MAIREPAV’'03, Pereira & Branco (eds.) © 2003, Guimaraes. ISBN 972-8692-03-X

Comparative Low-Temperature Thermal Cracking Investigations on
Different Reinforcing Interface Systems

J. DeVischer & A. Vaneldtraete
Belgian Road Research Centre, Brussels, Belgium

A.Elsng & M. Nods
Huesker Synthetic GmbH , Gescher, Germany

ABSTRACT: This paper is deding with the results of |aboratory tests on bituminous overlays
with reinforcing interface systems on cement concrete dabs. The purpose of this study was to
invedtigate the differences in sysem behaviour between various reinforcing interface sysems
for the prevention of reflective cracking in pavement dructures a low temperatures. The
reinforced bituminous overlays were subjected to loads resulting from subsequent shrinkage
and expanson of the cement concrete dabs due to cyclic temperature varidions. The tests
dlowed to sudy: i) the effect of combining reinforcing sysems with nonwoven fabrics; ii) the
difference in sydem behaviour between very 4iff (high modulus) and more flexible
reinforcing interface sysems.
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1. INTRODUCTION

The type of damage congdered in this paper is reflective cracking in an asphdt overlay on a
cement concrete base, resulting from therma variations. Due to the cyclic opening and
closng of the joints, the asphdt covering the discontinuities suffers high sresses and cracks
will be initiated a low temperatures, when the tensle dresses in the asphdt layer are
maximum and the bituminous maerids behave mogs brittle In time, these cracks will
propagate to the surface, reflecting the pattern of joints or cracks which was initidly present
in the base layer.

Interface systems are cepable of preventing or retarding reflective crack initiation and
growth. Ther use in rehadbilitation of cracked pavements should thus be consdered and
evauated in terms of the enhanced durability of the pavement.

The peformance of an interface sysem for prevention of reflective cracking is based on
one or acombination of the following mechanisms.

- Interfacid shear @ a flexible and ductile interlayer, which leads to a redistribution and

relief of the tendile stressesin the top layer (e.g. SAMI).

Partial de-bonding between the top and base layer, which has a gmilar effect as
interfacid shear.

Reinforcement of the top layer with a 4iff and strong materid, which reduces the
stresses and strains in the asphdt.
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Besdes these mechanisms of dress reduction, it is dso important to note that an interface
system reduces water infiltration, which isaso highly beneficid for the durability.

Nowadays, a wide variety of interface products is avalable, based on the combination of
the aove mechanisms. Knowing the materid properties of al the components a a given
temperature, the behaviour can be andyzed (eg. making finite dement smulations) and the
sysem can be optimized. However, experimental verification of the behaviour of the system
is ds0 an imperative step. Finite dement moddling has indeed its limitations, following from
the assumptions and smplifications that need to be made and the lack of correct quantitative
data on some materia or geometrical properties.

For this purpose, BRRC developed an experimental set-up that smulates the reflective
cracking phenomenon due to thema movements. The tet samples are representative
sructures congisting of a discontinuous concrete base (2 dabs separated by a joint), covered
with an asphat concrete overlay. In the past, many tests have been peformed with different
types of interface systems (Francken, 1993 and Vaneldtragte, 1996). These tests allowed for
comparative studies of the efficiency in preventing crack initiation and propagation.

This paper focuses on the behaviour of so-caled combination products impregnated
nonwoven fabrics combined with reinforcing grids. The behaviour of these products is
compared to the behaviour of grids without nonwoven fabrics.

2. EXPERIMENTAL SET_UP

The test set-up is contained in a thermostatic chamber which is held at a congtant temperature
of typicdly -5 °C down to - 15 °C, depending on the application (see figure 1).
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Figure 1: Experimenta st-up

The sample is uniformly supported by a bed of sted bdls, so that the horizortd movement
of the sample is free, while bending due to the dead weight is avoided. Both ends of the
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cement concrete base layer are fixed in a frame of horizonta duminium bars, through which a
thermodtatic liquid is circulating. In this way, the bars can be cooled or heated, smulating
expansion or shrinkage of the concrete base layer.

A test dats by hedting the bars resulting in the widening of the discontinuity in the
concrete base. When the width of the discontinuity has increased by 1mm, the bars are cooled
until the discontinuity hes reganed its initid width (x 4 mm). The deformations resulting
from these variations are sufficiently dow to be comparable to the typica rate of therma
deformations. The cycle of opening and dodng is repeated until the specimen fails or until a
dtable state is attained.

At regular time intervals, the following data are measured and stored (see figure 2):

The force applied to the cement concrete base in order to open and close the
discontinuity (FORCE);

The vaiaion of the width of the discontinuity in the concrete base (crack opening
displacement COD);

The relative displacement in the asphdt layer 2 cm above the discontinuity (overlay
displacement OVL);

The displacement of the concrete base a the utmogt |eft side (LEFT);

The displacement of the agphdlt at the utmost right (RIGHT).

