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Development of Drift Design Method for High-rise Buildings
Considering Characteristics of Member Forces
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Abstract

Drift design methods using resizing techniques have been presented as a practical drift control methods of high-rise
buildings. Most drift design methods using the resizing techniques have adopted the cross-sectional area as the design
variables for all structural members in a structure. However, the cross-sectional area is not always governing sectional
property for the structural members, but the governing sectional property of each member is dependent on the
characteristics of member forces. In this paper, a drift design method using the sectional property related to the governing
displacement participation factor as the design variable of each member is presented and applied to the drift design of
20~story steel frame-shear wall system. It can be noted from example test that drift design method considering member
characteristics shows similar or somewhat better results in the view point of structural weights and the accuracy of
displacement estimation.

keywords : high-rise buildings, drift design, optimization, resizing technique, design participation factor

1M B RASe] QBE Jors B Hae wH 4w
WA Gas MG 242 DEAIE ojdh A2
=4 Ao 9w A5 A4 2AS B Fua A4S IS o &8 23AT WRA A
A BEANE BuAASE 9o ndAge 908 A 3 ovk It AstE Ao Q8] 4RH
el nFTFEEY FHF ANANAWE THRE BE Eoby Be @A KR 9
t Q) - AddEn A - =AZEE Fas co] =Rd E EEF 20049 99 3044A B g3l By
Z8h: 02-2123-2794 ¢ Fax: 02-365-4668 AR 20049 12990 2 HE AA s AsUrct,

E-mail: hspark@yonsei.ac.kr
S Qldoatn A% - wAgeh vhlay

il
Hl
2]
>
-J
FA
O
Il
Jon
T
Ho
2l

P M173 M252004.60 215



g
<
i
>
ol
ot
1
OINI
o
il
rE
4o

&
Ho
BN
i)
e
R
e,

N A ra -1
rx

©
©
S
(L
=
P

=2
oy

rob o

oE ok
(¢}
W s g

o,
EOFO o

p
o oEe e

i

@«

o

N
oo XL

o

opor-f

o
il
Ol
R -
=
ot
Wt X ok
o > o
=
o
2

A st Adel W
% (Displacement Participation Factors
& glov), o/ A= BAR JAs] ¥
o ZA BMYE Ao &A1 MY o

R
2
rE
L
)

4z

o 2

s

o

o
e

e

M
=

oo

6),7).14

=

=] 1
of—

A

AL 7hs A 7PE S AlEsH
Seos HA| FEEo] 55 AX
2 Y3te AFREFo] FAl 2
Nz AAY S Atan O
Astgol FAld gk A F,
Aquz|7} g BR F3tFH 4
AEE ol&sld EFS ARuTFoZA WA
a3 4 FAlo 318
AlFe &4 ol7] 9jaf AA
Variable Linking Strategy)<
Ahng 54 d¥idz dH2A R ES
AR 7 S A Qi F iy
A AAl Ag3 A, 5 iy
ol Aoz AL Yyt ?

OJAAA ARHIEE o &
Aol GH2ARMEE MAAS
o2 Agstgod O »
Aol th2er A5
ozt o agez
of RAMEZ HAAWLE A}
1 i = S 1 2

it
e
)

gk

o
=
Lo =
jx

2

-

o Mo wu £ ok
(s}

°,

= 2
[o]
RO & o
o X 2 g

rfe oXx
X om R N T oax

o2 ox >
e
ol
ol

BN
(o8
ok

oo

=
)

1

T oo pE o W & Hoomu o
ﬁOL

ojo
Mg 3R o

p

A=A LAY

sl Hokoh

e

El

BIEMATRBEE =28 M17H HM25(2004.6)

T 7} glon,

7

7% 4 den, o=
< oul & 7R A

A7 A
o] 7ld=g Ve
o] &3t FASA

e

(1)

£
Lo
i)

