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Abstract:  The principal objective for this work was to extend 
the field of application of FEM to space frame beam-column 
connections under static loading and with lateral displacements. 
A four-storey building was modelled under static load condition. 
Horizontal and vertical structural elements were designed 
according to Eurocode 2. In order to understand the behavior of 
the external node made by under column, two beam and upper 
column, two models using correct boundary condition and 
nonlinear behavior of materials have been done using Abaqus 
Software The analysis was performed on an interior and an 
exterior joint models each in two conditions: unconfined and 
confined joint varying the distributions of number of stirrups for 
the beam reinforcement and the column reinforcement .A sup 
structural model to submit to numerical analysis  have been 
performed, the Concrete Damage Plasticity model (CDPM) has 
been  chosen for fit the nonlinear behavior for the concrete and 
the elastoplastic model has been adopted for the nonlinear 
behavior for the reinforcement (stirrups, longitudinal and 
vertical bars). The models were then verified against already 
existing and validated analytical results and results of 
experiments conducted on specimens  

Keywords: Finite Element Method, joints, Reinforced 
concrete structures, Ductility 

I. INTRODUCTION 

The continuous failure and collapse of buildings and 
other infrastructures under gravity loads or laterally induced 
seismic loads or wind loads is a crucial phenomenon in the 
construction sector. This failure can be due to several 
reasons among which the inadequate consideration design in 
the joint project. Among the existing joint types, the external 
(corner) joint is the subject under study.  It has been proven 
that concrete is a brittle material and brittleness of a 
structural member has unfavorable effects on the overall 
mechanical response of a structure.  
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 During a seismic event, shear failure can occur 
prematurely stopping the beams from attaining ultimate 
flexural capacity leading to total collapse of the building as 
a result of exposure to severe damages at the joint region. 
Numerous studies have been carried with the aim of 
investigating the behavior of RC joints using various 
investigation techniques one of the recent being FEM 
analysis. Emphasis was laid on the shear response 
mechanism of the joint. The models presented in this work 
and analysis are corner beam-column connection focusing 
on the shear failure mode under pure static loading first, 
then static loading with lateral displacement.  

1.1. Joint shear mechanisms 

          Internal mechanism of  failure according to Paulay 
and Priestley, 1992  from adjacent beam and column to the 
joint (Figure I.1), create joint shear forces in both directions 
(horizontal and vertical). These joint forces result in crack 
formation (diagonally) of the concrete core. The diagonal 
compressive forces generated at the corners of the joint are 
responsible for resisting the most of the total shear force and 
constitute the strut part of the strut and tie mechanism 
(Figure I.2). Also, steel forces are transferred through bonds 
with concrete , thereby producing a compression zone 
(Figure I.2 (b)) in the joint core with diagonal cracks and a 
total diagonal compression force, Dc. The mechanism 
associated here is the truss mechanism. Transverse shear 
reinforcements are provided in this case, for effective 
resistance, to resist directly when the concrete core becomes 
severely cracked due to diagonal tensile strains (assuming 
no bond deterioration).  
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(a) Forces acting              (b) Bending         (c) Shear      (d) Crack        (e) Variation of internal 

                                On column        moment           forces             patterns         tension forces along the column 
Figure I.1. sample distribution forces behavior (Paulay and Priestley, 1992) 

 

 
(a) Steel resisting mechanism                         (b) Diagonal compression field under seismic loading 

Figure I.2. Internal shear resisting mechanism internal joint (Paulay and Priestley, 1992) 
 
1.2. Shear mechanisms in exterior joints 

 Accordingly, an exterior beam-column joint is a joint in 
which we have two columns (under and upper) two beams 
in the plane, one in which two beams frame orthogonally in 
the same column on two adjacent faces (space frame) as 
shown in Figure I.3. In an exterior joint, the resisting 
mechanisms are the same as those in an interior joint. The 
strut and truss mechanisms are common to all types of joints 

irrespective of their location in the building. The main 
difference is at the number of elements framing into the 
joint. An example is an intermediate interior beam-column 
joint which six elements framing into it of which we have 
four beams and two columns. Whereas, an edge joint, still in 
a plane frame, has four elements consisting of three beams 
and two columns.  

