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But, Surely, Dynamic Measurements are Only
for Special Projects, Eh?

“Having dvnamic monitonng o 1est for
pile capacity. hammer performance,
and/for inlegniy is grear: whenever [ re-
alize that | have a problem with pile
capacity. hammer performance. andfor
integnity. | will order the measure-
ments”,

The forezoing statement includes the
same Jifficulty as “when 1 am caught
out 0 a ramstorm [ owill ensure thart |
have my umbrella along™, Clearly. the
statement does not “hold warer” unless
one ‘ensures” that the umbrella is there
ar ail umes or, ar least, whenever there
is  chanes for rain,

Mose piling projecs 2o well, When
the construction is over, the capacities are
sunsfactory, the hammers worked weil.
and there is no lingenng quesiion ot integ-
Aty wil ure sasded and no logeanon cases
4 shadow over the fuwere, Atter all, most
people do not have an accident when driv-
ing 0 work. So, would it not be zood if
we oniy needed bother abouwr having a
paid-up. vaiid car and life insurance on the
very few days we have an acvident? The
perfect world s a low-cost. very predict-
able place. Just like Utopia

In the real world. difficulties during
piie installation work arz unpradicrabie
and costy. They are aiso frequent. Very
wisely, therefore. the new Public Works
Canada master consiruction specifica-
uons for piling indicares thar dvnamic
monitoring should be included in the
specifications for all piiing projects.
For most projects. only a limited verifi-
cation testing would be necessarv -ata
costof 52.000 10 $3.000. much iess than
the cost of a stanic loading test. which
the dvnamic monitoring in dmost all
projects would show to be redundant
For the many projects where problems
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anise. by means of dvnamic measure-
menis. the magnitude of a problem s
minimized. the <olution is obtained at a
minimum of ¢osts. lime s saved. and.
above ail. the trauma of an unresoived
dispute going o lingatoen 15 avoided,
This is especially true when dynamic
messurements are also taken before a
probiem appeusrs.

The following brief case histories
from recent piling projects illustrate the
benefits of including dynamic measure-
ments in routine projects.  For each
case, routine dvnamic measurements
were included n the contract specifica-
tions and. therefore, the particelar praob-
lem was discovered verv early and its
soiution was simple. Without the meas-
urements. each case wouid have suf-
fered delavs, and coscly spectal wesuny,
Muost likely, they would have lead o a
contract dispuee.

Case 1. H-piles. Size 310 x 110, were
driven for the foundanons of a highway
bridge across a siream where the soils
consisted of abour 14 m of loose to
compact lavers of clav and silt sublay-
ered by a vanabie deposit of very dense
sand with lenses of gravel. silt. some
clay - probabiv a reworked abiatton nll.
The Standard Penetratnon Test N-values
in the sand rangsd ‘rom a low of 30
through a high of 110. The boreholes
were lerminated at 2 depth of about 36
m. Routine dvramic measurements
were taken on piles and the tesung in-
cluded a static loading test on a 20 m
de=p pile. The dnving of the test pile
was easy at {irst. The penetration resis-
tance increased upon reaching and driv-
ing into the first few metres of the very
dense sand fetching up over the last 3 m
of penetration o a final value of 20

Blows/25 mm, The results of a static test
= the piie did not fail a1 the maximum
applied load of 2.700 KN - agreed well
with a wave equation analvsis. and with
the resulis of the dvnamic measure-
ments. Al a4 penelraion résistance of
about 10 blows/25 mm. the calculated
capacity wias about 2,300 KN, Capacity
calculated ror "refusal™ drving was
about 3,000 KN, The hammer per-
formed well,

When the construction moved across
the stream. the driving behavior was
markedly different: the resistance in the
sand did not feteh up: at a depth of 35
m. it was a mere 230 blows/m (6
blows/25 mm) and the dvnamic meas-
urernents indicated a capacity of oniv
LI00 KN, Mo increase was zained by
draving desper - at 41 m depth {3 m
deeper than the borehole:. the resistance
was 7 blows/23 mm and the capacity
was unchanged. Values ar continued
driving and at restnking were the same
indicating complese lack of 2ain in ca-
pacity due to set-up.

The dynamic measuremenis couid ex-
onerate the pile dnving hammer and piie
damage. leading the 2ngineers o look 1o
the soil for the answers. [t became evident
that the low capacity and the absence of
gain from dnving desper were due o
aresian pore pressure conditions {upward
gradient) and that no benefit would be
obtained from piacing the abuiment on
long piles. A decision was made 10 use
shorter piles with a comesponding in-
crease of the number of piles of a down-
graded individual pile capacitv. The
technical and economicai pile lengrhs
and number of piles was amved at
quicklv from analysis using the results
of the dynamic measurements.



Had the initial routine dvnamic
measurements noet besn available, the
soluton would not have been as readily
reached. One can speculaze o what 2x-
tent addicional invesogation would have
been necessary for stanc loading resrs,
driving test piles. and making new soil
borings.  And the delavs. the delavs!
The cost of those, of me 2ngineering
effarts. and ar the testing would have
been considerable.  Furthermore. it s
very probabie that the conmracior would
have had cause for hefry claims.

