Lateral Earth Pressure

P
CHAPTER 16

Omitted parts:
Sections 16.9, 16.10,16.16, 16.17




INTRODUCTION

o Proper design and construction of many structures such as:

 Retaining walls (basements walls, highways and
railroads, platforms, landscaping, and erosion controls)

 Braced excavations

 Anchored bulkheads

« Grain pressure on silo walls and bins

require a thorough knowledge of the lateral forces that act between
the retaining structures and the soil masses being retained.
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INTRODUCTION
P

o These lateral forces are caused by lateral earth pressure.

o We have to estimate the lateral soil pressures acting on these
structures, to be able to design them.

The magnitude and distribution of lateral earth pressure
depends on many factors, such as:

 The shear strength parameters of the soil being retained,

[ The inclination of the surface of the backfill,

1 The height and inclination of the retaining wall at the wall-
backfill interface,

d The nature of wall movement under lateral pressure,

d The adhesion and friction angle at the wall-backfill

interface.



Vertical and Horizontal Stress in Water

Ungiicaj and Horizoniai Siress i Wl

Hydrostatic Stress or Pressure
Isotropic Stress




Vertical and Horizontal Stress in Soil

Uaptical and Horizontal Strass in §oil

Geostatic Stress
Anisotropic Stress
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Coefficient of Lateral Earth Pressure

In a homogeneous natural soil deposit,

GL

Ly o

-
O X

The ratio 6,'/c,” is a constant known as coefficient of lateral earth
pressure.

In other words, it is the ratio of the effective horizontal stress (c,")
to the effective vertical stress (c,”); then

!
o
K=—"
Oy K Op
Or in terms of total stresses "o,




Types of Lateral Earth Pressures

1. At Rest Lateral Earth Pressure: e
The wall may be restrained from moving,

for example; basement wall is restrained

to move due to slab of the basement and

the lateral earth force in this case can be

termed as" P_".

At rest LEP

2. Active Lateral Earth Pressure: -/ tAH -

In case of the wall is free from its upper
edge (retaining wall), the wall may move
away from the soil that is retained with
distance "+AH " (i.e. the soil pushes the P,
wall away) this means the soil is active
and the force of this pushing is called

active force and termed by " P,". wad



Types of Lateral Earth Pressures

3. Passive Lateral Earth Pressure:

For the wall (retaining wall) in the left side there exist a soil with height less
than the soil in the right and as mentioned above the right soil will pushes
the wall away, so the wall will be pushed into the left soil (i.e. soil
compresses the left soil) this means the soil has a passive effect and the
force in this case is called passive force and termed by " Pp".

z/’f’f/ i
A AP

a

——|—;~.H-~*_ p

Pp —-~
s

B A A Al A
f"/ ffu"*’f/’xx"ﬂ" ff’uffxf / “xx"f

Passive LEP



=

At-Rest Active

A A"
_.":M::l:"-:_ Passive pwessune i
]

Passive



Lateral Earth Pressure at Rest
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Coefficient of Lateral Earth Pressure K,

Jaky formula
For normally consolidated clays and loose sand.

K, = 1— sin ¢’

Mayne and Kulhawy
For Overconsolidated clays

K, = (1 — sin ¢') OCR#"%’



Lateral Earth Pressure at Rest with Water
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q+vyH; +Yy'H)K, = ywH;
atz =10, op=Kp;= Ky
atz =H,, o= Kuo,=Klg+ yH,)

and
atz =H,, o =Ke;=Klg+ yH, + yH)
P,=A, +A; +A;+ Ay + A,
where A = area of the pressure diagram.
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EXAMPLE 16.1

For the retaining wall shown in Figure 16.6a, determine the lateral earth force at rest
per unit length of the wall. Also determine the location of the resultant force. Assume
OCR = 1.

A
v = 16.5 kN/m’
‘ﬁl = 3nl'.'¢
25m

o' =0
Groundwater
v table

-
L=

-1k

Vo= 19.3 KN/m’
25m ¢’ =30°
o' =0

(a)

FIGURE 16.6



EXAMPLE 16.1
P

SOLUTION

K,=1—sing' =1 —sin30° =05
Atz=0,0, =0;0, =0
Atz =25m, o, = (16.5)0(2.5) = 41.25 kN/m’;
o) = Ko! = (0.5)(41.25) = 20.63 kN/m?
Atz=5m, 0, = (16.5)(2.5) + (19.3 — 9.81)2.5 = 64.98 kN/m*;
oy = Ko, = (0.5)(64.98) = 32.49 kN/m’

The hydrostatic pressure distribution is as follows:
Fromz=0toz =25m,u =0.Atz = 5m, u = v,(2.5) = (9.81)(2.5) = 24.53 kKN/m’.
The pressure distribution for the wall is shown in Figure 16.6b.

T ¥ = 16.5 kN/m’
B’ =30°
2

T S m c =0
- l Groundwater
w  table | _ 20.63 kN/m?

T Yyar = 19.3 kN/m?
25m ' =30°
c'=0

24 53 kN/m?

() b}



EXAMPLE 16.1
P

The total force per unit length of the wall can be determined from the area of the
pressure diagram, or

P,=Areal + Area2 + Area3 + Aread
= 12.5)(20.63) + (2.5)(20.63) + $(2.5)(32.49 — 20.63)
+ $(2.5)(24.53) = 122.85 kN/m

The location of the center of pressure measured from the bottom of the wall
(point Q) =
(Area 1}(2.5 + ?) + (Area 2](?) + (Area 3 + Area 4}(23'—5)
P,
_ (25.788)(3.33) + (51.575)(1.25) + (14.825 + 30.663)(0.833)
122.85

z=

_ 85.87 + 64.47 + 37.89
- 122.85

= 1.53m



NOTES

If the lateral strain in the soil is ZERO the corresponding lateral pressure is
called the earth pressure at-rest. This is the case before construction.

In the case of active case the soil is the actuating element and in the case
of passive the wall is the actuating element.

For either the active or passive states to develop, the wall must MOVE. If
the wall does not move, an intermediate stress state exists called earth
pressure at rest. (i.e. zero lateral strain).

For greatest economy, retaining structures are designed only sufficiently

strong to resist ACTIVE PRESSURE. They therefore must be allowed to
move.

It may at first seem unlikely that a wall ever would be built to PUSH into
the soil and mobilize passive earth pressure.



NOTES

Active

Wedge

Passive

edge

o Typically passive earth pressure is developed by anchor plates or blocks,
embedded in the soil and where the anchor rod or cable tension pulls the
anchor into/against the soil to develop passive resistance. Walls are
seldom designed for passive pressure.

o In most retaining walls of limited height, movement may occur by simple
translation or, more frequently, by rotation about the bottom.



NOTES

Earth Pres‘.f.ure, Ch

K, state

Passive earth pressure, ¢

Passive state

Variation of the Magnitude
of Lateral Earth Pressure
with Wall Tilt

active earth pressure, c,

ALJH

> Wall Tilt



NOTES
.’

Earth pressure, oy . . .. .
" Active or passive condition will

only be reached if the wall is
allowed to yield sufficiently. The
amount of wall necessary
depends on:-

* Soil type (sand vs. clay)

* Soil density (Loose vs. dense)

* Pressure (Active vs. passive)

Passive pressure, o fe——— —————————=

Alt-rest pressure, oy

- >
Wall tilt IL‘_E'%, | &Fl;, | Wall tilt
Typical Values of AL /H and AL JH
Soll type ALJ/H AL /H
Loose sand 0.001-0.002 0.01
Dense sand 0.0005-0.001 0.005
Soft clay 0.02 0.04

Suff clay 0.01 0.02




Lateral Earth Pressure Theories

o Since late 17t century many theories of earth of earth pressure have
been proposed by various investigators. Of the theories the following
two are the most popular and used for computation of active and
passive earth pressures:.

