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Numerical Analysis of Pile-Soil Interface Strength Properties Effects on the
Lateral Stiffness of p-y Curves

H. Sharafi Y. Shams Maleki

Abstract Investigation of lateral bearing capacity of piles under lateral loading in the vicinity of soil
slopes and level ground is one of the interesting issues in the engineering of the deep foundations in
recent decades. In the meantime, the estimation of lateral stiffness of soil layers, coefficient of soil
reaction, ks, is an old challenge on the basis of the creation of empirical (testing) and theoretical p-y
curves. In this paper, we attempt to estimate lateral soil stiffness in the length of concrete piles in various
depths in sloped ground and level ground and in the all type of soils, including cohesive soil, frictional
(granular) soil and mixed soil, i.e. c-¢ soil with the aid of numerical analysis in three dimensional finite
difference software, Flac®. For the purpose of estimating lateral soil stiffness, K, in different depths by
means of this numerical method, the p-y curves have been derived in several depths in the length of
concrete pile with circular section under static lateral loading up to the threshold of the yielding of soil
materials. The empirical relationship established between soil lateral stiffness K; and the effective
dimensionless parameters on the K;in general is calculated as a six order polynomial, and this six order
polynomial reduces to a fourth order polynomial for the cohesion component of the soil. At the end of the
paper, some well documented lateral loading tests by the present numerical method have been
investigated for validation of the numerical method of derivation of the p-y curves and pile-head load
deflection curves, H-y curves have been calculated and are compared with other results obtained by other
researchers and methods. There are good agreements between test results and the results obtained from
the numerical method presented in this paper.

Key Words Pile under Lateral Loading, Soil Lateral Stiffness, p-y Curves, Three Dimensional Finite
Difference Analysis, Empirical Relationships.
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o ot O3y = s o=

sl3 sy KNIM® O 36 o s 035 € (KP) Sl
SLs s e, Soilil wod p(deg) of Jotbs Sl

o By 28 ol 4y Sb - ped

il St — ek S pie had 5D los Aol (B e

e Sl o 5 LS (S8 85 el B
3 oo Sl Gk S b s 03 Gee 2B K Sl
Sl O ot S sl Y e S b e
D S e P R P N N e L P8
S Sl (25 e s () 3 e d b

5meed Lald Gl sl e sl et Cal s Y Jss

dobee slaz b a b c d e f e R?
abows L) 2 (®) (:bx®) (:ex?) (:dx®) (:ex®) () '

