
Shear fon:e and bending moment 112 

GIVE FEEOBACII CONTINUE > 



Bondlf1& moment Is .mat bends or breaks a 

b8em. Our job In thJs chapter Is to flnd n. We 
need to know the maJCimum bending moment 
and whefe Il ls loc8ledln the beam. We may 
alSo need to know the shear furoe and the 
bend Ina moment for the entire length of the 

beam. Thase era plotted In a shear forco 
dlaerem and e bending moment diagram. 

·• .. o------

Shear lotu awd bending IDOIIH!ot 2/2 

The most 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. 

GIVE FEEOBIICK 



n.e-..-.. lhe--·­
--kl....,_. This-., hasa-hll>fo 
In ,,. -The"""" does the Job of the~ 
moment II !hom- cut. ASIIOtlg beam 
n'l'lelll one th4rt can handle a hign bendin,g motn~~nt. 

..... 0-------

1/2 

Bending moment Is the torque inside a beam that holds It together. 

This beam has a sprtng hinge in the middle. The spring is strong enough to 

hold the weight of the beam. 

GIVE FEEOBACII CONTINUE > 



The concept of bending moment 

But when more load is applied. the spring cannot supply enough bending moment to 

keep the beam from fail ing. 

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

CIVE FEEDBACK 
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A beam that can handle a high bending moment is __ 

strong 

hinged 

not loaded 

short 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Bonding moment occurs ewrywhoro along the bO:cnn. 
In this beam, a hinge replaces the cross-section 
before It was cut. The spring applfes a clockwise 
moment to tile rlgf\t·lland sldo and an anUclockwise 
moment to the left-hand side. Each moment is equal 
and opposite . 

•• ~ 01------

Bending moment at a sedion l/2 

We always treat bending moment as acting at any cross-section along the 

beam. So bending moment is the torque that holds the beam together at any 

cross-section along the beam. 

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 

GIVE FEEDBACK CONTINUE > 



Bending moment at a section 

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. 

CIVE FEEDBACK 
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Which statements correctly describe bending moment? 

Check I that apply. 

Use mauee 10 zoom. a~c:~. 10 11eco 
enlatlld-

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

I= The bend1ng moment generated by the spring is sufficient to hold the beam straight 

0 The spring applies a clockw1se moment to the left side 

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

Do you know the answer? 

I KNOW IT THINK SO NO IDEA 



The spring applies a ~S.;.;el~ec:;.:t;.;.;.·· ________ ]l_ moment to the left side. 

The spring applies a Select... "'!) moment to the right side. 

Submit 

Do you know the answer? 

I KNOW IT T HI Nl'. SO UNSURE NO IDEA 



Finding the bending moment for any point in a beam 

Bending moment is the f irst step in determining loads and stresses inside a body. Before 

we can begin to work inside, we fi rst 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 f irst in the following steps: 

1. Solve equil ibrium to get reactions 
2. Cut the beam at this location 
3. Choose t he 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 wil l lead to the bending moment. 

Note: 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 
sect.ion in agreement with Newton's third law-every action has equal and opposite 
reaction. 

GIVE FEEOBACII 



Sort these calculation steps into the correct order for f inding bending moment at a certain point in 
a beam. 

-t-4- Place these in the proper order. 

Solve equil ibrium 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 fre·e body diagram 

Calculate the moment of all forces around the cut point on that left (or right) diagram 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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How do we know if the cut section of the beam is in equilibrium? 

Check all that apply. 

Use mouse to zoom. Click to keep 
enlarged. 

0 Because the moments applied to left and right sides are equal and opposite 

0 Because it is in the centre of the span 

0 Because a spring hinge has been f itted there 

0 Because the beam is not collapsing 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Bonding moment involves opposite momonts, ooo 
positive and one negative. We define a positive 
bending moment by the bend of the beam. A posltlve 
bending moment causes the beam to de!loct 

downwards. This is called sagging, like this sagging 
log bridge. A negaTive bending moment ~uses the 
beam to deflect upwards. This ls called hoggtng. like 
this weightlifting bar. 

.• .. 0•------

Positi•e bending moment 

Bending moment at a cross-section in a beam is a pair of opposite moments, 
one positive and one negative. We define a positive bending moment by the 
bend of the beam. A posit ive bending moment causes the beam to deflect 
downwards. This is called sagging, like the log bridge sagging under its own 
weight in the first image below. A negative bending moment causes the beam 
to deflect upwards. This is called hogging, like the weightllfter's bar In the 
second image below . 

GIVE FEEDBACK 



Regarding positive and negative bending moment. match the descriptions with the words. 

j Drag statements on tile right to match tile left 

Word that describes the shape of a 

beam under a negat1ve bending moment 

Word that describes the shape of a 

beam under a positive bending moment 

Direction in which a positive bending 
moment deflects the beam 

Direction 1n which a negative bending 
moment deflects the beam 

c-:::1 Hogging 

c-:::1 Sagging 

c-:::1 Down 

c~ Up 

Do you know the answer? 

I KNOW IT ' lHINK SO UNSURf NO IDEA 
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Bending moment (BMJ can be caused by fOI'CES: 

or moments: ( I I 

('A"'r(J'It J:· "~X: t.......,ll E\J'-u.t.Otl l"'errr'W.S~I¢tl ~Wf1J fQnWO(I-JCIW" OUI't«<lfiY 

Regardless of whether the BM os created by forces or moments, whenever the 
beam sags downwards ot has a positive BM. 
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Upward cunature as positive bending moment 

A more accurate way to define positive BM is to identify sections of tl1e beam where the 

curvature faces upward. 

~~ · 

n 
This means that any part of the beam that has upward-facing curvature is under positive 

BM whi le downward-facing curvature indicates negative BM. 

CIVE FEEDBACK 
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F 

(a) 

>I< 

(b) 

(c) 

Which ofthese diagrams represent a positive bending moment? 

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

Only (b) and (c) 

All three 

Only (a) 

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

Click the coiTect answer. 

Do you know the answer? 

.. 

I KNOW IT 'THINK SO IUNSURE· .. - . NO IDEA 



Which of these diagrams represent a positive bending moment? 

All three 

Only (b) and (c) 

Only (a) 

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

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

Click the correct answer. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Hotelo on .-p~e ror-~r~g lho ~ 
moment at eome po.nt in a beam. Keep in mind tNt 
lho-,.,_must be room belore""' can 
O<Jd- bendon& moment. In otllef woros. external 
equll bonum must be &Ot¥ed before focusing on the 
lntorlor ollho body • 

•• .. Ql-------

Calclllate the btnding 11omut at a certaill cross-sedioa of a btam-b111ple 114 

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. 

,;()() k:'li 

c 
ll 

I L:>. 
\ 

'l)M 
2.'iU k 

i \ 

__ ,_j 
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Calculate the bending moment at a certain cross-section of a beam-Example 

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 
! M p = moments caused by all external loads on the left-hand side 

'i.M p - BM = 0 

BM = 'i.M p 

= 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). 

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

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

Let: x = 4m 

BM= !M 
= 250 · 4kNm 

= l,OOOkNm 

This number represents the required strength of the beam. 

