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FOREWORD 

This report presents the results of a performance evaluation of 
spread footings on compacted fill. These results demonstrate the 
potential for increased utilization of spread footings to support 
highway bridges which should result in significant cost savings 
from a corresponding reduction in the use of piles. This report 
will be of interest to bridge engineers and foundation specialists 
who are concerned with reducing the high cost of bridge foundations. 

The performance evaluation was conducted by the Federal Highway 
Administration (FHWA) staff researchers in coo eration with the 
Washington State Department of Transportation PwsDoT). Appreciation 
is extended to the Bridge Division and Materials Laboratory of 
the WSDOT for their valuable support and guidance. A special 
thanks is given to Mr. Arthur J. Peters for his advice and guidance 
throughout the study. 

Sufficient copies of the report are being distributed by FHWA 
Bulletin to provide a minimum of two copies to each FHWA regional 
office, two copies to each FHWA division office, and three copies 
to each State highway agency. Direct distribution is being made 
to the Division offices. 

Richard E. Hay, 
Office of Enginee 

and Highway 
Research and Development 

NOT ICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exchange. The United States Government assumes no liability 
for its contents or use thereof. 

The contents of this report reflect the views of the Office of 
Research, Development, and Technology of the Federal Highway - 
Administration, which is responsible for the facts and the accuracy 
of the data presented herein. The contents do not necessarily 
reflect the official policy of the Department of Transportation. , 

This report does not'constitute a standard, specification, or 
regulation. The-United States Government does not endorse products 
or manufacturers. Trade or manufacturers' names appear herein 
only because they are considered essential to the object of this 
this document. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U. S. customary u n i t s  of measurement used i n  t h i s  r epor t  can be con- 

verted t o  metric ( S I )  u n i t s  as follows: 

Multiply 

Angstroms 

inches 

f e e t  

miles (u. S. s t a t u t e )  

square inches 

square f e e t  

cubic f e e t  

cubic yards 

Qrms 

pounds (mass) 

tons  (2000 pounds) 

pounds (mass) per cubic 
foo t  

pounds '(mass) per cubic 
y=-d 

pounds ( fo rce )  

pounds ( fo rce )  per  
square inch 

pounds ( fo rce )  per  
square foot  

miles per hour 

degrees (angle ) 

Fahrenheit degrees 

To Obtain 

mil l imetres 

centimetres 

metres 

kilometres 

square metres 

square metres 

cubic metres 

cubic metres 

kilograms 

kilograms 

kilograms 

kilograms per cubic 
metre 

kilograms per cubic 
metre 

newtons 

pascals  

kilograms per square 
metre 

kilometres per hour 

radians  

Celsius degrees or  
Kelvins* 

* To obta in  Celsius ( c )  temperature readings from Fahrenheit (F)  read- 
ings,  use t h e  following formula: C = (5 /9)(F - 32). To obta in  
Kelvin ( K )  readings, use: K = ( 5/9) (F - 32) + 273.15. 
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PREFACE 

T h i s  i s  t h e  f i n a l  r e p o r t  o f  a n  i n - h o u s e  r e s e a r c h  s t u d y  on 
" A  F i e l d  E v a l u a t i o n  o f  Highway B r i d g e  Abutments  S u p p o r t e d  by 
S p r e a d  F o o t i n g s  on Compacted F i l l . "  I t  was c o n d u c t e d  u n d e r  
t h e  F e d e r a l  Highway A d m i n i s t r a t i o n ' s  (FHWA1s) F e d e r a l l y  
C o o r d i n a t e d  Program (FCP) o f  Highway R e s e a r c h  and D e v e l o p m e n t ,  
P r o j e c t  4H, " Improved  F o u n d a t i o n s  f o r  Highway B r i d g e s . "  The 
r e s e a r c h  was i n i t i a t e d  and  c o n d u c t e d  by t h e  S o i l s  and 
E x p l o r a t o r y  T e c h n i q u e s  Group ,  M a t e r i a l s  D i v i s i o n ,  o f  t h e  
Off ice  o f  R e s e a r c h .  T h i s  r e p o r t  p r e s e n t s  t h e  s a l i e n t  r e s u l t s  
o f  t h e  p e r f o r m a n c e  e v a l u a t i o n  s t u d y ;  c o m p l e t e  c o v e r a g e  o f  t h e  
d a t a  c o l l e c t i o n  and f i e l d  i n s p e c t i o n  n o t e s  w i l l  n o t  be made 
a v a i l a b l e  i n  p u b l i s h e d  fo rm.  

The p e r f o r m a n c e  s t u d y  was c a r r i e d  o u t  i n  c o o p e r a t i o n  w i t h  
t h e  W a s h i n g t o n  S t a t e  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ' s  (WSDOT) 
M a t e r i a l s  L a b o r a t o r y  and B r i d g e  D i v i s i o n .  The a u t h o r  w i s h e s  
t o  e x p r e s s  h i s  s i n c e r e  a p p r e c i a t i o n  t o  Messrs. Art Peters  and 
A 1  K i l l i a n  o f  t h e  M a t e r i a l s  L a b o r a t o r y  f o r  t h e i r  a s s i s t a n c e  i n  
t h e  c o n d u c t  o f  t h i s  r e s e a r c h .  S p e c i a l  t h a n k s  a r e  a l s o  e x t e n d e d  
t o  Mr. S t e p h e n  J .  S e g u i r a n t ,  f o r m e r l y  w i t h  FHWA, f o r  h i s  
a s s i s t a n c e  i n  d a t a  a c q u i s i t i o n  and f i e l d  i n s p e c t i o n s .  

D u r i n g  t h e  e a r l y  1 9 6 0 t s ,  t h e  S t a t e  o f  W a s h i n g t o n  c o n c l u d e d  t h a t  
s i g n i f i c a n t  s a v i n g s  i n  b r i d g e  c o s t s  c o u l d  b e  a c h i e v e d  by s u p p o r t -  
i n g  a b u t m e n t s  on  s p r e a d  f o o t i n g s  i n  t h e  a p p r o a c h  embankment.  
I t  was f u r t h e r  d e c i d e d  t h a t  g r e a t e r  s a v i n g s  would o c c u r  i f  
n a t u r a l  m a t e r i a l  c o u l d  b e  u s e d  t o  b u i l d  t h e  embankment r a t h e r  
t h a n  s p e c i a l  b o r r o w  m a t e r i a l  t h a t  had  t o  b e  p r o c e s s e d  t o  meet 
r i g i d  s p e c i f i c a t i o n s .  T h i s  p r a c t i c e ,  which  i s  s t i l l  i n  u s e  
t o d a y  s u g g e s t e d  t h e  r e s e a r c h  s t u d y  r e p o r t e d  h e r e i n  t o  d e t e r m i n e  
t h e  b e n e f i t s  o r  c o n s e q u e n c e s  o f  t h a t  m i l e s t o n e  d e c i s i o n  n e a r l y  
20  y e a r s  a g o .  

A t o t a l  o f  148  b r i d g e s  were i n s p e c t e d  and f o u n d  t o  b e  i n  v e r y  
good c o n d i t i o n .  A l l  o f  t h e s e  b r i d g e s  had a t  l e a s t  o n e  a b u t m e n t  
s u p p o r t e d  on a  s p r e a d  f o o t i n g  i n  t h e  compac ted  a p p r o a c h  f i l l .  
Many b r i d g e s  had  b o t h  a b u t m e n t s  and t h e  i n t e r m e d i a t e  p i e r s  
f o u n d e d  on s p r e a d  f o o t i n g s .  C o s t  c o m p a r i s o n s  were i n c l u d e d  i n  
t h i s  r e p o r t  t h a t  d e m o n s t r a t e  s i g n i f i c a n t  c o s t  s a v i n g s  i n  t h e  
r a n g e  o f  50-65 p e r c e n t .  T o l e r a b l e  movement a n a l y s e s  a l s o  show 
t h a t  m o d e r a t e  d i f f e r e n t i a l  s e t t l e m e n t s  o f  1-3 i n c h e s  (25-75 m m )  
c a u s e d  v e r y  l i t t l e  d i s t r e s s  i n  a n y  o f  t h e  s i m p l e  o r  c o n t i n u o u s  
s p a n  s t r u c t u r e s .  
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1 .  INTRODUCTION 

Background  

The u s e  o f  s p r e a d  f o o t i n g s  t o  s u p p o r t  h ighway  b r i d g e  p i e r s  v a r i e s  
w i d e l y  be tween  t h e  v a r i o u s  h ighway a g e n c i e s  i n  t h e  U n i t e d  S t a t e s .  
A r e c e n t  s u r v e y  by t h e  F e d e r a l  Highway A d m i n i s t r a t i o n ' s  O f f i c e  o f  
Highway O p e r a t i o n s  d e t e r m i n e d  t h a t  some S t a t e s  u s e  s p r e a d  f o o t i n g s  
t o  s u p p o r t  m o s t  o f  t h e i r  b r i d g e s ,  w h i l e  some o t h e r s  u s e  s p r e a d  
f o o t i n g s  v e r y  l i t t l e .  Most S t a t e s  u s e  p i l e  f o u n d a t i o n s  t o  s u p p o r t  
t h e  m a j o r i t y  o f  t h e i r  b r i d g e s .  

Of t h o s e  S t a t e s  t h a t  d o  u s e  s p r e a d  f o o t i n g s ,  some u s e  them o n l y  on 
r o c k  o r  v e r y  h a r d  g r a v e l s  and g l a c i a l  t i l l s .  Some u s e  them on 
n a t u r a l  g r o u n d  and compac ted  f i l l ,  and some o n l y  on n a t u r a l  g r o u n d  
b u t  n e v e r  on f i l l .  Very  few S t a t e s  u s e  s p r e a d  f o o t i n g s  t o  s u p p o r t  
b r i d g e  a b u t m e n t s  on  compac ted  fill ,  and documented  p e r f o r m a n c e  
e v a l u a t i o n s  a r e  v e r y  s c a r c e .  D u r i n g  r e c e n t  y e a r s  numerous  
i n d i c a t i o n s  o f  s u c c e s s f u l  and e c o n o m i c a l  u s e  o f  s p r e a d  f o o t i n g s  
on compac ted  f i l l  h a v e  b e e n  i d e n t i f i e d  s u g g e s t i n g  t h e  n e e d  t o  
c o n d u c t  a  c o m p r e h e n s i v e  p e r f o r m a n c e  e v a l u a t i o n  o f  e x i s t i n g  
b r i d g e s  s u p p o r t e d  i n  t h i s  manner .  

The S t a t e  o f  Wash ing ton  h a s  b e e n  d e s i g n i n g  and c o n s t r u c t i n g  s p r e a d  
f o o t i n g s  t o  s u p p o r t  b r i d g e  a b u t m e n t s  and p i e r s  f o r  many y e a r s  w i t h  
v e r y  f a v o r a b l e  r e s u l t s .  I n  t h e  1 5 - y e a r  p e r i o d  f r o m  1 9 6 5  t o  1 9 8 0 ,  
WSDOT c o n s t r u c t e d  o v e r  5 0 0  b r i d g e s  w i t h  o n e  o r  more  p i e r s  o r  a b u t m e n t s  
on  s p r e a d  f o o t i n g s .  D u r i n g  t h i s  same p e r i o d ,  1 8 0  b r i d g e s  were con-  
s t r u c t e d  w i t h  o n e  o r  b o t h  a b u t m e n t s  s u p p o r t e d  by s p r e a d  f o o t i n g s  i n  
t h e  a p p r o a c h  f i l l .  The a p p a r e n t  good r e s u l t s  p rompted  WSDOT and  FHWA 
e n g i n e e r s  t o  c o n d u c t  a  s y s t e m a t i c  e v a l u a t i o n  o f  s p r e a d  f o o t i n g  p e r -  
f o r m a n c e  on compac ted  f i l l .  

The WSDOT M a t e r i a l s  L a b o r a t o r y  i s  r e s p o n s i b l e  f o r  p e r f o r m i n g  t h e  
s o i l  s u r v e y  and b r i d g e  f o u n d a t i o n  i n v e s t i g a t i o n  f o r  e a c h  new 
s t r u c t u r e  upon r e q u e s t  f r o m  t h e  B r i d g e  D i v i s i o n .  I n  a d d i t i o n  t o  
t h e  s o i l s  and f o u n d a t i o n  d a t a  p r e s e n t e d  t o  t h e  B r i d g e  D i v i s i o n ,  
t h e  M a t e r i a l s  L a b o r a t o r y  a l s o  p r o v i d e s  s p e c i f i c  r e c o m m e n d a t i o n s  
f o r  t y p e ,  s i z e  and l o c a t i o n  o f  t h e  a p p r o p r i a t e  f o u n d a t i o n  u n i t .  
C o n f i r m a t i o n  o f  t h e  a c t u a l  f o u n d a t i o n  t y p e  u s e d  c a n  ~ n l y  b e  f o u n d  
i n  t h e  B r i d g e  D i v i s i o n  f i l e s .  

1 . 2  O b i e c t i v e  and S c o ~ e  o f  Work 

The p e r f o r m a n c e  e v a l u a t i o n  was d e s i g n e d  t o  o b t a i n  b a s i c  i n f o r m a -  
t i o n  on t h e  s a f e t y ,  r e l i a b i l i t y ,  and  c o s t  e f f e c t i v e n e s s  o f  s p r e a d  
f o o t i n g s  t o  s u p p o r t  h ighway  b r i d g e  a b u t m e n t s  on c o m p a c t e d  f i l l s .  

The s t u d y  was d i v i d e d  i n t o  f o u r  m a j o r  t a s k s :  f i l e  s e a r c h ,  f i e l d  
i n s p e c t i o n s ,  movement s u r v e y s ,  a n d  d a t a  a n a l y s i s .  P e r s o n a l  
i n t e r v i e w s  w i t h  d e s i g n ,  c o n s t r u c t i o n ,  and m a i n t e n a n c e  p e r s o n n e l  
were a l s o  c o n d u c t e d  d u r i n g  t h e  f i l e  s e a r c h  and f i e l d  i n s p e c t i o n  
p h a s e s  o f  t h e  s t u d y .  C o s t  c o m p a r i s o n s  b e t w e e n  s p r e a d  f o o t i n g s  
and  p i l e s  f o r  s e v e r a l  b r i d g e s  were a l s o  made t o  e v a l u a t e  t h e  c o s t  
e f f e c t i v e n e s s  o f  s p r e a d  f o o t i n g s .  



2. WSDOT FILE SEARCH 

2.1 G e n e r a l  

W a s h i n g t o n  S t a t e  r e q u i r e s  t h a t  d e t a i l e d  r e c o r d s  b e  m a i n t a i n e d  
f o r  15 y e a r s  and t h e n  m i c r o f i l m e d .  The i n f o r m a t i o n  s e a r c h  f o r  
t h i s  s t u d y  was i n i t i a l l y  l i m i t e d  t o  a c t i v e  f i l e s ,  w i t h  
t h e  o p t i o n  t o  r e v i e w  t h e  o l d e r  f i l e s  i f  enough  b r i d g e s  were 
n o t  a v a i l a b l e  i n  t h e  a c t i v e  f i l e s .  

The f i l e  d a t a  came f rom t h r e e  s o u r c e s .  The r e v i e w  b e g a n  i n  t h e  
M a t e r i a l s  L a b o r a t o r y  where  t h e  " B r i d g e  F o u n d a t i o n  I n v e s t i g a t i o n  
and Recommendat ionw f i l e s  a r e  l o c a t e d .  N e x t  was t h e  B r i d g e  
D i v i s i o n ,  where  t h e  " a s - b u i l t v  p l a n s  were r e v i e w e d ;  and t h e n  t h e  
B r i d g e  C o n d i t i o n  S u r v e y  B r a n c h ,  where  t h e  "Damage S u r v e y  R e p o r t s w  
w e r e  r e v i e w e d .  

P r o j e c t  f i l e s  f o r  t h e  newer  b r i d g e s  were v e r y  c o m p l e t e  and 
i n f o r m a t i v e ,  b u t  many o l d e r  f i l e s  were i n c o m p l e t e .  Lack o f  
i n f o r m a t i o n  c o n c e r n i n g  o l d e r  b r i d g e s  was u n f o r t u n a t e ,  b e c a u s e  
l e n g t h  o f  s e r v i c e  was a  k e y  f a c t o r  o f  t h e  s t u d y .  A l t h o u g h  it 
was p o s s i b l e  t o  c o r r e l a t e  damage w i t h  s e r v i c e  t ime,  i t  was n o t  
p o s s i b l e  t o  c o r r e l a t e  t h e  amount  o f  movement w i t h  damage b e c a u s e  
a s - b u i l t  e l e v a t i o n s  were n o t  a v a i l a b l e  f o r  many o f  t h e  o l d e r  
b r i d g e s .  C o r r e l a t i o n s  w i t h  o t h e r  p a r a m e t e r s  s u c h  a s  s u p e r s t r u c t u r e  
t y p e ,  s p a n  c o n f i g u r a t i o n s ,  a b u t m e n t  t y p e ,  and s o i l  p r o f i l e s  were 
a l s o  d i f f i c u l t  t o  make d u e  t o  a  l a c k  o f  i n f o r m a t i o n  on t h e  o l d e r  
b r i d g e s .  C o r r e l a t i o n s  w i t h  newer  b r i d g e s  a r e  l i m i t e d  by t h e  
s h o r t e r  p e r f o r m a n c e  p e r i o d s .  

2 . 2  B r i d g e  F o u n d a t i o n  I n v e s t i g a t i o n  and  Recommendation R e p o r t s  

The S o i l s  D e p a r t m e n t  o f  t h e  M a t e r i a l s  L a b o r a t o r y  i n v e s t i g a t e s  
t h e  s o i l  and s i t e  c o n d i t i o n s  a t  e a c h  p r o p o s e d  b r i d g e  s i t e  and 
f u r n i s h e s  a  r e p o r t  t o  t h e  B r i d g e  D i v i s i o n  which  d o c u m e n t s  t h e  
f i e l d  and l a b o r a t o r y  t e s t  d a t a .  The r e p o r t  o f t e n  i n c l u d e s  a  
s o i l  p r o f i l e  and d e s c r i p t i o n s  o f  p e r t i n e n t  s o i l  and s i t e  
c o n d i t i o n s .  Recommendat ions  a r e  a l s o  made f o r  t h e  t y p e  o f  
f o u n d a t i o n  s y s t e m s  t h a t  s h o u l d  b e  c o n s i d e r e d  and a n y  s p e c i a l  
d e s i g n  o r  c o n s t r u c t i o n  p r o b l e m s  t h a t  m i g h t  o c c u r .  

