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Lecturer guidance

1. General aims

This subject builds onto the basic knowledge attained in N5 Strength of
Materials and Structures. This subject involves knowledge of various systems and
components, hence when presenting modules for the subject, attention should
be taken that the students understand each basic scientific principle in such a
way that they will be able to integrate this knowledge in their applied subjects.

2. Specific aims

On completion of all the modules in N6 Strength of Materials and Structures,
the students should be able to apply the scientific principles mastered to his
specific trade theory. Students should be able to apply SI units and derived units
correctly. Students should be able to demonstrate understanding of subject
content through the application of acquired knowledge. Students should also be
able to solve problems by using subject content.

Students should be able to acquire in-depth knowledge of the following content:
Thick cylinders

Tension in cables

Combined bending and twisting of shafts

Bending and deflection of beams

Combined direct and bending stresses

Shear stress in beams

Closed-coiled helical springs

Transformation of stress

Forces in structural frameworks

VXN

3. Prerequisites
The student must have a passed N5 Strength of Materials and Structures.

4. Duration

Full-time: 7,5 hours per week. This instructional offering may also be offered
part-time or in distance-learning mode.

5. Evaluation

Candidates must be evaluated continually as follows:

5.1 ICASS trimester mark

5.1.1 Two formal class tests for full time and part time students

RO R E g oM SHANRERS R P fents only)
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5.2

5.3
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5.1.2  Obtain a minimum of 40% in order to qualify to write the final
examination.

5.1.3  Assessment marks are valid for a period of one year and are referred to
as ICASS trimester marks.

5.14  Calculation of trimester mark:
Weight of test or assignment 1 = 30% of the syllabus
Weight of test or assignment 2 = 70% of the syllabus.

Examination

5.2.1  The examination shall consist of 100 % of the syllabus

5.2.2  Duration shall be 3 hours

5.2.3  Minimum pass percentage shall be 40%

5.2.4  Closed book examination

5.2.5  Knowledge, understanding, application and evaluation are important
aspects of the subject and should be weighted as follows:

Knowledge Understanding Application Evaluation

60% 20% 15% 5%

Promotion Mark

The promotion mark consisting of the combination of the Trimester and
Examination marks, shall be a minimum of 40%.

Weighted values of modules

Modules Weighting (%)
1. Thick cylinders 12
2. Tension in cables 10
3. Combined bending and twisting of shafts 11
4. Bending and deflection of beams 12
5. Combined direct and bending stresses 11
6. Shear stress in beams 11
7. Closed-coiled helical springs 10
8. Transformation of stress 11
9. Forces in structural frameworks 12

Downloaded from www.studypapers.co.za
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7. Work schedule

Week

1

Topic

Module 1
Thick cylinders

Module 2
Tension in cables

Module 3
Combined
bending and
twisting of shafts

Module 4
Bending and
deflection of
beams

Module 5
Combined direct
and bending
stress

Module 6
Shear stress in
beams

Module 7
Closed-coiled
helical springs

Module 8
Transformation
of stress

Module 9
Forces in
structural
frameworks

Content

1.1 Single cylinders
1.2 Compound cylinders

2.1 Introduction to simple
catenary cables
2.2 Parabolic catenaries

3.1 Maximum torque

3.2 Maximum bending
moment

3.3 Equivalent torque and
bending moment

4.1 Bending of beams
4.2 Deflection and slope

5.1 Introduction to direct
and bending stresses

5.2 Combined direct and
bending stresses

6.1 General shear stress
formula
6.2 Shear stress diagrams

7.1 Single springs
7.2 Compound springs

8.1 Introduction to plane
stresses

8.2 Mohr'’s circle for plane
stresses

9.1 Introduction to
sheerlegs and tripods
9.2 Derrick cranes

Exercises

Group activity 1
Exercise 1.1
Group activity 2
Exercise 1.2

Group activity 3
Exercise 2.1
Group activity 4
Exercise 2.2

Group activity 5
Exercise 3.1

Group activity 6
Exercise 4.1
Group activity 7
Exercise 4.2

Group activity 8
Exercise 5.1

Group activity 9
Exercise 6.1

Group activity 10
Exercise 7.1

Group activity 11
Exercise 8.1
Group activity 12
Exercise 8.1

Group activity 13
Exercise 9.1
Exercise 9.2
Group activity 14
Exercise 9.3
Group activity 15
Exercise 9.4
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Hours

9 hours

9 hours

9 hours

9 hours

9 hours

9 hours

9 hours

9 hours

9 hours
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MODULE

1 Thick cylinders

By the end of this module, students should be able to:

calculate longitudinal stress;

apply Lamé’s theory to calculate:

- radial and hoop stresses for internal and external pressure

- radial and hoop stresses for combined internal and external pressures;

sketch a stress distribution graph to indicate the values of radial and hoop

stresses through the cylinder wall;

calculate:

— the strain at the inner and outer diameters

- the change in diameter at the inner and outer diameters

- the resultant thickness of the cylinder wall;

apply Lamé’s theory to calculate radial and hoop stresses if a sleeve is

shrunk onto a solid shaft;

sketch a stress distribution graph to indicate the values of radial and hoop

stresses in the shaft and sleeve;

calculate

- the change in diameters of the shaft and sleeve

- the shrinkage allowance between the shaft and sleeve

- the force required to push the sleeve off the shaft and the torque it can
transmit without slipping;

apply Lamés theory to calculate:

- the radial and hoop stresses if a sleeve is shrunk onto a hollow shaft

- the radial and hoop stresses in compound cylinders due to shrinkage;

sketch a stress distribution graph to indicate the values of radial and hoop

stresses in both cylinders;

calculate:

- the change in diameters and wall thickness of the cylinders

- the shrinkage allowance between the cylinders;

apply Lamés theory to calculate the resultant radial and hoop stresses in

compound cylinders subjected to internal pressure and shrinkage; and

sketch a stress distribution diagram of the resultant radial and hoop

stresses in both cylinders.

Downloaded from www.studypapers.co.za
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Introduction

In this module, students will become familiar with the application of Lamé’s
theorem and its uses for calculating radial and hoop stresses for various thick
cylinders that have undergone stresses and pressures resulting in deformation
such as shrinkage due to change in temperature or a change in pressure.

Exercise 1.1 SB page 17

D=60 Max
8 MPa

. 0 0 Min

Min
Oy
Max
d=40 D=60
AtD = 60 o =0=a+-—2
H 0,06’
a=277,778b ... ©
Atd=40 o, =8M=a+—2
0,04
.8M=a+625b... ®
Subsitute @ into @: C.8M=-277,778 b+ 625 b
b=0,023M...®
Substitute @ into @: . a=-277,778 (0,023M)
=-6,6389 M
Maximum hoop stress at d = 40
. _ b
O =4 o

_-6,389M - 0,023M
0,04

= -20,764 MPa (Tensile)

Downloaded from www.studypapers.co.za
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2.
Max Min
30 MPa
90
o-R
+
d=90-15-15 O 0
=60
Oy
d=60 D=90
2.1 Longitudinal stress
. pd’
OT g
_ _30M x 0,06
(0,092 - 0,06%)
=24 MPa
2.2 Minimum hoop stress
AtD=90  .0,=0=a+—2;
0,09
a=-123,457b... ©
Atd=60 o, =30M=a+—2
0,06

S.30M =a+277,778b ... ©

Substitute @ into @: -, 30M = -123,457 b + 277,778 b
.b=0,194M ... ®
Substitute @ into @: . a=-123,457 (0,194M)
=-23,951M
. _ _ b
CLAtD =90 onin—a—o,ng
= -23,951M - 2194M
0,09
= -47,9 MPa (Tensile)

2.3 Maximum hoop stress

Atd=600, b

=a+—s
ax 0,06

N s 0,194M
ubstitute ‘@’ and ‘b =q-23951M ==
owntlloaged #o6m www.s?dﬁypapers.cb.za 0,06

= -77,84 MPa (Tensile)
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Max Min
20 MPi

Pi=20 MPa

D= GH max 38 MPa

O'|_I max H
-38 MPa

d=90 D

3.1 Wall thickness

Atd=90  o,=20M=a-—2

000
Atd=90 o, =-38M=a+—5.. @
0,09
Add © and @: . —18M =2a
a=-9M...®
Substitute @ into ©: -, 20M = -9M - 123,456 b
.b=0,235M
b
At D: GH =0=a+ E
= oM + 22355
- oM = 02
D? =0,0261
D=0,1616 m
D =161,6 mm
_D-d
===
_ 161,6 - 90
- 2
= 35,75 mm

3.2 Hoop stress at D = 161,6
At D: OH =a+ W

_ _gM — 023
0,1616

Downloaded, §amp Wk sitidypapers.co.za
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4.

4.1

Max Min
A O, max=pi
d[140 Op
+
(0] (0]
Y D =220 N
0-H
- 150 MPa
d=90 D =220
63,55
Og
0 0
-86,47
0-H
-150
d =140 D =220
Internal pressure
AtD=220 o, =-150M=a-—;
0,14
=a-51,02b...®
b
D=220 o,=0=a+——
0,22
0=a+20,661b
a=-20,661b... @
Substitute @ into ®: .-, -150M = -20,661 b - 51,02 b
Sb=2093M...0®
Substitute @ into @: . a =-20,661 (2,093M)

Downloaded from www?s’féé%‘é%rs.co.za
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b

- at D = 140: pi:GRmax:a—'—W
= —43,243M + 222N
0,14

= +63,55 MPa (Compressive)
4.2 Main hoop stress o, . at D =220

. _ b
©Olmin =47 5557

2,093M
0,222

= -86,47 MPa (Tensile)

=-43,243M -

4.3.1
100,834

\ 70,834

0
d =140 D=220
Atd =140 0 =0=a+—2
0,14
c.a=-51,02b... ©
AtD =220 0, =30M=a+—2 ..
0,22
Substitute @ into @:  30M = -51,02b + 20,661b
b =-988,175 k
a=50,417M

Atd=1400,  =50,417M - =2>175 — 100,834 MPa (C)

>

-988,175k

22X — 70,834 MPa (C)
0,22

AtD=2200,, =50,417M -

Downloaded from www.studypapers.co.za
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Diameter Stress Internal Outer Resultant
pressure pressure

140 Radial 63,55M 0 63,55 MPa

220 Radial 0 30 M 30 MPa

140 Hoop -150M +100,834M | -49,166 MPa

220 Hoop -86,47M +70,834M -15,636 MPa

4.3.2 Change in diameter

o - Pd’ 63,55M x 0,147

LD T ot gy = 43:249 MPa ()

Ad:sxd:%[GH—v(oR+cL)]xd

1
T 200G

Ad=-0,039 mm

1
200G

AD =-0,013 mm

[-49,166M - 0,3(63,55M - 43,249M)]140
AD = —_[-15,636M - 0,3(30M - 43,249M)]220

4.3.3 Resultant wall thickness and new wall thickness

D, .. 4. _ 220013 - 140,039

tew = > = 3 = 39,987 mm
434
63,55
30
-15,66
-49,166
d=60 D=7

Downloaded from www.studypapers.co.za
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51
Max Min
pi = 35,368 MPa
100 kN
Op
= +
dRAM =60
(0] 0
Oy,
-50 MPa
d=60 D=7

. . F
Maximum internal pressure =

A
100k
%0,062
= 35,368 MPa
Atd  0,=35368M=a+—2
0,06
=a+277,778b ... ©
Atd  o,=-50M=a-—2;
0,06
=a-277,778b ... @
®+®@: .-14,632M =2a
a=-7316M...®
Substitute ® into @: .-, -50M =-7,316M - 277,77 b
_ }p = Z50M+7,316M
U -277,77
=+0,154M
b
AtD:Q=0=a+;
b
—-a= E
o
- -a
_0,154M
T —(-7,316)M
D =0,14509 m
D =145,09 mm

Wall thickness = ¢ = 2= d _ 145,09 - 60

Downloaded from \Zlvww.stuczjypapers.co.za
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5.2 Longitudinal stress
pd’
LT
_35,368M x 0,06
0,14509° - 0,06

=7,3 MPa
6.1 Outer and inner circumferential stress
Atd=120 o,=0=a+—2;
0,12

a=-69,444b ... ©

AtD=60 o,=120M=a+—2; .. ®
0,06
Substitute @ into @: 120M = -69,444b + 277,778b
b =567k
a=-40M
_ 3 567k
SOy = e =200 MPa (T)
O e = —40M = 27 — 80 MPa (T)

6.2 Longitudinal stress

pA> 120M x 0,06
=== - =40 MPa (T
oL D>-d*>  0,122-0.06> 0 a (D)

6.3 Circumferential strain inner and outer diameter

At d = 60 Sinner = E[ Hinner V(oRin + GL)]

. 195G[ 200M - 0,29(120M - 40M)] = -1,145 x 10~
1
Atd=120 ¢ = E[O'H outer = V(Oroue T oL)]
Atd=120 ¢ ——[-80M - 0,29(0 - 40M)] = -3,508 x 10™*

outer 195G
6.4 Change in diameter: inner and outer
Inner Ad = ¢ x d=-1,145 x 10~ x 60 = -0,0687 mm
Outer AD =& x D =-3,508 x 10™* x 120 = -0,0421 mm

Downloaded from www.studypapers.co.za
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Exercise 1.2 SB page 39
1.
__ Max Min
0,,= Oy = O = 27MPa
o]
D=125 R
L=150 +
pi=27MPa=0_. 0 0
d=75
Oy
75 DPc
D=125

1.1 Maximum tensile stress hub = o

H max

Atd=75:0,=27M=a+—
0,075

=a+177,778b ... ©

b
0,125%

Atd=125:0,=0=a+

c.a=-64b...@

Substitute @ into @: . 27M = -64b + 177,77 b
. b=0,0237M ... ®

Substitute @ into @: ", a = -15,168M

. _ b
. 0-H max a- 0)0752

0,237M

=-15,168M — 222
0,075

=57,3 MPa

1.2
150

e —
L]

FM—>| 8 M=0,2

Force to push shaft out = pressure x area x p
Fu=P (nDL)u

=27M (n x 0,075 x 0,15)0,2

=190,85 kN

Downloaded from www.studypapers.co.za



{\ Module 1 e Thick cylinders “ 11
Downloaded from www.studypapers.co.za

1.3 Torque transmitted = Fu x R

T=F D.
= 190,85k x 2272
=7,16 kNm
2.
Max
& Min
D =200 MaxO'RC=20 MPa
Pc =20 MPa O'R o
R
Dc= 150 MPa Min
0 (0]
d=100 8
71,45 o
Min
max
%4 Max
Inner Outer
d=100 DC =150 D =200
For shrinkage
2.1 Maximum hoop stress (outer)
Atd=200: o,=0=a+-2;
0,2
a=-25b...0
b

AtD =150: 0, =20M=a+

=a+44444b ... @

Substitute @ into @: 20M = -25b + 44,444 b
b=1,029M ... ®

Substitute ® into @: .. a=-25,725M
. _ b
Atd =150 "O-Hmax_a_m
= _27,725M - L02M
0,15

= 71,458 MPa (Tensile)

Downloaded from www.studypapers.co.za
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2.2 For internal pressure

60 Mpa = pi
Min

o‘Hmax Min

ne ter
d=100 D.=150 D =200

Two cylinders act as one:
a and b values are the same for both:

b
0,2%

- AtD=200 0,=0=a+

.a=-25b...@®

b
Atd =100 ORC:60M:a+W
=a+100b...®

Substitute @ into @:  .-.60M=-25b+100b
b=0,8SM...®

Substitute ® into @:  .:.a=-20M

.. Radial stress at contact diamater due to internal pressre supply
b

AtDC=15O§ GRCp:a-'—m

= —20M + 2

0,15*

Ogep = 15,56 MPa (Compressive)

2.3 Hoop stressat D

For internal pressure, two cylinders act as one .". a and b values are the
same for both.

Hoop stress at D . due to pressure.

. _ b
AtDC=15O ,,GHmaX—a—W
= —20M - 28
0,15

= 55,56 MPa (Tensile)
Downloaded from www.studypapers.co.za
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Resultant graph
60
O-R
0]
%
d=100 D.=150 D =200

2.4 . Maximum hoop stress in the outer cylinder due to internal pressure
and shrinkage:

Resultant: Outer cylinders at D .

.o =0 +0

H max H max .
shrinkage pressure

=71,458M + 55,56 M
= 127,01 MPa (Tensile)

2.5 Radial stress at D . (resultant)

‘. Resultant radial stress=0_ . =0 +0

RC, ~ RC,... " URC .
Ope = 20M + 15,56M
= 35,56 MPa (Compressive)
3.
(0}
&/ O'H1
Opc=25MPa E =200 GPa
Og Og
(0] @ @ 0
G/
A\
Inner Oy, Outer
d=120 D =200 D =200

Each cylinder has its own a and b values. Both cylinders are made of the

same material.
Downloaded from www. sﬁudypapers co.za
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Consider the inner cylinder to calculate the hoop stress at the contact
diameter = 0

Hl
~atd =120 S0, =0=a+—2
0,12
a=-69444D ...
b
AtD_ = 200 0 =25M=a+50:... @

Substitute @ into @: 25M =-69,444 b +25b
S.b=-0563M ... ®

Substitute @ into @:  .*.a = +39,063M
©.0, atD_ =200
SOy =a- o

~0,563M

= +39,063M — 22>
0,2

o, = 53,138 MPa (Compressive)

Consider the outer cylinder. To calculate the hoop stress at the contact
diameter = o

Hl
~atD=260  0,=0=a+—;
0,26
a=-14793b ... ®
AtDC=200  o0,=25M=a+-2 .. @
0,2

Substitute @ into @: 25M =-14,793b+25b
b=2449M ... ®

Substitute @ into @: .. a=-36,228M
.o, atD =200
b
0w, =452
36,228 - 2,4492M
0,2
= -97,453 MPa (Tensile)
) D

.". Shrinkage allowance = Ad = TC(GH1 - O'H2>
- 02 (=
= 505[53,138M - (-97,453M)]

S Ad=1,51%x10"m
=0,151 mm

Downloaded from www.studypapers.co.za
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4.
Max Min

240 MPa
Steel

| | D =140
| ( d=90 R

E, =210G
s L =02 0 0
Eg =80G L=120 o

H
2 - _
Vg© = 0,3 Vg = 0,33 /
- 180 MPa Bronze

Dc =90 D =140

Two different materials of which each maximum stress is given. This does

not mean that both will reach their maximum stress at the same time when

shrunk together.

e One of the materials will reach its maximum and the other one will be
below its maximum.

o  Consider the maximum of one material and calculate @’ and ‘b’ values
and check what maximum stress it will cause in the other material.

If the calculated value is less than the maximum given, then this stress with
the maximum that was selected is the acting stress.

Consider the smallest of the two maximum stresses, in this case the
180 MPa for bronze, and check what stress will develop in the steel.

4.1 Maximum radial stress at D c

b

AtDC=90 GHB=—180M=a—W
=a-123,457b...®
AtD = 140 6 =0=a+-"

0,14
.a=-51,02b... @
Substitute @ into ®: .-, -180M = -51,02 b - 123,457 b
. b=+1,032M
c.a=-52,635M

Radial stress in shaft at D c

_ —o —a+- (soli
Atd=90 o, =0, =a+ 0,097 (solid shaft only)

S H

.0, = ~52,635M + TR22M

,09
Downloaded from www.studypapers.co.za
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This is less than 260 MPa if 240 MPa and 0 MPa at D was considered
the oy if D = 90 will be more than 180 MPa.

.. Acting stresses

o, = 74,77 MPa

S

0, =180 MPa

4.2 . Friction force = Fu
. Fu=P (tDL)M
=74,77M (1 x 0,09 x 0,12)0,2
=507,377 kN

T =T= P
orque =T = Fu x —=

= 507,377 k x 2>
=22,83 kNm
4.3 The two materials are different
For solid shaft 6, = 0, = o, of hub

.. Shrinkage allowance = Ad

oo () ()

74,77M - 0,3 X 74,77M> B <180M - 0,033 x 74,77M)]
210G 80G

Steel
=L
cHl = V10

E

1

Bronze
=
GHZ =V, 0k
EZ

Ad=0,09[(

=0,09(2,492 x 107*) - (-2,281 x 107)
=0,228 mm

4.4 ‘The new outer diameter of a hub
0. =C=2a=2x(~52,635)

** " Hmin

=-105,27 MPa
Change in diameter

D
-.0d = E(GH - Vo)

0,14
= m[—105,27 -(0,33 x 0)]
=0,184 mm

New diameter = 140 + 0,184

= 140,184 mm

Downloaded from www.studypapers.co.za
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4.5 Inner diameter of the sleeve
.. Change in diameter = § , = <%)d

-180M - 0,33 x 74,77M
80G

.. Change in diameter = § , = < )90 =0,2303
.*. New diameter = 90,2303 mm

4.6 The wall thickness after shrinking

_ 140,184 - 90,2303 = 24977 mm
new 2
5.
& Y=0,28 E=200GPa
Same material for both.

Op Op

0 0
k
-90

d=180 D.=260 D =260

5.1 Radial stress at D c

Atd =260 0,=0=a+—2;

0,26
a=-14793b... ®

b

AtDC=220 OH=—9OM=Q—W...®
Substitute @ into @: . —90M =-14,793 b - 20,661 b
Sb=+2539M ... ®
Substitute ® into ©:  .*.a=-37,559 M

.. Radial stress at the contact diamater D ¢ =220 mm

TR 0,22
= ~37,559M + 222M
0,22
= 14,9 MPa

Downloaded from www.studypapers.co.za
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5.2 Minimum hoop stress in the outer cylinder at D = 260

b
At D =260 Ohimin = 4~ 267
= ~37,559M - 2>2¥M
0,26
=75,1 MPa
5.3 Inner cylinder
Atd =180 0, 0=a+—2
0,18
a=-30,864b... O
AtD, =220 0 =149M=a+—— .. @
0,22
Substitute @ into @: .. 14,9M = -30,864 b + 20,661 b
b=-146M ... ®
Substitute @ into @: .. a = +45,072M

The maximum hoop stress at d = 180

.o —a--2
** “Hmax 0,182
= 45,072M - —4M
0,18
=90,13 MPa
The minimum hoop stress at D . = 220
min 0,22
= 45,072M - —AM
0,22
= 75,24 MPa

5.4 Circumferential strain at D; outer cylinder

Outer cylinder: D = 260
6, -Vo

. . . H,, ~ '2°R
Circumferential strain = €2=e—26°
2

_ -751M-0,28 x0
- 200G

=-3,755x 107"

Stresses must be taken at the diameter where strain had to be

calculated.

Downloaded from www.studypapers.co.za
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5.5 Circumferential strain the inner diameter d = 180 of inner cylinders

S e= Ohiso ~ VGRISO
e €
_90,13M -0,28 x 0
- 200G
= 4,506 x 10™*
6.

D.=180

Pi =35 MPa

0 maxouter=70 MPa

35 MPa H
Op
Steel Opc
Bronze=d =140 o
(0} RC
H
0] 0
e
-70
Max
Bronze Steel
d=140 D.=180 D

The question refers to a resultant graph.
.".at d = 140,the pressure (o) is 35 MPa.

Therefore the zero stress referred to is the hoop stress of the inner cylinder
at the inner diameter.

When designed on shrink fit, any conditioned can be considered. Therefore,
stresses do not have to be the standard case.

6.1 Intermediate pressure at D =0,

C

.. For inner cylinder

b
Atd=140 GH:OZQ—W
.a=+51,026... @
Atd=140 o, =35M=a-—2;.. @

0,14

Substitute @ into @: -, 35M =51,02 b + 51,02 b
b=0342M ... ®
Substitute ® into ©: .-, a=17,438M

Dowiitenslgstdiaire wwy. stagypapers.co.za
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o, =a+—0
TTURe 0,18
= 17,438M + 2222
0,18
=28 MPa

6.2 Maximum hoop stress for bronze (inner cylinders)
The hoop stress is zero at d = 140 for the inner cylinder.

.". The maximum hoop stress must be at D . = 180 mm

AtDC=18O O'Hmax:a—'—m

= 17,438M - 2342M
0,18
= 6,9 MPa (Compressive)

The answers will differ. It all depends on the rounding off of values
after the comma.

