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ABSTRACT:- By using the method of characteristics (commonly referred to as the slip line
method), the values of the bearing capacity factor Nγ were computed for rigid surface strip and
circular footings with smooth and rough bases. The analyses of bearing capacity for vertically
loaded footings using the method of characteristics have been implemented in the publicly
available computer program ABC, then Nγ –values were calculated theoretically. The
supporting soil is modeled as a frictional Mohr – Coulomb material. For both footings, the
value of the bearing capacity factor Nγ was found to increases significantly with an increase in
the angle of internal friction. When friction angle of soil  ≤25, the computed values of Nγ
for circular footing were found to smaller than those for strip footing and for larger values of ,
the magnitude of Nγ for circular footing were greater than those for strip footing for both
smooth and rough base of footings. On the other hand, the magnitude of Nγ for rough footings
was seen be higher than for a footings with smooth base. The obtained results were compared
with those available in the literature, and reasonable agreements were observed.
Keywords: Bearing capacity, method of characteristics, circular footings, strip footing.

INTRODUCTION
Whereas, the magnitude of bearing capacity factors Nc and Nq given by Prandtl and
Reissner (1924) based on the slip line method are known to be exact, a wide scatter between
published values for the bearing capacity factors Nγ exists. The solutions for Nγ have been
obtained by various researchers using (i) the method of stress characteristics (Sokolovski,
1960; Larkin, 1968; Bolton and Lau, 1993; Kumar, 2003), (ii) the limit equilibrium method
(Terzaghi, 1943; Meyerhof, 1957; 1963), (iii) an upper bound limie analysis with the
assumption of collapse mechanism ( Chen and Liu, 1990; Michalowski, 1997; Zhu et al.,
2001), and (iv) the lower and upper bound limit analysis with the use of finite elements (Sloan,
1988; Sloan and Kleeman, 1995; Ukritchon et al.,2003; Hjiaj et al., 2005). By using the slip
line method, Martin (2005) computed Nγ with respect to variation in soil- footing interface
friction angle (δ) for different values of the angle of internal friction (). From the
available analysis, it can been seen that the bearing capacity factor Nγ increases as the soilfooting interface changes from smooth to rough.
The present study aims at the estimation of the bearing capacity factor Nγ for strip and circular
footings resting on (smooth and rough) surfaces using the method of characteristics have been
implemented in the publicly available computer program ABC (Martin 2004). The user manual
gives full details of the relevant theory, the numerical methods employed, and the extensive
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collections of test problems that have been used for validation. The obtained results from the
present study were compared with solutions reported in the literature.

PROBLEM DEFINITION
The present study deals with the determination of the bearing capacity factor stemming
from the self - weight of the soil. A rigid strip footing of 4m width, B, and circular footing of
4m diameter, D, are resting on a homogenous cohessionless soil of unit weight γ= 20kN/m3 .
The foundation is subjected to a vertical load at its centerline (Fig.1). Both rough and smooth
interfaces between the footings and soil mass are considered. The soil is modeled as a rigid
perfectly plastic Mohr-Coulomb yield criterion with friction angle  ranging from 5 to 45.

ANALYSIS
For determining the bearing capacity factor Nγ, the computer program ABC (Martin 2004)
was used to analyze the bearing capacity of the footings. After obtaining the magnitude of the
bearing capacity (qu), the bearing capacity factor Nγ was defined with expression (Terzaghi,
1943)
Qu
Nγ =
0.5 γB2
Analysis was repeated for different values of internal friction angle of sand (). For each
analysis the magnitude of Nγ was obtained by using the expression above then the variation of
the bearing capacity factor Nγ with values for angle of internal friction () on a semi log plot is
shown in Figs.(2-5) for strip and circular footings (smooth and rough) respectively. It can be
seen that the magnitude of Nγ increases continuously with the increase in ().
The failure patterns generated from program ABC for  = 20 for strip and circular footing
are shown in (Fig.6) and (Fig.7), respectively.

