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Seismic Performance Evaluation of a Mid-rise General Hospital

Building

yeja) - x=y™ - sy
Kim, Taewan" - Chu, Yurim"* - Kim, Seung Rae"

"z AT

1)Department of Architectural Engineering, Kangwon National University

/] ABSTRACT /

The building which are essential for disaster recovery is classified as a special seismic use group. Especially, achievement of seismic
performance is very important for the hospital, so the hospital should be able to maintain its function during and right after an earthquake
without significant damage on both structural and non-structural elements. Therefore, this study aimed at checking the seismic
performance of a hospital building, but which was limited to structural elements. For the goal, a plan with a configuration of general
hospitals in Korea was selected and designed by two different seismic-force-resisting systems. In analytical modeling, the shear behavior
of the wall was represented by three inelastic properties as well as elastic. Nonlinear dynamic analyses were conducted to evaluate the
performance of structural members. The result showed that the performance of shear walls in the hospital buildings was not satisfied
regardless of the seismic-force-resisting systems, while the demands on the beams and columns did not exceed the capacities. This is the
result of only considering the shear of the wall as the force-controlled action. When the shear of the wall was modeled as inelastic, the walls
were yielded in shear, and as the result, the demands for frames were increased. However, the increase did not exceed the capacities of
the frames members. Consequently, since the performance of walls is significant to determine the seismic performance of a hospital
building, it will be essential to establish a definite method of modeling shear behavior of walls and judging their performance.
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Fig. 1. Second floor story plan of example building (unit: mm)



Table 1. Gravity loads for design by KBC2016 (kN/m?)

NO. USE Dead load Live load
1 Doctor’s office 5.40 3.00
2 Passage 4.40 3.00
3 Elevator hall 4.40 3.00
4 Day room 4.40 3.00
5 Operating room 5.40 3.00
6 ICU (Intensive Care Unit) 4.40 3.00
7 Stair case 7.22 3.00
8 Toilet 5.40 2.00
9 Air conditioning Room 6.10 10.00
10 Roof-1 8.20 5.00
11 Roof-2 9.75 2.00
12 E.V. machine room 5.90 5.00
13 Patient’s room 5.40 2.00
14 Rooftop 4.80 1.00
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Table 2. Gravity loads for design by KBC2016

OWOF OWIF
Response modification factor (R) 45 55
Total weight (kN) 111965 106950
Design base shear (kN) 12791 9997
Wall thickness (mm) 300 200
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Fig. 2. Perform-3D analytical model

Table 3. Fundamental period of OWOF and OWIF

Mode Period Mass participation (%)

Type — —

No. (sec) X-direction | Y-direction

1 0.68 38.11 0.036

OWOF 2 0.53 0.036 73.11
3 0.31 40.58 0.0044

1 0.78 38.21 0.081

OWIF 2 0.62 0.071 73.34
3 0.36 40.3 0.0056
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Table 4. Comparison of column properties

Section OwoF | owF
Size (mm) 600 x 600
Main reinf. 12-D22
Hoop reinf. 3-D10@350 3-D10@150
R l(:: ;F) Vp (kN) 407.3 406.3
Vo (kN) 3525 508.9
Vp/No 1.16 0.80
Condition iii ii
Size (mm) 800 x 800
Main reinf. 20-D22
Hoop reinf. 4-D10@350 4-D10@150
R I(::-?’:F) Vp (kN) 915.9 9131
Vo (kN) 626.6 904.8
Vp/\o 1.46 1.01
Condition i i
Size (mm) 450 x 450
Main reinf. 8-D22
Hoop reinf. 3-D10@350 3-D10@150
( 4;‘: Z}F) Vp (kN) 198.4 203.3
Vo (kN) 220.3 337.6
Vp/Vo 0.90 0.60
Condition ii ii

