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SHALLOW FOUNDATIONS 
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bed rock 

firm 

ground 

•  for transferring building loads to underlying 

ground 

•  mostly for firm soils or light loads 
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DEEP FOUNDATIONS 
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bed rock 

weak soil 
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  for transferring building loads to underlying 

ground 
 mostly for weak soils or heavy loads 
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PILE DRIVING RIG – ROSS RIVER 
DAM 
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PILE DRIVING RIG – ROSS RIVER 
DAM 

A pile group 



DEEP FOUNDATIONS 
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Driven timber piles, Pacific Highway 



PIER FOUNDATIONS FOR 
BRIDGES 

• CABLE-STAYED BRIDGE 

• SUPPORTED ON 7 PIERS, 342 M APART 

• LONGEST PIER (336) IN THE WORLD 
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Millau Viaduct in France (2005) 



PIER FOUNDATIONS FOR 
BRIDGES 
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Millau Viaduct in France (2005) 





RETAINING WALLS 
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  for retaining soils from spreading laterally 

Road 

Train 

retaining 

wall 



REINFORCED EARTH WALLS 
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~ using geofabrics to strengthen the soil 



SHEET PILES 
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~ sheets of interlocking-steel or timber driven into 

 the ground, forming a continuous sheet 

ship 

warehouse 

sheet pile 



SHEET PILES 
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~ resist lateral earth pressures 

~ used in excavations, waterfront structures, .. 
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SHEET PILE AT WOOLCOCK ST  



SHEET PILES 
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~ used in temporary works 



COFFERDAM 
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~ sheet pile walls enclosing an area, to 

 prevent water seeping in 



COFFERDAM 
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~ sheet pile walls enclosing an area, to 

 prevent water seeping in 



SHORING 

21 

propping and supporting the exposed walls to 

resist lateral earth pressures 



EXCAVATIONS 
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TYPICAL SAFETY FACTORS 

23 

Type of Design Safety 

Factor 

Probability of 

Failure 

Earthworks 1.3-1.5 1/500 

Retaining 

structures 

1.5-2.0 1/1500 

Foundations 2.0-3.0 1/5000 
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SOME CIVIL ENGINEERING MARVELS …. 

… buried right under your feet. 

foundations soil 
exploration 

tunneling 



GREAT CONTRIBUTORS TO THE 

DEVELOPMENTS IN GEOTECHNICAL 

ENGINEERING 



Karl Terzaghi 
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M. Rankine 
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GEOTECHNICAL ENGINEERING 

LANDMARKS 



LEANING TOWER OF PISA 

28 

Our blunders become monuments! 



FOUNDATION ENGINEERING 

29 



IMPORTANCE & PURPOSE 
 

• All engineered construction resting on the earth must be carried by some kind 
of interfacing element called a foundation 

 

• Foundation is the part of an engineered system that transmits to, and into, the 
underlying soil or rock the loads supported by the foundation and its self-
weight 

 

• The term superstructure is commonly used to describe the engineered part of 
the system bringing load to the foundation, or substructure. the term 
superstructure has particular significance for buildings and bridges; however, 
foundations also may carry only machinery, support industrial equipment 
(pipes, towers, tanks), act as sign bases, and the like. 

 

• The foundation as that part of the engineered system that interfaces the load-
carrying components to the ground. 

 

• it is evident on the basis of this definition that a foundation is the most 
important part of the engineering system. 



MINIMUM REQUIRED FOR DESIGNING 
A FOUNDATION 

1. Locate the site and the position of load. a rough estimate of the 
foundation load(s) is usually provided by the client or made in-house. 
depending on the site or load system complexity, a literature survey 
may be started to see how others have approached similar problems. 

 

2. Physically inspect the site for any geological or other evidence that 
may indicate a potential design problem that will have to be taken 
into account when making the design or giving a design 
recommendation. supplement this inspection with any previously 
obtained soil data. 

 

3. Establish the field exploration program and, on the basis of discovery 
(or what is found in the initial phase), set up the necessary 
supplemental field testing and any laboratory test program.  

 



MINIMUM REQUIRED FOR 
DESIGNING A FOUNDATION CONT’  

4. Determine the necessary soil design parameters based on integration of test 
data, scientific principles, and engineering judgment. simple or complex 
computer analyses may be involved. 

 

5. For complex problems, compare the recommended data with published 
literature or engage another geotechnical consultant to give an outside 
perspective to the results. 

 

6. Design the foundation using the soil parameters from step 4. the 
foundation should be economical and be able to be built by the available 
construction personnel. take into account practical construction tolerances 
and local construction practices. interact closely with all concerned (client, 
engineers, architect, contractor) so that the substructure system is not 
excessively overdesigned and risk is kept within acceptable levels. a 
computer may be used extensively (or not at all) in this step. 

 



FOUNDATIONS: CLASSIFICATIONS 

• Foundations may be classified based on where the load is carried by the ground, 

producing: 

 

• Shallow foundations—termed bases, footings, spread footings, or mats. the depth is 

generally 

D/B < 1 but may be somewhat more.  

 

• Deep foundations—piles, drilled piers, or drilled caissons. LP/B > 4+ 

 



FOUNDATIONS: 
CLASSIFICATIONS 

Definition of select terms used in foundation engineering 



OTHER FOUNDATIONS TYPE 

Shallow Foundations Deep Foundations 



GENERAL REQUIREMENTS 

• Foundation elements must be proportioned both to 
interface with the soil at a safe stress level and to limit 
settlements to an acceptable amount 

• Excessive settlement problems are fairly common and 
somewhat concealed 

• In summary, 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 

 



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. 

 

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. 



ADDITIONAL CONSIDERATIONS 
THAT MAY HAVE TO BE TAKEN  

INTO ACCOUNT AT SPECIFIC SITES 
CONT’ 

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. 

 

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. 



ADDITIONAL CONSIDERATIONS 
THAT MAY HAVE TO BE TAKEN  

INTO ACCOUNT AT SPECIFIC SITES 
CONT’ 

5. The foundation should be buildable with available construction 
personnel. For one-of-akind 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. 

 

6. 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. 

 



SELECTION OF TYPE 



SELECTION OF TYPE 



SELECTION OF TYPE 

Where the groundwater table (GWT) is present, it is common to 

lower it below the  construction zone either permanently or for the 

duration of the construction work. 

 

 If the GWT later rises above the footing level, the footing will  

be subject to uplift or flotation, which would have to be taken into 

account. 



Foundation Engineering 
Review to Soil Mechanics 
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Contents  

• Grain size distribution 

• Weight – volume relationship 

• Relative Density 

• Atterberg limits 

• Soil classification system 

• Hydraulic conductivity 

• Effective stress 

• Shear strength parameters 

• Consolidation 
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Grain size distribution 

• Sieve Analysis 

• A sieve analysis is conducted by taking  

a measured amount of dry, well-pulverized 

 soil and passing it through a stack of progressively 

 finer sieves with a pan at the bottom. 