6.3 The wall thickness of steel
Outer cylinder:

AtD=180 ..o, =28M=a+—2
c 0,18

=a+30864b... 0

AtD=180 ..0,=-70M=a-30,864b...@

Substitute © into @: . -42M =2a
a=-21M...®

Substitute ® into @: .-, 28M =-21M + 30,864 b
.b=1,588 M

Wall thickness:

AtD oy = O=a+ %

1,588M
D?

=-21M +

.2 _ 1,588M
.D7= I

D =275mm

Wall thickness = ¢
_D-d
T2

_275-180
- 2

ot
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7.
— —_— =?
GHl_ Opc Opc =7 38,89
Solid shaft
© o E=200GPa
R Same material
0 @ 0]
%
O'H2
D =200 D =300
Ad=0,14 mm
D
_~c
7.1 Ad= T(GHl - O‘HZ)
. -3 _ 02 _
5.0,14x 107 = ZOOG(GRC O'Hl)

S 140M=o0,.-0, ... ©)

2

Outer cylinder:
b
AtDCZZOOZ O‘RC:a'l'w
=a+25b..@
b

AtDC=3OO§ O'RZOZCI'FW
a=-11,11b6... @
Opc = -11,11b+25b

=13,89b
b=0,0720,.
a=-0,8 Ope
.'.atDC:ZOO oHl:a—W

0,0720
=-0,80,. - o .

=0y = -2,60,.... @
Substitute @ into ®: . 140M = Opc ™ (—2,60RC)
=3,6 Opc

S Ope = 38,89 MPa

Downloaded from www.studypapers.co.za
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7.2

7.3

7.4

7.5

Sleeve
Orc
0 0
/ Opmin
(o} ymax

Maximum hoop: ..o, =-2,6 x 38,89
o =-101,11 MPa (Tensile)

H max

o " + O'RC = constant = o

ma: H min

H min = Gmax + 0-RC

=-101,11 + 38,89
=-62,2 MPa

Maximum hoop stress of shaft

0, = maximum hoop stress (solid shaft)

Shaft.". o, _=38,89 MPa

The force to push the shaft = Fu
Fu =P (nDL)u

= 38,89M(n0,2 x 0,1)0,15
=366,53 kN

The wall thickness after shrinking

Change in diameter (inner) = § = <0H _EVOR>d

s = (—101,114M—0,33 x 38,89M
cevd T 200G

New diameter = 200,114 mm

)200 ~ 0,114 mm

Change in diameter (outer) =8, = <0H ;:VOR)d

s = (—62,226M
cevd T 200G

. New diameter = 300,093 mm

NeWR WalPafach&em HHAR S MEDeks 6305 fhm

)300 = 0,093 mm (o, = 0)
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8.

8.1

"o | ©
URC: 75 MPa
0 0
d=100 DC =200 D =300

Hub length = 150 mm

Vshaft = 0’3 =V

E =200 GPa

sleeve

In this case the question state that the maximum tensile (Hoop) stress
must not exceed 200 MPa in the shaft or the hub.

Therefore check the value for o RC using the maximum hoop stress
and zero radial stress for both shaft and sleeve and the one giving the
smallest value for o, . will be the acting stress.

Check o, . for shaft:
Atd = 100: 0 =0=a+-2
0,1
a=-100b...®
Atd =100 6,=200M=a--2 .. @
0,1
a=-100b...®

Substitute @ into @: 200M =-100b-100 b

200M = -200 b
b=-1M...®
Substitute @ into @:  .©.a =100M
AtD_ =200 O = At
= 100M + =%
=75 MPa
Check o, . for hub

b
. at D =300 =0=a+—
Dosvn?oaged from www(.j§‘Eudypa%e+rQ,.ﬁo.za
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b
AtDCZZOOI O'HZ—ZOOM:a__2

0,2
=aqg-25b...0@

Substitute @ into @: -200M =-11,111b-25b
b=5538M...®

Substitute ® into @: .. a =61,538M
. _ b
AtDCZZOO .,O'Rc—a‘f—w
= ~61,538M + 22M
0,2
=76,912 MPa

.. Maximum o = 75 MPa that can be used.

Then tensile stress in shaft will be 200 MPa, and tensile stress in hub
will be less than 200 MPa.

If 76,912 MPa = Opcis used, the tensile stress in the shaft will be more
than 200 MPa.

8.2 The change in diameter is at the contact diameter.

The change in diameter of the shaft = Sd,

D
Sd, = TC(O-Hl - VIO‘RC)

Use the ‘@’ and ‘b’ values from the shaft.

) _ ) _ b
..O'HlatDC—ZOO ..O'Hl—(/'l—w

= 100M - M
0,2

>

=125 MPa

. _ 0.2
.8, = 5555(125M - 0,3 x 75M)

=1,025%x 10" m
=0,103 mm
.. New diameter = 200 - 0,103 = 199,897 mm

Downloaded from www.studypapers.co.za
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8.3 Sleeve
75 MPa Ore
0 0
o,
DC=200 D =300
b
AtDCZZOO GRC:75M:Q+E
=75MPa=a+25b...®
AtD =300 0,=0=a+-2
0,3

a=-11,111b... @

Substitute @ into ®: 75M =-11,111b+25b
b=54M...0

Substitute @ into @:  a =-60M

.". Hoop stress Oy at D.

) B _ b
~.atD_ =200 Oy, = a5
= —60M - M
0,2
= -195 MPa (Tensile)

The change in the reamer for the sleeve:
8d, = %(oHl - VO‘RC)
_ 0,2
200G
=2,175x10"m
=-0,21 mm
.. New diagram = 200 + 0,21 = 200,21 mm

(-195M - 0,3 x 75M)

8.4 The material is the same.
0,2
200G

=0,31 mm
Downloaded from www.studypapers.co.za
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9.
0,= Pi=48
48 MPa O,
(0] o
D=210
]
0,, max
d=160 D=210

There is tensile stress when the cylinder bursts.

S AtD=210 0, =0=a+—
0,21
S.a=-22676b...
Atd=160 o, =48M=a+—;
0,16

48M = a + 39,063 b...

Substitute @ into @:  48M = -22,676 b + 39,063 b
b=293M...®

Substitute ® into ©: a=-66,421 M

Tensile stress in the material when the cylinder bursts

. _ b
AtD =160 ..O'H—Cl—m
= _66,421M - 22M
0,16
= 180,87 MPa
The safe tensile test in material = 18?1’87
=45,22 MPa

Downloaded from www.studypapers.co.za
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.. Safe internal pressure in the cylinder:

Pi= o-Rc
0 0
%
-4522
d=160 D =290
b
AtD=290 0,=0=a=—"
0,29

a=-11,891b...®
b
O'H=—45,22M=a—m

Atd =160
;.—45,22M =-11,891 b - 39,063 b

Substitute @ into @:
-.b=+0,887M
a=-10,553 M

.". The safe internal pressure:

b
Opc=a+ 0.16°

AtD =160
=-10,552M + 288M
0,16
=24,1 MPa
10.
O N8O MPa
O-R
o} 0
o‘H min
o-H
o'|_I max - 130
d D =240

Downloaded from www.studypapers.co.za
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Constant = C = o, t+0,
=-130+ 80

=-50 MPa

b
0,24*

.',atD=2400H=—50M:a+

=a-17,361b...®

AtD=2400,=0=a+-";

a=-17,361b... @

Substitute @ into ©®: . -50M =-17,361 b-17,361 b
o.b=1,44M
a=-25M

b
Atd  o,=-130M=a-
1,44M

- ~130M = -25M - 2

-1,44M

o -105M = =3

. 2 -l44M
d”= -105M

d=117,108 mm

10.2 Longitudinal stress
id*
0, =5
L D*-4d
_ 80M x 0,117108”
0,24 - 0,117108°

=25 MPa

RC
/ Op E =200 GPa
0 0
%

d=150 D-=250 D =400

11.

-90

Downloaded from www.studypapers.co.za
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11.1 Outer cylinder

At D = 400 0 =0=a+-2
0,4
a=-625b...0
b
AtDC=25O GH=_9OM:Q_W
=a-16b0...©@
Substitute @ into @: -90M =-6,25b-16b
b = +4,045M
a=-25281M
b
At DC GRC =a+ W
= -25281M + 2M
0,25
= 39,44 MPa
. DC
11.2 Shrinkage allowance Ad = T(OHI - O'HZ)

The material is the same.

Calculate the minimum o, in the outer cylinder = o,

. _ _ _ b
,,atDC—ZSO GR_39’44M_‘1+W
=a+16b... O
Atd =150 .= 0=a+—2

0,15
a=-44,444b... @
Substitute @ into @:  .©.39,44M =-44,444b+ 16 b
b=-1,387M
a=+61,644 M
AtD_ =250
Minimum hoop stress: o, =a - 025

= 61,44M - M
0,25

= 83,836 MPa (Compressive)
D
S Ad = —C(OH -

0,25
200G

=2,173%x 10" m

(-90 - 83,836)M

Downlgdbel frsrmwww.studypapers.co.za
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12.
0,=0,=0,..=2625
GR
0} (0]
GH min 32 MPa
/_\
D.=80 D=130

12.1 The strainat D = 130is 1,6 x 10™*
Radial stress at D .
pu=0,2 E =200 GPa

o, -0,

E

atD =130

. -4 _ (GH min 0,2 x 0)
C.1,6x107 = 200G

so, . =1,6x 10" x 200G

H

Strainat=E =

=32 MPa

Radial stress at D c

b
0,132

Atd =130 o, =0=a+

a=-59,172b...®

AtD =130 on_szMza_%

=a-59,172b... @

Substitute @ into @: . -32M =-59,172 b - 59,172 b
b=+0,27M

a=-15976 M

b
AtDC=80 O'RCZCI'FW
0,27M

=-15,976 + ==~
0,08

= 26,25 MPa
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12.2 The force to press the shaft out
Fu=P (nDL)M
=26,25M(mt x 0,08 x 0,07)0,2
=92,363 kN

12.3 Maximum hoop stress in the ring

b

AtDCZSO GHmax:a_W

0,27M

= -15,976 - 2%
0,08

= 58,16 MPa

{\ Module 1 e Thick cylinders “ 31
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MODULE

2 Tension in cables

Q By the end of this module, students should be able to:

calculate the minimum and maximum tensions in or at: supports on the
same or different levels:

the cables

the tensions

the supports

certain points in a cable;

calculate for supports on the same or different levels:

the position in a cable when tension is known

the slope of a cable

the slope of the cable at both supports

the length of a cable

the diameter of a cable for a given stress limit

the stress in each material for a compound cable

the diameter of cable for a given stress limit

the tension in the anchor cables when a cable is supported by a
frictionless pulley or frictionless rollers

the vertical and horizontal reactions at the supports when a cable is
supported by a frictionless pulley or frictionless rollers

the bending moment on the support(s); and

the position of the turning point of a cable.

Introduction

When comparing the bending of cables and chains with solid beams, it is

assumed that there will be no resistance against bending in a cable and that the

force in the cable will always be a tangential force at any point on the cable.

A cable suspended between two supports will either hang in a parabolic shape

or a catenary.
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Exercise 2.1 SB page 58
1.
_821 _
y l, = > = 42,05 m
1 )
:>B=d Ag |=82,1m
0 A
L= 80 W, Y5 Ft=Wy,
S™ m OB le m
[ = >
0=29N/m N F=wy,
« Y L

1.1 Determine the vertical distances from the xx-axis to the cable.
Vp=,td
=y +8..0
From A of forces: y:=y>+1’... @
Substitute O into @: (y + 8)2 = y2 + 42,057
Syl+ 16y =1621,103
V.= 101,32 m
Sy, =101,32+8
=109,32 m
.. Maximum tension at A or B = Ft
S Ft=W_
29 x 109,32
=3,17kN
1.2 Minimum tension in the cable
At the turning point ‘O’
Fy=wy,
=29 x 101,32
=2,94 kN
1.3 Maximum slope: from A
cos 0 =—
24

Downtdaded from www.studypapers.co.za
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2.
y

Ty
\i
OA

lg=80m

\

2.1 Sagof chain=d

. . 16
Determine y,: .". sin 60° = —
B

Yy = 18,475 m

Determine y, = tan 60° = ;_6

o

.Y, =9,238m
) =y, — ), =18,475-9,238
=924 m

2.2 Distance between the supports

et
X, =y01n( 5 )

o

=9,328 ln<18,475 + 16)

9,238

=1217m
.-. The distance between A and B=2 x 12,17
=24,34 m

| >

6
— w=8N/m
S Ft min =200 N

Ol a

Y Yo
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3.1 SupportP
yp:yo+5+6.'.(d+h)
=y +11...@
Ftmin=F_ =wy
..200 =8y,
y,=25m
y,=25+11-36m
Y, =y, +d
=25+5
=30m
.'.FtatP=ypw
=36x8=288N
.‘.Ftathyqu
=30x8=240N
3.2

From A of the force at P:

Yy =k+y,
b=y

=V36% - 25°
] =259m

From A at Q:

RS AN
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2 2
L=\rq=,
=V30° - 25°
=16,58 m
.. Length of cable =1 + 1,
=259 + 16,58
=42,48 m
3.3 Maximum slope at the longest support P
From A of the force at P:
c.sin@=—
P
_259
T 36
S.0=46°
3.4 Distance between supports
S L=x +x,

x, = from Qto P

n, 36+ 25,9
SoX =yoln<y—o> =25 ln( > )

X = 22,67 m

x,=from Oto Q

_ Yot (30 + 25,9)
X, :y01n< 5 2) =25 ln(—)

) 25
.x,=1556m
.". The distance from Qto P = x, + x,
=22,67 + 15,56
=38,23 m

Downloaded from www.studypapers.co.za



38 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

3.5

-\ 0

O/
A

The distance from Q to P
Tension in the cable at R = 260 N

.260 = wy,

260
Yr="g"
=325m

l
Distance for Q to R=x, = yoln(y"; OR) .. O

o

From A of the force at R:

k=ye-2,
=20,77 m
Substitute into @: x, =25 ln<%)
=18,9 m
o Rfrom P =x -x,
=22,67-18,9

=3,77m
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4.

4.1 Maximum tension in the cable at the highest support B
Ft =4 500 = wy,
4500

Y8 =30
=150 m

.. A of the forces at B

o_ Yo
cos 40° = 150

¥, =150 cos 40°
=11491m

S Yg=y,td+h
150=1149+d+4
c.Sag=d=31,08 m
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4.2 Length of the cable =1 +

.". From A of the force at B

2 2

ll = yB _yo
=+150% - 114,912

=96,41 m
y
k &

Ya=Ys—h
=150-4
=146 m
From A of the forces at A:

L=\2-5
= 146" - 114,917
=90,06 m
Length of the cable = + L
=96,41 + 90,06
=186,5m

4.3 Stress in aluminium and steel:
A, =SA .. O
A=A +A .0
Substitute @ into @:1924 =SA + A =6A_
. A =320,67 mm’
A, =320,67 x5=1603,33 mm’
F_=F+F,

tmax

.4 500 = O'SAS + GALAAL

=320,67x10°0_+1603,33x10°0, ... D

But the strain in steel = the strain in aluminium

% On

"E. E

s AL
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c"s 0'all
"3E,, E,
0=30,...®

Substitute @ into @:

. 4500 = 320,67 x 10° x 30,, +1603,33x 10,
=2,565x 1070,

2.0, =175MPa

o.0,=30, =3x175M=525MPa

5.
y
A
h| s B .
—— Fg = 4kN
Al d | 4 w = 3lg/m
Y
0 A
yB
yA
yO
y < | ol
X X
2 y 1

5.1 Tension at A in the cable = F "
S By=4000=w,

4000
B~ 3x0981

=135,92

Y =Y~ h
=1359-3
=132,92m
Tensionat A=F , =wy,
=3x9,81x132,92
=391 kN
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5.2 Minimum tension at the turning point ‘O’

thin = FH = WyO
y. =y, - (h+d)=13592 - (3 +4)
=128,92 m
S B, =3x9,81x12892
=3,79 kN
5.3 Length of the cable =1 + 135,92
llfrom AB Yy N
l — 2 _ 2
AR 128,92
= 135,927 - 128,922 Yo
=43,06 m
12 from AA
Y,
Zz = Vyj - yaz L ¢
=132,92% - 128,927
yO
=32,36 m
Length of the cable = 43,06 + 32,36

=75,42 m

5.4 Distance between A and B = X +x,

) et
OtoB,,xI:yoln< By )

o

= 128,92 ln(
=423 m
OtoA .. x, =yoln(y“y+ IZ)
= 128,92 ln(%)
=32,03m
.. The distance A to B =42,3 + 32,03

=74,33 m

135,92 + 43,06>
128,92
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Fi =12kN
y t
55°

A

6.

6.1 Length of the rope on the ground =1-1,
=100 -1,
2B =1200=wy

1200
A—TO—IOOITI

. from AA:
cos 55° = %o
A
y, =100 cos 55°
=57,36 m
I
and sin 55° = 2+
Ya
.1, =100 sin 55°
=81,91m
.". Length on the ground = 100 - 81,91
=18,09 m
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6.2 Height of the tower = Y=Y,
=100 - 57,36
=42,64 m

6.3 Minimum tension = F , = wy
o

=120 x 57,36
= 6,883 kN
Exercise 2.2 SB page 78
1.
y
Ak iB
Y
d w =20 N/m
X Y X
oAk
\/ -
Xl
y
L=148m

|A
|

X

1.1 Safe tension = maximum tension = FtB =Ft A

Minimum tension at ‘O’ = F
From AB:

.. Maximum tension at ‘O’ = F,

o Fy=\Fe- (WTL)Z

- \/5 0007 - (20 x lgﬁ)z

= /50002 - 2190,4

- F, =478kN
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1.2 Sag of the cable
_wl
F, = od
) _20x 148’
. 4780 = d

20 x 1482
Sag =d = T 1750

=11,5m
1.3 Maximum slope: from AB

Fy 4780
Ft 5000

..0=17,06°
1.3 Length of cable =]

cos O =

'.l=L+%

8><115

=148 + <148

=150,38 m

| i |
~
»
-
vs)

AR 9 w=7kN/m

68,56
29

A

B L=120 |
= !

2.1 Calculate the position of the turning point
Foa=Fip

o wLox)

“2d T 2(d+h)
2 xl2 L—xlZ
X—=. 7=
w'd d+h
X (120 - %)
9T 749

Downloaded from WWW. studypapers.co.za
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2.2

Take the square root ", 1,333x, = 120 - x,
2,333x1 =120
X = 51,44 m

Ft
WX ¢

For both cables:

2
wX.

_ _ 1
Fmin - FH _z_d

E _ 7k x 51,44
H™  2x9

= 1,029 MN for both cables.

. . 1,029M
.". Minimum tension/cable = -

=514,5kN

Maximum tension Ft, at the highest support for both cables.

Ft, = \/Ff{ + WL -x)’

=(1,029M)> + (7k x 68,56)°
=1,135 MN
Tension/cable = 567,5 kN

P
?—/
. -
P -
68,56 \
- > ) 656\4\
Q\Q/ wxp
F, = 514,5kN
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Force A at P:

w per cable = @ =3,5kNm

Ffp = Ff{ + (wxp)2

WK = \(550k)? - (514,5k)?

= 194,396k
p T 3,5k

=55,54m

.". p from the longest support = 68,56 — 55,54
=13,02m
2.3 Reaction in B (longest)

FHm # I:Ha

[}
\J

Fyn= 567,70 Fio = 567,70

Main

F, = 5145

Reactionat B=V +V

C main C anchor

C main
From Amain V _,, = {(567,5%) - (514,5)*
=239,47 kN

A% from A

C anchor anchor

\
. o __ Ca
.. COs 65° = 567.5

VCa = 239,83 kN

.. Reactionin B = VCM + VCu
=239,47 + 239,83
=479,3 kN
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2.4

th 7 Fta

Main Anchor

514,5kN Fla=5145kN

The vertical component for the main cable remains the same as in 2.3.

Vo = 23947 kN

C anchor’

) o 5145k
<. tan 65° = tan 65°
5145k
Ca~ tan 65°
=239,91 kN

.. Reaction = VCm + VCu

=239,47 + 239,91
=479,38 kN
3.
y
Ag Tk (¥
30
d P
\
X 5 X
B 55 ] 20m
- ah >
y
L=150m

v
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3.1

3.2

3.3

34

/C‘
Anchor 50° |«

From AP

F
o __ H
cos 3° = 35k

.. Minimum tension = F , = 34,95 kN
From AP:

w55
35k

. wh5=1831,75N
w=33,3 Nm

mass _ 33,33 _
= o1 = 3395 kg/m

sin 3° =

Maximum tension at A and B.

= |(F) + ()

= \/34,95k2 + (33,3 x %)2

= 35,039 kN

Sag of the cable = d
_ wL® _ 33,3 x150°
H™ 8d = 8d

. 33,3 x 150
~.Sagd = 5 o5

F =34 950

=2,7m

Maximum tensile stress in the cable

Stress = >
area 70,04

<

A

il
w

35kN

maximum tension _ 35039 x4 — 27,883 MPa

50°

{\ Module 2 e Tension in cables “ 49

w x 55

Anchor

X

L-x

11,6 y

25m

|

Y

13,4

[

AR
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4.1 Position of the turning point
Fua=Fip
. W_x12 _ (W(L - xl)z)

2d T 2d+h)

) X (L—xl)Z

3 3+1

. 1,33x) = (L-x)*

1,155x1 =25- X,

5 =25
17 2,155
=11,6 m
Mini tension = F, =
mmnimum tension = H 2d
_ (18k x 11,6)°
2x3
= 403,68 kN

Maximum tension at B

SF, = \/ (B2 + [w(L - x,)’)
=/403,68k> + (18k + 13,4)°
= 470,25 kN

4.2

FHm 7z FHa

470,25
Main Anchor
403,68 FH = 403,68 kN

Because F,, is constant at any point and anchor cables at both supports
make the same angle of 50°, therefore at both supports the tension in

the anchor cables will be the same.

From A anchor
. 1 500 FH(I
L. s1In = m

. . 403,68k
Tension in the anchor cable = Fta = 500

Downloaded from www.studg/gaiers.co.za
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4.3 Reaction at each support

The vertical component force for both anchor cables will be the same.
This is for the same reason as above.

