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Soil-structure-interaction of jointless bridges on piles 
Interaction sol-structure de ponts sans jambages sur pieux

M. Koskinen - Geotechnical Laboratory, Tampere University of Technology, Finland

A B S T R A C T : N ew  aspects o f  m odeling  the  so il-struc tu re-in terac tion  ( S S I )  co n cern ing  jo in tle ss  non -abu tm en t bridges on p iles are  given 

in th is paper. Factors affec tin g  the  long itud inal stiffness o f  such a b ridge  w ith  co rre spond ing  d isc re te  fin ite  e lem en t (FE M ) m odelings 

are presented. A  F E M -analysis o f  a long itud inal load test o f  an actual h ighw ay b ridge  is a lso  given. W hen crea ting  m odeling  p rincip les 

latest inform ation o f  soil and  b ridge behav io u r inc lud ing  stress and stra in  d ep endenc ie s are  utilized.

R E S U M E :  L 'artic le  p résen te  de nouveaux  aspects de m odela tion  de  l'in te rac tio n  te rra in -su ructu re  (SSI) concern an t les ponts su r p iliers 

s a n s  jam bages et sans jo in ts . S on t éga lem en t presen ts les fac teurs affec tan t la rig id ité  long itud inale  d 'u n  tel pont avec  les m odela tions 

d’elements finis d isc re ts co rre spondan ts (FEM ). U ne analyse FEM  d 'u n  test de  charge  long itud inale  d 'u n  reel pont d 'au to ro u re  est aussi 

p ro p o s é e  Lors de  la crea tio n  de p rincip les de m o dela tion , on u tilise  les in fo rm ations les p lus recen tes concernan t le te rra in  et le 

comportement du pont, y com pris les fac teu rs d ependan t de l'e ffo rt e t de la fatigue.

I INTRODUCTION

l.l General

Soil-structure-interaction p rob lem s have a ttrac ted  a  lo t o f  

attention during  th e  last decades. T he g row ing  in terest in such 

prob lem s has resu lted  in a  varie ty  o f  analysis m ethods. Several 

analytical and n u m erica l m ethods have  been  in troduced  lately  to 

so lve  various SSI-problem s. T he structu ra l behav io u r as w ell as 

certain geotechnical aspects, like n o n linearity , a re  w ell know n in 

these days. H ow ever, on ly  th e  sim u ltan eo u s consid era tio n  o f  

stress-strain, tem p era tu re  an d  tim e  d ep en d en c ie s o f  so il as w ell as 

a numerical m ethod  w ith  p roper co nstitu tive  soil m odel prov ides 

an accurate analysis. A ny sho rtage  o f  these, e.g. linear soil 

m od el, analytical so lu tion , co arse  system  m odel e tc ., m ay lead  to 

inproper analysis.

Am ong o th er cases a  jo in tle ss  b ridge  w ith  rig id ly  co n n ec ted  

piles is a very im portan t ap p lica tio n  o f  so il-struc tu re-in terac tion . 

The growing in terest to construct b ridges w ithou t expansion  

bearings betw een  abu tm en ts  and  supe rs tructu re  is due to 

numerous advan tages, e.g. m ateria l, co n tru c tin g  and 

maintenaince costs as w ell as b e tte r  co n stru c tin g  tim e  schedu le  in 

relation to conventional b ridges. M o re  e ffic ien t and  eco nom ical 

constructing m ethods are  regu ired  on  these  days. T h e  increased  

knowledge o f  soil and  b ridge behav io u r as w ell as the 

continuously grow ing  co m p u ter cap ac ity  n eeded  w ith  num erica l 

methods provide good fac ilitie s to response to th is dem and.

I 2 Contents o f  this paper

This paper gives som e new  asp ec ts  o f  S S I-m odeling  p rincip les 

concerning facto rs affec tin g  the  long itud inal stiffness o f  a  non­

abutment bridge on piles. T h ese  fac to rs are  the  end  plate- 

backfill-, transition  slab -back fill- an d  p ile-so il- interaction . 

