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CUP.KENT PFACTICE IN DESIGN AND INSTALLATION OF DKIVEN PILES 

Hal W .  Hunt, P.E.,  Associa ted  P i l e  & F i t t i n g  Corp. 

T e s t s  have proved t h a t  H-piles can dependably 
c a r r y  h e a v i e r  l oads  than  u s u a l l y  a r e  a s s igned  t o  
them. Concrete and t imber  p i l e s  a r e  being loaded 
heav ie r .  P r e s t r e s s e d  c o n c r e t e  p i l e s  b e n e f i t  
from improved s p l i c e r s .  Gaining i n  use  a r e  H- 
p i l e  ex tens ions  f o r  p r e c a s t .  The H end, w i th  
c a s t  s t e e l  p r o t e c t i o n ,  can a s s u r e  p e n e t r a t i o n  
i n t o  compact m a t e r i a l ;  i t  can p reven t  s l i d i n g  of 
s h a r p l y  b a t t e r e d  p i l e s  o r  p i l e s  d r i v e n  on s t e e p l y  
s l o p i n g  rock ;  it prov ides  p r o t e c t i o n  t o  t h e  vul-  
n e r a b l e  end of a  p r e c a s t  p i l e .  An import from 
Europe i s  an i n t e r l o c k i n g  deep-web H t h a t  can 
be used with s h e e t  p i l e s  f o r  cofferdams o r  a  
s t r o n g  wa l l .  Improved mandrels have inc reased  
use of  co r ruga ted  s h e l l  p i l e s .  The wave equa t ion  
i s  i n c r e a s i n g l y  used f o r  de t e rmina t ion  of  d r i v -  
i n g  s t r e s s e s  and s e l e c t i o n  of  t h e  optimum com- 
b i n a t i o n  of  p i l e  and hammer. Dynamic measurement 
g i v e s  i n s t a n t  p i l e  c a p a c i t y  in fo rma t ion  a t  
minimum c o s t .  More adequate s o i l s  i n v e s t i g a t i o n  
and foundat ion p lann ing  can reduce o v e r a l l  c o s t .  

Recent comprehensive t e s t s  have proved t l i a t  H- 
p i l e s  can dependably c a r r y  h e a v i e r  l oads .  Use of H- 
s e c t i o n  ex tens ions  on p r e c a s t  p i l e s  makes i t  p r a c t i -  
c a l  t o  d r i v e  on t o  s l o p i n g  rock o r  t o  p e n e t r a t e  dense 
m a t e r i a l s  such a s  b o u l d e r - f i l l e d  t i l l s .  P r e c a s t  
p i les- -most  o f t e n  p r e s t r e s s e d - - a r e  ga in ing  i n  use .  

Pipe  p i l e s  c u r r e n t l y  a r e  used l e s s  than i n  t h e  
p a s t  b u t  a r e  p r e f e r r e d  by some a s  t h e  i n s i d e  of t h e  
p i l e  can be checked a f t e r  d r i v i n g ;  especial1.y f o r  
w a t e r f r o n t  work t h e y  can be .made l a r g e  f o r  t h e  loads  
and l a t e r a l  s t r e n g t h  needed. Corrugated s h e l l s ,  
i n s t a l l e d  wi th  a  mandrel and f i l l e d  with c o n c r e t e ,  
con t inue  t o  be a  popular  desiq:) f o r  l a r g e r  p r o j e c t s  
where s o i l s  a r e  s u i t a b l e .  Tlmber s t i l l  i s  used i n  
q u a n t i t y  f o r  l i g h t e r  l o a d s .  Auger-ing t o  p l a c e  con- 
c r e t e  a s  a  deep s h a f t  w i thou t  d r i v i n g  i s  expanding 
b u t  is  o h t s i d e  t h e  scope of t h i s  p r e s e n t a t i o n .  

D iese l  hammers a r e  used very  wide ly - -e spec ia l ly  
f o r  moderate s i z e  b r idge  p r o j e c t s  where a  r e l a t i v e l y  
few p i l e s  a r e  needed f o r  each of  s e v e r a l  suppor t s .  
Steam-air hammers a r e  used e x t e n s i v e l y  i n  urban a r e a s ,  
fo l lowing long-es t ab l i shed  wdrk p r a c t i c e s .  The heavy 
ram, and s h o r t  s t r o k e  of t h e  s i n g l e - a c t i n g  s team-air  
hammer has  g e n e r a l l y  been found p r e f e r a b l e  f o r  dri.v- 
i n g  heavy p r e c a s t  p i l e s .  I n  some s o i l s  more r a p i d  
s t r o k e s  may d r i v e  even t h e  l a r g e  displacement  p i l e s  
f a s t e r .  D iese l  hamers r e q u i r e  r e s i s t a n c e  t o  d r i v i n g  

t o  con t inue  f i r i n g .  Steam-air hammers may work more 
s a t i s f a c t o r i ' l y  where i n i t i a l  d r i v i n g  i s  through ve'ry 
s o f t  m a t e r i a l s .  (Ref.  L) 

Steam hammers a r e  popular  f o r  use  on f l o a t i n g  
r i g s  where b o i l e r s  may be p a r t  of t h e  equipment fo r  
o t h e r  needs .  I f  a  compressor o r  b o i l e r  i s  conven- 
i e n t l y  a v a i l a b l e ,  it may be p r e f e r a b l e  t o  use an on- 
hand s team-air  hammer r a t h e r  than  purchase  o r  r e n t  
o t h e r  equipment. Economy of  t h i s  should  be  c a r e f u l l y  
checked. Drop hammers a r e  n o t  much used i n  t h e  U.S. 
bu t  cont inued s a t i s f a c t o r y  r e s u l t s  elsewhere may 
r e s u l t  i n  a  resurgence of thej.r  u se .  A,Swedish de- 
velopment p rov ides  f o r  r a p i d  l i f t i n g  by hydrau l i c  
means, then a f r e e  f a l l  f o r  a  heavy drop. Load 
bea r ing  c a p a b i l i t y  of  d r iven  p i l e s  i s  being quickly  
checked by dynamic informat ion f e d  i n t o  a  job s i t e  
computer. 

Design loads  g e n e r a l l y  have inc reased  f o r  a l l  
types  of  p i l e s .  Flare dependable subsur face  d a t a ,  
more knowledgeable i n t e r p r e t a t i o n  of  t e s t  r e s u l t s ,  
p l u s  improved i n s t a l l a t i o n  methods and inspec t ion  
procedures  have made t h i s  p r a c t i c a l .  This has 
reduced t h e  f a c t o r  of  s a f e t y ,  which i n  t h e  p a s t  may 
have been a. f a c t o r  i n  avoiding unacceptable  s e t t l e -  
ments.  

H-pi les  A t  18 ,000 PSI Working S t r e s s  

Under American I r o n  and S t e e l  I n s t i t u t e  (AISI) 
sponsor sh ip  e x t e n s i v e  t e s t s  on d r i v e n  long H-piles 
provided v e r i f i c a t i o n  f o r  l oad ing  A-36 s t e e l  t o  one- 
h a l f  of i t s  36,000 p s i  y i e l d  s t r e n g t h .  This i s  248 
i n  S I  MPa u n i t s .  The t e s t s  were made a t  Bethlehem 
S t e e l  C o r p . ' s  c o n s t r u c t i o n  o f  a  b l a s t  furnace  a t  
t h e i r  Sparrows P o i n t ,  M D ,  p l a n t .  The t e s t s  were 
planned and conducted under supe rv i s ion  of  Thomas D. 
Dismuke, Chairman of t h e  AISI Subcommitter on S t e e l  
P i l e s  and a  c o n s u l t a n t  i n  the  Technical  Se rv ices  
Engineer ing Department of Bethlehem S t e e l  Corp. 

S o i l s  under t h e  fu rnace  a r e  sedimentary ,  mostly 
sand,  g r a v e l ,  c l a y  and s i l t .  The f i r s t  dependable 
bea r ing  s t r a t a  i s  a t  27 m (88 f t )  depth .  Test  and 
product ion p i l e s  were dr-iven t o  30 to .33  m (100 t o  
110 f t )  t o  o b t a i n  adequate  suppor t  f o r  t h e  b l a s t  
furnace .  Seve ra l  p i l e s  were t e s t  loaded; some were 
ins t rumented and a  few were p u l l e d .  For one, a  
560 mm ( 2 2  i n . )  d iameter  cas ing  was d r iven  t o  28 m 
(90 f t )  and c leaned o u t  t o  24 m (80 f t )  then an 
HP 360 x 108 (14 x 73) d r iven  in 'side t h e  p ipe  to 
bea r ing  i n  t h e  sand. This  e l imina ted  f r i c t i o n a l  



suppor t  of  t h e  upper f ine -g ra ined  s o i l s  t o  g i v e  
dependable bea r ing  c a p a b i l i t i e s .  P i l e  t i p  movement 
a f t e r  d r i v i n g  and t e s t  l oad ing ,  t o  ove r  450 tonne 
(500 t o n s ) ,  was roughly twice  a s  much f o r  t h e  p i l e  C ., d r i v e n  i n s i d e  t h e  p r o t e c t i v e  cas ing .  But n e t  
s e t t l e m e n t  a f t e r  removal of  load was l e s s  than ha l f  
a s  much f o r  t h e  p r o t e c t e d  p i l e  a s  f o r  t h e  one d r iven  
f u l l - l e n g t h  through t h e  s o i l .  (Ref.  2) Conclusions 
i n  t h e  r e fe renced  a r t i c l e  i n c l u d e :  

1. The t e s t e d  p i l e s  can be normally d r iven  t o  
s a f e l y  suppor t  l oads  a t  s t r e s s  l e v e l s  exceeding 
0 . 5  f Y .  . 

