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COMPAGNIE GÉNÉRALE DE L’INDUSTRIE

▶ Founded in 2013 by Sebastien Besse

▶ Industrial design office: our specialty is, but not limited to, steel frames, industrial
piping, pressure vessels
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Examples of tallest structures throughout history

(*) Before Common Era

2560 (BCE*)

Time

1311 1885 1889 1930 1931 1967 1976 2010 2024

146 m
169 m

300 m

159 m

381 m

319 m

540 m 553 m

Altitude

600 m

828 m

Great Pyramid 
of Giza (Egypt)

Lincoln Cathedral 
Tower (England)

Washington 
Monument 
(USA)

Eiffel Tower 
(France)

Chrysler 
Building 
(NY)

Empire 
State 
Building 
(New York)

Ostankino 
Tower 
(Moscow)

CN Tower 
(Toronto, 
Canada)

Guangzhou 
TV Tower 
(China)

Burj Khalifa 
(Dubai, United 
Arab Emirates)
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Examples of on going projects of mega-tall skyscrapers

Djeddah Tower 1007 m

(Saudi Arabia)

Sky Mile Tower 1700 m

Tokyo (Japan)

Oblisco Capitale 1000 m

(Egypt)
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X-Seed 4000  (Tokyo, 1995)
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The « prototype » of the Eiffel Tower

▶ Built in 1889 with equal angle steel, plates and rivets

▶ Designed without electricity or finite element modeling or computers

▶ Eurocodes : wind zone 2,  seismic zone 1,    snow zone A1
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Why a 3000 meter tower is not built in 2024 ?

▶ Building a 3000 meter high tower poses many technical challenges, 
economic, environmental and logistical. Here are some main reasons 
for which such a structure has never been built.

▶ Technical problems and engineering
▶ Structural stability including wind resistance and earthquake resistance

▶ Compressive load on ground columns and risk of buckling

▶ Materials

▶ Elevators

▶ Cost

▶ Environmental issues

▶ Logistics and accessibility

▶ Human limits and comfort
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The 3000 meter tower

▶ Height : 3000 meters

▶ Function : commercial center (70%) + tourism (30%)

▶ Floors : 4  (ground, 1000, 2000, 3000 meters)

▶ Opened structure to reduce wind loads

▶ Weight : 750 000 tons (excluding foundations)

▶ Material : carbon steel S460

▶ Social utility : 
▶ Firefighting observation center

▶ Astronomical observatory at 3000 meters

▶ Population gathering area in the event of flooding

▶ Base jump center

▶ Glass floor



NAFEMS France Conference 2024#NRC24 19 – 20 Novembre 2024 | SenlisNAFEMS France Conference 2024#NRC24 19 – 20 Novembre 2024 | Senlis

EQUIVALENT TO IPE600
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3D view (from 0 to 18°, from z = 0 to 120 m)

▶ 26 000 beam elements / 12 000 nodes
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Software and hardware

▶ More than 30 million beams

▶ Not suitable for a full 3D realistic model on a computer in 2024 even with 1-D beam elements

▶ Calculations performed using the software ANSYS Mechanical 2024 R1 - 4CAD

▶ Modeling ground and 1st floor

▶ Calculation code : Eurocodes 0, 1, 3, 8

▶ Finite element method using ANSYS Mechanical

▶ Solve millions of degrees of freedom in seconds

▶ Should be justified with linear elasticity

and linear material

▶ Cylindrical symmetry

▶ Buckling length : 1 meter

3000 beams / 1000 nodes
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Method for global design

▶ Total weight
𝑃𝑡𝑜𝑡 = 𝛼𝑃1 = 𝑃1෍

𝑖=1

𝑁

ෑ

𝑘=0

𝑖−1

1 − 𝑡𝑘
𝑘

𝐹𝑎𝑐𝑡𝑒𝑢𝑟 𝛼
𝑁 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑣𝑒𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑤𝑒𝑟
𝑃1 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑙𝑒𝑣𝑒𝑙 𝑧 = 0 𝑡𝑜 40 𝑚𝑒𝑡𝑒𝑟𝑠
𝑡𝑘 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑓𝑟𝑜𝑚 𝑙𝑒𝑣𝑒𝑙 𝑘 − 1 𝑡𝑜 𝑙𝑒𝑣𝑒𝑙 𝑘
𝑒 𝑧 𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑤𝑒𝑟 𝑎𝑙𝑜𝑛𝑔 𝑧
𝐷𝑚 𝑧 𝑚𝑒𝑎𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑤𝑒𝑟 𝑎𝑙𝑜𝑛𝑔 𝑧𝑡𝑘 =

