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Abstract 

The paper proposes a new quadri-linear empirical force-displacement relationship to model 
the inelastic response of infill equivalent struts. The definition of the model is based on a da-
ta-driven approach rather than a mechanical one, therefore parameters defining the force-
displacement curve are analytically evaluable by means of empirical correlations. The latter 
link the force-displacement parameters regulating the axial response to the geometrical and 
mechanical features of an infilled frame. The analytical correlations are obtained from an 
experimental data-set enlarged with data from refined finite element simulations. Blind vali-
dation tests of the proposed modelling procedure are carried out against experimental results 
different from those used to build the data-set. A reliability comparison between mechanics-
based models and empirical models is finally presented and discussed. 
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2 PROPOSED EQUIVALENT STRUT MODEL 

2.1 Computational model and formulation 

Fig. 1a

Fig. 1b OpenSees
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Cavaleri et al. 
Cavaleri and Di Trapani 

α β ζ η 

3 CALIBRATION OF FORCE-DISPLACEMENT PARAMETERS FROM 
EXPERIMENTAL TESTS 

Table 1
Table 2

Figures 3-7
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Mehrabi et al. 

Kakaletsis et al. 

Papia et al. 
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 Colangelo 

α, β, ζ η
Table 4

fvm fm2 fm1 mf fmd0 

α β ζ η S1 d1 S2 d2 S3 d3

α, β, ζ η

4 FORCE-DISPLACEMENT PARAMETERS CALIBRATION FROM FE MODELS 

Fig. 8a
Fig. 8b
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α, β, ζ η

5 DEFINITION OF THE EMPIRICAL CORRELATION LAWS 

α, β, ζ
η

α, β, ζ η
λ*

mE
~ l/h t mf

~ fmd0 fvm 

α, β, ζ η Α, Β, Ζ
Υ 

α, β, ζ η f(Α), f(Β), f(Ζ) f(Υ). 

=

−

4.0
vm

0md
3

1.0*

f

f

h

l
λΑ

5.07.0
vm

7.1
0md

8.1
7.0*

t

1

f

f

h

l
=

−

−

λΒ

t

1

f

f

h

l

f
~
E
~

35.0
vm

7.0
0md

7.07.0

m

m=Ζ

m m

vm

E fl

t h f
Υ

−

=

α, β, ζ η Α, Β, Ζ
Υ Fig. 10

978



α, β, ζ η Α, Β, Ζ Υ

w
S2 Eq. 4

Α, Β, Ζ, Υ Eqs. 12-15
α, β, ζ, η Fig.10

Eqs. 1, 3 5-9

6 BLIND VALIDATION TESTS AND RELIABILITY COMPARISONS 
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Tables 

7-9
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Eqs. 12-15 Fig. 10 Tables 10-11

Fig. 11

Fig. 11
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(Fig. 11b),  (Fig. 11c)   (Figs. 11e-f)

  (Fig. 11a)
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  (Fig. 11a),   (Fig. 11d) 
 (Fig. 11g)
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7 CONCLUSIONS 
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