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Behavior of external beam-column connection 
under Earthquake loading  

Ahmed Hamed (1), Aymen Abo Beah (2), Ahmed Ghallab (3) 

 

Abstract— The beam-column joint is a very critical part of reinforced concrete framed structures. Joints ensure continuity of a 
structure and transfer forces that are present at the ends of the members. In reinforced concrete structures, failure in a beam of-
ten occurs at the beam-column joint, making the joint one of the most critical sections of the structure system. Several factors can 
affect the joint behavior such as joint geometry, amount and detailing of reinforcement, relative stiff ness between beam and 
column, concrete strength, loading pattern, and the column acting axial load etc. For better understating the behavior of beam 
column joints under seismic loading, three different factors; spacing between stirrups inside joint, shape of branches, and axial 
normal force were analytically studied using a non-linear finite element analysis software program (ABAQUS). Analytical mod-
els consist of five specimens of beam column Joints with different spacing between inside joints with the same reinforcement to 
study the effect of spacing between stirrups inside joint. Also consist of three specimens of beam-column Joints, with different 
shape of branches with the same reinforcement to study the effect of shape of stirrups. Another three specimens of beam-col-
umn Joints, with different axial normal force with the same reinforcement to study the effect of normal force. All models were 
constructed from normal strength concrete (with f’c= 46.2 MPa) and tested under same test setup conditions under fixed load at 
the column and monotonic loading at beam end. Parameters such as ultimate load, displacement, energy dissipation capacity 
and crack behavior of concrete were examined. The results show that all joints exhibited the same failure mode in joint for spac-
ing between stirrups in joint effect. Joints with low spacing between stirrups in joints were higher than the joints with high spac-
ing between stirrups inside joint in dissipation energy and ductility. For shape of branches, the results showed that increasing 
branches perpendicular to loading plane cause increasing dissipation energy and ductility. For normal force, the results showed 
that increasing normal force cause increasing ultimate load, dissipation energy and reducing ductility.  

Index Terms— Beam column joint, Reinforced concrete joint, monotonic loading, Analytical modelling, Abaqus modelling, Numerical 

modelling, Parametric study, Exterior connection.   

——————————      —————————— 

1 INTRODUCTION                                                                     

uring earthquake, beam-column joints in frame structure 
play an important role in resisting lateral load. Joints 
should be well designed and detailed to satisfy both the 

strength and ductility [1], [2],[3]. 
Ductility and strength of the beam-column joints depend on 

several factors such as transverse reinforcement, longitudinal 
reinforcement, concrete strength, dimensions of joint and load-
ing pattern, ... etc. To improve the strength and ductility of 
beam-column joint longitudinal and horizontal reinforcement 
are required within the joint. This results in reinforcement con-
gestion and construction difficulties. 

To understand the behavior of beam-column connection un-
der lateral load, many researches were conducted. Dehkordil et 
al. [10] tested six beam-column connections subjected to lateral 
cyclic quasi-static loading  under constant column axial load of  
equals 160 kN  to investigate the effects of concrete compressive 
strength on the seismic performance of beam-column joints. . 
They concluded that that utilizing high-strength concrete 
(HSC) was able to improve the cumulative energy dissipation 

and pinching width ratio by a maximum of 30% at a drift ratio 
of 4.5%. 

Wong and Kuang [11] tested three reinforced concrete exte-
rior beam–column joints with different intermediate longitudi-
nal reinforcement in column under reversed cyclic loading. 
They stated that increasing the intermediate longitudinal steel 
ratio from 0 to 0.35% and 0.7%, the shear strength increased by 
24% and 33%. 

To investigate the effect of column longitudinal reinforce-
ment and beam longitudinal reinforcement on the displace-
ment ductility and curvature ductility, and based on results of 
non-linear Finite Element analysis, Dabiri et al [12] concluded 
that by increasing the ratio of column reinforcement, displace-
ment ductility increases while curvature ductility fluctuates. 
Also, increasing beam longitudinal reinforcement both the dis-
placement ductility and curvature ductility decreases. 

