this document downloaded from

vulcanhammer.info

the website about a
Vulcan Iron Works

Inc. and the pile

driving equipment it
manufactured

http:// ww.vulcunhumni

| L, — — ..-
| —

Terms and Conditions of Use:

All of the information, data and computer software (“information”)
presented on this web site is for general information only. While every
effort will be made to insure its accuracy, this information should not |
be used or relied on for any specific application without independent,
competent professional examination and verification of ifs accuracy, suit-
ability and applicability by a licensed professional. Anyone making use
of this information does so at his or her own risk and assumes any and all
liability resulting from such use. The entire risk as to quality or usability of
the information contained within is with the reader. In no event will this web
page or webmaster be held liable, nor does this web page or its webmaster
provide insurance against liability, for any damages including lost profits, lost
savings or any other incidental or consequential damages arising from the use
or inability to use the information contained within.

This site is not an official site of Prentice-Hall, Pile Buck, or Vulcan Foundation
Equipment. All references to sources of software, equipment, parts, service or
repairs do not constitute an endorsement.


http://www.vulcanhammer.info
http://www.vulcanhammer.org/

|
%
c
!
|
|

REPRINTE'D FROM ENGINEERING NEWS-RECORD,

b gt 957 McGrav-Hill Publizhing Compeny, inc

AL

‘hat Happens When Hammer Hits Pile

September 5, 1957
All tights reserved. Printed in U. $. A



Now it can be told:

Up to now nc one had been known to solve manually the complicated

wave equation as it applies to action of a

Today it takes but seconds to solye

information such as plotted here.

pile under the blow of a hammer.
"mechanically” for driving resistance
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Fdward \. Smith
Chiet Medhama! Fngincer
Ruvmond Congreie Pile Company
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tlectronic digital tomputers are solving the wave equation to answer the question , .

What Happens When Hammer Hits Pjle

Furthcrmore, the dey of applving
the wave equation to pile driving is not
new. In 1940 and in 1941, A |7 Cum-
mings  referred  to the subject, and
credited DLV Isaacs of Australia with
bemg, in 1931, the first to suggest its
apphication to pile driving. Cinumnings
aho stated that the British Building Re-
saarch Board in 1034 demonstrated
that the behavior of full sised prles
under actual field conditions can be pre-
dicted by means of the wane theor.

Yet. the wave theon has not, until
versrecently, been applied to pre driv-
ma. The reason for this i simple, and
o given by Cumimings -the caleyla-
tions involved . were too difficult.  As
snven by Timoshenko, the wave oqua-
tion:

"
o-u

= (20

sr?

&1
of*
is a sccond order partial differential
tquation.  For very simple cases, as
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when a known forec is suddenlv apphed
at onc end of a uniform steel tod, the
equation can be solved by ordinary
caleulus.  But when  the cquation 1y
complicated by considerations of the
actions of the ram. the cap block, the
pile, and the ground, the problem be-
comes so difficult that no one has heen
known to sohve it.

OCOmputcrs to rescue~towever, the

picture has been changed in the last

few vears bv the des clopment of elec.
trome digital computers such the
Sperrv: Rand “Univae™ and the 1BV
“T047 Not only can these machmes
solve the wave cquttion as apphed o
pile dnving—buat thev can do it m a
matter of <cconds.

The Ravinond Crmcrete Pile Cu,
working in Conpunction with IBNL has
made over 250 such computations in-
volving various combination. of e
and hammicr tipes. The mathematical

thods used have been checked in

S wavs and proved reliable. From
the tresults of these calculations, the
wricer will draw some conclusions, sub-
ject to the following qualificzhons:

oy

1. The mmportance of variations in
ground characteristics as explained in
a prcviuus-p.’lr:lgmph must be  con-
sidered as a linuting factor in-arnving
at definitive conclusions, ’

2. In applving the wave theory to
pile drwving, it Tis possble, with the
computers, to include ide friction as
part of the calenlation and m the im
mediate fiture this will he done. but
thus far the caleulations have heen
made on the baas of an end bearing
pile with no side fricton,

SOOIt not the intent of the writer
to offcr 3 onew and different pile for.
mula. 1 he problem v fir too compli-
cated to beexpressed wocurately by a
simgle reasanably stnple formula. Pos-
sibhv a formula conld he devived with
certim - constants that would  be
changed to st different topes of driv-
mg conditions, but, for now at least,
the tesults of the calealations are pre-
sented onlv-in graph form,

0Couclnsinns—(?mph No. 1 shows
ultimate drnving resstances for various
lengthe and wernhity of strarght-iudod
steel piles drven wath a No. | Naloan

Lanmer, For comparative purposcs the
Exacistiwse. NeEws formula s alby
Dtted both inits ordinary safe load
tormand alan its ultimate tesiob ince
form based on the fact that this for-
mule meludes a factor of safery of A,
It will be noted that the wave cytiition
nes show considerable variation from
one another and indicate that v of
tie FNGINEERING NEws formuls re.ults
moa factor of safetv that varies from g
fittle more than one to as much s mr.

Graph No. 2 \hows g comparts-n le-
tween the ENaiveeriNGg News formg! i
the Thicy formala and the Wave Do
tion tor step-taper piles. It wall he
noted that i general He wave Cprtinn
indicates thot step-taper prles can ke
quire izh loads macd more than il
lowed by the Hilev formula. It must he
renwmbered that the Hiley formula can
be made to.gne widels vaning rewlts
dependmg upon what constants 4 ¢
wsed with ato I preparation of the
graph. therefore, the constants used Cor-
respronded to those used with the Wane
Fanit n.
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a4 it foad hasas between the wave
cquation with a factor of safety of 3
ind - certain formulas emploving  the
receny nended or usnal factory of safety,

From Gl these data it mvast be con-
cluded that the Hilev formula tends to
penalize the heavy or long pile and to
faver the hght and short pile. This
to o~ oabout because the Hilev for
it iy shown by the Wave Equation
caleuiations to contain  incorrect as
cumptions as follows:

b Tt assumes that the compression
of the capblock, the compression of
thie full length of the pile, and the clas-
Yo cmmoession of the ground all occur
at onc and the same mstant of time.
Flus i reasonably accurate for a light
pile. but maccnnate for a very heavy
pilc .

2. It assumes that the percentage of
cnergy trunsmiatted from the hammer
to the pieas dependent on the relative

weights of the ram and the entire pile.
This assumption is reasonably accurate
for a short pile, but inaccurate for a
long pile.

Chellis, in his book *“*Pile Founda-
tions™ { MeGraw Hirr, 19515 lists 394
pile formulas that have been proposed
and uwsed. No one of then can be ac-
curate for all tvpes and lengths of piles
because thev all fail to consider the
ciects of wave action. ‘The newly ac.
quired abihty to solve the wave equa-
tion as applied to pile driving offers a
means of obtaining a truly mathemat-
cal solution.

In due course it is expected that ad-
ditional calculations will be made cover-
ing a variety of hammer and pile tvpes,
and that the results will be published
m the form of tables, resembling
logarithmic and trigonometric tables,
Meanwhile, it is hoped that the graphs
here presented. will prove both informa.
tive and provacative.
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