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 ملخص البحث :
ال البحث على دراسة سلوك ا یشتمل ھذ ـة والمعرضھ ألحم وصالت الكمرات العریضة واالعمدة الخرسانیة المسلح

امج  عملیا دوریھ م تصمیم برن اذج لدراسة ولدراسة ھذا السلوك ت تة نم ن س ون م ى مك ي عمل رات و ھ أثیر المتغی ت
الكمرة، عرض الكمرة، الكمرات العریضة توزیع الحدید الرئیسى ب ات ب ع الكان ل االنھیار,م وتوزی ى حم ة عل مطولی

ائج القطاع, شكل الشرخ, فقد الجساءة و الطاقة.  انیة أن و اظھرت النت دة الخرس رات العریضة واالعم وصالت الكم
ت نسبة  دما كان ى عن د حت ي جی وفر أداء زلزال الكود المصري ت زالزل ب ا الشتراطات ال المسلحـة التى صممت طبق

ذلك عرض الكمرة لعرض العمود أكبر من اثنین و ایضا عندما ك ود. ول ى  خارج قطاع العم د الرئیس ان  ثلثي الحدی
ع  یوصى بتغییر الحدود المسموح بھا لعرض الكمرة في الكود المصرى مع األخذ فى األعتبار  تأثیر الكانات و توزی

 .ممطولیة القطاعالحدید في 
1. Abstract:   

 
This study was carried out to evaluate experimentally the hysteric behavior of 
reinforced concrete wide beam –column joints when subjected to lateral cyclic loading. 
In the current study, six wide beam column – joints were tested to investigate the effect 
of beam width, reinforcement configuration, and stirrups configuration on the ultimate 
capacity, ductility, cracking pattern, stiffness degradation, and energy dissipation.  
Based on this study, wide beam – column joints designed according to seismic provision 
of the Egyptian code provide ductile seismic performance even when beam width to 
column width is greater than two and when two – thirds of the wide beam flexure 
reinforcement is anchored outside the column core. Therefore, beam width limit in the 
Egyptian code may be increased. Stirrups significantly affect the behavior of wide 
beams.  
 
Keywords: wide beam-column joints, bond, cyclic response, earth quake 
resistant structure, seismic design, seismic behavior. 

2. Introduction 

The use of wide beams is popular in hollow block reinforced concrete slabs for its 
constructional and architectural advantages especially in Egypt. This system provides 
flexibility and a sense of spacious. It reduces the amount of form work required.  
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Most design codes [1, 2] placed restrictions on the use of wide beams framing systems 
in seismic regions because of insufficient information about their behavior under the 
effects of earthquake loadings and due to lack of data on the anchorage of such bars 
under large load reversals.  
The maximum effective wide beam width according to ECP [1] is the smaller of bc + hb 
and 2bc, where bc is the column width and hb is the beam depth. On the other hand the 
max effective beam width allowed by ACI [2] is the smaller of bc + 1.5hc and 3bc, 
where hc is the column length. 
Elsouri and Harajli [3] found that when subjecting as-built joints that were detailed 
without taking earthquake loads into account to cyclic load, wide beam -column joints 
develop sizable diagonal shear cracks and, then, joint shear failure at a small drift ratios. 
The specimens didn’t reach the estimated lateral load capacities. Elsouri et al. [4, 5, and 
6] studied the seismic performance of the joints by improving the reinforcement details. 
All specimens performed well in spite of beam to column width ratio was higher than 
three and when more than two thirds of the wide beam main reinforcement was outside 
the column core. Considerably lower damage within the joint core and the concrete 
damage in the joints was particularly concentrated within the plastic hinge region of the 
beams instead of the difficult-to-access joint core makes the repair and strengthening of 
such joints, after being subjected to strong earthquake load, more feasible. While other 
studies, Abdel –Rahman, et al [7, 8], found that the effective beam width is less than the 
beam width when the beam to column width ratio is higher than three.  
Experimental results of Fateh, et al. [9] showed that the failure capacity of joints with 
concentrated longitudinal bars of beam that two-third of bars anchored in the column 
zone was 24 % higher than even bar distribution. Abdel -Rahman [7] found that 
concentration of reinforcement in the middle strip ( width equal to half the beam width) 
for beam width to column side of four improve the performance as it increase failure 
load, cracking load and increase beam stiffness. Hala Metawei [10] reported that the 
failure load increased due to concentration of beam reinforcement at column strip 
Said and Elrakib [11] found that the contribution of web reinforcement to the shear 
capacity is significant and directly proportional to the amount and spacing of the shear 
reinforcement, as it improves the contribution of the dowel action, and limiting the 
opening of inclined shear cracks. There is an increase in the shear capacity of the tested 
beams compared with the control beam. The shear reinforcement amount enhances the 
ductility of the wide beams. Also, as the spacing between web reinforcement decreased, 
the ductility of the specimens was increased. High grade steel was more effective in the 
contribution of the shear strength of wide beams. They recommended that the 
contribution of shear reinforcement need to be included in the Egyptian Code 
requirements for shear capacity of wide beam. As the formula for estimating the shear 
capacity is highly conservative and should be revised to account for the existence of the 
web reinforcement. 
 
