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Seismic Performance Assessment of Roof-Level Joints with Steel
Fiber-Reinforced High-Strength Concrete
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ABSTRACT This study was conducted to verify seismic performance of special moment frame's joints at roof-level with
high-strength concrete and SD600 bars. K-RC-H was designed according to the seismic code and K-HPFRC-H had 150% of the
original hoop spacing and 1.0% steel fiber volume fraction compared with K-RC-H. Both specimens had remarkable seismic
performance without noticeable decrease in moment, but with very good energy dissipation before rebar failure. The U-bars in the
joint sufficiently constrained rebar’s action that pushed the cover upward. SD600 bars with 1.257;, had minimum slip in the joint. It
was considered that the steel fiber contributed to improvement of the bending moment and joint shear distortion, and the result
showed that it would be possible to increase the hoop spacing to 150% of the regular spacing.
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Fig. 1 High rise buildings with podium
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Fig. 2 Details of K-RC-H specimen
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Table 1 Mix proportion of concrete

Material Value

Specified compressive strength (fx) 80 MPa

W/B (%) 18.8

S/a (%) 40

V; (%) (for K-HPFRC-H) 1.0%
Water 150 kg/m’
Cement 400 kg/m’
Fine aggregate 578 kg/m’
Coarse aggregate (maximum 20 mm) 882 kg/m’
ZrSF 120 kg/m®
Slag powder 280 kg/m’
Superplasticizer 10 kg/m®

W/B = water-binder ratio, S/a = fine aggregate ratio, V;
= steel fiber volume fraction, ZrSF = Zirconia silica fume
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Fig. 3 Test set-up (unit: mm)

EwI Il
. T

-6
[ [ [
0 10 20 30 4C
Number of cycles

Drift ratio (%)
o

Fig. 4 Load plan

— =
BT2 BT1

A
uz|u1

&_1

H U4
BB2 BB1 BB%

c1 ca4
[=c2

,

v
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Table 2 Design and measured material properties

Concrete (MPa)

Design Fer Sp E
Strength | 28days | 90days | 120days | 120days ¢
80 87.3 85.0 103.4 6.0 40547
80-
HPFRC 67.3 94.7 100.3 6.7 54902
Steel (MPa)
Reinforcing bar | £ nomina Sy tested Ju E;
D13 400 492 611 188497
D16 400 545 650 191050
D16 600 668 791 198137
D19 600 645 775 187700
D22 600 675 786 194295
D29 600 642 739 184897
Head (SM45C) - 552 743 157665
g0 Head |
- : ’_/ g 5&:06; 022 I sbe00 D29
S - SD400 D29
g 400 "\ sp400 022
5
200 A
0 T T T T
0 0.02 0.04 0.06 0.08 0.1

strain

Fig. 6 Stress-strain relationship of re-bar and head
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Fig. 7 Failure modes at drift ratio of 4.2% and re-bar failure
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Fig. 10 Joint shear distortion
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Table 3 Test results

Classification K-RC-H K-HPFRC-H

M, 590 631

M, -461 -461

Moment My 570 574

(kN-m) M -468 -468

(M,,,/M)* 1.04 1.10

(M, /M) 0.99 0.99

Vi 1322 1414

Viesr -1033 -1033

S(ll:;?)r g 1941 1912

(Vieu/ V)" 0.68 0.74

(Vo V) -0.54 -0.54

Af 40.8 38.6

Al v p 102.9 83.8

Al 191.9 113.0

Duc- (4,/4,)° 470 2.93
ility

(mm) A7 418 -36.6

Ay 7 -106.8 -82.4

A -106.8 -82.4

(A,/4,) 2.56 225

e | e | s

M,,, = tested moment at critical section, V,, = tested
shear force at critical section (V,,, =24,,,/0.94), A, = yield

test
displacement, A, ... » = displacement at maximum load,

U

A, = the displacement at maximum load on last cycle

<< K-RC-H
iaaa K-HPFRC-H
-400 T T T T — T T T T
6 5 4 -3 -2 -1 0 1 2 3 4 5 6
Drift ratio (%)

Fig. 11 Envelope curve
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Table 4 Average concrete stress (MPa)

. K-RC-H K-HPFRC-H
Drift (%) - - - -
Closing | Opening | Closing | Opening
0.35 0.227 0.128 0.228 0.164
0.70 0.315 0.199 0.320 0.328
1.40 1.865 0.588 1.307 0.635
2.10 2.763 0.759 2.054 0.975
2.80 3.114 0.848 2.416 1.746
3.50 3.207 1.169 2.583 1.988
4.20 3.379 1.680 2.693 2222
4.90 3.456 1.973
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