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ABSTRACT 

This paper describes a theoretical study of forty eight (48) Reinforced Concrete RC beam column 

joints, which generally classified as interior, exterior and corner joints. The most main parameters, 

which may influence the behavior of beam-column joint, transverse reinforcement, lateral shear 

reinforcement, longitudinal reinforcement, joint area, column axial load, concrete compressive 

strength, end boundary conditions …etc. In this research FEA (finite element analysis) using 

ABAQUS\CAE commercial software will be developed to build a detailed model to predict the 

nonlinear behavior of beam-column joint under seismic loadings. The ABAQUS\CAE 6.7 solution 

is a practical way to implement the nonlinear dynamic earthquake analysis for the finite element 

model. Our study is focusing with joints where statically lateral load was applied and gradually 

increased maintaining constant axial load at the top of the column equal to 0.15 (AcFc). Several 

linear variable horizontal displacement transducers were mounted , the net story drift, bond stress, 

axial shear stresses and strains as well as energy absorption for using  different grades of concrete 

C250, C400, C600 and C1200 are evaluated and discussed to illustrate the behaviour of the studied 

joints under the case study of loadings. 

Keywords: RC Beam-Column Connections , Concrete Compressive Strength, Lateral Load , Shear 

and Bond Strength , Joint Deformation, Energy Absorption , Mode of Failure, and ABAQUS\CAE. 

1. Introduction 

There are several parameters, which may influence the behavior of beam-column joint. 

Among of these parameters are the followings: 

1. Type of joint : which is mainly referred as interior joint, exterior joints or corner 

joints. 

2. Transverse Reinforcement, an increase of joint transverse reinforcement causes an 

increase of joint shear stiffness. Because the capacity of both diagonal concrete 

strut and truss mechanisms is dependent on concrete compressive strength 
(Jaehong K. et al. 2008). Also(Ahmed H. 2003) summarized that the increase in 

transverse reinforcement above certain amount had a little effect on the ultimate 

strength of the joint and the transverse reinforcement in the joint is more effective 

in maintaining the strength than the stiffness.  

3. Lateral Shear Reinforcement, The amount of joint lateral reinforcement has a 

significant effect on both strangled deformation capacity of the joints (Kazuhiro 

K. (1991). 
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4. Longitudinal Reinforcement, Hitoshi S.et al., (2002) studied the resultants in 

longitudinal bar do not exceeds the yield strength of the reinforcement, and the 

bars contributed only on the axial load carrying capacity . 

5. Joint Area, S. R. Uma et al., (2006) study proved that the effective, joint area Aj is 

the area resisting the shear within the joint and is contributed by the framing 

members in the considered direction of loading.  

6. Column Axial Load Kumar et al., (2002) found that the joint rotation and the 

axial load in the column increase the ductility and energy dissipation capacity and 

reduced the joint region damage. 

7. Concrete Compressive Strength, Jaehong K. et al., (2008); summarized that 

concrete compressive strength is the most important parameter in determining RC 

joint shear, (Laura N. Lowes et al. 2004); indicated that concrete compressive 

strength is substantially less than that observed under monotonic loading and that 

concrete tensile strength deteriorates more rapidly as a function of tensile strain. 
8. Miscellaneous factors: including lateral loads ratios of columns connected beams 

dimensions , boundary conditions …..etc. , which are not available for the authors. 

9. The following is a brief for the available main items and concept concerning and 

defining the characteristic of the behaviour of R.C joints:  

10. Shear Strength, Codes Recommendations for Joint Shear Strength:  

1. ACI 352R-95 and ACI 318-02 

For modern RC beam-column connections, American Concrete Institute (maintaining 

proper confinement within a joint panel), has defined a nominal joint shear strength; 

that is: as Eq. (1). 

cj

'

cACln
hbfV γ=

 
        (1)

 

Where: (γACI) is the joint shear strength factor, f'c is the specified concrete compressive 

strength, (bj) is the effective joint shear width, and (hc) is the column depth.  

2. ECCS 203 (2001) 

Egyptian code for concrete structure sets the nominal shear strength of the joint (τJ) as 

a function of concrete strength only, (Aj) is the effective joint  area, (ƒc'); the cylinder 

compressive strength of concrete is given as Eq. (2); 
'

cjj
96.0 fA=τ

 
(2) 

3. AIJ 1997 

Architectural Institute of Japan “Design guidelines for earthquake resistant reinforced 

concrete building based on ultimate strength concept and commentary” has 

recommended a nominal joint shear strength in the form of Eq. (3); that is: 

Vj = kφƒjbjDj (3) 

where, k is the factor dependent on the shape of in-plane geometry (=1.0 for interior 

connections, =0.7 for both exterior connection ,T-shape top story joints and =0.4 for 

corner knee connections); (φ)is the factor for the effect of out-of-plane geometry (1.0 

for joints with transverse beams on both sides and 0.85 for other types of joints); (fj) is 

the standard value of the joint shear strength (as a function of concrete compressive 

strength); (bj) is the effective joint shear width; and (Dj) is the effective column depth. 
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The standard value of the joint shear strength (fj) is suggested as given by equation (4); 

that is: 

fj = 0.8 ×(f 'c)
0.7

 (4)

4. NZS 3101: 1995 

Standards New Zealand (Concrete Structures Standard) has suggested the design joint 

shear strength as Eq. (5) that is: 

Vj = vjbjhc (5)

where (vj) is the joint shear stress, (bj) is the effective joint shear width, and (hc) is the 

column depth. Joint shear stress is defined as Eq. (6) that is: 

*

sby

jhjy

'

c

j
6 Af

Aff
V

α
=

 
(6)

In Eq. (6) (α): is the parameter considering column axial load; (fjy) is the yield stress of 

horizontal joint transverse reinforcement; (Ajh) is the total cross-sectional area of 

horizontal joint transverse reinforcement; (fby) is the yield stress of longitudinal beam 

reinforcement; and ( *

s
A ) is the greater of the area of top or bottom beam reinforcement 

passing through the joint (excluding bars in an effective tension flange).  

5. EN 1998–1:2003  

Euro code has limited the nominal shear stress, (νjh) within interior beam column joint 

to be less than the stress value given by the Eq. (7). 

η
−η≤ d

cdjh
1

V
fV

 
(7)

 

where                       denotes the reduction factor on concrete compressive strength due 

to tensile strains in transverse direction. 

6. AIJ Guidelines derived from Japanese database of the tests of beam-column joint 

without transverse beams. They are given by the equations,  

 
7120561 .

Bju
. στ ×=

 
for interior beam-column joint (8)

   
718.013.1 Bju στ ×=

 
for exterior beam-column joint (9)

where, (τju)is joint shear strength and (σB) is concrete compressive strength. 

7. Bond Strength:  
 A maximum bond stress Bu of beam reinforcement over the column width was 

estimated by assuming simultaneous yielding of the beam reinforcement in tension and 

compression at the two faces of the joint. Bond-strength values, required to complete 

calibration of the model, are defined on the basis of experimental data provided by a 

number of different researchers. The results of previous research indicate that bond 

strength is a function of the material state of the anchored bar as well as of the concrete 

and transverse reinforcing steel in the vicinity of the reinforcing bar (Lowes, L. 2002). 

Bond strength is relatively high if reinforcement is anchored in a reinforced concrete 

zone that carries compression perpendicular to the bar axis, and relatively low if the 

reinforced concrete carries tension (Eligehausen, et al., 1993). Further, bond strength 
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is reduced for reinforcement carrying stress in excess of the tensile yield strength and 

increased for reinforcement carrying compressive stress less than the compressive 

yield strength (Shima et al., 1997). The bond strength was assumed proportional to the 

square root of the concrete compressive. Laura, N. (1992).    
8. Flexure Strength, Deformation as shear deformation of the beam-column connection 

increases, while the remaining shear-resisting capacity of the connection is reserved 
(Hitoshi Sh. 2004).  

9. Energy Absorption and Effect of End Boundary Conditions the sub assemblages were 

tested by (John S. et al., 2001) within a reaction frame with loading and boundary 

conditions Pin connections were attached to the sub assemblages at approximate 

locations of points of contra flexure under lateral loading. 
10. Failure Modes, There are Three Failure Modes for Beam-Column Joints: A) The new 

behavior model for shear failure of an interior beam-column joint is illustrated by 

(Hitoshi Sh. 2004) B) The analytical deformed shape and cracking pattern of 

specimen JL are compared with the experimental results by (Teeraphot Su. et al., 

2008). The FEM demonstrates an extensive deformation at the ends of beam framing 

into the joints, indicating a flexural failure, C) Beam bending failure with a ductile 

load-deflection behavior model well illustrated by (Josef H., et al., 2003) The ultimate 

bending moment capacity of the beam is reached and the beam reinforcement is 

yielding, and joint failure in which the ultimate bending moment capacity of the beam 

cannot be reached and a characteristic crack is observed inside the joint. D) Extensive 

cracking within the joint core region can be found in the early stages, and the cracks 

open widely is the horizontal displacement increases (Bing Li, et al., 2003). 
To investigate and compare the behaviors of the joints of the following detailed 

dimensions and end conditions e (48)joint, the normal-strength and high-strength joints 

are both representative of an interior, exterior and corner joint are chosen. Different 

lateral loads were applied maintaining constant axial load at the top of the column 

equal to 0.15(AcFc), to measure and evaluated the net story drift, shear deformations, 

axial, shear stresses, bond stress , and total absorbed energy for such joints having  

different grades of concrete C250,C400,C600 and C1200. 

2. Details of R.C joints 

Table1 and Fig.1 include the connection between the main beam, column, slab. (48) 

Joints , which taken into account. 

 Beam sizes for all joints of (bb×db) mm (250 mm wide by 300 mm deep) mm as well 

as column sizes of (bc×dc) mm (300×300 mm), were kept constant. 

The total height of the columns was the same for both specimens at     H=2.0 m, which 

gave L/2=1.5 m above and below the beam. The floor slabs for both specimens were of 

equal sizes, with a thickness of 120 mm. The boundary conditions, beam ends were 

supported by horizontal rollers, while the bottom of the column was supported by a 

constant mechanical hinge too. 
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All the specimens were cast in concrete of specified characteristic cube strength (ƒc'), 

of 250–400–600 and1200 kg/cm
2
, with yield stress for reinforcing bar (ƒy) 2400–2800–

3600 and 4000 kg/cm
2
 respectively. 

