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Abstract: - In reinforced concrete structural design, the sizing and reinforcement of structural elements, as well
as the cost-effective fabrication of structural elements and the system, are essential considerations for structural
engineers. Today, optimization methods are applied to ensure that structural elements can resist the design
loads imposed on them and are sized and reinforced cost-effectively. In this study, in addition to the previous
research on the optimum design of the beam section, four different bending moments are considered, and the
effects of bending moments and torsional moments are investigated for the optimal cost-effective sizing and
reinforcement of reinforced concrete beams. JAYA algorithm is used for beam section design and cost
optimization. In this study, four different bending moments and six different torsional moments are applied to
the beam section, and a shear force of 150 kN is applied to all beam sections. A total of 48 different beam
analyses are performed for two different concrete classes using the MATLAB program. The design constraints
and design rules of the widely used ACI 318 code (Building code requirements for structural concrete) are
taken into account for beam design. The study clearly shows that an increase in torsional moment leads to an
increase in the area of web reinforcement and a decrease in stirrup spacing, while an increase in bending
moment leads to an increase in flexural reinforcement. The algorithm can effectively design the beam width
and height to enable the beam to efficiently resist the applied moments. It is observed that the JAYA algorithm
is effective for optimal beam design under different loads and proves its accuracy in previous studies.
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1 Introduction solutions for complex engineering problems. In
In designing reinforced concrete structures, it’s structural engineering, metaheuristic algorithms are
essential that structural elements can safely support frequently applied, as they combine various search
the loads placed on them. However, today, focusing technlque§ to efficiently _reach the _best solution
solely on structural safety is no longer sufficient. while avoiding entrapment in local optima.
Structural engineers must aim for an optimal design In civil engineering, various structural systems
that balances structural safety, aesthetics, and cost. and elements have been optimized using different
Designing reinforced concrete structures is complex metaheuristic ~ algorithms.  One  widely applied
and challenging due to concrete’s inhomogeneity algorithm in structural engineering is the nature-
and isotropy. In traditional methods, the structural inspired flower pollination algorithm, [1]. This
engineer  determines  certain  cross-sectional algorithm has been used in several studies: for cost
dimensions based on experience and the loads on optimization of reinforced concrete retaining walls
the element, then reinforces it accordingly. While using size and reinforcement variables by [2] for
this approach may allow the element to carry the Wel_gh_t optimization of L-type _relnfo_rc_ed concrete
required loads, it doesn’t ensure that the solution is retaining walls by [3] for designing minimum cross-
optimal. Achieving a truly cost-effective and sections of weight retaining walls and comparing
optimal design with the traditional method requires them with other algorithms by [4] and for design
repeatedly solving the structural system and and cost optimization of two distinct reinforced
selecting the best solution, but this process is both concrete frame systems by [5].

time-consuming  and  costly. Optimization Ir_1$p|red by the hunting abilities of bats, the pat
algorithms have now been developed to find optimal algorithm (BA), developed by [6] has been applied
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in structural engineering by [7] for cost optimization
of reinforced concrete columns with varying
lengths. Similarly, the harmony search algorithm
(HS), inspired by musicians' search for the best
melody [8], is also widely used in structural
engineering. While HS has been applied to
optimization problems in civil engineering, [9] also
used it for the optimal design of retaining walls.
Additionally, [10] utilized a hybrid approach
combining HS with other algorithms to design and
optimize reinforced concrete retaining walls.

The genetic algorithm (GA), a well-established
method inspired by evolutionary theory [11], is
widely applied in civil engineering. [12] applied GA
for cost optimization of piled retaining systems, [13]
used it for the design and cost optimization of
cantilever retaining walls, [14] applied it in the
design and cost optimization of concrete-filled
composite pipe columns, [15] used it for cost
optimization of simply supported and continuous
beams, [16] employed it for cost optimization of
prestressed reinforced concrete beams, and [17]
utilized it for the design of two-dimensional
reinforced concrete frame systems, achieving
successful outcomes in each case.

