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ABSTRACT: Active thrust and its point of application depend upon a combination of several parameters such
as angles of wall friction, soil internal friction, backfill slope and wall back. A method based on the principle of
superposition along with the conditions of equilibrium is used in the present analysis to determine the active thrust and
its point of application for an inclined wall retaining horizontal cohesionless backfill under the combined effect of
surcharge and self-weight. Coulomb’s failure mechanism along with Kotter’s equation is used to determine the
distribution of soil reaction and its point of application on the failure surface.

Keywords Kdtter’s equation, point of application, active thrust, self-weight, surcharge effect

1. INTRODUCTION

In many applications of geotechnical engineering, the evaluation of active earth pressure is required for the design of
retaining wall, basement wall and sheet pile etc. The classical solutions of lateral earth pressure are provided by
Coulomb (1776) and Rankine (1857). These fundamental solutions still form the basis of earth pressure calculations
today. Coulomb (1776) first studied the earth pressure problem using the limit equilibrium method. His theory
considers the stability of a wedge of soil between a retaining wall and the failure plane. It is well verified for the
frictional soil in active state; but it is not the case for either the cohesive soil or for the passive states. The point of
application of active thrust is assumed at a distance of one-third of the height of the wall from its base and independent
of various parameters such as soil friction angle, , angle of wall friction, &, backfill angle, B, and wall inclination
angle. Caquot and Kerisel (1948) presented tables of active earth pressure coefficients derived from a method which
directly integrates the equilibrium equations along the combined planer and logarithmic spiral failure surfaces. Janbu
(1957) extended the generalized procedure of slices of slope sggbility analysis for the computation of active earth
pressure coefficients on a vertical wall, retaining horizontal cohesionless backfill. In this method, assumptions
regarding the line of action of thrust through the lower third of each slices and overall equilibrium are made.
Sokolovski (1960) used finite difference approach to analyze the lateral earth pressures.

Rahardjo and Fredlund (1983) used the method of slices for computing active pressure coefficients in respect of a
cohesionless soil by considering the soil mass in the state of limit equilibrium. Kerisel and Absi (1990) proposed a log

spiral failure surface and presented their results in the form of charts. Ching and Sao (1994) used discrete element
analysis for active and passive pressure distribution on the retaining wall. Chen and Li (1998) used the method of
slices for computing active earth pressure coefficients in respect of a cohesionless soil by considering the soil mass in
the state of limit equilibrium. Calculations of lateral earth pressure using the method proposed by Wang (2000) do not
consider suitable earth pressure coefficients. His formulation cannot be used to obtain the point of application of the
active thrust. Lancellotta (2002) provided an analytical solution for the active earth pressure coefficients, based on
the lower bound theorem of plasticity. Soubra and Macuh (2002) used an approach based on rotational log-spiral
failure mechanism with the upper-bound theorem of limit analysis for the active case. They evaluated earth pressure
coefficients due to soil weight, vertical surcharge loading and soil cohesion for the case of an inclined wall and
sloping backfill. Dewaikar and Halkude (2002) used Kotter’s (1903) equation to determine the point of application of
the active thrust (Coulomb, 1776) by taking moments of all the forces and reaction about the base of the retaining
wall. Kame et al. (2010) proposed a method to determine the active earth pressure and its point of application on a
vertical wall retaining horizontal cohesionless backfill with a log-spiral failure mechanism coupled with Kotter’s
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(1903) equation.

2. ACTIVE THRUST UNDER THE EFFECT OF SELF-WEIGHT OF SOIL
The active thrust, Pay due to the self-weight of soil is obtained from the conditions of force equilibrium. Fig. 1

shows the free body diagram of the trial failure wedge with a plane failure surface (Coulomb, 1776). The soil wedge
ABC is in equilibrium under the action of three forces: (1) self-weight, W of the trial soil wedge ABC, (2) the active
thrust, Pay at an angle & to the normal on the back, and (3) the soil reaction, R along the face AB, at an angle to the
normal on AB. ]

Fig. 1 Free body diagram of the trial wedge ABC

The symbols used in Fig. 1 are defined as follows Pay =the active thrust
W = self-weight of the soil

R = soil reaction on the failure wedge

H = height of the retaining wall

h = height of point of application of active thrust from wall base
6 = inclination of the retaining wall with the horizontal

6 = friction angle between the wall and backfill soil

=goil friction angle

a = inclination of the trial failure plane with the horizontal

Using force equilibrium conditions, the active thrust Payis obtained corresponding to the critical value, acr of the
angle

a.

