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René Greisch, engineer and
architect, founds his own

engineering office i tal
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presentation The company today

greisch at Liege
Liége Science Park
Allée des Noisetiers 25
B-4031 Angleur
téel.:+32(0)4 366 16 16

greisch at Brussels greisch in Luxembourg
Omega Court Parc d’Activités, 2-4
Rue Jules Cockx 8-10 L-8308 Capellen
B-1160 Bruxelles tel.:+352 691 203 915

tél.:+32 (0)2 778 97 50

www.greisch.com
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FINELE
our homemade
calculation program

o developped in FULL collaboration

with @& * LIEGE

université
o statical linear computations — beam & shell

elements

o non-linear computations

large displacements, instability
and elasto-plastic constitutive laws

o dynamic computations

o eigen modes, spectral analysis, any time history
o seismic computations, dynamic fatigue
computations

o turbulent wind for 1D, 2D and 3D structures

o erection stages computations Grei SCh T\
o time-dependant computations for concrete D es | g N Wl-th FINE LG @ g reisch

behaviour, cracking, creep, shrinkage included

CICIE{ B presentation The team

250 persons :
140 engineers - 12 architects — 80 technicians
2 graphic designers - 8 IT’s - 8 administrative employees




references

e Engineering only L-
e Works
e Works with site follow-up
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Références

(5] Ouvrage d’art
@ Structures particuliéres
@ catiment

. Rayonnage

. Charpente métallique



Références

Remplacement des ponts du lac d’Esch
Remplacement du pont riviére pour les CFL
Pont de I'Alzette

Remplacement du pont Adolphe

Pont de Pulvermuihle

Pont provisoire a proximité du pont Adolphe
Ban de Gasperich

Infinity - Tlot mixte, porte de I'Europe

9. Immeuble & appartements - quartier du Grunewald
10. Immeuble de la BEI

11. Cloche d’'Or - charpente des verriéres

12. Maison de l'innovation a Esch-sur-Alzette

greisch

NGO R W=

. Ouvrage d’art

‘ Structures particuliéres
. Batiment

. Rayonnage

. Charpente métallique
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Engineering office

o High rise buildings, hospitals
e Industrial buildings, large roofs
Architecture, renovation

Town planning: metro, tram

Technical equipment and energy design for
buildings

www.greisch.com Since 1959, 175
employees 16



Engineering office

o Road bridges, HST bridges, footbridges

o Civil works engineering

o Roads, locks, airports, tunnels, metro,
railway stations

e Special studies : statics, dynamics,

instability, seismic, wind engineering

www.greisch.com Since 1959, 175
employees 17
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4.0

1.0

Amplification dynamique

3.0 1

2.0 4

Statics —
Dynamics

Civil Engineering

Fixed structures

1) larges loads
2) permanent loads
3) variables laods

YESTERDAYS
- rigid structures
=> static...

—= TODAY
> - slender structures

= dynamic
19

ortissement faible

Statics -
Dynamics

The nature

The activities

o o ; : induced by man
Loadlng freq. lstruc freq

— Y

statics dynamics shock
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DYNAMICS

Frequencies

Freq =i. o
2n \M
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DYNAMICS
Frequencies
1 |K
Freq=—. |—
2t \M
0,77 Hz
TN\ = L7777 TN\
\ )~ Y N> Y



DYNAMICS
Frequencies

Freq :i.

DYNAMICS

Frequencies

VENT - 200 km/h
Déplacements horizontaux: 0,60 m
Fréquence: 0,18 Hz

VENT - 200 km/h
Déplacements verticaux: 0,75 m b
Fréquence: 0,25 Hz

Arrét accidentel 60 m avant Pi2

Vent - 185 km/h

Déplacement transversal = 1.41m
fréquence = 0.16 Hz m 24




Simple estimation of frequencies DYNAMICS

(K-a’M).$=0
Frequencies
Kd=M.g with g=gravity

K :]Z_.g with d__ =max deflection

max

(% —0’M)=0 and | frequency = i i EE(;E%{E;: ;5?525 »

Dead load= M.g In the same direction as the mode shape
L M
A A A e ([N HHHW

d, . 2 freq1 d,.c 2 freq2
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DYNAMICS

Frequencies and vibration modes
Frequencies
The best solution

- for the verification of the FEM model !!
- for the comparison between the loading tests

(after the construction) and the model )
Frequencies of

« classical briges »
0,2 > 0,5..1,0 Hz

WHY ?

