
 

487 

 

ASSESSMENT OF PRESTRESSED CONCRETE BRIDGES - CHALLENGES 
 

B. Täljsten1, B. Paulsson1,2, C. Popescu1, N. Bagge3, R. Nilforoush1
,
  M. Emborg1, Th. Blanksvärd1,  

G. Sas1, L. Elfgren1 

 
1Luleå University of Technology, Luleå, Sweden. 
2Charmec, Chalmers University of Technology, Göteborg, Sweden; Former Head of Railway Bridges, Trafikverket, 

Borlänge, Sweden and Research Coordinator, International Union of Railways (UIC), Paris, France. 
3WSP Group, Göteborg, Sweden. 

 

e-mail: lennart.elfgren@ltu.se  

 

 

SUMMARY  

Prestressed concrete bridges are important parts of our infrastructure. They are susceptible to different kinds 

of deterioration processes. Examples of damages and deficiencies are cracking, corrosion, voids, bond loss, 

reduction of cover layer, delamination, fatigue and loss of stiffness and strength. This necessitates methods to 

continuously assess their condition in order to avoid problems that might lead to shorter service life or 

reduction of structural integrity. Many of the existing prestressed bridges in Europe are now approaching their 

design life length. However, with proper and continuous inspection, monitoring and assessment, we may plan 

proactive maintenance and the structural safety can be assured or – if necessary - increased. This will save both 

money and decrease the environmental impact of the structure.  
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1. INTRODUCTION  

This paper is an attempt to highlight questions regarding the severity and extent of the current situation for 

prestressed concrete bridges in Sweden and Europe. It also discusses possible social and economic 

consequences if no measures are taken. Hopefully the paper will inspire future work regarding assessment, 

non-destructive testing and strengthening of existing prestressed concrete bridges. 

Already the romans used a natural cement. Modern cement was invented by Joseph Aspdin in 1824 and after 

the introduction of reinforcement by Joseph Monnier in 1849 it was not long until the idea of prestressed 

concrete was introduced, Haegermann et al. (1964) [1]. However, a fundamental problem was the concrete 

shortening through shrinkage and creep. These deformations gave rise to the loss of the stress in the 

reinforcement and, therefore, prestressing lost all its effectiveness. The obstacle was remedied when Eugène 

Freyssinet started to use high-strength cold-drawn alloyed steel with a yield stress fy > 800 MPa (as compared 

to fy  ≈ 250 MPa for ordinary reinforcement). The higher steel stress could compensate the losses due to 

shrinkage and creep. Freyssinet registered a patent in France 1928 and in other countries shortly afterwards, 

see e.g. Freyssinet [2], Troyano [3] and Godart [4]. Freyssinet also summarized the idea of prestressing in the 

foreword to a book by Yves Guyon (1951) [5]: “This idea is of an extreme simplicity in its foundation, even 

if it is not in the execution.” 

After World War II a lot of bridges were reconstructed in Europe. For instance, the cantilever method of 

construction was introduced using bars (Dywidag) that were successively connected to each other and 

prestressed as cantilevers on both sides of a column (“freivorbau”), see e.g. Leonhardt [5]. An example of this 

type of bridge is given in Fig. 1. 
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Fig. 1. Angered Bridge a typical example of a prestressed concrete bridge from 1978 using the double cantilevering 

method (“freivorbau”). The bridge is located at Göta River north of Gothenburg, Sweden. Photo: Mikael Svensson, 

Trafikverket, www.trafiken.nu  

 

2. DETERIORATION 

2.1. General  

Many of the prestressed concrete bridges designed after the Second World War, now have come to an age 

where their condition and safety ought to be checked. Most of them are in good shape and show quite a high 

capacity when tested to failure. In Kiruna, Sweden, a 55-year-old bridge was going to be torn down due to 

ground settlements caused by mining. The bridge was before its demolition tested to failure and obtained a 

ductile bending-shear failure at a load more than twice the one predicted with the Eurocodes, Bagge [7]. Many 

other tested PC bridges have also shown a high capacity in flexure if the concrete and the reinforcement are in 

good shape. Shear and punching are more problematic and sometimes unexpected failures have been obtained, 

Bagge et al. [8]-[9].  

