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Bridges – Construction, Insurance and Risk Management 

 
 
 
 
 
1. Introduction 
 
Over the centuries bridges have always helped people live together by bridging gaps 
between regions, political boundaries and even continents. Bridges as structures have 
always impressed men by their beauty, elegance, slenderness and have even inspired many 
painters, so that bridges are sometimes much more than a civil engineering work and can be 
called a work of art. It should be mentioned that the IMIA homepage features a picture of the 
very elegant Sunniberg Bridge by Klosters in Switzerland. 
 
In the past two decades tremendous developments have taken place in bridge construction 
with the completion of some spectacular structures setting new records in terms of 
dimensions and presenting insurers with new challenges.  
 
 
1.1.   Goal and Scope of the Paper 
 
The goal of this paper is to give the underwriters an understanding of bridge construction, to 
build up awareness of the wide variety of perils bridges are exposed to during construction, 
to help to perform professional risk analysis and underwriting and to draw attention to 
possible loss scenarios by some illustrative loss examples. 
 
The paper explains in the first part various types of bridges and construction methods. In the 
second part it describes a variety of exposures and underwriting considerations. It then gives 
hints on how to assess a PML by giving some examples. The fourth part deals with risk 
management, safety and security aspects. A risk matrix is given in the appendix. The paper 
closes with the description and illustration of loss examples.  
 
 
1.2.  History of Bridge Construction 
 
The first bridge ever built might have been a fallen tree spread across a stream.  
 
For many centuries, until the end of the 18th century, bridges have been made either of wood 
or of stone. The Romans were great builders and among other things many of their bridges 
are still remaining today. These bridges are mainly multi span arch bridges with spans of up 
to 35 m. Whereas the Romans only made use of semicircular arch, in the Middle Ages 
arches were flattened enough to enable spans of up to 72 m. 
 
The foundation of the Ecole Nationale des Ponts et Chaussées in Paris in the mid 18th 
century, which made possible the use of scientific knowledge for the design and calculation 
of structures, together with the availability of new materials (iron and then steel) led to 
tremendous progress in bridge construction in the19th century. In 1883 the Brooklyn 
suspension bridge was completed with a span of 486 m and in 1890 the Firth of Forth truss 
bridge with a span of 520 m. 
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Since the beginning of the 20th century reinforced concrete has been used in bridge 
construction and in the thirties pre-stressed concrete was introduced. Nowadays reinforced 
and pre-stressed concrete is commonly used for bridge construction with spans exceeding 
250 m. 
 
The 1000 m mark was surpassed in 1931 with the George Washington suspension bridge in 
New York featuring a span of 1067 m. Today the record span for suspension bridges is 1990 
m (Akashi-Kaiko bridge in Japan completed in 1998) 
 
Cable stayed bridges have become popular since the 1960s. The record span for cable 
stayed bridges is 890 m (Tatara bridge in Japan completed in 1997). Bridges with even 
longer main spans are currently under construction. 
 
 
1.3.  Increased Mobility and Importance of Traffic Infrastructure 
 
Due to economic growth, globalisation and the fall of political barriers there has been a 
tremendous increase in the transportation of goods and passengers by truck, car and rail in 
the past  two decades. As a consequence of this development there is an increasing need 
worldwide for modernising and enlarging existing infrastructures in developed countries and 
for constructing new infrastructures in emerging economies.  
 
Every transport infrastructure project, be it roads, highways or railroads, comprises a great 
number of bridges of all kinds of type and span. The most spectacular bridges are often 
single self contained projects. In some cases new larger bridges are being built to replace 
ageing existing ones, in other cases new bridges are being built parallel to existing ones in 
order to double or even triple the traffic capacity. Sometimes bridges are even built over 
straits that used to be crossed by ferry boats. 
 
 
1.4.  Economical Aspects and Project Financing 
 
Due to an increasing shortage of public funds in developed countries as well as in emerging 
countries, large infrastructure projects tend to be more and more privately financed. This is 
done by way of BOT (Build Operate Transfer), PFI (Private Finance Initiative) or PPP (Public 
Private Partnership) contracts. In each case a project company is set up for financing, 
designing, constructing, maintaining and operating for a relatively long “concession” period 
the infrastructure, the revenues of operation enabling the company to reimburse itself the 
funding of the project. At the end of the concession period the infrastructure is then ceded to 
the government or authorities. 
 
The project company is a joint venture comprising lenders and banks, construction 
companies and operation firms. All these different actors may have diverging insured 
interests; furthermore with this type of financing responsibilities which used to be borne by 
public bodies (like for instance design risk, cost overrun) are shifted to constructors thus 
increasing the potential risks that are transferred to insurers. 
 
 
1.5.  Ecological Aspects 
 
For environmental reasons bridges are to be more and more perfectly integrated in the 
landscape. This can lead for instance to very light structures. Compare the viaduct de Millau 
resembling a giant sailing boat over a sea of clouds covering the Tarn valley in Southern 
France*. 
 
* See picture on frontispiece of this paper 
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2 Technical Aspects 
 
2.1 .  Introduction 
 
Many different types of bridges have been and are being built, differing in form and 
construction methods. For the purpose of this paper, only the most commonly encountered 
types have been considered. 
 
 
2.2 . Bridge Type - Girder Bridge, Beam Bridge 
 
2.2.1.  Description and General Information 
 
Girder bridges represent the most common & economic bridge construction technique. 
Designers will design girders to have structurally compatible shapes; the most economic 
arrangement is  to use girders with the same shape for one bridge (as far as statically 
possible). Those girders can either be produced in large numbers in precast yards to reduce 
production costs, to save construction time and to increase the quality. Or they are cast 
directly in place by use of scaffolding and formwork.  
Simple bridges of this type may be made from wood, while ones with larger spans are made 
of steel, steel trusses or pre-stressed concrete. 
 
Following spans are possible: ~ 120 m when made of reinforced concrete 
     ~ 250 m when made of pre-stressed concrete 
     ~ 300 m when made of steel 
 
The form of the girder is mostly designed so that. the bottom flange of the girder runs 
parallel to the line of the roadway. The girder height is therefore constant. For stress 
analytical or design reasons however bridge girders of varying overall height or with a 
haunch (increased overall height above the supports) are also built. 
 
 
The systems possible are essentially the following: 
 
 
 Single Span Girders: 

With this, the simplest type of bridge, the overall height of the parallel-running girders is 
constant.  
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 Multiple Span Girders:  

By placing single-span girders end to end, a multiple-span bridge is produced. This does 
have many joints, but is flexible in the case of minor movements (settlement of supports) 
without leading to undesirable reaction forces. This option variant is therefore popular  in 
case of variable soil conditions. 

 

 
 Gerber Beams: 

Single span girders with cantilever arms and pin-joined girders (Gerber beams) 
suspended between supports; they are laid end to end to produce a simple static system. 
The decking has many joints, however, which is a disadvantage when it comes to 
maintenance and accessibility. 

 

 
 

 Continuous Beams: 
With this method of construction, bridge lengths of up to 1,000 m and up to 30 spans can 
be built. The statically indeterminate system (so more complicated to design than the 
bridges above) can serve to increase safety: if one of the many bridge supports or one of 
the girders of the superstructure fails, this does not automatically cause the bridge to 
collapse, as its equilibrium is generally maintained through the redistribution of loads. 
The joint-free superstructure is of great advantage to motoring comfort and maintenance 
(see photo) 
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Bridge Ravninscica – Highway Zagreb-Macelj, Croatia  
 
 
 
2.2.2. Selection Criteria 
 
Topography 
 
One of the principal characteristics of girder and beam bridges are the relatively short spans 
which are mostly below 30 (sometimes up to 50 m). Shorter lengths lead to quite slim beams 
with a minimum self weight. On the other hand this requires the construction of more piers . 
This arrangement is best when transport from the production yard via road or railway is 
feasible. Therefore most of the girder bridges are constructed in urban areas or at least at 
locations where there is easy accessibility to the site for instance: 
. 

- City highways  
- Elevated Roads 
- Highways along existing roads in relatively flat areas 
- Flat river crossings 

 
Geology 
 
Due to the fact that a relatively high number of piers have to be constructed girder bridges 
are generally suitable in relatively flat areas resulting in bridges with relatively low deck 
elevations. 
However since girder bridges do have a lot of joints, they are quite flexible in regards to 
minor movements which allows construction in variable soil conditions. 
 
Costs 
 
Girder or beam bridges can be considered as the most economic type of bridges. Piers are 
usually quite short  resulting in quite conventional foundations and abutments. The 
superstructure is supported by a high number of similar prefabricated girders which also 
minimizes the production costs. 
 
