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Introduction : 
The soil mechanics course reviewed the fundamental properties of soils and 

their behavior under stress and strain in idealized conditions. In practice, 

natural soil deposits are not homogeneous, elastic, or isotropic. In some 

places, the stratification of soil deposits even may change greatly within a 

horizontal distance of 15 to 30 m. For foundation design and construction 

work , one must know the actual soil stratification at a given site, the 

laboratory test results of the soil samples obtained from various depths, and 

the observations made during the construction of other structures built under 

similar conditions. For most major structures, adequate subsoil exploration 

at the construction site must be conducted. 

Definition : 
The process of determining the layers of natural soil deposits that will 

underlie a proposed structure and their physical properties is generally 

referred to as subsurface exploration. 

Purpose of Subsurface Exploration: 
The purpose of subsurface exploration is to obtain information that will aid 

the geotechnical engineer in: 

1. Determining the nature of soil at the site and its stratification. 
2. Selecting the type and depth of foundation suitable for a given structure. 

3. Evaluating the load-bearing capacity of the foundation. 

4. Estimating the probable settlement of a structure. 

5. Determining potential foundation problems (e.g., expansive soil, 

collapsible soil, sanitary landfill, etc...). 

6. Determining the location of water table. 

7. Determining the depth and nature of bedrock, if and when encountered. 

8. Performing some in situ field tests, such as permeability tests, van shear 

test, and standard penetration test. 

9. Predicting the lateral earth pressure for structures such as retaining 

walls, sheet pile, and braced cuts. 
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Subsurface Exploration Program: 
A soil exploration program for a given structure can be divided broadly into 

three phases: 
1. Collection of Preliminary Information : 

This step includes obtaining information regarding the type of structure to 

be built and its general use. The following are examples explain the needed 

information about different types of structures: 

ü For the construction of building : 

V The approximate column loads and their spacing. 

V Local building-codes. 

V Basement requirement. 
 

ü For the construction of  bridge: 

V The length of their spans. 

V The loading on piers and abutments. 
 

2. Reconnaissance: 

The engineer should always make a visual inspection (field trip) of the site 

to obtain information about: 

V The general topography of the site, the possible existence of drainage 

ditches, and other materials present at the site.  

V Evidence of creep of slopes and deep, wide shrinkage cracks at regularly 

spaced intervals may be indicative of expansive soil. 

V Soil stratification from deep cuts, such as those made for the construction 

of nearby highways and railroads. 

V The type of vegetation at the site, which may indicate the nature of the 

soil. 

V Groundwater levels, which can be determined by checking nearby wells. 

V The type of construction nearby and the existence of any cracks in walls 

(indication for settlement) or other problems. 

V The nature of the stratification and physical properties of the soil nearby 

also can be obtained from any available soil-exploration reports on 

existing structures.  
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3. Site Investigation: 

This phase consists of: 

V Planning (adopting steps for site investigation, and future vision for the 

site)  

V Making test boreholes. 

V Collecting soil samples at desired intervals for visual observation and 

laboratory tests. 

Determining the number of boring: 

There is no hard-and-fast rule exists for determining the number of borings 

are to be advanced. For most buildings, at least one boring at each corner 

and one at the center should provide a start. Spacing can be increased or 

decreased, depending on the condition of the subsoil. If various soil strata 

are more or less uniform and predictable, fewer boreholes are needed than in 

nonhomogeneous soil strata. 

The following table gives some guidelines for borehole spacing between for 

different types of structures: 

 

Approximate Spacing of Boreholes 

Type of project Spacing (m) 

Multistory building 10ï30 

One-story industrial plants 20ï60 

Highways 250ï500 

Residential subdivision 250ï500 

Dams and dikes 40ï80 

  

 

Determining the depth of boring: 

The approximate required minimum depth of the borings should be 

predetermined. The estimated depths can be changed during the drilling 

operation, depending on the subsoil encountered (e.g., Rock).  

