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Design and construction of caissons for the traffic systems in the Central Area 

of Berlin

Etude de projet et realisation de caissons pour les amenagements de trafic au Centre de Berlin

B. Billig, B. Faenger & R. Rengshausen -  H ochtie f AG, Essen, G erm any

ABSTRACT: In Berlin, currently the biggest caissons measuring 59.40 x 39.0 m are produced and sunk. The advantages of the 

alternative proposal "caisson construction method" are shown in view of the local soil conditions. The particularities of the design and 

construction are mentioned. The sinking programme serves as the basis for a comparison between assumed and measured values for the 

sinking.

RESUME: A Berlin, les plus grands caissons mesurant 59,40 x 39,0 m sont actuellement fabriques et mis en place. Les avantages de la 

proposition alternative "methode de construction moyennant caissons" sont demontres en vue des conditions de sol locales. Sont 

mentionnees egalement les particularites d'etude et d'execution. Le programme de mise en place sert de base pour une comparaison entre 

les valeurs assumees et les valeurs mesurees pour la pose des caissons.

1 GENERAL

After the fall o f the wall and the unification of Germany in 

November 1989 enormous efforts had to be made in Berlin - the 

old and the new capital - to reinstate the urban traffic connections 

of the city which had been divided after the Second World War 

and to connect the new capital to the supraregional traffic systems 

in an adequate manner.

1.1 Superordinate planning

The superordinate planning o f the traffic concept for the region 

and the city o f Berlin is characterised by a high degree of 

responsibility towards the natural environment and the specific 

metropolitan requirements of Berlin. The rehabilitation and 

extension o f the rail system therefore assume paramount 

importance.

During the next decade, the Federal Republic, the State of Berlin 

and Deutsche Bahn AG will invest DM10 billion for the 

extension and rehabilitation of the rail junction Berlin.

The so-called mushroom concept o f 1992 serves as the basis for 

the planning. For the mushroom-shaped supraregional and 

regional rail traffic connections mostly the historical routes 

through the urban area o f Berlin will be used.

In the city's central area, i.e. the area between Lehrter Station in 

the north and the Landwehr Canal in the south, the following 

projects are currently under construction with high 

interdependence of time and space:

-  supraregional and regional north-south rail connections with 

three stations (Lehrter Station, Potsdamer Platz Regional 

Station and Pape ST Station),

-  federal road B 96 with under-tunnelling of Tiergarten Park,

-  metro sections of lines U3 and U5.

Deutsche Bahn AG and the State o f Berlin entrusted the 

Projektgesellschaft fur die Verkehrsanlagen im zentralen Bereich 

von Berlin (PVZB) with the planning and coordination of these 

"Fernbahn" (supraregional rail network) projects.

1.2 Fernbahn tunnel

The center for the north - south route of the Fernbahn from 

Lehrter Station in the north to the supraregional station at Pape 

ST in the south is the so-called Fernbahn tunnel. Of the approx.

3,415 m total length 2,135 m are constructed using a cut and 

cover method and approx. 1,275 m using the shield tunnelling 

method.

The shield driven section which consists o f four parallel tunnel 

tubes, near its center is subdivided into the northern Tiergarten 

Park tunnel and the southern tunnel below the Landwehr Canal. 

This subdivision is formed by the pit for the Potsdamer Platz 

Regional Station jointly used mainly by Deutsche Bahn AG and 

private investors.

The tunnel lining with an external diameter o f 8.95 m consists of

7 +1 prefabricated concrete segments of 40 cm thickness.

Instead of a conventional track construction, ballast-free tracks 

with improved noise and vibration protection are used.

Between the shield driven section below the Landwehr Canal and 

the ramp section constructed by a cut and cover method lies the 

237 m long caisson section.

It consists of six single caissons with bottom slab dimensions of 

up to 59.4 x 39.0 m which are connected to form a continuous 

tube by in situ closing of the joints.

2 DESIGN OF CAISSONS

2.1 Soil conditions

The geology —  a glacial valley runs through Berlin from east to 

west —  reveals ice age characteristics.

In the area of the caissons mainly tertiary sands of the Saale and 

Weichsel ice age of varying densities are encountered.

The following characteristic soil layers are encountered:

F fill with a thickness of 2-3 m in loose to medium dense 

bedding

S, fine to medium sand with gravel o f medium density with a 

thickness o f 10-14 m 

S2 also fine to medium sand, but of medium to high density and 

a layer thickness of 20 m. In this layer, especially at the 

boundary to S i pebbles and boulders have to be expected.

Eem Interglacial, cohesive soil ranging from clay to silt with 

organic components (soft coal) of predominantly very stiff 

consistency; the layer thickness is approx. 13-15 m.

