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Structural Design of Angola Stadium

2% DR R

Kim, Jong-soo Shin, Chang-hoon Kim, Jeong-hyeon

o ok
L =

2 =T& G F371% A F2AA A s dEa ok F2e FA7FL A9F 78,000m, A 45 FREZA
HE BE-2 Stcel moment frame® 2 TAE I, AEREL Ay EgA Aagog AAHAL 7xe FY7|27) AHEH
oo, Yz WEEA, 29 FEd) )3t thojolx g oA, W=} 2B Ae] o) Interaction, BIEHRFE 5 AHEE Bt AAAL
gl g TIAEo|t)

3@ P

Abstract

This paper is concerned with the structural design of Angola Stadium. The Angola stadium is composed of a Steel
moment frame system and a Cantilever steel truss roof. Whole structural analysis is necessary to ensure the stability.
Considered FEM analysis, Design of Wind load & Seismic, Stand diaphragm, interaction between stand and Roof,
Serviceability.
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1. Design Concept

- Structural framing plan for arc ural

space
- Alternate study of structural system

2

- Design structural members o resist

extemal force - Determination:of foundation type according

- Prevention of crack and deformation < Adoption of new technology and materials
= Minimization of vertical and horizontal = Minimization of: scrapped material
displacement

- Member design -for workability
= Simplification of details
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2. Study of Structural System
1) Concept Sketch of Overall Structural System

Roof truss : Triangular module
| pipe

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

{2} Roof truss is cantilever system

{3} Pile foundation

Determination of stand system .
Consideration of 1. Design concept
2. Structural stability

Determination of stand system
Consideration of 1. Stability
2. Workability
- 3. Economics
4. Serviceabhility

Use SRC celumn
below 15t floor

RC wall

o)

2) Roof System

Cantilever Action &
Beam Action

Triangular Shape Truss
Using Steel Pipe

Supported on 1st Floor
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2. Structural System for Stadium
- Comparison between PC, RC and Steel system

- Dry construction,
- Heavy-weight
- Constructability

uniformity

- Temporary Structure

NOT needs

- Wet construction,
- Heavy-weight
- Constructibility

ununiformity

- Temporary structure

necessity

- Disadvantage of high-place

work

- Dry construction,

- Light-weight

- Constructibility
uniformity

- Temporary structure
unnecessity

- Advantage of high-place

work

- Long-span Prestressing
- Advantage of vibrations

- Disadvantage of long-span

- Advantage of vibrations

- Advantage of long-span
- Disadvantage of

vibrations

- No construction waste

- Construction waste

- No construction waste

- Minimize maintenance
- Good durability

- Maintenance costs
- Normal durability

- Steel member
maintenance costs
- Normal durability

- Free of main air duct

- Interference main

air duct

- Height problem

- Interference main
air duct
- Height problem

102%

100%

117%

85%

100%

80%

- Steel Raker Beam

- Using Deck Slab as Stand System

SELECTION STRUCTURAL SYSTEM for ANGOLA STADIUM

1) Consideration for environment of a construction field

Employee fee and a cost of materials

Construction conditions

A Transportation method for structural members
A material supply and demand program

2) Disadvantage of PC and RC system due to pre-study

2-1) PC system
- Difficult to carry structural members

- It need to establish PC production factory in situ

- it spends much time (about 2~3year)
2-2) RC system

- Need much time to curing
- Difficult to make forms for Raker Beam and Stand
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- Much construction period (not satisfying given construction period)
3) Important factor for Angola Stadium construction

- Time : Construction period (about 2.6 years)

- Transportation : Structural members

- Construction : Need to easy work

— Selected System
- Easy to work

- Need to verify for a material supply and demand program
- Useful for short construction period

- UPPER STAND SUPPORT SYSTEM

Roof Load

Pin Support Raker Beam

Select

System

¥
B
- This system is adopted for architectural design concept.
- This system is consisted of 3-vertical column and l-branched pin support.
- @ member mainly supports stand.
- Concentrated force occurs at @ member due to pin-support column.
And @ member should be considered for horizontal force.
- The horizontal force is less and 2nd slab makes a rigid diaphragm, so there is
no excessive moment at @O member.
- It is Easy to work which pin connection detail

- This is more efficient system than others.
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- CONSTITUTION of STAND

DESCRIPTION o

o el
Chacky  Codiitinnl dock:, ood plefe
« This system require additional plates or materials
— Need to fixing method
« It is difficult to make stand diaphragm
— Steel braces are needed

» It is difficult to pour a concrete in whole
area at once,

567 7 Increase self-weight
— alt2(67%) < alt1(100%) < alt3(126%)
; !+ Easy to work.
« |t is possible to make stand diaphragm.
Thus steel brace can be reduced

®AIt3is Selectédn
= Easy to work (construction, erection, fabrication...)

« it is useful to make stand diaphragm for structural engineenng, if stand has not
diaphragm then brace is needed

SELECTION

- FOUNDATION

Ty - e e

: Pile Foundation

- Main Stadium East side
: $.0.G{Slab On Grade}
" Allowable Soil bearing capacity
‘ : Fe=100kN/m?
. Access Ramp : Spread Foundatien
llowable Scil bearing capacity
‘ : Fe=100kN/m?
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3. Structural analysis concept

| 3DFEMAnalysis . Designfor Wind Load . Design for Seismic
j * A evaluation of structural + Adopt a provision of Euracode * Low seismicity
‘ behavior through FEM analysis |+ Static analysis performed |« Check for safety and stability

Stand Diaphragm - Interaction between stand and Roof Serviceability
| » Consideration of diaphragm » Consideration of roof reaction to + A evaluation of floor vibration,
f actions of stand upper stand | lateral displacement, drift..

4. FLOOR VIBRATION

TEM VIBRATION ANAY SIS

MODE
SHAPE

FREQUENCY 740Hz 17.01 Hz 26.08 Hz
o - The provision of IS0 Standard(2631-2) about

3 e outdoor footbridges is applied to evaluate
. -Wm; WW& A8 ) rhvthmic activiies performances for Angola
b T Stadium’s floor{deck).
% . m «x/w" p
Tt T s
§ e — - Floor vibration satisfy with the provision of ISO
e 1 -
" " M«A‘:‘I"ﬁgf Standard (2631-2) about outdoor footbridges
£ ‘ ; x’/
Vi Esssde X,«” - Floor vibration is checked 12.0m x 11.0m
o ”““ﬂ«ﬁw - module which is the mostlong span in stadium.
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