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APPENDIX M
LATERAL EARTH PRESSURE COMPUTATIONS, EXAMPLES
SUMMARY OF EXAMPLES
Example 1, Page M-3 Example 4, Page M-11

o SURCHARGE
¢ = 30°

c=0

WITH COMPACTION [
EFFECTS ‘

Example 2, Page M-5 Example 5, Page M-21
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Example 7, Page M-35 Example 10, Page M-58
SURCHARGE

Example 9, Page M-52
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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/fft
STRUCTURAL WEDGE
=0 - >
A A
VSIS,
BACKFILL:
y=0.12 KCF
¢ =30°
¢c=0
-
g
v
‘A '
a. Active and passive pressure coefficients
SMF = 1.00 , (pd = ¢ = 30°
K, = tan® (45° - ¢4/2) = 1/3 [3-15]
Kp = tan® (45° - ¢4/2) =3 [3-20]

b. Atrest earth pressure coefficient

SMF = 2/3 , ®y = tan -1 (2/3 tan @) = 21° (from paragraph 3-11c)

K, = tan? (45° - ¢4/2) = 0.47
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c. Calculation of earth pressures . From Figure 3-30:

i 2KK P [27370.47) (5) _ 5 04 ft

er Ty \/ m(0.12) '

Z, = ZL 2(5) =13.01 ft
2 K K Ty 1/3(0.47) (m) (0.12) '

p' = | 2KFY _ 20 4TI (51 (0.12] _ 5 944 ke
b x| (1/3)n '

The force and pressure distribution are shown below:

3
A ~4
Kp¥ R I B [
0.734 |
KSF—"
5
- | 2
« = & .
~ @©
. 1317 e g =
o734 '
4 tKSF oy k
o < AV <
KoY b. 33
° £ Y N
A - .vo'. "n' ‘
1015 B
KSF
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M-2. EXAMPLE 2. Find the lateral earth force and pressure distribution
acting on Surface AB.
DRIVING STRUCTURAL
| WEDGE R WEDGE
i >
> 4
1
7z ﬁ A
3
%
A
.
@)
(d’ 5
2 P
£
< y
y = 0.120ksF ) .
¢ - 30° <
c=20
SMF = 2/3
¢d = 210 ocC g' ..fp-
tanB = 0.25 Y i3
B
a. Calculate a .

c, =2 tan ¢4 = 2(0.383864) = 0.767728 [3-26]
_ . _ tan B }
c, =1 - tan ¢4 tan P tan b, [3-27]

c,=1-0.383864(0.25) - —0:25 =0 252762
2 0.383864
o = tan” ( L e 4C‘] = 45.466° [3-25]

b. Lateral earth pressure coefficient (see Appendix H)

From the equa-

tions contained in Appendix H:
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« - 1 - tan ¢d cot a tan o
1 1 + tan ¢d tan o tan o - tan B

1
K = (1

Alternatively K

+

0.383864 x 0.983864) (1.016400

0.383864 x 1.016400 0.766400) = 0.5937

y may be calculated using Equation 3-14:

cos2 ¢d

1 [ 2
sin ¢, sin (¢ - B)
1+ \/ d d

cos B

™
(]

tan ' (0.25) = 14.0362° , 64 - B = 6.9638°

2
., - (0.933580) = 0.5937

- \[61358368(0.121242) 2
0.970143

c. Lateral force and pressure distribution . The lateral force and pres-
sure distribution are shown in the figure below:

A
3
K,y = 0.5937(0.12) = 0.07124
S
Peg= 14.25K/FT
5
©
b
1.4248 B
KSF
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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.
|« DRIVING WEDGE STRUCTURAL WEDGE _
hac
tana-tan 8
4
7 g
A
B
M_ )
4 -
yMOlST =0.120 KCF 4 ‘
Ysat. = 0.125 KCF 0 %
YwaTer = 0.0625 KCF 5‘
YBouy. =7Yb __Bl s T
¥y =0.0625 KCF A | e
- [9V]
¢ = 30° k.‘ > N
C=0 = Q
- & I 3+
SMF = 2/3 P » =
Dy =21° R <
a A AR el at 4
. A B A D y ’
C
a. Lateral earth pressure coefficients (see Appendix H) . The critical
slip-plane angle o = 45.466° (from Example 2)
1 -t t
‘- an g SOt @ 1 _ 0.383864(0.983864) _ 0. 447668
1+ tan ¢, tan o 1 + 0.383864(1.016400)
tan o 1.016400
K = - et — . =
1 K(tan o — tan e) 0.447668 (0.766400 0.5937

o

v

tan g m 1.0164 0.120 )

k|1 + - 1)(-2)| - o. L0164 ;)(0.120
(tan % - tan B 1)<yb) 0 447668[1 + (0.7664 1)(0.0625 ]

= 0.7280

o

M-7



EM 1110-2-2502
29 Sep 89

b. Lateral forces and pressure distribution . The lateral forces and
pressure distribution are shown in the figure below:

A
| s
K, Yy = 0.5937 (0.12) = 0.07124
8
e
Ky Yy =0.7280 (0.0625) = 0.0455
\ _|B ] o
) /J0.7302 | 3
= 0.0028 13.32K/FT = Pge :
' S
3.13K/FT 3 =
\ -
3
oy y 4 y
0.625 1.1852 ¢
KSF KSF
WATER SOIL
c. Check soil force by iterating Equation 3-23
W = total wedge weight, including water
h2 _ )h“
W = Ym AC + (Ysat Ym s
2 (tan 0 - tan R) 2 tan o
2 2
_ 0.12(20.25) (0.005) (10) 24,604 0.25
W= + = +
2 (tan 0 - tan B) 2 tan o tan 0 - tan B tan o
Y h2 2
<
U = uplift = wa?er s _ 0.062§(10) - 3:125
2 sin o 2 sin a sin o
2
Ywaterhs 0.0625(10)2
Pw = 5 = 2 = 3,125 k/ft
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EE

Let ¢ =

EE

Let ¢ =

W (tan o - tan ¢d) + U tan ¢d/cos a
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1 + tan ¢4 tan o

45.,466°:

_ 24,604 0.25
0.766400 1.016400

3,125

= 6T7TE§§Z = 4.,3839 k/ft

- P
w

= 32.3493 k/ft

_ 32.3493(1.016400 - 0.383864) + 4.3839(0.383864)/0.701332
1 + 0.383864(1.016400)

- 3.125 = 13.3203 k/ft

b4, 466°:
 24.604 0.25
= 0.731531 ' 0.981531 - 53-8883 k/ft
_3.125
= 53tseg = 4-4612 K/ft
_ 33.8883(0.981531 - 0.383864) + 4.4612(0.383864)/0.713666
T+ 0.383864(0.981531)
- 3.125 = 13.3290 k/ft > 13.3203 k/ft

43.466°:

24.604 0.25 _
= 0.697837 T 0.947837 - 3°0-5213 K/ft
__3.125 _
= 67357552 4.5427 k/ft
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_ 25.5212(0.947837 - 0.382864) + 4.5427(0.283864)/0.725782
EE 1 + 0.383864(0.947837)

- 3.125 =13.23254 k/ft < 13.3290 k/ft

o critical = 44.466° instead of 45.466°.

