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DYNAMIC EARTH PRESSURE ON RETAINING WALLS“DUE TO
GROUND EXCITATIONS

A.S. Arya* and Y.P. Gupta**

SYNOPSIS

The magnitude of dynamic pressures due to cohesionless fills behind retaining walls
and their points of application are computed on the basis of wedge theory assuming that the
acceleration of the mass of the wedge relative to that of the ground varies linearly from zero
at the base of the wall to maximum design value at its top level. The magnitudes of dynamic

pressures are given as fraction of the static pressures. Tabular data given is suitable for
design office use.

INTRODUCTION

Shaking Table Tests 1,2f have previouslv been carried out on Ttwo types of model
retaining walls. Fixed walls were those whose base and sides were held by the walls of the
test box against any movement and movable walls were those which were free to tilt about
the base. Some tests? have also been carried outin the field on retaining walls standing on
ground by imparting ground vibrations by a D.C. motor at a certain distance from the wall.

Obviously the movable wall or the one used in the field represents more closely the conditions
of the normal retainine wall as compared with the fixed wall. The results of the above testing

work for movable and fixed walls may be summarised briefly as follows:

1. ‘The lateral earth pressure during vibration consisted of two parts—First the increase
in the static earth pressure which would remain even after the vibration had stopped and
sécond, a varying pressure with time whose intensity might be expressed by its amplitude.
Unless the vibrations were too severe (the acceleration being more than 500 gals) the residual

earth pressure would be considerably more than the vibrating amplitude, Therefore, for design
purposes, the residual earth pressure only may be considered.
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21 “Inspite of the great complexity of the lateral earth pressure corresponding to
various characteristics of walls, backfill and given vibrations, the magnitude of the total lateral
earth pressure coincides with, or is lower than the value given by Mononobe-Okabe formula.
At the present state of research, it is reccommended that Mononobe-Okbe formula can be used
in the design of gravity type quay walls” 1,

3. In the case of the field test?, the relative acceleration of the soil mass behind the
wall was found to vary linearly from zero at base of wall to maximum at top of wall.

4. The point of application of the residual earth pressure was found to lie between
0.33 and 0.4 ofthe height of wall measured from the bottom the shifting up of the point
of application being more for higher values of acceleration.

Based upon the above results, suitable assumptions have been made for deriving the
numerical results herein,

1. The earthfill behind the wall is cohesionless.

2. The failure surface is a plane starting from the heel of the wall and the Mononobe-
Okabe formula is applicable for.calculating the pressure exerted on the wall by the failure wedge.

3. The horizontal acceleration of the mass at the wedge varies linearly from zero at
base of wall to maximum value at the top level. '

TOTAL RESIDUAL ACTIVE EARTH PRESSURE

For uniform acceleration oy of the mass of the wedge the Mononobe-Okabe formula
for total active earth pressure including static as well as dynamic components is as follows.

Ps=3wH2C,, )
C.— Cos? (¢ —0—aq) x 1
" Cos § Cos® « Cos (¢, +-a+0) [1+ Sin ($+5) siv (§—5—16) }%Jz @
Cos (a—§) cos ($1+a+¢)
Where,
P. =active earth pressure on the wall including the increase due to ground accelera~
tion,
W. = unit weight of soil,

H = height of wall,

Ca = Coefficient of total active earth pressure,
& = angle of surcharge of earthfill,
o = angle of back of wall with vertical,
¢ = angle of internal friction of soil,

$¢1 = angle of friction between the wall and the earth fill,
0 = tan -1 qp
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en == horizontal seismic coefficient, that is, ratio of design acceleration to acceleration
due to gravity.

The point of application of P, lies at H/3 from the bottom.

PLANE OF
RUPTURE

Figure 1

When the design acceleration is assumed to vary linearly, the value of 6 will change
and the point of application of the resultant is likely to shift up from the lower third point.
The angle 0 is actually equal to the angle that the resultant  of the weight of the wedge and
the seismic force acting on it makes with the vertical. This is shown in Fig. 1. To deter-
mine its general value for the present case, consider the failure wedge shown in Figure 2 in

which the failure plane starts from any point Y on the back of the wall. Let the weight of
the wedge be W and the horizontal force on it be Px. Then,
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5 6= tan™ [% on (1 + —2';—{)] 3)

For the failure plane starting from the base of the wall

6 = tan [% a,,f] | )

Substituting this value of @ in Equation 2, the total active earth pressure may be determined.
DYNAMIC INCREMENT OF PRESSURE

If 6 is put equal to zero in Equation 2, the ordinary Coulomb static pressure will be
obtained. The difference of the total and the static pressure will give the net dynawic incre-
ment of pressure on the retaining wall.

POINT OF APPLICATION OF THE RESULTANT PRESSURE

On the straight back of a retaining wall, the distribution of Coulomb static active earth
pressure is linear, varying from zero at the top to maximum at the base. The distribution of
the dynamic increment is also similar if ay was assumed uniform, thus giving the line of action
of the resultant at H/3 above the base for both static and dynamic components. But when
the horizontal acceleration is taken linear as assumed, the distribution of dynamic increment of
pressure becomes different from linear, the line of action of the resultant pressure shifting above
the lower third point. In order to determine the distribution of dynamic pressure the
following procedure was followed.

