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An Application of Construction Sequence Analysis for Checking Structural Stability
of High-Rise Building under Construction
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Abstract

With recent trends of super-tallness, atypical plan shapes and zoning constructions in high-rise buildings, a structural stability
of the building under construction is arising as a key issue for design and construction plan. To ensure the structural stability
under construction, the differential column shortening of vertical members, the lateral displacement of tower frames, and differential
settlement of raft foundation by unbalanced distributions of a tower self-weight before the completion of a lateral load resisting
system should be checked by construction sequence analysis, which should be performed by systematic combinations with
structural health monitoring, construction compensation program, and construction panning. This paper presents the scheme of
zone-based construction sequence analysis by using the existing commercial analysis program, to check the stability of high-rise
building under construction. This scheme is applied to 3-dimensional structural analysis for a real high-rise building under
construction. The analysis includes real construction zoning plans and schedules as well as creep and shrinkage effects and
time-dependent properties of concrete. The simplified construction sequence and assumed material properties were continuously
updated with the change on construction schedule and correlations with in-situ measurement data.

Keywords - high-rise, construction sequence analysis, stability under construction

1M B 203 AR 27} AAY 2 71%Y W9 suew
HeRA, 19904 0% Folrlel Ao FHow A4
HlEe] 143 A7 A9e FHOR DSl AHHY kol Ado] WAElo] frk. 20009t) SolNE edde

~+

o] =io] tg E&S 20099
W 20099 10¥350 1 275 AAHEU

AAAzE, H34 - ety AE5FT 2wy
Tel: 02-940-5637 ; Fax: 02-940-5190
E-mail: kimjyo@kw.ac.kr
e diE e A&y A

=

[

PN

H22# M35(2009.6) 211

it

84 3147HA & ol HifjFA



PR

o]