It is the best tool for the evaluation of
the global behaviour of the structure

For the loading tests, a comparison

of the stresses with strain gages on one point
- of the built structure

- and of the FEM model is too complicate.

26



DYNAMICS

BRIDGE - Service

- Eigen modes Frequencies
0,094 Hz
(mode 1)
0,166 Hz
(mode 2)
0,300 Hz
(mode 11)
0.49 Hz DYNAMICS
H
Frequencies
—

0,52 Hz
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DYNAMICS

Frequencies

30
DYNAMICS

Frequencies

mode propre 1

mode propre 2

mode propre 3

n,= 0.361Hz n,= 0.367Hz

n,= 0.372Hz n,= 0.371Hz

n,= 0.765Hz ny= 0.717Hz

A=1.66%

A=0.27%

A=6.27%
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Mode propre 10
fréquence 0.55 Hz
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Frequencies
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DYNAMICS

Frequencies
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Mode propre 1
fréquence 0.36 Hz
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DYNAMICS
Nature
~ Wind
100 tonnes
_

Rupture of cable

= impact effect : dynamics

= Identification of vibration modes

B '=» verification of computation
Dynamics

verification

36




DYNAMICS

Nature
Wind
1 ~ Vertical modes |
, N\ V" Y
AN "
! 246 492 738 984 1230 1476 1722 1968 2214 2460 (M)
[Mode 4, fc=0.250 Hz, fm = 0.256 Hz| computation
]
, //’ \\ A measurements
O L d
05 Ne / / \(/ v
. N\ | A4
246 492 738 984 1230 1476 1722 1968 2214 2460 (m)
[Mode 6, fc=0.280 Hz, fm = 0.293 Hz|
]
, VAN AN o
. 7 N Y
0% \ A Dynamics
I S Al | :
! 246 492 738 984 1230 1476 1722 1968 - 2214 2460 (M) Veriﬁcation
[Mode 8, fc=0.321 Hz, fm =0.336 Hz |
| 25 measured modes : differences, 2 to 10 % !
signal Y
A g \_\_____________'____.
N S Vit
1 ~
1 It
1 1
! ! >~
I 1 e
AN termps
: : \/ vV ,
| i AT= 1/ fréquence du mode
| |
| 1
E i §structurel= 127 . |Og (Vi / Vi+1)
AT
fréquence [amortissement moyen (%
mode |(Hz) du critique)
4 0.260 0.36
6 0.299 0.43
8 0.336 0.79
10 0.386 0.51
12 0.433 0.75
15 0.493 0.68
17 0.546 0.53
21 0.603 0.38
26 0.654 0.44
28 0.707 0.35
29 0.747 0.48
34 0.812 0.51
36 0.832 0.30
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Dynamics || Impact |

trains
cars

[ pedestrians | |

wind ||earthquake|| wave |

trains
cars

| pedestrians | |

wind ||earthquake|| wave |
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0.03
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0.025

0.02 / \\/ /\4
0.015 1 f

0.01
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0.005

100 150 200 250 300 350 400 450

DYNAMICS

MAN
Trains - cars

Mornas - France

44



DYNAMICS

HH HHH AN

Trains - cars

FATIGUE

SAFETY

temps

45

4

R

| Derry Drer | Deer
I I I I

Time = Dger/ Vigain
@ Virain = Dger / Time
1/Time= Frequency

IF V.in= Deer X Frequency of bridge—> V.,

Simplified convoysl 1 l

FFT| FFT| D |
I
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DYNAMICS

Structure: linear behaviour

Response: NO proportionnal !!

