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S YNOP SIS

A fte r the a tte m p t made by the famous Roman a rch ite c t ApcJlodor o f Damascus,who b u ilt  in  103-105 a .C . a bridge a t Tumu - 

Severin, which did not res is t in  tim e,D anube had to  w a it a lm ost 19 centuries to  see again permanent passes over i ts  low er course. 

These were the bridges b u ilt  a t the  end o f the 19-th century in  Rom ania,over the Borcea arm o f the Danube,at Fetesti,and 

over the Danube it s e lf ,a t  Cemavoda,under the d irec tion  o f Romanian c iv i l  engineer and professor Anghel Saligny.Provided with 

only one ra ilw a y , these bridges could not accomodate the t r a f f ic  o f present days.80 years a fte r  the inauguration o f Saligny's 

b ridg e s ,it was decided to  build new ones,close to  the existing bu t able to  support tw o  railw ays and a four-lane  road.The heavy 

loads as welL as the d if f ic u lt  so il conditions have imposed the use o f la rge d iam eter bored p iles. A lm ost 2,000 such piles have 

been incorporated in  the 8 foundations o f the  main bridges and in  the 87 foundations o f the v iaducts.Benoto p iles, w ith  recovera­

ble cas ing ,o f 1.08 m in  d iam eter,have been used predom inantly fo r  the v iaducts,w h ile  the piles fo r  the foundations o f the main 

bridges were exclusively piles w ith  s tee l casing ,1.96 m in  d ia m e te r , le ft in  p lace. A complex program o f f ie ld  tests on piles was 

set up and is  described. An outstanding te s t was performed on a 1.96 m d iam eter p ile ,on  the le f t  bank o f the Borcea arm , which 

was loaded d ire c tly  by placing le s t on a re inforced concrete cap up to  a to ta l load o f 40,080 kN ,probably the highest ever 

reached on th is  type o f loading scheme.
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SHORT GEOGRAPHICAL AND HYSTORICAL OUTLINE

Romania is  located in  the South-East o f the cen tra l p a rt o f 
Europe. With a surface o f 237,500 sqkm and a population o f 

more than 23 m illions, Romania is  a country o f medium size , 

crossed by the pa ra lle l o f 45 and cu t in  a lm ost tw o  equal 

parts by the meridian o f 25 .The te rr ito ry  o f Romania is  

re lated to  the  presence o f th ree  major geographical elements: 

the chain o f Carpathians Mountains;the low er course o f Danu­

be,including its  mouth fo rm ing  a wonderful de lta ;the Western 

coast o f the Black Sea.

From the en tire  length  o f the Danube- 2,060 km - more than 

o ne -th ird , precisely 1,075 km , p ra c tica lly  a ll the  low e r course, 

are on Romanian te r r i to r y , e ithe r as a na tura l border w ith 

Yugoslavia,Bulgaria and Ukraine or in  the in te r io r  o f the 

country.O ne can rea lize  th a t bridges over Danube are o f v i­

ta l im portance fo r  th is  coun try .

The oldest known bridge in  the low e r course o f the Danube, 

which un fortuna te ly  did not surv ive,w as the bridge o f more 

than 1,200 m length  b u ilt  in  103-105 a .C . by the famous 

Roman a rc h ite c t ApoHodor o f Damascus near the tow n ca l­

led today Turnu-Severin.The bridge was commissioned to  

Apollodor by the emperor Trajan w h o ,a fte r his second and 

v ic to rious war against D acia ,rea lized th a t in  order to  keep 

his conquest a fixe d  bridge was m andatory.As mentioned,the 

bridge did not res is t in  t im e .I ts  ruins rem ind the Roman o ri­

gin o f the Romanian people.

The second permanent bridge in  the area concerned was b u ilt  

almost 19 centuries la te r,be tw een  1890 and 1895.There were 

actually th ree bridges,over the arm o f the Danube called 
Borcea,over a la ke ,E ze r,w h ich  was eventually fille d ,a n d  
over the Danube its e lf.T h e y  cumulated by the tim e  o f th e ir  

erection several records,as such:

-  a world record: w ith  the to ta l length  o f over 3 k m , it  

was the la rges t pass o f th is  kind ;

-  an European record: the ce n tra l span o f 190 m o f the 

bridge over Danube,was the la rges t in  Europe.

