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Diversity Shines Here

17th Asian Games PyeongChang 2018

INCHEON 2014 O@

10th ASAN GIMES
SEOUL 1986
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2002
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SPATIAL PROJECT of CSSE
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2002 World Cup Jeonju Stadium

: g
Incheon Airport Terminal 2 Korea University Info Center Angola Stadium Al Wakrah Stadium
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(1) Seoul
* Location : Seoul
» seats 163,930

+ Completed : 2001. 12

@ Incheon
* Location :Incheon
* seats 151,179

* Completed : 2001. 12

(6) DaeJeon

* Location :Daeleon
* seats 40,407
» Completed : 2001. 09

(7) Daegu
* Location :Daegu
*» seats 1 66,040

» Completed : 2001. 05

(3 Suwon
* Location : Suwon
» seats 143,138

+ Completed : 2001. 05

Ulsan
* Location :Ulsan
* seats 143,549

» Completed : 2001. 05

@ Jeonju
+ Location : Jeonju
* seats 142 477

+ Completed : 2001. 09

(@ Busan
* Location :Busan
*» seats : 55,982

» Completed : 2001. 07

(5) Guangju
* Location : Guangju
» seats 142,880

* Completed : 2001. 09

(0 Jeju
*» Location :Jeju
* seats 142,256

* Completed : 2001. 12
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Chonju football stadium has 42,000seats with 260m x 160m
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Architect: POS.AC

Contractor: Sung-Won

Size: 91,000m" (42,000 seats), 200m x 230m

Structure System: Roof - Steel Truss + Tensile Structure
Stand - Pre-stress Concrete Structure
Sub Stand - PC + RC Structure
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Roof Structural Plan

FEE{A \ L] 9| E|Fo| E2jA
(Main Truss) . (Perimeter Truss)

\ i./‘

LT R
N (Ring Truss) Op~E
1 (Mast)
. N o
— (Roof Bracing) —
= X & =~
—ee ST (Branch Beam) i

ElMAH0| S
(Front Stay Cable)
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RING TRUSS
ARCH
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Structural System of Roof

Arch (Dome)

REACTION BY REAL GUY
AND REAL STAY CABLE

Lateral load (Main truss)

\, POST

RING TRUSS :

SUSPENSION /
SUB FRONT GUY —

-

CABLE =

Valley Cable Truss

RING TRUSS

FRONT GUY
WIND LOAD

Diaphragm
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Structures

wasy vor g s

framing variously detailed
documents(construction)

s
\

oot

Various Framing Detail Design

Construction Site

mo e

— Assembly Sequence
el ] Step 1. A preparatory stage
" to build the roof structure

L

7 Step 2. Installation of the
roof truss

Step 3. Installation of the mast

Step 4. Installation of the
front stay

Step 5. Installation of the
rear stay and rear guy

Step 6. Adjust the length
of the roof cable

~ (Introduction of the
pretension)

Step 7. Jack down the
temporary shore

_ Step 8. Installation front guy
Step 9. Completion controlling
cable pretention

Step 10. Complete erection

17
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Size of roof
Number of seats
Architect

Structural Engineer
Contractor

Structural System

:143.6 x 183.5 x21.0

: 10,896seats

: The Space Architects

. CS Structural Engineers Inc.
. Daewoo + Samsung Construction Co. Ltd.

- Flow truss dome above

Precast and reinforced concrete frame

21
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.|c_>l-%=l = %I_EII- Define process of the shape of roof

= o
*STEP 1 *STEP 2 *STEP 3
Search what kind of structural system Create alternatives for the stadium Define the effective roof system with
is available through on each case architects
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Define process of the shape of roof

ALT 1 ALT 2

Super Truss Dome

Double Layer Grid Dome

ACIOIOSTO IS

ALT 3

Flow Truss Dome

23
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§>|' Define process of the shape of roof
‘Flow truss *Types of resisting mechanism of roof
*Guiding forces flowing as water spread *Dome Action

~

*K1 : Roof Truss Stiffness
*K2 : Tension Ring Truss Stiffness

24
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ﬂ E ° ege
.lc->|'%=| = 7o=|_l,._,.§>|' Overall snapping stability check of domed roof

Collapse mechanism consists of Shallow dome : Snap through
- rise span ratio , High height dome : Bifurcation
- element stiffness check by nonlinear analysis

- mode of loads

Sop-rc
© MIDAS IT Co,. Ltd 26



ﬂ E . . . .
J_I-%=| % 7o=|_lr_,_I|' Detailed FEM Analysis of Steel Pipe Connection

e MIDAS/Gen XA MIDAS/G
Anz (T2 AR (Typz) + A 22 R 5
A PLY STS/PLT STRS

3 2% H AR

SIG-EFP BOTH SI0E B8IG-ZFF 30TH SIDE

-53197w+001 .14193e+000
«39275e+001 5.583740-000
+253538-001 §.0254924000
1.11430e+001 §.462240+000
-—] 9.75076e+000 3.905000+000
8.35252¢4000 3.350750+000
6.96627a-000 2,79251e.000

2.23425e4000
+ 1.676010+000
<~ 1.,11777%+000
+ 5.59521e-001
1.27538¢-003

5.57403e40020
4.1827%¢e+000

2.783542+000

21.35725¢4000

5.04573e-003

st NS
FAX & 21850
WIN & 34480
FILE: 4-X

-Stresses before reinforcing *After reinforcing

© MIDAS IT Co,. Ltd
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\\\M,,,/""

