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Seismic Fragility Function for Existing Low-Rise Piloti-Type Buildings

Reflecting Damage From Pohang Earthquake
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/] ABSTRACT /

Current seismic fragility functions for buildings were developed by defining damage state threshold based on story drift concerning foreign
references and using the capacity spectrum method based on spectral displacement. In this study, insufficient details and dependence on
the core location of piloti-type buildings were not reflected in the fragility function because it was developed before the Pohang earthquake.
In order to develop an improved one for piloti-type buildings, several types of core were selected, damage state threshold was determined
based on the capacity of structural members, and three-dimensional analyses were utilized. As a result, seismic fragility functions based on
spectral acceleration were developed for various core locations and different shear strengths of the column stirrup. The fragility of piloti-type
buildings significantly varied according to core location, an additional single wall, and whether the contribution of column stirrup was included
or not. To estimate fragility more reasonably, it is necessary to prepare the parameters to reflect actual state well.
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Fig. 1. Plan views of sample piloti-type buildings (x : center of mass, o : center of rigidity)
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Table 1. Member size and details of column and wall

Size (mm) 400x600
Main reinforcement 10-D19
Column -
Hoop reinforcement D10@300
Main reinforcement ratio 1.49%
Thickness (mm) 200

Wall Vertical reinforcement D10@300
Horizontal reinforcement D10@300
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Table 2. Governing behavior of a column

V.=V V,=V.+V,
Va (KN) |V, (kN)|Condition” |V, (kN) |V, (kN) |Condition”
X-dir | 1541 | 197.7 i 199.8 | 197.7 [
Y-dir | 176.7 | 306.0 i 2452 | 306.0 Il

*V, = 2My/Ln, My: moment strength, L,: length of column
**1I: flexure-shear controlled, 1ll: shear controlled
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Table 3. Information of earthquake ground motion data

No. Earthquake Country| Year |Magnitude|PGA (g)
1 Hokkaido Japan 2018 6.7 0.13
2 N. Palm Springs USA 1986 6.06 0.13
3 Kozani_Greece-01 Greece | 1995 6.4 0.21
4 Sierra Madre USA 1991 5.61 0.28
5 | L'Aquila (aftershock 1) Italy 2009 5.6 0.13
6 Gyeongju Korea | 2016 55 0.41
7 Pohang Korea | 2017 54 0.29
3
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Fig. 3. Spectral acceleration of 28 ground motion data
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Fig. 4. IDA curve of EC building for L'Aquila (site class : S3)
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Table 4. IDA result of EC building for L'Aquila (Site class : S3)

