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Abstract

In this paper, the design charts have been presented to calculate the seismic active pressure for c-¢ soil with surcharge.
For developing the design charts, the explicit generalised equation based on pseudo-static approach is used. In the
present study, the design charts have been presented for positive and negative wall inclination considering the inclined
backfill. The effect of backfill inclination along with the effect of positive and negative wall inclination on the seismic
active pressure has been noticed in the design charts. The design charts are very easy to use for the field.

Keywords- Inclined retaining wall, Pseudo-static approach, Cohesion, Surcharge, Dynamic active thrust.

1. Introduction

The design of retaining structures mainly depends on the lateral earth pressure exerted by the
backfill material on the wall. Under normal conditions, almost all retaining structures are
designed for active thrust from the retained backfills. The estimation of dynamic active thrust on
the retaining walls is calculated by explicit generalized expression, in the field. This method is
based on the pseudo-static approach. For cohesionless backfills, Okabe (1924), Mononobe and
Matsuo (1929) reported this method in their study and then known as Mononobe and Okabe
method Kramer (1996). But in real field condition, it doesn’t work because of cohesion is present
in the soil. For cohesive (c-¢) soil with soil cohesion, ¢, and angle of internal friction of soil, ¢,
Shukla et al. (2009) gives a simple expression for estimating the seismic active earth pressure.
But in this study wall friction and adhesion between wall face and backfill was ignored and the
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wall is also assumed as vertical. Kim et al. (2010) obtained an expression for estimation of the
total seismic active pressure in terms of the inclination of failure plane, but the calculation of
failure plane was based on the trial and error procedure. This study has very limited applications
in real design practices due to trail-error procedure. Shukla and Bathurst (2012) had included the
effect of wall friction for calculating seismic active pressure on retaining wall. Shukla (2013)
gave an expression to calculate seismic active pressure for sloping backfills. Shukla (2015)
developed a generalized analytical expression for the dynamic active pressure on retaining wall
which supports an inclined backfill of cohesive soil. The influence of many factors such as effect
of wall geometry such as wall inclination and backfill inclination, cohesive/non-cohesive backfill,
wall-backfill interface, tension cracks, surcharge, horizontal and the vertical ground acceleration
was also examined. Using this generalized expression, for the calculation of seismic active thrust,
Gupta et al. (2019) developed the design charts, showing the effect of surcharge loading. The
formulation of the critical value of inclination from the horizontal of the failure plane was also
developed in this study. In the present study the design charts have been presented considering
the effect of soil backfill inclination along with the negative and positive wall inclination on
seismic active pressure. To draw the design charts, for the calculation of seismic active pressure
from c-¢ soil backfill, the explicit generalised expression proposed by Shukla (2015) is used. The
design charts reduce the calculation work and makes work effective under seismic condition.

2. Analytical Derivation

Considering the inclined retaining wall same as taken by Gupta et al. (2019) with height, H
supporting a cohesive soil backfill with soil cohesion (c) and angle of internal friction of soil (¢)
with an active trial failure wedge (A:A2A3) of weight W. The back-face of rigid retaining wall
(A1Ay) is inclined at an angle g with the horizontal. A>As is the assumed failure plane and it
passes through the bottom of the wall and makes an angle a with the horizontal. Horizontal and
vertical seismic inertial forces are considered as k\W and kW, where ki and ky are the horizontal
and the vertical seismic coefficients. A surcharge q per unit surface area is considered at the top
of the sloping backfill with slope angle i with horizontal. kygB and k,gB are surcharge loads along
the horizontal and vertical planes and B is the length of sloping backfill A1As. z¢ is the depth of
tension crack from the surface of the backfill. For simplification, wall height is divided as a sum
of z and h. The force F is the resultant of frictional force T and normal force N and it acts on the
failure plane A2As. C is the total adhesive force mobilized along the wall-backfill interface at an
angle ¢ and C is total cohesive force.