Many o f  t h e s e  p r o j e c t  f i l e s  a l s o  c o n t a i n e d  t h e  p r e l i m i n a r y  b r i d g e  
p l a n s  which  a c c o m p a n i e d  t h e  r e q u e s t  f o r  a  s o i l s  i n v e s t i g a t i o n .  
The main  r e a s o n  f o r  b e g i n n i n g  t h e  f i l e  s e a r c h  a t  t h e  M a t e r i a l s  
L a b o r a t o r y  was  t h e  s e c t i o n  on  " F o u n d a t i o n  Type Recommendedw which  
p r o v i d e d  t h e  f i r s t  i n d i c a t i o n  t h a t  a  s p r e a d  f o o t i n g  m i g h t  h a v e  
b e e n  u s e d .  A c o p y  o f  t h e  d a t a  c o l l e c t i o n  s h e e t  i s  shown i n  
Appendix  A a l o n g  w i t h  a  d e s c r i p t i o n  and e x p l a n a t i o n  o f  some o f  
t h e  terms u s e d  on  t h e  f o r m .  F o r  t h e  s a k e  o f  b r e v i t y ,  t h e  a u t h o r  
h a s  o m i t t e d  many d e t a i l s  r e p o r t e d  on t h e  d a t a  c o l l e c t i o n  s h e e t s .  
T h e s e  d a t a  c a n  b e  made a v a i l a b l e  by  t h e  a u t h o r  upon r e q u e s t .  



O f  9 4 2  b r i d g e  f i l e s  r e v i e w e d  i n  d e t a i l ,  o n l y  252  b r i d g e s  were 
s u i t a b l e  f o r  t h i s  s t u d y ,  i . e . ,  o n e  o r  b o t h  a b u t m e n t s  recommended 
t o  b e  s u p p o r t e d  by s p r e a d  f o o t i n g s  on  compac ted  f i l l s .  T h e r e  
were a l s o  340 b r i d g e s  w i t h  o n e  o r  more  p i e r s  o r  a b u t m e n t s  sup-  
p o r t e d  by s p r e a d  f o o t i n g s  on  n a t u r a l  g r o u n d ,  p l u s  350  b r i d g e s  
t h a t  w e r e  recommended t o  b e  s u p p o r t e d  e n t i r e l y  on p i l e s  o r  
d r i l l e d  c a i s s o n s .  

2 . 3  A s - b u i l t  C o n s t r u c t i o n  P l a n s  

The 252 b r i d g e s  w i t h i n  t h e  s c o p e  o f  t h i s  s t u d y  were c h e c k e d  
a g a i n s t  " a s - b u i l t m  p l a n s  i n  t h e  B r i d g e  D i v i s i o n  t o  d e t e r m i n e  
which  o n e s  w e r e  s u p p o r t e d  by s p r e a d  f o o t i n g s  on f i l l .  A t o t a l  
o f  180 met  t h i s  r e q u i r e m e n t ,  and e a c h  was c h e c k e d  f o r  d a t a  on 
t h e  f i n a l  o r  " a s - b u i l t m  e l e v a t i o n s  o f  e a c h  a b u t m e n t  o r  p i e r .  

2 . 4  Damage S u r v e y  R e p o r t s  

Each b r i d g e  t h a t  q u a l i f i e d  f o r  f u r t h e r  s t u d y  was c h e c k e d  f o r  
damage r e p o r t e d  i n  t h e  f i l e s  o f  t h e  B r i d g e  C o n d i t i o n  S u r v e y  
B r a n c h .  A l l  e x i s t i n g  b r i d g e s  on S t a t e  r o u t e s  i n  W a s h i n g t o n  
a r e  i n s p e c t e d  i n d e p t h  e v e r y  2 y e a r s  by  a  t eam o f  s p e c i a l  
i n v e s t i g a t o r s .  T h e s e  damage s u r v e y  r e p o r t s  were u s e d  a s  a  
s t a r t i n g  p o i n t  f o r  c o n d u c t i n g  t h e  f i e l d  i n s p e c t i o n s ;  h o w e v e r ,  
t h e r e  w e r e  no r e p o r t s  o f  any  s i g n i f i c a n t  damage t o  any  o f  t h e  
180 b r i d g e s  s e l e c t e d  f o r  f u r t h e r  s t u d y .  The l i s t  was f u r t h e r  
r e d u c e d  t o  1 4 8  b r i d g e s  b e c a u s e  some were e i t h e r  new o r  l o c a t e d  
i n  r e m o t e  p a r t s  o f  t h e  S t a t e .  

2 . 5  T y p e s  o f  B r i d g e s  

A l t h o u g h  t h e r e  a r e  s i x  t y p e s  o f  b r i d g e s  r e p r e s e n t e d  i n  t h i s  
s t u d y ,  T a b l e  1  shows  t h a t  9 5  p e r c e n t  h a v e  c o n c r e t e  s u p e r s t r u c -  
t u r e s ,  and 7 5  p e r c e n t  a r e  p r e s t r e s s e d  c o n c r e t e  g i r d e r  b r i d g e s .  
T h e s e  p e r c e n t a g e s ,  t h o u g h  n o t  u n u s u a l l y  h i g h  f o r  t h e  WSDOT, a r e  
s i g n i f i c a n t  b e c a u s e  c o n c r e t e  s t r u c t u r e s  a r e  more  s u s c e p t i b l e  
t o  c r a c k i n g  f rom d i f f e r e n t i a l  s e t t l e m e n t  t h a n  a r e  s t e e l  
b r i d g e s .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  more  t h a n  7 0  
p e r c e n t  h a v e  m u l t i p l e ,  c o n t i n u o u s  s p a n s .  D i f f e r e n t i a l  s e t t l e -  
ment  would damage t h e s e  b r i d g e s  more  s e v e r e l y  t h a n  o n e s  h a v i n g  
s i m p l e  s p a n s .  

I n  a d d i t i o n  t o  t h e  w i d e  r a n g e  o f  s t r u c t u r a l  t y p e s ,  t h e r e  a r e  
w i d e  r a n g e s  o f  s i z e  and s i t e  a p p l i c a t i o n s  r e p r e s e n t e d  i n  t h e  
number o f  b r i d g e s  i n s p e c t e d .  F i g u r e s  I  and 2  i l l u s t r a t e  t h e  
u s e  o f  s p r e a d  f o o t i n g s  t o  s u p p o r t  b r i d g e  a b u t m e n t s  f o r  s t r e a m  
c r o s s i n g  s t r u c t u r e s ,  and F i g u r e s  3 and 4  show two a p p l i c a t i o n s  
f o r  i n t e r c h a n g e  s t r u c t u r e s .  A r a i l r o a d  o v e r p a s s  ( F i g u r e  5 )  and 
r o u t i n e  I n t e r s t a t e  o v e r c r o s s i n g s  and u n d e r c r o s s i n g s  ( F i g u r e s  6 
and  7 )  f u r t h e r  i l l u s t r a t e  t h e  v e r s a t i l i t y  o f  s p r e a d  f o o t i n g s .  



T a b l e  1 .  D i s t r i b u t i o n  o f  B r i d g e s  by S t r u c t u r e  Type 

C o n c r e t e  Box G i r d e r  I - -  - - 

C o n c r e t e  F l a t  S l a b  I - -  - - 

C o n c r e t e  T-Beam 

S t e e l  G i r d e r  

Number o f  Spans  
Con t inuous  I 

T o t a l  

S t e e l  G i r d e r  and T ied  Arch - - - - 

I 

T o t a l  15 2 1 2  1 1  

Figure 1 .  Alder  Creek Bridge on SR l A  i n  K l i c k i t a t  County 



F i g u r e  2. Carbon R i v e r  Br idge  on SR 162  i n  P i e r c e  County 

F i g u r e  3. Tukwila I n t e r c h a n g e  Ramp E B r i d g e  on 1-5 i n  King County 

5 



Figure 4. SR 16 Interchange in  Tacoma 

Figure 5. Northern Pacif ic  Railroad Overpass on I-90 i n  Adams County 



Figure 6. Interstate 90 Twin Bridges Over SR 21 in Adams County 

Figure 7. 236th Street Over Interstate 5 in Seattle 



3.  FIELD INSPECTIONS 

3.1 G e n e r a l  

F i e l d  i n s p e c t i o n s  w e r e  c o n d u c t e d  d u r i n g  t h e  c o u r s e  o f  t h i s  
r e s e a r c h  t o  d e t e r m i n e  i f  t h e r e  were v i s i b l e  s i g n s  o f  damage 
a t t r i b u t e d  t o  u s i n g  s p r e a d  f o o t i n g s  on compac ted  f i l l .  The 
d i s t r i b u t i o n  o f  b r i d g e s  a c c o r d i n g  t o  s t r u c t u r e  t y p e ,  number o f  
s p a n s ,  and s p a n  a r r a n g e m e n t  ( s i m p l e  o r  c o n t i n u o u s )  i s  shown i n  
T a b l e  1 .  I n t e r v i e w s  w i t h  e a c h  D i s t r i c t  M a i n t e n a n c e  E n g i n e e r  
were a l s o  c o n d u c t e d  t o  g e t  f u r t h e r  m a i n t e n a n c e  h i s t o r y .  No 
n e g a t i v e  r e p o r t s  on t h e  u s e  o f  s p r e a d  f o o t i n g s  were r e c e i v e d  
from any  o f  t h e  s i x  D i s t r i c t  M a i n t e n a n c e  E n g i n e e r s .  Two o f  
them p r e f e r r e d  s p r e a d  f o o t i n g s  t o  p i l e s  b e c a u s e  t h e y  h a v e  
much l e s s  t r o u b l e  p a t c h i n g  t h e  b r i d g e  a p p r o a c h e s  t o  c o r r e c t  
bumps a t  e a c h  e n d .  The o t h e r s  h a d  no s p e c i a l  p r e f e r e n c e .  

3 . 2  T y p e s  o f  Damage 

An i n s p e c t i o n  r e p o r t  w i t h  p h o t o g r a p h s  was d e v e l o p e d  f o r  e a c h  
b r i d g e .  The main t y p e s  o f  damage i n v e s t i g a t e d  w e r e  bumps,  
c r a c k s ,  m i s a l i g n m e n t s ,  and damaged j o i n t s ;  h o w e v e r ,  t h e  
i n s p e c t o r s  a l s o  l o o k e d  f o r  damage t o  u t i l i t y  l i n e s ,  s l o p e  
p r o t e c t i o n ,  and o t h e r  b r i d g e  a p p u r t e n a n c e s .  

Bumps, e i t h e r  a t  b r i d g e  e n d s  o r  a b o v e  i n t e r m e d i a t e  p i e r s ,  
a r e  s u r e  s i g n s  o f  d i f f e r e n t i a l  s e t t l e m e n t .  Pavement  p a t c h e s  
a t  a p p r o a c h  f i l l s  ( F i g u r e  8 )  i n d i c a t e  c o r r e c t i v e  work was 
r e q u i r e d  t o  i m p r o v e  r i d e  q u a l i t y ,  and i n s p e c t o r s  a l w a y s  t o o k  
n o t e s  o f  r i d e a b i l i t y  a t  p o s t e d  s p e e d  l i m i t s  w h e t h e r  o r  n o t  
pavement  p a t c h e s  e x i s t e d .  

A l l  c o n c r e t e  g i r d e r s ,  a b u t m e n t s ,  p i e r s ,  p a r a p e t  w a l l s ,  s i d e -  
w a l k s ,  and b r i d g e  d e c k s  were i n s p e c t e d  f o r  c r a c k s .  The 
i n s p e c t o r s  l o o k e d  f o r  e x c e s s i v e  o p e n i n g s  i n  v e r t i c a l  c o n s t r u c -  
t i o n  j o i n t s ,  e s p e c i a l l y  t h o s e  b e t w e e n  w i n g - w a l l s  and a b u t m e n t s ,  
and  t h e y  l o o k e d  f o r  damage t o  d e c k  j o i n t s .  

The i n s p e c t i o n  t eam a l s o  l o o k e d  f o r  m i s a l i g n e d  g u a r d r a i l ,  hand- 
r a i l s ,  o r  p a r a p e t  w a l l s  ( F i g u r e  9 )  and jammed g i r d e r s  o r  t i p p e d  
r o c k e r  arm a s s e m b l i e s  ( F i g u r e  1 0 ) .  E x c e s s i v e  shimming b e n e a t h  
b e a r i n g  d e v i c e s  ( F i g u r e  1 1 )  a r e  a l s o  good i n d i c a t i o n s  o f  foun-  
d a t i o n  p r o b l e m s .  T h r e e  c a t e g o r i e s  o f  damage w e r e  e s t a b l i s h e d :  
s t r u c t u r a l ,  a r c h i t e c t u r a l ,  and r i d e a b i l i t y .  

3 .3  P e r f o r m a n c e  E v a l u a t i o n  C r i t e r i a  

The s p r e a d  f o o t i n g  and compac ted  f i l l  f o r  e a c h  a b u t m e n t  were 
e v a l u a t e d  a s  a  combined s y s t e m ,  and t h e  p e r f o r m a n c e  o f  e a c h  
was examined f o r  l l s a f e t y n  and f l e f f e c t i v e n e s s . n  The f o l l o w i n g  
s e c t i o n s  d e f i n e  t h e s e  c r i t e r i a :  



3.3.1 S a f e t y  

P r e v e n t i n g  c o l l a p s e  i s  t h e  ma in  c o n c e r n  o f  a n y  f o u n d a t i o n  
system. The s p r e a d  f o o t i n g  m u s t  b e  p r o p o r t i o n e d  i n  a c c o r d a n c e  
w i t h  t h e  s h e a r  s t r e n g t h  ( b e a r i n g  c a p a c i t y )  o f  t h e  s u p p o r t i n g  
s o i l  t o  w i t h s t a n d  a  c o l l a p s e .  Such  f a i l u r e s  a r e  m o s t  u n u s u a l  
f o r  a b u t m e n t  f o o t i n g s  and i t  was n o t  e x p e c t e d  t h a t  a n y  would 
b e  f o u n d  i n  e i t h e r  t h e  f i e l d  i n s p e c t i o n  o r  t h e  m a i n t e n a n c e  
r e c o r d s .  B e a r i n g  c a p a c i t y  f a i l u r e s  a r e  r a r e  b e c a u s e  s e t t l e m e n t  
c r i t e r i a  u s u a l l y  p r o v i d e  t h e  l i m i t i n g  c o n d i t i o n .  

S p r e a d  f o o t i n g s  a r e  a l s o  s u s c e p t i b l e  t o  damage o r  c o l l a p s e  f rom 
s c o u r ,  f r o s t  a c t i o n ,  e x p a n s i v e  s o i l  p r e s s u r e s ,  and  c o n s t r u c t i o n  
a d j a c e n t  t o  t h e  f o o t i n g  which  r e d u c e s  t h e  c o n f i n i n g  p r e s s u r e  o f  
t h e  s u p p o r t i n g  s o i l .  Such f a i l u r e s  c a n  o c c u r  g r a d u a l l y  a s  well 
a s  s u d d e n l y .  

F a i l u r e  c a n  a l s o  o c c u r  g r a d u a l l y  f rom e x c e s s i v e ,  l o n g - t e r m  
s e t t l e m e n t .  A l t h o u g h  c o l l a p s e  d o e s  n o t  a l w a y s  o c c u r ,  e x c e s s i v e  
s e t t l e m e n t  c a n  s e v e r e l y  c r a c k  t h e  a b u t m e n t s ,  o r  it  c a n  o v e r s t r e s s  
k e y  s u p e r s t r u c t u r e  e l e m e n t s  s u c h  a s  g i r d e r s  and d e c k  s l a b s .  T h i s  
t y p e  o f  f a i l u r e  r e s u l t s  f rom d e s i g n  e r r o r  o r  i m p r o p e r  c o n s t r u c t i o n .  

The f r e q u e n c y  o f  t h e s e  f a i l u r e s  i s  o n e  m e a s u r e  o f  t h e  r e l i a b i l i t y  
o f  p l a c i n g  s p r e a d  f o o t i n g s  on compac ted  f i l l .  A s a t i s f a c t o r y  
s p r e a d  f o o t i n g  m u s t  b e  d e p e n d a b l e  u n d e r  a  v a r i e t y  o f  s i t u a t i o n s  
t o  c a r r y  t h e  imposed l o a d i n g  w i t h o u t  j e o p a r d i z i n g  t h e  b r i d g e ' s  
s t r u c t u r a l  o r  a r c h i t e c t u r a l  i n t e g r i t y .  The e n g i n e e r  m u s t  h a v e  
c o n f i d e n c e  i n  t h e  a b i l i t y  o f  t h e  f o u n d a t i o n  u n i t  t o  p e r f o r m  
w e l l  i n  a l m o s t  a l l  i n s t a n c e s  b e c a u s e  a  b r i d g e  i s  h i g h l y  v i s i b l e  
and s e n s i t i v e  t o  p u b l i c  r e a c t i o n .  

E f f e c t i v e n e s s  

A f o u n d a t i o n  s y s t e m  mus t  b e  f u n c t i o n a l  a s  well  a s  s a f e .  T h e r e  i s  
a  w i d e  s p e c t r u m  o f  e n g i n e e r i n g  p e r f o r m a n c e  b e t w e e n  a n  u n y i e l d i n g  
s u p p o r t  s y s t e m  and o n e  t h a t  f a i l s .  P e r s i s t e n t  m a i n t e n a n c e  p r o b l e m s  
and f a i l u r e s  o f  s u b c r i t i c a l  e l e m e n t s  a r e  e x p e n s i v e  t o  c o r r e c t ,  and 
s h o u l d  b e  a v o i d e d  i f  p e c u l i a r  t o  c e r t a i n  s y s t e m s ,  s i t u a t i o n s ,  o r  
m e t h o d o l o g i e s .  To i m p r o v e  t h e  d e s i g n  p r o c e s s ,  e n g i n e e r s  s h o u l d  
c o r r e l a t e  f u n c t i o n a l  d i s t r e s s  (bumps ,  c r a c k s ,  m i s a l i g n m e n t s ,  e t c . )  
w i t h  s y s t e m  c h a r a c t e r i s t i c s  ( a b u t m e n t  t y p e ,  s o i l  t y p e ,  s u p e r s t r u c -  
t u r e  t y p e ,  amount and t y p e  o f  movement,  e t c . ) .  Such c o r r e l a t i o n s  
would e s t a b l i s h  t h e  e f f e c t i v e n e s s  o f  a  s p r e a d  f o o t i n g  t o  s u p p o r t  
h e a v y  a b u t m e n t  l o a d s  on a  compac ted  f i l l  i n  c e r t a i n  s i t u a t i o n s ,  
and p o i n t  o u t  t h o s e  s i t u a t i o n s  where  s p r e a d  f o o t i n g s  a r e  n o t  
a p p r o p r i a t e .  

