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Introduction

A Beam 300 Mm Wide X 450 M Deep Is Simply Supported On A Span Of 6.0
M.Given:Superimposed Uniformly Distributed:Dead sets the stage for a detailed
analysis of a structural element commonly used in civil engineering and
construction. This particular beam, with its specified dimensions and support
conditions, plays a crucial role in load-bearing applications, such as
bridges, floors, or roof structures. Understanding its behavior under various
loads—especially superimposed uniformly distributed dead loads—is essential
for safe and economical design. This article delves into the fundamental
principles governing such beams, the calculations involved in assessing their
strength and deflection, and the practical considerations for their
implementation.

Fundamentals of Simply Supported Beams

Definition and Characteristics

A simply supported beam is a structural element supported at its ends,
typically on piers or columns, allowing it to freely rotate and translate
vertically at those supports. This support condition simplifies analysis
because the reactions at the supports can be determined directly from the
applied loads. Key characteristics include:

e Supports that do not restrain rotation
e Ability to bend under load, developing moments and shear forces

e Commonly used in spans where fixed support conditions are unnecessary or
impractical

Importance in Structural Design

Simply supported beams are foundational components in many structures due to
their simplicity and efficiency. They serve as:



e Primary load-bearing elements in floors and bridges
e Elements that facilitate load transfer to supports

e Units that allow easy inspection and maintenance

Understanding the Given Dimensions and Loads

Beam Dimensions and Support Span

The beam under consideration has:
e Width (b): 300 mm (or 0.3 m)
e Depth (h): 450 mm (or 0.45 m)

e Span (L): 6.0 m

These dimensions influence the beam's moment of inertia, bending resistance,
and deflection characteristics.

Superimposed Uniformly Distributed Dead Load

The term "superimposed uniformly distributed dead load" refers to permanent
loads applied evenly along the length of the beam, such as:

e Self-weight of the beam itself
e Fixed elements like flooring, ceiling finishes, or roofing materials

e Additional permanent fixtures or embedded systems

Accurately estimating these loads is vital for safe design.

Calculating the Self-Weight of the Beam

Material Specification and Density

Assuming the beam is made of concrete, a common construction material, the
density (y) is approximately 25 kN/m3.



Self-Weight Calculation
The volume per unit length (1 m length) of the beam:

e Cross-sectional area, A=b x h =0.3mx 0.45 m = 0,135 m?

e Self-weight per unit length, w self = A x y = 0.135 m2 x 25 kN/m3 =
3.375 kN/m

This value is critical in determining the total load on the beam.

Estimating Total Dead Load

Additional Superimposed Dead Loads

Suppose the superimposed dead load includes:
e Floor finishes: 1.5 kN/m?
e Ceiling and other finishes: 0.5 kN/m?2

e Embedded systems: 0.3 kN/m?

Total superimposed load per unit area:

eq=1.5+0.5+0.3=2.3 kN/m2

The load per unit length along the beam:

e w superimposed = q x breadth = 2.3 kN/m2 x 0.3 m = 0.69 kN/m

Total Dead Load per Unit Length
Total dead load:

ew dead = w_self + w superimposed = 3.375 + 0.69 = 4.07 kN/m

Structural Analysis of the Beam



Maximum Bending Moment

For a simply supported beam with a uniformly distributed load:

M max = (w_total x L2) / 8

where:

- w_total = 4.07 kN/m
-L=6.0m
Calculating:

M max = (4.07 x 6.02) / 8 = (4.07 x 36) / 8 = 146.52 / 8 = 18.31 kNm

Section Modulus and Bending Stress

The section modulus (S) for a rectangular section:

S =(bxh?) /6

Calculating:

S = (0.3 x 0.45%) / 6 = (0.3 x 0.2025) / 6 = 0.06075 / 6 = 0.010125 m3

The maximum bending stress (o0):

e0c=Mmax /S = (18.31 x 103 Nm) / 0.010125 m3® = 1.81 MPa

Note: The conversion from kNm to Nm involves multiplying by 10”3, and the
section modulus is in m3, so ensure units are consistent.

Deflection Analysis

Maximum Deflection Calculation

For a simply supported beam under a uniform load:

ed max = (5 w total L™4) / (384 E I)

where:
- E = modulus of elasticity for concrete (~25 GPa or 25,000 MPa)



- I = moment of inertia

Moment of Inertia of the Section

For a rectangular section:

eI = (b h3) / 12

Calculating:

eI = (0.3 x 0.453) / 12 = (0.3 x 0.091125) / 12 = 0.027338 / 12 =
0.002278 m*

Calculating the Deflection

Plugging in values:

e b max = (5 x 4.07 x 674) / (384 x 25,000 x 0.002278)

Calculations:

- 674 = 1296

- Numerator: 5 x 4.07 x 1296 = 5 x 4,07 x 1296 = 5 x 5280 = 26400

- Denominator: 384 x 25,000 x 0.002278 = 384 x 25,000 x 0.002278 = 384 x
56.95 = 21866.4

Thus:

e 5 max = 26400 / 21866.4 = 1.21 meters

Note: Such a high deflection indicates the need for reinforcement or design
modifications to limit deflection within acceptable limits (typically L/250
to L/360).

Design Considerations and Reinforcement

Reinforcement Requirements

To prevent excessive bending and deflection, reinforcement is necessary:
e Provide tension reinforcement in the bottom fiber

e Ensure adequate stirrups for shear resistance



e Design for crack control and durability

Selecting Reinforcement

Reinforcement design involves:
1. Calculating required steel area based on bending capacity
2. Ensuring concrete cover and spacing comply with standards

3. Using appropriate reinforcement grades and detailing

Safety and Code Compliance

Adhering to Structural Codes

Designing such beams must align with relevant standards such as:
e ACI 318 (American Concrete Institute)
e Eurocode 2

e IS 456 (Indian Standards) or equivalent local codes



