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A B S T R A C T 

In this study, algorithms with two objective functions are defined considering the 

TS500 (2000) (Reinforced concrete structures design and construction rules) and 

TBDY (2018) (Turkey Building Earthquake Regulation) standards for rectangular 

beam design. These objective functions were determined as CO2 emission and cost. 

Optimizations were performed in MATLAB program using the Hybrid Algorithm of 

Teaching-Learning Based Optimization and Jaya Algorithm. In the case of using two 

objective functions, cases were created by multiplying the coefficient values found in 

the objective function according to the formula with the cost and CO2 emission values 

at different rates in order to prevent CO2 emission which is one of the biggest prob-

lems for the world. In the objective function, each rate used for CO2 and cost is imple-

mented in a manner that increases or diminishes the impact of these values. In this 

way, comparisons were made between the cross-section dimensions to be formed 

according to not only impact rates but also the reinforcement area to be used, the CO2 

emission and cost values that will arise as a result of these. Impact rates are related 

to cost and CO2 rate in the objective function, and the total rate is chosen as 1. Impact 

rates for cost are chosen as 0.1, 0.3 along with 0.5, and comparisons between the 

results are checked.  In addition, recyclable and non-recyclable steel with different 

properties were used in separate analyses and the values were compared. Since the 

CO2 rate released by the non-recyclable steel is very high compared to the recyclable 

steel, the results show that the CO2 emission value is higher and this causes the ob-

jective function value to increase. 
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1. Introduction 

Most of the engineering works that have been done 
and completed in the past are designed by taking into ac-
count the conditions such as strength and service life. 
However, in addition to strength and other required 
properties, sustainability studies have begun to be con-
sidered an important design condition for the protection 
of nature. One of the biggest reasons for the adoption of 
sustainable designs is the increase in the amount of an-
nual CO2 emissions. While the annual CO2 emission was 
around 6 billion tons worldwide before the 1950s, today 
this value is measured as more than 38 billion tons (URL-
1 2023) by increasing rapidly. Therefore, the CO2 emis-

sion reduction process is carried out by different studies 
in different engineering fields.  

