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This paper presents a novel design cost optimization approach for reinforced high-
strength concrete (HSC) grade T-beams, incorporating the costs of steel, HSC, and
formwork within the objective function of the model. Constraint functions are
meticulously defined to comply with the ACI 318-08 Code design criteria for structural
concrete. Mathematical applications are employed to develop the cost optimization
procedure. The utility and effectiveness of the proposed design model and solution
strategy are demonstrated through an illustrative problem. The findings from this study
suggest that the present strategy, which yields substantial cost savings in utilized
building material (concrete and reinforcement steel), offers significant economic
advantages over conventional design methodologies. Furthermore, this approach can be

extended to other sectors with minimal modifications, thereby enhancing its practical

applicability.

1. INTRODUCTION

In the realm of industrial construction, the employment of
structural components with T-shaped sections is prevalent,
particularly in large-scale and repetitive structures. The
preference for these sections stems from their cost-efficiency
when optimized design methodologies are implemented,
providing substantial advantages to designers and engineers.
Notably, the design of T-beam sections often negates the
necessity for compression reinforcement, leading to a
reduction in the volume of steel required for reinforcement, a
major benefit of employing T-beam sections [1, 2].

The advent of modern material technology has facilitated
the use of high-strength concrete (HSC), primarily due to its
efficiency and economic advantages. The reduction in the
volume of building materials precipitates a decrease in weight
and foundation costs, thereby making HSC a preferred choice
for the construction of concrete foundations [3-7].

Characterized by a high compressive strength ranging from
50 to 100 MPa, HSC offers a multitude of benefits including
reductions in story height, member size, concrete volume, and
formwork area. A significant disparity is evident in the volume
of steel reinforcement when comparing structures built with

regular strength concrete to those constructed with HSC [8-18].

The optimization of design processes has been greatly
augmented by the evolution of numerical optimization
techniques, the availability of robust processing hardware, and
the advent of computer-based numerical tools for structural
analysis and design. The present research project employs
MATLAB application to solve nonlinear programming tasks,
converting inequality constraints into equality constraints
through the addition of slack variables, thereby constituting a
reliable and robust algorithm [19-24].

Despite the growing use of structural optimization of HSC
sections across various applications and the inherent
uncertainties, the optimal cost design of HSC T-beams

1369

remains inadequately explored, and the processes involved are
not fully comprehended. This research addresses this gap by
employing mathematical applications via the MATLAB
program to ascertain the optimal design of HSC T-beams,
using a representative problem as an example.

This study introduces a model for determining the optimum
cost design of reinforced HSC T-beams under ultimate limit
state (ULS) conditions. The objective function includes the
costs of steel, HSC, and formwork, which are minimized
subject to constraints and strength criteria. The constraint
functions are designed to satisfy the design specifications
stipulated in the ACI 318-08 design code [25]. The cost
optimization technique is developed within the realm of a
condensed set of design parameters using a nonlinear program.

The proposed design model and solution approach's
applicability is demonstrated by considering a typical two-
example problem. The optimized results are compared with
conventional design solutions obtained using traditional
design methodologies to assess the developed cost model's
effectiveness. This work demonstrates that significant
reductions in the volume of building materials can be achieved
by employing the current methodology to attain optimal
solutions. Moreover, compared with traditional design
methods used by designers and engineers, the proposed
method is practical, reliable, and computationally efficient. It
could also be extended to deal with other components without
significant modifications.

2. ULTIMATE DESIGN OF HSC T-SECTION FOR
BENDING

Figures 1-b and 1-c show, respectively, the assumptions
employed in the ULS for the stress and strain distributions in
the standard reinforced high strength concrete with T-section
of beam depicted in Figure 1-a, in accordance with ACI 318-
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08 code [25].
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Figure 1. (a) Typical cross-section of T-beam; (b) strains at
the ultimate limit state and (c) stresses at the ultimate limit
state

3. PROBLEM FORMULATION

Designers are generally able to determine the optimal
design for the structure under consideration thanks to
optimization techniques. When it comes to this specific design,
the main goal is to reduce the overall cost of the building while
still meeting all ACI 318 - 08 regulations. The final structure
should not only be inexpensive but also meet all strength and
serviceability standards for a specific applied load level. In
terms of the design parameters, objective function, and
constraint functions, a typical structure optimization problem
can be represented mathematically as a nonlinear
programming issue.