The reinforcement details of all the specimens were identical in Figures 1.a for interior 

joint, 1.b for exterior joint and 1.c for corner joint, apart from the joints. The beam was 

equally reinforced at the top and bottom by four high-yield deformed bars of 16 mm 

diameter (Abs) (i.e. 4Φ16, 4Φ16). 

Stirrups bent( ρw) from 6-mm-diameter mild steel round bars with specified 

characteristic yield strength of 2400 kg/cm
2
 were provided at  

80 mm centers (i.e. Φ6@80 stirrups). The column contained (Acs) 12Φ 16 longitudinal 

reinforcing bars evenly distributed around the perimeter. The transverse reinforcement 

in the column comprised Φ6 square hoops and R6 cross ties in two perpendicular 

directions at 80 mm centers, as shown in Table 1. 

3.  Mesh  arrangement  

The mesh module allows you to generate meshes at Figures 2.a,  

2.b, 2.c, on assemblies created with ABAQUS\CAE various levels of automation and 

control are available so that you can create a mesh that meets the needs of your 

analysis. Mesh refinement is required. When severely nonlinear material Models are 

used, however, increasing the number of element can increasing constrains within the 

model. These reduce shear deformation that can lead to an overlay stiff load deflection 

response 

(Abaqus. 2000). 

4. Boundary conditions and applied loading  

The loading set up is shown in Figures 3.a, 3.b, 3.c for interior and exterior and knee joint. 

The specimens were supported in vertical position. The top of the column was loaded by two 

actuators in vertical and horizontal directions. The beam ends were supported by horizontal 

rollers, while the bottom of the column was supported by a mechanical hinge. The distance 

between two loading points for beams and columns were 3,000mm and 2,000 mm 

respectively. With different lateral load was applied maintaining constant axial load at the top 

of the column equal to 0.15 AcFc. The lateral load applied was gradually increased. Several 

linear variable displacement transducers were mounted on the test specimens to measure the 

net story drift, bond stress, shear deformations, axial, shear stresses strains, and energy 

absorption.  

The modifications were based on nonlinearity analytically model carried out by (Sam 
Lee 2008) The degradation factors for compression (dc) and tension (dt) are dependent 

on the plastic strain (ABAQUS, v6.5). 

The nonlinearity of the structure includes geometry nonlinearity, material nonlinearity 

and a combination of both. 
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5. Geometry nonlinearity 

Geometry nonlinearity can be modeled accurately by using of the Green strain 

formula. The P- effects and large deflection effects are automatically taken into 

account. Most general finite element analysis packages have this built-in function 

available 

 Table 1.  
 Properties of Joints. 

Type of beam-column 

joints 

 
Interior joint 

 
Exterior joint 

 
Corner joints 

(a) Beam (bb×db) mm (250×300) (250×300) (250×300) 

Top bars  4Φ16 4 Φ16 4 Φ16 

at mm² 804 804 804 

pt % 1.18 1.18 1.18 

Bot. bars  4Φ16 4 Φ16 4 Φ16 

at mm² 804 804 804 

pt % 1.18 1.18 1.18 

Stirrups  2- Φ6 2-Φ 6 2-Φ 6 

@ (mm) 80 80 80 

Pw% 0.64 0.64 0.64 

(b) column  (bc×dc) mm (300×300) (300×300) (300×300) 

Total Bars 12- Φ16 12- Φ16 12-Φ 16 

ag mm² 2412 2412 2412 

pg% 2.62 2.62 2.62 

Hoops 2Φ D6 2 ΦD6 2 ΦD6 

@ (mm) 80 80 80 

Pw% 0.27 0.27 0.27 

(c) connection H×L mm (2000×3000) (2000×1500) (1000×1500) 

Hoops  3- Φ6 3- Φ6 3- Φ6 

Sets 3 @ 60 3 @ 60 3 @ 60 

aw mm2 192 192 192 

pw% 0.38 0.38 0.38 

Shape  Closed Closed Closed 

(d) Slabs thick. ts cm 12 12 12 

Longitudinal Dir 24 D 8 24 D 8 24 D 8 

@ (mm) 100 100 100 

Stirrups ratio % 0.38 0.38 0.38 

Transverse Dir. 24 D 8 24 D 8 24 D 8 

@ (mm)  200 200 200 

Stirrups ratio  % 0.27 0.27 0.27 

Note:   at : total area of tensile reinforcement, pt : tensile reinforcement ratio, ag : total 

area of longitudinal reinforcement,  pg : gross reinforcement ratio,  aw : total area of web 

reinforcement placed between top and bottom beam bars,  ρw : web reinforcement ratio, 

Ec = 14000√ ƒ′c kg/cm
2
, Es = 2.2×10

6
 kg/cm

2
, ƒy: yield strength, ƒ′c: concrete 

compressive strength, ƒ′t: concrete tensile strength. 
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Corner joint 

Compressive Cube strength of 

concrete (fc
`
)

 
 kg/cm

2
 

Column shear force (Vc) (Ton) 

Yield strength of steel 

reinforcement (fy) kg/cm
2
  

Kind of joint   

Interior joint 

 

Exterior joint 

 

Area of beam bb×db  (Ab) cm
2
 

Area of column bc×dc mm  (Ac) cm
2
 

Area of connection H×L mm (Aj) cm
2
 

Transfer reinforcement ratio (pw%) 

Top and bottom reinforcements of beam 

(As1), (As2) cm2 

Area of the column reinforcement  
(Acs) cm2 

End boundary condition  

  

Constant given  

 

Given Data 

Column axial force (Nc) (ton)  
(Nc)/AcFc = 0.15 

 

 

 

 

 

 

 

 

 

 

 

Variable given  
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Joint shear  

stress (τJ)  

kg/cm
2

 

Principle axial  

stress (σ1) 

kg/cm
2

 

Joint shear  

strain (γ) 

Radian 

Principle axial 

strain (ε1)  

cm/cm 

 

Lateral top 

displacement  

(δh) mm 

 

Story drift (θ%) 

Joint bond  

stress (µB) 

kg/cm
2

 

Absorbed 

 Energy (E.A.) 

ton×mm 

  

Results 
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a) Reinforcement details of interior beam-column joint 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Reinforcement details of exterior beam-column joint 
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c) Reinforcement details of roof corner beam-column joint 
 

Fig. 3. The loading set up and Boundary condition of joints 

6. Materials nonlinearity 

Steel and concrete are the basic materials used in the structural elements. To model the 

cyclic characteristics of the earthquake load, a nonlinear material model with specific 

cyclic features should be used for each. 

Steel: In this article, an isotropic kinematics hardening model is used for steel material. 

As shown in Figure 4, the blushing effect has been taken into account, and there is no 

stiffness degradation during the cycling. It is acceptable for the skyscraper structure as 

the maximum steel strain should be less than 2.5%.  

Concrete: The plastic-damage model (J. Lee, 1998) is used to model the concrete 

material. The model is a continuum, plasticity-based, model for concrete. It assumes 

that the main two failure mechanisms are tensile cracking and compressive crushing of 

the concrete material. It captures the three major characteristics of the concrete in the 

buildings: (1) the strength of compression is larger than that of tension; (2) the stiffness 
degrades when it goes into plastic range; (3) the stiffness recovers when it reverses 
from tension to compression. 
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Fig.4. Steel constitute law (Sam Lee 2008) 

 

 

 

 

 

 

 

 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

Fig. 5. Concrete in tension (Sam Lee 2008) 
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Fig. 6. Concrete in compression (Sam Lee 2008) 

Figures 5 and 6 show the concrete material’s stress-strain curves, the stiffness of the concrete 

degrades when it unloads from the plastic range. The degradation factors for compression (dc) 

and tension (dt) are dependent on the plastic strain (ABAQUS,V 6.5). Figure 7 shows the hysteric 

curve of the concrete, it can be seen that the stiffness recovers when the material stress status 

reverses from tension to compression. 

 

 
 
 

 
 

 
 
 

 
 

 
 

 

 

Fig.7. Concrete hysteric curve (Sam Lee 2008) 

In the fixed crack model, the crack direction is determined and fixed at the time of crack 

initiation. In the rotating crack model, the crack direction is identical with a principal strain 

direction and rotates if the strain direction changes. The main difference in these crack models is 
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the absence of shear stresses on the crack plane in the rotating crack model due coincidence of 

principal strain directions with the crack orientation, which makes the rotating crack model more 

simple. In the fixed crack model the shear resistance of the cracks is modeled by means of the 

variable shear retention factor, which reflects the aggregate interlock effect of cracked concrete) 

Concrete in plane stress condition can be well described by a damage model such as the one used 

in the ABAQUS, see Figure 8. It is based on the “equivalent uniaxial law”, which covers the 

complete range of the plane stress behaviour in tension and compression. The effect of biaxial 

stress state on the concrete strength is captured by the failure function due to (Kupfer et al., 
2011). For the tensile response (cracking) the crack band method described above is applied. 

Similar method is applied for the compressive softening. Thus complete softening behaviour is 

based on an objective and mesh independe1nt approach. 

 

 
 
 

 
 

 
 
 

 
 

 
 

 
 

Fig.  8. a Equivalent uniaxial law (left)  
  

  
  

 
 
 

 
 

 
 
 

 
 

 
  

Fig. 8. b Bi-axial failure function by Kupfer2011  
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7. Data given and obtained results  

Figure 9 shows the 3-D meshed modeling connections with loading , boundary 

condition and deflection Shapes studying by ABAQUS\CAE 6.7 software for interior, 

exterior and corner joints. 

The obtained theoretically evaluated values of various stresses and displacements for 

both interior and exterior joints for the case study are tabulated and given in Tables 

(2),(3)and (4). 

 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

a)  On interior joint 
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b) On exterior joint 
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c) On knee joint 

 
Fig.9. Finite element meshes and deflection shapes at definition boundary condition 
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The effect of the studied parameters on the behavior of beam-column joint are evaluated 

according to table 2,3and 4 with the following relationships: 

 

1. Relation of story shear force (Vc) ton - story drift (θ%) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of story shear force-story drift at interior joint 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Relation of story shear force-story drift at exterior joint 
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c) Relation of story shear force-story drift at corner joint 

 

Fig. 10. Relation of story shear force(Vc)- Story Drift (θ%) for Beam-Column Joint 

       Fig.10 illustrate that in general as the story shear forces (Vc) increase, the 

corresponding story drift angle (θ%) increase. 