From anchor A:

o __ FH
. tan 50° = V.
403,68k
Ca ™ tan 50°
= 338,73 kN

.V atsupport B

‘ C main
From A main:
V_ =(470,25k* - 403,68k
=241,2 kN

.. Reactionin B = ch + Vm
=241,2k + 338,73k
=579,93 kN

At support A:

F, = 454,48k
ai
Ve, = 338,73 =
Fy, = 403,68 k

The minimum tension in the cable at support A.
Fta = 1403,68k> + (18k x 11,6)?
= 454,48 kN

From A main ch

oV, = \454,48k" - 403,68k"

= 208,79 kN
.". Reaction in support A = chA +V
Reaction A = 208,79 + 338,73

cap

= 547,52 kN
Downloaded Prom www.studypapers.co.za
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4.4 Slope at each support

Slope at highest support:

403,68
470,25

.. Slope = 6 = 30,858°

cos 0 =

Slope at shortest support:

0= 403,68
T 454,48

.. Slope = 6 = 27,349°

4.5 Diameter of the cable
ultimate stress _ 450M _ 112,5 MPa

Safe stress =

FOS T4
i i 470,25k -
Mean area of cable = [eXimum tension _ =418 x 107 m?
stress 112,5m
nD?
Area = )
. [4 4,18 x 107
.. Diameter = % =72,953 mm
5.
y
B
F.. =1MN N
ta i
h 6
A N
A
d ?
—
X 0
L-x 1 .
B X, = 37Tm
y

A
\

H

555 k
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Weight of the cable from ‘O’ to A’
SLW = WX
=15k x 37
=555 kN
From
=1 M* - 555k*
= 831,85 kN
5.2 Sag of cable

2
wx

. _ 1
By =

Sag=d=

15k x 37°
2 x 831,85k

=12,34m
5.3 Distance between the supports =L = x + (L - x))

Fon=Fu

lez _ (W(L - xl)z)
2d ~ 2(d+h)
(d+h)x;

2d
(6+12,34)37°
12,34

(1,486 x 37)* = (L - x,)°
2 1,219%37 = (L-x,)

45,103 m = (L - x,)

= (L B x1)2

= (L B xl)z

.". Resistance between the supports
=37+ 45,103
=82,103 m

5.4 Maximum tension in the cable at B
- Fip = V(B = [k —x]”
=831,85k> + [15k x 45,103
=1,072 MN
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5.5 Length of the cable

=1 L+
1 2d?
. lA = Xl + 3_361
B (2 x 12,347
=37+ 3x37
=39,74
3 2(d + h)?
b= (L-%)* 305
B 2(6 + 12,34)%
lB = 45,103 + W
=50,075 m
Length of the cable = 39,74 + 50,075

=89,815m

5.6 Tension in cable at shortest support

F. short support
WX, = 15k x 37 =555 kN

Fy = 831,85 kN

Tension in the cable F,__=/(555k)? + (831,85k)> = 1 MN

6.

y

1 B

[\
h 2
A“ R
d 4 15 kNm/cable
X X
0] L-x, N
X, = 62,92 77,08

y
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6.1 Maximum tension of the cable at B.
Determine the position of the ‘O’ turning point.
lez (W(L _xl)z)

2d T 2(d+h)

(d+h)x] ,
2d (L - xl)
6xl2

R (L - x1)2

1,5 xl2 = (L - xl)2

. 1,225x = (L-x,)
1,225 x, = 140

X, = 62,92 m

.. Minimum tension in the cable

2
wx

. _ — 1
Horizontal constant FOR = F, = ¥

15k x 62,927
T 2x4

=7,423 MN

tmax

Fow 2t B=F = )?+ [w(L-x)]”

=+7,423 M? + (15k x 77,08)?
=7,513 MN

Fu=7423M RB

The vertical reaction in the main cable
From A main:
v, =\7,5137- 7,423
=-1,159 MN
From A anchor

ca

cos 55° =
Downlc'oadéﬁ%m www.studypapers.co.za
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.. Reaction in supportB=V_ +V
=1,159M + 4,309
=5,46 MN

63 F, #F,

. F Hafrom A anchor

S F, =\Fta’-V?
=7,513M? — 4,309M>
= 6,154 MN

.". Resultant force at the pulley
F €s = F

¢ Hmain F H anchor

=7,423M - 6,154M
=1,269 MN
.. Bending moment in support B
- BM, = 1,269M x 9
=11,42 MNm
6.4 Resultant reaction in the longest support
From Question 6.2, the reaction in the support = 5,46 MN.

And, from Question 6.3, the resultant horizontal component force
= 1,269 MN to the west.

Resultant Fyy
1,269 MN

- Freaction support

5,46 MN

Resultant reaction support

1,269
5,46

0 = 13,084° with the vertical
RBaltaoestet dnoa 269 Mt pmdéts= o608 MN

c.tan 0 = =0,232
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7.
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w =3 kN/m/cable

y
h 6
A 1
T 4
X
0
y
B L=140m _
Fmin _
71 ghe=Fy
Position of ‘O’
F o= wxl2 CIM = 3kx12
H™ 2d - T 2d
3kx?
Sd= T
=1,65x10°x ... @
(W(L—xl)z)
and F,= S
(3K(L - x,)°)
T 2d+6)

L 2x1M(d+)
(2@ (140 - x,)(140 - x,)

666,667d + 4 000 = 19 600 - 280x, +x ... @
Substitute @ into @:

666,667(1,65 x 10°x) = 19 600 — 4 000 - 280x + x,

1

- L1x107x] = 15 600 - 280x, + x;
. —0,999x; + 280x, - 15600 = 0

+0,999 .-, -x. + 280,31x - 15 617,179 = 0

-280,31 + V280,317 - 4(-1)(-15 617,179)
X, =
1 2
_-280,31 + 126,91
B -2
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7.2

Aq

X = 76,695 m

Ft, = (FH)2+(WX12)

A

=1 M? + (3k x 76,695)*
=1,026 MN

Ft, =+F, + [w(L - x))|”

=1 M? + [3k x 63,305]°
= 1,018 MN

Position where Ft = 1,01 MN
From AP:

wxpz\/l,Ole—le

WX

wx = 141 774,47 /
_ 141 774,47 0]

% 3k Xp

= 47,26 m from O -

w=15kN/m

18 y 38

\

[}

8.1

Fis=Fip
wxl2 w(t - xl)2
2d ~ 2(d+h)
(d+h)x! )
d (L-x)

9 Downloaded from www.studypapers.co.za
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\2,5x% = 140
1

X = 56 m
Mini g v
inimum tension = HE g
_ 15k x 56°
T 2x4
= 5,88 MN

From AP tension in the cable at P:

Ftp = (FH)2 + (pr)2

=+/5,88 M? + (15k x 38)°
= 5,907 MN
8.2 Slope at P from AP

) WX, 15k x 38
. .tane—F—p— 5.88 M
0 = 5,54°

9. From AB

Ft'=F} + [w(L - x,)|”

S BIM) = | S| = (L - x))]
14k(L - x )] ,
= [ 24+ | T [14k(L - x,)]

{\ Module 2 e Tension in cables “ 59

WXP tP
15x 38 ﬁ
F =5,88 MN
H
5,9 MN
F
t w(L-x1q)
Fh

= [777.778(L - x,)7] + (14kP(L - x,)?

(5,9 M)* =60 938,271 (L - x,)" + 196M (L - x,)’

+604 938,271

c(L-x)"+324(L-x,)° - 57543 061,28 =0

Replace (L - x1)4 by y* and (L- xl)2 =y
.'.y2 + 324 y - 57 543 061,287 =0

~324 + 3247 — 4(-57 543 061,28)
2

 -324+15174,89
- 2

y =7 425,44
But (L - x1)2 =y

SLox =
Doanlggded from www.studypapers.co.za

=86,17 m
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_ [(W(L - xl)z)] _ 14k x 0,08617°
H

2d+h) |~ 18

=5,774 MN
wx? B 14kx12

AndFy =27 =573

V5,774M x 10

AT I
= 64,22M
SL=L-x)+x
= 87,17 + 64,22
=150,37 m

10.
Fig=4kN

w=25kN/m

-t »
-¢ -

10.1 Tension in the cable at A
.'.FtﬂzwyB
c4k =25y,
Yy =160 m
andy, =y +d+h
Y, =160-4--3=153m
Sy, =y, +d=153+4=157m
Tension in the cable at A

Bt =wy, =25x157 = 3,925 kN

Downloaded from www.studypapers.co.za
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10.2 Length of the cable=1=1, + I,

o 2d?
,,lA—xA+ 3,
%]

W p—
But F —2—d—Wyo

HA
2
. xl — —
3y =25%153 (F,, =3,825kN)
(T XIXINT)
X, = (153><§5><4><25) — 34,986 m
o 2x4°
L lA = 34,986 + m = 35,291M
_ 2(d + h)*
h=L-%)*30,
F _wL-x,)’ L\ _\3825x2x7
HB ~ 2(d+h) ( xA)— 25
=46,282 m
o 2x7%
. lB =46,282 + Tx 46952
= 46,988 m
.. Length of the cable ] = 35,291 + 46,988
=82,279 m

10.3 Horizontal distance between the supports = L
S L=x,+(L-x,)
= 34,986 + 46,282
=81,268 M
10.4 Reaction at support A

Fea= 3,925 k
Fia= Fta= 3,925 kN
Main
FHm =3,825 . T
A FHa

Reactionin A=V _ +V
cm ca

Downloaded from www.studypapers.co.za
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From A main
V_ =3,925k" - 3,825k
= 880,341 N

From A anchor:

Vv
o _ ca
cos 60° = 3925k

.V =cos 60° x 3,925 = 1,963 kN
. Reaction in A = 880,341 + 1 936
= 2,843 kN

10.5 Tension anchor cable

Ftg # Fta

F F
B l B l Co° ta

Main Cm Ca Anchor

Fup Fua = Fyg =3,825kN

Tension in the anchor cable from A anchor:

o o _ 3,825k
..sin 70° = i
. . 3825
Tension in the anchor cable = Fta = —==
sin 70
=4,07 kN

10.6 The reaction in the longest support

FV anchor FH = 3,825 kN

F, = 3,825 kN

—_

V main

Downloaded from www.studypapers.co.za
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Vertical component force in the main cable

F =(4k)* - (3,825k)* = 1,17 kN

V main
Vertical component force anchor cable

tan 70° = 3,825k

Vanchor

. F =1,392 kN

* * 7 Vanchor

Reaction in support

Reaction in support = 1,17k + 1,392k = 2,562 kN

11.
y
A
h|3 B
A ‘M 5
oA
yB
y
A v,
1300
113,98 Y
X X
186,06
y
| >|
L=300m
11.1 Tension at the supports 1305
Support A: Ya l
A
Ya=Y,td
=1305m
S F =wy, =16 x1305=20,88 kN
. _ 1300
Angle for AA: cos 6 = 157
6 =5,017°
Support B:
yf +1,

Determine .". x, = y In

From AA [, =y - y?
=+1305% - 1 300>

DownIoaded_fﬁgng\évww.studypapers.co.za
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1y =300 - 113,98 = 186,02 m

+1
A =yoln<yBy B) v
In(y, +1 L
186,02 = 1 300%0“)
) 3 ln(yB+lB)
©.0,143 =

0143 _ Vgt ly
1300

S L154x1300=y, + lB
lB= 1500,2 -y, ... @
From AB

P=yi-y...@

Substitute © into @:

- (1500,2 - y,)* =y - 1300

2250 600,04 - 3 000,4 y, + y; — 1 300

.3000,4 y, = 3 940 600,04

¥y =1313,36m

.. Tension at B = Ft, = wy,
=16 x 1313,36
=21,013kN

The angle at B from AB

1300
1313,36

0=817°

cos 0 =

11.2 Difference in the height of the support
h=y, -y,
=1313,36 - 1305
=8,36 m

Note
y=Ilnx

el =x

(

Note

Make sure that you've covered supports before continuing to Question 11.3.

W
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11.3
F a F
But Ftc = Fta
Cable Anchor
B Reaction
Reaction = V. cable + V . anchor 21013 N
F =F =
min H Wyo Ft v
=16 x 1300 o
=20800 N

F,, = wy, = 20800
.. The vertical component force for
support B=V .

From A cable ", V. = V21 013” - 20 800

=2,984 kN

Vertical component’s force for anchor: 2

Cable = V. from A anchor v F =21013N
L . . ca| 60° ta

For a pulley the tension in main cable is

equal to tension in anchor cable. Anchor

. o VCa
.. €cos 60° =

21013

.V, =1051 kN

.". Reaction = 10,51 + 2,984
= 13,49 kN

Downloaded from www.studypapers.co.za
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MODULE

3 Combined bending and twisting of shafts

Q By the end of this module, students should be able to:
e calculate:

the maximum torque transmitted by a motor using the power
formulae, including the percentage increase due to the starting torque
the maximum torque transmitted by a belt drive with given belt
tensions

the maximum allowable torque that can be transmitted by a solid or
hollow shaft, taking both bending and twisting into consideration

the actual shear stress in the solid or hollow shaft

the dimensions of hollow or solid shafts

the weight of a pulley that is eccentrically loaded on the shaft when it is
simply supported

the maximum bending moment carried by a shaft using the standard
formulae used for cantilever and simply supported beams (including
include self-weight, flywheel and belt-drive loads)

the maximum bending moment carried by a shaft by drawing a shear
force diagram to determine the position of the maximum bending
moment

the equivalent torque using Guest’s formula when the shear stress limit
is known

the equivalent bending moment using Rankine’s formula when the
principal stress limit is known

the dimensions of solid and hollow shafts to satisfy both stress limits
the percentage saving in weight if a solid shaft is replaced by a hollow
shaft for the same stress limits

the maximum torque and bending moment a shaft can transmit to
satisfy both stress limits; and

the actual shear stress and principal stress in a shaft.

Downloaded from www.studypapers.co.za



68 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

Introduction

There are many examples where shafts are subjected to bending moments and
torque simultaneously. One example is a shaft with a pulley, driven by V-belts or
a flat belt.

The cause of the bending can be due to:

«  the weight of the pulley,

+  tension in the belt (T, and T,); and
«  the weight of the shaft.

Exercise 3.1 SB page 108

Q)

BM =25kNm

1.1 Simple bending stress: Bending stress without the torque

Simple bending equation % = %

. _ My _ 25kx0,09
BT T ED 4
25k % 0,09
—mn 4 4
a(0,18 -0,12%

2250
4,134%x10°°

.. Bending stress o, = 54,412 MPa
1.2 Simple shear stress; shear stress without bending

Simple torque equation

r_z
. I _R
4 )
Shear stress=r=T—R=M
] Z(p*-4%
32
3600

=7 1 1
5(0,18 -0,12%

- Rewrllgadegdafrom www.studypapers.co.za
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1.3 Maximium equivalent shear stress

Shear stress when shatft is subjected to bending and torque.

Equivalent torque = Te = VM* + T*

=25k’ + 40k
=47,17 kNm
Equivalent shear stress:
_ n(D*-d"
Te=—F Tn
16TeD

Cimax T (Dt gf)
16 x 47,17k x 0,18
7(0,18* - 0,12%)

T, =51,33 MPa

Fw =160 N

!

A A
250 | P =90 kN @ 800 rpm

1000 Tmax =12 Thean

Y

<
-4

2.1 Maximum torque

. P=2nNT

_ P 90k x60
mean — 27N 27800

=1074,3 Nm
ST, =12T
=12 x 10743

= 1,288 kNm

mean

2.2 Maximum moment of resistance of the shaft = BM
1 tonne =1 000 kg x 9,81 = 9,81 kN

No weight was given for the shaft.

Wab
L

_ 9,81k x 0,25 x 0,75
- 1

= 1,839 kNM

2.3 d%i\/a\‘/lﬁllggﬁgfclt?reo?%avﬁvww.studypapers.co.za
Only the shear stress given .". the diameter due to shear stress:

.. Maximum BM =
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Equivalent torque = Te = (M* + T?)

= 1,839k + 1,288k>

= 2,245 kNm
. _ 1D’
. But Te = ¢ tnat
3 16Te
D= T
_ 16x2245
T mx38M
D = 3,0088 x 10"
=67 mm
3.1
T=75MPa
150 kW of 250 rpm
d=2 D=2 d=0,6D T . =L12T
d=0,6D...D
Power = P = 2nNT
_ Px60
mean 27N
_ 150k x 60
T 2m250
=5729,578 Nm
Tmax = 1’12 X Tmean
=1,12 x5729,578
= 6,417 kNm
From single torque equation.
T_ 12
]~ D
L6417 75Mx2
.. ] - D
L6417 - Lo 2337541
Downlohded ffom www.studypapers.co.za
32 2337541
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xD . D _ 2337541 x
32 pi-dt 2
— 2294875 ... @

XT

D 2294875

Substitute @ into @: T
D* - (0,6D)

. 1
10,8704 D°

=2294,875

3 1
0,8704 D" = 2 294,875

. D*=5,0094 x10™*

D = /5,0094 x 10~
=79,42 mm
.d=0,6D =0,6 x 79,42
.. = 47,65 mm
3.2 Subjected to BM of 3,2 kNm.
Calculate speed (N) and new torque for equivalent condition.
M = 3,2 kNm

~ n (D' = d%)
=6 D '

T 0,07942" - 0,04765"
16 0,07942

= 6,421 kNm
But TYM? + T2
. (6,421k)* = (3,2k)* + T?

= 5,566 KNm

_ 5,566k _
mean 1,12

. P=2nNT
60 x 150k
T 21 x4970,47

= 288,21 rpm

Te

75M

4 970,47 Nm

Downloaded from www.studypapers.co.za
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4.

D =100 50 kN = BM T?
T=65MPac, =70 MPa
4.1 Maximum torque

Consider o, =on

. _ nD’%n
. Me=—3

= 6,872 kNm
. Me= %(M + \/W)
6872 = 2(5k + 5k + T?)
-.8744% =5k + T?
T = V8 744> - 5k*

=7,173 KNm

Consider the shear stress T:
Te = %D%max
=X 0,1°x65M
=12,763 kN
But Te = VM + T2
= 12,763k - 5K°
=11,742 kNm

Maximum torque = 7,17 kKNm

If a torque of 11,742 kNm is used the bending stress will be more than
the allowable 70 MPa.

Downloaded from www.studypapers.co.za
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4.2 The actual stress in shaft bending stress is 70 MPa because it
determines the maximum torque.

.". Shear stress due to a torque of 7,17 kN is applicable.
S Te=VM?+T?

=5k + 7,17k

= 8,741 kNm
Te=1Dt

8741 x 16 _

nx0,1° max

T, =44,5MPa

400D OB=MPa=1

130 T1 2000N
 / T2 4 000N

Ny

Consider as a cantilever

Load on the shaft = T, +T,

=2000 + 400
=2400N
o .BM=WL
=2400x0,13
=312 Nm

Torque on the shaft = (T, - T,) R

pulley

(2 000 - 400)0,4
2

=320 NM

No name was given to the stress, therefore it had to be considered as
bending and shear stress.

Downloaded from www.studypapers.co.za
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Consider the binding stress.

Me=1(M+VM*+T?)

- %(312 +3127 + 320%)

= 2(312 + 446,93)
= 379,46 Nm
_ 3
Me = 32D on
3 ,379,44 x32
nx40M D
. D =45,89 mm
Consider the shear stress
s Te=\VM?+ T?
= 446,93 (From Me)
S, T3
s Te= 16D T
3’446,93 x16 _
nx40M D

D = 38,46 mm

Use a shaft with D = 45,9 mm. A shaft with D = 38,46 mm will not be able

to take a bending stress of 40 MPa.

For a shaft D 38,46 m: o,=59,17 > 40 MPa allowable.

Fw =199 kg

y W

0,5 im

A

-t >t
-4 | i}

L=15m

Y

-
-

»
!

Weight of shaft/metre = Volqg

T 2
20,08 x7800g
= 384,62 Nm

.". Reaction in A: mounts about B

SL5A=wx 1+ 384,62 x 1,5 x =2

=w +432,6975

B

D=80
Me=1181
Te=1615

A = 0,498l 38848From www.studypapers.co.za
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Consider the maximum BM at position of the flywheel as flywheel mass
is unknown.

S M__=0,5(0,667w + 288,465) - 384,62 x 0,5 x
S M =0,3335w + 96,155

Consider Me = %(M +VM? + Tz)

%(M + Te)

0,5
2

1181 = 3(M + 1 615)
2362=M + 1615

.M =747 Nm
.. 747 = 0,3335w + 96,155
CS.w=1951,55N
ighi
Mass of the flywheel = Jweight
_1951,559
T 981
= 198,9 kg
The sag is 199 kg.
7.
Pulley mass =300 kg
D =400
_ 130 N 0 =20 MPa
T,= 1900N . - 40 Pa
TL= 400 V

7.1 Bending moment for the shaft
S M=WL+L(T +T,)
= (30 x 9,81)0,13 + 0,13(1 900 + 400)
= 38,259 + 299
= 337,259 Nm
Torque on the shaft = (T, - T,)R

pulley

(1900 - 400)0,4
2

Downloaded from wageostudypapers.co.za
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Consider the bending stress:

Me=2(M + \M* + T)

2(337,259 +/337,259% + 300%)

Me = 1(337,259 + 451,38)
=394,319 Nm

and Me = %D3 on

D=z
_ Vm
T X 40m
D =46,48 mm
Consider the shear stress:
Te=VM>+T?
= 451,38 (from Me)
. Te= 1“—6D3r
D = 48,62 mm
Use a shaft of 48,62 mm.

7.2 Actual stress

The shear stress is 20 MPa as it determines the shaft diameter.
Calculate the bending stress.

. _ T3
..Me—32D o,
p _ Mex32
B nD?

_ 394,319 x 32
7 % 0,04862°

=35 MPa
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8.

M=6kNm

m allowable stress 120 MPa
' .. 0,=120 MPa

8.1 Consider the bending stress.
Torque in the shaft:

n D*-d*
Me=3"

_n (0,09‘*— 0,04*
320 0,09

= 8,253 kNm

Me:%(M + M2+ T2)
8253 = %(61( +Ve6k? + T?)
10 506,451 = V6k> + T>

10 506,451 = 61> + T*

on

)IZOM

T =410 506,451% - 6k

= 8,62 kNm
8.2 Power
Mean torque = 1“1‘2
_ 862k
1,12
= 7,696 kNm
. P=2nNT
=21 x 22 % 7,696 k
=258,03 kW
8.3 Shear stress
Te=VM?+T?
= 6k® + 8,62k
=10,503 kNm
Dt gt
Te = 716( 5 4

-4
Downlbaded Hbm www.studypapers.co.za
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9.
800 kg

'

1000

— g
-¢ -

800 x 9,81 x 1

7 =1962 Nm

_ WL _

BM = - =
80

P=2nNT = 27'[@’-[‘ = 100k

. T=1193,662 Nm
ST =1,15x1193,662 =1372,711 Nm

Consider oy
.Me= %(M + M2+ T?)
= %(1 962 + 2 394,531)

=2 178,266
_nD*-4*
Me = 37 D O

. 2178266x32 _D*-4d*
nx8M ~ D

D*-d*
D

D=15d...®

Substitute @ into @:

(1,54)* - d*
1,5d

2,708 d>=2,773x 107"

d= 3/2,773 x10™*
- 2,708

=2,773x 107 ...®

=2,773x 107"

= 46,78 mm
.D=1,5x%x46,78
=70,17 mm

Consider the shear stress:
- Te=VM?+ T?
=2 394,531 (from Me)

n D*- 4*
Te = 7popnieded from www.studypapers.co.za
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T
= 38,32 mm
D =1,5x% 38,32
=57,48 mm
Use a shaft:
D =70,14 mm
d = 46,78 mm
11,68 wall thickness

Shear stress shaft wall thickness 9,58 mm.

10.
D =400
T =zoo}
T, =600 200 kg
P F
M/\MAKMMMA .
S N - WA N/min
N =500 rpm
. - 500 _
Al - < 20 _|B
B 1000 R
25124 =——g 533, 4
0 0] SF + Diag
567,6

25295 \
b 2649,6

10.1 Reaction of the bearings
Moment about A:
.. 1B =0,3(2 000 + 600) + 0,8(200 x 9,81) + <600 x 1 x %)
=780+ 1 569,6 + 300
B=2649,6 N
Moment about B:
1A = 0,2(200 x 9,81) + 0,7(2 600) + (600 x 1% %)

A=392,4+1820+ 300
Dovzvalcg?gglckfrom www.studypapers.co.za
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10.2 Maximum BM at the pulley

. M=(2512,4%0,3) - (600 x 0,3 x Of)
= 753,72 - 27
= 726,72 Nm
10.3 Maximum torque = (T + TZ)Rpulley
= (2 600)°
=520 Nm

The allowable stress is 65 MPa.

Shaft diameter — consider oB

.. Me= %(M + M+ T?)
= (726,72 +\726,72" + 5207)

= 2(726,72 + 893,6)
= 809,66 Nm

_3/Mex 32

- o,

_ 3[806,66 x 32

"V tx65M

= 50,24 mm (49)
Consider t

Te = 893,6 Nm (From Me)
Te= Dt
=41,22 mm

Use a shaft diameter of 50,24 mm.

104d=0,6D...®
Hollow shaft dimensions

Consider oy

sQawploaded fomwwy.stydypapers.co.za
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D*-0,6*D*
D

=0,8704D°
DN f0,050243
~.D= 0,8704
= 52,62 mm

d=0,6D
=31,57 mm

.0,05024° =

Consider T:
D*-4d*
D
.0,04122° = 0,8704D°

D’=

3
o=
=43,17 mm
d=0,6D
=259 mm

Use shaft D = 52,62 mm d 31,57 mm.

