
   

 

381 
 

 

 

 

 Behavior of Simply Supported Deep Beams Using 

Different Concrete Grades 

Prof. Ayman Hussein Khalil
1
, Dr. Ezz El-din Mostafa

2
, and Noha Ahmed 

Metwally Ahmed
3 

 
1 Professor of Reinforced Concrete Structures, 2 Assistant Professor of Reinforced Concrete Structures, and 

3 senior structural Engineer    

Structural Department, Ain Shams University, Cairo, Egypt 

 ٍِخض اٌجؾش:

رُ فٝ ٘زا اٌجؾش ػشع ٚرؾ١ًٍ إٌزبئظ ٌذساعخ عٍٛن اٌىّشاد اٌخشعب١ٔخ اٌّغٍؾخ اٌؼ١ّمخ ثغ١طخ الاسرىبص ثبعزخذاَ 

ٌّغّٛػخ وّشاد ِخزٍفخ  ٍفخ الإعٙبد راد ؽًّ ِشوض فٝ ِٕزظف اٌجؾش ٚرٌه ثؼًّ رغشثخ ِؼ١ٍّخخشعبٔخ ِخز

 .اعٙبد اٌخشعبٔخ ِغ رضج١ذ اٌزغ١ٍؼ اٌؼٍٛٞ ٚاٌغفٍٟ ٚاٌغبٔجٟ ٚاٌىبٔبد  الإعٙبد .اٌّزغ١شاد اٌزٝ رُ دساعزٙب ٘ٝ

ABSTRACT: 

This paper presents the behavior of simply supported deep beam using different concrete 

grade with concentrated load at the middle of span. An experimental program is carried out 

for five simply supported deep beams with 1100 mm effective span, 1000 mm height and 

200 mm width. The parameters considered are different compressive strength (25 MPa and 

50 MPa) with minimum and horizontal reinforcement. 

Introduction 

A- Deep beam is a beam having large height/width ratio and shear span depth ratio. 

Because the geometry of deep beams, their behavior is different from slender 

beam. 

B- The strain or stress distribution across the depth is no linear line, and the variation 

is mainly dependent on the aspect ratio of the beam.  

C- Deep beams have many useful applications for both residential and commercial 

building structures such as transfer girders, transfer caps of high-rise buildings and 

as part of lateral load resisting system (Outriggers)…etc. 
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Literature review  

 
Figure 1 - Geometry of Simple Deep Beam 

According to (ECP 203-2018). Deep beams are characterized as beams whose effective 

span to depth ratios conforming to:  L/d ≤ 4 Where: d = the effective depth of the section 

and L = the effective span of the beam. According to (ACI Committee 318-19)
 [2]

 Deep 

beams are members that are loaded on one face and supported on the opposite face such 

that strut-like compression elements can develop between the loads and supports and that 

satisfy A or B either of 

A. Clear span doesn‘t exceed four times the overall member depth (h).  

 Concentrated loads exist within a distance (2h) from the face of the support. B.  

In this paper, five concrete deep beams subjected to vertical concentrated load at mid span 

has been considered.  

Laboratory testing  

1.1 Sample configuration  

All five tested deep beams share same dimensions; specimens with an effective span of 

1100 mm, width of 200 mm and a height of 1000 mm as shown in Figure 2. Specimens also 

share same top, bottom reinforcement, stirrups and side bars as shown in Figure 3. 

 
Figure 2 - Specimen dimensions 
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Figure 3 - Reinforcement details of tested specimens 

 

3.2 Samples parameters 
Different parameters and combinations had been used to configure the five specimens to 

cover some of the studied variables; parameters can be summarized as below: 

 Different compressive strength (Fcu 25 Mpa and Fcu 50 Mpa). 

 Constant amount of reinforcement (top, bottom, stirrups and side bars). 

Each specimen has a unique identification name indicating what parameters values are 

used in it. The description of each beam is summarized as follows: 

Table 1- Properties of beam specimens and concrete strength 
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Table 2- Specimen’s matrix 

 

3.3 Material Properties: 

a) Concrete with Fcu 25 Mpa: Concrete mix had were designed to obtain an average 

cube compressive strength of 25 MPa. 

