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ØCapacity of Pile (deep) Foundation Adopting Pile-driving (Dynamic) Formulae
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Pile-Driving Formulas: Dynamic equations are widely used in the field to determine whether 
a pile has reached a satisfactory bearing value at the predetermined
depth 

Engineering News (EN) Record formula:
ØThe earliest formula
Øderived from the work—energy theory:

Energy imparted by the hammer per blow =(pile resistance)(penetration per hammer blow) 

Where: 
WR = weight of the ram
h = height of fall of the ram
S = penetration of pile per hammer blow 
C = a constant 

For drop hammers:
C = 25.4 mm if S and h are in mm 
1 in. if S and h are in inches 
For steam hammers:
C = 2.54 mm if S and h are in mm 
0.1 in. if S and h are in inches 

Factor of safety (FS) = 6 
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For single and double-acting hammers, the term WR h can be 
replaced by EHE, where E is the efficiency of the hammer and 
HE is the rated energy of the hammer. Thus:
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Pile-Driving Formulas 
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For illustration of determination of the maximum load applied on a pile, 
the modified EN formula presented here: 

S is the average penetration per hammer blow, 
which can also be expressed as:  

where:
S in inches
N = number of hammer blows per 1 inch of penetration
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Suppose that a prestressed concrete pile 80 ft in length has to be driven by a hammer. The pile 
sides measure 10 in. 

Ap = 100 in2

Weight of Concrete =Ap L γc = (100 in2/144 in2/ft2) (80 ft) (150 lb/ft3) = 8.33 kip
Weight of pile cap = 0.67 kip
So, total weight (wp ) = 9 kip
For the hammer, let 
Rated energy =19.2 kip-ft = HE = WRh 
Weight of ram = 5 kip
Assume that the hammer efficiency is 0.85 and that n = 0.35. Substituting these values 
into Eq. yields :
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Now the following table can be prepared: 

Qu/Ap = driving stress

Plot of stress versus blows/in. 
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Example
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Design of Deep (Pile) Founda3ons (b)
Sta3c Approach
Ø Capacity of Pile (Ul0mate and Allowable)
v End Bearing Capacity
ü For cohesionless soil (sandy soil)
ü For cohesive soil (clay soil)

ü (C-Φ) soil

v Fric0on Capacity (skin fric0on capacity)
ü For cohesionless soil (sandy soil)

ü For cohesive soil (clay soil)

ü (C-Φ) soil
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End Bearing Capacity (Point Load Capacity) of Pile, 
a) Cohesionless (sand)soil
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Meyerhof method to calculate the value of QP for sand and clay.
Calculation of 𝐐𝐏 for sand:
QP = AP × qP ≤ QL
AP =Cross-sectional area (base area at the end of pile) 
of the end point of the pile (bearing area between pile and soil).
q P = q ʹ × Nq∗
qʹ = Effective vertical stress at the level of the end of the pile.
Nq∗ =Load capacity Factor(depends only on φ−value)
Nq∗ is calculated from Meyerhof values bearing capacity,  
QL = Limi0ng value for point resistance.
QL =0.5×AP ×pa ×Nq∗ ×tan φ 
pa = atmospheric pressure = (100 kN/m2 or 2000 Ib/U2) 
So, for sandy soil the value of 𝐐𝐏 𝐢𝐬:
QP =AP ×qʹ ×Nq∗ ≤0.5×AP ×pa ×Nq∗ ×tan φ 
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End Bearing Capacity (Point Load Capacity) of Pile, 
b) Cohesive (clay)soil
Calculation of 𝐐𝐏 for Clay:
QP = AP × cu × Nc∗
cu = Cohesion for the soil supported the pile at its end.
Nc∗ = Bearing capacity factor for clay = 9 (when φ = 0.0), QP = 9 × AP × cu

End Bearing Capacity (Point Load Capacity) of Pile, 
c) C-𝜙
Calculation of 𝐐𝐏 for 𝐂 − 𝛟 𝐒𝐨𝐢𝐥𝐞:
If the supporting the pile from its end is C − 𝛟 soil:
QP =(AP ×qʹ ×Nq∗ ≤0.5×AP ×pa ×Nq∗ ×tanφ)+AP ×cu ×Nc∗
But here, the value of φ ≠ 0.0 → Nc∗ ≠ 9 (you will given it according φ) 
But, if you are not given the value of Nc∗ at the existing value of φ → Assume Nc∗ = 9 and 
complete the solution. 

Important Note: 
The soil profile may consists of several sand layers, the value of friction angle (φ) which used to 
calculate QP as shown in the above equation is the friction angle for the soil that supporting the 
pile end (for last soil layer). 
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Frictional Resistance Capacity (Skin Friction) of Pile ,
a) For cohesionless soil

Calculation of Frictional Resistance(𝐐𝐬) Calculation of 𝐐𝐬 for sand:
The general formula for calculating Qs is: 
Qs = P × ∑ fi × Li
P = pile perimeter = π × D (if the pile is circular, D = Pile diameter) = 4 × D (if the pile is square, D = 
square dimension)
fi = unit fric0on resistance at any depth
Li = depth of each soil layer 
Now, how we calculate the value of 𝐟𝐢 (𝐟𝐨𝐫 𝐞𝐚𝐜𝐡 𝐬𝐨𝐢𝐥 𝐥𝐚𝐲𝐞𝐫):
f = μs × N
Here the value of (f) is vertical, so N must be perpendicular to f (i.e. N must be horizontal) as 
shown in the following figure: 



Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 6

μs = friction coefficient between soil and pile = tan δ
δ = soil − pile friction angle = 0.8 φ → μs = tan(0.8 φ) (for each layer) N = Horizontal stress 
from the soil to the pile
→N=σ′v ×K (for each soil layer)
σ′v = vertical effective stress for each layer
But, to calculate σ′v for each soil layer, to be representative, we take the average value for σ′v for 
each layer.
K = Effective earth pressure coefficient
K=1−sin φ or K= 0.5+0.008Dr , Dr = relative density (%)
If you are not given the relative density for each layer, use K = 1 − sin φ or you may given 
another formula to calculate K.  

Frictional Resistance Capacity (Skin Friction) of Pile ,
a) For cohesionless soil, Cont’d
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Now, N = σ′ × K (for each soil layer) v,av
→→ f = tan(0.8 φ) × σ′ v,av × K (for each soil layer)
Now, how we calculate the value of σ′ v,av for each soil layer:
We draw the vertical effective stress along the pile, but the stress will linearly increase to a depth 
of (15D), after this depth the stress will be constant and will not increase. (this is true only if we 
deal with sandy soil). If there is one soil layer before reaching 15D:

FricBonal Resistance Capacity (Skin FricBon) of Pile ,
a) For cohesionless soil, Cont’d
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FricBonal Resistance Capacity (Skin FricBon) of Pile ,
a) For cohesionless soil, Cont’d
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Frictional Resistance Capacity (Skin Friction) of Pile ,
a) For cohesionless soil, Cont’d
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Calculation of 𝐐𝐬 for clay:
There are three methods used to calculate Qs in clay: 
1. 𝛌 𝐌𝐞𝐭𝐡𝐨𝐝

Qs = P × ∑ fi × Li
But here we take the entire length of the pile: 
Qs =P×L×∑fi 
∑fi =fav =λ×(σʹv.av +2cu,av)
σʹv,av = mean effec0ve ver0cal stress for 
the en0re embedment length
cu,av = mean undrained shear strength for 
the en0re embedment length 
λ = func0on of pile length (L)

Frictional Resistance Capacity (Skin Friction) of Pile ,
b) For cohesive soil (Clay soil)
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FricBonal Resistance Capacity (Skin FricBon) of Pile ,
b) For cohesive soil (Clay soil)

Calculation of 𝛔ʹ𝐯,𝐚𝐯 𝐚𝐧𝐝 𝐜𝐮,𝐚𝐯
We prepare the following graph (assuming three 
soil layers).
Note that the soil is clay, and the stress is not 

constant after 15D, the stress is constant (after 
15D) in sand only.
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FricBonal Resistance Capacity (Skin FricBon) of Pile,
b) For cohesive soil (Clay soil), Cont’d
2. 𝛂 𝐌𝐞𝐭𝐡𝐨𝐝



Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 13

3. 𝛃 𝐌𝐞𝐭𝐡𝐨𝐝

FricBonal Resistance Capacity (Skin FricBon) of Pile ,
b) For cohesive soil (Clay soil), Cont’d



Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
14

For the soil (C − φ):
ü Calculate Qs for sand alone and for clay alone and then sum the two values to get the total 

Qs 

FricBonal Resistance Capacity (Skin FricBon) of Pile ,
c) For (C-𝜙) soil

Allowable capacity of pile 
From all above methods, the ultimate load that the pile could carry has been determined:
Qu = Qp + Qs
The allowable load of pile can be determined using factor of safety (FS), in general, the value 
is between (2.5 to 4) and may taken to be (3) by the formula: 
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Design of Deep (Pile) Foundations (C)
Examples:
ØEnd Bearing Capacity (Point Load Capacity)
ØFrictional (Skin Friction) Resistance Capacity
ØUltimate and Allowable Bearing Capacity Load of Pile
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Example (1)
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Determine the ultimate load capacity of the 800 mm diameter concrete bored pile given in the 
figure below. 
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Example (1), Cont’d
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Pile Foundations 

Problems 
1. 
Determine the ultimate load capacity of the 800 mm diameter concrete bored 
pile given in the figure below.  
 