Below, more sand layers follow. Table 1 shows the characteristic 

soil parameters for the various layers:
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Fig. 1: Layout o f the caisson section

Table. 1 Characteristic soil parameters

Description y/y'______<p' c'/c„ E9_______

______________ [kN/m3! [°1 rkN/m21 fMN/m2!

"Si 1 8 / 10 34 - 20 x Vt

S2 19 / 11 37.5 - 40 x Vt

Eem 17 /7 .5  25 20/180 2.5 x Vt

t = depth in [m] E sw = 3 x E s

Obviously, the interglacial layer is much more flexible than the 

sand layers are. Initially, it had been foreseen by the client to 

construct this section by a cut and cover method in which case the 

interglacial layer would have been located 7-8 m below the 

excavation depth and therefore in the directly affected area of the 

retensioning of the bottom slab or in the area of the foot bearing 

o f the lateral slurry walls. Owing to the gradient o f the route the 

foundation situation is improved in southern direction, but the 

expected soil conditions and the resulting high input for the 

execution o f the deep construction pit by a cut and cover method 

were the main reason for the tendering consortium to submit a 

caisson method for this section.

The groundwater table is approx. 3 m below ground level and its 

flow follows the orientation of the glacial valley from east to 

west. The horizontal permeability o f the sands S, and S2 is kh= 6 - 

8 x 10"1 m/s, the vertical permeability is only one third of the 

horizontal permeability.

To avoid impacting the natural environment, from the start o f the 

construction period a landscape care plan was developed based on 

an environmental compatibility study. It soon became evident that 

the entire plant and tree population of theTiergarten Park - a listed 

garden -is strongly dependent on the groundwater table.

In the tender documents the client therefore strictly prohibited 

groundwater lowering.

The construction of the tunnel by the caisson method is an 

optimal solution also from this viewpoint. The groundwater flow 

is only minimally affected, i.e. only by the structure itself and not

by additional temporary work or support measures. Dewatering 

by lowering of the groundwater level (drawdown) or seapage is 

not necessary.

2.2 Structure and function o f  the caissons

The caisson section consists o f six individual caissons with 

lengths o f 39.0 to 34.4 m and widths o f 59.4 to 37.4 m. The 

caissons have a two to four cellular box girder cross section, 

depending on their position along the route. The individual 

caissons are connected to form a continuous tube by the joint 

closing method explained subsequently.

The ground areas vary from 2,214 m2 for Cl to 1,430 m2 for C6. 

The bottom and the top slabs have a thickness of between 1.6 and

2.0 m. The external wall thickness is 1.2 m. This results in 

deadweight loads o f 295.4 MN (29,500 t).

The gradient of the track top level rises about 5 per cent 

southwards. The height of the caissons - with the exception of Cl

- varies between 13.3 m at the northern and 14.4 m at the 

southern face. A skirt o f variable height o f up to 3.20 m is 

provided at the edge of the bottom slab.

The caissons are constructed on an earlier excavated subgrade 

with the lower edge of the skirts at the expected level o f the 

groundwater during construction.

This results in sinking depths o f 22.67 m for Cl (14.54 m for C6) 

and foundation depths of 26.0 m below ground level (19.0 m for 

C6).

Between caissons 4 and 5 a 1 lOkV supply main crosses the tunnel 

route. This 11 m long and 41 m wide tunnel section will be closed 

in situ by a cut and cover method.

The caisson tunnel is built of WT concrete as watertight structure 

without any additional external groundwater insulation. In order 

to reduce the constraints from hydration heat of the concrete, in 

addition to further, mainly concrete-technological measuress, the 

longitudinal walls will be artificially cooled by means of internal 

pipe cooling.
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Fig . 2: Construction of the caissons

As mentioned before, C l will be used as the starting and supply 

pit for the shield drive below the Landwehr Canal. Not 

considering the additional superstructure for the exit, Cl o f 17.65 

m height is approx. 3.2 m higher than the other caissons.

In the top slab of the caissons big rectangular recesses are 

provided which remain open during sinking of the caisson. The 

TBM, dsimantled into sections, passes through these openings for 

assembly and disassembly. During shield driving the recesses are 

used for supplying the TBM.

As can be seen from the general layout (Fig. 1) C l serves as the 

starting pit for shield drive 1 and as the target pit for shield drive 

2. Before the third shield drive can commence the TBM must be 

turned and be moved crosswise within C 1.

For this purpose the inner cell walls are discontinued over approx. 

half the caisson length and from bottom to top slab. The a.m. 

recesses are closed in situ after completion of the shield drives.

