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SAMPLE FREE-BODY DIAGRAMS

Mechanical System

Free-Body Diagram of Isolated Body

1. Plane truss

Weight of truss
assumed negligible
compared with P

2. Cantilever beam
\

|A Mass m

W=mg
- —x
3. Beam
o T
Smooth surface M M
contact at A.
Mass m
A N
P — P — /
B N B W=mg
I < x x
B,
4. Rigid system of interconnected bodies
analyzed as a single unit Y
P Weight of mechanism P ———
neglected X
[cw o)
\cn
m W=mg
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250 N

F,=1133N,F, = 217N, F. = —52.8 N,
6, = 63.1° 6, = 30.0°, 6. = 102.2°.
F, =659 N,F, = 230 N, F. = 1812 \.
6, = 77.3° 6, = 40.0°, 6. = 52.8"
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F,=Fcosé, F, = F cos6),
F_\. = F cos 8.1: F = in S5 ij ar F:k

) = 0 e, F=\/Ff+F§+F§
F. = F cos 6.

cos” 0.k cos” g, cos” 0.=1

EXAMPLE 2.4 A force of 500 N forms angles of 60°, 45°, and 120°,
respectively, with the x, i, and z axes. Find the components F,, F,, and F.
of the forece.
Substituting I = 500 N, 8, = 60°, f, = 45° 6. = 120° into formulas

(2.19), we write

F, = (500 N) cos 60° = +250 N

F, = (500 N} cos 45° = +354 N

F. = (500 N} cos 1207 = =250 N
Carrying into Eq. (2.20) the values obtained for the scalar components of
F, we have

F = (250 Nji + (354 NJj — (250 N}k
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AB = (xg - XA)T+(yB - YA)T+(ZB - ZA)Iz
AB =(-40)i +(80 )j + (30 )k
d=AB=1/(—40 )} +(80F+(30 Y =943 m

\/ lf25[()(2_XI)T+(y2_y1)]+(zz_zl)E]

30 m - - - —
W) 77 TR 2900 407 4807 +30K]
943
/ |F =—10607 +2120] +795K]|

_ AB AB —403- (80 ) (30 )~
Upg = T+ — [+ —— K
AB d 943 94.3 94.3

0,5 =—0.4247 +0.848] +0.318k

50

A =cosfy T +cosy ] +cos O,k

=—0.4247 +0.848] +0.318k

0, =cos'(-0.424)=115.1°
6, = cos™(0.848) =32.0°
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Saien Jlos! C alaii &1 45 g i o (loadl go

08m BC = (xg — % )T + (Vg — Ve )] + (25 — 2 K
BC =-1.67 +1.6]+0.8k
d=BC=+(-1.6) +(1.6)} +(0.8) =2.4 m

F =5[(X2 _X1)T+(y2 - yl)T+(ZZ _ZI)IZ]

Fe =%[—1.6T+1.6]+0.8E]=—300?+3ooi+150|2

C,= —300N, C, = 300N, C. = 150 N.
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Ans: 240N, -255N, 160.0 N.

Y

280 mm
\21(|) min

280 mm
/ 210 mm D
\l 280

|
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Wil il AD gt IS (2! 38 LS o1 ol Ok ARAS 4S5
Sguisn 3519 D ala 4 45 W (59 5 b 48 90 Cumnigllan

400 mm

X
Ans: 240N, -255N, 160.0 N.

600 mm

480 mm\‘ ‘B/
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Wil i AD gt IS (2! 38 LS o1 ol O ARAS 4S5
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0 480 480-0=480
510 Bl 0 =2 B-D| 0-510=-510
600 600—280 =320
I d =BD =4/480 + (=510 +320% =770

'E =%[(X2 _Xl)r+(y2 - Y1)i+(zz . Zl)'z]

400 mm
C \L
X

b=
2-48

600 mr _ - - o - H ,
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2/116 The turnbuckle is tightened until the tension in
cable AB is 1.2 kN. Calculate the magnitude of
the moment about point O of the force acting on
point A,

M, =-2.741 +4.39] +2.19k kN.m
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[ 10in. AT

20 [

J5b Gallao 1)y F Job 4 (00 S olS Ve (ygiw SO (paseds
HOPWEN PRI PL IV KL

B 0 i (I

A 55 A 4S5 Josll S (o

AF = ABc0s45 = (4m)cos45 = 2.828m

CD=AE=1AF=1414m
BD = CDcot(45+20) = (1.414 m)tan 20 = 0.515m
CE = BF —-BD =(2.828-0.515)m = 2.313m

CE 2313
tang = S5 = 2318 636
AN =0E 1414 o =58.6

T _ R 981N T=819N
sin31.4° sin110° sin38.6° R=147.8N

8.1 N
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1S, l2io Slgugd awnid S 0

(os) 38 S5 X Y| eddsk
m
¥
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2
o
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;) 0 o ar
x
D —
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= —O—-r‘_—‘_— } rsme 0 e
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X

be—— 12”*»'
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o 3T Sty o 0319 Tl Sl 1) w3 30 Cudgo

r I
4"
- X 1 —
47 ] 2
” ¥
3 — ——
" |
AV ., T
L?'l I_‘2» o7 5 —4 i ] E
A X ¥ xA JA
PART in? in. in. in.? in?
1 120 6 5 720 600
2 30 14 10/3 420 100
3 -14.14 6 1.273 -84.8 -18
4 -8 12 4 —96 -32
TOTALS 127.9 959 650
+ _ EAx P
[ —§:| X—m—T,Mm.
v Ay v _ 650 _ 0
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o 35T Cawnds 0k 0318 Thaw (51511 aw Jot 19l 5 Taw 35 30 Cutdge ‘

¥ ¥ J
120mm
ry = 60 mm
ry =40 mm =
40 mm
80 mm
G0 mm x &
o —20 mm
Component A, mm? X, mm ¥, mm XA, mm? JA, mm®
Rectangle (120)(80) = 9.6 x 10° 60 40 +576 x 10° +384 % 10°
Triangle $(120)(60) = 3.6 x 107 40 —20 +144 % 107 —72 % 10°
Semicircle 17(60)* = 5.655 x 10° 60 105.46 +339.3 x 10° +596.4 x 10°
Circle —{40)* = =5.027 x 10° | 60 80 —301.6 x 10° —402.2 x 10°
A =13.828 % 10° IFA = +T57.7 x 10° | EjA = +506.2 x 10°

Qy = +506.2x10°mm?
Qy =+757.7x10°mm*

69



(aolsl) J>

s XA _+ 757.7x103mm?®
YA 13.828x10°mm?

