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Pile foundation 

Cases where pile foundation is used:-  
1- When one or more upper soil layers are highly compressible and too weak to support the load 

transmitted by the superstructure, piles are used to transmit the load to underlying bedrock or a 

stronger soil layer, as shown in Fig.1a.  

، يتم البناء الثقيلوضعيفة جدًا بحيث لا تتحمل الحمل المنقول بواسطة  الهبوطعندما تكون طبقة أو أكثر من طبقات التربة العلوية شديدة 

 .أو طبقة تربة أقوى طبقة الصخور السفليةلنقل الحمل إلى  الركائزاستخدام 

2- When bedrock is not encountered at a reasonable depth below the ground surface, piles are used to 

transmit the structural load to the soil gradually. The resistance to the applied structural load is 

derived mainly from the frictional resistance developed at the soil–pile interface, Fig.1b. 

لنقل الحمل الإنشائي إلى التربة  ركائزعلى عمق معقول تحت سطح الأرض، يتم استخدام ال الطبقة الصخريةعندما لا يتم العثور على 

 .التربةناشئة بينها وبين ساسي من مقاومة الاحتكاك البشكل أللاثقال  تهامقاومالركيزة تدريجياً. تستمد 

3- When subjected to horizontal forces, Fig.1c,  pile foundations resist by bending, while still 

supporting the vertical load transmitted by the superstructure. This type of situation is generally 

encountered in the design and construction of earth-retaining structures and foundations of tall 

structures that are subjected to high wind or to earthquake forces. 

. يتم مواجهة من المنشأ ة اليهاالمنقول مقاومة الاثقال العموديةتقاوم الانحناء، مع الاستمرار في  الركائزعند تعرضها لقوى أفقية، فإن 

 وأساسات الهياكل العالية التي تتعرض للرياح العاتية أو لقوى الزلازل. الارضتحت بشكل عام في تصميم وبناء الهياكل  الحالات ههذ

4- In many cases, expansive and collapsible soils may be present at the site of a proposed structure. 

These soils may extend to a great depth below the ground surface. Expansive soils swell and shrink 

as their moisture content increases and decreases, and the pressure of the swelling can be 

considerable. If shallow foundations are used in such circumstances, the structure may suffer 

considerable damage. However, pile foundations may be considered as an alternative when piles 

are extended beyond the active zone, which is where swelling and shrinking occur. Fig.1d.  Soils such 

as loess are collapsible in nature. When the moisture content of these soils increases, their 

structures may break down. A sudden decrease in the void ratio of soil induces large settlements of 

structures supported by shallow foundations.  

المقترح. وقد تمتد هذه التربة إلى عمق كبير تحت سطح  البناءفي كثير من الحالات قد توجد تربة منتفخة وقابلة للانهيار في موقع 

كبيرًا. إذا تم استخدام الأساسات الضحلة في  الانتفاخ ، ويمكن أن يكون الرطوبيالتربة وتنكمش مع زيادة ونقصان محتواها  الأرض. تنتفخ

لنقل الاثقال عبر طبقات التربة الضعيفة كبديل  الركائزمثل هذه الظروف، فقد يتعرض الهيكل لأضرار جسيمة. ومع ذلك، يمكن اعتبار 

 ي بسبب النقصان الكبير في نسبة الفراغات.الرطوباها عندما يزيد محتوللانهيارقابلة الضعيفة تكون . التربة لصوالقابل للانتفاخ والتق

5- The foundations of some structures, such as transmission towers, offshore platforms, and basement mats 

below the water table, are subjected to uplifting forces. Piles are sometimes used for these foundations to 

resist the uplifting force. Fig.1e. 