C o s t - e f f e c t i v e n e s s  i s  a l s o  v e r y  i m p o r t a n t .  The a d d i t i o n a l  
s e c u r i t y  o f  a  d e e p  f o u n d a t i o n  s y s t e m  i s  w o r t h  some a d d i t i o n a l  
c o s t ;  t h e r e f o r e ,  t o  c o m p e t e  s u c c e s s f u l l y  w i t h  d e e p  f o u n d a t i o n s ,  
a  s p r e a d  f o o t i n g  m u s t  b e  s i g n i f i c a n t l y  c h e a p e r  t o  d e s i g n  and 
c o n s t r u c t .  



Figure  8. Pavement Patch  a t  Br idge  End 

F i g u r e  9. Misa l igned  P a r a p e t  Wall and Handrai l  
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F i g n r e  10. B r i d g e  G i r d e r  Jammed A g a i n s t  Abutment and Excess ive Rocker T i l t  

F i g u r e  11. S i g n i f i c a n t  Shimming Beneath B e a r i n g  Device 
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4. FIELD SURVEYING MEASUREMENTS 

4 . 1  G e n e r a l  

Of t h e  1 4 8  b r i d g e s  i n s p e c t e d ,  2 8  were s u r v e y e d  f o r  d i f f e r e n t i a l  
s e t t l e m e n t s .  T h e s e  movement  p r o f i l e s  were c o m p a r e d  w i t h  t h e i r  
v a s - b u i l t f l  p l a n s  t o  d e t e r m i n e  t h e  amoun t  o f  d i f f e r e n t i a l  s e t t l e -  
m e n t .  T h e s e  s e t t l e m e n t s  were t h e n  c o m p a r e d  t o  c o r r e s p o n d i n g  
damage  r e p o r t s  t o  e v a l u a t e  c u r r e n t  g u i d e l i n e s  f o r  t o l e r a b l e  
movemen t s  o f  b r i d g e  f o u n d a t i o n s .  

4 . 2  B a s i s  f o r  S e l e c t i o n  

The  b r i d g e s  i n c l u d e d  i n  t h i s  p o r t i o n  o f  t h e  s t u d y  were s e l e c t e d  
o n  t h e  b a s i s  o f  o b s e r v e d  damage ,  a g e ,  t y p e  o f  s t r u c t u r e ,  a n d  t h e  
amoun t  o f  s e t t l e m e n t  p r e d i c t e d  d u r i n g  d e s i g n .  The  b r i d g e s  
c h o s e n  h a v e  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

The  a g e s  v a r y  b e t w e e n  5 a n d  1 7  y e a r s ;  n e a r l y  h a l f  o f  w h i c h  were 
b u i l t  b e f o r e  1 9 7 0 .  The  b r i d g e s  b u i l t  s i n c e  1 9 7 0  a r e  o f  c o n t i n u o u s  
d e s i g n ,  e x c e p t  f o r  o n e  s i n g l e  s p a n  b r i d g e .  N e a r l y  h a l f  o f  t h e  
b r i d g e s  b u i l t  b e f o r e  1 9 7 0  a r e  o f  c o n t i n u o u s  d e s i g n .  Two a r e  
s t e e l  s t r u c t u r e s ;  2 2  a r e  p r e s t r e s s e d  c o n c r e t e  g i r d e r s ;  t h r e e  a r e  
c o n c r e t e  box  g i r d e r  b r i d g e s ;  a n d  o n e  i s  a  c o n c r e t e  T-beam b r i d g e .  

4 . 3  Assumed E l e v a t i o n s  a n d  E q u a t i o n s  

The  c u r r e n t  b r i d g e  e l e v a t i o n s  were m e a s u r e d  b y  f i e l d  s u r v e y  crews 
f r o m  s e v e r a l  WSDOT d i s t r i c t  o f f i c e s .  When e l e v a t i o n  b e n c h  m a r k s  
were a v a i l a b l e  o n  s i t e ,  t o t a l  s e t t l e m e n t s  were m e a s u r e d  a n d  
d i f f e r e n t i a l  s e t t l e m e n t s  were c a l c u l a t e d .  

When b e n c h  m a r k s  were n o t  a v a i l a b l e  n e a r  t h e  b r i d g e ,  o n l y  d i f f e r -  
e n t i a l  s e t t l e m e n t s  were d e t e r m i n e d .  T h e  c r e w  u s e d  a n  a s sumed  
e l e v a t i o n  t o  b e g i n  t h e  s u r v e y  m e a s u r e m e n t s .  The  a s sumed  e l e v a t i o n  
was  s e t  e q u a l  t o  t h e  v a s - b u i l t v  e l e v a t i o n  a t  a  p a r t i c u l a r  p o i n t ,  
a n d  t h e  r e m a i n i n g  m e a s u r e m e n t s  were a d j u s t e d  u s i n g  a n  e q u a t i o n  
( s e e  A p p e n d i x  E ) .  T h e  p r o c e d u r e  was  a d o p t e d  t o  r e d u c e  s u r v e y i n g  
c o s t s ;  t h i s  i s  a c c e p t a b l e  b e c a u s e  t h e  m a i n  f o c u s  i s  o n  d i f f e r e n t i a l  
s e t t l e m e n t ,  n o t  o n  t o t a l  s e t t l e m e n t .  



5. PERFORMANCE EVALUATION RESULTS 

5.1 G e n e r a l  

The d a t a  a n a l y s i s  had two main  p u r p o s e s .  The f i r s t  was t o  
e v a l u a t e  t h e  p e r f o r m a n c e  o f  s p r e a d  f o o t i n g s  a s  a  s a f e  and 
f u n c t i o n a l  f o u n d a t i o n  u n i t  f o r  h ighway b r i d g e  a b u t m e n t s .  The  
s e c o n d  was t o  c o r r e l a t e  f o u n d a t i o n  movement w i t h  f u n c t i o n a l  
d i s t r e s s .  The d e m o n s t r a t i o n  o f  s p r e a d  f o o t i n g  r e l i a b i l i t y  was 
v e r y  s u c c e s s f u l ;  h o w e v e r ,  t h e  c o r r e l a t i o n  e f f o r t s  were o n l y  
p a r t i a l l y  s u c c e s s f u l  b e c a u s e  t h e  f o u n d a t i o n  movements d i d  n o t  
c a u s e  much d i s t r e s s .  The a b s e n c e  o f  d i s t r e s s  d a t a  p r o v e d  t h e  
r e l i a b i l i t y  o f  s p r e a d  f o o t i n g s ,  b u t  i t  d i d  n o t  h e l p  a n a l y z e  t h e  
s t r u c t u r a l  c o n s e q u e n c e s  o f  t h e  f o u n d a t i o n  movements .  

B e c a u s e  n o n e  o f  t h e  b r i d g e s  had  any  s a f e t y  p r o b l e m s ,  t h e  
r e l i a b i l i t y  was e x c e l l e n t .  T h e i r  f u n c t i o n a l  r a t i n g s  were h i g h  
a s  w e l l ;  n o n e  had low r a t i n g s  f o r  r i d e a b i l i t y  o r  m a i n t e n a n c e .  
A l l  o f  t h e  b r i d g e s  r e c e i v e d  a  "goodN r a t i n g ,  w h i l e  many 
r e c e i v e d  a  " v e r y  goodu  r a t i n g  f o r  f u n c t i o n a l  r e l i a b l i t y .  

F o r  c o s t  e f f e c t i v e n e s s ,  t h e r e  i s  no  c o m p a r i s o n  b e t w e e n  s p r e a d  
f o o t i n g s  and p i l e s .  S p r e a d  f o o t i n g s  a r e  a l m o s t  a l w a y s  c h e a p e r ,  
and q u i t e  o f t e n  t h e y  a r e  s i g n i f i c a n t l y  c h e a p e r .  The a t t r a c t i v e -  
n e s s  o f  s p r e a d  f o o t i n g s  a l s o  i n c r e a s e s  when c o n s i d e r i n g  t h e  
b e n e f i t s  o f  r e d u c e d  e n e r g y  r e q u i r e m e n t s  and c o n s e r v a t i o n  o f  
n a t u r a l  r e s o u r c e s .  The c o n s u m p t i o n  o f  e n e r g y  t o  f a b r i c a t e  and 
i n s t a l l  p i l e s  p l u s  t h e  i n d i s c r e e t  u s e  o f  t i m b e r ,  c o n c r e t e  and  
s t e e l  r e s o u r c e s  a r e  becoming i m p o r t a n t  f a c t o r s  i n  a  c o m p a r a t i v e  
a n a l y s i s .  F o r  t h i s  s t u d y  and i t s  s p e c i f i c  p a r a m e t e r s ,  i t  was 
c l e a r l y  d e m o n s t r a t e d  t h a t  s p r e a d  f o o t i n g s  w e r e  e x t r e m e l y  c o s t  
e f f e c t i v e  i n  l i e u  o f  p i l e s .  (See  A p p e n d i x  C ) .  

5 .2  S a f e t y  

A s  p r e v i o u s l y  n o t e d ,  t h e  s a f e t y  p e r f o r m a n c e  r e c o r d  o f  t h e  b r i d g e s  
i n v e s t i g a t e d  i s  p e r f e c t .  The s a f e t y  r e c o r d  o f  a l l  WSDOT b r i d g e s  
s u p p o r t e d  by s p r e a d  f o o t i n g s  on n a t u r a l  g r o u n d  o r  f i l l  i s  v e r y  
good a s  wel l .  The WSDOT r e c o r d s  o f  t h e  p a s t  20 y e a r s  show o n e  
f a i l u r e  o f  a  s p r e a d  f o o t i n g  on  f i l l  and o n e  o f  a  s p r e a d  f o o t i n g  
on n a t u r a l  g r o u n d .  Bo th  o f  t h e s e  f a i l u r e s  o c c u r r e d  on b r i d g e s  
t h a t  were n o t  p a r t  o f  t h i s  s t u d y ,  b u t  a r e  b r i e f l y  d e s c r i b e d  
be low.  

I m p r o p e r  c o n s t r u c t i o n  p r o c e d u r e s  c a u s e d  t h e  f a i l u r e  on f i l l ,  
n o t  a  d e f i c i e n c y  i n  t h e  s p r e a d  f o o t i n g  d e s i g n .  The c l a y  f i l l  was 
p l a c e d  d u r i n g  t h e  wet s e a s o n  w i t h o u t  p r o p e r  c o n t r o l  o f  m o i s t u r e  
and d e n s i t y .  S e t t l e m e n t  c a u s e d  e x c e s s i v e  c r a c k i n g  o f  t h e  a b u t m e n t  
w a l l s  which  had  t o  b e  r e p l a c e d  b e f o r e  b u i l d i n g  t h e  s u p e r s t r u c t u r e .  

The s p r e a d  f o o t i n g  f a i l u r e  on n a t u r a l  g r o u n d  was c a u s e d  by s c o u r .  
The p r o b l e m  c o u l d  h a v e  b e e n  a v o i d e d  by u s i n g  a  s c o u r  p r o t e c t i o n  
s y s t e m  s u c h  a s  r i p  r a p  o r  g a b i o n  w a l l s .  T h i s  a b u t m e n t  had t o  b e  
c o m p l e t e l y  r e b u i l t .  



E f f e c t i v e n e s s  

B e s i d e s  b e i n g  s a f e ,  a  f o u n d a t i o n  s y s t e m  mus t  n o t  c a u s e  undue  
m a i n t e n a n c e  and s e r v i c e a b i l i t y  p r o b l e m s ,  i . e . ,  t h e  e n g i n e e r  
m u s t  f e e l  c o m f o r t a b l e  t h a t  f u n c t i o n a l  r e l i a b i l i t y  i s  v e r y  
h i g h .  E n g i n e e r s  f o r  t h e  WSDOT d o  n o t  h e s i t a t e  t o  u s e  s p r e a d  
f o o t i n g s  ( u n d e r  a p p r o p r i a t e  e n g i n e e r i n g  c o n d i t i o n s )  t o  s u p p o r t  
l a r g e  r i v e r  c r o s s i n g  o r  m a j o r  i n t e r c h a n g e  s t r u c t u r e s  a s  well  
a s  r o u t i n e  o v e r p a s s  s t r u c t u r e s .  S p r e a d  f o o t i n g s  a r e  a l s o  
r o u t i n e l y  u s e d  i n  W a s h i n g t o n  t o  s u p p o r t  e i t h e r  s i m p l e  s p a n  o r  
c o n t i n u o u s  b r i d g e s  o f  a l l  s i z e s  and t y p e s ;  i . e . ,  s p r e a d  
f o o t i n g s  a r e  n o t  r e s t r i c t e d  t o  s m a l l  b r i d g e s  on m i n o r  r o a d w a y s .  
The r e s u l t s  o f  t h i s  s t u d y  h a v e  r e i n f o r c e d  t h e i r  c o n f i d e n c e  i n  
u s i n g  s p r e a d  f o o t i n g s  t o  s u p p o r t  b r i d g e  a b u t m e n t s  on compac ted  
f i l l .  

5 .3 .1  F u n c t i o n a l  R e l i a b i l i t y  

None o f  t h e  148  b r i d g e s  e v a l u a t e d  h a v e  shown s i g n s  o f  s e r i o u s  
f u n c t i o n a l  d i s t r e s s .  No r e c o r d  o f  m a i n t e n a n c e  o r  r e p a i r  a c t i v i -  
t i e s  ( o t h e r  t h a n  r o u t i n e  m a i n t e n a n c e )  was u n c o v e r e d  and e a c h  
D i s t r i c t  M a i n t e n a n c e  E n g i n e e r  c i t e d  f a v o r a b l e  p e r f o r m a n c e  
r e c o r d s  f o r  e a c h  b r i d g e .  

A l t h o u g h  no  main  s t r u c t u r a l  members o f  a n y  b r i d g e s  showed s i g n s  
o f  s e r i o u s  d i s t r e s s ,  two b r i d g e s  had  m o d e r a t e  a m o u n t s  o f  
h a i r l i n e  c r a c k s .  The c r a c k s  i n d i c a t e d  t h a t  some d i s t r e s s  had 
o c c u r r e d ,  p o s s i b l y  f rom s e t t l e m e n t ,  b u t  t h e r e  was no  c o n c e r n  
f o r  s t r u c t u r a l  f a i l u r e .  

L i t t l e  a r c h i t e c t u r a l  o r  c o s m e t i c  damage was o b s e r v e d .  The m o s t  
s e r i o u s  p r o b l e m s  were a e s t h e t i c  o n e s .  T h e r e  were m i n o r  c r a c k s  
i n  t h e  d e c k ,  a b u t m e n t  w a l l s ,  c u r b s ,  o r  p a r a p e t  w a l l s ,  and 
s l i g h t  m i s a l i g n m e n t s  i n  a d j a c e n t  s e c t i o n s  o f  c u r b i n g  and 
p a r a p e t  w a l l s .  

R i d e a b i l i t y  was e v a l u a t e d  on  e a c h  o f  t h e  148  b r i d g e s ,  and n o n e  
had  a  l o w  r a t i n g .  The amount  o f  p a t c h w o r k  a t  t h e  b r i d g e  e n d s  
was s m a l l ,  and many WSDOT p e r s o n n e l  b e l i e v e  t h a t  t h e  p a t c h i n g  
p r o b l e m  i s  f a r  l e s s  s e v e r e  f o r  b r i d g e s  s u p p o r t e d  by s p r e a d  
f o o t i n g s  t h a n  f o r  t h o s e  w i t h  p i l e  s u p p o r t e d  a b u t m e n t s .  A 
c o m p a r i s o n  o f  p a t c h  l e n g t h s  was made a t  b r i d g e  a p p r o a c h e s  o f  
some o f  t h e  b r i d g e s  e v a l u a t e d  and a  number o f  p i l e  s u p p o r t e d  
a b u t m e n t s .  The p i l e  s u p p o r t e d  f o o t i n g s  were compared w i t h  
s p r e a d  f o o t i n g s  on b o t h  f i l l  and n a t u r a l  g r o u n d .  (2)* 

I t  was f o u n d  t h a t  s p r e a d  f o o t i n g s  on n a t u r a l  g r o u n d  had  t h e  
s h o r t e s t  mean p a t c h  l e n g t h s ,  1 . 9  f e e t  ( 0 . 6  m ) :  w h i l e  s p r e a d  
f o o t i n g s  on f i l l  had  3.7 f e e t  ( 1 . 1  m) .  P i l e  s u p p o r t e d  f o o t i n g s  
h a d  t h e  g r e a t e s t  l e n g t h s  24 .8  f e e t  ( 7 . 6  m).  I t  was a l s o  n o t e d  
t h a t  o n l y  3 5  p e r c e n t  o f  t h e  b r i d g e  a p p r o a c h e s  where  a  s p r e a d  
f o o t i n g  was u s e d  r e q u i r e d  p a t c h i n g ,  w h i l e  91 p e r c e n t  o f  t h e  
a p p r o a c h e s  u s i n g  p i l e  s u p p o r t e d  a b u t m e n t s  r e q u i r e d  p a t c h i n g .  ( 2 )  

" R e f e r e n c e s  a r e  l i s t e d  a l p h a b e t i c a l l y  a t  t h e  end o f  t h e  r e p o r t .  



I t  was a l s o  n o t e d  t h a t  p i l e  s u p p o r t e d  a b u t m e n t s  r e q u i r e d  more  
f r e q u e n t  and l o n g e r  p a t c h e s .  The l e n g t h  o f  a  g i v e n  p a t c h  was 
assumed t o  b e  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  s i z e  o f  t h e  bump a t  
t h e  t r a n s i t i o n  p o i n t  b e t w e e n  t h e  d e c k  and a p p r o a c h  pavement .  
I f  t h e  bump i s  l a r g e  and i t  d e v e l o p s  g r a d u a l l y ,  i n t e r m i t t e n t  
p a t c h i n g  may b e  n e e d e d .  S p r e a d  f o o t i n g s  on compac ted  f i l l  
h a v e  t h e  a d v a n t a g e  o f  s e t t l i n g  e v e n l y  w i t h  t h e  f i l l ,  w h e r e a s  a  
p i l e  f o u n d a t i o n  and i t s  a p p r o a c h  f i l l  s e t t l e  i n d e p e n d e n t l y .  (2 )  

None o f  t h e  b r i d g e s  had damaged b e a r i n g  d e v i c e s ,  m i s s e a t e d  
g i r d e r s ,  damaged j o i n t s  o r  b r o k e n  u t i l i t y  l i n e s .  The m o s t  
s e r i o u s  damage c a u s e d  by s e t t l e m e n t  i n v o l v e d  a  b r i d g e  a b u t m e n t  
t h a t  t i p p e d  away f rom t h e  f i l l  c a u s i n g  t h e  ma in  g i r d e r s  t o  b e  
p r e s s e d  a g a i n s t  t h e  a b u t m e n t  w a l l .  A l t h o u g h  t h e r e  were no s i g n s  
o f  d i s t r e s s  t o  t h e  g i r d e r  o r  a b u t m e n t  w a l l ,  t h e  b r i d g e  w i l l  
e v e n t u a l l y  r e q u i r e  c o r r e c t i v e  a c t i o n  s u c h  a s  h o r i z o n t a l  t r i m m i n g  
o f  t h e  g i r d e r s .  I n  a d d i t i o n ,  t h e r e  were s e v e r a l  b r i d g e s  h a v i n g  
s l i g h t l y  t i p p e d  b e a r i n g  r o c k e r s .  