 
 
 

 

 

 

 

 

 

 

Solution 
Calculation of 𝐐𝐏: 
Note that the soil supporting the pile at its end is clay, so: 
QP ൌ AP ൈ cu ൈ Nc

∗        Nc
∗ ൌ 9 ሺpure clay ϕ ൌ 0.0ሻ 

AP ൌ
π
4 ൈ 0.82 ൌ 0.502 m2 

cu ൌ 100 kN/m2 ሺfor the soil supporting the pile at its endሻ 
QP ൌ 0.502 ൈ 100 ൈ 9 ൌ 452.4 KN 
QL ൌ 0.0 since tanϕ ൌ 0.0 → QP ൌ 452.4 KN 
 

Calculation of 𝐐𝐬: 
Since there are one sand layer and two clay layer, we solve firstly for sand 
and then for clay: 
For sand: 
The stress will increase till reaching 15D  
15D ൌ 15 ൈ 0.8 ൌ 12m 
Now we draw the vertical effective stress with depth: 

Cu ൌ 60 kN/m2 

γ ൌ 20 kN/m3 

𝐂𝐥𝐚𝐲 

𝐒𝐚𝐧𝐝 

γ ൌ 20 kN/m3 
ϕ ൌ 30° 

𝐂𝐥𝐚𝐲 
Cu ൌ 100 kN/m2 

γ ൌ 18 kN/m3 
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Qs ൌ P ൈ ෍ሺtanሺ0.8ϕiሻ ൈ σv,av,i
ᇱ ൈ Kiሻ ൈ Li 

Note that the value of ϕ for layers 1, 3, and 4 is zero (clay), so we calculate 
Qs only for the layer 2 (sand layer). 
P ൌ π ൈ D ൌ π ൈ 0.8 ൌ 2.51 m 

σv,av,2
ᇱ ൌ

72 ൅ 132
2 ൌ 102  kN/m2  

L2 ൌ 6m 
ϕ2 ൌ 30° 
K2 ൌ 1 െ sinϕ2 ൌ 1 െ sin30 ൌ 0.5 
→ Qs,sand ൌ 2.51 ൈ ሺtanሺ0.8 ൈ 30ሻ ൈ 102 ൈ 0.5ሻ ൈ 6 ൌ 342 kN 
 

For Clay: 
If we want to use λ Method: 
Qs ൌ P ൈ L ൈ fav 
fav ൌ λ ൈ ൫σv,av

ᇱ ൅ 2 cu,av൯ 
P ൌ 2.51m   L ൌ 4 ൅ 6 ൅ 5 ൌ 15m 
λ ൌ 0.2 ሺat L ൌ 15m from Table 11.9ሻ  
 

cu,av ൌ
L1 ൈ cu,1 ൅ L2 ൈ cu,2 ൅ L3 ൈ cu,3

L  

cu,av ൌ
4 ൈ 60 ൅ 6 ൈ 0 ൅ 5 ൈ 100

15 ൌ 49.33 kN/m2   
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Example (1), Cont’d
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Example (1), Cont’d
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Example (1), Cont’d
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Example (1), Cont’d
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Example (2)

A pile is driven through a soft cohesive deposit overlying a stiff clay, the average undrained 
shear strength in the soft clay is 45 kPa. and in the lower deposit the average undrained shear 
strength is 160 kPa. The water table is 5 m below the ground and the stiff clay is at 8 m depth. 
The unit weights are 17.5 kN/m3 and 19 kN/m3 for the soft and the stiff clay respectively. 
Estimate the length of 500 mm diameter pile to carry a load of 500 kN with a safety factor of 
4. 
Using (a): α − method (b): λ − method 

Solution
There is no given graph in this problem, so, firstly it requires to draw a graph for 
understanding the problem.
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Example (2), Cont’d
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Example (2), Cont’d
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Example (2), Cont’d
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The vertical effective pressure with depth should be draft for determining average value of it :
For the upper layer (Soft clay) assume the saturated unit weight is the same as the natural unit 
weight (17.5 kN/m3) because no enough information about it. 

Example (2), Cont’d

First Trial with X= 7 m
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Example (2), Cont’d 2nd Trial with X= 12 m

Note that at X= 12 m the value of Qu is closed to 2000 but its 
need to slightly decrease, so we can say X ≅ 10m → L ≅ 18m✓.
As you see, the solution is by trial and error, so when you assume 
the value for L, be logic and be realistic to save time.
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A concrete pile is 20 m length and 360 mm x 360 mm in cross section. The pile is 
fully embedded in sand which unit weight is 16.8 kN/m3 and φ = 30°. You are 
given also Nq∗ =56.7 for this angle of internal friction.
Calculate: 
a) The ultimate load (Qp), using Meyerhof’s method.
b) Determine the frictional resistance (Qs), if k = 1.3 and δ = 0.8φ.
c) Estimate the allowable load carrying capacity of the pile (Use FS = 4). 

Example (3)
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Example (3), Cont’d
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Example (3), Cont’d
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Design of Deep (Pile) Foundations (d): Piles Group
Ø Types and review
Ø Pattern of distribution of piles in group
Ø Capacity
Ø Settlement
Ø Negative skin friction
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Number and spacing of piles in group
Piles are often installed in groups as in the Figure
to carry higher loads under columns of buildings, 
bridges, dams, and other structures. As shown in 
figures a, b, and c, the stress isobars (bulbs) for 
single pile and for piles in groups.
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Spacing between piles depends on many factors:
o Overlapping stresses from the adjacent piles.
o Cost
o Efficiency of the group
Generally, the arrangement of the piles in group has various patterns 
depending on the types of pile and installation methods . The figure below 
may be considered as a guide for that.
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4 The minimum allowable spacing of piles is usually stipulated in 
building codes. 
ü The spacings (S) for straight uniform diameter piles may vary from 

2 to 6 times the diameter of the shaft. 
ü For friction piles, the minimum spacing recommended is 3d where d 

is the diameter of the pile. 
ü For end bearing piles passing through relatively compressible strata, 

the spacing of piles shall not be less than 2.5d. 
ü For end bearing piles passing through compressible strata and 

resting in stiff clay, the spacing may be increased to 3.5d. 
ü For compaction piles, the spacing may be Id. 
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PILE GROUP EFFICIENCY 
The spacing of piles is usually predetermined by practical and economical considerations. The 
design of a pile foundation subjected to vertical loads consists of 
1. The determination of the ultimate load bearing capacity of the group Qgu .
2.Determination of the settlement of the group, Sg , under an allowable load Qga . 
The ultimate load of the group is generally different from the sum of the ultimate loads of individual 
piles Qu. 
The factor of efficiency: 



Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq

6

Bearing capacity of pile groups (in compression) 
embedded in granular soil (Sand and gravel soils)
1) Driven piles:

𝑄!" = n(𝑒#𝑄!# + 𝑒$𝑄!$) 
where Qug is the ultimate capacity of the pile group, n is the number of piles in 
the group, es and ep are the efficiencies of the pile group in friction and in point 
resistance respectively, and Qus and Qup are the ultimate capacity of one pile in 
friction and in point resistance respectively. 
The pile group load test just described suggests es and ep values of 0.67 and 1.8 
respectively. 
It is suggested that the efficiency of driven piles in loose sand be taken as 1. 

Note: The above equation is not applicable when the tip (end) of pile rest at 
compressible stratum, so the bearing load of pile group will govern by the shear 
strength of the soil at the end rather than by the (efficiency) of the group within 
sand and gravel.
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Bearing capacity of pile groups (in compression) 
embedded in cohesive soil (Clay soils)
1)Driven piles: 
The effect of driving piles into cohesive soils (clays and silts) is very different from 
that of cohesionless soils. When piles are driven into clay soils, particularly when 
the soil is soft and sensitive, there will be considerable remolding of the soil. 
Besides there will be heaving of the soil between the piles since compaction during 
driving cannot be achieved in soils of such low permeability. There is every 
possibility of lifting of the pile during this process of heaving of the soil.
In case driven piles are to be used, the following steps should be favored: 
ü Piles should be spaced at greater distances apart. 
ü Piles should be driven from the center of the group towards the edges, and, 
ü The rate of driving of each pile should be adjusted as to minimize the 

development of pore water pressure. 
2) Bored piles:
Bored piles are, therefore, preferred to driven piles in cohesive soils. 
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Efficiency factor of pile groups in cohesive soil:

The efficiency ratio is less than unity at closer spacings and may reach unity at a 
spacing of about 8 diameters. 
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1) Block model of failure and so, the capacity of pile groups may be written as: 
𝑄!" = c𝑁% 𝐴"+ 𝑃"𝐿 ̅𝑐 (1)

L

Ag = Bg x Lg

Pile Cap

Pile Cap

Experimental results have indicated that when a pile group installed in cohesive soils is loaded, it may fail by 
any one of the following ways: 
Ø May fail as a block (called block failure). It occurs when pile spacing (s) = (2-3) diameter of pile.
Ø Individual piles in the group may fail, when spacings between piles are wider.
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(2)

((1) and (2)
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1

As shown in the Figure and using eq. (1)
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PILE-LOAD TESTS 
The most reliable method to determine the load capacity of a pile is to load-test it. 
This consists in driving the pile to the design depth and applying a series of loads 
by some means. The usual procedure is to drive several of the piles in a group and 
use two or more of the adjacent piles for reactions to apply the load. A rigid beam 
spans across the test pile and is securely attached to the reaction piles. A large-
capacity jack is placed between the reaction beam and the top of the test pile to 
produce the test load increments. For more details on procedure of this test, please, 
refer to ASTM D-1143

