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Seismic Performance of Hollow Rectangular Precast Segmental Piers
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ABSTRACT Precast reinforced concrete bridge columns with hollow rectangular section were tested under cyclic lateral load
with constant axial force to investigate its seismic performance. After all the precast column segments were erected, longitudinal
reinforcement was inserted in the sheath prefabricated in the segments, which were then mortar grouted. Main variables of the test
series were column aspect ratio, longitudinal reinforcement ratio, amount of lateral reinforcement, and location of segment joints.
The aspect ratios were 4.5 and 2.5, and the longitudinal steel ratios were 1.15% and 3.07%. The amount of lateral reinforcement
were 95%, 55%, 50%, and 27% of the minimum amount for full ductility design requirements in the Korean Bridge Design Code.
The locations of segment joints in plastic hinge region were 0.5 and 1.0 times of the section depth from the bottom column end.
The test results of cracking and failure mode, axial-flexural strength, lateral load-displacement relationship, and displacement duc-
tility are presented. Then, safety of the ductility demand based seismic design in the Korean Bridge Design Code is discussed. The
column specimens showed larger ductility than expected, because buckling of longitudinal reinforcing bar was prevented due to
confinement developed not only by transverse steel but also by sheath and infilling mortar.
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Fig. 1 Proposed PRC system' & construction procedure

Fig. 2 Confinement of longitudinal steel
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Table 1 Experimental variables

Locations of Long.
Transverse steel
load, first bottom steel
Column) - joint within Vertical Section & steel Bars
column, and
D SPACE | distribution | 4, (o)
other joints  (4,,/A rp)
h_
P3 = 60 mm
‘ T (0.99)
P4 <~ i 120 mm
L[ 1= (0.50)
P7 h 60 mm |2D13+12D10
T (0.99) |for each wall| 54 16
pg 2, | 120mm 4766 mm’
= (0.50) (0.0115)
60 mm
P
? . (0.55)
.
- 120 mm
P10 o
N (0.27) | 2D13+4D10
s for each wall
P11
4-D29 &
20-D2
= 60 mm 1027005
P12 JH (0.99) i
o 19 2D13+12D10 | ¢ 0307)
for each wall

Fig. 3 Cross section of column (cross ties are not shown)
(unit: mm)
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Table 2 Material strength and axial force ratio

Jew MPa) | £, (MPa) | £, (MPa) | P (kN)| P, (kN)

Col.| concrete mortar | bar yield | axial | axial P({P”
strength | strength | strength | load |strength ()

P3 58.9 67.5 390 1,650 | 22,350 | 7.4
P4 40.1 73.9 390 1,650 | 15,810 | 10.4
P7 45.1 59.3 390 1,633 | 17,550 | 9.3
P8 45.1 64.9 390 1,633 | 17,550 | 9.3
P9 40.1 54.1 390 1,650 | 15,810 [10.4
P10| 40.1 54.1 390 1,650 | 15,810 |10.4
P11 49.5 55.9 357 1,650 | 21,420 | 7.7
P12| 495 54.1 357 1,633 | 21,420 | 7.6

Table 3 Mechanical properties of reinforcement

Type of . Tk i &,
reinforcement Bar size (MPa) (MPa) (ue)
o D16 300 390 1950
Longitudinal 7= 300 357 1785

steel bar

D29 300 348 1740
Hoop tie D13 300 343 1715
Cross-tie D10 400 417 2085
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Fig. 4 Definition of variables for hollow section



Table 4 Comparison of the lateral reinforcement ratio

Table 5 Cracks and failure of column specimens

a | Ag.rp Ag, Ay, Col. Front view Side view
ID . "2 2
(min) | (mm”) (mm”) A rp
P3,P7,P11,P12 | 60 1116 (1109 (2D13+12D10)| 0.99
P4, P8 120 | 2232 |1109 (2D13+12D10)| 0.50
P9 60 1116 | 610 (2D13+5D10) | 0.55 P3
P10 120 | 2232 | 610 (2D13+5D10) | 0.27
P10
Fig. 5 Lateral reinforcement assemblies
P11
P12

Fig. 6 Test set up
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Table 6 Variables of specimens tested by Sun™

