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FOUNDATION ENGINEERING 
 

 

Theoretical: 3hrs/week; Tutorial: 1hrs/week 

First semester 

No Title hr 
1 Site investigation: The purpose and method of the exploration program. 

Bore holes: Number, depth, the distance between bore holes, disturbed and 

undisturbed sample and the reasons of disturbance. 

Field test: Field van shear test of soil, standard penetration test (SPT), plate-load 

test. 

12 

2 Settlement calculation: Immediate settlement. 8 

3 Bearing capacity of soil: Terzaghi equation for evalution bearing capacity of soil, 

effects of water and footing shapes on bearing capacity of soil, Skempton method for 

estimating the bearing capacity of clay soils and factor of safety. 

18 

4 Footing design: Unreinforced and reinforced spread footing design, wall footing, 

the effect of the moments on the dimensions of footing, rectangular combined 

footings, design of trapezoid-shaped footings, design of strap or cantilever footings 

and raft (mat) footing. 

24 

Second semester 

No Title hr 

5 Piles: Single pile in clay, single pile in sand, pile groups(the distribution of piles in 

groups), pile groups(the distribution of the loads on piles), efficiency of pile 

groups and negative skin friction. 

24 

6 Lateral earth pressure: Rankine’s earth pressure theory-horizontal surface of soil, 

Rankine’s theory-inclined surface of soil, Coulomb’s earth pressure theory, stability 

of retaining walls and sheet piles. 

20 

7 Slope stability: Infinite slope, finite slope, Taylor method for estimating factor of 

safety, Øu=0 method of estimating factor of safety and method of slices. 

14 
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FOUNDATION ENGINEERING 

 
DIFINITIONS: 

 
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. In general, foundation 

engineering applies the knowledge of geology, soil mechanics, rock mechanics, and 

structural engineering to the design and construction of foundations for buildings and 

other structures. The most basic aspect of foundation engineering deals with the 

selection of the type of foundation, such as using a shallow or deep foundation system. 

Another important aspect of foundation engineering involves the development of 

design parameters, such as the bearing capacity or estimated settlement of the 

foundation. Foundation engineering could also include the actual foundation design, 

such as determining the type and spacing of steel reinforcement in concrete footings. 

Foundation engineering often involves both geotechnical and structural engineers, 

with the geotechnical engineer providing the foundation design parameters such as the 

allowable bearing pressure and the structural engineer performing the actual 

foundation design. 

 

Foundations are commonly divided into two categories: shallow and deep foundations. 

Table 1.1 presents a list of common types of foundations. In terms of geotechnical 

aspects, foundation engineering 

often includes the following (Day, 1999a, 2000a): 

• Determining the type of foundation for the structure, including the depth and 

dimensions. 

• Calculating the potential settlement of the foundation 

• Determining design parameters for the foundation, such as the bearing capacity and 

allowable soil bearing pressure. 

• Determining the expansion potential of a site. 

• Investigating the stability of slopes and their effect on adjacent foundations. 

• Investigating the possibility of foundation movement due to seismic forces, which 

would also include the possibility of liquefaction. 

• Performing studies and tests to determine the potential for deterioration of the 

foundation. 

• Evaluating possible soil treatment to increase the foundation bearing capacity. 

• Determining design parameters for retaining wall foundations. 

• Providing recommendations for dewatering and drainage of excavations needed for 

the construction of the foundation. 

• Investigating groundwater and seepage problems and developing mitigation 

measures during foundation construction. 
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• Site preparation, including compaction specifications and density testing during 

grading. 

• Underpinning and field testing of foundations. 
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SUBSURFACE EXPLORATIONS: 

 

Purpose of Subsurface Explorations:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRELIMINARY INFORMATION AND PLANNING THE WORK 

 

The first step in a foundation investigation is to obtain preliminary information, such 

as the following: 

1. Project location. Basic information on the location of the project is required. The 

location of the project can be compared with known geologic hazards, such as active 

faults, landslides, or deposits of liquefaction prone sand. 

2. Type of project. The geotechnical engineer could be involved with all types of 

foundation engineering construction projects, such as residential, commercial, or 

public works projects. It is important to obtain as much preliminary information about 

the project as possible. Such information could include the type of structure and use, 

size of the structure including the number of stories, type of construction and floor 

systems, preliminary foundation type (if known), and estimated structural loadings. 

Preliminary plans may even have been developed that show the proposed construction. 

3. Scope of work. At the beginning of the foundation investigation, the scope of work 

must be determined. For example, the scope of work could include subsurface 

exploration and laboratory testing to determine the feasibility of the project, the 
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preparation of foundation design parameters, and compaction testing during the 

grading of the site in order to prepare the building pad for foundation construction.  

 

After the preliminary information is obtained, the next step is to plan the 

foundation investigation work. For a minor project, the planning effort may be 

minimal. But for large-scale projects, the plan can be quite extensive and could change 

as the design and construction progresses. The planning effort could include the 

following: 

• Budget and scheduling considerations. 

• Selection of the interdisciplinary team (such as geotechnical engineer, engineering 

geologist, structural engineer, hydrogeologist and the like) that will work on the 

project. 

• Preliminary subsurface exploration plan, such as the number, location, and depth of 

borings. 

• Document collection (Prior Development, Aerial Photographs and Geologic Maps, 

Topographic Maps, Building Code and Other Specifications, Documents at the Local 

Building Department, Forensic Engineering). 

• Laboratory testing requirements. 

• Types of engineering analyses that will be required for the design of the foundation. 

 

Table 2.2 presents a summary of typical documents that may need to be reviewed prior 

to or during the construction of the project. 
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There are many different types of subsurface exploration, such as borings, test 

pits, or trenches. Table 2.3 presents general information on foundation investigations, 

samples and samplers, and subsurface exploration. 
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SITE INVESTIGATIONS 
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SOIL BORING 

 

Exploratory holes into the soil may be made by hand tools, but more commonly truck- 

or trailer-mounted power tools are used. 

 
Hand Tools 

 

The earliest method of obtaining a test hole was to excavate a test pit using a pick 

and shovel. Because of economics, the current procedure is to use power excavation 

equipment such as a backhoe to excavate the pit and then to use hand tools to remove 

a block sample or shape the site for in situ testing. This is the best method at present 

for obtaining quality undisturbed samples or samples for testing at other than vertical 

orientation (see Figures below). For small jobs, where the sample disturbance is not 

critical, hand or powered augers held by one or two persons can be used.  

Hand-augered holes can be drilled to depths of about 35 m, although depths greater 

than about 8 to 10 m are usually not practical. Commonly, depths are on the order of 2 

to 5 m, as on roadways or airport runways, or investigations for small buildings. 
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Mounted Power Drills 

 

1)Rotary drilling is another method of advancing test holes. This method uses rotation 

of the drill bit, with the simultaneous application of pressure to advance the hole. 

Rotary drilling is the most rapid method of advancing holes in rock unless it is badly 

fissured. 