10.5 Percentage saving in weight

o . A -A 100
. % saving = —— X ==
D*- (D*+d?) 100
= _ X —
D’ 1
3 <50,242- (52,622—31,572)> 100
50,24’ 1

=29,78%

Downloaded from www.studypapers.co.za



82 || N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

Downloaded from www.studypapers.co.za



Downloaded from www.studypapers.co.za

MODULE

4 Bending and deflection of beams

By the end of this module, students should be able to:
calculate:

the bending moment for standard cantilever and simply supported beams
the position and value of the maximum bending moment for an
eccentric lateral load on a simply supported beam

the second moment of area for standard beams and built-up beams
consisting of no more than two profiles;

understand and apply the simple bending equation;

select profiles according to the profile modulus from the steel tables if the
bending stress limit is known;

understand and apply deflection and slope equations;

calculate:

the maximum slope and maximum deflection for simply supported
beams carrying a UDL over the full length

the maximum slope and maximum deflection for simply supported
beams carrying a concentrated load at mid-span

the maximum slope and maximum deflection for simply supported
beams carrying a UDL over the full length as well as a concentrated
load at mid-span

the force in a prop placed at the mid-span to prevent all or some of the
deflection

the maximum slope and maximum deflection for cantilever carrying a
concentrated load at the free end

the maximum slope and maximum deflection for cantilevers carrying
a concentrated load which is not at the free end

the maximum slope and maximum deflection for cantilevers carrying
a UDL over the full length

the maximum slope and maximum deflection for cantilevers carrying
a UDL from the fixed point, but not for the full length

the maximum slope and maximum deflection for cantilevers carrying
a UDL from the free end, but not all the way to the fixed point

the force in a prop placed at the free end to prevent all or some of the

g\?vcr;[fgg;ded from www.studypapers.co.za
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+ select profiles according to the second moment of area from the steel tables
if the deflection limit is known;
« select profiles from the steel tables if the bending stress limit and deflection
limit are both known; and
o calculate:
- the actual stress and deflection of a selected beam
- the maximum allowed length of the beam if the bending stress limit
and deflection limit are both known
- the maximum allowed load that the beam may carry if the bending
stress limit and deflection limit are both known.

Introduction

A beam may be strong enough to safely resist the bending moments due to
the applied load and yet not be structurally suitable because its deflection is
too great.

The deflection of a beam should not exceed % of its length, depending on
where it is used and how critical the condition is.

In other words, deflection can be more than % of its length and will not cause
damage if the condition is not critical.

Exercise 4.1 SB page 129

This exercise is useful for revision of the N5 learning outcomes.

1.
Yo = % =15
> . 200 o y, = 160 - g0
@ @ G = Centroid
X A X ihl X A d X T
60| G “Y
* - A
h —
©) b
I y y Y1 15

Position of G:

.". Area moments about the base:
_D loaded from www.studypapers.co.za
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. [2(5] x 160) +)200 x 15)]y = 2[(5 x 160) x 80] + [(200 x 15) x 7,5]

.. (1600 + 3 000)y = 128 000 + 22 500

150500
V=560

= 32,72 mm from base
Moment of inertia about yy-axis
. _ 2 22
S =2+ L+ AR+ [+ A
o h =y -y=280-3272=47,28 mm
h,=y-y,=3272-7,5=2522mm

3
Sy = 2[% +(8x 107 x 0,047282)]

3
["7’2 XIOZ’OIS +(3x107 x 0,025222)]
=2[1,707 x 107 + 1,7883 x 107°| + [5,625 x 10 + 1,908 x 10~
=6,991 x10°+ 1,965 x 10°°

= 8,956 x 10° m*

2.
©)
h =y, -¥=221,3-129,9
Y1 RO y T =914
h,=y-vy,=129,9-103,4
h, = 26,5
| G J
S} " X y;=h+Ay
h =206,8 +14,5
2 =221,3
— X g X
y
_h _2068 _
[ o ] Y= 8 =552 =103,4

2.1 Calculate the position of G
AT =AY A,

(1,102 x 107 + 3,8 x 107)y = (1,102 x 107 x 0,2213)
+(3,8x107x0,1034)

24,902 x 1077 = 2,439 x 107" + 3,9292 x 10™*

. 63682x10™"
4,902 x 107
Dowpeadgd from www.studypapers.co.za
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2.2 Moment of inertia about the xx-axis
Ixx = [Iyy1 + Alhlz] + [Ixx2 + Azhzz]
= 10,1936 x 107 + (1,102 x 10 x 0,0914)]
+ 128,88 x 10 + (3,8 x 107 x 0,02652)]
o I =9,3997 x 107° 43,1549 x 107°
=40,948 x 10°m"
2.3 Moment of inertia about the yy-axis
I, = [Im + (Alhfx)] + [IM + (Azhjx)]
I,=1,059x10°+3,838x10°=4897x10"m"
2.4 'The maximum stress in the beam
y-distance top and bottom
y-bottom = 129,9 mm
y-top = h - I-section + b-channel - 129,9
y-top = (206,8 + 45) - 129,9 = 121,9 mm

Maximum stress at the maximum y-distance

Mymax WLymax
Gmax - Ixx B 4Ixx
WLy . 1 12
o = ms _ 100kXx8x01299 _ o5y 463 Mpa
max 41 4 % 40,948 x 10

XX
2.5 Minimum stress in beam

WLy _ 1 121
o = Ymn_ 100kx8x0.1219 _ 5g5 399 \ip,
min 4r 4 x 40,948 x 10

2.6 Maximum stress about the yy-axis for the same BM

h-channel _ 40

x-distance = — =5 = 20 mm
. b I-secti 133,8 . .
x-distance = % === 66,9 mm maximum distance
WLx - 100k x 8 x 0,0669
o= = XX 2,732 GPa
max 41 4% 4,897 x 10

Y

2.7 Minimum stress about the yy-axis

WLx . 100k x 8 x 0,020
o . = = 3
min 4 4 x 4,897 x 10

2.8 Replace the beam with an I-section
305 x 102 x 24,5 kg/m

=816, 827 MPa

Downloaded from www.studypapers.co.za
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3.

0 =95MPa
) &)

1 y=50+0=31835

<
<
ag
g
N

— 8m —>

101 kg/m

h =536,7
A=12,92x10"
Ixx = 616,5 x 10°°
50 + 2 = 318,35

= <

0

L, =

=

-2 =29335

. 22
h=0-Ah

y_ 50
2

M
Lxx for the beam: —2= =2 ©
Ixx y

. y=y=318,35 mm

WL wL?
=—+

Mmax = MUDC 4 8

_ 150k><8+40k><82
T4 8

= 300k + 320k
M__=620kNm

m

M
. From @: Ixx= L)

620k x 0,31835
95 x 10°

=2,0777 x 10° m*
2 2
Butloe=2[I, +A k| +2[L, +A k]

Downgadeddo s SRR3R Ss16.5 x 10
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.2,0777 x 107 =2[1,0417 x 10°W + 4,3027 x 10°W] + 1,233 x 10~

542235 %x 1071 =4,3131 x 107°W
. W =9792 mm

w Nm?

A A

0 =110 MPa

| e—— 9gm ——»

305 x 152 x 65,5 kg/m
h=305mm
A=8,385x10" m’
Ixx = 131,8 x 10°°

y=t2- =155

Calculate maximum BM for the beam
. M
© o Ixx y

a
max __  max

o xIxx

M __max

max }/

_ 110M x 131,8 x 10°°
- 0,1525

= 95,069 kNm

_»

! (Important
The weight of a STANDARD section must always be considered for ALL

N6 problems in ALL chapters where possible, whether the question asks for
it or not.

N

W

J

ButM_ =M +M

weight

wL’

8
_ w9’ 4 (655 9,81)9°
) 8

2
95,069k = % +

2
w= % + 6,506k

_ 8859 x8
==
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N ' (Note w
If the weight of the beam is not considered, the UDL will be too great and will

cause the stress to be more than the allowable stress of 110 MPa, and the beam
will fail. (This can result in death in real life).

J

4.2 Value of the PL at the middle

Maximum = MPL + MWeight

WL wL?
max 4 + 2

2
950,069k = W2 4 (23 X8

=2,25 W + 6,506k

< 88,563
W= 225

= 39,361 kN point load

43

& w=642,55N
3Im |< 6m - W ,55 N/m

For a point load not in the middle, the maximum BM equation is WTab;

“ ‘(Note

BUT, this only applies if NO other load is applied. J

Wab = wL?

.. Maximum BM is NOT = 7 s

Determine left-hand reaction

! (Important w

- In a case like this with an unknown load, consider the maximum BM at the
point load on the beam. If all loads are known, a shear force diagram must be
drawn to find the point of maximum BM on the beam.

e

~

J

Downloaded from www.studypapers.co.za



90 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

Moments about R:
. 9L = 6W + (642,55 x 9) x g

=6W + 26,023k
. L=0,667 W + 2,891k
Maximum BM PL - moment to the left
SM, =Lx3+ (642,55 3) x 3

=3L+ 2,891k

M= 95,069k = 3(0,667W + 2,891k) + 2,891k
..92,178k = 3(0,667W + 2,891k)

..0,667 W = 30,726k - 2,891k

27,835k
W= 0,667

=41,732 kN

2x 150 x 90 x 26,6 kg/m

90

52=Ax

I<— 2m —>I X X h=150

98

Ixx=7,611x10°x = 15,222 x 10 * m*
Ax =52

2
Maximum BM =M, =WL+-

((2 % 26,6 x 9,81)2%)

=10k x2 + 3

=20k + 1,044k
=21,044 kNm

Downloaded from www.studypapers.co.za



{\ Module 4 ¢ Bending and deflection of beams “ 91
Downloaded from www.studypapers.co.za

weight
actual branch

g _min
ymin=52mm
ymax =98 mm

stress = diagram

0 max

: Mmax Gmax
.. Maximum stress: — = —=
Ixx Y nax

Mmaxymax
max -

_ Mmaxymax
max Ixx

21,044k x 0,098
15,222 x 10°°

= 135,48 MPa (Compressive)

‘o

LI Mmax 0‘min

Minimum stress: =—
ey

mn

21,044k x 0,052
min 15922 %107

= 71,89 MPa (Tensile)
Exercise 4.2 SB page 147
1.
W N/m
p =7800 hg/m? D=60
E =200 GPa d=25
0 =120 MPa y=%-=30

1.1 Weight/m = Volqg
= 2(D?x d*) x 1 x 7800 x 9,81)

= g(o,062 - 0,025%)76 518

Downloaded 1f?grzwg\?vvl\lvvlg.studypapers.co.za
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Moment of inertia of the shaft:
SIxx = 614(D4 - d?

= %(0,064 -0,025%)

= %(1,257 x 107°)

=6,17x 107 m*
.M_o .-_MZG_I
Iy ¥

_ 120M x 6,17 x 107"
- 0,03

=246,8 Nm

178,789L°

_wh : _
ButM=-=- 2468 ="

L*=27,608
L=525m

. _a_wl’
1.2 Maximum slope = 0 = <7

178,789 x 5,25’
6 x 200G x 6,17 x 1077

=0,0349 rad
=1,999°
4
1.3 Maximum deflection = A = ZV—]IE“I
178,789 x 5,25*
- 8 x EI
=0,13759 m
=137,59 mm
2.
B=160
b=110
D =260
l 6OkN d=210
3m
— le— 25
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2.1 Total UDL = 150 kN
< UDL = =50 kNm
_ 1 3 7143
Ixx = 12[BD bd’]

- % (0,16 x 0,26%) (0,11 x 0,21%)]

1
12[2,812 x 10 - 1,019 x 107

=1,494x 10" m*

Deflection at the free end:
A = AUDL + APL

L WL

~ 8EI 3EI

_ L[W_L“ WLS]
T EI

8+3

1 [50kx34 60k x 3°
= = —+
200G x 1,494 x 10 8 3

= 2(506,25k + 540k]
=0,035m
=35 mm
2.2 Free end maximum slope6 =6 +6

PL
_wl? + WL?

max ~ 6EI = 2EI
1 [wl? WLZ]
_ﬁ[ 6 T2

_ L[50k x3° | 60k x 32]

TEIL 6 2

=L

= (225K + 270k]
=0,0166 rad

2.3

50 kNm

3m

A
Y
-

Deflection at the freeend =0=A -A

down up

Dovpleatigd,from www.studypapers.co.za
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wL?

Take as PL the deflection up .". SE = 0,035
.. Force in the support =W = M
=116,2 kN

) 4

\ Note

Stress and deflection

Enough information is given to calculate A: The I-value for deflection and A Z
value for stress. Therefore, a section must be calculated for each (deflection
and stress) to find a section that is strong enough for the condition to

satisty both.
-

~

A=

A
Y

E =21 GPa
I =section ?
o0 =90 MPa
-1
A= 360 xL

2
360

A. Consider deflection:

5% 7kx5%x 360
T 384 % 210G x5

Ixx = 19,532 x 10 ° m*

Biggest nearest Lxx = 22,97 x 10~ m*
Section = 203 x 102 x 25,3 k/m
Zx=1226,1x10"°m’

B. Consider stress

2 2
M =" =755 21,875 kNm
. . M
.. Section modulus = Z = -
21875
~ 90M

7Rownlgaged from www.studypapers.co.za
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Nearest Z = 286,4 x 10°° m®
Section = 205 x 102 x 24,5 kg/m
Use 305 x 102 x 24,5 kg/m

The stronger one:

Z for ois > Z for A

4. Total UDL =30 kN

oL =3 o 5 kNM

s}
1l
w|O

A E=15GPa

X X D=3B

Maximum A at the middle
_ 5wL*

T 384EI
5wL*

_ 5x5kx6*
T 384 x 15G x 0,016

=3,516x 10°m*

BD’
ButIxx—T ... O

D=3B...®
Substitute @ into @:
3,516 x 10~ = 2CB)

12
42192 x 107 =27 B*

B*=1,5627 x 10
B =V1,5627 x 10
=111,8 mm
D =3B
=3354 mm

Downloaded from www.studypapers.co.za



96 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

5. The stress and deflection are given .". there is enough information given to

calculate a UDL for stress and deflection.

P.L. flange
i i E =200 GPa
- o X
o=110 MP
M_o _ 5wL? .
5 A = St A weight
wl?  wL? .
and M = —— + = weight
305 x 165 x 40,5 kg/m
Ixx = 85,51 x 10°°
40,5 kg/m
_h_ 3038
27 2
=151,9
Consider deflection SA=AL A
max weight

4 _ sl 5wL'
360 ~ 384EI = 384EI

< EI - 4% 200G x 85,51 x 10° _ 5wL' = 5(40,5 x 9,81)4"
e 360 T 384 384

. _ Swx 4!
.. 190,022k = Ty 1,3244k

5wa’
384

384 x 188,6976k
W=——7—7—
5x4

=56,61 Nm

.. 188,6976 =

Consider stress:

V.
LM=2

(110M x 85,51 x 10™°)
0,1519

=61,923 kNm
. M ax = M

st

load + Mweight

Downloaged from www.studypapers.co.za
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wx 42 + (40,5 x 9,8)4>

.61923 = 5 3

2
% — 61923 - 794,61

61 128,39 x 8
w=—"""-
4
= 30,56 kNm
Answer
The safe load is 30,56 kNm, the stress will be 110 MPa and deflection will be
2 gf 56,61 kNm is used, deflection will be 2 but stress will be

360" 360’
more than 110 MPa and beam will fail.

less than

Stress and deflection are given as a limit, therefore both must be considered
to find first the maximum depth of slime.

6,5m d 210

A
\

Qe 1 100 kg/m’

Q0 7 800 kg/m

A =6 mm

0 =38 MPa

E =200 GPa
Consider deflection:
A=A FA L

_ 5wL* + 5wL*
T 384EI  384FI

Weight/m for slime = Volqg
=(0,344 x d) x 1 x 1 100 x 9,81
w=3712,104dNm ... ©

Downloaded from www.studypapers.co.za
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Weight of channel/m (metal)

w = Volqg
=[(0,003 x 0,21 x 2) + (0,003 x 0,344)] x 1 x 7 800 x 9,81
=[1,26 x 10~ + 1,032 x 107°]1 x 7 800 x 9,81

=175,38 M/m
3
i D D
151,6 mm i h
& l &
X L X G X L X y
Y ° Y
Y + 210
_ v i h; Y, =105
y X
@ y—$Yq '
58,4 344 y,=3-115
2 y

h =y, -7 =105 - 58,4 = 46,6 mm

h2 =y -y,=584-1,5=569 mm

Determine G: yA = A g + Ay,

7(1,26 x 107 + 1,032 x 107°) = 2(6,3 x 10™* + 0,105)
+(1,032 x 107 x 0,0015)

72,292 x 107 = 1,323 x 107 + 1,548 x 10°°

¥y = 58,4 mm

Moment of inertia:
by =L, + A2 +[L, +AR]

0,003 x 0,212

3
sy = [T +(6,3x107 x 0,04662)]2 + [M

12
+(1,032x 107 x 0,05692)]
Iy =[2315%x10°+3,342x 10°°
=7,366 x 107° + 3,342 x 10°°
=10,708 x 10° m*
Slime depth for deflection

A = <5wL4> <5wL“
" Tmax 384El slime

W)weight x 384EI
0,006 D3fEloa 8w Wil 2R3 Bdprs.co.za
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.. 4,934M = 8 925,313 w + 1,565M

_ 3,369M
~ 8925313

=377,466 Nm ... ©
Substitute @ into @: -, 377,466 = 3 712,104 d
Depth of slime d = 101,7 mm

Consider the stress:

M= ol
ymax

~ 38x10°x 10,708 x 10°°
- 0,1516

=2 684,06 Nm

2

(%)

wx 65" 17538 x 6,5
8 8

x 8 .°.21 472,51 = 6,5°w + 7 409,81

. 6,5°w =14 062,705

w=33284Nm...®

Substitute @ into: 332,84 =3 712,104 d

Depth of the slime = d = 89,7 mm

2
Maximum = (%)

slime metal

2 684,06 =

.. Depth of the slime for the channel to be safe is 89,7 mm.

7. 7.1 Stress and deflection are given. Consider each one for the safe load:

425m
o =100 MPa PL flange 203 x 133 x 25,3 kg/m
_ L _ 425 _
A= 360 ~ 360 h= 2032
E =200 GPa A=3219%x10""
Ixx = 23,49 x 10°°
h 2032

DowAloaded from www.studypapers.co.za
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Consider the stress:

.M_o
T
ol _ 100M x 23,49 x 10°°
M= v 0,1016
=23120,078 Nm
_wl?
M= 8
2
23120,078 = X220
c.w=10,24 kNm
Consider the deflection:
_ 5wL*
T 384F1
L 425 5w x 4,25

" 360 " 384 x 200G x 23,49 x 10°°

W = 25 x 384 x 200G x 23,497 x 10°
360 x 5 x 4,25

Load/m = w = 13,06 kNm
. Safe load = 10,24 kNm

7.2 Load/m =2 x 10,24
=20,48 kNm
E =200 GPa

) © 20
L J A
h 1
_X_ X X X X h=203,2
y
( @ 1 A
" © - 2
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Deflection for 10,24 kNm E=GPa

oA _ SwL!
A= 384EI

_ 5x 10,24k x 4,25*
384E x 23,49 x 10°°

=926x%x 107

.. New moment of inertia:

_ 5wL*
"~ 384FI

926 %10 = 5 x 20,48k x 4,25
7 384 % 9,6 x 107

=4,698 x 10° m*

B 2032
y=20+222=1216

2032 20 _ 3
h =222+ 2 =111,6 (h,=0)
A =002w

A, =3219%x107
s o= Z[IW‘ + Alhf] + [Ixxl + Azhzz]

3
X2 10,02W x 0,11162] +[23,49 x 107

4,698 %107 =2

2,349 x 107° = 26,667 x 107W + 2,491 x 10™*W|
52,498 x 107*W =1,1745x 10~
W =47,01 mm

[ Note )

Also, if the load doubles and deflection remains constant, then the I-value
must also be doubled.

.. Ixx (new) was unnecessary to calculate.

New Ixx =2 x 23,49 x 10°=4,698 x 10° m*

8.  Stress and deflection are given, but very little other information. However,
both obtain the same values.

.". Stress:
.M_o
T

. wDowsleaded from www.studypapers.co.za
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.1 _ DwL?
..I—SOOM...®

. . .o 5wt
.. Deflection: A = S3aET

. L _ 5wt
* 500  384EI

+ L .-, 384EI = 500 x 5wL’

1= 2 500wL’
~ 384 x 210G

=31x10"wL’... ®

DwL?

. . 1113
Substitute @ = ®: 3,1 x 107 wL” = 300 M

+wL?-.0,0248L =D
. L=40,32D

9. 9.1

*6
}

y
@ Ay=19,6
AL I
y— ] — =Y
'}
h
X

A

\
A h=127
Y1

Channel: A, = 1,898 x 10 Iyy =0,6845x 10°°
I-section A,=1,701 x 107 Ixx=4,76 x 10°°

y =h+t = Ay h =23,774

y,=(127+64-196)=1138 | h =y -7=1138-90,026

y=2= - 635 h, =7 -y, =90,026 - 63,5
= 26,526
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Determine G:

Ay=Ay +Ay,

- 7(1,898 +1,701)107° = (1,898 x 10~ x 0,1138)

+ (1,701 x 107 x 0,0635)

3,599 x 107y =2,1599 x 10~ + 1,0801 x 10™*
y=90,026 mm

Moment of inertia Ixx

I = [Iyy, + Alhf] + [Ixxl + Azh;]

- Ixx = [0,6845 x 107 + (1,898 x 107 x 0,0237747)]
+ (4,76 x 10 + (1,701 x 107 x 0,0265267)]

o Iex = [0,6845 x 107° + 1,0728 x 10™°] + (4,76 x 10 + 1,1969 x 10|

=1,7573 x 107° + 5,9569 x 10°
=7,7142 x 10° m*

2 kN
Iy 35 kN/m E=200GPa
- 3m .
A=A Ay
_wr? 4 5wL*
T 48EI © 384EI
2k x 3° 5 x 5k x 3*

- 48 x 200G x 7,7142 x 10°° 384EI
=7,292x 107" + 3,418 x 10°°
=4,14 mm
9.2 Maximum slope
emax = ePL * eUDL

_WL? + wL’
T 16EI ' 24FI

_ 2kx3’ 4 5k x 3°
~ 16EI 24EI

=7292x 107"+ 3,646 x 10~
=4,375 % 10~ rad
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9.3 Maximum stress

y min =43,374

0 max

M ax=MPL+MUDL
WL wL?
=7t
_ 2kx3  5kx3?
T4 8

= 1,5k + 5,625

=7,125 kNm

_ My 7125 x%0,090026
max | 7,7142 x 107

= 83,16 MPa

‘o

10.

50 kNm

ymax=y
=90,026

El =32 MN/in?

A B c

10.1 DeflectionatB=06=A =A

down up
oA down = A
own up
. 5wl WL?
** 384E1 ~ 48EI
El . 5wL _ W
13" 384 48

5wL48
384

_ 5% 50k x 8x48
- 384

=250 kN

.. Reactionat B=W =

Downloaded from www.studypapers.co.za
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10.2 Deflection at B = 0 mm

_ _ _5x50kx 8!
down 384 % 32 x 10°
= 83,33 mm
A =83,33-30
up
=53,33 mm
A, % 48 x EI
Reactionin B=W = — Q0
_0,05333x48x 32 M
= -
=160 kN

E=208 GPa

11.1 Deflection at B = A= d+t

=8+6
=14 mm
11.2
25=B
y y 6=D
Iyy = BD® _ 0,025 x 0,006
V=3 = 12
=4,5%x 10" m*
_wL?
B~ 48EI

) Ay x48EL 0,014 x 48 x 208G x 4,5 x 107"
Reaction B=W = BL3 ==t X063X ==

W=2912N
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113F, =F,
I I
C
o B, =F, =F_
.291,2=2F

F=1456 (FA = F_ symmetrical beam)
< F,=F_=1456N

12. 12.1
532 L
200 | 100
y L y 200 ——
h A
® i )
X 3y o X
\ I G ) 100
h, Y1
_ 200
y h3 y @ L 2 7\ y
. 1
2 100
400 1 e
Area 3 is taken as a solid without the holes 1 and 2.
No. Area A y Ay
1 0,2 x 0,2 A1 -0,04 0,5 -0,02
2 0,2 x 0,4 A2 -0,08 0,2 -0,016
3 0,532 x 0,7 A3 0,2724 0,35 +0,13034

A 0,2524 ZA,, =0,09434
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Determine G:

.. JA, =Z Area moments
.. 70,2524 = 0,09434

¥y =373,772 mm

12.2 Moment of inertia = Ixx
Lox=1-1 -1,
h3 =y-y,=373,772 - 350 = 23,772

T _ BD’
Tt T3 12

_0,532x0,7°
B 12

I,=15416 x 10~° m*

2
+ A3h3

+(0,3724 x 0,023772?%)

h1 = yl -y
4
Square:T| =2+ Ak h =500 - 373,772 = 126,228

_02*
V)

1,=7,7067 x 10 m"

+ (0,04 x 0,126228?)

