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Abstract: Two different reinforcing methodologies are applied: modification of the overlay characteristics by
adding chopped glass fibers to the hot mixture asphalt (HMA) and reinforcing asphalt overlay with glass grids.
Theory of fracture mechanics (FM) is employed to determine crack growth rates for the suggested anti-cracking

overlay systems. Asphalt mixture designing tests, three point bending tests and fatigue crack propagation tests

were carried out. The critical stress intensity factors K. are determined for plain and reinforced asphalt concrete.

Depending on the fatigue crack propagation, the crack growth rate is determined for each type of anti-cracking

system and the cracking process is also analyzed. One of the significant points in this study is the attempt to

give better understanding of the crack propagation for multilayer asphaltic overlay or what are suggested herein

to be called composite structure anti-cracking overlay system. The results indicate that the reinforcing materials

improve anti-cracking characteristics of the asphalt concrete. Composite structure anti-cracking overlay gives a

good solution for the reflective cracking phenomenon over old cracked pavements.
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The deterioration of the Syrian highway system,
the majority of which was originally constructed during
the 1970s, justifies the need for more affective rehabili-
tation methodologies. This presents a serious challenge.
This weak transportation infrastructure system cannot
simply be replaced. The monetary cost and the disrup-
tion to daily life would be astronomical. From a review
of the literature, it can be seen that many of the early
field investigations were based on empirical relation-
ships with conclusions which varied from successful to
disastrous. Later research has employed the more favor-
able mechanistic approach of determining fracture
properties of the HMA overlays using fracture mechan-
ics theories. The research by Lytton'" was based on
identifying fracture properties of geosynthetic materi-
als. Read"' has also made efforts to predict the fatigue
life of an asphalt mixture. RILEM Conferences on Re-
flective Cracking in Pavements since 1989 were organ-
ized to point out the main factors and mechanisms in-
volved in the initiation and crack propagation”’. In
China, many works have been done in this field. Re-
search on prevention of reflective cracking has been
performed since 1986'*"

The main objective of this research is to give
more insight into the crack growth and crack resistance
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characteristics of asphalt concrete mixes in general, and
into wearing courses over old cracked asphalt pavement
in particular. The influences of reinforcing materials on
fatigue crack growth are analyzed. Better understanding
of the reinforced composite structure asphalt overlay in
retarding crack propagation is achieved.

1 Material Properties

Lime stone aggregate, AH — 90 bitumen, chopped
glass fibre and glass fibre grid are used in this study.
According to asphalt pavement construction and test
norm (GBJ 92—93)!'" | AC — 101 and AK —13B asphalt
mixtures are used in this paper with gradations shown
in Fig. 1. Reinforcing material properties are illustrated
in Tabs. 1 and 2.
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Fig.1 Gradations of AC —10I and AK - 13B

Tab.1 Glass fibre grid properties

1

Tensile strength/(kN- m ™) Thermal

. : Elongation Weight/  Grid
Longitudinal ~ Horizontal endurance . )
L L o (g'-m™") size/mm
direction direction range/ C
35 65 <5 -100 to 280 340 12x12
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Tab.2 Glass fibres properties

Fibre Chopped Colour Tensile Eloneation/ % Modulus of Density/
diameter/ pm length/mm olou strength/MPa i elasticity/GPa (g-em™?)
5.8t09.7 6 Silver, white 2000 5 70 2.54

2 Three Point Bending Test

2.1 Specimens and test condition

Specimen dimensions are 70 mm x 70 mm x 250
mm; span is 210 mm. In order to simulate the crack in
the overlay, a metal piece with inverted T shape was
used. This piece was put on the middle of the metal
mould and heated together to the proper temperature
before the asphalt mixture was spread over it. The mix-
ture should be compact and rammed by a small metal
stick along the two edges of the metal piece to enhance
the density in this area. Initial notch length is 7 mm;
crack tip angle §~20°(see Fig.2).

L)

(D AK —13B: skid resistance asphalt mixture ( gra-
dation 0/16, bitumen 4% ) ;

2 AC — 10I: dense asphalt concrete ( gradation
0/13. 2, bitumen 5% ) ;

(3 GFRAC: glass fibres reinforced asphalt con-
crete (AC — 101 + glass fibres 0. 175% , bitumen 5% ) ;

(4) GGRAC: glass grid reinforced asphalt concrete
(AC — 101 + glass grid (weight 340 g/m’, griddling
12 mm x 12 mm).

