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Summary 
 
New bridge constructions or replacement bridges under running traffic require innovative solutions for an optimal man-
ufacturing process with minimal impact on mobility. The focus is on short construction times and simultaneously re-
stricted resources with consistently high-quality standards. All types of bridges that have a high degree of prefabrication 
and can be produced in the modular design are particularly suitable for this purpose. These can be concrete composite 
bridges with pre-stressed precast concrete elements or steel composite bridges with precast elements. Bridges with steel 
girders in concrete are also part of this. All construction methods can be used very efficiently, especially for frame con-
structions as an integral structure without center columns. Various practical examples will be used to show which planning 
concepts are successful. 

 
1. Bridges in modular construction 
A large proportion of the replacement of new buildings 
currently under construction falls into the category of 
modular construction methods because they allow 
bridge projects to be implemented rationally, economi-
cally and efficiently. This is especially true for bridges 
with small to medium spans (10 m to approx. 45 m), 
which are planned and built-in large numbers as subor-
dinate structures along federal roads, freeways and rail-
road lines. Frequently, existing substructures are reused, 
or special provisions are made in order to carry out the 
necessary construction activities during ongoing opera-
tions with the least possible impact on traffic. 
 

 
Fig. 1: Bridges in modular constructions with  
composite concrete , concrete steel and rolled beams in 
concrete girders 
 
1.1 Advantages of the modular construction method 
The following features make the use of the modular de-
sign in bridge construction interesting: 
• Construction with short construction times, minimal 

traffic obstructions and therefore fewer traffic jams 
• High-quality standard through prefabrication of the 

precast girders in plant 
• Elimination of costly supporting and protective 

frameworks 
• Parallel construction of superstructure/ substructure 
• Parallel reconstruction/new construction possible 

• Partial reuse of substructures possible 
• High economic efficiency with holistic consideration 

of construction, usage and maintenance costs 
 

1.2. Basics 
The starting point for the structural designs of bridges in 
modular construction is prefabrication. The basis of in-
dustrial prefabrication is the digitalization of planning 
and production processes, including assembly on the 
construction site. 
Structural engineers have to face high challenges. Not 
only the mechanical model derived from the bridge 
structure has to be processed, but also the entire produc-
tion and assembly process up to the completion of the 
structure have to be taken into account in the modeling. 
Modular bridges must always be considered holistically, 
taking into account all construction phases. In each con-
struction phase, there are different boundary conditions 
that have to be considered. 
From a structural engineering point of view, there has a 
cross-sectional history in addition to the system history 
and load history to be considered. Both the structural 
systems and loads as well as the cross-sectional structure 
change along the time axis. As a result, not only the pri-
mary cross-section creep and shrinkage but also the sec-
ondary system creep must always be taken into account. 
This requires powerful software solutions. 
Due to the different stiffnesses in a longitudinal and 
transverse direction, an orthogonal orthotropy is present, 
e.g. for the roadway slab (Fig. 2). For the FEM calcula-
tion, combined models of girders and deck systems are 
used, which allow a type-specific bridge modeling and 
at the same time an efficient load generation for each 
construction phase. 
The following aspects must be taken into account: 
• structural analysis always on the overall system 
• Consideration of system, manufacturing, load and 

cross-sectional history 
• Use for different types of cross-sections 
• Consideration of the participating plate widths 



4th Bridge Colloquium - Technical Academy Esslingen TAE                                   Ostfildern, September 8 and 9, 2020 
Symposium for assessment, planning, construction, refurbishment and operation of bridges,         ed. B.Iseke, J.Krieger 
 

 
RIB Engineering GmbH, Stuttgart  Seite 2/9 

• Efficient load generation through orthotropic deck 
system 

• Consideration of time-dependent, secondary effects 
• Complete and continuous design for ultimate, ser-

viceability and fatigue limit states including compo-
site member checks for composite steel girders 

 

