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Downdrag on Bitumen Coated Piles in a Warm Climate

Tirage Négatif des Pieux Enduits de Bitume en Climat Chaud

F.M . CLEM EN TE, Jr  Pro f essio n a l A sso cia t e , Parso n s Br in ck erh o f f  Q u ad e  &  D o u g las, In c., H onolu lu , H aw aii

SYN OPSIS The Keeh i In t e rch an g e  in  H o n o lu lu  w i l l  be b u i l t  o ver  su b sid in g  g round co m p rised  o f  v e r y  d eep , so f t  and u nd er ­

co n so l id a t e d  c l a y . The fo u n d at io n  en g in eer  had t o  d et e rm in e t h e  m ag n itud e o f  t h e  lo ng  term  downdrag t h a t  16 1/ 2 in ch  

142 cm) o ct ag o n al  p r e st r e sse d  p i l e s  wou ld  e xp e r ie n ce  and d evelo p  p r a c t i c a l  eco n o m ical means t o  i n h i b i t  i t .  A f i e l d  
t e s t i n g  p rog ram  was u n d ert aken  t o  exam ine t h e  a p p l i c a t i o n , b e h av io r  and e f f e c t i v e n e ss  o f  b itum en c o a t in g s t o  red u ce 

d owndrag  und er t h e warm -ho t  H aw aiian  en v iro n m en t . A l so , l o c a l  c o n t r a c t o r  h an d lin g  o p e ra t io n s were o b served  a t  t h e p ro ­

j e c t  s i t e . Fi v e  p i l e s  were em p loyed  in  a co m p arat ive  st u d y . Th ree o f  t h e  p i l e s  w ere co at ed  w it h  d i f f e r e n t  g rad es and 

t h ic k n e sse s o f  b itum en t o  red u ce downdrag w h i le  t h e  o t h er  two p i l e s  act ed  as u nco ated  r e f e r e n c e  p i l e s  t o  m easure t h e 

f u l l  d owndrag . The p ro ced u re  f o r  ap p ly in g  b itum en and i n s t a l l i n g  t h e  p i l e s  i s  p re se n t e d . From t h e d a t a , d i s t r i b u t i o n  

o f  t h e  downdrag f o r c e s a c t in g  alo n g  t h e  p i l e s  was e s t a b l i sh e d . N um erical r e s u l t s  and p r a c t i c a l  e xp e r ie n ce s are  

r e p o r t e d .

INTRODUCTION

Fiv e  16 - 1 / 2  i n . (42 cm) o ct ag o n al p r e st r e sse d  p i l e s  r e ­

f e r r e d  t o  as P i l e s  6 , 7 , 8 , 9 and 10 were em p loyed  in  a 

co m p arat ive  st u d y . P i l e s  7 , 9 and 10 were co at ed  w it h  

b itum en t o  red u ce downdrag w h i le  P i l e s  6 and 8 act ed  as 

u nco at ed  r e f e r e n c e  p i l e s  t o  m easure f u l l  downdrag . 

Becau se o f  t h e l im i t e d  t im e a v a i l a b l e  in  w h ich  t o  com­

p le t e  t h e  st u d y , an embankment was p laced  o ver t h e area 

t o  a c c e le r a t e  t h e  co n so l id at io n - d o w n d rag  p r o c e ss. A 

s i t e  p lan  i s  shown in  F i g . 1 .

A g e n e r a l ize d  s o i l  p r o ' i l e  i s  g iven  in  F i g . 2 . Ve ry 

deep and v e r y  s o f t , u n t ie rco n so l id a t ed  c l a y  e x i s t s  d i ­

r e c t l y  b eneat h  a medium to  com pact  c o r a l / sa n d  su r f a c e  

f i l l  w h ich  was p laced  in  t h e 1 9 3 0 's and 4 0 ' s  to  r e c la im  

t h e  a r e a . A t  dep th  t h e so f t  c l a y  t r a n s i t i o n s  t o  a f i r ­

mer s i l t y  c l a y  f o l lo w ed  by a c o r a l / sa n d  reg io n  v a r y in g  

in  d e n si t y  f ro m  v e r y  com pact  t o  lo o se . Some c o r a l  has 

decomposed t o  p o cke t s o f  so f t  c l a y . The l a s t  st rat u m  

en co u n t ered  i s  a s t i f f  t o  v e r y  s t i f f  s i l t y  c l a y .