1. Rankine’s Theory (No wall friction)

2. Coulomb’s Theory (With wall friction)

o Those are usually called the classical lateral earth pressure theories.

o In both theories it is required that the soil mass, or at least certain parts
of the mass, is in a state of PLASTIC EQUILIBRIUM. The soil mass is on
verge of failure. Failure here is defined to be the state of stress which
satisfies the Mohr-Coulomb criterion.



Active vs. Passive Earth Pressures

Wall moves away
from soil

Wall moves
towards soil

smooth wall

Let’s look at the soil elements A and B during the wall movement.

(J In most retaining walls of limited height, movement may occur by
simple translation or, more frequently, by rotation about the bottom.



Rankine’s Earth Pressure Theory

0 Rankine (1857) investigated the stress condition in a soil at a
state of PLASTIC EQUILIBRIUM.

 Developed based on semi infinite “loose granular” soil mass for
which the soil movement is uniform.

O Used stress states of soil mass to determine lateral pressures on
a frictionless wall

Assumptions:

o Vertical wall
o Smooth retaining wall
o Horizontal ground surface

o Homogeneous soil



Active Earth Pressure

Active earth pressure
* o,= Yz
 Initially, there is no lateral movement.

~op = Kyo, = Kyyz
» As the wall moves away from the soil,

* o, remains the same; a% Active state ]

* o}, decreases till(failure occurs. o C,

i

A

—>

Oh

wall movement



Orientation of Failure Planes

o From Mohr Circle the failure planes in the soil make * (45 + ¢/2)-degree angles

with the direction of the major principal plane—that is, the horizontal.
o These are called potential s/ip planes.

AAN A

Sliding surface

(45 + §/2)

N

The distribution of slip plan
in the soil mass.

o Because the slip planes make angles of (45 + ¢/2) d€¢rees with the major
principal plane, the soil mass in the state of plastic equilibrium is bounded by
the plane BC. The soil inside the zone ABC undergoes the same unit
deformation in the horizontal direction everywhere, which is equal to AL /L..



Active Earth Pressure

Tt t| Failure plane is at
45 + ¢/2 to horizontal




Active Earth Pressure

Retaining wall with a vertical back and a horizontal backfill
Mohr—Coulomb failure envelope defined by the equation
s=c¢' 4+ o' tan ¢’

The principal stresses for a Mohr’s circle that touches the Mohr—Coulomb failure
envelope:

I

o, = o} m?(-ﬁ + ?) + 2¢’ tan(45 + %)

o, =a), tmﬁ(-ﬁ + %) + 2¢' tan(45 + %)
ﬂ'; = ﬂ-; ¢: o =2 qb:
2 z -
tan (45—I— 2) tan(45-|— 1)
ol =0 tm1(45 _ E) — 2 tan(-r-lﬁ _ E) active earth At rest earth
g 2 pressure pressure
- ﬂ'rnKn — 2"V Kﬂ

Decreasing o},

K, = tan®*(45 — ¢'/2) = Rankine active-pressure coefficient.
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Active Earth Pressure

Tensile stress in the soil will cause a crack along the soil-wall interface

The depth of tensile crack

ﬂ:ﬁu‘_zﬂ""xu=u




Active Earth Pressure

In case of granular soil (pure sand):
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Active Earth Pressure

If the soil is C — ¢ soil:
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Active Earth Pressure

If the soil is C — ¢ soil:

[t there exist surcharge:

q
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EXAMPLE 16.2
P

A 6 m high retaining wall is to support a soil with unit weight y = 17.4 kN/m?,
soil friction angle ¢’ = 26°, and cohesion ¢' = 5 kN/m®. Determine the Rankine
active force per unit length of the wall both before and after the tensile crack occurs,
and determine the line of action of the resultant in both cases.

SOLUTION
For ¢’ = 267,

K, = tan*(-iﬁ = %) = tan’(45 — 13) = 0.39
VK, = 0.625
o, = yHK, — 2¢'VK,
From Figure 16.7c, atz = 0,
ol = —2¢'VK, = —2(5)(0.625) = —6.25 kN/m’
andatz = 6 m,
o, = (17.4)(6)(0.39) — 2(5)(0.625)
= 40.72 — 6.25 = 34.47 kN/m’



EXAMPLE 16.2
P

Active Force Before the Tensile Crack Appeared: Eq. (16.13)
P, = tyHK, — 2c'HV'K,
= 3(6)(40.72) — (6)(6.25) = 122.16 — 37.5 = 84.66 kN/m

The line of action of the resultant can be determined by taking the moment of the area
of the pressure diagrams about the bottom of the wall, or

Pz = (12116}(%) - (3?.5}(%)

Thus,

_ 24432 - 1125
= 8466 = 1.56 m




EXAMPLE 16.2
P

Active Force After the Tensile Crack Appeared: Eq. (16.12)
2" 2(5.0)
“T VK, (17.4)(0.625)
Using Eq. (16.14) gives
P, = 3(H = 2)(yHK, — 2¢'V/K,) = 5(6 — 0.92)(34.47) = 87.55 kN/m

Figure 16.7c indicates that the force P, = 87.55 kN/m is the area of the hatched trian-
gle. Hence, the line of action of the resultant will be located at a height 7 = (H — z,)/3
above the bottom of the wall, or

=10.92m

= = 1.69 m

6 —0.92
3



EXAMPLE 16.3
P

EXAMPLE 16.3

Assume that the retaining wall shown in Figure 16.8a can yield sufficiently to de-
velop an active state. Determine the Rankine active force per unit length of the wall
and the location of the resultant line of action.

y= 16 kN/m®
| =30°
3.05m ¢y =0

-
-

l w Water table

Yo = 19 kKN/m*
3.05m  $2=36

AL Ei:ﬂ

(a)



EXAMPLE 16.3

SOLUTION

If the cohesion, ¢, is zero, then

For the top layer of soil, ¢»; = 30°, so

1 1
Kany = tanl(ds = %) = tan’*(45 — 15) = 3
Similarly, for the bottom layer of soil, ¢p;= 36°, and it follows that
36
Kﬂl:ﬂ} = tﬂnz(d" - ?) = ﬂ.?ﬁ-
The following table shows the calculation of o and u at various depths below the
ground surface.
Depth, z o o, =K, o, u
(m) (KN/m?) K, (kN/m%) (kN/m?)
0 0 /3 0 0
3.05°  (16)(3.05) = 48.8 1/3 1627 0
3.05% 48.8 0.26 1269 0O
6.1 (16)(3.05) + (19 — 9.81)(3.05) = 76.83 026 1998 (9.81)(3.05) = 29.92




EXAMPLE 16.3

y= 16 kN/m®
&) = 30°
3.05m ey =0

] 2
;WHIET tahle | kN/m 16.27 kN/m?*
= |
' |
Yeur = 19 kN/m |
305m  $3=36 @ | !
ey =0 I
l I .
|
o 19.98 29.92
kN/m? kN/m?
(a) ib)

The pressure distribution diagram is plotted in Figure 16.8b. The force per unit
length is

P, =areal + area2 + area 3 + area 4

= 1(3.05)(16.27) + (12.69)(3.05) + 1(19.98 — 12.69)(3.05) + 1(29.92)(3.05)
= 24.81 + 3870 + 11.12 + 45.63 = 120.26 kN/m

