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Abstract 
 

Stirrups are included at the intersections of beams, with secondary 

beams supported by the main beams or positioned where 

concentrated forces are significant. Additional stirrups must be 

arranged to enhance the load-bearing capacity at these beam 

intersections. At these beam intersections, it is necessary to arrange 

additional stirrups to support the reaction force generated by the 

secondary beams. At the intersections of the main beams, it is 

necessary to arrange additional stirrups on the section b+2h (where 

b and h represent the width and height of the main beam). The use 

of the stirrup arrangement at the beam intersection, as outlined in 

the TCVN 5574:2018 standard, has been subject to limited 

experimental studies. These studies aim to assess whether the stirrup 

placement at the beam intersection is both reasonable and optimal 

for ensuring adequate load-bearing capacity in this area. 

Furthermore, it is essential to investigate the impact of incorporating 

cocopeat as a partial substitute for sand aggregate in the concrete 

concerning the performance of these intersecting beams. The 

research results examined the formation and propagation of cracks, 

established the relationships between load-vertical displacement 

and load-compressive (tensile) deformation, explored the impact of 

additional stirrup arrangements on the behavior of seven 

experimental reinforced concrete beams, and utilized cocopeat as 

a sand substitute in concrete with beam dimensions of 

0.15×0.2×1.2m.  

 

Keywords: Stirrup, load-bearing capacity, TCVN 5574:2018, 

cocopeat, aggregate, concrete 
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1.0 INTRODUCTION 
 

The calculation of stirrups in accordance with the 

TCVN 5574:2012 standard [1] has proven effective in 

the arrangement of stirrups at the beam intersection. 

The calculation of stirrups in this standard is based on 

Russian standards [2], where the concrete in the 

compression zone and stirrups are assessed on the 

inclined section of the beam. Several studies have 

referenced theoretical calculation methods [3] by 

examining standards such as TCVN 5574:2012, ACI 

318-08 [4], and Eurocode 2 [5]. The experimental 

method applied to reinforced concrete beam 

samples [6] compared the arrangement of stirrups at 
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the beam intersection by varying the stirrup angle to 

450, 600, 750, and 900 degrees, ultimately identifying 

the most optimal angle for steel arrangement at the 

beam intersection. This study found that, in addition 

to altering the angle of the stirrup, it is also feasible to 

modify the arrangement of the stirrup at the beam 

intersection in accordance with the current standard 

TCVN 5574:2018 [7]. 

The research examined how the spacing of 

reinforcement affects the shear capacity of 

reinforced concrete beams through experimental 

methods [8]. The research carried out experiments on 

beams equipped with stirrups under various 

conditions and showcased the outcomes of 14 

compression tests to explore the impact of stirrup 

spacing on the shear capacity of the beams. The 

study [3] analyzed and compared the approaches 

to designing shear stirrups for bending beams 

according to ACI 318-08 [4], Eurocode 2 [5], and 

TCVN 5574:2012 [1]. The study revealed that 

Eurocode 2 [5] overlooked the role of concrete in the 

shear capacity of reinforced concrete beams, while 

noting that the crack angle changed based on the 

load applied. In contrast, TCVN 5574:2012 [1] and 

ACI 318-08 standards consider the contribution of 

concrete under shear conditions, although the crack 

angle remains constant. It is indicated that, of the 

three standards, utilizing ACI 318-08 [4] is the most 

straightforward, as the guidelines for executing the 

calculation steps are clear and uncomplicated. 

Eurocode 2 [5] is the standard that most effectively 

demonstrates the behavior of beams under bending 

and shear forces. At present, TCVN 5574:2012 has 

been superseded by TCVN 5574:2018 [7]. This new 

standard shifts the perspective of the calculation 

model from the stress model to the deformation 

model. This model is advised for use in calculations 

pertaining to the first limit state and the second limit 

state for members experiencing bending moments 

and axial forces. At the beam intersections, extra 

horizontal steel should be positioned to support the 

reaction force generated by the secondary beam. 