CIVE FEEDBACK 

3/4 

CONTINUE > 



Calculate the bending moment at a certain cross-section of a beam-Example 

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). 

610UB 125 

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

CIVE FEEDBACK 
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A 
c 

B 

A beam Is 7.4 m long. How much force can be applied mid­
span (In kN) if ttle beam can handle a bend! ng moment of 92 
kNm? 

(Minimum one decimal pface. Include units.) 

Iii 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT · SHOW'ANSWER 

INSTRUCTlONS 

• No lntermed·iate steps are required 

• If you choose to show steps, write one on each llne. 

• Write your final answer on the last line. 

• The computer will check all your work In detail when you click "Submtt:-. 

Eacb ljnt d redUce the crecnt received fM thl!t question 



c 
/3 

' 

A beam Is 5.3 m long wtth a 56 kN force applied at the centre. 
Find the bending moment at mid.span In kNm. 

(Minimum one decimal place. Include units and plusjmlnus 
sign for posltJvej negative BM.) 

acar 

Undo 

Click and type your ans\Ver here 

CHALLENGE SUBMIT 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 

• Wrtte your fina I answer on the laslline. 

• The computer will check all your work In detail when you click •submit". 

( 



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

For the beam and loading shown, determine the bending 
moments at each of the three applied forces. 

8 kN 6kN 4kN 

/ ,\ 

lOkN 0 0 
I. 2m .1. 2m I 2m • • 

0 
.I. 2 m I • 

Determining r 
bending 

moment at Location 1 

three points 

along a beam 1 

GIVE FEEDBACK 

8 kN 

The initial step is to solve reactions. 

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

If this was not the case, we would have to solve equlibrium of non­
concurrent forces to find left and right reactions. 

r l 

Location 2 Location 3 Summary 

_L 1 



Calculate the bending moments 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 .. 

CIVE fEEDBACK 

2m -
Determining 

bending 

momontot 
throe points 

along a beam 

Location 1 

Step 3. Solve equilibrium of moments for tile free body diagram 

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

Bending moment at cross-secuon 1: 

Bl\11 = L\f 

= IOk.'\ X 2m 

= 20k.'\.m 

Location 2 Location 3 

1 
Summary 

L 



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

Step 1. Cut the beam at the point in interest (point 2) 

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

10 kN 

GIVE FEEDBACK 

8 kN 

4 m 

Determining 

bending 

moment at 
three points 

_along_ a beal!!...J 

2m 

Location 1 Location 2 

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

Bending moment at cross-section 2: 

8M2 = LM 

= 10kNX4m - 8kNX2tn 

= 24kN.m 

l 

Location 3 Summary 

1 



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

Step 1. Cut the beam at the point in interest (point 3) 

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

·~ 
10 kN 

GIVE FEEDBACK 

8 kN 

r 

6m 

Determining 

bending 

moment at 
three points 

_along_ a beal!!...J 

6 kN 

' 

4m 

Location 1 

I 

1 
I 

1 
I 

1 

2m ~ ) 
~ 

r 

Location 2 

1 

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

Bending moment at cross-section 3: 

BMl = 'f.M 

= 10kNX6m- 8kNX4m- 6kNX2m 

= I6kN.m 

Location 3 Summary 



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

BM1 = 2 M 

= LOkN X 2m 

= 20kN. m 

8M2 = 2M 

= 10 kN X 4 m - 8 kN X 2 m 

= 24kN.m 

BMJ = 2 M 

= 10 kN X 6 m - 8 kN X 4 m - 6 kN X 2m 

= 16kN . m 

GIVE FEEDBACK 

Det ermining 

bending 

moment at 
three points 

_al ong_ a beal!LJ 

8 kN 6 kN 4 kN 

I I 

/i\ ( J 
10 kN 8 0 0 8 kN 

,_ 2 m . j. 2 m -1- 2 m -1- 2m -I 
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 
sign. 

r r 

Location 1 Location 2 Location 3 Summary 

1 



The sum of all moments on the left side of point 2 is {+24 
kNm). Which of the following statements are true? 

' "" I 
0 <b ~-

'" .1. •• I , .. -1 
Use mouse to zoom. ctick to keep enlarged. 

0 The BM at point 2 is (+24 kNm) 

0 The BM at point 2 is (- 24 kNm) 

Check all that apply. 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

I 



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

' "" I 
0 <b ~-

'" .1. •• I , .. -1 
Use mouse to zoom. ctick to keep enlarged. 

0 The BM at point 3 is (+16 kNm) 

0 The BM at point 3 is ( -16 kNm) 

Check all that apply. 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

I 



Which statements are true regarding bending of this beam? 

Check that apply. 

'"""! The BM at the left-end support is zero 

The BM is highest at pomt 2 

CJ The BM at the right-end support IS 16 kNm 

0 The sum of moments at any pomt along the beam is zero 

0 The bending moment at any point along the beam is zero 

Do you know the answer? 

I KNOW IT 'I HI Nl{ SO UNSURE 

...... ·~... hlf 

:f ! I f ~ 

NO IDEA 
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We can readily calculate lhe BM at a cenain point In a beam by taking a 
section and summ1ng lhe moments tor lhe beam on one side of lhat cut (e.g. 
the lett side). 

That's fine it you know wh1ch po1nt to look at butlhere are times we want to 
know the value of BM along the entire length of the beam. Here are some ot 
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 w1th many forces, moments or 
distributed loads applied) 

2 When the strength of the beam Is be1ng optimised to match the BM 
everywhere (e.g. optimiSed structural components for m1nimum weight or 
material, such as aircraft land1ng gear, large excavator ann, large concrete 
bridge, racing and sports components) 

3. When full data for the BM is required so mod1flcat1ons 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?) 

GIVE FEEDBACK CONTINUE > 



The need for a bending moment diagram 

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 (FBD), as shown below. 

nm 

BMD 

We can f ind the BM at any point along the beam (points 1 to 6 above) by reading them 

off the graph (BMD). 

CIVE FEEDBACK 
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A bending moment diagram Is necessary when: 

-+2.5 1n+- ~ 3 H\~-~21n+­
Nl 

BMD 
+28 kN . Ill 

-.50 kN · rn 

Check 111 that apply. 

0 Full data for the BM is required so modifications can be validated 

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

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

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



_,.... .. __ . __ ., _ _. 
_,iooJ!Y, " .... - oould --ber<l.,g­

--'""-olal>eor """"lnlhe beam. -'"''* 10 a .nonwt to piOOJnga bending 
mom.,t tJJ~m. 

.• ... 01-------

Wby shear force is ~rtant 1/ 2 

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

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 depleted in the moving image below . 

GIVE FEEDBACK CONTINUE > 



Why shear force is important 

This is rare in rea lity 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) 

CIVE FEEDBACK 

2/2 



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 UNSURE 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. 

