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Chapter one:



1.1lintroduction of retaining walls:

A retaining wall is a structure designed to sustain the earth behind it. It retains a steep faced slope of an
earth mass against rupture of slopes faced slopes in cuts and fills and against sliding down. The retained
material exerts a push on structures and this tends to overturn and slide it. Besides the self-weight, the
main predominant force for analysis and design of the retaining wall is lateral earth pressure. The lateral
earth pressure behind the wall depends on the angle of internal friction and the cohesive strength of the
retained material, as well as the direction and magnitude of movement of the stems. Its distribution is
typically triangular, least at the top of the wall and increasing towards the bottom. The earth pressure
could push the wall forward or overturn it if not properly addressed. Retaining walls are encountered
and constructed in various fields of engineering such as roads, harbors, dams, subways, railroads,
tunnels, and military fortifications.

Figure 1.1 retaining wall supports a building side slope

Retaining walls are built can be used to define property boundaries and provide privacy or security., and
Retaining walls provide support and stability for structures built on sloped or uneven ground. They can
be used to enhance the visual appeal of a landscape by creating terraced gardens or defining different
levels of a yard.

Retaining walls are structural members used to provide stability for soil or other materials and prevent
them from assuming their natural slope, in this sense, the retaining wall maintains unequal levels of
earth on it is two faces.



When compared to the use of a conventional cut or fill slope, the use of a retaining wall generally results
in more developable land, as shown in Figures 1.1 and 1.2.

Figure 1.2 Section showing a slope between two structures that are at different
elevations with respect to each other.

Figure 1.3 Section showing the use of a cantilever retaining wall between two
structures rather than a slope (Figure 1.2) to allow the structures, such as those of a
residential tract development, to be spaced closer together resulting in more
developable land.



1.2 The purpose of retaining wall:
A retaining wall is a structure designed to hold back soil or withstand land pressure.

It is a structure that is designed to retain the shape of a landscape, hence its name. Lateral earth
pressure that requires a retaining wall could be from backfill, soil pressure, soil erosion, liquid pressure,

and even sand. Any sort of granular materials behind the retaining structure can cause this pressure.

¥

1.3 the most common material used for retaining wall:

1. Concrete: Durable and versatile, concrete retaining walls can be poured on-site or precast
and offer various design options.

2. Timber: Wood retaining walls are popular for their natural look and ease of installation,
though they may require more maintenance.

3. Gabion: Gabion walls are constructed using wire mesh baskets filled with rocks or stones,
providing both strength and aesthetics.

4. Stone: Natural stone retaining walls offer a classic appearance and can be dry-stacked or
mortared for stability.

5. Brick: Brick retaining walls provide a timeless aesthetic and are often used for decorative
purposes in addition to functionality.

6. steel and plastic interlocking sheets

7. Anchors into the soil or rock mass (soil nailing)



1.4 Common Problems with retaining walls

The biggest problem with retaining walls is poor drainage, which in turn means saturated soil

wet soil adds extra weight and can put additional strain on the wall, the single biggest enemy of
retaining walls is water, saturated soil put pressure on retaining walls, if saturated soil is freezes,
expansion forces can be significant, wall may move as a single unit, leaning away from the hill or
may crack and break apart,

Retaining
Permeable - Wall

Backfill

Weep or Drain

Figure 1.5 weep/drainage holes in retaining walls
Vegetation growth: Plant roots can penetrate retaining walls, causing damage and
compromising structural integrity.
e AT - 7H

Figure 1.6 Vegetation growth caused
to fail of retaining wall



Poor maintenance: Neglecting routine inspections, repairs, and maintenance can
exacerbate existing issues and lead to deterioration over time

Figure 1.7 retaining wall maintenance properly over time to prevent the fail



1.5 Retaining wall applications:

Erosion Control: Retaining walls help prevent soil erosion by holding back soil on slopes or
hillsides.

Figure 1.8 retaining wall for protection rock and soil falls

Landscaping: They are used to create terraces or multi-level gardens, making sloped landscapes
more usable and aesthetically pleasing.

L . h‘

Figure 1.9 Retaining wall landscape



Water Management: They are used in drainage systems to control the flow of water and
prevent flooding or water damage.

Figure 1.10 Gabion River stream and coastal erosion control.

highway retaining wall: constructed to support and stabilize the embankments or cut slopes
along highways and roads.

Figure 1.11 highway Retaining wall



culvert (sewer) walls: The culvert retaining wall serves to support the embankment or roadway
while also providing structural stability to the culvert, and crucial role in ensuring the safe and
efficient conveyance of water under transportation infrastructure.

e e

Figure 1.12 culvert retaining wall

Tunnel portals approaches: is built along the sides of a tunnel to support the surrounding soil
or rock and prevent collapses or instability.

x\'\‘“x" R,

Figure 1.13 tunnel portal retaining wall



1.6 lateral earth pressure:

The lateral Earth pressure due to earth pressure is the major force acting on the retaining wall,
we provide a retaining wall to prevent soil from the sudden collapse of soil mass like a landslide.
Retaining wall should be designed to support appropriate lateral pressure, such as surcharge
water pressure and earthquake loading.