These principles are  based  on  the  d isc re te  fin ite  e lem en t m ethod. 

The so called s p r in g - m o d e l ,  in w h ich  the  soil is m odeled  w ith 

separate independent lin ear o r  non lin ear sp rings, is applied .

An illustrative ex am p le  is a lso  given. T h is p resen ts a  FEM - 

analysis o f  a longitudinal load  test on actual sing le  span jo in tle ss  

highway bridge founded  on  large d iam eter b o red  piles. T he 

results are com pared  w ith  the  co rrespond ing  FE M -analysis, in 

which the longitudinal stiffness facto rs are  sim u ltaneously  taken 

into account.

2. PR IN C IPLE S O F SSI-FEM -M O D E LIN G

2.1 G eneral

T h e  w ell know n s p r in g - m o d e l  p rov ides a  handy w ay to  sim u la te  

the  b eh av io u r o f  various SSI-problem s. S im ila rities to  the 

subgrade  reaction  theory  ex ist, a lthough  certain  m o d ifica tions 

(K osk inen , 1990, 1991, 1994 and  unpublished) have been 

accom plished . T he m odel exclu d in g  the  defin itio n  o f  initial 

stiffness is basic ly  s im ila r to th a t p resen ted  in refe ren ces e.g. 

G re im an  e t  all (1986  and  1988). A lthough  the  con tinu ity  is 

n eg lec ted , the  accu racy  in p rin c ip le  is good. T h is is a lso  verified  

by th e  au th o r (K osk inen , 1990) in the  case o f  a laterally  loaded  

pile. S ign ifican t advan tages o f  the  m odel are the  ab sense  o f  

p rob lem s w ith  p lastic ity  a lgorithm  as w ell as the  high 

co n v ergence  rate.

2.2 Determination o f  springs fo r  end plate-backfill-interaction  

T he fo rce-d isp lacem en t-re la tio n sh ip  (Figure 1) till h a lf  the 

u ltim ate  value  is con n ec ted  w ith  the  e las tic  m odulus E bl defined  

w ith triax ia l test. T he in itial stiffness kbf is defined  acco rd in g  to 

equation

khr= E b| / H cp, (1)

in w hich  Hep d eno tes the  h ight o f  the  end plate. T he 

d isp lac em en t co rre sp o n d in g  h a lf  o f  the  u ltim ate  sp ring  fo rce is 

d e te rm in ed  acco rd in g  to equation

y ic = 0 . 5 » p p / k b r. (2)

In th is equation  pp d eno tes the  u ltim ate  (passive) stress s ta te  o f  

soil.

T he u ltim ate  to tal sp ring  fo rce  is defined  w ith  the  stress sta te  and 

fric tion  an g le  acco rd in g  to  equ a tio n

FP = 0 .5 •  Y •  H 2ep •  Bjp •  K p (3)

T he sym bol K p d eno tes the passive earth  p ressu re  co effic ien t and 

B it  the  w id th  o f  end  plate. T he co rrespond ing  d isp lacem en t is 

d e te rm in ed  acco rd ing  to equation

yp = 4»ylo . (4)
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Figure 1. D ete rm in a tio n  o f  sp ring  for end 

p la te-back fill-in terac tion .

T he force co rrespond ing  th e  in itial stress sta te  is ob ta ined  from  

equation

F„ =  0.5 •  Y •  H 2̂  •  B^p •  K^,. (5)

and  th e  force co rre sp o n d in g  the  ac tive  sta te  w ith  equation

Fa = 0 .5 .  y •  •  Bep •  Ka . (6 )

T h e  d isp lac em en t co rrespond ing  the  ac tive  sta te  is ob ta in ed  from  

equ a tio n

ya =  -0 .2 5  •  yp (7 )

T he to tal sp ring  force is d ev ided  in to  partia l sp rings affec tin g  the 

n od es o f  the  end  p la te  elem ents.