 
Figure I.3. Exterior connections (Paulay. T and Priestley M.N.J, 1992) 
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1.3. Actions acting at an exterior joint whit different 
configurations 

Because only one beam fames in a column in an exterior 
joint in a plane frame, the joint shear strength will generally 
be lesser compared to internal joints. The assumptions made 
for the beam-column interior joints are valid for the exterior 
joint as well. T, Cc, and Cs denote Tensile stress resultants, 
compression stress resultant in concrete and compression 
stress resultant in steel respectively.  

1.3.1. Development of shear forces 

Shear forces in the horizontal and vertical directions are 
given by the expressions below. 
                      𝑉𝑗ℎ = 𝑇 − 𝑉𝑐𝑜𝑙                           (Eq. 1.1) 

                      𝑉𝑗𝑣 = (
ℎ𝑏

ℎ𝑐
)𝑉𝑗ℎ                             (Eq. 1.2) 

 
Where 𝑇 =  𝑓𝑠𝐴𝑠 𝑜𝑟 𝜆0𝑓𝑦𝐴𝑠  depending on; if an elastic 

beam section is considered or if in a column face, for a beam 
plastic hinge, the critical section is considered. 

Similarly, to interior joints, concrete contribution to 
shear strength as well as shear reinforcement contribution 
can be computed separately. The concrete and steel 
contributions are estimated with the following expressions.  
 

    𝑉𝑐ℎ =  𝐶𝑐 +  ∆𝑇𝑐 − 𝑉𝑐𝑜𝑙                                  (Eq. 1.3) 

𝑉𝑠ℎ = 𝑉𝑗ℎ − 𝑉𝑐ℎ                                           (Eq. 1.4) 
𝑉𝑐𝑣 =  𝑉𝑐ℎ tan 𝛼                                              (Eq. 1.5) 
𝑉𝑠𝑣 = 𝐷𝑠 sin 𝛼                                                (Eq. 1.6)    

1.3.2. Determination of joint shear force 

To estimate the shear force, Vjh, the moment capacities 
in the design of Ductility Class High Moment Resisting 
Frame (DCHMRF) is accounted for, taking into account the 
over-strength factor (γRd = 1.2 for DCHMRF; EC8 
5.5.2.3(2)) coming as a result of steel strain hardening, with 
a reinforcing steel over-strength factor due to steel strain 
hardening. The expressions below are that used to evaluate 
the design shear forces in exterior joints (Eq. 1.7). 
                             𝑉𝑗ℎ𝑑 = 𝛾𝑅𝑑𝐴𝑠1𝑓𝑦𝑑 − 𝑉𝑐                                                                       
(Eq. 1.7) 
 

Where As1 is upper beam reinforcements and As2 lower 
beam reinforcements. 

 Vc is shear force in column computed from beam 
moment capacities, considering that the point of contra 
flexure is at half the height of the column as shown in 
Figure I.4. 

 

 
Figure I.4. Evaluation of column shear force (Prof. Dr.-Eng. Rolf Eligehausen, Prof. Dr.-Eng. Habil Manfred Bischoff 

and Prof. Dr.-Eng. Jan Hofmann, 2013) 

1.3.3. Joint effective area 

As recommended by Eurocode 8, the joint effective area 
that resist the joint shear forces is determined as follows: 

• If the column width bc > the beam width bw, then 
the effective joint width is given as  
 bj= min {bc, (bw + 0.5hc)}; (EC8 Eqn.5.34a, 

5.5.3.3(2))  
• If the column width bc < the beam width bw, then 

the effective joint width is given as 
 bj= min {bw, (bc + 0.5hc)}; (EC8 Eqn.5.34a, 

5.5.3.3(2)) 

1.3.4. Verification of joint shear resultant force 

The estimation of the shear resultant force is done by 
comparison with the design shear strengths shown below 
(EC 8, 5.5.3.3(2)): 

 

 
Vjhd  ≤

0.8𝜂𝑓𝑐𝑑√1 −
𝑣𝑑

𝜂
𝑏𝑗ℎ𝑗       for exterior joints      (EC8 Eq 5.33) 

(Eq. 1.8) 

Where,𝜂 = 0.6(1 −
𝑓𝑐𝑘

250
⁄ ) is a reduction factor adopted. 