9} FHE R EZIE 0] Hl-8THS 96% 2 451k

1o} 7)%-0] H|ehd 53 .2 ASCE41-13 2] Table 10-73} Table10-8
o] L315i) 1.o] My 5o thgt RHlR M= FAE X|ulst
o ﬂﬂ%ﬂllﬂﬂ%ﬁ%ﬂ 342 9k AR ) mE B FRujo]ct. of
27 .4 LHXVHILH%J Aok o) wiae, kg A telo] uke
ﬁg%‘asq 2 W52 AT S ik The] R A gk
710] 7440 m]—a}?a_‘ gza]u:] 1 7HA0] d/3 Rt 2o WA, 18X
o v A2 Rk e AHET 1S d2 2 Hiast
OWOF 9] = XéL ATt HIURIAL, d/4 2 ejZEFOWIF 9] Wiz K5
RV Ao,

7152] Mol et mule) wigts Wl upyl 2 Hals 2)ulst
AR o w3 5o ufeh 24T 4= 9lck OWOF o] ekae
RE90° BT HAS ALR3E A © 2 7159 OWIF = 135° . H T
= AR Aoz 7Pt wh A ks HIEs(Vy/ Vo) oll whet
e, olnf Vo= 7159 B o] ojt 87 A, Vo= A =E
ojufgict ASCE 41-13 0= 7152 Ak vl&o] w2} 7152 27483
7HA & FHESHAL Qlek 224 13 220 291 7152 9 ol offt a4t
o] 7|%5-¢] M rr) 2o} w7 5o] Hof| ol XulE= HAH 7]
o2 BHREH, V/V,7F 0.6 olslold 27 12 BEREck 27 32
Vp/Vo7H.0 o1l 9=, 1 aho) &3t a3t o] 7|59 A
He} 27] gizof| o]ofl sigsh= 7152 2l Ago] Awto] ofs) A=
AR 7|50 2 BE2Eck OWOF 2] 7|52 ujd o] 7Aoo At o
2 gof tiiE Vyoll vl Vo7h Zhots Aoz ERss v,
OWIF 9] 7152 V, ol 8|3}l V, 7} 27| w2 FA|u| = E2F ) Table 4

rr o

R W



£ 2922 g HojErk o= OWOF2FOWIF oA THio] 579}
His2AK o] S 71521 Cl, €2, C79] ATHETT vl A4 A

=] Aksgulee] Jolg 2 HolF= tisa|l 7)ol
C12 FAA7|9F Fd o] S UsA A vl 2+
7] w2 thE 2= EFETh R C29) ol hi o] 7|7}
Vo7 FVoHEE 714 224 30 s sz 715 o] SAf gtk E3h C73)
Lol ) A7)71 2k 739 Vo7 bV, Bk ARHA 271291 7)50] &
At ol 7159 3 7go] Wl o] ol A L= 2=
o] ofgE HoETh
ol2iet Mg Fll e FA 7152 Foll tiste] B ol
HUAEZ o] T35l |71A] HE 58S 7] =& el 513 L ATkA]H)
o2 AHTES HHEJE R X|gslo] 5 o] WY
HAYSIGITE SARE 241 3Q1 71E ol A B ol 1A 3

A97hutsto] o

-10 !

=
2%

N

rr

3.1.2 HH|

3| Perform-3D 2] Shear Wall ElementE- AR8-510] El@)sigich
Shear Wall Element+= %4 2] 22} At A5 Lebd 4= Ik B4 o
HE Fiber R 45 AFR-519IT) Fiber 8 A7 R lE)sl 7.9 =2]Hl5E Fo])
Al HIEHA 498 el 4 Q1T Fiber R Thol] WFTAE AL
$of 5715 e o) waelso] dig AR vek $4S 3
WgE B Yelick 2aelse) AggRe PAsdon aaes
©) 2]0] Q158212 7|1 21, 28.8 MPar AHBSsich. 2ef o
=]

