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Review of shear strength of soil
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The shear strength of a soil determined according to Mohr–Coulomb failure criterion , defined in 
terms of effective stress, as :

𝑠 = 𝑐! + 𝜎! tan ∅!

ü the shear strength parameters of a soil (i.e., 𝑐! and ∅!) are determined by two standard 
laboratory tests: 

Ø the direct shear test and 
Ø the triaxial test. 



Direct shear test
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Dry sand can be conveniently tested by direct shear tests. The sand is placed in a shear box that is 
split into two halves (Figure a). First a normal load is applied to the specimen. Then a shear force 
is applied to the top half of the shear box to cause failure in the sand. The normal and shear 
stresses at failure are (Figure b): 

& where A = area of the failure plane in soil—that is, the cross-sectional area of the shear box. 

∅! = 𝑡𝑎𝑛"# $
%!



Triaxial tests
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Triaxial compression tests can be conducted on sands and clays (Figure a).

Sequence of stress application in triaxial test 



Triaxial tests, cont’d
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Test consists of placing a soil specimen confined by a rubber membrane into a lucite chamber and then applying an 
all-around confining pressure 𝜎! to the specimen by means of the chamber fluid (generally, water or glycerin). An 
added stress ∆𝜎 can also be applied to the specimen in the axial direction to cause failure (∆𝜎 = ∆𝜎" at failure). 
Drainage from the specimen can be allowed or stopped, depending on the condition being tested. For clays, three 
main types of tests can be conducted with triaxial equipment (see Figures below): 
1) Consolidated-drained test (CD test)
2) Consolidated-undrained test (CU test)
3) Unconsolidated-undrained test (UU test). 



Unconfined Compression Test 
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The unconfined compression test (Fig. a) is a special type of unconsolidated- undrained triaxial test in which the confining 
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝜎! = 0, as shown in (Fig. b). In this test, an axial stress ∆𝜎 is applied to the specimen to cause failure (/

0
i.e., ∆𝜎

= ∆𝜎" . The corresponding Mohr’s circle is shown in Fig. b. Note that, for this case, 
Major principal total stress = ∆𝜎" = 𝑞#
Minor principal total stress = 0 
The axial stress at failure, ∆𝜎" = 𝑞#, is generally referred to as the unconfined compression strength. The shear strength of 
saturated clays under this condition ∅ = 0 is :

𝑠 = 𝑐$ = %!
&



Final comments on shear strength parameters ∅ 𝐚𝐧𝐝 𝐜

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 7

q For sands, the angle of friction usually ranges from 26° to 45°, increasing with the relative density of compaction. A general 
range of the friction angle, ∅′, for sands is given in the Table. 

q The value of 𝑐$: 
ü for sands and normally consolidated clays is equal to zero. 
üfor overconsolidated clays, 𝑐$ > 0.

q Sensitivity: 
For many naturally deposited clay soils, the unconfined compression strength is much less when the soils are tested 
after remolding without any change in the moisture con- tent. This property of clay soil is called sensitivity. The 
degree of sensitivity is the ratio of the unconfined compression strength in an undisturbed state to that in a remolded 
state, or :

𝑆% = 
&! ( !#$%&'!()*$ &+%,)
&! ((*.+,$*$ &+%,)

The sensitivity ratio of most clays ranges from about 1 to 8



Bearing Capacity (Allowable stress) of the soil for shallow foundation
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The most important considerations in foundation design are to ensure: 
1.The safety of the foundation against soil failure (ultimate limit state), i.e. shear failure.
2. The functionality of the foundation and the structure above by minimizing the foundation 
movement and distortion (serviceability limit state), i.e. failure due to settlement.
3. The safety of the foundation against structural failure.
The items (1) and (2) above are of the geotechnical concept, while the 3rd item is of structural 
concern. 

Mainly, two types of foundation:
1) Shallow Foundation ( Spread, strip and wall footings, combined and raft (mat) foundation).
2) Deep Foundation (Pile foundation)

Here, in this course, the bearing capacity of shallow foundation will be covered.
The flow chart in the following slide shows the steps that should be followed for this purpose.



Bearing Capacity (Allowable stress) of the soil for shallow foundation, 
cont’d
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What is the Ultimate Bearing Capacity (𝒒𝒖) ?
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Ultimate Bearing Capacity: the load per unit area of the foundation at which shear failure in soil 
occurs.
In the Figure (a) shows a cross-sectional view of a shallow strip foundation subjected to a vertical 
load. It is obvious that the settlement of the foundation will increase with the applied vertical load. 
When the vertical load is increased to certain level, the foundation will collapse due to shear 
failure of the soil supporting it. To ensure stability in foundation design, it is most important that 
for a given soil condition, it should to predict or estimate the level of load, Qu, at which the 
foundation collapse would occur, and the corresponding pressure (Qu divided by the foundation 
area) is referred to as the ultimate bearing capacity qu (Figure b). 

(a)

B



Types of shear failure:
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1) General Shear Failure:  
Characteristics of general shear failure: 
• Occurs over dense sand or stiff cohesive soil.
• Involves total rupture of the underlying soil.
• There is a continuous shear failure of the soil 

from below the footing to the ground surface 
(solid lines on the figure).

• The ultimate bearing capacity has been defined as 
the bearing stress that causes a sudden failure of 
the foundation.

• As shown in the figure, a general shear failure 
ruptures occur and pushed up the soil surface on 
both sides of the footing. 



2) Local Shear Failure: 
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characteristics of local shear failure: 
• Occurs over sand or clayey soil of medium compaction.
• Involves rupture of the soil only immediately below the footing.
• There is soil bulging on both sides of the footing, but the bulging is 

not as significant as in general shear. 
• 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 figure. 

• So, local shear failure can be considered as a transitional phase 
between general shear and punching shear.
Because of the transitional nature of local shear failure, the ultimate 
bearing capacity could be defined as the firs failure load (qu,1) which 
occurs at the point which have the first measure nonlinearity in the 
load/unit area- settlement curve (open circle), or at the point where 
the settlement starts rabidly increase (qu) (closed circle). 

• This value of (qu) is the required (load/unit area) to extends the 
failure surface to the ground surface (dashed lines in the above 
figure).

• In this type of failure, the value of (qu) is not the peak value so, this 
failure called (Local Shear Failure). 

• The actual local shear failure in field is proceed as shown in the 
figure: 



3) Punching Shear Failure: 
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characteristics of punching shear failure: 
• Occurs over fairly loose soil.
• Punching shear failure does not develop the distinct shear 

surfaces associated with a general shear failure.
• The soil outside the loaded area remains relatively 

uninvolved and there is a minimal movement of soil on both 
sides of the footing.

• The process of deformation of the footing involves 
compression of the soil directly below the footing as well as 
the vertical shearing of soil around the footing perimeter.

• As shown in the figure, the (qu)-settlement curve does not 
have a dramatic break and the bearing capacity is often 
defined as the first measure nonlinearity in the (q)-settlement 
curve(qu,1).

• Beyond the ultimate failure (load/unit area) (qu,1), the 
(load/unit area)- settlement curve will be steep and 
practically linear.

• The actual punching shear failure in field is proceed as 
shown in the figure: 



Types of shear failure, cont’d
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A proposed relationship for the mode of bearing capacity 
failure of foundations resting on sands. The Figure shows this 
relationship, which involves the notation:



Terzaghi’s Approach (Solution) for Bearing Capacity
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Terzaghi (1943) first analyzed the problem of determination of bearing capacity of the soil using 
the limit equilibrium method in which the contributions from:
ü soil cohesion (c′), 
ü Surcharge ((𝛾𝐷9) or q), and 
ü soil unit weight (𝛾) 
are superimposed. 
According to Terzaghi, the failure surface under loading subjected to a shallow foundation is as 
shown in the Figure:



Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d
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The failure zone under the foundation can be separated into three 
parts (see the Figure above): 
1. The triangular zone ACD immediately under the foundation, 
2. The radial shear zones ADF and CDE, with the curves DE and DF being arcs of a logarithmic 
spiral, and 
3. Two triangular Rankine passive zones AFH and CEG.

The angles CAD and ACD are assumed to be equal to the soil friction angle ∅!.
The ultimate bearing capacity, qu, of the foundation now can be obtained by considering the 
equilibrium of each element of the failure zones, and then it can be written as in the following 
expression (equation): 

Nc, Nq, and N: are the bearing capacity factors where, 

The bearing capacity factors Nc, Nq, and N: are, respectively, the contributions of cohesion, 
surcharge, and unit weight of soil to the ultimate load-bearing capacity. 



Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d
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Bearing-capacity factors for the Terzaghi equations 



Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d
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Terzaghi’s theory is based on the following assumptions:
1. The foundation is considered to be shallow if (Df ≤ B). 
2. The foundation is considered to be strip or continuous if (B/L→0.0). (Width to 
length ratio is very small and goes to zero), and the derivation of the equation is to a 
strip footing. 
3. The effect of soil above the bottom of the foundation may be assumed to be 
replaced by an equivalent surcharge (q = gDf). So, the shearing resistance of this soil 
along the failure surfaces is neglected (Lines GI and HJ in the figure) 
4. The failure surface of the soil is similar to general shear failure (i.e. equation is 
derived for general shear failure) as shown in the figure. 
5. The foundation is rigid enough to resist the 
structural failure.
6. The base of foundation is rough so that it 
insures the interaction between soil and foundation
7. The applied load on foundation should be subjected vertically.



