
Chapter 1
Types of  Structures & Loads



Introduction

• Structure refers to a system of  connected parts used 

to support load, such as Buildings, Bridges, 

towers, Stadiums, ……………. etc.
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Introduction

• Structural Analysis involves the prediction of  the 

performance of  a given structure under prescribed 

loads and/or other external effects, such as 

support movements and temperature changes.

• The fundamental purpose of  a structural analysis 

is to determine the magnitudes of  force and 

displacement for each element of  a design system 

for a given set of  design loads. 
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Structural Elements

Some of  the more common elements from which structures are 

composed are as follows:

➢Tie Rods. Structural members subjected to a tensile force are often 

referred to as tie rods or bracing struts. 



➢Beams are usually straight horizontal members used primarily 

to carry vertical loads. Quite often they are classified according 

to the way they are supported

Structural Elements



➢Columns are Members that are generally vertical and resist axial 

compressive loads. Occasionally, columns are subjected to both an 

axial load and a bending moment (beam column).

Structural Elements



Type of  Structure
➢ Trusses consist of slender elements, usually arranged in 

triangular fashion. Due to the geometric arrangement of its 

members, loads that cause the entire truss to bend are 

converted into tensile or compressive forces in the members. 



➢ Cables are usually flexible and carry their loads in tension.  

They are commonly used to support bridges, and building 

roofs.

Type of  Structure



➢ Arches achieve their  strength in compression. The arch must 

be rigid, however, in order to maintain its shape, and this results in 

secondary loadings involving shear and moment, which must be 

considered in its design. 
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➢Frames are often used in buildings and are composed 

of  beams and columns that are either pin or fixed 

connected. Frames members are subjected to axial, shear 

and moment

Type of  Structure



Surface structures are made from a material having a

very small thickness compared to their other dimensions. 

Sometimes this material is very flexible and can take the form of 

a tent. Surface structures may also be made of rigid material such 

as reinforced concrete (thin plates or shells).
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Loads

➢ Codes
a) General Building Codes 
Specify the requirement of  minimum design load on structures

1. ASCE

2. IBC



Loads
➢ Codes
b) Design Code
Used to establish the requirement for the actual structural design

➢ACI : American Concrete Institute. “Building Code Requirements 
for Reinforced Concrete“

➢AISC: American Institute of  Steel, “Manual of  Steel 
Construction”

➢AASHTO: American Association of  State Highway and 
Transportation Officials, “Standard Specifications for Highway 
Bridges”

➢AREA: American Railway Engineering Association, “Manual for 
Railway Engineering”.



➢ Euro-Codes

EN 1990 Eurocode 0: Basis of Structural Design
EN 1991 Eurocode 1: Actions on structures
EN 1992 Eurocode 2: Design of concrete structures
EN 1993 Eurocode 3: Design of steel structures
EN 1994 Eurocode 4: Design of composite steel and 

concrete structures.



➢ Euro-Codes  -Continue

EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for  
earthquake resistance

EN 1999 Eurocode 9: Design of aluminum 
structures



Dead Load

Consist of the weight of the various structural members 

and weight of any object that permanently attached to the 

structure



Dead Load



Dead Load



Dead Load



Dead Load

10cm

20cm

3m

1.0m
1.0m

The floor beam used to support the 2 m width of lightweight plain

concrete slab having thickness of 10cm. The slab serve as a portion

of the ceiling for the floor below, and therefore its bottom is coated

with plaster. Furthermore, an 3m high, 20 cm-thick hollow blocks

wall with block dimension (40×20×20cm) and weight (20 kg ≈ 0.2

kN) for each block, is directly over the top flange of the beam.

Determine the loading on the beam measured per one meter of the

length of the beam

Solution
From Table 1-3 
Floors: Lightweight concrete 0.015 kN/m2 per (mm)

15 kN/m3

Plaster on tile or concrete 0.24 kN/m2

Concrete Slab (0.015)(100)(2) = 3kN/m

Plaster Ceiling (0.24)(2) = 0.48 kN/m

Block Wall (0.2 kN)(2.55)(3m) = 7.5 kN/m

------------------------------------------------------------

Total load = 10.98 ≈ 11.0 kN/m



Live Load

• Building Loads

• Highway Bridge Loads

• Railroad Bridge Loads

Can vary both in  their magnitude and location 



Live Load



Where

L Reduced design live load per square meter supported by the member.

