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Abstract—In expressways, a toll plaza structure is a conspicuous 

structure, where vehicles frequently brake and accelerate within 

a small distance. As a result, the pavement deteriorates at a 

higher rate compared to normal bituminous pavement. Hence, 

toll lanes near toll plazas are constructed as heavy reinforced 

concrete rigid pavements. In Sri Lanka, the same technique is 

used for rigid pavements near expressway toll plaza structures. 

Due to the high cost of this method, the objective of this research 

is to present a cost-effective way with acceptable efficiency by 

comparing methods and technologies that other countries use to 

construct rigid pavement in toll lanes. To achieve this objective, 

the used design methods and the material cost of the Colombo-

Katunayake expressway at Peliyagoda and Seeduwa toll 

entrances, Dambokka and Kurunegala toll entrances in the 

Northern expressway are discussed in this study. The study 

revealed that the replacement of reinforced concrete pavements 

in the above toll gates with Ultra-thin continuously reinforced 

concrete pavement can decrease the material cost by 7.97% at 

Peliyagoda, 36.08% at Seeduwa, 5.66% at Dambokka, and 

5.48% at Kurunegala. Used pavement design and the proposed 

ultra-thin continuously reinforced concrete pavement are 

analyzed using the Finite Element Analysis (FEA) method 

through ABAQUS 2020 software. Obtained results indicated 

that it is more economical to use an ultra-thin continuously 

concrete pavement with steel fiber than the currently used 

method.  
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I. INTRODUCTION  

In Sri Lankan expressways, Toll Plaza or the Toll 
Gate is a very recognizable component for its architectural 
features and the method of construction. Some researches 
show that the architectural aspects of these toll gates are 
based on the systems adopted from Embakke Dewalaya and 
Bolgoda bridge [14]. In those ancient structures, the beam 
system holds the roof structure and the roof load is transferred 
to secondary beams resting on the primary beams. The same 
features can be seen in Toll Plaza structures as Fig.1.1. Near 
toll gates, vehicles frequently stop and start. Hence the 
pavement deteriorates faster due to continuous decelerating 
and accelerating. Therefore, heavily reinforced concrete 
pavements are laid near toll gates as given in Fig.1.1.  
Concrete can withstand these forces and loads compared to 
the bituminous surface. As per the guideline “A Synthesis of 
Highway Practice” published by the national cooperative 
highway research program in Washington D.C on building 
expressways, the concrete surface is the desired pavement 
material in toll lanes due to the following causes [7],  
• to prevent pavement rutting caused by the high traffic 
volume near the toll gates 

• to reduce the damage caused by the possible discharge of 
vehicle oils and fuel gases as vehicles frequently stop in this 
area  
• to prevent the wash boring and undulation of the riding 
surface created by the impact of deceleration and acceleration 
• to facilitate maintenance like washing the surface to reduce 
any damage that can cause due to fuel on the surface 

However, the construction cost for material, labor, and 
time are considerably high in reinforced concrete pavements. 
In this study, the structural design used in Reinforced concrete 
pavement (RCP) in Peliyagoda and Seeduewa toll plaza area 
in Colombo- Katunayaka expressway, and the structural 
design of RCPs at Dambokka and Kurunegala toll plaza area 
in Northern expressway with their material costs are 
discussed. Subsequently, a cost-effective alternative method 
identified as Ultra-thin continuously reinforced concrete 
pavement (UTCRCP) is discussed. To find the applicability of 
UTCRCP as the alternative, a finite element analysis is 
performed using ABAQUS 2020 software.  

II. USED PAVEMENT METHOD 

A. Structural design details 

In this section of the study, four different toll plaza rigid 
pavement designs are discussed and compared. The rigid 
pavement designs used in the Peliyagoda and Seeduwa 
interchanges in the E-03 Katunayake expressway show 
similar design procedures, though the Kurunagala and 
Dambokka interchanges in the E-04 Northern expressway 
differ from them. However, the designs of Kurunegala and 
Dambokka rigid pavements near toll gates have similar 
characteristics. The entrance sections of the Peliyagoda and 
Seeduwa interchanges were constructed in 2021 and 
Dambokka and Kurunegala toll plazas were planned to start 
construction in 2021.  The structural design mentioned in this 
research contains details only about those newly constructed 
sections. Design drawings were requested and obtained from 
relevant local contractors and Road Development Authority, 
Sri Lanka (RDA). 