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

d. Conclusion . These small differences in o and PEE 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 a .
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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 ( a), and earth
force.
L. DRIVING WEDGE _ ; . STRUCTURAL WEDGE
—_h
tana - tan 8
V=6 K/IFT—e—]
(222
4 -
B\ 1 I r
B 3 9/
4
> g A
\ > gl )
o
\ B Q.9 Nl}
\ !
\ | %
Yy = 0.120 KCF \ ® S
¥s=0.125 KCF ) I
Yg = 0.0625 KCF \
® = 35° L
c=0 74.5778° /%
SMF =2/3 | S 1 -
Sy =25° L e N e | 1
C
a. Calculate o--neglecting effect of water . From Equation 3-30
(omitting the ¢ term)
A= tan ¢, - /LT ran P _ o 466208 - 2(6) (1.217442)
y,.h? 0.12(20.25)°

A = 0.169416

From Equation 3-28 (omitting the c¢ term)
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y, | Wem (it el
2 tan” ¢, -
d ~
- Yo
Cl n
2(0.466308)° - 4(6)<1/4)(1.217;43)
- 0.12(20.25)
~0.169416
¢, = 1.690751

1
From Equation 3-29 (omitting the ¢ term)

2V tan2 B(l + tan2 ¢d)

2
Yol

tan ¢d(1 - tan ¢d tan B) - tan B +

2 A

+ 2(6)(1/16)(1.217443)

0.466308[ (1 - 0.466308(1/4)] - 7 !
0.12(20.25)

2 0.169416 - 1.065442

2 ‘
c1 + c1 + Acz
2

o = tan = 65.354° [3-25]

b. Calculate a--include effect of water. Use ¥ instead of y ,
where: avg n

Y

2 2
Ymh (Ym B Yb)hs + [ h2 ]

avg =12 (tan o - tan B) 2 tan o 2 (tan o - tan B)

Let o = 74.5778°
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] [0.12(20.25)2 _0.0575016)% | . | _(20.25)2
Yavg = | 2(3.374990) " 2(3.624990) | © | Z(3.374990)

Y = 0,087 kcf
avg

A = 0.466308 - 2(6)(1.217443; - 0.056802

0.087(20.25)
2(0.466308)7 - 4(61(1/4) (1.217443)
- 0.087(20.25)>
‘17 0.056802 = 4.051497
0.466308[1 - 0.466308(1/4)] - 7 + 2(6)(1/16)(1.21;443)
c, = 0.087(20.25)
2 0.056802
c, = 3.301668
-1 Cl + C]. + 4C2
a = tan

= 78.104° > 74.5778°

Use: o = 74.5778° , the entire surcharge will not lie on the top surface of
the wedge when the angle is greater.

c. Calculate earth pressure coefficients (see Appendix H). For
o = 65.354° (neglecting effect of water):

1 4+ tan ¢d cot o

"1 - tan ¢d tan a

_ 1 - 0.466308(0.458807)
T 1 + 0.466308(2.179565)

= 0.389841

tan o
K = K(tan a - tan B
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K

2,179565) _
1 0.389541(m) 0.44038

Y
tan o m
b K1+(tana-tan8-1)<Y—b'>

~
]

K, = 0.389841[1 + (%4%%%%%% - ;)(g'éggs)] - 0.48682
K = K tan @

v

K, = 0.389841(2.179565) = 0.84968

For a = 74,5778° (including effect of water):

- 1 - 0.466308(0.275863)
1 + 0.466308(3.624990)

= 0.323883

0_323883(3.624990

3.374990) = 0.34787

~
]

o

3.624990 0.120
0.323883[1 + (m - 1)(m):l = (0,36995

=~
]

0.323883(3.624990) = 1,17407

d. Calculate lateral soil force (using coefficient

s). For a = 65.354°:

P - (1/2)K1Ym(p - hs)z + (1/2)(hs)[?K1Ym(h - h)

* Kbeh s:I

PY = (1/2)(0.44035)(0.12) (4.25)2 + (1/2)(16) [2(0.44035) (0.12) (4.25)

PY = 7,965 k/ft

M-14
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s~
il

KVV = 0.84968(6) = 5.098 k/ft

)
|

= 7.965 + 5.098 = 13,063 k/ft

For o = 74.5778°:

PY = (1/2)(0.34787)(0.12)(4.25)2 + (1/2)(16)[2(0.34787)(0.12)(4.25)
+ 0.36995(0.0625) (16):|
P = 6,175 k/ft
Y
Pv = 1.17407(6) = 7.044 k/ft
Pop = 6.175 + 7.044 = 13.219 k/ft

e. Find lateral soil force by iteration of Equation 3-23, Simplifying
Equation 3-23.

(W+ V) (tan g - tan ¢d) + U tan ¢d/cos a

PEE - 1 + tan ¢4 tan a - Pw

2 2
W= Ymh + (Ys - Ym)hs
2 (tan ¢ - tan B) 2 tan g
2 2
0.12(20.25) (0.005) (16)" _ 24,6038 0.64
W= + = +
2 (tan o - tan B) 2 tan ¢ tan o — tan B tan a
h2 2
Uo_ws _0.0625(16)" __ 8
2 sin ¢ 2 sin ¢ sin g
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v b 2
p - ws _ 0.0625(16) " _ 8.000 k/ft
w 2 2
Let o = 73.5778°
W= 28:6038 0 0.64 __ g 0171 k/ft

3.142854 ° 3.392854

. 8.00 B
U = 57959205 = 8.3402 k/ft , W+ V = 14.0171 k/ft

_14.0171(3.392854 - 0.466308) + 8.3402(0.466308)/0.282713
EE 1 + 0.466308(3.392854)

- 8.000 = 13.214 k/ft

Let o = 74.5778°

_ 24,6038 0.64  _
W = 37374990 * 3.624990 ~ /-4666 k/ft

8.00 _
W+ V =13.4666 k/ft , U = 67535655 = 8.,2988 k/ft
P _ 13.4666(3.624990 - 0.466308) + 8.2988(0.466308)/0.265930
EE 1 + 0.466308(3.624990)

- 8.000 = 13.220 k/ft > 13.214
Let o = 75.5778° (all of V does not lie on top of wedge)

h _ _20.25
tan g - tan R 3.638487

= 5.5655 ft

_ (5.5655 -2

2 ) 6 k/ft = 5,3483 k/ft
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_ 24.6038 0.64
¥ = 3 638487 T 3.888487 - 0-9267 K/ft

W+ V=12,2750 k/ft , U = 8/0.96847 = 8.2603
P = 12.275(3.888487 - 0.466308) + 8.2603(0.466308)/0.249065
EE 1 + 0.466308(3.888487)
- 8.000 = 12.429 k/ft < 13.220
PEE = 13.220 k/ft (agrees with coefficient solution where «a

is found considering the effect of water)

f. Determine line of action for lateral force due to V using the
approximate method of Figure 3-29. Find o' , the slip-plane angle without
surcharge:

Use SMF = 1.00 in Equations 3-26 and 3-27.

