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ABSTRACT  
The design and construction of reinforced concrete high-rise building structures are currently changing for the better, 
this is due to technological advances in the base materials of concrete that leads to a higher quality.  A higher quality 
concrete in multi-story buildings can reduce the cross-sectional dimensions of lateral resisting elements (earthquake 
forces). Normal concrete is formed from aggregates (coarse + fine) and paste (a mixture of cement, sand, water, and 
additives) in general. High-quality concrete is achieved through the use of innovative materials such as steel fiber.  
Additionally, to form ultra-high concrete, it is made to be close to homogeneous. For this reason, the use of coarse 
aggregates is eliminated, hence fine aggregates can blend perfectly with cement and other innovative ingredients to 
form a concrete paste with higher strength than coarse aggregates. Concrete structural elements cannot be separated 
from shear problems. Shear forces generally combine with bending, torsion, and axial forces. Therefore, it is 
important to understand the interaction between shear and other forces. 
 
Keywords: Shear strength, principal stress, longitudinal reinforcement 
 
 
 
 
 
1. INTRODUCTION 
 
The design and construction of reinforced concrete high-rise building structures are constantly 
changing for the better. This is due to technological advances in the base materials of concrete that 
lead to higher quality and high-quality concrete in multi-story buildings that can reduce the cross-
sectional dimensions of lateral resisting elements (earthquake forces). Normal concrete is formed 
from aggregates (coarse + fine) and paste (a mixture of cement, sand, water, and additives). In 
general, through the application of innovative materials such as steel fiber, high-quality concrete 
is achieved. Additionally, to form ultra-high concrete, it is made to be close to homogeneous. For 
this reason, the use of coarse aggregates is eliminated, hence fine aggregates can blend perfectly 
with cement and other innovative ingredients to form a concrete paste with higher strength than 
coarse aggregates. 
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The concrete structural element cannot be separated from shear problems. Shear forces generally 
combine with bending, torsion, and axial forces. Therefore, it is imperative to understand the 
interaction between shear and other surrounding forces. Published tests have shown that shear 
failure of concrete structural elements is brittle - occurring suddenly without warning because the 
shear strength/capacity of concrete structures depends on the tensile and compressive strength of 
the Concrete material (principal stresses). In addition, this is different when the goal is designing 
a ductile structure. Even though it is puzzling to predict shear failures, it is considerably advised 
to be averted at all costs. Shear failure on structural elements can cause a large disaster, property 
damage, and casualties. In the year 1955, two of the US Air Force bases collapsed due to their 
weight (Yang, 2014). All these were caused by shear stress because the roof’s structure did not 
use a transversal reinforcement. In the year 2006, a part of the de la Concorde de Laval’s flyover 
in Quebec Canada collapsed and caused the loss of life. Studies found that the main girder beam 
is designed following the guidelines that were formed forty years ago, and it also ignores the use 
of a transversal reinforcement.  
 
The behavior and phenomena of shear in a concrete structure need to be brought to attention 
because it is highly affected by the forming materials. This research on shear has sparked many 
interesting discussions and becomes a staple debate topic among researchers. The formula for 
shear found in ACI 318 is for normal concrete, and Join ACI-ASCE committee 426 (1973) states 
that rough aggregates are a component that contributes to shear strength. Hence, researchers began 
their research on shear strength without rough aggregates and studied the failure pattern with 
principal stress.  
 
 
2. RESEARCH METHOD 
 
Published tests have shown that shear failure of concrete structural elements are brittle - occurring 
suddenly without warning. This is because the shear strength/capacity of concrete structures 
depends on the tensile and compressive strength of the concrete material (principal stresses). This 
research tested the structural elements of concrete beams without coarse aggregate using the 
principle of the third point loading test with variations in longitudinal reinforcement. The test 
results show that shear strength is related to the longitudinal reinforcement and has the same 
graphical shape as the principal stress. 
 
 
A structural element, such as concrete and steel, will never be free from the issue of shear. Shear 
forces generally combine with bending, torsion, and axial forces. Therefore, it is important to 
understand the interaction between shear and other forces, especially the ones that involve the 
strength of reinforced concrete.  