V,=V, V,=V.AV,
Damage State
Spectral acc. Column Wall Spectral acc. Column Wall
Slight 02g - 1/4 (cracking, yielding) 02g - 1/4 (cracking, yielding)
Moderate 03g - 3/4 (cracking, yielding) 03g - 3/4 (cracking, yielding)
Extensive 06g 10% failure 3/4 (cracking, yielding) 05g - 0.8"yielding
Complete 079 50% failure 0.8"yielding 09g 10% failure 0.5yielding
Table 5. Number of earthquake and probability reaching each damage state for EC building
V.=V, V,=V.HV
Spectral - - - -
acc. Slight Moderate Extensive Complete Slight Moderate Extensive Complete
N N/28 N N/28 N N/28 N N/28 N/28 N N/28 N N/28 N N/28
01g 5 0.18 0 0.00 0 0.00 0 0.00 6 0.21 0 0.00 0 0.00 0 0.00
02g 20 0.71 2 0.07 0 0.00 0 0.00 20 0.71 3 0.11 0 0.00 0 0.00
0.3g 27 0.96 11 0.39 0 0.00 0 0.00 26 0.93 12 0.43 0 0.00 0 0.00
049 28 1.00 16 0.57 0 0.00 0 0.00 28 1.00 18 0.64 1 0.04 0 0.00
059 28 1.00 21 0.75 3 0.11 0 0.00 28 1.00 23 0.82 5 0.18 0 0.00
069 28 1.00 23 0.82 9 0.32 2 0.07 28 1.00 25 0.89 9 0.32 3 0.1
079 28 1.00 25 0.89 13 0.46 5 0.18 28 1.00 27 0.96 14 0.50 3 0.11
0.8g 28 1.00 26 0.93 15 0.54 8 0.29 28 1.00 27 0.96 21 0.75 5 0.18
09g 28 1.00 26 0.93 20 0.71 11 0.39 28 1.00 28 1.00 23 0.82 8 0.29
109 28 1.00 27 0.96 22 0.79 14 0.50 28 1.00 28 1.00 24 0.86 9 0.32
4. ‘-'-'EE| 71%9_' x' | FEénl-_J'\_ Table 6. Median and standard deviation (V, = V)
CcC EC Wall + a
FopE e A 2 ol S LA AR ds of ERSPALL Ztst 8 | Bs | 0 | Bs | B8 | Ba
L 2 AR slg R A ooTl 728 Ao @ LR 2= 9lrk Slight 0.19 0.55 0.15 0.50 0.39 0.51
Moderate 0.43 0.58 0.37 0.60 0.69 0.46
n(z/6) Extensive 0.73 0.60 0.75 0.44 1.56 0.56
Pds | x)= ¢( 5 ) ™ Complete | 1.03 | 053 | 098 | 044 | 189 | 049
Table 7. Median and standard deviation (V,, = V. + V)
A7 Ads | )= AT w0l 4 e ds 7 AT BHE, 0=
A BRI 03 BT A e ds o] RS A2 0] S, cc £C Wl + a
o0 4 Al dsof] ROk X2 0] A1 EEHA, of O | P | O | B | O | Pu
u) TR 5, = okt MEAS TEaok s HAZUSOAS 4] Slight 0.19 0.57 0.15 0.54 0.45 0.50
(8)7}220] SIeKL Al 6 7 AHERO] B 5. and §,)S 37 el Moderate 0.41 0.63 0.34 0.52 0.77 0.47
= = ¢ b = Extensive 1.03 0.51 0.68 0.43 1.95 0.47
FEEHNCONVIB,, 6,)) 2k 3 e ST 7150] Wi /ds atefer Complete | 143 | 047 | 117 | 052 | 248 | 044
T ]'(ﬂ\[d; ol Al ?}H]—I—J(SRSS)_E AAlskaL Qlet.
% 7)50] MBS TEshs BEAAL 6, = HAZUSOIA AlAsR 2k
= JCON VB3 + (B, ®)  SHTSIU HAZUSOIA = 6, 5042 A3 glek 12t o] &
ol AV 7158 A S 7RO B QLo mE SIS
7t oA A8 ta] SEE A AT Table 5 B2) S R SEFE AURE AHMEAWAS 7INRo 2 9IS wjit Ws/do] il
o) A B gof| AL Z717H(0) T E—Z,—Yl%i]-i/\ﬂ'%]—oﬂl:]— thol 2 WS} B0, 0.3 02 AREBIATE o5 ow] AR 6, 2+ A 4 (8)
HE s A2 HE 2142402 318t BEHA= Q AT EY ] HE o] thdstod 6, & 5kSict Table 63} Table 7¢jli= 5101 $|%| & 715 o]
geio] K4 5,k B 2R ol U002 71 o] 5 o ol w1l 095, & AelSISE, o152 (el
910 e 2 7P RS NG AOR ST BNk &4 J5lo] APY FOHERkE Fig. 59} Fig. 60] 12|32 Lefiick
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Table 8. Probability of exceedance (%) of each damage state for
0.44 g at Jangryang-dong

Damage state Slight |Moderate |Extensive|Complete
CcC 424 311 14.4 5.46
V,=V, EC 374 494 8.19 3.39
Wall+a| 594 16.0 1.22 0.14
CcC 38.9 49.7 4.16 0.62
V,=V.+V,| EC 28.2 54.4 12.3 2.94
Wall+a| 36.8 1.3 0.07 0.00

Table 9. Number and probability reaching each damage state
among 1,080 piloti-type buildings at Jangryang-dong

Damage state Slight
V=V 454 (42.0%) | 310 (28.7%) | 105 (9.74%) | 39 (3.65%)
V. =V.+V, |399(36.9%) | 423 (39.1%) | 44 (4.03%) | 8(0.74%)

Moderate | Extensive | Complete
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