0 For beams, bending moment is usually much more important than shear force 

0 Shear force is magnetic 

0 Shear force makes it easier to plot a bending moment diagram 

0 A real beam or component cannot fai l due t o shear force 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



'&haer IOtCtl m ,uu ,_.don't see a hiC:C*\. a • 
.. N:dlft forw INide-r-n. In th5 erample. _,,_ . ....,. --OOIOI>...-.1-
--on eocll"""' .\n .,...,..,, rut,.,....,. 1110 

~-~1\ •• dofted lne) Will resull In the ttft 
pt:WbM 1r n& ro ncse upwards. This ts ~ fol'ce 

.... 0------
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Shear fon:e can occur 1n an ord111ary beam that iS subjected to loads. 

f 

l 
~ 

r, F, 

(II 

F 

l 
t 
'· 

t 
I 

(a) Beam cut by Imaginary transverse section 
(b) Left-hand portion tends to move up relative to rfght·hand portion 
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Shear force in a loaded beam 

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-sect.ion 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 cal led 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. 

CIVE FEEDBACK 

2/2 



I 
I 

I 
I 

F 

The n~agnitude of the shear force at the imaginary cut section (dotted line) of this 
beam is (please select) 1 ~]and this shear force JS (please se1ect)J ~ l direction. 

mit 

Do you know the answer? 



wa noo the shoof rome in tYXaclly thQsamo \\'ay as 
we do for bending moments except, that we are 
dealing wfth equilibrium of vertkal foroes rather than 
moments. 

••• Ql------

Procedure for detennining shear force at a location in a beam 

To find the shear force at any location In a beam, follow these steps: 

1. Solve static equilibrium 
2. Cut the 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 

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). 

GIVE FEEDBACK 



Sort these calculation steps into the correct order for f inding shear forces at a certain point in a 
beam. 

-t-4- Place these in the proper order. 

Solve equil ibrium 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 f re·e body diagram 

Calculate the sum of all forces on that left (or right) free body diagram 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

. .... ::::: ...... 

..... ::::: ...... 
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The sign convention for shear forces 

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). 

(a) (b) 

1/3 

GIVE FEEOBACII CONTINUE > 



The sign convention for shear forces 

This matches the animation below, where a positive shear force has the left side up and 

right side down. ( t + .!. ) 

2/3 

CIVE FEEDBACK CONTINUE > 
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...-. '1'\ uw'"" IClliw .nirMUan ....,_ 

The &lfn conveation for shear forcu 3/3 

'Mio -lon\OUPI>Of100 InCH -

This animation demonstrates that a positive shear force (up on the left-hand­

side f + J. ) equates to a posttive shear stress ( 't > 0). 

GIVE HEDBACI\ 



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

Positive shear force 

Negative shear force 

Zero shear force 

I KNOW IT 

~) 
I :~ .. .. 

0 

r 

-1 Drag statements on tbe right to match the left 

c-:1 (a) 

C-:1 (b) 

c-:1 (not shown) 

Do you know the answer? 

liiiNK SO UNSURE NO IDEA 



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

For the beam and loading shown, determine the shear force at 
each of the three applied forces. 

8 kN 4 kN 

0 • 0 0 0 . ' ' ' . 
' • I ' 
' ' 

The initial step is to solve reactions. 

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

If this was not the case, we would have to solve equlibrium of non­
concurrent forces to find left and right reactions. 

/, ~\ ' ' ( l) I 
I 

10 kN f...l •,........:2:..::m:...._,.~lfoo•--=2:..::m:...._,.~l ..... --:2..::;m~.~l ..... --.:2..::;m~.~~8 kN 

T r r l 
Determining 

Compare left· shear force at 

three points 
Location 1. Location 2 Location 3 Location 4 Summary hand side to 

_L right-hand side 
along a beam 

1 1 1 

GIVE FEEDBACK 



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 

r 
Location 1 Location 2 

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-secuon 1: 

SFt =IF 

= 10 L' (posltJve Shear force) 

Location 3 Location 4 Summary 

Determlnin& 

shear force ot 

three points 

along a beam 
l 1 L 

Compare loft­
hand side to 

right-hand side 
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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 2) 

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

10 kN 

Determining 

shear force at 

three points 

along a beam 

GIVE FEEDBACK 

8 kN 

~ 

Location 1 Location 2 Location 3 

Step 3 . Solve equilibrium of forces for the f ree body diagram 

Bending moment at cross-section 2: 

SF2 = !. F 
= IOkN- 8 kN 

= 2 kN (posit ive shear force) 

r l 

Location 4 Summary 

1 

Compare left· 
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 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: 

6 kN 
SF3 = "i. F 

= lOkN - 8kN - 6kN 
8 kN 

= -4 kN (negative shear force) 

' I 

10 kN 

T l 
Determining 

Compare left· shear force at 

three points 
Location 1. Location 2 Location 3 Location 4 Summary hand side to 

right-hand side 
along a beam 

1 1 

GIVE FEEDBACK 



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

Step 1. Cut the beam at the point in interest (point 3) 

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

8 kN 6 kN 4 kN 

I 

: 

10 kN 

T r 
Determining 

shear force at 

three points 
Location 1 Location 2 Location 3 

along a beam 
1 1 

GIVE FEEDBACK 

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

Bending moment at cross-section 4: 

SF)= r p 
= IOkN - 8k.N - 6kN - 4kN 

= - 8 kN (negative shear force) 

Compare left· 
Location 4 Summary hand side to 

right-hand side 



SFt = 'r. F 

= 10 kN (positive shearforce) 

SF2 = l. F 
= IOkN - 8kN 

= 2 kN (positive shear force) 

SF3 = 'i. F 
= !OkN- SkN - 6kN 

= - 4k.N(negativeshearforce) 

SF• = 'i. F 

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

8 kN 6 kN 

I 

If\ 
0 0 I 

10 kN 

- I ~ 2m - I ~ 2 m 

4 kN 

I 
( ) 

0 8 kN 

. I ~ 2m -I 
= IOkN _ 8kN _ 6kN _ 4kN lt turnsoutthatlf wealwayswork with theleft-handsideasthe freebodydiagram,theshear forcewlll 

automatically have the correct sign. 
= - 8 kN (negative shear force) 

T r r 
Determining 

Compare left· shear force at 
three points 

Location 1. Location 2 Location 3 Location 4 Summary hand side to 

_L right-hand side 
along a beam 

1 1 

GIVE FEEDBACK 



Determining 

shear force at 

three points 

along a beam 

GIVE FEEDBACK 

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

8 kN 6 1(N 4 kN 

II\ 

tO ~N 0 0 8kN 

1.. 2m 

0 
.I. 2 m 

1 
, , 2m 

0
! • 2m ! • 

left-hand side Right-hand side 

rFo.1 = 10 kN I: F o.1 = 8 - 4 - 6 - 8 = - 10 kN 

EF 1.2 = 10 - 8 = 2 kN l:F 1.2 = 8 - 4 - 6 = - 2 kN 

EF 2.a = 10 - 8 - 6 = - 4kN EF2.a=8-4=4kN 

EF34 = 10- 8- 6- 4 =- 8kN EF34 = 8kN 

T r r l 

location 1. location 2 location 3 location 4 

1 1 _L 1 

Shear force 

+lOkN 

+ 2kN 

-4kN 

-8kN 

Summary 
Compare left· 
hand side to 

right-hand side 



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

~ 

~ 

+: 
10 W'i I 

'" I 

om 

I 0 
: 

I 211• 

.... ... I 
I 0 I 0 

i ' t. 0 

' ' 

' . '" '" -
Use mouse to zoom. Ctick to keep enlarged. 