=,

B AU
- _]E -
2,
1o

T i
iy
B

> e 2
td
)
i

g

-

¢

N
L #
i

I

i
2L
_o‘h
ofy
8
B
L

kY
|
%3
&

4

A

(o2}
2
1
1
EY

W o

2
rE

AE(§,) Foz
Ao #AE =
o oz FAHH
a4, 4
@ FA

ERN
I

X

2

=]
-+

Ao} e 24
RozA,
o2 AR 4 (2)9
gl whul g etn 2
A9 4 ok A

ZFeo] wsrt

olr
=0

rr

-{

(KA R O
oSN
2:1
4
=
23

of
-+
Y
Xl
r
_Q‘ .
=
k3
&,
_QL
rir

oot g

&
fr
e



i (s'i

Minimize 6, = ) — (2)
=16

Subjecttoy, W, = 8, W, (3)
i=1 i=1

ATIA B, W = 242} PR BAle] B

| Bl Algalglona WYgron
E ouda A ddd 3k vk et

=) = AoR 4
dlolont, AAz WerlodxE 4 (1) o] 248 o
H A (G, B2 E)d weg gt & &Y
7 At og WYrldsE A vy 2

Mintmize 6, = Zlﬁ(—N]';[W (4)
A71M, BN V2 A RAe 58, mWE, AW
9]

==
g Wesl% £ 1 ARl W ne B

o =

2E A% Had $Ae F2¥A S5 (Lagrange
multiplier) & o] &3te] FAleF i FAZE X3E &
e K-T 23 (Kuhn-Tucker Conditions)& °] &3}

W SR AgNMI= A (5)9) o] Y

5. =W
B NM WL—%«—» i=1,...m (5)
i Zl\/sl_ ;

?

FAEER 7 A ALl FApEd AR () s 4
(6)3 Zo] BRHAAH, 4 (7)., (8), (9)¢h o] FAEA
< negle] dAMER Ad8E Aol £l

& = max{s",6/,6/} (6)

A,j”Pw: AT_I',‘N,[X ﬂl(N,M, V) when dgnax — (521\/ (7)

& R
o Ho

v
vk

rE oo (& oC
oo fo
i

pondt
H 1o

* g b

ol

=

o

==
==

Lo o

-

NN B oo 2 rE oo )y oM oy St i
o

N

gEA - MAE

I'= " GV phen & = 6M (8)
A= A FNMV) phen s = 5V (9)
b and, oe 2AENES Y

27147 AR FE ehact

2 AANSE S8 BY ol £499
BANFZ ALY BuA s @

AE A SHL el HelA

5% 29¥ol 19 134 2 137

949 vk ARd EE 0§

AMe 2 thed 2e gug AR 9l

HAZ 1§ WAE BEAA o

& EHH0R AY & Yt PHOE AH8F
B, AR T AUE wEa Rahe

A% A& F7HAQ B 2T 5 UE W

S ek A, 271 A3 West Heuds

Bol7 S 4 g3te] F7b4e WAl

o4 Het BEHA BPEAT 2 5 9l

El_]_-

oft
2
=
rot
)
=3
fru
s

fo
)
-
l.ﬂ
32
o

o

oL@

He OI0T Als

HElmLE Ds

rg 9
oy 12

4
B
L
oy
Ol
o

*EAS




4. OIMIHS

AAz A8e
80m, 29 2] 36mel® 160742
e Aoz 74
of et dude] A= B
a9 29} 2o} 2Ae &5
2800kgf/cm?, 2.1x10%kef/cm? olvﬂ,
= 4000kgf/cm® o|th. Aghde] Zaxe
= 27 240kef/cm®, 2.3x10°kgf/cmo]
A3 [A%E sl57is 2 4] o
A 8ma 7Hgete] Ay stgct Absha ﬂs}
Ko Z83h= 4000kgf/m, 1600ksf/me] 53
o2 7Hgsteh. & oAle] 27] Rl AIK-ASD 834
35 23 Y3 AoFzAs UEEE Addyglon,
AdstnAtsts A% F W9 HE =09 1/500
(16cm) 2 7Hg sttt