2 .3 D etermination o f  springs fo r  transition slab-backfill- 

interaction

T he en v e lo p e  path  o f  th e  to tal sp ring  m ay  be m o d eled  acco rd ing  

to  the  p rincip les p resen ted  in F igure 2 (K osk inen , unpublished). 

T he cas tin g  tech n iq u e  as w ell as the  effec t o f  p las tic  shee t under 

the  slab  m ay  be  taken  in to  acco u n t in the  d e te rm in a tio n  o f  the  

to tal fric tio n  spring , w h ich  can  be  d ev id ed  in to  partia l sp rings to  

the  nodes o f  end  plate.

M obilized displacem ent Ay [mm]

Figure 2. D ete rm in a tio n  o f  fric tion  spring  fo r tran sitio n  slab- 

back fill-in terac tion .

T h e  to ta l fric tion  sp ring  is d efin ed  acco rd in g  to  equation

Fli =  a » b « o v « n » A c r . (8)

in w h ich  the  reduction  fac to r a  d eno tes the  effec t o f  possible 

p las tic  shee t under the  slab  as follow s:

a = 1 .0  (no  p lastic  sheet)

a  =  0 .9  (w ith  p lastic  sheet)

T he red u c tio n  fac to r b d eno tes the  effec t o f  cas tin g  technigue as 

follow s:

b  = 1 .0  (cast-in -p lace  slab) 

b  = 0 .9 (e lem en t slab)

T he fric tion  co effic ien t be tw een  co n cre te  su rface  and  gravel is

H = 0 .5  (concre te-g ravel)

and  Aer d en o tes effec tiv e  a rea  o f  the  slab.

T he m ob ilized  d isp lacem en ts  o f  u ltim ate  fric tion  spring  force 

m ay be co n sid ered  as

y™b =  2 .0 m m  (gravel).

T he tran sitio n  slab  is genera lly  constru c ted  on the  com pacted  fill 

D uring  a  re la tive  sho rt p eriod  o f  tim e  the in terface  betw een the 

slab  and  fill w ill how ev er be  gapped. T h is phenom enon  is valid 

in th e  co n n ec tio n  areas o f  the  tran sitio n  slab  and  en d  plate. In 

case  o f  p recas t slab  th is phenom enon  is em phasized .

T h e  e ffec tiv e  fric tional a rea  A ef o f  th e  slab  m ay also be 

sign ifican tly  sm a lle r  than  th e  nom inal area. T h is is due  to the 

a b o v em en tio n ed  g app ing  e ffe c t as w ell as the  flow  o f  fill 

u nderneath  th e  w ing w alls. T he e ffec tive  a rea  m ay be considered 

a cco rd in g  to  F igure 3.

F igure 3. D ete rm in a tio n  o f  effec tiv e  a rea  o f  tran sitio n  slab

In the  dete rm in a tio n  o f  th e  effec tiv e  area  fo llow ing  phases must 

be  consid ered  (K osk inen , unpublished);

1) situa tion  im m ed ia te ly  a f te r  construction ;

- sm all d isp lacem en t level

A,.|- =  B •  Li (9)

A V|c A * P

M obilized  d i s p la c e m e n t
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- large d isp lacem en t level 

Ac, = B •  L,

2) situation in long period  o f  tim e

- small d isp lacem en t level

A,., = B • L i , 

in w hich 

Li = 0.75 •  L?

- large d isp lacem en t level 

Ad = B • L|

(10)

( I I )

(12)

(13)

In abovem entioned equ a tio n s (9 ) - ( 13) the  effec tiv e  w idth  B m ay 

be taken as 90 %  o f  th e  nom inal value. T h e  in te rm ed ia te  va lues

o f those presented m ay be in terpo la ted  linearly

M obi l ized d isp lacem en t

Figure 4. Determination of springs for pile-soil-interaction.

