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An engineering team consists of a civil engineer, an electrical engineer and an
environmental engineer. They have been contracted by a local council to manage the
design and construction of a five metre long pedestrian bridge across a narmow creek
in a public park.

Outline how each of these engineers would contribute to the successful completion
of this project.

Civil Engineer ;

« Responsible for design, construction and hand over to the client.
*  Design would involve engaging consultant structural engineers for the design
calculations and Material selection.

* Supervision of construction, work health and safety, supporting sub contractors,

organising resources, i.e machines, accounts, labour.
Electrical Engineer;

« Design and placement of all electrical aspects associated with the project
« Organise and supervise sub contractors for installation
«  Final testing for safety and certification

Environmental Engineer ;

« Preparation of Environmental Impact Statement for the client and relevant
authorities.

« Engage an ecologist to supervise minimum impact on flora and fauna during
construction.

« Conduct environmental audits during construction

« Design and supervise site regeneration on project completion
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Which row of the table correctly identifies the project responsibilities of a civil engineer

when planning a new highway?
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(2)  Improvements to materials over the past 200 years have changed the significant design
features of civil structures. These features include:
e the height of the structures
o thelength of unsupported spans
o theload carried by structures
o the expected lifespan of structures.

(i) Outline how the improvements to materials have affected these features.

Over the past 200 years improvements in materials such as from timber to steel reinforced concrete
have enabled the length of unsupported spans to increase. Reinforced concrete can support large
compressive and tensile loads thus withstanding higher bending stresses. Reinforced concrete is also
readily formed into large cross sectional shapes. Steel has also been improved using carbon and
other alloying elements such as silicon and manganese causing increases in strength and corrosion
resistance.
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(i) Discuss how society has been affected by the changes to these features.

Anincrease in unsupported spans used in structures such as bridges and roadways has enabled
efficient personal and public transportation with less distance to be travelled. This has led to more
efficient transportation of people, goods and services reducing travel time and harmful gas
emissions. Increased height of structures has led to higher office and residential buildings. More
people can be accommodated in a smaller local area. This has allowed people access to services and
entertainment in a close proximity but has also led to overcrowding and increased demand on
public services.
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(b)

Explain why timber truss bridges are able to span greater lengths than timber beam

bridges.

 Span of beam is limited to length of timber

e Atruss bridge eliminates most bending forces and are not limited in
span to one timber length. That is truss members have to withstand

tensile stress or compressive stress but not bending stress.

~ e ltis possible to work out the magnitude and direction of the forces in a
- truss member and to make the individual members different sizes

- depending on their location in the truss.

- ¢ To save weight thin flexible cables can be used in place of solid members
if the member is in tension.
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(c)

List the advantages and disadvantages of sandstone as a building material

Advantages.

High compressive strength.
Durable

Naturally occurring

Easily shaped

Aesthetic colour and texture.
Weather and fire resistant

Disadvantages

Low tensile strength
Heavy
Cannot be artificially produced.
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Bridge design and construction is influenced by materials and their properties.
For each of the bridges shown below explain how the particular materials used influenced the

design

(a)  sandstone arch bridge built by convict labour in Tasmania, finished in 1836.

Sandstone is strong in compression and weak in tension. Arch members are in

compression so sandstone was a suitable and readily available material




image13.png
(b)

Steel Sydney Harbour Bridge, completed in 1832.
The Sydney Harbour Bridge and Gladesville Bridge both incorporate an arch in their design.
Explain how the design of the components supporting the deck in each bridge was
influenced by the properties of the materials used.

The arch of the Sydney Harbour Bridge is “trussed “ arch with other trusses
joining the two arches utilising both the tensile and compressive strength of ~
steel. The vertical supports are in compression and made of steel as this
material has strong compressive strength. The hangers are in tensionand ~ ~
made of steel as this material has strong tensile strength and must support -

the weight of the reinforced concrete deck. -
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(b)  Concrete bridge at Gladesville, completed in 1964,

The vertical decking supports between the arch and the roadway are made —
of concrete which is strong in compression. The bridge supports the _
roadway on a concrete arch. The arch was built from pre cast segments that __
were assembled on supports and post tensioned in place utilising the .
tensile strength of steel.

\0)  TECAST, oSt TeNSIONes, pre-siressed CONCIete, DX GIraer DrIge, Compieted in 50U,

® Prestressed concrete exhibits strong tensile and compressive properties.

© Concrete takes compressive forces while steel takes tensile forces.

© Box girders ( due to substantial removal of material) allows for longer,
lighter, rigid spans.

© Precasting gives a better finish and ease of assembly

© The supports are made of reinforced concrete as it is strong in
compression.





image15.png
Anzac Bridge in Sydney, a cable stayed bridge, completed in 1995.

This cable stayed bridge utilises the tensile strength of steel and the
compressive strength of concrete. The steel cables that suspend the roadway ~—
are under tension as are the stressing tendons that compress the concrete
deck. The 120 metre high reinforced concrete towers are under compressive ~
loads induced by the dead load of the bridge together with the live load of the -

traffic.
Steel Cables offer high tensile strength, high strength to weight ratio, can expand greater
distances as cable lengths can be far longer than conventional steel members. Also, steel (for
the'use of cables) over other cable materials such as rope, (or vines — as in the question’s
Introduction) also provides uniformity of factors such as strength, quality control, consistent
diameter, weight, aesthetics, and 5o on.
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Large suspension bridges have been used to span waterways but are now less likely to be built
Current solutions include concrete box girder and cable-stayed bridges.

