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ABSTRACT 
 
In 2009 the Dutch Parliament amended special laws to speed up road widening projects. This situation 
opened possibilities for sustainable concrete pavements needing less maintenance, especially for the 
right-hand lane that takes the heavy traffic.  
This paper presents the results of a study carried out in 2009, by a working group of CROW 
(Netherlands Information and Technology Centre for Transport and Infrastructure) into the technical 
and economic feasibility of widening dual carriage motorways in concrete in the Netherlands [1].  
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1. INTRODUCTION 
 
Most motorways and regional carriage ways in the Netherlands are constructed using asphalt 
concrete. Recently a number of motorways with high intensity and heavy traffic have been constructed 
in CRCP with a layer of porous asphalt concrete on top (ZOAB). 
Road widening is one of the main options in improving mobility. A sound technical and economic 
solution for widening asphalt pavements with a new concrete right-hand lane and hard shoulder is 
essential. Experience from abroad e.g. Germany and Belgium has been used in this study. 
 
Several construction alternatives have been taken into account: 
 

• Continuous reinforced concrete pavements and ZOAB for motorways; 
• Jointed concrete pavements for provincial and urban carriage ways (including bus lanes) 

 
The design and construction of road widening projects in cement concrete is examined in more detail 
and in particular the connection between the existing asphalt or concrete pavement structures and a 
road widening in concrete. Solutions for other road categories can be derived from this.  
 



The CROW decision support system for road construction (CROW-Afwegingsmodel Wegen, version 
2008/2009) has been used to evaluate the ‘total cost of ownership’ [2]. This includes initial & 
maintenance costs and environmental & lifecycle costs and social costs.  
 
 
2. STUDY APPROACH 
 
The study has compared non-project specific examples of road widening in cement concrete with 
widening in asphalt concrete. Equivalent road widening constructions with related maintenance 
regimes have been assumed in the period under consideration. The examples worked out per 
pavement category are mentioned in table1. 
 

Table 1 – Examined widening constructions 
 

Widening structure 
Joint concrete pavement  
(JCP) 

continuously reinforced 
concrete pavement (CRCP) 

Existing 
pavement  
 

Asphalt  
concrete  
(AC) Broom or  

brush finish 
AC  
Top layer  

Broom or brush 
finish 

AC 
Toplayer  

Example 

AC X    X 1. Highway 
JCP X X    2. Regional road 
CRCP X   X  3. Bus lane 

AC= asphalt concrete; JCP = joint concrete; CRCP = continuously reinforced concrete 
 
The CROW decision support model for road pavements (AMW) was used for the comparison. This 
model enables engineering designers, managers, consultants and decision-makers to give due weight 
to and make transparent: cost effects, environmental effects and effects on society when considering 
apparently equivalent design variants. The AMW enables these various criteria to be assessed over a 
longer analysis period so that a transparent and substantiated decision can be made. The AMW can 
respond to the current trend for sustainable purchasing and sustainable construction. 
 
 
3. EXISTING ROAD CONSTRUCTIONS 
 
This section covers a number of pavement structures that might be encountered during a road 
widening project. The existing pavement is the starting point for any road widening project. The load 
bearing capacity of this pavement must in principle be adequate to enable major maintenance to take 
place at the same time as the widening. The load bearing capacity and quality of the pavement to be 
widened can be investigated using effective road construction investigation techniques. Bearing 
capacity measurements, core sampling and supplementary calculations can be used to investigate 
whether the existing pavement is likely to have a sufficiently long service life. 
 
3.1. Asphalt concrete pavement 
 

Over the years asphalt pavements have been laid on: 
• sand beds; 
• aggregate mix foundations; 
• stabilised foundations. 

 
Asphaltic surfaces laid directly on sand beds were used up until the beginning of the 1980s. After that 
foundations were usually used, enabling the asphalt thickness to be reduced. Nowadays an asphalt 
concrete construction for a motorway usually consists of approximately 30 cm asphalt (4 layers of 
dense asphalt with an open asphalt (ZOAB) surface layer) on a lightly stabilised foundation of 
aggregate mix. Older roads were constructed in the past, and thicknesses  up to approximately 0.40 m 
thick are not unusual.  



 

 
Figure 1 – Standard asphalt paving construction in the Netherlands 

 
An ‘average’ provincial carriage way comprises of 22-25 cm asphalt on 30 cm mixed granulate 
aggregate on a 0.50 m sand bed. The asphalt thickness of service roads is 12 to 18 cm. 
 
