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The Control of Reflection Cracking with the use of a Geotextile. A Ten Year Case History 

Controle des lezardes causees par reflection en utilisant une natte geotextile-Un historique 
de dix ans 

During 1973 preventative maintenance was carried out on 
a major freeway section that had manifested severe crack
;ng of theasphalt due to reflection from the underlying 
cement stabili7:ed base course layer. A levelling course 
of 20 Im! was laid after placing sand 300 mm wide and 5mm 
t hi ck as bondbreaking material at evet·y crack, the aver
age crack spacing being 2,5 m. A geotextile mat was then 
placed and overlaid w1th SO 111111 asphalt. The pavement has 
been mo nitored since the completion of the work and after 
8 years is still giving excellent service. Howevel', the 
development of reflection cracks now appears to be taking 
place at an increasing rate . An inspection of the cracks 
revealed that they had probably been ca used by one 01' 
more of several factors . From the evaluation it \1aS 
clear that the geotextile asphalt system was capable of 
dealing with plain strain conditions. However, more com
plex conditions resulting from degradation of the struc
tural system apparently causes vertical movement which 
cannot be accommodated by the system. Future maintenance 
will have to cater for this condition. 

PILOT STUDY 
Ouring 1971 it was decided to carry out preventative 
ma lntenance on a section of a major freeliay near Jo
hannesburg that had manifested severe cracking of the 
asphalt due to I'eflecti on from the underlying cement 
stabilised base course . The climate of this region ;5 
mild with average temperature ranging between 4°C and 
26·C. Average annual summer rainfall is 720 mm. 
Attempts at sealing of these cracks by means of a 
rubberised emulsion had not been very successfuly, mainly 
due to the high stress on the joint material and the 
rapid deterioration of such material as a result of ex
posure to the environment. Preventative maintenance had 
to be done since it was feared that possible pumping 
action could lead to rapid deterioration and early 
failure of the pavement, 
The pavement structure consisted of the following : 
Cont. graded asphaltic concrete surfacing (AC) 25 mm 
Cement stabilised Crushed Stone Base Course 150 mm 
Cement Stabilised natural gravel sub-base 150 mm 
Selected Subgrade 150 mm 
Insitu Subgrade-Residual decomposed granite 
Smal1 experimental sect ions ~Iere initially constructed 
in November 1972, using Structofors, a bitumen impreg
na ted polyester woven fibre with a gtid pattern of 
approximately 15 mm square . From these initial investi
gations it became apparent that a minimum surfacing of 
50 mm was required on top of the geotextile , since 
thinner layers suffered from stresses set up in the geo
textile fibre causing the overlay to crack and crumble. 
Neverthe 1 ess, the ~/ork showed grea t promi se and it was 

Pendant 1973~ un entretien pr~ventif a ~tt! fait sur une 
majeure partle de l'autoroute, la ou i1 s't!tait manifest~ 
des ll!zardes irnportantes dans 1 'asphalte caus~es par la 
rHlection de la cou.che sous-jacente de base, stabil ist!e 
avec du ciment. Une assise de nivellement de 15 mm a l!tl! 
posee apr'es avoir placE! par dessus chaque ll!zarde, en 
tant que materiau non-agg1utina.nt, 300 mm de sab1e de Snvn 
d'E!paisseur, la moyenne d'espacement entre les l~zardes 
~tant de 2,5 m. Une natte gl!o-textile a alors et~ pla
eee pui~ recouverte de 50 mm d'asphalte . Ce pavage a t~ 
surveillE! depuis i nstallat ion, et apres 7 ans est en l!tat 
excellent . Cependant le dl!velopement des Il!zardes due a. 
1~ ref~ee ion sem~le etre eil acc~l~ration, Apres inspec
t10n, 11 semblet'a1t que les l~zardes seraient caus~es par 
un ou plusieurs facteurs divers, A l'analyse, il ~tait 
clairement ~vident que le syst~me g~o-textile asphalteux 
~tait parfaitement capab le de tenir 1e coup aux dE!forma
ti ons ordinail'es. Les conditions plus complexes, d~cou
lant de 1a d~gradati on structurel le , causait de toute e
vidence un rnouvemel1t vel'tieal que le systeme ne savait 
pas accomoder . Les entretiens futurs devront prendre 
cette condition en considl!ration. 

decided to carry out a pilot study before executing any 
major construction work. Accordingly, the following 
steps were taken: 
1 In January 1973 a test section of approximately 50 m 

in length was built on a portion of the freeway re
quiring maintenanee. 