The testing temperature is 5 C.
2.2 Fracture toughness K,

Based on bending test for notched specimens,
fracture toughness can be calculated as'”’
6 Mcal/z a
) (5)
where M. is the critical moment at failure, a is the ini-
tial notch length, b is the specimen width, and 4 is the
specimen height.

Ky =

2

a a a
i e R f(h)_1.99—2.74(h)+12.97(h) -
e e e . Sl o é’ & a 3 a 4
Fig.2 Notched asphalt concrete specimen 23. 17( %) +24. 80( 7) (6)

Four specimens were tested for each of the fol-
lowing material groups:

Critical stress intensity factors for various asphalt
material types were calculated in Tab. 3.

Tab.3 Critical stress intensity factors for various asphalt material types

Specimens Maximum applied Critical moment ) Critical stress intensity factor
a’h fla’h) _in
type load Py/N M_/(KN-mm) Ko/(MPa-mm~"~)
AK - 13B 4636 245.459 0.099 6 1.8522 24.3393
AC-101 5686 304. 185 0.099 2 1.8524 29. 860 2
GFRAC 6535 345.030 0.099 7 1.8521 34.3089
GGRAC 6308 331.170 0.099 2 1.8524 32.563 4

2.3 Test results analysis
Fig. 3 demonstrates that even though the crack
propagation resistance for both the GFRAC and the

stress intensity factor for GFRAC increased only by
14.9% compared with the plain asphalt concrete, and
9.1% for GGRAC compared with the plain asphalt

GGRAC are relatively high, the reinforcing effect is not concrete.

as high as it is in unnotched specimens. The critical

3 Fatigue Crack Propagation Test

2888: e This test is aimed to measure the crack growth
z 5000 o AK-13B rate value (da/dN) s9 as to determine the. 1ntr1n51c. pa-
% gggg i - 821;&% rameters of the material, such as A and »n in the fatigue
P 2000 - strength law, such as Paris’ law. da/dN = A (AK)".

1000 Paris’ law relates the mean crack propagation per cycle

00 0.8 1.6 2.4 32 40 48 5.6 64 da/dN to the variation of the stress intensity factor

Displacement/mm

(Kmax
accurately relate the values of the measurable load

— K,..,). In other words, this test enables us to
Fig.3 Force vs. displacement for notched asphalt concrete

specimens parameters and the values of the mechanical internal
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parameter (non measurable), such as the stress intensi-
ty factor. In addition to this major goal, this test pro-
vides a better understanding of the composite structure
asphalt overlay, and of the effectiveness of reinforcing
material in retarding crack propagation.
3.1 Composite structure asphalt overlay

Different reinforcement, gradation and structure
have been used to create anti-cracking overlay sys-
tems. Besides the main types AC — 101, AK — 13B, GF-
RAC and GGRAC (see the point bending test), new
kinds of composite structure asphalt specimens have
been tested:
(D Composite AK —13B/AC — 101 (see Fig.4);
2 Composite AK —13B/GFRAC;
(3 Composite AK — 13B/GGRAC (see Fig. 5).

= Y

Fig. 5 Glass grid composite structure asphalt specimen
AK/GGRAC

As we know, the main function of an asphalt
wearing course is to provide suitable skid resistance to
the traffic loads and good serviceability. In the case of
asphalt overlay on old cracked asphalt pavement, the
overlay will quickly develop cracks due to reflection
phenomenon from the old cracked layers. Due to the
asphalt wearing course’s gradation and structure, we
cannot reinforce it against crack propagation. There-
fore, what we herein suggest is that the composite
structure asphalt overlay be used to study the effective-
ness of the reinforcements in this system. The speci-
mens were formed in the laboratory in two steps: first,
the plain asphalt concrete AC — 10I or reinforced as-
phalt concrete was spread inside a metal mould and
compacted to the proper density, then the skid resist-
ance asphalt mixture AK —13B was added above it and
then compacted to the proper density.
3.2 Test conditions

The formation method of the specimens is typical

as it was in the three point bending test. This test was
carried out in the MTS laboratory of Chang’an Univer-
sity. Loading frequency was 10 Hz(loading frequency
corresponds to a vehicle speed of 70 km/h). Simisine
loading wave was applied. The fatigue crack propaga-
tion test was performed for the pure opening mode on-
ly. The force controlled mode was used with a maxi-
mum load application of 1 155 N. Four specimens were
tested for each of the seven studied types. Crack detec-
tors ( crack propagation gauges) bonded on the two
sides of the specimen were used for measuring the
crack propagation under the load repetitions, and
checked by the dynamic cracking measuring unit ( see
Figs.6 and 7).

