
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Ver t i cal  Buf f er  Pl at es Si mpl i f y Br i dge Abut ment s

Plaq u e de Bu t ée Sim p l i f ié A p p u i  l 'A b o u t  d es Po n t s

2/ 70

H .R A TH M A Y E R  Technical Research Centre of Finland, Geotechnical Laboratory, Finland

SYNOPSIS The K a ll io m a k i r a i lw a y  b r id g e  (one r a i l )  d i f f e r e d  i n  b o th  d e s ig n  and w ork  p e rfo rm a n ce  
from  th e  u s u a l c o n s t r u c t io n  scheme. The e x is t in g  r a i lw a y  embankment had to  be re p la c e d  w ith  a 
b r id g e  o f  fo u r  sp an s . The b r id g e  beam was f i t t e d  o u t w ith  v e r t i c a l  end p la te s  ( " b u f f e r  p la te s " ) ,  
w h ich  re p la c e d  th e  u s u a l a b u tm e n t. The e a r th  p re s s u re  a c t in g  on th e s e  h a n g in g  end p la te s  in  de­
pendence on th e  th e rm a l s t r a in s  o f  th e  beam and th e  s t a t i c  and dynam ic lo a d in g  c o n d it io n s  was 
th e  o b je c t  o f  th e  in v e s t ig a t io n  re p o r te d  h e re . I t  was d u r in g  th e  co m pa c tio n  o f  th e  b a c k f i l l ,  
th a t  th e  maximum e a r th  p re s s u re s  on th e  e n d -p la te s  were r e g is te r e d .  Owing to  th e  s m a ll d is p la ­
cem ent, the  d e s ig n  method o f  end p la te s  u s in g  a h o r iz o n ta l  subg rade  r e a c t io n  c o e f f i c ie n t  does 
n o t seem a p p l ic a b le .  The s t r u c t u r a l  s o lu t io n  p re s e n te d  h e re  i s  more advan tageous in  com parison  
w ith  a t r a d i t i o n a l  b r id g e  a bu tm en t.

INTRODUCTION

R e c e n t ly ,  a new t r e n d  i n  th e  d e s ig n  o f  r a i l ­

way b r id g e  abu tm en ts  has been o b s e rv e d . Those 

e le m e n ts  o f  th e  abu tm ent th a t  t r a d i t i o n a l l y  

to o k  th e  h o r iz o n ta l  lo a d s  were now f ix e d  to  

th e  b r id g e  beam ( b u f f e r  p la te ) ( s e e  f i g .  1 ) .

So th e  b r id g e  s u p p o r t becomes s im p le  and 

l i g h t .  S in ce  th e  b r id g e  i t s e l f  fu n c t io n s  as 

a s u p p o r t f o r  h o r iz o n ta l  fo r c e s ,  no heavy 

abu tm ent c o n s t r u c t io n  f o r  reasons o f  s t a b i l i ­

t y  i s  n e c e s s a ry . In  a d d i t io n ,  p a r t  o f  th e  

h o r i z o n t a l ' fo rc e s  caused by dynam ic and 

s t a t i c  lo a d s  can be t r a n s m it te d  v ia  th e  

b u f f e r  p la te s  to  th e  jo i n in g  em bankm ents. As 

a c h a r a c t e r is t i c  oP th e  new c o n s t r u c t io n  

a pproach  th e  h o r iz o n ta l  d i f f e r e n t i a l  move­

ments w i l l  a ppea r a t  th e  j o i n t s  between th e  

embankments and th e  b r id g e  s t r u c t u r e ,  a fa c t  

t h a t  has to  be ta k e n  in t o  a cco u n t when de­

s ig n in g  o th e r  th a n  r a i lw a y  b r id g e s .

A t th e  c ro s s in g  o f  th e  S k o ld v ik  i n d u s t r i a l  

r a i lw a y  l in e  w it h  th e  H e ls in k i-P o rv o o  ex ­

p re s s  w ay, th e  e x is t in g  ra i lw a y  embankment 

was re p la c e d  w ith  a b r id g e  o f  fo u r  spans 

and a t o t a l  le n g th  o f  77 m. The b r id g e  was 

founded  on c a s t - in - p la c e  bo re d  p i le s  

(1200 mm 0 ) ,  w h ich  w ere c o n s t ru c te d  th ro u g h  

th e  e x is t in g  embankment down to  th e  b e d ro c k . 