Terzaghi’s Approach (Solution) for Bearing Capacity, cont’d
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Note:
1. In recent studies, investigators have suggested that, foundations are considered to be shallow    

if [Df ≤(3→4)B], otherwise, the foundation is deep.
2. Always the value of (q) is the effective stress at the bottom of the foundation. 
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Bearing Capacity (bearing load) of Soil (5)
q Skempton’s equation
q Eccentricity:

ØOne-way (eccentric in one direction or one axis) 
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Skempton’s equation
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The first direct strength equation was proposed by Skempton (1951); 
ü The problem of the undrained ultimate bearing capacity of a shallow foundation on a fine-

grained soil. 
ü The equation makes use of the average undrained shear strength su within the depth of 

influence below the footing. 
The equation is: 𝑞! =  𝑁" 𝑆! + 𝛾𝐷#
Where:
𝑁! is the bearing capacity factor (the Figure) proposed by Skempton, 
𝛾 is the total unit weight of the soil above the foundation depth, and 
𝐷" is the depth of embedment (depth of foundation). 
Note that 𝑁! is higher for square footings than for strip footings. 
The 𝑁! values for the square footing and the strip footing are related by: 

𝑁!(square) = 1.2 𝑁!(strip) Df/B



Skempton’s equation
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1) Why does Nc of square footing greater than that of strip footing?
2) From the figure, it is noticed that Nc increases gradually with embedment ratio, why?
3) Su in Skempton equation for undrained fine soil, is it equals to Cu?
4) Cu determined by uniaxial compression (unconfined compression) test = qunconfined/2, so is it 

correct that the net allowable bearing capacity when FS = 3 equals, approximately, the 
unconfined compression pressure for square footing with embedded ratio =0? 



Example (5-1)
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A column load of 2000 kN is to be supported by a square spread footing on a very stiff clay. 
Recommend the size of the footing after addressing the issue of bearing capacity. su = 100 kPa 
and 𝛾 = 18 kN/m3.

Solution:

Here, it can be assumed that the depth of foundation equals to 0.5 m, so, Df/B ≅ 0
So, Nc = 6.3 from the figure of Skempton finding.
q# =  N$ S# + γD% = 6.3 x 100 + 18 x 0.5 = 639 kN/m2

qa = qu/ FS =639/3 = 213 kPa
A= Qa/qa = 2000kN/213 kN/m3 = 9.4 m2 = B x B
B=! A = ! 9.4 = 3.07 m ≈ 3.1 𝑚

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

' ±
()
* . 

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

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

e= (&

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

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

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

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

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

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

When e ≤ !
"

, this is accepted

e> 𝐵/6

When e > !
"

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

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

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

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

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

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

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

Solution 
For c’ = 0, Eq. gives:

where q = (16.5) (1.5) = 24.75 kN/m2
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Ultimate Bearing Capacity under Eccentric Loading:
Two-Way Eccentricity :

=
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Example (6-1)
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Skempton’s equation
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1) Why does Nc of square footing greater than that of strip footing?
The reason is that the square footing can develop a relatively larger failure surface, because the failure surface can develop in 
four directions, whereas the failure surface for the strip footing is confined to only two directions.
1) From the figure, it is noticed that Nc increases gradually with embedment ratio, why?
Nc gradually increases with the relative depth of embedment, due to the gradual increase in the length of the failure 
surface with embedment.
1) Su in Skempton equation for undrained fine soil, is it equals to Cu?
Yes, in Mohr envelope equation (𝑆! = 𝑐" + 𝜎" tan 𝜙), tan𝜙 = 0, where 𝜙 = 0 for fine-grained undrained conditions, 
so 𝑆! = 𝐶!.
1) Cu determined by uniaxial compression (unconfined compression) test = qunconfined/2, so is it 

correct that the net allowable bearing capacity when FS = 3 equals, approximately, the 
unconfined compression pressure for square footing with embedded ratio =0 ?

Cu= quncon/2, qa (net)= qu/3 = (CNc +q –q)/3 = (quncon/2 * 6.3)/3 = !!"#$"∗#.%
&∗%

= !!"#$"∗#.%
#

≈ 𝑞𝑢𝑛𝑐𝑜𝑛



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



Foundation Engineering (1), 4th stage, Civil Engineering 
Dept., College of Engineering, Al-Muthanna University, 

2020-2021
Instructor: Professor Dr. Hussein M. Al.Khuzaie (Ph.D., Civil Engineering, 
Foundation Engineering and Structures);
e-mail: hma@mu.edu.iq

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 1

Bearing Capacity (bearing load) of Soil (2)
q Terzaghi equation (approach), cont’d

Ø Bearing capacity for Square and Circular Foundations
ØAllowable bearing capacity (gross and net)
ØExamples

mailto:hma@mu.edu.iq


Terzaghi’s Approach, cont’d
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Type of Foundation Equation of Ultimate bearing capacity (qu) Notes
Strip 𝒒𝒖 =       𝒄"𝑵𝒄 + q𝑵𝒒 + 𝟎. 𝟓 𝜸𝑩𝑵𝜸 B/L → 𝟎
Square 𝒒𝒖 = 1.3 𝒄"𝑵𝒄 + q𝑵𝒒 + 𝟎. 𝟒 𝜸𝑩𝑵𝜸 B = Side length of square
Circular 𝐪𝐮 = 1.3 𝐜"𝐍𝐜 + q𝐍𝐪 + 𝟎. 𝟑 𝛄𝐁𝐍𝛄 B = Diameter of circle

Terzaghi solution has been extended to obtain the ultimate bearing capacity (qu) of 
square foundation and circular foundation by adding factors known as shape 
factors. This extension presented in the table:



Allowable bearing capacity (qa)
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The gross allowable load-bearing capacity of shallow foundations is the gross ultimate bearing 
capacity divided by factor of safety (FS), i.e.:

q! (#) =
q% (#)
FS

Usually the net allowable bearing capacity is almost used for checking of stability of foundation 
against shear failure, so, the net ultimate bearing capacity defined as the gross ultimate stress in 
excess of the surcharge pressure (γD*) or (q).
q! (&'() =

)! (#$%)
*+

= )!,)
*+

For strip footing, q! (&'() = -.'/).()0.23.*,)
*+

= -.'/) .(,4 /0.23.*
*+

Mostly, the factor of safety (FS) equals (3).



Examples:    1):

Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq 4



Solution of Ex.1, cont’d

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



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

2
1

for square foundation:



Example (2), cont’d
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Bearing Capacity (bearing load) of Soil (3)
q Consideration of ground water table in Bearing capacity calculations
q General equation of bearing capacity (Meyerhof approach)
q Examples 
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Water table effect
Determination of ultimate bearing capacity of the soil for shallow foundation were done without 
considering the existence of ground water, i.e. the ground water table considered at deep level out 
of the effective zone under the base of foundation. Here, the ground water should be considered in 
this calculations:
Three cases:
1) Case I: When the level of ground water is above the level of base of the foundation and it is at 

depth (D1) from the N.G.L. i.e.0 ≤ 𝐷!≤ 𝐷", as in the Figure below:

Df

N.G.L
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Water table effect, cont’d
2) Case II: When the level of ground water is below the level of base of the foundation and it is at 
depth (d) from the base of the foundation i.e. 𝐷" < 𝑑 ≤ 𝐵, as in the Figure below:

Df

Depth of effective zone = B

3) Case III: When the water table is located so that d > B, 
the water will have no effect on the ultimate bearing capacity. 

In this case, the factor 𝛾 in the last term of the bearing capacity equations must be replaced by the 
factor (𝛾 as in the equation :

Where: 𝛾# is the submerged unit weight = 𝛾$%&. − 𝛾(

and q = 𝛾𝐷", here 𝛾 𝑖𝑠 𝑡ℎ𝑒 𝑢𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑖𝑙 𝑎𝑏𝑜𝑣𝑒
The base of the foundation
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Example -1-
A square foundation B x B has to be constructed as shown in the Figure. Assume that 𝛾 = 105 
lb/ft3, 𝛾$%& =118 lb/ft3, ∅# = 34∘, 𝐷" =4 ft, and 𝐷!= 2 ft. B = 4.5 ft, Determine the gross and net 
allowable bearing pressure, take FS=3.

q)(+) = 105 x 2 + 118 − 62.4 x 2) x 36.5+ 0.4 118 − 62.4 4.5 x38.04 = 15530.8 -.
/0!

qall(g)  = qu / FS = 15530.8/3 = 5177 Ib/ft2

qu (net) = qu(g) –q = 15530.8 - 105 x 2 + 118 − 62.4 x 2) = 15209.6 Ib/ft2

qall (net) = qu(net) / FS = 15209.6/3 = 5070 Ib/ft2

Solution:
Depth of water table (D1) = 2 ft, Depth of foundation (Df) = 4.5 
ft.
For ∅# = 34∘, and from the table:
• Nq = 36.5, N𝛾 = 38.04
Because of c’ = 0 , so the cohesion term = 0
𝒒𝒖 = 1.3 𝒄#𝑵𝒄 + q𝑵𝒒 + 𝟎. 𝟒 𝜸𝑩𝑵𝜸

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Example -2-
Solve the example -1-, when the level of ground water table (D1) is at 6 ft below the ground 
surface, and all the remaining data are the same:

Solution:
The effective zone depth under the base of foundation = B = 4.5 ft
The depth of this zone from N.G.L = Df + B = 4+ 4.5 = 8.5 ft.
So, the ground water table level = 6 ft is more than Df and less than the level of effective zone, 
so here the case II should be applied:
d = D1 – Df = 6– 4 = 2 m

= (118- 62.4) + 2/4.5 X(105 − (118 − 62.4)) = 77.6 Ib/ft3

𝒒𝒖 = q𝑵𝒒 + 𝟎. 𝟒 𝜸𝑩𝑵𝜸 = 4 X 105 X 36.5 + 0.4 x 77.6 x 4.5 x 38.04 = 20643.4 Ib/ft2

qall (g) = 20643.4/3 = 6881.1 Ib/ft2

qu (net) = qu (g) – q = 20643.4 – 4 x 105 = 20223.4 Ib/ft2

qall (net) = 20223.4/3 = 6741.1 Ib/ft2

For comparison, $%&'.')*+%+
*+%+

x 100 = 33 % is the increase of allowable bearing capacity when the level of W.T 
decreases. Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 5



General Bearing Capacity Equation ( Meyerhof Approach)
To overcome the shortcomings that was appeared in Terzaghi equation, Meyerhof (1963) 
suggested the following form of the general bearing capacity equation. 
This ultimate bearing capacity equation can be applied to:
Ø the case of rectangular foundations (0 < 5

6 < 1),
Ø It takes into account the shearing resistance along the failure surface in soil above the bottom of 

the foundation (the portion of the failure surface marked as GI and HJ in the Figure). 
ØMeyerhof equation includes the inclined loading may experience by foundation. 

