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 Introduction into tunnelling techniqueAbout this book

This technical book provides an 
overview of different tunnel design 
and construction techniques. 
 Formwork, scaffolding systems, 
technical aspects and details of 
underground construction tech-
niques are illustrated. The second 
part of this book introduces a 
number of international projects 
that have used PERI systems and 
engineering services. Mining pro-
cedures using sprayed concrete 
slabs or prefabricated segments 
(tubbings) are not described here.

Tunnel construction – then and now

Ancient civilisations constructed under-
ground tunnels and defensive structures 
thousands of years ago. For example, 
underground aqueducts were constructed 
around 2,800 BC in what is now Iran. This 
was later followed by the construction of 
canals and alpine transit tunnels.

In the second century AD, especially the 
Romans pushed progress in aqueduct and 
tunnel construction. They created an aque-
duct network over large parts of Europe and 
the Orient. Examples of this are the Eifel 
water supply to Cologne and the water 
 supply to Side in Turkey, both of which were 
built in the third century AD. New techniques 
for open and closed (in those times the 
cladding of mining tunnels)  excavation of 
tunnels were developed and used even in 
these early days. 

The advent of railway construction in the 
17th and 18th centuries, and the rapid 
development of transportation systems 
demanded constant improvements in the 
traffic routes over the following centuries. 

Tunnels were constructed in those days to 
overcome mountain ranges and straighten 
the traffic routes. In the present day, the 
requirements also include traffic calming, 
noise protection and land reclamation. This 
has extended the definition of tunnel con-
struction to include green bridges and por-
tals for ensuring freedom of movement for 
wild animals.

The increasing demands on tunnel structures 
have also increased the demands placed on 
the engineers. The ever present dangers 
during construction and daily use have lead 
to the development of a number of different 
construction methods for different construc-
tion designs. This has resulted in commer-
cially viable supporting systems that can 
guarantee safe use of a tunnel for a calcu-
lated service life of over 100 years. This 
includes the required density of the structure, 
which greatly influences the  construction 
method and the type of  formwork used. 

The Grotto di Posilippo 
near Neapel, without sup-
port in the Tuff mountains, 
BC 40-86. 
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Tunnel construction techniques

The construction technique is a general 
description of the arrangement of the con-
struction elements. In tunnel construction 
this depends on the accessibility of the 
construction site.

If the tunnel is constructed in an open ditch 
that is later covered with soil, then this is 
described as an open construction technique. 
With cut-and-cover construction, the tunnel 
slab is concreted after the excavation walls 
have been installed and the tunnel excavation 
then progresses underneath this slab. The 
mining construction technique describes the 
excavation of a tunnel completely under-
ground.

Construction process

The construction process or construction 
method describes the procedures and 
working methods for constructing a tunnel. 
It defines the individual construction steps 
and the components that are separated 
from each other by concrete seams.

The definition of the construction process 
also defines the type of formwork system 
required. This is a decisive criterion for 
determining the economic viability of the 
tunnel construction.  The major factors influ-
encing the construction process are the 

total length of the tunnel, the amount of 
material to be excavated and the geological 
conditions over the length of the tunnel.

A distinction is made between separate 
 casting, semi-monolithic and monolithic 
 construction.

In the separate casting process the bottom 
plate, walls and slab are individually con-
creted, one after another. Semi-monolithic 
construction means either concreting the 
walls and slab in a single cast after the 

 bottom plate is finished or monolithically 
constructing the bottom plate and walls and 
then concreting the slab after this. Monolithic 
construction of a tunnel means casting the 
bottom plate, walls and slab formwork as a 
single unit.

Neu-Ulm 21 railway project, 
Neu-Ulm, Germany
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Introduction into tunnelling technique

Supporting frameworks in tunnel con-
struction.

Regardless of the construction process, a 
number of different supporting frameworks 
can be used depending on the geological 
conditions and the future use of the tunnel. 
The usual forms are rectangular, round, 
ovoid or a special cross-section. Each tunnel 
framework can be single-cell or multi-cell.

Trough structure

Arched tube

Rectangular cross-section

1.00     1.00     14.30    

10.80

0.
90

8.
68

7.
95

5.
71

0.
85

9.70

9.50
0.900.90

6.
76
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Cut-and-cover construction and associated construction methods
Economical when good accessibility is available

The separate casting method is used for 
 tunnels with minimum waterproofing 
requirements and also for short tunnels.  
The advantage of this method lies in the 
economical use of standard formwork and 
scaffolding  systems. The formwork can also 
be easily adjusted to suit variable tunnel 
geometries (e.g. height and width, curve 
radius, road  inclination). The major disadvan-
tage is the  relatively large area required in the 
direction of the tunnel due to the expansive 
nature of the construction site.

In the cut-and-cover construction technique 
an open ditch is first excavated and the tunnel 
is then constructed in the ditch. After this the 
working area is filled and the construction is 
buried. 

Depending on the manufacturing method 
and formwork used, rectangular cross- 
sections with one or more pipes, vaults, 
galleries, ditches, supporting walls and 
 portals are built, each of which having a 
continuous bottom plate or a foundation.

The wall formworks used are normally 
designed for a fresh concrete pressure of 
60 kN/m² and the slab formworks are 
designed for the formwork self-weight and 
wet concrete load and live load.

Depending on the manufacturing process 
used, the cut-and-cover construction meth-
od requires a construction ditch at least as 
large as the tunnel and an appropriately 
large area for temporary storage of the fill-
ing material.
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Cut-and-cover construction – cross-sections built separately
Bottom plate, walls and slab sequentially concreted  
on top of each other

In this construction method the three main 
elements of the tunnel cross-section – bot-
tom plate, walls and slab – are manufactured 
separately and sequentially.

Construction sequence for separate 
 manufacture of the cross-section show-
ing the extent of the construction site.

Guideline values for using the process
n	Segment lengths: up to approx. 30 m
n	Height: approx. 3 to 10 m
n	Width: no limits
n	Number of segments: maximum of 

approx. 10 segments

Ditch

Bottom plate
Intermediate segment

Walls

Intermediate segment

Fill

Slab
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Diagram of possible formwork solutions for the individu-
al tunnel components.

Various different standard systems can be used for 
 constructing the tunnel bottom plate, for example 
 horizontally mounted TRIO panels.

The tunnel walls can be constructed using mobile wall 
formwork units.

Alternatively, slab tables on MULTIPROP supporting 
towers can be used, which can be moved from segment 
to segment with a striking and transportation trolley.

The tunnel slab can be brought into form using variable 
mobile slab formwork carriages.

9.78 9.78

6.
33

Bottom plate formwork proceeds ahead of the rest

One or two intermediate segments

One or two intermediate segments

Movable wall formwork

Movable slab formwork

Lateral stopends

Tunnel bottom plate formwork
Panel or girder formwork tied on one side 
with light brace frames, or supported 
against the lining, can be used for the edge 
stopends.

Tunnel wall formwork
Mobile or crane-movable formwork is used 
for the walls, depending on the length of 
the structure. A decision is made for each 
individual project as to whether the number 
of labour-intensive tie points can be 
reduced.

Tunnel slab formwork
Depending on the number of steps and  
the cross-section geometry, standard load-
bearing systems can be used, which are 
moved as tables in small units, or other 
project solutions can use large tables that 
can be hydraulically lowered and relocated. 
This also allows for the provision of transit 
openings.
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Cut-and-cover construction –  
cross-sections built semi-monolithically
Bottom plate concreted in advance,  
walls and slab cast as a single unit

In this process, after the bottom plate for 
each segment is finished, the walls and  
slab formwork are erected from the inside 
of the tunnel using a formwork carriage.  
The outer wall formwork is erected using  
a separate formwork carriage that can be 
relocated or moved from segment to  
segment using a crane. 

When moving the inner formwork, the wall 
formwork must be retracted and the slab 
formwork must be lowered. This requires 
clearance compensation areas and suitable 
vertical and horizontal adjustment features 
in the formwork. The individual formwork 
units are moved either hydraulically or man-
ually. 

The advantage of this formwork process 
is that only one load-bearing system is 
needed for the walls and slab. The outer 
wall formwork is also the stopend for the 
slab edge.

These types of formwork systems allow 
efficient manufacture of the walls and slab. 
They are movable and can thus be used 
without cranes. They are not very labour-
intensive.

Construction sequence for semi-monolithic manufacture 
of the cross-section (bottom plate first, followed by 
walls and slab) showing the extent of the construction 
site.

Inner formwork moved forward for a railway tunnel. 
After the reinforcement work is completed the wall 
 formworks are closed using VARIO panels.

The lifting and lowering device allows the slab formwork 
carriage to be hydraulically lifted into the concreting 
position and then lowered later. 

Ditch

Bottom plate

One or two intermediate segments

Walls and slab

Fill
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 Guideline values for using the process
n Segment lengths: up to approx. 25 m
n Height: approx. 4 to 10 m
n Width: approx. 4 to a maximum of  

approx. 20 m per carriage
n Number of segments: minimum of  

approx. 10 to a maximum of approx.  
60 segments

Vault cross-section, formwork carriage 
solution with tied wall area.

Two-tube rectangular cross-section with tied wall formwork. One of the two tie points is in the bot-
tom plate area to reduce the danger of water penetration. At the upper tie position, DW32 tie rods 
securely support the heavy load of 360 kN.

Diagram of semi-monolithic con-
struction process, the bottom 
plate is laid in advance here.

Bottom plate formwork  
proceeds ahead of the rest

 One or two intermediate segments

Movable wall and slab  
formwork carriage

Outer formwork is movable or 
can be relocated using a crane

21.50

RetractedFormwork in position

9.
65

   

12.80

4%
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Cut-and-cover construction –  
cross-sections built semi-monolithically
Bottom plate and walls cast as a single unit,  
slab concreted afterwards

This process is also known as trough con-
struction. This is used in groundwater areas 
where absolute watertightness is required 
and construction joints are intentionally not 
used.

The wall formworks hang on a portal car-
riage that spans the entire tunnel width and 
can be moved along the tunnel. The form-
work is moved perpendicular to the wall 
when being erected and stripped. In special 

cases the tunnel sections are manufactured 
in steps and the wall formwork is used as a 
self-supporting structure over one section 
length. For the bottom plate and wall com-
ponents progressing in advance when using 
up to six construction segments, a wall 
formwork solution is selected that is erected 
on steel profiles and moved using a crane. 
For multiple, repeating segments a portal 
carriage is used on which the wall elements 
are hung. After this, as with conventional 

Construction sequence for semi-monolithic manufac-
ture of the cross-section (bottom plate and walls 
first, followed by the slab) showing the extent of the 
construction site.

This formwork machine is moved hydraulically and the 
formwork is also erected and struck hydraulically. The 
wall formwork is fully supported when in the concreting 
position. 

An alternative to this is a portal carriage, shown here 
with hung VARIO wall formwork panels.

After the bottom plate and outer walls have been con-
creted, the formwork for the middle wall separating the 
two traffic lanes is erected (if necessary).  The slab is 
then erected after this.

construction processes, the slab can be 
brought into form using a slab formwork 
carriage. The sideways positioning of the 
slab is done using additional formwork on 
scaffolding. The slab formwork is normally 
supported using standard material. If a tran-
sit opening is required, then a system form-
work carriage can also be constructed.

 Ditch

Bottom plate and walls

Intermediate segment

 Slab

 Fill



13

Slab formwork in concreting position

n Segment lengths: up to 15 m maximum
n Height: approx. 4 to 8 m
n Width: approx. 25 m
n Number of segments: minimum of  

approx. 10 to a maximum of approx.  
60 segments

In both semi-monolithic construction 
processes, the longitudinal extent of  
the construction site is less than with 
the separate casting process. 

Adjustments to cope with geometric 
changes in the tunnel can be easily per-
formed in a similar manner to conven-
tional construction processes. The use of 
formwork carriages becomes economi-
cally sensible when the tunnel requires 
about ten segments or more.

Diagram of the semi-mono-
lithic construction process: 
Bottom plate and walls are 
concreted at the same time 
and slab is then built after-
wards. 

Variant 2 Bottom plate and wall
Concreting of the trough with single side 
supported wall formwork. This variant does 
not require the installation and  sealing of 
tie points.

Single sided wall formwork on a formwork carriage

Formwork removed installed

Use of the portal formwork carriage for  
bottom plate and wall

Slab formwork in concreting position Guideline values for using the process

Variant 1 Bottom plate and wall
Concreting of the trough with tied wall 
formwork. The tie points are usually 
designed to be watertight, e.g. through 
the use of PERI DK or SK tie systems. 

Wall formwork unit at the portal

One or two intermediate segments

Slab formwork carriage with 
lateral stopends

10.80 16.16

7.
49

5.
65

10.80 16.16 0.700.70

5.
35

1.
00

1.
00



14

Cut-and-cover construction – cross-sections built monolithically
Bottom plate, walls and slab concreted in a single casting

In the monolithic construction process the 
complete tunnel tube is manufactured in a 
single casting process – this means that the 
formwork for the bottom plate, walls and 
slab must be erected at the same time. 

Two different formwork processes can be 
used for constructing monolithic tunnel 
cross-sections: one variant using a launching 
beam and the other variant using a portal 
and trailer.

PERI developed this construction process in 
1998 for the construction of the city railway 
tunnel in Ismaning near Munich. Many 
 variants of this process have been used 
successfully since then, including a system 
for the world‘s largest tunnelling machine, 
used in the construction of the Oeresund 
tunnel between Denmark and Sweden. 

Once the concrete has hardened, the so-
called launching beams, which span two 
complete concreting sections, are moved 
forward by one section. The launching 
beams are moveable and hang on the inner 
formwork. This is supported by the concrete 
that has already hardened. Once the rein-
forcement has been built into the bottom 
plate, the outer wall formwork is moved 
into place using a crossbeam sitting on the 
launching beams.

Once the reinforcement for the outer wall 
has been installed, the inner formwork 
(walls and slab) is moved to the next section, 
supported by the launching beams. All 
movements can be performed hydraulically.

Construction sequence for semi-monolithic 
manufacture of the cross-section (bottom 
plate and walls first, followed by the slab) 
showing the extent of the construction 
site.

Functional sequence of variant using 
a launching beam

Variant using a launching beam

After removing the bulkhead, the launching beams 
 hanging on the inner formwork are moved, with raised 
launching beam supports, to the next section.

Ditch

Reinforcement

Combined cross-section

Fill
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After the bottom plate is reinforced, the outer formwork 
is moved using a crossbeam and then aligned. Then the 
outer walls are reinforced.

The inner formwork moves along the transport beam 
with raised middle supports into the next section. Once 
the inner formwork has been moved, the middle wall and 
then the slab are reinforced.

The entire cross-section is manufactured in a single 
casting process. The middle support is lowered onto the 
finished concreted bottom plate once this has reached 
to the required minimum level of hardness.

Guideline values for using the process
n Segment lengths: minimum of  

approx. 10 to approx. 24 m
n Height: approx. 3 to approx. 10 m
n Width: maximum of approx. 20 m
n Number of segments: minimum of 

50 segments
This variant is used for tunnels that are 
 partially or fully underwater and have more 
than 50 concreting sections. The normal 
segment length lies between 10 m and 24 m. 
Savings result from the fact that overlap 
joints are not required, which reduces the 
amount of reinforcing needed. In addition  
to this, no sealing measures for horizontal 
concrete seams are required, which also 
saves effort and costs.
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Cut-and-cover construction
Cross-sections built monolithically

The bottom plate, walls and slab are also 
cast as a single unit in the variant using a 
portal and trailer. 

Once the concrete has set and the front 
stopend has been removed, the inner form-
work is lowered / retracted. The inner form-
work is mounted on a carriage. The carriage 
hangs on a mobile portal in front of the 
 concreted tunnel section and moves on the 
finished bottom plate at the rear end seen 
in the working direction of the tunnel.

The outer formwork is also supported by 
this portal and is moved perpendicular to 
the wall to bring it into the striking position. 
After the next bottom plate has been 
 reinforced, the portal is moved to the next 
concreting section, together with the hung 
inner and outer formwork, in a single work-
ing step. All movements can be performed 
hydraulically.

Above: Cross-section with 
installed and removed frame-
work, with the main beam 
and portal clearly visible.

Below: Side view of finished 
tunnel tube with the portal 
(front) and support (rear).

The complete cross-section is concreted. The bulkhead 
has been removed. The next bottom plate section is 
reinforced.

Functional sequence of variant using a portal  
and trailer

The inner formwork is folded away and the outer form-
work stripped. The two formworks sit on the movable 
carriage or hang on the portal and are moved over the 
reinforced bottom plate. In the next step the inner form-
work is aligned and the walls are reinforced.

Variant using a portal and trailer

Inner formwork on portal 
and trailer

Reinforcing is done one 
segment in advance

Outer formwork on the 
 leading and trailing portal

6.39 6.39
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Guideline values for using the process
n Segment lengths: minimum of  

approx. 10 to approx. 20 m
n Height: approx. 4 to approx. 9 m
n Width: maximum of approx. 18 m
n Number of segments: minimum of 25 

segments

This variant is used for tunnel cross- sections 
with only one pipe and of smaller widths that 
do not require special provi sional support.  
It is economically viable for  tunnels with 
approx. 25 or more  concreting sections.

As with the previously described monolithic 
process using launching beams, the advan-
tages of this process are a rapid construction 
process and cost savings for the reinforcing 
and sealing measures.

The ties are installed after the outer formwork is closed. This is 
 followed by reinforcing the slab and installing the stopends. Finally, 
the entire cross-section is concreted in a single casting process.
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Cover building method
Building the tunnel without impairing the traffic flow

Diagram of the cut-and-cover  
construction process

The tunnel slab is concreted after the retaining walls 
have hardened and then placed on these. After the tunnel 
slab has hardened, the soil between the retaining walls 
is excavated. 

The above-ground area can already be used again at  
this stage of construction. The tunnel bottom plate is 
built between the walls. 

A single sided formwork is used for the outer tunnel 
walls and the walls are concreted against the piled walls 
or slurry walls.

Diagram of the formwork process

Tunnel slab

Bottom plate

Single-sided wall  
formwork against  
the slurry walls

Slurry wall
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Variants for wall formwork solutions

In the cut-and-cover process, retaining walls 
in form of piled or slurry walls are first built 
to the left and right of the future tunnel. The 
tunnel slab is then concreted on top of 
these retaining walls and the soil lying 
between them. Once this slab has hard-
ened, the construction tunnel under this is 
excavated. 

The bottom plate is concreted after the sin-
gle-sided formwork for the tunnel outer wall 
has been installed and this is concreted 
against the piled or slurry wall. The tunnel 
cross-section is usually rectangular. 

The above-ground area can be used for traf-
fic as soon as the tunnel slab has hardened 
sufficiently, without impairing the tunnel 
construction work underneath. This con-
struction process is preferred in inner-city 
areas with heavy traffic in order to reduce 
the impairment of the traffic flow by the 
construction measures to the minimum 
amount of time.

Guideline values for using the process:
n  Segment lengths: up to approx. 30 m
n Height: up to 12 m maximum
n Width: no limits
n Number of segments: 

1 or more segments

 Variant 1
Single-sided formwork walls using TRIO panel formwork 
and SB brace frames.

 Variant 2
Horizontally braced VARIO girder wall formwork 
 mounted on a movable carriage that allows easy 
 adjustment for changing cross-section widths.

4.20 21.08

4.
75
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Mining construction
Building tunnels completely underground

The mining process is used when the 
depth of the tunnel makes open con-
struction too expensive, an open ditch is 
not possible or the structures above the 
tunnel must remain intact. 

The tunnel tube is usually excavated with 
explosives or a tunnel boring machine. If 
necessary, the tube is then secured 
using sprayed concrete and rock anchors. 
After application of a sealing foil, the bot-
tom plate is laid first. A horizontal bottom 
plate is laid or, if required by the cross-
section geometry, a vaulted bottom plate 
formwork is used. After this, the form-
work for the side walls or retaining walls 
and the arched slab is installed and these 
are concreted, either together or sepa-
rately.

Formwork process for a constant tunnel 
cross-section

Vaulted formwork carriages are normally 
used in tunnel segments having a constant 
tunnel cross-section. The wall and/or arched 
slab formwork on this carriage can be 
hydraulically erected and struck and the 

Diagram of a vaulted formwork carriage. 
The formwork for the retaining wall and 
arched slab is installed and they are 
 concreted together. The erection and 
striking of the formwork can be control-
led hydraulically.