X =54.8mm

v _ ZYA_ +506.2x10°mm’
YA 13.828x10°mm?

X =54.8mm

¥ ‘

00 200 o 35T Cawnds 0k 0318 Thaw (51511 aw Jot 19l 5 Taw 35 30 Cutdge

400

300

>
. |-

|
® |
—T—+C. 700
|
350 |
L] .
Area = (700)(800) = 560 x 10° mm? (3) Area = F(300)° = 1414 x10° mm® () Area = %(200)(400) =40 x10° mm* ()
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Shape Area A i AX j A
(mm?) (mm) (mm?*) (mm) (mm?*)

1 (Rectangle) +560.0 x 10° 0 0 +350 196.0 x 106

2 (Semicircle) —141.4 % 10° -272.7 +38.56 % 10° +400 —56.56 % 10°

3 (Triangle) —40.0 x 10° +333.3 —13.33 % 10° +566.7 —22.67 x 100

= +378.6 % 10° +25.23 % 10° +116.77 % 10°

YAx 2523 x 1
Ax=+5 X 06:66‘6mm

YT T4 T 3786 x 100

TAj  4116.77 x 10°
A 4378.6 x 10°

= 308 mm

y

o 9T St o 0313 Zglaw 151 15w Jof 59l 9 Tdaw 35 3o Cutdgo
y

v 30 mm |
60 mm—'l
]

50 mm 20 mm

= 10 mm

-

|—70mm—-|

X =87.2mm, y = 59.6 mm

=1
I
[w]
i
~1
~
I
(e}
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v,
Sphere Cone Torus
‘ 39T Sy (05 x> 991 pokro 1) 1019 b T (wikid 35 50 =Jl=°‘
a2
A=
: 2 Ve=omgA = 2mglm®) - o
r y Y EXO wY T [ .

2m(R)(2ma) =

b
Il

&
]

V = 6rA = 27(R)(m?) =




Gl S5 @l yioaluo | Cuolbud 4 (o gmnnglT 53 31 wuol Sy alaicn
WS it |y alaizmo p 9> il 2800 KG/M3 p guino 8T (&> el o0l

??"’/

56 mm 32 mm 26 mm ——-—-

I
32 mm ] 28 mm
8 mm

m =0.0305 kg

Sample Problem 5.7

100 mm { 20 mm SOLUTION:

» Apply the theorem of Pappus-Guldinus
to evaluate the volumes or revolution
mm for the rectangular rim section and the
inner cutout section.

* Multiply by density and acceleration
to get the mass and acceleration.

The outside diameter of a pulley is 0.8
m, and the cross section of its rim is as
shown. Knowing that the pulley is
made of steel and that the density of
steel is p =7.85x10° kg/m®
determine the mass and weight of the
rim.
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Sample Problem 5.7
SOLUTION — IU()mmI-— G0 mm

e Apply the theorem of Pappus-Guldinus 50 mn E— 30 mm e
to evaluate the volumes or revolution for
the rectangular rim section and the inner -
cutout section. 375 mm 365 mm

« Multiply by density and acceleration to
get the mass and acceleration.

Distance Traveled
Area, mm?® | ¥, mm | by C, mm Volume, mm?

I | +5000 375 2m(375) = 2356 (5000)(2356) = 11.78 x 10°
11 | —1800 365 | 2m(365) = 2293 | (—1800)(2293) = —4.13 x 10°

Volume of rim = 7.65 x 10°

m=pV = (7.85><1O3 kg/m3X7.65><106 mm3I10_9 m3/mm3)
W =mg = (60.0kg)9.81m/s?)

At

75



1B,5 9, 02,uus sk

dW =dA

W=dex=IdA=A
0

(0P = fxaw

L
(OP)A = [xdA=xA
0

wg = 4500 N/m w397 Cuwnt B ’A).;‘)@U@'M'gk‘

wy = 1500 N/m

L=6m
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= 4500 N/m

Component A, kN Zm
le—T=dm Triangle T s .
o . & 4.5 kN/m Triangle 11 13.5 4
I5kNm|I = & ——=—_ _ )
¥=2m "
: ,w‘ . 2 M, =0: B,(6)-(45)2)-(135)(4)=0
10

A B, > F,=0: A -45-135+105=0

=

.Q}’TGMQB SA)O‘)@U@‘M'W‘

480 Ib/ft
600 Ih/ft
A - D
L B c B=13601b1:C=23601b1.
-
3ft t 2 ft
1500 N/my 1o/t

A B B =1200N 1, M, = 800N -m?H

900 N/m

! 4m !
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900 N/m

9T cwnns B SA)O‘)@U@M",&‘

A=105N 7, B=270N 1]

450 b/t

Wy
44.1 k[p.ft( lD B=15001b1:C=52501b1
A

4 ft ! 12 ft !2&
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Cantilever portion
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Stadium Other Types of Trusses
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{£9> Jad $,9L} 1 solo alass & Isles Jbio

T A i o137 419905
n g g i RS Wi

1 ilo Lty
Tas L Tsc - 736 N

sin 60°  sin40°  sin 80°

Typ = 64T N Tyc = 480 N

{Z F,=0 = {—TAB c0s50+T,. c0os30=0 o Yoo g
ZFyZO = |T,gSin50+T,.sin30-736=0

T, =647N
T =1347T,, = { " -
(1.347T,.)sin50+T,.sin30=736 = T, =480N
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500N

B o5 Jobi (wy Zm

NN i

vy
|

FBA FBC

2m l

£ 3F, =0 500N + Fpcsind45° =0 Fge=-T707.1N (C)
+13F, = 0 — Fpccos45° — Fgy = 0 Fgys = S00N (T)

CoyF Jobi (w9

T07.1 N
455
C
Fca

C,

HKSF =0; —Fcy + 707.1c0s45°N =0 Fgy = 500 N (T)
+12F,=0; C,—707.1sin45N=0 C, = 500N

Fgs = 500N Aoy Jolai guyy

Fea=500N
= £5F,=0; S00N—-A =0 A, =500N

+13F,=0; 500N-A,=0 A, =500N
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S i |y g8 B SIS 9 8 (Jado JOUS) ko gy el

