
Introduction to bending stress 112 
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Introduction to bending stress 

The bending stress equation looks like this: 

I crb = M/ [ 
The last chapter was all about Bending Moment (M), which is determined by t he loads 

and length of the beam. 

In this chapter we look at the Second Moment of Area (1), which is determined by the 

shape of t he beam's cross-section. 

Once we have these two values. we simply plug them into the equat ion (above) to find 

bending stress. 
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TOO sooond momont or aroo is a spoctal typo of ar'oa 
measurement used for bending situations. 

It explains whye plank of wood Is mudl stiffer upright 
than wtloo laid down ftat 

.... 01-------

How second moment of area is related to stiffness 

The second moment of area is a measure of the 'efficiency' of a cross-sectlonal 
area to resist bending under load. 

Both beams have the same area and 
even the same shape. 

Beam 1 1s stiffer than Beam 2 
because it has a higher second 
moment of area r. 

Orientation alters the second moment 
of area 1. 
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Compare Beam 1 with Beam 2 and identify which statements are true. 

Stiff 

b "­Soft 

Check all that apply. 

0 They have the same cross·sectlonal area A 

0 They have the same cross-sectional shape b x h 

0 They have the same Second Moment of Area 1 

0 They have the same value for It 
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Out w. l'!"!U e¥01d tha I"'ILLtne most of the time. tt Ill too 
.,..,~ c:onfuiMid wrth mesa moment of inecti& • wtlieh 
It uMd fOf' oomoletoly different problems. 

·• .. o~------

The second moment of area ( 1; of planar Shapes Is also called the moment 
of inertia • 

The equation for a rectangle Is gwen below. 

Area A Secondmo mont of area I 

rectangle 'I bh b , ' 
-b- 12 
1-

1 ,, 
'I' ,j 

I 

For more shapes see: Ref: Second Moments of Area for S1mple Shapes 
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Match the variables to their formulas or symbols for the second moment of area for the rectangle 
shown below. 

1 
- It 

ljr: J 
Xt ' t 

.j Drag statements on the right to match the left. 

The area of the cross-section A 

Second moment of area I 1::-::J b - h 

The height of the beam cross-section 1::-::J h 

The width of the beam cross..section 1::-::J b 

•••• ::J:: ••••• ...... ...... 

..... 
••••• 
~:=:: ..... .... 

..... 
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The second moment of area (I) of planar shapes is also called the ___ _ 

0 moment of inertia 

0 area 

0 mass moment of inertia 

0 inertia 

0 area moment of inertia 

I KNOW IT 

Check all that apply. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



1r wtdttl is doubl&d, thB second moment ot area 
increases tY.1ice. 

If height as doubled, the second moment of area 
Increases eight tfmes.. 

.• .. 0•-------

Compare the effect of deptl1 and widtl1 on second moment of area 1 I 2 

The second moment of area is much more sensitive to depth than width. 
If width is doubled, I increases twice. 

If height is doubled, I Increases eight times . 

2!. 8lc 

b 
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Compare the effect of depth and IYidth on second moment of area 

This is why beam depth is emphasised for anything designed to handle bending loads, 
like these wooden beams in a house structure. 

CIVE FEEDBACK 
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1l 2lc - Ic lc h 

I 

2.h 8Ic = Ic Ic lc lo Ic Ic [c lc IJ. 

b 

Altering width or height of a beam's cross-section and the effect on the second moment of area: 
Match the following statements • 

.t Drag statements on the right to match tbe left 

The second moment of area is much 
more sensitive to than width. 

If width is doubled, I Increases ... 

If height is doubled. I increases .•. 

The second moment of area is 
proportional to the beamrs __ 

depth 

x2 

width 

x8 

••••• ••••• ••••• ••••• ••• • • •••• 

••••• ••••• ••••• ••• • •• • ...... 
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Calculate the second moment of area for a rectangular section--Example 

Example 

Determine the moment of inertia of a rectangular area, with base 20 m m and height 30 

mm, about its horizontal centroidal axis. 

y 1-h--1 
1 

- - · h 
Y" l 

Xc X 

112 
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Calculate the second moment of area for a rectangular section--Example 2/2 

Solution 

The moment of inertia of a rectangle is given by: 

bh3 
J, = --

12 

Substitute and solve: 
J _ 20 X 303 
c- 12 

= 45,000 mm• 

CIVE FEEDBACK 



A bar has a 7 mm square cross-section. Calculate the second 
moment of area (lc) abOut it centroid. 

(Round off 10 nearesllnleger. Include units as mm
4

) 

~J:J F I·+ I ~_:j rol 1o1l "J 
~.:J ~~ mnt~J.:J~~J a 

Click and type your answer here 

Clear 

Clear line 

Undo 

CHALLENGE 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 w111 check all your work in detail when you click "Submit". 

Hint tocftlllnl ... _ ... ,.__, ...... _ 

< 



A beam has a rectangular cross-section of breadth 7 mm and 
height 10 mm. calculate the second moment of area (lc) about 
its centroid. 

(Round off to nearest Integer. Include units as mm 
4

) 

Iii 

_!_L:J ;- I·+ I ~_:j .ro I ~_:j Clear 

~.:J 
Ct<t8r line 

7T ]oxlOO m~r ,x :J .. l D· a 
. _1 ~ ..=...J Undo 

Click and type your answer here 

CHALLENGE 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 oomputer w1ll check ell your wori< in detail when you cliCk 

"Submit". 

Hmt 
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Unlike direct tellSlOn or compression. 
bending stress Is not dosttibuted 
unifonnly over the cross-sectional area 
of the beam • 

When a beam Is subjected to bending. 
the convex side Is oxtondod, while the 
concave side Is compressed (as 
shown). 

Somewhere between the stretched 
and the compressed areas there is a 
longitudinal plane along which there IS 

no defonnation of length. Thos plane is 
known as the neutral plane (NP). 
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The significance of !be neutral plane 

A 

I 
compressed tiores 

--------
extended l1bres 

(a) ~ 
(a) Beam in bending (b) Stress distribution 

CIVE FEEDBACK 
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cross~section 

AA 

max1mum 
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~' 
maximum 
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~ neutral plane has (please select) 

and is located on the (please selectl • the beam. 

!I 

Submit 

Do you know the answer? 

I KNOW IT 'lHINK SO UNSURE NO IDEA 
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Determint bendin1 llrtll In a reclanJular 1eeli01 

When a part Is In bending stress (like o beam), the cross-section is under a 
varied stress that goes from tension at the bonom to coml)(esslon at lhe top. 

The maximum bending siJeSS Is found 
for a rectangular cross-sect1011 by: 

Where: 

a•=~ 
I 

a• ~bending stress (MPa) 

,\f = bending moment at a given cross 

section (N.mm) 
h 

J' = 2 = half the depth (mm) 

b. h 3 
I = 

12 
• second moment of aroa 

(mm4
) 

GIVE FEEDBACK 
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HltheSt stress occurs with 
maxlmum y, tensile on bottOm, 
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no axial stress In tho middle 
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A rectangular beam Is under positive bending 
moment (sagging). 

The bending stress is found for a rectangular 
cross-section by: 

Ob = My 
I 

Where: 
O b c bending stress (MPa) 
lVI ;::; bending moment (N.mm) 

y c distance from centroid (mm) 

I c:: second moment of area (mm~ 

fJ 

Bending stress in a beam under a positive bending 
moment 

I Drag statements on the right to mateh the left. 

Highest tensile stress occurs at 
the bottom of this section 

Highest compressive stress occurs at 
the centroid of this section 

There is zero axial stress at ___ .• c-::1 the upper half of this section 

Tensile stress occurs in---·· c-:1 the lower half of this section 

Compressive stress occurs in __ _ D-D the top of this section 

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

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

••••• ••••• ...... ...... ·-··· ••••• 

••••• ••••• ••••• •• •• ••••• ••••• 

••••• ••••• ·--·· ••••• ••••• ••••• 



Calculate the bending stress in a rectangular section 1/3 

Find the stress in a 20mm wide by 30mm deep rectangular y 
1 1 b beam when it is under a bending moment of 600 Nm. r- ~ 

Calculation for second moment of area: 

(base b=20 mm x height h=30 mm). 

I .. = 20 
X 

30 3 
- 45 000 mm 4 

• 12 ' 

• 
yc 

X(' 

1 
h 

l 
X 
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Calculate the bending stress in a rectangular section 

The maximum bending stress for a rectangular cross-section using: 

I O b = M/ I 
where: 
O b =bending stress (MPa) 
M =bending moment at a given cross-section (N.mm) = 600 x 1000 N.mm 

h 
y = T = half the depth (mm) = 30/ 2 = 15 mm 

b·h 3 4 4 I = = second moment of area (mm ) = 45000 mm 
12 

CIVE FEEDBACK 
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Calculate the bending stress in a rectangular section 

So bending stress is: 

O b = M y 
I 

= ...:.\ 6_o_o_ ."""l,..:,,o,..,o,.,o"-) _· _1s_ 
45,000 

= 200 MPa 

That is quite a high stress and will need to be made of a strong material (e.g. steel). 

CIVE FEEDBACK 
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A rectangular bar has 8 breadth 6 mm and height 8 mm. 
4 

(which gives 8 second moment of area of 256 mm ). It Is 
loaded with a bending moment of 16 Nm. calculate the 
highest bending stress tn this cross-section. 

(Round off to nearest Integer. Include units as MPa) 

i 

~~ ~]~+l~~roj~~ 
~_:] Tr ~~~~~ D•J ~ Ja 

Click and type your answer here 

ctoar 

Clem line 

Undo 

CHALLENGE 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 w111 check all your work in detail when you click "Submit'. 

Hint tocftlllnl ... _ ... ,.__, ...... _ 

< 



Tho_._ • .,. ___ atoflot-

So I)OUCUII!Io .._.._.ato- ,._,_11 
.._.,..,..,~ ... --
roroOnj)le .,._ 1ilot .-and-e.. _ ....... _ ,., _______ .,. 
.... -
.•• 0 !! 

1/ 2 

The centroid of a plane area Is the geometrical centre of the erca distribution. 

In other words. tf )'OU cut the shape out of a plate, the centroid Is where the 

plat e Will balance. 

Centroid of on area Is the balancing point of a plate. 
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Centroids 

Although this analogy is helpful, one should keep in mind that the centroid is a 

geometrical concept and not a mass-related concept. 

The positions of centroids of symmetrical shapes such as circles, squares and rectangles 

are in the middle. For other shapes the centroids have been determined by integration, or 

by computer. 

For simple centroids see: Ref: Second Moments of Area for Simple Shapes 

CIVE FEEDBACK 
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If you cut any random shape out of a plate, the ___ is where the plate wi ll balance. 

centroid 

middle 

centre 

x axis 

yaxis 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

IHINK SO UNSUR[ NO IDEA 



Positlvo bonding mo:t~ns tne ooam wm oo saggtng. t.hO 
upper half in compression end dle lower half in 
tension. 