Now, taking equilibrium of forces in horizontal and vertical direction respectively,

cHsin(B—i)sina _ -

P.cos(f+0)+(1£k,)\W +qB) - F cos(a —¢) — sin Asin(a _1) a,cH=0 (1)

cHsin(B—i)cosa _ -

P.sin(f+0)—k,(W +aB) - Fsin(a —¢) + — - —a,cHcot =0 (2)
sin gsin(a —1)

Eliminating F from equations (1) and (2) and further simplifying, Pz can be expressed as:
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Pae:1[aitan:oz—bltanowrclj}/H2 -
2\ a,tan“ o —b, tana +c,
here,
f=tan™ K, (4)
1+k,
m, =(1ikvj{ 29 +Sinw—i)}cosecﬂ (5)
cosé )| yH sin g
2C Z,
m, = a, (y_Hj (1— >H ]cosecﬂ (6)
2c Ze \eing
m, _[y_Hjil_ o ]sm(ﬁ 1) cos ¢ cosec (7)
a, =m, cos B cos(6 — @) +m, cosisin(f+¢@)+m, (8)
b =m sin(f—6+¢)+m,cos(i + [ +¢) 9)
c, =M, —m, sin gsin(¢—6) —m, sinicos(S +¢) (10)
a, =CoSicos(f+J+¢) (12)
b, =sin(B+35+¢+i) 12)
c, =sinisin(B+35 +¢) (13)

a1, by, 1 and az, by, ¢, are the non-dimensional constants.
For optimising the value of dynamic active thrust P, the following condition should be satisfied:

oP, oP,

—2 -0 or —&-=0 (14)
oa otana
Or, (azbl - a1b2) tan® o — 2(8.2C1 - aicz) tana + (b201 _b102) =0 (15)

Above equation (15) is solved for tana to get the critical value of the inclination of the failure
plane, o = ac as:

an-t| (B8 ) £ (36 ~aC,)" — (0 —ab, (0.0, —bicy)

16
¢ (azbl - a1b2) ( )

(24

On substituting a = o into equation (3);
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P is obtained as by Shukla (2015):

p 1 a, tan®a, —b tana, +¢ H? an
® 2l a,tan’*a, b, tane, +c,
2
oK, =P *=— e _[&laN ahlana+o |, (18)
0.5yH a,tan“ . —b, tan e, +c,

where, Kq is the coefficient of active earth pressure.

3. Results and Discussion

According to generalized analytical expression (Equation 18), the design charts are presented in
terms of c* (non-dimensional cohesion) and g* (hon-dimensional surcharge) as defined in
equations (19) and (20) for the calculation of the total active thrust on retaining wall for surcharge
with respect to different wall inclination taken as -15°, 0°and 15° with vertical (4 = 75°, 90° and
105°). The range of k, are 0.0, 0.1, 0.2, 0.3 and 0.4; the ratio of k./k, are 0.0, 0.25, 0.50 and 1.0;
c* ranges as 0.0, 0.05, 0.1 and 0.2; and g* taken as 0.2. Vertical inertial force considers as
positive for the upward direction.

c

c*= 7/_H (19)
= (20)

Effect of Wall Inclination on K

Considering the horizontal backfill, the design charts obtained from the present study are shown
in Figures 1(a-¢e), 2(a-e) and 3(a-d) for calculating the seismic active earth pressure coefficient
(Kae). The respective design charts for calculating the Ka for c-¢ soil backfill for the wall
inclination as £ = 75°, 90° and 105° respectively. For all these cases, the surcharge loading is also
taken as g*= 0.2. From the Figures 1(a-e), 2(a-€) and 3(a-d), it can be distinctly observed that the
calculated value of Ka reduces with increase in cohesion and angle of internal friction angle of
soil.

For example; at = 75° ¢ = 30° c* = 0.1, and g* = 0.2, the value of K increase by about 84.0,
190.3, 313.4 and 474.9%, when ky value rises from 0.0 to 0.1, 0.2, 0.3 and 0.4 respectively. The
percentage increase in the Kee is about 84.0, 57.7, 42.4 and 39.0%, when k;, value increases from
0.0t00.1,0.1t00.2, 0.2 to 0.3 and 0.3 to 0.4 respectively. It shows that the percentage increment
is gradually reducing till k, equal to 0.4.
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Figure 1. Design charts for Kae for backfill slope i = 0° and wall inclination g = 75°

Taking g = 90° ¢ = 30° c* = 0.1, and g* = 0.2 the value of K, increase by about 34.4, 76.2,
128.3 and 195.4%, when k, value rises from 0.0 to 0.1, 0.2, 0.3 and 0.4 respectively. The
percentage increase in the Kee is about 34.4, 31.1, 29.5 and 29.3%, when ky value increases from
0.0t00.1,0.1t00.2, 0.2 to 0.3 and 0.3 to 0.4 respectively. It shows that the percentage increment
is reducing but the rate of reduction is reducing till ks equal to 0.4.
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Figure 2. Design charts for Kae for backfill slope i = 0° and wall inclination £ = 90°