Uy o157 sloged
T
S5m & _
‘T 60°
| 5m
L«
_—a Ex
o Yo 1
30 kN 20 kN E,
[EMy = 0] 5T — 20(5) — 30(10) = 0 T = 80 kN
[EF, = 0] 80 cos 30° — E, = 0 E, = 69.3kN
[EF, = 0] 80 sin 30° + E, — 20 — 30 = 0 E,=10kN
y . .
| AB A Jado Jobas wy
|
|
|/ 607
——AC ——x
30kN
30 kKN 20 kN
[ZF, = 0] 0.866AB — 30 =0 AB=346kN T
[ZF, = 0] AC + 0.5(34.6) =0 AC=-1732kN C
. . BD
B Jado Jolai (w0 AB = poe
34-6 kN 600
BC
[EFy = 0] — 0.866BC — 0.866(34.6) = 0 BC=—-346kN C

[2F,=0]  BD — (0.5)(34.6)+ (0.5)(—34.6) = 0 BD=346kN T ,
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iC Jado Jolai (o y 9

30 kN 20 kN

[ZF, = 0] 0.866CD — 0.866(34.6) — 20 =0
CD=577TkN T

[ZF, = 0] CE +17.32 + 0.5(34.6) + 0.5(57.7) = 0
CE=-6350kN C

DE
H M Jéw iy
60° 69.3 kN
CE =
63.5 kN
10 kN
[ZF, = 0] 0.866DE + 10=10 DE=-1155kKN (C

S i 30 A5 53 s JOU5) e g3 i 3

2000 Ib 1000 1b
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2000 1b 1000 Ih

oK b B S Job (s 2 b Tusl
D o0 (et (BB ST S|
L Ime=o0
(2000 Ib)(24 ft)+ (1000 Ib)(12 ft)- E(6 ft) =0
6 fi E =10,0001b T

™

F,=0=C

X

O
Il
o

X

Ng
ak
[
o
|

y =0=-20001b-10001b+10,000Ib +C,
Cy =70001b

2000 1b 1000 1

A Jin Jo&5 (o)

2000 b _ Fag _ Fap Fag =1500 10 T
4 3 5 Fap =25001b C
Fp, = 25001 ¥ Fpg . D Jado Jolai oy
DB
E 4 4

/ N/  Fos=Fpa Fos = 250010 T

————Fpr F 3
o Fpoe = ZQ)FDA Fpe =30001b C




(aobl)1 Jbo J>

2000 1b 10060 1h

121t 12 ﬂ__“(:_., n
A B c“3+f . B Jaio ol quwyp
— }—“—i S Fy = 0=-1000£(2500)~ Fee
T 12 ft—~} rm FBE =-37501b FBE =37501b C
1000 1b
o ) > Fy =0=Fgc —1500-2(2500)-2(3750)
BA ) . 2 Fgc =+52501b Fgc =52501b T
Fyp= 2500 b Far .
E Jado Jole )
Fpp=137501b Fre
> Fy =0=3Fgc +3000+3(3750)
Fec =-87501b
Fec =87501b C
(aobl)1 Jbo J>
2000 Ib 1000 1b c, JrsS 61w C Jate Joli quwyy

o] Cawny sleglgs

S F, =—5250+ %(8750) =0 (checks)
Y F, = 7000+ %(8750) =0 (checks)

3
Fep=87501b
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S99 {(Jado JO) Jado gy ilel 3
S i 1y FC g GC gas 518

CG=224kNT,CF=1kNC

1F, =0 requires F) = F
ZF, =0 requires F; =0
ZF,=0requires Fr =0

LF, = 0requires F3 = F

~
e at
x
IF, =0 ires Fy =0
= requires Fy - 7 FN
ZF, =0requires F| = F; Fy
Fy
(a) (b) (c)
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Jls
1kN

5100 9 s 69 10g g owlwl
1 * o SO e i gy oVl ¥

S ot 1y GH 4Gl gFH sl girs

1 kN D+/F \*H I
i ISR

E G I K

5kN 5kN 5kN

~——6 panels @5 m = 30 m—

Trusses Made of Several Simple Trusses

« Compound trusses are statically
determinant, rigid, and completely
constrained.

m=2n-3

¢ Truss contains a redundant member
and is statically indeterminate.
m>2n-3

< Additional reaction forces may be
necessary for a rigid truss.

<] \ .I- b . /( i
Al Y Necessary but insufficient condition
non-rigid rigid for a compound truss to be statically
determinant, rigid, and completely
constrained,

m+r=2n

m<2n-3 m<2n-4
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1N kN SOLUTION:

1 kN
| lkng D A * Take the entire truss as a free body.
h=8m g J
G I K i
y

. Apply the conditions for static equilib-
| 5kN 5kN 5kN |
6 panels @ 5 m =30 m

rium to solve for the reactions at A and L.

SMp=0=-(5m)6kN)-(10m)6kN)-(15m)6KN)
—(20m)(1kN)—(25m)1kN)+(25m)L
L=75kN T
2. Fy=0=-20kN+L+A

A=125kN T

Sample Problem 6.3

1kn Y

« Pass a section through members FH, GH, and Gl
I a-2507 and take the right-hand section as a free body.

SKN 5N SN | TH0X
12.50 kN n
ha « Apply the conditions for static equilibrium to
o~y determine the desired member forces.
f Fg
;:smhsssm“ = > My =0
=L (7.50 kN )10 m)—(LkN)5m)—-Fg, (5.33m)=0
o Fg =+13.13kN
[Fg =13.13kN T|
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‘Jlo

DG gas (J18 59 3 (v 3 gy bl 5
S i |

" ,
) 3 (g o) JORS (o y 3¢ !

10 kN

10 kN ‘ ’ r 6m
cl~cp A / l
L
A N 10 kN
A JK i 6 panels at 4 m
18.33 kN
[ZM, = 0] 0.707CJ(12) — 10(4) — 10(8) = 0 CJ=1414kNC
[ZM; = 0] 0.894CD(6) + 18.33(12) — 10(4) — 10(8) =

CD = —18.63 kN

L
10 kN 10 kN
6 panels at 4 m

18.33 kN

[EMs = 0] 12DJ + 10(16) + 10(20) — 18.33(24) — 14.14(0.707)(12) =
DJ =1667TkNT
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SO 9.9 6 gy el
S (pati 1y CF g8

\
EOU@)GM‘Q&GM‘

325kN 5kN 3kN 475kN

a-a Jﬁw‘)cﬂmdéw‘y)ﬁ

G
I’~ T
: Froyp-F zcm
6 ml Fep\ T~ [
: "‘\\\ 4m
Fpcos 45°C! ) __\_‘_\OL
45° Fcp |D AE
f  b—dm—f—4dm—f—x
Fepsindse ¥
3kN 475kN
C+3IMy = 0;
—Fcpsin45°(12m) + (3kN)(8 m) — (4.75kN)(4m) = 0

Fep = 0.589 kN (C) Ans.
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Shear and Bending Moment Diagrams

it

Ry =16kN Ry=24kN
¥ v
| 1
| e M M
x A0 -x
1 1
1.6 kN v 24 kN
V, kN
! I I
! I I
16 b |
|
Ly I—x,m
0 6 1|0
|
124

« Variation of shear and bending
moment along beam may be
plotted.

