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BS 6399 Wind Loadings Examples: Understanding Wind Forces on Structures

bs 6399 wind loadings examples provide a practical way to grasp how wind
pressures

a?ect buildings and structures in the United Kingdom. This British Standard, which has
long guided engineers and architects, details the methodology for calculating wind loads
to ensure safety, stability, and durability of constructions. Whether you're designing a
high-rise tower, a residential home, or even temporary structures, understanding wind
load calculations is crucial. In this article, we'll walk through some illustrative examples
based on BS 6399, helping you connect theory with real-world application.

What is BS 6399 and Why Does It Matter?

Before diving into speci?c wind loading examples, it's important to understand what BS
6399 entails. O?cially titled ?Loading for Buildings,? BS 6399 is a set of standards that
helps engineers determine various loads acting on buildings, including imposed loads,
snow loads, and wind loads. Part 2 of this standard focuses on wind loads, providing
formulas and parameters to calculate pressures and forces exerted by wind on di?erent
surfaces.

Wind load considerations are vital because wind can exert signi?cant lateral and uplift
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forces on structures. Ignoring or underestimating these forces can lead to structural
failure, excessive vibrations, or even catastrophic collapse. BS 6399 o?ers engineers a
consistent framework to evaluate these forces based on geographical location, altitude,
terrain roughness, and building geometry.

Key Concepts in BS 6399 Wind Load Calculations

Understanding wind loadings involves several important terms and concepts:

Basic Wind Speed

This is the starting point for wind load calculations. Basic wind speed is the peak gust
speed expected at a height of 10 meters in open terrain with minimal obstructions. BS
6399 provides wind speed maps of the UK, which help identify the design wind speed for a
speci?c site.

Exposure Categories

The terrain around a building a?ects wind speed and turbulence. BS 6399 de?nes
di?erent exposure categories?ranging from open sea or ?at open country (Category 1) to
built-up areas with many large buildings (Category 4). The rougher the terrain, the lower
the wind speed at ground level due to friction e?ects.

Height and Pressure Variation

Wind speed increases with height, so BS 6399 includes factors to adjust wind pressure
depending on the elevation above ground. Pressure coe?cients also vary based on the
shape and orientation of the building surfaces.

Shape and Size Factors
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The wind pressure acting on a building depends on its geometry. Flat surfaces, curved
surfaces, and edges all respond di?erently to wind forces. BS 6399 provides pressure
coe?cients for walls, roofs, and other structural elements to account for these di?erences.
BS 6399 Wind Loadings Examples

Let's explore some practical examples to solidify these concepts.

Example 1: Calculating Wind Pressure on a Low-Rise Building

Imagine a single-storey warehouse located in a suburban area of England. The building
measures 30 meters long, 20 meters wide, and 6 meters high. The site falls under
Exposure Category 3 (suburban terrain). The basic wind speed for this location, according
to BS 6399, is 25 m/s.

Step 1: Determine the reference wind speed at 10 meters height, which is 25 m/s.

Step 2: Calculate the velocity pressure (q), using the formula:

g = 0.613 x V2 (where V is wind speed in m/s)

g =0.613 x (25)2 = 0.613 x 625 = 383.125 N/m?

Step 3: Apply terrain and height factors (based on the exposure category and building
height). For Exposure 3 at 6 m height, the factor might be around 0.8 (this is an
illustrative ?gure; exact factors must be taken from detailed tables).

Adjusted velocity pressure = 383.125 x 0.8 = 306.5 N/m2

Step 4: Multiply by pressure coe?cients for the windward and leeward walls. For a ?at

wall, the windward pressure coe?cient might be +0.8, and the leeward might be -0.5.
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Windward pressure = 306.5 x 0.8 = 245.2 N/m2 (positive pressure)

Leeward pressure = 306.5 x (-0.5) = -153.25 N/m2 (suction)

This calculation tells you how much force per square meter the walls must resist, helping
determine structural requirements.

Example 2: Wind Load on a Pitched Roof

Consider a residential building with a pitched roof at 30 degrees, located in an exposed
coastal region (Exposure Category 2). The basic wind speed here is 28 m/s.

Step 1: Calculate velocity pressure at roof height (say 7.5 m):

g =0.613 x (28)2=0.613 x 784 = 480.6 N/m?

