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Short Communication 

Dynamic Active Earth Pressure of Cohesionless Soil 

by 

K.M. Soni• 

Introduction 

Earth pressure on structures have been determined scientifically as early 
as in the 1776 when Coulomb's classical theory was propounded. But 

for dynamic earth pressure Mononobe (1929) and Okabe (1929) assumed a 
plane ruptured surface and gave the analytical solution of dynamic earth 
pressure in terms of seismic coefficients. Investigators like KapHa (1962), 
Prakash and Saran (1968), Soni and Murthy (1983), Satyanarayan and 
Murthy (1983) suggested different approaches for determining dynamic 
earth pressure of soils. 

In the present paper, a scientific approach has been suggested for 
determining the dynamic active earth pressure of cohesionless soils. In 
this approach, dynamic load has been considered in terms of sinusoidal 
wave which produces maximum effect when acts on the line of action of 
the weight of failure wedge. 

Analysis of tbe Approach 

Present analysis is based on the following assumptions, 

(i) The method is based on Coulomb's theory and deformation takes 
place so that a plane ruptures from the rest of soil mass. 

(ii) The soil is cohesionless. 

(iii) The reaction on plane ruptured surface acts at an angle 'ef,' to the 
normal of the wall. ',f,' is the angle of shearing resistance of back­
fill material. 

(iv) The moving dynamic load is sinusoidal in nature and depends on 
magnitude of dynamic load and position of load from the face of 
the wall. 

Moving dynamic load, Wd = Q Sin w t .. . (1 ) 
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Where Q = moving load per unit length. 

L = length of the failure wedge along the backfill line (Fig.) 1) 

311 
w = ~ 
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t = distance at which the load acts from the face of the wall 

. h 1T Wd will be maximum w en w t 2 

1T 

or t = -rw 
,,, 2L L 

or t = 2 31r = 3 

p 

FIGURE 1 Failure Wedge 

It shows that dynamic load will be maximum when it acts at L/3 distance 
from face of wall which will coincide through ~entre of gravity of the 
failure wedge. 

The resultant equivalent weight of the failure wedge will be 
We= W+W, ... (2) 

Where W, = equivalent weight of the failure wedge 

W = static weight of wedge. 

Ws = equivalent static load of moving dynamic load. 

Ws may be given by 
, 

W, = IQ Sin w t 
0 

.. . (3) 
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1 ' or W, = - [- Q Cos wt] w 0 

at t = L/3, W, will be maximum, 

( W,) max. = .JL(l-Cos wL/3) 
w 

2LQ ( 311 L) or (Ws) max = -- I-Cos-- -. 3n- 2l 3 

2LQ 
or (W,) max. = 3 ;-(1- 0) 

2LQ 
or ( W,) max. = ~ ... (4) 

If the force polygon is considered for the forces acting on the failure 
wedge, this may be seen from the triangle rule (Fig. 2), 

(1 30- 0(- 0+ ¢ +S) 

FIGURE l Force Polygon 

p 
Sin(~-</>) = Sin (180°-«-~+ ~+8) 

or P = We Sin(f3-</>) 
Sin (a+~-~- 8) 

where 

P - dynamic active earth pressure 

~ - angle of inclination of failure plane to the horizontal 

a - angle of retaining wall to the horizontal 

II - angle of wall friction. 

... (5) 



EARTH PRESSURE OF COHESlONLESS SOILS 97 

1 Weight of the wedge, W = Area of the failure wedge X density of 
backfill 

w = ½y s!Cl L Sin (c,; •{-i) 

Where y = density of the backfill material 

i = horizontal slope ofbacldill. 

h = height of retaining wall. 

But 
h Sin (a+fl) 

L = Sin a Sin ({j-i) 

Therefore, from Eq. (6), 

1,2 Sin (ci+~) Sin (c,; + i) 
w = -1. r s· 2 s· rll •) • m « m \l"-r 

From Eqs. (2), (4), (7) and (8) 

... (6) 

... (7) 

. . . (8) 

h1 Sin (c,.+/3) Sin (a+i) + 2Q h 
W, = ½ i' Sin• c,; Sin (f3-i) 31T Sin « 

Sin («+{>) 
Sin (/3-i) 

... (9) 

From Eqs. (5) and (9), 

_ [ .....!!:__ Sin («+/3) Sin (c,.+i) 
P - ½ Y Sin2 c,. Sin (~-i) 

2 Qh Sin («+/3) J Sin (/3-</>) 
+ 311 Sin 11 . Sin(f3-i) =s,-in....;(;_c,._+-e-/3.:,__<f,----::8:c-) 

p Sin (/3-ef,) Sin ("+~) 
or = Sin (c,. + f3-ef,-8) Sin (/3- i) 

1 l2Sin («+ i) + 2 Qh ] 
2 Y 

I 
Sin2 ca 31T Sine,. 