Aesthetics 
 
Girder bridges are functional bridges with the main focus on being economical. In case of 
being part of a highway construction or even an elevated city highway, their main goal is to 
ease the traffic situation as fast as possible, architectural or aesthetical design is often only 
of secondary importance. 
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2.2.3. Construction methods 
 
2.2.3.1. Substructure 
 
Generally the substructures of girder and beam bridges are always constructed in 
similar ways. Foundations for piers and abutments are either cast in-situ as massive 
concrete blocks or, in case of weaker subsoil, concrete bored piles are driven into the 
soil until they reach adequate geological conditions. On top of these piles pile-heads 
are produced which serve as a foundation block for the piers or abutment walls. 
Subsequent to that and dependent on the superstructure´s construction method, the 
pier heads are cast, carrying the final superstructure. 
 

                                      
 
 

                   
 
Bridge Mimarje – Highway Zagreb-Macelj, Croatia 

 
2.2.3.2. Superstructure 
 
There are plenty of different ways of how to construct the superstructure. The final 
decision is always dependent on the following criteria:  
Geology, Topography, Design, Costs, Architecture… 
 
The most common techniques for girder and beam bridges are as follows: 
 

 Falsework 
 Travelling Formwork 
 Launching Girder 
 Incremental Launching  

 
 

Falsework 
 
Concrete bridges get their shape from formwork into which the fresh concrete is poured 
on site (cast-in-situ concrete). The formwork for beams and bridge decking is 
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supported by falsework which carries the weight of the concrete into the underlying soil. 
As the concrete cures, the structure acquires its own load-bearing capacity and the 
falsework can then be removed. Previously made from wood with great craftsmanship, 
steel structures are now used more often . Where large dimensions are involved the 
design and quality of falsework is of considerable importance requiring the involvement 
of specialists. 
The cost of cantilevered self-supporting falsework may account for up to a third of a 
bridge’s total construction costs. 
For the insurer, the assessment and assembling of falsework involves considerable 
risks. In recent years there have repeatedly been serious accidents as a result of 
falsework collapsing after the heavy fresh concrete – with loads of 1,000 tonnes and 
more – has been placed. The main causes were the following: calculation errors 
resulting in buckling of parts of the falsework, inadequately dimensioned and carelessly 
executed panel points of lattices or poor workmanship and inadequate falsework 
foundations.  
This shows that the construction risk involved with bridges is not only for the bridge 
itself but also for temporary structures, where contractors are under pressure to 
minimise costs. 
 
 

    
 
 
Travelling Formwork 
 
This type of formwork is used as an economical method for concreting, but requires 
several spans with the same cross-section, an even terrain and a relatively low deck 
elevation.     
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Launching girder 
 
For the construction of longer bridges on uneven terrain or bridges on mountain slopes 
where ground-supported falsework is not possible, auxiliary structures have been 
developed. Launching girders can be moved from span to span on crossbeams which 
are attached to bridge supports. The Launching girder on bridge piers carries the 
formwork. 
With multiple-span bridges, launching girders measuring around 1.6 times the span 
length are used. With the help of these girders, formwork travellers can be advanced 
symmetrically on either side from the pier, and sections 8 to 10m long concreted. Once 
the span has been closed, the lattice girder is advanced and the work continues in the 
same way from the next pier. 
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 Incremental Launching 
 

With this method, the bridges superstructure is made on one side of the bridge in 
sections 10 to 30 m long. Concreting of the sections is carried out using stationary 
formwork behind one of the bridge’s abutments. Once the concrete has set, the section 
is pre-stressed, stripped of its formwork and then by using hydraulic presses launched 
into the direction of the bridge on sliding bearings, of neoprene or Teflon on sheet 
chrome steel. Then the next section is concreted and launched. Mounted on the 
foremost section is a steel launching nose which rests on the next pier or on 
temporary supports as the bridge sections are progressively advanced. This allows 
for the reduction of additional launching stresses caused from overhanging weight 
which would result in the requirement of additional reinforcement. 
Where bridges have a gradient, the sections are made in one place, enabling the 
production of spans of the same type to be organised more economically in a roofed 
“section factory” with movable formwork, production of reinforcement in templates, use 
of temporary crossbeams and cranes and independent of weather conditions. The 
production cycle of a bridge section of 10 to 30 m long is usually completed in a week. 
The method is economical for bridges at least 150 m long. Curved bridges can also be 
built using this method. 
Where the incremental launching method is used for bridges over big rivers, without 
temporary support, a temporary tower is positioned on the deck to reduce the 
cantilever loads by means of stay cables.  
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2.2.4. Temporary and Permanent Design 
 
As described with above construction methods temporary loads resulting from the different 
construction stages have to be considered as being most critical in regards to possible 
accidents. 
Especially the use of heavy falsework or other heavy temporary supports should be planned, 
executed and monitored most carefully. As temporary designs are not always subject to the 
same level of scrutiny as the permanent works contractors may look at this as a way to keep  
costs as low as possible which may conflict with the requirements for safe construction. 
Many heavy accidents and collapses have been a result of this. 
 
 
 
2.3. Bridge Type – Cable-stayed 
 
2.3.1. Description and General Information 
 
A cable-stayed bridge features one or more pylons (or towers), from which the deck is 
suspended by means of tensioned cables (called stay cables) fixed at the pylon and deck. 
 
Although there are examples of early cable-stayed bridges in the 19th century, this bridge 
type became particularly popular in Europe following the Second World War. The slender 
deck construction allowed for savings in materials at a time when many war-damaged 
bridges had to be rebuilt and building materials were scarce. 
 
 
Cable configurations are generally of one of the following types: 
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 Harp configuration, in which the cables run approximately parallel to each other 
 

  
 
 

 Fan configuration, in which the pylon anchorages are located close to each other at 
the top of the pylon, often in a stressing chamber 

 

  
 
 
Cable-stayed bridges are suitable in those cases where the main span length is required to 
be in a range between that suitable for a cantilever or arch bridge and that of a suspension 
bridge. Early examples generally featured steel decks, but nowadays concrete decks and 
pylons are more common. In situations where weight is critical (e.g. poor soil conditions, long 
spans), steel decks are still used. 
 
A critical element of the cable-stayed bridge is the stay cable. These are subject to extremely 
high demands with regard to fatigue resistance, durability and corrosion protection, while still 
being commercially competitive and easy to install. Early stay cables were usually 
prefabricated spiral locked coil cables, a technology borrowed from suspension bridge 
construction, but modern bridges usually feature cables composed of multiple post-
tensioning strands, individually greased and PE-coated, within an outer HDPE sheath. This 
kind of cable can be fabricated in-situ and is suitable for the longer spans now common. 
 
2.3.2. Selection Criteria 
 
Topography 
 
One of the principal characteristics of the cable-stayed bridge is that a relatively long main 
span is possible. The majority of cable-stayed bridges have a main span of between 150 m 
and 500 m. The cable-stayed alternative becomes particularly interesting, in the case of road 
bridges, from a main span length of about 250 m. Currently, the upper main span limit is a 
little over 1’000 m (Sutong Bridge in China, due to open shortly, will have a main span of 
1’088 m). When the topography at the location of a proposed bridge precludes short spans, a 
cable-stayed bridge would be considered. Such locations might be 
 

 harbour crossings or rivers with marine traffic 
 steep valleys or fjords, where the construction of piers might be technically difficult 

and/or expensive 
 elevated crossings over existing buildings or installations 

 
 
Geology 
 
Just as in the case of steep valleys, where the topography may favour a reduction in the 
number of supports on the basis of cost, the geological condition at the bridge site may also 
favour a longer main span. Expensive foundation works, such as deep piles, might in some 
cases be minimized through the selection of a cable-stayed bridge. 
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Costs 
 
The deck of a cable-stayed bridge is slender and light compared to other that of other bridge 
types. Material costs of the deck are also correspondingly less. Offset against this are the 
increased costs for pylons and cables. An analysis of the costs of alternatives in any given 
case will contribute to the selection process. 
 
Aesthetics 
 
Although the purpose of a bridge is primarily functional, i.e. the movement of people and 
goods, the potential for the creation of aesthetically pleasing structures posed by this bridge 
type has led to many cable-stayed bridges being built in cases where other simpler (and 
probably less expensive) designs are possible. Such cases are often in high-visibility 
locations, such as urban centres, where the structures may become distinctive landmarks 
which are readily associated with a city, town or region. 
 
2.3.3. Construction methods 
 
Cable-stayed bridges with a shorter main span may be constructed by building the deck on 
temporary supports and then installing and tensioning the stay cables, after which the 
temporary supports can be removed. 
 