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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General Bearing Capacity Equation ( Meyerhof Approach),cont’d

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 7

𝑞7 =  𝑐#𝑁8 + q𝑁9 + !: 𝛾𝐵𝑁;.           (Terzaghi Equation)

(Meyerhof Equation)
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for Meyerhof Equation
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Example (3): 
Resolve Example (1) in previous section (2), using the general equation of ultimate bearing 
capacity.
Solution: 
From the Meyerhof equation the solution is:
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Example (3): cont’d 

Hence,
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Bearing Capacity (bearing load) of Soil (4)
q Examples 
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Examples
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1) A square foundation B x B has to be constructed as shown in the Figure. Assume that 𝛾 = 105 
lb/ft3, 𝛾!"# =118 lb/ft3, ∅$ = 34∘, 𝐷% =4 ft, and 𝐷&= 2 ft. B = 4.5 ft, Determine the gross and 
net allowable bearing pressure using the general (Meyerhof) equation, take FS=3.

Solution:
For ∅$ = 34∘, Nq = 29.44 and N𝛾 = 41.06
q = 105 x 2 + 118 − 62.4 x 2) = 321.2 Ib/ft3

Fqs = 1 + '.)
'.)

tan 34° = 1.7

𝐹*! = 1 – 0.4 '.)
'.)

= 0.6

!
".$

< 1 𝑎𝑛𝑑 𝜙% > 0:

Fqd = 1 + 2 tan 𝜙% (1-sin 𝜙%) 2 𝐷𝑓
𝐵

= 1+ 2 tan 34∘ (1- sin 34∘)2 !
".$

= 1.12 , 𝐹𝛾𝑑 =1

F 𝛾I = 1, Fqi = 1

qu(g)= 321.2 x 29.44 x 1.7x 1.12 x 1 + 0.5 x 4.5 x (118-62.4) x 41.06 x 0.6 x 1 x 1 = 21086.4 Ib/ft2



Examples
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2) A square foundation B x B has to be constructed as shown in the Figure. Assume that 𝛾 = 105 
lb/ft3, 𝛾!"# =118 lb/ft3, ∅$ = 34∘, 𝐷% =4 ft, and 𝐷&= 6 ft. B = 4.5 ft, Determine the gross and net 
allowable bearing pressure using the general (Meyerhof) equation, take FS=3.

Solution:
For ∅$ = 34∘, Nq = 29.44 and N𝛾 = 41.06
q = 105 x 4) = 420 Ib/ft2

Fqs = 1 + '.)
'.)

tan 34° = 1.7

𝐹*! = 1 – 0.4 '.)
'.)

= 0.6

!
".$

< 1 𝑎𝑛𝑑 𝜙% > 0:

Fqd = 1 + 2 tan 𝜙% (1-sin 𝜙%) 2 𝐷𝑓
𝐵

= 1+ 2 tan 34∘ (1- sin 34∘)2 !
".$

= 1.12 , 𝐹𝛾𝑑 =1

F 𝛾I = 1, Fqi = 1

qu(g)= 420 x 29.44 x 1.7x 1.12 x 1 + 0.5 x 4.5 x 77.6 x 41.06 x 0.6 x 1 x 1 = 27844 Ib/ft2

Df = 4 ft

D1 = 6 ft

d = 2 ft B = 4.5 ft

= (118- 62.4) + 
2/4.5 X(105 − (118 − 62.4))

= 77.6 Ib/ft3



Examples
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3)
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Table of Terzaghi equation
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Bearing Capacity (bearing load) of Soil (7)
q Local shear failure
q SPT method (N blows): Part (1)
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Local Shear Failure
When the soil failed by local shear failure, the shear strength parameters should be reduced. This
is because the status of soil is of moderate properties between compact (dense) or cohesive soil.
So, 𝜙! and 𝑐! equals :
𝜙! ∗ = 𝑡𝑎𝑛#$ (0.67 tan 𝜙! )
𝑐!∗ = 0.67 𝑐!
The reduction of the values of effective cohesion and the effective angle of internal friction was
proposed by Terzaghi. The same equation derived by Terzaghi used, just the new parameters used
for solution.

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



Example:
A strip footing 1 m wide and its base is located at a depth of 0.8 m below the ground surface. The 
properties of the foundation soil are: γ = 18 kN/m3 and 
∅ = 20 ° and C = 30 kN/m2 . Determine the safe bearing capacity, using a factor of safety 3. 
Use Terzaghi’s analysis. Assume soil’s local shear failure. 
Solution:
1) Find C’ * = 0.67 x 30 = 20.1 kN/m2 , ∅’* = tan-1 (0.67 tan 20 °) = 13.7 °
2) Enter the table of bearing capacity parameters to find them using ∅’*= 13.7 °
3) Substitute all data in the equation of bearing capacity by Terzaghi to find qu.
4) Divide qu by FS to get qa .   

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 3
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Bearing Capacity by Standard Penetration Test: 
The Standard Penetration Test (SPT) is widely used to determine the in-situ properties of soil. The test is especially suited for 
cohesionless soils as the correlation between the SPT value and φ is now well established. 

Flow chart of different types of correction of SPT (N value) 
Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 4

CN = Overburden pressure 
correction factor 
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Correlations between SPT N values and Different Parameters of Soil 
Table (1): Penetration Resistance and Soil Properties on the Basis of SPT (Cohesionless Soil: Fairly reliable) (Peck et. 
al. 1974; Bowles, 1977)
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Table (1): Penetration Resistance and Soil Properties on the Basis of SPT (Cohesive Soil: rather unreliable) 
(Peck et. al. 1974; Bowles, 1977)
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Example on correction of SPT (N values) 
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Bearing Capacity (bearing load) of Soil (8)
q SPT method (N blows): Part (2)
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Allowable Bearing Capacity from N-value for Cohesionless Soil 
It is difficult to collect undisturbed sample in cohesionless soil hence extensive research have 
been made to find out the allowable bearing capacity of shallow foundation in cohesionless soil 
from SPT N-value.
To obtain the allowable bearing capacity of sands is presented empirical correlations between 
standard penetration resistance, width of footing and the bearing pressure limiting maximum 
settlement to 25mm (and differential settlement to 75%of maximum settlement). 
If the sand at foundation level is saturated, the pressures obtained from Figure should be reduced 
by one-half if the depth/breadth ratio of the footing is zero, and reduced by one-third if the 
depth/breadth ratio is unity. 
Peck proposed that linear interpolation should be used between a reduction of 50% if the water 
table is at ground level and zero reduction if the water table is at depth B below the foundation. 
Thus the provisional value of allowable bearing pressure obtained from Figure should be 
multiplied by a factor Cw, given by: 

Dr Hussein m. Al.khuzaie; hma@mu.edu.iq 2
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1.2 m for linear portion of curves
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Example :
A footing of 3m in width is to be located at a depth of 1.5m in a sand deposit, the 
water table being 3.5m below the surface. Values of standard penetration 
resistance were determined as detailed in Table. Determine the allowable bearing 
capacity using the various design methods.

= 1.5 m + B (3 m)



§ Terzaghi and Peck recommended that N values should be determined between foundation level 
and a depth of approximately B below the foundation; 

§ in this example N blows taking between depths of 1.5 and 4.5m: the values at depths of 0.75 
and 5.20m are therefore superfluous. 

§ The measured N values are corrected using values of effective overburden pressure are 
calculated (using  g = 17 kN/m3 above the water table and g = 10 kN/m3 below the water table) 
and the corresponding values of CN determined. The average of the corrected values (N1)60 is 
16. Then referring to Figure, for B = 3m and N=16, the provisional value of allowable bearing 
capacity is 165 kN/m2. For the given water table level the provisional value should be 
multiplied by the factor Cw ,where:

The allowable bearing capacity is given by : qa =  0.89 *  165 = 150kN/m2

Dr Hussein m. Al.khuzaie; hma@mu.edu.iq 7
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Allowable	Bearing	Capacity	from	N-value	for	Cohesive	Soil	

Due unreliability of determination of bearing capacity by SPT for cohesive soil, so it will be not 
considered here in this course.
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Bearing Capacity (bearing load) of Soil (9-a)
qBearing capacity for stratified soil:

Ø a- Bearing Capacity of Layered Soils: Stronger Soil Underlain by Weaker Soil (𝐶! − ∅! soil ).
Ø Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil. 
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Bearing capacity of stratified (non-homogenous) soil

General:

ü The bearing capacity equations presented in the previous presentations involve cases in which
the soil supporting the foundation is homogeneous and extends to a considerable depth.

ü The cohesion, angle of friction, and unit weight of soil were assumed to remain constant for
the bearing capacity analysis.

ü However, in practice, layered soil profiles are often encountered. In such instances, the failure
surface at ultimate load may extend through two or more soil layers, and a determination of the
ultimate bearing capacity in layered soils can be made in only a limited number of cases.

ü This section features the procedure for estimating the bearing capacity for layered soils
proposed by Meyerhof and Hanna (1978) and Meyerhof (1974) in a (𝐶!− ∅! soil).
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Bearing Capacity of Layered Soils: Stronger Soil Underlain by Weaker Soil,
(𝐂! − ∅! soil ).

The figure shows a shallow, continuous foundation supported by a stronger soil layer, underlain 
by a weaker soil that extends to a great depth. For the two soil layers, the physical parameters 
are as follows: 

Two cases:
1- H is so small, that cause punching failure in top layer (stronger) and general shear failure
in bottom layer (Fig. a)
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Meyerhof and Hanna’s punching shear coefficient Ks

Variation of c’a/c’1 with q2/q1 based on the theory of Meyerhof and Hanna (1978) 
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1. Top layer is strong sand and bottom layer is saturated soft clay ∅" = 0. 

