Structural Engineering

Name
Class
Teacher

Ellon Academy
Technical Faculty

Learning Intentions
 I will learn about Moments, Reactions and how to resolve forces
 I will learn how to solve moments at Angles
 I will know what a resultant is, and how to calculate it form
given information
 I will learn how to work out moments and reactions within
Hinge and roller supports
 I will learn about Nodal Analysis and its role in Structural
Engineering
 I will learn about Ties, Struts, compression and tension, and how
to work out a members nature
 I will learn about Uniformly Distributed loads, and how to use it
to work out moments and reactions
 I will learn about Shear Force, and learn how to draw a shear
force diagram
 I will learn about bending moments, and how to work out a
bending moments diagram.

Success Criteria
I can investigate a range of complex structures by:
 Using the systems approach to analyse mechanisms and structures
 Describing or producing diagrams of a range of complex
structures
 Investigating the properties of a range of materials used in
mechanisms and structures
I can develop structural solutions to solve complex problems by:
 Identifying key aspects of the problem
 Applying knowledge and understanding of structures and
materials
 Carrying out calculations to assist the selection of materials
(through nodal analysis, resolving forces and calculating reaction
force
To access video clips that will help on this course
go to www.youtube.com/MacBeathsTech
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What is a Structural Engineer?
Tunnels deep, towers high, roads long and bridges wide… Structural
Engineers help create the constructed world that’s all around us.
Structural engineers are specialists in design, construction, repair,
conversion and conservation. They are concerned with all aspects of a
structure and its stability. They are a key part of the design and
construction team, working alongside civil engineers and architects.
Together they create all kinds of structures from houses, theatres,
sports stadia and hospitals to bridges, oil rigs and space satellites.
Every structure has to deal with the conditions in which it is built.
Houses in Norway and Canada will need a very strong roof structure to
deal with continuous snow and ice loads. Bridges all around the world
will need to carry different kinds of crossing loads, be that people, cars
or even high speed trains. It is a structural engineer's job to consider all
the possible factors.
Structural engineers make a difference and shape the built
environment. They are people who enjoy a challenge, responsibility
and the excitement of an innovative and varied career. Structural
engineering presents both creative and technical challenges and
requires excellent problem solving skills.
Structural engineers are important: everything we do, every day is
because of a structural engineer's work.

This unit will build on skills learned in National 5 Engineering Science
in order to further deepen your understanding of Structures to enable
you to design your own working structures and give you a deeper
insight into a possible career route.

http://www.istructe.org/education/structural-engineering-explained
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Moments & Reactions
In National 5 you learned that the turning effect that occurs to due
forces on a structure are called a moment. A moment is measured in
Newton Metres.

When any system is in perfect balance and is in a steady state such as
this diagram, it is said to be in equilibrium.
The effort wants to turn the lever anticlockwise and the load wants to
turn the lever clockwise. If the lever/beam is in equilibrium, but the
sum of all these moments must equal 0.

Moment =  (force x distance)
(M)
(f)
(d)
So…

 M= 0

OR

=

In National 5 you also learned that there are forces affecting the
vertical plane, and these are known as Reactions. These are also
measured in Newton Metres.

Reactions =  ( forces -  forces)
So…

 R= 0
You must always write these equations when working out the answers!!
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Example
Determine the reactions R1 and R2 for the simply supported beam

Take moments about R1
M=0
=
(10,000 N  2 m) + (500 N  2.5 m) + (6000 N  4 m) = R2  5 m
R2 = 20,000 Nm + 1250 Nm + 24,000 Nm
5m

R2= 9050 N 
Also  upwards forces =  downwards forces
R=0
R1 + 9050 N - 10,000 N - 500 N - 6000 N = 0
R1 = 10,000 N + 500 N + 6000 N - 9050 N

R1= 7450 N 
Therefore the reactions for the beam supports are

R1 = 7450 N and R2 = 9050 N
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Task 1
Work out these Moments and Reactions
10KN

8KN
0.5M

RA

5

0.8M

0.8M

RB

Task 2
Work out these Moments and Reactions

50N

100N

A

2m

2m

1m

B
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Task 3
Two children on a rope climb are shown

a) Draw a freebody diagram for the rope climb

b) Calculate:
(i) the force FA. (Take moments about Point B)

(ii) the force FB.
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Task 4
Work out the unknown quantity

75mm

30N

60mm

40mm

2kg
F
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Resolution of a Force
In some cases the loads may not be acting in the same direction, and
can not therefore be added together directly.
In the situation shown below the force is acting down at an angle.
90N
30º
BEAM

This force can be split into two separate components.
A vertical component (FV )and a horizontal component (FH).
FV

F

30º
FH

To resolve a force into its components you will have know two things,
its magnitude and direction.

