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1.[24] A9 Hd& tF7] 8] A9 FASA | 4.068] 293} 2ol 25, y=F, 2+2y=4 & XdY
I Al(centroid) | & AXo =z Zgxel Aztgo] git). (X1 99

(center of gravity)S ztux} s u =4

< Tt a-d =AY fX7F FAFAS AL | mm).
22 e Aee 2ak P 3 ?

oW wjl7}? ~
(a) 22+ H3 .
(b) 32+ YA
c

8

0

2.[581 Determine the =z coordinate of the AN ARF = 3 WA T EE
(a) o, x——.foﬂ gk HA R E A E (area

centroid of the shaded surface.

moment of inertia) 7.5 T-3}2}.
(b) &2 oIt} (a)e] ME AHgEtel, =4 ol g
[\\5 = #A 2wl E (polar moment of inertia) J,& T3}2}.
3

5.[6%1]1 2"y} 2 whdrigol vk AA Aol

™10 = -
N molil, ¥ WHA|Fo] aolH, 7|9 Fol& holth
/ ) o] A ZHlE(mass moment of inertia) &
x AERrE e AES Fae
Dimensions in meters y

3.[67] FA 20 NgI E5 At 40 NI &= pr}
uhzZ gl T2 g Ed dAHY AA & )
gl BE HAEFHAA AAePEAS pe 0.25,
CsrtEAT e 0.20010h AR 0= 20°°] T
AArAe] et wagos 3 Py AF FUMste &
o] gAoly & u, AFEAZF.BD)E 1d &
3 P Z71E F3hEh




20109 sh7|EAIE  (Uwh

(257 ] 2010. 12. 9.

1.[28] Fx2& AAF vpzZ& FAETs 7 9o
Hlal A wpas a#slor st A gl ojugk e
(reaction)°] F7}% =712
(a) 3# A x¥ (b) 2% FA(hinge)
W 1]
2.[5%] Determine the 2z coordinate of the
centroid of the composite volume.
25
Dimensions

T\ in meters

4

‘ }0.75

% ¥

X

<3
\‘

3.6"]1 ¥4 16 Nl B35 A7} H3 ACo] AZAF
R, FA 24 NI 5 B9 94 ¥4 Arh. B
A& AAwbEAS p,= 0.200]3L, = 40°0]H,
Y19 FAL TAR. @ P AE Sl B
o] &4oly & u, E5E2 AFEAE(free-body
diagram)E ¥ & 3] Peo] IA7|E

3},

4.[64] @o] 233} & beamo] 3

19mm ’—_— “euds
T— ==

190mm

19mm - <

4' 3
19R{WMWA

H'ﬁ 76mm ‘)_[B
=Al(centroid)9 3% a2}
SHE AU o7ol BAH o7 AT 04

=
AR E (area moment of inertia) - ?LO}F/}

=

}‘35’—“1]5 1= T3tet.

5.681 FA7F Sk wdsty 2 Hgo|A 19
3 o] o] W AZb@S Debdith Abzhdte) AFE
m©°] T}
A
b b | b__b

B

C

c Yy

JAMnINY

X
= yFol U A=z
inertia) 7,5 —8haL, ol

Az zFol W AFAPYRANE [ 75

(a) EAS A
moment of
N
2.

(b) y el ojgh
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LI23] 9A 2=Aeld A7t A= 34 & o, | 4.[67] @do] 273} 22 beamo] vt AAHHY
AE 5 g3l W b FAel BE ol el | oA wele] Aot ulY Baelrt
2oli, d& ¥l FAL wo= IS WE olfE y
AF A 2wl E(mass moment of inertia) 7] ol A 160 mm
A stet,

= o
\ =60 mm

2[53] Determine the 2z coordinate of the 80 mm
centroid of the composite wire made up of three
segments: @ a semicircular arc, @ & @ straight ki

lines.

3.[651] 4

Zo] 10 kgoli Zo|7t 6.5 mel Attty
ApZE R ¥

2ol Wl 7o Utk A uEA S

p7t T OAEHAA 2T AREAE(free-body
diagram)& 1¥ ¥, ¥ (equilibrium)e] %% 7]
e 0 Aaghs ek
B:'_
- A
4.5 m
AL 2
150
—{ 1.75 m |=—

(a) =4 (centroid)?] HAAE 3t}
(b) yFol tgt WABYRWE
inertia) 7 & *3eh

(c) 2% gt AR RAE [ 2 T35

E(area moment of

5.[671 23} 22 AH7Isol 3

2 CAA Aol
HFeE Ho

[¢]

2olk 47 a, b, colth.

