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Abstract 

This study aims to analyze the flexural capacity of RC without concrete in a tension cross-section using an experimental 

method. The number of specimens is three pieces, namely a spiral reinforced concrete beam (SBC) and a vertical reinforced 

concrete beam (CBN); both of these blocks are without concrete in the cross-section of the reinforcement and 60D tensile 

steel reinforcement in the support area, where D is the primary diameter, and a conventional concrete beam as the control 

beam (CB). The beam size is 3100×150×200 mm. The beams are supported by simple supports with a span of 3000 mm. 

The concrete in the structural beam elements, which work optimally to withstand the load, is the outermost fibre part of 

the side, while the concrete on the tension side does not have a direct role in determining the magnitude of the resisting 

moment. Therefore, the quality of the concrete in the concrete beam section must be optimized, while the concrete in the 

tension section must be minimized. Eliminating concrete in tension areas reduces the construction's self-weight and use of 

concrete-making materials. The main variables in this research are bending behaviour and crack pattern. The beam 

specimens were tested with two-point loading monotonically. By observing the crack pattern and failure mode, the results 

showed an increase in the capacity load of SBC by 21.58% CBN but a decrease of 27.57% compared to the CB control 

beam. Flexural cracks and beam failures resembled under-reinforcing. The flexural capacity was analyzed based on static 

analysis and then validated by calculating the ratio between the theoretical nominal moment and the experimental moment. 

This finding shows that changing the conventional shear reinforcement model to spiral can increase the flexural of the 

beam without concrete in the tension cross-section. 
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1. Introduction 

Concrete is a building material that is still very popular in the construction industry. In addition to its high 

workability, it is also easy to maintain and has a long economic life. However, the ingredients for this concrete mix use 

materials from nature, such as gravel, sand, and cement, so their fulfillment results in natural exploitation that impacts 

the environment. Various ways have been done to minimize these natural materials, which is in line with Gerges et al. 

[1], Prabha et al. [2], and Elsayed et al. [3]; Concrete can withstand compressive flexural stresses but has the 

disadvantage of resisting tensile stresses, so reinforcing steel is needed to withstand these tensile stresses. The magnitude 

of the resisting moment is affected by the concrete in the compression area. 

Conversely, the concrete in the tension area does not play an important role in determining the magnitude of the 

resisting moment, so the concrete on the tensile side can be used with lower quality concrete or all the concrete on the 

tensile side can be removed. Reducing the volume of concrete is intended to make construction lighter and more 

economical. As illustrated in Figure 1. According to Whitney, the assumed uniform compressive stress of 0.85f'c is 
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uniformly distributed over the equivalent compression region bounded by the cross-sectional edge of a straight line 

parallel to the neutral axis at a distance a = β1.c of the concrete fibres subjected to the compressive strain maximum ɛc. 

An equivalent rectangular press block can be used to calculate loads without loss of accuracy. Equivalent compression 

concrete withstands the compressive load on the compression side, while the concrete on the tensile side is considered 

non-functional because the tensile stress is resisted by the steel reinforcement, as shown in Figures 1 and 2. 

 

Figure 1. Compression-tension of a flexural beam 

 

Figure 2. Rectangular stress block 

Research on removing concrete in the tensile area in this spiral reinforced concrete beam has never been done before. 

Other studies generally minimize the use of concrete constituents by using cavities, replacing coarse aggregate with 

lightweight aggregate or hybrid concrete blocks, and using lower-strength concrete in tensile sections with or without 

replacing coarse aggregate with lightweight aggregate. In recent years, several studies have been carried out to reduce 

the use of concrete in construction, especially for beam sections [4], reporting a reduction in concrete in tension zones 

of up to 25%, and making hollow beams using GI pipes would be economical. The flexural strength of the RC hollow 

beam is almost the same as that of the RC control beam [5-7]; in another study, regarding the optimization of structural 

materials, Manikandan et al. [8] introduced hollow-core to the use of Expanded Polystyrene Foam in the zone tensile 

strength in RC beams, Patel [9] using hollow balls in reinforced concrete beams, obtained a weight reduction of about 

12% and 33% of the crack and rupture index which is higher than that of control beam beams; furthermore, several 

studies on hybrid beams, layer on the tensile zone uses lower quality than concrete in the compression zone, by Ataria 

and Wang [10], Syahrul et al. [11], Fakhruddin et al. [12] and Hussein et al. [13] the results show the same thing, namely 

the hybrid beam has decreased flexural capacity. 