2 The use of the geotextile as reinforcing material was 
investigated by constructing a control section along
side without any reinforcing. In addition, steps 
were taken to investigate the effect of a bondbreaker 
at the cracks since it had been determined that this 
was a necessary feature of the system. 

3 Subsequent to the carrying out of the field experi
ment a model test was also conducted in the labora
tory in order to establish limits for the application 
of the method. These laboratory tests were supple
mented by using the Heavy Vehicle Simulator of the 
National Institute for Roads and Transport Research 
in Pretoria. The pilot study was found to be very 
successful and full reports have been published else
where. (1) (2) (3), For the sake of eompl eteness a 
brief revlew öf tne results will be discussed. 
Field Experiment (1) 

4 In the ease of the field experiment it was found 
that the geotextile was successful in preventing re
fleetion cracking related to the effeet of environ
mental forces. After 15 months in service the sec
tions with Structofors had between 30 and 45% of the 
original cracks reflected through, whereas the unre
inforced asphalt mixture had 60% refleetion cracks. 
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The lime bondbreaker had not functioned well pri
marily because it was too thin. The effect of 
traffic had also been investigated by means of the 
HVS and the equivalent of more than 4 x 106 - 80 kN 
axle loads had been appl i ed. It was found that some 
of the reflected cracks tended to close up due to 
the kneading action. It must, however, be conceded 
that these axle loads had been applied over a re
latively short period of time with the result that 
long term the i nteraction between load application 
and environmental forces was not present. This is 
a fact that will be considered again when review
ing the present situation. 
Laboratory Experi ment (~) 

5 The laboratory study was carried out by construct
ing a gap graded asphalt mixture (AC) on two ad
jacent concrete slabs lying on rollers supported by 
a steel frame, thus forming an artificial crack be
tween the two. One slab was fixed to the steel 
frame and horizontal movement at the crack was 
affected by a weight applied to a cable over a 
pulley on the other side. An attempt was also 
made to simulate relative vertical movement at the 
joint using a cam under one of the slabs. The as
phalt was placed in two layers, 25 mm as level l ing 
course and a 75 mm overlay. 
The following overlays were evaluated in this ex
periment: 
(a) Reinforced AC overlay without bondbreaking. 
(b) Reinforced AC overlay with a 500 mm wide bond-

breaker 5 mm thick straddling the crack. 
(c) AC overlay only. 
(d) Unreinforced AC overlay with sand bondbreakers 

as before. 
Results of Laboratory Experiment 

6 Figure 1 indicates some results of this experiment. 
At a crack width of 2 mm it can be seen that for 
the AC overlay alone the strain at the joint was 
3,5 times that of the overlay consisting of rein
forced AC with bondbreaking. Also the strain at 
the crack in the reinforced overlay without bond
breaking was 2,8 times lower than that in the un
reinforced overlay. Bondbreaking alone reduced 
tensile strains by approximately 25%. Movement at 
the joint was distributed over a much larger area 
with the reinforcing and bondbreaker. 
During this experiment it was also no ted that with 
reinforced overlays the crack could be opened con
siderably more before cracks appeared on the pave
ment surface as indicated in the following table. 

~ Strain Behaviour of Overlay Systems 

Overlay Type Maximum crack 
width before reflection 

(mm) 

AC 3 
AC wi th bond break i ng 4 
Reinforced AC without bondbreaking 9 
Reinforced AC with bondbreaking 18 
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From the results (2) it was found that the strain 
immediately prior to rupturing of the overlay was in 
excess of 1,5%. The rate ofdeformation had not been 
equal for the four tests but varied between 2,0 mm/hr 
and 5x10- 3 mm/hr. 
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8 Despite this wide range the maximum strain at the 
surface of the AC overlay did not vary much. 

9 When the crack was opened the stress concentration 
tended to rupture the overlying asphalt. However, 
the crack only proceeded a short distance before 
it was checked by the geotextile-sand system and re
flected parallel to the surface. As the strain was 
increased micro cracks formed. Ultimately reflec
tion occurred some distance from the crack. Fig. 2 
shows one such test in progress. 

10 A repetitive relative vertical movement of 1 mm ap
plied to the system at 1 Hz indicated that the unre
inforced overlay could take 27 000 applications 
whereas the reinforced system with bondbreaking was 
capable of withstanding 3 x 106 repetitions. Of 
course these results are only relative since the me
thod of application of the vertical movement did not 
simulate a wheel load moving over a crack, but since 
the test was strain related, it gave confidence in 
t he re inforced system. The experiment thus i ndicated 
that load and temperature strains in the overlay could 
be catered for using reinforced AC plus a bondbreaker 
over the crack. 

