Introduction to deflection of beams due to bending 1/3
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Eveary object can band to some axtent and aven the
smallast load will produce a correspondingly small
deflection. For example, 8 person standing cna
bridge will cawse the bridge to sag just a tiny bit
marg, Caloulating the deflection caused by banding
loads s complex so we will use a pre-calculated
formula for each type of loading.
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Introduction to deflection of beams due to bending

2/3

When a beam is under a bending load it will deflect. Even under its own weight

a beam will bend some amount.

When a beam deflects downwards it is called sagging and an upwards bow is

called hogging.
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Introduction to deflection of beams due to bending 3/3

But calculating the amount of deflection in bending is not as easy as it sounds. This is
because the beam does not necessarily bend in a simple geometric shape, e.g. a circular
arc.

To solve bending deflection problems we will find the pre-calculated formula for each type
of question, sometimes combining more than one formula to solve the problem. A much
greater range of problems can be solved by combining formulas. This is called
superposition.

Beam-bending tables are commonly used by engineers to solve these problems. The skill
is in finding the right formula and ensuring the numbers are correctly converted to the
appropriate units.
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Rigidity under load in the analysis of bending stresses of beams

Thare are two maln wiys an engneser determines [he

suiphility of & component: it must ped : .
0 G ST A S R in the previous chapter, our focus was on bending
ther words, il must be st and strong enough 16 do stresses because of their obvious importance in the
the job. In this chapter we are frvestizsting the design of beams and beam-like machine parts.

deflaction causad by bending, which is the most
pommon typd of expessive deflection.

O

However, It can be Just as important to make sure the
beam is not too flexible under load.

m

Examples of excess flexibility:

1. A plastered celling cracking if the joists supporting it are too flexible (the
beam is the ceiling joist)

2. Damaging vibrations developing in rotating machinery If a shaft exhibits
excessive flexibility under transverse loads (the beam is the shaft)

3. Machinery with a long cutter that lacks stiffness, causing ‘chatter’ or
vibration of the tool, leaving a poor finish on the part (the beam is the
milling cutter)
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Which of the following can occur when a beam has sufficient strength but inadequate stiffness?

Check all that apply.
Excessive vibration
Excessive flexibility
Permanent bending
Cracking

Breaking

U

Excessive movement

Do you know the answer?




Identify whether the following problems are mostly an issue of either excessive beam stress or
deflection.

Click on an item to send it to the back of the stack.

A lever breaking when overloaded

Excessive beam deflection Excessive beam stress




Which of the following problems are mostly due to excessive beam stress?

Check all that apply.
Permanent bending
Cracking
Excessive vibration

Excessive flexibility

ajeaiaima

Breaking

Do you know the answer?




Measures that can be used to describe the extent of deformation of a beam 1/2

Banding deflection can b measiered in o ways. As

A radius of the curvature, wheare a amaller radius E"u'El'}' ClbjEﬂt has a certain stiffness. This means there will be deflection
means greater deflection, or ags a vertical deflection, . .
where a larger number means a greater deflection. wnﬂnever the PR Iﬂﬂd applled.
O = . , : ] y
This means a person walking on a bridge will bend the bridge and cause

deflection albeit very minimal.

There are two measures that can be used to describe the extent of
deformation suffered by a beam subjected to bending.



Measures that can be wsed to describe the extent of deformation of a heam 2/2

The first is the radius of curvature, R of the beam's neutral axis, originally straight but
distorted into a curve by the applied loads (image a). The second, and perhaps more

useful, is the amount of deflection, y of the neutral axis from its original position in the
unloaded beam (image b).

a) Radius of b) Deflection (y) of a beam
curvature (R)

In this chapter we are going to use some beam-deflection formulas to determine
deflection. This is how engineers solve beam deflection in practical design work.
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Select two ways to measure the deformation of a beam under bending.

Check all that apply.

Radius of curvature, R
Deflection, y
Second moment of area, I

Height of centroid, y .

AjAIAIAIA

Distance from centroid to neutral plane, d

Do you know the answer?




Which of the following will cause deflection of a beam? (The beam is written in bold.)

Check all that apply.
Heavy load lifted by a gantry crane
A person standing on a bridge

A train going across the Sydney Harbour Bridge

LI LI

An archer drawing a bow with an arrow

Do you know the answer?




Radius of curvirtione s ransly constan slong the
whobs hoam. ¥ # wee the beam sould be bent imo a
Circular mrc. Mot Doams have 8 varation of rsdius
QT Thol kengi.

a0 |

The radius of carvature

When a beam is subjected to
bending its shape Is distorted into a
curve. The radius of curvature, R is
not necessarily constant along the
beam but is related to the
magnitude of the bending moment
along the beam.

Note that the radius of curvature is ( gt

the inverse measure of distortion in
bending, i.e. smaller radius > tighter
bending > more distortion,

For the undistorted (straight) beam
the radius is infinite.
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Radius of curvature of a beam Is circular
when the bending moment is constant



A beam without load has |(please seiéct}. distortion and the radius of curvature is
(please select) [¥).

Submit

Do you know the answer?

I KNOW IT THINK SO m NO IDEA




For a beam under bending, a smaller radius of curvature means the beam has
(please selact}. distortion and a |(please Selact}. bending moment.

Submit

Do you know the answer?

| KNOW IT THINK SO m NO IDEA




Formula calculating the radivs of curvature of a beam

The radius of curvature becomes smaller as The equation for radius of curvature

the bending moment increases. The radius of of a beam is:
curvature becomes larger as the modulus and
second moment of area are increased.

