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Altitude 828 m Burj Khalifa
(Dubai, United
Arab Emirates)

Examples of tallest structures throughout history
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CN Tower (Chlna)
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Washington
Lincoln Cathedral Nanent
. USA
Great Pyramid Tower (England) (USA)
of Giza (Egypt) 169 m

146 m

> 5 .’ - " |

| gt

Time

2560 (BCE¥) 1311 1885 1889 1930 1931 1967 1976 2010 2024

(*) Before Common Era

#NRC24 NAFEMS France Conference 2024 19 — 20 Novembre 2024 | Senlis



Examples of on going projects of mega-tall skyscrapers

Djeddah Tower 1007 m Oblisco Capitale 1000 m Sky Mile Tower 1700 m
(Saudi Arabia) (Egypt) Tokyo (Japan)
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X-Seed 4000 (Tokyo, 1995)

130  Journal of Urban Technology
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Figure 11. X-seed 4000, proposed by the Taisei Corporation, is a 4 km (2.485miles) height, and 6 km
(3.728 miles) wide sea-base structure. It contains 800 floors that could accommodate up to one
million inhabitants.

Drawing by K. Al-Kodmany
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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,

#NRC24
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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

vV v Vv Y
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Tour de 3000 métres

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

vV v v vV vV VY

Weight : 750 000 tons (excluding foundations) 3
Material : carbon steel S460
Social utility :

» Firefighting observation center

» Astronomical observatory at 3000 meters fap ik
» Population gathering area in the event of flooding
>
>

Base jump center
Glass floor

828

Tour Eiffel
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EQUIVALENT TO IPE6OO
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0to 120 m)

3D view (from O to 18°, from z

» 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

vV vV v v v v v %

v
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Method for global design

» Total weight

AN . Facteur a
Pror = aPy = Py z 1_[(1 — t) N the number of levels of the tower
i=1 k=0

P, weight of the first level (z = 0 to 40 meters)
t, reductionrate from level k — 1 to level k
e(z) D,,(z) e(z) apparent thickness of the tower along z
“e(z=0) X D,.(z=0) D,,(z) mean diameter of the tower along z
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Method for global design P. . < Py + 60 X 4 X 3000 tons

» Surface of total weight Pior < 39612 tons + 60 X 4 X 3000 tons = 759 612 tons

¥
na -
mow o
; ; &

(P]_I a’l Ptot) =

1.5 ~ ' : (39 612 tons, 18.866, 747 320 tons)

Total weight of the tower (tons)