Steel formwork ready for use on a self-moving 
 transport carriage. The erection and striking of  
the formwork can be hydraulically controlled on  
this  carriage.

 carriage can be moved from segment to 
segment. Steel formwork is often used 
here due to the high usage numbers and 
the heavy formwork pressures.
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Formwork process for variable tunnel 
cross-sections

„Separate casting“ manufacture of the 
cross-sections is especially used where the 
normal tunnel cross-section changes, e.g. at 
passing bays in a road tunnel. This method 
can also be used for horizontal, inclined and 
vertical shafts.

The tunnel cross-sections are almost 
always vaulted in these cases. As with the 
combined formwork carriage for walls and 
slab used in the open construction method, 
the formwork must be able to be retracted 
and lowered in order to move the carriage.

In the mining construction method, the 
pressures on the formwork are significantly 
higher than with the cut-and-cover con-
struction method, especially on the slab. 
For this reason, and because the concreting 
loads are transferred without using tie rods, 
the supporting structures are much more 
solidly constructed than in the open con-
struction method. The formwork in the wall 
areas is designed to cope with fresh con-
crete pressures of 60 to 100 kN/m² and  
the slab is designed for pressures of 80 to  
120 kN/m².

The vaulted bottom plate formwork, often mounted 
on a movable carriage, can be easily moved to the next 
segment and exactly positioned. In addition to the tun-
nel bottom plate, consoles and / or bases for thenext 
retaining wall / vault formwork are often constructed  
with this. 

The formwork for the retaining walls is single-sided. 
With larger tunnel cross-section widths, the formwork 
panels are adjusted to suit the geometry and mounted 
on braces frames (see wall formwork for cut-and-cover 
construction). With smaller tunnel widths, the formwork 
can also be cross-braced as long as the space is not 
needed for transit in the tunnel.

For tunnels with less than about ten concreting sec-
tions, arched slab formworks are usually built with 
standard falsework components, steel profiles and 
wooden formwork skin. System carriages are used for 
larger numbers of sections. Steel formwork is used for 
tunnels which have 60 to 70 segments or more. With  
20 concreting segments or more, these are equipped 
with hydraulic systems for erecting / striking the form-
work and for moving along the tunnel.

Diagram of separate casting manufacture in mining 
 tunnel construction

Bottom plate vault

Retaining wall

Arched slab

11
.9

2

18.25
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Deviations from the normal cross-section
Adjusting the formwork to suit different tunnel sections

In addition to the regular tunnel tube, 
 various geometrical adjustments to the 
cross-section, transfer structures and 
auxiliary structures are also needed for 
the tunnel to be used in the planned 
 manner. For example, these include 
cross-section expansions (bays) and 
structures connecting the tunnel to the 
„above-ground” areas. Escape passages 
and ventilation shafts are required for the 
safe operation of a tunnel.

PERI offers formwork carriages and engi-
neering for every type of cross- section 
variation, with numerous transfer struc-
tures and auxiliary structures being 
implemented in many different ways. The 
wide range of possibilities can be dem-
onstrated with a few examples.

Parking and transit bays are needed over 
the length of the tunnel. They are wider 
than the normal tunnel cross-section. The 
formwork carriage must be able to accom-
modate these different cross-sections and 

Transit bays and wider tunnel segments

must be constructed so that it can still pass 
through the narrower normal cross-section. 
PERI offers many solutions for this – usually 
based on standard material. 



2.
50

0.
30

0.
30

23

In this tunnel, the formwork carriage can be 
lowered by over one metre for passing through 
the normal cross-section and the width can be 
reduced from 14.30 m to 10.80 m.

Escape and access shafts

Shafts with various different cross- 
sections are needed for access to tunnel 
structures. They provide extra safety in 
dangerous situations and provide access 
to the tunnel machinery for the operating 
personnel.

This sewer canal in South Africa has been formed 
with the RKR tunnel formwork system. Due to the 
use of pre-assembled units the team at the site was 
very fast.

This special mining steel carriage was built for a 
 supply tunnel. Concreting a 2-day cycle was easily 
possible.
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Transfer point from the tunnel to the above-ground area
Construction of tunnel entrances and portals

Transfer structures are used for the area 
between the mining tubes and the above-
ground roadways or tracks. Different struc-
tures are used depending on the height 
 differences and other conditions. Retaining 
walls of varying form, dimensions and sur-
face design are needed for the pre-cutting 
area. Beam and panel formwork are used 
here depending on the individual conditions. 

If the entrances are roofed, then this may require 
 special forms and high supports for the slab formwork. 
Here a variable MULTIFLEX girder slab formwork is 
used, with MRK framing connected to towers supported 
by MULTIPROP supports carrying the heavy loads.

Retaining walls in entrances often require especially 
high formwork elements and special supports to accom-
modate the heavy loads resulting from fresh concrete. 
Examples of this are SB brace frames or horizontally 
positioned MULTIPROP towers.

Cyclic movement of large units is usually 
done with a crane or a formwork carriage 
construction. 

All tunnels have portals at the entrances and 
exits, regardless of the chosen construction 
method and the formwork process used. 
The portals are designed differently depend-
ing on the specifications of the planning 

architect and engineers and also depending 
on the manner in which the tunnel is to be 
integrated into the landscape.  
However, these are usually curved in multiple 
directions, making the formwork corre-
spondingly complicated. The diversity of the 
PERI systems allows formwork and shoring 
solutions for the widest possible range of 
forms.

8.
17
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A portal collar formwork using RUNDFLEX circular wall 
formwork. The individual elements can be exactly adjust-
ed to the desired radius via adjustable spindles. The sub-
structure is built using ST 100 stacking towers. 

Longitudinal section and 
 section of a formwork plan, 
seen from above from the 
„sloping level” 

10.00 10.00

3.93
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Gallery structures
Semi-open construction

Galleries are used to protect roads and rail-
way tracks from snow, rockfalls and mud-
flows in mountainous regions or they are 
used for noise protection in residential areas. 
Galleries are similar to tunnels but have one 
wall open to the outside. In addition to the 
horizontal forces resulting from falling snow 
or rocks, the construction must also be able 
to deal with the slope force.

Compared to a tunnel, the construction and 
especially the upkeep of a gallery are signif-
icantly cheaper. The open side allows air 
and light to enter the tunnel, which avoids 
the need for artificial air inlet and exhaust 
systems and also reduces the amount of 
artificial lighting required.

In this gallery structure, the wall formwork and slab table 
were coupled, which allowed the entire unit to be rapidly 
moved. The wall and slab formwork could be prepared 
for moving with only a few manual steps.

This gallery provides noise protection for the neighbour-
ing residential area. A supporting framework construction 
with integrated supports and beams was erected first 
and the structure was then later closed using prefabricated 
slab segments. 
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The function of the temporary structure can be clearly 
seen. Large cutouts in the wall and slab make the  transfer 
into the tunnel “an experience“.

Flexible solutions are very important when building 
 galleries. It is sometimes necessary to implement 
 differing cross-sections at the ends of the tunnel.

A disadvantage of the avalanche gallery is 
that it is not fully protected from the weather 
with snow and rain penetrating from the 
side. 

This can result in the need to clear snow 
from the inner space in winter. From an 
ecological point of view, another disadvan-
tage is that, unlike a tunnel, animals do not 
find it easy to cross the track.

Different formwork processes can be used 
for building galleries, such as the separate 
casting method. The normal approach, 
 however, is to use formwork carriage 
 constructions. 
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PERI systems and experience in tunnel construction
Standard parts devices and engineering  
for economically viable  solutions

PERI has been a successful partner of 
many construction companies worldwide 
for over 40 years. Our solutions have posi-
tively  influenced the construction process 
and improved the results on the construc-
tion site. PERI engineers use modern 3D 
modelling software and computation proc-
esses on a daily basis to design efficient 
construction processes and make rationali-
sation reserves available. 

PERI has a wide spectrum of about 4,000 
 pro ducts developed through productive 
teamwork between research and develop-
ment specialists, production specialists and 
construction site managers. The products 
and systems are produced to the highest 
 levels of quality in modern plants, with all 
working steps structured in conformance to 
the criteria of the EN ISO 9001 quality man-
agement system. This results in a high level 
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of production quality and safety. These prov-
en standard components flow into the indi-
vidual pro ject planning of the experienced 
PERI engineers, which reduces the number 
of custom components and lowers the 
formwork costs. This also reduced the deliv-
ery lead times.

The current state of the PERI tunnel form-
work technology is based on decades of 

experience gathered through the implemen-
tation of numerous structures. The complex 
working processes required for using these 
efficient formworks are planned in detail 
and optimised for easy handling and practi-
cality.

The formwork is equipped to suit the spe-
cific requirements of the customer. The 
spectrum ranges from simple, low-cost 

solutions to convenient formwork machines 
that use hydraulics for erecting / striking the 
formwork and which can be moved along 
the tunnel using electric motors.



30

The VARIOKIT construction kit for civil engineering
Tunnel formwork carriage for cut-and-cover construction

VARIOKIT is an engineering construction kit 
with rentable standardised components 
that offer a solution to many different engi-
neering solutions. The number of special 
parts has been reduced to an absolute 
 minimum and the system has only three 
core components, the RCS climbing rail, the 
universal SRU steel waler and the SLS 
heavy-duty spindle. Together with various 
accessories (such as scaffolding pipes and 
couplings) this system allows a diverse 
range of engineering tasks to be economi-
cally solved.

A small number of typical connection ele-
ments offer many advantages, for example 
fewer different connection elements like 
pins and cotter pins.  Every type of connec-
tion can also be assigned standardised load-

The modular PERI VARIOKIT system can be used for 
many different solutions perfectly tailored to individual 
building sites – e.g. for slab formwork carriages.

The diagonal brace (VARIOKIT strut) is installed in the slab 
beam using standard connecting elements. The regular 
matrix of holes in all system components offers many 
connection possibilities.

The combination of proven systems such as the 
VARIO GT 24 and HD 200 with elements from the 
 VARIOKIT construction set produces economical 
 formwork carriages.

ing limits. The simple installation process is 
tailored to suit building sites and finely 
stepped length variations of the core ele-
ments allow perfect adaptation to suit the 
specific requirements of any jobsite. 

System components having a common 
function are combined into groups, such as 
the construction elements for raising, low-
ering or moving. Fundamental details, such 
as the scaffolding pipe connection as side 
protection, are accounted for as well as 
working process technical necessities (e.g. 
connections for concrete pumps). 
Additional components such as the drive 
mechanism and electrical or hydraulic 
 components are also available within the 
scope of the VARIOKIT construction set.
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Tunnel formwork carriages are always 
project-related solutions. PERI VARIOKIT 
allows these to be economically implement-
ed using standardised system components.

Advantages of the VARIOKIT formwork 
carriage
n Less ties in the wall area through  system 

walers up to UU 200.
n Easy adjustment to suit different cross-

sections.
n Optionally available hydraulic assistance 

for erecting and striking formwork and 
also for raising and lowering. 

n Self-moving or movable solutions for 
implementing complete units.

All components are optimally adjustable
n The HD 200 heavy duty prop allows 

 infinitely variable height adjustment and 
raster-free length tailoring.

n The RCS rails are available in all necessary 
lengths.

n The VARIOKIT strut is infinitely adjustable 
from 4.00 to 9.00 m.

In addition to formwork for rectangular cross-sections, 
the material can also be used for curved formwork 
 construction.
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The VARIOKIT construction kit for civil engineering
Maximum load capacity for mined tunnels
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The extremely high loads carried by a tunnel 
formwork carriage during mining operations 
present a special challenge for PERI VARIOKIT. 
In order to effectively manage the forces 
and, at the same time, provide construction 
site traffic an access portal, the VARIOKIT 
with anchoring components combination is 
supplemented with the SB brace frame 

The flexibility of the VARIOKIT system is seen when 
solutions must be adapted to suit the special require-
ments and conditions of the structure.

The formwork carriage for the third cycle (arch area) also 
conforms to the construction site requirements.

The transportation carriage from the RCS system moves 
the formwork and support unit to the next cycle.

Load optimisation is achieved through the ability to 
install only the parts necessary to support the some-
times large partial forces present.

 system. For smaller tunnel lengths (< 40 
cycles) with short section lengths (< 20 m) 
and tight construction schedules (< 12 
months), solutions using rentable parts are 
considerably more cost-effective than com-
plete project solutions with special steel 
components.

For tunnels constructed using mining tech-
niques, the formwork is always designed 
whilst considering ancillary conditions which 
are, in part, not compatible:

n Heavy loads from wet concrete pressure 
and concrete weight.

n Lower individual weights due to restrictive 
available space for installation and operation.

n Minimum contingency costs from a high 
rentable ration and low quantities.

n Few operating elements and optimally 
adjusted to suit the construction site 
 processes.

n Simple operation of large units.
15.00
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The tunnel waler system
Rigid connections for installation-friendly solutions

The tunnel waler system is a modular sys-
tem. Standardised walers, braces, spindles 
and movable beams are combined via rigid 
bolted head plates. This allows especially 
economical adjustments to suit different 
cross-sections.

The tunnel waler system allows special 
components to be largely replaced with 
rentable parts. This greatly reduces the  
cost of the formwork solution. 

Variants for different cross-section forms – formwork 
built using the tunnel waler system

The universal tunnel waler 
system consists of stand-
ardised beams with head 
plates and supplementary 
components.
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Telescopic steel formwork carriage
The variant for especially high rates of use 

A standardised self-supporting steel frame 
forms the basis of this formwork carriage 
variant. A steel formwork skin is adjusted to 
suit the tunnel cross-section and is then 
fastened to the frame.

The frame connections are jointed, which 
allows the formwork carriage to be adjusted 
to suit the tunnel dimensions. The frame is 
equipped with an undercarriage, raising and 
lowering units that allow quick and easy 
erection and striking of formwork and moving 
of the entire unit. The formwork skin is connected to the base 

frame via spindles, which allow additional 
compensation to suit the tunnel cross- 
section. Horizontal and vertical loads are 
transferred to the foundation by a special 
supporting system above the lower form-
work area.
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Proven tunnel construction details and techniques
Geometric adjustment of the formwork

Stopends

Cyclic construction of tunnels requires verti-
cal stopends at the tunnel head of the indi-
vidual concreting sections, the so-called 
bulkhead. To make the system economically 
viable, it is advantageous when the forces 
resulting from concreting are transferred to 
the inner tunnel formwork, or distributed 
between the inner and outer tunnel form-
work. This should preferably occur without 
additional ties to the structure or the con-

Bulkhead in the wall and slab area

struction equipment. Depending on the 
forces on the tunnel formwork, it may be 
necessary to support the tunnel wall and / 
or slab formwork on the previously com-
pleted concrete section. 

The geometric requirements on the manu-
facture of the bulkhead are usually regarded 
as a special challenge for the formwork 
 constructors. For example, the block seams 

Bulkhead on the bottom plate

Bulkhead for the bottom 
plate and walls in semi-
monolithic construction

must be sealed e.g. with inner and outer 
water bars. In some cases, thrust-braced 
connections providing continuous reinforce-
ment and ratchet thrust locking must be 
installed. The formwork must also have 
appropriate mounting points and possibly 
also cut-out boxes.
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Slab and wall height deviations

Varying cross-sections along the length of 
the tunnel require special construction 
measures to allow the formwork to be 
adjusted as construction progresses. This 
allows the same devices as the bulkhead  
to be used for transit bays, fan niches or 
expansion areas at the end or middle of  
the tunnel. In this category are stackable 
wall formworks, telescopic slab formworks 
and adjustable vaults.

Example of the formation of a sloping slab: 
An appropriate adjustment element allows 
adjustment of the slab formwork.

Example of an increase in wall height: The adjustment to 
the changing heights is done by simply stacking and 
removing panel formwork elements on the movable portal 
formwork carriage.

Example of a changeable vault cross-section: The 
height is adjusted simply by using the spindle to 
screw out the individual walers of the tunnel waler 
system (left). The width is adjusted by  installing 
yokes and HD 200 heavy duty props. 

20.29

14.38
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Proven tunnel construction details and techniques
Raising, lowering and moving the formwork carriage

In the cut-and-cover and mining construction 
methods, the formwork must follow a spe-
cific striking path when being moved from 
segment to segment or for cleaning pur-
poses. The length of this path must be 
defined in conjunction with the respective 
construction process and the installation of 

Paths and mechanics of formwork positioning and removal

the reinforcement. The values mentioned 
here are for orientation purposes only. 

Sensitive edges resulting from the form-
work elements must also be protected. This 
is the only way of using such a system 
without requiring time-consuming repairs. 

Formwork striking paths based on 
experience

Cut-and-cover method
n Slab: >10 cm
n Wall: 10 to 50 cm

Mined construction method
n Vault
 (slab and wall): 10 to 50 cm

The inner wall formwork is folded back for cleaning and / 
or reinforcing work. A suitably large working space must 
be ensured.

Inner formwork retracted for the movement process 
(left) and positioned ready for concreting.

Cross-section of an underground railway tunnel con-
structed using the mining process. The steel formwork 
can be hydraulically retracted and lowered.

Detail of the positioning and retraction dynamics 
of vaulted formwork.

Among other requirements, a formwork 
angle between 45° and 90° should be 
aimed for to prevent the formwork from 
interlocking with the concrete. Special care 
must be taken with the formwork direction 
when using dovetailed (tongue and groove) 
formwork plates.

9.40

6.
30



39

Raising, lowering and drive systems

The lifting, lowering and moving systems 
do not normally need to carry forces from 
the concreting process. Only the weight of 
the formwork must be considered when 
dimensioning the units. Units equipped 
with a convenient hydraulic system are usu-
ally used for lowering and raising the form-
work, depending on the frequency of this.

Variously equipped formwork carriages are 
used for this, depending on the structural 
requirements and the special wishes of the 
contractor. These range from simple con-
structions that are lowered onto movement 
wheels via spindles and related using hoists 
to hydraulically controlled formwork 
machines that are self-moving and can posi-
tion the formwork “at the push of a button”.

The formwork is raised into position, or lowered onto 
the wheels for relocation, by hydraulic cylinders.

Combined lifting and movement devices are also used: 
Lifting is done hydraulically and movement occurs with 
an electric motor.

Self-moving formwork carriage with hydraulic erection / 
striking for a cross-section with two roadway tubes and 
a service tunnel between them.

Shaft formwork that is manually erected / struck using a 
spindle and moved using a grip hoist.
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Ensuring the durability of the tunnel construction
Measures and material for the highest quality

Tunnel construction places especially high 
demands on the properties of the hardened 
concrete. The casting and compression of 
the fresh concrete are decisive factors influ-
encing the quality of the hardened concrete. 
The PERI engineers take this into account 
when planning the formwork. 

The pressure of the wet concrete during 
concreting is a critical factor for the dimen-
sioning and design of the tunnel formwork. 

Casting and compressing the fresh concrete

Distortion and sagging of the formwork skin 
must lie within an acceptable tolerance 
range. 

Concreting windows or pressure pipes are 
provided for filling. It is important to consult 
concreting experts when designing the 
 concreting and compression processes. 
Compressed-air vibrators with welded or 
clamped fastenings should be used in order 
to achieve the best results. The type of com-

View of the division of concrete windows

The PERI BPA concrete pump connection matches 
the wall formwork systems TRIO, MAXIMO and 
VARIO GT 24. The filler pipe is shown here.

A pipe cleaner is also available for the BPA concrete 
pump connection.

A compressed-air construction vibrator offers high  levels 
of density.

pression technology used depends on  
the formwork construction. The design  
of this should be carefully planned and 
 documented.
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The decision over the formwork lining to 
use depends partially on the geometry but 
primarily on the frequency of use and the 
cost of formlining replacement. Wood or 
steel can be used, with the decision based 
on project-specific comparative calculations. 

Among other factors, it is important to note 
that the loading, and the resultant wear, is 
different for the wall and slab formwork. 

The formwork surface and the design of the concrete surfaces

Completely smooth wall and slab surfaces 
with regular seams are seldom required in 
tunnel construction. However, transition and 
auxiliary structures, and especially portals, 
place special demands on the surface of 
the concretes. The use of the appropriate 
formwork plywood with the desired surface 
allows a wide range of possible surface 
designs. 

PERI offers plywood in a wide range of dimensions, 
strengths and quality. The correct plywood for the 
 construction side is always available.

The flexible MULTIFLEX girder wall formwork offers 
diverse design possibilities and in this case the lower 
area of the wall is profiled. 

The fair-faced concrete of this portal collar was achieved 
through exact application of board straps on the plywood. 