The foundations o f the  bridges were pneumatic caisson made

o f concrete and na tura l stone blocks on a stee l ske le ton , cove­
red by a s tee l sheet 8 mm th ick .T h e  caissons were founded 

a t 2 5 .. .2 7  m below the le v e l o f low est w a te rs ,w ith  an allo­

wable pressure on the base o f 10 daN/sqcm .The designer and 

the ch ie f engineer o f the  construction o f the bridge was the 

Romanian engineer Anghel Saligny, Professor a t the  National 

School fo r  Roads and Bridges from  Bucharest,the most vene­
rated figu re  o f the  Romanian h is tory o f c iv i l  engineering.

The bridges b u ilt  by Anghel Saligny between the town o f Fe- 

te s ti,n e a r the Borcea arm ,and the town o f Cemavoda,near 

the Danube,provided w ith  only one ra ilw ay, could n o t accomo­

date more than 83 pairs o f tra ins  per day in  1974,as compa­

red to  145 pairs o f tra ins  per day,the  capacity o f the line  

which was doubled in  1968-1970 on the land between the 

bridges. The need fo r  a new ra ilw ay bridge was obvious. As 

fo r  the  ca rs ,the  sole existing b rid g e ,a t G iurgeni-Vadul O ii

—

MOTORWAYS

—  existing
—  in  construction

—  in p ro je c t B J L G A

F ig . 1 Map o f Romania w ith  a mark fo r  the  loca tion  o f 

the  tw o  bridges
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(s tee l bridge completed in  1970) along w ith several e rod ing  

points by boats,were unable to  take  the t r a f f ic .  As a re su lt, 

in  1975,the Romanian M in istry o f Transportation decided to  

build tw o  more bridges fo r  double ra ilw ays ]ines,and also fo r  

a 4-lane road ,thus creating a lin k  between Bucharest and 

Constantza 42 km shorter than the existing one. As one can 

see in  the f i g . 1 , the tw o  bridges and the  14 km o f road con1 
necting them through the is land , make p a rt o f a motorway 

Bucharest-Constantza.This m otorway,whose construction s ta r­

ted in  1992,is  the C is t  to  be b u ilt  from  an am bitious program 

o f more than 3,000 km o f m otorw ays,to  be accomplished in  

Romania in  the  next decades.

SO IL CONDITIONS

Borcea b ridge . Gtealogical p ro file  ( f ig . 3) comprises a sequence 

o f layers o f sand ,s ilty  or clayey sand ,w ith  lenses o f sm all 

g rave l w ith  sand,up to  a depth o f about 40 m .fo llow ed by a 

la ye r o f marlish d a y  .s t i f f  and very s t i f f .  A t a depth o f about 

47 m is  a la ye r o f marlish lim e s ton e ,co m pa c t,w ith  a th ic k ­

ness o f 3 .0 -3 . 6  m. Unconfined compression tests on sample 

83 mm in  d iam eter from  th is  rock gave a strength ranging 

between 190 and 230 daN/sqcm .The lim estone is  fo llow ed by 

another la ye r o f marlish c la y ,7-10 m th ick .T h e  dotted line  
shows the s itua tion  in  1090.

GENERAL DATA ON THE BRIDGES

The new bridge over the Borcea arm a t Fetesti. was placed 

downstream , w ith  a s lig h t ob liqu ity  tow ard the existing one, 

a t about 4 0 . . . 1 0 0  m distance.The bridge has a to ta l length 

o f 9 7 0  m , made of:

-  v iaduct o f the le f t  bank ,3 spans : 4 9 . 5 0 + 5 0 . 0 + 4 9 . 5 0  m

-  main b rid g e ,3 spans o f 1 4 0  m each

-  v iaduct o f the r ig h t bank , 8 spans : 4 9 . 5 0 + 2  x 5 0 . 0  + 

4 9 . 5 0 + 2  x 5 0 . 0 + 4 9 . 5 0  m

Danube b ridge . Geological p ro file  ( f ig . 4) puts in to  evidence 
alluvium deposits o f fin e  arid medium uniform  sands ,w ith  

lenses o f round g rave ls ,in  the major s trcam bed.In  some bo­

rings, th in  layers,under 2 . 0  m th ic k ,o f  cohesive so ils ,a lso  we­

re found.Sands are predom inant in  the minor s tream bed, fo l­

lowed by clayey marls and calcareous marls and by tu ffaceous 

lim estone which represents the bedrock a t a depth o f -25 .0  m 

below sea le ve l. The w idth o f the  r iv e r  in  the  bridge zone is  

about 450 m .the  speed o f w ater is  about 2 .9  km /h . Compara­

t iv e  studies o f the  b a tim e tric  measurements showed th a t in

1048.SO i4ti nn m  nn un nn m m

I'1' l!i±-25.00'& ii! M il*
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F ig . 2 General la y  -  ou t o f the  Danube bridge a t Cernavoda