2. Relation of joint shear stress (τj) kg/cm2 -story drift (θ%). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of story shear stress - story drift at interior joint 
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b) Relation of story shear stress - story drift at exterior joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Relation of story shear stress-story drift at corner joint 

 

Fig. 11. Relation of Story Shear (τj)- Story Drift (θ%) for Beam-Column Joint 

   It is observed at Fig.11 that the relation between joint shear stress (τj) and story drift 

angle (θ%) is leaner for  story drift (1-2)%. 
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Table 2.  
Obtained Theoretical Results for Studied Interior Beam-column Joints. 

Joint 

No. 

Compressive 

concrete 
(fc

`) 

kg/cm2 

Yield 

strength 
( fy) 

kg/cm2 

Axial 

load 
ton 

(Nc) 

Nc / 

fc′′′′ 
Ac 

Lateral 

load 
ton 

(Vc) 

Draft 

angle  

(θθθθ%) 

Top 

lateral 
Displace-

ment 

mm(δδδδh)  

Max 

principle 
stress 

Kg/cm2 

(σσσσ1) 

Joint 

shear 
stress 

kg/cm2 

(ττττJ) 

Joint 

bond 
stress 

kg/cm2 

(µµµµb) 

Max 

principle 
strain 

cm/cm  

(εεεε1××××10–4)  

Joint 

shear 
distortion 

radian 

(γγγγ%) 

Energy 

Absorption  
(E.A) 

ton××××mm 

J (1) 250 2400 0 0 0 0 0 0 0 0 0 0 0 

J (2) 250 2400 25 0.15 5 0.345 6 44.11 16.32 8.36 0.129 0. 48 480 

J (3) 250 2400 40 0.15 11 0.8 12 102 37.75 16.60 0.256 1.11 1200 

J (4) 250 2400 60 0.15 45 2.80 56 170.74 66.30 29.11 0.373 1.60 2278.5 

J (5) 400 2800 0 0 0 0 0 0 0 0 0 0 0 

J (6) 400 2800 25 0.15 7.5 0.45 6.40 70.32 35.32 14.60 0.23 0. 6 440 

J (7) 400 2800 40 0.15 10 0.71 8.5 104.9 45.33 20.20 0.31 0. 77 1580 

J (8) 400 2800 80 0.15 51 3.10 62 227.50 82.50 43.02 0.66 1.75 2959 

J (9) 600 3600 0 0 0 0 0 0 0 0 0 0 0 

J (10) 600 3600 40 0.15 13 0.84 5.2 135.8 53.31 35.39 0.34 0. 88 450 

J (11) 600 3600 80 0.15 20 1.25 8 210.3 78.77 57.5 0.51 1.29 1600 

J (12) 600 3600 120 0.15 61.20 3.80 76 359.1 94.95 67.87 1.42 3.60 3020 

J (13) 1200 4000 0 0 0 0 0 0 0 0 0 0 0 

J (14) 1200 4000 60 0.15 13 0.68 8.30 142.7 65.62 69.20 0.39 0. 92 610 

J (15) 1200 4000 120 0.15 22 1.12 14 317.9 106.8 82.64 0.65 1.50 2170 

J (16) 1200 4000 240 0.15 75 4.01 86 521.4 155.8 113.20 1.07 2.48 4083 
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Table 3.  
Obtained Theoretical Results for Studied Exterior Beam-column Joints. 

Joint 

No. 

Compressive 

concrete 
(fc

`) 

kg/cm2 

Yield 

strength 
(fy) 

kg/cm2 

Axial 

load 
ton 

Nc 

Nc / 

fc 
Ac 

Lateral 

load 
ton 

(Vc) 

Draft 

angle 

(θθθθ 
%) 

Top 

lateral 
Displace- 

ment 

mm(δδδδh) 

Max. 

principle 
stress 

kg/cm2 

(σσσσ1) 

Joint 

shear 
stress 

kg/cm2 

(ττττJ) 

Joint 

bond 
stress 

Kg/cm2 

(µµµµb) 

Max. 

principle 
strain 

cm/cm 

(εεεε1××××10–4)  

Joint 

shear 
distortion 

radian 

(γγγγ%) 

Energy 

Absorption  
(E.A) 

ton××××mm 

J (17) 250 2400 0 0 0 0 0 0 0 0 0 0 0 

J (18) 250 2400 15 0.15 10 0.5 8.16 40 20 10.71 0.15 0. 12 190 

J (19) 250 2400 30 0.15 13 0.79 12.72 57.5 23.70 24.09 0.603 0. 48 390 

J (20) 250 2400 50 0.15 15 2.913 18.26 65 32.50 25.20 1.08 1.70 690 

J (21) 400 2800 0 0 0 0 0 0 0 0 0 0 0 

J (22) 400 2800 25 0.15 15 0.66 9.79 48.75 26.40 15.72 0.22 0. 17 305 

J (23) 400 2800 40 0.15 23 1.01 18.58 75 40 35.32 1.03 0. 80 620 

J (24) 400 2800 80 0.15 25 3.40 21.58 80.62 46.63 35.66 1.19 2.20 1098 

J (25) 600 3600 0 0. 0 0 0 0 0 0 0 0 0 

J (26) 600 3600 40 0.15 20 0.81 10.68 64.50 49.45 39.85 0.93 0. 67 430 

J (27) 600 3600 60 0.15 32 1.29 18.92 81.57 62.65 43.72 3.75 2.70 860 

J (28) 600 3600 120 0.15 35 4.45 28.67 214.6 64 44.25 3.89 2.80 1520 

J (29) 1200 4000 0 0 0 0 0 0 0 0 0 0 0 

J (30) 1200 4000 80 0.15 25 0.89 13.75 97.62 82.36 53.87 1.05 0. 93 850 

J (31) 1200 4000 120 0.15 40 1.43 22.44 122.38 107.2 54.62 1.25 1.10 1750 

J (32) 1200 4000 240 0.15 45 4.85 32.62 318 116 55.54 4.20 3.70 2082 
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Table 4.  
Obtained Theoretical Results for Studied Corner (Knee) Beam-column Joints. 

Joint 

No. 

Compressive 

concrete 
(fc) kg/cm2 

Yield 

strength 
(fy) 

kg/cm2 

Lateral 

load 
(Vc) ton 

Draft 

angle  

(θθθθ%) 

Top lateral 

Displacement 

(δδδδh) mm 

Max 

principle 
stress 

(σσσσ1) 
Kg/cm2 

Joint 

shear 
stress 

(ττττJ) 
Kg/cm2 

Joint 

bond 
stress 

(µµµµb) 
kg\cm2 

Max 

principle 
strain 

εεεε1××××10–4 
cm/cm 

Joint 

shear 
distortion 

(γγγγ%) 
radian 

Energy 

Absorption  
(E.A) 

Ton××××mm 

J (33) 250 2400 0 0 0 5 0 0 0 0 0 

J (34) 250 2400 15 1.0 10 87.70 24.20 16.54 0.62 0.73 105 

J (35) 250 2400 18 1.2 12.7 102.3 28.10 18.32 0.74 0.86 223 

J (36) 250 2400 20 2.6 22.29 122.95 29.77 19.69 1.56 1.82 395 

J (37) 400 2800 0 0 0 10 0 0 0 0 0 

J (38) 400 2800 15 1.23 12.3 75.53 26.20 25.30 0.71 0.67 150 

J (39) 400 2800 28 2.3 23.0 125.1 43.20 28.67 1.15 1.10 300 

J (40) 400 2800 30 3.5 35.67 145.50 44.30 30.59 2.73 2.60 540 

J (41) 600 3600 0 0 0 0 0 0 0 .0 0 

J (42) 600 3600 20 0.8 8.0 82.92 22.48 35.20 0.63 0.562 200 

J (43) 600 3600 36 2.35 22.5 233.67 62.26 46.76 2.03 1.67 400 

J (44) 600 3600 40 4.9 49.05 245.9 65.47 48.33 4.06 3.42 715 

J (45) 1200 4000 0 0 0 0 0 0 0 0 0 

J (46) 1200 4000 30 1.10 11.0 146.20 43.50 52.63 1.05 0.934 420 

J (47) 1200 4000 46 2.41  22.0 296.12 87.65 53.42 2.15 1.89 850 

J (48) 1200 4000 50 5.30 53.51 323.9 96.40 65.90 5.35 4.67 1552 
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3. Relation of Lateral Load (Vc)–Lateral Top displacement (δh). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a) Relation of story shear force - lateral top displacement at interior joint 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Relation of story shear force - lateral top displacement at exterior joint 
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c) Relation of story shear stress - lateral top displacement at corner joints 

 

 

Fig. 12. Relation of Story Shear Force (Vc) - Lateral Top Displacement (δh)for 

Beam-Column Joints 

 Fig.12 illustrates that in general as the story shear forces (Vc) increase, the 

corresponding lateral top displacement (δh) increase. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

a) Shear stress at C250 Joint No. (2) for interior joint 
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b) Shear stress at C600 Joint No. (28) for exterior joint 

 

 

 

 

 
 

 

 

 
 

 
 
 

 
 

 
 

 

 

 

 

 

c) Shear stress at C1200 Joint No. (48) for knee joint 
 

Fig. 13. Different Joint Shear Stresses at Different Grade of Concrete for joints 
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4. Relation of Joint Shear Stress (τj) kg/cm2-Joint Shear strain(γγγγ%). 
 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of joint shear stress–joint shear strain joint (distortion) interior joint 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
b) Relation of joint shear stress – (distortion) exterior joint 
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c) Relation of joint shear stress–joint (distortion) interior joint (distortion) corner joint 

 

Fig. 14. Relation of Joint Shear Stress (τj)–Joint Shear Strain (γ%) 
for Beam-Column Joints. 

Fig. 14 illustrates that in general as the joint shear stress (τj) increases, the corresponding 

joint shear strain (γ) increases. 