Zodo] AFSHHe R E|E oFE WPEL 0.0028 skt ok
50,002 0)F ZA7|E 4%@:—& | H48115 3191 2. 0004114
A7} Yok el U au Mg YO Y

il v i 39 Lyga 3 o
M W01 0049 1 §lo] obess g st
ﬂmzﬂﬂ T = A E] AR sl A e 2 71 /d 0l
7+ E—?Ol WA Flek. SER9EEA7L 9 e ATk o 2 3HESHA| HH
2 A2ex]e) s} Kt ob e ekl
S yom 2UTHI T 72 20 A RIS
FolA| ok b 2 ol A HA o AHEAS o ®
SIS} I M6 0. WSl 05 515 A}
2L ShA ARSI ofuf Ak e Perform-3D 2] Elastic
Shear Material for a Wall-2- A85151.0™ o| £ LIN_ELA(Linear- Elastic)
2} 819ict AckaekA] YO [nelastic Shear Material for a Wall-2 AR
SHich AR £4S 32l HHE AS ol g3tk o} 913 B
o] BT, )t AR, ) & APEH0 ] olof g He
B o] AP S-S A7sick: A et dAls, G EaeEe X
o} 12 0.1672 Ado] 0435S AMgslgt) HoATred, - &
KCI2012[12]f| wfet 713 dukaQl 4] (1) & AXlskgch

&
)

ﬂqrﬁlrm
m =
iy

¢

(T
o]
o
B

d
o:

°
®
ok
it

=

A

v

47688/ |] @000 AT T T TT TS T oo m-—---—-

- /° |

w

& // . |

B J |

“ / Ger |

£ 7075 ——ELALIN

2 i — —BPLIN

77 14 lI - — =Tri-LIN
0.0006 0.0015

Shear strain, v (mm/mm)
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Table 5. Information on ground motions selected from PEER data base

RSN Earth quake Name Station Name Year Magnitude Vs30 (m/s)
6 Imperial Valley-02 El centro Array 1940 6.95 213.44
31 Parkfield Shandon Array 1966 6.19 256.82
161 Imperial Valley-06 Brawley Airport 1979 6.53 208.71
162 Imperial Valley-06 Calexico Fire Station 1979 6.53 231.23
167 Imperial Valley-06 Compuertas 1979 6.53 259.86
185 Imperial Valley-06 Holtville Post Office 1979 6.53 202.89
187 Imperial Valley-06 Parachute Test Site 1979 6.53 348.69
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Table 6. Demand-Capacity ratio of wall

OWOF OWIF
Fu Fn DCR Fu Fn DCR

Wall ID

W2 58224 | 2392.1 24 49179 | 1566.1 3.1

W3 2288.0 | 1804.2 13 2300.5 | 1202.8 1.9

W4 41752 | 2565.8 16 3578.2 | 1879.0 1.9

W5 19814.1 | 9021.0 22 18132.0 | 6824.9 27

5919.7 | 2392.1 25 4972.8 | 1566.1 32

wr 2978.7 | 1560.9 19 27954 | 1076.4 26

2641.5 | 1853.9 14 23359 | 12137 1.9

w15 3216.1 | 1560.9 21 2965.6 | 1202.8 2.5

w16 5166.3 | 2565.8 2.0 4639.3 | 1879.0 2.5

w17 5569.6 | 3608.4 1.5 44469 | 24056 1.8

w19 6351.0 | 3608.4 1.8 5812.2 | 2405.6 24

W20 3218.5 | 2209.6 1.5 2702.3 | 1663.0 16

Afd
— V084, + —? 3)
o) A, = 0] gl i 715 The] 0.8 3 2hS AMg 1

O M V, Pl 7150] A9 mHIE, A, Sl P7} a1yl
220 Qe ekt b, & ATk 712lo] thef B
2lk= AlolH, k= o T WE 9| Sl mhE A=aE vERy
ARA 7 R 1,002 71 ek,

AR ] Z7ARIZEe 2RI B2 Ape] 715 C4_2 SfAolA
21T, T AB0] STHAFIRS S84 1.0% S LE BHEas,
R 9] WAI] AR Mol AN Seldes B XS W

Hor}. ofi= F 71E0] o] o, W] do] WA|o] ofaf A|ul=]7]

5ol 2102 Holrk

OWOF2}OWIF 9] = 13 HA|9] 273|172 618435 W55}
‘2‘1@ b, W] HEE S 518428 T} 251908 o= Table