3 



Grain size distribution 

Two parameters can be determined from the grain-size 

distribution curves of coarsegrained 

soils: (1) the uniformity coefficient (Cu) and (2) the 

coefficient of gradation, or coefficient of curvature (Cc) 

These coefficients are 

4 



Grain size distribution 

• Hydrometer Analysis 
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Weight–Volume Relationships 

6 



Relative Density 

• In granular soils, the degree of compaction in the field can be 
measured according to the relative density, defined as: 
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Atterberg Limits 

The difference between the liquid limit and the plastic limit 

of a soil is defined as the plasticity index (PI), or 
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• Liquidity index: 

• The relative consistency of a cohesive soil in the natural state can be 
defined by a ratio called the liquidity index, which is given by: 

 

 

 

• Activity: 
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Soil Classification Systems 

AASHTO USCS 

10 



Hydraulic conductivity 

• The void spaces, or pores, between soil grains allow water to flow 
through them. In soil mechanics and foundation engineering, you 
must know how much water is flowing through a soil per unit time. 
This knowledge is required to design earth dams, determine the 
quantity of seepage under hydraulic structures, and dewater 
foundations before and during their construction 

11 
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Effective Stress 

• The total stress at a given point in a soil mass can be expressed as: 

13 



Shear strength parameters 

• Direct shear test 

• Triaxial test 

• Unconfined test 

14 



Consolidation  

• How we calculate the primary consolidation settlement and 
secondary consolidation  

15 



 IN SITU SOIL MEASUREMENTS  
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Soil Testing 

Variety of Field Testing Devices 



Standard Penetration Test 

Standard Penetration Test 



SPT sampler  
(Adapted from ASTM D1586) 



Types of SPT hammers 



SPT discrepancies (correction) 

• Equipment from different manufacturers. A large variety of drilling rigs 
are in current use; however, the rotary auger with the safety hammer of 
is the most common in North American practice (type of hammer). 

• Drive hammer configurations. The anvil also seems to have some 
influence on the amount of energy input to the sampler. 

• Whether a liner is used inside the split barrel sampler. Side friction 
increases the driving resistance (and AO and is less without the liner. It 
is common practice not to use a liner. Also it would appear that N values 
should be larger for soils with OCR > 1 (and larger relative density Dr) 
than for normally consolidated soils. borehole size) 

• Overburden pressure. Soils of the same density will give smaller TV 
values if p'o is smaller (as near the ground surface). Oversize boreholes 
on the order of 150 to 200 mm will also reduce N unless a rotary hollow-
stem auger is used with the auger left in close contact  with the soil in 
the hole bottom. Degree of cementation may also be significant in giving 
higher N counts in cemented zones that may have little overburden 
pressure. 

• Length of drill rod. 

 



Correction SPT, N60 

60

N
N RSBH
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
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N60= SPT values corrected for field procedure 

H= hammer efficiency (table 2.2 Das) 

B= borehole diameter correction (table 2.2 Das) 

S= Sampler correction (table 2.2 Das) 

R= Rod length correction (table 2.2 Das ) 

N= Measured SPT N values (table 2.2 Das) 



Correction Tables 
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N60: N corrected for field procedure 

(N1)60: N corrected for field procedure and overburden pressure 



SAMPLING AND 
EXPLORATION 



SPT discrepancies (correction) 

• Equipment from different manufacturers. A large variety of drilling rigs 
are in current use; however, the rotary auger with the safety hammer of 
is the most common in North American practice (type of hammer). 

• Drive hammer configurations. The anvil also seems to have some 
influence on the amount of energy input to the sampler. 

• Whether a liner is used inside the split barrel sampler. Side friction 
increases the driving resistance (and AO and is less without the liner. It 
is common practice not to use a liner. Also it would appear that N values 
should be larger for soils with OCR > 1 (and larger relative density Dr) 
than for normally consolidated soils. borehole size) 

• Overburden pressure. Soils of the same density will give smaller TV 
values if p'o is smaller (as near the ground surface). Oversize boreholes 
on the order of 150 to 200 mm will also reduce N unless a rotary hollow-
stem auger is used with the auger left in close contact  with the soil in 
the hole bottom. Degree of cementation may also be significant in giving 
higher N counts in cemented zones that may have little overburden 
pressure. 

• Length of drill rod. 
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N60= SPT values corrected for field procedure 

H= hammer efficiency (table 2.2 Das) 

B= borehole diameter correction (table 2.2 Das) 

S= Sampler correction (table 2.2 Das) 

R= Rod length correction (table 2.2 Das ) 

N= Measured SPT N values (table 2.2 Das) 



Correction Tables 
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Consistency of clay 

the consistency index (CI) 

w = natural moisture content 

LL = liquid limit 

PL = plastic limit 



Consistency of saturated 
 cohesive soils 

Water Table correction (drained vs undrained) 

(N60) 

60u KNC 

K= (3.5-6.5 kN/m2) 



SPT Correlations 
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SPT Correlations 

Empirical values for , Dr and unit weight of granular soils based on 
the SPT at about 6 m depth and normally consolidated 

SPT 
(N1)60 



The modulus of elasticity of granular soils (Es) 



Cone Penetration Test 

Types of cones (Most common): (a) A mechanical cone (also known 

as a Begemann Cone); and (b) An electric cone  

[see Figure 2.12 & 2.13 page 69 Das] 



CPT 

• Driving rate 10 to 20 mm/s  

• The tip (or cone) usually has a 
projected cross-sectional area of 
10 cm2, 

• Friction sleeve area 150 cm2 

 



Typical measurements 



Correlation 

• With Relative density as 
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Classification of soil based  
on CPT test results 



Correlation between qc/N60 and the mean grain 
size, D50. 



FIELD VANE SHEAR TESTING (FVST) 

Vane Shear Test 



Cu=Cu(VST) 

Data Reduction 
 undrained shear strength 

Cu=T/K 

K=366x10-8D3; D(cm) if H/D=2.0 

=1.7-0.54log(PI%)  

or use Figure 2.11 in text page 67 



ROCK SAMPLING 

• blow counts are at the refusal level (N > 100)Use Rock cores 

 

 



Rock coring equipment 



Rock quality designation 

• Rock quality designation (RQD) is an index or measure of the quality of a 
rock mass used by many engineers. RQD is computed from recovered core 
samples as 

 



Depth of Rock Cores 

• There are no fast rules for rock core depths. Generally one should core 
approximately as follows: 

1. A depth sufficient to locate sound rock or to as certain that it is fractured 
and jointed to a very great depth. 

 

2. For heavily loaded members such as piles or drilled piers, a depth of 
approximately 3 to 4 m below the location of the base. The purpose is to 
check that the "sound" rock does not have discontinuities at a lower 
depth in the stress influence zone and is not a large suspended boulder. 

 



GROUNDWATER TABLE (GWT) LOCATION 

• The GWT is generally determined by directly measuring to the 
stabilized water level in the borehole after a suitable time lapse, 
often 24 to 48 hr later. This measurement is done by lowering a 
weighted tape down the hole until water contact is made. In soils 
with a high permeability, such as sands and gravels, 24 hr is usually a 
sufficient time for the water level to stabilize unless the hole wall 
has been somewhat sealed with drilling mud. 



Soil tests  
Examples 



Example 1 
Following is the variation of the field standard penetration number (N60) in a sand deposit: 

 

 

 

 

 

 

 

The groundwater table is located at a depth of 5.5 m. Given: the dry unit weight of sand 

from 0 to a depth of 5.5 m is 18 .08 kN/m3, and the saturated unit weight of sand for depth 

6 to 10.5 m is 19.34 kN/m3. Calculate the corrected penetration numbers. 