2 .  The c u r r e n t  use  of  t h e  concept " f r e e z e "  i s  
no t  adequate  t o  p r e d i c t  t h e  load c a p a c i t y  d i f f e r e n c e  
between r e s u l t s  of  p i l e  t e s t s  and wave equa t ion  
s o l u t i o n s .  

3 .  The wave equa t ion  was very  i n a c c u r a t e  i n  t h e  
p r e d i c t i o n  of  t h e  d r i v i n g  s t r e s s .  

P rope r ly ,  many codes  and j u r s i d i c t i o n s  a r e  ca,~- '  
t i o u s  about use  of  h a l f  t h e  y i e l d  s t r e n g t h  of s t e e l  
a s  a  s a f e  load ing  f o r  H-pi les  d r i v e n  i n t o  unknown 
obs t ruc t io r i s  i n  the  underground. Af t e r  cons ide rab le  
s tudy New York C i ty  accepted .35 f y  o r  86 .8  MPa 
(12,100 p s i )  on A 315 s t e e l .  This  h a s  been i n  e f f e c t  
f o r  a  few yea r s .  No problems; a r e  known t o  have 
?,eveloped from t h i s  i f  adequate  sa fegua rds  and in -  
spec t ion  a r e  g iven t o  i n s t a l l a t i o n .  But Boston s t i l l  
has 58 .6  MPa (8 ,500 psi .)  a s  t h e  upper l i m i t  i n  i t s  
x d e .  The American Assoc ia t ion  of  Ceate  iliglixay and 
Transpor t a t ion  O f f i c i a l s  spec j  f i e s  1,. 2 MPa (9 ,000 p s i )  
iihere t e s t  o r  o t h e r  means a r e  n o t  usi:d t o  prove 
g r e a t e r  s t r e n g t h  va lue .  

B e t h l e h ~ m  S t e e l  Corp. used c a s t  s t e e l  ] : r r t  pro- 
t e c t i o n  on p i l e s  d r iven  i n  c r i t i c a l  a r c a s .  ;uch 
!joints have become q u i t e  common f o r  use on f i - p i l e s  
.$riven l n t o  d i f f i c u l t  ground. Observat ion of  p u l l e d  
11-piies and s o l d i e r  p i l e s  wherr! excavated t o  below 
t h c i c  t i p s ,  show t h a t  point reinforcement can be most 
i ielpfll l  i n  enabl ing t h f  p i l e  t o  p e n e t r a t e  t o  d e s i r e d  
s t r a i  a  in dependable bea r ing  c o n d i t i o n s .  Close 
o b s e ~ v a t i o n  a t  two t e s t  s i t e s  provide  d e t a i l s .  

inore of Z type s h e e t  p i l e s  between them. Th i s  r e -  
duces  t h e  s e c t i o n  modulus p e r  l i n e a r  l e n g t h  b u t  a l s o  
t h e  amount and c o s t  of  t h e  s t e e l .  

The i n t e r l o c k i n g  H-sections a r e  a v a i l a b l e  i n  
s e v e r a l  c o n f i g u r a t i o n s  a t  about  0 . 5 8 . t o  1.00 m ( 2 3  
t o  39 i n . )  web depth  and f l a n g e  widths  of  360 t o  
460 mm (14 t o  18 i n . ) .  S e c t i o n s  a r e  a v a i l a b l e  i n  
d i f f e r e n t  web and f l a n g e  t h i c k n e s s e s .  Seve ra l  shapes  
of s h e e t  p i l e s  from Arbed i n t e r l o c k  with t h e  deep H- 
s e c t i o n s  t o  g i v e  a  wide cho ice  of  s e c t i o n  modulus 
and wa l l  s t r e n g t h .  

Figure  2 .  For a  b r idge  ove r  t h e  Columbia River near  
P o r t l a n d ,  c a s t  s t e e l  p o i n t s  p r o t e c t  t h e  i n t e r l o c k i n g  
H-sections f o r  d r i v i n g  through bou lde r s .  

Figure  3. One s i d e  of  t h e  connect ing b a r  i s  c u t  
back a  l i t t l e  a t  t h e  t o p  t o  ease  th read ing  of t h e  
f r o n t  and r e a r  i n t e r l o c k s .  

In t e r locked  11-sections For Deep Cofferdams 

From Arbed i n  Luxembourg come i n t e r l o c k i n g  11- 
p i l e s  ar ranged f o r  use  wi th  s t e e l  s h e e t  p i l e s .  The 
t i -p i les  can be used a s  a  high s e c t i o n  modulus con- 
tinuciils wa l l  with an in ter l .ocking b a r  ' connect ion.  
Or, they can be used a s  mater p i l e s  wi th  a  p a i r  o r  

Figure 1. New from Europe is  an i n t e r l o c k i n g  deep 
s e c t l o n  H wi th  high s e c t i o n  modulus f o r  cofferdams 
o r  dock w a l l s .  i n t e r l o c k i n g  Z s e c t i o n s  can be a l -  
t e r n a t e d  t o  reduce s t e e l  weight  and c o s t .  

l ihere a  cont inuous  H w a l l  i s  used wi th  t h e  i n t e r -  
l ock ing  b a r  on both  f ace  and r e a r  t h e  wa l l  can be 
e x c e p t i o n a l l y  w a t e r t i g h t .  For s p e c i a l  c o n d i t i o n s  
c l a y s  o r  o t h e r  m a t e r i a l s  can be puddled between t h e  
H-sections.  

T e s t s  Prove i i-pile Value 
. . 

H-piles Replace Caissons  

On a  p r o j e c t  i n  a  mixed l imestone a r e a  t h e  owner 
asked t h a t  a  t e s t  be made us ing  H-piles f o r  a  park-  
i n g  garage where c a i s s o n s  on a  n e a r w  job had f a r  
overrun t h e  c o n t r a c t  amount. At a  shal low a r e a  and 



a t  a  deep a r e a ,  some 100 m (330 f t )  a p a r t ,  an 
HP 250 x  62 (10 x  42) was s p e c l f r e d  t o  have c a s t  
s t e e l  p o l n t  p r o t e c t l o n .  A t  t h e  deep a r e a  a  comparl- 
son HP 250 x 85 (10 x  57) b a s  required. The con- 
t r a c t o r  f o r  t h e  t e s t  l n s t a l l a t l o n  e l e c t e d  t o  d r l v e  
r e a c t l o n  p l l e s  t o  develop t h e  t e s t  l oad .  EIP 310 x 79 
(12 x 53) were used a s  t e n s l o n  plles--without end 
p r o t e c t l o n .  

F lgu re  5.  T e s t  p i l e  HP 250 x  62 (10 x 4 2 ) .  3rd 
from r l g h t  w i th  p o l n t  p r o t e c t i o n  was unharmed by 
d r i v l n g  t h a t  damaged a l l  s l x  HP 310 x  79 (12 x 53) 
d r i v e n  a s  r e a c t i o n  p i l e s .  

F i g u r e  4 .  With c a s t - s t e e l  end p r o t e c t i o n  H-pi les  can 
be d r i v e n  i n t o  medium h a r d  rock.  Note how t h e  con- 
t r a c t o r  u t i l i z e d  sa lvaged  guard  r a i l .  

Through Muck To Rock On Ohio DOT T e s t s  

The S t a t e  o f  Ohio, w i th  F e d e r a l  Highway Admini- 
s t r a t i o n  fund ing ,  expe r imen ta l ly  drove  ,H-pi les  
through 7 t o  8  m (23 t o  25 f t )  o f  s o f t  s i l t  then 
d i r e c t l y  on t o  a  ha rd  l imes tone  t o  o b t a i n  guidance 
f o r  founda t ion  d e s i g n .  Three p i l e s  were d r i v e n  with 
each o f  f i v e  hammers t o  develop comparisons of d r i v -  
i ng  c a p a b i l i t i e s  and c h a r a c t e r i s t i c s .  ( ~ e f .  4) 

On t h e  t e s t  a t  t h e , s h a l l o w  a r e a  t h e  HP 10 x 42 
wi th  p o i n t  p r o t e c t i o n  and s i x  HP 310 x 7 9  (12 x  53) 
r e a c t i o n  p i l e s  were d r i v e n  t o  a  modera te ly  ha rd  
l imes tone  wi th  a  Link B e l t  440 doub le -ac t ing  d i e s e l  
hammer, r a t e d  a t  2520 kg-m (18,210 f t  l b ) .  A f t e r  
t e s t i n g  t h e  HP 250 x 62 (10 x 42) t o  t h e  d e s i r e d  
load  t h e  seven p i l e s  were p u l l e d .  A l l  s i x  of t h e  
unpro tec t ed  HP 310 x  79 (12 x 53)  were damaged, 
s e e  photo .  The HP 250 x 62 (10 x 42) t e s t  p i l e ,  
w i th  a  c a s t - s t e e l  p o i n t  was t h e  o n l y  p i l e  n o t  
damaged. S i g n i f i c a n t l y ,  none of ths expe r i enced  p i l e ,  
d r i v i n g  crew were aware of t h e  damage t o  t h e  p i l e s .  