𝑓𝑐𝑑 is the concrete strength under compression. 
𝑣𝑑 is the normalized axial force above the connection in the 
column 

If for some reasons the requirements above aren’t met, 

the solution may be to increase the effective area of the 
joint.  
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This should be done by changing the beam size or 
column size or in some cases both. Another solution can be 
to increase the concrete strength. 

1.3.5. Confined joint reinforcement design 

The Eurocode 8, for limiting the tensile stress in concrete 
(in the diagonal direction), σc, max to fctd, recommends 
adequate horizontal and vertical confinement of the joint in 
the form of hoops placed horizontally of which the diameter 
should not be less than 6mm with the joint such that: 

   
𝐴𝑠ℎ.𝑓𝑦𝑤𝑑

𝑏𝑗.ℎ𝑗
≥

(
𝑣𝑗ℎ𝑑

𝑏𝑗.ℎ𝑗𝑐
)

2

𝑓𝑐𝑡𝑑+𝑣𝑑.𝑓𝑐𝑑
− 𝑓𝑐𝑡𝑑    (EC8 Eqn. 5.35)       

 

⇔ 𝐴𝑠ℎ ≥ [
(

𝑣𝑗ℎ𝑑

𝑏𝑗.ℎ𝑗𝑐
)2

𝑓𝑐𝑡𝑑+𝑣𝑑.𝑓𝑐𝑑
− 𝑓𝑐𝑡𝑑]

𝑏𝑗ℎ𝑗𝑤

𝑓𝑦𝑤𝑑
               (Eq. 1.9) 

An alternative to the above rule, to assure safety of 
the connection after cracking, is provided by the code. 
 
𝐴𝑠ℎ𝑓𝑦𝑤𝑑 ≥ 𝛾𝑅𝑑𝐴𝑠2𝑓𝑦𝑑(1 − 0.8𝑣𝑑)                     For exterior 
joints (Eq. 1.10)  

II. FE MODEL OF THE CORNER JOINT 

2.1. General procedure 

The evaluation procedure goes thus; 
• The choice of the type of structure, load patterns 

and analyses; 

• Gravity load design and detailing of the building 
and selection of the joints to be evaluated; 

• Evaluation of joint moment capacity and shear 
capacity based on beam yielding assumption; 

• 3D-finite element modelling, non-linear push-over 
analyses of the selected joint; 

2.1.1. Description of the case study 

A three – storey reinforced concrete structure intended 
for office use is modelled and designed. All the details on 
design of the structure re found in the annexes. It is a 
rectangular floor, with its length being 23.5m and the width 
18.9m. The slab is assumed to be a reinforced concrete slab 
with hollow blocks of thickness 20cm. The height of the 
building from foundation base is 12.5m with the height of 
the ground floor being equal to 3.5m and that of the other 
floors equal to 3m for each of the three levels. Regularity of 
the building is verified in plan and in elevation without 
setback, and is designed as a DCH for increased resistance 
to laterally-induced seismic actions and to undergo larger 
deformations before failure. By its use, the four storey 
building is classified as a category B building. To this 
building corresponds to loading conditions described in 
Tableau II.1 and  

Tableau II.2. Design was done according to Eurocodes 
0, 1, 2 and 8 for the horizontal structural element and the 
vertical structural element. The reinforcement shown below 
is obtained as a result of the design.   

 
 

Tableau II.1. Structural load of building 

Nature Description Value Unit 

G1K Hollow body slab (16+4 cm) 2 MPa 

 
Tableau II.2. Non-structural load of the building 

Nature Description Value Unit 

G2k Screed (3cm thickness) 0.3 kN/m2 

G2k Coated under slab (1.25 cm 
thickness) 

0.2 kN/m2 

G2k Partition wall 1.0 kN/m2 

Total G2k 1.5 kN/m2 
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(a) Plane X-Z 

Plane Y-Z 

Figure II.1. Unconfined corner joint 
 Minimum reinforcement at joint core for the load arrangement is provided for by EC 8 corresponding to 2ø8mm spaced by 
minimum 30mm.  
 