 
 
Usually, however, the decks of cable-stayed bridges tend to be built using the free-cantilever 
method. A typical simplified construction sequence (excluding approach spans) might be: 
 

 Construction of pylon foundations 
 Construction of pylons 
 Construction of initial deck section at pylon 
 Casting of deck segments either side of pylon (placing of segments, in case of pre-

cast segmental construction) 
 Installation and stressing of cables for first segments 
 Repeat (segments and cables) for rest of deck 
 Cast-in-situ completion of mid-span deck segment 
 Adjustment of cables 
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2.3.4. Temporary and Permanent Design 
 
As with any bridge, a careful, competent design is essential for the successful construction of 
a cable-stayed bridge. For larger bridges, it is common to perform scale-model tests to verify 
the performance of the structure under varying wind conditions and, if appropriate, in the 
case of an earthquake. These would be performed in a wind tunnel and an earthquake 
simulator. 
 
When a bridge is to be constructed using the free-cantilever method, the analysis of the 
structure during the various stages of construction is equally as important as the final stage 
analysis. It is clear that the partially complete structure, before the mid-span section is 
complete, may be significantly more susceptible to wind or earthquake damage than the 
completed bridge. A particular danger is that of wind-induced oscillation of the bridge deck, 
caused by winds of a certain direction and velocity. To counter this phenomenon, it is often 
advisable to install a tuned mass damping system at the tip of the deck cantilever. 
 
 
2.4. Bridge Type – Suspension 
 
2.4.1. Description and General Information 
 
Of all the bridge types in use today, the suspension bridge allows for the longest spans. At 
first glance the suspension and cable-stayed bridges may look similar, but they are quite 
different. A typical suspension bridge features a continuous girder and one or more towers 
(usually two) built above piers. The suspension cables (usually two, one at either side of the 
girder) extend between anchorages at each abutment, over the tops of the towers. The deck 
girder is suspended from the main cables by means of hangers. 
 
Typically, the tensile force in the suspension cables, which can of course be considerable, is 
countered solely by the sheer weight of the enormous anchors. Some suspension bridges, 
called self-anchoring suspension bridges, do not use anchors, but rely on the weight of the 
end spans to balance the centre span. In such cases, the horizontal component of the 
suspension cable force results in compression in the deck, which can of course limit the 
slenderness of the deck. 
 

 
 
The simplest form of suspension bridge – a vine or rope spanning a river or chasm, along 
which a person is propelled by hand – has been used by man since earliest times. This most 
basic design was developed over the years and by the eighth century Chinese bridges were 
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being built by laying planks between pairs of chains. The first modern suspension bridge was 
completed in 1825 over the Menai Straits in Wales, featuring a main span of 177 m. It’s still 
in use today. 
 
2.4.2. Selection Criteria 
 
Topography 
 
Apart from bridges for pedestrian use, modern suspension bridges generally feature very 
long main spans. Even more than in the case of cable-stayed bridges, the very long main 
span afforded by a suspension bridge is suited to water crossings with heavy marine traffic. 
In fact, this bridge type is generally to be found in such situations. 
 
Geology 
 
The foundations under the towers of a suspension bridge are required to carry very heavy 
loads. It is important therefore that ground conditions are appropriate. This also holds for the 
anchor locations. 
 
Costs 
 
Suspension bridges are rather expensive and take a long time to build and are only feasible 
nowadays for very large spans. 
 
Aesthetics 
 
Although the long span, rather than aesthetics, is generally the primary consideration when 
choosing to build a suspension bridge, this bridge type is certainly uncluttered and attractive. 
Several cities, such as San Francisco, Istanbul and Budapest, market their suspension 
bridges as tourist attractions. 
 
2.4.3. Construction Methods 
 
Construction of a suspension bridge comprises the following steps 
 
Foundations and Towers: Foundations should be constructed on sound rock. In case the 
foundations are under water, a caisson will be required to allow excavation and construction 
of the concrete foundation and lower parts of the towers. Towers are typically concrete or 
steel. 
 
Anchorages: These are massive concrete blocks securely attached to strong rock formations. 
Steel eyebars, which will ultimately transfer the cable forces, are embedded in the concrete. 
 
Main Cables: Most modern large suspension bridges feature parallel wire main cables, which 
are “spun” in mid-air. A pilot line is first pulled between the two towers (using a boat or 
perhaps a helicopter) and individual wires are then pulled between the towers by means of a 
“spinning wheel” mounted on the pilot line. The number of wires in the cable depends on the 
design strength of the cable and may exceed 400. During spinning, corrosion protection may 
be applied and the cable is then pressed together and clamped. 
 
Deck: Vertical cables, called hangers, are suspended from the main cable to support the 
deck. Individual deck segments are typically floated into position under the bridge and then 
hoisted into position by cranes situated on the main cables or on the previously positioned 
deck. 
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2.4.4. Temporary and permanent design 
 
In 1940, the Tacoma Narrows Bridge, a suspension bridge in Washington State with a main 
span of 853m, collapsed due to wind-induced oscillation – just four months after opening. 
This event, which was filmed and has probably been seen by just about every engineering 
student in the meantime, has heightened awareness among designers of the susceptibility of 
this type of bridge to wind influences. All new designs are subjected to extensive wind tunnel 
testing to verify the design. 
 
In the case of very long bridges, the curvature of the earth has to be considered. The towers 
of the Akashi Kaikyo Bridge in Japan, with a main span of 1’991 m, are 93 mm further apart 
at the top than at the base. 
 
In navigable waters, collision protection at the base of the towers will generally be provided. 
 
 
2.5. Bridge Type – Arch Bridge 
 
2.5.1. Description and General Information 
 
Usually this attractive type of bridge fits very well into the landscape.  
The starting point for the construction of arch bridges was the vault. Since the shape of an 
arch almost entirely prevents tensile stresses,  massive building materials providing high 
compressive strength such as natural stone proved to be well suited. Hence the technique of 
constructing arch bridges has been utilized for centuries already. 
In recent years  natural stones have been replaced by reinforced concrete or steel enabling 
larger dimensions by using box or tubular forms, or even trusses. 
In general all loads – horizontal and vertical – are carried by the arch structure and finally 
transferred into the abutments. However sometimes the decking can incorporate tension 
members taking the horizontal thrust from the arch and therefore enabling simpler 
foundations. 
Depending on the choice of material, span lengths of up to 300 m for concrete and up to 500 
m for steel can be achieved.  
 
The most important type of arches are as follows: 
 

 Arch Bridges with solid face wall  
 

This old type of bridge is still the one most reminiscent of the vault. Executed in stone 
with span lengths between 20 and 40 m, it usually consisted of thin walled arch slabs with 
either hinged supports or even reinforced in the area of the supports. The wing slabs at 
the ends reduce the horizontal thrusts. As this type of bridge requires only very simple 
formwork design and the amount of steel necessary to carry the horizontal forces is quite 
small, this kind of bridge is still constructed today – however, using reinforced 
concrete.
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 Spandrel-Braced Arch 
 

A further development of arch bridges with solid face walls became possible after the 
implementation of reinforced concrete. This allowed to design slimmer arched panels  
subdivided into box sections while the deck rests on spandrel-braced supports or 
transverse walls. This construction technique allows span lengths of more than 80 m. 
Depending on the requirements of the terrain, shallow arch bridges are obtained by 
integrating the crown into the deck, whereas a high arch bridge can be achieved by 
installing additional spandrel bracings in the crown area. 

 
 19



 

 
 
Bridge at Rottweil, Germany 
 
 Bowstring Bridge 

 
This type of bridge is a possible choice for river or canal crossings with little available 
building height. 
The bridge deck is suspended from either one bowstring arch running in its centre axe or 
alternatively from two bowstring arches running on each side of it. 
Where the subsoil is poor, the roadway can be made in the form of a tension member, 
thus reducing the horizontal forces acting on the abutments. 
Maximum span lengths can reach up to 200 m. 
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Bridge crossing the Fehmarn Straits, Germany 
 
 
2.5.2. Selection Criteria 
 
Topography 
 
One characteristic of an arch bridge is the possibility of executing relative long main spans. 
Therefore arch bridges are mainly suitable for overpassing deep valleys and creeks which 
cannot be reached from below.  
 
 
Geology 
 
As the arch transfers all loads onto the two abutments, this type of bridge requires the 
subsoil to have particularly good load-bearing capacity; otherwise the foundation needed can 
be very costly. 
Stability problems affecting historic bridges are a sure indication that the abutment 
foundations are not deep enough. 
 
Costs 
 
Arch bridges are rather expensive and only feasible for large spans. 
 