 

2)Continuous-flight augers  with a rotary drill are probably the most popular method 

of soil exploration at present in North America, Europe, and Australia. The flights act 

as a screw conveyor to bring the soil to the surface. The method is applicable in all 

soils, although in saturated sand under several feet of hydrostatic pressure the sand 

tends to flow into the lead sections of the auger, requiring a washdown prior to 

sampling. Borings up to nearly 100 m can be made with these devices, depending on 

the driving equipment, soil, and auger diameter.  
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The augers may be hollow-stem or solid with the hollow-stem type generally 

preferred, as penetration testing or tube sampling may be done through the stem. For 

obvious reasons, borings do not have to be cased using continuous-flight augers, and 

this feature is a decided economic advantage over other boring methods. 

Continuous-flight augers are available in nominal 1- to 1.5-m section lengths 

(with rapid attachment devices to produce the required boring depth) and in several 

diameters including the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
SOIL SAMPLING 

 

The most important engineering properties for foundation design are strength, 

compressibility, and permeability. Reasonably good estimates of these properties for 

cohesive soils can be made by laboratory tests on undisturbed samples, which can be 

obtained with moderate difficulty. It is nearly impossible to obtain a truly undisturbed 

sample of soil, so in general usage the term undisturbed means a sample where some 

precautions have been taken to minimize disturbance of the existing soil skeleton. In 

this context, the quality of an "undisturbed" sample varies widely between soil 

laboratories. The following represent some of the factors that make an undisturbed 

sample hard to obtain: 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 13 

1. The sample is always unloaded from the in situ confining pressures, with some 

unknown resulting expansion. Lateral expansion occurs into the sides of the borehole, 

so in situ tests using the hole diameter as a reference are "disturbed" an unknown 

amount. This is the reason K0 field tests are so difficult. 

 

2. Samples collected from other than test pits are disturbed by volume displacement of 

the tube or other collection device. The presence of gravel greatly aggravates sample 

disturbance. 

 

3. Sample friction on the sides of the collection device tends to compress the sample 

during recovery. Most sample tubes are (or should be) swaged so that the cutting edge 

is slightly smaller than the inside tube diameter to reduce the side friction. 

4. There are unknown changes in water content depending on recovery method and the 

presence or absence of water in the ground or borehole. 

 

5. Loss of hydrostatic pressure may cause gas bubble voids to form in the sample. 

 

6. Handling and transporting a sample from the site to the laboratory and transferring 

the sample from sampler to testing machine disturb the sample more or less by 

definition. 

 

7. The quality or attitude of drilling crew, laboratory technicians, and the supervising 

engineer may be poor. 

 

8. On very hot or cold days, samples may dehydrate or freeze if not protected on-site. 

Furthermore, worker attitudes may deteriorate in temperature extremes. 

 

 

 Types of Soil Samples 
 

 

Two Types of Soil Types Are Obtained: 

- Disturbed Soil Samples.  

- Undisturbed Soil Samples.  

The degree of soil disturbance can be expressed as: 

 

 

 

Where: 

 

Ar : Area ratio; 

Do, Di: Outside and inside diameter of the sampler; 

If Ar ≤ 10% the sample is undisturbed. 
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Laboratory Soil Tests 

 
 To determine the shear strength parameters (C and ϕ) and other strength and mechanical 

properties. 

 To classify the soil. 

 Performed on undisturbed and disturbed soil samples. 

 

Undisturbed and Disturbed Soil Samples 

 

 Undisturbed soil samples : Soils having the same structure ,properties, and water content 

of the original soil sample in the ground. 

 Disturbed soil samples : Soils with structure, properties, and water content changed during 

the sampling or transportation process. 

 

 

Tests on Disturbed Samples 
 

Disturbed Samples Are used in the Following Tests: 

- Grain size analysis.     

- Liquid and plastic limit tests.  

- Specific gravity test.  

- Organic content test.       

- Soil Classification.        

- Compaction test.    

- Direct shear test.    

 

   

Test on Undisturbed Samples 
 

Undisturbed Samples Are used in the Following Tests: 

- Consolidation test.       

- Permeability test.    

- Direct shear test.    

- Triaxial test.      

 

Methods of Soil Sampling 
 

1- Split Spoon:  

 

Undisturbed soil samples are obtained. 

 

The drilling tools are replaced by such sampler when collecting the soil samples. 

 

Sample recovery is difficult in sandy soils under the water table. 

 

Can be used to perform the Standard Penetration Test (SPT). 
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2- Shelby Tube (Thin Walled Tube): 

 

Commonly used to obtain undisturbed clay samples. 

The tube is attached to the end of the drilling rod. 

The rod and sampler are lowered to the bottom of the hole, and the sampler is pushed into the 

soil. 

 

The sample inside the tube is then pulled out, trimmed, covered with hot wax, and sealed for 

transportation. 

Shelby tube samples are used is consolidation, direct shear, and triaxial tests. 

 

The following figure shows schematic representation of the Shelby tube sampler. 

 

 

 

 

 

 

 

 

 

31 August 2012Site Investigation  

Split Barrel Sampler: Open sampler with soil sample and 

cutting shoe.
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3- Piston Sampler (Thin Walled Tube with Piston): 

 

-Used to obtain undisturbed samples with larger diameter 

-The obtained samples are less disturbed than those obtained by the Shelby tube. 

-Mainly used to prevent the soil from falling from the sampler. 

-The following figure shows schematic representation of the piston sampler. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

31 August 2012Site Investigation  

Shelby Tube Sampler

31 August 2012Site Investigation  

Piston Sampler
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Field Soil Testing 
 

 

1- Standard Penetration Test (SPT): 

Performed with the borehole.  

Reliable for cohesionless soils, especially in sand.  

Unreliable for cohesive soils.    

 

2- Cone Penetration Test (CPT): 

Reliable for cohesive soils.    

Unreliable for cohesionless soils.   

 

3- Vane Shear Test: 

Reliable for cohesive soils.    

Unreliable for cohesionless soils. 

 

 

THE STANDARD PENETRATION TEST (SPT) 
 

The standard penetration test, developed around 1927, is currently the most 

popular and economical means to obtain subsurface information (both on land and 

offshore). It is estimated that 85 to 90 percent of conventional foundation design in 

North and South America is made using the SPT. This test is also widely used in other 

geographic regions. The method has been standardized as ASTM D 1586 since 1958 

with periodic revisions to date. The test consists of the following: 

 

1- Driving the standard split-barrel sampler of dimensions shown in Figure a 

distance of 460 mm into the soil at the bottom of the boring. 
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2- Counting the number of blows to drive the sampler the last two 150 mm 

distances (total = 300 mm) to obtain the N number. 

 

3- Using a 63.5-kg driving mass (or hammer) falling "free" from a height of 760 

mm. 