 
Figure 1.1: RCP near Peliyagoda entrance. 



 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Concrete pavement near Peliyagoda and Seeduwa entrances. 

 
Figures 1.2 and 1.3 show the joint arrangement of the RCP 
near Seeduwa and Peliyagoda toll plazas. Peliyagoda RCP is 
117.5m in length while Seeduwa is having a length of 
199.95m. There are expansion, transverse contraction, and 
longitudinal construction joints in Peliyagoda rigid pavement 
and when considering the Seeduwa rigid pavement, 
additionally it has longitudinal contraction joints. Both these 
rigid pavements in E03 – Katunayake expressway have the 
same r/f arrangements in joints, except for longitudinal 
contraction joints.  
 

Concrete pavement near Kurunegala and Dambokka. 

 
Figures 1.4 shows the joint arrangements of RCP in the 
Northern expressway. Dambokka RCP has a length of 70m 
while Kurunegala is having 79.97m length.  Both these 
pavements are having two types of expansion joints, edge 
joints, and longitudinal contraction joints. They do not have 
any construction joints. Cross-sectional details of those joints 
are presented in Figure 1.5.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

III. PROPOSED ALTERNATIVE METHOD 

Though rigid pavements and reinforced concrete 
pavements have significant benefits; the initial construction 
cost is considerably high. In highway engineering, most 
countries tend to use flexible pavements where possible. Even 
though the most popular pavement material is asphalt, 
concrete pavements have more benefits than it. Disadvantages 
of concrete pavements are high construction cost, low tensile 
strength, and significant carbon dioxide emission [6]. 

A. Background details  

 If these problems could be overcome, concrete might be 
the main paving material in future. Due to the high cost of 
concrete pavements, even though it has great advantages in the 
construction of concrete pavements, European countries like 
Greece have limited usage of rigid pavements as they are 
mainly concerned about the initial construction cost. [3]. Due 
to those cost issues, in South Africa, the South African 
National Roads Agency Ltd (SANRAL) has introduced a 
method to construct their roads innovatively and cost-
effectively that suits their local requirements and 
environment. It is an ultra-thin continuously reinforced 
concrete pavement (UTCRCP), the concept was initially 
developed in Europe. In this method, a high-strength concrete 
mixture is used to reduce the r/f amount as well as the slab 
thickness. UTCRCP high-strength concrete mix which is 
having hooked steel. [8] Continuously reinforced concrete 
pavements (CRCP) are constructed with steel reinforcing bars 
placed within the concrete along the length of the pavement. 
Mainly the continuously reinforced concrete pavements 
encompass continuous longitudinal reinforcement, 
characteristically steel, and don’t have transverse joints apart 
from wherever essential [5]. In UTCRCP also the same 
concept has been used. when comparing CRCP with flexible 
pavements it gives an additional lifetime of 10 years, superior 
riding quality and saves the vehicle operating cost and fuel 
consumption. But without resting on CRCP, the pavement 
construction industry has developed the UTCRCP concept to 
reduce the initial construction cost. 

B. Design Details 

The main features of UTCRCP are its high-strength concrete 
mixture with steel fiber reinforcement (SFR) and the 
continuous steel reinforced mesh placed in the center of the 
thin slab. Due to the concrete pavement’s thinness, an asphalt 
interlayer is constructed to ensure the proper bonding 
between UTCRCP and the sub-layers [4]. Asphalt interlayer 
reduces the stress concentration and provides a good working 
surface to set and fix the rebar and formwork. When 
preparing the asphalt interlayer, a high binder content should 
be used. Redimix concrete is not recommended to be used as 
a high-strength concrete mixture because of the poor 
workability of concrete after adding the SFR [4]. Used SFR 

 
Figure 1.2: RCP arrangement in Seeduwa entrance. 

 
Figure 1.3: RCP arrangement in Peliyagoda entrance 

 
Figure 1.4: General RCP arrangement for Dambokka and Kurunegala 

 

  
a) b) 

 c) d) 
Figure 1.5: R/f details of joints in Kurunegala and Dambokka RCP 
a) Expansion joint A b) Expansion joint C, c) Contraction Joint B 
d) Edge of RC Road Slab 



should fulfil the requirements mentioned in ASTM A820-01 
“Standard Specifications for Steel Fibres for Fibre 
Reinforced Concrete”. 
Advantages of having SF in UTCRCP [22] 

• helps to prevent the growth of microcracks at the 
macro level. 