12 cm RIGHTy
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FORCH L oD
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Figure 2: Test sample

Video images and pictures taken & maximum opening of the joint show the development
and growth of thermal cracks.

3. TEST SAMPLES

The test samples discussed in this paper had a length of 60 cm and a width of 15 cm. The base
layer was made of 2 concrete blocks, separated by a discontinuity of 4 mm. The top layer was
an asphat concrete wearing course of 6.5 cm thickness.

The two layers were separated by an interface system. Six different interface systems were
used, dl sx contaning a reinforcing fibre grid. In three of these systems the grid was
combined with a nonwoven fabric. These interface products were placed according to the
following seps:

A quantity of 1.0 kg/m? of eastomeric binder 85/130 was spread on top of the concrete
base;

The interface product was placed;

A quantity of 0.8 kg/m? of dastomeric binder 85/130 was spread on top of the interface
product.
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The three other interface sysems were plain grids, without nonwoven fabric. They were
placed according to the procedure prescribed by the Belgian standard tender specifications
(SB250,2001):

- Anemulsion of 0.6 kg/m? was spread on top of the concrete base (without PmB);

The interface product was placed;

A quantity of 1.2 kg/n? of elastomeric binder 85/130 was spread on top of the interface
product;

A quantity of 10 kg/n? of stones 7/10 was spread.

Other vaiants in this comparative sudy were the giffness of the grid, expressed by the
dran a nomind dtrength, and the strength of the grid. The ax different types of interface
systems and their corresponding characteristics are shown in table 1.

Three samples were fabricated with the interface system of type 1. One smple was tested
a -10 °C, like dl the samples of the other types. The two other samples were tested at -15 °C,
to see the effect of temperature on the test results. Consequently, eight tests were conducted: 6
testsat -10 °C (1 sample of each type) and 2 tests at -15 °C (2 samples of type 1).

Table 1. Overview of the different interface systems with their main characteristics
(inthe direction perpendicular to the joint)

Type Sample numbers Nonwoven | Fibres Strain at Strength
nominal strength
1 [138-1;138-2and 138-7 Yes PVA 6 % 50 KN/m
2 138-3 Yes Glass 3% 50 KN/m
3 138-4 Yes Glass 3% 50 KN/m
4 138-5 No Polyester 12 % 50 KN/m
5 138-6 No Glass 3t04 % 35 kN/m
6 138-8 No Baslt 3% 50 KN/m

4. EXPERIMENTAL RESULTS

4.1. Overview of the experimental data

The main outcome of the therma cracking test is the crack history of the asphdt overlay,
summarized in table 2. The lagt column shows the result for a reference sample without any
interface system. This clearly illudrates the fact that every tested interface sysem improved
the resstance to reflective cracking. The last row shows whether the sample falled and after
how many cycdles it faled. In this tedt, totd falure is defined as the dtate where a crack runs
through the entire thickness of the agphdt layer, visible on both sides of the sample.

Table 2: Overview of the crack history
Sample 138-1 | 1383 | 1384 | 1385 | 1386 | 1388 | 1382 | 1387 ref

Non Non Non Non Non
Interface | wovert+ | woven+ | woven+| grid grid gid |[woven+|woven+| NoO
orid orid orid orid orid
Tedt -10°C | -10°C | -10°C | -10°C | -10°C | -10°C | -15°C | -15°C | -10°C
Temperature
Firg vishle ] ] i i 12 7 1 1 1
crack at cycle
Totd failure Yes Yes Yes Yes
In cycle: No No No No a4 No 1 12 1
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Table 3 compares the maximum and minimum forces exerted to open and close the
discontinuity. Table 4 compares the maximum and minimum disolacements in the asphdt
layer, OVL. These tables are discussed further on in this paper.