For a determination of Ks

where 𝐶#(") = undrained cohesion. 
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2. Top layer is stronger sand and bottom layer is weaker sands (𝐶&! = 0 and 𝐶"! = 0)The ultimate 
bearing capacity can be given as: 
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3. Top layer is stronger saturated clay (∅"= 0) and bottom layer is weaker saturated 
clay (∅#= 0). The ultimate bearing capacity can be given as 



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 8

Example (E 9.1)
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Solution (E 9-1)

Meyerhof and Hanna’s punching shear coefficient Ks
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Example (E 9.2)
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Solution (E 9.2)



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 12



Foundation Engineering (1), 4th stage, Civil Engineering 
Dept., College of Engineering, Al-Muthanna University, 

2020-2021
Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil 
Engineering, Foundation Engineering and Structures);
e-mail: hma@mu.edu.iq

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 1

Bearing Capacity (bearing load) of Soil (9-b)
qBearing capacity for stratified soil:

Ø b- Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil. 
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Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil 
When a foundation is supported by a weaker soil layer underlain by a stronger layer (The Figure
a), the ratio of q2/q1 defined by will be greater than one. Also, if H/B is relatively small, as
shown in the left-hand half of the Figure a, the failure surface in soil at ultimate load will pass
through both soil layers. However, for larger H/B ratios, the failure surface will be fully located
in the top, weaker soil layer, as shown in the right-hand half of Figure 2a. For this condition, the
ultimate bearing capacity (Meyerhof, 1974; Meyerhof and Hanna, 1978) can be given by the
empirical equation:
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Example (E 9-b-1)

Solution (E 9-b-1)
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Bearing Capacity (bearing load) of Soil (10)
qUplift Capacity of the soil
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Uplift Capacity of Foundations
Foundations may be subjected to uplift forces
under special circumstances. During the design
process for those foundations, it is desirable to
provide a sufficient factor of safety against
failure by uplift.
The relationships for the uplift capacity of
foundations in granular and cohesive soils.
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Foundations in Granular Soil (c = 0)

Figure U1 shows a shallow continuous foundation that is being

subjected to an uplift force. At ultimate load,Qu the failure surface in
soil will be as shown in the figure. The ultimate load can be expressed

in the form of a non-dimensional break-out factor, Fq or:

𝑭𝒒 = 𝑸𝒖
𝑨𝜸𝑫𝒇

Figure U1 

where A = area of the foundation.

The breakout factor Fq	 is a function 
of the soil friction angle ϕ’ and Df/B.

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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For foundations subjected to uplift:
Shallow foundation : Df/B ≤ (Df/B)cr. 
Deep foundation: Df/B > (Df/B)cr.

The break-out factor can be found by the following two expressions

Eq: U-1

Eq: U-2

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq
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Soil friction angle 
ϕ’ (deg) Ku m (Df/B)cr for square and 

circular foundations
20 0.856 0.05 2.5
25 0.888 0.10 3.0
30 0.920 0.15 4.0
35 0.936 0.25 5.0
40 0.960 0.35 7.0
45 0.960 0.50 9.0

Table: U-1: Variation of Ku, m and (Df/B) 

Eq: U-3
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Figure U2: variation of Fq with Df/B 
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A step-by-step procedure to estimate the 
uplift capacity of foundations in granular 
soil follows.

Step 1: Determine, Df ,B, L, and ϕ’
Step 2:  Calculate Df/B.
Step 3: Using Table U1 and Eq. (U3), calculate (Df/B)cr.
Step 4: If Df/B is less than or equal to (Df/B)cr it is a shallow foundation.
Step 5: If Df/B > (Df/B)cr it is a deep foundation.
Step 6: For shallow foundations, use Df/B calculated in Step 2 in Eq. 

(U1) or (U2) to estimate Fq. Thus, Qu= FqAgDf.
Step 7: For deep foundations, substitute (Df/B)cr for Df/B in Eq. (U1) or 

(U2)  to obtain Fq from which the ultimate load Qu may be 
obtained.
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Foundations in Cohesive Soil (ϕ = 0)

The ultimate uplift capacity, Qu of a foundation in a purely 
cohesive soil can be expressed as: 
Qu= A (𝜸Df + cu Fc)                                        eq: (U4)
where A = area of the foundation
Cu: undrained shear strength of clay
Fc: Break-out Factor

As in the case of foundations in granular soil, the breakout factor
Fc increases with embedment ratio and reaches a
maximum value of Fc = Fc* at Df/B = (Df/B)cr and
remains constant thereafter.
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Das (1978) also reported some model test results with square and 
rectangular foundations. Based on these test results, it was proposed 
that:

Eq: U5

Eq: U6
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Das’ Empirical Method for Qu for Cohesive Soil

Eq: U8

Eq: U7

Eq: U9
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A step-by-step procedure to estimate the 
uplift capacity of foundations in cohesive 
soil follows.

Step 1: Determine the representative value of the 
undrained cohesion, cu 
Step 2: Determine the critical embedment ratio (Df/B ) 

using Eqs. (U5) and (U6).
Step 3: Determine the Df/B ratio for the foundation.
Step 4: If Df/B > (Df/B)cr as determined in Step 2, it is a 

deep foundation. However, if Df/B ≤ (Df/B)cr it is a 
shallow foundation.
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Eq: U9

Step 5: For Df/B > (Df/B)cr
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Fig U-3

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 19



Step 6: for Df/B ≤ (Df/B)cr

Eq: U10

Fig U-3

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 20



Eq: U-1

Example-1-
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Example-2-

Eq-U6-
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Fig U-3
Eq: U10
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Bearing Capacity (bearing load) of Soil (9-b)
qBearing capacity for stratified soil:

Ø b- Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil. 
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Bearing Capacity of Layered Soil: Weaker Soil Underlain by Stronger Soil 
When a foundation is supported by a weaker soil layer underlain by a stronger layer (The Figure
a), the ratio of q2/q1 defined by will be greater than one. Also, if H/B is relatively small, as
shown in the left-hand half of the Figure a, the failure surface in soil at ultimate load will pass
through both soil layers. However, for larger H/B ratios, the failure surface will be fully located
in the top, weaker soil layer, as shown in the right-hand half of Figure 2a. For this condition, the
ultimate bearing capacity (Meyerhof, 1974; Meyerhof and Hanna, 1978) can be given by the
empirical equation:
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Example (E 9-b-1)

Solution (E 9-b-1)
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Bearing Capacity (bearing load) of Soil (10)
qUplift Capacity of the soil
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Uplift Capacity of Foundations
Foundations may be subjected to uplift forces
under special circumstances. During the design
process for those foundations, it is desirable to
provide a sufficient factor of safety against
failure by uplift.
The relationships for the uplift capacity of
foundations in granular and cohesive soils.
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Foundations in Granular Soil (c = 0)

Figure U1 shows a shallow continuous foundation that is being

subjected to an uplift force. At ultimate load,Qu the failure surface in
soil will be as shown in the figure. The ultimate load can be expressed

in the form of a non-dimensional break-out factor, Fq or:

𝑭𝒒 = 𝑸𝒖
𝑨𝜸𝑫𝒇

Figure U1 

where A = area of the foundation.

The breakout factor Fq	 is a function 
of the soil friction angle ϕ’ and Df/B.
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For foundations subjected to uplift:
Shallow foundation : Df/B ≤ (Df/B)cr. 
Deep foundation: Df/B > (Df/B)cr.

The break-out factor can be found by the following two expressions

Eq: U-1

Eq: U-2
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Soil friction angle 
ϕ’ (deg) Ku m (Df/B)cr for square and 

circular foundations
20 0.856 0.05 2.5
25 0.888 0.10 3.0
30 0.920 0.15 4.0
35 0.936 0.25 5.0
40 0.960 0.35 7.0
45 0.960 0.50 9.0

Table: U-1: Variation of Ku, m and (Df/B) 

Eq: U-3
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Figure U2: variation of Fq with Df/B 
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A step-by-step procedure to estimate the 
uplift capacity of foundations in granular 
soil follows.

Step 1: Determine, Df ,B, L, and ϕ’
Step 2:  Calculate Df/B.
Step 3: Using Table U1 and Eq. (U3), calculate (Df/B)cr.
Step 4: If Df/B is less than or equal to (Df/B)cr it is a shallow foundation.
Step 5: If Df/B > (Df/B)cr it is a deep foundation.
Step 6: For shallow foundations, use Df/B calculated in Step 2 in Eq. 

(U1) or (U2) to estimate Fq. Thus, Qu= FqA𝜸Df.
Step 7: For deep foundations, substitute (Df/B)cr for Df/B in Eq. (U1) or 

(U2)  to obtain Fq from which the ultimate load Qu may be 
obtained.
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Foundations in Cohesive Soil (ϕ = 0)

The ultimate uplift capacity, Qu of a foundation in a purely 
cohesive soil can be expressed as: 
Qu= A (𝜸Df + Cu Fc)                                        eq: (U4)
where A = area of the foundation
Cu: undrained shear strength of clay
Fc: Break-out Factor

As in the case of foundations in granular soil, the breakout factor
Fc increases with embedment ratio and reaches a
maximum value of Fc = Fc* at Df/B = (Df/B)cr and
remains constant thereafter.
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Das (1978) also reported some model test results with square and 
rectangular foundations. Based on these test results, it was proposed 
that:

Eq: U5

Eq: U6
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Das’ Empirical Method for Qu for Cohesive Soil

Eq: U8

Eq: U7

Eq: U9
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A step-by-step procedure to estimate the 
uplift capacity of foundations in cohesive 
soil follows.