 

 







Example 2 

  For the soil profile 
described in question 
1, estimate an 
average peak soil 
friction angle 



Example 3 



Example 3 



Example 3 



THE BEARING 
CAPACITY OF SOILS 



Example of Bearing Capacity Failure 

Transcona Grain Silos Failure - Canada 



Modern bearing Capacity failure  



The Bearing Capacity of Soils 

• -Terzaghi’s Ultimate Bearing Capacity 

• -Meyerhof’s Method 

• -Brinch Hansen’ Method 

• -Vesic’s Method 

• - General Ultimate Bearing Capacity 

 



Classification of foundations 

CH 3-Ch4 
CH 8-Ch9 



Spread footing Shapes & Dimensions 



Requirement for Foundation 

A shallow foundation must: 
1. be safe against an overall shear failure in the soil that supports it. 

2. cannot experience excessive displacement (in other words, settlement). 

3. cannot experience Excessive Lateral Movement. 

 

The definitions of bearing capacity are, 

qo is the contact pressure of the soil at the footing’s invert; 

qu is the load per unit area of the foundation at which the shear 
failure in soil occurs and is called the ultimate bearing capacity of 
the foundation; and 

qall is the load per unit area of the foundation that is supported 
without an unsafe movement of the soil, and is called the allowable 
bearing capacity. 

 



Mode of Failure 

1. General Shear Failure 

2. Local Shear Failure 

3. Punching Shear Failure 

 



Mode of Failure 
• A continuous footing resting on the surface of a dense sand or a stiff 

cohesive soil is shown in Figure 2a with a width of B. If a load is gradually 
applied to the footing, its settlement will increase. When the load per unit 
area equals qult a sudden failure in the soil supporting the foundation will take 
place, with the failure surface in the soil extending to the ground surface. 
This type of sudden failure is called a general shear failure 



Mode of Failure 
 If the foundation rests on send or clayey soil of medium compaction (Figure 2b), an 

increase of load on the foundation will increase the settlement and the failure surface 
will gradually extend outward from the foundation (as shown by the solid line). When 
the load per unit area on the foundation equals qult, the foundation movement will be 
like sudden jerks. A considerable movement of the foundation is required for the 
failure surface in soil to extend to the ground surface (as shown by the broken lines). 
The load per unit area at which this happens is the ultimate bearing capacity qult. 
Beyond this point, an increase of the load will be accompanied by a large increase of 
footing’s settlement. The load per unit area of the footing qult, is referred to as the 
first failure load (Vesic 1963). Note that the peak value of q is not realized in this type 
of failure, which is called the local shear failure in soil. 

 



Mode of Failure 
 If the foundation is supported by a fairly loose soil, the load-settlement 
plot will be like the one in Figure 2c. In this case, the failure surface in 
soil will not extend to the ground surface. Past the value qult, the load-
to-settlement plot will be steep and practically linear. This type of 
failure is called the punching shear failure. 

 

 



Modes of failure 

Based on experimental results from Vesic (1963), a relation for the mode of bearing 

capacity failure of foundations can be proposed (Figure 4), where 

Dr is the relative density in sand, 

Df is the depth of the footing measured from the ground surface, 

B is the width and L is the length of the footing (Note: L is always greater than B) 



Mode of Failure and Settlement 

Range of settlement of circular and rectangular plates at ultimate loads for 

 Df / B = 0 in sand (after Vesic, 1973). 



Terzaghi’s Bearing Capacity Formulas 

q 



Terzaghi’s Ultimate 
 Bearing Capacity Theory 

Where,  

q  =q = Df is the removed pressure from the soil to place the footing 

 Nc, N, and Nq are the soil-bearing capacity factors, dimensionless terms, whose values 
relate to the angle of internal friction .  These values can be calculated when  is known or 
they can be looked up in Terzaghi’s Bearing Capacity Factor Table 3.1 page 87.  

Using an equilibrium analysis, Karl Terzaghi expressed in 1943 the  ultimate 

bearing capacity qu of a particular soil to be of the form, 

(for strip footings, such as wall foundations) 

(for square footings, typical of interior columns) 

(for circular footings, such as towers, chimneys) 

c' = cohesion of soil 

= unit weight of soil 



Terzaghi’s Ultimate 
 Bearing Capacity Factors 

The bearing capacity factors Nc Nq, and N are defined by 

Kp=tan2(45+/2) 



B.C. Factor of Safety 
The factor of safety FS against a bearing capacity failure defined 

where qall is the gross allowable load-bearing capacity and qnet is the net 

ultimate bearing capacity. 

The factor of safety is chosen according the function of the structure, but never 

less than 3 in all cases. 

The net ultimate bearing capacity is defined as the ultimate pressure per unit 

area of the footing that can be supported by the soil in excess of the pressure 

caused by the surrounding soil at the foundation level. 

A footing will obviously not settle at all if the footing is placed at a depth 

where the weight of the soil removed is equal to the weight of the 

column’s load plus the footing’s weight. 

Use qnet instead of qult 



Modification of the Bearing Capacity 
Equations for the Water Table 

Case I: When 0 < D1 < Df . 

In term 2 of BC equation 

Use ’    in term 3 of BC equation 



Modification of the Bearing Capacity 
Equations for the Water Table 

Case II: When 0 ≤ d ≤ B 

B

d
)(   In term 3 of BC equation 

Use  in term 2 of BC equation 



Modification of the Bearing Capacity 
Equations for the Water Table 

Case III. When d ≥ B, the water table will have no effect 
on the ultimate bearing capacity. 

 



The Bearing Capacity for 
 Local or Punching Shear failure 

 For the local shear failure Terzaghi proposed reducing 
the cohesion and internal friction angle as 



Examples 
  



The Bearing Capacity of 

Soils 



The General Bearing Capacity Equation. 
The Terzaghi ultimate bearing capacity equations presented previously are for 

continuous, square, and circular footings only. They do not include 
rectangular footings (0 < B/L < 1), or take into account the shearing 
resistance along the failure surface in the soil above the bottom of the 
foundation, or the inclination of the footing or the load (Hansen, 1970) 

Where 

 c = the cohesion; 

q = the excavated soil’s pressure at the footing’s invert (its bottom); 

 = the unit weight of the soil; 

B = width of foundation ( equal to the diameter for a circular foundation); 

Nc, Nq, N are the bearing capacity factors; 

Fcs, Fqs, F  s are the shape factors; 

Fcd, Fqd, Fd are the depth factors; and 

Fci, Fqi, F  i are the load inclination factors. 



bearing capacity factors 



Terzaghi’s Bearing Capacity Factors 



Shape and Depth, and Inclination Factors 



Bearing Capacity For Footings 

On Layered Soils 

• There are three general cases of the footing on 

a layered soil as follows: 

Case 1. Footing on layered clays (all  = 0) as in Fig.. 

 a. Top layer weaker than lower layer (c1 < c2) 

 b. Top layer stronger than lower layer (c1 > c2) 

 

Case 2. Footing on layered -c soils with a, b same as case 1. 

 

Case 3. Footing on layered sand and clay soils as in Fig. 

 a. Sand overlying clay 

 b. Clay overlying sand 



Stronger Soil Is Underlain By A Weaker Soil -1 

If H, the thickness of the layer of soil below the 

footing, is relatively large then the failure surface 

will be completely located in the top soil layer, 

which is the upper limit for the ultimate bearing 

capacity. 



Stronger Soil Is Underlain By A Weaker Soil -II 



In this condition, where the stronger surface soil is underlain by 

a weaker stratum, the general Bearing capacity equation is 

modified to, 

 

where, ca is the adhesion, Ks is the punching shear coefficient, qt is 

the bearing capacity of the top soil layer, qb is the bearing capacity 

of the bottom soil layer, H is the height of top layer,  1 is the angle 

of internal friction of top soil and 2 for the bottom soil. 