LEGEN D  N O TE!

g a  SETTLEMENT PLATFORM, ALL PILES 6 THRU 10 
I— I ELEV. + 6 . HAVE 28 FOOT LONG

A  kai itidi c nrro sptti fmfnt STEEL SLEEVES THRU 
^  POINT SETTLEMENT EMBANKMENT a  CRUS1

Fig. 1 Plan of Test Piles 6 to 10 and Embankment

FIELD  TESTIN G PROGRAM

Because t h e  s o i l  i s  s e t t l i n g  under t he in f lu e n c e  o f  i t s  

own w eig h t  and i s  exp ect ed  t o  co n t in u e  t o  su b sid e  f o r  

many y e a r s , t h e  f o u n d at io n  en g in ee r  had t o  d et erm in e 

t h e  m ag n itud e o f  t h e  lo ng  term  downdrag t h a t  t h e  fo u n ­

d a t io n  p i l e s  would  e xp e r ie n ce  and , i f  n e ce ssa r y , 

d evelo p  p r a c t i c a l  eco n o m ical means t o  i n h i b i t  i t .

W h i le  f a v o r a b le  e xp e r ie n ce  had been g ain ed  by o t h e rs 

w it h  b itum en co at ed  p i l e s , t h e  b u lk  o f  i t  p e r t a in e d  t o  

s t e e l  p i l e s , p a r t i c u ’ a r l y  t o  st e e l  p ip e  p i l e s , and l e ss 

on co n c r e t e . One was aware t h a t  e m p ir ic a l  o b se rv a t io n s 

and co n st an t s d evelo p ed  f o r  st e e l  p i l e s  m ig h t  n o t  be 

d i r e c t l y  a p p l i c a b le  t o  d esig n  on co n cre t e  p i l e s  and 

t h a t  t h e  reco rd ed  f i e l d  e xp e r ie n ce s had been o b t ain ed  

l a r g e ly  in  t h e  co ld  c l im a t e s o f  N o rway, Sweden and 

Canad a.

Because o f  i t s  t e m p e r a t u r e - se n si t i v e  p r o p e r t ie s and the 

d ear t h  o f  kno w led g e reg ard in g  t h e  b e h av io r  o f  b itum en 

co at ed  co n cre t e  p i l i n g  in  ho t  w ea t h e r , i t  was t ho ug h t  

p ru d en t  t o  exam ine t h e  a p p l i c a t io n  and resp o n se o f  

b itum en und er t h e un iq u e H aw aiian  en v iro n m en t  and t o  

o b serve t h e lo c a l  c o n st r u c t o r - c o n t r a c t o r  h an d lin g  

o p e ra t io n s t h a t  co u ld  be exp ect ed  a t  t h e p r o je c t  s i t e .

Co at in g  P i l e s  K i t h  Bit um en

A l l  su r f a c e s t o  be co at ed  w it h  b itum en sho u ld  be d ry 

and t h o ro u g h ly  c lean ed  o f  d u st , lo o se m a t t e r , f l a k e s , 

e t c . A su i t a b l e  p r im er  i s  ap p lie d  t o  make t h e  su r f a ce  

im p erv io u s, p re v e n t in g  t h e b itum en f ro m  e n t e r in g  t h e 

co n c r e t e . A f t e r  t h e p r im er has co m p le t e ly  d r i e d , a hot  

asp h a l t  t y p e  b itum en at  a t em p erat u re  b etween 300 t o  350 

d eg . F (150- 175 deg C) i s  mopped, b rush ed  o r sp rayed  t o  

a u n i fo rm  t h ick n e ss ext en d in g  o ver t h e  len g t h  o f  p i l e  

su b je c t  t o  d owndrag , b u t  n o t  o ver  t h e lo w er b ear in g  

len g t h  where t h e p i l e  i s  t o  be fo u n d ed . The co at in g  

may be ap p lie d  e i t h e r  a t  t h e c a st i n g  p la n t  o r  a t  t he 

p r o je c t  s i t e , b u t  t h e  p i l e s  sh o u ld  be p ro t ec t e d  b e fo re  

d r i v in g  f ro m  su n l ig h t  and h e a t . P i l e  co a t in g s sh o u ld  

no t  be exp o sed  t o  damage d u r in g  st o ra g e , h au lin g  o r  

h an d l in g . The c o n t r a c t o r  m ust  t ak e  ap p ro p r ia t e  mea­

su re s t o  p r e se r v e  and m ain t a in  t h e  b itum en c o a t in g .