3.1 Objectives

The objective of optimization problems is to decrease the
structure's cost, weight, or volume under specific specified
behavior restrictions. In terms of the design variables,
objective function, and constraint functions, a typical structure
optimization problem can be mathematically formulated as a
nonlinear programming problem.

3.2 Optimization of reinforced T-beam

An optimization problem generally takes the form
illustrated below:

1)  Constant variables are given.

2)  Locate the design parameters.

3)  Reduce the objective function.

4)  Comply with the design restriction.

The following are the constant variables for RC beam
design:

3.2.1 Constant parameters (variables)

In this study, reinforced high strength concrete T-beams
with several material combinations of concrete grades M55,
M75, and M85 and steel grades Fy 420 and Fy 240 were
designed optimally. The grade of concrete was chosen as an
example (55, 75, and 85 MPa) based on the grade range of high
strength concrete in the different codes, which is more than 50
MPa and reach to 100 MPa. Also, the yield stress of the
reinforcing steel was also chosen as an example based on the
reinforcement steel available in the local markets for
longitudinal reinforcing steel bars 420 MPa and 240 MPa for
stirrups. Also, because most designers use 420 as yield stress
for longitudinal reinforcing steel bars and 240 for stirrups.
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According to the most recent market rates, the costs of
reinforcement, including rebar work, concrete, and formwork,
as well as cost coefficients for 1 m of beam length, were
calculated. The costs of concrete in US dollars per m® and
reinforcing steel in US dollars per ton was used in the
applications of designing the optimal cost of high-strength
reinforced concrete beams with a T-section based on the prices
of construction materials in the Iraqi local markets. The cost
coefficient values for concrete, steel of different grades, and
formwork are: concrete cost (Cc) 135, 138, and 142 $ /m? for
M55, M75 and M85, respectively, steel cost (Cs) 800 and 750
$ /ton for for Fy 420 and Fy 240, respectively, formwork cost
(Cf) 30 $/m?,

Constant variables are 4, 6, and 8m span of beam (L), 1.5 m
width of flange of beam (b), 0.25 m web width (bw), 2.5, 5,
7.5, 10, 12.5, and 15.0 kN/m live load (11),10, 20 KN/m dead
load (dl), 40 mm effective cover (dc), 2.5 t/m3specific gravity
of concrete (yc), 7.85 t/m? specific gravity of steel (ys).

The constant variables (length of beam span (L), live and
dead load) in this study were assumed as follows: 4 m was
used as the length of the beam with short span and light loads,
and the length of 6 and 8 m was chosen as the length of the
beam with long span and heavy loads. The live load was used
based on its value in the codes and according to the different
uses of the buildings. The dead load was chosen approximately
based on the thickness of the slab and the loads of the finishing.

3.2.2 Objective function for beam (cost minimization)

The optimization's goal is to reduce the beam's total cost,
which includes the cost of both materials and construction.
The following equation (objective function) is used to
determine the total cost of the T-section of beam per meter of
length.

Ci=Cs(A4s1+As,) +C; (&w.h +(b - by) hy) +C; (2h+4) 1)
where, C; is the cost per meter of length of the beam, Cs, Cc, Cs
are constant coefficients that can be defined by the user, Asi is

the longitudinal reinforcement steel area, and As» is the
transverse reinforcement steel area.

3.2.3 Design variables of beam

The dimensions (height of the beam, h, effective depth of
the beam, d) of the T-beam, relative depth of the compressive
concrete zone, a, the optimal reinforcement ratio, p, the
reinforcement area (tensile, compressive, and shear
reinforcement, i.e., area of the longitudinal reinforcement, 4.5
and area of the transverse reinforcement, A4sz), as well as their
placement, are typically related to the design variables in the
optimization of reinforced concrete beams. Although they are
not frequently used, the material characteristics (such as the
steel yield stress (fy) and the concrete compressive strength
(f'c)) can also be thought of as variables [26].