The locatlon In tile mldct1e Is called the neutral plane. 
wMrG th&ra i:S no axial stress at all. 

This middle location is called the oentroid. 

.. .. 0•-------

How !be centroid is related to bending stress 

This beam is under a positive 
bending moment (sagging). 

• The centroid of the beam's 
cross-sectional area has no 
tension or compression. 

The centroid along the whole 
beam is called t he neutral axis. 
In 30 it is a plane, so it is also 
known as the neutral plane. 

From the bending stress formula: 

• 

C1h =My 
I 

Maximum tensile stress o max is 
when y is furthest below the 
neutral plane. 

Maximum compressive stress -
0 m"" is when y is furthest 
above the neutral plane. 

GIVE FEEDBACK 
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Positive bending moment. sagging . 

.\ eutnd 1'1au~ 

AXial stresses inside a beam 
under a positive bending 
moment. 



- fT m :o:-; 

~ ' "' "• ( 

' <:' 
Noutr.al Plano · ~ 

~ 
.:-... 

y 
;:-.,. 

.:'>. 

U J UJ 

A beam A close-up of the same beam 

For the beam shown above, match the following statements with the correct words. 

I Drag statements on the right to match the left 

This beam Is under a __ bending 
moment 

The centroid along the whole length of 
the beam is called the axis. 

In 30 the neutral axis is called the 
neutral __ 

Maximum tensile stress occurs furthest 
__ the neutral plane. 

Maximum compressive stress occurs 
furthest the neutral plane. 

tnl below 

posltlve 

neutral 

above 

plane 

••••• ••••• ••••• ... . 
••••• ••••• 

••••• • •• • • ...... 
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Here are some simple shapes with their 
centroids and second moments of area. 

Define the centroid for simpre planar shapes 

The centroids of simple ptanar shapes are given in the table below. 
The centroids are in the middle of course. The only surprise is that a triangle is 

at h/3. 

I Shap;-
-

Diagram Area A Second moment Centroid 
of area I* 

mm 2 mm 4 mm 

circle IY rcD 2 nD 2 At centre 1--· 

4 64 

rectangle bh At centre. 

1? The intersection 
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Here are some simple shapes with their 
centroids and second moments of area. 

~ 

Define the centroid for simpre planar shapes 

The centroids of simple ptanar shapes are given in the table below. 
The centroids are in the middle of course. The only surprise is that a triangle is 

at h/3. 

I - -
Shape Diagram Area A Second moment Centroid 

I of area I* 

rectangf.e y l I_ 
bh b h 3 At centr·e~ 

b 12 The intersection 
of diagonals. 

~ . .. 
yc 

,_ 
Xr 

triiangi!e lj 
~h~ 

b· h b h 3 At the 
of perp 

2 36 ~nte!T'Section 
height h -

of medians . 
1/3 of height h .. 

ljC I Jt ·-It Xc: I 

GIVE FEEDBACK 



The centroid of a rectangle of vertical height h is located at __ from its base. 

h 
3 

h 
2 

2h 
3 

h 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



This triangular section has height 30 mm and breadth 15 
mm. Find the location of the centroid measured from the 
bottom of the triangle. 

(1 decimal place. Include appropriate units) 

lil 
Clear 

~_:j g l·lJ ~_:j ro J ~_:j 
Clear l1ne 

~_:j ~ ~_:j ~_:j On I -" ] fl Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No interme<liate 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'. 

Hmt Each htnt Will reduoe the credit received ror thl9 ql.le6Uon 

< 



The centroid of a triangle of vertical height h. is located at __ from its base. 

h 
3 

h 
2 

2h 
3 

h 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Tho ccntiOicl for aoy "'-can be ""'C<"e'ecl 

by~'"" -lnlo-bfts.. and 
~-"bot by Its dislauce from an 
A•IS. 

We tllG<I dM® 11118 number by the !aiel eretl 
to noo the locotlon of the centroid. 

Wo Ret oompuws to do Ill is of couiSe. 

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

112 

The centroid of a composite Shape can be calCulated by dtv1dtn • th<> ar&alnto 
its simple component parts and then applying the pnnclple of first moments 
of area. 

The first moment of an area about any reference line equals the 
algebraic sum of tho moments of Its component areas about the same 
line. 

GIVE FEEOBACII CONTINUE > 



How the centroid relates to composite shapes 

What is the 'moment of area'? 

It is the a rea of the shape multiplied by the 
distance to its own centre (centroid). 

LA · y, 

Total Area Moment = Sum of elemental area moment! 

ZA · y , = L ( A · y ) 

Where: 

LA =Total area of shape 

y c = y coordinate of the centroid of shape 

A = Area of each element 

y = y coord inate of each element 

CIVE FEEDBACK 
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The first moment of an area about any reference line equals the algebraic sum of the moments 

of its component areas about the same line. 
The mathematical way of saying this is ___ _ 

Click the correct answer. 

!A · yc =!( A · y ) 

l:A · y ~ = l: !A . y )2 

!A · !y =!( A · y ) 

!A · y =!(A · y c ) 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Total Area Moment•Sum of elemental area moments 
rA · y c - !(A · y) 

Match the symbols with their defln•tlons below . 

.j Drag statements on the right to match the left. 

Total area of shape l:A 

y coordinate of the centroid of shape 

Area of each element A 

y coordinate of each element y 



What does 'first moment of area about an axis' mean? 

Click the correct answer. 

The area multiplied by its distance to the axis 

The area multiplied by the square of its distance to the axis 

A force multiplied by the distance to the axis 

The bending moment calculated by a distance to the axis 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



State the formula for finding the centroid of a composi1e shape 

Finding the centroid y , 

From the 
previous property of first moment of area: 

Total area moment = Sum of elemental area moment! 

LA · y c = L (A · y ) 

L (A · y l 
)' c = -'------<-~ 

LA 

Where: 

EA =Totalareaofshape 

y , = y coordinate of the centroid of shape (also y 
) 

A = Area of each element 

y = y coord inate of each element 

GIVE FEEOBACII 
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State the formula for finding the centroid of a composi1e shape 

The same applies in the x direction: 

Where: 

L{A X ) 
Xc: = L (A } 

Li. A ) is t he sum of all the component areas: A 1 + A 2 + A3 + ... 
L( A x i is the sum of all the area moments: A 1 x1 + A2x2 + A 3X3 + ... 

So the centroid (the balancing point of the area) is located at {x<> y c} 

CIVE FEEDBACK 
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Y
- l: (A ·y ) 

c -
l: A 

This formula calculates the __ _ 

Click the correct answer. 

centroid 

moment of area 

second moment of area 

area 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Calculate the position of the centroid for simple composite shape--Example 

Example 

Locate the centroid of the composite area shown below with respect to the x - x and 

y - y axes. 

. -

y 110 , 20 mm 30 mm 
1 ......._,.._- ...l..-- --L 

r'm.!!!m'----. 

--~-20mm 
30mm 

'-----,1-Go mm 
X 

(a) y I 

X --' , I 
A, 1/ ..... 
I E A~~~ ' 

~ E ~~ lt/t '-"j=: l::w::::::ntr:=-o;.ld :-1 
! el 1 "'e _I _A, 

., f ' 
~ 

15mm 
' -4 
' 30 mm ( b) 

r 

y 

1/3 
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Calculate the position of the centroid for simple composite shape--Example 

Solution 
Divide the area into three rectangular elements, A t. A 2 and A 3, and locate the centroid 

of each element as in Figure (b). 

Calculate each elementary area: 
A 1 = 30 X 20 = 600 mm 2 

A2 = 30X l0=300mm2 

A3 = 60 x 10=600mm 2 

( :.Total area L )(A ) = 1,500 mm 2 

Calculate the area moments in the x - x direction: 
A1X1 = 600 X 15=9,000mm3 

Azx2 = 300 X 5= 1,500mm 3 

A3X3 = 30X 10=300mmz 

( :.Total area moment :E )( A x } = 28,500 mm 3 

2/3 

CIVE FEEDBACK CONTINUE > 



Calculate the position of the centroid for simple composite shape--Example 

The position of the centroid with respect to they - y axis, i.e. located in the x - x 
direction, is: 

:X = _L...;:;(,.,.A-:-x+) 
L.( A } 

28,500 
1,500 

19mm 

Similarly in they - y direction: 
L.(A y } 

y = L. (A ) 

600 X 50 + 300 X 25 + 600 X 5 
= ---6""'0""0- +---,-307 0,---+...,6""070 --

= 27 nun 

It is obvious from this example that the centroid of a composite area can lie outside the 

outline of the area itself. 

CIVE FEEDBACK 
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1 10 20 mm 30 mm . X 

mm ~ 

A, 
20 mm 

• -I 

I E 
I 30 mm E 

0 

"" E I 

K -
' E Et f 10 mm 

t/) 
N 

E 
X 

; 

(a) y I 5 mm 
15 mm 

(b) I 30 mm 

carculate the centroid in the x direction, using the formula: 
1:( A . X) 

Xc= ----
L(A ) 

Match the following values for x. 

centrotd 

A~ 

i' Drag statements on tbe right to match tb e left 

xi 

x2 1:-:::J 30 

x3 1:-::1 15 

y 

-

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

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



y 10 20 mm 

mm 

Jt -

(a) Y 

30mm ., 

I 

I 

I 

-
1 

20 mm 

J-
1 

' 30 mm 

l 10 mm 
X 

E 
E 

Smm 
15 mm 

(b) • 30 mm 

Calculate the centroid in they direction, using the formula: 

- L(A ·y ) 
J c - ~A ) 

Match the following values for y. 

centroid 

j Drag statements on the right to matcb the left. 

y1 1:-::J 5 

y2 1:-::J 25 

t:-::1 50 

--
-y 

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

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



1 10 20 mm 30 mm 
mm 

}( 

<•> ' I 

~ 
~ 

I 

20 mm 

30 mm 

10 mm 
X 

E 
E I 

-
)( 

~ E 
E J 
~ E- ­

E 
IO f --5 mm 

15 mm 

• 

(b\ 30 mm 

? = 600 X 15 + 300 X 5 + 600 X 30 = 19 m.m 
600 + 300 + 6{)0 

What does this calculate? (Use every appropriate symbol) 

Check ~ l that apply. 

0 r~;t 

0 
-
y 

0 Y~ 

0 I, 

0 -
X 

0 X c 

centroid 
-y 



1 10 20 mm 
1 

30 mm 
~~ '1 

mm l 

- I 

X. 

(a) y I 

20mm 

30mm 

10 mm 
X 

? = 600 X 50 + 300 X 25 + 600 X 5 c 27 m.m 
600 + 300 + 600 

E 
E 

~ II 

-
)( 

centroid 

1 .L.......:---...,---A-3 - -

--

Cb\ ' 30 mm 

What does thts calculate? (Use every approprtate symbol) 

Check I that apply. 

