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ABSTRACT: In this study, the effects of lap-spliced joint at the end of column on structural
behavior of reinforced concrete columns were investigated with displacement-controlled quasistatic tests. Two full-scale cantilever square column (300x300 mm cross-section and 1900 mm
height) specimens were tested under constant axial load and reversed cyclic top displacement.
One of the specimens was reference which has no lap-spliced joint. Other has starter bars with
same number of longitudinal bars which are lap-spliced with longitudinal bars. Test results
showed that specimens have different crack patterns and curvatures. In lap-spliced specimen, one
big crack was occurred at lowest section of column which is located at column-footing joint and
it governed the failure mechanism of the specimen. In contrast, cracks were spread over a larger
area in the reference specimen. Thus, it is observed that lap-splicing at the bottom of reinforced
concrete columns changes plastic hinge behavior.
Keywords: Concrete columns, lap-spliced joint, reversed cyclic quasi-static test, curvature, plastic
hinge
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INTRODUCTION

Even though reinforced concrete structures are considered as monolithic, they have lots of
imperfections related to geometry, material or application details. For instance, reinforcement
steels cannot be monolithic throughout the structure. They must be jointed somewhere in concrete.
There is some innovator solution to get jointed the rebars such as sleeve joint; however, it is still
used lap-spliced joint in application commonly because of its ease of use and economic reasons.
In this study, the effects of lap-spliced rebar joint at the bottom of reinforced columns (which is
located column-footing joint) were investigated experimentally. Within this scope, two full-scale
reinforced concrete cantilever columns were tested under constant axial load and reversed cyclic
top displacement. One of the specimens is reference which has no lap-spliced joint at its potential
plastic hinge zone when other has starter bars hence it has lap-spliced joint.
Lap-spliced rebars at the bottom of columns are preferred in application because of its ease of use
especially in building type structures. However, in case of earthquake, it is expected to occur
plastic hinge at the ends of columns. Therefore, structural behavior of ends of columns play major
role on seismic behavior of member and even whole system. Bayrak and Sheikh (2001) mentioned
that plastic hinge length is quite important to assess maximum stable deformation capacity of a
reinforced concrete structure. Inel and Ozmen (2006) also indicate that plastic hinge length has
remarkable effects on the displacement capacity of a structure.

Bae and Bayrak (2008) states that plastic hinge length of a reinforced columns depends on many
parameters. Main parameters are listed as; level of axial load, moment gradient, level of shear
stress in the plastic hinge region, mechanical properties of longitudinal and transverse
reinforcement, concrete strength and level of confinement and its effectiveness in the potential
hinge region in the study. It can be possible to infer from this statement that doubled longitudinal
reinforcement ratio at the lap-spliced zone affects length and behavior of plastic hinges.
According to Turkish Code TS500 (2000) about reinforced concrete design, longitudinal
reinforcement ratio of columns is limited with 6% in lap-spliced zones where other zone’s
reinforcement ratio is limited with 4%. Similarly, Turkish Seismic Design Code (2007) limits
longitudinal reinforcement ratio at lap-spliced joint zones of high ductile columns with 6%. It can
be thought that these design rules are for preventing from changing the failure mechanism of lapspliced joint zone ductile to brittle due to doubled longitudinal reinforcement ratio. Plus, it is
recommended to use lap-spliced joints at the mid-span of column as far as possible and in case of
applying lap-spliced joint at the bottom end of column, some extra design rules are imposed by
Turkish Seismic Design Code (2007).
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EXPERIMENTAL STUDY

2.1

Specimen Details and Test Setup

Two reinforced concrete column specimens were produced and tested in Karadeniz Technical
University, Structural Mechanics Laboratory. Specimens have cantilever column form with
footing. Footing size is 700x700 mm in cross-section and 400 mm height. Column size is 300x300
mm in cross-section and 1900 mm height from foundation surface to top. Longitudinal
reinforcement ratio of columns was chosen as 2%. Cross-section includes 12 number of 14 mm
dimeter longitudinal rebars and 8 mm diameter transverse rebars which have 100 mm spacing
throughout the columns. Footing rebars were chosen as overdesign.
One of the specimen has no starter bars which is reference specimen. Other has starter bars and
lap-spliced joint at the bottom of the column where is expected to occur plastic deformations.
Therefore, potential plastic hinge zone of specimen with lap-spliced joint has 4% longitudinal
reinforcement throughout the splicing zone.
Mean cube strength of conventional concrete used in production of specimen is 35 MPa. Yield
and ultimate strength of reinforcement steel is 510 MPa and 610 MPa respectively.
Two full-scale cantilever square column specimens which are mentioned above were tested under
constant axial load and reversed cyclic top displacement. Specimen details and experimental setup
are given in Fig. 1 schematically. An Enerpac hydraulic jack with 1000 kN capacity and a hand
pump were used to apply constant axial load onto the column during test. The hand pump is also
equipped with a pressure control valve and an accumulator to help stabilizing axial level. Constant
axial load level was chosen as 10% of axial load bearing capacity of column. In order to calculate
axial load capacity of column, (0.1 Ag fco) formula was used where Ag is gross area of crosssection and fco is mean cube strength. Load cell with 1000 kN capacity was used in order to
measure applied axial load. For the lateral loading, quasi-static reversed cyclic loading protocol
given in FEMA 461 (2007) was used (Fig. 2). A computer controlled DARTEC servo-hydraulic
linear actuator with 280 kN push and 170 kN pull capacity was used for the loading. A Load cell
with 500 kN capacity which is mounted to the actuator was used in order to measure lateral load.
Linear potentiometric displacement transducers (LPDT) were used for measuring displacements.
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Figure 1. Specimen details and experimental setup
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Figure 2. Applied loading protocol