Boundaries for design variables. As was mentioned earlier,
a few or all of the parameters have boundaries, which result
from various factors like the requirements of the code being
considered, the aesthetics of the structural members in the
constructing, the accessibility of specific sizes of substance at
the market place, and the practical considerations. The
boundaries taken into account at this research project are listed
below.

)

dmin:hmin - dz—b - dS — dC, d max:h max = dz_b - dS — dC



bmin Sb < b max

®3)
(4)

where, bmin and bmax are selected based on practical and
architectural factors, dbmin and dbmax are selected based on the
variety of reinforcement readily available on the market, hmin=
1L—6 (is a minimum thickness of beam of ACI — 08 Code), hmax

is selected taking into account architectural factors, dc is
concrete cover, and ds is diameter of stirrups.

dbmin, < db < db max

3.2.4 Design constraints of beam
In accordance with the ACI 318-08 design code standards,

the following restrictions for the HSC T-beams are established:

Constraints for the ultimate bending strength are as follows:

Mu < ¢ Mn ®)
Mu = Wu.L? (5a)
8
Mn=As fy (d - 572) (5b)

where, ¢ is strength reduction factor (see Figure 2), Mu is
factored bending moment, Wu is total distributed load
factored=1.2 (Wd + Wsd) +1.6WI. L is the beam's span, Mn is
nominal moment strength in (kN).
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Figure 2. Strength reduction factor for shear and bending
moment (ACI 318-08) [24]

Minimum and maximum bending reinforcement constraints.

The minimal amount of bending reinforcement is determined
by the relationship shown in section 10.5.1 of the ACI 318-08
code:

Asnnnl:9€%§EXbWXd(cm5 ©)
And not less than: Asmin = % x bwxd )

Additionally, the maximum reinforcement ration is stated in
Section 10.3.5 of the Code as follows:

_ fe (0003
U max=0.273 Xfy x (0_003+0.004fy) (8)

Constraint _on _the minimum and maximum _shear
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reinforcement spacing. Following are the maximum and
minimum distances between shear reinforcement:

Sv>2.5 (cm), 0.75d (cm) 9)
The factored shear force. According to ACI 318-08 building
code section 11.1.3.1, the factor shear force is computed at a
position of d from face of the supports using the following
relationship. Assuming the support's breadth is z (m).

Wux(L- 2 -d)

Vu (kN) (10)

2
where, Vu is overall shear force generated by the factored
loads at a specific portion of the beam, Wu is total distributed
load factored, d is the beam's depth, L is the beam's span, and
z is the support's width.

The design shear force. Designing beam for shear must be
done in accordance with ACI Code 11.1.1, which states that.

vu<oVn (11)
Vu < Ve + Vs (kN) (12)
Ve=0.17x,/fc xbx d (13)

Vn, a nominal shear strength is equivalent to the combined
contribution of the web steel and the concrete (Vn=Vc + Vs).
Accordingly, for vertical stirrups. ¢ is the strength reduction
factor=0.75 for shear.

Minimum web reinforcement. The concrete's nominal shear
strength contribution is, in accordance with ACI code,

bxs

Av,min=0.062x,/fc x— 20, 35x—y (cm?) (14)

where, Av is overall web steel cross - section area over a range
of distances, fy is web steel's yield strength (MPa), and S is
web reinforcement’s longitudinal spacing.

Design for shear reinforcement. Shear reinforcement must
be provided in cases when Vu is greater than Vc, and it must
be calculated. ACI section (11.4.7.2) states that the shear
reinforcement's strength is given perpendicular to the axis of
the RC beam as:

_Avxfyxd R
Vs=—— x10 3<0.66x./fc hd (15)
where, Av is transverse reinforcement area in mm?, S is
distance between the center-to-center shear reinforcing ties in
mm, Vs is given by shear reinforcement is nominal strength in
KN.

Deflection control.

