Results — Part 1
Simplified vessel model
Undamped (no isolators)

Tiziano Baroncelli
Structural Engineer
UoM



1° analysis: general static analysis — vertical
loads only

* \Von Mises Stress

0VM,max = 5 Mpa




1° analysis: General Static A

nalysis — vertical
loads only

* Total displacement
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ODB; stepl_static_vertical.odb Abagus/Standard 6.14-1

Mon May 01 21:20:01 ora solare Australia orient, 2017
Step: static-gravity
Increment  1: St

Utot max 0.04 mm




2° analysis: dynamic implicit
Blast in X,Y,Z direction combined

* Waveform data from «Blast induced vibration monitoring and
waveform analysis» by L.W. Armstrong

* Wave form type: gold mine blast

Radial waveformyv,r [mm/s]
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2° analysis: dynamic implicit
Blast in X)Y,Z direction combined

* Waveform data from «Blast induced vibration monitoring and
waveform analysis» by L.W. Armstrong

* Wave form type: gold mine blast

Transverse waveform v,t [mm/s]
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2° analysis: dynamic implicit
Blast in X,Y,Z direction combined

* Waveform data from «Blast induced vibration monitoring and
waveform analysis» by L.W. Armstrong

* Wave form type: gold mine blast

Vertical waveform v,v [mm/s]
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1° analysis: Modal Eigenvalue Analysis

e Simplified vessel model: no torospherical dished end
* Dynamic implicit performed following modal eigenvalue analysis
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Vibrational mode 1 — Torsional Vibrational mode 2 — Flexural
f=2.48 Hz, eigenvalue = 243.3 f=19.88 Hz, eigenvalue = 15607




1° analysis: Dynamic Implicit
Blast in X)Y,Z direction

e Support system stress history:
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1° analysis: Dynamic Implicit
Blast in X,)Y,Z direction

e Support system stress history:
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1° analysis: dynamic implicit

Blast in X,)Y,Z direction

e Ux displacement time history (radial)
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Ux,top displacement
Ux,max ~ 0.85 mm

Ux,bot displacement
Ux,max ~ 0.65 mm




1° analysis: dynamic implicit
Blast in X,)Y,Z direction

e Ux displacement time history (radial)
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Ux relative displacement
= Ux,top(t) — Ux,bot(t); Ux,max ~ 0.4 mm




1° analysis: dynamic implicit

Blast in X,)Y,Z direction

e Uz displacement time history (transverse)
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Ux,top displacement
Ux,max ~ 0.8 mm

Ux,bot displacement
Ux,max ~ 0.6 mm




1° analysis: dynamic implicit
Blast in X,)Y,Z direction

e Uz displacement time history (transverse)
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1° analysis: dynamic implicit
Blast in X,)Y,Z direction

* Uy displacement time history (vertical)

Displacement
Cisplacement

Time Time

Ux,top displacement

Ux,bot displacement
Ux,max ~ 0.75 mm

Ux,max ~ 0.7 mm




1° analysis: dynamic implicit
Blast in X,)Y,Z direction

* Uy displacement time history (vertical)

[x1

Lisplacement

E-6]
-15,

Time

Ux relative displacement
= Ux,top(t) — Ux,bot(t); Ux,max ~ 0.25 mm




1° analysis: dynamic implicit
Blast in X,)Y,Z direction

* VV/x total base shear time history
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Vx — base shear
Vx,max ~ 85 kN




1° analysis: Dynamic Implicit
Blast in X,)Y,Z direction

* PMT along X, ACCELERATION in x direction
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1° analysis: Dynamic Implicit
Blast in X,)Y,Z direction

* PMT along X, ACCELERATION in x direction
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1° analysis: Dynamic Implicit
Blast in X,)Y,Z direction
* PMT along Z, ACCELERATION in x direction
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1° analysis: Dynamic Implicit
Blast in X,)Y,Z direction

* PMT along Z, ACCELERATION in x direction
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Results — Part 2
Simplified vessel model
Isolated model

Tiziano Baroncelli
Structural Engineer
UoM



Concept: model vibration isolation through
connectors — elastic behaviour

discrete

INPUT

Radial waveformv,r [mm/s]

LAMIERE DI RINFORZO INTERNE VULCANIZZATE

ALGASISM HDRB

PIASTRA D'ANCORAGGIO ESTERNA

VULCANIZED REINFORCING STEEL PLATES

VITI DI FISSAGIO
FASTENING SCREWS

EXTERNAL ANCHOR PLATE

ANCORAGGI
ANCHORS

ELASTOMERO

PIASTRA D'ACCIAIO VULCANIZZATA
VULCANIZED STEEL PLATE
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Analysis with High Damping Rubber Bearings

(HDRB) — HDS (soft bearings)

Legenda | Legend

HDS {High Damping Soft)
G=04M/mm2 - E=10%.