b AT

k]
pid

_&H

ioﬂdl
.m_ﬂﬂA_lo_WEOO_
,1],|=_1
ﬂr.ﬂ%mlxuo%og
mM_&e_“Ho,mu.AtwﬂrwoWdz
ﬂﬁong@A% MOLH,
70 ™ amM@io o ol = N Wo:_ogl_zwl
wmwamm@?x&%rlmmimﬁ@QQ&O
wmi%@zﬂﬂ% Foa‘ﬂga1%ﬁﬁ L
Gl aﬁﬂk@ Mﬂg%c_egiozmﬂ B o
> M ﬂ%ﬁﬂ@ ﬂ@?? z,af B s mﬂhi
1loog%ﬂﬂln - X ﬁﬁ,féz_ou%a o}i
XAéﬁqA w 1 0 T NoEe oy %EE,Z
oﬂam_xvﬂ EEOM 1oﬂ_1mLOLEmn§ﬂ i%xﬁmﬂﬁn,ﬂo&oﬂ
@m%%E;A¢@4@wzw%ag% gogm@ma%@q
%o I~y —~ ]]] - N ,1»4 ~ T ° —
m@ﬂhw%%@ww7 %gqam% ww%%%W%ﬂwwﬁ
A %_s@ﬂ Gl N T _A_uke_ﬁ % %H1&o ua%u}
mﬂv }zlo Haﬁo 7o X 3570 _50710@7
@io_:oémﬁ@;b%@aﬂqga ﬁ]mn%nfw_fh
A]iﬂﬂrﬁ_.ﬂﬂoloaAWn@oaoo%%ﬁAﬂ szLmﬁﬂ@mMuﬁAozT%wo Mﬁol
Neaaia LpTEE 23y @mmqum%@ = T35
;ﬂuliguiﬂoxunkﬂﬂ%éaeo#L < wr < LH%AZOOL Jﬁa_a =T
L ?lofao 70_ﬂﬂﬂqﬂzo o HE mhzﬂﬁﬂk : Moursl
ﬁ__ow_omazm« Nﬂ%@%ﬂZﬂ% JANdr.mmE?sVlo = 0= Lciﬂoﬁauﬁ/
Mﬁﬂ_wﬁv% co]OMmmu,H]iu ,mMﬁ%mﬂﬂgoﬂA@% o Hlam]ear,_ﬁafﬂ
FOWT Tlo;omll,lJIAT ﬂﬁlv_onxouﬁnmlmwﬁ/xﬂoaiﬁuoaﬂﬂAOJIn_A._; ﬂﬁ. . To
D 4@77ﬁ 4 @41@53 zo%lﬂ maﬂogaﬂ WBQE_A&@
i.ﬁ maﬂzoéaa zr W = T b G o,_uoggeﬁu W = 110§1%}
a =0 it ﬂeﬂu/ﬂxiﬂ-‘_wrzol»dﬂLoaﬂ_.écnmﬂmﬁ‘v,%ceo:_H Aoluﬂxwwm_ o’
LZTWE7WWA%§.J_M1H2T%§1%1imreionmuﬂo7jlﬂ|ﬂu9 mﬂmlﬂhsmﬂ
zoﬁo]dﬁo# A@iﬂiﬁﬁﬂo%mxwﬂww_%@ zoz.;dﬂabi
o moaﬁ\/ . qmoﬂﬂLl X s 4 o MM 63 < ol il oK o ]
Mo %ﬁ@d@bﬂﬁémﬂ%gﬂm@oo1_9 = nmﬁdroTl
T T ﬂ%o?Vﬂﬂmﬁm?ﬂ%eeﬂﬂo]f@qﬁ%ﬂr 2 oT.WerﬂoH
=~ [e} 5.0 LK | — ~ B oy Z o [y ﬁ s o LOLO Y ﬂw‘_ N _.ﬂ f <
P o TR . o E_;.drﬂ‘aa} 20 iz I
o ® S @Lﬂxﬂiﬂnmﬂ%ﬂ el 0 élgo)k
il IQH_O? o ﬁ.zk]};@lélﬂ S q m}bs
ﬂﬁxﬂwﬁﬁﬂ% %ﬂmwﬁu%gﬂr%mw&d 5 o %WQMAWQ
ﬂ]na ]_u ! K < R o < o}a =
ﬂﬁ%a%%%% %Eﬂz@} ﬂ_&%mxo@ i Jo ﬂ%wmuof@
g W S _507ﬂawﬂ m- m#ﬂﬁo_ho_wmu] W me 9’ X a1y uaﬂiﬁmﬂ
f%if%; i:;;o;fo g o 3 Ayl
: 1.% o o w o o 1 = o Woﬁ_/ﬁla
wm%%aQWﬂm @4%wm@w%g%w&% =Liizd
mﬁﬁﬁwffp@ﬁ xﬂwomnﬂﬂﬂéﬂﬂﬂ Ho ap%#a
Ldumﬂﬁmﬂquﬁouodu.mﬂﬂﬂlﬁv mnouuﬂga11_t Ho%_ﬂo _sLoEPv
M%mﬂoEoWooowﬂohmﬁﬂd(rmudﬂﬂwﬁm”wﬂ m_xzwﬁ_kwi NoW
== Py g Bo P ﬂoeeﬂo]z X ) ]ﬂ o o=
%7mm%@ﬂ§ﬁ@%%w,gom%o%ﬁ;WQ%oiwggo%ﬂ
‘Mﬂo#.ﬂ..on.lmo O#E_Zowa7L oiﬂm_l Eﬂw_uo.,m,mﬂﬂwﬂz‘%ﬂ T_zwlﬂw: 1_|‘0|L .Io‘rlxlio‘m
CRey S I mmnfﬂ N = o EH}N« Nr).AapauT
Br oh ,aoge.i ,OMEf H_zﬂﬁﬁroh ?AT%mﬂzoﬁﬁTn1mL17roaﬂoW1]ouzﬁﬂ4
x.ffﬂ%ﬂqq#q:ﬂaﬂiﬂié%ﬂy.f.x.u.o%opi%
Eoﬂolo M7\7)Mﬂ1_1rmgz uowlgAﬁLAmu] Mo ﬂLﬁLZWHﬂuu%
?ﬁ.m%ﬂxﬂ%oﬂeﬂgWﬂur.émqﬂmiwrnou.rnie,_wﬂA:.Aﬂmamuﬂﬂ
ofﬂmmwoﬂmro2wwmwmmmnﬁwg?P?%o &ﬂﬁ%ﬂ%ﬂm@ uﬂioémq
wipmqu+q@”$mﬂ:%mm@M.w¢ﬂzM%.w:w;%WGM
;mma w_MELEO.W,Aﬂ&%%@.HoZgHﬁgﬂoZ..x7:LCwm7%vﬂ
qqa.gur%éurﬁw.goaw&g.ﬁf.offﬁ.17§gq1075A
" A]Jlio]c_a,olﬂ.,ljd ._]pmo Z_ueronPﬂmﬂeﬂw‘_,ﬂl
7EL| ~ iooxﬂﬂ 5 T X 6,# s muaux
mﬂzolluﬂn,m@). anlwﬁoémﬂmaEp_ﬁ%_/a?m;ozoli
5 coﬁ.zlaﬂﬁanxm}%a_?mzﬂﬂnLoﬁ(zéﬂo%A
G ol ol Juue7] 3 ook oV]Jm_. J.of
,_._ﬁlaoauﬂ‘_ﬁLoﬂLﬂwoo? ;._.;oh»] 71ﬂmﬁTEoA1_
st O X CHEN %zqu.lrs d@loglo
(%@;ﬂduﬁlme Lﬂﬁvﬂalo_xiaﬁﬂ
T zz1ﬂhﬂaoaézono7qe]? -
woabhiAﬂoA @mwriMEOXA = F
70_25@1x@,m|x£ue ﬂlomﬂo.mﬁmﬁ
lerurL }U,W.XT-A,%OJI#,T
e@nm;@,w@_awwz .
ﬂmﬂ,ﬁﬂ,‘%ﬁl rA;loﬂ,iozl
ﬁwumo;onthW‘_Mwmh
%%%xm(mmfﬂ
& 5 o 2
o a0
EL Fo

