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ABSTRACT 

The use of longitudinally laid composite pavement is currently massively used in Indonesia as part of 

the 272 national road standard program. This study systematically reviews and discusses the essential 

characteristics of semi-rigid flexible pavement widely implemented in Indonesia by comparing the 

bonding conditions between concrete overlays on flexible pavement; asphalt overlays on rigid 

pavement; longitudinal joints between flexible-flexible pavements, rigid-rigid pavements, rigid 

(roadway) pavements, and flexible (shoulder) pavements; and finds the potential similarity in 

characteristics for longitudinal joints between rigid (shoulder) pavements and flexible (roadway) 

pavements. The results reveal that the stiffness of the material significantly affects the remaining service 

life. Furthermore, high temperatures and water immersion cause stiffness of asphalt specimens loss, 

potentially leading to rutting and raveling. This indicates that damages due to water and temperature 

significantly affect the roadway, which is a structure formed with homogeneity. 

 

Keyword: semi-rigid flexural pavement, interface conditions, stiffness modulus, residual life prediction. 

 

 

1. INTRODUCTION  

Based on their binding materials, pavements commonly used in Indonesia, consist of three types: flexible 

pavements, rigid pavements, and composite pavements [1]. The use of each type of pavement is adjusted 

according to the expected service life based on traffic volume and growth predictions [2]. Flexible 

pavements are used to serve light to moderate traffic, such as urban roads, roads with utility systems 

located beneath the pavement, shoulders, and phased construction pavements [3]. Meanwhile, rigid 

pavements are utilized for traffic volumes exceeding 30 million ESA4 and serve heavy vehicles with 

low speeds, such as the roadway for highways, and may also be considered for urban and rural roads 

[2], [3]. Additionally, composite pavements are rigid pavements combined with flexible pavements and 

laid in layers (Figure 1). Chronologically, the laying of composite pavements can be conducted either 

from the initial planning stage or on existing rigid pavements, through overlay treatment with asphalt 

layers. 

 

 
Source: Riyanto and Sunarjono, 2014[4] 

Figure 1. Composite Pavement Laid in Layers  
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However, the extensive use of longitudinally laid composite pavements also massively occurs in 

Indonesia. The composite pavement referred to is illustrated in Figure 2. 

 

 
 Source: Maulana, 2015 [5] 

Figure 2. Longitudinally Laid Composite Pavement on Cipali Highway  

 

Figure 2. shows rigid pavement used for the roadway and flexible pavement for the shoulders. 

Conversely, rigid pavement for the shoulders is also widely used in Indonesia as a part of the 272 

national road standard program, which involves widening by 2 meters on both sides of national roads 

with a width of 7 meters, type 2/2 [6]. This handling program has been implemented gradually since 

2013, where national roads with widths less than 7 meters and sharp curves are repaired and widened 

by 2 meters on each lane. The 2-meter widening is intended for motorcyclists to prevent them from 

queuing behind four-wheeled vehicles. 

 

 
Source: googlemaps.com 

 Figure 3. Gadobangkong Road, Cimahi, West Java 

 

Source: googlemaps.com 

 Figure 3 illustrates an example of the location where rigid pavement is used for the shoulders, and 

flexible pavement for the roadway. The use of rigid pavement to widen existing roads with flexible 

pavement (hereinafter referred to as semi-rigid flexible pavement) has been widely implemented as a 

practical engineering effort in the field. Additionally, according to former Director of Technical 

Development at the Directorate General of Highways, Purnomo, asphalt prices are increasing while 

cement prices are more stable, resulting in higher construction costs for flexible pavements compared 

to rigid ones [7]. The locations of the semi-rigid flexible pavement referred to are scattered across 

Indonesia (Figure 4). 

 

 
Figure 4. Location Distribution of Composite Pavements between Roadway and Shoulder1  

 

Based on the findings from Figure 4, there are 11 locations scattered across several islands in Indonesia. 

There are 4 locations on Sumatera Island, 3 locations on Sulawesi Island, and 4 locations on Java Island. 

 
1 compiled from various sources [44], [45], [46], [47], [48], [49], [50], [51], [52] 

Transverse 

Longitudinal 
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The widespread use of semi-rigid flexible pavement is not accompanied by adequate research due to the 

common occurrence of typical damages at each location. 