Install temporary support
(comp. and tens. Ring)

Install inner grid structure

Install flow truss and flow
shell structure

Complete construction

28
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HAN RIVER
SEOUL

INCHEON
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MEA| 12+, 20094

- Residenti
- alArea

culture
B facilities

Project

Gross Area

Floors

Structure

South-Western Baseball Stadium

Gocheok-dong, Guro-gu, Seoul,

Korea

62,443 m'

Above ground 4F
(Underground 2F)

RC Frame / PC Stand

Roof : Space Frame + Membrane

22,258

32



M AFLO|E

Dome Diameter (Plan) Dome height (Elevation)
k BT i ; I "{!,‘” il X
215m ¢ 146m » o >
\ , : : 27
i Minoraxis | _ = _
RATE Span-Rise 2 X 146 0.09
TR Ratio
A Major axis 27 =017
. X 158
158m
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Membrane Structure
(Membrane + Valley Cable)

Membrane Frame

bt Steel Space Frame

(LA A

[EAND

= Quter Ring Column

-', "': -,
==== RC Frame + PC Stand

=AM E(Stand BHE)
RC Frame

=%Al 2 (GROUND)
= = = = = RC Frame(below ground)
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Structural System Study
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Alternat
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(Cable Dome)
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(Rib + Cable Truss Dome)

(Rib + Grid Dome -original)

Tensegrity system using radial cable

structure

< NOAA
A‘»ﬁ.ﬁnﬁ.ﬂ:ﬂw

2

d

AV,

X 2 TRIR

Hybrid system composed with

double layer gird and single layer

grid shaped structural membrane

B
V.VAVAVAVAVAVA™Y
[VAVAVAVAVAVAVAVAY
AVAVAY. VAVAVAVAVA

5
/ 0 >4><>4><><>4>4>4>4>4.r.<>4>4>Aw
LEY TSAT I AT FTATR A .«ddﬂ..w

=

Hybrid system composed with rib

truss and under-tension cable truss

Steel truss dome system composed

with rib truss and inner grid

© MIDAS IT Co,. Ltd



X AFH0|F

© MIDAS IT Co,. Ltd

Structural Design Concept

- Curvature analysis ™)  The curvature of the Dome is too complex

Gaussian curvature analysis Gaussian curvature analysis
(-9.8e-12~+9.8e-11) (-2.65e-12~2.65e-11)

.

Curvature analysis on long axis

36
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Structural Design Concept

* Model 1 : regularized in entire structure

m=) Maximum clearance, heavy secondary members

v e,
¥ s

Image search of structure through Torus
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Structural Design Concept

* Model 2 : regularized in each major members

m=) minimum clearance

PRROORIROOREOOOO®

QLOYOOOOOOHOOHE &

’!% 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 , 7500 F%

33 c—

(-«uu—xuu/

s

st

233 0
(~4320000,-54800.}

~=]

Fyean)
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J_I_I_-Il AF }0'% Structural Design Concept

* Secondary members between major member and shape

" bav- (PL-3¢
T-bar ) Metal Cloc“-’v:a,
Membrane =
o
/! T T e e T > *f‘g STIFFENER AL-7t @000

_,‘,v.*—“-—"““"‘"'"""' """""""""""" +~"“.—é'—i__:,:l
t ! H I ..;,;r'*:‘u‘ i wI/
o 2 Steel Frame
: . i) for Finish
= : st -] ‘
LB . I /
| ___M]‘ —
Ll J
T ==
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J_I_I_-Il A }0'% Roof Structural System

INNER RING

INNER TRUSS

Membrane Structure
(Membrane + Valley Cable)

o
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AN Al i e IS0V
i A NG V)
Membrane Frame ot A
s VAV N
LATTICE SHELL OUTER RING
WL \\\‘\ ;ﬁ\i"“’- o
SR TR : RIDGE TRUSS
S RO ANSRECTR \NS
DN . B s B i\ N Steel Space Frame VALLEY CABLE SAEMBRARE

SEP7 NN

MEMBRANE
BEAM
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Roof Structural System

3D VIEW jm————- >

DETAIL

Valley Cable

.......

Ridge Truss

Tension
Force

41



J_I_I_-Il AF }0'% Nonlinear Snapping Analysis

* Dome structure is a form-resisting structure
* 'Snapping' could be a serious problem on dome structure

* Nonlinear Snapping Analysis was conducted to confirm its stability
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J_I_I_-Il AF }0'% Monitoring, re-tensioning system

Re-tensioning Socket Valley Cable\ ®PPIQPOPOIQOOOOQO® @

\ \ 16 BAY |15 BAY |14 '.IA' 13 BAY [12BAY |11 BAY [10BAY (9 BAY |8BAY |7BAY |6BAY |5 l:: 4BAY |3BAY (2BAY |1 BAY
\ N

Health Monitoring System- | ‘\ 4} - ®
\ & /( 3 _@

2-GUUONTHK36 BOTH PL RN | H H s
(SM490C] (smsoo ) o A (% N ®

) i
2 ' : <b[ ®
il _ o

CNPP-318 57T e \ % i
mewst)\ ‘\V i ®
2 N - |®
EENKT e %
CNPR:P-318.X7T : @
— ). i ®
& @

