RETAINING WALLS
P

CHAPTER 17

Omitted parts:
Sections 17.9-17.18




INTRODUCTION
P

Retaining walls are structures that restrain soil or other materials at locations
having an abrupt change in elevation.

In the preceding chapter, you were introduced to various theories of
lateral earth pressure. Those theories will be used in this chapter to
design various types of retaining walls.

In general, retaining walls can be divided into two major categories:
(a) Conventional retaining walls
(b) Mechanically stabilized earth walls.

When a retaining wall is used to support the end of a
bridge span as well as retaining the earth backfill, it is
called an abutment.

Bridge abutments differ in two major respects from the usual
retaining wall in:

1) The carry end reactions from the bridge span

2) They are restrained at the top so that an active earth
pressure is unlikely to develop.




COMMON TYPES OF RETAINING WALLS

Conventional retaining walls can generally be classified into
four varieties:

1.Gravity retaining walls
2.Semigravity retaining walls
3.Cantilever retaining walls

4.Counterfort retaining walls

* Most of these types are permanent.

« Some types of the embedded retaining walls (such as sheet Pile wall
and braced cut) are used temporarily during construction.

* The temporary retaining work is called “shoring”.



COMMON TYPES OF RETAINING WALLS

i1 Cantilever wall
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o We have to estimate the lateral soil pressures acting on these
structures, to be able to design them.



APPLICATIONS OF RETAINING WALLS
-

Different forms

Different sizes

Different loadings
Different failure concerns
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APPLICATIONS OF RETAINING WALLS

o Not all retaining walls are above ground. Here is an underground wall that
contains an automatic car parking system (the Trevis SPA, Milano, Italy).



GRAVITY RETAINING WALLS
P

o This type of wall has relatively huge size and weight, and not
economical for high walls.

o They rely on their self weight to support the backfill and
achieve stability against failures.

o The following are the main types of wall:
» Masonry gravity walls

» Concrete gravity walls
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MASONRY WALLS




SEMIGRAVITY RETAINING WALLS
P

In many cases, a small amount of steel may be used for the
construction of gravity walls, thereby minimizing the size of
wall sections

Reindorcement




CANTILEVER RETAINING WALLS

O Cantilever retaining walls are made of reinforced concrete that consists
of a thin stem and a base slab.

U This type of wall is economical to a height of about 8 m.

O The cantilever wall utilizes cantilever action to retain the mass behind
the wall from assuming a natural slope.

O Stability of this wall is partially achieved from the weight of soil on the
heel portion of the base slab.

=l Eerndorcemenl




CANTILEVER WALLS

A cantilever wall stem under construction.

Made of reinforced concrete that consists of a thin stem and a base
slab. This type of wall is economical to a height of about 8 m.



COUNTERFORT RETAINING WALLS
P

0 Counterfort retaining walls are similar to cantilever walls.

O At regular intervals, however, they have thin vertical concrete slabs

known as counterforts that tie the wall and the base slab together.

O The purpose of the counterforts is to reduce the shear and the bending.

U The counterfort is behind the wall and subjected to tensile forces.

Counderfon




BUTTRESSED RETAINING WALLS
P

A buttressed retaining wall is similar to a counterfort wall, except that the
bracing is in the front of the wall and is in compression instead of tension.

Buttress retaining wall



SHEET PILE WALLS

» Steel sheet pile walls are
constructed by driving steel
sheets into a slope or excavation
up to the required depth.

 Their most common use is within
temporary deep excavations.

* It cannot resist very high
pressure.
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PHASES OF DESIGN

There are two phases in the design of a conventional retaining wall.

. With the lateral earth pressure known, the structure as a whole is
checked for stability. The structure is examined for possible
overturning, sliding, bearing capacity, and overall (deep-seated)

failures.

ll. Each component of the structure is checked for strength, and the
steel reinforcement of each component is determined.

o In this course we will consider the procedures for determining the
stability of the retaining wall. Checks for strength can be found in any

textbook on reinforced concrete.



EXTERNAL AND INTERNAL STABILITY
S

For design of retaining walls we need to consider external and internal
stability




EXTERNAL STABILITY

bearing capacity failure deep-seated shear failure




EXTERNAL STABILITY
P

A retaining wall may fail in any of the following ways:

* It may overturn about its toe.

* It may s/ide along its base.

* It may fail due to the loss of bearing capacity of the soil supporting the base.
* It may undergo deep-seated shear failure.