2.2. FEM analysis of corner joint 

The connection is studied under two loading conditions 
one of which is the static loading and in the second, a lateral 
force is applied on the model on the axis parallel to that of 
the principal beams. Results of the finite element analysis 
will be compared for confined and unconfined joints, for the 
two loading conditions. Experimental results performed by 
known scientists and engineers and existing theories will be 
used to verify the various finite element models.  

2.2.1. Joint Element 

To avoid interlocking effect due to shear, reduced 
integration (C3D8R) is used in the modeling of concrete 

elements. These concrete elements are modelled as 8-noded 
hexahedral (brick) elements in 3D having 3 degrees of 
freedom in each node (translations in X, Y and Z 
directions). For reinforcement modelling, T3D2 truss 
elements are used having 3 degrees of freedom in each node 
(translations in X, Y and Z directions of global coordinates 
system). To properly simulate the bond interaction between 
the concrete and the reinforcement, the embedded region 
method is used. It simulates perfect bond between 
reinforcement and surrounding concrete. The global model 
is shown in Figure II.2a. For the concrete as well as the 
reinforcement (steel bars and stirrups), the same mesh size is 
adopted.  

http://www.ijisme.org/
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(a) Mesh adopted for the concrete part of corner joint              (b) longitudinal bars and stirrups details of corner joint 
 

Figure II.2. Model specimens 
 

The geometric properties used in the above model 
including the detail reinforcement are both from the design 
of the horizontal and vertical elements. The various 
dimensions are shown in Figure II.1. 
 

2.2.2. Concrete and steel parameters 

Concrete material together with the reinforcements for 
both bending and shear, are modelled in ABAQUS/Standard 
as shown in the tables from Table II.1 to  

Table II.5. Finite element analysis (nonlinear) is thus 
conducted on the calibrated corner joint model. The various 
values of the parameters are shown in the tables below.  

 
Table II.1. Concrete elastic properties 

Density 
(kN/m3) 

Elastic properties 

Young modulus 
(N/mm2) 

Poisson’s ratio 

25 33000  0.3 
 

Table II.2. Concrete plastic properties 
Plasticity 

Angle of 

dilatation  
Eccentricity fb0/fc0 K Viscosity  

1.12 0.667 1.12 0,667 0.00 

Where: 
fb0/fc0: Stress ratio 
K: Shape factor 

Table II.3. Concrete Damage Plasticity parameters 

Compressive behavior 

Yield stress (N/mm2) 
Inelastic strain 

10.2 0 

25 0.0025615 

3.4 0.011 
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Table II.4.Concrete compression damage parameters 

Damage in concrete due to compression 

Damage parameter (N/mm2) Inelastic strain 

0 0 

0.9 0.011 

 
Table II.5. Tensile behavior parameters of steel 

Tensile behavior 

Yield Stress (N/mm2) Cracking strain 

1.35 0 
1.92 0.001604 
0.02 0.002086 

 

2.2.3. Boundary condition 

Fixed support were assigned at bottom surface of the 
column of the joint model. On top column surface, restrain 
YASSYM (U1=U2=U3=UR2=0) was applied. Restrains, 
XSYMM and ZSYMM, which prevent motion in the x and z 
axis on all beam faces of joint models were applied 
(U1=UR2=UR3=0 and U2=UR1=UR2=0). 

In the corner joint is applied a displacement in two 
separate steps in the negative y-direction for the first and 
positive x-direction in the second according to the axis 
orientation presented in the respective figures showing the 
concerned joints on both beams found on X-Z and Y-Z 
planes of values 150 mm and 125 mm and 90 mm in the X-

Y plane for lateral loading to simulate a static loading 
condition that causes the reinforced structural model to 
arrive its plastic phase and present crack patterns and 
damage areas as well as in an earthquake event. In the same 
line, displacements of the same values are applied to the 
interior and edge joints except for the lateral displacement. 
A beam in a structure under static loading is subjected to 
bending that is why displacement rather force is used to 
better express the effects. 

Loading is introduced in the corner joint model as a 
pressure load on the top column surface to simulate 
compressive axial force and maintained at a constant value 
of 9N/mm2 throughout the analysis procedures.

