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Abstract. Rapid setting materials for rigid pavement repair are important and indispensable 
materials nowadays, especially for concrete repairs such as toll roads with heavy traffic. Some 

Manufacturers of construction chemicals have been producing the rapid setting materials for 

repairing of the toll road. However, the existing toll road repair materials have not shown good 

performance when applied in the field. This study modified micro concrete materials with the 
addition of Polycarboxylate Ether (PCE) and Polypropylene  Fiber (PPF) at the time of mixing 

of existing rapid setting materials. Then tested: flow test and setting time for 16, 20, 30, 40, 60 

minutes, compressive strength and flexural strength tests at age 3 hours, 1 day, 7 days. The 

concrete micro material is applied directly in the field too. The result shows that micro concrete 
material is suitable for toll road repair. The addition of PCE and PPF, can increase the flexural 

strength and modulus of elasticity, the material is not easily cracked due to the repetition of 

traffic loads. The use of micro concrete material has been proven to be used for the repair of 

toll roads with heavy traffic for the future. 

 Keywords: Rapid setting materials, rigid pavement, micro concrete materials,    
polycarboxylate ether (PCE), polypropylene  fibre (PPF) 

1. Introduction  

.  

The development of toll roads in Indonesia is increasing rapidly, but as toll roads that have been built are often 

damaged for example, the toll road of cipularang is a connecting road from Jakarta to Bandung. 

The cipularang toll road has heavy traffic and vehicles. Contours of highway that climb, turn, unstable base 

soil factor and high rainfall result in erosion and decline of soil, causing damage to road collapse, pumping, 

and spalling.  But the main obstacle to doing repair is a traffic problem that should not be closed for too long 

during the repair process.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Damage to the rigid pavement 
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Other than that though high-early-strength cementitious repair materials are commercially available, many of 

these materials are vulnerable to cracking, poor bonding, and premature deterioration, for example, due to 

incompatibility with the existing concrete pavement [1,2].  

 

Repair work requires materials with rapid setting criteria that have high compressive strength and flexure 

strength. Hal ini penting agar repair This is important in order to make the repair done to longer service life. 

Long service life means less repair, rehabilitation, and reconstruction, leading to significant savings in 

pavement materials and money [3]. Some studies have shown concerns of using high-early-strength concrete 

in repair applications for pavements [4,5]. For that need to be developed material repair using local materials 

that have the potential to produce material that has the criteria available [6,7,8,9]. 

 

Polypropylene fiber is a synthetic fiber with low density, fine diameter and low modulus of elasticity. It has 

some special characteristics such as high strength, ductility and durability. Polypropylene fibers have 

excellent bonding, and can greatly improve the properties of the mortar. [10]. 

 

This research develops micro concrete material in accordance with the criteria needed for repair workers in 

the rigid pavement. The development of the material is done by adding admixture and polypropylene fibers 

(PPF) to the available repair materials in the market micro concrete.   

 

2. Materials and Methods 
 

The standard material used in this research is Estopatch RSP ex. PT. Estop Indonesia (A0) and Patchroc RSP 

ex PT Fosroc Indonesia (B0) [11]. Both types of materials are rapid setting micro concrete. Fiber used 

polypropylene fibers (PPF) ex Sika with properties: fibre length: 12 mm; diameter : 18 micron; tensile strength 

: 300-400 MPa; elastic modulus: 6000-9000 N/mm2; dan specific gravity: 0.91 g/cm3. Superplasticizier used 

type Polycarboxylate ether (PCE).  

 

Mix proportion and nomenclature of specimen as in Table 1. A0 standard material without PPF and PCE, A1 

standard material added PPF of 2% and A2 standard material added PPF and PCE  of 1%. For nomenclatures 

B0, B1, B2 and B3 the percentages are equal to the material at A0. 

 

Tabel 1. Mix proportions of specimen 

 

 

 

 

 

 

 

Test of compressive strength with cube 50 × 50x50 mm according to ASTM C39 standard on  age 

For testing of flexural strength according to ASTM C78 / C78M-18 standard [13], with specimens of test 

specimens of 50 mm x 50 mm x 30 mm, prism or beam  at the age of 3 hours and 1 day. The initial set time 

test matches the ASTM C403 / C 403-99 standard [14] .ASTM C403 / C 403-99 [14].  

