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Abstract This research was conducted on the
Surakarta-Gemolong-Geyer provincial road which is
suspected to be built on expansive soil using the ATENA
V5 3D software program. ATENA program can be used to
simulate crack propagation in concrete and reinforced
concrete structures. This study uses quantitative analysis
methods, to the analysis of fracture patterns of rigid
pavements with transverse reinforcement on expansive
soils. Rigid pavement is modeled into 2 types, namely rigid
transverse reinforced pavement models due to swelling
pressure forces on expansive soils and transverse
reinforced rigid pavements without swelling pressure
forces on expansive soils. The swelling test on the soil
carried out in the laboratory was 37 kPa. The rigid
pavement model is subjected to load testing. The load used
is the standard load of a medium-sized truck. The repetition
of loading used is 30 times. The loading is divided into 3
types, namely: edge, center, and corner loading. The results
of the analysis of rigid pavements were compared between
rigid pavements due to swelling pressure forces on
expansive soils with rigid pavements without swelling
pressure forces. The results of the analysis from the
ATENA software program show that every loading test on
rigid pavement due to swelling pressure forces cracks
greater than loading without swelling pressure forces. Edge
loading shows that cracks due to swelling pressure are
3.5% higher than those without swelling pressure. Middle
loading shows cracks due to swelling pressure which is
8.33% greater. Middle loading shows that cracks due to

swelling pressure are 3.56% higher than without swelling
pressure. This research can be used as a reference and
prediction in identifying cracks that occur so that the
government can carry out appropriate design planning and
maintenance and rehabilitation of rigid pavements on
expansive soils.

Keywords Rigid Pavement, Swelling Pressure, Crack
Pattern, ATENA 3D Software

1. Introduction

Transportation is one of the means of supporting
national development. Along with the increasing human
needs in various sectors, the problems that exist are also
increasing, including transportation problems. Therefore,
to overcome this transportation problem, adequate
facilities and infrastructure are needed so that they can
always support transportation optimally. One of the most
important facilities and infrastructure in transportation is
the highway. In Indonesia itself, which is a country with a
large number of islands, roads are one of the
infrastructures that have an important role so that the
distribution of needs in each region can be reached. In this
case, the road must be planned as well as possible,
effectively and efficiently, so that the road is able to
provide optimal services for the sustainability of
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transportation. The importance of the function of road
infrastructure that can move the wheels of the economy,
so with the development of the times, construction
development continues. With the development of
construction on road infrastructure can increase the level
of comfort and safety of the road itself. This can be done
by conducting research on the material that will be used as
a constituent of the road. One of them is the concrete
material used as a road pavement material (rigid
pavement). Rigid pavement is a pavement in the form of a
concrete slab with or without reinforcement on the
subgrade with or without a lower foundation and traffic
loads are transmitted to the concrete slab [1]. The failure
of rigid pavement construction that occurs in
expansionary soils is principally due to a limited
understanding of the properties of the soil. This results in
the analytical method used in determining treatment to be
less relevant. The lack of understanding of planners and
implementers on the behavior of pavement structures on
expansive soils and the behavior of expansive soils, often
causes the design approach and implementation method
chosen to be less precise. Of course, this will result in the
high cost of handling construction that must be applied,
even some of the constructions that have been handled
have failed a lot. A common problem in expansive soils is
swelling or swelling in the soil. Swelling is an important
parameter to understand the expansive properties of the
soil [2].

Expansive soil has been recognized as a problem that
can pose a threat to the stability of the earth's structure due
to significant soil volumetric changes when subjected to
moisture variations [3]. This type of soil will usually
expand in the rainy season and shrink back in the dry
season. This soil shrinkage is not evenly distributed
between one point and another so that it can cause
differential movement. This can also cause damage to the
road construction on it. The crack pattern analysis will be
used as concrete pavement damage caused by swelling
pressure due to the different moisture content in expansive
soil.

This study uses soil data input from swelling pressure
obtained from laboratory tests which in several previous
studies have never been done. Previous researchers only
used soil CBR data in the form of assumptions or
secondary data that had existed in previous studies that
did not have accuracy or real values according to soil
conditions in the field.

2. Research Method

Expansive subgrades cause a lot of damage problems
on highway pavements, so that pavements located on
expansive subgrades often require large maintenance and
rehabilitation costs before the pavement reaches its design
life [4]. Expansive soil is soil or rock whose clay content
has the potential for shrinkage due to changes in water
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content, so that its carrying capacity is strongly influenced
by changes in water content [5]. A common problem in
expansive soils is swelling or swelling in the soil.
Swelling is an important parameter to understand the
expansive nature of the soil [6]. Soil will expand when the
water content increases, for example in the rainy season,
and shrink when dry in the dry season.

