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1.  Introduction 
 
Recently, many researchers are increasing their efforts in 
explaining the behavior of full-scale concrete block 
pavement (CBP) prototype under load chosen to simulate 
truck wheel loads. These loads can be further categorized 
into three categories: static or repeated-load test on 
prototype pavement, observation of actual concrete block 
pavement under real traffic, and accelerated trafficking 
tests of prototype pavements (Ling, 2008). The pavement 
may carry dynamic loads with a variety of vehicles 
whose configurations vary over a wide range. 
Accelerated trafficking tests have also been used to 
compare the performance of CBPs installed in 
herringbone, stretcher and basket weave bonds (Shackel, 
1980). The largest deformation is found in pavements 
laid in stretcher bond patterns, particularly when the bond 
lines lay along rather than across the direction of traffic 
(Ling, 2008).  
 
 Ling et al. (2006) mentioned that the function of the 
first Malaysian accelerated loading facility, known as 
Highway Accelerated Loading Instrument (HALI), is to 

evaluate the structural performance of CBPs, the 
pavement design assumption, and to investigate the 
relationship between vehicle loading condition and the 
deterioration of pavement. To evaluate the pavement 
design assumption, the data describing the long term 
performance of pavement need to be collected. The 
distribution of stresses, strains and displacement in the 
pavement structure are affected by a number of factors 
which include paver shape, size, thickness, laying 
pattern, and bedding sand (Panda and Ghosh, 2002). 
 
2. Background 
 
Many accelerated pavement loading devices have been 
developed ranging from full-scale to prototype devices 
which can be operated and controlled under laboratory 
conditions (Shackel, 1979 and Shackel, 1980). This paper 
discusses the experimental results relating to the 
performance of different Grooved Concrete Blocks 
(GCB) using HALI. 
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A B S T R A C T A R T I C L E   I N F O 

The aim of this study was to investigate the permanent deformation in concrete block 
pavement with the underside surface grooved. The effects of geometrically grooving the 
blocks were studied. To begin, 13 Grooved Concrete Blocks (GCB) which were grouped into 
four categories were manufactured in the laboratory and examined under permanent 
deformation development using the Highway Accelerated Loading Instrument (HALI). The 
pavement model constructed had 70 mm thick loose bedding sand and the paving blocks were 
filled with jointing sand. The test pavement was subjected to 10,000 rounds of load repetition 
under 1,000 kg single wheel load. The pavement was examined through transverse 
deformation profile, average rut depth in the wheel path, and longitudinal rut profile. Results 
indicated that the groove depth and GCB type influence the rut depth and bedding sand 
settlement when the number of load repetition increases. Grooving also significantly reduced 
the pavement deformation performance. Thus, GCB has a great potential to be applied on 
roads according to traffic volume and type of pavement application. 



International Journal of Civil Engineering & Geo-Environmental 3 (2012) 
______________________________________________________________________________________________________ 

36 

3. Materials and Experimental Programme 
 
3.1   Materials 
 
The GCBs were manufactured in laboratory. The length, 
width and thickness of all concrete blocks were 200 mm, 
100 mm and 80 mm, respectively with the length to 
width ratio set as 2 (BS 6717-1, 1993 and Interpave, 
2006). All GCBs were grooved on the underside surface. 
The groove patterns can be divided into four categories: 
Hole Groove-Rectangular (HG-Rh), Trench Groove-
Triangular (TG-Th), Trench Groove- Rectangular (TG-
Rh), and Trench Groove- 2Rectangular (TG-2Rh). The 
symbol ‘h’ refers to groove depth. Figure 1 and Table 
1show the geometry detail of 13 groove types and control 
block (CB) used in this experiment. 
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Figure 1: CB and GCBs used in the test 
 
3.2   Test Setup 
 
During accelerated pavement loading test, a pavement 
track model was prepared. A sheet of hard neoprene with 
thickness of 3 mm was laid and fixed into the    0.9 m x 
5.5 m test bed of HALI. GCB pavement with dimension 
of 200 mm x 100 mm x 80 mm, the loose bedding sand 
with thickness of 70 mm and jointing sand were prepared 
to form the pavement track model for accelerated testing 
as shown in Figure 2. In this experiment, the GCBs were 
laid in stretcher bond pattern into three sets of pavement 
track (Azman et al., 2011). Two sets of the pavement 
track consisted of five GCB types and one set consisted 
of four GCB types; all measured at 0.9 m x 0.9 m. The 
GCBs were compacted using a vibrating plate compactor 

with   800 N static weight vibrating at a frequency of 
3,000 rpm. Grid lines were marked along the pavement 
track length and width at a distance of 220 mm between 
22 lines and 100 mm apart between 9 lines respectively. 
The detailed layout of grid points for the HALI test setup 
is shown schematically in Figure 3.  
 

