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®(degrees)

5 10 15 20 25 30 35 40
Terzaghi[1] 050 1.20 250 5 970 19.70 424 100.40
Meyerhof [2]* 007 036 112 287 677 157 372 937
Hansen &
Christiensen[3]” - - 12 29 7 15 35 85
Booker[4]° - 046 115 2.89 663 15 358 83.80
Chen [8]° 038 1.16 230 520 1140 25 57 141
Griffiths[14] - - 2 4 824 1741 - -
Bolton et al[5] ° 062 1.71 317 597 11.60 23.60 51 121
Michalowski [9]° 018 0.70 1.93 446 9.76 21.39 4868 118.82
[Flr%’%ma“ & Burd - - - - - 217 542 147
Soubra[10]° - - 195 449 981 215 49 120

Ukritchon et al-
LB[11] ¢
Ukritchon et al-
UB[L1]® 0.12 047 131 327 752 17.40 4240 111.10
Kumar[6]b 0.23 069 160 343 7.18 1557 35.16 85.73
HjiajetaI-LBd[lZ] 0.11 043 117 282 643 1456 33.95 83.32
Hjiaj et al-UB °[12] 0.11 045 123 296 6.73 1523 35.64 88.39
Kumar &
Khateri[13]d 0.11 040 109 265 6.02 13.65 3190 77.88
Casnane &
Casablanca[?]b - - 126 298 6.75 1525 35.67 87.03
Current LB - 034 101 228 560 13.05 31.07 73.58
: Limit equilibrium method
:Method of characteristic lines
: Upper bound solution by assuming a failure mechanism
: Lower bound finite element method
: Upper bound finite element method
: Finite difference analysis

Table 1. The values of Ny proposed by different researchers for rough footing

011 041 113 267 595 132 293 69.9

Q ®© o0 0 oo

Glo ol il O Kiays b s o slgein Ny sl aulis Y Jd

®(degrees)

5 10 15 20 25 30 35 40
Meyerhof [2]° ).03 0.18 0.56 1.43 338 7.83 18.57 5
Hansen & Christiensen[3]° - - 0.7 1.60 35 75 18 42.70
Booker[4]° - 0.28 0.66 1.54 341  7.36 17.90 42.30
Chen [8]° 0.1 0.5 1.2 2.70 590 1270 28.6 71.60
Griffiths[14]" - - - 2.40 4.70 10 21 -
Bolton et al[5] ? 0.09 029 071 160 351  7.74 17.80 44
Michalowski [9]° 0.12 042 1.05 2.33 5.02 1091 24.74 60.21
Frydman & Burd [15]° - - - - - 8.70 20.70 54.20
Ukritchon et al-LB[11] ° 0.08 0.27 0.68 1.52 333 7.18 15.70 38.5
Ukritchon et al-UB[11]° 0.09 030 0.75 1.73 394 854 21.20 54.20
Hjiaj et al-LB “[12] 0.08 028 0.70 1.57 345  7.62 17.46 42.76
Hjiaj et al-UB ° [12] 0.09 029 0.73 1.66 3.65 8.07 18.51 45.42
Kumar & Khateri[13]° 0.08 0.27  0.67 151 331  7.26 16.53 39.91
Casnane & Casablanca[7] ® - - 0.75 1.61 3.49 7.68 17.68 43.83
Current LB 0.07 0.26 0.64 1.39 3.69 850 19.13 39.45

Limit equilibrium method
b :Method of characteristic lines
¢: Upper bound solution by assuming a failure mechanism
d: Lower bound finite element method
e: Upper bound finite element method
g: Finite difference analysis
Table 2. The values of Ny proposed by different researchers for smooth footing
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Abstract

Due to the complexities associated with the determination of bearing capacity coefficient Ny, researchers
have proposed different values for this coefficient. As the roughness of foundation influences the value of
this parameter, it is essential to consider its effect on Ny. In the present research, the values of bearing
capacity factor Ny, has been determined by lower bound finite element method. The problem has been
solved for a two-dimensional domain of the soil beneath a strip foundation. The domain was discretized into
a three-nodded linear triangular element. In this method, in contrast to the conventional finite element
analyses, the primary variables are three components of two-dimensional stress matrix. Differential
equations of stress equilibrium in horizontal and vertical directions are the governing equations of problem.
The bearing capacity is defined as the maximum load which can be applied to the foundation while not
violating the stress constraints. The constraints include stress discontinuity and yield condition constraints.
The stress components at a node common in adjacent elements are not essentially equal. The stress at
adjacent element can be discontinuous. The condition of stress discontinuity means that the stress
components should be such that the tangential and normal forces at common border lines of adjacent
elements are in equilibrium. Moreover, the stress components should be such that they do not violate the
Mohr-Coulomb failure criterion. The failure criterion was linearized into definite linear segments. The
aforementioned equality and non-equality conditions construct a set of linear equations. The maximum load
can be applied to the foundation was determined by linear programming as an optimization technique. The
Ny factor was calculated at smooth conditions. For the smooth foundation, an additional constraint was
applied. The horizontal at the soil-foundation interface was imposed zero. The values of Ny were compared
at different values of soil friction angles. The values of the factor obtained from the current research were
compared with the results of other relevant researchers including the results obtained from limit equilibrium,
slip line method, upper bound solutions and lower bound solutions. The results indicate that the roughness
of foundation affects the value of Ny factor and consequently affect the bearing capacity. Therefore, in order
to calculate the precise and reliable bearing capacity of a foundation, it is essential to take the effect of
foundation roughness into account. The results of comparisons with the relevant studies indicate that the
results of different methods do not differ substantially for the friction angles less than 30 degrees. On the
other hand, the values of factors obtained from different methods differ substantially from each other for the
friction angles higher than 30 degrees. This divergence increases by increasing the friction angle. The factors
obtained from upper bound solutions are essentially higher than those obtained from the present research
which is a lower bound solution. As the exact solution is higher than what obtained from lower bound
solution, it could be stated that the reliability index of the factors obtained from the current study is higher
than other methods. It could be concluded that the proposed factors can be regarded as a safe estimate for Ny
factor.

Keywords: Roughness, Shallow Foundation, Finite Element, Lower Bound, Limit Analysis, Bearing Capacity Factor
Ny
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