The b r id g e  was f i t t e d  o u t w ith  v e r t i c a l  end 

p la te s  ( b u f f e r  p la t e s ) ,  w h ich  had to  p e rfo rm  

th e  fu n c t io n  o f  th e  u s u a l b r id g e  a bu tm en t. 

But th e y  a ls o  have to  reduce  c o n s id e ra b ly  

th e  h o r iz o n ta l  movements o f  th e  b r id g e  

caused by th e  fo rc e s  o f  i n e r t i a  o f  a heavv 

t r a i n .  Owing to  th e  s u b s ta n t ia l  h o r iz o n ta l  

fo rc e s  a c t in g  on th e  b r id g e ,  th e re  was a p p le  

j u s t i f i c a t i o n  to  check th e  a ssum p tio n s  on 

w h ich  th e  d e s irn  was based as re g a rd s  the  

e a r th  p re s s u re s  a c t in g  upon th e  b u f fe r  

p la te s ,  th e  h o r iz o n ta l  movements and sub ­

grade  r e a c t io n  c o e f f i c ie n t s .
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DESI GN CRI TERI A

F o r th e  s t a t i c  d e s ig n  a c c o rd in g  t o  F ig .  2 , 

th e  b r id g e  was t r e a te d  as a u n ifo rm  fram ew ork. 

The e la s t i c  e a r th  s u p p o r t  o f  th e  b o re d  p i le s  

and th e  b u f f e r  p la te s  were s u b s t i t u te d  in  

the  c a lc u la t io n s  by s p r in g s .  As th e  h o r iz o n t ­

a l  d e s ig n  lo a d  (b r a k in g  s ta g e ) ,  25 % o f  th e

P ig . 1. E lem en ts  o f  th e  b r id g e  abu tm en t a c ­
c o rd in g  to  th e  new c o n s t r u c t io n  scheme

s ta n d a rd  v e r t i c a l  t r a i n  lo a d  was u sed . The 

c a lc u la t io n  o f  th e  th e rm a l s t r a in s  o f  th e  

b r id g e  beam was based on te m p e ra tu re  changes 

o f  -  20°C . Taken f u r t h e r  a c c o u n t w ere th e  

h o r iz o n ta l  lo a d s  caused by s h r in k in g  o f  th e  

c o n c re te  and th o s e  r e s u l t i n g  fro m  a c o l l i s io n .

P ig . 2 . D es ign  a ssu m p tio n s  f o r  th e  b r id g e  
fra m e w o rk .

DESIGN OF THE BUFFER PLATES

To a c h ie v e  maximum economy and t o  m in im iz e  

th e  h o r iz o n ta l  movements o f  th e  b r id g e ,  th e  

b u f f e r  p la te s  and th e  p ie r s  m ust r e s i s t  i n  

e q u a l p a r t s  th e  maximum h o r iz o n ta l  fo rc e s  

o f  1680 kN. The b u f f e r  p la te s  m ust th e r e fo r e  

m o b i l iz e  s u f f i c i e n t  p a s s iv e  e a r th  p re s s u re ,  

th e  amount o f  w h ich  depends on th e  d im e n s io n s , 

th e  em bedding d e p th  and th e  h o r iz o n ta l  move­

ment o f  th e  b u f f e r  p la te s .  Owing t o  th e  

v ib r a t io n s  caused bv th e  t r a f f i c  lo a d ,  no 

w a l l  f r i c t i o n  can be ta k e n  i n t o  a c c o u n t; 

hence th e  r e s u l t a n t  o f  th e  p a s s iv e  e a r th  

p re s s u re  i s  assumed t o  a c t  p e r p e n d ic u la r ly  

to  th e  b u f f e r  p la t e .  As th e  b r id g e  beam i s  

tro u g h -s h a p e d , th e  u p p e r edge o f  th e  b u f f e r  

p la te  re m a in s  0 .7  m b e lo w  th e  s u r fa c e ,  w h ich  

means a more e f f e c t i v e  m o b i l iz a t io n  o f  pas ­

s iv e  e a r th  p re s s u re . H ov;ever, th e  w ho le  

system  i s  d e s ig n e d  t o  e n a b le  b o th  th e  b u f f e r  

p la te s  and th e  p i l l a r s  t o  b e a r  th e  t o t a l  

h o r iz o n ta l  fo rc e s  a lo n e . The c o r r e la t i o n  b e ­

tween th e  r e s is t a n t  fo rc e s  t o  be m o b i l iz e d  

and th e  h o r iz o n ta l  movements e xp e c te d  i s  

p re s e n te d  i n  F ig .  3 f o r  th e  d i f f e r e n t  a l t e r ­

n a t iv e s .  The maximum h o r iz o n ta l  movements a t  

th e  b u f f e r  p la te s  w ere e xp e c te d  to  be -  20 mm. 

