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SYNOPSIS An eiqht-pile qroup in sand was laterally loaded to failure under constant

axial load to investiqate the response. The observed deformation behavior and the lateral load 

transfer characteristics are summarized, and the field data are compared with analysis predictions 

usinq a rigorous numerical model of the problem. Conclusions are drawn regarding changes in the 

model inputs needed to improve the predictions.

INTRODUCTION

From November 1978 throuqh March 1979 a compre

hensive pile test program was performed for the 

St. Louis District, U.S. Army Corps of Engi

neers, and the U.S. Department of Transporta

tion. The pile test proqram was a major 

portion of the overall investigation of 

potential rehabilitation schemes beinq consid

ered for the existinq Locks and Dam No. 26 

(LD26) on the Mississippi River near Alton, 

Illinois. The test site was located 

approximately 1.7 km downstream of LD26 on 

Ellis Island, within the flood plain of the 

river.

One facet of the proqram involved static load 

tests to failure of three timber pile qroups, 

two sinqle timber piles, and six steel piles. 

A relatively thorouqh evaluation was made of 

the behavior of one eiqht-pile group which was 

subjected to lateral loadinq to failure under 

constant axial load. This paper focuses on the 

field test results for that qroup, and compares 

some measured data with selected analysis 

predictions. The results for the remainder of 

the LD26 test proqram are reported elsewhere 

[Woodward-Clyde Consultants (1979)].

SUBSURFACE CONDITIONS

The test site profile consisted of approxi

mately 34 m of alluvial soils overlyinq 

limestone bedrock. Five distinct soil strata 

were identified as, in descending order, flood 

plain deposits, recent alluvium, alluvial 

outwash (reworked alluvium), Wisconsinan 

outwash, and Illinois ice contact deposits. 

The cohesive flood plain deposits, approximate

ly 7.3 m thick, were excavated to the surface 

of a recent alluvial sand stratum in the 

vicinity of the test pile groups. The 

groundwater was drawn down and maintained 

within 0.3 m below foundation grade by a levee 

and dewaterinq system.

Fourteen-inch butt diameter timber piles were 

jetted and driven on 0.9 m centers, in a 2 x 4

pile cluster, usinq a single jet pipe and V u l 

can 1 air hammer. The installation process 

replicated that used 40 years earlier for LD26. 

The piles penetrated the 6 m of loose to medium 

dense recent alluvial sands, obtaining a tip 

embedment of 10.7 m, within the dense to very 

dense alluvial outwash deposit. Jet pipe 

penetrations varied between 7.6 m and 9.1 m 

depending on drivinq resistance encountered; 

however, the final 1.5 m of penetration was 

accomplished by drivinq alone. Final blow- 

counts exceeded 200 blows/m in hard driving.

In situ soil tests following pile installation 

demonstrated a marked increase in penetration 

resistance and horizontal stress levels within 

the recent alluvium in the vicinity of a 

control pile group. In the underlying alluvial 

outwash deposit there was little change in in 

situ test results following pile installation.

TEST DETAILS 

Test Configuration

A typical load test set-up is shown in 

Figure 1. For the eiqht-pile qroup described 

herein, a reinforced concrete pile cap (2.13 m 

x 3.96 m in plan, 1.83 m thick) was cast atop 

the timber piles. The piles were embedded 

0.61 m into the caps, consistent with that 

reported for the existinq LD26 foundation. 

Unlike the existinq foundation, a 0.91 m gap 

was provided between the base of the cap and 

the qround surface to facilitate access to the 

instrumentation and, more importantly, to 

permit measurement of pile strains at two 

levels at and above the qround surface. In 

that manner the shear load transfer from the 

pile cap to the piles could be calculated 

directly as the slope of the moment versus 

depth curve between these two levels. A des

cription of the instrumentation system used in 

the pile test proqram is provided by Holloway 

et al (1980).

731



8/ 30

FRONT VIEW

0  Monolith

(2) Hydraulic Jacks

(3) Lateral Reaction Block 

@  Instrumented Timber Piles

Fig. 1 Typical Monolith Test Setup

Test Sequence and Loading Criteria

The pile qroup was subjected to two prior test 

staqes which examined other conditions of 

interest to the client. Initially, the pile 

qroup was subjected to a cyclic lateral 

preloadinq sequence, under constant axial load, 

in an effort to simulate the prior loading 

history of the LD26 dam foundation piles. 

Thereafter, with sustained axial and lateral 

loads applied, a series of steel (rehabilita

tion) piles were driven in front of the test 

pile group to determine their effects on the 

pile qroup. The results of the pile driving 

effects testinq are summarized by Holloway et 

al (1980). The initial pile cap displacements, 

caused by prior testinq, at the start of the 

lateral load test stage are presented in below.

Horizontal Displacements 56 mm

Settlement

North end 39 mm

South end 24 mm

Notes: Measurements obtained 

at base of pile cap, 0.91 m 

above qround surface; full 

maximum axial load applied 

at time measurements takes.

The lateral load test staqe was desiqned to 

determine the lateral load capacity of the pile 

qroup, in combination with a constant axial 

load typical of that exerted on the existing 

LD26 foundation piles. The lateral load was 

applied in monotonically increasinq increments. 

The load was held constant at each level until 

the observed lateral displacement rate reached 

0.25 mm/hr or less, whereupon the next load

increment was applied and the sequenc 

repeated. Failure was defined as the load leve 

at which the lateral displacement rate woul< 

not stabilize within a few hours. In al] 

lateral load tests performed, continued 

"unstable" displacement behavior under constant 

applied load siqnified failure; no siqnificant 

structural distress was noted in any timber 

pile tested.