Check all that apply. 

0 The shear force at point 2 is (+2 kN) 

0 The shear force at point 2 is (- 2 kN) 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The sum of all vertical forces on the left side of point 3 is 
( - 4 kN). Which of the following statements are t rue? 

~ 

~ 

+: 
10 W'i I 

'" I 

om 

I 0 
: 

I 211• 

.... ... I 
I 0 I 0 

i ' t . 0 

' ' 

' . '" '" -
Use mouse to zoom. Ctick to keep enlarged. 

Check all that apply. 

0 The shear force at point 3 is (-4 kN) 

0 The shear force at point 3 is (+4 kN) 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



c ,' 
A ..------4---..l...-----------. B 

A beam ls 5.1 m long with a 59 kN force applled at the centre. 
Find the shear force at the line shown (at a dfstance of 2.04 m 
from the left end). 

(Minimum one decimal place. Include units and correct+/­
sign.) 

lm 

Undo 

Click and tfpe your answer here 

CHALLENGE 

I NSTRUCTlONS 

• No Intermediate steps are required 
• If you choose to show steps, wr1te one on each line. 
• Wrtte your fl nal answer on the last line. 
• The oom puter wtll checK all your work rn detail wl'len you ctlck BSubmtt". 



A shear roroo diagram is simple to construct oocauso_ 
shear force in the beam does not change where 
there are no applted external forces. 

.• • 0~------

Shear fo~ diagrams l/2 

A graph of all the shear forces along the entire beam is called a shear force 
diagram . 

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. 

GIVE FEEDBACK CONTINUE > 



Shear for~e 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. 

:v 
FBD 

14 kl 

+ 26k 

SFD --------~--------~----~-----X 

- 141< 

<BACK GIVE FEEDBACK 



Which of the following statements are true about this shear force 
diagram? 

Check all that apply. 

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

D Points 1 and 2 have the same shear force 

D Points 3 and 4 have the same shear force 

O Points 2 and 3 have the same shear force 

fBD 

SFD 

I J 2 1. ~ 1 3 
lf'l LN 

4 15 ()I 1-+ j, ~ 

+26kN 

-20kN 1-l k 

l--2 , 5 111 .. ,..f.- -3 I 11 ~;2 lJ , ..,.. 



~·--dlognunis-.ftlS-1 
)'OU armnt1t tM bewn so t.hat a free end d; on the 

loft. A lreo tnd ._..tree 10 p0oot 1101 ~ 
1nounted INI.O e wan. tor ln$tMC:e. 1ben )OU simply 
l)klt tN 5hollf foroe fmm left to rigll1. taking \lel'tkal 

steps • )'OU meet eeoh applied force. The reason we. 
oct 11 up nom lottw o1ghtls so the lotoe dtredlons 
(up or down) motdl lhe sJ.gn of the sheat foi'CO. 

..... 0------ = = 

Example 

10 kN 

CotiSiruct a shear fORe aaag.-..m-Exa111ple 

I 2m 
• 

0 
.I. 

0 
2m I 2 m • • 

0 

·'· 
Draw the shear force diagram ror this beam. 

GIVE FEEDBACK 

1/ 2 

&kN 

2m I • 

CONTINUE > 



Example 

10kN 

Construct a shear force diagram-Example 

I 2 m 
• 

6 kN 

cb 
.j. 

6 kN 

' 
0 

2m .1. 2m 2m I • 

Draw the shear force diagram for this beam. 

Solution 

8 kN 

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. 

112 

CIVE FEEDBACK CONTINUE > 



Construct a sbear force diagra~Example 2/2 

8 kN 6 kN 4 kN 

10 kN 8 kN 

Start on the left free end (where SF= 0) and 
draw a vertical line to scale representing 10 
kN. This is positive shear so it is plotted 
upwards. 

Nothing happens for the next few metres 

until we hit the 8 kN force, so draw a 

horizontal line. A step change occurs at 
each load-this time we go down by 8 kN 

(giving a shear force (SF) height of 2 kN). 
' ., 11f 

SF = 0 ---.~. ........... ..........:........ui~' ~~-..~'u..~~l..l.-'~'u.m~~n-rrrrTT,..,...--
0 

Continue until you reach the right hand 
I end-it should meet at zero shear force 

< BACK 

1 
4 ~N . (free end). 

I 

- 8 kN 
!ll• lll!l 

GIVE FEEDBACK 

Magnitudes can be shown along the lines 

for clarity. 

, • I 

IOK 



Identify the following information from this shear force diagram. 

'* Drag statements on the rigbt to match the left 

The highest shear force in this beam is 

The highest force on th is beam is 

The highest level of negative shear 
force in this beam is 

The continuous region of t he smallest 
shear force is 

c-:J 20 kN 

c:-:1 14 kN 

a::-::3 46 kN 

t:-::t 26 kN 

SFD 

Bf\..1D 

I I 

I 
11 

I 
I n> I 
I 
I I 

21 13 
I f~ ~- ?\. 

+211 1<1\l 

·1 ' IS 6• 

- 2n k 

~Mm-r-~n--Z oe1 
' L • I. .2m 0 

••••• ••••• ••••• ••••• .. ,, . 
••••• 

••••• ••••• ••••• ••••• ...... 
••••• 

••••• ••••• ••••• ••••• ••••• ••••• 

••••• ••••• ••••• ••••• ••••• ••••• 

-14 kN 



To_ • ......,. __ .,._ 

-to~.,.~-·-" -...,._,_'*"--...... .,...,..,. 
and • .., "'*"-

We already know how to calculate bending moment at any point along the 
beam. 

Now we wilt construct a bending moment diagram which shows the bending 

moment all along the beam. 

Just as the shear forco d1agram has no change (horizontal nne) between each 
force, the bending moment diagram will form sloping tines between the 
forces, joining the calculated magnitude of the bending moment at each toad· 
bearing point 

The steps Involved are to: 

1. calculate the bending moment at each applied force (take moments of 

left-hand Slde) 
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 kt\ 40 hi 
I I B I I I 

D I I I I I 
FBD A I J t I J l 

I I I I C I I 
11 21 13 41 15 61 14 1\ 

46 h.~ 

BMD +28 kN · tn 

-50 kN • 1n 

Check ~ that apply. 

0 The maximum sagging BM is 50 kNm 

0 The maximum hogging BM is 50 kNm 

O This beam has higher hogging BM than sagging BM 

0 BM is 0 at three points on this beam 



G is was a rectangular wooden beam, the most likely place to break would be 
(please select)L •J. 

:20}. '\ -10 k>. 
I I Bl :v I I I 

FBD A I I I 
I I I 
I J 21 13 

I(' I '\ 

2.5 m-r- 3 m- ....,,...2 m 

BMD + 28 kN · m 

- 50 kN • m 



l1llt-<If -.uct~nga benclirC ......­
~ ._., .. ""' benlfongmomenl !0 be 

- •• - .,._ fofce.ln lhls ~"" 
"""ld ,_ ., """"""'"wee benclirC ..,.,....., .. 
oeo11 "'""" -1. 2 and 3. These points""'- an 
1 bendln& momont d1~ end men joined~ 
wlm ••re ltlllt doued lines. 