Aesthetics 
 
Although the decision for executing this kind of bridge is mostly made because of its long 
spans, it generally fits very well into the landscape making it an attractive landmark in almost 
every case.  
 
2.5.3. Construction Methods 
 
Since long span arch bridges are mostly constructed over rivers and deep valleys the 
installation of any kind of ground supported scaffolding would be impossible as well as using 
the already described incremental launching method which is suitable for shorter spans only. 
The majority of arch bridges are constructed by using the principle of the free cantilever 
method. With this method, the bridge superstructure is produced using cantilevered 
formwork and scaffolding with short sections of 3-5 m length starting off both sides of a pier. 
The sections are then joined to the completed portion of the bridge. Formwork and 
scaffolding are constructed according to a modular system, resulting in component parts 
which are reusable. As the cantilever is built out from the relevant pier in both directions, the 
bending forces acting on the pier offset each other. 
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Arch bridges are cantilevered out from one side of the bridge´s abutment. However in this 
case the dimensions of foundations, counterweights or rock anchors must be sufficient in 
order to absorb the resulting bending moments. 
Possible overloading of individual cantilever elements during construction can be avoided by 
using temporary supports or anchor elements. 
Arch panels, spandrel-brace supports and bridge deck are usually constructed together in 
one step / section. 
 

 
 
 
Lowering of an arch into place 
 
Recently an alternative method has been developed which is used in case of difficult local 
conditions, especially in regards to protection of the landscape. 
The arch is pre-constructed in two halves which are concreted vertically with climbing 
formwork and than lowered into place by using steel ropes and hydraulic presses. 
 
 
 
2.5.4. Temporary and permanent design 
 
 
The load on the various cantilever elements can be far higher during the construction phase 
than  in its final configuration. It is therefore essential for the design and statical analysis of 
the bridge to be carried out for the individual construction phases. It is the disregard for 
critical intermediate construction stages which has repeatedly led to accidents and losses in 
the past.  

 
 

3. Risk Exposure and Underwriting Considerations  
 
  
3.1. Natural Perils and Fire Hazard 
 
In earliest times, traffic routes tended to avoid areas which were difficult to access or which 
featured demanding geological or topographic conditions. Later, natural barriers, such as 
deep valleys, rivers, lakes and even parts of the sea, were crossed by means of bridges. By 
their very nature, bridges under construction are particularly exposed to a variety of natural 
perils. 
 
Bridges under construction can be affected by flooding, earthquake, windstorm, landslide 
and even lightning. As we already know from road construction, the most important natural 
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peril bridge construction works are exposed to with respect to frequency is probably flooding. 
In terms of severity, a strong earthquake can cause an almost 100 percent loss to a bridge, 
depending on the degree of completion. In many cases, losses may be exacerbated by 
inadequate planning, design and execution as well as by insufficient precautionary measures.  
 
 
Flooding: 
 
Bridges are usually moderately exposed to flooding. The critical phase is without doubt the 
construction of the foundations for pillars and abutments in or near the water. In order to get 
access to the foundation works area and to protect the works as such, cofferdams or sheet 
pile walls need to be erected. Such structures must provide adequate safety against 
overtopping (50 years return period recommended). In addition, cofferdams must be 
designed in such a way as to withstand the water pressure at design flood level with an 
adequate safety margin and so that the accumulation of debris (trees, etc.), which might 
damage the structure, is avoided. It is also important to make sure that cofferdams are 
adequately designed with respect to water heave (hydraulic shear failure) and that, in 
particular, a rapid increase of the water level in a flood situation is taken into consideration. 
Sufficient pumping capacity is a must and standby pumps must be immediately available in 
order to deal with a breakdown of the main pumps. An emergency plan – e.g. an early 
warning system for rapid changes in water level - is easy to implement at moderate costs 
and may be a tremendous help in avoiding losses. 
 
 

    
 
Pier foundation in the river Rhone, Switzerland 
 
 
Foundation excavations on land must be protected against the ingress of surface water by 
means of adequate stormwater drainage capacity around the excavation area. 
 
Bridge decks are less exposed to flooding, as long as an adequate safety margin with 
respect to historical flood levels is taken into consideration. However, it is in this connection 
important not to forget that temporary structures which are necessary for the construction 
(e.g. scaffoldings, formworks, etc.) reach substantially below the future bridge deck and are, 
as a consequence, exposed to floods with return periods much shorter than those for which 
the main structure is designed. 
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Landslide: 
 
As mentioned earlier, bridges quite often cross areas featuring demanding topographical and 
geological conditions. Excavation works of pier foundations in difficult terrain and on steep 
slopes may negatively influence the local slope stability, which may in turn result in 
landslides. The selection of the construction method for the foundation and the appropriate 
protection measures relies on an in-depth study of the local geological conditions. It is often 
necessary to stabilize the area with ground/rock anchors or retaining walls prior to the 
commencement of the excavation works. The same applies to the construction of temporary 
access roads to such areas. 
 

                    
 
Construction of bridge piers in difficult terrain in the Swiss Alps 
 
 
Earthquake: 
 
The earthquake exposure of a bridge structure varies on one hand with the construction 
location and on the other hand with the type of construction. 
 
Earthquakes which can cause severe damage to a bridge structure generally have a rather 
high return period. Depending on the construction method used, however, some bridges may 
be substantially more susceptible to damage than others from an earthquake of a particular 
magnitude. Where a suspension bridge might be little affected, a bridge made of heavy 
prefabricated concrete elements can suffer severe damage. 
 
Underwriters need to consider the fact that in many countries with substantial earthquake 
exposure (and even in countries with no obvious exposure) earthquake building codes exist 
which should be considered in the structural analysis of the bridge and its foundation. 
Furthermore, it is very important that the temporary construction stages as well as temporary 
structures are fully considered in the earthquake design.  
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Windstorm: 
 
The majority of bridges, particularly smaller ones without tall piers and complicated 
temporary structures, are not especially exposed to damage by windstorm. However, for 
structures with high, free-standing piers, long spans, temporarily cantilevered structures and 
light superstructures, windstorm can represent a substantial exposure.  
                 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cable stayed bridge “Viaduc de Millau“, France     
The bridge deck is 245 m over the valley and 
The highest pier is more than 330 m high. 
 
 

 
 
Suspension bridge under construction. 
 
 
Wind forces, resulting wind loads and the effects on the structures must be carefully taken 
into account by the designers. Again, the different temporary construction stages are the 
most important factors for the risk assessment. The completed bridge may withstand the 
design wind force without any problem, whereas the same wind force can lead to a partial 
collapse during a critical temporary construction phase. 
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Superstructures of suspension and cable-stayed bridges are particularly vulnerable during 
the erection process. Works must be interrupted and exposed elements secured, should the 
forecast wind speeds exceed a certain limit. 
 
In the case of tall and long-span structures, aerodynamic effects caused by wind forces must 
be carefully investigated prior to construction. 
 
 
Lightning: 
 
Lightning is generally not a major problem for bridges. However, new materials, such as 
carbon fibres, which may be used in the cables for cable-stayed bridges, demand specific 
measures which take the material properties into consideration. Adequate lightning 
protection installations must in any case be implemented. 
 
 
Fire Hazard: 
 
Wooden formwork and falsework are still widely used in bridge construction. This represents 
a significant fire risk, in particular in countries with a hot and dry climate. 
 
Special care must be taken when welding or cutting works for steel reinforcements are 
carried out. Due to the typically very dense steel reinforcements in bridges, it is almost 
impossible to immediately extinguish a fire unless adequate stand-by fire-fighting equipment 
is close at hand. Fire hoses (pressurized!) as well as an adequate number of fire 
extinguishers must be available on site. Moreover, the staff must be trained in the practical 
use of fire fighting equipment. It goes without saying that such areas must be declared as 
non-smoking zones. 
 
For a loss example please refer to IMIA Website (http://www.imia.com): Library/Interesting 
Claims/Bridge Construction – Scaffolding and Formwork Fire. 
 
 
3.2. Faulty Design, Materials, Workmanship 
 
Bridges can vary in form from fairly simple structures to some of the most sophisticated 
structures in civil engineering. The risks involved in the design will therefore also very 
considerably. 
 
The design of a bridge must address three principal requirements: 
 
1.  Suitability for the transportation of pedestrians, vehicles, trains etc. 
2.  Durability and life span 
3.  Architectural and aesthetic functions. 
 
The construction of the bridge is constrained by: 
 
1. The overall budget available 
2. The time available to complete the structure 
3. The geometry of the site 
4. The ground and sea/river/lake conditions  
 
It is the designers role to find the optimal solution, with due consideration for all of the above. 
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To help the engineer, a series of design codes have been produced by various agencies 
throughout the world. A stated adherence to one of these codes may be considered to 
indicate a serious approach to the bridge design. 
 