43 -  017111 673



8 /1 7

o -

- 5  - 

-10 

-15 

-20

-  U J  * 8 0

^-30 

Z
o

rl l J - 4 0 { -

- 4 5  -  

- 5 0  -  

- 5 5 -  

- 6 0 -

+ 8|--------M E D IU M  TO  C O M P A C T  -

C O R A L / S A N D  F IL L

E M B A N K M E N T  

_____________ t ___

V E R Y  S O F T  

S IL T Y  C LA Y

I

Z - 1 0 0

o

>-120

LABORATORY 

PARAM ETERS

U5 7 0 ~ 7 2

UTl l  8 0 ~ 8 3

P. I. 4 5 ~ 4 7

L . l.  7 0 ~ 7 5

V S U B  3 5  P C F

eo 2.00 

V  7 5 %  /Ec.'l > 8 0 %

\ P o / L A B .  V p o J f iE LD  

C c  0 .7

(C c )  C O R R . O S  2

(Cy.) L A B .  1.5 TO  3 .0  2 .  

S E N S IT IV IT Y  2 ~ 8  M 0 S

SO F T  TO F IR M  

" S I L T Y  C L A Y  -

M IX E D  S T R A T A !

M E D IU M  TO D E N S E  C O R A L / S A N D  

A N D / O R

F IR M  T O  S T IF F  S IL T Y  C L A Y

S T IF F  TO  V E R Y  S T IF F  S IL T Y  C L A Y

P R E S T R E S S E D  
P IL E  --------------

F i g . 2 G e n e ra l ize d  So i l  P r o f i l e

P i l e  i n s t a l l a t i o n  sh o u ld  avo id  lo ss o f  t h e  a sp h a l t  

t h ro u g h  t h e a b r a siv e  su r f a ce  c o r a l  f i l l .  Th is can be 

p reven t ed  by e i t h e r  casin g  t h ro u g h  t h e  f i l l  o r  by c r e a t ­

ing  a s l u r r y  f i l l e d  p reau g ered  h o le  th ro ug h  t h e  f i l l .  

The p i l e  i s  t hen  in se r t e d  und er i t s  own w eig h t  d i sp l a c ­

in g  t h e so f t  s o i l  u n t i l  f i r m e r  c l a y  i s  reach e d , a t  w h ich  

p o in t  d r i v i n g  w i l l  co rm ience. Sand and g rav e l  w ere no t  

known t o  e x i s t  in  t h e  so f t  s o i l  l a y e r s . Sh e l l s  were 

en co u n t ered  d u r in g  t h e  b o r in g  p rog ram s b u t  t h ese  ap p ear ­

ed t o  be d isp e rse d  and no t  cap ab le  o f  sc rap in g  t o o  much 

b itum en  f ro m  t h e p i l e .

Co at in g  m easurem ents showed t h a t  n e i t h e r  p i l e  r e ce iv e d  

t h e  t h ic k n e sse s t h a t  had been sp e c i f i e d . Fu r t h e rm o re , 

t h e  p i l e s  were no t  sh e l t e r e d  .from  t h e  am b ien t  h eat  and 

t h u s t h e  b itum en so f t en ed  and ran  o f f  t h e  p i l e s . P i l e  

9 was reco at ed  in  t h e yard  t o  b r in g  i t  up t o  3 / 16  i n . 

h o w ever, p re ca u t io n s were no t  t aken  t o  sh ie ld  and co o l 

t h e  p i l e s  f ro m  su n l ig h t  and h e a t . Thu s t h e  p i l e s  a r r i v ­

ed on t h e  s i t e  c o n t a in in g  t h i n , v a r ia b l e  and d r ie d  c o a t ­

in g s. The averag e  co a t in g  t h ic k n e ss on P i l e  7 was b are ­

l y  1/ 16 i n . W ith  some ap p reh en sio n  t h e  p i l e  was d r i v e n . 

