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บทคัดย่อ
 กกกกกก (กก)  
กกก  2  ก 
กกกก ก
กกกก, Nc กกก, D/B  D/B 

  Nc กก  Nc ก D/B = 6.5 
ก  Nc กก D/B = 1.5 กก ก
 Nc ก 

ABSTRACT 
 This paper presents parametric studies of bearing capacity factor of foundations (shallow and 
deep foundation) in clay, where strip foundation and circular foundation are analyzed. The two 
dimensional finite element was employed to determine stability of this problem, where the plane strain 
condition was applied for strip footings and the axisymmetric condition was applied for circular 
footing. The computational results were End Bearing Capacity Factor, Nc which was the function of 
ratio of depth and width, D/B.When D/B was increased, Nc of two types of foundations would also be 
increased. Nc of strip foundation would be constant when D/B = 6.5. Likewise, Nc of circular 
foundation would be constant when D/B = 1.5. In addition, this research has also proposed equations 
for calculating Nc. 

 
1.  

กกกก
ก Terzaghi (1967) [1] ก
กก  Terzaghi 
กกก

              (1) 

  q            ก    (Average 

Bearing Pressure) ก Su ก
 (Undrained 

Shear Strength) Nc กกก
ก (End Bearing Capacity Factor) 

 = 
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ก Nc ก
 กกกก
ก   Skempton (1951) [2] 

Meyerhof (1951 [3], 1963 [4]) 
 (Limit Equilibrium Method) ก Nc 

ก (Strip Foundation)  

Prandtl (1920 [5], 1921[6]) 
 (Exact Solution) ก 
(Strip Foundation)  
ก (2+π) 

Houlsby  Martin (2003) [7]  
ก (Finite Element Limit 

Analysis)   (Lower Bound)  ก
กกกก
ก (Circular Foundation)  Houlsby 

 Martin  (Upper 

Bound)  
(Exact Solution)  

Salgado et al. (2004) [8 ]         
ก (Finite Element Limit 

Analysis)           (Upper Bound)   
 (Lower Bound) ก  
กกกก (Strip 

Footing) กก (Circular Foundation) 

 กกก
ก  
ก 15  

Edwards et al. (2005) [9]       
 (Finite Element Method) ก Nc

กกก 
กก 
(D) ก (B) ก 5 

กกก  
 Das (1990) [10] Salgado (2008) [11] 
 Bowles (2001) [12] ก Nc

กกกกก
กกกกก 5 

 กกก
กก Skempton 

(1951) [2] กกก (Nc) 

กกก
ก กกก
ก 0  5.14 ก
 6.2 กก ก
ก  Nc ก 
 7.5 ก 9 
กก กก
ก ก  5  กกก
กก  Nc กกก 
 1 กก
   ก  ก  
ก

5
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Circular Foundation

 
 1 กกกกก

 Skempton (1951) [2] 

2. กกก
 

ก Plaxis 2D 

 Brinkgreve et al. (2002 [13], 2007[14]) 
ก
2.1  

ก
 



631

12 13

   ก  
 (E/su) = 500 

ก (su) 
    (φ)  = 0               (ψ)  = 0 
 (υ) = 0.495  
ก
ก 
       ก    (Weightless Soil), γ = 0 
กกกก 
กก
กก (Surcharge Factor)  ก
กกกก
ก กก 
 2 
2.2 ก

              ก          (Strip 

Foundation)  
(Plane Strain) ก
    ก    0 .5 B     ก          
(Symmetry) ก
  
 
ก, D  (Free 

Surface) กกก (Gap) 
กกก   
กกกกก
ก Prescribed Displacement ก
กก
 

               ก   ก    ( Circular 

Foundation) ก
กก 1  (Radian) ก
กก (Axisymmetry) 
 2π 
กก ก

กก
 ก
กก (Prescribed Displacement) 
 (Rough Surface) ก
กก (α) ก 1 กกก 
α= Sui /Su  Sui ก
 กกก 
 2  3

 
 2 กกกก

ก

 3 กกกก
กก Plaxis 

 
2.3  

 (Plane 

Strain) ก (Axisymmetry) 

