Shear force and bending moment 1/2
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Banding moment is what bends or breaks a
beam. Our job in this chapler is o find IL We
nead 1o know the maximum bending moment
and whera it ks located in the beam. We may
also need 1o know the shear foroe and the
bending moment for the entire length of the
beam. Thess are plotted In & shaar force
diagram and a bending moment diagram.
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Shear force and bending moment 2/2

The maost important thing in this chapter is bending moment.
Bending moment is what breaks a beam. It also causes a beam to bend.

If we can find the maximum bending moment, we will know how strong the
beam has to be to do the job.

In this section we also introduce the concept of shear force. Shear force is
useful in its own right and Is also helpful in finding the maximum bending
moment in a beam.

We finish this chapter with diagrams showing the shear force and bending
moment for the entire length of the beam - the shear force diagram and
bending moment diagram.
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The concept of heading moment 1/2

Tiia o SRt 5 s Wi & st Bending moment is the torque inside a beam that holds it together.

thart halds 1 together. This beam has & spring hings
in the middie. The spring does the job of the bending
mameent at the mid-secthon cul A Strong beam
mEans ane that can handle a high bending moment.
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Left
Support

This beam has a spring hinge in the middle. The spring is strong enough to
hold the weight of the beam.

GIVE FEEDBACK CONTINUE >



The concept of bending moment 2/2

Left Side

Spring
Hinge

But when more load is applied, the spring cannot supply enough bending moment to
keep the beam from failing.

A strong beam means one that can handle a high bending moment.
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A beam that can handle a high bending moment is

Click the correct answer.
strong
hinged
not loaded

short

Do you know the answer?




Bending moment at a section 1/2

Banding morment oceurs evenywherns along the baam.
In this beam, a hinge replacas the cross-section

We ﬂlways treat benrjing moment as acting at any cross-section along the
before it was cut. The spring applies a clockwise

momant toihe sghishand gids and an anticoskwiss beam. So !a-endlng moment is the torque that holds the beam together at any
moment to the lefi-hand side, Each moameant is equal cross-section E‘!Fﬂng the beam.
and opposite.

1> O =

Imagine a beam that has been cut through at mid-span and a spring hinge is
fitted to hold the two pieces together. The beam can now support itself. When
loaded, the hinge applies a torque (or moment) to each side:

*  The spring applies a clockwise moment to the right-hand side
*  The spring applies a counter-clockwise moment to the left-hand side



Bending moment at a section 2/2
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Side
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Anticlockwise Clockwise
moment applied by moment applied by
hinge to left side hinge to right side

The section where the cut was made has bending moment that keeps the beam straight.
The moment is equal and opposite on each side of the cut, which satisfies equilibrium.
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Which statements correctly describe bending moment?

Lise mouse 10 room. Click to keep
enlargod,

Check 21l that apply.

| The spring applies equal and opposite moments to the left and right halves of the
beam

| The bending moment generated by the spring is sufficient to hold the beam straight
| The spring applies a clockwise moment to the left side

| If the spring was welded shut and the beam placed back on the supports, the
bending moment would increase

Do you know the answer?
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Left Side

Spring

Hinge
The spring applies a Select... [. moment to the left side.
The spring applies a Select... [‘ moment to the right side.

Submit

Do you know the answer?

| KNOW IT




Finding the bending moment for any point in a beam

Bending moment is the first step in determining loads and stresses inside a body. Before
we can begin to work inside, we first have to solve all forces outside the body.

This means we must always solve reaction forces for the entire body (non-concurrent
forces) as the first in the following steps:

1. Sclve equilibrium to get reactions

2. Cutthe beam at this location

3. Choose the left or right side of the beam and construct a free body diagram
4. Calculate the moment of all forces around the cut point on that diagram

This will lead to the bending moment.

Mote: The calculation of moment for the left side and right side of the cut will arrive at the
same number but opposite signs. Equal and opposite moments are applied at the cut
section in agreement with Newton's third law—every action has equal and opposite
reaction.
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Sort these calculation steps into the correct order for finding bending moment at a certain point in
a beam.

44 Place these in the proper order.

Solve equilibrium to get all reaction forces

Chose the location along the beam where bending moment is to be determined

Cut the beam at that point and take the left (or right) side as a free body diagram

Calculate the moment of all forces around the cut point on that left (or right) diagram
Do you know the answer?




How do we know if the cut section of the beam is in equilibrium?

Use mouse to zoom. Click to keep
enlarged.

Check all that apply.
Because the moments applied to left and right sides are equal and opposite
Because it is in the centre of the span

Because a spring hinge has been fitted there

LU

Because the beam is not collapsing

Do you know the answer?




Positive hending moment

Bending moment at a cross-section in a beam is a pair of opposite moments,

Banding morment involves opposite momants, ong ke ‘ . e =
one positive and one negative. We define a positive bending moment by the

pasitive and one negative. We define a positive

bending moment by the bend of the beam. & positive bend of the beam. A positive bending moment causes the beam to deflect
bending moment causes the beam o deflect T = X - : :
S riiveinle, This ks Callad Sapiiig ke this Saging downwards. This is called sagging, like the log bridge sagging under its own
log bridge. A negative bending moment causes the weight in the first image below. A negative bending moment causes the beam
Beam to deflect upwards. This Is called hogging, like o z : i N i
this weightifting bar, to deflect upwards. This is called hogging, like the weightlifter's bar in the
second image below.
> O =
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Regarding positive and negative bending moment, match the descriptions with the words.

¥ Drag statements on the right to match the left.

Word that describes the shape of a s
beam under a negative bending moment e Hogging i
Word that describes the shape of a g
beam under a positive bending moment ey Soseng i
Direction in which a positive bending St g
moment deflects the beam Down i
Direction in which a negative bending — o
moment deflects the beam 3 L
Do you know the answer?




Dy erovmasrd, Con D CRarsed Dy amy ormbengtion
of appher foroms o moments. SagPng mckcates
ORIV Berding MeTETL A MOMRS SOOI way 10
defing pasitive bending moment is when he
ourvitue of this basm faoes upwand.
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Upward curvature as positive beading moment 1/2

Bending moment (BM) can be caused by forces:

;i

L Fa

or moments: ial
anmmmﬁﬂhwwm

Regardless of whether the BM is created by forces or moments, whenever the
beam sags downwards it has a positive BM.
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Upward curvature as positive hending moment 2/2

A more accurate way to define positive BM is to identify sections of the beam where the
curvature faces upward.

trgrerale 43 Bl W dhizabon anrpeas st vl b semesied i r stsqiay

o

This means that any part of the beam that has upward-facing curvature is under positive
BEM while downward-facing curvature indicates negative BM.
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F
l\ ‘ / Which of these diagrams represent a positive bending moment?
|
b= !

E, Click the correct answer.
The left half of (a), (b) and (c)
Only (b) and (c)
All three
)I( Only (a)
The right half of (a), (b) and (c)

(b)
Do you know the answer?




Which of these diagrams represent a positive bending moment?

Click the correct answer.
All three
Only (b) and (c)
Only (a)
The left half of (a), (b) and (c)

The right half of (a), (b) and (c)

Do you know the answer?




Hefe s an cxamphe for calculating the banding
mamant Gt some point in 3 beam. Keep in mind that
the: reaction forces must be found before you can
sddress bonding moment. in other words. axtamal
equilibrium must be solvad before focusing on the
interiar of the body.

“» O

Calcalate the bending moment at a certain cross-section of a beam—Example  1/4

Example
The following beam is 8 m long with a 500 kN force applied at the centre. The
reaction forces are 250 kN at each end.