M , 
212 
x 
E 
E 

~ 10 

(/) 
I-
;<:; 8 
0 
"-
(!) 
z 
~ 6 :::> 
Vl 

"" LU 
::;: 

z 
LU 

4 
LU 
3: 
I-
LU 
co 

2 z 

"" '" l-
V) 0 

S7 

- AS PHAL T (AC) 

AC + 500 mm SAND 
BONDBREAKER 

AC + GEOTEXTILE + 
500 mm SAND BOND

BREAKER 
/' 

N7 

MEASURING POINT NUMBERS 100 mm APART 

FIG. 1: STRAIN PATTERN FOR DIFFERENT TYPES OF OVER
LAYS AT CRACK OPENING OF 2 mm 

FULL SCALE CONSTRUCTION 

In the light of the success of the preliminary study, 
it was decided to award a contract for the construction 
of 80 000 m2 of 50 mm geotextile reinforced asphaltwith 
300 mm of bondbreaking material at every crack, the 
average crack spacing being 2,5 m. The pavement has 
been monitored since the completion of the work and 
after 8 years it is still giving excellent service. 
However, the reflection cracking has steadily been in
creä~ illy dnu i L IIOW dppedt's Lo be taking place at an 
increasing rate. The subsequent discussion relates to 
the details of the construction and the subsequent be
haviour of the pavement structure. 
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Fig. 2 Test with Structofors and Sand Bondbreaker 
--- in Progress 

The method of construction used in practice was as 
follows : 
(a) Cracks were cleaned properly using compressed air 

prior to the application of 0,35 11m2 of 45% cat
ionic bitumen emulsion. 

(b) Sand was spread over the cracks using a specially 
designed manually operated sand distributor. The 
thickness of the sand was 5 mm and the width 300 
mrn. Sand used was a fine mine sand, crushed in 
the gold mining process, the grading of which can 
be seen in Table 2. This sand spreading operation 
was done immediately in front of the paver in order 
to ensure as little disturbance of the sand by 
trucks moving over it, as possible. 

Table 2 Grading of Sand 

Sieve size (mm) 

1.18 
0,600 
0,300 
0,150 
0,075 

% Passing 
100 
98 
68 
30 
15 

(c) After the sand had been placed, a levelling 
course of 20 mm thick AC was paved followed by 
another tack coat. Marshall and other properties 
of the AC mix used for the levelling course are 
given in Table 3. 

(d) The geotextile reinforcement used was manufactured 
from a polyester fibre impregnated with bitumen. 
It was a woven 15 mm mesh and supplied in rolls 
1,6 m wide and 150 m long. Overlaps of 150 mm at 
longitudinal and 300 mm at transverse joints were 
used. The geotextile was unrolled on the tack 
coat and nailed down to the surface at approxi
mately 20 m intervals. 
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(e) A 50 mm gap graded asphaltic concrete layer with 
precoated chips rolled into the surface was paved 
over it. The properties of the AC wearing course 
are given in Table 3. 

Table3 :Properties of Asphaltic Concrete Mixes 

Levell ing Final 
coarse coarse 

Bitumen content 7,0 6,5 
Marshall flow 2,2 2,3 
Marshall stability 5,62 6,03 
Vo i ds in rni x % 6,4 7,6 
Binder type 60/70 Pen 60/70 Pen 
Grading: 

Sieve size (mm) % passing % passing 
26,S 100 100 
19,0 100 88,9 
9,5 98,9 64,9 
6,35 74,0 64,1 
4,76 68,1 62,8 
2,36 63,2 58,4 
1,00 60,8 54,3 
0,500 57,4 50,8 
0,295 38,6 29,9 
0,150 19,8 15,4 
0,075 8,5 7,4 

Construction Problems 
The following problems were encountered during con
struction: 
(a) It was found that the paver tended to push the 

sand somewhat in the direction of paving. For 
this reason the sand width was reduced from the 
originally intended 450 mm to 300 mm and it was 
spread slightly eccentric. Cores drilled out 
afterwards indicated bondbreaking to a width 
of 450 mm symmetrical over the crack. At least 
5 mm of sand was necessary to ensure proper 
initial bondbreaking. 

(b) Trucks moving over the sand did not pose any 
greater problems as far as disturbing the sand 
is concerned. However, windy conditions did 
pose a problem and could bring construction to 
a halt. 