A c c o rd in g  to  th e  d e s ig n  a s s u m p tio n s , th e  

th e rm a l s t r a in s  caused b v  te m p e ra tu re  changes 

o f  -  20°C w i l l  p rod u ce  movements o f  -  8 mm, 

and th e  h o r i z o n t a l l y  a c t in g  t r a f f i c  lo a d  w i l l  

c o n t r ib u te  -  12 mm.
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Hor i zont al  movement  (cal cul ated),  mm

P ig . 3. H o r iz o n ta l  lo a d  r e s is ta n c e  and re la te d  
h o r iz o n ta l  movements o f  th e  d i f f e r e n t  
r e s is t i v e  e le m e n ts .

COEFFICIENTS OF SUBGRADE REACTION

The c o e f f i c ie n t s  o f  su bg rade  r e a c t io n  ( k n ) 

a re  c a lc u la te d  w it h  e q u a t io n  (1 )

k n T nh * z /B  (1 )

B . . . d ia m e te r  o f  th e  c o n s t r u c t iv e  e le m e n t 

( p i l e  o r  p i e r ) , m 

z . . . d e p th , m.

The fo l lo w in g  fa c to r s  n ^ ,  w h ich  a re  t y p i c a l  

o f  n o n -c o h e s iv e  m a te r ia ls  a t  medium d e n s i t y ,  

were used:

n, r  12 MN/m^ f o r  th e  b a c k f i l l  o f  th e  b u f f e r -  
h

p la t e ,  p ro v id e d  a co m p a c tio n  to  97 % im proved 

P r o c to r - d e n s i t y ,

n^ = 8 MN/m^ f o r  th e  o r i g i n a l  d e p o s its  above

g ro u n d -w a te r  l e v e l  and

n^ = 5 MN/m^ be lo w  G W -le v e l.

In  th e  s t a t i c  d im e n s io n in g  o f  th e  sys tem  th e  

s p r in g  c o n s ta n ts  K (MN/m) were used f o r  th e  

e la s t i c  s u p p o r ts :

K = k n -A (2 )

A . . .p r o je c te d  s u r fa c e  a re a  o f  th e  p i l e  o r  
?

b u f f e r  p la t e ,  m .

SITE CONDITIONS AND INSTRUMENTATION

Used as th e  b a c k f i l l  o f  th e  abu tm en ts  was th e  

o r ig i n a l  embankment f i l l *  a g ra v e l ly - s a n d y

F ig .  Jl . In s t r u m e n ta t io n  o f  th e  n o r th e rn  b u f ­
f e r  p la te  w it h  G lo t z l - t y p e  e a r th  
p re s s u re  c e l l s .

t i l l  w it h  a u n i fo r m i t y  c o e f f i c ie n t  o f  U = 50. 

In  th e  t r i a x i a l  t e s t s ,  th e  s t r e s s - s t r a in  p ro ­

p e r t ie s  and th e  s h e a r p a ra m e te rs  (6 ' - 15 kN/nf) 

were d e te rm in e d  a t  a d ry  d e n s i ty  =21 kN/n?, 

w h ich  c o rre s p o n d s  to  a m o d if ie d  P ro c to r -d e n -  

s i t y  o f  98 %> and an o p t im a l w a te r  c o n te n t o f  

w = 7 .6  %.

B oth  b u f f e r  p la te s  w ere f i t t e d  o u t a t  d i f f e r ­

e n t  d e p th s  w it h  in la y e d  h y d r a u l ic  e a r th  p re s ­

s u re  c e l l s  o f  th e  G lo t z l  ty p e  ( F ig .  * 0 .  These 

c e l l s ,  o f  th e  s iz e  0 .2  x 0 .3  m, w ere p la c e d  

m a in ly  on th e  c e n t r a l  s te p  o f  th e  b u f f e r  

p la te s .  As th e  m e a su rin g  p la n e  o f  th e s e  c e l]s  

c o in c id e s  w it h  th e  c o n c re te  w a l l ,  lo a d  con­

c e n t r a t io n s  to w a rd  th e  c e l l s  were a v o id e d .

