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A Study on Brace-height Ratio for Seismic Retrofit of School Building

Hwa-Jung Lee'", Dae-Kun Byon’, Sung-Kee Yoon®

Abstract : The recent earthquake in Korea caused large and small damages to many school building. School building is an important building that
is used as a shelter in the event of disaster. Among the seismic retrofit methods, the internal steel braced frame type method is used for its relatively
easy construction and excellent performance. In this study, the maximum shear force and displacement were compared and examined by applying
the brace frame to existing concrete school buildings. As a result, we verified the adequacy of the analytical model and compared and examined the
effect of brace-height ratio on the span of the existing school buildings. The adequacy of the maximum shear force and displacement relationship can
be confirmed in the model with a length of 0.3. In addition, seismic frame was applied to the actual non-seismic reinforced concrete school building,
and the seismic performance was evaluated by nonlinear static analysis(Push-over analysis) according to the ratio of brace-height. As a result, the increase
of the brace-height according to the brace-height ratio has the effect of increasing the maximum shear force and maximum load at the performance
point. But the collapse of the braced frame due to the increase in the lateral stiffness occurred, indicating that seismic retrofit according to the proper
brace-height is necessary. Therefore, in the seismic retrofit design of brace frame of existing school building, it is necessary to select the proper
brace-height after retrofit analysis according to the brace-height ratio.
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Fig. 1 Reinforcement detail of RC frame and H-beam frame
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Fig. 3 Cross-peak trilinear/bilinear model, CP3

Table 1 Hysteresis parameter of RC member

Hysteresis parameter Beam Column
stiffness a 0.2 0.27
degradation 1) 0.001 0.001
strength € 0.05
deterioration n 0.2
pinching ) ) 0.3
behavior A 0.5
. K - 0.001
unloading 9 07 10
parameter
£ 1.0 0.1
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Table 2 Maximum shear force of experiment and analysis

Maximum shear force

Item Method Vinax (KN)
Positive Negative
Bare frame Experimemt 137.80 -134.68
Analysis 129.41 -129.41
H-beam Experimemt 305.76 -304.83
frame Analysis 284.30 -285.02
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Table 4 Maximum shear force and displacement according to brace
height ratio

V-ratio D-ratio
(Model/ (Model/
Non brace) Non brace)

Model ViaxKN) D, (mm)

max

RC Frame 74.50 264 - -
Non-Brace 213.56 340 1.00 1.00
Model-1 264.85 410 1.24 1.21
Model-2 320.53 400 1.50 1.18
Model-3 508.02 360 2.38 1.06
Model-4 531.57 250 2.49 0.74
Model-5 636.56 60 2.98 0.18
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Fig. 11 Comparison of models according to brace height ratio
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Table 5 Seismic design parameter

Table 7 Shear force and displacement at performance point (LS)

Seismic Zone 1
Zone Factor (S) 0.22
Site Class S,
F, 1.46
F, 1.58
S5 0.54
Sh 0.23
Important Factor 1.2
Seismic Design Category D

Table 6 Maximum shear force and displacement for each model

Performance Point V - ratio D - ratio
Type Model/ Model/
P Vis (N) D5(m) N(on brace) N(on brace)
RC Frame 1593 0.0614 - -
Non-brace 1627 0.0561 1.00 1.00
H/L=0.1 1656 0.0551 1.01 0.98
H/L=0.2 1782 0.0506 1.10 0.90
H/L=0.3 1483 0.0298 0.91 0.53
H/L=0.4 2468 0.0472 1.52 0.84
H/L=0.5 - - - -

V - ratio D - ratio
Type Vaax®N) D (m)  (Model/ (Model/
Non-brace)  Non-brace)
RC Frame 1686.83 0.0860 - -

Non-brace 1752.62 0.0720 1.00 1.00
Model-1 1813.08 0.0730 1.03 1.01
Model-2 1994.19 0.0790 1.14 1.02
Model-3 2394.10 0.0690 1.37 0.95
Model-4 2700.58 0.0640 1.54 0.90
Model-5 2819.36 0.0380 1.61 0.53
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Fig. 13 Performance curve according to brace height ratio
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Table 8 Member collapse at performance point (LS)

Type (gi) S;I;EEAE)L Collapse member
RC Frame 0 0 -
Non-brace 9 1 RC col.8, beam 1/ Steel col. 1
H/L=0.1 8 0 RC col.8
H/L=0.2 5 0 RC col.5
H/L=0.3 0 0 0
H/L=0.4 0 1 Steel col. 1
H/L=0.5 - - -
- —&—\V-max
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Fig. 15 Comparison of models according to brace height ratio (V - max:
Maximum shear force, V - p.p.: shear force at performance point
D - max: Maximum displacement, D - p.p.: displacement at
performance point)
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