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ABSTRACT

A half-scale single-bay two-storey RC frame was designed in accordance to Eurocode 8 and constructed using
ready mix-concrete by considering seismic load with Ductility Class Medium (DCM). Thetwo-storey moment resistant RC
frame was constructed by preparing reinforcement bars caging, preparation of formwork, concreting and curing process.
Then, the specimen was tested under in-plane lateral cyclic loading usinga double actuator starting from +0.01% until
+2.25% with incremental of 0.25% drift. The total number of twenty-four cycles of drift was imposed to RC frame under
control displacement method. The visual observations showed that a lot of cracks were concentrated at the corner and
exterior beam-column joints where these were the points of transferred the load from top to the bottom of the structure. The
ultimate lateral load of 158.48 kN in pushing direction and -126.09 kN in pulling direction was recorded at 2.25% drift.
Based on the experimental result, elastic stiffness is 4.04kN/mm, secant stiffness is 1.14kN/mm, effective stiffness is
2.06kN/mm and ductility is 3.51. It can be concluded that the RC moment resistance frame able to withstand minor to

moderate earthquake because the value of ductility is ranging between 3 to 6.

Keywords: ductility, equivalent viscous damping, hysteresis loops, lateral strength capacity, stiffness.

INTRODUCTION

West Malaysia is located between Australian and
Eurasian tectonic plate meanwhile East Malaysia is
situated between Eurasian and Philippine tectonic plates
[1]. These plates are moving towards East and West
Malaysia with velocity of 70mm/year. Even though
Malaysia is not categorized as high seismicity but
moderate earthquake can strike Malaysia in the future due
to active movement of these major tectonics plate.
Furthermore, most of the buildings in Malaysia were
designed using non-seismic code of practice where there is
no consideration for earthquake loads. Therefore, the
future buildings in East Malaysia especially Sabah
required to design the earthquake resistant using based
isolation system, shear wall and moment resisting frame
using current seismic code of practice such as Eurocode 8.
Therefore, the main purpose of this research is to
determine the seismic performance of single-bay two-
storey moment resisting RC frame under in-plane cyclic
loading under Ductility Class Medium (DCM).

Malaysia constructions industry is still facing
some challenges in adapting the seismic codes of practice
into the design stage as it might increase the construction
cost and it will increase the sales/market price of the
commercial buildings. Most of the buildings in Malaysia
followed British Standard where there is no consideration
on any seismic/earthquake loading in the design details.
Many RC buildings in Malaysia were constructed using
soft storey mechanism where there are open spaces at
ground floor which make these buildings vulnerable to any
earthquakes events. Up to date, only Penang Bridge was
built to cater seismic vibrations in Malaysia [2] and Kuala
Lumpur City Centre was designed to cater for wind load

[3].

In this research, a single bay two-storey RC frame was
constructed in the heavy structural laboratory using cast
in-situ concrete and designed using Eurocode 8. The
construction of the sample is carried out using stage by
stage method also known as bottom to top method starting
with the foundation and up to the highest roof floor. The
main purposes of this study are to determine the seismic
performance of RC frame under In-plane lateral cyclic
loading through experimental work in Heavy Structural
Laboratory Faculty of Civil Engineering, UiTM Shah
Alam. A half scale single-bay of two-storey frame will be
designed according to Eurocode 8 for Peak Ground
Acceleration (PGA = 0.3g). Eurocode 8 provides sufficient
percentage of reinforcement bars in the column, beam,
beam-column joints and floor slab. Most of the RC
buildings in Malaysia were designed in accordance to BS
8110 (British Standard) where there is no provision for
earthquake load at all. These buildings are skeptical to
damage and collapse if moderate or major earthquake
strike any part of East and West Malaysia. Therefore, the
safety of RC buildings in Malaysia is still questionable
under severe earthquake loading. Most of the precast
school buildings in Malaysia will survive under weak
earthquake excitations with PGA = 0.08g but will not
survive under PGA = 0.2g [4]. Thus, the new building
need to be designed using Eurocode 8 to cater for
moderate or major earthquake.