1.7 Type of earth pressure

Two types of earth pressure should be considered during the process of designing retaining

wall.

i. active earth pressure (pa)

Active earth pressure refers to the lateral pressure exerted by soil against a retaining
structure when the soil is in a state of movement away from the structure. It typically occurs
when the soil is allowed to freely expand or move away from the structure, causing it to
exert pressure against the retaining wall or structure. This pressure is influenced by factors
such as soil properties, wall geometry, and the relative movement between the soil and the
structure.

Active earth pressure can be reduced by:

1. reducing coefficient of active earth pressure (increase more compaction for the soil
which increase the soil friction angle (@))

2. Providing proper drainage: Improving drainage behind the retaining wall can reduce
the build-up of hydrostatic pressure, which contributes to active earth pressure.

3. The sloped face behind retaining wall helps to distribute the lateral pressure exerted by the
soil more evenly along the height of the wall, minimizing the risk of wall failure due to
excessive pressure.

4. Modifying the slope(decreasing) of the soil behind the retaining structure can reduce
the lateral pressure exerted on the structure.



ii. Passive earth pressure

Passive earth pressure refers to the lateral pressure exerted by soil against a retaining structure
when the soil is being pushed towards the structure. It occurs when the soil is prevented from
moving away from the structure, causing it to exert pressure against the structure in the opposite
direction. Passive earth pressure is typically lower than active earth pressure and is commonly
observed in situations where the soil is being retained by a wall or a similar structure.
Understanding passive earth pressure is important in the design of retaining walls and other
structures to ensure stability and structural integrity.

1.8 design consideration:

The Four Primary Concerns for the Design of Nearly any Retaining Wall are:
1. That it has an acceptable Factor of Safety with respect to overturning.
2. That it has an acceptable Factor of Safety with respect to sliding.

3. That the allowable soil bearing pressures are not exceeded.

4. That 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.

for calculate the pressure at any point of the retaining wall this information should be known
exactly

e height of the water table

e type of wall

e material used in the construction of wall
e nature and type of soil



Chapter two



2.1 Type of Retaining Wall:

Gravity Retaining Wall

Crib Retaining Wall

Gabion Retaining Walls

Cantilever Retaining Wall

Counter-fort / Buttressed Retaining Wall
Anchored Retaining Wall

Sheet Piled Retaining Wall

N o Uk W

2.1.1 Gravity retaining walls

Gravity retaining walls use the gravitational force of their own weight to resist the lateral earth
pressure from the soil behind them, which prevents toppling and sliding. They are the simplest

and earliest recorded type of retaining wall.

Built of concrete, masonry, brick, blocks or mass cast-in-situ concrete, these hard-wearing
structures rely on their large weight to resist toppling and sliding caused by the lateral earth

pressure from the soil behind them.

Gravity retaining walls are typically designed to be wider at their base, with sloped faces,
enabling them to resist the higher lateral earth pressures at depth. As such, this type of retaining

wall is easy to build and suitable for retained heights of up to about 3m.

Despite their advantages, gravity retaining walls are not suitable for retained heights above 3m.
If built any higher, the retaining structures tend to take up too much space and can end up being
too heavy for the ground below, leading to bearing capacity failure. Ultimately, this can result in

the wall failing to retain soil.


https://www.tensar.co.uk/resources/articles/what-is-the-bearing-capacity-of-soil

Gravity Retaining Walls
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Fig.2.1 Materials used for gravity retaining wall construction

advantages:

e casy to construct
e can be built quickly.
e They are also durable and require minimal maintenance.

Disadvantages:

e (Qravity retaining walls are not suitable for high walls
e may require additional reinforcement if the soil is unstable.

2.1.2 Sheet pile wall:

are retaining walls constructed to retain earth, water or any other filling materials. Sheet piles
are sections of sheet materials with interlocking edges that are driven into the ground to provide
earth retention and excavation support. Sheet piles are most commonly made of steel, but can
also be formed of timber or reinforced concrete.

These walls are thinner in section compared to masonry walls. Sheet pile walls are generally
used for following: 1. Water front structures, i.e. in building wharfs, quays and piers.

2. Building diversion dams, such as cofferdams 3. River bank protection 4. Retaining the sides
of cuts made in earth Sheet pile walls can be of timber, reinforced concrete or steel.



Sheet pile wall advantages are:

It is light in weight, making lifting and handling easy.

It is reusable and recyclable.