C o n c u r r e n t ly , P i l e  9 was reco at ed  on t h e  s i t e  w it h  what  

was presum ed t o  be 85- 100 b itum en t o  b r in g  i t  b ack up t o  

3/ 16 i n . t h i c k n e ss . Th is " so f t "  b itum en co a t in g  was a l ­

lowed  t o  se t  and t hen  a s t i f f e r  a sp h a l t  was ap p l ie d  on 

to p  o f  i t  t o  t r y  t o  co n t a in  t h e ru n n in g  e f f e c t . A f t e r  

se v e r a l  d ays i t  was o b served  t h a t  t h e  b itum en e x h ib i t e d  

l e s s  f lo w  then  p r e v i o u s l y , h avin g  been p a r t i a l l y  r e ­

st r a in e d  by t h e  s t i f f  o u t e r  l a y e r ; t h e  p i l e  was t hen  

d r i v e n .

F i n a l  p e n e t r a t io n  numbers rep o r t e d  f ro m  t h e la b o r a t o r y  

on sam p les o f  b itum en rem oved f ro m  b o th  p i l e s  rang ed  

f ro m  42 t o  49 no t  8 5 - 1 0 0 . The p e n e t r a t io n  v a lu e  o f  t h e  

s t i f f e r  a sp h a l t  ap p l ie d  as an o u t e r  l a y e r  t o  P i l e  9 was 

24 .

H ard er Bit um en

P i l e  10 was used  t o  e v a lu a t e  t h e e f f e c t i v e n e ss  o f  a 

h ard er  b itum en and i t  r e ce iv e d  o n ly  a 1/ 8 i n . (3 .2  mm) 

co a t in g  o f  s t i f f  a sp h a l t ; p e n e t r a t io n  number 20 was r e ­

p o r t ed  on a sam p le st r ip p e d  f ro m  t h e p i l e . T h i s  s t i f f e r  

m a t e r ia l  was much e a s ie r  t o  ap p ly  u n i f o rm ly  and showed 

no d e si r e  t o  m e l t , even though i t  was exp o sed  t o  t h e 

su n l ig h t  f o r  more th an  se v e r a l  d ays b e fo re  d r i v i n g .

Pr o t e c t io n  o f  Bit um en  Co at in g

I t  was d ecid ed  t o  p r o t e c t  t h e  b itum en co a t in g  f ro m  t h e  

a b r a siv e  su r f a ce  c r u s t  by p assin g  t h e p i l e  t h ro u g h  a 

st e e l  s l e e v e . These sle e v e s need o n ly  ext en d  f ro m  t h e 

ground  t o  ab o u t  one f o o t  in t o  t h e  so f t  c l a y  and need t o  

be f r e e  o f  co b b les and b o u ld e r s. Some f i e l d  t e s t s  w ere 

p erfo rm ed  t o  check  t h e  n e c e ss i t y  o f  s le e v e s. In  one 

t e s t , two sh o r t  12 i n . (3 0 .5  cm) sq u are  p i l e  seg m ents 

w ere p rim ed  and co at ed  w it h  b itum en and t hen  d r iv e n  

d i r e c t l y  t h ro u g h  t h e i n - s i t u  c o r a l / sa n d  f i l l .  Upon 

r e c o v e r y  o f  t h e seg m en t s, i t  was o b served  t h a t  m ost  o f  

t h e  b itum en had been co m p le t e ly  rub b ed  o f f .

Co n st r u c t io n  Exp e r ie n ce s

P i l e s  7 and 9 w ere p r im e co at ed  on May 3 1 , 19 77 , f o l ­

lowed  by b itum en co a t in g  on Ju n e 2 and 3 . The d e sig ­

n e r ' s  i n t e n t io n  was t o  com pare t h e e f f e c t i v e n e ss o f  two 

d i f f e r e n t  co a t in g  t h i c k n e se s, b u t  s i m i l a r  p e n e t r a t io n

ran g e , nam ely 8 5 - 1 0 0 . P i l e  7 was t o  be co at ed  t o  a 

t h ic k n e ss o f  1/ 16 i n . (1 .6  nui) and P i l e  9 t o  3/ 16 i n .

(4 .8  mm) Sam p les drawn f ro m  t h e b itum en m e l t in g  v a t  

y ie ld e d  p e n e t r a t io n  num bers o f  81 and 84 .

