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Experimental Study of the Load Response
of Large Diameter Closed-Ended and OpenEnded Pipe Piles Installed in Alluvial Soil
Introduction

Findings

A seven-span concrete bridge was constructed over the
Wabash River in Lafayette, Indiana. The bridge, which
has a total length of 305 m (1,000 ft) and typical spans
of 46 m (152 ft), consists of six hammerhead bridge
piers in the center and two end bents supported on
open-ended and closed-ended pipe piles, respectively.
According to the structural bridge design, the dead load
carried by each pile ranges from 1,014 kN (228 kips) to
1,495 kN (336 kips), whereas the live load ranges from
512 kN (115 kips) to 1,188 kN (267 kips), depending on
the location of the piles. A closed-ended and an openended test pile (with the same, or almost the same,
diameter for the production pile) were instrumented
at the Bowen Laboratory, transported to the construction site, then driven into the ground and statically load
tested. This report presents in detail the results of the
site investigation, pile instrumentation procedure, pile
driving records, and interpretations of the static load
test results.

The driving resistance (blow counts) for the closedended pile was consistently greater than that of the
open-ended pipe at any given depth. The final plug
length ratio (PLR) for the open-ended test pile was
77.7% at the end of driving. Based on the static load
tests, the ultimate resistances were 4,559 kN (1,025
kips) for the closed-ended test pile and 4,782 kN (1,075
kips) for the open-ended test pile. The open-ended
pile showed greater additional resistance mobilization
from the ultimate load to the plunging load than did the
closed-ended pile; this is due to the contribution from
the plug to the total pile resistance.
Representative CPT-based pile design methods were
used for the estimation of the bearing capacity of the
test piles. The design methods provide good estimates
for the shaft resistance in sandy soil with low gravel
content (<20%) but significantly overpredict the shaft resistance in soil with a high gravel content (>30%). The
base resistance was significantly overestimated for the

closed-ended pile due to the high gravel content (near
50%) found at the depth of the pile base. In contrast, a
good estimate was found for the base resistance of the
open-ended pile, although its pile base was also located
in soil with a high gravel content. The reason for this is
that the annulus resistance, which takes the main portion (87.6%) of the base resistance, is well represented
by the cone resistance because the cone diameter is
comparable to the annulus thickness.

Implementation
The unit shaft and base resistances measured from the
static load tests provide a valuable reference for the design of the production piles used to support the piers
and bents of the Sagamore Parkway Bridge. The study
significantly advanced the understanding of the behavior of closed-ended and open-ended pipe piles driven in

gravelly sand, and it brought insights into the applicability of the current CPT-based design methods for large
diameter open-ended and closed-ended pipe piles in
gravelly soil profiles.
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