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ABSTRACT 

Reinforced concrete girder with T shaped beam is a widely used bridge 

construction in Indonesia. Principal calculation of bridge structure is based on the 

simply supported beam which is the concrete will be experienced compression and the 

reinforcing steel will experienced tension. Due to that reason, concrete region under 

the neutral axis will not be calculated as strength contribution. Because of this 

assumptions, T shaped beam with plastic bottle waste was considered. There are 

several advantages using this material such as reducing of structural weight, reducing 

cement as concrete base material which realted to the environment issue, the 

reduction of cement means reducing the potential of CO2 pollution and utilizing the 

plastic bottle waste means reducing the environment pollution by plastic material 

which is difficult to be decomposed. The beams were in two conditions which were 

apparent T shaped beam and the neutral T shaped beam with the cross section taken 

from the cross section of reinforced concrete girder bridge with 1:3 scale. The aim of 

this study is to compare the ultimate load of normal beam and beam with plastic 

waste. The result showed that there is not significantly different between two sample. 

It means that their ability to retain the loads is not significantly different. 
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1. INTRODUCTION 

T shaped beam type reinforced concrete girder bridge is a widely used bridge construction in 

Indonesia. Its main structure is a beam on two supports. The calculation principle of a 

structure of reinforced concrete beam simply supported like this in bearing the bending 

moment is that the compression is born by the concrete cross section while on the tension 
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area, the tension is born by the reinforcing steel so that there is a part of the concrete cross 

section on the tension area below the neutral line that is not bearing loads. Many researchs 

have been done related to the bending behaviour including by user plated concrete beam with 

variation of the concrete strength on the compression section and tension section [1], [2], [4], 

[10], [17], and using hollow with PVC pipe by employing different diameters and neutral line 

position [3], [5], [11], [13], and [16]. Another study have been done relation with the 

environment pollution reduction using plastic waste from the recycled plastic and mixed with 

the concrete [7] and [14]. 

The other action of using plastic waste is by using it as the cavity material like the study 

of Rahadyanto [12], (2013), with its special objective to obtain an easy way to construct 

beams by using plastic bottles so that they can be used as the landfill of plastic bottle waste. 

The other research about using plastic bottle as the cavity filling was done by Sari [13], 2013 

its objective to know the effect of cavity on the reinforced concrete plate on the bending 

strength, deflection, and crack pattern. It was concluded that the maximum load capacity of 

the plate with cavity was lower than the solid plate. The difference between the bending 

strength of those two types of plates was because of the plastic bottle was not so stiff and 

made it easy to change its form to be oval when casting. 

In relation with those previous studies, this research used T shaped beam at the structure 

of girder bridge that has been standardized by Indonesia. There were 2 types of beams made 

in different advantages, then plated with plastic bottle cavity on the tension cress section. The 

objectives are: 

1. formulating the difference of the ability to bear loads as a result of the variation in 

using plastic bottle cavity on the tension cross section, 

2. analyzing the bending behavior of the cross section of the reinforced concrete girder 

bridge as a result of the variation in the plastic bottle cavity. 

2. BASIC THEORY 

2.1. Reinforced concrete characteristics with T shaped beam bending capacity 

The mechanism of T shaped reinforced concrete beam bending capacity is obtained by taking 

neutral line precisely on the bottom side of the flange. 

 

Figure 1 The neutral line below the flange  

Cc = T  0.85 f’c. Be. a = As. fy  

And it is obtained:        (1) 

If  a < t  apparent T shaped beam 

a > t  neutral T shaped beam 
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Figure 2 Stress and strain diagram of apparent T shaped beam 

 

Figure 3 Stress and strain diagram of neutral T shaped beam 

In the diagram of neutral T shaped beam, the balance of the force:  

T = Cc1+Cc2 

As.fy = 0.85.f’c (Be-bw).t + 0.85f’c.bw. a 

        (2) 

And the nominal moment Mn = Mnreq 

        (4) 

     (5) 

There are three failure conditions of the reinforced concrete structure, including: 

a) Tension failure 

Tension failure will occur if the percentage of reinforcing steel of a beam yield cross section 

is relatively small (under reinforced) so that the reinforcement will yield first before the 

compression strain reaches its maximum. At this stage, reinforcing steel strain is  

and concrete strain is  and will continue until 
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b) Balance failure 

Balance failure will occur if both the concrete or the reinforcing beam reaches the maximum 

strain and stress at the same time. The failure occurs simultaneously. 

c) Compression failure 

Compression failure occurs if the percentage of the reinforcing steel of a beam section is 

relatively big (over reinforced) so that the concrete stress reaches its maximum before the 

yield stress of the reinforcing steel is reached. At this stage, the strain of the reinforcing steel 

 and the concrete strain . The failure occurs on the compression area of the 

concrete. It occurs suddenly and is often accompanied by the explosion of the crushed 

concrete and without large deformation. 

Based on three conditions and due to the safety reason, tension failure is chosen for 

designing the reinforced concrete beam. 