Find the bending moment at a cross-section x m from the left end.
Copyright B MeGraw-Hil Educalion. Permission required for regroduction o display

TN
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-

250 kN 230 kN

A
M
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Calculate the bending moment at a certain cross-section of a beam—Example 2/4

Solution

1. Solve static equilibrium (done)

2. Cut the beam at the location of interest (done)

3. Choose a side and construct a free body diagram (done)
4, Solve equilibrium of moments for the free body diagram

Analyse the free body diagram of the left-hand side.
Let: BM = moment applied by section to the left-hand side
Zz M ¢ = moments caused by all external loads on the left-hand side

ZMp-BM=10
BM = ZMpg
=250kN - x m
=250 - x kNm

This is the moment applied to the body (by the cross-section) at any point x from the left
end. The BM is positive because the beam will tend to sag (upward curvature).
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Calculate the bending moment at a certain cross-section of a beam—Example 3/4

To find the BM at the centre (4 m from the left end):

Let: x = 4m
BM=ZXIM
=250 - 4kNm
= 1,000 kN m

This number represents the required strength of the beam.
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Calculate the bending moment at a certain cross-section of a beam—Example 4/4

This is a very strong beam. It has to be - a load of 500 kN (51 tonnes) is applied in the
middle of this 8 m-long beam. This would take a large universal beam (610 UB 125)

almost to the yield point (280 MPa).
k—229—1

I

610 UB 125

This is something we will be able to calculate when we deal with bending stress.
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INSTRUCTIONS

+ Nointermediate steps are required

B + If you choose to show steps, write one on each line.
l Write your final answer on the last line.

*  The computer will check all your work in detail when you click "Submit”.

m Each hnt will reduce the credit racalved for this question

A beam is 7.4 m long. How much force can be applied mid-
span (in kN) if the beam can handle a bending moment of 92
KNm?

(Minimum one decimal place. Include units.)

+] -] -I+J%EJ:J$J ¢

Undo

fiz)
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Click and type your answer here



INSTRUCTIONS

1 » No intermediate steps are required
_'_: = B = If you choose to show steps, write one on each line.
»  Write your final answer on the last line.
» The computer will check all your work in detail when you click "Submit”,

Each hint will reduce the credit reasived for this guestion

A

A beam is 5.3 m long with a 56 kN force applied at the centre.
Find the bending moment at mid-span in kNm.

(Minimum one decimal place. Include units and plus/minus
sign for positive/negative BM.)

el e J cear MU
JOl (@M EJ?J n’J mJtJ
fier|w| ©

e | —

Click and type your answer here
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Calculate the bending moments for different cross-sections of a beam

For the beam and loading shown, determine the bending The initial step Is to solve reactions.

moments at each of the three applied forces.

- P el These have been solved—10 kN left reaction and 8 kN right reaction.

I concurrent forces to find left and right reactions.

A n o g e
|2l'ﬁ 2m Zm 2m

¢ ‘ J If this was not the case, we would have to solve equlibrium of non-

Determining

bending
moment at Location 1 Location 2 Location 3 Summary

three points
along a beam
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Calculate the bending moments for different cross-sections of a beam

Step 1. Cut the beam at the point In Interest (poirit 1) Step 3. Solve equilibrium of moments for the free body diagram

Step 2. Choose a side and construct a free body diagram (left We will start from the left-hand side and consider all forces to the left

side) of the cross-section.
Bending moment at cross-section 1:
]
1
' BMi=IM
- = 10KNX2m
e = 20kN.m
10 kN 2m A
Determining
bending
moment at Location 1 Location 2 Location 3 Summary
three points
along a beam
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Calculate the bending moments for different cross-sections of a beam

Step 1. Cut the beam at the point in interest (point 2) Step 3. Solve equilibrium of moments for the free body diagram

Step 2. Choose a side and construct a free body diagram (left side) Bending moment at cross-section 2:

BM: =21 M
8 kN = ,
= I0kNX4m - 8KkN X 2m
I =24kN.m
i
[
L]
|
[
i
2m
10 kN 4m
Determining
bending
moment at Location 1 Location 2 Location 3 Summary
three points

along a beam
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Calculate the bending moments for different cross-sections of a beam

Step 1. Cut the beam at the point in interest (point 3) Step 3. Solve equilibrium of moments for the free body diagram

Step 2. Choose a side and construct a free body diagram (left side) Bending moment at cross-section 3:
6.1 BM:=ZM
kM k
8 = 10EN®6m -8kNX4m - 6 kN X2m
i = 16kN.m

10 kN 2m 3)
4m
——
-
6m

Determining

bending
moment at Location 1 Location 2 Location 3 Summary
three points

along a beam
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Calculate the bending moments for different cross-sections of a beam

BM 8 kN 6 kN 4 kN
= 10kNX2m
= 20kN.m l
BMz = I M |
]

BMs=ZM
= 10kN®6m — 3kNX4dm - 6kNX2Zm
= 16 kIN.m

4
5
S P

It turns out that if we always work with the left-hand side as the free body diagram and take
clockwise moments as positive, then the bending moment will automatically have the correct

I Lil
= J0KNX4m - 8kNX2m :
=24 kN.m
wmi ® ® 8 N

sign.
Determining
bending
moment at Location 1 Location 2 Location 3 Summary
three points

along a beam
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The sum of all moments on the left side of point 2 is (+24 ' i sih ik
kNm). Which of the following statements are true? l

1
5 5

T
; '

im | am | im |
T I

'
-t ?

| _:n

U=e mouse to zoom. Click to keep enlarged.

Check all that apply.
The BM at point 2 is (+24 kNm)
The BM at point 2 is (-24 kNm)

The sum of all moments on the right side of point 2 is (+24 kNm)

NO0C

The sum of all moments on the right side of point 2 is (-24 kNm)

Do you know the answer?




The sum of all moments on the left side of point 3 is (+16 ' i sih ik
kNm). Which of the following statements are true? l

1
5 5

T
; '

im | am | im |
T I

'
-t ?

| _:n

U=e mouse to zoom. Click to keep enlarged.

Check all that apply.
The BM at point 3 is (+16 kNm)
The BM at point 3 is (-16 kNm)

The sum of all moments on the right side of point 3 is (+16 kNm)

NO0C

The sum of all moments on the right side of point 3 is (-16 kNm)

Do you know the answer?




Which statements are true regarding bending of this beam?

L]

L

Eimym

Check all that apply.
The BM at the left-end support is zero
The BM is highest at point 2
The BM at the right-end support is 16 kNm
The sum of moments at any point along the beam is zero
The bending moment at any point along the beam is zero

Do you know the answer?
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The need for a bending moment diagram 1/2

TR We can readily calculate the BM at a certain point in a beam by taking a

DOCH LSS [ m whast we reed 10 tesg for, But that section and summing the moments for the beam on one side of that cut (eg

Mgt menn we hana to Dlok mary DOLMS th Calculate thElEﬁSidE].
boruling, meommeril, arsd fom oan we De Sure we didn
i (17 This s sy we drew & Dending mormasnt

hagram, That's fine if you know which point to look at but there are times we want to
P = know the value of BM along the entire length of the beam. Here are some of
those times:

1. When we are not sure where the maximum BM occurs and need to check
the whole beam (e.g. a complex beam with many forces, moments or
distributed loads applied)

2. When the strength of the beam is being optimised to match the BM
everywhere (e.g. optimised structural components for minimum weight or
material, such as aircraft landing gear, large excavator arm, large concrete
bridge, racing and sports components)

3. When full data for the BM is required so modifications can be validated
(e.g. a component of a machine or a structural beam needs a pipe to pass
through it—where is a safe place to drill the hole?)
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The need for a bending moment diagram 2/2

The plot of BM along the entire length of a beam is called a bending moment diagram
(BMD). It is usually drawn to line up with the free body diagram (FED), as shown below.

kM LN
| (S Y
EELL o —— ﬂ
11 21713 41715 Gl 14 kN
48 kN i
2.5 in—=f—23 1 2 m
M
+25 kN -
BMD | (i}
X
~A0 kN - m

We can find the BM at any point along the beam (points 1 to 6 above) by reading them
off the graph (BMD).



