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Fig. 7. (a) Force-displacement graph of THM, (b) displacement-time graph of SDOF system,
(c) force-displacement graph of LCFM, (d) velocity-time graph of the SDOF system, (e)
Force-displacement graph of LVD, (f) acceleration-time graph of the SDOF system under
harmonic excitation.
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APPENDIX

In order to define the upper and lower limits of the force in the THM the conditions described
in the following pseudo-code (in Matlab/Octave) need to be applied. Note that ujt denotes
the current displacement amplitude.

% C a l c u l a t e f l i m u p −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
i f −uyh +2∗uy <= u j t && u j t <= uyh

i f uyh>=2∗uy
f l i m u p = Q + k1∗ u j t ;

e l s e i f uyh< 2∗uy
f l i m u p = Fy + k1 ∗ ( u j t − uy ) ;

end
e l s e i f u j t > uyh

i f uyh>=2∗uy
f l i m u p = Q + k1∗uyh + k2 ∗ ( u j t − uyh ) ;

e l s e i f uyh< 2∗uy
f l i m u p = Fy + k1 ∗ ( uyh −uy ) + k2 ∗ ( u j t − uyh ) ;

end
e l s e i f u j t < −uyh + 2∗uy

i f uyh>=2∗uy
f l i m u p = Q + k1∗(−uyh + 2∗uy ) + k2 ∗ ( u j t − (−uyh + 2∗uy ) ) ;
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e l s e i f uyh< 2∗uy
f l i m u p = Fy − k1 ∗ ( uyh − uy ) + k2 ∗ ( u j t − (−uyh + 2∗uy ) ) ;

end
end

% C a l c u l a t e f l i m l o −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
i f −uyh <= u j t && u j t <= uyh−2∗uy

i f uyh>=2∗uy
f l i m l o = −Q + k1∗ u j t ;

e l s e i f uyh< 2∗uy
f l i m l o = −Fy + k1 ∗ ( u j t + uy ) ;

end
e l s e i f uyh−2∗uy < u j t

i f uyh>=2∗uy
f l i m l o = −Q + k1 ∗ ( uyh − 2∗uy ) + k2 ∗ ( u j t − ( uyh − 2∗uy ) ) ;

e l s e i f uyh< 2∗uy
f l i m l o = −Fy + k1 ∗ ( uyh − uy ) + k2 ∗ ( u j t − ( uyh − 2∗uy ) ) ;

end
e l s e i f u j t < −uyh

i f uyh>=2∗uy
f l i m l o = −Q − k1∗uyh + k2 ∗ ( u j t + uyh ) ;

e l s e i f uyh< 2∗uy
f l i m l o = −Fy − k1 ∗ ( uyh −uy ) + k2 ∗ ( u j t + uyh ) ;

end
end

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−




