2T MRS 200185 FHS£US =88
SHLMEYYL o4 WAY ASTREY
239 ARASH B AT

Study on 2-D Seismic Evaluation of Asymmetric Buildings
Using Capacity Spectrum Method

IR A ol gA™
Kim, Sang-Ho Lee, Han-Seon
ABSTRACT

In the evaluation of asymmetric buildings, torsional effects should be considered by
three-dimensional | analysis. However, this analysis is time-consuming and requires great
efforts. The goal of this study is to give a comprehensible and simple procedure in the
seismic evaluation by using two-dimensional analysis of asymmetric buildings so that
practicing engineers can easily adapt it to their work.

1. A&

+3 vAY AFTREY NAALSE ey fHaAMe FIEHARYEE TEE B EPY
4gE njdlaol 3, o]l& YA 34 AL FAsor @t 2 o WHS B
& Az R ofdl, ol& HAf 3X4Y HMEZ YL o F Fo. ojHF EANE HAG
7] 8A, 2219 BlAY ATz aPder de] ALESHE DRAIN-2DXPPg o &3daAx 3%
d vAYA e HFE 2B F UAe 239 WA FHE HE AA sz o

2. 48y

MY AETZE Bl 284 ANE UL A, MW e 2AT £ A: PEe
Abg sl @uh ATC-40VAE el 29 oW REoINe HAsst 1 2o AR FANA
o W9l 120%E ¥e W thed B W ANHT Uk F 349 A8 ARG A
8 s ozry H43e AFFA(Center of Mass, o1 F CM)S] H9lo] tg 2 =9 Hu)
Wele Mg Tam, 5FATME 2 Ho WHE of wel uasA IANA A2E SPIHL

* Dot AFFT S, HA  Deditta AP Fas, P4
- 296 -



FaE Pyolt B dFE ol e Wye L3, mdn AE vAY dE HEsn
2t o

3.84 »d

B

;

|

;
_P z

zaged ZEE= . =210kg/cm’E A

gaigin, 29 FEE HDIGOA dakd e war| ronones | 3
£, =400 kg/cm?(SD 40), Di3o)akol chat T B ‘ R & '
o} f,=3000 kg/cm®(SD 30)& At&3taAth .“.d(\ 1&}__‘
B 7oA dud ud dge 105 RC ., ##1 aji
2z Aay FxolW, S8 UddA Hojx iR AN
T AE B AZAA FolE £ UKol @ o g "
= 2802 AUAE B AAI} U] & rromer Mmmcooweomooooo Lo
3 vjd%e #Eg A AcFig. V. A Fig. 1 Plan of the Building (unit: m)

2o JEHd Wi ¥gEHe 230z AHA

o FHARAAME Sr2EZer Agsdch ey FA HE M
AYA glo], ol& uASFoET nAIAL B Yo i AgHS @
Fig. 2& 229 4w 71884 A48 sidEdg Jebd Rold.

Mg 7z&HH T2aWd GTSTRUDL 2578 Ag3td 339 @4l e +83dch Table
12 429 AFFA Mo g Hupdglel vE Fie AAH L vehd RAojw, ol UBC
~97%e we} $wAAS mE o] EERE HAZN Hdiwgd g AFFHCM) ¥
¢le] B(MD/DCM)7t 167488 & & Ut

Wil 2HoZ

<
Aoz 7HAsAo.

il
i
g

4. 48F 71434

2A8F L 14 =g gold ulHso AdsdAY, LAR=9 FFE 12t ANT
45 oy, 94714 E AR Fold vlaEate, F, = [w,h,/2w,h, ]V 2ol Axssh

A2 hsiX DRAIN-2DXE A&35td 239 9% M8 & 3¢ ¥, v E39
23ly] AsiA Qg stE T e 7 W9el MD/DCM ¥l(157)& ¥3t9 Fig. 35 o
2 2 M (Capacity Curve)g T3tgch old oz JHL 4B AF F49 Wdg
o] A3t LHARZH Y BAE YehE Aoln

- 297 -



Table 1. Three Dimensional Elastic Analysis

1st Elastic Analysig«*= Revised Elastic Analysis
Locations | Max. |Displace- | Locations | Max. |Displace-
SOy of Appled| Displace- | ments at | MO,/ | Ampliica~| ;i appjigg | Displace- | ment at MO
Loads ments CM Ratio | Factorsess| . L9398 ments CM Ratio
from CM| (MD) (DCM) C from CM (MD) (DCM)
10 100 1.61 1.06 1.52 1.61 161 1.71 1.09 1.57
9 100, 1.53 0.98 1.55 1.68 168 1.63 1.02 1.60
8 100 1.42 0.90 159 1.75 175 1.51 0.93 1.63
7 100 1.28 0.79 1.62 1.81 181 1.37 0.82 1.66
6 100 1.12 0.68 1.65 1.89 189 1.20 0.71 1.69
5 100 0.94 0.56 1.68 197 197 1.01 0.58 1.73
4 100 0.75 0.44 1.72 2.06 206 0.81 0.46 1.77
3 100 0.55 0.31 1.76 2.16 216 0.60 0.33 1.81
2 100 0.36 0.20 1.82 230 230 0.39 0.21 1.86
1 100 0.17 0.09 1.89 2.48 248 0.19 0.10 1.92
» Only X-directional values are considered.
« Units : cm
s AF = (MD / 12 DCM? < 3
«++ 5% accidental eccentricities are considered.
Compression Ele. Beam—Column tle.
N —
LINKS model
<Frame [> <Frame II> <Frame [iI> <Frame VI>
Fig. 2 2-D Pushover Analysis Model (DRAIN-2DX)
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Fig. 3 Pushover Analysis of Planar Model
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Table 2. Modal Analysis (DRAIN-2DX)