A t  t h e  deepe r  a r e a  o f  t h e  s i t e  t h e  t e s t  p i l e  and 
comparison p i l e  were d r i v e n  t o  90 f t  depth .  The 
unpro tec t ed  HP 250 x 85 (10 x 57) was t w i s t e d  i n t o  
a "bow-tie" a t  t h e  t i p ,  w i th  undependable b e a r i n g  
c a p a b i l i t y .  The HP 250 x 62 (10 x .42 ) - -wi th  a  1 0  kg 
(23 l b s )  c a s t  s t e e l  p o i n t  b u t  some 590 kg (1 ,300 l b )  
l e s s  s tee l - -was  damaged. Some HP 310 x  79 (12 x 53) 
r e a c t i o n  p i l e s  were mangled on sma l l  b o u l d e r s  a t  7  m 
(23 f t )  depth--above m a t e r i a l  r e s i s t i n g  on ly  f o u r  
blows on a  s t a n d a r d  sampling spoon. S e v e r a l  p i l e s  
could  n o t  be p u l l e d ,  probably  because  they  were 
bad ly  d i s t o r t e d  by d r i v i n g  o n t o  o b s t r u c t i o n s .  (Ref 3) 

Figure  6 .  P i l e s  were d r i v e n  wi th  f i v e  d i f f e r e n t  
hammers. The v e r t i c a l  and a d j a c e n t  b a t t e r  p i l e  were 
d r i v e n  wi th  a  Link B e l t  520 (3,640 kg m o r  26,300 
f t  l b ) .  Next p i l e  was d r i v e n  wi th  a  Vulcan 08 
(3,600 kg m o r  26,000 f t  l b ) .  Hammer seen is  a  Kobe 
25 (7 ,000 kg m o r  50,700 f t  l b ) .  Case-Goble dev ice  
f o r  i n s t a n t a n e o u s  de t e rmina t ion  o f  p i l e  c a p a c i t y  is  
s e e n  i n  t h e  van. 

Table 1. P i l e  hammers used i n  Ohio WT T e s t s .  (From manufac tu re r ' s  pub l i shed  d a t a )  
The Link B e l t  i s  a  doub le -ac t ing  d i e s e l ;  t h e  Vulcan i s  s l n g l e - a c t i n g ,  a i r  powered: 
t h e  Kobe a r e  s r n g l c - a c t i n g  d i e s e l s ;  the ElKT i s  doub le -ac t ing ,  a i r  powered. 

Energy Ram Weight T o t a l  Weight 
Kgm F t l b  Kg Lb Kg Lb 

S t r o k e s  
Minute 

Link B e l t  520 3,640 26,300 2,300 5 ,070 5 ,670 12,550 80-84 
Vulcan 08 3,600 26,000 3,630 8 ,000 7,600 16,750 50 
Kobe 13 3,400 24,400 1 ,300 2,860 3,600 8 ,025 45-60 
Kobe 25 7,000 50,700 2,500 5,510 5 ,950 13,100 39-60 
MKT 9B3 1 ,210  8 ,750 720 1 ,600 3,170 7 ,000 145 



A v e r t i c a l  p i l e  and a  p i l e  on a  1 :4  b a t t e r  were 
d r iven  wi th  each of t h e  f i v e  hammers l i s t e d  i n  
Table 1. An a d d i t i o n a l  HP 250 x 6 2  (10 x  42) wi th  
a  c a s t  s tee .1  t i p  re inforcement  was d r iven  wi th  each C o f  t h e  fou r  more powerful harmers.  I t  was no t  thought 
necessary  t o  p r o t e c t  t h e  end of a  p i l e  d r i v e n  wi th  
t h e  1210 kg-m (8 ,100 f t  l b )  harmer; bu t  when p u l l e d  
both  t h e  v e r t i c a l  and b a t t e r  p i l e s  d r iven  wi th  t h e  
smal l  hammer were found t o  be damaged beyorid end- 
bea r ing  c a p a b i l i t y .  (The paper  a t  t h i s  seminar by 
b y  Grover of t h e  Ohio Department of T ranspor t a t ion  
covers  t h i s  i n  more d e t a i l . )  

F igure  7.  P i l e  a t  l e f t ,  wi th  p o i n t  p r o t e c t i o n ,  was 
d r iven  wi th  the  Kobe 2 5 ,  a  7 ,000 kg m (50,700 f t  l b )  
hannter a s  was the  t h i r d  p i l e .  Others  i n  Ohio t e s t  
were d r iven  wi th  sma l l e r  hammers. 

Photos show t h e  d r i v i n g  and some o f  t h e  pu l l ed  
p i l e s  on t h e  Ohio DOT t e s t s .  I t  should  be emphasized 

C t h a t  t h e s e  p i l e s  were d r iven  through a  s o f t  s i l t  
) thc,n suddenly on t o  a  hard  l imestone.  I t  has  long 
' bec,n recognized t h a t  t i p  p r o t e c t i o n  i s  e s s e n t i a l  

under t h i s  cond i t ion .  The U.S. S t e e l  Corp. book- 
l e t  on H-pi les  s t a t e s :  " I f  impenetrable  rock i s  
ov t , r l a id  wi th  s o f t  m a t e r i a l  wi th  l i t t l e  h o r i z o n t a l  
s t s b i l i t y ,  t h e  p i l e  t i p  must be b u i l t  up wi th  p o i n t s . "  

P l l e  Capaci ty  By Dynamic Measurement 

The d r i v i n g  was monitored by t h e  Case-Goble 
method of dynamic p i l e  c a p a c i t y  de te rmina t ion .  This  
i s  based on t h e  now widely accepted wave equa t ion .  
The P i l e  Analyzer r eco rds  s t r a i n  and a c c e l e r a t i o n  i n  
a  u n i t  t h a t  has  been developed t o  a  s i z e  t h a t  can be  
p-1 i n t o  a  couple  of  s u i t c a s e s  f o r  a i r  t r a n s p o r t . o r  
taken t o  a  job by c a r .  With knowledge of  p i l e  t ype ,  
s i z e ,  and l eng th  an in s t an taneous  d e t ~ ~ m i n a t i o n  of 
t o t a l  c a p a c i t y  can be made. 

This  system was developed by P ro f .  George Goble 
while at. Case-Western Reservih Un ive r s i ty  i n  C vc- 
a .  Dr. ::uble i s  now Cl~rlirman of  tlie Peiwr t !!lent 
c ~ f  Civi 1, Environn~cnta l  ;1n<1 A1 c h i t  cc.t{ir;ll 1::nqincering 
at the  l l ~ i i v c l s i t y  ,>f UcloraJu, B o u l ~ i c l - ,  Cc7. These 
.;r.its a r e  f i n d i n g  i n c r e a s i n g  u s e  f o r  checking p i l e  
capac i ty ;  they a r e  a v a i l a b l e  f o r  purchase  o r  r e n t a l  
a t  moderate c o s t .  More thari 20 d r i v e n  p i l e s  can be 
checked f o r  capaci ty .  i n  ha l f  a  day wi th  a  mobile 
cl-ane, an e f f i c i e n t  hammer, arid a. crew exper ienced 
with tkLe dev ice .  I t  can be used f o r  t imber ,  p r e c a s t  
concrete ,  H and p i p e  p i l e s .  

computer recorded good c a p a c i t y  f o r  a l l  p i l e s  a t  t h e  
f i r s t  blows a s  each p i l e  s t r u c k  t h e  l imestone.  ~ u t  
a f t e r  a  very  few blows on p i l e s  wi thout  end p ro tec -  
t i o n  t h e  i n d i c a t e d  c a p a c i t y  dropped o f f  r a p i d l y ;  t h e  
hammer-pile sound became a  d u l l  thud.  The p i l e  con- 
t i nued  t o  move down, a s  i f  it were p e n e t r a t i n g  t h e  
l imestone.  When p u l l e d ,  t h e  p i l e s  were found t o  
have t h e  t i p s  badly  mangled. (See pho to . )  

P i l e s  wi th  t h e  p r o t e c t i o n  of c a s t  s t e e l  p o i n t s  
s topped moving when t h e  l imestone was s t r u c k .  The 
sound cont inued t o  be a  l i v e  " r ing" ;  the 'computer  
showed i n c r e a s i n g  c a p a c i t y  f o r  each of  t h e  p i l e s .  
Under cont inued d r i v i n g  wi th  powerful hammers t h e  
p i l e s  wi th  p o i n t  p r o t e c t i o n  s t a r t e d  t o  buckle i n  
column f a i l u r e  i n  the  2.5 m ( 8  f t )  l e n g t h  above t h e  
ground. Tliere was no evidence of column bendin; 
from d r i v i n g  i n  the  l e n g t h  embedded i n  t h e  s o i l  on 
any of  t h e  p i l e s .  

Another job r epor t ed  i n  t h e  Ohio DOT t e s t  s e r i e s  
involved MP 10 x 42 d r i v e n  i n t o  a  s h a l e .  Here a l l  
p i l e s  i n s t a l l e d  and t e s t e d  performed s a t i s f a c t o r i l y .  
t i -p i les  a r e  being d r i v e n  i n t o  b o u l d e r - f i l l e d  s t ream 
beds and through dumped rock .  With end p r o t e c i t o n ,  
H-piles can be d r iven  s t r a i g h t  enough t h a t  they can 
be used a s  a  s i n g l e  l i n e  column suppor t  exposed up 
t o  t h e  s u p e r s t r u c t u r e .  

Laboratory T e s t s  Develop Reasons For P i l e  Deformation 

Af te r  l oad ing  H-piles--with and wi thout  p o i n t  
p ro tec t ion - - to  f a i l u r e  i n  a  l a b o r a t o r y  compression 
machine, Dr. Roger S l u t t e r ,  d i r e c t o r ,  F r i t z  Engineer- 
i n g  L,aboratory a t  Lehigh Unive r s i ty  had comments a s  
b r i e f e d  he re .  

"The f l a n g e s  of  a  s t e e l  p i l e  a t  t h e  t i p  a r e  very  
s u s c e p t i b l e  t o  buckl ing when t h e  t i p  o f  t h e  f l a n g e  
encoun te r s  r e s i s t a n c e  i n  d r i v i n g .  The AISC and AREA 
s p e c i f i c a t i o n s  g ive  l i m i t s  on t h e  r a t i o  b /2 t  and t h e  
AASHO specifications g i v e  a  l i m i t  o f  b / t  a s  a  means 
of  i n d i c a t i n g  when t h e  f l ange  width  of  a  s e c t i o n  is  
such t h a t  t h e  s e c t i o n  can be desc r ibed  a s  a  compact 
s e c t i o n  ( b  i s  width ,  t i s  t h i c k n e s s  of  f l a n g e ) .  For 
ASTM A 36 s t e e l s  t h e  l i m i t  o f  b /2 t  suggested i s  8 .5 .  
For a l l  p i l e  s e c t i o n s  excep t  HP 250 x  85 (10 x 57) 
t h e  r a t i o  of  b /2 t  exceeds 8 .5 .  