To m easure b o th  th e  r e la t i v e  and th e  a b s o lu te  

h o r iz o n ta l  movements o f  th e  b u f f e r  p la te s  and 

th e  b e a r in g s ,  oerm anent re fe re n c e  p o in ts  

( s t e e l  o in s )  w ere  e s ta b lis h e d  a t  th e  lo c a ­

t io n s  shown i n  F ig .  5 and a ls o  i n  th e  b e d ro c k  

in  th e  v i c i n i t y  o f  th e  b r id g e .  The m easure­

m ents w ere p e rfo rm e d  w it h  a h ig h - q u a l i t y  

t h e o d o l i t .  A i r  te m p e ra tu re s  w ere  a ls o  measu­

re d  to  c o r r e la t e  th e  th e rm a l s t r a in s  o f  th e  

beam to  th e  h o r iz o n ta l  movements m easured. 

D u r in g  th e  b ra k in g  t e s t s ,  th e  a b s o lu te  h o r i ­

z o n ta l  movements w ere  o bse rve d  by means o f  

p ie z o e le c t r i c  a c c e le r a t io n  t ra n s d u c e rs ,  th e  

r e la t i v e  ones w ith  d is p la c e m e n t tra n s d u c e rs  

( LVDT) .
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FIELD OBSERVATIONS

D u r in g  th e  co m p a c tio n  o f  th e  b a c k f i l l ,  o b s e r­

v a t io n s  were made o n ly  o f  th e  e a r th  p re s s u re  

a c t in g  on th e  b u f f e r  p la te s .  B o th  th e  e a r th  

p re s s u re s  and th e  h o r iz o n ta l  movements ( r e la -

Steel  pi ns tor t heodol i t e observat i ons 

Q  Di spl acement  t ransducers 

I I Accel erat i on t ransducers

F ig .  5 . In s t r u m e n ta t io n  a t  th e  n o r th e rn  a b u t­
ment f o r  m easurem ent o f  h o r iz o n ta l  
m ovem ents.

t i v e  and a b s o lu te )  w ere m easured a t  r e g u la r  

i n t e r v a ls  o v e r a p e r io d  o f  one y e a r ,  c o v e r in g  

a te m p e ra tu re  ra n g e  fro m  +20°C t o  -3 0 °C . In  

a d d i t io n  th e  e a r th  p re s s u re  changes and th e  

h o r iz o n ta l  movements d u r in g  tw o .b ra k in g  te s ts  

were fo l lo w e d  'u p . The re  b ra k in g  te s ts  w ith  a 

heavy t r a i n  w ere  ru n  i n  such a way t h a t  th e  

maximum h o r iz o n ta l  fo rc e s  w ere d eve lo pe d  

e i t h e r  on th e  j o i n t  embankment o r  on th e  

b r id g e .  Thus b o th  th e  a c t iv e  and th e  p a s s iv e  

e a r th  p re s s u re  c o u ld  be m o b i l iz e d  on b o th  

s id e s  o f  th e  b r id g e .

TEST RESULTS

The d is t r i b u t i o n  o f  th e  h o r iz o n ta l  e a r th  p re s ­

s u re  on th e  b u f f e r  p la te s  i s  p re s e n te d  i n  F ig 6  

f o r  d i f f e r e n t  s ta g e s . F ig .  6a shows how th e  

p re s s u re  was b u i l t  up d u r in g  th e  co m p a c tio n  o f

th e  b a c k f i l l .  The e f f i c ie n c y  o f  th e  com paction
2

w ith  a v ib r a t in g  p la te  o f  50 kN/m s t a t i c  con­

t a c t  p re s s u re  w a s . c le a r l y  r e s t r i c t e d  t o  th e  

uppe rm ost la y e r ,  w here  th e  h o r iz o n ta l  p re ssu re  

reached  th e  v e r t i c a l  p re s s u re  (K = 1 ) .  The r e -

Nor t her n buf f er pl at e:
o Backwar d st ep
• Cent ral  st ep
□  Fr ont  st ep