For P to be maximum, 

dP = O 
d/3 

.. . (10) 

or _!!__ [ . Sin (f3-ef,) Sin (~+/3) ] = 0 df> Sm (e1+f3-</>-8) Sm (fl-i) ·· .(1 lJ 

P utting 8 = (c,.- ef,-8) Eq. (11) will be, 

_d_[ Cos (01 +ef,)-Cos (U+ «-ef,) J = 
0 d/3 Cos (8+i)- Cos (2f3+8- i) 

or [Cos (8+ i)- Cos (2~+ 8-i)] Sin (2fi + a-ef,)- [Cos («+ </>)-

(2f3 +C1-ef,)] Sin (2/3 + 8-i) = 0 ... (12) 
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Assuming, Cos (a + ;) = a, 

Cos (6-i) = b, 

Cos (a-,f,) = c, 

Cos (8+i) = d, and solving Eq. (12) 

[d-b Cos 2~+"11-b2 Sin 2 {l] [c Sin 2 {l+v~ 

Cos 2 ~] = (a- c Cos 2 ~+{1-c' Sin 2 {l] 

[b Sin 2 f3 +v'I=i7" Cos 2 {l) 

on solving, 

(cd-ab) Sin 2 f3+(dy'1-c2-ay I-bi) Cos 2 f>+(cy 1-bt 

-byi=c2) =·o 

or (cd-ab) Sin2{3+ (d,/f=-2'--a{T=Ez) Cos 2{3 
(cyt 1 -b2-by l-c2) (cv l-b1-b{t-c2) 

+ I = 0 ... (13) 

Assuming 

in Eq. (13), 

(cd-ab) 
-(-cy'---1=-cc=b~2---b-y;.,...-,l =c2=) = x, 

(dy' 1=c2-ay1=bi) 
(cv1-b1- bv l-c2) 

= y, and putting the values 

x Sin 2[3+ y Cos 2 {l+l = 0 

orxSin2[3+ yy'l-Sm2 2 fl + l = 0 

or x Sin 2 ~ t 1 = - yY l-Sin2 2 ~ 

or x2 Sin2 ,2 f3 + 1+2 x Sin 2(3 = y 2 (l-Sin2 2 {,) 

or (x2 +y2) Sin2 2 {3+2x Sin 2 {l+l-y2 = 0 

For dynamic active earth pressure, 

Sin 2 (3 
-x+yy x'+y2-l 

x2+ya 
... (14) 
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The value of•~• can be found out from Eq. (14) by knowing the values 
of a:, ef,, i, 3, 6, x and y. The dynamic active earth pressure can be found 
out by Eq. (10) by knowing the value of 'W. 

Discussion 

The method considers the dynamic load in terms of sinusoidal wave 
and the effect of the load becomes maximum when the line of action of 
dynamic load coincides with the static load of the failure wedge. The 
static pressure can also be found out by putting the value of 'Q; as zero. 
This has been observed that the results talJy with Coulomb's active earth 
pressure of soils. 

Conclusions 

The method suggested here considers the effect of dynamic load in 
terms of sinusoidal wave which varies with the position on backfill 
surface. The other methods consider the maximum effect only but by this 
method, the effect of dynamic load can be found out at different positions 
also. This method will also enable one to find out critical failure plane 
and the magnitude of dynamic active earth pressure of soils. 
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The apparatus consists of a shear box in two parts, with. provisions to 
test samples of maximum size 115 x 125 mm or cores upto 102 mm 
diameter. It is used for testing of rock either in the field or laboratory. 

For further details and all your requirements of Testing Instruments in 
Soil, Cement, Concrettt, Mortar; Bitumen and Rock Mechanics please 
contact or write to : 
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Phase-II, New Delhi-110 028 
Phones : 581151, 581152, 581153 
Telex : 31-5361 MINT IN 
Grams : ROCKTEST New Delhi 

Distributors· 

HEICO INSTRUMENTS 
PRIVATE LTD., 

907-Pragati Tower 
26, Rajindra Place, 
New Delhi-110 008 
Phone : 5713580 
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