Figure  8A. Loading under Figure  RB. Loading under 
c o r n e r s  of  H caused e a r l y  web through c a s t  s t e e l  
f a i l u r e  i n  Lehigh t e s t s .  p o i n t  d i s t r i b u t e d  load .  

. . . . 
Transducers a r e  p l aced  on top  of  t h e  p i l e  o r  

a t tached t o  a  s i d e  and connected t o  a r eco rd ing  

t device .  The f o r c e  and a c c e l e r a t i o n  du r ing  d r i v i n g  " A l l  r o l l e d  s e c t i o n s  have r e s i d u a l  s t r e s s e s  
a re  recorded i n  analog form on magnetic t a p e .  The formed when t h e  s e c t i o n  c o o l s  a f t e r  r o l l i n g .  The 
tape record can be conver ted  t o  d i g i t a l  form and f l a n g e  t i p s ,  which c o o l  f i r s t ,  have a compressive 
f u r t h e r  processed us ing  FORTRAN sof tware .  r e s i d u a l  s t r e s s  and webs have a  t e n s i l e  r e s i d u a l  

Returning t o  t h e  Ohio t e s t s ,  t h e  Case-Goble s t r e s s .  The compressive r e s i d u a l  s t r e s s  i n  t h e  



- f l a n g e  t i p  f o r  1.i h t  s t e e l  s e c t i o n s  of  s i m i l a r  shape 
is  about  914 k-cmq (13 k s i ) .  To t h i s  must be added 
t h e  s t r e s s  from d r i v i n g .  For a  p i l e  c r o s s  s e c t i o n  
t h e  f l ange  could  be  expected t o  buckle  a t  a  compres- C s i v e  s t r e n g t h  of 1406 k-cn2 (20 k s i )  would pro- 
duce buckl ing.  

"For a  load under t h e  web of  a  p i l e  t h a t  has  a  
t e n s i l e  r e s i d u a l  s t r e s s  of  t h e  o r d e r  of  492 k-cm2 
(7  k s i ) ,  it would r e q u i r e  an  a p p l i e d  s t r e s s  of 
1900 k-cm2 (27 k s i )  t o  buckle  t h e  web. S ince  p i l e  
s e c t i o n s  have t h e  same web and f l a n g e  t h i c k n e s s ,  t h e  
p i l e  t i p  performs f a r  b e t t e r  when t h e  web is  t h e  
f i r s t  t o  meet r e s i s t a n c e  i n  d r i v i n g .  The h i g h e s t  
t e n s i l e  r e s i d u a l  s t r e s s  i s  found a t  t h e  junc t ion  of  
t h e  web and f l a n g e .  When t h e  t e n s i l e  s t r e s s  gener- 
a t e d  by buck l ing  i s  added t o  t h e  t e n s i l e  r e s i d u a l  
s t r e s s  t h e  f l a n g e  w i l l  t e a r  from t h e  web a t  s t r e s s  
l e v e l s  lower than t h e  y i e l d  s t r e s s .  This  e x p l a i n s  
why d r i v i n g  wi thou t  end p r o t e c t i o n  i s  s o  v a r i a b l e .  

" P i l e  p o i n t s  overcome t h e  unfavorable  geometry . 
of t h e  p i l e  c r o s s  s e c t i o n  i n  s e v e r a l  ways: They have 
a  more f avorab le  b / t  r a t i o  than  t h e  p i l e  c r o s s  sec-  
t i o n ;  They do n o t  have t h e  unfavorable  r e s i d u a l  
s t r e s s  d i s t r i b u t i o n  t h a t  e x i s t s  i n  t h e  p i l e  s e c t i o n ;  
They t end  t o  d i s t r i b u t e  t h e  load  more uniformly 
ove r  t h e  c r o s s  s e c t i o n  of  the  p i l e  r e g a r d l e s s  of 
what p o i n t  f i r s t  encoun te r s  r e s i s t a n c e .  F i n a l l y ,  
they p rov ide  b rac ing  f o r  t h e  d e l i c a t e  f l a n g e  co rne r . "  
(End of  comments by ' S l u t t e r ;  Ref.  5)  

Add i t iona l  H-pile S e c t i o n s  

New i n  t h e  H-pile f i e l d  a r e  a d d i t i o n a l  s e c t i o n s  
i n  t h e  310 mm (12 i n . )  dcpth  and a  se r i f : ;  of 330 mm 
(13 i n . )  H .  These a r e ,  o r  a r e  t o  be ,  r o l l e d  by 
Armco a t  Houston and Inland i n  t h e  Chicago a r e a .  
Ne i the r  Armco nor  In l and  can r o l l  t h e  convent ional  

j 360 mm (14 i n . )  wi th  up t o  378 mm (15 i n . )  wide 
f l a n g e s  of  t h e  H s e c t i o n s .  The f a b r i c a t o r s  expec t  
t o  have a  s a l e s  advantage wi th  t h e  13  i n .  H .  Some 
s u p p l i e r s  a r e  equipment makers a r e  unenthused about  
r e q u i r e d  a d d i t i o n a l  s i z e s  and i n v e n t o r i e s .  But 
American I r o n  and S t e e l  I n s t i t u t e  has  accepted t h e  
new s i z e s  and worked o u t  dimensions f o r  them. Table 
2 g i v e s  m e t r i c  and conven t iona l  d e t a i l s .  

H-pi les  a r e  a v a i l a b l e  i n  a  wi.de range of s i z e s  
and a r e a s  t o  meet any Load-bearing requirement .  They 
a r e  e a s i l y  handled;  t hey  can be extended t o  any 
l eng th .  I f  an end o r  s e c t i o n  i s  damaged, t h e  r e s t  
of t h e  l e n g t h  can be sa lvaged a t  l i t t l e  c o s t .  S p l i c e s  
can be made by conven t iona l  f u l l  p e n e t r a t i o n  welding. 
More popu la r  is  a  manufactured u n i t  w i th  f l a r e d  
ends ,  which s l i p s  on one end o f  a  p i l e  then s a f e l y  
and q u i c k l y  a l i g n s  t h e  added l e n g t h  and a s s u r e s  t h a t  

Table  2. H-Shapes Table A1.4 
From American Na t iona l  Stan-  
da rds  Ins t i tu te /American 
S o c i e t y  f o r  ~ e s t i n g  and 
M a t e r i a l s  p u b l i c a t i o n '  
346-77b p rov ides  d e k a i l s  
of  new H-shapes. 

ttr Y 

t h e  ends  s t a y  i n  l i n e .  The s p l i c e  i s  two shop fab- 
r i c a t e d  U s e c t i o n s  wi th  an a c c u r a t e l y  p o s i t i o n e d  
space r .  The o u t s i d e  of t h e  f l a n g e s  of t h e  top  l e n g t h  
of H i s  beveled.  The s p l i c e r  i s  s l i p p e d  on t h e  p i l e ;  
a  s h o r t  f i l l e t  weld i s  made t o  t h e  f l a n g e  nea r  each 
co rne r  o f  t h e  U-shaped s p l i c e r .  The new l eng th  i s  
pos i t ioned  on t h e  d r i v e n  l eng th .  A p e n e t r a t i o n  weld 
is  made a long t h e  f u l l  width  of  each f l a n g e  t o  com- 
p l e t e  t h e  j o i n t .  

P ipe  P i l e s  - Driven Open o r  Closed End 

Use of  p i p e  p i l e s  i n  t h e  U.S. v a r i e s  cons ide rab ly  
from yea r  t o  year .  Cur ren t ly  on ly  occas iona l  q r o -  
j e c t s  a r e  des igned wi th  p i p e  p i l e s - - d e s p i t e  t h e  f a c t  
t h a t  eng inee r s  l i k e  t h e  oppor tun i ty  t o  look down t h e  
tube  t o  a s s u r e  themselves  a l l  i s  we l l .  P ipe  d r i v e n  
open-end, c leaned o u t  t o  rock arid aga in  d r i v e n  f o r  
f i rm c o n t a c t ,  t hen  f i l l e d  wi th  h igh  q u a l i t y  conc re t e  
i s  allowed h igh  load ing  under most j u r i s d i c t i o n a l  
codes .  

Pipe  t o  be d r i v e n  open-end a s  a  p i l e  should  have 
a  minimum o u t s i d e  diameter  of  254 mm (10 i n . )  and 
w a l l  t h i c k n e s s  of  6.3 mm (0.25 i n . ) .  Wall t h i c k n e s s  
f o r  356 mm (14 i n . )  and l a r g e r  p i p e  should  be 7.9 mm 
(0.310 j .n.) .  P ipe  more than 450 mm (18 i n . )  should  
be a t  l e a s t  9 . 5  mm (0.375 i n . )  w a l l .  S t r e s s  u s u a l l y  
allowed i s  0.35 f  on ASTM A 272, p i p e ;  s t r e s s  on 

Y 
conc re t e  f i l l  may be 0.33 f c ;  i n  t h e  p a s t  a  t op  l i m i t  
of 6 .9  MPa (1,000 p s i )  has  been common, b u t  t h i s  has  
been inc reased .  