THR S

1]

-
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where:

R is the radius of curvature (mm)
M is the bending moment (Mmm)
E is Young's modulus (MPa)

) ) 4 Radius of curvature is measured to the
I is the moment of inertia [mm } neutral p|ar|a
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Match alternative names for the following concepts:

¥ Drag statements on the right to match the left.

-----

Second moment of area = Moment of inertia

Modulus of elasticity =a  Young's modulus

Centre of area =a  Centroid

Neutral axis =a  Neutral plane

Bending =2 Flexure
Do you know the answer?




Match the units to their definitions:

| pe]
-1

 Drag statements on the right to match the left.
Radius of curvature 2 mm
Bending moment oo  Nmm
Young's modulus oa  MPa
Moment of inertia o0 mm*

Do you know the answer?

i
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Match the variables to their definitions:

| g =B |
-0

§ Drag statements on the right to match the left.
Radius of curvature o R B
Bending moment oo M i
Young's modulus oa F i
Moment of inertia sa | B

Do you know the answer?




Calculate the radius of curvature of a heam under pure bending [steell|—Example 1/2

Example
Determine the radius of curvature at the point of maximum bending moment for the
beam shown below. Use steel, E = 200,000 MPa:

54 kN
_ R -
y T & 27 m+ - - 42? kN
L - . 2 M « M
N P § |<——-
.. R 67.5 kN.m
mm
0 _mﬂmmm 0
BM diagram
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Calculate the radius of curvature of a heam under pure bending [steell|—Example 2/2

Solution
El
=
_ 200,000 MPa x 225 X 105 mm *
) 67.5X 105 N. mm
= 666,700 mm
SR = 6667 m

As expected the radius is very large because under moderate conditions of loading, the
curvature produced in a solid beam is relatively small—too small to see by eye.



54 kN
* Determine the radius of curvature at the point of
- [ maximum bending moment. Use steel,
y I E 27 mf - I - ’2? kl Modulus = 200,000 MPa:
ala ok ~o M -~ M
P e
§ R = E.
VB M
= 8 67.5 kN.m Which equation will determine radius of
mm
[H]]H]I curvature correctly?
0 0
BM diagram
Click the correct answer.
200,000 MPa X 67.5 X 10 Nmm
225X 10> mm*

67.5X 103 Nmm X 225 X 10 mm*
200,000 MPa

200,000 MPa X 225 X 10 mm*
67.5X 10°N mm

67.5X 103N mm
200,000 MPa X 225 X 106 mm*
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Determine the radius of curvature (in metres) at the point of
maximum bending moment for this beam that has a second
moment of area of 125 (x 10°) mm*. Use steel, E = 200,000
MPa. Length is 8 m and load is 45 k.

(Include units, Use one decimal place.)

o

.

l i

][] | ] 2] v —
e |

0% v] < o] 7| m]v]

Click and type your answer here

B ud

SuBaMIT SHOW ANSWER

INSTRUCTIONS

* Nointermediate steps are required

« |f 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®.

L



Calculate the radius of curvature of a heam under pure bending (concrete]—Example 1/2

Example
Determine the radius of curvature at the point of maximum bending moment for the
beam shown below. Use concrete, E = 23,000 MPa.

I - 196 % 108 mm? KN  3gm 2
. r [’f
]

8 L 5
- Y/

neutral plane

.
-
E
B
&

Cross-section

49 KN.m
BM diagram
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Calculate the radius of curvature of a heam under pure bending (concrete]—Example 2/2

Solution
EI
R=%
_ 23,000 MPa X 196 X 10% mm *
49 X 106 N. mm
= 92,000 mm
SR =92m

This radius is still very large but even concrete can be bent without cracking where the
bending is very slight.



Determine the radius of curvature (in metres) at the point of maximum bending moment for INSTRUCTIONS

this beam that has a second moment of area of 196 (x 10° mm". Use concrete, E = 23,000 . . '
MPa. Length is 5 m and load is 13 kN. No intermediate steps are required

* [f you choose to show steps, write one on

(Include units. Use one decimal place.) G::h - be
F= 100, % %0 et *  Write your final answer on the last line.
| gfe *  The computer will check all your work in
P - i - detail when you click *Submit”.
- I. . neutral plane
& E Hint Each hint will reduce the credh received for |
| 'ﬁ
|

A - B Cross-section

+--+ED17D
| =) +) &) o] o) S

o] 2|+ x) m]selv] “)@ " u

Click and type your answer here

CHALLENGE m SHOW ANSWER s



Factors that cause deflection in beams

Beams are components that endure bending loads.
All beams deflect under load. This deflection is dependent on four factors:

* Bending moment, M : An increase in M will increase deflection

* Second moment of area, [ : An increase in I will decrease deflection
* Length of beam, L: An increase in L will increase deflection

* Modulus, E: An increase in E will decrease deflection
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The amount of deflection of a beam under load is dependent on four factors.

Match the increase of each factor with its effect on the amount of beam deflection.

,' Drag each item into appropriate category.
Click on an item to send it to the back of the stack.

Increase in E modulus of elasticity .

Increase deflection Decrease deflection




Groups of beams classified for examining deflection of beams 1/2

Becauise & Beasm dhoss ot nommally bend i & Various mathematical methods have been used to solve the maximum
periectly crrutar arc. @ i not sasy to CRICUSTE the deflection of cerntain arrangments of beam bending.

defiection. This is normally done using calouius, &

formiilas fof seven common beam loadings in all cases, deflection Is found to be inversely proportional to the radius of
" O = curvature where M s dependent on the loads and the length of the beam.

