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Seismic Performance of large-scale
reinforced concrete columns with
different shear-span ratios

JIA LEI'! XIE YONG-PINGY* LI YUuAN! BAI
WEN-TING!

Abstract. In order to study the seismic performance of large-scale reinforced concrete
columns, two large size specimens are designed, including bending failure specimens and shear
bond failure specimens. Utilizing 40000kN loading system, these reinforced concrete columns were
test under low cycle reversed loading. Their seismic behavior is achieved, including the failure
characteristic, hysteretic behavior, deformation and energy dissipation. The results show that the
specimen WF-4-7-0.4 occur bending failure, and has stronger energy dissipation capacity and the
deformation ability. The deformation of plastic hinge region is about 90% of the total deformation.
However, specimen JF-2-7-0.4 occur shear bond failure, the hysteresis curves are narrow, and there
is low energy dissipation capacity and ductility.
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failure, shear bond failure.

1. Introduction

With the rapid development of the city, More and more high-rise buildings are
built, and reinforced concrete columns are becoming larger and larger. Previously,
in order to obtain the seismic performance of reinforced concrete column, many
small scale specimens were tested due to the limitation of test conditions [1,2,3,4],
therefore, very few large scale specimens, especially the high axial pressure ratio,
are tested. HE et al [5] carried out 2 groups of specimens in order to study the
effects of clip steel bar on failure modes of reinforced concrete columns, the cross-
section size was 700mm, but axial compression ratio was only 0.05. Some reinforced
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concrete columns with high axial compression ratio, which cross-section size were
510mmx510mm and 450mmx650mm were tested by XIAO [6] and LV [7], respec-
tively, but the object of study was high strength concrete. However, some large-scale
columns subjected to axial compression were already tested, for example, SONG et
al [8] carried out 2 groups of specimens, the largest cross-section size was 800mm, the
experiment concluded that the axial compression behavior of large scale specimens
are different from small-scale specimens. In addition, lots of experimental results
[9,10,11,12,13,14] have shown that the compressive strength decreases as the section
size increases. However, SHAMIM and MURAT [15] tested on short columns found
that the ductility of the post peak decreases with the increasing specimen size.

Therefore, so far, the seismic performance of large scale columns under high
axial compression ratio remains unclear. In this research, In order to understand
the seismic behavior of specimens under different failure modes, such as bending
failure and shear failure, experiment was carried out through 2 specimens under low
cycle reversed loading. The specimens were designed with different shear-span ratio
and volumetric ratio of transverse reinforced. Their seismic behavior, including the
failure characteristic, hysteretic behavior, deformation and energy dissipation, were
studied.

2. Experimental design
2.1. Specimens and mechanical properties of materials

The size of cross-section of 2 specimens was designed with 700mmx700mm. The
volumetric ratio of transverse reinforced p, was 1.89% and 0.338% respectively, shear
span ratio A was 4.39 and 2.39 respectively. Experimental axial compression ratio
n was 0.4. The grade of concrete was C30. The grade of longitudinal steel bar was
HRB400, its yield strength was 422 MPa. The grade of transverse reinforced was
HPB300, its yield strength was 327 MPa. Details of specimens are listed in Table 1.
Section size and steel bar of specimens are shown in Fig.1.

Table 1. Details of specimens

Number | b X h H Fep ¢ /mm X n N/kN transve- | longitud] po %
mm?2 /mm /MPa rse inal
rein- steel
forced bar
WF-4- 700 X 2548 30 35 4.39 0.4 5880 4 ¢ 14 12 @ 1.89
7-0.4 700 250 @ 100 28
JF-2- 700 X 1274 + 30 35 2.39 0.4 5880 2 ¢ 14 12 P 0.338
7-0.4 700 250 @ 280 28

Notes: b and h are the width and height of cross-section; The letter F' is low cycle
reversed loading; N is axial loading; f,, is the compressive strength of concrete cubic
(150 mm x 150 mm x 150 mm); actual shear span ratio A = H/hg, H is the height
of specimen, the value in front of the plus is the height of the column, the value
behind the plus is the height of the joint(fig.2). ¢ is the thickness of concrete cover.
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(a)First group (b)Second group

Fig. 1. Section size and steel bar of specimens

2.2. Test method and test content

2.2.1. Setup of experiment
The 40000 kN multiple function electro hydraulic servo test machine (see Fig. 2)

was used to apply monotonic horizontal loading and low cycle reversed loading. The
axial loading was applied to the top of the joint, which was connected to the steel
beam, and the lower part was connected to the specimen to ensure that the specimen
only rotation without horizontal displacement at the top. The height of joint was
250mm. The base and the equipment scooter were connected to the horizontal
motion.