The most widely used codes are: 
 
1. AASHTO Standard Specification for Highway Bridges 
2. BS 5400 Specification for leads on Steel Concrete and Composite Bridges 
3. ASCE Recommended design loads for Bridges 
4. OHBDC the Ontario Highway Bridge Code 
5. Japan Road Association design Manual for design of highway bridges 
 
As a guideline, these codes are fairly complete and sufficient for simple bridges of up to 
200m span, using conventional construction materials for normal loading parameters. 
 
Other codes may be more relevant when specific local factors need to be considered. In 
China, for example, the codes impose more stringent safety requirements on typical pre-
stressed concrete girder bridges than the AASHTO. This probably takes the method and 
quality of construction in that country into account. 
 
As spans get longer, bridges get much more difficult to design. Bridges often have a non 
linear behaviour: in other words, doubling the span will much more than double the loads on 
the bridge elements. 
 
Recently, bridge design has become less prescriptive. This increases the need for 
experienced design engineers. Whereas traditionally, bridges were designed to limit stress, 
the more modern method moves towards a more probability-based procedure which can 
provide a substitute for calculating to set allowable stresses in a structure. The modern 
design codes that have been issued in recent years are the LFRD Bridge Specification in the 
US and the Euro Codes (1991/2/3) 
 
Design which takes wind and earthquake into account is particularly difficult. Modern 
earthquake design uses dynamic methods which require a good history of earthquakes, 
including strong motion records, to calculate the structure properly. It is very difficult for an 
underwriter to accurately assess wind loading patterns. The maximum expected wind loading 
at the Normandy Bridge, for example, was greater than that forecast during construction of 
the Stonecutters Bridge in Hong Kong, which is located in a known typhoon zone. 
 
One particular difficulty with wind design is the check for aerodynamic stability against 
phenomena known as flutter and vortex shedding. Wind tunnel testing, especially in the case 
of long-span bridges, is highly recommended. 
 
Aesthetically pleasing but structurally over-complicated bridges may pose their own particular 
problems. 
 
The use of composite materials may present design challenges, especially as there may not 
be established design approaches and guidelines for these new materials. Some new 
materials include carbon, aramid or glass fibres in polymers. These are quite widely used in 
modest structures: the largest cable-stayed bridge using carbon fibres is the Stork Bridge in 
Wintherthur, Switzerland (span 124m). 
 
Workmanship and design complement each other. A very conservative design will hide 
errors in workmanship. For long span bridges, a high quality of workmanship is essential as 
the design must optimise the use of all the parts of the bridge and must assume that the 
components will behave as they should. This requires that concrete and steel quality be 
checked to the highest level. 
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The design of temporary works is often given a lower priority than that of the main works. 
Contractors may be responsible for temporary works design and may be prepared to accept 
lower safety factors than would be demanded for the permanent works, especially when 
there are budget and time constraints. A good project will have contractors designs checked 
by an independent design engineer. 
 
 
3.3. Third Party Liability Aspects 
 
Definition of Exposure: 
 
Very often bridge construction takes place in urban areas with heavy traffic. Sometimes the 
structures under construction cross navigable river channels. For such projects the request 
for extension of coverage to include TPL cover is very common and the amounts usually 
required per event tend to be moderate to large, i.e. between US$ 5 Mio and 20 Mio. 
 
With this cover extension (usually Section II of CAR/EAR wordings), Insurers agree to 
indemnify the Insured against such sums which the Insured shall become legally liable to 
pay as damages consequent upon: 
 
a) accidental bodily injury to or illness of third parties (whether fatal or not) 
b) accidental loss of or damage to property belonging to third parties 
 
occurring in direct connection with the erection, construction or testing of the items 
insured under the Material Damage section and happening on or in the immediate vicinity of 
the site during the Period of Cover. 
 
In respect of an indemnifiable TPL claim, the Insurers undertake to indemnify the Insured 
against the costs and expenses: 
 
a) of litigation recovered by any claimant from the Insured, and 
b) incurred with the written consent of the Insurers. 
 
 
Underwriting Considerations incl. typical Loss Scenarios: 
 
When assessing the TPL exposure, one should make the distinction between: 
 
Bridges in rural areas: In general, the exposure is comparatively low. However, should the 
bridge cross a valley with live road or rail traffic below, falling objects like tools, temporary 
work equipment (launching girders etc.) or debris resulting from a collapse can have 
considerable impact on vehicles and their occupants and/or pedestrians. 
 
Bridges in urban areas: Construction works for elevated motorways and railways, flyovers 
and river crossing bridges can seriously affect urban traffic, pedestrians, buildings and 
navigation activities and can consequently constitute a considerable Third Party Liability 
exposure. The country factor and the legal environment should be considered, i.e. the 
underwriter should take into account the potential aggravated exposure due to a claims-
conscious society. Also in developing areas, the public is gradually becoming aware of its 
rights and the frequency and volume of TPL claims is increasing rapidly. 
 
Apart from property damage and bodily injury, the financial impact (loss of revenue, land 
devaluation, etc.) on existing facilities (hotels, industries, traffic routes etc.) in the vicinity of 
the bridge project must not be underestimated. Some typical loss scenarios help to better 
understand the impact: 
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The collapse of a launching girder onto a railway track or toll road underneath may lead to a 
closure lasting a number of days, resulting in loss of revenue for the operator. 
 
The decrease in the number of guests in an adjacent facility (hotel, museum, shopping mall, 
etc.) due to construction noise, dust and other effects, will lead to a decrease in income for 
that facility. 
 
Usually, insurance contracts for bridge projects suffer from smaller and frequent TPL losses 
rather than large ones. Administration costs and loss adjusting fees as well as extra costs for 
appointing external experts must be taken into account, as in some cases these may reflect 
a significant (up to 50%) amount of the claim. 
 
Losses or damages caused by Third Parties: 
 
It is not unusual for a bridge project to be located adjacent to construction works for roads, 
railways, tunnels, toll buildings, etc. They often constitute separate projects and may be 
executed by independent contractors, which subsequently must be considered as “Third 
Parties” for the insured project. Although the probability is generally low, considerable 
material damages can originate from the “Third Party” projects. 
 
 
Remark: For further general TPL related issues, please also refer to IMIA WGP 40 (05) 
EAR&CAR – Third Party Liability – Existing and Surrounding Property 
 
 
3.4. Contractors’ Plant and Equipment 
 
Depending on the nature of the bridge construction works, a wide variety of mobile 
machinery and stationary plant is used. This includes – in general - earth and rock moving 
plant, pile-driving and drilling machines, stationary and mobile cranes, concrete plants, 
scaffolding, tools, temporary houses, offices, stores and workshops, etc. 
 
 

      
 
Tacoma Narrows Bridge Project,  Bridge under construction in Portugal 
Washington State / USA 
 
 
Bridges of any type – suspension, cable stayed, beam and slab, arch - with tall piers and 
large spans are, however, unique and of prototype character. Depending on the construction 
method chosen for the bridge, specific equipment and temporary structures, such as 
falsework, formwork, sliding shuttering, launching girders, cantilever carriages, temporary 
piers, etc. must be designed and constructed. Quite often, such equipment can only be used 
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for one particular project and is written off after termination of the project. Compared with the 
total construction costs of a bridge, it often represents a significant portion of the total costs 
of the project.  
 
 

      
 
Viaduc de Millau, France - Temporary supports during construction. 
 
 
The design assumptions of special equipment must comply with the design of the structure 
as such and must withstand the forces (i.e. structural loads as well as forces produced by 
wind, snow, water and earthquake) in every temporary construction stage. Erection, 
operation and dismantling of these structures pose great challenges for the contractors and 
require well trained, reliable staff and a management willing to assume a great degree of 
responsibility in order to keep risks under control. 
 
Underwriters must make sure that new replacement values of standard and special 
equipment are correctly declared by the contractors. In addition, a schedule illustrating and 
describing the various construction phases helps to assess the risks involved.  
 