At the intersection position of the main beam, stirrups 

should be positioned on section b+2h, where b 

represents the width and h denotes the height of the 

secondary beam. A section of length equal to h/3 

should be arranged at the intersection position of the 

secondary beam. According to [7], stirrups should be 

arranged in section (b+2h), with a spacing of 50mm. 

The study presents a method for determining the 

shear stirrups of beams that are subjected to 

concentrated loads, in accordance with TCVN 

5574:2018 [7] of Vietnam, which was established 

based on the SP 63.13330.2012 [9] standard, along 

with the guidelines provided in Pocobie for SP 

63.13330 [10] of Russia in 2012. Nonetheless, TCVN 

5574:2018 of Vietnam does not provide 

accompanying instructions, leading some authors to 

investigate and create documents that outline the 

procedures for calculating shear stirrups for various 

beams [11–15] in accordance with TCVN 5574:2018 

[7]. Indeed, while grounded in the same standard, 

the calculation outcomes reveal varying 

approximate and inaccurate results. Based on 

previous research documents, the authors have 

synthesized their findings into [16]. This article will 

present the fundamental theory related to the 

calculation of shear beam stirrups, outline a practical 

method for determining the shear capacity of 

beams, and highlight the shortcomings of this 

calculation method. The authors subsequently 

introduced a novel approach for calculating stirrups 

in beams that are subjected to concentrated loads, 

in accordance with TCVN 5574:2018. By addressing 

practical calculation problems aligned with the 

research directions, the authors' group achieved 

results indicating that their proposed method aligns 

effectively with both the design and test problems. 

This approach ensures safety while also reducing 

mass in accordance with standard calculations. 

Alongside the theoretical calculation research 

methods, there are also investigations employing 

experimental techniques. An illustrative case is the 

investigation of the shear resistance of concrete 

beams through experimental arrangements of stirrups 

[6]. This study presents an arrangement of stirrups in 

the experimental beam structure designed to resist 

shear force, utilizing a configuration where stirrups are 

positioned perpendicular to the inclined cracks, 

diverging from conventional methods. Following the 

compression practice, the experimental samples 

demonstrated that the crack widths were 

significantly narrower compared to beams reinforced 

with conventional stirrups. The research method 

demonstrates the enhanced shear resistance of 

beams and the practicality of utilizing reinforced 

concrete beams with stirrups. 

The current scarcity of sand in construction is 

becoming increasingly severe. To solve the situation 

presented above, the government has established 

processes to promote the use of construction 

materials as substitutes for natural sand [17]. This 

initiative encourages research into sea sand 

alternatives to effectively meet the demand for sand 

replacement in ongoing projects. Alongside 

inorganic sand substitutes, there is a growing focus 

on identifying sand alternatives that consider 

environmental protection factors, particularly in 

relation to the greenhouse effect caused by 

concrete works. Organic alternative materials will be 

valued as a solution for solving the problem of raw 

material scarcity and the growing trend towards 

lightweight and eco-friendly concrete. Vietnam 

possesses a significant amount of agricultural waste, 

and it is essential to focus on the utilization and 

research aimed at transforming this resource for the 

construction industry. Recent research has explored 

the use of popular organic fibers, including flax [18], 

sisal [19-20], coconut fiber [20-24], and palm [25]. The 

findings suggest that incorporating natural fibers into 

concrete can enhance its physical and mechanical 

properties. 

Indeed, research and practical applications of 

organic substances in product manufacturing have 
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been conducted in Vietnam. An examples case is 

the research focused on enhancing concrete 

through the use of cocopeat [26-27]. This study 

aimed to examine the compressive strength and 

water absorption through changing the ratio of the 

normal fine aggregate, sand, with cocopeat, 

alongside water and cement. The goal was to 

produce environmentally friendly concrete samples 

while adhering to the regulations set forth by 

Vietnamese standards for self-compacting concrete 

bricks [28]. 

