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Abstract 
 

This paper presents an innovative paver with groove beneath the normal rectangular 

paver, named as the Underside Shaped Concrete Paver (USCP). A known fact, there is 

less friction between surface at beneath of paver and bedding sand. Therefore, USCP 

provide their own grip to bedding sand especially during compaction process. The 

process of groove determination was first performed before the USCP were tested for 

compression and flexural strength. The groove was determined based on the theory of 

bending stress. Combined with several factors, the basic groove shapes chosen were 

rectangular and triangular. Results indicated that some groove shapes are better in 

compression, but have weak flexural strength and vice versa. In fact, the relationship 

between mechanical properties and groove shape is indisputable. It is hoped that the 

outcomes can be considered in the future to design desirable paver.  

 

Keywords: Concrete paver; underside shaped; groove 
 

© 2016 Penerbit UTM Press. All rights reserved 

  

 

 

1.0  INTRODUCTION 
 

In many countries, concrete paver (CP) have been 

and are still being used to construct structurally sound 

pavements for pedestrian and vehicular traffic,  even 

aircraft landing. It is also used extensively in heavy 

duty industrial paving [1-2]. CP is particularly attractive 

for surfaces permanently or frequently subjected to 

high punching shear where conventional pavements 

may be inadequate. In public precinct and residential 

neighborhoods, these CP can be pigmented and 

then laid to any desired pattern to enhance the 

environmental appeal or even as an aid to local 

traffic management [3-4]. 

Almost every country involved in the manufacturing 

of concrete blocks as pavement materials specifies 

the compressive strength as the most important 

property. Generally, compressive strength of concrete 

block after 28 days of curing must not be less than 49 

MPa in accordance to the requirement of British 

Standard Institution [5] and 30 MPa according to MA 

20 [6]. However, according to Shackel [7], average 

compressive strength of paver is between 25 MPa and 

60 MPa.  

In a splitting tensile strength test, the material 

strength of the concrete block is more critically 

evaluated than its unit strength. BS 6717 [5] specifies 

the testing procedures to measure the concrete 

blocks’ ability to resist shear force through the tension 

force generated. However, the accuracy of the test 

can be affected by the size of aggregate [8].  During 

the experiment, the surface may break and this allows 

visual inspection to be done.  

The compressive strength and splitting tensile 

strength of CP material as described above are 

dependent on the height of the paving units. 

Generally, the thinner the paving unit, the greater the 

measured strengths [8]. Flexural (three-point bending) 

strength, however, is not affected by the thickness of 

paving units. In here, flexural strength becomes a 
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preferred index of strength. Additionally, it is a more 

suitable quality indicator. 

Most published works have mentioned about normal 

CP with no groove beneath of paver, which means 

that our understanding on CP with grooves is limited. 

This study presents an innovative CP with grooves 

beneath, i.e., underside, of rectangular blocks named 

as the ‘underside shaped concrete paver’ (USCP). This 

paper intends to discuss the process of groove 

determination and basic mechanical properties 

(compression and flexural properties) with the 

standard requirement of normal CP as it basis. It is 

hope that, in the future, the findings of this work will 

assist both researchers and engineers in designing 

innovative and desirable USCP especially to improve 

CBP’s interlocking mechanism.  
 

 

2.0  EXPERIMENTAL 
 

2.1  Groove Determination  

 

The USCP in this study was modified from the 

conventional rectangular concrete block. There were 

four categories and twelve types of groove shape 

involved in this study: Trench-3Rectangular Groove 

(TG-3RhG), Trench-2Rectangular Groove (TG-2RhG), 

Trench-Triangular Groove (TG-ThG), and Shell-

Rectangular Groove (Shell-RhG), as shown in Figure 1.  

 

 

 

 

 
Figure 1  Categories of groove shape 

 

 

These shapes were chosen since the sand could fill 

in more easily, as shown in Figure 2. Every USCP had 

different groove depths, hG, ranging from 15 mm,    25 

mm to 35 mm but excluding the control block (without 

groove). Shackel [9] mentioned that the bedding 

sand’s thickness normally reduces about   20% to 35% 

after compaction compared to its original loose 

thickness. Therefore, it was assumed that some of the 

sand would fill into the gaps between joints during 

compaction. Additionally, Lilley [10,11] also stated 

that blocks laid on loose sand would have its joints 

filled up 15 mm to 30 mm during compaction.  

