
Terms and Conditions of Use:

this document downloaded from

vulcanhammer.info
the website about 
Vulcan Iron Works 
Inc. and the pile 
driving equipment it 
manufactured

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 its 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.

Visit our companion site
http://www.vulcanhammer.org

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


G. G. Goble,  Chairman 
Eric Parker, S tuden t  

Department o f  Clv~l ,  Env~ronrnenta l  and Architectural  Enyineerirlg 
Univers~tv  of Colorado, Boulder,  Colorado 80309 

For  presentation a t  
Associated Pile & Fitt ing Corp. PILETALK Seminar 

Miami Beach, Florida, March 1978 

PROF GOOLE is Chairntot~. Dcpurtnlcrrt o f  Civil, Environmental and Archi- 
tccrrrrul Engirlcering, rrtld Dirccror. Piling Researc!~ I,ahoratory, University o f  
C h i o r ~ d n ,  Bo11Ider. 14'11ile Profipssor and Cllairtnon o f  rll e Civil f:'ngineerit~g 
Departrncrrt at C'use-lc'esrcprt~ Reserve Cirrii~ersitj~, George Gohle developed a 
t n e t l ~ o d  of t'ilv C'upczcir9 Detcrrtrirratiorl jrorrr Dytlanric Mcosuren~cr~r tirut is 
guirlitlg u.orltl u3idc acccprutlce aild i ~ s c .  Nou:  at t11e l/tlivcrsi[y of Colorado, 
atld Iiec~d o/' o j'nurldations corlsirlrirlg orgutli,-ntion as well. Pro/. Goble is 
actively corltitlicitlg dc~~eloprnetr ts  in this Ileld. A native o f  ldalro~. with M.S. 
arrd 1'11.11. dcgrces frorn rllr C i r ~ i ~ ~ e r s i r ~ ~  0)' Irlosl~irigton. Ilfr. Goble  \ttas a Frrll- 
bright Gratitec~ for acivutlced srrrdj8 in Grrrlrr~tl)~, Hc work-ed with f h ~ ,  U. S. Air 
Ebrcc. Orcgotl DOT, a t ~ d  a cotrsulranr hc~jure srurtitlg a teoching curccr at Case 
irl 196  1. Flc t t~o l~ t ,d  t o  r l ~ c  Urli~:ersity o f  Coloratlo it1 early 19  77. Pro/: Gable 
is active in triany professidnu1 groicps atlci ilns it~otl l~oriors it1 welding and 
strircrrrrill drsigrl cottlpctiliorl. ' f le  ulrites urrrl Iczctlrrcs e.rtensii>e(v o r ;  pile 
~ ~ 1 1 t ~ 0 u ~ i o t ~ s .  

ERIC' P.4 Rh'l:'f\' is a st~cclt't~r it] tllc Deporrt?~cirt Civil, Environtnenfal and 
A rcltift~cr~rral L'rigineeritlg ut ill(, L 'n i~~crs i t j~  01' Colorotio. Rotclder, lvherc he  
works dlrccr!,' with Pro/. (;obit,. 

INTRODUCTION 

5 
The es t in~a t ion  of  pile driving costs remains today  a very inexact activity 

not  greatly changed over the  past l ~ a l f  century .  Contractors  tend t o  limit their  
work t o  a particular geograpl~ical region relying o n  equipment  o f  a familiar 
type .  If a j ob  must be  estimated, t he  con t rac to r  will us i~al ly  depend'lnore o n  
previous experience than on  anything revealed by  normal  s u b s ~ r f a c e  investi- 
gations.  Equipment  selection is us'ually m a d e  o n  a complete ly  subjective basis 

. . with emphasis placed o n  the  use of  driving systems owned  by  the  contractor .  
If difficulty occurs o n  t h e  job and the  piles canno t  be  efficiently advancod, 

t he  typical rcsult is quarrels hetween the  con t rac to r  and the  engineer, large 
cost overruns and Litigation. T o  avoid these problems, engineers have some-  
times tended t o  specify the  job rnore t ightly.  Commonly ,  however, d u e  t o  
the  engineer's lack o f  knowledge of  pile driving, he  specifies a condi t ion that  
cannot  be driven. Now the  contractor  i s  in an  excelleht position t o  obtain 
ext ra  payment .  