Considering the wall inclination positive as, = 105° ¢ = 30°, ¢* = 0.1, and g* = 0.2 the value of
Kae increase by about 22.0, 49.4 and 84.3%, when k, value rises from 0.0 to 0.1, 0.2 and 0.3
respectively. The percentage increase in the Kg is about 22.0, 22.3 and 23.3%, when k; value
increases from 0.0 to 0.1, 0.1 to 0.2 and 0.2 to 0.3 respectively. It shows that the percentage
increment is also increasing for positive slope, but rate of increment is very slow with respect to
Kn.
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For ¢ = 30° and ¢* = 0.1, on increasing the angle of inclination 8 from 75° to 90° and 75° to 105°,
the value of K increases about 163.1 and 359.2%. Yet, the successive percentage increment is
reducing with respect to increase of inclination angle.

14 14
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Figure 3. Design charts for K, for backfill slope i = 0° and wall inclination g = 105°

Effect of Wall Inclination along with the Effect of Soil Backfill Inclination on Kae

Considering the inclination of soil backfill is as 10°, the design charts prepared for showing the
effect of backfill slope for three different wall inclination as (# = 75° 90° and 105°). In the
presented charts the value of ki ranges from 0.0 to 0.4 and four different values of k, as 0.0, 0.25
kn, 0.5 kn, and kn. The vertical inertial force is considered as positive in upward direction. The
design charts obtained from the present study are shown in Figures 4(a-e), 5(a-d), and 6(a-d) for
the respective wall inclination. From the Figures 4(a-e), 5(a-d) and 6(a-d), it can be distinctly
observed that the calculated value of the Ka reduces with increase in cohesion and angle of
shearing resistance of soil.
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Figure 4. Design charts for K for backfill slope i = 10° and wall inclination g = 75°

For example; at § = 75° ¢ = 30° c*= 0.1, g* = 0.2 and i = 10° the value of K, increase by about
85.6, 197.1, 350.4 and 386.3%, when ky value rises from 0.0 to 0.1, 0.2, 0.3 and 0.4 respectively.
The percentage increase in the Ke is about 85.6, 60.1, 51.6 and 53.5% when ky value increases
from 0.0 to 0.1, 0.1-0.2, 0.2-0.3 and 0.3-0.4 respectively. It shows that the percentage increment
is reducing till ks equal to 0.3, and for k, = 0.4 it increases.
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For vertical wall as, # = 90°, ¢ = 30°, ¢* = 0.1, g* = 0.2 and i = 10° the value of K increase by
about 35.8, 87.6 and 174.9% when ky value rises from 0.0 to 0.1, 0.2 and 0.3 respectively. The
percentage increase in the Kge is about 35.8, 37.1 and 46.4% when ky value increases from 0.0 to
0.1, 0.1-0.2 and 0.2-0.3 respectively. It shows that the percentage increment is increasing till k
equal to 0.3.

Considering the wall inclination positive as f = 105°, ¢ = 30°, ¢* = 0.1, g* = 0.2 and i = 10° the
value of K increase by about 25.3, 59.3 and 108.7% when ky value rises from 0.0 to 0.1, 0.2 and
0.3 respectively. The percentage increase in the K is about 25.3, 27.1 and 30.9% when ki value
increases from 0.0 to 0.1, 0.1-0.2, and 0.2-0.3 respectively. It shows that the percentage increment
is also increasing with respect to ky and its increases gradually.

For ¢ = 30°, c* = 0.1, when the inclination angle £ from 75° to 90° and 90° to 105°, then the value
of Kae increases about 154.8 to 345.7%. Yet, the successive percentage increment is reducing with
respect to increase of inclination angle with backfill slope 10°.
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Figure 5. Design charts for K, for backfill slope i = 10° and wall inclination g = 90°
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Figure 6. Design charts for K for backfill slope i = 10° and wall inclination f = 105°

4. Conclusion
According to design charts from present study, the following conclusions are summarized:

e The value of active earth pressure coefficient (Ka) reduces with respect to increase in
cohesion (c) as well as angle of shearing resistance of soil backfills and disregarding of
non-dimensional backfill surcharge loading in all case.

e The value of the active earth pressure coefficient (Kae) increases with the inclination of f
from (75°-105°) in all case. However, the percentage increment of Ks is marginally
increases, when the backfill slope is 10°.

e At agiven angle of backfill inclination, the value of active earth pressure coefficient (Kae)
is more for the sloping backfill case. The percentage increment of Ke, also increases for
the higher value of wall inclination.
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