 
Fig. 2: Orthotropic area model of the roadway deck 
 
1.3. Bridge types 
The longitudinal girders of modular bridges are always 
composite girders made of different materials. 
• Composite concrete: Prestressed concrete semi-pre-

cast elements as plate beams with in-situ cast con-
crete 

• Composite steel: Rolled or welded sections with re-
inforced concrete semi-finished parts, which are al-
ready cast on the steel girders in the plant and later 
receive an in-situ cast concrete supplement; hollow 
box sections, but also simple I-sections in VFT con-
struction [10] 

• Composite steel: Special welded steel and standard-
ized rolled steel sections as cast in concrete girders 
are particularly easy to produce 

All types of bridges are particularly suitable for over-
passes, which are often designed as multi-web frame 
constructions without central columns. Composite steel 
bridges usually have haunched steel girders due to the 
large spans. The question, which of the mentioned 
bridge types are used in which case, is mainly influenced 
by the following factors: 
• Construction time 
• Building costs 
• Costs for maintenance and refurbishment 
• Restricted mobility / jam prevention / socio-economic 

costs 
• Building conditions on site 
• Durability 
For an objective assessment, a holistic view concerning 
to the service life is always required. 
 
1.4. Composite concrete bridges 
The superstructure of composite concrete bridges con-
sists of multi-girder, pre-stressed, T-shaped semi-pre-
cast elements with subsequently supplemented in-situ 
concrete deck. The use of these prestressed concrete 
girders is limited to a length of approx. 35 m due to their 
high dead weight. The smaller bridges, which are either 

steel or frame constructions, are usually prestressed in 
one step either with an immediate or subsequent bond. 
For continuous girders, a two-stage prestressing consist-
ing of immediate and subsequent bond is often used due 
to the demands on durability and driving comfort. 

 
Fig 3: Prestressed concrete semi-precast member with 
in-situ concrete supplement 
 
The FEM calculation of the entire structure is usually 
carried out in 4 construction stages: 
• UB: Construction stage substructure 
• FT: Construction stage precast element 
• VB: Construction stage composite structure 
• PT: Construction state secondary effects 
The prestressed concrete design is processed on the time 
axis at 6 different points in time [8]: 
• t0: Own weight precast element and prestressing 1 
• t1: Own weight of in-situ concrete on precast element 
• t2: Composite structure 
• t3: Prestressing 2 
• t4: Expansion of structure / Traffic 
• t5: State at t∞ 
All essential checks are carried out in the ultimate, ser-
viceability and fatigue limit states. 
 
1.5. Composite steel bridges in prefabricated  
member construction 
In contrast to solid bridge construction, the description 
of composite cross-sections is much more complex. The 
steel girders can be designed as rolled section girders or 
as welded I-beams or box girders with or without precast 
concrete as prefabricated member construction [10]. 

 
Fig. 4: Composite steel section types 
 
The determination of internal forces and the stress cal-
culation including creep and shrinkage is based on the 
theory of elasticity using the Haensel complete cross-
sectional method [1], [9]. All system influences of the 
• Cross-section history 
• Production history 
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• Load history 
• Participating slab widths 
• Crack formation 
• Creep and shrinkage and 
• Secondary effects 
are considered by this method. In the negative moment 
range, cracked and in the positive moment range 
uncracked cross-section variants are effective. Every 
modification of the structural model due to other or new 
cross-section variants, concreting sections, materials, 
bearings, joint stiffness, etc. is done in a separate con-
struction stage. 
The design checks are performed along the global time 
axis according to the cross-section and load history in-
cluding creep, shrinkage and secondary effects for the 
permanent design situation for t∞. All essential bond 
checks are performed in the ULS except fatigue elastic 
and plastic, SLS, FLS for structural steel, concrete, rein-
forcement and headed bolt dowels. For beams with 
cross-sections of classes 1 and 2, the elastic or non-elas-
tic behavior between longitudinal shear force and shear 
force can be considered additionally. 
 
1.6. Rolled beam in concrete 
Bridges with steel girders cast in concrete are not new. 
They belong to the family of composite steel composite 
bridges and are quite often used for railroad bridges. Al-
most 20% of all railroad bridges in Germany are realized 
as such bridge types for spans in the range of 10 up to 
20 m. Almost 20% of all railroad bridges in Germany 
are realized as WIB bridges for spans in the range of 10 
to 20 m [2].  
The constructions can usually be manufactured very 
slim with a slenderness L/h of 25 to 30 and still have 
relatively high stiffness. The higher stiffness results in 
less deformation. Further advantages result from the 
omission of formwork scaffolding, the simplicity of the 
construction and the fast assembly. 