The distance of the line of action of the resultant force from the bottom of the
wall can be determined by taking the moments about the bottom of the wall (point O
in Figure 16.8a) and is

i d 1
(24.31)(3.05 ' %) ; (33.?}(¥) L2+ 45.63)(?{])
I= =
120.26 L8lm




EXAMPLE

Draw the pressure diagram on the wall in an active pressure condition, and
find the total resultant F on the wall and its location with respect to the
bottom of the wall.

q=120kPa wit

=(39.96+8.18)/0.333x0.21

~

39.96 kPa

/

(

33x(18-9.81)x3

700217
T

x(19.6-9.8])x:




SOLUTION
- »—

Step 1
2
Eﬂl =tan (45°-30%2)=0333

2
K =tan (45°-40°2)=0.217

al

Step 2
The stress on the wall at point a is:

p =qK_ =(120)(0.333)=39.96 kPa

The stress at & (within the top stratum) is:
p, =(@+YThK

=[120 +(18 —9.81) (3}] [0.333] = 48.14 kPa
The stress at & (within bottom stratum) is:
p_=l@rYhK

=[120+(18 —9.81)(3)] [0217]=3137kPa
The stress at point ¢ is:

p_=[la+{h) ~(YhIK
=[120 +(18 —9.81) (3} +(19.6 — 981} (3)] [0.217] =37.75 kPa
The pressure of the water upon the wall is:

p_=Y h=(9.81)(6)=58.86 kPa




SOLUTION
P

Step 3
The forces from each area:

F =(3)(39.96) = 119.88 kN/m
F,=1%(3) (8.18)=12.27 KN/m
F,=(3) (31.37)=94.11 KN/m
F,=1%(3) (6.37)=9.555 kN/m
F, =1 (58.86) (6) = 176.58 KN/m
F__=412395KN/m

Step 4
The location of forces ¥ is at:

¥ 412.395=119.88 (4.5)+ 12.27 (4) + 94.11 (1.5) +9.555 (1) + 176.58 (2)
=53046+49.08 + 141.165 +9.555 +353.16 =1092. 42 kN
¥ =2.65 m from bottom of wall




General Case: Inclined Wall with Inclined Backfill

Granular backfill (¢ =0)

a = inclination of backfill with horizontal
B8 = inclination of wall with vertical
B = inclination of P, with the normal to the wall

_ yzeosaV1 + sin’ ¢’ — 2sing’ cosy,

T cosa + Vsin’d' — sin’ a ¥
i, = sin_l( s.mn:]) —a + 26.
10 ¢ \
b sing” sinyr,
Pa = tan (1 = sim#’mswa)
1 L 4
P =K,

- cosla — 0)V'1 + sin?¢’ — 2singd’ cos U,
" cos” f|cosa + Vsin’¢p' — sinzn‘]




General Case : Inclined Wall with Inclined Backfill

TABLE 16.1 Variation of K, [Eq. (16.20)]

Kim)
@' (deg)
a (deg) 0 (deg) 28 30 32 34 36 38 40
] 0.361 0.333 0.307 0.283 0.260 0.238 0217
2 0.363 0.335 0.309 0.285 0.262 0.240) 0.220
4 0.368 0341 0315 0.291 0.269 (0.248 0.228
0 [ 0.376 0.350 0.325 0.302 0.280 0.260 0.242
8 0.387 0.362 (0.338 0.316 0.295 0.276 0.259
10 0.402 0.377 0.354 0.333 0.314 0.296 0.280
15 0.450 (0.428 0.408 0.390 0.373 (1.358 0.345
0 0.366 0.337 0311 0.286 0.262 0.240 0.219
2 0.373 0.344 0.317 0.292 0.269 0.247 0.226
4 (0.383 0.354 0.328 0.303 0.280 0.259 0.239
5 [ 0.396 (.368 0.342 0.318 0.296 0.275 0.255
8 0.412 (0.385 0.360 1.336 0.315 0.295 0.276
10 0.43]1 0.405 0.380 (0.358 0.337 0.318 0.300
15 0.490 0.466 0.443 0.423 0.405 (0.388 0.373
0 0.380 (0.350 0.321 0.294 0.270 00.246 0.225
2 0.393 0.362 0.333 0.306 0.281 0.258 0.236
4 0.408 0.377 0.348 0.322 0.297 0.274 0.252
10 [ 0.426 0,395 0.367 0.341 0.316 0.294 0.273
8 0.447 0.417 0.389 0.363 0.339 0.317 0.297
10 0.471 0.441 0414 0.388 0.365 0.344 0.324

15 0.542 0.513 0.487 0.463 0.442 0.422 0.404



General Case : Inclined Wall with Inclined Backfill

TABLE 16.2 Variation of g, |[Eq. (16.18)]

¢’ (deg)

@ (deg) 6 (deg) 28 30 32 34 36 38 40
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 3.525 3081 4.484 5.041 5.661 fh.351 T.124
4 6.962 7.848 8.821 9.893 11.075 12,381 13.827
0 6 10.231 11.501 12.884 14.394 16.040 17.837 19.797
8 13.270 14.861 16.579 18.432 20,428 22.575 24876
10 16.031 17.878 19,850 21.951 24.184 26.547 29.039
15 21.582 23.794 26.091 28.464 30.905 33.402 35.940
0 5.000 5.000 5.000 5.000 5.000 5.000 5.000
2 8.375 8.820 9311 9.854 10.455 11.123 11.870
4 11.553 12.404 13.336 14,358 15.482 16.719 18.085
5 6 14.478 15.679 16,983 18.401 19.942 21.618 23.441
8 17.112 18.601 20.203 21.924 23.773 25.755 27.876
10 19.435 21.150 22975 24915 26971 20.144 31.434
15 23.881 25922 28.039 30,227 32.479 34787 37.140
0 10,000 10,000 100000 100000 10.000 10.000 10,000
2 13.057 13.491 13.967 14.491 15.070 15712 16.426
4 15.839 16.657 17.547 18.519 19.583 20.751 22.034
10 [ 18.319 19,460 20,693 22.026 23.469 25.032 26726
8 20,483 21.888 23.391 24,999 26.720 28.559 30.522
10 22.335 23.946 25.653 27460 20370 31.385 33.504

15 25.683 27.603 29.589 31.639 33.747 35.908 38114



Vertical Wall with Inclined Backfill
D

Granular backfill (¢ =0)

Po=pyWK,

cos @ —Y cos® o —cos? ¢’ I
CO8 @ + Voosta—cost ¢ T

K,=cCc08 o

L

-
-

Table 16.3 gives the variation of A, for various values of «, and ¢



Vertical Wall with Inclined Backfill

TABLE 16.3  Values of K, for Wall with Vertical Backface and Inclined Backfill [Eq. (16.22)]