+ 12.24 SEA LEVEL

F ig . 3 Borcea bridge -  geological p ro file F ig . 4 Danube bridge -  geological p ro file

The new bridge over Danube a t Cernavoda was placed up­

s tre a m ,a t a_ distance between 30 and 80 from  the existing 

bridge.The to ta l length  o f the Cernavoda bridge is  over 

1,700 m ,from  which :

-  v iaduct on the le f t  bank, 17 spans to ta llin g  1 ,098 .5  m

-  main b rid g e ,3 spans : 140 + 190 + 140 m

-  one span lin k in g  w ith  the  r ig h t bank :68.50 m

85 years (1890 -  1975)the w idth o f the  Borcea arm increased 

by 100 m, while the old Danube reduced its  w idth a t Cerna­

voda by the  same a mount. For the both bridges, the  to ta l 

erosion a t high waters was estim ated to  be 8 . 0  m in  the 

major stream bed and 16.0 m in  the minor stream bed.

F ig . 2 shows a general la y -o u t o f the bridge.
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FOUNDATION SOLUTIONS

Since on both lo ca tio n s ,in  the minor streambed appeared 

layers o f  lo w  bearing capacity 15 to  20 m in  thickness, 

namely f in e ,s ilty  and clayey sands,the only e ff ic ie n t solu­

tions fo r  viaducts seemed to  be th a t on large d iam eter piles, 

lowered to  the high bearing layers o f sand w ith grave l. This 

solution was imposed no t only by the bearing capacity c r i­

te rion  but also by the deform ation c rite rion ,hav ing  in  mind 

th a t the upperstructure fo r  the viaducts are s ta tic a lly  inde­

te rm ina te  continuous beams w ith  3 o r 4 spans. A d iffe re n tita -  

tio n  was made based on the elevation o f p iers.

For piers o f low e levation,betw een 0 and 20 m ,a t which the 

upperstructure had in  general mobile bearings,Benoto bored 

piles w ith recoverable casing o f 1.00 m d ia m e te r,20-24 m 

in  leng th , were used.

For p iers a t high e leva tion ,o r where the upperstructure had 

fixed  bearings,bored piles o f 1.50 o r 1.74 m d iam eter were 
used.

For the main b ridges,in  the minor stream bed,end bearing 

p ile s ,1.96 m in  d iam eter,low ered  to  penetrate the la ye r o f 

marlish lim e s to n e ,a t Fetesti.and  the one o f tu ffaceous lim e ­

s to n e ,a t Cernavoda,were employed.

F ig . 5 Typica l foundation fo r  a v iaduct

The to ta l volume o f p ile  work was :

-  fo r  the main b ridges,in  the minor streambed:213 p iles,

1.96 m in  d iam eter,p laced in  8 foundations ;

-  fo r  the v iaducts ,in  the major strea mbed:1700 p iles, most 

o f them o f 1.08 m in  d iam eter,p laced in  87 foundations.

Figs. 5 and 6 show ty p ic a l arrangements o f p iles in  a v ia­

duct foundation and in  a main bridge foundation.

CONSTRUCTION METHODS FOR P ILE S AND FOUNDATIONS

Except Benoto p ile s ,a ll the  other piles were bored piles w ith 

le f t  in  place casing.

The construction phases fo r  the 1.96 m d iam eter piles used 
in  the foundation o f the  main bridges were the fo llow ing  :
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F ig. 6 Typica l foundation fo r  a main bridge

-  on the top o f the casing a pa ir o f v ib ra to rs was placed 

by the in te rm ed ia ry  o f a cap and was pu t to  work in  order 

to  low e r by v ib ra tion  the tube ;

-  a fte r  the f i r s t  section o f the tube ceased to  penetra te ,as 

a resu lt o f the high fr ic t io n  developed between the so il and 

the casing both inside and outside the tu b e ,th e  v ib ra to r was 

removed in  order to  allow the boring o f the  so il plugged 

inside ;

-  new sections o f the  casing were added by welding,as 

phases o f v ib ra tion  and boring were a lte rn a tin g ,u n til the  f in a l 

leve l,estab lished in  the p ro je c t, was reached ;

-  the rebar cage was lowered in  the casing ;

-  the concrete was placed using the C ontractor method.