 
Fig. 5: Stiffness distribution for single span girder [4] 
 
Compared to the usual composite steel constructions, 
only cracked cross-sections occur in frame bridges. 
With a single span girder, the edge area remains 
uncracked. In the field area, the concrete cross-section 

cracks at the bottom, while in the support area the con-
crete cross-section cracks at the top. 
The behavior of embedded steel girders depends 
strongly on this crack formation. This special feature re-
quires special requirements for all verifications. Analo-
gous to the steel composite, the basic calculation is 
based on the total cross-section method [1]. The reduc-
tion numbers can be calculated either according to DS 
804 Annex 8, DIN EN 1992-1-1 or the Ec(t)-method [3]. 

 
Fig. 6: Stress at positive and negative bending in the 
cracked state [7]. 

 
In the non-cracked area, the composite section is trans-
formed into an equivalent steel section, while in the 
cracked area the section values are determined by the 
position of the plastic zero lines [5]. The tensile stressed 
part of the load-bearing section is neglected. 
 
2. Examples  
In the following some successfully executed interesting 
bridge constructions are listed, which were built in the 
past years in modular construction. When selecting the 
projects, the focus is more on the construction method 
and the special calculation and dimensioning ap-
proaches used than on the actuality of the construction 
activities. 
 
2.1. Replacement construction as concrete          
composite bridge 
On behalf of Hessen Mobil in Kassel, the structural en-
gineering office of Stefan Kleffel planned the replace-
ment construction of a new road bridge on the A7 free-
way between Flensburg and Füssen. 

 
Fig. 7: Composite concrete bridge under construction 
 
The replaced new bridge with 5 construction phases as 
an integral, pre-stressed concrete composite bridge with 
a girder span of 27.61 m and a structure width of 40.50 
m was already specified by the official design. The 
planned construction phases take into account the re-
moval of the existing frame bridge and the simultaneous 
construction of a new bridge. Not only the new 
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replacement bridge will be built during normal opera-
tion, but also during the deconstruction phase, traffic on 
the A7 motorway is to continue to flow largely unim-
peded according to the client's specifications. 
 

 
Fig. 8: Existing and new replaced bridge 
 
The generated spatial bridge model captures the skew-
angled frame bridge as a folded plat structure on a pile 
foundation, which depicts the different construction 
phases with a total of 13 static construction stages and 
145 load conditions. Due to the ground conditions, the 
pile foundation is asymmetrically arranged under the 
two abutments. The superstructure is formed by 2 x 8 
precast girders, which are manufactured within a  pre-
stressing bed. The entire bridge is recorded as 2 inde-
pendent structures in an integral model with beams in a 
longitudinal direction and an orthotropic, load-distrib-
uting roadway slab in a transverse direction. The precast 
girders are elastically clamped into the bearing wall via 
steel bar reinforcement. 
 

 
Fig. 9: Division of the bridge into 2 substructures 
 
The use of precast girders for this task proves to be not 
only reasonable from an engineering point of view, but 
also economical: The installation of supporting and pro-
tective scaffolding is no longer necessary.  Since the pre-
fabrication of the superstructure and the construction of 
the substructure on site can be carried out in parallel, the 
total construction time can be significantly reduced. Be-
sides, the use of prefabricated girders enables an effec-
tive quality assurance in the plant - a solid basis for a 
high and consistent quality. Last but not least, it is only 
in rare cases that underpassed traffic routes have to be 
closed. With precast girders in concrete composite con-
struction, the structure can be realized in a shorter time 

window and at the same time with the best quality. In 
comparison to an execution in in-situ concrete this is an 
important cost factor. 
 