C o s t  E f f e c t i v e n e s s  

A s p r e a d  f o o t i n g  f o u n d a t i o n  i s  u s u a l l y  much c h e a p e r  t h a n  a  p i l e  
f o u n d a t i o n .  The a c t u a l  s a v i n g s  c a n  o f t e n  b e  e q u a t e d  t o  t h e  c o s t  
o f  t h e  p i l e s  b e c a u s e  t h e  s i z e  o f  t h e  p i l e  c a p  i s  r o u g h l y  e q u a l  
t o  t h e  s i z e  o f  t h e  s p r e a d  f o o t i n g  n e e d e d  t o  s u p p o r t  t h e  a b u t m e n t .  
On o n e  b r i d g e  n e a r  F t .  L e w i s ,  W a s h i n g t o n ,  t h e  need  f o r  p i l e s  was 
q u e s t i o n e d  a f t e r  n o t i n g  t h a t  p i l i n g  h a d  b e e n  d r i v e n  t h r o u g h  a  
g r a v e l  a p p r o a c h  f i l l .  The e n g i n e e r s  d e l e t e d  t h e  p i l e s  u n d e r  t h e  
o p p o s i t e  a b u t m e n t  and b o t h  a b u t m e n t s  o f  an  a d j a c e n t  s t r u c t u r e  i n  
t h e  same i n t e r c h a n g e .  The s i z e  o f  t h e  p i l e  c a p  was l a r g e r  t h a n  
t h a t  r e q u i r e d  f o r  a  s p r e a d  f o o t i n g ,  t h u s  e l i m i n a t i n g  a  r e d e s i g n  o f  
t h e  f o o t i n g ,  ( s e e  Appendix  C ) .  The  c o s t  s a v i n g s  on t h r e e  b r i d g e s  
d e s c r i b e d  i n  Appendix  C a v e r a g e d  a p p r o x i m a t e l y  60 p e r c e n t  l e s s  
t h a n  p i l e  f o u n d a t i o n s .  

I n  a  c o m p e t i t i v e  c o s t - a n a l y s i s ,  s p r e a d  f o o t i n g s  become more  
a t t r a c t i v e  when c o n s i d e r i n g  t h e i r  r e d u c e d  e n e r g y  r e q u i r e m e n t s  f o r  
c o n s t r u c t i o n  and b e t t e r  c o n s e r v a t i o n  o f  n a t u r a l  r e s o u r c e s  s u c h  a s  
t i m b e r ,  c o n c r e t e  and s t e e l .  T h e s e  f a c t o r s  a r e  d i f f i c u l t  t o  
q u a n t i f y  i n  m o n e t a r y  terms; h o w e v e r ,  t h e y  h a v e  r e c e n t l y  become 
i m p o r t a n t  c o n s i d e r a t i o n s  i n  s e l e c t i n g  t h e  t y p e  o f  f o u n d a t i o n  
s y s t e m  t o  b e  u s e d .  

D e s i g n i n g  t h e  s t r u c t u r e  t o  accommodate  d i f f e r e n t i a l  s e t t l e m e n t  
i n v o l v e s  a d d i t i o n a l  c o s t s  t h a t  s h o u l d  b e  c o n s i d e r e d  i n  a  c o s t  
c o m p a r i s o n .  F o r  e x a m p l e ,  t h e  u s e  o f  s i m p l e  i n s t e a d  o f  c o n t i n u o u s  
s p a n s  o r  l a r g e r  g i r d e r s  t o  w i t h s t a n d  t h e  i n c r e a s e d  stresses a r e  
two commonly u s e d  m e t h o d s .  Some S t a t e s  u t i l i z e  s p e c i a l  h i n g e s  i n  
t h e i r  g i r d e r  d e s i g n  and o t h e r s  d e s i g n  j a c k i n g  p a d s  t o  f a c i l i t a t e  
m a i n t e n a n c e  o p e r a t i o n s  t o  c o r r e c t  a c c u m u l a t e d  s e t t l e m e n t s .  The  
l a t t e r  method i s  f r e q u e n t l y  u s e d  by t h e  WSDOT t o  c o r r e c t  p o s t -  
c o n s t r u c t i o n  s e t t l e m e n t s .  The  added  c o s t  o f  a  s m a l l  c o n c r e t e  pad 
u n d e r  e a c h  g i r d e r  i s  s m a l l ,  and t h e  c o s t  o f  j a c k i n g  and shimming 
e a c h  g i r d e r  i s  r e a s o n a b l e .  ( S e e  Appendix  D f o r  t e c h n i c a l  d e t a i l s  
and a p p r o x i m a t e  c o s t  o f  j a c k a b l e  a b u t m e n t s . )  



5 . 4  T o l e r a b l e  Movement C o r r e l a t i o n  

A s  p r e v i o u s l y  shown,  t h e  e f f o r t s  t o  d e m o n s t r a t e  s p r e a d  f o o t i n g  
r e l i a b i l i t y  and c o s t  e f f e c t i v e n e s s  w e r e  s u c c e s s f u l ;  h o w e v e r ,  
t h e  t o l e r a b l e  movement c o r r e l a t i o n  e f f o r t s  were o n l y  p a r t l y  
s u c c e s s f u l  b e c a u s e  t h e  f o u n d a t i o n  movements o f  t h e  WSDOT 
b r i d g e s  were  s m a l l  and t h e y  d i d  n o t  c a u s e  s i g n i f i c a n t  d i s t r e s s .  
The l a c k  o f  d i s t r e s s  d a t a  s u p p o r t e d  t h e  r e l i a b i l i t y  f i n d i n g s  
o f  t h i s  s t u d y ,  b u t  i t  d i d  n o t  p r o v i d e  m e a n i n g f u l  c o r r e l a t i o n s  
i n  t h e  t o l e r a b l e  movement a n a l y s i s .  T h e s e  d a t a  h e l p e d  p r o v e  
t h a t  s m a l l  amounts  o f  d i f f e r e n t i a l  s e t t l e m e n t  a r e  t o l e r a b l e  
f o r  c e r t a i n  s p a n  l e n g t h s .  When combined w i t h  many o t h e r  c a s e  
s t u d i e s ,  t h e s e  d a t a  w i l l  h e l p  t o  e s t a b l i s h  improved  g u i d e l i n e s  
f o r  t o l e r a b l e  movement o f  b r i d g e  f o u n d a t i o n s .  

f f e r e n t i a l  s e t t l e m e n t  d a t a  were  c l a s s i f i e d  a c c o r d i n g  t o  r a n g e s  
' s e t t l e m e n t ,  and a  c u m u l a t i v e  f r e q u e n c y  t a b l e  was d e v e l o p e d  
a b l e  2 ) .  On ly  46 a b u t m e n t s  o f  t h e  28  b r i d g e s  a r e  r e p r e s e n t e d  

b e c a u s e  t h e  o t h e r  10  a b u t m e n t s  were  n o t  s u p p o r t e d  by s p r e a d  
f o o t i n g s  on compac ted  f i l l .  When t h e  d i f f e r e n t i a l  s e t t l e m e n t  
v a l u e s  f o r  t h e s e  1 0  a b u t m e n t s  w e r e  i n c l u d e d  i n  t h e  d i s t r i b u t i o n  
t a b l e ,  t h e  f r e q u e n c y  v a l u e s  d i d  n o t  c h a n g e  s i g n i f i c a n t l y .  

T a b l e  2 :  C u m u l a t i v e  F r e q u e n c y  o f  D i f f e r e n t i a l  S e t t l e m e n t  D a t a  

CUMULATIVE 
CLASS CLASS ,, CUMULATIVE RELATIVE 

N O .  CLASS LIMITS* F R E Q U E N C Y  F R E Q U E N C Y  F R E Q U E N C Y  

T o t a l  46  

* D i f f e r e n t i a l  s e t t l e m e n t .  
* *  Number o f  a b u t m e n t s .  



A t  l e a s t  8 0  p e r c e n t  o f  t h e  a b u t m e n t s  h a v e  e x p e r i e n c e d  o v e r  
0 . 5  i n c h e s  ( 1 3  m m )  o f  d i f f e r e n t i a l  s e t t l e m e n t  w i t h o u t  d i s t r e s s .  
T a b l e  2  shows  t h a t  more t h a n  h a l f  o f  t h e  a b u t m e n t s  h a v e  u n d e r -  
g o n e  more t h a n  1  i n c h  ( 2 5  m m )  o f  d i f f e r e n t i a l  s e t t l e m e n t  
w i t h o u t  d i s t r e s s  and 9 a b u t m e n t s ,  20 p e r c e n t ,  h a v e  u n d e r g o n e  
more t h a n  2  i n c h e s  ( 5 0  m m )  o f  d i f f e r e n t i a l  s e t t l e m e n t  w i t h o u t  
s h o w i n g  d i s t r e s s .  The f i g u r e s  s u g g e s t  t h a t  h i g h w a y  b r i d g e s  
c a n  w i t h s t a n d  a  s m a l l  amount o f  d i f f e r e n t i a l  s e t t l e m e n t ,  u n d e r -  
m i n i n g  t h e  " z e r o  s e t t l e m e n t t 1  d e s i g n  p h i l o s o p h y .  I f  a  b l a n k e t  
c r i t e r i o n  mus t  b e  a s s i g n e d  t o  b r i d g e s  o f  a n y  l e n g t h ,  s t i f f n e s s ,  
and  m a t e r i a l  t y p e ,  t h e  maximum a l l o w a b l e  d i f f e r e n t i a l  s e t t l e m e n t  
s h o u l d  b e  a t  l e a s t  1 i n c h  ( 2 5  m m )  and maybe g r e a t e r .  

The d a t a  a l s o  show t h a t  a  s p r e a d  f o o t i n g  c a n  s u p p o r t  h e a v y  b r i d g e  
l o a d s  w i t h o u t  c a u s i n g  e x c e s s i v e  d e f o r m a t i o n s .  The l a r g e  m a j o r i t y  
o f  t h e  a b u t m e n t s ,  8 0  p e r c e n t ,  had  s e t t l e d  l ess  t h a n  2 i n c h e s  
(50mm) d i f f e r e n t i a l l y .  Many h ighway  e n g i n e e r s  h a v e  w r o n g l y  
b e l i e v e d  t h a t  h e a v i l y - l o a d e d  s p r e a d  f o o t i n g s  would c a u s e  
l a r g e  s e t t l e m e n t s  i n  e v e n  t h e  mos t  d e n s e l y  compac ted  g r a n u l a r  
s o i l  m a s s e s .  WSDOT s t a n d a r d  d e s i g n  p r a c t i c e  f o r  s p r e a d  
f o o t i n g s  on g r a n u l a r  s o i l s  i s  3 t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  
MPa) . 
The d a t a  i n  T a b l e  3 shows  t h e  d i s t r i b u t i o n  o f  t h e s e  b r i d g e s  by  
s t r u c t u r e  t y p e ,  c o n t i n u o u s  o r  s i m p l e  s p a n .  The d i s t r i b u t i o n  
a g r e e s  w i t h  t h e  7 0  p e r c e n t  f i g u r e  c i t e d  i n  S e c t i o n  2 . 5 ,  T y p e s  
o f  B r i d g e s ,  and i n d i c a t e s  t h a t  b r i d g e  d e s i g n e r s  need  n o t  s h y  
away f rom u s i n g  c o n t i n u o u s  s t r u c t u r e s  w h i c h  h a v e  s p r e a d  f o o t i n g s  
a s  t h e i r  f o u n d a t i o n  s u p p o r t .  T h i s  f i g u r e  i s  much h i g h e r ,  a t  
l e a s t  90  p e r c e n t ,  when s i n g l e  s p a n  b r i d g e s  and  t h o s e  b u i l t  
b e f o r e  1970 a r e  e x c l u d e d  f rom t h e  a n a l y s i s .  

T a b l e  3: D i s t r i b u t i o n  o f  Movement D a t a  by S t r u c t u r e  Type 

CLASS N O .  CLASS LIMITS* C O N T I N U O U S  S IMPLE 

TOTAL 1 8  10  
* 

D i f f e r e n t i a l  S e t t l e m e n t .  



6 .  CONCLUSIONS A N D  RECOMMENDATIONS 

6 . 1  G e n e r a l  

A l t h o u g h  s p r e a d  f o o t i n g s  h a v e  b e e n  u s e d  e x t e n s i v e l y  f o r  many 
y e a r s  i n  a  few S t a t e s ,  t h e i r  a c c e p t a n c e  h a s  n o t  b e e n  q u i c k  o r  
w i d e s p r e a d  among t h e  m a j o r i t y  o f  S t a t e s .  The l a c k  o f  well 
documented  p e r f o r m a n c e  s t u d i e s  i s  o n e  r e a s o n  f o r  t h e  s l o w  
a c c e p t a n c e  r a t e .  T h i s  n e e d  f o r  a d d i t i o n a l  p e r f o r m a n c e  d a t a  
was r e c o g n i z e d  l o n g  a g o  by K a r l  T e r z a g h i  i n  h i s  P r e s i d e n t i a l  
A d d r e s s  t o  t h e  F i r s t  I n t e r n a t i o n a l  C o n f e r e n c e  on S o i l  M e c h a n i c s  
and F o u n d a t i o n  E n g i n e e r i n g  i n  1936:  

n S u c c e s s f u l  work i n  s o i l  m e c h a n i c s  and f o u n d a t i o n  
e n g i n e e r i n g  r e q u i r e s  n o t  o n l y  a  t h o r o u g h  g r o u n d i n g  
i n  t h e o r y ,  combined w i t h  an o p e n  e y e  f o r  p o s s i b l e  
s o u r c e s  o f  e r r o r ,  b u t  a l s o  a n  amount o f  o b s e r v a t i o n  
and measurement  i n  t h e  f i e l d  f a r  i n  excess o f  a n y t h i n g  
a t t e m p t e d  by t h e  p r e c e d i n g  g e n e r a t i o n  o f  e n g i n e e r s .  
Hence ,  t h e  c e n t e r  o f  g r a v i t y  o f  r e s e a r c h  h a s  s h i f t e d  
f rom t h e  o f f i c e  and t h e  l a b o r a t o r y  i n t o  t h e  c o n s t r u c t i o n  
camp where  i t  w i l l  r e m a i n . "  (3 )  

T e r z a g h i l s  words  a r e  s t i l l  v a l i d  t o d a y ,  e s p e c i a l l y  f o r  b r i d g e s  
s u p p o r t e d  by s p r e a d  f o o t i n g s .  F u r t h e r  s t u d i e s  o f  t h i s  t y p e  a r e  
e n c o u r a g e d  t o  i n c r e a s e  t h e  s t a t i s t i c a l  d a t a  b a s e  t o  p e r m i t  more 
v a l i d  c o n c l u s i o n s  a b o u t  t h e  s a f e t y  and r e l i a b i l i t y  o f  s p r e a d  
f o o t i n g s ,  and t h e i r  a p p r o p r i a t e  limits o f  t o l e r a b l e  movement. 

S a f e t y  and F u n c t i o n a l  R e l i a b i l i t y  

P r o p e r l y  e n g i n e e r e d  embankments  c a n  p r o v i d e  good f o u n d a t i o n  
s u p p o r t  f o r  b r i d g e  a b u t m e n t s  on s p r e a d ,  f o o t i n g s .  I t  i s  s t a n d a r d  
p r a c t i c e  i n  Wash ing ton  t o  u s e  compac ted  g r a n u l a r  s o i l  t o  s u p p o r t  
a  s p r e a d  f o o t i n g  i n  t h e  b r i d g e  a p p r o a c h  f i l l .  An a l l o w a b l e  
b e a r i n g  p r e s s u r e  o f  3 t o n s  p e r  s q u a r e  f o o t  (.287 MPa) i s  u s e d  t o  
d e s i g n  t h e  s p r e a d  f o o t i n g .  Over 200 a b u t m e n t s  o f  148 b r i d g e s  
were i n s p e c t e d  and f o u n d  t o  b e  p e r f o r m i n g  s a f e l y  and e f f i c i e n t l y .  
The key  t o  a  s a f e  d e s i g n  i s  a  p r o p e r  e n g i n e e r i n g  a n a l y s i s  o f  
t h e  f o u n d a t i o n  s o i l s  and s i t e  c o n d i t i o n s ,  an  a d e q u a t e l y  d e s i g n e d  
and c o n s t r u c t e d  a p p r o a c h  f i l l ,  a n d ,  i n  t h e  c a s e  o f  s t r e a m  
c r o s s i n g s ,  a  p r o p e r l y  d e s i g n e d  s c o u r  p r o t e c t i o n  s y s t e m .  

None o f  t h e  b r i d g e s  e v a l u a t e d  u n d e r  t h i s  s t u d y  h a v e  shown a n y  
s i g n s  o f  s e r i o u s  f u n c t i o n a l  d i s t r e s s  and n o n e  h a d  e x p e n s i v e  
m a i n t e n a n c e  o r  r e p a i r  h i s t o r i e s .  M a i n t e n a n c e  and c o n s t r u c t i o n  
e n g i n e e r s  i n  e a c h  WSDOT d i s t r i c t  o f f i c e  r e p o r t e d  t h a t  t h e y  h a v e  
e x p e r i e n c e d  f a v o r a b l e  p e r f o r m a n c e  r e c o r d s  f o r  s p r e a d  f o o t i n g s  
on compac ted  f i l l .  No s t r u c t u r a l  d i s t r e s s ,  a r c h i t e c t u r a l  damage ,  
o r  r i d e a b i l i t y  p r o b l e m s  were d e t e c t e d  i n  a n y  o f  t h e  f i e l d  i n s p e c -  
t i o n s .  Based on t h e  v i s u a l  e x a m i n a t i o n s  it  was c o n c l u d e d  t h a t  
s p r e a d  f o o t i n g s  a r e  f u n c t i o n a l l y  r e l i a b l e  f o u n d a t i o n  u n i t s  f o r  
h ighway  b r i d g e  a b u t m e n t s .  