MAN
Trains - cars

2 \
accélération
. 5 | tablier \\/’\/\\
| /J ] \\
0.5 A
»—/—0—_‘\/
| \ \ vitesse
0 \\ : \ \
100 km/h m 200 km/h ” 350 k“mlh
o i o M oL A T
o L AV | e M e AT AR
47
Comvoi ETR SR Furostar 1CE2  ICE3 TGV Thalys Virgin
460 )
D(m) 26,10 2860 19,50 2640 2478 13,10 18,70 18,70 23,90
Fr (Hz) Critical speed (km/h)
2,65 249 273 179 252 237 179 179 228
353 332 363 238 335 315 238 238 304
378 355 389 254 359 337 254 254 325
502 472 517 338 477 448/ 237 338 338 432
6,58 619 678 443 626 5 311 443 443 567
5.0 e —
TALGO (126 167 179\
45 . -
40 2 \ -
/ J & /v
35 AR - e
/ / YA N v i
/ “*1V’A|M | i =
30 S =]
[V e—
25
0 50 100 150 200 250 300 350 400

Speed (km/h)
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DYNAMICS

MAN
Trains - cars

CRITERIA
- Fatigue !!

- Vertical displacements
- <1/1000 a 350 km/h if isostatic, L<100m
- <L/1600 a 350 km/h if continuous , Li <100 m

- vertical acceleration < 0,35 g
- rotations at end bearings < 2,0 x 103 /H radians
if H= distance
between the upper surface of the deck

and rotation axle of the bearing

- limitation of the dynamic warping: 1,2 mm on 3 m

49
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0.015 0.015

ooto Displacements [m] 0010 Displacements [m]
v =100kmt V =200 km/h
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DYNAMICS

Response: not possible to understand

Necessity: MATHEMATIC TOOLS MAN
Trains - cars

Vertical displacements

i
IV
i Lk £

52
DYNAMICS
Réponse: illisible
Nécessité: OUTILS MATHEMATIQUES MAN
Trains - cars
Vertical displacements
T
N
"UH | =-=]| Response (t)=
, -
¥(A)sinus(2r(freq))
-|FFT . g 5 > —
Bracings _
longitudinal
beams

= bracing beams
b=~ >
— s IDEA for the DESIGN

53



I MAN | NatRE ]

trains || pedestrians|| wind [|earthquake|| wave |
cars

Footbridges - pedestrians - - ________

Evaluation du comportement vibrawire sous 'action des pié¢tons

b




FOOTBRIDGES

Variety of design

FOOTBRIDGES

Variety of design




FOOTBRIDGES

Variety of design

Passerelle des Trois Pays :“;ur le Rhin

FOOTBRIDGES

Variety of design




CONCEPTION

-Systéme statique

Bowstring
arc unique

Maastricht

ACCESSIBILITE

‘Rampe, marches, ascenceur
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0.8 1.2
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1.6 2.0 2.4 2.8

| Vertical

3.2

DYNAMICS

Men
Pedestrians

Sollicitations

Detorminist_

Random

DYNAMICS

Men
Pedestrians

Sollicitations

Detorminist_

Random

3.6 4.0 4.4

4.8
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DYNAMICS

Men
Pedestrians

Transversal modes : 0,50 < freq. < 1,5 Hz = risk of divergence
« Millenium » effect

66

DYNAMICS

Men
Pedestrians

Ah ! Efficient vandals ! Vandals, their hands in the pockets!

Vertical modes (+ torsion): 1,3 Hz < freq. < 2,2 Hz = unconfortable

67



DYNAMICS

Men
T -~~~ Tt TTT T | -| Pedestrians

0 Bridge frequency

mil ()

DYNAMICS

Men
Pedestrians

Sollicitations
Détorminist_

Random

Frequency [Hz]

1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8

Bridge Vertical

modes (| gteral
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DYNAMICS

7 ; N : ; Y &
[mis?] : ! \ Exposure Limit / g

6 -
5 4 . : : Lo
. . . . . /
4 Fatigue_Decreased : Men .
Pre;)ficier;\cy Boundary /: Pedestrians
3 -
\ ; S Sollicitations
27 : : | Reduiced: Comfort |