The length and design of the pile are easily adjustable.

Joints are designed to withstand the high pressure necessary for them to be placed in
place.

e They can be used for temporary and permanent structures.

e The work is neat, clean, and creates no spoil arisings. The supervision of work on-site
can be reduced, and minimal storage space is required.

Sheet pile wall disadvantages are:

Installation of sheet piles is difficult in soils with boulders or cobbles. In such cases, the
desired wall depths may not be reached.

Settlements in adjacent properties may take place due to installation vibrations

Steel sheet piles are a relatively expensive material, and installation requires specialized
equipment and personnel, further increasing the cost.

Corrugated steel sheet piles require regular maintenance to maintain their integrity and
prevent corrosion, which can add to the overall cost.

Figure 2.2 sheet pile retaining wall



Cantilever retaining wall

Cantilever retaining wall are usually of reinforced concrete and work on the principles of
leverage. It has much thinner stem and utilize the weight of the backfill soil to provide most of
the resistance to sliding and overturning. Cantilever retaining wall is the most common type of
earth-retaining structure.

The stem and base slab are two components of the cantilever retaining wall. Cantilever retaining
walls are often built of concrete that has been prepared on-site by forming formwork. As a
cantilever retaining wall, a precast retaining wall is employed.

Part of the base slab is put below the backfill material in this retaining wall. The heel is the
vertical part, while the toe is the other vertical part. A cantilever retaining wall is normally very
cost-effective up to 10 meters.

Compared to a gravity retaining wall, this retaining wall uses less concrete. However, it is
meticulously built to account for various aspects in its ideal state. The cantilever retaining wall
design includes sliding, uplift pressure, and soil bearing pressure.

Advantages of cantilever retaining wall:

o (Cantilever walls offer an unobstructed open excavation.
o Cantilever walls do not require installation of tiebacks below adjacent properties.
o Cantilever walls offer a simpler staged construction procedure.

disadvantages of cantilever retaining wall:

e Maximum excavation for cantilever walls is rather limited, typically to 6m.

o [t is generally not recommended to use cantilever walls next to adjacent buildings.

o Control of lateral wall displacements depends on the mobilization of passive earth
resistance.

o For deeper cantilever excavations the wall stiffness may need to be considerably
increased. This can limit the available space within the excavation.

Figure 2.3 cantilever retaining wall



2.1.3 buttress retaining wall

A buttress retaining wall is an enhanced structural solution for holding back soil on sloped
terrains. It consists of a vertical wall that’s reinforced with support elements, known as
buttresses, which extend at right angles or are inclined from the face of the wall. This design
significantly strengthens the wall and helps to counteract the lateral earth pressure. The
buttresses distribute the load more evenly, allowing the wall to be thinner and more economical
than a plain retaining wall. Typically made of concrete, the buttress retaining wall is suitable for
sites with heavy loads and poor soil conditions

e

Figure 2. Buttress Retaining Wall

2.1.4 Counterfort retaining wall:

Counterfort retaining wall is those retaining wall which withstands all the lateral forces by its

flexural action rather than its weight. So, such wall has a broad base foundation, vertical stem
reinforced with bar and supported by thin transverse slabs called Counterfort placed at regular
intervals.

Counterfort are used for heigh walls with heigh greater than 8 to12 m, The are also used in the
situation where there is high lateral pressure , where the back fill soil are heavy surcharged , the



counterfort tie the base slab and wall stem together and the act as tension bracing which
strengthen the connection between wall and base slab , the counterfort help to reduce bending
moment and shear forces induced by the soil pressure to the retaining wall , moreover ,it also
serves to increase the self-weight of the retaining wall which adda stability to the retaining wall .

advantages of counterfort retaining wall

e These walls are more economical to tie the vertical wall with the heel slab by
counterforts.

To support vertical walls, this wall acts as a tension member.

This wall reduces the bending moment and supports the hell slab.

By weight of the earth and by self-weight, stability is maintained.

From 8m to 12m, this wall height ranges.

These walls are more widely used because it is hidden beneath the retained materials.
For more efficient space in front of the wall, these walls have a clean and uncluttered
face.

disadvantages of counterfort retaining wall

they can be expensive to build.
Retaining walls require careful planning and engineering to ensure they are strong
enough to hold back the soil.

e counterfort retaining walls is that they can be difficult to maintain

Figure 2. Counter Retaining Wall


https://www.quora.com/What-is-the-structural-action-of-heel-toe-of-a-retaining-wall

2.1.5 crib retaining wall:

A crib retaining wall is a gravity retaining structure, usually employed for soil stabilization and
erosion control. It consists of interlocking boxes made from precast concrete or timber, forming a
crib-like framework. This framework is then filled with granular material such as gravel, soil, or
rocks, which adds weight to the structure and enhances its stability. The openings in the wall
allow for natural drainage, reducing hydrostatic pressure behind the wall. Crib retaining walls are
favored for their flexibility and ease of installation, making them suitable for applications such as
landscaping, slope stabilization, and support of embankments.