2.4 Determination o f  springs fo r  pile-soil-interaction

The early part o f  th e  fo rce -d isp lacem en t-re la tio n sh ip  is

determined w ith th e  e las tic  m odu lus E s> w hich  g ives th e  initial

stiffness (Figure 4) estim ated  as an average  value  o f  B rom s

(1972), Pyke e t al (1984) and  Sw ane e t al (1982) acco rd in g  to

equation

kh = 0.83 •  E s /  D  , (14)

in which D is the  d iam e te r  o f  th e  pile. T he co rrespond ing  

displacement is ob ta in ed  from  equation

y,c = 0.5 •  pp /  kh (15)

The latter part o f  the  path  is defined  w ith  the  u ltim ate  streng th  o f  

soil. The u ltim ate spring  fo rce  w ith  cohesio n less  so il is defined  

with equation

F„ = 4.4 •  y  •  z  •  K p •  s •  D. (16)

The ultim ate spring  fo rce w ith  cohesive  soil is defined  w ith

equation

Fp = 7.5 •  su •  s •  D. (17)

In these equations

su~ undrained shear s treng th  o f  soil 

s = spacing o f  soil springs

The corresponding d isp lacem en t is ob ta ined  from  equation

yr = 4 » y ,c . (18)

The spring force in the  initial stress sta te  is given by equation  

F„ = a*  •  K „ •  s •  D. (19)

3. E X A M PL E  C A L C U L A T IO N , T E U R O  H IG H W A Y  B R ID G E, 

LO A D  T E S T S  A N D  FE M -A N A LY SIS

3 .1 The bridge

T he T euro  b ridge  is a con tin u o u s and can tilevered  non-abu tm ent 

sing le  span h ighw ay bridge (F igure 5) founded w ith rigidly 

conn ec ted  bored  piles It is located  in the sou thern  F in land  

be tw een  H ausjarv i and  Lam m i. T he b ridge  is stra igh t and  the  

to tal length  is L=33m . T he e ffec tive  w id th  o f  the  deck  is 

B =7.4m . T he average length o f  piles reached  to the  b ed rock  is 

L=9m . T he d iam eters  o f  support co lum ns are  D =0 9m  T he 

b ridge  has end p la tes a t both ends w ith  w idth Bcp= 7.4m , hight 

Her= 1 .9 m  and th ickness tep=0.6m . T ransition  slabs w ith  size B •  

L = 3m  •  7 .2m  are  constructed .

3.2 The ground conditions

T h e  base so il o f  th is h ighw ay b ridge site  consists o f  silt and  sand 

dep o sits  w ith  a lte rin g  d eg rees o f  re lative density . In the  support 1 

there  is a layer o f  m oraine  on the  rock hav ing  a re latively  high 

degree o f  relative density . T he surface  o f  rock is a t the h ight V 
+ 76.7  in both  supports. W eigh soundings, dynam ic probings, 

vane sh e a r  tests as w ell as sam plings w ere carried  ou t on th e  site. 

T h e  labora to ry  tes ts  con sisted  o f  triax ia l and  o ed o m eter tests. 

T h e  g round cond itio n s are  p resen ted  in Figure 5.

3 .3 Load tests a n d  experim ental arrangements 

T he bridge w as long itud inally  loaded  by tw o forces (2x330kN ) 

ac tin g  al the  end support co lum ns at the  hight o f  1.25m below  

the deck  acco rd ing  to F igure 6. Longitudinal d isp lacem en ts, 

earth  p ressu res on  end  p la te  and stra in s o f  re in fo rcem en t bars in 

co lum ns at 0 .3m  b elow  the  deck  w ere m easu red  du ring  the  test

3.4 The l  l  '.M-analysis 

3 4.1 G eneral

In o rd er to  analyse  the  b ridge  load  tes t theo re tica lly  a  special 

sp rin g -m o d e l (K osk inen , unpub lished ) w as developed. A lthough
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s u p p o r ts  1,2 s u p p o r ts  3, 4

