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Abstract 

The N49/E34 is a regional road reconstructed in 2005 by a classic design with 230 mm of 

CRC on an asphalt interlayer and a lean concrete base. The portion of the road near 

Assenede was constructed in two stages, with tie bars in the longitudinal construction 

joint. During construction a problem occurred with the automatic insertion of the tie bars 

and the contractor had to switch from inserting the tie bars into the fresh concrete to 

drilling and gluing the tie bars into the hardened concrete. 

After some years, widening of the longitudinal joint – locally up to 40 mm – was 

measurable, owing to the malfunctioning of the anchorage in the joint. The closure of a 

stretch of the road for repairs provided an opportunity for detailed measurements of crack 

distribution. A difference between the fast lane, which was still bonded to the asphalt 

interlayer, and the slow lane, which was completely debonded, was clearly visible in the 

crack pattern. 

This paper first analyses the problem at the longitudinal joint. In order to determine the 

cause of the joint widening, ultrasonic tomography was used for a non-destructive 

analysis, and a visual inspection was made on core samples drilled along the longitudinal 

joint. A second part will deal with the repair method for the longitudinal joint. A short 

description of the different feasible methods will be given; cross-stitching was eventually 

chosen. Details of the rehabilitation work in practice will be shown. Finally, the 

difference in crack pattern and crack distribution between the slow and the fast lane will 

be discussed. 

The failure of the longitudinal joint on a portion of the N49/E34 provided an opportunity 

to investigate the behaviour of the CRCP more thoroughly, which resulted in a nice test 

section for measurements of the crack pattern. 

 

 

Introduction 

Continuously reinforced concrete pavement (CRCP) is commonly used on highways in 

Belgium. CRCP is known as a durable paving technique with limited maintenance needs. 

A classic design consists of 220 to 250 mm of CRC on an asphalt interlayer of 50 mm 

and a lean concrete base of 200 to 250 mm, depending on traffic volume. 
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In 2005, the E34/N49 regional road from Antwerp to Knokke in the western part of 

Belgium was partly reconstructed in CRC. The structure is shown in figure 1. The E34 is 

a dual two-lane carriageway road with emergency lanes. Each carriageway was concreted 

in two stages: first the emergency and right-hand (“slow”) lanes and then the left-hand 

(“fast”) lane. The two stages were connected by a keyed joint system, with hooked 

transverse reinforcing bars driven automatically into the concrete during the first stage. 

After the concrete had hardened, these bars were straightened. In the direction of Knokke, 

between kilometre points 43,017 and 48,457, a problem occurred with the insertion 

system and therefore the bars were drilled and glued into the hardened concrete of the 

first stage. 

 

 
Figure1. Structure of the CRCP on the N49 at Assenede  

 

After some years, the longitudinal joints opened widely – locally up to 40 mm –, owing 

to the failure of the anchorage. This paper first describes the distresses observed in the 

N49. After that, the repair method is discussed and, finally, the crack pattern in the N49 is 

analysed. The results revealed the influence of the CRCP being bonded to, or debonded 

from, the base by the asphalt interlayer on the final crack pattern. 

  

Failure of the anchorage 

In spite of the use of tie bars, the two lanes were found to slip away from each other, 

leading to the opening of the longitudinal joint. Moreover, local spalling was observed at 

some places at the edges of the joint, as illustrated in Figure 2. 

 

 
Figure 2. Widening of the longitudinal joint and cracking over a width of 100 to 

150 mm along the joint 
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Core drilling as well as non-destructive measurements with an ultrasonic tomograph 

(MIRAR) revealed two types of distress. 

 

In the direction of Antwerp an elongation of the tie bars took place, as can be seen in 

Figure 3. In order to be able to straighten the tie bars, a steel quality BE 220S was used. 

The bars were smooth and had a diameter of 16 mm. A reduction in diameter from 16 

mm to 13.13 mm was measured in the middle of the tie bar at the longitudinal joint. In 

this direction the bond with the concrete was very good, but the steel quality was too low 

to prevent the joint from opening. 