b=0.5d, c, zero - - -0.0007 0.0237 -0.1257 -1.3737 10.969 0.9978
0.5d, ¢, half - - 0.0261 -0.7617 8.2927 -40.5 78.392 0.9961
0.5d, c, full - - 0.0364 -1.158 13.701 -71.958 1453 0.9924
b=0.5d, phi, zero -0.0368 14716 -23.937 201.91 -927.66 21885 -2051.7 0.9708
0.5d, phi, half 0.0016 -0.0973 2.293 -27.088 170.89 -550.11 71547 0.9973
0.5d, phi, full -0.0016 0.0568 -0.6602 1.9007 17.846 -140.54 286.8 0.9880
b=0.5d, c-phi, zero 0.0030 -0.1237 2.0621 -17.554 80.282 -186.28 173.87 0.9993
0.5d, c-phi, half 0.0079 -0.3667 6.9717 -69.052 375.93 -1068 1246.1 0.9979
0.5d, c-phi, full 0.0035 -0.1804 3.7577 -40.606 241.16 -752.08 980.21 0.9959
b=2.5d, c, zero - - 0.0043 -0.0985 0.9628 -4.7755 11.008 0.9943
2.5d, ¢, half - - 0.0473 -1.1174 9.6413 -36.108 51.535 0.9879
2.5d, ¢, full - - 0.055 -1.4217 13.539 -56.539 89.756 0.9941
b=2.5d, phi, zero 0.006 -0.1939 2522 -16.778 60.090 -109.74 82.227 1.000
2.5d, phi, half 0.0228 -0.7731 10.596 -74.698 284.90 -556.88 440.47 0.9924
2.5d, phi, full 0.0187 -0.7092 10.919 -86.916 376.34 -839.6 760.17 0.9986
b=2.5d, c-phi, zero 0.004 -0.1159 1.3041 -7.2873 21.398 -31.234 21.415 0.9995
2.5d, c-phi, half 0.0055 -0.194 2.737 -19.595 75.346 -148.48 124.77 0.9970
2.5d, c-phi, full 0.0010 -0.0337 0.367 -1.1934 -4.3285 34.259 -47.159 0.9998
b=5.5d, c, zero - - 0.0188 -0.422 3.5447 -13.405 20.869 0.9945
5.5d, ¢, half - - 0.0335 -0.7878 6.8165 -25.933 38.639 0.9866
5.5d, c, full - - 0.0633 -1.6044 14.894 -60.263 91.887 0.9835
b=5.5d, phi, zero 0.0022 -0.0634 0.7283 -4.3257 14.274 -24.999 20.666 0.9990
5.5d, phi, half 0.0133 -0.4295 5.5817 -37.258 134.65 -249.87 190.52 0.9980
5.5d, phi, full 0.0132 -0.4621 6.4946 -46.80 182.35 -364.95 299.62 0.9841
b=5.5d, c-phi, zero -0.0009 0.0327 -0.4608 3.0868 -10.107 15.575 -4.0187 0.9985
5.5d, c-phi, half -0.0066 0.2196 -2.9093 19411 -67.168 111.02 -58.183 0.9983
5.5d, c-phi, full -0.0047 0.1867 -2.9890 24.495 -106.90 232.48 -186.2 0.9985
level, c, zero - - 0.0083 -0.2086 1.9980 -8.8037 17.002 0.9920
level, c, half - - 0.0089 -0.2243 2.1198 -9.3912 19.620 0.9663
level, ¢, full - - -0.0116 0.2821 -2.0822 2.7795 15.870 0.9820
level, phi, zero 0.0029 -0.0813 0.8850 -4.6542 12.4790 -16.026 11.030 0.9955
level, phi, half 0.0026 -0.0791 0.9719 -6.1797 22.295 -44.126 42.463 0.9647
level, phi, full 0.0034 -0.1134 1.4949 -9.8810 35.076 -64.574 55.537 0.9909
level, c-phi, zero -0.005 0.1617 -2.0305 12,5310 -39.053 57.139 -23.979 0.9986
level, c-phi, half -0.0025 0.0818 -1.0247 5.7616 -12.551 -0.5776 30.768 0.9982
level, c-phi, full -0.0018 0.0645 -0.873 4.9536 -6.5736 -33.960 95.836 0.9987
2.5d, full, 20deg, ¢ - - 0.0523 -1.4123 13.910 -59.230 94.186 0.9768
2.5d, full, 30deg, ¢ - - 0.0550 -1.4217 13.539 -56.539 89.756 0.9941
2.5d, full, 45deg, ¢ - - 0.1031 -2.206 17.161 -57.747 73.815 0.9918
2.5d, full, level ¢ - - -0.0116 0.2821 -2.0822 2.7795 15.870 0.9820
2.5d, full, 20deg, phi 0.0098 -0.3774 5.8483 -46.575 200.75 -443.84 398.62 0.9966
2.5d, full, 30deg, phi 0.0187 -0.7092 10.9190 -86.916 376.34 -839.60 760.17 0.9986
2.5d, full, 45deg phi -0.0175 0.4472 -4.1915 16.359 -13.037 -71.841 142.17 0.9955
full, level, phi 0.0034 -0.1134 1.4949 -9.8810 35.076 -64.574 55.537 0.9909
2.5d,full,20deg,c-phi -0.0024 0.1107 -2.0973 20.494 -107.92 289.05 -299.98 0.9994
2.5d,full,30deg,c-phi 0.001 -0.0337 0.3670 -1.1934 -4.3285 34.259 -47.159 0.9998
2.5d,full 45deg,c-phi -0.010 0.3384 -4.6859 34.3140 -140.81 307.89 -274.0 0.9970
full, level, c-phi -0.0018 0.0645 -0.8730 4.9536 -6.5736 -33.960 95.836 0.9987
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