..... 0•------- = 

Construct a bending moment diagl'all usillg momellts-wmple 1/ 3 

Example 

' 
0 

I , am .I. 
0 

2101 I 2m . ' 
0 
' J. 2"' I • 

Draw the bending moment diagram using direct moments (sectioning or 

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 

Solut ion 

BM 1 = 'L M = 10 kN X 2m= 20 kN. m 
8M2 = 'LM = 10kNX6m - 8kNX4m=24kN.m 
8M3= 'LM =lOkNX 6m- 8kN X 4m- 6kN X 2m=l6kN.m 

BM at each end is 0 because the ends are f ree to pivot. The bending moment diagrams 

appear on the following slide. 

2/3 

CIVE FEEDBACK CONTINUE > 



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

8kN 6 kN 41(N 

I 

I 

0 0 0 
I 2m .. .. .. ,. 2m .. I 1. 2m .. 1. 2m 

0 

<BACK GIVE F-EEDBACK 



Place these steps in the correct sequence for constructing a 
bending moment diagram directly us1ng moments (i.e. 
without using a shear force diagram). 

...... ·~... hlf 

:f ! I f ~ 

-t+ Place these in the proper order. 

Draw a free body diagram of the beam 

Prepare a bending moment d1agram so that the forces are lined up with the forces 1n 
the free body diagram 

Calculate the bending moment at each applied force and plot these points on the 

bending moment diagram (upwards for +BM) 

Connect the dots with straight lines 

Do you know the answer? 



; \. cv 
B 

I ' 

A beam Is 5.3 m tong wtth a 54 kN foroe applied at the centre. 
Find 'the bending moment at the line shown (at a distance of 
2.12 m from Ule left end). 

(Minimum one decimal place. Include unlts. Include correct 
stgn.) 

rm 

Undo 

Click and type your answer here 

CHALlENGE SHOW ANSWER 

INSTRUCTIONS 

• No Intermediate steps are required 
• If you choose to stlow steps~ write one on each line. 
• Wrtte your final answer on the last line. 
• The oom puter will check all your work In detail when you otlck nsubmrr. 



Sl<'Htlng from o tr'e0 1ef\ Md tor arrySEJctJon or beam, 
the change in height of the bending moment diagram 
Is equal to the change In area In the shear force 
alagram • 

•• • Ql------

Construct a bending moment diagram nsing a shear force diagram l/3 

This alternative method to construct a bending moment diagram requires the 

shear force diagram to be done first. 

Starting from a f ree 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 2/3 

8 kN 6 kN 4kN 

+ 
t t t 

• 10 kN 8 kN 

10 kN 

SF .... 0 1 11 /l lll l llo~li!"'l o 
11 '!'!~ '1111 1111111 

Shear fo..ce dlagral'l"' - a k.N 

20kN 24kN.m 

BM~ O 
Sending moment diagram 

CIVE FEEDBACK CONTINUE > 



Construct a bending moment diagram using a shear force diagram 

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

kNm 

• In the second 2 m, area under SFD = +2 kN x 2m= +4 kNm. BM goes from 20 kNm 

to 24 kNm 

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

to 16 kNm 

• In the last 2m, area under SFD = - 8 kN x 2m= - 16 kNm. BM goes from 16 kNm 

to 0 kNm, which is the free end 

Notice that the area under the shear force graph is height x width, where height is kN 

and width ism, which gives kNm (moment). 

CIVE FEEDBACK 

3/3 



What does the 4.42 m mean on this diagram? 

Check II that apply. 

I This is where the beam goes from hogging to sagging 

r_ This is where the maximum bending moment occurs 

0 This is where the negative shear force from AB is balanced by the positive shear force 
between 8 and C 

0 This is where the shear force Is 0 

0 This is where the BM Is 0 

Do you know the answer? 

I KNOW IT THINK SO UN SURF NO IDEA 



Use the shear force diagram to correctly match the statements below as if you 
were creating a bending moment diagram. 

I Drag statements on tbe right to match the left. 

Area within the shear force diagram 
from A to B = 

Area within the shear force diagram 
from Bto C= 

Area within the shear force djagram 
from Cto D = 

Area within the shear force diagram 
from A to D = 

Area within the shear force diagram 
from A to C = 

r:-:::J 78 kNm 

r=-:::J -28 kN m 

r:-:::J -50 kNm 

r:-:::J 28 kNm 

r:-:::1 0 kN m 

~ ·. I nl J,_.~ I I FBD ,, .-.--- I 
I j I 

SfD 

B!\·ID 

I 2• T tJ 
It ,1\ 

~ i::.') n ,. " i 111 ,. " :.! •n ,. 

.2\ l.N - I ll 

SQ I:N • ~·• 

••••• ••• ••••• ••••• ••••• ••••• 

•••• ...... 
•••• ••••• ••••• •••• 

••••• ••• • ••••• ••••• ••••• •••• 

...... 
••• ••••• ••••• ••••• ••••• 

••••• •• ...... ...... 
••••• ••• I 



GIVE FEEDBACK 

In englneetlng. the maximum bendtng 
moment Is critical. However. tf a beam 
has murtlple forces. It Is not alv,ays 
oosslbte to tell at a glance where 'the 
maJ~Jmum bending moment occurs. 

•4 .. 0 ----

Use shear force diagram to locate maximum bending moment 

It turns out that the peak bending moments 

coincide with the shear force diagram 

passing through the zero axis. 

8kN 

t 
6kN 4 kN 

+ t 
+ 10 kN 8 kN 

Example: This happens in the shear force 

diagram at the 6 kN force (4 m from left 

end). 

At this point the BM is 24 kNm, which is 

the maximum for the whole beam. 

This rule applies for every peak positive or 

negative BM, where there are multiple 

loads in many directions. One ofthese 

peaks Is the maximum bending moment. 

Maximum 

bending 

moment 

Note 

SF ~ 0 

BM 

10 kN 

l lllllll l l l "~ 'm' ' l 
1 ~!1W 1 IIII !IIII I I 

Sttear for~e diagram - 8 kN 

20kN 2HN.m 

~ I 
II 1 

Bending moment diagram 

0 

0 



GIVE FEEDBACK 

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 

SF = d (BM) 
dx 

So ifSF = d (BMi = 0 
dx 

BM is at a maximum. 

Maximum 

bending Note 

moment 



Which of the following statements are true when finding the maximum 
bending moment (highest numerical value)? 

Check all that apply. 

Use mouse to zoom. 
Click to keep enlarged. 

0 The maximum BM always occurs where the shear force diagram crosses the zero axis 

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

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

multiple t imes 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



A uniformly distributed load is a load that Is 
spread out over a certain length of beam. 
Uniformly means the load Is spread evenly, with 
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 
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; alr pressure 
against a vacuum chamber; and the weight of 
the beam Itself. 

' 

Symbols and terminology for distributed loads 1/ 2 

Uniformly distributed loads can be represented like sandbags (below). In this 
example, 4 kN is spead over each metre of beam for a total length of 6 m. 

4 kN/m 

6m 

GIVE FEEDBACK CONTINUE> 



Symbols and terminology for distributed roads 

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. 

I 20 kN/n1 

A~==~--~====~--~==~- c 
B 

80 kN 40 leN 

<BACK GIVE FEEDBACK i 

2/2 



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

Check all that apply. 