Factor 10 3
Weight of the first level P,
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Pigce Profil Matériau Lay Laz Ratio#| Cas
479 |@|PEs00 | s480M 208| 1073 098] 38 ELUM3=1%1.35 = 2*1 05 = 31 50
= = = 525 |@|FEs00 | S460M 208| 1073 0.99] 38 ELUM3=171.35 = 2°1.05 = 371 50
l ' I t I m at e L I m I t St at e l | L S 321 B[ FEs00 | sS40 M 208| 1073 0.98| 110 ACC:5EVa=171.00 + 2°0.30 + 8-1.00
519 |@|PEso0 | s4e0m 208| 1073 0.97| 39 ELU/13=171.35 = 2°1.05 = 3+1.50
550 | FEs00 | sas0m 208| 1073 0.95| 38 ELUM3=1%1.35 = 2*1 05 = 371 50
410 B[ FEs00 | Sas0M 208| 1073 0.95| 38 ELUM3=171.35 = 2°1.05 = 371 50
508 || PEs00 | S460M 208| 1073 093] 38 ELUM3=171.35 + 2°1 05 = 371 50
311 | FEcon | S460 M 208| 1073 0.93| 110 ACC:SEVS=1+1.00 + 20.30  8°-1.00
272 |@|PEGOD | S460M 208| 1073 0.92| 47 ELU/Z1=1%1.35 = 2*1 05 = 5°1.50
301 B[ FEs00 | ses0M 208| 1073 0.91| 110 ACC:5Ea=171.00 = 2°0.30 = &°-1.00
551 B[ FEso0 | ses0m 208| 1073 0.90] 38 ELUM3=171.35 + 2°1.05 = 371 50
> te e 282 |®|pecoo | s4s0m 208| 1073 0.90| 47 ELU/21=1%1.35 = 2¢1.05 = 5+1.50
400 | FEs00 | sas0m 208| 1073 0.89| 110 ACC:SEVE=171.00 = 2°0.30 = &°-1.00
262 |[@|PE6OD | S460M 208| 1073 0.89| 47 ELU/21=171.35 + 2°1.05 = 5°1.50
- - 380 | Feson | sesom 208| 1073 0.88] 110 ACC:SEVS=1+1.00 + 20.30  8°-1.00
I\/I I L] (y 548 || PG00 | S 480 M 208| 1073 0.87| 38 ELUM3=1%1.35 = 2*1 05 = 371 50
> aXI I I l a, ra I O - 0 558 || PEs00 | S460M 208| 1073 087| 38 ELUM3=171.35 = 2°1 05 = 371 50
533 || PEs00 | S460M 208| 1073 0.86| 38 ELUM3=171.35 + 2°1 05 = 371 50
461 | Feson | sesom 208| 1073 0.84] 39 ELU/13=171.35 = 2°1.05 = 3+1.50
- 552 || PES00 | S460M 208| 1073 0.84| 38 ELUM3=1%1.35 = 2*1 05 = 371 50
> I\/I aXI m aI StreSS " 454 M P a 9 B[ FEs00 | Sas0M 208| 1073 0.83| 51 ELU/25=171.35 = 2°1.05 = 671,50
. 273 |@|PE60D | S450M 208| 1073 0.82| 110 ACC:5EVa=171.00 + 20.30 = -1.00
553 || PEGo0 | S460M 208| 1073 0.81| 39 ELU/3=171.35 = 2°1.05 = 3+1.50
372 |@|PEs00 | S460M 208| 1073 0.81| 38 ELUM3=1%1.35 = 2*1 05 = 371 50
263 || PEG0D | S480M 208| 1073 0.80| 47 ELU/21=171.35 = 2°1 05 = 5°1.50
< 4 6 O IVI P a 540 B[ FEso0 | ses0m 208| 1073 080] 39 ELUM3=171.35 + 2°1.05 = 371 50
520 M| FEco0 | S460 M 208| 1073 0.78| 39 ELU/3=171.35 = 2¢1.05 = 3+1.50
541 | FEs00 | sas0m 208| 1073 0.78| 38 ELUM3=171.35 = 2°1 05 = 371 50
521 B[ FEs00 | Ses0M 208| 1073 077| 39 ELUM3=171.35 + 2°1.05 = 371 50
274 |@|PE6OD | S480M 208| 1073 0.77| 110 ACC:5EV8=171.00 + 2°0.30 + -1.00
554 || PEGOD | S460M 208| 1073 0.76| 38 ELU/3=171.35 = 21.05 = 3-1.50
sz || PEs00 | S460M 208| 1073 076| 38 ELUM3=171.35 = 2°1 .05 = 371 50
468 |[@|PE60D | S450M 208| 1073 076| 38 ELUM3=171.35 + 2°1 05 = 371 50
522 |@|FEso0 | s4e0m 208| 1073 0.76| 39 ELU/13=171.35 = 2°1.05 = 3+1.50
528 || PEG00 | S 480 M 208| 1073 075 38 ELUM3=1%1.35 = 2*1 05 = 371 50
283 |@|PE60D | S480M 208| 1073 075  S1ELU5=171.35 = 2°1.05 < 671 50
264 |[@|PE6OD | S460M 208| 1073 0.75| 110 ACC:5EVa=171.00 + 2°0.30 + 8-1.00
350 | Feson | sesom 208| 1073 0.75| 39 ELU/13=171.35 = 2°1.05 = 3+1.50
842 Poutre si| ]| IFE 200 | S460 M 4343| 17880 0.74| 51 ELU25=1%1.35 = 2*1 05 = 6°1.50
543 || PEs00 | S460M 208| 1073 074| 38 ELUM3=171.35 = 2°1 05 = 371 50
265 || PE60D | S450M 208| 1073 074| 47 ELU/21=171.35 + 2°1.05 = 571 50
987 Poutre st| ) PE 200 | 5460 M 48.43| 17580 0.74| 47 ELU/21=171.35 = 2°1.05 = 5+1.50
518 || PEs00 | S460M 208| 1073 0.74| 38 ELUM3=1%1.35 = 2*1 05 = 3°1.50
547 || PES00 | S460M 208| 1073 074| 38 ELUM3=171.35 = 2°1 05 = 371 50
523 || FEs00 | S460M 208| 1073 074| 38 ELUM3=171.35 + 2°1 05 = 371 50
557 |W|PEGon | S4e0M 208| 1073 0.74] 39 ELUM3=171.35 = 2¢1.05 = 3+1.50
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Serviceability Limit State (SLS)