\ »

\—/C\—Mm‘ p-457.20027 ;
CNPREI2P 267 416 ¥ “ : @
| -®

R
Retensioning Socket/14 EA
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On-site installation plan

X AFH0|F

steel %]

rior

Columns / Exte

1 STEP 1

45
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M AFO|= On-site installation plan

I STEP 2 : Outer Ring &X|

AN

‘g“o

A 4)

AV '
AL

N -'h
FA& -7;:" T

BB o p
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On-site installation plan

I STEP 3 : Inner Ring Truss / Rib Truss / Lattice Shell &X|

 STEP 3-1

\\

N
\ XN\ e

0\
‘v;"»)‘\\\
S

Y'v K

VA
AN
(=

N
KU

/A

STEP 3-1-3
© MIDAS IT Co,. Ltd

STEP 3-1-4

47
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On-site installation plan

I STEP 4 : Inner Truss / Ridge Truss AX]

© MIDAS IT Co,. Ltd
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JélEl]IIJ OF2{|L} Philipppines, 20124
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- Roof Area : 36,000 m’
- Roof Perimeter : 22'{[[1X179m

Me ’:::y Caloocan drig 8 Vi
W it
\
e, T AL 1)
Navotat ‘[ Quezon City San Mateo
Antipol A [ /
Manila Té .'": [
ﬁ\;‘ H.{jqwg
178.8m
e - Barangay Duhat, Bocaue, Bulancan
: - in the Philippines.
o % | (North-West Side of Manila)
- Seismic Area : Zone 4
Section Description
Project name Philippine Arena R S RS e oo oo
Site Location Barangay Duhat, Bocaue, Bulancan in the Philippines

Occupancy or Use | Religious Rally, Concert Hall, Gymnasium

: . : i 62.4m
Size 1F~5F, Roof Area 36,000m’, Roof Perimeter 227mX179m .
Foundation System | Pile Foundation (Owner's Supply Item) =! ! Z

© MIDAS IT Co,. Ltd



oiz| ol Ofgy|L} Structural System

Roof

- Space Frame with Ball Connections

- Additional Tension Trusses to Control Deflection
and Snapping Buckling

Above Level 04 Of Upper Bowl
- Steel Raker & SPS terrace
-4 Ways Inclined Columns Resisting Lateral Loads

Lower Bowl
- RC Raker & PC Stand
- Dual System Tty S A oA ’ S

: . Expansion Joint
Loading Dock ¥ a2 - Between Lower & Upper Bowl
. . \ = -
- Supporting Back Side Fasade \ z = - Controlling excessive pull-out force by
seismic ground motion.
!
/
V4
| -
-
: Grand Stand Structure (Concourse)
_ Of Upper Bowl
Service Core - RC Beam & Girder System
- RC Beanvi=thsionSyyuiam Foundation - Dual System

©MIDASIT Co,. Ltd - Building Erwine-Sy5tem - Pile Foundation (By Others) 52



oig| ol of|L} Roof Structural System

——— Tension ring
SR \
B Tension truss
! s

LRB 7

(Lead rubber bearing)

Space frame

BALL

© MIDAS IT Co,. Ltd
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E wWE 120E

00 02 04 08 16 24 832 40 48
Peak Ground Acceleration (m/s?)

<Seismic hazard map>

Top Mounting Plate not shown Lead Core

Steel
Reinforcing
Cover Plates
Rubber

Internal
Rubber
Layers

Bottom
Mounting
Plate

© MIDAS IT Co,. Ltd
<Lead Rubber Bearing : LRB>

Legzlef

Isolator System of Roof

Stand)

<LRB8000 Maximum displacement pre-test>

4
Force

Earthquake |
Force

~7 Earthquake & Wind
Force-Displacement Curve

Lead Core
Yield Force

Temperature
i Force-Displacement
Temperature| | | Curve

Force

S

Temperature Earthquake

Displacement Displacement Displacement

54



oig| ol of|L} Isolator System of Roof

Isolator X Isolator O
25 I
I -
: Periode
20 e Shift
1
? 1
E 15 | | R
g ——E02
10 R O e e e T £a3
1 — MCE
1
I
1
1
00 I
0.00 I 1.00 2.00 3.00 4.00 5.00 6.00
T (sec)
o w/o |Isolator e w/o Isolator
1000 V
500 500 w/ Isolator
g w/ Isolator I & emmm—m———a o | e e s e |
g ———,’-‘———,———— ——————— € 1000 | \
§ [T LA AR oo |
g : ————————— [ S S R S S RS S e W -
500 2000
1000
___________________ 3000 T e
1500 3500
n S mn 18 mn 25 N 0 S 10 15 20 25 30

© MIDAS IT Co,. Ltd
[Response Acceleration Comparison] [Member Force Comparison]
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LRB Displacement

(a) Dead Load

© MIDAS IT Co,. Ltd

(b) Wind Load

< LRB Displacement >

(c) Earthquake Load

56
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Time History Analysis by MIDAS

57



Nonlinear Snapping Analysis

c| T Of|Lt

gil

OrrdrdrdddddddNg
Y 0000000000000
L. EINRANNNANNR 3
F= 3 T T (0 T T T T T T T T 1)
P NO000000000000
o VOTFONOVOTDNODO
m.n_4.673013a.5750
@ -0V ONHDO
=++++++++++++F
=Y EEEEEEE |