HALI was programmed to a constant speed of   0.25 
m/s @ 0.91 km/h and it worked continuously until it 
achieved 300 load repetitions per hour. The simulation of 
traffic load was done by setting the wheel load to 1,000 
kg as axle load. The instrument ran up to 10,000 load 
repetitions for a complete trafficking process. 
 
3.3   Test Procedures 
 
Initially, the bedding sand thickness and concrete block 
level after laid and compacted were measured. Then, the 
rut depth and permanent deformation after HALI testing 
were measured with reference to a fix datum after 100 to 
2,000 repetitions to a maximum repetition of 10,000 
rounds. Low Voltage Displacement Transducer (LVDT) 
was used to record the data at reference points to measure 
the deformation of pavement after the commencement of 
the accelerated trafficking test. The process was repeated 
for three times and the average of the measured data was 
reported as the result in graphical form. The range of the 
Standard Deviation (SD) of the data is shown in 
respective figures. Additionally, the permanent 
deformation was also analyzed and obtained in three-
dimensional (3D) model and two-dimensional (2D) 
model from the SURFER computer program (Mills et al., 
2001).   
 
4. Results and Discussions 
 
4.1   Effect of GCB to Rut Depth in the Wheel Path 
 
Figure 4 shows that rutting occurred as a result of GCB 
movement under repeated traffic loading and this led to 
major structural failures. The overall trend shows that the 
GCB pavement had increased nonlinear deflection when 
there were more load repetitions. The results also 
indicated that GCBs with groove category of TG-R and 
HG-R showed decreasing rut depth, while the TG-T 
groove category showed increasing rut depth as 
compared to CB. However, the groove category of HG-R 
had the least rut depth.  
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GCB     
Type 

Groove
Width,

B    
(mm) 

Groove
Length,

L   
(mm) 

Groove
Depth, 

h    
(mm) 

Number 
of 

Grooves 

Distance 
Between 
Grooves,     

d        
(mm) 

Edge 
Length, 

e     
(mm) 

Groove 
Volume, 

VG    
(cm3) 

Block 
Volume, 

VB     
(cm3) 

Average 
Block 

Weight 
(kg) 

CB       0 1600.0 3.558 
HG - R35 60 160 35 1 0 20 341.5 1258.5 2.754 
HG - R25 60 160 25 1 0 20 245.5 1354.5 2.940 
HG - R15 60 160 15 1 0 20 149.5 1450.5 3.168 
TG - T35 100 40 35 3 20 20 210.0 1390.0 3.167 
TG - T30 100 40 30 3 20 20 180.0 1420.0 3.143 
TG - T25 100 40 25 3 20 20 150.0 1450.0 3.272 
TG - T15 100 40 15 3 20 20 90.0 1510.0 3.389 
TG - R35 100 30 35 3 30 20 315.0 1285.0 2.729 
TG - R25 100 30 25 3 30 20 225.0 1375.0 2.972 
TG - R15 100 30 15 3 30 20 135.0 1465.0 3.026 
TG-2R35 100 140 35 2 20 20 462.0 1138.0 2.654 
TG-2R25 100 140 25 2 20 20 322.0 1278.0 2.906 
TG-2R15 100 140 15 2 20 20 182.0 1418.0 3.140 

 
Table 1: GCB groove shape dimensions 

 

          Figure 3: Grid points of test setup for HALI 

  
Decreasing rut depth indicated that the bedding sand 

‘settled-in’ after maximum load repetition. The result 
also showed that lesser rut depth was due to thinner bed 
thickness and more compact bedding sand.  
Increase in rut depth for the TG-T groove category was 
due to the bedding sand which ‘settled-in’, as reflected by 
higher pavement displacement. From Figure 3, the 
groove category of HG-R had the least rut depth, which 
meant that this category had the highest resilience to 
carry movement load. Additionally, it is established that 
GCB having lesser rut depth exhibit stiffer pavement 
when there is an increase in the number of load 
repetitions (Ling at al., 2009). 
 