Step 1: Determine the representative value of the 
undrained cohesion, cu 
Step 2: Determine the critical embedment ratio (Df/B )cr

using Eqs. (U5) and (U6).
Step 3: Determine the Df/B ratio for the foundation.
Step 4: If Df/B > (Df/B)cr as determined in Step 2, it is a 

deep foundation. However, if Df/B ≤ (Df/B)cr it is a 
shallow foundation.
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Eq: U9

Step 5: For Df/B > (Df/B)cr
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Fig U-3
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Step 6: for Df/B ≤ (Df/B)cr

Eq: U10

Fig U-3
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Eq: U-1

Example-1-

against uplift



Example-2-

Eq-U6-
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Eq: U5



Fig U-3
Eq: U10
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Fig U-3
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A History Case of Structure Failure due to Shear
qTranscona Grain Elevator Silo in Canada, year was 1913

mailto:hma@mu.edu.iq


https://youtu.be/Isk4kcFR1I4

The tilted Transcona grain elevator (Courtesy: UMA Engineering Ltd., Manitoba, Canada) 



One of the best known foundation failures occurred in October 1913 at North Transcona,
Manitoba, Canada. It was ascertained later on that the failure occurred when the foundation
pressure at the base was about equal to the calculated ultimate bearing capacity of an
underlaying layer of plastic clay (Peck and Byrant,1953), and was essentially a shearing
failure.

As, this event was 
printed in Press. 





History background and general review of the structure:
The construction of the silo started in 1911 and was completed in the autumn of 1913. The silo 
is 77 ft by 195 ft in plan and has a capacity of 1,000,000 bushels. It comprises 65 circular bins 
and 48 inter-bins. The foundation was a reinforced concrete raft 2 ft thick and founded at a 
depth of 12 ft below the ground surface. The weight of the silo was 20,000 tons, which was 42.5 
percent of the total weight, when it was filled. Filling the silo with grain started in September 
1913, and in October when the silo contained 875,000 bushels, and the pressure on the ground 
was 94 percent of the design pressure, a vertical settlement of 1 ft was noticed. The structure 
began to tilt to the west and within twenty four hours was at an angle of 26.9° from the vertical, 
the west side being 24 ft below and the east side 5 ft above the original level (Szechy, 1961). 
The structure tilted as a monolith and there was no damage to the structure except for a few 
superficial cracks. Figure 12.22 shows a view of the tilted structure. The excellent quality of the 
reinforced concrete structure is shown by the fact that later it was underpinned and jacked up on 
new piers founded on rock. The level of the new foundation is 34 ft below the ground surface. 

Bushel: BRITISH: measure of capacity equal to 8 gallons (equivalent to 36.4 liters), used for corn, fruit, liquids, etc.
US: measure of capacity equal to 64 US pints (equivalent to 35.2 liters), used for dry goods.



Results of test boring at site of Transcona grain elevator (Peck and Byrant, 1953) 



The contact pressure due to the load from the silo at the time of failure was estimated as equal
to 3.06 tsf. The theoretical values of the ultimate bearing capacity by various methods are as
follows:

The above values compare reasonably well with the actual failure load 3.06 tsf. 



Process of Restoration
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ü Presentations 
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ü Reference
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Syllabus and details

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

1 Ø Site Investigation (SI): 3 weeks (9 hrs.)
• Definition and aims
• Steps
• Number and depth of boring
• Sampling
• Laboratory tests
• Field tests
• Report

2 Ø Bearing capacity for shallow foundation: 7 weeks ( 30 
hrs.)

• Introduction
• Terzaghi’s bearing capacity equation and BC factors
• Meyerhof ‘s equation and shape factors
• SPT used for BC
• Eccentricity loading (one axes and bi-axes)
• BC of non-homogeneous soil
• Uplift Capacity

3 Ø Settlement for saturated soil: 2 weeks (6 hrs.)
• Elastic calculation
• Consolidation settlement
• Secondary settlement



q Methods of presentation of the course:

1)Power point presentations (Hand-out).
2) Video for explanation each lecture.
3) Photos and videos for more explanations

❏ How to get feedback?:
1) Assignments
2) Quizzes
3) Workshop for selective topics done by groups
4) Small projects and reports by small groups (2-3) students.
5) Monthly Exam
6) Final Exam of the course.
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1. Huang A. B. and Yu H. S., “Foundation Engineering Analysis and Design” First Edition, 
2018.
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3. Briaud J. L., “Geotechnical Engineering: Unsaturated and Saturated Soils” First Edition, 
2013.
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Soil Exploration (Investigation), (SI), 
Lecture (1)

Outlines

• Introduction and aims of SI
• Design of SI

I. Number of boreholes
II.Depth of boring (drilling)

• Example on the depth of boring
• Drilling (Boring) methods
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SOIL INVESTIGATION (SI), Introduction
q Definition: The process of determining the layers of natural soil deposits that will underlie a 

proposed structure and their physical, chemical, and mechanical properties. 
q The purpose of subsurface exploration is to provide knowledge of the ground conditions for 

safe and economical foundation design and potential problems that may be encountered 
during construction. 

q A successful subsurface exploration should provide the following information: 
1. Stratigraphy of the ground material, soil/rock properties, and groundwater conditions within 

the area and depth that will be affected by the proposed structure. 
2. Geotechnical parameters required for the selection or recommendation of the type and 

depth of foundations, determination of bearing capacities for the recommended foundation 
type(s), and estimation of the proposed foundation settlement. 

3. Design parameters required for related earth or earth-supporting structures, such as 
embankments, retaining walls, or braced excavations. 

4. Potential problems to be expected for the construction of the recommended foundation 
system.

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



Introduction cont’d
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6.4 DRILLING 81

Geotechnical engineering problem

Documentary evidence Field reconnaissance Collect local experience

Geotechnical engineering design

Additional site 
investigation 

may decrease 
project cost

Preliminary site investigation

Main site investigation

Drilling and sampling In situ testing

Laboratory testing

Figure 6.1 Flowchart for a geotechnical engineering project.

Table 6.1 Advantages and Drawbacks of Laboratory and In Situ Tests

Laboratory Testing In Situ Testing

Advantages Drawbacks Advantages Drawbacks

Easier to analyze
theoretically

Drainage can be controlled
Elementary parameters easier
to obtain

Soil identification possible

Small-scale testing
Time-consuming
Stresses must be simulated
Some disturbance

Large-scale testing
Relatively fast to perform
Testing done under in situ
stresses

Less disturbance for some
tests

Difficult to analyze
theoretically

Drainage difficult to control
Elementary paramaters
harder to obtain

Soil identification rarely
possible

every 500m for secondary highways. For power lines and
pipelines, soundings are performed for locations associated
with difficult soil conditions and for special loading like
corner towers. The depth of the soundings is typically equal
to twice the foundation width below the foundation depth.
Shallower borings may be accepted if a hard layer is found
and confirmed to be thick enough for the project. Depths of
soundings commonly vary from 5m to 30m.
It is critical to think about the zone of influence of the

geotechnical project and ensure that the soil conditions are
reasonably well known within that zone. For example, the
zone of influence below the tip of a pile may be a few meters,
but if 10,000 piles are driven with close spacing, the zone of
influence of the foundation is related to the width of the pile
group, not the width of a single pile. It is also critical to think
about the cost-benefit ratio of the site investigation. The cost
of an additional sounding is trivial compared to the cost of
repair for most geotechnical projects.

6.4 DRILLING

The two most common methods of drilling for soil samples
are the wet rotary method and the hollow stem auger.

6.4.1 Wet Rotary Drilling Method

The wet rotary method consists of drilling a borehole with a
drill bit (Figure 6.2) while circulating drilling mud through
the center of the rods. The drill bit is typically 75 to 150mm
in diameter and the rods 40 to 70mm in diameter. The

Figure 6.2 Drill bits.

Flowchart for a geotechnical engineering project. 

Preliminary site investigation takes place 
in two steps: 
ØPaper study (Desk study):
The paper study consists of obtaining
documents related to the site information
and history. In addition to maps, previous
records of site uses are very helpful. Maps
include geologic maps, aerial photographs,
flood maps, and seismicity maps.
ØSite visit (Reconnaissance):
Going to the site, taking notes and photos
of the site conditions, including the
behavior of other projects in the vicinity.
The site conditions include general
topography, rig access, geologic features,
stream banks exposing the stratigraphy,
land use, water-flow conditions, and
possibility of flood. A good site visit
requires a keen eye and keeping a detailed
record of what is found and observed at
the site. In the case of environmentally
related problems, special guidelines exist
for what is called environmental site
assessments (ESAs).



Design of Detailed Site Investigation (SI)
üNumber of boreholes:

Ø No rule for identifying the number of boreholes that may performed.
Ø A guide for determination the boreholes’ number was proposed by Sowers 
and Sowers (1970) as in the table depending on the surface horizontal 
distance between boreholes.
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ØDepth of boring (drilling) : 
ØApproximate determination of depth of drilling

1) For steel and lightweight concrete building:

2) For heavy steel and wide concrete building:
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Design of Detailed Site Investigation (SI), Cont’d

Where: Zb is the depth of boring and S is the number of stories 



Depth of boring (drilling), Cont’d : 

ØASCE Method 
oDetermine the net increase in effective stress (∆σʹ) under a foundation with 

depth as shown in the Figure below.
• Estimate the variation of the vertical effective stress (σʹo) with depth. 
• Determine the depth (D = D1) at which the effective stress increase (∆𝛔ʹ) is 

equal to ( 𝟏/𝟏𝟎 ) q (q = estimated net stress on the foundation and at the 
base). 
• Determine the depth (D = D2) at which (∆𝛔ʹ/𝛔ʹ𝐨) = 𝟎. 𝟎𝟓.
• Determine the depth (D = D3) which is the distance from the lower face of the 

foundation to bedrock (if encountered).
• Choose the smaller of the three depths, (D1, D2, and D3), just determined is 

the approximate required minimum depth of boring. 
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ASCE Method(1972)
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Effective vertical overburden 
pressure 

Vertical stress subjected to the 
foundation from the 
superstructures



Notes:
• When the soil exploration is for the construction of dams and embankments,

the depth of boring may range from one-half to two times the embankment
height.
• When deep excavations are anticipated, the depth of boring should be at, least
1.5 times the depth of excavation.
• Sometimes subsoil conditions are such that the foundation load may have to be

transmitted to the bedrock. The minimum depth of core boring into the
bedrock is about 3m. If the bedrock is irregular or weathered, the core borings
may have to be extended to greater depths.
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Depth of boring (drilling), Cont’d : 



Example (1): (Reference: Al-Agha A. S. Basics of Foundation Engineering with Solved Problems) 

Site investigation is to be made for a structure of 100 m length and 70 m width. 
The soil profile is shown below, if the structure is subjected to 200 KN/m2 what is 
the approximate depth of borehole? (Assume gw =10 KN/m3). 
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Depth of boring (drilling), Cont’d : 
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Depth of boring (drilling), Cont’d : 



Boring Methods 

1- Trial Pit, manually or by machine such as shovel or backhoe. (boring depth may 
reach (2-3) m from the natural ground surface.
2- Drilling borehol, it means to drill a hole in the soil and by this method, the depth 
of boring may reach 30 m. 
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Boring Methods, cont’d
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The test boring can be advanced in the field by several methods:
ØAugers for making boreholes up to a depth of about 3 to 5 m (�10 to 15 ft). For highways and 

small structures. The soil samples are disturbed, but they can be used to conduct laboratory 
tests such as grain- size determination and Atterberg limits. 

