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however, may well resuit in a better condition 
of the roadbed by the additional application of 
a slàb of sludge slag.

After due considération of the advantages 
and disadvantages of the différent methods, it 
was decided to apply either the first, second 
on third method dépendent upon the condition 
of the soil and to apply a slab of sludge slag 
where necessary.

The stabilization-work was continued in 
1940, starting from the station Oudewater.

Along the first 200 running métrés of the 
railway a bed of fascines was considered ne
cessary on account of the presence of adjacent 
premises. Thereupon a trial was made to rein- 
force another very bad stretch of the Tailway 
by making use of the method of pénétration, but 
this resulted to be unfeasible; even when the 
sandfillings were raised to 3»50 m above the 
water level of the polder no pénétration took 
place (vide my publication under 6ub-section 
Illb 1 of the proceedings of this congress).

A compromise was decided upon, whereby the 
parallel ditches were dredged first and then 
filled in with sand up to 1.50 m above water- 
level.

Only at one single point of the railway 
pénétration has taken place, but apart from 
that, the work has been exeeuted satisfactorily 
and is nearing completion.

In the resident centre of the town pf Gou
da the reinforcement is being executed according 
to project No. 1, and this at a very slow rate, 
whereby not only the customary measurings of 
thé water pressure are taken, but also some 
other instruments are installed in order, to

observe latéral soil displacements (see my pu
blication in the proceedings Sub-Section IVa 1.)

Finally, a slab of sludge slag will still 
have to be applied along a large part of the 
section under review in order to ensure a settled 
profile of the railway, not only in those parts 
where undulation of the roadbed takes place but 
also in other stretches, where local irregular 
settings of the roadbed ' occur continually.

CONCLUSION i

1. Reinforcement of a railway on a soft subsoil 
must take place: in behalf on the safety of

the railway transport, when the setting of the 
railway has acquired such proportions that the 
necessary periodical restoration of the profile 
of the railway will lead to disturbances of the 
equilibrium of the subsoil;
2. in behalf of maintaining or increasing the 

speeds of trains.when tne undulation of the
railroad during the passing of trains has ac
quired such proportions, or else the soil- 
setting are unequal to such anestent degree that 
a sufficiently settled condition of the tracks 
at the required speed is not ensured.
The reinforcement in behalf of safety, preventing 
the loss of equilibrium of the roadbed, may take 
place by dumping sand into the ditches beside the 
railway.
The reinforcement in behalf of maintaining or 
increasing the speeds of trains may take place 
during the opération of the railway by applying 
under the tracks, a reinforced slab of "sludge 
slag" or of a material with similar properties 
with regard to setting time and elasticity.
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THE CONSTRUCTION OV THK MA.ARTUNNEL AT ROTTERDAM 

Ir. J.P. van BRUGGEN

When in the harbour district of Rotterdam 
a second connexion of great capacity was need- 
ed between both banks of the Maas River a choice 
was to be made between a tunnel and a bridge.
As the river traffic was very dense and con- 
sisted of ocean-going ships a fixed high level 
bridge was the only possibility for an over- 
ground connexion. This solution however had the 
disadvantage of long rampe that made the aver
age distance to be travelled by motorized traf
fic considerably greater than for a tunnel. As 
there was no appréciable différence between the 
cost of construction plus capitalized mainte
nance of both types, the tunnel was chosen.
(fis- 1)

The Maas tunnel consista of two passages, 
each for two lines of traffic and, for the 
river part, of an additional passage for pedes- 
trians and cycliste. This latter passage is 
divided into an upper part for the cyclists 
and a lower part for the pedestrians (fig. 2). 
It is connected with both river banks by means 
of escalators.

The river part of this tunnel was execut- 
ed by the so-called trench method, whereby 9

rectangular tunnel units of reinforced concrete 
having a length of approximately 63 métrés, a 
width of approximately 25 métrés and a height 
of approximately 8,5 métrés, were floated into 
position and sunk into a dredged trench, after 
which they were connected and covered.