™o

O oy N rH oro X KON o X i

=3 hyA

o

%) 2
22

N
I~

il O{N ox o J

i _1}1

of
-

o o

=X
gq A}

E 1205 X2 =7| MH EXBE
PATE F5 FAEF
16-20 H-350x350x11x19
N 11-15 H-406x403x 16524
© 6-10 H-428x407x20x35
1-5 H-458x417x30x50
] 1-20 H-488x300x11x18
16-20 20
Agd =7 11-15 30
(cm) 6-10 40
1-5 50
£
<
&
S
8
2
agl 2 205 dH =2
218 #=FMTRITEE =28 H17# M2E(2004.6)

2
ﬂllo -{E mlO

@
>
w

w
x
e
2:3
1o
B

B

T

e Mo

of %
=)
)

B H

2

JE Mg

'
tlo Ly
i

(9]
rE o
i

24
2

i
= oX
i)
o
£

)
il
ol
)
L
41
e
do
BN
i)
0o
X,

ik

o IR
ey
=2

A
2 o

RAANCE)

&
™ o

¢

1

?.
_?4

BN
Px
i

1

e
i1
al]

ol

¢

ok oo o o) ¥ I
o o ml AL X ok

38
=
=

Y

©O
—
W

5

)

A

4.

o

o]

AReR g HYALAAY (CASE 1)

%71 AAD Zdd sl FxaA
olgstel HEZF WMAE S,
11.73cmo]|H, ol AHe Fx3AH &% 4]
ANA Ao 11.60cmst A9 A=A} %27
dZHY 11.73cme EHAE u}}_z;}
XA wdo] ostH WY AAs} B
AE A HEE dEFoE e
elote] AAW

Qo

,_A
o
rE

i
o
2

dm e UE

ox
o

o i b N wle K

o

= 2

N
S
9 o

= g

T

r% o
N

(<]

Loy o

Y
S
8

of P o Ao (%
~

L
o

N
-

b off (B o\

J=r
(]
Lo
B rE
Ho
N
£

olr
-

o
=
ol

AX=d CASE I
%* | 2.4%Z7}8tH

7] {8l A

. MIDASE
16cmBzA o & H 8.3%cme= 17%
colE g eatel AL B FREdx
GHAHEA S8 ALurt dolwo
MIDASE E3 dofdl A=} FA
A& dE3ld 7.28cme HAF HAE 95 7 U
ol MIDASS &4 W9 7.16cmet ZAMgE Fholtt,

7] oA o A YE 0.75cmZ 16504 A3}
Fovk WM F A FUHYE 0.49cm 2 FAe)
w 14ZoA HAET. B 2w AAESE dugoeg
P A WAYZEAA H & 2 EF Mz

el

oS o83t

Ao *~ olo

l—v_‘E,



O WaE dEug 73 3, 23 4- wHAS AAus
i ARESIE A A A Bl W= B
32 Jepdth
E 2 22 Her|odz el wsl (CASE 1)
R EEE
A% | 8278 | 6798 | .32 | 7532
(et tonty L2 7187 | 8957 | 9135 | 9135
Ak | 21980 | 21690 | 21690 | 216.90
A3 | 37445 | 37445 | 38357 | 38357
| N% | L 165 155 | 189
TR B 3.08 1.33 1.28 1.96
(RS em) | Wy | 694 | 556 | 556 | 342
i‘ A4 | 1173 | 854 | 839 | 7.28
AP Heo
A A L uas | 1160 - - 7.16
(29 cm)
2 mzol
WHELUH=
EB2A-HAF
9 | OMaIA

H I S (cm)
o

NE = ety S

2 3 HI[{ =(CASE )

400 1 mzojay

B EHE
EZSHAE
300 mPYEES

(tont)