Aart 27 o

o

-

AA A AFLE

2z
=3

e it 2

[€)

k=1

H2oH M3

&l
(=]



H]

/E7t

=

=

= AH

H= o

=

(=g Al

ol FAle] Wdgo] An,
HAAZE 71eAY HlEele @d=

|5

ol

[=1
=

Al =

/e
3L

A Als

A=

a7 3 AEAE-2UE

—>| AlEA=

22 4% F

(Zin Zlev Bl v BB

=

=
=]
=
=]

o

s 7t

3}

(<)

g4 A

e
A T TE 71%E el

1 7]z A A

_7]

AR A Ao 22 A VdEr

P AZ ARl m

1 AlIE

T8 (zoning) Al
AE
ofelA £
w7} 2

-
Bz

4

ol <]

€

B0
"
0

FEA| 2] Aejzh 24 AL SAHfol

o}, 7124 o= A elA o2

pud

g

SHARE, A

=0
=
i

[<)

ol
Ho
ol
oF
M
o

HA

]_

ZAE 270 AlF F g o

Al719l 2]

3L

o A3 g ARl e A

_iﬁ
fo

o Y RAL BEC 4

1

3]
U

[e]
qE 5

IR

v

oSt vl

1

0
pi

123e] o]

2% (compensation program)
[e)

3L

2= HAE/HrEn

to] da Al BAY

Aol A8t
2UE Y (structural health monitoring)

0O

=

=

&

=2

7

SITH(era A
A= U8

=
-

}

%]

AFeln G&Aoltt. a2y Alg M I AlF

27 Z0]

pad

ntshg el wet, Alg T 2 P o

ot

Mo
il
el

xr
T

"

pod

g AlEAE-EYH Y

o o]?