A typical results of Pile Test from (Bowels)
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SETTLEMENT OF PILE GROUPS IN COHESIVE SOILS 
The total settlements of pile groups may be calculated by making use of consolidation 
settlement equations. The problem involves evaluating the increase in stress Δ𝑝
beneath a pile group when the group is subjected to a vertical load Qg . The 
computation of stresses depends on the type of soil through which the pile passes. The 
methods of computing the stresses are explained in the Figure below: 
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q The soil in the first group given in the Figure (a) is homogeneous clay. The load 

Qg is assumed to act on a fictitious footing at a depth (2/3)L from the surface and 
distributed over the sectional area of the group. The load on the pile group acting 
at this level is assumed to spread out at a 2 V : 1 H slope. The stress Δ𝑝 at any 
depth z below the fictitious footing may be found as explained in soil mechanics. 

q In the second group given in (b) of the Figure, the pile passes through a very 
weak layer of depth L1 and the lower portion of length L2 is embedded in a 
strong layer. In this case, the load Qg is as summed to act at a depth equals to 
(2/3) L2 below the surface of the strong layer and spreads at a 2 V : 1 H slope as 
before.

q In the third case shown in (c) of the Figure, the piles are point bearing piles. The 
load in this case is assumed to act at the level of the firm stratum and spreads out 
at a 2 V : 1 H slope as before. 
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Example: A 3x3 concrete pile group with a pile spacing of 1 m and pile diameter of 0.4 m 
supports a load of 2.5 MN (Figure). 
(a) Determine the factor of safety for the pile group. (b) Calculate the total settlement of the pile 
group. The piles were driven. 
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For 𝜙 = 31𝜊 , 𝑁𝑞 = 30
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NEGATIVE FRICTION 
Figure (a) shows a single pile and (b) a group of piles passing through a recently constructed cohesive 
soil fill. The soil below the fill had completely consolidated under its overburden pressure. When the 
fill starts consolidating under its own overburden pressure, it develops a drag on the surface of the pile. 
This drag on the surface of the pile is called 'negative friction'. Negative friction may develop if the fill 
material is loose cohesionless soil. Negative friction can also occur when fill is placed over peat or a 
soft clay stratum as shown in Fig. (c). The superimposed loading on such compressible stratum causes 
heavy settlement of the fill with consequent drag on piles. 
Negative friction may develop by lowering the ground water which increases the effective stress 
causing consolidation of the soil with resultant settlement and friction forces being developed on the 
pile. 
Negative friction must be allowed when considering the factor of safety on the ultimate carrying 
capacity of a pile. The factor of safety, Fs, where negative friction is likely to occur may be written as:
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Nega%ve Fric%on on Piles
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Example: A 3x3 concrete pile group with a pile spacing of 1 m and pile diameter of 0.4 m 
supports a load of 2.5 MN (Figure). 
(a) Determine the factor of safety for the pile group. (b) Calculate the total settlement of the pile 
group. The piles were driven. 
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For 𝜙 = 31𝜊 , 𝑁𝑞 = 30
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NEGATIVE FRICTION 
Figure (a) shows a single pile and (b) a group of piles passing through a recently constructed cohesive 
soil fill. The soil below the fill had completely consolidated under its overburden pressure. When the 
fill starts consolidating under its own overburden pressure, it develops a drag on the surface of the pile. 
This drag on the surface of the pile is called 'negative friction'. Negative friction may develop if the fill 
material is loose cohesionless soil. Negative friction can also occur when fill is placed over peat or a 
soft clay stratum as shown in Fig. (c). The superimposed loading on such compressible stratum causes 
heavy settlement of the fill with consequent drag on piles. 
Negative friction may develop by lowering the ground water which increases the effective stress 
causing consolidation of the soil with resultant settlement and friction forces being developed on the 
pile. 
Negative friction must be allowed when considering the factor of safety on the ultimate carrying 
capacity of a pile. The factor of safety, Fs, where negative friction is likely to occur may be written as:
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Negative Friction on Piles
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Introduction

A foundation is defined as that part of the structure that supports the
weight of the structure and transmits the load to underlying soil or rock.
Foundation engineering applies the knowledge of soil mechanics, rock
mechanics, geology, and structural engineering to the design and
construction of foundations for buildings and other structures.

Foundations : built for above-ground structures include 
shallow and deep foundations.
Retaining structures:  include earth-filled dams and retaining 
walls. Earthworks include embankments,  tunnels, dikes, 
levees, channels, reservoirs, deposition of hazardous waste
and sanitary landfills.

http://www.answers.com/topic/dam
http://www.answers.com/topic/embankment-transportation
http://www.answers.com/topic/tunnel
http://www.answers.com/topic/dike-1
http://www.answers.com/topic/levee
http://www.answers.com/topic/channel-geography
http://www.answers.com/topic/reservoir-3
http://www.answers.com/topic/hazardous-waste


A proper design requires the following:

1. Determining the building purpose, probable 
service-life loading, type of framing, soil profile, 
construction methods, and construction costs

2. Determining the client/owner's needs

3. Making the design, but ensuring that it does not 
excessively degrade the environment, and provides a 
margin of safety that produces a tolerable risk level to 
all parties: the public, the owner, and the engineer

Prof. Dr. Hussein M. Al.Khuzaie; hm@mu.edu.iq 3
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ADDITIONAL CONSIDERATIONS

The Following additional considerations that may have to be taken 
into account at specific sites.

1. Depth must be adequate to avoid lateral squeezing of material from 
beneath the foundation for footings and mats. Similarly, excavation 
for the foundation must take into account that this can happen to 
existing building footings on adjacent sites and requires that suitable 
precautions be taken. The number of settlement cracks that are found 
by owners of existing buildings when excavations for adjacent 
structures begin is truly amazing.
2. Depth of foundation must be below the zone of seasonal volume 
changes caused by freezing, thawing, and plant growth. Most local 
building codes will contain minimum depth requirements.
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3. The foundation scheme may have to consider expansive soil 
conditions. Here the building tends to capture upward-migrating soil 
water vapor, which condenses and saturates the soil in the interior 
zone, even as normal perimeter evaporation takes place. The soil in a 
distressingly large number of geographic areas tends to swell in the 
presence of substantial moisture and carry the foundation up with it.
4. In addition to compressive strength considerations, the foundation 
system must be safe against overturning, sliding, and any uplift 
(flotation).
5. System must be protected against corrosion or deterioration due to 
harmful materials present in the soil. Safety is a particular concern in 
reclaiming sanitary landfills but has application for marine and other 
situations where chemical agents that are present can corrode metal 
pilings, destroy wood sheeting/piling, cause adverse reactions with 
Portland cement in concrete footings or piles, and so forth.
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6. Foundation system should be adequate to sustain some later changes 
in site or construction geometry and be easily modified should 
changes in the superstructure and loading become necessary.
7. The foundation should be buildable with available construction 
personnel. For one-of-a-kind projects there may be no previous 
experience. In this case, it is necessary that all concerned parties 
carefully work together to achieve the desired result.
8. The foundation and site development must meet local 
environmental standards, including determining if the building is or 
has the potential for being contaminated with hazardous materials 
from ground contact (for example, radon or methane gas). Adequate 
air circulation and ventilation within the building are the responsibility 
of the mechanical engineering group of the design team.
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•FOOTING DEPTH AND SPACING

Footings should be carried below:
1. The frost line
2. Zones of high volume change due to moisture 

fluctuations
3. Topsoil or organic material
4. Peat and muck
5. Unconsolidated material such as abandoned (or 

closed) garbage dumps and similar filled-in areas.
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•SPACING

(a) An approximation for the 
spacing of footings
Make m > zf.

(b) Possible settlement of "existing" 
footing because of loss of lateral 
support of soil wedge beneath 
existing footing.

Potential settlement or instability 
from loss of overburden pressure.
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SELECTION OF FOUNDATION TYPE 

Table below tabulates the use and application of the several general 
foundation types:
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Typical footings, (a) Single or spread footings; (b) stepped 
footing; (c) sloped footing; (d) wall footing; (e) footing 
with pedestal.

SHALLOW 
FOUNDATION TYPES 
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Raft (Mat) Foundation

Other types of foundation
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SPREAD FOOTING DESIGN
q A footing carrying a single column is called a spread footing, 

since its function is to "spread“ the column load laterally to the 
soil so that the stress intensity is reduced to a value that the soil 
can safely carry. These members are sometimes called single or 
isolated footings.

qFootings are designed to resist the full dead load delivered by 
the column. The live load contribution may be either the full 
amount for one- or two-story buildings or a reduced value as 
allowed by the local building code for multistory structures.

qThe safety factor ranges from 2 to 5 for cohesionless materials  
depending on density, effects of failure, and consultant caution, 
while for cohesive soil it can be taken between 3-6 , in this case 
,the max. value for the factor can be furnished when the 
consolidation settlement might occur over a long period of 
time.
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Probable pressure distribution beneath a rigid footing:

a) On a cohesionless soil; 

b) generally for  cohesive soil;

Usually, assumed Linear Distribution.
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Stress of super structure with foundation mass weight distribution under the base of foundation.