. _ DB’ 2 .
..Izyy—7+A2h2 hy=y-y,
= 373,772 - 200
= 173,772
3
I, =22222 1 (0,08 x 0,173772?)

=2,682x%x 107 m*
clee=1-1 -1,
=15,416 x 107> - 7,7067 x 10™* - 2,682 x 10~°
=11,9637 x 10~ m*

o
max max

M
12.3 Maximum stress: =

Ixx Yo
_My
max T
10 kN
i \ 12 kN/m
- 5mo
Downloaded fro Ww.Studypapers.co.za
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M =My + My,

m

_WL L

4 8

_ 10k><5+ 12k + 5°
T4 8

=125k + 37,5k

50 kNm

_ My 50k x0,373772
I 11,9637 x107°

= 1,56 MPa

« . Mmaxymin
12.4 Minimum o ", O =

in I
y_ =700 = 373,772 = 326,228

50k x 0,326228
min 11,9637 x 10~

=1,36 MPa

12.5

0 min 1,36 MPa

y min

NA

X

y max

0 max 1,56 MPa
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13. 13.1 Maximum BM

a 6N
. 4m | 3m | "54’1
- o | X X
y 95,9
47—m>| _"
Maximum M PL=Wa=6 x4=24 Nm
Weigh per meter = 2 x 20,2 x 9,81 = 396,34 Nm
_ WL? 396,324 x 7%
v = 3 = = 9,71 kN
M =24+971k=9,734 kNM
13.2 Maximum and minimum stress and the nature of stresses
My .
0. = }I/ _ 2734k 0’052 = 44,704 MPa (Tensile)
min 2% 5,89 x 10
M
o = );m“" = 2734k x 0’09?69 = 79,244 (Compressive)
max 2%5,89x 10
13.3 Maximum deflection
wL* 396,324 x 74
. = = 2 = ’4
weight — 8E] 8 % 200G x (2 x 5,89 x 107 >0,487 mm
A=A+ (GB X b)
_Wa’ Wa’ ]
Ap =g+ [2151 xb
. 6 x 4° [6><42X3]
“PL 3% 200G(2 x 5,89 x 107) 2EI
APL =0,054 + 0,061 = 0,115 mm
.-. Total deflection = 50,487 + 0,115 = 50,602 mm
14. 14.1 Select unequal leg angles to use as a beam
| |
A A X X
5000 N
- > 95,9
L1 _Y

Downloaded from www.studypapers.co.za
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_ 5wL*
max ~ 384E]

1 = 5 x 5k x 54
*cTxx T 384 x 209G x 0,018

=10,816 x 10 m"
1 per angle = 5,408 x 10° m*
.. Use angle 150 x 75 x 12 x 20,2 kg/m by 2 oft

14.2 Actual deflection

5 x 5k x 54
A 1 = -6
actual 384 % 209G(5,89 x 107 x 2)

=16,527 mm

14.3 Safe load
Safe load = Total load — weight of angles
=5k - (2x20,2 x9,81) = 4,604 kNm

14.4 Maximum and minimum bending stress and the nature of stresses

2 2
Maximum bending moment = % _ 5k ; > _ 15,625 kNm
M
o, =—cm = 12602KX0099 _ 157 502 MPa (Tensile)
max I, 2x5,89x10
My
o = Jmn_ 15625kx00541 71,758 MPa (Compressive)

min I 2%589x%x107°

xx

14.5 Force in prop

A op = Aoy — difference in height = 16,527 - 8 = 8,527 mm
_FL?
prop ~ 48EI
A x 48 x 209G(2 x 5,89 x 10™°)
S F=22 = 8,062 kN

53

15. 15.1 Select a suitable beam to satisfy the stress and deflection

12 kNm B

a 5000 b 3000

A
i
A
\

8000

Y

-t
-¢

Downloaded from www.studypapers.co.za
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wa’ 12k x5’

Maximum M at A = - = 150 kNm
Consider stress: Z = M _ 150k _ 1875%10°m?
o 8OM

Nearest 457 x 191 x 98,3 kg/m
Lightest 533 x 210 x 92,50 kg/m
Consider deflection: A=A, + (GB X b)

4 3
A, =0,015- o+ [ﬂxb]

8EI * | 6EI
12k x5* 12k5* [ 12k5° ]
0.015 = g5 310ar [8><210GI 621061 < 2
-6 -6
0,015 = 2464 10" | 3,571 x 10

1 1
. 1=535667 x 10 m*

The nearest 533 x 210 x 92,5 kg/m is also the lightest. Use this beam as
it will satisfy both conditions.

[ Note )

One must select the strongest beam of the two to satisfy both conditions. This
is a once-off case that both conditions work out to the same section. Normally
they differ and the section with the biggest I-value will be selected as the
section to use to satisfy both conditions.

J

15.2 Actual stress and deflection

—W“4+[W—“3xb]

actual — E 6EI
_ 12k x 5* [12k><53 o 3]
"~ 8x210G x 553,3 x 10 6EI
A =14,523 mm
actual
Actual stress
=M IOk 72,254 MPa
2076 x 10
16. 16.1 Total deflection
4 4
_wl'  15kx7 ~ 13217 mm

T 8El  8x340,6x 10°
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16.2 Deflection at the free end; load from the fixed end for 4 m

B
| C
a 4000
b 3000
4 3 15k x 4* 15k x 4°
A =2 [ﬂxb ]: x 3| =2,812 mm
C  8EI 6EI 8 x 340,6 x 10° | 6 x 340,6 x 10°

16.3 Deflection at the free end; load 4 m from the free end to the fixed end

a4000

b 3000

_ wa* <wa3 )]
AC_Atotal_ [m-’- EXb

15k x 3% ( 15k x 3°
8 x 340,6M ' \6 x 340,6M

Ao =13.217 -

X 4)] =11,978 mm

16.4 Select a parallel I-section

wL? 15k x 7°
BM ===

g M _ 3675k

T o 190M
Nearest 457 x 191 x 98,3 kg/m
Lightest 533 x 210 x 92,5 kg/m to use

=367,5 KNm

=1943421x10°m’

Downloaded from www.studypapers.co.za
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MODULE

5 Combined direct and bending stress

By the end of this module, students should be able to:

calculate the direct stress in a column supporting a force;

calculate the maximum and minimum bending stresses of beams with

symmetrical and non-symmetrical profiles;

calculate the direct stress, bending stress and resultant stresses of:

- acolumn supporting its own weight as well as a horizontal force due
to wind

- acolumn supporting a load that is eccentric from either the xx- or
yy-axis

- acolumn supporting a load that is eccentric from both the xx-and
yy-axis

- abeam supporting a lateral load as well as a horizontal concentric load;

calculate the position of the neutral axis;

sketch a stress distribution diagram to show the position of the neutral

axis;

sketch a resultant stress distribution diagram to show the position of the

neutral axis;

calculate the eccentricity of the force if the resultant stress limit is known;

and

calculate the magnitude of the force if the resultant stress is known.

Introduction

The types of stresses at work all depend on how a load is applied to a member
and what stresses will develop in the member.

Downloaded from www.studypapers.co.za
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Exercise 5.1 SB page 185

1. 1.1 Stress at the plane BC and AD

100Y ® Y

Direct stress= 0. = 3ok _ 3,6 MPa

D W -
M F
Bending stress = o, = Ty = %
M =36k x 0,015 = 540 NM

_st o1’
x 127 12

=8,333x10°m?*

. Fe 540 x 0,05
Bending stress = o, = = _ % = 3,24 MPa
B I 8,333 x 10

Stress at BC = Ope=0,-0,= 3,6M - 3,24M = 0,36 MPa
Stress at AD = O,,=0,+0,= 3,6M + 3,24M = 6,84 MPa

1.2 Stress diagram X
B A
c D
X+ 36 kN
-0, ¢ (o
/\_/:‘\/—
0 : 0
0lO
L 3,6 MPa
-3,24 ;
MPa \ o
0 L 1o
: +3,24 MPa
N | |
;r\g H 0
Downloaded from*{#f W)ers.co.za
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1.3 Position of the NA

My0
AtNAo =0, ..3,6M=

I

3,6 M x 8,333 x 10°° ;
- x X = 55,553 mm from centroid

0 540
2. Beam
Elevation Section
-0 + 0O 153
D B
T prmmmmmmmmmmm oo ! T T T
H |
! i G |t
: | 306 40|=e
0KN ~— Bending | | LY
B o -0 B, B B,

A Y A
A

y [ 153
X L S

e=40

270 kN K v|153

y
B Y B

 Note )

| Values that are calculated from Mohr's circle will always differ a little bit. |

. _ _F_ -270k _
Direct stress= 0, = + = 153 x 0306 = 5,767 MPa (T)

Bending stress
Bending moment = M = Fe = 270k x 0,04 = 10,8 kNm

306
Van=Vpp = = 153 mm
3
= 0,153 >1<20,306 = 3,653 x 107

M
Bending stress = 0, = Ty = % = 4,523 MPa (T)

Stress at top AA
=-0,+ 0, =-5767M + 4,523M = -1,24 MPa (T) minimum stress
5,767M — 4,523M = —10 - 29 MPa (T)

Opn = =0~ 0, = —
D(?\‘A/nloaaedg?rom www.studypapers.co.za
maximum stress

0-AA
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2.2 Position of NA

N A
Y -1,24 MPa

Yo

X X X
F
-10,29 MPa
Y Stress - Diag
Section

Stress at the neutral axis is zero.
g 0“D = 0-B

M
= 5,767M = %

_ 5,767M x 3,653 x 10™*
o~ 10,8k

NA is 195,07 mm from the centroid of the beam.

<>l

=195,07 mm

2.3 'There’s a distance of F from G so that the neutral axis is at top
of section

Yo =153

X X X
ie=51

Y

..¥o =153 mm and direct stress = bending stress at NA

M x 0,153
3,653 x 107"

M =13,77 kNm

5,767m =

1377k
= ook - °olmm

The load must be applied 51 mm from the XX-axis on the YY-axis.

and M = Fe

Downloaded from www.studypapers.co.za
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3. 3.1 PFsection

A=3219%10"

Lo Yy, =205,9

b=133,4 .

TF section 7 135,59

A=6,641x10" PF s

Lxx = 47,76 x 107° ® 500 KN

_ v > .

hz_ 2}?3 203 @ T Yo |1F

yoam T : 1015

Elevation I‘ 203 o

op=f=F - S0k ] -
(A, (3,219 + 6,641)10 -

= 50,71 MPa |
Bending stress
Determine G (the position of the xx-axis)
AT}_/ = Al;v1 + A2y2
- 7(3,219 + 6,641)"° =(3,219 x 107 x 0,2059) + (6,641 x 10~ x 0,1015)
79,86 x 107 = 6,628 x 107 + 6,741 x 10™*
..y — 135,59 mm
h =y, -¥=2059-13559=7031-h
h =y -y, =13559 -101,5=34,09=h,

B B
66,7
Ysl--
157,01 70,31
y;|205,0— 1 ,]34,09
y, 101, ¥ 135,59
A Al
Ixxz[I +Ah2]+[1 +Ah2]
W, 11 Xxy 22

= [3,09x 07 + (3,219 x 10~ x 0,0731?)]
+ (47,76 x 107 + (6,641 x 107 x 0,03409?)]
=2,0291 x 10~ + 5,5478 x 10~

Downloaded from www.studypapers.co.za
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e=y-y,=13559-101,5 = 34,09 mm

Bending stress at AA |

M =Fe
=500k x 0,03409

= 17,045 kNm
My
Oan, =T
17,045k x 0,13559
7,5769 x 107

= 30,5 MPa

Bending stressat BB, ..y,

My 17,045k x 0,13701

C.O0L, = ——
BB, I 7,5769 x 107

=30,11 MPa

o . ofBB1 =0, =0y

=50,71 - 30,11

=20,6 MPa
o ofAA1 =0,-0,

=50,71 + 30,5
= 81,21 MPa

3.2 Position of the NA

At NA o,=0, . 50,71IM = —

_50,71IM x 7,5769 x 107
0o 17,045k

SV,

.:<y1+g>_7

133,4
2

=137,01 mm

=2059 +

My0
I

=y =135,59

- 135,59

= 225,418 mm from centroid

Downloaded from www.studypapers.co.za
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4. =185
b
|<T>| 7-4,82
D C DC % %
40k | 20k
h X-o—o—oX ---X/_\
60k |60 70k
A B
60 o y AB O'D+O'B
—
80k 7+4.82
DA yy cB
Op- Og 0,*0g
7-1,15 7+1,15
h =381
b=395
A=2999x10"

Ixx = 791,5 x 107
Iyg=310,4 x 10°°

356 x 406 x 235 kg/m

. F (40 +20 + 70 + 80)10°
Direct o “E_{ 5 )
D A 29,99 x 10

=7 MPa

About yy-axis

P M = Fe = (70 - 40)0,06
wo Lyy
_ 1800x0.1975 — 1800 Nm
310 x 10
) b_ 395
=1,15 MPa X-5=7
=197,5

Downloaded from www.studypapers.co.za
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About xx-axis

M = Fe = 80k x 0,2505 e=5+60
=20 040 Nm =%+60
=250,5
_ My _h
Gxx - w y - 2
20040 x 0,1905 _ 381
T 791,5x10°° T2
= 4,82 MPa =190,5 mm
=7+4,82-1,15
=10,67 MPa
Oy =0p+ 0y, +0y,
=7+4,82+1,15
=12,97 MPa
0C = 0-D - GBxx + GByy
=7-482+ 1,15
=33,33 MPa
GD = 0-D - GBxx = O'Byy
=7-482-1,15
= 1,03 MPa
5.
0.-0
C X B b '8
y -
3048 N y 77N
80
X Y
-~ o.+0
|
b \ ) 60 A D VB
307,8
Op-Og c 0,*0,
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51 A=1233x10"
Ixx =222 x10°°
Iyy=72,71x107°

h=3078
b =304,8
0, =15MPa

Direct stress
F F

oO.= =
D A 1233x107°

0,=8L103F... ®

Bending stress about the xx-axis

307,8
Yep=Vap =75 = 133,9

Mxx=Fx Cx=Fx0,06=0,06F

_ Mxxy
b = o = (0.06F x 0,1539)

=41,595F

Bending stress about yg-axis

304,8
xX=—==

5= 152,4

M =Fxe =Fx0,08
¥8 g

=0,08 F

_ M5, 0,08F x0,1524

o = =
B -6
Y8 Iyg 72,71 x 10

o, =167,6898 F
78

B
.',O‘A=O‘D+O‘Bxx+0'yy
. 15%10°=81,103 F 41,595 F 167,68 F

=290,378 F

F =51,66 kN

5.2 Co-ordinates of neutral axis

I -6
. . 72,71 x 10
Co-ordinate on xx-axis: .. X === x =73,712 mm

o Ae, 12x107x 0,08

=300 mm

Co-ordi oo Lo 222x10°
o-ordinate on yy-axis: . Y= Ae m

Downloaded from www.studypapers.co.za
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5.3 Sketch to show position of the NA:

6.1

y /-/

NA/ Yo ey
}‘7 ey 8
300 -
60
D A
X
=e-0,125B By
F =250 kN
D
B = ? X -
D =3B
- F
ot =120 MPa 3B X :
Direct stress = % B €
250k
B x 3B
250k
3B?

Bending stress:

about the yg-axis

B
x=E=O,SB -0, + 0y
e=0,125B
Myg = Fey = 250k x 0,125 B

=31250B

_ Mx . r_3BxB’
wg=T I=75

_ 31250Bx05B _ () 5op4
o 02sBt 7
_ 62500
==
o, =-120x10°=0, =0,
250k 62500

Downid&ded flom www.studypapers.co.za
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x -B* 120 x 10°B* = 83 333,33 + 62 500
2 _ 145 833,33
120 x 10°
=1,2153
B =34,86 mm
D =3 x 34,86 mm
= 104,58 mm

62 o =2%___BK___ 4557 MPa
3B 3 x0,03486

2 2
o, =820 _ 6250 _ 51 43 \pa
B B 0,03486

=-0,+0,=-68,57+51,43

smin

= -17,14 MPa (Tensile)

o =-0,-0,= -120 MPa

smax

NA Stress diagram

-120
-17,14 \

At NA, stress =0

S.0,=0,

Mya
T ~ %

. 31250 x 0,03486y0

2 68,57 M
0,25(B)

.. y0=23,24 mm

Downloaded from www.studypapers.co.za



124 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

7.
120 MPa
F
:I 10
100
— A
X
\/ 10 /
X X 25
Section AA

——>» A

. . _ E _ F
7.1 Direct stress: 0,=3= 001X 0025
=4000F...®

Bending stress: e = 100 + 275 =112,5mm
M=Fxe=F=x0,1125

Lnox = bd® _ 0,01 x 0,025°
T 12T 12

=1,3021 x 10°* m*

y=§=12,5mm

10,1125 F x 0,0125
1,3021 x 10°®

0,=107998,618 F

.o =-0,—-0,

max

.-120M =-4 000 F - 107 998,618 F

o _120x 10°
©T T 111 998,618
F=1,071kN
7.2 O comp = ~Op = O

=-4000x 1071+ 107 998,618 x 1071

=-4,284M + 115,667M

Downlbaes™Metn www.studypapers.co.za
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8. Consider column as a cantilever

e
&

A

3 kPa —

0
: 0 max

D=2,6m
d=2,6-(2x0,06)
=2,48 m
9. = 7 800 kg/m’
A effect = 0,6 A projected
Effective area = 0,6 (D x L)
=0,6x2,6xL
=1,56 L m’
Total force in column:
F.=P  Xxarea
=3x10°x 1,56L
=4680LN

*.Load/m =4 6i0 L

2 2
.-.M:%:%:z%oﬁ

=4 680 Nm

I= (D d*) =2(2,6" - 2,48%) = 0,38633

64(

_ My 2340L7x1,3
B~ 1 038633

Dcpwn}q@qqg{,rgm www.studypapers.co.za
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Weight/m = Volqg
= 22,67 - 2,481 x 7 800 x 9,81

= 36,635 kNm
Total weight of column = 36,635k x L
=36635L

_F
O'D = X

__ 366351

§(2,62 -2,48%)

0,=76517,6 L

Stress zero at side of column

.. Result stress=0=0,=0

.7 874,097 L* =76 517,6 L
+L..L=9,72 m height of column

D=2m
d=1,92
0‘c = 24 MPa (Resultant)

12 kNm

Y

9.1 Consider chimney as a cantilever

wL> _ 02kx L’
2 72

.. Bending moment =
=600L°
_T(y4 g4y _ T (g4 4y _ 3
1—64(D d)_64(2 1,92%) =0,11832 m
y=1
_ My 600L%x1
D™ I ~ 011832

=5070,994 L’
Downloaded from www.studypapers.co.za
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Weight/m = Volqg
= 2(2% - 1,92%)1 x 7 500 x 9,80
=18 121,586 Nm

. Resultant=0, =0, +0,

: F 18 121,586 L
.. Direct stress = — = —5——
A 2(22-192)

=73575L
.24M =73575L +5070,994 L*
+5070,994 . L*+ 14,509 L -4732,8=0

L= -b+\b* - 4ac
.. - za
\14,509° - (1)(-4,732,8)
=_ +
14,509 + Bl
Lo 14509+ 138,35

2
= 61,93 m length of the chimney

9.2 o, =73575x 61,93
= 4,556 MPa -
0, =5070,994 L* —
=5070,994 x (61,93) R
= 19,449 MPa
— 1]
.". Maximum tensile stress Oy 0y é Op*0p
0,=0,-0, @
= 4,556 - 19,449 M —
= -14,89 MPa (Tensile) E—

Downloaded from www.studypapers.co.za
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10.
80 kN

1,5 | 2,5 100

-0,+t0
e e

=115
- UD- GB y
\ ¥
4m
10.1 Bending moment =M = V\;ab
80k x1,5%2,5
- 4
=75kNm
Lx = BD® _ 0,1 x0,23°
T 12 12

=1,0139x 10" m*

. _ My 75kx0,115

BT T 7 1,0139x10™
= 85,07 MPa

o _F_ 60k
D™ A 0,1x0,23

.o =—O'D—O'B

max

= 2,61 MPa (Tensile)

=-2,61 - 85,07
= 87,68 MPa (Tensile)
0 =-0,+0,

=-2,61 + 85,07
= 82,46 MPa (Compressive)

Downloaded from www.studypapers.co.za
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10.2 Position of the NA

O m+82,46

yo

0 max
- 87,68 MPa

At the NA, stress =0

.0, =0,
Myo
T ~ %
_ 75kyo
"~ 1,0139x 107

yp = 3,53 mm from G or xx-axis

11.1 Position of load

900
e
500 - -
. 12M
Direct stress = o, = 05x09 = 2,667 MPa

Fey  1,2M x ex 0,45 x 12

: : =17,778 x 10°%
0,5 % 0,9°

Bending stress = 0, =

Minimum resultant stress = 889k = o,-0,

= 889k = 2,667M - 17,778 x 10%

17,778 x 10% = 2,667M — 889k
Downloaded from www.studypapers.co.za

Force from the centroid = e = 100 mm
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11.2 Draw stress diagram

Bending stress = 17,778 x 10°% = 17,778 x 10° x 0,1 = 1,778 MPa
Maximum resultant stress = 2,667M + 1,778M = 4,445 MPa

X
1,2 MN
’ 100 y
e
X
) )
Op
2,667
MPa
-1,778
MPa
g,
0 8 0
1,778
MPa
) 0
889 g,
kPa \ Res
\ 4,445
MPa
12.1 Magnitude of force
X
-2 MPa 600
y y
§ 100 ¢ &°
F
X
Direct stress =0, = _F__ 8,333F
D~ 02x0,6 °°
. Fe Fx0,1x0,3x12
Bending stress =0, = 2 DXOLX0I X2 _ g 333F
Bex I 0,2 x 0,6
. _ Fex _ Fx0,08x0,1x12 — 20F

3
Byy Iyy 0,6 x 0,2

Resultant stress = -2M =0, -0, -0
XX Byy

=-2M = 8,333F - 8,333F - 20F
Force = F = 100 kN
Downloaded from www.studypapers.co.za
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12.2 Maximum stress in the column
Maximum resultant stress = o + 0, + O,
= (8,333 + 8,333 + 20)F
= 36,666 x 100k = 3,667 MPa

12.3 Co-ordinates for NA

I 3
_ 0,6 X 0,2 _
X0 = Ae, T 12x02x06x008 41,67 mm
L, 0,2 x 0,6°
V0= Re T Tax02x06x0,1 - 000 mm
12.4 Sketch
X
-2MPa 600 A
/ | NA
41,67
NA Y 300 y
= 100 y 80
o F
X
13. There is no tension in the column _>| 250 |<_
B 450
s.e=—=—=75mm
6 6
. _F _ Volpg -
Direct stress = AT 0d5x1
0,45 x 1x3x2100x 9,81
- 0,45 x 1 3m - P
=61 803 Pa
Bending stress -
Bending moment due to the
2 2
wind pressure = M = % = % =4,5w Toe Heel
M _
Bending stress = Ty = 2owx 022 x 12 B =450
1% 0,45 .
=133,332w v oo
X ® * G Im
NA in outer fibre ". 0, = 0 '
133,332w = 61 803
Spress
.. Wind pressure = w = 463,52 Pa/m diagram
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MODULE >

Shear stress in beams

Q By the end of this module, students should be able to:

+ explain the general formula for horizontal shear stress in a beam;
o calculate:
- the maximum shear stress in a beam with a rectangular cross-section
- the maximum shear stress in a beam with a circular cross-section
— the shear force per unit length of a beam
- the pitch of bolts required to fasten different layers of a beam
- the shear stress in rectangular beams at various distances from the
centroid
- the shear stress in I-section beams at various distances from the
centroid
- the percentage of shear force carried by the web; and
« sketch the distribution of the shear stress across the beam section, showing
the values at key points.