This sample is build base on the Eurocode 8
practice which provides sufficient reinforcement bars at
the column beam joint. This is because most of the
damages due to ground shaking occur between the
connections of beam and column joint. Owing to the
limited space in the lab, the sample is constructed half
scale down from the original size and subjected to quasi-
static lateral cyclic loading. In order to assess the seismic
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performance and characteristics of the structures, it is
essential to calculate the stiffness, lateral strength capacity,
over strength, ductility and equivalent viscous damping
[5]. Figure-1 shows the system characteristics of a
structure which need to evaluate based on the
experimental work in the laboratory. Therefore, the main
purpose of this study is to calculate these parameters for
the single bay double-storey moment resisting frame under
in-plane lateral cyclic loading. The detailing of the design,
experimental set-up, analysis of results, discussions and
conclusions will be discussed in the following sections.

System Characteristics of a
Structure

Stiffness Overstrength Damping

Strength Duectlity

Figure-1. Characteristics of a structure [5].

DESIGN OF RC FRAME

Figure-2 shows isometric view together with
dimensions of one-half scale prototype moment resisting
RC frame which had been constructed on the foundation
beam (54501800300 mm). The height of each floor is
1650 mm with column’s size of 200x200 mm. The top
level of RC frame was constructed with slab thickness of
200 mm with a series of four holes. Meanwhile, the first
and second floor were only bare frame without any in-fill
of masonry brick or precast wall panel. Proper detailing of
beam-column joint is very important because it is vital part
in RC frame which designed to cater for lateral load with
closed spacing of stirrup and with higher amount of
longitudinal reinforcement bars. The moment resisting
reinforced concrete frame was designed using Eurocode 8
with Peak Ground Acceleration (PGA=0.3g) and classified
as Ductility Class Medium (DCM).

y
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]

Figure-2. Isometric view of one-half scale RC frame.

Figure-3 shows the detailing of corner beam-
column joint of moment resisting RC frame with closed
spacing of stirrup of 60 mm between them. The main bars
of the column consist of the two inner loops which
designed to increase the area of confined concrete and
reduce the damages of column and beam-column joint
during moderate or severe earthquakes. All the
longitudinal main and shear reinforcement bars were
designed using high yield strength steel with f,=500 MPa.
According to Eurocode 8, the high yield steel can resist
higher lateral load and lateral displacement as compared to
the mild steel. Therefore, it also can avoid the fracture and
bucking of the main bars and stirrups during earthquakes.
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Figure-3. Detailing of a corner beam-column joint.

According to Eurocode 8, the development length
and flexural strength of the corner beam-column joint is
given by the following equation 1 [6]:

dp — 7.5fctm
e y—Rnyd (1+ 0.8vy) (D

Where d,, is the develop length of bar, h. is the
height of cross-section column, f., is the compressive
strength of the concrete, fyq is the yield strength of the
bars, yrp is the partial safety factor and vy is the
normalized axial force ratio on column. As specified in
Eurocode 8, the minimum development length of the
corner beam-column joint is 10d,. The effective joint area,
A; is the area resisting the shear within the joint and is
contributed by the framing members in the considered
direction of loading. The depth of the joint, h; is taken as
equal to the depth of the column, h. and b, is the breadth
of the column. The minimum width of the joint, b; as
specified in Eurocode 8 is b.+0.5h, for the effective area
of the joint.