& N
s |

tot

Légende

W, Contrefleche dans I'élément structural non chargé

wy Partie initiale de la fleche sous les charges permanentes de la combinaison d'actions correspondante selon les
expressions (6.14a) a (6.16b).

wy Partie a long terme de la fleche sous les charges permanentes.

ws Partie additionnelle de la fleche due aux actions variables de la combinaison d'actions correspondante d'aprés les

expressions (6.14a) a (6.16b).
Wiot Fléche totale, soit somme de wyq, wy, ws.

Wnax Fleche résiduelle totale compte tenu de la contrefieche.

Piece I Profil Matériau | Ratiofuy Cas (uy) Ratio(uz) Cas (uz)
1045 S 480 M 0.31 67 ELS:CARM3=1%1.00 + 2*0.70 + §*1.00 0.01] 63 ELS:CAR/S=1*1.00 +2=0.70 + 4*1.00
1024 S 480 M 0.31 67 ELS:CARM3=1%1.00 + 2*0.70 + 6*1.00 0.00| 63 ELS:CAR/S=1*1.00+2%0.70 + 4*1.00
1038 5 460 M 0.30 67 ELS:CARM3=1*1.00 + 2*0.70 + 6*1.00 0.01| 63 ELS:.CARS=1*1.00+2*0.70 + 4*1.00
365 S 480 M 0.30 67 ELS:CARM3=1%1.00 + 2*0.70 + §*1.00 0.01] 63 ELS:CAR/S=1*1.00 +2=0.70 + 4*1.00
299 S 460 M 0.28 67 ELS:CARM3=1*1.00 + 2*0.70 + 6*1.00 0.01| 63 ELS:CAR/S=1*1.00+2%0.70 + 4*1.00
B85 5 460 M 0.29 67 ELS:CARM 3=1%1.00 + 2*0.70 + 6*1.00 0.01| 63 ELS:CARS=1*1.00+2*0.70 + 4*1.00
757 S 460 M 028 65 ELS:CARM 1=1%1.00 + 2*0.70 + 5*1.00 0.00| 63 ELS:CAR/S=1%1.00+2%0.70 + 4*1.00
74 5460 M 0.28] 65 ELS:CARM1=1%1.00 + 2*0.70 + 541.00 0.01) 63 ELS:CARS=1%1.00 + 2*0.70 + 4*1.00
1050 5 460 M 0.28 67 ELS:CARM 3=1%1.00 + 2*0.70 + 6*1.00 0.01| 61ELS:.CART=1*1.00+2*0.70 + 3*1.00
1029 S 460 M 0.2y 67 ELS:CARM3=1%1.00 + 2*0.70 + 6*1.00 0.01] 61ELS:CARF=1%1.00+2%0.70 + 3*1.00
749 S 460 M 0.27 65 ELS:CARM 1=1%1.00 + 2*0.70 + 5*1.00 0.01| 63 ELS:CARG=1*1.00+2%0.70 + 4*1.00
1043 S 460 M 0.27 67 ELS:CARM 3=1%1.00 + 2*0.70 + 6*1.00 0.01| 61ELS:CARF=1*1.00+2%0.70 + 3*1.00
a7 S 460 M 0.26 67 ELS:CARM3=1%1.00 + 2*0.70 + 6*1.00 0.01] 63 ELS:CAR/S=1%1.00+2%0.70 + 4*1.00
S04 S 460 M 0.26 67 ELS:CARM 3=1%1.00 + 2*0.70 + 6*1.00 0.02| 63 ELS:.CARSG=1*1.00+2%0.70 + 4*1.00
890 S 460 M 0.26 67 ELS:CARM 3=1%1.00 + 2*0.70 + 6*1.00 0.02| 63 ELS:CARS=1*1.00+2%0.70 + 4*1.00
745 S 480 M 0.25 67 ELS:CARM3=1%1.00 + 2*0.70 + 6*1.00 0.02| 63 ELS:CAR/S=1*1.00+2%0.70 + 4*1.00
782 5 460 M 0.25 67 ELS:CARM3=1*1.00 + 2*0.70 + 6*1.00 0.01| 63 ELS:.CARS=1*1.00+2*0.70 + 4*1.00
1033 S 480 M 0.25 65 ELS:CARM 1=1%1.00 + 2*0.70 + 5*1.00 0.00| 85 ELS:CARA1=1%1.00 + Z*0.70 + 5*1.00