6 . 3  C o s t - E f f e c t i v e n e s s  

When s o i l  c o n d i t i o n s  p e r m i t  t h e  u s e  o f  s p r e a d  f o o t i n g s ,  t h e  c o s t  
s a v i n g s  b e t w e e n  p i l e s  and s p r e a d  f o o t i n g s  i s  u s u a l l y  s i g n i f i c a n t .  
A c o m p a r a t i v e  a n a l y s i s  s h o u l d  b e  made on a  c a s e - b y - c a s e  b a s i s .  
A s e r i e s  o f  t h r e e  c o s t  c o m p a r i s o n s  w e r e  made on a c t u a l  WSDOT 
b r i d g e s  ( see  Append ix  C )  wh ich  showed s i g n i f i c a n t  c o s t  s a v i n g s  
r e s u l t e d  f rom u s i n g  s p r e a d  f o o t i n g s  i n s t e a d  o f  p i l e s .  I n  t h e  
f i r s t  c o s t  c o m p a r i s o n  e x a m p l e ,  t h e  s p r e a d  f o o t i n g  a l t e r n a t e  
was 6 7  p e r c e n t  c h e a p e r  t h a n  t h e  p i l e  f o u n d a t i o n  a l t e r n a t e .  I n  
t h e  s e c o n d  e x a m p l e ,  s p r e a d  f o o t i n g s  were 46 p e r c e n t  c h e a p e r  
t h a n  p i l e s .  The t h i r d  e x a m p l e  d e m o n s t r a t e d  a  6 5  p e r c e n t  c o s t  
s a v i n g s .  

6 . 4  T o l e r a b l e  Movement C r i t e r i a  

I n  v iew o f  t h e  l i m i t e d  d i s t r e s s  d a t a  a v a i l a b l e ,  t h e  c o r r e l a t i o n  
e f f o r t s  o f  t h i s  s t u d y  were l i m i t e d .  The l a c k  o f  s i g n i f i c a n t  
d i s t r e s s  d a t a  and t h e  g e n e r a l l y  s m a l l  m a g n i t u d e  o f  movement sub-  
s t a n t i a t e d  t h e  f u n c t i o n a l  r e l i a b i l i t y  o f  s p r e a d  f o o t i n g s  on 
compac ted  f i l l ,  b u t  i t  was n o t  p o s s i b l e  t o  p r e c i s e l y  d e f i n e  
t h e  l imits o f  t o l e r a b l e  movement. The  d a t a  o b t a i n e d  f rom t h e  
28 b r i d g e s  s u r v e y e d  c l e a r l y  i n d i c a t e  t h a t  b r i d g e s  c a n  t o l e r a t e  
m o d e r a t e  (1-3 i n c h e s  o r  25-75 m m )  a m o u n t s  o f  v e r t i c a l  d i f f e r e n t i a l  
s e t t l e m e n t .  The  s p e c i f i c  amount o f  t o l e r a b l e  s e t t l e m e n t  
d e p e n d s  on t h e  s p a n  l e n g t h  b e t w e e n  b r i d g e  p i e r s  and t h e  d e g r e e  
o f  c o n t i n u i t y  o v e r  t h e  s p a n s .  I f  a  b l a n k e t  c r i t e r i o n  i s  u s e d  
i n s t e a d  o f  d e s i g n i n g  on a  c a s e - b y - c a s e  b a s i s ,  i t  i s  recommended 
t h a t  1 i n c h  ( 2 5  m m )  b e  u s e d  a s  t h e  a l l o w a b l e  d i f f e r e n t i a l  
s e t t l e m e n t  v a l u e .  

6 . 5  Summary 

The s e l e c t i o n  o f  t h e  r i g h t  t y p e  o f  f o u n d a t i o n  s y s t e m  t o  u s e  f o r  
b r i d g e  a b u t m e n t s  and p i e r s  i 3  g o v e r n e d  by b o t h  economic  and 
p e r f o r m a n c e  c o n s i d e r a t i o n s .  T h e s e  a r e  i n  t u r n  i n f l u e n c e d  b y  t h e  
e n g i n e e r i n g  r e q u i r e m e n t s  o f  a d e q u a t e  b e a r i n g  c a p a c i t y  and m i n i m a l  
s e t t l e m e n t .  The c a s e  s i x d i e s  r e p o r t e d  h e r e i n  a r e  i n t e n d e d  t o  
d e m o n s t r a t e  t h a t  s p r e a d  f o o t i n g s  a r e  v e r y  r e l i a b l e  a s  well a s  
i n e x p e n s i v e ,  and a l s o  t h a t  b r i d g e  s u p e r s t r u c t u r e s  c a n  w i t h s t a n d  
m o d e r a t e  s e t t l e m e n t  w i t h o u t  d i s t r e s s .  

The p r e v a i l i n g  u s e  o f  p i l e s  i n  h ighway  b r i d g e  f o u n d a t i o n s  s u g g e s t s  
t h e  need  t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  i n c r e a s i n g  t h e  u s e  o f  s p r e a d  
f o o t i n g s ,  e s p e c i a l l y  on p r o p e r l y  p r e p a r e d  f i l l s .  The c o n s e r v a t i v e  
u s e  o f  p i l e s  p rompted  t h e  n o t e d  f o u n d a t i o n  e x p e r t ,  0. J .  P o r t e r  t o  
o b s e r v e  : 

"Whi le  we h a v e  had many m i s t a k e s  d u e  t o  i n a d e q u a t e  
f o u n d a t i o n s ,  we h a v e  a l s o  h a d  many b u r i e d  t r e a s u r e s  o f  
money d u e  t o  u s i n g  a n  e x p e n s i v e  p i l e  f o u n d a t i o n  w h e r e  
s p r e a d  f o o t i n g s  c o u l d  b e  s a f e l y  u s e d . "  (1) 
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APPENDIX A 

DATA COLLECTION PROCEDURE 

Processing the data from the large number of bridges in the 
study required an efficient data collection procedure. The 
bulk of the data from the file search and field inspections 
were put on a form, Figure 12. The back side of the form 
held notes of the field inspections and salient points of 
any previous inspections by WSDOT personnel. Any additional 
comments under the "Remarks" section were also placed on the 
back side of this form. P 

Most of the data came from the bridge foundation recommendation 
files of the Materials Laboratory. They were later verified 
against the "as-built" plans from the Bridge Division. The 
identification numbers and the names of structures and locations 
allowed access to other data files, and that helped find the 
bridges in the field. 

The format of the data sheet is simple and most of it is self- 
explanatory. The year recorded represents the year that 
construction of the bridge was completed. The superstructure 
type represents the material (concrete or steel) and the 
configuration (girder, flat slab, T-beam, arch, box girder, 
etc.) of the superstructure. The span lengths were measured 
from center-to-center of the beam seats and the continuity 
arrangement was noted by the manner in which the span lengths 
were separated. For example, a hyphen separates span lengths 
of continuous bridges, and a semicolon designates simple span 
bridges. The width of the bridge was measured between curb 
lines, and girder depths were usually recorded for the end 
girders only. 



The a l l o w a b l e  b e a r i n g  v a l u e s  a r e  n o r m a l l y  b a s e d  on good q u a l i t y  
g r a n u l a r  f i l l  m a t e r i a l  compac ted  t o  95 p e r c e n t  o f  t h e  maximum 
t a r g e t  d e n s i t y .  T h i s  m a t e r i a l  v a r i e s  f rom g l a c i a l  t i l l  t o  s a n d  
and g r a v e l  o r  s h o t  r o c k .  WSDOT s t a n d a r d  d e s i g n  p r a c t i c e  f o r  
s p r e a d  f o o t i n g s  on e n g i n e e r e d  f i l l s  o f  g r a n u l a r  s o i l  i s  3 t o n s  
p e r  s q u a r e  f o o t  ( .287 MPa) . 
J a c k a b l e  a b u t m e n t s  a r e  d e s c r i b e d  i n  Appendix  D .  S t u b  f i l l s  a r e  
c o n s t r u c t e d  i n  a r e a s  where  good q u a l i t y  g r a n u l a r  f i l l  m a t e r i a l s  
a r e  s c a r c e .  The s t u b  f i l l  i s  b u i l t  o n l y  l a r g e  enough  t o  p r o v i d e  
a d e q u a t e  a b u t m e n t  s u p p o r t .  I t  may b e  c o n s t r u c t e d  f u l l  h e i g h t  
o r  j u s t  s l i g h t l y  a b o v e  f o o t i n g  e l e v a t i o n .  I t  i s  n o r m a l l y  
c o n s t r u c t e d  3 f o o t i n g  w i d t h s  wide  w i t h  1 : 1  s i d e  and end  s l o p e s .  

The g e n e r a l  s o i l  p r o f i l e  was r e c o r d e d  on t h e  d a t a  s h e e t  i n  t e r m s  
o f  a  w r i t t e n  s o i l  d e s c r i p t i o n  and t h e  a c t u a l  s o i l  p r o f i l e  was 
c o p i e d  and a t t a c h e d  t o  t h e  d a t a  s h e e t .  Many o f  t h e  b r i d g e  a p p r o a c h  
f i l l s  w e r e  e x p e c t e d  t o  s e t t l e  s i g n i f i c a n t  a m o u n t s  p r i o r  t o  con-  
s t r u c t i o n  o f  t h e  a b u t m e n t s  and s u p e r s t r u c t u r e .  M e a s u r e m e n t s  were 
made t o  d e t e r m i n e  when t h e  s e t t l e m e n t  was n e a r l y  c o m p l e t e d  b e f o r e  
s t a r t i n g  b r i d g e  c o n s t r u c t i o n .  I f  s e t t l e m e n t  was p r o g r e s s i n g  s l o w l y  
o r  t h e r e  was u n c e r t a i n t y  r e g a r d i n g  a d d i t i o n a l  s e t t l e m e n t ,  t h e  con-  
s t r u c t i o n  e n g i n e e r  c o u l d  u s e  a  s y s t e m  o f  " j a c k a b l e "  a b u t m e n t s .  
J a c k a b l e  a b u t m e n t s  a r e  o f t e n  s p e c i f i e d  d u r i n g  d e s i g n  when s o i l  
c o n d i t i o n s  i n d i c a t e  p o t e n t i a l  s e t t l e m e n t  p r o b l e m s .  

Recommended f o u n d a t i o n  t r e a t m e n t s  were a l s o  i n c l u d e d  f o r  t h e  
f o u n d a t i o n  s o i l s  b e l o w  t h e  a p p r o a c h  f i l l s ,  a b u t m e n t s ,  and i n t e r -  
m e d i a t e  p i e r s .  Removal limits o r  i n  s i t u  s t a b i l i z a t i o n  r e q u i r e m e n t s  
w e r e  s p e c i f i e d  t o  t r e a t  i n a d e q u a t e  f o u n d a t i o n  s o i l s  a n d ,  i n  some 
c a s e s ,  d e l a y  p e r i o d s  b e t w e e n  f i l l  and  b r i d g e  c o n s t r u c t i o n  a n d / o r  
s u r c h a r g e  l o a d s  were a l s o  recommended.  

The e l e v a t i o n  o f  e a c h  a b u t m e n t  and i n t e r m e d i a t e  p i e r  a t  b o t h  
g u t t e r  l i n e s  w e r e  t a k e n  f rom t h e  " a s - b u i l t "  p l a n s .  T w e n t y - e i g h t  
b r i d g e s  were l a t e r  s u r v e y e d  f o r  c u r r e n t  e l e v a t i o n s  t o  d e t e r m i n e  
t h e i r  d i f f e r e n t i a l  s e t t l e m e n t  v a l u e s .  C o s t  d a t a  were o n l y  accumu- 
l a t e d  on a  few b r i d g e s ,  and d e t a i l e d  c o s t - e f f e c t i v e n e s s  e x a m p l e s  
a r e  p r e s e n t e d  i n  Appendix  C .  



DATA COLLECTION FORM 

State Route Number -- Control Section Contract 

Location Number Federal Aid Number 

Structure Name Bridge Number 

Year project Location 

Superstructure Type Number of Spans 

Span Lengths Width 

End Piers: Allowable Bearing Design Bearing 

Girder Depth: Center of Span Ends 

Interior Piers: Allowable Bearing Design Bearing 

Piles Shaft 

Jackable Abutment Stub Fill Approach Slab 

Fill Height 

General Soil Profile 

Fill Settlement: Estimated Measured How Measured 

Recommended Foundation Treatment 

Elevations: Pier # Pier # Pier # Pier # 

Plan 

As built 

Total Cost Foundation Cost 

Remarks : 

Figure 12. Sample Data Collection Form Used During File Search 



APPENDIX B 

CASE HISTORY EXAMPLES 

1 .  E v e r g r e e n  Parkway U-xing:  

T h i s  b r i d g e  ( F i g u r e s  13-15)  i s  an  A C I  award  w i n n i n g  b r i d g e  o v e r  
SR-101 ( E v e r g r e e n  Pa rkway)  n e a r  O l y m p i a ,  W a s h i n g t o n .  I t  i s  a  
s i x - s p a n  c o n c r e t e  box g i r d e r  on r o l l e r s  a t  a l l  p i e r s  e x c e p t  t h e  
m i d d l e  o n e ,  wh ich  i s  f i x e d .  The b r i d g e  was b u i l t  i n  1 9 7 5  w i t h  o n e  
a b u t m e n t  on  s p r e a d  f o o t i n g s  i n  t h e  f i l l ,  and  t h e  o t h e r  a b u t m e n t  on  
a  s p r e a d  f o o t i n g  i n  n a t u r a l  g r o u n d .  O f  t h e  f i v e  i n t e r m e d i a t e  
p i e r s ,  f o u r  a r e  on p i l e s  and  o n e  i s  on a  s p r e a d  f o o t i n g  i n  n a t u r a l  
g r o u n d .  The s p a n  l e n g t h s  a r e  100 f e e t  ( 3 0 . 4  m) - 2  a t  1 4 5  f e e t  
( 4 4  m )  - 2 a t  114 f e e t  ( 3 4 . 7  m) - 87 f e e t  ( 2 6 . 5  m).  

The  a p p r o a c h  f i l l  i s  2 3  f e e t  ( 7  m) h i g h  and i s  s u p p o r t e d  on medium 
c o m p a c t  t o  compac t  s i l t y  s a n d  and  g r a v e l .  Removal o f  some h i g h l y  
c o m p r e s s i b l e  p e a t  was r e q u i r e d  u n d e r  s e v e r a l  p i e r  l o c a t i o n s .  B a s a l t  
b e d r o c k  i s  w i t h i n  5 0  f e e t  ( 1 5 . 2  m )  o f  t h e  g r o u n d  s u r f a c e  i n  t h i s  a r e a  
G r a v e l  e x t e n d s  t o  t h e  s u r f a c e  i n  two p i e r  l o c a t i o n s .  An a l l o w a b l e  
b e a r i n g  p r e s s u r e  o f  3  t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  MPa) was u s e d  t o  
d e s i g n  t h e  s p r e a d  f o o t i n g s .  

The  a b u t m e n t  on f i l l  h a s  s e t t l e d  a l m o s t  2  i n c h e s  ( 5 0  mm) d i f f e r e n -  
t i a l l y  f rom t h e  a d j a c e n t  p i e r  on p i l e s .  T h e r e  a r e  no  s i g n s  o f  
d i s t r e s s  a n y w h e r e .  The  s t r u c t u r e  i s  i n  e x c e l l e n t  c o n d i t i o n .  

Figure 13. Evergreen Parkway Under-crossing 



Figure 14.  Evergreen Parkway Pier #2 and Underside o f  Box Girder 

Figure 15. Abutment No. 1 o f  Evergreen Parkway Structure 

24 



2 .  Anderson  Road U-xing:  

T h i s  b r i d g e  ( F i g u r e s  16-18)  c a r r i e s  Anderson  Road a c r o s s  I n t e r -  
s t a t e  5 n o r t h  o f  S e a t t l e ,  W a s h i n g t o n .  I t  i s  a  two-span  c o n t i n u o u s ,  
p r e s t r e s s e d  c o n c r e t e  g i r d e r  b r i d g e  t h a t  i s  t y p i c a l  o f  a  g r a d e  
s e p a r a t i o n  s t r u c t u r e  o v e r  a  m a j o r  h ighway  i n  W a s h i n g t o n .  The 
b r i d g e  was b u i l t  i n  1975. Bo th  a b u t m e n t s  a r e  on s p r e a d  f o o t i n g s  
i n  t h e  f i l l ,  and t h e  c e n t e r  p i e r  i s  on p i l e s .  The  s p a n  l e n g t h s  a r e  
e a c h  104  f e e t  ( 3 1 . 7  m) l o n g .  

Each a b u t m e n t  was d e s i g n e d  a s  a  " j a c k a b l e "  a b u t m e n t  ( s e e  Append ix  D) 
b e c a u s e  t h e  s o i l s  r e p o r t  c o n t a i n e d  a  r e c o m m e n d a t i o n  t h a t  p r o v i s i o n s  
s h o u l d  b e  made t o  a d j u s t  t h e  beam s e a t  e l e v a t i o n s  i n  c a s e  t h e  s e t t l e -  
ment  p r e d i c t i o n s  w e r e  i n a c c u r a t e .  The u n c e r t a i n t y  i n v o l v e d  i n  t h e  
s e t t l e m e n t  p r e d i c t i o n  was d u e  t o  an e r r a t i c  s o i l  p r o f i l e .  Thus  
f a r ,  t h e  a b u t m e n t s  h a v e  s e t t l e d  l e s s  t h a n  1 i n c h  ( 2 5  m m )  d i f f e r e n -  
t i a l l y  f rom t h e  c e n t e r  p i e r .  

Each a b u t m e n t  f o o t i n g  was p l a c e d  on 24 f e e t  ( 7 . 3  m )  o f  c o m p a c t e d  
g r a n u l a r  f i l l  o v e r l y i n g  c o m p a c t  t o  v e r y  compac t  s a n d  and  g r a v e l .  
B e n e a t h  t h e  s a n d  and g r a v e l  a t  v a r i o u s  d e p t h s  a r e  l o o s e  s a n d s  and 
s i l t s  w i t h  s c a t t e r e d  p o c k e t s  o f  c l a y  and  o r g a n i c  m a t t e r .  An a l l o w a b l e  
b e a r i n g  p r e s s u r e  o f  3 t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  MPa) was u s e d  t o  
d e s i g n  t h e  s p r e a d  f o o t i n g s .  

T h i s  b r i d g e  i s  i n  v e r y  good c o n d i t i o n .  T h e r e  w e r e  no bumps a t  t h e  
b r i d g e  e n d s ;  b u t  t h e r e  w e r e  15-20 f o o t  ( 4 . 6 - 6 . 1  m) pavement  
p a t c h e s  a t  b o t h  e n d s .  The  b r i d g e  d e c k ,  c u r b i n g  and  b a r r i e r  w a l l s  
had  m i n o r  c r a c k s ;  h o w e v e r ,  t h e  r e a s o n  f o r  t h e  c r a c k s  was unknown. 

