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ABSTRACT 

An i n v e s t i g a t i o n  o f  d r i v i n g  l a r g e  o f f sho re  p i l e s  a t  the  p o i n t  versus 

d r i v i n g  a t  t he  head o f  t h e  p i l e  i s  presented i n  t h i s  paper. The e f f e c t s  

of vary ing  cushion s t i f f n e s s  and o f  m u l t i p l e  harmer blows a re  a l so  shown. 

Results i n d i c a t e  t h a t  no increased d r i v i n g  a b i l i t y  may be expected by 

changing the  hammer p o s i t i o n  from the  head t o  the  p o i n t .  

For t h e  p i l e  systems, s o i l  cond i t ions ,  and harmer used i n  t h i s  study, 

i t  was found t h a t  i nc reas ing  cushion s t i f f n e s s  increased the  d r i v i n g  

a b i l i t y  b u t  t h a t  m u l t i p l e  hammer blows had l i t t l e  e f f e c t  on d r i v i n g  the  

p i l e .  

These r e s u l t s  and comparisons should be o f  value t o  present  day o f f sho re  

o i l  d r i l l i n g  i n d u s t r i e s  a n t i c i p a t i n g  l a r g e r  p la t fo rms i n  deeper water l oca t i ons .  



INTRODUCTION 

A great amount of work has been done in the past concerning the dynamics 

of pi le-dri vi ng. Increasing demands of the present day offshore oi 1 industry 

have necessitated construction of larger platforms in deeper water, prompting 

the following studies:  

1. A comparison of driving a large offshore p i le  a t  the point of the 

pi le  with the usual method of driving a t  the head. 

2 .  The influence of capblock s t i f fness  variation on the ab i l i t y  to  

drive the pi le .  

THEORY 

The method of analysis used for  th i s  study was the application of the 

( ) one-dimensional wave equation, f i r s t  successfully accomplished by Smith ( I ) ,  

and now generally used for  dynamic analysis of p i le  driving. Later improve- 

ments were presented by Samson, Hi rsch, and Lowery ( 2 ) .  Both methods ideal i ze 

the p i le  system as consisting of a ram (hammer), capblock (cushion), p i le  cap, 

p i l e ,  and surrounding so i l  , a1 1 modeled by discrete  weights and internal - 
external springs. The p i le  i s  appropriately divided into a s e t  of elements 

represented by mass and s t i f fness  parameters with f r ic t iona l  soi l  resistance 

provided by a ser ies  of s ide springs plus a single point resistance spring. 

A detailed explanation of the wave equation method i s  presented in the 

references. The computer code developed a t  Texas A & M University by Lowery 

( 3 )  was used t o  perform the numerical calculations for  t h i s  study. 



EXPERIMENTAL METHOD 

Various computer runs were executed w i t h  the  hammer pos i t i oned  a t  e i t h e r  

t he  head o f  t he  p i l e  o r  a t  t h e  p o i n t  o f  t he  p i l e .  The e f f e c t  o f  us ing  a  s o f t  

(asbestos) cushion versus a  hard (Bongassi hardwood) cushion was inves t iga ted ,  

p rov id ing  a  second v a r i a b l e  cond i t i on .  Several long runs were made t o  determine 

t h e  va l  i d i  t y  o f  t he  Smi t h  approximation o f  permanent s e t  (maximum d i  sp l  acement 

minus a  s e t  value o f  s o i l  quake). Possib le e f f e c t s  o f  m u l t i p l e  hammer blows 

were s tud ied  by r e h i t t i n g  t h e  p i l e  t h ree  times i n  succession du r ing  a  s i n g l e  

computer run. 

PILE SYSTEM DATA 

(see f i g u r e  1 )  

Hammer: Vulcan 060, Weight = 60 k i p s  
Energy = 180 k i p - f t .  
St roke = 3 ft. 
V e l o c i t y  = 12.4 f t . / sec .  
E f f i c i e n c y  = 80% 

Cushion: (1)  Asbestos K =  1769.8 k i p s / i n .  ( s o f t )  
E  = 40.0 k s i .  