Sout her n buf f er  pl at e:
a Cent ral -  st ep 

(L -- 21 KN/ rr . 3 * Fr ont  st eP

a
1975- 07- 30 1975-07-31 1975- 08- 04 1975- 08- 05 1975- 08- 07

F ig . 6 . H o r iz o n ta l  e a r th  p re s s u re  a t th e  b u f f e r  p la te s ,  a ) d u r in g  co m pa c tio n  o f  th e  b a c k f i l l .
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s u i t s  o f  th e  h o r iz o n ta l  e a r th  p re s s u re  measure­

ments d u r in g  a p e r io d  o f  one y e a r  a re  sum m ari­

zed i n  F ig u re s  6b and 6 c . F re e z in g  and th a w in g  

o f  th e  j o i n t  embankment i n  J a n u a ry  and A p r i l -  

May was p ro b a b ly  th e  reason  f o r  th e  1 0 0 . ..2 0 0 $  

in c re a s e  o f  th e  h o r iz o n ta l  p re s s u re  i n  th e  up­

p e r  la y e r s .  C o in c id e n t  r e s u l t s  were re g is te re d  

a t  b o th  b u f f e r  p la te s .

A t y p i c a l  r e s u l t  o f  th e  e a r th -p r e s s u r e  i n ­

c re a se  d u r in g  a b r a k in g  t e s t ,  w h ich  d eve lo p e d  

a h o r iz o n ta l  lo a d  o f  a b o u t 1130 kN , i s  p re ­

s e n te d  in  F ig .  7 . O n ly  a t  a l e v e l  o f  o .8  m 

be low  th e  t r a c k s  does th e  h o r iz o n ta l  exceed  

th e  h y d r o s t a t ic  p re s s u re .  On th e  a v e ra g e , th e

f  = 21 kN/ m3 

q = 15 kN/ r n2
b

( a c t iv e )  and K ( a t  r e s t )  w ere  b o th  tw ic e  th e
o

t h e o r e t ic a l  v a lu e s  and e s o e c ia l ly  h ip h  in  th e  

upperm ost 0 .8  m. T h is  le a d s  t o  th e  c o n c lu s io n  

th a t  th e  b u f f e r  p la te  b e n t i n  th e  lo w e r  p a r t ,  

and t h i s  i s  c o n f irm e d  by th e  m easured d is p la ­

cements .

As compared w it h  th e  e xp e c te d  v a lu e s ,  much 

s m a lle r  h o r iz o n ta l  movements w ere m easured. 

O n ly th e  d e fo rm a t io n  o f  th e  b r id g e  beam i t s e l f ,  

caused by te m p e ra tu re  changes, c o in c id e s  w ith  

th e  t h e o r e t ic a l  v a lu e s . A t th e  to p  o f  a b u f fe r  

p la t e ,  d e fo rm a t io n s  o f  0 .3  mm w ere  r e g is te r e d  

d u r in g  th e  b r a k in g  t e s t ,  w h i le  a t  th e  lo w e r

Nor t her n buf f er  pl at e:
o Backwar d st ep
• Cent ral  st ep
□  Fr ont  st ep 

Sout her n but t er  pl at e :
a Cent r al  st ep 
x Fr ont  st ep

measur ed ear t h- pr essur e coef f i ci ent s

Ear t h pr essur e,  k N/ m2

1976-01-22 

( t = - 7,0 °C )

1976-03-04 

( t=-7,4 °C)

1976- 04- 08 

( t=+0,5 °C )

1976-05-12 

( t  = +17, 5 °C)

1976- 08- 06 

( t  = + 16,5 °C )

3,0 
0 20 40 60 80 100 120 20 40  60 20 40  60 20 40 60 80 20 40 60

Ear t h pr essur e,  k N/ m2

F ig .  6 . H o r iz o n ta l  e a r th  p re s s u re  a t  th e  b u f f e r  p la te s .  b ) c )  d u r in g  a p e r io d  o f  one y e a r .
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Eart h pressure,  kN/ m2 
0Q____ 1tO 20 30 40 50

F ig . 7. E a r th  p re s s u re  in c re a s e  d u r in g  a b ra k ­
in g  t e s t .

edge o n ly  0 .0 6  mm w ere m easured. S im u lta n e o u s ­

l y ,  an a b s o lu te  h o r iz o n ta l  movement o f  0 .^ 5  mm 

c o u ld  be o bse rve d  a t  th e  a b u tm e n t. These r e ­

s u l t s  in d ic a te  t h a t  th e  h o r iz o n ta l  f o r c e s ,  

w h ich  s h o u ld  have been t r a n s fe r r e d  to w a rd  th e  

p ie r s  and th e  o p p o s ite  em bankm ent, were t r a n s ­

fe r r e d  in  p a r t  to w a rd  th e  p i l e d  a b u tm e n t, p a r t ­

l y  e f fe c te d  by th e  fo rc e s  o f  f r i c t i o n  a t  th e  

b e a r in g s  and p a r t l y  by th e  b e n d in g  o f  th e  b u f­

f e r  p la t e .