The section executed by the trench method, 
terminâtes on both river banks in ventilation 
buildings, founded on pneumatic caissons. iîaeh 
of these two ventilation buildings houses.16 
fans of the propeller type for the automobile 
tunnels and one centrifugal fan for the pedes
trians and cyclists tunnel. The foundations 
of these buildings contain the lower ends of 
the escalators, which terminate at their upper 
ends in separate entrance buildings (fig. 3)• 

The ventilation buildings are situated at 
about-the quarter points of the total length 
of the cover&d tunnel. These points were fa- 
vourable for a variety of reasons. In the first 
place the lengths of the four ventilation sec
tions into which each passage is divided be- 
came almost equal, and consequently the con- 
sumption of energy for ventilation was the lo- 
west possible. Secondly, these buildings, when
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General Plan.

FIG. 1

Cross Sections at ventilation Building.

FIG. 3

Cross Sections of Hiver Tunnel and Land Tunnel, 
a: Automobiles, b: Cyclists, es Pedestrians.

FIG. 2

placed on the tunnel axis could be used effi
cient I7 as points of séparation between dif
férent foundation methods, a différence just- 
ified by soil conditions. Pinally, this loca
tion «as the most favourable one with regard 
to the situation of the escalators.

Landward of the ventilation buildings the 
reinforced concrets tunnel ramps are founded 
in an open trench between sheet piling. These 
ramps are, as far as they are covered, of a 
rectangular shape; in their upper part they 
are trough-shaped. The troughs are founded on 
wooden piles, on one barüc the rectangular part 
is founded on Pranki cast-in-place piles, the 
other is founded directly on sand. The open 
trench vas kept dry by means of well-points.

The data necessary for the planning of 
this well-point system were acquired by means 
of a test drainage installation. The définit
ive installation on each bank consisted of a- 
bout 30 well-points, each provided with a sub- 
mergible puap and motor unit and delivering 
about 20 litres per second. This installation 
lowered the ground vater level about 18 métrés.

Construction in drydock.

FIG. 4

Extensive soil investigations were neces
sary to determine the settlement of the clay 
and peat strata in the districts surrounding 
the building site and the influence of this 
settlement on the pile foundations of houses» 
After preliminary laboratoiy investigations a 
test installation permitted to measure the 
settlement of loaded piles in a soil with a 
lowered ground water table. Observations dur- 
ing a period of 6 months allowed the conclu
sion, that during actual construction an aver
age settlement of the piles of 7 centimetres 
was to be eapected, due partially to settlement 
of the strata under the pile points, partially 
to dowmrard forces originating from friction 
of the settling upper strata in contact with 
the pile shafts.

Other Investigations produced data neces
sary for the calculation of the dimensions of 
the land tunnel and the sheet piling for the 
open eut. During construction the measuring of 
the forces in several struts gave additional 
practical data on the distribution of stresses 
along a vertical wall.

Unusually exact methods were developedfor 
aligning, levelling and coupling the 9 prefa- 
bricated unité for the under river part of the 
tunnel. The construction of these urite st&rt- 
ed in a city-owned drydock. (fig. 4). Here, 
three at a time, the floors were constructed
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and tbe sidewallB built up halfway. To make it 
watertight each unit had a shell of 6 an weld- 
ed plates, reinforced at the outside by steel 
I-beams and angles and protected agalnst rust- 
ing by' a thin layer of reinforced concrete. Af
ter settlng up the bottom and aides of the 
shells these served as outside forms for the 
reinforced concrete floors and walls of the 
tunnel. Vlth the drydock concreting flnlshed, 
the ends of the tunnel unlts were closed by 
wooden bulkheads, so that, after fllllng the 
drydock, they could be towed to a jetty to be 
completed afloat. Thls requlred cautlous con
cret lng to prevent undue longitudinal stresses 
In the evenly supported but stlll unflnlshed 
unit. For the same reason the wooden bulkheads 
could not be replaced by reinforced concrete 
ones until the roof part was ready.