I t  was q u i c k l y  learn ed  t h a t  t h e  a p p l i c a t io n  o f  ho t  

b itum en i s  n o t  an ap p ea lin g  o p e r a t io n . The u n even ess 

o f  b r u sh in g , t h e ru n n in g  o f  t he b it u m en , t h e  l i f t i n g  o f  

t h e  p i l e , and co a t in g  i t  f ro m  b elo w  in  t h e  h eat  o f  t h e  

day does no t  make f o r  a w e l l  c o n t r o l le d  o p e r a t io n , l e t  

alo n e  a u n i fo rm  a p p l i c a t io n  o f  c o a t in g . Tem p erat u res 

d u r in g  t h e d ayt im e were u su a l l y  between 85 and 95 de­

g re es F (30  t o  35 d eg rees C ) . W it h o u t  p r o t e c t io n  from  

t h e  H aw aiian  su n l ig h t  t h e b itum en r e a d i l y  so f t en ed  and 

ran  o f f  t h e  p i l e  such  t h a t  t h e  t h re e  up p er f a c e s had 

e s s e n t i a l l y  no co a t in g  and t h e two sid e  f a c e s h eld  o ve r ­

s i z e d , v a r ia b l e  g lo b s d r ip p in g  t o  t h e  g ro un d . The un ­

d e r sid e s when co at ed  f ro m  b elo w  were u su a l l y  t o o  t h i n . 

A f t e r  se v e r a l  d ays t h e  ru n n in g  would  cease  b u t  t h i s  was 

a t  t h e  exp ense o f  lo ss o f  v i s c o s i t y  b ecau se t h e  so lv e n t  

evap o rat ed  le a v in g  a s t i f f e r  r e sid u e .

In  an o t h er t e s t  two 24 i n . (61 cm) h o les were aug ered  in  

t h e  c r u s t  t o  a d ep th  o f  16 f e e t  (5 m ). W it h o u t  t h e  

b e n e f i t  o f  st e e l  s le e v e s, t h e  h o les began c o l la p sin g  

a f t e r  o n ly  one d ay. A f t e r  d r i v in g  a p i l e , p ro b in g  i n ­

d ica t e d  t h e  h o les had alm o st  f u l l y  co l la p se d  aro und  t h e 

p i l e , u nd er t h e  i n f lu e n c e  o f  t h e  d r i v in g  v i b r a t i o n s . 

I t  was co nclu d ed  t h a t  d r i v in g  p i l e s  w it h o u t  t h e  p r o t e c ­

t i o n  o f  st e e l  sle e v e s would  be to o  r i s k y  t o  t h e  b itum en 

c o a t in g s.

Pr im er  i s  a co st  i t e m , so  a f a i r l y  d u st y  p i l e  was co at ed  

d i r e c t l y  w i t h  h o t , so f t  b i t u m en , b u t  no p r im e r . In  t h e 

co o l t em p erat u re  o f  t h e m o rn ing  i t  was sim p le  t o  p eel 

and r o l l  t h e  b itum en o f f  t h e  su r f a c e  j u s t  by hand , de­

m o n st ra t in g  t h e need f o r  a su r f a ce  p r im er  t o  a id  t he 

b itum en t o  b ind  onto  t h e  p i l e .

COMPARATIVE RESULTS

Placem en t  o f  t h e  12 f t .  (3 .7  m) h ig h  embankment began 

on Ju l y  2 8 , 1977. The f i n d in g s p resen t ed  b elo w  are  

drawn f ro m  t h e  d at a  c o l l e c t e d  d u r in g  t h e  f i r s t  s i x  

m onths f o l lo w in g  p lacem en t  o f  t h e  embankm ent. T h is  d at a 

was d e r iv e d  f ro m  m u l t i - r o d  ext en so m et e rs ancho red  in  t he 

p i l e s  and f ro m  ground  se t t le m e n t  p la t f o r m s and m u l t ip o ­

s i t i o n  deep s o i l  se t t le m e n t  p o in t s .

674



8 /1 7

Even w h i le  t h e  embankment was s t i l l  und er c o n st r u c t io n , 

P i l e s  6 t o  9 w ere a l r e a d y  i n c u r r i n g  d owndrag . In  l e ss  

t h an  10 d ays g round se t t le m e n t  was 3 in ch es and gave 

r i s e  t o  t h ese  downdrag v a lu e s: 59 t o n s in  u nco at ed  r e ­

f e re n ce  P i l e  6 , 108 t o n s in  unco ated  r e f e r e n ce  P i l e  8 ,

10 t o n s in  b itum en co at ed  P i l e  7 and 14 t o n s in  b itum en 

co at ed  P i l e  9 .