* It may go through excessive settlement.
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EXTERNAL STABILITY

Failure by sliding Failure by settlement



DEEP SHEAR FAILURE

o Deep shear failure can occur along a cylindrical surface, such as abc
shown in the figure below, as a result of the existence of a weak layer
of soil underneath the wall at a depth of about 1.5 times the width of

the base slab of the retaining wall.

o In such cases, the critical cylindrical failure surface abc has to be
determined by trial and error, using various centers such as O.

o The failure surface along which the minimum factor of safety is
obtained is the critical surface of sliding.
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INTERNAL STABILITY
P
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INTERNAL STABILITY
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DESIGN OF RETAINING WALLS
P

The Four Primary Concerns for the Design of Nearly any Retaining Wall are:

1. It has an acceptable Factor of Safety with respect to overturning.
2. It has an acceptable Factor of Safety with respect to sliding.

3. The allowable soil bearing pressures are not exceeded.
4. The stresses within the components (stem and footing) are within code
allowable limits to adequately resist imposed vertical and lateral loads.

It is equally important that it is constructed according to the design.



DESIGN OF RETAINING WALLS
P

~ 1. Select trial dimensions
Phase | 2. Estimate horizontal soil force on stem This Course
- =
3. Check for sliding and overturning
_ 4. Check sub-soil pressures B
~ 5. Estimate critical bending and shear o
Phase I 6. Select concrete grade and rebar cover __ Reinforced
— 7. Select rebar, observing minimum Concrete
Course

requirements _




Proportioning Retaining Walls

Gravity and Cantilever Walls

In designing retaining walls, an engineer must assume some of their dimensions.
Called proportioning, such assumptions allow the engineer to check trial
sections of the walls for stability.

If the stability checks yield undesirable results, the sections can be changed and
rechecked.

Figure shows the general proportions of various retaining-wall components that
can be used for initial checks.

The top of the stem of any retaining wall should not be less than about 0.3 m for
proper placement of concrete. The depth, D, to the bottom of the base slab
should be a minimum of 0.6 m. However, the bottom of the base slab should be
positioned below the seasonal frost line.

For counterfort retaining walls, the general proportion of the stem and the base
slab is the same as for cantilever walls. However, the counterfort slabs may be
about 0.3 m thick and spaced at center-to-center distances of 0.3H to 0.7H.



Proportioning Retaining Walls

First, approximate
dimensions are
chosen for the
retaining wall.
Then, stability of

wall is checked for
these dimensions.

Section is changed
if its undesirable
from the stability or
economy point of
view.

Gravity Wall

Cantilever Wall




Design of Retaining Walls

Application of Lateral Earth Pressure Theories to Design

Rankine Theory

O Rankine theory is modified to be suitable for designing a retaining
walls.

O This modification is drawing a vertical line from the lowest-right corner
till intersection with the line of backfill, and then considering the force
of soil acting on this vertical line.

d The soil between the wall and vertical line is not considered in the
value of P, so take this soil in consideration as a vertical weight
applied on the stem of the retaining wall as will explained later.



Design of Retaining Walls

The wall is vertical and backfill is horizontal




Design of Retaining Walls

The wall is vertical and the backfill is inclined with horizontal by
angle (a)

P.=1/2yH"K,
H'=H+d——d=L tana
Pa,h=Pacos(a)

Pa’v=Pasin(a)




Design of Retaining Walls

The wall is inclined by angle (0)with vertical and the backfill is inclined with
horizontal by angle («):

P.=1/2yH"K,

K — cos(a — 0) \/1 + sin?¢ — 2 sind cos Ur,

: cos26(cosa + +/sin?¢ — sin?a)

sina

= sin~? — 20
Wa = sin (Sind)) or

P.1, = P, cos(a) ., P,y =P;sin(a)




Design of Retaining Walls

Application of Lateral Earth Pressure Theories to Design

Coulomb’s Theory

O Coulomb’s theory will remains unchanged (without any modifications).
O The force P, is applied directly on the wall, so whole soil retained by the
wall will be considered in P,

O the weight of soil will not apply on the heel of the wall.



Design of Retaining Walls
O

P,=1/2yH2K,

Pa,h=Pacos(6+9)

P,.=P,sin(5+6)

Backfill material  Range of 5 (deg)

Giravel IT-30
Caoarse sand M-2%
Fine sand 1525
Suff clay 15-20

Silty clay 12-16




STABILITY FOR OVERTURNING
P

FE"_'}_EH,

where

=M, = sum of the moments of forces tending to overturn about pont O
ZM; = sum of the moments of forces tending to resist overturming about point O

-

where P,= P_,cos «
P, = P,sin o

Y=
V=

C

d
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STABILITY FOR OVERTURNING
P

Resisting Moment
Dnving Moment WA Forars : = M

34
PR

!