If in an area the type of soil is expansive soil, the type
of pavement that is suitable to be built on it is rigid
pavement [7]. In wet conditions (rainy season) the soil
expands and becomes very soft (reduces soil shear
strength) so that the soil experiences vertical and
horizontal deformation and causes damage to the
pavement above it. In dry conditions (dry season), the
water in the soil will experience evaporation (evaporation)
so that the soil will shrink, especially in the layer near the
surface. This condition will also cause cracks and also
cause damage to the pavement above it [8]. From the
results of this research, the crack pattern analysis could be
used as the awareness for concrete pavement design to
include the swelling pressure in the calculation of
thickness and reinforcement as well as to prevent
preventive pavement damage so that the durable and
sustainable concrete pavement could be achieved.

3. Materials and Methods

This study uses quantitative analysis methods to
analyze the flexural behavior of rigid pavement slabs due
to swelling on expansive soils and experimental methods
to create structural models using the ATENA software
tool. The location of this research is on the
Surakarta-Gemolong-Geyer road as presented in Figure 1,
because the road is suspected of containing expansive soil.
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Figure 1.

Research Site Map

This research requires the limitations of the problem,
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including:

1. The type of pavement used is continuous rigid
pavement with the addition of transverse (existing)
reinforcement.

2. The modeled soil is soil due to swelling pressure
(soil expands).

3. The soil data used are
swelling pressure test
laboratory.

soil from Geyer in the
in the soil mechanics

Based on references from several studies that have been
carried out, this study tries to combine and examine the
two interrelated aspects, namely between expansive soil
and rigid pavement above it. The swelling model below is
based on the triangle method [11]

Soil samples in the area were then taken to be tested in
the laboratory. The results of soil testing in the laboratory
include soil properties test and swelling pressure test. The
test data will later be used as input data for analysis with
ATENA 3D software.

ATENA program can be used to simulate crack
propagation in concrete and reinforced concrete structures
by numerical models based on fracture mechanics [9].
Technological innovations have helped researchers to

develop ways to identify crack patterns in rigid pavements.

[10]

The rigid pavement data are taken from the data as built
drawing of the Central Java Provincial Public Works
Office in 2019. Below is presented the rigid pavement
data used for analysis in the ATENA software, as
presented in Table 1

Table 1. Rigid pavement data
Data

Slab thickness 25¢cm

Slab dimension 6x35m
Concrete quality K350
Poisson’s ratio 0.16

Fe’ 29000 KN/m?

Reinforcement Diameters 12 mm

The existing soil and rigid pavement data are then
entered into the ATENA 3D software for further analysis
of the deflection and crack patterns. The ATENA program
can be used to calculate the deflection and describe the
crack pattern that occurs in the pavement structure due to
the load acting on the pavement. The general data required
for the complete ATENA program input as presented in
Table 2.
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Table 2. General data analysis of the structure of the ATENA program

No. Information ATENA Program

Pressure Test

Modulus Elasticc

Poisson’s Ratio

1. Input -
Swelling value

Dimension structures

Loading

Crack pattern

2. Output

Structure Design

The existing input data are then input into the
ATENA 3D software for further analysis to obtain output
data in the form of deflections, crack patterns, and
structural model drawings. Figure. 2 to Figure. 4 below is
an image of the modeling along with the load placement
that has been inputted into the ATENA software:

Figure 2. Centre Loading Modelling



Civil Engineering and Architecture 10(1): 144-151, 2022 147

Figure 3. Edge Loading Modelling Figure 4. Corner Loading Modelling
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4. Results and Discussion

The soil properties test was carried out in the soil
mechanics laboratory before being analyzed on the
ATENA software. This program can be used to predict
crack patterns that occur in structures. The loading is done
by applying a point load to the slab, the load is evenly
distributed over the concrete surface area. The loading is
carried out with a fixed vehicle load, where iterations are
carried out using the Newton-Rapson method with an
initial load step of 50 load steps with a total of 20
iterations. The results of the soil properties test as
presented in Table 3.

Table 3. Data on soil properties test results

No. Test Type Result Information
Gravel (%) 0.00
1 Grain Size Sand (%) 28.65
' Analysis Silt (%) 57.62
Clay (%) 13.72

2. GrSap\)/ei;:;f&) 2,61 Organic Clay
LL (%) 69.56
3. Atterberg PL (%) 36.00
Limit IP (%) 33.56
SL (%) 5.46

Soil properties that have been tested for soil properties
are then tested for swelling and swelling pressure with an
oedometer test. The results of the oedometer test as
presented in Table 4

Table 4. Data swelling and swelling pressure

Data
Initial water Content 2.07 %
Final Water content 45.77 %
Percentage of Swelling 7.50 %
Swelling Pressure 37 kPa

The data are then used as input data in ATENA for
further analysis of the deflection that occurs. The
following is the result of the modeling when all data have
been input in ATENA as presented in Figure 5, Figure 6
and Figure 7 for center load, edge load and corner load,
respectively.
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Figure 5. Modeling Results after Data is Input (Centre Loading)
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Figure 6. Modeling Results after Data is Input (Edge Loading)
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Figure 7. Modeling Results after Data is Input (Corner Loading)

The results of the analysis of rigid pavement crack
patterns with transverse reinforcement using the ATENA
program are explained in the following sub chapter.