 

 

The exposed drill rod is referenced with three chalk marks 150 mm apart, and the 

guide rod (see Fig. 3-7) is marked at 760 mm (for manual hammers). The assemblage 

is then seated on the soil in the borehole (after cleaning it of loose cuttings). Next the 

sampler is driven a distance of 150 mm to seat it on undisturbed soil, with this blow 

count being recorded (unless the system mass sinks the sampler so no Af can be 

counted). The sum of the blow counts for the next two 150-mm increments is used as 

the penetration count N unless the last increment cannot be completed. In this case the 

sum of the first two 150-mm penetrations is recorded as N. 

 

The boring log shows refusal and the test is halted if 

 

1. 50 blows are required for any 150-mm increment. 

2. 100 blows are obtained (to drive the required 300 mm). 

3. 10 successive blows produce no advance. 

 

 

From the several recent studies cited (and their reference lists) it has been 

suggested that the SPT be standardized to some energy ratio Er which should be 

computed as: 

 

 

 

 

 

There are several current suggestions for the value of the standard energy ratio Erb 

as follows: 
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The author will use 70 since the more recent data using current drilling equipment 

with a safety or an automatic hammer and with driller attention to ASTM D 1586 

details indicate this is close to the actual energy ratio Er obtained in North American 

practice. If a different standard energy ratio Erb is specified, however, it is a trivial 

exercise to convert to the different base, as will be shown next. 
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  Depth, Number and Distribution of Boreholes 

   

 

I- Depth of Boreholes:  
 

1- Depth of boring ≈ 3 – 5, width of isolated footing. 

 

2- Depth of boring ≈ 2 – 3, width of raft. 

 

3- The boring should penetrate the sand layer (if exists) sufficiently to determine its continuity, 

(especially in pile foundations). 

 

4- For deep excavation, depth of boring ≈ 1.5 excavation depth. 

 

5- If rock is encountered, it should be penetrated 4 m, at least. 

 

 

II- Distribution of Borings: 
 

 

 

Structure Spacing 

Multistory Building 300 m
2
, with 2 min. for each 

structure One story industrial Building 300 – 500 m
2
 

Highways 250 – 500 linear meter 

Residential Sub-Divisions 200 × 200   up to   400 × 400 m
2
 

Dams 50   up to   200 m for dam length 

 

 
 

THE SOIL REPORT 

 

When the borings or other field work has been done and any laboratory testing 

completed, the geotechnical engineer then assembles the data for a recommendation to 

the client. Computer analyses may be made where a parametric study of the 

engineering properties of the soil is necessary to make a "best" value(s) 

recommendation of the following: 

 

1. Soil strength parameters of angle of internal friction Ø and cohesion c 
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2. Allowable bearing capacity (considering both strength and probable or tolerable 

settlements) 

 

3. Engineering parameters such as Es, μ, G, or ks. 

A plan and profile of the borings may be made as on Fig. 3-37, or the boring 

information may be compiled from the field and laboratory data sheets as shown on 

Fig. 3-38. Field and data summary sheets are far from standardized between different 

organizations, and further, the ASTM D 653 (Standard Terms and Symbols Relating 

to Soil and Rock) is seldom well followed. 
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IMMEDIATE SETTLEMENT 
 

 

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.  

Except for occasional happy coincidences, soil settlement computations are only 

best estimates of the deformation to expect when a load is applied. During settlement 

the soil transitions from the current body (or self-weight) stress state to a new one 

under the additional applied load. The stress change Δq from this added load produces 

a time-dependent accumulation of particle rolling, sliding, crushing, and elastic 

distortions in a limited influence zone beneath the loaded area. The statistical 

accumulation of movements in the direction of interest is the settlement. In the vertical 

direction the settlement will be defined as ΔH. 

 

 

 

Settlements are usually classified as follows: 
 

1. Immediate, or those that take place as the load is applied or within a time period of 

about 7 days. 

 

2. Consolidation, 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. 

 

Immediate settlement analyses are used for all fine-grained soils including silts and 

clays with a degree of saturation S ≤ 90 percent and for all coarse-grained soils with a 

large coefficient of permeability [say, above 10
-3

 m/s (see Table 2-3)]. 
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Consolidation settlement analyses are used for all saturated, or nearly saturated, fine 

grained soils where the consolidation theory of Sec. 2-10 applies. For these soils we 

want estimates of both settlements ΔH and how long a time it will take for most of the 

settlement to occur.  

 

 

IMMEDIATE SETTLEMENT COMPUTATIONS 

 

The settlement of the corner of a rectangular base of dimensions B' × L' on the 

surface of an elastic half-space can be computed from an equation from the Theory of 

Elasticity [e.g., Timoshenko and Goodier (1951)] as follows: 

 

 

 

 

 

Where: 

  

qo = intensity of contact pressure in units of Es 

B' = least lateral dimension of contributing base area in units of ΔH 

Ii = influence factors, which depend on L'/B' thickness of stratum H, Poisson's ratio μ, 

and base embedment depth D 

Es , μ = elastic soil parameters — (see Tables 2-7, 2-8, and 5-6) 

 

The influence factors (see Fig. 5-7 for identification of terms) I1 and I2 can be 

computed using equations given by Steinbrenner (1934) as follows: 
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The influence factor IF is from the Fox (1948b) equations, which suggest that the 

settlement is reduced when it is placed at some depth in the ground, depending on 

Poisson's ratio and  L/B. Figure 5-7 can be used to approximate IF.  

 

To compute the composite Steinbrenner influence factor Is as 

 

 

 

 

 

 

Equation (5-16) can be written more compactly as follows: 

 

 

 

 

 

This equation is strictly applicable to flexible bases on the half-space . In practice, 

most foundations are flexible. Even very thick ones deflect when loaded by the 

superstructure loads. Some theory indicates that if the base is rigid the settlement will 

be uniform (but may tilt), and the settlement factor Is will be about 7 percent less than 

computed by Eq. (c). On this basis if your base is "rigid" you should reduce the Is 

factor by about 7 percent (that is, Isr = 0.93 Is). 

 

Equation (5-16a) is very widely used to compute immediate settlements. These 

estimates, however, have not agreed well with measured settlements. After analyzing a 

number of cases, the author concluded that the equation is adequate but the method of 

using it was incorrect. The equation should be used [see Bowles (1987)] as follows: 

 

1. Make your best estimate of base contact pressure qo. 

2. For round bases, convert to an equivalent square. 

3. Determine the point where the settlement is to be computed and divide the base (as  

in the Newmark stress method) so the point is at the corner or common corner of one 

or up to 4 contributing rectangles. 
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4. Note that the stratum depth actually causing settlement is not at H/B →∞, but is at 

either of the following: 

a. Depth z = 5B where B = least total lateral dimension of base. 

b. Depth to where a hard stratum is encountered. Take "hard" as that where Es in the 

hard layer is about 10Es of the adjacent upper layer. 

5. Compute the H/B' ratio. For a depth H = z = 5B and for the center of the base we 

have H/B' = 5B/0.5B = 10. For a corner, using the same H, obtain 5B/B = 5. This 

computation sets the depth H = z = depth to use for all of the contributing rectangles. 

