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High fidelity 3D nonlinear dynamic analysis:
Benefits and importance

AMost realistic simulation
A 3D: simultaneous seismic actions in 3 directions, interaction of
RAFTFSNBY U LIXFYIFIN FNFYSa gAUKAY
A High fidelity: combined response of 3D frame, floor slabs, infill
LI ySt azZ NBUNRBFTAUUAYTD aeausSyYz X
A Nonlinear: geometric nonlinearity, inelastic material response,
internal force interactions undertRA NS OUA 2Y [ f & SA &
A58yl YAOY AYSNIAIF STFFSOGaz RIYL]
ABest prospect for reliable seismic assessment and optimal
retrofitting for regular and irregular buildings
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Onset of disproportionate
" collapse captured with 3D
nonlinear dynamic analysis
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High fidelity 3D nonlinear dynamic analysis:
Requirements

AEarthquake records

AInformation on structural and nostructural components
AModelling of retrofitting system

AReduction of computational demands
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Advanced nonlinear analysis program ADAPTIC:
Existing modelling capabilities
Alnteractions of 3D frame, floor slabs and lateral resistance

system

A Geometric and material nonlinearity

AModelling of frame members with 1D elements
A Fibre elements with nonlinear material models
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Advanced nonlinear analysis program ADAPTIC:
Existing modelling capabilities
AModelling of floor slabs and shear walls with 2D elements

Steel reinforcement

Concrete
Cover

Rib Steel deck

A Stepby-step timeintegration scheme
A Accuracy, stability and dissipation of higher modes using HHT
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Advanced nonlinear analysis program ADAPTIC:
New modelling capabillities

AMacro-element for masonnynfill compared with the
3DMacro m Od el Numerical validation

3 4
ADAPTIC

—#— 3DMacro /@M
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Advanced nonlinear analysis program ADAPTIC:
New modelling capabillities

A Staged construction for retrofitting systems

A Retrofitting system should not take dead and imposed loads from
original building structure D[ﬂ
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

a

A Structural model without infill [T~

A>110,000 nonlinear elements [~ [7~1" 1

A > 34,000 nodes ::\::\r:j/;

A > 15,000 timesteps <L L e

AConventional monolithic model =7~ "1

is computationally prohibitive 2~~~
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

Scalablehhierarchicidistribute ehmemonynand computing power

Cluster Private network

Compute node

Processorss: Tt <ot Te: Se: Te:& Lo+ Tt
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

A Catania building case study

A 31 partitions used

A Typical high fidelity 3D nonlinear el
dynamic analysis takes2days

2nd level

A A conventional model would take
several weeks

1st level
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3D HIGH FIDELITY MODEL FOR SEISMIC ASSESSME

A Non Linear Dynamic Analyses
A 7 Accelerogramwith 3 acceleration components

A ElastePlastic BearColumn and Slab Elements
allowing for the spread of plasticity and geometric not
linearity.

A Specific NonlineaMaterial Relationships foSteel
Reinforcements and Concrefeith softening)

A Macromodelelements for description of the
unreinforced masonry infilled walls and frame
interaction

A Staged Construction allowing the contribute of the
Unreinforced Masonry Walls and their interaction
with the surrounding frames
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3D HIGH FIDELITY MODEL FOR RETROFITTED STRI

Analysis of structural performance according to
Italian Seismic Coded(M. 14 Gennai®008 and
Circolare2 -02-2009,617)

A Horizontal displacements
A Interstorey drifts
A Ductile mechanismgchord rotation)

A Brittle mechanismgshear failure)
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lervolino |, Galasso C., Cosenza E. (2009). REXEL: computer aided record selection for code-based seismic structural analysis. Bulletin of Earthquake Engineering, 8:339-362. DOI 10.1007/s10518-009-9146-1
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Response spectra of the seven records in the two horizontal com
average spectrum and elastic spectrum H

Pseudo Acceleration Spectrum Horizontal Components Pseut%o Acceleration Spectrum Vertical Component: | -
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ITALIAN SEISMIC CODE
C8A.6. VALUTAZIONE DELLE ROTAZIONI DI CODLABSKENDI STRUTTURK

CALCESTRUZERMATCE ACCIAIO
C8A.6.1 ELEMENTI DI STRUTTURE IN CALCESTRUZZO ARMATO

f 1
225 0.35
L N C'[ps'( ]
0, :L05016- 03") 111ax(00L(o) (_‘ 25"‘ fe ) (1,25'%000) (C8A.6.1)
Vel max(0,0L (o) h

C8.7.2.5 Modelli di capacita per la valutazione di edifici in cemento armato

La resistenza a taglio si valuta come per il caso di nuove costruzioni
contributo del conglomerato al massimo pari a quello relativo agli elementi senza armature trasversali

resistenti a taglio.
A Le resistenze dei materiali media divise per il fattore di confidenza e per il coefficiente parziale del

materiale.
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AVERAGE ABSOLUTE DRIFT X

AVERAGE ABSOLUTE DRIFT Y

AVERAGE VERTICAL DISPLACEMENTS
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NLDA 1 A Horizontal displacements
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NLDA 1 A Interstoreydrifts
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NLDA 6 A Horizontal displacements

DISPLACEMENTS HISTORY X - NLDA6 DISPLACEMENTS HISTORY Y - NLDAG6
10 : : : - ; ; : : 10 ; ; ; : : ; : :
8r 1 8t »-
7t ] ,L [ :
»
Bare Structure e 1 <L, y
2 s 2 5 : :
— I '
ol
Record 6 Dmaxx>1000 mm . P > ‘
2 2 > -
1 1 : ‘
-(1)000 -860 -660 »4;30 »260 260 4(;0 6(‘)0 8(;0 1000 -(1)000 -860 -660 »4;30 »260 250 4(;0 6(‘)0 8(;0 1000
Displacemlents [mm] Displacemients|[mm]
-1
0 g wT (Sec)”’ 20 » DISPLACEMENTS HISTORY X - NLDAG6 DISPLACEMENTS HISTORY Y - NLDAG6
10 : : . - ; : : : 10 ; ; ; : : ; : :
8 . 8
Infilled Structure | T
6 6
=2 =2
2 s 2 s
Q Q
— —
4 4
3 3
ol —
Dnaxe= 656 mm
1+ T
-1000 -800 -600| -400 -200 200 400 600 800 1000 -1000 -800 -600 400 -200 200 400 600 800 1000
Displacenients [mm] Displacemients|[mm]

I
f=T i
ANCE ‘ CATANIA Imperial College & ﬁ{rﬁ%‘ﬁ E’SE’EIEI_SJ}"}I

London
oaneo s 4i CATANIA