 

  
Figure 3. Elongation of a tie bar at the longitudinal joint 

 

A different type of distress was found in the direction of Knokke. In this case the tie bars 

were not driven automatically into the concrete, but drilled and glued afterwards. The 

investigation showed that the glue had disappeared in a lot of places, resulting in no bond 

between the smooth bar and the concrete. Figure 4 shows the positions of three core 

samples drilled on one line perpendicular to the longitudinal joint. The tie bar was well 

anchored in the concrete of the second stage (core 1), but totally debonded in the other 

cases. This was due to the disappearance or lack of glue. The bars in cores 2 and 3 could 

be removed by hand. 
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Figure 4. Positions of the core samples taken in the direction of Knokke: good bond 

in the core taken from concreting stage 2 (core 1), total debonding in the cores taken 

from concreting stage 1 (cores 2 and 3) 
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Although the type of anchorage is different for the two lanes, the question remains why 

the concrete is slipping off. The pavement was placed with a crossfall of 2.5 % towards 

the shoulders. No extra kerbing was used. One possibility for the slippage could be a 

defect in the base. Granulated iron slag containing free lime was used in the cement-

treated base. This had previously caused a ‘cauliflower’ effect in the asphalt, owing to the 

swelling of the free lime. In 2005 it was decided to replace the asphalt with CRC, without 

changing the base. It may be that this base is still active and that, although no voids are 

visible beneath the concrete, this swelling is causing delamination between the base and 

the asphalt binder course and consequent slippage of the fast lane and the emergency lane, 

among other things under the impact of heavy traffic. This will be checked further in 

future. 

 

In the fast lane, the bond between the asphalt interlayer and the base was still good. In the 

slow lane, delamination had occurred at the bottom of the asphalt interlayer. This binder 

course was damaged more severely along the joint (core 3), owing to the pumping effect 

of the water in the joint in the presence of heavy traffic. 

 

Some core samples were taken in a place where a longitudinal crack ran alongside the 

longitudinal joint, as shown in Figure 2. Figure 5 shows the core taken at the end of the 

tie bar, over the crack. Good adhesion between the bar and the concrete is visible. As this 

was an exception, the bar had not been able to hold the concrete pavement by itself and a 

crack had formed right next to the end of the bar. 

  

  
Figure 5. Core sample taken at the end of a tie bar in the presence of a longitudinal 

crack 
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Besides core drillings, non-destructive measurements were made with an ultrasonic 

tomograph. These measurements allowed determining the positions of the tie bars 

accurately, as can be seen in Figure 6. Not only the tie bar but also the longitudinal 

reinforcement could be located, as well as the transition between the concrete and the 

asfalt interlayer at a depth of 220 mm. The tie bars are situated at a depth of 150 mm and 

the longitudinal reinforcement at a depth of 110 mm. 

 

 
Figure 6. Measurements with an ultrasonic tomograph accurately indicated the 

positions of the tie bars and the longitudinal reinforcing bars and of the transition 

between concrete and asphalt 
 

 

Repair technique 

General concept. Three different types of repair had to be made: local repairs alongside 

the longitudinal joint where cracks had formed, anchoring the two lanes in CRC, and 

sealing the longitudinal joint. 

 

Local repairs. The local repairs were made with a repair mortar. A rectangular zone was 

removed from the concrete. In most cases this was within a width of 150 mm, so no 

longitudinal bars were cut by this operation. The repairs were full-depth. 

 

Cross-stitching. For the anchorage of the two concreting stages, two different options 

were considered: cross-stitching or slot stitching (M BEB R2) (IGGA, 2010). As the 

pavement contained longitudinal reinforcement, the slot stitching technique could not be 

used: the tie bars would interfere with the longitudinal reinforcement and would, 

therefore, cause a weaker spot rather than reinforce the pavement. 

 

Tie bars 

Longitudinal 

reinforcement 
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The principle of cross-stitching is to insert the bars at an angle of 35° to 45° into the 

concrete after filling the boreholes with epoxy, as shown in Figure 7. 

 

 

 
 

Figure 7. Principle of cross-stitching technique (will be translated in the final 

version) 

 

In the case of the N49 three additional problems had to be addressed. Because of the 

widening of the longitudinal joint, the epoxy would tend to disappear in the joint opening. 

Secondly, owing to the presence of the key-and-keyway transition and of longitudinal 

reinforcing bars, a precise positioning of the tie bars had to be done in order not to 

interfere with the existing reinforcement and to provide as much adhesion length as 

possible. Due to the presence of the keyed joint system the adhesion length changed 

substantially if the tie bars were placed on one side of the longitudinal joint or the other. 

Finally, no cutting of existing tie bars was allowed during drilling, as that would cause 

too high a pressure on the concrete with cracks as a result. The following solutions were 

applied: 

 

- positioning of the existing tie bars with an ultrasonic tomograph and with ground-

penetrating radar. The ultrasonic tomograph was used first. Although the positions 

of the tie bars could be detected very accurately, the method was time-consuming 

as there was often a lot of interference due to the presence of the metal lid that 

was used to obtain the keyed transition. Ground-penetrating radar was used 

subsequently.Two different antennes were used . Both measurements, one at 2.6 
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GHz and the other at 400 MHz gave good results. The tie bars were very visible 

on the image obtained and the measurement could be carried out at walking speed. 