0 Xc 

0 -
X 

0 y, 

0 lx x 

0 Ic 

0 -y 

-y 



Calculate the coordinates of the centroid for a symmetrical shape--Example 

calculate the centroid tor this section 

This section is symmetrical In the x axis so the x coordinate of the centroid is midway. 

We onl'y need t o calculate y c. 

GIVE FEEDBACK 

Find the 
centroid 

F1nd centroid 
for each 
element 

F' d 'd calculate first 
'" centroo moment for 

Y c _Lh element 

1...- 100 mm -~ 

__ .... - f- 20mm 

1 -

I ' I I 
60 111111 

Find y 
coordinate of 

centroid 

80mm 

_j_ 
t20mm 

---'--



Calculate the coordinates of the centroid for a symmetrical shape--Example 

Find centroid for each element 

Split the section into three simple elements (1,2 and 3). 

Working only in they direction, determine each element centroid: 
20 

Yo= 20 + 80 + 2 = 110 m.m 

80 
Y2= 20 + 2 = 60mm 

20 
Y3 = 2 = 10 m.m 

lj 

'J I 

Y2 
yc 

j 
Y3 I . 

Find the 
centroid 

Find centroid 
for each 
element 

F" d "d calculate first 
10 centroo moment for 

Y c _Lh element 

GIVE FEEDBACK 

100 mm --j 

• 1 1 20 mm 
·7 .. • 

20 mm 

• 
60mm ·I 

Find y 
coordinate of 

centroid 

80 111111 

t 20 mm 
X 



Calculate the coordinates of the centroid for a symmetrical shape--Example 

Find centroid for each element 

Split the section into three simple elements (1, 2 and 3). 

Working only in they direction, determine each element centroid: 
20 

Yt = 20 + 80 + 2 = 110 m.m 

80 
Y2= 20 + 2 = 60mm 

20 
Y3 = 2 = 10 m.m 

GIVE FEEDBACK 

Find the 
centroid 

F1nd centroid 
for each 
element 

Find centroid 
Yc 

lj 
lOO mm --j 

'J I • 1 1 20 mm 
·7 .. Y2 • 80 111111 

yc 
20mm 

• t 20 mm 
j I . ·I 

X 

Y3 
60 mm 

calculate first Find y 
moment for coordinate of 

each element centroid 



Calculate the coordinates of the centroid for a symmetrical shape--Example 

First moment for each element 

From now on we take all dimensions based on the neutral plane. 

A y t = (20 X 100 ·: X 110 = 220,000 mm 3 

Ay1 = (20 X 80 ) X 60 = 96,000 mm' 

A YJ = (60 X 20 ) X 10 = l2,000 mm 3 

~ !.A y ) = 220 + 96 + l2 

GIVE FEEDBACK 

= 328 ( X 103) mm ' 

Find the 
centroid 

F1nd centroid 
for each 
element 

Find centroid 
Yc 

y 
100 nun -j 

• 1
1 i 20 mm --~ 

~ 

• • 80mm 
yo 

.20mm -! r---
I <+>- :ll 20 111111 

X 

I I 60 mm 

calculate first Find y 
moment for coordinate of 
each element centroid 



GIVE FEEDBACK 

Calculate the coordinates of the centroid for a symmetrical shape--Example 

Centroid y , 

r A = 2,ooo + 1 ,6oo + 1,2oo 
= 4,800 I))JYl 2 

r (A y i 
y , = LA 

= .:372s:z:,o;..;:o.:...o 
4,800 

= 68.333 llllll 

Coordinates of centroid = {50, 68.333} 

Find the 
centroid 

F1nd centroid 
for each 
element 

y 
lOOmm ----1 
• 1l_lzomm 
--§ 

• • 80mm 
yc 20mm ___.. 

l i-·~ 
t y.3 I I 60 rnm 

F' d 'd calculate first 
'" centroo moment for 

Y' _Lh element 

t zomm 

F1nd y 
coordinate of 

centroid 

X 



,, c. I()() 111111 -j When calculating the centroid in they direction, use the 

!/' ] -- formula: 
• I 2(} mm 

_ l:IA · y i I !_, --
yc- l:(Aj . 

• !1- Match the following values for y. • • ~lmm 
yc 

_10 mm -
. ~ ' 1- 1 t 20 111111 ' ' .- X 

y I I 
6C) 111111 

.j Drag statements on the right to match the left 

y1 tH:J 20+80+10 = 110 mm 

y2 tH:J 20+40 = 60 mm 

y3 tH:J 10 mm 

Do vou know the answer? 



y 

!J 1 

!I~ 

L 
l 

A1 

A2 

A3 

100 mm I 
• l 

r-~ 

1-$-
•• 

yc _j 
-I JOmm 

• o;'i 

~ 2.0 111m 

' 

80 11 1111 

' 

, ZO mm 
X 

When calculating the centroid in they direction, use the 
formula: 

l:(A . y ) 
Yc = 

L{A ) 

Match the following values for A . 

I Drag statements on the rigbt to match the left 

60 x 20 :=: 1200 mm2 

100 x 20 = 2000 mm2 

2000+1600+1200 = 4800 mm2 

20 x 80 c 1600 mm2 

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

••••• ••••• ••••• ••••• ••••• ••••• 

••••• ••••• ...... 
••••• ..... 
•a••• 





'J 

Y~ 

I)Z 

yr; 

l 
t 

lj:3 

I (Ay ) 

100 UIITI -j 

+ t 

- :} 

... • 
---4-

~0 l'l1n1 

• 3 

I 60 I Ilii I 

20 mm 

80mm 

~ 20 rn rn 
.X 

When calculating the centroid in they direction, use the 
formula: 

L(A·y ) 
Yc =--~ 

:E( A > 
Match the forlowing symbols and fonnulae. 

j Drag statements on the right to match the left. 

50mm 

220000+96000+12000=328000 

mm3 

c:-::2 328000/48000 = 68.333 mm 

2000+1600+1200 c: 4800 mm2 

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

••••• .... 
••••• -··· •••• I .... ' 

II II I ..... ••••• ••••• ••••• ..... 

•••• I 
•all I ........ 
••••• ••••• ••••• 



Calculate the coordinates of the centroid for a composite shape using a table--Example 1/3 

Example 
Use a table format to locate the centroid of the composite area shown below with respect 
to the x - x and y - y axes. 

y 1'0 20 mm 

•mml 
30mm , 

1. 
-k~20mm 

30mm 

·- I 10 mm 
L-----------~ - x 

(a) y I 

GIVE FEEOBACII 

E 
E 

Sl 

-
X 

I 

A, / 

• 1 
I 

A, / j '-. 
l eenttold rc, , I E I 

~ ~~ I ___ A,~ I 
"' f ' ~ I 
~~ 

15 mm 

( b) 
I" 30mm · I 

r 
-y 

CONTINUE > 



Calculate the coordinates of the centroid for a composite shape using a table--Example 2/3 

Solution 
Dividing into three elements, A 1, A 2 and A 3, and with each centroid located as in Figure 

(b). 

Table format to determine centroid 

Element Area Distance Area Moment 

A 

X y Ax Ay 

1 600 15 50 9000 30000 

2 300 5 25 1500 7500 

3 600 30 5 18000 3000 

r= 1500 - - 28500 45000 

CIVE FEEDBACK CONTINUE > 



Calculate the coordinates of the centroid for a composite shape using a table--Example 3/3 

So the centroid is: 

and: 

CIVE FEEDBACK 

X = 
28,500 
1,500 

19m.m 

Y = 40,500 _ 27 mm 
1,500 



r 10 20 mm 30mm - ., 
,..:.:m~m:.:__ _ __, l 

20mm 

I 

1

90mm 

)( 
I y 10 mm 

1...---------~ }( 
C•> y I 

Table format to clotcrmtno ecntrold 

Sf/mont Area Dlstaneo Area Moment 
A 

}( y Ax Ay 

1 600 1.6 60 9000 30000 

2 300 5 25 1500 7500 

3 600 30 5 18000 3000 

t- 1500 28500 40,500 

c 
~ 

$ e 
E 
~ e 

.L ! E 
on ~ 

A, I 

centroid 

... - A 
- - l 

- 5m~ 
15mm 

(b) 
f------1 

SOmm 

Match the following variables to their values listed from the table. 

L.A xl 

f Drag mtements on tile rigbt to match tile left 

c:-::J 

28,000 •19 tnm 
1,500 

40,500 •27 mm 
1,500 

CH:J 28.500 mm ~ 

-y 

..... 



Calculate tile coordinates of the centroid for a composite shape by subtraction- Example 1/3 

Example 
Locate the centroid of the shape shown below. 

In this example, the circle is subtracted from the rectangle. 

60 mm 
y --20 30mm 

mm / diam. hole 

0 E 
/ centro•d N E 

' 0 E I y N E 
X X 

y 
X 

GIVE FEEOBACII CONTINUE > 



Calculate tile coordinates of the centroid for a composite shape by subtraction- Example 2/3 

Solution 
The areas removed, e.g. holes, can be regarded as negative areas . 

. nX30 2 
Area of c1rcle = - = - 706.86 mm 2 

4 
Table format to determine centroid 

Element Area Distance Area 

A Moment 

X Ax 

1 2400 30 72000 

2 -706.86 20 -14137 

:L = 1693 57863 

CIVE FEEDBACK CONTINUE > 



Calculate tile coordinates of the centroid for a composite shape by subtraction- Example 3/3 

So the centroid is: 

x = 57•863 34.18 mm 
1,693 

From symmetry, y = 20 mm, so t here is no need to calculate this. 

CIVE FEEDBACK 



Table format to determine centroid: 

60 mm Element Area A Dlstancex Area Moment Ax 
y -- -20 30mm 

mm / diam. hole 1 2400 30 72000 
I 0 E • 

(\j E cent road 

/ ' 2 -706.86 20 -14137 
0 E I l r N E 

X 
. t X 

!.= 1693 57863 y -
)( 

So the centroid is: 
- 57,863 -
x = = 34.18 mm (From symmetty, y = 20 mm, so no calculation required). 

1,693 

Match the various areas to their numerical values. 

i' Drag statements on the right to matcb tbe left 

•••• • 
Area of circle 1693 ••••• 

t:-:::J ••••• ••••• ••••• ••••• 

•••• 
Area of rectangle 2400 ••••• 

1:~ ••••• ••••• ....... 
••••• 

•••• 
Area of the composite shape -706.86 ••••• 

1:~ ••••• ••••• ....... 
••••• 



TabJe format to determine centroid; 

60 mm Element Area A Dlstancex Area Moment Ax 
y -- -20 • 30 mm 

mm 
_!___ diam. hole 1 2400 30 72000 

I 
~ E 

E centrOid 
, 

' 2 -706.86 20 -14137 
o E l -
N E y 

Jt ' ' . 1C 

l:= 1693 57863 
y -

X 

So the centroid is; 
- 57,863 - . 
x = = 34.18 rom (From symmetry, y = 20 nu:n, so no cafculatlon required). 