Wong and Kuang [13], tested full-scale reinforced concrete 
exterior beam-column joints with no seismic design under re-
versed cyclic-load to study the seismic behavior of the joints 
and the effectiveness of adding horizontal stirrups in joint core 
on the seismic performance and shear strength of the joints. 
they concluded that the shear strength increases as the joint core 
stirrup ratio increases.  

 
For better understanding the behavior of reinforced concrete 

beam column joints under earthquake load, effect of three dif-
ferent factors; spacing between stirrups inside joint, number of 

D 
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branches, and normal force are studied. Nine beams were ana-
lytically modeled and tested till failure. Results of these beams 
are shown in this paper. 

 

2 FINITE ELEMENT MODEL  
Finite element analysis (FEA) is an extremely useful tool 

for numerically approximating physical structures that are too 
complex for regular analytical solutions. A finite element mod-
els were performed to simulate the behavior of the tested spec-
imens using Abaqus/CAE (Complete Abaqus Environment) 
[4]. Details of the analytical model are followed. 

2.1 Element Types 

Two-node truss element (T3D2) with 3 degrees of freedom 
in every node was utilized to model steel reinforcement bars. 
To generate concrete column and beam 8-node brick element 
(C3D8) with three degrees of freedom in every node was con-
sidered. 

2.2 Concrete modelling 

2.2.1 Concrete damage plasticity 

Concrete damage plasticity (CDP) is used as the govern-
ing concrete material plasticity model over the whole geometry 
of the specimens. The model is a plasticity-based model which 
is developed using concepts of continuum damage mechanics 
and the application of scalar damaged elasticity in combination 
with isotropic tensile and compressive plasticity to properly 
represent the inelastic behavior of concrete (Lubliner et al.) [5]. 
The main two failure mechanisms of the concrete material are 
tensile cracking and compressive crushing according to funda-
mental assumptions of damage plasticity model. The evolution 
of the yield (or failure) surface and the degradation of elastic 
stiffness in damage plasticity model are controlled by two hard-
ening variables which are tensile and compressive equivalent 
plastic strains (έt

pl and έc
pl). Increasing values of the hardening 

variables leads to the initiation of micro-cracking and progres-
sive propagation of cracks or the occurrence of crushing in the 
concrete material. 

2.2.2 Damage parameters 

 Damage is defined for both uniaxial tension and com-
pression during softening procedure in concrete damage plas-
ticity model. Damage in compression occurs just after reaching 
to the maximum uniaxial compressive strength. The degrada-
tion of elastic stiffness in softening regime is characterized by 
two damage variables, dt and dc corresponding to tensile and 
compressive damage, respectively. 

According to Jankowiak and Lodygowski [6] , the scaler 
damage parameters in compression dc and in tension dt are 
only included in the model in the descending portion of the 
stress–strain curve, according to Eqs. (1) and (2) and as shown 
in the Figs. 1 and 2. 

 

 
Wheref’c is the cylinder compressive strength of concrete, 

fc is compressive stress, ft is concrete tensile strength 

which has a value of 0.62√𝑓`𝑐 according to the ACI 318-19 [1], 

σt is tensile stress. 

In ABAQUS, the user provides the damage parameter and 
inelastic strain (dc and έc

in) data in compression. In return, 
ABAQUS will internally compute the plastic strain (έc

pl) accord-
ing to Eqs. (3) and (4) and as shown in the Fig. 1. 
Where εc is total strain corresponding stress fc, έoc

el is elastic 
strain and Eo is the initial elastic modulus, which is taken as 
4700√𝑓`𝑐 Mpa according to the ACI 318-19[1]. 

 

 
Similarly, the user provides the damage parameter and 

cracking strain (dt and έt
ck) data in tension. In return, ABAQUS 

will internally compute the plastic strain (έt
pl) according to Eqs. 

(5) and (6) and as shown in the Fig. 2. 
where εt is total strain corresponding stress σt and έot

el is elastic 
strain. 