When the construction sector and the buildings are 
taken into account, it is explained in the reports that ac-
cording to the data explained above, approximately 38% 
of the CO2 rate is released worldwide. Moreover, that 5% 
CO2 is released by cement is computed by IPCC 2006 
standard (Kara et al. 2018). For this reason, significant 
studies are carried out in terms of both reducing CO2 
emissions and reducing costs to realize the most appro-
priate and efficient design in the construction industry. 
These studies can be done in different ways. To exem-
plify, these are the use of materials that are less harmful 
to the environment and have high durability by increas-
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ing the variety of materials that can be used (Kayabekir 
et al. 2020; Li 2011; Habert and Roussel 2009), the avail-
ability of sufficient cross-section dimensions according 
to the force affecting the necessary construction element 
and the standard of the country where it is located, the 
selection of more effective structural systems and the re-
cyclability of the materials used in the construction. As 
result of such studies, it contributes to the prevention of 
global climate change, reducing the carbon footprint of 
buildings, efficient use of resources and increasing effi-
ciency in the project process. In order to control such as 
emissions and cost, metaheuristic algorithms have been 
used in many areas to reach pertinent design, and the ob-
jective function of a design may contain more than one 
variable. Cakiroglu et al. (2021a) have conducted to find 
CO2 and cost optimization for concrete-filled steel tubu-
lar columns. In addition, Cakiroglu et al. have used Har-
mony Search (HS) (2021b) and Manta Ray Foraging – 
Jaya Hybrid Optimization (2023a) to accomplish CO2 
emission for concrete-filled steel tubular rectangular 
stub columns. Cantilever shoulder pile retaining walls 
which are indispensable to remain steady in the soil have 
reached optimal design by using a method of data-driven 
ensemble learning (2023b). Cakiroglu and Bekdaş 
(2022) have analysed CFST stub columns to find the ax-
ial load capacity. In order to display the algorithms how 
many iterations they could reach the objective function 
in problem as optimization cost, Çoşut et al. (2023) have 
utilized the algorithms which are Harmony Search (HS), 
Differential Evolution Algorithm (DE), Hybrid Algorithm, 
Flower Pollination Algorithm (FPA), Jaya Algorithm, 
Teaching- Learning Based Optimization (TLBO). Temür 
(2021) has generated a Hybrid TLBO algorithm for the 
optimum design of cantilever retaining walls under seis-
mic loads. The type of optimization can be different and 
one of them known as multi-objective optimization has 
been used many times in the optimization of beams. Ay-
doğdu (2017) has performed multi-objective optimiza-
tion of cantilever retaining walls in terms of cost and CO2. 
Paya- Zaforteza et al. (2009) have optimized reinforced 
concrete frames by using simulated annealing and Span-
ish Code as multi-objective functions related to CO2 
emission and cost. Leps and Sejnoha (2003) have used 
genetic algorithms to reach the optimum total cost for 
steel-reinforced concrete structures. Camp and Assadol-
lahi (2013) used a hybrid algorithm which was a big 
bang-big crunch algorithm about optimizing CO2 and 
cost in the design of reinforced concrete footings. Kripka 
and de Medeiros (2012) studied the cross-sectional op-
timization of reinforced concrete columns at the firstly 
cost, after that, they utilized Life Cycle assessment to 
reach the environmental effect. Therefore, they have 
tried to decrease the amount of CO2 according to cost 
[10]. Reinforced concrete structures which were beams 
have been optimized by Afshari et al. (2019), and also, 
they have focused on the approaches of multi-objective 
optimization. Yeo et al. (2015) studied to generate a de-
sign which was about reinforced concrete structures to 
minimize CO2 emission. Joyner et al. (2021) have opti-
mized the buildings according to resilience-based seis-
mic design, and life span performance along with condi-
tional performance have been controlled. Yücel et al. 

(2021) have optimized rectangular beams in terms of 
CO2 emission to design an environmentally friendly 
structure element; however, Abubakar et al. (2021) have 
used genetic algorithms to optimize the design of rectan-
gular beams. Also, machine learning techniques are a 
new trend in the prediction of optimum design parame-
ters without rerunning the iterative optimization pro-
cess (Ocak et al. 2013, Aydın et al. 2013). 

In this study, the optimization of the rectangular rein-
forced concrete beam in terms of both CO2 emission and 
cost was carried out with the hybrid algorithm created 
by the synthesis of metaheuristic algorithms using the 
MATLAB program. Since two objective functions were 
defined in the optimization process, their sum was ad-
justed in certain proportions, the dimensions of the rec-
tangular beam, the required reinforcement area, the cost 
and the released CO2 values were recorded and the re-
sults were compared according to the determined rate 
values. In addition, the differences in the variable and 
objective function that occur when steels with different 
properties are used were compared.  
 

2. Features and Design of the Beam 

Many countries have developed their own building 
design and construction regulations over time. These 
standards have evolved and developed based on a cer-
tain accumulation of knowledge, laboratory studies, and 
experience with destructive natural disasters. As a re-
sult, designs for resilient systems can be developed 
against unwanted and destructive situations. 

In structural design, beams are widely used as build-
ing elements. These elements not only perform well 
against bending moments and shear forces but also trans-
fer loads from slabs to columns. Beams can be designed in 
various shapes, such as T-shaped, I-shaped, and L-shaped. 
Depending on the desired design, there may be some mi-
nor changes in the calculation formulas. Additionally, the 
span length can vary depending on the desired design, 
while keeping within certain limits (Doğangün 2019). 

In this study, the design of a rectangular beam (Fig. 1) 
is carried out by considering the TS 500 (2000) and 
TBDY (2018) regulations, and the necessary equations 
for the design are presented. 