i
eleg) ¢ ideg) —

i i3 s 30 n k] n L 35 k- Er) kL k] 40

0 03610 (L3470 (.3333 L3201 03073 02543 0.2827 L2710 (.2596 (L2486 02379 (L2275 02174
i 03612 (L3471 (3335 03202 (13074 02949 02838 0.2711 (2597 (L2487 (L2380 12276 02175
2 LTSS (L3476 (.3330 0.3207 (3078 0.1953 .23 0.2714 (1.260H) (L2450 0.13%2 (L2278 03177
3 03627 (L3485 0.3347 03214 (1304 0.2959 02837 0.271% (1.260% (.2454 (.2354 (2282 D.2181
4 0. 303% (L3496 (3358 0.3224 (13084 0.29467 .2845 0.2726 2611 (L2500 0.2392 (L2287 02186
5 (1. 3056 (L3512 03372 0.3237 L310% 02978 (.2R55 0.2736 (L2620 (L2508 0.2399 (2204 02192
f 0. 3678 (L3511 (L3350 (.3253 (L3125 0.2992 0.2R6% 0.2747 (L2631 0.2518 (.2409 02303 (. 2200
7 (.57 (L3553 (3410 0.3272 (L3138 03008 (.IRES 0.2761 (12644 0.2530 (.2420 0.2313 0.2209
] (.37 30 (L3580 (L3435 0.3294 (L315% 03027 0. 2000 0.277H (12650 02544 (L2452 0.233% 0.2220)
a 0.5764 0.3al1 EETE] (.3320 L31Ex 03049 . 00.2706 (L2676 02560 (. 2447 0.2338 02333
10 03802 0. 3046 (L340% (.3350 (L3210 0.3074 0.2044 0.281% (1.2606 0.2578 (.2454 0.2354 0.2247
11 (1. 3848 03056 (L3532 (.3383 (L3241 0103 02970 [1.2841 02718 01.2508 (2457 [1.2371 (.2263
1z (1. 350 03731 (L3573 03421 (L3274 03154 0.2949 [1.2568 0.2742 0.2p2l (2503 (1.2 3490 02251
13 03052 03782 (L3620 (3464 (L3514 03170 LERTIED | (1.2%0% 02770 02046 02527 0.2412 0230
14 DALS 03839 (L3671 0.a511 03357 03209 0. 3065 02031 0.2800 02674 (L2552 0.2435 0.2322
15 LA0RS 0,300 (L3720 (13564 (1.340% (13253 03108 0. 2068 02834 0.2705 (12551 01.2461 (12340
6 4165 03075 (L3704 (3622 0.3458 (3502 03152 0. 3008 02871 0.273% (2612 (1. 2490 02373
17 04255 0.ase (LA%RT (L3658 03518 (1L.33%5R 03201 0.3053 02911 02776 (1. 2646 (1.253] 0240
18 04357 0.4 146 (L3948 L.37a1 (0.3584 L3415 (L3255 03002 0.2956 02817 (.2682 0.2555 (.2433
19 04473 04249 IR E (L3542 013657 L3481 03315 031560 (L3006 0.2R62 02724 02593 (12467
20 D.Ae0s 0.4265 04142 (.3934 05739 (L3555 (.33%51 03118 03080 02011 (L2760 02634 (L2504
21 04T5% ERL 04250 (L4037 (138340 (L3637 (3455 03383 03120 0.2065 (L2518 0.26TH (L2545
22 (4836 D465l 04302 (L4154 0.35934 .372% (.3537 0.2356 03186 0.2025 (L2572 0.r727 (1.2590
23 05147 04829 04545 (L4287 (1. 40058k L3532 03628 03438 0.3259 03041 (L2932 02781 (L2638
4 (L5404 05041 0.4724 (L4440 04183 (L3948 0373 0.3529 03341 02164 (.2907 (L2840 (.2502

15 05737 0.5299 0.4936 (L4519 04338 (L4081 (3847 03631 03431 03245 (L3070 0. 2005 (L3750




Vertical Wall with Inclined Backfill

(c— #) backfill

1 [

Z

i

7, = yiK, = Yok, cos a

H i Pa

2¢ [1+ 50 H-Z [t

c + sin uE
Le =" ‘l—sincb J o >
- «

Vv A

1
P, = 2 X (yHK,cosa) X (H—Z.)

|| 2e0sa +1(i)nm &' sin &’

L - \{[m:mzafmslu — cos* ") + 4(;—;)1{:951# + E(;—;}‘ﬂé o 5in ¢’ Cos d;u’]

Table 16.4 gives the variation of A/




Vertical Wall with Inclined Backfill

TABLE 16.4  Values of K

cfiyz
a (deg) & ideg) 0 [0 s s 0.1 (%] %
0 15 05888 05504 DETEY 04737 0.4353 02819 ~0LITHS
0 1] L4503 04553 A2 VRS {3502 02102 - 1.0
0 25 .05 f3740 322 010 02784 01510 ~01.7312
0 i 03333 (3045 2756 02467 a1 016024 — 124400
0 i 02710 (12450 218 01929 (1669 (628 ]
0 40 0.2174 01941 01708 01475 01242 CLO300 ~{1.2489
i 15 .66 (L5658 5252 LAY f4ddn 02867 — A1 10k
5 ] 05015 046500 4287 03925 {13565 02133 ~{2119
i 25 04133 (L3505 0A4TH 0152 (2826 01530 —01.7332
5 &1 10,3385 13090 02795 02501 02207 01036 — {12460
5 s 0.2746 02451 02217 01952 (L1655 0063 ~0L1515
L] i 0,220 01964 017 L 1dg (1255 i —{L2507
10 15 0678 06206 ns7 05230 4760 nanae ~{L1861
Lo 0 0.5304 04974 04564 4162 03767 02230 ~{L.I180
10 25 0,437 04015 03660 03308 (1206500 0.15%0 — {7304
10 an 0.3549 03233 02919 02607 02207 00T -01.2522
i a5 02861 0.25&1 0230 02025 L7d0 IR ~{L3575
1 i 02282 0120134 0ITRT 01541 {11296 03z — {12564
L5 15 L0000 07762 0LBE3 B0z 015464 033 — {1962
i 0 06241 (L5666 05137 04639 aAl6s 02l —{LT2RT
15 25 {1480 04428 L | {1,360 03211 01706 ~{L2503
15 i {3861 (3502 D150 (2R (262 01137 —{2625
15 5 03073 02764 02459 2158 {11 801 0.0 —{26T
L5 an 0.2429 0216l 01805 (.1632 01370 00334 ~{.2662
0 0 1000 07432 TR 560 04927 n27i% — {12440
pli] 15 {15820 05207 DA A1 03645 018T% — 2665
0 i (1440 (13064 03530 130 02754 0124 0T8T
pli] 35 03423 1300 0T (2371 020135 0744 ~02R31
0 A0 012665 02363 02066 01773 01454 00363 — 02807




EXAMPLE 16.4
P

EXAMPLE 16.4

Refer to the retaining wall in Figure 16.10. The backfill is granular soil. Given:

Wall: H=305m
g = +10°
Backfill: a = 15"
¢’ = 35°
e =10
¥ = 17.29 kN/m’
Determine the Rankine active force, P, and its location and direction.

SOLUTION
From Table 16.1, foree = 15 and # = + 107, the value of K, 5, = 0.42. From Eq. { 12.16),

P,.= %THII_,,EJ = (%){IT.E@]HE&}I{D.#E:I = 33,78 kN/m

Again, from Table 16.2_ fore = 15° and # = +10°, B, = 30.5".
The force P, will act at a distance of 3.05/3 = 1.02 m above the bottom of the

wall and will be inclined at an angle of + 3.5 to the normal drawn to the backface of
the wall.



EXAMPLE 16.5

Faor the retaining wall shown in Figure 16.11, H = 7.5 m, ¥ = 18 kN/m’, &' = 2P,
¢ = 13.5kN/m’, and & = 10°. Calculate the Rankine active force, P,. per unit
length of the wall and the location of the resultant force after the occurrence of the
tensile crack.

SOLUTION
From Eq. {16.34).

2 1 +sing’ {1}[135] 1+5m1ﬂ_214
v V1 -singd’ 1 — sin 20 "

' 135

¥ (1BN7.5)

Atr=T5m,

=11

From Table 16.4. for¢" = 20°, ¢'fyz = 0.1, and o = 10°, the value of K = (0.377,
soaty =T7.5m,

= yzK cos o = (18)(7.5H0.3T7Hcos 10) = 50.1 kN/m’




EXAMPLE 16.5
P

as shown in Figure 16.13, 5o

P = (%}1511.]]{?.5 — 2.14) = 134.3 kN/m

E=T5—3114= LT9m

FIGURE 16.13 Calculation of Rankine active
force, o' —d" sml




COULOMB’S EARTH PRESSURE
P

Coulomb Earth Pressure Method (1776)

Forces acting on the wall.