Do not use, say, H = 5B = 15 m for one rectangle and H = 5B = 10 m for two other 

contributing rectangles—use 15 m in this case for all. 

6. Enter Table 5-2, obtain I1and I2, with your best estimate for μ compute Is, and obtain 

IF from Fig. 5-7. 

7. Obtain the weighted average Es in the depth z = H. The weighted average can be 

computed 

(where, for n layers,                  ) as 
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Immediate Settlement by Skempton's method :- 
 

 

 

 

 

 

 

The above equation used to calculate the Si for foundation rest on the elastic 

homogenous soil, the Iw is the influence factor taken from Table (5-4). 

 

 

 

Table 5-4: Influence factor Iw 

Shape Iw 

  Flexible 
Rigid 

  Center Corner 

Circle - 1.00 0.64 0.79 

Square - 1.12 0.56 0.88 

Rectangle L/B   1.5 1.36 0.68 1.07 

 2 1.53 0.77 1.21 

 3 1.78 0.89 1.42 

 5 2.10 1.05 1.70 

 10 2.54 1.27 2.10 

 20 2.99 1.49 2.46 

 50 3.57 1.80 3.00 

 100 4.01 2.00 3.43 
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Ex. 1) A TV tower weighting ( 1000 kN) is constructed on a ( 3m * 3m ) footing on 

ground surface on the site shown in Fig.  

Calculate : 

Immediate settlement at a point A of the footing by:  

1-Skempton's method. (flexible) 

2-Timoshenko and Goodier mehod. (rigid) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Es=16 N/mm
2
 / 1000 N/kN *1000000 mm

2
/m

2
 = 16000 kN/m

2
 

 

q = 1000/(3×3)=111.11 kN/m
2
 

 

 

 

1- 

 

 

Shape B×L L/B Iw (flexible 

corner) 

Si (mm) Si (mm) 

(total) 

1 1×1 1 0.56 3.26 

18.7 
2 1×2 2 0.77 4.49 

3 1×2 2 0.77 4.49 

4 2×2 1 0.56 6.53 

 

 

2-                                                                                 H = 6 m  

 

 

Shape B×L H/B 

N 

L/B 

M 

I1 

 

I2 Si (mm) Si (mm) 

(total) 

1 1×1 6 1 0.457 0.026 2.71 

13.9 
2 1×2 6 2 0.563 0.050 3.38 

3 1×2 6 2 0.563 0.050 3.38 

4 2×2 3 1 0.363 0.048 4.42 

 

Si rigid = 0.93 × 13.9 = 12.9 mm 

1

1

Point A 

3 

2 

1 

4 
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Ex. 2) For the footing shown in Figure (1), estimate the immediate settlement at a 

point (A)  by Skempton's method, assume rigid footing. Es=18 Mpa, μ=0.35, 

q=120 kN/m
2
. 

 

Solution: 

 

 

 

 

 

Es=18 N/mm
2
 / 1000 N/kN *1000000 mm

2
/m

2
 = 18000 kN/m

2
 

 

q= 120 kN/m
2
 

 

B for circle = D = 6 m 

B for square = 2 m 

 

Shape Iw (rigid) Si (mm) Si (mm) 

(total) 

circle 0.79 27.73 
27.73 – 10.296 = 17.43 mm 

square 0.88 10.296 

 

 

 

Ex. 3) Find the immediate settlement of point (A) for the flexible footing shown in 

Fig.(2), qnet = 220 kN/m
2
 , μ = 0.35. Use Timoshenko and Goodier mehod. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 m 

 1 m 
 1 m 

 2 m 

Point A 

Figure (1) 

A 

6 m 

6 m 

Es = 15 Mpa 

Es = 25 Mpa 

Es = 30 Mpa 

2 m 

6 m 

12 m 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 36 

Solution: 

 
 

                                                          

 

Es Average  = (2*15000 + 6*25000 + 12*30000)/20 = 27000 kPa. 
 

Si = S1 + S2 – S3          H = 5B = 5 * 6 = 30 m (include all layers) 

                                        Use  H = 2 + 6 + 12 = 20 m  

For shape S1 and S2  

M = L'/B'  = 6/3 = 2 

N = H/B'  = 20/3 = 6.67  
 

I1 = 0.58   ,   I2 = 0.04522 
 

                                           = 0.6 

 

 

                                                   = 220 * 3 * (1-0.35
2
 )*2*0.6* 1/27000 = 0.02574 m  

 

                                                                                                          = 25.74 mm 

 

For shape S3  M = 1      N  = 20/ 4.24 = 4.7      I1 = 0.429        I2 = 0.0352     Is = 0.445     
                                            

 

                                                   =  (220 * 4.24 *(1-0.35
2
)*1*0.445 * 1) / 27000 = 0.01349 m 

m 

                                                                                                                                = 13.49  mm  

 

 

Si total = 25.74 – 13.49 = 12.25  mm  
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BEARING CAPACITY 

 

Introduction: 

The soil must be capable of carrying the loads from any engineered structure 

placed upon it without a shear failure and with the resulting settlements being tolerable 

for that structure. 

The recommendation for the allowable bearing capacity qa to be used for design is 

based on the minimum of either 

1. Limiting the settlement to a tolerable amount (see Chap. 5) 

2, The ultimate bearing capacity, which considers soil strength, as computed in the 

following sections The allowable bearing capacity based on shear control qa is 

obtained by reducing (or dividing) the ultimate bearing capacity qult (based on soil 

strength) by a safety factor SF that is deemed adequate to avoid a base shear failure to 

obtain 

 

 

 

The safety factor is based on the type of soil (cohesive or cohesionless), reliability of 

the soil parameters, structural information (importance, use, etc.), and consultant 

caution. 

 

Bearing Capacity 

 

From Fig. 4-1a and Fig. 4-2 it is evident we have two potential failure modes, where 

the footing, when loaded to produce the maximum bearing pressure qult , will do one or 

both of the following: 

a. Rotate as in Fig. 4-1a about some center of rotation (probably along the vertical line 

Oa) with shear resistance developed along the perimeter of the slip zone shown as a 

circle. 

b. Punch into the ground as the wedge agb of Fig. 4-2 or the approximate wedge ObO' 

of Fig. 4-la. 
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Bearing Capacity Equations 

 

1- The Terzaghi Bearing-Capacity Equation:- 

 

One of the early sets of bearing-capacity equations was proposed by Terzaghi (1943) 

as shown in Table 4-1. Terzaghi used shape factors noted when the limitations of the 

equation were discussed. 

Terzaghi's bearing-capacity equations were intended for "shallow" foundations where     

D ≤ B. 

 

 

2- Meyerhof 's Bearing-Capacity Equation 

 

Meyerhof (1951, 1963) proposed a bearing-capacity equation similar to that of 

Terzaghi but included a shape factor sq with the depth term Nq. He also included depth 

factors di and inclination factors ii [both noted in discussion of Eq. (j)] for cases where 

the footing load is inclined from the vertical. These additions produce equations of the 

general form shown in 

Table 4-1, with select N factors computed in Table 4-4. Program BEARING is 

provided on disk for other Ni values. 