.:3',»1

Moment About o Mp = Pa - ¥Ya Mg = F’p-yp +Wias +Wsa, +W,a; +W, a4




STABILITY FOR OVERTURNING
P

- LMy MMM+ M+ M+ M,
(owerurming) — P, cosalH'3)

TABLE 17.1 Procedure for Calculating Z0,

it Moment arm Maoment
Section Area lengih of wall mpeasured from aleoart

il {2} (3 {4) (51

1 A, W=y =4 X M,
2 A, W= XA A M,
3 Ay W,=y_ X4, X, M,
i Ay W, =y XA, Xy M,
] Ay Wy= 3 X A, X5 M,
f Ag W=y XA, Xy M,
o i M,
TV M,

{Mete s 3, = undt welght of backfill
¥ = unil weaght of concrele
Remark X, = horzomtal distance berween C and the centrold of the ssction)

Some designers prefer to determine the factor of safety against overturning
with the formula

M M+ M+ M+ M+ M,
FS tovectumng) = P cosalH'/3) — M,



EXAMPLE 171

ExampLE 17.1

OVERTURNING

The cross section of a cantilever retaining wall is shown in Figure 1712, Calculate
the factors of safety with respect to overturning, sliding, and bearing capacity.

SOLUTION
From the figure, i
H =H +H +H, =26t +6+07 —
P
=043 +6+07=713m ey= |
1 i Hy=6m
The Rankine active force per unit length of wall = P, = Ty H K, For & = 307 and Pi _»
a = WP, K, is equal to 0.3495. {See Table 16.1.) Thus, @ "Er S L
.= H18)(7.158)%(0.3495) = 161.2 kN/m g
P, =P, sin 1(F = 1612 (sin 10F) = 28.0 kN/m DA Py
_L 1 07 m Hy=0Tm
and c 4 o= 19 ENim?
b 07 e 0.7 o f—— 26— P
P, =P, cos 1F = 1612 (cos 107 = 158.73 kN/m ym 40 kA

FIGURE 17.12 Calculation of stababiey of @ retainiing wall



EXAMPLE 171
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Factor of Safety Against Overturning
The following table can now be prepared for determining the resisting moment:

Welghtfunit  Moment arm
Section Area length From point O Msmbent — %
oo () (lcNfim} () (kN - m/m} o ! Vo cossim
| s =3 0.4 1.1% H1.3% -!
2 HO2p6 = 0.6 14.15 0.533 11.79 ;
yi=18kNm® |
i d x0T =28 02 ] 132,04 &, =130 !
=l |
i G 1h= 156 28080 7 TR 16 | e
j rambm
£ _%[I.E!]I:U'.-HE:I = {1.50% 10.71 113 e P.-il' _——-i'[j-P"
=280 1.0 12,0 @ T g
E¥ = 47042 L128.86 = EM, E
“For sectbon numbers, refer wo Figure 1712 Cimen ¥ i 4
Note: v = 2358 kN/m’ } 07 m 6] My=07m
C : o= 10 kNim’
The overturning moment te-07m DT moafe— 26m —=] d%lgw.f
H 7.158 )
M, = Py Ev i I58.75 — = 37878 kN -m/m FIGURE 17.12 Calculation of sability of 3 retaining wall

_ EM, 112886
lvrlming T ay 0 37878

F§ = 2.9% = 2, OK



EXAMPLE 17.2
P

A gravity retaining wall is shown in Figure 17.13. Use "= 2,/3¢y| and Coulomb’s
active carth pressure theory. Determine:

a. The factor of safety against overturning

OVERTURNING = 185 K
] = 3217
ry=(}
SOLUTION
The height v
H=3+15=65m
Coulomb’'s active force is R
P, = syiHK,
B 2167 m
Withee = 0°, = 75°. 8" = 2/3d. and b} = 32°, K, = 0.4023. {See Table 16.6.) S0, 3
P, = L18.5)(6.5/(0.4023) = 157.22 kN/m R
P, = P, cos(15 + 36} = 157.22 cos 36.33 = 126,65 kN/m T -ﬁcwm‘
Cp= 30 KMim*

and
p'_ = F., iiJ'I{lﬁ- -+ %lﬁ} = 15727 sin 36,33 = 93 14 kN/m FIGURE 17.13 Giravity retabinng wall (ool o scale)



EXAMPLE 17.2
P

Part a: Factor of Safety Against Overturning
From Figure 17.13, we can prepare the following table:

Mloment arm
Area Area Weight from O Moment s
Ba (m® (kN () (kN - /) b 32
I LiST)01.83) = 4.36 102,51 218 224.1% a=
2 06 (5T) = 342 80,64 1.37 11048 '“/
P H02TS.T) = 0.7 1816 0.9% 1750
i = {31.5)(0.8] = 1.5 a2 1.75 11554 e
FPo=9314 283 253,59
ZV = 360077 kKMNfm My = 730154 kN-m'm 210
L = m
Vv = 2358 KN/m® |
m
Note that the weight of the soil above the backface of the wall is not taken into ac- . ® R T
count in the preceding table. We have e .
{LHm .3 m Tr= 18 KNy
o : iS5m | i
Overturming moment = M = P'{TJ = [2665(2.167) = 274,45 kN - m/m €2 = 30 kN
IGURE 17.13 Gravity retavimng wall (nol 1o scale)
Hence,
M, 73154