Step 2: Adjust for terrain and height (assuming factor 0.9 for this exposure and height):
Adjusted g = 480.6 x 0.9 = 432.54 N/m?

Step 3: Use pressure coe?cients for the roof slope surface (positive or negative
depending on wind direction). BS 6399 provides coe?cients; for the windward side of a
pitched roof, it could be +0.7, and on the leeward side, possibly -0.5.

Windward roof pressure = 432.54 x 0.7 = 302.78 N/m?

Leeward roof suction = 432.54 x (-0.5) =-216.27 N/mz2

This example highlights how uplift forces (negative pressure) on roofs can be signi?cant,
in?uencing the design of roo?ng ?xings and structural integrity.

Example 3: Wind Load on a Tall Building

For a multi-storey o?ce tower standing at 50 meters tall in an urban center (Exposure

Category 4), the wind load calculations become more complex.
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Step 1: Basic wind speed = 22 m/s

Step 2: Calculate velocity pressure at various heights (since wind speed increases with
height):

At 10 m:

g1l0 = 0.613 x (22)2 = 0.613 x 484 = 296.5 N/m?

At 50 m:

Using height factor, velocity pressure might increase by 1.5 times:

g50 = 296.5 x 1.5 = 444.75 N/m?

Step 3: Apply pressure coe?cients for the building?s faces, considering wind direction and
shape e?ects.

Step 4: Sum forces over the height of the building to determine total wind load.

This example illustrates the importance of considering wind load variation with height and
the cumulative e?ect on tall structures.

Tips for Applying BS 6399 Wind Loadings E?ectively

When working with BS 6399 wind loadings examples, keep the following in mind:

Use Accurate Site Data: Basic wind speed and exposure categories must re?ect

your actual site conditions for precise calculations.

Consider Local Topography: Hills, valleys, or nearby tall structures can modify
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wind ?ow, a?ecting loads.

Check the Latest Standards: BS 6399 has been superseded in some cases by
3.

Eurocode EN 1991-1-4, so ensure you?re using the correct guidelines for your

project.

Consult Structural Engineers: Wind loading calculations are complex and
critical

for safety; professional input is essential.

Factor in Safety Margins: Design loads typically include factors to
accommodate

uncertainties in wind behavior and material performance.

Common Challenges When Working with BS 6399 Wind Loadings
Examples

Although BS 6399 provides a systematic approach, engineers often face challenges such
as:

**Interpreting Terrain E?ects:** Terrain categories may not perfectly represent

complex landscapes, requiring judgment and sometimes wind tunnel testing.
**Accounting for Dynamic E?ects:** Especially for tall or ?exible structures, dynamic
wind e?ects like vortex shedding can cause oscillations not fully captured in static

load calculations.
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**Updating with New Data:** Wind climate data evolves, and older maps or values

might be outdated, impacting load accuracy.

Understanding these challenges helps in applying BS 6399 wind loading principles more
e?ectively and safely.

Integrating BS 6399 Wind Loading Examples into Design Practice
Incorporating wind load calculations early in the design process can in?uence structural
layout, material choices, and even architectural aesthetics. For instance, knowing the
suction pressures on roof surfaces might lead to selecting stronger ?xings or adjusting
roof slopes. Similarly, understanding lateral wind loads could inform the placement of
shear walls or bracing systems.

Using BS 6399 wind loadings examples as a reference, engineers can create models that
simulate wind forces accurately, leading to more resilient and cost-e?ective designs.
Navigating the world of wind load calculations through the lens of BS 6399 wind loadings
examples opens up a clearer understanding of how wind interacts with structures. This
knowledge not only ensures compliance with codes but also promotes safer, smarter
building practices tailored to the unique wind environments across the UK.

Question

Answer

What is BS 6399 and how

does it relate to wind
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loadings?

BS 6399 is a British Standard that provides guidelines for

loading on structures, including wind loads. It speci?es

methods to calculate wind pressures and forces acting on

buildings and structures to ensure safety and structural

integrity.

Can you provide a basic

example of calculating

wind load according to BS

63997

A basic example involves determining the basic wind

speed from the standard, applying factors for terrain,

height, and structure shape, and calculating the wind

pressure using the formula p = 0.613 x V2 x C, where V is

wind speed and C is a shape and exposure factor.

How does BS 6399 classify

terrain for wind loading

calculations?