To determine the approximate required minimum depth of boring, engineers 

may use the rules established by the American Society of Civil Engineers 

(ASCE 1972): 

1. Determine the net increase in effective stress (Ўʎ under a foundation 

 with depth as shown in the Figure below. 
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2.  Estimate the variation of the vertical effective stress (ʎ  with depth. 

3. Determine the depth (D = D1) at which the effective stress increase 

(Ў  is equal to  q (q = estimated net stress on the foundation). 

4. Determine the depth (D = D2) at which (Ў Ⱦἷ Ȣ Ȣ 

5. Determine the depth (D = D3) which is the distance from the lower face 

of the foundation to bedrock (if encountered). 

6. Choose the smaller of the three depths, (D1, D2, and D3), just determined     

     is the approximate required minimum depth of boring.  

 

 

 
 

 
 

 

 

 

 

 

 

After determining the value of (D) as explained above the final depth of 

boring (from the ground surface to the calculated depth) is: 

$ $ $ 

Because the Drilling  will starts from the ground surface. 

Determining the value of vertical effective stress ( ἷ : 

The value of (ʎ  always calculated from the ground surface to the 

required depth, as we previously discussed in Ch.9 (Soil Mechanics). 

ʎ Ўʎ 
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Determining the increase in vertical effective stressЎ : 

The value of Ўʎ  always calculated from the lower face of the foundation 

as we discussed previously in soil mechanics course (Ch.10). 

An alternative approximate method can be used rather than (Ch.10) in soil 

mechanics course, this method is easier and faster than methods in (Ch.10). 

This method called (2:1 Method). The value of Ўʎ  can be determined 

using (2:1 method) as following: 

 

 

 

 

 

 

 

 

 

 

  

 

According to this method, the value of Ўʎ  at depth (D) is: 

Ўʎ
0

!

0

" $ , $
 

0 ÔÈÅ ÌÏÁÄ ÁÐÐÌÉÅÄ ÏÎ ÔÈÅ ÆÏÕÎÄÁÔÉÏÎ +.Ȣ 

! ÔÈÅ ÁÒÅÁ ÏÆ ÔÈÅ ÓÔÒÅÓÓ ÄÉÓÔÒÉÂÕÔÉÏÎ ÁÔ ἬἭἸἼἰ ἎȢ  
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Note that the above equation is based on the assumption that the stress from 

the foundation spreads out with a vertical-to-horizontal slope of 2:1. 

Now, the values of (D1 and D2) can be calculated easily as will be seen later. 

Note: if the foundation is circular  the value of Ўʎ  at depth (D) can be 

determined as following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ўʎ
0

!ÒÅÁ ÁÔ ÄÅÐÔÈ $

0
ʌ
τ

" $
 

0 ÔÈÅ ÌÏÁÄ ÁÐÐÌÉÅÄ ÏÎ ÔÈÅ ÆÏÕÎÄÁÔÉÏÎ +.Ȣ 

" ÄÉÁÍÅÔÅÒ ÏÆ ÔÈÅ ÆÏÕÎÄÁÔÉÏÎÍȢ 
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In practice: The number of boreholes and the depth of each borehole will be 

identified according to the type of project and the subsoil on site, the 

following is example for a 5 story residential building with dimensions of 

(40 x 70) m: 

V The required number of boreholes = 5 boreholes (one at each corner and 

one at the center) as mentioned previously. 

V The depth of each borehole for this project is (8-10) m up to a depth of     

    water table. 

The following figure shows the distribution of boreholes on the land: 
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Procedures for Sampling Soil 
There are two types of samples: 

ü Disturbed Samples: These types of samples are disturbed but 

representative, and may be used for the following types of laboratory soil 

tests: 

V Grain size analysis. 

V Determination of liquid and plastic limits. 

V Specific gravity of soil solids. 

V Determination of organic content. 

V Classification of soil. 