FS aerunring) = = 267> 20K

SM. 27445



STABILITY FOR SLIDING ALONG THE BASE
S

The horizontal component of active force may causes movement of the wall in
horizontal direction (i.e. causes sliding for the wall), this force is called driving force

I:d=Pa,h

et
L ey
I S e e v e
% S I = s SR L o L A L T
2w T e TS e TR e e
D b LA P 4 o -, - & R R T
R LGRS - WL E T s = .‘
S ooy ) CERT e L plag o 3, B 4y PRLERorE O B B e s e
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STABILITY FOR SLIDING ALONG THE BASE
S

The driving force will be resisted by the following forces:

1. Adhesion between the soil (under the base) and the base of retaining wall:
c, = adhesion along the base of retaining wall (KN/m)
C_= c_,xB = adhesion force under the base of retaining wall (KN)
C, can be calculated from the following relation:
c,=K,C,

where c,=cohesion of soil under the base
So adhesion force is:

C,=K,c,B



STABILITY FOR SLIDING ALONG THE BASE
-

2. Friction force due to the friction between the soil and the base of retaining wall :
Friction force is calculated from the following relation:

Ffr = |JsN
where N is the sum of vertical forces calculated in the table of the first check
(overturning) —N=2V (including the vertical component of active force)
M = coefficient of friction (related to the friction between soil and base)
Hs = tan(y)
0, = Kq6,
Hs = tan(K¢,)
¢, = friction angle of the soil under the base.
F.. = 2Vxtan(K,¢,)

Note: K,=K,=(1/2—2/3) if you are not given them —take K,=K,=2/3



STABILITY FOR SLIDING ALONG THE BASE
S

3. Passive force Py

The total resisting force FR can be calculated as following:

Fe= SVxtan(K,d,)+K,c,B+Pp

Factor of safety against sliding

F
FSq = F—R > 2 (if we consider Pp in Fg)
d
R

FSq = P > 1.5 (if we dont consider Pp in Fg)



STABILITY FOR SLIDING ALONG THE BASE
S

FS(EHding] - é—i: d_,___-—-'f‘_"'_#_
]
|
Shear strength along the base i %':
§=g'tan &' + ¢} l i .
TV i
R' = s(area of cross section) = §(B * 1) = Bo' tan 8' + Bc] :l.s ,
|

&
R' = (2 V)tand' + Bc, ) / Jl'—]

2 Fp = (X2V)tand' + Bc, + P,

2 F,= P cosa [E V)tand' + Bey + FP

F5(giging) =

P cosa




STABILITY FOR SLIDING ALONG THE BASE

If the desired value of FSg4, is not achieved,
several alternatives may be investigated:

1. Increase the width of the base slab (i.e., the heel _—

of the footing). """_""?."
2. Use a key to the base slab. If a key is included, &,

the passive force per unit length of the wall B

becomes

|- ,
Pp = 37:2D1K, + 2ot DWEK,

T T (&)

.
wh-:n:ﬁfp.=tanl 45 + —|. F, : {1 Useof a
2 ) i\ g B key
_______ L

3. Use a deadman anchor at the stem of the
retaining wall.

4. Another possible way to increase the value of
F<(sliding) is to consider reducing the value of F..

w2



STABILITY FOR SLIDING ALONG THE BASE
-

4. Another possible way to increase the value of F4(sliding) is to consider reducing
the value of Pa. One possible way to do so is to use the method developed by
Elman and Terry (1988) for the case in which the retaining wall has a horizontal
granular backfill.

The active force, P, is horizontal (a0 = 0) so that
P,cosa=P,=P,

and PR r "
. [

P,sina=F,=0 A

However, =0l
H 5

P.=P, +P v LN P,

a a(1) ai2) ! — :r'.r 13 - [Fq

; y (17.123)
e

J'Jr_,:___l_%_"__-"_p 3

The magnitude of £, ,, can be reduced if the heel of the retaining wall is sloped.
For this case,
P,= Py AP,y



STABILITY FOR SLIDING ALONG THE BASE
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P, =Py + AP,y

J. r ayx
Payy = 3 nl{H — B )

| ;
ﬂ=5hﬁﬂz

|
Pul}l = E "?'1'F:|:|”-"rll'z - {H"l - -DI:F]

|
F,,=E

W

1
:‘1
L]
T Iy
l='| 1 '|'.
=0l
1 b
l k
Lo
i
I " "|-F.-|::||
! 5
1
i "l
i 3
i !
______ L