3. SOIL REACTIVE PRESSURE ON THE FAILURE SURFACE DUE TO SELF-WEIGHT OF SOIL
This computation is facilitated using the Kotter’s (1903) equation, which gives the distribution of reactive pressure on

the failure surface, in a cohesionless soil medium and for the active state of equilibrium it is given as (Fig. 2).

d
P 2ptan d cr sin( )
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ds ds — ¢—:;/(1) a —¢
Where,

dp = differential reactive pressure on the failure surface

ds = elemental length of the failure surface

acr= angle made by the tangent at the point of interest with the horizontal
=goil friction angle and

=g0il unit weight

(@]

Curved
failure surface

Tangent

Normal

Fig. 2 Distribution of Reactive pressure on the failure surface

d

cr
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. [#24
For a plane failure surface, —— =

ds
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and hence Eq. 1 can be writtenas, 0

dp ds .

)

Integrating Eq. 2, the soil reactive pressure, p is given as,

P = ySin(acr _¢)$3)'C1

Where, the constant of integration, ¢; can be evaluated from the boundary condition. Pressure, p is zero at point B

(Fig. 3), which corresponds to s =0, where, s represents the distance measured along the failure surface from point B.
Hence, c1 is zero and Eq. 3 becomes,

P =ysin(a,, —¢)&)
4. SOIL REACTION ON THE FAILURE PLANE DUE TO SELF-WEIGHT OF SOIL
The soil reaction, R on the failure plane can be obtained by the integration of the reactive pressure over the failure

plane AB with proper limits. Hence the soil reaction, R can be expressed as,

AB
R = | pds)
0

Substituting the value of p from Eq. 4 into Eq. 5, the soil reaction, R is obtained as,

AB
R = J?sin(agﬁi)— #)sds
0

Integration of Eq. 6 with proper limits, the soil reaction, R is expressed as,

1 .
5 == AB*ysin(e,, —¢) @
Referring to Fig. 3, AB is obtained as,
H
AB -
sin ¢,

Substituting the values of AB, from Eq. 8 into Eq. 7, the final expression of soil reaction, R on the failure surface is

given as,

R =

1}"‘6&) sin(a’cr — ¢)

2 sin or

5. POINT OF APPLICATION OF REACTION ON THE FAILURE PLANE
This is computed by taking the moment of distribution of reaction about point A, (Fig. 3) and equating it to the

moment of reaction, R about the same point.

AB
¢.rR%0{ p.ds.(AB —s).cos @
0 (10)
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Or,AB

Rr 1) p.ds.(AB —5s)
Where, r represents the distance of point of application of soil reaction, R from the base, A of the wall. Substituting

the value of soil pressure, p from Eq. 4, and the above equation becomes,

AB
Rr = _[7S|n(g(}r2)‘¢)s(AB ~s)ds
AB
Or Rr =ysin(, —¢). [ (AB.s—s?).ds (13)
' 0
Integration yields,
3
. AB
Rr @@.sém(acr -¢)—
Now, substituting the value of soil reaction, R from Eq. 9 into the above equation gives,
1 . . AB
E.ABz.y.Sln(acr —@).r = y.sm(acrg;ﬁ).— (15)
From which r is obtained as,
r (16) = AB
3

From Eqg. 16 it is seen that, the soil reaction, R acts at a point, one-third the distance AB from point A (Fig. 3) and

two-third the distance AB from ground surface along the failure surface.

Fig. 3 Free body diagram of the failure surface
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6. POINT OF APPLICATION OF ACTIVE THRUST DUE TO SELF-WEIGHT OF SOIL

After knowing the soil reaction, R and its point of application on the failure surface, moment equilibrium condition is
applied to determine the point of application of the active thrust. Equating moments of all the forces and reactions
about the base of the wall, at point A (Fig. 3)

, €08 5. X6a= Rcos gr —WX, 17)

From Eq. 17, the height of point of application of active thrust, Pay, due to self -weight of soil is given as (Fig.
3)
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_ Rcos¢g.r -WX,
fgos(S

The height of point of application of Pay from the wall base, h is obtained as,

X1 (18)

h =(Z§9'm€0eﬁicient of active earth pressure (Kay) for the

retaining wall with self-weight of soil is obtained as,

Ka = (20)

7.  ACTIVE THRUST UNDER THE SURCHARGE EFFECT
Conditions of force equilibrium are used to determine the point of application of active thrust under surcharge effect.

In Fig. 4 is shown an inclined retaining wall with horizontal cohesionless backfill under surcharge loading. The unit
weight of the soil is not considered in the analysis. A trial failure plane (Coulomb, 1776) is considered, that meets the
ground at an angle a with the horizontal. The trial wedge ABC is in equilibrium under the effect of three concurrent
forces: (1) equivalent force of surcharge, (2) the active thrust, Pag, at an angle & to the normal on the back, and (3)
The soil reaction, R at an angle to the normal on the trial failure surface AB.