. ةفعاقوى الرالالواقعة تحت منسوب الماء إلى  الاسس الحصيريةتتعرض أساسات بعض المنشآت مثل أبراج النقل والمنصات البحرية و

 أحيانًا لهذه الأساسات لمقاومة قوة الرفع الركائزتسُتخدم 

6- Bridge abutments and piers are usually constructed over pile foundations to avoid the loss of bearing 

capacity that a shallow foundation might suffer because of soil erosion at the ground surface. Fig.1f. 
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الضحلة بسبب  سالأسا لها تتعرضتحمل التي قد ال قوةلتجنب فقدان  الركائزالجسور فوق أساسات  اعمدة واكتافم إنشاء عادة ما يت

 بسبب تيارات الماء. تحت الاسسالتربة انجراف 

 

Fig.1 Conditions that require the use of pile foundations 

Steel piles 

The allowable structural capacity        for steel piles is:- 

                                                                                                                         (1) 

                              , can be determined by Eq.1 

                            

Following are some general facts about steel piles:  
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• Usual length: 15 m to 60 m  
• Usual load: 300 kN to 1200 kN  
 

Advantages: 

a. Easy to handle with respect to cutoff and extension to the desired length. 

b. Can stand high driving stresses. 

c. Can penetrate hard layers such as dense gravel and soft rock. 

d. High load-carrying capacity. 

 Disadvantages:  

a. Relatively costly  
b. High level of noise during pile driving . 
c. Subject to corrosion. 
d. H-piles may be damaged or deflected from the vertical during driving through hard layers or past major 
obstructions. 

Table 1 Common H-Pile Sections 
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Pipe shape piles 

   
 

 
             

   
 

 
                  

   
 

 
          

  
   

  
      (2) 

 

Example : Design a steel pile that extended to 30 m downward and undergoes a load of 1500KN. 
 1) H-shape.    2) Pipe-shape 
 
                  126 n/mm2 

 

   
    

  
 

           

         
                                  

 
Use HP 310*93   from Table 1 
 
2) Pipe shape 

  
   

  
     , let t = 1cm 

  
     

   
 

 

 
       

let t = 2cm 

  
     

   
 

 

 
       

Concrete pile 
Concrete piles may be divided into two basic categories: 
(a) Precast piles can be prepared by using ordinary reinforcement, and they can be square or octagonal in 

cross section, Fig.1. 
 
 

Fig.1 Precast piles with ordinary 

Reinforcement  
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(b) cast-in-situ piles: 
Reinforcement is provided to enable the pile to resist the bending moment developed during pickup and 
transportation, the vertical load, and the bending moment caused by a lateral load. The piles are cast to 
desired lengths and cured before being transported to the work sites. 

 الخرسانية إلى فئتين أساسيتين: ركائزيمكن تقسيم ال
 ثمانية المقطع.مسبقة الصب باستخدام التسليح العادي، ويمكن أن تكون مربعة أو  ركائزمسبقة الصب: يمكن تحضير ال ركائز)أ( ال
 ركائز الصب الموقعي.)ب( 

، ولحظة الانحناء الناتجة عموديةل الثقاوالنقل، والا تحميلم الانحناء الذي يحدث أثناء الوزلتمكين الركيزة من مقاومة عيضاف حديد التسليح 

 .قبل نقلها إلى مواقع العمل يوم 82بالغمر بالماء الى عمر يزيد عن  بالأطوال المرغوبة ومعالجتها ركائزعن الحمل الجانبي. يتم صب ال

 
 

Some general facts about concrete piles are as follows: 
• Usual length: 10 m to 15 m 
• Usual load: 300 kN to 3000 kN 
 
• Advantages: 
a. Can be subjected to hard driving 
b. Corrosion resistant 
c. Can be easily combined with a concrete superstructure 

 

 

 
Friction and End bearing  

 

                             Fig.3 a) end bearing             b) end bearing + friction              c) friction pile  

Estimation of Pile capacity 
The ultimate load-carrying capacity    of a pile is given by the equation: 



 

6 
 

          
   : End bearing resistance 
   : Friction resistance 
 
End bearing capacity 
      

     
      

                                                                                        (3) 