Variables C-LOT50 L0T9S120
by (mm) x d,,,(mm) 600x500 1100x650
b;,(mm) x d,,(mm) 480x200 800x350
Loading height, L(mm) 2000 2600
Aspect ratio, L/d,,, 4.0 4.0
Void ratio, d;,/d,,, 0.40 0.54
fou (MPa) 24 24
J» fon (MPa) 300 380
Main reinforcement ratio (%) 1.4 1.3
Axial force ratio (%) 0 10
a (mm) 90 120
Ay, /(ah,) 0.0046 0.0052
A/ Agrp (%) 50 50

Fig. 7 Failure of cast-in-place columns tested by Sun'®
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Fig. 8 Cyclic lateral force-displacement relationship of specimens
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Fig. 9 Measured strain of longitudinal reinforcement

Fig. 10 Measured strain variation of reinforcement

Ao o] AJAE Aety At

Fig. 102 P10 A &A1 9] DA FG A 2] naF

HYE Wels, ST F2o] g5 AFS
7

>

44 Y HIYO| ME s5-Hel ZESNM

Fig. 89] 3519 o834 A8 A3} FollA,
A7 1.15%0H g0 545 AdA s 2
e FH3 Fig. 1134 1201 YEFT Fig. 1190 YEh
o ule} 7ol FAgH|7F 4591 P3, P4, P9, P10 AIA =
oo =gd wj7px] xzehatdo] Aol FUS A4S
Ehdim, e AAIZIE 877l 0.27~0.9981 5 vl
sto] ey Aawkdd & Aol7t AdgolE Bt =
ghagle] A7)E IA AolE HolR] ¢ AxE YERtL

Pzt 2,590 P73} P8 AT ek A2eo] ¢
AR AANE 7% 0.5819F 0.9981 = 28 €] x}o)
7} dgoll e EFaka, Fig. 120 Yehd vl 7ho] e
el @Al mig- frAksHAl vERRT

dntq oz I HFHZ S FHIY =

o
=
Su W 2AEE P B3R W 9L 3

ks

b e

| ele.)

T

Fig. 11 Envelope curves of flexural test specimens

Fig. 12 Envelope curves of flexural-shear specimens
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Table 7 Flexural strength

Ptest A/[test Mn,calr, test
Column | 1) (kNm) | Nm) | ¥~
P3 1650 1678 1331 126
P4 1650 1667 1288 1.29
P7 1633 1659 1298 128
P8 1633 1667 1298 1.28
P9 1650 1652 1288 128
P10 1650 1599 1288 1.24
P11 1650 3005 2324 129
P12 1633 2906 2319 125
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Table 8 Ultimate displacement and ductility

A, a A A
Col. Lih sh Y v ”
Pt Ash,FD (mm) | (mm) | (mm) Hptest

P3 | 0.0115| 45 | 0.99 60 28.5 172 6.0
P4 [ 0.0115| 45 | 0.50 120 | 24.0 | 211 8.8
P7 | 0.0115| 2.5 | 0.99 60 16.0 113 7.0
P8 | 0.0115| 2.5 | 0.50 120 | 16.0 92 5.8
P9 | 0.0115| 45 | 0.55 60 23.5 | 227 9.7
P10|0.0115| 45 | 0.27 120 | 23.5 | 207 8.8
P11 {0.0307| 4.5 | 0.99 60 48.0 | 304 6.3
P12 (0.0307| 2.5 | 0.99 60 27.0 177 6.5
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Table 9 Displacement ductility by test and equation

column | p, Lih Ay Haest | Hoieg Harest
Ash, FD Hiheq

P3 0.0115 | 4.5 0.99 6.0 4.0 1.50
P4 0.0115 | 4.5 0.50 8.8 2.9 3.03
P7 0.0115 | 2.5 0.99 7.0 5.2 1.35
P8 0.0115 | 2.5 0.50 5.8 3.1 1.87
P9 0.0115 | 4.5 0.55 9.7 2.8 3.46
P10 | 0.0115 | 4.5 0.27 8.8 1.9 4.63
P11 0.0307 | 4.5 0.99 6.3 4.5 1.40
P12 | 0.0307 | 2.5 0.99 6.5 5.1 1.27
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Fig. 13 Safety factor of displacement ductility
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