A bending moment diagram Is necessary when:

20 kN 40 kN
' | ol I T
' | By l*l D
FBD AB===a== =T
| 21713 41,15 6"[41‘.\{

-2 5 ma=—23 m —{=2 m->

M
BMD +28 kN « m

—50 kN - m

Check all that apply.
| | Full data for the BM is required so modifications can be validated

| | We want to find the BM at one particular location in the beam

We are not sure where the maximum BM occurs and need to check the whole beam

L]

The strength of the beam is being optimised to match the BM everywhere



Shaar lorce i how much 8 beam wants o slide aport
virrticny. If the beamn could slide without bending we
would see the effect of sheer foroe In the beam.
Shaai lorod k& & shoroul 1o plofting & bending
mdrmisnt clsgram.

a0

I

Shear force s how much a beam wants to slide apart vertically.

Why shear force is important

1/2

Here we are imagining only the sliding aspect of the beam not the bending. So
imagine the beam as a horizontal stack of slippery magnets. They can slide but

cannot bend, as depicted in the moving image below.

GIVE FEEDBACK
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Why shear force is important 2/2

This is rare in reality because bending stresses are much higher than shear stresses.
Initially shear force seem very different to bending moment.

There are two reasons we might need to know the shear force along the beam:
1. The shear force can be used as a shortcut to plotting a bending moment diagram

2. Sometimes a beam can be overloaded by shear force (although bending is more
common)
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Shear force is how much a beam wants to (please select) ¥ in the
(please select) ¥ direction.

Submit

Do you know the answer?

I KNOW IT THINK SO m NO IDEA




Shear force is how much a beam wants to slide apart vertically. Which other statements are true
about shear force?

Check all that apply.
For beams, bending moment is usually much more important than shear force
Shear force is magnetic

Shear force makes it easier to plot a bending moment diagram

JLILIL

A real beam or component cannot fail due to shear force

Do you know the answer?




Shenas boroe euiade—you Ul Aoyt S B Fanpon. IS
A haochen forme mekde the beam. in this esample 8
emen hitt & mingle: oA appibed on 100 8nd SUDPOT
roactons on sach ond. An Emeginady cul through the
minaurri [wbairwets mh @ 01ER fires) Wil resswit i the et
porion landing 1o slide upwards. This is shesr foros.

= 0 =

Shear force in a loaded beam 1/2

Shear force can occur in an ordinary beam that is subjected to loads.

= -
|l

i

Fs

{a) Beam cut by imaginary transverse section
(b) Left-hand portion tends to move up relative to right-hand portion
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Shear force in a loaded beam 2/2

Consider two portions of a beam cut by an imaginary section transverse to the beam as
shown in Figure (a).

The effect of the unbalanced forces on each part of the beam is to move the left-hand
portion upwards relative to the right-hand portion, as shown in Figure (b) above.

The reason that we never actually observe such movement between parts of a solid beam
is because internal forces exist within the material of the beam, in the plane of the
imaginary cross-section, which resist the tendency for such movement. The magnitude of
the internal force at any given cross-section depends on the sum of the external forces
acting on each portion of the beam to one side of the cross-section. This internal
resistance force is called shear force.

The magnitude of the shear force at any cross-section of a beam is equal to the algebraic
sum of all external forces, i.e. loads and reactions, acting on either portion of the beam to
one side of the section only.
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The magnitude of the shear force at the imaginary cut section (dotted line) of this
beam is (please select) |¥] and this shear force is (please select)|\¥] direction.

Submit

Do you know the answer?




Procedure for determining shear foree at a location in a beam

Wa lind tha shear fome in @I’}i‘i’!l::uj' the same way as
W 00 For Daiing morents ancept that we sfie To find the shear force at any location In a beam, follow these steps:

dealing with equillbrium of vertical forces rather than
moments,

O

1. Solve static equilibrium

2. Cutthe beam at the location of interest

3. Choose a side and construct a free body diagram

4. Solve equilibrium of forces for the free body diagram

i

You may notice that the first three steps are exactly the same as the
procedure for finding bending moment but that step 4 is equilibrium of vertical
forces (rather than equilibrium of moments).
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Sort these calculation steps into the correct order for finding shear forces at a certain point in a
beam.

44 Place these in the proper order.

Solve equilibrium to get all reaction forces

Choose the location along the beam where bending moment is to be determined

Cut the beam at that point and take the left (or right) side as a free body diagram

Calculate the sum of all forces on that left (or right) free body diagram
Do you know the answer?




The sign convention for shear forces 1/3

Consider a beam. Any location where the beam is cut can either have a positive shear
force, as in Figure (a) below, or a negative shear force, as in Figure (b).

| I
| |
| |
1 [

e T ap Ee—

(a) (B)
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The sign convention for shear forces 2/3

This matches the animation below, where a positive shear force has the left side up and
right side down. (T+ 1)

Z

@
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N mlss sgreds wih e Delinilion of pomithes o aind

RiFEES o (e e EnbmEtindy bl

a » O

The sign convention for shear forces 3/3

Video abject isn't suppored in o4+ version
This animation demonstrates that a positive shear force (up on the left-hand-
side T+ ! )equates to a positive shear stress ( T > 0),

m GIVE FEEDBACK “



Match the labels to the correct description relating to shear force.

[—_l‘_:_? - ry—i

Lise mouse to zoom. Click to kesp enlarged.

 Drag statements on the right to match the left.

Positive shear force =3 (a)

Negative shear force ea (b)

Zero shear force @3 (not shown)
Do you know the answer?

B

i




Calculate the shear force for different cross-sections of a beam

For the beam and loading shown, determine the shear farce at The initial step Is to solve reactions.

each of the three applied forces.
These have been solved—10 kN left reaction and 8 kN right reaction.

@ & kM B kN 4 kN
L @ i @ i @ If this was not the case, we would have to solve equlibrium of non-
I o ; : : ] concurrent forces to find left and right reactions.
: : : ;
I
10 kN B kN
L 2m 2m 2m 2m —‘
-"I-'-
Determining ¢ -
ompare left-
shear force at
th inte Location 1 Location 2 Location 3 Location 4 Summary hand side to
ree poin right-hand side
along a beam
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Calculate the shear force for different cross-sections of a beam

Step 1. Cut the beam at the point in Interest (point 1)

Step 2. Choose a side and construct a free body diagram (left

side)

10 kN

Determining
shear force at
three points
along a heam

GIVE FEEDEACK

Location 1

Step 3. Solve equilibrium of forces for the free body diagram

We will start from the left-hand side and consider all forces to the left
of the cross-section.