Another widely used algorithm in structural
engineering is the JAYA algorithm, [18]. The JAYA
algorithm is a single-phase algorithm, making it
simpler to use than many other metaheuristic
approaches. [19] applied it in the optimal cost
design of retaining walls and compared it with other
metaheuristic algorithms. [20] the effect of the
torsional moment on the design of reinforced
concrete beam sections, considering ten different
beam sections and five different torsional moments,
is investigated using the JAYA algorithm. [21] used
an improved JAYA-based optimization method to
analyze the displacement of 2D and 3D trusses
under static loads. [22] applied the JAYA algorithm
for the design and cost optimization of steel grid
foundation structures and found it effective. Finally,
[23] applied the JAYA algorithm to identify
damaged areas in structures and to assess the extent
of these damages.

In this study, the JAYA algorithm is employed
to achieve optimal beam design. The effects of
bending and torsional moments on the design and
cost of rectangular reinforced concrete beams were
examined. To investigate these effects, a constant
shear force of 100 kN was applied across all
specimens, with four different bending moments
and six different torsional moments used. Each
design was further analyzed for two concrete
classes, C30 and C35, resulting in a total of 48
distinct beam section designs. The design of the
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reinforced concrete beam was based on ACI 318
(Building Code Requirements for Structural
Concrete) [24], with the necessary codes
implemented in MATLAB.

2 Methodology
The JAYA algorithm is a population-based
optimization method that operates in a single step,
making it simpler to use compared to two-step
algorithms, which are commonly preferred in fields
like civil engineering. Algorithms such as the
teaching-learning-based optimization algorithm,
flower pollination algorithm, harmony search
algorithm, genetic algorithm, and differential
evolution algorithm typically involve two distinct
phases. By eliminating these multi-phase processes,
the JAYA algorithm offers a streamlined, single-
phase approach.

The JAYA algorithm begins with randomly
assigned design variables and aims to converge on
the best solution while moving away from the worst
solutions. Initially, the best and worst solutions in
the population are identified, and each new solution
is updated to lie between these values. The updated
solution is then evaluated against specific design
constraints and, if it meets these criteria, may be
selected as the best solution. This process continues
until a predetermined number of iterations or a
desired fitness value is reached. The single-step
equation of the algorithm is presented below in
Equation 1.

Xi b= x4+ v (%7 x| ) - r2 (xiv-] xidt])
ji=1,2, P t=1, 2, ... tmax

i=1, 2, ...n;
)

In Equation 1, (xi") represents the best available
solution or the optimal state, while (x;") denotes the
worst available solution or the lowest-performing
state. In the formula, r; and r, are random real
numbers between 0 and 1, which add flexibility to
the solution search process. The term ri(xi") — [xi"[)
drives the solution toward the best state,
encouraging convergence toward an optimal result.
This allows the solution to gradually approach a
better state. Conversely, the term ra(xi" — [xi"]) helps
the solution move away from the worst state, thus
avoiding poor solutions. By randomizing ri and ro,
the algorithm explores a broader design space,
enabling it to investigate different areas of the
solution space rather than being confined to a
specific region. Additionally, the absolute value |xi"|
enhances the algorithm’s search capability by
providing more flexibility. This approach allows the
JAYA algorithm to improve outcomes by iteratively
comparing available solutions. The process
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continues until a specified stopping criterion is met,
such as reaching a target result or completing a
certain number of iterations. Figure 1 illustrates the
flow diagram of the JAYA algorithm throughout the
solution process.

Number of population, number of iterations, design variables and definition of stopping criteria

v

Determining the best and worst results available }17

Generating new results based on the best and worst results

B e U T b I I N el T B

v

Are new results better than former results?

‘ Continue with new results }ﬁ—{ Continue with former results

Yes Were stopping criteria satisfied?