E(mass moment of inertia) &

HeRyy g ARES Fehd
Yy ,
|
g_————_J/_/____
b !
1 :LD,
i3
) N
 ——
P a
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2010 &7|ZAld (7FHE) s

L @ 2749 Fa : 24 W 2As 28
= WFol ARAA WA AL A 22
(b) 33490 A ¢ EASA @ ), F uFo] AAA 22w

LD AA4E

A=6mAm =2400m?*, z =0
1
1 g

&) T

A= —7(4 m?=12566m°, z = 7(4 m) = 1.698 m

1
4
}7}3]

©@
g)*

A=
@ o+
A= -7(1.0 m)* = -3.1416 m* , z =0
$A = 24.00 + 12,566 + 12.00 + (-3.1416) m® = 45.42 m?
S(zA) = (0)(24.00) + (1.698)(12.566) + (1.333)(12.00) + (0)(-3.1416) m® = 37.33 m®

— S(zA) 37.33 m®
X = = = 0.822 m
YA 45.42 m>

(4 m)(6 m) = 12.00 m?

8|
Il

~~

S

m) = 1.333 m

=20N, W,=40N, pu, =025 g =020 6 = 20°
9 w=

12F,=0; N - W, =0
= N, = W, =20N
F = p, N, =(0.25 (20 N) = 5.0 N
->XF, =0; F, - T=0
= T =F =50N

oty £
AXF, =05 N, - (N, + Wy) cosf - F, sinf =0
= N, = (N, + Wy cosf + F, sinf
= (20 + 40 N) cos20° + (5.0 N) sin20° = 58.09 N
F, = p, N, = (0.25) (58.09 N) = 14.52 N

NZF, =0; P-T- F,~- F cosf + (N, + Wy) sinf =0
= P=1T+ F, + F cosf - (N, + Wy) sinf

= (5.0 N) + (14.52 N) + (5.0 N) cos20° - (20 + 40 N) sin20° = 3.70 N




4. (@) z = 4-2y, y = 2-%3:

<HR1> dA = 2 dy
2 2 2, 2, 3 4 5 2
A‘/ydA:/ywdy:/y(4—2y)dy=f(4y—2y)dy= {gy—z
0 0
:i 3_2 4:2 — :§ 4y — 4
5 2= 5~ 8= 3 (mm") = 2,67 mm
OPW2> dI = %yde
4 4 3 4714
I, fd], f03yd:v 3 02 5T dx 3|72 2 x .
= Llo-@1 =L " = 267 mm*
6 3
= Al - — _ 4 - 2 g 1 _ 9
(b)J‘g}JrJ‘ix—gmm,y—gmm, ‘?ixjA—E(élmm)(me)—élmm
_ L 3 _ 32 1
1, 12 (2 mm)(4 mm) 3 mm
<AHE1> J, = J.+ Ad
8 32 4 40 4
= =+ = — 4+ — = —
Jo = 1, 1, 3 3 mm 5 mm
_ 40 4 2 {(i )2 2 )2} _ 40 _ 20 4
Je (3 mm”®) - (4 mm®) 5 mm| {5 mm 3 (4)(9)mm
= 4?0 mm' = 4.44 mm*
UW2> J. =L+ I
2 _ 8 4 2y( 2 2 4
I.=1 - A = — (mm*) - (4 mm9)(=~ mm)* = — mm
T €T 3 3 9
Ly =1, - Az = 3—32 (mm") - (4 mmz)(% mm)? = 32 mp
Jo (% mm*) + (% mm*) = 490 mm* = 4.44 mm*
1 51
= — + J—
5. (a) I, L ma 3mh
— 1 1 R\ 1 1
= .+ 2 — (= 2+ _ 2 + 2o - 2+ il 2
I I md (4ma 12mh) m(G) L ma 9mh
(b) I, = —ma
4\ 4212(4)22 4)22
= - = + - = = — _ = + =
1, 1, m(37ra m|a 37ra) 2ma 3 ma 1 35 ma

= (0.500 - 0.180 + 0.331) ma® = 0.651 mad’
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L. (a) & W] 2249 vpze (b)) o] ARt ZHE

2. O 2 AAzH
V= (2.5+2.5 m)(4-0.75 m)(0.8 m) = 13.000 m® , z = %(4—0.75 m) = 1.625 m
@ 3 Az

1%

= (5 m)(4.3 m)(0.75 m) = 16.125 m? ,

N3

= —5(0.75 m) = -0.375 m

@ WA

V= %71‘(2.5 m)? (0.8 m) = 7.854 m® , z = (4-0.75 m) + %(2.5 m) = 4.311 m
@ A 7

V= -7(1.25 m)? (0.8 m) = -3.927 m* , z = (4-0.75 m) = 3.250 m

SV = 13.000 + 16.125 + 7.854 + (-3.927) m® = 33.052 m®

S(z V) = (1.625)(13.000) + (-0.375)(16.125) + (4.311)(7.854) + (3.250)(-3.927) m* = 36.17 m*
. - 4