This study experimentally examines the impact of 

stirrups at the beam intersection in accordance with 

TCVN 5574:2018. It also explores the effects of using 

cocopeat as a substitute for sand aggregate in 

concrete. The research establishes the relationship 

between load and compressive (tensile) 

deformation, as well as the relationship between 

load and vertical displacement. Additionally, it 

investigates the formation and propagation of cracks 

in reinforced concrete beams that use cocopeat as 

a substitute for sand aggregate, particularly focusing 

on the bending behavior at the beam intersection. 

 

 

2.0 METHODOLOGY 
 

2.1 Design of experimental reinforced concrete 

beams and the use of cocopeat composition as a 

substitute for sand 

This research involved the design of seven reinforced 

concrete beams. Details of the beams are presented 

in Figure 1: 

 
a) D1, Cocopeat content substitutes sand, 0% 

 
b) D2, Cocopeat content substitutes sand, 20% 

 

 
c) D3, Cocopeat content substitutes sand, 20% 

 
d) D4, Cocopeat content substitutes sand, 20% 

 
e) D5, Cocopeat content substitutes sand, 20% 

 
f) D6, Cocopeat content substitutes sand, 20% 

 
g) D7, Cocopeat content substitutes sand, 20% 

Figure 1 Experimental beam model 

 

 

2.2 Producing cocopeat as a substitute for sand 

aggregate in concrete 

Cocopeat is obtained from the supplier and is then 

sieved using an appropriate sieve size to remove 

impurities and fibers mixed with the cocopeat. Once 

the cocopeat is prepared for testing, it is further dried 

in the sun to achieve dry cocopeat. 

The cocopeat is then moistened carefully. The 

moisture content is established by determining the 

quantities of cement and water required to fully 

hydrate the cement. After numerous trials with 

varying cement amounts, it has been established 

that 100g of cocopeat requires 500g of cement for 

complete coverage on the outside. Following 

treatment with cement, the cocopeat will be dried in 

a dry and airy environment for 24 hours. This process 

aims to allow the cement on the outside of the 

cocopeat to react with the water absorbed within, 

resulting in the formation of a hard crystal that is 

insoluble in water (Figure 2).  
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Figure 2 Cocopeat after being “hardened” with cement 

 

 

After sieving to eliminate coconut fiber, the 

density of cocopeat particles is shown in Table 1. 

 
Table 1 The density of cocopeat particles 

 

Particle size (mm) density (g/cm3) 

0.01 ÷ 0.46 1.15 ÷ 1.46 

0.1 ÷ 0.45 1.30 ÷ 1.50 

0.2 ÷ 0.25 1.20 ÷ 1.30 

 

 

2.3 Construction of reinforced concrete beams 

 

The procedure for the manufacture of reinforced 

concrete beams consists of two primary steps: 

creating formwork (Figure 3) and pouring concrete 

(Figure 4). The concrete used is of grade B15, 

according to TCVN 5574:2018 [7]. 

 

 
 

Figure 3 The formwork and reinforcement for the beams 

 

 
 

Figure 4 Pouring concrete beams 

 

 

3.0 RESULTS AND DISCUSSION 
 

The beams were installed with devices to determine 

deformation in the tension and compression regions 

(both the front and back of the beam), as well as to 

measure vertical displacement, among other 

variables under the compressive load of a load cell. 

 

3.1 Formation and propagation of cracks in beams 

The front surface of beams (shown in Figure 5) 

 

Cracks were observed in beams D1 to D6 at a load 

level of 30kN (600psi), whereas beam D7 exhibited 

the first crack at a load level of 15kN (300psi). Both 

beams D1 and D6 ultimately failed at a load level of 

75kN (1500psi). Research on experimental beams 

revealed that the formation and propagation of 

cracks in the beams aligned with results from [6] and 

[8]. The experimental results indicated that the cracks 

were inclined at an angle of 45 degrees at the 

midpoint between the beam and the support, with 

vertical crack development occurring near the 

center of the beam. 