Table 3- Concrete mix design by Weight (KG/m3) 

 

b) Concrete with Fcu 50 Mpa: Concrete mix had been designed to obtain an average 

cube compressive strength of 50 MPa. 

Table 4- Concrete mix design by Weight (KG/m3) 

 
c) reinforcement: High strength steel with grade of 400/600 with elastic Modulus E = 

200000 MPa. Three diameters were used; 10 mm, 12 mm and 16mm 
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Figure 4 - Reinforcement Details  

 
Figure 5 - Preparation of formwork 

 

 

Figure 6 - Removing of formwork After 10 Days from casting 

3.5 Test setup and Loading program   
The tested deep beams were simply supported vertically using steel plates rested above 

rigid steel columns which are fixed in place and capable of carrying vertical loads at the 

support were represented by steel plates. Figure 10 shows specimen testing setup 

components and Loading setup for tested specimens. 
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Figure 7 – Test setup for tested specimens  

Data acquisition device was used to monitor the data while testing. All instruments 

(LVDTs, strain gauges and load cell) were connected to an electronic data 

acquisition system to monitor and recorded the data while testing. 

 

Analysis and discussion of experimental results 

4.1  Crack Pattern and Failure Mode 

The observed behavior under the applied concentrated vertical load for the tested 

deep beams indicated that the first crack was a vertical flexural crack initiated at 

the middle bottom of the beam web. As the load was increased, the width of this 

crack increased and additional flexure cracks initiated with different angle, then the 

widths of these cracks become stretched and extended along the depth of the beam. 

Prior to flexural failure, as shown in the figure 8. 

  

Figure 8 - Flexural crack pattern and failure mode for specimen (B1) 
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Figure 9 - Crack pattern and failure mode for specimen (B2) 

  

Figure 10 - Crack pattern and failure mode for specimen (B3) 

  

Figure 11 - Crack pattern and failure mode for specimen (B4) 
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Figure 12 - Crack pattern and failure mode for specimen (B5) 

4.2 Experimental Failure Load 

The summary of the experimental test results is shown in Table 5. 

Table 5 - Experimental deep beams failure loads 

 

4.3 Deformations of tested specimens 
The load-vertical deflection behavior of deep beams B1 – B2 – B3 – B4 and B5 is 

shown in figure 13. String potentiometers placed along the web bottom face of the 

deep beams. The deflection behavior at the selected locations indicates that the 

maximum deflection occurred at the mid span of the deep beams due to load 

increasing. The maximum vertical deflection was for beam (B1) at mid span of 

the beam was 3.2 mm and the minimum deflection was for beam(B2) at mid-span 

was 1.6 mm at the maximum load cell as shown in figure 13. 
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Figure 13 - Load-vertical deflection for all tested specimens at mid span 

   

4.4 Cracking Loads and Failure Loads 

 

Figure 14 summary of the experimental test results 

4.5 Strain of steel bars of tested specimens  
The strain of steel bars for all tested specimens was recorded with load increment 

and up-till specimens' failure. Figure 15 show load versus steel bars strains at mid-

span () for all tested deep beams. These figures are used to determine yielding 

loads of beams when yielding strain of steel bars is reached. The yield strains of the 

bottom steel bars, based on laboratory tests, are measured for all tested beams. 

Yielding of bottom steel bars was initiated at mid span for all deep beams as shown 

by the schematic view in figure 15. 
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Figure 15 - Load versus steel strain for all tested specimens   

 

Conclusion: 

 
From the experimental studies in the present paper, the following conclusion are drawn: 

1- Failure of deep beam was mainly due to diagonal cracking and it was along the lines 

joining the loading points and supports. 

2- Changing compressive strength of concrete from 25 Mpa to 50 Mpa has a high effect on 

the failure load for deep beams. 

3- Behavior of simply supported deep beams using different grades of compressive 

strength gives results worse than the behavior of simply supported deep beams using one 

grade of compressive strength. 

4- Increasing compressive strength under load zone and tie zoneat gives result very 

close to result from fully high compressive strength beam. 
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