 

3. RESEARCH SIGNIFICANCE 

The main objective of this research is to investigate and provide analysis of the effect of 
the major test variables beam width, beam reinforcement concentration at column core, 
and number of stirrups branch on the behavior of reinforced concrete wide beam –
column joints when subjected to lateral earthquake loading. 
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4. EXPERIMENTAL PROGRAM 

Test was carried out on six full scale specimens divided into three groups. In all 
specimens the column length dimension is parallel to the direction of applying lateral 
load.  

        4.1 Test Specimens 
Specimens were cast with a beam length of 1150 mm and column height of 
2000 mm. Column and beam concrete dimensions and reinforcement are 
shown in Table 1.  

Table 1: Column and beam reinforcement 

Specimens 
Beam dimensions Beam reinforcement   

(ratio) 
top = bottom 

Column 
dimensions 

Column 
reinforcement 

(ratio) 
db bb bc hc 

J1 

200 

400 6  Ф12   (0.997) 

200 500 10Ф12 (1.13%) J2, J3, J4 600 6 Ф 12    (0.665)

J5, J9 800 6  Ф 10 + 2 Ф12  (0.513) 
 

The specimen concrete dimensions and reinforcement details are shown in 
Figure 1 through Figure 6, all dimensions in (mm). 
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Figure 1: Reinforcement details for specimen J1 
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Figure 2: Reinforcement details for specimen J2 
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Figure 3: Reinforcement details for specimen J3 
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Figure4: Reinforcement details for specimen J4 
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Figure 5: Reinforcement details for specimen J5 
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Figure 6: Reinforcement details for specimen J9 

 
4.2 Material Properties 
Test specimens were prepared from available local materials. These including cement 
CEMI (42.5 N), natural sand, crashed dolomite with maximum normal size of 10 mm, 
and steel reinforcement. Clean drinkable fresh water was used in all mixes and also for 
curing process.  The mix proportions were designed to achieve target strength of 35 
N/mm2. Table 2 shows design of the concrete mix. Deformed bars with diameters 10, 
and 12 mm were used as the main reinforcement diameters for both beam and column. 
Mild steel bars with 6, and 8 mm diameter were used for the column and beam stirrups. 
Table 3 shows the properties of the steel bars used in this study. 

 
Table 2: Design of The Concrete Mix (per m3) 

Cement 
(kg\m3) 

Coarse 
aggregate 
(dolomite) 

(kg\m3) 

Fine 
aggregate 

(Sand) 
(kg\m3) 

Water 
(liter) 

410 1024 683 240 
 

Table 3: Properties of Steel bars 

Properties Ø 6 Ø 8 Ф 10 Ф 12  

Grade 24/35 24/35 40/60 40/60 
Shape Plain bars Plain bars Deformed bars Deformed bars

Yield stress (N/mm2) 354 338 599 526 
Ultimate stress (N/mm2) 495 468 688 650
Weight per meter length 0.22 0.39 0.62 0.88 