Md < 3Mcr, Ms < 3Mcr (16)
The relation of deflection control of beam of ACI - 08 Code
are:
[(Aiy] and [2 (Ai) a+1 + (Ai 1]<Limit by ACI 318 — code,
where, Md is under service, bending moment only with dead
loads, Mcr is bending moment of cracking, Ms is under service,



bending moment both dead and living loads (A;)=Deflection
immediately caused only by a live load 2(Ai)sn=Long-term
deflection brought on by service live and dead loads.

4. FORMULATION
DESIGN PROBLEM

OF THE COST-OPTIMUM

Concrete and steel material costs as well as labor costs
(shuttering, pouring of concrete and laying of steel) are
included in the cost functions in beam problems. These
functions were created using current prices and accepted
building industry practices.

The minimum and maximum width and depth, as well as the
minimal quantity of longitudinal and shear reinforcements, are
the constraints in the beam problem. Other requirements
include ductility, deflection, and strength in bending and shear.

The design specifications are mostly based on the ACI 318-
08 code. The objective and constraint functions have been
created in a way that is appropriate for use with the MATLAB
program.

Thus, the mathematical formula, Eqg. (1), can be used to
determine the reinforced HSC T-beams with the lowest cost.

Find the design variables specified in section (3.4) that
minimize the cost function specified in Eqg. (1) while taking
the design restrictions specified in Eq. (1) through equation 16
into consideration for the provided material attributes, loading
data, and constant parameters.

5. NUMERICAL PROBLEMS

Examples 1 and 2 are a predesigned, HSC T-section of beam
that is simply supported at both ends and complies with the
requirements of ACI 318-08 design code. They are a part of a
bridge deck. Assuming that fy, f°c, II, dl, b, and bw are constant
parameters, then, d, As, and p are design parameters.

The following definitions apply to the relevant preassigned
parameters of examples: L=4, 6, and 8 m; bf =1.5 m, b=0.25
m, hf =0.1 m, 1I=2.5, 5, 7.5, 10, 12.5, 15 kN/m, dc=0.04 m.

Input information for high strength concrete properties:
fc=55, 75, and 85 Mpa, yc=1.5, yc=25 kN /m?, Ec =14000 MPa

Input information for steel properties: fy=240 and 420 Mpa,
vs=1.15, ys=78.5 kN /m?, Es=210000 Mpa.

Data input for construction material unit costs: Cc=135, 138,
and 142$, Cs;=800$, Cs>=750 $, C+=30 $.

Example 1: when dead load (dl) =10 kN/m and example 2:
when dead load (dI) =20 kN/m.

Descriptions of the origin, formation processes, and
application areas of an example are added in the appendix A.

6. RESULTS AND DISCUSSIONS

The reinforced high strength concrete beam with T-section
is designed using the minimal cost design technique to
demonstrate the applicability of the optimal design derived
using the present formulation. The detailed design solution for
this beam was based on the ACI 318-08 design code. The
previously mentioned section contains the predetermined
parameters and restrictions. Equation number one is then used
to determine the beam's associated total material cost per unit
of length.

Tables and graphs are used to display the results of the
minimal cost design applications. The outcomes are based on
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the typical market costs for labor and materials in Iraq in 2020
and 2021.

In actuality, the level of non - linearity of the resultant
optimisation issue increases due to the necessity of updating
the geometrical dimensions of the segment with the current
self of the optimised T-beam, necessitating an iterative
procedure to reach the final optimal solution [27].

The ultimate feasible solution vector is achieved in the
examples shown only after numerous iterations. The beam
width has been set to equal 0.25 m, though, due to practical
considerations. This problem can be solved by conducting a
one-dimensional search in the d-dimensional space.

Tables 1-3 display the results of utilizing the standard
design process to resolve examples 1 and 2. The f, fc, I, dI,
b, and bw are constant parameters. And the d, As, and p are
design variables. The ranges under consideration range
between the lowest and maximum ratios of reinforcement steel,
allow for changes in the steel reinforcing area (As), effective
depth (d), and overall material cost (Ct).

This study examined the effects of live load, concrete grade,
dead load, and beam length on the high strength concrete T-
section beam's optimum cost. Results of optimum costs and
optimum dimensions for the high strength concrete T-section
of beam are displayed in Tables 1-3.