Introduction

This module focuses on the calculation of shear stresses in beams. Students will
become familiar with problems related to horizontal shear stress in a beams

at different levels. This module also focuses on the shear stress in beams when
shear forces are applied.

Downloaded from www.studypapers.co.za
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Exercise 6.1 SB page 219
1.
B=100
125
A2 —_ /
50 —— 75
\ - 100
NA
D =300

1.1 Transverse shear stress at 50-mm intervals

BD® _0,1x03° _ 4 4
P T i) =2,25x10" m

The stress at the top and bottom fibre is zero

Y 80k x (0,05 x 0,1 x 0,125
Shear stressat A; T, = vQ _ ( —~ ) = 2,222 MPa
AT IB 2,25x 1074 % 0,1

_ VQ _ 80k x (0,1 0,1 x 0,1)

Shear stressat B; 1, =—= = = 3,556 MPa
A IB 2,25x 107 % 0,1
VQ _ 80k x (0,1 x 0,15 x 0,0,75
Shear stress at NA; 1, = vQ _ x(0.1x - X ) = 4 MPa
A IB 2,25x 107 x 0,1
1.2 Shear stress diagram
0
<= 2,222 MPa
1
; \ 3,556 MPa
NA i \
: —+ 4MPa
-y
1
1
1
0

1.3 Shear flow 50 mm from the top

_ _VQ _ 80K(0,1 x0,05x0,125) _
Slﬁ%ﬁ%?(v)va_dgd_frbm wwwestuidypa pers.czoz.zz’é2 kN/m
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2. 2.1 Maximum transverse shear stress

_ m0,08* 64
== ea =2,011x10" m
Total load =385 x 1 =385N
Shear force =V = & =192,5N
3 3
First area moment = Q = % = 2X (3)’04 =4267x10° m?
-5

Maximum shear stress = VQ _ 1925 x4267x 10~ _ 51,06 kPa

ID 2,011 x10°x 0,08

OR maximum shear stress = 16\]3 = M =51,06 kPa
3nD 310,08
2.2 Average stress
V  1925x4
A = —= 2 = ,2 7 kP
Vg =% 0,087 38,29 a
2.3 Stress diagram
0
51,057 kPa
0

3. 3.1 3.1.1 Shear stress in middle of flange

[ = (0,13 ><0,223) _ (0,11 x 0,18
x 12 12
VQ 150k x (0,01 x 0,13 x 0,105)

Middle flange;t = — = = = 2,502 MPa
6,294 % 107 x 0,13

) =6294%x 10" m*

3.1.2 Shear stress in the bottom of flange
VQ _ 150k x (0,02 x 0,13 x 0,1)

Bottom flange;t = = — = 4,766 MPa
1B 6,294 x 10° x 0,13
3.1.3 Shear stress at the top of the web
Top of web; 1 = 2 = 150X 002X 013 x01) _ 3 955 \p,

It 6,294 x 107 x 0,02
3.1.4 Shear stress halfway between the NA and bottom of web
Halfway NA and web;

Downlgad@d frfh na2 st@;ét?gf%??rﬁ?j?gw‘*s x 0,0675)] =38,221 MPa
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3.1.5 AtNA
AtNA; T = VQ _ 150k x [(0,02x 0,13 x 0,1)_;r (0,02 x 0,09 x 0,045)]
It 6,294 x 10~ x 0,02
= 40,634 MPa

3.2 Draw shear stress diagram

3.3

34

4.2

130B 0
i — 2,5
20f----------- Foziiiiiig 4,766 30,982
45 ¢
6_7_E ; 38,221
erd \
5 220 N | E 40,634

/ 38,221
20| /
: 30,982

1 . >
. 4,766

The shear force carried by web

2
T =T +3[T

avg min 3[ max - Tmin]
T v = 30,982M + 2[40,634M - 30,982 M] = 37,417 MPa

=37,417M x 0,18 x 0,02 = 134,701 kN

Vweb = Tangweb

Percentage of shear force carried by web

A 134,701
by 100 = 134701k

0, —
%V web = V 120k

x 100 = 89,9%

Average shear stress in the beam

_ (0,14 x 0,263> (0,12 x 0,223> _ 54
I = ( B - 5 =986 107" m
Minimum stress at the top of web;

L _va_ 12k(0,14 x 0,02 x 0,12)
min — It T 9,86 x 107 x 0,02

= 20,446 MPa

Shear force carried by the web

Maximum stress at the NA;

o ZVQ_ 12K014x002x012)
max It 9,86 x 107 x 0,02

_12k[(0,14 x 0,02 x 0,12) + (0,11 x 0,02 x 0,055)]
B 9,86 x 107 x 0,02

= 27,81 MPa

2
TAVG - Tmin + E[Tmax - Tmin]
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Tyv6 = 20,446M + 2[27,81M - 20,446 M] = 25,355 MPa

Vo = Ty = 25,355M x 0,22 % 0,02 = 111,562 kN

4.3 Percentage carried by web

A%
web o 100 = 111,562k

0, —
%V web = — 120k

x 100 = 96,35%

4.4 Stress diagram (web)

140 B 0
20} _____________ t:::::::::::::i
; 20,446 MPa
260 i
D 5 27,81 MPa
20
-, |-—
. 20,446 MPa
1 E :
5.1 Shear force in the beam
85B
o 35
52,5
35
NA 17,5 t
D
105
3
_ 0,85 x 0,105 =82 x 10_6
XX 12
_vQ
=18
v _ TIB 1M x82x107°x0,085
V= Q ~ 0,085x0,035x0,035 6,7 kN
5.2 Maximum transverse shear stress
Vv 6,7k[0,85 x 0,0525 x 0,02625
Max shear stress =1t = yQ _ [0.85 X . 1,13 MPa

IB 8,2 x 10 x 0,085

Downloaded from www.studypapers.co.za
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6. Consider shear stress:

70 kN/m

70 kL L

70 kL

_vQ
T=718

TIB _ 30M x 0,06 x 0,12° x 0,06

=144 kN

.. Shear force at a support=V = —

Q ~  12(0,06 x 0,06 x 0,03)

Shear force at a support = WTL =V

70kL

wL ;s _ _
T_V_144k_—2

L=4,114M
Consider bending stress:

ol _ 120M x 0,06 x 0,12°
M_7_ 0.06 x 12 =17280 Nm

_wL? _ 70k xL?
M_T_17280_T

_ [8x17280 _
L= k= 1,405 m

Use a beam with length 1,405 m

7. Consider shear stress:

_VQ

=

1ID _ 5M x 1t x 0,15* x 0,15

= 66,268 kN

.". Shear force at a support =V = q

32kL

WL _ v = 66,268k = :

2
L =4,142M
Consider bending stress

_ol _125M xmtx0,15*

M= = s~ = 41417 Nm

_wl? _ 32kxL’
M_T_41417_ 3

_[8xa1417 _
L= ok =3,218 m

Use a beam length of 3,218 m.

64(%0,0753)

Downloaded from www.studypapers.co.za
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8.
1 1
1 1
s | . |
1 1
1 1
1 1
o ~
n n
o NA NA
o
—
1 1
1 1
| |
S ! |
1 1
1 1
50 90 50

0,19 x 0,014°

o+ (0,19 x 0,014 x 0,0572)]

I =2(2,053x10°) + 2[
=2,1478 x 10°m*

First moment area = Q = 0,19 x 0,014 x 0,057 = 1,516 x 10 * m’
VQ _ 50kx 1,516 x 10

Shearﬂow=q=T—W=35,297kNm
. «_Rn_mx0015x200Mx2 _
Spacmg—S—?— Ax25% 35297 = 80,11 mm

9 9.1 Spacing
I =2[1,135x 107 + (2,797 x 10~ x 0,0192%)] = 4,332 x 10"°m*

Q=2,797 x 10 % 0,0192 = 5,37 x 10° m°
_ VQ _ 80k x 5,37 x 107

: ——=991,69 kNm
4,332x 10
_Rn_ m0,03x69M x2
S= = ixooiee0 - 2836 mm

9.2 Shear stress

_VQ _ 80kx537x10°

=—=—-""""_=55] MP
Ih  4332x10°x0,18 2> a
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10. 10.1 Spacing of bolts A
130
| ® | 15—
] 2 2 [ ]
L hy J h
145 2__NA
_th,
. y3
y
Y, o Y,
15
Centroid:
No. Area y-distance Ay
1 0,015%0,13=1,95x 107 0,075 1,4625 x 107
2 2(0,7413 x 107°) = 1,4826 x 10 | 0,1148 1,702 x 107
3 0,015 % 0,13=1,95x% 10~° 0,1375 2,6813x 107
Total A | 5,3826 x 107 Y Area moment | 5,8458 x 107
_ 58458 x107*
y = m = 108,61 mm
h =7 -y, =108,61-75=3361 mm
h,=y,-y=114,8-108,61 = 6,19 mm
h,=y,-y=137,5-108,61 = 28,89 mm
Ixx: I1 + 212 + I3
3
I, =200 1 (1,95 % 107 x 0,033612) = 4,9491 x 107

I,=2[0,1628 x 10 +(0,7413 x 10 x 0,00619%)| = 3,8241 x 10”7

I3 12

_0,13x0,015°

I_=69956x10°m*

+ (1,95 x 107 x 0,02889%) = 1,6641 x 10™°

Q, =0,13 x 0,015 x 0,02889 = 5,63355 x 10° m’

Vi -5
_ vQ _ 16k x 5,63355 >i610 — 128,848 kKNm
I 6,9956 x 10
2
Szﬁz 7 X% 0,012° x 60M x 2 =105,33 mm

q

128 848
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10.2 Spacing of bolts B

Q, = 0,065 x 0,015 x 0,02889 = 2,8168 x 10~°
Q,=0,7413 x 10~ x 0,00619 = 4,5886 x 10°°
Qo p = 327566 x 10~ m’

_ VQ _ 16k x 3,27566 x 10°~°

T = soosexios  bI19 kNm

Rn _ 7 x0,012° x 60M x 1
q 74,919k

S= =90,58 mm

1L 1 = 2[4,931 x 107 + (5,876 x 10~ x 0,027%)] = 1,8429 x 10™°

Q=5,876 x 10~ x 0,027 = 1,58652 x 10™*
Rn = go,oz2 x 100M x 2 = 62,832 kN

g Rn_Ral
q VQ

Rnl _ 62,832k x 1,8429 x 107
SQ 0,14 x 1,58652 x 10°*

S V= =52,133 kN

12. 12.1 Maximum shear force

50,6 kg/m

8m

10m - >

Moments about L; 10R = 300k x 8 + (50,6 x 9,81 x 10 x 5)
R =242,482 kN

Moments about R; 10L = 300k x 2 + (50,6 x 9,81 x 10 x 5)
L =62,482 kN

Downloaded from www. studypape s co.za
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12.2 Bolt diameter
I =2[22,97x 10 + (3,226 x 10~ x 0,1018”)] = 1,128 x 10
Q=3226x10"x0,1018=3,284 x 10™*

_Rn_Ral
5= q ~ VQ
-4
Rn = S\ITQ _ 0,15 x 242 482 x 3,i84 x 10 _ 105,892 kN
1,128 x 10
Rn = gdz x 80M x 2 = 105 892
d =18,42662 x 10™* = 29,03 mm
13. 13.1 Shear force
210 j_
| 20
] [}
105
2 NA S
195 90
| | §%0

[ = (%21 0,39 0,12 x 0,21°
XX - -

_ -4
3 3 ) =9,4549 x 10

Q. =0,21%0,09x%0,15=2,835x10"

Q.. = 0,09 X 0,105 x 0,0525 = 4,9623 x 10

flange

Q,, =333113x107°

_vQ
T
v = It _ 2Mx9,4549 x 107X 0,09 _ 54 19 kN
Q 3,33113x 107 ’
13.2 Spacing of bolts
VQ 51,09k x 3,33113 x 10
_Rn_ 9% _
§ =" =T5059 = >0 mm
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14.1 Magnitude of the point load at mid-point

60

40
20

|—>e

120

_ 0,06 x 0,12
xx 12
Q = 0,06 x 0,04 x 0,04 =9,6 x 107

_vaQ
=7

=8,64x10°

v = Tt _ 10M x 8,64 107 x 0,06
-0 — 5
Q 9,6 x 10

=54 kN

14.2 Bolt diameter

_VQ _ 54kx9,6x107°

I 8,64x10°° = 600 kN

g=2n

2 . Rn =5 =0,12 x 600k = 72 000 N

Rn:gd2x4OMx 1 =72 000
d=142,292 x 10~ = 47,87 mm

15. 15.1 Shear stress in the bolt

40 40
40
@ @ |3
—
NA ha |o
—
hy
I 2
y o
o
Y1 @)
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No. Area y-distance Ay

1 0,04 x 0,37 =0,0148 0,185 2,738 x 107

2 2(,04 x 0,26) = 0,0208 | 0,370 7,696 x 10

A-total | 0,0356 >A-mom 0,010434y = 06(?(1)(3);124
=293,09 mm

Total A | 5,3826 x 10 YArea moment | 5,8458 x 10™*

h =y -y, =293,09 - 185 = 108,09 mm
h, =y, -y =370 -293,09 = 76,91 mm

I =1 +1,

3
I, =202 4 (0,0148 x 0,10809°) = 3,4176 x 10~
1= 2[% +(0,0104 x 0,076912)] =2,5267 x 10™*

I _=59443x10"m*
Consider only one side

Q =0,04 x 0,26 x 0,07691 = 7,99864 x 10™* m’

_ VQ _ 8kx7,99864 x 10

I 50443 x 10 10,765 kNm

S= % ~.Rn=5qg=0,35x 10 765 = 3,768 kN

4
T =Rn_378x4 _ 33316 MPa
avg A mx0,012

15.2 Transverse shear stress between the side beam and the web

_VQ _ 9 _10765 _
= T 1T 03 = 82,807 kPa

16.1 Maximum shear stress

20
o
1
1
1
i
1
1
1
1
1
i
1
1
1
1
1
i
1
1
i
1

NA

350
310
155
s
77,5

- 13|+
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_ 0,2><0,353> (0,187><0,313>_ 4
Ixx—< o) - > =2,5034 x 10

Q, . =(0,155x 0,013 x 0,0775) + (0,2 x 0,02 x 0,165) = 8,161625 x 10~*

total —
-4
:  =YQ_ 160kx 8161625101 _ 41 196 MPa
max It 2,5034x 107 x 0,013
16.2 Average (also referred to as the mean) shear stress in the cross-section
(CS) of the beam

\Y% 160k
Tavgs = csa — (0,35 x 0,2) — (0,31 X 0,187) 13,3 MPa

16.3 Ratio between the maximum shear stress and the average
cross-sectional shear

Stress:

Tow 40,126k
T 133k

Ratio = = 3,02

Avg CS
16.4 Draw the shear distribution

Shear stress at the bottom of the web
_ VQ _ 160k x (0,2 x 0,02 x 0,165)

Tflange bottom — 1B 25034x 104 x02 2,109 MPa
VQ 160k x (0,2 x 0,02 X 0,165
. _VQ _ 160kx (02x002x0.165) _ 35 440 \Mpa
topofweb Tt 2,5034 x 107 x 0,013
200 o
‘I """"""""" "|' »~ 2,109 MPa 32,448 MPa
n
i3 qu =
~
NA ~ NA 40,126 MPa
+>|13 =
0

16.5 Shear force taken by flanges
Shear force for one flange =V

flange = Tﬂange average X flange

flange = 2’1029 M % (0,2 % 0,02) = 4,218 kN

Total shear force in both flanges = 2 x 4,218k = 8,436 kN

16.6 Shear force in the web
V =V \Y% =160k - 8,436k = 151,564 kN

web total ~  flanges

16.7 Percentage shear force carried by the web
151,564

Déwnigaged H¥hT WY Btudypapers.co.za
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MODULE > II

7 Closed-coiled helical springs

By the end of this module, students should be able to:
« explain the assumptions made in the design of closed-coiled helical
springs;
o calculate:
- the maximum shear stress in the spring
- the deflection of the spring
- the strain energy stored in the spring
- the stiffness of the spring
- the wire diameter
- the mean coil diameter
- the number of coils
- the work done on the spring; and
o apply the same calculations of single springs to:
- springs joined in series
- springs joined in parallel.

Introduction

This module will familiarise students with single closed-coiled helical springs
and compound springs. Some assumptions that can be made about this module
are as follows.

The simple torque equation used for shafts in Module 3 is applicable in this
module. It must be understood that the equations used in this module will be
approximate, because the torque equation was developed for straight shafts.
These equations can only be used for springs manufactured from round wire.

We assume that these springs are closed coils so that the plane of each coil of the
spring is perpendicular to the line of action of the applied load. We also assume
that the spring is subjected to pure torsion and that the effect of bending and
shear force is neglected in the wire.
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Exercise 7.1 SB page 243

1. 1.1 Maximum shear stress in the wire

_ 8W]33 _ 8 ><2k><0,318 = 114,591 MPa
max g 1t x 0,02

1.2 Maximum deflection
5= 8WD’n _ 8 x2kx 0,18’ x 18

= =131,22 mm
Gd* 80 x 10° x 0,02*
2. 2.1 Number of springs
8WD’n
o=
Gd*
4 9 4
_ SGZZ _0.25x83x io x 0,03* _ 840,375 N
8D’n 8% 0,5% x 20

U/spring = U = 0,5W8 = 0,5 x 840,375 x 0,25 = 105,047 ]

Uga _ 1,529%x10°
105,047

Number of springs = = 14,555

per spring

15 springs are required.

2.2 Shear stress in springs

D 8 x 840,375 x 0,5
- 8WD _ 8x X0 _ 39 63 MPa

max g’ 710,03’

2.3 Stiffness of each spring

g W _ 840375
T8 025

4
Ors =59 = 3362 kNM
8D

= 3,362 kNM

3. 3.1 Shear stress coil wire

Torque = 0,5WD

T 1,4
W= 0,5D ~ 0,5%0,11

25,4 ,11
:8WD:8>< 5,455 x 0 — 4,126 MPa

max nd® 7t x0,12°

=25,455N

3.2 Angle of twist

21 16x 254 1% % 1
g=16WDn 16X 2545 x 011 X 16 _ 4 0464 rad
Gd 82 x 10" x 0,012

0,0464 x 180
L

Radians to degrees = =2,659°

4. 4.1 Stiffness of springs

_ Gd' _ 80x10°x0,008* _

S _owﬁl?)adedoﬁfﬁmzwvw\}%‘f:'u6c?ylf)§lp\)4ers.co.za
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4.2 Strain energy

2 16 x 2% x 0,052 x 20
U:16TI4)n: X ><9 ><4 :0’2031
Gd 80 x 10° x 0,008

4.3 Shear stress in coils

Torque = 0,5WD
2

W= osx0052 = /092N
,692 x 0,052
_ SWP _ 8x7,692% 0305 _ 1,989 MPa
max nd 1t X 0,008

4.4 Deflection

3 3
5= SWD4 n_ 8 x 7,692>;0,052 >220 = 0,528 mm
Gd 80 x 10° x 0,008
5. 5.1 Mean diameter of coil
L
Number of coils = n = %M = %0 =10 coils
_ 8WDn
0= Gd*
D= 82 x 10° x 0,008*
8 x 8k x 10
3
D =45,248 x 10~ = 80,66 mm
5.2 Load on spring
8WD’n
6 =
Gd*
4 9 4
_ (SGgi _ 0,02 x 82 x 1? x 0.008 — 160 N
8D°n 8 x0,08% x 10
5.3 Shear stress in spring
_ 8WD _ 8x160 x 0,08066 _ 64,187 MPa

mx > T 7% 0,008°
5.4 Work done
U=0,5W8=0,5%x160x0,02=1,6]
6. 6.1 Wire diameter
_D . H_
C= 7 - .D=8d

Gd*
8D’n
81x10°xd*
8 x (8d)* x 10

d=5,06 mm
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6.2 Load on spring

_ 8WD
max nd?
400 x 10° x 1 x 0,00506°
W= 8 x 0,04048 =302,726 N

6.3 Deflection

§ = 8WD%n _ 8 x 502,726 x (0,04048)° x 10
Gd* 81 x 10° x 0,00506*

=50,24 mm

6.4 Strain energy
U =0,5W& =0,5 x 502,726 x 0,05024 = 12,628 ]
6.5 Volume of wire needed
_T
U= G < Vol

U4G _ 12,628 x 4 x 81 x 10°

Volume wire = —-— S =2,557 x 10° m’
T (400 M)

6.6 Length of wire
l=ntDn=7x 40,48 x 10 =1,272 m

7. 7.1 Wire diameter and mean diameter of coils

U=0,5W6
12k
W =55%0006 ~ 2 kN

_D . p_
C=7 -.D=6d

_ 8WD
max T[d3
300M = 8 x 25k >§ 6d
nxd

_ ’8 X 25k X6 _
d = m = 35,682 mm
D =6 x 35,682 = 214,095 mm

7.2 Number of coils
4W’D’n
Gd*
_ L2kx 79 x 10° x 0,035682*
4 % (25Kk)* x 0,214095°
7.3 Stiffness

_ Gd* _ 79x10° x 0,035682*
8D’n 8 x0,214095° x 6,264

U=

= 6,264 coils

= 260,413 kNm
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8. 8.1 Total stiffness of springs

* 80x10°x0,007*
5, =24 - 80X 10 X007 _ 56 364 kNm
1 8D 8x0,032°x 13

Gd' _ 80 x 10° x 0,009*

S, == 209 52,092 kNm
8D"'n 8x0,042° x 17
S8, _ 56364 x 52092
S1=5 s, = seasar 52002 = 2071 kKNm
8.2 Shear stress in each spring
_8WD _ 8x15kx 0032 _ 3c¢ 359 prpa
max  qg? 70,007’ ’
_8WD _ 8xL5kx0042 _ o0 0ccnip
max g 70,009 ’
9. 9.1 Stressin each spring
_ 8WD _ 8x130x004 _ o 34 \py
max$ g 710,006
_8WD _ 8x130x004 _ 5z geapips
maxB gy 70,008’ ’

9.2 Number of coils bronze
5 8WD’n _ 8 x 130 x 0,04’ x 12

GIF T~ max10°x000st | oromm
8,=8,-8,=10-7,516=2,484 mm
U, =05W8,=0,5x 130 x 0,002484 = 0,16146 ]

2
nd’
UB 4GBT[D1’I X e
0,16146 = Z38UM 1 14y,  T0008°
4x42x10 4
n = 6,42 coils
9.3 Stiftness of springs
_W_ 130 _
S="5. = goomsts = 17,269 KNm
w 130 _
S35, = g0ads = 52,335 kNm

g = SSy 17269 x52335

175,48, = 17269+ 52335 — 12984 KNm

10. 10.1 Allowable load for series spring

d® _ 145M x 7t x 0,004
W= = sx 0,025 =14577N
3
td® _ 152M x 1t x 0,003’ =5372 N

Downlog%ed frorh Wk studypapers.co.za
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10.2 Total work done
_ 4WD’n _ 4x53,72° % 0,025” x 14

U = =0,125
s Gd* 79 x 10° x 0,004* J
AW D’n 4% 53,72 x 0,03°x 11
U=t 2X X2 X2~ 0,58
s Gd 73 x 10° x 0,003

U,=U_ +U_=0,125+0,58 = 0,705 ]

10.3 Total deflection

5 = 8WD’n _ 8 x 53,72 % (0,025)° x 14

= =4,648 mm
s Gd* 79 x 10° x 0,004*
n 8x53,72x(0,03)°x 11
_8WDn _ 8x5372x (003) x11 _ 5} 586 mm
ss Gd 73 x 10° x 0,003
8T =26,234 mm
10.4 Stiffness of spring
4 79x10° x 0,004*
§. = Gd _79x10 x0004" _ 4y 557
S 8D’n  8x0,025 x 14
4 9 4
g - G{ _73x10 ><30,003 = 2,489
SS 8D’n 8 x 0,03° x 11
SS 11557 %2489
S1=5.7s, = 11557+ 2480 ~ >048 kKNm
11. 11.1 Number of coils outer spring
1) =0.
outer mner
<8WD3n> _ (8WD3n>
Gd4 outer Gd4 inner
(W00,13n) (WIO,083 x 13)
— ==
0,01 Outer 0,008 inner
100 000W jn =1 625 000W
_ 16,25W, e
outer W0
But 1 =T
outer inner
<8WD> 3 <8WD>
T[d3 outer ﬁd} inner
W, x0,1 W, x0,08
0,01° 0,008
LW =1563W, ... @)
. . 16,25 .
Substitute @ into ®: n = = = 10,4 coils
outer 1,563
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11.2 Load on spring

U.=U,+U,
100 = <4wgD3n> (4WfD3n)
~\ Gd* "\ e

outer inner

4WZ0,1° x 10,4
100=|—5——

4W?20,08° x 13
82 x 10° x 0,01*

82 x 10° x 0,008*

outer inner

100 = 5,073x 10°W?2 + 7,927 x 10°W: ... ®

Substitute @ into ®: ", 100 = 5,073 x 107°(1,563W )* + 7,927 x 107°W
100 = 2,032 x 10*W?