Wall thj .ckness must be gaged t o  d r i v i n g  obs t ruc -  
t i o n s  and expected end c o n t a c t s .  Dr iving shoes  of  
c a s t  s t e e l  a r e  used t o  p r o t e c t  t h e  end of  the  p i p e .  
Such shoes  u s u a l l y  a r e  an o u t s i d e  type wi th  perhaps  
9 . 5  mm (3/8 i n . )  ex tens ion  beyond t h e  p i p e .  Th i s  
may reduce f r i c t i o n  whi le  d r i v i n g ;  t h i s  g e n e r a l l y  
i s  accep ted  a s  being d e s i r a b l e .  An i n s i d e  shoe is  
a v a i l a b l e ;  i t  i s  p r e f e r r e d ,  and needed, i n  perrna- 
f r o s t  where t h e  s o i l s  do n o t  reform and f r i c t i o n  
a long  t h e  p i p e  i s  e s s e n t i a l .  I t  i s  d i f f i c u l t  t o  do 
chopping and c l e a n i n g  i n  the  p i p e  when an i n s i d e  
shoe i s  used. 

Both types  of  c a s t  s t e e l  shoes  a t t a c h  wi th  a  min- 
i m u m  of  welding a s  they have a  squa re  ledge on 
which d r i v i n g  i s  done i n  compression. Th i s  con- 
t r a s t s  w i th  wrapping a  hardened, t h i c k  s t r u c t u r a l  
p l a t e  around t h e  p i p e  and a t t a c h i n g  it by welds i n  
s h e a r .  S p e c i a l  t echn iques  and perhaps  h e a t - t r e a t i n g  
a r e  r equ i red .  

An ex tens ion  of  t h e  open-end p i p e  i s  t h e  Dr i l l ed -  
In-Caisson. The open-end p i p e  i s  d r i v e n  t o  c o n t a c t ,  
c leaned o u t  and a  ho le  d r i l l e d  i n t o  the  rock a t  
l e a s t  30 cm (1 f t )  deeper  than t h e  diameter  o f  t h e  

. . . - . - - . . . 
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plpe .  A heavy H-sect lon  may be  s e t  l n t o  t h e  p l p e  
and socke t ;  l t  may extend t o  t h e  s u r f a c e  where a  
ml l led  c o n t a c t  can be made t o  d l r e c t l y  suppor t  malor 
columns of power p l a n t s  and the  l l k e .  For l l g h t e r  
l cads  of t i - sec t lon  o r  r e l n f o r c l n g  b a r s  tw lce  t h e  
depth of t h e  rock socke t  may extend above t h e  rock 
t o  t r a n s f e r  l o a d  t o  t h e  p lpe .  I n  t h l s  arrangement 
loadlng has  been a l lowed a s  h lgh  a s  0.35 f y  (w l th  f y  
taken a s  n o t  g r e a t e r  t h a n  241 1n S I ,  MPa u n l t s  o r  
35,000 p s l )  on t h e  p l p e ;  0 .45  f c  (up  t o  13 .8  NPd- 
2 ,000  p s l )  on c o n c r e t e  and 0.50 f y  on p r o t e c t e d  
s t e e l  In  t h e  co re .  

Conical  P o i n t s  For Closed-End Pipe  

Pipe  i s  most o f t e n  i n s t a l l e d  wi th  t h e  bottom 
c losed  w i t h  a  c o n i c a l  p o i n t  o r  f l a t  p l a t e .  Conical  
p o i n t s  a r e  q u i t e  g e n e r a l l y  p r e f e r r e d .  F l a t  p l a t e s  
msy be used because  t h e y ' a r e  cheaper .  P ipe  t h i c k e r  
than 3 .1  mm (1/8 i n . )  i s  u s u a l l y  a l lowed working . 
s t r e s s .  P ipe  w i t h  a  w a l l  t h i c k n e s s  l e s s  t han  4 . 7  mm 
(i1.188 i n . )  g e n e r a l l y  must be  d r i v e n  wi th  an i n s i d e  
mandrel. Even t h e  4.7 mm (0 .188 i n . )  w a l l  r e q u i r e s  
s p e c i a l  c a r e ;  p i p e  6.2 mm (0 .25 i n . )  t h i c k  w i l l  
wi ths tand o r d i n a r y  d r i v i n g .  

Conical  p o i n t s  push t h e  s o i l  a s i d e ,  compressing 
r a t h e r  t han  d i s p l a c i n g  i t .  s o  maximum f r i c t i o n  i s  
qu ick ly  r e s t o r e d .  They a l s o  d i s t r i b u t e  t h e  load t o  
t h e  e n t i r e  p e r i p h e r y  of t h e  p i p e  a t  o b s t r u c t i o n s  and 
f i n a l  bea r ing .  The 60 deg ree  c o n f i g u r a t i o n  seems 
b e s t  f o r  p e n e t r a t i o n  and f o r  r e s i s t a n c e  t o  damage. 
f l a t t e r  p o i n t s  on l a r g e  d i ame te r  p i l e s  have been 
krtown t o  have d i f f i c u l t i e s .  Outs ide-f langed p o i n t s  
can be beveied  s o  a t t achmen t  can be  made wi thou t  
welding; swabbing on a  l i t t l e  r o o f i n g  t a r  w i l l  t a k e  
cn re  o f  s e v e r e  water  c o n d i t i o n s .  The i n s i d e - f l a n g e  
c c n c i a l  p o i n t  r e q u i r e s  welding a s  i t  i s  n o t  p r a c t i -  
c a l  t o  make it t o  t h e  many i n s i d e  d imensions  o f  
d i f f e r e n t  w a l l  t h i c k n e s s e s .  A d d i t i o n a l l y , . t h e  p i p e  
mi.ght s p l i t  from ha rd  d r i v i n g  over  an i n s i d e  f l a n g e .  

Flat .  p l a t e  c l o s u r e  on p i p e  p i l e s  is  s a i d  t o  
develop a  cone ahead o f  t h e  d r i v i n g  s i m i l a r  t o  t h e  
c o n i c a l  p o i n t .  I t  h a s  been found when t e s t i n g  p i l e s  
t h a t  t h i s  compressed cone s lowly  s p r e a d s  t o  t h e  s u r -  
rounding ' s o i l  and may p e r m i t  con t inu ing  movement. 
T!tis d e l a y s  complet ion  o f  a  t e s t  and i n t r o d u c e s  
q u e s t i o n s  about  p o s s i b l e  s e t t l e m e n t  o f  t h e  s t r u c t u r e .  

S p l i c e  P ipe  P i l e s  Without Welding 

Like H-p i l e s ,  p i p e  can be economical ly  a d i u s t e d  
t o  d i f f e r e n t  l e n g t h s  and unexpected conditiot~:;. Cut- 
o f f s  can be  sa lvaged  f o r  r euse .  P ipe  can be  extend-  
ed r e a d i l y  by adding s e c t i o n s .  For b u t t  welding 
t h e  upper s e c t i o n s  should  have t h e  c o n t a c t  end be- 
ve led  f o r  good p e n e t r a t i o n .  (The d r i v i n g  end of 
t he  p i p e  should  be  l e f t  squa re  f o r  t h e  hammer.) For 
welding, a  space r  b a r  w i th  break-off  n i b s  i s  a v a i l -  
& l e  f o r  i n s e r t i o n  i n  t h e  p i p e  f o r  back-up. 

A t ape red  o u t s i d e  s p l i c e r ,  w i t h  a  square- ledge 
Stop a t  t h e  c e n t e r ,  can be  s e t  on t h e . d r i v e n  l e n g t h  
and ti-,e added l e n g t h  d r i v e n  down i n t o  it. Th i s  
swages t h e  two ends  t i g h t l y  i n t o  t h e  s p l i c e r  b a r  t o  
make a  f r i c t i o n  j o i n t  w i thou t  welding.  The same 
s p l i c e r  dev ice  is  a v a i l a b l e  w i thou t  t a p e r  f o r  weld- 
ing on t h e  bottom s e c t i o n  wh i l e  i n  conven ien t  hor-  
i z o n t a l  p o s i t i o n .  Dr iv ing can be done on t h e  
s p l i c e r .  Another l e n g t h  o f  p i p e  can be  s e t  i n  and 
welded down-hand. Th i s  i s  e s p e c i a l l y  u s e f u l  where 
headroom f o r  d r i v i n g  i s  sma l l  and s e v e r a l  s p l i c e s  
must be made adequate  t o  r e s i s t  u p l i f t .  The s p l i c e r s  
a l s o  a r e  u s e f u l  f o r  underpinning;  h e r e  t hey  a r e  ' 

u s u a l l y  i n s t a l l e d  wi thou t  welding a s  t h e  j ack ing  i s  
a x i a l  on t h e  squa re  end o f  t h e  p i p e .  

Corrugated  S h e l l s  and Uncased P i l e s  

In  r e c e n t  y e a r s  s e v e r a l  mandrels  have beendeve l -  
oped f o r  i n s t a l l i n g  uniform d iame te r  co r ruga ted  
s h e l l s  f o r  s i l l i n g  wi th  c o n c r e t e .  S h e l l s  a r e  made 
by s e v e r a l  f a b r i c a t o r s  and g e n e r a l l y  a r e  12 t o  18  
gage wi th  12 x  50 mm (4 x  2  i n . )  c o r r u g a t i o n s .  They 
a r e  welded o r  crimped w a t e r t i g h t  and have a  pan o r  
boot  f o r  end c l o s u r e .  