As the tunnel unlts, when completed,weigh- 
ed about 14 500 tons and had a displacement of 
13000 tons only, floating tanks had to be at- 
tached In time to both sldes. (flg. 5)« 
Vatertlghtness «as lnspected after flopding 
the tunnel roof with a shallow covering of wa- 
ter, créâting a partial vacuum inside the unit 
and entering it through an air lock on top of 
the tunnel. In thls way it was possible to test 
its watertlghtness under conditions correspond- 
ing to a water pressure of 5 métrés.

Portal-chaped steel towers were erected 
on each end of a unit by whlch to check its 
alignment in sinking and to manoeuvre it dur- 
ing sinking and levelling. Furthermore a sand- 
pumping plant was installed on top of the unit. 
Thls plant, whlch will be described later on, 
was necessary to inject sand between the unit 
in its final position and the bottom of the 
trench.

While the tunnel unlts were bèing complet
ed the trench was dredged across the river bed 
by means of a chainbucket dredger. Soundings 
taken after completion of the dredging, showed 
variations in the required depth not exceeding 
15 centimetres. Although thls demonstrates that 
dredging had been done with great précision, it 
had been clear from the beginning of the project 
that the tunnel unlts could not be sunk directly 
on this uneven surfaces.

As soon as a unit was completed and equip- 
ped it was towed to site and anchored, being 
accompanied by a barge equipped with a Diesel- 
electric generating plant from which the power 
required for operating the sand pumpe and other 
machines was obtained. Some 50 to 80 tons of wa
ter were then admitted to each of the floating

tanks. This gave the tunnel unlts and excess of 
weight over buoyancy of about 180 tons, 30 that 
it sank. Thls opération took place under the 
control of four flooting crânes, the tackle of 
which was slowly paid out. Each unit was placed 
1 metre distant from the end of the unit alrea- 
dy in position, which still carried on its out- 
ward end a levelling tower. This assisted in 
placing the new unit in its correct position 
(fig. 6, flg. 7).

The unit was lowered to wlthin a short 
distance of two 180-ton concrete saddle beams 
previously placed across the bottom of the 
trench by a floating crâne (fig. 8). These sad
dle beams were placed at 1/5 and 4/5 of the 
length of a unit. At this stage there was a

Tunnel unit equipped for sinking.

FIG. 6

Floating tankB.

FIG. 5

Sinking aanoevre.

FIG. 7
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Tunnel lowered on saddle beams.

FIG. 8

space of about 0.75 métrés between the bottom 
of the unit and that of the trench. The unit 
was then brought accurately to position In a 
vertical direction by means of 8 hydraullc 
presses mounted on Its roof. These operated 
seamless-steel tubes, called pendulums, whlch 
were carrled through holes In the valls of the 
unit and projecting below its base. Their lower 
ends made contact with the saddle bearna and by 
working the pendulums up and down by means of 
the hydraullc presses the unit could be brought 
ezactly to position. The pumps for operating 
the hydraullc presses were situated on the 
platforms of the levelling towers and were ar- 
ranged so that one pump operated the presses 
lylng above one of the beams and another those 
over the other beam, two at a time in pairs. 
This arrangement resulted in a Virtual three- 
point suspension, so that the unit could be 
very accurately levelled.

The unit was brought into correct position 
in an axial direction by means of the winches 
on the towers, timber-faced reinforced concrets 
buffer blocks on the unit coming into contact 
with similar blocks on the section already in 
position. In the transverse direction the unit 
waa brought into ita position by means of four 
other winches, operating cables connected to 
anchor blocks in the river bed. The adjustment 
in a vertical direction effectuated, a final 
adjustment in the tranaverse direction took 
place by means of hydraullc jacka connected to 
the side walls of the unit. These were pressed 
against cast-steel brackets on the saddle beams. 
When the unit was finally located the floating 
tanks were filled with water, disconnected by 
divers and prèpared for use with the nezt unit. 
This manoeuvre increased the load on the pen
dulums so that a readjustment of the vertical 
position of the unit became necesBary. This 
done, the actual déviation of the desired po
sition of each unit was, in three directions, 
less than 5 millimétrés.

