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Abstract. This research is performed to analyze effect of using crumb rubber (CR) on the overlay 

design of Palembang City – Betung roads. Analysis of existing road conditions using the 

AASHTO 1993. This analysis based on deflection data using the Falling Weight Deflectometer 

(FWD). While, the overlay design analysis using CIRCLY 7.0 software to determine horizontal 

tensile strain (ɛh) for fatigue live and vertical compressive strain (ɛv) for rutting live parameters. 

The result showed that using CR can increase fatigue live into 66 % and rutting lives into 22 % 

for contribute pavement performance. To ensure the effect of CR in pavement’s performance, 

further research must be taken to find out if there are other effects that support. 

1.  Introduction 

Crumb rubber (CR) from waste tires in road asphalt mixture has been a central issue since 1930s. 

Commonly adopted processes to produce CR modified asphalt mixture include the wet process and dry 

process. In the dry process, CR is not used as binder modifier but as partial substitution for fine aggregate 

[1]. Modifying asphalt concrete with using Crumb Rubber (CR) can provide environmental benefits. 

Modified asphalt concrete used for increases the strength of pavement structure with adding some 

additive such as chemicals, natural ingredients, and residual waste [2]. 

This research is performed to analyze effect of using crumb rubber (CR) on the overlay design of 

Palembang City – Betung roads. The results of laboratory testing with 15% CR and 6.3% bitumen 

content are optimum modified concrete asphalt wear mixtures. Then the resilient modulus of the 

modified concrete asphalt layer wear modulus was obtained at 1560.5 MPa at a normal temperature of 

25°C. Previous experimental laboratory results were then used in this study to determine the effect of 

the CR on the performance of the pavement structure. 

Horizontal tensile strain (ɛh) is a structural strain response that lies under the asphalt layer. Whereas 

the vertical compressive strain (ɛv) is the structural strain response above the subgrade under the 

pavement structure. Types of fatigue crack damage or fatigue in the asphalt layer in terms of the 

maximum horizontal tensile strain value. This type of permanent deformation damage or rutting occurs 

on the subgrade or in the lower layers of a pavement structure. While the strain used is the maximum 

vertical compressive strain value. 

Calculation of the type of damage is reviewed based on the amount of repetitive load that is allowed 

to occur on the pavement structure during the 5 years’ period design. In general, it can be said that with 

the planned added layer design, if Nf and Nd from the results of the strain response modeled are greater 
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than the N plan. Then the overlay design can be used because the load repetition due to damage is greater 

than the plan repetition load. 

2.  Literature review 

Evaluation of Pavement Structure Conditions is influenced by repetition of vehicle loads. Proper 

handling of the road will reduce and prevent damage to the road, thus making the road remain in a stable 

condition [3]. Calculation of overlay design based on Pd-T-01-2002 which refers to AASHTO 1993 

outlines of the overlay pavement structure using the Falling Weight Deflection (FWD) test [4,5]. 

SNeff is the capacity of the existing structure condition when analyzed, namely when deflection is 

tested [6]. Overlay design using empirical mechanistic methods emphasizes the design of the structure 

failure review in the form of major damage due to fatigue and rutting cracks. Damage review above is 

determined by looking at strain and stretch parameters. Critical horizontal tensile strain occurs at the 

bottom of the asphalt layer. Whereas the strain that occurs at the top of the subgrade is called a critical 

vertical compressive strain [7]. 

3.  Methodology 

In general, this study consists of several preparations and tests, as follows: 

3.1.  Evaluation existing condition 

Evaluation is carried out using the Aashto 1993 method or the empirical method. Evaluation is needed 

so that it can be known whether a road needs repair or not. The evaluation was carried out by analyzing 

the road conditions from secondary data on the Palembang - Betung City Boundary Road. The data 

analyzed is the data layer of the existing structure pavement, value of deflection, and traffic condition 

[5]. 

3.2.  Design of overlay 

The overlay design is then carried out to find out how the existing road conditions are according to the 

results of the previous evaluation. Design is done by also using the AASTHO 1993 method [4]. Design 

is done by using 2 types of mixtures from laboratory testing to determine the difference from the use of 

crumb rubber.  

