|/‘ ] V:\/|Oz1’24‘11= 26
-0

O, = 112.6°

M -0t + 24
=== = = - = -0.335L + 0.923
n ==y - 3851 +0.923y




Graphically | V= R4units, 6= 12

R\Sebm{cauﬂ} V== 18%+ l4-7'—2(|8)(l+)005 %.9°
Y = 24| units

smp _ sin 96.° g = 35 2°
14 241 )

0, B+361° = T2.1°




Y‘A (14 Umi‘ts)
S
v
/ d Oy
V=V, -V
- e N
) _2+(_ _l) \
\
\
1°
60°\83

V, (I8 units)

Graphically V'= 2] units | 8= 17¢°

ﬂ\sebr&icaujj V'2=18%+ 4™ ~2(|8)(|4.) cos 83.|°
V' = 214 units

Sing _ Sin 83.1° 6= 40, 4°
14 21.4 ! '

6 p= RI7°, 67 RATE = 217-404° = 76,5°




4 | e \/801+401+@of = 1077 b

- Fx _ 8  _g4 ©, = 42.0°
F - 40 -
- :’ - - - - ?
Cos Oy F o77 =037, By= M8
Fz _ 60

cos Qa =

2 - I07.7:O'557J Oz = 56|




US | W=mgq=15(3.81) = 736 N

i N - 5.4 1
W = 13N (4.4-4-821\1 QAL




e | F=w-=- SToprz

)
where G = 6.673 (15™) m3/(kg-s™)
m, = ¥0 kj
mz = 5.97 (10=%) kg
and = (L3N+250)(10%) m
Substitute These numbers é[ obtain W= 11238 N

U.S units : W= 7231\1(—4}7&-"’82—0 = 163.6 b




T = o) (AN - 595

b
_ W . 130 _
m 3 Az 404 slug].s
- W _ 578

m = 3 ci.%l = SS.CI kj




[[R

A=861, B=1.421
(A+B) = 8.69 + 1.427= 10.12
(F\-B) = %69 - 1427 = 1.26
(P‘B) = @.61)( 1.42'?) = |2.40
(Afs) = 8.6‘1/),427 = .09




19
_GMeMy 6.673(!0’")(5.?76'I02+)2(l)(0.0123)

F

4= (384 398 10%)*
= 1984 (10*°) N
20 L1b — 19
F = 1.984(io )N (m) = 44 (IO ) Ib




1o | 2o°(ﬂ—r%“—l— = 0.349| red

180°
Sin RO® = 0Q.3420
Percent error s 0‘%1'3?:2;\2'3*“(100) = 2.06%

tan 20° = 0.3640 ;
Percent error is —2:3e%0- 0341 (IOOS = 4,017

0.3640

/l%f-:e The approximation sin® =6
6 Sin® invelves The approximation that
cos OA The Dl.rclﬁnjth 3=8 s The

vertica side of the triangle. The qppmximation
that tan ® 26 involwes ) N addition )‘the
approximation that 41 is The horizontal
side of The ‘tr{&njke,.




ZII H
F = 4
{ X 00 cos °
Fy =-50 4‘30
0 sin *

F =2
F = 383
‘”32l'
i N

fl




22' F 400(—Co530 u+sm30\;)

= " 3460 +200) b
Sc.alar Components .{ F, =~ 346 1b
F3 = R00 |

Vector Ccm«\:uncnts‘-{ Fy = -34L 1k
Fb = QOOJ tb



2] pesa(-Bi-%y)
= 48 -2 kN
(Note= Wri:l:x'nj R, Y:‘ther Than 2.00))
indicates an exact result.




R[4 F=Fn

- 3000[ I5¢ + 3 ]
Y C)

VIS®* +8%

= 26501 + 1412 b

v | Fy = R650 b
Scalar components {F3 YN



2[5 | E:l?OoG%L‘%Q)’ 10801 - 440§ N




O
Ry = ZF, = ~ 4 cos45°-6cosl5°= - 8.62 kN
R\L’ = X Fy = 4SN45° - sn 15° = L._76 kN
R = sz'i“RJZ = ¥.72 kN

"l R - -| 1.2'7(a _ o
o = tan '(gY) =t (G )= A€




12,
= T
2 _ oy
F, = Fsing = F'_l_é. 7
3

- T s 6
cos 6 = 13 )

{ F S
= Cos © = ]5.%(7‘5)
X




28 R [Law of cosines:

'y A R 600 + 400 - 2 (o00) (400) cos 60°
|
W & R= 529 N
400 N [Law of sines:
| 529 600

sin 60° " sinB® ) ________6 = 71l
(b) Ry = ZF, = 600 cos (0°~ 400 = =100 N
R3 =% Fy= 600 snL0°+0 = BRo N