Beam D1 is a normal reinforced concrete beam 

(0% cocopeat content replacing sand aggregate), 

with a load-bearing capacity of 75kN. When 20% of 

the sand aggregate is replaced with cocopeat, the 

load-bearing capacity of the beams decreases to 

60kN (1200psi). Cocopeat is an organic material that 

is highly porous and lightweight. When covered by 

an outer layer of cement, it retains internal space, 

meaning that when incorporated into concrete, it 

does not achieve the same solidity as normal 

concrete. This results in a reduced bearing capacity, 

a typical mechanical property associated with this 

type of material. 

Beam D6, that includes 20% cocopeat content as 

a substitute of sand aggregate and includes 

additional stirrups at section b+2h, demonstrates an 

increase in load-bearing capacity, matching that of 

beam D1, which contains 0% cocopeat content. 

Both beams fail at the same load level of 75kN. 

 

 
a) D1 beam 

 
b) D2 beam 

 
c) D3 beam 
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d) D4 beam 

 
e) D5 beam 

 
f) D6 beam 

 
g) D7 beam 

Figure 5. The front surface of beams 

 

 

3.2 Load and deformation relationship in reinforced 

concrete beams 

 

3.2.1 Compressive deformation 

 

Beam D1 and D2: Beam D2 includes 20% cocopeat 

instead of sand, which causes it to deform more than 

the normal concrete beam D1 does. This is because 

the bonding and adhesion between the particles 

causes major deformation when the beam is under 

compressive stress. At a load level of 30kN, the 

difference in deformation is most significant, reaching 

73%. Upon reaching a load level of 60kN, beam D2, 

that includes a cocopeat component, fails, whereas 

beam D1, constructed with normal concrete, 

continues to deform up to a load value of 75kN 

(Figure 6). 

 
 

Figure 6. Load-compressive strain of beams D1 and D2 

 

 

Beam D2 and D3: Both contain 20% cocopeat 

content substituting sand aggregate in concrete, yet 

they differ in reinforcement arrangement, resulting in 

varying compressive strain values for each beam. At 

a load level of 15kN, beam D2 exhibits a value that 

surpasses that of D3 by 46%. Upon reaching a load 

level of 30kN, where the first crack emerges, both 

beams D2 and D3 exhibit very similar strains, 

ultimately resulting in identical strain values. This 

involves to the impact of stirrups when the load 

reaches a significant magnitude. At a load level of 

60kN, where both beams fail, the strain in beam D2 is 

less than that in D3, with the difference in strain being 

the most significant at 56% (Figure 7). 

 
Figure 7 Load-compressive strain of beams D2 and D3 

 

 

Beam D2 and D4: the compressive strain of both 

beams has almost the same value (Figure 8). The 

increase stirrups diameter has no effect on force and 

slightly change strain at the end. 
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Figure 8 Load-compressive strain of beams D2 and D4 

 

 

The deformities of the D2 and D5 beams are 

nearly the same from the beginning of loading up to 

a 45 kN load. In the experiment, the difference was 

observed when the longitudinal rebars were 

changed from 10 to 12 (which indicates a minimal 

rise in steel content). This change occurred in the 

tensile zone and happened when the load levels 

were relatively low. Both beams D2 and D5 showed 

cracks and had deformation values of 0.42 ‰ and 

0.44 ‰, respectively, when the load reached around 

30 kN. As the load was increased above 45 kN, the 

compressive deformation became progressively 

significant, and both were destroyed at 60 kN. This 

occurred before the load was increased further. 

(Figure 9). 

 
 

Figure 9 Load-compressive strain of beams D2 and D5 

 

 

The compressed deformation value of the D6 and 

D7 beams is nearly identical. At a load of 15 kN, the 

D7 beam exhibits the first crack and reaches a 

deformation value of approximately 0.23 ‰. In 

contrast, the D6 beam shows its first crack at a load 

of 30 kN, achieving a deformation of 0.39 ‰, 

indicating that the D6 has a noticeable trace. The 

crack of D6 is double that of D7. Upon reaching a 

load of 60 kN, both beams exhibit an equal 

deformation of 0.63 ‰. However, the D7 beam fails 

at this point, while the D6 beam remains capable of 

withstanding an additional load of 75 kN before 

failure occurs (Figure 10). 