Ca determination 



punching shear coefficient Ks 



The Other Cases 

1. The top layer is strong, and the bottom layer is 
a saturated soft clay ( = 0); 

2. The top layer is stronger sand and the bottom 
layer is a weaker sand (c1 = 0) (c2 = 0); 

3. The top layer is a stronger saturated clay (1 = 
0), and the bottom layer is weaker saturated 
clay (2 = 0). 

Use the same method before 

 and apply corrections were needed 



The Bearing Capacity of Foundations 

on 

Top of a Slope 



The Bearing Capacity of Foundations 

on 

Top of a Slope - II 

 The ultimate bearing capacity for a continuous footing is 

given by the equation below, where the variations of Nq 

and Ncq are defined in the graphs shown in the next slide, 

 



Bearing Capacity of Foundations 

on Top of a Slope - III 

 Bearing capacity factors Nq, for granular soils (c=0) 



Bearing Capacity of Foundations 

on Top of a Slope - III 

 Bearing capacity 
factor Ncq, for 
purely cohesive 
soils. 

 where  

Ns is the stability number. 

Note: If B < H use the curves for 

 Ns= 0; 

 if B > H use the curves for the 

calculated stability number Ns. 



Bearing Capacity From SPT 

• Two Ways: 

1. Using the correlation to find ’and using the 

general bearing capacity equation  

2. Using the following chart (for surface footing) 



Bearing Capacity From SPT 

Allowable 

bearing capacity 

for surface-

loaded footings 

with settlement 

limited to 

approximately 25 

mm. 

 



Bearing Capacity From SPT 
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qnet(all)= qall-Df kN/m2  

Sa: tolerable settlement in mm 

Fd=depth factor=1+0.33(Df/B)≤1.33 

Bearing Capacity Using The Cone Penetration Test (CPT) 
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The Bearing Capacity  

of  

Mat Foundations 

 





Compensation Mat Foundation 



Examples 



Example: The Bearing Capacity of Foundations on Top of a Slope 



Example: The Bearing Capacity of Mat Foundations 

• Determine the net ultimate bearing capacity of a mat 

foundation for an industrial component with the following 

design parameters, B is 32 feet, L is 50 feet, the undrained 

cohesion of the soil cu is 1850 lb/ft2,  ϕ= 0°, and the depth of 

the mat’s invert is 6 feet. 

              qu = 11.5 ksf  



Seismic Loading BC 

• The figure below shows the failure surface under 

earthquake conditions. The values ae and pe are the 

angles of the active and passive pressure conditions. 



Seismic Loading BC 



Seismic Loading BC factors 



Bearing Capacity Based On Building Codes  

(Presumptive Pressure) 



Safety Factors In Foundation Design 

 There are more uncertainties in determining the 
allowable strength of the soil than in the superstructure 
elements. These may be summarized as follows: 

• Complexity of soil behavior 

• Lack of control over environmental changes after 
construction 

• Incomplete knowledge of subsurface conditions 

• Inability to develop a good mathematical model for the 
foundation 

• Inability to determine the soil parameters accurately 

 

 

 



Safety Factors In Foundation Design 

 These uncertainties and resulting approximations have to be 
evaluated for each site and a suitable safety factor directly (or 
indirectly) assigned that is not overly conservative but that takes 
into account at least the following: 

 

1. Magnitude of damages (loss of life, property damage, and 
lawsuits) if a failure results 

2. Relative cost of increasing or decreasing SF 

3. Relative change in probability of failure by changing SF 

4. Reliability of soil data 

5. Changes in soil properties from construction operations, and 
later from any other causes 

6. Accuracy of currently used design/analysis methods 

 

 



Safety Factors Usually Used 

• Values of stability numbers (or safety factors) usually used 

• It is customary to use overall safety factors on the order of 
those shown in Table. Shear should be interpreted as bearing 
capacity for footings. 

 

 



Bearing Capacity Of Rock 

RQD: Rock Quality Designation  



BEARING CAPACITY 
EXAMPLES



General Bearing Capacity Equation
Example 1



Example 1 continue





Example 2



Example 2 continue



Example 3



Example 3



Foundation Settlements 



Foundation settlements 

Foundation settlements must be estimated 

with great care for buildings, bridges, 

towers, power plants, and similar high-cost 

structures.  

For structures such as fills, earth dams, 

levees, braced sheeting, and retaining walls 

a greater margin of error in the settlements 

can usually be tolerated 

 



problems with soil settlement analyses 

There are two major problems with soil settlement analyses: 

1. Obtaining reliable values of the "elastic" parameters.  

• Problems of recovering "undisturbed“ soil samples mean that laboratory 
values are often in error by 50 percent or more.  

• There is now a greater tendency to use in situ tests, but a major 
drawback is they tend to obtain horizontal values.  

• Anisotropy is a common occurrence, making vertical elastic values 
(usually needed) different from horizontal ones.  

• Often the difference is substantial. Because of these problems, 
correlations are commonly used, particularly for preliminary design 
studies.  

• More than one set of elastic parameters must be obtained (or estimated) 
if there is stratification in the zone of influence H. 

 



problems with soil settlement analyses 

2.   Obtaining a reliable stress profile from the applied load. 

•  We have the problem of computing both the correct numerical 

values and the effective depth H of the influence zone.  

•  Theory of Elasticity equations are usually used for the stress 

computations, with the influence depth H below the loaded area 

taken from H = 0 to H   (but more correctly from 0 to about 4B 

or 5B).  

• The Theory of Elasticity usually assumes an isotropic, homogeneous 

soil, agreement between computations and reality is often a happy 

coincidence. 



Settlements are usually classification 

1. Immediate settlement, or those that take place as the 

load is applied or within a time period of about 7 

days. 

2. Consolidation settlement, or those that are time-

dependent and take months to years to develop. The 

Leaning Tower of Pisa in Italy has been undergoing 

consolidation settlement for over 700 years. The lean 

is caused by the consolidation settlement being 

greater on one side. This, however, is an extreme case 

with the principal settlements for most projects 

occurring in 3 to 10 years. 

 



Stresses Distribution 

A) Approximate method 

2:1 Method 

B) Elasticity theory 

a) Under point Load 

b) Under rectangular (square) area 

c) Under circular area 

d) Under embankment 

e) Under wedge 

f) From any uniform shape 



Approximate Method 2:1 method 

qo

B

Z

Dsv'

1

2

1

2

B+Z

)(

)1(

ZB

Bxqo
v


Ds

))((

)(

ZBZB

BxBqo
v


Ds

))((

)(

ZLZB

BxLqo
v


Ds

Strip Load Width B  

Square Load Width B  

Rectangular Load  B X L  



Point Load 

the vertical stress increase at point A caused by a 

point load of magnitude P is given by 



Stress Due to a Circularly Loaded Area 

Figure 3.25 page 226 



Vertical Stress under uniformly 

 loaded circular area 



Stress Under 

Corner of 

Uniformly Loaded 

Rectangular (table 

5.2 page 228) 



Stress Under 

Corner of 

Uniformly Loaded 

Rectangular 



Stress bulbs 

based on 

Newmark’s 

solution of 

Boussinesq’s 

equation for 

square and 

continuous 

footings. 