Tie bars function to prevent rigid pavements from experiencing horizontal displacement [8].  Without 

tie bars, horizontal displacement along the road can occur, leading to frictional interaction between 

individual concrete panels. Meanwhile, lateral displacement across the road can occur, leading to cracks 

at longitudinal joints (linear cracking) or the breaking of concrete panels into several pieces (punch out) 

[9]. The deterioration of the longitudinal joint in asphalt pavement is a significant structural concern 

[10]. Compressive stress due to repeated traffic loading will further expand the pressure on the joint and 

reduction traffic performance [10]. Furthermore, the growth rate of such damage can also continue to 

increase due to weather conditions, water infiltration, material quality, and stiffness gradient [11]. 

 

 
Figure 5. The load transfer direction in semi-rigid flexible pavement 

 

The difference in load transfer concepts between rigid and flexible pavements is the main cause of 

typical damages. Figure 5  illustrates the example of single-axle vehicle track patterns that may occur in 

the field. The deflection that occurs in pavements is influenced by loading. The track patterns in Figure 

5 indicate the direction of deflection in flexible pavements and the distribution of loading in rigid 

pavements. In the analysis of flexible pavements, traffic loads are responded to by the pavement 

involving the behavior of compressive stress, tensile strain, and deflection [12]. 

 

Meanwhile, in rigid pavements, traffic loads are responded to as uniformly distributed loads, resulting 

in less pronounced behavior compared to flexible pavements. However, the value remains observable. 

The deflection and stress resulting from traffic loads are instantaneous, occurring when the traffic is on 

the pavement. If these instantaneous strains exceed the limit strains, they will become permanent strains 

[13]. The nature of rigid pavement, which distributes the load, should be well received in the adjacent 

lanes with the use of tie bars. However, the fact that the flexible pavement lane is laid first makes it 

difficult to install tie bars, so the implementation is rarely done in the field.  

 

Therefore, the authors are interested in conducting empirical studies on the characteristics of semi-rigid 

flexible pavements that have been widely implemented in Indonesia. This research aims to compare the 

bonding conditions between concrete overlays on flexible pavement; asphalt overlays on rigid 

pavement; longitudinal joints between flexible-flexible pavements, rigid-rigid pavements, rigid 

(roadway) pavements, and flexible (shoulder) pavements; and finds the potential similarity in 

characteristics for longitudinal joints between rigid (shoulder) pavements and flexible (roadway) 

pavements.  

 

The hypothesis of this research is summarized as follows. 

1. Widening asphalt pavements using rigid pavement as shoulders is an applicable alternative 

solution in the field, with performance characteristic differences that can be addressed with various 

modern technologies in the future. 

2. The prediction of damage in longitudinal joints of semi-rigid asphalt pavements can be achieved 

by examining the stiffness modulus through analysis with Finite Element Method (FEM). 

 

2. RESEARCH METHOD 

Descriptive analysis is used as the method in this research. The research presents the findings of an 

exploration of semi-rigid flexible pavements, focusing on planning, implementation, and evaluation 

aspects. The initial hypothesis for the cause of damage in composite pavements was the different 
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stiffness modulus between the two types of materials. Composite and joint types were varied for 

exploration and discussion (Figure 6). The findings are limited by the following criteria that journal data 

is obtained from several websites, such as Science Direct, Research Gate, Google Scholar, and official 

campus journals. 

 

Problem Identification of 

Composite Pavement 

Study 1: 

Concrete Overlays on 

Flexible Pavement

Study 2: 

Asphalt Overlays on 

Rigid Pavement

Study 3: 

Longitudinal Joints 

between Flexible-

Flexible Pavements

Study 4: 

Longitudinal Joints 

between Rigid-

Rigid Pavements

Study 5: 

Rigid Pavement 

(Roadway) and Flexible 

Pavement (Shoulder)

Conclusion

 
Figure 6. Research Scope 

 

3. ANALYSIS AND RESULT 

3.1. Study 1: Concrete Overlays on Flexible Pavement 

The concrete overlay on flexible pavement is one of the rehabilitation treatment alternatives that has 

several limitations in its application to the field. This treatment term is referred to as whitetopping [14]. 