B & <= Qlrt Table 60f = AEolA 412 HAIE A Qlst =2 #HA|
43%%@14 AR v|msto] Jelslsich T e nE ay
2|2 DCR (Demand -Capacity Ratio)=-1.00]A}o |, W60 A Z|Higk2
Zher},

rr ]11;%

OWOFA 13 7158 25 27 30f| Sty OWIF oA £ Achal
HI0] 715 29} C8L 24 30]0, ThE 71552 274 29 OH% At
OWOFQ}OWIF.J RE 7|59 24347 2 Ak o 51842 S vk
Sl
5 E 9

7 A B ATHE B8, Aok Bk e TR 2T
of sl 1] A 542 B0 2 Wweleal S| ULIN-ELA) S
Sl Hig A5 A SHEEEASE A gkl sk B

Y-dir. X-dir
6 T »— 0 —
[ | [—e=Lin-ELA
I I |——earan
~ : i | |——siun
° ! | [T
| |
| |
[ [
4 | » (W |
| |
- | |
- | I
S | |
@ 2 | I
| |
| |
[ |
2 4
[ |
| |
| |
| |
s | N
| |
| |
| |
0 | |
L v -
-2.0% -1.5% -1.0% -05% 00% 05% 10% 15% 20%

Story drift (%)
Fig. 6. Story drift of OWOF

=

2 3el0] g sictels wﬂﬂ ApolA = B o] A sl 371 gl
i oﬂw m w7} ko] dha) gEaiA] gromz
el 2o ol ek, e s P uet A
B o A & s}%a_wwuaﬂaqgmz
o molt). Eat oA AR 542
o 217 MEEIOHEHﬁHﬁ,% 2 grfee
d

;l"é

ol sl - A, 2E i)
2 e 2ok éﬂ Fueheleb ofzto] A% A
5 F502 288 4 Qx| ST Bask ek ojeh o] 31412 o
T SR L] 2ol ket 2k} oS- Afols}E R 3.1 28
A 713t o]y WA Aok vjAdE ZE(ELA-FAIL, Bi-LIN, Tri-LIN)<
#9510} 7 22 LIN-ELAS} 37 vl 9 #4J51ick

Fig. 63} Fig. 70= BiA] At 440 ©k2 OWOF 2} OWIF 2] Z7h4
7HE HERGIE dRrE o R Hil TX AES] S AT
B} ] Zo A o] ZaL 4] 52 BA7E ATl thef EshA] oot

AR A T At Z29 BAI7F A SR sk e S1t
HA91ZRE B A O] A gl A= o= BiA| o] AP o] Zxo vsf - 2
7] tiizolct. whabA WA|7} Hcke] sl FEs1A] o= LIN-ELA ] 57t
QIR AR 25 AR W WA At g o] Sof| 2ul2 32
o] Hojz|= B HellQ] ELA-FAILY] S7HH|Z A 5-Koj|4 27
Uehtom 12 1.0%E i 50 53] OWIFA = 1.5%E |
24k Bi-LINS| 57HH$| 72 ELA-FAILY ARSI #1534 330
R g Aok, Tefut 1L gh2 ti2k0.5% We R At o

251



st=2x|xIgsts| =28 | 213 55 (83 H118=) | September 2017

r.
6 X- I1:11
| [—e—LnELA
[ Y
|| —+—BFLIN
3 L |
B " | |—m—TriLm
|
|
|
|
4 L ] wm
-y
i
=
—
v 3
|
I
|
|
2 » |
|
|
I
|
I
1 |
I
I
I
I
o . » - ik
2.0% - -0.5% 00% 05% 10% 15% 2.0%