Figure 16.  Anderson Road over r n t e r s t a t e  5 



. .- . --- 

Figure 17. Pier No. 2 and Concrete Girders of Anderson Road Overpass 

Figure 18. Closeup View of Pier No. 2 of Anderson Road Overpass 
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3 .  A R  19 Ramp i n  P a c i f i c  Avenue I n t e r c h a n g e  

T h i s  b r i d g e  ( F i g u r e s  19-21)  i s  a  ramp i n  a  m a j o r  i n t e r c h a n g e  i n  
Tacoma,  W a s h i n g t o n .  I t  i s  a f o u r - s p a n  c o n t i n u o u s  c o n c r e t e  box 
g i r d e r  b r i d g e ,  b u i l t  i n  1 9 6 4 .  I t  i s  a  c u r v e d  g i r d e r  b r i d g e  
s u p p o r t e d  e n t i r e l y  on s p r e a d  f o o t i n g s .  One a b u t m e n t  i s  on a  
s p r e a d  f o o t i n g  i n  a  34 f o o t  ( 1 0 . 4  m) h i g h  f i l l ,  and i t s  two a d j a c e n t  
p i e r s  a r e  a l s o  s u p p o r t e d  on h i g h  f i l l s .  The o t h e r  p i e r s  a r e  on 
n a t u r a l  g r o u n d .  D i f f e r e n t i a l  s e t t l e m e n t s  b e t w e e n  p i e r s  were  l e s s  
t h a n  1  i n c h  ( 2 5  mm). The s p a n  l e n g t h s  a r e  5 0  f e e t  ( 1 5 . 2  m )  - 
8 5  f e e t  ( 2 6  m )  - 8 5  f e e t  ( 2 6  m) - 50 f e e t  ( 1 5 . 2  m ) .  

The  g e n e r a l  s o i l  p r o f i l e  a t  t h e  p i e r  l o c a t i o n s  c o n s i s t e d  o f  d e n s e  
s a n d  and g r a v e l s  o v e r l a i n  by  4  f e e t  ( 1 . 2  m) o f  l o o s e  s a n d s  and 
g r a v e l s .  An a l l o w a b l e  b e a r i n g  p r e s s u r e  o f  3  t o n s  p e r  s q u a r e  f o o t  
( . 2 8 7  MPa) was u s e d  t o  d e s i g n  t h e  s p r e a d  f o o t i n g s .  

T h i s  b r i d g e  i s  a l s o  i n  good c o n d i t i o n .  T h e r e  i s  a  s l i g h t  bump 
a t  p i e r  5  ( a b u t m e n t  on f i l l ) ,  b u t  no p a t c h i n g  h a s  y e t  b e e n  d o n e .  
Minor  s p a l l i n g  and c r a c k i n g  h a s  o c c u r r e d  i n  t h e  d e c k  and i n  some 
g i r d e r s ,  and t h e r e  i s  a  1  i n c h  ( 2 5  mm) d i s p l a c e m e n t  b e t w e e n  t h e  
b r i d g e  d e c k  and f i l l  c u r b s  n e a r  p i e r  5 .  

Figure 19. A R  19 Ramp in  Pac i f i c  Avenue Interchange 
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Figure  20. Underside of  Concrete Box G i r d e r  Br idge (AR 1 9  Ramp) 

F igure  21. Br idge Approach Pavement f o r  A R  19 Ramp 
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4 .  BL  L i n e  U-xing i n  N a l l e y  V a l l e y  I n t e r c h a n g e  

T h i s  b r i d g e  ( F i g u r e s  22-24)  i s  a l s o  a  c u r v e d  s t r u c t u r e  i n  Tacoma,  
b u i l t  i n  1971 .  I t  i s  a  s e v e n - s p a n  c o n t i n u o u s ,  c o n c r e t e  T-beam 
s t r u c t u r e  s u p p o r t e d  e n t i r e l y  on s p r e a d  f o o t i n g s .  F i v e  p i e r s ,  
i n c l u d i n g  b o t h  a b u t m e n t s ,  a r e  s u p p o r t e d  on  f i l l .  The  l a r g e s t  
d i f f e r e n t i a l  s e t t l e m e n t  h a s  b e e n  1 . 2 5  i n c h e s  ( 3 1  mm). 

The  s p a n  l e n g t h s  a r e  7 3  f e e t  ( 2 2 . 2  m) - 5  a t  9 1  f ee t  ( 2 7 . 8  m) - 
25 f e e t  ( 7 . 6  m ) .  One a p p r o a c h  f i l l  i s  47 f e e t  ( 1 4 . 3  m) h i g h  
and  t h e  o t h e r  i s  5 0  f e e t  ( 1 5 . 2  m).  Very  c o m p a c t  g r a v e l l y  s i l t y  
s a n d  u n d e r l i e s  m o s t  p i e r  l o c a t i o n s  and medium c o m p a c t  s a n d  
d e p o s i t s  a r e  u n d e r  t h e  r e m a i n i n g  p i e r s .  An a l l o w a b l e  b e a r i n g  
p r e s s u r e  o f  3 t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  MPa) was  u s e d  t o  d e s i g n  
t h e  s p r e a d  f o o t i n g s .  

The  b r i d g e  i s  i n  good c o n d i t i o n .  T h e r e  a r e  n e i t h e r  bumps,  p a t c h e s ,  
n o r  s i g n s  o f  d i s t r e s s .  T h e r e  i s  some d e c k  c r a c k i n g ,  b u t  i t  d o e s  
n o t  seem t o  come f rom d i f f e r e n t i a l  s e t t l e m e n t .  

Figure 22. BL Ramp in  Nalley Valley Interchange 



Figure 23. Underside View o f  BL Ramp 

F igure  24. Abutment o f  BL Ramp 
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5 .  M i l l  C r e e k  B r i d g e  

T h i s  b r i d g e  ( F i g u r e s  25-27)  i s  a  s i n g l e  s p a n  s t e e l  s t r u c t u r e  
c a r r y i n g  SR4 o v e r  t h e  mouth  o f  M i l l  C r e e k ,  w h e r e  i t  f l o w s  i n t o  t h e  
Columbia  R i v e r .  I t  was b u i l t  i n  1963  w i t h  o n e  a b u t m e n t  on r o c k  
and t h e  o t h e r  on f i l l .  The s p a n  l e n g t h  i s  165  f e e t  ( 5 0 . 3  m) and 
t h e  g i r d e r s  a r e  1 0  f e e t  ( 3  m) i n  d e p t h .  

The  a p p r o a c h  f i l l  i s  2 8  f e e t  ( 8 . 5  m) h i g h  and i s  s u p p o r t e d  on 
l o o s e  t o  d e n s e  l a y e r s  o f  o r g a n i c  s i l t y  s a n d s  w i t h  o c c a s i o n a l  z o n e s  o f  
f i b r o u s  p e a t ,  c l a y ,  and  s i l t .  The f i l l  was c o n s t r u c t e d  o f  b r o k e n  
b a s a l t  r o c k  and a  6-months  w a i t i n g  p e r i o d  was u s e d  t o  a l l o w  s e t t l e m e n t  
t o  o c c u r  p r i o r  t o  c o n s t r u c t i o n  o f  t h e  a b u t m e n t .  An a l l o w a b l e  b e a r i n g  
p r e s s u r e  o f  3 t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  MPa) was u s e d  t o  d e s i g n  t h e  
s p r e a d  f o o t i n g s .  

The  a b u t m e n t  on f i l l  c o n t i n u e d  t o  s e t t l e  a f t e r  c o n s t r u c t i o n  and h a s  
s e t t l e d  1 5  i n c h e s  ( 0 . 4  m);  b u t  t h e  b r i d g e  i s  i n  v e r y  good c o n d i t i o n .  
T h e r e  a r e  no bumps a t  e i t h e r  e n d ,  and d e c k  c r a c k i n g  i s  m i n i m a l .  Each 
c o r n e r  o f  t h e  b r i d g e  h a s  v e r y  s l i g h t  v e r t i c a l  and  l a t e r a l  d i s p l a c e m e n t s .  
The  m o s t  s i g n i f i c a n t  s i g n  o f  d i s t r e s s  i s  t h a t  b e a r i n g  r o c k e r s  a t  t h e  
f i l l  a b u t m e n t  a r e  t i p p e d  s l i g h t l y  i n w a r d .  

Figure 25. Mill Creek Bridge on SR 4 



Figure 26. East Abutment on Rock 

F igure 27. West Abutment on F i l l  



C o l u m b i a  R i v e r  B r i d g e  a t  O l d s ,  W a s h i n g t o n  

T h i s  b r i d g e  ( F i g u r e s  28  a n d  2 9 )  i s  a  s e v e n - s p a n  c o n c r e t e  box  
g i r d e r  b r i d g e ,  c a r r y i n g  SR2 o v e r  t h e  C o l u m b i a  R i v e r  n e a r  W e n a t c h e e ,  
W a s h i n g t o n .  I t  h a s  s i m p l y  s u p p o r t e d  e n d  s p a n s  a n d  c o n t i n u o u s  
i n t e r m e d i a t e  s p a n s .  I t  was b u i l t  i n  1 9 7 5  w i t h  b o t h  a b u t m e n t s  on  
s p r e a d  f o o t i n g s  i n  t h e  f i l l ,  a n d  t h e  i n t e r m e d i a t e  p i e r s  a r e  o n  
d r i l l e d  s h a f t s .  The  s p a n  l e n g t h s  a r e  t h r e e  a t  1 9 0  f e e t  ( 5 8  m ) ,  
o n e  c e n t e r  s p a n  a t  260  f e e t  ( 8 0  m) a n d  t h r e e  a t  1 9 0  f e e t  ( 5 8  m ) .  

T h e  a b u t m e n t s  h a d  b e e n  d e s i g n e d  f o r  p i l e  s u p p o r t ;  h o w e v e r ,  a  d e t a i l e d  
d e s i g n  a n a l y s i s  r e v e a l e d  t h a t  p i l e  l e n g t h s  o f  n e a r l y  2 0 0  f e e t  ( 6 1  m) 
wou ld  b e  r e q u i r e d  t o  r e a c h  firm b e a r i n g .  I n  a d d i t i o n ,  d r a g  l o a d s  
( f r o m  n e g a t i v e  s k i n  f r i c t i o n )  o f  50-100 t o n s  ( 4 5 . 4 - 9 0 . 7  t o n n e s )  wou ld  
b e  e x e r t e d  on  e a c h  p i l e  d u e  t o  t h e  c o n s o l i d a t i o n  o f  a  t h i c k  c l a y  
l a y e r  b e n e a t h  b o t h  b r i d g e  a p p r o a c h  f i l l s .  

O v e r l o a d s  a n d  d e l a y  p e r i o d s  f o r  t h e  embankment  c o n s t r u c t i o n  
w e r e  u s e d  t o  h a n d l e  p a r t  o f  t h e  s e t t l e m e n t  p r i o r  t o  b r i d g e  c o n s t r u c -  
t i o n .  S i m p l e  s p a n s  a n d  j a c k a b l e  a b u t m e n t s  w e r e  s p e c i f i e d  a t  
e a c h  e n d  o f  t h e  b r i d g e  t o  h a n d l e  p o s t - c o n s t r u c t i o n  s e t t l e m e n t s .  

S e t t l e m e n t s  o f  0 . 8  f e e t  ( 0 . 2 4  m) w e r e  p r e d i c t e d  a t  p i e r  1 ( w e s t  
a b u t m e n t )  a n d  0 . 3  f e e t  ( 9 0  mm) a t  p i e r  8 ( e a s t  a b u t m e n t ) .  A p p r o x i -  
m a t e l y  6  t o  9  m o n t h s  were p r e d i c t e d  f o r  9 0  p e r c e n t  s e t t l e m e n t  t o  
o c c u r .  A l t h o u g h  p i e r  1 w a s  e x p e c t e d  t o  b e  m o r e  t r o u b l e s o m e  t h a n  
p i e r  8 ,  i t  h a s  n o t  y e t  r e q u i r e d  j a c k i n g .  P i e r  8 h a s  b e e n  j a c k e d  
t w i c e  f o r  a  t o t a l  o f  0 . 3 4  f e e t  ( 1 0 2  mm) a n d  i t  may r e q u i r e  a d d i t i o n a l  
j a c k i n g .  

I t  h a s  b e e n  f a r  more  e c o n o m i c a l  t o  r e d u c e  t h e  e f f e c t s  o f  s e t t l e m e n t  
( o v e r l o a d ,  d e l a y  p e r i o d ,  s i m p l e  s p a n  a r r a n g e m e n t ,  j a c k a b l e  a b u t m e n t s )  
t h a n  u s i n g  l o n g  p i l e s .  T h e  c o o p e r a t i o n  among d e s i g n ,  c o n s t r u c t i o n ,  
a n d  m a i n t e n a n c e  p e r s o n n e l  h a s  made t h i s  s o l u t i o n  p o s s i b l e .  

The  b r i d g e  is  i n  v e r y  good  c o n d i t i o n .  T h e r e  a r e  n e i t h e r  bumps ,  
p a t c h e s ,  n o r  s i g n s  o f  s e r i o u s  d i s t r e s s .  T h e  i n s p e c t i o n  r e p o r t  
s h o w s  o n l y  o n e  h a i r l i n e  c r a c k  i n  t h e  b o t t o m  f l a n g e  o f  o n e  g i r d e r .  



Figure 28. Columbia River Bridge a t  Olds, Washington 

Figure 29. Underside of Concrete Box Girder and Piers of Columbia River Bridge 



7 .  N a l l e y  V a l l e y  V i a d u c t  

T h i s  b r i d g e  ( F i g u r e s  30-32)  i s  a  v e r y  l o n g ,  h i g h  v i a d u c t  i n  Tacoma,  
W a s h i n g t o n .  I t  i s  s u p p o r t e d  e n t i r e l y  on s p r e a d  f o o t i n g s  i n  e i t h e r  
f i l l  o r  n a t u r a l  g r o u n d .  T h i s  s t r u c t u r e  was e v a l u a t e d  a s  p a r t  o f  t h e  
o r i g i n a l  1 4 8  b r i d g e s ,  b u t  it was  n o t  s u r v e y e d  f o r  v e r t i c a l  movements  
b e c a u s e  i t s  f o u n d a t i o n  c o n d i t i o n s  w e r e  f a v o r a b l e .  I t  was s e l e c t e d  a s  
a  c a s e  h i s t o r y  e x a m p l e  t o  d e m o n s t r a t e  t h e  c o n f i d e n c e  o f  WSDOT e n g i n e e r s  
i n  s u p p o r t i n g  l a r g e  s t r u c t u r e s  on s p r e a d  f o o t i n g s .  

T h i s  b r i d g e  i s  a  c o n t i n u o u s  c o n c r e t e  T-beam s t r u c t u r e  w i t h  o n e  7 0  f o o t  
( 2 1 . 3  m) s p a n  and 6 s p a n s  a t  9 2  f e e t  ( 2 8  m) .  One a b u t m e n t  is  on a  25 
f o o t  ( 7 . 6  m) a p p r o a c h  f i l l  and  t h e  o t h e r  a b u t m e n t  is  on n a t u r a l  g r o u n d .  

The  f o u n d a t i o n  s o i l s  c o n s i s t  g e n e r a l l y  o f  c o m p a c t  t o  v e r y  compac t  s i l t y  
s a n d  and g r a v e l  o v e r l a i n  by v a r i a b l e  d e p t h s  o f  l o o s e  t o  medium compac t  
s i l t ,  s a n d  and  g r a v e l .  I n  g e n e r a l  t h e  l o o s e  z o n e s  a r e  d u e  t o  s i t e  
r e g r a d i n g  and  i n  s e v e r a l  i n s t a n c e s  t h e  l o o s e  f i l l  becomes  r a t h e r  
e x t e n s i v e .  An a l l o w a b l e  b e a r i n g  p r e s s u r e  o f  3  t o n s  p e r  s q u a r e  f o o t  
( . 2 8 7  MPa) was u s e d  t o  d e s i g n  t h e  s p r e a d  f o o t i n g s .  

Figure 30. Nalley Valley Viaduct 



Figure 31. Closeup View of Nalley Valley Viaduct 

Figure 32. Substructure of Nal l e y  Valley Viaduct 



A P P E N D I X  C 

COST-EFFECTIVENESS EXAMPLES 

1 .  E l l i n a s t o n  Road O 1 x i n a  

T h i s  b r i d g e  was d e s i g n e d  and c o n s t r u c t e d  i n  1976  w i t h  t h e  a b u t m e n t s  
( p i e r s  1  and 4 )  on s p r e a d  f o o t i n g s  i n  t h e  a p p r o a c h  f i l l ,  and  t h e  
i n t e r m e d i a t e  p i e r s  ( 2  and 3 )  on 5 5 - t o n  ( 5 0  t o n n e s )  c a s t - i n - p l a c e  
c o n c r e t e  p i l e s .  I t  i s  a  p r e s t r e s s e d  c o n c r e t e  g i r d e r  b r i d g e  w i t h  
t h r e e  c o n t i n u o u s  s p a n s  o f  4 8 . 5  f e e t  ( 1 4 . 8 m ) ,  6 3  f e e t  (19.2m) and 
5 1 . 5  f e e t  ( 1 5 . 7  m ) .  

The s p r e a d  f o o t i n g  d e s i g n  was s e l e c t e d  b e c a u s e  a  l o n g  s e t t l e m e n t  p e r -  
i o d  was a v a i l a b l e  b e t w e e n  t h e  time t h e  a p p r o a c h  f i l l s  and b r i d g e  were 
t o  b e  c o n s t r u c t e d .  The l o a d  on e a c h  a b u t m e n t  i s  8 2 0  t o n s  ( 7 4 5  t o n n e s )  
i n c l u d i n g  t h e  w e i g h t  o f  t h e  a b u t m e n t  i t s e l f .  The a l l o w a b l e  f o o t i n g  
l o a d  was e s t a b l i s h e d  a s  3  t o n s  p e r  s q u a r e  f o o t  ( . 2 8 7  MPa) which  re- 
s u l t e d  i n  a  f o o t i n g  46  f e e t  ( 1 4  m )  l o n g  and 6  f e e t  ( 1 . 8  m )  w i d e .  If 
p i l e s  had  b e e n  u s e d ,  e a c h  a b u t m e n t  would h a v e  r e q u i r e d  1 5  p i l e s .  

The l e n g t h  and c o s t  o f  t h e  a b u t m e n t  p i l e s  c a n  b e  e s t i m a t e d  f rom 
t h e  c o s t  o f  t h e  i n t e r i o r  p i e r s .  The p i l e s  u n d e r  t h e  i n t e r i o r  p i e r s  
d e v e l o p e d  b e a r i n g  i n  a  h a r d  l a y e r  ( F i g u r e  3 3 )  45  t o  6 0  f e e t  
( 1 3 . 7 - 1 8 . 3  m )  be low t h e  o r i g i n a l  g r o u n d  s u r f a c e .  Assuming an  a v e r a g e  
f o o t i n g  e l e v a t i o n  o f  8 5  and a n  a v e r a g e  p i l e  t i p  e l e v a t i o n  o f  2 0 ,  t h e  
p i l e  l e n g t h  e s t i m a t e  i s  6 5  f e e t  ( 1 9 . 8  m ) .  