The horizontal shear reinforcement for the corner
joint as specified in the Eurocode 8 is given in equation 2:

Ajnfyna = YroAs2fya (1 — 0.8v4) )

Where Aj, is the area of shear reinforcement bars,
Ay, is the area of reinforcement at bottom of the beam and

fy4n 18 the yield strength of the column.
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EXPERIMENTAL SET-UP AND TESTING

After the design stage was completed, the
specimen was constructed on the strong floor according to
the dimensions as shown in Figure-1. The moment
resisting frame was constructed on the foundation beam
which bolted to the strong floor so that it would not move
or uplift during testing under quasi-static in-plane lateral
cyclic loading. The construction process included the
preparing reinforcement bars cages together with
formwork, pouring of the ready mixed concrete, curing
process and dismantle of the formworks. Figure-4 shows
the overall view prototype of moment resisting RC frame
which were ready for testing after painting it with white
colour water based.

Figure-4. The specimen was ready for testing.

The prototype of half-scale single-bay two-storey
reinforced concrete frame was tested under in-plane cyclic
loading using control displacement method. A double
actuator with 500 kN capacity load cell was attached to
reaction frame. A total number of nine linear
potentiometers which labelled as LVDT were used to
measure the lateral displacement of specimen and uplift of
the foundation beam during testing. Most of the linear
potentiometers were installed at critical region of RC
frame where the maximum displacement and potential
crack are expected to occur such as at beam- column joint.
Figure 5 shows the locations of all the LVDTs at left hand
side of the RC frame and foundation beam. All the
LVDTs, load cell and strain gauges were connected to the
data logger for recording the lateral movement of the
frame, lateral load and strain in the reinforcement bars.
LVDT1 and LVDT2 were positioned at top of the
specimen and parallel to the load cell which attached to
the reaction frame anchored to the strong floor.
Meanwhile, LVDT3 and LVDT4 were placed at the center
of beam-column joint of the second floor. LVDT5 and
LVDT6 were located at bottom of the column where it is
expected that the occurrence of the plastic hinge zone.
LVDT7 and LVDT9 were positioned vertically on top of
the foundation beam for measuring any uplift and LVDT8
was placed on the left hand side of the foundation beam to
measure it’s sliding during testing. Before start testing the
specimen under in-plane lateral cyclic loading, all the
equipment and instruments such as linear potentiometers,

strain gauges and load cell need to be calibrated in the
laboratory.

REACTION FRAME

RC FRAME

lsTRONG FLOOR |

Figure-5. Locations of LVDTs on the RC frame.

After the calibration process completed, the
specimen was initially tested at +0.01% and +0.1% to
make sure that all the instruments and equipment were
functioned very well and recorded all the measurements in
pulling and pushing directions accurately and correctly.
Next, the specimen was tested again starting from
+0.2%,£0.25%, +0.5%, =+0.75%, =*1.00%, =*1.25%,
+1.50%, £1.75%, +2.00% and +2.25% drift. Two cycles of
loading were tested for each drift in pushing and pulling
forces. Figure-6 shows the loading regime for moment
resisting frame which was comprised of 24 successive
cycles with two cycles for each drift starting from 0.2%
until 3.00%. The double actuator was stopped after testing
each drift for inspection of structural damages such as
hairline cracks, spalling of concrete covers, falling of the
concrete blocks, buckling and fractured of main bars and
shear reinforcement bars. All the hairline cracks and crack
propagations were marked with blue and red markers. The
width and length of the cracks were measured using
Vernier Caliper and cloththreads.

Number of cycles

Figure-6. Loading regime using control displacement
method under target drift.