 

3- Hansen's Bearing-Capacity Method 

 

       Hansen (1970) proposed the general bearing-capacity case and N factor equations 

shown in Table 4-1. This equation is readily seen to be a further extension of the 

earlier Meyerhof (1951) work. Hansen's shape, depth, and other factors making up the 

general bearing capacity equation are given in Table 4-5. These represent revisions 

and extensions from earlier 

proposals in 1957 and 1961. The extensions include base factors for situations in 

which the footing is tilted from the horizontal bi and for the possibility of a slope β of 

the ground supporting the footing to give ground factors gi. Table 4-4 gives selected N 

values for the Hansen equations together with computation aids for the more difficult 

shape and depth factor terms. Use program BEARING for intermediate Ni factors, 

because interpolation is not recommended, especially for ϕ ≥ 35°. 
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4- Vesic's Bearing-Capacity Equations 

 

      The Vesic (1973, 1915b) procedure is essentially the same as the method of 

Hansen (1961) with select changes. The Nc and Nq terms are those of Hansen but Nγ is 

slightly different (see Table 4-4). There are also differences in the ii, bi, and gi terms as 

in Table 4-5c. The Vesic equation is somewhat easier to use than Hansen's because 

Hansen uses the i terms in computing shape factors si whereas Vesic does not (refer to 

Examples 4-6 and 4-7 following). 
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qult=cNcscdcic + 


q Nqsqdqiq + 0.5 γB'Nγsγdγiγ        (sc=1 for inclined load) 
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Which Equations to Use 
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6- Effect of water table: 

 

Bowles suggested the following equation to calculate effective unit weight for 

water table: 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note 

 
 

 

 

 

 

= 20.12 kN/m
3
 

dw 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 61 

FOOTING DESIGN 

 

Foundation 
 

Foundations are usually divided into: 

 

1) Shallow Foundations are used when the top layers of soil can support the 

applied loads with accepted settlement. They can take any form of the followings: 

 

 - Spread (isolated) Footing,      - Combined Footing, 

           - Strap – Beam Footing          - Wall Footing,                 

 - Strip Footing,                           - Raft Foundation 

 

2) Deep Foundations are used if the top soil is weak and cannot support the 

structure loads. They used to transmit the loads to the stronger deeper soil 

layers. Forms of deep foundations are piles, pillars, caissons, ….etc. 

 

Foundation Safety 

 

Foundation should be safe against: 

1- Shear failure in soil. 

2- Excessive total or differential settlements. 

3 - Depression settlement due to excessive dewatering. 

4 - Uplift during construction due to high G.W.T. 

5 - Sliding or overturning due to large horizontal loads. 
 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                         

Shear failure 
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                                                         Deferential settlement  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

                                                                       Overturning 
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Combined Footing

                

Plain Concrete

Reinforced Concrete

Pb

Pa

Strip Footing

                

P. C.

R.C.

Pa

Pb

Pc

Pd

Pa Pb

a bStrap Beam

Strap Beam

Strap Beam
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  Raft Foundation

13 September 2012 Shallow Foundations, P1, Tarek Nageeb   

Pile Foundations

Low
Weight

Soft to
Firm Clay

Large Distributed
Weight

Very Large Concentrated
Weight

Dense Sand

Strong Rock
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Selection of Type of Foundations 

 

Approximate Loads of Structures: 

 

-Residential and Housing, 1.0 up to 1.2 t/m
2
 per floor 

-Commercial and Office, 1.2 up to 1.5 t/m
2
 per floor 

-Schools and Hospitals, 1.5 to 2.0 t/m
2
 per floor 

-These loads are multiplied by the number of floors, then divided by the foundation 

area to determine the soil stresses, then the type of foundation.  

Three options will be available: 

1- Stress on soil < qall soil, R.C foundation area ≤ 2/3 foundation area  Isolated 

footings. 

2- Stress on soil < qall soil, R.C foundation area > 2/3 foundation area  Raft 

foundation. 

3- Stress on soil > qall soil  Pile foundation. 
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DESIGN OF SHALLOW FOUNDATION 
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e= ( M/P) = (500 cos 60 * 1)/(500 sin 60) 

  = 0.577 m  

 - 

 

  - 
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   2.57  
 

  1.64 
    4.2 
 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 74 

STRUCTURAL DESIN OF SPREAD FOOTING 
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Example: Design a spread footing for the given data: 

B×B size, qall=200 kPa, DL=350 kN, LL=450 kN, f'c=21 Mpa, fy=400 Mpa. 

Column size=0.35 × 0.35 m,  use  Ø 16 mm bars. 

 

Solution: 

 

Step 1: find the dimensions  

 

qact.≤ qall =P/A       200 = (350+450)/A            A = 4 m
2
           B= 2   m 

 

 

step 2: find the effective depth ( d ) of  footing using 

- two-way action (punching shear): 
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- For wide beam action  

 

B = L = 2 m 
 

2/6492/649.02185.0
1

'
1

66
mkNmmNcfcv    

 d/2 
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b = (L/2 – w/2 – d) 

 

Awide = b × B 

 

vc × d × B = qult × b × B 

 

649 × d = 285 × (2/2 – 0.35/2 – d)  

  

649 d = 235.125 – 285 d 

 

d = 0.25 m < d = 0.3 m (punching shear) 

 

then,   

 

use d = 0.3 m = 300 mm (punching shear controlled). 

mmH

Use

mm
bar

derdH

400

378
2

1
70300cov





 

 

 

 

Step 3: find required reinforcement:- 

The arm of moment is to the face of column, 
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No. of  bars=1050/201= 6 bars 
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Spacing = 1000/(6-1) = 200 mm c/c 

 

Then, use Ø 16 mm bars @ 190 mm c/c in two directions for equal distribution of 

bars. 

 

Step 4: sketch 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ø 16 mm & 190 mm c/c  
Ø 16 mm & 190 mm c/c  

Used for practical Ø 12 mm 

Main reinforcement 

Secondary reinforcement 
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DEEP FOUNDATION (PILES) 
 

SINGLE PILES-STATIC CAPACITY: 

 

Piles are structural members of timber, concrete, and/or steel that are used to 

transmit surface loads to lower levels in the soil mass. This transfer may be by vertical 

distribution of the load along the pile shaft or a direct application of load to a lower 

stratum through the pile point 

 

- Piles are commonly used (refer to Fig. 16-1) for the following purposes: 

 

1. To carry the superstructure loads into or through a soil stratum. Both vertical and 

lateral loads may be involved. 

2. To resist uplift, or overturning forces, such as for basement mats below the water 

table or to support tower legs subjected to overturning from lateral loads such as wind. 

3. To compact loose, cohesionless deposits through a combination of pile volume 

displacement and driving vibrations. These piles may be later pulled. 

4. To control settlements when spread footings or a mat is on a marginal soil or is 

underlain by a highly compressible stratum. 

