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DETERMINATION OF IN-SITU PILE LENGTH, INTEGRITY AND LOAD
BY NON-DESTRUCTIVE TESTING

ABSTRACT

Non-destructive test measurements were used to determine the length and integrity of
existing wooden piles for the Fourth Street Bridge, South Boston, Massachusetts (Figure 1).

This bridge is supported by a large number of friction piles. Determining their length and
knowing the geological profile to determine pile bearing capacity and settlement potential
was critical to calculating safety factors and possible remedial action if required.

Direct, reflected, and resonant period dynamic measurements in the seismic/sonic frequency
band were used respectively to:
1) measure the velocity values of the compressional and shear waves to determine
elastic moduli values and strength;
9)  determine the pile length and check integrity;
3)  estimate the bearingload for each pile and check length determinations from 1.

The data from the NDT program was used in performing a settlement analysis of the critical

piers. A post construction monitoring program proved the accuracy of the predicted
settlement magnitude and rate.

The savings in time and money compared to other testing methods were substantial. While
the NDT program cost $6,500.00, a pile load test at the pier would have cost approximately
$20,000 to $30,000. The savings in time was of greater priority in this case. The
expeditious completion of this project guaranteed that the start up date of the Central
Artery/Third Harbor Tunnel could be maintained.




DESCRIPTION OF THE PROBLEM

The West Fourth Street Bridge in Boston, Massachusetts is a 7 span, 517 foot long
structure. It was constructed in circa 1893. In 1989, it's superstructure was to be replaced,
while retaining the substructure. The substructure was of typical period construction i.e.,
granite block piers/abutments, timber friction piles driven below the groundwater level.
The new superstructure imposed an increased load on several of the piers. Pier No. 1
received a 47% increase in load while piers No.2 and No. 5 received a 27% and 26% increase,
respectively. Determining the effect of this load increase on pier stability was the goal of
the analysis.

The analysis consisted of bearing capacity and settlement calculations for the most critical
pile group at Pier No. 1. The soil profile, engineering properties of each stratum,
groundwater level and the load increase per pier could all be fairly -accurately assessed
through conventional geotechnical exploration and testing techniques (Figure 2).
Conventional techniques could not, however, provide the details of the foundation system.
Old bridge plans specified pile type and number (spacing) but ‘as-built’ information
detailing tip elevations, actual pile quantities and blow counts were typically non-existent.
Pile depths and confirmation of pile integrity and capacity were essential to the analysis. A
non-destructive test technigue was used to provide these data is the subject of this paper.

DESCRIPTION OF THE NDT PROGRAM

One wooden pile of the several hundred was selected for testing. This pile was exposed by
excavating to a depth of approximately 16 feet below ground surface; the top of the pile is at
12 feet. There is a wooden cribbing on top of the pile (Figure 3) and a masonry bridge pier
placed on the cribbing. The load on the pile was not known exactly, since the number of

piles was known only approximately.

Two accelerometers were placed as shown on Figure 3. The signal from these
accelerometers was input to a set of amplifiers with appropriate filters. The signal was then
recorded digitally on a field computer configured with a fast (106 samples/sec) analog to
digital converter. The data were displayed in the field for quality assurance purposes.




The tests were divided into three parts:
1) the measurement of the seismic/sonic wave transit time in the wooden pile from
accelerometer #1 to #2 to determine the velocity values of the compressional and
shear waves to be used in the calculation of the elastic moduli shown on Figure 4
(Young's shear, bulk, as well as Poisson's Ratio);

2)  the measurement of time of the reflected waves from the bottom of the pile to
accelerometer #1 to determine pile length shown on Figure 5;

3)  measurement of the fundamental resonant period of the pile toserveasa check of
the length calculation and to estimate the existing pile load shown on Figure 6.

The pile length is calculated from the transit time of part 2 (above) and the velocity value
from part 1 (above). '

The energy source used to create the stress waves was either a sharp hammer blow or a high
velocity projectile depending on the resolution desired. The energy source was selected to
produce the desired signal spectra which was dependent on the attenuation of the waves in
the wood.

RESULTS
Velocity Measurements.

The compressional and shear wave velocity values were determined by measuring the
transit time between accelerometers #1 and #2 which were separated by 2.5 feet (Figure 3).
The values determined and the corresponding data recordings are shown on Figure 3. The
bar on the top of V (velocity value) represents the average velocity. The following table is a

summary of the measurements.
Ve (compressional) = Vs(shear) =

Set #1 Ve
Ve

14,300"/sec Vs = 5,260'/sec
14,000"sec
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