Threaded steel rods were embedded into potential plastic hinge zone with 150 mm spacing during
casting. Spring type LPDTs were installed to the rods as 75 mm distant from columns’ face for
curvature measurement. Instrumentation and curvature calculation details are given in Fig. 3.
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Figure 3. Instrumentation for curvature measurement (a) and calculation of curvature (b)
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2.2

Test Results

Test results and after-test views of specimens are given in Fig. 4 and Fig 5 respectively. When
15% drop of lateral load bearing capacity, tests were stopped.
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Figure 4. Comparative test results
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Figure 5. General views after tests (a), close-up view of reference specimen (b), close-up view of lap-spliced
specimen (c), buckled rebars of reference specimen (d), buckled rebars of lap-spliced specimen (e)

2.3

Curvatures

Curvatures hysteresis of columns were calculated for segments which are instrumented for
measurement. by using formulation given in Fig. 3 above. Segment 1, 2 and 3 are 0-150 mm
(0.5h), 150-300 mm (1.0h) and 300-450 mm (1.5h) respectively from footing and column
interface. It is preferred to calculate curvatures for all steps of loading instead of a specific point
of lateral load – top displacement curves. It was aimed to obtain curvature behavior of columns
for each drift ratios.
Calculated curvature hysteresis are given in Fig. 6 for each segments and columns separately.
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(c) Curvature hysteresis for Segment 1

Figure 6. Top displacement – curvature hysteresis for each segments and columns
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DISCUSSION

Test results showed that lap-spliced joint affects structural behavior of columns. It is observed
that both bearing capacity and ductility behavior of column are nearly same. It is considered that
the reason of this situation is that the columns have same longitudinal reinforcement ratio at the
footing – column interface level. Therefore; as seen in Fig. 6, plastic deformations and hence
curvatures are mostly occurred at Segment 1. For both specimens, curvatures of Segment 1 are
nearly same. However, curvatures of Segment 2 and Segment 3 are relatively less than Segment
1 about 10 times for reference and 20 times for lap-spliced specimen. In addition, curvatures of
lap-spliced column in Segment 2 and Segment 3 are approximately half of reference column.
Therefore, curvatures of each segments for both specimens showed that plastic hinge behavior is
affected through lap-spliced joint because of doubled longitudinal reinforcement which makes the
region stiffer.
In reference specimen, a big crack at footing – column interface was observed (Fig. 7). In addition,
some other apparent cracks were observed at higher level of the column. Similarly; in lap-spliced
specimen, a big crack was occurred at lowest section of column located at footing – column
interface. This crack was continued to grow during test where other cracks relatively far from
footing were stayed micro level. It is considered that the reason of this situation is doubled
longitudinal reinforcement ratio throughout the splicing zone.

Big crack at
footing – column
interface

Figure 7. Early stage of crack pattern of reference column

Failure mechanisms of both reference and lap-spliced columns are buckling of longitudinal
reinforcement. Buckling of longitudinal rebars of lap-spliced column was relatively late according
to reference column. It is thought that doubled reinforcement delayed and limited the buckling of
rebars (see Fig. 5 d and e).
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RESULTS

Results obtained from this study are summarized below.
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-

In case of buckling of longitudinal reinforcement govern the failure mechanism of
column, it is seem that the bearing capacity and ductility are not affected from lap-spliced
joint.

-

In case of lap-spliced joint, cross-section behavior is getting different than monolithic
joint where getting far away from footing surface. Therefore, the plastic hinge behavior
is affected much. It is thought that the reason of this behavior is doubled longitudinal
reinforcement which makes the region stiffer.

-

It is suggested to study about lap-spliced joint behavior under different conditions to get
general information about lap-spliced joints.
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