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Stress and Strain – Fundamentals
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(2) A mechanical jack is constructed with pin-jointed struts and a threaded rod
(screw). In the position shown, the axial force in the threaded rod is 7 kN.

Load

StrutA

(o

Hexagonal head

(i) If the effective area of the threaded rod is 175mm’, calculate the
‘magnitude of the stress.
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‘The stress—strain graph indicates typical results for tensile tests on thre different metals.
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The diagrams show 210 mm steel bols in double and single shear.
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‘The bolt in double sheer supports a maximam load of 40 kN.

‘What maximurm load would the bolt in single shear support?

Doukle shear. Snte shons
(A) 10kN L= 5
Yorie® N Lroixp
@) 20w As T s gp. Squst =
© 40kN 2 6 2 = 254777070% 78-Sexso
257 ¥ Poukle =
© s Hew 20 k),

- = ,:?‘ - oyrod e
i$7 ri07h
2254777070 Pa.





image7.png
() A single strand ofthe cable is @2 mm. When the suand i oaded witha 2
force of 1. KN, the st i the sirand s 0.25%.

Calete Young's Modulus (B)fo the mateiel.

e 2B il
= 2e0’m G
s
- TE
- TF
- R

¢ n s f-0003E




image8.png
A bolt used in the crane structure shown in part (2) is subjecied to a tensile test
which produces a stress/stiain graph as shown.

B
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Stress
oy 50 }
300
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‘The maximum allowable stress in service for the bolt is marked as Point 4.

(i) Explain why the stress value at A is used for calculations instead of the
stress value at B.

2
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(i) Calculate the minimum diameter of the bolt that will support a tensile
load of 7635 kN with a maximum allowable sigess of 300 MPa.
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(ii) A high tensile steel pin with a cross-sectional area of 110 mm? holds the 3
ram in place as shown. The ultimate shear sress for the st is 880 MPa
and a factor of safety of 4 s to be used.
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(@) (#) Inanother situation, the load on the winch cable is 1100 N. The cross-
sectional area of the cable material is 37 mn?* and the Young's Modulus of the

material is 210 GPa.
Colculate the extension that would occur in a 10 metre length of cable
material,
E =0 Data: F=1100N
A 0000 mm
210 x 10° N/mm?® (MPa)
e = FL A=37mm?
EA
= 110010000
210x10°x 37

= l4mm
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-
If the maximum strain in a cable is 0.02, calculate the maximum force that

cen be applied o the cable, where Young’s modulus, E, is 195 GPa and
Area;, A, is 180 mm’.
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In the design of the truss, it is necessary to calculate the size of cach
of the members depending on the size of the forces in these
members.

Determine the minimum cross-sectional area (CSA) for bar AB if the
allowable stress in compression is 120 MPa.

The load on the member is 70 kN,
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Select the altemative a, b, c, or d, hat best completes the statement.
Circle the lete.

I A steelstrctural mermber of abridge has a crass-section as shown i
the diagram.

Figure 267 Tensieload applied 1o a stoelsection

A tensileload is applied along the axis of the member. To determine the
stress in the member at section AA, the area used inthe calculations willbe

a 50x1Smm’
® w0x 150w
¢ 20x1Smm®

4 Q0P+ 4,
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One ofthe following statments sbout Young's modulus i incorrect.
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“The following stress-strain diagram shows the graph for some
different materials.
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A metal plate is 4 mm thick and has an ultimate shear stress of 600 MPa. A hole s
punched through the plate as shown.
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Which of the following stress-strain curves best represents a test result showing true.
stress and truc strain of & thermosoftening polymer?
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A mild stzel nut and bl is used to hold a bumper bar onto the chassis of the
truck. The bolt needs to withstand a maximum shear load of 2 kN.
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Give two reasons why the diameter of the cable used would be ofa
bigger diameter than you have calculated in C.
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‘Ataparicular fime, the load s hanging statiopary. If the breaking
stress i the cable is 130 Mpa determine the digmeter of cable thal
would support this load.
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@ On the axes below, sketch the siress/strain curve for alow carbon
st st specimen
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Define the term mechanical stress.

Mechanical work is done when a force acts upon a body and produces a displacement. The work
done by the force is determined by the product of the force and the displacement.
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A cylindrical braking rod of mild steel, diameter
15 mm, is subjected to a tensile force of 15 kN.
Determine the tensile stress in the rod.
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If the ultimate shear stress in the 12 mm diameter bolt is not to exceed 172¥MPa, calculate the
maximum load which can be applied to the steel plates.
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What is the intensity of the force necessary to shear a 25 mm diameter rivet if the ultimate shear
stress of the rivet material is 270 Mpa?
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Given that the ultimate shear stress in the
bolt-is not to exceed 400 MPa and that the F
minimum axial load to be applied to the rod
coupling is 20 kN, calculate the minimum
diameter bolt that could be used.

* Botl s in dovble slear
ST 40006 fa.