Ultimate stress/ Yield stress 1.4 1.38 1.15 1.24 

Ultimate strain 0.25 0.23 0.16 0.15 

4.3 Test Setup and Instrumentation: 
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Typical quasi – static test setup is selected for wide beam-column joints testing. Column 
was supported laterally at two points, to prevent - out – of - plane rotation of column.  
Axial load approximately	0.15	 , was applied on column top during the application 
of cyclic load on beam. First, the column axial load was applied, then the cyclic 
displacement was applied at the beam tip. Figure 7 shows test setup and instrumentation 
used for test specimens. The point of loading for all specimens was 1020 mm away 
from column face. All specimens were subjected to the same loading protocol shown in 
Figure 8. All cycles of the test were carried out in the displacement control mode. The 
load is composed of two cycles at each displacement, which varied between 1 mm and 
80 mm. All data from the instrument were continuously collected by data acquisition 
system. The test was continued until the specimen reached 75% of the ultimate load of 
the specimen. 

 
Figure 7: Test setup and Instrumentation used for test specimens  

 
Figure 8: Loading Pattern 1 

5. EXPERIMENTAL RESULTS AND DISCUSSION 
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The concrete cover thickness was different as shown in table 4 due to casting operations 
which effect the moment capacity of the specimens. 

Table 4: Top and Bottom concrete cover in (mm) 

Concrete cover Top Bottom 
J1 15 35 
J2 22 25 
J3 25 25 
J4 25 30 
J5 23 29 
J9 18 30 

 
5.1 General behavior and mode of failure 

Figure 9 through figure 14 show the crack pattern for specimens J1, J2, J3, J4, 
J5, and J9. The observed cracks weren't symmetric for the top and bottom of 
the beam and this is due to the different in concrete cover as shown in table 
4.The first flexural crack has developed on the top face and on the side of the 
beam at the joint interface section and continued to develop on the beam sides 
and spread beyond the face of the column for a distance of approximately 600 
to 720 mm. Diagonal shear cracks appears at beam column interface. These 
diagonal cracks did not indicate any sign of joint shear failure, as their size 
remained small until the end of the test. The width of the cracks at the face of 
the column increased causing considerable concrete damage. Splitting cracks 
developed as well along the outermost bottom bar on the other side of the 
beam. These splitting cracks widened leading to concrete spalling at the bottom 
corners of the beam. This was regarded however as a secondary mode of 
failure as the development of these cracks did not affect the overall response of 
the specimens. 
 
 

 
 

Figure 9: Crack pattern of specimen J1 
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Figure 10: Crack pattern of specimen J2 
 

 
 

Figure 11: Crack pattern of specimen J3 
 

 
 

Figure 12: Crack pattern of specimen J4 
 

 
 

Figure 13: Crack pattern of specimen J5 
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Figure 14: Crack pattern of specimen J9 
 
5.2 Lateral load – drift response 

The load – displacement hysteresis loops for the six specimens displayed 
similar behavior. The unsymmetrical positive and negative cycles of the load 
displacement response recorded in all specimens is due to the own weight of 
the beam and due to the test setup. Figures 15 through 17 show Load – versus - 
displacement hysteric loops for the six specimens. 

           
 

Figure 15: Load displacement hysteric curves for specimen J1, J2 

               

Figure 16: Load displacement hysteric curves for specimen J3, J4 

J1

J3

J2

J4
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Figure 17: Load displacement hysteric curves for specimen J5, J9 

6. Analysis of test variables 
This section presents method to evaluate ductility, stiffness degradation rate, and energy 
dissipation to evaluate the performance of beam- column joints under seismic action 
Ductility:	

	 . /	  
Where	  is the displacement of the equivalent elasto-plastic system with reduced 
stiffness found as the secant stiffness at 75% of the ultimate lateral load of the real 
system. 	  is the post – peak displacement when the load carrying capacity has 
undergone a small reduction			0.85 where  is the maximum capacity of the 
section. 
Stiffness degradation rate: the cycle stiffness of the specimens at 
specified displacement level was considered as the average of the stiffness in 
the positive and negative loading directions. 
 