.. Load on inner = W =701,517 N

Load on outer = W,=1096,471 N

Total load on spring = 1,798 kN

11.3 Stress in springs

The stress in the springs is equal.

_8WD _ 8x1096,471x0,1
o g’ 7% 0,01°

11.4 Total deflection
8,=9,
But U, = 0,5W.8,

=279,214 MPa

1
5. = __100

T m_ 111,235 mm

12. 12.1 Load in each spring
. =15-6=9mm

mner

_ 8WD’n
Inner Gd*

8 x W x 0,035° x 12
80 x 10° x 0,004*

Load on inner coil = W, =4478 N

0,009 =

Load on outer spring 115 - 44,78 = 70,22 N

12.2 Total stiffness

_ W _ 4478
o =5 = 009 = H976 KNm
W =70.22 _ 4 681 kKNm

outer

Downloa“ﬂéd Prom www.studypapers.co.za
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12.3 Stiffness outer spring before connecting inner spring

W 70,22
outer  § - 0,015

outer

= 4,681 kNm

12.4 Number of coils outer spring

_8WD’n
outer Gd*
9 4
— 0,015 x 80 x 10” x 0,(3)05 — 14,65 COilS
outer 8 x 70,22 x 0,045
12.5 Stress in each spring
,22 % 0,04
- <8W?) = 8x70.22 X000 _ 64 373 MPa
nd outer 7% 0,005
D 8 x 44,78 x 0,035
T = <8W3 > — % = 62,361 MPa
1 1td 7t x 0,004

12.6 Total strain energy
UT = UI + UO
U, =0,5W3, +0,5W 5,
UT =0,5 x 44,78 x 0,009 + 0,5 x 70,22 x 0,015 = 0,729 ]

13. 13.1 Total load on spring

8x W _ x0,04
T =(8w?) =130M=—2
0o nd’ J guter 7 x 0,004
W =81,68 N

outer

8 x W._x0,03
T =<8W?) =150M = — 1" 2
I nd 1t x 0,003

inner

W. =53,014N

inner

Total load on springs = 134,694 N

13.2 Deflection

Deflection outer = deflection inner

8 x 53,04 x 0,03° x 10

5 — =179 mm
79 x 10° x 0,003

. inner deflection = § =

13.3 Coils outer spring

8 x 81,68 x 0,04°n
79 x 10° x 0,004*
. n = 8,66 coils

outer

6 =0,0179=

outer
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13.4 Stiffness of spring

W 53,014
sinner S, 00179 2,962
W 81,68 _
Souter -8 T 00179 4,563

outer

Total stiffness = 7,525 kNm

14. L =nd =16 x 15 =240 mm

closed

6 =400 - 240 = 160 mm

5= 8WD’n ~0.16 = 8W x 0,15’ x 16
Gd* ’ 79 x 10° x 0,018*

W =3,072 kN

Force in the spring = force in bolt

Length of bolt = 240 + 30 = 270 mm

. FL 3072 x0,27 x 4
Extension bolt = x = — = X2 X2~ 0,02 mm
AE  7x0,017% x 180 x 10

15. 15.1 Load on the springs

The outer spring deflection is 6+12 = 18 mm
The inner spring deflection is 9+12 = 21 mm

8W x 0,035 x 6

D3
=8WDR _ g1g = SW X003 x6
79 x 10” x 0,004

outer Gd*
W =176,886 N

outer

_ 8Wx0,025°x6

8WD’n _
79 x 10° x 0,003*

Gd*
W.  =179,172N

inner

Total load on springs = 356,058 N

S inner = 0,021

15.2 Stiffness of springs

W 179172
e =5 = 0021 8,532 kNm
W 176 886
ower =5 = 0018 = 9,827 kNm

outer

Total stiffness = 18,368 kNm

15.3 Stress in each spring

176, ,
o= (8W?> =8>< 76886X?035=246’332 MPa
nd” / guter 7t % 0,004
T = <8W3D> _ 8x 179,172 x ?,025 — 422,46 MPa
I nd 1t X 0,003

inner

Downloaded from www.studypapers.co.za



156 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

16.1 Mean diameter of the second spring

61:62

<8WD3n) Z(SWD3n>
Gd' /, Gd' /,

(603><16) =<D3x12>
44/ 3t

13 500 = 0,148D°

3113 500

D= 0,148

=45 mm

16.2 Allowable load on the springs

Allowable stress means that the stress in each must be used to see what
force each spring can take, and the smallest will be the applied force.

Consider spring 1:

_nd® _ 130M x 7 x 0,004

Wi=%D =" sx006 =5445N
Consider spring 2:

_tnd® _ 130M x 7t x 0,003°
W,=%p = 8 x 0,045 =30,631 N

Allowable force on springs is 30,631 N

16.3 Stress in each spring
Stress spring 2 =130 MPa

Stress spring 1:

_ 8WD _ 8x 30,631 x 0,06
L nd? 7 X 0,004

=73,126 MPa

16.4 Total strain energy

_4WD’n 4% 30,6317 x 0,06° x 16

U = = =0,633
1 Gd* 80 x 10° x 0,004* J
D 4 ,631% % 0,045% x 12
U =4W12n: x 30,63 9><0054>< = 0,633]
2 Gd 80 x 10° x 0,003

Total strain energy = 1,266 ]

16.5 Total deflection

Deflection the same in both springs

5 <8WD3n> (8 x 30,631 x 0,06° x 16
T = 2 =

= 82,7 mm
Gd* 80 x 10° x 0,004* )
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MODULE >

8 Transformation of stress

By the end of this module, students should be able to:
« sketch an element to indicate the normal and shear stresses acting on a
point in the material;
o calculate:
- the resultant stress at any oblique plane if the normal and shear stresses
are known
- the angle where the normal stresses will be maximum and minimum
(principal stresses)
- the values of the principal stresses
the value of the maximum shear stress;
. sketch Mohr’s circle to scale from given elements with normal and shear
stresses; and
o determine:
- the resultant stress at any oblique plane using Mohr’s circle
- the principal stresses and the angle where they will be using Mohr’s
circle
- the value of the maximum shear stress using Mohr’s circle.

Introduction

We have studied different types of stress before; compressive stress, tensile stress,

shear stress in a beam and torsional stress in a shaft.

Each one was dealt with separately, but these stresses can act at a point in a
member.

It is possible that the combined effects of these stresses in a particular direction
are more than that of an individual stress.
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Exercise 8.1

1. 1.1 Normal stresses and shear stress on plain PP

0‘x+(5y Ox—(iy
=2 T2
- 40 -30-4
_-30+40  -30-40

Xl 2 2
o =5-17,5-17,32 = 29,82 MPa (C)

cos 20 + 'rxysin 20

o] c0s(-60) + 20 sin(-60)

0, =5+175+17,32 = 39,82 MPa (T)

ox_Gy
T, = —< 5 )sin 20 + 1 cos 20

T, = —<#)sin(—60) + 20 cos(-60)
Txy =-30,31 + 10 = -20,31 MPa
1.2 Resultant stress

0, =05, + 7., = 29,827+ 20,31° = 36,08 MPa

39,82 MPa

/\ 29,82 MPa

—~——

20,31 MPa

2. 2.1 Normal stresses

Gx + Gy Ox - Gy .
o =—2+ cos 20 + T_sin 20
xl 2 2 %
- 50 -(-35 .
o,= 30 3 EE (2 )cos 50 + (-25)sin 50

o =7,5+27,32-19,15 = 15,67 MPa (T)
6, =7,5- 27,32 +19,15 = -0,67 MPa (C)
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2.2 Shear stress

O‘X—O‘
Txy=—< 5 y)sin29+rcos29

. _(50- (-35)
xy

! >sin 50 + (=25)cos 50

T,= -32,56 - 16,07 = -48,63 MPa

2.3 Resultant stress

0, =07, + 7., = V15,317 + 48,63 = 50,98 MPa

2.4 Element

0,67 MPa

15,31 MPa
48,63 MPa
25°
3. 3.1 Normal stress on the surface
O’X + O'y O‘X - O'y .
o= + cos 20 + t_sin 20
xl 2 2 xy
0, =280+ 255805 56 + (-30)sin 56

oy, =67,5-6,99 - 24,87 = 85,38 MPa (C)

G, =-67,5 - 6,99 + 24,87 = 49,62 MPa (C)

3.2 Shear stress

O'X—O'
Txy=—< > y)sin26+1c0526

. __(—55+80
xy 2

T, = 10,36 - 16,78 = 27,14 MPa

)sin 56 + (~30)cos 56

4. 4.1 Normal stress to plane

0x+0y O'X—()'y
o, =——+

cos 20 + Txysin 20

x1 2 2
_30-25 30425 0(_140) + 18 sin(~140)

0x1_ 2 2

=25-2 -11,57 = 14 MP
D%Wnloaned1 f%m WV\?V7V.S uodypapearg(.:go.za

0, =25+ 21,07 + 11,57 = 35,14 MPa ()
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4.2 Shear stress

Gx—Gy
=—< 3 )sin26+Tc0529

< __<30—25
o 2

T, = 1,61 - 13,79 = -12,18 MPa

)sin( — 140) + 18 cos( — 140)

4.3 Maximum shear stress
_ 2
Gx Gy 2
T = +7T
max 2 xy

2
T =\/(—3°‘2(‘25)) +18” =32,87 MPa
xy

max

4.4 Flement maximum shear stress

o -0
x

X _ y\ _ 30 - (-25) _
Angle . _tan29——( 2Txy ) __(way> ——1,53

20,=-56,79° .0 =-28,4°

Check direction of shear stress

Gx_oy
Txy=—( 3 )sin26+rc0529

T, = —<30+_25))sin(—56,79) + 18 c0s(=56,79)

T, = 23 + 9,86 = 32,86 MPa with x-axis

0,0, 30-25
2 2

Average normal = = 2,5 MPa

2,5MPa

32,86 MPa

2,5MPa

ﬁ 28.4°

5.1 Normal stress: x- and y-planes

o+ Oy o .- Oy
le = 2 + 2

290+60 . ~90 - 60 .
= c0s(-60) + (-25)sin(-60)
Downldaded frdm www.studypapers.co.za
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0y, =-15- 37,5 + 21,65 = 30,85 MPa (C)
oy, =-15+37,5 - 21,65 = 0,85 MPa (T)

5.2 Shear stress

GX—O'
rxy:—< 5 y)sin29+rcos29

T, =- (22 )sin(-60) + (-25)cos(-60)

Txy =-64,95-12,5=-77,45 MPa
5.3 Sketch element

0,85 MPa

30,85 MPa

)

\Q‘)o
77,45 MPa

5.4 Maximum and minimum principal stress

o,+0, (Gx—0y>2 5
0'1— > + 5 +Txy

o

90 + 60 -90 - 60\ 2
17 2 +\/< 2 >+(_25)xy

¥, =-15+79,06 = 64,06 MPa (T)

0,=-15-79,06 = -94,06 MPa (C)

5.5 Stress element

Angle of plane
27
_ o 2x =25 _
tan GP = o, =50 60 = 0,3333

20 =18,43° .0 =9,22°
p p

Downloaded from www.studypapers.co.za



162 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }

Downloaded from www.studypapers.co.za

Check which stress with which plane

o +0 0 -0
o =—24+ 2
x 2 2

6, =200+ 220-Dro05(18,43) + (~25)sin(18,43)

o,=-15-71,15-7,9 = -94,06 MPa Q=0

y

cos 20 + Txysin 20

X1

©.0,, = 64,06 MPa (T) @8 , = 90 + 9,22 = 99,22°
o, - 94,06 MPa (C) at 8 = 9,22°

64,06 MPa

94,06 MPa
9,22°

9,22°

5.6 Maximum shear stress
_ 2
0‘x 0'y 5
T = +T
max 2 Xy

.| (-90 - 602 2
rmax_\/( —%0)" + (- 25)2 =79,06 MPa

5.7 FElement maximum shear stress

) (%79 /-90-60\ _
Angle ..tan29——( %, )___<2><—25xy)__3

20,=-71,57° .0, =-3578"

Check direction of shear stress

O‘X—O’y
T, = —< 5 )sinzﬂ + T cos 20

T, = —(‘902‘ 6°)sin(—71,57) + (=25)cos(~71,57)

T =-71,15-7,9 = -79,06 MPa with x-axis

xy

0.,t0, _90+60 _
2 2

Average normal = -15 MPa
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15 MPa

15 MPa

35,75°
79,06 MPa

6.1 Maximum and minimum principal stress

o.+0, (Gx—0y>2 5
0'1— > + 5 +Txy

_90-60 90 + 60\ > 2
=250 (259) 4 s

0, =15 + 79,06 = 94,06 MPa (T)
0,=15-79,06 = —64,06 MPa (C)

6.2 Element sketch

2t

. _ Xy 2x25
Angle . tan zep_ 5.-0, " 30+60

=0,3333

29p = 18,44° and Bp =9,22°

o +0 o -0

0,=—5—+—5—cos20+7 sin20
x Xy
o = 902_60 + wCos(l&éﬁ) + (25)sin(18,43)

0y =15+71,15+7,9=94,06 MPa T = 0, @ 9,22°

64,06 MPa

94,05 MPa
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7.1 Maximum and minimum principal stress

o =200 <0x_0y>2+12

1 2 2 o
~140 140 2 2

°1=T+\j<7> + (- 180,

0, =-70 + 193,13 = 123,13 MPa (T)
0,=-70-193,13 = -263,13 MPa (C)

7.2 Maximum shear stress
2
0O -0
T = ( y) +1
max 2 xy

140\ °
- \/<T> +(~180) = 193,13 MPa

max

8.1 Maximum and minimum principal stress

o +0 0 -0\2
0. = a y+ <x y) +T2
1 2 2 xy

55 + 80 55— 80
172 +\/< 2

0, =67,5+ 61,29 = 128,79 MPa (T)

)+ (- 607,

0,=67,5-61,29 = -6,21 MPa (T)
8.2 Maximum shear stress
(%" 0y>2 2
o =(52)

- \/(55 - 80)2 +(-60)% = 61,29 MPa

2
2 xy

max

8.3 Sketch shear stress element

o +0
Average stress = (%) =2 ; 80 — 67,5 MPa
Angle of plane
(%7 9%\ _ (55-80\ _
tan 26, = —( - ) =-(22%8) =-0,2083

20,=-11.77° .0 =-588°

Check direction of shear stress

O‘X—O'y
T, = —< 5 )sinzﬂ + T cos 20

55 - 80

T powhioade i Wil ofR)sasiaid 28z
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T =-2,55-58,74 = -61,29 MPa with x-axis

xy

67,5MPa

67,5MPa

\Ls,ss"

61,29 MPa

9.1 Maximum and minimum principal stress

_ 80kx 60 _
T, = 3200 = 1,528 kKNm

_ 26kx4
thrust — 7T X 0,062

=9,196 MPa

From the simple bending equation, the BM is due to thrust.

M = X 0,06 x 9,196 x 10° x 2
- 64 x 0,06

Maximum BM =M = 1,2k + 195 = 1,395 kNm
M, = 2[1 395 £ V13957 + 1 5287

~M, =1731 kNm and M, . =-336 Nm

=195 Nm

Memaxy _ 1731 x 0,06 X 64

Maximum principal stress = o, = = — = 81,582 MPa
I 2 x 7 x 0,06
LI . ] Memax - > 4
Minimum principal stress = o, = Y - 2336 x 0,06 Xf =-15,845 MPa
2 I 2 x 1t x 0,06
9.2 Maximum shear stress
0,-0 - -
T =00 -15845-81582 _ ye 04 \p,

max 2 2
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Exercise 8.2

1. 1.1 Principal stresses

O +0
C=— y:30;25:2,5MPa

o,=0K=3,5cm x 10 = 35 MPa (T)+
0,=0E=3cm x 10 = 30 MPa (C)+
T, . =CT =33cmx10=33 MPa (C)+

m

Angle principal plane

ZMCA =20 =33° .0 =16,5°on element
Angle shear stress plane

/ACT =20 =90 -33=57°

.0,=28,5°

Average stress = C = 2,5 MPa tensile

30,37 MPa

35,37 MPa

SB page 291

32,87 MPa

16,6°
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2. Scalel cm =10 MPa

O +0
C=— y:%zoz—6OMPa

(-120,-110)

max

(0)
- +
0, =OE = 6,5 cm x 10 = 65 MPa (T)+
0,=O0K=18,5 cm x 10 = 185 MPa (C)+
T, .= CA=CT, =-1253 MPaz
Angle principal plane
ZKCA = 29p =61° .. ep =30,5° CCW
Angle shear stress plane
Z/ACT, =20 =90 - 61 = 29°
.0,=14,5° CW
185 MPa
60 MPa
60 MPa
/
14,5°
125,3 MPa
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O +0
3. C=—5 y:_902+60:—15MPa(C)

Scale 1 cm = 10 MPa

(60;-45)
B
, |EO
600,
0,=0E=72cm=72MPa (T)+
0,=0K=10,3 cm =103 MPa (C)+
T =CT,=875=875MPa
Angle principal plane
ZACK = 2617 =30° .. Qp =15°CCW
103 MPa
72 MPa

Angle shear stress plane

AACT2 = ZGS =59° -, GS =29,5° CCW
15 MPa

15 MPa

29,5°

- \
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O +0
4. C=— y:_402+25:—7,5MPa

Scale 1 cm = 10 MPa

{\ Module 8 e Transformation of stress “ 169

T,
g o
o ! (25;0)
2 L 10 o
(-40p) 5 ! 1
T,
o,=0B=2,5cm =25 MPa (T)
0,=0A =4 cm =40 MPa (C)
T = CT1 =3,25cm = 32,5 MPa
20 =0
P
ZACT =20,=90° .0, =45
T 25 MPa 7,5 MPa
32,5MPa
<—
40 MPa
45°
7,5 MPa
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O +0
5. C=— y:?:zoMPa

Scale 1 cm = 10 MPa

o, =0E=8,3 cm =83 MPa (T)
0,=0K=4,3 cm =43 MPa (C)
CT,=63cm=1_ =63 MPa
206,=/0CA=71,5° ..6,=3575"CW

43 MPa

83 MPa

w\35}750

20,= ZACT,=90-71,5=185 .0 =925 CCW
Average normal stress = 20 MPa (T)

20 MPa
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0,70, 80+40
2 2

Scale 1 cm = 10 MPa

6. C= =60 MPa

-60 1

+60!

o.0,=0M=25cm=25MPa=0_(C)
S0, = OP =9,5cm =95 MPa (C)

Shear stress
. MN=53cm =1 =53 MPa (T)

25 MPa
95 MPa

53 MPa 60°
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0x+0y -90
7. C= =—=-45MPa
2 2
T
(90;-80) A T~

1
1
i
1
1
1
1
1
i
1
81 28

(o) i .

1 | 60,46° 10
o . noesTT—P0N |y, . .0
1 {p 90 45 C [\ 500 64 !
G 91,79
NO,,
780
T B (0;80)
T2

2.0y, =OM=4,5cm =45 MPa (T)

MC=CQ .. 0, = OP =13,5cm = 135 MPa (C)
Shear stress=NM =1,7cm =t =17 MPa

45 MPa
135 MPa
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o +0
8. 81 C=— y=8°;4°=60MPa

B (40;-50)

-50 17

+50 -

1 cm =10 MPa

Oy, =OM=0,73 cm =73 MPa (T)

0, = OK=11,3cm =113 MPa (T)

.. Shear stress = T, = MN =1,1cm =11 MPa (C)
7,3MPa

113 MPa

11 MPa

-

500

8.2 Resultant stress
Resultant stress = ON
O, = ON=1,3cm =13 MPa

8.3 Calculate normal and shear stress on plane PP

o +0 o -0
x

o= L+ = _2cos 20+ 1 _sin20
x1 2 2 xy
4 -4 .
1= 80; 0 +—802 0cos— 100 + 50 sin - 100

0, =60 - 3,47 - 49,24 = 7,29 MPa (T)

0,, =60 + 4,47 + 49,24 = 112,71 MPa (T)

Downloaded from wyww.studypapers.co.za
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T -(80‘40)sin ~ 100 + 50 cos — 100
xy 2

Txy =+19,7-8,7=11 MPa
8.4 Resultant stress

2 2 2 2
OResultant = \jol + Txy = \/7’29 +11° = 13,77 MPa

o +0
9. 91 C=— y=60;80=70MPa

Scale 1 cm = 10 MPa

407

L +40

A (60;40)

Oy =OM =994 cm = 99,6 MPa (T)
0y1=0K=4cm=40MPa
. T=MN =2,86 cm = 28,6 MPa

30°

9.2 Resultant stress
Resultant stress = ON
0y = ON =10,4 cm = 104 MPa
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0, t0, 40480
2 T2

Scale 1 cm = 10 MPa

10. 10.1C= =60 MPa
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A (40,-60) T,
-60
2 on
Sy
N/ o
2 8y
K 40| 20 60\ 80 E 5
N
P! Q K |91
28,43°
02
N
+60
T T, B (80;60)

Oy, =OM=0,44 cm = 4,4 MPa (T)

0,= OK =11,55cm = 115,5 MPa (T)

. T=MN =3 cm =30 MPa

10.2 Resultant stress
Resultant stress = ON
0, = ON = 40,5 cm = 40,5 MPa

Downloaded from www.studypap
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10.3 Principal stresses
o,=0E =12,3 cm = 123 MPa (T)
o,= OK =0,33 cm = 3,3 MPa (C)
Angle of plane
o LACK =20 =7456° .0 =37,28°

123 MPa
3,3MPa

37,28°

10.4 Maximum shear stress

1, =R=CA=6325MPa

Angle of plane
20, =ZACT =90-74,56=1544 ..0,=772°
Average normal stress = C = 60 MPa (T)

60 MPa

60 MPa

— {

Downloaded from www.studypapers.co.za



{\ Module 8 e Transformation of stress “ 177

Downloaded from www.studypapers.co.za

11.1 This question incorporates Question 2 of Exercise 8.1.

11.
Scale 1 cm = 10 MPa
NO'Jcl Yxy
b&
- -30 A(50;-25)
L 4) 26
/- 10
Q
1 1 1 1 1 /— 1 o'
' \
-35-30 -10 ¥ +
B
(-35;25)

o-yl Y

Oy, =OM=15cmx 10 =15 MPa (T)
0, = 0Q =0,06 cm x 10 = 0,6 MPa (C)
TxyzNM =49 cm x 10 =49 MPa

0,=ON=52cm x 10 =52 MPa
The element sketch is the same as that in Question 2 of Exercise 8.1.
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11.2 This question incorporates Question 5 of Exercise 8.1.
Scale 1 cm = 10 MPa

NOx; T,

293
A
(-90;-25) N
d
18° 7g z
K Lo Py (@ o
g, -0 w15 “i\
20
\
30Ff B

(60 ; 20)

— Y+Gy1

Normal stress

0y, =OM=3cm x 10 =30 MPa (T)

0, = 0Q =0,08 cm x 10 = 0,8 MPa (C)

Shear stress: 7, =NM=77cmx 10 =77 MPa
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Element sketch
Principal stress
0, =OE =64 MPa (T)

0,=0K =93 MPa (C)
Stress element

From circle 20p =/ACK=18" .. Gp =9°

64 MPa

93 MPa

Maximum shear stress

T =ON = radius = 77 MPa (T)

Maximum shear stress element

Average normal stress = C = 15 MPa (C)

Angle: ZACT, =20,=90° - 18°=72°CW .8, =36°CW

“ [Note w

Values that are calculated from Mohr’s circle will always differ a little bit. |

15 MPa

15 MPa

35,75° . 36°
77 MPa
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MODULE

9 Forces in structural frameworks

By the end of this module, students should be able to:

draw the top- and side view of a sheerleg or tripod according to the
appropriate scale;

draw separate vector diagrams to graphically determine the forces in all
members when a load is lifted by the sheerleg or tripod;

set up a table to indicate the magnitude of all members (including
reactions) or struts and ties;

use a suitable scale to draw top views and side views of cranes; and
draw separate vector diagrams to graphically determine the forces in all
members when a load is lifted by a crane.