Stress bulb
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Spread footing (square, rectangular, or circular)

Strip footing or wall footing

Column Load

Wall (RC, CB, Brick, etc.) transmits distributed load to fooFng

Slab unit of 1 m (1 foot)to be designed

General view of spread foo0ng:
üUnder column load (in general, concentrated)
üUnder wall distributed load



Building Code Requirements for Structural 
Concrete (ACI 318-11):
15.2.2 — Base area of footing (for shallow 
foundation) or number and arrangement of piles (for 
deep foundation)  
shall be determined from unfactored forces and 
moments 
transmitted by footing to soil or piles and permissible 
soil pressure or permissible pile capacity determined 
through principles of soil mechanics (as studied in 
previous lectures).

Prof. Dr. Hussein M. Al.Khuzaie, hma@mu.edu.iq 3

Geotechnical Design (Base area determination), or
Proportioning



Steps of Geotechnical Design (Proportioning) of Footings:
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1) Determine allowable bearing capacity (permissible stress of soil), 
using the methods had been explained in the previous lectures, 
with appropriate factor of safety.

2) Determine the load (unfactored live and dead loads, or any type of 
loadings) of super structure (including weight of founda@on), 
using the structural methods of analysis which had been studied 
by theory of structures (manually) or by soAware.

3) Find the area of the founda@on (base area), or as it is called 
propor@on the founda@on dimensions of plan area (foot print of 
foo@ng).

So, that the stress at the level of base of foo0ng (p) is small than 
the applied load.  



Examples on Geotechnical Propor3oning of spread (strip foo3ng)
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1) A column load of 2000 kN (Q) is to be supported by a square 
spread footing on a very stiff clay. Recommend (proportion) the 
size (Plan dimensions) of the footing after addressing the issue of 
bearing capacity, i.e. to be safe against shear failure. Soil 
properties: Su = 100 kPa, γ = 18 kN/m3. If you need additional 
properties, assume reasonable values. 

Solution:
Suppose:  the depth of foundation Df = 0.5 m, and

the factor of safety (FOS) =3
The soil is very stiff soil and for undrained condition, use 
Skempton’s equation, so, qu = CNc + Df γ, where, C=Su =100 
kPa, so,
qu = 100 * 6.3 + 0.5 * 18 = 639 kPa
qall = qu/FOS= 639/3 = 213 kPa
Applied pressure by column load (p) (unfactored load)=Q/A
A= B2 ➢ p= 2000/B2 ➤p≦qall➜ 2000/B2 = 213,
So, B = 2000/213 = 3.06 m use 3.5 m



Examples on Geotechnical Proportioning of spread (strip footing), cont’d
Q= DL + LL
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2) Design a spread footing for the average soil conditions and 
footing load given in the Fig. In this case the designer preferred 
to select the allowable soil pressure from a soil profile provided 
by the geotechnical engineer. Here, the qun (av) is the unconfined 
compression strength. The applied load is in form of dead load 
(DL) and live load (LL). DL = 350 kN and LL = 450 kN.
Solution:
Step 1. From the soil profile find qa. To start, we readily obtain qa = qu 
from the average qu . (FOS = 3. Estimate γclay ≈18.00 kN/m3 . So, we can 
include the qNq term (and Nq = 1.0): 
qa = 200 kPa + 1.2(18)(I) ≈ 220 kPa (Use 200 kPa).
Step 2. Find tentative base dimensions B using a square footing, or 

Q = 350 + 450 = 800 kN and 
B2 qa = Q

𝐵 = !""
#""

= 2 m.
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Examples on Geotechnical Proportioning of spread (strip footing), cont’d

3) A 12 in thick concrete wall carries a service dead load of 10 kips/ft
and a service live load of 12.5 kips/ft. the allowable soil pressure, 
qa, is 5000 psf (Pound per Square Foot) at the level of the base of 
the footing, which is5 ft below the final ground surface. Proportion 
the  footing of this wall.

Solu0on 

Calculate bearing area, Areq
Areq = service load / qa
Service load = DL + LL= 10 + 12.5 = 22.5 kips/A
Areq = 22.5/5 = 4.5 A2 per foot of length of the wall 
Trying a foo@ng 4 A 12 in wide .
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General notes and remarks:
1-The lecture in PPTandvideowill be uploadedonboth
ClassroomandMoodle (e-learning: mu.edu.iq).
2-Assignments andquizzeswill be announcedon the classroom.
3-Any comment or request fromyou, please, send it by classroom.
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A combined footing, how and why? 
Ø is usually used to support two to four columns of unequal loads. In such a 

case, the resultant of the applied loads would not coincide with the centroid 
of the footing, and the consequent the soil pressure would not be uniform.

Ø Another case where a combined footing is an efficient foundation solution is 
when there are two interior columns which are so close to each other that the 
two or more isolated footings stress zones in the soil areas would overlap.

Ø The area of the combined footing may be proportioned for a uniform 
settlement by making its centroid coincide with the resultant of the column 
loads supported by the footing.

Ø There are many instances when the load to be carried by a column and the 
soil bearing capacity are such that the standard spread footing design will 
require an extension of the column foundation beyond the property line. In 
such a case, two or more columns can be supported on a single rectangular 
foundation. If the net allowable soil pressure is known, the size of the 
foundation B x L can be determined.
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This photo shows an 
example of combined 
footings used in a heavy 
industrial plant, where the 
machinery
loads place very large loads 
upon relatively confined 
space.
The use of combined 
footings helps spread out 
the loads out to the 
adjacent footings in order 
to minimize stresses in
the footings and reduce the 
differential settlement 
between them.
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A third case of a useful application of a combined footing is if one (or several) 
columns are placed right at the property line. The footings for those columns can 
not be centered around the columns. The consequent eccentric load would 
generate a large moment in the footing. By tying the exterior footing to an interior 
footing through a continuous footing, the moment can be substantially reduced, 
and a more efficient design is attained.
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A combined footing will deform as shown in the sketch below. The 
eccentric loading condition upon the left end, due to the restrictions 
of a property line, will generate tensile stresses on the top of the 
footing. These stresses mean that a combined footing will require 
flexural reinforcement both at the top and the bottom of the footing.
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Design Steps for geotechnical part of combined foo5ng
1) Locate the point of applica0on of the column loads on the foo0ng.
2) Propor0on the foo0ng such that the resultant of loads passes through the 

center of foo0ng.
3) Compute the area of foo0ng such that the allowable soil pressure is not 

exceeded.
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Cantilever or Strap Footings.

ØA strap footing is used to connect an eccentrically loaded 
column footing to an interior column.

ØThe strap is used to transmit the moment caused from 
an eccentricity to the interior column footing so that a 
uniform soil pressure is generated beneath both 
footings.

ØThe strap footing may be used instead of a rectangular 
or trapezoidal combined footing if the distance between 
columns is large and / or the allowable soil pressure is 
relatively large so that the additional footing area is not 
needed.
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Example (1): Rectangular combined foundation
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For the combined footing shown below:
• Find distance X so that the contact pressure is uniform. 
• If qall,net=140 kN/m2, find B.
• Draw Shear Force (S.F.) and Bending Moment (B.M) diagrams. 



Example (1), cont’d, Solu<on
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To keep uniform contact pressure under the base, the resultant force R must be at the center of the 
foundation.
Q1	=	1000	KN
Q2	=	660	kN	
R=Q1	+Q2	=1000+660
R	=	1660	kN
The weight of the foundation and the soil is not given, so we neglect it. 



Example (1), cont’d, Solution
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Example (1), cont’d, Solution
Drawing SFD and BMD: 
To draw SFD and BMD we use factored loads
(if givens), but in this problem we given
the service loads directly, so we use service
loads. 
The free body diagram for the footing, 
SFD and BMD are shown in the figure.
Note: The shear and the moment should be 
zero at the 2nd end of the footing, these small 
figures are residue due to approximation.

Note that the moment and shear for the footing is the opposite 
for beams such that the positive moments is at the supports and 
the minimum moments at the middle of spans, so when 
reinforced the footing, the bottom reinforcement mustn’t cutoff 
at supports but we can cut it at the middle of the span, also the 
top reinforcement mustn’t cutoff at the middle of the span and 
we can cut it at the supports (Exactly). 
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Example (2), Trapezoidal combined founda<on

A- For the set of columns shown below, it is required to determine the live load for the 
column C1 to make the soil reaction uniform under the base of rectangular combined 
footing, knowing that dead load is (1!" ) of live load for this column. 

B. Design a combined footing for the same figure above if C1 has a dead load of 90 tons and 
live load of 54 tons, knowing that the extension is not permitted and the soil reaction is being 
uniform. (qall,net=20.8 t/m2). 
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Example (2), Trapezoidal combined foundation, cont’d
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Example (2), Trapezoidal combined founda<on,cont’d
B. 
IfQ1	=90+54=144ton,
Design	the	footing	to	keep	uniform	contact	pressure	.
Note that if we want to use rectangular footing, the pressure will be uniform only when Q1	=	
104	𝑡𝑜𝑛s,	otherwise if we want to use rectangular footing the pressure will not be uniform, so to 
maintain uniform pressure under the given loading, it is required to design a trapezoidal 
combined footing (The largest width at largest load and smallest width at smallest column load) 
as shown: 
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Example (2), Trapezoidal combined founda<on, cont’d
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Example (2), Strap (Can<lever) founda<on

For the strap footing shown below, if qall,net =250 kN/m2, determine Q1 and Q2
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Design of Shallow Founda2on (4): Mat founda2on (b)
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In structural design:
▶Draw Shear Force Diagram (SFD) and Bending Moment Diagram (BMD):

Subdivide mat foundations into a strips in both directions, each strip must      
contains a line of columns. 

