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Sensitivity Analysis for Unit Module Development of Hybrid tube Structural System

Yeon-Jong Lee', Sung-Soo Park™

Abstract: This research deals, The characteristics of mechanics and behavior of the tube structural systems, It has been investigated and considered
conventional theory and case models, It has shown the suitability, The best location, And optimal shape of the unit module system, Considered variables
materials of stiffness increase and decrease in hybrid tube structural systems this study carried out adapting analysis of statistical concepts. In a concrete
way, This study exams the effect of reducing horizontal displacement and the shear lag phenomenon, Also, The purpose of this study is to utilize the
basic data on the design and study of future high-rise hybrid structural system using this research. As a result, The framed- tube structural system
does not effectively cope with horizontal behavior of high-rise buildings, The results of using varying material tested resistance factors and lateral loads
in hybrid tube structural system, When each material is compared Bracing material is identified as a key factor in lateral behavior. In a ratio of material
quantity framed-tube structural system, The level of sensitivity affecting the horizontal displacement is greater then the beam's column, In case of
braced tube structural system, Braced appeared to be most sensitive in comparison of material quantity ratio in columns and beams.
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Fig. 1 Tube structural system

168 SHRRZZTCLSX|A2|R8E =27 ® 223 ®1Z(2018. 1)

Distribution without
Shear Lag

______ Actual axial stress
distribution

D _____ C
I- Flange -I
1 Frame 1
| 1
Web 1 1
Frame Distribution without
L m - - d Shear Lag
A

B
Wind Load

Fig. 2 Shear lag phenomenon
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Fig. 3 The development process of tornado diagram(Lee and Mosalam,
2006)
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Fig. 4 The expressive process of tornado diagram(Lee and Mosalam,
2006)
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Fig. 5 Statistical composition of steel model(Yang et al., 2017)
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Table 2 Material characteristics

Variable 1 o Cov
Brace Strength(MPa) 340.06 35.28 0.104 Standards KS16(S)
Column Strength(MPa) 340.06 35.28 0.104 Used steel SS400
In, Out Girder Strength(MPa)  270.48 25.48 0.094 Modulus of elasticity 205,000N/mm?
Modulus(MPa) 204800 3665.9 0.0179 Poisson's ratio 0.3
u :Mean, o : Standard deviation, COV : Coefficient of variation(o /) Unit weight 7.698 < 10 ° N/mm?
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Table 3 Cross section of frame tube model

Material Column
Group Name Cross section
1 1~10F Column_1 [1-800x800%50%50
2 11~20F Column_2 [1-800x800%30%30
3 21~30F Column_3 [1-700x700%30%30
4 31~40F Column_4 [1-600x600%30%30
5 41~50F Column_5 [1-600x600%20x20
6 51~60F Column_6 [1-500x500%20%20
Material Beam
Group Name Cross section
1 1~10F Beam_1 H-900%400x40%x50
2 11~20F Beam_2 H-800%400%40%55
3 21~30F Beam_3 H-700%400x40%x50
4 31~40F Beam_4 H-600x350%x40x40
5 41~50F Beam_5 H-500%350%26x34
6 51 ~60F Beam_6 H-400%350%x15x18

Fig. 6 TA Model of frame tube structure
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Table 4 Estimation factors of wind load calculation

Design basic wind velocity () 38 m/sec

Coefficient of altitude z =z 1.0

distribution of wind

velocity (£, ) »<z=2 071"

Shear lag

@ = W
o o o o

Axial stress (MPa)
o8B 888

Fig. 10 Axial stress distribution of 1-F flange columns for frame
tube model

Table 5 Shear lag factor of frame tube model

R'oughness Start height of the atmospheric
in Busan 10m
p layer(z,)
height of gradient wind(Z) 350m
Wind velocity distribution
. 0.15
index ()
Gust factor(G,) 1.65
Additional factor of wind velocity 10
by terrain (&, ) '
Significant factor(Z, ) 1.05
External pressure factor 0.8
of windward walls(C, ) ’
External pressure factor 05

of leeward walls(C,,,)
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Fig. 9 Lateral displacement and story displacement of frame tube
model