[¢]
It

2 tan ¢ = 2(0.700208) = 1.400416

tan B
c, = 1 - tan ¢ tan B - Tan 6
_ (1/4) _
c2 =1 - 0.700208(1/4) - 0.700208 0.467911

From Equation 3-25

c1 + c2 + 4¢

a' = tan“1 = 59,22°
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The location of P v is determined in the following figure.

3.10°

20.26'

17.15°

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

o = 65.354° . The pressure distribution and line of action of earth force P EE
for o = 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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3.10°

1.8083

I"
|

1.15

3
w

-
SN

] 1.95

P
< KbYb
B Per=13.063K/FT
§ Kbyb !
\S N
8
A
&
y g [
C T 07114 07114
KSF KSF
5 i
(R+P,)
h. Pressure distribution and line of action of earth force P for EE

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

o}
PEE for o = 74.5778° is shown on the following page:
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)
N s
g o
P J 22723\ | | o.1294 2.4017
. Bf = 1.4293 1\ 01774 1.6067
4
d 8
Ty 0.2225 0.2225
\ -
Pz
P, - eE = 13.219 K/FT
] 2
2 y N
§§ 8
.
2
N
) y
- e
0.5474 KSF 0.5474 KSF
P
EE
P
-y (Py+Py)
i. Conclusion . For a cohensionless soil when calculating o from Equa-
tions 3-28, 3-29 and 3-30, the unit weight of soil ( y) in the strip surcharge
(V) term should be the average effective unit weight ( yavg)' yavg 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 o . Check solution by
iteration of Equation 3-23.

J
Y

Ymorst = 0.120 KCF
Ysar =0.125 KCF
Ygouy. = 0.0625 KCF
¢=0

¢ =0.60 KCF

SMF =2/3
€4 =0.40 KSF

tan8=1/4 ]

h=18'

hg =10°

......

a. Calculate slip-plane angle a. Estimate o = 40°

Using Equation I-2 with ¢ = 0 yields

i 0.4/0.12
c sin a cos a 0.642788(0.766044)

= 6,77 ft (Appendix TI)

From Equation 3-30

2c
~ d__ _2(0.4)  _
A= mFa) =012, - 0-269143
o c
From Equation 3-28
4cd tan B
— 4(0.4)(1/4)
S NSV 5 v 6277 ) M
1 A 0.269143 :
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From Equation 3-29

2c
_ d _ 1 2(0.4)
tan B + B+ a0 4 T 0.12(26.77)
c, = A - 0.269143
From Equation 3-25
Y + ,fci + 4c2
a = tan 2 = 31.610 # 400
Jet a = 31.61°:
_ 0.4/0.12 _
d. = 5.524135(0.851635) ~ '-47 ft
_2(0.4)
A = 9 12(z5.47y = 0-261746
4(0.4)(1/48)
_0.12(25.47)  _
€1~ T 0.261746 = 0.50
1 + 2(0.4)
~ 4 " 0.12(25.47)
€y = 0.261746 = 0.044875
1 Cl + c% -+ 4C2
a = tan 5 = 30.01° # 31.61°
Let o = 30°:
a = 980012 _ _ 5 55 gy

c 0.5(0.866025)

M-22
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_ 2(0.4) _
A = 5.12(25.70) ~ 0-239403
1
-7 + 0.259403
c1 = 0.50 , c2 = 0.259403 = 0.036249
-1l ¢ + cf + 4c2
o = tan > = 29.,43° # 30°
Let o = 29°:
4 - 0.4/0.12 _ 7 86 £t

c 0.484810(0.874620)

_200.4)  _
A = 9.12(25.86) - 0-2°7798

1

- 7+ 0.257798

cl = 0.5, c, = 0. 557798 = 0.030248

2

c, + c, + 4c

@ = tan L \— 21 2 1. 29.01°

a = 29° (nearest degree), dC = 7.86 ft

b. Earth pressure coefficients and earth force for o = 29° (see
Appendix H).

1 - tan ¢d cot o
K=1+tan¢15dtanot=l'00

~
1]

( tan o - 1.00 (o .554309) _ | o015

tan a - tan B 0.304309
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y
Kb = xl1 +( tan o - 1)-=
tan o - tan B Y
_ 0.554309 _ ) 0.120 | _
a 1'00[1 ¥ (0.304309 ! 0.0625] = 2.5773
2
P = (1/2)K1ym(h - h - dc) + (1/2h, [leym(h ~hy - d) + Kbehs]

-
1]

18 ft, h_ =10 ft, d_ = 7.86 ft
s c

d
|

EE = (1/2)(1.8215)(0.12)(0.14)2 + (1/2)(10) [2(1.8215)(0.12)(0.14)

+ 2.5773(0.0625)(10)] = 8.362 k/ft

o
N <
N
.°O
A
\ y / K1YM
——— >
Bl 0.0306
S KSF
74
Peg = 8.362 K/FT
g 4
g
/ f=]
Q >
] ]
C

1.6414
KSF
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c. Check solution by iteration of Equation 3-23.

(2 - 7)) (s
W = c + S m/ s

2(tan oo - tan R) 2 tan o

2 2
0.06(5 - dc)_+ 0.25

¥~ tan o - tan B tan o
a/ 3.3333
d = =
c sin a cos o sin a cos a
h - d
= C - }_ 2 _
L= cos a (tan o — tan B) °’ Pw 2 Ywhs 3.125 k/ft
From Equation 3-23
Pop = W tan o - ¢, L/cos a - P
Let o = 28°:
= 3.3333 . 2 2 _
de = 6.%69472(0.882948y ~ °-04 ft. B d = 259.3584
9.96
L = 0.882948(0.281709) ~ 40-0427 ft
_ 0.06(259.3584) 0.25 B
W= = 5.281709 ' 0.531709 = °>-7098 K/ft
Prp = 55.7098(0.531709) - 0.4(40.0427)/0.882948 - 3.125
PEE = 8.356 k/ft
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Let o = 29°:

3.3333 B
de = 0.484810(0.874620) ~ /-86 ft

2 2 _ 10.14 ~
h® - 4] = 262.2204 , L = ggriercsoaga30ey = 380981 ft
 0.06(262.2204) 0.25 _
W = T0.304309 T 0.554309 - >2-1525 k/ft
Ppg = 52.1525(0.554309) — 0.4(38.0981)/0.87462 - 3.125

2
il

EE 8.360 k/ft > 8.356

Let o = 30°:

~ 3.3333 2 2
de = 0.5(0.866025) — /-70 ft, h" - d = 264.71
L = 1930 = 36.3324 ft

0.866025(0.327350)

0.06(264.71) 0.25

W ="0.327350 ' 0.57735 ~ 48-9517 k/ft
oo = 48.9517(0.57735) - 0.4(36.3324)/0.866025 - 3.125
P, = 8.356 k/ft < 8.360

Tteration of Equation 3-23 shows that:

= 29° (to nearest degree), P = 8.360 k/ft

OLcrit EE
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which agrees with the pressure coefficient solution.

d. Conclusion . Use the moist unit weight of soil ( yn? 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 sail).

10
tan a, - tan B,

4

—-— e ——— i — ——

Yy =0.12KCF
b, =35°
SMF = 2/3 § 4
gy = 25°
&
.:F
Y2 = 0.13KCF &
&, =20°
SMF = 2/3 &
b 4o = 13.64 -
3 Y Y
E
a. Calculate a, (see Appendix G). Using Equation G-25 from Appendix G
' 2Y1h1 ZYl (t:an Bl - tan 82)
LA +Y2+ tan &, - tan 8
2 2 2
2(0.12) (13) 2(0'12)(% - %) 0.04
y' = '10 + 0.13 + T = 0.442 + : T
tandz--é- tan(xz-g

The weight of the surcharge in triangle ACZ is calculated by using
Equation G-26.
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2 2(1
v .- ylh2 tan B1 - tan 82) ) -0.12(10) (g) )

o 2
2 (Fan a, = tan 82> 2 (tan a, - %)

First trial: a

= ° " - = -
9 39° , v 0.5042 , Va 2,4178

From Equation G-27

2
2Va<} + tan ¢d2)

' = —
A tan ¢d2_ 'h2
Y
A" = 0.242665 - 24=2:4178) (1.008888) ¢ 344219
0.5042(10)
From Equation G-28
4V tan B (1 + tan2 ) )
2 o 2 d2
2 tan"¢,, -
a2 12
Y'h
¢! = 2
1 Al

) 4(—2.4178)(%)(1.058886)
2(0.242665)% -

0.5042(10)2
0.344219

= 0.440486

From Equation G-29

ZVG tan2 82<1 + tan2 ¢d2)
tan ¢d2(1 - tan ¢d2 tan Bz) - tan 82 + 5
Y'h

v - 2
2 A'
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N1 2(—2.4178)(%3)(1.058886)
0.242665(1 — 0.242665 X g) -+ -
- 0.5042(10)
€2 7 0.344219

c! 0.184077

a, = tan > [G-30]

35.1° # 39°

Q
]

Second trial: a, = 33° , y' = 0.5249 , Va = =4,2911

0.021178(-4.2911)

] — — -
A' = 0.242665 55529 0.415797
0.117773 - 0:007059(=4.2911)
! = 0.5249 = 0.422035
1 0.415797 ¥
0.066814 + 0:-000588(=4.2911)
! = 0.5249 = 0.149128
2 0.415797 .
az = 33
b. Calculate al .
c, = 2 tan ¢, = 2(0.466308) = 0.932616 [3-26]
=1 - tan ¢, tan B - —t20 B [3-27]
¢y = an 94, tan tan ¢
a1
- __(1/3) -
c, = 1 - 0.466308(1/3) - 5 7ez50g = 0-129729
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o, = 46.547

c. Calculate lateral earth pressure coefficients (see Appendix H).

Wedge 1:
_ 1 - 0.466308(0.947407) _
K = 77570.466308(1.055513) - 0-374091
_ 1.055513 _
K, = 0'374091(67735T§6 = 0.5468

Wedge 2:

1 - 0.242665(1.539865) _
K = 17370.242665(0.649408) ~ 0->41063

_ 0.649408Y _
K, = 0.541063 6?25572?) = 0.7279
K_ = 0.541063(0.649408) = 0.3514

d. Calculate lateral earth forces and pressures.

Wedge 1:
- C h2 (tan Bl - tan BZ)
AB 1 (tan o, - tan B.)
2 2
ofy-!
hap = 13 + 57649408 - 0.166667 - 16-432 ft
1 2
Pep1 = 2 KiVib
P =1 (0.5468)(0.12)(16.452)° = 8.88 k/ft
ggl - 2z O . - = 8.88 k/ft
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= K h = 0.5468(0.12)(16.452) = 1.0795

Pyp 1Y1"aB

Wedge 2:

Treat weight of ABCD as a strip surcharge on Surface BD.

— 1 A7
V=3 (h1 + hAB)(AZ)(Yl)

vV = % (13 + 16.452)(20.715)(0.12) = 36.606 k/ft
_1 2
PL= 5 KiYohy
1 2
P =7 (0.7279)(0.13) (10)" = 4.73 k/ft
P, = KV

P_ = 0.3514(36.606) = 12.86 k/ft

\Y
Prgy = Py + Py = 4.73 + 12.86 = 17.59 k/ft
Pyp = M1
Pyp = 0.12(13) = 1.56 ksf = vertical pressure at D
Pup = X1Pyp
Pyp = 0.7279pVD = 1.1355 ksf = horizontal pressure at

1 _
3 (Pyp * Pgp? Py = Pggo
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2P
PhE h, Pyp = horizontal pressure at
_ 2(17.59) _
Py = =5 - 1.1355 = 2,3825 ksf

Pressure distributions on Surfaces AB and DE

A

20.715’

16.452'

(@]

Y

y
1.0795
2(8.88) / KSF

16.452

13’

KSF

e. Earth pressure on Surfaces CD and DE

EM

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:

tan B, + tan B,

= Pgpy 3
jul

-V

CcD

M-33
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A free body of Block ABCD is shown below.

20.715°

|l e -

A

\ 10.762’
Vag = 1.973 KIFT

\ C
/

\

36.608 K/FT

Pgg =888 K/FT Vep=888(1/3+2/6)

Py

w

3
=1973 K/FT

3

" Pegq = 8.88 KIFT
|

8.937'

3.453' 5.484'

,/

4.333'

D \

K/FT

36.606

My =0

My - 8.88(8.937 - 4.333) - 1.973(20.715) = 0.013

0
o

The pressure distribution on Surfaces CD and DE is shown below.