Structural Design of Mat Foundation (b) (Ultimate Loads) 
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Structural Design of Mat Foundation (b) (Ultimate Loads); Cont’d 
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For the previous mat, let we take a strip of width B1 for the columns 5,6,7 and 8 as shown in figure below:



Structural Design of Mat Foundation (b) (Ultimate Loads); Cont’d 
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Structural Design of Mat Founda=on (Ul=mate Loads); Cont’d 

Prof. Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
5

Note: 
The same procedure can be used for the service load



Structural Design of Mat Foundation (b) (Ultimate Loads); Cont’d 

Prof. Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
6

Example:
For the shown mat foundation, If qall,net=150 kN/m2.
1. Check the adequacy of the foundation dimensions. (it was 
presented in part –a-
2. Draw SFD and BMD for the strip ABDC which is 2m width. 



Structural Design of Mat Founda=on (b) (Ul=mate Loads); Cont’d 
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Solu%on of 2nd part: Drawing of SFD and BMD
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Structural Design of Mat Founda=on (b) (Ul=mate Loads); Cont’d 
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Structural Design of Mat Founda=on (b) (Ul=mate Loads); Cont’d 

The $inal loads after
modi$icationare as
shown in the $igure.

The end of this lecture
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Design of Shallow Foundation (4): Mat ( Raft) 
Foundation (a):
Ø General
Ø Compensated raft footing
Ø Geotechnical design and conventional 

approximate rigid method
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Mat Founda*ons (General)
Defini&on: Mat founda*on, which is some*mes referred to as a ra4 founda*on, is a 
combined foo*ng that may cover the en*re area under a structure suppor*ng several 
columns and walls.
Why? Mat founda&ons: 
ü Soils that have low load-bearing capaci*es, but that will have to support high 

column or wall loads. 
ü Spread and/or combined foo*ngs would have to cover ≥ 50 % of the building area.
ü Mats may be supported by piles, which help reduce the seDlement of a structure 

built over highly compressible soil. Where the water table is high, mats are o4en 
placed over piles to control buoyancy. 

Types:
1. Flat plate (Figure a). The mat is of uniform thickness.
2. Flat plate thickened under columns (Figure b).
3. Beams and slab (Figure c).The beams run both ways, and the columns are located at 
the intersec*on of the beams.
4. Flat plates with pedestals (Figure d).
5. Slab with basement walls as a part of the mat (Figure e).The walls act as s*ffeners 
for the mat.

Prof. Dr. Hussein M. Al.Khuzaie; hma@mu.edu.iq 2
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The net pressure increase in the soil under a mat foundation can be 
reduced by increasing the depth Df of  the mat. This approach is generally 
referred to as the compensated foundation design and is extremely useful 
when structures are to be built on very soft clays. In this design, a deeper 
basement is made below the higher portion of  the superstructure, so that 
the net pressure increase in soil at any depth is relatively uniform.

Compensated ra- foo/ng
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Design of Mat Foundations

In this lecture, only the basic concepts of the 
Conventional Rigid Design Method (CRCM) 
(Approximate method) will be presented.
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Example (1):
For the shown mat foundation, If qall,net=150 kN/m2.
Check the adequacy of the foundation dimensions.
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Founda'on Engineering (2)
Civil Dept., College of Engineering, Al-Muthanna

University
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Miscellaneous Topics (1)
vBearing Capacity for:

Ø Eccentric Loadings:
ü One way eccentricity
ü Two way eccentricity

Ø Layered Soils
Ø Foundation on slope
Ø Uplift Loadings

Professor Dr. Hussein M. Ashour Al.Khuzaie 1
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Eccentrically Loaded Foundations
In several instances, as it was shown with the base of a retaining wall, foundations are subjected 
to moments in addition to the vertical load, as shown in the Figure. In such cases, the 
distribution of pressure by the foundation on the soil is not uniform. The stress will be due to 
compression exerted by the concentrated load (Q) and the stress due to moment so that the 
stress equation will be in the form: q= !

" ±
#$
% . 

Here, M = Q*e; c = B/2 or c = L/2, depending
On the direction of moment and on the axis 
that affects on.; I is the moment of inertia 
And also it may be about B axis or about 
L axis. For rectangular, Ix(b)= B3L/12 
or Iy (L) = L3B/12
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The nominal distribution of pressure is: 

In the Figure below shows a force system applied on the foundation. The distance is the 
eccentricity and it equals:

e= #!

So that Fig. (b) is the equivalent loading
system of that loading due to Moment and Q. 

(a)
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Substituting Equation of (e)  into Eqs. of qmax and qmin gives 

Note (See the next slide)
1) These two equations are valid when the eccentricity e ≤ B/6.
2) qmin is zero for e = B/6.
3) qmin will be negative when e > B/6, which means that tension will develop. Because soil 

cannot take any tension, there will then be a separation between the foundation and the soil 
underlying it. .

The factor of safety for such type of loading against bearing capacity failure can be evaluated as:

where Qu = ultimate load-carrying capacity. 
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e< 𝐵/6 e = 𝐵/6

When e ≤ !
"

, this is accepted

e> 𝐵/6

When e > !
"

, this is unaccepted
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Ultimate Bearing Capacity under Eccentric Loading:
One-Way Eccentricity : EffectiveAreaMethod
step-by-step procedure for determining the ultimate load that the soil can support and the factor of safety 
against bearing capacity failure: 
1) Determine the effective dimensions of the foundation as shown in the Figure : B’ = effective width = B ‘ =  B- 2e 
L’ = effective length = L .

Note that if the eccentricity were in the direction of the length of the foundation,
the value of L’ would be equal to (L - 2e). The value of B’ would equal B. The smaller of
The two dimensions (i.e., L’ and B’) is the effective width of the foundation.

2) Use the same equation for determination of ultimate bearing capacity by Meyerhof, 
But, only substitute B by B’ that was found by step (1) in above.

3) The total ultimate load that the foundation can sustain is 
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4) The factor of safety against bearing capacity failure is: 

Important Note: It is important to note that q’
u is the ultimate bearing capacity of a foundation of 

width B’ = (B-2e) with a centric load as in the Figure (a). However, the actual distribution of soil 
reaction at ultimate load will be of the type shown in Figure (b). 
In Figure (b), qu(e) is the average load per unit area of the foundation. 
Thus:

(a)
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Example: A continuous (strip) foundation is shown in the Figure. If the load eccentricity is 0.2 
m, determine the ultimate load, Qu, per unit length of the foundation. Use Meyerhof’s effective 
area method. 

Solution 
For c’ = 0, Eq. gives:

where q = (16.5) (1.5) = 24.75 kN/m2
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Ultimate Bearing Capacity under Eccentric Loading:
Two-Way Eccentricity :
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Bearing Capacity of Layered Soils: Stronger soil Underlain by Weaker Soil 

If the depth H is relatively small compared with the foundation width 
B 

If the depth ,H, is relatively large (thickness of top layer is large) 
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Bearing Capacity of Layered Soils: Weaker soil Underlain by Stronger Soil 
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Bearing Capacity of Foundations on Top of a Slope 
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Uplift Capacity of Foundations

The uplift capacity of the foundation should be determined from the cases 
when the superstructure exerted uplift pressure on the foundation, such as 
for towers of  transmition lines for electricity lines or others facilities.
For details you can refer to any text books contains this subject. 

These miscellaneous subjects for useful informa3on
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Design of Deep (Pile) Founda3on (a)
ØGeneral (defini3on, why?) 
Ø Types
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Pile Foundations: Definition and why?

Prof. Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 2

A typical deep foundation consists of a cluster of piles installed down
to a certain depth in order to transfer the load to a more competent
bearing layer or to distribute the load over a larger depth.
Deep foundations are required when the subsurface conditions
immediately below the structure or ground surface are not suitable
for the support of the structure. Thus, the foundation needs to be
deepened or extended to a lower soil or rock layer, usually at a higher
cost than that of shallow foundation :
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Subsurface and/or loading conditions that lead to the use of deep foundations can include:
ü Inadequate strength or compressibility of the soil immediately below the structure or 

ground surface to support the loading conditions using a shallow foundation.
ü The soil immediately below the structure or current ground surface may be eroded by wind 

or water scouring during the life of the structure. These conditions can include structures to 
be built on sand dunes in a desert or river crossing bridges .

ü Excessive movement of the soil immediately below the structure or ground surface could 
occur due to changes in moisture content (i.e., expansive or collapsible soil), or liquefiable 
under seismic (earthquake) loading conditions.

ü For structures that impose large tensile force, lateral force, bending moment, or 
combinations of the above on the foundation, the deep foundation is likely to be more cost 
effective than a shallow foundation. Structures such as transmission towers, light poles, 
offshore oil rigs, wind turbines, or super high-rise buildings can involve such loading 
conditions. 

Pile Foundations: Definition and why?, cont’d
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(a): The bed rock so longer deep.
(b): The load resistance is du to friction.
(c): When, the structure subjected to 
horizontal forces (wind and/or
earthquake.
(d): Below the surface, the soil is
swelling or collapsible (problematic soil).
(e): For resisting pull out  forces, as for 
transmition towers.
(f): Piers of bridge to be out of erosion
effect.