 
 

 
 

 
Fig. 1. Definition of concrete behavior in compression for CDP model. 

dc=1-
𝑓𝑐

𝑓`𝑐
                                                                         (1) 
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𝜎𝑡 
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έt
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𝐸𝑜
                                                         (5) 

έt
ck = εt-έot
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   where έot
el=

𝜎𝑡
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Fig. 2. Definition of concrete behavior in tension for CDP model. 

2.2.3 Plasticity parameters 

 
Table 1 present the plasticity parameter needed to be de-
fined in ABAQUS, these parameters are chosen based on 
the recommendations of Simulia [4] and Najafgholipour et 
al. [14]. 

 
TABLE 1 

PLASTICITY PARAMETERS IN ABAQUS 

 

2.2.4 Concrete material properties 

Uniaxial stress-strain behavior of concrete in compres-
sion is simulated utilizing Hognestad type parabola (Hognes-
tad)[7]. The uniaxial stress-strain behavior of concrete can be 
categorized into three main domains. The first one represents 
the linear-elastic branch which continues to reach the stress 
level of σco that is taken as σco=0.4f `c. The second stage shows 
the hardening part of the concrete uniaxial compressive stress-
strain behavior which describes the ascending branch of the 
stress–strain relationship reaching to the peak load at the corre-
sponding strain level εo=2f `c/Ec. The last part of concrete uni-
axial compressive stress-strain relationship attributes to the 
post-peak softening behavior and therefore represents the initi-
ation and progression of compressive damage in the concrete 
material until the ultimate compressive strain εu. Fig. 3 shows 
the compressive stress-strain behavior of concrete which is in-
troduced to the presented numerical model. 

 

 
Fig. 3. stress-strain curve in compression for CDP 

model. 

Uniaxial stress-strain behavior of concrete in tension is 
simulated utilizing Aslani and Jowkarmeimandi [15] and is 
shown in Fig. 2. The ascending part follows a linear relation un-
til it reaches the concrete tensile strength ft which has a value of 

ft=0.62√𝑓`𝑐 according to the ACI 318-19[1] and the softening 

behavior after cracking is expressed by Eq. (7), in which σt is the 
stress corresponding to strain εt, and εto, is the first cracking 
strain corresponding to is concrete tensile strength ft. 

 

 

2.2.5 Reinforcement modeling 

 
Stress-strain relation of steel bars proposed by (Yun and 

Gardner) [8] is used in this study. This relation is divided to 
three parts, bilinear and nonlinear hardening material as shown 
in Fig. 4. The relation between stress-strain at each stage is as  
follows; 
 

 

 

 
 

Where f(ε) is the steel stress corresponding to steel strain 
(ε), fy is yield strength of steel, fu is ultimate strength of steel, 
εsh is steel strain hardening, εu is ultimate strain and Es is steel 
modulus of elasticity is considered as 200GPa. 

The steel reinforcement is modeled in ABAQUS as one-

σt=ft(
εto

εt
)0.85                       (7) 

 

 

          Es*ε,            for  ε≤εy  

f(ε)= fy,                for εy<ε≤εsh                                                                                     

          fy+(fu-fy) {0.4(
𝜀−𝜀𝑠ℎ

𝜀𝑢−𝜀𝑠ℎ
)+2(

𝜀−𝜀𝑠ℎ

𝜀𝑢−𝜀𝑠ℎ
)/[1+400(

𝜀−𝜀𝑠ℎ

𝜀𝑢−𝜀𝑠ℎ
)
5
]
1/5

   ,     

                                for εsh<ε≤εu                                                                              (8) 

 

 
εu=0.6(1-

𝑓𝑦

𝑓𝑢
),      εu≥0.06      (9) 

 

 
εsh=0.1

𝑓𝑦

𝑓𝑢
-0.55,  0.015≤εu≤0.03  (10) 
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dimensional bars embedded inside the concrete elements using 
the embedment constraint, and a perfect bond between the con-
crete and steel reinforcement is considered. 