Published tests have shown that shear failure of concrete structural elements is brittle - occurring 
suddenly without warning. This condition is the opposite of the general goal in designing a 
structure, where a ductile structure is ideal so that failures can be detected as early as possible.  

Shear behavior is different for each structure. In order to know the shear behavior of reinforced 
concrete, the understanding of shear behavior on structures that are homogenous, isotropic, and 
linearly elastic is needed. With modifications, an approach based on said assumptions can be 
applied to produce a viable image of the formation of cracks and shear strength of reinforced 
concrete. 
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Shear Tension on Uncracked Elastic Beam 

Shear force and shear tension appears in the part of a beam that is affected by a change in torque. 
With respect to the traditional theory of uncracked beam that is elastic and homogenous, shear 
tension (v) in elements 1 and 2 of a beam (Figure 1.) is analyzed with the formula: 

 

𝑣𝑣 =
𝑉𝑉𝑉𝑉
𝑙𝑙𝑙𝑙

 (2.1) 

 

v : shear force at the cross-section, 

 Q : a static moment of the cross-sectional area above where the stress is being observed, 

 I : a moment of inertia of the section, 

 b : the width of the cross-section where the stress is observed. 

 

Figure 1. Shear Stress Distribution in a Homogeneous Uncracked Rectangular Beam 

[2] 

 

 

For an uncracked rectangular beam, Equation (2.1) yields the shear force distribution shown in 
Figure 1. When an element is subjected to normal stress and shear stress, there will be principal 
stresses. The principal stresses are the largest and smallest normal stresses working on the element 
that can be analyzed using Mohr's circle for stress. If element 2 below the neutral line in Figure 1. 
is subjected to tensile stress ft and shear stress v, then the principal stress can be calculated by 

Principal tensile stress : 
𝑓𝑓𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚  =  

𝑓𝑓𝑡𝑡
2

 +  ��𝑓𝑓𝑡𝑡
2
�

2

+  𝑣𝑣2

 
(2.2) 

Principal compressive stress : 
𝑓𝑓𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚  =  

𝑓𝑓𝑡𝑡
2

 –��𝑓𝑓𝑡𝑡
2
�

2

 +  𝑣𝑣2

 
(2.3) 
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Principal stress direction : 𝑡𝑡𝑡𝑡𝑡𝑡 2𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  =  
𝑣𝑣
𝑓𝑓𝑡𝑡/2

 (2.4) 

 

The behavior of non-homogeneous concrete, Prestressed concrete beams, and reinforced concrete 
is different from steel. The tensile strength of concrete is approximately only 1/10 of the 
compressive strength, so it's easy for cracks to occur due to tensile principal stresses. In element 1 
above the neutral line, cracking will not occur because the maximum principal stress is 
compressive. At element 2 below the neutral line, the maximum principal stress is tensile, so 
cracking can occur. As you get closer to the support, the bending stress f decreases, while the shear 
stress v increases, so that the tensile principal stress acts at an angle of about 45° in the support 
area. 

Since the tensile strength of concrete is very low, diagonal tensile cracking will occur in this 
support section. To prevent this type of cracking, special reinforcement called diagonal tensile 
reinforcement is required. The principal stress trajectories of a beam with uniform loading are 
shown in Figure 2. The solid line shows the tensile principal stress trajectory and the dashed line 
shows the compressive principal stress trajectory. From these principal stress trajectories, the 
direction of the cracks that will occur can be estimated. 

 

Figure 2. Principal Stress Trajectory of Homogeneous Isotropic Beam. 

Solid Line: Pull Trajectory, Break Line: Push Trajectory 

[3] 

In structural components without transverse reinforcement, shear is assumed to be resisted by 

concrete. The shear strength provided by the concrete (Vc) is taken as the shear that causes an 

inclination crack. After rationally determining which variables have an effect, the relationship 

between the variables affecting the shear strength of concrete is statistically determined from the 

test results. 