L= 20405 AL s o de [=Z2
Az 2 xwax A= L B S
iy o /4;4 05 /-3

S
"
{{\
AN
]
fw
QF
*ls
3w
1l
L
<




image33.png
The block and tackle shown below has to raise a 2 KN load. If the allowable shear stress in the pin
is not to exceed 50 MPa determine the diameter of the pin.
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A cylindrical punch of diameter 8 mm is used to punch out holes of a brake liner of thickness
5mm.

()  If, during the punching operation, the compressive stress in
the punch is 120 Mpa, determine the force used to punch
out the hole.

CA(CSA)
o = 1204005 Pa. = ‘i
A = Tar L= oyA.
2
= x>

[20 -ﬁ;{éx{o .}‘7151«0’4'
) toz2 N
= ¢ (032 Ku.

‘o
]
~N
*)




image35.png
{i) _Using the above data as well as the calculated force in the
punch from part (i) determine the shear stress in thelming
material.
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A cylindrical braking rod made from 15 mm diameter 25K
medium carbon steel, is subjected to a compressive

load of 25 kN. If the original length of the rod is 800

mm and the modulus of elasticity is 210 GPa,

determine the contraction of the rod.
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The following results were obtained in a tensile test on a cylindrical braking rod of mild steel with
a 50 mm gauge length and a cross sectional area of 160 mm. =

Extension 0.40 0.80 1.20 1.40 2.0 3.0 35 40 50

mm

Load 20 40 60 52 70 80 82 80 70 (failure)
(kN}

(i) Plot the load — extension curve.
i) Calculate the ultimate tensile strength of the material.
(it} Calculate the Young's modulus.
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A frictionless puiley is used in the design of a mechanical brake linkage. It is anchored to the car
body by means of a M8 bolt. Calculate the shear stress in the M8 bolt when a tensile load of 1 kN
is applied to the cable as shown below.

M8 BOLT
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Shear stress
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Extension of wire ..
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A mass of 2.5 tonne is suspended from a 12 m length of fencing wire during an experiment to
confirm Hooke’s law. If the modulus of elasticity of the mild steel wire is 220 GPa, and the
diameter of the wire is 8 mm. Determine the extension of the wire.
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If acable in a braking system has a tensile load placed on it and it has a strain of 0.005 and the
lengthis 1.2 m, what is the extension?
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Arod in a machine compresses from 250 mm to 248 mm during the operation of the machine.
Determine the strain in the rod.
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A steel specimen of gauge length 56 mm and cross sectional area 100 mm? has a tensile load of

1 kN applied to it. If E = 206 x 10° MPa, determine the extension and the strain in the specimen.
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Around alloy steel wire 1 mm in diameter and 3 metres long stretches 4 mm under a load of 44 N
Find the value of Young’s Modulus for this wire.
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Stress and Strain
Draw a stress/strain diagram for a low carbon steel and label the following points on the grid

below.
(a) Yield point (b} ultimate tensile strength (c) Breaking point
(d) The area. . the curve where stress is proportional to strain
Utdtmate
Tensde
Slreng o
Tield Poink Breat g
= Porut
£
Z
2
gr.
@

T

R+
HH

Strain

Stress/strain diagram for low carbon steel.
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(a) Explain what can be measured by Young’s modulus.

Youngs modulus is the ratio between uniaxial tensile stress and strain within the efastic region. It is
the relationship between the amount of deformation and the applied load. It is a measure of the
stiffness of the material and is measured in the region where the graph follows a straight line. The
higher the value of Youngs modulus the stiffer the material,

The stiffness of a materialor structure isa measure ofits ability to resist deforma-
tion or deflection under load, and is a property-closely associated with elasticity. It
is usually defined by the Young’s Modulus, also variously termed: the Modulus of —
Stiffoess or Modulus of Elasticity, of the material. Very. often the etigineer ismore ___________
concerned with the stiffness of a material than with its strength. For instance, sus-
pended beams of steel and aluminium may both be strong enough to carry the —
required load but the aluminium beam will ““sag” or deflect further. In other words,
the steel beam is stiffer than the aluminium beam.
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Extension: P31 mm.
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(b) Calculate the extension in 2 steel

| pin that is 120 mm long and 12 mm diameter when an
axial load of L8 tonne s applied. £ Z260d Pa.
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Calculate the compressive stress in each of the three parts (A, B, C) of a 12.5 mm length of case

hardened steel used for a pin in a wheelchair. The load on the pin is 200 kg and the diameters are
shown.
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(a)  Aload extension diagram for a tensile test of a 0.2% carbon steel is shown below.
The original gauge length of the specimen was 25 mm and the original cross sectional
area was 15 mm?.
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() Onthe diagram label the following points:
- Ultimate load (U)
- Elastic limit (€)
- Pointof failure (F)
(i) Determine the ultimate tensile strength of 0.2% carbon steel.
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(ii)  Determine Young’s Modulus for the 0.2% carbon steel.
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The cable has a length of 60 metres and is permitted to undergo a
maximum axial extension of 200 mm. The modulus of elasticity for the
cable is 210 GPa.
Determine the maximum allowable tensile stress for the cable.
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