( 2 )  Bongassi K = 10578.8 k i p s / i n .  (hard)  
E = 239.1 k s i .  

Capblock: S tee l ,  Weight = 40.18 k i p s  

P i l e :  S tee l ,  Diameter = 54 i n .  
Wall th ickness = 2 i n .  
To ta l  l eng th  = 300 ft. 
Penet ra t ion  = 200 ft. 
Element l eng th  = 10 ft. 
Element weight  = 11.1 k i p s  
Element K = 81680 k i p s / i n .  

Soi 1  : Clay, Quake = 0.1 i n .  
S o i l  damping constants: 
Js = 0.2 sec . / f t .  (shear on s ide  of p i l e )  

= 0.01 sec . / f t .  ( p o i n t  compression) 
J~ . . 
RUP - 10% o f  RUT 

where RUT = Tota l  s t a t i c  s o i l  r es i s tance  on p i l e  
and RUP = S t a t i c  s o i l  r es i s tance  on p i l e  po in t .  @9 
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DISCUSSION OF RESULTS n 

The computer code by Lowery ( 3 )  has the  c a p a b i l i t y  t o  s imulate d r i v i n g  a 

p i l e  w i t h  the  hammer and d r i v i n g  accessories pos i t i oned  a t  o the r  than the  p i l e  

head, such as a t  t h e  p o i n t  o f  t h e  p i l e  as has been done f o r  t h i s  study. With 

the  g iven i n p u t  data f o r  t h e  hammer and p i l e  systems, computer runs were made 

f o r  d r i v i n g  a t  t he  head and a t  t he  p o i n t  o f  t he  p i l e  us ing  both asbestos and 

bongassi cushions f o r  several  d i f f e r e n t  s o i  1 res is tances .  P l o t s  were then 

made showing d r i v i n g  a b i l i t y  versus s o i l  r es i s tance  as shown i n  f i g u r e s  2 

and 3. The s o i l  r es i s tance  value represents the  t o t a l  s t a t i c  s o i l  res is tance 

a t  t h e  t ime o f  d r i v i n g .  The Smith method o f  approximat ing permanent s e t  as 

maximum displacement minus a value o f  quake was used f o r  a s e t  o f  r e g u l a r  runs. 

A second s e t  o f  l ong  runs were made t o  determine t h e  v a l i d i t y  o f  t he  Smith 

approximation. For these l ong  runs, the  p i l e  displacements were al lowed t o  

s e t t l e  o u t  so t h a t  t h e  f i n a l  displacement value cou ld  be taken d i r e c t l y  as 

the  permanent s e t  o f  t h e  p i l e .  The time-displacement records o f  these runs 

a re  shown i n  f igures  4 and 5 a long w i t h  a comparison w i t h  the  permanent s e t  

as computed by the  Smith approximation. 

The use of t he  Smith approximation fo r  permanent set ,  maximum p o i n t  

displacement minus quake, has been shown i n  the  pas t  t o  be v a l i d  when p i l e s  are  

h i t  a t  t h e  head. Care must be taken, though, when the  p i l e  i s  d r i ven  w i t h  the  

hammer a t  t he  p o i n t .  For  t h a t  case, t he  maximum mud1 i n e  displacement must be 

used i ns tead  o f  t he  p o i n t  displacement t o  avo id  t h e  e f f e c t s  o f  tens ion  e longat ion  

o f  the  p i l e  below the  mud1 i n e  when h i t  a t  t he  p o i n t .  Otherwise, t h e  p i l e  w i l l  

seem t o  d r i v e  b e t t e r  a t  t he  p o i n t  than a t  t h e  head ( f o r  a s i n g l e  blow on ly )  

when a c t u a l l y  t he  p i l e  i s  o n l y  being elongated below the  mudl ine and n o t  
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f- being d isp laced as much a t  the  head o r  mudline, where i t  r e a l l y  counts. 
1 

This e f f e c t  i s  shown schemat ica l l y  i n  f i g u r e s  4, 5, and 6. The r e s u l t i n g  data 

i s  p l o t t e d  on f i g u r e  2, d r i v i n g  a b i l i t y  versus d r i v i n g  res is tance.  The data 

us ing  the  Smith method and the  data from the  long runs p l o t t e d  up very c l o s e l y  

except near r e f u s a l .  