7 = Y (zV) 36.17 m

= = 1.094 m
XV 33.052 m°
3. W, =16 N, Wy=24N, pu, =020 6=40° T Wa
BE Ao A, ~|

1%F,=0; N - Wy + Tsing =0
= N, = W, - T siné Fi
- | Iy
F=pu, N = p, (W, - T sinf)

Ny
—>XF =0; F, - Tcosf =0 < B
=  pu, (W, - T sinf) - T cosf =0 lWB >
P
e Wy (0.20) (16 N) <
= T = = = . F‘
costl + p, sind cos40” + (0-20) sin40° 3577 N TN ’
2

= N, = (16 N) - (3.577 N) sin40° = 13.70 N
=  F =(0.20) (13.70 N) = 2.74 N
B2 B A,
1%F, =05 Ny, - N, - Wy =0
= N, =N, + Wy =(1370N) + (24 N) = 37.7 N
Fy, = p, N, = (0.20) (37.7 N) = 7.54 N
—>XF, =0; P-F - F =0
= P=F+ F,=(274N) + (754 N) = 10.28 N



DO, A4, = 4, = (76 mm)(19 mm) = 1,444 mm?®
_ _ 1 @
T, = xy = —5(76 mm) = -38 mm
@ A4, = (19 mm)(190-19-19 mm) = 2,888 mm?
Ty = —%(19 mm) = -9.5 mm
e
4 = 2(1,444 mm*) + (2,888 mm®) = 5,776 mm’
S(zA) = 2(-38 mm)(1,444 mm?) + (-9.5 mm)(2,888 mm?) = -137,180 mm®
L 3
X = —B0ISmmT o305 %4 (-23.8 mm, 95.0 mm) /
5,776 mm
<HPH 2>
= _ 2
O 4, = (76 mm)(190 mm) = 14,440 mm © D

z, = —%(76 mm) = -38 mm
@ A, = -(76-19 mm)(190-19-19 mm) = -8,664 mm?*

o= (- . - _
zy = (=19 mm) 2(76 19 mm) 47.5 mm ’7 |

SA = (14,440 mm?) + (8,664 mm? = 5,776 mm®
S(zA) = (-38 mm)(14,440 mm? + (-47.5 mm)(-8,664 mm?) = -137,180 mm®

_ _ 3
x = —BnImm o5 75 mm =4 (-23.8 mm, 95.0 mm)
5,776 mm
(D)< 1> A
f )
O Ly =I5 = 11—2(76 mm)(19 mm)? + (1,444 mm?)(95-9.5 mm)? ’
= 10,599,441 mm* @
@ 1., = %(19 mm)(152 mm)® = 5,560,363 mm"*
7, = 2 (10,599,441 mm®) + (5,560,363 mm") = 26,759,245 mm"
= 26,800,000 mm' = 26.8x10° mm" ®
<R 2>
,
@® 14 = 11—2(76 mm)(190 mm)® = 43,440,333 mm* |
@ I, = -5 (57 mm)(152 mm)® = 16,681,088 mm' © D

= 26,800,000 mm* = 26.8<10° mm*

1, = (43,440,333 mm*) - (16,681,088 mm*) = 26,759,245 mm* i

() OO Ly = I = 1—12(19 mm)(76 mm)” + (1,444 mm?)(23.75-38 mm)* |:‘
= 988,268 mm"
® Iy = ->(152 mm)(19 mm)’ + (2,888 mu’)(23.75-9.5 mm)® = 673,325 mm’

7, = 2 (988,268 mm') + (673,325 mm*) = 2,649,861 mm'
= 2,650,000 mm' = 2.65x10° mm*



5.(@ A4 = @bBe) - @2b)(c) = 10be

m m m
= = = = — = = = area — __ 77
m=pt A=pt (10bc) pt Y T0be I= pt T T0be
rea — 1 3 _ 1 3 _ 53 3 N — m 53 3 — 53 2
Iy 12 (46)(3e¢) 17 (20)(e) o be I, Tobe (—6 be’) o e
rea — 1 3 _ 1 3 _ 46 3 N — m 46 3 — 46 D)
V& 17 (3e)(4b) ) (e)(2b) 3 b e A T0be (—3 b’e) 30 mb
L, =1+ I = —(533 me + —?g mb® = 0.883 mc® + 1.533 mb?

