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SUBSIDENCE OF THE NORTHERN ABUTMENT OF THE RAILWAY BRIDGE ACROSS THE HOLLANDS DIEP

VI 3 3  I r .  F.C . de NIE

Netherlands Railways

When in  1945 the railw ay bridge across 
the Hollands Diep in  the lin e  Rotterdam -  Bre­
da of the Netherlands Railways was repaired, 
fou r spans of th is  bridge have been replaced 
by an earthen dam and a short connecting 
brid ge, which i s  sustained at one side by one 
of the e x is tin g  p ie rs , and at the other side 
by a new abutment (vide f i g . l ) .

FIG.1

At the p lace of the new abutment the 
earthen dam belonging to  these works has a 
thickness of more than 17 metres; i t  reaches 
from 9 -- metres above N.A.P. (New Amsterdam 
Level) to  8.50 metres below N.A.P. The sub­
s o i l  supporting the dam co n sists  of s l ig h t ly  
s i l t e d ,  fin e  grained sand, but from 17.30 to 
22.15 m below N.A.P. there are cohesive la y ­
ers .

A fte r  considering the re s u lts  of the in ­
v e s tig a tio n  of the s o i l ,  i t  was decided to 
b u ild  the abutment on concrete p ile s  with 
square sh afts  of 43/43 cm and rein forced  fe e t  
o f 55/55 cm at 13. -  m -  N .A.P.. The area of 
the fe e t  of these p ile s  amounts to 3025 sq.cm, 
the weight i s  4J- tons.
The bearing cap acity  in  equilibrium  of the 
la y e rs  of s o i l  at th is  depth, as i t  appears 
from the depth sounding t e s t ,  i s  about 70 
kg/sq.cm so th at the bearing capacity  in 
equilibrium  of the p ile s  i s  found to  be 212 
tons.

The dead load on the abutment causes a 
pressure of a p ile  on an average of 29 tons 
a p i le .  With l iv e  load th is  average becomes 
about 43 tons. In the most unfavourable po­
s it io n  of the load the pressure of a p ile  may 
increase to  50 tons in  some p ile s ,  but these 
pressures are only of a very short duration 
and moreover i t  i s  only very ra re ly  that they 
occur.

The p ile s  are loaded not only by the 
dead and l iv e  lo ad s, but a lso  by the negative 
f r ic t io n  along the aggregate of spaced p il in g  
as a consequence o f the subsidence o f the new­
ly  dumped road-bed. This was fig u red  out at 
34 tons a p i le .  The t o t a l  load on the fo o t of 
the p ile  th erefore  i s  more than 68 tons.

I t  appeared, however, th at the p ile s  
could not be driven in  to  a deeper le v e l  than,

on an average of 10.40 m below N .A .P ., w ith  
the rammer of the p ile - d r iv e r  which was a- 
v a ila b le  during the con stru ction  and which 
weighed 3 tons; during the la s t  blows the 
average p en etration  of the p ile s  was 0.28 cm 
at each blow. I f  the bearing cap acity  in  e- 
quilibrium  o f the p ile s  at th is  depth i s  c a l­
cu lated  from the data of the depth sounding 
t e s t ,  then 76 tons are' found which load is  
qu ite near to the re a l load.

Experience, however, shows th at the s o i l ,  
i f  co n sistin g  of sand, u su a lly  i s  stron gly  
compressed under an aggregate of concrete 
p i le s ,  so th a t there need be no fe a r  fo r  lo ss  
of equilibrium  of the s o i l  under the fe e t  of 
the p i le s ,  a lso  because, when c a lc u la tin g  the 
bearing cap acity  in  equilibrium , the minimum 
value of 25 kg/sq.cm which was shown by the 
depth sounding t e s t ,  was applied. C ertain ty  
concerning th is  might be obtained by execut­
ing a depth sounding te s t  between the aggre­
gate of p i le s ,  fo r  instance at the fro n t of 
the abutment.

CONE RESISTANCE

FIG. 2
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The p o s s ib i l i t y ,  however, that the a— 
butment w i l l  s e t t le  a l i t t l e  as a r e s u lt  of 
the presence of the cohesive la y e rs  from 
about 17 to  22 m below N.A.P. i s  by no means 
out of the question.