Report results of optimization ‘

Fig. 1: Flow chart of the optimization method

One of the first and most critical steps in
engineering optimization algorithms is defining the
problem clearly. During this process, it's essential to
identify the problem data, select the variables for the
design, establish design constraints, and set the
necessary algorithm parameters. In this study,
design variables such as the width and height of the
beam section, the area of longitudinal
reinforcement, the area of shear reinforcement, and
the spacing of shear reinforcement were chosen to
analyze the effects of torsional and bending
moments on beam design. These variables represent
fundamental section components that require careful
selection in all reinforced concrete designs. Table 1
provides an overview of all design constants and
variables used in this study.

Table 1. Design variables and design constants

Explanation Symbol Unite Values
. 250-
Beam width h mm 400
350-
Beam depth b mm 600
Compressive strength of fek MPa 30-35
concrete
Yield strength of steel frk MPa 420
Modulus of elasticity E MPa 27800
The specific density of ve t/m3 25
concrete
The specific density of vs t/m3 786
steel
Concrete cover d mm 40
Stirrup g mm 8-14
m3 Cost of concrete (C30) £ TL 2800
m3 Cost of concrete (C35) £ TL 3000
Cost of steel £ t 27000
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The ACI-318, [24], standard is widely adopted in
international projects for designing reinforced
concrete structures. Since many countries have
directly implemented ACI-318, it has become a key
guideline in reinforced concrete design. In this
study, ACI-318 (Building Code Requirements for
Structural Concrete and Commentary) was
referenced to define the design constraints and
construction rules. For reinforced concrete beams,
issues such as durability, safety, and structural
integrity are addressed according to ACI-318. This
code serves as a trusted reference in projects as it
encompasses standards on various aspects, from the
dimensioning of reinforced concrete elements to
material specifications. Figure 2 illustrates the
designed beam section, showing all relevant section
shapes and reinforcement types considered in the
design process.

e e

of beam cross-section and

Fig. 2: Details
reinforcement

As shown in Figure 3, a compression zone
forms above the neutral axis in the reinforced
concrete element, with the force in this region
referred to as Fc, while a tensile zone appears below
the neutral axis, where the force is denoted as Fs.
When load is applied to the reinforced concrete
beam, the concrete in the upper zone resists the
compressive force, while the reinforcement in the
lower zone resists the tensile force. These forces in
the compression and tensile zones work together to
maintain equilibrium in the reinforced concrete
element, allowing it to support the applied loads.

§<—FD
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b
]
—] «—F;
—
]
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—

Fig. 3: Actual load distribution and equivalent load
distribution in the compression zone
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Fe=a fba 2
In Equation 2, the concrete compressive
strength is multiplied by the coefficient o (0.85).
The parameter a, as shown in Equation 2, represents
the depth of the equivalent compression block.
a=plc 3
In Equation 3, ¢ represents the depth of the
neutral axis within the compression zone. According
to the ACI-318 standard, B: defines the equivalent
rectangular compression block, and this expression
is provided in Equation 4.
1= 0.85 17 MPa < f'c < 28 MPa
S1=0.85-0.0071428(f 'c -28) f'c>28 MPa  (4)
The reinforcement tensile force occurring in the
tension zone is shown in Equation 5.
Fs =As fy (5)
In Equation 5, As represents the area of tensile
reinforcement used in the concrete. When the unit
strain of concrete (gc) reaches its ultimate strain
limit of 0.003, the unit strain of the tensile
reinforcement (gs) Simultaneously reaches the yield
strain (gsy). This condition is referred to as
equilibrium fracture. According to the ACI-318
standard, sub-equilibrium fracture must also be
considered in beam design. Calculations for sub-
equilibrium fracture are based on the balanced
reinforcement ratio.

£07Ey=0.003

Compression
Region Fc

Neutral Axis

Tensile
Region

LA XX

E57Ey,
Fig. 4: Internal forced forming in the beam cross-

section

Based on the deformation state and internal
forces illustrated in Figure 4, the balanced
reinforcement ratio pp, Which defines the balanced
condition, can be determined using Equation 6 when
the material properties are known.

