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Assessment of the optimum dimensions for cobble-
type paving blocks using finite element modeling 
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Abstract— A numerical model was developed to investigate 

the deflection of permeable interlocking concrete blocks. In this 

study, the acceptance of paving blocks with extensive plan areas 

was tested. ABAQUS finite element modeling software which is 

commercially available was used and a static, linear 

perturbation analysis was carried out. Three alternative block 

dimensions were determined according to the guidelines 

provided in ASTM C936 and were modeled. Mesh sensitivity 

analysis was carried out on each alternative to identify the 

optimum global element size for each model. Although all three 

tested models resulted in vertical deformations less than the 

threshold, the results indicated a positive association between 

the exposed plan area and the vertical deformation. Finally, it 

can be concluded as the SLS 1425 recommended paving block 

dimensions resulted in the most favorable results. 
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I. INTRODUCTION 

Landscaping has gained immersed attention during the 
past few years, affecting the total property value [1]. One of 
the significant landscaping components is land paving [2]. 
Although land paving is known to create pleasant 
townscapes, one major drawback of these pavement systems 
is the prevention of the infiltration of rainwater, resulting in 
higher runoff and increasing the risk for flooding [3], [4]. 
This forced engineers to change from traditional paving 
systems to permeable pavement systems such as porous 
asphalt, permeable concrete, and permeable interlocking 
concrete paving [5]–[7]. 

The Permeable Interlocking Concrete Paving (PICP) 
system has been widely used in the recent past as one of the 
famous paving systems [5]. PICP is the system where 
concrete paving blocks are designed and laid with sufficient 
spacing between blocks so that stormwater can infiltrate the 
base layer through the spacing provided [6]. The joints and 
spaces between pavers are kept void without filling with sand 
or any binding material, and the structural strength is obtained 
by its interlocking behavior. The void percentage of the 
paving system is 8 to 20% of the paving area, which allows 
for better infiltration of stormwater [7]. Guidelines have been 
developed by many authorities creating restrictions on 
dimensions and physical properties to ensure the permeable 
properties of PICP [8], [9]. These PICP blocks are developed 
in many shapes such as cobble and uni-style [10]. The Cobble 

type paving shape is widely used with various dimensions 
developed according to ASTM C936 standard [9]. This paper 
is based on analyzing  the deflections and interlocking 
behaviour for cobble type paving blocks when the block is 
created with more extensive exposed plan area as per ASTM 
guidelines with a FEM approach. 

II. OBJECTIVE 

The main research objective was to determine the 
optimum dimensions of the cobble-type paving blocks 
through the use of  FEM.  

III. FINITE ELEMENT MODELING 

Finite Element Modelling (FEM) is one of the main 
approaches to conducting a numerical analysis for many 
engineering applications. It is extensively used in engineering 
as it reduces costs and shortens design cycles compared with 
prototype testing. In FEM, the analysis can either be 
conducted in 2D or 3D according to preference. FEM analysis 
was conducted using ABAQUS/CAE software for this 
research which can easily create, edit, monitor, and visualize 
advanced finite element models [11]. The following section 
describes the details of the developed model. 

A. Properties of the block and subgrade layers 

A 1 m x 1 m square plane was used for the study. It was 
defined with subgrade layers, base course, sand bed, and 
concrete block layer at the top, as shown in Figure 1. Three 
cobble-type block sizes were tested in this analysis. A steel 
loading plate of 69,750 mm2 (225 mm x 310 mm) was used at 
the model's center for loading, equal to a single wheel-tire 
contact area [12].  

B. Development of the Abaqus FEM model 

The model was developed using the material properties 
given in Table 1, which were identified in the literature [13], 
[14]. A stretcher bond was used for the paving block layer. 

Table 1: Material properties 

 Subgrade Base Sand Concrete 
Density (kg/m3) 1600 1800 1680 2400 
Youngs 
Modulus E 
(GPa) 

0.12 0.24 0.01 23.2 

Poisson ratio 0.40 0.30 0.26 0.20 



 

Figure 1: Section view of the model 

Boundary conditions were developed according to 
Mampearachi and Prageeth [14]. It was defined by having 
restrained the horizontal movement of each layer at the 
boundaries allowing vertical displacement and defining an 
encastre boundary condition at the bottom of the subgrade, as 
shown in Figure 2. In addition, a tie constraint was provided 
in all vertical contact surfaces to define a collective settlement 
for the entire model. The developed ABAQUS model is 
shown in Figure 3. 

 

Figure 2: Boundary and loading conditions 

 

Figure 3: Boundary conditions of the ABAQUS model 

C. Loading conditions 

The loading of the model was conducted through a loading 
plate. The loading plate had a plan area of 69,750 mm2 (225 
mm x 310 mm) which is approximately equal to the contact 
area of a single tire [12]. A point load of 60 kN was applied at 
the center of the plate, as shown in Figure 2. 

D. Validation of the model 

Mampearachchi and Gunarathna conducted a similar 
FEM approach for smaller paving blocks (210 mm x 100 mm 
x 60 mm) using ANSYS FEM software validated with a 
physical model [14]. Hence, to validate the ABAQUS model 
in this paper, the same model was developed using ABAQUS 
FEM software, and deflections were compared for loads of 
10 kN, 40 kN, and 60 kN, as shown in the following Figure 
4. 
 

 
Figure 4: Verification of the ABAQUS model 

With the given results we could see that the ABAQUS model 
corresponds almost similar to the laboratory model and the 
Ansys model which were obtained from the literature. Hence 
we could conclude that the model is valid.  