Wall Disg

will exert pressure = S
on the wall. Also, the 1 R
sliding wedgewill
pushthe wallaway

from the backfill. JE

y
W

Aadas e

o

M el

R TR T T

. ’ 4 ) s /4 X 1': "”’..'“‘:{ ”-‘::"fl/‘
,» '.'. . ..'w’ ool 4 .""-.’."*l‘..:" .'-"f"j,""v"' (A
N { A | / ' 5 ’, :; g
j . Failure surface

R
| t*\/ Pressure from the sliding wedge



COULOMB’S EARTH PRESSURE
P

Coulomb Earth Pressure Method (1776)

Forces acting on the wall.




COULOMB’S EARTH PRESSURE
P

Coulomb Earth Pressure Method (1776)

Forces acting on an inclined wall.

e Wall Displacement=A | g A
' PR

—




Coulomb’s Active Earth Pressure

Granular backfill (¢ =0)

General case (inclined wall and inclined backi{ill):

o = inclination of backfill with horizontal
B = inclination of wall with vertical

[ = inclination of wall with the horizontal
0 = friction angle between soil and wall



Coulomb’s Active Earth Pressure

Wall mevement
awity Froam
A ziiil

P |
=

b

[E1]

The forces acting on this wedge (per unit length at right angles to the cross
section shown) are as follows:

1. The weight of the wedge, W.

2. The resuliant. R, of the normal and resisting shear forces along the surface,
BC,. The force R will be inclined at an angle " to the normal drawn o BC,.

3. The active force per unit length of the wall, P, which will be inclined at an
angle &° to the normal drawn to the backface of the wall.



Coulomb’s Active Earth Pressure

K, = Counlomb’s active earth pressure coefficient
sin’ (8 + &)
sinigh’ + &')sinid’ — a}]

sin* Bsin(B — ﬁ'}[l + Sin(B — 5')sin (e + B)

When a = 0°, B =90°, 6‘ = 0°, Coulomb’s active earth pressure coefficient
becomes equal to (1-sin ¢’)/(1+ sin ¢’), which is the same as Rankine’s active
earth pressure coefficient.



Coulomb’s Active Earth Pressure

K, = Coulomb’s active earth pressure coefficient
sin* (8 + ¢')

Sin(g’ +8)en(g’' —a)
sin{ @ — &' )sin (o + B)

sin @sin(g — 8| 1 +

The values of the active earth pressure coefficient, A,
for a vertical retaining wall , g =90°

with horizontal backfill o = 0°

are given in Table 16.5



Coulomb’s Active Earth Pressure

TABLE 16.5 Values of &, [Eq. (16.36)] for 8 = 90° and o« = OF

8" (deg)

& (deg) i 5 11 15 20 25
25 03610 0. 344% (.3330 0.3251 03203 0.3186
30 0.3333 (L3189 (03085 0.3014 02973 [.2056
32 03073 0.2045 (2553 0.2791 02755 0.2745
34 0.2827 02714 (2633 (.2579 (2540 [.2542
3 (.2596 0.2497 (.2426 (.2379 02354 0.2350
3% (0.2379 0.2292 (12230 (2190 0.2169 0.2167
Al 02174 (L2065 (2045 (.2011 019494 [0,1995

42 (1952 YT (L1570 (1841 (1528 0.183]




Coulomb’s Active Earth Pressure

K, = Conlomb’s active earth pressure coefficient
sin® (8 + ¢')

1

sin(e’ + &')sin(¢’ — a)
sin{ 8 — &')sin (o + )

sin* Bsin(@ — &) 1 +

The wall friction angle & can be determined in the laboratory by means
of direct shear test. It is assumed to be between ¢’/2 and 2¢’/3

angle &' = 2¢’/3 Table 16.6

angle &' = ¢’/2 Table 16.7



Coulomb’s Active Earth Pressure

TABLE 16.56 Values of &, [from Eq. (16.36)] for &' = §4°

B (deg)
aideg) & (deg) 9% &S 80 75 0 &
i 28 03213 QU3SES 04007 04481 05026 05662
20 03091 03467 03886 04362 04908 05547
30 02073 03349 03760 04245 04794 05435
31 02860 03235 03655 04133 04682 05326
32 02750 03125 03545 04023 04574 0.5220
33 02645 03019 03439 03917 Odded 05117
34 02543 02916 03335 05813 04367 05017
35 02444 02816 03235 053713 04267 04919
30 02346 02719 03137 03615 04170 04824
37 02357 02626 0MMZ 03520 04075 04732
38 02168 02535 02050 03427 03983 0ud6dl
30 02082 02447 02861 03337 03894 (L4553
a0 0195 02361 03TI4 03249 03806 (4468
41 01918 02278 02689 03164 03721 (L4384
42 OB 02197 02606 03080 03637 04302
5 28 03431 03845 04311 04543 054681 06190
20 0335 03709 04175 04707 05325 06086
30 03165 03578 O.M3 04575 05194 05926
31 0303 03451 03006 04447 05067 OUSE00
32 02919 03329 03792 04334 04943 05677
33 02803 03211 03673 04204 04523 05558
34 02651 03007 03558 04088 04707 05443
15 02883 02987 03446 003975 04594 005330
36 02470 Q2881 03338 03566 04484 05221
a7 02370 02778 03233 03750 04377 05115
35 02282 02679 03131 03656 04273 05012
£ 02188 02582 03033 0.35%6 04172 04911
40 02088 02480 02937 03458 04074 04813
41 02011 02398 02844 03363 039TRE 04TIS

4 LIN Ry 23 (L2753 L3271 (L3884 (A625



Coulomb’s Active Earth Pressure
e

TABLE 16.7 Values of K, [from Eq. (16.36)) for & = } &'

A ideg)
o {deg) @ (dleg) a0 85 ly 75 T a5
] 2% 03264 (L3620 (hA02g {14y nsar (5614
29 03137 (LA5N02 (L3907 d3ad N.ARRS 05492
ElG 0014 (L3370 (L37TE4 14241 04784 (.5371
ED .25 (L5260 (L36A% adlxl N.afkds (5253
3z 02T (L3145 (L3540 1.5 04539 5137
EE! 0.2AT] (L0323 (L3430 .3R02 4415 (5025
34 02504 (L2925 (L3327 .3Ta2 04305 A9l
EL 02441 (L2530 (L3221 03675 n.a1ed (LAR07T
36 02362 (L2718 (L311E 0.3571 LU TH L (4702
av 02365 (L2630 (L30T 0. 3460 LERELE ] (LA509
3 02172 (L2524 (L2920 0337 .35 (4495
39 0.E0R] L2431 (L2525 0.3273 0.ATe2 (44000
4L LR R (L2341 (L2732 03T 0. 3659 (4304
41 LR (L2253 (L2642 {.234087 LURETh e (42049
42 QAR .5 (L2 16A0 (L2554 . 200 N3A%511 4177
5 2% 02477 (LASTD (L4327 4837 05415 115
29 03337 T L4185 it 052H2 (5972
a0 03302 (L3601 (ralklE 04556 05144 (L5H33
ED 0302 L340 L3914 g 22 LS00 (5695
3z 0. 2048 (L3342 (L3TET .4 20 DAETH (L5564
EE! e 32190 (L36A2 LN D.ATS (5437
34 0.2 TR L3101 (L3541 {143 D462 (5312
EL 0. 2508 (L 205ER (L3424 .30 04505 5190
kL 02488 (L2574 (L3310 0. 28008 DLA387 (S0
av 02383 (L2767 (L3100 .20 04272 (4954
kL 02282 (L2662 (L3092 0.2585 0.4 el (LARA0
39 D.ZIRS (L2561 (L2OEE 02478 .05 (4729
At 20 (h246k3 (L28RT 1.3374 0304 (a2
41 00, 1S (L2360 (L2TEE 0.3273 AR (L4514