: Boundary : T

N ,)«. 0 Hz Détorminist_

1,0 | 20] 30 40

Random

vertical

Limit = TMD design of TMD
=> tests in situ
=> decision for the damping level

70

SETRA Recommandations

Frequency [Hz] 08 1.2 16 2.0 24 28 32 3.6 4.0 44 438
Bridge |Vertical

modes (| ateral

Risque maxi de

/ résonance

Fréquence | 0 l 1.7 2.1 26 Risaﬁle 1110\-'e[L de
Fréquences Plage 1 / résonance
Verticales Plage 2
(en Hz) ]
Plage 3
Plage 4 - | | -
Fréquence |0 0.3 0.5 1.1 1.3 2.5
Fréquences Plage 1 .
Horizontales Plage 2
(en Hz) Plage 3
Plage 4 .

72



Frequency [Hz]

SETRA Recommandations

0.8 1.2 1.6 2.0 24 28 3.2 3.6 4.0 4.4 4.8
Bridge Vertical
modes (| ateral
i1 r . Accélération| 0 0.5 | 2.5
Accélérations -
Plage 1 '
Verticales Plage 2 moderate
(m/sz) Plage 3 Min mediocre
Plage 4 - To proscribe
rqz . Accélération| 0 0,15 0.3 0.8
Accélérations
Plage 1
Horizontales Plage 2
2 Plage 3 Min
m/s ©
bl —

Frequency [Hz]

seuil de non accrochage fréquentiel

SETRA Recommandations

1.6 2.0 24 2.8 3.2 3.6 4.0 4.4

0.8 1.2

4.8

Bridge

Vertical

modes (| ateral

Frequency [Hz]

2.0 Hz

HIVOSS - European Researches

0.8 1.2

Vertical

Bridge
modes (| ateral

1.6 2.0 24 28 3.2 3.6 4.0 4.4

4.8

1.8 Hz

https://www.researchgate.net/publication/256455955

Human-induced vibration of steel structures Hivoss

Free access on web



i\ NN

trains || pedestrians|| wind [|earthquake|| wave |

75

DYNAMICS

Nature
Wind

Sollicitations
Deéterminist_

Random

76



DYNAMICS

Nature
Wind

ollicitations
}E e

Random

WIND TUNNEL TESTS

- Wind Assumptions
speed
spatial distribution
time distribution

DYNAMICS

Nature
Wind

Sollicitations
Deétorminist_

Random

WIND TUNNEL TESTS

- Aerodynamic coefficients

77
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TIV: Turbulence Induced Vibrations
- réponse % U2

A Response
design
€ — o — — —  — ——————— == - -
; Return
Wind forces | period:
*I* to U2 I 50 years
- *I*toCd, Cl,Cm :
TIV :
I
| U
— >
80
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references Bridges DYNAMICS

Nature
Wind

Sollicitations
Deétormirist_
Random

WIND TUNNEL TESTS
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\
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oAy Saaa

w . .
LN
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AN ,'~.“ Q\!
n“ LN Y b\
. N

A Y
s

- Aeroelastic stability
-

3rd bridge on Bosphorus
TunnelTests

-
T -

3rd Aridge on Bosbhorus Wind TunnelTests




TURBULENT WIND

r FL
M
Wind Forces )
y—
-=r= - -
- p B ,
Foo = %.p.CD V(t)’* B
\re& _ _ _
Mfa%“f\ﬁ\nd avec V(t)=(U+u(t) et V(ty =U%+2u(t)U + Ul
0‘ Ftot,/ tot )/o + d tot )IO dl
— 1 dCD
Fy, —E.p.B.[CD.V(t) Loy V(t).di]
1 w(t
:E.p.B.[CD.V(t)Z + %) V(). : ( ):
= PBICLVIY + ), (U + b)) w
F, = %.p.B.[CD U? + Cp2u(t)U + Loy, Uw(t)]
Same for F_ et M
= caractéristiv values: u(t) > g.ou ;w(t) > g.ow
Fo i corne = %.p.B.[CD U?+Cy.2.g.0ul+%2), Ug.ow]
VENT TURBULENT +F,
M
Efforts considérés ~
] F
/ > D
“ec’t'\g“,
’w““a < B >

valeurs caractéristiques

FD = %,OB[CD .UZ + CDZQGUU + dCD )IO U g. GW]