599 S 480 M 0.25 65 ELS:CARM 1=1%1.00 + 2*0.70 + 5*1.00 0.00| 87 ELS:CARM3=1*1.00 + 2*0.70 + £*1.00
12047 Poutre stab IPEZ00_12047 5 460 M 0.25 65 ELS:CARM 1=1*1.00 + 2*0.70 + 5*1.00 0.04| &7 ELS:CARM3=1*1.00 + 2*0.70 + §1.00
12048 Poutre stab IPE200_12045 |[@| IPE 200 S 480 M 0.25 65 ELS:CARM 1=1%1.00 + 2*0.70 + 5*1.00 0.05| 85 ELS:CARM1=1*1.00 + Z*0.70 + 5*1.00
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i +—¢4
H.
1
H
—— CAE 100x10
—— CAE 50x5
—— = —— CIRC 1016x10
HEM 1000
I ~———— HEM 500
= |PE 200
) &> ? —— |PE 600
Légende ~——— TCAR 200x8
. ) . Ag “—'Dép 5cm
u Déplacement horizontal général sur la hauteur H du batiment Max=12,9
u; Déplacement horizontal sur la hauteur H; d'un étage
Cas: 65 (ELS:CAR/11=1"1.00 + 270.70 + 51.00)
Pigce Profil Materiau | Ratio(vx) Cas [vx) Ratio(vy) Cas (vy)
287 ]| IPE 800 S 460 M 0.07 61 ELS:CART=1%1.00 + 2*0.70 + 3*1.00 0.18] 65ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
232 ]| IPE 500 S 450 M 011 §3 ELS:CAR/S=1%1.00 + 2=0.70 + 4*1.00 0.17] &5ELS:CARM1=1%1.00 + 2=0.70 + 5*1.00
282 ]| IPE 500 S 450 M 014 §3 ELS:CAR/S=1%1.00 + 2=0.70 + 4*1.00 0.17] &5ELS:CARM1=1%1.00 + 2=0.70 + 5*1.00
272 ]| IPE 500 5450 M 014 63 ELS:CAR/G=1%1.00 + 2*0.70 + 4*1.00 0.17| 65ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
209 ]| IPE 500 5450 M 0.05 61 ELS:CART=1%1.00 + 2*0.70 + 3*1.00 0.16] 65ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
215 | IPE 500 5480 M 0.08 &1 ELS.CART=1%1.00 + 2*0.70 + 3*1.00 0.16) 65 ELS:.CARM1=1*1.00 + 2*0.70 + 5*1.00
273 | IPE 500 5480 M 011 63 ELS.CARMS=1%1.00 + 2*0.70 + 4*1.00 0.16) &7 ELS:.CARM3=1%1.00 + 2*0.70 + 6*1.00
277 | IPE 500 S 450 M 0.07 &1 ELS:CART=1%1.00 + 2*0.70 + 3*1.00 0.15) 65 ELS:.CARM1=1*1.00 + 2*0.70 + 5*1.00
242 | IPE 500 S 450 M 011 63 ELS:CARS=1%1.00 + 2*0.70 + 4*1.00 0.15) 65 ELS:.CARM1=1*1.00 + 2*0.70 + 5*1.00
2259 [&]| IPE 8O0 S 480 M 0.07 61 ELS:CART=1%1.00 + 2=0.70 + 3*1.00 0.15) 65 ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
222 [&]| IPE 8O0 S 460 M 0.09 63 ELS:CAR/MG=1%1.00 + 2*0.70 + 4%1.00 0.15) 65 ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
234 ]| IPE 800 S 460 M 0.09 63 ELS:CAR/MG=1%1.00 + 2*0.70 + 4%1.00 0.15) 65 ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
22 ]| IPE 800 S 460 M 010 63 ELS:CAR/MG=1%1.00 + 2*0.70 + 4*1.00 0.14] 65 ELS:CARM1=1%1.00 + 2*0.70 + 5*1.00
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Horizontal wind deflection at z = 3000 m