5. To stiffen the soil beneath machine foundations to control both amplitudes of 

vibration and the natural frequency of the system. 

6. As an additional safety factor beneath bridge abutments and/or piers, particularly if 

scour is a potential problem. 

7. In offshore construction to transmit loads above the water surface through the water 

and into the underlying soil. This case is one in which partially embedded piling is 

subjected to vertical (and buckling) as well as lateral loads. 

 

CONCRETE PILES: 

 

Table 16-1 (Bowles) indicates that concrete piles may be precast, prestressed, cast 

in place, or of composite construction. 

 

Precast Concrete Piles: 
 

Piles in this category are formed in a central casting yard to the specified length, 

cured, and then shipped to the construction site. If space is available and a sufficient 

quantity of piles needed, a casting yard may be provided at the site to reduce 

transportation costs. 

 

Cast-in-Place Piles: 

 

A cast-in-place pile is formed by drilling a hole in the ground and filling it with 

concrete. The hole may be drilled (as in caissons), or formed by driving a shell or 
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casing into the ground. The casing may be driven using a mandrel, after which 

withdrawal of the mandrel empties the casing. The casing may also be driven with a 

driving tip on the point, providing a shell that is ready for filling with concrete 

immediately, or the casing may be driven open-end, the soil entrapped in the casing 

being  jetted out after the driving is completed. 
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Qult = Qb + ∑Qs 

 

Qb ≤ Qb max           Qb max for sand (C=0) = (50 Nq tan Ø) Ab   

                                    Qb max for (C ≠ 0) = (Cb Nc  + 50 Nq tan Ø) Ab 

 

Qult (s.p) = ( Cb Nc + q Nq ) Ab  + ∑( α Cs + σv K tan δ )As 

  
Cb = cohesion of the layer of the end of pile. 

 

-Nc = 9 for piles (Øb = 0).  

-For Øb > 0 is given from special chart, OR: 
Nc = {Nc  from table 4-4 above (Bowles) × 1.6 } ( Bowles page 892)  . 

1.6 ≈ dc (suggested by Bowles). 

q  = soil pressure from the ground surface to the end of pile. 

Nq = Using figure above (meyerhof ). We can neglect the end bearing 

resistance for Ø ≤ 15 degrees. 

α = Using figure. ( α = 0.45 for bored pile ).  

Cs = cohesion of each layer surrounding the pile.   

σv = pressure of soil from the ground surface to the mid- height of pile 

within the layer. 
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Example: for the pile shown in Figure below, Find the ultimate capacity: pile size 

D = 0.3 m.  

 

Solution: 

 

Qsp = ∑Qs + Qb  

 

1-Skin resistance: 
 

Layer 1 

Qs1 = (α Cs + σv K tan δ )As 

 

α  for qu = 50 kPa  = 0.92  from figure    

Cs= qu/2 = 50/2 = 25 kPa. 

δ = 0    
 

Qs1 = (0.92 × 25 kN/m
2
 + 0 ) × ( π(0.3 m) × 5 m) 

       = 108.33 kN. 

 

Layer 2 
Qs2 = (α Cs + σv K tan δ )As 

 
α  for qu =  2 × C = 2 × 10 = 20 kPa  = 0.96 from figure    

Cs= 10 kPa. 

δ = 2/3 (30) = 20  

K = 1 – sin 30 = 0.5 

σv = (20 – 9.81) × 7.5 m = 76.425 kN/m
2
   

 

Qs2 = (0.96 × 10 kN/m
2
 + 76.425 kN/m

2
 × 0.5 tan 20) × ( π(0.3 m) × 5 m)  

      = 110.7 kN. 

 

Layer 3 
α  for qu = 100 kPa  = 0.83  from figure    

Cs= qu/2 = 100/2 = 50 kPa. 

δ = 0    

 
Qs3 = (0.83 × 50 kN/m

2
 + 0 ) × ( π(0.3 m) × 5 m) 

       = 195.47 kN. 

 

 

3 
 

3 
 

3 
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2-End resistance: 

 

 

Qb = ( Cb Nc + q Nq ) Ab 

 

For Ø = 0         Nq = 1 (not found in figure) (given) 

 

Qb = [ (100/2) × 9 + (20-9.81) × 5 m × 3 × 1 ] × (π(0.3 m)
2
 )/4) 

     = 42.6  kN  
Qb max for (C ≠ 0) = (Cb Nc  + 50 Nq tan Ø) Ab=(50×9 + 50×1×tan 0) × (π(0.3 m)

2
 )/4) = 31.8 kN Use it 

 

Qsp = ∑Qs + Qb  = (108.33 +110.7 + 195.47+31.8) 

                           = 446.3  kN 

**************************************************************** 

Q1: 
For the soil – pile system shown in Fig. Compute allowable pile capacity, 

F.S = 2.5 

Solution: 

 

Qsp = ∑Qs + Qb  

 

1-Skin resistance: 
 

Layer 1 

Qs1 = (α Cs + σv K tan δ )As 

 

 

 

 

α  for qu = 2Cs=  40 × 2 = 80 kPa = 0.865  from figure    

δ = 0    
 

Qs1 = (0.865 × 40 kN/m
2
 + 0 ) × ( π(0.4 m) × 3 m) 

       = 130.4 kN. 

 

Layer 2 
Qs2 = (α Cs + σv K tan δ )As 

 
α  for qu =  2 × C = 2 × 100 = 200 kPa  = 0.54 from figure    

Qs2 = (0.54 × 100 kN/m
2
 + 0 ) × ( π(0.4 m) × 6 m) = 406.9 kN. 
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Layer 3  

Qs3 = (α Cs + σv K tan δ )As 

 

Cs= 0 

δ = 2/3 (25) = 16.67  

K = 1 – sin 25 = 0.577 

σv = 18 × 3 m + (19-9.81) × 6 m + (18.5 – 9.81) × 2 m 

     = 126.52 kN/m
2
   

 

Qs3 = (  0  + 126.52 kN/m
2
 × 0.577 tan 16.67) × ( π(0.4 m) × 4 m)  

      = 109.82 kN. 

 
Layer 4 

 

Qs4 = (α Cs + σv K tan δ )As 

 

Cs= 0 

δ = 2/3 (30) = 20 

K = 1 – sin 30 = 0.5 

σv = 18 × 3 m + (19-9.81) × 6 m + (18.5 – 9.81) × 4 m +(19.5 – 9.81) × 0.6 m = 

149.71 kN/m
2
   

 

Qs4 = (  0  + 149.71 kN/m
2
 × 0.5 tan 20) × ( π(0.4 m) × 1.2 m)  

      = 41.1 kN. 