Deflection y &+

This means M can vary along the length of the beam. The beam rarely bends
in @ circular arc but usually in a complicated mathematical curve, This makes
deflection (y ! quite complex to evaluate, requiring calculus or computer
analysis.

Instead of attempting this. we will use solved beam examples which can be
viewed here: Beam deflection formulas.

GIVE FEEDBACK CONTINUE =



Groups of heams classified for examining deflection of beams 2/2

In this chapter we examine deflection of beams in the following three groups:

1. Cantilever beams carrying concentrated loads or full-length uniformly distributed loads

2. Simply supported beams with symmetrically located concentrated loads or full-length
uniformly distributed |loads
3. Simply supported beams with one non-symmetrically located concentrated load

< BACK GIVE FEEDBACK “



Which of the following statements are true regarding bending moment, radius of curvature and
deflection?

Check 2l that apply.

The radius of curvature varies as bending moment varies along the entire beam

L) |

The radius of curvature at a point in the beam is inversely proportional to bending
moment at that point

| The deflection at a point in the beam is proportional to the bending moment at that
point

| Radius of curvature is always constant along the entire length of the beam regardless
of the loading

|| Anelastic beam that bends in a circular arc is under a constant bending moment
throughout

Do you know the answer?




The deflection formulas for the seven types of loaded heams 1/2

Case | Beam and load Maximum deflection Occurance
1 free end
2 free end
3 free end
i !
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The deflection formulas for the seven types of loaded beams 1/2

3 F=wl

| el free end
[T
4 midspan
o mid-span
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The deflection formulas for the seven types of loaded beams 1/2
= 24 I
6 mid-span
7 , - Fab(a +2b)y3a(a+q _ ya(a +2b)
27 EIL 3
(where a > b)
oo >



The deflection formulas for the seven types of loaded heams 2/2

MNote: To obtain deflection in mm we must use the following units:

Fin (N), E in(MPa), I in {mmd}, and L, a and b must be in (mm).

This is a summary of the seven most common beam-deflection formulas. In practice a
surprisingly large number of beam-deflection problems encountered by engineers can be

solved by the use of these seven formulas.

Additional formulas, which cover more complex cases of irregular loading or a different
arrangement of beam supports, can be found in various engineering handbooks.
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~ 3EI

Fl y = FL 3
E|
I

L

Doubling the length of the beam will increase the deflection by times.

Click the correct answer.

16

Do you know the answer?




I"—%Al Ty
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Doubling the length of this beam will increase the deflection by times.

Click the correct answer.

16

Do you know the answer?




LI - o
A " :
(E) ————+ p | L |
Select all beams where maximum deflection is mid-span.

Click to highlight.

A,B,C,D,EF,G

Do you know the answer?




Li ] -— >
£ y :
€ b (F) I L |
Select all uniformly loaded beams.
Click to highlight.

A,B,C,D,EF,G

Do you know the answer?




A " :
(E) ————+ p | L |

Select all hogging beams.

Click to highlight.

A,B,C,D,EF,G

Do you know the answer?
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Interpreting this beam deflection formula:

¥ Drag each item into appropriate category.
Click on an item to send it to the back of the stack.

Length is increased '

Deflection decreases when Deflection increases when




Fanl
whit L

(D)

(G)

Which of the beam examples could be used to calculate deflection of the milling cutter shown?
(Assume the milling cutter is machining on the side of the cutter, near the tip.)

Click to highlight.

A,B,C,D,EFG

Do you know the answer?




Where the maximum deflection accurs in a cantilever beam

) _ Cantilever beams are represented in Beam deflection formulas by the loading
A-cantilever baam will 'diwﬂﬁ have tha maximum v :
deflaction at the end furthest from the wall, diagrams and formulas in cases 1, 2 and 3.

b\ T N &) =

With vertical downward loads, deflection will always be downwards and
maximum at the free end of a cantilever beam.
Following inversely to the bending moment, the radius of curvature is tightest

at the wall and increases to infinity at the end of the beam where bending
moment is Zero.

If force F was upwards, the deflection would also be upwards.
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Which of the following statements interpret this beam?

I - 196 % 10°mm* WEN  35m
") r E/
1

) 8l¢ v
neutral plane E
E | Y— 0
LT
Cross-section
48 kN.m
BM diagram
Check 2!l that apply.

| Bending moment is zero where the 14 kN is applied
| The smallest radius of curvature occurs at the wall
|| The bending moment is negative which means the beam is in hogging

| | The highest stress Is In the top of the beam

Do you know the answer?




Why is the radius infinite at the end of the beam?

Click the correct answer.
Bending moment is zero
Shear force is zero
Deflection is zero
Radius of curvature Is zero
Do you know the answer?




Deflection at free end of cantilever beam with concentrated load at free end—Example 1/3

Example
A steel rod (E = 200,000 MPa), 1.5 m long and 50 mm in diameter, is loaded with a single

concentrated load of 270 N at its free end as shown below. Calculate the maximum
deflection due to the applied load. The weight of the rod itself may be neglected.