%	 

Where  and  are the flexural stiffness of the specimens at initial and at ultimate 
levels respectively. All specimens suffered a reduction in stiffness during subsequent 
displacement cycles. This loss of stiffness is due to concrete deterioration in and 
adjacent to the joint core. 
Energy dissipation: under severe earthquake, beam column joints will 
suffer from large inelastic deformations. The ability of dissipating the inelastic 
deformation energy is one of the significant factors for evaluating the 
performance of beam column joints subjected to seismic action. 
The specimens were divided into three groups. Group 1 includes specimens J1, 
J2 and J5 to study the effect of beam width; group 2 includes specimens J2, J3 
and J4 to study the effect of reinforcement concentration; however group 3 
includes specimens J5 and J9 to study the effect of stirrups configuration.  
 
6.1 Effect of beam width  
To study the effect of beam width on the behavior of reinforced concrete wide beam –
column joints, three specimens   J1, J2, and J5 with the same steel area but different in 
beam dimensions (400, 600, and 800 mm) were tested. 

J5 J9
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Figure 18 shows Load –displacement ductility envelope for group 1. Specimen J1 
shows lower ultimate capacity. Relative to expected capacity, the increase in average 
load capacity was 13.46%, 22.27% and 8.45% for specimens J1, J2and J5. Relative to 
J1, increasing width increases lateral load capacity with 12.42% and 11.03% for 
specimens J2 and J5 as shown in figure 19.  Relative to J1, increasing width increases 
ductility with 12.90% and 31.66% for Specimens J2 and J5, respectively as shown in 
figure 20. 
Figure 21 shows the Cumulative dissipated energy versus displacement at different 
displacement levels for Group1. Where J 1 possesses lower energy dissipation capacity 
than J2 and J5 and J5 has the best ability to dissipate energy. Comparing the initial 
stiffness values Clear that J5 which is wider has initial stiffness higher than J1 and J2.  
Figure 22 shows the stiffness calculated at different displacement levels for each 
specimen. The figure shows steady degradation. This degradation is due to the 
propagation and widening of the flexure cracks. 
Relative to J1, the increase in stiffness degradation rate was 5.94% and 6.92% for 
specimen J2 and J5 as shown in Figure 23,   this implies that stiffness degradation rate 
for specimen J5 is higher than J1 and J2 and this results in reduction in the rate of crack 
propagation for J5. 
 

     
 
          Figure 18: Load –displacement ductility envelope for group 1         Figure 19: Expected and Experimental load capacities for group 1 

 
 

   
 
                 Figure 20: Displacement ductility factor for group 1         Figure 21: Cumulative dissipated energy versus displacement for group 1 
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         Figure 22: Stiffness degradation versus displacement for group1                Figure 23: Stiffness degradation rate for group 1 
 
 

6.2 Effect of reinforcement concentration 
 
To study the effect of beam reinforcement distribution at column core on the behavior 
of reinforced concrete wide beam –column joints, three specimens (J2, J3 and J4) with 
the same steel area but different in reinforcement distribution inside column core.J2 
uniformly distributed, J3 (with uniformly distributed for top and 0.67 concentration for 
bottom reinforcement), and J4 (with 0.67 concentration for top and bottom 
reinforcement) were tested. 
Figure 24 shows Load –displacement ductility envelope for group 2. Specimen J4 
shows lower ultimate capacity. Relative to expected capacity, the increase in load 
capacity was 22.27 %, 18.34 % and 18.84 % for specimens J2, J3and J4. Relative to J2, 
increasing reinforcement concentration decreased lateral load capacity with 4.09% and 
5.04% for specimen J3 and J4 as shown in figure 25. Relative to J2, increasing 
reinforcement concentration decreases ductility with 12.21% and 14.44 % for 
Specimens J3 and J4, respectively as shown in figure 26. 
Figure 27 shows the Cumulative dissipated energy versus displacement at different 
displacement levels for group 2. Where J2 possess higher energy dissipation capacity 
than the J3 and J4 and J2 has the best ability to dissipate energy. Comparing the initial 
stiffness values clear that J2 which is uniformly distributed had initial stiffness higher 
than J3 and J4. 
Figure 28 shows the stiffness calculated at different displacement levels for each 
specimen. The Figure shows steady degradation. This degradation is due to the 
propagation and widening of the flexure cracks. 
Relative to J2, the decrease in stiffness degradation rate was 0.93% and 0.56 % for 
specimens J3 and J4 as shown in Figure 29,   this means that stiffness degradation rate 
for specimen J2 is higher than J3 and J4 and this mean that J2 has a reduced propagation 
rate of crack. 
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Figure 24: Load –displacement ductility envelope for group 2    Figure 25: Expected and Experimental load capacities for group 2 
 

