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Experimental Test for Seismic Performance of PCS Structural System

Soon-Kyu Park”*

and In-Seok Yeo”
YDept. of Architectural Engineering, Ulsan University, Ulsan 680-749, Korea

ABSTRACT The PCS system, which consists of precast concrete column and steel beam, is a kind of composite structural sys-
tems. In this paper, experimental study has been conducted to analyze seismic performance of bolted beam-to-column connections
for the PCS system. Based on experimental results from the seismic testing of eight interior PCS specimens, it shows that behavior
of PCS system is satisfactory to seismic performance criteria of ACI such as strength deterioration, stiffness degradation and energy
dissipation capacity except initial stiffness. All of the specimens maintain their strength at large levels of story drift without sig-
nificant loss of stiffness and show high ductility level for inelastic behavior. The energy dissipation capacity is two times greater
than requirement of ACI criterion. But the initial stiffness of all specimens does not satisfy ACI criterion, and this phenomenon
is similar to the other composite structural systems such as RCS, CFT system.

Keywords : PCS, scismic performance, bolted beam-to-column connection, composite structure
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Fig. 1 Building structure used PCS systems
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Column Connection Flange

Precast Concrete column

Connection Boit

Scallop Steel Beam

Endplate

High Tension Tie Bar

@32 High Tension Tie bar
M24 Connection Bolt

Endplate (40X300X30)

Trans. Reinf.: DI3@100

(b) Details of the joint

@32 High tension tie coupler ¢
(Semalloy®460)
8-HD32
HD13€100

$35 Horizontal Sleeve

050 Sheath (Inserted 932 high tension tie bar)
@43 Steel Pipe {Inscrted ©32 high tension tie bar)

(c) Reinforcement of column

3500 X
T 50 1,240 " 1,240 810 |
I ] l | l

HD10@170
HD10@1%0

/ Concrete Slab

concrete slab

(d) Reinforcemen

Fig. 2 Composition of the specimen
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Table 1 Detail of specimens

Specimen Column type Scallop size (mm) Composite slab Note
3VP2-NS-SL2 No None Column (C300)
3VP2-58-SL2 Void & steel pipe 50 None size : 400 mm x 400 mm
3SC2-NS-SL2 No None H-400 x 200 x 8 x 13
3SC2-55-SL2 Solid & coupler 50 None
35C235-513 30 Semi (53%) Slab (C240)
3SS2-NS-SL2 . . No None Connection bolt
3552-55-SL3 Solid & sheath pipe 30 Semi (33%) Prestress : 193 kN

Table 2 Properties of material used (unit: MPa)
Steel bar Beam Connection bolt | H. tension bar Concrete
Measured
HD10 HD13 HD32 Flange Web  |End plate M24 #32 C300 C240
Fy 449.2 531.6 436.4 3379 3729 306.6 1,001.4 978.1 34.6 16.1
F, 643.2 647.5 638.7 471.1 482.7 455.5 1,096.9 1,077.7 (Comp.) | (Comp.)
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stud connecter failure

spalling

400 Ve
buckling

scaling

300 crack
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Beam Shear (kN)

Emicrocrack »— --3852-55-8L.3
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(c) 3VP2-NS- sL2 (b) 38S2-58-SL3 0 - - . .
failure of column edge slab commissure failure Drift (%)
Fig. 4 Typical failure pattern Fig. 5 Observation
Table 3 Experimental results
Failure | Composite . Drift (%) o
mode | slab Specimen  [G5oT67e 110 [ 14 [175] 2.2 [2.75] 35 [4.25] 50 | 60 | 70 Characteristic
svpess-sL2 | < * g :
No column damage
35C2-58-5L2 |5 < - :’
None
Beam 35C2-NS-SL2 D <& e -
faflure @ .
& S a A little column damage
3582-N3-SL2 o ®
. 0 " e Stud conmnecter failure
Q) o -
Semi(33%) | 3552-55-5L3 Al & CA ® (arift 5.0%)
Nome | 3VP2-NS-SL2 < Oel & B W& | Critical column damage
Column 3502-38-s1.3 |H i nd + ]
1Al | gomi(s5%) 2 A
? IVP2-38-SL3 <> O BEe e n Used polyurethane foam
A . O Ny _slab damage
PC column central part [ tnicrocrack # bending crack B spalling M failure
PC column edge <> microcrack % vertical crack 4 spalling @ failure
Scallop part of steel beam O scaling of fire protection @ local buckling
Slab-column commissture part A microcrack 4 crack A failize

316 | =232 |E8tE =8

& M193 M35 (2007)



Beam Shear (kN}

Beam Shear (kN)
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(b) 35C2-NS-SL2

Drift (%)
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(c) 38S2-NS-SL2

Beam failure mode specimens
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s

Drift (%}

Drift (%)

