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Hystorical perspective

design for strength (stiffness – elastic design)
ut tensio sic vis
input is an applied force

design for ductility (strength design)
capacity to deform inelastically
= lower probability of collapse

design for displacement
strain and drift govern displacement capacity
input defined in terms of displacement demand
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Background and Research Objectives
Recognition over last 15 years that damage in 
earthquakes is principally related to the deformations that 
structures sustain � NOT the forces.

Also recognised that displacement-based design 
methods offer better potential for the control of damage 
� see fib Bulletin 25.
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(Figure by Ron Hamburger, from fib Bulletin 25)
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Equivalent Lateral Force: Typically      mE = � m ;  TE = C1Hn
0.75 

   Base Shear Force:         
R

gSm
V TaE

Base
)(=    

     Force:     Base
ii

ii
i V

Hm

Hm
F

�
=   

Analyze structure under F i  vector to find plastic hinge moments 

Capacity Design to ensure satisfactory mechanism 

Note: TE =0.1Hn  better approximation 

Hn 
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Why not just modify current FBD methods?

1)  “q” ==== ductility capacity?

2)  Elastic analysis OK for 
inelastic force distribution?

3)  “q” = ?  for mixed systems?

4) Elastic Disp. = Inelastic Disp.?  

5) Initial Stiffness ��� � strength dependent?   
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12 unità di ricerca
Task Argomento UR 
1 Principi, aspetti generali, azione  Pavia 

2 Strutture in calcestruzzo, a telaio Bologna 
3 Strutture in calcestruzzo, a pareti e 

miste 
Ferrara 

4 Strutture prefabbricate  Brescia  

5 Struttura in muratura Genova 
6 Strutture in acciaio  Napoli  
7 Strutture miste acciaio – calcestruzzo Benevento  
8 Strutture in legno Trento 
9 Ponti esistenti e di nuova costruzione Milano Poli 
10 Strutture sismicamente isolate  Basilicata 
11 Fondazioni superficiali e profonde Milano Poli 
12 Strutture di sostegno Perugia 
 

/Bergamo
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The new Model Code for DBD

Colonna di regole Colonna di discussione
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Model Code incorporates 
Performance-Based Design Concepts

Refer EC8

Serviceability
Performance 

Level

Damage
Control 

Performance 
Level

Collapse
Prevention

Performance 
Level
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Deformation Limits for Various Performance Levels
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Deformation Limits for Various Performance Levels

Strain limits also proposed for soil deformations: 
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Deformation Limits for Various Performance Levels

Residual drift limits also recommended:

However, limits not obligatory given limited data to support 
limits and difficulty in reliably controlling residual 
deformations for traditional structural typologies.
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Acceleration
limit

Sa

T

Design Displacement Spectrum

In addition to the displacement limits, displacement demands required.
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Simple Methods to Control Complex Phenomena

P-Delta effects:

Torsion: DDDD# &�'0#������� DDDD�
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Simple Methods to Control Complex Phenomena

Higher Modes: � increase drifts

� increase member forces (Capacity Design) 

Note that the Model Code is only applicable for 
buildings of up to 20 storeys in height.

If DDDDd > Sdcorner ?

RC Frame Structures:
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Simple Methods to Control Complex Phenomena

RC Bridge Transverse Design Displacement Profiles:
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Capacity Design
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Annexes with Useful Info

� General method to calibrate equivalent viscous damping 
expressions of unusual hysteretic shapes

� Yield curvature expressions for different concrete section 
shapes

� Stiffness and Damping Curves as a function of shallow 
foundation rotation on Sands

� Detailed design guidance for isolated systems (including a 
simplified capacity design approach)
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Possiamo Usarlo?

Il rilascio del nuovo codice modello offre la possibilità di 
progettare applicando logiche di Performance-Based
Design in Italia…

… pur essendo per ora necessaria una analisi non lineare 
al fine di ottemperare alle norme vigenti.
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Needs

� While progress through the research units has been good, certain
structural typologies (Masonry, Composite Structures, Foundation
Systems, etc.) still require further development.

� Various expressions (including deformation limits) indicated in the Model 
Code need to be validated with experimental data or advanced analytical 
studies.

� Development of computer program for DBD to assist implementation for 
complex structures.

� While Displacement-Based Design has been greatly developed in this 
project, development of Displacement-Based Assessment methods was 
relatively limited and this should be a focus of future research. 

� It is expected that with the release of the Model Code refinements and 
developments will occur naturally as the guidelines are applied and 
feedback is received.
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