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Abstract.
In many countries, concrete pavements are normally built as Jointed Plain Concrete Pavements.

Due to a lack of alternatives, repairing deteriorated concrete pavements usually requires the replace-
ment of the complete pavement structure and maintaining the joints, which is labour- and resource-
intensive. To increase the durability of repairs and to save resources concrete overlays with carbon
reinforcement are developed. By the application of non-corrosive carbon-textile reinforcement cracks
might be distributed so fine, that such an overlay can be executed jointless, unlike in previous repair
methods. For a durable repair the bond behaviour between the retained concrete and the overlay
as well as between the overlay-concrete and the textile reinforcement have to be considered. In this
paper, the basic principles and feasibility of such a repair method are examined. On the one hand, the
decisive influencing variables and parameters such as bond behaviour and cracking behaviour within
the overlay are pointed out and discussed. On the other hand, the performed special lab tests will be
presented. These tests include cyclic loadings on large-scale beams with integrated overlays of such
types, evaluating the bond behaviour and the durability after a few millions of load cycles. Further-
more, the crack formation in the overlay is determined by means of tensile and flexural tensile strength
tests.
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1. Introduction
In general, concrete pavements are exposed to con-
siderable thermal and hygric stresses in addition to
mechanical stresses. Seasonal and diurnal tempera-
ture and moisture fluctuations cause temperature or
moisture gradients in the cross section of the pave-
ment structure thus resulting in constraint stresses
and deformations. These in turn are expressed as
tensile or compressive stresses on the topside of the
pavement [1, 2] as well as over its entire cross sec-
tion. Overriding traffic, as a mechanical cyclic stress,
causes bending stresses as well as degradation of the
pavement concrete which can lead to material fatigue,
as recent studies indicate [3].

To cope with these stresses, different construction
methods are suitable for concrete pavements. In Ger-
many, the construction of Jointed Plain Concrete
Pavements (JPCP) has historically prevailed [4] and
is regulated in the German guideline "ZTV Beton-
StB 07" [5]. These structures are divided into slabs
by joints. On the one hand, contraction joints are cut
into the concrete as predetermined breaking points
when the slab is still young, in order to avoid wild
cracking and to enable the compensation of length
changes. On the other hand, longitudinal joints are
created due to production flow. In order to allow
movement in the longitudinal direction and at the
same time ensure the transfer of lateral forces be-

tween the pavement slabs and thus secure their height
relative to each other, dowel bars are inserted into the
green concrete in the contraction joints. The slabs are
prevented from moving by tie bars in the longitudi-
nal joints. To prevent dirt and water from penetrat-
ing into the substructure, the joints are sealed with
suitable joint sealants or profiles. These must be de-
signed in such a way that the longitudinal deforma-
tions of the slabs can continue to occur undisturbed.
In order to guarantee the functionality of the joint
seals and due to their limited service life of approx.
6 to 10 years, they require regular maintenance and
servicing [6]. In addition to considerable costs from
the maintenance work itself, this causes also massive
traffic disruptions.

2. Approach for a jointless repair
concept

Regardless of the chosen construction method, con-
crete pavements will have to be repaired sooner or
later. Different repair methods are used depending
on the nature and cause of the damage [7]. Lack-
ing marketable alternatives, in Germany the entire
superstructure is usually removed and rebuilt, if the
serviceability and load-bearing capacity of concrete
pavements cannot be restored by conventional repair
measures due to damage or external factors, which
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Figure 1. Schematic construction of a jointless Carbon Textile Reinforced Concrete Pavement (CTRCP) overlay
on a deteriorated JPCP bottom-layer (jointed).

Materials Basic composition: Exposed aggregate concrete 8 mm
Cement CEM I 42,5 N (sd) 430 kg/m3

w/c-ratio 0.42
Sand 0 − 2 mm 487 kg/m3

Basalt 2 − 8 mm 1310 kg/m3

Grading curve − A/B 8
Superplasticizer PCE based 0.60 % by mass of cement

Air-entraining agent Highly concentrated 0.15 % by mass of cement

Table 1. Concrete Mix Design.

is neither ecologically nor economically sensible [8].
Abroad, on the other hand, there are various meth-
ods for large-scale repairs. In general, the damaged
concrete layers are milled off and then reprofiled by
use of unreinforced or reinforced overlays or precast
elements [9–11].