For a l l  cases run, t h e  e f f e c t  o f  g r a v i t y  was inc luded w i t h  care taken t o  

i n i t i a l i z e  the displacements o f  each 'o f  t he  masses i n  t he  system t o  zero 

a t  t ime zero t o  prevent  f i c t i t i o u s  i n i t i a l  s t resses i n  t h e  p i l e .  

Very 1 i t t l e  d i f f e r e n c e  was observed between d r i v i n g  a t  t h e  p o i n t  of t h e  

p i l e  o r  a t  the  head us ing  the  bongassi cushion. D r i v i n g  a t  the  head, however, 

appeared d e f i n i t e l y  b e t t e r  us ing  the  asbestos cushion. I t  was a l so  noted t h a t  

t he  d r i v i n g  a b i l i t y  f o r  t h i s  s o i l  c o n d i t i o n  and p i l e  was improved considerably 

when us ing  the  bongassi cushion as compared t o  the  asbestos cushion as can 

C 1 be seen comparing f i g u r e s  2 and 3. 

For a more complete comparison o f  t he  p i l e  d r i v i n g  systems, the  e f f e c t  o f  

m u l t i p l e  hammer blows was added t o  the  i n v e s t i g a t i o n .  To determine the  bes t  

compatible t ime computer-wise f o r  app ly ing  t h e  second and subsequent hammer 

blows, l ong  runs were made w i t h  t h e  p i l e  being h i t  a t  t h e  head and a t  t he  p o i n t .  

It was found t h a t  t he  p i l e  displacements damped ou t  f a i r l y  w e l l  a t  approximately 

400 i t e r a t i o n s  f o r  both cases, as shown i n  f i g u r e s  4 and 5. M u l t i p l e  hammer 

blow runs were made r e h i  t t i n g  the  p i l e  a t  400 and 800 i t e r a t i o n s .  Displacement 

versus t ime curves a re  g iven i n  f i g u r e s  7, 8, and 9, showing very l i t t l e  e f f e c t  

of  mu1 t i  p l  e hammer blows . It had been feared t h a t  t h e  res idua l  s t resses induced 

i n  the  p o r t i o n  o f  the  p i l e  below t h e  mudline might  have g r e a t l y  a f f e c t e d  the  

r e s u l t s  o f  subsequent blows. However, as shown i n  f i g u r e  9, t he  mudline displacements 

f o r  t he  p i l e  d r i v e n  a t  t h e  p o i n t  were almost t he  same as the  p o i n t  displacements 

c 
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f o r  the  p i l e  d r i ven  a t  t he  head, o ther  parameters being the  same. For t h a t  
1 n 

comparison, the  e f f e c t s  o f  tension i n  the  po in t -d r i ven  p i l e  and o f  compression 

i n  the  head-driven p i l e  were both considered. Thus, t h e o r e t i c a l l y ,  d r i v i n g  ' 

a t  the  p o i n t  and a t  the  head cou ld  have i d e n t i c a l  r e s u l t s .  



CONCLUSIONS 

The wave equation analysis of pile-driving has been utilized in this study 

to determine whether i t  would improve the abil i ty to drive long offshore piles 

by driving a t  the point of the pile rather than a t  the head as i s  the usual case 

a t  the present time. For the pile systems, soil conditions, and hammer assumed 

in this investigation, the following conclusions have been reached: 

1.  No benefits in increased driving ability may be obtained by driving 

a t  the point of the pile rather than a t  the head for either soft or 

s t i f f  cushions. 

2. Increasing the stiffness of the capblock cushion increases the ability 

to drive the pile a1 though  the stiffness should be kept within reasonable 

limits t o  prevent high driving stresses in the pile. 

3.  The effects of mu1 t iple hammer blows on the pile are negligible. 

A1 though the driving abil i ty may not be increased by placing the hammer 

a t  the point of the pile instead of a t  the head, other possible 

advantages of point-driving may be considered, such as the ability 

to drive piles during bad weather conditions. 
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