The outcomes from the several cases used have
demonstrated that the best solutions are not influenced by
shifts in the shear stress limitations that can be removed from
the issue formulation.

These findings led to the following observations regarding
the ideal cost and design variables.

6.1 Effect of live and dead load on optimum cost of HSC T-
beam

Tables 1-3 and Figures 3-5 include details of the optimum
designs for HSC T- beams carrying dead loads of 10 and 20
kN/m and live loads of 2.5, 5, 7.5, 10, 12.5, and 15 kN/m.

According to Tables 1-3's findings, increasing the live load
while maintaining the same beam length and concrete grade
has a minimal impact on the optimum cost, optimum
reinforcement steel ratio (p), and optimum effective depth (d).

The highest optimal cost, corresponded with a 15 kN/m live
loads. However, this impact increases when the concrete grade
is raised while maintaining the same live load value.

The results showed that maximum cost by mathematically
applications on beams, were observed at the concrete grade of
75 and 85 MPa respectively.

The findings in tables also show that raising the dead load
significantly affects the outcomes. For the same beam length,
concrete grade, and live load, the optimal cost, reinforcing
steel ratio (p), and effective depth (d) of HSC T-beam all
increased as the dead load increased. The highest optimal cost
of 4, 6, and 8 m beam length was observed at the 20 kN/m dead
load. The effect of dead load on optimal results of beam length
4, 6, and 8 m are presented in Figures 3, 4, and 5 respectively.
In general, these results are consistent with those of Ferhat [1]
and Fedghouche [18].

The optimal cost of an HSC T-beam at a dead load of 10
kN/m and a length of 4 m was 14.793, 15.048, and 15.388 at
1.5 kN/m live load and 17.189, 17.436, and 17.766 at 15 KN/m
live load when the concrete grade was 55, 75, and 85 MPa,
respectively. When the concrete grade is 55, 75, and 85 MPa,
respectively, the optimal cost at 20 kN/m rose by about 9.83,
9.61, and 9.33% at 1.5 kN/m live load and by approximately
11.68, 8.44, and 8.29% at 15 kN/m live load.



For 1.5 kN/m live load and when dead load increased from
10 to 20 kN/m, the optimum cost of HSC T- beam increased
by about 41.15, 40.54, and 40.39%, respectively, at 6 m length
of beam and grades of concrete are 55, 75, and 85 MPa.
However, at 15 kN/m live load, this optimum cost increased
by about 29.15, 29.49, and 29.2%.

The optimal cost of an HSC T- beam increased by about
30.78, 28.79, and 28.5% for 1.5 kN/m live load and when the
dead load increased from 10 to 20 kN/m, but by approximately
18.71, 18.63, and 18.09% for 15 kN/m live load at 8 m length
of beam and grades of concrete are 55, 75, and 85 MPa.

6.2 Effect of concrete grade on optimum cost of HSC T-
beam

When 4 m length of beam, 55 MPa concrete grade, and 10
kN/m dead load, the optimum cost of HSC T-beam is 14.791
$/m at 1.5 kN/m live load, these costs increased by about 1.72
and 4.02% when the grade of concrete increased to 75 MPa
and 85 MPa respectively. But the optimum cost reached
17.189 $/m at 15 kN/m live load and it increased by about 1.44
and 3.36% when the grade of concrete increased to 75 MPa
and 85 MPa respectively. At 20 kN/m dead load, the optimum
cost of HSC T-beam reached 16.242 $/m at 1.5 kN/m live load,
these costs increased by about 1.52 and 3.55% when the grade
of concrete increased to 75 MPa and 85 MPa respectively. But
the optimum cost reached 19.196 $/m at 15 kN/m live load and
increased by about 0.001 and 0.22% when the grade of
concrete increased to 75 MPa and 85 MPa respectively. Also,
optimal costs increased for the 6 and 8 m beam length when
the grade of concrete increased from 55 to 75 MPa and to 85
MPa as seen in Tables 1-3 and Figures 3-5. In general, these
results are consistent with those of Ferhat [1] and Fedghouche
[18].

