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1 Introduction

1.1  Purpose of this document

This document provides possibilities and limits of prefabricated structures.

2  Types of prefabrication for superstructure

2.1 Prestressed concrete constructions
General

Prestressed concrete constructions can be built in different ways and with different level of
prefabrication and with different construction method:
- complete prefabricated construction
- prefabricated concrete and in-place concrete complement (mixed structure)
- side-by-side =2 minimum gap
- insitu concrete seal = small gap
- in situ concrete stripes =2 wide gap = formwork is needed

- insitu concrete plate = wide gap filled with prefabricated concrete plate = all topped
with in situ concrete plate

- special construction method
The static proof is regulated in Eurocode.

Complete prefabricated construction

Definition: prefabricated bridges which are made only of one element from one bearing to the other
bearing. Due to the high weight of the construction, this prefabrication type is mostly used for pedestrian
and bicycle bridges. For single-track railway bridges box girders were used in the past.
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EXAMPLES FOR SINGLE-TRACK RAILWAY BRIDGES
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Figure 1: trapezoidal box girder; elevated track USA [U12]

Prefabricated and cross tensed up construction

Figure 2: single-celled box girder Japan (span 22,30 m) [U12]

Definition: Prefabricated prestressed girders which are cross tensed can be used for spans around 25 m.

EXAMPLES FOR ROAD BRIDGES
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Figure 3: anisotropic structure with contact area [U12] Figure 4: orthotope structure with contact area [U12]
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EXAMPLES FOR RAILWAY BRIDGES
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Figure 5: box girders (spans 11,20 m and 14,20 m) [U12] Figure 6: t-profile with strengthened lower boom [U12]

Prefabricated concrete and in-place concrete complement (mixed structure)

Definition: The mixed structure between prefabricated concrete and in-place concrete complement is the
most common structure for prefabricated prestressed concrete constructions. The mixed structures can
be classified dependent on the distance between the prefabricated concrete parts:

- side by side: lay the girders side by side (only very small gap) and connect them by shear
connectors with a continuous in-place concrete plate. (Figure 7; Figure 8)

- in-situ concrete seal: lay the girders with a small gap and fill it with in-situ concrete (Figure 9;
Figure 10)

- in-situ concrete stripes: wider distance between girders which has to be filled with in-situ
concrete. Therefore, formwork is necessary. Thus, advantage in comparison to normal in-place
concrete structures is lost.

- In-situ concrete plate: wide distance between girders which are filled with prefabricated concrete
plates and connected with a continuous in-place concrete plate. (Figure 11)
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SIDE-BY-SIDE
EXAMPLE FOR A ROAD BRIDGE EXAMPLE FOR A RAILWAY BRIDGE
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Figure 7: side by side; I-cross section, two-span beam [U12]

IN-SITU CONCRETE SEAL
EXAMPLE FOR A ROAD BRIDGE
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Figure 8: side-by-side; V-cross section [U12]

EXAMPLE FOR A RAILWAY BRIDGE
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Figure 9: in-situ seal, box girders [U12]
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Figure 10: in-situ seal, single track (spans 15,8 —35 m) [U12]
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Figure 11: railway underpass, rectangular cross section, integrated framework [U12]

Special construction method

Definition: prefabricated concrete constructions which cannot be built by standard lifting devices. These
constructions need special devices or methods to be build up e.g. floating crane, launching gantry, beam

launchers, heavy load tire trolleys.
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2.2 Steel composite construction

Steel composite constructions are partly prefabricated solutions. The static proof is regulated in
Eurocode.

TTT-partly prefabricated construction

The TTT-partly prefabricated structure solution uses prefabricated steel and concrete parts which are
assembled on side. Figure 12 shows a cross section for this structure type.

- Red: box steel girder

- Grey: prefabricated concrete plate as cross beams and

- Blue: prefabricated concrete plate as flange

- Light blue: in-cast concrete
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Figure 13: System of TTT-prefabrication

In the following figure (Figure 14)the building procedure for a TTT-partly prefabricated superstructure is
shown:
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TTT - Bauweise

— Lay box girder or other steel
construction

TTT - Bauweise — Lay prefabricated concrete plates
' between box girders.

— Lay prefabricated concrete plates
for cantilever wings and adjust
these.
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TTT - Bauweise — Fill gaps with in-situ concrete

- connect box girders and
prefabricated concrete plates.

