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Chapter 1:
Types of Structures and Loads



Introduction

e Structures refer to a system
of connected parts used to
support a load

e Tallest buildings
* Long-span bridges



http://www.infoplease.com/ipa/A0001338.html
http://www.tkk.fi/Units/Departments/R/Bridge/longspan.html

Structures

* Classification of structures
* Beam structures
* Arch structures
* Truss structures
* Domes and shells
e Columns and frames

* Structural elements
*Tie rods
*Beams
e Columns

simply supported beam

cantilevered beam

fixed-supported beam

e _als

continuous beam

JT | g

column

beam column


http://nisee.berkeley.edu/godden/godden_a.html
http://nisee.berkeley.edu/godden/godden_b.html
http://nisee.berkeley.edu/godden/godden_d.html
http://nisee.berkeley.edu/godden/godden_e.html
http://nisee.berkeley.edu/godden/godden_f.html

Issues

* How are they designed?

* How are they built?

* How safe are they under
earthquake, typhoon, or terrorist
attack?




A typical structural engineering project




Structural Analysis

Factors:
Load, Temperature, etc.

Performance
Deformation, Stress, etc.




Objective of this Course

* To analyze, comprehend and present the behavior of
structural systems under external effects

CILO2
Able to comprehend &
present analysis results

Roadmap

ClLo1
Able to analyze the

behavior of structures

* Determinate structures (CILO1-1)
* Reactions & internal forces
(Chap 3 & 4) Milestone #1
* Influence lines (Chap 6) Milestone #2
» Deflections (Chap 8 & 9) Milestone #3
* Indeterminate structures (CILO1-2)
* Reaction & internal forces
(Chap 7, 10, 11 & 12)
+ Deflections (Chap 10 & 11)

¥

Ability to analyze, comprehend and
present the behavior of structural
systems under external effects

CILO3
Able to perform
experiments, verify &
interpret results




Loads

* Design loading for a structure is often specified in codes

* General building codes STRUCTURES
» Design codes skl

for Highways and Railways

Third Edifion

BRILDINES

TABLE 1-1 = Codes

General Building Codes

Minimum Design Loads for Buildings and Other Structures,
SEI/ASCE 7-05, American Society of Civil Engineers
International Building Code

Design Codes

Building Code Requirements for Reinforced Concrete, Am. Conc. Inst. (ACI)

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

Standard Specifications for Highway Bridges, American Association of State
Highway and Transportation Officials (AASHTO)

National Design Specification for Wood Construction, American Forest and
Paper Association (AFPA)

Manual for Railway Engineering, American Railway Engineering
Association (AREA)

HIGHWAYS DEPARTMENT

The Govermment of the Hong Kong 'n'
Special Administrative Region

Code of Practice for
Dead and Imposed Loads 2071



Loads

» Types of load
* Dead loads
* Weights of various structural members
* Weights of any objects that are

TABLE 1-2 * Minimum Densities for Design

attached to the structure Loads from Materials*
Ib/fe  kN/m’
Aluminum 170 26.7
Concrete, plain cinder 108 17.0
Concrete, plain stone 144 22.6
Concrete, reinforced cinder 111 17.4
Concrete, reinforced stone 150 23.6
Clay, dry 63 9.9
Clay, damp 110 17.3
Sand and gravel, dry, loose 100 15.7
Sand and gravel, wet 120 18.9
Masonry, lightweight solid concrete 105 16.5
Masonry, normal weight 135 21.2
Plywood 36 5.7
Steel, cold-drawn 492 T7.3
Wood, Douglas Fir 34 5.3
Wood, Southern Pine 37 5.8
Wood, spruce 29 4.5

*Reproduced with permission from American Society of Civil
Engineers Minimum Design Loads for Buildings and Other Struciures,
SEIVASCE 7-05. Copies of this standard may be purchased from ASCE
at 345 East 47th Street, New York, NJY. 10017-2295,



TABLE 1-3 + Minimum Design Dead Loads*

Walls pst  kN/m’
4-in. (102 mm) clay brick 39 1.87
8-in. (203 mm) clay brick 79 378
12-in. (305 mm) clay brick 115 5.51
Frame Partitions and Walls