 

Figure 2  Movement of sand to fill in the groove/shell area 

 

 

According to BS 6717 [5], the length of the USCP 

divided by its effective thickness, he, should not 

exceed 5. In this study, the length of the USCP was 200 

mm, the minimum effective USCP thickness was 45 mm 

while the maximum groove depth was 35 mm. 

Therefore, the length divided by effective thickness 

would be 4.44, which was below 5. This meant that the 

maximum groove depth of 35 mm was appropriate. 

Meanwhile, the minimum overall dimension of web 

(edge web, e, and internal web, d) for all shapes was 

20 mm. This was specified according to the maximum 

passing size of coarse aggregate, which was set at 10 

mm. 

The bending stress of USCP was determined using 

the elastic flexure formula. Equation 2.1 shows a 

common formula used to calculate bending stress: 

 

        (2.1) 

 

 

The stresses are proportional to the bending 

moment, M, at the section y from the neutral axis, NA, 

and are inversely proportional to the moment of 

Inertia, I, of the cross-section. It is common practice to 

drop Equation 2.1 since the stress is self explanatory 

from the bending moment measured [12], since the 

bending moment is in fact the stresses acting normal 

to a concrete block. This is shown in Figure 3.  

As shown in Figure 3, the bending moment of a 

concrete block depends on the centre-loading point, 

y, which in turn changes according to the effective 

depth of the USCP. The value of the moments of 

inertia, I, depends on the shape, width, b, and 

effective depth, he, of the concrete block. In the 

flexure formula, M, is measured in Newton-meters, y is 

in meters, I is in meters4, and the bending stress, σ, is 

expressed in Pascals (Pa). 
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Figure 3  Bending stress in flexure 

 

 

The groove area was assumed as a load-free 

boundary of the concrete block since the stress had 

developed above the dashed line, as shown in Figure 

3. A formula of bending stress, σ, for the USCP can be 

written by combining Equations 2.1- 2.4 into a single 

equation as shown in Equation 2.5. 

 

 

             (2.2) 

 

 

     (2.3) 

 

 

           (2.4) 

 

 

 

       (2.5) 

 

 

 

However, this formula can only be used for USCP 

with rectangular and triangular groove shapes. If a 

USCP has a shell shape, then the shell itself cannot be 

assumed as load-free because the web of the shell 

groove, e, takes the stresses, as shown in Figure 4. 

In this case, Equation 2.1 can still be used to 

represent such USCP. The differences between this 

shape and the rectangular and triangular groove 

shapes are that the centroid lies on the y axis and the 

moment of inertia, I, is completely different. The 

central axis of the areas, y  and moment of inertial are 

expressed in Equation 2.6 and Equation 2.7 as follows: 

 

                         

=     (2.6) 

 
 

 

          (2.7) 

 

Figure 4  Bending stress in flexure (shell groove) 
 

2.2  Block Manufacturing 
 

A total of 2142 concrete pavers were manufactured. 

The dry concrete mixtures were prepared according 

to the requirements of BS 6717 and as recommended 

by previous research work [13] with zero slumps. The 

mix proportions used shown in Table 1 as follows: 
 

Table 1  Mix proportion of concrete 

 

Materials Mix proportion (kg/m3) 

Cement content 279 

Fine aggregates 728 

Coarse aggregates 485 

Water cement ratio 0.36 
 

During the process of groove determination, the 

following shapes of USCP were used:  
 

Shell-R15, 25 and 

35 

: Shell rectangular groove with 

groove depth of 15 mm, 25 mm and 

35 mm 

TG-T15, 25 and 

35 

: Trench triangular groove with 

groove depth of 15 mm, 25 mm and 

35 mm. 

TG-2R15, 25 and 

35 

: Trench two rectangular grooves 

with groove depth of 15 mm, 25 mm 

and 35 mm 

TG-3R15, 25 and 

35 

: Trench three rectangular grooves 

with groove depth of 15 mm, 25 mm 

and 35 mm. 