S h e l l s  a r e  p u l l e d  up over  t h e  mandrel which is  
then  pneulnat ica l ly ,  h y d r a u l i c a l l y  o r  mechanica l ly  
expanded t o  f i t  i n t o  t h e  c o r r u g a t i o n s ,  F igu re  9. 
Th i s  ho lds  t h e  s h e l l  f i r m l y  wh i l e  d r i v i n g  i s  done 
and o t h e r s  make mandrels ;  most o f  t h e s e  a r e  a v a i l a b l e  
on a  r e n t a l  b a s i s .  S t ep - t ape r  p i l e s  g e n e r a l l y  a r e  
d r i v e n  wi th  a  non-expanding c o r e ,  which d r i v e s  b y  
c o n t a c t  o f  shou lde r s  a t  s i z e  changes of t h e  s h e l l - - ,  
u s u a l l y  2 .4  t o  3.6 m ( 8  t o  12 f t )  . An en la rged  
p r e c a s t  c o n c r e t e  t i p  w i th  a  corruaged s h e l l  c a s t  
i n t o  i t s  c e n t e r  and extended t o  l e n g t h s  needed has  
proven e f f e c t i v e  i n  some s o i l s ,  F i g u r e  10.  An 
e a r l i e r  p r a c t i c e  o f  d r i v i n g  a  closed-end p i p e  man- 
d r e l ,  f i l l i n g  it wi th  c o n c r e t e  and withdrawing t h e  
p i p e  t o  l e a v e  an  uncased s h a f t  i n  t h e  ground has  
been a lmos t  e n t i r e l y  r ep l aced  by auge r ing  a  hole  f o r  
t h e  c o n c r e t e .  

Timber P i l e s  

Timber p i l e s  a r e  used f o r  s u p p o r t  F igu re  9. 
o f  many s t r u c t u r e s  and f o r  w a t e r f r o n t  Guild man- 
needs .  Clean-up o f  p o l l u t i o n  i n  some d r e l .  
ha rbo r s  h a s  made t h e  w a t e r s  h o s p i t a b l e  
t o  marine organisms t h a t  d e s t r o y  p i l e s .  
S t r u c t u r e s  i n  such ha rbo r s  should  be  
f r e q u e n t l y  examined t o  determine  t h a t  
s u p p o r t  c a p a c i t y  c o n t i n u e s  adequate .  

The American Wood P rese rves  Assoc- 
i a t i o n  have 'been e f f e c t i v e  i n  i n c r e a s -  
i n g  t h e  a l l owab le  l o a d s  and p e r m i s s i b l e  
s t r e s s  on t imber  p i l e s .  Some engin-  
e e r s  f e e l  t h i s  may have gone t o o  f a r .  
Use o f  s t e e l  t o  p rov ide  end p r o t e c t i o n  
f o r  wood p i l e s  i s  i n c r e a s i n g .  A "boot"  
t h a t  cove r s  t h e  f u l l  a v a i l a b l e  a r e a  
o f  t h e  p i l e  is  s u b s t a n t i a l l y  more e f -  
f e c t i v e  t han  use  o f  a  p o i n t  t h a t  r e -  
s u i r e s  c u t t i n g  i s  n o t  symmet r i ca l ly  
done.  

Most t imber  p i l e s  i n s t a l l e d  cu r -  
r e n t l y  a r e  c r e o s o t e  t r e a t e d .  P i l e s  
t h a t  w i l l  a lways be below a  permanent 
water  t a b l e ,  a s  f o r  many b r i d g e  foun- 
d a t i o n s ,  can be u n t r e a t e d  a t  a  sub- . 
s t a n t i a l  s av ings .  Sometimes u n t r e a t e d  

F igu re  10.  Enlarged p r e c a s t  t a p e r e d  
t i p .  
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t imber  may be used f o r  a  lower s e c t i o n  of p i l e  wi th  
cas t - in -p lace  c o n c r e t e  f o r  t h e  l e n g t h  above perman- 
e n t  ground water .  A c a s t i n g  is  a v a i l a b l e  f o r  a t t a c h -  
ment by welding t o  co r ruga ted  s h e l l ;  ba rbs  f o r  
d r i v i n g  I n t o  t h e  t o p  o f  a  d r i v e n  l e n g t h  of t imber .  
A p ipe  mandrel i s  p l aced  i n s i d e  t h e  s h e l l  f o r  d r i v -  
Ing t h e  t imber  t o  g r e a t e r  depth  and drawlng t h e  s h e l l  
down wi th  i t  f o r  f i l l i n g  wl th  conc re t e .  S i m i l a r  
connect ions  a r e  a v a i l a b l e  f o r  p i p e  o r  f l u t e d  s t e e l  
lower ends  wi th  co r ruga ted  t o p s .  

P recas t -P res t r e s sed  P i l e s  Gain In  Use 

Precast--and u s u a l l y  p r e s t r e s s e d - - p i l e s  a r e  a  
growing foundat ion suppor t  m a t e r i a l .  They have 
t h e i r  t i p  problems a s  w e l l  a s  s p l i c i n g  d i f f i c u l t i e s . .  
S p l i c e s  a r e  avoided where p o s s i b l e .  

Big equipment makes i t  p r a c t i c a l  t o  c a s t  and . 
d r i v e  i n  up t o  30 m (100 f t )  l e n g t h s ;  p i l e s  may be 
s u b s t a n t i a l l y  longe r  where t.hey can be s e t  i n  deep 
water .  I n  New Orleans  i n  t h e  deep s i l t s  of t h e  
b l i s s i s s ipp i  River De l t a  20 t o  30 m (65 t o  100 f t )  
l e n g t h s  may be  s p l i c e d  t o  r each  very  deep bea r ing  
s t r a t a .  Many means of  s p l i c i n g  p r e c a s t  p i l e s  have 
been developed; a l l  concerned w i t h  long p r e c a s t  
p i l e s  keep s t r i v i n g  f o r  t h e  p e r f e c t  s p l i c e .  

Current  p r a c t i c e  i s  cuvered i n  a  P r e s t r e s s e d  
Concrete  I n s t i t u t e  committee r e p o r t  "Recommended 
P r a c t i c e  f o r  Design, Manufacture and I n s t a l l a t i o n  
o f  P r e s t r e s s e d  Concrete P i l i n g . "  This  appeared i n  
t h e  March-April 1977 J o u r n a l  of  t h e  P r e s t r e s s e d  
Concrete I n s t i t u t e  (150 N. Wacker Drive,  Chicago, 
I L  60606) and i s  a v a i l a b l e  a s  a  32 page r e p r i n t .  
D e t a i l s  of s p l i c e r s  and some comprehensive t e s t s  
a r e  i n  a  r e p r i n t  form t h e  PC1 J o u r n a l ,  No. 5  and 
6  i n  1974. 

H-Stubs For  West Coast P r e s t r e s s  

A r e c e n t  development wi th  p r e c a s t  p i l i n g  is  use  
of H-pile ex tens ions  f o r  p e n e t r a t i o n  i n  d i f f i c u l t  
ground. The H p rov ides  a  t o e  hold  i n  rock encoun- 
t e r e d  a t  a  s h a r p  ang le  t o  t h e  p i l e  a x i s  a s  w e l l  a s  
p r o t e c t i o n  f o r  t h e  c o n c r e t e  end. With a  c a s t  s t e e l  
p o i n t  on the  H-stub it has  been p r a c t i c a l  t o  pene- 
t r a t e  i n t o  b o u l d e r - f i l l e d  g l a c i a l  till a t  a dock f o r  
t h e  new T r i d e n t ,  t h e  wor ld ' s  l a r g e s t  submarine. For 
t h i s  P a c i f i c '  Northwest i n s t a l l a t i o n  610 mm (24 i n . )  
oc t agona l  p r e s t r e s s e d  conc re t e  p i l e s  had a  HP 360 x 
152 (14 x  102) ex tens ion  wi th  c a s t  s t e e l  p o i n t .  

F igure  11. For t h e  home p o r t  of  t h e  T r i d e n t  Sub- 
marine on Puget  Sound, H-stubs on 24 i n .  p r e s t r e s s e d  
p i l e s  provided f o r  d r i v i n g  i n t o  dense  till. 

This  could p e n e t r a t e  t o  develop needed u p l i f t  r e -  
s i s t a n c e  f o r  p i l e s  more than  30 m (100 f t )  long. 
The H was connected by welding t o  a  p l a t e  t h a t  had 
t e n  No.11 b a r s  1 . 2  m (4  f t )  long a t t a c h e d  t o  t h e  
o t h e r  s i d e .  The b a r s  were s l i p p e d  i n t o  t h e  370 mm 
(144 i n . )  c e n t e r  void  of  t h e  610 mm p i l e  and grouted 
In. 

A nearby p r q j e c t  f o r  t h e  P o r t  of  Vancoucer, WA, 
on t h e  Columbia R ive r ,  u t i l i z e d  HP 360 x  132 (14 x 
89) a t t a c h e d  t o  460 mm (18 i n . )  oc t agona l  p r e s t r e s s e d  
p i l e s .  F igu re  12. I t  was found t h a t  w i th  a  c a s t  
s t e e l  shoe an H-pile ex tens ion  could  p e n e t r a t e  ve ry  
dense g r a v e l s  of  t h e  Trou tda le  format ion f o r  10 m 
(30 f t )  t o  develop 40 tons  r e s i s t a n c e  t o  u p l i f t .  
Unprotected H-ends were damaged and could  no t  be  
d r i v e n  deep ly  i n t o  t h e  till. (Ref.  5) 

Figure  12. P r e s t r e s s e d  18 i n .  oc t agona l  p i l e  wi th  
HP 360 x  132 (14 x  89) t i p .  
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H P r o t e c t i o n  For P r e s t r e s s  I n  New York 

In  New York harbor  p r e s t r e s s e d  conc re t e  i s  
d e s i r a b l e  t o  minimize c o r r o s i o n  i n  t h e  exposed 
l e n g t h .  Rock s l o p e s  s h a r p l y  s o  H-pile ends  a r e  
needed t o  secu re  bea r ing  and minimize breakage. On 
t e s t  p i l e s  f o r  a  proposed convention c e n t e r  HP 360 
x 174 (14 x  117) were c a s t  2.4 m (8  f t )  up i n t o  
610 mm (24 i n . )  square  p r e s t r e s s e d  p i l e s  and extended 
a  few f e e t  beyond t h e  end of t h e  conc re t e .  Needed 
l e n g t h s  of  H were a t t a c h e d  a s  ex tens ions  t o  reach 
r equ i red  depth .  