 

 
Fig. 4. stress-strain curve for steel 

 

3 VERIFICATION OF NUMERICAL MODELS WITH 

EXPERIMENTAL RESULTS 
To verify the suggested model, results of an experimental 

test carried by clyde et al. [9] are used. Model with the same 
dimensions and reinforcement details as those of the actual ex-
terior connection test specimens is prepared. Details regarding 
specimens dimension and reinforcement are shown in Fig. 5. 
 

 
 

Fig. 5. Specimen details 

3.1 Meshing 

A uniform mesh with size of 50 mm is chosen for the concrete 
elements over the whole geometry in exterior connection spec-
imen as shown in Figure. The same size for reinforcement mesh 
is also adopted for steel bars. Concrete meshing and reinforce-
ment details are shown in Figs. 6 and 7. 

 
 
 
 
 
 

 

 
 
 

Fig. 6. Concrete element mesh of exterior connection. 

 
 

Fig. 7. Reinforcement details of exterior connection 

3.2 Model Geometry and boundary conditions 

Restraints were defined at both top and bottom surfaces 
of the specimen's column in the exterior test specimen accord-
ing to boundary conditions addressed in the test setup. Details 
regarding to the geometry and boundary conditions of the both 
RC exterior beam-column connections which are applied to the 
finite element models are illustrated in Fig. 8. Loading is intro-
duced to the model in two steps. The first step is the column 
compressive axial load=0.1 f`c and applied to the column top 
surface which remained constant during the analysis proce-
dure. The second step is monotonic lateral loading at the beam's 
end surface. Loading is shown in Fig. 9. 
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 Fig. 8. loading of exterior connection 

 

Fig. 9. boundary conditions of exterior connection 

3.3 Material properties 

 
The measured uniaxial concrete compressive strength of 

the test specimens, the yield strength and the ultimate tensile 
strength of reinforcement used in the tests, are reported in Table 
2. 

 
 

TABLE 2 

MATERIAL PROPERTIES OF THE TEST SPECIMENS. 

 

3.4 Results 

The FEA results of the RC beam-column connections sub-
jected to lateral loading is presented in terms of force-displace-
ment curves, ultimate loads and displacements.  

The load versus deflection curve for both analytical and 
experimental results for specimens (are presented in Fig.11) 
while Table 3 shows the maximum load and the corresponding 
maximum displacement from the experimental work and those 
obtained from the finite element. A good agreement between 
the experimental and theoretical results are shown from both 
curves and results. 

 
Fig. 10. Test results of exterior specimen obtained by Clyde 

et al. experimental study. 

 
Fig. 11. The load versus deflection curve for both analytical 

and experimental results   
 
 

Concrete

compressive

strength

f`c(Mpa)

Reinforcement

type

Yield

strength

Fy (MPa)

Ultimate tensile

strength

Fu (MPa)

Beam

longitudinal
454.4 746

Column

longitudinal
469.5 741.9

Stirrups 427.5 654.3

46.2
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TABLE 3 

COMPARISON BETWEEN FINITE ELEMENT RESULTS AND 

 EXPERIMENTAL RESULTS 

 

 
 

4 PARAMETRIC STUDY 
Based on validation of FE model using experimental re-

sults of Clyde et al.  as discussed above, the calibrated FE model 
is used to extend the research work to study the effect of the 
following factors on the behavior of exterior beam – column 
joint: 

- effect of spacing between stirrups inside the joint, 
- shape of stirrups  
- normal force value. 

Figure 12 shows the Specimen dimensions and details while 
table 4 summaries the configuration of FE models and vari-

ables of the parametric study. The analysis was performed for 
nine exterior beam column connection under monotonic load-
ing and Specimen (J4) was considered as control specimen. 

 

 
 
Fig. 12. Specimen dimensions and details of Exterior beam-column con-

nection 

 

 

 

 

 
 
 
 

 
TABLE 4 

CONFIGURATION OF FE MODELS AND VARIABLES OF THE PARAMETRIC 

STUDY  

 
 

5 RESULTS AND DISCUSSION 
The results of analytical model are presented in this section. 

The test results during the test are presented and evaluated in 
different forms such as crack pattern and failure mode, load-
displacement curves, cracking and ultimate loads, displace-
ment ductility and dissipation energy. 