1,693 

Select the correct value for the x coordinate of the centroid of the combined shape. 

14,137 =20 mm 

706.86 

20 + 20 = 40mm 

57,863 =34.18 rom 

1,693 

Click the correct answer. 



Table format to determine centroid: 

60 mm Element Area A Dlstancex Area Moment Ax 
y • ----20 30mm 

mm / 
, dlam. hole 1 2400 30 72000 

I 0 E ' 
('.1 E / centrotd 

/ 2 -706.86 20 -14137 , l 
o E / I -
N E y 

X !_ X 

y- - 1:= 1693 57863 
X 

So the centroid is: 
- 57,863 - . 
x = =34.18 nun (From symmetry, y = 20 mm, so no cafculatlon required). 

1,693 

Match the various first area moments to their numerical values. 

~ Drag statements on tbe right to match the left 

First area moment for circle 72000 

First area moment for rectangle tHl 57863 

First a.rea moment for composite shape c::~ -14137 

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

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



The second moment of area Is similar to first 
moment of area except the distance Is 
squared. 

How second moment of area is calculated for any sbape 

In the name 'second moment of 
area', the 'second' means squared. 

So the cross-section is split into tiles, 
and the area of each one is 
mult iplied by the square of its 
distance from the neutral axis. 

I, = I (A · d 2 ) 

Where: 

I , = centroidal second moment of 
area 

A = area of each element (tile) 

d = distance of tile from the neutral 
axis 

This can be calculated using 
integration (calculus), or by computer 
(divide into little bits and add them 
all up). 

~,. 

~ 

-

Xr.utral 
Ari.\ 

,. 

.... 

I .,., .\reo 

·-
-

~ ~ 

I I I I -

!:/ 



What does 'second moment of area about an axis' mean? 

Click the correct answer. 

The area multiplied by its distance to the axis 

The area multiplied by the square of its distance to t he axis 

A force multiplied by the distance to t he axis 

The bending moment calculated by a distance to the axis 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Match the variables from the following equation 
with the correct definition. / 

I , 

'Q: 

utral 
\.1"b I 

~ 

... 

' 
.4 

i Drag statements on the right to match the left 

area of each element (tile) 

centroidal second moment of area c::-:~ A 

distance oftlle from the neutral axJs C::-:::1 d 

'""~~\rea 

7 
1 

""' ~ ~ 

~ 

ty 
-~ 

' 

d 

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

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

••••• ••••• ••••• ••••• ••••• ••••• 



Match the units to the correct variable for the 
following equation. 

Ic = i: (A · d 2) 
/ 

~ 

~ 
Neutral ' 
Axi~· 

~ 
r .. , 

I 
r 

... 

I Drag statements on the right to match the left 

A ~:::-::~ mm 4 

~:::-::~ mm 

d t:-::J mm 2 

-,..~J\rea 

,_.~ 
r 

-
I. 

~ 

II 

;Y 
.... ~ 

' 

I 

d 

••••• ••••• ••••• ••••• ••••• ••••• 

••••• •••• ••••• ••••• ••••• ••••• 

••••• ••••• ••••• ••••• ••••• ...... 



Tho .,..,w ,....,._.,.·-lor.,._ 
fnOtMII'II ol--lltltU h WG 1 'as& 

n. .. ;w,. uo- .t.np ... bretwfe W'd« ~ 

boo 

DetenaiM tllt steollll -tit of ;wu aiiMt lilt cHtroitlal uis 

Earlier we found the second moment of 
area for a rectangular section. w1th base 30 
mm x height 20 mm. 

b X II' 20 X 30 • 45•000 nun, 
l c = l2 • 12 

The symbol 1 stands tor the second 

moment of area about the centroldal axis. 

This is how this section behaves in pos1ttve 
bending. the upper half In compression, the 
lower half In tens1on. The centroid (neutral 
plane) has zero aJOal stress. 

GIVE FEEDBACK 

f--~>-1 

,,, . v 

The ~troklls In ll'te 
centre of a reclancle 

1/2 

1 
h 

l 

CONTINUE > 



Determine the second moment of area about the centroidal axis 2/2 

The same applies for the other simple shapes. 

Shape Diagram Area A Second moment Centroid 
of area I* 

mm2 mm4 mm 

circle lj nD 2 nD 2 At centre 

'~ 
4 64 

yc 
Xc X 

I 
rectangle y 

~b---1 
bh b h 3 At centre. 

12 The intersection 
I ] ~ nf rli<!3t"fnn !'!:lllo 

< BACK GIVE FEEDBACK 



rectangle 

triangle 
of perp 
height h 

I < BACK 

Determine tile second moment of area about tbe centroidal axis 

1 
!l ~ b~ 

1 
* h 

ljr J 
Xc 

GIVE FEEDBACK 

X 

bh 

bh 

2 

At centre. 
The intersection 
of diagonals. 

At the intersectio~ 
of medians. 
1/3 of height h 

2/2 



For the symbol lc, the I stands for the (please select) ('!) 

and the c stands for the (please select(!) axis. 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



A shaft has a diameter of 29 mm. What is the second 
moment of area? 

(Round off 10 nearesllnleger. Include units as mm
4

) 

li 

+ 1.:J f J ·~ I D\~J ./0 o""l 
~.:J ~.:J " J ~.:J ~~II 
On +-' 
~ J 

Click and rype your answer here 

Clear line 

Undo 

CHALLENGE SUBMIT SHOWANSWm 

INSTRUCTIONS 

• No inlermedlate steps are required 
• If you choose to show steps. wrtte one on each line. 

• Write your final answer on the last line. 
• The computer w111 check all your work in detail when you clack "Submat•. 

( 



Solon& aau .. cen1roldtotV ot u'e umo toc.tJon. 
tN teCOnd moiMn1S ol .,.,... 01n be added« 
IUIMIC!ed dlA>Ctly. 

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

How to ealt111ate ucond nto~nenl of area for hollow shapes··Example 112 

If the centroid of various area elements In a scross-sectlon are in the same 
plane, the second moments of area of each element can be directly added or 
subtracted . 

This includes hollow objects, and can quite often be used for symmetrical 
objects. 

Example 
To calculate this pipe, we simply substract any voids as negative second 
moments of area. 

1 =I. -1, 

no• 11D 4 
a __ • ____ l 

64 64 

X 
n x 102 - o2·, 

' u I , ;--~--
64 

GIVE FEEDBACK CONTINUE > 



How to calculate second moment of area for hollow shapes--Example 

To calculate this RHS (rolled hollow section), we again substract any voids as negative 
second moments of area. 

lj 

CIVE FEEDBACK 

X 

I=l0 -l; 

= b0 X h! 
12 

2/2 



A hollow beam has a rectangular cross-section of breadth 11 
mm and height 15 mm. Wall thickness Is 3. Calculate the 
second moment of area (lc) In mm", about the centroid. 

(Round off to nearest Integer. Include units) 

Iii 
Clear _:J:J til·fl~~~~~ Clear line 

~.:J rr ]mni ~~ ~ ~ II Undo 

Click and type your answer here 

CHALLENGE 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 wall check all your work in detail when you click "Submit". 

Hint tocftlllnl ... _ ... ,.__, ...... _ 

< 



A hollow shaft has e diameter of 15 mm. Wall thickness Is 2. 
calculate the second moment of area (lc) about the centroid. 

(Round off to nearest Integer. Include units as mm
4

) 

~J:J F I·+ I ~_:j rol 1o1l "J 
~.:J ~~ mnt~J.:J ~~J a 

Click and type your answer here 

Clear 

Clear line 

Undo 

CHALLENGE 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 w1ll check all your work in detail when you click "Submit'. 

Hint tocftlllnl ... _ ... ,.__, ...... _ 

< 



If pufe bondlll& Is glw.n add tionaj t...,liolon lhlllcnltnM 
plene wfJI fl'KMt a bawl t.h4t otW'Ittoid. 

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

Tlte secood moment of aru about a ~arallel axil 1/2 

The neutral a)(is (or neutral plane) can be moved away from the centroid. 
For example, by a combination of bending and tension, the neutral axis is 
moved above the centroid. 

+ 

GIVE FEEDBACK 

yl ~euttal 
"1/A~h 

c E:...- Centroid 
f--

CONTINUE > 



The second moment of area about a parallel axis 

If the tension is high enough compared to the bending stress, it is even possible to move 

the neutra l axis completely off the section. 

c + c Centroid 
(Tx 

This situation can occur in a combined section such as a floor t russ. The lower chord is 

under some bending but a lot more tensile stress. The neutra l axis can be a significant 

distance from the centroid of the member. 

CIVE FEEDBACK 

2/2 



A beam is under bending. 

+ 
If tension is added, what happens? 

Check that apply. 

::J The neutral plane Is moved above the centroid 

0 The tensile stress In the beam Is tncreased 

0 The compressive stress In the beam Is increased 

0 The centroid Is moved higher upward 

0 The neutral plane remains at the centroid 

Do you know the answer? 

'II Neutral 
=----/A~~ • 

c ~-Centroid 
... 
' ~ 



The~ ada thiCWWn must be ~ wtdlliiWEW 

tN neuctlll ~does no coindde wilh d'le cer:1101t1. 

·• • o-------

State the fo1111t1l1 for tlle HCOIId 11omeat of area abolll a parallel ax.is 112 

When the neutral plane Is off the centroid. the second moment of area is 
increased by the square of the distance. 

The formula for the second moment of area about another axis Is the parallel 
axis theorem: 

Where: 
1 is the second moment of area about the neutral plane 
1 c is the second moment of area about the centroid 

A is the area 
d is the distance between the centroid and the neutral plane 

GIVE FEEOBACII CONTINUE > 



State the formula for the second moment of area about a parallel axis 

y 
Neutral A xis 

d l ~ 

-' 2\. ·- Centr c ~ _, oid 
2\. 
~ Y" 
~ 

Xc X 

Bending where the neutral axis has been shifted by a distance d above the 
centroid. 

CIVE FEEDBACK 

2/2 



y y 
Neutral 

4r\-
\ 

,~ 

d ,:::.._ 
~ ~ 

c ~ - - • ~~ Centr oid 
' :::-.... 

:::-.... yc 
~ "" 

a-x :x,, X , 

Match each variable to its definition. 

-1 Drag statements on tbe right to match tke left 

The second moment of area about the 
neutral plane 

The second moment of area about the 
centroid 

The area 

The distance between the centroid and 
the neutraJ plane 

c~ d 

I 

A 

:::u ...... 
••••• ..... ...... 