advantage of crib retaining wall

o Has a soft natural appearance that blends into the surrounding environment.

e Depending on the materials used, crib walls can be environmentally friendly options,

especially if constructed with sustainable or recycled materials.

o surface and/or deep drainage systems will be provided to keep the backfill materials free

from groundwater pressures

o Crib walls are relatively simple to construct, requiring fewer specialized skills and

equipment compared to some other types of retaining walls.

o Compared to other retaining wall options, crib walls can be more cost-effective to build,

especially for larger retaining projects.

e Durable, with very little maintenance requirements.

Disadvantage of crib retaining wall

e Compared to other retaining wall options, crib walls can be more cost-effective to build,

especially for larger retaining projects.
e Crib walls are typically not suitable for very tall retaining wall applications.

e Construction of crib walls often requires significant site preparation and excavation,

adding to the overall cost and time of the project.



Figure 2. Crib Retaining Wall

2.1.6 Gabion Retaining wall:

Gabion retaining wall systems are one of the oldest forms of gravity wall. Gabion walls are
manufactured by factory fabricating a galvanized hexagonal wire mesh of varying diameters into
box cages. These box cages are site filled with stones, cobbles, rocks, and gravel in a pattern as
per design. A gabion basket is built from heavily galvanized steel wires which form a porous
structure.

They are used in areas where the foundation conditions are not favorable for adopting any other
retaining structures. The concept of a gabion wall is to increase the shear capacity of rock by
providing the box cages. They can accommodate substantial ground movements without failures.
Gabion boxes are free-draining structures that can reduce hydro-static pressure drastically.

The main purpose of a gabion wall is to stabilize the soil on coasts, river banks, roads, highways,
and slopes.

In addition, gabion walls are used to build temporary flood walls, river training, and for river
lining. There are several upsides to building a gabion wall on your project site or private

property.



Advantage of gabion retaining wall

using the material made by excavations the costs of acquisition and transport are
significantly reduced

gabion walls are permeable and are not damaged by passing water

Efficiency of gabion walls can increase in time, since the vegetation fills voids and
strengthens the wall structure

Soil movements don’t negatively influence gabion walls, which is an advantage in regard
to stiffer structures (reinforced concrete walls)

Easy to install.

Simple to assemble, disassemble and reuse.

Disadvantage of gabion retaining wall

The entire wall must be disassembled to reach the damaged area if the rocks shift or
become worn down inside the metal baskets as a result of heavy water and wave activity.
Gabion walls can require regular maintenance, such as checking for erosion, debris
buildup, and ensuring the wire mesh remains intact.

Gabions are not ideal for very high walls or structures. They are best suited for projects
with a height of up to 3 meters (10 feet).

Figure 2.7 Gabion Retaining Wall
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Type of failure
Sliding failure:

Sliding failure in a retaining wall structure occurs when the lateral forces exerted against the wall exceed
the wall’s resistance to horizontal movement, causing it to slide along its base or foundation. This type of
failure can be critical, leading to substantial structural damage or collapse if not addressed promptly.

Retaining walls are designed to hold back soil, water, or other materials, and they are subjected to
various forces, primarily the lateral earth pressure from the retained material. This pressure can increase
due to several factors, such as increased moisture content in the soil, additional loads on the soil surface
(like vehicles or buildings), seismic activity, or poor compaction during construction.

When the lateral forces exceed the frictional resistance between the base of the wall and its underlying
foundation or soil, the wall begins to slide. The critical element in resisting sliding is the frictional force
generated by the weight of the retaining wall pressing down on its base. The greater the friction, the
more resistance to sliding. Sliding can also be resisted through additional anchoring, such as tiebacks or
geosynthetic reinforcement, and by designing a wider base to increase stability.

Check for Sliding along the base

A slide results if the shear stress along some potential slip surface becomes equal to the shear strength.
One possible slip surface is shown in below Figure

P;.ﬂib
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Figure 3.4: Check for sliding along the base.

The factor of safety against sliding may be expressed by the equation:



>F
F'SSliding = Z_F: = 175

Where:
Fr = Sum of the horizontal resisting forces.

F; = Sum of the horizontal driving forces.

YEr=0QV)*tand' + BC'y + Pp
Y. Fy = P, * cosp

Where:

Pp = The passive horizontal force.

3V = Sum of the vertical forces.
&' = The angle of friction between the soil and the base slab and may be = g(b

C', = Adhesion between the soil and the base slab.
P, = The active horizontal force.

B = The angle of backfill slop.