The installation of reinforcement lying on 
the slab formwork results in increasing 
damage to the plywood. When using 
 film-coated, multiply glued plywood sheets 
in the slab area, this means an effective 
limit of 50 cycles before replacement, 
whereas the same formwork plywood can 
be used approximately 70 times in the wall 
area. Steel formwork plywood must be 
used for higher levels of usage. 
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Ensuring the durability of the tunnel construction
Measures and material for the highest quality

Post-treatment carriage

The post-treatment process protects the 
applied concrete from premature drying. 
This ensures proper hardening of the con-
crete surface under construction site condi-
tions. The post-treatment is also important 
for the long-term durability of the compo-
nents and the structure as a whole. The 
duration and type of post-treatment are pri-
marily dependent on the hardening charac-
teristics of the concrete and the ambient 
environmental conditions during hardening. 
The measures must be defined based on 
the specific conditions.

Appropriate post-treatment carriages are 
used in the tunnel, which ”isolate“ the 
 concrete from the environment to protect  
it from drying too quickly. These carriages 
must only be able to support their own 
weight. There are a number of different 
types of insulation.

Constructing a watertight tensioning point
PERI DK sealing cone system

Post-treatment trailing carriage with an inner radius  
of 5.10 m. The carriage is mounted using the tunnel 
waler system.

Removing the sealing cone using the 
UNI sealing key

Cross-section and longitudinal section of a post-treatment 
carriage.  The construction is mounted on series parts from 
the HD 200 heavy duty system.
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PERI tie technology –  
permanent sealing of the tie holes

Based on experience, water impermeable 
tensioning points can be expensive and are 
an important factor in formwork construc-
tion. In the case of damage, the costs of 
necessary repair work can be many times 
that of the construction costs. In addition to 
this, the official testing results of most seal-
ing / waterproofing devices relate only to 
the individual components and not the 
entire sealed tensioning point. This means 
that the risks are carried entirely by the con-
tracting company.

For these reasons PERI has developed relia-
ble methods using the structurally tested 
DK sealing cones and the SK tie cones that 
satisfy all the technical and commercial 
requirements and conform to the legal 
requirements.

In both the DK and SK tie systems, the tie 
points are sealed using concrete cones and 
a two-component glue. Suitable cones and 

spacing pipes are used depending on the 
diameter of the tie rods. The DK system 
uses two reusable DK cones and one reus-
able tie rod. The spacing pipe remains in the 
concrete.

PERI supplies concrete cones to satisfy all 
architectural requirements. In the SK sys-
tem, two reusable SK cones are connected 
to one concreted tie rod. When a spacing 
pipe is used, then the tie rod can be 
reused.

PERI tie systems for wall formwork are

n  waterproof
n fire resistant
n  soundproof
n strahlungssicher

For more information refer 
to the PERI tie technology 
 product brochure.

Clean the impression, coat with sealant glue Coat the concrete cone with sealant glue and use the 
cone wrench to press the cone into the impression 
while lightly turning

Remove the excess glue – done

DK sealing cone

SK sealing cone

In the pipes of the Oeresund tunnel, which connects 
Denmark and Sweden 20 m under the sea, the PERI SK 
tie system ensures 20,000 permanently sealed tie 
points.
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Process for reducing construction times
Gap-concreting

The alternating sequential method can be 
used equally well for monolithic and semi-
monolithic cross-sections in both mining 
and open construction methods. With gap-
concreting the first formwork carriage set 
(leader) runs in advance over multiple 
 segments, the second formwork carriage 
set (closer) closes the resulting gaps 
 afterwards. 

The construction of this slab formwork carriage allows 
trucks to pass through the formwork in both positions.

Cross-section with inner and outer formwork in concreting 
position (left), ties loosened and outer formwork stripped 
for moving (right).

Diagram of the alternating sequential 
method using PERI formwork carriages. 
This tunnel is constructed semi-mono-
lithically (bottom plate in advance, walls 
and slab cast as a single unit).

The leader with double-sided bulkhead is 
decisive for the concreting process. In this 
construction method, complicated details 
such as the installation of water bars or 
double-sided stopends with tangential force 
interlocking must be taken into account. 
The amount of material and number of per-
sonnel is doubled by this approach. But this 
pays off in many projects due to the shorter 
construction time.

The ability to lease the PERI standard 
device is a big economic plus because the 
leasing costs of the additional material are 
usually completely amortized by the result-
ing shorter leasing time. 
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Faster movement through back proping

The so-called back proping reduce the 
 construction time: The tunnel formwork 
 carriage is relocated very early, with the 
”young“ slab being supported by back 
 proping. This means that the formwork 
 carriage is rapidly available for the next 
 concreting section. 

This process accelerates the construction 
process with a minimum of extra material 
and the solution is also very economical 
due to the low effort required for the back 
proping.

This tunnel is gap-concreted and back proping accelerate 
the movement of the tunnel formwork carriage. A double 
time saving!

HD 200 heavy duty supports are used here. The support-
ing structure is connected to a movable carriage allowing 
it to be quickly moved forwards from cycle to cycle.
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Cut-and-cover construction tunnel
Separate casting and semi-monolithic construction  
of the cross-section

Cut-and-cover construction is the preferred 
variant for shallow construction depths 
because the technical demands and con-
struction costs are comparatively low. 

To construct the tunnel, a construction 
trench is excavated and this is then covered 
with soil after the (usually rectangular) con-
crete pipe is finished. 

The main elements of the tunnel – bottom 
plate, walls and slab – can be constructed 
as different variants and in different 
sequences or can also be concreted mono-
lithically in a single casting process.  

The following sections illustrate projects 
where the cross-section is separately cast 
or semi-monolithically cast.

Rosca-Konscica A1 Motorway Tunnel, Split, Croatia
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Pictograms are used to highlight the tunnel 
 construction method

Separate casting in open construction:
Bottom plate, walls and slab are concreted one 
after each other.

Semi-monolithic construction / Variant 1:
Bottom plate concreted in advance, walls and slab 
cast as a single unit afterwards.

Semi-monolithic construction / Variant 2:
Bottom plate and walls cast as a single unit first, 
slab concreted afterwards.

Horental Tunnel, Switzerland Tunnel in Donzdorf, Germany
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Tunnel Zwickau, Germany
Adaptable, easy to handle and quick to move
Weekly cycles in both directions using VARIOKIT

Flexible slab formwork solutions for exact dimensional 
accuracy: The VARIOKIT formwork carriage accounts for 
a 2.5% lateral slope for the bottom plate and slab as 
well as differing longitudinal slopes of up to 3.2% and 
variable radii.
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Cut-and-cover construction  separate casting

Hans-Jürgen 
Mälzer
Supervisor

“The VARIOKIT tunnel formwork 
 carriage is easy to strike and move. 
Other advantages are the ability to 
adjust to differing radii and the transit 
opening for construction site traffic.”

A 380 m inner city underpass for the B93 
relieves the residents of noise and exhaust 
fumes while also optimising flood protec-
tion. The four-lane expansion also allowed 
the creation of open green areas between 
the city centre and Mulde river.

Starting from construction phase 14, the 
construction crew works in weekly cycles  
in both directions using separate casting. 
The bottom plate, walls and slab were 
 constructed one after another, with each 
concreting section being 10 m long. Four 
VARIOKIT formwork carriages were used  
to erect the tunnel slab formwork – one for 
each tube and direction respectively.

Contractor
ARGE Tunnel Zwickau Alpine, Hochtief
Field Service Field Service
PERI Leipzig and PERI Weissenhorn, Germany

In the normal tunnel sections, the double tunnel tubes 
have a width of 8.75 m and are up to 12.78 m wide in 
the expanded sections. To allow the unhindered passage 
of construction site traffic, the VARIOKIT slab solution 
was constructed with a 3.50 m x 4.00 m transit opening.

The tunnel was constructed using separate casting, 
with the bottom plate, walls and slab being concreted 
one after another.

RCS climbing rails as crossbeams together with HDT 
main beams and HD 200 heavy duty props were used 
for a load-optimised slab formwork carriage unit.

Based on the construction site require-
ments, the PERI engineers used the 
 VARIOKIT construction set to design tailor-
made formwork solutions using rentable 
standard components from the PERI 
 product range, including HD 200 heavy  
duty props and RCS walers. The side slab 
elements could be moved mechanically – 
this reduces the width of the formwork 
 carriage while simplifying and accelerating 
the striking and moving operations.
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Neu-Ulm 21 railway project, Neu-Ulm, Germany
Flexible and fast due to rentable system components

The Stuttgart – Munich rail connection is an 
important part of the European railway net-
work. A new track path and expansion to 
four tracks was necessary in order to pro-
vide a fast, high-capacity transit route 
through the city of Neu-Ulm. 
To achieve this, the track was sunk under-

ground over a 3.6 km stretch through the 
Neu-Ulm inner city. The tracks now run 
about 8 m below street level through a 
1,483 m long trough structure. This allowed 
important through-roads to run over the 
tracks and made inner-city areas available 
for construction and green belts.

The PERI solution included formwork and 
scaffolding for constructing the bottom 
plate, the walls and the tunnel sections as 
well as two underpasses. The use of VARIO 
GT 24 girder wall formwork allowed cost-
effective construction of the 120 cm thick 
and up to 8.50 m high concrete walls. The 
orientation of the walls and the transfer of 
the wind loads is achieved using heavy duty 
spindles and steel walers on the existing 
sheet piling. The tunnel sections with 
lengths of 170 and 250 m were constructed 
as twin-tube box cross-sections using the 
separate casting method, and concreted 
with standard cycle lengths of 18 m. In 
each case, two PERI tunnel formwork 
 carriages – one behind the other – and four 
carriages next to each other provided opti-
mal adjustment to the varying track and 
structural radii.
PERI engineers had to take into considera-
tion the widening of the cross-section with-
in the tunnels which increased the overall 
width from 24 to 35 m. For this, GT 24 
formwork girders were telescoped as a can-
tilever to the tunnel centre and supported 

Reinforcement using PERI UP scaffold units, concreting 
of the walls using VARIO and realisation of the cantilev-
ered slab areas for the trough wall using a tunnel form-
work carriage.

Rentable standard system components resulted in an 
inexpensive, cost-effective tunnel formwork solution.

The trough width varies between 21.50 m and 32.60 m 
has a total length of 1,483 m. The VARIO GT 24 girder 
wall formwork used for the up to 8.50 m high reinforced 
concrete walls could be moved quickly due to the large 
segments. The need for only a few tie points also 
 reduces costs.
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Franz Frick 
Supervisor

“With the PERI solution we achieved 
an optimal cost-benefit effect. The 
fomwork carriages could be easily 
adapted to the different tunnel widths 
in weekly cycles. For the trough walls, 
we saved on tie points and achieved 
fast moving times using the VARIO 
system. And the PERI UP reinforce-
ment scaffolds were also quickly re-
positioned and provided safe working 
conditions.”

Contractor
Ed. Züblin AG, Stuttgart
Field Service
PERI Weissenhorn, Germany

with MULTIPROP slab props. For the 13 m 
and wider cross-sections, an additional 
MULTIPROP table in the centre of the tun-
nel resulted in a reduction of the filler 
areas.

The fact that the tunnel formwork carriages 
could also be used as support construction 
for the realisation of cantilevered slab areas 
for the trough wall brought site crews con-
siderable cost advantages.
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Kreuzstraßen Tunnel, Tuttlingen, Germany
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Kreuzstraßen Tunnel, Tuttlingen, Germany
The alternating sequential method – Rentability made a solution 
with two slab formwork carriages cost-effective

Hans Kessler
Supervisor

”The formwork carriages are easy to 
 handle, they are easy to position both 
horizontally and vertically, the vaulted 
sections are easy to extend and the 
 bulkhead is easy to install. The entire 
 system is stable in every way and easy 
to operate.”

The construction of a crossroad tunnel 
greatly alleviated the traffic load in the inner 
city of Tuttlingen. The rectangular cross- 
section was constructed using the cut-and-
cover construction method, subdivided into 
100 sections approximately 10 m long.  
The outer walls were first concreted on one 
side against previously constructed bored 
piles, with the slab being constructed using 
the Pilger step process to save construction 
time. A first formwork carriage (the leader) 
progressed in advance across the cycles 
and a second formwork carriage (the trailer) 
closed the resulting gaps afterwards.

All three formwork carriages were con-
structed using components from the 
 VARIOKIT construction set. The rentability 

Contractor
ARGE B311 Tuttlingen 
Crossroad tunnel
Reisch GmbH & Co. KG
SKS Bau GmbH & Co. KG
Heim Tuttlingen contractor 
GmbH + Co. KG

Field Service
PERI Weissenhorn, Germany

The raising and lowering system allows the slab form-
work carriage to be hydraulically lifted into the concreting 
position and then lowered later. 

The design of the slab formwork carriage allowed 
trucks to pass the construction at all times.

of the system devices made the formwork 
solution especially cost-effective, despite 
the high material use, because the renting 
costs for the larger amount of material 
were almost completely amortised by the 
resulting reduction in construction time. 

The formwork carriage could be optimally 
adjusted to suit the varying longitudinal and 
lateral tunnel inclination as well as the cur-
vature of the tunnel. Formwork joints were 
arranged in the middle of the wall formwork 
panels and the vaulted formwork panels on 
the slab formwork carriage could be moved 
horizontally. Spindle and hydraulic units 
allowed easy adjustment of the polygonal 
shape for the roadway. 

The cross-sectional shape of the wall form-
work carriage required a special solution for 
load transfer when concreting. Generously 
dimensioned wall walers were tied to the 
foundation in the lower wall area and, above 
the transit passage, the pressure from the 
fresh concrete was transferred via horizon-
tally positioned HD 200 heavy duty props.
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A drive true of 3 m wide and 4 m high was required 
for the wall formwork carriage for the Tuttlingen tunnel 
to ensure that the construction site delivery traffic 
was not impaired.
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Windshear Wind Tunnel, Concord, USA
Cost-effective solution using standard equipment  
for an unusual construction task

The unusual construction tasks could be performed 
cost-effectively using the project-specific tailor-made 
formwork solution.

The Windshear Wind Tunnel has a total surface area of 
67 m x 28 m – with a diverse range of complex cross-
sections. 
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The wind tunnel is used as a test bed for 
improving the aerodynamics of racing cars. 
The vehicles are positioned on a moving 
steel floor that rotates at a speed of about 
290 km/h. A huge fan moves up to 2.85 mil-
lion m³ of air per minute at the same time.  
For the realisation of the unusual tunnel 
structure, PERI planned and supplied a custo-

mised formwork solution using standard 
rentable components from the PERI rental 
park. 

The major challenges were the unusual 
geometry and the height of the structure.  
In the “back-leg diffuser” area of the tun-
nel, for example, the tunnel height and 

width continually changed.   The angled arch 
roof, in particular, called for a high degree of 
flexibility.  System components of the VARI-
OKIT engineering construction kit formed 
the trusses which were supplied pre-
assembled to the job site. The adjustment 
to the changing shape was done using SLS 
heavy-duty spindles and MULTIPROP trans-
ferred the loads into the ground from a 
height of 10 m. 

 High demands were also placed on the 
formwork and supporting structure by the 
tapering of the tunnel, which functions like 
a nozzle.  For constructing the rounded 
walls and slab, a flexible tunnel solution 
consisting of PERI system components was 
likewise used.   High load-bearing MULTIPROP 
individual props, connected by means of 
MRK frames, served as load towers for 
supporting the slab formwork.  This combi-
nation allowed optimal and project-specific 
adjustments to be made reagrding the com-
plex boundary conditions which featured a 
very range of erection areas and heights.

The ”back-leg diffuser“, with varying widths and heights, 
could be formed exactly to the required dimensions 
using a raised formwork that was preassembled before 
delivery – based on rentable PERI standard components.

On the left, the longitudinal section and top view of 
the tunnel narrowing which functions as a nozzle; 
on the right, the “back-leg diffuser” with the variable 
cross-section

Contractor
Wayne Brothers, Inc., Kannapolis
Field Service
PERI Orlando, USA

Isaiah Wayne, Project Manager
Cecilio Gonzalez, Superintendent

”The complicated geometry was a great 
challenge for us. PERI was able to help 
us with their expertise by supplying us 
custom fitted formwork made of standard 
equipment. This allowed us to complete 
the task in a very cost-effective manner.“
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Troja Tunnel, Prague, Czech Republic
PERI UP Rosett – Shoring for heavy loads and large heights

The expansion of the Prague ring road 
includes the Blanka tunnel. The last part of 
this tunnel, which connects Malovanka and 
Troja, was constructed over a length of  
570 m using the cut-and-cover construction 
method. The two complete separate tubes 
are combined into a single tunnel after pass-
ing beneath the Vltava river. The opposing 
lanes are separated by a dividing wall. The 
traffic returns to the surface at a crossroads 
in Troja.

The rectangular, inclined tunnel cross- 
section was designed with three construc-
tion joints. The walls were constructed after 
the bottom plate. The slab was then con-
structed in two steps – with a 0.50 m thick 
concreting joint. 

The high side and middle walls were 
formed using the proven TRIO panel form-
work system. MULTIFLEX GT 24 girder slab 

formwork was used for the tunnel slab with 
thicknesses of 100 cm to 150 cm. The usual 
section length for concreting the slab was 
12 m. The load was transferred using 6.90 m 
high shoring based on the light-weight but 
very strong PERI UP Rosett modular scaf-
folding. Guide rollers allowed the shoring 
and slab formwork to be moved to the next 
concreting section.
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The 80 cm thick walls are 6.50 m high and were formed 
using the proven, high pressure TRIO panel wall form-
work system.

The bay sizes used for the PERI UP Rosett shoring were 
chosen to suit the height of the loads to be transferred. 

The PERI UP Rosett modular scaffolding system 
 provides light-weight shoring for the slab  formwork.

The formwork elements in the areas with single sided 
formwork were shored using SKS shoring panels. 

Contractor
Metrostav a.s., Division 6, Prag
Field Service
PERI Jesenice, Czech Republic
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Wolfsgruben Tunnel, St. Anton, Austria
Time saved by using PERI systems for the slab and walls

The railway line between St. Jakob and St. 
Anton was increased to two tracks to 
increase the traffic capacity for the 2001 
world skiing championship. The simultane-
ous movement of the railway station pro-
vides more peace and attractiveness in the 
town. 

The 1,743 m long Wolfsgruben Tunnel was 
constructed using the open construction 
method. The width of the tunnel changes 
from two to four tracks and the cross- 
section changes from a rectangle to a 
 trapezoidal shape. The structure has slab 
thicknesses of up to 120 cm and large 
heights of up to 10,05 m. In addition to the 
need for transferring heavy loads over large 
heights, the slab formwork and shoring 
needed to be continually adjusted. 

VARIO girder wall formwork units were 
used for the tunnel walls in the area of the 

1,200 m² VARIO girder wall formwork – designed for a 
fresh concrete pressure of 80 kN/m² – filled with 480 m³ 
of concrete. Concreting was performed on alternate 
sides to allow checking for deformation of the falsework.

river crossing which were adjusted ideally 
to a fast turnover. The units were pre-
assembled ready for use at heights of 8.40 
and 9.00 m, saving valuable site time. The 
formwork could be grouped together to 
adjust for the different wall heights in the 
subsequent ”Lion‘s gallery“ construction 
section.

The PERI suggestion for the slab formwork 
and the up to 10 m high shoring resulted in 
significant time savings: The rapid installa-
tion of the MULTPROP system and the sim-
ple, flexible adjustments to varying cross-
sections allowed the work to proceed quick-
ly. The construction crew also benefited 
from the fact that the entire unit, together 
with the slab formwork, could be moved 
and brought into concreting position using 
the hoisting and motion equipment.
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Werner Herzog
Site Manager

”As the MULTIPROP tables were to be 
moved in units, we were very fast in 
completing the slabs. The system is 
extremely flexible and could easily be 
adjusted to the changing cross-sections.

 Contractor
Arge St. Anton Obertage
Mayreder, Stuag, Porr Technobau, Rhomberg
Field Service
PERI Vorarlberg and PERI Weissenhorn, Germany

Altering the VARIO GT 24 girder wall formwork in the 
area of the polygonal-shaped supporting wall (left) to the 
straight wall (right section) was made by exchanging the 
articulated couplings with fixed couplings.  This avoided 
having to modify the entire unit.

The light aluminium MULTIPROP towers from the PERI 
renting pool wer quickly installed and securely carried 
the loads of the 10.50 m high and 1.20 m thick tunnel 
slab.

The Rosanna crossing is divided in four sections 
 comprising the avalanche protection construction, the 
curved supporting walls, the hollow box and the straight 
supporting walls.