 

 Bunker Hill Bridge Construction Site, Boston / USA 
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Tacoma Narrows Bridge, Washington State / USA  
 
Regarding natural perils, the exposure of plant and equipment is similar to that of the 
construction works and should be similarly assessed. For equipment operating in or at the 
water, it would be wise to have an evacuation plan in force which would help to bring the 
equipment to a safe level in case of rapidly rising water levels. 
Large concentrations of Plant and Equipment, such as those on parking areas or in 
workshops, must be fenced in and supervised in order to avoid theft. Furthermore, fire 
protection measures must be in place, e.g. by adequate separation of buildings and 
machines and by an adequate number of fire hoses and extinguishers. It goes without saying 
that all precautionary measures will not help if the staff is not well trained in fire-fighting. 
Most important for Plant and Equipment – be it standard or special – is the operational risk. 
Whether any piece of equipment – simple or sophisticated - on a construction site “survives”, 
depends almost exclusively on the skills, reliability  and diligence of its operator. In-depth 
training, repetition courses, supervision and clear instructions by the management are 
instrumental in minimizing the risk of accidents 
 
 
4.  PML – Considerations 
 
 
The PML (Probable Maximum Loss) calculation for bridges can be divided in the individual 
classes of business, as follows: 
 

 CAR (Contractor’s All Risks) including DSU (Delay in Start-up)/Business Interruption 
 Operational risk (All Risks/CECR – Civil Engineering Completed Risk) including 

Business interruption 
 
PML definition: (IMIA definition): “The Probable Maximum Loss (PML) is an estimate of the 
maximum loss which could be sustained by the Insurers as a result of any one occurrence 
considered by the underwriter to be within the realms of probability. This ignores such 
coincidences and catastrophes which are remote possibilities, but which remain highly 
improbable”. 
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Depending on the bridge construction method, the PML calculation may vary a lot. The 
following PML descriptions are examples from defined individual PML calculations for some 
bridge constructions. Please note that these examples are just individual examples for the 
listed type of construction and are not to be used as fixed and definitely figures for other 
individual PML calculations. 
 
Please see PML scenarios 
 
In the early beginning… 
 
Up to the beginning of the second last century the role of the arch was paramount. Non-
combustible stone materials were used for the arches of the bridges. 
 
The pictures below represent a railway bridge, built during 1924 – 1932, with a main span of 
150, 8 meters and with a maximum navigable clearance of 32 meters. The construction is a 
combination of concrete arches and steel decks. For this bridge one of the main risks would 
be a fire in the false works (ca 3’300 cubic meters of wood with a total surface of 7’500 
square meters) resulting in a collapse of the main section. 
 
 
 

V 
(Main steel section under construction) 
 
 
PML estimation examples for three selected major types of bridge constructions 

 
1. Girder Bridges 
2. Suspension bridges 
3. Cable-stayed bridges 

 
 
 
General  
 
Special considerations should be made for external influences like earthquakes, floods, tides, 
ice, heavy rains, variations of temperatures, windstorms, landslides or other natural effects, 
which can influence the PML calculations of both the construction and the operation. 
 
The PML estimations in the following examples are focused on risks during the construction 
phase and the operational phase. The PML estimation examples are based on technical 
facts, drawings and PML calculations for actual (construction) risks. 
 
Not included in this section are older bridges, such as wooden or stone arch bridges. Nor are 
old cast iron bridges or different types of movable bridges. 
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The PML examples do not consider the losses due to business interruption, loss of profits 
and delay in start-up. 
 
Hypothetical events with a return period exceeding 10’000 years are considered out of range. 
 
A girder bridge 
 
The bridge is a single span girder or multiple-span girders placed over two or more bearings 
on support columns. Construction materials: laminated wood, steel and concrete. 
 
Bridge description: A multi-span concrete girder bridge for a double-track railway over water 
(lake, countryside), with water traffic consisting of freight ships, passenger ships (smaller), 
and private boats. The bridge consists of ten individual span sections on piled supports; each 
section has a length of 33 m. 
 
PML scenarios 
 

• Flood: statistics from the weather authorities indicate a water level variation of + 0,69 
metres maximum over normal mean water level within the last 50 years. The flood 
risk is estimated to be low/very low. 

• Earthquake: Earthquake zone = 0 (Munich Re World Map of Natural Hazards). Risk 
estimation nil. 

•  Aircraft impact: No commercial flight paths proximate to the bridge area servicing the 
nearest main airport. Risk estimation low. 

• Sabotage: Sabotage damage to works or completed bridge is a plausible risk. 
Experiences from the insurance of such risks has demonstrated that heavy civil 
projects (in the Nordic countries) are not directly targeted for sabotage, i.e. low risk.   

• Motor vehicle traffic: The site has no direct connection to public traffic. 
 
The largest and most probable PML scenario is an impact by a larger freight ship to one of 
the piled supports for the bridge deck during the most critical phase in the construction period, 
i.e. when the supports are not protected and the total static load of the bridge structure has 
not been stabilised. The PML for the completed bridge is estimated to rather limited costs for 
inspections, removal of debris, repairing of piles et cetera, after a ship collision.  
 
Example of PML calculation 
 
(PML in % damage of permanent works for the individual construction elements) 
Piles     20 % 
Bridge deck (surface)  20 % 
Bridge girders   20 % 
Removal of debris  100 % of sum insured 
 
A suspension bridge 
 
Bridge description: A modern suspension bridge made of reinforced concrete crossing a 
main river with water traffic consisting of freight ships and private boats. Ships are also 
passing during the construction period, except during certain critical phases. The bridge was 
completed in the year 1997. Free height above the river is 40 m and the main span length is 
1’210 m between the pylons, each 189 m above river level.  
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PML scenarios 
 

 Flood statistics from the authorities indicate a low water level variation mainly due to a 
direct connection to the Baltic Sea. The flood risk is estimated to be low. 

 Earthquake: Earthquake zone = 0 (Munich Re World Map of Natural Hazards). Risk 
estimation nil. 

  Aircraft impact: No commercial flight paths proximate to the bridge area servicing the 
nearest main airport. Under certain circumstances, commercial flights are passing 
over the bridge (waiting paths). The risk is estimated to be low. 

 Sabotage: Sabotage damage to works or completed bridge is a plausible risk. 
Experiences from insuring such risks have demonstrated that heavy civil projects (in 
the Nordic countries) are not directly targeted for sabotage, i.e. low risk. 

 Motor vehicle traffic: The site had no direct connection to public traffic during the 
construction phase, only site vehicles. During the operational phase a normal road 
bridge traffic risk level occurs, caused by heavy trucks, buses and private cars. 
Trucks loaded with highly flammables/chemical goods are passing continuously. This 
risk is estimated to be: low/middle 

 
The largest and most probable PML scenario is an impact by a storm occurring during the 
most critical stage in the construction period, before the bridge sections and the suspension 
cables have been totally joined together. The bridge deck sections start to swing and 
subsequently collapse. The PML for the completed bridge is estimated to rather limited costs 
for inspections, removal of debris, repairing of cables and pylons/piles et cetera, after a ship 
collision or aircraft impact.  
 
Example of PML calculation 
 
(PML in percentage damage of permanent works for some of the individual construction 
elements). 
Steel and concrete works  67 % 
Hanging systems  10 % 
Extra costs   100 % 
Removal of debris  100 % of sum insured  
 
A cable-stayed bridge 
 
Bridge description: A modern cable-stayed high bridge with two 204m pylons carrying the 
bridge’s 490m main span with navigation clearance of 57m over a channel with continuous 
heavy water traffic consisting of large freight ships, cruising ships and private boats. Ships 
are also passing during the construction period, but with heavy safety restrictions. No traffic 
during critical construction phases. 
 
The bridge is designed for a combination of road and rail traffic. The railway and the 
motorway run on two levels, with the railway on the lower level. Most of the bridge elements 
are prefabricated – bridge piers and bridge spans were built on land and moved to the bridge 
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site for alignment by a large pontoon crane. Only the pylons were cast in-situ. The Bridge 
was completed in the year 2000.  
 

 
 
PML scenarios 
 

 Flood statistics from the authorities indicate a low water level variation mainly due to a 
direct connection to the Baltic Sea. The flood risk is estimated to be: low 

 Earthquake: Earthquake zone = 0 (Munich Re World Map of Natural Hazards). Risk 
estimation nil. 

 Aircraft impact: The bridge is located close to frequent commercial flight paths and 
waiting paths proximate to the bridge area servicing the nearest main airport. The risk 
is estimated to be: middle/high. 

 Sabotage: Sabotage damage to works or completed bridge is a plausible risk. 
Experiences from the insurance of such risks has demonstrated that heavy civil 
projects (in the Nordic countries) are not directly targeted for sabotage, but in this 
case with continental frequent passenger trains and heavy freight trains traffic the risk 
should be calculated as higher than normal. 

 Motor vehicle traffic: The site had no direct connection to public traffic during the 
construction phase, only site vehicles. During the operational phase a normal road 
bridge traffic risk level occurs, caused by heavy trucks, buses and private cars. 
Trucks loaded with highly flammables/chemical goods are passing continuously, but 
with significant security restrictions. This risk is estimated to be: low/middle 

 Freight train traffic on the bridge: A heavy freight train – at highest allowed speed - 
derails on the bridge. Risk estimation low/middle. 