There are three types: white topping, thin-white topping, and ultra-thin white topping (UTW) [15].  

According to the Sub directorate of Geometry, Pavement, and Drainage, Directorate of Road 

Development in Indonesia, the condition where concrete overlay on flexible pavement is considered 

unsuitable is because: 

1. the level and quantity of pavement damage is minimal, allowing the use of more economical 

alternatives;  

2. the bridge’s clearance height is no longer sufficient due to the concrete overlay’s thickness; 

3. the existing pavement is prone to settlement [16]. 

 

According to Cantillo in 2021, there are several shortcomings of concrete overlay treatment on asphalt 

surfaces, including: 

1. low adherence, meaning that the asphalt is not well-suited as a base for concrete overlay because it 

contains oily tar that reduces the concrete’s bonding strength; 

2. poor longevity, meaning that it has a shorter lifespan because the subbase layer, which is asphalt, 

is prone to fatigue cracking over time, worsening the concrete’s performance; 

3. costly in the long run, meaning that in the long term, it leads to an increase in maintenance costs, 

even though it may save costs in the short term [17], [18].  

 

The results differ when whitetopping is planned to be laid using advanced technology. Research in India 

revealed that the low adherence characteristic can be minimized by grinding or milling to roughen the 

asphalt surface. This is done in accordance with the whitetopping design as per Indian Road Congress 

(IRC): 76-2015. 

 

Table 1. Whitetopping specifications in the research in India  

No Aspects Specifications 

1 Concrete 

Layer’s 

Concrete quality of fc'4.5 MPa with a thickness of 

200 mm is laid on top: 
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No Aspects Specifications 

Thickness and 

Quality 

a. Asphalt layer with a rough surface 

b. Overlay thickness pf 25-30 mm so that the final 

thickness of the pavement is 180mm - 200 mm 

c. Polypropylene fibres are added to the concrete to 

reduce shrinkage cracks 

2 Concrete Slabs 

1000 mm x 1000 mm 

Transverse Joints Distance = 1000mm 

Longitudinal Joints Distance = 1250 mm 

Joint cutting is done within 14-16 hours after 

concrete casting 

3 Dowel Bars 

Diameter 32 mm, length 500 mm at a spacing of 250 

mm c/c at the mid-depth of the slab only at 

construction joints 

4 Tie Bars 

Diameter 12 mm, length 650 mm at a spacing of 600 

mm c/c at the mid-depth of the slab, and 140 mm 

from the top of the slab 

Source: Chintawar and Pawar, 2021 [19] 

Single, tandem, and tridem axle loading is applied to the pavement and overlay layer, which has a 

Modulus of Rupture for the pavement of 4.413 MPa with a Poisson's ratio of 0.15, indicating it is 

relatively stiff and dense [20]. The result is a total stress (maximum lad stress + curling stress) of 34.3 

kg/cm2. This value is considered safe because the maximum limit is 45 kg/cm2 [19]. 

 

3.2. Study 2: Asphalt Overlays on Rigid Pavement 

The plate analysis with an elastic foundation model utilizes specifications such as a 5 cm thick Hot 

Rolled Sheet (HRS) layer modeled as a solid element, tie bar reinforcement using constraint functions 

with a spacing of 75 cm, and foundation layer modeled as a compression-only element, as shown in 

Figure 7 [21]. Meanwhile for the three-dimensional solid model, the road pavement is modeled in 5 

layers with a total thickness of 1.55 meters, as shown in Figure 8. 

 

 
Source: Pauta and Suparma, 2022 [21] 

Figure 7. Elastic Foundation Model  

 
Source: Pauta and Suparma, 2022 [21] 
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Figure 8. Three-dimensional Solid Model  

 

By using the plate model on the elastic foundation and the three-dimensional solid model in SAP2000, 

or a subgrade soil with a CBR of 6%, the maximum tensile stress in the concrete slab reaches 2.081 MPa 

under the elastic foundation model and 2.51 MPa in the three-dimensional solid model [21]. Firstly, 

conduct the fatigue life analysis of the pavement. Zarei and Shafabakhshy in 2018, in their research that 

employed the finite element method (FEM) on composite pavement with a design as shown in Figure 9. 

