Statics - TAM 211

Lecture 32
December 12, 2018
Chap 10.1,10.2, 10.4, 10.8




Announcements

J Check ALL of your grades on Blackboard! Report issues

® Prof. H-W oftice hours
® Monday 3-5pm (Room C315 ZJUI Building)
® Wednesday 7-8pm (Residential College Lobby)

H Upcoming deadlines:

® Friday (12/14)
® Written Assignment 12

© Friday (12/14) all in Teaching Building A418-420
® 9:00 am: Quiz 6, On paper. Chapter 9 (CoG thru Fluid Pressure)

® 10:00 am: Discussion section for ALL students

® No lecture to accommodate quiz 6 testing time

® Tuesday (12/18)
e HW 13



Chapter 10: Moments of Inertia
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(Goals and Objectives

* Understand the term “moment” as used in this chapter

* Determine and know the ditferences between
* First/second moment of area
* Moment of inertia for an area
* Polar moment of inertia

* Mass moment of inertia
* Introduce the parallel-axis theorem.

* Be able to compute the moments of inertia of composite areas.
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Recap: Area moment of inertia
(Second moment of area)

Moment-curvature relation:

L7
® The moment of inertia of the area A with IM,| = P
respect to the x-axis is given by 1, Moment of inertia

of cross-sectional

I — 2 dA y area
’ fA y M’ A ¢ E: Elasticity modulus
. . . ‘ o _ x’ (characterizes
® The moment of inertia of the area A with (‘ﬁ?f“ﬂ manssi ‘-) stiffness of the
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® The moment of inertia of the area A with y

respect to the origin O is given by (Polar M
A
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Recap: 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

Ix’ and I)/’:
I, = I, + Ad,
_ 2
I, = I, + Ad;

Jo =Jc+A(d: +d;) = Jc + Ad°

y y'

0

Note: the integral over y’
gives zero when done through
the centroid axis.




Recap: Moment of inertia of composite

e [If individual bodies making up a Composite body have individual areas A4 and
moments of inertia I computed through a common axis, then the composite area
and moment of inertia is a sum of the individual component contributions about

the axis
This requires the parallel axis theorem:
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Find the moment of inertia of the shape about its centroid:

Y
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Determine the moment of inertia for the
. 100 mm o
cross-sectional area about the x and y . /1"‘
-—

centroidal axes.

— 100 mm
~——— 600 mm-——-

Example 10.5 in text
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Consider three different possible cross sectional shapes
and areas for the beam RS. For the given vertical
loading P on the beam, which shape will develop less

internal stress and deflection?




English units (inches)

Axis X-X Axis Y-¥
Area Depth  Width — — — —
Diesipmation in® in. tn. Iind km Yo | [,m¢  k.m  ¥in
¥ W18 3 761 29.3 122 110 | 1330 7.7 1. 261
W Shapes e | W16 %57 16.8 164 712 | T8 6.72 431 160
(Wide-Flanpe W4 x 38 1.2 141 677 | a8y 5.87 267 158
Shapes) X— W 31 9.12 800 800 | 110 3.47 atl 202
¥
¥ S18 » 54.T1 16.0 180 600 | 801 7.07 207 LM
§ Shapes | s12x31s 0al | 120 500 | 217 4.8 933  L00
(American Standard [~ | 510 % 254 745 | 100 466 | 123 4.07 BTZ  0.50
Shapes) S6 x 125 3.66 600 343 220 2.4 180 0702
X—f—xX
i |
¥
Y C12 % 20.7f 608 | 120 204 | 120 461 A86 0707 0.608
C Sha N C10x 153 448 | 100 260 673  3.87 227 0711 0.634
( American Standard + | Cax11s 3.37 800 226 a5 311 131 0623 0572
Channels) Chx 8.2 2,39 600 192 131 23 0687 0536 0512
X—+—xX
—_— | T
L
1 4 L6 6 1} 1L.0 an4 179 186 | 34  LTO 186
. Liaxdxd 3.7 M52 L2l  LIs B2 121 118
_'L Llaxaxd 144 12 0026 0836 | 123 0026 0.836
Angles L6 xd x4 4TS 17.3 191 198 622 Ll4  0.98]
Lixaxl 3.7 043 LM LT 255 0824 0.746
Laxaxd 119 L09 0983 0080 | 0300 0869 0487
X — X
N
¥




Metric units (mm)

Axis X-X Axis Y-¥
Area | Depth Width L k7§ I, Kk X
Desgnadion mims mm T 109 mm4 mm  mm 109 mm mm  mm
¥ W4R0 s 1134 14400 | 462 270 g 196 3.3 6.2
W Shapes et | W410 x &5 10800 | 417 181 316 171 17.8 40,8
(Wide-Flangs Was0 x 57.8 7330 Jse 172 160 149 11.1 30.4
Shapes) X % | W200 x 46,1 L) ans 208 458 88,1 154 3 )
P—
Y
¥ S460 % 81.4% 10300 | 487 1% an 180 262 200
5 Shapes 5310 x47.3 6010 08 187 00,3 123 388 954
(American Standard ~ “—|— | samowaTs 4810 | 254 118 5.2 103 280 241
Shapes) S150 ¢ 18.6 2IR0 152 84.6 0,16 B2.2 0740 178
X X
F ] e
¥ 310 x 30,81 20 308 74.7 w7 117 161 202 177
C Shapes Co80 x 23,8 000 and 6.0 250 98,3 0048 181 161
{American Standard = G200 % 17.1 2170 203 574 135 T8.0 0545 188 145
Channals) | C180 % 12.2 1540 152 458 NAN 0.4 0285 136 130
X X
¥ L18% x 182 x 854f 7100 14.7 &8 473 7 485 478
L10% x 108 x 127 2430 230 307 200 230 307 300
— B [— L78 % 78 »x 6.4 o0 0512 #F 212 0512 235 2l
N Li1b2 x 102 x 127 3060 720 485  HOS ass 200 249
Angles L127x 78 x 127 2420 383 401 42 106 @208 188
L78 % 51 x 6.4 TS 04 248 49 0,168 145 124
X — X
" )
¥




Two channels are welded to a rolled W section as shown.
Determine the area moments of inertia of the combined

section with respect to the centroidal x and y axes.
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Mass Moment 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.

[ large, I small,
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p = http://ffden-
(b) 2.phys.uaf.edu/webproj/211_fall_2014/Ari

el Ellison/Ariel Ellison/Angular.html




Mass Moment of Inertia

Torque—acceleration relation: T =]

where the mass moment of inertia is defined as

I,, = fprde

If p = constant, [,, = frzdm

Mass moment of inertia for a disk:

t p2m pR I =1y = 3mr® I, =3mr® I =3mr’
I, = /perv:// / pr? (rdrdddz)
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= / / —dé’dz
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Center of Gravity and Mass Moment of Inertia of Homogeneous SolidS ws
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