In the following equations, fctd is the tensile strength 
of concrete, fck is the characteristic strength of concrete, 
fcd is the design strength of concrete, fyk is the character-
istic yield strength of steel, fyd is the design yield strength 
of steel.  The depth of the compression block (Eq. 2) is 
calculated based on the effective height of the beam (d), 
the load affecting the beam, the span, and the concrete 
grade used. As a consequence, the reinforcement area 
can be found in Eq. (3). 

𝑓𝑐𝑡𝑑 = 0.35 ×
√𝑓𝑐𝑘

1.50
,    𝑓𝑐𝑑 = 

𝑓𝑐𝑘

1.50
,    𝑓𝑦𝑑 = 

𝑓𝑦𝑘

1.15
 (1) 

𝑎 =  𝑑 ± √𝑑2 −
2 × 𝑀𝑑

0.85 × 𝑓𝑐𝑑 ×𝑏
 (2) 

𝐴𝑠  =
𝑀𝑑

 𝑓𝑦𝑑 ×(𝑑−
𝑎

2
)
 (3) 
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Fig. 1. Under loading for RC beam.

The adequacy of a beam in resisting shear forces un-
der loading conditions is examined, and accordingly, 
the required reinforcement area is selected and placed 
at the necessary distance in compliance with regula-
tions. The shear force value provided by concrete is 
given in Eq. (4).  

𝑉𝑐𝑟  = 0.8 ×
0.65×𝑓𝑐𝑡𝑑 ×𝑏×𝑑

 1000
 (4) 

In certain situations and under specific loads, even if 
it is calculated that all shear forces of the designed beam 
are carried by the concrete (𝑉𝑐𝑟), reinforcement calcula-
tion and placement should be done according to the min-
imum requirements of the regulations. This will ensure 

that the structural element functions effectively under 
dynamic loads, preventing damage to the system. V 
changing by loading (Q) is the shear force of system.  

𝑉𝑑  = 𝑉 −
𝑄×(𝑑+

𝑎

2
)

 1000
 (5) 

The stirrups used to resist shear forces are placed at 
different distances in the wrapping and middle regions 
(Fig. 2). This is because the beam will be subjected to 
maximum shear forces at the column-beam joints, and a 
denser and closer stirrup arrangement is required for 
the safe transfer of these forces. According to the regula-
tions, the distances between the stirrups to be placed in 
these two regions are given in Eqs. (6) and (7).

 
Fig. 2. Layout of the stirrups.

middle region ≤ { 

𝑉𝑑  ≤  3 × 𝑉𝑐𝑟     𝑆1 =
𝑑

2

𝑉𝑑  >  3 ×  𝑉𝑐𝑟      𝑆1 =
𝑑

4

𝑆1 > 350 mm      𝑆1 = 350 mm

 (6) 

wrapping region (𝑆2) ≤  {

ℎ

2

 8 ×  ∅ (∅8 or ∅10)
150 mm

 (7) 

For the concrete to be placed homogeneously be-
tween the reinforcements, the horizontal and vertical 
net distances between the longitudinal reinforcements 
must be at a certain value. These values are determined 
by considering the maximum aggregate diameter, which 
is 22 mm (D), that can be used in the concrete, constant 
and rebar diameter (Eq. (8)).  

net distance ≥ { 

25
∅ (∅ ≥  ∅12)

4 × 
𝐷

3
 

 (8) 

3. Metaheuristic Algorithm 

The metaheuristic algorithms which are a compre-
hensive problem-solving method for a variety of prob-
lems have been found and developed over time by in-
spiring natural events (Bekdaş et al. 2021). Flower Polli-
nation Algorithms (FPA) (Yang 2012), Jaya Algorithm 
(Rao 2016), Teaching-Learning Based Optimization 
(TLBO) (Rao 2011) and Bat Algorithm (Yang and Gan-
domi 2014) can be given as examples. These algorithms 
which are more effective to reach objective functions 
than traditional methods can be used for finding optimal 
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solutions. Furthermore, various fields employ the algo-
rithms such as engineering, manufacturing, financial risk 
management, artificial intelligence, machine learning, 
operation research and management science. All these 
fields have some goals such as optimizing CO2 emission, 

cost along with weight. Thus, engineers should apply the 
objective function according to the priority of the prob-
lem. Objective functions can be generated as single-ob-
jective functions, multi-objective functions as well as 
constraint optimization functions.