A ll p iles,regardless the irs  d iam eter and type ,w ere  equipped in  

order to  allow the grouting a t the base. W ate r-cem ent grout 

was used and the grouting s ta rted  a fte r  the whcde group of 

p iles under a foundation was pu t in  place. ,

Various procedures have been used fo r  the construction o f the 

re inforced concrete cap connecting the p iles. They d iffe re n tia ­

ted depending on the depth o f the w ater in  the location  

o f each p ie r . I t  is  worthwhile to  describe here the method 

used fo r  p iers a t high w a te rs ,in  the minor s tream bed,a t which 

the main fea tu re  o f the construction o f the concrete cap con­

necting the piles and supporting the p ie r was the use o f a so- 

called caisson-cap. Three such caisson-caps, made a t the 

G ala tz i shipyard and transported by f l o a t i n g ,  lik e  boats, 

on the Danube,having a surface o f about 500sqm and a height 

o f 3 m ,were used. Openings were previewed a t the bottom of 

these boxes fo r  guiding eventually the  1.96 m d iam eter ca­

sings. During the transp o rta tio n ,th e  openings were t ig h tly  

c losed ,to  allow flo a tin g .

The f i r s t  stage o f the construction o f the concrete c a p ,a fte r 

the  tow ing o f the caisson from  the shipyard to  the  s ite , was 

to  place the caisson in  the mouth o f a DeLong p latform  

anchored in  place ( f ig . 7 ).In  order to  be lowered a t the  design 

le ve l (14-16 m under the le v e l o f highest waters)the caisson 

was suspended in  4 s tee l co lum ns,in  fa c t  4 piles o f the fu tu re  

founda tion , descended to  the bearing la ye r and fu lly  o r pa rtly  

concreted ( f ig . 8) . By th is  w ay,the  caissons remained connected 

to  the 4 v e rt ic a l p iles w ithou t being linked  any more to  the 

flo a tin g  p la tform  and in fluenced by the varia tions o f the 

water le v e l. On the in te rn a l s te e l s truc tu re  o f the  caissons 

and on its  contour a supporting fram e and a sheet piles row 

was p laced.The he ight o f the sheet piles was chosen in  such
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F ig . 7 The caisaon -  cap in  the mouth o f the 

DeLong p latform
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F ig . 9 The caisson -  cap and the sheet p ile  w a ll 

lowered a t the f in a l le v e l

F ig . 8 V e rtica l section through the caisson -  cap and 

DeLong p la tform

a way t h a t  .a ft e r  low e r ing the  as s embly "s he e t pile s  +
+ cais son " . t h e  uppe r  pa r t  of t he  s he e t pile  t o  r e m ain above  
the  highe s t  wate r  le ve l.T he  whole  c o ns t r uc t ion ,w e ig ht ing  
about 900 tons ,s us pe nde d in  4 po ints , was low e re d to  the  
de s ign le v e l ( f ig .9 ) .Since  the  openings  o f the  bottom o f the  
cais son were  fr e e ,t h e  whole  as se mbly was  flo ode d .T he  pla ­
c e m e nt  of the  r e s t  of pile s  of the  founda t io n  fo llo w e d .P ile s  
were we lded in  s e c tions  o f 6 to  12 m .6 ach vibra tio n phase  
la s te d  be twe e n 10 and 15 minute s ,the n  the  v ib r a to r  was 
r e move d and the  bor ing o f the  s o il plugged ins ide  was done . 
Concre te  in  the  pile  was place d unde r  w a te r ,a ft e r  c le aning 
the  s t u ff a t  tne  bottom by means  o f an a ir  -  lif t .F o r  the  
w a te r t ig ht ing  of the  ca is s on ,s te e l pla te s  had to  be place d 
a round the  cas ing o f the  pile s  (fig . 10). This work was  done  
unde r  wate r  in  a s te e l be ll made o f a pressed a ir  lo c k  and 
a 14 m in  he ig h t  and 2 .1 0  m in  d ia me te r  (2 .7 0  m in  the  
low e r  2 m) tub e . Air  pres sure  of 1 .2 - 1 .7  bars  was us ed. Afte r  
w a te r t ig ht ing a ll the  p ile s ,th e  wate r  was  pumpe d and the  
mud 3- 4 m in  h e ig h t ,a t  t he  bottom o f the  ca is s on ,w as  r e mo ­
ve d. The cons tr uc t ion in  dry of the  r e infor c e d  conc re te  cap 
conne c ting the  pile s  could the n pr oce e d ,fo llow e d by the  
e r e c tion o f conc re te  pie r s , p r o te c te d  by 50 cm th ic k  gra nite  
blocks . Thus , the  in fr a s t r uc tur e  was comple te d .

