CVG2149 - Civil Engineering Mechanics
Fall 2014

Solutions Tutorial #1

To be solved by summing / subtracting areas

PROBLEM 5.11

Locate the centroid of the plane area shown.

75 mm
50 mm

SOLUTION

First note that symmetry implies

b sos0 * 4~ _ 7 x

& DIMENZIDMS W mm
r, =502 mm a=45°

_, drsine 2(30V2)sin(%)

= = =42 44 mm

* 3 (%)

A, mm? V. mum y4, mm?
1 % (100) (75) = 3750 25 03,750
2 :{505}‘ = 3026.99 50— 7 =756 20688.04
3 _é (100) (50) = — 2500 16.67 — 41675
b 5176.99 81763.04

Then TZd=X74

¥ (5176.99 mm®) = 81763 .04 mm’*

of 7 =158mm+
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p PROBLEM 5.13
» ! Locate the centroid of the plane area shown.
x=ky?
] ~ :%70 mm
I a = 80 mm [ )
SOLUTION
Y ; (he.S8A) 4 ,
—1 &x40 | ‘
3 Bx =
?_.F-"fr-- 8 p 31\ qﬁo
1
/6 o gt
@
L =
DIMENSIONS IN wmm
A, mm’ X, min ¥, mm x4, mm’ ¥4, mm®
-
1 3 0j(Ray=2131 48 15 102 400 32 000
T
2 —;uj_4[]_jnj3@,| = —1600 5333 13333 -85 330 -21330
) 5333 17 067 10 667
Then XTA=-%X4
X(533.3mm’) =17 067 mm’ or ¥ =320mm «
and FZ4=-Zy4
F(533.3 mm’ ) = 10 667 mm’ or ¥ =200mm 4
) PROBLEM 5.5
Locate the centroid of the plane area shown.
‘\——575.”...— !
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SOLUTION
M
ALLZE) o
=0
'E;gw\m
A= 126 men ¥
4(22¢)
3 ﬁ‘ Laataay
A,nm‘12 X, mm v, mm YA,mm3 ﬁA,mm3
2 05.493 -3 796 900 3796 900
1 7(225) =39 761 _4(225) = —95.493
3r
75 316
> %(375)(225) _ 4188 125 5273500 164 100
z 81949 1476 600 6961000
Then X = Zxd 1476600 mm or X =18.02 mm <«
x4 81949
— Y O —
24 _ 691000 or Y =849 mm<
24 81949
Y
| PROBLEM 5.24
~ A thin, homogeneous wire is bent to form the perimeter of the figure
/ indicated. Locate the center of gravity of the wire figure thus formed.
ry = 150 mm
N\ / X
r; =75 mm /"\,
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SOLUTION
| &
@ ®
X
6,
L, mm X, mm ¥y, mm L. mm?2 L. mm2
1 75 37.5 0 2812.5 0
2 150 0 75 0 11250
3 (150)7 = 471.24 95.492 0 45 000 0
- 75 0 -112.5 0 —8437.5
5 47.746 —47.74 5625.0 —5625.(
(75)2 - 11781 6 47.746 625.0
T 889.05 53437 —2812.5
-  XxL 53437 =
Then X = o2 or X =60.1mm 4
ZL 889.05
- Xy4 28125 =
and v =222 or ¥ =-3.16 mm 4
24 889.05

To be solved by direct integration

|
PROBLEM 5.35

Determine by direct integration the centroid of the area shown.

— (] —=
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Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The
area of the element is

o
dA =y = = gy
Y X
& {.'2
Centroid: The centroid of the element s located at i = xand jz;l:-:--.
X
Area: Integrating,
b2
A=Jd4= Lﬂ:lenli:tfz]ni Ans.
A a X i

: b
e 2 2 P I o8
M c“ln “In=  c¢“ln= In=
2 a a a a
I*‘ e o] et ¢4
- ] H Ly =
;JF 6, J 22" _ Pl _ce-a
i 2 Am2 2wl 2abmd
i a a a
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PROBLEM 5.46

Determine by direct integration the centroid of the area shown.

y /
. X
y=xsinp=
N L
\}/ e}
.//
,,//
L — X
I ? 1
SOLUTION
Y
Have
and
I
4= =
= 3
=
and T = |Tgdd =
L N .
2r: ax | 2L faxy L o . [&x) r . r
= = |+ —|——.1"s111|—| = -2
= _\ J T /] T . L " T T
— — 21 . wx X
Also V= [Fgdd = [ —xsin—| xsin—dx |
. L
. . ~L2
1] 2L° X 2r ax |
= —| —=xsil— — | —X — — [cos— |
2 L T T L
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Y

PROBLEM 5.37

Determine by direct integration the centroid of the area shown. Express
your answer in terms of @ and b.

SOLUTION

k.g

a-x—j de

At x=0,y=5>b
b=k(0-a) o k= bz
a
b 9
Then y=—(x-a
a
_ _ v b 2
T Now Tp =X Fp =5 = ?(.\‘7 a)
I R
§ b
K and d4 = ydv = —(x — a) dx
2
Clﬁ\. ab 2 b 3¢ 1
Then A= fdd= J.oﬁ(x —a) dx = g[(x -a) }0 = gab

_ rr_b 2 b a 3 2 2.\
and fxEL(IA:jDA{?(x—a) ci\’}_? 0(.\ - 2ax +u,\)d\

b .\'4 2 3 CIZ 2 | 2
=—|—-Za’ +—x |=—ab
12

— a b 2l b 2 b1 s
[TpdA = jo?(x —a) |:—2(..\'— a) d\’} = 4[7(,\‘7 a) L

a 2a” 5
:—labz
10

Hence X4 = [XjdA: f(lab) = i(121) X = ia <

3 12 4

(1 [ 3

4 = dA —ab |=—ab” ==t

A = [ Ve 1(3a9) 10 y 10)4