BS 6399 classi?es terrain into categories based on

roughness and obstructions, such as open country,

suburban, or urban areas. These classi?cations a?ect wind

Vol. 2022, Issue 5
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speed pro?les and pressure calculations on structures.
What are the main factors

considered in BS 6399 for

wind load calculations?

Key factors include basic wind speed, terrain category,
height above ground, structure shape and size, shielding
by other buildings, and importance factors related to the
building's use.

How do you apply BS 6399

wind loadings to a simple

rectangular building?

You ?rst determine the basic wind speed for the location,
select the terrain category, calculate the velocity pressure
at the building height, then apply shape and size factors to
?nd wind pressures on each face of the building, ensuring
to consider internal pressures if openings exist.

Are there worked examples

available in BS 6399 for

wind loading?

Yes, BS 6399 includes worked examples demonstrating

Vol. 2022, Issue 5
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step-by-step calculations of wind loads on various types of
structures, helping engineers apply the standard correctly.
How does BS 6399 account

for wind directionality in

load calculations?

BS 6399 considers wind directionality by evaluating wind
pressures on di?erent faces of a structure, as wind forces
vary depending on exposure and orientation relative to
prevailing wind directions.

What units are typically

used in BS 6399 wind load

calculations?

Wind speeds are usually in meters per second (m/s),
pressures in kilopascals (kPa) or Newtons per square
meter (N/m?), and forces in Newtons (N) or kiloNewtons
(KN).

How does BS 6399 di?er

from Eurocode EN

1991-1-4 in wind loading

examples?

BS 6399 is an older British Standard focusing on

Vol. 2022, Issue 5
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prescriptive calculations, whereas Eurocode EN 1991-1-4
uses probabilistic methods and more detailed terrain and
topography factors, providing a more comprehensive and
modern approach to wind loading.

Can BS 6399 wind loading

examples be used for

designing o?shore

structures?

BS 6399 primarily addresses wind loading on buildings and
civil engineering structures on land. O?shore structures
typically require specialized standards considering marine
and aerodynamic factors beyond BS 6399's scope.

**Understanding BS 6399 Wind Loadings Examples: A Professional Review**

Vol. 2022, Issue 5

bs 6399 wind loadings examples are critical references for structural engineers,

architects, and construction professionals aiming to ensure the safety and durability of
buildings under wind pressure. BS 6399, a British Standard code, has long provided
guidance on the calculation of wind loads on structures, in?uencing design decisions
across various sectors. This article delves into practical examples of BS 6399 wind

loadings, exploring their application, methodology, and relevance in contemporary

structural engineering.
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Analyzing BS 6399 Wind Loads: Context and Importance

BS 6399, initially published in multiple parts, outlines procedures to determine imposed
loads on buildings, including the crucial wind forces that structures must endure. Wind

load considerations are essential because they can signi?cantly impact the stability and
integrity of constructions, especially in exposed or high-rise buildings.

The standard breaks down wind loading calculations into components such as basic wind
speed, terrain category, height above ground level, and structural geometry. By
interpreting wind pressures accurately, engineers can design structural elements to resist
potential damage caused by wind-induced forces.

Practical application of BS 6399 wind loadings examples helps professionals visualize how
theoretical data translates into real-world scenarios, allowing for safer and more cost-
e?ective designs. The examples also highlight the importance of understanding local wind
patterns and environmental conditions.

Fundamentals of BS 6399 Wind Load Calculation

At its core, BS 6399 Part 2 (Code of Practice for Wind Loads) provides formulas and tables
to calculate the wind pressure acting on a building?s surfaces. The process typically
involves:

Determining Basic Wind Speed (Vb): This is usually derived from regional wind

speed data, considering historical weather records.

Adjusting for Terrain and Height: Terrain roughness a?ects wind speed; urban
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areas with tall buildings slow wind compared to open plains.

Calculating Velocity Pressure (q): Using the formula q = 0.6 VA2 (where V is the
3.

adjusted wind speed in m/s), which represents the kinetic energy per unit area.

Applying Pressure Coe?cients: These account for the shape and orientation of
4.

the building surfaces, a?ecting suction and pressure zones.

This systematic approach ensures that engineers account for various factors in?uencing

wind behavior on structures.