(c) Provided the geotextile was nailed down properly 
no problems were encountered with trucks moving 
over it. 

(d) In constructing the final layer on top of the 
geotextile it was very important that no hori
zontal movement took place between the geo
textile and the AC overlay during compaction, 
since this caused the asphalt to disintegrate. 
Such movement would cause shearing off of the 
overlay just above the geotextile resulting in 
potential slip between the two layers and also 
a 1055 in the effectiveness of the reinforcing 
layer. Ca re also had to be taken with the de
sign of the AC to ensure that the stone content 
was high ~nough to prevent slippage on the under
lying levelling course. 

PERFORMANCE OF THE OVERLAY 
The overlay was completed in 1974 and has since 
carried a traffic load of around 2 million equivalent 
80 kN axle loads. Very little deterioration in riding 
quality has been experienced and reflection cracking 
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has also been slow in deve10ping, reaching about 30% 
by 1979. However, since 1979 cracks have been de
ve10ping at an increasing rate reaching 60% in 1982. 
This trend is indicated in Fig. 3 showing the 1ength 
of cracks which have apparent1y been ref1ected as a 
percentage of the original cracks. Fig. 4 shows a 
general view of the site during construction of the 
test section. Fig. 5 shows to what extent the over1ay 
has cracked to date: The cracks have been demarcated 
with liquid 1ime. 
Evaluation of Cracks 
The nature and effect of cracks was consi dered by 
carrying out a survey and coring through cracks. The 
fol1owing was found: 
1 In general the crack pattern was strong1y re1ated 

to the under1ying cracked CTB. (Compare figures 
4 and 5). 

2 Two types could be distinguised, viz. 
Type 1: conventiona1 true vertica1 reflection 

cracks extending from the top down into 
the CTB, and 

Type 2: random1y spaced, short discontinuous 
cracks orientated simi1arly to Type 1. 

3 6% of cracks were Type 1 and 94% Type 2. 

4 Some cracks were found to extend on1y through 
the over1ay and the underlying CTB being absent 
inbetween. Apparent1y these cracks had been de
f1ected horizonta11y. C1ear proof of such de
f1ection was found. 
The longitudinal cracks had 1arge1y ref1ected 
through whereas the trans verse cracks had not. 
Less cracks had also reflected through the areas 
with low traffic volumes ego zone between off
ramp and slow 1ane. 

6 Whereas the cracks were former1y concentrated 
in a section of the road they were now spread 
over 90% of the road 1ength. 
Litt1e or no evidence of pumping was found. 

8 Some evidence of debonding of the over1ay was 
found. 

The geotexti1e was very effective in preventing re
f1ection cracks of Type 1 and the behaviour of the 
geotextile system was very simi1ar to that predicted 
by the 1aboratory experiment. Furthermore, the fact 
that the longitudinal cracks have 1arge1y ref1ected 
through is probab1y due to the fact that the pavement 
structure is not contained latera11y. The sma11er 
geotextile over1ap that was used for the longitudinal 
joints cou1d also have been a contributing factor. 
Type 2 joints could be re1ated to ref1ection but cou1d 
also have been caused by fatigue of the asphalt either 
in plain strain or as a resu1t of the structura1 beha
viour of the system under traffic loads. The 1imited 
evidence of debonding is gratifying and 1ends support 
foi' the use of the sand as pa rt of the system. 
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FiS. 4 General View of Site during Construction of 
Test Section 

Fig. 5 Cracks demarcated with Lime during a Survey 
February 1982 
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Evaluation of Def1ections 
Deflections were measured with a modified Benkelman 
beam which had the capabi1ity of also measuring re
lative vertieal movements under a moving 80 kN axle 
load at a crack. Deflections measured prior to over-
1aying were in the order of 0,17 mm with very little 
relative movement at the reflected cracks. The de
f1ections have increased by abOlJt 30% since 1973 and 
the relative vertical movement under a moving 80 kN 
axle load at the TYpe 1 cracks is now of the order of 
0,22 mm. These readings are summarised in Tab1e 4. 
Table 4 Deflections under 80 kN Axle Load 

Mean (mm) Standard Deviation 
Pri or to over-

layin9 (1973) 0,17 mm 0,10 
After overlay-
ing and B years 
service (1981): 
Between cracks 0,21 0,09 
At TYpe 1 cracks 0,27 0,16 
Relative vertiea1 
movement TYpe 1 0,22 0,14 

Thc information obtained from deflections, as shown 
in Tab1e 4, indicates that not on1y has the deflec
tion increased, despite the over1ay of 50 mm but 
scatter has also increased, especially at the cracks. 
Considering the stiffness of the cement stabilised 
base layer, the pavement can almost be classified as 
a rigid pavement. App1ying measured deflections to a 
theoretica1 model, pavement characteristies were eal
culated by back analysis. The results are shown in 
Table 5. 