ØContinuous-flight augers, which are power operated. The power for drilling is delivered by 
truck- or tractor-mounted drilling rigs. Continuous-flight augers are available commercially 
in 1 to 1.5 m (3 to 5 ft) sections. Two types of Auger:

§Solid stem auger: The common outside diameter of solid stem auger are: 67 mm, 83 mm 
102 mm ,and 114 mm
§Hollow stem auger: The common dimensions of this type as in the table:
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Boring Methods, cont’d 

Hand Helical Auger 

Hollow stem augers 



üHollow Stem Auger Drilling Method 
• The hollow stem auger method, sometimes also called the continuous
flight auger method consists of rotating hollow stem augers into the
soil. The hollow center part of the augers gives access for sampling or
any other testing device that can be lowered to the bottom of the hole.
The hollow stem auger has the advantage of providing a casing against
collapse of the side walls of the borehole, but is limited in penetration
depth because it requires significant torque to advance the augers.
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Boring Methods, cont’d 



üWet Rotary Drilling Method 
• The wet rotary method consists of drilling a borehole with a drill bit while

circulating drilling mud through the center of the rods. The drill bit is typically 75
to 150 mm in diameter and the rods 40 to 70mm in diameter.

Drill bits 
• The drilling mud flows down the center of the rods while they rotate and back to

the surface on the outside of the rods between the wall of the borehole and the
exterior wall of the rods.
• This return flow carries the soil cuttings back to the surface by entrainment. The 

drilling mud arrives in the mud pit (Figure 6.3), where it is sucked back up to the 
top of the drilling rods by a pump. 
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Boring Methods, cont’d
•Rotary drilling is a procedure by which rapidly rotating drilling
bits attached to the bottom of drilling rods cut and grind the
soil and advance the borehole down. Several types of drilling
bits are available for such work. Rotary drilling can be used in
sand, clay, and rock (unless badly fissured). Water or drilling
mud is forced down the drilling rods to the bits, and the return
flow forces the cuttings to the surface. Drilling mud is a slurry
prepared by mixing bentonite and water (bentonite is a
montmorillonite clay formed by the weathering of volcanic
ash). Boreholes with diameters ranging from 50 to 200 mm (2
to 8 in.) can be made easily by using this technique.
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Boring Methods, cont’d
•Wash boring is another method of advancing boreholes. In this
method, a casing about 2 to 3 m (6 to 10 ft) long is driven into
the ground. The soil inside the casing then is removed by
means of a chopping bit that is attached to a drilling rod. Water
is forced through the drilling rod, and it goes out at a very high
velocity through the holes at the bottom of the chop- ping bit
(The Figure). The water and the chopped soil particles rise
upward in the drill hole and overflow at the top of the casing
through a T-connection. The wash water then is collected in a
container. The casing can be extended with additional pieces as
the borehole progresses; however, such extension is not
necessary if the borehole will stay open without caving in.
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Boring Methods, cont’d
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Wash boring 



Boring Methods, cont’d
•Percussion drilling is an alternative method of advancing a
borehole, particularly through hard soil and rock. In this
technique, a heavy drilling bit is raised and lowered to chop the
hard soil. Casing for this type of drilling may be required. The
chopped soil particles are brought up by the circulation of
water.

Please, refer to the following link to download animation video
which is explaining the methods of drilling:
https://www.youtube.com/watch?v=i9eQcc7ilVw
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Drilling methods in animation tube

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 20



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 21



Foundation Engineering (1), 4th stage, Civil Engineering 
Dept., College of Engineering, Al-Muthanna University, 

2020-2021
Instructor: Professor Dr. Hussein M. Ashour Al.Khuzaie (Ph.D., Civil 
Engineering, Foundation Engineering and Structures);
e-mail: hma@mu.edu.iq

Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 1

Settlement of Foundation and Compressibility of Soil (2)
qElastic (Immediate) Settlement for saturated clay (
qConsolidation Settlement:

ØPrimary Settlement
ØSecondary Settlement

qLimits of tolerable settlement and distortion of structures and foundations

𝜇s = 0.5)
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The average settlement of flexible foundations on saturated clay soils (Poisson’s ratio, 𝜇𝑠 = 0.5). 

Elastic (Immediate) Settlement for saturated clay (𝜇s = 0.5)

The modulus of elasticity (ES) for saturated clays can, in general, be given 
as: 𝐸! = 𝛽𝐶"
where 𝐶! = undrained shear strength.
The parameter 𝛽 is primarily a function of the plasticity index and 
overconsolidation ratio (OCR). Table 7.1 provides a general range for 𝛽. 
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The OCR is defined as the ratio of the maximum past effective consolidation stress (Pre-consolidation pressure) and the
present effective overburden stress.
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Example

Solution:

Also, from Figures: A1 = 0.9 and A2 = 0.92. Hence, 
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Primary Consolidation Settlement
Consolidation settlement occurs over time, i.e., it is time dependent, in saturated clayey soils
subjected to an increased load caused by construction of the foundation.

The method of determining the pressure increase caused by
various types of foundation load using Boussinesq’s solution or
approximately by 2:1 method
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So, Primary Consolidation Settlement can be calculated using the following equations
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Example: A plan of a foundation 1 m X 2 m is shown in the Figure. Estimate the primary 
consolidation settlement of the foundation.
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Secondary Consolidation Settlement 
The plastic adjustment of soil fabrics due to the dislocation of soil particles resulting in
settlement that called secondary settlement. This type of settlement is observed at the end of
primary consolidation (i.e., after the complete dissipation of excess pore water pressure). A plot
of deformation against the logarithm of time during secondary consolidation is practically linear
as shown in the Figure.

The secondary compression index can be defined as: 
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The magnitude of the secondary consolidation can be calculated as: 

𝐶#$ correlated with the natural moisture content (w) of soils as:

The magnitude of C𝛼/Cc (Cc = compression index) for a number of soils: 
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Secondary consolidation settlement is more important in the case of all organic and highly
compressible inorganic soils. In overconsolidated inorganic clays, the secondary compression
index is very small and of less practical significance.

Example:
Refer to the example in slide(7),Given for the clay layer: C𝛼 = 0.02. Estimate the total
consolidation settlement five (5) years after the completion of the primary consolidation
settlement. (Note: Time for completion of primary consolidation settlement is 1.3 years).
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Total consolidation settlement = Primary settlement (Sp) + Secondary settlement (Ss)
= 46.5 mm + 19.4 mm = 65.9 mm
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Tolerable Settlement of Buildings

In most instances of construction, the subsoil is not homogeneous and the load
carried by various shallow foundations of a given structure can vary widely. As a
result, it is reasonable to expect varying degrees of settlement in different parts of
a given building.
The differential settlement of the parts of a building can lead to damage of the
superstructure.
Hence, it is important to define certain parameters that quantify differential
settlement and to develop limiting values for those parameters in order that the
resulting structures be safe.
Burland and Wroth (1970) summarized the important parameters relating to
differential settlement.



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

The figure shows a structure in which various foundations,
at A, B, C, D, and E, have gone through some settlement.
The settlement at A is AA’, at B is BB’, etc. Based on this
figure, the definitions of the various parameters are as
follows:
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Allowable linear distortion for building, SNIP (Russian Code), 1955

Angular distortion for some structures as proposed by Norwegian scientist, Bjerrum (1963) 
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In 1956, Skempton and McDonald proposed the following limiting values for maximum
settlement and maximum angular distortion, to be used for building purposes:

If the maximum allowable values of 𝛽max are known, the magnitude of the allowable ST(max)
can be calculated with the use of the foregoing correlations.
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The European Committee for Standardization has also provided limiting values for
serviceability and the maximum accepted foundation movements, as in the table:
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Settlement of Foundation and Compressibility of Soil (1)
qGeneral
qElastic (Immediate) Settlement
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General
When the load induced by structures or other sources increases, it results in compression the soil 
under the foundation. 
The compression is due to:

(a)deformation of soil particles, 
(b)relocations of soil particles, and 
(c)expulsion of water or air from the void spaces. 

So, the soil settlement caused by loads may be divided into three broad categories: 
1. Elastic settlement (or immediate settlement), which is caused by the elastic deformation of dry 
soil and of moist and saturated soils without any change in the moisture content. Elastic 
settlement calculations generally are based on equations derived from the theory of elasticity. 
2. Primary consolidation settlement, which is the result of a volume change in saturated cohesive 
soils because of expulsion of the water that occupies the void spaces. 
3. Secondary consolidation settlement, which is observed in saturated cohesive soils and is the 
result of the plastic adjustment of soil fabrics. It is an additional form of compression that occurs 
at constant effective stress. It is similar to the creep of solid material, where the deformation 
increases while the stress is constant. 
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The total settlement of a foundation can then be given as: 

When foundations are constructed on very compressible clays, the consolidation settlement can 
be several times greater than the elastic settlement. 