Bending moment at cross-section 1:

SFi=1F
10 kN (positive shear force)

Compare left-
Location 2 Location 3 Location 4 Summary hand side to
right-hand side




Calculate the shear force for different cross-sections of a beam
Step 1. Cut the beam at the point in interest (point 2) Step 3. Solve equilibrium of forces for the free body diagram

Step 2. Choose a side and construct a free body diagram (left side) Bonding morvent gt eroad-aaction 2:

SF2=ZXF
8 kN = 10kN - 8 kN
@ = 2 kN(positive shear force)
I
!
b
1
* |
10 kN
Determining c left
ompare left-
hear f at
; :ar ur..;e Location 1 Location 2 Location 3 Location 4 Summary hand side to
three points right-hand side

along a beam
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Calculate the shear force for different cross-sections of a beam

Step 1. Cut the beam at the point i interest (point 3) Step 3. Solve equilibrium of forces for the free body diagram

Step 2. Choose a side and construct a free body diagram (left side) Bending moment at cross-section 3:
SFs=ZF
6
8 kN kN = J0kN - 8kN - 6 kN
= — 4 kN (negative shear farce)
1
|
5
]
1
|
10 kN
Determining c left
ompare left-
hear fi at
st I:aar ::-rl.:ets Location 1 Location 2 Location 3 Location 4 Summary hand side to
ree poin right-hand side

along a beam
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Calculate the shear force for different cross-sections of a beam

Step 1. Cut the beam at the point in interest (point 3) Step 3. Solve equilibrium of forces for the free body diagram

Step 2. Choose a side and construct a free body diagram (left side) Bending moment at cross-section 4:
SFa=1%F

10kN - 8kKN - 6kN - 4kN
- & kN (negative shear force)

8 kN 6 kN

=
=
=
-'Hl-vih—ﬂ-.@
wmn

10 kN
Determining c left
ompare left-
hear f at
S I:aar ::-rl.:e Location 1 Location 2 Location 3 Location 4 Summary hand side to
three points right-hand side

along a beam
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Calculate the shear force for different cross-sections of a beam

SFi=1F 8 kN 6 kN 4 kN
= 10 kN (positive shear force)
SF2=2F
= 10kN - 8kN [ , : :
= 2 kN (positive shear force) 4i> : - §P
SFi=XIF 10kN ® @ @
= 10kN - 8kN - 6 kN
= — 4 kN (negative shear force)
SFa=ZF

10KN - 8kN - 6 kN - 4kN It turns out that if we always work with the left-hand side as the free body diagram, the shear force will
automatically have the correct sign,

= — 8 kM (hegative shear force)
Determining c left
ompare left-
hear f at
3 I:aar ::-rl.:e Location 1 Location 2 Location 3 Location 4 Summary hand side to
three points right-hand side

along a beam

CIVE FEEDBACK “




Determining
shear force at
three points
along a beam

GIVE FEEDEACK

Calculate the shear force for different cross-sections of a beam

8 kM B kM 4 kM

[ ‘ l ‘ -
g & & &
am l ‘ 2m ’

2m 2m
Left-hand side Right-hand side Shear force
EF,; = 10kN ZF4=8-4-6-8=-10kN|+10kN
EF,,=10-8=2kN ZFio=8-4-6=-2kN +3 kN
EF,3=10-8-6=-4kN YF,5=8—-4=4kN 4 RKN
EF3,=10-8-6-4=-8kN|EZF3,=8kN BN
Location 1 Location 2 Location 3 Location 4 Summary

Compare left-
hand side to
right-hand side




The sum of all vertical forces on the left side of point 2 is ! nan € An
(+2 kN). Which of the following statements are true? '

0k f T

2 2 i 2 i 2m

Use mouse to zoom. Click to keep enlarged.

Check all that apply.
The shear force at point 2 is (+2 kN)
The shear force at point 2 is (-2 kN)

The sum of all forces on the right side of point 2 is (+2 kN)

NO0C

The sum of all forces on the right side of point 2 is (-2 kN)

Do you know the answer?




The sum of all vertical forces on the left side of point 3 is ! nan € An
(-4 kN). Which of the following statements are true? '

0k f T

2 2 i 2 i 2m

Use mouse to zoom. Click to keep enlarged.

Check all that apply.
The shear force at point 3 is (-4 kN)
The shear force at point 3 is (+4 kN)

The sum of all forces on the left side of point 3 is (+4 kN)

NO0C

The sum of all forces on the right side of point 3 is (+4 kN)

Do you know the answer?




INSTRUCTIONS

C } * No intermediate steps are required
— - B * If you choose to show steps, write one on each line.
f «  Write your final answer on the last line.
* The computer will check all your work in detail when you click "Submit’,

“ Each hint will reduos the credit received for this guestion

A beam is 5.1 m long with a 59 kN force applied at the centre.
Find the shear force at the line shown (at a distance of 2.04 m

from the left end).
(Minimum one decimal place, Include units and correct +/-
sign.)

&

+ —-] J +J "E'} 'EJE‘:] (
] 0] 5] n) 0 o] G

o

Click and type your answer here



Shear force diagrams 1/2

A shaar fores diagram is simpla to construct because

shear force in the beam does not changes where A graph of all the shear forces a!ang the entire beam is called a shear force
there are no applied extemal forces, dia gram.
L I C =

It involves plotting the values obtained by calculation against the distance
measured along the beam.

This Is simple because the shear force is constant between each external force.

The shear force diagram becomes a set of horizontal straight lines with step
changes under each load.



Shear force diagrams 2/2

The following example shows a free body diagram with the matching shear force diagram
below it. Note the horizontal lines between forces where there is no change in shear force.

20 kN 40 kN
| | |
*I | B _*I | D
FBD AMeE——
. 1.
46 kN

+26 kKN "

SFD : X
I-FQ..S m->f<—23 m—<2 m‘|

< BACK GIVE FEEDBACK




Which of the following statements are true about this shear force

. FBD
diagram?

SFD)

Check all that apply.

None of the points (1 to 6) have the same shear force

Points 1 and 2 have the same shear force

Points 3 and 4 have the same shear force

Points 2 and 3 have the same shear force




Construct a shear force diagram—Example 1/2

Skgtching b shoar foron diagram & ooy, Itk best E'Kﬂmple
yOu NTANEE the beam 5o thet a free evd is on the

lefl. A free end means free to plvot not rigldly

mountsd ins & wall, for nstance. Then you simply

piot the shaar farce fram keft 1o righl, Bhing vertical

stegn &8 you meet each applied force. The reason we A

' L]
get It up from left o right s so the foroe dinsctions iy : i ‘{F
{wp or divwn) mipleh the sign of the shear farce, 10 kM @ @ @ L

> O

LR G kN 4

Draw the shear force diagram for this beam.

GIVE FEEDBACK CONTINUE =



Construct a shear force diagram—Example 1/2

Example

8 ki G kM 4 KN

l
6 @éjﬁ

1
I am _' 2m ‘ 2m
I I

[___ 2m
[

Draw the shear force diagram for this beam.

Solution

The shear force diagram should be plotted directly below the free body diagram of the
beam, the horizontal distance representing the length of the beam.



Construct a shear force diagram—Example 2/2

Start on the left free end (where SF = Q) and

{ * | draw a vertical line to scale representing 10
‘ 1 KN. This is positive shear so it is plotted
10 kN 3 ki upwards.
Nothing happens for the next few metres
10 TklN_ until we hit the 8 kN force, so draw a

i horizontal line. A step change occurs at

l each load—this time we go down by 8 kN
(giving a shear force (SF) height of 2 kN).
Continue until you reach the right hand

Il jT| ’{ | . end—it should meet at zero shear force
L ] | (free end).
| l_ ; 4 Magnitudes can be shown along the lines
T for clarity.

< BACK GIVE FEEDBACK




: : B: | : 1
Ildentify the following information from this shear force diagram. EBD A 11 X *{_} 1![:5 ra: }
| ;Irl'? Ll"- R L
26 kKN "
e ‘-—- — 20 kN “—J‘-’44 LN
=25 m-=f=—3 1—>|=2 n*.--I
L2m i 125kN - m
BMD |
W Drag statements on the right to match the left. \/
—5 kN e m
The highest shear force in this beam is ca 20kN
The highest force on this beam is o 14 kN
The htghes-t level of negative shear an 46 kN
force in this beamis " s
The continuous region of the smallest 22 26 kN

shear forceis -0 <=Mt =



Constructing a bending moment diagram

™ o bending ——— We already know how to calculate bending moment at any point along the

Frowd 10 CAMCLIETE T DeTding MOMenT Bt pach beam.
applied foros, Then Mot thise pOLTRS 0NID 8 TR
S Now we will construct a bending moment diagram which shows the bending

4 » 0O = moment all along the beam.

