CAREERS THROUGH MATHS: STRUCTURAL ENGINEER

JOB DESCRIPTION

A Structural Engineer is a professional civil engineer responsible for the design,
analysis, and assessment of the 'bones and muscles' that create the form and shape of
man-made structures. Their primary objective is to ensure these structures can
withstand the stresses and pressures of their environment, including gravity, wind,
snow, and seismic activity, while remaining durable, functional, and safe for the
public. In the UK, this involves rigorous adherence to British Standards (e.g., BS EN
1990, the Eurocodes) and building regulations, ensuring every beam, column, and
foundation is meticulously calculated to perform as intended.

The daily work environment is a blend of office-based design and on-site liaison. A
typical day might involve using specialised software to create and analyse 3D models
of a new residential tower in London, calculating load paths for a bridge
refurbishment in Scotland, writing detailed technical reports for clients and
architects, and visiting construction sites to inspect workmanship and resolve
unforeseen challenges. They work closely with architects, contractors, and other
engineering professionals, making their role highly collaborative and
communicative.

Mathematics is the absolute bedrock of this profession. Every decision is
underpinned by mathematical principles. For instance, before a single brick is laid
for a new NHS hospital, a structural engineer will have performed thousands of
calculations to determine the size of foundations needed to support the weight (dead
load), the capacity of floors to hold patients and equipment (imposed load), and the



strength of frames to resist high winds (lateral load). This mathematical rigour is what
guarantees public safety and turns an architect's vision into a buildable, stable, and
efficient reality.

HOW MATHEMATICS IS USED

* Statics and Dynamics: This is the fundamental area of mechanics dealing with
forces and their effects on stationary and moving bodies. Structural engineers use
statics to analyse all forces acting on a structure to ensure it remains in
equilibrium. For example, calculating the bending moments and shear forces in a
steel beam supporting a floor in a Manchester office block, or determining the
tension in the cables of the Millennium Bridge in London. Dynamics is crucial for
assessing how structures respond to dynamic loads, such as evaluating a
skyscraper’s response to wind gusts to prevent uncomfortable swaying or
analysing the impact of vibration from a new railway line near existing buildings.

Calculus (Differential and Integral): Calculus is essential for modelling and
solving complex problems involving change. Differential calculus is used to find
the rate of change of deflection in a beam under load, which is key to
determining its maximum deflection and ensuring it meets serviceability limits.
Integral calculus is used to calculate areas and volumes under curves, which is
vital for determining the centroid (centre of mass) of complex cross-sections, a
critical step in analysing a member's bending resistance. For instance, designing
the curved, iconic roof of the Eden Project in Cornwall required extensive use of
calculus to model its unique biomes' stresses and shapes.

Linear Algebra: This branch is used to solve large systems of simultaneous
equations, which is the cornerstone of finite element analysis (FEA). FEA
software, which breaks down complex structures into thousands of small, simple
elements, relies on matrix algebra to solve for displacements, stresses, and
strains across the entire model. When analysing the complex nodal connections
in the steel lattice of The Shard's fagade, engineers used linear algebra within
FEA software to ensure the design could handle immense forces efficiently.

* Material Mechanics: This involves applying mathematical formulas to
understand how construction materials like steel, concrete, and timber behave
under stress and strain. Engineers use Hooke's Law (stress = Young's Modulus X



strain) to predict how much a column will shorten under a compressive load.
They calculate the second moment of area (a geometrical property) to select an
appropriate Universal Beam (UB) section that has sufficient stiffness to limit
deflection. For a project like the Hindhead tunnel, precise calculations of
concrete's compressive strength and reinforcement steel's tensile strength were
paramount for safety.

* Statistical and Analytical Methods: Statistics and probability theory are
fundamental to modern structural design, which is based on limit state
philosophy. Engineers use statistical analysis to determine characteristic material
strengths (e.g., the concrete strength that 95% of test samples will exceed) and to
model loads that have inherent uncertainty, such as maximum wind speeds or
snow loads with a specific annual probability of being exceeded. This
probabilistic approach ensures structures have a reliably quantifiable level of
safety and performance throughout their design life, as mandated by the UK's
National Annexes to the Eurocodes.