KA — D'V + ’;-T.x,,m'! —(H - D'P

E
!

l.|E.|:|

{17.12)

TABLE 17.2 Variation of A with &} (for o’ = 45%)

Soil friction angle,
gy (deg) A

20 (.28

a4 014

30 11,03

35 .03

A0 0018




EXAMPLE 171

ExampLE 17.1

The cross section of a cantilever retaining wall 15 shown in Figure 17.12. Calculate

the factors of safety with respect to SLIDING

SOLUTION
From the figure,
H =H +H,+H =26tn 0" +6+07
=0458 + 6+ 0.7 =7.158m

The Rankine active force per unit length of wall = P, = %y,H'zﬁu. For ¢ = 30" and
a = WP, K, is equal to 0.3495. {See Table 16.1.) Thus,

.= H18)(7.158)%(0.3495) = 161.2 kN/m
P, = P_sin 10F = 161.2 (sin 10F) = 24.0 kN/m

P, =P, cos IF = 160.2 (cos 10°) = 158.75 kN/m

1
| ]
1
1
1
1
¥i= 1EENm' |
&= 30 i
=0 |
:
: Hy=tm
]
P
fon el
'L~ e 101
@ (i By
1
| ]
| ]
1
1
1
T 1
1
I 5m=D T .
_L lll'h- H=07m
C i vem 19 ENm?
b 07 e 0.7 e 26 m ——] :
@y= 200
=40 kMim?

FIGURE 17.12 Calculation of stababity of a retainiing

wall




EXAMPLE 171
P

Weight/unit  Moment arm
Section Area length from point € Moment
no.* (m?) (KN/m) (m) (KN m/m)
1 6X05=3 70.74 1.15 81.35
2 ;(o,z)(, - (.6 14.15 0.833 11.79
3 4 X07=28 66.02 2.0 132.04
1 6X26~156 25080 2.7 758.16
S 1(2.6)(0.458) = 0.595 10.71 313 33582
P, =280 4.0 112.0
W el ARG = o

'Rx section numbers, refer to Figure 1712,
NOLE: ¥, nnne = 23.58 KN/m’



EXAMPLE 171
P

(EV)an(kd}) + Bl + Py

F'E['-"BIJ_

Purosa
Let k, = ky = §. Also,
P, = Ky’ + 2aVED

K, = tan’| 43 +%)=um1|{45+ 100 = 2.04

and
D=15m
So
P, = HZO4N19)(1.5) + 2(40)(vZTH(1.5)
= 4361 + 171.39 = 215 kN/m
Hence,

3
ES =
{sicting) 158.75

11149 + 106.67 + 215
a 15%.75

{4?{:.42]@:(1 - zn) + {4](%)(44]] + 215

=273> 150K

Nofte: For some designs, the depth Din a passive pressure calculation
may be taken to be equal to the thickness of the base slab.



EXAMPLE 17.2
P

A gravity retaining wall is shown in Figure 17.13. Use &= 2/3¢] and Coulomb’s
active carth pressure theory. Determine:

SLIDING S
B = 320
ry=(}
SOLUTION o
The height <
H=53+135=65m I
Coulomb’s active force is
P = %Tlﬂllﬁn | 2167
Witha = I, = 75,8 = 2/ 3. and ] = 32°, K, = 0.4023_(See Table 16.6.) So, _*m
) 1 ) T
P, = H18.5)(6.5/%(0.4023) = 157.22 kNim | .- s v
P, = P, cos(15 + 3]} = 157.22 cos 36.33 = 126,65 kN/m | 'S S0k

and FIGURE 17.13 Gravity retaining wall {not 1o scale)
P, = P,sin(15 + 3bf) = 157.22 sin 36.33 = 93.14 kN/m



EXAMPLE 17.2
P

From Figure 17.13, we can prepare the following table:

Moment arm
Area Area Weight” from C Moment
no. (m*’ (KN/m) (m) (KN m/m)
1 1(5.7)(1.53) = 4.36 102.51 218 224.13
2 (06)(5.7) = 342 80.64 1.37 110.48
3 i(O.zy) (5.7) = 0.77 I18.16 0.958 17.80
4 = (35)(08) - 28 66.02 1.75 115.54
P, =914 283 263.59
| IV « 360.77 kN/m EM, = 731.54 kKN m/m

Yeurrae = 23.58 kN/m’



EXAMPLE 17.2
P

Part b: Factor of Safety Against Sliding

We have
{Eﬂum(% qbi) + %c‘iﬂ' “p,
FS g = P,

P, =ik yD* + 20K D
and

K, = [:Blll(ﬂ-ﬁ + %) = 237
Hence,

P, = H2ITHIEN15P + 2(30)(1.54)(1.5) = 186.59 kN/m

So

2 2
J60TT lan(; x Zd) + E[Hﬂ}{lj] + 186.59

FS . =
Ialiding) 12665

_ 103.45 + 70 + 186.59
B 12665

If P, is ignored, the factor of safety is 1.37.