5. Relation of Principal Tensile Strain (ε1)–Joint Shear Strain (Distortion) (γ%) radian. 
 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

a) Relation of principal tensile strain–joint shear (distortion) interior strain joint 
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b) Relation of principal tensile strain–joint shear strain (distortion) exterior joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Relation of principal tensile strain–joint shear strain (distortion) corner joint 

 

Fig. 15. Relation of Principal Tensile Strain(ε1) – Joint Shear Strain (γ%)  

for Beam-Column Joints 

In terms of principal tensile strains, a nearly linear relationship with respect to the joint 

shear distortion was obtained for various levels as shown in Fig.15. 
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6. Relation of Principal Strain (ε1)–Joint Bond Stress(µB)kg/cm2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of principal strain–joint bond stress for interior joint. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Relation of principal strain–joint bond stress for exterior joint 
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c) Relation of principal strain–joint bond stress for corner joint 

 

Fig. 16. Relation of Principal Strain (ε1) – Joint Bond Stress (µB)for Joints 

It can be seen in Fig. 16 that generally as the principal strains (ε1) increases, the 

corresponding joint bond stress (µB) increases, 

7. Relation of  Joint Shear Stress (τJ) kg/cm
2
 –Principle Axial Stress (σ1) kg/cm

2
. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of shear strength (τJ)-axial stress (σ1) for interior 
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b) Relation of shear strength (τJ) - axial stress (σ1) for exterior joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Relation of shear strength
 
(τJ) - axial stress (σ1) for corner joint 

 

Fig. 17. Relation of Joint Shear Strength (τJ) - Principal Axial Stress (σ1) for Joints 
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Fig.17  illustrates that in general as the axial stress (σ1) increases the corresponding shear 

stress (τJ) increases too up to the maximum stresses. 

8. Relation of Principle Axial Stress (σσσσ1)-Principle Axial Strain(ε1). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of max. principle stress – max. principle strain for interior joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Relation of max. principle stress – max. principle strain for exterior joint 
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c) Relation of max. principle Stress  – max. principle strain for corner joint 

Fig.18. Relation of Maximum Principle Stress (σ1) – Maximum Principle Strain 

(ε1) for Beam-Column Joints 

Generally, as the axial stress (σ1) increases corresponding axial strain (ε1) increases too 

up to the maximum stress as shown in Fig. 18 

9. Relation of Energy Absorption (EA)–Lateral Displacement(δh) 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Relation of Energy Absorption  - Lateral Load for interior joint 
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b) Relation of Energy Absorption - Lateral load for exterior joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
c) Relation of Energy Absorption  (E.A.) (ton×mm) –Lateral Load (vc)ton for corner 

(Knee joint) 

Fig.19. The Relation of Energy Absorption (E.A.) – Lateral Load(Vc)for Joints 

a nearly linear relationship with respect to the lateral load was obtained for various levels 

energy absorption as shown in Fig.19. 
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8. Analysis and discussion of the obtained results 

8.1. W.R.T Strength and Stresses Points of View: 

8.1.1. Effect of Concrete Compressive Strength (ƒ′c) on Joint Shear Stresses (τJ): 
The obtained results on interior, exterior and knee connections indicated that the governing factor 

influencing the joint shear strength is the concrete compressive strength  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.20. Relation of Concrete Compressive Strength (f'c) - Joint Shear Stress (τj) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21. Relation of Concrete Compressive Strength (f
'
c) - Joint Mode Strength (Joint 

Shear-Resistance) 
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Based on Table 5 and Figures 20 and 21, it is obvious that; as the compressive strength 

of concrete increases the corresponding joint shear stress increases for all types of joints. 

Also it obvious that the interior joints posses higher joint shear stress in comparison with 

both that for exterior or corner joint. Also Figure 20 indicates that use of high strength 

concrete has a beneficial effect on increasing the connection shear strength compared to 

that of normal–strength. An increase of about 2.5% for interior joint, 4.8% for exterior 

joint and 3.5% for knee joint were observed. The results were compared with that obtained 

by (Felica th. 2007) studies, where an increase of about 5% case of no moment was stated. 

The (J) mode strength, defined by (τj/f'c), for the various joints was calculated and plotted 

against the corresponding compressive strength (f'c) as shown in Figure 21. Figure 21 

declared that the (τj/f'c) mode strength decrease by increase the grade of concrete. Higher 

values were corresponding to interior joints rather than that for exterior joints and finally 

smaller value were for corner joints. 

Table 6 gives the available codes recommendations for joint shear strength values for the 

studied types of R.C joints. Table 7 also indicates a comparison between the calculated 

values of joint shear strength as reported in the commentary of different Codes and the 

obtained theoretical results of beam-column joints in our study. 

The obtained values of joint shear stress (τj) as calculated by the available Codes as well 

as the our obtained results are plotted against the used corresponding concrete strength (f
'
c) 

in Figures 22, 23 and 24 for the studied joints. 

 
 
  

 

 

 

 

 

 
 

 
 
 

 
 

 
 
 

 
 

 

Fig. 22. Concrete Compressive Strength (f
'
c) –  Joint Shear Stress (τj) Interior Joint 
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Table 5. 
 Effect of Concrete Compressive Strength on Shear Stresses on Beam-  Column  Joint. 

Joint No. 
Yield 

strength 

(fy)kg/cm2 

Nc / 

(fc)Ac 

Lateral 

load ton 
(Vc) 

Joint shear 

stress 

kg/cm2 (ττττJ) 

Max principal 

stress 

kg/cm2 (σσσσ1) 

Joint bond 

stress 

kg/cm2 (µµµµb) 

(J) mode 

strength 

(ττττJ)/( fc`) 
 

Energy 

Absorption 
(E.A) Ton×mm 

Max. principal 

stress / 
compressive   

stress 

(σσσσ1) / (ƒƒƒƒc′′′′) 
J (4)C250 2400 0.15 45 66.30 170.74 24.11 0.265 2278 0.68 

J (8)C400 2800 0.15 51 82.50 227.50 43.02 0.521 2959 0.57 

J (12)C600 3600 0.15 61 94.95 359.1 67.87 0.158 3020 0.59 

In
te

ri
o

r 
jo

in
t 

J(16)C1200 4000 0.15 75 155.8 521.4 113.20 0.095 4083 0.45 

J (20)C250 2400 0.15 15 32.50 65 25.20 0.202 690 0.26 

J (24)C400 2800 0.15 25 46.43 80.62 35.60 0.107 1098 0.20 

J (28)C600 3600 0.15 35 64 214.6 44.25 0.265 1520 0.35 

E
x

te
ri

o
r 

jo
in

t 

J (32C1200 4000 0.15 45 116 318 55.54 0.097 2082 0.26 

J (36)C250 2400 0.15 20 29.77 122.95 19.69 0.12 395 0.49 

J (40)C400 2800 0.15 30 44.30 145.50 30.59 0.11 540 0.36 

J (44)C600 3600 0.15 40 65.47 245.9 48.33 0.109 715 0.41 

C
o

rn
er

 j
o

in
t 

J(48)C1200 4000 0.15 50 96.40 323.90 65.90 0.08 1552 0.27 
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Table 6.  
Codes Recommendations for Shear Strength of Different Types of Joints.  

Different 

Codes 

Nominal Joint Shear 

Strength (Interior Joint) 

Nominal Joint 

Shear Strength 

(Exterior Joint ) 

Nominal Joint 

Shear Strength 

(Knee Joint) 

ACI 352R-02 

and ACI 318-02 
 

cj

'

cACln
hbfV γ=  

 

Vn ex. = 0.75 

Vn int. 

 

fj = 0.19(f
'
c) 

ECCS 203 (2001) 
'

cjj
96.0 fA=τ  

 
 

AIJ 1997 Vj = kφƒjbjDj, or, 

Vj = 0.8 × (f
'
c)

0.7
 

fj ex. = 0.9  fj 

int. 

fj= 0.48 fj ACI  

NZS 3101: 1995 fj = 0.2 × (f
'
c)Aj 

fj ex. = 0.9 8 fj 

int. 
 

EN 1998-1: 2003   

η
−η≤ d

cdjh
1

V
fV

,
250

16.0 







−=η

'

c
f  

Vjh Ex. = 

0.80Vjh Int. 

 

Remarks and Symbols: 
Vn: nominal shear strength of beam-column joints according to the general 

procedures of ACI 318;  Aj: is the effective horizontal joint area defined as the 

product of the column dimension in the direction of loading; γγγγACI: is the joint shear 

strength factor = 0.67; f'c: is the specified concrete compressive strength; bj: is the 

effective joint shear width; hc: is the column depth; τJ: the nominal shear strength 

of the joint as a function of only concrete strength; ννννjh: nominal shear stress; νd: 

normalized axial force  ratio on column; ηηηη: denotes the reduction factor on concrete 

compressive strength due to tensile strains in transverse direction; ƒcd: concrete 

cylinder compressive strength; k: is the factor dependent on the shape of in-plane 

geometry (1.0 for interior connections, 0.7 for exterior connections and T-shape top 

story joints. and 0.4 for corner knee connections); φφφφ: is the factor for the effect of 

out-of-plane geometry (1.0 for joints with transverse beams on both sides and 0.85 

for other types of joints);  fj: is the standard value of the joint shear strength (as a 

function of concrete compressive strength); and Dj: is the effective column depth. 

;Int.: internal joint,  
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Table 7. 

 The Calculated Values of the Available Codes Recommendations as well as Obtained Results for Joint Shear Strength (τJ) for 

the Studied Joints.  

Joint No. 