 
 

Figure 10 Load-compressive strain of beams D6 and D7 

 

 

The D2, D4, and D5 beams each contain 20% 

cocopeat content as a substitute for sand 

aggregate in the concrete. All three beams exhibit 

nearly identical compressive deformation when 

subjected to loads ranging from 0 kN to 45 kN. At the 

30kN loading location, all three beams exhibit the first 

crack, with their deformation values ranging from 

0.42 ‰ to 0.44 ‰. All three beams fail under a 60kN 

load. The deformation at the D5 beam is greater 

than that of D2 by 28%, while D4 shows a 23% 

deformation. Additionally, the D4 beam is 5% larger 

than D2 (Figure 11). 

 
 

Figure 11 Load-compressive strain of beams D2, D4 and D5 

 

 

3.2.2 Tensile deformation 

 

D1 beams and D2: When subjected to a 15 kN load, 

the deformation of D2 beams is 68% greater than 

that of D1 beams. Subsequently, at a loading of 

45kN, both beams exhibited a deformation of 1 ‰. 

At a 60 kN load, D2 experiences a deformation of 

1.51 ‰, which is less than D1's deformation of 2.41 ‰. 

However, D2 ultimately fails, while D1 can endure up 

to 75 kN before failure occurs (Figure 12). 
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Figure 12 Load-tensile deformation of beams D1 and D2 

 

 

The results of the compression (Figure 6) and 

tensile (Figure 12) deformation tests on beams D1 

and D2 show that the deformation of beam D2 at 

the failure position in the compression zone is 0.6‰, 

whereas the deformation of the tensile zone at the 

failure position of beam D2 is 1.5‰. This indicates that 

the deformation of the tensile zone is 2.5 times 

greater than that of the compression zone. In a way 

similar to beam D1, the compressive deformation at 

the failure position has been measured at 0.84‰, 

whereas the tensile deformation at the same position 

for beam D1 stands at 2.6‰. This indicates that the 

deformation in the tensile zone is three times greater 

than that in the compression zone. This indicates that 

in beams D1 and D2, the tensile zone exhibits superior 

load-bearing capacity compared to the 

compression zone. Additional reason is due to the 

presence of longitudinal rebars having higher strain 

capacity and holding the cracks propagation after 

first crack. 

Before cracks developed in the beams, the tensile 

strain of beam D2 was 18% greater than that of D3. 

Both beams sustain damage at a load level of 60kN, 

with the tensile deformation of beam D2 being 27% 

greater than that of D3 before failure (Figure 13). 

 

 
 

Figure 13 Load-tensile deformation of beams D2 and D3 

 

 

The experimental results of the deformation in the 

compression zone (Figure 7) and tension zone (Figure 

13) of beam D3 indicate that at the failure load level, 

the deformation in the compression zone reached 

0.92‰, while the deformation in the tension zone at 

the failure position was 1.1‰. This indicates that the 

tensile strain is 1.2 times greater than the compressive 

strain. It suggests the load-bearing capacity of beam 

D3 in the tensile zone exceeds that of the 

compressive zone. 

The deformation in the tension zone of beams D2 

and D4 is consistent across the various load levels. 

Before cracks developed in the beams, the tensile 

strain of beam D2 was 54% greater than that of D4. 

Both beams sustained damage at a load level of 

60kN at the same position, exhibiting a deformation 

of 1.5‰ (Figure 14). 

 
 

Figure 14 Load-tensile deformation of beams D2 and D4 

 

 

The results of the compression zone deformation 

test (Figure 8) and the tensile zone deformation 

(Figure 14) of beam D4 indicate that the deformation 

at the failure position in the compression zone 

reaches 0.62‰, while the tensile zone deformation at 

the failure position of beam D4 reaches 1.5‰. This 

indicates that the tensile zone deformation is 2.4 

times larger than the compression zone deformation.  