 
Since the width of pile equals the diameter B = D, Eq.3 becomes 
 
         

     
      

                                                                               (4) 

Because the width D of a pile is relatively small, the term     
  may be dropped from the right side of the preceding 

equation without introducing a serious error; thus, we have 
      

     
  , so 

         
     

    

 
Frictional Resistance, Qs 
The frictional, or skin, resistance of a pile may be written as:- 

 
   ∑                                                                                                                     (5) 
 
  : Parameter of the pile section 

  : Friction resistance between pile and soil 
   : Increment of pile length 
 
Allowable Load, Qall  
After the total ultimate load-carrying capacity of a pile has been determined by summing the end bearing capacity and 
the frictional (or skin) resistance, a reasonable factor of safety should be used to obtain the total allowable load for 
each pile, or 

 

     
  

 
                                                                                                                         (6) 

F is the factor of safety 

In sand        
 
        

               
         

 
In Clay  (        
 
 
 
 
 
From the graph for               
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Example: 
Consider a 15-m long concrete pile with a cross section of 0.45m*0.45m fully embedded in sand. For the sand, given: 
unit weight, 17 KN/m3; and soil friction angle,    . Estimate the ultimate end bearing. 
Ans: 

        
                 

       

        
                                      

           
                                                  

Take              

Example 11.2 
Consider a pipe pile having an outside diameter of 406 mm.  
The embedded length of the pile in layered saturated clay is 30 m. 
The following are the details of the subsoil: 

The groundwater table is located at a depth of 5 m below ground surface. Estimate   by using 
   Meyerhof’s method. 
 
 
 
 
 
 
 
 
 
 
Ans: 

             

    (9*100+5*18+5*8+9.6*20)*
 

 
         158KN/m2 

 
 
 

                   

           
 

 
                  

Example: 
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The tip of the pile is 15.2 m below the ground surface. For the pile,          . The 
average of 10D above and about 5D below the pile tip is:- 

  
           

 
          

          (        
 

 
)  

        

 
                 

    

     
           

              
        

 
                    , so take it 701KN 

 

            

The unit skin friction increases with depth more or less linearly to a depth of      and remains constant thereafter. The 
magnitude of 
the critical depth may be 15 to 20 pile diameters. A conservative estimate would be 
 

        
For         
          
 

For        
         

        

                   

H pile,  K=1.65 
Steel pile,   K= 1.26  
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Precast pile , K = 1.5 
 
Example:  
Consider a 15-m long concrete pile with a cross section of 0.45m*0.45m fully embedded in sand. For the 
sand, given: unit weight, 17 KN/m3; and soil friction angle,          . Estimate Qs  and Qu if F = 3. 
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Skin friction in clay 

The ultimate side resistance can thus be given as 

   ∑        

   : is the undrained cohesion 

    
 

  
       

where 
          vertical effective stress 

          for bored piles and > 0.5 for driven piles 

End bearing capacity of pile resting on rock 

           
 

 
   

                                            

   drained friction angle 
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Let                  
  

  
                               , and  

                               

       (   
 

 
)      , 
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Example: 
Calculate pile capacity shown in the figure. 
The top 10 m of clay is normally 
consolidated. The pile diameter is D=0.406 m. 
The bottom layer is clay. F=3 
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Problems: 

 
Problem1: A 12 m long concrete pile is shown 
 in Fig.P1. Estimate the ultimate load   .  
Use the allowable pile capacity      if F = 4. 

 

  

 

 

  

 

Problem2:  

A driven closed-ended pile, circular in cross section, 
 is shown in Fig.P4. Calculate the ultimate capacity   .  

Estimate the allowable capacity, if F = 5,         

 

 

 Fig.P4 

 

 

 

Problem3 

A concrete pile 406 mm * 406 mm in cross section is shown in Fig. P10. 
Calculate the ultimate skin friction resistance by using the   method 
 

 

Fig.p10 