General, cont’d
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Elastic Settlement

The distribution of the contact pressure of the structure within the media of the soil is depending 
on some assumptions in spite of type of this loading (line load, strip load, embankment load, 
circular load, and rectangular load). These assumptions are:
o The load is applied at the ground surface. 
o The loaded area is flexible. 
o The soil medium is homogeneous, elastic, isotropic, and extends to a great depth. 

Elastic settlement profile and contact pressure in clay:
(a) flexible foundation; (b) rigid foundation 
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Elastic Settlement, cont’d
In the case of cohesionless soil (sand), the modulus of elasticity increases with depth.
Additionally, there is a lack of lateral confinement on the edge of the foundation at the ground
surface. The sand at the edge of a flexible foundation is pushed outward, and the deflection curve
of the foundation takes a concave downward shape. The distributions of contact pressure and the
settlement profiles of a flexible and a rigid foundation resting on sand and subjected to uniform
loading are shown in below, Figures a and b, respectively.

Elastic settlement profile and contact pressure in sand: 
(a) flexible foundation; (b) rigid foundation 
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As shown in the Figure, a shallow foundation subjected to a net force per unit area equal to ∆𝜎.
Let the Poisson’s ratio and the modulus of elasticity of the soil supporting it be 𝜇s and Es,
respectively. Theoretically, if the foundation is perfectly flexible, the settlement may be expressed
as:

Elastic settlement of flexible 
and rigid foundations 



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 7



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 8



Dr. Hussein M. Ashour Al.Khuzaie; hma@mu.edu.iq 9

300 Chapter 11: Compressibility of Soil

Table 11.2 Variation of F2 with m' and n'

m’

n' 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.5 4.0

0.25 0.049 0.050 0.051 0.051 0.051 0.052 0.052 0.052 0.052 0.052
0.50 0.074 0.077 0.080 0.081 0.083 0.084 0.086 0.086 0.0878 0.087
0.75 0.083 0.089 0.093 0.097 0.099 0.101 0.104 0.106 0.107 0.108
1.00 0.083 0.091 0.098 0.102 0.106 0.109 0.114 0.117 0.119 0.120
1.25 0.080 0.089 0.096 0.102 0.107 0.111 0.118 0.122 0.125 0.127
1.50 0.075 0.084 0.093 0.099 0.105 0.110 0.118 0.124 0.128 0.130
1.75 0.069 0.079 0.088 0.095 0.101 0.107 0.117 0.123 0.128 0.131
2.00 0.064 0.074 0.083 0.090 0.097 0.102 0.114 0.121 0.127 0.131
2.25 0.059 0.069 0.077 0.085 0.092 0.098 0.110 0.119 0.125 0.130
2.50 0.055 0.064 0.073 0.080 0.087 0.093 0.106 0.115 0.122 0.127
2.75 0.051 0.060 0.068 0.076 0.082 0.089 0.102 0.111 0.119 0.125
3.00 0.048 0.056 0.064 0.071 0.078 0.084 0.097 0.108 0.116 0.122
3.25 0.045 0.053 0.060 0.067 0.074 0.080 0.093 0.104 0.112 0.119
3.50 0.042 0.050 0.057 0.064 0.070 0.076 0.089 0.100 0.109 0.116
3.75 0.040 0.047 0.054 0.060 0.067 0.073 0.086 0.096 0.105 0.113
4.00 0.037 0.044 0.051 0.057 0.063 0.069 0.082 0.093 0.102 0.110
4.25 0.036 0.042 0.049 0.055 0.061 0.066 0.079 0.090 0.099 0.107
4.50 0.034 0.040 0.046 0.052 0.058 0.063 0.076 0.086 0.096 0.104
4.75 0.032 0.038 0.044 0.050 0.055 0.061 0.073 0.083 0.093 0.101
5.00 0.031 0.036 0.042 0.048 0.053 0.058 0.070 0.080 0.090 0.098
5.25 0.029 0.035 0.040 0.046 0.051 0.056 0.067 0.078 0.087 0.095
5.50 0.028 0.033 0.039 0.044 0.049 0.054 0.065 0.075 0.084 0.092
5.75 0.027 0.032 0.037 0.042 0.047 0.052 0.063 0.073 0.082 0.090
6.00 0.026 0.031 0.036 0.040 0.045 0.050 0.060 0.070 0.079 0.087
6.25 0.025 0.030 0.034 0.039 0.044 0.048 0.058 0.068 0.077 0.085
6.50 0.024 0.029 0.033 0.038 0.042 0.046 0.056 0.066 0.075 0.083
6.75 0.023 0.028 0.032 0.036 0.041 0.045 0.055 0.064 0.073 0.080
7.00 0.022 0.027 0.031 0.035 0.039 0.043 0.053 0.062 0.071 0.078
7.25 0.022 0.026 0.030 0.034 0.038 0.042 0.051 0.060 0.069 0.076
7.50 0.021 0.025 0.029 0.033 0.037 0.041 0.050 0.059 0.067 0.074
7.75 0.020 0.024 0.028 0.032 0.036 0.039 0.048 0.057 0.065 0.072
8.00 0.020 0.023 0.027 0.031 0.035 0.038 0.047 0.055 0.063 0.071
8.25 0.019 0.023 0.026 0.030 0.034 0.037 0.046 0.054 0.062 0.069
8.50 0.018 0.022 0.026 0.029 0.033 0.036 0.045 0.053 0.060 0.067
8.75 0.018 0.021 0.025 0.028 0.032 0.035 0.043 0.051 0.059 0.066
9.00 0.017 0.021 0.024 0.028 0.031 0.034 0.042 0.050 0.057 0.064
9.25 0.017 0.020 0.024 0.027 0.030 0.033 0.041 0.049 0.056 0.063
9.50 0.017 0.020 0.023 0.026 0.029 0.033 0.040 0.048 0.055 0.061
9.75 0.016 0.019 0.023 0.026 0.029 0.032 0.039 0.047 0.054 0.060

10.00 0.016 0.019 0.022 0.025 0.028 0.031 0.038 0.046 0.052 0.059
20.00 0.008 0.010 0.011 0.013 0.014 0.016 0.020 0.024 0.027 0.031
50.00 0.003 0.004 0.004 0.005 0.006 0.006 0.008 0.010 0.011 0.013

100.00 0.002 0.002 0.002 0.003 0.003 0.003 0.004 0.005 0.006 0.006
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The elastic settlement of a rigid foundation can be estimated as: 

Note: 
Due to the nonhomogeneous nature of soil deposits, the magnitude of Es may vary with depth. For 
that reason, Bowles (1987) recommended using a weighted average value of Es as:
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Example 1 
A rigid shallow foundation 1mx 2m is shown in Figure. Calculate the elastic settlement at the 
center of the foundation.
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Solution
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Soil Investigation (4)
q Plate Load Test
q Some of soil investigation reports:

ü Soil investigation of 400 beds hospital in Samawa
ü others
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Plate load test

load-test small steel plates of diameters from 0.3 to 0.75 m or squares of side 0.3 X 0.3 and 
perhaps 0.6 X 0.6 m

Different sizes of plate, type circular
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Hydraulic manual pump

Pressure (Load)gauge

Holder of 
settlement gauges

Hydraulic Jack
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The procedure has been standardized as ASTM D 1194, which is essentially as follows:
1. Decide on the type of load application. If it is to be a reaction against piles, they should
be driven or installed first to avoid excessive vibration and loosening of the soil in the
excavation where the load test will be performed.
2. Excavate a pit to the depth the test is to be performed. The test pit should be at least four times 
as wide as the plate and to the depth the foundation is to be placed. If it is specified that three 
sizes of plates are to be used for the test, the pit should be large enough so that there is an 
available spacing between tests of 3D of the largest plate.
3. A load is placed on the plate, and settlements are recorded from a dial gauge accurate to 0.25 
mm. Observations on a load increment should be taken until the rate of settlement is beyond the 
capacity of the dial gauge. Load increments should be approximately one-fifth of the estimated 
bearing capacity of the soil. Time intervals of loading should not be less than 1 h and should be 
approximately of the same duration for all the load increments.
4. The test should continue until a total settlement of 25 mm is obtained, or until the capacity of 
the testing apparatus is reached. After the load is released, the elastic rebound of the soil should 
be recorded for a period of time at least equal to the time duration of a load increment.
In the following Figure presents the essential features of the load test. 
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Plate load Test in Process
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Method of calculation: 
a- The yield point, as shown in Figure (2) is obtained at the intersection of the lines extended from the 
straightest initial and final portions of stress-settlement curves. From this yield point the ultimate bearing 
capacity, qult is predicted. 
b- Calculate qall at 1/2 yield point load.
c- Estimate d:

d = corrected settlement = observed settlement - dc
dc = to be estimated by backward projection of arithmetic load-settlement curve to zero 

load (if any). 
d- Calculate the modulus of subgrade reaction, Ks as : Ks = qall ld, kN/m3 , where, qall  is the allowable 
bearing load of soil.
e- Calculate the modulus of deformation, E as: E = 1.5 R Ks , where, R is the radius of the plate.
f- The allowable bearing capacity may be calculated by dividing the the minimum value of ultimate 
bearing capacity of the soil that estimated from the following two approaches by a factor of safety of 3: 
(1) The approach explained in (a) above.
(2) The plate stress which gives a settlement (Sp) corresponding to allowable 
settlement of the actual footing (Sf) that can be calculated from the following equation: 
where, Sp = plate settlement corresponding to the actual footing settlement (mm). Sf = allowable 
settlement of actual footing (mm).Bp = plate diameter (cm)Bf = width of footing (cm) .
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Procedure of calculation



Dr Hussein M. Al.Khuzaie; hma@mu.edu.iq
8

5 - 8 

 
Table No.(1) Plate Load Tests Results 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (3): Plate Load Test Results for Point (1) at 60 Acres area  
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Figure (4): Plate Load Test Results for Point (2) 30 Acres area 
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Load vs. settlement plot to establish the 
maximum design pressure.
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Example (1) : For the data obtained from executing a load test on a soil, drawn in the Fig.,
shown below, using a plate of diameter 0.5 m, tabulate the settlement against each load and then
draw the pressure-settlement curve to determine the expected bearing capacity in kPa, where the
permissible settlement is 25 mm.

