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High fidelity 3D nonlinear dynamic analysis:
Benefits and importance

ÅMost realistic simulation
Å3D: simultaneous seismic actions in 3 directions, interaction of 
ŘƛŦŦŜǊŜƴǘ ǇƭŀƴŀǊ ŦǊŀƳŜǎ ǿƛǘƘƛƴ ōǳƛƭŘƛƴƎΣ ǘƻǊǎƛƻƴŀƭ ŜŦŦŜŎǘǎΣ Χ

ÅHigh fidelity: combined response of 3D frame, floor slabs, infill 
ǇŀƴŜƭǎΣ ǊŜǘǊƻŦƛǘǘƛƴƎ ǎȅǎǘŜƳΣ Χ

ÅNonlinear: geometric nonlinearity, inelastic material response, 
internal force interactions under tri-ŘƛǊŜŎǘƛƻƴŀƭ ǎŜƛǎƳƛŎ ŀŎǘƛƻƴΣ Χ

Å5ȅƴŀƳƛŎΥ ƛƴŜǊǘƛŀ ŜŦŦŜŎǘǎΣ ŘŀƳǇƛƴƎΣ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜ ŎƻƭƭŀǇǎŜΣ Χ

ÅBest 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

ÅEarthquake records

ÅInformation on structural and non-structural components

ÅModelling of retrofitting system

ÅReduction of computational demands
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Advanced nonlinear analysis program ADAPTIC:
Existing modelling capabilities

ÅInteractions of 3D frame, floor slabs and lateral resistance 
system
ÅGeometric and material nonlinearity

ÅModelling of frame members with 1D elements
ÅFibre elements with nonlinear material models
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Advanced nonlinear analysis program ADAPTIC:
Existing modelling capabilities

ÅModelling of floor slabs and shear walls with 2D elements

ÅStep-by-step time-integration scheme
ÅAccuracy, stability and dissipation of higher modes using HHT
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Advanced nonlinear analysis program ADAPTIC:
New modelling capabilities

ÅMacro-element for masonry infill compared with the 
3DMacro model
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Advanced nonlinear analysis program ADAPTIC:
New modelling capabilities

ÅStaged construction for retrofitting systems
ÅRetrofitting system should not take dead and imposed loads from 

original building structure
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

ÅStructural model without infill
Å> 110,000 nonlinear elements

Å>  34,000 nodes

Å> 15,000 time-steps

ÅConventional monolithic model
is computationally prohibitive
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

Compute node

Processor

Core

Cluster

Scalable hierarchic distributed memory and computing power

Private network
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Node 1:
Core 1

Node 1:
Core 2

Node 1: Cores 3-8

Node 2: Cores 2-7

Node 3: Cores 2-7

Node 4: Cores 2-7

Node 2:
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Advanced nonlinear analysis program ADAPTIC:
Partitioned modelling for efficient analysis

ÅCatania building case study

Å31 partitions used

ÅTypical high fidelity 3D nonlinear
dynamic analysis takes 2-3 days

ÅA conventional model would take
several weeks
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Genericfloor plan
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3D HIGH FIDELITY MODEL FOR SEISMIC ASSESSMENT

Å Non Linear Dynamic Analyses 
Å 7 Accelerograms with 3 acceleration components

Å Elasto-Plastic Beam-Column and Slab Elements 
allowing for the spread of plasticity and geometric non 
linearity. 

Å Specific Nonlinear Material Relationships for Steel 
Reinforcements and Concrete (with softening)

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

Å 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 STRUCTURE

Analysis of structural performance according to 
Italian Seismic Code (D.M. 14 Gennaio 2008 and 

Circolare2 -02-2009,617)

Å Horizontal  displacements 

Å Interstoreydrifts 

Å Ductile mechanisms (chord rotation)

Å Brittle mechanisms(shear failure)
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Iervolino I., 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

REXEL v3.5

§ 3.2.3.6 NTC08 

C3.2.3.6 circolare

§ 7.3.4.2 NTC08
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Response spectra of the seven records in the two horizontal components, 

average spectrum and elastic spectrum
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ITALIAN SEISMIC CODE  
C8A.6. VALUTAZIONE DELLE ROTAZIONI DI COLLASSO DI ELEMENTI DI STRUTTURE IN 
CALCESTRUZZO ARMATO E ACCIAIO
C8A.6.1 ELEMENTI DI STRUTTURE IN CALCESTRUZZO ARMATO

Å La resistenza a taglio si valuta come per il caso di nuove costruzioni 

Å contributo del conglomerato al massimo pari a quello relativo agli elementi senza armature trasversali 

resistenti a taglio. 

Å Le resistenze dei materiali media divise per il fattore di confidenza e per il coefficiente parziale del 
materiale.

C8.7.2.5 Modelli di capacità per la valutazione di edifici in cemento armato
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~800 mm ~230 mm ~210 mm

~90 mm ~170 mm ~8 mm
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Bare Structure

Infilled Structure

dmaxY= 515 mm

dmaxX= 627mm

NLDA 1 Å Horizontal  displacements 
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Bare Structure

Infilled Structure
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DmaxX>1000 mm

DmaxX= 656 mm

NLDA 6Å Horizontal  displacements 

Bare Structure

Infilled Structure


