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Abstract 
Different static and dynamic methods exist for determining the pile bearing capacity which the 
precision of the results of each method depend on the condition of the soil and type of pile as 
well as accessibility to necessary information. In this study bearing capacity of driven pipe 
piles in cohesion soil and the driving progress in a practical project are evaluated. For this 
purpose the information of 208 driven piles in four A, B, C and D regions in total areas of 1500 
m2 were used. Using this information, dynamic relations of pile bearing capacity in fine 
grained soil was compared with the result of the static relations. This study has been shown 
that ENR dynamic relations, modified ENR and new modified ENR have good correlation with 
static methods. 
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1. INTRODUCTION  
The relations of pile driving have been extensively used to determine the static bearing capacity of 
the piles. Much research has been done within the extension of the relations of pile driving by 
engineers which have been led to different formulas in this field. The fact that engineers are not 
able to adapt themselves to one or the other formulas related to pile driving because the 
mathematical relationships governing the pile driving have not been solved for all practical cases. 
Pile driving is not a simple impact issue that it can be solved directly by Newton's law, but pile 
driving is a longitudinal wave transmission issue in a general solution covered by the wave 
equation. In addition, pile driving requires considering such as pile caps, dolly, composite and taper 
piles, along with the elastic-plastic behavior of ground and other issues of soil mechanism. The 
consequences coming out of the problems are that all the relations of pile driving are to some 
extent experimental and consequently useful for specific type of piles and specified length of piles.  
One of the methods to determine the bearing capacity of pile during driving is the using of energy 
concept. The various relations which have been obtained consider the strength of pile driving is 
equal to bearing capacity. For those piles which beaten by impact systems are equal to the number 
of impacts used for sending down the pile to a specific depth. 

These criteria are measured in the form of impact/cm or impact/m. But attention to this point 
it is essential that the length of the pile penetration strength is measured on it is very important. In 
this study, bearing capacity of the driven pipe piles was examined in fine grained soils and in a 
practical project in Amol city (North of Iran) was investigated in a region of 1500 2m . For 
geotechnical evaluating, the region was divided into 4 parts and in every region was drilled. It's 
shown in Figure 1.  
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 Figure1. Plan of area classification and place of borehole 

 
2. PILE BEARING CAPACITY  
Relations governing the bearing capacity of the piles can be totally divided into static and dynamic 
relations which follows a brief description of the outlines.  
 
2.1. Static Method 
Common methods to determine the piles bearing capacity are static analysis and using relations in 
this field were provided by the researchers. All relations based on this principle that the bearing 
capacity of pile includes the sum of the end pile strength and the skin strength which the rate of 
each is determined with regard to the type of soil, condition of the soil layers, the depth of soil and 
others. In this study, tip resistance of driven pile was calculated through Hansen, Meyerhof, Vesic, 
Janbu and Terzaghi static methods [4, 7].  

In study area skin strength of that part of piles which placed in cohesion soil layer were 
calculated through α method and the rest that placed in cohesionless soil layers were calculated β 
method and also skin strength of total pile length were calculated λ method.   
In other words, strength obtained from λ method can be compared with a total strength of α and β 
[4, 6]. 
 
2.2. Dynamic Methods 
Dynamic methods are another way for determining the load capacity of the pile. This method based 
on this rule that, the load capacity of soil for the pile is directly subjected to the strength that the 
pile moves under the pressure caused by the impact of hammer. The formula is proposed as 
follows:  
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If we dispense with the loss of energy of the stroke and mechanical efficiency is 1.0 and also 

the loss of the energy occurred in the pile and Soil whole pile caps is 1.0. The formula (2) will be 
obtained: (relation of ENR) 
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The above formula was modified and Modified ENR relation was formed [5]: 
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By adding the constant 1.25, the new modified ENR formula was resulted [5]: 
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Where WP is the weight of the pile which includes the dolly weight, whole or a part of the 

massed soil and driving shoe. Wr weight of the drop hammer used for pile driver is 1266 kg. H 
shows the Height of the whole driving which equals 2.62 m. S shows the amount of pile point 
penetration that each impact in different depth and various piles into the soil obtain different 
numbers that for each pile calculated in appropriate tables separately, and the unit used for S is 
impact per mm. eh shows hammer efficiency which equals 0.85, Eh nominal amount of energy for 
pile driver, and n shows the reversion constant which is, 0.4 and Pu is the pile bearing capacity. 
 