28.516.75 20.43
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Jumeirah Palm Island Tunnel,
Dubai, United Arab Emirates
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Jumeirah Palm Island Tunnel, Dubai, United Arab Emirates
Proven systems used in diverse ways

The 2,000 luxury villas and 40 exclusive 
hotels found at The Palm, Jumeirah, are 
built on sand. More than 100 million cubic 
metres of sand and rock were required as 
landfill to create the island in the shape of a 
palm tree. The 12 km long and 5 km diameter 
crescent-shaped breakwater is constructed 
from rock and has been designed to protect 
the 17 fronds against erosion.

The outer ring with its hotel facilities and a 
gigantic water park is connected to the 
trunk by a 996 m long tunnel. Including the 
entry and exit ramps, the tunnel construc-
tion has an overall length of 1.4 km of which 
around 600 m runs underwater up to 
depths of 25 m.  The triple-tubed rectangu-
lar cross-section with three lanes in each 
individual tunnel along with a central supply 

tunnel were constructed using the cut-and-
cover method. Just pumping out the exca-
vation pit took one month.

The cross-section is 38.00 m wide and  
9.16 m high, the reinforced concrete bottom 
plate has a thickness ranging from 1.54 m 
to 2.08 m. The slab thickness varies between 
1.50 m and 2.00 m and the outer walls are 
1.50 m thick. Forming, reinforement work 
and concreting were carried out using the 
separate casting method. In 25 m long con-
creting steps and four cycle sequences, the 
tunnel bottom plate, two wall sections 
respectively and then the slab could be con-
creted one after the other.

PERI system components from the VARIO 
girder wall formwork system provided the 

ideal basis for all areas. Then the load-bear-
ing GT 24 formwork girders as well as SRZ 
steel walers could be used very flexibly as 
slab formwork as well. The concrete loads 
during construction of the tunnel slab were 
safely transferred into the bottom plate via 
PD 8 shoring towers.
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Walter Freitag 
Site Manager

“With the PERI systems, we were able 
to achieve a fast cycle sequence. They 
are simple to operate and can be used 
very flexibly. In addition, PERI provided 
us with the required technical support on 
the construction site.”

Contractor
Al Naboodah Engineering Services L.L.C., Dubai
Field Service
PERI Dubai, U.A.E.

Around 200,000 m³ of concrete was poured for the road 
tunnel in only eleven months.

The 38 m wide tunnel connects the man-made Jumeirah 
Palm Island with the outer crescent.

The flexible VARIO GT 24 girder wall formwork was 
used for the 60 cm thick middle wall and the 1.50 m 
thick outer walls.
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Underground Station, Móricz Zsigmond Platz,  
Budapest, Hungary
Load-bearing and flexible up to heights of 18 m

The arch formwork and the supporting substructure for 
the solid, 80 cm wide reinforced concrete ribs are also 
based on rentable system components: GT 24 lattice 
girders, SRU steel walers, SLS heavy-duty spindles and 
MULTIPROP slab props.

MULTIPROP aluminum slab props MP 480 and MP 625 
were coupled vertically with the help of MPV couplers 
and horizontally via MRK frames to form a spatial sup-
porting structure.

Using TRIO panels as side formwork for the reinforced 
concrete arch resulted in a neat joint arrangement.
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András Illinger
Site Manager

“The co-operation with PERI ran smooth-
ly both in planning as well as the execu-
tion phase. The flexibility and load-bearing 
capacity of the MULTIPROP system used 
for supporting the diagonally-positioned 
components was a great advantage.”

7.3 km long is the first section of the M4, 
the new fourth line of the Budapester 
Metro. It runs under the Danube and is 
designed for fully automatic driverless oper-
ation at speeds of up to 80 km/h in 90 sec-
ond intervals. The Metro station below the 
Móricz Zsigmond Platz, with numerous 
tram and bus connections, is considered to 
be a very important traffic junction.

The formwork and scaffolding solution 
developed by PERI´s Hungarian engineers 
took into consideration the static and archi-

Contractor
Strabag MML Kft. HP Dir., Budapest
Field Service
PERI Budapest, Hungary

The 48° inclined, 40 cm thick concrete 
components could be cost-effectively 
constructed in 3 cycles with the help of 
the modular PERI construction kit. For 
this, an existing reinforced concrete 
crossbeam with a 1.85 m x 1.30 m cross-
section dimension could be adapted and 
integrated in the load-bearing system for 
horizontal bracing.

Geometrically and statically adapted raised formwork 
units with PERI system components: with the help of 
UK 70 universal couplings, rigidly connected SRU steel 
walers as well as SLS heavy dúty spindles.

tectural requirements. Then, high loads at 
great heights had to be transferred as well 
as concrete components in architectural 
concrete quality with a fixed joint and tie 
arrangement were to be constructed.

The north and south ends of the Metro 
 station were formed with reinforced con-
crete slabs inclined at angles of 48° and 
59°, which were constructed in three cycles 
up to a height of 18.70 m. Safe load distri-
bution was carried out through GT 24 form-
work girders and SRU steel walers, a raised 

formwork construction comprised of SRU 
steel walers and SLS heavy duty spindles 
ensured the spatial adjustment. The shoring 
solution installed below this was based on 
the MULTIPROP system – with MULTIPROP 
aluminium slab shoring connected to MRK 
frames.  

With the help of the rentable, modular PERI 
construction kit, a pre-cast crossbeam could 
not only be adapted but also integrated into 
the load-bearing system as a bracing ele-
ment.
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Hannes Mauracher
Site Manager

“PERI provided us with the best tech-
nical concept and the most cost-effec-
tive solution. The results that we were 
able to achieve with the fomwork car-
riage were more than satisfactory. It 
allowed us to concrete each segment 
in a weekly cycle. What made our 
formwork partner all the more 
 qualifi ed was the technical support 
because we always received an appro-
priate solution to all of our detailed 
questions.”

The aerial photograph shows the 600 m long and 33 m 
wide dry dock used for prefabrication of the fi ve 100 m 
long tunnel elements.

Limerick Tunnel, Ireland
Tailor-made formwork solutions: 
Submerge tunnel in a six-day cycle
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Tunnel formwork carriage designed on the basis of the 
VARIOKIT engineering construction kit for the six addi-
tional concreting sections at the southern portal. This 
was carried out parallel to the construction of the main 
tunnel elements.

In position Retracted
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For the stopend formwork, the formwork solution took 
into consideration both the shear key as well as two 
 different sealing variations.

Limerick Southern Ring Road Contractor
DirectRoute (Limerick) Construction Ltd.
Strabag AG, John Sisk Son Ltd., Lagan Constr. Ltd., 
Roadbridge Ltd.
Concreting and shoring work Limerick Tunnel
Strabag International GmbH, Linz, Austria
Field Service
PERI Weissenhorn, Germany

With the PERI fomwork carriage, the 20 m long segments 
could be concreted in weekly cycles.

The double-tube rectangular cross-sections were 
semi-monolithically constructed in each case. The 
hydraulic lifting and lowering mechanism as well as 
integrated transverse launching units accelerated 
the moving process.

Five tunnel elements, cost-effectively constructed 
watertight and to exact dimensions in five 20 m concret-
ing cycles: The PERI hydraulic system allowed efficient 
movement of the formwork and easy control of the wall 
formwork elements. Integrated transverse launching 
units made exact alignment easier.

As part of the M7 motorway development 
in the south-west of Ireland, the four-lane 
route crosses the Shannon near Limerick, a 
few kilometres before the river flows directly 
into the Atlantic. Centrepiece of the 10 km 
long ”Limerick Southern Ring Road” was 
the required tunnelling with a total length of 
915 m. For this, two different customised 
PERI formwork solutions were used based 
on the requirements of the contractor as 
well as the construction sequence itself.

For the 28 concreting sections of the so-
called immersed tunnel and the three adja-
cent construction phases in the north which 
were cast in-situ, a customized special 
formwork carriage was the most cost-effec-
tive solution. A total of five 100 m tunnel 
elements were completely pre-cast in a dry 
dock at the north portal and then sealed off 
with bulkheads at the ends. After flooding 
the dock, the 100 x 25 x 8.50 metre and 
20,000 tonne reinforced concrete pre-cast 

segments were floated out and then low-
ered, exactly positioned and joined together 
in a specially prepared channel in the 
 Shannon river bed. 

At the same time in the area of the south 
portal, an additional tunnel section was 
completed in six cycles. This took place 
using the cut-and-cover method. Due to the 
few concreting sections to be completed 
and the consequent short usage time, the 
VARIOKIT modular construction system 
was used. The use of mainly rentable 
 standard elements from the construction 
set meant lower overall costs for the 
 contractor.
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Neulustheim Tunnel, Munich, Germany
City railway tunnel cost-effectively constructed  
in eight cycles using system components
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The so-called overpass tunnel to the west 
of the Nymphenburg Palace disentangles 
the track layout of the Munich underground 
railway network and the regional railway 
system since the beginning of 2009. The 
85.70 m railway tunnel runs in a radius of 
200 m and has an inclination to the middle 
of 0.9% to 0.2%. 

The short track length and construction in 
only eight 10.70 m concreting cycles made 
a formwork carriage solution based on the 
VARIOKIT construction set especially cost-
effective. The use of these flexible and rent-
able standard components with a minimum 
of special parts significantly reduced the 
overall costs.

Contractor
Hentschke Bau GmbH, Bautzen
Field Service
PERI Dresden and PERI Weissenhorn, Germany

At 8.60 m the Neulustheim tunnel is unusually high. The 
sturdy formwork carriage allowed a concreting speed of 
20 to 25 m³/h, representing a climbing speed of 1.5 m/h.

HD 200 heavy duty props safely transfer the heavy loads 
into the subsurface.

The rectangular cross-section was constructed semi-
monolithically: bottom plate concreted in advance, 
 followed by the walls and slab cast as a single unit.

Volkmar Söllner
Supervisor

”The VARIOKIT tunnel formwork 
 carriage is a mature system. From an 
 economic and technical point of view, 
this was the optimum solution for our 
construction site with only eight cycles 
and a very tight timeframe.”In position Retracted
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Istra Tunnel, Boljunsko Polje, Croatia
Quick formwork movement saves time and construction costs

A green bridge was erected near Boljunsko 
Polje to allow wild animals to cross the busy 
country road DC 500 between Učka and 
Vozilići. The 43 m long tunnel was con-
structed using the cut-and-cover construc-
tion method.  Due to the specified short 
construction time of only 2 months, the PERI 
engineers developed a formwork solution 
that allowed rapid installation of the tunnel 
formwork carriage and quick movement to 
each subsequent concreting section.

A supporting structure for the formwork 
carriage was designed and built using the 
PERI UP scaffolding system. The complete 
formwork unit was mounted on HEB steel 
beams and, after being quickly lowered, it 
could be moved on wheels to the next 
 concreting section.

The system components of the PERI UP 
scaffolding and the VARIO GT 24 girder wall 
formwork could be easily adjusted to suit 
the specified structure geometry. The renta-

bility of the components minimised the 
material costs of the project. The easy 
 handling of the system reduced the time 
required for installation and the individual 
moving operations.

The PERI UP construction was mounted on several HEB 
steel girders which allowed the entire unit to be moved 
to each subsequent section.

Thanks to the PERI construction set system, the 
43 m long animal overpass could be constructed 
in only 2 months.

The load from the 1.10 m thick tunnel vault is transferred 
via GT 24 formwork girders, a steel framework of SRU 
steel profiles, UK 70 universal couplings, SLS heavy duty 
spindles and a PERI UP shoring construction.
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Contractor
Carin d.o.o., Zagreb
Field Service
PERI Zagreb, Croatia and
PERI Frankfurt, Germany

Siniša Ptičar
Site Manager

”We were convinced by the easy move-
ment of the PERI solution to the next 
section. This saved us a great deal of 
time and money.
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Laliki road tunnel, Poland
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PERI supplied several formwork carriages 
for the Laliki road tunnel. The designed 
solution was very cost effective due to 
the low number of individual components 
and the fl exibility of the VARIOKIT con-
struction set.
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Laliki road tunnel, Poland
PERI tunnel formwork using ST-A4 heavy duty towers

A 670 m two-lane tunnel was constructed 
using the mining method near to the border 
between the Czech Republic and Poland. 
The tunnel vault is 7.74 m high and the 
 tunnel width is 12.50 m. 

Steel formwork was used for constructing 
the tunnel. The construction was especially 
efficient and cost-effective due to the many 
repeating identical sections. 

The contractor initially decided to use false-
work based on the PERI UP Rosett system 
for constructing the portal area using open 
construction. However, due to a significant 
timetable delay, the contractors then 
 decided to use a movable tunnel formwork 
carriage. A construction previously used on 
other construction sites was modified 
accordingly. The flexible construction of the 
existing formwork carriage allowed it to be 
quickly and easily adjusted to suit the cross-
section of the Laliki tunnel. 

The PERI GRV articulated waler system 
connected by GT 24 formwork girders was 
used for the curved forms. The construction 
had to be modified for an appropriate load 
transfer: A steel framework of RCS rails, 

Side view of the tunnel portal formwork.
ST-4A heavy duty towers were used for transferring 
the vertical loads.

SLS heavy duty spindles and SKS compres-
sion braces form the horizontal load-bearing 
structure, with these resting on ST-A4 
heavy duty towers that have an especially 
high loading capacity. PERI supplied the 
preassembled formwork carriage on-site 
and the final installation work only took  
3 weeks. 

Thanks to the good collaboration, the con-
tractor then also commissioned PERI to 
supply three additional formwork construc-
tions for an evacuation tunnel: a 12 m long 
formwork for the open construction section 
and portal area and two smaller 6 m long 
formworks for the mined section. This 
 formwork solution and the necessary 
 reinforcement scaffolding were based on 
the PERI UP modular scaffolding system. 
 The same system was also used for 
 constructing the post-treatment carriage  
for the mined tunnel.
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In position Retracted

Ing. Martin Valko
Site Manager

”In light of the enormous delays on 
the construction site, the entire techni-
cal work performed by PERI and the 
final solution were both unbelievably 
fast.

Contractor
Doprastav a.s., Žilina
Field Service
PERI Jesenice and PERI Zlín, Czech Republic
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Reinertshof Tunnel, Füssen, Germany
Alternating sequential concreting – rentable tunnel formwork 
carriage with VARIOKIT engineering construction kit
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One of the most important highway con-
nections in Europe is the A7 motorway. It 
runs for almost 1,000 km from Denmark to 
Austria and through Germany in a north-
south direction. With the construction of 
the Reinertshof tunnel near Füssen, the 
final gap leading up to the Austrian border 
was filled.

The 645 m long tunnel with a double-tube 
rectangular cross-section was constructed 
using a cut-and-cover method. With two 
formwork sets, the advanced section - 
which was three cycles ahead - could be 
concreted at the same time as closing the 
remaining gap, each with lengths of 8 m. 
This accelerated the construction progress 
and reduced the actual site length from the 
foundations to the finished tunnel to a 
 maximum of 48 m. Walls and slabs could be 
constructed semi-monolithically in one 

Contractor
Xaver Lutzenberger, Pfaffenhausen
Field Service
PERI Weissenhorn, Germany

Through the alternating 
sequential method with 
two formwork sets, 
 optimal construction 
progress was achieved.

The standard components 
of the VARIOKIT construc-
tion set could be combined 
to provide an optimal 
 tunnel formwork solution.

The stopend formwork of the 
front carriage was foldable. 
This meant it could be moved 
without requiring any time-
consuming assembly work.

The electrical drive units 
and hydraulic operations 
guranteed fast moving 
times.

The PERI tunnel formwork 
carriage is a modular con-
struction. The formwork 
planning also included an 
access passageway for 
construction site traffic.

Norbert Ritter
Site Manager

“PERI provided us with a practical and 
inexpensive solution as almost only 
standard components were used. The 
labour-saving and simple operations 
with the hydraulic striking and shutter-
ing device as well as the drive system 
reduced moving times to a minimum. 
It didn´t take five minutes to move a 
formwork carriage to the next position.”

working stage with the PERI tunnel form-
work carriage. Here, the VARIOKIT con-
struction set with mostly rentable standard 
components was used. Vertical support was 
provided by HD 200 heavy-duty props. SRU 
steel walers and RCS climbing rails were 
used very cost-effectively as wall steel 
 walers and slab beams. VARIOKIT diagonal 
bracing functioned as pressure joints. 

The wall formwork could be hydraulically 
retracted on both sides by 10 cm. By means 
of the raise and lowering equipment, the 
complete carriage could also be hydraulically 
lifted into the required concreting position 
and subsequently lowered again. Electric 
drive units from the VARIOKIT range of 
accessories ensured fast movement to the 
next cycle. The fact that only three rows of 
ties were needed in the walls resulted in an 
additional time advantage.

In position Retracted
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Green bridge on the A96 in Gebrazhofen, Germany
One formwork carriage for two cross-sections  
Quick and easy adjustment thanks to VARIOKIT

Thomas Halder  
Supervisor

A green bridge was constructed near to 
Gebrazhofen as part of the completion of 
the BAB A96 motorway between Lindau 
and Munich. The motorway is now crossed 
by a double-tube vault and the parallel ring 
road is crossed by a single-tube vault.  
A somewhat unusual feature is the round 
cross-section with a maximum height of 
over 9 m.

Both tunnels were concreted using a 9.30 m 
long formwork carriage using standard ele-
ments from the VARIOKIT construction set. 

Contractor
Ed. Züblin AG, 
Friedrichshafen area
Field Service
PERI Weissenhorn, Germany

After completion of the double tube, the 
formwork carriage could be easily adjusted 
to suit the radius of the single tube by 
replacing a number of defined filler elements. 

Planning and assembly of the control ele-
ments was performed by PERI in Weissen-
horn. Special 3D components for the complex 
form of the portal area, where the walls 
taper off, were also prefabricated.  Concrete 
pump connectors were integrated into the 
outer formwork, which made concreting 
windows unnecessary.

The formwork for the complex form of the portal 
 collar was supplied prefabricated to the construction 
site by PERI. 

The construction of the formwork carriage allowed 
unhindered delivery traffic.

The VARIO GT 24 wall formwork elements could be 
 optimally adjusted to suit the tunnel cross-section.

The concrete was pumped into the formwork via the 
 concrete pump connector BPA installed for this purpose. 
The cleaning slide prevents the residual concrete from 
remaining in the concrete pump connection.

0.70
13.4013.40

9.
53

”The VARIOKIT formwork carriage is 
very different to our previous systems. 
Everything worked well – there was 
really nothing that could be improved. 
PERI brought all their experience to 
the project.“”
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The double tube above the A96 was constructed using 
two formwork carriages built using system components 
from the VARIOKIT construction set.
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Environmental protection tunnel in Stetten, Austria

The so-called ”Ypsilon“, with a total of 51 
motorway kilometres was constructed to 
the north of Vienna. The 3 km long Stet-
ten environmental protection tunnel is 
part of this project.
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Environmental protection tunnel in Stetten, Austria
Rationalised working steps through comprehensive engineering 
services and cost-effective system solutions

The S1 Vienna ring expressway was 
expanded to meet the needs of increase 
traffic capacity. The concept also included 
the 3,200 m long Stetten tunnel, with the 
group of construction firms relying on cost-
effective tunnel formwork solutions and 
comprehensive engineering services from 
PERI for the construction.  The planned 
weekly cycle for the 20 m long sections 
was easy to maintain thanks to the efficient 
movement and optimum working proce-
dures provided by the PERI tunnel form-
work carriage with movable middle and 
outer wall formwork.

With a total surface area of almost  
100,000 m², the environmental protection 
tunnel is the largest road tunnel ever built in 
cut-and-cover method in Austria. Optimum 
construction progress was provided by two 
VARIOKIT formwork carriages for the 
advance middle wall and five VARIOKIT tun-
nel formwork carriages for constructing the 
slab and outer walls.

The solution used a mobile variant to allow 
fast, crane-free movement of the outer wall 
formwork. The PERI engineers were able to 
take advantage of the flexibly usable 
 system elements from the VARIOKIT con-
struction set.

Contractor
ARGE Ingenieurbau PPP-Ostregion S1-West
Alpine and Hochtief, Vienna
Field Service
PERI Nußdorf, Austria

PERI UP Rosett modular shoring solutions for leg loads 
of up to 40 kN – certified, adjustable and easy to install.

Cost-effective system solutions based on the rentable 
construction set system satisfied a wide range of 
 different requirements in the construction of the over 
3 km long environmental protection tunnel.

In addition to providing hydraulic lowering and folding of 
the wall formwork, the VARIOKIT formwork carriage was 
moved on rails to the next section.

The planning of the VARIOKIT tunnel formwork car-
riage also included a transit passage for construction 
site traffic.

In position Retracted
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The two PERI formwork carriages 
for the advance middle wall could 
be moved without cranes.