2.2. Reinforced Concrete Hollow Beam 

Because of the bending moment, the top fiber will be in compression and the bottom fiber 

will be in tension. In the equilibrium condition, the tension provided by the reinforcing steel is 

equivalent with the compression provided by the concrete cross section above the neutral line. 

Therefore, there is a part of concrete section below the neutral line that is calculated as not 

bearing the compression force so that this part can be removed or made into hollow. 

 

Figure 4 Hollow T shaped beam 

There are some advantages using hollow in the tension section: 

a) The structure will be lighter. 

b) The production of cement as the main material to make concrete will be reduced.  

c) Providing place for utility facility 

d) It can be used to accommodate waste. 

2.3. Previous Studies 

Varghese, N, et al,2016, conducted an experimental test on the bending behavior of reinforced 

concrete beams with 50 mm diameter PVC pipe cavity at various depths. Ten beams of 200 x 

300 x 2000 mm consisted of two solid reinforced concrete beams as the controlling beams 

(CB), two reinforced concrete beams with 160 mm depth of cavity (B1) two reinforced 

concrete beams with 160 mm depth of cavity (B2), two reinforced concrete beams with 200 

mm depth of cavity (B3), and two reinforced beams with 240 mm depth of cavity (B4). All of 

the beams were bending tested with the loads at two points. Three main aspects tested were 

the bending capacity, deflection on the middle of the section and the beams’ strain behavior. 
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The result of the test was that the bending behavior of reinforced concrete beams with cavity 

is similar with the conventional reinforced concrete beams. The optimum depth of the cavity 

that give optimum beam capacity was 160 mm which was right at the beam’s geometrical 

line. 

Dhinesh, et al, 2017, conducted a bending test on cavity reinforced beams. Eight tested 

beams of 150 x 150 x 1000mm consisted of two tested beams with top PVC pipe depth of 34 

mm from the compression fiber, two beams with 75 mm depth PVC pipe axis position (the 

pipe axis coincided with the cross-section axis), two beams with the bottom part of the PVC 

pipe at 116 mm from the compression fiber (34 mm from the tension fiber) and two beams 

with the PVC pipe at 75 mm depth and 116 mm from the compression fiber. The beams were 

designed with weak reinforcement with bottom reinforcement of 2  8mm and the top 

reinforcement of 2  8mm. The shear reinforcement used cross bar of  6 - 150 mm. The 

relation between the loads and the deflection showed various values. The beams with 34 mm 

of pipe depth showed 22 KN maximum load value and 3.4mm deflection. The 75 mm of pipe 

depth showed 22 KN maximum load value and 5.8 mm deflection. Then, the 166 mm of pipe 

depth showed the highest value of load which was 26 kN with 5.7 mm deflection. The last, for 

the pipes at two points which were at 75 mm and 116 mm of depth showed 24 kN maximum 

load and 5.5 mm deflection. 

Kumar, et al, 2015, conducted a research by replacing some part of the concrete below the 

neutral line, which was 4% and 8%, with air cavity made from polyethylene ball with 3.5 mm 

of diameter. The dimension of the tested beam was 200 mm x 300 mm x 1000 mm and the 

effective range was 800 mm. Class M30 concrete was used. The zone below the neutral line 

was divided into three zones and two zones adjacent to the neutral line were replaced by air 

cavity. The value of load and deflection which was suitable from the beams and the solid 

controlling beams with the replacement at the neutral line until the load was 220 kN. The 

solid beam’s deflection was 30.73 mm and the beams with 4% and 8% air void created 

polyethylene ball of 35.16 mm and 37.85 mm. 

Rahardyanto, 2013, the previous research on hollow core slab found a problem in the 

casting process caused by the buoyancy of the bottle which made it difficult to be performed. 

The experimental study to search an easier method and learn the hollow beam’s bending 

strength with PET bottle had been done by using tested object of 200 x 400x 3850 mm. There 

were 6 hollow beams with K-300 and K-400 concrete quality, and three solid K-400 

reinforced concrete beam specimens of the same sizes which were also tested as the 

comparison. The result was obtained from the analysis based on the graph of relation between 

the load and the deflection, and between the moment and the round angle on the middle of the 

section, crack pattern which occurred on each specimen and failure mode. The comparison 

between the theoretical and experimental ultimate capacity. 

3. RESEARCH METHODE 

3.1. Section and material properties of tested beam 

The dimension of the beam used in the research used the T shaped beam cross section of Bina 

Marga standard bridge. The scale was 1:3. 