 



Elastic Settlement 

The elastic settlement of a shallow foundation 

can be estimated by using the theory of 

elasticity 

Se = elastic settlement 

Es = modulus of elasticity of soil 

H = thickness of the soil layer 

s = Poisson's ratio of the soil 

Dsx, Dsy, Dsz = stress increase due to the net 

applied foundation load in the x, y, and z 

directions, respectively 



Settlement On Clay 

tcdT SSSS 

ST=total settlement 

Sd=distortion (elastic) settlement F(P, E, B, D) 

Sc=Primary consolidation Settlement f(P,Cc, Cr, eo) 

St= secondary consolidation settlement (creep settlement) f(p,t) 



Elastic Settlement of Foundations 

 on Saturated Clay 

 

B
E

qo
AAS

u
21d 

qo: net applied contact pressure 

Eu= undrained young modulus 

B=width of footing 

A2=Depth factors 

A1=Shape factors 

Note: wherever elastic parameters 

 exist the principle of superposition 

always valid 

the average settlement of flexible foundations 

on saturated clay soils (s= 0.5). 

 



Settlement on Sand 

)
q'q

q
(5.01C1




)
1.0

t
log(2.01C2 

Iz = strain influence factor 

C1 = a correction factor  

for the depth of foundation embedment 

C2 = a correction factor to account for  

creep in soil 

For rectangle 

foundation 



Strain Influence Factors 

Step 1: Plot the foundation and the variation of Iz, 

 with depth to scale  

Step 2: Using the correlation from (N60) or (qc), 

 plot the actual variation of E with depth 

Step 3. Approximate the actual variation of E, 

 into a number of layers of soil having a constant E  

Step 4. Divide the soil layer from z = 0 to Z = Z2 

 into a number of layers by drawing horizontal lines. 

 The number of layers will depend on the break in 

 continuity in the Iz, and E, diagrams. 

Step 5. Prepare a table to obtain  

Step 6  Calculate C1, and C2 

Step 7 Calculate S 



Settlement Based on Field Test 



Typical Elastic Parameters of Various Soils 



Modulus of elasticity, Es 

Sand 

Clays 

Cu = undrained shear strength: 



Simplified Settlement of Foundation on Sand Based 

on Standard Penetration Resistance 

• Elastic Settlement, Se (mm) 

 

The N60 is the standard penetration resistance between the 

bottom of the foundation and 2B below the bottom for 

(square) and 4B for strip footing. 



Examples 



 

Elastic Settlement of Foundations 

 on Saturated Clay (related to the example)   

 

B
E

qo
AAS

u
21d 

qo: net applied contact pressure 

Eu= undrained young modulus 

B=width of footing 

A2=Depth factors 

A1=Shape factors 

Note: wherever elastic parameters 

 exist the principle of superposition 

always valid 

the average settlement of flexible foundations 

on saturated clay soils (s= 0.5). 

 



Example 









Consolidation 

Settlement 

 



Primary Consolidation Settlement 

• Normally consolidation Soil 
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• Over consolidated Soil 
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II. s’o<s’p<s’f 
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Definition of Basic Term 

)
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Cc  compression index 

eo void ratio 

H Height of clay layer 

s’o initial overburden stress 

sf’=so’+Ds final effective stress 



Secondary Compression Settlements 

St=CHlog(t/tP) 

Where  

 t: the time in which secondary settlement needed 

 tp: primary consolidation settlement ended 

 H: the height of soil layer 

 c: Secondary Compression index 



Example 



Definition of parameters 

for differential settlement 

 Maximum settlement 

and maximum angular 

distortion, to be used for 

building purposes: 



Limiting Angular Distortion 

 recommended the following limiting angular 

distortion, max for various structures 

 



European Committee Recommendation 

 limiting values for serviceability and the maximum accepted 
foundation movements. 

 



Note on Structural Tolerance To Settlement 

& Differential Settlements 

1. The values in Table above should be adequate most of the time. 
The values in brackets are recommended for design; others are 
the range of settlements found for satisfactory structural 
performance. 

2. One must carefully look at the differential movement between 
two adjacent points in assessing what constitutes an acceptable 
slope. 

3. Residual stresses in the structure may be important, as it has been 
observed that there is a range of tolerable differential settlements 
between similar buildings. 

4. Construction materials that are more ductile—for example, 
steel—can tolerate larger movements than either concrete or 
load-bearing masonry walls. 

5. Time interval during which settlement occurs can be important—
long time spans allow the structure to adjust and better resist 
differential movement. 

 



Foundation Settlements

Primary settlement & Secondary 
settlement



Example 1



Example 1



Example 2
• In the figure below:

Assume: Δσ` = 14.38 kN/m2, and primary consolidation settlement = 36.6 mm



Example 2



Factors to Consider in 

Foundation Design



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.



Spacing with respect to exist 

structures

• When footings are to be placed adjacent to an 

existing structure, the line from the base of 

the new footing to the bottom edge of the 

existing footing should be 45° or less with 

the horizontal plane.

• From this requirement it follows that the 

distance should be greater than the difference 

in elevation of the two footings.



Spacing with respect to exist structures

c: cohesion

 unit weight

SF: Safety factors

K=coefficient of lateral pressure

qo=pressure of new footing



Spacing with respect to exist structures

• This equation indicates two factors for consideration:

1. If the soil is a sand (does not have cohesion) one 
cannot excavate to a depth greater than that of the 
existing foundation.

2. The excavation depth of a -c soil is limited by the 
preceding equation.

The K in these equations is a lateral pressure coefficient 
of Ka < K < Kp

3. The problem may be avoided by constructing a wall 
(sheet pile) to retain the soil in essentially the Ko 
state outside the excavation.



Potential settlement or instability from loss 

of overburden pressure



Displaced Soil Effects

• Soil is always displaced by installing a 
foundation. 

• In the case of spread footings the displacement 
is the volume of the footing pad and the 
negligible amount from the column resting on 
the footing. 

• In cases where a basement is involved, the 
basement floor slab usually rests directly on 
top of the footing pad.



Footing placement and significance "net" 

pressure increase.



Net Versus Gross Soil Pressure: 

Design Soil Pressures

• What is the significance of qa?

1. Is it a net pressure, i.e., pressure in excess of the existing 
overburden pressure that can be safely carried at the 
foundation depth D (based on settlement limitations)?

2. Is it a gross pressure, i. e., the total pressure that can be carried 
at the foundation depth, including the existing overburden 
pressure (and based on soil strength considerations)?

• The bearing-capacity equations are based on gross soil 
pressure qult which is everything above the foundation level.

•  Settlements are caused only by net increases in pressure 
over the existing overburden pressure. Therefore,

a. If the allowable pressure is based on the bearing-capacity 
equations, the pressure is a gross pressure.

b. If the allowable pressure is based on settlement considerations, 
it is a net pressure.



NUMBER AND DEPTH OF 

BORINGS

• Depth of Boring for a building of 30.5 m 

wide

– Db=3S0.7 for light steel and narrow concrete building

– Db=6S0.7 for heavy steel or wide concrete structure

• For deep excavation at least 1.5 timers of the depth of 

excavation

• In bed rock at least 3m

• Approximate spacing of Boreholes (Number)



Approximate spacing of Boreholes 

(number)

Type of Project Spacing (m)

Multistory building 10-30

One store industrial 

plants

20-60

Highways 250-500

Dams and Dukes 40-80



Minimum Depths Requirements For Boring for Shallow Foundation

 AASHTO Standard Specifications for Design of Highway Bridges

❑For isolated footings of breadth Lf and width Bf, where Lf 

< 2Bf, borings shall extend a minimum of two footing widths 

below the bearing level. 

❑For isolated footings where Lf >5Bf, borings shall extend a 

minimum of four footing widths below the bearing level.