Case 2. Hivh vield ste=! pipe piles,
Size 178 1 10 mm. were installed by
means of 4 drop hammer at 1 s5ite wheare
the sail consisted of ubout £ m of sand
Fll followed by abour 3 m of silt depos-
ited on o shule wnd limesione bedrock. a
very commoen rock formmation found ata
deptn of about 9 m. Cn the face arin a
very simple and sssured projec: and one
often nat 2ven considerad 0 ceguirs
muore thun a mintmom of guality coneel
and inspecon,

The piles were doven o bedrock
penetration resistance ol up w 23
biows/2Z5 mm und restruck after a wait-
g perod ol o day of twa, In restmiking
the piles. however. the piles did not be-
have us expected. but penetrated as
much as an ncih in two blows! Neadless
o suy, this reduced Rlow count creared
4 considerabie concern for the founda-
tion.  Had the contractor’s hammer
warked properiv during the inital driv-
g I the reason was o Be found with
the rock response, what should He Sone
to solve the problem?

The routne dynamic measursments
showed that the hammer was functicning
properly - the ransterred driving energy
wis adeguate and the impuct smess was
about 200 MPz Ferthermore. analvsis of
the measurement data showad thar e pile
capacity at beginning af resirike was
about 700 KN @ 800 KN instead of the
desired value of ubouot at least 1000 K2
which was determined frem measure-
ments taken at the ermunation of the n-
itial drving. This phenomenon is known
as “relaxation”.

Relaxation is an irregularly occur-
ring phencmencn in this reck formation
and thought to be the effec: of negative
pore pressures created when the pile we

enters the bedrock. The negative pore
pressures are caused when the pile dis-
places the broken rock pieces and water
is prevented by the impervious soils
above the rock from (iling the voids
Depween the rock pieces, The result is
an apparent, of [2Meorary capacicy, and
a falsely high penstranon resistance.
“When the pore pressures have dissi-
nated and the pile is restruck. the rock
pieces can mare freely be displaced and.
in restriking. the pile encounters a
smaller. “the true™, stanc resistance.

The steel vield was 343 MPa and the
dynamic meuasurements showed that
there wis an ample margin lor inoreas-
ing thedriving stress inthe piles. Thers-
fore. the probiem was easily solved by
riwsing the hammer hershe-ot-fall o in-
craase the impact stress and rransferrad
driving energy during ininzl Jdrving,
thus abraning a larger inttial capaciy
Then. after the relaxanon had ocewrred.
rhe final copacity detzmmined inorestrk-
iNg was adequars,

Obvicusly, had nor the rourine dv-
numic measurements been avaliable.
delayvs would have been unavomdaiis
due to time spentin discussing the cause
af the preblem. deciding on speciai in-
vesnzanoens, st driving, and. possibly
aven static loading t2sts. [nstead. the
mensuraments cmmediately identiried
the problem. the solution was obvious,
its success wus proven with no delavs o
the project and at minimal costs. and
there was no dispure with the contractor,

Case 3. Hizh vield sieel pipe piles.
Size 178 < 14 mm. were instatled by
means of a diese! hammer ar a site where
the soil consisted of about 7 m of clay
followed by abour [ m of clavey siit
deposited on a weathered shale bedrock
tound ar a deprh of about 16 m. The
piles were inended “or an allowabie
load larger than abpour 1200 KN. Al
though the piles are heavier and the in-
tended capacities larger, this case is, on
the face of it. as simple as that of the
second case history.

The bedrock formation is not the
same as for Case 2. Ctherwise, the ob-
servations are almest identical.  Piies
driven o a penetration resistance at ¢nd-
of-initial-driving close o “practical re-
fusal” exhibited a penermation resistance

jPILES

first blow ol resmke 2quivalent o val-
ues a5 low as 2 blows25 mm., The
obvieus solutton was the same. [n this
case, though, the diesel hammer was
already working ar s maximum level,
To achieve rthe higher capaciov ar end-
of-initial-dnving. a drop hammer was
brought in for resimking the piles after
the imirial driving, The dvnamic analv-
sis indicoted and subsequent dvnamic
measurements contirmed the suitable
hammer weight. height-of-fail. and rer-
TInAlion criterion (penetraion resis-
tance) required e achieve a surplus
capacity at the end of the mital doving
that gave an adeyuate marmm for refaxa-
tion t develop. Dwnamic resong in re-
striking confimmed the soluton,  Again,
without the measurements. any other
approach @ the problem would have
been very costly, difficult. and nme con-

suming,

Final Comments. The three boet
case islones are just a few of many
encountered in routine pracice.  Be-
cause the engineers for these projects
were prudent encugh o foilow the
guidelines of the new Public Works
Canoda master specs and had foresight
to tnclude the rourine dvnamic measure-
ments with the contract. the problems
were readilv resoived and the projects
werg charactenized as easv and food.
Ausogood as the about two o thres rimes
as common projects wien e dyvnamic
mezsurements and oher observations af
the pile driving did not indicate any
problemt. ncontrast the many projects,
where the dvnamic measurements were
not inciuded in the contract as 3 marer
ol rounne and where probiems arose.
can surelv not be characterized as easy
and their solution is hardly “etfortless™

Perhaps. even more imponant and
warthy of a thought or two - might even
be the cause and topic of a bad dream -
are the projects where no dvnamic
measurements were used and no one
norced the problem of too low capacity,
damaged pies. and other undesirable
bv-products of an haphazard approach
to or wishrul thinking in the design of a
piling project,
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