}

ZA (2

1

o
ol

b Sest 2

o
A%H oz o ojAo}

7ol A

o
T

=
5

to] F%9|

Pt A

[

]

g

gl 9|

%

o} wehd, ofe] 9 easd ule 2z

o o
o et HE o

K

it
Ho

Ko
fo

= A

= 4 3)

=I5 TR

e

0|
p i

vy,

o] FGoIA A A

gt
2
=,

°

a4 7]

9

1)

g ofof
Al

BUEE 7le, 283 AU B 7]se] rtEofof

2

R

smz, 7} b

HoF

T il B9t mEReN A=
72 Fejolth(ay 2).

L

F R Az ZIdiEA fldel glolAz] d7kA

o Be7k 222 S fA)

A sl AZ F9 Signature Tower
1A ePgdE 71K

T =

yd 73

Al

0fo
Rrr

w

HI
K0

__A._

[

O

1

p
L

(2009.6) 213

=l

ZA B

3L

H22d M3

PN
=

71 <1el

724 GRS A4 213
[e)

HE

A2l =] ofof

NE=
T

2~
nn

1]

I

o <

=
5

Pol= A

g}
AF F HgAE FHsle AFAgY 3

3

k)
pid

ul
=

=
5

Al €]
7he] soi7h WA AlgE of

Ry

A

2
H(]—/}j] [¢]

L=
-

o BAp)

o
¥
2

[

1

AlE 5
o
=
A



B
ol

AEe Ay & 7324 A4 HE

il
)
rot

I =

3.1 F2A29 % A

xﬂE% 1603 ow ?f-‘?_ﬁl 203 ABEA,
3L
=

I

; Baker &,
Yo
ly

200738 4 NERe 22 29 e
2 F4¥lo} glom (a7l 5), $YY 2T ez 3
Bos Ul Be Aog TYPoRA, 1603 o139
olo] tfeiiE FrAo D=
x5 N15E YA 2 -
29| obse) A7k AR Fgh.
2o AREer 258 e 9] Yagew Sob)
W gele] WAACR Folut Yo s, Bu i
A9 0 7 9 B9 AF Aok WA 5 T WA

I

AA ofdl tigt 17t Fw9] o|FoAnR, ¥ Fo
700m+
— Steel
585.7m — Beam Elements
— Jower
— RC, SRC
— Beam, Wall Elements
Pifed Raftl Foundafion
- RC
-13.2m — Solid Elements
-16.9m + Spring Supports
O 4 3R FxoiA
Wing A Nose
.
i
WlngC

214 #=HMRETE =2F

H22™ H38=(2009.6)

ok © AA FERAZHe] ¢bds] A 27| o
/\l% 9] KA AL B JbsAel ¥ A 5

} 3ol WA WA Adetn, A 9 FAS(Wing
C)3 ¢ @ FIE(Wing Nose A, B, C)o
Z—ioi AFEBRZ, Al F d71A] B 2R
o] Algo] A AT th«] €‘?'LE§% o

ol
L‘?-‘
°

Ho

;

3.2 34 Al F2ANA

AlZ & P8R AES AT AlgdAlsid e fekd, |
7234 2399l MIDAS-GEN 7.4.0% o] 43 3%
do] FEAH(H 4). A
2 A4 H(link beam)& E 842 U
Tz AHEshe atgol AHr|2E Fotd gdE ddve
o] 55 1}33}—’ A7)zt «ﬂr‘”i THE =

N
£
d
g,
tlo
N
N

o >

&
30
o
iz
)
ruf
=
\]
3
>
71;

Jur)
©
_QL
oo
rlo
E
r
J
é
g
oA
o x
ol
=1
ofx
i
iliech
4>
- BNl
o

A
i)
=
oo
tlo

N
B>
30
Sl
=)
2

>
Y
>
i
(D
i||>z
o,
o
i

1) Center Core Wall
2) Center Core Slab
3) Wing Wall : A/ B/ C
4) Wing Slab : A/ B/ C