(b)

Fig.7 Specimen inside the fatigue testing machine and the

connected dynamic cracking measuring unit

Fig. 5 shows a typical composite specimen rein-
forced with grid positioned just above the notch.
3.3 Test results analysis
3.3.1 For the basic types (non composite struc-
ture overlays)

Because the repeated cycles have a cumulative
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damaging effect on the material, the crack growth took
place under a pulsating load and the fatigue fracture
developed under load below the critical value for mon-
otonic action. However, Fig. 8 illustrates the cracking
progress for the four basic types of the asphalt overlays
under load cycles. Obviously the skid resistance type
AK — 13B takes the smallest number of load repetitions
before failure, due to the fact that AK — 13B has open
gradation, high void percentage and low bitumen con-
tent. The crack makes its way between the grains and
the repetitions of load, in this case, leading to the
debonding mechanism between the aggregates ( see
Fig.9).
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Fig.8 Crack length vs. load cycles

Fig.9 Debonding mechanism of AK —13B fatigue fracture

The crack propagation of the GGRAC displays the
same behavior as the plain asphalt concrete at the be-
ginning. This makes it clear that the reinforcing grid
does not have an effective role in retarding the concen-
trated stresses in the crack tip. However, when the
crack propagation progresses further upwards and the
deformation of the specimen increases, the grid at this
stage plays a major role in retarding the crack propaga-
tion. The glass grid prevents further opening of the
crack due to its low rate of elongation and its high ten-
sile strength. At this point, a transfer of the stresses
from the crack tip to the grid occurs and the crack
growth rate decreases.

Here a great deal of attention should be paid to
the type of grids to be used for retarding crack propa-
gation i. e., the grid in this paper increased the total
applied load cycles value by 40% compared with the
plain asphalt concrete. The crack propagation of the
chopped GFRAC behaves differently from the plain as-
phalt concrete. Fig. 8 shows that cracking development
occurs in steady progress from the beginning until the

failure stage, with low crack propagation velocity along
the cracking line, except at failure stage. The chopped
glass fibers added to the asphalt concrete have a bridg-
ing effect. The addition of chopped glass fibers to the
asphalt concrete increased the total applied load cycles
value by 54% compared with the plain asphalt con-
crete.

From Fig. 10, the chopped GFRAC can bear high
load cycles for the same displacement compared to the
other types. High bearing capacity along the crack
propagation process, and the failure of the GFRAC
happened at a displacement value 37% higher than for
the plain asphalt concrete. The behavior of the GGRAC
is quite different compared to plain asphalt concrete
AC — 10I. The GGRAC suffered large displacement at
the beginning under less load cycles, then the rate of
displacement decreased rapidly.

N/10*cycle
(= = )
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Displacement/mm

Fig.10 Load cycles vs. displacement for the basic types

The GGRAC distinguished from the AC — 101, the
failure happened at a displacement value of 12% high-
er than for the plain asphalt concrete.

3.3.2 For the composite structure anti-cracking
overlays systems types

Fig. 11 shows the cracking progress for three com-
posite anti-cracking types of specimens, representing

the composite structure anti-cracking asphalt overlays

systems.
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Fig.11  Crack length vs. load cycles for composite anti-

cracking overlays systems

Obviously the plain composite structure AK/AC —
101 type takes the smallest number of load cycles repe-
tition before failure, and the crack growth rate in-
creased rapidly. The composite glass grid reinforced as-
phalt concrete AK/GGRAC gave the best result in re-
tarding crack propagation among composite structure
asphalt overlays. The grid increases the total applied