U, Magnitude

U, Magnitude

HREE G RN o0
FrF+++F+F+r T

[ EENNREENE

+9

(c) 4t Mode

(b) 2nd Mode

Design Load/ Buckling Load

0.08

0.06

0.05

Buckling Load (kN)

2,374
3,202
3,923

(a) 1st Mode

1st Mode

2"d Mode
4th Mode

58

<Buckling Mode Shape & Load >
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Nonlinear Snapping Analysis

OF|Lt

2|

- Linear Elastic

— —NonlLinear Elastic

Nonlinear Inelastic

e

1400

1200

(NY) peo

o
Q
o

[=}
o
<

200

<Result of Nonlinear Analysis _ w/o Tension Truss>

155 20 25 30 35 40 45
displacement (m)

10

- Linear Elastic

— —NonlLinear Elastic

Nonlinear Inelastic

<Result of Nonlinear Analysis _ w/ Tension Truss>

3500

3000

2500

1000

59

10
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displacement (m)
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Zo|o AEHC|S

© MIDAS IT Co,. Ltd

7tEt=, 2013

Figure - Site Locatio>

Location : ASPIRE Zone Doha Sports City, In Al Waab District of Doha
of A= AlEl)

(ot & 242 XH2| ASPIRE & &0
PRUXISE, 2006 OtAICH A S €510 20,000 0l A
=E &'_E =clJ| ?lol 200580l &= HXE.

History : 19763 0l JH &3
40,000E 2
=7 Y SEXNSAEZ AMS

69



5|‘E|]I|- AEI-E_I% 7IEIE, 2013

< Before >

ot 2|2eests AT

B Dismantle elements
: Lighting Arch, Cable, Catwalk, Lights, CCTV, Camera, Speaker, etc..

© MIDAS IT Co,. Ltd



Zig|o} AEIC|E  FkEtE 20134

EZ AR 27t
Upper Compression
Ring

Hanger Cable

Y,

T

i

:_.;' v / X
7 )Y XL
IV Y
ME ABKT 27 )//Jj“. ',ﬁ:50,"/.f49‘¢;7, b
! """/ % A
Upper Compression iy

Ring

20008

/ v
4 N AL g 7177 f
/%%/é//%;

\ \

RN
MZ ~HE 27t | AVaNiaNs
BAIE | ~J
SZ ARiE 27
MZ AEE 77t Lower Compression
Lower Compression Ring
© MIDAS IT Co,. Ltd Ring




Zig|o} AEIC|E  FkEtE 20134

B West Stand Steel structure

Remove existing member and replace with new member @400 mm
Remove existing member and replace with new member 3750 mm
Remcve existing member and replace with new member @800 mm

Reinforced steel elements @900 mm
Reinforced steel elements @800 mm

New bracings ©355 mm

© MIDAS IT Co,. Ltd

H Cable Composition

-

Hanger Cable
; f /1 I ALY East Stand Stiffner
Upper Radial Cable—_ Y/ Cable

Valley Cable Ends

e \ Lower Radial Cable
o

Valley Cable Ends

72



Zig|o} AEIC|2  7tElE 20134

Tension ring cable HFSH0]| HY K|

Tension ring cable 7S AI2|2 Radial cable %! Hanging cable AX|
Construction cable, S 51 2AX| AX|

QU Ol 2|X|E 0|23 A Hanging cable2 S22 2 M Tension ring S 22|7|
B E cableS2| YIA|7t X%

v o=

7t F XM compression ringdf 17

construction cables 5
Radial cables

= & Hanging cables

Tension ring cables

ﬂﬁ giip

)
|
[T71]

© MIDASIT Co,. Ltd STADIUM SECTION



Zig| o} AEIC|2 JIE}E. 2013

ARX siY

<1st Mode (2.241 Hz)>

© MIDASIT Co,. Ltd <2nd Mode (1.705 Hz)>

FxHEA

1. Design Information
DesgnCote - Eurocodedt5

Unt Syvtem Wm
Member No "
Maters! 355 (Nart)

(Fy'= 345000, 3 = 205000000)

SecsonName - Cok2 Mo 30101)
(Bultap Secton)
Member Length - 45,0627

Al Force -16®B.2 (L0B:
BendegMoments W+ -1805.0, W
End Momens Wi =100, Wi
Wi *-1802.0. W)
Wi = 201,418, W]
‘Shor Forces Fry = 15.32% (108

ter Dis, 0 Wil Mice 0,00500

Goter O
' I 7 et .
3. posi1) - somr noed
e w v o
W7 (tor () oy - wur + Coprooe) Wty ¥
2087 (for Ly) ¥ " ot
=-XR.48 (tor L2) S ROl
2, R6:4) - ST ENT

3. POs:t)

Undroced Lengts y + 50T, 2 e 45062, b« 45.9627
Eflectve Leng® Faciors Ky » 100 Kz = 100
Equvalent Undorm Moment Faco~ Ony 0. Gez= 100, O 100

<crol=T 4>
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Boundary Condition

7tEt=, 2013

1 Aol == sl

Beam Element

Tension-only
Element

Plane Stress
Element

Pinned
condition

1,772 kg
X H3sts)