= L84



STABILITY FOR BEARING CAPACITY FAILURE

/T—(—’___d—
R=ZV +P, ] i
- L
P, 15 P, cosa. l AT
The net moment of these forces about point Cis 3 '

M_ = XM, — M,

Let the line of action of the resultant R intersect the base slat "
at £. Then the distance

TE =X = o
TV
B
-—-TE
72
B
- sv Y _zvf, 15.-!]
IV My mar = e T TRT) ( 7\
TR 7



STABILITY FOR BEARING CAPACITY FAILURE
S

gu = CANF gFo + Ny FpaFy + 37 B'N F 4F

9= %0 Inclination fact
B =B — % nclination factors
X
Shape factors F,, F,,,and F,, = 1 Fy=F,= (, _ %)
Depth factors : (Use B not B’)
(-5
Fo={1-—
) v s’
casesﬁﬂl - 1 P, cosa
1. Ford—0.0 B Y
Dy
Fog =1+ 04 (E)
Foa = 1
Fra=1
2. Forgp > 0.0
1-F Ty

g (P
Fga =1+ 2 tand (1 — sing) (E)
F'fd = 1



EXAMPLE 171

ExampLE 17.1

The cross section of a cantilever retaining wall is shown in Figure 17.12. Calculate
the factors of safety with respect o Bearing Capacity Failure

SOLUTION
From the figure,
H=H +H +H =26tan IIF + 6+ 0.7
=458 + 6+ 0.7 =7.158m

The Rankine active force per unit length of wall = P, = 3,4, . For 4} = 30" and
a = I0°, K, is equal to 0.3495. {See Table 16.1.) Thus,

P, = ${18)(7T.158)°(0.3493) = 161.2 kN/m
P, = P, sin 107 = 161.2 {sin 10F) = 28.0 kN/m

P, = P, cos 1IF = 160.2 (cos 107) = 158.75 kN/m

Lim _—
] _i Hy=0438 m
| ]
| ]
1
] 1
1
1
¥= 1EENm' |
&= 300 i
=i |
i
] | i=6m
]
P
P, A
A 1T
@ il i Py
1
| ]
| ]
1
1
i
T @ 1
ISm=0 T x
.JL 07 m Hy=0Tm
L ¢ ye= 19 kM/m’
b 07 m el 07 moefe— 26m —e .
=100
b= 40 kNim®

FIGURE 17.12 Caleulation of stababiry of a retainting

wall




EXAMPLE 171
P

Weight/unit  Moment arm
Section Area length from point € Moment
no.* (m?) (KN/m) (m) (KN m/m)
1 6X05=3 70.74 1.15 81.35
2 ;(o,z)(, - (.6 14.15 0.833 11.79
3 4 X07=28 66.02 2.0 132.04
1 6X26~156 25080 2.7 758.16
S 1(2.6)(0.458) = 0.595 10.71 313 33582
P, =280 4.0 112.0
W el ARG = o

'Rx section numbers, refer to Figure 1712,
NOLE: ¥, nnne = 23.58 KN/m’



EXAMPLE 171
P

Factor of Safety Against Bearing Capacity Failure
Combining Eqs. (17.15) and (17.16) yields
_ B EMy—3IM, 4 112686 — 37878

e = ==
2 v 2 470042

=ﬂ_dEI5m{§= = (166G m

Again, from Egs. (17.1%) and (17.19),

SV Gel 470420 6 X 0.406 .
.;b,,.=—(| ——)= 1 - )=45.93m.rm—
B B 4 \
_Evf | 6e) _47042( 6% 0406
doe = g Bl 4 4

= 189.2 kN/m*
The ultimate bearing capacity of the soil can be determined from Eg. (17.200.