Table 3: Comparative table of maximum and minimum forces

Sample 1381 | 1382 | 1383 | 1334 | 1335 | 1336 | 1387 | 1388
Maxc-xlrgi('\‘) 7887 | 11530 | 6428 | 5136 | 7760 | 7884 | 13555 | 9721
Max. Force (N) | 245 - 7358 | 6435 | 5389 | 5918 | 6987 | 7557
Cycle2
Max. force(N) | o219 - 7577 | 6643 | 5089 | 5742 | 5867 | 7243
Cycle3
Max. force (N) 4088 6050
Gydo 10 6965 | - | 6480 | 5738 | 4455 | 4602
Min.foree(N) | 1561 | . -3739 | -3535 | -3136 | -4057 | -4951 | -4683
Cycle1
Min. force (N) | _;39¢ - -4610 | -4439 | -3208 | -4011 | -4148 | -4620
Cycle2
Min. Force(N) | 1377 | . | 4843 | -4573 | -3233 | -3814 | -3255 | -4542
Cycle3
Min.force (N) | 979 | . -4801 | -4514 | -3116 | -2441 | -624 | -3980
Cycle10
Table4: Compardtive table of maximum and minimum OVL
Sample 1381 | 1332 | 1383 | 1384 | 1335 | 1386 | 1337 | 1388
Max. OVL (mm) | 550 | - | 014 | 011 | 020 | 025 | 015 | 028
Cyclel
Max. OVL (Mm) | 650 | - | 014 | 010 | 020 | 024 | 019 | 028
Cycle?2
Max. OVL(mm) | g 1q . 014 | 010 | 020 | 025 | 024 | 029
Cycle 3
Max OVL (mm) | 619 | - | 014 | 009 | 020 | 034 | 036 | 031
Cycle 10
Min. OVL(mm)
Avde -001 003 | -005 | -001 | -008 | -002 | -001
Min. OVL (mm) | g7 | . | -003 | -006 | -002 | -005 | -002 | -002
Cycle 2
Min. OVL (mm) | g0 | . 003 | -006 | -002 | -005 | -003 | -0.02
Cycle 3
Min. OVL (mm) | 561 | . | 003 | -006 | -002 | -005 | 009 | -003
Cycle 10

Figure 3 shows the plots of the gpplied force versus COD. COD is the widening of the
discontinuity and varies between 0 and 1 mm.
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Figure 3: Force versus COD plots (cycle number in circles)
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4.2. The effect of nonwoven fabrics

The nonwoven fabrics are impregnated by the dastomeric binder which is spread before and
after placing the interface sysem. This leads to a shear deformable interlayer between the
concrete base and the reinforcing grid, working as a stress absorbing membrane (SAMI). The
reinforcing effect of the nonwoven fabric is negligible.

The plots in the left column of figure 3, & -10 °C, correspond with the interface systems
with nonwoven fdborics, the plots in the right column with the interface sysems without
nonwoven fabrics. The effect is dready clear in the fird load cycle The interface systems
with nonwoven faorics behave less Hiff in the firg cycde (initid dope of the curves is
gndler). This is explaned by intefacid diding which dlows for larger movements of the
base layer. Since the test is displacement controlled, the maximum forces applied to the
samples are smdler.

The samples without nonwoven fabrics (figure 3, right column) dlow no interfacid diding
and hence induce larger forces in the very beginning of the test (initid dope of the curves is
higher). A second difference with the plots in the left column is the sudden drop of the force
in the first cycle. This was due to the formation of a horizontal crack at the interface, initiated
a the tip of the discontinuity, as could be seen on the video images. In the absence of ashear
deformable interlayer, the shear stresses in this zone become too high and a crack is initiated.
The propagation of an interfacid crack leads to a reduction of the stiffness of the sample and a
relief of the stresses, smilar to the effect of interfacia diding. Consequently, the crack stops
to propagate when the shear stresses have sufficiently decreased. In the second load cycle, the
plots are smilar to the plots on the left hand sde. The formation of an interfacid crack has
indeed lead to amore “deformable’ interface, implying areduction of al the stresses.

At further cyding, the samples with nonwoven fabrics dl remaned intact. They were
loaded for more than 40 cycles, until the behaviour was stable. The same applies for sample
138-5. The two other samples without nonwoven fabrics began to show a crack in the asphalt,
sample 138-6 after 12 cycles and sample 138-8 after 7 cycles. Sample 138-6 eventudly faled
in cycle 44. Figure 4 shows a picture taken in this cyde, a maximum opening of the
discontinuity.

Figure 4: Sample 138-6in cycle 44
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4.3. The effect of the stiffness of the grid

Because of the nonlinear dress-drain relation of grids, the diffness is usudly characterized in
terms of dran a& nomind drength (the higher this grain, the lower the giffness). Of the three
types with nonwoven fabrics, type 1 contained the grid with the smdlest diffness, while type
2 and 3 both had the same diffness. Although al three interface systems behaved wel during
the test, there are afew differences that can be related to the grid stiffness,

Figure 5 shows the plots of the maximum vaue of OVL versus the cycle number, for the
tests a -10 °C. OVL is the reative displacement between two points on the agphdt overlay,
Stuated 2 cm above the discontinuity (see figure 2). This displacement is proportiond to the
average drain in the zone between the two points. The maximum OVL is ataned a
maximum opening of the discontinuity. When there is a high degree of interface diding and
there are no cracks in the asphdt, OVL is samdl. Also, the initiation and propagation of cracks
in the asphalt is seen by a sudden increase of OVL.