 
 

 
Fig. 10+11: Traffic situation during construction time 
 
Creep and shrinkage must always be taken into account 
in the design approaches, which is not an easy task in the 
various construction, load and concreting stages. The 
partial structures Part1 and Part2 of the bridge are ex-
posed to extreme loads in individual construction phases 
that are only present for a certain period of time. As the 
final design results will show later, this particularly af-
fects the bored piles. Due to the earth pressure on the 
partly free-standing abutment walls in the construction 
phases, individual groups of bored piles are subjected to 
extreme eccentric loads. 

 
Fig. 12: Extreme loads in individual construction phases 
 
For these reasons, the stresses from each construction 
phase must be taken into account. In this case, the high 
loads in the construction stages lead to particularly high 
degrees of reinforcement if the bending load-bearing ca-
pacity (ULS) and the completed crack formation (SLS 
are taken into account in the design. 
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Fig. 13: Design of Bored Pile Foundation of bridge 
 
Besides, creep and shrinkage in the composite girder 
must always be taken into account, as this influences the 
verification of the load-bearing capacity and also the ser-
viceability design. This means that all systems and load 
changes over the entire construction period must be ac-
curately represented in the FE model. 

 
Fig. 14: Representation of the construction process in 
construction stages 

By a suitable subdivision of the two largely independent 
substructures, the modeling effort could be significantly 
reduced and the processing of the structural analysis 
could be kept manageable and efficient. In the case of 
this bridge, system creep between the construction sec-
tions plays a particularly important role. Due to time dif-
ferences of up to 150 days, large constraints build up in 
the in-situ concrete slab, which have a decisive influence 
on the design of the girders. Without taking these time-
dependent effects into account, an integral construction 
of this bridge type cannot be realized. 
 

 
Fig. 15: Loading and dimensioning of bridge structure 
For the demanding calculations and the relatively com-
plex design of the pile foundation and the precast girders 
in composite concrete construction, the engineers from 
Thuringia relied on holistic modeling with a complete 

recording of the spatial and temporal effects in the load-
bearing system of the bridge. This is the only way to en-
sure that the individual bridge components can be di-
mensioned continuously and that all necessary detailed 
verifications can be carried out.  
Conclusion: In the case of the relatively simple motor-
way overpass, the special engineering considerations re-
quired to build the new road bridge safely, efficiently 
and economically while traffic is still moving are im-
pressively demonstrated. 
 

2.2. Composite concrete construction in series 

The IGS Ingenieure GmbH & Co. KG from Thuringia 
was involved in the expansion of the A5 motorway to 
six lanes on behalf of the Karlsruhe Regional Council as 
part of a major project. The A5 motorway, the most im-
portant north-south connection for long-distance traffic 
in south-west Germany and a transit route to southern 
Europe, was extended to six lanes between the Baden-
Baden and Offenburg junctions. A continuous increase 
in traffic volume in recent years has made this compre-
hensive expansion of more than 41 kilometers of high-
way necessary. 

 
Fig. 16: Serial replacement of bridges along the BAB A5 
 
As part of this project, more than 50 bridge structures in 
this section were removed and rebuilt again. 20 over-
passes - all including concrete composite bridges - were 
realized by IGS Ingenieure GmbH & Co. KG in prefab-
ricated construction. The removal and new construction 
of all bridge structures were carried out while traffic 
continued. 
Within a closely coordinated planning and construction 
management system, IGS Ingenieure GmbH & Co. KG 
was able to complete the entire planning work for the 
first ten bridges in just six months. In addition to the 
tight schedule, the prestressing of the superstructures re-
quired a particular skill. The implementation of the indi-
vidual bridge projects was no easy task, neither on the 
part of the structural engineers nor for the manufacturer 
of the prefabricated parts. For technical reasons, the con-
struction work was carried out almost exclusively with 
prestressing bed members and somewhat more advanta-
geous continuity prestressing across the bridge piers was 
not used. The spans, therefore, required a very high pre-
stressing force per precast element. 
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Fig. 17: Typical composite concrete bridge in the project 
 
The same manufacturer produced the required ambitious 
prefabricated girders for all 20 bridge structures. The ad-
vantage of this massive prestressing: speed. Because the 
on-site experts from the construction site did not waste 
any time with subsequent actions, such as the insertion 
of further tendons or the use of sheathing tubes. In this 
way, those involved in the construction were able to en-
sure rapid and simultaneously flexible construction pro-
gress. 
 