270N

1.5m

NANANN
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Deflection at free end of cantilever beam with concentrated load at free end—Example 2/3

Solution

Here we have:
F =270N
L = 1,500 mm
E = 200,000 MPa

and:
_nDh+4
64
m X 501
04
306.8 X 103 mm*
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Deflection at free end of cantilever beam with concentrated load at free end—Example 3/3

Substitute into the formula for the maximum deflection of a cantilever beam with a
concentrated load at the free end (Case 1 in Beam deflection formulas):

3EI

270 % 1,5003
3 % 200,000 % 306.8 X 103
= 495 mm

This is the amount of downward deflection of the free end of the rod.



' |
A steel rod (E = 200000 MPa), 1.5 m long and 45 mm In : — INSTRUCTIONS
diameter, is loaded with a single concentrated load of 270 N

= No intermediate steps are required

E:r-fﬁ:]mhlham*cimlpmmﬂﬂﬂwﬂ «  Write your final answer on the last line.

»  The computer will check all your work in detail when you click *Submit®.

T




Match the values for each variable in the equation for maximum deflection, y.
_ F.L°
3.E.I
Use steel, modulus 200 GPa and a beam second moment of area 307 (x 103) mm?®.

) Drag statements on the right to match the left.

F ca 307,000
L oo 270
E ca 200,000

-----

lllll
iiiii
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Which equation correctly determines the maximum deflection (y)?
Use steel, modulus 200 GPa and beam second moment of area 307 (x 10%) mm”,

7 270N
_ !
7 1.5m

= -'-I

Click the correct answer.

270 - 1,500
3 - 200,000 - 307,000

270+ 1,52
3+ 200,000 - 307,000

270 - 1,53
3 ..200 - 307,000

270 - 1,53
3.200 - 307




Maximum deflection of cantilever beam with concentrated load at distance from fixed support—Example 1/2

Example
If the steel rod below (E = 200,000 MPa, L = 1,500 mm and I = 306.8 X 10° mm *) carries

a single load of 740 N located 0.85 m from the support, what is the maximum deflection?
Ignore the weight of the rod.

740N

0.85 m

A
Y

i5m

NANTNNN
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Maximum deflection of cantilever beam with concentrated load at distance from fixed support—Example 2/2

Solution

Substitute into the formula for the maximum deflection of a cantilever beam with a

concentrated load located at a specified distance (a = 850 mm) from the fixed support
(Case 2 in Beam deflection formulas):

Fa2i3L -a)
6 EI
740 X 8502 X {3 X 1,500 - 850}
6 % 200,000 X 306.8 X 103

5.3 mm

This is the amount of maximum deflection of the rod which occurs at its free end.



A steel rod (E = 200000 MPa), 1.5 m long and 45 mm in INSTRUCTIONS

diameter, Is loaded with a single concentrated load of 1750 N
at 0.5 m from the wall, The previously calculated | = 201289

F

mm". Calculate the maximum deflection in mm. Write your final answer on the last line.

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

T T ———

MNo intermediate steps are requined
I you choose to show steps, write one on each line.

- - L] L ]

[t

Click and type your answer here

SUBMIT SHIOW ANSWER




Match the values for each variable in the equation for maximum deflection y.
F.a*3L -a)
6-E-1
Use aluminium, modulus 70 GPa and a beam second moment of area 307 (X 103) mm®,

y:.

740N

|

NANTNNN

- 08Em |
< 1.5m -
W Drag statements on the right to match the left.
F =a 307,000
a = 740 e
L o 850
E =a 1500

ttttt

| za 70,000



Match the units for each variable in the equation for maximum deflection, .
F-a*3L -a)
6-E-1I
Use aluminium, modulus 70 GPa and a beam second moment of area 307 (x 103) mm?®.

7 M

—h

y =

i 0.856m ._I

- 15m s

W Drag statements on the right to match the left.

i oo
mm oo L
N bElE
MPa va

ﬂﬂﬂﬂﬂ
lllll



Find maximum deflection of cantilever beam with uniformly distributed load over its entire length—Example 1/3

Example
What is the deflection of the 50mm diameter steel rod with a length of 1.5m?

Assume E = 200,000 MPa and I = 306.8 X 107 mm *.
Hint: The beam is under its own WEight but without any other loads. Assume dE."I"ISit}I' of

steel is 7,800 kg/m *.
F-

T

L
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Find maximum deflection of cantilever beam with uniformly distributed load over its entire length—Example 1/3

Example

What is the deflection of the 50mm diameter steel rod with a length of 1.5m?

Assume E = 200,000 MPa and I = 306.8 X 103 mm *.

Hint: The beam is under its own weight but without any other loads. Assume density of
steel is 7,800 kg/m °.

F=wl

I

L

Solution
Calculate the weight of the rod:
Fw=mg
=2
_ % X 1.5 X 7,800 X 9.81
= 2254 N

< BACK GIVE FEEDBACK CONTINUE >



Find maximum deflection of cantilever beam with uniformly distributed load over its entire length—Example 2/3

For a rod of constant diameter, the weight is distributed uniformly along its length L. (The

equivalent intensity of load distribution in this case is w = 225.4 N per 1.5 m, which is
150 N/m) Therefore we have an example of a cantilever beam with a uniformly distributed
load over its entire length (Case 3 in Beam deflection formulas):

7

L
gmammagﬂm
é i 1.5m -

m GIVE FEEDBACK CONTINUE >



Find maximum deflection of cantilever beam with uniformly distributed load over its entire length—Example 3/3

However, the formula for deflection uses the total weight F,, = 225 N, not the distributed
weight F = 150 N/m.

