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Solution
1. Use the following numerical data (see Table) and draw the section in scale (Fig. 1).
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Table

Geometrical properties
Parts of the A | | | I | -
. ) .y yi, X|y|1 ma)(i1 mlni,
composite area h h 2 % Yo
P m | m m m? m? m? m? m? m

1- 0.2 | 0.1 | 26.8x10™* | 115x10°® | 1840%x10° 0 |1840x10°%| 115x10°® -
GOST 8239-72 ' : .

2— = D ;
GOST 850072 | 0-16 | 0.16 | 31.4x10 774<10° | 774x10° — | 1229x10°® | 319x10°8 | 4.3x10"

The coordinates of two C; and C, centroids for the parts are known from assortments
(Xg=Yp=43 1072 m).

2. Cdlculation of the centroidal coordinates for composite area.

AXes xq, y; are selected as reference axesin this study (see Fig. 1).

The following formulae are used
X =Sy, /A, Yc=S¢/A, where
— oM D . — (0]
SY1_5Y1+Sy1’ S><1_g>?1|+sx1'
A=A+ A2 =268 1074 +31.4° 104 =582" 104 m?.

S, and Sy, are zero dueto central character of xq, y; axes for I-beam.

sfi = AD(+(, - % Yo)) =31.4° 10" 4(+(0.16- 0.05- 0.043)) =31.4" 10" 0.067 =
=+2.10" 104 m3.
sy‘f = AZ(- (% +%)) =31.4" 10" 4(- (0.1+0.043)) =- 449" 10" * m°.
Sy, =0- 449" 10 =-4.49"10"* m°.
S, =0+210"10"*=+2.10" 10" * m®.
X. =-4.49° 10°4/58.2" 10°#=-0.077 m=- 7.715cm.

ye =+2.10° 10" #/58.2" 10" % = +0.03615 m = +3.615cm.
Results: the coordinates of the C centroid are equal to:

Xe =-7.715 102 m,

Yo =3615" 10°2 m.
They are shown on Fig. 1.
3. Calculation of central moments of inertiarelativeto central X, y. axes.
Let us denote the x., Y. axes as the centroidal axes of the composite area. The moments

and product of inertia with respect to these axes can be obtained using the parallel-axis
theorems. The results of such calculations are as follows.




I, =1 +19

X XX
I, =1, FcPA =115" 108 +36152° 268" 108 =46523" 1078 m
XC - X C].'Al_ . . - . m,
|)‘i = |g +C5A, = 774" 10°8+3085%" 314" 10" 8=10728" 108 m",
Iy, =(465.23+10728)10 ® =1538" 10°° m".
—H L
lye =lye Hlye
ly 1y, Faf A =1840" 10°° +7.715°" 268° 10°°=34352" 10" % ',

! ? = 5’2 +a5A, = 774" 1078 +6585°" 31.4° 10°8=21356" 1078 m,
Cc

Iy, =(34352+21356)10 ° =55708" 10" ° m".
4. Calculation of the product of inertiarelativeto x., y. axes.
—H %)
IXcYc - IXcYc * Ixcyc’

For the first part of the section:

H_, H _ fa - T c 108
liye = gy, + @A =0+7.715(- 3615)" 10" %" 268" 10" =- 7474 10°° m".
For second part the similar approach is used:

g _,9
| = + aoC )
X Ye X2Y2 2024

The value of Ig Yo should be determined beforehand using transformation equations for

product of inertia and taking into account that in rotation of axes the sum of axial moments
of inertiais unchanged, i.e. Iy, +1y, =Imnay +Iyin. The axes rotating procedure is shown
in Fig. 2. The X3, y3 axes are selected as reference axes in this rotation to Xy, y, axes.

Due to cross-section symmetry relative to X3
V2 axis, the angle of rotation is qp=-45°

ys\ 3 (clockwise rotation).
In our case, genera view of transformation

k / 0, =—45°  equation for product of inertia
I-1y .
- lyyy =——=2LSiN2g + |, COSY

X9 X1~ 2

will be rewritten as

IX-I
-3 Y34

o\ IXZyZ—TanquXsyscoqup.
Fig. 2

After substituting,

1229 10°8- 319" 10°®
XoYo — 2

| sin(- 90°) + Ocos(- 90°) = - 455" 10" 8 m*.

In our designations, this product will be denoted as Ig yo = 455" 10°8 m*.




Consequently,

|)‘iy =-455" 10" 8 + (- 6585)(3.085)" 31.4° 10" 8 =-10929" 108 m*.
C

Total result after substitutionsis
lyy, = (- 747.4- 10929)" 10°° =- 18403 10" ® m*.

5. Rotating central X, Y. axesto central principal position at dp angle.

Substituting the values of central moments and product of inertia into the equation for the
angle g p» Weget

2lxy, _ 2 (-18403) _
5570.8- 1538

tg2q, = -09127b 29, =-42°24'p q =- 21°12¢
lye = Ixe

Note, that thisangleis clockwise due to used sign convention. It is shown in resultant

picture shown below (Fig. 3).

It is important to note that in any rotation of axes to principa position larger of two axial
moments of inertia (| Ve =5570.8 cm4) becomes the largest (maximum) and smaller one

(1 Ve = 1538 cm4) becomes the minimum in value.

6. Calculation of principal central moments of inertiafor composite area.
The principal moments of inertia are determined using the formula

e tlye . [@Bx -y & 8 4
Ly = max = SEE R =(3554.4+2293.2)" 10" ° m~,
min 2 e 2 [} ¢
lu =l max =5847.6" 108 m?*, Iy, =1, =1261.2" 108 m*.

Note, both values must be positive!
7. Checking the results:
(a) Checking the correspondence: I > 1y > 1y >Imip (inthecase Iy >1, ) or

Imax > Ix, > 1y, > Imin (inthecase I, >1y ).

Inour case, 5847.6° 10" 8>55708" 10"8>1538" 108 >1261.2" 1078,
(b) Checking the constancy of the sum of axial moments of inertiain rotating the axes:

Imax + lmin = I +1y,, ® 5847.6710°°+1261.2" 10" ® =5570.8" 10" ® +1538" 10°°,
(7108.8' 10°8=71088" 10 8) .
(c) Calculating the evidently zero central principal product of inertia of the section:

lyy =1 cos2q +usin2q =
UV ™ %Yo p 2 P~

1538- 5570.8. ( u

- 0.6743)H

" 108 =(-13589+1359)" 10"® m* @.

= g(- 1804.3)" 0.7384 +
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