1 — u w
=5 »BU[Cy+ CD.2.g.% + 9 ),.o.g.UU}
\ J \ J

EC1: OK EC1: NO

1rst conclusion: EC1 OK, if ow, vertucal turbulence is low

mean turbulentcu  turbulentow
Millau |[drag 1,10t 1,40t 0,260t
lift 0,20t 0,25t 3,43t

Vesdre |drag
lift 0,461t 0,35t 1,52t

85
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TURBULENT WIND .
L

Wind Forces

_--"" 1‘2 R - %.p.B.[CD.L_Iz +Cy2.9.0ul + %), Ug.ow]
F, depend on the RELATIVE wind speed
versus the structure speed
=F, ** (U + u(t) - X(t))?
in the relation of the wind forceweon change
2.g.0u by 2.(g.ou— X)

=F = %.p.B.[CD U? +C2.(g.ou—X)U+L2), Ug.ow]

F, = %.p.B.[CD U?+Cp29.0ulU+%2), Ug.ow]-(p.C,BUX)

and the term
- pC,BUX
has the negative sign. It is the inverse of the wind forces and */* to X

It can be considered as an aerodynamic damping o7

DYNAMICS
Nature
MILLAU Wind
Spesd “ Wind
% —
Variable
= gusts
Mean ! \
Ve =~
Time

Pressure
NON uniforme

Vibrations

88



DYNAMICS

Nature
Wind

SERVICE

40rst modes: 0,19 -1,0 Hz
Transversal bending: 0,19 Hz }‘_
Vertical bending: 0,25 Hz

CONSTRUCTION STEPS

Transversal bending: 0,16 Hz |
Vertical bending : 0,35 Hz

89

Turbulet wind

Forces applied
speed on structures Response

AVAVAVAVANGW

Time

Time Time

4 PSD of wind speed
Energy

4 PSD of loading

Response }

>

Frequency Frequency

4 Transfert
function

ISPECTRAL ANALYSIS

>
>

Frequency

1
> H (n)=
N« Frequency (67 m (—n® +n})’ +4n’n &L,
90



DYNAMICS

Nature

“Large” Structures Wind

|Speed

Mean

Gusts energy

Wind

Variable
= gusts

n1 -

e

n1
91
DYNAMICS
Nature
“Large” Structures Wind
i S d A -
Pee Wind
2 —
Variable
= gusts
Moyenne "r \
Time
' N
RESULTS = |
mean

£ g .\/ Z(quasi-static)2 + (dynamic)?

92



MILLAU viaduct

Results:

mean £ g.c

Effort normal

DUCHENE

Transversal bending

Longitudinal bending

DYNAMICS
Nature
Wind
Caractéristics SERVICE CONSTRUCTION
Wind speed 205 km/h 185 km/h
return period 50 years 10 yeras
Life duration 120 years 2 years
Deck vertical loading
Drag 1,25 t/m wind= 25 % total
Lift 3,50 t/m

94



DYNAMICS

Nature
Wind

VENT - 200 km/h
Déplacements horizontaux: 0,60 m
Fréquence: 0,18 Hz

VENT - 200 km/h
Déplacements verticaux: 0,75 m
Fréquence: 0,25 Hz

Displacements SERVICE
transversal 60 cm
Vertical 85cm

CONSTRUCTION

150 cm
90 cm

MILLAU: wind 45° > wind 90°!

Arrét accidentel 60 m avant Pi2

Vent - 185 km/h

Déplacement transversal = 1.41m
fréquence = 0,16 Hz M 95

- reactions on bearings:
- bending moments :

+10a20%

_Eq0a30%
- A 1

\ %




MILLAU: wind 45° > wind 90° !

