
Introduction to Structural Design

Key concepts, process steps, and essential considerations for creating safe, efficient, and

economical structures.

1. What Is Structural Design?

Aspect Description

Definition
The discipline of determining the size, shape, material, and arrangement of structural

elements so that a building or infrastructure can safely resist loads throughout its life.

Goal
Achieve required strength, stability, serviceability, and durability while meeting

economic, aesthetic, and regulatory constraints.

Scope
Includes bridges, buildings, towers, tanks, pipelines, and any system that must

support loads.

2. Fundamental Principles

Principle Explanation

Equilibrium
Sum of forces and moments = 0. The structure must be statically balanced

under all load combinations.

Compatibility
Deformations of connected members must be compatible (i.e., they fit

together without tearing or overlapping).

Material Behavior
Stress–strain relationships (elastic, plastic, time?dependent) dictate how a

material responds to loads.

Load Path
Loads travel from point of application ? through members ? to foundations

and soil. Clear load paths prevent unexpected stress concentrations.

Redundancy &

Robustness

Alternate load paths allow the structure to survive local failures without

collapse.

Serviceability
Limits on deflection, vibration, cracking, and other performance criteria that

affect usability.

Durability
Resistance to corrosion, fatigue, creep, and environmental degradation

over the design life.
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3. Types of Loads

Load Category Typical Sources Design Treatment

Dead Loads (DL)
Self?weight of structural

elements, permanent fixtures.

Fixed, known values; often multiplied by a

factor (e.g., 1.0).

Live Loads (LL)
Occupants, furniture, movable

equipment.

Variable; use code?specified magnitudes

and load combinations.

Environmental

Loads

Wind, snow, rain, temperature,

seismic, wave, fire.

Determined from climate data, site

classification, and relevant standards.

Construction

Loads

Formwork, temporary supports,

equipment during erection.

Considered only during construction

phases.

Special Loads
Impact, blast, vibration, dynamic

machinery loads.

Analyzed with specialized methods (e.g.,

time?history, response spectrum).

Load combinations are prescribed by design codes (e.g., ASCE?7, Eurocode 1) using safety

factors (?) or load factors (?) to ensure reliability.

4. Design Process Overview

1. Project Definition

Function, occupancy, architectural intent, budget, schedule.

2. Preliminary Conceptual Design

Choose structural system (e.g., frame, shear wall, truss, arch).

Sketch layout, estimate member sizes, and assess feasibility.

3. Load Assessment

Gather dead, live, and environmental loads.

Generate load combinations per applicable code.

4. Analysis

Linear elastic analysis (static, linear).

Non?linear analysis (material, geometric).

Dynamic analysis (modal, time?history, response spectrum).

5. Member Design

Verify stresses, buckling, shear, and deflection limits.
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Select material grade, cross?section, and reinforcement (if concrete).

6. Connection Design

Design bolts, welds, plates, or reinforcement
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