3.3.  Model of analysis 

The modeling in the analysis is carried out according to the instructions of the analysis software 

conducted, namely CIRCLY 2017. Data input consists of planned traffic data at Austroad 2008 and 

structural design in the form of thickness layer. The analysis process is carried out by modeling the 

pavement traffic load according to the amount of the Equivalent Standard Axle (ESA) described as 

design traffic following the reference from Austroads guide standard. The output is in the form of 

horizontal tensile strain and vertical compressive strain which are at the critical position. The fatigue 

damage models take the following Equation (1): 

Nf = RF (
6918 (0.856.Vb+1.08)

Smix
0.36με

)
5
 ...........................................................................................................  (1) 

Where : 

Nf : Number of load applications to fatigue failure  

RF  :Realibility Factor 

Smix  : Asphalt modulus (MPa) 

Vb  : Mix asphalt content (%) 

με  : Maximum horizontal tensile strain (microstrain) 

 

While the rutting models usually take the following Equation (2): 
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Nd = (
9300

με
)

7
 .....................................................................................................................................  (2) 

Where :    
Nf : Number of load applications to rutting failure  

με  : Maximum verical tensile strain (microstrain) 

 

Nf is the allowable number of load repetitions to prevent fatigue cracking; Nd the allowable number of 

load repetitions to prevent rutting [8]. 

4.  Results and discussion 

The results obtained for effect of using CR are following: 

4.1.  Design overlay of pavement 

Analysis of existing pavement conditions was carried out with Falling Weight Deflection test.  

 

 

Figure 1. Segment division. 

 

 

Figure 2. Overlay design. 

 

Figure 1 shows that there are 6 segments of pavement condition from 61+080 untill 66+077 station. The 

pavement has deflection varies according to existing conditions. So do the segmental road simplification 

by classifying deflection value according to the level of uniformity. But to be more focused, then only 

discussed segment 1. Overlay design is shown only for segment 1, as on Figure 2. The design used two 

kind of AC-WC mixtures, normal and CR. The difference between two is the modulus elasticity of 

ACWC mixtures. The modulus elasticity for AC-WC normal is 1100 MPa while 1560.5 MPa for AC-

WC modification with CR. 
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4.2.  Strain responses 

Strain responses was analyze using software CIRCLY 7.0 program from Austroads. 

 

  

Figure 3. Result of strains. 

 

Figure 3 shows the results of strains along the axis of the vehicle cross section the road The vehicle axis 

used in the analysis is Single Axle with Dual Tyres (STDT). This figure shows that the maximum strain 

occurs at coordinates X = 0.0 mm and X = 1,850 mm. This provides that the critical point for both of 

strains is in the center of the axles between the wheels.  

4.3.  Comparing strain responses 

Comparison of strain response is done by the difference in strain values in the normal and CR mixtures. 

Strain ratio is performed both in tensile strain and compressive strain. 

 

Table 1. Strain responses value. 

Name of mixture 
Horizontal tensile 

strain (ɛh) 

Vertical compressive 

strain (ɛv) 

% difference 

of ɛh  

% 

difference 

of ɛv  

Normal 174.6 µ 215.3 µ 
20.6 % 2.9 % 

CR 144.8 µ 1.2 µ 

 

Table 1 shows that the percentage difference in strain occurred by 20.6% for Horizontal tensile strain 

(ɛh) and 2.9% for Vertical compressive strain (ɛv). Both values indicate that there is an increase in 

performance of the modelled pavement structure. An increase is seen with the strain value parameter 

that occurs decreases in the CR mixture compared to the normal mixture. 

4.4.  Performance of pavement 

The performance of the pavement is seen from the allowable number of load repetition (N) on Equation 

1. for fatigue damage and Equation 2. for rutting damage. N based on the two equations is then compared 

with the allowable design number of load repetition for 5 years’ period (N design). 

 

Table 2. Performance of pavement. 

Name of 

mixture 
N design N fatigue (Nf) N rutting (Nd) 

% Nf compared 

of pavement 

performance 

% Nd compared 

of pavement 

performance 

Normal 
1.065.720 

3.03 x 106 2.81 x 1011 

66 % 22 % 
CR 5.05 x 106 5.05 x 1011 

 

Based on Table 2. That modified asphalt mixture with CR gave effect to the improvement of pavement 

structure performance by 66.3% for fatigue (Nf) damage and 22.4% for rutting damage (Nd). 
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5.  Conclusion and recommendation 

Based on the results of the study it was found that: 

 Performance of pavement with using CR reduces the horizontal tensile strain (ɛh) from 174.8 

µ to 144.8 µ, a decrease occurred by 20.6% 

 Performance of pavement using CR reduced vertical compressive strain (ɛv) from 215.3µ to 

209.2µ, a decrease occurred by 2.9% 

 The results of comparison between the two materials showed that using CR can increase the 

parameters damage of fatigue live into 66.3% and rutting lives into 22.4% to contribute 

pavement performance.  

 To ensure the effect of CR in pavement performance, further research must be taken to find 

out if there are other effects that support 
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