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Figure 2.8. Load history for the reversed cyclic load test used in this study 
 
 
2.6. Test Procedure 
 
For all specimens, an axial load of 220 kN (16% of the column capacity) was applied to the column 
and maintained constant throughout the test. The loading procedures for all specimens were based on 
acceptance criteria specified in ACI 374.1–05. 
After application of the 220 kN axial load to the end of the column, a quasi-static cyclic load was 
applied at the beam tip in a displacement-controlled mode. Quasi-static cyclic loading gives 
conservative estimate of the strength as the dynamic forces due to earthquakes increase the strain rate 
and, hence, the strength and stiffness. 
 
 
3. EXPERIMENTAL RESULTS AND OBSERVATIONS 
 
The analysis of results includes comparisons of damage patterns, load-displacements hysteretic 
responses, for the three half-scale beam-column joint specimens tested in this study. In this analysis, 
the performance of the standard specimen (AB-1) represents the desired target performance of joints 
designed using current code provisions. The behaviour of the deficient specimen (AB-2) is a 
benchmark representing the performance of joints designed as per pre-1970s design codes. The 
behaviour of the rehabilitated specimen (RS-P2-2) indicates how successful the proposed new 
technique rehabilitation scheme is in upgrading the deficient performance of (AB-2) to the target 
standard performance of (AB-1). 
 
 
3.1. Standard specimen (AB-1) 
 
The hysteretic load-displacement plot and damage pattern for the standard specimen is shown in Fig 
3.1. First flexural cracking of the beam section subjected to maximum bending appeared at 0.2% drift. 
The yield of the beam’s longitudinal steel was reached at an average beam tip load of 28 kN and the 
corresponding yield drift was 1% (based on an average of push up and pull down values). The onset of 
diagonal cracks in the joint area took place at a beam tip load of 33 kN, corresponding to a drift of 
2.2%. Additional cracks in the joint area appeared thereafter as loading progressed, but remained 
within a very fine width throughout the test. At a ductility factor of 2, the beam became extensively 
cracked along a distance equal to its depth from the face of the column. At a ductility factor of 4, wide 
cracks developed in the hinge area of the beam and rubble started falling. The load was terminated at 
6% drift but the column’s axial load was maintained and the joint area remained intact, except for the 
presence of fine cracks. 
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3.3. Retrofitted specimen (RS-P2-2) 
 
The hysteretic load-displacement plot for the Retrofitted specimen is shown in Fig 3.3.Retrofitted 
specimen (RS-P2-2) failed by flexural yielding in beam with moderately ductile performance (Fig. 
3.3) The first flexural cracks occurred at the edge of enlarged areas in beams at 0.25% drift. Diagonal 
cracks formed in the joint panel at 1.5% drift but did not widen in subsequent cycles. The flexural 
cracks in beam started to actively grow at 2% drift. The concrete cover in the beam started to spall off 
at 2.5% drift, causing buckling of longitudinal beam bars. Stirrups in beams were broken at around 
3.5% drift. The load was terminated at 6% drift. Retrofitted specimens failed by beam flexural failure 
with high ductility. 

 
Figure 3.3. hysteretic load-displacement for specimen RS-P2-2  

 
 
4. CONCLUSIONS 
 
In this paper, a new seismic retrofitting method of beam-column joint is proposed. It is based on two-
dimensional enlargement of beam column joint using precast steel plate and post tensioning bars. An 
experimental program was conducted to enhance the behaviour under cyclic loading of a pre-1970s 
beam-column sub-assemblage using an innovative and practical rehabilitation technique to 
demonstrate the performance of the method. The performances of a control deficient specimen (AB-
2), a standard specimen (AB-1) and a rehabilitated specimen (RS-P2-2) under reversed cyclic loading 
were evaluated and compared. Based on the presented experimental observations' and test results the 
following conclusions are drawn: 
 
1. Retrofitting substandard beam-column connection by enlargement of joint using precast steel plate 
and post tensioning bars is effective to increase stiffness, ultimate strength, energy dissipation and 
ductility. 
2. The planar joint enlargement shifts the location of plastic hinge from column face to the edge of 
joint expansion. The failure mode is changed from brittle joint shear failure to bending failure in beam. 
3. A significant reduction of horizontal joint shear stress is observed in retrofitted specimens due to the 
reduction in strains of longitudinal beam bars at column faces. A significant increase in column depth 
to bar diameter ratio is also advantageous for the anchorage bond performance. 
4. The proposed technique significantly delayed brittle joint shear failure and beam bottom 
reinforcement slippage.  
5. Proposed technique mobilized part of the beam and column to resist the shear input to the joint. 
Thus, shear failure of the beam column joint was substantially delayed. 
6. The proposed upgrade technique can move the plastic hinge away from the column’s face, thus 
enhancing the beam bottom reinforcement anchorage. 
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7. The original specimen with no reinforcement in the joint area showed a high rate of strength 
deterioration once yielding of the longitudinal steel bars in the beam reached. This was due to the 
brittle shear failure of the joint. 
8. The main objective of retrofit design is to avoid joint shear failure and to encourage beam flexural 
failure. In terms of structural performance, post tensioning and the joint enlargement is designed to 
increase the joint shear capacity through increasing effective joint area, to improve the anchorage bond 
of longitudinal beam bar within the joint through increasing apparent column depth and to prevent lap 
splice failure of column longitudinal bars above the floor level. 
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