Choose the appropriate formula and substitute:

FL3
8 EI
225.4 X 1,500
8 X 200,000 X 306.8 X 107
= 1.55 mm

}.l':

This is the amount of deflection at the free end of the rod caused by its own weight.

< BACK GIVE FEEDBACK “



AN
E;

i 1.5m A 3

Maximum deflection y = FL_
8El

This beam has a second moment of area of 307 x 10° mm”*.

The deflection of this steel beam will be calculated in mm using the formula above if
we use numerical values as follows:

Fis [(please select) ¥, L is (please select)[¥,

Eis (please select) [ and I is (please select) ().

Submit

Do you know the answer?




Match the values for each variable in the equation for maximum deflection, y.
F-L3

Use steel, modulus 200 GPa and a beam second moment of area 307 (X 103) mm".

weight of beam
w= 150 N/m

y
A* 1.5m -

W Drag statements on the right to match the left.
F oo F=150/1000%1.5%1000
L oo 307 x 1000
£ oo 1.5x 1000

lllll
iiiii

iiiii

[ o 200 x 1000

lllll



F=wL

Al T

L

Asteel rod (E = 200,000 MPa, L=25m, 0= 45 mmand |
t=201289 mm“} is loaded by its own weight, without any
' other loads. Assume density of steel is 7800 kg/m". The
| calculated weight of this rod is 304.2 N.

Calculate the maximum deflection.
(Include units. Use two decimal places.)

A= ] ] B ey e

Hm J | | T Dxlﬂl:lJn_u# "IF-;I
rofe] o]

Click and type your answer here

cHALENGE

INSTRUCTIONS

Mo intermediate steps are required

If you chooze 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".

Hint Each hirt will reduce the credit recaivid for this question



The principle of seperposition 1/2

Sena uealions ol act st & dafisciion coes it Previously we combined two separate loadings by simply adding their stresses
oo formiuls sheet but we may be abis to combine together.

frvernl formulas to match the Question. Adding the

fores. Wogether will piso acd the deflections togethor,

This s calind the principle of superposition.

“r 0O

¥

i

Neutral
= Axin

- e Centrotd
-
—

Pure tension + pure bending = tension bending

This is known as the principle of superposition.

The resultant effect of several loads acting on a beam is the sum of the
contributions from each of the loads applied individually.

GIVE FEEDBACK CONTINUE =



The principle of superposition 2/2

We can do the same with deflections provided the beam remains elastic. The deflections
at the same point on the beam may be computed separately and then added together.

This allows us to combine multiple cases in the Beam deflection formulas, making sure
we calculate deflection at the same point. For cantilevers (Cases 1, 2, 3) this is the end
of the beam. For simply supported beams (Cases 4, 5, 6) it is the middle.

Note: Case 7 has a special location for maximum deflection, so it is the odd one out and
cannot be combined with Cases 4, 5 and 6.

< BACK GIVE FEEDBACK “



We want to use the principle of superposition to solve a complex beam-bending problem.
For each separate deflection calculation, which of the following requirements are compulsory?

Check all that apply.
Beams must be the same material
Loads on each beam must be the same
Length of each beam must be the same
Beams must have the same cross-section
Deflection must be measured at the same point in the beam

Deflections of each beam must be the same

L0

Do you know the answer?




b)

Match each diagram to the correct equation for maximum deflsction,
Refer to the Beam deflection formulas.

& Drag statements oa the right to match the left

a) ea r-%ﬁ- £
b - ’.Fﬂ; =-a) g
L] oa r--ﬁ'— g
9 - =
) oa ?"—“";}—’E“'—ﬁ i
n sa y =i i
B - rnr.ni{u-zw il
Do you know the answer?




We can combine two separate loadings by adding their stresses together.

This is known as the principle of ;
Click the correct answer.
superposition
moments
equilibrium
bending
Do you know the answer?




Calculate deflection at free end of cantilever beam with combined load—Example 1/4

The principle of superposition works in this Exam ple
case because each of the previous questions Find the maximum deflection of the steel rod (E = 200,000 MPa, 1.5 m long
have maximum deflection at the same and 50 mm in diameter) with two concentrated loads acting on the rod,

location—the free end of the beam.

l'.-o

including the weight of the beam Itself (150 N/m):

1]

Finding second moment of area (/)
nD4
6
7% 504
64

3068 % 105 mm*

GIVE FEEDBACK CONTINUE >



Calculate deflection at free end of cantilever heam with combined load—Example 2/4

Solution
By superposition of three cases for bending of a cantilever;
FJ"] = i 2 270K
3EI
. 270 % 1,5003 /// ]
3% 200,000 X 306.8 X 103 7 ; i5m 2
= 4.95 mm /
Fa23L - g’ o
ya = é’,f;'} % Nilnl
740 X 8502 X {3 X 1,500 - 850 x
~ 76X 200,000 X 306.8 X 103 %..%| ‘
= 53 mm - -

< BACK GIVE FEEDBACK CONTINUE >



Calculate deflection at free end of cantilever heam with combined load—Example

3/4

Determine the weight of the beam (F ),
then use equation for distributed load
on a cantilever.

Fw=mg

4
2254N

1t X 0.052

X 1.5 X 7,800 X 9.81

 FL3
V3= o

2254 X 1,5003
8 X 200,000 X 306.8 X 103

1.55 mm

[

waignt of beam
w= 150 KWim

>
2.