F ig . 10 W atertighting o f the p ile  using the 

compressed a ir lock

F IELD TESTS ON P ILE S

Taking in to  a c co unt  the  g r e a t  numbe r  o f pile s  and the  con ­
s t r uc t io n  me thods  proposed by the  de s igne r  and ac ce pte d by 
the  c o n t r a c to r ,a nd  also the  provis ions  of the  Romanian code  
fo r  bored pile s  which re quire  t h a t  fo r  im p o r t a n t  jobs  and in  
d iffic u lt  s o il conditions  the  de te r m ina t io n  o f the  be ar ing 
capac ity  o f pile s  to  be  based on loa ding t e s t s ,a  comple x  
program o f te s ts  and re s e arch was s e t  up . A t o t a l numbe r  of 
11 pile s  were te s te d a x ia lly , from which 3 have  been te s te d 
outs ide  the  founda tions  (te s t  pile s  prope r ly  name d)and the  0 

othe r s  were  te s te d on the  founda t io n  s ite  and re maine d in 
the  fo un d a t io n .F o r  th is  la s t  c a te g o r y ,a  maximum loa d  up to
1 .5  t im e s  the  e x plo ita t io n  lo a d  was  ac c e pte d .T he  thr e e  te s t  
pile s  were place d on the  le f t  bank o f the  borce a  a r m .In  
fa c t ,  mos t o f the  e ffo r t s  o f the  e x pe r ime nta l program con ­
c e nt r a te d  on the  Borcea br idge ,s inc e  i t  was the  one  to  s t a r t  
with and a ll the  r e s ults  and in fo r m a t io ns  to  be  ob ta in e d ,
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e ithe r  from the  s tand po in t  o f the  pile  be haviour  unde r  

loa ds  or  from t h a t  o f the  cons t ruc tion te c hnique s ,c ould  have  

been be ne fic ia l fo r  the  works  to  fo llo w .

The major  t e s t  was to  be  pe r forme d on a 1.96  m diame te r  
p ile .S inc e  i t  was a n t ic ipa te d  to  r e a ch a maximum a x ia l loa d 
o f 45 ,000  kN, the  only fe as ible  s olution appeare d to  be  the  
loa d applie d directLy on a r e infor ce d concre te  cap 10 x 10 m, 
3 .0  m in  h e ig h t ,b u ilt  on the  top  of the  t e s t  p ile .T he  s ame  
s olution was applie d also to  two Benoto p ile s ,fo r  which the  
caps  had 7 .5  x 7 .5  m and 2 .5  m in  he ig h t.

The thre e  te s t  pile s  are  shown in  the  fig . 11.

lo a d ,t h e  s lope  o f the  load- se ttLemerit diagram s lig ht ly  chan­
ge d, as  a r e s ult  o f the  mob iliza tion o f the  skin fr ic t io n .T h e  
f in a l s e t t le m e nt  was of only 2 0 .6  mm.

The tw o Benoto te s t  pile s  on the  Borcea s ite  were  also lo a ­
ded directLy.T he  fir s t  loa d was r epre s e nte d by the  we ight of 
t he  cap :4 ,0 00  kN.T he  concre te  o f the  cap was place d in 
c o n ta c t  with the  ground. A manual e xc ava tion corresponding 
roughly t o  50 % o f the  c o nta c t  area was the n pe r fo rme d.T he  
r e s t  of the  c o nta c t  was c u t  by a s te e l cable  towe d by a 
t r a c to r .T he n  the  loa d on the  cap was applie d in  incre me nts  
of 1 ,0 00  -  1 ,2 00  kN.Unde r  the  fin a l loa d o f 13 ,000  k N .th e  
s e t t le m e nt  r e ache d 90 mm.T he  s econd Benoto pile  with d ir e c t  
loa ding on the  cap be have  in  a s im ila r  way: fo r  a loa d  of 
15 .195 kN the  s e t t le m e nt  was  10 ,9  mm.