CONCLUSIONS

A lth o u g h  d u r in g  th e  b ra k in g  t e s ts  r e l a t i v e l y  

la rg e  h o r iz o n ta l  fo rc e s  c o u ld  be m o b i l iz e d  

(c a . 1100 k N ), o n ly  movements s m a lle r  th a n

1 mm w ere r e g is te r e d .  A c c o rd in g  to  th e  design  

c a lc u la t io n s ,  th e  h o r iz o n ta l  movements s h o u ld  

have been in  th e  range  o f  7 * . * 8  mm in  th e  

case where b o th  th e  b u f f e r  p la te s  and th e  

p ie r s  r e s is t e d  e q u a l ly  th e  h o r iz o n ta l  fo rc e s  

(see  F ig .  3 ) .  The m o b i l iz e d  h o r iz o n ta l  fo rc e s  

w ere c a lc u la te d  on th e  b a s is  o f  r e ta r d a t io n  

m easurem ents, w h ich  w ere p e rfo rm e d  in  th e  

t r a i n  d u r in g  th e  b ra k in g  t e s t ,  and o f  e m p ir ic  

f r i c t i o n  c o e f f i c ie n t s  f o r  th e  f r i c t i o n  betw een 

t r a c k s  and w h e e ls . As th e s e  v a lu e s  a pp e a r to  

be r e l i a b l e ,  th e  o n ly  re a s o n a b le  e x p la n a t io n  

f o r  th e  s m a ll movements o b se rve d  has to  be 

t h a t  th e  p ie r s  r e s is t e d  to  th e  g r e a te s t  e x ­

te n t  th e  h o r iz o n ta l  fo r c e s .  A t any r a t e ,  in

t h i s  case th e  d e s ig n  su bg ra d e  r e a c t io n  c o e f­

f i c i e n t  used f o r  th e  p ie r s  seemed t o  "w o rk "  

s u c c e s s fu l ly ,  assum ing  th a t  we a c c e p t such an 

o v e rd im e n s io n in g . B u t th e n  th e  b u f f e r  p la te s  

ca n n o t be d e s ig n e d  by means o f  e q . ( 1 ) .  Ac­

c o rd in g  to  Broms (1 96 5 )»  t h i s  e q u a t io n  g iv e s  

r e l i a b l e  r e s u l t s  o n ly  i f  th e  h e ig h t  o f  th e  

d e s ig n e d  s t r u c tu r e  i s  5 t im e s  i t s  w id th .  The 

c o e f f i c ie n t s  o f  h o r iz o n ta l  su bg rade  r e a c t io n ,  

w h ich  w ere  c a lc u la te d  on th e  b a s is  o f  th e  ob­

s e rv e d  h o r iz o n ta l  e a r th  p re s s u re s  and move­

m e n ts , s c a t t e r  w i t h in  th e  v a lu e s  7 .5  and 18.3 

MN/m^. Owing t o  th e  e x tre m e ly  s m a ll  movements, 

th e s e  c o e f f i c ie n t s  a re  o f  no p r a c t i c a l  v a lu e .

The a u th o r  had th e  o p p o r tu n it y  t o  check  th e  

d e s ig n  a ssu m p tio n s  o n ly  as re g a rd s  th e  h o r i ­

z o n ta l  e a r th  p re s s u re  a t  th e  b u f f e r  p la te s  

and o n ly  to  make o b s e rv a t io n s  o f  th e  b r id g e  

m ovem ents. These m easurem ents w ere  s ta r te d  

a t  a s ta g e  w here  th e  b a c k f i l l  was com pacted 

to w a rd s  th e  a lre a d y  b u i l t  b r id p -e . The e v a lu a ­

t i o n  o f  th e  m easurem ents p e rfo rm e d  made c le a r  

th e  need f o r  a d d i t io n a l  m easurem ents, p r im a r i­

l y  f o r  th e  s tu d y  o f  th e  b e h a v io u r  o f  th e  

p ie r s  and p i l e s .  Such in f o r m a t io n  w i l l  le a d  

to  more e c o n o m ic a l d e s ig n , b u t  i t  can be 

g a in e d  o n ly  th ro u g h  f u r t h e r  t r i a l s .
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