1.5m

< BACK GIVE FEEDBACK

CONTINUE >



Calculate deflection at free end of cantilever heam with combined load—Example

This total downward deflection of the free end of the rod is the sum of the separate

loads:

Deflection due to 270 N load: y, = 495 mm
Deflection due to 740 N load: y; = 5.3 mm

Deflection due to own weight: y; = 1.55 mm

Therefore the deflection of the free end of the rod under combined loading conditions,
including its own weight, is found by summation of the individual results:

y =495+ 53 + 155
11.8 mm

< BACK GIVE FEEDBACK “

4/4



Copynght © MeGoaw-Hill Education, Permission required for reproduction o display.
3 kN 2 kN 5 kN 2kN

03m  03m ' 03m ' O4m
Can the maximum deflection for this beam be solved using the deflection formulas? Why or why
not?

Click the correct answer.
Yes, by combining Case 1 and Case 2
No, the formulas only work if the forces are downward

Yes, since the forces are evenly spaced they can be treated as a distributed load

No, there are more than three forces

Do you know the answer?




A steel rod (E = 200,000 MPa, L=2.5m, D =50 mmand | = INSTRUCTIONS

306796 mm"“) weighs 375.6 N. The deflection at the end of «  No intermediate steps are required
the beam is 12 mm due to the beam weight, and 23.3 mm «  If you choose to show steps, write one on each line.

| Calculate the total deflection at the end of the beam.
(Include units. Use two decimal places.)

. mmﬂmwmmmmmmdm-ﬂmr.

T

7 Q

(£)

E
| +| __l;;;-:- | E[El_'] Jﬁlm f

icfr) S o] Jmamrcef o) o g S

Click and type your answar here




If you were being asked to determine the maximum defiection of this cantilever beam shown below;

F=wl.




Thesé simply suppordoed beams all kave masdmum
deflaction st mid-span. Since these mid-span
locataons match, they can be combined with each

other using superposition,

a» O

i

Where maximum deflection occurs in a symmetrically loaded, simply supported beam

Simply supported beams with symmetrical loading are represented in the
Beam deflection formulas by the loading diagrams and formulas in Cases 4, 5

and 6:

4 b i FL?3 mid-span
t_'__ﬁj a8 E
-, ’
| L {
5 F : » Faidl?-4a? mid-span
I'T“j = 24 El
¥ ‘ -
1 v |
(5] | wl a SFL3 mjﬁspan
TR 384 EI
= rame
L L r}

With vertical downward loads, deflection is always downwards and maximum
deflection is at the mid-span.

GIVE FEEDBACK









Calculate deflection at midspan of symmetrically loaded, simply supported beam with concentyatgd
load—Example

Here Is a dellection calouwlation for a simply supportad EKB,ITINE
beam, For these baams the maximum defiection is
mid-gpan, six metres from the end.

0 A steel structural beam (E = 200,000 MPa,T = 554 X 10 mm*} is 12 m long
(LR 2

between simple supports at each end and carries a concentrated load of 40
kN at its mid-span point, as shown below. Calculate the deflection due to this
load,

40 kN

6m 6m

12m

GIVE FEEDBACK CONTINUE >



Calculate deflection at midspan of symmetrically loaded, simply supported beam with concentrated load—Exampl@/3

Solution

Here we have:

40,000 N
= 12,000 mm
200,000 MPa

554 X 105 mm*

e s B s B
|

< BACK GIVE FEEDBACK m



Calculate deflection at midspan of symmetrically loaded, simply supported beam with concentrated load—Exampl&/3

Substitute into the formula for the maximum deflection of a simply supported beam with a
concentrated load at the mid-span (Case 4 Beam deflection formulas):

FL3
T 18Il
40,000 X 12,0003
48 X 200,000 X 554 X 106
13 mm

This is the maximum deflection at the mid-point.



Match the values for each variable in the equation for maximum deflection y.

yim F-L?
48 - E - I
Use steel, modulus 200 GPa and a beam second moment of area 554 (x 105) mm”.
w‘kN

- 6m h‘d m =
12 m

W Drag statements on the right to match the left.

lllll
iiiii

F =a 12000
: 2 40000
t =a 554 000 000

ttttt
11111

| ca 200 000 FEEE



Which equation correctly determines the maximum deflection y?
Use steel, modulus 200 GPa and beam second moment of area 554 (x 106) mm®*,

wlm
/S 0
. 6 m *‘ - 6 m -
12m o
Click the correct answer.
40,000 - 12,000°

48 - 200,000 - 554,000,000

yo_ 40128
48 - 200 - 554

= 40 - 12°
48 - 200 - 554,000,000

y

) - 40,000 - 122
48 - 200,000 - 554,000,000




| Asimply supported steel beam (1 = 554 x 10° mm*, £ = 200 INSTRUCTIONS

' GPa) is 12 m long and carries a concentrated load of 40 kN at «  You must show intermediate steps for full credit, one on each line.
mmn.mmmmumhm. «  Write your final answer on the last line.
{Include units. Use minimum 2 decimal places) = The computer will check all your work in detail when you click
F *Submit®.
—t [ h R ERe—

=
i

v Hluxlﬂﬂ|mm.* ::l I

o

:
E
t|v] 2| o] v& o7
<
Ll

Click and type your answer here. Show your work.

SUBMIT SHOW ANSWER




Calculate deflection at mid-span of symmetrically loaded, simply supported beam with two concentrated loads—q /5
Example

Example
If a steel beam (E = 200,000 MPa, L. = 12,000 mm, and I = 554 X 10°% mm ) carries two

symmetrically located concentrated loads of 30 kN each, located 2.5 m from the supports
as shown below, what is the maximum deflection due to this loading?