In the Coulomb’s Wedge theory, the assumption is made that every point on .the
back of the retaining wall is the foot of the plane of the incipient failure wedge. Let us consider
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two points A and B at heights hy and hy = h, + hag from the base of the retaining wall.
The total static and the dynamic active earth pressures acting on the parts of the wall above
the points A and B can now be calculated as explained above. For determining the total
active pressure, f and 6 will be found from Bq. 3 by substituting the corresponding heights
haand hg. Let the dynamic increments determined be Pg, and Pgg respectively. Then the
dynamic pressure acting on the height hg of the wall between points A and B will be Pgpy —
Pag . If the height hagis sufficiently small, the pressure Pgy —Pgg may be assumed to be
distributed uniformly on this height. Thus the intensity of pressure on height hag,
Paa —Pag ‘

T | ®

Now dividing the height of wall in-convenient number of divisions, the intensity of
pressure can be obtained at the centre of each division. Thus the distribution of dynamic
pressure can be derived. Knowing the distribution of pressure, the centre of gravity of the
resultant dynamic pressure can be found by taking moments of the forces acting on the
divisions about the base.

Ppag =

THE COMPUTER PROGRAM

For working out the numerical results, a computer program has been written in the
FORTRAN language. The following quantities have been computed:

_The total earth pressure coefficient C,,
- The static earth pressure coefficient Cag,
The dynamlc earth pressure coefficient Caa=Ca—-C.s, :

(These coefficients are to be multiplied wnth 1} wH? to get the magmtudes of resultant ptcssures)

The ratio of dynamic to static pressures Caa/Cas,
The distance of point of application of resultant dynamic pressure above base of
retaining wall as a fraction of height. This is denoted as CG.
The base pressure coefficient Cpb to be multiplied with ‘wh’ to give the base

pressure,
The ratios of pressure intensities at various helghts to base prcssure

RESULTS

The values of the pressures etc. stated above were computed for the following values
of the variables:

$ — 30° 36°

s — 0°%20°

a — 0°20°

¢y — 10°, 20°

an — .02, .04, .06, .08, .10, .12
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The resulting values of Cgs, Cad, Caa/Cas, CG, and Cpov are presented in Table 1. The
ratios of pressure intensities at various heights to the base pressure were computed for
all combinations of the variables but only the average values are presented here. It was found
that the pressure distributions are not appreciably different from each other. Based on the

calculated data, the following resutls could be arrived at.

(1) Dynamic Increment of Pressure

The influence of the variables ¢, §, a, ¢, and an on dynamic part of pressure are found
to be as follows when only the variable under consideration is changed, all the others taken
fixed in magnitude, ‘

(@) As the angle of internal friction ¢ increases, mot only the static component
decreases, the ratio of dynamic to static component also decreases. Thus the dynamic
component decreases appreciably when ¢ is increased.

(b) When the angle of surcharge § is increased. the static part increases. The dynamic
increment is found to increase more rapidly and its ratio to static pressure also increbzyises. ’

(c) When the angle of the back of the wall with the vertical a is increased, the static
pressurc increases, and the ratio of dynamic to static also increases. Thus the dynamic
increment increases faster than the static part.

(d)- As the angle of friction of soil with back of wall ¢, increases, the static pressure
decreases but the ratio of dynamic to static pressure increases. The effect is that the magni-
tude of dynamic increment does not appreciably change. '

(¢) As the seismic coefficient ap increases, the dynamic pressure increases slightly more
than proportienately. A typical relationship is shown in Fig. 4.

(2) Line of Action of Increment of Pressure

Effects of the variables on the position of line of action are as follows :

(a) Value of angle of internal friction ¢ has hittle influence on the line of action of
the dynamic increment.

(b) When the surcharge angle § is increasea from 0° to 20°, the line of action shifts up.
In the worst case, the shift is 2.99,.

(c) When the angle of back of wall a is changed from 0° to 20°, the line vof action is
not appreciably affected. The maximum shift is 0.257; upward.

(d) When the angle of friction between soil and wall ¢, is varied from 10° to 20°, the
line of action remains almost unchanged.

(¢) The line of action is affected maximum by the increase in the seismic coefficient
an. In the worst case when an is varied from .02 to 0,12, the line of action shifts upwards

by about 47
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Since the line of action represents the centre of gravity of the pressure distribution,
the latter is affected by the change of variables in a similar way as the former. Thus the
angle of internal friction ¢, the angle of back of wall «, and the angle of friction between soil
and wall ¢, do not change the pressure distribution appreciably. The other two variables §
and an are also found to change the intensities of pressure only slightly.

From the above study it therefore follows that the dynamic pressure distribution and
its line of action could be averaged within a maximum variation of 4 2%. The average
ordinates are given in Table 2. A typical curve for the value of an = 0.12is shown in
Figure 3, '

CONCLUSIONS -

The magnitude of total active earth pressure behind retaining walls due to ground
excitations may be computed by Mononobe-Okabe formula as given in IS: 1893-1962, taking
f =tan~* (%ai,) for any combination of other variables. The same expression may be used for
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calculating the static component by taking §=0. The dynamic increment is found by taking
the difference of the above two values. It may be taken to act at heights given in Table 1.

Numerical values of relevant data required for design of retaining walls are tabulated
for several combinations of variables involved for ready reference.
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