Ing. Dieter König 
Project Manager
Andreas Lang 
Supervisor

“The close co-operation with the PERI 
engineers led to best solutions, both 
technically and economically. Due to 
efficient moving procedures and opti-
mized sequence of operations, the 
weekly cycles are easy to maintain.”
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D‘Areuse Motorway Tunnel, Switzerland
Self-moving tunnel formwork adjusts hydraulically  
to the changing cross-section geometry

José Antunès
Supervisor

”The formwork can be perfectly 
 adjusted to suit the variable cross- 
section from cycle to cycle. Sadly  
we only have to construct 40 stages.

The extension of the A5 motorway between 
Neuchâtel and Yverdon required a 481 m 
long tunnel near d´Areuse. One feature of 
the tunnel project is the variable cross- 
sections in both rectangular tunnels.

Originally planned to be separately con-
structed with five working steps per cycle, 
this plan was discarded in favour of the 
solution developed by PERI: Using semi-
monolithic construction, the walls and slab 
were concreted in a single pour and, with 
only two working steps, the construction 
time could be significantly reduced. 

Contractor
F. Bernasconi & Cie. S.A., S. Faccinetti S.A.
Field Service
PERI Ohringen, Switzerland

The formwork carriages took less than one 
minute to travel the 12.00 m to the next 
concreting section. The whole process for 
striking, lowering, moving, cleaning and 
repositioning could be carried out by a 
three-man crew in only one hour.

The construction process was only limited 
by the specified striking times. One section 
was completed every two weeks.
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Only the two VARIO elements on the outer sides of the 
tunnel needed to be moved with a crane.

The generous space below allowed easy transit through 
the formwork at all times.

The lateral inclination of the tunnel varied between  
2.4% and 4.4%.  The carriages are infinitely adjustable 
between tunnel widths of 12.25 to 12.80 m.

The tunnel formwork carriages were moved using the 
hoist hydraulics with the drive being controlled by 
 electric motors.

The two independently movable formwork carriages 
could be easily coupled together in the area without  
a middle wall.  This resulted in a uniform ceiling 
 appearance. 

The height and width adjustment, lowering and folding 
were all performed hydraulically.
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Contractor
Metrostav a AG, Division 5
Field Service
PERI Prague, Czech Republic

Railway tunnel in Vranany, Czech Republic
The tunnel waler system: Reusable, adaptable, low cost

In the modernisation of the railway corridor 
between Prague and Děčín, the topographi-
cal conditions required the construction of  
a tunnel near the city of Mělník. 58 m and 
60 m sections had to be constructed with 
cut-and-cover method before and after a 
mined tunnel section secured with sprayed 
concrete. 

GT 24 lattice girders and GRV articulated walers provid-
ed exact forming of the required vault form and safely 
transferred the loads via spindles to the waler system 

serving as the supporting structure. After lowering, 
the entire structure could be moved on rails to the 
next cycle.

Václav 
Zákostelecký
Site Manager

”Since we are not constantly working 
on such construction sites, the ability 
to rent this tunnel formwork just for 
this job was a huge advantage for us.”

A formwork carriage based on the PERI tun-
nel waler system was used for this. A con-
struction set system of combinable, stand-
ardised components allows the construc-
tion of tunnel formwork for almost any type 
of cross-section. The fact that most of the 
formwork can be rented on a job-specific 
basis is a great advantage.
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The construction crew completed each 10 m concreting 
section in a weekly cycle.

The insulation was installed with the help of movable 
PERI UP scaffolding that was optimally adjusted to 
suit the cross-section of the mined tunnel section.

After releasing the ties, the outer formwork could be 
struck in segments using the crane.

The nodes of the PERI UP Rosett system are especially 
rigid with a high loading capacity. The wedge of the 
 horizontal waler falls into the hole in the Rosettewhen 
expanding and latches automatically. The high connection 
rigiditysaves the use of diagonal braces and increases 
the loading capacity.

The inner vault radius is 5.50 m and the outer vault 
 radius is 6.10 m. The minimum cross-section thickness 
at the apex of the vault had to be 60 cm.

The 11 m wide and 5 m long scaffolding 
construction could be moved from cycle 
to cycle on six pairs of wheels. Each 
respective working position was secured 
by lowering the entireunit via spindles.  
A total of four working levels with para-
petsprovided the best conditions for safe 
and productive work. A plannedtransit 
profile 6 m high and 5 m wide allowed 
constant traffic withinthe construction 
site.

12.20
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Erstfeld Tunnel, Gotthard Base Tunnel, North Portal ,Switzerland
Tunnel formwork carriage optimally adjustable  
to suit a varying cross-section
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The northern, 600 m long tunnel section of 
the Gotthard Base Tunnel near the town of 
Erstfeld was constructed using the cut-and-
cover method. The geometrically challeng-
ing structure has three different tunnel 
cross-sections with lengths of 50 m, 240 m 
and 316 m respectively. The tunnel changes 
from a single tube to a hexagonal twin tube 
cross-section. After 290 m, the tunnel 
changes into two parallel individual tubes 
with a horseshoe profile. The different 
 tunnel cross-sections are all 8 m high. The 
 middle wall, sloping on both sides, at the 

Der Tunnel Erstfeld bildet das Nordportal des 57 km 
langen Gotthard-Basistunnels. Der Eisenbahntunnel 
soll 2017 in Betrieb genommen werden – als längster 
Tunnel der Welt.

For the arched cross-section, the PERI fomwork carriage 
was simply equipped with a modified formwork filler. As 
a result, the single tubes could also be concreted in reg-
ular weekly cycles.

Construction of the twin-tube tunnel cross-section 
was carried out with the help of the PERI of tunnel 
formwork carriage semi-monolithically - external 
walls, centre wall and slab in one pour.

The northern tunnel section features a polygonal 
cross-sectional form with variable angles.

Contractor
Strabag AG Ingenieurbau,  
Erstfeld Branch Office
Field Service
PERI Ohringen and
MCE GmbH Eschenz, Switzerland

centre section of the tunnel changes thick-
ness from 1.60 m to 3.80 m at the base of 
the wall. 

The construction crew realised the entire 
tunnel with only one type of PERI formwork 
carriage so that for the cross-sectional 
change from polygonal to the horseshoe 
form, only the formwork filler had to be 
exchanged. The carriages were equipped 
with electric drive and hydraulic raising and 
lowering units for quick and convenient 
positioning, striking and moving. 

Sepp Schuler
Supervisor

”The PERI formwork system is the 
optimum solution for our tunnel 
because the formwork carriage can 
be easily adjusted to suit the variable 
cross-section. The individual position-
ing, striking and moving operations 
work very well.”

The polygonally installed outer cladding 
based on the VARIO GT 24 wall girder form-
work was also easy to adjust to suit the 
 different angles. The construction sequence 
ran in 10 m stages from north to south.
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Warnow Crossing, Rostock, Germany

The Warnow tunnel connects the two 
banks of the river near to Rostock in 
 Mecklenburg-Vorpommern. The initial 
 planning goes back to the 1960‘s. 
The structure was fi nally inaugurated 
in 2003.
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On the right side: internal and external formwork are 
set. Left: struck and internal formwork moved forward 
by one concreting section, external formwork is ready 
to move to next cycle.

Warnow Crossing, Rostock, Germany
Convenient tunnel formwork carriages  
for smooth construction progress

The contractor, Warnowquerung GmbH & 
Co. KG, completed the ring road system by 
passing the Hanseatic city of Rostockwith 
this section. The 790 m long tunnel was 
formed using six segments. Each segment 
was 120 m long and pre-cast in eight con-
creting sections inspecial dry docks. After 
closing the segment ends with steel doors 
and flooding the docks, the 22,000 tonne 
elements were floated out.

The individual tunnel elements were con-
creted in two cycles: After casting the 
 bottom plate, the walls and slab were 
 concreted in one pour, with cycle lengths 
between 14.20 m and 15.60 m. The two 

PERI formwork carriages supplied were 
easy to operate because the inner form-
work could be hydraulically folded, raised 
and lowered. 

The formwork carriage was moved using 
grip hoists. The external elements, together 
with the top tilt formwork and working plat-
forms, were moved in a single crane 
lift,saving considerable time.  This allowed 
the weekly cycle to be comfortably 
achieved.

Steffen Drögmöller
Supervisor

”The tunnel formwork carriage worked 
extremely well so that work on two 
production lines could proceed with-
out any problems.”
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Client
Warnowquerung GmbH & Co.KG
Main Contractor
Bouygues Travaux Publics S.A., 
Feste Warnowquerung Rostock
Contractor
Strabag Hoch- und Ingenieurbau AG,
NL Mecklenburg-Vorpommern, Güstrow
Field Service
PERI Hamburg and PERI Weissenhorn, Germany

The total weight of the two tunnel formwork carriages 
was approx. 400 t. The concept took the existing crane 
capacity into account. The formwork carriage can be 

 dismantled into individual parts of 8 t each, allowing it  
to be lifted out of the dry dock before flooding.

Tunnel construction was carried out using the 
“floating and sinking” method – a technology 
 hardly known in Germany.

Water bars in the construction and cycle joints made 
the structure watertight.

The outer walls have only two tie points, with one of 
them in the bottom plate. This reduced the danger of 
water penetration. DW 32 steel tie rods inthe upper  

tie position securely carried the heavy load (360 kN).  
The consistent use of PERI tie technology permanently 
reduced the riskof leaking tie points.

The tunnel construction phases
Construction: Two elements were constructed in 
three sections, with a total of six tunnel segments.

Floating the elements: After two tunnel elements were 
finished, the dry dock was flooded. The pipes were then 
floated out of the dry dock.

Sinking and positioning: The tunnel pipes made  
of water proof concrete were sealed at the ends for 
 floating out of the dry dock.

9.
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Retracted In position
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A100 motorway tunnel, Berlin, Germany
Formwork carriage infinitely adjustable  
to different tunnel widths

The 1,000 m long section for the expansion 
of the southern Berlin ring road in the sub-
urb of Neukölln was built using open con-
struction. Two tunnel pipes provide space 
for three lanes each. Two 8.30 m wide exits 
are integrated into the tunnel. 

The foundations were constructed in 
advance with the walls and slab then be 
cast in a single pour afterwards. The 
 formwork surface for walls and slab was 
676 m² for each cycle. Thewidth of the 
 tunnel in the two main pipes varied 

between 14.50 m in thenormal cross- 
section up to a maximum of 23.50 m in  
the widened area.

The formwork carriage could be adjusted to 
suit the varying tunnel widths via hydraulic 
telescoping girders, which avoided time-
consuming reconstruction. These were 
 infinitely adjustable for each cycle width 
and could be extended up to a distance of 
9.00 m. At extension lengths of 3.50 m or 
more, the telescopic girders were addition-
ally supported by a main beam composed 

of PERI HD 200 heavy duty props. This 
main beam could be moved from cycle to 
cycle together with the formwork carriage 
using cablewinches.

Since the tunnel lies in a narrow cutting, the 
PERI formwork carriage was constructed 
with an transit opening 4.00 m high and 
wide. This allowed the unhindered passage 
of construction site vehicles.
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Andreas Katt
Supervisor

”The procedures with the formwork 
carriage became easier from section 
to section. Everything worked well and 
we were able to concrete one section 
every ten to twelve days.”

Contractor
Wolff & Müller RKK, Berlin
Field Service
PERI Berlin, Germany

... and extended for the widening area.The formwork construction for the regular cross-section ...

The two tunnel tubes were designed for 
three motorway lanes.

15.90
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Regular cross section

Widening area
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Contractor
Dragados & Costrucciones, Madrid
Field Service
PERI Madrid, Spain

Somosierra Pass Tunnel, Spain
Alternating sequential concreting accelerates  
the construction of the double vault

Phase 1
The middle wall of the double tunnel was 
formed using VARIO GT 24 girder wall 
 formwork with curved steel walers and 
then concreted. Parallel to this, the outer 
walls were positioned and filled using  
TRIO formwork.

Phase 2
The formwork for both tunnel vaults was 
erected at the same time. The construction 
crew used two formwork carriages in an 
alternating sequence for each tube, with a 
total of four formwork carriages beingused. 
Special steel formwork was used for the 
stopend formwork.

Concreting was performed in 12 m long 
cycles. A high quality surface appearance of 
the concrete was achieved usingformwork 
composed mainly of standard components. 
A total inventory of 4,400 m² of formwork 
was maintained and one cycle could be 
completedeach week.

The regular cross-section of the vault with inner 
 formwork carriage and outer formwork.

The middle wall and side walls were constructed first 
and the vaults were then concreted in sequential alter-
nate cycles. The first formwork carriage progressed in 
advance across the cycles anda second formwork 
 carriage closed the resulting gaps afterwards. This-
greatly accelerated the construction progress.

The ”Northern Highway“ – the axis from 
Madrid to Paris – passes over the 1,400 m 
high Somosierra pass about 90 km north  
of the Spanish capital city. The road was laid 
underground to protect the traffic from 
snowstorms inthe winter months. The 
 tunnel could be built using the 
 cut- and-coverconstruction method.

The PERI engineers conceived, constructed 
and supplied a formwork carriage solution 
that allowed quick and efficient construction 
of the double vaulted cross-section on-site. 
After agreement with the contractors, a 
decision was made to concrete in two 
phases. 

+0.00

13.20



Cut-and-cover construction semi-monolithic

99

A special steel construction was used for the stopend 
formwork.

The second phase of the concreting section: After con-
struction of the walls on the outer side and between the 
two tunnel tubes, the formwork carriages were used for 
the double vault.

A total of four formwork carriages were used for the 
section over the Somosierra pass.
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NDIA Midfield Tunnel, Doha, Qatar
Six-day semi-monolithic cycle implemented

Each formwork carriage for 
the two tunnel tubes was 
12 m long, with the con-
creting sections being 10 m 
long. A 6-day cycle was 
achieved for each block.

In position Retracted
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Contractor
SinoHydro Gamuda WTC 
Joint Venture
Field Service
PERI Doha, Qatar

The Midfield Tunnel was constructed semi-monolithically:  
The bottom plate was first concreted using standard 
 elements and the walls and slab were then concreted in 
a single pour using two tailor-made formwork carriages.

GT 24 formwork girders with a high loading capacity and 
high rigidity functioned as the longitudinal truss for the 
slab formwork ...

... and for the wall formwork.

The ”New Doha International Airport“ 
(NDIA) is being constructed over an area  
of about nine square kilometres. After 
 completion of the first construction phase 
in 2010, in additionto the old airport, an 
extra 12 million passengers can be  handled. 
Thecapacity will be extended to 60 million 
air passengers by 2020, with 80 gates and 
11 ramp positions.

Among other structures, the Joint Venture 
SinoHydro – Gamuda – WCT constructed 
the first runways, taxiways and parking bays 
in the outer area and a 650 m long tunnel. 
The so-called ”Midfield Tunnel“ runs under 
the runway and allowsunrestricted transit of 
delivery traffic during  normal airportopera-
tions. The structure consists of two 20 m 
wide rectangular  tunnelpipes with varying 
wall and slab thicknesses.

A tunnel formwork carriage with fixed wall 
and slab formwork was used in order to 
implement the tight timetable and reduce 

the cycle times to an absolute minimum.  
After concreting the bottom plate, the walls 
and slab could be concreted in a single 
pour. 

The chosen solution allowed construction  
of the reinforcement, concreting, striking 
and moving of the formwork carriage to  
the next concreting section in only 6 days. 
The system provided maximum speed with 
a minimum of personnel.
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Contractor
CSC Cambie St. Constructors Incl, Vancouver
Field Service
PERI Vancouver, Canada

The inner view shows the high surface 
 quality of the concrete. A simple platform 
was erected for operating the  spindles  
used for positioning and striking.

RAV Tunnel, Vancouver, Canada
Tailor-made steel formwork carriage for the best tunnel results

Dan Sherin
Project Manager

”I had never used the PERI system 
before and hesitated somewhat in con-
tracting a completely new supplier for  
a project with such a tight timeframe. 
However, once we saw PERI‘s huge  
base of experience with similarprojects 
we understood that they were the per-
fect partner for thisconstruction task.“
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PERI planned, produced and delivered tailor-made steel 
formwork for the subsequent construction of a 1 m high 
curb. This curb provides service personnel with protected 
access during tunnel operation.

The tunnel tubes were arranged above each other  
to minimise the excavation work in the city centre. 

A rapid rail connection between the airport, 
Richmond and city centre (Richmond – Air-
port – Vancouver = RAV) was constructed 
for the 2010 Winter Olympics in Vancouver. 
About 6 km of the track runs through a 
 tunnel built using the cut-and-cover con-
struction method. 

The underground railway is mostly straight, 
with curves only present in a few places. 
The formwork carriage was therefore 

Both tunnel pipes are 4.65 m wide and 4.26 m high.  
DW 20 ties connected the formwork to the right and left 
of the 350 mm thick middle wall.

During concreting, the formwork carriage 
was fastened using a slab tie installed in 
the previously concreted section.

planned with a length of 7 m, which 
allowed it to be used for the entire tunnel. 

The individual sections could be construct-
ed in a 3-day cycle. To minimise the distur-
bance in the city centre during construction, 
thetwo tunnel tubes were ”stacked“ in this 
area. Especially exact planningwas required 
in the transfer area between neighbouring 
and stackedpipes in order to maintain a 
continuous inclination of about 5%.  

 Lightweight DOMINO panel formwork was 
used for constructing the walls in this area 
and adjustable MULTIFLEX girder formwork 
was used for forming the slab. The flexible, 
easy to handle systems could be easily 
adjusted to suit this complicated area.
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Contractor
Arge NBS Nürnberg-Ingolstadt Los Süd
Schäler Bau Berlin GmbH
Berger Bau GmbH, Passau
Field Service
PERI Weissenhorn and PERI Berlin, Germany

Denkendorf Tunnel, Germany
Alternating sequential concreting –  
a process for keeping to the timetable

A 675 m long tunnel was constructed in 
Denkendorf as part of the new construction 
of the Nuremberg -Ingolstadt ICE track.  
The structure runs through a heavily built 
commercial area and had tobe constructed 
using waterproof concrete. A total of 54 
tunnel blockswere constructed. The inner 
cross-section remained constant but the 
wall thicknesses (100 to 120 cm) and slab 
thicknesses (105 to 125 cm) varied over the 
length of the tunnel.

52 sections were constructed in 12.50 m 
concreting cycles, with this being reduced 
to 10.00 m in the entrance and exit areas. 
In consultation with the contracting group 
of construction firms, PERI conceived,  
built and delivered two complete formwork 
carriage sets.  Theuse of ”alternating 
sequential concreting“ with these form-
work carriages allowed two tunnel blocks to 
be  completed each week.

Normal cross-section of the leader
Inner formwork carriage with positioned outer 
 formwork.

Longitudinal section of the closing (trailing) unit
Outer formwork carriage in concreting position.

Longitudinal section of the leader
Inner formwork carriage with bulkhead slab formwork in 
concreting position.

Quick to move: HD 200 heavy duty props are movably 
mounted on PERI UP Rosett units. They form the 
 provisional supports and are installed directly after the 
formwork carriage has been moved.

The tunnel was built in a 12 to 20 metre deep construc-
tion trench, which was secured by a rear-tied pile 
 retaining wall with a stiffening bottom plate and partially 
by head stiffening.

Dipl. Ing. Alexander Lenz 
Project Manager
Dipl. Ing. Michael Hackl 
Site Manager

”The built-in hydraulics allowed our 
construction crew to easily lower, 
move and position the formwork car-
riages. We were able to start rein-
forcement work on the positioned 
innerformwork carriage only one day 
after striking the concreted block. 
Wehave not regretted our decision to 
use the PERI formwork carriage.”
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Cross-section of the trailing unit
Left: inner and outer formwork in concreting position; 
Right: ties released and outer formwork in transport 
position, inner formwork still in concreting position.

Inner formwork carriage (trailer) in the concreting posi-
tion. Raised via extension of the hydraulic cylinders and 
horizontally aligned via spindle-actuated thrust beams.

Gap-concreting

The ”leader“ provides the formwork for 
each respective second concreting sec-
tion. The second carriage, the trailer, 
closes the resulting section gaps. The 
leader defines the concreting sequence 
because time-consuming details such as 
the installation of water bars or installa-
tion ofdouble-sided stopend formwork 
with tangential force interlocking must 
be taken into account.

12.31
1.201.20

8.
26

1.
00

1.
39



106

Sewage canals
Large and small cross-sections formed cost-effectively

Canals of a wide variety of variants and 
sizes are required in tunnel construction. 
The cross-sections range from small pipe 
diameters to connecting canals for large 
sewage treatment plants.