42 LR LT (L2276 (L2603 3174 NATIR (RN



Coulomb’s Active Earth Pressure

If a uniform surcharge of intensity g is located above the backfill

P, = 1K,y H*

w1+ (w55 w)

%:;?Fer:;:E::hlﬂ

% [ |
b i)

FIGURE 16.15 Coulonsh's active pressure with a surcharge on the backfill



EXAMPLE 16.6
SERE

Consider the retaining wall shown in Figure 16.14a. Given: # = 5 m; unit weight of
soil = 17.6 kN/m", angle of friction of soil = 35° wall friction angle, §' = 3¢, soil

cohesion, ¢* = 0; e = 0; and B = 90°. Calculate the Coulomb's active force per unit
length of the wall.
SOLUTION
From Eg. (16.35),

P, =K,
From Table 16.6, fora = 0°, B = W°, ¢ = 35", and &' =%¢" =233V, K, =
(1.2444. Hence,

P, = H17.6)(5140.2444) = 5377 kN/m



EXAMPLE 16.7

Refer to Figure 16.15a. Given: H = 6.1 m, ' = 30°. &' = 20F, a = 5°, B = 45",
g = 96 kN/m’, and ¥ = 18 kN/m". Determine Coulomb’s active force and the loca-
tion of the line of action of the resultant P,

SOLUTION

For B =85 a =35 & =20°, " = 30, and &, = 0.3578 (Table 16.6). From
Eqgs. (16.37) and {16.38),

L I P

- K'“'Hl 1‘“[ Hmn-[ﬂ:+ﬂ}:| = FhaH
.

sing ] Fain

"

Py

= (O5)DISTRNISN6.1)* + (0.35T8)(6. 'H”-'[m]

= 119.8 + 208.7 = 328.5 kN/m

Lication of the line of action of the resultant:

— H H
ar
6.1 6.1
1198} —| + 3.7 —
I M ¥,
T 328.5

= .68 m (measured vertically from the bottom of the wall)



Lateral Earth Pressure Due to Surcharge

Line load

Line load of intensity g/unit length . gfusi lengh
oy — g ab
wH (a® + b*)

« = honzontal stress at depth z = bH

Lal

Because soil is not a perfectly elastic medium. The modified forms of the
equation above are :

da  ab
TE Rl (@ + ) “
g 0.203b
=2 fora = 0.4
T=H 016 + b7 a



Lateral Earth Pressure Due to Surcharge

Strip load of intensity g/unit area S b

4 umit kemgth

n-=1—:{ﬂ—silﬂmsla}

The total force per unit length (P) due to (b
the strip loading only

_ 49 _ HY8,— 8,)+ (R — Q) — 573a'H
P=— -8 - 1~ 9
og 162 = ) o 2H(B — ) ]
th = tﬂﬂ_(%){dﬁg} R=(a'+b')90 — &)
0 = 6790 - §,)
_a + b
#; =tan ‘( o )I[[l&g}l



EXAMPLE 16.8
SERE

Line Joad
g unat length

Refer to Figure 16.16a, which shows a line load surcharge. Given: H = 6 m, a =
0.25, and g = 3 kN/m. Calculate the variation of the lateral stress o on the retaining
structurc at 7 = 1, 2, 3.4, 5, and 6 m.

SOLUTION

Fora = 0.25, which is less than 0.4, we will use Eq. (16.41). Now the following table

can be prepared.

z {m) H {m) b=z/H o o (kN

| f {167 .25
2 o {.333 0.2% 46
3 [ 0.5 0.15 0502
4 [} {667 0.2% 0185 g 0203
5 & 0.833 0.2§ 0116 T =H0.16 + O] fora =04
fa i 0073

L 0.25




EXAMPLE 16.9

EXAMPLE 16.9

Refer to Figure 16.16b. Here, a" = 2m, &' = Il m, g = 40 kN/m’, and H = 6 m.
Determine the total force on the wall (kN/m) caused by the strip loading only.

SOLUTION
From Egs. {16.45) and (16.46),

sy

2+ 1
= tm'l(T) = 2657

From Eq. {16.44),

1 _an=9 _ -
P= m[H{E? ] m[ﬁ{lﬁ.i’? 0.46]] = 45.63 kN/m

[
i

g uml kength

ihi




EXAMPLE 16.10

EXAMPLE 16.10

|-7.':l 4|+| -
Refer to Example 16.9. Determine the location of the resultant 7. g unit length

SOLUTION

From Eqgs. (16.48) and (16.49),

R={a" + BP0 — &) = (2 + 11N — 26.57) = 570.57
@ = b9 — 8, = (DA% — 9.46) = 8054

From Eq. (16.47),

. [H"{ﬂ! —d1+(R— - 57.3.::‘;.']
2H(B, — 8y)
_[16/(26.57 — 9.46) + (570.87 — 80.54) — (ST.3)2H6) | _
L [ (2)(6)(26.57 — 9.46) =386 m )




Passive Earth Pressure

Passive earth pressure

* Initially, solil is in K, state.

* As the wall moves towards (pushed into) the soil mass,

* o, remains the same, a"d/[ Passive state}
- o, increases tiII occurs. o, G,

wall movement




Orientation of Failure Planes

* From Mohr Circle the failure planes in the soil make + (45 - ¢/2)-degree

angles with the direction of the major principal plane—that is, the
horizontal.

* These are called potential s/ip p/lanes.

- L .
A A 2 2
¥ SESS
TS
TS
TSTSTETSTITETEL

)

¢
o
o
00
o
&

A
X
%
%
%
%

.
00
o
X
<

6:
%
%

<45 - 412)

g
O
&

4

o Because the slip planes make angles of (45 - ¢/2) degrees with the major principal
plane, the soil mass in the state of plastic equilibrium is bounded by the plane BC'.
The soil inside the zone ABC” undergoes the same unit deformation in the
horizontal direction everywhere, which is equal to AL /L.,




Passive Earth Pressure

 As the wall moves towards the soll,

. — Initially (K, state)

K ___ Failure (Passive state)
o Rankine’s passive state
\le\ov
ce &8
(oS

/ W >

C, (o} o)

\ — _
At-rest earth T
pressure increasing o, passive earth }

pressure




Passive Earth Pressure

Failure plane

T | [Failure plane is at
45 - ¢/2 to horizontal

v




Passive Earth Pressure

e
qe\°9
e 8
l‘a\\\)‘ o, — 0,
) 2
g,, — O, Sin@ =
p__V C.Cotg +%p T %
A 2
G O'v 2\ On .
5 >l 0y + 0y 4.‘ (o)
2

P = tan® 45 + —

2 Z

"F *. H:, = Rankine passive earth pressure coefficient
ol = nf,mu’(dfﬁ + T] + 24-:':;:{-45 + —} #-')

ot = oK, + 20V, Py = 17H'Ky + 20HVE,



Passive Earth Pressure

Diirection of
wull movemend 45 - @
—f A 45 — g2 h ﬁ
K i o i Calliad e -
L :n.""# a\‘“ri‘ '-.,\_*“‘..r ‘n,‘H_.." ‘r’.-r
o .‘_.ﬂ’ At _.-" s - '.'-\-.. - Y
‘_I‘L. L I £
" - T, -
S __.-'"H""x.. _‘.-"". i:""n.. ,.-"'r-.- 1 *l
T T =
T - . e
H o=l
= 5
[ g T .\_‘.d'"
- -
g
.
. Fetatien aheal
this puint tal

o} = ik, + 20'VE,

Pr=:ll E:HE‘H""’E_%

Shear siress

Efective

sress

T

X

¥

iy, = dF,

fe— Kl + 20K, —




EXAMPLE 16.13
P

ExAMPLE 16.13

A 3 m high wall is shown in Figure 16.22a. Determine the Rankine passive force per
unit length of the wall.