_ (EV)«stans'+BC' +Pp
F-SSliding -

Pgxcosf

If the desired value of F. Sgj;4ing is not achieved, several alternatives may be investigated as illustrated in
Figure 3.5.

1. Increase the width of the base slab (i.e., the heel of the footing).
2. Use a key to the base slab.
3. Use a dead-man anchor at the stem of the retaining wall.

| Useof a dead
" | man anchor
¢

————= Base slab

| Increase

Figure 3.5: Alternatives for increasing the factor of safety with respect to sliding.



Overturning failure:

Overturning is one of the commonly observed causes for retaining wall failures.
Overturning failure is rotation of wall about its toe due to exceeding of moment caused
due to overturning forces to resisting forces.

Overturning failure occurs when the moments (rotational forces) generated by the lateral pressure
behind a retaining wall exceed the resisting moments created by the wall’s weight and other stabilizing
factors. This imbalance leads to a rotational movement that causes the wall to tip or overturn,
potentially leading to structural failure or collapse.

Check for overturning (Rotation):

@

Yz
“roc s

w

Figure 3.7 Check for overturning, assuming that the Rankine pressure is valid




The factor of safety against overturning about the toe-that is, about point C

_ XIMg
F-Soverturning - Y Mo

Where:
Y. M, = sum of the moments of forces tending to overturn about point C
Y. My = sum of the moments of forces tending to resist overturning about point C

The overturning moment is

HI
S Mo = Pr(5)
Where P, = P, * cosa

For calculation of the resisting moment, ), My

Note that the force P,=also contributes to the resisting moment.
P, is the vertical component of the active force P,

The moment of the force P, about Cis

M,=P,B = P,sina B

Where:

B = width of the base slab

Once Y. My, is known, the factor of safety can be calculated as

_ My+My+M3+My+Ms+Mg+M,,

F-Soverturning - b *cosa(H—’) =2
a 3
Section Area Weight/unit Moment Arm Moment about
length of wall measured from C
C

1 A1 Wl = ]/1* A1 X1 |V|1

2 Ay W, =y, *A; X2 M,

3 A3 W3 =Yc * A3 X3 |V|3

4 A4 W4 =Yc * A4 X4 |V|4

5 As W5 =7Yc * A5 X5 |V|5

P, B M,

N DM

y1 = unit weight of backfill & y. = unit weight of concrete



Bearing capacity failure

Bearing capacity failure in retaining wall structures is a critical structural failure that occurs when the soil
or foundation supporting the wall is unable to withstand the loads exerted by the retaining wall and the
materials it retains. This type of failure typically involves a loss of stability in the ground or foundation,
leading to significant movement, tilting, or collapse of the retaining wall.

Check for Bearing capacity failure

The vertical pressure transmitted to the soil by the base slab of the retaining wall should be checked
against the ultimate bearing capacity of the soil. The nature of variation of the vertical pressure
transmitted by the base slab into the

soil is shown in Figure 3.6. Note that toe and heel are the maximum and the minimum pressures
occurring at the ends of the toe and heel sections, respectively. The magnitudes of and can be
determined in the following manner:

I
I
I
I
]
I
)
I
J
I
f—— B2 f= - BI2 |

Amax = z:_V(]- + %) and Qmin = z:_V(]- - %)

area
Area =B. (1)

qmax=%(1+%e)

Tnin22(1-5%)



Where:
Z V = Alegbraic sum of all the vertical forces includes the weight of the soil .

B= width of the wall base

e= the eccentricity of the resultant force on the base

e=§—X

ZMR=PP><lp +ZWXZW
XMy =P, X1,

F.Spearing capacity = 7= 23

e Three different cases arise depending upon the value of (e)

B
1. e< —
6
2. e = — inthis case the maximum pressure can be computed as
2YV
Amax = B and Gmin =0

B . ... L . - .
e> o in this case tension is suppose to have developed as shown. since soil is consider incapable

Of resisting Any tension, the pressure is taken to be redistributed along intact of width 3B°, where b’

Is the distance of the line of action of ), V from the toe.q,,4 is then given by:
3V
Qmax = —5— and  qmin =0

B’—B
_2 e
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Methodology

Calculate forces
1. Coefficient of Active and passive Earth pressure

Because the backfill is horizontal, the Rankine equation can be written as:

1-sin® 0]
K, = ——ortan?(45-=
2 1+sing ( 2)
1-sin30
K, = -
1+sin30
1
Kp =—
Kaq

K, = coef ficient of active earth pressure

K, = coef ficient of passive earth pressure

@ = soil friction angle

2. For active pressure:
01 = Kg * (¥s * hy)
1
P1 = E * 0-1 * h1
o, = lateral earth pressure

P, = lateral earth pressure

3. Surcharge pressure

0, =K *q

P,=0, * h,

0, =

P, = lateral earth pressure

4. Passive pressure
03 =Ko * (s * hy)
1
P3 = E * 0-3 * hz

U3=



P; = lateral earth pressure

Stability Forces

W =Y (y * Volume)