❑For 2Bf < Lf < 5Bf, minimum boring length shall be 

determined by linear interpolation between depths of 2Bf and 

5Bf below the bearing level.



• In soil, borings shall extend below the anticipated pile or shaft 
tip elevation a minimum of 6 m, or a minimum of two times the 
maximum pile group dimension, whichever is deeper.

• For piles bearing on rock, a minimum of 3 m of rock core shall 
be obtained at each boring location to verify that the boring has 
not terminated on a boulder.

• For shafts supported on or extending into rock, a minimum of 3 
m of rock core, or a length of rock core equal to at least three 
times the shaft diameter for isolated shafts or two times the 
maximum shaft group dimension, whichever is greater, shall be 
extended below the anticipated shaft tip elevation to determine 
the physical characteristics of rock within the zone of 
foundation influence.

Minimum Depths Requirements For Boring for Deep Foundation

 AASHTO Standard Specifications for Design of Highway Bridges



Minimum Depths Requirements For Boring for Retaining Walls

AASHTO Standard Specifications for Design of Highway Bridges

• Extend borings to depth below final ground line between 0.75 
and 1.5 times the height of the wall. Where stratification 
indicates possible deep stability or settlement problem, borings 
should extend to hard stratum.

Minimum Depths Requirements For Boring for Roadways

AASHTO Standard Specifications for Design of Highway Bridges

▪Extend borings a minimum of 2 m below the proposed subgrade level.



Guidelines For Boring Layout

FHWA Geotechnical Checklist and Guidelines; FHWA-ED-88-053

Bridge 

Foundations

•For piers or abutments over 30 m wide, provide a minimum of two 

borings.

•For piers or abutments less than 30 m wide, provide a minimum of one 

boring.

•Additional borings should be provided in areas of erratic subsurface 

conditions.

Retaining Walls •A minimum of one boring should be performed for each retaining wall. 

•For retaining walls more than 30 m in length, the spacing between 

borings should be no greater than 60 m. 

•Additional borings inboard and outboard of the wall line to define 

conditions at the toe of the wall and in the zone behind the wall to 

estimate lateral loads and anchorage capacities should be considered.



Boring log



Ultimate Bearing Capacity under 
Eccentric Loading



Ultimate Bearing Capacity under 
Eccentric Loading

➢ One-Way Eccentricity
❑ Effective Area Method (Meyerhoff, 1953)

• In 1953, Meyerhof proposed a theory that is generally referred to as the effective 
area method.



The following is a step-by-step procedure for determining the 
ultimate load that the  soil can support and the factor of safety 
against bearing capacity failure:

Step 1. Determine the effective dimensions of the foundation 
(Figure 4.19a):
B` = effective width = B - 2e
L` = effective length = L

One-Way Eccentricity



One-Way Eccentricity



One-Way Eccentricity

• Step 2. Use general bearing capacity equation:





One-Way Eccentricity

• Step 3. The total ultimate load that the 
foundation can sustain is



Bearing Capacity—Two-Way 
Eccentricity

• Consider a situation in which a foundation is subjected to a 
vertical ultimate load Qult and a moment M, as shown in 
Figures a and b (next slide)

• For this case, the components of the moment M about the x- 
and y-axes can be determined as Mx and My, respectively. (See 
Figure c.) This condition is equivalent to a load Qu placed 
eccentrically on the foundation with x= eB and y = eL (Figure 
d). 



Two-Way Eccentricity



Two-Way Eccentricity



Two-Way Eccentricity

The effective length L` is the larger of the two dimensions B1 
and L1. So the effective width is



Two-Way Eccentricity

The magnitudes of L1 and L2 can be determined from 
Figure b.  



Two-Way Eccentricity

The effective length is L` = L



Examples



Example 1



Example 1



Example 2





Example 2 



Example 3 





Example 3



Example 4





Example 4



LATERAL PRESSURE 
THEORIES



Lateral Earth Pressure At-rest 



Lateral Earth Pressure At-rest 
• At any depth z below the ground surface, the vertical subsurface stress is:

• If the wall is at rest and is not allowed to move at all, either away from the soil mass or 
into the soil mass the lateral pressure at a depth z is:



Lateral Earth Pressure At-rest 



• The total force (Po), per unit length of the wall can be obtained

• from the area of the pressure diagram is:



Lateral Pressure Theories

• Rankine Theory ( Frictionless walls)

• Coloumb Theory



Retaining wall pictures





• Rankine Theory (Frictionless wall)
▪ Active pressure

▪ Passive pressure

• Coloumb Theory
▪ Active pressure

▪ Passive pressure



Rankine Theory

Rankine Active Earth Pressure:

• if a wall tends to move away from the 

soil a distance Δx as shown below.

• The soil pressure on the wall 

at any depth will decrease.

• With Δx > 0, σh will be less than 

{(Ko σo)} at rest pressure



Active lateral pressure:

The variation of the active pressure with depth for the wall 

shown in previous slide is given here 

Where:

zc the depth is usually referred to as the depth of tensile crack

For c-ϕ soil 



Tensile crack

• Tension Cracks appearing at the surface of a soil mass; often occur adjacent to 
a retaining wall or top of a slope, where they influence the stability analysis. The 
depth to which tension cracks extend from the surface and at which the 
horizontal effective stress is zero.



Active lateral pressure:

➢The total Rankine active force per unit length of the wall (pa) before the tensile 
crack occurs is:

• After the tensile crack appears, the force per unit length on the wall will be caused 
only by the pressure distribution between depths z=zc and z=H, and its:



Active lateral pressure:

• For granular soil (c=0)



How much the movement of wall in active 
condition:

❖For granular soil backfills: Δx= 0.001H to 0.004H

❖For cohesive soil backfills: Δx= 0.01H to 0.04H



Example:

• A 6-m-high retaining wall is to support a soil with unit weight γ = 17.4 kN/m3, soil 
friction angle  ϕ’ = 26°, and cohesion c’ = 14.36 kN/m2. Determine the Rankine 
active force per unit length of the wall both before and after the tensile crack occurs, 
and determine the line of action of the resultant in both cases.



Solution

At z = 0



A Generalized Case for Rankine Active Pressure

• Granular Backfill

• general cases of frictionless walls with 

inclined backs and inclined backfills.

• The granular backfill is inclined at an 

angle α with the horizontal.



A Generalized Case for Rankine Active Pressure

• The lateral eath pressure at a depth z can be given as (Chu, 1991):



A Generalized Case for Rankine Active Pressure

• The pressure σ`a  will be inclined at an angle β with the plane drawn at right angle 
to the backface of the wall, and



A Generalized Case for 
Rankine Active Pressure

• The location and direction of the 
resultant force Pa is shown in Figure 
below. Also shown

• in this figure is the failure wedge, ABC. 
Note that BC will be inclined at an 
angle η



Granular Backfill with Vertical Back Face
• As a special case, for a vertical backface of a wall (that is,θ = 0 ), as shown in the figure:

• If the backfill of a frictionless retaining wall 

is a granular soil and rises at an angle α with 

respect to the horizontal

•  The active earth-pressure coefficient =

Table 7.1 presents the values of Ka (active 
earth pressure) for various values of α
and ϕ. (Next slide)



Granular 
Backfill 
with 
Vertical 
Back Face



Granular Backfill with Vertical Back Face

• At any depth z, the Rankine active pressure may be expressed as:

Also, the total force per unit length of the wall is:

Note that, in this case, the direction of the resultant force pa is 

inclined at an angle with the horizontal and intersects the wall 

at a distance H/3 from the base of the

wall.