Introduction

This module deals with sheerlegs, tripods and derrick cranes. Students learn how

to draw top- and side views of these structures and to determine the forces in

members by use of vector diagrams.
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Exercise 9.1 SB page 301

A D
B
A D
C
q DO - Resultant p
Member Vector Force (kN) Nature
AO kp 10 Tie
BO Pg 7,2 Strut
CcO qg 7,2 Strut
2.
Member Vector Force (kN) Nature
AO kp 16 Tie
BO pg 23 Strut
CcO qg 23 Strut
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0}
k
30 kN -
| ~
' =
I
I
I
B,
A CLD |
"IN~ &
+ T~ IS8} 8o,
6 T~
A D 6 -~ DO-R
0 .- 0, O - Resultant p
-7 q
C
3.
0
&
§@ W
Z)
8y
A
A
T~ 4
S~ S 2 0,
A D o _ - /O ('4 OD Resultant P
P 1
c ¥~

3.1 Load =42kN
3.2 Drvred dabackScayoviaiviziudypapers.co.za
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Exercise 9.2

SB page 305
1.
()
% o
o 1)
-2
o
20 kN £|)\°
o
N
c D
o
A TG
N < - P
) > N s - g
N - Oy 40
0 o ~ % - © <
7 |
c D o;f// o~ Res/OD q
v - - ) h
P 7
B V
Member Vector Force k(N) Nature
CcO pq 5,5 Strut
AO ag 9,75 Strut
BA kg 9,75 Strut
2.
0
.
R Res
es
30 kN Z DO
o
™M
P
AO
A D q
A N ~
~~ .
a S~ B - O1
es )
A 0 D @ _-70, e op P
Downloade®from www.studypapers.co.za
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Exercise

Member Vector Force (kN) Nature
AO qp 15 Strut
BO kg 10 Strut
Cco pg 10 strut
9.3 SB page 310
P
.
V
[
g
E—
V P—_
20
1.1
Member Vector Force (kN) Nature
RO qk 4,4 Strut
QO rg 8 Strut
PO mp 12,8 Strut
cos 47

1.2 Coefficient of friction p =

s47

0,93
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2.

AO
oB R

* Member Vector Force (kN) Nature
co gk 23,5 S
OB mk 16 S
OA kg 7,5 S
2.2 Coefficient of friction u = E?rf g; =0,42
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3.

@

X1

=<
o /
W =39 kN
08204/‘/
~

Load = 32 kN
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Exercise 9.4 SB page 321
1. 1.1
C
w
P Res - Strut
> q
A
/] A
N 50kn Y a
M ’b(\}. ¢
o) Q? n
{\
Q
k
|
m A
q
Q
S
3
o
S
Res A
| s
p q
R p F E
EA=DA=16"+6"=849m
Member Vector Force (kN) Nature
AC nk 54
BC mn 92 S
AB nq 24 S
AD qs 42 T
AE ks 26 T
BD qg 35 S
Downtoaded-fromwww studypapers.co.za
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1.2
C Strut
P Res
q
K
KN
&
A Q)'bo
— 50 kN &, v
<& n
N
K M
kR
Q
m
S
A D4
q
Pl q
Member Vector Force k(N) Nature

AC nk 54 T

BC mn 92 S

AB nq 24 N

DA qs 37 T

EA ks 37 T

DB qg 26 S

n\AmInaEr?nrl from \A/\A/\A/_g‘ﬁlrlypa nrc_r‘n_%g S



190 ‘ ‘ N6 Strength of Materials and Structures — Lecturer Guide | }
Downloaded from www.studypapers.co.za

1.3
C
K
K
A
— M
N 50[kN
\J
P
q
Q
n
D| F B
P
k
D
F\ B
\
\
\
\
\
\
\
\
\
\ m-
\
\
\
E
Member Vector Force (kN) Nature
AC nk 54 T
BC mn 92 S
AB nq 24 S
AD qk 61 S
EA 0
DB Pq 44 S
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2.
m
e
R
c &
K
=2
X
A"/ K 8
B
M L
80 kN|
|
[
i
g
< AC
—R \ " Res m
Member Vector Force (kN) Nature

DC Im 128 S

AC mg 42 T

BC kg 42 T
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Exemplar examination paper

Question 1: Thick cylinders

Two hollow cylinders were shrunk together to form a compound cylinder with an inner
diameter of 100 mm and an outer diameter of 400 mm. This caused an intermediate
pressure at the common diameter of 200 mm. After the cylinders were shrunk together, an
internal pressure of 30 MPa was applied to the compound cylinder, causing the resultant
hoop stress at the inner diameter to reach 46 MPa (compressive).

Calculate the following:
1.1 'The resultant stresses in the inner cylinder at 200 mm (6)
1.2 The resultant stresses in the outer cylinder at 200 mm and 400 mm respectively  (6)
1.3 Sketch a stress distribution diagram to indicate the magnitude and nature of

the resultant stresses through the compound cylinder walls. (4)

Final answers for solutions:
M =10°and k = 10° and G = 10°, where M, k and G are not part of an equation.
[16]

Question 2: Tension in cables
The supports of a suspension bridge are 36 m apart and the on the same level. The sag
of the cables is 3 m. The roadway has a total weight of 3 024 kN.

Calculate the following:

2.1 The weight per metre carried by each of the two cables 2)

2.2 'The minimum and maximum tensions in each cable (2)
2.3 'The diameter required for the cable if the ultimate tensile stress for the cable

material is limited to 320 MPa (use a safety factor of 8) (3)

2.4 The tension in the cable 10 m from the support, measured horizontally. 3)

(10]

Question 3: Combined bending and twisting of shafts

A solid shaft with a diameter of 80 mm is subjected to a maximum torque of 4 kNm
as well as a bending moment. The shear stress in the shaft is limited to 50 MPa and
the principal stress is limited to 75 MPa.

Calculate the following:

3.1 The maximum bending moment by considering the shear stress (2)
3.2 The maximum bending moment by considering the principal stress (5)
3.3 The maximum bending moment allowed, and provide a reason (1)
3.4 The actual shear stress in the shaft. (2)

(10]
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Question 4: Bending and deflection of beams

A steel pipe, having an inside diameter equal to half of the outside diameter, is used as
a cantilever with a length of 2,5 m. It carries a uniformly distributed load of 20 kNm
over the first 1,25 m from the fixed end, as well as a concentrated load at the free end.
The deflection at the free end is limited to 7 mm. The modulus of elasticity for the
material is 200 GPa.

Calculate the following:

4.1 The required dimensions for the pipe (4)

4.2 Choose the lightest taper flange I-profile that can replace the pipe for the same
deflection limit. (1)

4.3 'The maximum bending stress if the selected I-profile is used. (3)

(8]

Question 5: Combined bending and direct stresses

A crane hook has a circular cross section with a diameter of 30 mm as shown below.
The distance that the load is applied from the centroid is 90 mm. The tensile stress
in the material of the crane hook may not exceed 90 MPa.

Figure 1: Crane hook

Calculate the following:
5.1 The maximum mass that may be lifted (4)
5.2 The minimum stress in the hook in magnitude and nature. (2)

(6]
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Question 6: Shear stress in beams

A built-up beam consists of a hot-rolled parallel flange I-beam with dimensions of
305 x 165 x 53,6 kg/m, and a channel bolted to the I-beam by two rows of bolts.

The height of the channel is 250 mm and the breadth is 80 mm, with a thickness of
20 mm right through. The build-up beam is subjected to a shear force of 100 kN. The
web is connected to the flange by means of two 17-mm diameter bolts and the shear
stress in the bolts is 80 MPa.

Calculate the spacing of the bolts. [14]

250

20

!
!

g
-

305x165x 53,6 kg/m

Figure 2: Built-up beam

Question 7: Close-coiled helical springs

A maximum load of 45 N compresses a coil spring to a solid length of 45 mm. The
stiffness of the spring is 900 Nm and the maximum shear stress in the wire is 120 MPa.
G =40 GPa.

Calculate:

7.1 'The wire diameter of the spring (8)
7.2 The diameter of the spring (1)
7.3 The number of coils. (1)

(10]
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Question 8: Transformation of stress

At a point in a material, the principal stresses are 40 MPa and 100 MPa respectively,
and both stresses are tensile. Turn the element 15° anti-clockwise to the plane on
which the principal stresses act.

Calculate:

8.1 The normal stresses on this plane for the x-face (3)
8.2 The shear stress on this plane (2)
8.3 Use Mohr’s circle to verify the answers on the stress circle. (8)

8.4 Use the circle and determine the maximum shear stress as well as the normal
stress on the X-face if the element is turned 90° in the same direction to the
plane above. (1)
(14]

Question 9: Forces in structural frameworks

The legs of a tripod are each 6 m long and are placed in such a way as to form an
equilateral triangle ABC with sides 5 m on the ground. The tripod supports a load
of 6 kN from the apex.

Use a scale of 1 cm = 1 m for the space diagram.
Use a scale of 1 cm = 1 kN for the vector diagram.

9.1 Draw the side- and top views of the tripod to the given scale to determine

the apex. (6)
9.2 Draw the vector diagrams to the given scale and determine the force in each leg.
Redraw the following table in your answer book and tabulate the answers. (3)
Member Magnitude

9.3 Calculate the minimum coefficient of friction required between the legs and
the ground to prevent slipping. (3)
[12]

Total: 100 marks
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Exemplar examination paper memorandum

Question 1: Thick cylinders

1. 1.1

1.2

Resultant stresses in the inner cylinder at 200 mm

46MPa —— ]
0MPa —— ]

| — Hoop stress

| — Radial stress

Inner cylinder Outer cylinder

Atd=100;0, = 30M = a + 2
0,1

S.30M=a+100b... ©

andatdzliza—i2
0,1

.46M=a-100b... @

©+®: . .76M=2a

S.a=38M...®

Substitute @ into @: .*.30M = 38M + 100b
. b=-0,08M

Stresses at D = 200 mm for inner cylinder

Hoop stress: Dc = 200 o, = 38M - _Oz)ogzM =40 MPa

>

-0,08 M

and Radial stress: Dc = 200 0, = 38M + 0 36 MPa (6)
The resultant stresses in the outer cylinder at 200 mm and 400 mm
AtD = 40050, =0=a+ -2

0.4

sa=-625b.. @
AtDc=200:0,=36M=a+-2 ... ®
0,2

.. Substitute (4) into (5) .".36M = -6,25b + 25b
.b=1,92M

cs.a=-12M

1,92 M
at d = 200597 iid 24 Trom wwiP X Hpers.co.za
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at d = 400; 0, = —12M - lgiM — _24 MPa (T)

>

Radial stress at 200 = 36 MPa
Radial stress a tD = 400 = 0 MPa (6)

1.3 Stress distribution diagram for compound cylinder

46 MPa 40 MPa

\O_H \/
/36MPa

3oMpa —— % |

/

Inner Outer/ -24 MPa
-60MPa | _—

100 200 400

(4)

Question 2: Tension in cables
2.

L=36m

2.1 Weight per metre carried by each of the two main cables

Load on bridge 3 024k

Length =~ 36 = 84kNm

Load per metre on bridge =

Load per metre on bridge 84

Load per metre per cable = 5 Tk =42 kNm (2)

2.2 Minimum and maximum tension in each cable

. _ _ wL? 42kt x 367
SB =F —_—

n =8l = 83 = 2,268 MN

2 2
SF = \/F; +(wh) = \/(2,268 M)’ + (42kx 2)" =2,391 MN (2)

2.3 Diameter of the cable with an ultimate stress of material of 320 MPa and a
factor of safety of 8

Oy 320M
T 40 MPa

qunIoaded from www.studypapers.co.za
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CFhe  2391M 2
=M - 0,059775 m

cable ~ o
safe

C A T2
..A—4D

D= \/% = 275,877 mm

2.4 Tension in cable 10 m from the support measured horizontally

36/2=18m

Tension in the cable at point P: From turning point O =x =18 -10 =8 m

. 3 _ _ 2 2
.. Tension at P = Ftp =qF, + (wxp)

B, = V(2,268 M)’ + (42k x 8)° =2,293 MN

Question 3: Combined bending and twisting of shafts

_nD’_ _ 10,08’ 6 _
e_?T_TXSOX 10 —5,027kNm
ST, =VM*+ T
.M =v5027% - 40007 = 3,045 kNm

3.2 Maximum BM principal stress:

3. 31 ..T

_ D mx0,08’ 6 _
=3 O'—TX75X10 = 3,77 kNm

- M, = 0,5M + VMZ + 17

s 2M -M =M+ T?

- (2x3770 - M)* = M? + 4 000°

7 540° - 7 540M - 7 540M + M* = M” + 4 000

.15 080M = 7 540% - 4 000>

L 40,852 x10°
S M= 15080

=2,709 kNm

Downloaded from www.studypapers.co.za
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3.3 Maximum bending moment for shaft
M_ =2,709 kNm

A bending moment of 3,045 kNm will cause a principal stress higher
than 75 MPa and the shaft will fail. (1)

3.4 Actual shear stress:

ST, =VM” +T? = V27097 + 4 000” = 4,831 kNm

X _ nD?
Te_ 16
16 x 4831
7 x 0,08’

= 48,055 MPa (2)

Question 4: Bending and deflection of beams

4. 4.1 Dimensions for the pipe:

Amax@A = AUDL@A +A pl@A

. _ |wa* <wa3 ) wL’

20,007 = | g5r + (Ger X )| + 3Er

. _ [20k x 1,25 <20k x 1,25° )] 2k x 2,5°
~.0,0071 = [ 8 x 200G 6 x 200G x 1,25 )| + 3 x 200G

.0,007I = 3,052 x 10™* + 4,069 x 10°® + 5,208 x 10™*

S 1=17,613x10°m*

D = 2d given

S 1=17,613x10°= 614([2d]4 —d*

. 15d*=3,588 x 10™*

. d=32,392x 107 = 69,934 mm (4)

D = 139,869 mm
4.2 Select the lightest I-section taper flange

1=17,613x10°°

203 x 102 x 25,3 kg/m

1=22,97x10°m* (1)
4.3 Maximum bending stress in the selected I-section

Mmax = MUDL + Mpl + Mweight

2
2

w_ .
_ wa weight
M =5 +wL+—
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M = 20k x 1,25%

max 2

25,3 % 9,81 x 2,5

+ 2k x 2,5+ 5

M__=21,401 kNm

My 21401 x 0,2032

.. Maximum stress = =T
I 2297x10°x2

= 94,66 MPa

Question 5: Combined bending and direct stress
5. 5.1 The mass that can be lifted

> Og Tensile
0 Compressive \/\/

90 |
|

w

< ey >
-¢ - o

Tensile bending stress

i

Direct stress = 0 = To0R 1414,711W Pa (Tensile)

. M W x0,09) x 0,015
Bending stress = 0, = - = ,T( - )
I 2£0,03"=33953,055W

5.0 =0, +0,=-90M =-1414,711W - 33 953,055W

ma:

W =2,545kN
) _ 2,545k _
. Mass = == = 259,398 kg

5.2 The minimum stress in the hook, magnitude and nature
o . =-0,+0,

min

0 =-(1414,711 x 2,545k) + (33 953,055 x 2,545k)
= 82,81 MPa (Compressive)
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Question 6: Shear stress in beams

{\ Exemplar examination paper memorandum “ 201

2 2
210
- > 80
| o °
i
A
5 320 —
L
hs _
72,61 | 102,61 | A
h2
¢ . ¥ . NA y3| 320,9
i i
h, 92,84
v Y, 1350,9
- I 310,9
¥ | 248,29
1 y; | 155,45
| | Y

No Area Y-distance Ay
1 6,821 x 107 0,15545 1,0603 x 10~
2 2%0,08%0,02=32x10" 0,3509 1,1229 x 10~
3 0,21 x 0,02=4,2x 10" 0,3209 1,3478 x 10~
Atotal | 0,014221 YA - moments 3,531 x 10~

YA, = XA - moments

3,531 x 107 _
= ol - 248,29 mm

7 -y, =248,29 - 155,45 = 92,84 mm

1

¥, =¥ =2350,9 - 248,29 = 102,61 mm

2

Y, =y =320,9 - 248,29 = 72,61 mm

3

[an = S
Il

_11+Iz+13

xx Total —

I =116,9x 10 + (6,821 x 10~ x 0,09284%) = 1,7569 x 10™* m*

3
1= 2[% +(32x107 x 0,102612)] =3,4546 x 10° m*

[0,21 x 0,02°
I e

e+ (4,2 x 107 x 0,072612)] =22283x10"° m*

1,=2,3252%x10" m*

Downloaded from www.studypapers.co.za

First moment of area = Q =2A,y) + A,y
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Q=2x%32,%x107°x0,10261 + (4,2 x 107 x 0,07261) = 9,617 x 10 * m’

-4
Shear force at joint = g = VTQ = % = 413,599 kN/m

Spacing of bolts over I m: R=A 1 1l

7% 0,0172

R=—7

x 80M x nx 1=18,158n kN
Force in bolt = Force in joint
R=g ..18158n=413599

Number of bolt = n = 22,77 use 23 bolts

Unit length x number of rows 1000 x 2
Number of bolts 23

Spacing =S = = 86,96 mm

Question 7: Closed-coiled helical springs

7. 7.1 Wire diameter

=S W_ 4
Deflection = 8 = S =500 =0,05m

Strain energy = U = W = 0,5 x 45 x 0,05 = 1,125

2: 9
ButU="Y - Volume = w =1,563 x 10° m’
4G (120 x 10°)
2
Also volume of wire = tDn x % =2,467 Dnd*=1,563 x 10~ ...
L
Number of coils = n = Zhd = 0’(;45 .0

8WD 'D_120><106><n><d3
nd® 8 x 45

D =1,047x10°d* ... ®
Substitute @ and @ into @:
. 2,467 x 1,047 x 10°d° x &;5612

Shear stress wire = T =

=1,563x 107
Sd*=1,344x107"°
.d=3,41 mm

7.2 Spring diameter
. D =1,047 x 10° x 0,00341° = 41 52 mm

7.3  Number of coils

-4 _ ;
n=55= 13,89 coils
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Question 8: Transformation of stress

8. 8.1 Normal stress x-face
Gx +0 Gx -0

.y, x ;
0, =—F +—5 oS 20 + T, sin 20
_ 100 +40 | 100 -40
=5 T3 cos- 30+0
o, =9598 MPa (3)

8.2 Shear stress

Ux -0
T, = —[ z ] sin 20 + T,,COS 20

2
_ [100-40] .
Txy——[ 3 ]s1n—30+0
T_=-(-15)=15MPa (2)

xy

8.3 Mohr’s circle 15°

T
0, =196 MPa
T, = 15 MPa (8)
8.4 90°

o = iﬂwpaaded from www.studypapers.co.za (1)
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Question 9: Forces in structural frameworks

9. 91

0
8,1
6 kN
C |
I
I
I
! 8,1
I
\!
0
C
K
M 2,3kN
n T
m; \ 0,
8,2
(6)
9.2 Tabulated answers
Member Magnitude

OC 2,2 kN

OA 2,3 kN

OB 2,3 kN

(3)
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9.3 Coefficient of friction between legs and the ground

0]
Measure the angle on the side view
Fy = Friction force C 60°

\ - A

60°

4 N=Normalforce

From the side view angle ACO = 60° and the force in leg CO = 2,2 kN

F. 2200 cos 60°

N = 2200sm60° ~ 77 3)

Total: 100 marks

.". Coeflicient of friction = p =
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Glossary

Bending stress - stress caused by the bending moment; also known as flexural stress

Bow’s notation — a method of lettering the cells and outside spaces formed by the
directions of the loads on a framed structure so that these loads can be traced

Bridge deck - the surface of a bridge
c

Catenary - the U-shaped curve formed by a heavy inextensible cable, chain or rope of
uniform density suspended from its endpoints

Coefficient of friction () - the ratio of the frictional force between two bodies and the
force pressing them together

Common diameter (d ) - the shared diameter of a shaft and sleeve that has undergone
shrinkage

Constant horizontal force - when forces are balanced, ie. equal in magnitude with
opposite directions

D

Deflection - the moving of a beam from its original position

E

Elastic stress limit — also called the elastic limit, is the point at which an object no longer
returns to its original form

Equivalent twisting moment - the twisting moment which, when acting alone, will
produce the same maximum shear stress as the applied twisting and bending moment

F

First area moment — or the first moment of area; a measure of a shapes spatial
distribution in relation to its axis

Flexural stiffness — also known as flexural rigidity, it is the measure of deformability or
the stiffness of a material subjected to bending

Flue - a duct for smoke or waste gases produced by fires
Form factor - a ratio indicating the efficiency of a building’s shape
Frictionless rollers - roller supports that do not impede or create a frictional force

H

Hooke’s law - strain is directly proportional to the stress that causes it

Hub - the central part of something, such as a sleeve which can be placed inside a
cylinder
Downloaded from www.studypapers.co.za
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Intermediate pressure — the radial stress at the contact diameter

L

Lamé’s theory - a theorem to find the solution to thick-cylinder problems

Lateral strain - the ratio of the change in diameter of a circular bar of a material to its
diameter due to deformation in the longitudinal direction

0
Overhang - the distance by which the apex overhangs the base of the legs

P

Parabolic - like a parabola
Parabolic catenary - a catenary which forms a parabolic shape

Parallel axis theorem - the theorem states that the moment of inertia of a body about any
axis is equal to the sum of its moment of inertia about a parallel axis passing through its
centre of mass, and the product of its mass and the square of the perpendicular distance
between the two parallel axes

Poisson’s ratio — a constant that relates longitudinal strain in the direction of the load to
lateral strain perpendicular to the load; it defines the ratio of how a material will increase
lengthwise and contract widthwise when stretched

Press fit - a form of fastening between two tight-fitting parts that produces a joint held
together by the friction of the parts pushing together

Proof load - the greatest load which a spring can carry without exceeding the elastic limit
of the material

Proof resilience — energy stored in a spring

Proof stress — the stress at which a specified permanent elongation has taken place in the
tensile test

Proportional limit - the point on a stress-strain curve where the linear, elastic
deformation region transitions into a non-linear, plastic deformation region; the
proportional limit determines the greatest stress that is directly proportional to strain; also
known as limit of proportionality

R

Radius of curvature - the ratio of bending and moment that acts in the beam cross
section; is denoted by the Greek symbol rho (p)

S

Section modulus - a geometric property used when designing beams or flexural
members

Sheerleg - a crane consisting of two legs of equal length and a backstay
Shrinkage allowance - the difference between the change in diameter of the inner

cylinder and the chaRee ig B RGO ST HPE88Fs co.za
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Sleeve - a tube of material which can be place inside a cylinder

Stiffness - the resistance of an elastic body to deflection or deformation by an applied
force

T

Tangential force - a force acting on a moving body in the direction of a tangent to the
curved path of the body

Transverse shear stress - the resistance force developed per unit in a cross-sectional area
by an object to avoid deformation

Y

Young’s modulus - the property of a material that indicates how easily it can stretch and
deform; it is defined as a constant given the ratio of tensile stress (o) to tensile strain (¢)
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