 
Fig. 3. The metaheuristic algorithm process.

3.1. Hybrid algorithm 

Nowadays, there are several metaheuristic algo-
rithms which have different properties like phase num-
ber, equations and control parameters. In addition, hy-
brid algorithms have been developed over time to facili-
tate the efficient and effective resolution of more com-
plex and comprehensive problems. These algorithms are 
obtained by combining two or more algorithms, thereby 
improving optimization performance. The ways to com-
bine metaheuristic algorithms (Khajehzadeh 2016) are 
sequential hybridization, parallel hybridization and inte-
grative hybridization. In addition, some hybrid algo-
rithms have been combined as TLBO-Jaya (Teaching-
Learning Based Optimization- Jaya Algorithm), GAAP 
(Hybrid Ant Colony-Genetic Algorithm), ACO-GA 
(Ngatchou et al. 2015) and DE-BBO (Hybrid Differential 
Evolution-Biography Based Optimization) which can be 
used for complex problems.  
In this study, the TLBO-Jaya hybrid algorithm was used 
to be completed all requirements. TLBO has two phases 
which are known as Teaching (Eqs. (9) and (10)) and the 
Learning phase. All two phases have different equations 
to reach and compare objective functions. In order to 
generate a Hybrid Algorithm, equations of the learning 
phase are removed by equations of Jaya algorithms, 
which are illustrated in Eq. (11). TF is known as the 
teaching factor, Xi,new is a new value, Xi,j is a candidate so-
lution’s value, Xi,a and Xi,b are chosen randomly, 𝑋𝑖,𝑔best  is 

an objective function’s best value, 𝑋𝑖,𝑔worst  is an objective 

function’s worst value. 

𝑇𝐹 = round(1 + rand()) (9) 

𝑋𝑖,new = 𝑋𝑖,𝑗 + rand( )(𝑋𝑖,𝑔best − |𝑋𝑖,𝑗|) − (𝑇𝐹)𝑋𝑖,mean) (10) 

𝑋𝑖,new

{
 
 

 
 𝐴𝐹𝑎 < 𝐴𝐹𝑏 ,     𝑋𝑖,𝑗 + rand( )( 𝑋𝑖,𝑎 − 𝑋𝑖,𝑏)

𝐴𝐹𝑎 > 𝐴𝐹𝑏 ,     𝑋𝑖,𝑗 + rand( )( 𝑋𝑖,𝑏 − 𝑋𝑖,𝑎)

↓
𝑋𝑖,new
′ = 𝑋𝑖,𝑗 + rand( )(𝑋𝑖,𝑔best − |𝑋𝑖,𝑗|) − rand( )(𝑋𝑖,𝑔worst − |𝑋𝑖,𝑗|)

 (11) 

The optimization process should be carried out in a 
certain stage, and these stages should be created as com-
plementary and validating each other. This process com-
monly consists of four stages. 
 Process 1: Variables, constraints and constants are 

determined. Constraints can be specified from stand-
ards, former studies or laboratory results. Constants 
consist of material features and cost values. After that, 
an initial matrix of recorded data is created.  

 Process 2: The best and worst value in the objective 
function is selected, and the mean value of the objec-
tive function is computed to be used in the equations. 

 Moreover, minimum and maximum values are 
checked whether they provide or not. If they do not 
provide the limitations, the objective function is pe-
nalized with big values. Therefore, the new solution 
matrix is generated. 

 After that, the aforementioned processes are found in 
phase 2. 

 Process 3: The objective function in the new solution 
matrix and the initial matrix are compared with each 
other, and whichever has the better value is chosen. 

