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Nonlinear Behavior of Seismic—Strengthened Domestic School Building
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Abstract

This paper describes an analytical study on seismic performance of domestic reinforced concrete (RC) school building
not designed by seismic provision. The seismic index and the seismic performance of the building were evaluated through
Japanese standard and Midas Gen, respectively. Seismic index (Is) of the RC school buildings in the X—direction is below
0.4. Based on the seismic index, for seismic—strengthening the building, infill shear wall or steel brace with a capacity of
1,300 kN was used. According to nonlinear static analysis results, the contribution of the seismic—strengthening to the
shear resistance of the school building was measured to be greater than 30%. However, as expected, shear strength of
school building strengthened with infill wall dropt rapidly after peak load and much narrower ductile behavior range was
observed compared to steel brace strengthened building. Also, the building strengthened with steel brace showed 30%
larger spectral displacement than that strengthened with infill shear wall. In nonlinear dynamic analysis, for the time
history analysis, the maximum displacement showed tendency to decrease as amount of reinforcement increased,
regardless of strengthening method. It was recommended that variable soil properties and earthquake record should be
considered for improving seismic performance of buildings in seismic zone.

Keywords : Reinforced concrete school building, Nonlinear analysis, Seismic performance, Infill shear wall, Steel brace
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Fig. 1 Plan of the school building(unit : mm)
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Table 1 List of the structural members (unit:mm)
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Table 2 Seismic capacities of RC building

Direction| Floor C F Eo Sp T Is
2 0.59 | 1.00 | 0.56 | 1.00 | 1.00 | 0.44
. 1 0.34 | 1.00 | 0.35 | 1.00 | 1.00 | 0.35
2 1.58 | 1.00 | 1.18 | 1.00 | 1.00 | 1.18
Y 1 0.83 | 1.00 | 0.83 | 1.00 | 1.00 | 0.83

Table 3 Seismic capacities of building after strengthening

Direction| Floor C F Eo Sp T Is

2 0.59 | 1.00 | 0.56 | 0.90 | 1.00 | 0.40

X
Y 0.50 | 1.00 | 0.50 | 1.00 | 1.00 | 0.50
2 1.58 | 1.00 | 1.18 | 1.00 | 1.00 | 1.18
o
1 0.83 | 1.00 | 0.83 | 1.00 | 1.00 | 0.33

W LRIl Bl AR BPS A gshe 33171
ol AR B4o] 2AIER ] Ashurks B
AR GEAUA 2 kel A o 5
o] GIek. B Qo 23Rl Slete] FE UKl

5 B} sttt el 2R A5
Frrekgict. 2Rl A gso] Brbe PRURAE

I9= 4 (Dol &sto] Feje.
Iy=E,SyT 0

o714, Eo @ ¥-A9% 71 EA R (FEAEXAGAH),
Sp: FAAE T AR

2
2
r

o

Bds 7IRARE) = 7 71eAed Ui

1w oo =
Vel Anea, A8 widEe A 3
Aoz ehl AEAEQ ) WHEES Ye 2
HALF) O FO= AR 2e AHOZ Hk By
AT 9 AR 247 A9 4YY 8 A8 5o A
5 5ol me) BB BASE 108 71E0% @ gl
o, 23} ARl ot ) 4wt 3R ava 7
Aok, /)% 9 vlo] FIE, A4 9 QY 5

22} Wzt A3}, Table 2} Table 3ol VERt 713}
o] 159 [AE+= 22 0.35(FH), 0.83(vh) o=
ebsth oA Hs sl o8 e Sy dE 2
FYEAES dPFoR o [sAEe} X F &) A

246 TxsxoEis|x| M5 M12(2011. 1)

Fig. 4 3D view of the analytical model
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Table 4 Pushover analysis results

Yield Failure
&(%) V(kN) 5(%) V(kN)
Bare frame 0.51 4,660 1.80 5,140
Infill wall 0.43 5,010 0.60 6,770
Steel brace 0.62 6,420 0.94 7,030
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Fig. 5 Base shear—drift ration relationship
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Fig. 8 Idealized hysteretic curve of FEMA
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Fig. 11 Displacement response spectrum
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Table 5 Analysis results from capacity spectrum method

Table 6 Eigenvalue analysis results

Vv D Sa Sq Teir | Derr
(kN) | (mm) | (g) | (mm) | (sec) | (%)

El
Bare centro 4,805 162,51 | 0.49 | 54.17 | 0.67 | 21.94
frame
Loma |4,937 | 95.33 | 0.50 | 82.61 | 0.81 | 26.49
Infill Bl 3,846 | 18.41 | 0.57 | 17.15| 0.35 | 13.83
all centro
wal
Loma |4,950 | 27.38 | 0.71 | 25.21 | 0.38 | 12.07
El -
Steel centro 4,957 1 29.65 | 0.57 | 25.38 | 0.42 | 6.506
brace
Loma |6,217 | 39.61| 0.71 | 33.90 | 0.44 | 8.22

Notation) V : Base shear, D : Displacement, S, : Acceleration Spectrum,
Sq © Displacement Spectrum, Tes - Effective period, Deg :
Effective damping

2
e} i f —ag ||

Top disp. ()

Top disp. (mm)

o s 1 15 w3 3 3 4 45 50 ss

“Top disp. (mm)

0 23 30 0 2
Time (sec) Time (sec)

(b) Loma

Fig. 15 Comparison of top displacement of the seismic—
strengthened building
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Period (sec.) Mass participation (%)
mode f?:;fe Ivr:;lllll Steel brace f]i?;ee I\Silllll Steel brace
1 10.5103]0.3322 | 0.3978 | 93.94 | 63.89 82.94
2 10.3364 | 0.3062 | 0.3298 0.02 0.00 0.01
3 10.1748 | 0.1073 | 0.1448 6.04 0.12 17.02
4 10.1124 | 0.0850 | 0.1114 0.00 | 33.27 0.00
5 10.0803]0.0795| 0.0801 0.00 1.82 0.00
6 |0.0301]0.0303| 0.0428 0.00 0.00 0.00
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Table 7 Time history analysis results

Bare Demand Displacement (Retrofitted) (mm)
frame load
(mm) (KN) Infill wall Steel brace
800 12.839 (t=70) 26.192 (SR52)
EUy371 |7 1300 | 11026 (=150) | 26.124 (SR80)
Centro
2,000 11.003 (t=250) | 18.606 (SR110)

800 13.442 (t=70)
Loma | 38.04 1,300 11.617 (t=150)
2,000 11.061 (t=250)

27.891 (SR52)
24.914 (SR80)
16.951 (SR110)
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