Hard d r i v i n g  on s l o p i n g  rock damaged t h e  end of  
unpro tec t ed  p i l e s .  With a  c a s t  s t e e l  p o i n t  a  p i l e  
was d r i v e n  wi thou t  damage t o  342 blows of  a  8,300 
kg m (60,000 f t  l b )  hammer f o r  10 mm (3/8 i n . )  
p e n e t r a t i o n  i n  a  f u t i l e  a t t empt  t o  r each  a  deeper  
rock l i n e  e r roneous ly  i n d i c a t e d  on p lans .  P o i n t ,  
p i l e  and hammer a l l  wi ths tood t h i s  t e r r i f i c  over- 
d r i v i n g .  

The Wave Equation 

Ry use of  a  d i f f e r e n t i a l  equa t ion  t h a t  d e s c r i b e s  
t h e  mechanics of f o r c e  t r ansmiss ion  a long an e l a s t i c  
rod ( p i l e )  t h a t  has  been sub jec ted  t o  a  mass having 
a  s p e c i f i c  i n i t i a l  v e l o c i t y  a  Wave Equation has  
been developed. From t h i s  t h e  energy t r ansmiss ion  
and t h e  s t r e s s  a t  any p o i n t  a long a  p i l e  being 
d r i v i n g  can be computed. This was f i r s t  desc r ibed  
by E.A. Smith,  t hen  Chief Mechanical Engineer of 
Raymond Concr.ete P i l e  Co: . . 

A l l  Elements ,Are Considered 

In t h e  wave a n a l y s i s  t h e  propagat ion of t h e  
s t r e s s  wave by a  p a r t i c u l a r  hammer o p e r a t i n g  under 
s p e c i f i c  c o n d i t i o n s  i s  analyzed. This  is done f o r  
each f i n i t e  element of l eng th .  An a lmost  i n f i n i t e  



number of computations a r e  r e q u i r e d ,  made p r a c t i c a l  
only  by use  of  a  computer. 

Elements considered i n  a n a y l s i s  i nc lude :  t h e  
s o i l  i n t o  which t h e  p i l e  is t o  be  d r i v e n ;  t h e  p i l e s  
s e l e c t e d  f o r  c o n s i d e r a t i o n ,  t h e i r  weight ,  s t i f f n e s s  
and l e n g t h  ( s p l i c e s  add ano the r  element a s  wave pro- 
paga t ion  through them changes ) ;  t h e  hanuners a v a i l -  
a b l e ,  t h e  weight of  t h e  ram and i t s  impact v e l o c i t y ,  
p l u s  t h e  c h a r a c t e r i s t i c s  of t h e  d r i v i n g  cap, cushion 
b locks  and t h e  l i k e .  

The wave equa t ion  i s  t h e  only  method c u r r e n t l y  
i n  use  f o r  determining t h e  s t r e s s  i n  a  p i l e  whi le  it 
i s  be ing  d r iven .  This  i s  a  much g r e a t e r  s t r e s s  than 
is developed under t h e  s t a t i c  l oad  of  a  s t r u c t u r e .  

The wave theory  i s  v a l u a b l e  i n  p l ann ing  f o r  
i n s t a l l a t i o n  of l a r g e  heavy p i l e s ,  e s p e c i a l l y  i n  
p r e c a s t  concrete. .  I t  i s  h e l p f u l  i n  s e l e c t i n g  t h e  
hammer-cap block-cushion combination t h a t  w i l l  b e  
most e f f e c t i v e  i n  i n s t a l l i n g  b i g  p i l e s .  

Wave Equation Has Limits  

The wave equa t ion  i s  a  t h e o r e t i c a l  s o l u t i o n  
r a t h e r  than  t h e  empirical s o l u t l o n  o f  most p i l e  
formulas.  I t  d e s c r i b e s  a n l y  t h e  s t r u c t u r a l  dynamics 
of s o i l ,  p i l e  and hammer. I t  does no t  s o l v e  t h e  
a s s o c i a t e d  s o i l s  mechanics problems c i n f a l l i b l y  
p r e d i c t  t h e  l e n g t h  o f  p i l e .  

Like o t h e r  founda t ion  a i d s  t h e  wave equa t ion  
w l l l  a s s i s t  b u t  cannot  r e p l a c e  t h e  judgment i ' v -  
e loped from exper i ence  i n  t h e  f l e l d  o f  p i l e  d r i v i n g  
by engineers and c o n t r a c t o r s .  

Unsolved 'Problems 

The foundat ion '  f i e l d  probably  w i l l  always have 
unsolved problems. Design and c o n s t r u c t i o n  move 
ou t  i n t o  a r e a s  p r e v i o u s l y  thought  unusable.  Heavier 
l oads  a r e  p u t  on longe r  p i l e s  t o  be d r iven  under 
tougher c o n d i t i o n s .  Foundations always a r e a  
cha l l enge  t o  more economical and dependable s o l -  
u t i o n s .  No two s i t e s  a r e  a l i k e ;  even a d j a c e n t  p i l e s  
may be s u b s t a n t i a l l y  d i f f e r e n t  i n  d r i v i n g  cha rac te r -  
i s t i c s  and r e s i s t a n c e  t o  hammer blows. There w i l l  
always be a  need f o r  exper ienced and competent foun- 
d a t i o n  a n a y l i s t s .  

Negative F r i c t i o n  

Like  t h e  weather ,  everybody t a l k s  about  downdrag 
o r  nega t ive  f r i c t i o n  on p i l i n g ,  b u t  no one has  
found a  p r a c t i c a l  s o l u t i o n .  I t  is  recognized a s  a  
problem i n  many s o i l s  where c o n s o l i d a t i n g  c l a y s  w i l l  
g r i p  t h e  bitumen has  been placed on p r e c a s t  conc re t e  
p i l e s .  Handling p i l e s  wi th  bitumen s o f t  enough t o  
a l l e v i a t e  f r i c t i o n  is  d i f f i c u l t  and c o s t l y .  An 
Engl ish  c o n t r a c t o r ,  who has  i n s t a l l e d  such p i l e s ,  
has c o n ~ e n t e d  t h a t  on some work adding p i l e s  t o  
c J r r y  the  dolindrag would have c o s t  no more. I t  
..,..., ,.-+- 4 ?.a\.? been l e s s  ~ e s s y  a:]< ; r l - i :a~s  more depen- 

d a b l e .  Rrplying s o f t  bitumen t o  H-pi les  i s  no t  
kncwn t o  havc been donc successfully. 

A t  Knoxville,  Tennessee,  f ly -a sh  was used around 
..- - 7 . 
zr -Y. x  6 2  (10 x  42) i n  an a t t empt  t o  p reven t  ad- 
herence of t h e  weight of  7  m ( 2 2  f t )  of  compacted 
f i l l  above a  compress ible  s t r a t a .  The p i l e s  were 
coated wi th  3 mm (1/8 i n . )  of r a t h e r  hard  bituminous 
m a t e r i a l .  A 25  mm (1 i n . )  square  b a r  280 mm (11 i n . )  
long was welded t r a n s v e r s e l y  a c r o s s  t h e  o u t s i d e  of  
each f l a n g e  of t h e  3 m (10 f t )  above t h e  t i p  of t h e  
15 m (50 f t )  l eng th  t o  open a  l a r g e r  ho ld  a s  t h e  
p l l e  vas  d r iven .  

S p e c i f i c a t i o n s  r e q u i r e d  t h a t  f ly -a sh  be mounded 

up around t h e  H wh i l e  d r i v i n g  s o  t h a t  it would f o l -  
low down along t h e  p i l e .  Fly-ash is  a  hard-burned, 
microscopic-s ize  waste by-product of c o a l - f i r e d  
power p l a n t s .  I t  is  non-absorpt ive--essent ia l ly  
sma l l  r o l l e r  bea r ings .  Fly-ash used amounted t o  
10 mm (3/8 i n . )  of t h i c k n e s s  around t h e  l e n g t h  o f  
t h e  p i l e  t o  which it was a p p l i e d .  There was no 
a t t empt  t o  even-out i t s  d i s t r i b u t i o n .  Funds were 
n o t  a v a i l a b l e  f o r  t e s t i n g  t o  determine t h e  va lue  o r  
amount of  t h e  f ly -a sh  c o a t i n g .  Ben ton i t e  was con- 
s i d e r e d  f o r  t h i s  a p p l i c a t i o n  b u t  t h e  f ly -a sh  was 
thought  t o  be e a s i e r  t o  handle  on t h e  job s i t e .  

P i l e  Corros ion Is Spo t ty  

For p i l e s  d r i v e n  i n t o  most ground and capped 
below t h e  s u r f a c e  c o r r o s i o n  of  s t e e l  i s  n o t  a  pro- 
blem. But it should  always be a  c o n s i d e r a t i o n  where 
p i l e s  a r e  exposed even i n  f r e s h  water  a s  a l t e r n a t e  
w e t t i n g  and d ry ing  and s u l p h a t e s  speed d e t e r i o r a t i o n .  
Bituminous c o a t i n g s ,  p r e f e r a b l y  shop app l i ed  a f t e r  
c l e a n i n g  t o  whi te  me ta l ,  i s  e f f e c t i v e  i f  it can be  
k e p t  on du r ing  handl ing and d r i v i n g .  