(a)  Describe social factors that encourages long span lengths in bridge design.

© Aesthetically and environmentally fewer towers look better

e Most people have access to some form of transport and wish to travel
further in comfort.

° Time and distance of travel can be saved because large spans provide a
means of crossing wide rivers which in the past could not have been
crossed meaning a much longer journey around such an obstacle.

Greater spans means being able to span larger waterways so improving
distances people can travel between destinations.

b)  Describe engineering factors that encourage long span lengths in bridge design.

° Having less supports means there is less ground penetration resulting in
less construction time

o Suspension bridges are cost effective and efficient in engineering and
design requirements.

© The construction of cable stayed bridges can take greater loads, the
spans can be increased or the beam can be reduced in size saving
material and also reducing the size of the supporting piers.

(e} Discuss the changes in bridge building technology and societal needs that have lead to the
development of box girder and cable stay designs. You may use the photographs on the
Previous pages to support your answer.

o Improved strength to weight ratio
© Fewer support towers needed meaning less ground penetration and less -

visual pollution. _
o Maximum stiffness for minimum weight -
e Ease of transport brought about by greater demand for bridge lengths
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{a)

(ii)

Civil, Mechanical and Electrical Engineers are heavily involved with the development and
construction of civil structures. Explain the roles of these Engineers.

(i) Ciil Engineer

Civil Engineer - Civil Engineering is the planning, development, design, testing
and construction and maintenance within the fields of roads, buildings,
bridges, dams, water supply, transportation, communication towers. They
analyse drawings and blueprints before construction takes place to ascertain
the suitability of the design, materials selection and environmental impact.

Mechanical engineers tum energy into power

Mechanical Engineer  and motion. Mechanisms (machines, tools and
equipment) are designed, produced, tested and
improved by mechanical engineering teams.
Mechanical engineers also work in the areas of
‘transport, energy and construction, working on
projects including:

Trains, cars, forklifts and trucks.

Power generation.

Cranes and lifts.

Individual ~ machines and their

component parts.

Mechanical engineering applies knowledge of

‘materials, energy and structures.

Electrical Engineer o
Electrical engineering is concered with the

way electrical energy is generated and used.
Electrical engineering teams are involved in

plaming, making and using products, ~
equipment and systems. Electrical engineering
covers areas such as:

 Power generation including solar wind
and coal systems development, ———
‘maintenance and distribution.
o Electrical manufacturing, electronics,
and computer systems.
o Telecommunications.
‘This area also provides the power, systems and

products that make our lives safer (traffic lights,
smoke detectors, earth leakage detection

devicesetc.). .
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Electrical Engineer
Electrical engineering is concerned with the

— way clectrical energy is generated and used.
Electrical engineering teams are involved in

plamning, making and  using  products, ~

covers areas such as:

© Power generation including solar wind

equipment and systems. Electrical engineering

and  coal systems development, ——

‘maintenance and distribution.
o Electrical manufacturing, electronics,
and computer systems:
o Telecommunications.
This area also provides the power, systems and
‘products that make our lives safer (traffic lights,
smoke detectors, carih leakage ~detection
devices etc.).




image19.png
(b)  Discuss how collaboration between different types of engineers in the construction
industry contributes to high standards of safety.

The structural engineer is responsible for the design and analysis of any
material used in the construction of the project. He is responsible for ensuring”
the strength and rigidity of the materials used. This ensures that the project
will meet all safety standards. He is also responsible for ensuring the workers -
and any site visitors adhere to the strictest safety guidelines. -

He must liase with the civil engineer regarding any disruption to pedestrian
and vehicular traffic which could be caused by either the construction or the
transporting of materials. He must also liase with the electrical engineer to
ensure all electrical installations meet the highest safety standards.
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Modern metal-framed bus shelters are replacing the older masonry and timber-framed shelters,
similar to the styles shown in the photographs.

Older style bus shelter

(a)  Outline the social factors that have influenced this change of style.

© Greater visibility for bus drivers and commuters -

© Aesthetic appeal -

© Cheaper to construct and maintain

 Safer for commuters due to construction materials making the shelter
open and light.

(b)  Timber was used as a construction material in older style shelters. Outline the reasons for
this choice of material.
—  Availability of timber at the time of construction

o Ease of building style at the time of construction

o Easy to work on site

© Cost effective at time of construction
* Reasonable service life if maintained.

(c)  Suggest a suitable material that could be used for the frame of the modern style shelter.
Justify the choice of material.

Aluminium frames could be used as they are lightweight with a good strength
to weight ratio. They are also corrosion resistant due to the formation of a
passive oxidised layer or the addition of powder coating .

Galvanised iron could be used as it has excellent compressive and tensile
strength so would provide a rigid structure. It would need some form of
protection against corrosion such as paint or powder coating.
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Explain TWO benefitsof using pre-stressed concrete bearns ir
to reinforced concrete beams.

e srmssee Lonts
TS, O fies CREMTER Bemmue, SebueTns. Aup. £ Levzee
Span Dog THE TREsTRESSCD. L 2 Loty





image21.png




image22.png
iTeachE1EY]




image23.png
iTeachE1EY]