Bute these repair methods have limitations. For
unreinforced overlays, the joints must be mirrored
into the repair layer thus the scope of future main-
tenance cannot be reduced. Precast elements, on
the other hand, are mainly suitable for the repair of
smaller areas, such as bus stops. Reinforced overlays
must be installed in relatively thick layers to protect
the corrosion-prone reinforcement.

The repair concept examined here is intended to
avoid these disadvantages. After removing the dam-
aged concrete layer (e.g. by milling or ultra-high pres-
sure water jetting), it is planned to install a thin,
jointless and continuously reinforced overlay. In or-
der to achieve the planned layer thicknesses of only 30
to 70 mm, corrosion-resistant carbon reinforcement is
used (see Figure 1).

The basic idea is to transfer the singular relatively
large deformations in the joint area of the retained
concrete, which are mainly caused by thermal and
hygric influences, into multiple deformations in the
form of fine cracks in the carbon textile reinforced
concrete.

3. Laboratory tests
The laboratory tests were carried out on large scale
beams to gain knowledge about the material be-
haviour of the carbon concrete overlay in combina-
tion with the retained concrete. For this purpose,
the bond behaviour as well as the crack formation be-
haviour of the composite system of old concrete and
carbon concrete were investigated in flexural tensile
tests under static and cyclic load.

3.1. Test specimen
The tests were carried out on large beams consisting
of a typical pavement concrete mix according to the
German guideline "TL Beton-StB 07" [12] (C30/37,
XF4 or XM2 exposure class, maximum grain size
22 mm), which represents the deteriorated retained
concrete, and a Carbon Textile Reinforced Concrete
overlay (CTRC overlay) (consistency F4, air void con-
tent in fresh concrete 4.5 % by volume), which is real-
ized in a concrete mix typically for exposed aggregate
concrete with a maximum grain size of 8 mm (see Ta-
ble 1).

The decisive advantage that carbon reinforcement
offers for use in thin overlays is its corrosion resistance
that allows small concrete covers of approx. 5 − 10
mm. In addition, the small diameters of the car-
bon rovings combined with its high tensile strength
(2000 − 6000 MPa [13]) also contribute to thin over-
lays.

Here, a carbon mat reinforcement was used [14]. It
was equipped with a factory applied polystyrene coat-
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Overlay
thickness

Number of
textile layers Average of Type of failure

Number of cracks Crack spacing
[mm] [−] [−] [mm] [−]

70 2 2.5 65.2 Delamination of reinforcement /
fracture of test specimen

3 5.0 50.0 Delamination of reinforcement
50 1 2.0 75.0 Delamination of reinforcement /

fracture of test specimen2 3.5 79.0
3 4.0 30.0

30 1 2.5 112.5 Delamination of reinforcement

2 2.0 150.0 Delamination of reinforcement /
fracture of test specimen

Table 2. Average number of cracks and crack spacing above bond breaker.

Figure 2. Textile reinforcement made of carbon rov-
ings.

ing which is intended to improve the bond between re-
inforcement and concrete. The textile (see Figure 2)
had a centre distance of the rovings of 12.7 mm in lon-
gitudinal (cross section 141.02 mm2/m) and of 16.0
mm in transverse (28.02 mm2/m) direction, resulting
in a mesh size of 9 mm × 14 mm. Due to the max-
imum grain size of the aggregate of 8 mm complete
enclosure of the reinforcement mats by the concrete
without major air inclusions was only possible if the
concrete was placed and compacted in layers between
the reinforcement mats.

The test specimens obtained had a length of 1800
mm, width of 250 mm and 500 mm and varied in
height between 180 mm and 270 mm, depending on
the planned tests and configurations of the CTRC
overlay (see Figure 3). The overlays thickness var-
ied between 30, 50 and 70 mm and it was reinforced

with 1 to 3 layers of carbon reinforcement. Two large
beams were investigated for each parameter combi-
nation.