« Determine reactions at
supports.

¢ Cut beam at D and consider
member AD,
V=+P/2 M=+Px/2

¢ Cut beam at E and consider
member EB,

V=-P/2 M=+P(L-x)/2

¢ For a beam subjected to
concentrated loads, shear is
constant between loading points
and moment varies linearly.

o ygliS g (g S0 319909 (b gy elel

edlod o 33 1
4 kN
6 m 4m
V Sy e o JOl uny
[ZF, = 0] 16-V=0 |V=16kN
[ZMRl:O] M-16x=10 M =1.6x
Y Doy Camly Coomw Jolas vy
(ZF, = 0] V+24=0
[EMp, = 0] —(24)X10-x)+M=20 M = 2.4(10 — x)
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o ygliS g (g9 S99 319909 (b gy elel

20 kN 40 kN
JL 5 J' o o i ¢ Jalio ool (53105 )b i 51915
A rd | >

v - c =

--2-51114—|-—3 m 4—|-2 m*l

D
Ry=46 kN T  Rp=14 kN |
14 kN
+1EF,=0:  -20kN -V, =0 V, = —20 kN
+YEM, =0 (20kN)Om) + M, =0 M =0
+15F, =0: -20kN -V, =0 Vy= —20 kN
| 2 FNEM, =0 (20kN)25m) + My =0 M;=-50kN-m
20 k
20y | )M“ Vy = +26 kN My= —50kN - m
| winty, Vi = +26kN M, = +28kN m
| V5= —14 kN Ms=+28kN-m
20N Vo= —14 kN Mg=0
)M_‘ &= 6
45104* v,
20 kN 40 kN
M
| 46 kN ‘
Z[JkN*
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20kN 40kN
| I [ I
B D
AL 1 Bi |*| I
] 1Al Il |
11 21713 41 15 61 14 kN
a5 481N 3 2
. m_-.i.-q_ m —={= 1m-=
VI +a51n NN P
Vy = —20 kN M; = —50kN-m
| ¥ V, = +26 kN M; = —=50kN - m
| Nt —14kN V, = +26 kN M, = +28kN m
. Vs = —14 kN M; = +28kN m
-25m 3m 2 m+| Ve = —14 kN Mg =0
M
+28kN - m
X
—50kN - m

o ygliS g (g9 S99 319909 (LY gy elel
oo o i ¢ Jalio ool (53105 )b i 519915
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{Em‘l_‘l——l 40 Ibfin.
A F B
(@ D -

400 1h

=—12 in.—= e ;—h;'—-ll]iu.—-“ z M A= 0:
32in B, (32in.)-(4801b)(6in.)- (4001b)(22in.)= 0
$ 450 1h
v B, = 365Ib
P 5 B,
A ¥ i z M B = 0:
,—\Jr ¢ E 1 B, . . .
ool (4801b)(26in.)+(4001b)10in.)— A(32in.)=0
16 in 10— A=515Ib
rlQin. Giin3 14 in,— Z FX = O . BX = 0
l-li]ihii"' I] ’ 1600 1b-in.
A F - B
515 thv ¢ LD v"iﬁ-’;]h
400 b

3 Jlio J> aolsl

G in.

18 in. < x < 32in.
+TEF9 =0: 515-480-V=0V=351b

—12 In.—-—rld =]
10 i 1600 11
HHH ~AT
A — . Ll
515 Ih ] :i C 2: o 3; r:ll‘ﬁllr
. 3 (RN . -
mv---ll i O0<x<12in.
E HY ! +1SF, =0:  515-40x—V=0 = el
Bl | ! FSM, = 0:  —515¢ + 40x(bx) + M = 0 M = 515x — 20s*
L. ]
: 450 Th :
L I
|
]
I
]

LT
%).\I

. FEM, = 0. —515v + 480(x — 6) + M =0 M = (2880 + 35x) Ib - in.
450 b o
llrlll““gﬂ:\LI“ 18in. <x < 32in.
N | ! +13F,=0: 515-480—400-V=0 V=-365Ib
el o Y +NEM; =0 —515x + 480(x — 6) — 1600 + 400(x — 18) + M = 0

vy M = (11,680 — 365x) Ib - in.
5I5"'|\ﬂslh
—18in. 3
12|"'L T e

3510 i, L5110 Ibvin.
B30 b inm)

M
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* Relations between load and shear:

] V- (V+AV)-wAX =0
v . AV
= lim = =-w
dx Ax—0 AX

A C % D £ XD
fo—> ~Ax Vp-Vc =- jwdx = —(area under load curve)
w Ay X
1 1 . :
~1 A « Relations between shear and bending moment:
i AX
% (M +AM)—M—VAX+WAX7=O
\Y
dm . AM .
, M+ AM == = lim === lim v -waAx)=V
“( 1 F l _)AV dx  Ax—0 AX Ax»o( 2 )
- ®
Mp —M¢ = [V dx = (area under shear curve)
Xc

(5 &= Ju9)) M9V Hbeas puw s Sy ixio ) alaw G, -2

S99 1990 paw 5 L) 23 SO0 ) @02 by 48
239w (o0 PLU! (o glas g o
w= -9
dx . . . . . .

. ) 2 1900 o 3 9 AT AT Joddl S5 59 8 ot —)
an av= 'L“’d"‘ el a0 il 3 (Job 33) B g2 30 g g Egocne
V =V, + (the negative of the area under

the loading curve from x; to x) . . . . . .
0 g T bl ) (e gLl 519 9035 o 5 —Y
« 385 4 Flost 35 yoio Sl gl 9 o 599
d.