3.2. Concrete pavements 
 

Up until a few years ago jointed, plain concrete pavements were commonly used. This pavement type 
consists of rectangular slabs with longitudinal joints and doweled transverse joints. In recent years, 
continuous reinforced concrete pavements (CRCP) have become a standard for motorways in the 
Netherlands.  Most cement concrete pavements are around 22 to 25 cm thick. Foundations of lean 
concrete and/or sand-cement were constructed on older roads, however, problems with reflective 
cracking occasionally did occur. The problem has been eliminated by the use of an aggregate 
foundation with a sealing asphalt layer. This type of concrete pavement has longitudinal reinforcement 
and does not have transverse joints. The longitudinal reinforcement ensures a regular pattern of very 
fine transverse cracks over which a thin layer of asphalt can be applied [3]. A CRCP pavement is 
generally somewhat more expensive, but then this type of structure requires less maintenance [4, 5].  
 

 
 

Figure 2 - Concrete pavement construction 
 



4. RECENT EXPERIENCE IN CONCRETE ROAD WIDENING 
 
4.1. Cement concrete widening of an asphalt carriageway 
 

More experience with concrete road widening projects on asphalt structures has been gained in 
Germany than in the Netherlands. The Landesbetrieb Strassenbau in Nordrhein-Westfalen often uses 
a concrete right-hand lane with hard shoulder on heavily used main roads. Since the 1980s this 
widening technique has evaluated into a sustainable pavement [6]. 

 

 
 

Figure 3: Road widening taking place on the A4 in Germany near Eschweiler 
 
The cement concrete is constructed unreinforced in two layers with a brushed surface. For the less 
heavily loaded ‘fast’ left-hand lanes an asphalt structure is used. This so-called ‘Schwarz-weiss-bau’ 
(black & white construction) is used for reconstruction (new construction) and when widening existing 
roads. 
 
In the early widening projects, moisture that penetrated through the joints became entrapped and 
caused erosion problems. The wash-out led to cavities, an uneven surface and finally resulted in crack 
formation. Water exiting the lower longitudinal joints also caused problems. 
 

  
 

Figure 4 + 5 - A drain is being constructed to prevent water build-up 



Structural modifications to the longitudinal joint were needed to enable penetrating water to drain 
away. A 15 cm wide drain was made between the asphalt and the concrete structure (see Figures 5 
and 6). The drain is directly connected to the aggregate foundation so that the water can easily drain 
away. Both figures relate to a reconstruction where, in addition to road widening using concrete, the 
asphalt pavement was also renewed. 
 

 
 

Figure 6- Cross-section with drain under transverse joint between asphalt concrete  
and cement concrete pavement 

 

In case of a new pavement the cement concrete section is placed first, followed by the construction of 
the asphaltic layers. In this situation the drain is laid in the bituminous bottom layer. The vertical 
concrete surface of the longitudinal joint is stripe coated with bitumen to increase its durability and 
prevent adhesion failure. When the asphalt is laid, the longitudinal joint is sawn open and a bituminous 
joint sealant is applied. Measures to ensure that the two lanes do not move apart are not necessary. 
When a road widening project is carried out next to an existing asphalt lane, the asphalt is sawn off at 
right angles and the drain is placed under the concrete section. A strip of filter cloth is placed over the 
drain to prevent contamination during construction. 
 
In the Netherlands, cement concrete pavements are also constructed next to asphalt concrete 
pavements. These are often for bus lanes, but motorway slip roads are other examples. These 
pavements have performed well. Experience has also shown that no special measures are required 
when connecting asphalt to concrete pavements. 
Key points to note when connecting to the existing pavement are: 
 

• The inclusion of a drain at the joint that is directly connected to a permeable foundation and 
bottom layer. This prevents moisture entrapment and build up and prevents erosion; 

• When a concrete pavement is widened with an asphalt pavement no extra provisions are 
necessary to connect the lanes to each other. In contrast, concrete lanes are always fixed to 
each other to prevent them moving apart. 

• To increase durability the longitudinal joint is sealed with a joint sealant. 
 



4.2. Concrete pavement widening next to concrete 
 

The widening of existing concrete pavements is done in the same manner as for new construction. 
Concrete roads are often constructed in multiple concrete lanes at the new construction stage. The 
two lanes are joined together by a longitudinal construction joint to prevent them moving apart. This 
also prevents height differences occurring between the two lanes. 
Key points to note when widening cement concrete pavements are: 
 

• The transverse joints of the old and of the new pavements must be in line with each other. 
• If it is not possible to keep to the slab shape of the existing unreinforced concrete pavement 

the slabs must be made 25% thicker. 
• If the same slab thickness is maintained, then concrete slabs with a width/length ratio of less 

than 0.8-1.2 must be constructed using two square reinforcement meshes of at least FeB 500 
HWL Ø 10-150 or a centrally located mesh of FeB 500 HWL Ø 16-150; When reinforcement 
mesh is used the overlap must be at least two segments. 

• Expansion joints in the widening lane must be at the same location and be of the same width 
as those in the existing pavement. 

• When ground anchors are use in the existing pavement these must also be used in the new 
section. 