Pile Founda8ons: Defini8on and why?, cont’d
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Pile types
• According to materials Table: Summary of various types of piles 
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Pile types, Cont’d
• According to method of placement:

Ø Driven piles are: precast prestressed concrete, steel (H and 
pipe).
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Some photos for boring piles and machines for driving piles 
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Pile types, Cont’d
• According to method of placement:

Ø Cast in place piles( bored piles)
There are three main procedures for placing a bored pile:
1. Dry method (Figure 1)
2. Casing method (Figure 2) 
3. Wet method (Figure 3) 

Fig. -1-: Dry method Fig. -3-: Wet methodFig. -2-: Casing method
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Stages of boring and installation of cages of reinforcement and pouring piles



Video on Bored pile in process
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This video can be opened by the following link by youtube. In this video 
you can watch the drilling for installing the reinforcement cage and then 
casting concrete in insitu.
https://www.youtube.com/watch?v=w0sHutDSQ8c
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Pile types, Cont’d
• method of load transfer:
Ø Point Bearing Piles: 
If the soil supporting the structure is weak soil, pile foundation will used to
transmit the load to the strong soil layer or to the bed rock (if encountered), 

here the pile will resist the entire load depending on its end point load QP
and the value of Qs (frictional resistance) is very small in this case, so: 
Qu =QP +Qs Qs ≈0.0→ Qu =QP (Point Bearing Piles). 
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Ø Friction Piles: 
When no strong layer or rock is present at reasonable depth at a site, point bearing piles becomes 
very long (to reach strong layer) and uneconomical. In these type of soil profiles, piles are driven 
through the softer (weaker) soil to specified depth, and here the point bearing load (QP) is very 
small and can be considered zero, however the load on the pile will resisted mainly by the 
frictional resistance between soil and pile (skin frictional force(Qs) so: 
Qu =QP +Qs, QP ≈0.0→ Qu =Qs (FricKon Piles) 

Pile types, Cont’d
• method of load transfer; Cont’d:
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Deep (Pile) Foundation
Ø Types of piles
Ø Installation 
Ø load test of piles
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CLASSIFICATION OF PILES:

• With respect to (W.R.T): 
1. Mode of construction
2. Material of construction
3. Method of loading
4. Function of pile
5. Shape
6. Size

Prof. Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 2



CLASSIFICATION W.R.T MODE OF CONSTRUCTION:

1. Pre-cast  (Driven Piles )
2. Cast in-situ Piles   (Bored Piles)

•Under sized Bore.(It is feasible because of less noise , under
sized hole is dug and full size pile is driven.

•By driving the piles, the soil is displaced so type is
a) High volume displaced piles (vol. almost equal to vol.of pile).
b) No volume displaced piles.
c) Low volume displaced piles.
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CLASSIFICATION W.R.T MATERIAL OF CONSTRUCTION:

1) Timber piles: (Trunk of a Wooden tree, the oldest pile)
2) Concrete pile
3) Steel pile
4) Composite pile: (Certain portion by one material and certain portion 

by other material)
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a) X- cross-section b) H - cross-section c) steel pipe 

Steel piles cross-sections
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Cast-in-place concrete piles 



CLASSIFICATION W.R.T METHOD OF LOADING:

Some times skin friction is predominant and sometimes the End 
bearing so 

1) Frictional Pile
If major part is taken by the shaft of pile. When very Weak soils of 
large depths are available.

2) End Bearing Pile
When a soil layer of reasonable strength is available at a reasonable 
depth.

3. Combination of Two. (Friction and End bearing piles)
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CLASSIFICATION W.R.T FUNCTION OF PILE:

1) Compression pile: (To resist the comp. load)
2) Tension pile or Anchor pile
3) Compaction pile: (granular soil i.e. very loose sand

can be compacted by driving the piles at one
place, then are pulled out and driven at the next
place, in this way sand is densified).

4) Fender piles: (Used near sea-part to protect the
Harbour, just to absorb the impact of floating
objects)

5) Batter piles: (Provided at an inclination their
stability is more against overturning).

6) Sheet piles.(To reduce seepage or to provide lateral
stability).
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CLASSIFICATION W.R.T SHAPE:

1. Round Piles
2. Square Piles
3. Octagonal Piles
4. I-Shaped Piles
5. Straight Piles
6. Tapered Piles
7. Bell-Bottom Piles
8. Screw Piles       
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CLASSIFICATION W.R.T SIZE:

1. Large Dia Pile: ( >   24” (600 mm))
2. Small Dia Pile:( > 6” to   24” (150 – 600 mm)
3. Micro Dia Pile:(= 4” (100 mm) to   6” (150 mm)
(These are used for specific projects i.e. for Repair ).

1. Root Pile(Rectangular) Used for special projects i,e
for under pressing, Repair).
If > 24” (600 mm) then These are called as pier.
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Means of driving piles:

Ø hammers
Ø vibratory drivers
Ø jetting
Ø partial auguring

Types of hammer

(a) the drop hammer,
(b) the single-acting air or steam hammer,
(c) the double-acting and differential air or steam hammer,
(d) the diesel hammer.
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Pile-driving equipment: (a) drop hammer; (b) single-acting air or steam hammer; (c) double-
acting and differential air or steam hammer; (d) diesel hammer
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(continued) Pile-driving equipment: (e) vibratory pile driver; (f) photograph of a vibratory pile
driver
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Pile Load Tests

ü A specific number of load tests must be conducted on piles.
ü The primary reason is the unreliability of prediction methods.
ü The vertical and lateral load- bearing capacity of a pile can be tested in the field.
ü A schematic diagram of the pile load arrangement for testing axial compression in the field

shown below.
ü The load is applied to the pile by a hydraulic jack.
ü Step loads are applied to the pile, and sufficient time is allowed to elapse after each load so that

a small amount of settlement occurs.
ü The settlement of the pile is measured by dial gauges.
ü The amount of load to be applied for each step will vary, depending on local building codes.
ü Most building codes require that each step load be about one-fourth of the proposed working

load. The load test should be carried out to at least a total load of two times the proposed
working load. After the desired pile load is reached, the pile is gradually unloaded.

ü A load–settlement diagram obtained from field loading and unloading.
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A: Load against total settlement.        B: Load against net settlement
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Retaining Walls (1):
Ø Types
Ø Overview of lateral earth pressure
Ø Stability against:

ü Overturning
ü Sliding
ü Base shear failure
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General and Review
Structures that are built to retain vertical or nearly vertical earth banks or any other material are called retaining 
walls. 
Retaining walls may be constructed of masonry or sheet piles. Some of the purposes for which retaining walls are 
used are shown in the Figures (Figure (1): (a to f)).
Retaining walls may retain water also. The earth retained may be natural soil or fill. Figure (2) shows main types of  
principal Retaining Walls (R.W.). 
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Figure (1) Figure (2)



General and Review, Cont’d: Elements of Retaining Walls 

Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 3

Each retaining wall divided into three parts; stem, heel, and toe as shown for the following 
cantilever footing (as example): 
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General and Review, Cont’d: Application of lateral earth pressures theories
Rankine Theory: 
1. The wall is vertical and backfill is horizontal: 
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Rankine Theory: 
2. The wall is vertical and the backfill is inclined with horizontal by angle (𝛂): 

Here the active force Pa is inclined with angle (α) and can be 
calculated as following: 

Now the calculated value of Pa is inclined with an angle (α), so its analyzed in horizontal 
and vertical axes and then we use the horizontal and vertical components in design as will 
explained later.

Pa,h = Pa cos(α) , Pa,v = Pa sin(α)
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3. The wall is inclined by angle (𝛉)with vertical and the backfill is inclined with horizontal 
by angle (𝛂): 

Rankine Theory: 

Note that the force Pa is inclined with angle (α) and not depend on the inclination of the wall 
because the force applied on the vertical line and can be calculated as following: 
Pa = 1/2 γ H ʹ 2 Ka

d
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What about Ka ? 

Ka is depend on the inclination of the wall and inclination of the backfill because it’s related to the 
soil itself and the angle of contact surface with this soil, so Ka can be calculated from the 
following equation or by using the table:
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Coulomb’s Theory: 
The force Pa is applied directly on the wall, so whole soil retained by the wall will be considered 
in Pa and thereby the weight of soil will not apply on the heel of the wall. 

Pa = 1/2 γ H2 Ka
Why H?, Here the force Pa is applied directly on the wall, so the lateral pressure of the soil is applied on the wall 
from start to end, so we only take the height of the wall (in coulomb theory).
Ka is calculated from Tables according the following angles: φ, α, β and δ
As shown, the force Pa is inclined with angle (δ + θ) with horizontal, so: Pa,h = Pa cos(δ + θ) , Pa,v = Pa sin(δ + θ) 
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What about Passive Force 
You can always calculate passive force from Rankine theory even if its require to 
solve the problem based on coulomb’s theory, because we concerned about 
Rankine and coulomb’s theories in active lateral pressure. So, Kp can be 
determined by the following equation for no slope of back fill soil and the wall is 
vertical:

𝑲𝒑= 𝟏#$%& 𝝓
𝟏($%& 𝝓

= tan2(𝟒𝟓∘ + 𝝓
𝟐
)

Important Note: 
Coulomb’s theory can’t be used in the following cases:
1. If the soil retained by the wall is (C − φ) soil, because Coulomb’s theory deals 
only with granular soil (pure sand).
2. If wall friction angle between retained soil and the wall is equal zero. 
3. If we asked to solve the problem using Rankine theory. 



Professor Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 10

Stability of Retaining Wall

A retaining wall may be fail in any of the following modes of failure:
1. It may overturn about its toe.
2. It may slide along its base.

3. It may fail due to the loss of bearing capacity of the soil supporting
the base.
4. It may undergo deep-seated shear failure.
5. It may go through excessive settlement. 