0 The weight of the beam itself 

0 A load hanging f rom the beam by a cable 

0 The weight of a concrete floor supported by the beam 

0 The pin support reaction 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



A distributed load Is converted to a polnt load 
by multiplytngthe loading (in kN/m} by the 

length of the region (In m) to get the total load 
(In kN). we then place this total load In the 
middle of the region. 

Compare distributed loads to equivalent point loads 1/ 2 

Previously we converted uniformly distributed loads to point loads (equilibrium of 
non-concurrent forces). 

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

total). 

I 
• ' 1 r , ~ 1 r , lr t 1 • f 

A c 
B 

80 kN 40 kN 

GIVE FEEDBACK CONTINUE > 



Compare distributed loads to equivalent point loads 

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

3m ~ 120 k:'\1 

FBD 

At80k'\ 
3E r 13 

10 kN 
6m 

I I 

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 f inding bending moment. Bending moment is 11igher for a single 

concentrated force than for a distributed force. Therefore we must work with distributed 

loads when ca lculating bending moment. 

CIVE FEEDBACK 

2/2 



?k) 
t • 

A lj_ 

FBD 

/) 

I· ?m ·I I. 

A unlfonnty distributed loed or F • 18 kN/m Is applied over a 
regjon L • 5.5 m lona. If this loading is converted to a point force. 
where should that force bo applied (measured In meues from 
point 8)? 

(Minimum two decimal plooos. Include units.) 

liil 

+ _, .1 ... 
~_:j~.:J n 

~ill rcl 
~_±j~· 

Clld< end ()1le your answer hete 

CHAllENGE 

.. 

Undo 

( 

INSTRUCTIONS 

No intermediate steps ere required 

• If you choose ID show stepS. wnte one on each line. 

• Write 1Q.r final ans...et on the 1a1t h . 

• The CXJtnputer will check en lQ.r WOfl< 1n delaJ .. taen you cld< 
"Submit". 



FBD 

/) 

I 
A uniformly dlstnbiMd loed ol 18 kl't m II applied 0'<01 1 ,... l 
= 5.5 m long. If thosloec!ttC II C>OIIW!fted to a pOint force, wNt II 
the magnitude ol the force '" ~H? 
{Minimum one dedmal plece,lnducle unota.) 

fjj 

_:!:__ __ + I~ ~.:JE 

!oil • J ~.:J rr ~ _j.:J • 
... 

CliCk end rype your onswcr hore 

CHALLENGE 8tJOMIT 

Undo 

• 

( 

INSTRUCTIONS 

No Intermediate steps are required 
If you choose to show steps, write one on e!lch line. 
Write your final answer on the last line. 
The compUter will check all your wor1( In detoli .,hen you Click 
'Submit'. 

IKD .............. _ ........... .--
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Wily 4istributed INda mut bt truted diHen~~tJy te poiiii!Nds 1/ 2 

We have seen distributed loads before, when Ond1ng reacuons. 

We simply converted the distributed load to a point load and used the po1nt 
load instead. 

This works for external equilibrium (reacuons, force and moment equilibrium) 

but not Internal analr.;ls (shear force. bending moment and stresses). 

Bending moment Is higher for a point force than for a dlstnbuted force. 

Therefore y,e must work w1th dlstnbuted loads when calculating bending 

moment 

GIVE FEEDBACK CONTINUE > 



Why distributed loads must be treated differently to point loads 2/2 

Compare the effect of swapping distributed loads with point loads: 

Point load Uniformly distributed load 

Reactions same 

Shear force horizonta l line sloping line 

Bending sloping line curve (parabola) 
moment 

Beam stress higher lower 

CIVE FEEDBACK 



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

j' Drag statements on tlte right to match the left 

Distributed loads are the same as point loads when 
analysing 

c-::1 reactions, force and moment equilibrium. 

Distributed loads are different to point loads when 
analysing 

IMI shear force, bending moment and stresses. 

A uniformly distributed load will produce a ___ line in 

the shear force diagram. 
c-:J sloping 

A point load will produce a ___ line in the shear force 

diagram. 
IHI horizontal 

Do you know the answer? 

I KNOW IT UNSURE NO IDEA 

!"" :~m 

..... 
!Em 



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. 

0 Distributed loads can be replaced by point loads when solving statics 

0 Distributed loads cause lower bending moment than point loads 

0 Distribut ed loads have twice the reaction force as point loads 

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



GIVE FEEDBACK 

A dlstrfbuted load behaves dlfforerrtJy 
tD a point load. 

Wo can approximate a dlstnbutod load 
l:1i sl)llnlng n up every men. This 
results In a 6talrcaso appearance In 
tlle shear force diagram. 

To make It more accurate, wo should 
sPirt t11e force up Into finer and finer 
Increments, untJI eventually the steps 
~II be so small they resemble a 
sloping line. 

so a uniform IY dlsU1bU.t&d force creates 
a sloping line on the shear force 
diagram. 

•I II -0,---

How a distributed load influences the shear force diagram 

The following example examines t he 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 kNhn 

, If w , If , .. ~ ' 

FBD A c 
~ B 

<)0 kK .!10 k~ . 6m 

l r 
Approximate Approximate Accurate 

Distributed Joad 
distributed load diagram diagram 

1 l 



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, 1.5 m, 2.5 m, 3.5 m, 4.5 m and 5.5 m. 

20 kN/ n1 

i l ~ i l i 
FBD A c 

'I~ I 
B ~ 

SOkX I 40kN 
6m I• ,., I I I I 

We know enough to solve this right away. 

r r 
Distributed load 

Approximate Approximate Accurate 
distributed load diagram diagram 

l 1 

GIVE FEEDBACK 



How a distributed load influences tbe shear force diagram 

Starting from the left end: 

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

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

• This repeats every metre, where shear 
force drops by 20 kN each time 

• After the sixth force, the shear force is 
down to -40 kN 

fBD 

c: 
X 

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

GJVI FEEDBACK 

r 
Distributed load Ap~roximate 

dlstnbuted load 

l 

Approximate 
diagram 

Accurate 
diagram 



GIVE FEEDBACK 

How a distributed load influences the shear force diagram 

For an accurate diagram, start at the far left 
side, before the distributed load has a 
chance to start pushing down. 
The shear force (which comes from the 
reaction force) is sokN. 
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 

80kN- (6x 2.0 kN) = -40kN. 

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

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

r r 
Distributed load 

Approximate 
distributed load 

l L 

:m kl\it 11 

FBD r\ 

6m 

~0 kl\ 

SFD 

r 
Approximate Accurate 

diagram diagram 

L 

r· 
.til kN T. 

120) 

-40ik:-J 



Look at the diagram and identify the statements that are true regarding 
distributed loads. 

Check all that apply. 

D It shows six distributed loads 

D It shows that the total load Is 20 kN/m for 6 m which is 120 kN 

:. rc:n, 

Use mouse to zoom. Click 
to keep enlarged. 

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

D It is an approximation of a distributed load 

Do you know tbe answer? 



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

++ Place these in tbe proper order .. 

t. .. !!. .. . . u lj . . ,] 
lrl) I I 

f····t: .1 , . ... t ... 

ol 
0 ' ~( 

Use mouse to zoom. Olick 
to l<eep enlarged. 