RESULTS AND DISCUSSIONS
Visual observation on structural damages

Crack pattern is very significant for recognition
response of the structure under various of kinds of loading,
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identification mode of failures and classification of
damages with respect of drift. Visual observation of the
cracks especially at the main structural components such
as columns beams and beam-column joints need to be
captured using camera and recorded the movement of the
specimen using cam-recorder. While testing, several types
of cracks can be observed such as shear crack, hairline
crack, diagonal crack, horizontal crack and vertical crack.
Based on the visual observation on the specimen during
testing, no cracks appear during the first four cycles of
loading under initial drifts of +0.2% and +0.25%. At
+0.75% drift, vertical crack at beam and shear crack at
beam-column joint were started to appear. From the visual
observations, most of the cracks were occurred in
pushing and pulling directions of the tension zones.
Figure-7 shows the cracks patterns on the beams, columns
and corner beam-column joints of single-bay two-storey
RC frame in pushing and pulling directions when
subjected to in-plane lateral cyclic loading. The hairline
cracks marked in blue colours were occurred during
pulling directions and hairline cracks marked in red
colours were occurred during pushing directions. Most of
the vertical cracks were observed in the four beams,
whereas the horizontal cracks were observed in the
columns and the diagonal cracks were observed at the first
and second floors of the corner beam-column joints.
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Figure -7. Hairlines cracks were observed on the columns,
beams and corner beam-column joints.

Figure-8 shows the visual observation of diagonal
cracks pattern specifically occurred at first floor of corner
beam-column joints closed to the LVDT3 at £1.75% drift
and +2.25% drift. At +0.75% drift, vertical crack on beam
and diagonal crack on corner beam-column joint were
observed during testing. It can be observed that as the
number of percentage drift increasing, the size of the
cracks width increases along with the length of the cracks
propagations [7].

Figure-8. The diagonal cracks at corner beam-column
joint at the first floor.

Figure-9 shows the another hairline cracks in
longitudinal direction of the first floor of corner beam-
column joint in pushing and pulling directions starting
from +0.75% drift until +2.25% drift. Most of the diagonal
cracks were concentrated at the corner beam-column joints
where it is the point of transferring the lateral load from
the double actuator from the beam and column to the
beam-column joint where the lateral and vertical load were
met. The diagonal cracks were occurred due to insufficient
of diagonal reinforcement bars provided at this joint.
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Figure-9. Diagonal cracks observed at corner joint.

Figure-10 shows flexural cracks occurred on the
beam during pushing and pulling directions where the
tension zones changing from top of the beam to the bottom
of the beam. Flexural cracks were observed on the
surfaces of beam due to the deformation of RC frame
under in-plane lateral cyclic loading. The beam withstands
tension and compression during testing and causes
opening and closing gaps of the cracks. Meanwhile, the
column also experiences the opening and closing gaps of
the cracks and these cracks can be classified as shear
cracks due to the direction of the load which is in-plane
cyclic loading. A thin width shear crack of 0.7mm was
measured at bottom of the column at +1.75% drift. This is
due to existing of plastic hinge zone (PHZ) at column-

6505



VOL. 12, NO. 22, NOVEMBER 2017

ISSN 1819-6608

©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences @

www.arpnjournals.com

foundation interface causing the opening and closing gap
of shear cracks. Figure-11 shows the horizontal shear
cracks on the column due to the in-plane lateral cyclic
loading imposed to the specimen. This column
experienced tension and compression zones when applied
the lateral force in pushing and pulling directions. The
horizontal shear cracks occurred the shear reinforcements
were insufficient in the column either as spiral or inner
bars. The seismic performance of RC columns could be
significantly improved by continuous spiral reinforcement
as a result of its adequate ductility and energy dissipation
capacity [8].

Figure-11. Horizontal shear cracks on the column.

Figure-12 shows diagonal cracks at top corner of
second floor and spalling of concrete cover at -2.0% drift
occurred at column and floor slab at top of second floor of
RC frame. Diagonal cracks and spalling of concrete
occurred due to insufficient of transverse and longitudinal
reinforcement bars in the column causing the reduction of
confined concrete area to counter higher lateral cyclic
loading than designed. According to research that had
been conducted by Lu er al [9], by adding diagonal
reinforcement bar along the column gives good effect to
the joint and increase the confined concrete area. Based on
the overall visual observation, beam-column joints
suffered severe structural damage at first floor compared
to second floor because second floor level is fix to the
steel plate and rigid due to presence mass concrete block

at top of the second floor. Figure-13 shows the spalling of
concrete at the bottom corner of top beam-column joint
which occurred at +2.0% drift.