Trigonometry is used to resolve forces.
Sin a = opp
Hyp

Where - hyp = force (F)
opp = vertical component (FV)
adj = horizontal component (FH)
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Cos a = adj
hyp

The previous diagram can be redrawn as below.
FV
90N

30º
FH

To find the horizontal force (FH)
Cos 30 = FH
90
 FH = 0
FH = 90 x cos 30
FH = 77.94 N

To find the vertical force (FV)
Sin 30 = FV
90
 FV = 0
FV = 90 x sin 30
FV = 45 N

HORIZONTAL FORCE = 77.94 N
VERTICAL FORCE = 45 N
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Task 5
Resolve the following forces into their horizontal and vertical
components
10N
a)

30º

6KN

b)

60º
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Task 6
Resolve the following forces into their horizontal and vertical
components

200N
a)

40º

b)

70º

25KN
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Moments at Angles
It is highly unlikely that when a force hits a structure it will be exactly
at 90 so we need to know how to work out a moment when it is
angular.
Example
1m

2m

420N
45º

F

M=0
=
(420N x sin45) x 2m = F x 1m
(840 x 0.707) – F = 0
F = 594 N 

Task 7
Using moments, calculate F
10N

F
2m
60º

4m
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Task 8
Using moments, calculate F
4m

2m

50N
30º

1m

F

Task 9
The windscreen-wiper arm shown is used to hold a windscreen wiper
against a car windscreen.

The forces exerted on the windscreen-wiper arm by a retaining spring
and by the windscreen wiper are. P is the pivot-point.
Calculate, for a force, W, of 6·25 N:
(a) The force S exerted by the spring (take moments about P);
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Complex Resolution of Forces
Sometimes the components are known and it is the force that is to be
calculated.
Example
45º

30º

 FH = 0
(-F1 cos 30) + (F2 cos 45) = 0
(-F1 x 0.866) + (F2 x 0.707) = 0
-8.66F1 + 0.707F2 = 0

25KN

 FV = 0
(F1 sin30) + (F2 sin45) – 25kN = 0
0.5 F1+ 0.707 F2– 25Kn = 0

We can transfer date from one equation into the other to resolve this
further.
0.707F2 = 8.66F1

0.5 F1+ 0.707 F2– 25Kn = 0
 0.5 F1 + 0.866 F1 – 25kN = 0
1.37 F1 = 25kN
F1 = 18.2kN

0.707F2 = 8.66F1
 0.707F2 = 0.866 x 18.2Kn
F2 = 22.3kN
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Task 10
A lighting gantry in a small theatre is fixed to a sloping ceiling by three
independent wire ropes as shown below. When the lamps are set in
position, the vertical loading on link A and link B are 2.5KN and 5KN
respectively.
Calculate the magnitude of the force in each of the three ropes.
CEILING
1
2

3

LINK A

90º

60º

60º

LINK B
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Resultant
The resultant is the vector sum of two or more vectors. Basically it is
one force that will achieve the same as all the forces combined. This is
something engineers will sometimes have to discover when looking at
a structure.
Example

Firstly we work out the Horizontal and vertical forces like before:

 FH = 0
FH = (-15cos45) + (-30cos60)
FH = (15 x 0.707) + (-30 x 0.5)
FH = -10.605 – 15
FH = -25.6N

 FV = 0
FV = (-15sin45) + (30sin60)
FV = (-15 x 0.707) + (30 x 0.866)
FV = -10.605 + 25.981
FV = 15.376N
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After this we use Pythagoras theorem to work out the resultant
Resultant2 = FH 2 + FV2
= -25.6 2 + 15.376 2
= 655.36 + 236.421
= 891.781
Resultant = 891.781
= 29.86 N

We have worked out the resultant force, but now we need to discover
what angle it would hit at to replace all other forces. To do this we use
tangency.
 = tan-1 Rv
Rh

= tan-1 15.376
25.6

 = tan-1 (0.601)
= 31

Resultant = 29.9N

NOTE

31

+ Fv

- FH

+ FH

- Fv

If an arrow is going up, when
working out the vertical we take
it as a positive, if it is going
down we take it as a negative
If an arrow is going right, when
working out the horizontal we
take it as a positive, if it is going
left we take it as a negative
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Task 11
Find the resultant for these force systems. Find the horizontal and
vertical components of each - add them up to find the overall
component forces and then find the resultant.
a)
80KN
10KN

60º

30º

30KN

b)

6N
4N
20º
100N

70º
90º
15º
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12N

Task 12
The joint shown below forms part of the roof structure of a new
museum.

