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5. Conclusions
In this paper, a hybrid method combining simulated annealing with

glowworm swarm optimization (SAGSO) algorithms is presented and
employed to optimize PC precast road bridges formed by two isostatic
beams with a double U-shaped cross-section. Two objective functions
are considered: the CO2 emissions and cost of the PC bridge at the differ-
ent stages of material production, transportation and construction. The
extensive computational experiments with a set of five span lengths
for the bridge indicate that SAGSO is an efficient algorithm for the ad-
vanced automatic design of real PC precast bridges used in road con-
struction that reduced the CO2 emissions and the cost. The analysis
reveals that CO2 emissions and cost are closely related and, as a rule of

thumb, a euro reduction in cost results in savings of 1.75 kg in CO2 emis-
sions. Thus, the solutions which are acceptable for emissions are also
viable in terms of cost and vice versa. The parametric study shows a
good correlation for both the depth of the beam, the thickness of the
slab, the number of strands and the characteristic compressive strength
of concrete, which can be useful for the day-to-day design of PC precast
bridges. Greater and lesser amounts of passive reinforcement are
observed in the beams and the slab, respectively, for CO2-optimization.
Regarding concrete, larger volumes are used when optimizing the
emission. It must be noted that the repetition of the PC structures in-
creases the economic savings. A cost sensitivity analysis applied to a
PC precast bridge with a 35 m span indicates that a maximum 20%
rise in steel costs leads to a 10.27% increase in the cost, while a 20%
rise in concrete costs only increases the cost up to 3.41%; surprisingly,
the variation in the volume of concrete is almost insensitive to its rising
price. To conclude, this hybrid method, described herein, is quite flexi-
ble and can easily bemodified and extended so that structural engineers
may reduce CO2 emissions in their structural designs.
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