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Abstract 

 

Bridges are an important part of the infrastructure. For the bridges to have the longest possible 

service life with minimum repairs, the maintenance is of great importance. One type of bridge 

maintenance that is rarely presented is the continuous preventive maintenance.  The continuous 

preventive maintenance consists of removal of vegetation, cleaning of bridge joints and drainage 

systems as well as high-pressure washing of the structure. The effects on washing is heavily discussed 

but not properly researched.  A study on the effectiveness of washing concrete is therefore being 

conducted. A field experiment has been initiated where concrete specimens are put on an edge beam 

of a road bridge.  The specimens are of two recipes where one should represent an old bridge with 

rather high water-cement ratio and the other recipe represents a new bridge with a low water-cement 

ratio. 

Keywords: Bridge maintenance, preventive maintenance, field experiment, washing effect. 

1. Background 

1.1. Bridges in Sweden 

Sweden has more than 30 000 bridges (Swedish Transport Agency, 2017). The vast majority, over 

23 000, belongs to the Swedish Transport Agency (STA). The majority of the bridges are over 40 

years old, with most built during the 1950-1970’s.  

The bridges built today have a designed life-span of up to 120 years (Swedish Transport Agency, 

2016). This is however not the requirement when most of the Swedish bridges were constructed. The 

requirements, standards and quality of bridges as well as the concrete have evolved over the decades.  

Bridges built today can be expected to have higher compressive strength and better durability than 

bridges built 50 years ago. Consequently, it is not strange to expect the structures to also have different 

needs in maintenance and repair. For the bridges to have the longest possible service life with 

minimum repairs, the maintenance is of great importance. 

 

1.2. Continuous preventive bride maintenance in Sweden 

The preventive maintenance consists of number of different things and procedures. One type of 

bridge maintenance that is rarely investigated is the continuous preventive maintenance.  The 

continuous preventive maintenance consists of removal of vegetation, cleaning of bridge joints and 

drainage systems as well as washing of the structure, with special focus on the edge beams and the 

railings. The maintenance has been conducted for several decades but its effectiveness and influence 

are heavily discussed but have never been properly examined.  
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The effect of washing on the construction materials is quite unknown and is generally based on 

practical experiences of the STA (Andersson, 2018) Research on it is also very lacking, especially on 

concrete.  

The STA has its bridge maintenance (Swedish Transport Agency 2013, 2015 & 2017) specified in 

documents that have been revised continuously for over 40 years. The basic thought has been the same 

while the definitions and descriptions have experienced minor changes. In document from 1969  

(Swedish Road Administration, 1969) there are mentions of removal of vegetation and contaminants, 

at that time the type of contamination was not specified but will later be specified as gravel and de-

icing salts.  

Similar formulation is seen in the next addition (Swedish Road Administration, 1979) with an 

addition of keeping the drainage system clean that came in 1988 (Swedish National Road 

Administration, 1988). 

In the 1990’s the Swedish National Road Administration (STA’s predecessor) started to outsource 

and the need for more extensive documents and detailed descriptions was urgent.  During the 1990’s 

and 2000’s the allowed vegetation was specified in height and/or amount, the cleaning was specified 

as each bridge component should be 95% clean to the eye and the drainage system should have a 

flowable area of 80% (Swedish National Road Administration 1998, 2002, 2006, 2010)  

The cleaning specified by the STA today says a high-pressure wash at 160-200 Bar and at a 

specific distance and the drainage system should have a flowable area of 100% (Swedish Transport 

Agency 2013, 2015, 2017). The changes was to make it more practically understandable for the 

contractors.   

The procedure today is generally performed once or twice a year, primarily in the spring time after 

the end of the maintenance period. The time frame varies from March to July and even sometimes also 

as late as in November when performed more than once (Andersson et al., 2018). The variation 

depends partly on whom the owner is and also on the priority and or amount and scale of the bridges.  

 

 
Figure 1 Washing of a bridge, in this case the outside of the railing 



 

 

Generally, there is one contractor that has all bridges within an area and may be able to choose 

when to perform the maintenance, within a given timeframe. It isn’t unusual that the contractor is 

given dates on when to start and finish (Swedish Transport Agency, 2014). As the contractors can 

have hundreds of bridges to wash and it may take a few weeks to complete all of them. 

Depending on the bridge and available means the procedures for a single bridge can take less than 

half an hour to a whole eight-hour shift or more. The time depends on several factors such as scale and 

complexity of the bridge, number of additional steps such as drainage, joints etc. It also depends on if 

the washing is done automatically, see Figure 1, or with a handhold equipment. The traffic may also 

have an impact, mainly for movable bridges, but generally the work is planned to be conducted with 

minimum negative effects on the traffic. For bridges with medium to heavy traffic this could mean 

during the night.  

The objects of washing are the edge beam, railing, joints and drainage system. While the effects of 

removing debris from joints and drainage system have an instantiations and visual positive result the 

effect of washing has on the railing and edge beam, or more specifically; concrete and steel, is not as 

visual or instant otherwise than that the surface is visually cleaner. The practical experiences have 

been that washing is better than doing nothing. The knowledge of high-pressure washing effect on the 

materials is very limited in the literature and the few research papers that could be found are on steel 

(Hara et al., 2005 & Mitsuo et al., 2010). 