Yield 

strength 

(fy) 
(kg/cm2) 

Experimental 

results  

(ττττJ)( kg/cm2) 

ACI 352R-02 and 

ACI 318-02 (ττττJ ) 
(kg/cm2) 

NZS 3101: 

1995  

(ττττJ)(kg/cm2) 

EN 1998-1:2003

(ττττJ)(kg/cm2) 

AIJ 1997 

(ττττJ)(kg/cm2) 

ECCS 203 

(2001) 

(ττττJ)(kg/cm2) 

J (4)C250 2400 66.30 95.34 45 67.45 34.34 128 

J (8)C400 2800 82.50 120.60 72 85.20 53.03 144 

J (12)C600 3600 94.95 147.70 108 104.37 77.52 198 

In
te

ri
o
r 

jo
in

t 

J(16)C1200 4000 155.8 208 216 147.37 114.42 280.59 

J (20)C250 2400 32.5 71.50 44 27.47 30.90  

J (24)C400 2800 46.63 90.45 71 42.42 47.70  

J (28)C600 3600 64 110.7 105 62.01 69.76  

E
x
te

ri
o
r 

jo
in

t 

J (32C1200 4000 116 157 211 117.6 102.6  

J (36)C250 2400 29.77 47.50   23  

J (40)C400 2800 44.30 76   35  

J (44)C600 3600 65.47 114   55  

C
o
rn

er
 j

o
in

t 

J(48)C1200 4000 96.40 228   110  
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Fig. 23. Relation of Concrete Compressive Strength (f
'
c) – Joint Shear Stress (τj) 

Exterior Joint 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

Fig. 24. Relation of Concrete Compressive Strength (f'c) – Joint Shear Stress (τj) 

Knee Joint 
AIJ 1997 Architectural Institute of Japan (Design guidelines for earthquake resistant 

reinforced concrete building based on ultimate strength concept and commentary) has a 

standard value of the joint shear strength (τj) is suggested as given by Eq. (10); 

τj = 0.8 × (f
'
c)

0.7
 (10) 

Based on same trend of reference it is illustrated that the following equations 11, 12 and 

13 can evaluated for our studied joints. 
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τ ju = 1.56 × f
'
c 

0.673
 Interior beam-column joint (11) 

τ ju = 1.13 × f
'
c 

0.573
 Exterior beam-column joint (12) 

τ ju = 1.09 × f
'
c 

0.573
 Knee beam-column joint (13) 

 

On the light of Table 7 and Figures 22, 23 and 24 for comparing codes recommendations 

with our results, it is obtained that:  

1. For Interior Joint the maximum shear stress capacity for the studied connections 

is 69% lower as per ACI 318M-02  and is lower as 52% per ECCS 203 (2001) 
and higher than that provided by NZS 3101:1995  per 67%  and  higher than that 

provided by AIJ 1997 per 52% and also the same per EN 1998-1:2003.  

2. For Exterior Joint the maximum shear stress capacity for the studied connections 

is 45% lower as per ACI 318M-02  and is lower as 74% per NZS 3101:1995  and 

higher than that provided by per 85% per EN 1998-1:2003 and  higher than that 

provided by AIJ 1997 per 95%. 

3. For Knee Joint the maximum shear stress capacity for studied connections is 63% 

lower as per ACI 318M-02 and higher than that provided by AIJ 1997 per 77%. 

8.1.2. Effect of Concrete Compressive Strength (f'c) on Bond Strength (µb). 
A maximum bond stress (ub) of beam reinforcement over the column width was 

estimated by assuming simultaneous yielding of the beam reinforcement in tension and 

compression at the two faces of the joint. The bond strength was assumed proportional to 

the square root of the concrete compressive strength Table 8. The beam bar bond index 

(BI) was defined by dividing the average bond stress by the square root of the concrete 

strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25. Relation of Concrete Compressive Strength (f
'
c)-Joint Bond Stress kg\cm
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Fig. 26.  Relation of A beam bar bond index (BI) - Range of Mode Strength(J) 

(Effect of Bond Capacity) 

Table 8. 
Effect of Bond Capacity of Interior, Exterior and Corner (Knee) Joint at Concrete 

Compressive Strength. 

Joints No.   

Yield strength 

of 

reinforcement 
(fy) kg/cm2 

(J) Range 

of mode 

strength 

(ττττj\ fc
') = j  

Average 

bond 

strength 

(µµµµb) kg/cm2 

(BI) Average bond 

strength / k=1.8 

square root of (fc
′′′′) 

(µµµµb/ k√√√√ fc
′′′′) 

Average bond 

strength\ 

concrete 
compressive stress 

( µµµµb \ fc
') 

J (4)C250 2400 0.28 29.11 0.84 0.116 

J (8)C400 2800 0.22 43.02 1.20 0.107 

J (12)C600         3600 0.18 67.87 1.52 0.113 In
te

ri
o

r 

jo
in

t 

J(16)C1200 4000 0.15 113.20 1.80 0.094 

J (20)C250 2400 0.162 25.20 0.88 0.11 

J (24)C400 2800 0.138 35.66 1.01 0.089 

J (28)C600         3600 0.11 44.25 1.28 0.074 

E
x

te
ri

o
r 

jo
in

t 

J (32C1200 4000 0.097 55.54 1.58 0.046 

J (36)C250 2400 0.13 19.69 0.79 0.078 

J (40)C400 2800 0.10 30.59 0.93 0.076 

J (44)C600         3600 0.085 48.33 1.09 0.080 

C
o

rn
er

 

jo
in

t 

J(48)C1200 4000 0.073 65.93 1.43 0.055 

 

Figure 25 shows the relation between compressive strength  of concrete (f'c)and the joint 

bond stress (µb) for studied joints for the studied case of loading. The increase of concrete 
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compressive strength with yielding of the beam reinforcement effective to increase the 

bond strength. 

This result is important, it was observed that the interior joint has maximum bond 

strength at high concrete compressive strength, it can be denoted that interior joint is 

stronger than exterior joint.  

Figure 26 shows the calculated value of J-mode strength defined by the parameter of (K) 

.Larger value of k generally gives larger joint shear strength. The Fig. 26 also compare the 

calculation and the average strength reported in the commentary of AIJ Guidelines (AIJ 
1999) derived from Japanese database of test of beam-column joint beam bar bond index 

(BI) was introduced to indicate the severity of bond stress relative to the bond strength.  

Based on the work of (Kazuhiro K.1991)  

Bond index=(BI) =
hc

db

fc

fy

c

b

\2f

u

'
=  (14) 

 

Based on our results (Table 8, Fig. 25and 26 ) the bond index can be represented by the 

equations from 15 to 20 for the studied joints as follows: 

1. For interior joint:  The beam bar bond index (BI) was defined by dividing the 

average bond stress (µb) by the square root of the concrete and given by : 

 (BI) = 
c

b

cc

b

h

d

f5.3

f

f

u
'

y

'
=       for 2400 ≤  fy  < 3600   (kg/ cm²) (15) 

 (BI) = 
ccc

b

h

d

f2

f

f

u b

'

y

'
=         for 3600 <  fy ≤≤≤≤ 4000   (kg/ cm²) (16) 

where fy: yield strength of beam bars in kgf/cm
2
, db: diameter of beam bars, hc: column 

width and f
'
c: concrete compressive strength in kgf/cm

2
.  

2. For Exterior Joint the bond index (BI) is given by Eqs. (17) and (18):  

 (BI)=

c

'

c

'

c

b

50.4 h

d

f

f

f

u
by=      for 2400 ≤  fy  < 3600     (kg/ cm²) (17) 

                               

 (BI)=

c

'

c

'

c

b

20.3 h

d

f

f

f

u
by=      for  3600 <  fy    ≤ 4000    (kg/ cm²) (18) 

3. For Knee Joint the bond index (BI) is given by Eqs. (19) and (20):  

(BI)=   

c

by

h

d

f

f

f

u
'

c

'

c

b

20.6
=     for  2400 ≤  fy < 3600  (kg/ cm²) (19) 
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(BI)=   

c

by

h

d

f

f

f

u
'

c

'

c

b

20.3
=        for  3600 <  fy    ≤ 4000  (kg/ cm²) 

(20) 

By comparing our results by AIJ Guidelines.  

b

'

b Dfk u φ∑= c  (21) 

Where :Σϕ is the total perimeter length of longitudinal bar in the first layer of beam side 

in the column in mm, and Db: beam depth in mm, The value of (k) of 1.8 for modeling of 

bond capacity of non yielding tensile bar passing beam-column joint by (Lowes, L. 2002). 

Finally the value of (k) was suggested for chosen modeling of bond capacity using the 

following equation for different types of joints;  

 

'

c
f ku

b
=  

 

where (k) is a constant depends on used grade of concrete as given in the following Table. 

Table 9.  
Suggested Values of (k) for Calculating Average Bond Capacity of R.C. 

Joints. 

From the above results and values, it is obvious that for any used grade of concrete 

interior beam-column joint has larger safety margin than exterior beam-column joint. The 

same result was found in reference (Hitoshi Sh. 2004). 

Figure 27 illustrates the relation between the concrete compressive stress (f
'
c) and the 

corresponding induced ratio of compressive stress /bond stress ((µb \f
'
c  ) .Figure 27 

indicates that the increase of concrete grade is usually accompanied by decreased in the 

induced (µb \f
'
c  ). Also its obvious that the interior joints posses  the higher value of ((µb \f

'
c  

)than that for  exterior  and corner joint corresponding to the  increase of concrete grade ( ƒc`).  

 

 

 

 

 

 

 

 

 

                     (k) values of  (f'
c) 

Type of Joint 
C250 and C400 C600 and C1200 

Interior joint 1.80 3.20 

Exterior joint 1.58 1.70 

Knee joint 1.20 1.92 
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Fig. 27. Relation of Concrete Compressive Strength ( f
'
c)- Bond Stress\ 

Compressive Strength (µb\ f
'
c) for Studied Joints 

8.1.3. Effect of Concrete Compressive Strength (f
'
c) on Maximum Principle Stresses (σ1): 

Figure 28 and Table 5 show maximum principle stresses values of the joint concrete at 

the maximum strength for peak loading for interior, exterior and knee joint. The increase 

of concrete compressive strength is effective to increase the principle stresses.  

For C250 and C400 , the principle stresses for exterior and knee joint is 62% that for 

interior beam column joint, however for C600 the principle stress for exterior and knee 

joint equals 57% that for interior beam column joint. Finally for C1200 the principle stress 

for exterior and knee joint is about 43% of that for interior beam column joint. 

(Hitoshi Sh. 2005) stated that the strength of the exterior beam-column joints is 53% of 

the strength of the interior beam-column joint . 
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Fig.28. Relation Concrete Compressive Strength(f
'
c)  - Maximum Principle Stress(σ1) 

Figure 29 illustrates that as the ratio of (σ1\ƒ'c)  decreases with  the corresponding 

concrete compressive strength (ƒ'c) increases for (C250-C400) for interior  ,exterior and 

corner joint , however  the ratio of (σ1\ ƒ'c)  increases with the corresponding concrete 

compressive strength (ƒ'c) increases from(C400-C600). Also it is obvious that the interior 

joints posses higher joint ratio of (σ1\ ƒ'c) in comparison with that for both corner and 

exterior joint respectively.  

 

 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

Fig.29.  Relation  of Concrete Compressive Strength ( fc
'
) - Maximum Principle 

Stress \ Concrete Compressive Strength (σ1\ fc
'
) for Studied Joints 
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8.2. W.R.T Deformations and Strains Points of View: 

8.1. Effect of Concrete Compressive Strength (f
'
c) on Joint Deformation (horizontal 

displacement (δh), Drift angle (θ%) Ratio and Shear Strain (γ%) {Distortion}: 

1. It can be seen according to the Table 10 and Figure30, that: as the compressive 

strength increases the horizontal displacement decreases for studied joints. Concrete 

compressive strength has a moderate effect to decrease horizontal displacement. 

