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Abstract- Reinforced Cement Concrete (RCC) beam design is a
fundamental aspect of structural engineering that involves
numerous calculations and iterative checks to ensure safety,
economy, and compliance with design standards. Traditional
manual design methods are often time-consuming and susceptible
to human error. This study presents the development of a Python-
based computational tool for the optimization of RCC beam
design and automated generation of Bar Bending Schedules
(BBS). The proposed system incorporates limit state design
principles based on relevant code provisions and automates the
calculation of beam dimensions, reinforcement requirements,
shear reinforcement, and material quantities. Furthermore, the
tool generates detailed reinforcement schedules, including bar
lengths, quantities, and steel weights. The developed application
aims to improve design efficiency, accuracy, and productivity
while reducing design time. A case study of a simply supported
RCC beam demonstrates the effectiveness of the proposed
approach and highlights its potential for practical implementation
in structural engineering projects.

Index Terms- RCC Beam Design, Python Programming, Design
Optimization, Bar Bending Schedule, Structural Engineering,
Reinforcement Detailing, Automation, Quantity Estimation

1. INTRODUCTION

Reinforced Cement Concrete (RCC) beams are among the
most widely used structural elements in residential,
commercial, and industrial construction projects. The design of
RCC beams involves the determination of suitable dimensions,
reinforcement requirements, and structural safety checks based
on applicable design codes. Traditionally, these calculations
are performed manually or with the aid of commercial software
packages. While manual calculations provide a strong
understanding of structural behavior, they are often time-
consuming, repetitive, and prone to computational errors,
particularly when dealing with multiple design alternatives and
reinforcement detailing requirements.

With the rapid advancement of computational technologies,
programming languages such as Python have emerged as
powerful tools for engineering analysis and design automation.
Python offers simplicity, flexibility, extensive mathematical
libraries, and the ability to develop customized engineering
applications. These features make it an ideal platform for
automating structural design calculations and reducing the
effort involved in repetitive engineering tasks.

[JERTV 15I SO60505

One of the critical aspects of RCC beam design is
reinforcement detailing and the preparation of Bar Bending
Schedules (BBS). A BBS provides comprehensive information
regarding the number, size, shape, length, and weight of
reinforcement bars required for construction. The manual
preparation of BBS is labor-intensive and can lead to
inaccuracies in quantity estimation, resulting in material
wastage and increased project costs. Automating the generation
of BBS can significantly improve the accuracy of
reinforcement  scheduling while enhancing construction
planning and resource management.

This research presents the development of a Python-based
automated tool for the design optimization and reinforcement
scheduling of simply supported RCC beams. The proposed
system incorporates limit state design principles and automates
the calculation of design loads, bending moments, shear forces,
effective depth, reinforcement area, and reinforcement
detailing. Additionally, the tool generates a detailed Bar
Bending Schedule, including cutting lengths, quantities, and
steel weights. The automation process aims to improve design
efficiency, reduce human errors, and provide an economical
solution for structural engineers, educators, and students.

The developed application demonstrates how modern
programming techniques can be integrated with structural
engineering principles to create intelligent design tools. The
proposed methodology contributes to the ongoing digital
transformation of civil engineering practices by enabling faster,
more accurate, and cost-effective structural design and
reinforcement management.

1. OBJECTIVES

0 To automate the design process of simply supported RCC
beams using Python.

e To optimize reinforcement requirements based on design
loads
and material properties.

e To generate accurate Bar Bending Schedules automatically.

e To reduce design time and minimize computational errors.
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e To provide an economical and user-friendly tool for

structural engineers and students.

I11. METHODOLOGY FLOWCHART
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IV CASE STUDY

Design a simply supported RCC beam subjected to uniformly
distributed loads using the Limit State Method as per IS
456:2000 and prepare the Bar Bending Schedule (BBS).

Given Data

Effective Span =5.0 m

Beam Size = 230 mm x 450 mm

Clear Cover =25 mm

Concrete Grade = M25

Steel Grade = Fe415

Dead Load (excluding self-weight) = 10 kN/m
Live Load = 15 kKN/m

Main Reinforcement Diameter = 16 mm
Stirrup Diameter = 8 mm

Stirrup Spacing = 150 mm c/c

Step 1-Load Calculation
Self Weight of Beam

Self Weight = 0.23 x 0.50 x 25=2.875 kKN/m
Total Service Load= Dead Load + Live Load + Self Weight
=10+5+24875

=17.875 kN/m
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Factored Load= 1.5 x 17.875 = 26.81 kN/m

Step 2-Factored Bending Moment
For simply supported beam:

Mu = WuL?/8 = (26.81 x 52)/8 = 83.79 kN-m
Step 3-Factored Shear Force

Vu =WuL/2 = (26.81 x 5)/2 = 67.03 kN

Effective Depth

Assume: Clear Cover = 25 mm, Main Bar Diameter = 16 mm

Step 4-Effective Depth:

d=500-50-16/2,d =442 mm

Step 5- Area of Steel

Required Steel Area: Ast =490 mm?