346 Aysar Najd, and Zheng Chuanchao

load cycles value by 238% compared with the plain
composite structure asphalt overlay AK/AC as illustra-
ted in Fig. 12. This result proves that the high tensile
strength reinforcing grid placed in the lower part of the
overlay can change the neutral point within the overlay
during deflection (see Fig. 13). Due to the tensile stiff-
ness of the glass grid being extremely higher than the
tensile stiffness of the asphalt concrete, the reinforce-
ment makes the hinge point or neutral point shift down
very close to the reinforcing grid during deflection. The
asphalt concrete above the glass grid is mostly in com-
pression. The low stiffness of the upper layer (skid re-
sistance layer AK — 13B) compared with the asphalt
concrete AC — 101, makes the composite specimen de-
form more under the applied load, which explains why
the crack propagation line did not grow vertically from
the notch upward. Since the crack tip tensile stresses
became compressive stresses, and the propagation
stopped, the crack tried to change its way. Fig. 14
shows the cracks lines and the failure of the specimen,
the failure of the composite glass grid reinforced as-
phalt concrete AK/GGRAC was not complete, the duc-
tility was obvious, and the glass grid strands were not
broken completely.
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Fig.12 Load cycles vs. displacement for the composite types
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Fig.13 Hinge point position inside the bending overlay

before and after applying glass grid. (a) Without glass grid;

(b) With glass grid

(b)

Fig.14 Failure shape of the composite anti-cracking over-
lays system. (a) Unbroken grid strands; (b) AK/GGRAC

The addition of chopped glass fibers to the com-
posite overlay AK/GFRAC improves the resistance to
crack propagation, but not as much as the reinforcing
glass grid does. The chopped glass fibers increase the
total applied load cycles value by 155% compared with
the plain composite structure asphalt overlay AK/AC —
101.

4 Conclusion

Glass grid reinforcement prevents further opening
of the crack due to its low rate of elongation and its
high tensile strength. Chopped glass fibers in asphalt
concrete have a bridging effect, and the cracking devel-
opment occurs in steady progress from the beginning
until the failure stage, with low crack propagation ve-
locity along the cracking line. Glass grid composite
structure reinforced asphalt concrete AK/GGRAC
gives the best result in retarding crack propagation
compared with other composite structure asphalt over-

lay types.
References

[1] Lytton R L. Use of geotextiles for reinforcement and strain
relief in asphalt concrete [J]. Geotextiles and Geomem-
branes, 1989, 8(3):217 —238.

[2] Read J M. New method for measuring crack propagation in
asphalt concrete [J]. International Journal for Pavement
Engineering,2000,1(1): 15 —35.

[3] Rigo J M. General introduction, main conclusions of the
1989 conference on reflective cracking in pavements [ A].

In: The Second International Conference on Reflective



Measuring crack propagation in reinforced asphalt concretes

347

[4]

[5]

Cracking in Pavement [ C]. Belgium: Liege University,
1993.3 —20.

Ye Guozhong. Fatigue shear and fracture behavior of rubber
bituminous pavement [ A]. In: The Third International
RILEM Conference on Reflective Cracking in Pavements
[ C]. Netherlands, 1996. 168 — 175.

Hao Peiwen, Zhang Dengliang, Hu Xining. Evaluation meth-
od for low temperature anti-cracking performance of asphalt

[6]

(71

mixture [J]. Journal of Xi’an Highway University, 2000, 20
(3):1—5. (in Chinese)

Department of Scientific Research of the Aminitry of Trans-
portion. Highway engineering laboratorial norms [ M] . Bei-
jing: China Communications Press, 2001. (in Chinese)
Zhang Dengliang. Asphalt pavements engineering handbook
[M]. Beijing: China Communications Press, 2003. (in Chi-
nese)

MEMFHERERLTNNRET R
Hii A

(KERFHARRNAHZIRHLTHREL LR E, HE 710064)

Aysar Najd

AR 2 AR R4 e i B B @ DA

=
RS

b A A DA £ e B T R 4 4

W, QKR SE I I A iy At . R BT RL ) B 0y sk b 0 R LA LI SRR I AR
FHE RIS 2 5 WX I Ae gk 5 JL A YRR I, B A R e E R 1 SR AT K, M E
HF—FHHEORLARAAGE LY R R AFROITRZHIARBISCARLEZBRAR, 2MT %
Bl E R BRI G TETHERORL ARG SRIEN, mHHTOURZHFE
RSN, A AR RAE B @ A GG A ZOLLIE R4 R 40 .

KBRIR 5 TAZ A A Aot (HMA) s LY R Wi 3L 5 16 i A 3 A T

FEDES U4l