 Process 4: The maximum iteration numbers are 
checked whether they are totally completed. There-
fore, the optimization process is decided whether to 
be continued or not. 
Fig. 4 is created to illustrate how the problem can be 

solved by using a Hybrid Algorithm which is generated 
by using metaheuristic algorithms known as TLBO and 
Jaya Algorithm. Flowchart delineates when problem 
equations, constants and constraints should be used con-
secutively. Therefore, it is explicitly seen that this chart 
enables us to find and recognize easily which sequence it 
should be done.  

Multi-objective functions are employed for multiple 
conflicting objectives that are required to be optimized 
simultaneously. Therefore, a multi-objective function 
endeavours to reach a set of solutions that are optimal 
concerning multiple objectives. These objective func-
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tions can be varied in terms of fields that are engineering 
design, portfolio optimization as well as environmental 
planning. They are used for minimizing production costs, 
minimizing environmental impact, minimizing product 

weight and maximizing production speed. More im-
portant properties are chosen to reach optimum results 
so that appropriate design is obtained easily and effec-
tively.

 
Fig. 4. Flowchart for hybrid algorithm.

Multi-objective optimization has not only a single op-
timal solution but also a set of optimal solutions which is 
known as the Pareto-optimal set, and it consists of every 
potential solution to the problem (Ngatchou et al. 2015). 
The optimal set of Pareto is an important concept in 
multi-objective optimization because it enables deci-
sion-makers to identify the best compromise between 
the different objectives (Martinez-Iranzo et al. 2009). 

The cost equations are demonstrated in Eqs. (12) and 
(13). Cost hinges on some factors which are concrete and 
steel cost (Cc and Cs respectively), beam length (L), cross-
section of the beam (b and h) as well as reinforcement 
area (As). 

Costconcrete = 𝐶𝑐 × 𝐿 × (𝑏 × ℎ − (
𝐴𝑠,Total

106
)) (12) 

𝐿𝑠  is recorded as the rebar length,  𝛾𝑠  is the specific 
density of steel.  

∑ Coststeel𝑖=1 = 𝐶𝑠,𝑖 × 𝐿𝑠,𝑖 × 𝛾𝑠 ×
𝐴𝑠,𝑖

106
 (13) 

The CO2 emission equations are delineated in Eq. (14). 
𝐸CO2  is the CO2 emission value for materials, 𝑉𝑐 is the vol-
ume of concrete. 

∑CO2 = 𝐶𝑐 × 𝑉𝑐 × 𝐸CO2(𝑐) + 𝛾𝑠 ×
𝐴𝑠

106
× 𝐸CO2(𝑠) (14) 

CO2 emission and cost are the main goals to generate 
this problem. Thus, Eq. (15) shows the total values of CO2 
and cost with coefficients. These coefficients can arrange 
the rate of objective function elements, so they enable us 

to compare differences between values by changing co-
efficient values. 𝛼 and 𝛽 are not chosen as minus values. 

𝑓total = 𝛼 × (CostTotal) + 𝛽 × (CO2,   Total) (15) 

Fig. 5 describes multi-objective function processes 
which are related to CO2 and cost, and they are calculated 
as various rates to reach the best solution for desired sit-
uations. 

 

4. Example and Discussion 

4.1. Numerical example 

In order to apply a sustainable and environmentally 
friendly design, the objective function is specified not 
only as a cost but also CO2 emission. These designs are 
indispensable and crucial for nature. Therefore, the op-
timization process is done by using metaheuristic algo-
rithms which are generally used for various problems to 
achieve desired design values. The design was done as 
pertinent not only to standards but also necessary shear 
load.  

Fig. 6 shows the beam which is used in the numerical 
example to reach the objective function. The beam de-
sign variables are found depending on distributed load, 
length of the beam, concrete class, cost of materials and 
amount of materials’ CO2. 

Table 1 illustrates the values which are the variables, 
constraints along with constants. Furthermore, cost val-
ues are current values. 
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Fig. 5. Multi-objective function example. 