200

3

0
il

100

S

4.2 XA Aol nAR HA AFEZ AE
A HAY (CASE 1I)

Z7) Bdd g a4 Wl CASE 1% Fdsith
ASE LAE ARA $A4H 54€ melste] yA
Lo dANSE Agt & 7 AR by A )

2y el E Poha, olsh B FA) 4
AURE G YAYSE FEPOR B 5

Holth, Al 54 mE AAMFE o

N
&
w 4o
o

[s0
oL
i

i
it}

e
o
rlo 1

it

lo,

ut)

)

B

o Ik
b O

N

_<)|L

rir

i

o R

B2 E 2

o BN
N

e

o

<)

(i

o

1o

MEoo
j=)

=
of

mo B M &
fo
i
- ow,
1o
o
1
wo O
po, ®
4
=
w

e
B
e
e
hu
o
2
it
oft

lo
24

o
oo
o)

=)
>
rir
N,
)
to &£ —
=
i
o

SR
S

>

_O|L

2

¢
=

2
ox
olf
&R
O
e
x
= % o op
of m{é m o
[e}
rlo EEE
Ty
- HWd oX
i ot off
ot oA
i)

s
N
offl
yiled
lo,
Do
o)
=

DA T VA C A A « A
@)
>
&)
=

N
iliod
=
rE
4
i
>

A
X,
ox ‘ﬁ‘ (2
Iy
e
r
Do
3%
1

8
3 ZH—EHW S

Ot
(]
=
4z
kY

It
i
)
Do
B

| B ﬂxln%, ]
o W 7154y i FAe @
EHlEd] o3 By
DH2AENEYL AANSFR AMEE
A 20709 FA F 18709 FAle
ARTE AHEER e 2 2A(16, 20%)
wjgol wel @A o] AAAER AFEE T, of
FAag E4e nefdle FAME & dAuSE
7] W& A EF W o} B4 7Y EYE CASE |
H= 2 ARt oy BAje E8-2 CASE 1% F
g, ojs FRE Aol A H A AdE
SHA GH2REHMEE NEFQ AAE A7 HE

rg
a2
o
s
)
g
4
il

v
fz
—m
e
2 o

£
=y
o

N

)

>,

=

"

4t ©
2 (g o
w e Buodr

<
(g
[\]
%
i

Lo &
£ % im
[o]

r{r
LT
mL —
o,

)

&
o,
_O|L

29 1914 deht 9Fel, Ao} ok 23 4w
=1

A= GAE AX=d CASE [IIAE ZA=Az wA ¢
A BFol 1.7%%71sh A8 AA B3¢ xrEFgR
t} 4.5% 7ag Aelolw, WYE 9.34cmE 2] WYY

79.6%= zagitt d3d MYE A8 98 wAEd
TZES MIDASE &3ty Attt MIDASE
ol g3ted ot M= 8.79%cmEA dE WY 9.35cms}
= 5.9%9 9xZ Holt},

MIDAS®] sid oz dojal Baga EAxsE o
sto] HAA mdE BYE o &s1H 8.91cme WY
AL F o ol MIDASY 14 Welel 8 79eme
oAb gholth, 27] 2ol Ho 7Y 0.75em
2 16%4 FAstE o, HAdA & AU e
0.6lecm#z 7“\3}31 14%5o0A EeA. 28 5, a9
62 FASEHNE medstd AARSTE A48 A zEA

