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Chapter (1): Introduction to Structural Engineering Concepts 

1.1 Engineering Design Process 

Conceptual Stage: 

 Needs are identified then objectives are expressed to meet these needs 

 Input from: 

o Clients 

o Governmental regulatory agencies 

o Architects, planners, and engineers 

Preliminary Design Stage: 

 Creative ideas by the engineers 

 Keep in mind construction aspects 

 Thorough consideration of expected loads on the structure at all construction stages 
and during occupancy of the finished structures. 

 Sizing of structural elements for safety and serviceability 

 Architectural Constraints  

o Simplicity & Duplication 

o Fabrication & Construction Procedures 

 Preliminary design approximate theories of structural analysis are used to minimize 
time during this phase 

Selection Stage: 

 At this stage, all alternatives 
are presented and all parties 
involved participate in the 
selection stage so the final 
design stage can begin 

Final Design Stage:  

 Loads are determined in 
greater accuracy than the 
preliminary stage. 

 All loading combinations are 
examined in this stage. 

 Structural analysis is carried 
with greater accuracy than the 
preliminary stage with the 
elimination of all 
approximations 

 The results are presented in 
sets of drawings and 
specifications showing  

o Sizing of Members 

o Detailing 

o Quality of workmanship 

o Design/building codes used. 

o Bill of Materials 

o Total Cost 

 

Figure 1-1: Summary of structural engineering design process 
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1.2 Structural Analysis 

 Structural Analysis: the determination of the structural response to specific loads and 
actions. 

 Response: measured by establishing the forces and deformations throughout the 
structure 

 Analysis: based on engineering mechanics theory, laboratory research, experience, 
and engineering judgement 

1.3 Structural Form 

The form of the structure depends on many considerations as: 

 Functional requirements 

 Aesthetic (Beauty) requirement 

 Surface and subsurface conditions 

 Material availability 

 Construction Expertise 

 Economical limitations 

 Environmental impact 

 Safety 

1.4 Structural Elements: 

1.4.1 Tie Rods: 

 Subjected to tensile force only. 

 They are slender. 

 They are referred to as “tie rods” and “bracing ties” 
 They are made from bars, angles, and channels. 

 Strength is limited only by material strength 

  

Figure 1-2: Tie Rods 

1.4.2 Beams: 

 Usually straight, horizontal members used to resist bending moments and shear 
forces. 

 Classified to the way they are supported. 

 Resist shear force and bending moment. 
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Figure 1-3: Steel and concrete beams 

1.4.3 Columns: 

 Vertical elements resisting axial compressive loads. 

 When subjected to both bending moments and axial load, they are referred to as 

“beam column” 
 Susceptible to buckling which limits the strength of the member 

 

Figure 1-4: Steel and concrete columns 

1.5 Types of Structures: 

Combination of structural elements is referred to as a “structural system”. Some Examples 

are: 
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1.5.1 Trusses: 

 Used for large spanned structures. 

 Consist of slender elements arranged in a triangular fashion. 

 Two major types: Planner and Space. 

 Convert outside loads to compression and tension forces in members.  

  

Figure 1-5: Steel and timber trusses 

1.5.2 Cables and arches: 

 Used to span long distances. 

 Cables are flexible and carry the loads in tension. 

 Arch achieves its strength in compression. 

 Arch must be rigid. 

  

Figure 1-6: Cables and arches 

1.5.3 Frames: 

 Composed of beams and columns that are pinned or fixed. 

 Extents in two or three dimensions. 

 Its strength is derived from the moment interaction between beams and columns. 
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 Economical when using small beams and larger columns due to beam column action. 

   

Figure 1-7: Steel and concrete frames 

1.5.4 Surface Structures: 

 Made from materials (flexible or rigid) having very small thickness compared to its 
other dimensions. 

 They take several shapes like “thin plates” or “shells”. 
 They support loads mainly in tension or compression with very little bending. 