1
?u=EWrF:HF:|+q~gF#F¥'+ETJHFN1FJ“
For ¢y = 20° (see Table 6.2), N, = 14.83, N, = 6.4, and N, = 5.39. Also,
g = ¥ = {19)(1.5) = 28.5 kN/m’
B =B —2¢=4— 2{0.406) = 3.188 m

=L 1 — 1.14%
Fy=Fyu— "'_= 1148 — ———————=1.175
N_tan o i 14.83){tan 20}

D 1.5
Fou=1+2tandil —singd =) =1+ 0315 =] = 1.148
s il m’m’(s') (3.133)



EXAMPLE 171

00"
and
- ,(F.cmu) _ ,(153_?5) .
TV 47042
S0
Fi=Fy= (| —%}1=ﬂﬁlﬂ
and e
18654
o o R Uy

Hence,

g, = (40N 14.83)(1.175)(0.628) + (28.5)(6.4)(1.148)(0.628)

+ H19)(5.93)(3. 188)(1)(0)
= 437.72 + 131.5 + 0 = 569.22 kNfm*

and

_ 4, 56921
s gty = g 1= g o = M OK

Fs



EXAMPLE 17.2
P

A gravity retaining wall is shown in Figure 17.13. Use &= 2/3¢] and Coulomb’s
active earth pressure theory. Determuine:

The pressure on the soil at the toe
¥ = 185 kN/m®
and heel el
SOLUTION m
The height <
H=35+15=65m o p,
Coulomb’s active force is
P = %Tlﬂllﬁn | 2167
Withe = (F, § = 75°. "= 2/3d{.and ] = 32°, K, = (L4023 {See Table 16.6.) S0, _*m
) 1 i IR
P, = Y18.5)(6.5/10.4023) = 157.22 kN/m _ - i
Py =P, cos(15 + 3} = 157.22 cos 36.33 = 126,65 kN/m ' L i

and FIGURE 17.13 Gravity retaining wall {not 1o scale)
P, = P,sin(15 + 3bf) = 157.22 sin 36.33 = 93.14 kN/m



EXAMPLE 17.2
>

From Figure 1713, we can prepare the following table:

Moment arm
Area Area Weight o Muamsent
no. ! (kN/m) (m) (kN - m/m)
| L%.7101.53) = 4.36 10251 218 224.13
I (D65T) = 342 Ril6d 1.37 110,48
o 02TET) = 077 15,16 0.9% 17.80
4 = (15)(0.85) = 2.5 66,102 1.75 115.54
Po=9314 2.83 263,50
EV = 36077 kN/m EMy = 730154 kN-m'm

Vorerese = 2358 kN/m”

Part ¢ Pressure on 5oil at Toe and Heel
From Eqgs. (17.15) and {17.16),

B ZIM,—-EM, 35 73154 — 27445 st < B _ s
“7 3 Tv 2 360.77 - 6
vl Ge]  360.77 (6) (0.453)
= =] | + =] = ——] 4 ———Z| = 188.43 kN/m’
T "p [ E] 35 [ 35

Gt = E[, - E] - mw[l - {*”M“:'] — 1773 KN/m?
B 35 35



EXAMPLE 17.3
P

ExamprLE 17.3 i F
Refer to the gravity wall described in Example 17.2 and redo the problem using i '
. - ! ! = 185 kBUm*
Bankine active pressure. ' N [ e
' HIGEL
SOLUTION ® i © -
] 17 m
The retaining wall is redrawn in Figure 17.14. From the figure. ' = 5 + 1.5 = 6.5 m, 0] ; ;
. | ;
+ 32 1 ]
K, = mni(d.i - ﬂ) = tan{aﬁ - T) = 0307 ! ! r,
: - P
1 - | I 1
P,=—yHK, = —(18.5)(6.5)%(0.307) = 11998 kN/m = 120 kN/m i ;
2 2 75\ i J 216Tm
..:: .I -
1.53 m ¥ m
Welght per Moment arm Momeent }
Secthon Arem unuit bengil from O aboul Tttt
1 436 102,81 218 224.13 A R el
2 342 8.6 1.37 L1048
. FIGURE 17.14
EI T 18.16 00,98 1750
W 28 o201 1.75 11554
5 (0SHLSINET) = 436 Bi1.66 2.60 216.9%
B (A Tun A = 171 304 335 L0599
TV 370,93 M, = 790.92

"From Exampls 172



EXAMPLE 17.3
P

Part a: Factor of Safety Against Overturning
Overtuming moment, M, = F,(HTJ = (1200{2.167) = 2600 kN - m/m.

My 79092

FSi i = - 304
loveiming! TSN 2600

Part b: Factor of Safety Against Sliding

3 3

2 2
(V) tan (—:ﬁl'l) + —e3 + s
FSiing = P,

From Example 172, P‘F = 13659 KMN/m. So,

(379.93)(tan 16) + G}(zm{;j} + 186.59

Pl hting = 170 = 305

Part c: Pressure on Soil at Toe and Heel

B ZM,—3M, 15 (790.92 — 260.0)

g=— = - =175 - 1397 =0353m
2 v 2 379.93
qm=E1-'1+E)=3?9.93“+ErH[I.353)="1H”IE .
B B 35 |
qm=E_1"1_ﬁ_e _37993f 6 X0353) o e kNim?
B H 35 | 35



MID TERM EXAM
P

Figure below shows the cross-section of a reinforced concrete retaining
structure. The retained soil behind the structure and the soil in front of it
are cohesionless and has the following properties:

SOIL1: $=35°  y, =17 kN/m?,
SOIL2: ¢$=30°, & =25°,
Yqg =18 kN/m3, y . =20 kN/m3

The unit weight of concrete is 24 kN/m?3
determine
eFactor of safety against overturning
eFactor of safety against sliding
eMaximum base pressure should not exceed 150 kPa



MID TERM EXAM
P

30 KN/m?

oo | || ]
2.0 m
2.9m
0.6 m

2.0 m



SETTLEMENT FAILURE

Generally, a factor of safety of 3 is required.