As t h e g ro u n d l in e  co n t in u ed  t o  s e t t l e , t h e  m ag n itud e o f  

downdrag co n t in u ed  t o  in c r e a se  on P i l e s  6 t h ro u g h  9 . 

F i g . 3 and 4 show t he t im e seq uence and downdrag d i s ­

t r i b u t i o n s  f o r  P i l e s  5 t o  9 .

By e a r l y  Sep tem b er t h e dep th  o f  t h e n e u t r a l  p o in t s be­

came r a t h e r  w e l l  d e f in ed  and f i x e d  on P i l e s  6 , 7 and 8 . 

The n e u t r a l  p o in t s had a l r e a d y  emerged at  g re at  d ep t h s: 

P i l e  6 , El e v . - 100 f t . ;  P i l e  7 , El e v . - 1 3 2 ; P i l e  8 , 

El e v . - 1 3 5 ; P i l e  9 , n o t  w e l l  d e f in e d . By December 7 t h e 

s o i l  se t t le m e n t  rang ed  f ro m  16 in ch es a t  t h e g ro u n d l in e  

t o  1 in ch  a t  e le v a t io n  - 135 f t .  (41 m ). These v a lu e s 

are  co m p at ib le  w it h  t h e  in d ic a t e d  downdrag lo ad in g  d i s ­

t r ib u t io n s and t h e em ergence o f  t h e r a t h e r  d eep ly lo ca t e d  

n e u t r a l  p o in t s e x h ib i t e d  by P i l e s  6 t o  9 .

A f t e r  s i x  m o n t h s, on Fe b ru ary  6 , 1978 t h e g ro u n d l in e  

se t t le m e n t  was 18 i n . P i l e  6 exp e r ien ced  165 t o n s down­

d rag ; P i l e  7 , 67 t o n s; P i l e  8 , 194 t o n s and P i l e  9 , 38 

t o n s. I t  i s  c l e a r  t h a t  t h e  b itum en has been v e r y  e f f e c ­

t i v e , e x h ib i t i n g  r e d u c t io n  e f f i c i e n c i e s  from  60 t o  80 

p e rce n t .

LOAD(TONS)

Fig. 3 Downdrag on Uncoated Reference Piles 6 and 8

The downdrag p r o f i l e  o f  P i l e s  6 and 8 show c lo se  ag ree ­

m ent in  b o th  fo rm  and m ag n it u d e. The n e u t r a l  p o in t  o f  

P i l e  6 i s  lo ca t e d  somewhat h ig h e r  t han  i t  i s  f o r  P i l e  

8 ; t h e  m ag n itud e i s  l e s s , a l so . Th is i s  p ro b ab ly  b e­

cau se P i l e  6 was no t  d r ive n  as deep as P i l e  8 and had 

und erg o ne t i p  se t t le m e n t  o f  0 .4  i n . (1 cm) as o f  

Fe b ru ary  6 , 1978, w hereas P i l e  8 shows no sig n  o f  t i p  

m ovem ent.

LOAD (TONS)

Fig. 4 Downdrag on Bitumen Coated Piles 7 and 9
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P i l e  7 e x h ib i t s  a v e r y  p l a u s ib l e  p r o f i l e . Downdrag 

g r a d u a l l y  i n c r e a sin g  w it h  dep th  t o  t h e  bo t tom  o f  t h e  

b itum en co a t in g  at  w h ich  p lace  an ab ru p t  chang e in  slo p e 

o c c u r s, i n d i c a t i v e  o f  a f a s t e r  b u ild u p  o f  downdrag b elo w  

t h e p resen ce  o f  t h e b it u m en .

P i l e  9 h as le ss  downdrag t han  P i l e  7 . Belo w  t h e b itum en 

co a t in g  t h e  downdrag ag ain  in c r e a se s a b r u p t l y , b u t  t h i s  

t im e  t h e r e  i s  no d i s t i n g u ish a b le  n e u t r a l  p o in t . I t  may 

be t h a t  in  t h e  u n d e r ly in g  c o r a l / sa n d  l a y e r , t h e r e  e x i s t s  

a p o cke t  o f  decomposed so f t  co r a l  c l a y  n ear P i l e  9 . 