Reducing the concrete in this tension section causes a decrease in the flexural capacity of the beam. This is in line 

with research Djamaluddin [14], so Amir et al. [15] has continued research by adding tensile reinforcement with a 

channel length of 60D in the support area of reinforced concrete beams from the truss system, the result of which is an 

increase in flexural capacity, and cracks and in the support area does not happen again. Research on the reinforcement 

of the frame system, Increase the shear strength of the beam and compressive reinforcement, tensile reinforcement 

requires shear reinforcement with several variations of geometric models, namely vertical, conventional system, truss 

system and spiral, for more details, as shown in Figure 3 [16-18]. 

  

(a) Conventional reinforcement (b) Spiral reinforcement 

Figure 3. (a) Conventional reinforcement, (b) spiral reinforcement 
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Several research studies have shown that they can increase the flexural capacity of the beam [19, 20]. Conventional 

shear reinforcement, which functions to withstand bending moment loads, is converted into spiral reinforcement 

installed continuously on the axis of the concrete block and acts as reinforcement to withstand shear forces. Research 

related to spiral reinforcement is described by Ibrahim et al. [21], Askandar and Mahmood [22], Ibrahim et al. [23], and 

Al-Faqra et al. [24]. The change of vertical shear reinforcement into spiral shear reinforcement in beams is considered 

to increase the flexural capacity; according to Shatarat et al. [25], the shear capacity of SCC beams reinforced with 

rectangular spiral reinforcement is higher than traditional shear reinforcement regardless of the distance and angle of 

inclination for the stirrups. The increase in shear capacity ranges from 0.58% - to 16.27% for a stirrup spacing of 200 

mm and 9.375% to 16.37% for a length of 150 mm. Furthermore, in another study of spiral-reinforced beams [26], spiral 

shear reinforcement reduced the occurrence of energy dissipation and increased flexural capacity and flexibility. 

This study is presented in Section 2.1 describes the specimen and design of materials and introduces the material 

property. Section 2.2 Testing procedure, the beams testing is carried out with two-point loads on concrete blocks using 

monotonic loading, which is given displacement control with a constant ramp actuator speed of 0.03 mm / s until the 

beam collapses compares the test results depending on the test variables of the reinforcement types, failure modes, and 

reinforcing degree. Section 2.3 compares the load-deflection curves depending on the test variables. Section 3 

summarizes the test results and findings. The research flow for this experimental study is shown in Figure 4. 

 

Figure 4. Flowchart of the research methodology 

2. Experimental Program 

The method used in this research based on the ASTM (American Society for Testing of Materials) and ACI 

(American Concrete Institute) regulations. 

2.1. Specimens and Design of Materials 

2.1.1. Specimen 

A concrete mix design of normal concrete beam [27]. The design of concrete compressive strength was 45.07 MPa. 

The concrete beam variations to be studied are three specimens, each consisting of 1 (one) regular concrete block (CB), 

1 (one) spiral reinforced concrete block, and 1 (one) conventional reinforced concrete beam; these two blocks are without 

concrete at the intersection of tensile with the strengthening of the tensile reinforcement rod in the 60D-long support 

area. The beam size is 3100 ×150 × 200 mm, as shown in Figure 5. 
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(a) Control Beam (CB) 

 

 
(b) Spiral Reinforced Concrete Beam without concrete on tensile cross section (SCB) 

 

 

(c) Conventional reinforced concrete block without concrete on tensile cross section (CBN) 

Figure 5. (a) CB Beam, (b) SCB Beam, (c) CBN Beam 

2.1.2. Property Materials 

Steel Material Testing 

Plain steel material Ø8 mm, type Bj.TP 24, and threaded steel D13, type Bj.TS 24 where Lo = 300 mm, measured 

before the test; Also, is the original cross-sectional area of the test object; do is the cross-sectional area measured after 

testing; m is the required test object free length of 4 mm; it is the total length of the test object; and it is the length of the 

test object part wedged in the tensile machine. Concrete testing drawings and steel specimens can be seen in Figure 6. 
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Figure 6. Steel property testing
 

Concrete Material Testing 

Specimens in the experimental program were prepared using ASTM. Type I Portland cement with a grade of 52.5 

N/mm2. Natural clean sand was used as fine aggregate, while natural clean crushed dolomite stone was used as coarse 

aggregate (Size #1 and Size #2). Physical and mechanical properties of both fine and coarse aggregates were obtained 

by testing a set of random samples according to the ASTM C33 specification standards [28], the material used is fresh 

concrete used in slump testing and compressive strength. The cylinder samples were prepared according to ASTM C39-

03 [29], The grading of coarse and fine aggregates is shown in Figure 7-a Gradation of Coarse Aggregate and Figure 7-

b Gradation fine Aggregate, and upper, lower limit of ASTM C33. 