RESULTS AND COMPARISONS
The computed values of Nγ for  = 5° - 45° were compared with those reported in the
literature.
Table(1) shows the values of Nγ for rough strip footings from different investigator using;
(i)the method of characteristics; (ii) the limit equilibrium method; (iii) upper bound limit
analysis. As can be seen, the values of Nγ obtained by Terzaghi (1943) and kumar (2003) are
all higher than others. The results of present solution are agree with the result obtained by Hjiaj
(2005) who using finite element upper bound method, with the corresponding values a little
greater.
And the calculated values of Nγ for a rough circular footing were compared with those
reported by (i) kumar (2005) using the method of characteristics; (ii) Erickson and Drescher
(2002) using the FLAC with an associated flow rule. The comparison of the results is shown in
Table(2). It can be seen that the present Nγ values are significantly smaller than those obtained
by Kumar (2005). The Nγ values of Erickson and Drescher (2002) are found to be a little higher
than the values obtained in the present analysis.
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DISCUSSION AND CONCLUSIONS
As per the theorem of limit analysis, for an associated flow rule material, the method of
characteristics provides a lower bound estimate with reference to the magnitude of the failure
load (Lysmer, 1970). This method does not take into account the kinematics of the problem,
and therefore, the solution obtained with this method cannot be said to be correct. At present
much better numerical methods are available in literatures which consider the determination of
lower and upper bound solution with help of finite element method (Sloan et al. 1982).
However, these methods require much more computational efforts as compared to the method
of characteristics.
The bearing capacity factor Nγ was computed for strip and circular footings (smooth and
rough) using the method of stresses characteristics; the magnitude of the bearing capacity
factor Nγ increases as the soil-footing interface changes from smooth to rough. The magnitude
of the bearing capacity factor Nγ increases continuously with the increase in (). The computed
values of Nγ for rough (strip and circular footings) were compared with those available in the
literature and reasonable agreements were observed.
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Table (1): Comparison of Nγ values for rough strip footing.
Nγ for rough strip footing
Method of characteristics
Limit equilibrium
Upper bound analysis
Present
Kumar (2003)
Terzaghi (1943)
Hjiaj(2005)

analysis
5.0
0.11342
0.23
0.50
0.1196
10.0

0.43310

0.69

1.20

0.4552

15.0

1.181335

1.60

2.50

1.2378

20.0

2.83870

3.43

5.00

2.9612

25.0

6.49150

7.18

9.70

6.7379

30.0

14.7546

15.57

19.70

15.2372

35.0

34.4760

35.16

42.40

35.6491

40.0

85.5650

85.73

100.40

88.3901

45.0

234.2107

232.84

297.50

240.8801

Table (2): Comparison of Nγ values for rough circular footing.
Nγ for rough circular footing



Method of characteristics
with an associated flow rule
Present Kumar (2005) Erickson and Drescher
analysis

(2002)

5.0

0.08064

0.35

-

10.0

0.32232

0.99

-

15.0

0.93232

2.27

-

20.0

2.41546

4.87

2.80

25.0

6.0727

10.40

-

30.0

15.5251

23.23

-

35.0

41.878

56.01

45.00

40.0

123.6755

150.97

130.00

45.0

417.6747

471.70

456.00
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Qu

Rigid footing

B or D

 γ،

Fig.(1): Footing resting on a cohessionless soil.
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Fig. (2): The variation of Nγ with  for a smooth strip footing.
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Fig. (3): The variation of Nγ with  for a rough strip footing.
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Fig. (4): The variation of Nγ with  for a smooth circular footing.
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(Fig.5):The variation of Nγ with  for a rough circular footing.
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Fig.(6): The failure patterns for strip footing,  = 20.
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Fig.(7): The failure patterns for circular footing,  = 20.
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ﺘﺨﻤﻴﻥ ) ( Nγﻟﻸﺴﺱ ﺍﻟﺸﺭﻴﻁﻴﺔ ﻭﺍﻟﺩﺍﺌﺭﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﺨﺼﺎﺌﺹ
ﻟﻤﻴﺎﺀ ﻨﺠﺎﺡ ﺴﻨﻭﺩﻱ
ﻤﺴﺎﻋﺩ ﻤﺩﺭﺱ
ﻜﻠﻴﺔ ﺍﻟﻬﻨﺩﺴﺔ ـ ﺠﺎﻤﻌﺔ ﺘﻜﺭﻴﺕ