III. FE ANALYSIS 

The finite element analysis results of the RC beam-
column joint under loading are shown using force-
displacement diagrams, crack paths and ultimate loads. 
Also, the validity of the finite element model was assessed 
through comparison of the following parameters: 

• Plastic deformations in beam   
• Cracking in the beam 

The results of the analysis of the corner joint connection 
under static load and with lateral load are reported in this 
section. The reinforcements are as shown in Figure III.1 and 
Figure III.2 As previously mentioned, the Damage Plasticity 
model  for concrete was used to conduct simulation.  

 

 
(a) Unconfined model 
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(b) Confined model 

Figure III.1. Plastic tensile deformations 
 

 
(a) Unconfined model 

 

 
(b)  Confined model 

Figure III.2. Compressive plastic deformations 
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(a) Unconfined model 
 

 

 

 
(b) Confined model 

Figure III.3. Mises stresses in steel reinforcements 
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(a) Unconfined model 
 

 

 

 

(b) Confined model 
Figure III.4. Mises stresses in steel reinforcements 
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Figure III.5. Force-displacement diagram 

 

 
Figure III.6. Stress-strain diagram 

 

https://www.openaccess.nl/en/open-publications
http://www.ijisme.org/


 
Finite Element Method Analysis Applied to the Study of a Corner Joint in Reinforced Concrete Structures 

 

12 

Retrieval Number: 100.1/ijisme.C1288077321 
DOI: 10.35940/ijisme.C1288.087321 
Journal Website: www.ijisme.org  

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 
 

 
Figure III.7. Force-displacement diagram of corner joint with lateral displacement 

 

 
Figure III.8. Stress-strain diagram for corner joint with lateral displacement 

 
Inelastic displacements result in tensile yielding of 

longitudinal reinforcement followed by compressive loading 
that imposes large demands on the bar in compression. 
Deformations shown in Figure III.1 and Figure III.2 
explicitly represent the resistance of both models to 
deformations. The confined model deforms more than the 
unconfined model. This is reasonable because of the 
presence of transverse reinforcements at the core of the 
connection contributing in truss resisting procedure. The 
difference between these deformation values is also 
accounted for by the model proposed by Paulay and 
Priestley (1992). In their work, they explained joint shear 
strain contributes significantly to the total drift. The same 
phenomenon is observed when a lateral load is applied to 
both FE models in correspondence with the results obtained 

in the work presented by Prof. Dr.-Eng. Rolf Eligehausen 
Mitberichter, Prof. Dr.-Eng. Habil Manfred Bischoff and 
Prof. Dr.-Eng. Jan Hofmann (2013). In their work after 
performing five tests on RC beam-column connections, 
which were poorly detained and at full sale. The results 
clearly confirmed how vulnerable non-seismically designed 
joints subjected to seismic loads could be. 

Looking at tensile stress propagation in the joints under 
lateral loading, the above results are matched which verify 
our models for plasticity.  The zones under tension are all in 
the elastic range. 
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The force displacement diagram above (Figure III.5 ) is 
an illustration of the improved behavior of the joint due to a 
relatively small amounts of transverse joint reinforcement. 
Greater deformations are possible as the ductility behavior 
of the structural element is improved. Nevertheless, ductile 
behavior in the case of lateral displacement is seriously 
compromised even though the confined model performs 
better. Strains in the models when under pure static loading 
exceed 0.005 mm/mm meanwhile in the lateral loading 
phase is less than 0.004 mm/mm.  

The Mises stresses in the reinforcements for both loading 
conditions in the confined and unconfined models are the 
same. The lateral displacement applied to the joint induces 
bending at the center of the joint. Column longitudinal 
reinforcements bear most of the bending moment. The 
stresses in the beam longitudinal reinforcements are induced 
by the static loading and the lateral displacement in the 
direction of loading.  

 
 

 
(a) Unconfined model 

 
(b) Confined model 

Figure III.9. Crack pattern under tensile stresses 
 

 
(a) Unconfined model 
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(b) Confined model 

Figure III.10. Concrete tension damage 
 

 
(a) Unconfined model 

 

 
(b) Confined model 

Figure III.11. Illustration of compressive damage 

 
(a) Unconfined model 
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(b) Confined model 

Figure III.12. Concrete compression damage 
 
 

Figure III.13 shows the crack pattern in a corner joint 
under monotonic loading as an experimental result. The 
experiment was conducted by M. Allam, Hazem M.F. 
Elbakry and Israa S.E. Arab (2018). Looking at the Finite 
Element Analysis results obtained and shown in Figure III.9, 
we realize that the cracking pattern obtained by M. Allam et 
al. is conveniently predicted by both the unconfined model 
and the confined model.               