 Beam’s width: bw = 150 mm  

 The flange thickness: t = 66.7 mm  

 The height of the beam: h = 350 mm; effective height: d = 275 mm 

 Tension reinforcement 2 D 25; tension reinforcement: 4  8 

 Reinforced steel on the support is  8–100 while on the middle length is 8– 150 mm, 
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 The beam’s length: L = 3300 mm (free section: 3000 mm) 

 Compressive strength, f’c: 25 MPa,  

 Yield stress of reinforcing steel, f’y = 400 Mpa 

Tested objects’ variables and notations 

 Variation of effective width of flange: 200 mm, 500 mm 

 

Figure 5 Dimension and variation of plated reinforced T beam 

Table 1 Notation and the amount of tested objects 

No 
Effective 

Length 

T Shaped 

beam concrete 

Specimen 

Notations 

Amount of 

Specimen 

1 200 Normal TMNS 1 

2 200 Hollow TMBS 1 

3 500 Normal TSNS 1 

4 500 Hollow TSBS 1 

Figure 6 Dimension and variation of plated reinforced T beam 

3.2. Theoretical Calculation of Bending Capacity of T Shaped Beam 

Table 2 Neutral and apparent T shaped beam capacity 

 

UNIT

f'c Mpa 25 25 25

fy Mpa 400 400 400

t mm 70 70 70.00

b mm 150 150 150

be  mm 264.0 200.0 500.0

C  =  0,85  f;c. Be. t N 392,700.00         297,500.00      743,750.00         

Reinforcement 2 D 25 2 D 25 2 D 25

As mm
2 981.75                981.75             981.75                

T  =  As  x fy  N 392,699.08         392,699.08      392,699.08         

a mm 70.0                    92.40               36.96                  

a ?  t a = t a > t a  < t

T Beam Behaviour
T Beam = Square 

Beam
Neutral T Beam Apparent T Beam

a at Flens mm 70.00                  70.00               36.96                  

a' at  Web mm -                      29.87               

mm 195.00                165.13             228.04                

h mm 350.00                350.00             350.00                

d mm 275.00                275.00             275.00                

Z1 mm 240.00                228.80             256.52                

Z2 mm 107.33             

C1 N 392,700.00         297,500.00      743,750.00         

C2 N 95,199.08        

Centre of  C1 and C2 mm 47.10               

Mn  =  As.fy.  Z1 N mm 94,247,811.75    89,494,185.84 100,735,185.41  

Length  =  L mm 3,000.00             3,000.00          3,000.00             

P = 5 Mn/L N 157,079.69         149,156.98      167,891.98         

P = KN 157.08                149.16             167.89                

T BEAM'S CONDITIONDESCRIPTION

Hollow  Height





  2

adfyAM sadan
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3.3. Loading frame test instrument 

The test instruments of loading frame and the loading frame instruments are: 

1. Actuator with maximum load capacity of 1500 kN 

2. Load Cell, to measure the applied loads, with 200kN capacity.  

3. Data logger, to automatically record the data measured by the strain gauge LVDT and 

Load Cell 

4. Strain gauges, to measure the reinforcing steel strain and concrete strain. 

5. LVDT (Linier Variable Displacement Transducer), to measure deflection of tested 

beam. 

Test setup can be seen on Fig.6. 

 

Figure 6 Set up of the test instruments 

4. RESULT AND DISCUSSION 

4.1. The Ability of T Shaped Beam to Bear Loads 

4.1.1. The Ultimate Load Capacity of Apparent T Beam (TS) and Neutral T Beam (TM)  

Fig 7 shows the ultimate load capacity of apparent T beam and neutral T beam. The 

comparison of apparent and neutral T beam’s ability to bear the load on the normal cross 

section was 99.25% and on the plated cross section was 99.41%. there values show that the 

difference of apparent and neutral T beam’s ability to bear the loads is not significant and it 

was only caused by the longer moment of the apparent T beam than of the neutral T beam. 

 

Figure 7 The ultimate load capacity of apparent and neutral T beam  
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4.1.2. The Ultimate Load Capacity of normal beam (TN) and the hollow beam (TB) 

Figure 8 shows the ultimate load capacity of the normal beam and the cavity T beam. The 

comparison of the ability to bear the loads of the cavity beam and the normal beam of the 

apparent T beam was 98.29% and of the neutral T beam was 98.45%. It shows that the ability 

to bear the loads of the cavity beam was not significantly different from the normal beam. 

This is because the cavity which was made from the plastic bottle was placed on the tension 

cross section which was theoretically calculated to not bear the loads 

 

Figure 8 The ultimate load capacity of normal beam and hollow T beam  

4.2. Load-deflection relationship of each tested beams. 

Figure 9 shows the relationship of the load-deflection curve. Based on that figure, it can be 

seen that either normal or cavity beam of the neutral T beam was stiffer than the apparent T 

beam. The result also show that stiffness of normal beam is better than the hollow beam 

although the value is not significantly different. 

 

Figure 9 The ultimate load capacity of normal beam and cavity T beam 
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5. CONCLUSIONS 

Based on the experimental test, it can be concluded that: 

a. The ultimate load of each tested beam did not give any significant difference. The 

capacities of all tested beams were determined by using under reinforced principle, 

which means that the bending failure of the beam was started by the yield reinforcing 

steel. 

b. The stiffness of the neutral T beam is better than the apparent T beam although the 

value is not significantly different. The stiffness of the cavity apparent T beam is 

better that the normal neutral T beam. 
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