• The thickness of the widening must in principle be determined using structural calculations; 
Vencon 2.0 is used for concrete pavement calculations [7]. 

• It is preferable that the longitudinal joint is not situated in the wheel path but very close to 
although not at the locations of the edge of carriageway line, dotted line or centre line. The 
longitudinal construction joint is sealed using a joint sealant; 

• On national trunk roads an open asphalt (ZOAB) layer is applied as top layer. This can be 
applied over the full width of the lane and widening. A joint in the asphalt concrete above the 
longitudinal construction joint is not needed. 

 
 
5. DECISION SUPPORT  
 
The choice of pavement type is not so obvious when using an integral assessment. This approach 
calls for a rational assessment of viable pavement solutions. In addition to construction, maintenance 
and life cycle costs, environment aspects also play a key role. Considering this, pavement variants in 
asphalt and concrete have been integrally and objectively assessed using the CROW decision support 
system for road construction (AMW). In selecting a BAFO, the AMW fits in well with the sustainable 
purchasing policy of the Dutch government [8]. It is mandatory to make use of the Total Cost of 
Ownership (TCO) approach as a basic premise for purchasing strategy. 
 
For the environmental assessment, use is made of environmental costs on the basis of life cycle 
analysis (LCA) data per material. The construction, reconstruction, maintenance and demolition costs 
are automatically calculated per material in the AMW [2]. Cost data are obtained from the CROW 
database. The costs are actualised at the price level of 2010 and are given as a net present value 
(NPV). Project-specific factors can be included in the assessment. These are expressed in the multi-
criteria analysis where they are assessed as other ‘factors’. The standard AMW settings are used in 
the example calculations in which ‘environment’, ‘costs’ en ‘other’ are evenly weighted (all at 33%). 
The multi-criteria analysis is graphically represented in a weighting triangle. The weighting triangle 
actually provides a sensitivity analysis of the weighting set used on the final result. The triangle 
provides all possible weighting sets with which LCA, costs and other aspects can be weighted. 
 
Note: For further explanation of CROW-AMW: see paper:  “Decision support model for road 
pavements based on whole life costing, life cycle analysis and multi-criteria analysis”; Van Leest & 
Van Hartskamp [9].  



5.1. Case 1: Widening of highway 
 

Two variants are compared in this case. These are a widening in asphalt concrete and a widening in 
continuously reinforced concrete (CRCP) with layer of open asphalt (ZOAB). The latter layer is 
mandatory for motorways in the Netherlands. 
The widening takes place on the right-hand side of the road. In this example it is assumed that the 
hard shoulder is not suitable for future service as a heavily loaded lane. By removing the hard 
shoulder and constructing a new pavement the other lanes do not require any additional 
strengthening. After the existing hard shoulder has been removed a 7 m widening with a lane and a 
hard shoulder will be constructed. 

 
Figure 7 - Cross-section of the widening structures in continuously reinforced concrete 

 

An assessment period of 120 years is sufficient as in this period the pavement can be maintained and 
periodically be reconstructed. The pavement widening in asphalt will be re-constructed after 40 years 
in service and the widening in concrete will be reconstructed after 60 years. Due to the use of open 
asphalt (ZOAB), in principle the low maintenance CRCP requires a more intensive ‘asphalt pavement 
maintenance’ regime, hence, becoming more expensive. 
 
Case 1 results: Highway 
 

Environment: Widening in continuously reinforced concrete offers environmental benefits. Benefits are 
gained in all aspects, but particularly the lower emissions lead to lower environmental cost figures and 
thus give the advantage to widening in CRCP. 
 
Costs: The construction costs for the widening in continuously reinforced concrete are higher than for 
the widening in asphalt. The maintenance costs, due to the open asphalt maintenance regime, are 
more or less equivalent. Because the demolition and reconstruction costs for the CRCP variant are 
lower, the net cash costs over the period under consideration are slightly higher for CRCP (+3.5%).  
 
Multi-criteria analysis and findings: A widening in continuously reinforced concrete has the lowest, i.e. 
the most favourable weighted score. Moreover a widening in continuously reinforced concrete is not 
sensitive to the standard weighting set.  
Therefore it is concluded that a CRCP for widening motorways is a good decision. 
 



� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 - Multi-criteria analysis weighting triangle for the sensitivity of weighting factors  
for widening in asphalt concrete and continuously reinforced concrete 

 
 
5.2. Case 2: Widening of a regional road 
 

The second example relates to the widening of a regional road that has an unreinforced concrete 
pavement. The current 7.0 m wide concrete pavement is to be widened by a 3.5 m wide concrete lane. 
The current pavement has slab measurements of 4.5 x 3.5 m² and is 0.25 m thick. The pavement is in 
good condition and has a remaining service life of more than 20 years. 
The widening constructions under consideration involve a widening in asphalt concrete with a 
foundation of mixed granulate and a cement concrete pavement with a broom or brush finished 
surface. 
The slab pattern used in the existing road will also be used in the widening project. The slab length 
here is also 4.5 m. The width is 3.5 m. The transverse joints will be fixed by dowels and the widening 
will be secured to the existing pavement using tie-bars with adhesive.  
 