 

2-End resistance: 

 

Qb = ( Cb Nc + q Nq ) Ab  

Qb={(0+18*3+(19-9.81)*6+(18.5-9.81)*4+(19.5-9.81)*1.2*30} 

3.14*(0.4)
2
/4 = 586 kN 

 

For Ø = 30     Nq = 30  

Qbmax = 50*30tan30*3.14*(0.4)
2
/4=108.83 kN USE IT 

 

Qult.sp = ∑Qs + Qb  = (130.4 +406.9 + 109.82 + 41.1+108.83) 

                          = 797.9  kN 

 

Qall.sp = 797.9/2.5=319.2  kN 
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Q2: 

 

Estimate the pile length required to carry 450 kN axial load, use SF=2.5. (neglect 

q*Nq). 
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Pile Groups: 

 
To allow for misalignment and bending moments. 

 

No. of  piles ≥ 3 to support a major column.  

No. of  piles ≥ 2 to support a foundation wall. 

 

- Suggested minimum pile spacing according to building codes: 

 

* friction piles    min. spacing is   2D  or 1.75H  ≥ 75 cm. 

D = pile diameter .  H = diagonal of a rectangular shape or H-pile. 

 

* point bearing piles    min. spacing is   2D  or 1.75H  ≥ 60 cm. 

 

Optimal spacing   S = (2.5 to 3)D    or  (2 to 3)H   for vertical load. 

 

Pile Group Capacity: 

 
Solid block method: 

 

Assuming the pile cap is perfectly rigid and the soil continued within the periphery of 

the piles behaves as a solid block, the entire block may then be visualized as one deep 

footing. 

 

Qpg = ( S L ρ + qult A – γ L A) ≤ nQsp 

 
Qpg = pile group capacity. 

S L ρ = block shear. 

 

S = (qu/2) + (σv K tan Ø) 

 

L = length of pile embedded in soil. 

ρ = perimeter of area enclosing all the piles in the group. 

qult = C Nc + q Nq 

A = area enclosing all the piles in the group. 

γ = unit weight of soil within the block ( L * A ). 

n = No. of piles. 

Qsp = ultimate capacity of an individual pile. 
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Example: The total load on a pile group is 1690 kN. Boring indicates a very deep layer 

of fairly uniform clay. The clay has an average unconfined compressive strength qu = 

86 kN/m
2
. A factor of safety of  3 is desired using 12m piles having an average 

diameter of 30cm. Assuming an adhesion factor of 0.87 and neglecting the end bearing 

of an individual pile, design a rectangular pattern of pile group, suggest the spacing 

and check the group capacity, use figure to find Nc. γ = 18 kN/m
3

   

 

  

 

 

 

 

 

 

 

 

 

 

 

Solution: 

 

Qsp ult = (α Cs + σv K tan δ )As 

 

δ = 0    

 

Qsp ult = (0.87 × (86/2) kN/m
2
 + 0 ) × ( π(0.3 m) × 12 m) 

       = 423 kN. 

 

Qsp all = 423/ SF = 423/3 = 141 kN. 

 

Then,  

No. of piles = 1690 / 141 = 11.9 pile.  Use   12  pile  3 * 4 pattern as shown, 

 

Let S = 3D = 3 * 0.3 = 0.9 m > 75 cm  OK.  

L = 3 S + D = 3 * 0.9 + 0.3 = 3 m 

B = 2 S + D = 2 * 0.9 + 0.3 = 2.1 m 

 

Now, find pile group capacity:  

 

 

 

  S 
 

  S 
 

  S 
 

  S 
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  S 
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Qpg = ( S L ρ + qult A – γ L A) ≤ nQsp 

 

 

S = (qu/2) + (σv K tan Ø) = C = 86/2=43 kN/m
2
 

ρ = (2.1 + 3)*2= 10.2 m  
qult = C Nc + q Nq = 43 * (8.55) + 12*18*1 

       = 583.6 kPa. 

 

A = 3 * 2.1 = 6.3 m
2
 

Qpg ult = 43 * 12 * 10.2 + 583.6 * 6.3 – 18 * 12  * 6.3 = 7579 kN 

 

Qpg all = 7579/3 = 2526.3 kN.  Then, the pile group system gives allowable capacity 

larger than   nQsp = 12 * 141 = 1692 kN.  

 

Then the value of capacity 1692 kN is govern. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From figure 

Df/B=12/2.1= 5.71 

B/L=2.1/3=0.7 

Nc = 8.55 
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Example: 

 

 

 

Solution: 
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x = distance in y-direction from  

external row to the x-axis. 

 

y = distance in x-direction from  

external row to the y-axis.   

 

dx = distance in y-direction from each 

pile to the x-axis. 

 

dy = distance in x-direction from each 

pile to the y-axis.   

 

x = 0.9 m   ,   y = 0.9 m 

 

∑ (dx)
2
 = 6 * (0.9)

2
 m

2
 = 4.86 m

2
 

 

∑ (dy)
2
 = 6 * (0.9)

2
 m

2
 = 4.86 m

2
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Max

Min
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Pmax 
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HW: Find  Pmax  and  Pmin, if the maximum load is 1724 kips, 

 

M1-1 = 3306 kips.ft ;    M2-2 = 3726 kips.ft is the foundation safe or not. 

 

Solution:    
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d
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P  

 

Mx=M1-1    ,   My=M2-2 

 

x = 10.5 ft  ,   y = 9 ft  

 


2

xd = 14*(1.5
2
 + 4.5

2
 + 7.5

2
 + 10.5

2
) 

         = 2646 ft
2
 

 


2

yd = 16*(3
2
 + 6

2
 + 9

2
) 

          = 2016 ft
2
 

 
 

2016

93726

2646

5.103306

56

1724

.
.







Min
MaxP

 

.
.

Min
MaxP = 60.5 kips.ft   , 1.03  kips.ft  respectively. 

Then, the foundation is safe. (there is no tension) 
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LATERAL EARTH PRESSURE 
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20.79 

(76.2-43.5)=32.7 

-43.5 

32.7           64 

36.37 

P1 

P2 

P3 

P4 

P5 

Neglect the pore pressure 
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20.3 = [(2.7+e)/(1+e)]×9.81 

 

e = 0.589  

γd= [(2.7/(1+0.589)] × 9.81= 16.66 kN/m
3
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28.77 

28.77 

34.4 

Gs = 2.7 

28.77 

28.77 

34.4 

106.6 

103.6 

16.67 

106.6 

106.6 

127.6 
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Pa*{(2/3)(H+d) – x} = (Pp/FS){(H+d) - (d/3) - x} 
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93.1 

93.1 47.7 

93.1  47.7  47.7   361.6 

  361.6 
1.84 

  190.8    90.8 609.3 

   609.3 
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CONCRETE RETAINING WALLS 

 

INTRODUCTION 

 

Retaining walls are used to prevent retained material from assuming its natural slope. Wall structures 

are commonly used to support earth, coal, ore piles, and water. Most retaining structures are vertical 

or nearly so; however, if the a angle in the Coulomb earth-pressure coefficient of Eq. (11-3) is larger 

than 90°, there is a reduction in lateral pressure that can be of substantial importance where the wall 

is high and a wall tilt into the backfill is acceptable. 