• improve the ductility and mechanical properties of 
the concrete mixture. 

The steel mesh should have 6mm r/f wires placed 100mm 
center to center (c/c) spacing in the longitudinal direction and 
50mm c/c in the transverse direction.  The longitudinal bars 
should be placed along the direction of traffic flow. The mesh 
should be placed at the mid-height of the concrete slab 
thickness [16]. The UTCRC layer is constrained through end 
beams at each end.  70mm thick UTCRCP with 7.5Mpa 
flexural strength, is sufficient to accommodate traffic load for 
30 years. A 70mm thick UTCRCP slab needs to be provided 
with an edge beam, 200mm wide and 150mm deep (80mm 
deep apart from the slab thickness). [8] 

Mix proportion for the UTCRCP concrete mixture for an 
amount of cubic meter is given in Table 3.1 [4] 

TABLE 3.1  UTCRCP MIXTURE 

Component Proportio

n per m3 

Cement 480 kg 

Fly ash 87kg 

Silica Fume 72 kg 

Coarse aggregate 972 kg 

Water 175 kg 

Fine Aggregate 684 kg 

Chryso Premia 100 
or a similar product 

4l 

Chryso Optima 100 
or a similar product 

2.4l 

Steel fiber 100 kg 

Due to the thinness of UTCRCP, it is recommended 
to use coarse aggregates with a size of 6.7mm or below. The 
minimum diameter of SFR is 0.5mm and the minimum length 
is 30mm. [4] 

IV. APPLICABILITY OF UTCRCP AS AN ALTERNATIVE IN THE 

PLACE OF CURRENT RCP IN TOLL GATES. 

To understand the behaviour of UTCRCP as a 
replacement for RCP in toll gates, finite element analysis 
(FEA) was performed using ABAQUS 2020 software. Three-
dimensional finite-element modelling is effective in the study 
of the combined effects of concrete slab geometry, dowel bars 
at joints, and wheel loads [19]. 

To complete the analysis, two 3D models were 
created using ABAQUS 2020 software for UTCRCP and 
considering the currently used pavement design in 
Peliyagoda and Seeduwa toll gates. It is required to consider 
the loads acting on the pavement to analyze the behaviour of 
highway pavements. The main load is due to the movement 
of vehicles. Vehicular loads are commonly modelled as static 
loads though they have a dynamic behaviour in nature when 

analyzing models [15]. Similar vehicular loads were applied 
to both models as static loads. 

 
 
 

Figure 4.1. indicates the 3D ABAQUS model for a 
slab section in Peliyagoda or Seeduwa RCP near toll gates 
whereas Figure 4.2 shows a section of UTCRCP modelled 
with the same dimensions as the RCP section.  

To complete the ABAQUS model, the Compressive 
strength and Elastic modulus of utilized materials are applied 
as the main inputs. Compressive strength and elastic modulus 
properties of Grade 30 concrete and rebars used in the current 
design method were taken from previous laboratory test 
reports and through a literature survey. 
The compressive strength and the elastic modulus of the high-
strength concrete mixture used in UTCRCP without the steel 
mesh, to meet the Sri Lankan temperature and weather 
conditions, were determined according to ASTM C39 and 
ASTM C469-02 respectively. 

A. Laboratory Testing. 

The cylindrical specimens given in Figure 4.3 were tested 
at 7 days and obtained compressive strength and that value 
was used to deduce the 28-day compressive strength due to 
the capacity limitations of compressive strength testing 
machines. Test results are indicated in Table 4.1. 

 

 
 

 

 

 

SEVEN DAYS COMPRESSIVE STRENGTH TEST 

RESULTS 

 Specimen 01 Specimen 02 Specimen 03 

Load 861 kN 856 kN 821 kN 

Diameter 150.97mm 150.83mm 152.08mm 

Compressive 
strength 

48.12 MPa 47.93 MPa 45.22 MPa 

 
The 7-day average compressive strength of 47.09 

MPa was obtained from the above results. Considering 65% 
of strength was gained in 7 days, the 28 days' compressive 
strength was deduced as 72.45 MPa. 