 Three-Dimensional 

  

Figure 1-8: Examples of surface structures 

1.6 Codes and Loads types and categories: 

1.6.1 Codes: 

 The design loading for structures is often specified in codes such as: 

o Minimum Design Loads for Buildings and Other Structures ASCE 7-16 

o International Building Code – 2018 (IBC-2018) 
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Figure 1-9: ASCE and IBC codes 

 Design codes provide detailed technical standards used to establish actual structural 

design. Some Examples: 

o Building Code Requirements for Reinforced Concrete by American Concrete 
Institute (ACI) 

o Steel Construction Manual, by American Institute of Steel Construction 
(AISC) 

o British Standards (BS) 

o EURO Code (European Code) 

    

Figure 1-10: ACI and AISC codes 

1.6.2 Load Types: 

 Concentrated loads: 

o Applied over relatively small area 

o Examples: Column loads, Vehicular wheel load 
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Figure 1-11: Concentrated load 

 Line loads: 

o Distributed along a narrow strip of the structure 

o Examples: Beam self-weight, weight of wall or partition 

 

Figure 1-12: Line load 

 Surface loads: 

o Distributed over an area of the structure 

o Examples: floor and roof loads 

 

Figure 1-13: Surface load 
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1.6.3 Load Categories: 

 Dead Load: 

o Weight of the various structural members and the weights of any objects that 
are permanently attached to the structures. 

o For a building, dead loads include weight of: 

 

 Roof Slab  Walls 

 Floor Slab  Windows 

 Beams  Plumbing 

 Girders  Electrical Fixtures 

 Columns  Ducts 

o The dead loads can be calculated knowing the densities and dimensions of the 
structural components. 

o The unit weights of typical building materials can be found in codes and 
standards. 

o For loads associated with service equipment, they can be obtained from the 
manufactures.  

o They are usually small for small structures and errors can be neglected. Yet, 

for multistory structures the error is high and cannot be ignored. 
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 Live Loads: 

o Vertical loads due to human occupancy, snow, rain ponding, furniture, 
partition walls and moveable equipment.  

o Horizontal (lateral) loads due to wind, earthquake, water pressure, 
blast/explosion, collision, etc. 

o Loads produced through construction or occupancy of the structure. 

o They can be caused by weights of objects temporarily placed on a structure, 
moving vehicles, or natural forces. 

o Can be categorized to: 

 Occupancy loads of buildings (ASCE-7) 

 Traffic loads for bridges (AASHTO) 

 Impact loads 

 Applied over a very short period of time 

 Have greater effect on the structure 

o Moving loads: 

 Dynamic significance. 

 Change over a period of time. 

o Codes have established its data based on studying the history of such loads. 

o Types of live loads: 

 Building Loads  Snow Load 

 Highway Bridge Loads  Earthquake Loads 

 Railroad Bridge Loads  Hydrostatic Pressure 

 Impact Loads  Soil Pressure 

 Wind Loads  Other Environmental Loads 

 Floors are assumed to be under uniform live loads which depend on the purpose for 

which the building is designed. 

 These loads are usually tabulated in adapted code. 

 These values include some protection against overloading, emergency situations, 

construction loads, and serviceability requirements due to vibration. 

 Environmental loads: 

o Snow and ice loads 

o Rain loads 

 Accumulation of rainwater on flat roof (ponding) 

 Avoid by providing (2%) slope and design adequate drainage. 

o Wind loads 

 Causes forces, vibrations, and (in some cases) instability 

 Depends on 

 Wind speed 

 Mass density of the air 

 Location of the structure 

 Geometry of the structure 

 Vibrational characteristics of the system 
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o Earthquake loads 

 It is the common dynamic loading associated with the ground 
movement 

 It affects the base of the structure 

 The rest of the structure is affected due to inertia 

 Creates horizontal shear forces and deflections 

 Depends on 

 Nature of the ground movement 

 The inertia response of the structure 

Figure 1-14: Types of loads 
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