Beam D2 and D5: The deformation observed in 

the tensile zone of the two beams indicates that both 

straight lines show comparable deformations across 

the various load levels. Nonetheless, regarding value, 

beam D2 exhibits greater deformation compared to 

beam D5. At the 15kN position, beam D2 exhibits a 

deformation that is approximately 57% greater than 

that of D5. Additionally, at the load of 30kN, where 

the crack appears beam D2 is around 37% larger 

than D5. Both beams showed relatively stable 

deformation and sustained damage at a load level 

of 60kN. At the same position, the deformation of 

beam D2 was approximately 35% greater than that 

of D5 (Figure 15). 
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Figure 15 Load-tensile deformation of beams D2 and D5 

 

 

The results of the compression zone deformation 

test (Figure 9) and the tensile zone deformation 

(Figure 15) of beam D5 indicate that the deformation 

at the failure position in the compression zone 

reaches approximately 0.8‰, while the tensile zone 

deformation at the failure position of beam D5 

reaches 1‰. This indicates that the tensile zone 

deformation is approximately 1.25 times greater than 

the compressive zone deformation. This indicates 

that the load-bearing capacity of the tensile zone in 

beam D5 exceeds that of the compressive zone.  

Beam D6 and D7: The deformation diagram of the 

tensile zone for the two beam samples shows similar 

shapes; however, at various load levels, each beam 

sample provides different evaluation numbers. When 

the load ranges from 0kN to 45kN, both beams D6 

and D7 show identical tensile zone load-bearing 

capacities. At a load of 60kN, beam D7 shows a 

deformation that is approximately 29% greater than 

that of D6 (Figure 16). 

 

 
 

Figure 16 Load-tensile deformation of beams D6 and D7 

 

 

The results of the compression (Figure 10) and 

tensile (Figure 16) deformation tests on beams D6 

and D7 indicate that the deformation of beam D6 in 

the compression zone is 0.71‰, whereas the tensile 

deformation of beam D6 is 1.7‰. This indicates that 

the tensile deformation is 2.4 times greater than that 

of the compression zone. In the same way, beam D7 

shows a compressive deformation of 0.68‰, whereas 

its tensile deformation measures 1.42‰, indicating 

that the tensile deformation is twice as large as the 

compressive deformation. This indicates that in 

beams D6 and D7, the load-bearing capacity of the 

tensile zone exceeds that of the compression zone.  

The tensile deformation of beams D2, D4, and D5 

is represented by three straight lines that show 

similarity from the start of loading until failure. At a 

load level of 15 kN, beam D2 exhibits the greatest 

deformation in comparison to D4 and D5, which 

show a deformation of 57%. In the range from 15kN 

to 45kN, all three beams exhibit comparable 

deformations. Each beam fails in the tensile zone 

when the load level hits 60kN. Notably, beam D5 

shows less deformation compared to D2, while D4 

experiences the same failure rate of 34% (Figure 17). 

 

 
 

Figure 17 Load-tensile deformation of beams D2, D4 and D5 

 

 

3.3 Load and vertical displacement relationship at 

mid-span in beams 

 

Beam D1 and D2: When subjected to a load of 15kN, 

the mid-span displacement of beam D2 is four times 

greater than that of beam D1. At the 30kN load level, 

both beams show cracks, and the displacement of 

D2 is 2.5 times greater than that of D1. At the 45kN 

load level, the vertical displacement of D2 shows 

improvement, yet it remains twice as large as that of 

D1. At the 60kN load level, beam D2 exhibits a 

displacement before failure that is 1.8 times greater 

than that of D1, while D1 is able of withstanding a 

load of 75kN before failure. The results of the test 

measuring the vertical displacement between 

beams indicate that beam D2 exhibits a vertical 

displacement 2.5 times greater than that of beam 

D1. In general, it perhaps due to the decrease of 

concrete strength in D2 (Figure 18). 
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Figure 18 Load-displacement of beams D1 and D2 

 

 

Beam D2 and D3: When subjected to a load of 

15kN, the vertical displacement at mid-span of beam 

D2 is twice that of beam D3, which also corresponds 

to the point of maximum vertical displacement. At a 

load level of 30kN, both beams exhibit cracks, and 

the vertical displacement of D2 is 1.2 times greater 

than that of D3. Between the load level of 45kN and 

the time of failure at 60kN, it is evident that the 

vertical displacement of D2 has shown improvement 

in comparison to D3. The experimental results 

indicate that the vertical displacement at the center 

of beam D2 is greater than that of beam D3 (Figure 

19). 