Suitable cost-effective formwork solutions 
are required that support contractors in sat-
isfying the diverse requirements specified 
by the different designs. For larger canals, 
water bars in the stopend formwork must 
be takeninto account when planning the 
formwork. To ensure a watertightstructure, 
it may also be necessary to monolithically 
construct thecross-section entirely without 
joints.

Sewage canal shaft,  
Krumbach industrial area
The requirement that the shaft walls gener-
ally run perpendicular to the pipe axis 
always leads to skew shaft layouts. Light 
systems with small surface areas such as 
PERI HANDSET allow fast forming of such 
components.

Contractor
Eco-Einsiedler

Connecting canal between Eching and 
Garching for the Munich sewage treat-
ment plant
The PERI canal formwork allowed mono-
lithic concreting of the cross-section, 
including the middle wall. 

Contractor
Arge Trucksäss und Dyckerhoff & Widmann

Main sewer in Badajos, Spain
The side formwork (TRIO panels) and the 
vaulted bottom plate formwork (steel) could 
be moved as a single unit to the next con-
creting section. The construction crew 
worked with two sets of bottom plate 
 formworkconcreted using the alternating 
sequential method.In the background,the 
inner formwork of the vault cross- section 
(built using GT 24lattice girders and steel 
walers) is already positioned.

Contractor
Cubiertas M.Z.O.V.
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Sewage canal Durban, South Africa

The Riverhorse Valley near to the city of 
Durban has been developed with 15 individ-
ual business estates. The intensive building 
and generous road system in this area 
requiredsuitably dimensioned rainwater and 
sewage management to allow forfuture 
development. This included the open con-
struction of one-tube andtwo-tube rein-
forced concrete canals to accommodate 
and protect thesteel sewage pipes.

The construction crew used the RKR sys-
tem (box framing) for the 220 m long single 
tube cross-section (Culvert 310) and the 
460 m long double tube (Culvert 308) with a 
width of 7.00 m and a height of 3.10 m. The 
pre-assembled units supplied allowed the 
on-site team to quicklyachieve efficient 
working times. In peak times, this allows up 
to threeconcreting stages to be completed 
each week.

The series components (RKR box, GT 24 lattice girders 
and formwork coating) were delivered to the construc-
tion site ”just in time“, preassembled and ready to use.

Concreting of Culvert 308.

The corner spindle was used to lower the slab formwork 
and move the wall formwork horizontally. After unspind-
ling the double spindles on the RKR rollers, the entire 
unit could be moved to the next section.

Din Naidoo
Owner of
Alladin Civils

”The exceptionally fast system has 
allowed us to keep to our timetable.”

Main Contractor
Grinaker-LTA Earthworks (SA) Sivukile JV
Contractor
Alladin Civils, Durban
Field Service
Wiehahn Formwork and Scaffolding (Pty) Ltd., 
Durban, Südafrika

2.
00

0.
30

 
0.

30
 

2.00
0.30 0.30

2.
50

0.
30

0.
30

3.00 3.00
0.300.30 0.30



108

City Tunnel Malmö, Sweden
Adaptable tunnel formwork carriage for variable cross-sections

Magnus 
Jakobsson 
Site Manager E101,
NCC

”The bottom plate, walls and slabs 
could be constructed in 10-day cycles 
with the PERI tunnel formwork. PERI 
has always provided us with the best 
solution.

The tunnel section for the railway station at 
Malmö main station was built using the 
 cut-and-cover method. The width and height 
of two-box rectangular cross-sections vary 
considerably over the length of the tunnel. 
The semi-monolithic method was carried 
out using the so-called trough construction 
procedure whereby the bottom plate and 
walls are concreted in one pour with the 
slab completed afterwards.

The formwork solution for the 12 m long con-
creting sections consisted of VARIO GT 24 
wall formwork on two formwork carriages for 
the casting segment in advance, a  specially 

The VARIO girder wall formwork is precisely positioned 
using a carriage. Moving takes place via heavy-duty 
 rollers on the concrete sub-base atthe front and on the 
bottom plate at the rear. With two slab formwork car-
riages, the tunnel slabs could be constructed at the 

the different widths in the widened areas, continuous 
adjustment was carried out via telescopic girders. 
Height compensation of up to 2.60 m took place by 
means of hydraulic cylinders.

same operational speed with concreting cycle lengths of 
12 m. A formwork carriage is comprised of two support 
frames with a hydraulic raise and lowering mechanism 
along with a sectional row of HD heavy-duty props. For 

designed VARIO solution for the elliptical 
reinforced concrete columns along the tun-
nel centre as well as the two slab formwork 
carriages which subsequently  followed.
As the bottom plate and external walls were 
concreted in one working cycle, the form-
work carriages for the VARIO were 
designed so that moving could take place 
with different heights for the concrete sub-
base at the front and on the bottom plate at 
the rear. Generously-sized working plat-
forms as well as PERI UP reinforcement 
scaffolding and staircases allowed form-
work operations to be carried out safely 
along with an efficient concreting process.
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Thomas Ainill 
Site Manager E201, 
MCG

”With the PERI solution we were able 
to complete the 48 tunnel sections in 
regular weekly cycles. In spite of the 
very tight schedule, work could be car-
ried out safely. The support provided 
by the Swedish and German PERI 
engineers was exemplary.”

Contractor
NCC Construction Sverige AB
(Malmö C Nedre E101)
Arge MCG Malmö Citytunnel
(Southern Entrance Area E201):
Bilfinger Berger AG,
Per Aarsleff A/S, E. Pihl & Son A.S.
Field Service
PERI Halmstad, Sweden  
and PERI Weissenhorn, Germany

The City Tunnel is an eleven kilometre-long direct con-
nection between the Öresund Bridge and Malmö main 
railway station with a new, underground station in the 
immediate vicinity of the existing station. In a Swedish-
German collaboration, PERI engineers developed an 
intelligent combination consisting of project-specific 
formwork carriage constructions and rentable PERI sys-
tem equipment for the challenging entrance area in the 
south and station extension in the north.

The formwork carriage construction took into consid-
eration different cross-sectional dimensions as well 
as varying wall and slab thicknesses.
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The around 1.5 km long section of the 
southern entrance area was also construct-
ed using the cut-and-cover and semi-mono-
lithic methods. In this case, walls and slab 
in one pour after the bottom plate was con-
creted using 15 m cycle lengths.  

For the rectangular cross-sections of the 
parallel but separate tunnel structures, with 
variable wall and slab thicknesses and varia-
ble heights and widths, the PERI engineers 
designed two formwork carriages with a 
hydraulic raising and lowering mechanism 
as well as integrated stopend formwork 
that also accommodates the installation of 

water bars. The articulated wall elements 
were attached to the slab girders and folded 
by means of hydraulic cylinders. Internal and 
external formwork could be continuously 
adapted to the different wall heights.  
The two formwork carriages were moved  
to the next casting segment by means of 
heavy-duty rollers positioned on rails.
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B311 bypass, Ertingen, Germany
Movable wall and slab formwork  
for a waterproof road tunnel

The portal carriage with hung VARIO elements is 
moved from cycle to cycle on the previously concreted 
foundations.

The entire tunnel was divided into 39 concreting 
 sections of 20.00 m each. The height adjustment of the 
wall formwork elements was performed via appropriate 
stacking / unstacking.

The head spindles mounted below allow quick 
 adjustment of the formwork carriage height for each 
respective cycle. The slab elements did not need to 
be removed for this. 

All tie points had to satisfy the DIN 1045 requirements 
for watertight walls. The DK tie system developed by 
PERI allows these requirements to be satisfied especially 
safely and at low cost.

1 Raw pipe
2 DK sealing cone
3 DK concrete cone

Richard Wetzel
Supervisor

”We were able to exactly maintain  
the concreting cycle and our timetable. 
The decision to use the PERI DK tie 
technology was also absolutely 
 correct. We can recommend using  
this system.”
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Contractor
Georg Reisch GmbH & Co. KG, Saulgau-Weingarten
Field Service
PERI Weissenhorn, Germany

To bypass the town of Ertingen, the B311 
main road passes through a 769 m long 
trench and tunnel. The structure was laid 
deeply enough underground so that the 
local stream could remain in its natural 
stream bed and now runs overt the tunnel. 
This solution also conformed to the noise 
protection regulations for the nearby houses.

The wall formwork elements had to be 
adjustable to suit the changing height of the 
walls at the entrance and exit. The inner and 
outer formwork elements were hung on a 
portal to allowthe bottom plate and walls to 
be concreted in a single pour. The heightof 
the formwork elements could be infinitely 
adjusted with this construction, thus allow-
ing adaptation to the sloping road.

After construction of the bottom plate and 
walls, a movable slab formwork carriage 
was used to form the closing slab. This con-
sisted of HD 200 heavy duty props with 
GT 24 lattice girders and steel walers as a 
table construction. The formwork carriage 
wasmoved from cycle to cycle on heavy-
duty rollers.
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Eching am Ammersee noise protection tunnel, Germany
Variable cross-section and exposed concrete quality achieved 
using TRIO and TRIO structure

Tunnels are being increasingly used to pro-
vide noise protection for existing buildings 
in the planning of new motorways. These 
can be cut-and-cover constructed and then 
buried and planted afterwards. This type of 
construction process first requires the con-
struction of a long sloping ramp at both 
sides of the tunnel and anarchitecturally 
designed entrance structure before the 
actual tunnelbegins – usually in a trench.
The tunnel cross-section for the Eching 
noise protection tunnel seemed very simple 
at first but the formwork planning process 
then resulted in different concreting sec-
tions for the walls and slab. The formwork 
planning was made more difficult by the 
requirement to construct the bottom plate 
and walls as a single unit.

The tunnel construction was started at two places one 
after another due to a road crossing the tunnel path. The 
ramp structures were also constructed using the trough 
construction method. The design of the noise protection 
cladding made construction more difficult.

PERI assembled and delivered the complete formwork 
and shoring based on the plans from the PERI branch  
in Munich.
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Contractor
Universale-Bau GmbH, Munich
Field Service
PERI Munich, Germany

TRIO panel formwork (2.70 m and 3.30 m high) and 
PD 8 slab tables were used as the formwork system 

for the walls and slab. This solution proved to be 
extremely adaptable.

The form of both entrances was extremely complex. 
Good results were achieved in building this structure 
through the use of infinitely adjustable RUNDFLEX 
curved formwork and factory installed linings. The 
 single-sided formwork pressure in the curved sections 
was carried by up to 140 push-pull props.

The overview clearly shows the three concreting cycles: 
After completing the bottom plate and walls in a single 
pour, the middle wall and then the slab were concreted.

75 different formwork applications were 
needed to construct the 75 tunnel blocks, 
i.e. the formwork systems used had to be 
able to adapt to the constantly changing 
geometry.  In addition to this, exposed 
 concrete quality, e.g. with vertical board 
structure, was also required.

These requirements could be satisfied by 
using 2.70 m and 3.30 m high TRIO panel 
formwork and the TRIO structure variant with 
a formwork skin made of pre-treated boards. 
Five PD 8 slab tables with provisional sup-
ports were used for each tube. These also 
had panels with longitudinal ribbing. The 
 chosen formwork solution allowed imple-
mentation of a weekly concreting cycle.
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Schleifenstrasse Tunnel, Augsburg, Germany
Hydraulic formwork machine:
Concreting and self-moving in a weekly cycle

The Schleifenstrasse ring road is part of the 
southeast bypass of the B17 main road. It 
greatly alleviates the traffic in the inner city 
of Augsburg and improves the quality of life 
of the residents. The last part of this road 
runs through a 380 m long tunnel. This was 
constructed in cut-and-cover method in a 
trench secured by overlapping piles and 
retaining walls. 

To keep the structure watertight, the tunnel 
cross-section was designed as a closed 
frame construction using waterproof con-
crete. The bottom plate and walls were 
 constructed monolithically to avoid a bot-
tom joint. 

In cooperation with Züblin, PERI engineers 
drafted the detailed performance specifica-
tions for this project and, based on these 
requirements, designed an economical 
formwork carriage. This was divided into the 
following structural components: launching 
beam, carriage with internal formwork, 
 stopends for the base chases and bulkhead. 
This allowed the construction crew to main-
tain the planned weekly 10 m concreting 
cycle.

Contractor
Ed. Züblin AG, Stuttgart branch
Field Service
PERI Weissenhorn and PERI Stuttgart, Germany

The tailor-made wall formwork – steel walers, GT 24 
 lattice girders and joint-free formwork skin of the correct 
height for the best concrete surface quality – was rigidly 
connected to the formwork carriage and could be 
hydraulically positioned and retracted.

Thomas Hauser
Site Managers

”The collaboration between PERI and 
Züblin in the conception of the formwork 
carriage resulted in a functional solution. 
After a few concreting cycles, we were 
able to maintain the planned weekly 
cycle. The working procedures with the 
quickly movable carriage worked smoothly. 
The entire unit could be moved to the 
next concreting section in less than half  
a day.
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The formwork carriage construction also integrated the 
formwork for the bottom plate trenches running along 
both sides of the tunnel. Simple spindling / unspindling 
was used for positioning and striking the formwork.

Working sequence
Moving the formwork carriage from cycle to cycle.

The bulkhead for the walls and bottom plate was con-
structed using different wooden boxes. These held the 
water bars in the wall and also a closing water bar in the 
inner side of the wall.

CE
According to the Trade Supervisory Office of the 
Bavarian Ministry for Economic Affairs, Transport 
and Technology, these PERI formwork solutions 
were subject to the EU Directive 98/37EC for 
machinery.  This meant that, in addition to satisfy-
ing the many safety and health requirements, the  
PERI engineers also had to provide a hazard anal-
ysis, an operating manual and a declaration of 
conformity. This resulted in the PERI formwork 
carriage receiving the CE symbol of certification.

Concreting section
Fold up supporting legs

Fold down supporting legs,  
underpin with a wedge box

Fold up the
supporting legs

Formwork struck

Retract rear
 supporting frame

Working direction

Extend the rear
 supporting frame

Longitudinal coupling installed

Retract front
supporting frame

Extend the front
supporting frame

Move the formwork carriage to the new 
position, align and position

Move the launching beam  
into the new position

Longitudinal coupling removed

Reinforce-
ment Wall

Reinforce-
ment Wall

Reinforcement
Bottom plate

Reinforcement
Bottom plate
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Cut-and-cover construction method
Cross-sections built monolithically

In monolithic construction of the tunnel 
pipes, the bottom plate, walls and slab are 
concreted in a single casting. The formwork 
system for this variant is very complex. In 
addition to the formwork unit, it requires 
either a feeder device or a portal for moving 
the formwork machine to the next casting 
section.

In the following this pictogram highlights 
the monolithic construction method.

Sewage treatment plant in Munich, Germany
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Cover building construction method offers 
the great advantage that excavation takes 
place under the previously constructed 
 tunnel slab. This method of construction 
minimises the impairment of traffic flow 
above the tunnel during construction. 

In the following this pictogram highlights 
the cover building construction method.

Underground railway extension, Vienna, Austria
Sheppard underground railway, Bayview Station, 
 Toronto, Canada

Cover building construction method
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Since the year 2000, the Øresund project 
connects Sweden and Denmark with a four-
lane motorway and a two-track railway line. 
In addition to two bridge approaches, an 
 elevated bridge and an artificial island, a 
4,050 m undersea tunnel was constructed 
which is the biggest in the world in terms 
of volume. 

PERI‘s extensive experience of constructing 
monolithic tunnels enabled the company to 
beat 15 competing international tenders. 
The planning, fabrication, transportation and 
assembly of the formwork were accom-
plished in just eight months.

Øresund Tunnel, Denmark – Sweden
PERI formwork machines used  
for the world‘s largest  monolithic tunnel
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The photo shows only one of the two production lines whose formwork assemblies weigh 1,150 t each. 
The inner formwork has been retracted into the reinforcement cage.

Nils Bjelm
Site Manager NCC 
AB, Sweden

”The Øresund tunnel is the world‘s 
 largest monolithically constructed tun-
nel. PERI satisfi ed all our expectations 
in the implementation of this project. 
The tight timetable and conformance 
to strict manufacturing dimensional 
tolerances were no problem. PERI 
kept their promises of performance 
and technical ability.”
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The cantilever launching method used for 
bridges since the 1960s was used for the 
very first time in the construction of a 
 tunnel. Two stationary lines produced a total 
of twenty 176 m long tunnel elements. 
These were cast in eight separate 22.20 m 
segments.

The segments were concreted in two 
hydraulically operated formwork assem-
blies. Each consisted of one base, two 
 outside and five tunnel forms, four guide 
girders, various temporary foundations and 
two stopends. As with cantilever launching 
of a bridge, eight segments were concreted 
and launched in succession. The base and 
outside forms were stationary.

The individual tunnel elements were trans-
ported in a basin similar to a sluice. Each 
individual element was lowered to sea 
level, equipped with pontoons and towed  
to the tunnel axis where it was positioned 
using satellite navigation. Then it was sub-
merged to a previously excavated trench  
on the sea floor.

Øresund Tunnel, Denmark – Sweden
PERI formwork machines used  
for the world‘s largest monolithic tunnel

Reliable sealing of the DW 26 tie points: 20.000 tie 
points were sealed watertight using the PERI SK tie 
system.

1 Tie rod concreted in place
2 SK tie cone
3 SK concrete cone
4 Raw pipe

Cross-section of production line 2 Contractor
OTC-Øresund Tunnel Contractors:
NCC AB, Sweden
The Laing Group, Great Britain
Boskalis Westminster Dredging B. V., the Netherlands
Dumez-GTM, France
E. Pihl & Son A/S, Denmark
Field Service
PERI Denmark and PERI Weissenhorn, Germany
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Functional sequence

Start position: outer formwork struck, bottom plate formwork in concreting 
 position, guide girder supported at the front and rear, inner formwork struck 
and supported at the front.

Completely prefabricated reinforcement cage lifted into the concreting position 
via the guide girder.

Inner formwork extended into the reinforcement cage, bring inner, outer and 
 bulkhead formwork into position, install box outs and ties.

Concrete tunnel segment (2.700 m³), use inner and outer vibrators.

Guide girder hydraulically moved halfway back (for load distribution), tied inner 
formwork used as the bearing surface.

Tunnel segment with extended inner formwork and guide girder is moved 
on slideways by one concreting section.

Guide girder brought hydraulically into the starting position.

Transport of a 57.000 t tunnel section across the open sea.

Two 176 m tunnel sections in the flooded basin ready for 
towing to their final position.

Tunnel element being sealed before flooding of the basin.
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Formwork in position

6.39

Formwork retracted
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A somewhat unusual process was used to 
implement his underground railway tunnel 
under the Vltava river in Prague: Two 168 m 
tunnel tubes were concreted in a dry dock 
on the river bank. After hermetically sealing 
the individual tubes, the construction pit 
was flooded so that the entire structure 
floated. The prefabricated structures were 

then pushed into the desired position in a 
prepared trench on the floor of the river and 
tied into position.

PERI planned and supplied a formwork car-
riage that made monolithic concreting of 
the cross-section possible – bottom plate, 
walls and slab in a single cast. The variant 

using a portal and trailer was used here. 
Time-saving construction details and a high 
level of functionality allowed the construc-
tion crew to reduce the planned 7-day cycle 
for construction of each 12 m concreting 
section by two full days.

Inner and outer formwork closed. Cross-section ready 
for concreting.

Longitudinal section of the outer formwork ready for concreting.

Longitudinal section of the outer formwork moved to the 
next section.

To move the formwork carriage, the inner formwork 
was retracted and the outer formwork moved away 
from the concrete.

The curved tunnel pipe shortly before completion.

Contractor
Metrostav, Division 6 
Field Service
PERI Weissenhorn and
PERI Jesenice,  
Czech Republic

Tunnel under Vltava river, Prague, Czech Republic
Monolithically constructed and positioned  
using the submerge method
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Dipl.-Ing. 
Petr Vondra
Site Manager

”During construction, we were able 
to shorten the planned seven-day 
 construction cycle for each 12 m 
 concreting section by two full days. 
This gained us valuable time that 
we could then use for the fl oating 
 procedure.”
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The 1,240 m tunnel with two street traffic 
tubes and a service tunnel between them 
was monolithically constructed in 10.00 m 
sections. The bottom plate, walls and slab 
were concreted in a single working step. A 
great advantage of this construction method 
was that no horizontal construction joints 
were created. All formwork processes such 

as erection and striking, adjustments, com-
pensation and moving were performed fully 
hydraulically. ACS 100 climbing equipment 
from the PERI ACS automatic climbing sys-
tem was used for moving the guide girders. 
The weekly cycle specified by the group of 
construction firms could be maintained 
from the very beginning of the project.