2.  Based on Figure 31 it is obvious that the increase of concrete grade (ƒc`) is usually 

accompanied with a decrease of the induced drift angle (θ%) for studied type of R.C 

joints. Also the induced drift angle (θ%), for a given grade of concrete (ƒc`), mainly 

depends on the type of joint. The interior joint possesses the smallest value of drift 

angle (θ%) in comparison with that for exterior or corner joint. The corner joint 

possess the higher value of drift angle (θ%).  

3. It is obvious that on light of Figure 32 the increase of concrete grade (ƒc`) is usually 

accompanied with a slight decrease of joint shear distortion (γ%). At the same time the 

corner joint possess higher value compared with that for both exterior and interior 

joints. The minimum value of joint shear distortion (γ%) is corresponding to the 

interior joints 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 30. Relation of Concrete Compressive Strength (ƒ'c)–Horizontal Displacement 

(δh)mm 
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Fig. 31. Relation of Concrete Compressive Strength (ƒ'c)–Drift angle (θ%) 
 
 
 

 
 

 
 

 
 
 

 

 
 

 
 

 

Fig. 32. Relation of Concrete Compressive Strength (ƒ'c) –Joint Shear Distortion 

radian (γ%) 

8.2. Effect of Concrete Compressive Strength (fc`) on the Maximum Principal Strains (ε1) : 

Figure 33 and Table 10 indicates that the increase of concrete grade is usually 

accompanied by an increase in the induced principle strains disregarding the type of joint. 

Also it is interesting to note that Interior joint usually possess higher values of maximum 

induced principle strain for any grade of concrete. The smallest values of maximum 
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principle strains are corresponding to corner joints. Also Figure 33indicates that the rate of 

increase of maximum principle strain with respect to the increase of concrete grade is more 

or less equal for all kinds of studied joints. 

Figure 34 indicates that the increase of concrete grade is usually accompanied by an increase 

in the induced principle stress / principle strain ratio (σ1/ε1), However, concrete compressive 

strength (ƒ'c) has a slight effect to increase (σ1/ε1) for corner joints. Also it is obvious that an 

interior joints and exterior joint posses the same ratio of increasing the (σ1/ε1) corresponding to 

the increasing of concrete grade (ƒc`). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 33. Relation of Concrete Compressive Strength (ƒ'c) - Max. Principal Strain 

(ε1) cm/cm 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 34. Relation of Concrete Compressive Stress (ƒc`) – Ratio of  Maximum Principle Stress / 

Maximum Principle Strain (σ1/ ε1) for Studied Joints 
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Table 10.  
Effect of Concrete Compressive Strength on Deformations and Strains of Beam-Column Joint. 

Joint No.t 

Yield 
strength 

(fy) 

kg/cm2 

Nc / 
fcAc 

Lateral 
load ton 

(Vc) 

Draft 
angle 

(θθθθ%) 

Top 
lateral 

Displacem

ent 

mm(δδδδh) 

Max 
principle 

strain 

cm/cm 

(εεεε1 ××××10–4) 

Joint shear 
distortion 

radian 

(γγγγ%) 

Energy 
absorption 

(E.A) 

Ton×m
m 

Max. 
principle 

stress 

(kg\cm2 

)(σσσσ1) 

Max. 
Pri.stress\Max. 

Pr. Strain 

(σσσσ1\εεεε1)×××× 
104kg/cm2 

J (4)C250 2400 0.15 50 2.80 56 2.73 4.08 1200 170.74 62.54 

J (8)C400 2800 0.15 50 2.70 54 3.76 3.75 1480 263 70.13 

J (12)C600 3600 0.15 50 2.50 52 4.42 3.60 1700 359 81.22 

In
te

ri
o

r 

jo
in

t 

J(16)C1200 4000 0.15 50 2.20 45 4.97 3.48 2170 521 104.82 

J (20)C250 2400 0.15 50 3.00 60 2.08 4.80 890 65 31.25 

J (24)C400 2800 0.15 50 2.90 55 3.19 4.05 1200 145.2 45.52 

J (28)C600 3600 0.15 50 2.65 53 3.89 3.80 1580 214.6 55.16 

E
x

te
ri

o
r 

jo
in

t 

J (32C1200 4000 0.15 50 2.50 50 4.20 3.70 2028 318 75.71 

J (36)C250 2400 0.15 50 3.60 61 1.56 5.05 595 122.95 78.82 

J (40)C400 2800 0.15 50 3.40 58 2.73 4.95 740 218.7 80.11 

J (44)C600 3600 0.15 50 3.0 54 2.96 4.80 1015 245.9 83.07 C
o

rn
er

 

jo
in

t 

J(48)C1200 4000 0.15 50 2.80 52 3.35 4.67 1252 323.9 96.68 

8.3.W.R.T Energy absorption (E.A)point of view:  

On the light of Figure 35 and Table 10, it is obvious that as the compressive strength of used 

concrete increases the dissipated energy considerably increases disregarding the type of joint. 

Mean while for a given concrete grade the dissipated energy is higher for interior joint rather than 

that exterior joint, at the same time the later one shows a larger value than that for corner joint. 

   Meanwhile for C400 and C250 it has more higher per 175% for interior joint than that for 

exterior and knee joint. It can also be denoted that interior joint for C1200 is stronger and 

possesses more ductility of than that for other joints because this joint absorbed the highest total 

energy amount. 
 

 
 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 35. Relation of Concrete Compressive Strength (ƒ'c)–Dissipated energy (E.A) (ton×mm)  
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8.4.W.R.T mode of failure  of beam-column joints: 

Based on the obtained results it is obvious that for the case of studied loading systems 

three different modes of failure were observed .Such modes are characterized as follows 

and shown in Fig. 36,37 and 38: 

1.  (B)-mode = beam bond failure ,If joint shear increase keeping constant bond resistance, the 

beam bars slip into the joint at the beam end in compressive side, while bars slip out in tensile 

side. By considering the deformation compatibility in beam bars and concrete (beam flexure 

yielding), the elongation of beam bars cause opening of crack in concrete J (2,4,6,8) for 

interior joint ,J(18,20,32) Exterior joint and (34,36) for Knee joint. 

2. (J)-mode = joint shear failure, in the beam-column connection occurs when Joint shear 

exceeds the shear strength of the beam-column connection. Failure models using the truss 

mechanism or the strut mechanism regard thus rotational movements of the segments cause 

uneven opening of the diagonal cracks like flexural cracks J (10,12 ,16) for interior joint 

,J(24,26 ,30) Exterior joint and (34,36) for Knee joint. 

3. (JB)-mode =Plastic hinge failure The next generation of beam-column joint models 

decoupled the inelastic response of the beams, joint moment-rotation data from beam-

column anchorage failure for longitudinal reinforcement embedded in the joint controls 

inelastic joint action under earthquake loading J (14) for interior joint ,J(28) Exterior joint and 

(42,44) for Knee joint. 
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Fig.36. a Deformation Mode by  

                                     (B)-mode (Hitoshi Sh. 2005) 

 (B)-mode Joint No.(2)-obtained results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

 

(JB)-mode (Hitoshi Sh. 2005) 
 
 



798  

L. K. Idriss et al., Static behaviour of different types of R.C beam-column connections as affected by both 

value acting  lateral horizontal force and grade of used concrete (theoretical study) part two, pp.746 - 814. 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 3, May, 

2013, E-mail address: jes@aun.edu.eg  

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 

 
Fig.36.b   Deformation Mode by  

 (JB)-mode (Hitoshi Sh. 2005)                     

 (JB)–mode Joint No.(14) obtained results 
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Fig.36.c    Deformation Mode by  

                                             (J)-mode (Hitoshi Sh. 2004)                   
          (J)-mode   Joint No.(16) -obtained  results 

 

Fig. 36. Analytical Crack Patterns at Final Loading Stage for Interior Beam-

Column Joint 
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Fig.37.a  Deformation Mode by  

(B)-mode (Hitoshi Sh. 2005) 

                  (B)-mode Joint No.(21)-obtained results 
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Fig.37.b Deformation Mode by  

                                       (JB)-mode (Hitoshi Sh. 2005)                      

            (JB)-mode Joint No.(28)-obtained results 
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Fig.37.c Deformation Mode by  

     (J)-mode (Hitoshi Sh. 2005)                    

  (J)-mode Joint No.(32)-obtained results 

 

Fig. 37. Analytical Crack Patterns at Final Loading Stage for Exterior Beam-

Column Joint 
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Fig.38.a Deformation Mode by 

(B)-mode (Hitoshi Sh. 2010)                           

(B)-mode Joint No.(36)-obtained results 

 

 
 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 



804  

L. K. Idriss et al., Static behaviour of different types of R.C beam-column connections as affected by both 

value acting  lateral horizontal force and grade of used concrete (theoretical study) part two, pp.746 - 814. 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 3, May, 

2013, E-mail address: jes@aun.edu.eg  

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

Fig.38.b Deformation Mode by  

(JB)-mode (Hitoshi Sh. 2010)                  

(JB)-mode Joint No.(42)-obtained results 
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Fig.38.c   Deformation Mode by  

(J)-mode (Hitoshi Sh. 2010)                   

(J)-mode Joint No.(48)-obtained results 
    

Fig.38. Analytical Crack Patterns at Final Loading Stage for Corner Beam-  

Column Joint 
 

9. Conclusions and Recomendations 
The following conclusions can be drawn out from the performance-based study 

concerning the parameters affecting the mechanical static behavior of interior, exterior and 

knee (roof corner) joints, for the case of study of loading. 

9.1.W.R.T stresses point of view: 

9.1.1. Joint Shear Strength (τJ):  
1. The obtained results on interior, exterior and knee connections indicated that the 

governing factor influencing the joint shear strength is the concrete compressive 

strength alone. The concrete strength is considered as the main parameter in 

determining the ultimate shear capacity. 

