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Abstract

Project Code: RMU4880022

Project Title:  Preparation of reinforced concrete members against seismic hazard
Investigators: Amorn Pimanmas

Sirindhorn International Institute of Technology, Thammasat University
Email address: amorn@siit.tu.ac.th
Project Duration: August 2005 — July 2008

The objective of this research is to study the seismic preparation of reinforced concrete structures. The
research consist of 3 parts: 1. Proposal of guideline for seismic evaluation of existing structures and evaluation
results, 2. Study of beam-column joint with various joint reinforcing details and 3. Proposal of Joint Planar
Expansion method for strengthening beam-column joint.

The proposed guideline for seismic evaluation of structures recommends the examination of demand to
capacity ratio (DCR) and reinforcement detailing by comparing between earthquake forces stated in the No. 49
ministerial law and concrete building design code for earthquake load according to ACI intermediate moment
resisting frame. The developed guideline is employed to investigate 15 concrete buildings constructed as beam-
column frame in Bangkok and peripheral areas. The building are governmental and public buildings, such as
schools, universities and apartments. These buildings are medium rise structure with 5-15 stories. According to the
evaluation result, it is found that all 15 buildings do not satisfy the ductile reinforcement detailing criterion. This is
due to the lack of stirrups in beam, column and beam-column joint. Moreover, the stirrups also lack 135 degree
seismic hook. Based on DCR check, it is found that 10 out of 15 buildings do not pass the force criterion. The
guideline also proposes the check of failure mode through load and yielding flowchart. Based on the investigation
of failure mode, it is found that 38.3% of beam-column joint fail by brittle joint shear. However, the number of
buildings that show failure under load flowchart is less than that under yielding flowchart. This is because many
existing buildings were designed according the working stress design concept with low allowable stress values as
specified by the design code. Moreover, the existing lift core and shear wall also help reduce the force transferred
to frame.

After identifying that beam-column joint is one of the most critical members in seismic events, the
behavior of half-scale beam-column joints have been investigated in laboratory. The prototype specimen is
constructed from structural indices collected from the investigated buildings. The specimens were tested in
laboratory with quasi-static cyclic loading simulating earthquake. The first experimental series consist of 5
specimens that aim to study the effect of various joint reinforcing details on the cyclic behavior. The effect of bond
removal, the effect of joint reinforcements and the joint diagonal bars are investigated. The test result revealed

brittle joint shear failure in several tested specimens. It is found that the substandard beam-column specimen has
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undesirable behavior for earthquake resistance. It can dissipate small energy and has low ductility. The specimens
with joint reinforcement complying with ACI Intermediate moment resisting frame can have a little capacity
increase but the failure mode does not change. The effect of initial bond removal is the capacity decrease but the
failure mode can be changed. The failure occurs in beam in stead of joint. Specimen with diagonal longitudinal
bars in join has higher capacity. The failure mode is mixed between joint and beam failure. However, the hysteretic
loops are still narrow and pinched.

The research proposes the Planar Joint Expansion method to strengthen beam-column joint. The method is
based on two-dimensional joint enlargement using either cast-in-place concrete or steel bracket. The second
experimental series consists of 7 specimens. Test results show that planar joint expansion increases capacity,
stiffness, absorbed energy and ductility remarkably. This is because the planar joint expansion increases the
bonding between reinforcing bar and concrete in joint. It also reduces the horizontal joint shear stress through
increasing effective joint area. The failure mode is changed from brittle joint shear failure to ductile flexural failure
in beam. It is found that strains in steel bars at column face are substantially reduced. The rectangular and
triangular expansions perform equally well. The construction joint between new and old concrete does not affect
the cyclic behavior. The use of steel bracket also gives comparable reason as that of cast-in-place concrete. The
method is more efficient if confinement is added to beams by means of closed stirrups. However, the proposed
method still has limitations. The proposed method is suitable for strong column weak beam frame. Moreover, the
joint expansion shortens the member length, thus making the member prone to shear failure. Therefore it is

required that shear failure should be checked in strengthened members.

Keywords: seismic evaluation, beam-column joint, joint shear failure, seismic retrofit, planar joint expansion
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