 
The largest and most probable PML scenario is ship collision against pier and girder. A ship 
off course sails in the old navigation channel and collides with a pier (without protective 
island). The ship continues floating under the bridge and collides with the girder. The current 
has an unfavourable influence by floating the ship with a velocity of 2 m/s at the moment of 
collision. The collision causes severe damage to the girder and the pier has to be 
inspected/repaired. In this case the suspension part (including pylons) over the main 
navigation channel are not considered to be a PML scenario, as the pylons are protected by 
protection islands which will stop every ship which has veered off course. 
 
Example of PML calculation 
 
(PML in % damage of permanent works for some of the individual construction elements). 
Steel and concrete works – pier and girder   < 20 % 
(excluding suspension/pylon part of the bridge) 
Suspension systems     10 % 
Extra costs      100 % 
Removal of debris     100 % of sum insured  
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5. Risk Management       
 
 
5. 1. Construction Risk Management 
 
A risk management plan shall be introduced into every sizeable bridge project (> US$ 25 
million) by the Owner, ideally from the project development stage onwards. The plan should 
cover the entire project duration and should be subject to review on a regular basis 
throughout its lifespan. The risk management plan should assure systematic risk 
identification, risk evaluation and proposal and implementation of risk mitigation measures.  
     
 

 

RISK 
IDENTIFICATION 

 
 

What can happen? 
How can it happen? 

RISK 
MITIGATION 

 
 

Screening 
Options 

Evaluation 
Actions 

Re-Evaluation 

MITIGATION COST 
RESIDUAL COST 

 
 

Quantify Mitigation Cost 
Quantify Residual Risk 

RISK ANALYSIS 
RISK EVALUATION 

 
 
 
 
    Likelihood   

Consequence 

Determine

RISK RANKING

DEFINITION OF 
OBJECTIVES 

 
 

Objectives? 
Success Criteria? 
Risk Categories? 

MONITORING & REVIEW 

RATING 

REPORTING 

 
The following aspects shall be covered by the risk management plan: 
 

 Definition of objectives, success criteria and risk categories  
 Scope and purpose of documentation 
 Allocation of responsibilities among all project participants 
 Description of the risk management process 
 Preparation, review and up-dating of risk registers 
 Development of risk action plan 
 Contingency assessments 

 
 
Risk identification shall include but not be limited to the following categories: 
 

 Design  
 Construction 
 Testing 
 Maintenance 
 Third Party 
 Environmental 
 Health & Safety 
 Financing 
 Legal  
 Contract  
 Organisation  
 Political 
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Risk evaluation involves the assessment of the likelihood of a risk and the analysis of the 
effects of those risks against the identified objectives and success criteria (consequence). 
Risks can be analysed qualitatively or quantitatively. Rating consequence and likelihood of 
occurrence is based on a ranking matrix to determine a priority for the risk. A typical risk 
matrix is shown in Appendix 2 of this paper. 
 

Formulation of risk mitigation measures forms part of the project risk management plan. 
Responsibility for the treatment of risks should be borne by a dedicated person who is best 
able to control the outcome from the risk. 

The minimum documentation requirements include: 

 Statement of the proposed action or strategy 

 Nomination of the person responsible to implement and monitor the action (one 
person should be identified to be accountable for a particular action) together with 
other key persons who will need to contribute to the action (individuals rather than 
generic position holders) and 

 Dates by which actions or strategies need to be implemented. 
  
Risk assessments shall be under constant review at regular intervals throughout the duration 
of the project, i.e. typically the project development stage, the contract procurement stage, 
the design stage (including a regular review of the temporary works design) and the 
construction and maintenance stage. Special emphasis should be given to health & safety 
risks to workers and third party persons alike. 
 
It shall be emphasized that insurance procurement shall not be considered as a contingency 
or mitigation measure in risk assessments. 
 
 
5.2.  Insurance Risk Management 
 
In order to be in a position to properly assess the risks involved in the construction of a 
bridge, underwriters need comprehensive information about the project so that related 
exposures can be identified and evaluated in the underwriting process. Some of the 
important elements are: 
 

 General situation 
 Parties involved, experience 
 Geological situation and extent of investigations 
 Hydrological situation, historical flood levels and return periods 
 Project bar chart (time schedule) 
 Key data considered in the bridge design with respect to flood, windstorm and 

earthquake 
 Construction method(s) and sequences 
 Construction costs broken down into main items 
 Project supervision and emergency plans 
 Monitoring system 

Underwriters must have clear evidence that engineers and contractors have gathered 
sufficient information with regard to natural perils (flood, precipitation, wind, earthquake), 
geology and any other information which might be of importance for the project and that the 
results are duly considered in the design and the planned execution of the project. 
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The successful completion of a bridge project highly depends on the competence and 
experience of the individual parties and the communication amongst them. All of those 
involved in the planning and execution must be qualified for the particular type and scope of 
works assigned to them. 
 
Therefore, early contact of insurers and reinsurers with designers and contractors prior to the 
start of construction works can be very helpful for both parties in the process of risk 
evaluation and to give a good impression of the project environment and the parties involved. 
Decisions on protection and loss prevention measures can be taken at an early stage, which 
definitely has a positive influence on the insurance terms and conditions. 
 
Underwriting of bridge projects with a reasonable chance of success requires repeated 
analysis and control of the spectrum of hazards and perils threatening the construction, its 
ancillary equipment and its surroundings. The site should be inspected even before 
construction starts in order to get a clear picture of how it is intended to carry out the works 
and how site factors such as geology, topography and climate could interfere with the 
planned safe construction of the project. Whilst diligent paperwork and meetings with the 
policyholders generally produce realistic assessments and satisfactory cover instruments, 
the true picture of the risk situation emerges only from regular periodical risk surveys on the 
site during construction. 
 
Who should carry out these surveys? The best choice is an insurance-trained engineer who 
has gained his knowledge of risks and their avoidance through many years of experience. 
 
For large bridge projects, a visit to the location even before the commencement of site 
preparation works is important and is also recommended for smaller projects. Once work is 
in progress, visits should be planned to coincide with critical construction phases. Inspections 
are also called for when an emerging claims pattern points to hidden weaknesses at the site 
which need investigation and remedial action. In case of significant losses, it is important that 
insurers’ representatives are present on site from the beginning and that they support the 
claims investigation / settlement process with their knowledge. 
 
What are the engineer’s tasks when inspecting the works site? They can be loosely grouped 
as follows: 
 

 Qualify general housekeeping and work organization and request any improvement 
necessary to eliminate abnormal exposures (e.g. storage of construction materials in 
flood exposed areas). 

 Check written information previously submitted by the insured parties against the real 
facts met on the construction site and complete the risk assessment. 

 Review loss prevention measures and recommend complementary ones to the site 
manager. 

 Inspect losses and take immediate action to minimise the loss extent after the event. 
Recommend measures to avoid repetition. 

 Adjust the claim on the basis of data readily available at the site. 
 
Insurers and reinsurers play an important role insofar as they can contribute with their 
experience to the risk management process on site. Insurers must also check that 
communication channels and schedules for regular meetings of all parties involved are 
established and executed. Professional communication, in particular on large-scale projects, 
is a key factor for a successful project execution. Missing communication often results in 
misunderstandings, with severe consequences for the project and the insurers. 
 
Risk monitoring becomes particularly complex if Advance Loss of Profits insurance is 
attached to the CAR cover. It is recommended in this case that the project and its progress 
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be professionally supervised and monitored on site by a consulting engineer on behalf of 
insurers and reinsurers. 
 
As an important part of the underwriting process, the critical loss scenarios must be 
established and evaluated. Can my bridge suffer a 100% loss (in case of smaller bridges or 
large single-span bridges possible) or do I need to consider a partial loss (in case of large 
multispan bridges)? In this respect, table 7.1 Risk Matrix (page 43) is of help. In addition, 
substantial amounts for debris removal, TPL, CPE, etc. must be considered in the scenario. 
The loss scenario can become quite complex if ALOP is involved. If third party property and 
persons are affected, the project might be interrupted by the authorities – sometimes for a 
long time - to carry out investigations as to the cause of the loss. It must also be considered 
that for the construction of complex bridges, sophisticated temporary equipment must be 
designed and manufactured. If such equipment is destroyed in an accident, it would have to 
be redesigned and rebuilt again before the works can be resumed. The failure of temporary 
equipment alone could lead to a long delay. If ALOP needs to be covered at all, this 
particular situation must be considered in the time deductible. 
 