60kg/m
(4 5t8)

S5kg/m?
(BH 3t8)

Cable Forces (kN)
N
8

WL _Positive

Cable Mark

R e e S e

120%

100%

80%

7| 40%

20%
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19 ol 2}

Membrane Stress

7tEt=, 2013

Cable Force

Membrane Displacement

Max=22.30 kN/m

Max=126.0 kN

peTar—

R — CABLE FORGE MaP

Hembrans Sirsss Coar IR Msmbrans Prastisse : 3 Nerr 3 ahl

Loicee 3 Dol + etk ~MindLost . Lowlcs 2 e a3 Penzer + aen ead 11 =0 SkNieeS

12546 4 —

f } . dzhas L
) P .
1 " 125023 \/W
{ £ L 12s8sn

8pm = 19.84 cm (L/22.35)
< L/10

Warp-Direction

LC2 (D+P+L)

Max=22.30 kN/m

CABLE FCRCE WAP

seadear L1 Jepdleac s Pl ca-tndloz

i - -
i
[T

o 55TEL 4

Max=550.0 kN

LLEMRD e

LC2 (D+P+L)

Nambrane Prast-ass: 3 sMir & 3 shir
Wallay Czo 2 Prasiress Forca: 100 <,
Wl= 15 ENme2

N e

8., = 40.65 cm (L/10.91)
< L/10

Fill-Direction

LC3 (D+P+W)

LC3 (D+P+W)
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FIEIZ, 20144

Al-Wakrah Stadium

Al-Wakrah, Qatar

=2t A HAE, H15/25 ZedEAE

© MIDAS IT Co,. Ltd

B RZAAY + B X

: Steel raker truss + PC stand

79
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2et3ct AECS

Purlin +=
_T.l.
=

E X
ofr ok oF

| Bowl =

Steel raker truss + PC stand 7%=

Ale T2t #x2ME 00

LR

N

230.0m

R S S T R e

[ 712 7=

- X|LHZ raft 7| (fe = 600 kPa)

pile 7| = X &

Ale 7= XA 720l =

80
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A2} AEJC|  Roof Structural System

X2 78Rtz wio = gue)
] . g J2 Qs EBA X|X|HO
v torsion H SEXH0| L= &
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RlA2} AEJC|E Retractable Structure

[ GARAGE ROOF

GARAGE MATCH7

YREE A 5Y B E
A bR A E AR YxE

X
\ 20 STECL Rl RETRACTABLE)
RETRACTARLE LMD EVBRANE

RETRACTING OF LOWER BLND MEVBRANE

CARAE ROOH
| oamacemron

© MIDAS IT Co,. Ltd
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NEM 80|

9| Sshzof 2o
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2= Pin Arch
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o
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Autstel 2

imber Structure Overview

=x2

. QPHY e =8

. A

g0

- PRNYMTBS NS

3 = Pin Arch

Structural for % Change in Mid-span % Change in
Volume Deflections Deflections
2 pin 0 200-300mm 0
3 pin -63 1200-1500mm 400
2 pin tied -59 100-200mm -34
3 pin tied -63 250-400mm 34
King Post truss 71 150-200mm -34
4 AEC| >

,,|l||||lli!Illllllll|!|

il L1
L

< M /O oHE S8 2L >

7|Z=0M FAISHE LiatA 2|
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2et3ct AECS

Thikness

t<30mm )

30mm =<t<40mm | 1400

t>40mm | 1500 |
Total | s3s0

g (L <FHZE =H|>

30mm <t < 40mm Nominal thickness of element tmm
Steel grade t<40mm 40mm<t<80mm - -
_ f.i’r‘f e fy (MPa) | fu (MPa) | fy (MPa) | fu (MPa) - -
: \\\\ P ESS $355 355 510 335 470 - -
“ S Y. S450 440 550 410 550 - -
‘. / y Nominal thickness of elementtmm
j/ Steel grade t<50mm 50mm<t<100mm | 100mm<t<150mm
'/\ e e { fy (MPa) | fu(MPa) | fy (MPa) | fu(MPa) | fy (MPa) | fu (MPa)
S690 690 770 650 760 630 710
© MIDAS IT Co,. Ltd t > 40mm



4 5 -5 5 6
76 78 78 78
-88
a7 79 79 M
: 90
Basic 100mm SommT 40mmt 30mmt
—Node 1 =—Node2 -—Node3

<CferE &stE N>

100% a7% 97% B

86%

Basic 100mmt 50mmT 40mm7 30mmt

<Cjjors Z/dH|>
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2et3ct AECS

A-1200x100t

[J-600 x 400 x 32

[J-600 x 400 x 19
_____®&—— Secondary support

Primary support

£32|E ¥5Zx 29 i 2z Y
(fck, MPa) (t, mm) (W, ton)

24 100 803 (100%)

50 30 529 (65.8%)

70 25 509 (63.4%)

© MIDAS IT Co,. Ltd

Alternative VE Desigh - Mega 7|S (CFT M &)

S

rq’(?)».