As me ntione d b e fo r e ,the  8 o the r  pile s  were te s te d on the  
s it e  o f the  founda tion in  which the y  were inco rpora te d even­
t u a lly . The loa d was applie d through hydraulic  ja c k s ,t h e  r e a c ­
t io n  be ing provide d e ithe r  by p la t fo r ms  s upporte d by the  
ground and le s te d to  insure  the  counte r - we ight or  by pla t fo r ms  
conne c te d to  2 or  4 anchoring pile s .

The re s ults  o f the  te s ts  on ax ia lly  loade d pile s  are  s ummar i­
ze d in  the  t a b . l.S o m e  a dd itiona l comme nts  on s e ve ral 
r e s ults  seem ne ce s s ary. Tes t No. 6 , on a s te e l cas ing 1 .5 0  m 
in  d ia me te r  and 30 m in  le ng th ,low e r e d  by vib ra t ion and 
the n lo f t  unc oncr e te d,ha d as  purpose  to  pu t  in to  e vidence  
the  be ar ing ca pa c ity  due  sole ly to  skin fr ic t io n . An ave rage  
lim it  value  o f 37 kN/sqm fo r  the  u n it  skin fr ic t io n  was thus  
r e c orde d.T wo Benoto pile s  o f e qua l d ia me te r  and le ng th  and 
in  s im ila r  s o il co nd it io ns (te s ts  N o .5 and 8 ) e xhibite d s ig nifi­
c a n t  diffe re nce s  in  de fo rmat ions  unde r  lo a d  due to  the  fa c t  
t h a t  one  had the  base  groute d while  the  othe r  had n o t . Test 
No. 7 on a 1 .7 4  m dia me te r  pile  made  o f a vibr a te d re in fo r ­
ce d conc re te  c a s in g ,lo w e r e d  a t  a de pth o f 24 m ,had to  be  
s topped a t  the  loa d o f 10 ,000 kN be cause  o f the  fa ilur e  o f a 
bo lte d jo in t  o f one o f the  anchoring pile s .

Re f e r e n c e
b e a m

F ig . 11 The thr e e  t e s t  pile s  on the  le f t  bank of 
the  Borcea arm

The le s t  to  be place d on the  concre te  cap was  made of 
s tacks  o f r a ils , we ighting 23 ,00 0  kN and o f s t e e l bar s  we ight ­
ing 0 ,0 0 0  kN.Loa d in g  was  made  in  s te ps ,e a c h  s te p o f about  
200  t o n s ,up  to  the  maximum a llowe d by the  cond itions  of 
s ta b ilit y  o f the  le s t ,n a m e ly  40 ,0 00  kN,in c lud ing  7 ,5 00  kN 
the  own we ight o f the  c a p ,w it h o u t  r e a ching thus  the  u lt i­
mate  loa d o f the  p ile .

The loa d- s e t t le me nt dingram o f the  Borcea 1 .96  m diame ­
t e r  pile  is  shown in  fig .  12. As one  can s e e , up to  the  se ­
ve nth loa d s tage  (20 ,0 00  kN) the  s e t t le m e nt  incre as e d 
a lm os t  line r ly  with the  lo a d ,r e a c h ing  8 .0 8  mm. Afte r  th is

1 0 ,0 0 0  2 0 ,0 0 0  3 0 ,0 0 0  k N

F ig . 12 Load -  s e t t le m e nt  diagram of the  1 .9 6  m 
dia m e te r  pile  Borcea

No. S i t e Ty p e  o f  p i l e Di a m . m Lo a d /s e t t l e m e n t  K N /m m