Exposure i n  s a l t  water  and s a l t  atmospheres f r e -  
quen t ly  causes  r a p i d  d e t e r i o r a t i o n  of  s t e e l .  T i e  
rods  ho ld ing  s h e e t  p i l e  w a l l s  a r e  e s p e c i a l l y  vulner-  
a b l e .  Extensive  c o r r o s i o n  i s  o f t e n  found i n  t h e  
t i d a l / s p l a s h  zone. Bu t t  welds d e t e r i o r a t e  r a p i d l y  
under some c o n d i t i o n s ,  due t o  g a l v a n i c  a c t i o n .  Th i s  
has  caused complete f a i l u r e  o f  suppor t  f o r  some 
s t r u c t u r e s .  

Cathodic  p r o t e c t i o n  can be used t o  d i r e c t  cor-  
r o s i v e  f o r c e s  t o  s a c r i f i c i a l  anodes.  For some a r e a s  
it i s  e s s e n t i a l .  But it r e q u i r e s  monthly i n s p e c t i o n  
and maintenance; t h i s  can be expensive .  P r e s t r e s s -  
i n g  c o n c r e t e  p i l e s  h e l p s  t o  c l o s e  c racks  and pre-  
v e n t s  water  g e t t i n g  t o  t h e  s t e e l  t o  cause  r u s t i n g  
and p r o g r e s s i v e  s p a l l i n g  of t h e  conc re t e .  

J a c k e t i n g  Can Be E f f e c t i v e  

Concrete  j a c k e t i n g  of  s t e e l  p i l e s  can be e f f e c t -  
i v e .  I f  p r a c t i c a l  t h i s  should  be  c a r r i e d  t o  below 
t h e  mud l i n e .  Galvanic  a c t i o n  has  been known t o  
occur  between s t e e l  i n  c o n t a c t  w i th  conc re t e  and 
s t e e l  a t  c o n t a c t  w i th  water .  

American Seapor t ,  February 1978 i s s u e ,  r e p o r t s  
t h a t  t h e  P o r t  o f  Los Angeles T e s t i n g  Laboratory  has  
developed a  method o f  h e a t  s h r i n k i n g  a  20  m i l  poly- 
e t h y l e n e  j a c k e t  around t h e  c i rcumference of  a  wood 
o r  o t h e r  c i r c u l a r  p i l e .  There i s  o t h e r  informat ion.  
(Ref I) 

Lessons From Exposed And Pu l l ed  P i l e s  

S o l d i e r  p i l e  i n s t a l l a t i o n  i s  of  s p e c i a l  i n t e r e s t  
t o  p i l e  d e s i g n e r s  and i n s t a l l e r s .  Where d r i v i n g  
and subsequent  excava t ion  i s  t o  rock t h e  ends  of  t h e  
p i l e s  may be exposed ir. s iL :c .  The s t r a t a  and ob- 
s t r u c t i o n s  through which t h e  p i l e  i s  d r i v e n  and t h e  
c o n d i t i o n s  of  t h e  end can bc cva lua tcd .  Shcct  p i l -  
i ng  a l s o  is  oftel1 cxposcd f u l l  l eng th  i n s i d e  a  
cofferdam. P u l l e d  p i l e s ,  e x t r a c t e d  f o r  t e s t  obser-  
v a t i o n  o r  f o r  s a lvage  and r e u s e ,  g i v e  an  e x c e l l e n t  
i n d i c a t i o n  o f  how a l l  p i l e s  f a r e  under s i m i l a r  con- 
d i t i o n s .  

. . . . 
Design f o r  b rac ing  and t ie-back systems f o r  cof-  

ferdams and excava t ions  a r e  beyond t h e  scope o f  t h i s  
pape r .  Shee t  p i l i n g  book le t s  of  Bethlehem S t e e l  
Corp. and United S t a t e s  S t e e l  Corp. have e x c e l l e n t  
des ign  in fo rma t ion .  A r e p r i n t  of a  s e r i e s  o f  a r t -  
i c l e s  from CONSTRUCTION METHODS AND EQUIPMENT on 
"How t o  Work wi th  Shee t -P i l e s "  i s  a v a i l a b l e  from 



L.B. F o s t e r  Co. and some s h e e t  p i l e  m a n u f a c t u r e r s .  

P i l i n g  Can C o s t  L e s s  

P i l i n g  c a n  c o s t  t h e  owner l e s s  i f  h e  c a n  be  con- 
v i n c e d  o f  a  few s i m p l e  f a c t s  f rom t h e  s t a r t :  

1. It i s  h i s  s i t e - - w i t h  i t s  i n h e r e n t  p r o b l e m s .  
2. Adequate s u b s u r f a c e  i n v e s t i g a t i o n  p a y s  o f f  

i n  more economica l  d e s i g n ,  fewer  o n - s i t e  s u r p r i s e s .  
3 .  T e s t  p i l e s  s h o u l d  be  d r i v e n ,  t e s t e d  and 

p u l l e d  i n  advance  o f  f i n a l  d e s i g n  and r e s u l t s  u t i l -  
i z e d  t o  p l a n  and  s p e c i f y  t h e  l e a s t  c o s t l y  f o u n d a t i o n .  

4. A l l  i n f o r m a t i o n  a b o u t  t h e  s u b s u r f a c e  m u s t  b e  
g i v e n  p r o s p e c t i v e  b i d d e r s .  W i t h o l d i n g  p e r t i n e n t  
d a t a  t h a t  is  known--or s h o u l d  h a v e  been known--can 
be  a  b a s i s  f o r  a v a l i d  c l a i m .  

5 .  The e n g i n e e r ,  w i t h  t h e  o w n e r ' s  knowledge-: 
and p a r t i c i a p t i o n ,  i f  p o s s i b l e - - s h o u l d  d i s c u s s  f i e l d  
c o n d i t i o n s  w i t h  a  r e p u t a b l e  l o c a l  p i l e  c o n t r a c t o r  i n  
t h e  e a r l y  s t a g e s  of  d e s i g n .  

6 .  S p e c i f y  by name what  is  wanted .  D e t a i l  
a c c e p t a b l e  a l t e r n a t e s  i n  p r e f e r e n c e  o r  a d d i t i o n  t o  
" o r  e q u a l " .  

7.  Do n o t  t r y  t o  make t h e  c o n t r a c t o r  r e s p o n s i b l e  
f o r  a l l  t h e  unknows o f  t h e  o w n e r ' s  l a n d  o r  f o r  r e -  
p l a c e m e n t  o f  p i l e s  t h a t  meet  t h e  s p e c i f i c a t i o n  and  
a r e  i n s t a l l e d  a s  h a s  b e e n  s p e c i f i e d .  

8. I f  a  s i t e  c a n  be e x p e c t e d  t o  have i n s t a l l a -  
t i o n  p r o b l e m s  p r o v i d e  f o r  them r a t h c r  t h a n  w e a l i n g  
them t o  t h e  c o n t r a c t o r .  A competen t  c o n t r a c t o r  w i l l  
i n c l u d e  enough i n  h i s  p ro l -osa l  t o  c o v e r  unknowns t h a t  
a r e  n o t  p r o v i d e d  f o r  i n  t h e  b i d  documents.  I f  t h e r e  
a r e  no  t r o u b l e s ,  h e  h a s  a n  unearned  p r o f i t .  An i n -  
e x p e r i e n c e d  c o n t r a c t o r  may t a k e  a  h o p e f u l  chance .  
I f  t h e r e  a r e  p r o b l e m s ,  h e  g o e s  b a n k r u p t ;  t h e  bonding  
company d i l l y - d a l l y s ;  t h e  j o b  i s  d e l a y e d ;  t h e  e n g i n -  
e e r  c o n t r i b u t e s  e x t r a  t i m e  and e n e r g y ;  and t h e  owner 

p a y s .  

For ,jobs where piZe ?~qlving may be a substa??tial 
part o f  the  c ~ n t r u c t  ipcl':llrps not  appl ic; l t?l~ t o  small 
bridges: two adc'itiona? suggcstioizs mny he he lp fu l :  

9. P r o v i d e  s e p a r a t e  payment f o r  m o b i l i z a t i o n  
and moving o u t  p i l e  d r i v i n g  equipment .  On a u n i t  
p i l e  l e n g t h  c o n t r a c t  t h a t  o v e r r u n s  t h e  c o n t r a c t o r  
may b e  e n t i t l e d  t o  an e x c e s s i v e  p r o f i t ;  it l e n g t h s  
s u b s t a n t i a l l y  u n d e r x u n ,  t.e w i l l  b e  s e r i o u s l y  i n j u r e d  
and w i l l  c l a i m  a d d i t i o n a l  p a m e n t .  The owner p a y s  
more. P a y i n g  s e p a r a t e l y  f o r  moving on and o f f  k e e p s  
t h e  u n i t  p r i c e  f o r  d r i v i n g  low s o  i n e q u i t y  from 
l e n g t h  v a r i a t i o n  i s  minimized .  

10 .  P i l e  i n s t a l l a t i o n  is  o n e  o f  t h e  e a r l y  a c t -  
i v i t i e s .  C o n s t r u c t i o n  above  i t  may c o n t i n u e  f o r  a 
y e a r  o r  two u n t i l  t h e  l a s t  d o o r  i s  hung and p a i n t e d .  
F r o v i d e  i n  t h e  c o n t r a c t  f o r  payment i n  f u l l  t o  t h e  
f o u n d a t i o n  c o n t r a c t o r  w i t h i n  a  s h o r t  t ime  a f t e r  t h a t  
p a r t  o f  t h e  work is s a t i s f s c t . o r i l g  comple ted .  The 
g e n e r a l  c o ~ t r a c t o r  w i l l  n o t  h2l.e t o  l i s t e n  t o  p l e a s  
f o r  pa)ment.  The miner  w i l l  g e t  a  b e t t e r  p r i c e  i f  
p rompt ,  f u l l  pa)ment  can  b ~  p l a n n e d  f o r .  
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