Figure 8 presents the images obtained with the ultrasonic tomograph and with 

ground-penetrating radar; 

 

 

   
Figure 8. Images of the tie bars obtained with an ultrasonic tomograph and with 

ground-penetrating radar, respectively 

 

- to avoid filling the joint with epoxy, small holes were drilled on top of the keyway 

and then injected with a two-component polyurethane foam. However, damage 

occurred during the drilling of the larger holes for inserting the tie bars, as the 

small cover between the joint and the first drilling hole delaminated. It was then 

decided to inject the joint itself with expanding polyurethane foam on the spot 

where the drilling was to take place, prior to the drilling of the hole; 

- in order to be in the cadance of the existing tie bars, which are 800 mm apart, the 

interdistance was taken 1 600 mm in stead of 1800 mm per pair of stiches. The 

interdistance between the two tie bars was taken 500 mm and 1 100 mm was 

taken between the pairs; 

- to avoid insufficient anchoring length, it was first decided to place the stitches at 

190 mm centre to centre on the side of the key-and-keyway and at 220 mm 

distance on the other side. However, during the drilling of the holes it became 

clear that the longitudinal reinforcing bar was much closer to the joint than 

expected, which caused spalling of the concrete. Therefore it was decided to place 

the stitches on one side of the joint only in the first stage, which was also 

beneficial to the anchoring length; 

- to avoid water interference, dams were made in the joint, which was then dried; 

- the gluing was done with a thixotropic epoxy resin with high epoxy content; 

- at the surface the hole was closed with a self-levelling epoxy resin. A 

cementitious grout was not possible here since no onset was present. 

 

Figure 9 shows the different steps of the stitching operation. 

 

400 MHz  
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Figure 9. Different steps of stitching: positioning of the existing tie bars; cleaning of 

the joint (and damming); drying of the joint; filling up the joint with polyurethane 

foam (no picture); drilling the holes (two at the time); insertion of the tie bars in the 

epoxy glue; filling up the surface with acrylic resin. 

 

 

In order to test the stitching system, different tension tests were carried out on tie bars 

placed in the concrete as can be seen in figure 10. Each time, a tensile force up to 10 ton 

was applied, which was the double of the required tensile force of 5 ton.  
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Figure 10. Tensile test on a elongated tie bar on site 

 

Joint sealing. No traditional joint sealing material could be used, since the width of the 

joint varied between 10.2 mm and 44.4 mm. A flexible EPDM rubber sealant was used. 

Different sizes were applied, to avoid widening the joint too much. The connection 

between the different sizes was made by gluing the ends of the sealants together. 

 

Crack spacing 

The opportunity of closure for repairs was seized to measure the crack pattern in the slow 

as well as in the fast lane, in different places along the 5-km work site. In total 800 m 

were measured, spread over both lanes. Measurements were also made at the end locks 

marking the transition between the CRCP and the adjacent asphalt pavement, where 

typically six end locks were placed. 

 

The results are shown in Figure 11. A similar crack spacing spectrum was taken as from 

the measurements on the E17 by Feys (Feys, 2010). The effect of adhesion between the 

CRCP and the asphalt binder course and the base is clearly visible. This is also visible in 

the average crack spacing, which is 0.89 m for the slow and 0.62 m for the fast lane. At 

the end locks, this average crack spacing increases to 1.28 and 0.97 m, respectively. A 

double effect is involved here. On the one hand, the higher rate of reinforcing steel 

(doubled at the transverse ribs) will result in more distribution of stresses and in fewer 

cracks appearing at the surface. On the other, the effect of the slow lane slipping is visible 

as well, since the poorer bond between the various layers will result in stresses building 

up less high. 
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Figure 11. Crack spacing spectrum for the slow and the fast lane, with separate 

measurements at the end locks 

 

 

 

Conclusions 

 

The N49/E34 showed shortly after construction a severe opening of the longitudinal joint, 

owing to the lack of glue and possibly to defects in the base layer with swelling as a 

consequence. As the width of the longitudinal joint was at some places more than 40 mm, 

repair had to be done. Stitching was applied, with a precise positioning taking into 

account the presence of the existing tie bars, the keyed transition and the longitudinal 

reinforcement bars.  

 

The crack spacing indicated the influence of the debonding of the slow lane from the base 

layer. More small crack spacing was found in the case the bonding was still present.  
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