Figure 4.5 indicates the stress-strain relation for 
specimens 01, 02, and 03, from which the elastic modulus 
(EM) were obtained as 49,515 MPa, 65,666 MPa, and 65, 
300MPa respectively. These values were then used to get the 

Fig.4.1 3D model for current 

RCP 

Fig.4.2 3D model for 

proposed UTCRCP 

 
         Figure 3.1: cross sectional 

details. [16] 

 

TABLE 4.1  

Figure 4.3: Testing for 
compressive strength and elastic 

modulus 

 
Figure 4.4: Modulus of elasticity 

development with time, experimental vs. 
prediction models [24] 

 

Avg exp  
Experimental values …… 
Prediction model _____ 



average experimental EM value for 7 days of UTCRCP 
concrete mixture as 60, 160 MPa.  

 
Figure 4.5: Stress, Strain curves for specimens 1,2,3 

Modulus of elasticity development with time, 
prediction models [24] were used to predict the 28-day EM 
value. Figure 4.4 proves that after an ageing time of 3 days, 
prediction model values match the experimental values with 
reasonable accuracy.    

Ec(t) = (fc(t) ∕ fc (28))0.3 ·Ec (28)   (1) 
Ec(t) is the EM for a particular time t, fc (t) is the compressive 
strength at time t. 
After rearranging the equation (1), 

Ec (28) = Ec(t)/[fc(t) ∕ fc (28)]0.3 ·   (2) 
                = 60,160/ [ 47.09/72.45]0.3 = 68,460 MPa. 
These calculated compressive strength and elastic modulus 
values were used as inputs to the ABAQUS 3D model.  

B. ABAQUS outputs 

ABAQUS outputs for both models were taken for stress, 
strain, and displacement. Using those values, the currently 
used method and proposed UTCRCP method were compared. 

 

Figure 4.6: ABAQUS output 
for UTCRCP  
a) strain  
b) stress  
c) displacement  

 

Figure 4.7: ABAQUS output 
for current RCP  
a) stress  
b) strain  
c) displacement  

30Mpa and 33 GPa were used as compressive strength and 
Elastic modulus respectively to execute the current RCP 
model according to BS EN 1992-1-1: 2004. 

The details discovered in Figure 4.6 and Figure 4.7 are 
summarized in Table 4.2.  

TABLE 4.2: ABAQUS OUTCOME 

UTCRCP Currently used RCP 

Maximum stress occurs 
near edges. 
Has 4.2 e+02 to 3.7 e+02 
stress near the slab edges. 
Edge stress generation is 
comparatively high in 
UTCRCP, but it is safe for 
the same applied loads as 
the current method. 
In the middle, has average 
positive stress of 3.2 e+02 
to 2.7 e+02. 

Maximum stress occurs near 
edges. 
Has average stress of 
6.561e+01 to 5.624 e+01 
near slab edges.  
r/f bars in the edges are 
having stress of 1.6e-07. 
Has average stress of 
3.7e+01 to 2.8 e+01 in the 
middle. 

Has a positive strain in 
middle as well as near the 
edges. In this method, 
edges are critical for strain. 

Tend to have negative strain 
in the r/f bars at the edge and 
positive strain at the middle 
of the slab. 

Edges of the edge beam 
experience the maximum 
displacement of    8.05e-07 

Maximum displacement 
occurs at the edges, and the 
magnitude of the critical 
displacements is 1.002 e-07. 

 
When considering all the behaviours of the two modelled 
concepts, the method used in Peliyagoda and Seeduwa 
entrances has a high-performance level. However, the 
proposed UTCRCP also shows comparatively better 
behaviour. Therefore, it can be a cost-effective alternative to 
replace the costly current method. 

V. ECONOMIC CONSIDERATION 

A. Cost of construction of RCP 

All the cost calculations and major cost evaluations were 
done considering only the material costs. The material rates 
for January 2022 were considered for the cost calculation. An 
assumption was made as a greater percentage of the total 
construction cost of RCP is due to used materials, and the cost 
due to labor, machinery, equipment, etc. is less when 
compared with the material cost. The prices given in Tables 
5.1, 5.3 and 5.4 may not be the same for used materials in the 
construction stage. For the study, recent material rates were 
used to conduct fair comparisons.    

In Peliyagoda, Seeduwa, Kurunegala, and Dambokka 
RCPs, rebars, Grade 30 concrete, and A-142 BRC meshes are 
the main materials that have been used in construction.   