HEld - A

Stage 52/85 Stage 126 Stage 161

5) Wing Nose Slab & Column : A/ B/ C

ol W, &L JolA Z} AT T AF /\]{}i}% ek 2
MLeA Hd 6718 =7k =AU
webA 1 3 ta STEAY gaE -’FE At} o=
5 43 3o AR SHoME FEI] FAE ¢ e
ol & & sloy, A 2~ 67Hf’*’aJ 73 94 7]7J
2 Ao 54~T70% 2 AxF
R4%A =7 ddE = ]7}°]E}(ACI Committee 209,
1997). A% & S sk D71- SHA o
HES I 79 7 BT V1eE5A 2 YWY 59 AF

X Eol z_v/] o=

= 5
(story-based)” AlZ@AIEAN Hole Y Foldzi=s 7t
AlFTY HE2 g2 AFd gAslEe

based)” AlZEAENAo] aFHE T+ 7k AlFA|s] A
dre 24, AAZRA, 3% T 283 3 T tolopzd
4% T SHelA Bt B FEE dao] AL 3§t
ks /\]i AsAe] HAo] Al F Pl 7k 7%
23 a3k A zHolel & 4 9k

o] 5&%9] 04?01]7\15‘ g Azl thelir 49789 ]/
2107H—4 Al A2 HesletitH2d 6).

(o
e
N
o,
ol
2
o
Sy
>, ™
OH jd
o e
)
el
£ £
_lr.] (
S
o o
f;; >
ox =
NIO _QJ_‘
o8 ok
N ok
0 a A
B

d

2 AN Adtel, AT 2AEE ASHoR Pl
o AZWARAS] SR, ke eASt
S(AF 5, 2006)3 ¥lz/HA g,

4. NBEHSHN 21t o 2

TeEa A AAGA Bt o} AlgEAlelA A
How qelEolol & Fagh FAlolth. AlFEAA 7]
: S sYEY okxelA 5o 72

o
Aol FrheEs S o2 P2 S AF F
Eus 7

O

\
>
énﬂo

i
o )

i
Ny
lo,
2
<,
S E‘>‘
ﬁ&
-h
0,
v
o,
e 4
-
=2
> -
e
-
19
N
f2oox dot AN oo ¥0 o ofn b

=
LT 7 AlEEAs A e B A A

tlo %&
Rl ol
ool Ay
W
OiL
ofd ¥ ook
%0, 2 o
o &
T
4
19
N
— o\
= B
>
=
24
5 2
X Lo
o ot
1z

>
Y
iy
i)
R
il
-
PN
2
T

N
N,
lo
T
T,
o2
e

o
2,
)
1o,
of
r 0% ¥

i)
rO
tlo
)
L >
et

A ZeASA AFE vlEre 2 75E243S Hrtksl] 9
sAe AA AT ATt dig vlu 3 o] 8
TECE ARl AFTEAEA A, BRE Q49 A 9
A= AA AAd Holwa, 2k AlFeAelA HEA AlEH
o] sjMmdo] EAJ3}(activation)EE 249 HHe] 9
Ae A Feojd AR A W] o] AT (2™
7a). 22 Y F9 4 79 1 AF(ZIE BH 2
g AR AR Apelrt Bk AA AlFelM AEA
|35 e F92 7IAEE O9F 7o ¥t 71EAg 8
H2 BAYEo] AlFETHIY Tb). AlE T 72 A e 9
i zte] B eiMe Y AlFe dig uert 23
T Slojof gt} webd, (1) 712A A H dd AH
Ao WMAE st A2e a4l A3 A7 2%

T gugEe AL, (2) XA BAg (2
Tb  Aw,compensation S AN, Compensation) & 2180t oF T},
o] dAFelxe 7IEY A ZRaHE adE HEg ¢
MAIE BAsks W (2)E 285l

a9 82 HEH 3AF ¢s /‘]Xq(Stage 198)°14 Wing
Co F8 AAEY] 71T 9 HA Fagtd dg dnE
BolFa gt A3t B4 glo] siAZdxE adE Hlu

>

W

s

StEAT A EEE =22 H22# HM35(2009.6) 215



ZaT A2 ANE T T2 MY AES A Aled

Theoretical in Analysis
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