P i e r  # I  Elev. 93.84 
P i e r  #4 Elev. 94.04 

a1 Ground Elev. + 70.0Q 

S i l t y  f i n e  t o  coarse sand and gravel  w i t h  sca t te red  
layers  of sof t ,  compressible s o i l .  

Elev. + 25.00. 

Hard Layer (Dense Sand and g rave l )  
Elev. + 10.00 

Figure 33. P r o f i l e  o f  E l  1 i ngston Road Bridge Approach Embankment 



The c o n t r a c t  p r i c e  f o r  p i l e s  was $200 f o r  d r i v i n g  e a c h  p i l e ,  and 
$5 .80  p e r  f o o t  o f  p i l e  f u r n i s h e d .  The a v e r a g e  of  f i v e  b i d  p r i c e s  
on t h i s  p r o j e c t  was $194 f o r  d r i v i n g  each  p i l e  and $6 .42  p e r  f o o t  
o f  p i l e  f u r n i s h e d .  Thus t h e  t o t a l  c o s t  o f  f u r n i s h i n g  and i n s t a l l i n g  
t h e  p i l e s  would have  been $17 ,310  ( 1 5  x 2  x $200 + 15 x 2  x 65  x 
$5.80 = $6,000  + $11,310  = $ 1 7 , 3 1 0 ) .  T h i s  f i g u r e  would have  t o  be  
a d j u s t e d  t o  r e p r e s e n t  i n c r e a s e d  c o s t s  due  t o  i n f l a t i o n .  

Those f i g u r e s  r e p r e s e n t  t h e  c o s t  o f  p i l i n g  which i s  u s u a l l y  a  c l o s e  
e s t i m a t e  o f  t h e  p o t e n t i a l  s a v i n g s  i n v o l v e d .  O the r  c o s t s  t o  c o n s i d e r  
a r e  e x c a v a t i o n ,  r e i n f o r c i n g  s t e e l ,  d e l a y  p e r i o d s ,  s u r c h a r g e s ,  s p e c i a l  
q u a l i t y  f i l l  m a t e r i a l ,  e x t r a  compac t ion ,  and d i f f e r e n t  s i z e s  o f  
s p r e a d  f o o t i n g  and p i l e  cap .  

I n  t h i s  c a s e ,  t h e r e  was no e x t r a  c o s t  due t o  a  d e l a y  p e r i o d ,  b u t  
t h e r e  were e x t r a  c o s t s  t o  make e a c h  abutment  j a c k a b l e .  The c o s t  o f  
s i x  j a c k i n g  pads  was a p p r o x i m a t e l y  $100 b e c a u s e  t h e  t o t a l  volume o f  
c o n c r e t e  was a p p r o x i m a t e l y  t w o - t h i r d s  o f  a  c u b i c  ya rd  and t h e  b i d  
p r i c e  f o r  c o n c r e t e  p e r  c u b i c  ya rd  i n - p l a c e  was $150. 

The re  were no e x t r a  c o s t s  i n v o l v e d  i n  f u r n i s h i n g  s p e c i a l  q u a l i t y  
f i l l  m a t e r i a l  b e n e a t h  t h e  s p r e a d  f o o t i n g  f o r  t h i s  p r o j e c t  b e c a u s e  
t h e  same m a t e r i a l  would have been used  i n  e a c h  c a s e .  E x t r a  com- 
p a c t i o n  c o s t s  t o  s a t i s f y  t h e  s p r e a d  f o o t i n g  r e q u i r e m e n t s  f o r  95  p e r -  
c e n t  maximum d e n s i t y  were p r o b a b l y  i n s i g n i f i c a n t  on t h i s  p r o j e c t .  

The c o s t  of  e x c a v a t i o n  and c o n c r e t e  a r e  i m p o r t a n t .  E x c a v a t i o n  c o s t s  
would make a  d i f f e r e n c e  i f  t h e  s p r e a d  f o o t i n g  were l a r g e r  t h a n  t h e  
p i l e  c a p ,  o r  if t h e  f o o t i n g  were p l a c e d  a t  a  l ower  e l e v a t i o n .  These  
f a c t o r s  s h o u l d  be c o n s i d e r e d  on a  case-by-case  b a s i s .  The c o s t  o f  
fo rming  and p l a c i n g  c o n c r e t e  would a l s o  be s u b s t a n t i a l l y  d i f f e r e n t  
if  t h e  s i z e  o f  t h e  f o o t i n g  and p i l e  c a p  were d i f f e r e n t .  For  t h e  
E l l i n g s t o n  Road B r i d g e ,  t h e  c o s t  o f  c o n c r e t e  f o r  a  s p r e a d  f o o t i n g  was 
a p p r o x i m a t e l y  $2 ,300  f o r  e a c h  abutment .  The e s t i m a t e d  c o s t  o f  a  p i l e  
c a p  was a p p r o x i m a t e l y  $ 1 , 5 0 0  f o r  e a c h  abu tmen t .  Excava t ion  c o s t s  
f a v o r e d  t h e  p i l e  c a p  ( $ 1 , 3 0 0  v s  $ 8 0 0 ) .  R e i n f o r c i n g  s t e e l  c o s t s  were 
n e a r l y  t h e  same. M i s c e l l a n e o u s  c o s t s ,  such  a s  d e s i g n  m o d i f i c a t i o n s  t o  
t h e  s u p e r s t r u c t u r e  t o  r e s i s t  t h e  e f f e c t s  o f  s e t t l e m e n t  o r  p r e b o r i n g  
t h r o u g h  t h e  f i l l  t o  a i d  p e n e t r a t i o n  o f  t h e  p i l e s ,  were n o t  a p p l i -  
c a b l e  i n  t h i s  a n a l y s i s .  A c o s t  compar i son  shows s p r e a d  f o o t i n g s  
c o s t  o n l y  o n e - t h i r d  (33 p e r c e n t )  o f  t h e  amount e s t i m a t e d  f o r  a  p i l e  
f o u n d a t i o n .  

COST COMPARISON SUMMARY 

Founda t ion  Type C o n c r e t e  E x c a v a t i o n  P i l e s  P i l e  D r i v i n g  T o t a l  

Spread  F o o t i n g s  $4 ,600  $2 ,600  - - $7 ,200  

P i l e s  $3 ,000  $ 1 , 6 0 0  $11 ,310  $ 6 , 0 0 0  $21 ,910  



The a c t u a l  s a v i n g s  w i l l  v a r y  w i t h  t h e  l e n g t h  o f  p i l e s  f u r n i s h e d .  
The s i z e  o f  t h e  s p r e a d  f o o t i n g  and p i l e  c a p ,  and t h e  number o f  
p i l e s  w i l l  r ema in  unchanged f o r  t h i s  p r o j e c t ,  b u t  t h e  p i l e  l e n g t h s  
w i l l  v a r y  w i t h  d r i v i n g  r e s i s t a n c e .  F i g u r e  34 shows t h e  e f f e c t  
t h a t  p i l e  l e n g t h s  have  on t h e  c o s t  compar i son  o f  s p r e a d  f o o t i n g s  
and p i l e s .  

v 

31 

I 

() *-Spread Footing Concrete p l u s  S t r u c t u r a l  Excavation ($3600) 

I 

P I L E  LENGTH ( F t . )  

I t 1 I I t 1 t t 1 

20 40 6 0 80 100 

Figure 34. Pile Lengths versus  Total Foundation Cost f o r  one abutment 



2 .  P i l c h u c k  R i v e r  B r i d g e  

T h i s  b r i d g e  i s  an  e i g h t - s p a n  c o n t i n u o u s  p r e s t r e s s e d  c o n c r e t e  
g i r d e r  s t r u c t u r e  t h a t  was c o n s t r u c t e d  i n  1979 t o  c a r r y  SR2 
o v e r  t h e  P i l c h u c k  R i v e r .  The p i l i n g  c o s t s  were o b t a i n e d  f rom 
t h e  WSDOT1s 1978  Bid  Book b e c a u s e  a c t u a l  c o s t s  w e r e  o n l y  
a v a i l a b l e  f o r  s p r e a d  f o o t i n g s  on t h i s  c o n t r a c t .  The s p a n  
l e n g t h s  r a n g e d  from 7 3  f e e t  ( 2 2 . 2  m )  t o  1 5 0  f e e t  ( 4 5 . 8  m) a t  
t h e  main  c h a n n e l .  The a b u t m e n t s  were d e s i g n e d  b o t h  a s  p i l e  
s u p p o r t e d  f o o t i n g s  and a s  s p r e a d  f o o t i n g s  i n  f i l l .  The s p r e a d  
f o o t i n g s  were s e l e c t e d  b e c a u s e  t h e y  were f a r  c h e a p e r  t h a n  p i l e s ;  
s p r e a d  f o o t i n g s  were  e s t i m a t e d  t o  c o s t  o n l y  5 4  p e r c e n t  o f  t h e  
r e q u i r e d  p i l e  f o u n d a t i o n s  f o r  b o t h  a b u t m e n t s .  

I n  o r d e r  t o  u s e  s p r e a d  f o o t i n g s ,  it was n e c e s s a r y  t o  b u i l d  e a c h  
embankment t o  f u l l  h e i g h t  and a l l o w  t h e  embankment t o  s e t t l e  
f o r  30  d a y s  b e f o r e  f o o t i n g  e x c a v a t i o n  c o u l d  b e  s t a r t e d .  One 
a b u t m e n t  a l s o  r e q u i r e d  r e m o v a l  o f  7  f e e t  ( 2 . 1  m )  o f  p o o r  s u r f a c e  
m a t e r i a l s  and r e p l a c e m e n t  w i t h  g r a n u l a r  m a t e r i a l ,  compac ted  t o  
9 5  p e r c e n t  maximum d e n s i t y .  

The p i l e  s u p p o r t e d  f o o t i n g  f o r  a b u t m e n t  1  was d e s i g n e d  a s  a  p i l e  
g r o u p  o f  2 2  s t e e l  " H U  p i l e s  (12HP53) w i t h  a  p i l e  b a t t e r  o f  3 :12 .  
The a v e r a g e  e l e v a t i o n  o f  t h e  t o p  o f  t h e  p i l e s  was e s t i m a t e d  a t  
8 1 . 0 9 ,  and t h e  e s t i m a t e d  p i l e - t i p  e l e v a t i o n  was 3 5 .  An a v e r a g e  
l e n g t h  o f  p i l e  t h e n  became 46 .09  f e e t  ( 1 4  m ) .  The a v e r a g e  l e n g t h  
was l a t e r  i n c r e a s e d  t o  4 7 . 5  f e e t  ( 1 4 . 5  m) t o  a c c o u n t  f o r  p i l e  
b a t t e r .  

The a v e r a g e  1978 Bid  Book p r i c e  f o r  d r i v i n g  e a c h  p i l e  was $ 2 3 0  
r e s u l t i n g  i n  an  e s t i m a t e d  d r i v i n g  c o s t  o f  $ 5 , 0 6 0  f o r  a b u t m e n t  1 .  
The e s t i m a t e  f o r  f u r n i s h i n g  t h e  s t e e l  p i l e s  was $ 1 0 , 4 5 0  b a s e d  on 
a  p r i c e  o f  $10  p e r  f o o t  o f  p i l e  ( 2 2  x  47 .5  x  $ 1 0 ) .  The t o t a l  
p i l i n g  c o s t  f o r  a b u t m e n t  1  would  h a v e  b e e n  $ 1 5 , 5 1 0 ,  p l u s  t h e  
c o s t  o f  s t r u c t u r a l  c o n c r e t e  ( $ 7 , 0 5 5 )  and s t r u c t u r a l  e x c a v a t i o n  
( $ 9 , 8 0 2 )  f o r  t h e  p i l e  c a p .  

The s p r e a d  f o o t i n g  and p i l e  c a p  were d e s i g n e d  t h e  same s i z e  
( 8  f e e t  by 7 4  f e e t )  ( 2 . 4  m by 22 .6  m).  However,  t h e  p i l e  c a p  
was 6  i n c h e s  ( 1 5 0  mm) t h i c k e r  t h a n  t h e  s p r e a d  f o o t i n g .  The 
e s t i m a t e d  c o s t  o f  s t r u c u r a l  c o n c r e t e  was $117 p e r  c u b i c  y a r d ,  
and t h e  e x t r a  volume o f  c o n c r e t e  f o r  t h e  p i l e  c a p  r e s u l t e d  i n  
an  a d d i t ' i o n a l  c o s t  o f  $ 1 , 2 8 3 .  The c o s t  o f  r e i n f o r c i n g  s t e e l  
f o r  bo th .  f o u n d a t i o n  s y s t e m s  was a b o u t  e q u a l ,  b u t  t h e  c o s t  o f -  
s t r u c t u r a l  e x c a v a t i o n  was s l i g h t l y  h i g h e r  ($429) f o r  t h e  p i l e  
c a p .  Th.e s t r u c t u r a l  c o n c r e t e  c o s t  f o r  t h e  s p r e a d  f o o t i n g  was 
$ 5 , 7 7 2  and t h e  s t r u c t u r a l  e x c a v a t i o n  was $ 9 , 3 7 3 .  

The o n l y  e x t r a  c o s t  i n  c o n s t r u c t i n g  t h e  s p r e a d  f o o t i n g  f o r  
abu tment  1 was t h e  e x c a v a t i o n  and r e p l a c e m e n t  o f  u n s u i t a b l e  
m a t e r i a l  f rom t h e  f o u n d a t i o n  l a y e r  ( F i g u r e  3 5 ) .  A t  an  e s t i m a t e d  
c o s t  o f  $ 2 . 7 4  p e r  c u b i c  y a r d  and a  volume o f  1 , 3 7 7  c u b i c  y a r d s ,  
t h e  c o s t  came t o  $ 3 , 7 7 4 .  The t o t a l  s p r e a d  f o o t i n g  c o s t  was 
$ 1 8 , 9 1 9 ,  which  was 5 8  p e r c e n t  o f  t h e  c o s t  o f  t h e  r e q u i r e d  p i l e  
f o u n d a t i o n  f o r  a b u t m e n t  1 .  



The p i l e  suppor t ed  f o o t i n g  f o r  abutment 2  was a  group o f  18 s t e e l  
" H U  p i l e s  (12HP53) hav ing  a  b a t t e r  o f  3:12. The a v e r a g e  e l e v a t i o n  
o f  t h e  t o p  was e s t i m a t e d  a t  65 .31 ,  and t h e  e s t i m a t e d  p i l e  t i p  
e l e v a t i o n  was 25.00 r e s u l t i n g  i n  an a v e r a g e  l e n g t h  of  41.6 f e e t  
(12 .7  m), i n c l u d i n g  b a t t e r .  

The c o s t  o f  d r i v i n g  was equa l  t o  18 x $230 = $4 ,140 ,  and t h e  c o s t  
o f  f u r n i s h i n g  was $7 ,488 ( 1 8  x 41.6 x $ 1 0 ) .  The t o t a l  c o s t  of  
p i l i n g  f o r  abutment 2  was $11,628.  The e x t r a  c o s t  o f  c o n c r e t e  
f o r  t h e  t h i c k e r  p i l e  cap  was $947. The e x t r a  c o s t  o f  e x c a v a t i o n  
was $354. The s t r u c t u r a l  c o n c r e t e  c o s t  f o r  t h e  s p r e a d  f o o t i n g  was 
$4,737 and t h e  s t r u c t u r a l  e x c a v a t i o n  was $7 ,692 .  There  were no e x t r a  
c o s t s  f o r  c o n s t r u c t i n g  t h e  f o o t i n g  due t o  removal o f  u n s u i t a b l e  
m a t e r i a l s ,  and t h e  d e l a y  p e r i o d s  f o r  each  abutment d i d  n o t  c a u s e  
a p p r e c i a b l e  e x t r a  c o s t s .  The t o t a l  c o s t  o f  t h e  s p r e a d  f o o t i n g  f o r  
abutment 2  was 49 p e r c e n t  o f  t h e  a l t e r n a t e  p i l e  f o u n d a t i o n .  

COST COMPARISON SUMMARY 

Foundat ion  Type Concre te  Excavat ion  P i l e s  D r i v i n g  T o t a l  

Spread F o o t i n g s ( # l )  $5 ,772 $13,147" - - $18,919 
P i l e s  (111) $7 ,055  $9 ,802  910,450 $5 ,060 $32,367 
Spread Footings(f12)  $4,737 $7 ,692 - - $12,429 
P i l e s  ( # 2 )  $5 ,684 $8 ,046 $7 ,488 $4 ,140  $25,358 

* I n c l u d e s  removal and r ep lacemen t  o f  u n s u i t a b l e  f o u n d a t i o n  s o i l s .  

Flev.  98 

v. 57 

7 '  
7 

NOTE: Transverse length of removal area = 84' 

Figure 35. Profile for Approach Embankment of Pilchuck River Bridge 



3 .  N o r t h  F o r t  L e w i s  I n t e r c h a n g e  

T h i s  c o m p a r i s o n  c o n c e r n s  two p a r a l l e l  s t r u c t u r e s  i n  t h e  same 
i n t e r c h a n g e ;  I n t e r s t a t e  5  was b e i n g  widened  i n  1969 t o  f o u r  
l a n e s  d i v i d e d ,  w i t h  new ramp f a c i l i t i e s .  The main  s t r u c -  
t u r e  would c a r r y  t h e  n o r t h b o u n d  l a n e s  o f  1 - 5 ,  and t h e  o t h e r  
s t r u c t u r e  would b e  t h e  n o r t h b o u n d  c o l l e c t o r - d i s t r i b u t o r  ramp 
( F i g u r e  3 6 ) .  The s o u t h b o u n d  l a n e s  would r u n  on  t h e  e x i s t i n g  
b r i d g e ,  west o f  t h e  new s t r u c t u r e s .  The m a i n l i n e  s t r u c t u r e  
i s  a  c o n t i n u o u s ,  p r e s t r e s s e d  c o n c r e t e  g i r d e r  b r i d g e  w i t h  
4 5 - f o o t  (13 .7m) end  s p a n s  and a n  8 6 - f o o t  (26 .2m) c e n t e r  
s p a n .  