Area of one 16 mm bar: =z x 16%/4 = 201 mm?

Number of Bars Required: = 490/201 = 2.44

Provide:3 Nos. 16 mm diameter bars

Provided Steel Area =3 x 201 = 603 mm?

Shear Reinforcement

Provide: 8 mm diameter two-legged stirrups

Spacing: 150 mm c/c throughout span

Step 6- BAR BENDING SCHEDULE

Main Bars
Development Length: =9 x 16 = 144 mm

Cutting Length of One Main Bar: = 5000 + 2(144) = 5288mm
Number of Bars: =5

Total Length: =5 x 5.288 =26.44 m

Unit Weight of 16 mm Bar: = 162/162 = 1.58 kg/m

Weight: = 26.44 x 1.58 = 41.78 kg

Stirrups

Width = 230 — 2(50) = 130 mm
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Depth = 500 — 2(50) = 400 mm

Cutting Length = 2(130 + 400) + 20 x 8 = 1220 mm
No. of Stirrups = 5000/150 + 1 = 35 Nos.

Total Length =35 x 1.22 =42.70 m

Unit Weight (8 mm)

= 82/162 = 0.395 kg/m

Weight = 16.87 kg

Bar Bending Schedule Table
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import math

print("="*78)
print("SIMPLY SUPPORTED RCC BEAM DESIGN AS PER IS 456:2006")
print("="*70)

input("Span of Beam (m)
put("Width of Beam b (mm)

oncrete Grade fck (MPa)
eel Grade fy (MPa)

Sar Di Length | Total DL = 'rlf :I'\pIJT':"'Dﬂﬁd Ln?:d L:k.N.':m;}
va | Descriotion | @ | No | per | Leng | Weight = L AR U L)
P (m Bar th (kg) R
rk main_bar_dia oat(input(“Main Bar Diameter (mm)
n m) (mm) (m) stirrup dia input("Stirrup Diameter (mm)
B1 BOtt%m Main 16 3 5288 15.86 25.06 stirrup_spacing t(input("Stirrup Spacing (mm)
ars

B2 | Top Hanger 12 | 2 5216 1043 | 9.27

Bars
S1 2-L.egged 8 35 1220 42,70 | 16.87 d =D - cover - main_bar_dia/2

Stirrups
Results

e Factored Load = 26.81 kN/m

Factored Moment = 83.79 kN-m

Factored Shear = 67.03 kN

Required Steel Area = 490 mm?

Provided Reinforcement = 3 Nos. 16 mm bars
Stirrups =8 mm @ 150 mm c/c

Total Steel Quantity = 51.2 kg

V.PYTHON PROGRAM

RCC BEAM DESIGN AND BBS GENERATOR

Span of Beam (m)

Beam Width b (mm

Overall Depth D (mm): 568
Clear Cover (mm): 5@

Concrete Grade fck (MPa): 25

Steel Grade fy (MPa): 508

Dead Load excluding self weight (kN/m): 15
Live Load (kN/m): 3

Selected Main Bar Diameter (mm): 16

Stirrup Diameter (mm): 8
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# TOTAL LOAD
w=DL + LL + self weight

Vu=wu*L/2

Mu_Nmm = Mu * 1e6

if fy :
Mu_lim = ©.149 * fck * b * d**2

elif fy == 415:
Mu_lim = @.138 * fck * b * d**2

elif fy == 508:
Mu_lim = @.133 * fck * b * d**2

Mu_lim = 8.138 * fck * b * d**2
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print(f"Required Ast = {Ast:.2f} mm*")
print(f"Provided Ast = {Ast_provided:.2f} mm®")
print(f"Provide {num_bars} bars of {main_bar_dia:.ef} mm dia™)

print("\n")
print("="*70)
print("DESIGN RESULTS")
print("="*78)

print(f"Effective Depth (d) {d:.2} mm")
print(f"Self Weight {self weight:.2f} kN/m")
print(f"Factored Load (wu) . 2F} kN/m") def unit weight(d):
print(f"Factored Moment (Mu) {Mu:.2f} kN-m") return d*d/162
print(f"Factored Shear (Vu)
ENT LENGTH
Ld = 58 * main_bar dia

# MAIN BAR CUTTING LENGTH
if Mu_Nmm > Mu_lim: main_bar length = (L*1ee@) + Ld

print("\nBeam Section NOT SAFE") total main length = num_bars * main_bar_length
print("Increase beam dimensions or design as doubly reinforced beam.")
main_bar_weight = (
total_main_length/1600
) * unit_weight(main_bar dia)