However, the most severe risk for unexpected failure is due to corrosion and/or fatigue of the post-stressing 

reinforcement. One large challenge with prestressed bridges is the difficulty to reliably assess the inner parts, 

i.e. ducts, anchorage and tendons, without creating damages. There have been accidents, which have shown 

critical points in design and construction. A few of them are presented below after a short introduction to 

corrosion.  

 

2.2. Corrosion 

The corrosion of structural steel is an electrochemical process that requires the simultaneous presence of 

moisture and oxygen, so cracks, cavities and water can be dangerous. Essentially, the iron in the steel is 

oxidised to produce rust, which occupies approximately six times the volume of the original material. The rate 

at which the corrosion process progresses depends on a number of factors, but principally on the 'micro-climate' 

immediately surrounding the structure. The corrosion of steel can be considered as an electrochemical process 

that occurs in stages. Initial attack occurs at anodic areas on the surface, where ferrous ions go into solution. 

Electrons are released from the anode and move through the metallic structure to the adjacent cathodic sites 

on the surface, where they combine with oxygen and water to form hydroxyl ions. These react with the ferrous 

ions from the anode to produce ferrous hydroxide, which itself is further oxidised in air to produce hydrated 

ferric oxide (i.e. red rust). 

Under high alkalinity conditions, a very thin, dense and stable iron-oxide film is formed on the surface of the 

steel. This film, often referred to as the passive layer, greatly reduces the ion mobility between the steel and 
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surrounding concrete; thus, the rate of corrosion drastically drops and becomes negligible. Therefore, under 

most conditions, well designed and executed reinforced concrete structures will present good durability as the 

concrete provides protection against corrosion of the reinforcing steel. However, for lower pH values and high 

steel stresses, corrosion takes place and may cause the rupture of the prestressing steel, fib-IABSE [10], fib 

[11], [12] and ACI [13].  

The rate of corrosion will be augmented if the steel is subjected to tensile stresses. This is called stress 

corrosion and can lead to sudden failure of normally ductile metals subjected to a tensile stress, especially at 

elevated temperatures. The tensile stresses will lead to the growth of crack formation in a corrosive 

environment. This is called stress corrosion cracking, SCC, and has been a problem for early qualities of 

pipes and prestressing steels. Another problem is hydrogen embrittlement which is the process by which 

hydride-forming metal alloys such as titanium, vanadium, zirconium, tantalum, and niobium become brittle 

and fracture due to the introduction and subsequent diffusion of hydrogen into the metal. 

 

2.3. Fatigue  

Fatigue cracking is usually induced in points with stress concentrations such as e.g. anchorages and changes 

of prestressing direction at high points over supports and at low points at midspan. The use of cable couplers 

in construction joints of prestressed concrete bridges in order to transfer the prestressing force is a normal 

practice. In a study in Germany, damage was observed in some 1200 out of 2200 examined bridges, many in 

the form of a zone of cracking close to the coupling sections. Among other things, these cracks gave rise to an 

increased stress range in the tendons and a fatigue failure of a construction joint with a cable coupler was 

observed in a ten-year-old bridge in Heerdter Dreieck in Düsseldorf in 1977, fib [11]. Two separate prestressed 

concrete bridges formed a flyover at the Heerdter crossing. The bridge decks were cast in place as continuous 

single-hollow-core girders. As the longitudinal prestressing, single smooth tendons made of 26 mm diameter 

bar of steel grade St 850/1050 (yield stress fy = 850 MPa, ultimate strength fu = 1050 MPa) were used. At 

section joints the tendons were coupled with threaded connections using sleeve couplers. In 1976 on one of 

the bridges fly overs (built in 1956), increased crack widths were clearly visible in the bottom plate at several 

coupling joints in the curved region. Fine cracks (w < 0,2 mm), which had been detected earlier increased in 

widths up to 2 mm. Gamma-ray inspection confirmed that brittle fracture of the tendons in the lowest parts of 

the web was the reason for the cracks. 

 

 

Fig.2. Cable couplers of standard type tested in fatigue: (a) VSL 3ϕ13 mm; (b) BBRV 6ϕ12 mm; (c) Freyssinet 6ϕ13mm 

(here used with only 3 strands). The arrows indicate fatigue failure. From Emborg (1988) [15]. 

 

A study of fatigue of cable couplers was subsequently initiated by the Swedish Road Administration, see Fig. 