AW Aol e Wzt Bae] Wae tehdth

tt oo

SIEMATRZEE =28 M17H H2&E(2004.6) 219



T o oo T IR O G W o
lyeEERE gz @iy
— o o T o W . E = =
= oy st o o ) = _ =
I TR o NS B Dy
iy R SR R P
5 o5 A f o <8 B X & K
Y maiﬁﬂaﬂuﬂyﬂﬁmﬁugmﬂ&%?mﬂ tto
ok —_— — H ~n
AR EF LS NS B I
Ko 2 % T = Homr o WO i
" &?%%W,@&uﬂom N5 ool &
ﬂ iodll| = . — Jﬁm‘ll
) Lo a2y et anTey
=48 o i ‘HNVIHT = W & =) N
ngg w 1 iwuﬂﬂ Nrodl.ﬂ.#adﬂlﬂnx "
! ~ K o
FTTTR P o T L E
= = 1 ¢
§ e e e e %mﬁ ,ﬂaoix%ﬂaaugaﬂdm% & 2 L.mo 0 °
(Wo)SHoIC TR o} — o il o MW ey MNowr Mﬁ 0 +2
SEE - gwbe o FHEyY
| ﬂAlLAV‘mﬂﬁoﬁouT_/q]ﬂ:/ o
- o 3 Sm w2 T
. % .‘wﬂ,CZo m.‘w e o &oﬂl]mﬂ
o SG‘,ﬁru_‘xﬂwwu], e By
= — ,and,mxﬂo i UGG = MZﬂ\
= ") BR Mzﬁodmﬁﬁoiﬂ_o_hﬁulwﬂ
s o L - v~ | o oF _I.,mw.
= b of B oo W W W O ok ™ oek oo B oo
& O
il La(c
st o
% a © TR M M oo oo o T B oo B o
L o X o £
Ex mw_mw il ﬂafmﬂm_ﬂmwn%mmm% .mﬂn,,m
nl n —_— KM O —
® FEEE i Mg BERF L= ORE WY
- G ah g R Mg ®S
Mo < = - O O% T Mg .d Py
g8 8 s =8 n E oy
o = XK - — Q
i T ones mm M STy 2 mm SN RO
= n O T o= e o~ ' >
o 4 EE s O
dlo Mm%%TﬂﬂloﬂﬂnLtzooﬂm/umtRu
% . B EC S E e E R oy
¢ "= NETEEEISE B N
Ak w pus %MA G O I S s
‘wﬂ_ dlwi Cleﬁo‘.ﬂ_ —
w ¥ 2 - AT O I
\ S do i = o W -
e R’ ~ — — .
by i TT LN ELEE gy
! g Meoiu.ﬂlldlm.ﬂnm.ouwdﬂm,m_ooyﬂﬂ\muu
[ vooo ﬁaﬂoﬂb,_ﬂ%ﬁﬂ754_z_ﬁl,
™ 7 T mﬂﬂ%mﬂ%aﬁ%ye%SHﬂE
o m 7 b = A 2 E Hoe R = 0
7o L N o o T
r mHlis W L B AP S
Eme0 m = ) o W b o X o= o M | \
B ) w B s W E & o
o @ © ® =) \ dl.mall.._ . IE,.va < w0 = [Fe} o
= N o O o e =0 o &
n oIS oICksR Al o wE X TN < N T
T T T MWW M N SO F v=

(tonf)

£

Hl

43

(A

X
a7 10 dA 2=

10 20 30 40 50 60 70

0

10 20 30 40 50 60 70

0
5(2004.6)

12

173 2

(tonf)

|
=

t
| =2

ll



]

o]
b A

o

j g

pud

] Alold

2, A87 SE3] Aof® e e £F

()

0.8

1

—— X

CASE Ie] %

o CASEI

-

CASE 117} © a#tdolaln & <

o]

st A AN W) oAt o 4

20
15
FAIRE A 91| 0] S ol A

Fhego] A

CASE 1T 25 AZuol wet ue7t 52
=

12

JIEA
4 CASEI
—o—CASE Il

—— X

AT AA R |7 =

#2l (cm)

o2 11 B
o

2heAs )

1518
=

ste] 7Y

©

12

20
5]

<
0

5.

ez 713

ol

&t

Joll wta] ]

AA

=

.

FAEE o

&

o

I

1A

AzAAHA

=

.]