Plane position(m) 0 3 15
Axial stress(N/mm?) 783 46.2 27
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Table 6 Displacement and shear lag factor

Model name  Lateral displacement(mm) Shear lag factor
TBO - X 195.269 0.460
TBO - K 205.870 0.439
TBO - V 209.864 0.565
TBO - A 198.676 0.371

J. Korea Inst. Struct. Maint. Insp. 171



Lateraldisplacement TBO displacement

210
50

200
45

—TBO-X
/ —TB0OK
25 / TBO-V

TBO-A

Story
Lateral displacement (mm)

8

o
s

0 40 8 120 160 200 240 TBO-X TBO-K TBO-V TBO-A

Displacement (mm) Model

Fig. 11 Lateral displacements graph of TBO
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Fig. 13 TB Installation span of bracing

Table 7 Displacement and shear lag factor

Model name Displacement(mm) Shear lag factor
TBO - X 195.269 0.460
TB1-1(8Span) 218.912 0.468
TB2 (8Span) 211.282 0.425
TB1-1(6Span) 252.467 0.450
Lateral displacement 0
B o
as £
:: % 200 /\
7 e |
J TB1-1 (6span) 2 .
o / 140
® 0 o 20 120 100 200 240 220 TV o) (o)
Displacement (mm) Model

Fig. 14 Lateral displacements of TB Model
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Fig. 15 Axial stress of TB Model
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Fig. 16 TDA of TA and TB2

Table 8 Quantity retio of material

Quantity Column Beam Bracing Total(%)
TA 61% 39% - 100%
TB2 55% 36% 9% 100%
Table 9 Sensitivity ratio of material
Sensitivity ~ Column Beam Bracing Total(%)
TA 58% 42% - 100%
TB2 60% 18% 22% 100%
Table 10 Lateral displacement and shear lag factor
Model name Displacement  Shear lag factor
TB2 211.282 mm 0.425
TB2 (Col.-10% Brace+10%)  209.249 mm 0.477
TB2 (Beam-10% Brace+10%) 206.462 mm 0.467
TB2 (Beam+10% Col. -10%)  225.491 mm 0.451

@2 Table 109 YERJATE 22l R o] E&Fv]&3 1ih
o829 A3 3F Table 11, 129} 211, FAje] Wizt 12
= Fig. 173} 2t}
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Table 11 Quantity retio of material

Quantity retio of material ~ Column Beam Bracing  Total

TB2 55%  36% 9%
TB2 (Col.-10%, Brace+10%) 45% 36%  19%
TB2 (Beam-10%, Brace+10%) 55% 26%  19%
TB2 (Beam+10%, Col.-10%) 45%  46% 9%

100%

Table 12 Sensitivity ratio of material

Sensitivity Column Beam Bracing total

TB2 60%  18%  22%
TB2 (Col.-10% Brace+10%) 66%  15% 19%
TB2 (Beam-10% Brace+10%) 57%  21%  22%
TB2 (Beam+10% Col. -10%) 68%  12%  20%

100%

TB2 (Column -10%, Brace +10%) TB2
[ [

Column Column

Brace Brace

Beam Beam

200 204 208 212 216 220 224 228 232
Lateral displacement(mum)

200 204 208 212 216 220 224 228 232
Lateral displacement(mm)

TB (Beam -10%, Brace +10%) TB (Beam +10%, Column -10%)

\ [ ]
Column

Column

Brace Brace

Beam Beam
200 204 208 212 216 220 224 228 232
Lateral displacement(mm)

200 204 208 212 216 220 224 228 232
Lateral displacement(mm)

Fig. 17 TDA(Quantity increase and decrease of model)
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