In order to  obtain data concerning the 
p ro p erties of co m p ressib ility  o f these la y ­
e rs , undisturbed samples were taken from the 
boring depicted in  f i g .  2, which have been 
examined in  the Laboratory fo r  Soil-m echanics 
at D e lft . The re s u lts  of the experiments have 
been depicted in  f i g .  3*

L O A D IN ^ 9 / crn 1
05 I

SAMPLE I: SANDY PEAT 1940+ NAP c* 760/590 
SAMPLE 2 :GREY CLAY IB50+NAP c. 436/243 
SAMPLE 3 ¡CLAY WITH PEAT 1700+NAP c. 38i2/29l 
SAMPLE 4 ; GREY FIRM CLAY 2Q50+NAP c. 4Q6/2IO 
SAMPLE 5 .GREY CLAY 1700+NAP c= 26.6/155 
SAMPLE 6 :GREY CLAY 2050*NAP c= 25.6/164

FIG.3

By means of these data the subsidences 
were ca lcu la ted  fo r  the su b -so il as a re su lt  
o f the construction  o f the road-bed, as w ell 
as the ad d ition al subsidence caused by the 
load of the abutment.

This ca lc u la tio n  started  from the formu­
la  of von Terzaghi which runs as fo llo w s:

Pp
z - 2.3 ^ 1°6

in  which z i s  the subsidence,
h the th ickness o f the la y e r  of s o i l ,  
P the constant of compression,
P i the o r ig in a l tension in  the la y e r  

of s o i l  in  view, and 
the new tension.

FIG. 4 , 5

FIG.6

The subsidence o f the su b -so il as a re­
s u lt  o f the construction  of the road-bed was 
fig u re d  out at more than 29 cm (vide f i g . 4 ).
I t  may be assumed th at the part o f th is  that 
corresponds w ith  the s e t t lin g  of the la y e rs  of 
sand w i l l  p r a c t ic a lly  have come about, before 
the beginning of the bu ild in g  of the abutment.
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The subsidence caused by the compression of 
the cohesive la y ers  to  the amount o f more than
17 .4  cm would therefore  — in  so f a r  aa th is  
has not been completed when the p i le s  are 
being driven in  — s t i l l  have to  be expected as 
a subsidence of the abutment.

According to  ca lcu la tio n s  a subsidence 
o f 64- cm must be expected to  be caused by the 
new load on the su b -so il as a re s u lt  of the 
b u ild in g  of the abutment.

The ultim ate subsidence df the abutment 
sin ce the beginning o f bu ild in g  would there­
fo re  have to be between 67 and 24 cm.

The measured subsidences have been repre­
sented in  f i g . 6. The subsidence o f the d i f fe r ­
ent p oin ts v a r ie s  from 1 to  2 cm.

As appears from the form o f the l in e s  of 
subsidence, i t  i s  improbable, tl^at there w i l l  
be a subsidence o f 24 cm, w h ilst to  a l l  ap-

pearance the minimum of cm w i l l  not be 
reached.

Hence we must suppose th at the cohesive 
la y e rs  possess a higher c o e ff ic ie n t  o f com­
p r e s s ib i l i t y  than was determined from the ex­
periments and th at the in fluen ce of the 
i n i t i a l  ten sion  these la y e rs  w i l l  have had, has 
been lo s t  during the sampling and the tran s­
p o rtatio n  o f the samples.

The r e s u lt  o f an experimental load exe­
cuted on one of the p ie rs  o f the same bridge 
p o in ts in  the same d irec tio n .

During the period of rep a irs  one o f these 
p ie r s , s t i l l  sustain in g the 2 bridges which 
caused a load on the foundation of 3300 tons, 
was loaded w ith r a i l s  having an ad d ition al 
weight of 1500 tons. The subsidences were ob­
served fo r  some months and amounted to  no more 
than about 2 mm.
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VI a 4
SETTLEMENT OF AUXILIARY PIER NO. 5 0& THE RAILWAY 

BRIDGE ACROSS THE MAAS (MEUSE) NEAR VENIO.'

I r .  F.C. de NIE 

Netherlands Railways

In 1945 when the bridge in  the railw ay 
Arnhem -  Venlo across the Maas was temporari­
l y  being repaired , some a u x ilia r y  p ie rs  ware 
b u il t  on the western bank. These co n sist o f a 
bed and a body o f the p ie r , both o f them o f

concrete, and have a spread foundation. Most 
o f the foundations r e s t  on a form ation con­
s is t in g  o f r iv e r  sand, but the foundation of 
p ie r  5 r e s ts  on a la y e r  o f  c la y .

A view and a ground-plan are shown in  f i g l

S I D E  V I E W G R O U N D  P L A N

P ier  V.

FIG.1
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