ﺍﻟﺨﻼﺼﺔ
ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﺨﺼﺎﺌﺹ )ﻋﺎﺩﺓ ﻤﺎ ﺘﺴﻤﻰ ﻁﺭﻴﻘﺔ ﺨﻁ ﺍﻻﻨﺯﻻﻕ ( ﺘﻡ ﺇﻴﺠﺎﺩ ﻗﻴﻡ ﻤﻌﺎﻤل ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺤﻤل  Nγﻟﻸﺴـﺱ
ﺍﻟﺸﺭﻴﻁﻴﺔ ﻭﺍﻟﺩﺍﺌﺭﻴﺔ ﺍﻟﺴﻁﺤﻴﺔ ﺍﻟﺼﻠﺩﺓ )ﺍﻟﻤﺴﺘﻨﺩﺓ ﻋﻠﻰ ﻗﺎﻋﺩﺓ ﻏﻴﺭ ﻗﺎﺒﻠﺔ ﻟﻼﻨﺜﻨﺎﺀ( ﺫﺍﺕ ﻗﻭﺍﻋﺩ ﻤﻠﺴﺎﺀ ﻭﺨﺸﻨﺔ.
ﺍﻟﺘﺤﻠﻴل ﻟﻘﺎﺒﻠﻴﺔ ﺍﻟﺘﺤﻤل ﻷﺴﺱ ﻤﺤﻤﻠﺔ ﺒﺸﻜل ﻋﻤﻭﺩﻱ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﺨﺼﺎﺌﺹ ﻁﺒﻘﺕ ﻓﻲ ﺒﺭﻨﺎﻤﺞ ﺍﻟﺤﺎﺴﻭﺏ ﺍﻟﻤﺘﻭﻓﺭ
 ABCﺒﻌﺩﻫﺎ ﺘﻡ ﺤﺴﺎﺏ  Nγﻨﻅﺭﻴﺎ .ﺍﻟﺘﺭﺒﺔ ﻜﺎﻨﺕ ﺍﺤﺘﻜﺎﻜﻴﺔ ﻏﻴﺭ ﻤﺘﻤﺎﺴﻜﺔ ﻭﺤﺴﺏ ﻨﻅﺭﻴﺔ .Mohr – Coulomb
ﻟﻜﻼ ﺍﻷﺴﺎﺴﻴﻥ  ،ﻭﺠﺩ ﺒﺄﻥ ﻗﻴﻤﺔ ﻤﻌﺎﻤل ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺤﻤل  Nγﻜﺎﻨﺕ ﺘﺯﺩﺍﺩ ﺒﺸﻜل ﻤﻠﺤﻭﻅ ﻤـﻊ ﺯﻴـﺎﺩﺓ ﺯﺍﻭﻴـﺔ ﺍﻻﺤﺘﻜـﺎﻙ
ﺍﻟﺩﺍﺨﻠﻲ  .ﻋﻨﺩﻤﺎ ﻜﺎﻨﺕ ﺯﺍﻭﻴﺔ ﺍﻻﺤﺘﻜﺎﻙ ﻟﻠﺘﺭﺒﺔ  ، ٢٥ ≥ ﻭﺠﺩ ﺒﺄﻥ ﻗﻴﻡ  Nγﺍﻟﻤﺤﺴﻭﺒﺔ ﻟﻸﺴﺱ ﺍﻟﺩﺍﺌﺭﻴﺔ ﺍﺼﻐﺭ ﻤﻥ ﻗـﻴﻡ
 Nγﻟﻸﺴﺱ ﺍﻟﺸﺭﻴﻁﻴﺔ ﻭﻟﻠﻘﻴﻡ ﺍﻟﻌﻠﻴﺎ ﻤﻥ  ، ﻭﺍﻥ ﻗﻴﻤﺔ  Nγﻟﻸﺴﺱ ﺍﻟﺩﺍﺌﺭﻴﺔ ﻜﺎﻨﺕ ﺍﻜﺒﺭ ﻤﻨﻬﺎ ﻟﻸﺴﺱ ﺍﻟﺸﺭﻴﻁﻴﺔ ﻟﺤﺎﻟﺘﻲ ﺍﻷﺴﺱ

ﺫﺍﺕ ﺍﻟﻘﺎﻋﺩﺓ ﺍﻟﻤﻠﺴﺎﺀ ﻭﺍﻟﺨﺸﻨﺔ ﻤﻥ ﻨﺎﺤﻴﺔ ﻭﻤﻥ ﻨﺎﺤﻴﺔ ﺃﺨﺭﻯ ،ﻟﻭﺤﻅ ﺒﺄﻥ ﻗﻴﻤﺔ  Nγﻟﻸﺴﺱ ﺍﻟﺨﺸﻨﺔ ﻜﺎﻨﺕ ﺃﻋﻠﻰ ﻤﻨﻬﺎ ﻟﻸﺴـﺱ
ﺍﻟﻤﻠﺴﺎﺀ .ﻗﻭﺭﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺴﺘﺨﻠﺼﺔ ﻤﻥ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻤﻊ ﻨﺘﺎﺌﺞ ﺒﺤﻭﺙ ﺴﺎﺒﻘﺔ  ،ﺤﻴﺙ ﻟﻭﺤﻅ ﺘﻘﺎﺭﺏ ﻤﻘﺒﻭل ﺒﻴﻨﻬﺎ.
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