4.1. Edge Loading

The picture of the crack pattern of a rigid pavement
model with transverse reinforcement on the bearings on
the edge is presented in Figure 8 and Figure 9.

Z

Figure 8. Crack pattern using the Athena program on edge loading
without swelling pressure.

Ze

Figure 9. Crack pattern using the Atena program on edge loading due to
swelling pressure.
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The pattern of cracks that occur in rigid pavements with
transverse reinforcement without swelling pressure forces
edge loading is 67.86% (cracks in 57 elements out of 84
elements) and in rigid pavements with transverse
reinforcement due to swelling pressure forces edge
loading is 71.43% (cracked at 60 elements out of 84
elements).

4.2. Centre Loading

The image of the crack pattern of the Middle pavement
model with transverse reinforcement on the center load
placement is presented in Figure 10 and Figure 11.

7

Figure 10. Crack pattern using the Atena program at the center of the
load without swelling pressure.

7

Figure 11. Crack pattern using the Atena program in the middle load
due to swelling pressure.

The pattern of cracks that occur in rigid pavements with
transverse reinforcement without swelling pressure forces
edge loading is 76.86% (cracks in 64 elements out of 84
elements) and in rigid pavements with transverse
reinforcement due to swelling pressure forces edge
loading is 84.43% (cracked at 71 elements out of 84
elements).

4.3. Corner Loading

The figure of the crack pattern of the rigid pavement
model with transverse reinforcement on the loading
placement at the corner is presented in Figurel2 and
Figure 13.
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Figure 12. Crack pattern using the Athena program on corner loading
without swelling pressure.

2

Figure 13. Crack pattern using the Atena program on corner loading due
to swelling pressure forces

The pattern of cracks that occur in rigid pavements with
transverse reinforcement without swelling pressure force
of middle loading is 38.10% (Cracks in 32 elements of 84
elements) and in rigid pavements with transverse
reinforcement due to swelling pressure forces of middle
loading of 41.67% (Cracks at 35 elements out of 84
elements).

A recapitulation of the image of the crack pattern that
occurs in rigid pavement with reinforcement is presented
in Table 5.

Table 5. Data on soil properties test results.

(o)
Types of Rigid Crack (_AJ)
Pavement No swelling With .
Loading pressure swelling Difference
pressure

Load Edge 67.86 % 71.43% 3.50 %
Load Central 76.19 % 84.52 % 8.33%
Load Corner 38.10 % 41.67 % 357 %

Table 5 shows that for each type of loading on rigid
pavement, there is a difference between loading without
swelling pressure forces and loading due to swelling
pressure forces. Previous research said that the location of
the loading had a significant effect on the cracks that
occurred [12]. Rigid pavement edge loading with swelling
pressure force increased cracking by 3.5% compared to
without swelling pressure force, center loading of rigid
pavement with swelling pressure increased cracking by
8.33% compared to without swelling pressure force, and
loading Rigid pavement corners with swelling pressure
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have an increases in cracks of 3.57% compared to those
without swelling pressure forces.

These data indicate that the cracks produced by loading
on rigid pavements due to swelling pressure forces are
greater than the loading of rigid pavements without
swelling pressure forces. This is due to the vertical
upward force of the soil, one of which is caused by the
presence of water that enters the ground when it rains,
resulting in the development of the soil which causes the
concrete slab to be lifted and added to the load from the
traffic above it which causes more damage severe, this
fact is quite similar to the research conducted by Mehta et
al [13]. Swelling means that the volume of the soil
becomes larger than the previous volume due to the
increase in water content as stated by Das[14], so that the
swelling increases the potential damage to the rigid
pavement. The results are similar to what happened in the
experimental evaluation of lateral swelling pressure of
expansive soil fill behind a retaining wall. It shows that
swelling pressure on the soil can lead to failure of
retaining walls [15]. Another study provides a solution to
the damage of rigid pavement by overlaying it on rigid
pavement using the flexible pavement. However, this
study did not specifically mention the type of damage that
occurred [16].

5. Conclusions

The results of the analysis from the ATENA software
program show that every loading test on rigid pavement
due to swelling pressure forces cracks greater than loading
without swelling pressure forces.

Edge loading shows that cracks due to swelling
pressure are 3.5% higher than those without swelling
pressure. Middle loading shows cracks due to swelling
pressure force 8.33% greater than without swelling
pressure force. Corner loading shows that cracks due to
swelling pressure are 3.57% higher than without swelling
pressure. This is due to the vertical force above the ground
caused by water entering the soil when it rains, resulting
in soil development which causes the concrete slab to lift.
Then there is the load from the traffic on it which causes
more damage.

The analysis in this study uses software that is still
rarely used in research, namely the ATENA software.
ATENA software can be used to analyze the damage to
rigid pavement structures so that it can be used as a
prediction and reference for carrying out maintenance and
rehabilitation before serious damage occurs so that the
service life of the road can be achieved accordingly.

It is necessary to investigate the structural laboratory
prototype of the pavement model according to real
conditions in further research so that verification data are
obtained for research using the ATENA software
program.
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