V But disturbed soil samples cannot be used for consolidation, hydraulic 

conductivity, or shear tests, because these tests must be performed on 

the same soil of the field without any disturbance (to be 

representative) 

The major equipment used to obtain disturbed sample is (Split Spoon) 

which is a steel tube has inner diameter of 34.93 mm and outer diameter 

of 50.8mm. 

ü Undisturbed Samples: These types of samples are used for the 

following types of laboratory soil tests: 

V Consolidation test. 

V Hydraulic Conductivity test. 

V Shear Strength tests. 

These samples are more complex and expensive, and itôs suitable for 

clay, however in sand is very difficult to obtain undisturbed samples. 

The major equipment used to obtain undisturbed sample is (Thin-Walled 

Tube). 

Degree of Disturbance 

If we want to obtain a soil sample from any site, the degree of disturbance 

for a soil sample is usually expressed as: 

! Ϸ
$ $

$
ρππ 

! ÁÒÅÁ ÒÁÔÉÏ ÒÁÔÉÏ ÏÆ ÄÉÓÔÕÒÂÅÄ ÁÒÅÁ ÔÏ ÔÏÔÁÌ ÁÒÅÁ ÏÆ ÓÏÉÌ 
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$ ÏÕÔÓÉÄÅ ÄÉÁÍÅÔÅÒ ÏÆ ÔÈÅ ÓÁÍÐÌÉÎÇ ÔÕÂÅȢ 

$ ÉÎÓÉÄÅ ÄÉÁÍÅÔÅÒ ÏÆ ÔÈÅ ÓÁÍÐÌÉÎÇ ÔÕÂÅȢ 

If (! ρπϷO ÔÈÅ ÓÁÍÐÌÅ ÉÓ ἽἶἬἱἻἼἽἺἪἭἬȢ 

If (! ρπϷO ÔÈÅ ÓÁÍÐÌÅ ÉÓ ἬἱἻἼἽἺἪἭἬ. 

For a standard split-spoon sampler (which sampler for disturbed samples): 

! Ϸ
υπȢψ στȢωσ

στȢωσ
ρππρρρȢυϷ ρπϷO ÄÉÓÔÕÒÂÅÄȢ 

 

Standard Penetration Test (SPT) 
This test is one of the most important soil tests for geotechnical engineers 

because itôs widely used in calculating different factors as will explained 

later. This test is performed according the following procedures: 
 

1. Determining the required number and depth of boreholes in the site. 

2. The sampler used in SPT test is (Standard Split Spoon) which has an 

inside diameter of 34.39 mm and an outside diameter of 50.8 mm. 

3. Using drilling machine, 1.5m are drilled. 

4. The drilling machine is removed and the sampler will lowered to the 

bottom of the hole. 

5. The sampler is driven into the soil by hammer blows to the top of the 

drill rod, the standard weight of the hammer is 622.72 N (63.48 Kg), and 

for each blow, the hammer drops a distance of 76.2 cm. 

6. The number of blows required for a spoon penetration of three 15 cm 

intervals are recorded. 

7. The first 15 cm drive is considered as seating load and is ignored. 

8. The number of blows required for the last two intervals are added to 

give the Standard Penetration Number (N) at that depth. 

9. The sampler is then withdrawn and the soil sample recovered from the 

tube is placed in a glass bottle and transported to laboratory. 

10.  Using the drilling machine to drill another 1.5m and then repeat the 

above steps for each 1.5 m till reaching the specified depth of borehole. 

11. Take the average for (N) value from each 1.5 m to obtain the final 

Standard Penetration Number. 

12. Split Spoon samples are taken at intervals (1.5m) because theses samples 

are highly disturbed.  
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Drilling Machine 
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Correction to N value 

There are several factors contribute to the variation of the standard 

penetration number (N) at a given depth for similar profiles. Among these 

factors are the SPT hammer efficiency, borehole diameter, sampling method, 

and rod length. 