 

 

2.3  Compression Test 

 

BS EN 1338 [14],  is a standard prepared for precast 

concrete paving blocks, intended for the construction 

of low speed roads as well as industrial and other 

paved surfaces subjected to all categories of static 

and vehicular loading and pedestrian traffic. In 

regard to this, the compressive strength of the 

concrete paving blocks is an important parameter to 

measure the strength of the blocks. The compression 

test was conducted by using the TINUS OLSEN 

Universal Testing Machine with a capacity of 3000 kN 

and the cross-head speed of the machine was     0.33 

mm/min. 
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2.4  Flexural Test 

 

Flexural strength is a preferred a index of strength and 

the test method employed in this study followed ASTM 

C293 [15], using centre-point loading. Since concrete 

pavement blocks are more likely to break under traffic 

(fail in bending) than being crushed (fail under 

compression), it is essential to carry out this test as a 

more suitable quality indicator. Flexural test subjects a 

rectangular concrete block pavement to a transverse 

loading perpendicular to its longitudinal axis and this 

produces shear and tensile stresses in the concrete 

block. Similar testing machine and speed rate with 

compression test were used for flexural test. 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Effect of Groove Depth on Compressive Strength 

 

Figure 5 illustrates the effect of groove depth on the 

compressive strength of the concrete block. It seems 

that deeper groove depth causes lower block 

compressive strength for all USCP. When the groove 

depth became deeper, the blocks broke more easily 

under maximum load because of the stresses 

developed. Nevertheless, the reduction in the blocks’ 

compressive strength from groove to groove for all 

USCP was rather small. An exceptional case was 

found in the shell USCP which had a groove depth of 

between 25 mm and 35 mm; the reduction in 

compressive strength was recorded at 23%. In spite of 

an overall reduction in compressive strength, the TG-T 

USCP had the highest block compressive strength. All-

in-all, most USCP had higher compressive strength 

than the minimum strength recommended by Shackel 

[7], except for TG-2R with 35 mm groove depth. 

Actually, the groove shape also contributed to the 

block’s compressive strength.   

 

 

Figure 5  Relationship between compressive strength and  

USCP groove depth 

 

The effect of groove depth and groove volume on the 

USCP’ compressive strength, as indicated by the 

results, was highly influenced by the groove shape 

[16]. TG-T category had the highest compressive 

strength and this was attributed to the existence of a 

stiffening web. Generally, the stresses developed are 

delivered all the way to the groove’s web and failure 

occurs at this weak point. The stiffening web for the 

TG-T USCP can retain more stresses than rectangular 

webs.  

 

3.2  Effect of Groove Depth on Flexural Strength 

 

Generally, the value of Modulus of Rupture (MOR) is 

related to bending stress. The increment in MOR for TG-

2R and TG-3R USCP was caused by increased groove 

depth; the breaking load, P; and the block effective 

thickness, he, as shown in Equation 2.5. Higher groove 

depth means that the block’s effective thickness is 

smaller and this in turn results in higher MOR. Also, 

higher groove depth also means that the block can 

bear higher stresses before it fails. The phenomenon 

can be seen in Figure 6. 

 

 

 

 

 

 

 

 

 
 

Figure 6  Relationship between MOR and USCP groove 

depth 

 

 

On the other hand, decrease in MOR for the shell 

type is caused by an increment in groove depth. This 

is because, with deeper groove depth beneath the 

center of the block, a higher moment will be created 

during the flexure action and thus increases its 

probability to fail. A small difference existed in the 

MOR among the groove depth of 15 mm, 25 mm, and 

35 mm, which was up to 8% only. This subtle difference 

shows that the shell’s web had worked to receive 

stresses during flexure action.  

The MOR patterns for the TG-T USCP were noticeably 

the lowest where its value decreased for 25 mm and 

35 mm groove depth for 17% and 7%, respectively. 

Due to the influence of P and he, the MOR decreased 

from 15 mm to 35 mm, but these are not the two major 

factors that affected the MOR value; it also depends 

on the failure that has occurred at the triangular notch 

during the flexure action.   
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3.3  Relationship of Compressive and Flexural Strength 

 

These USCP have unique mechanical properties and 

their performances differ from block to block. 

Nonetheless, the desirable mechanical properties can 

still be tackled by understanding the relationship 

between flexural strength, σf, and compressive 

strength, σc. In this study, the relationship was 

prominent because the R2 for shell and TG-2R USCP 

was well above 0.9. Meanwhile, the R2 for TG-3R and 

TG-T USCP was lower than 0.9 and the TG-T USCP 

showed moderate relationship (see Figure 7). Among 

all USCP, only the shell USCP depicted a gradual 

enhancement in their mechanical properties. The TG-

3R and TG-2R USCP, on the other hand, showed a 

decrement in their flexural strength, σf, when their 

compressive strength, σc, decreased. The TG-T USCP 

had the lowest flexural strength, σf. In spite of their 

inconsistent behaviour, these TG-T USCP still had the 

highest compressive strength.  