The ultimate bearing capacity of shallow foundations occurs at a settlement
of about 10% of the foundation width.

In the case of retaining walls, the width Bis large. Hence, the ultimate load
q, will occur at a fairly large foundation settlement.

A factor of safety of 3 against bearing capacity failure may not ensure that
settlement of the structure will be within the tolerable limit in all cases.

Thus, this situation needs further investigation



CONSTRUCTION JOINTS
P

Construction joints

are vertical and horizontal joints that are placed between two successive pours
of concrete. To increase the shear at the joints, keys may be used. If keys are

not used, the surface of the first pour is cleaned and roughened before the next

pour of concrete.

Erughened
surface

Eeys

-ﬁ.- - e




CONSTRUCTION JOINTS
P

Contraction joints

are vertical joints (grooves) placed in the face of a wall (from the top of the
base slab to the top of the wall) that allow the concrete to shrink without

noticeable harm. The grooves may be about 6 to 8 mm wide and 12 to 16 mm

deep.
Back of wall

Conbtraction
joint Face of wall



CONSTRUCTION JOINTS

Expansion joints

Allow for the expansion of concrete caused by temperature changes; vertical
expansion joints from the base to the top of the wall may also be used. These
joints may be filled with flexible joint fillers. In most cases, horizontal
reinforcing steel bars running across the stem are continuous through all

joints. The steel is greased to allow the concrete to expand.

Rack of wall

l

T

Expansion Face of
joink wall



DRAINAGE FROM BACKFILL
-

As the result of rainfall or other wet conditions, the backfill material for a

retaining wall may become saturated, thereby increasing the pressure on the
wall and perhaps creating an unstable condition.

For this reason, adequate drainage must be provided by means of
1. Weep holes

2. Perforated drainage pipes

-

Wieep haole Filler malerial

p

Filter milemial

r?__- Perfarated pipe

'-'l-"-"' o




DRAINAGE FROM BACKFILL

When provided, weep holes should have a minimum diameter of about 0.1 m
and be adequately spaced. Note that there is always a possibility that backfill
material may be washed into weep holes or drainage pipes and ultimately clog
them. Thus, a filter material needs to be placed behind the weep holes or
around the drainage pipes, as the case may be; geotextiles now serve that
purpose.

Two main factors influence the choice of filter material:

The grain-size distribution of the materials should be such that

(a) The soil to be protected is not washed into the filter and

(b) Excessive hydrostatic pressure head is not created in the soil with a lower
hydraulic conductivity (in this case, the backfill material).

The preceding conditions can be satisfied if the following requirements are
met (Terzaghi and Peck, 1967):

Dhsim - e F : filter
< 3 [to satisfy condiion{a)] _ :

Dgsip B : backfill soil

Dysim D,s : diameter through which 15% will pass
=4 [to satisfy condition(b)]

Dysim) Dgs : diameter through which 85% will pass



EXAMPLE 17.4

Figure 17.17 shows the grain-size distribution of a backfill matenal. Using the condi-
tons outlined in Section 178, determine the range of the grain-size distnbution for
the filter material.

Percend finer

)] 5 I 1 0% 2 1 (LD5 (L02 kol
CEraim sze {mens)

FIGURE 1717 Derermination of grain-size distribution of flver materaal



EXAMPLE 17.4
P

SOLUTION
From the grain-size distribution curve given in the figure, the following values can
be determined:
Dy = 0.04 mm
Dy, = 0.25 mm
Diy = 0.13 mm
Conditions of Filter

L. 55 should be less than 50 that is, 3 X 0.25 = 1.25 mm,

L D55 should be greater than 405 4 that is, 4 X 0,04 = 0.16 mm.
3. Dy, should be less than 25055 that is, 25 X 0.13 = 3.25 mm.
4. Dy 5 should be less than 20055, that s, 20 % 0.04 = 0§ mm.

These limiting points are plotted in Figure 17.17. Through them, two curves can
be drawn that are similar in nature to the grain-size distribution curve of the backfill

material. These curves define the range of the filter material to be used.
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