5.39
0.2 4.39 4.27 4.39
0.4 3.34 3.07 3.34
0.5¢ 0.0 11.66 16.17 16.17
0.2 9.43 11.99 12.44
0.4 7.03 7.67 8.63
10} 0.0 23.22 353.23 353.23
0.2 18.95 240.62 252.96
0.4 14.32 127.75 152.52

inclination 6 and horizontal earthquake acceleration
coefficient oy,. The passive earth pressures obtained
by present analysis are found to be higher than those
obtained by pseudo-static analysis and much lower
than those obtained by assuming a planar failure
surface.
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