 

 
    Source: Zarei and Shafabakhsh, 2018 [22] 

Figure 9. Composite Pavement Layers in the Research  

 

Research findings indicate that the elastic modulus of asphalt and concrete plays a crucial role in 

extending the fatigue life of composite pavements, exerting a greater influence than the thickness of the 

concrete layer [22]. Additionally, the tensile strain of the concrete layer is an important factor that needs 

to be considered to control fatigue failure and improve longevity. 

 

Another research in China by Shuming Li and Kangda Xu in 2018 revealed that an interlayer is needed 

before asphalt overlay on concrete pavement using AC-5 substrate, which more refined aggregates, an 

enhanced mineral powder ratio, greater asphalt binder content, and decreased air void presence [23]. 

The purpose of using this substrate is to enhance the interface bond between concrete and asphalt. As a 

result, the AC-5 interlayer can decrease the strength and stiffness of the shear bond by 38.8% and 62.9%, 

respectively [23]. 

 

3.3. Study 3: Longitudinal Joints between Flexible-Flexible Pavements 

According to the National Road Research Alliance (NRRA), in the construction, Hot Mix Asphalt 

(HMA) for longitudinal joints are still required. States within the NRRA such as California, Illinois, 

Michigan, Minnesota, Missouri, and Wisconsin have stipulated that these joints require a tack coat layer 

to be applied along the longitudinal joint surface before laying the new hot mix asphalt mixture [24]. 

 

 
Source: Korzilius, and Omer, 2018 [24] 

Figure 10. Longitudinal Joint with Tack Coat in Minnesota  

 
Source: Federal Highway Administration, 2020 [25] 

Figure 11. Example of Longitudinal Joint Failure  

 

Early longitudinal joint failures like those in Figure 11 are typically caused by a combination of low 

density, high permeability, segregation, improper overlapping of mixtures, and insufficient adhesion 

occurring at the asphalt binder, resulting in surface cracking [25], [26]. If the joint’s density is 
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significantly lower than that of the existing mixture, the permeability of the mixture around the joint 

will be higher. This will allow a greater water flow into the pavement at the joint, accelerating the 

deterioration rate [25]. 

 

Studies on the effect of water on flexible pavement damage have been extensively conducted. The most 

influential characteristic is the decrease in asphalt stiffness modulus. Based on Figure 12, Adiman stated 

that the longer the immersion duration of the asphalt mixture specimens, the lower the elastic modulus 

value. The initial elastic modulus value of 1263 MPa without immersion decreased to 1.014 MPa after 

1 day of immersion and continued to decline to 647 MPa on the seventh day [27]. This occurs due to 

the oxidation process by water, which weakens the bond between the asphalt and aggregates [28]. 

 

 
Source: Adiman, 2012 [27]. 

Figure 12. The reduction elastic properties of the asphalt mixture test specimen based on the 

immersion duration  
 

Table 2. Decrease in Resilient Modulus Value from UMATTA Test  

Mixture type 
Resilient Modulus (MPa) 

Decrease (%) 
25°C 45°C 

60-40 2251 222 90.14 

50-50 2683 269 89.97 

0-100 2798 275 90.17 

  Source: Adtihya, Kosasih, and Hendarto, 2016 [29] 

 

In addition to water, temperature also affects the decrease in asphalt stiffness modulus [29], [30], [31], 

[32]. As an example, based on Table 2, out of the three variation of asphalt mixtures by Aditya, the 

average decrease in resilience modulus due to a temperature of 45°C reached 90.093%. This indicates 

that if damage can occur to other than pavement joints as shown in Figure 11 due to water and 

temperature, then damage to the joints between asphalt pavements is even more prone to occur.  

 

Standardized tests can be conducted in analyzing fractures in asphalt pavement; however, these tests are 

limited because the results are unreliable due to difficult procedures and inadequate stress values 

obtained [33], [34]. However, efforts to observe fractures in the longitudinal joints of flexible pavements 

continue. Research in Mexico analyzed mode I fracture, which is a type of fracture in flexible pavements 

caused by thermal cyclic loading or traffic, using three synthetic geometry test specimens at 

temperatures of 10, 20, and 30 °C, with shapes as depicted in Figure 13. 