B fre (600
po=0.85p1 fy (600+fy)

According to ACI-318, to ensure ductile
behavior in beams, the maximum reinforcement
ratio should not exceed pmax=0.75pp, and it should
not be less than pmax=0.025pp. These limits on the
reinforcement ratio are established to achieve
ductile beam sections.

(6)
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According to ACI-318 standard, the minimum

longitudinal reinforcement ratio for beams is
calculated using Equation 7 and Equation 8.
Jfre
min =
A, o, bd (7
fy

If the calculated reinforcement ratios are lower
than the minimum ratios specified in Equations 7
and 8, the minimum longitudinal reinforcement ratio
is applied. If the longitudinal reinforcement ratio
exceeds the maximum allowable reinforcement
ratio, the dimensions of the section are adjusted, and
the calculations are performed again. Once the
required longitudinal reinforcement for the beam is
determined, the design of the stirrups can begin.
Rules and limitations set by the regulation on the
design of the stirrup;

Maximum shear strength provided by concrete:

Ve= 0.174/f' bd ©)
Maximum  shear  strength  provided by
reinforcement:

Vs= 0.67./f’.bd (10)
Minimum stirrup area:

Av,minz 035M (11)

fyt

In Equation 11, s represents the distance
between stirrups. The distance between shear
reinforcements must satisfy the limits in Equation
12, [24].

d/4
SS{ 8(1)min (12)

150 mm

In a structural system, when the torsional
moment is not necessary to maintain equilibrium, it
is referred to as compliance torsion. Compliance
torsion is typically observed in hyperstatic systems.
The torsional moment generates shear stresses in the
structural elements. To address these stresses, shear
reinforcements must be added to the elements, or
the shear reinforcement ratio should be increased.
According to the ACI-318 standard, when both
shear force and torsional moment act on the beam
section simultaneously, the rules and limitations set
forth by the regulation are given in the following
equations.

The limitations required to control the diagonal
cracks in the reinforced concrete element due to
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torsional moment are provided in Equation 13 and
Equation 14.

T |4

3 + bd <022 f4 (13)
v \? Tpn 2 Ve 7

[+ (Y <ol roseirs) a9

In Equation 14, T represents the torsional
moment, pn is the circumference of the area between
the corner reinforcements, Aon is the area between
the corner reinforcements, V. is the shear force, and
@ is the reduction coefficient.

Calculation of the torsional stirrup:
Ts

At:zﬂAofytcotQ (15)
Shear reinforcement calculation:
Vs
A=—— 1
v (16)

The value calculated for torsional stirrup in
Equation 15 corresponds to one leg of the stirrup,
while the value calculated for shear reinforcement in
Equation 16 is for two legs of the stirrup. The total
stirrup area for members subjected to both torsional
moment and shear force is provided in Equation 17.
Ay+Ht=A+2A a7

For elements subjected to both torsional
moment and shear force, the distance between
stirrups is limited by the restrictions provided in
Equation 18.

d/2

ue/8
300 mm

s< (18)

The total area of the stirrups in members
subjected to both torsional moment and shear force
is given in Equation 19.
A+2A=0.062/f, 2 > 0.35%

yt

fyt -

(19)

The minimum web reinforcement area required

for beams subjected to torsional moments is

provided in Equation 20.

A=t p, 22 cor2g (20)
N Iy

3 Numerical Example
In this study, 48 different beams were analyzed to
investigate the effect of the torsional moment and
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bending moment on the optimum cost design of the
beam section. After dimensioning and equipping the
beam section, the cost of a 1-meter beam was
calculated, and the results were compared. The
loads acting on the beam section are illustrated in
Figure 5.

Fig. 5: Loads acting on the beam section

The shear force was assumed to be 100 kN for
all beam specimens. A total of 4 different bending
moments (50 kNm, 100 kNm, 150 kNm, and 200
kNm) and 6 different torsional moments (0 kNm, 10
kKNm, 20 kNm, 30 kNm, 40 kNm, and 50 kNm)
were considered in the study. Each beam specimen
was designed and compared separately for C30 and
C35 concrete classes, resulting in a total of 48
different beams being analyzed. In the nomenclature
of the beam specimens, "B" refers to the beam, the
first numerical value indicates the bending moment
acting on the beam, the second numerical value
indicates the torsional moment acting on the beam
section, and "L" denotes concrete with a
compressive strength of 30 MPa, while "H"
indicates concrete with a compressive strength of 35
MPa.