Vertical Backface with (c`-ϕ`) Soil Backfill

• For a retaining wall with a vertical back (θ = 0) and inclined backfill of (c`-ϕ`) soil.



Vertical Backface with (c`-ϕ`) Soil Backfill

• Some values of k`a are given in Table 7.2.

•  For a problem of this type, 

• the depth of tensile crack is given as:



Example:

Refer to the retaining wall in the figure The backfill is granular soil. 

Given:

Determine the Rankine active force, Pa, and its location and direction.



Solution



Lateral Earth Pressure Due to Surcharge and point load

The theory of elasticity is used to determine the lateral earth pressure on unyielding retaining structures 

caused by various types of surcharge loading, such as line loading and strip loading

For line 

loading

For 

surcharge 

load



Lateral Earth Pressure Due to Surcharge

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



Lateral Earth Pressure Due to Surcharge
The location z of the resultant force, P, can be given as:



Example:



Rankine Passive Earth Pressure



Rankine Passive Earth Pressure

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



Rankine Passive Earth Pressure

• Rankine Passive Earth Pressure: Vertical Back face and Inclined  Backfill

➢ Granular Soil
For a frictionless vertical retaining wall with a granular backfill (c`=0) the Rankine passive 

pressure at any depth can be determined in a manner similar to that done in the case of active 

pressure.





Coulomb’s 
Active Earth 
Pressure
• Coulomb proposed a theory for 

calculating the lateral earth 
pressure on a retaining wall with 
granular soil backfill. This theory 
takes wall friction into 
consideration.

❖ Back face inclined at an angle β with

 the horizontal, as shown in Figure.

❖ The backfill is a granular soil that 

slopes at an angle α with the horizontal.

❖ Let δ` be the angle of friction between 
the soil and the wall (i.e., the angle of 
wall friction).



Coulomb’s Active Earth Pressure

• Assumptions:

• Wall friction

• The failure surface in soil mass would be a plane BC1, BC2..



Coulomb’s Active Earth Pressure

• The maximum value of pa thus determined is Coulomb’s active force which may be 
expressed as:



Coulomb’s Active Earth Pressure

• The values of the active earth pressure coefficient ka , for a vertical retaining wall 
(β = 90o) with horizontal backfill (α = 0) are given in Table 7.3. 













Coulomb’s active pressure with a surcharge on 
the
backfill

If a uniform surcharge of intensity q is 

located above the backfill, as shown in 

Figure the active force, Pa, can be 

calculated as:



Lateral Earth Pressure 

Example



Example 1

Solution:





Example 2



Solution:



Example 3



Pile foundation



Principal types of deep Foundation:

(a)Precast RC Pile,  

(b)Steel H Pile, 

(c)Shell Pile,

(d)Concrete Pile Cast As 

Driven Tube Withdrawn

(e)Bored Pile 

(Cast In Situ) And

(f)Under-reamed

Bored Pile (Cast In Situ).



Purpose of a Deep Foundation

The purpose of a deep foundation is to transmit the structural loads to a stratum that 
is capable of providing both bearing capacity and acceptable settlements. The 
deep foundation must be also capable of resisting vertical compressive, lateral 
and uplift loads.

Piles are commonly used for,
1. To carry structure loads into or through a soil stratum.

2. To resist uplift or overturning forces.

3. To control settlements when spread footings are on marginal or highly

compressible soil.

4. To control scour problems on bridge abutments or piers.

5. In offshore construction to transmit loads through the water and into the

underlying soil.

6. To control earth movements, such as landslides.

Piles are inserted into the soil by the following methods:
1. Driving using a pile hammer.

2. Driving using a vibratory device.

3. Jacking the pile.

4. Drilling a hole (pre-drilling) and inserting a pile into it.

5. Screwed into the ground and injected with a column of grout (augercast shafts).



Conditions for the pile foundation



Piles' Cross section



common types of Deep Foundations

The most common types of Deep Foundations

 

Driven:
1. Timber piles

2. Steel and composite piles

3. Precast prestressed concrete piles

4. Pressure injected footings

5. Pin piles, geo-piles, soil nailing

Placed:
1. Auger-cast

2. Drilled shafts (with steel casing or with slurry)

3. Under-reamed or belled shafts

4. Pin piles.



Classification of pile w.r.t their effect on the soil.

Driven Bored or placed

Driven piles are considered to be

displacement piles. In the process of

driving the pile into the ground, soil is

moved radically as the pile shaft enters

the ground. There may also be a

component of movement of the soil in 

The vertical direction.

Generally a non-displacement pile, where a 

void is formed by boring, and concrete is 

cast into the void. Stiff clays are 

particularly amenable, since the bore hole 

walls do not requires temporary support 

except cloth to the ground surface. In 

unstable ground, such as gravel the ground 

requires temporary support from a steel 

casing or using a Bentonite slurry



Classification of piles with respect to load 

transmission and functional behavior
- End bearing piles (point bearing piles)

- Transfer their load on to a firm stratum below the base of the structure.

-  Most of their carrying capacity from the penetration resistance of the soil at the toe of 
the pile. 

- The pile behaves as an ordinary column Even in weak soil a pile will not fail by buckling 
and this effect need only be considered if part of the pile is unsupported, i.e. if it is in 
either air or water. 

- Load is transmitted to the soil through friction or cohesion. But sometimes, the soil 
surrounding the pile may adhere to the surface of the pile and causes "Negative Skin 
Friction" on the pile. This, sometimes have considerable effect on the capacity of the 
pile.

-  Negative skin friction is caused by the drainage of the ground water and consolidation 
of the soil. The founding depth of the pile is influenced by the results of the site 
investigate on and soil test.

-



Classification of piles with respect to load 

transmission and functional behavior

Friction piles (cohesion piles ). 

Carrying capacity is derived mainly from the adhesion or friction of the soil in 
contact with the shaft of the pile.

 These piles transmit most of their load to the soil through skin friction. This 
process of driving such piles close to each other in groups greatly reduces 
the porosity and compressibility of the soil within and around the groups.

 The piles of this category are sometimes called compaction piles. During the 
process of driving the pile into the ground, the soil becomes molded and, as 
a result loses some of its strength. 

Therefore the pile is not able to transfer the exact amount of load which it is 
intended to immediately after it has been driven. Usually, the soil regains 
some of its strength three to five months after it has been driven.

- Combination of friction and cohesion piles.



Typical pile characteristics and uses



Typical pile characteristics and uses continues



Typical pile characteristics and uses continues



Typical pile characteristics and uses continues



A common use of concrete precast piles is in 

marine sites where the soils are soft and loose.



Driving Steel Piles



Dwelling Building – temper pile



Drilled Shafts

- Built by vibrating a steel casing into the ground and 

then filling it with concrete.

- Casings are removed as the concrete is being placed in 

the shaft.

- The casings are light, easy to handle, cut, and splice.

- The shafts are clean out and visually inspection before 

filling with concrete.

- In expansive soils, the shafts are filled as soon as 

possible to avoid damage due to lateral soil pressures.



Drilled Shafts

The elements of a drilled shaft.

Notice the “bell” at the bottom

of the shaft, also called “underreaming”.

This expanded shaft

serves to increase the bearing

area by as much as 50% of the

shaft’s capacity.



auger rig & bit

A 5-foot diameter auger bit,

 being centered over the surveyed 

location of the shaft.



The Behavior of Soils Around a Driven Pile.