 
Figure III.13. Cracking pattern in a corner joint under 

(C. Del Vecchio, M. Di Ludovico, A. Prota and G. 
Manfredi (2015)) 

 
M. J. N Priestley (1995) already had a theory on the 

failure mode of an exterior corner joint. In his work, M. J. N 
Priestley states that, for a situation in which beam 
reinforcements are bent down into the joint as it is the case 
in both confined and unconfined models, joint cracking 
occurs first due to positive moments in beams, since, in that 
direction of response, there is a reduction in axial force. Of 
course, the joint under study was a plane frame exterior 
corner joint, however the theory is true for both planes (X-Z 
and Y-Z) in the space frame models which constitute the 
case study of this piece work. Still according to Priestley, in 
a multi-story building, cracking under negative moment is 
delayed because of very high variations of the axial force in 
exterior corner joints. Results from M. J. N Priestley (1995) 
experiments concluded that horizontal dilatation of the joint 
has a higher tendency to occur during crack development. 
This curves the cover concrete at the back of the joint 
leading to cracking (in the vertical direction) on the weak 
plane as illustrated by the models shown in Figure III.14. 
This occurs at the line of column reinforcement. It is mostly 

the case if the hooks of the beam reinforcements lie in the 
same plane. 

 
Figure III.14. Breakdown of unreinforced exterior 

corner joint; Cracking at the back of the joint on the 
left; Loss of joint integrity on the right 

 
Both finite element models (confined and unconfined) 

do not only match the predictions of Priestley (1995) and the 
experimental results of M. Allam et al. but also do they 
confirm Paulay and Priestley (1992) joint model according 
to which, ductility of the beam-column connection in RC 
elements is increased not only by providing shear 
reinforcements transversally in in the center of the joint but 
by providing for adequate longitudinal beam reinforcement 
anchorage. This is demonstrated in Figure III.10 as the 
values of stresses are almost the same at each stress level for 
both the confined and the unconfined joint models. The 
orange and red elements are the most tensioned, zones 
where cracking is most severe and the blue elements are 
stress free.  

For crack patterns caused by the compression field 
(compression damage), Figure III.11 illustrates that, because 
of the presence transversal reinforcements for confinement, 
compressive strength of the confined model is higher 
compared to that of the unconfined model. Blue elements 
are stress free mean while the red elements are the most 
compressed. The green elements are compressed but still in 
the elastic field. 
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 Figure III.10 a and b show crack patterns in unconfined 
and confined joints due to tensile stresses under lateral 
loading. Severe cracking is observed at the red zones. These 
elements have exceeded ultimate stress and strength values 
leading to failure. Still on the same figure, column 
displacement is remarkable and failure at the joint is verified 
from experimental results shown in Figure III.13. 

Under compression damage, cracking pattern is 
different. In Figure III.12 compressive crack pattern can be 
seen for both models. In either models, most of the elements 
are stress free (blue elements). Nevertheless, the joint core is 
still subject to compression stresses. These stresses lead to 
induced diagonal compression shear stresses in the center 
core region of the joint resisted by diagonal concrete strut as 
proposed by Paulay and Priestley (1992). 

IV. CONCLUSION 

The analysis results of this study have endeavored to 
present the results obtained from the nonlinear finite 
element analysis of the above numerical models that 
describes the nonlinear shear behavior of poorly designed 
(unconfined) and detailed (confined) reinforced concrete 
corner joint for comparison with experimental and analytical 
results.  Comparing finite element results for each loading 
situation enabled the verification of the mechanical behavior 
of the corner joint. It came forth that, the presence of the 
transversal shear reinforcements hampers the ductile 
behavior of the corner joint during lateral loading. Hence, 
improvement in the mechanical behavior of the corner joint 
during a seismic event is to be checked for through the study 
of other parameters like anchorage of the beam longitudinal 
reinforcements for both beams framing in the joint or the 
bond stress. 
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