» Wind deflection based on 300 daN/m?2

m 1
" "
. [/
N [ [
1
) i
1 1]
i 1
) ]
I
¥

» 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

RECO
RECO2
“'Dép 10mm
Max=55

» The Tower respects a criteria H / 54 000

L

Cas: 2 (Vent +X)
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Hinged support (160 tons x 240 supports)

IPEGOO
HEM 1000
HEM 500
CAE 100x10
BAR 1500
DN1000

vV vV v vV VY

» Steel S460

"
X
AV
AW

(tonnage of all the supports = 6500 elephants) “
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Hinged support

Boundary conditions

40 contacts from welded CAE 100 x 10

B
D]
E |
F
G
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Hinged support

Loads coming from the 3D beam model

A: Structure statique
Compression Poteaud.
Temps: 1, 5

Eléments : 10 de 15 indiqués

Mesh (triangular quadratic mesh SHELL281)

[&] Force Croix 1 Brin N®1: 5,83¢ +006 N
[B] Force Craix 1 Brin N°2: 6,69 +006 N
. Farce Croix 1 Brin N®3; 7,642 +006 N
. Force Croix 2 Brin N®1: 5,32e +006 N
. Force Croix 2 Brin N°2: 6,01e+006 N
. Farce Croix 2 Brin N®3: 6,82e +006 N
. Compression Poteaul: 1,e+005 N

[H] Compression Pateau2: 2,73 +006 N
. Compregsion Poteau3: 1,2e+005 N

380 000 nodes
190 000 elements

’:L
0 36403 6e+03 (mm) X
I .

1,5e+03 45e+03
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Hinged support

Von Mises stress (nodal values without averages)
Total displacement Logarithmic scale

10,0274
0,0151
0,00831
0,00458
1 0,00252
0,00139
0,000765
0,000422
0,000232
0,000128
7,05e-5
3,88e-5
2,14e-5 Min

i‘ .
0 3403 6e+03 (mm) X Y X %
I .

0 3e+03 6e +03 {mm)
B e

1,5e+03 45e+03
1,5e+03 4,5e+03
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Modal analysis and Response Spectrum Method (RSM)

{5 e B e TR oo
2 | @ Connéesechniqres o/ ,———M2 @ Domnéstechrigues o v 2 : v
3 m@omeme S ——a3 mGéDrréﬂa / 3 v .
» Mode superposition method e [T : o
» 15 modes e [l : -
» Combination of modal response including Complete Quadratic Combination S s ok '
(CQC) method
N N 2 '. S
(i + @) ¢ . _ I\, B
R = Zz iR; > > ¢ constant damping ratio N2 B o
—_ . ) — . 2 = v o,
i=1j=1 (wi = ;)" + (w; — ;)¢ | 2>
» Missing mass correction : force due to missing mass M total mass
m . .
F=M {{1} — Z ri{(pi}} S max Samax highest spectral acceleration
i=1

at the cutof f frequency
» Spatial combination (triaxial dynamic response)
» Maximum response due to earthquake will be highest of three as given :