1
wind 90°= U wind 45°= U »* | U*= U x Cos(45°)
e ____
WIND EFFECT
. | Wind 45° <90° ? |
proportionnel:
- To the TRANSVERSAL wind speed): U, 5 X cos(45°) < Uy, = 45°<90°
- to the vertical turbulence (Site of viaduct) Owa45 > Owgo = 45°>90°

inversely proportionnel:

- To aerodynamic damping = fct(Uy,nsversa= U*<U) : Ea5 < &g =45°>090°
|
45° > 90°
A F|_
M
Wi ~
di ] F
p — .
TR L
rappel
F o= %.p.B.[CDUz +C,2g.0ul+%2), U@ (p.C,.BUX)
~— 97

Wind loading

Tests in wind tunnel lab

1/200 — ¢= 500 m



Wind loading

Tests in wind tunnel lab

1/200 - ¢= 500 m

town Wind loading

ARAAARNE

..... MV
NI

T
PGy

A
A
N

0
S AARN \‘
TLHHRRON

_

R
“%"‘"t"'ﬁ‘gz‘\E_k——__
A, 4 i' ;\\\\“‘_
ﬁ“.v"‘ é‘?\*\}

=
1»1.\».\».\.\}.\‘.}&&@»\.\»&&\&.»m\
SRR

— ST NSRS
2 L NN
v“é““s SN 3} »

<X
2

parking
Tests measurements +
numerical simulations
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TIV: Turbulence Induced Vibrations
- response % U2
MIV:

VIV: Vortex Induced Vibrations
-> periodic movement induced by vortices

A Response —
—._\/'
—_— — TN
Low speed
-> High frequency
Fatigue !! VIV
é —— —— o ——— —
Unconfort !! A
I
| -
ah ] U
= - =
101

101

DYNAMICS

Nature
Wind



DYNAMICS

Nature
Wind

t = 2,055

youtube.com/user/rosikru

Animation - VIV

103

Wind speed

“LIFT”

U

o

104



METHODE 1 et 2 -

exemple
1.5
1.15\
\%. Méthode 1: bleu
1 “ r
N - ]
Amax(01.1. S \% Méthode 2, Iv=0.1: rouge
T 0752
Allmasg, = 1.
S maxga) ) % \ L\\A . 2 5 .
3 \ M Sc e
0.23 >
DD bl 10 13 20 23 30 BSS 40
c
Amax

L: 60 m/D: 2.25m
Cylindre, St: 0.18 — Clat:

0.3
Carré, St: 0.12 — Clat: 1.1
Iv:0,0.1,0.2 105

105

DYNAMICS

Decrease the effects of VIV
——— Nature

| J Wind

|

Modify
the cross section shape

TN

Modify the damping

LMD TMD - pendule
Huile f= 1 g
Ploques paraliéles 27\ L
perforses Masse pendule = 1..2% de ¢.m.¢
Cheminee
2.5, +0,)m

Damper to increase  Sc¢

,O.l)2 106




DYNAMICS

Nature
Wind

©ILDERU—

Arc Majeur — Damper Design

Freq.=0.8 Hz k =1,50 tons
M = ¢.M.¢ = 25 tons p =m/M
£=0.3% fopt = Freq/(1+p)
Con= 2
H N8I+ )
B 1000.000 -
f=fon .
100.000
= A =Wl
50.000
- <
£1.000 : ‘ : ‘
3 0.5 1 2
<
0.100
J fréquence (Hz)




Arc Majeur — Damper Design

1000.000
100.000
-
©
+90.000
o
£1.000
-cl
T
0.100
fréquence (Hz)
1000000 — Response function 1000000 — Response function
f - 0.9 fOpt f - 1-1 fopt
100.000 { 100.000 {
—e—without —e—without
® TMD ® ™MD
+10.000 +30.000
'UI 'UI
£.1.000 1 £.1.000 ‘
5 T, 2
T e
0.100 0.100
fréquence (Hz) fréquence (Hz)
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- Fatigue

\9 damper

TIV: Turbulence Induced Vibrations
- response % U2
MIV: Movement Induced Vibrations
- movement of structure modifies the wind flow (instability?)

A Ré -
Réponse Instability zone

MIV
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TIV: Turbulence Induced Vibrations
- response % U2

MIV: Movement Induced Vibrations
- movement of structure modifies the wind flow (instability?)