 

 
Source: Pérez-Landeros, 2022[35] 
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Figure 13.Test specimens (a); Cut and notch on test specimen (b); Size of cut and notch (c)  

 

 
   Source: Pérez-Landeros, 2022[35] 

Figure 14. Test specimens ready for use (a); Direct tension test clamping system on the GCTS 

machine (b); Specimen fracture produced in the direct tension test (c) [35] 

 

A specimen maintained at 20°C was deemed the most representative for evaluating test stress, given its 

incorporation of both elastic and viscous material properties. This assessment was based on a tensile 

strength of 143 kg/cm², a notch length of 2 cm, a specimen thickness of 5 cm, and a load application 

rate of 1 mm/min. [35], [36]. The finite element model (FEM) within the ANSYS framework was 

utilized to simulate the cracking behavior of asphalt mixtures. 

 

 
   Source: Pérez-Landeros, 2022[35] 

Figure 15. Normal Stress and Shear Stress from Tensile Test (a, b); ANSYS Simulation (c)  

 

Referring to Figure 14 and Figure 15, specimens with 2 cm notches, tested at 10 °C under different load 

application speeds, exhibit the elastic properties of asphalt, displaying increased stiffness due to the 

elevated stress levels, which leads to brittle failure. In contrast, specimens tested at 30°C reveal the 

material’s viscous behavior, attributed to the lower normal stress, resulting in permanent deformations. 

Consequently, these conditions are not representative and were excluded. Meanwhile, specimens tested 

at 20°C under varying load application speeds display both elastic and plastic characteristics of asphalt, 

demonstrating a quasi-brittle response. This behavior closely resembles real pavement conditions, 

making it the most suitable scenario for assessing crack development. [35]. 

The findings from the ANSYS simulation reveal that the discrepancy in cracking behavior between 

asphalt test specimens in direct tensile testing and the proposed model simulation ranges from 30% to 

35%. This variation suggests that the FEM model is reliable for approximating and forecasting asphalt 

mixture cracking behavior, as its results align well with observed experimental trends. [35]. 

 

3.4. Study 4: Longitudinal Joints between Rigid-Rigid Pavements 

 

Cracks in longitudinal joints can be subjected to preventive maintenance before the cracks become larger 

and repair costs escalate, by cross-stitching. cross-stitching is a maintenance method to maintain the 
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strength of rigid pavement, both for longitudinal cracks and as a binder for longitudinal joints 

experiencing separation [37]. 
 

 
Figure 16. Scheme of Tie Bar Installation Location 

 

With the drilling, tying of bars, and filling of gaps with epoxy adhesive material in Figure 16, this 

treatment is considered effective if it can distribute the load of rigid pavement experiencing 

cracks/longitudinal joints, thus delaying more severe damage [38]. 

 

3.5. Study 5: Rigid Pavement (Roadway) and Flexible Pavement (Shoulder) 

Road shoulder construction using asphalt pavement needs to consider the number of compactors passes 

for each layer so that the final height of the road shoulder is the same as the existing surface and has 

sufficient slope to drain rainwater into the drainage channel. There are excavation space sides that are 

unreachable by the roller when using compactors weighing 4-8 tons [39]. Compaction for such narrow 

spaces must be performed gradually using three types of compactors: light compactors, horse tamper 

compactors, and compactors with a capacity of more than 25 tons [40]. Therefore, its implementation 

in the field is quite impractical. 

 

Concrete pavement requires some spacing between its panels for expansion and contraction space, thus 

relying on joints for load transfer. The stiffness on rigid pavement, characterized by high elasticity 

modulus, plays a significant role in enhancing the structural capacity to distribute loads [41]. Rigid 

pavement with low elasticity modulus can lead to early damage characterized by the appearance of 

corner cracks and panel separation [9].  

 

Meanwhile, asphalt pavement tends to experience vertical deflection (depression) when subjected to a 

load [9], [42]. Often, it fails to return to its original shape if the load exceeds the design, resulting in 

rutting and shoving [9], [42]. The permanent deformation occurs due to the continuous decrease in 

asphalt’s resilient modulus as temperature and weather conditions change, as explained in point C. 