Suppor/ng soil
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Remark: Rankine theory used to discusses the stability of these types of failures. Coulomb’s theory 
will be the same with only difference mentioned above (active force applied directly on the wall). 

Stability of Retaining Wall, Cont’d

1)Stability for Overturning: 
The horizontal component of active force will causes overturning 
on retaining wall about point O by moment called “overturning 
moment” 
MOT = Pa,h × H/3 

The resisting moment (MR) will be due to:
1- Vertical component of active force Pa,v (if exist).
2- Weight of all soil above the heel of the retaining wall. 
3- Weight of each element of retaining wall.
4- Passive force (we neglect it in this check for more safety). 
Now, to calculate the moment from these all forces (resisting 
moment) we prepare the following table: 
Force = Volume × unit weight but, we take a strip of 1 m length
→ Force = Area × unit weight 

Pp
D
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1)Stability for Overturning, Cont’d: 

Remark: If you asked to consider passive force→ consider it in the resisting moment and the 
factor of safety remains 2. (So we neglect it here for safety). 
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Stability for Sliding along the Base 

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 
Fd = Pa,h.
This driving force will be resisted by the following 
forces: 
1. Adhesion between the soil (under the base) and the 
base of retaining wall: ca = adhesion along the base of 
Retaining Wall (RW), (KN/m)
Ca = ca × B = adhesion force under the base of RW (KN).
ca can be calculated from the following relation: 
ca = K2c2, where, c2 = cohesion of soil under the base 
So adhesion force is: 
Ca = K2c2B 
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2. Friction force due to the friction between the soil and the 
base of RW: Always friction force is calculated from the 
following relation:
Ffr = μsN
Here N is the sum of vertical forces calculated in the table of 
the first check (overturning) 
→ N = ∑V (including the vertical component of active force)
μs = coefficient of friction (related to the friction between soil 
and base) μs = tan(𝛿2) δ2 = K1φ2 →→ μs = tan(K1φ2)
φ2 = friction angle of the soil under the base. 
→Ffr =∑V×tan(K1φ2) 
Note: 
K1 =K2 =(1/2→2/3) if you are not given them → take K1=K2
=2/3 

Stability for Sliding along the Base, Cont’d 
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3. Passive force PP. (Calculated using Rankine theory). 
So the total resisting force FR can be calculated as following: 

FR =∑V×tan(K1φ2)+Kc2B+PP

Factor of safety against sliding: 

FSS =FR/Fd ≥ 2 (if we consider PP in FR) 

FSS = FR/Fd ≥ 1.5 (if we don’t consider PP in FR) 

Stability for Sliding along the Base, Cont’d 
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Check Stability for Bearing Capacity Failure 
The resultant force (R) is not applied on the center of the base of 
retaining wall, so there is an eccentricity between the location of 
resultant force and the center of the base, this eccentricity may 
be calculated as following: 
From the figure above, take summation moments about point O: 
MO = ∑ V × $X
From the first check (overturning) we calculate the overturning 
moment and resisting moment about point O, 
so the difference between these two moments gives the net 
moment at O.
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Note: Since there exist eccentricity, the pressure under the base of retaining wall is 
not uniform (there exist maximum and minimum values for pressure). 
We calculate qmax and qmin as below.
Eccentricity in B-direction and retaining wall (RW) can be considered strip 
footing. 

Now, we must check for qmax:
qmax ≤ qall → qmax = qall (at critical case) 
FSB.C= qu

qmax
≥ 3
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Calculation of 𝐪𝐮:
qu is calculated using Meyerhof equation as following: 

previously
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Proportioning of RW (Gravity and Cantilever Walls) 
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1) Proportioning means assuming some of RW dimensions 
as trial to check the walls for stability. If the stability 
checks yield undesirable results, the sections can be 
changed and rechecked. The figure shows the general 
proportions of various retaining wall components that can 
be used for initial checks. 

2) The top of the stem of any retaining wall should not be 
less than about 0.3 m (≈12 in) for proper placement of 
concrete. 

3) The depth, D, to the bottom of the base slab should be a 
minimum of 0.6 m (≈2 ft). However, the bottom of the 
base slab should be positioned below the seasonal frost 
line. 

4) For counterfort retaining walls, the general proportion of 
the stem and the base slab is the same as for cantilever 
walls. 

5) The counterfort slabs may be about 0.3 m (≈12 in) thick 
and spaced at center-to-center distances of 0.3H to 
0.7H. 

(a): Gravity wall, (b): Cantilever wall
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Example on Filter
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Examples
1-

a
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1) Proportioning means assuming some of RW dimensions 
as trial to check the walls for stability. If the stability 
checks yield undesirable results, the sections can be 
changed and rechecked. The figure shows the general 
proportions of various retaining wall components that can 
be used for initial checks. 

2) The top of the stem of any retaining wall should not be 
less than about 0.3 m (≈12 in) for proper placement of 
concrete. 

3) The depth, D, to the bottom of the base slab should be a 
minimum of 0.6 m (≈2 ft). However, the bottom of the 
base slab should be positioned below the seasonal frost 
line. 

4) For counterfort retaining walls, the general proportion of 
the stem and the base slab is the same as for cantilever 
walls. 

5) The counterfort slabs may be about 0.3 m (≈12 in) thick 
and spaced at center-to-center distances of 0.3H to 
0.7H. 

(a): Gravity wall, (b): Cantilever wall
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Example on Filter
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Examples
1-

a
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Modes of slope failure
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An exposed ground surface that stands at an angle with the 
horizontal is called an unrestrained slope. The slope can be 
natural or man-made. It can fail in various modes. They are 
üFall.. 
üTopple. 
üSlide. 
üSpread. 
üFlow. 

This lecture primarily relates to the quantitative analysis 
that fall under the category of slide (type 3). 

1: “Fall” type of landslide 2: Slope failure by “toppling” 3:Slope failure by “sliding” 

4:Slope failure by lateral “spreading” 

5: Slope failure by “flowing” 



Factor of Safety
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The main task of slope stability analysis is to determine the factor of safety. 
The factor of safety is defined as:

Where,
Fs factor of safety with respect to strength 
tf : average shear strength of the soil
td : average shear stress developed along the potential failure surface 

where 𝐶!d  and ∅ !
d are, respectively, the cohesion and the angle 

of friction that develop along the potential failure surface 
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Factor of Safety, Cont’d
ü The factor of safety with respect to cohesion, Fc’ : 

ü The factor of safety with respect to friction, Ff’ :

When we compare the above Equations and when Fc’ becomes equal to Ff’ it gives the factor of 
safety with respect to strength, or, if 

So, 

Ø When Fs is equal to 1, the slope is in a state of impending failure. 
Ø A value of 1.5 for the factor of safety with respect to strength is acceptable for the design of 

a stable slope. 



Stability Slopes
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1) Infinite slopes:

a) Analysis of infinite slope (without seepage) b) Analysis of infinite slope (with seepage) 
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Stability Slopes

2) Finite slopes
Analysis of Finite Slopes with Plane Failure Surfaces

• Finite slope analysis— Cullman's method 
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• Analysis of Finite Slopes with Circular Failure Surfaces

Modes of failure of finite slope: (a) slope failure; (b) shallow slope failure; (c) base failure 

Stability Slopes, Cont’d
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• Analysis of Finite Slopes with Circular Failure Surfaces
Stability Slopes, Cont’d

o Mass procedure: In this case, the mass of the soil above the surface of sliding is 
taken as a unit. This procedure is useful when the soil that forms the slope is assumed 
to be homogeneous, although this is not the case in most natural slopes.

o Method of slices: In this procedure, the soil above the surface of sliding is divided 
into a number of vertical parallel slices. The stability of each slice is calculated 
separately. This is a versatile technique in which the nonhomogeneity of the soils and 
pore water pressure can be taken into consideration. It also accounts for the variation 
of the normal stress along the potential failure surface. 

Types of Stability Analysis Procedures 
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Stability Slopes, Cont’d

Stability analysis of slope in homogeneous saturated clay soil 

• Analysis of Finite Slopes with Circular Failure Surfaces, Mass procedure
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ü Ordinary Method of Slices 

Stability Slopes, Cont’d
• Analysis of Finite Slopes with Circular Failure Surfaces, Slices procedure

Stability analysis by ordinary method of slices: (a) trial failure surface; (b) forces acting on nth slice 
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Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 

The normal stress,𝜎′, in the above Eq. is equal to: 

For equilibrium of the trial wedge ABC, the moment of the driving force about O equals the 
moment of the resisting force about O, or: 
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Notes:
1) ΔLn in the above Eq. is approximately equal to (bn)/(cos an), where bn = the width of the nth slice. 
2) Note that the value of an may be either positive or negative. The value of an is positive when the slope of the 

arc is in the same quadrant as the ground slope. To find the minimum factor of safety; that is, the factor of 
safety for the critical circle—one must make several trials by changing the center of the trial circle. This 
method generally is referred to as the ordinary method of slices.

3) The method of slices can be extended to slopes with layered soil, as shown in the Figure. The general 
procedure of stability analysis is the same. However, some minor points should be kept in mind. When the 
previous Eq. is used for the factor of safety calculation, the values of f’ and c’ will not be the same for all 
slices. 

Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 

Stability analysis, by ordinary method of slices, for slope in layered soils 
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If total shear strength parameters (that is, tf = c + tan f) were used, Eq. of the 
factor of safety would be as in the form:

Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 



Example
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For the slope shown in Figure shown below, find the factor of safety against sliding for the trial 
slip surface AC. Use the ordinary method of slices. 