2, Emborg et al. [14], [15]. It was found that beams with couplers only could carry 10 to 15 % of number of 

load cycles for a beam without couplers. The following proposals were made:  
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a) Improve the design of the coupling units to avoid stress concentrations, 

b) Avoid concrete tensile strains in the coupling area by better analysis, and 

c) Introduce non-tensioned reinforcement in the coupling area to reduce cracking. 

The recommendations have been followed in most recent bridges. 

 

2.4. Failures  

A 32-year-old bridge collapsed 1985 in Ynys-y-Gwas, Wales, due to corrosion in the pretensioned cables. The 

bridge consisted of nine 18.3 m long prefabricated beams each one consisting of 8 elements (2.41 m). 

Prestressed concrete bridges were then prevented in the UK until 1992, Woodward & Williams [16]. In 1996 

a 249 m long span failed of the 19-year-old Koror prestressed cantilever box-girder arch bridge in Palau in 

Micronesia. The span was at the time the longest in the world of its type. The bridge had shown large mid-

span deflections of about 1.5 m – three times of what was expected. The bridge was strengthened by making 

it continuous in the mid-point, by installing extra prestressing cables inside the box and by exchanging the 

concrete deck cover to black asphalt, Tang [17]. Three months later it collapsed due to a combination of  creep, 

relaxation and to high concrete compression stresses. Another failure took place in Sicily in 2014, when a 30 

years old bridge with a single span of 30 m carried by prefabricated prestressed I-beams collapsed due to 

chloride induced corrosion of the strands. Collapse was determined by the breakage of the tendons and the 

wires inside the tendons appeared completely rusted, Anania et al [18]. The failure of one of the three towers 

of the 40-year-old bridge over Polcevera River in Genoa, Italy, in August 2018 has been much discussed. The 

cause seems to be corrosion combined with fatigue of a bearing cable stay supposed to be protected by a cover 

of prestressed concrete. However, the concrete had cracked and the cable stays in the other two towers had 

been strengthened already in the 1990ies, Calvi et al. [19].  

 

3. MONITORING, INSPECTION AND ASSESSMENT  

In Sweden about 10% of the bridges are prestressed. Trafikverket has a bridge management system, BaTMan. 

The management includes administrative data, photos and technical data of the object, load capacity data, and 

all inspection records. For some objects, construction drawings can also be found. Based on the bridge 

inspection the physical and functional condition of both the structural elements and the entire bridge is 

determined and a condition class (CC) is assigned by the bridge inspector. The CC spans from 0 to 3, see Table 

1, and describes to what extent structural members fulfil the functional requirements at the time of inspection. 

The problem with prestressed concrete bridges is that the critical sections such as anchorages and high and low 

points are out of reach for the naked eye and the inspectors mostly concentrate on visible cracking.  

Table 1. Condition classes (CC), system used in Trafikverkets management system BaTMan. 

CC-class Assessment Follow-up 

3 Defective function Immediate action is needed 

2 Defective function expected within 3 years Action is needed within 3 years 

1 Defective function expected within 10 years Action is needed within 10 years 

0 Defective function expected beyond 10 years No action is needed within 10 years 

 

To improve the situation, non-destructive test (NDT) methods are investigated, see e.g. ACI [20] and In2Rail 

[21], and much work is going on at present regarding 3D modelling and identification of defects, see e.g. 

Popescu et al. [22], Duvnjak et al [23], COST TU 1406[24] and Fig.3. 

Damages in prestressing tendons and ducts may be found using a combination of methods.  A first image can 

be obtained with ground penetrating radar (GPR) emitting electromagnetic pulses and recording the echoes of 

those pulses. The image can be used for locating rebars, duct or tendons. Detailed mapping can  then be carried 

out by Ultrasonic Tomography using shear waves capable of generating 3D tomographic images with 

detectable flaws. When flaws, or other defects, are located, a detailed survey can be carried out by Impact Echo 

(IE). IE is based on the use of impact generated stress (sound) waves that propagate through a structure and 
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are reflected by internal flaws or defects. If needed, finally, the studied section in the structure can be 

investigated by invasive testing by drilling a small hole for an endoscope inspection to verify the defect, see 

Fig. 4. Such tests can indicate positive/safe/reliable conditions as well as need for strengthening. 

 

 

 

Fig. 3. Mock-up used for testing of NDT-methods for 

detecting damage on prestressing reinforcement at Luleå 

University of Technology. 

Fig.4. Simple Endoscope for checking the condition 

of prestressing steel through a small drilled hole into 

the inner parts of  a concrete structure. 