X2

(KN/sq.m)
SR

Fig. 4 Free body diagram of the trial failure wedge ABC

The relevant symbols used in Fig. 4 are defined as follows.

Paq = active thrust

q = intensity of surcharge in kN/m?2

Q = equivalent force of the surcharge
The active thrust Paq is obtained from the conditions of force equilibrium, corresponding to a critical value, acr, of
the angle a, as given below.

3 qH(cot @ +cotexr,,)
a cos( @ — &) +sin(@ — ) cot(e,, — @)

P (21)
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8. SOIL REACTION ON THE FAILURE SURFACE
In this analysis y=0 and with this condition, Eq. 1 can be written as

dpd
——=2ptang
(22) ey
dp (23) For a plare feitngseddace, dacr is zero and the corresponding

solution is obtained as,
p = constant 24

The above solution indicates that, soil reactive pressure p is uniformly distributed along the failure plane, AB.
Therefore, the resultant soil reaction, R acts at the mid-point of the failure plane, AB (Fig. 5). The value of soil
reaction, R on the failure surface is then obtained as,

. gH(cot ¢ +cot)sin(d-d)sin (25)
sin(a, —@)sin(a,, — B)[cos(6 - 8) +sin(6 - 5) cot( e, — )]

X2

——

q(KN/sq.m)

CHVV‘VV%*%%#% 1B
- D N

\/'/

Fig. 5 Free body diagram of the failure wedge ABC

9. POINT OF APPLICATION OF ACTIVE THRUST DUE TO SURCHARG£ EFFECT
Jne

_ _ _ O = rﬁ? — = 0+ « ——
In Fig. 5, X2 is the distance of point of application of equivalent force, Q of surcAd@fe fiam a Petdicad)
passing through the base of the wall. A moment equilibrium condition is applied to determine the point of application
of active
thrust, Pag. Taking moments of all the forces and reaction about the wall base, A, the following equation is obtained,

AB H
P, cos X Rcos . gH(cot  cot ) (26)
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Substituting the values of soil reaction, R and active thrust, Paq into Eq. 26, the distance, X is obtained as,

H sin( )cos H (cot
X : (@7)
2sin( )cos sin 2C0S

cr cr

The height of point of application of Pag from the wall base, h is obtained as,
h (28) The goesfiti@nt of active earth pressure (Kag) for the retaining

wall with the surcharge effect is obtained as,

Pa
Kag = ™4 (29)

10. ACTIVE THRUST UNDER THE COMBINED EFFECT

In Table 1, the values of critical angle acr corresponding to the failure surface are reported, separately for the self-
weight effect and the surcharge effect for various combinations of the parameters involved in the analysis. It is seen
that, for any specified combination, the angle acr remains the same under the isolated effect of self-weight and
surcharge. Therefore, the principle of superposition is valid in this case and the total active thrust, Payg, under the
combined effect of self-weight and surcharge is given as,

Pa 0 =Py, TPy (30)

Table 1 Critical angle of failure surface, acr for both self-weight and surcharge effects with the combination of

various parameters

Angle Angle  of | Angle of | Self-weight effect Surcharge effect
of soil friction, | wall friction, 0

| wall back, 6 (degrees) P, (KN/m) Qer Paq (KN/m) Aor
(degrees) (degrees) (degrees) (degrees)
85 0.358 56.6 0.507 56.6
80 0.4 58.3 0.566 58.35
75 28 18.67 0.447 59.893 0.633 59.893
70 0.502 61.339 0.71 61.339
65 0.566 62.636 0.800 62.636
85 0.334 57.779 0.473 57.779
80 0.376 59.489 0.532 59.489
75 30 20 0.424 61.058 0.6 61.058
70 0.479 62.51 0.677 62.51
65 - 0-6 ¢ [0543, —cot§)}isss(d - )4 9Mee - ) cot!(6§r8— ]

o —¢@ o [77 o
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11. POINT OF APPLICATION OF ACTIVE THRUST UNDER COMBINED EFFECT

Fig. 6 Point of application of the active thrust from wall base

After knowing the active thrust due to the individual effect of self-weight and surcharge and its point of application
from the wall base, condition of moment equilibrium is applied to determine the point of application of active
thrust, Payg under the combined effect. Taking moment equilibrium condition about the base of the wall, the
following

expression is obtained.

P aq + Pa;fhar
h rq =

Pa ¥q

Where, hayg is the distance of point of application of Payqg from the wall base.