BS 6399 Wind Loadings Examples: Practical Application

To illustrate the application of BS 6399, consider the following examples that emphasize

di?erent structural types and environmental conditions:

Example 1: Wind Loading on a Low-Rise Warehouse

Imagine a single-story warehouse located in a suburban area categorized as Terrain

Category 2. The basic wind speed for this region is 25 m/s. Using BS 6399 guidelines:

Adjust wind speed for height: At 10 meters above ground, the wind speed might

be slightly higher due to less friction.

Calculate velocity pressure: q = 0.6 x (adjusted wind speed)"2.
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Determine pressure coe?cients: Using standard tables for ?at roofs and walls.
3.

Calculate design pressure: Multiplying velocity pressure by pressure
coe?cients

and applying safety factors.

This results in a speci?c pressure value (in N/m?) that the warehouse walls and roof must
withstand. Such calculations help in selecting appropriate cladding materials and
structural reinforcements.

Example 2: High-Rise Building in an Urban Environment

For a 30-story o?ce building in a densely built urban center (Terrain Category 3), where
the basic wind speed reaches 30 m/s, the procedure adapts accordingly:

Height signi?cantly increases wind speed exposure, necessitating a detailed height

pro?le adjustment.

Urban terrain reduces wind speed compared to open terrain, but the building?s

shape creates complex pressure zones including vortex shedding.

Pressure coe?cients for tall buildings incorporate factors for corners, edges, and
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windward/leeward e?ects.

BS 6399 wind loadings examples in this context demonstrate the need for wind tunnel
testing or computational ?uid dynamics (CFD) simulations alongside code-based
calculations to verify design assumptions.

Example 3: Canopy or Lightweight Structure

Lightweight structures such as canopies or temporary shelters require careful wind load
assessment due to their susceptibility to uplift forces. Using BS 6399:

Calculate wind pressure based on local wind speed adjusted for open terrain

(Terrain Category 1).

Apply pressure coe?cients that consider the canopy?s shape and inclination.

Account for possible suction e?ects on the underside of the canopy.

3.

This helps in designing anchorage systems that prevent catastrophic failures during wind
events.

Comparative Analysis: BS 6399 vs. Eurocode EN 1991-1-4

While BS 6399 has been a cornerstone in British structural design, it is essential to
recognize that many practitioners now refer to Eurocode EN 1991-1-4 for wind load
calculations. Comparing these standards reveals di?erences and similarities useful for

engineers transitioning between codes:



Bs 6399 Wind Loadings Examples Printable PDF Vol. 2022, Issue 5

Approach: BS 6399 employs tabular data and simpli?ed formulas based on

historical measurements, whereas Eurocode o?ers a more probabilistic and

comprehensive method, including dynamic e?ects.

Terrain Categories: Both codes classify terrain into categories a?ecting wind
2.

speed pro?les, but with slightly di?erent de?nitions and parameters.

Pressure Coe?cients: Eurocode provides more detailed and complex
coe?cients,

re?ecting advances in research and wind tunnel data.

Safety Factors: Eurocode integrates partial safety factors for actions and
4.

materials, aligning with broader European structural design philosophies.

Despite these di?erences, BS 6399 wind loadings examples remain valuable for their
clarity and ease of application, especially for smaller projects or where Eurocode adoption
is not mandatory.

Advantages and Limitations of Using BS 6399 Wind Loadings

Applying BS 6399 wind loadings o?ers several bene?ts:

Established Framework: Decades of use have proven its reliability and practical
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relevance.

Simplicity: Straightforward calculations make it accessible for routine design
tasks.

Comprehensive Tables: Clearly de?ned coe?cients and wind speed
adjustments

3.
ease the application process.
However, there are also limitations:

Outdated Data: Some wind speed data and assumptions may not re?ect climate

changes or recent meteorological trends.

Lack of Dynamic Considerations: BS 6399 does not fully address dynamic wind
2.

e?ects and vortex-induced vibrations critical for tall, slender structures.

Less Integration with Modern Codes: Increasingly, Eurocode standards are

3.

preferred, potentially limiting BS 6399?s applicability in international projects.

Understanding these pros and cons helps engineers decide when to rely on BS 6399 wind

loadings examples or supplement them with newer methodologies.