Table 1. Numerical example values. 

Explanation Symbol Unite Values 

Minimum  height hmin mm 400 

Maximum height hmax mm 600 

Minimum width bmin mm 250 

Maximum  width bmax mm 400 

Compressive strength of concrete fck MPa 30, 40 

Length of Beam L m 6 

Yield strength of concrete fyk MPa 420 

Specific density of steel γs t/m3 7.86 

Clear cover Pc mm 30 

Concrete cost per unit volume Cc TL/m3 
30 MPa 2065 
40 MPa 2301 

CO2 emission of concrete values CCO2 kg/m³ 
30 MPa 376 
40 MPa 452 

Steel cost per unit weight Cs TL/ton 
Ø>Ø1216300 

Ø1016600 
Ø816750 

 

Fig. 6. Illustration of the beam. 

Fig. 7 demonstrates the cost of the materials which 
are the concrete classes and different types of steel. Ø8 
and Ø10 are used for stirrups which are necessary for 
shear force, building standards have some studies about 
the placement of the clear distance between stirrups. 
Also, Ø12 and bigger than this rebar is used for longitu-
dinal reinforcement.  

Fig. 8 provides information about the CO2 emission of 
materials. There are two types of steel which are recy-
cled and not-recycled. These materials impact CO2 emis-
sion, and it is calculated that not-recycled steel is approx-
imately 5 times higher than recycled ones. Some studies 
give information that not-recycled steel’s CO2 emission 
changes between 1,800 and 2,000 kg/ton. 

4.2. Discussion 

According to the numerical example, variables, con-
straints and constants with equations, an appropriate 
design is generated in terms of rebar diameters and im-
pact rates of CO2 and cost in the objective function value. 
Impact rates were varied in the cases and these are 
named as Case 1, Case 2 and Case 3. Tables 2 to 6 deline-
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ate the results which change according to the diameter 
of the rebar. Moreover, three cases are generated to com-
pare the rate results between CO2 emission and cost.  
 Case 1 is a 0.5 rate for cost and 0.5 rate for CO2 emission 
 Case 2 is a 0.3 rate for cost and 0.7 rate for CO2 emission 
 Case 3 is a 0.1 rate for cost and 0.9 rate for CO2 emission 

For Table 2, Case 1 and Case 2 have the same results ex-
cept for objective functions which are different because of 
rate values, whereas Case 3 variables are different com-
pared to other cases. Fig. 9 shows the results of Table 2. 

All cases have the same values in Table 3 except for 
objective functions. Fig. 10 shows the Table 3 results.

 

Fig. 7. Cost values. 

 

Fig. 8. CO2 emission values. 

Table 2. Ø12 rebar results. 

  b h 
Reinforcement 

Area 
Concrete 

Cost 
Steel  
Cost 

CO2  
Emission 

Objective 
Function 

Case 1 298.67 599.13 678.58 2166.83 1312.85 431.73 1955.71 

Case 2 298.67 599.13 678.58 2166.83 1312.85 431.73 1346.12 

Case 3 340 521.92 791.68 2146.99 1368.17 429.58 738.14 
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Fig. 9. Results for Ø12 rebar. 

Table 3. Ø14 rebar results. 

  b h 
Reinforcement 

Area 
Concrete 

Cost 
Steel  
Cost 

CO2  
Emission 

Objective 
Function 

Case 1 267.33 541.30 769,69 1741.56 1304.31 354.35 1700.11 

Case 2 267.33 541.30 769.69 1741.56 1304.31 354.35 1161.81 

Case 3 267.33 541.30 769.69 1741.56 1304.31 354.35 623.50 

 

 

Fig. 10. Results for Ø14 rebar.

It can obviously be seen that Case 2 and Case 3 have the 
same results, but Case 1 has different results in Table 4. 
Furthermore, all cases and diameters of rebar have differ-

ent objective functions which hinge on cost, CO2 emission 
as well as the rate between cost and CO2 emission (Fig. 
11). That is why they are generally found different values.