,‘?’J

e

g
Yy

% .
Steel section
&“}
232 E &7
-
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AZOX| L322 HZ0| 9K

eI S XN /X

CHX] & 2F 1,000,000m2

ot MSEoM KA 2] 45kM O T 20| ?I K|
T T SHR0M 2f 50kM BO{ T 20of X
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QUHIOFE AEJC|E  Roof Structural System - 2|£%|5

Ho| A |

o
o
1o
»
00

Top louvers truss

Stabilization truss _ PTFE Membrane
' Main truss Y,

7/ £
\ < // 4
: L 4 .
¥ = ' ) § 5
Pm———— |
/ ,.;, 1
Lateral truss 7 -
—

iy .

o, y
7 “

7 4
/

———d ~— !/ 4
T

Main mast

Facade mast

Main roof truss j' A Central truss

© MIDAS IT Co,. Ltd 90



QUHIOFE AEJC|  Roof Structural System - LHF XS

Liner support truss

Inner liner truss

External liner truss

© MIDAS IT Co,. Ltd

Facade bottom truss

Facade upper truss

91



LHIOPE AEICIS

© MIDAS IT Co,. Ltd

Gravity Resistance System — Deformation

Amax. = 655mm

Amax. = 320mm

92



Lateral resistance System — Mode Shape

LHIOPE AEICIS

(1) MODE SHAPE (without Membrane/Cable Diaphragm)

MODE 11

(2) MODE SHAPE (with Membrane/Cable Diaphragm)

MODE 9

MODE 5

MODE 3

93
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QtHIOLE AEJC|S  CFD Analysis of Membrane Structure

<3 Z1ak(West, Open Roof)>

<= Z0f [ MESH 223>

<EZ A1l (West, Closed Roof)>

© MIDAS IT Co,. Ltd



QtHIOFE AEJC|S  Alternative VE Design - £2&4]

r Roof & Facade Structure (STEEL)

Inner Roof Structure
3,153ton (15%)

: Total 21,021ton :

External Roof Structure
11,982ton (57%)

Facade Structure
5,255ten(25%)

© MIDAS IT Co,. Ltd

I! Roof & Facade Structure (CABLE)

Facade Cable
197 ton (29%)

Inner Cable
136ton (20%)

Total 680ton

Roof Cable
347ton(51%)

95



QHIOFE AEIC|S

© MIDAS IT Co,. Ltd

Alternative VE Design

I without
No ITEM Structural Member Summary Quantity From Quantity Saved (ton)
: Original Design (ton)
. 3D Truss —
1-1 Main Roof Truss 2D Truss + Member Optimization
1-2 Inner Truss Truss — Single Member (Steel Pipe)
1-3 Roof & Facade Lateral Secondary 3D Truss — 2D Truss 21021 19071
Structure Roof Truss
(-1950)
1-4 ALL Member Optimization
1-5 Roof Corner Cable Cable — Steel Truss
T 1500
1-6 Retractable Roof ALL Member Optimization 1900 (-400)
1-7 Duct/Sprinkler Support - - 1200 (1?28)
Catwalks/Walkways 902
-8 /Gutters - - 1000 (-98)
22553
TOTAL 25121 (-2568)
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Project

CJ LiveCity ARENA

© MIDAS IT Co,. Ltd

Floors B1F / 5F
Bowl
: Steel Beam & Girder,
Structure
Steel Raker + PC Stand
Roof : 2-way Steel Truss
Roof
) 180m X 172m
Perimeter
Seats 18,117

99
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Eigenvalue Analysis

CJ Ofz|Lt

ctO|E AE|

Bowl

Roof

34 MODE

2nd MODE

X-Dir, T

1st MODE

Y-Dir, T

T1=0.7717sec, f1=1.296Hz

=0.3156sec

Z-rot, T

0.3810sec

0.4425sec

102
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Deflection Check

CJ Ofz|Lt

ctO|E AE|

Roof

Max. Displacement

1!3 p
SR
il

W
7

»

L7

</

ks

%

2%

o
2

7

4=-DIRECTION

4.68785e-002
1.64010e-002
0.00000e+000
-4,45540e-002
=-7.50316e-002
-1.05509=-001

-l.66464e-001
-1.9%6942e-001
-2.2741%9e-001
-2.578%7e-001
-2.88374e-001

— 1 -1.35%87e-001

385.3mm (=L/300) — O.K

288.4mm (=L/400.8) <

S =

103
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Deflection Check

Bowl

w 2F

12,800 . 9,800

w bF

w 4F

w 3F

8,800 11,600

4,750

24

H

Z-DIRECTION

T.20040e-004

0.00000e+000
-2.95214e-003
-4.33323=2-003
-6.65432e-003
-3.53541e-003
-1.03865%e-002
-1.2237Tee-002
-1.40887e-002
-1.553598e-002
-1.774908e-002
-1.%64158=-002

12.8m A™ 22t 81 =11.3mm (=L/1133.7) < 42.7mm (=L/300) — O.K
)

2+ 81 =19.6mm (=L/242.3) < 31.7mm (=L/150) — O.K
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Others Project of CSSE
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HRD Information Center
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Work Scope: Structural Design

Location: Ansan, Korea

Occupancy: Stadium, Cultural facilities

Size : 202,826m?, 5F

Structure System : RC+STEEL+PC / Roof : Space Frame
Architect: Space Group

Contractor : Hyundai E&C

22 Interior View

Elevations

b

Structural Scheme Health Monitoring System

© MIDAS IT Co,. Ltd 106
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EfC]|

o
[=]

Angola, 20064

22 Foundation

L Main Stadium West side
/ : Pile Foundation

EGEEZ Main Stadium East side
: 5.0.G (Slab On Grade)
Allowable Soil bearing capacity
: Fe=100kN/m?
Access Ramp : Spread Foundation
Allowable Soil bearing capacity
: Fe=100kN/m?

