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Evaluating group action of piles under lateral loads in sand
Levaluation de I'effet du groupe de pieux en sable soumis aux efforts laterales

S.Arsoy — Celal Bayar University, Manisa, Turkey
S.Prakash — University of Missouri-Rolla, Rolla, MO, USA

ABSTRACT: Group Reduction Factor, G, (Davisson, 1970) for prediction of pile group behavior appears to be somewhat conserva-
‘tive (Prakash and Prakash, 1989). In this study the results of 14-full scale tests on piles in sand were analyzed to evalvate G, and
shown that G, is a function of pile spacing, displacement and relative density. Group action disappears at 6-diameter pile spacing for
2x2 groups and 7-diameter pile spacing for groups having six piles or less in the direction of loading.

RESUME: Le Facteur de Reduction du Groupe, G,, (Davisson, 1970) utilize pour la prediction du comportement d’un groupe de
pieux parait un peu pessimiste (Prakash and Prakash, 1989). On a étudie les resultats de 14 pieux dans le sable a 1’echelle naturelle.
On a trouvé que le facteur G, est une fonction de 1’espacement des pieux, ainsi que leur deplacements et densités relatives. L’effet du
groupe a disparu quant l’espacement entre les pieux est egale a 6 diamétres pour les 2x2 groupes, et 7 diamétres pour les groupes

possedant moins que 6 pieux dans la direction de la charge.

1 INTRODUCTION

In design of pile groups, the same model as for single piles is
used, except that an empirical cormrection factor is applied to the
soil property. The subgrade reaction method is more widely
used than the elastic continuum method because of its simplicity.
The Group Reduction Factor proposed by Davisson (1970) for
granular soils has been widely used by the practicing engineers.
His recommendations appear to be somewhat conservative, and
require modification (Prakash and Prakash, 1989). In this paper,
the group action in laterally loaded piles has been re-evaluated,
based on fourteen full scale and model pile tests, analyzed by
Arsoy (1996).

2 SUBGRADE REACTION SOLUTION

The subgrade reaction solution treats the laterally loaded pile as
a beam on elastic subgrade represented by a series of closely
spaced, independent elastic springs. The stiffness of the springs
(ky), the modulus of horizontal subgrade reaction, is expressed as
the ratio of the applied pressure p to the lateral deflection y,
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The probable real variation of k;, with depth for cohesionless
soils is parabolic, and the variation can be assumed linear for
practical purposes (Davisson and Gill, 1963). Le.

kp =npx (2

in which ny, is the constant of horizontal subgrade reaction as de-
fined by Terzaghi (1955).

Matlock and Reese (1962) developed a non-dimensional so-
lution for deflection (y) for a fully embedded, free headed, later-
ally loaded single pile in cohesionless soils as:
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where, El is the flexural rigidity of the pile, Q, is the lateral load
at mudline, M, is the moment at pile head, T is the relative stiff-
ness factor (see Equation 4), and A, and B, at mudline are equal
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to 2.435 and 1.623, respectively, for long piles, i.e. pile length >
ST.
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If piles in a group may be fully or partially restrained from
rotation but may translate, (fixed-translation head) deflections
are determined by Equation 5.
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where, A is the pile head fixity factor: 1 for fixed head piles, 0
for free head piles, between 0 and 1 for partially fixed head piles
(see Prakash and Sharma, 1990).

3 ANALYSES

Analyses were made by assuming that each pile in a group car-
ries the same load per pile.
According to Davisson (1970) and Arsoy (1996),
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where, G, is the coefficient of group action, subscript single is
for free head ‘single pile’ and ‘group’ is for an imaginary pile in
the group which carries average load. Since soils are non-linear,
Ky group and kg gingie should be calculated from load tests at the
same deflection.

Arsoy (1996) constructed a database containing lateral load
tests of pile groups along with their complementary single pile
test data from full scale field tests and laboratory model tests on
sixteen pile groups of which ten were at 3D spacing, four at 4D
and two at 5D spacing as can be seen in Table 1.

Feagin (1935) tests consisted of one 2x2 and two 6x2 groups
and a single pile in medium dense sand. Prakash (1962) model
group tests had partially fixed head piles in sand at various den-
sities. Relative stiffness factor, T, values were provided at four
different deflection levels, which were directly adopted from his



Teble 1. Pile group tests analyzed (after Arsoy, 1996).

Table 2. Observed values of coefficient of group action G, for strains
0.01 10 0.03.

Ref. No. of piles' Relative Density Pile Spacing Water Level

M1 13 13% D dry Pile spacing G .fo.r 2x2 groups G, .fo'r 3x3 and §x2 groups
M2 I3 55% D dry (minimum-maximum) (minimum-maximum)

M3? 33 33% sD dry D 0.53-0.85 0.40-0.55

M4 33 55% 5D dry 4D no data-0.76 no data-0.52

MRS® 33 50% D at surface D . 0.73-1.00

P4 x2 91% D dry

P13 x2 4% kin} dry

p16* 2x2 8% 3D dry Plots of the coefficient of group action vs. shear strain show
p21* 3x3 91% D dry that G, decreases significantly as the strain increases up to a
P5.6‘,7‘ 2x2 91% 4D dry strain level of 0.01 and levels off beyond this strain value to 0.48
P23 33 9% 4D dry to 0.50 (Arsoy, 1996). G, decreases as the group size increases.
F2 6x2 med. dense 3D 0.7m below surface However, the variation in G, between 3x3 and 6x2 groups is not
F3 6x2 med. dense 3D 0.7 mbelow surface as dramatic as the variation betw! 22 and 3x3 Ar