T h i s  c l a y  p o cke t  may be co m p ressin g  und er t h e  i n f lu e n c e  

o f  t h e em bankm ent, in d u cin g  downdrag f ro m  ab o ve.

F i g . 5 shows a p lo t  o f  t h e  c a l c u la t e d  lo ad s in  P i l e  10 

from  rod  ext en so m et er  d e fo rm at io n  m easurem en t s. I t  i s  

b e l ie v e d  t h a t  t h e gauge le n g t h s f o r  P i l e  10 w ere too  

sh o r t  (ab o u t  10 f t . ) ,  c r e a t i n g  a sc a t t e r  o f  t h e c a l c u ­

la t e d  lo ad s t o o  w id e f ro m  w h ich  t o  d isc e r n  t h e p a t t e r n  

o f  t he d rag  f o r c e  d i s t r i b u t i o n . Ho w ever, i f  v iew ed  as 

a w h o le , t h e p lo t  i s  s u f f i c i e n t  f ro m  w h ich  t o  ju d g e a t  

l e a s t  t h e  ap p ro xim at e  ran g e o f  downdrag e xp e r ie n ce d  by 

P i l e  10 . In  t h e  l e a s t , cru d e b o u n d ar ies e x i s t  a t  20 

t o n s and 55 t o n s, w i t h  t h e p rep o nd eran ce o f  v a lu e s l y ­

in g  aro und  40 t o n s.

When t h e lo ad s computed f ro m  t h e  fu nd am ent al gauges 

(a d ja c e n t  an cho r co m b in at io n s) are  p lo t t e d  a g a in st  t im e 

in  F i g . 6 , t h e i r  c o n sist e n t  b eh av io r  and u p t ren d  are 

en co u rag in g . When t h e  d rag  f o r c e  h i s t o r y  f ro m  P i l e  10 

gauge co m b in at io n  (1 0 - 4 ) i s  p lo t t e d  ag a in st  P i l e  7 gauge 

co m b in at io n  (7 - 1 ) , F i g . 7 , b o th  o f  w h ich  ap p ly  t o  t h e 

same Ele v a t io n  - 6 0 , t h e i r  p a r a l l e l i sm  i s  s t r i k i n g . A t  

t h i s  l o c a t io n  P i l e  10 has su f f e r e d  o n ly  7 o r  8 more t o n s 

o f  downdrag th an  P i l e  7 .

The above i s  s u f f i c i e n t  t o  co n f i rm  t h a t  t h e s t i f f  as­

p h a l t i c  co a t in g  i s  q u i t e  p ro m isin g  in  red u cin g  n e g a t ive  

sk in  f r i c t i o n  and i t  d eserves f u r t h e r  a t t e n t io n  in  the 

f u t u r e .

CONCLUSIONS

Where p i l e s  are  t o  p ass th ro u g h  t h i c k  d e p o si t s o f  c l a y  

t h a t  are  e i t h e r  n a t u r a l l y  u n d e rco n so l id a t ed  o r  su b je c t e d  

t o  new f i l l s ,  t h e  p o t e n t ia l  f o r  downdrag can be h ig h  and 

m ust  be re aso n ab ly  e v a lu a t e d  and acco u n t ed  f o r  in  t h e  

fo u n d a t io n  d e sig n s. In  m aking  t h i s  e v a lu a t io n  t h e g a in  

in  s o i l  sh ear  s t r e n g t h , and t h u s i t s  p o t e n t ia l  n eg a t ive  

ad h e sio n , as c o n so l id a t io n  o c c u r s, m ust  no t  be ig n o red . 

Downdrag lo ad s a r i se  in  t h e e a r l i e s t  st ag e  o f  r e l a t i v e  

movement between s o i l  and p i l e  and lo ad s co n t in u e  t o  

in c r e a se  c o n sid e r a b ly  o ver  t im e as lo ng  as s o i l  s e t t l e ­

ment and sh ear st r e n g t h  are  a lso  i n c r e a s in g .