The assumed shear strength is reached when the ultimate tensile stress  (𝑓𝑓𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚) is equal to the 

tensile stress of the concrete, which is considered to be proportional to �𝑓𝑓𝑐𝑐’. Also, assume that the 

flexural tensile stress (𝑓𝑓𝑡𝑡) is proportional to 𝐸𝐸𝑐𝑐/𝐸𝐸𝑚𝑚 times the tensile stress in the reinforcement and 

the shear stress (v) is proportional to the average shear stress. Then, assume that the modulus of 
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elasticity of concrete  (𝐸𝐸𝑐𝑐) is proportional to �𝑓𝑓𝑐𝑐 ’ and 𝑉𝑉𝑛𝑛 and 𝑀𝑀𝑛𝑛 is the nominal shear force and 

nominal bending moment in a cross-section when an inclination crack forms. Based on these 

assumptions, we obtain 

𝑣𝑣 =  𝑘𝑘1  
𝑉𝑉𝑛𝑛
𝑙𝑙𝑤𝑤 𝑑𝑑

 (2.5) 

𝑓𝑓𝑡𝑡  =  𝑘𝑘2  
𝐸𝐸𝑐𝑐
𝐸𝐸𝑚𝑚

 𝑓𝑓𝑚𝑚  =  𝑘𝑘3  
𝐸𝐸𝑐𝑐
𝐸𝐸𝑚𝑚

 
𝑀𝑀𝑛𝑛
𝑑𝑑𝐴𝐴𝑚𝑚

 =  𝑘𝑘4  
�𝑓𝑓𝑐𝑐′
𝐸𝐸𝑚𝑚

 
𝑀𝑀𝑛𝑛
𝑑𝑑𝐴𝐴𝑚𝑚

 =  
𝑘𝑘4

𝐸𝐸𝑚𝑚
 
𝑀𝑀𝑛𝑛 �𝑓𝑓𝑐𝑐 ′
𝜌𝜌𝑤𝑤 𝑙𝑙𝑤𝑤 𝑑𝑑2

 
(2.6) 

𝑓𝑓𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚  =  𝑘𝑘5�𝑓𝑓𝑐𝑐 ′ (2.7) 

 

Where k1, k2, k3, k4, and k5 are dimensionless coefficients (unitless) and the value of the elastic 

modulus of steel reinforcement (𝐸𝐸𝑚𝑚)  is known. In Section 2.2.1, the ultimate tensile stress is 

analyzed by equation (2.2) and rewritten as follows: 

 

𝑓𝑓𝑡𝑡,𝑚𝑚𝑚𝑚𝑚𝑚  =  
𝑓𝑓𝑡𝑡
2

 + ��𝑓𝑓𝑡𝑡
2
�

2

+ 𝑣𝑣2

 (2.2) 

 

 

 

 

 

 

 

By substituting Equations (2.5) to (2.7) into Equation (2.2), obtained 

 

𝑘𝑘5 �𝑓𝑓𝑐𝑐′  =  
𝑉𝑉𝑛𝑛
𝑙𝑙𝑤𝑤𝑑𝑑

 

⎝

⎜
⎛1

2
 ×  

𝑘𝑘4
𝐸𝐸𝑚𝑚

 ×  
𝑀𝑀𝑛𝑛�𝑓𝑓𝑐𝑐′
𝜌𝜌𝑤𝑤𝑉𝑉𝑛𝑛𝑑𝑑

 + ��
1
2

 ×  
𝑘𝑘4
𝐸𝐸𝑚𝑚

 ×  
𝑀𝑀𝑛𝑛�𝑓𝑓𝑐𝑐′
𝜌𝜌𝑤𝑤𝑉𝑉𝑛𝑛𝑑𝑑

�
2

+  𝑘𝑘1
2

⎠

⎟
⎞

 (2.8) 
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𝑉𝑉𝑛𝑛
𝑙𝑙𝑤𝑤𝑑𝑑�𝑓𝑓𝑐𝑐′

=  𝑘𝑘5

⎝

⎜
⎛1

2
 ×  

𝑘𝑘4
𝐸𝐸𝑚𝑚

 ×  
𝑀𝑀𝑛𝑛�𝑓𝑓𝑐𝑐′
𝜌𝜌𝑤𝑤𝑉𝑉𝑛𝑛𝑑𝑑

 + ��
1
2

 ×  
𝑘𝑘4
𝐸𝐸𝑚𝑚

 ×  
𝑀𝑀𝑛𝑛�𝑓𝑓𝑐𝑐′
𝜌𝜌𝑤𝑤𝑉𝑉𝑛𝑛𝑑𝑑

�
2

+  𝑘𝑘1
2

⎠

⎟
⎞

−1 (2.9) 