Lengt h m a  b  c  f i n a l

1
B o r c e a  

T e s t  1

V i b r a t e d  

s t e e ! c as ing  

Un a r o u t e o

1 .9 6 6 .0 0 0 13 .50 0 2 5 .0 0 0 4 0 .0 0 0

5 1 .5 0 2 .2 Û 5 .0 0 1 1 .4 0 2 0 .4 0

2
B o r c e a  

T e s t  2

B E N O T O

Un g r o u t e a

1 .0 8 4 .8 0 0 6- 000 1 0 .0 0 0 1 3 .0 0 0

2 5 .0 0 1 8 .7 0 2 1 .1 7 4 2 9 2 9 0 .7 9

3
B o r c e a  

T e s t  3

B E N O T O

Un g r o u t e d

1 .0 9 4 .6 3 0 6 .5 3 0 8 .8 4 0 15 .1 9 0

2 5 .0 0 0 .8 3 4 .6 4 1 2 .5 4 109.27

4
B o r c e a

v i a d u c t

B E N O T O

G r o u t e d

1 .0 8 2 Û OO 3 .2 0 0 4 .0 0 0 5 .2 0 0

2 0 .0 0 1 .2 6 2 .1 4 3 . 7 1 4 .5 9

5
D a n u b e  

v i a d u c t  

p i e r  1

B E N O T O

On g r o u t e d

1 .0 8 2 2 5 0 3 .1 5 0 3 .6 5 0 4 .9 5 0

2 5 .0 0 3 .5 5 7 .0 8 f t .7 4 4 4 .0 7

6

D a n u b e  

v i a d u c t  

D ie r  2

V i b r a t e d  

s t e e l  c as i n g  

Unconcr et ed

1 .5 0 3 .6 0 0 4 .8 0 0 5 .2 5 0 5 .2 5 0

3 0 .0 0 5 .1 6 1 2 .7 5 1 8 .2 6 1 8 .2 6

7
D a n u b e  

v i a d u c t  

p i e r  5

V i b r a t e d  

n c . c a s i n g  

G r o u t e d

1 .7 4 6 .0 0 0 8 0 0 0 1 0 .0 0 0 1 0 .0 0 0

2 4 .0 0 1 .9 0 4 1 2 6 .8 5 6 .8 5

8

D a n u b e  

v i a d u c t  
p i e r  9

B E N O T O

G r o u t e d

1 .0 8 2 .6 0 0 3 .6 0 0 4 .8 0 0 6 0 0 0

2 5 .0 0 2 .0 7 4 .0 7 8 .0 3 1 5 .8 6

9
D a n u b e  

v i a d u c t  
p i e r  1 4 1

B E N O T O

Un g r o u t e d

1 .5 0 3 .2 0 0 4 .5 0 0 6 .0 0 0 8 .5 0 0

2 5 .0 0 2 .6 0 9 .6 0 2 6 .0 0 3 6 .0 0

10

D a n u b e  

v i a d u c t  „  
p i e r  1 4 1

B E N O T O

G r o u t e d

1 5 0 2 .2 0 0 4 .4 0 0 6 .0 0 7 .2 0 0

2 4 0 0 2 .5 7 6 .8 3 1 5 .4 3 2 8 .2 0

If

D a n u b e  

b r i d g e  

R i v e r  p i e r

V i b r a t e d  

s t e e l  c as i n g  

G r o u t e d

1 .9 6 6 .5 7 0 1 4 .3 7 0 2 1 8 7 5 2 1 .8 7 5

2 8 .0 0 3 .4 1 8 .5 5 1 6 .2 0 1 6 .2 0
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The la s t  t e s t  o f the  whole  program was car r ie d o u t  on a

1 .9 6  m dia me te r  p ile ,in  one of the  founda tions  o f the  Danu­
be  br idge  a t  Ce rna voda .A r e a c t ion pla t fo r m with tw o  s te e l 
fr a me s  and four  anchoring pile s  was us e d .F ive  hydraulic  
ja c k s ,o f 5 ,0 00  kN ca pa c ity  e a c h ,ha ve  been used to  apply the  
lo a d . A s pe c ia l problem was put  by the  e x te ns ion of the  pile  
from the  le v e l o f the  c a p ,w he r e  the  conc re t ing was s toppe d, 
to  the  le v e l of the  te s ting  p la t fo r m , in  t o t a l 15 .5  m .A t e m ­
porary e x te ns ion was c re a te d by in tr oduc ing in  the  main ca ­
s ing of 1 .9 6  m dia me te r  a new co nc e ntr ic a l tube  o f 1 .50  m 
d ia m e te r , with concre te  on 2 .0  m a t  the  low e r  pa r t  and the  
annula r  s pace  be twe e n the  tube s  concre te d on it s  e ntir e  le n ­
g th .T he  loa d was  applie d in  inc r e me nts  o f 1 ,0 00  k N ,up  to  
21 ,87 5  kN.w he n  a s e t t le m e nt  of 16 .28  mm was re corde d.