(a)  

(b)  

Figure 7. a) Gradation test of Coarse Aggregate, b) Gradation test fine aggregate, and Upper, and lower limit of ASTM C 33 
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The dimensions of the cylinder test object are 100 mm in diameter with a height of 200 mm. Concrete press strength 

testing is carried out after 28 days, and Concrete mixture testing can be seen in Figure 8. 

 

Figure 8. Concrete property test 

The results of the concrete and steel properties test can be seen in Table 1. 

Table 1. Concrete and Steel Property Test Results 

Concrete Steel 

Compressive strength (f’c) 45.07 MPa Yield Strength (fy) 365.14 MPa 

Tensile strength (ft) 3.0 MPa Ultimate strength (FS maks) 469.24 MPa 

Flexural strength(fr) 33.64 MPa Modulus of elasticity (Ɛs) 198890 MPa 

Modulus of elasticity(Ec) 31.550 × 10³ MPa Yield Strain of stell (Es) 0.00199 

2.2. Testing Procedure 

The Beams testing is carried out with two-point loads on concrete blocks using monotonic loading, which is given 

displacement control with a constant ramp actuator speed of 0.03 mm /s until the beam collapses. The data reading on 

the logger is taken at each increase in lending under normal conditions. This test aims to obtain data on the maximum 

load the beam can withstand, strain, and deflection that occurs. Steel and concrete stretching and tensions will be 

monitored for any 100 kg load increase using LVDT (transducer) tools and gauge strains. LVDT is placed at 3 locations 

on one beam; steel gauge strains are identified as shear reinforcement and compressive reinforcement, while concrete 

gauge strains are placed in the middle of the span, as shown in Figure 9. 

 

Figure 9. Loading Test 
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3. Results and Discussions 

3.1. Load-Deflection Relation 

Figure 10 presents the specimen load-deflection relationship graph measured at the center of the beam. The first 

crack occurs, indicating that the moment that occurred exceeded the capacity of the crack moment in the beam. The first 

crack causes a decrease in stiffness in the beam, but in the first crack of the CBS beam, CBN does not cause a significant 

reduction in the deflection slope of the load as in a control beam. The first crack in SCB occurs when a load of 3.33 kN 

with a deflection of 1.81 mm is applied, while the first crack in CBN occurs when a load of 2.06 kN with a deflection 

of 1.91 mm is applied. When a load of 4.11 kN with a deflection of 2.15 mm is applied, control beams are the first to 

crack. The first crack load on the SCB beam is higher than the CBN beam, and the deflection is lower, but compared to 

the control beam (CB), the first two crack beams of both rays are lower. This shows that the beam does not yet have 

tenacity in the elastic phase compared to the control beam. This is made possible by the decrease in inertia due to the 

reduction of concrete in the tensile cross-section, resulting in a 46% reduction in inertia compared to the control beam 

(CB). Changing the vertical shear reinforcement model to a spiral to increase the Pcr value is insignificant. Still, the 

influence of the spiral system can be observed when the primary reinforcement has melted the difference in yielding 

load (py) and ultimate load (Pu). 

 

Figure 10. Load-deflection of the beams 

Behavior deflection of the specimen control beam (CB), judging by the deflection of the curve load, the control beam 

curve is more upright than the SCB and CBN specimens. It can be seen in the load and deflection relationships on the 

SCB and CBN beams with limited conditions before the bending collapse of the specimen according to the initial 

cracking stage, melting. This means that CB specimens are stiffer than SBC specimens, and SBN specimens, but SBC 

specimens are stiffer than SBN specimens. Likewise with the ultimate load, which affects the nominal moment, 

calculation of the ultimate moment capacity through the use of the Equation 1. 