77^v^w

GWL
y -»81.40 c ru s h e d  ro c k  (p =  4 5  y* «  12.0

sa nd

c o n s t ru c t io n

»80 .60  *= 45 12.0c ru s h e d  ro c k

« 2 8  y  ~ 6-5 ‘♦'79.60 y

cd =  33  y' = 9.0 +79.00 Vsand

37 v * *  11.0sand s a n d CD «  35  Y = 10.0

9.5 +78.00 V > -s a nd = 34  y
7 + 7 7 .2 0 = 28 V  =  6.5+77.40 V= 28 y -  6.5

= 34 y' 9.5
=  32  y' = 8.5

Figure 5. B ridge an d  g round  cond itions

c ru s  Red ro c kc ru s h e d  ro c  c h y d ra u lic  ja c k

c o n c re te  s u p p o r t

le c a -g ra v e l

g ra v e l

d e c k

fo rc e  tra n s d u c e r

c u rv e d  ja c k in g  p la te

0 .4  m

ro c k  f i l l h o le s  in  e n d  p la te1 .6  m

p -M  O I

F igure 6. T he experim en ta l arrangem ents.

the g eo techn ica l poin t o f  v iew  w as em phasized , no liberty  cou ld  

b e  tak en  w hen  m od elin g  th e  s tructu re  in a  p roper way. T he 

m odel w as analysed  using  the  A B A Q U S -F E M -code (H ibb it et al, 

1992). T h e  m odel w as run  in th e  A lp h a-C luste r-supercom puter 

o w ned  by  the  C o m p u te r  C en te r a t th e  T am p ere  U niversity  o f  

T ehnology . T he D O F-value o f  the  m odel w as 1350 th u s b eing  

re la tive ly  m oderate.

3 .4 .2  T h e  structu ral m odeling

T h e  d eck  o f  the  b ridge  as w ell as the  end  p la tes w ere m od eled  by 

four noded  shell e lem en ts hav ing  six  d eg rees o f  freedom  per 

node. T he th ickness o f  these  e lem en ts w ere  t= lm . T he 

re in fo rcem en t b ars  in th e  co lu m n s and  p iles w ere  m odeled  

a cco rd in g  to  specia l o p tions (H ibb it e t a l, 1992). T h e  concre te  

co lu m n s and  piles as w ell as the  steel cover w ere m odeled  w ith 

tw o  node beam  elem ents. T h e  m aterial p roperties o f  concre te  

and  structu ra l steel as w ell as re in fo rcem en t bars w ere considered  

a cco rd in g  to  ac tual behaviour.

3 .4 .3  T h e  geo techn ica l m odeling

In th is  analysis m odel (F igure 7) all th e  in terac tions affec tin g  the 

long itud inal stiffness w ere  m o d eled  w ith  sp rings acco rd in g  to the

p rin c ip le s  p resen ted  in sec tion  2. T he springs p rov ided  nonlinear 

b ehav iou r, a lthough  th e  ac tual b eh av io u r ap p eared  to  be linear 

N o  vertical sp rings w ere  app lied  b e in g  u nnecessary  in th is case.

i n t er act ion

Figure 7. The total spring-m odel.

en d  

p lat e 

sh el l  

el em en t s

su p p o r t  '

l at er al  sp r i n gs fo r  

p i l e-so i l - i n t er act i on

d eck  sh el l  

el em en t s

p i l e y 

el em en t s

lon gi t ud in al  

sp r i n gs for  

t r an si t i on  

slab -b ack f i l l

lon gi t ud in al  

sp r i n gs fo r  

en d  p lat e- 

back f i l l -
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At the tim e o f  load  tests the  backfill w as co n structed  only 

with the leca-gravel fill an d  the  tran sitio n  slab  on  it. T he 

properties o f  leca w ere;