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. ::m 
Plot this point on shear force diagram. 

With each metre, the shearforoe 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. 

Do you know the answer? 

a .... 
•••• • ••• 



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

I Drag statements on the right to match the left 

The intenstty of the distributed load ~:-:a 4 m 

The total of the distributed load t:-:::a 80 kN 

The length of the distributed load t:-:::a 120 kN 

The maximum shear force ~:-:a 20 kN/m 

The loaction of zero shear force ~:-:a 6 m 

Do you know the answer? 

~. t.: \.• 

. Tf l ... JI 
! ' l i • f' t ., .._ •• II "\ .. 

Use mouse to zoom. Click 
to keep enlarged. 

••••• •••• •••• ...... 
••••• ..... 
•••• •••• •••• ••••• ••••• ••••• 

••••• .. . ..... 
••••• ••••• ••• • 

•••• ••• • ...... 
••••• ••••• •••• 

•••• ••• ••••• ••••• ••••• ••• • 



-·--_,.,"'.,.. .... 11\o<llOn "'. .,_,_.,........, ............. -,, .... 
ell>--"""' loll"' 1111>1 In ..... - · ... 
___ u.. ..... -··~"' 11.25-"""' Uwlall .,., "' .... -...no. 
ll6n50Ull0ba .,..._..,.._ Tllo­_,.,_ ........ _.,.._m. -
.. .. 0 = 

AnaiJse shear force diapams wllll a unllor•IJ dimlbutad klad-uam~le 113 

Example 
When there Is a unlfonnty 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 .nchned sttal&rlt line. 

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

shown • 

p 'T p N>· ·~ .. ~ 
)... 1 .. ..... 

2M t• 

GIVE FEEDBACK CONTINUE > 



Analyse shear force diagrams with a uniformly distributed load-Example 

Solution 

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

SFJ=l7kN 

SF2 = 17kN- 12kN 

= 5kN 

SF3 = 17kN -12kN- (4kl'l/mX6m) 

=- 19 kN 

When constructing the shear force diagram, draw an inclined straight line under the 

distributed load, connecting the ordinates j ustto the left (SF 2= 5 kN) and just to the right 

(SF
3
= -19 kN) of the load distribution. 

2/3 

CIVE FEEDBACK CONTINUE > 



Analyse shear force diagrams with a uniformly distributed load-Example 

Notice where the shear force line intersects with the horizontal zero base line. This point 

has a special significance which wil l 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: 

X= 
SkN 

4kN/m 
= 1.25 1)1 

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

CIVE FEEDBACK 

3/3 



Look at the shear force diagram and correctly sort the information below. r5 T<t '" ·:L 
......._...a.L __ .~ • .-.. 

-i Drag statements on tbe right to matcb tbe left 

The intensity of the distributed load 1M3 4kN/m 

The total of the distributed load 1M3 24kN 

The length of the distributed load 1M3 6m 

The maximum shear force 1M3 19kN 'i . 

The location of zero shear force 1M3 6.25m ·=··· 
i!tii 

Do you know the answer? 



As we saw with the shear force diagram, a 

distributed load behaves differently to a point 

load. We can approximate the distributed load 
by spltttlng 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 rncfements, until eventually the steps 
will be so small that they resemble a sloping 

line. 

Analyse how a distributed toad influences the bending moment diagram 1/ 5 

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 kl'\hn 

1 I I r 

FBD A c 
B 

~0 k~ 40 k ,. 

I~ 
6m 

GIVE FEEDBACK CONTINUE > 



Analyse how a distributed load influences the bending moment diagram 

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 is 80 x 0.5 + 60 x 1 + 40 x 1 + 20 x 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). 

2/5 

CIVE FEEDBACK CONTINUE > 



Analyse how a distributed load influences the bending moment diagram 

CIVE FEEDBACK 

Approximate shear force 
diagram and bending 
moment diagram for 
distributed load 

3/5 

CONTINUE > 



Analyse how a distributed load influences the bending moment diagram 

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 tota l 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 t hrough which to draw a 

parabola (from A to 8). 

The last part of the bending moment diagram is a straight line f rom 8 to C. 

4/5 

CIVE FEEDBACK CONTINUE > 



Analyse how a distributed load influences the bending moment diagram 

CIVE FEEDBACK 

r.nn ,,c:-1 I I I I ! r 
~ll l.N ""'' IU t~ . 

Accurate shear force 
diagram and bending 
moment diagram for 
distributed load 

5/5 



In which reglon(s) Is this beam In pure sagging? 

=:J From A for 4.42 m 

[_j From A to B for 2.5 m 

[] From 4.42 m to 0 

0 From B to C for 3 m 

0 From C to 0 for 2 m 

I KNOW IT 

Check I that apply. 

Do you know the answer? 

'f'HI Nt< SO UNSURE NO IDEA 



In which reglon(s) Is this beam In pure hogging? 

Click the correct answer. 

From A to D 

From D to B 

From B to C 

From A to C 

There is no sagging In this beam 

Do you know the answer? 

I KNOW IT 'f'HI Nt< SO UNSURE NO IDEA 



Look at the shear force and bending moment diagrams and correctly sort the 
information below. 

I Drag statements on the right to match tbe left 

The intensity of the distributed load 

The maximum bending moment 

Total area within the shear force 
diagram for entire beam 

The maximum shear force 

The location of maximum bending 
moment 

c-:J 20 kN/m 

c:-:J 4 m 

r:-:::1 80 kN 

r:-:::1 0 

a:-:::1 160 kNm 

.. .. 
· !. ' '.11··' 

~
. 

' . . . 
t R • . ~' j • • 

r
-.-·~ 
.. .I 

I .• ·:J•. : . ··-
"'' -v"'· T··· ...• . 

Use mouse to zoom. 
Click t o keep enlarged. 

••••• ••••• ••••• ••••• ••••• ..... 

•• •• ••••• ••••• ••••• ••••• ••••• 

•••• •• •• ...... 
••••• ••••• ••••• 

••••• ••••• •• • ::::: ..... 

••••• ••••• ••••• ••••• ••••• ••••• 



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 II Ulat apply. 

I The bending moment is zero at each end of the beam (points A and C) 

r_ The bending moment at point 8 is +120 kNm 

0 The bending moment at point 8 is I- 40 · 21 = - 40 kN m 
2 

0 The bending moment at point D Is 0 kNm 

0 The bending moment at point D Is 180 · 4) = 160 kN m 
2 

0 The bending moment at point D is ( 4·0 · 2) = - 40 kN m 
2 

. . 
.,. , ,II I" I II I 

t· • -~ I 

k 
~l~ 

Old< lO l<eep enlarl:cd. 



A -loecJ prodUCM a sloC>In& lOne In 

1110 ohoat lorc<l ~ and a parabola "' 1t>e 
1:1enc11t11 mome<lt dlaCt1tm Linea ere _, to 

""""but a~ • more difficult Noad 
af ll!tetnllllna to plot ., eocurate parabola, ... 

usually only Med three poonts and then oraw 
a freehand curve tl>rou!P> t1><m. The three 
I)Oints af lt>e diSII1bulld load P&r&bola ere 
usually l<!1t end. nem end end mwmum (0< 

minimum). If 1110 maxtmum does noc occur on 
the parabola, It la not crlbcal to draw It 
ec:c..me~ . 