 15  
(Node)  12  (Stress 

Points) กก
 (Very Fine)  4 
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
 4 

2.4 ก
ก  

ก (D) ก (B)  D/B 
 D/B ก 20   D/B = 

0 - 8 
   ก   

  กกกก (End 

Bearing Capacity Factor), Nc = q/Su    q  
ก 

ก 
Nc = f(D/B)  

3.  ก 
  5-7 กกก

ก (Strip Foundation) กกก
กก 
(Incremental Shear Strain Contour) ก
ก       (Total Increment Vector) 

ก D/B = 0, 3   7 
   D/B = 0 กกก
ก 




 5 (a) ก

(b) กกก
  D/B = 0 





 6 (a) ก

(b) กกก
  D/B = 3 
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 7 (a) ก

(b) กกก
  D/B = 7 

กกก D/B = 0   
3 ก 5  6 ก
 กก  
ก           
 กก 
D/B = 7 ก 7 ก
 ก
ก กก
    D/B = 6.5   D/B 

กก 6.5  ก
ก
กกก  D/B ก 6.5 กก
กกก ก
กกกกกกก
ก  D/B กก 
6.5 กก
กก



 8 (a) ก

(b) กกกก 
 D/B = 0 



 9 (a) ก

(b) กกกก  
D/B = 0.5 
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

 10 (a)ก

(b) กกกก 
 D/B = 2 

 

  8-10 กกก 
กก (Circular Foundation) กกก
กก 
กกก
 D/B = 0, 0.5  2   D/B = 0  ก
กก ก 

กกกกกก
ก ก
ก 8  9 
 D/B = 1.5  ก
ก
ก 10  
D/B กก 1.5 กก
กก

  11 กกก Nc

กก 5.146  D/B = 0 
กก (Exact Solution)  

Prandtl (1920 [5], 1921 [6])   D/B = 0 ก 
5.14159  (2+π)  D/B   Nc ก
   D/B = 6.5  Nc 
ก 8.4  11 ก
ก  Nc  D/B = 0 ก 6.056 
ก         Edwards et al. (2 0 05 ) [9 ]     
Houlsby  Martin (2003) [7] กก
ก   Nc  Edwards et al.   D/B = 0   
ก 6.09  Nc  Houlsby Martin  D/B= 0 

ก 6.052  D/B   Nc ก
  D/B ก 1.5  Nc ก
ก 9.73  11 

5

6

7

8

9

10

0 1 2 3 4 5 6 7 8

Nc

D/B

Strip Foundation

Circular Foundation


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Skempton (1951) [2]

Salgado et al. (2004) [8], Upper Bound

Salgado et al. (2004) [8], Lower Bound

Edwards et al. (2005) [9] 


 12 กNc ก

กก



631

16 17

 12 ก Nc ก
ก  ก  Nc 

กก      
กก Nc  Salgado et al. (2004) [8] 
ก ก D/B  0  5 กก Nc

 Skempton (1951) [2]  D/B  0  2.5 

 13 ก Nc ก
กก  ก  Nc ก
ก
 Nc  Salgado et 

al. (2004) [8]   D/B   0   1  
กก Nc  Skempton (1951) [2] 
ก  Houlsby  Martin (2003) [7]  
8-20 
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   13 กNc กกก
ก 

กกกก
ก ก
 Nc กก
กก (2)  (5) 

กก D/B ≤ 6.5 

              (2) 

กก D/B > 6.5 
              (3) 

กกก D/B ≤ 1.5 
              (4) 

กกก D/B > 1.5 

              (5) 

กก 
  Coefficient of Determination (R-squared), R2 
[15], [16] กก (6) 

             
(6) 
     
  

 R2 
กกก 
กก  
R2  0%-100%  ก
  R2 ก 100%  
ก  R2 กก 100% ก
กก

กก R2 ก (2)  
R2 = 99.9%  ก  (4)   R2 = 99.8% 
กก 100% ก 
 
4.   