Fs* 2x2 med.dense 3D 0.7 mbelow surface ¢ vanatlon between ~x2 an groups (Arsoy,

' AxB: A in loading direction, B perpendicular to loading direction
? McVay et al. (1995), free head aluminum model piles

? Morrison and Reese (1986) free head full-scale steel pipe piles

* Prakash (1962) partially fixed head model aluminum piles

* Feagin (1935) fixed head full-scale timber piles

tests. McVay et al. (1995) tests were free head piles with prop-
erties summarized in Table 1.
The method of analysis can be summarized as:
1. Calculate the relative stiffness factor T of single pile at a
predetermined deflection.
2. Calculate T of the imaginary pile at the average load per
pile of a group at the same deflection as in | above; and
3. Calculate the coefficient of group action by Equation 7.

4 RESULTS AND DISCUSSION

1996). The design value of G, must be representative for work-
ing strain levels in the field Therefore, a range of G, come-
sponding to strains of 0.01 to 0.03 is presented in Table 2. Val-
ues of G, at these limiting strain levels should be sufficient for
many applications.

Table 3 and Figure 1 summarize the recommendations of the
authors along with Davisson’s (1970) recommendations. As can
be seen from either Figure 1 or Table 3, the present recommen-
dations contain extrapolated values of G, and G, values that are
slightly different from those presented in Table 2.

These recormmendations were made in a conservative way
(with respect to the data obtained in this study) in order to pro-

Table 3. Recommended values of coefficient of group action G, for
strains less than 0.02.

Pile spacing Maximum no. of piles in loading direction
2
The coefficient of group action is presented as a function of  3p 048 0.40
shear strain (7y) which is a function of displacement (Kagawa and  4p 0.60 0.50
Kraft, 1980) as: 5D 0.85 0.70
6D 1.00* 0.85*
§ ) D 1.00* 1.00*
y=—=~%_ @)
1.667B * Extrapolated values
1.0 —
-~ ¥ /'/
0.9 = 3 e
/ A - > & i
| g 0.8 - A
e 0.7 4 o i
= -~
) ]
< 0.6 - e
-t o > > 28
3) = ® < 2X2 groups
2 05 ' > )
= T = —O— 6 piles or less in
- - 6 pil l
~ 04 Q loading direction
--------- Davisson (1970)
0.3~
0.2 !
5 §) 7

>
S

Pile spacing

Figure 1. Recommended values of coefficient of group action.
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. Figure 2. Predicted vs. measured loads for all 14-pile groups

vide a complete set of G, values for the working displacement
levels for the practicing engineer.

Figure 2 shows a comparison of measured versus predicted
loads (Arsoy, 1996).
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5 CONCLUSIONS

dense sand at 3D and 5D pile spacing. Journal of Geotechnical
Engineering 121(5): 436-441.

Morrison, C. & Reese, L. C. 1986. A4 Lateral Load Test of a Full Scale

Based on this study, the following conclusions are drawn:

1. @G, disappears at 6D spacing for 2x2 groups and at 7D
spacing for groups having 6 piles or less in the direction of
loading

2. @, is strain dependent; its numerical value decreases as the

shear strain increases.

G, appears to be a function of relative density.

4. The coefficient of group action, G, recommended in this
study is capable of making more realistic prediction of lat-
eral loads of pile groups than those of Davission (1970)
recommendations for the groups analyzed.

w

REFERENCES

Arsoy, S. 1996. A Non-Linear Prediction of Pile Group Dedflections
Under Lateral Loads in Sand. MS Thesis. Rolla, MO: University of
Missouri-Rolla.

Brown, D. A. et al. 1988. Lateral load behavior of pile groups in sand.
Journal of Geotechnical Engineering 114(11): 1261-1276.

Davisson, M. T. & Gill, H. L. 1963. Laterally loaded piles in layered
soil system. Journal of Soil Mechanics Foundation Division
89(SM3): 63-94.

Feagin, L. B. 1935. Lateral pile loading tests. Transactions of ASCE
102: 236-254.

837

Pile Group in Sand. Geotechnical Engimecring Report GR86-1,
Geotechnical Engineering Center. Austin, TX: University of Texas.

Prakash, S. 1962. Behavior of Pile Groups Subjected to Lateral Loads.

Ph.D. Thesis. Urbana, IL: University of Hlinois at Urbana,
Champaign.

Prakash, S. & Prakash, Sally 1989. Reanalysis of piles under static and

dynamic lateral loads. In Burland, J. B. & Mischell, J. M. (eds),
Proc. Of the Intern. Conf On Piling and Deep Foundations, London.

Prakash, S. & Sharma, H. D. 1990. Pile Foundations in Engineering

Practice. New York, NY: John Wiley & Sons, Inc.

Terzaghi, K. 1955. Evaluation of coefficient of subgrade reaction.

Geotechnique 5(4): 297-326.