4 Réponse

Instability zone

MIV

Wind forces
*I* to U2
*I* to Cd, Cl, Cm
*I* flutter derivatives, Ai, Hi, Pi= fct(U, freq)

the deformed shape of the deck modify the

wind forces = nonlinear effects !
the wind forces is not */* U2

=> Rigidity, Damping depend on (U,freq)

=> IF DAMPING = 0 = INSTABILITY-FLUTTER

U
——— >
113
CLASSICAL APPROACH
PSD de von Karman
4(f L] 4[fo"‘]{1+755.2[fow JJ
/S, _ U f-85,0) U U
o’ 2 5/6 o ). - B 11/6
; 7L . -
{1+70.8[ - ] } '1 2832 ) ]
Stationnary forces */* u, w )
2Cd (dCD ~CI)
da u
R ac, U
Fy = sz B| 2ci (da Cd) w
2som % LU
i da
Coherence between 2
points of the deck ( 2 JCoBT T (Gt f)
Ajj =exp| — — ——
Up + Uy

wherei = uorw, Cy, = 10, G, = 10, Cyx = 6.50, C,;, = 3, Az = zp — zg and Ax = xp — Xg.
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AERO-ELASTIC APPROACH -
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BENCHMARK 1 '2'A- 1 horizontal 1 1.7424E+07 0.0521 0.0030
2 vertical 1 1.8231E+07 0.0839 0.0030
. . 3 vertical 2 1.6682E+07 0.0998 0.0030
Possible cou p||ng 4 horizontal 2 1.8981E+07  0.1179 0.0030
. 5 vertical 3 1.2559E+07 0.1317 0.0030
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10 vertical 6 1.6538E+07 0.2815 0.0030
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BENCHMARK 1.2.A.

AMORTISSEMENT

///

Damping nul
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0.35
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EARTHQUAKE
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Progression of 20th century earthquakes along the North Anatolian fault
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LOADING: - Traffic (cars, trains)
- Wind

Horizontal design spectra

75 years

=475 years

2475 years

Vertical spectra:

~0,7 x horizontal spectra

Acceleration (m/s?)

Period (s) 1

BRIDGE - Service

- Eigen modes

0,170 Hz (mode 3)
Longitudinal + vertical -2 ondes

0,094 Hz - (mode 1)
Transversal




300 Hz (mode 11)
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X 7 earthquakes

EARTHQUAKE

- Behaviour

Design=

mean of MAX(resulit;)

28 for i= 1 to 7 earthquakes

+ concomitant efforts

greisch




WATER TANK - GHLIN
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EARTHQUAKE
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Random
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fmobile = 02 Hz

M;,..= 1200 tons
IVlmobile= 800 tons

Housner



EARTHQUAKE

wave

Nature
Random

| | earthquake ||

wind

== = ) E - u Is s Y e L
o ) e T B e e K

| pedestrians | |

trains
cars

Wave, Impulse, explosion

| o—

ANl

A\
7

]
.
-




IMPACT

Nature

Waves

BLANKENBERGE

n of the tide
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Measurements on site

Storm: 8 february 2004

= Measurements at 2 h pm at 4h pm
Rising tide = High tide = nothing Failing tide

S o

- =7 1 slab

711\ < Wave height

Mean level

time

o >

When the wave level is high = NO IMPACTS

Measurements
Prof. De Rouck

Storm - 8 february 2004 - measurementss at 2 h pm

r
35 t/m?
—— capteur 1
pressure L capteur5 —
—— capteur 6
——capteur 7
10 t/m?2 BN
1 . . temps
- —_ : — : .
14:01:p6.800 | 14:01:07.000 / S : 14:01:07.200 © 0
! ! ! " variation a 15 Hz ! [
50 R e | ; ; ;
= 0,010 sec
< = 0,200 sec »




1°) Meaning of the mx pressure ?
3

Consider in perspective !!!

