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AN OVERVIEW OF NEW

TECHNOLOGIES IN PILE DRIVING

BY M. JUSTASON, P.ENG., BERMINGHAM FOUNDATION SOLUTIONS

This article highlights some of the most notable advances in
driven pile technology over the last decade. Specific topics
include the use of pile foundations for heating and cooling,
advances in quality assurance and quality control, and new
developments in testing and installation equipment. New strate-
gies for dealing with environmental concerns, such as noise and
vibration, are also discussed, including a new concept referred to
as “intelligent pile-driving” whereby the hammer energy can be
automatically controlled based on measured sound, vibralion
and pile stresses. Other new technologies and trends in piling
equipment will also be discussed.

USE OF DRIVEN PILES FOR HEATING AND COOLING
A relatively new addition to the list of advantages of driven

piles is their potential use as a geothermal heating and cooling

system. The features of geothermal systems are well known, but
what is not well known is that pile foundations can be easily
integrated into a geothermal heating and cooling system. In fact,
under the right circumstances a building’s pile foundations can
provide 100 per cent of that building's heating and cooling
needs, Using the pile foundations as the interface with the
ground greatly reduces the payback period for the geothermal
system. These types of systems have been in use in Central and
Western Eurape for more than 20 years, but have only recently
appeared in North America. Circulating pipes for the geother-
mal system can be pre-installed in either pre-cast concrete piles
or installed after driving in closed-end pipe piles. These types of

iles are sometimes called “absorber piles” or “energy piles”
}
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NEW TOOLS FOR QUALITY

In pile driving, "QA’ and "QC" typically consist of pile installa
tion records that log the number of blows per unit of penetra-
tion, and the final tip elevation for each pile. Very often, howev-
er, the performance of the pile hammer is not logged on the pile
installation record. or more disturbing, the pile hammer may
appear to be operating at the desired impact energy, while in fact
it is not. This can lead lo & potentially dangerous situation,
whereby piles are believed to have more capacity than they actu
ally do.

Historically, the most common problem with diesel hammers
has been the phenomenon of “pre-ignition” Pre-ignition occurs
when the hammer becomes very hot and combustion begins
prior to the impact of the ram. Unfortunately, a diesel hammer
that is experiencing pre-ignition may not show any visible signs
of a problem. The combustion pressure may still be sufficient to
“run” the hammer with the desired stroke, yet the impact ener-
gy may be reduced because of the increased gas pressure
beneath the falling ram prior to impact,

Diesel hammers that aperate using a fuel injection system do
not experience pre-ignition. This can be verified using an
instrumentation port that allows for monitoring the impact
velocity of the ram using magnetic proximity switches. Typically,
two proximity switches located on the body of the hammer
sense the position of a particular machined “feature” of the ram.
Knowing the distance betweén these two proximity switches and
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the difference in time between switching signals the velocity of
the ram just prior to impact can be calculated. Testing has
shown that fuel injected hammers do not experience a loss in
unpacl velocily as the hammer temperature increases,

Further development of the velocity monitoring system
included the addition of other features for greater QA and QC in
pile driving. In 1990, a device was introduced called a Pile
Driving Monitor (PDM) that included a depth logger and blow
counter, calculated impact energy. pile number, cut-off eleva-
tion, date, time, project name, splice location,and various other
pertinent information. Early versions of these energy monitor-
ing devices included on-board printers for record-keeping, but
these have been replaced with newer PDMs that include USB
ports for connection to a computer or direct connection (o a
USB memory key for downloading of data.

On madern construction sites there is a new emphasis on
guality assurance and quality control. In pile driving, ‘QA” and
'QC" typically consist of pile installation records that log the
number of blows per unit of penetration, and the final tip eleva-
tion for each pile. Very often, however, the performance of the
pile hammer is not logged on the pile installation record, or
more disturbing, the pile hammer may appear to be operating at
the desired impact energy, while in fact it is not. This can lead to
a potentially dangerous situation, whereby piles are believed Lo
have more capacity than they actually do.

This innovation has lead to further development of the veloc-
ity monitoring syslem Lo include other features for greater QA
and QC in pile driving, In 1990, a device was introduced called
a Pile Driving Monitor (PDM) that included a depth logger and
blow counter, calculated impact energy, pile number, cut-off ele-
vation, date, time, project name, splice location, and various
other pertinent information. The unit also had a small printer
for a hard-copy of the electronic pile driving log. Updated ver-
sions of the PDM are secing increased usage in the US. market,
although the printer has been replaced by internal flash-memo
ry, downloadable to a computer,

INTELLIGENT PILE DRIVING

Developments on the horizon for driven piles include “intelli-
gent” pile driving, whereby the hammer energy is controlled in
real-time by any number of measured variables, such as meas-
ured wibration, measured sound levels, or any number of param-
eters coming from dynamic testing equipment such as pile stress
(lension or compression) or required capacity. Prototypes exist
for this type of system and should be on the market within the
next few years.

The next logical step in the advancement of technology for
diesel hammers was the invention of a hammer energy control
system. By combining the functions of the PDM and the remote
hydraulic throttle and adding basic control-system program-
ming, the first ever diesel hammer energy contrul system was
created (ECS).

The ECS contains a small hydraulic accumulator that provides
a source of hydraulic flow to aperate the throttle. The accumula-