E = 5.0 M pa

v = 0.15 

y = 6.0 kN/m '1 

cp = 35°

These properties w ith  equ a tio n s (1 ) - (7) resu lted  in th e  backfill 

spring, w hich w as d ev ided  in to  partia l springs p resen ted  in Figure

s p r in g  fo r c e s  [kN]

node
sp rin g
ty p e F . Fo F.c FP

2
*) 0.27 0.43 3 .73 7.46

" ) 0.13 0.21 1.86 3.73

3
0.82 1.30 11.19 22.38

**) 0 .4 1 ^ 0.15 5 .59 11.19

4 *) 0.99 1.57 13.51 27.03

*•) 0.4Ô 0.7Ô 6.75 13.51

5
•) 0.49 0 .79 6 .75 13.51

•*) 0 .25 0 .39 3.39 6.75

•) m iddle s p r in g s  

••) e d g e  s p r in g s

m o b iliz ed  d is p la c e m e n ts  Ay 

A y, = 1.9 m m  

Ayp = 7.6 m m  

Ay,c = 1.9 m m

d e c k
e d g e
n o d e s

•»y r V T Y

Figure 8. Partial backfill springs.

The subscript ic d eno tes the in tersec tion  po in t o f  the  path  (Figure 

I), where the b ehav iou r ch anges from  e las tic  to  p lastic.

An exam ple o f  stiffness d istribu tion  in th e  soil a round  piles 

of support l is p resen ted  in F igure 9.

► 86.00
■

2

p G W L  8

rock

fill

i- 78 .30

78 .00

r e f e r e n c e  line  o f  d e c k

y \ k h [kN /m 3]

[Q  = e n la r g e m e n t  o f  p ile  k h

<p = 4 5 °
y ' = 12

y' = 6.5

3 063

= 33° y‘ =  9

cp = 37° y '=  11

cp = 3 4 °  y '= 9 .5

1 3 272

3 0 627

= 28°

= 34°

306 3  y* = 6.5

y* = 9 .5

Figure 9 H orizontal stiffness d istribu tion  in the soil a round  pile 

of support I.

4. C O M P A R IS O N  O F T E S T  A N D  FE M -R E SU L T S

4 . 1 Longitudinal stiffness and  displacements

T he long itud inal d isp lacem en ts  due to  the  ap p lied  load  AF=660 

kN w ere sm all. T he average  observed  value  w as A y=2.05 m m . 

U sing th is va lue  one gets th e  long itud inal s tiffness o f  th is 

p articu la r h ighw ay  b ridge  K  = AF / Ay =  0 .66  M N  /  2.05 m m  = 

322 M N /m . T h is  va lue  inc ludes the  effec ts o f  tran sitio n  slab , 

back fill, stiffness o f  co lum ns and  p iles as well as soil a round  

piles.

T he theo re tica l d isp lacem en t w as A y=3.7 m m . T he 

d isc rep an cy  o f  resu lts is caused  by the  fact, th a t the  stress h istory  

o f  back fill and  th e  soil a round  p iles as w ell as the  soil p roperties 

in the im m ed ia te  v icin ity  o f  the  so il-struc tu re-in terface  canno t be 

e s tim ated  accurately .

4.2 i'.urth pressures

T he earth  p ressu res on  the en d  p la te  w ere  m easu red  in three 

p o in ts a t h a lf  the  h ight o f  the  end  plate. T he p ressure transducers 

gave resu lts app rox im ate ly  A p=2kPa. T h e  em pirica l resu lt thus 

g ives a  stifFness o f  backfill w ith  such  a  d isp lacem en t equal to  K = 

Ap /  Ay =  2kP a / 2 m m  =  1.000 k N /m 1. T he theo re tica l earth  

p ressu res w ere c learly  g rea ter th an  em pirical ones. T h is is 

h ow ever due to possib le  flo w  o f  the  loose leca-gravel u nderneath  

the w in g  w alls. Such  flow  tak es p lace  due to the lack  o f  ex ternal 

em ban k m en ts  o u tsid e  o f  w ingw alls. It m ust a lso  be no ted , that 

the  stress h isto ry  o f  back fill can n o t be  estim ated  accurately .