Before the yield status of specimen was reached, the force control method was
applied in the loading process. Then, after the yield status of specimen, the dis-
placement control method was applied until the specimen failed.

¢ Axial loading

loint

Specimen

Scooter

Fig. 2. Test set-up Fig. 3. Installation position of
dial indicators

2.2.2. Deformation measure
The specimens were instrumented with linear variable differential transformers
(LVDT) to measure horizontal deformations, as shown in Fig. 3, The scale range
of LVDT was 300 mm. In order to ensure that the measured displacement was the
horizontal deformation, the bar that connect LVDT was fixed with the base, the
load-displacement curves of specimen were obtained. In addition, 10 dial indicators
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were installed at the bottom of the column to measure bending deformation, shear
deformation and bonding slip deformation of the plastic hinge region, as shown in
Fig.3.

3. Test results and analysis of the first group specimens
3.1. Failure modes

When the horizontal load is applied to 2 times yield displacement, the compressive
zone of specimen WF-4-7-0.4 has a long vertical crack, which is about 400mm in
length. When the horizontal load is applied to 3 times yield displacement, there are
no new level cracks, 6~7 horizontal cracks were found within the range of 1.5h highly,
however, there are more and more vertical cracks in the compression zone. Then the
horizontal cracks of above 0.5 h are developed along the horizontal direction, and
then it goes down the slope, the angle is about 45°. When 5 times yield displacement
is applied on the specimens, the concrete protection layer in the pressure area of
specimen is falling down, and the longitudinal bars are bent by compression. So
the specimens occur bend failure, the features of final failure pattern are shown in
Fig.4(a).

When the load is 750kN, a vertical crack is found in the middle of specimen
JF-2-7-0.4, and extends down from the top of specimen When the horizontal load is
applied to -900kN, two horizontal cracks appear in the left of specimen, which the
distance to the base of specimen are 100mm and 200mm, respectively. At 900kN,
a horizontal crack in the right root was about 110mm. when the horizontal dis-
placement applied to 4 mm (A=4mm), there is no new crack appeared, but the
horizontal crack widening and extends along the horizontal direction, and vertical
cracks continue to down, two horizontal cracks of about 200mm appear in the right
of specimen, which the distance to the base of specimen are 180mm and 350mm, re-
spectively. When the horizontal displacement applied to 6 mm (A=6mm), a 200mm
vertical crack appear in the left of specimen, and many of the diagonal cracks appear
next to the initial vertical cracks. When the horizontal displacement is applied to
10mm, the vertical cracks are widened, and there are more diagonal cracks in the
area around it, and the concrete is falling off. When the horizontal displacement is
applied to 14mm, large area concrete quickly falls off, the specimen failure, as shown
in Fig.4(b).

3.2. Load-displacement curve of specimens

The load-displacement curves of specimens are shown in Fig.5. It can be seen
from the curve, the hysteresis curves of the specimen WF-4-7-0.4 is full, however,
the hysteresis curve of the specimen JF-2-7-0.4 is narrow, after the peak load, the
bearing capacity of the specimen fall fast and the deformation is smaller, so it has a
poor ductility.

Due to the axial compression of specimens is larger, there is no obvious crack
point on the skeleton curve, so the yield point, peak load point and limit displacement
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(a) WF-4-7-0.4

Fig. 4. Final failure states of specimens
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Fig. 5. Load-displacement curves of specimens

can be considered the characteristic point of the skeleton curve. Table 2 lists the
test results.