Role of Software Tools in BS 6399 Wind Load Calculations

Published by: pipetky-development-10.devops.rebrain.srwx.net Page 17 of 31
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Modern engineering software often incorporates BS 6399 wind load calculation modules,
automating the process and reducing human error. These tools allow users to input site-
speci?c data such as terrain, building height, and shape, quickly generating design wind
pressures.

Advantages of such software include:

Speed and e?ciency in complex calculations.

Visualization of pressure distribution on building surfaces.

Integration with structural analysis and design programs.

3.

Yet, reliance on software demands a strong foundational understanding of BS 6399
principles to verify outputs and ensure compliance with design intent.

In practical engineering work?ows, BS 6399 wind loadings examples serve as essential
benchmarks for understanding wind-structure interactions. While evolving standards and
technologies continue to advance wind load assessment methods, the British Standard?s
clear guidance remains a valuable reference point. Whether dealing with modest low-rise
buildings or complex high-rise projects, appreciating the nuances of BS 6399 calculations
aids in delivering safe and resilient structural designs capable of withstanding the forces
of nature.

BS 6399 wind load calculations, BS 6399 part 2, wind load examples, structural wind
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loading, BS 6399 design, wind pressure on structures, UK wind load standards, BS 6399

load cases, wind load formula BS 6399, wind load analysis examples

Gantry girder design example bs code

gantry girder design example bs code is a crucial topic for civil and structural engineers involved
in the design and construction of large-scale industrial and infrastructural projects. Gantry girders
serve as vital support elements for cranes, bridges, or heavy load-bearing structures, providing
stability and strength. Designing these girders accurately requires adherence to local codes and
standards, such as the British Standards (BS), which ensure safety, durability, and efficiency. This
article provides an in-depth exploration of a gantry girder design example based on BS codes,
outlining the process from conceptual considerations to detailed calculations and code compliance.

Understanding Gantry Girders and BS Code Standards
What Is a Gantry Girder?

A gantry girder is a large, horizontal supporting beam that spans between two or more vertical
supports, often used to carry heavy loads such as cranes or structural components. Its primary
function is to transfer loads safely to the supporting columns or piers. Gantry girders are typically
designed to accommodate dynamic loads, including the weight of cranes, moving loads, and
environmental forces like wind or seismic activity.

British Standards Relevant to Gantry Girders

Designing gantry girders in accordance with BS standards ensures compliance with safety and
guality benchmarks. Key standards include:

- BS 5950: Structural use of timber, steel, and concrete.

- BS EN 1993 (Eurocode 3): Design of steel structures.

- BS EN 1991: Actions on structures, including loads.

- BS 8110: Structural use of concrete (although largely replaced by Eurocode 2).

For steel girders, BS EN 1993-1-1 (Eurocode 3) is particularly important, providing guidelines for the
design of steel members, including load considerations, material strengths, and safety factors.
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Design Process for a Gantry Girder Using BS Code

Designing a gantry girder involves several stages, from initial load assessment to detailed member
design and checking against code requirements.

1. Load Assessment
Before any calculations, it is essential to determine the loads the girder must support:
- Dead loads: Self-weight of the girder, crane rails, and attached equipment.
- Live loads: Crane loads, including maximum lifting capacity, and payload distribution.

- Environmental loads: Wind, seismic forces, and other external factors.

Using BS EN 1991, designers can calculate these loads with appropriate load factors to ensure
safety margins.

2. Structural Configuration and Material Selection
The typical configuration involves selecting a suitable cross-section, such as I-beams, box sections,
or plate girders. Material choices often include:

- Steel grades conforming to BS EN 10025 or BS EN 1993-1-1 standards.

- Ensuring material properties such as yield strength (Fy), ultimate strength (Fu), and ductility.
The choice influences the girder's capacity to resist bending, shear, and axial forces.
3. Preliminary Sizing
Based on load calculations, initial sizing involves estimating the girder?s depth and flange width to

resist moments and shear forces:

- Calculate the maximum bending moment (M) using load data and span length.
- Estimate the section modulus (S) necessary for the girder:
-S =M/ (Fy / safety factor)

This preliminary sizing guides the selection of standard sections.

Detailed Design Calculations
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1. Bending Moment and Shear Force Calculations

Using standard formulas, the maximum bending moment for a simply supported girder under
uniform load (w) over span (L) is:

\[

M_{max} = \frac{wL"2}{8}

\

Similarly, maximum shear force (V) at supports:

\[

V_{max} = \frac{wL}2}

\

These calculations help determine the required section properties.