 
 

 
Figure 7  Relationship of flexural strength to compressive 

strength 

 

 

4.0  CONCLUSION 
 

From the overall results, it can be concluded that the 

compressive strength and flexural strength of the USCP 

depends on groove depth and groove shape. In the 

design of groove shape, the number and position of 

notches should be taken into the consideration.  

Some shapes are better in compression, but have 

weak flexural strength and vice versa. In this study, it 

was found that the TG-T USCP had the best 

compressive strength while the Shell USCP had the 

best flexural strength due to their unique web design. 

However, it can be generally concluded that any 

triangularly shaped USCP is always strong in 

compression and any rectangular (TG-2R, TG-3R and 

Shell) USCP is good in flexure. In addition, only the shell 

USCP has strong correlation between compressive 

strength and flexural strength. In this case, the higher 

the compressive strength, the higher the flexural 

strength. 

 
 

Acknowledgement 
 

Acknowledgement is given to the Universiti of 

Teknologi Malaysia (UTM) and the financial support 

provided by research university grant (RUG) No. 

Q.J130000.7122.00H93.  

 

 

References 
 
[1] Knapton, J. and O’Grady, M. 1983. Structural Behaviour of 

Concrete Block Paving. Journal Concrete Society. 17 – 18. 

[2] Walker, S. 1944. Application of Theory of Probability to 

Design of Concrete for Strength. Concrete. 52(5Part 1): 3 – 

5. 

[3] Hodgkinson, J. R. 1982. Specification for Construction of 

Trafficked Interlocking Concrete Pavements. Cement and 

Concrete Association of Australia. Tech. Note TN41. 

[4] Hasanan M.N. 1996. Towards Better Concrete Block 

Pavements in Malaysia. Second Malaysia Road 

Conference. Kuala Lumpur. 

[5] British Standard Institution. 2001. Precast, Unreinforced 

Concrete Paving Blocks - Requirements and Test Methods. 

BS 6717. London. 

[6] Concrete Masonry Association of Australia (CMAA). 1986. 

Specification For Concrete Segmental Paving Units (MA 

20). Australia.  

[7] Shackel, B. 1990. Design and Construction of Interlocking 

Concrete Block Pavement. Elsevier Science Publishers Ltd. 

73 – 172. 

[8] Ling, T.C., Hasanan, M.N., Rosli, M. H., and Lim, S. 2010. 

Long-term Strength of Rubberised Concrete Paving Blocks. 

Construction Materials. (163): 19–26.  

[9] Shackel, B. 1994. Loads and Environmental Factors 

Affecting Road Pavements. New Directions In Pavement 

Engineering. 84 – 93.  

[10] Lilley, A. A. 1980. A Review of Concrete Paving In The UK 

Over The Las Five Years. Proc. 1st Int. Conference on 

Concrete Block Paving. 40 – 44.  

[11] Azman, M., Hasanan, M. N., Hainin, M. R. Hafizah, N. A. K. 

2014. Effective Thickness of Bedding Sand Layer for Shell 

Groove-Underside Shaped Concrete Blocks for Pavement. 

Jurnal Teknologi (Sciences & Engineering), 70(4 ):143–147. 

[12] Ugural, A. C. 1991. Mechanics of Materials. Singapore: 

McGraw-Hill.  

[13] Bergerhof, W. 1979. International Development in 

Interlocking Paving-Market Potential and Economics 

Production Methods. Proceeding Symposium in Precast 

Concrete Paving Blocks. Johannesberg.  

[14] British Standard Institution. 2003. Concrete Paving Blocks - 

Requirements and Test Methods. BS EN 1338. London.  

[15] American Society for Testing and Materials. 2010. Standard 

Test Method for Flexural Strength of Concrete (Using Simple 

Beam With Center-Point Loading). ASTM C293/C293M – 10. 

United States. 

[16] Azman, M., Hasanan M. N., Hainin, M. R., Haryati, Y., Che 

Ros, I., Hafizah, N.A.K. 2013. The Effect of Groove-Underside 

Shaped Concrete Block on Pavement Permanent 

Deformation. Jurnal Teknologi (Sciences & Engineering). 

61(3): 7-14. 

 

σf = 0.058σc + 8.866

R² = 0.912

σf = 0.180σc - 2.738

R² = 0.597

σf = -0.109σc + 15.765

R² = 0.816

σf = -0.169σc + 16.115

R² = 0.960

4

6

8

10

12

14

0 20 40 60

F
le

x
u

ra
l 
st

re
n

g
th

, 
σ

f
(M

P
a

)

Compressive strength, σc (MPa)
Shell TG-T TG-3R TG-2R