Before the overlay was applied the retained con-
crete (150 − 240 mm in height) were roughened by
high-pressure water jetting and afterwards the sur-
face was cleaned.

The contraction joint between two pavement slabs
was simulated by placing a 3 mm thick PVC foil for
the cyclic tests and a recess without filler material
for the static tests. In addition to this, two dowel
bars (250 mm distance, 500 mm length and 25 mm
diameter) were placed mid-height of the specimen for
the cyclic tests.

A bond breaker in form of a PE construction foil
of 150 mm width was placed above the contraction
joint in the bond joint between retained concrete and
CTRC overlay to allow a free expansion length and
thus promote the formation of fine cracks in the over-
lay and prevent reflection cracking [15].

3.2. Test program
The following described tests and results represent an
extract from the research project. A comprehensive
presentation can be found in the final report of the
project.

3.2.1. Flexural tensile tests
The aim of the Flexural tensile tests under static load
was to gain knowledge about the crack development
of the CTRC overlay.

For this purpose, the test specimens were subjected
to 4-point flexural tensile tests at a loading speed of
1 mm/min according to figure 3. In addition to the
documentation of the position, size and order of oc-
currence of the individual cracks, the strains that oc-
curred during the tests were recorded simultaneously
to the applied force.

Independent of the configuration of the carbon con-
crete layer, almost all test specimens showed similar
crack patterns to Figure 4. Shear cracks occurred,
running from the supports to the load inducing points
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Figure 3. Specimens for flexural tensile tests. 1: bearing, 2: dowel, 3: simulated contraction joint, 4: bond breaker,
5: dowel bar.

Figure 4. Example of crack pattern. 1: bearings, 2: carbon textile reinforcement layers, 3: joint, 4: bond breaker,
5: shear cracks, 6: horizontal cracks, 7: delamination.
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Figure 5. Example of the development of the relative cyclic Young’s modulus over 2 million load cycles on a 30
mm thick cracked CTRC overlay (2 reinforcement layers, with bond breaker) as a indicator for micro-cracking.

(1). In between, horizontal cracks were formed in the
areas under compressive stress (2). In many cases,
delamination occurred starting from the shear cracks
(3), which spread in the direction of the supports and,
until failure, also in the direction of the beam centre.
Depending on the configuration of the carbon con-
crete layer, different crack patterns formed between
and outside the described cracks (4). An influence of
the dowels in the bond joint on the resulting crack
patterns could not be determined so far.

In addition, more cracks tended to occur in the
joint area if a bond breaker was used. Then up to
seven cracks with a distance of 30−150 mm could be
observed. Without a bond breaker only up to 3 cracks
with a distance of 75 − 150 mm could be observed.
Furthermore, the number of cracks tended to increase
with the number of reinforcement layers, although
this could not be observed for a carbon concrete layer
thicknesses of 30 mm (see Table 2).

3.2.2. Cyclic flexural tensile tests
The bond behaviour of retained and carbon concrete
as well as carbon reinforcement and concrete was in-
vestigated by flexural tensile tests under cyclic load.
Here, too, a 4-point flexural tensile test was used to
simulate the loads occurring in situ in the joint area.

The combination of the load cases "traffic load +
rapid cooling" leads to the highest stresses and differ-
ences in stress and is therefore used as the design

load for the slab edge. The maximum constraint
stress of σo = 3.40 MPa results from the superim-
position of the two load cases traffic load σQR = 1.2
MPa and rapid cooling. With the relevant temper-
ature gradient of - 0.4 K/cm, the latter generates a
reduced buckling stress σw ≈ 2.2 MPa as a tensile
stress, which represents the lowest stress in the cyclic
flexural tests [16]. Based on the determined flexural
tensile strength of the unreinforced carbon concrete
of 5.610 MPa this results in a degree of utilisation of
σo 6/fc, t ≈ 0.61. More detailed information on the
resulting constraint stresses and the determination of
the decisive design load can be found in [16].