In the field, the magnitude of hammer efficiency can vary from 30 to 90%, 

the standard practice now is to express the N-value to an average energy 

ratio of 60% (N60) (but we assume it 100%), so correcting for field 

procedures is required as following:  

.
.ʂʂʂʂ

φπ
 

N ÍÅÁÓÕÒÅÄ ÐÅÎÅÔÒÁÔÉÏÎ ÎÕÍÂÅÒȢ 

. ÓÔÁÎÄÁÒÄ ÐÅÎÅÔÒÁÔÉÏÎ ÎÕÍÂÅÒȟÃÏÒÒÅÃÔÅÄ ÆÏÒ ÔÈÅ ÆÉÅÌÄ ÃÏÎÄÉÔÉÏÎÓȢ 

ʂ ÈÁÍÍÅÒ ÅÆÆÉÃÉÅÎÃÙ ϷȢ 

ʂ ÃÏÒÒÅÃÔÉÏÎ ÆÏÒ ÂÏÒÅÈÏÌÅ ÄÉÁÍÅÔÅÒȢ 

ʂ ÓÁÍÐÌÅÒ ÃÏÒÒÅÃÔÉÏÎȢ 

ʂ ÃÏÒÒÅÃÔÉÏÎ ÆÏÒ ÒÏÄ ÌÅÎÇÈÔȢ 

Variations of ʂȟʂȟʂȟÁÎÄ ʂ are summarized in table 2.5 (page 84). 

Note: take ʂ πȢφ 53 ÓÁÆÅÔÙ ÈÁÍÍÅÒȢ  
 

Correlations for N60: 

N60 can be used for calculating some important parameters such as: 

V Undrained shear strength (Cu) (page 84 in text book). 

V Overconsolidation ratio (OCR) (page 85). 

V Angle of internal friction (ה ÐÁÇÅ ψψ . 

V Relative Density ($ ÐÁÇÅ ψχ Ȣ 

V Allowable bearing capacity (Ñ ȟ  ÁÎÄ 3ÅÔÔÌÅÍÅÎÔ 3 #ÈȢυ ÐÁÇÅ ςφσȢ 

 

Soil Report 

Different soil reports will be discussed on the lecture. 
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Problems: 

1.  
Site investigation is to be made for a structure of 100m length and 70m 

width. The soil profile is shown below, if the structure is subjected to 200 

KN/m
2
 what is the approximate depth of borehole (Assume 

Ἷ 10KN/m
3
). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Givens: 

Ñ ςππ+.ȾÍ  ȟ   ÓÔÒÕÃÔÕÒÅ ÄÉÍÅÎÓÉÏÎÓχπρππÍ   

ᴼ0 ςππρππχπ ρȢτ ρπ +.Ȣ 

$ πȢπ 3ÔÒÕÃÔÕÒÅ ÅØÉÓÔ ÏÎ ÔÈÅ ÇÒÏÕÎÄ ÓÕÒÆÁÃÅ  ȟ   ɾ ρψ+.ȾÍ . 

$ ρσπÍ ÄÉÓÔÁÎÃÅ ÆÒÏÍ ÔÈÅ ÌÏ×ÅÒ ÆÁÃÅ ÏÆ ÓÔÒÕÃÔÕÒÅ ÔÏ ÔÈÅ ÂÅÄÒÏÃËȢ 

1. Calculating the depth (D1) at which Ў Ἆ Ἱ :  

Ñ ςππςπ+.ȾÍ .  

The following figure showing the distribution of stress under the structure at 

depth (D1):  

ɾ ρψ+.ȾÍ  
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The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ρȢτ ρπ 

ρππ$ χπ$
 

@ $ ᴼЎʎ ÑO
Ȣ  

ςπO $ ρψπ ÍȢ 

2. Calculating the depth (D2) at which 
Ў

ἷ
Ȣ Ḋ 

 

The effective stressʎ  at depth D2 is calculated as following: 

ʎȟ ɾ ɾ $  

ᴼʎȟ ρψρπ $ ᴼʎȟ ψ$Ȣ 

The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ρȢτ ρπ 

ρππ$ χπ$
 

@ $ ᴼ
Ў

πȢπυO
Ȣ  

πȢπυ ψ$ ᴼ$ ρπρȢτ Í 

So, the value of (D) is the smallest value of D1, D2, and D3 O $ $ ρπρȢτ Í. 