Table 2. Test results of specimens

Loading Yield point Peak load point Limit displacement
Number direction P,/kN Ay/mm P,,/kN Am/mm P, /kN Au/mm ductility
positive 702 17.3 823.8 26.4 700.2 58
WF-4-7-0.4 | negative 658.4 17 780.2 28 663.1 64.8 3.58
positive 1220 6.97 1425.3 11.78 - -
JF-2-7-0.4 | negative 1201.9 5.17 1417.2 8.51 - - 1.67

3.3. The deformation composition of the WF-4-7-0.4

Fig.6 illustrates that the total deformation consists of bending deformation (Ay),
shear deformation (A;) and bonding slip deformation (Ag;p). The deformation of
the yield point, peak load point and limit displacement point is calculated according
to the test value in Fig.3 and the following formula, and the results are shown in
table 3.

r = (H = 0.50)(d1 — 32)/h, (1)
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Fig. 6. The three main deformation components
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Where [ is the height of dial indicators in the plastic hinge region. A} is the
deformation of plastic hinge region [. A’/ is the bending deformation of H-I range
caused by fracture and elastic deformation. A is the level displacement specimens.
01 ~ &7 is the elongation or compression value of dial indicators.

In table 3, Ay is the total bending deformation of specimens, namely Ay =
A’f + A;ﬁ. A’ is the plastic hinge region deformation caused by bending, shear and
slip deformation, namely A’ = A} + Ag + Agip. It is can be seen form the table 3,
the deformation Af’ is about 70%~80% of the plastic hinge region deformation A’,
and is about 60%~70% of the total deformation A. The total bending deformation
Ay is about 70%~80% of the total deformation A. The plastic hinge region defor-
mation A} is about 90% of the total deformation A, and the value increases as the
displacement increases.

Table 3. Test results of deformation

) A7 /mm A./mm Aip /mm A7 /mm VYIS As/A AJA
Loading (A}/AN)/%) | (As/AN)/%) | ((Astip/A)/%)] (AF/A)/%) | (%) (%) (%)

positive 21.45(84.7) L.71(6.8) 2.17(8.6) 1.08(4.1) 81.2 85.3 95.9
Yield point negative 22.69(34.5) 1.72(6.4) 2.43(9.1) T14(4.1) 811 85.2 95.9
positive 47.47(85.7) 3.58(6.5) 4.35(7.9) 2.59(4.5) 819 86.3 95.5
Peak load point | negative 53.22(35.9) 4.50(7.3) 4.20(6.8) 2.88(4.4) 821 86.6 95.6
positive 11.23(84.0) 1.05(7.9) 1.09(8.2) 0.65(4.6) 0.1 84.7 95.4
Limit displacement | negative 12.25(81.5) T.11(7.7) 1.14(7.9) 0.57(3.8) 813 85.1 96.2
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3.4. Energy dissipation capacity

The relationship between the Equivalent viscous damping coefficient h. and the
Angle 6 at the top of the column is shown in Fig.7. It can be seen from the figure
7, the early loading, equivalent viscous damping coefficient of the two specimens is
approximation equal, but specimens WF-4-7-0.4 have larger the deformation, thus
which have a good energy dissipation capacity, and the viscous damping coefficient
increases with the increase of angle, however, the energy dissipation capacity of
specimen JF-2-7-0.4 is very poor.

05
0.4 F —— WF-4-7-0.4
<S03 T e JF-2-7-0.4
02 f .
01
0 :
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Fig. 7. Equivalent viscous damping coefficient

4. Conclusions

Specimen WF-4-7-0.4 occurs bending failure, and the hysteresis curve is full,
the specimen has stronger energy dissipation ability and displacement ability, and
the displacement ductility coefficient is greater than 3. The displacement of WF-
4-7-0.4 is mainly composed of bending deformation, shear deformation and sliding
deformation of plastic hinge region, which is about 90% of the total deformation. The
bending deformation is about 70%~80% of the total deformation. The specimens
JF-2-7-0.4 occur shear bond failure, Its failure characteristics are that there are some
vertical bond cracks in the intermediate longitudinal steel bar position of specimen,
and the diagonal cracks development faster with the increase of the horizontal load,
the diagonal cracks and vertical cracks intersect, so that the concrete falls off rapidly
and the bearing capacity decreases sharply, and the specimen JF-2-7-0.4 has lower
energy dissipation ability and displacement ability
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