¢2 Concept Sketch of Overall Structural System

(1) Lower structural system(stand, deck)
is consist of steel moment frame

Roof truss : Triangular module
__ Steel pipe
(2) Roof truss is cantilever system ‘ '

(3) Pile foundation 7=

Determination of stand system
Consideration of 1. Stability
2. Workab|

Work Scope: Structural Design

Architect: Space Group

Size: 48,122m" (33,020 seats)

Structure System: Roof) Cantilever Roof Truss
Stand) RC Beam & Girder System

22 Roof Structure

Cantilever Action &
Beam Action

P =

/", Triangular Shape Truss
J " Using Steel Pipe

Supported on Raker Beam

~“~ Supported on 1% Floor

107



okt 0f|=Ad MEAl, 2009

Work Scope: Structural Design

Location: Seoul, Korea

Occupancy: Cultural Facilities, Concert Hall, Auditorium
Size: 99,102m?, B2/8F

Structure System: RC+STEEL+SRC / Beam & Girder system
Architect: DMP

2% Form of Structural Grid

<Architectural grid> <3D Structural truss from architectural grid>

© MIDAS IT Co,. Ltd
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o7t 0:"%*1 Roof Geometry

X

%ism 0.0 S QI 12m <> 118m

8m —
12m

Structural Truss Gird Dimension Options Chosen Structural Truss Grid

©MIDASIT Co.. Ltd Generated Architecture Grids 3D Structural Truss 109



re] P4, 0:"%& Modes of Vibration of the Roof Structure

Mode 4 (f,=1.087 Hz) Mode 5 (f;=1.361 Hz) Mode 6 (fs=1.369 Hz) Mode 7 (f,=1.417 Hz)
Translational vibration along Y axis Translational vibration along X, Y axis Translational vibration along Y axis. Translational vibration along X axis.

Mode 13 (f13=1.553 Hz) Mode 14 (f14=1.631 Hz) Mode 17 (f17=1.705 Hz) Mode 18 (f1s=1.712 Hz)
Translational vibration along Y axis. Translational vibration along Z axis. Translational vibration along Z axis. Translational vibration mainly along Z axis.

© MIDAS IT Co,. Ltd 110



o7t 0:"%*1 Connection Node Fem Analysis

Horizontal Stiffener

Vertical Stiffener

lUnit Load

Top Chord Bottom Chord
i (Four chords
JOln are in same
section size)
Bottom
Chord Join
Pin Support
Fixed
Support
Pre-calculation
s i CHS 267 .4 x 6.6 (typical area) — without stiffener
9365. Nfmmy’ 300.2 Nfmm
8429 Nimmy®
7493, Nemm? 275.0 Nfmm
poodgpand 249.8 Nimm
5621. Nifmm*
4685. Nimny® 224 6 MNfmm
2812 N 189 4 Nimm
2812, Nfmm®
1876 Nimny® 1742 Nfmm
9402 Nfmmy®
4.144 Nimm? 148.9 Nfmm
s 123.7 Nimm
: AT Jt
kb 98.61 Nimm
73.30 Nfmm
48,09 Nfmm
22.87 Nfmm

20mm Meshing Case: C2:p1-p2

© MIDAS IT Co,. Ltd m



HRD Hetrl, 20114
Information
Center

Work Scope: Structural Design, Research & Development,
SHM

Location: Cheon-an, Choong-nam, Korea

Occupancy: Exhibition Hall

Size: 136,340m2, 40m X 30m, 1F

Structure System: Steel Structure + Tensioning Air Beam
System

Client: Korea University of Technology & Education,

Exterior View

22 Interior View

© MIDAS IT Co,. Ltd M2
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Q1HA|, 20144

22 Wind + Node Shell

Lattice Shell
Main Plane Truss

Bracing

Work Scope: Technical Proposal, Structural design
Location: Incheon, Korea
Occupancy: Airport
Size: 384,332.12m?, B2/5F
Structure System: Lower - RC & PC Steel System

Upper - Steel System

Roof - 1-Way-Steel Truss & Lattice Shell
Client: Incheon International Airport Corporation

22 Structural System

22 Deformation

Sub Truss

P e

13



OlX 2xj| 2t Q1A 20144
M2 ZAL

S
> : i R

- i  a‘EL
. N e .\.0) sl \
.’o \ 11 Il !
EJ. = == = = = =i¢ : el e o L]
_— 2 e ','7?; === *"'"":“i‘—[' \' = J"I:IL L]
5 (g e ey - .
: J ISR ESEEEE= =t ]
| [ ot Py o
3 r]) ;‘;'/L"J q 1! T . E‘J.
: B AT 5
5/“? EJ
7 Air Side (1-way Steel Truss )
.v PC 2318t B .