2. Section Selection and Checks

Select a standard steel section (e.g., I-beam) that can resist the calculated moments and shear:
- Verify the section's moment of inertia (I) and section modulus (S).
- Check the section for bending, shear, and deflection limits per BS standards.

For example, the maximum bending stress (?) is:

\[

\sigma = \frac{MHZ}

\

where Z is the section?s plastic or elastic section modulus.

3. Shear and Local Stress Checks
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Ensure the shear stress (?) does not exceed the permissible shear stress:
\[

\tau = \frac{VHA_{web}}

\

where \(A_{web}\) is the web area. Use BS EN 1993-1-1 to find permissible shear stress values
based on material grade.

Design Example with BS Code Compliance
Let?s consider a practical example to illustrate the process.
Example Specifications
- Span length (L): 12 m
- Uniform load (including dead and live loads, w): 10 kN/m
- Steel grade: S355 (Fy = 355 MPa)
- Support conditions: Simply supported
Step 1: Calculate Maximum Bending Moment
\[
M_{max} = \frac{wL"2}8} = \frac{10 \times 12"2}8} = \frac{10 \times 144}{8} = 180\, \text{kNm}
\
Step 2: Determine Required Section Modulus
Assuming a safety factor of 1.5, the allowable bending stress:
\[
\sigma_{allow} = \frac{FyH1.5} = \frac{355}{1.5} \approx 237\, \text{MPa}

\
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Calculate the required section modulus (2):
\[

Z =\frac{M_{max}H{\sigma_{allow}} = \frac{180 \times 1073\, \text{Nm}}{237 \times 1076\, \text{Pa}}
\approx 0.000759\, \text{m}*3 = 759\, \text{cm}"3

\
Step 3: Select a Standard Steel Section

Suppose an IPE section with a section modulus Z = 800 cm3 is selected, which exceeds the
requirement.

Step 4: Check Shear Capacity

Calculate maximum shear force:

\[

V_{max} = \frac{wL}{2} = \frac{10 \times 12}{2} = 60\, \text{kN}
\

Verify web shear capacity:

\[

\tau_{max} = \frac{VKA_{web}} \leq \tau_{allow}

\

Using BS EN 1993-1-1, the permissible shear stress for S355 steel is approximately 0.6 times Fy:
\[

\tau_{allow} = 0.6 \times 355\, \text{MPa} = 213\, \text{MPa}

\

Design web area accordingly to ensure shear stress is within limits.
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Utilizing BS Code for Structural Detailing and Checks

Once the preliminary design is complete, detailed drawings and calculations must conform to BS
standards. This includes:

- Checking for local buckling of web and flanges.

- Designing welds and connections per BS EN 1993-1-8.

- Ensuring deflection limits are met, typically L/250 or L/360, depending on service conditions.
- Providing adequate corrosion protection and fire rating as per code requirements.

Conclusion: Importance of Code-Compliant Gantry Girder Design

Designing gantry girders according to BS codes is essential for building safe, reliable, and durable
structures. The process involves meticulous load assessment, selection of appropriate materials and
sections, precise calculations, and adherence to standards for detailing and safety. Using a
structured approach, as illustrated in this example, ensures the girder can withstand operational
loads and environmental factors throughout its lifespan. Engineers must stay updated with the latest
standards and best practices to optimize design efficiency and safety.

References and Further Reading

- BS EN 1993-1-1: Eurocode 3 - Design of steel structures ? General rules and rules for buildings

- BS EN 1991-1-4: Actions - Wind actions

- BS 5950: Structural use of steelwork in building

- Structural Steel Design Guides and Manuals

- Software tools like STAAD.Pro, Tekla Structures, or AutoCAD for detailed modeling and
analysis

This comprehensive guide provides a foundation for understanding gantry gir

Gantry Girder Design Example BS Code: A Comprehensive Guide

Designing gantry girders is a critical component in the construction of overhead cranes, bridges, and
large-span structures. Proper adherence to British Standards (BS) codes ensures safety, durability,
and efficiency. This detailed review explores the principles, methodology, and practical example of

gantry girder design according to BS code, providing valuable insights for civil and structural
engineers.