The price of 1m3 of Grade 30 ready-mix concrete 
with tax was taken as Rs.23,000 to calculate the material costs 
for the above-mentioned RCPs. The mix design for the grade 
30 concrete is given in Table 5.2, per cubic meter of the 
mixture and 1 ton of QT bars is taken as LKR. 251,500. 

Table 5.1 shows the total material cost for the RCP 
at Peliyagoda, Seeduwa in E03 Katunayaka expressway and 
at Kurunegala and Dambokka in E04 Northern expressway. 
(Without considering labor, equipment, or machinery costs). 
It is noted that these prices include an 8% VAT value. With 
the change of time, the mentioned cost values may change 
due to the depreciation value of LKR. 
 

a) b) 

c) 

a) b) 

c) 



TABLE 5.1: TOTAL MATERIAL COST FOR RCP 

 Peliyagoda RCP near 
Toll Plaza. (Entrance 
section constructed in 
2021) 

Seeduwa RCP near Toll 
Plaza 
(Entrance section 
constructed in 2021) 

Dambokka RCP near 
Toll Plaza 

Kurunegala RCP near Toll 
Plaza 

 Quantity Tot. Price 
LKR 

Quantity Tot. price 
LKR 

Quantity Tot. price 
LKR 

Quantity Tot. price LKR 

Concrete Vol (m3) 363 8,349,000 831.5 19,124,500 470.4 10,819,200 552.7 12,712,100 

Rebar (ton) 14 3,521,000 53 13,329,500 7.06 1,775,590 8.2 2,062,300 

BRC mesh (ton) 3.9 980,850 7.1 1,785,650 4.2 1,056,300 4.9 1,232,350 

Total LKR 12,850,850 LKR 34,239,650 LKR 13,651,090 LKR 16,006,750 

Total area (m2) 1728 3198 1881.6 2210.6 

Cost for 1000m2  LKR 7,436,834.50 LKR 10,706,582.24 LKR 7,255,043.60 LKR 7,240,907.50 

TABLE 5.2: MIX DESIGN FOR G-30 CONCRETE 

Raw Material Quantity 

Cement 350 kg 

Water 175kg 

Fine aggregate 862 kg 

Coarse aggregate (5-20) mm 1069 kg 

Ecomix 30 (Superplasticizer) 2835 ml 

B. Cost of construction of UTCRCP 

As the aim of this study is to propose an alternative, cost-
effective method to replace RCP near the toll plaza area, the 
cost calculations were done assuming a scenario of using a 
UTCRCP instead of current constructed concrete pavements. 
For cost calculation purposes, the material rates of January 
2022 were considered. All the cost calculations and major 
cost evaluations are done considering only material costs for 
UTCRCP. An assumption was made as, a greater percentage 
of the total construction cost of UTCRCP is due to used 
materials, and the cost due to labor, machinery, equipment, 
etc. is less when compared with the material cost as same in 
the cost calculation of current RCP design. These rates may 
vary with the time or the location of the construction site. 
Mainly in UTCRCP, a high-strength concrete mixture and 
rebars have been used. The mix proportion details given in 
Table 3.1, were used to calculate the cost of 1m3 of the 
concrete mixture, and the details are given in Table 5.3. 

TABLE 5.3 COST FOR HIGH-STRENGTH CONCRETE MIXTURE 

Material 
Required 
amount 

Unit Price 
LKR 

Unit 
qty 

Total cost 
LKR 

Cement 480kg 1,500.00 50kg 14,400 

Coarse aggre 972kg 6,000.00 1 cube 1,423 

water 175kg 5.00 1l 875 

fine aggregate 684kg 14,950.00 1 cube 2,066 

Chryso premia 4l 540.00 1l 2,160 

Chryso optima 2.4l 650.00 1l 1,650 

steel fibre 100kg 7,000.00 20kg 35,000 

fly ash 87kg 6,000.00 1cube 265 

silica fume 72kg 3,402.00 20kg 12,247 

Total LKR 70,086 
 

TABLE 5.4: TOTAL MATERIAL COST FOR A 1000m2 AREA IN 
UTCRCP 

  Quantity Unit Price 
LKR 

Total Price 
LKR 

`Conc.vol. (m3) 72 70,086 5,046,192 

Rebar (ton) 7.15 251,500 1,798,225 

Total 6,844,417 

These costs were calculated considering an 8% 
VAT. For the rebars used, the price was taken as LKR 
251,500 per ton. Table 5.4 indicates the total material cost of 
1000 m2 area of UTCRCP.  
 