2.  Generally as the compressive strength of concrete increases the corresponding 

joint shear stress increases too for all types of joint. Also it obvious that the 

interior joints posses higher joint shear stress in comparison with that for both 

exterior or corner joint. 
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3. The (J) mode strength, defined by (τj/ fc'), for the various joints was calculated and 

plotted against the corresponding compressive strength 

(fc') declared that the (τj/ fc') mode strength decreases by increasing the grade of 

concrete. Higher values were corresponding to interior joints rather than that for 

exterior joints and finally smaller values were for corner joints. 

4. Based on our results for the studied joints the following equations 24, 25 and 26 

are proposed: 

τ ju = 1.56 × f
 
c 

0.673
 For  interior beam-column joint (24) 

τ ju = 1.13 × f
'
c 

0.573
 For exterior beam-column joint (25) 

τ ju = 1.09 × f
'
c 

0.573
 For knee beam-column joint (26) 

A comparison of our results for joint shear strength for the studied joints with that given 

by available codes recommendations declared that :  
1. For Interior Joint the maximum shear stress capacity for the studied connections 

is 69% lower as per ACI 318M-02  and is lower as 52% per ECCS 203 
(2001),however it is higher than that provided by NZS 3101:1995  per 67%  as 

well as it is  higher than that provided by AIJ 1997 per 52% and finally it is the 

same per EN 1998-1:2003.  
2. For exterior Joint the maximum shear stress capacity for the studied connections 

is 45% lower as per ACI 318M-02  and is lower as 74% per NZS 3101:1995  

however it is higher than that provided by EN 1998-1:2003 per 85%and  ,finally it 

is higher than that provided by AIJ 1997 per 95%. 

3. For knee Joint the maximum shear stress capacity for studied connections is 63% 

lower as per ACI 318M-02 and higher than that provided by AIJ 1997 per 77%. 

9.1.2. Joint bond stress (ub): 
1. The increase of concrete compressive strength with yielding of the beam 

reinforcement are effective parameters to increase the bond strength of beam 

reinforcement over the column width. 

2. Based on our results the bond strength can be represented by the equations 27 to 

32 for studied joints as follows: 

3. For interior joint:  The beam bar bond index (BI) was defined by dividing the 

average bond stress (µb) by the square root of the concrete and given by Eqs. 

27and 28: 

  (BI) = 
c

b

cc

b

h

d

f5.3

f

f

u
'

y

'
=       for  2400 ≤  fy  < 3600   (kg/ cm²) (27) 

 (BI) = 
ccc

b

h

d

f2

f

f

u b

'

y

'
=         for 3600 <  fy ≤≤≤≤ 4000    (kg/ cm²) (28) 

where fy: yield strength of beam bars in kgf/cm
2
, db: diameter of beam bars, hc: column 

width and f
'
c: concrete compressive strength in kgf/cm

2
.  

4. For Exterior Joint :the bond index (BI) is given by Eqs. (29) and (30):  
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  (BI)=

c

'

c

'

c

b

50.4 h

d

f

f

f

u
by=        for 2400 ≤  fy  < 3600(kg/ cm²) (29) 

                               

(BI)=

c

'

c

'

c

b

20.3 h

d

f

f

f

u
by=      for  3600 <  fy    ≤ 4000(kg/ cm²) (30) 

5. For Knee Joint: The bond index (BI) is given by Eqs. (31) and (32):  

 

(BI)=   

c

by

h

d

f

f

f

u
'

c

'

c

b

20.6
=      for  2400 ≤  fy < 3600 (kg/ cm²) (31) 

(BI)=   

c

by

h

d

f

f

f

u
'

c

'

c

b

20.3
=      for  3600 <  fy    ≤ 4000  (kg/ cm²) (32) 

6. Finally the value of of the bond index (BI) was suggested for the chosen  modeling 

of bond capacity as follows using the following equation for different types of 

joints is given by Eqs. (33);  

(BI)=   tconsk

c

b tan
f

u

'
==           (33) 

 

Where (k) is a constant depend on both used grade of concrete as given in the following 

Table. Suggested Values of (k) for Calculating Average  

Bond Capacity of R.C Joints. 

9.1.3. Axial Principle Stress (σ1): 
1. The increase of concrete compressive strength is effective to increase the induced 

principle stresses. The induced principle stresses considerally affected by both 

grade of concrete and type of joint.  

2. Also the ratio of (σ1\f
'
c) usually decreases with the increase of the corresponding 

concrete compressive strength (ƒ'c). However, interior joints posses higher joint 

ratio of (σ1\f
'
c) in comparison with that for  corner then exterior joint respectively 

 

                     (k) values of ( f'
c) 

Type of Joint 
C250 and C400 C600 and C1200 

Interior joint 1.80 3.20 

Exterior joint 1.58 1.70 

Knee joint 1.20 1.92 
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9.2.W.R.T Deformations and Strains point of view: 

9.2.1. Joint deformation (lateral displacement {δh}): 
1. Generally as the compressive strength increases the horizontal displacement 

decreases for the studied joints. Concrete compressive strength has a beneficial 

effect to decrease horizontal displacement.  

2. The interior joint possesses the smallest value of horizontal displacement (δh) in 

comparison with that for exterior or corner joint. The corner joint possess the 

higher value of (δh). 

9.2.2. Joint deformation (drift ratio angle {θ%}): 

1. The increase of concrete grade (ƒc`) is usually accompanied with a decrease for the 

induced drift angle (θ%) for the studied types of R.C joints. Also the induced drift 

angle (θ%), for a given grade of concrete (ƒc`), mainly depends on the type of 

joint. 

2. The interior joint possesses the smallest value of drift angle (θ%) in comparison 

with that for exterior or corner joint. The corner joint possess the higher value of 

drift angle (θ%).  

9.2.3. Joint deformation (shear strain {distortion γ%}):  

1. The increase of concrete grade (ƒc`) is usually accompanied with a slight decrease 

of joint shear distortion (γ%). At the same time the corner joint possess higher 

value compared with that for both exterior and interior joints. The minimum value 

of joint shear distortion (γ%) is corresponding to the interior joints. 

9.2.4. Axial principle strains (ε1): 
1. The increase of concrete grade is usually accompanied by an increase in the 

induced principle strains disregarding the type of joint.  

2. Also it is interesting to note that Interior joint usually possess higher values of 

maximum induced principle strain for any grade of concrete. The smallest values 

of maximum principle strains are corresponding to corner joints. 

3. Increase of concrete grade is usually accompanied by an increase in the induced 

(σ1/ε1) ratio. Also its obvious that an interior joints and exterior joint posses the 

same ratio of increasing the (σ1/ε1) corresponding to the increasing of concrete 

grade (fc`).Also it is indicated that the rate of increase of maximum principle strain 

with respect to the increase of concrete grade is more or less equal for all kinds of 

studied joints. 

9.3. W.R.T energy absorption (E.A):  

As the compressive strength of used concrete increases the dissipated energy 

considerably increases disregarding the type of joint.Mean while for a given concrete grade 
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the value of dissipated energy is higher for interior joint rather than that for exterior joint, 

and at the same time the later one shows a larger value than that for corner joint. 

 

9.4. W.R.T Mode of Joint Failure: 

Three modes of joint failure were recorded in the case namely: 

(B)-mode = beam bond failure :J (2,4,6,8) for interior joint ,J(18,20,32) Exterior joint 

and (34,36) for Knee joint. 

(J)-mode = joint shear failure: J (10,12 ,16) for interior joint ,J(24,26 ,30) Exterior 

joint and (34,36) for Knee joint. 

(JB)-mode = plastic hinge failure: J (14) for interior joint ,J(28) Exterior joint and 

(42,44) for Knee joint. 

10. Recommendations 

The following topics can be recommended as subjects for future research study. 

1. To modify the joint failure into more ductile beam yield failure mode, it is effective 

to increase the moment capacity of joint, by increasing of longitudinal 

reinforcement in joint core inevitably also increase the beam moment capacity 

relative to the induced moment at beam ends yield in flexure, 

2. High strength concrete when used in columns connection needs large quantities of 

confining reinforcement to ensure ductile behavior, which can be provided by high 

strength transverse reinforcement. The spacing recommendation for confinement 

reinforcement from Comittee 352 appears to be valid for high-strength joints so 

that it is found that the high-strength concrete grades achieved higher levels of 

ductility, with better energy absorption and an increased initial stiffness in 

comparison to identically detailed normal strength for internal, external and knee  

specimens. 

3. More experimental tests for RC beam-column connections are needed with specific 

conditions such as using headed bars or fiber reinforced concrete will be beneficial 

in the extension of understanding behavior of RC beam-column connections. 

4. The suggested joint shear behavior model was constructed based on standard 

Theoretical tests of RC beam-column connection subassemblies. Because the 

boundary conditions of RC beam-column connections are often different in real 

RC moment resisting frames (MRF), the effect of boundary conditions on joint 

shear behavior could be further investigated 

5. Nonlinearity due to concrete spalling and reinforcement buckling has not been 

taken into account in the present analysis ,hence it is needed further study. 

6. More experimental tests is required to take into account the different section 

geometry of columns beams ,it is suggested that circular columns is to may be 

taken in beam-column connections at the future investigation  
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11. Notation 

Ab Gross area of cross section of beam 

Abs  Area of the other beam reinforcement 

Ag, Ac Gross area of cross section of column 

Acs Area of the column reinforcement 

Aj Horizontal sectional area of joint core 

Ajh    Total cross-sectional area of horizontal joint transverse 

reinforcement 

As1, As2 Top and bottom reinforcements of beam respectively 

Ast Area of longitudinal reinforcement 
*

s
A  Greater of the area of top or bottom beam reinforcement 

passing through the joint 

bb, bc Width of beam, width of column 

bj Effective width of joint 

dc, db Effective depth of beam, effective depth of column     

Dj Effective joint depth 

(ddd) Diameter of longitudinal reinforcing bar 

E.A Energy absorption 

Ec The concrete static modulus 

Es The steel elastic modulus 

E0  The plastic strain 

f
'
′c, f

'
c ,ƒcd Compressive cylinder strength of concrete 

ƒy Yield strength of steel reinforcement 

fjy Yield stress of horizontal joint transverse reinforcement 

fby Yield stress of longitudinal beam reinforcement 

H The total height of the columns above and below the joint  

hc, hcol Depth of column 

hj Effective depth of joint 

J Range of mode strength 

k Averaged bond strength in beam-column joint 

Lb,L Length of the beam right and left the joint 

Lc The heights of the columns above and below the joint 

Nc Axial column loads 

Vb Beam shear force 

Vc Column shear force 

Vj  Joint shear stress 

vjh Nominal shear stress 

γ Nominal strength coefficient 

γACI  Joint shear strength factor 

φ Reduction factor for effect of plane geometry 

η De notes the reduction factor on concrete compressive strength 

due to tensile strains in transverse direction 

δh Lateral top displacement 
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ε1 Principal axial strains 