Bit um en c o a t in g , i f  p r o p e r ly  sp e c i f i e d  and c o n t r o l le d  

in  t h e  f i e l d ,  i s  an eco n o m ical e f f e c t i v e  medium f o r  a l ­

l e v i a t i n g  downdrag b u t  can be u nd erm ined , i f  f i e l d  p r e ­

p a r a t io n s are  n o t  f a i t h f u l l y  m ade. Th is in c lu d e s p r im ­

in g , c o a t in g , p r o t e c t i v e  m easures and c a r e f u l l y  con ­

sid e re d  p i l e  i n s t a l l a t i o n  t e ch n iq u e s.

On P i l e  7 a t h in  1/ 16 i n . co a t in g  o f  p e n e t r a t io n  rang e 

42 t o  49 ach ieved  a s i z e a b le  r e d u c t io n  f ro m  t h e f u l l  

downdrag v a lu e s reco rd ed  on r e f e r e n c e  P i l e s  6 and 8 . 

P i l e  9 w i t h  a t h i c k e r  co a t in g  p rod uced  somewhat b e t t e r  

r e s u l t s . The d at a f ro m  P i l e  10 i s  l e ss  l u c i d , b u t  t h e  

1 / 8  i n . co a t in g  o f  p e n e t r a t io n  20 may have had an ap p re ­

c i a b l e  e f f e c t  on d o wnd rag , though no t  q u i t e  as good as 

e i t h e r  P i l e  7 o r  9 . Th ese f in d in g s lead  one t o  a n t i c i ­

p at e  t h a t  a w id e rang e o f  b it u m en s, d ep end ing  on e n v i ­

ro n m en t al c o n d i t io n s may p erfo rm  s a t i s f a c t o r i l y .

F i g . 5 P i l e  1 0 , Downdrag V a lu e s U sin g  H ard er Bit um en

F i g . 6 Gages Ex h i b i t  S i m i l a r  U p t ren d s i n  Downdrag

o
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F i g . 7 Clo se  Ag reem ent  in  Downdrag Rat e  and M ag n itud e

G e n e r a l l y , t h e  so f t e r  an d / o r  t h i c k e r  t h e  b itum en co a t in g  

i s  a t  t h e  t im e o f  d r i v i n g , t h e  g r e a t e r  i s  i t s  sub seq u en t  

re d u c t io n  on downdrag . O f f se t t i n g  t h i s , h o w ever, are  

t h e  co rresp o n d in g  f i e l d  d i f f i c u l t i e s  in  ap p ly in g  and 

m a in t a in in g  s o f t e r , t h i c k e r  c o a t in g s. Ind eed  in  warm 

c l im a t e s i f  m easures t o  sh e l t e r  o r  co o l s o f t e r , t h i c k e r  

b itum en co a t in g s are  no t  im p lem ent ed , t h en  t h e en su in g  

f i e l d  t r o u b le s may be d isp r o p o r t i o n a t e l y  g r e a t e r  th an  

t h e  in crem en t a l  re d u ct io n  t h a t  i s  ren d ered  by t h e a t ­

t em p t  t o  in c r e a se  t h ic k n e ss o r  so f t n e ss.

Downdrag i s  a f u n c t io n  o f  s o i l  l a y e r i n g , p r e c o n so l i ­

d a t io n  p r e ssu r e , c o m p r e ss ib i l i t y , lo ng  t erm  sh ear 

st r e n g t h , p i l e  t yp e  and method o f  i n s t a l l a t i o n . W hether 

b itum en  i s  n e c e ssa r y , i t s  p e n e t r a t io n  num ber, i t s  r e a c ­

t i o n  t o  t h e  enviro n m en t  and t h e  q u a l i t y  o f  t h e  Co n t rac ­

t o r ' s  o p e ra t io n s w i l l  a l l  a f f e c t  t h e  o utco m e. The 

in t e r a c t i o n s  o f  t h ese  f a c t o r s  are  no t  p r e c i s e l y  c a l c u ­

l a b l e . Th e r e f o r e , when lo c a l  e xp e r ie n ce  i s  la c k in g  r e ­

g a rd in g  t h e above f a c t o r s , b u t  a r e l i a b l y  c lo se  a sse ss ­

ment o f  downdrag i s  d e si r e d , a f i e l d  t e s t  p rog ram  can 

d i r e c t l y  r e so lv e  d esig n  and c o n st r u c t io n  q u e st io n s p r io r  

t o  a co m n itm ent  t o  t h e  f i n a l  c o n st r u c t io n  c o n t r a c t  

d o cum ents.
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