Table 2, Table 3, Table 4 and Table 5 present all
the data obtained from the analysis. No web
reinforcement was used for the specimens with a
zero (0) torsional moment.

Tablo 2. Beam Design Results Under a 50 KNm
Bending Moment and 100 kN Shear Force

Torsional

Section Cost

b

Flexural Web Stirrup
Clane Moment  Reinforcement Reinforcement Reinforcement  (P+/1)

(Nm) (mm2) (mm2) (4/s) mm

08/110
98/110
08/77.7
78/80.4
@8/58.7
08/60.3
@8/55.2
98/56.8
08/514
08/50.0
#8/50.0
08/50.0

Sample  Concrete

Number

BS50-0/L C30
BS0-0/H C35
B50-10/L C30
B50-10/H €35
B50-20/L €30
B50-20/H C35
B50-30/L C30
B50-30/H €35
B30-40/L C30
B50-40/H C35
B50-50/L C30
B50-50/H €35

401,12 [

39849 [

358.02
358.02
672.82
672.82
85943
859.43
1082.82
1106.61
1293.44
1275.20

25/35
25/35
25/35
25/35
25/40
25/40
30/40
30/40
30/45
35/35
30/50
35/40

365.73
382,67
456.53
471.78
574.26
59191
701.95
72882
828.16
81041
947.68
932.25

0kNm

401.12
39849
341.35
339.74
35211
38032
40101
39413
44991
44371

10 kNm

20 kNm

30 kNm

40 kNm

50 kNm
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Tablo 3. Beam Design Results Under a 100 kNm
Bending Moment and 100 kN Shear Force

Torsional Flexural Web Stirrup Section  Cost
Sample  Conerete  \ ent Reinforcement Reinforcement Reinforcement (/M) B
Number  Class nm

(kNm) (mm2) (mm?2) (d/s)

B100-0/1 can o 843.69 0 98/110.0 25,35 459.65
B100-0/H 35 83094 o 98/110.0 2535 47445
B100-10/L €30 . 51068 32064 g8/1219 25/45 55667
B100-10/H €35 599.78 33641 p8/102.4 25/40 56522
BlOO-20/L €30 20 ki 51068 64127 28/70.9 2545 65642
B100-20/H 35 506.01 64127 #8/73.1 25745 67561
B100-30/L €30 20 ke 53835 92586 98/58.6 25/50 76474
B100-30/H €35 53518 92586 08/60.1 25/50 78643
B100-40/L €30 0 kN 505.25 1082.82 98514 30/45 87150
B100-30/H 35 479.59 119664 g8/528 25/55 89745
B100-S0/L €30 <0k 53466 1293.44 @8/50.0 30/50 96566
B100-50/H €35 53208 120344 28/50.0 30/50 09482

Tablo 4. Beam Design Results Under a 150 kKNm
Bending Moment and 100 kN Shear Force

Sample  Conerete Torsional Flexural Web Stirrup Section  Cost
Moment  Reinfercement Reinforcement Reinforcement (bw/h) 3
Number Class
(kNm) (mm2) (mm?2) (d/s) mm
B150-0/L c30 - 1103.48 0 08/122.5 25/40 55207
B150-0/H C35 998.27 [ #8/122.5 25/40 567.00
B150-10/L C30 10 kNm 825.16 308.62 #8/147.5 25/50 63192
B150-10/H C35 81741 308.62 #8/147.5 25/50 655.27
B150-20/L C30 20 kNm 735.19 59832 98/99.1 25/55 736.77
B150-20/H C35 81741 617.24 08/87.5 25/50 749.15
B150-30/L C30 30 kNm 735.19 89748 B8/67.9 25/55 831.96
B150-30/H C35 729.76 89748 08/69.9 25/55 855.35
B150-40/L C30 40 kNm 663.66 1166.07 98/58.7 25/60 936.88
B150-40/H C35 729.76 1196.67 08/52.8 25/55 950.55
B150-50/L C30 50 kNm 816.15 129344 98/50.0 30/50 10254
B150-50/H C35 809.95 129344 @8/50.0 30/50 1054.1