C
)
~
&
x
™ “
5 )
Pggs = 8.88 KIFT -
™
1.3662__ | ]
™ 1.1355 D )
«
- a o
A
V: P
' Y / - ! 1
2.3825 KSF E
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M-7. EXAMPLE 7. Find the lateral earth force and pressure distribution on
Surfaces FG and HI when: ¢ = 35° c=0, vy =012 kef, and SMF = 2/3 .
3
©
\
& 4
[ )
1
[ R
8
\ s
\ \ g 3 S
\ NV n
\ \ . cll <
\ \ ]‘_ &
\ \ bb!SM % 8
560"/ o K 4
.036° 3 Q KX s &
st A H Y Vv Y
s e L | oo
Gl || &
oy 20’ o —
a. Driving side
(1) Assume that the critical slip plane intersects Surface BC. B =0,
h = h_ = 30 ftt The weight of the triangular area CEF will be taken as a

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

¢, = tan”’ (% tan 35° | = 25°, tan ¢4 = 0.466308

From Equation 3-30
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2
ZV(} + tan ¢d)
A = tan ¢d - 3
Yh
A = 0.466308 - 2(‘0‘72)(1°21;443) = 0.482541
0.12(30)
From Equation 3-28
) 2 tan2 ¢4
© A
2(0.466308) 2
Cl = W = 0.901242
From Equation 3-29
. tan ¢,
2 A
0. 4B 308 - 0.966359

€2 = 0.482541

, 2
1 c1 + c1 + 4c2

2

o' = tan

= 56.866° < 59,036°

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

(2) Assume that critical slip plane intersects Surface AB. tan B

= -(1/3) , h=nh D= 36 ft. The weights of areas BDE and CEF will be taken as

a negative strip surcharge.

v :A%—(O.lz)(18)(6) - L 0.12)6)(2) = -7.2 k/ft

N
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From Equation 3-30

2(=7.2)(1.217443)

A = 0.466308 ~ 2
0.12(36)

= 0.579034

From Equation 3-28

) 4(-7.2)(- %)(1.217443)
2(0.466308)2 - ;
0.12(36)

¢, = 0.579034 = 0,.621268

From Equation 3-29

0.466308[1 - 0.466308 (T %)} - (T 1), 2("7‘2)(%)(1'217443)

. - 3 0.12(36)>
2 0.579034
c, = 1.484537
[2
c, + c, + 4c
@ = tan 1| - 21 2 |- 57.473°

33.69° < a < 59,036°

This shows that critical slip plane does intersect Surface AB,

(3) Calculate the pressure coefficients (see Appendix H).

1 - tan ¢d cot a

_ 1 0.466308(0.637733) _
T 1+ tan ¢4 tan @ T 1+ 0. = 0.405858

+ 0.466308(1.568054)

tan a 1.568054Y) _
Kl = K (tan > — tan B) = 0.405858 (TT§6T§§7 = 0.334707

M-37



EM 1110-2-2502

29 Sep 89
K, = K tan o = 0.405858(1.568054) = 0.636407
P =1k yh? =1 (0.334707) (0.12) (36)% = 26.027 K/ft
Y 2°1'D 2 : ) *

P =KV =0.636407(-7.2) = -4.582 k/ft

PEE

PY + Pv = 26.027 - 4.582 = 21.445 k/ft

(4) The net horizontal pressure at point F must be equal to zero, the
negative pressure due to PV cancels the positive pressure due to Py .

pYF = 0.334707(0.12)(8) = 0.3213 ksf, Pyp = -0.3213 ksf
2P
k. (distribution length for P ) = Y - 2(-4.582) = 28.52 ft
v v P -0.3213
vF
)
o |-0-3213 KSF/ & 0.3213 KSF
o
Y
[ )
&
S .
] %
2 <
Pgg = 21.445 K/FT
\ Y .
- S
o8 -3
N Py
\ —_— ":_1.4459 \
KSF  KSF

Py COMBINED

b. Resisting side:

(1) Calculate the critical slip plane angle o .

tan B = -~ , tan ¢d = 0.466308

=
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From Equation 3-38
A = 0.466308
From Equation 3-36
2
. - 2 tan ¢d
1 A
2(0.466308) >
1 = T 0.466308 - 0-932616
From Equation 3-37
tan ¢d (1 + tan ¢d tan B) + tan B
c, = T
0.466308 [1 + 0.466308 (- %)] + (L %)
¢y = ' 0.466308 = 0.347297
-c, + c, + 4c
a = tan - 1 1 2 |- 15.917° [3-35]

(2) Calculate the pressure coefficients (see Appendix H) and pressure
distribution.

L+ tan ¢4 cot o | § 466308(3.506578)

® =T tan ¢, tan o _ 1 - 0.466308(0.285178) ~ >-039316
tan o 0.285178 _
KL=k (tan « - tan s) = 3.039316 (BT§§§T7§ = 1.619547
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1 .
Pgp = Kyyh” =

5 (1.619547) (0.12) (8)" =6.22 k/ft

Y=

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.

! KyY
PRESSURE DISTRIBUTION

o Peg=
 6.22 K/IFT

|

[}

2,67

Y Y

H 1.5548 KSF
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M-8. EXAMPLE 8. Find the lateral earth force on the wall when:
1. ¢ = 30° c=0, vy =0.120 kcf, SMF = 2/3
2. @ =0, c = 0.60 ksf, y = 0.120 kcf, SMF = 2/3
A
8
4
8
g3
3
.lQ
1 Y

a. ¢ = 30° ®y = tan -1 (2/13 tan @ = 21°, tan ®y = 0.383864.

(1) Since the tan B for Surface BE is 0.5 which is greater than
tan ¢, , the critical slip plane will not intersect BE. Assume that the slip
plane Intersects Surface AB:

tan B 0, h="h_ =64 ft

D

<

]

1
PO =

(0.12)[64(32)] = -122,88 k/ft (negative weight of area BDE)

From Equation 3-30

ZV(I + t:an2 ¢d)

2
D

A= tan ¢, -
d
vh
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A = 0.383864 - 2(‘122'88)(1';47352) = 0.957540
0.12(64)
From Equation 3-28
. 2 tan2 ¢d
¢ = A
2(0.383864) 2
©1 T T0.957560 - 0-307771
From Equation 3-29
. - tan ¢d
2 A
_ 0.383864 _
c,) = 0.957540 0.400886
2
-1 c1 + c1 + 4c2
a = tan

= 38.851°

33.69° < a < 45°, assumption that slip plane intersects Surface AB is correct.