6.3 Effect of length of beam on optimum cost of HSC T-
beam

At 10 kN/m dead load, when increased the HSC T- beam
length from 4 to 6 m, increased the optimal cost of a beam at
15 kN/m live load by approximately 27.69, 23.29, and 21.29%
when the concrete grade was 55, 75, and 85 MPa, respectively.
However, at 1.5 kN/m live load, no increase in optimal cost
was seen. When the length increase from 6 to 8 m, the optimal
cost of a beam at 1.5 kN/m live load increased by
approximately 42.64, 42.42, and 42.23% when the concrete
grade was 55, 75, and 85 MPa, respectively. While, at 15 kN/m
live load, the optimal cost increased by approximately 44.69,
45.48, and 46.15%. Also, when the length increase from 4 to
8 m, the optimal cost of a beam at 1.5 kN/m live load increased
by approximately 42.55, 41.79, and 40.81% when the concrete
grade was 55, 75, and 85 MPa, respectively. While, at 15 kN/m
live load, the optimal cost increased by approximately 84.75,
79.36, and 77.27%.

For 20 KN/m dead load, when increased the HSC T- beam
length from 4 to 6 m led to increase the optimum cost of beam
by about 28.43, 27.65, and 27.13% when the grade of concrete
is 55, 75, and 85 MPa, respectively at 1.5 kN/m live load.
While, at 15 kN/m live load the optimal cost increased by
about 47.66, 47.23, and 44.72%. But, when increased the HSC
rectangular beam length from 6 to 8 m led to increase the
optimum cost of beam by about 32.16, 30.52, and 30.17%
when the grade of concrete is 55, 75, and 85 MPa, respectively
at 1.5 kN/m live load. While, at 15 kKN/m live load the optimal
cost increased by about 32.99, 33.28, and 33.58%. But, when
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increased the HSC rectangular beam length from 4 to 8 m led
to increase the optimum cost of beam by about 69.74, 66.6,
and 65.5% when the grade of concrete is 55, 75, and 85 MPa,
respectively at 1.5 kN/m live load. While, at 15 kN/m live load
the optimal cost increased by about 96.38%, 96.22%, and
93.32%. In general, these results are consistent with those of
Ferhat [1] and Fedghouche [18].
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S 20 Load 4 oy poe SOt Gem) p% Cost$/m
Z 18 | (t/m") P7 $im pe
S 16 A 025 303 143 1530 314 173 21.374
14 1 0.5 305 173 16544 354 153  22.799
12 4 075 322 183 17811 373 153 24.238
10 - 10 376 153 19202 405 143 25652
025 05 075 1 123 15 125 413 143 20583 423 143  27.027
Live load (t/m’) 15 436 143 21948 44 143  28.345
(2) At 10 kN/m dead loads (b) f Tis 75 MPa
38 P Live 10 KN/m Dead Load 20 KN/m Dead Load
36 f'c=55 MPa Load Cost
9 nf :c= 75 MPa (Wm’) dcm) p% $/m d(cm) p% Cost$/m
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Live load (t/m') 0.25 30 143 15622 304 183 21.801
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0.75 30.1 203 17938 322 203 24.014
1.0 315 213 19117 357 183 25339
1.25 34.3 203 20342 383 173 26,573
15 39.2 173 21549 411 163 27.841

Figure 5. Optimum outcomes for the 8 m span beam with a
live load

Table 1. Results of reinforced HSC T-beams 4 m span length

with optimal design of examples 1 and 2 Table 3. Results of reinforced HSC T-beams 8 m span length

with optimal design of examples 1 and 2 when f Tis

(a) f tis 55 MPa
Live 10 KN/m Dead Load 20 kN/m Dead Load

(@) f Tis55 MPa

Load Live 10 KN/m Dead Load 20 KN/m Dead Load
5w d{m) p% Cost$/m p % Cost $/m Load d Cost d Cost
(Um’) (cm) (tm")  (cm) p % $/m (cm) p % $/m
0.25 30 0.53 14.834 30 0.83 16.247
05 30 063 15.305 30 093 16.718 0.25 30.7 1.93 21.894 42.4 1.73 28.394
: ' ' ’ ’ 0.5 30 2.43 23.783 46.3 1.63 30.371