Lüsslingen Tunnel, Solothurn, Switzerland
For the first time in Switzerland  
A tunnel cross-section poured in a single casting
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René Cejka
Supervisor

”The people in my team are enthusiastic 
about the formwork machine and are 
very motivated in their work. The clearly 
defined regular working steps allow us to 
save time from cycle to cycle.”

Contractor
Arge Lüt S88
Conti, Marti
Meier+Jäggi, Stuag
Field Service
PERI Ohringen, Switzerland and
PERI Weissenhorn, Germany

The formwork carriage has a total weight of 210 tons, 
consisting of two sets of inner formwork for the road 
tubes and one formwork set for the service tunnel, both 
with guide girder, the outer formwork and the bulkhead 
formwork.

Entrance ramp and tunnel portal leading to the 
Lüssling underground site.
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A 450 m long sunken tunnel was constructed 
using the cut-and-cover construction method 
for the B93 main road in Mosel near Zwickau.  
The entrance and exit ramps had to be 
 constructed as open concrete trenches. Due 
to the extremely tight timetable, the tunnel 
was concreted monolithically in 10 m weekly 
cycles – with the bottom plate, walls and 
slab being concreted seamlessly in a single 
casting. This process saved time and re duced 
the length of the construction trench.

Application technology in brief

Inner and slab formwork
n	Movable steel construction on guide gird-

ers with supports at the front and rear, 
hydraulic height adjustment and lateral 
alignment.

n	Formwork component with integrated wall 
and slab formwork. Striking bars at the 
bottom of the wall formwork. The middle 
supports with adjustment rails can be 
hydraulically raised by 1 m.

External formwork
n	Connected with ties to the inner form-

work, stands on the sub-base when 
 concreting.

n	The outer formwork can be moved via  
a tandem chassis with a lifting system  
at the front and rear. It is guided by the 
transport boom on the front supports.

Bulkhead
n	Adjusted to suit the normal cross-section 

dimensions, can be split for installing 
water bars and flexible for conventional 
auxiliary formwork.

The experience in monolithic tunnel and 
canal construction shared by PERI and the 
construction company Max Bögl was a major 
factor in deciding to use this rational, crane-
free formwork machine. The 300 t steel 
 formwork was moved entirely hydraulically. 

The formwork, the bulkhead formwork 
 segmented into groups and the props could 
all be remotely controlled. The platforms 
 integrated into the guide girders made the 

construction of the wall reinforcement 
much easier and time-consuming platform 
scaffolding was not required.

Tunnel near Zwickau, Germany
PERI special formwork for monolithic construction
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Cut-and-cover construction monolithic

Peter Brandler
Site Manager

”As one would expect with PERI, the 
formwork carriage functioned perfectly 
from the very beginning. This was also 
due to the unbureaucratic collabora-
tion between the construction crew 
and the PERI technical office.

Contractor
Max Bögl, Neumarkt/Oberpfalz
Field Service
PERI Weissenhorn, Germany

Functional sequence

The formwork carriage is moved stepwise.

Moving the outer formwork with the guide girder. 
Ties released, outer formwork struck, front and rear 
supports raised.

The walls can be reinforced. The outer formwork 
with guide girder is moved and aligned.

The inner formwork moves to the next section on 
the guide girder. The inner formwork is struck via  
the guide girder with the middle support lifted.

The inner formwork is positioned. Installation of the 
ties and closing of the bulkhead. The middle support 
remains lifted until the bottom plate is concreted.

The formwork system is ready for concreting.

The formwork system is ready for concreting.
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The tracks of the new ICE line between 
Nuremberg and Munich run through the 
Audi tunnel under part of the factory 
premises of the automobile manufacturer. 
To avoid disturbing the vibration-sensitive 
production plant, a conscious decision was 
made not to use the mining method for 
excavating the tunnel tubes. The structure 
was built using the cover building method. 
After constructing the slurry walls and the 
bottom plate ”underground“, the tunnel 
outer walls were formed single-sided and 
concreted against the retaining walls.

The group of construction firms used TRIO 
panel formwork elements and brace frames 
for the normal tunnel cross-section. These 
were specially built to suit the requirements 
of the project. For the concreting cycle 
length of 10.20 m, two motion units 
designed for a concreting height of 6.48 m 
were connected via a compensation plate. 
The formwork units were pulled from cycle 
to cycle using a grip hoist, initially separate-
ly and then later all together.

Contractor
Arge Tunnel/Einführung Ingolstadt:
Walter Bau-AG combined with DYWIDAG,
NL Untertagebau Munich and
Ed. Züblin AG, Munich
Field Service
PERI Weissenhorn and PERI Munich, Germany

Wall view of two coupled TRIO panel 
formwork elements and brace frame 
units with waler positions for one 
concreting section (left) and in section 
(right).

Plan of brace frame positioning for one concreting cycle length 
with bulkhead and tie positions.

The wall height in the south portal area differs from the 
normal cross-section. The maximum height of 9.60 m 
was concreted in two stages. Brace frames and TRIO 
panel formwork elements were used up to a height of 
6.55 m and TRIO panels on SKS 180 climbing consoles 
were used for the second concreting stage.

Detail of tied brace frame using 
PERI V tie holders.

Audi Tunnel, Ingolstadt, Germany
Single-sided wall formwork quickly and accurately concreted 
against a concrete slurry wall

6.
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Cover building construction method

When concreting single-sided against existing walls,  
in this case a slurry wall, the entire fresh concrete pres-
sure on the formwork surface must be transferred to 
the foundations via appropriate ties to the brace frame 
construction. Two DW 26 system ties were used for 
each brace frame in order to safely accommodate the 
high loads (additional loading of 2 x 250 kN).

PERI V tie holders for efficient installation of ties when 
using brace frames.

The tunnel slab was concreted after the slurry walls 
have hardened and then placed on these. The excavation 
work began after this, starting with the entrance portal.

Covering

Quaternary

Tertiary
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In the station area of the U3/19 Gasometer 
in Vienna, the width of the tunnel changes 
from 12 m to 21 m. For the single-sided 
forming of the facing along the slurry wall, 
PERI supplied two horizontal HD 200 main 
beams that, together with the telescopic 
formwork carriage, form a movable unit. 

The HD bearings were preassembled hori-
zontally, lowered by crane through the load-
ing opening to the underground track and 
then connected to the formwork carriage. 
Adjustment to the different tunnel widths 
from cycle to cycle was done by simple 

installation or removal of the necessary  
HD prop segments and spindling the sides 
of the formwork carriage in or out. 

The selected technical solution together 
with the predefined concreting sequence 
were responsible for transferring the hori-
zontal load of 162 t generated by the pres-
sure of the fresh concrete. Wall 1 was first 
concreted to half-height, then the complete 
second wall and then wall 1 to the upper 
edge as the last step. This solution allowed 
the construction time to be reduced by five 
months compared to the original planning. 

The type of lateral bracing used allowed  
the working and material costs for about 
2,000 tie points to be saved. 

Underground railway extension, Vienna, Austria
Wall formwork carriage for variable tunnel widths  
reduced construction time by five months
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Cover building construction method

Contractor
ARGE U3/19 Gasometer
STUAG Bau AG, Vienna
NR Bau, Vienna
ERA-Bau, Vienna
Field Service
PERI Vienna, Austria

Formwork carriage retracted to minimum 
width for single-sided forming of the 
walls of the single strip track body in the 
transfer area from underground to above-
ground tracks.

The formwork carriage can be adjusted to 
suit the variable cross-sections with very 
little effort.

The concrete surfaces are of the fair-faced 
concrete  quality.

The grid telescoping formwork carriage combined with HDS 270 props 
and HD coupling segments allow exact adjustment to suit the desired 
cross-section width.

Line 3 of the Vienna underground railway 
has 21 stations over a total length of 13.5 km 
that must be serviced at about 25 minute 
intervals. Except for the Erdberg and 
Ottakring stations the entire line runs 
entirely in a tunnel. The Gasometer station 
was opened in the year 2000. The old gas-
works used to be here but now only four 
large  gasometers remain and these are 
regarded as masterpieces of 19th Century 
industrial architecture.

Minimum

Maximum

4.20

6.50

7.43

21.08
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MULTIPROP towers, steel walers and GT 24 lattice 
 girders were used as the surface shoring for the slab.

The MULTIFLEX tables with MULTIPROP 
supports for the 600 m² slab section could 
be moved in units from cycle to cycle.

The provisional supports using MULTIPROP props and MRK frames 
could be quickly installed.

Bayview Station, Toronto, Canada
Wage costs reduced – Single-sided walls  
using TRIO and SB brace frames
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Cover building construction method

Nicolas Dhillon
Project Manager

”Using the PERI system allowed us to 
reduce our wage costs. PERI also pro-
vided us with excellent support in the 
form of technical advice and compe-
tent engineering services.”

The Bayview station is one of five stations 
on the 6.4 km Sheppard underground rail-
way line. The 450 m station has two levels 
and an overpass tunnel. 

Walter Construction, general contractor for 
the openly constructed station, provided a 
positive summary of the PERI formwork 
solution after a very short time. Key factors 
such as easy handling when erecting and 
striking and the high flexibility of the system 
resulted in significant wage cost savings 
compared to the previously considered 
solutions.

Contractor
Walter Construction (Canada) Ltd. 
 Field Service
PERI Toronto, Canada

Striking and moving was done using 
a  lifting trolley.

TRIO panels stacked to 5.40 m with SB-A and SB-B brace frames 
before concreting.

Optimised ties allowed fast concreting and 
a fresh concrete pressure of 60 kN/m².

1. Concreting of the single-
sided wall below the 
intermediate slab.

Construction process

2. Concreting of the 
 intermediate slab.

3. Concreting of the single-
sided wall in the upper 
level, with MULTIPROP 
towers providing auxilia-
ry support under the 
load distribution points.

4. Concreting of the main 
slab with auxiliary sup-
port of the intermediate 
slab.
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Tunnels constructed using the mining method

With the mining method, the rock is first 
broken out using explosives or a tunnel 
 boring machine. The tunnel created by this 
is then lined with concrete. 

In addition to the use of sprayed concrete 
or lining with tubbings, the bottom plate, 
walls and slab can also be concreted using 
a wide range of different formwork.

Power station in Livezeni, Romania Islisberg tunnel, Switzerland
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In the following this pictogram high-
lights the mining construction method.

Tunnel Luzernerring, Basle, Switzerland Brixlegg tunnel, Austria
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The construction was additionally braced to prevent 
deformation when moving the slab formwork unit.

The wall and slab formwork was designed to allow 
unhindered transit of construction traffic at almost all 
times. Deliveries only needed to be interrupted during 
concreting. 

Contractor
Kalliorakennus-yhtiöt Oy
Field Service
PERI Suomi Ltd. Oy, Finland

A new railway track was planned to connect 
Helsinki harbour in Vusaari in the east to the 
rest of the city. About 13.5 km of the 19 km 
track runs through the Savio railway tunnel, 
which was constructed using the mining 
method.

A strait near Myras presented the greatest 
challenge for construction: The poor quality 
of the rock in this area required reinforce-
ment using a heavily reinforced concrete 
structure capable of carrying the loads from 
both the rock and the groundwater pressure.

The formwork solution developed by PERI 
used the VARIOKIT system. The cross- 
section of the watertight construction was 
built in three stages: The construction crew 
first concreted the bottom plate and side 
curb – in 30 m cycles. A movable wall form-
work carriage was used to form the tunnel 
walls and the arched slab was constructed 
after this.

The walls and slab are at least 80 cm thick 
in all areas and were concreted in 15 m 
segments. For an even distribution of the 
load from the especially high fresh concrete 
pressure, the site crew filled the wall form-
work from both sides simultaneously. Addi-
tional ties between the vertical formwork 
and the bottom plate side lips were used to 

secure the formwork in position. The wall 
and slab formwork were hung or supported 
on the formwork carriage and could be easily 
retracted away from the concrete. 

After striking, the formwork units were 
moved into the next position via a chassis 
and heavy-duty rollers. The mobility and 

rapid assembly of the system were only 
two of the reasons for which the construc-
tion company decided on the PERI solution.

Savio railway tunnel, Helsinki, Finland
Extreme loads for a mining tunnel
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Wall formwork in position Wall formwork retracted Slab formwork in position Slab formwork retracted
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Mining method

The third tunnel concreting section was the construction 
of the arched slab. The poor quality of the rock required 
a slab thickness of at least 800 mm in all areas.
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A movable working platform based on the PERI UP 
Rosett modular scaffolding system was used for the 
advance reinforcing work. Console extensions allowed 
optimum adjustment to the complicated tunnel geome-
try and provided maximum working safety.

Cross-section of the movable tunnel formwork carriage, 
built with components from the VARIOKIT construction set.

Contractor
Alfred Kunz
Untertagebau GmbH, Munich
Field Service
PERI Munich and PERI Weissenhorn, Germany

The 123.50 m Losenberg tunnel is the last 
part of a bypass road in Hochsauerland. The 
egg-shaped tunnel tubes were constructed 
using the mining method with 13 concreting 
segments, each with a length of 9.50 m. 

The most cost-effective solution was the 
VARIOKIT tunnel formwork carriage due to 
the small number of units mostly con-
structed using rentable system components. 
Another advantage was that the  carriage 
was ready for delivery and use in a very 
short time. In combination with the PERI 
UP reinforcement carriage, this resulted in 
a regular 2-day cycle being achieved with 
only five workers, thanks to the hydraulic 
erection and striking  processes.

Andreas Ficht
Site Manager

”PERI provided us with the most 
 convincing technical and cost-effective 
 formwork concept. The VARIOKIT tunnel 
formwork carriage was planned, approved, 
supplied, assembled and ready for 
 operation only 3 months after the contract 
was awarded. The use of mostly rentable 
system components resulted in massive 
savings for us.”

Losenberg Tunnel, Bigge-Olsberg, Germany
A convincing formwork concept that was quickly ready for use

7.
62

10.70
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Mining method

The ovoid tunnel cross-section is 11.07 m wide and 7.82 m 
high. It has radii between 250 m and 400 m and has lateral 
and longitudinal inclinations of 2% to 5%.
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The bypass circumvents the city centre and 
is one of the infrastructure construction 
measures for the 2014 Olympic Winter 
Games at the Black Sea health resort of 
Sotschi. For this, construction of the 2.6 km 
long tunnel using mining methods was 
required. The standard cross-section of the 
tunnel has been designed for two lanes and 
is 10.80 m wide and 7.95 m high. Six emer-
gency parking bays, each 54 m long, require 
a alternately arranged widening of the tun-
nel by 3.50 m to 14.30 m. For striking and 
the rail-guided moving procedure to each 
subsequent casting segment of a parking 
bay, the side formwork of the VARIOKIT 

tunnel formwork carriage could be folded 
hydraulically and the complete carriage was 
able to be lowered. In this way, each of the 
emergency parking bays could be con-
structed in six 9 m long concreting sections 
in weekly cycles.

For moving the formwork carriage forward 
from one emergency parking bay to the 
next, the VARIOKIT construction had to 
pass through the substantially smaller 
standard cross-sections. This required a sig-
nificant decrease in the maximum external 
dimensions. The width of the formwork 
 carriage had to be reduced from 14.30 m to 

10.10 m and the height had to be reduced 
from 8.70 m to 7.60 m.  For this procedure, 
PERI engineers developed an accurately 
defined working sequence by which the 
formwork segments could be hydraulically 
folded and lowered before being moved. 
The alternating arrangement of the bays for 
the right and left lanes required an additional 
lateral offset of 1.75 m from the tunnel 
cross-section axis. Therefore, a horizontal 
adjustment unit mechanism was integrated 
in the lifting and lowering unit which served 
to move the carriage sideways onto a sec-
ond track. 

Bypass Tunnel, Sotschi, Russia
Load-bearing tunnel formwork carriage with flexible construction
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Mining method

The electric drive unit provided a fast and easy to oper-
ate forward movement of the tunnel formwork carriage. 

Contractor
OOO Tonneldorstroy, Sotschi
Field Service
PERI St. Petersburg, Russia  
and PERI Weissenhorn, Germany

Steel walers, heavy-duty spindles and GT 24 girders are 
the main components of the formwork carriage. The 
VARIOKIT system components can be re-used for sub-
sequent formworking tasks.

For concreting the emergency parking bays, the form-
work carriage was designed with a width of 14.30 m. 
The external dimensions needed to be reduced to allow 
movement to the next passing bay through the smaller 
normal cross-section.

For moving the formwork carriage through the reduced 
standard tunnel cross-section, the construction was 
hydraulically lowered by more than a 1 m and folded up 
at the sides for a width of around 10 m.

Alexey Boldyirew, Deputy Site Manager
Sergey Haladji, Supervisor

“At the beginning, we were very scepti-
cal regarding the filigree construction. 
However, our trust in it grew day-by-day - 
now we are delighted with it. The PERI 
fomwork carriage is extremely stable and 
very practical, it meets all the require-
ments of our construction site.”

In addition to the hydraulic control system, 
the processes chosen for concreting and 
compressing the concrete also accelerated 
the construction process: The use of the 
PERI concrete pump connection greatly 
reduced the concreting times and the use 
of external vibrators resulted in an especial-
ly good surface quality. Although all the 
technology was completely new to the con-
struction crew, striking and the moving 
process could still be safely and quickly car-
ried out.

Formwork in a concreting position Formwork folded up
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The inner formwork ready for use, with the steel form-
work skin mounted. 

The formwork carriage in concreting position in the 
 second cycle of the mining area.

A view of the substructure of the steel inner formwork.

The formwork carriage in the open con-
struction area. The reinforcement is built 
on the leading carriage and the bulkhead 
and outer formwork have already been 
removed from the trailing carriage. The 
rear formwork carriage remains in this 
position until the leading carriage is moved 
to the next position after concreting.

Contractor
Zagope SA, Lissabon
Field Service
PERI Portugal

The 980 m tunnel near to the city of Penalva 
is part of Portugal‘s north-south railway con-
nection. The vault cross-section had to be 
constructed with a radius of 5.70 m and 
40 cm thick walls and slab. Only eight months 
were available for building the underground 
structure. The longest part of the structure 
(680 m) ran through mined tubes, with the 
rest of the tunnel (300 m) built using open 
construction. 

PERI Portugal conceived and supplied two 
convenient formwork carriage constructions 

Railway tunnel, Penalva, Portugal
Hydraulic formwork erection, raising and lowering –  
Especially short construction time with two formwork carriages

designed for the short construction time: 
The first carriage was used to concrete 
each second subsequent cycle in advance, 
with the second carriage following behind 
and closing the gaps. This alternating 
sequential method process allowed a very 
short construction time to be achieved. 
All erection, striking, raising and lowering 
movements of both carriages were hydrauli-
cally assisted. This allowed the construction 
company to complete the 79 stages to 
exactly the correct dimensions and with 
excellent concrete surface quality.

VARIO GT 24 outer formwork was added  
to the formwork carriages for the cross- 
sections built using cut-and-cover construction 
method. These were concreted on both 
sides with a hard core of 0.50 m.

Normal cross-section and longitudinal section in the 
 mining area for a total of 55 concreting sections.

11.72
0.40 0.40
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Mining method

Normal cross-section in the open construction area. 
Inner and outer formwork are in the concreting position.

The design of the portal on the formwork carriage 
 provides enough space for construction site traffic.

The leading carriage with outer formwork in position. 
After the reinforcement was built, the bulkhead was 
closed and the concrete was poured. 

11.72
0.40 0.40
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The drawing shows extracts from the cross-section 
adjustment sequence for the tunnel formwork carriage: 
A total of three additional steel segments were 
 inte grated into the structure in order to implement the 
geometry of the Pedralba tunnel.

The Berroy tunnel is 170 m long, with a minimum longi-
tudinal curvature of 25 cm. 

The Pedralba tunnel is 2,600 m long. All tunnels were 
constructed in 12 m concreting sections.

The formwork segment opened upwards and the 
hydraulic cylinder for horizontal motion.

Contractor
Constructora Pirenaica, S.A. (COPISA)
Field Service
PERI Cataluña, Spain

The section between the cities of Sabiñáni-
go and Fiscal was newly designed as part 
of the expansion of the Vía Pirenaica N-260 
motorway. This motorway section also 
includes the two tunnels at Berroy and 
Pedralba, which were both constructed with 
differing cross-sections using the mining 
method. Three different cross-sections 
were required for the second, longer tunnel 
structure: one tube for the two-lane motor-
way and two additional tubes of different 
cross-sections for auxiliary roads.