ANALYTICAL STUDIES

In conjunction with the test program, 

analytical studies were performed in order to 

estimate the ranqes to be expected in the 

measurements. A variety of predictive tools 

were used at the test program design stage, 

with particular attention given to analyses 

using computer program GP3A, which was 

developed by O'Neill, et al (1977).

In essence, the program GP3A is based on a 

discrete element formulation for pile-soil load 

transfer behavior coupled with an elastic 

halfspace representation of the pile-soil-pile 

interaction effects. In the analyses reported 

herein, care was taken to rigorously model the 

as-built configuration of the group, the 

measured properties and dimensions of the 

piles, and the resultant positions of the 

applied loads. The soil moduli and load 

transfer characterizations were obtained based 

on available laboratory test results and using 

standard published procedures applied in 

practice. The results of the analyses are 

included in the discussions which follow.

TEST RESULTS

Cap Load-Displacement Data

Horizontal and vertical displacements measured 

at the base of the pile cap are shown with 

respect to applied lateral load in Figure 2. 

These data represent net displacements in the 

sense that the displacements induced by prior 

testinq were discounted.

The open symbols in Figure 2 give predicted 

displacements using the GP3 A proqram in the 

manner outlined above. The analyses over

predict observed displacements by as much as 35 

percent.

The GP3A calculations provide the discrete 

element solution as the first step, neglecting 

pile-soil-pile interaction effects. Incorpora

tion of this influence in the second solution 

step produced a 2.5 fold increase the 

displacements, which is roughly consistent with 

available elastic solutions for pile group 

behavior. It was also found that by doubling 

the soil modulus used in the pile-soil-pile 

interaction solution step , consistent with the 

trend of in situ results cited previously, the 

linear portion of the load-displacement curve 

was accurately predicted through an applied 

load level of 850 kN.

(5) Reaction Frames 

(§) Pile Driving Area 

(7) Vert ical Reaction Anchors 

©  Support Cribbing

732



T
o
t
a
l
 
La
te
ra
l 
L
o
a
d
,
 
k
N

Horizontal Displacement, m m

Fig. 2 Cap Displacements versus Applied Load

a) Design Load, 427 kN b) Lateral Load at Failure,
1068 kN
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Horizontal Deflections at Depth

A schematic representation of the horizontal 

deflection measurements, from inclinometer 

casinqs in corner piles and within the soil 

mass, is shown in Figure 3. The curves 

describe the net changes in deflection from the 

start of the lateral load testing stage. The 

measurements clearly describe the front piles 

"punching" into the soil, while within the 

group the soil mass "tracks" the piles to some 

d e g r e e .

Load Transfer Data

Strain gage measurements were used to evaluate 

axial thrust, moment and shear distributions as 

a function of depth for each pile. Preliminary 

checks of cap load transfer to the piles showed 

good agreement between measured and applied 

lateral and axial loads, within 10 percent in 

most cases. For the purposes of illustration 

the data from two corner piles, front and rear, 

are presented herein.

Figure 4 shows moment distributions at two 

applied load levels for each of the two piles. 

Measured results are given by the curves and 

open symbols, while GP3A predictions are shown 

as separate solid symbols. Note that the 

predicted negative moments at the base of the 

pile cap greatly exceed the values obtained 

from the measurements. On the other hand, the 

maximum positive moments below the ground 

surface are well predicted; however, the depth 

at which they occur significantly exceeds that 

observed. Note that the maximum positive 

moment is appreciably greater for the front 

pile in comparison with the near pile, 

consistent with the soil "trackinq" effects 

cited earlier.

Shear force (slope of the moment distribution 

curves) versus depth for the same two piles is 

given in Figure 5. The measured data indicate 

that a significantly larger portion of the 

shear load is transferred to the front pile, 

especially at the failure load level (average 

134 kN/pile). Secondly, the slope of the 

measured shear versus depth curve is much 

steeper than that obtained from GP3A, 

signifying that a substantially greater soil 

resistance was obtained during the test in 

comparison with the conventional load transfer 

assumptions which were applied in the model.

As mentioned previously, the GP3A analyses were 

repeated with a 100 percent increase in the 

assumed soil moduli. A separate analysis was 

done using the original soil moduli but with a 

50 percent increase in both the ultimate 

resistance and stiffness values in the lateral 

load transfer idealization. Although thtre 

were improvements in the predicted displace

ments, the improvements in predicted moment and 

shear distributions were minimal.

Fig. 3 Pattern of Horizontal Deformations

Total Lateral Load, kN 
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Fig. 4 Bending Moment versus Depth
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Fig. 5 Shear versus Depth

SUMMARY AND CONCLUSIONS

The results of a lateral load test on a full 

scale pile group were presented in some detail. 

The mechanism of failure involved continuous 

"punching" of the front piles into the adjacent 

soil under constant applied load, with 

negligible structural distress noted in the 

piles. The comparison of field measurements 

with predictions using computer program GP3A 

showed that improved predictions could be 

obtained by 1) relaxing the cap fixity 

restraint to some degree (to reduce the 

negative moment magnitude) and 2) strengthening 

and stiffening the modelled soil response (to 

reduce displacements and improve moment/shear 

di stributions).

The load transfer behavior observed in this 

test differs substantially from the published 

criteria which were applied. Work remains to 

be done to characterize the phenomena which 

were observed.
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