The space between the bottom of the tun
nel and the bed of the trench was then filled 
with sand. This opération was carrled out by 
means of an arrangement whlch, in principle, 
consista of a vertical triple pipe bent to the 
horizontal at the lower end. The pipe is sus- 
pended from a movable tower on the tunnel roof

Sand puaping equipment.

FIG. 9

Jolning of fide walls.
FIG. 10

in such a way that lt can be brought into use 
at any desired position under the tunnel (fig. 
9). A mixture of water and sand is pumped 
through the central pipe and at the same time 
an equal quantity of water is sucked back 
through the outer pipes. As a resuit of this 
action a heart-shaped stream is formed in front 
of the three nozzles, the sand settling around 
the periphery in the form of a horseshoe. As 
soon as the points of the horseshoe corne near 
the outer nozzles, sand is drawn in with the 
suction water, a State of equilibrium being 
reached when the sand concentration in the suc
tion pipes is similar to that in the delivery 
pipe. When this stage has been reached the noz
zles are drawn back and a new horseshoe le 
formed. By repeating this opération a dike of 
sand is formed. Parallel sanddikes finally fill 
the whole space with a compact bed of sand of 
high denaity.

This condition reached, the penduluma, 
which in the meantime had carrled the weight 
of the tunnel unit, were gradually released 
so that the weight came on the sand bed. The 
small settlement which then took place brought 
the unit to its finally calculated position,
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Divin* bell opérations.

FIG. 11

Coapletion of joint fron tunnel lnterior

FIG. 13

Divine bell.

FIG. 12

which was detennined as a resuit, both of con
sidérations of soil mechanics and actual tests 
with the first completed unit before it was 
definitely submerged.

When a unit had been placed in position, 
and before the filling of the dredged trench 
had been commenced from both sides, it was con
nected to the unit already in position. The 
Joint between the side walle, on both sides, 
was first made by means of a fiat and a half- 
cylinder steel plate. These were inserted in 
a downward direction into guide slots previous- 
ly formed in the levelllng towers and in the 
ends of the units. The space between the fiat 
and the half-cylinder plates was then filled 
with under-water concrete (fig. 10).

For the next stage in the joining of the 
unita a diving bell of spécial form vas emplôy- 
ed (figs. 11 and 12). It was brought into posi
tion between the levelllng towers, bridging

End bulkhead without air lock.

FIG. 14

over the gap between the units. Claws at the 
ends of the diving bell gripped the sidewalls.
A rubber seating on the underside made a water- 
tight connection with the tunnel roof. After 
making a provisional connection between the 
claws and the steel plate side-wall joints it 
was possible to lower the water level in the 
bell and between the units sufficiently to 
carry out the jointing of the tunnel roof in 
the dry. The watertight steel shell also had 
to be connected at the joints. This was done 
by electric welding, preliminary investiga
tions having been carrled out in connection 
with welding under air pressure. These showed 
that good work could be produced by employing 
a spécial type of electrode, which was devel- 
oped for this work.

After this stage the diving bell and 
levelllng towers were removed and the comple- 
tion of the joints was carrled out from the 
inslde of the tunnel (figa. 13 and 14). In the 
end bulkhead of the tunnel unit previously 
placed, a manhole fitted with an air lock was 
provided. This was accessible from the tunnel 
unit which was first placed in position and 
which was fitted with three access shafts pro- 
jecting above water level. The space, in which 
the tunnel jointing had to be completed, was
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in this stage of the work contained between 
the end bulkheads of the two unité to be joia- 
ed and was bounded on the top and aides by the 
roof and side joints previously completed from 
the outside. This space could be entered by 
the air lock already mentioned, and by putting 
the space under compresaed air and expelling 
the water, the completion of the weldiog and 
concreting for the side walls and for the bot
tom could be completed in the dry. The end 
bulkheads were then removed and the air lock 
could be re-used at the next free tunnel end. 
With the completion of the Joint, the filllng

of the trench around the unit was completed, 
the filllng material covering the tunnel with 
an overburden of 1,5 métrés.

