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THREE DIMENSIONAL FINITE ELEMENT METHOD
ON LATERALLY LOADED PILE FOUNDATION

By Makoto Kimura, Atsushi Yasuima and Toru SHIBATA

Synopsis

In this study, an analysis of the behavior of piles subjected to lateral loads is
carried out by a three-dimensional elasto-plastic finite element method (GPILE-3D).
The installed piles are treated as high rigidity columns in this analysis. Further-
more, since the three-dimensional model requires much CPU time and memory, the
conjugate gradient method is introduced to solve the equations. In order to check
the validity of this analysis, field measurement data of laterally loaded tests on
prototype single piles is used. The single piles are installed in a laminated ground
by a cast-in—place reinforced concrete pile, 256 m in length and 1.2 m in diameter.
The following two kinds of prototype tests are analyzed: 1) free-headed single pile
and 2) fixed-headed single pile. As a result, the proposed numerical method has
been found to be capable of estimating the behavior of laterally loaded piles.
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Fig.4. Three-dimensional FEM mesh (the
nodal points and elements are 1320
and 980, respectively.).
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Fig.5. Types of ground and

shear modulus (S-type
and C-type grounds).
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Tablel, Cases and parameters of the analyses (Case-1~Case-4)

Case-1
Layer’ N value E, (tf/m) v c (tf/m) ¢ (degree)

1 Elastic 0.1 0.45 Dummy layer
2 Elasto-plastic 18 5040 0.33 0.0 35
3 Elasto-plastic 10 2800 0.33 0.0 35
4 Elasto-plastic 23 6440 0.33 0.0 35
5 Elasto-plastic 21 5880 0.33 0.0 35
6 Elasto-plastic 6 1200 0.33 3.0 10
7 Elasto-plastic 0.5 100 0.33 4.5 10
8 Elasto-plastic 1 200 0.33 6.2 10
9 Elasto-plastic 4 800 0.33 8.0 10
10 Elastic 70 28000 0.33

*See Figure4

Case-2 ; Applying E,=200N(tf/nf) in the upper sandy layers (2nd~5th layers)
Case-3 : Applying E,=100N(tf/nf) in the upper sandy layers (2nd~5th layers)
Case-4 : Applying E=100N(tf/nf) and ¢ =25(degree) in the upper sandy layers (2nd~5th layers)

a) Elastic method (b)
(@) Case-1 Elasto-plastic method 64 Case-3
s - Case-l ® [ 7 Case-4
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i ¥ //
g 48 B 48 - I/‘I/ O
s 7 Experimental results
9 Experimental results S
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Fig.6. Lateral load-displacement curves at pile top (free-headed pile).
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Fig. 10. Distribution of lateral displacements to a depth ((a) free-headed pile,

(b) fixed-headed pile).
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Fig.14. Stress paths of the element surrounding the pile ((8) elements in front
of the pile, (b) elements in back of the pile).
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Fig.15. Comparison of stress path between free-headed pile and fixed-headed
pile (4th layer, see Fig.4.).
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Fig.16. Plastic zone of surrounding ground at the 48 tf loading condition
(1st layer).
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Fig.17. Expansion of the plastic region on the symmetric plane (x-z plane).
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