Steel Beam & Girder System

Node Shell (2-way Lattice)

Q-Tip Shell (2-way Lattice)

M T/H #2t : Mega Tree Column + 1-way Steel Truss
MW Wing 32} : Tree Column + 1-way Steel Truss + 2-way Lattice

© MIDAS IT Co,. Ltd
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Tree Column

*‘% . 274 %7}
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CIHMAl, 20144
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OIEMIE] Q1A oI A|, 20141

[ -

— Work Scope: Structural Design, Structural Drawing
— Location: Inchon, Korea
— Occupancy: Cultural Facilities
— Size: 40,427.48m2 , B2/7F (Concert Hall)
/B2/8F (Museum), B2/4F (Opera House)
— Structure System: RC Core + SRC Column + Steel,
RC Beam & Girder System
— Client: DMP + POSCO E&C

22 Structural System (Roof)

22 Structural Analysis

Mode Shape

© MIDAS IT Co,. Ltd 116
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The Gate Roof geometry

Flat roof surface regular module
Li:lz=1:1

Flat roof surface
- flat mesh
- regular size modules

Round corner
- round mesh
- modules adapting to the curve

Lateral roof surface
- flat mesh
- decreasing size modules

Curved lines
- segmented straight
elements

Figure 3-3 Lateral roof surface module and relationship with the flat roof surface

Figure 3-2 Flat roof surface regular module

© MIDAS IT Co,. Ltd 118



The Gate Roof Structural System

Solar tube beam ring

2 solar tube ring

to buliding core
3 lateral surface ’ \
truss to building . g . J . 9 .
e coo
tree-shaped column ri solar tube rin ly
g ng 1222

s Ty e e
\ ] {onel ) — Ry f e Y

ok - 0 Be%se t ¥ " ¥

i | t o e

o ! ) : Wy
4y 4 g : Y 5 - e 4

W & i e X

[ N

Ve 5 I

o o

\ N

) : Y

& i

q

[HHHH

i

o
: v '
1 — = . ]
> :
I 1

I I 1 | 1 .y | ‘\I | . 1 | G R N V)
1 tr d building block \ building core

column to
basement floors

Figure 4-3 First conceptual supporting system section =
main building

buillding cores

© MIDAS IT Co,. Ltd 119

Figure 4-2 Vertical load flow distribution



The Gate Structural Analysis

Figure 7-2 MIDAS Gen eigenvalue analysis modes

© MIDAS IT Co,. Ltd 120



The Gate Structural Analysis

Relative deflection

Deformation of the
original shape / ring beam edges

(AD(s) + 0.75 ( Lz + Wz) = 87 mm
87mm (L/290) < 105 mm (L/240)

\Maximum
deformation

Figure 9-2 Deformation shaped transverse section

Global deflection of the structure

Figure 9-1 Global deflection of the structure limitations cheking

© MIDAS IT Co,. Ltd 121
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QIHA|, 20174

o2 Structural Model

Wow Space + Hotel Spa & Entertainment Square — Sand Box

RCflatslad (Typ)

MegaBrace

SteelBeam &Girder

RCshear wall

- Project: Paradise City

- Work Scope: Structural Design

- Location: Jung-gu, Incheon, Korea

- Occupancy: Hotel, Casino, SPA, Commercial

- Size: 295,530m Hotel(B2F~10F),
Commercial(B1F~8F), SPA(B2F~3F) B3F~10F

- Structure System: RC + Steel Frame

- Client: Paradise Group

- Architect: Gansam Architects

- Contractor: Posco E&C, SK E&C

2 Structures System of Building and Roof

Plaza - Building Plaza - Roof

Secondary Truss

RCBeam & Girder

AB), , RCshear wall

2 ‘ Y -t i [
o 2 & T A
B > B 0
- > b - S
el S X O
>%§3 =0 ’i?.;. T - ,
. I SteelBeam & Girder LD PlazaRoof

Main Tress 1 2 2




o2 fCO|AA|E] Plaza roof Structural System

Secondary Truss

Knuckle

3' o, “‘Q-t.‘:_ > -,:_f 9
W et
[ AR R
f » '- _‘J ! 4 - .
"6’*1 ." f L
Main Truss (P = : ,..6 1
Truss depth 3.0~5.0m ‘ -*?-»_ 5 .
Tertiary Beam or Truss I

Roof support o :
Pot Bearing o Al drection movable g

© MIDAS IT Co,. Ltd
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o2 fCO|AA|E] Plaza roof Erection Engineering

© MIDAS IT Co,. Ltd 124



— Work Scope: Structural Design

— Location: Yeoju, Korea

— Occupancy: Club House, Condominium

— Size: 22,528.759m? Grand Hall (B2F~B1F), Condo A (B2F~2F),
Learning Center (B2F~3F), Recreation Center (B1F~2F)

— Structure System: Grand Hall (RC Beam & Girder + Timber),
Condo A (RC Shear Wall + Timber),
Learning Center (RC Beam & Girder + Steel truss + Timber),
Recreation Center (RC Beam & Girder + Timber)

— Client: CJ E&C

— Architecture: Gansam

22 Building View ¢2 Structural System

Grand Hall
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Steel Truss Deflection Check
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Timber Structure Analysis
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Structural System
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*Glued Laminated Timber : 2l

Grand Hall

Glulam Structure
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Analysis of Timber Structure
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s PRI Span = 26700mm
o - 8p,. = 22.9mm
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Buckling : Reinforced by Pipe & Ring
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) 8p,. = 229mm
i ... /492 < 1/300 -> OK.
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