Just as the shear force diagram has no change (horizontal line) between each
force, the bending moment diagram will form sloping lines between the
forces, joining the calculated magnitude of the bending moment at each load-
bearing point.

The steps involved are to:

1. Calculste the bending moment at each applied force (take moments of
left-hand side)

2. Plot these points on a bending moment diagram and draw lines between
them

GIVE FEEDBACK “



Which of the following statements are true about this particular bending moment diagram?

20 kN 40 kN
t N I T
N %
FBD - *l*l e |+
123 a5 e
46 kN
<25 m>f=—3 m—{=2 m—-
M +28 kN
: * 111
BMD
5 4
—50 kN « m
Check all that apply.

The maximum sagging BM is 50 kNm

The maximum hogging BM is 50 kNm

This beam has higher hogging BM than sagging BM

BM is O at three points on this beam



If this was a rectangular wooden beam, the most likely place to break would be

(please select) [§).

FBD

BMD

20 kN 40 kN
| 14 |
* |B| |*| 1 D
A ['l_____]'_ S E—
| Yol

M

[
Fl 21713 41
46 kN

2.5 m=f=—23 m—=t=2 m>

|
15 5'*14 kN

+28 kN - m

=50 kN « m




Construct a bending moment diagram using moments— Example 1/3

This meiiod of constructing & bending moment Emrnple

dingram mguires the bending moment to be BN BN 4 M
oalculated ni each applied force. In this examphs we

wold nesd o calculela thres bending moments for L J l
anch point: -1, 2 and 3. These points are plotted on

IH

M O

a bending moment diagram and then joined together | T H 1 -
with stralght dotted lines. Aﬁ}._ i i i ;?_
o O W © BN O B (T
am im &m 2m

Draw the bending moment diagram using direct moments (sectioning of
beam).

Method

1. Begin construction of the bending moment diagram directly below the
free body diagram In order to match up the forces

2. Calculate the BM at each applied force and plot these points on the
bending moment diagram (upwards for +BM)

3. Connect the dots with straight lines and include magnitudes of BM

GIVE FEEDBACK CONTINUE =



Construct a bending moment diagram using moments—Example 2/3

Solution

BMi = ZM=10KNX2m=20kN.m
BMz=2M=10kNXé6m - 8kINX4m=24kN.m
BMa=ZIM=10kNXom - 8kNX4m -6kNX2m=16kN.m

BM at each end is O because the ends are free to pivot. The bending moment diagrams
appear on the following slide.

m GIVE FEEDBACK CONTINUE >



Construct a bending moment diagram using moments—Example 3/3

8 kN 6 kN

[ 1]
Fro o
on L Lo e

24 KN.m

< BACK GIVE FEEDBACK




Place these steps in the correct sequence for constructinga | e b
bending moment diagram directly using moments (i.e. l J l

without using a shear force diagram). J;L ; 1 _@
g {b ® G} ™
T m W i - 4

Lise mouse 1o room, Click to keep anlarged.

im i

++ Place these in the proper order.

Draw a free body diagram of the beam ;{%
Prepare a bending moment diagram so that the forces are lined up with the forces in ﬁ
the free body diagram

Calculate the bending moment at each applied force and plot these points on the !B-u
bending moment diagram (upwards for +BM) L
Connect the dots with straight lines il

Do you know the answer?




INSTRUCTIONS
* No intermediate steps are required

A i : i - B * Ifyou choose to show steps, write one on each line.
— - = *  Write your final answer on the last line.
T « The computer will check all your work In detail when you click "Submit”,
m Each hint will reduce the aredit receivad for this guastion

A beam is 5.3 m long with a 54 kN force applied at the centre.
Find the bending moment at the line shown (at a distance of

2.12 m from the left end).

(Minimum one decimal place. Include units. Include correct
sign.)

H

t) ) ) 2] B) o)) o
©+| <]+| x) m|v) o)y
|

Click and type your answer here

CHALLENGE

somer ] swownora




Construct a bending moment diagram using a shear force diagram 1/3

Staring from a free left and for any section of beam,
the change in height of the bending momeit disgram This alternative method to construct a bending moment diagram requires the

E:;;?Lw the-change isarc inThe shear-fone shear force diagram to be done first.

O

i

Starting from a free |left end for any section of beam, the change in height of
the bending moment diagram equals the change in area under the shear
force diagram.

GIVE FEEDBACK CONTINUE >



Construct a bending moment diagram using a shear force diagram

SF

< BACK GIVE FEEDBACK

o TR

8 ki B kN 4 kN

|

10 kM 8 kN

10 kN

2 kM

LT '||..'f|

axn 1]

i
|

Shear force diagram & Il

Bending moment diagram

2/3



Construct a bending moment diagram using a shear force diagram 3/3

. In the first 2 m, area under SFD = +10 kN x 2 m = +20 kNm. BM goes from 0 to 20
kNm

* Inthesecond 2 m, area under SFD =+2 kN x 2 m = +4 KNm. BM goes from 20 kNm
to 24 KNm

. In the third 2 m, area under SFD = -4 kN x 2 m = -8 kNm. BM goes from 24 kNm
to 16 kNm

. In the last 2 m, area under SFD = -8 kN x 2 m = -16 kNm. BM goes from 16 kNm
to O kNm, which is the free end

Motice that the area under the shear force graph is height x width, where height is kN
and width is m, which gives kNm (moment).

< BACK GIVE FEEDBACK “



What does the 4.42 m mean on this diagram? | P

b o e —

Use mouse 10 200m.
Click 10 kessp enlarged.

Check all that apply.

m

This is where the beam goes from hogging to sagging

n

This is where the maximum bending moment occurs

This is where the negative shear force from AB is balanced by the positive shear force
between Band C

This is where the shear force is 0
This is where the BM is O

ajal =

Do you know the answer?

ikvowrr B tamkso 0 onssee 0 wowmn |




W EN by
T T
Use the shear force diagram to correctly match the statements below as if you FBD  * F=0 g = 50 7
' T 4 hN

were creating a bending moment diagram. 16 AN
SID |
epe——= - N < kN
«aZ%meres Sdm ralyme
R, ° - —— 25 kN - 1
BMD \/\
W Drag statements on the right to match the left. ~SOKN -
Area within the shear force diagram zn 78 kNm
fromAtoB =
Area within the shear force diagram zn -28 kKNm
fromBtoC=
Area within the shear force diagram rn -50 kNm
fomCtoD=
Area within the shear force diagram na | ORKNMm
fromAtoD=
Area within the shear force diagram Ba OKNm

fromAtoC= T



Use shear force diagram to locate maximum bending moment

In englneering, the meedmum bending
mament |s critical. However, If & beam

Hoa midtialaomes: b ie it aivava It turns out that the peak bending moments BN  BEN  4kN

possible to tell st & glance where the coincide with the shear force diagram * * *

e PR O Do passing through the zero axis.

b O—— = _ _ 10 kN 8 kN
Example: This happens in the shear force
diagram at the 6 kN force (4 m from left 0 kN
end). | |
| 2 kN
SF - 0 hssiainian: . - o
At this point the BM is 24 kNm, which is HHMIIN
the maximum for the whole beam. kN (|11
Shear force diagram 8N

This rule applies for every peak positive or
negative BM, where there are multiple
loads in many directions. One of these
peaks is the maximum bending moment.

Bending moment diagram

Maximum
bending Note
moment

GIVE FEEDEACK




Use shear force diagram to locate maximum bending moment

This is actually differential calculus, where the shear force (SF) is the derivative of
bending moment:

d {BMI
dx
BM is at a maximum.