In the  past decade techniques have become available that  can convert this 
very artistic approach t o  a scientific one.  It is possible today  for  a contractor  
t o  m a k e  rational predictions o f  driving resistance. These predictions, while 
still o f  limited reliability, arc a t  least bet ter  t han  any o t h e r  available approach  

. n 
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5, 48. 62.5  and 6 5  ft using the  t w o  static opac i t i t  n l a t e d  at each 
h. T h e  ou tpu t  o f  t he  wave equat ion analysis for  eaL .ndition is blow 
t for the  particular static capacity.  By summing  the  bd coun t s  at each 
penetration (area unde r  the  curve) t h e  to ta l  n u m b e r  o f  blows required t o  
the  pile is obtained. T h e  results o f  these analyses for each of  the  air/ 

7 hammers  are given in Fig. 2. It was assumed that  t he  hammers  would 
3te at  asteady 50 blows per  minu te  ( n o t  exactly correct since they  ope- 
ilower in easy driving) s o  to ta l  driving t ime can b e  calculated. T h e  curves 
g. 3 show rate o f  penetra t ion fo r  t h e  air/steam hammer. 
s r  thc  diesel hammers  a more  detailed analysis must  be  made. For tu-  
y ,  t he  WEAP program produces all o f  the  necessary information. As with 
.ir/steam hammers  t h e  run is first calculaled. Next o n e  must  determine 
I the hammer will start .  In very easy driving with relatively light piles, 
I hammers  have t h z  weakness of  refusing to  start .  They  will opera te  
: they have sufficient resistance. It is estimated that  a s t roke o f  3.8 f t  
be achieved in o rde r  t o  cause t h e  h a m m e r  t o  ooera te  

ave equation analyses are performed and,  with the  WEAP program, 
:e is obta ined in addi t ion t o  b low coun t  and driving stresses. ~ u c c e s s i v e  

equat ion runs are made  with increasing resistance until  a s t roke in 
js of 3.8 ft  is achieved. F o r  that  por t ion o f  the  driving record having 
:es less than 3.8 ft  it is assumed that  the  h a m m e r  will opera te  a t  a speed 
blows pe r  minute .  T h e  crane is picking u p  t h e  ram and the  hammer  is 
: once  only .  
.obably this calculation is excessively conservative since if the  ram fires 
, more than a single b low will be  achieved as t h e  hammer  "bounces 
1". This is a t  least a crude a t t empt  t o  analyze performance. It is thought 
this is the first a t t empt  t o  determine b y  analysis in advance if an  open 
diesel hammer  will opera te  in easy driving. T h e  analysis should be  
i e d  with actual field performance. 
f ter t he  hammer  begins t o  opera te  the  analysis proceeds as with the  air] 
1 system with wave equat ion arialyses m a d e  fo r  various depths  o f  pene- 
>n. In addition t o  determiniqg blow c o u n t ,  opera t ing speed is also found. 
: s t roke varies with resistance the  speed o f  opera t ion also varies. Both of  
: curves are shown for  each hammer  t y p e  in Figure  4. 
resses were also checked a t  each analysis. A stress o f  34 ksi was used as 
.Uowable stress in dynamic  loading. If th is  allowable stress is exceeded, 
hrot t le  was reduced b y  one  s tep  and  t h e  opera t ion was repeated. By 
ing the speed of  opera t ion by  the  ra te  o f  penetra t ion in blows per  foo t ,  
a te  o f  penetration in feet  per  minu te  is obta ined.  These curves are shown 
g. 5. The area unde r  t h e  curves o f  Fig. 5 gives the  t ime required to  drive . 
i le.  
ne results o f  these analyses give t h e  t ime  required t o  drive a-pile with 
hammer  for  bo th  200 and 2 2 2  t ons  resistances. These results are sum- 

red in Table 1. It should be no ted  tha t  t h e  Vulcan 06 hammer  cannot  
the  pile t o  the  2 2 2  t o n  capacity b u t  i t  c a n  achieve 200 tons  although at  

r high blow coynts .  
i th the  t ime per pile breakdown given in Table  I t h e  product ion rate per 
can b e  determined. Since the  start-up t ime  fo r  diesel hammers  is not  
lie and,  in fact, experience would indicate that  fo r  t he  soil profile shown 
hammer would start  immediately a productivity assuming lrnmediate 
.up  was also calculated. The results are given in Table 11. All values in  
: I I  were calculated based o n  a seven h o u r  day.  
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S y s t e m  Productivity i n  P i l e s  P e r  t' 