Figure-13. Spalling of concrete at bottom corner joint.

Hysteresis Loops

From the data of hysteresis loops, the seismic
performance of structural behavior of single-bay RC frame
can be evaluated in terms of lateral strength, ductility,
stiffness and equivalent viscous damping. Figure-14 shows
the hysteresis loops of LVDT1 starting from +0.01% drift
until £2.25% drift which located at top of the RC frame. It
is situated parallel to the center of load cell of double
actuator which attached to the reaction frame. The
maximum lateral drift is +2.25% which equivalent to
76.92mm and the maximum lateral load was recorded by
load cell is 158.48 kN in pushing direction.

VDT 1

200-
200

D isplacement, mm

=——0.01% =———0.10% = 0.20% =———0.25% =———0.50% ——0.75%
—1.00% =———1.25% = 1.50% =———1.75% = 2.00% —2.25%

Figure-14. Hysteresis loop for LVDT1.
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Figure-15 shows the hysteresis loops for LVDT3
which located at the center of beam-column joint at first
floor of RC moment resisting frame. The maximum
recorded lateral load recorded by load cell is 158.48 kN
and the lateral displacement at this position when applied
+2.25% drift applied is 33.74 mm.

LvDT 3

200

. Load (kN)

80 -60 -40 100
-150
Displacement (mm)
—0.01% =——0.10% ——— 0.20% =———0.25% =———0.50% ——0.75%

—1.00%

1.25% 1.50%

1.75%

2.00% 2.25%

Figure-15. Hysteresis loops for LVDT 3.

Meanwhile, Figure-16 shows the hysteresis loops
for LVDTS which placed at the bottom column at column-
foundation beam interface where the location of plastic
hinge zone (PHZ) is expected to occur. The recorded
lateral displacement at +2.25% drift is 2.72 mm and
maximum lateral load was 158.8 kN. It can be concluded
that the maximum recorded lateral load was 158.48 kN
and the lateral displacement is decreasing as the effective
height of the column is decreasing. The hysteresis loops of
LVDT1 is similar to LVDT2, LVTD3 is similar to LVDT4
and LVDTS5 is similar to LVDT6. The others LVDT7,
LVDTS, LVDT9, LVDT10 and LVDT11 were recorded
very small lateral displacement with respect with lateral
load.

Load (kN)
o
-l

0
Displacement {mm)

= 0.01% ==—==0.10% ===10.20% ====0.25% ==—==0.50% ——0.75%
—1.00% ——1.25% —— 1.50% —— 1.75% —— 2.00% ——2.25%

Figure-16. Hysteresis loops for LVDTS5.

Lateral strength capacity

Figure-17 shows the skeleton of load versus
displacement under in-plane lateral cyclic loading in
pushing and pulling direction starting from +0.01% up to
+2.25% drift. Maximum strength was attained at #2.25%
drift in pushing direction. The specimen behaves in
elastic behavior starting from +£0.01% drift until £0.75%

drift and started to yield before completely fail at £2.25%
drift. The specimen continued to resist higher load and
survive till +2.25% drift until there is no strength left in
the structure. The yield lateral displacement (A,) in
pushing direction was occurred at +0.75% drift with the
recorded lateral displacement (A,= 22.04mm), the yield
lateral load is Fy= 106.05 kN and the yield lateral load in
pulling direction is F,= -99.7 kN. The ultimate lateral
displacement is Ay= 76.92 mm and ultimate lateral load is
F.=158.48kN in pushing direction and in pulling direction
is Fy= -126.09 kN which occurred at +£2.25% drift. All
these parameters will be used for calculating the elastic
stiffness, secant stiffness, effective stiffness and
displacement ductility which will be discussed in the
following section.

