By Garkad Liin, Presidns, Pile Dynamic, Inc

ny deep foundation needs both sufficient structural
Am:nmh and geotechnical capacity. Foundations that

lack either aspect create problems that require reme-
diation, and remediation is very expensive, particularly once
the structure the foundation suppors i in place.

Structural defects can be detected by various non-destruc-
tive testing (NDT) methods. Depending upon foundation
diameter and lengeh, the structural integrity of drilled shafs
and augercast piles can be evaluated by cross-hole sonic log-
ging, low strain integriy testing, or thermal integriy profiling
However, for many projects, NDT testing of drilled founda-
tions may not be specified or may be limited to a relaively
small percentage of the foundation elements.

riven piles, defects are relative rare. Generally the
pile driving log of blow count versus depth, taken as standard
practice on every project, already gives asurance that pile
integrity is adequate - as PDCA says, “a driven pile s a tested
pile”. If there is any doubs, dynamic testing can be used to
evaluate if a defect might be present and, if present, is sverity:

foundations, while often necessary, can also be
expensive. Finding the optimum solution that has sufficient
capacity, yet not overly excessive capacity 5o the foundation
is efficient economically, is a challenge designing engineers
regularly face. The capacity of driven piles can be estimated
several ways.

The American Association of State Highway and
Transportation Offcials (AASHTO) has required load and
resistance factor design (LRFD) since 2007. Their guideline
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tors are relatively low (which are equivalent to high safety fac-
tors), reflcting the high statistical uncertainty of these meth-
ods. Different static analysis methods have different resistance
factors,reflcting varying uncertanty. Static analysis s neces-

sary
riteria for driven piles. Satc analysis is however a common
e drlled

ly

not the most cost effecive solution.
AASHTO resistance factors for dynamic formula
(0.40) and wave equation analysis (0.50) for driven piles are
somewhat higher (equivalent to lower safety factors), but the
highest resistance factors (lowest safety factors) are reserved
for the actual ield testing methods of static load testing (0.75)
and dynamic pile testing (0.65 for minimal amounts of test-
ing, and 0.75 i all piles are tested). If both static and dynamic
testing arc used on the same project, the resistance factor is
the highest (0.80). AASHTO requires “signal matching” (c..

CAPWAPO) for dynamic testing

AASHTOS suggested resistance factor (0.65) for
dynamic testing is only a guideline for State Departments of
Transportation (DOT) to adopt. States with more experience
or confidence may adopt other factors. For example, Ohio
DOT (ODOT) tests mainly during installation and uses a
higher resistance factor of 0.70, recognizing that long term
service capacity will generally be higher with time. ODOT.
larly conducts dynamic tests on driven piles for all new
g fuavaions o drves 1 bl Fo the yeas 2006
through 2010, ODOT spent an average of $22,600.000 per year
on driven piles, and $408,000 for dynamic testing, slightly less
than 2% of the pile cost. Statc testing costs averaged $41.000
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peryear on typically one project per year. The toral testing cost
minimal compared with the cost savings achieved through
wsing higher resistance factors and the benefitsto the public of
a solid foundation.

Driven production piles are installd to the same criteria
(usualy a blow count) as the test pile that successfuly passed
the static or dynamic testing. However, only a limited percent-

age of piles are actually tested; the remaining production piles
are assumed to be equivalent to the test piles since they are
installed to the same criteria. Inspection quality in recording
the blow count logs on production piles should not be com-
promised.

Static testing in compression should be conducted accord-
ing o the guidelines of ASTM D 1143; similar standards for
static uplift tests are in ASTM D 3689 and for lateral tests in
ASTM D 3966.

For static testing, this article will focus on the axial
compression test of D 1143. The reaction system should be
installed at least the specified 5 pile diameters (o minimum 8
ft) distance from the test ple. Reaction ples that are installed
by vibratory hammers may significandly reduce the test pile
capc undesired and uneconomical result, particularly if

the reaction piles are installed after the test pile and below the
i i this shouk be avoid). Referen fme for the i

the pile with the same distance requirements as the re
piles. Spherical bearing plates and a properly calibrated load
cell should always be used, and are required for compression
teses over 100 tons. Failure to follow the ASTM guidelines and
produce less than quality testing i likely to result in ermors in
the test result, misleading conclusions, and possible physical
danger to the testing personne

Static test results (curve of load versus pile movement)
for driven piles are usually evaluated by the Davisson method,
which i generally quite conservative. Drilled shafts often are
evaluated by more liberal failure definicions, so either the
design for drilled shafts should be kept very conservative or the

structure must be capable of tolerating larger settlements.