 

In this case, researchers in China observed polyurethane grouting material for engineering repairs of 

longitudinal joint damage in this semi-rigid asphalt base pavement. Splitting Tensile Test (Figure 17) 

was conducted on two types of cubic specimens, namely asphalt mixture and cement stabilized 

macadam, which were injected with polyurethane as shown in Figure 18. 
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   Source: Zhong, et al, 2023[10] 

Figure 17. Splitting Tensile Test 

 

 
   Source: Zhong, et al, 2023[10] 

Figure 18. Test Specimen Fabrication Scheme  

 

When in contact with the base material interface, a solid polyurethane film layer is formed. This film 

demonstrates strong adhesion properties and has the ability to penetrate the pores of the base material. 

Experimental results from the interface shear strength and splitting tensile strength models reveal a 

roughness index varying between 2.0 and 15.7. The tested specimen densities fall within the typical 

range used in engineering applications, approximately 0.25 g/cm³ to 0.55 g/cm³. These findings confirm 

that polyurethane is a viable option for grouting applications and optimizing polymer grouting 

techniques to address longitudinal joint pressure issues in semi-rigid base asphalt pavements [10]. 

 

Meanwhile, longitudinal joints in rigid and flexible pavement as shown in Figure 19 have been 

researched since 2010 in Arizona and Minnesota, United States. 

 

 
            Source: Galehouse and Scofield, 2022 [43] 

Figure 19. Configuration of Rigid-Flexible Pavement Joints  

 

Typical damage on such rigid-flexible pavement includes linear cracking to expanding holes if not 

promptly addressed. According to long-term research, the damage to the pavement joints is caused by 

imperfect bonding between the new mixture and the pavement or lower joint density, increasing air 

voids. This makes the joints vulnerable to water (permeable) and accelerates damage [43]. 

 

 
                 Source: Galehouse and Scofield, 2022 [43] 

Figure 20. Example of Damage on Interstate 494, United States 
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The research was conducted in Interstate 494 expressway (Figure 20). Closure was done with a 

microsurface mixture with the Type II gradation specified by the International Slurry Surfacing 

Association incorporates granite sourced from the St. Cloud quarry [43]. The laying was done on two 

longitudinal joints and shoulder joints, each with a total length of 28000 ft. 

 

The results prove that compared to regular patching and joint sealant, micro surface mixture is a cost-

effective and durable maintenance solution that works well with high traffic volumes [43]. 

 

4. CONCLUSION 

Based on existing research findings, there are different characteristics between the application of rigid-

flexible pavement when laying in layers and laying longitudinally/transversely. When laying common 

composite pavement in layers, interlayer shear stress should be minimized to withstand the shear forces 

from vehicle wheels. Meanwhile, the application of rigid-flexible pavement in the 

longitudinal/transverse direction should be sufficiently dense. Research in Arizona and Minnesota has 

proven that the composite pavements can be accomplished with the careful planning of joint 

maintenance using micro surface mixtures, as successfully implemented on Interstate 494.  

 

The stiffness modulus of the material significantly affects the remaining service life. Furthermore, high 

temperatures and water immersion cause stiffness of asphalt specimens loss, potentially leading to 

rutting and raveling. This indicates that if damage can occur to other than pavement joints due to water 

and temperature, then damage to the joints between asphalt pavements is even more prone to occur. 

Meanwhile, the low elasticity modulus in concrete leads to corner cracking and panel separation. 

Predicting damage to longitudinal joints in the flexible-rigid pavement can also be done in more detail 

by observing mechanical properties, considering that significant changes in joint conditions on Interstate 

494 have occurred visually. By considering the stiffness modulus of each material, the prediction of 

damage and remaining service life can be conducted using the finite element method by examining the 

residual stresses that occur. 

 

In the future, further studies are needed on FEM analysis of longitudinal joints in semi-rigid asphalt 

pavements to predict cracks, similar to the research on asphalt pavements in Mexico by Pérez-Landeros 

et al. (2022) and to complement the study on rigid-flexible pavement joints by Galehouse. 
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