1st cycle
200

158.48kN

Seriesl

——Uitimate
20 a0 (i) a0 —Wield

Py

=150+
Displacement {mm})

Figure-17. Lateral strength capacity of the specimen.

Stiffness RC frame

Stiffness of structure can be defined as the ratio
of the applied lateral load divided by the yield lateral
displacement. There are three types of stiffness when a
structure subjected to lateral load such as elastic stiffness
(K,), secant stiffness (Ky.) and effective stiffness (K).
The elastic stiffness (K.) of structures indicates that the
initial stiffness which occurs in the elastic limit and the
secant stiffness (Ksec) happens within the elastic regions
[10]. The design seismic base shear (V4) of the structures
can be determined by multiplying the effective stiffness
(Ke) with the target lateral displacement (A4). The equation
for elastic stiffness is defined in equation 3, secant
stiffness in equation 4, effective stiffness in equation 5 and
seismic base shear capacity is calculated using equation 6,
respectively [10];

K, = E (3)
_ Fult_Fy

Ksec - Auie—-dy (4)
_ Fyi

Vd = KeffAd (6)

From the experimental result, stiffness of
specimen for four initial drifts decreased in pushing

6507



VOL. 12, NO. 22, NOVEMBER 2017

ARPN Journal of Engineering and Applied Sciences

©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

ISSN 1819-6608

www.arpnjournals.com

direction however in pulling direction the stiffness only
start decrease at +0.5% drift. According to Hamid and
Mohamed [11] as the target drift increase, the stiffness of
the specimen should decrease. Stiffness also related to the
lateral strength of the structure which is the stiffness will
decrease when the structure losses its strength. Table-1
shows the calculated results for all the three stiffness
parameters (K., K. and K.) for the single bay RC frame
in pulling and pushing directions for the 1% and 2" cycles

for the hysteresis loops which recorded by LVDT1. It can
be concluded that the value of K. lies between K. and
K. The average design seismic base shear capacity for
this moment resisting frame is 157.75 kN which will used
as the basis for the static push-over analysis. The effective
dampings of the structures are designed based on the base
shear capacity and location of the structures at the hazard
map of the selected place.

Table-1. Three types of stiffness for RC frame.

Stiffness Pushing direction Pulling direction
(kN/mm) | 1t cycle | 2™ cycle 1" cycle 2" cycle
Ketastic 4.81 3.83 3.63 4.04
Ksecant 0.96 1.14 0.76 0.94
Kest 2.06 1.90 2.03 1.95
V,, (KN) 164 kN 151 kN 161 kN 155 kN
Ductility RC frame = (7
Ductility is the ability of a material to undergo Ay

permanent deformation through elongation or bending at
room temperature without fracturing [12]. Ductility can be
calculated based on the plotted graph such as strain
ductility (u,) for stress-strain relationship, displacement
ductility (u,) for load-displacement relationship, rotation
ductility (u,) and others. For the purpose of this study, the
displacement ductility (u,) is calculated based on the load
versus displacement graph as recorded by LVDTI. The
displacement ductility can be determined by finding the
ratio of the ultimate displacement (Ay,) over the yield
displacement (A,). The ductility of the structure is very
important to determine in order to expect the survivality of
any particular buildings or infrastructures under moderate
or strong earthquake excitations. The equation of
displacement ductility (u,) can be calculated using
equation 7 as given below:

Table-2 tabulated the values of displacement
ductility in pushing and pulling directions for the 1% and
2" cycle of hysteresis loops. Based on the current seismic
code of practice such as Eurocode 8, the value of
displacement ductility should be ranging between 3 < p <
6 to achieve the Ductility Class Medium (DCM).
Maximum lateral displacement can be obtained from
LVDT1 and divided by the yield displacement for
calculating displacement ductility. The maximum value of
ductility of this specimen is 3.54 in pushing direction and
3.51 in pulling direction at +2.25% drift. In seismic
design, close spaced of stirrup or shear reinforcement
spacing to provide good confinement of concrete and large
amount of longitudinal bar is essential in order to have
higher ductility [13, 14, 15, 16].