 
Fig. 18: System with columns in the middle of the bridge 
 
Construction logistics was a particularly tricky task. 
Since this important connecting route in southwest Ger-
many could not be fully closed during the construction 
work, the delivery and lifting of the prefabricated parts 
took place in stages. The prefabricated parts are deliv-
ered by truck. On arrival, the roadway will be closed for 
half an hour. During this time, the roadway is lifted and 
then opened to traffic. After a further half-hour, the lane 
is closed again for the lifting of the next precast part. 
This means that the blocking times remain short and do 
not hinder traffic for a longer period of time. An addi-
tional complicating factor for the crew on the construc-
tion site is that these closures can only be carried out at 
night. This means night shifts with full concentration for 
all those involved in the project. 
To ensure perfect project completion, the structural 
analysis and optimization for each structure had to be 
completed in around two weeks. This was followed by 
comprehensive testing by independent inspection engi-
neers. Simple modeling of the system and the load ap-
proaches as well as the consistent dimensioning of the 
bridge structures were of decisive importance for effi-
cient planning. The ability to consider the load distribu-
tion via an orthotropic slab effect is a decisive aspect for 
intuitive project processing and efficient bridge design. 

2.3. Sophisticated rolling bridges with precast con-
crete elements 

The expansion of Frankfurt Airport by the 2.8 km long 
northwest runway was realized with various rolling 
bridges over the A3 motorway and the ICE Frankfurt-
Cologne line. The engineering office Dr. Binnewies 
from Hamburg was commissioned with the planning of 
the highly complex integral bridge structures. 
 

 
Fig. 19: Overview roll bridges Frankfurt Airport 
 
In order to reduce costs and construction times signifi-
cantly, the bridge construction proposed by the engi-
neering office Binnewies was implemented as an inte-
gral prestressed concrete framework with precast con-
crete elements and in-situ concrete additions. The cross-
ing angle of up to 30 gon, which is enormously acute 
between the supporting structure and the taxiway, turned 
out to be a special challenge. Additional requirements 
resulted from a bridge length of more than 200 m and 
the design loads for the aircraft with considerable 750 
tons. 

 
Fig. 20: System and dimensions taxiway east 
 
The modeling was based on the principle: as simple as 
possible, as complex as necessary. The foundation of the 
pier and abutment walls was carried out on clamped 
bored piles. On top of these, jointless abutments and pier 
walls were erected. Finally, the superstructure was real-
ized with prestressed precast elements, in-situ concrete 
additions and continuity prestressing. In the first step, 
the precast girders were installed. These were delivered 
to the site with a post-tensioning system with subsequent 
bond and including enveloping tubes for the subsequent 
continuity prestressing. 
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Fig. 21: Prestressing of bridge girder in FE-model 
 
The connecting reinforcement of walls and precast ele-
ments were exactly matched to each other and were 
therefore produced with great precision. For the East 1 
taxiway bridge with a total bridge area of 20,000 square 
meters, a total of 275 precast girders weighing up to 95 
tons had to be installed.  Each precast element was 
unique and the dimensions of the girder, in-situ concrete 
slab and wall heads were coordinated with the construc-
tion process. Before the in-situ concrete slab could be 
applied, the framing effect of the overall construction 
had to be realized. Therefore, the areas at the wall heads 
were reinforced and concreted in advance. 
 

 
Fig. 22: Overnight construction and lifting of the bridge 
girders 
 
A further challenge was the concreting of the bridge sur-
face with around 20,000 cubic meters of concrete per 
section in a time window of only 60 hours. Finally, the 
continuity tendons were inserted and prestressed. The 
planning had to be perfect throughout so that the three 
contractors were able to complete their work optimally 
within the specified time and budget. As a rule, the 
beams were installed at night to ensure the least possible 
disturbance to traffic. 
The new connecting taxiways at Frankfurt Airport posed 
several of challenges, both technically and organization-
ally. In just under 16 months, around 600 formwork 
plans and about 800 reinforcement plans had to be 
drawn and delivered to the construction site on time. 
Since these structures are not standard bridges but are 
subject to the standards of the International Civil Avia-
tion Organization (ICAO), the engineering office 
Binnewies was also required to transfer the normative 
rules from the area of road bridges to the special struc-
tures of a taxiway. The ICAO guidelines do not contain 
the necessary regulations for planning and construction 
in this aspect. 