The forces acting on the joint are in static equilibrium and are shown
in the simplified drawing below

a) Explain the meaning of the term “static equilibrium”.

b) Calculate the magnitude of the reaction force RA and the angle .
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Task 13
Two boats are tied to a mooring post by polypropylene ropes. The
forces acting concurrently on the mooring post are shown

Calculate the magnitude of the reaction force R, and the angle 
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Hinge and Roller Supports
Hinge and roller supports are used when there is a possibility that the
beam may move sideways.
20N
4m

2m

2m

30º
RA

40N
RB

The reaction at a roller support is always at right angles to the surface.
The direction of RA is assumed. If any of the components work out as
negative values then the direction will be opposite of the assumed
direction.
The reaction at the hinge support can be any direction.

Find the two components of the hinge reaction, then the resultant.

There are three unknown quantities above: 1. The magnitude of Reaction RB.
2. The magnitude of Reaction RA.
3. The direction of Reaction RA.
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20N
4m

2m

2m

30º
RA

40N
RB

To work this out we have to combine a lot of our previous knowledge.
First we have to work out RB by combining our knowledge of
moments and resolution of forces.

M=0
=
(20N x 4m) + ((sin 30 x 40N) x 6m) = RB  8 m
80 + ((0.5 x 40N) x 6m) = 8RB
80 + (20 x 6m) = 8RB
80 + 120 = 8RB
8RB = 200
RB= 200
8

RB= 25 N 
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20N
4m

2m

2m

30º
RA

40N
RB

25N

To work out RA we have to do the same procedure as the resultant as
the hinge not only has an unknown force, but an unknown angle.

Vertical forces
 FV = 0
=
RA + RB = 20N + (sin 30 x 40N)
RA + 25N = 20N + 20N
RA = 40N – 25N
Vertical RA = 15N

Horizontal forces
 FH = 0
=
RA = (cos 30 x 40N)
RA = (0.866 x 40N)
Horizontal RA = 34.64N

Now we can use VRA and HRA to find RA
RA2

= RAH 2 + RAV2
= 34.54 2 + 15 2
= 1199.93 + 225
= 1424.93

RA
15N

34.64N

Resultant = 1424.93
= 27.75 N
Now we can find the direction that RA is going.
 = tan-1 Rv
Rh

= tan-1 15
34.64

= tan-1 (0.433)

= 23.4
RA = 27.75N

23.4
24

Task 14
Find the reactions at supports A and B
40N
2m

80N

2m
30º

A

25

B

Task 15
Find the reactions at supports A and B
3m

2KN
1m

60º
A

B
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Task 16
A

CABLE

30º
B
4m

10KN

Find the reactions at supports A and B for the loaded beam shown
above.
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Task 17

A
CABLE

40º
B
2m

1.5m

15KN

Find the reactions at supports A and B for the loaded beam shown
above.
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Framed Structures
A frame structure is an assembly of members and joints (usually called
Nodes) which is designed to support a load. Examples of frame
structures include roof trusses, bridges, pylon towers etc.

100kg

The members in this framed structure can be as ties or struts,
depending on the type of force they support.
STRUTS AND TIES
When solving problems in frame structures you will be required to
determine the Magnitude and Nature of the forces in the members of
the frame. That is, determine, in addition to the size of the force in
the member, whether the member is a Strut or a Tie.
STRUT
Members that are in compression, due to external forces trying to
compress them, are known as Struts.
EXTERNAL
FORCE

INTERNAL FORCE

EXTERNAL
FORCE

TIE
Members that are in tension, due to external forces trying to pull them
apart, are known as Ties.
EXTERNAL
FORCE
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INTERNAL FORCE

EXTERNAL
FORCE

Nodal Analysis
Any joint where members meet is known as a node.
Nodal Analysis on the fact that if structures are in equilibrium then
each node will be in equilibrium. The sum of the forces acting on any
the node will zero.
Nodes
The members are either in compression (strut) or tension (tie). They
can be represented at the node as shown below FA
TENSION

COMPRESSION
FB
TENSION

FB is under compression and pushes into the node, FA is under tension
and pulls away from the node.
Conditions of Static Equilibrium
SUM OF THE MOMENTS = 0
SUM OF THE VERTICAL FORCES = 0
SUM OF THE HORIZONTAL FORCES = 0

 Mo = 0
 FV = 0
 FH = 0

When solving frame structures some analysis of the structure is
required to determine the best starting point and which of the
conditions of static equilibrium to apply first.