Table-2. Displacement ductility for the specimen.

Displacement Pushing direction Pulling direction
ductility 1"cycle | 2™cycle | 1%cycle | 2™ cycle
Ay (mm) 76.92 77.28 -62.18 -62.04
Ay (mm) 21.75 22.04 -27.46 -20.24

[T 3.54 3.51 2.26 3.07

Equivalent viscous damping

Equivalent viscous damping [EVD] is defined as
the ability of structure to dissipate energy during
earthquake and reduce the structural damages by adding
either active or passive damper to the structures [17].
From the hysteresis loops which obtained from
experimental work, the amount of energy dissipated in one
cycle of deformation can be calculated by the area of one
loop (Ep) and elastic strain energy (Ego) is determined by

the area under the triangle at maximum lateral load and
displacement. The equation for the equivalent viscous
damping is derived based on Chopra [18]:

__Ep
" 4mEs,

Ceq ®)

Figure-18 shows equivalent viscous damping was
calculated for every drift using acquired dissipated energy
and strain energy for first cycle and second cycle. Based
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on the result, the value of equivalent viscous damping for
first cycle is higher compared to the second cycle. This is
due to the fact that more energy is required to resist lateral
force with stiffness elastic of Kgjaic = 4.81 kKN/mm in first
cycle as compared to Kqj,sic=3.83 kN/mm in second cycle.
Furthermore, the first cycle represents the initial strike of
the earthquake which usually required more energy as
compared to aftershock of the earthquake vibration which
represents by second cycle.It can be concluded that the
overall seismic performance of the structures depends on
the demand capacity which come from the earthquake
excitations at particular seismic hazard map and the
capacity curve of the structures which depends on ductility
classification. According to Eurocode 8, there are three
class of ductility mainly DCL (Ductility Class Low), DCM
(Ductility Class Medium) and DCH (Ductility Class
High). These ductility classes will determine the level of
capacity curve for each structure [19].

mEquivalent Viscous Damping Vs Drift

=]

=

Equivalent Viscous Darnping (%)

0 05 1 15 2 25

—t— 1ct BT (B8— and yrle

Figure-18. Equivalent viscous damping for first and
second cycle of each drift of the hysteresis loops.

CONCLUSIONS AND RECOMMENDATIONS

Based on the visual observation, experimental
result and data interpretation, the conclusion can be drawn
as follows:

a) Based on the visual observation on single bay RC
frame, there are three types of cracks which are
diagonal cracks occurred at beam-column joints,
flexural cracks observed on surface of beams and
shear cracks detected on columns.

b) The ultimate lateral strength and lateral displacement
recorded at LVDT1 are 158.8kN and 76.92 mm,
respectively which reached at +2.25% drift in pushing
direction.

¢) The value of elastic stiffness is 4.81 kN/mm, secant
stiffness is 0.96 and effective stiffness is 2.06 for the
first cycle in pushing direction.

d) Displacement ductility of RC moment resisting frame
is 3.54 in pushing direction for Ist cycle which lies

within the minimum range of ductility (3<u<6) for a
structure to survive under moderate to severe
earthquake while the value of ductility in pulling
direction is 3.51.

e) The highest value of equivalent viscous damping is
7.67% from first cycle at 0.5% drift and 4.36% from
second cycle at 0.1% drift.

f) 6.The moment resisting of RC frame which designed
according to Eurocode 8 under DCM (Ductility Class
Medium) be able to resist the earthquake excitation
with PGA=0.3g and satisfied the seismic performance
parameters such as stiffness, ductility and equivalent
viscous damping.

g) It is recommended that the damaged of moment
resisting RC frame to be repaired and retrofitted using
CFREP, steel plate, steel angle and enlargement of the
damage columns.
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