Exterior stud walls with brick veneer 48 230
Windows, glass, frame and sash 8 0.3%
Wood studs 2 % 4in., (51 x 102 mm) unplastered 4 0.19
Wood studs 2 % 4in., (51 x 102 mm) plastered one side 12 0.57
Wood studs 2 % 4in., (51 x 102 mm) plastered two sides 20  0.96
Floor Fill

Cinder concrete, per inch (mm) 9  0.017
Lightweight concrete, plain, per inch (mm) 8 0.015
Stone concrete, per inch (mm) 12 0.023
Ceilings

Acoustical fiberboard 1 0.05
Plaster on tile or concrete 5 0.24
Suspended metal lath and gyvpsum plaster 10 0.48
Asphalt shingles 2 010
Fiberboard, 5-in. (13 mm) 075  0.04

*Reproduced with permission from American Society of Civil Engineers Minimum Design
Logds for Buildings and Other Structures, SEVASCE 7-05. Copies of this standard may be

purchased from ASCE at 345 East 47th Street, New York, NY. 10017-2395.



Appendix A

Denzity of Materialz

Aaterials Drensity (EN/m*)
Concrete (pormal weaizhe Flain 236
aggregate, with or without PEA) Peinforced 245
Prestressad 245
Brck and block work Brick work 217
Concrete blocks 206
Mdptals Abprinnmm 272
Brass 833
Bronze BT
Coppar BT.T
Irom {cast) T07
Irom (wrought) 54
Lead 1110
Sieal TI0
Imc 0.0
Dfortar Cement moTtar 23
Fypsumn mormar 18
Lime-cemanf Iuortsr 20
Lime mortar 18
Matural stone Granite 20
Mlarbla 27
Baszzl: 30
Sandstons 25
Slare 23
Wood Timibear Feefer to suppliers spacifications
Hardboard 11
Chipboard B
Elywood &
Elockboard 5
Wond-woel &
Criher meterials Glass 24
Sail 20
Acrylic shest 12
Aszphalnc concrete 25
Mastic asphalt 18

Hat rolled asphalt




Example 1.1

The floor beam is used to support the 1.83m width of lightweight plain
concrete slab having a thickness of 102mm. The slab serves as a portion
of the ceiling for the floor below & its bottom coated with plaster. A
2.44m high, 305mm thick lightweight solid concrete block wall is directly

over the top flange of the beam. Determine the loading on the beam
measured per m length of the beam.

<0914 111/"'/, ] _ ~--102 mm



Loads

* Live loads (Imposed loads)
* Varies in magnitude & location
* Building loads

* Depends on the purpose for which the building is designed
* These loadings are generally tabulated in local, state or national code

TABLE 1-4 . Minimum Live Loads*

Live Load Live Load
Occupancy or Use psf kN /m? Occupancy or Use pst KN /m?

Assembly areas and theaters Residential

Fixed seats 60 2.87 Dwellings (one- and two-family) 40 1.92

Mowable seats 100 4.79 Hotels and multifamily houses

Dance halls and ballrooms 100 4.79 Private rooms and corridors 40 1.92

Garages (passenger cars only) 50 2.40 Public rooms and corridors 100 4.79
Office buildings Schools

Lobbies 100 4.79 Classrooms 40 1.92

Offices 50 2.40 Corridors above first floor 80 3.83
Storage warehouse

Light 125 6.00

Heavy 250 11.97

*Reproduced with permission from Minimum Design Loads for Buildings and Other Structures, ASCE T7-05.



Loads

Table 3.2

COde Of Practice for Minimum Imposed Loads

Dea d an d | m posed Loa d S 2011 Class Use Examples of Specific Use g4 (LPa)

1 Floors for Diomestc uses 2.0
domestic w2 ["nerores 2.0
Table 3.1 and Drivate sittine bedrooms and
Classification of Floor Uses residentisl - rivate sliting TOGIS, herroms ~
. toilet rooms in hotels, motels and 2.0
actvitiss ’
cl v suasthonses
55 e Wards, bedrooms and totlet rooms in
1 Flaars for donestic use ard residenral activitas bospitals, nursing bowmes and 1.0
2 Floors for offices and other non-industrial work places éi?i?]‘__m' care hames for elderty
3 Floors where people may congregate E-atim:u:u:us. (load from Jacuzzi i
4 Floars for shopping purposes bathrooms shall be asseszad 2.0
5 Floars for storage, equipinent, plant snd industrial usa separately aud on individnal basis) '
] Araas for vehicular maffic Pantries' 2.0
7 Roofs Hitchens' 2.0
B Affilizted ulding elements 2 Floors for Madical consulting or maament 13
offices and [oOLms B

oeher non- Hospital operating theares and H-ray "=

indusmizl = R 2.5
rooms

work places

Labaoratories 30

Lizht workrooms with neither central

power-driven machines nor storage 3.0
(Orffices for general use 3.0
Fooms for hghtweight electrical and .
electronic installations +
Fooms for meters and not for 1.0
storage’