30

To work out a Nodal Analysis question we have to combine a lot of
our previous knowledge.
Example
A diagram of a lighting gantry above a stage is shown

Using nodal analysis for the conditions shown, calculate the
magnitude and nature of the forces in frame members DE, CD, BC and
BE.
Before we even start, the question will usually tell you the order in
which to approach the question, so I know to do DE first and BE last.
Firstly, don’t be scared of this – we have done these before in a smaller
scale. Look at the first node we are going to work with, then draw a
diagram with ONLY the information relating to that node.
So if we are working out DE first then I only look at this node:

30°

This gives us something we can now work with….
31

30°

By working out the Vertical aspects I will be able to work out DE
 Fv = 0
FDE cos60© = 4.68
FDE = 4.68
=
Cos60©

9.36 kN

(tension)
THIS IS IMPORTANT – ALWAYS STATE THE
NATURE OF THE FORCE

With the information I now have I can work out the Horizontal aspect
of the Node, which should give me the force of CD
 FH = 0
FCD = 9.36 x cos 30©
FCD = 8.11 KN (compression)
We have now worked out 2 of the nodes. This leaves Nodes BC and BE.
To solve these move onto another node. Draw the diagram for it, once
again only showing the
information regarding to
that node.
8.11kN

By looking at Node C I
can work out BC by
looking at the horizontal
aspects

 FH = 0
FBC = FCD
FBC = 8.11 KN (compression)
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Once again, when all information is extracted from this node, we move
onto another. This time we are going to move onto Node B as we can
work out BE from here.

As there are several horizontal forces I can use, I can work out BE by
working out the sum of the horizontal forces.
 FH = 0
-FBEcos30© - 8.11 = 11.1
FBE = 2.99
cos30©
FBE = 3.45 KN (compression)

This has now given us ALL forces.

FDE 9.36 kN (tension)
FCD = 8.11 kN (compression)
FBC = 8.11 kN (compression)
FBE = 3.45 kN (compression)
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Task 18
The image below shows the structure used to support a lift motor and cable drum.

The free-body diagram shows the forces acting on one truss of the structure at a
particular instant.

a) Determine the magnitude of R1;
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Task 18 (Continued)
b) Use nodal analysis to calculate the magnitude and nature of the
forces in members AE, AB, BE and CE.
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Task 19
Below shows a structure supporting a hopper used for filling Lorries
with concrete.

For a particular load, members DF and EG are each subjected to a
tensile force of 78 kN.
a) Using nodal analysis, calculate the magnitude and nature of the
forces in members CE, DE, CD, BD and BC.
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Task 20
A frame structure is shown below

a) Calculate the magnitude of:
(i) The reaction force at C, using the Principle of Moments;

(ii) The reaction force at B.

CD is a redundant member.
b) Explain what is meant by the term “redundant member”.

c) Calculate, using nodal analysis, the magnitude and nature of the
forces in members AD and AC.
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Task 21
A frame for supporting a maintenance platform suspended from the
top of a building is shown

a) Calculate, using Nodal Analysis, the magnitude and nature of the
forces in members AB, AC, BC, CD and BD, for a load of 5 kN acting
on the support frame.
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Task 22
A gantry carrying an overhead road sign is loaded as shown

a) Calculate the reaction force R1 acting at A;

b) Calculate the magnitude and nature of the forces in members AB,
AC and BD.
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Task 23
A new railway station is being built. A structural engineering company
has been asked to produce detailed information about a possible
station roof.
Detail from a proposed design for
one of the roof’s steel support legs is
shown.

Node N1 is in static equilibrium. M2
is a tie.
Calculate the magnitude of the forces
in members M1 and M2.
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Task 24
A simplified free-body diagram of a swing chair, for a particular
loading condition is shown.

Calculate:
a) The magnitude of the forces in members XY, YZ and XZ;
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Task 24(Continued)
b) The magnitude of the forces V and F.

42

Task 25
The Bodhum to Denny power line, to bring Renewable energy south, is
being redesigned following an exceptionally cold winter, where ice
built up in the power lines causing several structural failures to existing
pylons. The maximum load during ice build-up is 12.6 kN.