.::.: 
••••• ..... .... ••••• 

••••• ••••• ••••• ..... 
::::J 

••••• ••••• ::·:: 
••••• ••••• 



[I =lc+Ad2 1 

What is this formula used for? 

Check all that apply. 

0 When the neutral plane does not go through the area's centroid 

0 When the area is under both bending moment and compressive load 

0 When a beam is under bending and the neutral plane runs through the centroid 

0 When trying to find the centroid 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



The - .. .,. !No newel !)line ot. pei1Jallar 

lhape ll"tt lhllt<ld from 115 <*liiQid Ia "'*' 
tile shape. )ocnecl '"th-"-"'"'"" 
ocor bO _, t..M 

.• .. 0 

Kow tit IIHtnl alis eu be sltlfttd .... , fra tbe -trohl 

How does the neutral axis get shifted away from the centroid? 

Consider these truss beams . 

GIVE FEEDBACK 

113 

CONTINUE > 



How the neutral axis can he shifted away from the centroid 

Each beam bends as one piece, which means the neut ral axis of the composite beam is 

halfway up in the metal truss. For the bottom wooden chord, the stress would be lil~e t his 

(below), but even more exaggerated: 

!ii- Neutral 
1 Axis 

;----,-.._ 

a, + 

2/3 

CIVE FEEDBACK CONTINUE > 



How the neutral axis can he shifted away from the centroid 

When multiple elements are tied together to form a 
beam, the neutral axis is at the centroid of the combined 
shape. 

This means the second moment of area of each element 
must be converted using the parallel axis theorem. 

l=f,+Ad 2 

Notes: 

In this example, the Ad 2 term is much larger than the 
elemental second moment of area I,. 

This is the whole idea of a t russ. Place the area as far 
away from the neutral plane as possible, to significantly 
increase the second moment of area I. 

CIVE FEEDBACK 

d 

-

3/3 

\'. 

l Neutra 
Axis 

.. 



d 

1eutral 
A,· is 

This represents a floor truss. 
If the metal truss sides are removed, which equation best explains the stiffness of the remaining 
members? 

l:( A X) 
Xc;::; ---

LA 

I= I,+ A d 2 

~Ay) r c = _ ____;;,__ 
LA 

b . h 3 

I,=---
12 

Click tile correct answer. 



b 

d 

Neutral 
At is 

This represents a short section of a floor truss. 
The Seoond Moment of Area can be determined by---·· 

0 

0 

0 

0 

J;; 

I:;;;; I,+ Ad 2 

b . h 3 
J;; __ 

12 

1l • d 4 
I=--

64 

Check all that apply. 



Calculate the second moment of area for a parallel axis--Example 

Example 
This example has a rectangular element 30 mm wide and 20 mm high, bending about an 

axis that is 23 mm away from the centroid. Find I. 

centroidal 
axis 

E 
E 

30 mm 
I 
I 

E 
_ E 
~ 

C') 

N given reference axis 

1/3 

GIVE FEEOBACII CONTINUE > 



Calculate the second moment of area for a parallel axis--Example 2/3 

Solution 
The moment of inertia about the centroidal axis of the rectangular area is: 

bh3 
I ,=--

12 

= 
30 X 203 

12 

= 20,000 nun • 

CIVE FEEDBACK CONTINUE > 



Calculate the second moment of area for a parallel axis--Example 

The parallel axis term is: 
A d 2 = (30 X 20) X 23 2 

= 317,400 mm 4 

Therefore, the required moment of inertia about the given reference axis is: 
I = l , +Ad Z 

= 337,400 11)11) ·• 

CIVE FEEDBACK 

3/3 



Calculate the second moment of area about a parallel axis 

Example 
Determine the moment of inertia of the lower chord (75 mm wide by 50 mm tall) if the 

f loor truss is 400 mm high. 

I Xeutn1l 
Arls 

======= 

1/3 

GIVE FEEOBACII CONTINUE > 



Calculate the second moment of area about a parallel axis 

Solution 

This will need the parallel axis theorem: 

Where: 
b . d 3 

T, = = 
12 

75 . 503 

12 
= 781,250 mm' 

Big number. But wait until you see the next one! 

Find distanced: 
400 so 

d = -- - - = 175mm 
2 2 

CIVE FEEDBACK 

d 

,_ • 

2/3 

Neutm l 
Axis 

CONTINUE > 



Calculate the second moment of area about a parallel axis 

So the parallel axis term is: 
Ad 2 = !50· 75) · 175 2 = 114,843,750 mm' 

That Is 14 7 times larger the I c term! 

Tile total for the lower chord is: 

1 = 781,250 + 114,843,750 = 115,625,000 aun 4 

So the total for both chords is: 
1, o , = 2 · 115,625,000 = 231,250,000 rum' 

Note: 
These number are huge, which is quite common with second moment of area. Engineers 

often work in millions of mm 4 

For example, the above total would be: 1, 0 , = 115.625 \ x 10 6) aun • 

CIVE FEEDBACK 

3/3 



Calculation of the second moment of inertia of the lower chord (b :;;; 75mm and h = SOmm) of this 

floor truss, where ho = 400 mm: Match the variables to the appropriate equations. 

h 

hj 
If--

A 

d 

Ad 2 

I 

I Drag statements on the right 1o matcb the left 

c-:J 50 X 75 :;;; 3,750 mm2 
...... 
••••• ••••• ••••• ••••• ••••• 

•••• 
c-:J 781,250 + 114,843,750 = 115,625,000mm 4 !m 

c-:J (50 · 75) · 175 2 = 114,843,750 mm 4 

75 . 503 

r::-::::1 = 781,250 mm 4 

12 

400 50 
c-:J - - :;;; 175 rom 

2 2 

..... 

••• • ...... 
••••• : .... •••• ••••• 

••••• ••••• ••••• ••••• ••••• ••••• 

••••• ••••• ••••• ••••• ••• •• ••••• 



yt y 
Nl)uln\l Axi~ 

d 

c * CenbuiJ 

ljr 

(Tx x' X 

This beam is 25 mm wide and 35 mm high. If the neutJal plane is 
25 mm above tile centroid, calculate tile second moment of area. 

(Round off to nearest integer. Include units) 

Iii 

~~ __:_] ~ ~) % J iJ ~_:.] Clear 

ro I ~_:.l ~_:.l !!._, n~ ~_:.l a 
-" l 

Clear lmc 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOWA~I'IER 

( 

INSTRUCTIONS 

No Intermediate steps are required 
If you choose to show steps, write one on each line. 

• Wrtte your final answer on the last line. 
• The computer will check all your work in detail when you click 

•submtt''. 

Eecfl hint will redooe lhe crealt recet.'OO fO( thl9 question 



Calculate t11e second moment of area for a complex section--Example 

Example 
For the composite area given below, determine the moment of inertia about its horizontal 

centroidal axis. The centroid was found earlier, at x , = 19 andy , = 27. (Note x , = x) 

Y ( 10 20 mm 30 mm , 

•mmf - ~-

X -

<•l r I 

20 mm 

30mm 

110 mm 
- x 

-X 

A, 

centroid 

y 

(b) 

1/3 

GIVE FEEOBACII CONTINUE > 



Calculate the second moment of area for a complex section--Example 

Solution 

The moment of inertia of a composite area about its centroidal axis is equal to the sum of 

the individual moments of inertia of its component areas relative to the common 

centroidal axis: 

But we can only add them if they have the same neutral axis, which means we must use 

the parallel axis theorem on each element before we can add them. 

2/3 

CIVE FEEDBACK CONTINUE > 



Calculate the second moment of area for a complex section-Example 3/3 

Using the tabulated method: - r - r ,. 

Element Area A Distance from Centroldal Transfer term Transferred 
centroid d moment Ad 2 moment of 

of Inertia Ic inertia 
I == I ,+ A d 2 

- - - -
1 30X20 23 30 X20 3 600 X 23 2 337 400 

= 600 12 = 317,400 

= 20,000 

2 30 X 10 2 10 X30 3 300 X 22 23 700 

= 300 12 = 1,200 

= 22,500 

3 60 X 10 22 60 X 10 3 600X22 2 295 400 

= 600 12 = 290,400 

= 5,000 

Total moment of inertia of the area about its centro ida I axis L( I) = 656,500 mm 4 

So each element has a centro ida! second moment of area of only 20 000, 22 500 and 

5000 mm4
. But when they are combined into a single beam, the second moment becomes 

656 500. 

There is a massive increase due to the parallel axis term A d 2. 



~ 1 1~ ~ m"!. .. ~ mm 'i 
•mm 

---

1( -

<•) y I 

20 mrn 

30 mm 

f 10 mm 
J( 

E 
~ 

c centroid 

c t:.) 30 mm 

Using Ule tabulated method: 

Dlstanco from centroid d Centro Ida/ Tronstortorm A d ~ 
Etsment AroaA moment of fnertla 

Ta! 

1 30X 20 23 30 X 20!! • 20.000 600 X 232 

= 600 ll = ~ 1 7,400 

2 30X 10 2 10X30' • 22,500 
~OO X2l 

= 300 u =1.200 

3 60X 10 22 60 X l 0' • S.OOO 600 X 222 

= 60() l2 = 290,400 

Comparo elemonts 111 ttl Is cross-soctlon. 

I Drag statements on tile right to matd1 tile left. 

The element wtth the largest area 

The efement wtth the largest oentroldal second 
moment of a rea 

The element with Ule largest second moment of 
area eboutUle combined centroid 

o-:J Element 3 

c~ Etementl 

Ewmam 2 

'I 

Tnmsferrad moment of Inertia 
I = 1~ +Ada 

337 400 

23 700 

295400 

The element wtth Ule smallest oentroldal second 
moment of a rea 

Eterne11t 1. and Element 3 

.:. 

:. 



Y 10 20 mm 30 mm - ., mm 

--·--

X 

(a) Yl 

Using the tabulated method: 

Dlstnnoo from 
Efament AraaA corrtrofd d 

1 ~ox 20 23 

=600 

2 30X 10 2 

=300 

3 60 X 10 22 

=600 

' • •• 

20mm 

E 
A,/ 

1 30 mm E centroid 
~ E 

~Omm 
E ' 
tQ~ E. ----- - Al 
~ E )( 

~t 
5 mm --15 mm 

(b) 30 mm 

Centrotdal Transfor term A d l 
moment of Inertia 

l., 

sox 20~ 
•20,000 

600X 232 

12 :::.3 J 7,400 

1 0 X 30' • 22.SOO soo x 2~ 
12 = 1,2()0 

60 X 103 
-5.000 

600X 22~ 

12 =290,400 

Match thG following totals for this cross-eection. 

I' Drag datemenk on tbe rigbt to match tlte left. 

y 

1 

Tr'Qnsferrod 
moment of #nertla 

T = Te +Ad~ 

337 400 

23700 

295400 

Total area This should not be added together 

Total second moment of area 

Tota I centroldal second moment of 
area 

656500 

1500 

·-

. •• 

.. 