Table 4. Ø16 rebar results. 

  b h 
Reinforcement 

Area 
Concrete 

Cost 
Steel  
Cost 

CO2  
Emission 

Objective 
Function 

Case 1 250.00 524.17 804.25 1571.81 1300.50 323.45 1597.88 

Case 2 277.36 436.63 1005.31 1446.03 1402 303.21 1066.66 

Case 3 277.36 436.63 1005.31 1446.03 1402 303.21 557.69 
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Fig. 11. Results for Ø16 rebar.

Table 5 shows the results of Ø18 rebar and all cases have 
the same values, it is just objective functions are different. 

This circumstance is the same as in Table 6. Figs. 12 and 13 
display the Table 5 and Table 6 results, respectively.

Table 5. Ø18 rebar results. 

  b h 
Reinforcement 

Area 
Concrete 

Cost 
Steel  
Cost 

CO2  
Emission 

Objective 
Function 

Case 1 250.00 436.89 1017.88 1298.80 1387.80 276.14 1481.37 

Case 2 250.00 436.89 1005.31 1298.80 1387.80 276.14 999.27 

Case 3 250.00 436.89 1005.31 1298.80 1387.80 276.14 517.18 

 

Fig. 12. Results for Ø18 rebar. 

Table 6. Ø20 rebar results. 

  b h 
Reinforcement 

Area 
Concrete 

Cost 
Steel  
Cost 

CO2  
Emission 

Objective 
Function 

Case 1 250.00 400.00 1256.64 1180.61 1552.15 258.89 1495.83 

Case 2 250.00 400.00 1256.64 1180.61 1552.15 258.89 1001.05 

Case 3 250.00 400.00 1256.64 1180.61 1552.15 258.89 506.28 
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Fig. 13. Results for Ø20 rebar.

The objective function results that are regarding with di-
ameter of steel and steel types that are recycled and not-
recycled are demonstrated in Fig. 14. It observed that the 

differences between recycled and not recycled steel results 
can be various compared to cases which are “0.5 × cost + 
0.5 x CO2 ; 0.3 × cost + 0.7 × CO2 ; and 0.1 × cost + 0.9 × CO2”.

 

Fig. 14. Comparing objective functions.

That the rate of the cost is chosen as 0.5 for recycled 
and not-recycled steel has the lowest gap compared to 
other cases. When the rate s are compared within them-
selves, different values will be between 3% and 14.4%. 

5. Conclusions 

Sustainable and environmentally friendly designs are 
becoming more and more important day by day. One of 
the biggest reasons for this is that the destruction of na-
ture has increased dramatically in the last few years. 
Civil engineering, which is one of the fields with a very 
high CO2 emission, is at the forefront of the studies car-
ried out and developed. In this context, there are differ-
ent studies such as materials, optimization and recycling 
of used materials. In this study, the cost and CO2 emission 
optimization for the beam, which is used extensively as 
a structural element, is carried out with a hybrid algo-
rithm. Such studies are needed in order to use both envi-
ronmentally friendly and balanced raw materials used in 

the world. According to certain material, cost and emis-
sion values, analyses were made by placing the stirrup 
and longitudinal reinforcements for the beam both in ac-
cordance with the standards and for the shear force. In 
addition to these analyses, a correlation was established 
between CO2 emissions and cost by importance coeffi-
cients. With these coefficients, it was ensured that the 
CO2 emission value was added to the calculations and 
used at a higher impact rate than the cost, and compari-
sons were made. In this way, the reduction of CO2 emis-
sion in the design was provided extra.  

Two types of steel were used in the design, one is re-
cycled steel and the other is non-recyclable steel. When 
these steels are used, analyses were made according to 
the CO2 values they emit to nature and the values were 
recorded. While no difference was observed in the design 
variables in general, it was observed that there was an in-
crease in the CO2 emission value. When cases and steel 
types were compared among themselves, values between 
objective functions were found between 3% and 14.4%. 
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