SoifSF = =1

Maximum
bending Note
moment

GIVE FEEDEACK




Which of the following statements are true when finding the maximum P
bending moment (highest numerical value)? _ .,;;_" .

e
HE v&_
oo

Use mouse to zoom.
Click to keep enlarged.

Check all that apply.
The maximum BM always occurs where the shear force diagram crosses the zero axis

Whenever the shear force diagram crosses the zero axis the maximum BM occurs

L] L) I

There may be several peak BMs when the shear force diagram crosses the zero axis
multiple times

Do you know the answer?

I T CTE BT




Symbols and terminology for distributed loads 1/2

A uniformly distributed load is a load that is . e : :
spreall oul:overa aadain lengih ol heam Uniformly distributed loads can be represented like sandbags (below). In this

a constant amount each metre of beam.

Distributed means the load Is spread out over a

region instead of concentrated at one point.

Typical uniformly distributed loads include: the 4 kN !m
weight of sand bags; a pile or wall of bricks; a

water tank; snow loads on a roof; the weight of

a concrete floor on a beam; air pressure

against a vacuum chamber; and the weight of
the beam itself.
A
6m 1
> | - — > =

o >



Symbols and terminology for distributed loads 2/2

Another way to show distributed load is by using arrows (below).

Note: The arrows are not meant to be every metre, they just symbolise that the load is
spread over that region.

| 20 kN/m

A [ = |
B

80 kN | 40kN

< BACK GIVE FEEDBACK “



Which of the following would normally be treated as a distributed load on a beam?

Check all that apply.
The weight of the beam itself
A load hanging from the beam by a cable

The weight of a concrete floor supported by the beam

LI LI

The pin support reaction

Do you know the answer?




Compare distributed loads to equivalent point loads 1/2

A distributed load is converted to a point load

by multiplying the loading (in kN/m) by the Previously we converted uniformly distributed loads to point loads (equilibrium of
length of the region (in m) to get the total load non-concurrent forces).

(in KN). We then place this total load in the
middle of the region.

In the example below, the distributed load of 20 KN/m covers 6 m (120 kN in

y total).
20 kN/m
A [ E___B | (
B
SO kN ‘ 40 kN

GIVE FEEDBACK CONTINUE >



Compare distributed loads to equivalent point loads 2/2

To convert this to a point load, apply 120 kN midway in the region at 3 m.

‘ 3m *12{1&:\1

FBD A—_T = |(

B
fﬂﬂ kN ‘ ‘ 0 k \If
: |

|

b, 1T

|-l -

To convert a distributed load to a point load, multiply the loading (kN/m) by the length of
the region (m) to get the total load (kN). Place this total load in the middle of the region.

This works for external but not internal analysis. It is great for finding reactions but
doesn't work for finding bending moment. Bending moment is higher for a single
concentrated force than for a distributed force. Therefore we must work with distributed
loads when calculating bending moment.

< BACK GIVE FEEDBACK “



INSTRUCTIONS

«  No intermediate steps are required

«  If you choose to show steps, wite one on each line.

*  Write your final answer on the last line,

= The computer will check all your work in detail when you click
"Submit”.

| _ S hird will redun Mo credi oo for this guesson

A uniformly distributed load of F = 18 kN/m Is applied over a

region L = 5.5 m long. If this loading is converted to a point foroe,

where should that force be applied {measured In metres from

point B)? |

(Minimum two decimal places, include units.) [ |

E — | ‘ )
A=)+ 8 ey m

]

o) s]o) =) m)rede] - | o

Click and type your answer here

SUBMIT SHOW ANSWER |




A uniformly distributed load of 18 kN/m is applied over a region L
=5.5 m long. If this loading s converted 1o a point force, what is

the magnitude of the force in kN7
(Miinimum one decimal place, include wnits. )

AU R - |

&l

Ciick and type your answer hare

BUAMIT

SHOW ANSWER

INSTRUCTIONS

|+ Nointermediate steps are required

= If you choose to show steps, write one on each line,
= Write your final answer on the last ling.

= The computer will check all your work in detall when you click
*Submit®,

_ Emo fand s rectune e (el ftsaeed B P guasios




Wit wirking with ertirhal foftoes on distributad
Iomdis we cin slenply comaert thaen to point foroes sng
carry O Dt wee oY avold therm wien working with
irtomusl foroos. Swapping & disirituted load for a
okt komd well muske changss 1o the irside, ke
Demrufing muimeent And streanes.

a» 0 =

Why distributed loads must be treated differeatly to point loads 1/2

We have seen distributed loads before, when finding reactions.

We simply converted the distributed load to a point load and used the point
load instead.

This works for external equilibrium (reactions, force and moment equilibrium)
but not internal analysis (shear force, bending moment and stresses).

Bending moment is higher for a point force than for a distributed force.

Therefore we must work with distributed loads when calculating bending
moment.

GIVE FEEDBACK CONTINUE =



Why distributed loads must be treated differently to point loads

Compare the effect of swapping distributed loads with point loads:

Point load | Uniformly distributed load
Reactions same
Shear force | horizontal line sloping line
Bending sloping line curve (parabola)
moment
Eeam stress higher lower

< BACK GIVE FEEDBACK

2/2



Match the statements to compare point loads to uniformly distributed loads.

¥ Drag statements on the right to match the left.

Distributed loads are the same as point loads when o

analysing ea  reactions, force and moment equilibrium. S
Distri i1 i int | RElE
lﬁtnhyl_:ed OndEacs GRSt 10 ol joads et ea  shear force, bending moment and stresses. i
analysing S
A uniformly distributed load will produce a line in : o
uniformly .ut oad will produ ne i oo sloping ot
‘the shear force diagram.  TUTEEO
A point load will produce a line in the shear fo : TP
s P n e == horizontal 1
diagram. T TEEEEE
Do you know the answer?




Which of the following statements are true when comparing distributed loads to the equivalent
point load where point load = distributed load x length of region?

Check all that apply.
Distributed loads can be replaced by point loads when solving statics

Distributed loads cause lower bending moment than point loads

Distributed loads have twice the reaction force as point loads

JLILIL

Distributed loads have the same reaction forces and bending moment as point loads

Do you know the answer?




GIVE FEEDBACK

A distributed load behaves differently
to a point load.

We can approximate a distributed load
by spiitting it up every metre, This
results In a staircase appearance in
the shear force diagram.

To make it more accurate, we should
spiit the force up into finer and finer
increments, untll eventually the steps
will be so small they resemble a
sioping line.

So a uniformly distributed force creates
a sloping line on the shear forcs
diagram.

an =0

Distributed load

How a distributed load influences the shear force diagram

The following example examines the effect of a distributed load on the shear force diagram:

A uniformly distributed load of 20 kN/m is spread over a 6 m region of the beam.

20 kN/m

IRERENER

FBD A s e |

| 6m

Approximate
distributed load

S0 kN

Approximate
diagram

Accurate
diagram

B

40 kN



How a distributed load influences the shear force diagram

We could approximate the 20 kN/m loading by placing a 20 kN force in the middle of each metre of beam. In the example below we have six
forces, each 20 kN, positioned at 0.5 m, 1.5m, 2.5 m, 3.5m, 4.5 mand 5.5 m.

20 kN/m

ARREN

FBD A —— | (

\ B 1~
80 kN , 40 kN
|

I‘i | 61|11 i

We know enough to solve this right away.