30 kN 30 kN
| 1
&2.5m Eﬁmo
- -
- 12m -~

GIVE FEEDBACK CONTINUE >



Calculate deflection at mid-span of symmetrically loaded, simply supported beam with two concentrated loads— ;9
Example

Solution

Substitute into the equation for Case 5 (two symmetrical concentrated loads, see
Beam deflection formulas):

_Fai3L?-4a?
24 ET
30,000 x 2,500 X {3 12,0002 — 4 X 2,50032]
24 % 200,000 X 554 X 10°©

= 11.5mm

This is the maximum deflection, which occurs at mid-span.



A simply supported steel beam (/ = 554 x 10° mm*Y)is 12 m long and carries two symmetrically
located, concentrated loads of 30 kN at 2.5 m from each end.

SOIkN S(TN
&2.5 m 1I 25m o
- - -
i 12m -
. . . Fa(3L? - 4a? . * ,
Using the equation for maximum deflection y = , Which of the following equations is
24 EI

numerically correct for determining deflection y in mm?

Click the correct answer.

30,000 - 2,500(3 - 12,0002 - 4 - 2,500%)
24 - 200%10° - 554 x 10°

i 30,000 - 2,500(3 - 12,0002 - 4 - 2,5002)
24 - 200x10° - 554 % 10°

30 -2,500(3 - 12,000% - 4 - 2,500%)
24 - 200,000 - 554 x 10°

30,000 - 2.5(3 - 122 - 4 - 2.5%)
24 - 200,000 - 554 % 10°

y

_ 30,000 - 2,500(3 - 12,0002 - 4 - 2,500%)
24 - 200%x10° - 554 x 10°




i INSTRUCTIONS
A simply supported steel beam (I = 554 x 10° mm* and E = — .

1200 GPa) is 12 m long and carries two symmetrically located » No intermediate steps are required

concentrated loads of 40 kN at 3 mm from each end. Caiculate = If you choose to show steps, write one on each line.
maximum deflection in mm. +  Write your final answer on the last line.

(Include units. Use two decimal places.) = The computer will check all your work in detail when you click

*Submit”.

T R ————

Click and type your answer here




A simply supported steel beam (I = 554 x 10° mm®) is 12 m long and carries two symmetrically
located, concentrated loads of 30 kN at 2.5 m from each end.

30 kN EI.TN
Az.s m | 25m O
B - -
== 12m -~
Fa(3L? -4a? .
Using the equation for maximum deflection y = , which of the following variables are
24EIl

numerically correct for determining deflection y in mm?

Check all that apply, and then click "Submit answer(s)".
a=25
E =200 000
L=12

L] O U

F =30 000

| =554 x 10°




Calculate deflection at mid-span of symmetrically loaded, simply supported beam with uniformly distributed load— ;5
Example

Example
If a simply supported steel beam (E = 200,000 MPa, L. = 12,000 mm and

I = 554 X 105 mm*) was used to carry a uniformly distributed load of 8 kN/m over its
entire length (below), what would be the mid-span deflection?

w= 8 kN/m
< 12m -

GIVE FEEDBACK CONTINUE >



Calculate deflection at mid-span of symmetrically loaded, simply supported beam with uniformly distributed load— ;5
Example

Solution
If the load intensity is w = 8 kN/m, then the total load on the beam is:

f =8kN/mX12m
= 96 kN
= 96,000 N

Substitute into the equation for Case 6 (Beam deflection formulas):

5FL3
384 F1
5% 96,000 X 12,0003
384 X% 200,000 % 554 X 106
= 19.5mm

%,

Here again, this is the maximum deflection, which occurs at mid-span.



Match the values for each variable in the equation for maximum deflection y (in mm).
Use aluminium, modulus 70 GPa and a beam second moment of area 307 (x 10°%) mm®.

740N

|

-

15m
e KR _F.a*3L-a)

0.85m

NANINNN

6-E-1I

W Drag statements on the right to match the left.

890 oa F
=00 =a E
740 oo a
70000 Ea L

IIIII

307 000 ca |



Match the units for each variable in the equation for maximum deflection y:

Use aluminium, modulus 70 GPa and a beam second moment of area 307 (x 10°) mm®.

F-a*3L -a)
y:
6-E-1I
’7 740N
7. | |
X 3
4‘ 15m >

3

m

mm

=

MPa

mm#4

y§ Drag statements on the right to match the left.

I



' Asimply supported steel beam (/ = 554 x 10® mm®) carries a
distributed load of 7.5 kN/m for the entire length of the 12 m
beam. Calculate the maximum deflection In mm.

{Include units. Use two decimal places.)
F=icl.

—

Click and type your answer here

sSUBMN SHOW ANSWER

INSTRUCTIONS

No intermediate steps are required

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 et will rochucs U credil roceived fof this guessEon




Caleulate deflection at mid-span of symmetrically loaded, simply supported beam with thrae 3
concentrated loads—Example

Thaa principie of superpositbon warks in this cass. The Exam p le
preceding qguestions have mazimum deflection at the
same location—the middle of the beam.

WO

Determine the maximum deflection for a simply supported steel beam
(E = 200,000 MPa, L = 12,000 mm and I = 554 X 10%mm *) that carries three

symmetrical loads as shown below.