4.3 Strains o f  reinforcement bars

T he o b served  stra in  o f  th e  m ain  re in fo rcem en t b ar in th e  support 

1 w as Ae = 75 m icro  stra in  units, w hile  the  theo re tica l one  w as 

Ae =  80 m icro  stra in  units. T he d isc repancy  is thus guite  

nom inal. T he theo re tica l va lu e  is larger than  the  em pirica l one, 

w hich  ind ica tes a  g rea ter theo re tica l bend ing  m om ent. T he resu lt 

is analog ic  to  d isp lacem ents.

5. C O N C L U SIO N S

T his pap er con ta ins the  S S I-m odeling  p rincip les o f  facto rs 

a ffe c tin g  the  long itud inal stiffness o f  a  jo in tle ss  b ridge on  piles. 

T he p rin c ip le s  p resen ted  here  prov ide reasonab le  accuracy  

(K osk inen , u n pub lished ) and  are  thus recom m ended  fo r use. T he 

app ro ach  fo r the  d e te rm in a tio n  o f  soil b ehav iou r w ith  sp rings is 

g iven , w h ich  is app lied  in the  ex am p le  calcu lation .

T he com parisons show , tha t c lea r a lthough  not ex trem ely  

large d isc repanc ie s betw een  the  test resu lts and FE M -analysis 

take place. Such d iffe ren c ies  are  likely to ap p ear due to  the 

num erous fac to rs a ffec ting  the  longitudinal stiffness o f  such a 

system .

A n ad d itional inaccu racy  w ith  the  analysis is in troduced  

due  to  the sho rtcom ings in the  p a ram eter estim atio n  procedure. 

T he p roperties o f  low er layers o f  soil a round  piles w ere  es tim ated  

only on the bas is  o f  soundings. A dditional u n certa in ties appear, 

b ecau se  soil p roperties canno t be  accu ra te ly  p red ic ted  in the 

im m ed ia te  v ic in ity  o f  structure. T he sign ificance  o f  th is is 

em phasized , b ecau se  the stra in  level in these tests w as low.

T he resu lts show , that the  b ehav iou r o f  such a b ridge is 

lin ear a t the  load  level

app lied . T h e  u tiliza tion  o f  u ltim ate  long itud inal cap ac ity  is thus 

low. T he sam e tendency  is o b served  w ith  b reak  load tests 

(K osk inen , unpub lished ), a lthough  no t p resen ted  here. T he 

system  is thus very  s tif f  in re lation  to the ap p lied  load.

T he study gives an estim atio n  o f  the  long itud inal stiffness 

o f  a typical h ighw ay bridge. T he stiffness given is natu rally  valid
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only  at the  load  level app lied . A teo re tica l study p rov id ing  all 

th o se  fac to rs a ffe c tin g  the  long itud inal stiffness show s, th a t w ith  

the  load  F=660kN  the  re la tiv e  portions o f  these  fac to rs are 

roughly  as fo llow s;

- end  p la te -b ack fill-in te rac tio n  2/3

- track -s leep er-b a lla st-d eck -in te rac tio n  1/5

- p ile-so il-in te rac tio n , rig id  connec tio n  1/5

T h ese  portions are  som ew h at in flu en ced  by the  load  level, bu t a  

g oo d  e s tim a tio n  o f  m u tual re la tio n s is how ever given.

6. A C K N O W L E D G E M E N T S

T his p ap e r has been  p rep ared  on a  bas is  o f  a  research  p ro jec t 

(K osk inen , u n pub lished ) co n cern in g  the  long itud inal b eh av io u r 

an d  S S l-p ro b lem s co n n ec ted  w ith  con tin u o u s n on-abu tm en t 

co n cre te  b ridges w ith  rig id ly  co n n ec ted  large d iam ete r piles. It 

has been  ca rried  o u t w ith  support o f  T he F inn ish  A cadem y  o f  

Science , T he F inn ish  N ational R oad  A dm in istra tion , T he F innish  

N ational S ta te  R ailw ays, R a u ta ruukk i L td., M V R -H aka Ltd. and 

K reu to  Ltd. It is su pe rv ised  by p ro fesso r Jo rm a  H artik a in en  a t 

T am p ere  U niversity  o f  T echnology .
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