ᴼ$ $ $ᴼ$ πȢπ ρπρȢτ ρπρȢτ Í ᾛȢ 
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2.  (Mid 2005) 
Site investigation is to be made for a structure of 100m length and 70m 

width. The soil profile is shown below. Knowing that the structure exerts a 

uniform pressure of 200 KN/m
2
 on the surface of the soil, and the load 

transports in the soil by 2V:1H slope.  

What is the approximate depth of borehole? (Assume Ἷ 10KN/m
3
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Givens: 

Ñ ςππ+.ȾÍ  ȟ   ÓÔÒÕÃÔÕÒÅ ÄÉÍÅÎÓÉÏÎÓχπρππÍ   

ᴼ0 ςππρππχπ ρȢτ ρπ +.Ȣ 

$ πȢπ 3ÔÒÕÃÔÕÒÅ ÅØÉÓÔ ÏÎ ÔÈÅ ÇÒÏÕÎÄ ÓÕÒÆÁÃÅȢ 

$ ρσπÍ ÄÉÓÔÁÎÃÅ ÆÒÏÍ ÔÈÅ ÌÏ×ÅÒ ÆÁÃÅ ÏÆ ÓÔÒÕÃÔÕÒÅ ÔÏ ÔÈÅ ÂÅÄÒÏÃËȢ 

1. Check if (D1<30m or D1>30m): 

@ depth D 30 m if Ўʎ ÑO $ σπÍȟÅÌÓÅ$ σπÍO  O 

Because the magnitude of Ўʎ  decreased with depth. 

ɾ ρω+.ȾÍ  

ɾ ρχ+.ȾÍ  
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ρ

ρπ
Ñ

ρ

ρπ
ςππςπ+.ȾÍȢ 

The following figure showing the distribution of stress under the structure at 

depth (30m):  

 

 

 

 

 

 

 

 

 

The increase in vertical stress (Ўʎ  at depth (σπÍ is calculated as follows: 

Ўʎ
0

!

ρȢτ ρπ 

ρππσπ χπσπ
ρπχȢχ +.ȾÍȢ 

ᴼЎʎ
ρ

ρπ
ÑO $ σπÍȢ 

2. Calculating the depth (D1) at which Ў Ἆ Ἱ :  

ρ

ρπ
Ñ

ρ

ρπ
ςππςπ+.ȾÍȢ 

The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ρȢτ ρπ 

ρππ$ χπ$
 

@ $ ᴼЎʎ ÑO
Ȣ  

ςπO $ ρψπ ÍȢ 
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3. Check if (D2<30m or D2>30m): 

@ depth D 30 m if 
Ў

ʎÏ
ᴂ πȢπυO $ σπÍȟÅÌÓÅ$ σπÍO  O 

Because the magnitude of 
Ў

ʎÏ
ᴂ  decreased with depth. 

Ўʎ ρπχȢχ +.ȾÍ ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÁÂÏÖÅȢ 
 

The effective stress at depth (30m) is calculated as follows: 

ʎȟ ɾ ɾ σπ 

ᴼʎȟ ρχρπ σπO ʎȟ ςρπ+.ȾÍ  

ᴼ
Ўʎ

ʎÏ
ᴂ

ρπχȢχ

ςρπ
πȢυρ πȢπυO $ σπÍȢ 

4. Calculating the depth (D2) at which 
Ў

ἷ
Ȣ Ḋ  

 ,ÅÔ $ σπ8 8ȡÄÉÓÔÁÎÃÅ ÆÒÏÍ ÌÁÙÅÒ ςÔÏ ÒÅÁÃÈ$ Ȣ  

The effective stressʎ  at depth D2 is calculated as following: 