𝑒 𝑧

𝑒 𝑧 = 0
×

𝐷𝑚 𝑧

𝐷𝑚 𝑧 = 0

X =
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Method for global design

▶ Surface of total weight

Weight of the first level P1

Factor 𝛼

To
ta

l w
ei

gh
t

o
f 

th
e

 t
o

w
er

(t
o

n
s)

𝑃𝑡𝑜𝑡 < 𝑃1 + 60 × 4 × 3000 𝑡𝑜𝑛𝑠

𝑃𝑡𝑜𝑡 < 39 612 𝑡𝑜𝑛𝑠 + 60 × 4 × 3000 𝑡𝑜𝑛𝑠 = 759 612 𝑡𝑜𝑛𝑠

(P1, α, Ptot) = 

(39 612 tons, 18.866, 747 320 tons)

𝑃𝑡𝑜𝑡 = 𝛼𝑃1
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Ultimate Limit State (ULS)

▶ Steel S460

▶ Maximal ratio : 99 %

▶ Maximal stress : 454 MPa 

(< 460 MPa) 
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Serviceability Limit State (SLS)
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Serviceability Limit State (SLS) 130 mm
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Horizontal wind deflection at z = 3000 m

▶ Wind deflection based on 300 daN/m²

▶ For Eiffel Tower, Eurocode : H / 150

▶H / 150 = 300 000 mm / 150 = 2 meters

▶ Experimental : max 130 mm (storm, 1999)

▶ Eiffel tower respects a criteria  H / 2300

▶ The Tower respects a criteria H / 54 000
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Hinged support (160 tons x 240 supports)

▶ IPE600

▶ HEM 1000

▶ HEM 500

▶ CAE 100x10

▶ BAR 1500

▶ DN1000

▶ Steel S460

(tonnage of all the supports ≈ 6500 elephants)
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Hinged support

40 contacts from welded CAE 100 x 10

Boundary conditions
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Hinged support

Mesh (triangular quadratic mesh SHELL281)
Loads coming from the 3D beam model

380 000 nodes

190 000 elements
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Hinged support

Total displacement

Von Mises stress (nodal values without averages)

Logarithmic scale
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Modal analysis and Response Spectrum Method (RSM)

▶ Mode superposition method

▶ 15 modes

▶ Combination of modal response including Complete Quadratic Combination 
(CQC) method

▶ Missing mass correction : force due to missing mass

▶ Spatial combination (triaxial dynamic response) 
▶ Maximum response due to earthquake will be highest of three as given :  

𝑅 = ෍

𝑖=1

𝑁

෍

𝑗=1

𝑁

𝑅𝑖𝑅𝑗
𝜔𝑖 + 𝜔𝑗

2
𝜉2

𝜔𝑖 − 𝜔𝑗
2
+ 𝜔𝑖 − 𝜔𝑗

2
𝜉2

𝜉 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑑𝑎𝑚𝑝𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜

𝐹 = 𝑀 1 −෍
𝑖=1

𝑚

Γ𝑖 𝜙𝑖 𝑆𝐴 𝑚𝑎𝑥

𝑀 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠

𝑆𝐴𝑚𝑎𝑥 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛
𝑎𝑡 𝑡ℎ𝑒 𝑐𝑢𝑡𝑜𝑓𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑅 = ±𝑅𝑥 ± 0.4𝑅𝑦 ± 0.4𝑅𝑧

𝑅 = ±𝑅𝑦 ± 0.4𝑅𝑧 ± 0.4𝑅𝑥

𝑅 = ±𝑅𝑧 ± 0.4𝑅𝑥 ± 0.4𝑅𝑦
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Modal analysis : preliminary results

N°1 : 0.05 Hz N°2 : 0.05 Hz N°3 : 0.11 Hz N°4 : 0.11 Hz N°5 : 0.11 Hz

N°6 : 0.17 Hz N°7 : 0.18 Hz N°8 : 0.18 Hz N°9 : 0.24 Hz N°10 : 0.28 Hz
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Stairs and walkways

Side view Perspective view
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Floor z = +3000 m
(10 300 tons)

Aerial view

Perspective view (23 000 beam elements, 8 000 nodes)
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Thermal gradient from the sun

▶ Shadows from the beams significantly limit the 
thermal gradient caused by the sun

25°C/60°C thermal gradient 
(never happens) 
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I will leave you with this question

▶ How can this structure be integrated 

into socio-ecological needs and 

sustainability of the future ?
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Thank You!

sebastien.besse@cgindustrie.com

+33 (0)6 73 52 02 82
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