5.1 Effect of spacing between stirrups inside joint 

5.1.1 Crack pattern and failure mode 

For group A: the first crack was at beam then occurred in-
side the joint. As shown in Fig.13, the cracks propagated diago-
nally.it was noticed the decreasing spacing between stirrups led 
to decrease propagation of cracks in joint. This observation con-
firmed that role of the joint stirrups to act as a tension tie The 
failure was at joint due to shear. 

 
 
 
 
 

Peak lateral

load (kN)

Displacement

at peak

lateral load 

(mm)

Peak lateral

load (kN)

Displacement

at peak

lateral load 

(mm)

Peak lateral

load

Displacement

 at peak

lateral load

267.26 25.33 276.33 24.46 3.28 3.43

Experimental results Finite element analysis Error(%)
Studied

 Factor

No. of

 specimen

spacing 

between

 stirrups

(mm)

No of branches
Normal 

Force

Column 

dimensions

(mm)

Beam 

dimensions

(mm)

J1 200 0.1 F'c 305 x 457 305 x 406

J2 150 0.1 F'c 305 x 457 305 x 406

J3 100 0.1 F'c 305 x 457 305 x 406

J4 75 0.1 F'c 305 x 457 305 x 406

J5 50 0.1 F'c 305 x 457 305 x 406

s1 75 0.1 F'c 305 x 457 305 x 406

s2 75 0.1 F'c 305 x 457 305 x 406

P1 75 0.45 F'c 305 x 457 305 x 406

P2 75 0.65 F'c 305 x 457 305 x 406
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Fig. 13. Crack pattern for Group A 

 

5.1.2 Load displacement curve 

For the load–deflection curves of group A. The results as 
shown in Fig.15, indicate that the joint performance in terms of 
joint dissipation energy is significantly affected by spacing be-
tween stirrups inside joint. 

 
Fig. 14. the load–deflection curves for Group A 

5.1.3 Cracking and ultimate loads 

As shown in table 5 For Group A (J1 to J5), the first crack 
in the beam was flexure crack at the same displacement and 
load; on the other hand, the first crack in Joint delay from J1 up 
to J5. For cracking displacement increased by 0.54%, 1.25%, 
8.44% and 14.66% for J2, J3, J4 and J5 respectively compared 
with J1. For cracking load increased by 0.122%, 2.27%, 6.31 and 
10.9% for J2, J3, J4 and J5 respectively compared with J1. After 
first crack, cracks propagated diagonal. 

Also, decreasing spacing between stirrups cause increasing 
in loading capacity by 0.87 %, 2.14%, 2.98% and 4.02% for J2, J3, 
J4 and J5 respectively compared with case of J1 and increasing 
in displacement capacity by 1.25%, 3.33%, 5.46% and 6.58% for 
J2, J3, J4 and J5 respectively compared with case of J1.  

 
TABLE 5 

 CRACKING, AND ULTIMATE LOAD FOR GROUP A  

 
 
 
 
 
 
 

Disp.(mm) Load(KN) Disp.(mm) Load(KN)

Peak 

Disp. 

(mm)

Peak 

Load (KN)

J 1 0.93 31.69 5.53 122.65 25.28 287.5 joint

J 2 0.93 31.71 5.56 122.8 25.6 290.03 joint

J 3 0.93 31.72 5.6 125.5 26.15 293.8 joint

J 4 0.93 31.74 6.04 130.91 26.74 296.33 joint

J 5 0.93 31.76 6.48 137.67 27.06 299.55 joint

Peak

Failure 

place
 Number of Joint

First Crack

Beam Joint
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5.1.4 Displacement ductility 

Ductility is the ability of a reinforced member to sustain 
large inelastic deformations without excessive strength deteri-
oration. It can be quantified using several measures such as cur-
vature ductility factor, drift index, and displacement ductility 
factor. To evaluating the performance of the tested specimens, 
displacement ductility factor μΔ was used as a convenient 
measure of ductility. It was calculated as follows: 

μ𝜟 =Δ85/Δy                                                  (11) 

Where: 
Δy the yield displacement 
Δ85 the displacement at 85% of the ultimate load 
 

As shown in Fig. 15, the decrease of spacing between stir-
rups in joint caused an increase in ductility by 0.84%, 1.26%, 
1.67% and 10.94% for J2, J3, J4, J5 respectively compared with 
case of J1. 

