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APPENDIX M

LATERAL EARTH PRESSURE COMPUTATIONS, EXAMPLES

SUMMARY OF EXAMPLES
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LATERAL EARTH PRESSURE COMPUTATIONS, EXAMPLES

M-1. EXAMPLE 1. Find the Lateral Earth Force and its pressure distribution
on Surface AB. Consider the effects of compaction in

accordance with paragraph 3-17.

P = Line load for compaction rolle r = 5 k/ft

a. Active and passive pressure coefficients .

SMF = 1.00 , φ
d

= φ = 30°

[3-15]

[3-20]

b. At-rest earth pressure coefficient .

SMF = 2/3 , φ
d

= tan
-1

(2/3 tan φ) = 21° (from paragraph 3-11c)
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c. Calculation of earth pressures . From Figure 3-30:

The force and pressure distribution are shown below:
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M-2. EXAMPLE 2. Find the lateral earth force and pressure distribution
acting on Surface AB.

a. Calculate α .

[3-26]

[3-27]

[3-25]

b. Lateral earth pressure coefficient (see Appendix H) . From the equa-
tions contained in Appendix H:
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c. Lateral force and pressure distribution . The lateral force and pres-
sure distribution are shown in the figure below:
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M-3. EXAMPLE 3. Find lateral earth and water forces acting on Surface ABC.
Use earth pressure coefficients and check by iteration
of Equation 3-23.

a. Lateral earth pressure coefficients (see Appendix H) . The critical
slip-plane angle α = 45.466° (from Example 2)
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b. Lateral forces and pressure distribution . The lateral forces and
pressure distribution are shown in the figure below:

c. Check soil force by iterating Equation 3-23 .

W = total wedge weight, including water
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α critical = 44.466° instead of 45.466°.
P

max
= P

EE
= 13.33 k/ft instead of 13.32 k/ft

d. Conclusion . These small differences in α and P
EE

are due to the

fact that the effect of water on the critical slip-plane angle is neglected in
Equations 3-26 and 3-27. These differences are well within the permissible
range of error required for soil pressure calculations. It can be concluded
that for a cohensionless soil without a finite surcharge (V), it is not neces-
sary to consider the effect of water when calculating the value of α .
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M-4. EXAMPLE 4. Find lateral soil force (P
EE

) that will act on Surface ABC.

Show the effect of water on slip-plane angle ( α), and earth
force.

a. Calculate α--neglecting effect of water . From Equation 3-30
(omitting the c term)

A = 0.169416

From Equation 3-28 (omitting the c term)
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The location of P
v

is determined in the following figure.

g. Pressure distribution and line of action of earth force P for
EE

α = 65.354° . The pressure distribution and line of action of earth force P
EE

for α = 65.354° is shown on the following page. A pressure distribution must
be assumed for the lateral force due to V since only the location of the
resultant force is known. The pressure distribution will be defined by an
isosceles triangle with the apex located at the point of application of the
resultant force due to V . See example 10 of this appendix for the computa-
tion of the lateral force due to a surcharge by the elastic method.
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h. Pressure distribution and line of action of earth force P for
EE

α = 74.5778° . The pressure distribution and line of action of earth force
P

EE
for α = 74.5778° is shown on the following page:
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i. Conclusion . For a cohensionless soil when calculating α from Equa-
tions 3-28, 3-29 and 3-30, the unit weight of soil ( γ) in the strip surcharge
(V) term should be the average effective unit weight ( γ

avg
). γ

avg
should be

calculated using the moist unit weight above the water table and the buoyant
unit weight below the water table.
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M-5. EXAMPLE 5. Find lateral earth force acting on Surface ABC. Use moist
unit weight of soil to calculate α . Check solution by
iteration of Equation 3-23.

a. Calculate slip-plane angle α. Estimate α = 40°:

M-21



EM 1110-2-2502
29 Sep 89

M-22



EM 1110-2-2502
29 Sep 89

M-23



EM 1110-2-2502
29 Sep 89

M-24



EM 1110-2-2502
29 Sep 89

M-25



EM 1110-2-2502
29 Sep 89

M-26



EM 1110-2-2502
29 Sep 89

which agrees with the pressure coefficient solution.

d. Conclusion . Use the moist unit weight of soil ( γ
m

) in the cohesion

terms of Equations 3-28, 3-29, and 3-24; even if the soil is partially
saturated.
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M-6. EXAMPLE 6. Find the lateral earth forces on Surfaces CD and DE
(stratified soil).

a. Calculate α
2

(see Appendix G). Using Equation G-25 from Appendix G

The weight of the surcharge in triangle ACZ is calculated by using
Equation G-26.
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Pressure distributions on Surfaces AB and DE

e. Earth pressure on Surfaces CD and DE . The earth force on AB may be
transferred to Surface CD by assuming that no shear resistance is developed on
Surface BD. Then to obtain moment equilibrium for Block ABCD, a vertical shear
force must be developed on Surfaces AB and CD. The shear force will be:
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A free body of Block ABCD is shown below.