 

 

Fig. 4. Methods to determine residual prestress force P in concrete members experimentally: (a) crack moment method, 

(b) decompression-load method, (c) strand cutting method; (d) exposed strand method, (e) drilled hole method and (f) 

saw-cut method,  Bagge et al.(2017) [29]. 

 

Load tests are a relatively easy way to get precise information about the behaviour of a bridge and also to 

provide useful information about different bridge types and their typical behaviour. Tests need to be designed 

carefully to achieve useful results and the results need be analysed and published in order to get a full insight 

of its implications. Load testing of interesting bridges before they are demolished have been done  in the past, 
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see e.g. Bagge et al. [8] and Elfgren et al. [25], [26]. It has also been successfully used in European projects as 

Sustainable Bridges (2007) [27]-[29]  and  MAINLINE (2014), Häggström et al. [30]. 

Several methods can be used to determine the remaining prestressing force: both non-destructive and 

destructive tests. Examples of methods are given in Fig. 5, Bagge et al. [31]. In fact, the non-destructive 

methods described  often cause minor, local damage and the impact on the structure can be negligible if 

repaired properly.  

 

4. REPAIR AND STRENGTHENING  

When a concrete structure or member exhibits inadequate strength, behaviour or stability, it may be feasible 

to modify the structure using various stabilisation and strengthening techniques. The different between 

stabilisation and strengthening are somewhat clouded and, in some cases, are used synonymously. Stabilisation 

can be defined as the process of halting a particular unwanted situation from progressing. For example, 

settlements of a structure can be stabilized by grouting to halt further movement.  

Strengthening is normally referred to as the process of adding capacity to a member or structure, for example 

adding extra reinforcement of FRP laminates to the soffit of a beam structure. In some cases, the process 

involves a combination of halting an unwanted situations and, at the same time, adding capacity. A structure 

may have to be strengthened for many reasons for example to enhance its capacity in: 

• tension 

• shear 

• flexure/bending 

• compression 

or its stability. Sometimes also strengthening in torsion is needed, this is covered here by the combination of 

flexure and shear. A summarry of stabilasation and strengthening methods is given in Table 2, see e.g. Bien et 

al. [27], Nilimaa [32],Täljsten et al [33], Nilforoush [34] and BAST [35]. 

 
Table 2. Stabilisation and strengthening techniques. 

Technique Description Applicable to prestressed concrete 

Enlargements Stiffness or load carrying capacity. Passive 

strengthening. 

In some sections, in combination with 

external post-tensioning 

Composite 

construction 

Stiffness or load carrying capacity. Passive 

or active strengthening. Could be difficult to 

obtain active strengthening. 

Yes, could be used separate or in 

combination with other methods 

Post-Tensioning Active system to increase the load carrying 

capacity.  

Yes, could be used both for flexure and 

shear strengthening. 

Stress Reduction To reveal stress. Also systems for span 

shortening. 

Maybe in special situations and small 

bridges. 

Internal Grouting Injection with polymer or cement based 

material. 

To increase stiffness, improve integrity. 

Not direct for strengthening. 

External Grouting Grouting for larger cavities or for 

stabilisation of foundation. 

Not for the main structure. 

 

5. DISCUSSION AND CONCLUSIONS  

In order to meet long term demands for prestressed concrete bridges we propose further studies in order to:   

• better understand the behavior of prestressed concrete bridges in the Serviceability Limit State (SLS) 

as well as in the Ultimate Limit State (ULS). There are bridges with substantial higher load-carrying 

capacity than they were designed for as well as there are bridges with critical points with a low safety 

level.  

• protect, detect and mitigate corrosion of prestressing reinforcement especially in weak points where 

water can gain access to the tendons and cause corrosion. Grout voids at tendon high, couplings and 

anchorages are especially susceptible. 

• elaborate nondestructive monitoring and inspection.  
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• augment methods for risk analyses and for the study of the reliability and the robustness of prestressed 

concrete bridges. 

• develop methods for Condition Assessment and for Life Cycle Cost Assessment (LCCA) in order to 

optimize maintenance strategies. The methods ought to be calibrated by full scale tests of bridges 

decided to be demolished. 

• advance repair and strengthening methods. 

• promote proactive and adaptive maintenance strategies that support a sustainable society. 

International collaboration will be needed to further this work in an optimal way. 
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