 
Figure 9 - Cross-section of widening structure in unreinforced concrete 



The maintenance regime for the asphalt pavement involves the replacement of the top layer once 
every 10 years. Every 20 years a reinforcement layer is applied over the entire width of the road.  
The maintenance of the unreinforced concrete pavement consists of the replacement of 0.4% of the 
slabs once every 10 years. In addition in year 15, 5% of the joint edges and/or cracks are repaired and 
every 20 years measures are taken to improve the surface roughness. Slab repairs are also carried 
out. 
 
Case 2 results: Regional road 
 

Environment: The widening using unreinforced brushed concrete is the most favourable solution 
based on environmental cost figures. This solution is more or less the same as JCP widening with 
broom finished concrete. 
 
Costs: Although the material costs for widening using asphalt are clearly lower than for widening using 
cement concrete, cement concrete scores much better regarding maintenance costs. In the integral 
cost assessment the initial preference is for unreinforced concrete (brush finish). 
 
Multi-criteria analysis and findings: The widening in unreinforced concrete is clearly preferable. This 
applies both to the brushed concrete variant and to the broom finished variant. 
 
5.3. Case 3: Bus lane 
 

The third example involves the widening of a bus lane in continuously reinforced concrete by a 3 m 
wide lane in continuously reinforced brushed concrete. 
The bus lane can be constructed using 0.18 m asphalt concrete on a foundation of 0.25 m concrete 
granulate. The thickness in CRCP, strength grade C35/45 is 0.20 m. This layer is made up of two 
separate layers of concrete with a thin layer of brush finished concrete and underneath that gravel 
concrete. 0.25 m of mixed granulate can be used as foundation. In both cases a thickness of 0.3 m is 
used for the sand bed.  
The connection of the existing to the new pavement is constructed as illustrated in figure 15.  
 
The maintenance regime for the asphalt pavement involves the replacement of the top layer once 
every 10 years. The maintenance of the continuously reinforced concrete pavement consists of repair 
of 0.4% of the surface. Every 20 years measures are carried out to improve the surface roughness. 
 
Case 3 results: Bus lane 
 

Environment: The environmental costs for the widening in continuously reinforced concrete are 
significantly lower than for the variant with the asphalt pavement.  
 
Costs: The construction costs of the variant in continuously reinforced concrete are certainly higher, 
but the maintenance costs are significantly lower. This finally results in widening in concrete in 
accordance with the net cash value method being the most favourable solution. 
 
Multi-criteria analysis and findings: The widening in CRCP is the best design and the better solution. It 
makes no difference which weighting set is used. 
 



� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 - Multi-criteria analysis weighting triangle for bus lane widening 
 
 
6. FINDINGS 
 
The examples indicate that road widening in cementitious concrete offers a sustainable solution, 
particularly with respect to environmental costs based on life cycle analysis (LCA) and an integral cost 
approach based on net cash value. 
 
 
7. REFERENCES 
 
[1] Wegverbredingen in cementbeton. (Road widening in cementitious concrete) CROW publication 
286,issued May-2010. 
[2] Afwegingsmodel wegen (AMW). (Decision support model for road pavements) CROW computer 
program D926a. Ede, The Netherlands, 2008 
[3] Doorgaand-gewapende betonverhardingen. (Continuously reinforced concrete pavements) 
Autosnelwegen en overige toepassingen. (Motorways and other applications) CROW publication 160, 
December 2001. 
[4] Onderhoud en kosten van betonwegen. (Maintenance and costs of concrete roads) Infoblad 
betonverhardingen nr. 2. (Concrete pavement information sheet no. 2) CROW. Ede, The Netherlands, 
2003. 
[5] Evaluatie onderhoudservaringen betonwegen. (Evaluation of maintenance experience with 
concrete roads) CROW report 03-08, CROW. Ede, The Netherlands, 2003. 
[6] Technical visit to the Landesbetrieb Nordrhein Westfalen, Mr. B. Sina, 2009. 
[7] Vencon 2.0. Ontwerpprogramma voor het dimensioneren van betonwegen. (Design program for 
dimensioning concrete roads) CD-Rom D925. CROW, Ede, The Netherlands, 2004. 
[8] Duurzaam inkopen. (Sustainable purchasing) Senter Novem, 2010. 
(visit:ttp://www.senternovem.nl/duurzaaminkopen/) 
[9] Decision support model for road pavements based on whole life costing, life cycle analysis and 
multi-criteria analysis”; Van Leest & Van Hartskamp  
 