(f) 3VP2-5S8-SL2 (g) 35C2-5S-SL2

Fig. 6 Load-drift response
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Table 4 Calculated strengths (unit : kN)
Steel beam Precast concrete column zir:lzl IEndplate Con:)l(e):lctnon
Beam shear RBS g?ﬁ;ﬂg RBS (5 om) 5;?; = tlesgzii v=2A4) .
RBS — - - - Shear Bendign| Tension
(0 cm) w1st11;lojut \;:E w;‘c}t;gut \;\;ﬁ: Bending| Shear [Bending] Shear | Shear
Nominal Pyn | 219.7 | 203.0 | 2443 | 157.0 | 192.7 | 219.7 153.6 - 191.9 - - 227.5 376.4
strength Pp,n | 245.5 | 235.0 | 361.7 | 189.0 | 289.4 - 198.6 | 597.6 | 358.1 | 597.6 | 274.4 - -
Pun | 409.2 | 316.4 | 523.9 | 254.5 | 417.6 | 409.2 - - - - - 379.8 -
Pys | 3094 | 2309 | 3442 | 178.6 | 2714 | 3094 | 169.6 - 2137 - - 284.4 | 4103
C:tlr(;l;ﬁd Pp,r | 345.8 | 267.3 | 461.5 | 215.0 | 371.7 - 2145 | 641.8 | 3783 | 641.8 | 294.7 - -
Pur | 481.9 | 372.5 | 599.5 | 299.6 | 467.9 | 481.9 - - - - - 4239 -
PCS T AlaHle] LK M5 B4 | 317
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Table 5 Experimental strength results

Lateral Force

/| initial Stiffness
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O
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ff: Stiffness of Building Code

Cat

Dy / (Cg 03

Deflection amplification factor
@ : Strength reduction factor

Ob 4| Fai Calculated strength (kN) Observed / calculate
Specimen (ie;;)/e Iilolér: Beam | Column Joint Observed /|Observed /|Observed /
Panel zone End plate| bolt beam | column joint

3VP2-55-SL.2 326.0 299.6 214.5 1.08 1..52 1.11
3SC2-NS-SL2 3769 481.9 378.3 0.78 0.99 1.28
38C2-5S-SL.2 321.7 B 299.6 378.3 1.07 0.85 1.09
3SSZNS-SL2 | 3794 M489 | 3783 0.79 1.00 129

346.5 299.6 378.3 1.16 0.92 1.18
3882-58-SL.3

418.1 467.9 3783 294.7 4239 4103 0.89 1.11 1.42
3VP2-NS-SL2 355.0 481.9 214.5 0.73 1.65 1.20

364.1 372.5 214.5 0.98 1.70 1.24
3VP2-38-SL3

368.7 Column 599.5 214.5 0.62 1.72 1.25

316. . 78. 0.85 0.84 1.07
1SC2-35-S1.3 16.7 372.5 378.3

418.6 599.5 378.3 0.70 1.11 1.42

Table 6 Analysis of initial stiffness

Specimen Nominal strength (kN) | Joint distortion (% rad) Total drift (% rad) ACI criterion
3VP-NS-SL2 153.6 0211 0.755
3VP-55-SL2 153.6 0.457 1.001
3VP2-3S-SL3 153.6 - 0.701
- - 0.838 Seismi
3SC2-NS-SL2 191.9 0.717 1397 e‘s“;‘i (‘)‘S'; /gm“p
. 0
3SC2-5S-SL2 }32(9) 0.654 (1)2;(7) 11 < 0.4%
3SC2-38-SL3 - - - 1 <0.3%
- - 1.242
3SS2-NS-SL2 191.9 0.643 1.3223
1952-58-S.3 157.0 - 1.040
- - 0.900
318 | st E3R|ESS =28 M19A i3S (2007)
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Fig. 12 Energy dissipation computation of ACI criterion and
proportion of energy dissipation

Table 7 Analysis of ductility

Specimen Py (kN) | 8y (mm) | Su (mm)| 8y/du
3VP2-NS-SL2 | 2256 15.0 103.1 6.89
3VP2-5S-SL.2 216.3 20.0 98.1 491
3VP2-3S-SL3 168.1 9.4 93.9 9.99
3VP2-3S-SL3 225.3 17.8 93.4 5.25

3SC2-NS-SL2 | 226.1 19.5 101.8 5.21
3SC2-5S8-SL.2 2153 23.4 100.6 4.30

3SC2-3S-SL3 | 2143 19.3 953 4.94
38C2-3S-SL3 | 2480 16.2 89.6 5.53
3SS2-NS-SL2 | 270.1 26.3 96.1 3.65
2489 244 100.4 4.12
3882-38-8L3 5565 25.6 97.1 3.79
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Table 8 Analysis results

3VP2|3VP2| 3VP2-3S- 135C2|38C2| 35C2-38- 13883 hogr 55913
-NS- | -58- SL3 -NS- | -58- SL3 -NS-

SL2 [SL2[ @) [N [SL2|sk2[ @ [ |SL2 [ @) [N

Drift

ACI criteria %)

At drift ratio 3.5%,
the strength must maintain over than| 3.0 | 100 { 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
75% of maximum strength

Strength
deterioration (%)

Initial Drift ratio do not exceed drift | 75| 41 | 32 | 75 | 69 | 95 | 84 | 84 | 79 | 92 | 84 | 78
stiffness (% rad) (0.3~0.5% rad) for limiting
stiffiness of buliding code - lo.75501.001]0.838]0.701]1.397|1.210]1.242|0.877(1.323| 1.040 | 0.900
Stiffness _ At zero drift ratio, 3.0 (357|446 | 4143702471391 |31.0|42.6|39.8(393|43.6
degradation (%) the stiffness must be over than 5%
er o of the initial stiffness 751 39 | 5.0 | 133|234 | 16.0 | 213 | 15.0 | 20.0 | 18.7 | 342 | 247

Energy dissipation] AL dift 10 3.5% the 30 10270[0423| 0284 |0311]0421] 0283 0333 0373
(A7 Aqgquare) relative energy dissipation ratio

must be over than 0.123 7.5 10.30810.572 0.365 0.390(0.692 0.332 0.408 0.555
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