Paniries’ 3.0
Bankmg halls 4.0
Hitchens and laundries not in a0

domesnc buildings

Projection rooms' 5.0




Loads

* Highway Bridge loads
* Primary live loads are those due to traffic
* Specifications for truck loadings are reported in AASHTO

* For 2-axle truck, these loads are designated with H followed by
the weight of truck in tons and another no. gives the year of the
specifications that the load was reported

i-— 14 feet —'—i ATDI_ ‘ I J | ’ ‘
01w S LT - 55,6 KN 424 kKN 1424 kN
= ; s N Aoadiiiagid
5 5 0ire” ©

S F LTI PESRRp——— 1 T Ry

=—4.27 1 —
H20-44 8 kips 32 kips ] (427 m-9.14 m)
H15-44 6 kips 24 kips Wz Total meight of truck and loed select sp&n‘ylg to
cause maximum
siress

HS 20—4 loading

2-axle truck

with semi-trailer



Loads
* Railway Bridge loads

320 kN 320 kN 208 kKN 208kN 320 kN 320 kN 208 kN 208 kN
160 kN 320 kN 320k 208 kKN 208 kN160 kN 320 kN 320 kN 208 kKN 208 kN

/\/ rnrulll1

[244m| | _|_ 274 m]| l |”44m1244m| |2"4m |

of) |
! 152 m 1'. 2 152 An 152fm | 152 m 1_r52 m 52m 152m
1.52 1.83 m 1.52m 1.83m 1.5

E-72 loading



Loads

* Wind loads
* Kinetic energy wind = potential energy of pressure

* Depends on density & flow of air, angle of incidence,
shape/stiffness of structure & roughness of surface

* Can be treated as static or dynamic

Ticensed exclusiven 1o SABS.
ing and netw rage prohibite

Code of Practice on Wind Effects
in Hong Kong
2004

SANS 10160-3:2018
Edition 2

EUROPEAN STANDARD EN 1991-1-4:2005+A1
NORME EUROPEENNE
SOUTH AFRICAN NATIONAL STANDARD EUROPAISCHE NORM April 2010

ICS 91.010.30

English version

Basnf of strlfclural design and.actions for: bulldings Eurocode 1: Actions on structures - Part 1-4: General actions -
and industrial structures Wind actions

Part 3: Wind actions

WARNING
This document references other
documents normatively.




Loads

* Earthquake loads

* Earthquake produce loadings through its interaction with the
ground & its response characteristics

* Their magnitude depends on amount & type of ground
acceleration, mass & stiffness of structure

* During earthquake, the ground
vibrates both horizontally & vertically

lumped mass
of roof

lumped mass
of columns




Loads

* Hydrostatic & Soil Pressure

* The pressure developed by these loadings when the structures are used to retain water
or soil or granular materials

e E.g. tanks, dams, ships, bulkheads & retaining walls
e Other natural loads

* Effect of blast

* Temperature changes

 Differential settlement of foundation



Structural Design

e Material uncertainties occur due to

* variability in material properties
e residual stress in materials

* intended measurements being different from
fabricated sizes

* material corrosion or decay

* Many types of loads can occur simultaneously on a
structure



Structural Design

* |In working-stress design, the computed elastic stress in the
material must not exceed the allowable stress along with
the following typical load combinations as specified by the

ASCE 7-02 Standard
* Dead load
e 0.6 (dead load) + wind load
* 0.6 (dead load) + 0.7(earthquake load)



Structural Design

e Ultimate strength design is based on designing the ultimate strength
of critical sections

* This method uses load factors to the loads or combination of loads
1.4 (Dead load)
1.2 (dead load) + 1.6 (live load) + 0.5 (snow load)
* 1.2 (dead load) + 1.5(earthquake load)+ 0.5 (live load)
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