30 kN 0.0 30 kN
R B R
F (@
25m 35m 35m 256m
- - . | o = R
12m

GIVE FEEDBACK CONTINUE >



Calculate deflection at mid-span of symmetrically loaded, simply supported beam with three concentrated loads—s /5
Example

Solution
We can use superposition of loads to solve this problem, one as a mid-span load of 40
kN and one as two symmetrical loads of 30 kN.

y = FL 3 A0 kN
48 EI l
B 40,000 x 12,0003 £5 - | - (o]
48 ¥ 200,000 % 554 % 106 = 12 m ____!
= 13mm
Fai3L?-4ag?%
}" = = 30 kM o]
24 Ef I
30,000 x 2,500 ¥ (3 % 12,0002 - 4% 2,5002) K 2
= 28m | 25m
24 % 200,000 X 554 ¥ 10°¢ i it
= 11.5mm ' -

m GIVE FEEDBACK CONTINUE >



Calculate deflection at mid-span of symmetrically loaded, simply supported beam with three concentrated loads—s /5
Example

So the total deflection for the combined loading can be easily found by superposition:

Deﬂecﬂnn}: 13mm + 11.5mm

24.5 mm

m GIVE FEEDBACK



E e
| | L |
(a) ! ' (b)
F=iwwL F=wl.
Yy 9 ¥ 9 E r B & 1 ll
e L | L |
(d) (e) | !

(f)

L

Which of the 6 bending cases above are needed to solve (by superposition) this problem below?
A simply supported steel beam with three symmetrical loads, but ignoring weight of the beam.

30 N - 30 kN

P

] 35m I 3&5m |2.5m
- | -

| 12m -

AN
25m

Click to highlight.

A, B, CD,EF,G



A simply supported steel beam (E = 200 GPa, L = 12m and I = 554 X 109 mm* has to carry three
mmotrhawmdhndaumummﬂnmwdﬂum




The seven deflection cases would be suitable for solving which type of question(s)?

KN SO KN 50N 30 kN




Where maximum deflection occurs in a non-symmetrically loaded, simply supported beam

Yhis68-8aniv I5acig of o:alrm iy Sipparid banmi s When the loading on a beam is non-symmetrical, solutions are complicated by
the odd one out. It cannat be combined with any the fact that the position (x) of the maximum deflection is not immediately
other formula because the maxdmum deflection Is not . : e

located at midkepan. predictable. It does not correspond to the mid-span or to the position of the

load, but lies somewhere between these two points and has to be located by

“» O = a separate calculation.
Case | Beam and load Maximum deflection | Occurance
7 . _Fabia +2biFaia + fia + 2b)
'! i + h—l‘ 27EIL| 3
.A_ S __q_here a>h)
| L |

Note: To obtain deflection in mm we must use the following units:
Fin (N), E in (MPa), I in (mm®), and L, a and b must be in (mm).

Superposition will not work with this formula because the location of the

maximum deflection is not fixed at mid-span but changes with location of the
force (see also Beam deflection formulas).

GIVE FEEDBACK “




Which of the following simply supported beams cannot be used in superposition with the others?




Superposition will not work with non-symmetrical loading because the maximum deflection:

Click the correct answer.

Is not fixed at mid-span
Cannot be calculated
Can only be calculated at mid-span

Is so small it is negligable

Do you know the answer?




Calculate maximum deflection for simply supported beam due to single non-symmetrical concentrated load—Examlé 4

Example
A simply supported timber beam, 5 m long and 100 mm deep x 50 mm wide, carries a

single concentrated load of 550 N located 1.5 m from one of the supports (below).
Assuming E = 12,000 MPa, calculate and locate the maximum deflection of the beam.

550N
@)
35m 1.5m
- > - >
st Sm =

GIVE FEEDBACK CONTINUE >



Calculate maximum deflection for simply supported beam due to single non-symmetrical concentrated load—Exam@é£4

Solution

Examine the formulas for Case 7 in the Beam deflection formulas table:

_Fabia+2b),3aia +2b] — aia + 25

27 EIL 3

-J_.l

There is a condition: ¢ > b

Therefore we must choose:
3,500 mm
1,500 mm

a=35m
1.5m

=
I

< BACK GIVE FEEDBACK m



Calculate maximum deflection for simply supported beam due to single non-symmetrical concentrated load—Exam@é4

Calculate the moment of inertia of the rectangular cross-section:

_ bhs
2
50 X 1007
12

4167 X 105 mm*

Mow substitute and evaluate:

Fabig+2bi.Baia +2h)

27 EIL

550 X 3,500 X 1,500 (3,500 + 2 X 1,5007 V"r3 X 3,500 (3,500 + 2 X 1,500
27 X 12,000 X 4.167 X 106 X 5,000

23mm

- Maximum deflection y

m GIVE FEEDBACK CONTINUE >



Calculate maximum deflection for simply supported beam due to single non-symmetrical concentrated load—Exampliéd

Mow we can locate the position along the beam where the maximum deflection would

occur.
daia +2b}
= |'—' ;

_ “/3 'E{TJDHSDHJ + 2 X 1,500}
=2

753 mm

The distance from the left-hand support (where dimension a is also measured from) is:
X =275



INSTRUCTIONS

*  No intermediate steps are required

= 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".

A simply supported timber beam is 12 m long with a
concentrated load of 40 kN at 8.4 m from one end. Find the Each hint wil reduce the credit recelved for this question
location x (in mm) of maximum deflection.

(include units. Round off to nearest mm.)

& |
+|v] 2| 07| va] 1] ﬂlj :(::j:

Clear line

wlmml ol s]e] @

Click and type your answer here