V=&

x o 39l g v 9 63 o Tulgy 31 oolaint ¢yl S —
f:dM:f Vs 28LS 9 i 63 oo Bl 3 o8liit 38 & 590 50 —F

M = M, + (area under the shear diagram from x; to x)
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‘i) gz g9y L 2 Jhe

295 9 b9 59 410900 () 202 gy bl
T o o 5 ¢ Jlho 0 5 08 5 38 (5121 on

foe § P
46 kN 14 kN

<2.5m>==—3m =<2 m =

20 kN 40 kN
VI 26 ‘ "r
(+78) B
» Al 7 | D
o0 D 28 | 14 L A =
2.5m’|~—3m4—|‘2 m’l

Relations Among Load, Shear, and Bending Moment

l \ l l l I [ l * Reactions at supports, Ra =Rg =W7L
Ar 5 [B * Shear curve,
T V =V, =—}wdx=—wx

0

\ =VA—Wx=WL—wx=W(L—x]
2 2
1 * Moment curve,
W X
M-Mjp=
\ . A = [Vdx
' 0
N X L W )
i M :jw/(—xjdx=(Lx—x )
: o \2 2

Lepsbo
' wL? dm

My = Mat—" =V =0

o ( > ]
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20 kips

!

12 kips

|

29US 9 Oi g3 (59 9 51090 (5 ) 0 gy bl

15 kips/ft oo o 3 ¢ Jilio 0k (5 15 30 o4 519 1y (o>

A

B C
Lﬁ H—LS ft‘l'm ft—=

f=—8 ft—=|

20 kips

12 kips

115 kips/ft |

L}
1
A E
1
1
1
15 kips i 26 kips
V (kips) ‘
+18
/—[+108} 12 (+48)
(—16)
{
-3 x
(—140)
-14
Mkip-ft) 4108
<

Z M A= 0:
D(24 ft)— (20 kips (6 ft)— (12 kips )14 ft)

—(12kips)(28ft)=0
D =26 kips
2. Fy=0:
Ay —20kips —12 kips + 26 Kips —12 kips = 0

 Between concentrated load application points,
dV /dx = —w = 0 and shear is constant.
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20 kN/m

o ) gliS g (i) 5990 519909 o i Cumsdgllae
o Jilo 0u (g 105 3b i (s 90

: -
1 (=120
(—40) ; : ) s —40 kN

400 Ih/fit 4.5 kips o gl 9 i g3 (59 g 510909 w3 S gllao
[ I I I ] ] I I 1 13 - N . -
Ai — «Jlio oy (5105 31y 8!
st T—d-ﬂ—“
Rl 4.5 kips
Wil ls
J\#Ah C
i -"JL— Sf —-—1*— 4 —-—|
B
v 450
kips
(+18)
A B c x
=0.65 (=18)
kips
—3.85 kips
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40 Tbin, o 39l g i3 S99 S99 i Cumigliao

B “ . . -
. _a. Jilio ol (5,185 1 51
400 1b

7 Jbo J>
ﬂ—l 40 Iin. SOLUTION:
A 'é - %

E
400 1h
=—12 in.—= e ;—h;'—-ll]iu.—-“ z M A~ 0 :
32 in. 1 By(32in.)—(480Ib)(6in.)—(400|b)(22in.)=O
i B, = 365D
RN 5 B,
A f e
/ E B, . . N
! % i (4801b)(26in.)+(4001b)10in.)— A(32in.)=0
6 in. 16 in. ! 10 in—~ A= 515|b

in.

12m 14 in,—| ZFX=O: BX =0
l! Ihfm ’
1600 1h-in.

A * Note: The 400 Ib load at E may be replaced by a
B MF c D V"‘"" 400 Ib force and 1600 Ib-in. couple at D.

400 b
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6 in,
=—12 in. 14 in.—=
40 Ib/in.
ﬂ—l—l—l—ﬂ 1600 Ib-in.

A
A F B
A c D A
5151b 365 Ib
400 Ib
v

5151b a5 1h
i 18 in. 32 in. z
12 in.
L I s

\
M 3510 lb-in.\l 5110 Ib-in.

3300 Ib-in.l

10 kips
(Sft 2ft] 3ft

[ 8ft

o ) gliS g (i) 5990 519909 o i Cumdgllao
oJilio ou (5310 5b g s1

| 3 kips/ft |

20kp-ft 318 kip . ft

. )
10 kips H kips
v
Sftl 11ft 16 ft
x
—24 kips
—34 kips
M
| | - 148%p-
—96 kip - ft
—168 kip - ft
—318 kip - ft
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) G

v x
f dv= -I wds
v. I8

V=V, + ithe negative of the area under
the loading curve from x; to x)

V=it j:m-j;vdx

M = My + {area under the shear diagram from x, to x)

i

LT i 8 3ot o o St
z‘l B -J“ﬂﬂoM‘s)‘g)b”‘s"
| L
v
AI\IIH
» Ve= —wlL
M
L |
A |5
G M= — fuwl?
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£00 Nim r=6m

- 4.2 kN-m
r LT V= -1400N,M=0

‘S {‘.} is M. = 2800 N-matx = 325m
zm—l——sm——l——!m :m«]
o ) gliS g (i 5 S99 519909 o g3 s gllao

1500 N

ot e=om

..lls V= —600 N, M = 4800 N-m

Als
T | .I_ My, = 5620 Nematx = 4.25m
2m-s—3>3m 2m zm——J

5/154 The heam supports a uniform unit load w. Deter-
mine the location x of the two supports so as to
inimi; bhending M. in

the beam, Specify M,,,..

— x—4
L 1

o Jilio o (5,15 3 3 sl

+5/154 x = 0.207L, M, = 0.0214wl?

300 1b

o ) gliS g (i) S99 519909 o i Cumdgllae

oo ol 510 )b g (51

¥
i szm:rb 400 Ib
3 1
Fy 300 1b
1 1
Yoy |
| -X
TR.:zﬂ Ib TR,:ssalb
v,lb |
|
|
|
247 1300
I
| |
ol b _
o ) 8w 1z "
Ld.d?‘—-l | |
1 ! |
M, ot 1 -as3)
TRk ! I
|
/\ |
| |
0 . N Y
[ 4 8 im 12"
|
600
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11 Jbo

o ) gliS g (i) 5990 519909 o i Cumsdgllae

6kN/m T
sl e

2N 18 kN
V (kN)
9
2 x(m)
520 m—
M (KN - m)

70 kN 70 kN
- oS gl 9 i gt (5998 10909 poaw § St gllao
42 KIN/IN
A — s | D
. . Ry=272.5 kN
| \ Rp=272.5 kN
Fm o 3 M, =245.625 kN.m
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24 kN/m

64 kN o gl g b g1 G930 310900 o i Cumigllne
8 NI

C D 3 o Jilo 0u (g 105 3b i (s 90
A . B

N\
JTL_ e S R,= -28 kN
| R,=76 kN
2m 2 m—=t=—2 m— M pa=56 kN.m
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Ninth Edition

e \VECTOR MECHANICS FOR ENGINEERS:
STATICS

Ferdinand P. Beer
E. Russell Johnston, Jr.