&
= 1571 EMN/m?
$; = 30"
I 2m o =0
Groundwater
'I ¥ tahle




EXAMPLE 16.13
- Eitir




EXAMPLE 16.13

v = 1572 kN/m’
g = N
ey =0




Rankine Passive Earth Pressure

Vertical Wall and Inclined Backfill
Granular backfill ¢’=0

o, = ¥k,
P, = 1yH'K,
cos a + Vieos® @ — cos® ¢
K, = cos o
g cos ae— Y cos® o — cos® @'

Table 16.9



Rankine Passive Earth Pressure

TABLE 16.9 Passive Earth Pressure Coefficient &, [from Eq. {16.70)]

¢ (deg) —
lex (deg) 25 30 32 34 36 38 £l
0 2,970 3.0 3255 3,537 3852 4204 45099
4 2.715% 2.943 1,196 3,476 3.TRE 4.136 4517
10 2,551 2,775 a0 3,208 3.50% 3037 4316
15 2,384 2502 2740 3003 3.293 618 1977
20 1.918% 2,132 2362 2612 2 HRG 3189 1526

25 1.434 1.60:d 1854 2.135 2.3 2676 2087




Rankine Passive Earth Pressure

D
Vertical Wall and Inclined Backfill

c'-¢' Soil

o = ¥iK, = yeK; cos a

2cost +1(£]m5 * gim '
o - b b

ryld a
+ \/4{:-051 alcos” o — cos” ') + 4(%) cos™ &' + E(cﬁ)mﬁzu sin ¢' cos &'

Table 16.10



Rankine Passive Earth Pressure

TABLE 16.10  Values of K

ey
a (deg) &' (deg) 1] 0025 s 0075 1 o2 0.5
i} 15 16054 L. 7636 L.H2ET 15930 145090 e L] 30016
i} 20 2401390 AR 21824 22538 23282 iRy ] 3A6TH
i} 25 24639 15424 2 pdM 2650 2778 30918 403345
1] 3 EELEUY 10866 31Tz 32508 33464 LR RS 4,731
i} 35 ER: 1. TR62 LRk 19783 40074 d 4586 26112
i} 40 459549 4.7k 48134 4 9206 S0278 4567 B, T34
5 15 16l 37 L.7156 L. TH30 1.53501 14169 21823 20T
5 20 15340 1 0669 1136 22112 2 3R4n 15734 34353
5 25 24195 14989 15TR2 il 273467 30529 19985
5 £l 20543 10416 31288 32150 33050 ERLT B ERTEL
5 35 Apdiz 17378 134z a93na7 400271 i 125 556TH
5 40 45445 46521 475497 4 AT 40747 s B934
Lk 15 14841 L5041 | flils 1.7153 17852 2070 2ETY
Lk 20 18530 1.9323 2T 10E63 21622 ZAibls 3332
Lk 25 22854 2 3680 24502 2531 21nl35 29370 3 E050

feemaiinaed i



Coulomb’s Passive Earth Pressure

1. The weight of the wedge, W
2, The resultant, R, of the normal and shear forces on the plane BC,

3. The passive force, P,

K, = Counlomb’s passive pressure coefficient
- 1 yra _ sin*(B—g¢')
F_!ﬂgﬂ g i il sin (¢’ + 5')sin (&' + )
Bsin(B+8) 1= sin (@ + &')sin (8 + o)




Coulomb’s Passive Earth Pressure

Ky = Conlomb’s passive pressure coefficient
sin’(8—g)

sin (¢’ + &')sin (@' + u]:l:l

ﬂ"lﬂﬂ"mJ’E'}[l ~ \ sin(B + &)sin (B + a)

TABLE 16.11  Values of K, [from Eq. (16.74)] for 8 = 907 and o = O

& (deg)
& 1deg) i 5 10 15 20
1% 1698 190101 2130 2 4005 2735
20 2,040 2,313 3 636 3030 3,525
25 2,464 2,830 3286 3855 4,597
30 3000 3,504 4.143 4977 6105
35 3,690 4,300 5310 6854 8,324

40 46K 5.590 .96 HRT0 11.772




Comments on the Failure Surface Assumption
for Coulomb’s Pressure Calculations

The fundamental assumption in Coulomb’s pressure calculation methods for active
and passive pressure is the acceptance of plane failure surface.

However, for walls with friction, this assumption does not hold in practice. The nature
of actual failure surface in the soil mass for active and passive pressure is shown in
Figure below, respectively (for a vertical wall with a horizontal backfill).

Note that the failure surface BCis curved and that the failure surface CDis a plane.

A---——--—n




Comments on the Failure Surface Assumption
for Coulomb’s Pressure Calculations

Although the actual failure surface in soil for the case of active pressure is
somewhat different from that assumed in the calculation of the Coulomb
pressure, the results are not greatly different.

However, in the case of passive pressure, as the value of 6’ increases,
Coulomb’s method of calculation gives increasingly erroneous values of £, .

This factor of error could lead to an unsafe condition because the values of Pp
would become higher than the soll resistance.

Several studies have been conducted to determine the passive force Pp ,
assuming that the curved portion BC in is an arc of a circle, an ellipse, or a
logarithmic spiral (e.g., Caquot and Kerisel, 1948; Terzaghi and Peck, 1967;
Shields and Tolunay,1973; Zhu and Qian, 2000).



Caquot and Kerisel Solution for Passive Earth
Pressure (Granular Backfill)

Inclined wall with horizontal backfill
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Caquot and Kerisel Solution for Passive Earth
Pressure (Granular Backfill)
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Caquot and Kerisel Solution for Passive Earth
Pressure (Granular Backfill)

If&6' /" #= 1,

1. Assume 6" and b’

2. Calculate 8" /",

3. Using the ratio of &' /¢b' (step 2), determine the reduction factor, ', from
Table 16.12.

4. Determine K, from Figure 16.25 for &' /¢’ = 1.

5. Calculate K, for the required &' /db” as

K, = (RK 5] {16.76)

TABLE 16.12 Caguot and Kerisel's Reductlon Factor, R, for Passive Pressure Caleulation

&/
¢’ 07 i (LA 4 03 nz 1 (X1}
10 IR 0.962 LR E 0.429 IR e (.89% (LEHL (1864
15 (1961 0934 LR E (.EE1 .55 (830 0.803 0775
20 (.93 (.90 .EA2 (.R24 0.7E7Y 0752 0.716 067
25 0912 (L RA0 (1508 0754 .71 (Lh66 (1520 0574
A0 0878 (Rl 0.7 R 627 0574 (.52 (0467
35 0.536 0752 .674 LR 01.536 0475 0.417 0362
40 0.783 (682 0502 0512 0430 0375 0306 0262
45 n7is (0 (.50 414 0.330 0276 1.211 0174




Caquot and Kerisel Solution for Passive Earth
Pressure (Granular Backfill)

Vertical wall with Inclined backfill

|
'FF = ETH?'I,

. Determine o/’ (note the sign of o).
. Knowing o' and a/d’, wse Figure 16.26a to determine K, for

5 =1

. Calculate &' /.