For the systems with nonwoven fabrics, table 4 and figure 5 show that OVL is largest for
the interface system with the lowest giffness (sample 138-1). This could be expected: a lower
diffnessleads to larger srains. Still, the strains are small and no sudden increase is noticed.

For the inteface sysems without nonwoven fabrics, it is the sysem with the lowest
diffness that has the smdlest vdue of OVL (sample 138-5). For the high diffness interface
systems (samples 138-6 and 138-8), OVL is larger and shows a steady increase. This increase
is explaned by the growth of a verticd crack in the asphdt layer. Due to the high grid
diffness, the interfacia shear stresses are higher and more easily lead to de-bonding between
the different layers.
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Figure 5: Maximum OVL versus cycle number

Another interesting observation, related to the grid giffness, can be made in figure 3. The
compressive forces are smdler for the low giffness interface (sample 138-1) than for the high
diffness interfaces (samples 138-3 and 138-4). The compressive force is the force required to
bring the discontinuity back to its initid width. Sample 138-1 thus behaves in a more dadtic
way, which is typicd for undamaged samples. Samples 138-3 and 138-4 require larger
compressve forces, which could be explained by the fact that these samples present more de-
bonding a the interface. This is agan explaned by the high diffness modulus of the grid:
sgnce the tendle drains in the asphdt layer are smdler, the interface is subjected to higher
shear stresses and interface de-bonding is more likdy to occur. This implies that a very high
diffness is not dways beneficid. The diffness should be sufficiently high to keep the tendle
drains and sresses in the asphdt below the ultimate vaues. On the other hand, when the
diffness is too high, the shear stresses and drains a the interface may lead to de-bonding at
the interface.
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4.4. The effect of temperature

Two samples of type 1 were tested a a lower temperature, -15 °C instead of -10 °C. In table
2, it is seen that both samples tested a -15 °C faled during the experiment. No falure
occurred for type 1 at -10 °C.

The efficiency of renforced asphdt is thus highly sendtive to the temperature. While the
agphdt sample with interface syssem of type 1 peformed wdl a -10 °C, an identicaly
fabricated sample faled a -15 °C. A more appropriate choice of binders for both asphat and
interface could solve this problem. If the dastomeric binder a the interface were replaced
with a softer binder that behaves less brittle a -15 °C, the interface would be more shear
deformable and the system would perform better. Temperature is thus a mgor factor in the
selection of the binders.

It is interesting to note that both samples tested a -15 °C were prepared identicdly and
subjected to the same test conditions. Still, the crack propagation in these samples was
different, due to the heterogeneity of the maerid and the dochastic nature of damage
propagation. One of the samples tested at -15 °C dreedy faled in the firs cycle. The damage
scenario was as follows: first, a horizontal crack occurred at the interface (force drop at
congant OVL), followed by a verticd crack throughout the asphdt layer (force drop at
rgpidly incressng OVL). The other sample only experienced the fird damage mechanism in
cycle 1. In the following cycles, a vertical crack appeared and propagated in a more gradud
way. The crack had grown to the top in cycle 12.

5. CONCLUSIONS

An experimentad progran was caried out with the am of compaing the efficiency of
different types of reinforcing interface sysems for the prevention of reflective cracking due to
thermd variations at |low temperatures.

The combination of a reinforcing grid with a nonwoven fabric, placed according to the
procedure described in this paper, peforms better than a plan renforcing grid, placed
according to the Belgian standard tender specifications. No cracks were visble & the end of
the test cycles. The nonwoven fabric, impregnated by the elastomeric binder, works as a stress
absorbing membrane that reduces the stresses in the reinforced asphdt overlay. Only sample
138-5 is performing in asmilar manner as the combined sysems.

Of the combined systems, the one with a grid with lower diffness is showing a more
gadic sysem behaviour, while the systems with differ grids show more plagic sysem
behaviour.

In the absence of a dress absorbing interlayer, horizonta shear cracks are more eesly
initicted a the tips of joints or cracks. The use of very high giffness reinforcements is not
aways beneficid, snce in those cases the interface is more subjected to shear stresses and
potentia interface de-bonding. This may evolve in other types of damage than reflective
cracking.

The dimate in which the sysem is to be gpplied is one of the most important factors in the
section of the binder used for the impregnation of the nonwoven fabric. The tests have
shown how serioudy a decrease of the environmentd temperature from -10 °C to -15 °C
affects the behaviour of the reinforced asphdt system.

The thermd cracking test is a powerful tool in the development of new and better
performing interface sysems. A quditative comparison of different sysems provides good
indght in the behaviour of renforcing inteface sysems and the evolution of damage.
However, knowing the sochastic character of crack propagation in such complex and
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heterogeneous sructures, the quantitative results of one single test on a specific system should
aways be consdered with due caution.
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