TTT - Bauweise

Concrete bridge deck

Road surface

Concrete cap

Figure 14: TTT-partly prefabricated superstructure building procedure [ssf ingenieure]

2.3 Preflex girder and filler beam bridges

Preflex girder, also called as double steel-composite construction, and WIB (filler beam bridges)
constructions are half prefabricated very slender constructions. The static proof is based on technical
experiments and technical approval but not with Eurocode. The technical approval is not suitable for
frame constructions. Therefore, a specific individual approval has to be requested.

Following steps have to be done to build a Preflex girder:
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Figure 15: Preflex girder principle [C+P Brickenbau GmbH & C. KG, Bad Homburg]
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Figure 16: railway bridge cross section with Preflex girder [C+P Briickenbau GmbH & C. KG, Bad Homburg]
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Dank PREFELEX® sind nur wenige
Kraneinsatzen zur Montage nétig,
danach ist man nicht mehr auf
Arbeiten am Boden angewiesen

Montage

Anlieferung der Brlckentrager auf der
Baustelle.

Transport

Figure 17: Transport [C+P Brickenbau GmbH & C. KG, Bad Figure 18: Installation [C+P Brickenbau GmbH & C. KG, Bad
Homburg] Homburg]

Die Pfeilerquertrager vor der
Montage.

Der Briickenbau

Figure 19: cross girder before installation [C+P Briickenbau GmbH & C. KG, Bad Homburg]

For single span railway bridges the slender construction leeds to dynamic problems. Also, a continuous
beam construction with Preflex girder or WIB construction is very difficult. Thus, this type of construction
is mainly suitable for small road overpasses or non-high-speed railway bridges.
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3 Prefabrication for substructure

3.1  Full prefabricated parts

Figure 20 shows the connection of a full prefabricated pier element to footing. A full prefabricated pier
element is reinforced. Only the connection points between the prefabricated parts need to be done.

Figure 20: Connection of prefab pier elements to footing in a M50 extension bridge in Ireland

In Figure 21 a roughly 42 Tons heavy abutment piece is shown. The main tasks by prefabricated parts
is not only to build and lift them, but also to deliver them without damage to site.

Figure 21: prefabricated abutment part [Precast of Maine]
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3.2 Prefabricated covering parts

Prefabricated covering parts, like used for the new bridge Lennetalbriicke near Hagen, are a useful

method to guarantee a high surface quality. In Figure 22 the finished piers (left) and the covering pier

parts (right) are shown. After placing the covering pier parts, reinforcement is added and the covering is

filled with in-situ concrete. The advantage is a smaller lifting weight than full prefabricated parts.

icture credit: © StraBen.NRW | Picturecre

Figure 22: prefabricated covering pier parts for Lennetal bridge near Hagen

Another example for prefabricated covering parts for piers is the Albeins bridge in South Tyrol. Two non-

load bearing half-shells were produced and transported to site. The assembly is directly done after

transportation to avoid storage on site. The half-shells are connected with foundation plate by threaded

bars. After Lifting the reinforcement cage the pile is concreted with self-compacting concrete.
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Figure 23: partly prefabricated concrete pile with non-load bearing half shells [VINTRAG INGENIEURE]
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3.3 Examples

Example 1 — prefabricated, inclined struts

Bridge: Rail Viaduct Vechelde

Type Railway bridge
Line / built 1730 Hannover -Braunschweig / 160 km/h
speed
Country Germany
Construction Open frame construction
Span 14 m —

(v { " o e P'CfUIe I : 5
Dimensions Vertical Clearance 4,70 m Detail Stieleinbindung

Thickness 0,86 m M1:50
N\
\\\\\\\\\ \\\\\ % SN

Betonfertigteile
€50/60

Picture credit: © DB Netze

Prefabricated strut

PURPOSE Prefabrication
ANNEX 2 Prefabrication possibilities and limits INDEX a

CHAPTER Prefabrication for substructure PAGE 17/24



SERVICE PROVIDER n n _ PROJ.-NR. 04119

PROJECT Rail Baltica DATE 27.09.2019

o
o
=)
=

Verbindungsmuf fe

$<
Mortelbett

-1

Fertigteilpfeller
Ortbeton-
mmm-m\

Ca

T
e
-

* + ¥ s S SRR SRR 3 - v &

= =
_FRUTOOC

1" 70 Picture credit: @ Arup & Bautechnik [U24]

I

p—
-

Example 2 — prefabricated substructure with cast-in-place piles

Bridge: Precast bridge Stiegenkamp and Nordbecker Damm

Fertigteilwiderlager

rtelbe! Anschlussbewehrun
Type: Road overpass o 4 -
Line / built L 518
speed 4
country Germany
Construction Frame construction, prefabricated - \
Span 24’6 m / 24’1 m Verqussmo‘r:l \ w2z e

Picture credit: © Arup & Baﬁ[tﬁechnikiﬂ%ﬁl]

Dimensions Slenderness: /43 /1/37,7

Connection of prefabricated abutment elements to footing
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4 Possibilities of prefabrication

4.1 Time saving

With traditional bridge construction, foundations for piers and abutments must be built first. Pier
columns and caps must be built before beams and decks are placed. With prefabricated bridge elements
these components can be fabricated concurrently and be transported to site as needed.