ʎȟ ρχρπ σπ ρωρπ 8 

ᴼʎȟ ςρπω8Ȣ 

The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ρȢτ ρπ 

ρππ$ χπ$
 ȟÂÕÔ $ σπ 8O  O 

Ўʎ
ρȢτ ρπ 

ρσπ8 ρππ8
 

@ $ ᴼ
Ў

πȢπυO
Ȣ  

πȢπυ ςρπω8 

ᴼ8 φω Íᴼ$ φωσπ ωω Í 

So, the value of (D) is the smallest value of D1, D2, and D3 O $ $ ωω Í. 

ᴼ$ $ $ᴼ$ πȢπ ωω ωω Í ᾛȢ 
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3. (Mid 2013) 
For the soil profile shown below, if D1=10m and D2=2D1. 

A- Determine the dimensions of the foundation to achieve the required depth 

of borehole. 

B- Calculate the load of column which should be applied on the foundation 

to meet the required depth of boring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Givens: 

$ ρπÍ   ȟ  $ ς$ O   $ ς ρπ ςπÍ   ȟ  $ ςÍ   

$ τπÍ ÄÉÓÔÁÎÃÅ ÆÒÏÍ ÔÈÅ ÌÏ×ÅÒ ÆÁÃÅ ÏÆ ÆÏÕÎÄÁÔÉÏÎ ÔÏ ÔÈÅ ÂÅÄÒÏÃË 
 

A. (B=??) 
 

ͽ$ ᴼЎʎ Ñ  

ɾ ρψ +.ȾÍ  

ɾ ςς +.ȾÍ  
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The following figure showing the distribution of stress under the structure at 

depth (D1=10m):   

 

 

 

 

 

 

 

 

 

 

 

 

 

The increase in vertical stress (Ўʎ  at depth ($ ρπÍ is calculated as 

follows: 

Ўʎ ᴼЎʎ     

 

Ñ ᴼ Ñ  

 

By equal 1&2O ᴼ" 4.62mᾛȢ 

B. (P=??)  

$ ς$  O   $ ς ρπ ςπÍ  ȟ   " τȢφςÍ 

ͽ$ ᴼЎʎ πȢπυʎȟ   

Ўʎ ᴼЎʎ
Ȣ

 

Eq.1 

Eq.2 

Eq.1 
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The effective stressʎ  at depth (D2=20m) is calculated as following: 

ʎ ÉÓ ÃÁÌÃÕÌÁÔÅÄ ÆÒÏÍ ÔÈÅ ἯἺἷἽἶἬ ἻἽἺἮἩἫἭ 

ʎȟ ρψς ρψρπ ςςρπ ρπ σσφ+.ȾÍ                        

ͽ$ ᴼЎʎ πȢπυʎȟ ᴼ
0

τȢφςςπ
πȢπυσσφ 

ᴼ0 ρπȟρψσȢς +.ᾛȢ  

4.   
Site investigation is to be made for 2500 KN load carried on (3.0 m x 2.0 m) 

footing. The foundation will be built on layered soil as shown in the figure 

below, estimate the depth of bore hole. (Assume Ἷ= 10KN/m
3
). 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Givens: 

0 ςυππ +.    ȟ    ÆÏÕÎÄÁÔÉÏÎ ÄÉÍÅÎÓÉÏÎÓσ ςÍ  

Ñ
0

!

ςυππ

σ ς
τρφȢφχ +.ȾÍ   ȟ   $ ρȢυÍ  

$ ρππρȢυ ωψȢυÍ  

 

3ÁÎÄ    ɾ ρχ +.ȾÍ  

3ÁÎÄ    ɾ ρψȢυ +.ȾÍ  

#ÌÁÙ   ɾ ρφȢω +.ȾÍ  
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Without check, itôs certainly the values of D1 & D2 > 3.5m, but if you donôt 

sure you should do the check at every change in soil profile (like problem 2). 