 

 
          Fig. 15. Displacement Ductility (μ) for group A 

5.1.5 Dissipation Energy 

The ability to dissipate the inelastic deformation energy is 
a significant factor for evaluating the performance of column 
beam Joints subjected to lateral loads. The energy dissipated by 
the specimen defined as the area enclosed within the load-dis-
placement curve. The total energy dissipated was then esti-
mated as the sum of the cumulative dissipated energy during 
test. 

As shown in Fig.16, the decrease of spacing between stir-
rups in joint caused an increase in dissipation energy by 3.32%, 
16.46%, 24.63% and 38.74% for J2, J3, J4, J5 respectively com-
pared with case of J1. 
 
 

 
Fig. 16. Dissipation Energy for J1 to J5 

5.2 Effect of shape of stirrups 

5.2.1 Crack pattern and failure mode 

For group B: the first crack was at beam then occurred in-
side the joint. As shown in Fig.17, The cracks propagated diag-
onally. It was noticed that cracks propagation was less in case 
of cross ties perpendicular to plane of loading. This observation 
confirmed that increasing cross ties perpendicular to plane of 
loading is more efficient to stirrups to act as tension tie The fail-
ure was at joint due to shear. 

 
Fig. 17. Crack pattern for Group B 
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5.2.2 Load displacement curve 

For the load–deflection curves of group B. As shown in 
Fig.18, the results indicate that the joint performance in terms 
of joint dissipation energy is slightly affected by Changing 
shape of stirrups in joint. without changing total area of the stir-
rups. 

 
          Fig. 18. the load–deflection curves for Group B 

5.2.3 Cracking and ultimate loads 

 
As shown in Table 6, for Specimens J4, S1 and S2, the first 

crack in the beam was flexure crack at the same displacement 
and load; on the other hand, the first crack in Joint delay from 
J4 up to S2. For cracking displacement increased by 2.1% and 
5.625% for S1 and S2 respectively compared with J4. For crack-
ing load increased by 2.1% and 4.2 % respectively compared 
with J4. After first crack, cracks propagated diagonal. The fail-
ure was at joint for all specimens. 

Also, changing shape of stirrups without change total area 
of stirrups for S1 and S2 cause decreasing in load capacity by 
1.34 % and 1.55% respectively compared with case of J4 but dis-
placement capacity almost the same for all specimens. 

 
TABLE 6 

CRACKING, AND ULTIMATE LOAD FOR GROUP A 

 
 

5.2.4 Displacement ductility 

The results show that changing shape of stirrups without 
change total area of stirrups for S1 and S2 caused a decrease in 
ductility by 6.19%, 8.3 for S1 and S2 respectively compared with 
case of J4. as shown in Fig. 19. 

 
           

 

 

Fig. 19. Displacement Ductility (μ) for group B 

5.2.5 Dissipation Energy 

The change shape of stirrups without changing total area of 
stirrups caused a decrease in dissipation energy by 11.04% and 
13.26% for S1, S2, respectively compared with case of J4 as 
shown in figure 20. 

 
          Fig. 20. Dissipation Energy for group B 

5.3 Effect of axial normal force 

 

5.3.1 Crack pattern and failure mode 

For group C: the first crack was at corners of joint then oc-
curred in beam. The cracks in joints propagated diagonally. It 
was noticed that increasing axial normal force led to increase 
the inclination of joint cracks. This observation because of the 
higher axial normal load results in the formation of a steeper 
diagonal strut. and the failure was at beam column face as 
shown in Fig. 21. 