C. Economic Comparrision. 

 
A cost comparison was carried out to determine if 

the proposed alternative rigid pavement construction method 
is cost-effective. First, the material costs for UTCRCP were 
calculated assuming it is constructed instead of the current 
RCP in Peliyagoda, Seeeduwa, Dambokka, and Kurunegala 
toll plazas. The data from Tables 5.1 and 5.4, were used to 
generate Table 5.5 and it gives a clear understanding of the 
materials costs. Those values were then used to get the 
percentage of cost reduction included in Table 5.5, where 
Reduction Percentage = (Deviation/ Cost for used CRCP 
design) x 100%. 
 

The summarized data in Table 5.5, clearly indicate 
that using UTCRCP can reduce material costs. In Peliyagoda 
and Seeduwa Toll plaza rigid pavements, many construction 
joints were designed with heavy r/f. If the RCP slab is 
replaced with a UTCRCP in the Peliyagoda interchange, 
material costs can be reduced by 7.97% whereas, in Seeduwa, 
it is 36.08%. Compared to Peliyagoda, the Seeduwa design 
have more longitudinal contraction joints, in proportion to 
their cross-sections which is the reason for the difference in 
the reduction percentage values. These values indicate that 
using UTCRCP is more cost-effective compared to a heavily 
reinforced rigid pavement if the UTCRCP can give the same 
functional characteristics and benefits. 
 

The RCP in Dambokka and Kurunegala have less 
complex structural designs for pavement joints and fewer 
amount of reinforcement compared to the structural designs 
of Peliyagoda and Seeduwa RC pavements. Thus, the 
reduction percentage is lesser in Dambokka and Kurunegala 
compared to Peliyagoda and Seeduwa. Yet, the material cost 
can be reduced by 5.66% and 5.48% in Dambokka and 
Kurunegala toll pavements respectively if it is replaced with 
a UTCRCP.  
 
 
 
 



TABLE 5.5: COST COMPARISSION 

Considering 1000 m2 area 

for RCP and UTCRCP 

Peliyagoda Rigid 
pavement near the 
toll plaza 

Seeduwa Rigid 
Pavement near the toll 
plaza 

Dambokka Rigid 
pavement near the 
toll plaza 

Kurunegala Rigid 
pavement near the toll 
plaza 

Material Cost for used RCP 
design 

LKR 7,436,834.50 LKR 10,706,582.24 LKR 7,255,043.60 LKR 7,240,907.50 

Material Cost for proposed 
UTCRCP design 

LKR 6,844,417.00 LKR 6,844,417.00 

 
LKR 6,844,417.00 

 
LKR 6,844,417.00 

 

Deviation LKR 592,417.50 LKR 3,862,165.24 LKR 410,626.60 LKR 396,490.50 

Reduction Percentage  7.97% 36.08% 5.66% 5.48% 

Total area  1727.2 m2 3198 m2 1882 m2 2210.6 m2 

 The Same structural design has been used. The Same structural design has been used. 

VI. CONCLUSION 

According to the FEA performed using the ABAQUS 2020 
software, the proposed UTCRCP method does not have the 
same great functionality as the complex design concept in 
Peliyagoda and Seeduwa RCPs, but it has better 
characteristics to be the alternative to RCP near toll plazas. 
If the RCP slabs in Peliyagoda, Seeduwa, Dambokka, and 
Kurunegala are replaced with the proposed UTCRCP, the 
cost of materials can be reduced by 7.97%, 36.08%, 5.66%, 
and 5.48% respectively for each location. For more complex 
designs with large construction areas, it is better to use 
UTCRCP as it can reduce the material cost significantly.  
Material prices given in Sri Lankan standards for January 
2022 were considered for the cost calculations, but this may 
change with time. Labor costs, equipment, and material costs 
have not been included in the above cost calculations. The 
cost and the percentage price reduction may vary if those 
costs are considered.  
FEA is done considering a worst-case scenario that can 
happen in a local expressway. Thus, the obtained results are 
valid and safe for any other condition as well. 
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