 

 

 

 

by inputting data on the modulus of elasticity of materials (𝐸𝐸𝑚𝑚 𝑑𝑑𝑡𝑡𝑡𝑡 𝐸𝐸𝑐𝑐)   in equation (2.9),  

a graph will be obtained as shown in Figure 3. 

 

 

 

 

 

Figure 3.  

Source: Principal Stresses Based on Mohr's Circle 
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3. RESULTS AND DISCUSSIONS 
 
Analysis of Longitudinal Reinforcement Effect 

In this research, 70 mm × 125 mm × 1100 mm beams were used with longitudinal reinforcement 

area ratios varying from the minimum value to the maximum value according to Table 1. Shear 

arm ratio a/d in this test was 45/10.5. The concrete quality (𝑓𝑓𝑐𝑐′) of the beams was planned to be 

80 MPa. The size and modeling of the beam specimens can be seen in Figure 4. 

 

 

Figure 4.  

Source: Example of 2∅8 Reinforcement Beam Modeling  

 

Table 1.  

Source: Variation of Longitudinal Reinforcement Area 

Reinforced 𝜌𝜌 

2Ø6 0.00769 
2Ø8 0.01367 
2Ø10 0.02136 
2Ø12 0.03076 
2Ø16 0.05468 
2Ø19 0.07711 
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Concrete Compressive and Shear Strength Test Result 

The result of the cylinder compressive strength and beam shear strength tests can be seen in  

Table 2. 

Table 2.  

Source: Test Result of Cylinder Compressive Strength and Beam Shear Force 

Ø 
(mm) Code 

Silinder (Ø10 cm × 20 
cm) Beam (7 × 12,5 × 110 cm3) Curing 

time 
(day) Force 

(kN) f'c (MPa) Force (kN) Type of failure 

6 A21 395.1 50.3 10.31 Bend 58 
6 A22 516.7 65.72 10.13 Bend 58 
8 A11 609.1 77.52 14.22 Bend + Shear 58 
8 A12 583.3 74.23 18.55 Bend + Shear 58 
10 A31 845.4 107.6 24.31 Bend + Shear 58 
10 A32 867.3 110.4 25.52 Bend + Shear 58 
12 A41 559.4 71.20 20.62 Shear 58 
12 A42 489.9 62.35 23.49 Shear 58 
16 A51 624.7 79.51 34.03 Shear 58 
16 A52 443.7 56.41 23.43 Shear 58 
19 A61 602.5 76.68 29.59 Shear 58 
19 A62 594.8 75.66 27.67 Shear 58 

 

Based on the data in Table 2. it can be analyzed to obtain the ultimate shear force Vu, concrete 
shear capacity Vc, nominal moment Mn, ultimate moment Mu, which are shown in Table 3. 
 

Table  3.  

Source: Recapitulation of Shear Strength Analysis on Beam Test Objects 

Ø 
f'c 

average 
(MPa) 

P 
average 

(kN) 
Vc (kN) Mn 

(kNm) Pm (kN) Pv (kN) Failure 

6 58 10.22 9.3329 2.0366 8.9361 18.4558 Bend 
8 75.9 16.38 10.6733 3.5838 15.8126 21.1366 Bend + Shear  
10 109 24.92 12.7894 5.5805 24.6869 25.3687 Bend + Shear 
12 66.8 22.06 10.0121 7.5761 33.5559 19.8142 Shear 
16 68 28.73 10.1027 12.4067 55.0254 19.9954 Shear 
19 76.1 28.63 10.6849 16.5818 73.5815 21.1598 Shear 
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From the test results above, the type of failure that happens in concrete beams with a reinforcement 

diameter of 8 mm and 10 mm are bending + shear. The beam that is tested suffered from bend 

failure first, then a crack from shear, and finally causing a shear failure. The graph of the 

longitudinal reinforcement ratio effect on the shear capacity of a normal concrete beam without 

transversal reinforcement can be seen in Figure 5. 