Solve second moment of area for a combined section 

Find the second moment of area I , • for this section. 

I , • means the neutral plane is horizontal (parallel to the x axis). 

We also know that the neutral plane will be at the centroid for the combined shape. 

Find the 
second 

moment of 
area Ix x 

GIVE FEEDBACK 

Flnd centroid 
for each 
element 

I Calculate first Find y 
moment for coordinate of 
each elem::_t_centroid 

Calculate 
centroidal 

second area 
moments 

1--100 mm -1 
---.1 - t- 20 Ill Ill 

20mm- 1 

Calculate 
parallel axis 

terms 

80 mm 

_l 
t2o mm 

----'--

I · ·I 60 111111 

Tabulated 
Calculate total calculation for 

se:~~=~~a total second 
~a moment 



Solve second moment of area for a combined section 

Find centroid for each element 

Split the section into three simple elements (1, 2 and 3). 

'J' 
Working only in they direction, determine each element's centroid: 

20 
y, = 20 + 80 + 2 = 110 mm 

80 
Y> = 20 + 2 = 60mm 

20 
Y' = - = lO mm . 2 

Find the 
second 

moment of 
area I., ·' 

, __ 

GIVE FEEDBACK 

Find centroid 
for each 
element 

Calculate first Find y 
moment for coordinate of 
each elem::_t_centroid 

Calculate 
centroidal 

second area 
moments 

y 

. 

I 
I 

lj:J 

100 rnm ----1 
• 'I ! 20 mm --2 

... • 80mm 
y(: 

.20 mm 
~ 

r---3] • 3 
I ·20 mm 

X 

I I 60 mm 

Calculate 
parallel axis 

terms 

Tabulated 
Calculate total calculation for 

se:~~=~~a total second 
~a moment 



Solve second moment of area for a combined section 

First moment for each element 

From now on we take dimensions from the neutral plane (N.P.) 

Ay 1 = (20 X 100) X 110 = 220,000 mm 3 

A y 2 = (20 x so:! x 60 = 96,000 nun 3 

A y~ = (60 X 20! X 10 = 12,000 nun 3 

r (A y ·; = 220 + 96 + 12 Ulousand 

= 328 \ X JQ}"i mm ' 

Find the 
Flnd centroid Calculate first 

second 
for each moment for moment of 

area I .,,, 
element each element 

, __ 

GIVE FEEDBACK 

Find y 
Calculate 

coordinate of centroidal 
second area centroid 

moments 

y 
100 mm ----'-1 

• 1
1 1 20 mm 

--2 

... • 80 mm 
yc 

~Omm ---+-

I r----3] • 3 1 20 mm I 
X ,, . ,, 

60 Ill Ill 

Calculate Calculate total Tabulated 

parallel axis second area 
calculation for 

moment total second terms 
~a moment 



Find the 
second 

moment of 

area I.,·' 
, __ 

GIVE FEEDBACK 

Solve second moment of area for a combined section 

Find centroid (yc} 

y, = l:(A · y i 
l:!.A ) 

= 
(220,000 + 96,000 + 12,000) 

(2,000 + 1,60() + 1,200) 
328,000 

= --:-4,""'so"'o-
= 68.33= 

Find centroid 
for each 
element 

I Calculate first 
moment for 

each element 

Findy 
coordinate of 

centroid 

y 
100 mm ----'1 

• 1
1 20 mm 

- ""2 --

• • yr: 
~O mm -I r·-.'---3] 

I -$-

t I I 1):3 
60 mm 

Calculate 
centroidal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 rn m 

20 mm 
X 

Tabulated 
Calculate total calculation for 

se:~~=~~a total second 
~a moment 



Find the 
second 

moment of 
area I.,·' 

, __ 

GIVE FEEDBACK 

Solve second moment of area for a combined section 

Centroidal second area moments: 
/J X d 3 

lc = 12 

lj 
JOOmm -j 

100X203 
lc1 = 

12 
66,667 mm' • 1l_izomm 

--2 

[
02 

= 20 X SOl = 853 333 OU11 ' 
12 , lj2 

60 X 203 
lc3 = = 40,000 mm' 

12 

Flnd centroid 
for each 
element 

I Calculate first Find y 
moment for coordinate of 

each elem::_t_centroid 

I 
1 

1)3 

.. • yc 
20 mm -I ... '-1 

I + 

I I 60 mm 

calculate 
centroldal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 ll1111 

20 111 111 

X 

Tabulated 
Calculate total calculation for 

se:~~=~~a total second 
~a moment 



Find the 
second 

moment of 
area I.,·' 

, __ 

GIVE FEEDBACK 

Solve second moment of area for a combined section 

Parallel axis terms: A d 2 

Atdi = (100 X 20 ) X illO - 68.333}2 

= 3,472,222 rum • 

A 2d~ = (20 X SOi X ;60- 68.333)2 

= 111,111 m.m > 

A 3d;= (60 X 20; X (10- 68.333)2 

= 4,083,333 mm 4 

I Calculate first Find y 

ljl 

Find centroid 
for each 
element 

moment for coordinate of 
each elem::_t_centroid 

y 
100 mm ----1 

• 1 i 20mm --z. dl 
yc I .. N.P. 

1)2 IY • 
d3 

! 
t 

I) a 
60mm I 

Calculate 
centroidal 

second area 
moments 

Calculate 
parallel axis 

terms 

80mm 

t 20 mm 
X 

Tabulated 
Calculate total calculation for 

se:~~=~~a total second 
~a moment 



Find the 
second 

moment of 
area I.,·' 

, __ 

GIVE FEEDBACK 

Solve second moment of area for a combined section 

Total second moment of area 
l=l,+A d2 

y 
lOOmm~ 

l 1 = 66,667 + 347,222 = 3,538,889 rum' 1j 1 

+ • 'I i 20 mm 
--2 

h = 853,333 + 111,111 = 964,444 mm ' eli 
I N.P. 

T3 = 40,000 + 4,083,333 = 4,123,333 mm 4 1)2 
yc 

t (t2 • • 
Total 
1=1 ,+ 1,+13 

= 8,626,667 mm • 

I Calculate first Find y Flnd centroid 
for each 
element 

moment for coordinate of 
each elem::_t_centroid 

! 
clt - 20mm 

i"*"3J 
t 

1)3 I· ·I 60 mm 

Calculate 
centroidal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 111111 

20111111 
X 

Calculate total 
second area 

moment 

Tabulated 
calculation for 
total second 
area moment 



Find the 
second 

moment of 
area I., ·' 

, __ 

GIVE FEEDBACK 

1 

2 

3 

4 

5 

6 

7 

Flnd centroid 
for each 
element 

Solve second moment of area for a combined section 

A B c D E F 

b d y A Ay 

mm mm mm mm2 mm3 

#1 100 20 110 2000 220000 

#2 20 80 60 1600 96000 

#3 60 20 10 1200 12000 

:E 4800 328000 

y, 68.333 

I Calculate first Find y 
moment for coordinate of 

each elem::_t_centroid 

G H 

lc d 

mm4 mm 

66667 -41.667 

853333 8.333 

40000 58.333 

Calculate 
centroidal 

second area 
moments 

I J 

Ad2 I 

mm4 mm4 

3472222 3538889 

111111 964444 

4083333 4123333 

8626667 

Calculate 
parallel axis 

terms 

Calculate total 
second area 

moment 

Tabulated 
calculation for 
total second 
area moment 



A beam cross section. 

In order to calcLJiate the 
second moment of a rea, the 
section is split into 3 elements. 
Match the following 
descriptions of each element. 

It 8 c r- D E 

1. b d y A 

2 mm mm mm mm2 

a #1 100 20 110 2000 
4 #2 20 80 60 1600 
5 #3 60 20 10 1200 

-
& 1: 4800 

7 )lc 

I 

!l 
~ 1 ... • ))1\l - -1 

!J • I 1 • 'I ~ ~I 
f 2Umrr. 

''" (if I. "' 11 

, ... ~ ... • r;, 41 .. 

&~m-•n_+-
"'___j t 2fl I IIIIL - .~---~~~~~ 

I. . 
' (iU fllLli 

• • 

r ••• .. . 

F I G H I 

Ay lc d Ad2 

mm3 mm4 mm mm4 

220000 66667 -41.667 3472222 

96000 853333 8.333 111111 

12000 40000 58.333 4083333 

328000 

68.333 

J 

I 

mm4 

3538889 

964444 

4123333 

8626667 

~ Dra:g statements on the right t.o match the left. 

Element with the highest centroidal 
second moment of a rea 

Element with the highest area 

Element with the highest second 
moment of area abCJut the neutral axis. 

Element that is furthest away from the 
neautral pfane 

Element 3 

r.: =:r Element 3 

Element 2 

INl Element 1 

... ••••• ::J:t ..... 
••• • • 

.. . . . . 
::::: 
I I ol I 

1111 

...... 
·:::.· .. 
:::t 

•••• 
••••• ..... 
.Ill I 

••••• 



,, 

'I' •• 

'1-• 
Y"' 

YJ 

1()(1 111111 -j 

~ ,, 
I • .V /~ 

6o 111111 I 

2(} 111111 

~) 111111 

t 2(} '.!!!!! 
l 

If y c = 68.333 mm. match the values of d used in the parallel axis theorem. 

f Drag statements on the right to match the left 

dt a--:::1 (20+80+10)- 68.333 • 48.667 mm 

a--:::1 68.333 - (20+40) • 8.333 mm 

a--:::1 68.333- 10 = 58.333 mm 



M we alroady know, thore is no axial slross at tho 
neutral plane, and stress increases with the distance 
from the neutral plane. 

Although we ha\'e onl)' looked at rectangular beams, 
the same ruiQ applies to any bOOm cross..soot.ion. 

.• • 0, _____ _ 

Stress distribution in a beam cross-section 

Regardless of the shape of the cross­

section, the neutral plane always passes 

through its cent roid . 

The greater the distance of a particular 

point or element from the neutral plane. the 

greater the stress. 

0 There is no axial stress at the neutral 
plane. 

0 The maximum tensile stress occurs in 
the extreme fibre on the convex side of 
the beam. 

0 The maximum compressive stress occurs 
in the extreme fibre on the concave side 
of the beam. 

GIVE FEEDBACK 



To revise key words and knowledge of bending, match the following definitions and terms. 

j Drag statements on tile right to match tile left 

The maximum tens11e stress occurs on 
the side of the beam 

The maximum compress1ve stress occurs 
on the side of the beam 

y < is the same as __ 

Location of zero bending stress can be 
labelled as __ 

x is the same as __ 

c-:::1 convex 

D-:J concave 

lMl N.P. 

lMl Xc 

Do you know the answer? 



With any beam cross-section, we also use the 
same equation for bending stress. 

To use this equatlon we must find Bending 
Moment (M) and Second Moment of Area (i). 