Rv = Yv

W = Weight of soil or concrete

y = density of soil or concrete

Volume = volume of soil or concrete for one meter

Rv = sum of weights

1. Check overturning

X Mg

FS.0=
s0=58

= 1.5

Y. My = sum of resisting moment

Y. My = sum of overturning moment

2. Check sliding

Y Rv+tan(8)+C' B+Pp

FS.S= Py

C’a=z CI
3

Y. R, = Sum of the vertical forces.

&' = The angle of friction between the soil and the base slab and may be = E(Z)

C', = Adhesion between the soil and the base slab = g C'

Pp = The passive horizontal force.
Y. P, = sum of The active horizontal force.

B = The angle of backfill slop.



3. Check for Bearing capacity failure

6
Omax = % (1 + Ee) < Qall

XV 4 _ Ge
Qumin = (1 B)>0

Mnet:ZMR - ZMO

X: ZMnet
>v
B
e=—-—X
2
EZe
6

z V = Alegbraic sum of all the vertical forces includes the weight of the soil .

B= width of the wall base

e= the eccentricity of the resultant force on the base

Analysis

At stem

Pp=qx*xkx*h

A = Zxh

T‘mpl—z*

PZ:k*y*h*%h

A =I«n

mp, = %

Moment = Py x Armp + P, * Armp,
Shear force =P, + P,

P, = lateral earth pressure for surcharge

P, = lateral earth pressure for active pressure



At toe

— (dtoe= dnee)*X1

B + heel

q1
Shear force = 0.W * L, — qtoe2+ a1, L,

0. W = Yeoncrete * h

_ L2 Lq? Ly 2
Moment—O.W*T—ql*T—(qtoe— qy) * S *3% L

At heel

_ (qtoe— qnee)*X2
q2 = f-l_ heel

Shear force = O.W * L, — qhee;"’ A, L,

0.W = Yconcrete * hconcrete + Vsoil * hsoil + surcharge

_ L2 L2 L, 2
Moment = 0.W * —=—q3 * — = (42 = qheer) * 7 *3* L2

Design of section
For stem

Vu = 1.6 * shear force in steam

ove =2/fcbd
If Vu < @Vc -> safe.

Design of flexture

M, = 1.6 x Moment in steam



Pbd?
__fy
0.85fc
1 2R
p=rn= 1-F)
As = pbd

As > Agmin

Longitudinal

For A min

if use fy = 420 then use 0.0012

if use fy < 420 then use 0.0015

if bar size < No 16

if > No 16 & fy any then use 0.0015
Horizontal or transverse bars Ag jin = 0.0025

For horizontal 2> Ag i = 0.0025bh

For toe
Check shear

Vu = 1.6 * shear force in toe

ove =2/fcbd
If Vu < @Vc - safe.
Design of flexture

M,, = 1.6 x Moment in toe

R = My x10°
@bd?

__fy
0.85f¢




1 2R
p=rn= 1-F)
As = pbd
Ag min = Pminbh
AS > ASmlTl
Ab = %dz
No.of bars = 4s
Ap

. _ 1000
Spaang_No bars

For Shrinkage

Ag min = Pminbh

For Heel
Check shear

Vu = 1.6 x shear force in Heel

ove =2 /fcbd
If Vu < @Vc - safe.
Design of flexture

M, = 1.6 x Moment in toe

_ Myx10°
~ @ba?

I
0.85fc

R

1 2R
p= = [1-F)

A; = pbd

Ag min = Pminbh

Ab = %dz



A
No.of bars ==
Ap

000

Spaang=No bars

For Shrinkage
Ag min = Pminbh
_T 2
Ay = " d
As
No.of bars ==
Ap

000

spacing :No bars



Chapter Five:



Example

Design of cantilever wall to retain a bank of earth 5m Hight above ground level the bottom of base is 1m
below ground level. the soil has density of 1.8 t/m? and angle of friction of 30°.  The surface of the
bank is horizontal and is subjected to surcharge of 1.5 t/m?. The allowable pressure on soil is 1.5 kg/cm?.

take Fc’=200 kg/cm?, fy= 3600 kg/cm?.

Solution:

According to the Rankine method showed in figure (666) & our design retaining wall showed in figure
(666) below.