Mode 1 (East-West : Longitudinal)
Story w,/g T = 0.71 sec
(ton) $, (w./g) x4, (w./g) x¢}
10 38.3 0.084 3.226 0.272
9 422 0.075 3.171 0.238
8 42.0 0.066 2.762 0.181
7 417 0.056 2.323 0.130
5] 416 0.045 1.892 . 0.086
5 414 0.035 1.457 0.051
4 41.3 0.025 1.044 0.026
3 411 0.016 0.667 0.011
2 411 0.010 0.394 0.004
1 44,1 0.004 0.163 0.001
SUM 4147 17.099 1.000
PFroof,l Eq. 17.099 X 0.084 / 1.000 = 1.44
a Eaq. 17.099° / (414.7X1.000) = 0.705

Table 3. Elastic Analysis ( e; = e+0.05b)

Frame | Frame |l Frame il Frame IV
Story | Shear | Story | Drift | Shear | Story | Drift | Shear | Story | Drift | Shear | Story | ODrift
Force | Shear | Ratio | Force | Shear | Ratio | Force | Shear | Ratio | Force | Shear | Ratio
{tonf) | (tonf) [to CM [ (tonf) | (tonf) |to CM| f(tonf) | (tonf) [to CM | (tonf) | (tonf) |to CM
10 129 129 | 157 | 45 45 1.11 -67 | -67 | 065 14.8 148 | 043
9 20.1 72 1.60 57 1.2 1.12 6.5 132 | 0.63 146 -0.3 | 040
8 273 72 1.63 6.7 1.0 1.12 16.4 9.8 0.61 15.6 1.1 0.37
7 322 49 1.66 92 25 113 | 222 58 0.59 19.3 36 0.34
6 37.8 56 1.69 95 0.3 1.13 | 294 72 057 | 208 15 0.31
5 410 33 1.73 1.5 20 114 | 350 56 055 | 23 15 0.27
4 440 29 1.77 17 0.2 115 | 437 86 053 | 205 18 0.23
3 456 16 1.81 12.8 1.0 116 | 482 45 0.51 209 05 0.19
2 457 0.1 1.86 106 | -22 117 | 654 172 | 047 113 | 96 | 0.14
1 380 | -786 192 | 244 13.8 1.18 | 77.6 122 | 043 | -42 | -155 | 0.08

Total Base Shear = 135 tonf

Table 4. Target Displacement

Seismic Zone Factor (g's) Z =01 Z = 040
Spectral Target Displacement Sd.cm = 0.026m S4.cm = 0.0%0m
Drift Ratio to CM| T8t DisDlace™ | g patio 1o oM Targrﬁ;r?'s(ﬂj‘ce‘
Frame | 1.57 0.059 1.57 0.203
Frame || 1.11 0.042 1.11 0.144
Frame Il 1.00° 0.037 1.00° 0.130
Frame IV 1.00° 0.037 1.00° 0.130

» The same values as those of a symmetric—plan structure are used.
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Fig. 6 Analysis of Main Frames
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Fig. 4 Acceleration-Displacement Response Spectra
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Fig. 5 Performance Point Calculation
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Table 5. Interstory Drift Ratio

Performance Level Interstory Drift (m) Perfor-

Story Simediate | Qamage | e, | Frame 1 | Frame Il | Frame Il | Frame IV el
10 0002 | 0002 | 0004 | 0003 o
9 0003 | 0003 | 0004 | 0003 10
8 0004 | 0004 | 0004 | 0004 10"
7 0005 | 0004 | 0004 | 0004 0"
6 oo 001 - - 0006 | 0005 | 0004 | 0004 1o}
5 ' 0.02 ' 0008 | 0006 | 0004 | 0004 1o’
4 0009 | o006 | 0003 | 0003 0"
3 0009 | 0005 | 0003 | 0003 o
2 0008 | 0004 | 0005 | 0.007 10"
1 0004 | ooo2 | 0003 | o004 I}

« 10 * Immediate QOccupancy

Table 6. Numerical Acceptance Criteria for Plastic Hinge Rotations in Reinforced
Concrete Columns, in radians

Design Design Acceptance Criteria ﬂﬁgg Perfor-
ID | Axial Load, |Shear Force, {1) 2). Rotation | mance
P (tonf) V (tonf) 10 LS Ss per Level
DRAIN
Cc10 32 9.9 0.042 0.109 0.005 0.01 0.02 N.A. 10
C9 72 8.8 0.095 0.250 0.005 0.0 0.02 N.A, 10
C8 11 10.1 0.147 0.247 - - - N.A. 10
c7 151 10.7 0.199 0.271 - - - N.A. 10
c6 191 115 0.252 0.253 - - - N.A. le]
C5 230 1.7 0.305 0.247 - - - N.A. 10
C4 270 12.6 0.357 0.231 - - - 0.0008 10
C3 309 1.5 0.408 0.216 0.0 0.005 0.015 0.0036 LS
C2 343 1.6 0.453 0.189 0.0 0.005 0.015 0.0066 LS
C1 368 5.1 0.486 0.212 0.0 0.005 0.015 0.0033 LS

P Vv
1) —, (2) ;
R W budV T,
- : some values by interpolation
10=Immediate Occupancy, LS=Life Safety, SS=Structural Stability
N.A.(Not Applicable} : Deformations remain elastic
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