•• ... 0 

When a region or a beam Is subjected to a uniform~ d1St11buted load. the 
bending moment in that reg,on Is parabohc. It's not ne<:essary to plot an 
accurate parabola but usually three pomts-lelt. right and the maxlmum 
bending moment-are round and plotted on the bend1ng moment diagram. 

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

~ r tUN 
3m 2m lim 11111 

1------1~1··----· ---------------1~~ 

171CN 

e:zsm 

GIVE fEEOBACil CONTINUE > 



Construct a bending moment diagram with a unifonnly distributed load-Example 

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

BM I = 0 

BM2 = 17kNX 3m=51 kN.m 

8M3= 17kNX5m- 12kNX2m=61 kN.m 

When ca lculating the bending moment at point 4, we take into account the entire 

distributed load, which is equivalent to: 

4kN/mX6m = 24kN 

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

Hence: 
BM4 = 17 kN X 11m - 12 kN X 8 m - 24 kN X 3 m 

= 19kN.m 

CIVE FEEDBACK 

2/4 

CONTINUE > 



Construct a bending moment diagram with a unifonnly distributed load-Example 

A much easier way to calculate bending moment at point 4 is to consider the right side: 

BM4 = 19 kN X 1m = 19 kN m (positive because it is sagging). 

Finally t he right end is BMs = 0. 

We know from previous discussion that maximum bending moment must occur where 
shear force= 0 (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: 

BMmax = 17kNX 6.25m- 12kN X 3.25m- (4kN/m X !.25m) X l..2Sm 
2 

= 64.lkN.m 

3/4 

CIVE FEEDBACK CONTINUE > 



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. 

1 1\Hn·~~-·:;;l-2-

J.JH) 

CIVE FEEDBACK 

H--ll' .tkN.'m 



Look at t he shear force and bending moment diagram and correctly sort the 
information below. 

I Drag statements on the right to matcb the left 

The intensity of the distributed load 

The maximum bending mom.ent 

Total area within the shear force 
diagram for entire beam 

The maximum shear force 

The location of maximum bending 

moment 

r:-::1 4 kN/m 

r:-::J 0 

c:-::~ 6.25 m 

r:-::1 64.1 kNm 

c:-::1 19 kN 

f
. . ... -··1 ,;.- -

"" _ -, ... 
I I o.a. • I ..• 

.. 

Use mouse to zoom. 
Click to keep enlarged. 

••••• ••••• ••••• ••••• ••••• ••••• 

...... 
••••• ••••• ••••• ••••• ••••• 

...... 
••••• ...... ..... ...... ••••• 

...... 
•••• ....... 
••••• ••••• ••••• 

••••• ....... ...... ••••• ••••• ••••• 



In which reglon(s) Is this beam In pure hogging? 

Check II that apply. 

:J FromAtoC 

u From A to B m 

CJ From Cto D 

0 From B to C 

0 From A to 4.42 m 

0 From 4.42m to D 

Do you know the answer? 

'" 'I . ,j j•iJ; • 
t.:' . 

.... ~A.' • • 

~ 



In which reglon(s) Is this beam In pure sagging? 

Check II that apply. 

:J FromAtoC 

u From A to B m 

CJ From Cto D 

0 From B to C 

0 From A to 4.42 m 

0 From 4.42m to D 

Do you know the answer? 

'" 'I . ,j j•iJ; • 
t.:' . 

.... ~A.' • • 

~ 



Construct a bending moment diagram with a uniformly distributed load from the shear force diagram-Examplel/4 

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 t he maximum bending moment- are found and plotted 

on the bending moment diagram. 

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

4 kNim 

,. J,. !_. ~·· JJ 
6.25m I 

17 kN 

GIVE FEEOBACII CONTINUE > 



Construct a bending moment diagram with a uniformly distributed load from the shear force diagram-Example2/4 

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

12 kN 

? ' T~ l l 
t7kN 19kN 

SF :0 

CIVE FEEDBACK CONTINUE > 



Construct a bending moment diagram with a uniformly distributed load from the shear force diagram-Example3/4 

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

BMI = 0 

BM2 = 17 kN X 3m = SlkN.m 

8M 3= 17kNX3m + 5kNX2m=6I kN.m 

When calculating the bending moment at point 4, we need the area of the triangle: 

0.5 X 5 kN X 1.25 m = 3.125 kN · m 

So bending moment at point 4 is the total positive area in the shear force diagram 

(above the line): 

BMmax= Slk.Nm + IOkNm + 3.125kNm 

= 64.1 kN.m 

CIVE FEEDBACK CONTINUE > 



Construct a bending moment diagram with a uniformly distributed load from the shear force diagram-Example4/4 

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. 

1 1\Hn·~~-·:;;l-2-

J.JH) 

CIVE FEEDBACK 

H--ll' .tkN.'m 



Look at the diagrams and Identify which statements are true (w = distributed 
load in N/ m). 

Check II that apply. 

:::J The maximum bending moment is w ·
8 

L 
2 

0 The maximum shear force 1s w • L 
2 

0 The total load is w. e, 

0 The entire beam Is In hogging 

0 The beam Is hair 11ogg1ng and half sagging 

Do you know the answer? 

~­

..J l . 

I ,___.. 



Look at the diagram and Identify which statements are true (P = point load in 
N). 

Check II that apply. 

~ The maximum bending moment is P · L 
2 

0 The maximum shear force 1s i.. 
2 

0 The total load is P 

0 The entire beam Is In sagging 

0 The beam Is hair 11ogg1ng and half sagging 

Do you know the answer? 

. i .,. 
.l 

\ . 
h-..; 



I I .- !-... - lil .._ - •- ·r-
1 t:~\1 4 ~1"1 .,D 

.. 

.... 

Using the shear force diagram to construct the bending moment diagram, correctly match the following information. 

I Drag statements on tbe right to match the left. 

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

Area in shear force diagram from 12 kN force to 
start of distributed load 

Area in shear force diagram from start of distributed 
load to 6.25 m mark 

Total area in shear force diagram from left end to 
6.25 m point 

Total area in shear force diagram for whole beam 

0.5 X 5 kN X 1.25 m = 3.125 kNm 

t:-a:J 5 kN x2 m = 10 kNm 

c-:::1 64.125 kNm 

17 kN x 3m= 51 kNm 

t:~ 0 

;:::. ..... 
~···· ...... 
•••• 

..... 
~:::. ..... 
••••• ••••• 

...... ...... ••••• ••••• ..... 
··~~·· 

~···· ...... 
••••• ••••• ....... 
•••• 

••••• ••••• ••••• ...... 
••••• • ••• 



In which reglon(s) Is this beam In pure sagging? 

=:J From left end to 12 kN force 

[_j From 12 kN force to 6.25 m 

[] From 6.25 m to right end 

0 No sagging in this beam 

0 Whole beam Is sagging 

Check I that apply. 

Do you know the answer? 

I KNOW IT 'f'HI Nt< SO UNSURE NO IDEA 