E. Development of the three alternative block dimensions 

American Society for Testing and Materials (ASTM) 
developed a standard for determining dimensions for solid 
concrete interlocking paving units (ASTM C936) [15]. 
According to the standard, there are several guidelines when 
defining paving block sizes as follows, 

• Exposed face area ≤ 0.065 m2 

• The overall length divided by thickness ≤ 4 

• The minimum thickness shall be 60mm 

The first alternative was defined according to the 
dimensions given in SLS 1425 standard [16] which also aligns 
with the ASTM C936 standard, and the final two alternative 
block sizes were defined to have a maximum plan area with 
optimum thickness as given in Table 2 according to the 
guidelines discussed in ASTM C936 [9]. Note that each 
dimension was rounded off to the nearest 5mm, considering 
practicality. 

Table 2: Alternative block sizes 

Alternative Length (mm) Width (mm) Thickness 
(mm) 

1 200 100 80 

Paving Block Layer (80mm)

Sand Layer (40mm)

Base Layer (200mm)

Subgrade (400mm)
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Distance from centre

Ansys 60kN Lab 60kN
Abaqus 60kN Ansys 40kN
Lab 40kN Abaqus 40kN
Ansys 10kN Lab 10kN
Abaqus 10kN



2 300 200 75 
3 250 250 65 

 

F. The meshing of the model 

Mesh sensitivity analysis was conducted to find the correct 
mesh size for each model. Mesh sizes were changed by 
adjusting the global element size of each part/ layer and 
adjusting the total number of elements. The total number of 
elements varied from 117 elements to 56708 elements for the 
mesh sensitivity analysis.  Initially, an attempt was made to 
use a finer mesh for the topmost layers and gradually increase 
the mesh size to a coarser mesh when moving to the bottom 
layers. However, it was more convenient to maintain a 
uniform mesh throughout the model since mesh ratios 
between the layers had to be maintained constant for the mesh 
sensitivity analysis. Hence, a uniform mesh was used for the 
entire model, as shown in Figure 5. 

 

Figure 5: Meshing of the model 

G. Surface tolerance standard 

The surface tolerance is not mentioned in the ASTM 
standard. However, many institutions such as Interlocking 
Concrete Pavement Institute and The Indian Roads Congress 
have provided the surface tolerance/ surface flatness to be 
maintained less than 10 mm for any 3 m interval  [17], [18] 
and therefore this value was used as the threshold for the 
model. 

 

H. Analysis 

Linear properties such as elasticity and Poisson's ratio were 
included in the model and a static, linear perturbation analysis 
was carried out for the model to obtain the results. 
 

IV. RESULTS AND DISCUSSION 

Three finite element models were developed for the three 
alternative block dimensions. A mesh sensitivity analysis was 
initially conducted for each alternative to find the optimum 
mesh size for the analysis. Figure 6 indicates the mesh 
sensitivity conducted for alternative 1, in which the 
deflections converged at a global element size of 0.05 m, 
which approximately resulted in 5000 total elements. 

Similarly, mesh sensitivity analysis was conducted for the 
other two alternatives in which the deflections converged at 
2000 elements and 1000 elements, respectively. 

 

Figure 6: Mesh sensitivity analysis for alternative 1 

For Alternative 1, since the model converged at a global 
size of 0.05 m with 5000 total elements, the same mesh size 
was used to measure the vertical deflection. The vertical 
deflection of the Alternative 1 occurred as shown in Figure 7, 
and the deflection shape was similar to that in Gunathilake and 
Mampearachchi [10]. The maximum deflection was visible at 
the center under the loading plate, which was common for all 
three alternatives. A cross-section at the center of the 
pavement was used to identify the maximum deflection at the 
center, as shown in Figure 8. A vertical deformation scale 
factor of 60 was used for clear visibility. 

 

 

Figure 7: Vertical deflection of ABAQUS FEM for alternative 1 
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Figure 8: Vertical deflection at the center cross-section of alternative 1 

 
Similar steps were carried out for the other two 

alternatives, and the resulted maximum vertical deflection 
was summarized as shown in Figure 9. 
  

 

Figure 9: Maximum vertical deflection 

The results showed that Alternative 1 (the SLS 
recommended paving block size) resulted in the lowest 
vertical deflection, 0.8 mm, and for Alternatives 2 and 3, 
vertical deflections were 1.4 mm and 1.2 mm, respectively. 
The exposed plan areas of the three alternative blocks are 
0.02 m2, 0.06 m2, and 0.0625 m2, respectively. There is a plan 
area increment of 200% and 212.5% for alternatives 2 and 3 
concerning alternative 1 and the deformations have also 
increased by 75% and 50% respectively. The lower plan area 
of a block implies a higher number of blocks will be used and 
a higher number of joints for a given area of blocks, thus 
higher permeability. Therefore Alternative 1 has shown the 
most desirable properties of the potential for highest 
permeability and lowest deflection.  

Additionally, larger paving blocks will result in a higher 
weight. Which might need a higher labor requirement in 
installation and can be a potential drawback in handling and 
installing the paving blocks.  

V. CONCLUSION 

This paper presented a linear finite element model 
developed to estimate the deformation of three different 
alternative sizes of cobble-type paving blocks. A validation 
model of a block (210 mm x 100 mm x 60 mm) was 
conducted, and the model results agreed with the 
experimental results available in the literature. Out of the 

three alternative block sizes considered, results obtained from 
the finite element model indicated that the smaller-sized SLS 
1425 recommended paving block had the lowest vertical 
deflection of 0.8 mm, compared to other blocks with plan area 
higher by 200%, which had deflections higher than 50%. 
However, according to surface tolerance standard, all the 
deflections were acceptable, and there is no clear evidence 
not to use paving blocks with extensive plan area. Hence, all 
the paving block sizes can be recommended. However. using 
the smallest/SLS 1425 recommended paving block will have 
lesser deformations, will be easy in installation and will have 
a higher joint concentration leading for a higher permeability 
in the pavement. 
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