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ome piling contractors ‘and engineers have ohserved

that diesel hammers scem o have fewer problems with

tension cracking in concrete piles than similar extemal

combustion hammers. Certainly this view is not held univer..

sally, but i caused us torconsider why such an effect might
)

wave at the pile top withot the effectof 4 reflocced travel A
12vinch square concrete pile section was used with an APE
D-19:32 diesel hamme, and an APE diving syster wich a

in the ground 20 feet with a total soil resistance of 100 kips.
The racher L resis 7

be ruc. Routine Ple Deiving Anlyser (i

e rat was necessary to
d oy

disl hammer

slowly than would be expected from a

R analysis. Since the difference becween the two

is primarily combustion chambef pressure,

asked the question, “What is the effect of the combustion

chamber pressure on'the stress wave immediately following
 impace?”

‘A small study was undertaken o investigate the seresses
induced by the combustion chamber pressure immediately
after impact. In the firse phase, Wwe. sOught (o comparc. the
induced stress wave from a diesel Hammer and a comparable
external combustion hammer. Duc to the complexity of the
problem the only means of examining the was t0 use
e equation anapis Al of the nalyet el s
‘were made using GRLY

In order to casily
from the re

& e
wave, a 400-foot long Concrete

i pile, hammer Since
downward traveling wave was of iteest the wﬁ
the reflected soil esitance was of no'consequence so long as
e ek N A gy S
downward traveling wave.

“The force induced at the pile cop by the APE, 01932
i shown by the solid line in Figure 1. The force du
time shown in Sector A 1 the pile top force due to the diesel
haimimer pre-compression forces The ram has moved past the
s pity i the air in the combustion
chamber and exerting a oy Impact oceurs at
Vot 1busks e inducing a force that continues to Point
2 Sector B eprsentsth o v the top ofthe pile o the

fam impact. ra s s fam has separated from
che iimpact block. Actually, the poin where the am and the

yzed. Of course, such.a
‘ot of view, but it shows the inpur compression

Sector C. s the period from ram separafion from the impuct

Point 3

Time (misec) ¥

Figure 2: Force Records for the APE-D-19-32 Driving a 100 Foot Long Concrete Pile
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block to the arrival of the reflection of the impact wave back
from the toe of the pile. The force during this time comes from
the combustion chamber pressure.

An equivalent drop hammer was created in GRLWEAP
to compare with the diesel hammer results. The drop hammer
ram was given the same geometry and weight as the ram and
impact block of the APE D-19-32. This drop hammer was then
dropped on the pile top using the same helmet and cushion as
was used in the diesel hammer analysis described above. The
stroke was adjusted to obtain the same peak impact force as
was generated by the APE D-19-32. The force generated at
the top of the pile by the drop hammer is shown in Figure 1 by
the light line. The double-humped record at impact is prob-
ably due to the dynamic interaction of the ram, pile cushion
and helmet. There is a slight similar effect at about the same
time in the diesel hammer record in Figure 1, but almost all of
the effect is probably smoothed by the combustion chamber
pressure.

After the impact, the drop hammer force stays constant at
zero until the arrival of the toe reflection. The slow decay of
the induced force after the impact event for the diesel hammer
provides a continuing downward compression force input that
when superimposed on the upward reflected tension stresses
results in a reduced magnitude of net tension stresses along the

pile. This reduced net tension s directly arributed to the long
extended downward traveling compression wave coming from
the combusted gas in the chamber.

more realistic example was then analyzed using the
same two driving systems with the same 12-inch concrete pile,
but with a length of 100 feet. The same soil

resistance was also used. The results of the analyss of the
/APE D-19-32 are shown in Figure 2. The solid line is the force
at che pile top. Point 1 i the beginning of impact and Point 2
is at the time when the tension reflection first arrives back at
the top, causing the force to go to zero.

force records for each analysis element along the
length of the pile were examined to locate the element with
the largest tension stress. It was located about 30 feet from the
top of the pile i element 10, and the record for that element
is shown by the light line in Figure 2. The maximum tension
force was 106 kips or 736 psi at Point 3. (Note: This tension is
not a usual problem as usually the prestress is larger than this,
5010 true tension exists in the concrete itself)

The last example analyzed used the equivalent drop ham-
mer on the same 100-foot-long pile. The resultsof the analysis
are shown in Figure 3. In this case, the maximum tension force
occurred in Element 21, about 30 feet from the bottom of the
pile as shown by Point 1 in Figure 3. The maximum tension

400
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Time (m/sec)

Figure 3: Force Records for the Equivalent Drop Hammer Driving a 100-Foot Long Concrete Pile
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force was 166 kips or 1,150 psi, more than 50 percent larger
B

than the same case driven by the diesel hammer.

This brief example showed the effect of the “stretching
out” of the compression force in the stress wave by the nor-
mal operation of a diesel hammer. It can be expected that this
effect can substantially reduce the possibility of tension

cracking and damage in concrete piles driven with diesel
hammers when compared with a similar external combustion
hammer. This effect is determined by the usual GRLWEAP
analysis. This study shows that arbitrary limitations on pile-
ram weight ratios often contained in pile driving specifications
are not appropriate for diesel hammers. It is essential that a
wave equation analysis must be made to evaluate possible ten-
sion stresses during the driving concrete piles.
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