Go to Table 16.12 to determine the reduction factor, B

. K, = "'y K s =il (16.7E)

5000
Al
Ll

2011
P i

5.0

30—




EXAMPLE 16.14
.

Consider a 3 m high (#) retaining wall with a vertical back (# = 0°) and a horizontal
granular backfill. Given: ¥y = 15.7 kWN/m*, &' = 15°, and ¢¢' = 30°. Estimate the pas-
sive force, Py, by using

a. Coulomb’s theory
b. Caquot and Kerisel's theory

SOLUTION

Part a
From Eq. {16.73),

1
P, = EI‘,-_.-H’

From Table 16.11. for ¢ = 30" and 6" = 15°, the value of K, is 4.977. Thus,

P, = (%}14.9?7]-{15.?]{3}1 = 3516 kN/m

Partb
From Eqg. (16.75), with # = 0.H, = H,

1o
P, = SYH'K,
From Figure 16.25a, for ¢ = 30° and §'/d' = 1, the value of K_;. ,._, is about
5.9, Also, from Table 16.12, with ' = 30° and &' /e’ = 0.5, the value of B’ is 0.746.
Hence,
|

1
P, = SyH'K, = JU57)(3)(0.746 > 5.9) = 311 kN/m



EXAM
. _--

The soil conditions adjacent to a sheet pile wall are given in the Figure below. A
surcharge pressure of 50 kN/m? being carried on the surface behind the wall.

For soil 1, a sand above the water table, ¢’= 0 kN/m? and ¢' = 38° and y = 18 KN/m3,
For soil 2, a saturated clay, ¢’= 10 kN/m? and ¢ = 28° and y_,, = 20 KN/m?.

-Calculate K, and K, for each of soils (1) and (2).

Complete the given table for the Rankine active pressure at 6 and 9 m depth behind
the wall shown in the Figure.

Complete the given table for the Rankine passive pressure at 1.5 and 4.5 m depth
in front of the wall shown in the Figure.

g= 50 kN/m?

Soil (1) Fgo |



Table . Active and passive earth pressures on sheet pile wall

Active Pressure (kN/m?)

Passive Pressure (kN/m?)



SOLUTION
P

SOLUTION

Soil 1: K, = (1-sin 38)/(1+sin 38) = 0.24
Kp =1/K, = 4.17 g= 50 kN/m?

Soil 2: K, = (1-sin 28)/1+sin 28) = 0.36
K, =1/K,=2.78

Soil (1) Hgo |

' Soil (2) &

Passive Active




SOLUTION

T

- Active Pressure (kN/m?2)

“ 1 0.24x50 =12

_ 1 0.24x (50 + 18 x 6) =37.9

_ 2 0.36x(50+ 18x6)-2x/0.36 x10 = 44.9

- , 036x(50+18x6+10.2x3)-2x/0.36 x 10 geas
+9.81x 3

.

- Passive Pressure (kN/m?)

n 1 4.17x 18x1.5 =112.6

n 2 2.78x18x1.5+2x+/2.78 x10 = 108.4

n ,  278x(18x15+10.2x3 )+ 2x \/Tn: xggal y rp03

]
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RECOMMENDED PROCEDURE

Calculate the appropriate k for each soil
Calculate o, at a specified depth
Add g if any

Multiply the sum of (o, , q) by the appropriate k (for upper and lower
soil) and subtract (or add for passive) cohesion part if exists.

Calculate water pressure

Divide each trapezoidal area into a rectangle and a triangle
Calculate areas and that give the lateral forces

Locate point of application for each force

Find the resultant force

. Take moments about the base of the wall and find location of the

resultant



EXAMPLE

location under an active pressure condition.
q=95.76 kPa

Plot the Rankine pressure diagram and find the resultant force F and its

H=9.14

=0° Ky=
vs=18.85 KN/’
¢=3831kPa

.......

P1=29398 kPa

|3%.106
42418

,=29.398+9.708=39.106 kPa

44.41* Py =42.418+19968=44.415 kPa

>

456322 kPa

_ 64.9025 kPa

A

=
=

84.1286 kPa

106.1862 kPa

M

M

k' 4

62.765 kPa

69.498 kPa

M




SOLUTION
L

Ath=0'p =qK =(9576)(0307) =29398 kPa
Ath=-1834p =7hK =(1728)(1.83)(0307)=9.708 kPa
Ath=-{1.83-dh)=[q + (1,) L83] K, =[95.76+ (17.28)(1.83)] (0333)= 42418 kPa
Ath=-2442p =(,-Y )hK =(19.64-9.81) (061)(0.333) =1.0968kPa—>E2 218 ~TI6E=IT TP

Ath=-(244+dh) -[q+(yl)l.83 *(1,-7 ) 061]K -2 VK, fromp=1h K - 200K

=[95.76 +(17.28)1.83 +(19.64~9 810 61] (0.704)- 2028.73) (0.84) =45 6322.kPa
Ath=-518.p = (1,-Y )hK, =(198951) 0.74) 0.704) =1927kPa 4563241927 643005 kb
Ath=- (5.18+dh)=[95.76 + 3162+ 5996 +27.3726] (1) 238 31)1) =84.1286 kPa
Ath=-1620p =(y,- )hK,=(1885-951) 0:4) () =220576 ks

".84.1268+22.0576= 106.1862 kPa
Ath - (7.62 + dh) = [95.76+31.62+ 5.996+27.3726+22.0576](0.49) - 2(19.15)(0.7) = 62.765 kPa

Ath=-9144p = ”{5 Y )b K, =(18.85-9.81)1.52) (049)=6.733 kPa
»+62.76316.33 =69.498 kPa



SOLUTION

106.1862 kPa

FJ‘\

A

L%
.

62.765 kPa

69.498 kPa

M




SOLUTION

/29398 kPa
F1 39.106 kPa
.‘_—
1.83 £y ~42418kPa
62.386 kPa ! 9708 kPa
$ 0.61 F3 <™, q—Lljifg_ms kPa
R
456322
kPa
274 « P
——
F6
sl B 1927kPa
¢ >
84.1286 kPa
+
244 <
F7 F8
1061862kPa <
> 4220576 kPa
Z >
62765 kPa
o . l ) F11
- F9 F10
v 6.733 kPa

Ry

7317 =71.71 kPa
l 0 69 498 kPa "



SOLUTION
. :

Fi = (29398 kPa) (183)= 53 708 kN
F2=0.5(9.708 kPa) (1.83)=8§.8828 kN

F3=(42418)061)=25875 kN
F4=0.5(19.968 kPa) (0.61)= 7.8919 kN
F5 = (45,6322 kPa) (2.74)=125.032 4N
F6=0.5(19.27kPa) (2.74)=26 3999 kN
F1=(84.1286 kPa) (2.44)=205 2738 kN
F8=0.522.0576 kPa) (244)=2691 kN
FO= (62765 kPa) (152) =95 4
F10=0.3(6.733 kPa) (1.52)=5.117kN

Fi1=05(7171)(731) = 262,104 KN
Theresultant Ris R =% Fi= 842 68448 kN

Thelocation of Ris...... EMﬂ =0 (about 0)

842.68448(y)=(53.798) (8.225) + (3.8828) (7.92) + (25.875) (7.005) + (7.8919) (6.903)+ (125.032) (3.33) +
(26.3999) (4.873)+ (205.273) (L74) + (26.91) (2.33) + (95.4) (0.76) + (5.117) (0.506) + (262.104) (2.4366)

\ 371 y=1882 33943 —————y=3 4206 m above “0”
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