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Displacement Response Analysis According to the Outrigger System
Arrangement of the Twisted High—Rise Building

o TS -
Hwang, 1I-Geun Kim, Hyun-Su Kang, Joo—Won
Abstract

Since atypical high-rise buildings are vulnerable to gravity loads and seismic loads, various structural systems must be
applied to ensure the stability of the structure. In this study, the authors selected a 60-story twisted-shaped structure among
atypical high-rise structures as an analytical model to investigate its structural behavior concerning the outrigger system. The
structural analyses were performed varying the number of installed layers and the arrangement of the outrigger system, as
well as the placement of the mega column, as design variables. The analysis revealed that the most effective position for the
outrigger was 0.455H from the top layer, consistent with previous studies. Additionally, connecting outriggers and mega
columns significantly reduced the displacement response of the model. From an economic standpoint, it is deemed efficient to
connect and install outriggers and mega columns at the structure’s ends.

Keywords : Twisted shaped building, Hjgh-rise building, Outrigger system, Mega column, Displacement response
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(b) Mega column
system

(a) Outrigger
system
(Fig. 1) Structural system
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(Table. 1) Specification of analytical model

Variable Specification
Height 3.9m X 60 story = 234m
Main plane 36m X 36m
Beam
material Column SMAGOTMC
Wall C40
Beam H - 700x300x13/24
Qutrigger B - 15001500150
Section Cf/[leu;n H - 700x700x70/80
H - 2000 %2000 200/200
column
Wall 800mm

Slenderness ratio 1:65
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(Fig. 2) Analytical model plane with changes in outrigger, mega column type and location

(Table. 2) Naming of analytical model
according to design variables

Mega
Model Qutrigger Outn'gger Qutrigger  Colu
Presence  Location Type mn
Type
NOR -
033-N-C N C
033-N-E 33F E
033-E-C 0 E C
045-N-C N C
O45-N-E 45F E
O45-E-C E C
F= Mega
: Column H
45F
I—Outrigger
| |33F
(b) (c)
T1-033-E-C

T1-045-N-C
¥} 5

(d)
T2-NOR
(Fig. 3) Analytical model

T2-033-E-C =~ T2-045-N-C
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(Table. 3) Seismic load factors
Contents Value
Seismic zone 1
Zone factor (S 0.11
Site class S3
Importance factor 1.2
Approximate period (sec) 5.69
Response modification factor (R) 45
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(Table. 4) Load combination

Load case Description
120% Dead load + 100% Live
1.2DL + 1.0LL + y ) '
LOLORX0.3Ey)  10ad + 100%(100% EX + 30%

EY)
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(Table. ) 1* mode period and reduction ratio

Model Period(sec) Reduction ratio(%)
T1 T2 T1 T2
NOR 8.1101 8.4397 - -
033-N-C ~ 5.3915 5.9854 33.52 29.08
033-N-E  6.3614 6.7722 21.56 19.76
033-E-C 54364 6.0598 32.97 28.2
O45-N-C  6.0685 6.7441 25.17 20.09
O45-N-E  6.7577 7.2219 16.68 14.43
O45-E-C  6.0502 6.6147 25.4 21.62
1.0
--T1

e e e
9 % e

Reduction ratio(%)

S
2N

NOR 033-N-C 033-N-E 033-E-C 045-N-C 045-N-E 045-E-C
Analytical model

(Fig. 4> 1 mode period reduction ratio
for NOR model

(Table. b) Mode participation masses sum of analytical model(Unit:m)

Mo NOR 033

045

&l N-C N-E

E-C N-C N-E E-C

X Y X Y X Y

X Y X Y X Y X Y

024 6291 191 668 66.01
6316 6316 6876 68.76 66.07

1

2 66.07
3 6316 6316 6876 68.76 66.07
4

5

66.07
66.30
8197

T 69.36 7051 69.02 8184 8L73
8L71 8L71 810 8210 8LY7

10 8853

11 9192

9L.77
91.92

917
9L.79

89.32
9L.79

91.85
91.85

88.8
91.85

0.06 6835
68.42
68.42
81.78
82.22

9187
91.88

007 6206 852 037 6715 045 69.86
6842 7058 70.58 67.52 6752 7031 70.31
6842 7058 70.58 6752 6752 7031 70.31
68.86 8142 7257 7518 7473 70.92 8267
8222 8341 8341 8240 8240 8329 8329

89.31
91.88

91.8 8847
9194 91H

91.93
91.9%

88.41
9195

88.43
92.07

92.07
92.07

1.08
63.04

1 61.96
2

3 6304

4

6}

63.04
63.04
81.78
81.81

0.51
66.49
66.49
68.13
8153

65.98
66.49
66.49
68.13
81.53

64.94
64.97
64.97
81.74
81.80

0.04
64.97
64.97
8L.74
81.80

8L.78

1 81.81
10 8834

11 9187

91.87
91.87

89.62
91.86

91.82
91.86

91.88
91.88

88.94
91.88

64.63

78.33
81.68

127
69.9
65.9
78.33
81.68

6642 11

67.02 67.52
67.52 67.52
8L11 8L11
8446 8446

64.93
65.88
65.88
66.73
82.84

0.9
65.88
65.88
66.73
82.84

66.27
67.13
67.13
83.64
83.96

0.86
67.13
67.13
83.64
83.96

65.9
65.9

8935 8341
99 918

919
91.9

91.84
91.85

88.41
91.93

91.92
91.93
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91.91

88.43
91.91
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(a) T1 Analytical model

I2-NOR
I2-033-N-C
I2-033-N-E
T2-033-E-C
T2-045-N-C
T2-045-N-E
T2-045-E-C

2 33
O
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4
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=T1-NOR

= =T1-033-N-C

==T1-033-N-E
T1-033-E-C

T'1-045-N-C
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—6—T1-045-E-C

0.007  0.008

0.001  0.002 0.003 0.004 0.005 0.006 0.007 0.008

Story Drift Ratio

(b) T2 Analytical model
(Fig. b) Story drift ratio

(Table. 7) Maximum story drift ratio and
reduction ratio

Story drift ratio

Reduction ratio(%)

Model Tl 2 Tl iV
NOR 00069  0.0078 . .
033-N-C 00031 00041 5507  47.44
033-N-E 00043 00051 3768 3462
033-E-C 00032 0002 5362 4615
O45-N-C 00035 00043 4928 4487
O45-N-E 00042 00053 3913 3205
O45-E-C 00034  00M2 5072 4615

1.0 @
--T1
_ 0.9 T2
i« 0.8
§ 0.7
§ 0.6
E 0.5

0.4

NOR 033-N-C 033-N-E 033-E-C 045-N-C 045-N-E 045-E-C
Analytical model

(Fig. 6) Maximum story drift reduction
ratio for NOR model
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(Table. 8) Horizontal displacement of top
floor and reduction ratio

Model Displacement(m) ~ Reduction ratio(%)
Tl T2 Tl T2
NOR 1.3178 1.5838 - -
033-N-C  0.6949 0.9345 4727 41
033-N-E  0.8791 1.1009 33.29 30.49
033-E-C  0.7054 0.9258 46.47 41.55
O45-N-C  0.7600 1.0504 42.33 33.68
O45-N-E  0.9204 1.1565 30.16 26.98
O45-E-C  0.7626 0.9978 42.13 37
1.0 Q
-*-T1
0.9 2
g 0.8
g 0.7
é 0.6
Z: 0.5

0.4
NOR  033-N-C 033-N-E 033-E-C 045-N-C 045-N-E 045-E-C
Analytical model

(Fig. 7> Top floor horizontal displacement
reduction ratio for NOR model
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