2.4. Replacement of a composite steel Bridge 

The Ingenieurbüro Kleb Erfurt has carried out the struc-
tural analysis for the overcrossing of a Railroad line in 
Obervellmar/Kassel with a span of 26,10 m and a width 
of 12,10 m. This concerns two frame structures sited 
side by side. Each superstructure consists of 5 haunched 
I-Beams made of S355 with factory-made Precasted 
slabs of C35/45 and later cast-in-situ concrete additions 
of C35/45 in Composite precast Girder construction. 
 

 
Fig. 23: System dimensions of precast composite bridge 

The longitudinal beams are fixed into the end transverse 
beams. As traffic load was Catagory 2 used. 

 
Fig. 24: FE-model Np-construction state of the frame 
bridge 
 
The FEM-analysis of the entire structure was carried out 
in 6 construction levels including consideration of sec-
ondary effects. 
• N0-construction level substructure 
• N0-construction level superstructure as composite 

precast Girder system 
• NP-long-term construction level 
• N0-short-term construction level 
• NPT-construction level  
• NS-construction level shrinkage 
The stiffnesses for long-term loads are calculated time-
dependently with reduction values. In contrast to that, 
for short-term loads, time-independent reduction values 
are used. The composite design was carried out for all 
limit states. A 4-Row Head Bolt distribution with differ-
ent heights was used for the composite design. 
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Fig 25: Utilization overview of the composite design 

2.5. Replacement of a Road Bridge in Rolled Beam 
In-Concrete Construction 

The Ingenieurbüro Kleffel has carried out the structural 
analysis for an oblique-angled Rolled Beam In-concrete 
Fly-over of the Hasel in Dillstädt/Schwarza, with a span 
of 12,40 m and a variable width of 6,50 m to 9,13 m. 
This is an Integrated Bridge structure. The superstruc-
ture of C35/45 consists of 9 steel girders, each with a 
HEM 400 profile and the material S355. 

 
Fig.26: System dimensions of rolled beam in concrete 
bridge 

The longitudinal girders are fixed into the end transverse 
beams., which in turn are supported on deep-founded 
bored piles. A local traffic load of category 4 was as-
sumed as a traffic load.  

 
Fig. 27: Site plan for the superstructure 
 
The FEM-Analysis of the entire structure was carried 
out in 5 construction levels including a secondary effect 
consideration.  
• N0-Construction level 
• NP- long-term construction level depending on time 
• N0- short-term construction level 

• NPT- construction level depending on time-secondary 
• NS- construction level shrinkage - secondary 

 
Fig. 28: Complete model with piles, loads and defor-
mations 
 
The composite girders were designed for all ultimate 
limit states elastic and plastic, fatigue and serviceabil-
ity limit state design include the deformations in the 
cracked state. 
 

 
Fig. 29: Utilization overview of the composite design 
 
3. Summary and Outlook 
 
Modular construction is particularly suitable for 
Bridges with small to medium span widths, which will 
have to be either reinforced or replaced at a short pe-
riod of time in large numbers over the next few years, 
while traffic is still running. The cross-sectional shapes 
are constantly being developed. The basis for success-
ful usage in industrial prefabrication. Together with the 
digitalization of the planning and production process, 
which also brings advantages for delivery and assem-
bly logistics, modular construction methods open up 
interesting and above all economical planning alterna-
tives.  
Currently, novel modular systems consisting of precast 
concrete elements are being developed [6]. At Hagen on 
the A46, a prototype could already be built in 100 days 
according to this planning concept.  
The new technical progress makes it possible to produce 
modular bridges efficiently with high performance with-
out severe mobility restrictions. Further innovative pro-
gress with lucrative possibilities can be expected 
through the development of Robots and computer-aided 
manufacturing techniques. 
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