H24 {0.3m min) —=

Figure (666): Rankine Method Figure (666): Retaining Wall



Calculate forces

coefficient of Active and passive Earth pressure coefficient

Because the backfill is horizontal, the Rankine equation can be written as:

1-sin® 0]
=———ortan?(45--)
1+sin@® 2
_1-sin30 _1
1+sin30 3
1
Kp =
Kq
1
Kp=+=3
3

For active pressure:

o; =Ka * (ys * hy)

0, = § * (1.8 * 6) = 3.6 ton/m?
P1 = %* 0-1 * h1

P, = %*3.6*6=10.8ton

Surcharge pressure

92 =K:"q P3

e

0, =% *1.5=0.5 ton/m?
P2 = 02 * hz

P,=0.5*6=3ton

Passive pressure

o3 =Ko * (ys * hy)
05;=3*(1.8*1)=5.4ton/m?
Ps= %* o3 * h,

Py = %*5.4*1=2.7ton



Stability Forces

W =Y(y * Volume)

w1:§*0.2*5.4*1*2.5= 1.35 ton

W,=0.3%54%1=%25= 4.05ton

W3:=4%0.6%1%25= 6ton

W;=21%54%1%18= 20.412 ton

Ws=21+x15%1= 3.15ton
The sum of these weight:

Rv = Y v = 34.962 ton

Check overturning

VR > 15

FS.0=
XMo —

F Y

P3

w

The resisting moment and the overturning moment are shown in the following tables.

Table (777): The resisting moments.

Arm (m) Moment around toe (ton. m)
Force (ton)
W;=1.35 1.533 2.07
W, =4.05 1.75 7.0875
Ws3=6 2 12
W, =20.412 2.95 60.215
Ws=3.15 2.95 9.293

Table (777): the overturning moments.

Arm (m) Moment around toe (ton. m)
Force (ton)
P1=10.8 2 21.6
Pz = 3 3 9
30.6
FS.0=27 22096 > 1.5 ....... ok it’s safe.

P2

P1



Check sliding

Y Rv+tan(8)+C’ 4 B+Pp

P2

P1

FS.S= T

c.==c¢' :E*O =0

3

5 = §@=§*30=200

F§.g = 34262:anR0)+0+27 _ 4 15 15 nsafe

2= 138 e '
Try a toy key 0.8m deep.

03 =3 *(1.8*1.8)=9.72 ton/m?

Ps= %* 9.72 * 1.8 = 8.75 ton P37 |
FS= 34.962+tan(20)+0+8.75 =156 > 1.5 ok it’s safe

13.8

Checking for bearing capacity of the soil:

Omax = % (1 + %) < dall

6e

XV g
Qmin = (1 B

B

Mpet =2 Mg — Y. M, =90.67 — 30.6 = 60.07 ton. m

)>0

¥ = Y Mper _ 60.07

v 34962 1.72m

e=2 _x=%_172-028m
2 2

§= 0.667 >e =028 ok

ok it’s safe.

Umoc = 2222 (14 202 21242 < =277
Omin = th%z 1- 6*2’28) =5.06>0 ... ok it’s safe.




Analysis

At stem

Po=qxk=xh

P =;+15%54=27ton

Arm = %*hz %*5.4=2.7m
P2=k*y*h*%h

Py =3%18%54x ~* 54 =875 ton

Arm = %*hz %*5.4= 1.8m

Moment = 2.7 « 2.7 + 8.75 * 1.8 = 23.04 ton.m
Shear force = Py + P, = 2.7+ 8.75 = 11.45 ton

At toe

_ (qtoe= qnee)*X1
q1 = B + Qheel

g = SEAS002E 4 506 = 9.85 t/m?

Shear force = O.W * L, — ‘Itoez+ i, L,

0.W = Yeoncrete * h = 2.5 % 0.6 = 1.5 t/m?

12.42+ 9.85

Shear force =1.5% 14 — * 1.4 = 13.5 ton

_ L2 L2 Ly 2
Moment—O.W*T—ql*T—(qtoe— qy) * S *3% L

14 2
%=
2

2 2
Moment = 1.5 * % —9.85 =« % —(12.42 — 9.85) % x 1.4 = 9.86 ton.m — at bottom



At heel

(dtoe= dnee)*X2

G2 = =2 Gheer

(12.42—- 5.06)*2.1

qz + 5.06 = 8.92 t/m?

Shear force = 0.W * Ly — qhee;“' G, L,

0.W = Yconcrete * hconcrete + Vsoil * hsoil + surcharge

0.W =25%0.6+54%*18+15=12.72t/m?

Shear force =12.72 x 2.1 — 222224 2.1 = 12.03 ton

— LZZ LZZ LZ 2
Moment = 0.W *—-—qp *=~ = (42 = Gneet) * 5 *3* L2

2.12 2.12 21 2
Moment = 12.72 - - 5.06 * - - (8.92 — 5.06) * Sr3F 2.1 =11.22 ton.m - at top



Design of section

For stem

Vu=16%11.45 = 18.32 ton
ove =2/fcbd

@Ve = %\/20 * 1000 * 430 = 24.04 ton

Vu (18.32) < @Vc (24.04) -> safe.