L0 Unreduced design live load per or square meter area supported by the 
member.

KLL Live load element factor. For interior columns KLL=4

AT Tributary area in square meters.

237.2 mLL Ti K Af 

Live load Reduction

➢ For some types of buildings having very large floor areas
➢ Many codes will allows a  reduction in the uniform live load for a  

floor, since it is unlikely that the prescribed live load will occur 
simultaneously throughout the entire structure at any one time
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Live load Reduction

0
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50% for members supporting one floor     

40% for members supporting more than one floor
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Example 1.2



Wind Load

2 2

  

0.613          (N/m )z z zt d e

Wind pressure

q K K K K V=

qz Wind pressure at height z above ground level.

V  The velocity of the wind (m/s) measured 10 m above the ground

Kz The velocity pressure exposure coefficient which is function of height

Kzt A factor that account for wind speed increases due to hills and 

Escarpments for flat ground Kzt=1.0 (topographic factor)

Kd A factor account for direction of wind when subjected to load 

combination For wind acting alone, we will take Kd = 1.0

Ke a ground elevation factor; for a conservative design use Ke = 1.0 
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Wind Load
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Wind pressure

q K K K K V=
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Wind Load
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G Gust factor, which equal 0.85 for rigid structures.

Cp a wall or roof pressure coefficient

(GCpi )  internal pressure coefficient  which depends upon the

type of openings in the building. For fully enclosed

buildings GCpi = 0.18



Wind Load
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Wind Load
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Wind pressure
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h f sF q GC A=

Design Wind Pressure for Signs

qh = the wind pressure evaluated at the height h, measured 

from the ground to the top of the sign.

G = wind-gust effect factor, equal 0.85 for rigid structures.

Cf = a force coefficient that depends upon the aspect ratio 

(width B  to height s of the sign) and the clearance ratio 

(sign height s to the elevation h, measured from the 

ground to the top of the sign). As = the area of the face 

of the sign in m2.

Table 1.6 for B/s =4



Wind Load



Snow Load

0.7 e t gF C C I p=

If a roof is flat, having a slope of less than 5%.

The pressure loading on the roof can be obtained by modifying the ground 

snow loading pg, by the following empirical formula



Snow Load

0.7 e t gF C C I p=

Ce = an exposure factor which depends upon the terrain. 

Ce = 0.8 for a fully exposed roof in an unobstructed area

Ce = 1.2 for roof located in the center of a large city.

Ct = a thermal factor, refers to the average temperature within the building 

Ct = 1.2 for unheated structures kept below freezing, 

Ct = 1.0 for normally heated structure.

Is = the importance factor as it relates to occupancy, 

Is = 0.80 for agriculture and storage facilities, and 

Is = 1.20 for schools and hospitals



Earthquake Load

The total design base shear in a given direction:
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R = Response modification coefficient 
IE = Seismic occupancy importance factor
T = Fundamental period of vibration

Equivalent Lateral Force Analysis

V  = Total Design Base Shear

Cs = Seismic Response Coefficient

W = Total seismic dead load



Earthquake Load

Dynamic Force Analysis



Hydrostatic and Soil Pressure

Other natural Loads
Depending on the structure location or use.

➢ Blast Loading

➢ Temperature changes, 

➢ Differential settlement of the foundation.



Structural Design

• LRFD (Load and resistance factor design)

Load combination example:
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Structural Design

Where:
D = Dead load.
L = Live load, except roof live load.
Lr = Roof live load.
E = Earthquake load.
W = Load due to wind
F = Load due to fluids
H = Load due to lateral earth pressures
R = Rain load.
S = Snow load.
T    = Load due to temperature, shrinkage, creep, 

differential settlement