The STA’s documents have been leading for the municipalities in Sweden for a long time but they 

can also have individual differences depending on the types of bridges and/or environments 

(Andersson et al., 2018). Movable bridges are generally treated separately as due to their complexity 

and the requirement of more constant maintenance on movable and electric parts.  

2. Method 

2.1. The bridge 

The field tests are conducted on a bridge in the city of Stockholm. It is a reinforced concrete structure, 

finished in 1971 and is owned and maintained by the City of Stockholm. The total bridge length is 

more than 500 meters with a maximum span of 36,9 meters. The bridge is located on the south side of 

Stockholm and was chosen in consultation with the city. The bridge was selected considering several 

different factors, such as safety, availability and exposure conditions. The speed limit is 50 or 70 km/h 

with moderate traffic. The only allowed traffic on the bridge is motor vehicles. The bridge is exposed, 

both on and under, to de-icing salts during the winter season. As the winter season’s length, intensity 

as well as start and finish vary depending on the year, information concerning the weather and how 

often the bridge is salted is collected. Weather data are collected from the Swedish Meteorological and 

Hydrological Institute. Information on the use of de-icing salts are collected from the City of 

Stockholm. During the winter season of 2017/2018 the bridge was exposed to de-icing salts 62 times.  

2.2. The field station  

The field station consists of three custom-made stainless-steel net-cages containing concrete samples 

mounted on the edge beam of the bridge, see Figure 2. Currently, there are samples for two different 

projects with the largest dedicated to examine the effects of washing concrete with high pressure 

water. The larger cages are about 1500x75x200 mm. The cages have two levels to put samples on with 

a maximum height of 100 mm for each level.  The cages are attached to both the edge beam and the 

railings. The chosen location on the bridge and the design of the cages were done in consultation with 

the City to achieve the best exposure and still meet required security of both the station and the traffic. 

The field station was installed in the beginning of January 2018 and will remain there until the end of 

the 3 year project or beyond if possible.  



 

 
Figure 2 The cages at the field station 

2.3. The concrete samples 

In total there are 60 concrete samples in the two cages, 30 in each and 15 on each level, see Figure 

3. There are two types of concrete, one representative to old concrete bridges with rather high water-

cement ratio, CEM I cement, natural aggregates and an air content of decades ago, while the other is 

representative to new concrete with a low water-cement ratio, crushed aggregates, the CEM I used 

today and an air content recommended today. The large differences are intentional since the concrete 

of today and 50 years ago isn’t the same. The effect of each component is not of interest in this stage 

as the goal is to see differences between new and old concrete types, if any. The summary of the 

concrete mixes can be seen in Table 1.  

 
Table 1 Summary of the concrete recipes 

 Old New 

Water-cement ratio 0.6 0.4 

Cement type CEM I 52,5N (vs) CEM I 42,5 N-  

SR3 MH/LA 

Cement Content [kg/m3] 324 420 

Air content [%] 3.5 5 

Aggregate Natural Crushed 

Dmax [mm] 16 16 



 

In each cage there are 15 samples of “new” and 15 samples of “old” concrete on two levels, where the 

old is always located on the left side and the new is located on the right side, see Figure 3.  Each 

sample is a 100 mm cube cut in half and all surfaces except one are sealed for one-sided mitigation. 

The exposed surface is a cast-surface, the purpose is to replicate the surfaces that bridges have.   

 

 
Figure 3 A cage with concrete samples 

2.4. Testing 

The samples are exposed to the same condition as the edge beam but half of the specimens, one 

cage, are covered when the high pressure is performed during late spring/early summer. Each year 

four samples will be taken in to the laboratory to be tested for measuring the chloride profile versus 

depth from the exposed surface. The chloride content is related to the cement content.. The chloride 

content is determined with an ion-selective technique and the cement content is calculated after a Ca-

titration with EDTA.   

The collection occurs at the same time as the contractor performs the autumn cleaning of the bridge 

joints and drainage system. During these two visits a year there will be a small inspection on changes, 

if any, on the bridge that could have an affect on the results. Examples of these changes can be pot 

holes or local variation. Up to this point there have been no indication of local variation of exposure. 

The samples that are taken are one from each group, meaning two from not washed with w/c-ratio 

of 0.6 and 0.4 and two from washed with w/c-ratio of 0.6 and 0.4. The results will be compared 

amongst themselves and in later years also to result in a time perspective of the evolution. The aim is 

to test samples each year.  

The results will also be used as a possible reference for accelerated test being performed in the 

laboratory. 



 

3. Result 

The result for the chloride profile will be presented at the conference as the measurements are in 

progress. The expected results are likely to show fairly small differences between “dirty” and washed 

specimens since the exposure time is limited at this early stage of the experiments. Longer exposure 

will show if this method of continuous preventive bridge maintenance is effective against chloride 

ingress.  
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