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ABSTRACT: The purpose of this study is to explore the mechanical properties of simple 

supported beams which are composed of two different types of new high-strength 

materials and construction beams by performing simple bending test.  In this paper, we 

refer to the beams combined with technora®, a para-aramid fiber, as “Series 1”, and the 

beams with polyurea elastomer, as “Series 2”.  In Series 1, we set technora® rope in 

concrete beams as a main reinforcement, but no significant differences compared to the 

beams without rope. We considered that this might be as a result of less bonding 

strength between the rope and concrete beams and insufficiency of rope’s bending 

resistance. In Series 2, sprayed polyurea was applied at various thicknesses on three 

different beams made of concrete, timber, and styrofoam respectively. we confirmed that 

all beams have increased in strength. Deformation adaptability developed as thickness of 

polyurea increased, while no difference in strength was found.  

1 INTRODUCTION 

1.1 Background 

Technora ®, a para-aramid fiber, is lightweight, synthetic fiber with high strength and high modulus of 

elasticity, it is also used for automobile parts, protective clothing and civil engineering materials such 

as rope for lifting tetrapod. If we can use lightweight, high-strength technora® instead of RC rein-

forcement, it will lead to reduction in material transportation cost and reduction of accident risk due to 

material drop. 

Polyurea resin is a synthetic resin elastomer with high toughness and high stretchability, and it is used 

for ships, trucks, roof and floor of buildings, barrier to the Pentagon, and many other things. The poly-

urea resin can be sprayed like a paint using special equipment with excellent workability because it 

hardens in a few seconds after spraying. Moreover, there are few cases where polyurea is used as an 

architectural structural member, and its performance as an architectural structural member is unknown. 

1.2 Purpose 

The purpose of this study is to investigate the mechanical properties of simple supported beams which 

are composed of new high-strength materials (technora® or polyurea) and construction beam. 

2 EXPERIMENT OUTLINE 

In this study, we called the specimens combining technora® and concrete beams as Series 1, and 

specimens combining polyurea resin with either concrete, wood or styrofoam as Series 2. 

2.1 Outline of specimen (Series 1) 

Series 1 was created by incorporating the rope made of technora® into a concrete beam like an RC 

reinforcing bar. Table 1 shows the parameter list of Series 1. 
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Table 1. Parameters of Series 1 

Name of 

specimens 

Diameter of technora® rope (mm) 

main 

reinforcement 

shear 

reinforcement 

TRC8 8.2 

3.0 TRC10 9.7 

TRC12 11.5 

 

 

Figure 1. image of specimens (Series 1) 

 

 

 

Figure 2. Photograph of Series 1 

 

2.2 Outline of specimen (Series 2) 

Series 2 is made by spraying polyurea resin on the surface of beams made of three diffrent materials. 

Table 2 shows the parameter list of Series 2. 
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Table 2. Parameters and size of Series 2 

Name of 

specimens 
Material of beam 

Thickness of 

polyurea resin 

(mm) 

beam Size 

(mm) 

PC1 

concrete 

1.0 

60×100×
1300 

PC2.5 2.5 

PC5 5.0 

PW1 

wood (cedar) 

1.0 

50×100×
1300 

PW2.5 2.5 

PW5 5.0 

PS1 

Styrofoam 

1.0 

PS2.5 2.5 

PS5 5.0 

PS7.5 7.5 

 

Figure 3. Image of specimens (Series 2) 

 

Figure 4. before and after coating polyurea resin 
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2.3 Method of experiments (bending test) 

Simple supported bending test was used for both Series 1 and Series 2. As shown in Figure5, one of 

the fulcrums is a pin and the other is a roller support, load is applied to two points at the center. 
Also, we set a displacement meter at the center of the specimen and recording the load and 

displacement during loading. When preparing the specimen made of concrete, test piece for material 

strength test is also created at the same time. 

 

 

Figure 5. schematic diagram of bending test 

3 RESULT OF EXPERIMENTS (SERIES 1) 

In Series 1, it showed load decrease due to the crack and repeating load increase owing to tensile of 

rope, and eventually the sample slipped from fulcrums and collapsed. Also, no obvious differences 

were found depends on the radius of the rope. 

  

Table 3. Results of experiment (Series 1) 

Name of 

specimen 

Result of beam bending test Result of concrete strength test 

Maximum 

load (kN) 

Maximum 

displacement 

(mm) 

Compressive 

Strength 

(N/mm2) 

Split tensile 

strength 

(N/mm2) 

Young's 

modulus 

(N/mm2) 

TRC8 4.03 20.3 48.4 2.76 2.16×104 

TRC10 4.67 23.4 44.7 3.85 2.04×104 

TRC12 5.43 24.5 47.5 3.37 4.36×104 
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Figure 6. Destructive property of Series1 

 

Figure 7. Load-Displadcement diagram of bending test (series1) 

4 RESULT OF EXPERIMENTS (SERIES 2) 

4.1 List of results 

We confirmed that increasing strength of concreate beams with polyuria coating, but no differences 

were found depends on the thickness of coating. Furthermore, massive increasing strength was found 

in PW2.5, while wood beams measured scattered data collection. Styrofoam beams found the 

increasing of rigidity, strength, toughness depends on the thickness of coating.  
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Table 4. Results of experiment (Series 2) 

Name of 

specimen 

Result of beam bending test 

Maximum 

load (kN) 

displacement 

(mm) 

No coating 19.2 14.6 

PW1 15.0 8.5 

PW2.5 27.4 25.6 

PW5 22.9 14.6 

No coating 1.19 0.53 

PC1 2.88 0.59 

PC2.5 2.8   

PC5 2.79 1.5 

 

 

Figure 8. Load-Displadcement diagram of bending test (series2) 

4.2 Analysis 

In order to investigate the behavior in elastic range of PW 2.5 in bending test, I performed FEM 

analysis using analysis software. Table5 shows the details of the FEM analysis. we confirmed that 

both analysis values and experimental values of beams are almost same in elastic range.  
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Table 5. Details of the FEM analysis 

Software MIDAS iGen Ver.855 R2, MIDAS IT JAPAN 

Analysis method Material nonlinearity analysis 

Elements Cuboid solid elements 

Control system Displacement control, 10 step 

 

 

Figure 9. result of analysis (Load-Displacement diagram) 

5 SUMMARY 

As a result of experiment, currently technora® rope has no reinforcement effect as rebar. we 

considered that this might be as a result of less bonding strength between the rope and concrete beams 

and insufficiency of rope’s bending resistance. In Series 2, we confirmed that all beams 

have increased in strength. We consider this is because, polyurea resin prevent crack and yield.  Also 

deformation adaptability developed as thickness of polyurea increased, while no difference in strength 

was found.  
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