𝑀𝑢𝑐𝑎𝑙 = 𝐴𝑠𝑓𝑦(𝑑 − 0.5𝑎) (1) 

The relation of deflection load from the specimen test results of the load under initial crack conditions, ultimate load, 

maximum deflection and the moment that occurred using moment holding formula is presented in Table 2. 

Table 2. Result of Loading Test and Analysis calculated of Moment crack, yield, and ultimate 

Description Unit 

 Specimen Beams 

CB SCB CBN CB SCB CBN 

Analysis Experimental 

Pcr kN 4,48 4,48 4,48 4.11 3.33 2.06 

Mcr kNm 3,50 3,50 3,50 3.27 2.81 2.05 

Py kN 33,37 33,37 33,37 41.96 33.82 25.68 

Mpy kNm 20,83 20,83 20,83 25.98 21.1 16.22 

Pu kN 35,75 35,75 35,75 47.65 34.51 27.06 

Mu kNm 22,26 22,26 22,26 29.39 21.52 17.05 

𝑀𝑢𝑒𝑥𝑝/𝑀𝑢𝐶𝑎𝑙     1.30 0.97 0.8 

Maximum deflection (Midspan) 33.86 44.91 44.91 49.49 42.47 42.51 
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While theoretical Maximum deflection (Midspan) is calculated using of the Equation 2. 

𝛿 =
𝑃𝑎

48 𝐸𝑐.𝐼𝑒
× 3𝐿2 − 4𝑎2  

(2) 

where Pa is the applied load (kN), a is the shear span or the distance between concentrated load and face of support 

(mm), Ec is the modulus of elasticity of concrete (MPa), and L is the span length of the beam. Ie, is the effective moment 

of inertia used in computing the deflection. 

In Table 2, presented the calculation of theoretical moment and experimental moment is compared. This is done for 

SBN beams, CBN, CB. Furthermore, in Figure 11, the ultimate load (Pu), yielding load (Py), and first crack of the SBN, 

CBN, CB beam specimens. (Pcr). 

 

Figure 11. Comparison of loading capacity 

The Specimen CB and CBN are beams with vertical shear reinforcement, while SCB uses spiral system shear 

reinforcement, as seen in Figure 11. CB and SCB ultimate capacities are 47.65 kN and 34.51 kN, respectively. This 

shows that the ultimate load (Pu) of the SCB beams was 27.57% lower than that of CB but 21.58% higher than the 

ultimate load (Pu) of CBN. Furthermore, the current experimental values are in close agreement with the previous works; 

compared with BRTP 60D. The ultimate load (Pu) SBN is similar to BTRP 60D and CBN Specimen, similar to BT [30]. 

Prediction of experimental ultimate load ratio and analysis, namely Mu exp / Mu cal calculation of the ratio of the 

capacity of the test result to the capacity of the moment of the theoretical result. The calculation results show that the 

capacity of the test result moment compared to the theoretical result moment has a ratio value of 0.80 to 1.3. Furthermore, 

the ultimate moment capacity obtained from the analytical method produced SBC lower, categorized as good. 

3.2. Ultimate Flexural Capacity 

Based on Figure 11, removing concrete in the concrete tension area of the beam on SBN and SBC causes a decrease 

in beam stiffness. This increases the deformation of the beam. As a result, the occurrence of the first crack was earlier 

in the CBN and SBN than (CB) control beams. The first cracks in the CBN, SBN and control (CB) beams occurred 

when the applied loads reached 2.06 kN, 3.33 and 4.11 kN, respectively. Initial crack (Pcr) of CBN beams is earlier than 

SBN beams, this is due to the change of conventional shear reinforcement model to spiral although it does not 

significantly increase the Pcr value of SBN beams. 

3.3. Load-Strain of Concrete 

Based on Figure 12, the concrete load graph drawing for SCB, Pcr beams occur when applied to a load of 3.33kN 

with a concrete strain of ɛ𝑐 = 308.227 μ, while on CBN beams, there is a decrease in Pcr value, the beam has an initial 

crack when the load is applied by 2.06 with a concrete strain of 699 μ. An increase in Pcr load on SBC beams compared 

to CBN is possible by changing the sliding zinc reinforcement model from conventional to spiral. However, compared 

to control beams (CB), there was a decrease in Pcr load by 23.43%, and there was an increase in concrete strain by 

36.56%. The increase in concrete loads is due to a reduction of the inertia of the beam due to the removal of concrete 

on the tensile cross-section. When the load is increased according to the level of the crack, a bending crack occurs. In 

this condition, it is assumed that the concrete has flexural cracks. Thus, the contribution of concrete tension can no 

longer exist, so the reinforcement of steel that holds it. 