35 t/m?
B IMPACT: 35 t/m2

A

E35
2 1
35t/m " 2

AT < < period

pressure | ! ! ! !
: 0.005 sec < 0.04 sec

Pressure versus
time Equivalent STATIC pressure
b = pressure . © . structure frequency x AT

~ 8 t/im2
with
frequency= 15 Hz
DT= 0,005 sec

time

10 t/m? <
4

4

14:01; 6.80? AT= 0,005 sec
-50
IMPACT
Nature
2 events : Waves

1° : stopped horizontal movement

- vertical movement
- vertical kinetic energy

- pressure

2° : horizontal + vertical movement
=» air blocked

=>» large pressure on little surface

50m




2D TESTS

WITHOUT protection Mur 1rst Mur 2nd
Eff.=0 % Eff.=55 % Eff.=81 %

i
pressure

o t
4 .l 6 80 100 200 1400 60! 1

IMPACT

Nature
Waves

Storm - 8 february 2004
displacement — slab center

/pression

Max : 71216 kN

Measurements of pressure
tests

| ——————

e —— .
e w A R——— | g T
Min: -124.21 kN

temps cébut 7o pas 44721 == Déplacements = pas B temps i [

Maw: 3 mm

maximum locaux

Results obtained with
model

I || For each test:

1000 events= 1000 waves
=10.000.000 de measures

déplacement




Computation model
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Storm - 8 february 2004
displacement — slab center

>

Large holes
little holes

déplacements

Adopted solution !

Amonium storage in Tertre (15 000 tonnes)

M.O. : Yara
Concrete tank design

Pi = 140 mbar

Full of ammonia:
H=273m
p =682 kg/m?

IMPACT

Nature
Waves

IMPACT

Blast
accidental

273 m



IMPACT

Blast

I accidental

Atp= 50ms

(

Ty

Shock wave

o= [0, 60°] 2 Poax= 45 000 N/m2, T g,= 0.035 sec
o=[60°, 180°] = P.= 20 000 N/m2, T ;50-= 0.095 sec

Amonium storage in Tertre (15 000 tonnes) IMPACT
M.O. : Yara
Concrete tank design
Blast
accidental

Explosion simulation

--------
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ssssssss

66666666

sssssss

uuuuuuuu

77777777

45000 N/m2
4.5t/m2
DT= 50 msec




Statics —
Dynamics

| YESTERDAYS
=> static...
TODAY

- slender structures
= dynamic

| MORE AND MORE

SEmmEmmt =
=l /
i
|

11 may 2022 V. de VILLE de GOYET, dr.ir.

mm Scientific Director, Greisch

The dynamics of structures Prof. ULG, CHEC

Gl Engincering



LES MISSIONS
DE LINGENIEUR

LE BUREAU GREISEH

Nos offres pour notre bureau de Liege

‘ Ingénieur chef de projet en ouvrages du génie civil (h/f) | ‘ ‘ Ingénieur en infrastructures, espaces publics et environnement (h/f) =
‘ Ingénieur en ouvrages du génie civil (h/f) + ‘ Dessinateur - Projeteur en infrastructures, espaces publics et o
environnement (h/f)
Dessinateur - Projeteur en ouvrages du génie civil (h/f) +
‘ Ingénieur - chef de projet (h/f) - ‘ ‘ Ingénieur en stabilité (h/f) -+ ‘
‘ Dessinateur - Projeteur en stabilité (h/f) -+ ‘
‘ Chef de projet en techniques spéciales, orienté HVAC/Sanitaire (h/f) -+ ‘ ‘ Ingénieur en techniques spéciales, orienté HVAC/Sanitaire (h/f) -+ ‘
‘ Dessinateur - Projeteur en techniques spéciales (h/f) -1 ‘
’ .
[ comtmene i + | VACANCIES - JOB’s greisch
Nos offres pour notre bureau de Bruxelles
‘ Ingénieur en stabilité (h/f) + ‘ ‘ Ingénieur chef de projet (h/f) = ‘
‘ Nederlandstalige tekenaar — modeller (m/v) + ‘
‘ Dessinateur - Projeteur (h/f) + ‘
Nos offres pour notre bureau de Luxembourg
‘ Ingénieur de projets en construction durable (h/f) + ‘
‘ Ingénieur en stabilité (h/f) =+ ‘ ‘ Dessinateur - Projeteur en stabilité (h/f) + ‘
‘ Chef de projet en techniques spéciales, orienté HVAC/Sanitaire (h/f) + ‘ ‘ Dessinateur - Projeteur BIM en techniques spéciales (h/f) -+ ‘