R = 4R, + 0.4R, + 0.4R,
R = 4R, + 0.4R, + 0.4R, )
R = 4R, + 0.4R, + 0.4R, :
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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

#NRC24

Perspective view

S/PN
A e/

» —— \‘t__

4
A\ ’/ )
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TN | Aerial view

Floor z = +3000 m
(10 300 tons)

Perspective view (23 000 beam elements, 8 000 nodes)

- _—
e W | AT
i ——

-

——_—

R, ST, 2
= . A
v T — THE e —

-
HETF [,
-.-J'uu.*,,
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Thermal gradient from the sun

» Shadows from the beams significantly limit the 25°C/60°C thermal gradient
thermal gradient caused by the sun (never happens)

" ;‘ AI‘ ’ "’
W i

' Dép 1000mm
Max=7306

ks

Cas: 1 (Gradient thermique solaire)
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| will leave you with this question

» How can this structure be integrated
Into socio-ecological needs and
sustainabillity of the future ?

#NRC24 NAFEMS France Conference 2024
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sebastien.besse@cgindustrie.com
+33 (0)6 73 52 02 82




References

Baker, W.F., Korista, S., & Novak, L., Structural Design and Construction of the Burj Khalifa. Council on Tall Buildings and Urban Habitat, 2007.

Ali, M.M., & Moon, K. S., The Role of Structural Engineering in the Design of Tall Buildings. Architectural Science Review, 2007. 50(3): p. 205-223.

Smith, B.S., & Coull, A., Case Study: The Structural Design of the Jin Mao Tower. International Journal of High-Rise Buildings, 1991.

Charnish, B., & McNamara, R., Seismic Design of High-Rise Steel Buildings: A Case Study of the Petronas Towers. Structural Design of Tall and Special Buildings, 2002. 11(4): p. 243-260.
Slavid, R. Structural Challenges in the Design of the Shard, London. in Proceedings of the Institution of Civil Engineers - Structures and Buildings. 2012,

Smith, R.J., & Gill, P., Design and Construction of the Kingdom Tower. Structural Design of Tall and Special Buildings, 2014. 23(12): p. 897-911.

Klemencic, R., & Fry, J., Advanced Structural Systems for Tall Buildings: A Case Study of the Willis Tower. Journal of Structural Engineering, 2001. 127(5): p. 573-582.
Thornton, C.H., & DeCastro, F., Innovative Design and Construction Techniques for the Shanghai World Financial Center. CTBUH Journal, 2008. 3: p. 34-41.

Imai, K., & Yoshimoto, S., Structural Analysis and Design of the Tokyo Skytree. Journal of Structural Engineering, 2011. 137(12): p. 1529-1539.

10. Irwin, P., & Kilpatrick, J., Wind Engineering Challenges in the Design of the Guangzhou International Finance Center. Journal of Wind Engineering and Industrial Aerodynamics, 2010. 98(12): p. 863-876.
11. Salmon, C.G., Johnson, J. E., Steel Structures: Design and Behavior. 1996: Prentice Hall.

12. Chen, W.F., Toma, S., Advanced Analysis and Design of Steel Frames. 1994: CRC Press.

13. McCormac, J.C., Nelson, J. K., Structural Steel Design: A Practice-Oriented Approach. 2006: Prentice Hall.

14. (CEN), C.E.d.N., Eurocode 3: Design of Steel Structures. EN 1993-1-1. 2005.

15. André, J., Simdes da Silva, L., Guide des Eurocodes : Introduction aux Eurocodes structurels et utilisation en France. 2010: Eyrolles.

16. Bouchair, A., Godart, B. , Application des Eurocodes aux Structures en Acier. 2012: Presses des Ponts.

17. Matrtin, L., Leblois, T., Conception et Calcul des Structures Métalliques selon I'Eurocode 3. 2014: Dunod.

18. Zienkiewicz, O.C., Taylor, R. L., Zhu, J. Z., The Finite Element Method: Its Basis and Fundamentals. 2005: Butterworth-Heinemann.