This method of Jointing could not be used 
for the connections between the two tunnel sec
tions adjoinlng the ventilation buildings, be- 
cause of the outer vertical faces of the cais
son foundations of these buildings. The method 
used was, however, the same in principle, the 
diving bell being formed by a spécial reinforc
ed concrete extension on the ends of the tun
nel unit.
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BOAD-CONSTBÜCTION ON SOFT SÜBS0I1S 

IT. H.A.M.C. DIBBITS

The Western part of the Netherlands, its 
subsoil consisting of peat and clay layers 
(with a thickness of up to 18 meters in some 
parts) with slight bearing capacity, imposes 
difflcult problems in road-construction.

Uethods of construction may be divided in 
three main groups, each group consisting of 
several systemé»

(I) Compression of the subsoil by the 
weight of the roadbed, serious disturbances of 
equilibrium of the soil layers being avoided.

(II) Partial or total removal of the soft 
soil layers and thelr substitution by sand*

(III) Transfer of the road bed weight to 
the sand strata underlying the soft soil layers 
by means of wooden or reinforced concrete foun- 
dation elements.

The oldest known construction was found in 
the eastem part of the country. It consisted 
of brushwood and logs and wlll approximately be 
4000 years old. Later on our ancestors applied 
an improved construction of fasclne-matressee, 
very similar to the brushwood blankets used for 
the protection of the underwater slopes of our 
dlkea.
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FIG. 1

Also in a modem "polder" road construction, 
we use the fascine-matress as a foundation élé
ment for the road bed, as shown in fig. 1. In 
order to accelerate the compression of the soft 
soil layers, the sand embankment is ralsed 
above road level, thus causing an extra load. 
This amount of sand is removed shortly before 
paving the road bed with Mac-Adam or bricks 
1), 2). The advantages of this type of con
struction are: firstly no serious disturbance 
of equilibrium of the subsoil and consequently 
no chance of damage to adjacent properties and 
secondly, a low consumption of sand. Its dls- 
advantage is the high rate of settling in the 
beglnning, which may last for a considérable 
time before slowing down, thus preventing the 
execution of paving works. A compromise may be 
found in a temporary pavement of bricks, which 
c&n easily be relaid. Finally an important 
point in the use of fascine-matresses is thelr 
liability to rot above the groundwater level.
In order to prevent thls possibility it must be 
submerged within half a year after its con
struction. In the exemple of fig. 1, the fas
cine matress settled 55 cm during sand dumping 
(1̂- months). After mont ha a settlement of 
1,05 m was attained. Paving the road with 
bricks took 2 months, a settlement of 1,13 ® 
was thus recorded at the end of the construc
tion period i.e. &J- months after completion 
of the matress. The records of this case show 
the possibility of maklng the fascine-matress 
well above ground water level (appr. la), af
ter whlch the necessary submersion takes place 
in the required period of time, as a consé
quence of the settlement, whlch is due to the 
embankment load*

A similar case is shown in fig. 2. This 
diagram shows the settlement of a fascine- 
matress road near Gouda, one of the most 
notorious peat-bog areas of Holland. Settle
ment records show, that in the course of near— 
ly 6 years the fascine-matterss settled about 
3.80 m! The embankment had to be ralsed several 
times and the brick pavement had to be relaid 
as many times. Still, any disturbance of the 
soil surface of adjacent promises could be 
prevented.

In the Western part of the Netherlands 
some main roads and secundary roads have been