200T 222T 200T 222T 
no start-up no start-up 

t i m e  t i m e  

Cost calculations were divided in to  t w o  parts,  labor  cost  and equipment  
cost. The labor  cost  was calculated using s tandard union rates fo r  Ohio. 4 
crew was ;~ssuineci t o  consist o f  one  Foreman ,  fou r  Pile Drivers, one  crane 
opera tor  and for  the  diesel hainmers o n e  oiler while fo r  t he  air/stezm ham- 
mers t w o  oilers were assumed. A saniple o f  labor  cost  calculations are sum- 
marized in :he Appendix.  

Equipment costs were all based o n  rental  rates as given by 28 th  Rzntal  
Compilation fur Const ruct ion Equipment .  T h e  diesel hammer  rates were 
ohtairied from the  Foundat ion Equipment  Company  of Newconierstown, 
Ohio,  3nd the weights o f  all e lements  in that driving system were based o n  the 
use o f  their leads as a swinging systeni. F o r  t h e  airisteam hammers the  leads 
were 31~0  assumeJ to  be.swinging and t o  weigh 2 0 0  Ibs per  foot .  .4 required 
radius of  3 0  ft  was assumed for  crane sclection. This latter assumption is a 
critical o n e  and if it is changed the results will also change. An example of  
equipment  cost  computa t ion  is given in the  Appendix  for t h e  D-22 hammer.  

Tht: driving costs are summarized in Table 111 using the  productivity based 
on the  calculated start ing t ime for  the  diesel hammers.  If t he  starting t ime is 
neglected there are some  substantial  ch:~nges  in costs.  Using this assumption, 
the resrilting costs are summariz.ed in Table IV.  

DISCUSSION A N D  CONCLUSIONS 

The  purpose o f  this paper  was t o  iliustrate a rational procedure f o r  pile 
driving equiprnent selection. While the  wave equat ion sometimes produces 
inaccarate results it is surely an  improvement  over  a contractor 's  guess unless 
there is experience with very similar sites. It must  be used with care and obvi- 
ously incorrect results must  be  ignored. Experience has shown that  it is less 
accurate for  high blow coun t  driving. It depends  o n  a reliable static soils 
analysis and it can be qu i t e  inisleading fo r  cases where high blow counts  are 
combined with relatively small errors in the  soils analysis. For  example,  t he  
case o f  thc Vulcan 0 6  t h e  pile can be  driven t o  dep th  if it has a 200T  uiti- 
Illate capacity bu t  if t he  capacity is only  I 0  percent higher the  pile cannot  be 
driven. 



TABLE I11 

E x a m p l e  P r o b l e m  C o s t  Summary,  C a l c u l a t e d  D i e s e l  S t a r t - U p  Time 
A 

. - * 
Hammer Labor C r a n e  R e n t a l  D r i v i n g  S y s t e m  C o s t  P r o d u c t i v i t y  C o s t  Co s 

TYPe C o s t  P e r  C o s t  P e r  Day R e n t a l  C o s t  P e r  Day P i l e s / D a y  P e r  P i l e  P e r  F 
Day ( $ 1  P e r  Day ( $ 1  ( $ 1  ( $ 1  ( $ )  

V u l  0 6  6 8 7 . 7 6  1 9 8 . 3 0  1 2 7 . 1 6  1 0 1 3 . 2 2  4 . 5  2 2 5 . 1 6  3 .  
( 0 )  

V u l  08  6 8 7 . 7 6  2 3 2 . 9 6  

D r i v i n g  s y s t e m  refers  t o  hammer,  h e l m e t ,  l e a d s  a n d  for a i r / s t e a m  h a m m e r s ,  t h e  c o m p r e s s o r  

Numbers  i n  p a r e n t h e s e s  a r e  b a s e d  o n  t h e  2 2 2  T p i l e  c a p a c i t y  