19. Gallagher, R.H., Zienkiewicz, O. C., The Finite Element Method in Engineering Science. 1973: McGraw-Hill.

20. Ghali, A., Neville, A. M., Brown, T. G., Structural Analysis: A Unified Classical and Matrix Approach. 2009: CRC Press.

21. Bathe, K.J., Finite Element Procedures. 1996: Prentice Hall.

22. Chandrupatla, T.R., Belegundu, A. D., Introduction to Finite Elements in Engineering. 2011: Prentice Hall.

23. Cook, R.D., Malkus, D. S., Plesha, M. E., Witt, R. J., Concepts and Applications of Finite Element Analysis. 2002: John Wiley & Sons.

24. Lagaros, N.D., Tsompanakis, Y. Structural Optimization: Proceedings of the International Conference on Engineering Optimization. 2007.

25. Arora, J.S., Introduction to Optimum Design. 2011: Academic Press.

26. Grama, L., & Saka, M. P. , Design Optimization of Steel Structures. 2016: CRC Press.

27. Bendsoe, M.P., Sigmund, O., Topology Optimization: Theory, Methods, and Applications. 2004: Springer.

28. Timoshenko, S.P., Gere, J. M., Theory of Elastic Stability. 1961: McGraw-Hill.

29. Bazant, Z.P., Cedolin, L., Stability of Structures: Elastic, Inelastic, Fracture, and Damage Theories. 1991: Oxford University Pres.

30. Galambos, T.V., Structural Stability of Steel: Concepts and Applications for Structural Engineers. 1998: John Wiley & Sons.

31. Singer, J., Arbocz, J., Weller, T., Buckling Experiments: Experimental Methods in Buckling of Thin-Walled Structures, Volume 1: Basic Concepts, Columns, Beams, and Plates. 2002: John Wiley & Sons.
32. Besse, S., Note de calculs de la tour de 3000 meétres, C.G.d.l.l. (CGlI), Editor. 2024.

CoNoGOr~WONE

#NRC24 NAFEMS France Conference 2024 19 — 20 Novembre 2024 | Senlis



	Diapositive 1 THE 3000 METER TOWER
	Diapositive 2 COMPAGNIE GÉNÉRALE DE L’INDUSTRIE
	Diapositive 3 COMPAGNIE GÉNÉRALE DE L’INDUSTRIE
	Diapositive 4
	Diapositive 5 Examples of tallest structures throughout history
	Diapositive 6 Examples of on going projects of mega-tall skyscrapers
	Diapositive 7 X-Seed 4000  (Tokyo, 1995)
	Diapositive 8 The « prototype » of the Eiffel Tower
	Diapositive 9 Why a 3000 meter tower is not built in 2024 ?
	Diapositive 10 The 3000 meter tower
	Diapositive 11
	Diapositive 12
	Diapositive 13 3D view (from 0 to 18°, from z = 0 to 120 m)
	Diapositive 14 Software and hardware
	Diapositive 15 Method for global design
	Diapositive 16 Method for global design
	Diapositive 17 Ultimate Limit State (ULS)
	Diapositive 18 Serviceability Limit State (SLS)
	Diapositive 19 Serviceability Limit State (SLS)
	Diapositive 20 Horizontal wind deflection at z = 3000 m
	Diapositive 21 Hinged support (160 tons x 240 supports)
	Diapositive 22 Hinged support
	Diapositive 23 Hinged support
	Diapositive 24 Hinged support
	Diapositive 25 Modal analysis and Response Spectrum Method (RSM)
	Diapositive 26 Modal analysis : preliminary results
	Diapositive 27 Stairs and walkways
	Diapositive 28 Floor z = +3000 m (10 300 tons)
	Diapositive 29 Thermal gradient from the sun
	Diapositive 30 I will leave you with this question
	Diapositive 31 Thank You!
	Diapositive 32 References