Tablo 5. Beam Design Results Under a 200 kKNm
Bending Moment and 100 kN Shear Force

sample  Concrete Torsional Flexural Web Stirrup Section  Cost
Moment i i i (bw/h) £
Number Class
(kNm) (mm2) (mm?) (d/s) mm
B200-0/L €30 . 1125.98 0 08/147.5 25/50 63026
B200-0/H €35 1073.49 0 08/147.5 25/50 64542
B200-10/L €30 10k 998.05 299.16 £8/160.0 25/55 70291
B200-10/H €35 987.72 299.16 £8/160.0 25/55 72821
B200-20/L c30 20 kN 897.75 583.04 @8/1158 25/60 79942
B200-20/H €35 987.72 598.32 ©8/1036 25/55  814.90
B200-30/L €30 30 kN 897.75 874.56 ©8/77.9 25/60  892.99
B200-30/H €35 89031 874.56 @8/79.3 25/60  919.65
B200-40/L €30 40 kNm 897.75 1166.07 ©8/58.7 25/60 98656
B200-40/H €35 89031 1166.07 ©8/59.5 25/60 10132
B200-50/L €30 <0 kNm 986.04 1246.14 ©8/55.7 30/55 10942
B200-50/H c3s 977.82 1246.14 ©8/55.7 30/55 11255

As seen in Figure 6, in the absence of a torsional
moment, the cost of the beam specimens increases
with the increase in the bending moment. In the
beam specimens where the bending moment
remains constant, an increase in the torsional
moment leads to a rise in the cost of the beam.
Additionally, it is observed that an increase in
concrete quality slightly raises the beam's cost due
to the higher cost of concrete.
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200 — 00 kNM
0
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Torsional Moment (kNm)
a)C30
(C35)
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1000 et
.....
800 ettt
£ ........ 50kNm
% 600
S 100 kNm
400 150 kNm
200 e 200 kNm
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S 200 kNm
400 ettt S50kNm
200 100 kNm
0 e 150 kNm
0 10 20 30 40 50 essses 200 kNm
Torsional Moment (kNm)

c)C30 - C35
Fig. 6: Effect of the torsional moment on beam cost

As seen in Figure 7, in the specimens where all
cross-sectional effects are the same but the torsional
moment differs, an increase in the torsional moment
raises the cost of the beam. In specimens where the
other forces, except the bending moment, remained
constant, the cost of the beam increased with the rise
in the bending moment. When comparing Figure 6
and Figure 7, it is evident that the effect of the
bending moment on the cost is less significant than
the effect of the torsional moment.
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% 600
S 20kNm
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Flexural Moment (kNm)
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vvvvvv 10 kNm
200 20 kNm
30kNm
L T T T TP 40 kNm
50 100 150 200 ... 50 kNm
Flexural Moment (kNm)
c)C30 - C35

Fig. 7: Effect of bending moment on cost

As seen in Figure 8, the area of the beam cross-
section increases with the increase in torsional
moment. To counteract the torsional moment, the
algorithm not only increases the cross-sectional area
but also enhances the bearing capacity of the cross-
section by adjusting the reinforcement areas or
stirrup spacing in some cases.
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Fig. 8: Effect of the torsional moment on the cross-
sectional area

As seen in Figure 9, the area of the beam section
increases with the increase in bending moment. To
resist the bending moment, the algorithm not only
increases the cross-sectional area but, in some cases,
enhances the bearing capacity of the cross-section
by adjusting the reinforcement areas or stirrup
spacing. When comparing Figure 8 and Figure 9, it
is evident that the effect of the bending moment on
the increase in section area is less significant than
the effect of the torsional moment.

