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Nomenclature

Aci area of concrete cross section for the individual i

Asi area of tension reinforcement for the individual i

Asmin;  minimum area of tension reinforcement for the individ-
ual i

Al area of compression reinforcement

Al area of compression reinforcement for the individual i

A'smini minimum area of compression reinforcement for the
individual i

Asti total area of reinforcement for the individual i

Asmini Minimum total area of reinforcement for the individual i

b width of rectangular cross section

b; width of rectangular cross section for the individual i.
Design variable

bmax.i maximum width of rectangular cross section for the
individual i

Y upper bound for the design variable b;

b(y*x)  width of the k-th fiber at distance y*, from centre of
gravity of section about x*-axis

Cc the clear cover of tension reinforcement (mm)

G first coefficient for load eccentricity strength constraint
g52,i

G second coefficient for load eccentricity strength con-
straint g ;

d effective height

d; effective height for the individual i

dy distance from left face of cross section to centroid of the
closest reinforcing bars (x-axis)

d’y distance from right face of cross section to centroid of
the closest reinforcing bars (x-axis)

d, distance from bottom face of cross section to centroid of
the closest reinforcing bars (y-axis)

d, distance from top face of cross section to centroid of the
closest reinforcing bars (y-axis)

E; modulus of elasticity of reinforcement (in EC2)

f objective function to be minimized

f global optimum of f

fi objective function for the individual i

ff normalized objective function for the individual i

fe specified compressive strength of concrete

Jed design compressive strength of concrete (in EC2)

Ser characteristic compressive strength of concrete (in EC2)

Jetm mean value of axial tensile strength of concrete (in EC2)

fy specified yield strength of reinforcement

fyd design yield strength of reinforcement (in EC2)

fyk characteristic yield strength of reinforcement (in EC2)

F; fitness function for the individual i

F; modified fitness function for the individual i

8asii minimum tension reinforcement constraint for the indi-
vidual i

8asi minimum compression reinforcement constraint for the
individual i

8asti minimum total reinforcement constraint for the indi-
vidual i

Sducti ductility constraint for the individual i

g violated constraint

Zspmaxi Maximum spacing of reinforcement constraint for the
individual i

Zspmini Minimum spacing of reinforcement constraint for the
individual i

8s1i resistance constraint against combined flexure and axial
load for the individual i

&s2,i load eccentricity strength constraint for the individual i

g sum of violated constraints multiplied by (—1) for the
individual i

h height of rectangular cross section

k+1

k
Di

k
b

height of rectangular cross section for the individual i.
Design variable

current iteration

maximum number of iterations

length of form for the individual i

integer for attractiveness f

number of violated constraints for the individual i
design moment resistance of cross section (in EC2)
factored moment at cross section (in ACI318)

moment about x-axis

moment about x*-axis

design value of the applied internal bending moment
about x-axis (in EC2)

nominal moment about x-axis at cross section (in
ACI318)

nominal moment about x-axis at cross section for the
individual i

design moment resistance of cross section about x-axis
(in EC2)

design moment resistance of cross section about x-axis
for the individual i

factored moment about x-axis at cross section
moment about y-axis

moment about y*-axis

design value of the applied internal bending moment
about y-axis (in EC2)

nominal moment about y-axis at cross section (in
ACI318)

nominal moment about y-axis at cross section for the
individual i

design moment resistance of cross section about y-axis
(in EC2)

design moment resistance of cross section about y-axis
for the individual i

factored moment about y-axis at cross section
exponent for calculation of . (in EC2)

number of fibers in cross section

number of reinforcing bars in cross section

number of bars at the bottom side of the section. Design
variable

number of bars at the top side of the section. Design
variable

number of bars at the left side of the section. Design
variable

number of bars at the right side of the section. Design
variable

design value of the normal applied axial compression
load to cross section (in EC2)

population size of fireflies

design axial resistance of cross section (in EC2)

design axial resistance of cross section for the individual
i

axial compression load about z-axis

axial compression load about z*-axis

spatial coordinate vector of the i-th firefly at the k-th
iteration

spatial coordinate vector of the j-th firefly at the k-th
iteration

spatial coordinate vector of the i-th firefly at the (k + 1)-
th iteration

I-th spatial coordinate of the i-th firefly at the k-th iter-
ation

[-th spatial coordinate of the j-th firefly at the k-th iter-
ation

price of concrete, used in objective function (€/m?)
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