The rest is easy. 

·• .. o------

How a bending problem is solved 

A bending problem Is based on the equation for bending stress: 

In order to complete this formula we need to first solve M and I 

0 To find bending moment M as we did in the previous chapter, we can use a 
moment equation for the maximum tf the location Is known, or we can use 
the shear force diagram to locate the maximum. 

0 To find second moment of area 1 as we did in this chapter, we must 
calculate using a simple centroldal element or use the parallel axis theroem 
for combined area elements. 

0 y is simply the distance from the neutral plane that we want to find stress­
most often It is the distance to the upper or lower extremity. 

GIVE FEEDBACK 



Ob =My 
1 

In order to complete this formula we need to first solve M and 1 

jt Drag statements on the right to match the left 

The shear force diagram might be 

used to help f ind __ . 

The parallel axis theorem might be 

needed in order to calculate __ . 

c:-:::J M 

C:-:::1 

Do you know the answer? 

I KNOW IT THINK SO UNSUR[ NO IDEA 

...... ..... 
1 .... -·· 
..... ..... 
1 .... _, 



HeteiS a problem taking 11 an the way ffOm 
tree body cUe.,..., and ben<ling moment 

dl8gl'llm. thn:>Ut!ll section properties and finally 
soMnl the bonding &ress. 

·• .. o~-----

Calculate llendinJ slrHses ia bums witll $J111111etrical eross.uetioas-·Eumple 113 

Example 
A beam of rectangular cross-section. 300 mm deep by 100 mm wide. Is 
subjected to a positive bending moment of 67.5 kN.m. Detennlne the 
maximum value of bending stress. 

N 

100 
~m 

GIVE FEEOBACII 

0 

54 kN 

' 27 kN 
,._;~::.-.*"'....:2::.:.5:.:.:m.:... -j 

67.5 kN.m 

0 
BM diagram 

CONTINUE > 



Calculate bending stresses in beams with symmetrical cross-sections--Example 

Solut ion 
The cross-section of the beam is as shown above. 
Moment of inertia: 

Distance to the extreme fibre: 

Bending moment: 

CIVE FEEDBACK 

bh3 
I=--

12 

= 
100 X 3003 

12 

= 225 X I06m.m 4 

y = 150 llJJD 

M = 6.75kN.m 

= 6.75X J06N.mm 

2/3 

CONTINUE > 



Calculate bending stresses in beams with symmetrical cross-sections--Example 

Bending stress: 

O b =My 
I 

67.5 x 106 N. mm x 150 mm 
= 

225 X LO 6 mm 4 

= 45MPa 

In th is case, because of the symmetrical cross-section, the extreme fibres on the tension 

and compression sides are at the same distance from the neutral plane. Therefore the 

answer represents the maximum compressive stress in the top fibre as well as the 

maximum tensile stress in the bottom f ibre. 

CIVE FEEDBACK 

3/3 



A beam of rectangular cross-section, 300 mm deep by 100 mm wide, is subjected to a positive 
bending moment of 67.5 kN.m. 

. - -
N 

100 -mm 

Moment of inertia: 

27 kN 

0 

54 kN 

2.5 m 2.5 m _ .,... _ _ -<I~ 

67 5 kN.m 

BM diagram 

I = b h 3 = 100 X 3003 • 225 X 106mm' 
12 12 

Determine the maximum value of bending stress. 

Click the correct answer. 

0 



Solve bending stress for a combined section 

Find the maximum tensile stress of this 3 m long beam with a load of 20 kN at 

midspan. Ignore Its own weight. 

Bending stress Is: 
My 

Ob = --
1 

Since this is In positive bending (sagging) the maximum tensile stress will occur at 

the bottom. 

Solve for 
maximum 

bending stress 

GIVE FEEDBACK 

Flnd centroid 
for each 
element 

calculate first 
Find centroid 

moment for 
Yc x h element 

Calculate 
centroidal 

second area 
moments 

~- 1oo mm ~~ 

20mm- -
1'" """ 

Calculate 
parallel axis 

terms 

80 nl ll\ 

_1 
t 20mm 

----'--

I· ·I 60 111111 

Tabulated 
Calculate total 

calculation for 
se:~~=~~a total second 
~a moment 

Find th 
maximL 
bend in 
mome 



Solve bending stress for a combined section 

Find centroid for each element 

Split the section into three simple elements (1, 2 and 3). 

Working only in they direction, determine each element centroid: 
20 

Yt = 20 + 80 + 2 = 110 m.m 

80 
Y2= 20 + 2 = 60mm 

20 
Y3 = 2 = 10 m.m 

lj 

'J I 

Y2 

j 
Y3 

Solve for Find centroid calculate first Calculate 

max.imum for each 
Find centroid 

moment for centroidal 

bending stress element Yc 
x helement 

second area 
moments 

, __ 

GIVE FEEDBACK 

100 mm --j 

• 1 1 20 mm 
·7 .. • 80 111111 

yc 
20 mm 

• t 20 mm 

I . ·I 
X 

60mm 

Calculate Calculate total Tabulated 

parallel axis second area 
calculation for 

terms moment total second 
~a moment 

Find th 
maximL 
bend in 
mome 



Solve bending stress for a combined section 

Find centroid 

328,000 
Y< = 4,800 

= 68.333mm 

This Is measured using the x andy axes shown in the diagram. The shape is 
symmetrical in the x direction, so 
Xr =50 nun. 

Solve for Flnd centroid calculate first Calculate 

max.imum for each Find centroid moment for centroidal 

bending stress element Yt each element second area 
moments 

, __ 

GIVE FEEDBACK 

lj 
100 mm ----j 

• 11 f 20 mm --z .. • 80 mm 
yc 

20mm -! r-----, • 1 f 20 mm I 
X 

t I I ')3 
60mm 

Calculate Calculate total Tabulated 

parallel axis second area 
calculation for 

terms moment total second 
~a moment 

Find th 
maximL 
bend in 
mome 



Solve bending stress for a combined section 

First moment for each element y 
From here on we base dimensions f rom the nel.ltral plane (N.P.) 

A y J = \.20 X 100) X 110 = 220,000 Dllll 3 

A y 2 = \20 X 80) X 60 = 96,000mm3 

Ay3 = (60X20) X 10= 12,000lll.lll 3 

~ (A y ; = 220 + 96 + 12 

Solve for 
max.imum 

bending stress 

, __ 

GIVE FEEDBACK 

= 328 :. x lQ 3 ) mm' 

I Flnd centroid 
for each 
element 

Find centroid 
Yc 

Calculate first 
moment for 

each element 

yc 
'I~ 

I 
I 

lj:J 

Calculate 
centroidal 

second area 
moments 

100 mm ----1 
+ + 1

1 20 mm 
-f-

dl 
--z 

~ • N. P. 

lY + 80mm 

d3 ........ 20mm 

I i-+ ~I 20mm 
X 

I I 60mm 

Calculate 
parallel axis 

terms 

Calculate total Tabulated 
calculation for 

se:~~=~~a total second 
~a moment 

Find th 
maxi mL 
bend in 
mome 



Solve for 
max.imum 

bending stress 

, __ 

GIVE FEEDBACK 

Solve bending stress for a combined section 

Centroidal second area moments: 
/J X d 3 

lc = 12 

lj 
JOOmm -j 

100X203 
lc1 = 

12 
66,667 mm' • 1l_izomm 

--2 

[
02 

= 20 X SOl = 853 333 OU11 ' 
12 , lj2 

60 X 203 
lc3 = = 40,000 mm' 

12 

Flnd centroid 
for each 
element 

calculate first 
Find centroid 

moment for 
Yc x h element 

I 
1 

1)3 

.. • yc 
20 mm -I ... '-1 

I + 

I I 60 mm 

calculate 
centroldal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 ll1 111 

20 111 111 

X 

Calculate total Tabulated 
calculation for 

se:~~=~~a total second 
~a moment 

Find th 
maximL 
bend in 
mome 



Solve for 
max.imum 

bending stress 

, __ 

GIVE FEEDBACK 

Solve bending stress for a combined section 

Parallel axis terms: A d 2 

Atdi = (100 X 20 ) X illO - 68.333}2 

= 3,472,222 rum • 

A 2d~ = (20 X SOi X ;60- 68.333)2 

= 111,111 m.m > 

A 3d;= (60 X 20; X (10- 68.333)2 

= 4,083,333 mm 4 

ljl 

Flnd centroid 
for each 
element 

Find centroid 
calculate first 
moment for 

Yc x h element 

y 
100 mm ----1 

• 1 i 20 mm --z. dl 
yc I .. N.P. 

1)2 IY • 
d3 

! 
t 

I) a 
60mm I 

Calculate 
centroidal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 mm 

t 20 mm 
X 

Calculate total Tabulated 
calculation for 

se:~~=~~a total second 
~a moment 

Find th 
maxi mL 
bend in 
mome 



Solve for 
max.imum 

bending stress 

, __ 

GIVE FEEDBACK 

Solve bending stress for a combined section 

Total second moment of area 
1 = 1, + A d 2 

y 
lOOmm~ 

I 1 = 66,667 + 347,222 = 3,538,889 rum' 'J 1 

+ • 1
1 i 20 mm 

--2 
I 2 = 853,333 + 111,111 = 964,444 mm ' eli 

I N.P. 
T3 = 40,000 + 4,083,333 = 4,123,333 mm 4 'J2 

yc 
t (t2 • • 

Total 
1 = 1, +1, + 13 

= 8,626,667 mm • 

Flnd centroid 
for each 
element 

calculate first 
Find centroid 

moment for 
Yc x h element 

! 
clt - 20mm 

i"*"3J 
t 

1)3 I· ·I 60mm 

Calculate 
centroidal 

second area 
moments 

Calculate 
parallel axis 

terms 

80 111111 

20111111 
X 

Calculate total 
second area 

moment 

Tabulated 
calculation for 
total second 
area moment 

Find th 
maximL 
bend in 
mome 



Solve for 
max.imum 

bending stress 

, __ 

GIVE FEEDBACK 

1 

2 

3 

4 

5 

6 

7 

Flnd centroid 
for each 
element 

Solve bending stress for a combined section 

A B c D E F 

b d y A Ay 

mm mm mm mm2 mm3 

#1 100 20 110 2000 220000 

#2 20 80 60 1600 96000 

#3 60 20 10 1200 12000 

:E 4800 328000 

y, 68.333 

calculate first 
Find centroid 

moment for 
Yc x h element 

G H 

lc d 

mm4 mm 

66667 -41.667 

853333 8.333 

40000 58.333 

Calculate 
centroidal 

second area 
moments 

I J 

Ad2 I 

mm4 mm4 

3472222 3538889 

111111 964444 

4083333 4123333 

8626667 

Calculate 
parallel axis 

terms 

Calculate total 
second area 

moment 

Tabulated 
calculation for 
total second 
area moment 

Find th 
maximL 
bend in 
mome 



Solve bending stress for a combined section 

Now find the maximum stress of thls 3 m long beam 
with a load of 20 kN at midspan. Ignore Its own welght. 