The large beams were installed in the hydraulically
controlled test stand in such a way that the CTRC
overlay was under tensile stress. The test were car-
ried out with a loading frequency of 5 Hz. During the
test, the concrete surfaces were examined at regular
intervals for crack formation and delamination and
the change in the relative cyclic Young’s Modulus,
as an indicator of micro-cracking, was determined by
means of ultrasonic measurement. At the same time,
the strain above the contraction joint was continu-
ously recorded by means of a strain gauge glued to
the centre of the carbon concrete surface.

After two million load cycles, drill cores were taken
from loaded and unloaded beam areas for further lab-
oratory tests, the results of which are not shown here.
In addition to shear tests and centric tensile tests to
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determine the effective composite forces, these also
included leakage tests, as well as investigations of the
freeze-thaw resistance in the loaded joint area.

In the tests under cyclic load carried out so far,
cracks were observed on some large beams over the
entire beam width. After only 10,000 to 50,000 cy-
cles, a significant drop in the relative cyclic Young’s
Modulus of 53−79 % (to 21−47 % of the zero value)
was recorded in these cases at the measuring section
concerned (example see Figure 5). These cracks were
macroscopically visible from 50,000 load cycles on,
whereby they showed a crack width of approx. 0.1
mm. While in some cases one crack occurred in the
middle of the beam, in the remaining cases two fur-
ther cracks occurred directly at the edges of the bond
breaker. Cracks tended to occur on beams with thin-
ner carbon concrete layers (30 − 50 mm) and 1 to 2
reinforcement layers, although the crack pattern was
not always the same on beams with the same config-
uration of the overlay. Spalling did not occur on the
crack flanks.

If no cracks formed, the relative cyclic Young’s
Modulus of elasticity dropped by 9−19 % (on average
11.2 %) after 2 million load cycles. The values fluctu-
ated over the length of the beam, but no clear tenden-
cies were discernible. In previous research projects,
10−15 % decrease in the relative cyclic Young’s Mod-
ulus was observed for JPCP [3]. Based on these re-
sults, structural damage could be determined to an
extent which is also to be expected in non-reinforced
concrete pavements. In the cracked CTRC overlays
similar damage was observed outside the cracks.

Furthermore, no delamination of concrete and rein-
forcement was observed. Tensile tests carried out on
drill cores from loaded and unloaded beam areas also
only showed failure in the bonded joint of retained
and CTRC overlay.

4. Final discussion and conclusion
In the flexural tensile tests at 20 ◦C on large concrete
beams with CTRCP overlays, it was shown that the
contraction joint can be bridged without reflection
cracking and at the same time can be transferred into
several fine cracks in the overlay. Although the num-
ber of cracks tends to increase with used reinforce-
ment layers, fewer cracks have formed than desirable.
Thus a wider bond breaker seems useful and should
be investigated.

The failure types to be observed are the fracture of
the test specimen with associated tearing of the re-
inforcement and the delamination of the overlay con-
crete from the reinforcement. No test specimen has
shown a failure in the bond joint between retained
concrete and overlay.

Under service load, cracks could be observed on
some beams directly above the contraction joint and
the edges of the bond breaker. Up to 2 million load
cycles they remained relatively constant in width as
soon as they were macroscopically visible. Further

investigations of water absorption and frost resistance
are being carried out to investigate the effect of the
cracks on the durability of the overlay.

If no cracks occurred, the structural damage was
comparable to the damage of concrete pavements un-
der cyclic load observed in previous projects. To what
extent these damages influence the durability of the
CTRC overlay should be investigated in the future.

Furthermore, the behaviour of CTRC overlay and
retained concrete under pressure and centric tensile
load should be investigated. Additionally it is neces-
sary to research the functionality of the repair method
in the form of test tracks.

Acknowledgements
The authors would like to thank the Federal Ministry
of Education and Research (BMBF), Germany, repre-
sented by Forschungszentrum Jülich and the committee
of the collaborative research project "C3 - Carbon Con-
crete Composite" for their funding of this research project.
Further, the authors would like to acknowledge the fruit-
ful cooperation with the Institute of Concrete Structures,
Technische Universität Dresden. Their partner project
has added valuable aspects to the findings of this project.