Due to fabrication in a climate-controlled environment weather does not affect time schedule of
construction.

Fast construction on site ensures less traffic obstruction for “crossing partners”.

4.2 Quality control
Precast elements ensure:
— Surface quality

— Aesthetic

— Quality of execution

Long-term durability for prefabricated bridge parts due to higher quality materials used.

4.3  Environmental

Often environmental permitting requirements limit onsite construction, for example, to certain seasons
of the year. These limitations lead to less available calendar days for construction. Prefabrication in fabric
does not have to adhere to those limitation. Thus, prefabrication and accelerated construction can keep a
project on schedule even with fewer available working days and other environmental limitations at the
site.

4.4  Saving auxiliary construction on site

Producing in a prefabrication factory reduces auxiliary construction on site such as:

— Formwork

— Supporting scaffolding

PURPOSE Prefabrication
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5 Limits of prefabrication

5.1 Transportation

Construction with prefabricated bridge parts means not only to make them in a quality-controlled
surrounding, but also to transport them from precast factory to construction site.

Existing infrastructure

Following maximum vehicle parameters are allowed in the Baltic countries [U13]:

Length: Weight:
— Vehicle=12m — Double axle vehicle — 18 t.
— Trailer—=12m — Triple axle vehicle — 25 t.
— Vehicle with trailer - 18,75 m — Four axle vehicles with two paired driven axles
_ Auto train with more than one link — 25 m and pneumatic suspension (with limit to one

axle9,5t.)—32t.

— More than three axles and more than one link
auto train —40 t.

— Double axle trailer — 18 t.
— Triple axle trailer — 24 t.
— More than three axles trailer — 30 t.
— Other vehicle and trailer combinations do not
exceed 40 t.
Width: Height:
— Vehicle-2,55m — Vehicle-4,0m

— Trailer-4,0m

Construction road

For all bridge structures a construction road has to be build. For the delivery these roads have higher
requirements for the design due to high weights and great lengths of delivery vehicle.
5.2 Lifting equipment

Installing the prefabricated bridge parts requires cranes. An example for one of the biggest cranes that
can be used is shown in Figure 24. The figure pictures the load capacities depending on lifting height.
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Figure 24: Lifting capacities depending on lifting height [http://strelelogistics.com]

Depending on span and weight of prefabricated bridge parts a launching gantry is sometimes necessary.

Figure 25: Launching gantry [www.directindustry.com]
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5.3 Connection points

Due to lifting weight limitations a half prefabrication solution is mostly required. Prefabricated bridge
parts must be assembled and connected with connection points.

Even if the prefabrication level is high. There are always connection points necessary. These connections
are, mostly, built with in-cast concrete especially for integral structures.

The connection points, joints, have to fulfil special requirements due to the usage for high speed railway
lines. Especially limits for fatigue resistance and vibration amplitudes have to be fulfilled. Joints always
interrupt the support structure system. Which is negative for high-speed-railway systems. Therefore,
integral connection points should be designed. Integral connection points between superstructure and
substructure could be built like the frame joints for Stébnitztalbriicke shown in Figure 26. Such integral
joints raise the level of durability. A good and durable standard solution for connection points has to be
taken into account for the next design step.

Still, connection points can also be a possibility for small tolerances. With connection points slight
deviations in geometry can be compensated.
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Figure 26: Frame Joint [U26]

5.4 Usage for high speed railway lines

Not all types of prefabrication structures presented in chapter 2 can be used for railway viaducts. Because
of the high necessary stiffness and the design requirements for high speed railways following
prefabrication structures should only be used for road overpasses or non-high-speed railway bridges:
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— Preflex girders

— WIB (Sectional girders in concrete)

5.5 Spandepending

The possibility of prefabricated bridge parts also depends on span length. The shorter the span, the easier
it is to use a high level of prefabrication due to transportation and lifting requirements.

6 Conclusion

Precast elements ensure surface quality, aesthetic and quality of execution. Still, connection points on
site are necessary due to transportation capacity and lifting equipment. Connection points are always a
big challenge for the durability of bridges. Therefore, the standard connections have to be designed
carefully with the main aspect of durability as basis.
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