Story drift (%)
Fig. 7. Story drift of OWIF

L ELA-FAILo] 13}, FLA5H2old Hchagkg2rine] 718717}
A2 2RI 20| Aol R2lBp) Shaotol Ssit a7
o] Z0|E A o & wokE ) Tri-LINE FEATSE- Jjdg-glo] 7]
£7]7FELA-FAILo| 1[5} 9 5WHEJNBPUN1F£“d%Wb%ﬁﬁ
Slzhe crEA) Lkt o] ARk Ao Kol HTh AT o] F:2] ¥l
A5 oleh. HhAekH o] F HjH|e] Hekgelo] 00] H Bi-LINT 2
] Tri-LIN'= HtpAerg 2 o] 5 g2jo] Agtel] ghome, tha) s
A7t AT S S EHE 11 530] 00] HA] GFon 2 A&siA glEo]
y o] Bi-LINoj H]s} 8- FZhA9}zto] 2] yehe=
o2 kT

oot
o e
4

pasy

% gl o)t

)
o

fus

51.2 7|59 Q7 AMS|HMZt 2l Q7 XM

-1 X - [

A_r"
1o
2o
4
9
o
=
>

SEE BEEE RIS RN e
& F3tgo] 71502 Hulo] 7)5o] 45
ﬂ*ﬂwﬁﬂﬂﬂmﬂﬂqmﬂﬁ+ﬂ
FS 3lola}olc}. LIN-ELA ©}0] 27} 1]
75 87 2SI 3111
oGS o] ws}

o
=

B 1
_‘N_r‘
S
2
ot
i)
>
3%
lr

Bl o o
me N
?ETEHOZL
ol . ]
TR
of HE J}L
o

I EE
jei’ ko
o o -
I
b i
P

\1 Now

2 9
ﬂ‘ $
N
tlo
=
El
o
bas
o
q
N
)
o
rlo
FO
—Ll
2
i
)
A=)

Fig. 8- OWIFoJlA] 15:0] 271291 7|50] tsto] & 24517k
vrehd Zlo] i AR 3):719] -8 oJufgiet. Fig. 99+ Fig. 102
OWOF &} OWIFllA] 13:-9] 271 331 7]55 thisto] @ AehelS vhet
W Ao| 3 A A= E oJufglct. 71 eol| e 52 7159 &4
3)#17F 9 ek @18F0] LIN-ELA, Tri-LIN, Bi-LIN, ELA-FAIL <=2
2 A ELA-FAIL 2} 5 YHE A|9J6PH 2 3] 852 T3t
= ek

2 Aol A= Bl O] AThS SRS A F- O Bty whizel] Ao
e Mas e o] flrtar B Ao] EPE%PII olo] wj2t ELA-FAIL-2 55
AeAE-S 7 2 A bl meolaharl & 4= Qlek. T8y o= A2

252

0.04
| —LIN-ELA  +ELA-FAIL & BRLIN < TriLIN
%o.os— ++
= +
1=
—
=
< 002 -
-
—
5 + + ++
S +
5 s + * \§
0.01 n T + ++
A
A
“‘A; A‘ N A & 4 “““
0.00 xxxxxxxxéxgxxxxxxxxxxx
"&'\"‘5& h‘\'&'\."’ab"&'\v"bh‘a'\'\,x‘\.*&'&
R I A LN Y

Column

Fig. 8. Column Rotation of OWIF (condition ii)

700
[ -UNEL ELAFAL L BFUN o TritiN |
600
2 500
-]
—"
U J
E 400
A
< Shear sthrength et
= 300 e + 4
S tr .
o &
= 200 { T i, ++ f
w A A Te———a A ‘11 A
AAd ~ X Xlx Ak -
1°°'><><><><><><>< X X X—zéfxf +x
- - - = - XX A
X

Fig. 9. Column shear force of OWOF (condition iii)

1000

900

— LIN-ELA
+ ELA-FAIL
a BiLIN
> TriLIN

Shear strength
800 A

700 4

500 + T
500 o +
400 4 +

300 4

Shear force (kN)
p 2
>
s
e

200 4 = -

1
1
(I

100 4

N N N N N N
& o & o &’ &
Column

Fig. 10. Column shear force of OWIF (condition iii)

=g et melo]] whio] )iy wd 3
g g5l A 0 8 Uelyd
Fig. 8). 2% H719] kA4S ELATAILE 8 49, 7]50] 0.3