(2) Calculate the pressure coefficients (see Appendix H)

1 - tan ¢d cot a )

. - 0.383864(1.241485)
K= 0

1 —
I + tan ¢, tan o 1 + 0.383864(0.805487) ~ 0+399816

K =K tan o = 0.399816(0.805487) = 0.322047

1 KYh2 _

Lt (0.399816) (0.12) (64)% = 98.26 k/ft

[N
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\"

Peg =

3)

pressure due to P

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

P

Y

+ PV = 98.26 - 39.57 = 58.69 kit

The net pressure at point E must be equal to zero.

cancels the positive pressure due to P

EM 1110-2-2502
29 Sep 89

The negative

v
PyE = 0.399816(0.12)(32) = 1.5353 ksf
P _ = -1.5353 ksf
VE
h, (distribution length for P,) = 2By M = 51.55 ft
P -1.5353
D
T T H
! y
. ~1.5353
i R
5 I
1
'=>
\ Pgg = 58.69K/FT

3

KSF

M-43
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b. ¢=0, ¢c=0.6ksf, c, =2/3, c = 0.4 ksf,

d

(1) Assume that the vertical crack extends upward from the critical slip
plane to intersect Surface BE.

tan 8 = 0.5, h = hE = 32 ft
From the equations given in Appendix H

1 -
1= tan ¢)d cot a tan o tan a
K = . =

1 1 + tan ¢d tan o tan o - tan B tan o - tan B

K = 1 . ___tan a
c 2 sin a cos a (1 + tan ¢d tan a) tan a - tan B

1 tan a

c 2 sin a cos a tan o - tan B

K

From Equation I-2

2K c, cd/Y
d = =
c KlY sin a cos a

- 0.4/0.12 - 3.333 ft
c sin a cos a sin o cos o

_ 3.333

Assume that a = 45°, then dc _673_

= 6.667 ft

From Equation 3-30

2cd

A= ————
y(h +d)
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= 2(0.4) -
A = 5.12(38.667) ~ 0-172412
From Equation 3-28
. 4cd tan B
1 vy(h + dc)
A
4(0.4)(0.5)
_ 0.12(38.667) _
€1 = T o.172412 - 1-00
From Equation 3-29
2c
d
- tan B + m
€ = A
2(0.4)
-0.5 +
_ ) 0.12(38.667) _ _
€2 7 0.172412 1.900030

The term under the radical in Equation 3-25 will be negative. This makes «
indeterminate, so the assumption that the crack intersects Surface BE is not
correct.

(2) Assume that the vertical crack intersects Surface AB.
tan 8 =0, h = hd = 64 ft, V = -122.88 k/ft (negative weight of area BDE)

Again assume o = 45°, dC = 6.667 ft

From Equations 3-28, 3-29, and 3-30
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2¢y 2v

Y(h +d) Y('hz _ di)

o 200.4) _ _ _2(-122.88) _
0.12(70.667) ~ 0.12(4051.55) _ 0:>99825

2(0.4)

2¢c
- d - -
C]. 0 ’ C2 = W/A = 0.12(70.667) /0.599825 = 0.,157278

« = tan 1| - 21 2 /- 21.63° # 45°
_ , _3.333
Let O = 21.63° , d_ = goiiaocs = 9.727 fe
O 2(0.4) 2(-122.88) _
A= 912(73.727) ~ 0.12(4001.39) - 0-602246
i L 2(0.4) i
¢, =04 < = s 937y / 0-602246 = 0.150144
-1 c1 + c? + 4c2
o = tan ; = 21.18° # 21.63°
. _3.333
Let @ =21.18° , d_ = gaos— = 9.893 ft
_2(0.4) 2(-122.88) _
A= 5.12(73.893) ~ 0.12(3998.13) - 0-602460
c. =0, ¢ 2(0.4) 0.602460 = 0.149754

2~ 0.12(73.893)
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a = 21,15° # 21,18°

] 3.333
Let o= 21.15° , d_ = 533303 = 9.90 f
_2(0.4) _ 2(-122.88) _
A = 0.12(73.90) ~ 0.12(3997.99) - 0-602469
_ e 2€00.4) _
¢, =0, c,= 0.12(73.90)//().602469 = 0.149737
@ = 21.15°, d_ = 9.90 ft

Check to see if crack intersects Surface AB.

4384' | 96’ _

dg = 9.90°

Assumption that crack intersects Surface AB is not correct.

(3) Assume that the crack intersects the sloping surface to the left of
point A,

tan B

1 1
-3, h=h_ =096ft, V=-= (0.12)[}64)(32) + (96)(32ﬂ

<
[]

-307.20 k/ft (negative weight of areas ACD and BDE)

3.333

Let o =30", d, = §7733013

= 7.70 ft
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From Equation 3-30

2cd(1 - tan ¢ tan B) -

y(h +d)) Y(kz _ di)

2(0.4) 2(-307.20)  _
= 0.12(103.70) ~ 0.12(9156.71) - 0-623441

From Equation 3-28

beg tan B 4y tan g
Y(h + d7) Y(hz _ di)
€1 7 A
1 1
40.4)(- 3) 4(-307.20) (- 3)
_ _0.12(103.70) ~ 0.12(9156.71)  _
c, = RFEYS = -0.666666
From Equation 3-29
2c 2
d 2V tan~ B
~ tan B + +
Y(h + d) v(hz 3 dg}
€2 = A

1
- (_ _1_)+ 200.4) 2(-307.20)<§>
3/ 0.12(103.7)  0.12(9156.71)

€27 0.623441 = 0.538132
f 2
-1 Cl + Cl + 402
a = tan 5

Q
"

25.29° # 30°

M-48



EM 1110-2-2502

29 Sep 89
_ o _ 3.333  _
Let o = 25.,29° , dc = 0386956 8.63 ft
- 2(0.4) . 2(=307.2) _
A = §.12(104.63) ~ 0.12(9141.52) ~ 0-623799
1 1
4(0.4)(- 3 4(-307.2)(- 3
_ _0.12(104.63) ~ 0.12(9141.52) _ _
©1 0.623799 0.666666
2 (=307 2)(—1-)
_ (_ 1)+ 200.4) \3
_ 3 0.12(104.63) 0.12(9141.52)  _
€y = 0.623799 = 0.536741
o = 25.25° # 25.29°
0 _3.333
Let o = 25.25° , d_ = go3gigyy = 8-64 ft
_ 2(0.4) 2(-307.2)
A = 5T12(104.64) ~ 0.12(9141.35) — 0-623803
1 1
4(0.4)(;-5) 4(~307.2) (- 3
_ _0.12(104.64) ~ 0.12(9141.35) _ _
€1 ° 0.623803 = —0.666666
2 (=307 2)(1)
_ (;.l).+ 2(0.4) N %\
~ 3 0.12(104.64) 0.12(9141.35) _
Co T 0.623803 = 0.536726
o« = 25.246° = 25.25° , d_ = 8.64 ft
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(4) Calculate pressure coefficients (see Appendix H) and earth forces:

1 - tan ¢, cot a _ 1 - 0(2.120303) _

1 + tan ¢, tan a ~ 1+ 0(0.471631) ~

_ tan o - 0. 471631) _
K=K (tan o - tan s) L (o 804965, ~ 0-°83903

K =K tan o = 1(0.471631) = 0.471631

b =2 Kly(h - dc>2 - % (0.585903) (0.12) (96 - 8.64)% = 268.29 k/ft

lav}
li

= 0.471631(-307.2) = - 144,89 k/ft

PEE

PY + Pv = 268.29 - 144.89 = 123,40 k/ft

(5) Pressure distribution. The negative horizontal pressure, due to
PV , at point E must cancel the positive pressure, due to PY .

pYE = 0.585903(0.12) (64 - 8.64) = 3.8923 ksf
Pogp = ~-3.8923 ksf
_ ; . _ 2(-~144.89) _
hv = distribution length for PV = ~_3.8923 - 74,45 ft
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>

55.36'

-3.8923
KSF

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

x‘ )
%
\
4
BACKFILL:
y =012 KCF %
® = 35° b
c=0 g &
SMF =2/3 “0
&, = tan-1(2/3 tan &) = 25° <
| 1
Y N
a. Find critical slip-plane angle . Consider basic wedge to have height
of 20 feet (h C), with sloping top surface (tan B = 0.4). The weight of
triangle ABC will be considered a finite surcharge (V).
V=32 (0.12) (10) (4) = 2.4 k
From Equation 3-30
ZV(I + tan2)¢
A = tan ¢d _ - d . 0.466308 - 2(2.4)(1.217343)
th 0.12(20)

A = 0.344564

From Equation 3-28
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2
2 4V tan B (1 + tan ¢d)
¢ = 2 tan ¢q ~ h2 + A
¢, = | 200217043y - AHED QI LZTU) |, o 344564
0.12(20)
Te, = 0.979471
From Equation 3-29
| 2v tan2 B (1 + tan ¢d)2
c, = |tan ¢, (1 - tan ¢, tan R) - tan R + + A
d d 2
vh
-3 c -
c, = [0.466308(1 - 0.466308 x 0.4) - 0.4 + 2(2°4)(°'16)(1'§17443)
0.12(20)
+ 0.344564
¢, = -0.003454
c, + ¢, + 4e
o = tan t | L 2 | = 44.302° [3-25]

b. Calculate earth pressure coefficients (Appendix H).

Dotandy 0t & 1 _ 0.466308 x 1.024667

"1 + tan ¢4 tan o "1+ 0.466308 x 0.975927

K = 0.3589
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K=K( tan a

tan a - tan B)= 0.3389

0.975927
0.575927

The earth pressure distribution is calculated in the following figures.

) = (0.6082

~ o | 4 ‘r'i
N Sdle 4 %
\ . n
4 Y
N ] <
™ 8
C ? \ 'o_
D
o = 44.302°
E
B
Ky 0.1723 KSF <
/0.1723 ‘*‘
C Iy
KiY |_—0.4204 KSF @
w0
BACKFILL 0.4204 | D 4
SURCHARGE %
——— E N
/ COMBINED
/ - -
/ 1)
1.4597 KSF 1.4597 KSF E
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c. Check pressure using the wedge method
F B
25
10°
1
Q
::n
J"l of
1 _:m
¢ R
g [
Ty
CRITICAL SLIP S
PLANE
3%
T
al<
a = 44.302° ) |
E
Force on Surface BC.
2
Yh 2
_ BC _0.12(4) =
Weight of wedge GBC = W 7 tan o - 2(0.975927) - 0.9837 k
From Equation 3-23
p o ram @ tan %) 0.9837(0.975927 - 0.466308) _ o .. o
BC 1 + tan ¢d tan @ 1 + 0.466308(0.975927) —_

Force on Surface BD.

Weight of wedge ABD = W =

N~

(0.12)(10)(9.76) = 5.8560 k
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_ 5.8560(0.975927 - 0.466308) _
PRD = 771 ¥ 0.466308(0.975927) 2.051 k
Force on Surface BE.
2
Yhep

Weight of wedge FABE = W = + % (0.12) (10) (&)

2 (tan o - tan R)

2
_ 0.12(20) )
W = 500.975927 = 0.4) T 2-4 = 44.0719 k
_ 44.0719(0.975927 - 0.466308) _
PBE T T 1 ¥ 0.466308(0.975927) -~ L3433 k

Calculate pressures at C, D, and E.

2p
b = oo = 28399 01725 ket
BC

2, - P )
po = —b0 BC - 2(2.051 = 0.345) _ 4 1795 = 0.4199 kst
D h c 5.76

cp
20, - P )
_ 2(Pgg ~ Pyp _ 2(15.435 - 2.051) _ 3

b, = —— 2 0.4199 = 1,4599 ksf

The pressure diagram-wedge method is shown on the following page.
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B ;,4 4
——0.1725KSF v
C K
2
L 0.4199KSF 3
D 4

;‘Q‘,
&
I

Y y

1.4599
KSF

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.

V=6x05=3K/FT
i,
| |
20N osef TIT
0.5 KSF
2 52 )
BACKFILL:
y =0.12 KCF
® = 35° <
c=0 o
SMF = 2/3
¢, =tan”(2/3 tan $) = 25°
y
%N 2

a. Find critical slip-plane angle and lateral force using pressure
coefficients . From Equation 3-30

2
2V (1 + tan” ¢,) 2(3) (1.217443)

A= tan ¢, - = 0.466308 -
d vh? 0.12(25)°
A = 0.368913
From Equation 3-28
2 tan® ¢ 2
o = d _ 2(0.466308) " _ 1.178832
1 A 0.368913 )

From Equation 3-29
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tan ¢
~ d _ 0.466308 _
€9 = & " 0.368913 ~ !-264005
it Cf + be,
« = tan . = 61.721° [3-25]

From Appendix H, the pressure coefficients are:

1 - tan ¢d cot a

‘- _ 1= 0.466308 x 0.537972
1 + tan ¢d tan a 1 + 0.466308 x 1.858833

K = 0.4013

K, = K tan o = 0.4013(1.858833) = 0.7459

P = % Kyh? = % (0.4013) (0.12) (25)% = 15.05 k
P =KV =0.7459(3) = 2.24 k

v v
P =P +P =15.05+ 2.24 = 17.29 k
(total) Y v —————

Approximate method-pressure distribution for surcharge (see Figure 3-29).
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6 2 .
S
mEm "
\ N ~
\ \\{ by \ 8 !
CRITICAL SLIP P » i
PLANE WITHOUT LINE OF '\ ‘
SURCHARGE ACTION e 3
FOR Py \ NoF
LINE OF ACTION 57.6° ' 11
4 B
3
N
45° + ¢d/2 = §7.5° L
8
2(2.24K) ]
—7.—7_6—'__0‘5773‘(SF -\
&
P, =2.24K \ . 5 o
—— of R
4 -]
APPROXIMATE il
PRESSURE
DISTRIBUTION @
S
;’
9

b. Find pressure distribution due to surcharge using the elastic method

(see Figure 3-27)

Assume nonyielding wall.
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l
q=05KF R ¥

\\ 5

\
\\@- “

2
Apyz = ;?B - 8in B cos 2a)

z , ft 2_%[ B, rad a° Asz' kst
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.

0.239 KSF -
X 3 125
0296 § 1.25°

KSF 3

0.201

KSF
P, =2.06%

0.113

0.064

22.5°

0.039

I@25

0.025

18.92°

0.017

0.012

0.008

0.006

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.

M-62



EM 1110-2-2502

29 Sep 89
Combined pressure diagram and force:
0.0448 KSF .
Ky = 0.4013(0.12) \ o
1 ‘ 1

0.5773 KSF. A 0.8089 3
0.2316 KSF >\ ’ =

[

3

0.4185 KSF. ¢

SURCHARGE ‘”185 ’ ‘o
P=P +P, =17.20K

S

©

NN A

<
[+
1 Y
1.2039 KSF 1.2039 KSF
BACKFILL COMBINED
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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):

012 Kt 2 (moist weight)

y =
Y, = 0.0625 k/ft 3 (buoyancy weight)
Vg = 0.125 k/ft 3 (saturated weight)

k, = 0.20

18’

]

6 12'

T
PRI
.40 7,
< -0 s
1 _._____!____.A:.'“'_. DA
W} "|* 7(CONCRETE) = &\
« § .- 015KCF™ ;2
o WP S SN
T [ SRR VY WL b
, .".p b.n‘bna:.a'ﬂ,.
N 4
) 4 B
_L% & & 723
) \ 0.375
0.75 UPLIFT KSF
KSF
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a. Find forces acting on driving side.

_ 2 (tan ¢ -l 5(0.700208 - 0.2)
1T T+ tan ¢ 1+ 0.2(0.700208)

= 0.877526 [3-57]

tan ¢ (1 ~ tan ¢ tan B) - (tan B + kh)

€2 7 tan ¢ (1 + kh tan ¢) [3-58]

0.700208 (1 - 0.700208 x l) - (—1- + 0.2)

- 3/ \3 _
‘27 0.700208(1 + 0.2 x 0.700208) 0.004315
-1 cl + C% + 4C2
o= ren 2 = 41.426° [3-56]

l - tan ¢ cot a 1 - 0.700208(1.133240)

K =TT tan ¢ tan o ~ 1 + 0,700208(0,882425)
K = 0.12763
K, = K (tan £en o B) - 0.12763 (—=29238 ) = 9,505 [3-54]
@ 0.882425 - 3| ——
= tan o _ _L
Kb Kl + (tan % - tan B 1) (Yb) (see Appendix H)

_ 0.882425 0.12 _
K. = 0.12763|1 + (m - o(m) = 0,2764

1 2 1
PA =3 KAy(h - hs) + 5 (hs) [ZKy(h - hs) + Kbybhs] [3-69]
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PA = % (0.2051)(0.12)(13)2 +% 12) [2(0.2051)(0.12)(13)

+ 0.2764(0.0625)(12ﬂ

o
fl

7.16 k

2
2 (v, - Vh]
Yh s s
APAE - kh 2 (tan a - tan B) + 2 tan o [3-71]

2 2
0.12(25) 0.005(12)
A = =
Pag = 0-2 [2(0.549092) * 2(0.882425)} 13.74 k

=Ll p2ol 2. -
P =3 Y.ho =5 (0.0625)(12)° = 4.50 k [3-70]

b. Find forces acting on resisting side.

2 (tan ¢ - k) 5(0.700208 - 0.2)

©1 T T+ % tan ¢ T+ 0.2(0.700208)  °-877326 [3-60]
From Equation 3-61
. - tan ¢ - kh
2 tan ¢ (1 + k tan ¢)
} 0.700208 - 0.2 _
©2 ~ 0.700208(1 + 0.2 x 0.700208) ~ °-626618
-1 -cl + C% + 4C2
¢ = tan 2 = 24.999° .
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From Equation 3-77

.1+ tan ¢ cot « _ 1 + 0.700208(2.144605)
P I — tan ¢ tan o 1 - 0.700208(0.466286)

KP = 3.7144

From Equation 3-73

4.18 k

jav]
]
N[~
~
<
-
]

1 2
P'p 5 (3.7144) (0‘.0625)(6)

From Equation 3-75

Y h 2
. e _ 0.125(6) | _
APpg = kh.<2 tan a> = 0.2 [2(0.466286)] =097 k

1 2 1 2
Pws =35 Ywhs =3 (0.0625)(6)" = 1.13 k

c. Find inertia force due to weight of wall.

18' x 25" x 0.15 = 67.50 x 12.,50" = 843.75

1

-2 % 12" x 19" x 0.15 = =17.10_ x 18.67' = -319.25
W = 50.40 k 524.50
7 = é%%;%% = 10.41 ft
kW = 0.2(50.40 k) =

10.08 k
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d. Summary of forces and pressure distributions

ket ](2) 0.2(0.12)(25)? (2)
[2(13,1,,.. tan )4\ n z(o.ée”z‘dés‘.‘iis;] o5) 10927 KSF

Kay
PE = 13._.73'( N
Q
| KSF
0.5245 0.32 !
K
0.0625 0.5382] | k¥, kW 1008
7.16X
3 kpTp
P, = 4.50% e 1 . 0.3233 KSF
=4.50% o & g ——r—
1 ‘:) S PE .
. Py = 4.18K 4
. 4 y N . | -
075 05273 P A
KSF KSF 1.3929 0.375
ksF KSF

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.

1.0927 KSF In this .case, the differe_nce in
- forces is -0.58% and difference

in dimension, Y £ is +0.36%.

AP, = 13.66K

=M
U

Y = 16.67
25’
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Mononobe-okabe force and pressure distribution--resisting side.

If the pressure diagrams for P p and APPE (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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