 

 
 

Figure 19 Load-displacement beams D2 and D3 

 

 

Beam D2 and D4: When subjected to a load of 15 

kN, the vertical displacement at mid-span of beam 

D2 is 1.6 times greater than that of beam D4, which 

also occurs at the point of maximum vertical 

displacement. At the load level of 30 kN, both beams 

exhibit cracks, and the vertical displacement of D2 is 

1.2 times greater than that of D4. As the load 

continues in rising following the cracking of the 

beams, the vertical displacements at the mid-span of 

the beams tend to converge closely. (Figure 20). 

 
 

Figure 20 Load-displacement of beams D2 and D4 

 

 

Beam D2 and D5: When subjected to a load of 

15kN, the vertical displacement at mid-span of beam 

D2 is 1.6 times greater than that of beam D5. At the 

30kN load level, both beams exhibit cracks, and the 

vertical displacement of D2 is 1.8 times greater than 

that of D5. At the 45kN load level, the vertical 

displacement of D2 is 1.3 times greater than that of 

D5. At the 60kN load level, it is observed that the 

vertical displacement of D2 has shown improvement 

in comparison to D5 when damaged. The 

experimental results indicate that the vertical 

displacement measured between the beams shows 

beam D2 exhibiting a greater vertical displacement 

compared to beam D5 (Figure 21). 

 

 
 

Figure 21 Load-displacement of beams D2 and D5 

 

 

Beam D6 and D7 exhibit similar vertical 

displacements within the load range of 0kN to 30kN. 

However, beam D7 experiences a significant change 

in vertical displacement starting at a load level of 

45kN. At a load level of 60kN, the vertical 

displacement of beam D7 is 1.4 times greater than 

that of D6, leading to its failure. Beam D6 continues 

to support the load up to 75kN before it ultimately 

fails. The results of the vertical displacement 

measurement test between beams indicate that 

beam D7 exhibits a greater vertical displacement 

compared to beam D6 (Figure 22). 
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Figure 22 Load-displacement of beams D6 and D7 

 

 

Beams D2, D4, and D5 show similar vertical 

displacements. However, within the load range of 

15kN to 45kN, the vertical displacements of beams 

D2 and D5 show unstable variations, in contrast to 

beam D4, which maintains stable variation across the 

load levels. For load values below 15kN, there is no 

difference in the performance of beams D4 and D5 

when the rebars are increased from 10 to 12. In 

beam D2, the influence of the stirrup diameter is 

clear. As the beams begin to crack, the longitudinal 

rebars and stirrups have started working (Figure 23). 

 

 
 

Figure 23 Load-displacement of beams D2, D4 and D5 

 

 

4.0 CONCLUSION 
 

The study established the relationship between load 

and vertical displacement of the experimental 

beams, determining that the load-bearing capacity 

to failure at mid-span of reinforced concrete beams 

using cocopeat is 2.5 times smaller than that for 

normal reinforced concrete beams. Furthermore, the 

research investigated the formation and 

propagation of cracks on reinforced concrete 

beams using 20% cocopeat content treated by the 

"hardening" method instead of sand aggregate. The 

results showed that the crack patterns were almost 

identical to those of normal concrete beams, both in 

the experiment and in previously published studies. 

This suggests that reinforced concrete beams with 

cement-treated cocopeat content can initially 

perform similarly to conventional ones. In addition, 

through experimental methods, the author 

demonstrated the load-bearing capacity of 

concrete incorporating 20% cocopeat as a sand 

substitute, indicating its potential for short-term, light-

load construction applications. This finding is 

particularly valuable in the context of current sand 

resource scarcity. Finally, the research highlights that 

the bending behavior of reinforced concrete beams 

is influenced by various factors, including the 

diameter of the rebars, stirrups, and other structural 

variables. 
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