47} 2jo] I a1 LR Bl tha n] @A <l a4t
£ A ek B2 }Flg 8}Fig. 95 50l Tri-LIN2 v A1 mdlQfof = &
3k o] oS- A Ukehd 21 o 4 itk Tri-LIN $3fo] 4%
7] o HF s o] vl T2 Bdo)7] wizo] s el A HA oA
A A5 HGSR 2102 HIgElm] o] 2 ola) 7|50l g3k a7
ol 2P vpEhd A0 2 gheke) o]2ieh A2 sl A A 52| ofuet
gkz] ok=r},

olei3t AVNE HIRO R 1A E 02 S, HA|e] AR
Ve 71 285 mEe BI-LINGHS o 4= gk, ol A3

ol g-2fo] A7 mdlo]] uhol W] vty 5 7150 0] o}
F AR 4 913 715 @l wjga 0 2 st
WA 937 wiolok |, o= T
Aito]7] wizof| oo tiet Bl S ¢l A7-E Sl A Rl w vk

2 4y Rast9)

ESHH|EAIA ] 73‘\,]-7]- UERF=ELA-FAILE A &J51H, #A|7| A
of 28 Gaiol 71550 27122 Bl haiA| ek o] A %
7FSHA] ot 71 A s olie AP ERISATE. olell whet HAle] e dso] F
+<>PE1 B E TR 152 7)50) Aol BA7H 917wl A4 7

5 912 ) 3] A5 IS WA 1T 1] of gk T1eiutof
] Zzep A A EASHE AaollA wiA|o] A s W s e
2 o] weshA] 7] whze] ofel et 27149) A=A 433

Elojo gt

oA B Tl 57} A, RE B} 5 84S w A £}
ik, Q5 AR 0] 3ufch 2 Arkel & v WA Ak, ofeig

Al Ao} HAlE ol #-Ele 77 e R U ES NS =S
Ao} A A 2 AT A S 2 sk Ao] A= AL o] Hofl i
A A AN ofshA ARt ) A SRR
AT A il st ek A A =g =Sl ] vhzolok + HAl=

wjao] B2 ol ol i WS 574719k AR ol AggO
2 2 oF0] A TR H RESHES A T A
A] wj o]k 1 Aol ol et B4 melsto] 4R HRE Frh I
SPALHRB A 37} a7 Wk Z7hAA AR A st
£ sfelslgik
KBC2016[1]oR= SA19] 3 22 vhto] et AFglAto] E4fiet: o]
o] ek eg Ao et shsh ohes o) Sigelch. vt
A BT 37T v, o] ARV & RaelE dug
(Vo 2l 482 23k 5 glom] ufeb Wale) ArhAg 4w 5Vt Hek
ofo] £ A AL A A} SV HES SRS Sk
Gick. B3, B=p0] 3718 59 2 Al RESHe A2 Sol] Slah A
S 37151900 ofi=Fig, 11 53 SHeIe 2 Qlek. oln) 718

A= W21, W22, W23, W24 0]tk

rii
J&

=
W3 W5
W8 W14}
w2 wa e w;l\é_llv%\zrw W16
W15)
W-l W7
. n W20
W23 W17| (W19
. . w22 IWZ4 a
w21 W
[ | u L -
Fig. 11. Location of added wall
Table 7. Demand-Capacity ratio of wall
OWOF OWIF
Wall ID
A B C A B C

W2 243 0.99 0.92 3.14 1.25 1.19

W3 1.31 0.78 0.69 1.91 117 0.96

W4 1.63 0.71 0.65 1.90 0.91 0.87

W5 2.50 1.44 1.27 2.66 1.85 1.71

3.04 1.24 1.16 3.59 1.50 1.43

wr 2.90 1.18 1.08 3.90 1.56 1.55

1.55 0.63 0.58 243 0.97 0.83

W15 261 1.09 1.04 3.08 1.51 1.34

W16 2.26 1.22 1.15 2.47 1.53 1.42

w17 1.54 0.95 0.82 1.85 1.13 1.05

W19 2.02 1.08 0.98 2.83 1.48 1.40

W20 1.46 1.09 0.81 1.63 1.38 1.06

W21 - - 0.92 - - 1.16
W22 - - 0.64 - - 0.82
W23 - - 0.30 - - 0.63
W24 - - 0.53 - - 0.82
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