2. C oncreting  o f caisson

4. C oncreting  of w orking 

ch am b er and  p rep ara tio n  

of sta rtin g  p it fo r 

shield drive

3 CONSTRUCTION

3.1 Construction

The caissons are erected on earthwork models. Because of the 

high skirt loads during the initial phase of the sinking —  a skirt 

load of S = 1,550 kN/m is expected —  the smallest skirt thickness 

is 30 cm and the slope of the skirt is 45°. In addition, 

vibrocompaction below the skirts proved to be necessary - one 

single column, center to center interspacing e = 1.8 m and approx. 

7.0 m compaction depth. Inside the affected area (R s  1.8 m) 

point bearing values of qs> 15 MN/m2, i.e. transition from 

medium to high density can be expected. This results in a regular 

medium density o f 1.20 m just below the skirts and a high density 

with point bearing values of qs > 15 MN/m2 further down. Only 

the additional compaction permits transpositioning from the 

spread bearing to the skirt bearing with a tolerable sinking depth 

of te = 1.5-1.6 m.

3.2 Sinking

On account of the sequence of excavation and the sinking 

operation itself additional load states are given which were 

considered in the statical calculation. The following should be 

noted:

Because of the trapezoidal, asymmetric shape of the foundation 

area and the eccentric distribution of the deadweight the center of 

gravity o f the skirts does not coincide with the center o f gravity of 

the deadweight loads. The resulting moment generates different 

skirt loads along the circumference.

Simplified it can be stated that additional moments act in 

longitudinal tunnel direction northward, which can only be 

compensated through varying excavation depths at the skirts and 

varying penetration depths of the skirts.

To reduce overall bending of the caissons in transverse direction 

at the start of sinking, transpositioning from spread bearing to 

skirt bearing, a gentle excavation scheme was developed. First the 

corner areas are eased, then the short longitudinal sides and 

finally the long transverse sides are excavated. The southern side 

is excavated before the northern side.

3. S inking process
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Fig. 3: Sinking diagram
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Fig. 4: In situ closing o f  jo in ts

systems (working area o f a single flashing system 150 m2) and 

washed up to the pump sumps and conveyed by four dredge 

pumps mounted on the slab of the working chamber. The soil - 

water mix is segregated in the separation system. The water is 

reused in the flashing systems, the soil is conveyed to the Baulog 

dumping site. At a later stage of sinking the soil is used for 

ballasting of the caissons.

For the supply of the working chamber with compressed air a 

power of 107 m3/min (1 bar) is installed.

Access to the working chamber is through a material lock and a 

combined material and man lock.

3. 3 In situ closing o f  joints

Upon completion o f sinking of neighbouring caissons the joint 

space is surrounded by jet grouted blocks. Once the joint space is 

excavated and prepared, the bottom to be grouted is covered with 

a drainage layer o f no-fines concrete which provides for drainage 

to either side towards the pump sumps.

The lateral drainage layers fill up the roof area and are each 

provided with a pipeline leading from the pump sumps to ground 

level. Seapage penetrating through the surrounding grout can thus 

be removed pressureless which enables concreting of the joint 

section to be carried out impeccably. The joint section is fixed on 

one side and provided with a movement joint on the other side.

4 COMPARISON BETWEEN THE DESIGN AND THE 

EXECUTION

Since the caisson sinking operation took place only after printing 

o f this report, a comparison between the assumed and measured 

values for the sinking will be made elsewhere.

A general overview of the magnitude of the acting forces during 

sinking is presented on the example of Cl in Fig. 3. The 

comparison of active forces (deadweigth and ballast) and of 

passive forces (buoyancy and friction) shows that already at 

approx. t= l0.0 m sinking depth the driving forces are close to the 

holding forces. With water ballast inside the caisson an additional

3.0 m sinking is achieved, the top slab of the caisson thus reaches 

the ground level. From this stage, additional ballast is applied as 

overburden on the top slab.

The figure on the right shows the resulting effective skirt loads

V = active forces - passive forces 

= (G+B) -(A +R).

It can be seen how important a minimization of the friction forces 

R is. It is essential to produce an effective slide and support slit 

between the soil and the caisson wall above the skirt recess. 

During the first 3 m sinking this 8 cm wide slit is filled from the 

ground level and during the next 3 m sinking from the surface and 

from the working chamber. Subsequently, the slit is only supplied 

from the working chamber. As soon as the top slab reaches 

ground level, the sliding slit is covered by metal sheet to avoid 

pollution of the bentonite slurry.

To compensate the high groundwater table and the great sinking 

depth the specific weight of the slurry has to be increased by 

adding heavy spar.

Grouting nozzels o f 1.5" with check valves at the soil face and 

stop cocks in the working chamber are located at the recess o f the 

skirts with a center to center distance of 1.5 m. Through this 

arrangement a local selective lubrication is made possible.

Soil excavation is carried out by means of 13 flashing systems 

(C l), mounted on the working chamber slab. The soil is loosened 

with a nominal pressure o f 8-10 bar at the nozzles o f the flashing
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