Stability analysis of a slope by ordinary method of slices 
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Solution:
The sliding wedge is divided into seven slices, as shown in the Fig., then following
table presents the results. 
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Bishop’s Simplified Method of Slices 

Bishop’s simplified method of slices: (a) forces acting on the nth slice; 
(b) force polygon for equilibrium 

Where:

Variation of ma(n) with an and tan f’/Fs 
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For simplicity, if we let DT = 0, the Eq. becomes 
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An exposed ground surface that stands at an angle with the 
horizontal is called an unrestrained slope. The slope can be 
natural or man-made. It can fail in various modes. They are 
üFall.. 
üTopple. 
üSlide. 
üSpread. 
üFlow. 

This lecture primarily relates to the quantitative analysis 
that fall under the category of slide (type 3). 

1: “Fall” type of landslide 2: Slope failure by “toppling” 3:Slope failure by “sliding” 

4:Slope failure by lateral “spreading” 

5: Slope failure by “flowing” 
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The main task of slope stability analysis is to determine the factor of safety. 
The factor of safety is defined as:

Where,
Fs factor of safety with respect to strength 
tf : average shear strength of the soil
td : average shear stress developed along the potential failure surface 

where 𝐶!d  and ∅ !
d are, respectively, the cohesion and the angle 

of friction that develop along the potential failure surface 
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Factor of Safety, Cont’d
ü The factor of safety with respect to cohesion, Fc’ : 

ü The factor of safety with respect to friction, Ff’ :

When we compare the above Equations and when Fc’ becomes equal to Ff’ it gives the factor of 
safety with respect to strength, or, if 

So, 

Ø When Fs is equal to 1, the slope is in a state of impending failure. 
Ø A value of 1.5 for the factor of safety with respect to strength is acceptable for the design of 

a stable slope. 



Stability Slopes
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1) Infinite slopes:

a) Analysis of infinite slope (without seepage) b) Analysis of infinite slope (with seepage) 
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Stability Slopes

2) Finite slopes
Analysis of Finite Slopes with Plane Failure Surfaces

• Finite slope analysis— Cullman's method 
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• Analysis of Finite Slopes with Circular Failure Surfaces

Modes of failure of finite slope: (a) slope failure; (b) shallow slope failure; (c) base failure 

Stability Slopes, Cont’d
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• Analysis of Finite Slopes with Circular Failure Surfaces
Stability Slopes, Cont’d

o Mass procedure: In this case, the mass of the soil above the surface of sliding is 
taken as a unit. This procedure is useful when the soil that forms the slope is assumed 
to be homogeneous, although this is not the case in most natural slopes.

o Method of slices: In this procedure, the soil above the surface of sliding is divided 
into a number of vertical parallel slices. The stability of each slice is calculated 
separately. This is a versatile technique in which the nonhomogeneity of the soils and 
pore water pressure can be taken into consideration. It also accounts for the variation 
of the normal stress along the potential failure surface. 

Types of Stability Analysis Procedures 
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Stability Slopes, Cont’d

Stability analysis of slope in homogeneous saturated clay soil 

• Analysis of Finite Slopes with Circular Failure Surfaces, Mass procedure
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ü Ordinary Method of Slices 

Stability Slopes, Cont’d
• Analysis of Finite Slopes with Circular Failure Surfaces, Slices procedure

Stability analysis by ordinary method of slices: (a) trial failure surface; (b) forces acting on nth slice 
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Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 

The normal stress,𝜎′, in the above Eq. is equal to: 

For equilibrium of the trial wedge ABC, the moment of the driving force about O equals the 
moment of the resisting force about O, or: 
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Notes:
1) ΔLn in the above Eq. is approximately equal to (bn)/(cos an), where bn = the width of the nth slice. 
2) Note that the value of an may be either positive or negative. The value of an is positive when the slope of the 

arc is in the same quadrant as the ground slope. To find the minimum factor of safety; that is, the factor of 
safety for the critical circle—one must make several trials by changing the center of the trial circle. This 
method generally is referred to as the ordinary method of slices.

3) The method of slices can be extended to slopes with layered soil, as shown in the Figure. The general 
procedure of stability analysis is the same. However, some minor points should be kept in mind. When the 
previous Eq. is used for the factor of safety calculation, the values of f’ and c’ will not be the same for all 
slices. 

Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 

Stability analysis, by ordinary method of slices, for slope in layered soils 
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If total shear strength parameters (that is, tf = c + tan f) were used, Eq. of the 
factor of safety would be as in the form:

Stability Slopes, Cont’d
ü Ordinary Method of Slices, Cont’d 



Example
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For the slope shown in Figure shown below, find the factor of safety against sliding for the trial 
slip surface AC. Use the ordinary method of slices. 

Stability analysis of a slope by ordinary method of slices 
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Solution:
The sliding wedge is divided into seven slices, as shown in the Fig., then following
table presents the results. 
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Bishop’s Simplified Method of Slices 

Bishop’s simplified method of slices: (a) forces acting on the nth slice; 
(b) force polygon for equilibrium 

Where:

Variation of ma(n) with an and tan f’/Fs 
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For simplicity, if we let DT = 0, the Eq. becomes 
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Foundation Engineering (2):
Structural Design of Reinforced Concrete of Shallow Foundations 
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Load Factors 
According to ACI Code 318-11 Section 9.2, depending on the type, the ultimate load-carrying capacity of a structural member 
should be one of the following: 
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Review of Design Concepts for a Rectangular Section in Bending 
A section of a concrete beam having a width b and a depth h. The assumed stress distribution across the section at ultimate load 
is shown in the Figure. The following notations have been used in this figure: 
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By applying equilibrium principles, so:
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𝑀! =  ∅𝑀"

Where: 
𝑀! is the ultimate design moment
∅ is reduction factor for flexural stress

Substituting a in the Mn equation and applying reduction factor, so the design moment 
Muwill be as : 

The steel percentage is defined by the equation: s = 𝑨𝒔
𝒃𝒅
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In a balanced beam, failure would occur by sudden simultaneous yielding of tensile steel and
crushing of concrete. The balanced percentage of steel (for Young’s modulus (Modulus of
Elasticity)) of steel, Es = 200 MN/m2) can be given as:

To avoid sudden failure without warning, ACI Code Section 10.3.5 recommends that the 
maximum steel percentage (smax) should be limited to a net tensile strain (𝜖t) of 0.004. For all 
practical purposes,

𝑆max ≈ 0.75 𝑠#



Professor Hussein M. Ashour Al.Khuzaie (PhD); hma@mu.edu.iq
8

Shear Concept
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In conventional English units: 
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Reinforcing Bars 
The nominal sizes of reinforcing bars commonly used in the United States are given in the Table
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Development Length 

The development length, Ld, is the length of embedment required to develop the yield stress in
the tension reinforcement for a section in flexure. ACI Code Section 12.2 lists the basic
development lengths for tension reinforcement.
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Go a head for the next week

Any Question?
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Foundation Engineering (2):
Structural Design of Reinforced Concrete of Shallow Foundations (examples), 

part -2-
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Design Example of a Square Foundation for a Column 

As shown in the Figure a square column foundation with the following conditions: 
Live load = L = 675 kN 
Dead load = D = 1125 kN
Allowable gross soil-bearing capacity = qall = 145 kN/m2 Column size = 0.5 m X 0.5 m 
f’c = 20.68 MN/m2 fy = 413.7 MN/m2

Let it be required to design the column foundation. 
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B, m
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mm

previously

The assumed depth of foundation is more than adequate. 
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(4000 -500)/2 -76) = 1674 mm is more than the required, so, it is OK
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Design Example of a Rectangular Foundation for a Column 

This section describes the design of a rectangular foundation to support a column having 
dimensions of 0.4 m x 0.4 m in cross section. Other details are as follows: 
Dead load = D = 290 kN
Live load = L = 110 kN
Depth from the ground surface to the top of the foundation = 1.2 m.
Allowable gross soil-bearing capacity = 120 kN/m2

Maximum width of foundation = B = 1.5 m
fy = 413.7 MN/m2

f’c = 20.68 MN/m2

Unit weight of soil = 𝛾 = 17.27 kN/m3

Unit weight of concrete = 𝛾𝑐 = 22.97 kN/m3
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Foundation Engineering (2):
Structural Design of Reinforced Concrete of Shallow Foundations (examples) 
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Example (1):  Design of a Continuous (Wall) Foundation 

It is required to design a load-bearing wall with the following data: 
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Code Requirements (ACI 318M -11) 15.7 — Minimum footing depth: 
Depth of footing above bottom reinforcement shall not be less than 150 mm for footings on soil, or less than 300 
mm for footings on piles. 

Solution

For this design, assume the foundation thickness to be 0.3
m. Refer to (ACI 318M-11) Code, Section 7.7.1, which
recommends a minimum cover of 76 mm over steel
reinforcement, and assume that the steel bars to be used
are 12 mm in diameter. Thus:
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with λ = 1 

0.0974 MN/m = 97.4 kN/m

97.4 kN/m
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Development Length of Reinforcement Bars (Ld) 
According to ACI Code Section 12.2, the minimum development length Ld for 12 mm diameter 
bars is about 558 mm . Assuming a 76-mm cover to be on both sides of the footing, the minimum 
footing width should be [2(558 + 76) + 300] mm = 1568 mm = 1.568 m. Hence, the revised 
calculations are: 
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The final design sketch is shown in Figure: 
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