 กก  
กก กกก  
 2 ก
 
กก
กก กกกก
 D/B ก 6.5 กก 

Nc = 0.095 D
B3 − 0.539 D

B2 + 1.700 D
B + 5.141

Nc = 8.40

Nc = 0.975 D
B3 − 3.828 D

B2 + 5.842 D
B + 6.048

Nc = 9.73

R2 =  1 − SSresSStot

SSres =  (yi − 
n

i=1
fi)2

SStot =  (yi − 
n

i=1
y)2

y =  1
n  yi 

n

i=1
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D/B ก 1.5 ก
  
ก D/B กก 6.5 
     ก ก     D/B  ก ก   1.5 
ก
กก

 D/B = 0 กกก
 ก  กก 
ก Nc กก 
5.146   ก ก (Exact 

Solution)  Prandtl (1920, 1921) [5], [6] 
ก 5.142  (2+π) ก  D/B = 0 
กก Nc ก 6.056 ก
 Edwards et al. (2005) [9]  Houlsby 

 Martin (2003) [7] กกก  
 Nc  Edwards et al. ก 6.09  
Nc  Houlsby  Martin ก 6.052 

 D/B   Nc กก
  Nc ก
  D/B = 6.5  Nc ก 
8.40   Nc กก   
D/B = 1.5  Nc ก 9.73  

กก ก
กกก 
      Nc   Skempton (1951) [2]    
ก Nc = 7.5 ก 
 Nc = 9 กกกกก
 8.5%  ก
  8.1% กก   Nc

 Skempton ก 
(Conservative Side) 

ก Nc ก
กกก
ก ก R2 = 99.9% 
ก 99.8%  กก 
กก 100% ก 

 
ก

[1] Terzaghi, K. Theoretical Soil Mechanics. New York: Wiley, USA, 1943. 
[2] Skempton, A. W.  The Bearing Capacity of Clays. Building Research Congress, London, 1951; 1: 

180–189. 
[3] Meyerhof, G. G. The Ultimate Bearing Capacity of Foundations. Geotechnique, 1951; 4: 301–

332. 
[4] Meyerhof, G. G. Some Recent Research on Bearing Capacity of Foundations. Can. Geotech. J. 

1963; 1: 16–26. 
[5] Prandtl, L. Über die Härte plastischer Körper, Nachr. K. Ges. Wiss. Gött. Math Phys., Kl, 1921; 

74-85. 
[6] Prandtl, L. Eindringungsfestigkeit und Festigkeit von Schneiden. Zeit Angew. Math Mech, 1921; 

1: 15.  
[7] Houlsby, G. T. and Martin, C. M. Undrained Bearing Capacity Factors for Conical Footings on 

Clay. Ge´otechnique53, 2003; 5: 513–520. 
[8] Salgado, R., Lyamin, A. V., Sloan, S. W. and Yu, H. S. Two and Three-Dimensional Bearing 

Capacity of Foundations in Clay. Ge´otechniqu54, 2004; 5: 297–306. 
[9] Edwards, D. H., dravkovic, L. Z., Potts, D. M. Depth Factors for Undrained Bearing Capacity. 

Ge´otechnique55, 2005; 10: 755–758. 
[10] Das, B.M. Principle of Foundation Engineering 2nd ed. PWS Kent Publishing Company, USA, 

1990. 
[11] Salgago, R. The Engineering of Foundation. McGraw-Hill, USA, 2008. 
[12] Bowles, J.E. Foundation and Analysis Design. The McGraw-Hill Companies, USA, 1996. 



631

18 19

[13] Brinkgreve, R.B.J. PLAXIS 2D Version 8 Manual, A.A. Balkema Publishers, Netherlands, 2002. 
[14] Brinkgreve, R.B.J. PLAXIS 2D Version 8.5 Finite-Element Code for Soil and Rock Analyses: 

Complete Set of Manuals. R. Brinkgreve, ed., Netherlands, 2007. 
[15] Walpole, R. E., Myers, R. H., Myers, S. L., Ye, K. Probability & Statistics for Engineering and 

Scientists 7th ed. Prentice Hall, New Jersey, USA. 2002. 
[16] Dixon, W.J., Massey F.J. Introduction to Statistical Analysis 3rd ed., McGraw-Hill Book 

Company, USA. 