Calculate the magnitude and nature of the loads on members A and B.
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Uniformly Distributed Load
A uniformly distributed load (UDL) is a load which is spread
constantly along the length of a beam. In practice, this is the usual
type of load a beam will require to support.
‘ω’ is the load acting along the length of the beam and is given in
terms of the total force acting on each metre length of the beam i.e.

ωkN/m.
When uniformly distributed loads (UDLs) are applied to beams a
similar method can be applied to the construction of shear force and
bending moment diagrams.
Consider the beam shown below.
 = 30kN/m

4m

RA

RB

Shear Force Diagram
To find the reactions RA and RB the UDL can be regarded as
concentrated at its own centre of gravity i.e. at the mid-point of its
length. This gives a concentrated load of 120 kN acting 2 m from A
(L/2), as we multiply the 30kN/m by 4m(ω x L)
Applying Equilibrium
∑M= 0
CWM = ACWM
(RA x 4) = (120 x 2)
RA = 60 kN
∑R= 0
UP = DOWN
RA + RB = 120
RA = 60 N

2m

RA

120kN

4m

RB
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For any position of the ‘x-x’ axis the distributed load to the left, can be
x
replaced by a point load of value ω x X acting at from ‘x-x’.
2
x .x kN
x
2

x

RA

RB
x

For all values of x from A to B, the shearing force is given by:

RA – ω x X
 at A, shearing force = (+60–0) = +60 kN
 from A to B the shearing force due to the UDL is directly
proportional to x and by convention, negative
 at B, shearing force =  60  30  4 = -60 kN
 alternatively, considering x to the right of x-x, the shearing force at
B = (-60+0) = -60 kN.
30kN/m

60N

60N

+60N

SHEAR FORCE DIAGRAM
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-60N

Bending Moment Diagram
From A to B, the bending moment at any point x to the left of B,
including the effect of the UDL, is given by:
Mx - +60x –( ω x X x X )
2
2
 Mx = 60x – 30x kNm
2
This equation, applying only between A and B, forms a curve and
values of bending moment can be tabulated and the curve plotted.
Bending momentX from A to B

x (m)
BMx(kNm)

0
0

1.0
45

2.0
60

3.0
45

4.0
0

30kN/m

60N

60N
+60
+45

+45

0

0
BENDING MOMENT DIAGRAM
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By inspection of the BMD the maximum bending moment is 60 kNm
acting at mid-span (i.e. 2 m from A). In this case the symmetry of the
diagram gives an easy solution. More generally the value is found
mathematically by differentiating the equation with respect to x, thus:
Mx = 60x – 30x2
2
 dM = 60 – 30x
dx

The maximum turning value and hence the maximum bending
moment occurs when:
dM = 0
dx

i.e. when

x = 60 = 2m
30

and:
Mmax = (60 x 2) – (30 x 22)
2
= 120 – 60
= 60 kNm
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Example
A simply supported beam supports a point load 1m from the left hand
end and a UDL of 30 kN/m over a 2m run as shown below.

120kN
A

 = 30kN/m

C
1m

B
2m

Draw the shear force and bending moment diagrams and determine
the maximum shear force and bending moment.
a) calculate reactions at A and B:
i)
replace UDL by point load at mid-point of UDL.

RA

RB

∑M= 0
CWM = ACWM
(RA x 3) = (120 x 2) + (60 x 2)
RA = 100 kN
∑R= 0
UP = DOWN
RA + RB = 120 + 60
RB = 80 N
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b) calculate shear forces:
i) from A to C, shear force at any point to left of C = +RA = +100 kN
ii) from C to B, shear force at any point to left of B includes the effect
of the UDL, thus shearing forcex = +100 – 120 kN

ω.x

= -(20 + 30x)

at x = 0, shearing force = -20 kN
at x =2m, shearing force = -[100-120 + (30 x 2)] = -80kN
as x increases, the shearing effect is directly proportional to x and
varies linearly between the two values calculated.