12. RESULTS AND DISCUSSIONS

The main aim of the proposed analysis is to determine the point of application of the active thrust under the combined
effect of self-weight and surcharge. This result in terms of hayg is presented in a non-dimensional form, Hr,
expressed as hayg/H. The variations of Hr and the active thrust, Payq with various parameters are presented in the
form of graphs and in Table 2 along with the discussions given below.

In Fig. 7, Fig. 8 and Fig. 9 are shown the variations of ~ Hr with angle of soil frictiop, for 6 =#2/3 ,4/3 and
0°, respectively. It is seen that, Hr shows an increasing trend with increase in angle of soil friction, and a decreasing
trend with increase in the angle of wall back, 6.

In Fig. 10, Fig. 11 and Fig. 12 are shown the variations of Hr with the angle of wall back, 6 for 5=0°, 1/3 and 2/3
, respectively. It is seen that, Hr shows a decreasing trend with increase in the angle of wall back, 6, and an increasing
trend with increasing angle of soil friction, . ) )
In Fig. 13, variation of Hr with the angle %‘ soil frictiogy is shown for a vertical retaining wall, angle of wall back,
6=

90° and angle of wall friction, & = 0°. It is interesting to note that, Hr has a constant value of 0.5 for all the values of

Second International Conference on Emerging Trends in Engineering (SICETE) 11| Page
Dr.J.J.Magdum College of Engineering, Jaysingpur



Active Thrust on an Inclined Wall under the Combined Effect of Surcharge and Self- Weight

angle of soil friction, gHence, the point of application of active thrust acts at the mid-height of a smooth vertical
retaining wall with horizontal backfill under the combined effect of surcharge and self-weight.
Table 2 Variations of Hr and Payg with angle of wall back, 6 for angle of wall friction, =0, 143 and 243 degrees

IAngle of soil |Angle of JAngle of wall friction, & |Angle of wall friction, 6=1/3 |Angle of wall friction,
friction, ¢ wall back, 6 =0 (degrees) ¢ |5=2/3 (degrees)
(degrees) (degrees)  I55 o (KN/m) [Hr Payq (KN/m)  |Hr Payq (RN/m) Hr
85 1.291 0.452 1.186 0.422 1.142 0.380
80 1.349 0.476 1.278 0.447 1.239 0.408
20 75 1.449 0.491  [1.381 0.467 1.348 0.432
70 1.562 0.503 1.500 0.481 1.474 0.449
65 1.695 0.512 1.637 0.494 1.620 0.462
85 1.062 0.461 0.994 0.424 0.959 0.377
80 1.154 0.487 1.088 0.456 1.060 0.412
25 75 1.256 0.509 1.195 0.480 1.173 0.439
70 1.372 0.522 1.316 0.498 1.303 0.461
65 1.507 0.535 1.456 0.512 1.454 0.475
85 0.888 0.468 0.830 0.428 0.807 0.379
80 0.981 0.500 0.925 0.466 0.908 0.419
30 75 1.084 0.525  [1.031 0.495 1.024 0.450
70 1.201 0.545 1.154 0.516 1.156 0.473
65 1.335 0.557 1.294 0.532 1.311 0.489
85 0.737 0.478 0.689 0.435 0.679 0.379
80 0.827 0.515 0.783 0.479 0.780 0.428
35 75 0.93 0.542 0.889 0.512 0.895 0.465
70 1.046 0.566 1.009 0.537 1.029 0.490
65 1.178 0.580 1.149 0.554 1.186 0.506
85 0.604 0.485 0.568 0.443 0.569 0.387
80 0.693 0.532 0.659 0.493 0.669 0.441
40 75 0.792 0.564 0.762 0.532 0.783 0.481
70 0.905 0.589 0.881 0.559 0.918 0.509
65 1.034 0.607 1.019 0.576 1.077 0.524
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Fig. 7 Variation of Hr with angle of soil friction, ¢
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Fig. 8 Variation of Hr with angle of soil friction, ¢
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Fig. 9 Variatipn of Hr with angle of soil friction,
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Fig. 12 Variation of Hr with angle of wall back, 6
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Fig. 13 Variation of Hr with soil friction angle, ¢

12. CONCLUSIONS

The active thrust and its point of application under the combined effect of self-weight and surcharge for an inclined
wall with horizontal cohesionless backfill are computed using all the conditions of equilibrium along with the
principle of superposition. The proposed analysis effectively uses Kotter’s (1903) equation to determine the reactive
pressure distribution on the failure plane. It is seen that, the point of application of the active thrust depends upon
several factors such as angle of soil friction, , angle of wall friction, 6, and angle of wall back, 6. It shows a wide
variation in the range, 0.534 to 0.773. For a vertical smooth wall under the effect of surcharge and self-weight the
active thrust acts at the mid-height of the wall.
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