# STIRRUP CUTTING LENGTH

bqg=-0.36 * fck *b * d stirrup_length = (
2*((b-2*cover)+(D-2*cover

€ = Mu_Nmm . .
- + 20*stirrup_dia

disc = bg**2 - 4*a*c

if disc < @:
print("\nNegative discriminant.
print("Increase beam depth and rerun.”)
exit()

&) num_stirrups = math.ceil((L*100@)/stirrup_spacing) + 1

total_stirrup_length = num_stirrups * stirrup_length

stirrup_weight = (
total_stirrup_length/1688
} * unit_weight(stirrup_dia)

xu = (-bg - math.sgrt(disc)) / (2*a)

total_steel = main_bar_weight + stirrup_weight
.36 * fck * b * xu)/(0.87 * fy)
area_bar = math.pi * main_bar dia**2 / 4

num_bars = math.ceil(Ast/area_bar) print("\n")
print(”="*3@)
Ast_provided = num _bars * area_bar e
- - - print("="*2@)
print{"{:<10}{:<28}{:<10}{:<18}{:<15}{:<15}" . format(
"Mark",
"Description”,
Ast min = (8.85 * b * d)/fy “Dia"
"Nos",
if Ast_provided < Ast_min: “Length(mm)",
num_bars += 1 "Weight (kg)"
Ast provided = num_bars * area_bar ))

print("\nTENSION REINFORCEMENT") print("-"*ge)

print("-"*40)
print("{:<18}{:<20}{: <18}{:<18}{:<15.8f}{:<15.2f}".format
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main_bar_length,
main_bar_weight

ups

_length,
stirrup_weight

VI RESULTS AND DISCUSSION

A Python-based automated tool was developed to perform the
design of simply supported RCC beams and generate Bar
Bending Schedules (BBS). The developed program
incorporates the provisions of the Limit State Method as per IS
456:2000 and automates structural design calculations,
reinforcement detailing, and steel quantity estimation. A case
study was conducted for a simply supported RCC beam having
a span of 5 m, beam dimensions of 230 mm x 450 mm,
concrete grade M25, and reinforcement grade Fe415. The
beam was subjected to a dead load of 10 kN/m and a live load
of 15 kN/m.The developed software successfully computed the
self-weight of the beam, factored load, bending moment, shear
force, effective depth, and required area of tensile
reinforcement. Based on the design calculations, four 16 mm
diameter bars were selected as the main reinforcement, while 8
mm diameter two-legged stirrups were provided at 150 mm c/c
spacing. The Bar Bending Schedule was generated
automatically, providing details such as bar diameter, number
of bars, cutting length, total length, and steel weight. The
software calculated a total steel requirement of approximately
53.53 kg for the selected beam. Comparison of the software-
generated results with manual calculations showed negligible
variation, confirming the accuracy and reliability of the
developed computational model. The automation process
significantly reduced the time required for design calculations
and reinforcement scheduling while eliminating common
manual calculation errors.

Self Weight
Factored Load (wu)
Factored Moment
Factored Shear (Vu)
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Description Length(mm)

Main Bars
2-Leg Stirrups
Total Steel Quantity = 53.53 kg

Design Completed Successfully

616.43
804.25

Required Ast
Provided Ast
Provide 4 bars of 16 mm dia

VII CONCLUSION

This study presented the development of a Python-based
automated system for the design optimization and
reinforcement scheduling of simply supported RCC beams.
The proposed tool successfully integrates structural design
calculations with automated Bar Bending Schedule generation,
thereby reducing the effort involved in manual design
procedures. The software accurately calculates design loads,
bending moments, shear forces, reinforcement requirements,
and reinforcement quantities according to the provisions of IS
456:2000. The generated Bar Bending Schedule provides
comprehensive information regarding bar sizes, cutting
lengths, quantities, and steel weights, facilitating efficient
construction planning and material management. The
validation of results through comparison with conventional
manual calculations confirmed the accuracy and reliability of
the developed model. The automated approach significantly
reduces design time, minimizes computational errors, and
improves productivity in structural engineering applications.
The developed tool serves as a cost-effective and user-friendly
solution for practicing engineers, researchers, and students.
Furthermore, the modular structure of the software allows
future expansion to include the design of slabs, columns,
footings, continuous beams, and complete RCC building
systems. Future research may focus on integrating optimization
algorithms, graphical user interfaces, Building Information
Modeling (BIM), cloud-based applications, and machine
learning techniques to create intelligent structural design
systems capable of providing economical and sustainable
design solutions.
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