θ Story drift % 

µB Joint bond stress 

γ Joint shear strain distortion, 

σB Concrete compressive strength 

σo , σcol Column axial stress 

σc Concrete stress block 

τJ, τju Joint shear stress 

σ1 principle axial stress 

τJ Joint shear stress 

ρw    Joint shear reinforcement 
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 : ا����6

ا@GNdات  Mabد M_J `Jط[ ٳ>]MلXNP Y دراMNO BPQNRN@ BSGTO BUذج BCDED BFGHIJ اا ا@?<=>; :9 ھ7
MbYا XCe>He@ G<QC?Nf gJMOGb امijHUMb BC_fG@وا BClرMj@وا BCemاi@ة اiNPo9pMqO ABAQUS\CAE 6.7 

eP ةGDrN@ا XJاQa@ا BUارi@s @كاQeu9dC<MHUvت@  اEwQ@7ه اyBCzGa@ا BCI:vة اQI@ا GCD{< |><  MyNٲھ `Jو  
B?uOو B>euN@ا BOMUGj@ا B?<ر QOM~@9 واuCpG@ا �CeuH@ا iSiFا BI�_J BFMuJري وQ>N@ا XN>@ي واo ل وM[<

 >; ا@BN� i_P XCN>H ا@QNaد XN>b رأQ>J 9Uري @QNaeد M[< B?u_bلB@MF �@7fo ا@_MSMyت ا@�BI�_N@ BC:G ا
 BOMUGj@ا B?<ور Ba�IJ BFMuJ `J BHbMD0.15AcFc ةGC�HJ BCI:ة �� أQIb بQ>[J (Vc `J Ef ;CCI< ;< 

�UMNH@دات اMylوٳ �I@دات اMylٳBOMUGj@وا �CeuH@ا iSiF `Cb  9: BR<M_@ت اEdqH@7@� اfل  وM[<ٳ BI�_J
Mb اتGNd@اYةiNP boM B:Mzإ@BCNf sB[HNN@ا B�M�@ا  B@MFو YراMCyOBa�QHN@ت . اEwQ@ك ھ7ه اQeU BUراi@و

 BUدرا ;< BSGT_@ا gpMH_@ا BOرMIJوا48و BCemاi@ا BCOMUGj@ه اiNPYMb اتGNd@ل اM[<أ ]طM_N@ B_CP  BClرMj@
BC@MH@ت اMOMC?@ا |C?~< ;< =CF BC_fG@وا : 

 ��IJ BFMuJ )(Ac (bc×dc) ا@QNaد  ��IJ BFMuJ(bb×db) mm (250×300) mm, (Ab) ا@GNdة 

mm (300×300mm) دQNa@Mb ةGNd@ل اM[<vا BI�_J BFMuJ  (H×L) m (2.0×3.0) m, (Aj) BFMuJ 
 ,�Ceu<  4 Ф 16 (As1) ا@GNdات QePي و 9e�U  و�Ceu< iSiF 12 Ф 16 (Acs)iSiF BFMuJ ا@QNaد 

(As2)تMOMd@ا �SزQ< B?uOو  Ф 6 \80 ;J    (pw)اتGNd@ل اM[<vا BI�_N@ BC:G�@ت اMSMy_@ا B@MF �@7fو   
 BطE?@ا �NU تQ?D �J  ةiNPY120واmm =tsتEwQ@ا �CNR@   .  

B>euN@ا BOMUGj@ا �<G@ �@9  ذ@MH@Mb اوح ر>� وGH< =CF B�eHjN@ا `Cb B>euN@ا BOMUGje@ ��اMylدات ا@�
(ƒc'), of 250–400–600–1200 kg\cm2,  iab BCUMCI@ت اM?adNe@ 28 �CeuH@ا iSiF �<ر M�Sم وأQS ً

 `Cb عQ�j@د اMylاوح اGHS =C>b B>euN@ا BOMUGj@ل اMNP9 أ: �JاijHUا `dNN@ا (ƒy) 2400–2800–

3600–4000 kg\cm2  لM[<vا ]طM_N@ 9@اQH@ا seP  `P BC_fG@وا BClرMj@وا BCemاi@ا B�eHjN@ا BCOMUGj@ا
 BOMUGj@ا B?<ور Ba�IJ BFMuJ `J BHbMD B?u_b دQNae@ ريQ>J 9Uرأ XCN>< دQNa@ا BN� i_P XCN>< ]SGط

0.15AcFc ةGC�HJ BCI:ة �� أQ� 9@ا B:MzvMb (Vc) ةGC�HN@ا BC�j@ت اMFزاvا `J BPQNRJ My_J gH_< 
GCDMH@ھ7ا ا `J BR<M_@اBCI:أ BFإزا s[أ� gH_H@  (δh)  افG>Oا BSزاو s[وأ� θ)%( دات وMylا s[وأ� 

 BSرQ>J تvMa�Oا(σ1) و (ε1) s[وأ�  (τJ)وٳ �I@دات اMylٳ �CeuH@ا iSiF `Cb �UMNH@دات اMyl
BOMUGj@وا(µB)  BI�_J 9: BR<M_@ا �I@ت اEdq< BNC� �@7f ، ٳMb اتGNd@ل اM[<Y ةiNP (γ) 9@إ B:MzoMb

GSiI< B[HNN@ا B�M�@ا BCNf (E.A) XCe>He@ gJMOGb امijHUMb �@وذ Ba�QHN@ر اMCyOvا B@MFو BewQ@9 ا: 
 9�m GC�   وذ@� ijHUMbام QNOذج >; ا@Qb �_J ifMHاABAQUS\CAE version 6.7 B�Uا9dC<MHUv ا@

(Sam Lee 2008)  `Cb لM[<vا BI�_J كQeU seP BPQ_HJ BlGF تMNU BUدرا ;< =CF)iNPYة ا
ا@BCOMUGj وا@XCe>H ا@GNن ا@ieن @�CNR ا@XfMCy ا@BCOMUGj ا@B>euN واM?Hmر ا@Bau ا@MNFv BC[Iل ) وا@GNdات

 gJMOG?@ 9dCJM_Si@9 ا�m GC�  ABAQUS .          ا@�vزل XCe>H@Mb ا@

 BC<vا GT_@ت اMylو `J MyCeP X[>HN@ا BSGT_@ا gpMH_e@ XCe><ض وGP ;<:  

MJوMIN@دات واMylvوھ9 ا BC_fG@وا BClرMj@وا BCemاi@ة اiNPvMb اتGNd@ل اM[<ا ]طM_N@ ت   . �I@ا BJوMIJ
; (τJ) BOMUGj@وا iSi>@ا `Cb �UMNH@دات اMylا(µb): تvM[<ا ]طM_N@ B�eHjN@ت اvMa�Ovت واEdqH@وا

BC_fG@و ا BClرMj@و ا BCemاi@ة اiNPvMb اتGNd@ا;  B[HNN@ا BCed@ا B�M�@ا (E.A)اGCmر و اMCyOvت اvMF 
 BCOMUGj@ت اEwQe@ B�eHjN@ا) BOMUGj@وا iSi>@ا `Cb �UMNH@ة اQ� 9: رMCyOا,(B) BI�_J 9: 9[� رMCyOا

   (JB)واMCyOvر :9 ا@Be[�N ا@GNde@ BOieات) (J اM[<vل
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  :ا@MCwQHت

 1-b ةiNPYMb اتGNd@ل اM[<vا ]طM_J رMCyOا GSQ�H@ ت وEwQ@ا XN>< BaU رة وi� دةMS�@ G~fن أQd< ن{
 BSMyO i_P ءM_>Ovم ا�P s@ا B?uO لM[<vا ]طM_N@ ءM_>Ovم ا�P BaU دةMS�b  9wQS �OM: اتGNde@ BOوi@

  . ا@GNdات MS�bدة B?uO ا@<BI�_J 9: 9@Q�@ iSi ا>]Mل ا@GNdات iNPYMbة ِ

2-�>< iSiF 9@ج اMH>< لM[<vا ]طM_J 9: ةiNPY9 ا: BJوMIN@ا BC@MP BOMUGm امijHUا BOوi@ `J if{He@ ;S
ا@Qeuك ا@7ي dNS` ان Q�HSر ijHUMbام QOMD iSiFي MP@9 ا@MINوGJ �J BJاMPة ا@iSi>e@ B:MuN ا@M�Pv ;S�>Hء 
@iوBC@MP BO وزMSدة :9 ا@�B�M ا@MIN@Mb BC@MP BOMHJ �J B[HNNرijHUMb BOام MIJوMP BJدM_N@ BSط[ اv>]Mل 

BC_fG@وا BClرMj@وا BCemاi@ا .  

@iراMUت M_N@ BbQe�Jط[ اv>]Mل ا@BOMUGj ا@B>euN ا@GNdات iNPYMbة ijHUMbام iSiF ا�ab  9:Mz ا–3
B>euN@ا BCOMUGj@ت اEwQ@ط[ اM_J كQeU BUراi@ فMC@ذات ا B>euJ BOMUGm 9 أوemدا.  

 QeUك ا@EwQت ا@seP iNHaS 9[I ا@iراMUت ا@_BSGT ا@M_N@ BCUMCIط[ اY>]Mل ا@GNdات  iNPYMbة -4
Gj@ا BC:G�@ت اMSMy_@ا GCC�< GCD{< BUدرا �RC: لM[<vا ]طM_N@ BC:G�@ت اMSMy_@ا �?ub B>euN@ا BCOMU

  .@M_Nط[ اv>]Mل

ا7mv :9 اM?HPvر ا@XCe>H ا@�GCqI< i_P 9�m GC ا@BOMUGj وiFوث اM_>OءCF= ان ذ@� �Qm{J GCذ :9 -5
=>?@Mb BwMj@ت اMbMu>@ا .  

6-7mvا �J ىGmYت اMUراi@ا �ab  ت ايEwQ@ا i_P ةiNPvت اMPM�� Xd¢ فEHmر اM?HPv9 ا: 
MyHUدرا �RS ةiNP£@ BSGpاi@ت اMPM�Ie@ 