Volume 19, 2024



WSEAS TRANSACTIONS on APPLIED and THEORETICAL MECHANICS Yasin Duysak, Sinan Melih Nigdeli,

DOI: 10.37394/232011.2024.19.21 Gebrail Bekdas
(c30) a)C30
1.700
- _— (c35)
£ 1500
= 1.200
g —0 kNm .
ri\: 1300 10 kNmM Eroso e
c et
o — =
2 1100 20kNm g 900 ettt W eeeeen 0 kNm
ﬁ 30kNm g ...... 10 kNm
2
8 900 10 kKNM £ O e et 20 kNm
——50kNm 2 500 30kNm
700 ©
50 100 150 200 3 450 P LA L AL 40kNm
Flexural Moment (kNm) - 1 T Y 50kNm
300
50 100 150 200
a)C3O Flexural Moment (kNm)
oo b)C35
1.700
- (C30/ €35)
£ 1500 1.200
g ...... 0O kNm . ’ j{:::"
L1300 ettt e Lo kNm £ 1.050 "
< _E, 20kNm
.% 1100 ettt et e 20kNm E 300 30kNm
& 30kNm 3 40KNm
o 5 750
S 900 gttt e 40kNm E S0kNm
(=] o A LS deeees 0 kNm
...... 50kNm ;_': 600
700 ,5 ------ 10 kNm
50 100 150 200 é 450 g e 20kNm
Flexural Moment (kNm) 200 30kNm
...... 40 kNmM
50 100 150 200
b)cas L et () 50KNM
Flexural Moment (kNm)
- c)C30 - C35
C30/ C35 - R
. Fig. 10: Effect of bending moment on flexural
— 0 kNm h
~ — 0k reinforcement
£ 1500 — 20kNm
] 30 kNM
< 1300 a— 10 kNM (C30)
=
& —50kNm
1100 e e 0 kNm /- 1.200
b B £
e = e e
g Mt m g
800
30kNm 8 50 kKNM
700 =]
...... A0 kNm £ 600
50 100 150 200 = 100 kNm
...... 50 kNm &
Flexural Moment (kNm) % 400 e 150 kKNM
g
2 o e 200 kN
c)C30 — C35 g
0
. . . 0 10 20 30 40 50
Fig. 9: Effect of bending moment on cross-sectional Torsional Moment (km)
area
2)C30

The effect of the increase in bending moment on
the increase in flexural reinforcement is shown in (€32)
Figure 10.
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Fig. 11: Effect of the torsional moment on web
reinforcement

The effect of the increase in torsional moment
on the increase in torsional reinforcement is shown
in Figure 11.

4 Conclusion

In this paper, the impact of bending and torsional

moments on the cost of beam sections is analyzed

using the JAYA algorithm. The analysis of 48

different beams shows that as the torsional and

bending moments increase, all factors contributing
to the cost also rise.

- The increase in the bending moment acting on
the beam section leads the algorithm to first
prioritize increasing the beam height (h). This
approach is adopted because concrete is
considered more effective than reinforcement in
resisting bending moments.

- With the effect of the torsional moment acting
on the beam section, a significant increase in the
web reinforcement ratio, a decrease in stirrup
spacing, and an increase in the section width (b)
were observed.

- With the increase in concrete quality, a slight
decrease in flexural reinforcement and an
increase in stirrup spacing are observed.
However, the higher cost of C35 concrete
compared to C30 concrete prevents a reduction
in overall costs.

- The increase in torsional moment has a more
significant effect on both the beam area and the
overall beam cost compared to the increase in
bending moment.

- The presence of web reinforcement reduces the
required area of flexural reinforcement.

- The JAYA algorithm was found to be effective
in beam design and optimization. In this study,
considered a continuation of the previous
research, the accuracy of the JAYA algorithm
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was further confirmed through the analysis
results.
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