47.65

34.51

27.06

4.11 3.33
2.06

CB SBC CBN

Load Ultimate (Pu) First Crack (Pcr)
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Figure 12. Load-Strain of concrete 

3.4. Load- steel Reinforcement Strengthening Relation 

The initial crack occurred on the CB beam with a load of 4.11 kN with a reinforcing strain of 11.13 kN. The ultimate 

load is 47.65 kN with a strain of 3608 μ. On the SBC Pcr beam, the initial crack occurred at a load of 3.33 kN with a 

strain of 155.26 μ, yielding a load of 33.82 with a strain of 1999.69 μ and an ultimate load of 34.51 kN with a strain of 

2043.72 μ Furthermore, on the CBN specimen, the initial crack occurs at a load of 2.06 kN with a strain of 96.90 μ, 

yields reinforcement at a load of 25.68 kN with a strain of 1959.22, and ultimates at a load of 27.06 kN with a strain of 

2110.8. It can be observed that there is a decrease in steel load and ductility in the SBC and CBN specimens. This can 

be observed from the behavior of the load-strain curve. The SBC and BCN specimens fail shortly after the main crossing 

melts. CB specimens can still deform before failure after the main reinforcement melts, in another case with CB 

specimens. If it is assumed that the steel strain yielding limit at the 2000μ strain, all the specimens yield reinforcement 

before the concrete is broken because it has a strain > 2000 μ. A graph of the load-strain relationship is shown in Figure 

13. 

 

Figure 13. Load – of steel reinforcement 

3.5. Behavior Crack Pattern 

The cracking and collapse pattern in the CB beam is a failure of bending, with the spread of cracks propagating 

beyond 3/4 of the span of the beam. However, in specimens SBC and CBN, cracks indicate a transition from bending to 

sliding cracks, although dominated by flexural failure. This happens because the nominal shear strength of the concrete 

is still able to withstand the shear force that occurs on the beam, and the sliding crack that does not reach the loading 

point indicates that the zinc is holding the shear force well. The transition of the sliding failure is getting more significant 
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and more noticeable as the load is applied. Figure 14 shows that the strain of the transverse reinforcement in the SBC 

specimen is greater than the control beam (CB) strain. Even though the transverse reinforcement has not decayed during 

the ultimate load, it is smaller than the strain of the shear reinforcement in the CBN specimen. The transverse 

reinforcement has melted before the ultimate load. 

 

 

(a) Crack pattern specimen CB 

 

 
(b) Crack pattern Specimen SCB 
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(c) Crack pattern specimen SBN 

Figure 14. Crack Pattern specimens CB, SCB, CBN 

4. Conclusion 

The first crack load on the SCB beam is higher than the CBN beam, and the deflection is lower, but compared to the 

control beam (NB), the first crack of the SBC specimen is lower. This indicates that the beam does not yet have enough 

tenacity in the elastic phase compared to the control beam. The ultimate capacities of CB and SCB are 47.65 kN and 

34.51 kN, respectively. This shows that the maximum load (Pu) of the SCB beam decreased by 27.57% compared to the 

CB. This is possible by the decrease in inertia in the beam SBC but increased by 21.58% compared to the ultimate load 

of CBN (Pu) due to the change of the shear rebar model from vertical geometry to spiral, where this spiral rebar can 

increase the bending capacity of the beam, similar with the BTRP 60D using truss system reinforcement can also increase 

the bending capacity of the beam. There is a bending crack in the CB beam, while in SBC and CBN it has shear-bending 

cracks. All the beams suffered under reinforced failure. Failure was initiated by the yielding of steel reinforcement and 

is followed by compression failure in concrete. Concrete-less beams in the tension section can reduce the use of concrete, 

and the weight of the beam decreased by 38.16% but experienced a decrease in the bending capacity compared to CB. 

SBN is better compared to CBN beams in terms of ultimate load and ductility and has an ultimate service load that is 

almost the same as BTRP 60D, so more research is needed to develop, confirm, and expand the findings in this study in 

terms of some experimental variation models and reinforcing of the beams. 
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