∑M
D

= 0

∑M
D = 8.88(8.937 - 4.333) - 1.973(20.715) = 0.013 ≈ 0

The pressure distribution on Surfaces CD and DE is shown below.
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M-7. EXAMPLE 7. Find the lateral earth force and pressure distribution on
Surfaces FG and HI when: φ = 35°, c = 0 , γ = 0.12 kcf, and SMF = 2/3 .

a. Driving side :

(1) Assume that the critical slip plane intersects Surface BC. β = 0 ,
h = h

E
= 30 ft. The weight of the triangular area CEF will be taken as a

negative strip surcharge. V = -(1/2)(0.12)(6)(2) = -0.72 k/ft

From Equation 3-30

M-35



EM 1110-2-2502
29 Sep 89

This shows that the critical slip plane does not intersect Surface BC.

(2) Assume that critical slip plane intersects Surface AB. tan β
= -(1/3) , h = h

D
= 36 ft. The weights of areas BDE and CEF will be taken as

a negative strip surcharge.

M-36



EM 1110-2-2502
29 Sep 89

M-37



EM 1110-2-2502
29 Sep 89

M-38



EM 1110-2-2502
29 Sep 89

M-39



EM 1110-2-2502
29 Sep 89

The calculation of the passive force and pressure distribution as performed
above is adequate for performing a sliding analysis but should be calculated as
described in paragraph 3-8 when performing an overturning or bearing capacity
analysis and for design of structural members.
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M-8. EXAMPLE 8. Find the lateral earth force on the wall when:
1. φ = 30°, c = 0 , γ = 0.120 kcf, SMF = 2/3
2. φ = 0 , c = 0.60 ksf, γ = 0.120 kcf, SMF = 2/3

a. φ = 30°, φ
d

= tan
-1

(2/3 tan φ) = 21°, tan φ
d

= 0.383864.

(1) Since the tan β for Surface BE is 0.5 which is greater than
tan φ

d
, the critical slip plane will not intersect BE. Assume that the slip

plane intersects Surface AB:
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P
v

= K
v

V = 0.322047(-122.88) = -39.57 k/ft

P
EE

= Pγ + P
v

= 98.26 - 39.57 = 58.69 k/ft

(3) The net pressure at point E must be equal to zero. The negative
pressure due to P

v
cancels the positive pressure due to P γ .

PγE
= 0.399816(0.12)(32) = 1.5353 ksf

P
vE

= -1.5353 ksf

M-43



EM 1110-2-2502
29 Sep 89

M-44



EM 1110-2-2502
29 Sep 89

M-45



EM 1110-2-2502
29 Sep 89

M-46



EM 1110-2-2502
29 Sep 89

M-47



EM 1110-2-2502
29 Sep 89

M-48



EM 1110-2-2502
29 Sep 89

M-49



EM 1110-2-2502
29 Sep 89

M-50



EM 1110-2-2502
29 Sep 89

M-51



EM 1110-2-2502
29 Sep 89

M-9. EXAMPLE 9. Compute lateral earth pressure using pressure coefficients.
Check by wedge method.

a. Find critical slip-plane angle . Consider basic wedge to have height
of 20 feet (h

c
), with sloping top surface (tan β = 0.4). The weight of

triangle ABC will be considered a finite surcharge (V).
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The earth pressure distribution is calculated in the following figures.
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c. Check pressure using the wedge method .

Force on Surface BC.
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Checks combined pressure diagram obtained using pressure coefficients.
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M-10. EXAMPLE 10. Calculate lateral earth pressure. Use the approximate
wedge method as well as the elastic method to find pres-
sure due to the distributed finite surcharge.

a. Find critical slip-plane angle and lateral force using pressure
coefficients . From Equation 3-30
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b. Find pressure distribution due to surcharge using the elastic method
(see Figure 3-27) . Assume nonyielding wall.
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2q ∆p , ksf
z , ft π β , rad α° Hz

1.25 0.3183 0.4036 75.96 0.239

2.50 0.3183 0.5932 63.43° 0.296

5.00 0.3183 0.6316 45.00 0.201

7.50 0.3183 0.5570 36.69 0.113

10.00 0.3183 0.4773 26.57 0.064

12.50 0.3183 0.4107 21.80 0.039

15.00 0.3183 0.3574 18.43 0.025

17.50 0.3183 0.3150 15.95 0.017

20.00 0.3183 0.2808 14.04 0.012

22.50 0.3183 0.2530 12.53 0.008

25.00 0.3183 0.2298 11.31 0.006
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Pressure diagram-elastic method.

The force, due to the surcharge, determined by the approximate method is more
severe. It will be combined with the backfill force to obtain the total force.
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Combined pressure diagram and force:
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M-11. EXAMPLE 11. Find the lateral forces and pressures acting on the wall
for the seismic condition.

Soil properties (on both sides of wall):

γ = 0.12 k/ft
3

(moist weight)

γ
b

= 0.0625 k/ft
3

(buoyancy weight)

γ
s

= 0.125 k/ft
3

(saturated weight)

φ = 35° , c = 0

Seismic coefficients:

k
H

= 0.20

k
v

= 0
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d. Summary of forces and pressure distributions .

Permissible simplification for dynamic earth pressure distribution--driving
side:

The discontinuity of this pressure diagram, at the water table, may be
eliminated by considering that the soil weight above and below water is equal
to the moist weight. The difference is not significant.

In this case, the difference in
forces is -0.58% and difference
in dimension, Y

E
, is +0.36%.
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Mononobe-okabe force and pressure distribution--resisting side.

If the pressure diagrams for P
P

and ∆P
PE

(on the preceding page) are com-

bined, negative pressure will be obtained for some distance below the top of
ground. Since earth pressure can not pull on the wall, the pressure diagram
and force should be determined by setting all negative pressures to zero.
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