  
 
 
 
 
 
 
 

Disp.(mm) Load(KN) Disp.(mm) Load(KN)
Peak Disp. 

(mm)

Peak Load 

(KN)

J 4 0.93 31.74 6.04 130.91 26.74 296.33 joint

S1 0.93 31.79 6.17 133.72 26.38 296.15 joint

S2 0.93 31.78 6.4 136.68 26.324 295.55 joint

 Number of Joint

First Crack
Peak

Failure 

place

Beam Joint
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Fig. 21. Crack pattern for Group C 

5.3.2 Load displacement curve 

For the load–deflection curves of group C. As shown in 
Fig.22, The results indicate that the joint performance in terms 
of joint strength , deformation capacity and dissipation energy 
is significantly affected by Changing the axial normal force 
value. 
 

 
 

          Fig. 22. the load–deflection curves for Group C 
 

 

5.3.3 Cracking and ultimate loads 

As shown in Table 7, For Specimens J4, P1 and P2, the first 
crack in corners of joint occurred at axial load 2175.44 kN; on 
the other hand, and the first crack in beam occurred at axial load 
2234.78 kN. Cracks in P1 and P2 occurred before J4 due to high 
axial load. After first crack, cracks propagated diagonal. 

Also, increasing normal force on column for P1 and P2 cause 
increasing in load capacity by 6.43 % and 9.34% respectively 
compared with case of J4. Else increasing in displacement ca-
pacity by 37.21% and 19.67% for P1 and P2 respectively com-
pared with case of J4. which confirmed to the fact that the in-
creasing axial normal load confined the joint against shear fail-
ure. 

 
TABLE 7 

 CRACKING, AND ULTIMATE LOAD FOR GROUP A  

 
 

5.3.4 Displacement ductility 

As shown in fig. 23, the results show that decreasing in duc-
tility with an increase in axial load on column by 16.7%. This 
effect was more pronounced for column axial loads of 0.45 f′cAg 
for P1 compared with the corresponding case of column axial 
loads of 0.1 f ′cAg for J4. 

 
Fig. 23. Displacement Ductility (μ) for group C 

5.3.5 Dissipation Energy 

The results show that increasing normal force on column for 
P1 and P2 caused a increase in dissipation energy by 30.49% 
and 37.89% for P1, P2, respectively compared with case of J4 as 
shown in figure 24. 

 
 
 

 

Disp.(mm) Load(KN) Disp.(mm) Load(KN)
Peak Disp. 

(mm)

Peak Load 

(KN)

J 4 0.93 31.74 6.04 130.91 26.74 296.33 joint

P1 36.69 315.4
beam

 column

 face

P2 32 324.03

beam

 column

 face

 Number of Joint

First Crack
Peak

Failure 

place
Beam Joint

at axial load 2234.78 KN

at axial load 2234.78 KN

at axial load 2175.44 KN

at axial load 2175.44 KN
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Fig. 24. Dissipation Energy for group C 

 

6 CONCLUSION 
Nine beams were analytically modeled and tested till failure. 

To understand the behavior of reinforced concrete beam col-
umn joints  under earthquake load, effect of three different fac-
tors; spacing between stirrups inside joint, number of branches, 
and axial normal force are  studied, and It was concluded that: 
 

 Decreasing spacing between stirrups cause delay-
ing in first crack in joint. That clarified the role of 
the spacing between joint stirrups in crack control. 

 
 

 Decreasing spacing between stirrups cause increas-
ing in ductility and dissipation energy. 
 

 Increasing cross ties perpendicular to plane of 
loading cause increasing in ductility and dissipa-
tion energy. 

 
 Increasing column compression load results in de-

laying the initiation of first shear crack and the fail-
ure was at beam column interface. 
 

 Increasing column compression load from (0.1 f`c 
Ag to 0.65 f`c Ag) results in increasing dissipation 
energy by 37.89%. 
 

 For the studied joints, where the joint failure was 
due to shear failure, but when increasing the col-
umn axial load resulted in increasing the beam tip 
ultimate load and failure was at beam column face. 
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