3. THE PHYSICAL AND MECHANICAL CHARACTERISTICS OF THE SOIL IN THE STUDY 
AREA 
The study area is the eastern part of Amol city. In this area ground to a depth of 2 meters maximum 
soil classification system based on soil nation’s category CL (clay with low plasticity) is located. 
This layer thickness in the range of land is variable and almost between 1 to 2 meters and are also 
seen roots of plants and trees in this layer. 

It can be seen after the upper soil layer until the end of borehole 20 meter layers of silty, clay 
and sand alternately. The layers of different thickness (less than a few centimeters to several 
meters) and mostly between 0.5 to 1 meter are based on the unified soil classification system are 
available in categories SW-SM, SM-SP, ML, CL, CL-ML and SP-SM. The numbers of SPT in 
these layers are between 5 and 17, except in one case, it can see an increasing process in the 
hammer of impacts along with the increasing in depth (though small). Strength of soil layers are 
categorized loose to medium and soft to stiff.  Underground water level in all the boreholes is seen 
about 1 meter in depth. Physical and mechanical characteristics of soil for different layers are 
shown in Table 1. 

 
Table 1. physical and mechanical characteristics of soil 

unit upper sandy 
 layers 

silty 
layers 

clay 
layers Lower sandy layerscharacteristic of soil 

Degree30-33 24-26 25-37 28-30 internal friction angle of soil )( dφ  

Degree- 0 0 - short-term internal friction angle of soil )( uφ   

Kg/cm20 0.2 0.1-0.2 0 long- term cohesion coefficient (Cd) 

Kg/cm2- - 0.4-0.7 - short- term cohesion coefficient  (Cu) 

Kg/cm2130-150 80-100 70-100 80-100 elastic coefficient of soil  (Es) 

- 0.3 0.35 0.4 0.3 Poason's ratio (v) 

gr/cm31.85-1.95 1.85-1.951.85-1.951.85-1.95 Specific weight of soil 
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4. EQUATIONS THE TECHNICAL CHARACTERISTIC OF PILE, PILE DRIVER AND THE 
INFORMATION RESULTED FROM THE PILE-DRIVING PROCESS 
In this study, pipe piles were used with open end with the diameter of 14 inches and side thickness 
of 0.312 inches, and pile driver was Delmak 12 with the approximate weight 12.66 N and the fall 
height 2.62 m [2]. Information driven piles in four study areas A are as follows:  

Study area A with the pile driving plan shown in Figure 2 has clay layer with a thickness of 
6.7 meters, which the end of piles length 19.5 m, located in cohesionless soil (silty sand). Number 
of bowels per 10 cm pile penetration in different depth in study area A is shown in Figure 3.  

Number of bowels per 10 cm pile penetration in different depth in study area C is shown in 
Figure 4. 

 

 
Figure 2. Pile layout in the study area A 

 

 
Figure 3. Number of bowels per 10 cm pile penetration in different depth in study area A 

Mean curve of the number of driving impacts
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Figure 4. Number of bowels per 10 cm pile penetration in different depth in study area C 

 

5. COMERSION TIP STRENGTH OF PILES 
Since The general calculated form of pile tip resistance is the same bearing capacity of shallow 
foundation and according to Terzaghi relations. The fact that the pile diameter is not comparable to 
the pile length, this term γγBN5.0  has to be passed. So the tip resistance of pile is: 
 

qCult NqCNq +=  (5)
 
C is soil cohesion, γ  specific weight of soil, q  effective overburden in end pile and Nq, Nc 

are no dimension factors of the pile bearing capacity.  
In this part, tip resistance of piles according to different methods (Mayerhof, Hansen, Vesis, 