Introduction to Gantry Girder Desigh and BS Code Standards
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Gantry girders serve as horizontal supports for cranes or other lifting machinery, supporting loads
and transmitting forces to the supporting structures. The design process involves calculating the
girder's load-carrying capacity, deflections, and stability, all within the framework of BS standards.

Key BS Codes Involved:

- BS 5950: Structural use of steelwork

- BS EN 1993 (Eurocode 3): Design of steel structures (adopted into UK standards)
- BS 8110: Structural use of concrete (if applicable)

- BS 5400: Steel, concrete, and composite bridges

In particular, BS 5950-1:2000 provides guidelines for the design of steel structures, including gantry
girders, emphasizing load calculations, member design, and connection detailing.

Fundamentals of Gantry Girder Design

Designing a gantry girder involves several key steps:

- Load determination: Dead loads, live loads, wind loads, and seismic effects.

- Structural analysis: Calculating moments, shear forces, and deflections.

- Member sizing: Selecting appropriate cross-sections based on stress and deflection limits.

- Connection detailing: Ensuring joints can transfer forces safely.

- Checking against BS code requirements: Including safety factors, buckling, and stability checks.

Step-by-Step Design Example Using BS Code
Let's consider a practical example to illustrate the design process:
Design Scenario:

- Gantry span (L): 10 meters

- Load capacity (maximum lifting load): 50 tonnes (approx. 500 kN)

- Self-weight (dead load): Estimated based on girder cross-section
- Environmental conditions: Moderate wind, no seismic activity

Step 1: Load Calculation

1.1 Dead Load (DL):
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- Girder weight (based on cross-section and material density)
- Additional fixed components (brackets, fixtures)

1.2 Live Load (LL):
- The maximum crane load, including hoist and trolley weight
- Consideration of impact factors (typically 10-20%)
1.3 Wind Load (WL):
- Calculated using BS EN 1991-1-4 or BS 6399-2
- Wind pressure \( p = 0.6\, \text{kPa} \) (example value)
- Wind force \( F_w = p \times A \), where \( A ) is the projected area
Example Load Summary:
| Load Type | Magnitude | Notes |
— R — —
| Dead Load | 20 kN/m | Girder self-weight |
| Live Load | 100 kN/m | Crane load plus impact |
| Wind Load | 15 kN/m | Lateral force |
Step 2: Structural Analysis

2.1 Shear Force and Bending Moment:

Vol. 2022, Issue 5

Using static analysis for the girder as a simply supported beam with uniformly distributed loads:

- Maximum Bending Moment (M):

\[ M_{max} = \frac{w L"2}8} \]

where \( w)) is the total uniform load per meter.
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- Maximum Shear Force (V):
\[ V_{max} = \frac{w LK2} \]
Calculations:
- Total load \(w =DL + LL + WL =20 + 100 + 15 = 135\, \text{kN/m} \)
-\( M_{max} = \frac{135 \times 10"2}{8} = 1,687.5\, \text{kNm} \)
-\(V_{max} = \frac{135 \times 10}{2} = 675\, \text{kN} \)
2.2 Deflection Check:
Ensure deflections are within permissible limits (e.g., span/500 or span/600), calculated using:
\[ \delta_{max} = \frac{ w L"4}{384 E I} \]
where \( E\) is Young?s modulus, and \( 1) is the moment of inertia.
Step 3: Member Selection and Sizing
3.1 Cross-Section Selection:
- Common sections: I-beams, box sections, or built-up sections
- Use BS 5950 or steel section databases to select a section with sufficient capacity
3.2 Bending Stress:
\[ \sigma_b = \frac{M_{max}}{Z} \]
where \( Z) is the section modulus.
- Ensure \( \sigma_b \leq \sigma_{allow}\) (allowable stress based on steel grade and BS code
limits)
3.3 Shear Stress:

\[ \tau = \frac{V_{max}}{A_v}\]
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-\(A_Vv)\) is the shear area
- Check against shear capacity of the selected section

