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Abstract
To investigate the seismic performance of reinforced concrete (RC) double-column rectangular
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hollow piers, a horizontal cyclic quasi-static test under constant axial compression (with an axial
compression ratio of 0.12) was conducted on a typical scaled specimen of a double-column rectan-
gular hollow pier in this paper. The failure process, hysteretic characteristics, stiffness degradation,
and energy dissipation capacity were analyzed. The results show that the specimen exhibits a typi-
cal “double plastic hinge flexural failure at the pier top and bottom”, accompanied by a significant
flexure-shear coupling effect. After yielding, cracks at the pier ends become dense, the hysteretic
loops show obvious “pinching”, and the stiffness degrades rapidly. When loaded to the ultimate dis-
placement (67.5 mm), the concrete in the plastic hinge region spalls severely, shear cracks appear
at the end of the loading beam, and the bearing capacity drops below 85% of its peak value. For this
type of component under large deformations, attention should be paid to the limited energy dissi-
pation caused by local damage. In seismic design, emphasis should be placed on the transverse con-
finement of thin-walled sections and the strength matching of the pier-beam-abutment system.
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Table 1. Similitude relationships of the quasi-static test model
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Figure 1. Geometry dimensions of specimens
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Figure 2. Reinforcement plan of 1/2 single pier
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Figure 3. Reinforcement plan of 1/2 single pier with 6 mm and 8 mm rebars
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Figure 4. Stirrup reinforcement plan of single pier
B &7 T &

4. BIFIEER

900 100 150

100

200

B Z4mm. 6mm. SmmBY4N 57

4 A 18] BB
33mm

4 #5181 BB
33mm

i A% 19 B
33mm

1 A5 8] BB
33mm
1 A5 8 B2
33mm

N5

N5

N7

N6

Figure 5. Reinforcement spacing details of a single pier in the transverse direction
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Table 2. Reinforcement quantities for a single pier column
=2 BABMREAER

EAE R LAl FELA%2(mm) AR (mm) HRE ()

N1 1450 mm 4 1450 48

N2 1450 mm 4 1450 8

N3 1450 mm 4 1450 36

N4 1450 mm 4 1450 16

N5 372.5 x 20 mm 2 795 84 (=21
N6 20 x 53 mm 2 176 252 (K2 6 1)
N7 20 x 105 mm 2 280 126 (523 1)
N8 52.5 x 20 mm 2 175 588 (£1)2 14 1Y)
N9 37.8 x 20 mm 2 145.6 168 ()= 4 1)
N10 1450 mm 6 1450 6

N11 1450 mm 8 1450 4
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Table 3. Mechanical properties of concrete
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Table 4. Mechanical properties of steel bars
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Figure 6. Layout of displacement transducers
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Figure 7. Front and side failure conditions of pier column at 67.5 mm displacement
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Figure 8. Hysteresis curves and skeleton curves of specimen
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Figure 9. Schematic diagram for determining yield displacement
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Table 5. Ductility coefficient table of specimen

5. WM RYE

VIR R v s e L ST
A, /mm P,/kN A,/mm P,/kN A, /mm P, /kN
E 20.45 175.8 64.26 177.7 37.61 209.1 3.14
NG G| 18.58 174.5 56.79 175 29.48 205.9 3.06
B8 19.515 175.15 60.525 176.35 33.545 207.5 3.1

BHETTH, WFRIE. A BEE REIE AN 3.10, EIREEWERSHBRENIHEALE., X5
RO N RE S ZE LW, B B RIE VIS, 5 Priestley Z2[3]HIWF 74516 4H
W&

4.3. FEREBEN DR
BRRFERE B NS BE ERERRE vt T e AR AR . &l 10 TR

n
(=)
T

S
(]
T

—=—RC-1

w
(=]
T

[
(=]
T

—
=]
T

(=]
T

0 10 20 30 40 S0 60 70
Displacement (mm)

Accumulated energy dissipation (kN-m)

Figure 10. Energy dissipation capacity curves of the specimens
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Table 6. Comparison of seismic performance between the specimens in this study and hollow piers reported in the literature
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