The biggest challenge in designing the 
formwork solution was the requirement for 
a single formwork carriage capable of 
implementing the four geometries needed 
for constructing four different vault cross-
sections. In addition to this, the construc-
tion also had to be capable of being used 
for all three Pedralba cross-sections without 
dismantling the formwork.

Huesca Tunnel, Spain
Four tunnel sections built  
using only one system  formwork carriage

PERI designed a special steel formwork 
that could be adapted to the differing 
forms in a similar manner to an opening 
flower. The formwork was composed of 
multiple steel segments, which could be 
successively ”expanded“ to the correct 
cross-section via three additional seg-
ments. The TET-4 standard platform was 
equipped with hydraulic units to allow 
efficient, cost-effective cross-section 
changes. 

12.15

Tunnel de Pedralba
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Mining method

The formwork segments were enhanced to allow the 
cross-section of the formwork carriage to be adjusted. 
All adjustment work could be performed using hydraulic 
units.

Oscar Ortega
Site Manager

”I have not previously worked with PERI. 
But now – one year after the contract 
was awarded and after about 1,000 m of 
tunnel cladding – I am very happy that we 
chose PERI: The company has proven its 
quality and reliability and I now have no 
worries about the remaining 1,600 m of 
tunnel.”
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Formwork in position Formwork retracted

12.15

The formwork structure consists of a 27 mm 3-S panel, 
GT 24 lattice girders as distributor and walings of bent 
HEB 160 steel girders.

The supporting formwork could be adapted exactly to 
match each cross-section. The complete formwork unit 
was moved on rails from section to section using pulling 
equipment supplied by the contractors. Due to economic 
reasons, shuttering and striking were carried out 
mechanically.

Contractor
Flüelen Tunnel/Bypass Consortium (ARGE TUF)
Murer AG, Erstfeld 
Prader AG Tunnelbau, Zurich,
Zschokke Locher AG, Zurich
Rothpletz Lienhard + Cie AG, Aarau,
CSC Impresa Costruzioni SA, Lugano
Field Service
PERI Ohringen, Switzerland

A 22 m long tunnel vault for the ventilation 
centre runs laterally to the normal tunnel 
path of the Flüelen bypass. So-called cavern 
cross-sections of this size are normally built 
in two to three stages: first the curved wall 
area in two stages and then the arched 
slab. However, in order to construct the 
inner ring of this cross-section in the very 
short time of only four weeks (including the 
formwork assembly), the TUF consortium 
decided in favour of the PERI solution.

Using the PERI tunnel formwork construc-
tion, a complete cross-section for each 
stage could be concreted in one pour. As 
only four stages were to be completed, it 
was decided not to use integrated hydraulic 
equipment due to reasons of cost.

After a problem-free assembly period of 
just three weeks, site crews were able to 
construct the four stages, with section 
lengths of 5.50 m, in only nine working 
days. The short dismantling phase of about 
seven days brought the construction phase 
to a successful end for all concerned.

Felix Bissig
Polier JB Bau Altdorf
Hansruedi Walker
Polier Zschokke Locher AG

“PERI provided us with the most cost-
effective solution. In spite of the large-
scale dimensions of the work involved, 
we could concrete the complete cross-
section in one pour!”

Flüelen Tunnel, Switzerland
Four tunnel casting lengths in only 9 days
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Mining method
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The tunnel formwork carriage in use: concreting the 
 normal cross-section.

Tunnel formwork carriage – in concreting 
position and retracted. Retracting could 
be done completely hydraulically.

All adjustments to the formwork cross-section when 
positioning and striking were hydraulically assisted.

The leading, mobile reinforcement scaffolding was 
 constructed entirely with PERI standard elements from 
the VARIOKIT construction set.

The steel formwork carriage was also used for con-
structing the portals. RCS rails, SLS heavy duty spindles 
and flexible VARIO GT 24 girder formwork allowed 
adjustment to suit the special form.

The refurbishment of the Mosty u Jablun-
kova tunnel is part of the expansion of the 
320 railway line. The structure is designed 
for a two-track railway and is 612 m long. 
564 m of the tunnel at an inclination of 
0.2% were constructed using the mining 
method and open construction was used 
for the portals. 

PERI supplied a tunnel formwork carriage 
with a steel formwork skin and hydraulic 
control system, additional formwork materi-
al for the portal, system formwork for form-
ing the tunnel bottom plate and mobile rein-
forcement scaffolding. The 7.50 m long steel 
formwork carriage was equipped with 
diverse accessories such as concrete pump 
connector and outer vibrators. 

The design of the steel structure allowed 
heavy loads and a high rate of use while 
maintaining excellent  concrete surface qual-
ity. The carriage was designed in such a 
manner that horizontal loads could also be 
transferred without any additional meas-
ures. The reinforcement scaffolding used 
VARIOKIT  system components and was 
constructed as 12.50 m long working plat-
forms at three different heights.

The hydraulically equipped formwork car-
riage was a major factor in the rapid con-
struction progress, allowing the formwork 
to be erected, lowered and moved quickly 
and efficiently. Safety was provided by extra 
integrated access and working platforms.

Mosty u Jablunkova tunnel, Czech Republic
Hydraulically operated steel formwork carriage
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Mining method

Contractor
Firesta-Fišer, rekonstrukce, stavby a.s., Brünn
Field Service
PERI Jesenice, Czech Republic
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The two 40 t formwork carriages 
were conceived and built in only 
1.5 months.

For striking the formwork, four hydraulic cylinders are used for the side formwork and another four 
for raising and lowering. All cylinders could be independently controlled from the hydraulic control 
centre. The formwork carriage was moved using two hydraulic motors on the front cogs.

Longitudinal section of the formwork carriage construction  
in position. The filling level during concreting is checked from 
the bulkhead.

The I.M.S. construction group was respon-
sible for the expansion of the number 5 
underground railway line in Santiago de 
Chile, which included a 1,500 m long tunnel 
cross-section constructed using the mining 
method. PERI developed and supplied the 
formwork solution for the underground 
structure. The decisive factors for awarding 
the contract were the trust that I.M.S. had 

in PERI‘s extensive experience in the con-
struction of special formwork and the fact 
that PERI was represented on location with 
the necessary engineering know-how and 
support.

In order to keep to the specified timetable, 
a formwork allowing the construction of 
one complete concreting section per day 

Santiago de Chile underground railway, Chile
10 m in one cycle – Hydraulic formwork carriage moved daily

was required. The PERI solution comprised 
two 10 m long formwork carriages that 
could be hydraulically controlled. This 
allowed the moving, positioning, striking 
and lowering of the formwork to be per-
formed quickly and easily.

In position Retracted

10.00
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Mining method

Contractor
I.M.S. Ltda. (Ingecol, Mendes Junior 
and Sikal)
Field Service
PERI Spain, PERI Chile

Formwork solution used 
2 formwork carriages, 10 m long

Hydraulics
4 lifting cylinders, 4 cylinders
for the side walls,
2 drive motors,
1 hydraulic control system

Compression equipment
16 pneumatic vibrators
on each formwork carriage

Weight of one formwork carriage
40 t

Formwork surface area
178.6 m² per unit

Concrete volume per section 
72 m3

Time required for striking,
moving and positioning
3 hours

Striking commencement
12 hours after concreting

Concreting sections
10 m per day and formwork carriage
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Preparation of the last formwork section 
at the entrance / exit. The outer vault 
formwork and part of the bulkhead form-
work are already positioned at this time.

The normal cross-section with inner 
and outer formwork. Left: in position. 
Right: with retracted outer formwork 
after concreting and the inner form-
work in transport position.

Torcaz railway tunnel, Subtramo Madrid – Zaragoza, Spain
Hydraulically assisted positioning and moving of the formwork 
– Steel formwork moved daily

14.911.20 1.20

In position Retracted
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Mining method

The front formwork was designed using a special 
steel construction mounted on the supporting frame. 
A secured working platform provided safe access to 
the vault area of the formwork.

The hydraulic system used – engine and 
cylinders – was designed for heavy loads.

The longitudinal section shows the formwork carriage 
construction with the concreting cycle length of 12 m.

The portal design of the supporting structure allowed transit along 
the tunnel.

Contractor
Ferrovial
Field Service
PERI Madrid, Spain

The Torcaz tunnel is part of the Spanish 
high-speed railway link (Lav) from Madrid to 
Zaragoza. 1.00 m thick solid cladding on the 
raw tunnel tubes was necessary in order to 
secure the mined tunnel. 

PERI developed a tailor-made formwork 
 carriage concept especially for this project: 
A movable support frame was used for 
moving the steel formwork from cycle to 

cycle. The portal-based construction also 
allowed unhindered construction site traffic 
along the tunnel axis for material and 
machines. The vaulted steel formwork 
transferred the concrete load into the strip 
foundation. 

The steel formwork without ties could be 
hydraulically erected and struck, which 
allowed quick construction progress: One 

12 m tunnel segment was poured each day 
– with the steel formwork skin providing a 
high quality concrete surface at the same 
time. Construction was successfully com-
pleted in only three months using this form-
work solution.

12.10
14.91

9.
46
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Steel formwork in concreting position.
Bottom plate formwork still in position, steel form-
work elements hydraulically retracted.

Section of the carriage construction with the retracted 
bottom plate formwork in the transport position.

A tunnel at the Odelouca dam in Portugal is 
used to regulate the level of water. This 
mined 470 m tube with an almost perfectly 
circular cross-section had to be clad with a 
45 cm thick monolithically constructed con-
crete mantle.

PERI Portugal constructed and supplied a 
self-supporting, self-moving tunnel 
 formwork for this task, which could be 
hydraulically moved, erected and struck. 
This allowed up to three 10 m sections to 
be concreted per week. The concreting 
work could thus be efficiently completed 
in 4.5 months. 

Ing. Ricardo 
Carapinha
Site Manager

„PERI provided us with exemplary 
support in this project and the techni-
cal solution completely fulfilled our 
expectations.

Odelouca Tunnel, Serra de Monchique, Portugal
Hydraulic positioning and striking  
with a self-moving full-round formwork

4.30 4.30 4.30

5.
08

5.
08

5.
08



155

Mining method

The solid steel formwork always produced good 
 concreting results, even after being used many times.

The carriage motion and all formwork positioning and 
striking procedures could be hydraulically controlled 
from a single place.

The sturdy carriage construction moved the entire 
 formwork safely from cycle to cycle.

Contractor
Epos Lda.
Field Service
PERI Portugal

Functional sequence tunnel formwork

Transport carriage moved 
under the vault formwork,  
1st part of formwork erection.

Transportation to the position 
for the next cycle. 

2nd part of formwork
 positioning. Transportation 
into position.

Closing the gaps
(formwork positioning).

Transport carriage moved 
back to accommodate bottom 
plate formwork (striking).

Bottom plate formwork in 
 transport position on the 
 carriage.

Transport through the vault 
formwork. Positioning of the 
bottom plate formwork.
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Portal of the Haiku tunnel formed with the VARIO GT 24 
girder wall formwork on KGF 240 scaffolding.

View of the entrance and exit portal.

The rough surface structure helped to integrate the huge 
tunnel portals in the lava rock landscape. The unusual 
washboard structure was created using extra battens on 
the formwork skin.

A section through the self-climbing form-
work:
Left: already retracted for cleaning, right: still 
in concreting position. 

Contractor
E.E.Black, Honolulu, Hawaii, 
(Haiku Tunnel construction segment)
Hawaiian Dredging & Construction 
(Halavawa Tunnel construction segment)
Field Service
PERI Baltimore, USA 

The H3 highway in Hawaii connects Kaneohe 
and Pearl Harbour. The Haiku and Halavawa 
tunnel project is part of this highway.

VARIO GT 24 wall formwork on KGF 240 
scaffolding was used for forming the two 
tunnel portals. The formwork was connect-
ed to the scaffolding via a carriage and 
could be retracted by a maximum of 75 cm 
for cleaning.

Formwork and scaffolding remained con-
nected when moving, which allowed this 
to be performed quickly and easily. The 
retracted formwork served as a safety 
measure during the subsequent reinforce-
ment work.

Haiku and Halavawa tunnel project, Hawaii, USA
High walls and rough surface structure using PERI VARIO

5.
94

1.060.73



157

Mining method

The cross-section with the tunnel 
formwork in concreting position.

The tunnel bottom plate was concreted in advance in 
12.30 m sections using the bottom plate formwork.  
The construction could be adjusted to suit the variable 
curve radii of the tunnel.

The bulkhead formwork was also easily solved, steel 
walers held the squared timber pieces in the required 
position. Wooden wedges were used for appropriate 
fastening.

The 12.00 m long tunnel formwork 
during pre-installation.

The control system for the vibrators / outer vibrators – 
clearly laid out. 

Contractor
Walo Bertschinger, Zurich
Field Service
PERI Ohringen, Switzerland

A pedestrian tunnel was constructed to 
allow monitoring of a special waste landfill 
in the Swiss Canton of Aargau. In order to 
clad the tunnel tube with an approximately 
30 cm thick concrete mantle, the construc-
tion company needed a tunnel formwork 
system that could accommodate two differ-
ent radii in the 538 m tunnel. 

PERI constructed and delivered two form-
work solutions for this, with lengths of 
12.30 m and 4.00 m. The special formwork 
carriage constructions were equipped with 
a 6 mm thick steel formwork skin. This con-
struction allowed consistently high concrete 
surface quality over the entire construction 
time.

Landfill inspection tunnel,  
Kölliken, Switzerland
Special steel tunnel formwork construction
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CA 
 PERI Formwork Systems, Inc.
 www.peri.ca

MX 
 PERI Cimbras y Andamios, S.A. de C.V.
 www.peri.com.mx

PA 
 PERI Panama Inc.
 www.peri.com.pa

US 
 PERI Formwork Systems, Inc.
 www.peri-usa.com

AR 
 PERI S.A.
 www.peri.com.ar

BR 
 PERI Formas e Escoramentos Ltda.
 www.peribrasil.com.br

CL 
 PERI Chile Ltda.
 www.peri.cl

CO 
 PERI S.A.S.
 www.peri.com.co

PE 
 PERI Peruana S.A.C.
 www.peri.com.pe

 
AO 
 Pericofragens, Lda.
 www.peri.pt

DZ 
 S.A.R.L. PERI
 www.peri.dz

BW 
 PERI (Proprietary) Limited
 www.peri.co.bw

EG 
 Egypt Branch Office 
 www.peri.com.eg

MA 
 PERI S.A.
 www.peri.ma

MZ 
 PERI (Pty.) Ltd.
 www.peri.co.mz

NA 
 PERI (Pty.) Ltd.
 www.peri.na

NG 
 PERI Nigeria Ltd.
 www.peri.ng

TN 
 PERI S.A.U.
 www.peri.es

TZ 
 PERI Formwork and Scaffolding Ltd
 www.peritanzania.com
 
ZA 
 PERI Formwork Scaffolding (Pty) Ltd
 www.peri.co.za

 
AE 
 PERI (L.L.C.)
 www.perime.com

AZ 
 PERI Repesentative Office
 www.peri.com.tr

HK 
 PERI (Hong Kong) Limited
 www.perihk.com

ID 
 PT Beton Perkasa Wijaksana
 www.betonperkasa.com

IL 
 PERI F.E. Ltd. 
 www.peri.co.il

IN 
 PERI (India) Pvt Ltd
 www.peri.in

IR 
 PERI Persa. Ltd.
 www.peri.ir

JO 
 PERI GmbH – Jordan
 www.peri.com

JP 
 PERI Japan K.K.
 www.perijapan.jp

KR 
 PERI (Korea) Ltd.
 www.perikorea.com

KW 
 PERI Kuwait W.L.L.
 www.peri.com.kw

KZ 
 TOO PERI Kazakhstan
 www.peri.kz

LB 
 PERI Lebanon Sarl
 lebanon@peri.de

MY 
 PERI Formwork Malaysia Sdn. Bhd.
 www.perimalaysia.com

OM 
 PERI (L.L.C.)
 www.perime.com

PH 
 PERI-Asia Philippines, INC.
 www.peri.com.ph

QA 
 PERI Qatar LLC
 www.peri.qa

SA 
 PERI Saudi Arabia Ltd.
 www.peri.com.sa

SG 
 PERI Asia Pte Ltd
 www.periasia.com

TM 
 PERI Sanayi
 www.peri.com.tr

TH 
 Peri (Thailand) Co., Ltd.
 www.peri.co.th

VN 
 PERI ASIA PTE LTD
 www.peri.com.vn
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North America
 Canada
 

 Mexico

 Panama

 USA

South America
 Argentina

 Brazil

 Chile

 Colombia

 Peru

Africa
 Angola

 Algeria

 Botswana

 Egypt

 Morocco

 Mozambique

 Namibia

 Nigeria

 Tunesia

 Tanzania

 South Africa
 

Asia
 United Arab Emirates

 Azerbaijan

 Hong Kong

 Indonesia

 Israel

 India

 Iran

 Jordan

 Japan

 Korea

 Kuwait

 Kazakhstan

 Lebanon

 Malaysia

 Oman

 Philippines

 Qatar

 Saudi Arabia

 Singapore

 Turkmenistan

 Thailand

 Vietnam

PERI International
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AU 
 PERI Australia Pty. Ltd.
 www.periaus.com.au

NZ 
 PERI Australia Pty. Limited
 www.peri.co.nz

 
AL 
 PERI Kalıp ve İskeleleri 
 www.peri.com.tr

AT 
 PERI Ges.mbH
 www.peri.at

BA 
 PERI oplate i skele d.o.o
 www.peri.com.hr

BE 
 N.V. PERI S.A.
 www.peri.be

BG 
 PERI Bulgaria EOOD
 www.peri.bg

BY 
 IOOO PERI
 www.peri.by

CH 
 PERI AG
 www.peri.ch

CZ 
 PERI spol. S r.o.
 www.peri.cz

DE 
 PERI GmbH
 www.peri.de

DK 
 PERI Danmark A/S
 www.peri.dk

EE 
 PERI AS
 www.peri.ee

ES 
 PERI S.A.U.
 www.peri.es

FI 
 PERI Suomi Ltd. Oy
 www.perisuomi.fi

FR 
 PERI S.A.S.
 www.peri.fr

GB  
 PERI Ltd.
 www.peri.ltd.uk

GR 
 PERI Hellas Ltd.
 www.perihellas.gr

HR 
 PERI oplate i skele d.o.o.
 www.peri.com.hr

HU 
 PERI Kft.
 www.peri.hu

IR 
 Siteserv Access & Formwork
 www.siteservaccess.ie

IS 
 Armar ehf.
 www.armar.is

IT 
 PERI S.r.l.
 www.peri.it

LT 
 PERI UAB
 www.peri.lt

LU 
 N.V. PERI S.A.
 www.peri.lu

LV 
 PERI SIA
 www.peri-latvija.lv

NL 
 PERI B.V.
 www.peri.nl

NO 
 PERI Norge AS
 www.peri.no

PL 
 PERI Polska Sp. z o.o.
 www.peri.com.pl

PT 
 Pericofragens Lda.
 www.peri.pt

RO 
 PERI România SRL
 www.peri.ro

RS 
 PERI oplate d.o.o.
 www.peri.rs

RU 
 OOO PERI
 www.peri.ru

SE 
 PERI Sverige AB
 www.periform.se

SI 
 PERI oplate i skele d.o.o
 www.peri.com.hr

SK 
 PERI spol. s. r.o.
 www.peri.sk

TR 
 PERI Sanayi ve Ticaret Ltd.
 www.peri.com.tr

UA 
 TOW PERI
 www.peri.ua
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Oceania
 Australia

 New Zealand

Europe
 Albania

 Austria

 Bosnia and Herzegovina

 Belgium

 Bulgaria

 Belorussia

 Switzerland

 Czech Republic

 Germany

 Denmark

 Estonia

 Spain

 Finland

 France

 United Kingdom

 Greece

 Croatia

 Hungary

 Ireland

 Iceland

 Italy

 Lithuania

 Luxembourg

 Latvia

 Netherlands

 Norway

 Poland

 Portugal

 Romania

 Serbia

 Russia

 Sweden

 Slovania

 Slovakia

 Turkey

 Ukraine

PERI GmbH
Formwork Scaffolding Engineering
Rudolf-Diesel-Strasse 19
89264 Weissenhorn
Germany
Tel. +49 (0)7309.950-0
Fax +49 (0)7309.951-0
info@peri.com
www.peri.com
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Successful construction with PERI

Formwork
Scaffolding
Engineering

www.peri.com Tunnel Formwork Technology