Design of flexture

M, =1.6+23 =36.8ton.m
_ My*10°
"~ @ba?
* 6
= 2080 _ )2 MPa
0.9¥1000+4302
=Y 3% __j1 48
0.85fc  0.85%20
1 2Rm
p=00=J1-=—7)

p=— (1 - J1- —2*2'2*21'18> = 6.6+1073

~ 2118 360
As = pbd = 6.6 x 1073 x 1000 * 430 = 2840mm?/m
A min = Prinbh = 0.0015 % 1000 * 500 = 750mm?2/m
As(2840mm?/m) > A pin(750mm? /m)
Use 25 , A, = %dz = %252 = 491mm?

As _ 2840

No.of bars == ~ 5.8
Ap 491

Use 6025 -> at right

spacing=NiOb0:rS = % = 166.66 mm = 160 mm
Use 6025@160mm c/c

Longitudinal

For Ag min

if use fy = 420 then use 0.0012

A
k.. .:
4"
.
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. 'id
i ]
.
.. -
Lo
e
.
a4
.
- .
-
54.
L
.
n
. ’.4
L P s
BN . i Tlam. - ]
a S ", o
‘. - "‘{‘ ) LA
4 - a - Al IR
. s 1. 4
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if use fy < 420 then use 0.0015

if bar size < No 16

if > No 16 & fy any then use 0.0015
Horizontal or transverse bars Ag jin = 0.0025

For horizontal = Ag in = 0.0025bh = 0.0025 * 1000 * 500 = 1250 mm?/m

For one side :%50 = 625 mm?/m

Use 012 , A, =7d? =212% = 113mm?

Ag 625

No.of bars = 218 55

Use 6012

spacing:NZObO;TS = % = 166.66 mm = 160 mm
Use 6012@160mm c/c

For toe

Check shear

Vu=1.6%13.72 = 2195 ton
ove =2/fcbd

@Ve = %\/20 * 1000 * 530 = 29.63 ton

Vu (21.95) < @Vc (29.63) - safe.
Design of flexture

M, =16x10=16ton.m

_ Myx10°
k= Pbd?
106
R=—20 __ _063MPa
0.9¥1000%530
m=-22 = 3% 5718

T 0.85fc  0.85%20

1 2Rm
p=,0- 1-77)

p= 1 (1 - 1= 2*0.63*21.18) — 1.8 % 10_3
21.18 360



A; = pbd = 1.8+ 1073 % 1000 * 530 = 954 mm?/m

Agmin = Prinbh = 0.002 * 1000 * 600 = 1200mm?/m

A(954 mm? /m) < Agmin(1200 mm?/m)  use Ag 1in (1200 mm? /m)
Use 016 , A, =7d? =716* = 201 mm?

As 1200
No.of bars = —==——=5.97
Ay, 201

Use 6016 = at Bottom

spacing=NiOb0;rS = % = 166.66 mm = 160 mm
Use p16@160 mmc/c

For Shrinkage

Ag min = Pminbh
Ag min = 0.002 * 1000 * 600 = 1200mm2/m

T

Use 016 , A, =7d? =~16% = 201 mm?

As _ 1200 _

No.of bars = 2 201 5.97

Use 6016

spacing=NiobO;rs = % = 166.66 mm = 160 mm
Use p16@160 mmc/c

For Heel

Check shear

Vu=1.6%12.03 = 19.25 ton
ove =2/fchd

@Ve = %\/20 + 1000 * 530 = 29.63 ton



Vu (19.25) < @Vc (29.63) - safe.
Design of flexture

M, =1.6%11.22 =1795ton.m

_ Myx10°
~ @ba?

17.95%10°

= 0.9¥1000%5302 =0.71MPa

=ty _ 360 5118
0.85fc  0.85%20
1 2Rm
p=,0= [1-—7)

p= 1 (1 _|1— 2*0.71*21.18) — 24103
21.18 360

As = pbd =2 %1073 x 1000 * 530 = 1068 mm?/m
Agmin = Prinbh = 0.0015 * 1000 * 600 = 1200mm?/m

A(1068 mm?/m) < Ag pmin (1200 mm?/m)  use Agmin (1200 mm? /m)

s

Use §16 , A, =,d* = %162 = 201 mm?

As 1200
No.of bars = —==——=5.97
Ay, 201

Use 6016 = at Bottom

spacing:NZObO;TS = % = 166.66 mm = 160 mm
Use p16@160 mmc/c
For Shrinkage

Ag min = Pminbh
Ag min = 0.002 % 1000 * 600 = 1200mm?2/m
Use 916 , A, =7d? =~16% = 201 mm?

Ag _ 1200

No.of bars = A—S or = 297
b
Use 6016
spacing=NiobO;rs = % = 166.66 mm = 160 mm

Use p16@160 mmc/c