 

Figure 5. 

Source: Effect of Longitudinal Reinforcement Ratio towards Concrete Shear Capacity 

 

The relationship of Longitudinal Reinforcement Ratio and 𝑉𝑉𝑢𝑢/𝑉𝑉𝑐𝑐is plotted to show the effect of 

longitudinal reinforcement towards 𝑉𝑉𝑢𝑢/𝑉𝑉𝑐𝑐 as shown in Figure 6. 

 

Figure 6. 
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Source: Relationship of Longitudinal Reinforcement Ratio and 𝑉𝑉𝑢𝑢/𝑉𝑉𝑐𝑐 

4. CONCLUSIONS AND SUGGESTIONS 
  
 Based on the discussion of the test results above, the following conclusions can be drawn: 
1. For the condition of minimum longitudinal reinforcement ratio, transversal (AV) is also 

needed. 
2. The area of longitudinal reinforcement contributes largely to shear strength. 
3. This is shown with the shear strength ratio constantly under 2 when the longitudinal 

reinforcement is minimum and proportionally increases with the increase in longitudinal 
reinforcement ratio. 

4. The graphical shape of the test is very similar to the graph of principal stress. 
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	ABSTRACT
	The design and construction of reinforced concrete high-rise building structures are currently changing for the better, this is due to technological advances in the base materials of concrete that leads to a higher quality.  A higher quality concrete ...
	Keywords: Shear strength, principal stress, longitudinal reinforcement
	1. INTRODUCTION
	The design and construction of reinforced concrete high-rise building structures are constantly changing for the better. This is due to technological advances in the base materials of concrete that lead to higher quality and high-quality concrete in m...
	The concrete structural element cannot be separated from shear problems. Shear forces generally combine with bending, torsion, and axial forces. Therefore, it is imperative to understand the interaction between shear and other surrounding forces. Publ...
	The behavior and phenomena of shear in a concrete structure need to be brought to attention because it is highly affected by the forming materials. This research on shear has sparked many interesting discussions and becomes a staple debate topic among...
	2. RESEARCH METHOD
	Published tests have shown that shear failure of concrete structural elements are brittle - occurring suddenly without warning. This is because the shear strength/capacity of concrete structures depends on the tensile and compressive strength of the c...
	A structural element, such as concrete and steel, will never be free from the issue of shear. Shear forces generally combine with bending, torsion, and axial forces. Therefore, it is important to understand the interaction between shear and other forc...
	Published tests have shown that shear failure of concrete structural elements is brittle - occurring suddenly without warning. This condition is the opposite of the general goal in designing a structure, where a ductile structure is ideal so that fail...
	Shear behavior is different for each structure. In order to know the shear behavior of reinforced concrete, the understanding of shear behavior on structures that are homogenous, isotropic, and linearly elastic is needed. With modifications, an approa...
	Shear Tension on Uncracked Elastic Beam
	Shear force and shear tension appears in the part of a beam that is affected by a change in torque. With respect to the traditional theory of uncracked beam that is elastic and homogenous, shear tension (v) in elements 1 and 2 of a beam (Figure 1.) is...
	v : shear force at the cross-section,
	Q : a static moment of the cross-sectional area above where the stress is being observed,
	I : a moment of inertia of the section,
	b : the width of the cross-section where the stress is observed.
	Figure 1. Shear Stress Distribution in a Homogeneous Uncracked Rectangular Beam
	[2]
	For an uncracked rectangular beam, Equation (2.1) yields the shear force distribution shown in Figure 1. When an element is subjected to normal stress and shear stress, there will be principal stresses. The principal stresses are the largest and small...