This  was  an ins t rume nte d p ile .  Both e le c trore s is t ive  and 
vibr a t ing wire  tr ans duce r s  were used in  orde r  to  asses  s tr a ins  
and s tre s ses  a t  var ious  lo c a t io ns  along the  pile  s h a ft . Electro-  
r e s is t ive  tr ans duce r s  have  been o f the  Mus tran type  and 
were manufa c ture d  a t  the  shop o f t tie  Buchare s t  Rese arch 
In s t itu te  fo r  T rans por ta tion us ing fo r  the  e le c t r ic a l pa r t  
mate r ia ls  provide d by the  Unive rs ity o f Texas a t  Aus tin in 
the  fr a m e  o f a coope ra tive  r e s e arch p r o je c t .Vib r a t in g  wire 
tr ans duce r s  have  been of Tele mac ty p e . Both Mus tran and 
Tele mac tr ans duce r s  have  been place d be twe e n the  bars  
of the  r e bar  cage  a t  a minimum dis tanc e  of 120  mm from 
the  c a g e ,to  the  in t e r io r ,in  orde r  t o  ob ta in  a good e mbe d­
ment in  the  co nc re te .

F ig . 13 Load -  d is tr ibution  curve s  fo r  ins tr ume nte d 
pile

The pr o te c t io n  o f cable s  fo r  a ll tr ans duce r s  was  as sured by 
s te e l tube s  place d be twe e n the  bar s  o f the  r e bar  cage  and 
e x te nded to  the  uppe t pa r t  o f the  pile  tub e . De s pite  p r o te c t i­
ve  me as ure s , some  of the  tr ans duce r s  fa ile d .Ne ve r the le s s ,the  
in s t r um e nta t io n  le d  to  s e ve ra l cons is te nt r e s ults  which are  
pre s e nte d in  fig .  13, 14 and 15.

In  ge ne r a l,the  be haviour  of the  1 .96  m dia m e te r  pile  fo r  the  
Danube  br idge  has  a s t r ik ing re s se mble nce  with the  one  of 
the  1 .9 6  m d ia m e te r  pile  from the  Borcea br idge .T he  load-  
s e t t le m e nt  r e la t ions h ip  was lin e a r  up t o  a loa d o f 11 ,875  kN 
unde r  which the  s e t t le m e nt  was 6 .3 1  mm.T he n the  s lope  
o f the  curve  change d a lit t le , t h e  f in a l s e t t le m e nt  unde r  a 
loa d o f 21 ,87 5  kN be ing 16 .28  mm.

The fie ld  te s ts  program inc lude d also the  ho r izo n ta l loa ding 
o f the  1 .9 6  m d ia m e te r  pile  on the  le f t  bank of the  Borcea

arm a ga ins t  a fr a m e  made by conne c ting the  caps  o f the  
tw o 1 .0 8  m dia me te r  Be noto p ile s . Unde r  the  maximum ap ­
plie d loa d o f 1 ,7 55  kN the  la t e r a l de fle c t io n  of the  pile  was 
o f 16 .57  mm.

F ig . 15 End be ar ing vs t ip  move me nt and s kin fr ic t io n  
vs  t ip  move me nt fo r  the  ins t r ume nte d  pile

CONCLUSIONS

A major  c iv il e ngine e r ing work has  been re c e n tly  comple te d 
in  Romania  : the  new Oanubian br idge s . Deep founda t io n  e le ­
ments  o f high be ar ing c a pa c ity  have  been used in  gr e a t  num­
be r  - 1,913-  t o  solve  the  d iffic u lt  founda t io n  proble ms .T he  
comple x  re s e arch program on the  s it e  gave  the  oppor tunity  
o f a comple te ly  unus ua l loa d t e s t  in  which a le s t  applie d on 
a la r ge  cap o f a pile  1 .9 6  m in  dia m e te r ,le d  to  a t o t a l ax ia l 
loa d o f 40 ,08 0  kN which r e p r e s e n ts ,a t  the  be s t knowledge  of 
the  a u tho r s ,t he  highe s t  loa d e ve r  r e a che d by th is  manne r on 
a t e s t  o f pile s .

F ig . 14

14mm

Load -  t r a ns fe r  curve s  fo r  ins t r ume nte d pile
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