 

           
 

Bridge collapse in Can Tho, Vietnam 
 
So, any analysis of the Probable Maximum Loss (PML) requires careful study of the 
construction phases, the possible exposure scenarios during each phase and the extent of 
the insurance cover. Finally, the decision on the scenario and its valuation results in the PML 
for the bridge and the amount of risk the insurer / reinsurer is able or prepared to take. 
 
For additional information and PML calculation examples please refer to the IMIA Paper 
“PML Assessment of Civil Engineering Risks” (WGP 19 / 2002). 
(www.imia.com/library_imia_papers.php). 
 
 
 
5. 3. “Bridge Code of Practice” 
 
After a considerable number of large losses had occurred in the tunnel construction industry 
as from the early nineteen nineties of last century the situation for insurers and reinsurers 
became unsustainable. Several big players decided to seize underwriting of tunnel projects 
and the market capacity for such risks shrank significantly. As a consequence, construction 
and insurance industries joined forces and developed the “Code of Practice for Risk 
Management of Tunnel Works” (TCoP). The Code suggests a systematic risk management 
concept covering all phases of a project. Its aim is to reduce frequency and size of losses in 
tunnel projects by adopting appropriate measures at any time and hence to finish the 
projects on time and within budget. The TCoP is fully supported by IMIA, the International 
Tunnelling Association (ITA) as well as by many national tunneling organizations. 
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In recent years it can be observed that the number of losses in bridge construction projects 
has increased as well. Design errors, material and workmanship problems as well as 
negligence have often been identified as the cause of such losses. A professional risk 
management system as stipulated by the TCoP had probably helped in many cases to 
identify and assess risks better, to implement mitigation measures and by that had prevented 
or minimized the losses. 
 
The TCoP is a paper which widely addresses issues which are applicable to any construction 
project. The tunnel-specific element is moderate. Therefore, it is reasonable to suggest that 
this document could easily be converted into a Code of Practice specifically addressing 
systematic risk management procedures for bridge projects. 
 
 
6. Loss Examples 
  
       
6.1. Second Thai-Laos Mekong Bridge 
 
The 1600 m long second Mekong International Bridge links the cities of Mukadahan and 
Savannakhet. Construction began in Dec. 2003 and was completed at the end of 2006. The 
structural system of the bridge consists of reinforced concrete piers and a precast segmental 
box girder deck system. The erection girder, also known as the launching truss (180m long 
and about 800 tons in weight), is one of the key temporary structures used in the 
construction of the box girder deck system. The erection girder is supported by a system of 
temporary and permanent structures. A gantry traversing the length of the girder is used to 
carry and position the pre-cast deck segments. 
 
On July 22, 2005, the erection girder suddenly collapsed when the gantry crane carrying a 
load of about 52 tons was approaching temporary support TS-2. Ten site staff perished in the 
accident, including most of the senior management of the contractor's site team. The erection 
girder was badly damaged. Significant damage was also inflicted on the concrete deck. 
 
After the loss, the insured decided not to replace the erection girder but rather use an 
alternative construction method, mainly to catch up time lost due to the accident. 
 
Three independent experts had been appointed by involved parties, of which two established 
“Faulty Design” as being the cause of the loss. Defective design of the infill trestle at the top 
of TS-2 was considered to be the root cause of the claim. The point of failure originated at 
the transom beam webs which were non-stiffened. Apparently, the design contravened 
several clauses of the applicable Building Code, the most important of which being that it 
omitted any consideration of the effect of horizontal loading which should have been included. 
 
The claim was settled at an amount of US$4,293,000. 
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6.2. River Main Crossing Aschaffenburg 
 
For a highway crossing of the River Main, a 360 m long bridge had to be built. This bridge 
has a box section of pre-stressed concrete and comprises five 48 m spans, one 78 m span 
and one 42 m span. The reason for the longer span is to allow enough space for ship traffic. 
As ship traffic during construction could not be interrupted, the incremental launching method 
was used. In total 16 launching operations of 22,5 m each were planned. 
 
For the launching across the longer span, a provisional cable staying was used to reduce the 
bending moments in the deck. A 16 m high auxiliary pylon was erected and braced on the 
deck. The tension in the stays and the pre-stressing of the deck had to be changed several 
times during the launching operation. 
 
When the loss occurred on August 30, 1988, the first section (increment) of the bridge deck 
was already moving over the end span, the launching nose was halfway over the other 
abutment, and the auxiliary pylon about 6 m behind the first river pier. There was an 
explosion-like bang, whereupon the bridge deck on the river span broke between the first 
river pier and the auxiliary pylon and crashed into the river. As a result, the deck above the 
end span with the mounted launching nose rose and, due to its enormous dead weight, 
buckled over the river pier. Then the launching nose crashed onto the abutment and was 
severely deformed by the impact. The pylon skidded along the deck and landed in the river. 
 
Investigations concluded that the loss was due to the fact that the forces acting on the 
various deck sections during the launching operation had not been properly taken into 
consideration in the static calculation. 
 
The bridge structure was damaged beyond repair. The debris, some of it under water, had to 
be removed by floating cranes. During these operations, shipping traffic had to be rerouted 
through a specially dredged adjacent channel. After debris removal, the construction of the 
bridge deck using the incremental launching method was resumed. This time an auxiliary 
pier was erected in the middle of the river. 
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6.3. Zhivopisny Bridge crossing the Moskva River  
. 

This bridge crossing of the Moskva River comprises a unique cable-stayed bridge of special 
design, unlike any other. The bridge forms part of Krasnopresnenski Avenue. In addition to 
the bridge, the avenue includes two parallel 3’240 m long tunnel sections, surface road 
sections and a viaduct interchange at its crossing with Moscow Ring Road (MKAD). The 
bridge is 1’040 m long and 44 m wide, the width corresponding to 4 traffic lanes each 
direction. Taken with the approach fly-over, the total length of the bridge amounts to 1’625 m. 
Total bridge construction cost were $ 250 million and the construction period was 3.5 years 
from June 2004 to December 2007. A standard insurance cover package excluding design-
related faults was offered to the insured. 
 
On September 29, 2006, the 11th superstructure launching stage was under way at the 
project. The superstructure was being launched on temporary supports, using a special roll-
on structure comprising roll-on beams to serve as guides while launching. Soon after 
beginning the launch cycle of the superstructure section 2-4, sudden bending of the 
transverse beam occurred when P41 superstructure block passed the right temporary 
support B04. The launching was stopped. Owing to the transverse beam bending, the 
following defects were observed: 
 

 subsidence of the superstructure at the right temporary support B04;  
 

 local deformation of the superstructure box girder lower slab, namely: 120 mm 
deflection of the slab into the box girder; 

 
 deformation of the stiffening beam located under the box wall nearest to the bridge 

axis, namely: the girder got screw-shaped; 
 

 longitudinal stiffening beam walls of the rolling facility got deviated from the vertical 
resulting in the lower slab under the superstructure box girders to loosen its through 
surface support against the rolling ways; 

 
 ball bearing under the roll facility cross beam failed owing to the fact that the upper 

stiffening beam rotated in excess of allowable values. 
 
The main cause of the accident is excessive slipping friction factor actually gained while 
moving the superstructure over the rolling facility in the course of launching compared to the 
design values, the friction having grown owing to pollution of the rolling ways with abrasive 
materials used while cleaning the superstructure and the pylon steel surfaces. Because of 
the personnel’s negligence, cleaning wastes were not removed from the rolling ways. The 
bridge superstructure part that was being assembled has not lost its bearing capacity and 
operation characteristics.  
 
The loss amounted to about $280,000. 
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7.  Appendices 
 
        
7.1.  Risk Matrix 
 

Technical 
Segment 

                          Hazards / Sensitivity 
Factors*   

Type of 
Bridge 

Natural 
Exposure External Collapse Fire, 

Explosion 
Construction, 

Design 

Girder 1 1 1 1 1 

Frame 1 1 1 1 1 

Arch 2 2 3 2 2 

Suspension 2 2 2 2 2 

Cable Stayed 2 2 2 2 2 

Components         
  

Foundations,     
Abutments 

1 1 1 1 3 

Falseworks 1 1 1 1 (Steel),     
3 (Wood) 2 

Formwork 2 2 3 1 (Steel),     
3 (Wood) 2 

Bridge Deck 1 2 2 1 2 

Cantilever 2 2 2 2 2 

Pylons 2 2 2 2 2 

Main Cable 1 2 2 1 3 

Caissons 1 1 1 1 2 

            
*Sensitivity Factors:      
0 = unaffected, unlikely to suffer damage     
1 = Low, minor damage, can be repaired     
2 = medium, significant damages, may require alternative working method for repair 
3 = high, catastrophic failure of bridge, collapse    
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