It is often desired to obtain load-transfer information to
evaluate the soil resistance distribution. This can be accom-
plished through strain measurements along the driven pile or
drilled foundation length. In a driven pile, these strain mea-
surements are converted to force by multiplying by the known
area and elastic modulus values. For drilled foundations, this
conversion can be more problematic due to uncertainties in
the area (and even elastic modulus) of drilled foundations
as a function of length. Naturally this strain measurement is
performed at extra cost, but the cost can often be justified on
2 large project when trying to optimize the design for highest
capacity at lowest cost for production piles

Dynamic pile testing is routinely used on driven pile proj-
cts beyond the very small ones. Capacity is estimated at the
time of the testing (e.g.end of dive or during retrike), includ-
ing resistance disribuion information. On smaller projects,
such as smaller highway bridges, testing is often performed
only during driving or with restrkes afer a few hours. This is
generallya conservative approach, but since the bridge founda-
tion has only a few piles, the entire installaion of the bent or
abutment piles may only take a day or two, so laborate testing
programs are not justfied.

Since capacity often increases substantially with time due
0 set-up, particularly in fine grain or cohesive soils, the opti
‘mum foundation design and minimum foundation costs woukl
benelit from a restrike test program on larger projects. Bullock
(2005) clearly shows the benefits of even multiple restrkes
during the first day in projecting the capacity with time to aid
in decision making. Komurka (2003) demonstrates how the
set-up and resistance distribution information from CAPWAP
signal matching can be used to minimize “support costs”, which
are defined as the cost per unit load supported, and thus lower
the overall foundation costs.

The usefulness of dynamic testing for driven piles is not
limited to capacity evaluation and minimizing foundarion
costs. As previously mentioned, it can evaluate if a pile has
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sustained damage. It can reveal driving stresss in both com-
pression and tension for every blow during insallation of driven.
pils tension srss information s particulrly important for
concrte s Knovin e drving sreses alovs
lation procedure to be adjusted to prevent damage. The energy
waretied from he bamine t che pl can be measrd 5
asess hammer performance and reveal f there are any hammer
deficiencics.

“The dircct ourput of dynamic testing, however, is measured
forces and velociiesofthe pile a5 a function of time, which must
then be evaluated to extract the pie capacicy and other sol
vions. Whilethe benfies and reliabily of the dm'\mxc esting

in the theory underlying the est method is vequed lmmmmm

How does a contractor, an owner such as a highway depart
ment, or a consultant desiring dynamic tesing service determine.

quality of the testing results and the dynamic testing consultant
by educating themselves at seminars or workshops - PDCA has

for severalyears, and many specifesor otherssecking srvices
have benefited from these learning opportunities
Another altemative to asessing and asuring sbility i

prficiency e Such  est should valate all aspecs of st
e

aon ofdaa qualiy intrpretaron of ch dts, pplications of
h whid

Dynamlcs has developed a “Dynamic Measurement
and Anﬂws Proficiency Test” to evaluae the knowledge of
dynamic testing practitioners, and PDCA will help provide
opportunitis for those desiring to take this proficiency es.

ic testing. Pile Dynamics and PDCA encourage all engincers
doing dynamic testing to take this proficiency test so they can
asses their own level of knowledge.

Depending on how well those that take and pass the test
do, certficates stating rankings of BASIC, INTEMEDIATE,
ADVANCED, MASTER or EXPERT will be granted by PDCA
and Pile Dynamics. Although this proficiency certficate has no
expiration date and no yearly renewal fe, it does suggest that

their knowledge and improve their ranking. The goal of every

and that is only possble f the engineer obtains a broad knowl
dge of the merhod and can rightly apply the knovledge.
1t recommended that those enitessecking servces insert

onste minium sndardsof ke, s 1 scieing e
I the ADVANCED) ki o ci eoiciny e o e
engner rzswmlblc g 0 e G S

Solutions are ony valid for data of ,.mt ..m.w. and data
of good quality cannot be asessed by the unknowledgeable.
Dynamic testing should not be treated as a “black box” technol-
ogy. Only engineers with a good grasp of al aspects of dynamic
esting should perform dynamic testing. Inadequate ability may
result in cither not knowing when data qualiy is unsaisactory
(garbage in, garbage our) or dispensing bad advice, partcularly
when faced with  siruation outside the teser’s experience base
Conceming gty of dynamic sin, he esing engincer
has taditionally been on site duri
now allows remote tesing with the e
neer in the ofice, connected to the sie viainterner. S
is a growing demand for testing due 1o LRFD requirements,

cost advantage, avoids scheduling conflits, and allows quicker
results because of reduced travel time. Obtaining results faster
leads to earlier decisions, keeping the project on schedule.

e key to good testing is knowledge. Knowledge can
come from sufficient formal personal training, spe
nars o group workshops, mentoring by an experienced knowl-
edgeable associate, or extensive personal study of manuals and
published lirature.

il the catee he tesing enginees v neeas el e
standing and as a result the overall quality of dynamic testing
services will improve, benefiting the project and the project
owner. v
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