A
[e]

2ol ohfet A%

)
froul

oo

}

A

Ewa

CASE Io] Ao

s

°

=
e

EAR

No
jan]

ojn

zi
o &=

Z| uf

=

==

L
o

CASE 11
Wl

1

T
gl

gIA o],

P ut

5

HAME Bl 5

SRR

o s

AR
FolBz F T

2
T

o}
=

oj

70
o
®
o}
i

iy

[}
=2

Rg

ol 2]

jE e

o

Ll

3 4

A E]

T 5% dAd o
el A

ATt.

Ak

o

o

o

(<]

ZA, CASE 1,

TIHEARY

B
o
Ho
B

o

<3<}
=R

221

N
/

8 M17H N25(2004.6

A



4

it

k=R

tio

e A

.
i

A8

rE
)

nEAE

(FAMS: C102A1000004-03A0200-00410)9] <&
2 Fyuglen, oo grsgy,

ik

F

Ao
ret

1. Baker, W. F., "Sizing techniques for lateral
systems in multi-story steel buildings’, 4th
World Congress on Tall Buildings: 2000 and
Beyond, CTBUH, Hong Kong, 1990, pp. 857~
868

. Charney, F.A. 1991. "The use of displacement

participation factors in the optimization of

drift controlled buildings’, Proceedings of Znd
conference on Tall Buildings in Seismic Regions,
55th Regional Conference, Los Angeles, CA

Wada, A. 1991. "Drift control method for

structural design of tall buildings’, Proceedings

of Znd Conference on Tall buildings in Seismic

Regions, 55th Regional Conference, Los An-

geles, CA

Chan, C. M., and Crierson, D. E., "An efficient

resizing techniques for the design of tall

buildings subject to multiple drift constraints’,

The Structural Design of Tall Buildings, Vol.

2, No. 1, 1993, pp. 17~32

5. Chan, C. M., Grierson D.E., Sherbourne A. N.

1995. “Automatic optimal design of tall steel

building frameworks’, Journal of Structural

Engineering, ASCE, Vol.121, No.b, pp. 838~847

Park, H. S., and Park, C. L., "‘Drift control of

high-rise buildings with unit load method’,

=
=24

222 H178 M25(2004.6)

FAAAY

10.

11.

12.

13.

14.

15.

70w

The Structural Design of Tall Buildings, Vol.
6, No. 1, 1997, pp. 23~35
HE A, Ao}, "AFHIIIEE o] 43 AF2E] A4

A, S rzeE =7 A 108 13, 1998.

. Park, H. 8. and Ahn. S. A. “Resizing Methods

for Drift Control of Tall Steel Structures ~
Structural Steel PSSC" 98, Vol 2. pp. 1017~
1022

AAR, HEY B EEA

dulpze] £ A
o A% AR FAY . WAAZNE o4
@Hxsl 1938 A1E, 1999, pp. 277~282
NAE, BEA 83T FAaES BE 13 T2
2o Aezd AAY, NRV2E) GanEs),
204 A1z, 2000, pp. 87~90
NAE, HEA AL S 0§68 2F TEE)
S ws AR, denFets =8 A
9%, 2001, pp. 73~80

AAR, MEA HE FRG T4 1§3S 10
g EAACY, BFATEYH WE Y

2002, pp. 452~457 .
Chan, C. M. Optimal lateral stiffness design
of tall buildings of mixed steel and concrete
construction. The Structural Design of Tall
Buildings, 10: pp. 155~177

Park, H. S., Hong, K. P., and Seo. J. H.,
“Drift Design of Steel-Frame Shear-Wall
Systems for Tall Buildings’, The Structural
Design of Tall Buildings, Vol. 11, 2002, pp.
35~49

AAE, &AM, T FHASE nge HYxdd
A A, AN EEEE J1E StedtEd] =
A16d A25. 2003, pp. 161~168

=1
=3,