 

 

 

 

 

 

 

Figure 2. Test equipment for specimens 

 

Mix proportions Specimen 

A0 A1 A2 B0 B1 B2 

Binder (kg) 25 25 25 25 25 25 

Water/binder 0.15 0.15 0.15 0.15 0.15 0.15 

Fiber (gram)  - 50 50 - 50 50 

Admixtures(litre) - - 0.25 - - 0.25 



 
 

3. Results and Discussion  
 

Setting Time 

The result of time setting test is shown in Figure 3, material B0 is faster setting compared to material A0. The 

result of testing time setting indicates that both materials are in the category of material rapid setting, because 

it can harden in less than 60 minutes. Setting time is an important factor in the repair work on the rigid 

pavement because the work time is the main obstacle in doing the repair. Set time also indicates that a material 

can be applied. The use of the PPF does not have obvious negative effect on the setting times of the material 

A0 and B0.  

 

 

 

 

Figure 3. Result of setting time test 

 

Compressive strength.  

The compressive strength test results in Fig. 4. show an increase in compressive strength on the specimen. 

Significant improvement occurred in the addition of PPF as well as the addition of PPF and Admixture. At 

the age of 3 hours for A0: 22.2 MPa, A1: 23.1 MPa there is an increase of 4%, while for A2 of 24.3 MPa 

9.5% increase. For B1 specimens at 3 h, there was an increase of B0: 21.9 MPa to 22.9 MPa; 4.5% increase; 

B2 increased by 15% to 25.2 MPa. At the age of 1 day on specimens A1 and A2 there was an increase in 

compressive strength by 2.9% and 24.3%. As for B1 and B2 there is a compression strength strengthening of 

13.5% and 35.5%. 7-day age specimens have an increase in compressive strength for A1: 0.9%, and A2: 

11.2%; B2: 1.4% and B2: 9.9%. Based on the results of the compressive strength test showed that the addition 

of PPF and admixture can increase the compressive strength of 11.2% and 9.9%. This result is in line with 

previous research that states polypropylene fibers adding to mortar, can increase compressive strengths, and 

reduce plastic shrinkage cracks [15]. 

 

This condition can be rooted from the improvement in the mechanical bond strength when the fibers allow 

the ability to delay the micro-crack formation and arrest their propagation afterwards up to a certain extent 

[16]. Also empirical evidence shows that the addition of superplasticizer can improve the workability of HPC 

due to the presence of PCE nanoparticles in concrete slurry can fill the cavities of concrete and thus can result 

in strengthening of bonds among the concrete materials. [17]. 

 

Moreover, the use of fibers in the mortar or concrete can significantly enhance the bond strength between old 

substrate and the repair materials, which is one of the most important requirements for a successful repair [18]. 
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                                                    Figure 4.  Results of testing the compressive strength   

 

Flexural strength 
 

The flexural strength test results are shown in Figure 5. At the age of 3 hours flexural strength in sample A0: 

3.1 MPa, the A1 specimen increased by 9.7% to 3.4 MPa, and A2 by 22.6%. to 3.8 MPa. While on specimens 

B0: 3.2 MPa, B1: 3.6 MPa an increase of 12.5 MPa; for B2 there is an increase of 25% to 4 MPa. While at 

the age of 1 day A0: 3.6 MPa; A1: 5.7 MPa an increase of 58.3%; A2: 6.9 MPa an increase of 91.7%. 

Specimen A0 at 7 days by 7.1 MPa; A1: 8.7 MPa (22.5%) and A2: 10.3 MPa an increase of 18.4%. then at 7 

days on specimen B0: 7.2 MPa; B1: 8.6 MPa (19.4%); B2: 10.4 MPa (44.4%).  

 

The flexural test results show the addition of PPF and the effective admixture can improve the flexural 

strength in materials A0 and B0. This shows both A0 and B0 materials can be used as repair materials in rigid 

pavement and would be better if added with PPF and admixture. Apparently Adding polypropylene fibers to 

the cement composites is an effective method of preventing crack formation [19]. 

 

Short polypropylene fibres distributed uniformly in the whole capacity of concrete sew lips of cracks and 

restrict their propagation [20]. so that it can reduction of cracking is of great importance, especially in the first 

hours after pouring before concrete reaches its initial strength [21]. 

 

 

                                                    Figure 5.  Results of testing the flexural strength   
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4. Conclusions 

1. The use of polypropylene fiber and PCE fibers is highly effective to improves the  compressive 

strength and flexural  strength. 

 

2. Addition of polypropylyne and PCE significantly improves the compressive strength of 11.2%, 

flexural strength 18.4% for material A0 and for material B0 increase the compressive strength of 

18.4%, flexural 44.4% 
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