Statics - TAM 211

Lecture 32
April 9, 2018
Chap 10.1,10.2,10.4, 10.8




Announcements

1 No class Wednesday April 11
J No office hours for Prof. H-W on Wednesday April 11

d Upcoming deadlines:
* Tuesday (4/10)
e PLHW 12

® Thursday (4/12)
* WA 5 due

® Monday (4/16)
L Mastering Engineering Tutorial 14



Chapter 10: Moments of Inertia




e

Goals and Objectives

Understand the term “moment” as used in this chapter

Determine and know the differences between

* First/second moment of area T nerbia & et ?
. . rA‘ A ™
* Moment of inertia for an area ¢ uss
o | 0 d )
* Polar moment of inertia A b b
* Mass moment of inertia ok o

Introduce the parallel—axis theorem.

Be able to compute the moments of inertia of composite areas.

/




Applications
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Many structural members like beams and columns have cross sectional
shapes like an I, H, C, etc.

Why do they usually not have solid rectangular, square, or circular

cross sectional areas?

What primary property of these members influences design

decisions?



Applications

Many structural members are made of tubes

rather than solid squares or rounds. Why?

This section of the book covers some
parameters of the cross sectional area that

influence the designer’s selection.



Recap: First moment of an area (centroid

of an area)
The first moment of the area A with respect to theX-axis is given by Qp= f,ydA

The first moment of the area A with respect to th@ﬂs given by g@z JardA

» The centroid of the area A is defined as the point C of coordinates and , which

satisfies the relation y
Y /\\\\\\
A
.// Y
L : ——
[,ydA= Ay 0
O X
Yy
 In the case of a composite area, we divide the area A into parts ) - 7/\

X T % 2/ / Ay
Atotal X = E Az Lq Atotal Y = E Az Yi Al .

O



Terminology: the term moment in this module refers to the mathematical

sense of different “measures’ of an area or volume.

® The zeroth moment is the total mass./ar e~

® The first moment (a single power of position) gave us the centroid.
® The second moment will allow us to describe the “width.”

® An analogy that may help: in probability the first moment gives you the
mean (the center of the distribution), and the second is the standard
deviation (the width of the distribution).
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Second moment of area 4, 5 i

“Second moment of area” = “Area moment of inertia”; note differences in G S XN dA
names, but they both represent the same concept.

Moment of inertia is the property of a deformable body that determines
the moment needed to obtain a desired curvature about an axis.

Moment of inertia depends on the shape of the body and may be different

around different axes of rotation. Moment-curvature relation:
. El,
S S Avea Imuw\,bw"' of "“‘f']"“ y |M:1:| — 0
® The moment of inertia of the area A with ic

E: Elasticit/\' modulus

(characterizes

respect to the@3axis is given by ciffess of the

@5: fA y2 dA deformable body)

pP: curvature

M' A B

® The moment of inertia of the area A with I g~
» BE SO

respect to the@ams 1S glven by L e g"' = P

@gifA r2dA y

® The moment of inertia of the area A with
respect to the origin O is given by (Polar

moment of inertia)

J= [,@DdA = [,(z* +y*)dA =T, + I,
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Determine the moment of inertia for
the rectangular area shown w.r.t. the

. . /
centroidal axis X .
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Parallel axis theorem

* Often, the moment of inertia of an area is known for an axis passing
through the centroid; e.g., x and y’:
® The moments around other axes can be computed from the known I’ and

% y y’
I, = r(y’ +d,)? dA

area

(Y dA+24, fy’ dA
i‘ea—/_\/ area > - dy

<’

- O

+ d2 f dA AN 4

| T, Lead \ o -

Note: the integral overy

I, = I, + Ad> gives zero when done through
— the centroid axis.

Gc;=fc + Adi +d%) = Jc
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Determine the moment of inertia for
the rectangular area shown w.r.t. the
axis passing through the base of the
rectangle Xp,.
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Moment of inertia of composite

e If individual bodies making up a Composite body have individual areas
A and moments of inertia I computed through their centroids, then the
composite area and moment of inertia is a sum of the individual

component contributions.
e This requires the parallel axis theorem
e Remember:

e The position of the centroid of each component must be defined

with respect to th{game origiy

e |t is allowed to consider negative areas in these expressions.

Negative areas correspond to holes/ missing area. This i1s the one

occasion to have negative moment of inertia.

e




Determine the moment of inertia for

~— 100 mm —
the shaded area about the\x-axis) T
H\'\J by Sac)wc..;h 7 2 D o -
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MassJMoment of Inertia

* Mass moment of inertia is the mass property of a rigid body that
determines the torque T needed for a desired angular acceleration (&)
about an axis of rotation.

e A larger mass moment of inertia around a given axis requires more torque
to increase the rotation, or to stop the rotation, of a body about that axis

* Mass moment of inertia depends on the shape and density of the body and

is different around different axes of rotation.