  
 

Figure 26: Displacement ductility factor for group 2             Figure 27: Cumulative dissipated energy versus displacement for group 2 
 

 

       
 
           Figure 28: Stiffness degradation versus displacement for group 2                  Figure 29: Stiffness degradation rate for group 2 
 
 

6.3 Effect of Stirrups configuration (number of stirrups branch) 
 
To study the effect of Stirrups configuration (number of stirrups branch) on the behavior 
of reinforced concrete wide beam –column joints, two specimens (J5, and J9) with the 
same steel area but different in number of stirrups branch in beam were tested. 
Figure 30 shows Load –displacement ductility envelope for group 3. Specimen J9 
shows lower ultimate capacity. Relative to expected capacity, the increase in load 
capacity was 8.45 % and 1.27% for specimen J5 and specimen J9. There is a different in 
expected lateral load capacity due to different in concrete cover. Relative to J5, 
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decreasing number of stirrups branch decreases lateral load capacity with 5.2 % for 
specimen J9 as shown in Figure 31.Specimen J9 showed lower ductility index by 7.48 
% compared with that for specimen J5as shown in Figure 32.  
Figure 33 shows the Cumulative dissipated energy versus displacement at different 
displacement levels for group3 while J5 and J9have the same energy dissipation 
capacity. Comparing the initial stiffness values for J5 and J9 shows that J5 had initial 
stiffness higher than J9. 
Figure 34 shows the stiffness calculated at different displacement levels for each 
specimen. The Figure shows steady degradation. This degradation is due to the 
propagation and widening of the flexure cracks. 
Relative to J5, the decrease in stiffness degradation rate was 5.21% for specimen J9 as 
shown in Figure 35.   This means that stiffness degradation rate for specimen J5 is 
higher than J9 which means that J5 has a reduced propagation rate of crack. 
 

    
  

Figure 30: Load –displacement ductility envelope for group 3   Figure 31: Expected and Experimental load capacities for group 3 

 

      
 

        Figure 32: Displacement ductility factor for group3            Figure 33: Cumulative dissipated energy versus displacement for group 3 
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          Figure 34: Stiffness degradation versus displacement for group 3               Figure 35: Stiffness degradation rate for group 3 
 

 
7. CONCLUSIONS 

 
1. Experimental program showed that the wide beam designed according to seismic 

precaution of the Egyptian code has well performance although beam to column 
width ratio was greater than two. Wide beam also performed well even when 
two thirds of the wide beam flexural reinforcement was anchored outside the 
column core. Increasing beam width with 150% and 200% lead to an increase in 
the lateral load capacity of 12%, and 11%, and an increase in ductility of 13%, 
and 32% respectively. Relative to expected capacity, the increase in lateral load 
capacity was 13%, 22% and 8% for specimens J1, J2and J5.  

2. Increasing reinforcement concentration inside column core decreased lateral 
load capacity with 4% and 5% and decreased ductility with 12% and 14 % for 
specimens J3 and J4. This means that specimen with uniformly distributed 
reinforcement has the best ability to dissipate energy and this was unlike 
expected result from previous research. 

3. Relative to J5, decreasing number of stirrups branches decreased lateral load 
capacity with 5 % and decreased ductility with 7 % for specimen J9.  J5 stirrups 
can be considered suitable reinforcement configuration for flexure member. 

4. All specimens were able to sustain wide stable load displacement hysteresis 
loops with large area enclosed within the loops, the joint specimens showed a 
strong column weak beam collapse mechanism. 

5. Steady Stiffness reduction for all specimens during displacement cycles due to 
concrete deterioration which results from the propagation and widening of the 
flexure cracks. 

6. It is recommended that The Egyptian code change the limit of dimensions for 
wide beams. 
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