0.75 30 0.73 15776 30.1 1.03 17.241

1.0 30 0.83 16.247 30.1 1.13 17.714

1.25 30 093 16.718 30.1 1.23 18.294

15 30 1.03 17189 313 1.23 19.196
(b) f Tis 75 MPa

Live 10 kN/m Dead Load 20 KN/m Dead Load

075 357 203 25783 504 153 32302

10 404 183 27813 528 153 34157

125 456 163 29807 551 153  35.951

15 497 153 31756 573 153  37.697
(b) f T is 75 MPa

Load d Live 10 kKN/m Dead Load 20 KN/m Dead Load
w d(m) p% Cost$/m p % Cost $/m Load d Cost d Cost
(m’) (cm) wm) @m P em  em) PP $m

0.25 30 053 15081 30 083 16494 0.25 30 203 22146 371 223 28241

05 30 063 15552 30 093  16.965 05 306 233 24001 424 193  30.023
0.75 0 073 16023 30 103 17436 075 318 253 25883 472 173 3L772

10 30 083 16494 30 113 17.907 10 364 223 27698 51  1.63 33.565
125 30093 16965 301 123 18435 125 406 203 29483 55 153 35326

L5 30 103 17436 301 1.33 18907 15 452 18 31273 554 163  37.099

(©)f ¢ is 85 MPa () Cis 85 MPa
Live 10 kN/m Dead Load 20 kN/m Dead Load Live 10 kN/m Dead Load 20 kN/m Dead Load
Load
wn d(m % Cost$/m %  Cost$/m Load d Cost d Cost

e o cm) Wm) (@m P”  om cm) P $/m
0.25 30 053 15411 30 083  16.824 025 30 203 22476 362 233 28515
05 30 063 15882 30 093  17.295 05 306 233 24337 402 213 30236
0.75 0 073 16353 30 103  17.766 075 318 253 26231 446 193  31.98
1.0 30 083 16824 30 113 18237 10 348 243 28016 495 173 33773
125 30 093 17295 301 123  18.766

1.25 38.7 223 29.772 53.2 1.63 35451

15 0 103 17766 301 133  19.238 15 428 203 31494 572 153 37.191
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7. CONCLUSIONS

This study focused on the creation of T-section beams made
of reinforced HSC at the lowest possible cost. The issue was
approached analytically using a set of limitations that adhere
to the criteria of the ACI code and a least cost design criteria.
The fy, f’c, I, di, b, and bw are constant parameters. And the d,
As, and p are design variables. The maximum reinforcement
steel ratio is typically used in the conventional design
approach to produce the beam cross-section. The study
described in this paper comes to the following conclusion:

1) This study suggests a user-friendly way for creating
reinforced high strength concrete T-beams that are
optimally designed. The MATLAB® computational
environment was used throughout the entire
computational implementation process.

2) The computer programs and formulas proposed in this
work performed satisfactorily in dealing with the
challenges of beam design at the lowest possible cost.

3) The actual program is fairly simple to operate, and the
results can be understood without the aid of tables or an
abacus.

4) The relative costs of concrete, steel, and formwork
material, which vary from region to region and over time,
have a significant impact on the actual results.

5) With this modeling, the equality and inequality criteria are
completely satisfied at the local minimum.

6) The actual outcomes are greatly dependent on the starting
setup and the chosen material costs.

7) The optimum cost, optimum reinforcing steel ratio, and
optimum effective depth are not significantly affected by
raising the live load while keeping the beam length and
concrete grade constant. However, as the concrete grade
is raised while keeping the live load value constant, this
impact increases.

Increasing the dead load has a big impact on the results.
The optimal cost, reinforcing steel ratio, and effective
depth of a high strength concrete T-beam all increased as
the dead load increased for the same beam length,
concrete grade, and live load.

In comparison to other segments that are produced by
utilizing the conventional design process, the optimal
segment is relatively affordable.

8)

9)

8. RECOMMENDATIONS FOR FUTURE WORK

(1) Study optimal design of other types of structural
members for reinforced concrete (as a rectangular beam,
columns, foundations, and slabs) and structural steel; (2)
Optimum design for whole structures.
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