4.2   Transverse GCB Pavement Deformation 
 
Figure 5 shows the results of transverse wheel track 
rutting/cross-section profile loaded with standard single 
wide tyre. This figure was obtained from trafficking test 
of 10,000 load repetitions. Each result is depicted in the 
mean of three cross-section transverse profiles. As 
expected, most rutting occurred under the wheel path and 
heaves at each sides of the wheel track increased with 
increasing number of load repetition. The total average 
minimum and maximum rut depth in the wheel path after 
10,000 load repetitions were 6.07 mm (type HG-R35) 
and 15.76 mm (type TG-T15), respectively. From 
observation, both sides had almost the same heave level. 

 Figure 2: Pavement track model setup 
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The rut develops when there is a distribution of stress 

from the tyre pressure to GCBs after repeated compaction 
(load repetition). Lesser rut depth shows better GCB 
performance and vice versa. It is clearly seen that the 
groove category of HG-R is the best among others. Thus, 
it can be concluded that groove size with 35 mm depth 
together with its shape significantly influenced the rut 
performance. 
 
4.3   Three-dimensional and Two-dimensional View of 
Deformed Pavement 
 
Three-dimensional (3D) and two-dimensional (2D) views 
of deformed surface were obtained using the SURFER 
computer program, as shown in Figure 6 and Figure 7, 

respectively. These graphs are important to investigate 
the development of deformation after load repetitions.  
 

Figure 6(a)-(c) shows that heaving occurred after 
10,000 load repetitions in the whole cross sections of 
pavement with different block types. The heave formed 
when the paving blocks transferred the external load to 
adjacent blocks. The deformation was clearly visualized 
by 2D contour views as shown in Figure 7(a)-(c). The 
darkness of contours shows the deformation intensity; 
darker lines reveals more serious deformation and vice 
versa. Table 2 shows the maximum and minimum 
permanent deformation achieved under the 10,000 load 
repetition.  

 
Table 2: Maximum and minimum of pavement 
deformation with different types of grooving pattern 
 

 
 

Groove Type 
Deformation (mm) 

Maximum Minimum 
CB -18.39 1.90 

HG-R15 -12.52 3.79 
HG-R25 -7.01 4.14 
HG-R35 -8.28 3.70 
TG-T15 -16.57 1.60 
TG-T25 -18.13 2.61 
TG-T30 -16.62 6.61 
TG-T35 -16.14 3.55 
TG-R15 -13.28 4.29 
TG-R25 -12.74 4.07 
TG-R35 -13.60 3.17 

TG-2R15 -15.11 2.69 
TG-2R25 -9.88 1.68 
TG-2R35 -8.21 4.07 

SD = 0.13 mm – 4.95 mm 

Figure 4: Average rut depth of test pavement for different block types after up to 10,000 load repetitions 

Figure 5: Transverse deformation profiles after 
10,000 load repetitions 
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The results showed that the lesser the groove volume, 
the higher the deformation under wheel path. This was 
evidenced through the performance of CB and TG-T. 
However, generally, all groove types had lesser 
deformation compared to CB, except for        TG-T25. 
Thus, it is clear that the deformation of pavement widely 
depends on the groove volume; concrete block without 
groove or has lesser groove volume gives higher 
deformation. 
 

In conclusion, the HG-R groove category had the 
least deformation as its underlying layers had been fully 
compacted and no energy was lost during additional 
loadings. Therefore, it is established that block pavement 
stiffens progressively with an increase in load repetitions. 
Additionally, the un-trafficked adjacent blocks on the 
side of the wheel track were also influenced by the 
excessive deformation in the wheel paths when the load 
repetition achieved 10,000 rounds for all categories. 
 
 

Figure 6:. 3D view of deformed pavement 
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Figure 7: 2D view of deformed pavement 
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5. Conclusions 
 
The conclusions that can be drawn based on the results 
from the experiment are as follows: 

 The geometry of GCB, especially the grooves 
depth and groove size, has significant influence on 
the pavement deformation. 

 Heave at each side of the wheel track increased 
with increasing number of load repetition and this 
happened due to excessive load transfer from 
wheel to adjacent blocks. 

 The groove category of HG-R performed the best 
with the least deformation under maximum load 
repetition. 

 HG-R35 produced the lowest rut depth among all 
HG-R categories.  

 Increasing the groove depth led to lesser rut. 
 The GCB tends to slant when the load repetition 

increases. Additionally, the deformation of 
pavement occurred along the longitudinal and 
transverse pavements simultaneously when there 
were more load repetitions. 

 When the underlying layer had been fully 
compacted, only minimal deformation would 
occur and no energy would be lost during 
additional loadings. 
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