References
[1] R. Springenschmid, W. Fleischer. Oberflächenrisse in

älteren Betonfahrbahndecken Tiefbau-Ingenieurbau-
Stra'enbau 35(10):724-32, 1993.

[2] S. Foos. Unbewehrte Betonfahrbahnplatten unter
witterungsbedingten Beanspruchungen, Karlsruhe:
Universität Fridericana zu Karlsruhe, Ph.D. Thesis,
2006.

[3] R. Breitenbücher, S. Kunz. Betonfahrbahndecken
unter zyklischer Verkehrsbelastung - Auswirkungen auf
den Werkstoff. Stra'e und Autobahn 6. pp 41-447,
2014.

[4] S. Maier. Durchgehend bewehrte Betondecke,
Munich: TU Munich, Ph.D. Thesis, 2004.

[5] ZTV Beton-Stb 07. Zusätzliche technische
Vertragsbedingungen und Richtlinien für den Bau von
Tragschichten mit hydraulischen Bindemitteln und
Fahrbahndecken aus Beton, Forschungsgesellschaft für
Stra'en- und Verkehrswesen, 2012.

[6] R. Oesterheld, M. Peck, S. Villaret. Straßenbau Heute
- Band 1: Betondecken, Erkrath, Germany, 2018.

[7] Werner and Hermann R 1997 Reparatur von
Betonbelägen Cement bulletin, 65th Year of
pubilcation 3.

[8] L. Pfeifer. Erneuerung und Instandsetzung von
Betonfahrbahnen Stra'e + Autobahn Volume
43(4):246-251, 1992.

[9] S. Spalt. Sanierung von Betondecken mittels der
Neuen österreichischen
Betondeckeninstandsetzungsmethode (NöBI) update
42, 2015.
https://www.zement.at/downloads/update1_15.pdf.

[10] S. Villaret. Hybrides Ertüchtigungssystem für die
Stra'enerhaltung - HESTER. Proceedings Of the
Conference HighTechMatBau, Berlin, 2014.

409

https://www.zement.at/downloads/update1_15.pdf


Julia Neumann, Rolf Breitenbücher Acta Polytechnica CTU Proceedings

[11] S. Tayabji, D. Ye, N. Buch. Precast Concrete
Pavements: Technology Overview and Technical
Considerations PCI Journal 58.1, 2013.
https://www.pci.org/PCI_Docs/Publications/PCI%
20Journal/2013/Winter/Precast%20concrete%20pav
ements%20-%20Technology%20overview%20and%20tec
hnical%20considerations.pdf.

[12] TL Beton-StB 07. Technische Lieferbedingungen für
Baustoffe und Baustoffgemische für Tragschichten mit
hydraulischen Bindemitteln und Fahrbahndecken aus
Beton - Korrekturen, Forschungsgesellschaft für
Straßen- und Verkehrswesen, 2012.

[13] M. Krüger. Vorgespannter textilbewehrter Beton,
Stuttgart: Universität Stuttgart, Ph.D. Thesis, 2004.
http://dx.doi.org/10.18419/opus-192.

[14] W. Kneitz. Solutions In Textile GmbH, Technical
Data Sheet for Textile Reinforcement (SITgrid 040),
2018.

[15] J. Orlowsky, M. Raupach, A. Westendarp.
Textilbewehrte Spritzmörtelschichten zur
Instandsetzung von Wasserbauwerken / Shotcrete
Layers with Textile Reinforcement for Repair of
Hydraulic Constructions. Restoration of Buildings and
Monuments 17(3-4):181-90, 2011.
https://doi.org/10.1515/rbm-2011-6452.

[16] C. Sievering. Dauerhaftigkeit von
Betonfahrbahndecken unter besonderer
Berücksichtigung des externen Alkalieintrags, Bochum:
Institute for Building Materials, Ruhr University
Bochum, Ph.D. Thesis, 2012.

410

https://www.pci.org/PCI_Docs/Publications/PCI%20Journal/2013/Winter/Precast%20concrete%20pavements%20-%20Technology%20overview%20and%20technical%20considerations.pdf
http://dx.doi.org/10.18419/opus-192
https://doi.org/10.1515/rbm-2011-6452