B o t h  t h e  m a i n l i n e  and ramp s t r u c t u r e s  were  d e s i g n e d  w i t h  
p i l e  s u p p o r t e d  f o o t i n g s  a t  a l l  a b u t m e n t s  and w i t h  s p r e a d  
f o o t i n g s  on n a t u r a l  g r o u n d  a t  t h e  i n t e r i o r  p i e r s .  After 
c o n s t r u c t i o n  o f  a b u t m e n t  111, p i l e s  were e l i m i n a t e d  a t  t h e  
t h r e e  r e m a i n i n g  a b u t m e n t s  b e c a u s e  t h e  2 4 - f o o t  (7.3m) h i g h  
a p p r o a c h  f i l l s  were c o n s t r u c t e d  o f  good s a n d  and g r a v e l .  
T h e s e  s o i l s  w e r e  s i m i l a r  t o  t h e  n a t u r a l  g r o u n d  which  sup-  
p o r t e d  t h e  i n t e r i o r  p i e r s .  An a l l o w a b l e  b e a r i n g  p r e s s u r e  
o f  3TSF ( . 2 8 7  MPa) was u s e d  t o  d e s i g n  t h e  s p r e a d  f o o t i n g s .  

The p i l e  c a p s  p r o p o s e d  f o r  t h e  o t h e r  t h r e e  a b u t m e n t s  were 
c o n s i d e r e d  l a r g e  enough  t o  b e  s p r e a d  f o o t i n g s .  A c h a n g e  
o r d e r  was i s s u e d  t o  d e l e t e  t h e  p i l e s  f o r  t h e s e  a b u t m e n t s .  
The f o l l o w i n g  c o s t  c o m p a r i s o n  r e p r e s e n t s  a n  a c c u r a t e  s a v i n g s  
b e c a u s e  none  o f  t h e  u n i t  p r i c e s  had t o  b e  e s t i m a t e d .  The 
l e n g t h s  o f  t h e  r e m a i n i n g  p i l e s  were c l o s e l y  e s t i m a t e d  f rom 
t h e  r e s u l t s  o f  d r i v i n g  p i l e s  f o r  t h e  c o m p l e t e d  a b u t m e n t .  

Abutment  W1 was b u i l t  on 1 2  s t e e l  "HW p i l e s  (21BP53)  a t  an  
a v e r a g e  p i l e  l e n g t h  o f  2 5  f e e t  ( 7 . 6 m ) .  The c o n t r a c t  p r i c e  
f o r  f u r n i s h i n g  them was $ 5 . 8 8  p e r  f o o t ,  and  t h e  c o s t  o f  
d r i v i n g  e a c h  p i l e  was $ 7 1 .  The s a v i n g s  i n  p i l e  c o s t s  f o r  
t h e  o p p o s i t e  a b u t m e n t  o f  t h e  m a i n l i n e  b r i d g e  amounted t o  
$ 2 , 6 1 6  ( 1 2  x  2 5  x $ 5 . 8 8  + 1 2  x $ 7 1 ) .  

The a b u t m e n t s  f o r  t h e  ramp s t r u c t u r e  w e r e  t o  b e  s u p p o r t e d  b y  
e i g h t  p i l e s  which  amounted t o  a  s a v i n g s  o f  $ 3 , 4 8 8  ( 1 6  x 2 5  x  
$ 5 . 8 8  + 16 x $ 7 1 ) .  The t o t a l  s a v i n g s  came t o  $ 6 , 1 0 4  i n  
1 9 6 9 .  T h a t  f i g u r e  would b e  a t  l e a s t  t h r e e  times g r e a t e r  i n  
1981 d o l l a r s .  The s a v i n g s  f rom u s i n g  s p r e a d  f o o t i n g s  t o  
s u p p o r t  t h e  i n t e r m e d i a t e  p i e r s  was n o t  e s t i m a t e d ;  b u t  t h e y  
would a l s o  be  s u b s t a n t i a l .  I n  terms o f  p e r c e n t a g e s ,  t h e  
s p r e a d  f o o t i n g  f o r  a b u t m e n t  112 c o s t  3 5  p e r c e n t  o f  t h e  
c o s t  o f  p i l e s  t o  s u p p o r t  a b u t m e n t  # 1 .  
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Figure 36, North Fort  Lewis Interchange S t ruc tu re  



APPENDIX D 

JACKABLE ABUTMENTS 

Concern  f o r  s e t t l e m e n t  d o e s  n o t  r u l e  o u t  s p r e a d  f o o t i n g s :  t h e y  c a n  
work i n  v e r y  u n f a v o r a b l e  c o n d i t i o n s  w i t h  t h e  p r o p e r  c o s t  i n c e n t i v e s .  
The b a s i c  a p p r o a c h  i s  t o  d e s i g n  t h e  s i z e  and l o c a t i o n  o f  t h e  f o o t i n g  
i n  a c c o r d a n c e  w i t h  t h e  imposed l o d d s ,  e x i s t i n g  s o i l  c o n d i t i o n s ,  
and t h e  a l l o w a b l e  s e t t l e m e n t  c o n s t r a i n t s .  If t h e  e x p e c t e d  s e t t l e -  
m e n t s  a r e  l a r g e r  t h a n  what  c a n  b e  ( r e a s o n a b l y  t o l e r a t e d  by t h e  
s u p e r s t r u c t u r e ,  t h e  e n g i n e e r  m u s t  d e c i d e  w h e t h e r  t o  i m p r o v e  t h e  
s o i l ,  make t h e  s t r u c t u r e  more t o l q r a n t  ( f l e x i b l e )  t o  s e t t l e m e n t ,  
o r  u s e  a  d e e p  f o u n d a t i o n  s y s t e m .  

The b a s i s  f o r  t h i s  d e c i s i o n  i s  u s u a l l y  o n e  o f  economy. If a  d e e p  
f o u n d a t i o n  system i s  t o o  e x p e n s i v e ,  t h e  number o f  s p r e a d  f o o t i n g  
o p t i o n s  t h a t  a r e  a v a i l a b l e  i n c r e a s e s  s i g n i f i c a n t l y  i n  b o t h  t h e  
s o i l  improvement  and s t r u c t u r a l  m o d i f i c a t i o n  a l t e r n a t i v e s .  The 
f i n a l  c h o i c e  d e p e n d s  on a  number o f  f a c t o r s  t h a t  a r e  s i t e  and c a s e  
s p e c i f i c .  P r o p e r  t r e a t m e n t  o f  t h e  d e c i s i o n  making p r o c e s s  f o r  
t h i s  t y p e  o f  a n a l y s i s  i s  beyond t h e  s c o p e  o f  t h i s  r e p o r t .  

I f  t h e  e n g i n e e r  d e c i d e s  t o  u s e  a  s i p r e a d  f o o t i n g  where  s e t t l e m e n t s  
c o u l d  become a  l o n g - t e r m  p r o b l e m ,  a  r e l a t i v e l y  s i m p l e  and i n e x p e n -  
s i v e  p r e c a u t i o n a r y  m e a s u r e  c a l l e d  w j a c k a b l e v  a b u t m e n t s  c a n  b e  
i n c o r p o r a t e d  i n  t h e  a b u t m e n t  d e s i g n  t o  p r e c l u d e  e x t e n s i v e  damage 
t o  t h e  s u p e r s t r u c t u r e .  T h i s  t e c h n i q u e  i n v o l v e s  t h e  d e s i g n  and 
c o n s t r u c t i o n  o f  j a c k i n g  p a d s  on t h e  a b u t m e n t s  and t h e  p e r i o d i c  
j a c k i n g  o f  t h e  g i r d e r s  by  m a i n t e n a n c e  p e r s o n n e l .  

The p e r i o d i c  j a c k i n g  p r o c e s s  u s e s  h y d r a u l i c  j a c k s  u n d e r  e a c h  
g i r d e r  t h a t  c a n  b e  s y n c h r o n i z e d  b y  r u n n i n g  a  s e r i e s  o f  j a c k s  f rom 
a  c e n t r a l  m a n i f o l d  s y s t e m .  The s y n c h r o n i z a t i o n  a l l o w s  a l l  t h e  
g i r d e r s  t o  b e  r a i s e d  and shimmed s i m u l t a n e o u s l y .  I n d i v i d u a l  
j a c k i n g  may b e  r e q u i r e d  i f  t h e r e  h a s  b e e n  d i f f e r e n t i a l  s e t t l e m e n t  
a c r o s s  ( t r a n s v e r s e )  t h e  a b u t m e n t s  a s  well  a s  b e t w e e n  t h e  p i e r s .  
The number o f  j a c k i n g  o p e r a t i o n s  r e q u i r e d  d e p e n d s  on t h e  amount 
and r a t e  o f  s e t t l e m e n t  and on t h e  f l e x i b i l i t y  o f  t h e  s t r u c t u r e .  
Under n o r m a l  c i r c u m s t a n c e s  a  work crew o f  3  o r  4  p e o p l e  c a n  j a c k  
o n e  a b u t m e n t  i n  2  o r  3 d a y s .  The c o s t  o f  m a t e r i a l s ,  e q u i p m e n t  and 
l a b o r  f o r  j a c k i n g  o n e  a b u t m e n t  would b e  a p p r o x i m a t e l y  $ 2 , 0 0 0 .  

The Columbia  R i v e r  B r i d g e  a t  O l d s ,  W a s h i n g t o n ,  h a s  b e e n  j a c k e d  
t w i c e  f o r  a  t o t a l  o f  0 . 3 4  f e e t  ( 1 0 2  m m ) .  The f i r s t  j a c k i n g  was 
0 . 2  f e e t  ( 6 1  m m )  and t h e  s e c o n d  was 0 . 1 4  f e e t  ( 4 3  m m ) .  A d d i t i o n a l  
j a c k i n g  may b e  r e q u i r e d  i f  t h e  a b u t m e n t s  c o n t i n u e  t o  s e t t l e  a t  t h e  
c u r r e n t  r a t e .  

F i g u r e s  3 7 ,  3 8  and 39 i l l u s t r a t e  t h r e e  t y p e s  o f  j a c k a b l e  a b u t m e n t s .  
F i g u r e  37  shows a  s m a l l  c o n c r e t e  pad b u i l t  on t h e  a b u t m e n t  w a l l  
u n d e r  e a c h  g i r d e r  t o  s u p p o r t  t h e  j a c k s .  F i g u r e  3 8  shows a  j a c k i n g  
s h e l f  and F i g u r e  39  shows a  s e r i e s  o f  j a c k i n g  n o o k s .  



Figure 37. Jacking Pad for  Jackable Abutment on Columbia River Bridge 

Figure 38. Jacking Shelf fo r  Jackable Abutment on South 277 S t ree t  Bridge 
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Figure 39. Jacking Nooks f o r  Jackable Abutment on Anderson Road Br idge 



APPENDIX E 

FIELD MEASUREMENT OF SETTLEMENT 

D u r i n g  t h i s  s t u d y ,  i t  became n e c e s s a r y  t o  d e t e r m y n e  c u r r e n t  
e l e v a t i o n s  o f  some b r i d g e s  t h a t  had been  i n v e s t i g a t e d .  A t o t a l  o f  
28 b r i d g e s  w e r e  s u r v e y e d ,  and t h e i r  r e s u l t s  d e t e r m i n e d  t h e  amount 
o f  f o u n d a t i o n  s e t t l e m e n t  t h a t  o c c u r r e d  s i n c e  t h e  b r i d g e  was 
c o m p l e t e d .  The s u r v e y  was p e r f o r m e d  by WSDOT c r e w s .  

When e l e v a t i o n  b e n c h  m a r k s  w e r e  a v a i l a b l e ,  b o t h  t o t a l  and d i f f e r -  
e n t i a l  s e t t l e m e n t s  were d e t e r m i n e d .  When b e n c h  m a r k s  w e r e  n o t  
a v a i l a b l e  w i t h i n  a  r e a s o n a b l e  d i s t a n c e  f rom t h e  b r i d g e ,  d i f f e r e n t i a l  
s e t t l e m e n t s  w e r e  d e t e r m i n e d  by a  t w o - s t e p  p r o c e d u r e .  F i r s t ,  an 
assumed e l e v a t i o n  was used  t o  i n i t i a t e  t h e  s u r v e y  m e a s u r e m e n t s .  
T h a t  assumed e l e v a t i o n  was s e t  e q u a l  t o  a n  " a s - b u i l t v f  e l e v a t i o n  a t  
o n e  end o f  a  p i e r .  The r e m a i n i n g  m e a s u r e m e n t s  were  t h e n  a d j u s t e d  by 
a n  e q u a t i o n .  

To f i n d  t h e  d i f f e r e n t i a l  s e t t l e m e n t  b e t w e e n  t h e  b a s e  p o i n t  ( w h e r e  
t h e  e l e v a t i o n  was a s s u m e d )  and o t h e r  p o i n t s  o n  t h e  b r i d g e  d e c k ,  
t h e  c r e w s  d i d  t h r e e  t h i n g s .  F i r s t ,  t h e y  s u b t r a c t e d  t h e  a s - b u i l t  
e l e v a t i o n  f r o m  t h e  b a s e  p o i n t .  Then t h e y  a d d e d  t h a t  d i f f e r e n c e  t o  
t h e  m e a s u r e d  e l e v a t i o n s  o f  t h e  o t h e r  p o i n t s  on t h e  b r i d g e  d e c k .  
F i n a l l y  t h e y  s u b t r a c t e d  t h e  a d j u s t e d  e l e v a t i o n s  f rom t h e  c o r -  
r e s p o n d i n g  a s - b u i l t  e l e v a t i o n .  

F i g u r e  40  i l l u s t r a t e s  t h i s  p r o c e d u r e .  The s u r v e y  crew assumed a  
b a s e  e l e v a t i o n  o f  5 . 0 0  f e e t  a t  P i e r  l f s  s o u t h  e n d .  They s e t  t h a t  
f i g u r e  e q u a l  t o  t h e  a s - b u i l t  e l e v a t i o n  o f  48 .50  f e e t .  Then t h e y  
s u b t r a c t e d  t h e s e  v a l u e s  t o  g e t  t h e  a d j u s t m e n t  f a c t o r  o f  4 3 . 5 0  t h a t  
was n e e d e d  t o  d e t e r m i n e  t h e  d i f f e r e n t i a l  s e t t l e m e n t  a t  t h e  o t h e r  
p o i n t s .  The crew added  t h e  a d j u s t m e n t  f a c t o r ,  4 3 . 5 0 ,  t o  t h e  
o b s e r v e d  e l e v a t i o n s  t o  g e t  a n  a d j u s t e d  e l e v a t i o n .  The d i f f e r e n t i a l  
s e t t l e m e n t  a t  t h e  s o u t h  end o f  P i e r  2 i s  c a l c u l a t e d  by s u b t r a c t i n g  
t h e  a d j u s t e d  e l e v a t i o n ,  5 0 . 1 4  f e e t ,  f rom t h e  a s - b u i l t  e l e v a t i o n ,  
5 0 . 1 8  f e e t .  The d i f f e r e n c e ,  0 . 0 4  f e e t ,  i s  t h e  d i f f e r e n t i a l  
s e t t l e m e n t  b e t w e e n  t h e  s o u t h  end o f  P i e r  1  and  t h e  s o u t h  end o f  
P i e r  2 .  

T h i s  p r o c e d u r e  r e d u c e d  t h e  s u r v e y i n g  c o s t s  s i g n i f i c a n t l y .  I t  i s  
c o n s i d e r e d  a c c e p t a b l e  b e c a u s e  t h e  main o b j e c t i v e  was t o  d e t e r m i n e  
t h e  amount o f  d i f f e r e n t i a l  s e t t l e m e n t  which  d o e s  n o t  r e q u i r e  
a c t u a l  e l e v a t i o n  d a t a .  
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Figure 40. Profile of Differential Settlement for Tukwil a Interchange 
Ramp E Bridge 







FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY 
RESEARCH AND DEVELOPMENT 

The Offices of Research and Development (R&D) of 
the Federal Highway Administration (FHWA) are 
responsible for a broad program of staff and contract 
research and development and a Federal-aid 
program, conducted by or through the State highway 
transportation agencies, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Research Program 
(NCHRP) managed by the Transportation Research 
Board. The FCP is a carefully selected group of proj- 
ects that uses research and development resources to 
obtain timely solutions to urgent national highway 
engineering problems.. 

The diagonal double stripe on the cover of this report 
represents a highway and is colorcoded to identify 
the FCP category that the report falls under. A red 
stripe is used for category 1, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies category 0. 

FCP Category Descriptidns 
1. Improved Highway Design and Operation 

for Safety 
Safety R&D addresses problems associated with 
the responsibilities of the FHWA under the 
Highway Safety Act and includes investigation of 
appropriate design standards, roadside hardware, 
signing, and physical and scientific data for the 
formulation of improved safety regulations. 

2. Reduction of Traffic Congestion, and 
Improved Operational Efficiency 
Traffic R&D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
existing as well as new facilities, and by balancing 
the demandcapacity relationship through traffic 
management techniques such as bus and carpool 
preferential treatment, motorist information, and 
rerouting of traffic. 

3. Environmental Considerations in Highway 
Design, Location, Construction, and Opera- 
tion 
Environmental R&D is directed toward identify- 
ing and evaluating highway elements that affect 

The complete seven-volume official etatement of the FCP is availabk from 
the NationJ Technical Information Sewice, Springtieid, Va. 22161. Single 
copie~ of the introductory volume are available without chuge from Propun 
Analysia (HRD-3), Offica of Rnearch .nd Development. Federal Highway 
Administration, Wuhin@on. D.C. 20590. 

the quality of the human environment. The goals 
are reduction of adverse highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. Improved Materials Utilization and 
Durability 
Materials R&D is concerned with expanding the 
knowledge and technology of materials properties, 
using available natural materials, improving struc- 
tural foundation materials, recycling highway 
materials, converting industrial wastes into useful 
highway products, developing extender or 
substitute materials for those in short supply, and 
developing more ;apid and reliable testing 
procedures. The goals are lower highway con- 
struction costs and extended maintenance-free 
operation. 

5. Improved Design to Reduce Coste, Extend 
Life Expectancy, and Insure Structural 
Safety 
Structural R&D is concerned with furthering the 
latest technological advances in structural and 
hydraulic designs, fabrication processes, and 
construction techniques to provide safe, efficient 
highways at reasonable costs. 

6. Improved Technology for Highway 
Construction 
This category is concerned with the research, 
development, and implementation of highway 
construction technology to increase productivity, 
reduce energy consumption, conserve dwindling 
resources, and reduce costs while improving the 
quality and methods of construction. 

7. Improved Technology for Highway 
Maintenance 
This category addresses problems in preserving 
the Nation's highways and includes activities in 
physical maintenance, traffic services, manage- 
ment, and equipment. The goal is to maximize 
operational efficiency and safety to the traveling 
public while conserving resources. 

0. Other New Studies 
This category, not included in the seven-volume 
official statement of the FCP, is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies involve R&D 
support of other FHWA program office research. 