HDN {High Damping Normal)
G=08M/mm2 - E=10%

HDH [High Damping Hard)
G=14M/mm2 - E=16%

Dati tecnici | Technical Data

V_ .. Carico verticale massimo allo SLU

con spostamento nullio

Max vertical load at ULS (Utimate Limit State) with

zaro displacemant

Dati geometrici | Geometrical Data
D Diametro elastomerno
Diameater of the elastomer
H Altezza totals isclators

Owarall height of the isolztor

te Spessore elastomero
Thicknezs of the elastomar

inelle due di

rezioni)

V... Carico verticale in condizione sismica Cwarall dimensions (space requiramand)
Vertical load wunder seismic condifions of the feolafor (in fwo directions)
K, Rigidezza orizzontale Z Interasse degli ancoraggi (nelle due direzioni)
Harizontal stiffnazs Distance betwesen centers of ancharages
5, .. Spostamento di progetto {in fwo directions)
Diesign displacemeant
£ Smorzamento viscoso della gomma B=D+50
Viscous damping of tha rubbar Z=0T5xB
Wmax | Waism K Vmax | Wssm Kr
HDS o e | HDN
L) O el3 OMerg = 0 aF diametaer L
HOS300X48 200 | 850 | 058 |HONI00X48 1650 | 1400 [ 1,18
HOS300X54 800 | 800 | 052 |HDN3IOOSY 1700 | 1200 ( 1,05
HOS300X60 800 | 520 | 047 |HDWNIOOXS0 1750 | 1000 ( 0594
HOS300X66 750 | 430 | 043 1550 | 850 |
HOS300X72 700 | 370 | 0,39 1400 | 750 |
| HDS300X 78 850 | 330 | 035 |HON30O0X/S | 1300 [ 650 | 072
HDS300x84 | 550 | 200 | 034 |HOw@poxes | 1150 | 550 |
HOS300X50 550 | 250 | 0.31 |HDN300XSD | 1100 | 500 |
HOS300X56 500 | 210 | 0.29 |HDNIO0O0XESS 1000 | 400 | 058

B Dimensione d’ingombro dell'isolatore
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H te | Smax
imes | jmeni | fmend
132 | 48 | 100
140 | 54 | 110
148 | 60 | 120
156 | 66 | 140
164 | 72 | 150
172 | 78 | 160
180 | B4 | 170
188 | S0 | 180
196 | 86 | 200

* Typical frequencies for
blast waves: 10-50 Hz

* Natural vibrational
frequency: 2.6 Hz

* We impose T1 = vibration
period of 1° mode=15s
(f=1 Hz)

e Even with the smallest
available HDS damper we
obtain:

T1=2nw~0.85s,f=1.17 Hz



Analysis with High Damping Rubber Bearings
(HDRB) — HDS (soft bearings)

* Equivalent horizontal stiffness: Kr = 0.29 kN/mm

 Minimum number of isolators = 3 -> Kr,tot = 0.87 kN/mm

* Application of linear connectors to
column base to simulate HDS
isolators




2° analysis: Modal Eigenvalue Analysis

* From the theory of harmonic oscillators: what we expect is

Ty = 2nw = 2nym/Ky 1o = 1.17 s

Which is the oscillation period of the first vibration mode of the
structure.

* The corresponding fundamental frequency is:

1
ff =—=1.162 Hz

*_

1



2° analysis: Modal Eigenvalue Analysis

* Results of modal-eigenvalue analysis: exactly what we expect:

Mode 1 = Mode 2 (translational along X,Z directions)

Y

ODB: step2_mod. 10:13:42 ora solare Australia orient, 2017
Step: modal_gig:

Vibrational mode 1 — Tranlsational
f=1.17 Hz, eigenvalue = 54.4

Vibrational mode 2 — Flexural
f=1.17 Hz, eigenvalue = 54.4




2° analysis: dynamic imp
Blast in X)Y,Z directions -c
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e Support system stress history: comparison
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2° analysis: dynamic implicit
Blast in X)Y,Z directions -damped

 Total base shear Vx (X dir.) - comparison
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Conclusions:

The results seem to be identical:

This is probably due to the fact that the BC are imposed (over time) in
the same part of the model as the isolators: so the structure is forced

to move in the same way.

Explicit modelling of a platform will follow — should solve the issue.

Model will be cross checked to ensure consistency;

Different isolators will be modelled to check structural response.



Following steps: refining the model
GENERAL MODELLING:

* Apply these simulations to possible shielding structure: qualitative
assessment of shielding behaviour under horizontal actions.

SPECIFIC MODELLING:

* Response spectrum analysis VS dynamic implicit

* Take into account the non-linear behaviour of elastomeric bearings;
* Model different types of isolators — different ranges of frequency;

* Real geometry of the vessel (if possible: computational cost!);