Load,kN
Settlement, 
mm

53.4 31
62.8 44
72.3 60
84.1 83
91.9 110

0

25

50

75

100

125

40 50 60 70 80 90 100

Load, kN

Se
ttl

em
en

t, 
m

m

Load = 80 kN, Settlement = 69 mm
So, load for 25 mm =80*25/69 = 29 kN
Bearing capacity of soil = Load/Area of plate = 29/(p*0.5^2/4) = 145.9  kPa = 147.7 kPa.
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q Extrapolating load-test results to full-size footings is not standard. For clay soils it is 
common to note that the BNg term is zero, so that one might say that qu is independent of 
footing size.

q In cohesionless (and (f - c) soils all three terms of the bearing-capacity equation apply and, 
noting that the Ng term includes the footing width, one might say

o where M includes the Nc and Nq terms and N is the Ng term. By using several sizes of plates 
this equation can be solved graphically for qu. Practically, for extrapolating plate load tests 
for sands (which are often in a configuration so that the Nq term is negligible), use the 
following: 



Review some soil investigation reports

Report for project : 400 beds hospital in Samawa, 2012:
It will be some oral questions to the students for review the main topic of this 
topic(Soil Investigation).
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Soil Investigation (2)
q Sampling Methods

ØTypes of Samples
ØSPT
• Description
• Recovery Ratio
• Corrections

ØThin-walled sampler (Shelby Tube)
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Sampling
• Two types of soil samples can be obtained during subsurface exploration: disturbed and undisturbed.

The following lab. tests carried out on disturbed samples: 
1. Grain-size analysis.

1. Determination of liquid and plastic limits.
3. Specific gravity of soil solids.

4. Determination of organic content.

5. Classification of soil.

• The undisturbed samples are needed for the following tests:
1. Permeability test.
2. Shear strength tests.
3. Consolidation tests.
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Sampling

(a) Standard split-spoon sampler; (b) spring core catcher 

q Split-Spoon Sampler (SS) 
The tool consists of :
ü a steel driving shoe
ü a steel tube that is split longitudinally in half, and a coupling at the top. The coupling connects 

the sampler to the drill rod. 
The standard split tube has an inside diameter of 34.93 mm and an outside diameter of 50.8 mm, 
however, 
samplers having inside and outside diameters up to 63.5 mm and 76.2 mm, respectively, are also 
available. 



Sampling by SS 
vWhen a borehole is extended to a predetermined depth:
ØThe drill tools are removed and the sampler is lowered to the bottom of the hole.
ØThe 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) (140 lb), and for each blow, the hammer drops a
distance of 0.762 m (30 in.).

ØThe number of blows required for a spoon penetration of three 152.4-mm (6-in.) intervals are
recorded.

ØThe number of blows required for the last two intervals are added to give the standard
penetration number, N, at that depth. This number is generally referred to as the N value
(American Society for Testing and Materials, 2014, Designation D-1586-11).

ØThe sampler is then withdrawn, and the shoe and coupling are removed. Finally, the soil sample
recovered from the tube is placed in a glass bottle and transported to the laboratory.

ØThis field test is called the standard penetration test (SPT).
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Penetration Intervals of Split Spoon Sampler (SS) 
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Sampling by SS 



Hammer for driving the split barrel sampler
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The degree of disturbance for a soil sample is usually expressed as: 
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Sampling by SS 

When the area ratio is 10% or less, the sample generally is considered to be
undisturbed.

Is this sample disturbed or not, if it is, why?



Sampling by SS 
Example:
Calculate the area ratio for the sampler (its outside diameter (Do = 76.2 mm and the 
inside diameter Di = 72.9 mm) and for the split spoon sampler (its outside diameter 
= 50.8 mm and the inside diameter = 34.9 mm). 
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AR (%) = !!
" "!#

"

!#
" (100) = #$.&

!."#&.'!

#&.'!
(100) =  9.3%

Is this sample disturbed or not, if it is, why?



Sampling by SS
• Split-spoon samples generally are taken at intervals of about 1.5 m (5

ft).
•When the material encountered in the field is sand (particularly fine

sand below the water table), recovery of the sample by a split-spoon
sampler may be difficult. In that case, a device such as a spring core
catcher may have to be placed inside the split spoon (Figure).
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Spring Core Catcher 



Energy Efficiency of Hammer of SPT
The SPT hammer energy efficiency can be expressed as: 
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In practice, the efficiency of hammer energy taken as average to be 60%, so the N
value obtained in the field may standardized to this average by considering 
correction factors: 
1) SPT hammer efficiency (hH) , 
2) Borehole diameter (hB),
3) Sampling method (hS), and 
4) Rod length (hR)
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Energy Efficiency of Hammer of SPT



Energy Efficiency of Hammer of SPT
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Correction of N Value for Field Testing and Overburden Pressure
For geotechnical earthquake engineering, such
as liquefaction analyses, the standard penetration
test N60 value is corrected for the overburden
soil pressure, also known as the effective
overburden pressure or the vertical effective
stress (s’vo). When a correction is applied to the
N60 value to account for the vertical effective
stress, these values are referred to as (N1)60
values. The procedure consists of multiplying
the N60 value by a correction CN in order to
calculate the (N1)60 value. The Figure presents a
chart that is commonly used to obtain the
correction factor CN. Another option is to use the
following equation:
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Corrections for SPT: Example
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Given. N = 20; rod length = 12 m; hole diam. = 150 mm; s’vo = 205 kPa; use safety hammer 
with Er = 80; dense sand; no liner; What are the "standard" N60? 
Solution:

N80= 20, hH = 0.8, hB =1.05, hs =1, hR = 1

N60 = 20 x 80x1.05x1x1 /60 = 28 
(N1)60 = CN x N60 = 0.7 x 28 = 19.6 

or by the equation:

𝐶!= "##
s’vo

= "##
$#% = 0.7



Thin-Wall Tube Sampler (Shelby Tube)
Sampling by thin-wall tube is used for obtaining

fairly undisturbed soil samples. The thin- wall tubes
are made of seamless, thin tubes and commonly are
referred to as Shelby tubes (show the Figure). To
collect samples at a given depth in a borehole, one
first must remove the drilling tools. The sampler is
attached to a drilling rod and lowered to the bottom of
the bore- hole. After this, it is pushed hydraulically
into the soil. It then is spun to shear off the base and is
pulled out. The sampler with the soil inside is sealed
and taken to the laboratory for testing. Most
commonly used thin-wall tube samplers have outside
diameters of 76.2 mm (3 in.).
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Summary

The following points were presented:
oTypes of samples to be extracted from the soil at the site.
oSampling and types of samplers
1) Split spoon sampler (SS)
ü Standard Penetration Test (SPT)
üCorrections
ü(N1)60
2) Thin walled sampler (Shelby Tube) 
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Soil Investigation (3)
ØLog of Boring
ØSoil Sampling 
ØLaboratory Tests
ØRock Sampling
ØRecovery ratio
ØRQD
ØGround water table level
ØField Tests
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Preparation of Boring Logs
1. Name and address of the drilling company
2. Driller’s name
3. Job description and number
4. Number, type, and location of boring
5. Date of boring
6. Subsurface stratification, which can he obtained by visual 

observation of the soil brought out by auger, split-spoon 
sampler, and thin-walled Shelby tube sampler

7. Elevation of water table and date observed, use of casing 
and mud losses, and so on

8. Standard penetration resistance and the depth of SPT
9. Number, type, and depth of soil sample collected
10. In case of rock coring, type of core barrel used and, for each 

run, the actual length of coring, length of core recovery, and 
RQD 2
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Boring Logs

Example 
sheet
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SOIL SAMPLING

Two types of soil samples can be obtained during sampling disturbed and
undisturbed.  The most important engineering properties required 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 or remolding effects. In this context, the quality of an 
"undisturbed" sample varies widely between soil laboratories. 
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Soils Investigation

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



ROCK SAMPLING

• Rock cores are necessary if the 
soundness of the rock is to be 
established.
• small cores tend to break up inside 

the drill barrel.
• Larger cores also have a tendency to 

break up (rotate inside the barrel and 
degrade), especially if the rock is soft 
or fissured. 
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Rock coring
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ROCK SAMPLING - Definition
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Rock Core Drilling

• Done with either tungsten 
carbide or diamond core 
bits
• Use a double or triple tube 

core barrel when sampling 
weathered or fractured rock
• Used to determine Rock 

Quality Designation

14core barrel
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Rock Quality Designation (RQD)
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Rock Quality Designation
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RQD
Rock Quality Designation (RQD) is defined as the percentage of rock 
cores that have length equal or greater than 10 cm over the total drill 
length.
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Example on Core Recovery & RQD

• Core run of 150 cm
• Total core recovery = 

125 cm
• Core recovery ratio = 

125/150 = 83%
• On modified basis, 95 

cm are counted
RQD = 95/150=63 %

17
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GROUND WATER TABLE LEVEL 
Groundwater conditions and the potential for 
groundwater seepage are fundamental factors 
in virtually all geotechnical analyses and design 
studies. Accordingly, the evaluation of 
groundwater conditions is a basic element of 
almost all geotechnical investigation programs. 
Groundwater investigations are of two types as 
follows:
• Determination of groundwater levels and 

pressures.
• Measurement of the permeability of the 

subsurface materials.
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FIELD STRENGTH TESTS
The following are the major field tests for 
determining the soil strength:
1. Vane shear test (VST).
2. Standard Penetration Test (SPT).
3. Cone Penetration Test (CPT).
4. The Borehole Shear Test (BST).
5. The Flat Dilatometer Test (DMT).
6. The Pressure-meter Test (PMT).
7.  The Plate Load Test (PLT).
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