Lecture Notes:
J. Walt Oler
Texas Tech University

alaw 095 H9kuiss

« Consider distributed forces AF whose magnitudes are

proportional to the elemental areas AA on which they
act and also vary linearly with the distance of AA
1,00 from a given axis.

» Example: Consider a beam subjected to pure bending.
Internal forces vary linearly with distance from the
neutral axis which passes through the section centroid.

AF =kyAA
R=k[ydA=0 [ydA=Q, =first moment
M =k y2dA | y2dA =second moment

< Example: Consider the net hydrostatic force on a
submerged circular gate.

AF = pAA = yAA
R=)/IydA

My =7[y?dA
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dA=la=xidy __—

dy

LS5l KaS 4y alaw 095 49k

» Second moments or moments of inertia of
an area with respect to the x and y axes,

Iy=[y?dA 1, =[x*dA

"« Evaluation of the integrals is simplified by
choosing dA to be a thin strip parallel to
one of the coordinate axes.

« For a rectangular area,

h
I =[y?dA=[y?bdy =Lbh®
0

 The formula for rectangular areas may also
be applied to strips parallel to the axes,

dlx=%y3dx dly=x2dA=x2ydx

£

 The polar moment of inertia is an important
parameter in problems involving torsion of
cylindrical shafts and rotations of slabs.

Jo =[r?dA

 The polar moment of inertia is related to the
rectangular moments of inertia,

Jo =jr2dA=j(x2 +y2)jA=jx2dA+fy2dA
=Iy+lx
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« Consider area A with moment of inertia
I,. Imagine that the area is
concentrated in a thin strip parallel to
the x axis with equivalent I,.

I =k2A Kk = |x

A
y
k, = radius of gyration with respect
*y—” to the x axis
0 = o Similarly,

I, =k2A k,=.,2
y =%y Yy T\ A

Jo =k3A ko =JJT°

kG =kg +k§

y SOLUTION:

o Adifferential strip parallel to the x axis is chosen for
dA.

dl, =y?dA  dA=Idy

¢ For similar triangles,

Poh=y ph=y gaspn =Ygy
. b h h h
Determine the moment of

inertia of a triangle with respect .
to its base. g P « Integrating dl, fromy =0toy = h,
h h
h- b
Iy =Iy2dA=Jysz ydy=ﬁf(hy2 v by
0 0

h
b 3 4 3
:{hy_y} | bh

h "3 4 T]
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SOLUTION:

* An annular differential area element is chosen,
dlo =u%dA  dA=2rudu

r r
Jo = [ddo = [u?(2zudu)=27[u’du
0

0
T 4
Jo=2=r
°©72
a) Determine the centroidal polar « From symmetry, |, = |
moment of inertia of a circular e
area by direct integration. Jo=ly+1y =2l %r“ =21,
b) Using the result of part a,
determine the moment of inertia )
of a circular area with respect to a | diameter = Ix = Zr

diameter.

Silgo Sl 920 aund

& » Consider moment of inertia | of an area A
y' / dAL ag with respect to the axis AA’
- - B’
- C

| =[y2dA

» The axis BB’ passes through the area centroid
and is called a centroidal axis.

| = [y2dA=[(y'+d)*dA
= [y'?dA+2d [ y'dA+d?[dA

I =T+Ad2 parallel axis theorem
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« Moment of inertia | of a circular area with
respect to a tangent to the circle,

¢ I =1 +Ad? = Lar? 4 (zr2 )2
d=r —4ﬂ'l’
L,
« Moment of inertia of a triangle with respect to a
D 2 centroidal axis,
drﬁr. I an = Igg + Ad?
c ; _ _Ad2 — 1pnd_1pn(ip)
5 d:%’/ 5 g = I an — Ad? = L bh® ~Lbh(Lh]
¢ i _ 1pn3
A I"—E’—'"I A —%bh

w9A3 9 Ay g Aj zokaw (S5 HldS ez b P90 Hemo 4 Comnd A o (S HglilS

AT o0 Cawrd 43 yex0 (ylod Ay o

y y T= b Y
Ty = b : .
r ]? 3 it P I',u.ly-%xr‘
Rectangle e Semicirele P il
1= Llp Jo= 37"
| | R O'—F—'I x
b R A 1T
Y
- L=l,=Lnrd
Triangle T = 3 b Quarter circle }' y :'-'
= xr
= Lo o
Y
7 E:%mba
. I,= f’- Lert - 1
Circle i) Ellipse = g ma’h
Jo=g ®r
Jo= %mbfﬂgfb"]
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Axis Y-Y
Area | Depth width | T kg L K 7
Designation mm? ‘mm mm 106 mm* mm mm | 108 mm* mm mm

¥ W460 X 1131 14400 | 463 280 554 196.3 635 663
W Shapes W410 % 85 10800 | 417 181 316 170.7 1794 406
(Wide-Flange W60 % 57 7200 [ 358 172 160.2 149.4 1L11 394
Shapes) X X | W200 x 46.1 5800 | 203 203 45.8 88.1 1544 513

!

% S460 x 1.4 10390 | 457 152 335 179.6 866 200
§ Shapes 8310473 6032 | 305 127 007 1227 380 254
(American Standard 5250 X 37.8 4806 | 25¢ 18 516 1084 283 M2
Shapes) S150 % 186 2362 | 152 B4 92 622 0.758 1781

X X

Y

¥ C310 % 30.81 3929 | 305 T4 537 1171 1615 2029 177
C Shapes C250 %228 2897 | 254 65 25.1 98,3 0949 1811 1610
{American Standard C200% 17.1 2181 | 203 57 1357 790 0549 1588 1450
Channels) Cl50x 122 1545 | 152 48 545 594 0288 1364 1300

% ;
5
1)

2in. SOLUTION:
=9 in-—| b _ _ _
« Determine location of the centroid of
composite section with respect to a
c coordinate system with origin at the
140 centroid of the beam section.

e Apply the parallel axis theorem to
determine moments of inertia of beam
6.77 in. section and plate with respect to
The strength of a W14x38 rolled steel composite section centroidal axis.
beam is increased by attaching a plate

- « Calculate the radius of gyration from the
to its upper flange.

moment of inertia of the composite
Determine the moment of inertia and section.

radius of gyration with respect to an

axis which is parallel to the plate and

passes through the centroid of the

section.
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SOLUTION:

4
9in. . . . . .
I“ = —l_{_ « Determine location of the centroid of composite section
with respect to a coordinate system with origin at the
centroid of the beam section.