Approximate Approximate Accurate

Distributed load dstithuted lond diagram diagram



How a distributed load influences the shear force diagram

Starting from the left end:

* The shear force for the first 0.5 m is +80 FBD
kN

» At the first 20 kN force, the shear force
becomes +80 - 20 = +60 kN e

» This repeats every metre, where shear H‘ 60 kN

10k
force drops by 20 kN each time 2 {!B o i) ¢

* After the sixth force, the shear force is SFD o -
down to -40 kN A0KN

1
Agserosdonste SFD s Cisstined sl

ADKN

This is an approximation. There will be errors when we try to use this shear force diagram to construct the bending moment diagram.

Approximate Approximate Accurate

Distributed load
SIbuteaioat ! distributed load  diagram diagram

e vt arEs



How a distributed load influences the shear force diagram

For an accurate diagram, start at the far left 30 kNAn
side, before the distributed load has a M 1 l ! l 1

chance to start pushing down. FBD A= e
The shear force (which comes from the

reaction force) is 80 kN. " G -

With each metre, the shear force drops by
20 kN.

The total of the distributed load is 20 kN/m
X6 m=120 kN,

So after 6 m the shear force is

80 kN -~ (6x*"kN) = - 40 kN.

Draw a line between the two ends of the
distributed load, left (80 kN) to right (-40
kN).

This =40 kN matches the shear force at the
right end of the beam.

SFD

Approximate Approximate Accurate

Distributed load
Wealo8% | distributed load | diagram diagram

GIVE FEEDBACK



Look at the diagram and identify the statements that are true regarding = ==
distributed loads. w A —

Use mouse to zoom. Click
to keep enlarged.

Check all that apply.
It shows six distributed loads
It shows that the total load is 20 kN/m for 6 m which is 120 kN

L

It shows that a distributed load can be converted into a single point load with no change
to the shear force diagram

L

| Itis an approximation of a distributed load

Do you know the answer?




Put these steps in the correct order for constructing a uniformly distributed
load in the shear force diagram.

Use mouse to zoom. Click
to keep enlarged.

™V Place these in the proper order.

Draw a line between the two ends of the distributed load, left (+80 kN) to right (-40 kN).

Start at the far left side. The shear force (which comes from the reaction force) is +80 kN.
Plot this point on shear force diagram.

With each metre, the shear force drops by 20 kN. The total of the distributed load is 20
kN/m x 6 m = 120 kN.

After 6 m the shear force is +80 kN - (6 x 20 kN) = =40 kN. This is the shear force on the ...
right side of the distributed load. Plot this point on the shear force diagram. e

Do you know the answer?




Look at the shear force diagram and correctly sort the information below.

Use mouse to zoom. Click

to keep enlarged.
W Drag statements on the right to match the left.
The intensity of the distributed load za  4m
The total of the distributed load ca 80 kN
The length of the distributed load = 120 kN
The maximum shear force za 20 kN/m
The loaction of zero shear force a1 6m

Do you know the answer?




Hara s anothar ssamplo of the construction of o
shesr force diagram. As usual, the shear foros
diagram worka from left to righl. in this examples, the
shesir Moros Srosses the jorn @i ol & distance of
B.75 mstres from the eft end of the hasm. Ths
LT a0 B &0 EMDOTITT MUty The: mdxinmeam
pering moment oo when tha shear force
crosses The Eno

a » O =

Analyse shear force diagrams with a uniformly distributed load— Example 1/3

Example

When there is a uniformly distributed load applied, the shear force under the
distributed load varies uniformly along the beam and can be illustrated on the
shear force diagram by an inclined straight line.

Calculate the shear forces and draw the shear force diagram for the beam
shown.

GIVE FEEDBACK CONTINUE =



Analyse shear force diagrams with a uniformly distributed load—Example 2/3

Solution

Shear forces are calculated for cross-sections 1, 2 and 3 as follows:

SF; = 17 kN

SF2 = 17kN - 12 kN
= 5kN

SF3=17kN - 12kN - (4kN/m X 6 m}
= - 19kN

When constructing the shear force diagram, draw an inclined straight line under the
distributed load, connecting the ordinates just to the left (SF,= 5 kN) and just to the right

(SF,= -19 kN) of the load distribution.

< BACK GIVE FEEDBACK CONTINUE >



Analyse shear force diagrams with a uniformly distributed load—Example 3/3
Motice where the shear force line intersects with the horizontal zero base line. This point
has a special significance which will be discussed later in this chapter. Its precise location

x with respect to point 2 can be calculated simply by dividing shear force at point 2 by

the intensity of the distributed load:
5kN

~ 4kN/m
1.25m

Therefore shear force is equal to zero at the point 6.25 m from the left-hand support.

< BACK GIVE FEEDBACK “



Look at the shear force diagram and correctly sort the information below.

¥ Drag statements on the right to match the left.

The intensity of the distributed load ea 4 kN/m

The total of the distributed load ea 24 kN

The length of the distributed load g 6m

The maximum shear force =3 19 kN

The location of zero shear force 1 6.25m
Do you know the answer?
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As we saw with the shear force diagram, a
distributed load behaves differently to a point
load. We can approximate the distributed load
by splitting it up every metre. This results in a
staircase appearance in the shear force
diagram. As we add the area In each metre of
the shear force diagram, we obtain the value of
bending moment, and can plot it as a point on
the bending moment diagram. To make it more
accurate, we should split the force up into finer
and finer increments, until eventually the steps
will be so small that they resemble a sloping
line.

A

Analyse how a distributed load influences the bending moment diagram 175

The following example looks at the effect of a distributed load on the bending
moment diagram.

A uniformly distributed load of 20 kN/m is spread over a 6 m region of the
beam.

20 kN/m

TERERNNN

FBD A [ e | ()
B

SO kN 40 kN

‘ 6m
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Analyse how a distributed load influences the bending moment diagram 2/5

We saw this process for the shear force diagram earlier.

To approximate a distributed load for the bending moment diagram, construct the
bending moment diagram using the area in the shear force diagram.

Add up the area in each column and add (or subtract) this from the bending moment.
The total positive area is80x0.5+60x1+40x1+20x 1 =160 kNm.
So the maximum bending moment is 160 kNm.

This occurs when the shear force diagram crosses the zero axis (somewhere between 3.5
and 4.5 m).
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Analyse how a distributed load influences the bending moment diagram 3/5

s

Pan by el

amn L 1 ;

Approximate shear force
diagram and bending
moment diagram for
distributed load
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Analyse how a distributed load influences the bending moment diagram 4/5

To accurately solve a distributed load for the bending moment diagram, construct the
bending moment diagram using the area in the shear force diagram.

We know two things:
1. The bending moment is zero on each end of the beam

2. The shear force diagram crosses the zero axis after dropping 80 kN, which takes 4 m

Adding shear force diagram area starting from the left end, the total positive area (of
triangle) is 0.5 x 80 x 4 = 160 kNm (maximum bending moment).

This occurs when the shear force diagram crosses the zero axis (exactly 4 m).

This gives three points on the bending moment diagram through which to draw a
parabola (from A to B).

The last part of the bending moment diagram is a straight line from B to C.
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Analyse how a distributed load influences the bending moment diagram 5/5
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Accurate shear force

diagram and bending
moment diagram for

distributed load
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In which region(s) is this beam in pure sagging? | FRETRNY

b o e —

Use mouse 10 200m.
Click 10 kessp enlarged.

Check all that apply.
| FromAfor4.42m
|| FromAtoBfor2.5m
| From4.42mtoD
| FromBtoCfor3m
| FromCtoDfor2m
Do you know the answer?




In which region(s) is this beam in pure hogging? | R T

b o e —

Use mouse 10 200m.
Click 10 kessp enlarged.

Click the correct answer.
FromAtoD
FromDtoB
FromBtoC
FromAtoC

There is no sagging in this beam

Do you know the answer?