The effect of pile is reflected in remolding the soil around the pile. Sands 
and clays respond to pile driving differently. First, we describe the 
behavior of clays and then the behavior of sands.

Clays
The effects of pile driving in clays are listed in four major categories:

1. Remolding or disturbance to structure of the soil surrounding the pile

2. Changes of the state of stress in the soil in the vicinity of the pile

3. Dissipation of the excess pore pressure developed around the pile

4. Long term phenomena of strength regain in the soil

The essential difference between the actions of piles under dynamic and 
static loading is the fact that clays show pronounced time effects, and 
hence the show the greatest difference between dynamic and static 
action. These effects may be mechanistically described as follow.

Let us consider piles driven into a deep deposit of a soft impervious 
saturated clay. Since a pile has a volume of many cubic feet, an equal 
volume of clay must be displaced when the pile is driven.



The Behavior of Soils Around a Driven Pile

Sands
A pile in sand is usually installed by driving. The vibrations from 

driving a pile in sand have two effects:

1. Densify the sand, and

2. Increase the value of lateral pressure around the pile.

• Penetration tests results in a sand prior to pile driving and after pile 
driving indicate significant densification of the sand for distances 
as large as eight diameters away from the center of the pile.

•  Increasing the density results in an increase in friction angle.

• Driving of a pile displaces soil laterally and thus increases the 
horizontal stress acting on the pile.



Group Action of Piles

Piles are driven in groups at a spacing ranging from 3 to 4B where B 
is the diameter or side of a pile. The behavior of piles in a group 
may be quite different than that of a single pile if the piles are 
friction piles. This difference may not be so marked in bearing 
piles.



Negative Skin Friction

If a pile is driven in a soft clay or recently placed fill and has its tip resting in a 
dense stratum , the settlement of both the pile and the soft clay or fill is 
taking place after the pile has been driven and loaded. During and 
immediately after driving, a portion of the load is resisted by adhesion of 
soft soil with pile. But, as consolidation of the soft clay proceeds, it transmits 
all the load onto the tip of the pile.

In case of a fill, the settlement of the fill may be greater than that of the pile. In 
the initial stages of consolidation of the fill, it transmit all the load resisted 
by adhesion onto the tip of the pile. A further settlement results in a 
downward drag on the pile. It is known as negative skin friction. Both these 
cases should be recognized in the field in the design of bearing piles. When 
this condition occurs, the pile must be capable of supporting the soil weight 
as well as all other loads that the pile is designed to carry. Also, if fill is to be 
placed around an existing pile foundation, the ability of the piles to carry 
the added load should be thoroughly investigated.



Piles in a soft soil overlying a dense strata

(a) Skin friction immediately and during pile driving, 

 (b) negative skin friction afterwards.



Static Pile Capacity



Equations for Estimating Pile Capacity
• The ultimate load-carrying capacity Qu of a pile is given by the 

equation

Qp = load-carrying capacity of the pile point

Qs = Frictional resistance (skin friction) derived from the soil-pile interface



Point Bearing Capacity
❖ Remember General Bearing Capacity given by

❖ It can be written as

❖ For pile with width , D can be written as

❖ Since D is small, third term become negligible

❖ load-carrying capacity of the pile point is given as

Ap = area of pile tip

c' = cohesion of the soil supporting the pile tip 

qp = unit point resistance

 q' = effective vertical stress at the level of the pile tip 

N*C Nq* = the bearing capacity factors

where



The Frictional Resistance

❑ The Frictional, skin, or shaft resistance of a pile may be written as

where

❑Allowable Load, Qall

where

Qall = Allowable load-carrying capacity for each pile

FS=   Factor of Safety



Static Pile Capacity

• All static pile capacities can be computed 

by the following equations:

where Pu = ultimate (maximum) pile capacity in compression

Tu = ultimate pullout capacity

Ppu = ultimate pile tip capacity 

Psi,u =ultimate skin resistance capacity

 Pp = tip capacity 

W = weight of pile being pulled 

= summation process over I soil layers making up the soil 

profile over length of pile shaft embedment



Static Pile Capacity

This value of Pa or Ta should be compatible with the capacity based 

on the pile material (timber, concrete, or steel) considered earlier; 

and SF/ represents the safety factors, which commonly range from 

2.0 to 4 or more, depending on designer uncertainties.



Meyerhof's Method for Estimating Qp
❖ For tip Pile rest on Sand

Shall not exceed

where p, = atmospheric pressure

 (=100 kN/m2 or 2000 Ib/ft2)

' = effective soil friction angle 

of the bearing stratum

❖Clay ( = 0)

For piles in saturated clays under 

undrained conditions ( = 0),

where cu = undrained cohesion of the soil below the tip of the pile.



Coyle and Castello's Method

❑ Coyle and Castello's Method Applied 

for Estimating Qp in Driven Pile in Sand

where

q' = effective vertical stress at the pile tip 

N*q = bearing capacity factor



Frictional Resistance (Qs) in Sand

❖ L' = 15D

❑The unit skin friction 

increasingly with depth  until 

critical depth L’  which 

approximately 15 to 20 D

 is the friction angle between the soil and the pile or the 

shaft:  ranges between 0.5  to 0.80

Where o is the effective stress at each level considered



Coyle and Castello's Method

❑ Coyle and Castello's Method Applied 

for Estimating Qs in Driven Pile in Sand

where

= average effective overburden pressure  

= soil-pile friction angle = 0.8‘

K from the chart



Frictional (Skin) Resistance in Clay

❑ Three method exist

1.  method 2.  method 3.  method

❖ method

cu= mean (weighted average) 

undrained shear strength (u = 0)

= mean effective vertical 

stress for the entire embedment length



Frictional (Skin) Resistance in Clay

❖ method continue… 



Frictional (Skin) Resistance in Clay
❖  Method (total stresses)

❖  Method (effective stress)



Pile-load Tests

Use of a hydraulic jack reacting against dead weight to

 develop the test load in a static load test



Use of a hydraulic jack reacting against a beam and 

reaction piles to develop the test load in a static load test



Estimate pile capacity



Actual Pile 

Test



Vesic’s Method for Estimating Qp in sand



In order to estimate Ir and hence Irr, the following approximations may be used 

(Chen and Kulhawy, 1994):









Vesic’s Method for Estimating Qp in clay

For saturated clay with no volume change, Δ = 0. Hence, 





Elastic Settlement of Piles

• The total settlement of a pile under a vertical working load Qw 
is given by









Additional upward capacity

in deep foundations with enlarged bases.



Estimates of the bearing capacity of pile 

groups upon soils

To estimate the ultimate bearing capacity of group piles Qg(u) , choose 
the smaller of,

Estimate of the bearing capacity of pile groups upon rocks.

Most building codes permit Qg(u) =  Qu

provided that the minimum distance from center-to-center of each pile 
is d + 300 mm.

For H-piles and piles with square cross sections, d is the diagonal 
distance.



The bearing capacity factor Nc* for a pile 

group in clay soils.



 factor for side-friction computations



Pile Group Efficiency



Calculate The Group’s Efficiency

1) The Converse-LaBarré method. In all methods,  is the symbol 
used for the group’s efficiency expressed as a percentage of 
the theoretical total group load. The theoretical group load is 
obviously the ultimate load of each pile multiplied by the total 
number of piles. The ni represents the number of rows and 
columns, d is the pile diameter and s is the spacing between 
piles (center-to-center).

2) The Sand rule is used for piles carried through friction in sand,



Deep Foundation

Examples



Example 1



Example1…











Example 2







Example 2…
• Assume:







Example 3
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