& 14.10 in.
Section A, in? y,in. | YA, in3
l Plate 6.75 7.425 | 50.12
| Beam Section | 11.20 0 0
6.77in. S A=17.95 > yA=50.12

Y
_ .3
il o YYA=Y YA Vzﬂzwzz.mm.
T.42fm. o t " > A 17.95in
) I
Y

(S50 2ol 3| aigai Jlio) J> ashl

in. « Apply the parallel axis theorem to determine moments of
|~—9 i"-—-| Y inertia of beam section and plate with respect to composite
section centroidal axis.
G e peamsection = Ix + AY 2 =385+ (11.20)(2.792)*
14.10 in. — 472.3in%
l L plate = Ix + Ad? = 5(9)(3)3 +(6.75)(7.425 - 2.792)

— =1452in*

6.77 in.

Y Ix' = Ix',beam section Ix',plate =472.3+145.2

x e+ Calculate the radius of gyration from the moment of inertia
of the composite section.

. 4
Iy _617.5in" Ky =5.871n.

*“\V'A 17.95in2
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SOLUTION:

« Compute the moments of inertia of the
bounding rectangle and half-circle with
respect to the x axis.

240 mm |

» The moment of inertia of the shaded area is
obtained by subtracting the moment of
inertia of the half-circle from the moment
of inertia of the rectangle.

Determine the moment of inertia
of the shaded area with respect to
the x axis.

4 o SOLUTION:
~ « Compute the moments of inertia of the bounding
rectangle and half-circle with respect to the x axis.

i Rectangle:
I, = 1bh® =1(240)120)=138.2x10°mm*

y Half-circle:
moment of inertia with respect to AA’,

A = A’
m]Lj wb”ﬂ I aa = 12r* = 17(90)* = 25.76 x10°mm*
=818 mm

x moment of inertia with respect to x’,

I = |y — Aa2 = (25.76x10° J12.72x10%)
azﬂzwz?:S.me

37 3r =7.20x10°mm*
b=120-a=81.8mm

A=1a?=1z(90)

moment of inertia with respect to x,

Iy = Ty + Ab? =7.20x10° + (12.72x10% 81.8)°
=12.72x10°mm? =92.3x108 mm*
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« The moment of inertia of the shaded area is obtained by
subtracting the moment of inertia of the half-circle from
the moment of inertia of the rectangle.

I = 138.2x108mm* - 92.3x108mm*

I, =45.9x10°mm*

3 Jlio
, -y 8 »anewchuae'esé»waeﬁwslhwwwfpaw.s‘x‘
_E)irnensions y v
m mm
45 90—
T = 3(90) = 60
S ‘ ‘
. _ 445 _
100 o C —1— w(}y_l()()+ Ir =119.1
l ¥ = H100) = 66.7
b 4 X X
Triangle
bh 90(100) 5
=5 = 3 = 4500 mm
bl 90(100)*
== =250 x 10 mm*

I = I, + A7 = (2.50 x 10°) + (4500)(66.7)" = 22.52 x 10° mm*

i hb*100(90)°
T3 36

Iy = f_.- + A = (2.025 x 10%) + (4500)(60)° = 18.23 x 10° mm* 2-18

120

=2.025 x 10° mm*




Dimensions ¥ ¥
in mm coas

45 90— - s

* = 3(90) = 60 H r=
&L A [
0 \ @
_ 4(45) !
Ce =100+ = 119.1
100 100 _1_ m(;y T ¥ =100
{ ¥ = X100) = 66.7
X l X x x
Semicircle
TR?  mw(45)°
A=— = = 3181 mm>
2 2

I, = 0.1098R* = 0.1098(45)* = 0.450 x 10° mm*
I, = I, + A5 = (0.450 x 10%) 4 (3181)(119.1)% = 45.57 x 10° mm*

- @R* w45
= = =1.61 x 10°* mm*
y 8 8
I, = I, + AZ* = (1.61 x 10°) 4 (3181)(45)* = 8.05 x 10° mm* e
3 Jbo J> aslsl
¥
Dimensions ¥ ¥
in mm coas
45 90— - s
¥ = 2(90) = 60 : L=
L) = B g
=l \ @
S S 1004363 _ '
100 . C —1— 100y-100+ I =119.1 5100
{ ¥ = X100) = 66.7
X l X x x

Circle
A= JTR2 = J'!(ZO)Z = 1257 l‘ﬂ]‘l‘l2
i TR} . 7(20)*
X - 4 -

I, = I, + Ay = (0.1257 x 10%) + (1257)(100)* = 12.70 x 10° mm*
i TR'  7(20)*

y
4 4
I, = I, + A%* = (0.1257 x 10°) + (1257)(45)* = 2.67 x 10° mm*

=0.1257 x 10° mm*

=0.1257 x 10° mm*
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3 Jlo J> aolsl

Dimensions

. ¥ ¥
m mm
x =45 y
45 90—
- T=45
* = 3(90) = 60 .I_.I
- {‘ 45 +77 20
o] @7
_ 4(45) [
Ce ¥ =100+ == =119.1
100 oo T 00 3 5200
{ ¥ = X100) = 66.7
X l X X x

A = YA =4500 + 3181 — 1257 = 6424 mm’
I, = X1, = (22.52 +45.57 — 12.70) x 10° = 55.39 x 10® mm*
I, = X1, = (18.23 +8.05 — 2.67) x 10° = 23.61 x 10° mm*

L)
* Product of Inertia:
f:% Ly =y
¥
N
« When the x axis, the y axis, or both are an

axis of symmetry, the product of inertia is
Zero.

« Parallel axis theorem for products of inertia:
Ly = Ty +XYA

122



glow Lol i3 sldjglkis 9 Lol sl je=o

« The change of axes yields
Ie+1y Iy=1ly

Iy = > + 0826 — 1y sin 20
Ie+1y I —1
_ y_x" 7y ;
ly = 5 €0s26 + |y sin 20

-1
Ly = %sin 20+ 1y €05 20

Given I, =Iy2dA ly =jx2dA * The equations for I, and I,.,. are the
parametric equations for a circle,

lyy = [ xydA ’ 5 )
. . (e = Tave) +lyy =R
we wish to determine moments
and product of inertia with I = Ix+1y R= Ix=1ly 12
, , ave = = +lxy
respect to new axes x” and y’. 2 2

Note: x’=xcos¢+ysin¢ « The equations for 1, and I,.,. lead to the

y'=ycosé—xsind same circle.

glow Lol i3 sldjgkis 9 Lol sl je=o

* Atthe points Aand B, I,.,» =0 and I, is
a maximum and minimum, respectively.