Table 5 Theoretieal Materials Properties as Ca1cu
lated from DefleCiion Measurements and 
OrigInal Slab Stlffness 

Before Overlay 
( 1973) 

After Overlay and 
8 years of use 

SI ab Stiffness 
(GPal 

22* 

12 

Subgrade Stiffness 
(MPa/ml 

880 

750 
*Material stiffness as determined by laboratory test
ing just after construetion. 

These results indieate a decrease in stiffness of 
both the stabilised base layer as well as the sub
grade. This seems to point to degradation of the 
base and the subgrade over the past 8 years and 
thus a general decrease in structural capacity.The poor 
condition of some CTB eores as weIl as the reduction in 
tensile strength of about 30% as found by 1imited indi
reet tests gave support to the conclusion. 
Deflections have so far been related to the structural 
performance of the stabilised base . Another important 
aspect that also needs consider:ation. i 5 the perfol'
manee of the gap graded asphaltic concrete overlay. 
Cores were analysed and it was found that the physical 
properties of the asphalt had chaoged due to traffic 
and environmental influences. In particular the per
meability a_nd density were affected. This in tW'n 
affected the stiffness. The capability of the mix to 
sustain deformation has thus deteriorated somewhat 
which could have caused the greater incidence of 
cracking. Results are shown in Figures 6 and 7 and 
Table 6. 
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Table 6 Properties of the Asphaltic Overlay 
When constructed (1973) 

Stabi 1 it,y (kN) 
Flow (mm) 
Lab. voids (%) 
Binder (%) 
Air permeability 

(xl0-B/cm) 
Mix stiffness (MPa) 
Road voids (%) 

6,0 
2,3 
7,6 
6,5 

1,12 
3600 
8,2 

1981 

0,17 
5200 
4,0 
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Ana1ytica1 Evaluation 
In :the light of the foregoing a finite element analy
sis was carried out to determine what effect these 
deve10pments wou1d have. Indications arethat the ma x. 
tensi1e stresses in the asphalt have been increased 
by 50% whi1st the tensi1e stress in the CTS has been 
reduced by 30%. In the light of the degradation of 
the CTB this is not expected to alter the stress 
ratio. However, an overall reduction in the fatigue 
1ife is to be expected. In fact, the increase in 
stress level in the asphalt together with the in
crease in st i ffness i:s 1 i ke 1y to cause a decrease in 
fatigue 1ife of almost one order of magnitude. The 
def1ection resu1ts 1end support to this argument 
particu1ar1y the increase in relative vertica1 move
ment between adjacent slabs. If it is accepted that 
the structure is basica11y a rigid pavement with an 
over1ay, an analysis using nomographs deve10ped by 
Mc Cu110ugh et a1 (4) predicts a 50% fai1ure of the 
pavement. 

CONCLUSIONS 
1 The geotexti1e reinforced asphalt over1ay system 

has successfu11y served its prime function to 
date viz. preventing ingress of water into the 
pavement structure and consequentia1 damage. It 
therefore serves as an important too1 in the 
pavement management system. It is, however, 
c1ear that the system is not capab1e of increas
ing the structura1 capacity of the pavement since 
it can on1y absorb a 1imited amount of differen
tial vertica1 movement. 

2 It appears as if the structura1 integrity of the 
pavement has now reached a critica1 situation. 
However, if the 1ife of the over1ay can be ex
tended and the asphalt softened by the app1i
cation of a rejuvenator it may be possib1e to 
contro1 the degradation of the CTS to the point 
where it will function as a conventiona1 crushed 
stone base. 

3 A stabi1ised pavement system can be treated as 
a rigid pavement for design purposes but it is 
important to consider vertica1 movement of the 
cracks during the design process. In order to 
minimise relative vertica1 movement, the stabi-
1ised base shou1d not be too stiff so as to en
sure structura1 cracking in the form of random 
rather than we11 defined transverse cracks and 
the subbase shou1d be of good qua1ity to avoid 
weathering of the subbase and thus movement of 
fines and subsequent1y 1055 of support of the CTB. 
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