	The behavior of non-homogeneous concrete, Prestressed concrete beams, and reinforced concrete is different from steel. The tensile strength of concrete is approximately only 1/10 of the compressive strength, so it's easy for cracks to occur due to ten...
	Since the tensile strength of concrete is very low, diagonal tensile cracking will occur in this support section. To prevent this type of cracking, special reinforcement called diagonal tensile reinforcement is required. The principal stress trajector...
	Figure 2. Principal Stress Trajectory of Homogeneous Isotropic Beam.
	Solid Line: Pull Trajectory, Break Line: Push Trajectory
	[3]
	In structural components without transverse reinforcement, shear is assumed to be resisted by concrete. The shear strength provided by the concrete (Vc) is taken as the shear that causes an inclination crack. After rationally determining which variabl...
	The assumed shear strength is reached when the ultimate tensile stress  (,𝑓-𝑡,𝑚𝑎𝑥.) is equal to the tensile stress of the concrete, which is considered to be proportional to ,,𝑓-𝑐.’.. Also, assume that the flexural tensile stress (,𝑓-𝑡.) is p...
	Where k1, k2, k3, k4, and k5 are dimensionless coefficients (unitless) and the value of the elastic modulus of steel reinforcement (,𝐸-𝑠.)  is known. In Section 2.2.1, the ultimate tensile stress is analyzed by equation (2.2) and rewritten as follows:
	By substituting Equations (2.5) to (2.7) into Equation (2.2), obtained
	by inputting data on the modulus of elasticity of materials (,𝐸-𝑠. 𝑑𝑎𝑛 ,𝐸-𝑐.)   in equation (2.9),
	a graph will be obtained as shown in Figure 3.
	Figure 3.
	Source: Principal Stresses Based on Mohr's Circle
	3. RESULTS AND DISCUSSIONS
	Analysis of Longitudinal Reinforcement Effect
	In this research, 70 mm × 125 mm × 1100 mm beams were used with longitudinal reinforcement area ratios varying from the minimum value to the maximum value according to Table 1. Shear arm ratio a/d in this test was 45/10.5. The concrete quality (,𝑓-𝑐...
	Figure 4.
	Source: Example of 2∅8 Reinforcement Beam Modeling
	Table 1.
	Source: Variation of Longitudinal Reinforcement Area
	Concrete Compressive and Shear Strength Test Result
	The result of the cylinder compressive strength and beam shear strength tests can be seen in
	Table 2.
	Table 2.
	Source: Test Result of Cylinder Compressive Strength and Beam Shear Force
	Based on the data in Table 2. it can be analyzed to obtain the ultimate shear force Vu, concrete shear capacity Vc, nominal moment Mn, ultimate moment Mu, which are shown in Table 3.
	Table  3.
	Source: Recapitulation of Shear Strength Analysis on Beam Test Objects
	From the test results above, the type of failure that happens in concrete beams with a reinforcement diameter of 8 mm and 10 mm are bending + shear. The beam that is tested suffered from bend failure first, then a crack from shear, and finally causing...
	Figure 5.
	Source: Effect of Longitudinal Reinforcement Ratio towards Concrete Shear Capacity
	The relationship of Longitudinal Reinforcement Ratio and ,𝑉-𝑢./,𝑉-𝑐.is plotted to show the effect of longitudinal reinforcement towards ,𝑉-𝑢./,𝑉-𝑐. as shown in Figure 6.
	Figure 6.
	Source: Relationship of Longitudinal Reinforcement Ratio and ,𝑉-𝑢./,𝑉-𝑐.
	4. CONCLUSIONS AND SUGGESTIONS
	Based on the discussion of the test results above, the following conclusions can be drawn:
	1. For the condition of minimum longitudinal reinforcement ratio, transversal (AV) is also needed.
	2. The area of longitudinal reinforcement contributes largely to shear strength.
	3. This is shown with the shear strength ratio constantly under 2 when the longitudinal reinforcement is minimum and proportionally increases with the increase in longitudinal reinforcement ratio.
	4. The graphical shape of the test is very similar to the graph of principal stress.
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