(b) <WHI1I>

rea — 1 3 —
I = 3(41))(3@3 = 36bc°

B = o@D+ 2be (5o = e

e = I - IR = 360 - bt = L

o= e = U 00 = T = 3133 m e

2>

L, =1 + md* = %mc2 + m(%c)2 = (% +%)m62 = %mc2

= —mc =3.133 mc®



AFAANARANE = AT W3l dighk Ao Hrolmg o] glo] AW 3|HAEFS 37 4
o HALES 7] o9t et TEIA NALES @ molt ghe A 7] Sletel

I do] LS A &tar, AR W= /S 3A 7] $lste] = do) L& AA o

® e A L = [x(400 mm)] = 1,256.6 mm , Z = %(400 mm) = 254.6 mm

@ AA A L= V(500 mm)* + (600 mm)? = 781.0 mm, =z =0

® AA A L= V600 mm) + (300 mm)® = 670.8 mm . z = % (300 mm) = 150 mm

»L = 1,256.6 + 781.0 + 670.8 mm = 2,708.4 mm
S(ZL) = (254.6)(1,256.6) + (0)(781.0) + (150)(670.8) mm? = 420,550 mm?
(L) 420,550 mm?

2= 750 T 27084 mm 009 mm

a=175m, b=45m, L =6.5m, g = 15°

d=+vVa+ = VA.75m) + 45m)? = 4.828 m

fang = L = A2M _ o5 o 5= an2.57 = 68.7°

a 1.75m

‘%]d\—- g = %Z‘IO]E% ?}‘—:]'— U;Hy FA = H’sNA’ FB = H“SNB FA

—3F, =0; F, cosh - Ny sinf + F, cosf - Ng sing =0 —7
= (u, cosf - sinf) Ny + (u, cosp - sinB) No. =0 - @

12F, =03 F, sinf + Ny, cosf + F, sinf + Ny cosf — W=0

Y

= (u, sinf + cosf) N, + (u, sing + cosp) No - W =0 - @

2d 2d  _  2(4.828)
Lcosf ¢ " Lcosp 6.5 c0s68.7°

—2d = e
LCOSﬁ) N, =0 ©)

= 4.090)

Y>M, =0; d No - écosﬁ w=0 = W=

@ = (u, sing + cosf) N, + (u, sing + cospB -

2d
L cosp

DO, = (u, cosh® - sinf)(pu, sinB + cosfB - ) = (u, sinf +cosf)(u, cosp - sinB) = 0

= (cos# sing - sinf cosB) p?

+ [cos@ (cosp - Lijsﬁ) - sinf sing + sinf sinf - cos@ cosfB]u,
. 2d .
+ [-sinf (cosp - Lcosﬂ) + cosf singl =0
= sin(B-0) p’ - Lijsﬂ cosf p, + [sin(p-0) + Lijsﬂ sing] = 0

= sin(68.7°-15°) p2 - 4.090 cos15° p, + [sin(68.7°-15°) + 4.090 sin15°] = 0
= 0.806 p2 - 3.951 u, + 1.864 = 0

3.951 + /(= 3.951)° —4(0.806)(1.864) _ )
Ho ™ 2(0.806) = 0.528, 4.37 = p, = 0.528




4 (@) HAY > X = %(160 mm) = 80.0 mm
O AA4E 4 = (160 mm)(80 mm) = 12,800 mm* , y = 40 mm
@ 9 %(60 mm) = 25.46 mm

A

—%wmo mm)? = -5,655 mm? y = (80 mm) - (25.46 mm) = 54.54 mm
A = 12,800 + (-5,655) mm® = 7,145 mm®

SyA = (40)(12,800) + (54.54)(-5,655) mm” = 203,576 mm®
SyA _ 203,576 mm’

rA 7,145 mm?

|

28.5 mm =41 = (80.0 mm, 28.5 mm)

(b) 7, = (80 mm)(160 mm)° = 109,226,667 mm'
Iy = 5760 mm)' + (5,655 mm*)(80 mm)* = 41,281,380 m'
I =1, - I, = (109,226,667 mm") - (41,281,380 m*)
= 67,945,287 mm" = 67.9x10° mm’
1
(C) [Il = =

3 (160 mm)(80 mm)® = 27,306,667 mm*

~
(3]
1l

§w<60 mm)* + (5,655 mm?)[-(25.46 mm)?

+ (54.54 mm)?] = 18,245,172 mm*
, - I, = (27,306,667 mm") - (18,245,172 mm") = 9,061,495 mm* = 9.06x10° mm*

5. (a) I, = 1m

2 1 2
J— + J—

A 3 b 3 me
1, 1,
§ 13 Mo 13 e
o SR B

L= — + =

(b) I, 15 b 15 e

+ —
9m 12mc