Imax,min =lae R

21,y

tan 20, = - I

x_ly

* The equation for &, defines two
angles, 90° apart which correspond to
the principal axes of the area about O.

Imux

(I 1, e)z +12,-R2 . Ima_X anq Iin are the principal moments
X v X of inertia of the area about O.
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SOLUTION:

 Determine the product of inertia using
direct integration with the parallel axis
theorem on vertical differential area strips

e Apply the parallel axis theorem to
evaluate the product of inertia with respect
to the centroidal axes.

Determine the product of inertia of
the right triangle (a) with respect
to the x and y axes and

(b) with respect to centroidal axes
parallel to the x and y axes.

SOLUTION:

« Determine the product of inertia using direct integration
with the parallel axis theorem on vertical differential
area strips

X X
=h1-*| da=ydx=h{1-*]d
y ( bj Yo ( b)x

1 o = X
l T"”‘a“ . Xel =X Yel =%y=%h[1—5)

l e Yel Integrating dI, fromx = 0tox = b,

b 2
Ly =[dly :IYe|7e|dA=IX(%)hz( ) &
0

b 2 3 ro 3 4P
=h?[ E—X—er—z dx =h X——X—-rx—2
ol2 b 2p 4 3b 8b*|
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« Apply the parallel axis theorem to evaluate the
product of inertia with respect to the centroidal axes.

=
=

Xx=3b y=3h

With the results from part a,

Iy = Leyr + XYA

Loy = 4072 (Lb)ih)Lbh)

"

T __ 1p2n2
ey =—Lb%h

shol i) s@)9lis 9 Lol s je=0 ;1 Jlio

4 SOLUTION:

» Compute the product of inertia with
respect to the xy axes by dividing the
section into three rectangles and applying
the parallel axis theorem to each.

¢ Determine the orientation of the
principal axes (Eg. 9.25) and the
principal moments of inertia (Eq. 9. 27).

For the section shown, the moments of
inertia with respect to the x and y axes
are l,=10.38 in*and I, = 6.97 in*.

Determine (a) the orientation of the
principal axes of the section about O,
and (b) the values of the principal
moments of inertia about O.
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y SOLUTION:
[—3in.— « Compute the product of inertia with respect to the xy axes
by dividing the section into three rectangles.
T‘:‘ n: Apply the parallel axis theorem to each rectangle,
4in. o T _
—~ f—lin %ln—;_ Iy = Z(Ix'y' + XVA)
m_f Note that the product of inertia with respect to centroidal
31— axes parallel to the xy axes is zero for each rectangle.
i
125in. Rectangle | Area,in® | x,in.| y,in. xyA,in#
| F | 15| -1.25 | +1.75 -3.28
: 175 in. I 15 0 0 0
1 = u* < 1 15| +1.25| -1.75 -3.28
L75in. |} - > XyA=-6.56
1.25in. ‘Ixy :ZWA:—6.56in4

« Determine the orientation of the principal axes (Eqg. 9.25)
and the principal moments of inertia (Eq. 9. 27).

21 _
tan20, = ——2 = 2A-656) _ +3.85
ly—1, 10.38-6.97

26y, =75.4°and 255.4°
0 =37.7° and 6, =127.7°)

2
| =1038in* |max.min:%i ['x;'yj “z
— l,=6.97in*
2
1y 6561’ 210.3824-6.97 . \/(10.382-6.97) L (6567

I, = Ipay =15.45in*
Iy = lmin =1.8971in*
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» The moments and product of inertia for an area
are plotted as shown and used to construct Mohr’s
circle,

Iy +1 I
y X y 2
love = R= [ 5 ]+|Xy

Mohr’s circle may be used to graphically or
analytically determine the moments and product of
inertia for any other rectangular axes including the
principal axes and principal moments and products
of inertia.

SOLUTION:

* Plot the points (I, I,,) and (I, ,-1,).
Construct Mohr’s circle based on the
circle diameter between the points.

* Based on the circle, determine the
orientation of the principal axes and the
principal moments of inertia.

The moments and product of inertia « Based on the circle, evaluate the
with respect to the x and y axes are |, = moments and product of inertia with
7.24x106 mm?, 1, = 2.61x106 mm*, and respect to the Xy’ axes.

I,y = -2.54x10° mm*.

Using Mohr’s circle, determine (a) the
principal axes about O, (b) the values of
the principal moments about O, and (c)
the values of the moments and product

of inertia about the x’ and y’ axes
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I, (106 mm4) SOLUTION:

Y(2.61, +2.54) * Plot the points (I, I,,) and (I, ,-1,,). Construct Mohr’s
circle based on the circle diameter between the points.
i ., OC = Iy = (1 + 1,)=4.925x10° mm*
o T 1 6 4
B E Bal ) ol CD=4(1,-1y)=2.315x10°mm
I
724, -2.54) R=+/(CDY + (DX }* =3.437 x10°mm*
-
Ix=7.24x10"mm  Based on the circle, determine the orientation of the

ly = 2.61x10%mm? principal axes and the principal moments of inertia.

Ly =—2.54x10°mm* tan 20, = % =1.097 26, =47.6° [0, =23.8°

lmax = OA= l e + R [ pay =8.36x10°mm*|

Imin = OB = lave — R  min =1_49><106mm4

 Based on the circle, evaluate the moments and product
of inertia with respect to the x’y’ axes.

The points X’ and Y’ corresponding to the x” and y’ axes
are obtained by rotating CX and CY counterclockwise
through an angle ®@=2(60°) = 120°. The angle that CX’
forms with the x* axes is ¢ = 120°- 47.6° = 72.4°.

Iy =OF =0C +CX'C0s¢ = | 3¢ + RC0572.4°

4.925 x 106 mm*

I =5.96x10°mm?*
®

t ¥ -8 20=120°
3.437 x 108
min« 8L ( Iy =0G =0C -CY'cos¢ = I —RC0s72.4°
G WF

c 757 1y =389x10°mm?

T
1
|
x Iy = FX'=CY'sing = Rsin72.4°

=
28, =476°

1y =3.28x10°mm?

OC = ¢ =4.925x10°mm*
R =3.437x10°mm*
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