Janbu, Terzaghi) are shown for 4 study areas together as in Figure (10). 
As you can see, the order changes of tip resistance values based on various relations are as follows: 
 Janbu> Terzaghi> Hansen >Vesic  

In Mayerhof relation two main factors resulting in strength are the number of SPT 
and the rate of pile penetration into the bearing layer, penetration rate into the bearing layer 
obtained affect results  directly, so as it is shown  in the chart below ,the piles with less 
depth (about  19.5 m) the obtained number of  Mayerhof relations  are smaller from all 
relations and the pile with more depth( about 23.5 m ) the value from Mayerhof relation is 
almost larger than other relationships. It is not necessary to present nomenclature at the 
beginning of the paper, each variable or symbol used in the text must be clearly defined 
after its first appearance in the text. 

 
6. COMPARISON SKIN STRENGTH OF PILES 
Figure 6 Comparison of skin strength of piles to λ methods and sum of α and β compared together: 
The diagrams of this figure show that skin strength of piles in 4 areas is very close to λ method and 
sum of β and α  methods. But for piles 19 to 20 m except piles in D area the obtained number of λ 
method is slightly greater than value of sum β and α methods. But piles into the soil 23 to 24 m the 
total β and α methods show greater thanλ. The thicknesses of layers in D study area (12.7 m) are 
significantly more than the other parts. 

Mean curve of the number of driving impacts 
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Figure 5. Tip resistance according to the length of pile with the best line passing for 4 areas to different 

methods
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Figure 6. Comparison of skin strength of piles with pile length to different methods 
 

7. COMPERSION OF STATIC RELATIONS TO DYNAMIC RELATIONS 
Strength of dynamic relations and sum of the tip strength and skin strength compared to relations of 
static relation for all areas with pile length, for all areas in figure 7, 8 and 9. It's remarkable that the 
part of the pile length into the cohesion soils in D study area is more than the other areas. Strength 
of piles in other areas is not more differences in length.  
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The study of these graphs show that dynamic relations used in this study have very good 
agreement with the classical static relations means that nearly all the values obtained dynamic 
relations are located in different static relations. Just the piles in D study area that thickness of clay 
layers are more than the others , pile bearing capacity are more in dynamic relations to static 
relations. 
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Figure 7. Diagram of changes in load capacity of piles according to depth in A study area with static and dynamic 

methods 
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Figure 8. Diagram of changes in load capacity of piles according to depth in C study area with static 

and dynamic methods 
 

8. CONCLUSIONS 
It should be mentioned that every expert person can calculate the pile load capacity and it is 
possible for them to use different ways but what is important and emphasized collecting of valuable 
data, comparing and qualitative assessment of information. In this study there are many factors 
like: how to perform and recorded information and existing theories and it should not just be paid 
attention to raw values but we should analyze the existing relations and their ratio to them.  
Therefore, the following results are presented: 
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Among the static various methods to determine the pile bearing capacity, Mayerhof and 
Janbu relations are conservative and Vesic relationships are very high. Perhaps the using of average 
values from different relations is appropriate solution to increase accuracy and reduce calculation 
errors. 
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Figure 9. Diagram of changes in load capacity of piles according to depth for all study areas including 

D with static and dynamic method 
 

Strength of soil in end pipe pile of open end are formed before penetrating the layer of hard 
clay soil layer (cohesion soil), it means pipe piles performance solidly and increase the tip strength 
of pile.  

It's better to calculate skin strength of different parts of piles in different cohesion and 
cohesionless layers and their parameters are calculated separately, if the necessary information is 
not available the results of λ method can be thoroughgoing. 

Results of dynamic relations of pile bearing capacity in which their researches are used 
(ENR method, modified ENR and new modified ENR) have good correlation with static relations. 

In parts where the clay layers are relatively high, the bearing capacity from dynamic 
relations to static relations is larger.  

With increasing thickness of clay layers (cohesion soil) in the place of pile driving and the 
upper of pile point the load capacity from dynamic and static relations will increase. 
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