KEY SKILLS & TOOLS

Skill/Tool Application

These are powerful computational tools that use numerical

Finite Element techniques to solve complex structural problems. An engineer
Analysis (FEA) models a structure, applies loads (e.g., UK National Annex
Software (e.g., Tekla wind loads), and the software uses matrix algebra to solve
Structural Designer, millions of equations to output stresses, deflections, and
ROBOT, SCIA reactions. This is used to analyse everything from a simple
Engineer) retaining wall to the complex geometry of the Tottenham

Hotspur Stadium roof.

BIM is a 3D model-based process that is central to UK

o . construction. Structural engineers use it to create intelligent,
Building Information . . . .
data-rich models that integrate with architects and MEP

Modelling (BIM) . . ] .
) engineers. Mathematical data is embedded in every element;
Software (e.g., Revit, . . . . . . .
a column in the model isn't just a line, it's an object with
AutoCAD)

properties like cross-sectional area, moment of inertia, and
material strength, which can be directly extracted for analysis.



Spreadsheet Software
(e.g., Microsoft Excel)

Programming
Languages (e.g.,
Python, VBA)

Specialised Equipment
(e.g., Total Stations,
Strain Gauges)

Technical Report
Writing

Quality Control &
Compliance Checking

Despite advanced software, bespoke spreadsheets remain a
vital tool for quick calculations, developing design tools for
repetitive elements (e.g., standard connection designs), and
processing large sets of site investigation or material test data
using statistical functions to verify compliance with
specifications.

Used to automate repetitive calculations, develop custom
design scripts, and interface with analysis software APIs. For
example, a engineer might write a Python script to parse
output data from an FEA analysis to automatically generate a
summary report for a client, saving hours of manual work.

Used on-site for setting out and verification. A total station uses
trigonometry to calculate precise angles and distances to
ensure elements are built in the correct location. Strain gauges
measure the micro-deformations (strain) in a structural
member under load, providing real-world data to validate the
mathematical models used in design.

The ability to translate complex mathematical findings into
clear, concise reports for clients, architects, and approval
bodies (e.g., local planning authorities) is critical. This
involves presenting calculations, graphs, and conclusions in a
logical manner to gain approval for projects and ensure all
stakeholders understand the structural rationale.

A meticulous, mathematical eye for detail is required to check
drawings and calculations against British Standards and
Eurocodes. This involves verifying that all load factors,
material partial factors, and equations have been applied
correctly to ensure the final design is compliant and safe.

Typical Pathway: The standard pathway begins with strong GCSEs and A-Levels in
Mathematics and Physics, which are essential for university entry. Prospective
engineers then complete a Bachelor of Engineering (BEng) or Master of Engineering
(MEng) degree accredited by the Institution of Structural Engineers (IStructE).
Graduates typically enter the profession as a Graduate Structural Engineer in a
consultancy like Arup, AtkinsRéalis, or Mott MacDonald. To achieve Chartered
Engineer (CEng) status, they must complete a period of Initial Professional
Development (IPD), pass a series of professional reviews with the IStructE, and



ultimately sit the Chartered Membership Exam. This chartered status is the key to
senior roles and greater responsibility.

Industry Demand: Demand for Structural Engineers in the UK remains strong, driven
by government investment in major infrastructure projects like HSZ2 and the Thames
Tideway Tunnel, alongside a sustained need for new housing and commercial space.
The UK government's push for 'net zero' is also creating demand for engineers skilled
in retrofitting existing buildings and designing new, highly efficient structures. The
need for mathematical proficiency is constant, as it is the core skill required to
innovate and meet these complex challenges safely and efficiently.

Real-World Impact: Structural Engineers have a profound impact on the UK's
landscape and safety. They are behind every major project, from the seismic
resilience of The Leadenhall Building ("The Cheesegrater") to the vast roof of
Wimbledon's Centre Court. Their mathematical work ensures the safety of millions of
people every day who live, work, and travel in and around these structures.
Furthermore, by designing efficient and material-optimised structures, they play a
crucial role in reducing the construction industry's environmental footprint and
driving sustainable development across the UK.
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