Look at the shear force and bending moment diagrams and correctly sort the R o N
information below. -

Use mouse to zoom.

Click to keep enlarged.
W Drag statements on the right to match the left.
The intensity of the distributed load za 20 kN/m
The maximum bending moment = 4m
kel et s s S0k
The maximum shear force =g 0
The location of maximum bending za 160 kNm

lllll

moment e



This simply supported beam is 9 m long. Constructing a bending moment
diagram from the shear force diagram, where the beam includes a uniformly
distributed load, which of the following statements are correct?

Check all that apply.

m

The bending moment is zero at each end of the beam (points A and C)
The bending moment at point B is +120 kNm

ﬂwbendlngmomntntpo&ntﬂisi;z]—=-mkﬂm

The bending moment at point D is O kNm

BIRY E R

The bending moment at point D is 33—”2'—4} = 160 kN m

The bending moment at point D is -E-"“;—'zl = -40kNm

[ |




A distributod load produces a sloping line in
the shear force diagram and a parabola in the
bending moment diagram. Lines are easy to
draw but a paraboda is more difficult. Instoad
of atternpting to plot an accurate parabola, we
usually only need three points and then draw
a freshand curve through them. The three
points of the distributed load parabola ane
usually loft end, right end and maximum (or
minimum). if the maximum doas not oocur on
the parabola, L is not critical to draw it
socurately

W » O

1]

Construct a bending moment diagram with a uniformly distributed load—Example 1/4

When a region of a beam Is subjected to a uniformly distributed load, the
bending moment in that region is parabolic. It's not necessary to plot an
accurate parabola but usually three points—left, right and the maximum
bending moment—are found and plotted on the bending moment diagram.

Example
Calculate the bending moments and draw the bending moment diagram.

T T

®© | - ®
w_l

17 kN 19 kN
am 2m 8m im
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Construct a bending moment diagram with a uniformly distributed load—Example 2/4

Solution by moments
Bending moments for points 1, 2 and 3 are obtained by simple calculations:
BM:1 =0

BMz2 = 17kNX3m=51kN.m
BM3=17kNX5m - 12ZkNX2m=61kN.m
When calculating the bending moment at point 4, we take into account the entire

distributed load, which is equivalent to:
4kN/mX6m = 24 kN

with the centre of its distribution 3 m to the left of point 4.

Hence:
BMa=17ENX11lm- 12kNX8m - 24kNX3m

=19kN.m
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Construct a bending moment diagram with a uniformly distributed load—Example 3/4

A much easier way to calculate bending moment at point 4 is to consider the right side:
BM4 = 19 kN X 1 m = 19 kN m (positive because it is sagging).
Finally the right end is BMs = 0.

We know from previous discussion that maximum bending moment must occur where
shear force = O (where the shear force diagram crosses the zero base line). Furthermore,
we were able to establish that this point happens to be 6.25 m from the left-hand
support. All that remains now is to calculate the bending moment at this point, and it will
have to be the maximum value of the bending moment in the beam.

Taking moments of all forces which lie to the left of the 6.25 m point:

: i 125
BMmex = 17 KN X 625m — 12kN X 3.25m - (4 kN/m X 1.25m] X i

= 64.1kN.m
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Construct a bending moment diagram with a uniformly distributed load—Example 4/4

This value should be shown on the bending moment diagram along with all other principal
values of bending moment. The bending moment diagram is then completed by drawing a
smooth curve to connect the maximum bending moment with the bending moments on
either side of it, i.e. at points 3 and 4.

P T e i i 2] i R P

liml 4 Khém

1352

17 kN
| Gasm 19k
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54,1 kMm
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Look at the shear force and bending moment diagram and correctly sort the T
information below. e

Mk, "
i] ” , “lh-

Use mouse to zoom.
Click to keep enlarged.

W Drag statements on the right to match the left.

The intensity of the distributed load e 4KN/m HHE

iiiii
iiiii

lllll
IIIII

The maximum bending moment a0 L

ttttt
iiiii

Total area within the shear force sasas

diagram for entire beam @2 6.25m
The maximum shear force a1 64.1 kNm
The location of maximum bending =z 19 kN

lllll

moment



In which region(s) is this beam in pure hogging?

Check all that apply.
| | FromAtoC
| FromAtoBm
| FromCtoD
| FromBtoC
| FromAto4.42m
[ | From4.42mto D

Do you know the answer?




In which region(s) is this beam in pure sagging?

Check all that apply.
| | FromAtoC
| FromAtoBm
| FromCtoD
| FromBtoC
| FromAto4.42m
[ | From4.42mto D

Do you know the answer?




Construct a bending moment diagram with a uniformly distributed load from the shear force diagram—Examplel/3

When a region of a beam is subjected to a uniformly distributed load, the bending
moment in that region is parabolic. It is not necessary to plot an accurate parabola but
usually three points—left, right and the maximum bending moment—are found and plotted
on the bending moment diagram.

Example
Calculate the bending moments and draw the bending moment diagram.
12N L
© r
1 @
17 kN
am 2m
= 5.25 m s
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Construct a bending moment diagram with a uniformly distributed load from the shear force diagram—Example2/3

Solution by area in the shear force diagram
Assume the shear force diagram has been completed.

12 kN

m GIVE FEEDBACK CONTINUE >



Construct a bending moment diagram with a uniformly distributed load from the shear force diagram—Example3/3

Bending moments for points 1, 2 and 3 are obtained by simple calculations:

BM: =10
BMz = 17kNX3m=51kN.m
BM3s = 17kNX3m +5kN®X2m=61kN.m

When calculating the bending moment at point 4, we need the area of the triangle:
05X 5kNX1.25m = 3.125kN - m

So bending moment at point 4 is the total positive area in the shear force diagram
(above the line):

BMmax = 31 kNm + 10kNm + 3.125kWNm
=64.1kN.m
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Construct a bending moment diagram with a uniformly distributed load from the shear force diagram—Exampled /3

This value is shown on the bending moment diagram along with all other principal values
of bending moment. The bending moment diagram is then completed by drawing a
smooth curve to connect the maximum bending moment with the bending moments on

either side of it, i.e. at points 3 and 4.
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Look at the diagrams and identify which statements are true (o = distributed B
load in N/m). LL i

Use mouse 10 200m.
Click 10 kessp enlarged.

Check all that apply.
! The maximum bending moment is £~ L2
_!" The maximum shear force hié—f'-
| Thetotal load is w - L
| The entire beam is in hogging
|| The beam Is half hogging and half sagging

Do you know the answer?




Look at the diagram and identify which statements are true (P = point load in " S
N). Wy

Use mouse 10 200m.
Click 10 kessp enlarged.

Check all that apply.

n

Thenwdmumbmﬂmgnmmrth%

Thenmlrnumahaarfomia%-

a

(| Thetotal load is P
|| The entire beam Is in sagging
[ ]

The beam Is half hogging and half sagging

Do you know the answer?
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Using the shear force diagram to construct the bending moment diagram, correctly match the following information.

W Drag statements on the right to match the left.

Area in shear force diagram from left end to 12 kN gaea

ca 05x5kNx1.25m=3.125 kNm st
force
Area in shear force diagram from 12 kN force to . i
start of distributed load oo SkNx2m=10kNm R
Area in shear force diagram from start of distributed o 64.125 kNm

load to 6.25 m mark S3nss

Total area in shear force diagram from left end to ea 17 kNx3 m =51 kNm
6.25 m point

.....
uuuuu

Total area in shear force diagram for whole beam ca O S



In which region(s) is this beam in pure sagging?

il |

Check all that apply.
| From left end to 12 kN force
|| From 12 kN force to 6.25 m
| From 6.25 m to right end
[ | Nosagging in this beam
| Whole beam is sagging
Do you know the answer?