Before we find bending stress: 

Ob = My 
I 

Still need to calcurate M: 

PL 
M = -

4 

(20,000 . 3,000) 
- ------

4 

= l S,OOONmm 

r 
Calculate first 

I' • 

And centroid Yc moment for 

Calculate 
centroid a I 

second area 
moments 

cat curate 
parallel axis 

terms 

calculate total 
second area 

moment each element 

GIVE FEEDBA&K 

~--~---,'·~r ,,,..._ __ .....~ 
•'C: 

(If! 

Tabulated 
calculation for 
total second 
area moment 

~ , .. 

J. 

Flnd the 
maximum 
bending 
moment 

Flnd the 
maximum 

bending stress 



Solve bending stress for a combined section 

Now find the maximum stress of this 3 m long beam 
with a load of 20 kN at midspan. Ignore tts own weight. 

Now we can use the equation at last! 

My ao= ----=:._ 
I 

( 15,000 . 68.333) 

8,626,667 

= l04.33 MPa 

Done. 

calculate first 
And centroid y, moment for 

each element 

GIVE FI£DBACK 

calculate 
centroldal 

second area 
moments 

calculate 
parallel axls 

terms 

calculate total 
second area 

moment 

Tabulated 
calculation for 
total second 
area moment 

And the 
maximum 
bending 
moment 

Flndthe 
maximum 

bending stress 



Procedure for flndlng the maximum tensile stress 
for this 3m long boam wlUl a load of 20 kN at 
midspan. lgr.ore Its own weight 
Follow Ule order In the "Ulble and lncl ude final 
stre:ss at the. ~md. 

r-··· ., 
6 

• B ! C I) ~ E F 0 

:1. b d y A Ay lc 

2 mm mm mm mm2 mms mm4 

3 #1. 100 20 1.1,0 2000 2200<.X> 66667 
4 #2 20 so 60 1.600 96000 853333 -
5 #3 60 20 10 1.200 .12000 40000 

8 t 4SOO 328000 

H I J l 
d Arf I I 
mm mm" If mm I 

-41.667 3472222 353a889 

S.3S3 1.11111 964444 

55.333 4083333 4323-333 

8626667 

., Ye 68.333 J -------

ot-"" Place tbes& in tile proper onler. 

find $eOOnd moment of aroa for each element (b4rt DO NOT add them up) 

find tho distances of oach olement's oentrold from the combined centroid. d ,_ yc - Yu 

Calculate bending moment M and solve for bending stress In fJ1t = MY 
J 

Find centroid y~,. ~ft >') 
tA 

. • 

Split the section Into three eiEtments. And total area l:A, then total first moment of area •-: 
D .Ay) 

ApplyUle parallol axl$'theorem to each element: f 1 , It+ A d 2 Ulen add second momont 

of area for ~ch element ltttr. - Tx + ;,. + r, 



Find maximum compressive stress for this 3m 
long beam with a 1oad of 20 kN at midspan. lgnore 

its own weight iJ, 
(Note: each formula is numerically accurate) 

j\f 1J 
Ob = ____:;_ 

I y~ 

!f 

1jr. 

lOOmm-j 

i • l 

,-- .~ 

t!J 

2(t Hl ll l 

I !\; }J ' • • 0 0 

l d( If 

d.1 --20 ll111l 

SOmm 

I. :. J~ , .. 
· ·¢:s;;:==--.:=======~x,~ 

J 

1 
,..----
L * 

.. 
.> 

I· I I 
~ 20mm 

X 

1 

2 

3 

4 

6 

8 

7 

fl "' 
':} ·:J 

Ei<t I IIIU 

" 8 c D ' F G I H 

b d y A Ay lc d 

mm mm mm mm2 mm3 mm4 mm 

#1 100 20 110 2000 220000 66667 -41.667 

#2 20 80 60 1600 96000 853333 8.333 

#3 60 20 10 1200 12000 40000 58.333 

!. 4800 328000 

}'c 68.333 

Click the correct answer. 

t 10~000 . 1.5) N rom · ( 120 - 68.33331 mm _ 
0

_
08984

:MPa 

8?626,667 mm' 

I 

Ad2 

mm4 

3472222 

111111 

4083333 

1 10~000 . 1.5 . 1,000) Nmm · 1120 - 68.3333> mm = 
89

.
84

1vrPa 

8,626~667 mm" 

{10,000 . 1.5. 1,000) Nmrn · 683333mm = llS.SMPa 

8,626,667 nun"' 

r 10,000 · 1.5) N tnm · 68.3333 mm = O.llS8 MPa 
8,626,667 mm 4 

J 

I 

mm4 

3538889 

964444 

4123333 

8626667 



y 
lOO mm - j 

Find maximum tensile stress for this 3m long 
beam with a load of 20 kN at midspan. Ignore its 
own weight 
(Note: each formula is numerically accurate) 

i\1y 

~ • 
rli .--

1 ~20HIHI ., 

CJb = ----'-
1 !I~ 

!Jc 
I .V.P. • ... 

t '12 ... 

d.1 - - 20 ll)f'll 

J l f ---
j L • 

1· ~ . t 
,, ~====--===-==--:t ' T- ;t .. 

·'· 

I· I I 
HO 111 111 

1. 

2 

a 

4 

6 

e 
t--

7 

A 8 c D E I F G I H 

b d y A Ay lc d 

mrn mm mm mm2 mm3 mm4 mm 

#1 100 20 110 2000 220000 66667 -41.667 

#2 20 80 60 1600 96000 853333 8 .333 

#3 60 20 10 1200 12000 40000 58.333 

~ 4800 328000 

Y& 68.333 

Click the correct answe-r. 

110.000 . 1.5) N mm · ( 120 - 68.3333) mm = 
0

_
08984 

Nfila 

8,626,667 mm 4 

(10,000. 1.5. 1,000) Nmm · 68.3333mm = 1JS.B1v1Pa 

8,626,667 mm 4 

110,000 · 1.5)Nmm · 68.3333mm = O.llSSMPa 
8,626,667 tntn" 

I 

Ad2 

mm4 

3472222 

111i11 

4083333 

110.000 . 1.5 . 1,000) Nmm · ( 120 - 68.3333 ) mm = 
89

_
84

.MPa 

8,626,667 mm .t 

J 

I 

mm4 

3538889 

964444 

4123333 

8626667 

80mm 

20mm 
X 



Find maximum stresses for this 3m long beam 

with a load of 20 kN at midspan. Ignore its own 
weight. 

My 
Ob = ____;~ 

I 
I 

;l I 

t •'· ,. 

' 06; 

~ 8 c D E F G 

1 b d y A Ay lc 

2 mm mm mm mm2 mm3 mm4 

a #1 100 20 110 2000 220000 66667 
4 #2 20 80 60 1600 96000 853333 
5 #3 60 20 10 1200 12000 40000 

r--
8 ~ 4800 328000 

r--
7 Yc 68.333 

fj 
lOOmm-1 

ljl 
4 • l t 2.(1 lliHI 

t!J ' 
fjt; • .~'. 1). 

fj':! d.2 SOrnm 

d.J : _-[Z<J 

1

mm . ' t 20mm 

I I· ·I 
X 

Y~ 
fi(t 111111 

' H I I J 

d Ad2 I 

mm mm"' mm4 

-41.667 3472222 3538889 

8.333 lltl1l 964444 

58.333 4083333 4123333 

8626667 

-i Drag statements on the right to matcft the lefl 

M 

I 

yfor tensile stress 

y for compressive stress 

20,000 N X 3m = 1,500 Nm 
2 2 

C-:::1 (20 + 80 + 20) - 68.333 = 51.667 

328,000 = 68.333 
4)800 

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

-··· . . .. 
:: .... 

••••• 



This qoost.ion shO•,o.'S a nootral plano that iS not 
halfway up the cross-section. 

This results In a higher stress at the bottom than at 
the top. because distance y Is greater. 

·• ... o~-------

Calculate bending stresses in beams witb non-symmetrical cross-sections--Example 1 I 4 

Example 
For the cantilever beam shown below, determine the maximum value of 
stress. 

I ~ 196 X 106 mm' 

neutral plane 

Cross-section 

GIVE FEEDBACK 

E 
E 

E 
E 

~ 

BM diagram 

CONTINUE > 



Calculate bending stresses in beams with non-symmetrical cross-sections- Example 

Solution 

Maximum bending moment occurs at the f ixed end of the beam. 
M = 14kNX 3.5m 

= 49N.m 

=49X!06N.mm 

This is negative bending moment. Therefore the convex or tension fibre is on the top and 

the concave or compression fibre is on the bottom. Hence, for maximum tension, 

y, = 100 mm, and for maximum compression, y , = 200 mm. 

Maximum stresses can now be ca lculated. 

2/4 

CIVE FEEDBACK CONTINUE > 



Calculate bending stresses in beams with non-symmetrical cross-sections- Example 

Tensile stress in the top f ibre: 

CIVE FEEDBACK 

My, 
0 1 = ---,~ 

I 

49 X l06N. mm X lOOnuu 
= 

196 x J06nuu• 

= 25MPa 

3/4 

CONTINUE > 



Calculate bending stresses in beams with non-symmetrical cross-sections- Example 

Compressive stress in the bottom fibre: 

Myc 
Oc = I 

49 X I06N . mm X 200 mm 
= 

196Xl06mm' 

= SOMPa 

4/4 

Such non-symmetrical cross-sections are sometimes used for beams made from materials 

which are stronger in compression than they are in tension, such as concrete. 

However, concrete is good for 50 MPa compression, but not 25 MPa tensile st ress. So if 

this cantilevered beam was made of concrete it would have a concentration of steel 

reinforcing at the top to absorb the tensile forces. 

CIVE FEEDBACK 



neutr 

I 196 x 10 6 mm~ 

g E 
.- E 

f- -

al pia ne E 

Cross-sedion 

E 
8 
N 

1d kN 3 .5 m , / 
~.------------~~ 

/ 

49 kN.m 
BM diagram 

Maximum bending moment oocurs at the fiXed end of the beam (at the wall}. 
1\f = 14kNX3.5m-49Nme49 X lO'Nmm 

Find the maximum tensile stress at and the maximum compressive stress Cc. 

0 

0 

0 

0 

Check that apply. 

49 X 106N .mm X 200mm SO'..-n 
Oe = ... .1v.u:a 

196X 106 mm4 

Ot = 49X lO'N. mmX200mm =SOMPa 
196 X 106mm4 

49 X 106 N .mm X lOOnun 
25 

MP 
Oc = = .1: a 

196X 106 mm4 

O t = Jl9 X lO'N.mmX lOOmm _ 2SMPa 

196 X lO'mm' 