.x kN

120kN
X
A

C

B
80kN

100kN
+100kN

-20kN

SHEAR FORCE DIAGRAM

The maximum shear force is+100 kN.
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-80kN

c) bending moments
i) from A to C, the bending moment at any point,x, to the left of C is
given by:

Mx = 100x kNm
at x = 0, Mx = 0 kNm
at x = 1m, Mx = +100 kNm
as x increases, the bending moment is directly proportional to x
and varies linearly between the two values calculated.
From C to B, the bending moment at any point,x, to the left of C,
including the effect of the UDL, is given by:

Mx = 100(1 + x) – (120x) – (ωX x X)
2
 Mx = 100 + 100x -120x – 30x2
2
 Mx = 100 – x(20 + 30x)kNm
2
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This equation, applying only between C and B, forms a curve and
values of bending moment can be tabulated and the curve plotted.
Bending momentX from B to C
x (m)

0

0.5

1.0

1.5

2.0

BMx(kNm)

100

86.25

65.0

36.25

0

120kN
A

30kN/m

C

100

B

86.25
65
36.25

0

0
BENDING MOMENT DIAGRAM (kNm)

The maximum bending moment is +100kNm acting 1m from left
hand end.
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Example 2
A horizontal beam of uniform cross-section is simply supported at A
and B and is loaded as shown.
20kN
20kN/m
A

B

4m

C

3m

RA

RB

Construct the shear force and bending moment diagrams and
determine the value and position of the maximum bending
moment(s).
a) reactions A and B:
i) point load due to UDL = (20 x 4) kN acting at 2m from RA
2m

20kN

80kN

4m
RA

RB
7m

∑M= 0
CWM = ACWM
(RB x 4) = (20 x 7) + (80 x 2)
RB = 75 kN
∑R= 0
UP = DOWN
RA + RB = 20 + 80
RB = 25 N
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b) Shear force and bending moment diagrams:
i) The beam must be dealt with in two parts, A to B and B to C.
From A to B, the shear force acting at any point to the left of B
comprises a constant element due to the point load (RA) and a variable
element due to the UDL. This is given by the equation:
Shear Forcex = +25 – (ω x X)
= +25 – 20x kN

- Equation 1

From A to B, the bending moment acting at any point to the left of
‘X-X’ comprises a positive element due to RA and a negative element
due to the UDL.

This is given by the equation:

Momentx = +25x – (ω x X x X)
2
= +25 x -20x2
2
2
= 5(5x-2x ) kNm

- Equation 2

Note. These equations apply only to sections between A and B.
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Using equations 1 and 2 above values for shear force and bending
moment between A and B can be tabulated as follows:
x (m)
Shear
Forcex
(kN)
Mx
(kNm)

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

+25

+15

+5

-5

-15

-25

-35

-45

-55

0

+10

+15

+15

+10

0

-15

-35

-60

From B to C, the shearing force acting at any point to the right of ‘XX’ is dependent on the single point load and is constant, thus:
Shearing Force from B to C = +20 kN
From B to C, the bending moment acting at any point to the right of
‘X-X’ is dependent on the single point load and varies linearly with x,
thus:
Mx = -20 x X
= -20x kNm
at C, x = 0,  Mx = 0
at B, x = 3m,  Mx = -20 x 3 = -60 kNm
A

20kN

20kN/m

B
4m

C
3m

25kN

75kN

+25

+20

-55
SHEAR FORCE DIAGRAM (kN)
+15

0

+15
0

-60
BENDING MOMENT DIAGRAM (kNm)

0
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c) Maximum bending moments
i) From inspection of the diagram, the maximum positive bending
moment occurs between 1.0m and 1.5m from A. Mathematically the
exact position is found by differentiating equation 2 with respect to x.
Mx = 5(5x-2x2)
= 25x-10x2
 dM = 25 – 20x
dx
The maximum turning value and hence maximum positive bending
moment occurs when
dM = 0
dx

ie when x = 25 = 1.25m
50

and
Mmax = (25 x 1.25) – (10 x 1.252)
= 31.25 – 15.625
= 15.625 kNm

The maximum negative bending moment occurs at B with a value of
–60 kNm.
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Task 26
Carbon-Fibre-Reinforced Polymer is used to strengthen and prolong
the life of structural concrete beams. Below shows the free-body
diagram for a test of one such beam.

a) (i) Sketch the shear-force diagram, showing values at all significant
points.

(ii) Determine the position of the maximum bending-moment
from the left-hand end.
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b) Complete the table shown below.
Show all working.
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Task 27
A structural engineer is investigating the maximum Bending Moment
in the beam shown

a) Calculate the reaction at RA.

To calculate the position and value of the maximum Bending
Moment, the engineer considers the section of beam shown above,
between the limits of 0 m and 3 m, measured from the left-hand end.
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Task 27 (Continued)
b) Determine the equation for the Bending Moment in terms of
variable x, (0 ≤ x ≤ 3).

Substitute all known values.
c) Using the equation developed in part (b), determine the distance, x,
indicating the position of the maximum Bending Moment. Show all
working.

d) Determine the value of the maximum Bending Moment.

59