1. Calculating the depth (D1) at which Ў Ἆ Ἱ :  

Ñ τρφȢφχ τρȢφχ+.ȾÍ .  

The following figure showing the distribution of stress under the foundation 

at depth (D1):  

 

 

 

 

 

 

 

 

 

 

 

The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ςυππ 

σ $ ς $
 

@ $ ᴼЎʎ ÑO
 

τρȢφχO $ υȢςφ ÍȢ 

3. Calculating the depth (D2) at which 
Ў

ἷ
Ȣ Ḋ 

,ÅÔ $ σȢυ 8 8ȡÄÉÓÔÁÎÃÅ ÆÒÏÍ ÔÈÅ ÃÌÁÙ ÌÁÙÅÒ ÔÏ ÒÅÁÃÈ$ Ȣ 
 

The effective stressʎ  at depth D2 is calculated as following: 

ʎȟ ρχρȢυ ρχς ρψȢυ ρπ ρȢυ ρφȢω ρπ 8 
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ᴼʎȟ χςȢςυφȢω8 O ʎȟ χςȢςυφȢω $ σȢυ 

ᴼʎȟ τψȢρ φȢω$  

The increase in vertical stress (Ўʎ  at depth ($  is calculated as follows: 

Ўʎ
0

!

ςυππ 

σ $ ς $
 

@ $ ᴼ
Ў

πȢπυO
ςυππ 

σ $ς ς $ς
πȢπυ τψȢρ φȢω$ς  

ᴼ$ ρυȢτχ Í 

So, the value of (D) is the smallest value of D1, D2, and D3 O $ $ υȢςφ Í. 

ᴼ$ $ $ᴼ$ ρȢυ ρυȢςφ φȢχφ Í ᾛȢ 
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Introduction  
To perform satisfactorily, shallow foundations must have two main 

characteristics: 

1. They have to be safe against overall shear failure in the soil that 

supports them. 

2. They cannot undergo excessive displacement, or excessive settlement. 
 

Note: The term excessive settlement is relative, because the degree of 

settlement allowed for a structure depends on several considerations. 
 

Types of Shear Failure 
Shear Failure: Also called ñBearing capacity failureò and itôs occur when 

the shear stresses in the soil exceed the shear strength of the soil.  
 

There are three types of shear failure in the soil: 

1. General Shear Failure 
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The following are some characteristics of general shear failure: 
 

V  Occurs over dense sand or stiff cohesive soil. 

V Involves total rupture of the underlying soil. 

V There is a continuous shear failure of the soil from below the footing to 

the ground surface (solid lines on the figure above). 

V  When the (load / unit area) plotted versus settlement of the footing, there 

is a distinct load at which the foundation fails 1  

V The value of 1  divided by the area of the footing is considered to be 

the ultimate bearing capacity of the footing Ñ . 

V For general shear failure, the ultimate bearing capacity has been defined 

as the bearing stress that causes a sudden catastrophic failure of the 

foundation. 

V As shown in the above figure, a general shear failure ruptures occur and 

pushed up the soil on both sides of the footing (In laboratory). 

V However, for actual failures on the field, the soil is often pushed up on 

only one side of the footing with subsequent tilting of the structure as 

shown in figure below: 
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2.  Local Shear Failure: 

 

 

 

 

 

  

 

 

 

The following are some characteristics of local shear failure: 
 

V Occurs over sand or clayey soil of medium compaction. 

V Involves rupture of the soil only immediately below the footing. 

V There is soil bulging (ϾмϽϠ мϜ ϴϝУϧжϜ) on both sides of the footing, but the 

bulging is not as significant as in general shear. Thatôs because the 

underlying soil compacted less than the soil in general shear. 

V The failure surface of the soil will gradually (not sudden) extend outward 

from the foundation (not the ground surface) as shown by solid lines in the 

above figure. 