I large, [ small,
@ small o large

\\ http://ffden-

( 2.phys.uaf.edu/webproj/211 fall 2014/Ari
el _Ellison/Ariel_Ellison/Angular.html



http://ffden-2.phys.uaf.edu/webproj/211_fall_2014/Ariel_Ellison/Ariel_Ellison/Angular.html

Mass Moment of Inertia

Torque—acceleration relation: T =]

where the mass moment of inertia is defined as

I, = fprde)

T o= |rfdm o comshat ¢

Mass moment of inertia for a disk:

Thin Circular disk

|

t pr2n prR I =1, =3 mr* I, = %mr2 [ = ;mr
I, = /pr2dv:/ / / pr? (rdrdfdz) -
0 Yy
2m 4

T
T‘2 2 2

— / —Wdz—pgwt—ipwr t—?pV—?M _ = )




From inside back
cover of Hibbler
textbook

Hemisphere
Ly =t =02%9m” L. = {wr

X
Thin Clroalar disk
Ta=lym il lpmfod Jm i"r‘

This ring
famlymimd =P

Center of Gravity and Mass Moment of Inertia of Homogeneous Solids s

Cylinder
Ly=ly = hm3f+i®) L=4md
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I, =1, = gm@l + B L= Smr
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English units (inches)

Axis X-X Axls ¥-¥
Ares Diepth  Width — — — —
Diesipnation in® in. in. Lowd kin Yon | Ioid ki ¥in
¥ W18 = 764 22.3 182 1Lo | 1330 7.73 152 261
W Shapes e | WG % 57 16.8 16.4 7.2 | TeE B.72 43.1 1.60
(Wide-Flange W14 = 38 1.2 141 877 | a8 5.87 26,7 155
Shapes) x—] Wi 31 0,12 00 800 | 110 3,47 a7.1 2,02
¥
¥ 518 x 54T} 16.0 180 600 | 801 7.07 20,7 114
5 Shapes | s12xms 9al | 120  S00 | 217 4.8 933 Loo
(American Seandard =~ [~ | S10 %284 T4% | 100 0 488 123 4.07 AT3  0.880
Shapes) [ 56 % 125 966 AO0 3.3 220 .45 L8 0.702
X L X
‘— ]
L
Y C12 % 20.7f 08 [ 120 204 | 129 4.81 986 0797 0608
C Sha N C10% 183 448 | 100 2,60 7.3 8,87 227 0711 0634
( American Standard + C8x 115 2.37 BOO0 .98 s 3,11 131 0623 0572
Charmels) Chx 8.2 2.39 500 L92 13.1 2,34 0657 0536 0512
—H—=x
_— q—f
L=
 § L6 x 6 x 14 1.0 a4 1.70 186 a4 179 1.8
. Laxaxd 3,75 BAE L2l 1.18 552 L2l 118
— Laxaxd 1.44 L2 0826  0.836 123 0925 0.836
I 1
Anples Lexdxd 478 17.3 1.91 1.98 622 L1488l
Lixaxd 2.7 043 LW 1.74 5% 0824 0.T46
L3xexd 1.19 L9 0083 0080 0300 0580 0487
X — X
a1 i




Metric units (mm)

Asds X-X Axis ¥-¥
Area | Depth Width I E ¥ I, K X
Diesignation mm® mam mim 108 mm4 mm  mm 108t mm mm
Y W4ED 3 113f 14400 | 462 270 LT} 196 f3.3 6.3
W Shapes et | W10 » &5 0800 | 417 181 318 171 174 406
(Wide Flange W50 » 578 TR0 ase  17@ 160 148 11.1 30,4
Shapes) — X | W00 x46.1 EEE 205 208 458 f8.1 154 513
—
Y
¥ S460 % BL4} 10300 | 457 182 3% 180 62 20.0
5 Shapes S310 % 47.3 6010 | 308 187 0.3 123 388  9N4
(American Standard " [~ | Sasowats 4810 | 284 118 5.2 103 280 M1
Shapes) S150 % 18.8 2360 158 B4.8 o.18 2.2 0748 17.8
X
==
¥ C310 » 30.6f 20 308 TAT H3T7 117 181 22 177
C Shapes N0 % 22,8 TR0 284 6.0 2810 083 nads 181 161
{American Standard = C200 « 17.1 2170 203 574 135 79,0 0545 158 145
Channels) C180 % 12.2 1540 158 488 NN HO.4 0286 136 130
—x
e
) 4 L1523 152 % 85.4f 7100 14.7 488 472 147 48K 478
L10% 102 3¢ 19,7 2430 230 307 200 230 307 300
—] E [ L78 x 76 x 6.4 a2 05lE 5 L2 05l P35 2LE
a Lis2 102 3 19,7 3060 T80 485  H0.3 a8y P00 2490
Anglas L127» 78 x 127 2430 383 401 442 106 208 1839
L8 3 51 3¢ 8.4 68 D48 242 240 0162 145 124
X — X
o ¥
¥