3.4 Deflection:

- Confirm that the selected section results in deflections within permissible limits.
Step 4: Connection Design and Detailing
- Bolted or welded connections should be designed per BS EN 1993-1-8
- Check bolt shear and tension capacities
- Proper detailing to prevent stress concentrations
Step 5: Stability and Buckling Checks
- Check for lateral-torsional buckling, using BS 5950 or Eurocode methods
- Verify that the slenderness ratio of members is within permissible limits
- Incorporate stiffeners or bracing if necessary
Practical Example: Complete Design Calculation
Below is a simplified outline of the calculations for a typical gantry girder:
Given Data:
- Span \( L = 10\, \text{m}\)
- Steel grade: S275 (allowable stress \( \sigma_{allow} \approx 160\, \text{MPa} \))
- Total uniform load \( w = 135\, \text{kN/m}\)
Step 1: Bending Moment

\[ M_{max} = \frac{135 \times 10728} = 1,687.5\, \text{kNm} \]

Step 2: Selecting Section

- Assume an I-beam with a section modulus \( Z \)

Vol. 2022, Issue 5
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Step 3: Section Modulus Calculation

\[

Z = \frac{M_{max}}\sigma_{allow}} = \frac{1,687.500\, \text{kNm}}{160\, \text{MPa}} =
\frac{1,687,500\, \text{Nm}}{160 \times 10M6}\, \text{Pa}} \approx 10.55 \times 10™{-3}\, \text{m}'3 =
10,550\, \text{cm}*3

\

Select a standard section with \( Z \geq 10,550\, \text{cm}"*3\). For example, a W310x92 section
(from BS EN 1993-1-1 tables) with \( Z \approx 13,000\, \text{cm}*3\).

Step 4: Check Shear Capacity

- Shear capacity \( V_{Rd} = 0.6 \times f_y \times A_v /\gamma_{mO0}\), where \(f_y ) is yield
strength, typically 275 MPa.

- Verify that the shear force \( V_{max} \) does not exceed the section's shear capacity.
Step 5: Deflection Check

- Calculate deflections using the formula for a uniformly loaded simply supported beam.
- Confirm that \( \delta_{max} \leq L/600 ), i.e., approximately 16.7 mm.

Design Detailing and Practical Considerations
Material Selection:

- Use steel conforming to BS EN 10025 S275 or S355 standards.

- Ensure corrosion protection, especially for outdoor gantries.
Connection Detailing:

- Bolted joints designed per BS EN 1993-1-8.

- Use high-strength bolts, ensuring bolt tension and shear capacities are adequate.
- Proper weld detailing to avoid stress concentrations.
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Fabrication and Erection:

- Design for ease of assembly.
- Incorporate sufficient stiffeners to prevent local buckling.
- Use temporary bracing during erection.

Safety and Code Compliance:

- Incorporate safety factors as stipulated in BS 5950 and Eurocode.
- Perform stability and buckling checks.
- Consider dynamic effects if the gantry supports moving loads or cranes.

Summary and Best Practices
Designing gantry girders in accordance with BS code involves a rigorous process of load analysis

QuestionAnswer What are the key considerations in designing a gantry girder according to BS
codes? The key considerations include load analysis (dead and live loads), material selection,
structural stability, deflection limits, and compliance with BS standards such as BS EN 1993-1-1.
Proper detailing for connections and support conditions are also essential. How can | perform a load
calculation for a gantry girder using BS code guidelines? Begin by identifying all applicable
loads?dead load from the girder itself, live loads from the supported equipment or traffic, and any
environmental loads. Apply the load combination rules as specified in BS EN 1991 and BS EN
1993-1-1, considering factors like load factors and partial safety factors to ensure safety and
compliance. What are the common materials used for gantry girders as per BS standards?
Structural steel is the most common material used for gantry girders, typically S355 or S235 grade
steels, complying with BS EN 10025 standards. Material selection depends on load requirements,
span length, and environmental conditions, with considerations for corrosion protection if necessary.
Can you provide a simplified example of a gantry girder design calculation based on BS codes?
Yes, a typical simplified example involves calculating the maximum bending moment using load data
and span length, selecting an appropriate section from BS 5950 or BS EN 1993-1-1, and checking
the section's bending and shear capacities against the calculated demands, ensuring compliance
with deflection and strength limits specified in the codes. Where can | find detailed BS code
examples for gantry girder design? Detailed examples are available in BS standards documentation
such as BS EN 1993-1-1 (Eurocode 3) and supplementary guidance documents. Engineering
textbooks, design manuals, and online resources from structural engineering institutions also
provide practical examples and step-by-step calculations.
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