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Analysis of elastic behavior of pile group
foundation under combined load

Koji TOMINAGA and Haruyuki YAMAMOTO

In general, a pile group foundation may be subjected to simultaneous axial load, lateral load, mo-

ment, and possibly, tortional load from the superstructure. This paper presents the method of

analysis for the elastic behavior of pile group foundation undet the above combined load. In the

proposed method, Mindlin’s solutions were applied to express the interaction phenomena between

piles, assuming the soil as a homogeneous elastic continuum, and a solution was derived from im-

posing compatibility between the displacements of the pile and the adjecent soil along each divided

element of the piles.

In order to examine the effects of pile spacing, pile arrangement, difference between loadings at

center and eccentric point of the pile cap, and so forth on the behavior of pile group foundation,

three numerical examples were analyzed. And then, the comparison between the results of the full

scale pile group test in the field and the theoretical ones was also made.
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Fig. 1 Assumed pile elements and soil reactions for analysis
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Fig. 2 Diagram illustrating method of analysis
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Fig. 3 Typical example of pile group foundation
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Fig. 4 Junction of the pile head and pile cap
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Table 1 Characteristics of pile and soil used
for parametric study

Diameter of pile D 0.5m
Thickness of pile ¢ 0.0l m
Cross-sectional area of pile A, =~ 0.0154 m?
Embedded length of pile L 20.0m

Elastic modulus of pile E, 2.1X107ton/m?
Flexural rigidity of pile EI, 9706 ton-m?
Axial rigidity of pile EA, 3.23X105ton
Elastic modulus of soli E; 1000 ton/m?
Poisson’s ratio of soil A 0.3
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(b) Example 2

(¢) Example 3

Fig. 5 Pile groups considered in parametric study
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(b) Fixing moments at pile cap caused by unit
rotation of pile cap
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Fig. 6 Results of calculations: Example 1
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(a) Displacements of pile cap caused by unit horizontal force at eccentric point
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(b) Rotations of pile cap caused by unit horizontal force at eccentric point
Fig. 7 Results of calculations: Example 2
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(b) Deflection v of pile caused by unit horizontal force

Fig. 8 Results of calculations: Example 3
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Fig. 10 Plan and cross section of test piles and pile cap

Table 2 Characteristics of piles and pile cap used

for test

Diameter D 0.8128 m
Thickness ¢ 0.0127 m
Cross-sectional area 4, 0.0319 m?
Embedded length L 23.0m
Flexural rigidity EI, 5.366x10%t-m?
Height of loading point B 0.08m
Weight of pile cap N 17.28 ton
Spacing of piles R 2.46 XD

E.=160N (ton/m?) (9)
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Table 3 Various E,-values and boundary conditions used for analysis on field test

Case Stratum to estimate Estimated E~value Pile head Pile tip
E~value (ton/m?) condition condition
FF-1 G.L. 0~— 5m : N*=7 1120 Fix Free
FF-2 G.L. 0~—13m : N=10 1600 Fix Free
FF-3 G.L. 0~—22m : N=14 2240 Fix Free
FP-1 G.L. 0~— 5m : N=7 1120 Fix Pin
FP-2 G.L. 0~—13m : N=10 1600 Fix Pin
FP-3 G.L. 0~—22m : N=14 2240 Fix Pin
PP-3 G.L. 0~—22m : N=14 2240 Pin Pin

* N ; average SPT N-value within the stratum
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Fig. 11 Comparison between theoretical and measured
load-pile cap displacement curves
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Appended Fig. 1 Integration of Mindlin’s solution
along pile surface
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Appended Fig. 2 Mirrored—-image technique
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