Retaining walls may be classified according to how they produce stability: 

 

1. Mechanically reinforced earth—also sometimes called a "gravity" wall 

2. Gravity—either reinforced earth, masonry, or concrete 

3. Cantilever—concrete or sheet-pile 

4. Anchored—sheet-pile and certain configurations of reinforced earth 
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CANTILEVER RETAINING WALLS 

 

Figure 12-10 identifies the parts and terms used in retaining wall design. Cantilever 

walls have these principal uses at present: 

 

1. For low walls of fairly short length, "low" being in terms of an exposed height on 

the order of 1 to 3.0 m and lengths on the order of 100 m or less. 

 

2. Where the backfill zone is limited and/or it is necessary to use the existing soil as 

backfill. This restriction usually produces the condition of Fig. 11-12b, where the 

principal wall pressures are from compaction of the backfill in the limited zone 

defined primarily by the heel dimension. 

 

3. In urban areas where appearance and durability justify the increased cost.  
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Sliding and Overturning Wall Stability 

 

The wall must be safe against sliding. That is, sufficient friction Fr must be developed 

between the base slab and the base soil that a safety factor SF or stability number 

Ns(see Fig. 12-12b) is 

 

 

 

 

 

 

All terms are illustrated in Fig. 12-12b. Note that for this computation the total vertical 

force R is 

 

 

 

 

These several vertical forces are shown on Fig. 12-12b. The heel force P'av is 

sometimes not included for a more conservative stability number. The friction angle δ 

between base slab and soil can be taken as Ø where the concrete is poured directly 

onto the compacted base soil. The base-to-soil adhesion is usually a fraction of the 

cohesion—values of 0.6 to 0.8 are commonly used. Use a passive force Pp if the base 

soil is in close contact with the face of the toe. One may choose not to use the full 

depth of D in computing the toe Pp if it is possible a portion may erode. For example, 

if a sidewalk or roadway is in front of the wall, use the full depth (but not the 

surcharge from the sidewalk or roadway, as that may be removed for replacement); for 

other cases one must make a site assessment. 

The wall must be safe against overturning about the toe. If we define these terms: 
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x
-
 = location of R on the base slab from the toe or point O. It is usual to require this 

distance be within the middle 1/3 of distance Ob—that is, x
-
 > B/3 from the toe. 

Pah = horizontal component of the Rankine or Coulomb lateral earth pressure against 

the vertical line ab of Fig. 12-12b (the "virtual" back). 

y
-
 = distance above the base Ob to Pah. 

Pav = vertical shear resistance on virtual back that develops as the wall tends to turn 

over. This is the only computation that should use Pav. The δ angle used for Pav should 

be on the order of the residual angle Ør since the Rankine wedge soil is in the state of 

Fig. 11-lc and "follows" the wall as it tends to rotate. 

 

We can compute a stability number N0 against overturning as 

 

 

 

 

 

In both Eqs. (12-4) and (12-5) the stability number in the given range should reflect 

the importance factor and site location. That is, if a wall failure can result in danger to 

human life or extensive damage to a major structure, values closer to 2.0 should be 

used. Equation (12-5) is a substantial simplification used to estimate overturning 

resistance. On-site overturning is accompanied by passive resistances at (1) the top 

region of the base slab at the toe, (2) a zone along the heel at cb that tends to lift a soil 

column along the virtual back face line ab, and (3) the slip of the Rankine wedge on 

both sides of ab. Few walls have ever overturned—failure is usually by sliding or by 

shearoff of the stem. The ∑(Wc+Ws) and location x
-
 are best determined by dividing 

the wall and soil over the heel into rectangles and triangles so the areas (and masses) 

can be easily computed and the centroidal locations identified. Then it becomes a 

simple matter to obtain 
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If there is no passive toe resistance (and/or P'av is ignored) the preceding equations are 

somewhat simplified. 

 

Example: 
For the cantilever retaining wall shown in figure, calculate the width of the heel, b, 

required to ensure stability of the wall against overturning. In addition, determine the 

angle, θ, of the potential active shear plane with respect to horizontal. Then,  Calculate 

the factor of safety against sliding. ( neglect the passive action, use b=2m) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to facilitate the calculation process, we divide the cantilever wall into 

sections. We then calculate the weight per unit width (Wi) and moment arm (xi) for 

each block: 

5 m 



FFoouunnddaattiioonn  EEnnggiinneeeerriinngg                                                                                                                                                            44tthh  yyeeaarr  

 

Hydraulic Structures & Water Resources Dept.                                             Eng. College., Kufa Univ. 127 

 

W1=23.5×0.5×0.7=8.23 kN (per meter) 

W2=23.5×5×0.5=58.75 kN 

W3=23.5×0.5×b=11.75b kN 

W4=(17×2.5 +19×2)b=80.5b kN 

 

x1=0.35 m 

x2=0.95 m 

x3=1.20+b/2 

x4=1.20+b/2 

 

We then calculate the active earth pressure and the water pressure on the wall. For 

lateral earth pressure calculations, we use Ka=tan
2
(45–35/2)=0.271 

 

 

 

 

 

 

 

 

The corresponding forces (per meter), P1 to P4, together with their moment arms, y1 to 

y4, are calculated as follows: 

 

P1=0.5×11.52×2.5=14.4 kN 

P2=11.52×2.5= 28.8 kN 

P3=0.5×(17.75−11.52)×2.5=7.79 kN 

P4=0.5×24.5×2.5=30.63 kN 

 

y1=2.5+2.5/3=3.33 m 

y2=2.5/2=1.25 m 

y3=y4=2.5/3=0.83 m 

 

The factor of safety against overturning is calculated from 

 

 

 

 

 

In order to ensure stability, the factor of safety must be at least equal to 1.5. 

Accordingly, we solve the equation above for b and obtain: 

b= 0.78 m 

28.8 
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The angle, θ, that the potential active failure surface makes with respect to horizontal 

is simply equal to 45+φ/2=45+35/2=62.5
ο
. 

 

To calculate the factor of safety against sliding: 

 

SF = Nο = [(summation of vertical forces) × tan δ + Cb × B] / (summation of lateral 

forces) 

 

Cb = cohesion of base soil = (0.6 – 0.8)Cback soil 

 

C = 0    in this example 

 

SF = [(W1+W2+W3+W4) × tan δ] / (P1+P2+P3+P4) 

 

 

W1=23.5×0.5×0.7=8.23 kN (per meter) 

W2=23.5×5×0.5=58.75 kN 

W3=23.5×0.5×2= 23.5 kN 

W4=(17×2.5 +19×2) × 2 =161 kN 

 

 

P1=0.5×11.52×2.5=14.4 kN 

P2=11.52×2.5= 28.8 kN 

P3=0.5×(17.75−11.52)×2.5=7.79 kN 

P4=0.5×24.5×2.5=30.63 kN 

 

 

SF = [(8.23+58.75+23.5+161) × tan 35] / (14.4+28.8+7.79+30.63) 

      

SF = 2.157    
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STABILITY OF SLOPES 
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S = (π/180)*θ* r = (π/180) 89.5 * 12.1 = 18.9 m 
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