Se R= -looL+ 520 N



A F, = 2 cos50° = 1.286 kN
| Fn= R sin50° = 1.532 kN



R [0 Fs

A ___F:s Cos 60° = 120
VB 7 Fg = 60 b
/ / .. R
120 u,,/ 1/ A
for 3/ BRIl
R







\2.
= 22.4°
8 = 30-x = 30-224
= 7.38° ~
n_/
Ph: PCOS@ = 260 cos 7.38°= 25% N
Pt= ?S\'hp =

260 sm 1.38° = 33,4 N



23 | Ry =ZF, = 400 + 400 cos 68° = 600 N

R:& =EIF-J = 400 S.\t\ 6O = 346 N
= K= 6001 + 3465 N

R = 600% + 3%"‘ = 6193 N




Pt: 180 Cos 25°.= 163.1 N

Y P =-1%0sin25°= - Tel N



25| () R = 400e. + ooe, I
@ R= [400 cos 15°-900s1n lS°]i_,+BOOS\'n\5‘5f‘iOOms\S°IJ
= 153.4L + 913 I




le@ US'\\’\S the Cosrdinatts ot  The
FPVoblim 'F'\aur{ i
R'K: z\:fx = 200 Cogy I5° — IS5 T~ J0°
= %% N
R\a= EFa = 200 sm IL° F+ IS0 g R0°
245 N

I

R= ¥88L + 245§ N







Z|Ig | 7®
28 | S rem gy Somponents

Sin 120° _ sin I15° -
2= e RSt
sin 120° sin4s’ '
= = .633 Kk
- P Fy= Less ko

Pro jections ,
P, = 2 cos45 = L414 kN
P, = 2 tos I8° = 1.932 kN




F =300 |,
o\ T~ b
// 15 ~ e
a.
~ ~A45° /?FB
X — .
o~ —eo?\75°
\43\
sin 45° _ sin15° _ Sin60°
300 FO. FL,
Components : {FG_,'-: 1093 1k
Fh - Ci8O ”a

FY‘OJ ectior\s : { EPQ,

R00 cog 60° = 400 Ib

€00 Cos 75° = 207 lb







2’/2‘f| fo oz:;‘an"gi & 26,67°

A N ¢9=fan"§-= 36.87°
& 4" o .
R ——-(x——,;>/7' PBE/FO~(X+8)=1/6,57
56" /// P oo
B_=" 5/7 36.87°  sin 26.57°
Soo /6 . 0.6
. = oo . = 537 /6
~ 0.9472
O, 8944
— ”7' = oo s, 7= Hoo i = 00 /4
S/17 1/6.66° vk 26.57 0.4472



2/22' R=2000 lb

1400 b/
4

"/ 800 b

low) of CoSines: 200a” = \4°°1+?°°L'2('4°‘)@°9°°5°(
With == 180-6 ond cos(Ig0-6) = ~Cas &
20600> = [400% + 800 % + 2(l4m>(800) s ©

6 = 5,3° )

- ]60 _ =R.Q00

sing  ~ sin(180™51.3°)
g = 18.19°

Loy of Sines



-
yd
Ve
e
e
2 B 1.2 m
AR = 1R* + 1.8 - 2 (12)(I5) cas 120°
B = R34 m
sin & Sin 120° .
b xX = 6
.2 2.34¢ ) <o

Th= T sin«= 750sm 23" = 333 N
T‘t = - Jeos« = =750 cos 26.3° =z —0T12 N



2/24' . BC

y, Pe=-90 cos 30° =-11.9 N
Po = Tosm30°= 450N
AR
R = 90sin45° = 3.4, N

FPh= 0 90cos 45 = 636N




225 5 {e@‘tan—' 3 = 513°

T ,/JAEK e
Y \\XkN £ =180~ =-g = 950"
\ \\ Sl.n @ _ s ;n A
\ g& T %
\
/o(/ T = b.6% kN
R

sin Y sSmt Rz 0.21 kN




200 N

law of cosines:R= -Jf{ooﬁ- ROO - 2(%00)(800)@5 TR 1038 N

; . 1038 _ Boo = o
llaw of sines: SrTe - RS ) 0 = 43.1

B= 180-45- (65+48.1) =219 °

038 _ Fx Fa. 1038

Sin45° s 214 Sin(G544%.1)  Sin4S®
Fa = 547N Fo= 1350 N




é/z7| 5,m,%9(\.2\ 1.5 )

¢ Mo= 4[5 (15) - 5 0R)]= 268 Kiom

As a vector, M, =268k kN'm

L5 _ 3
dy+1.2 5)

o\xz \.3m

d
J 3 -
Coordinates of mtercephs : (‘|.3)0)) (0)0.78>

(n m)




_Zﬁ.l F = 75 )b 'f:) N|b= 75[% (Z)]

, \a 2 = [34.2 lb-ft (cw§

A 2
\ M. =15 [—ﬁ;;'(z) * = (3)]
\ = 235 lb-Ft (cc‘w)




G M, = z-r'r(o.orso>= o
T = 40 N




2/ | ) Mo = |80(‘i.8|>(2.4~) = 4240 N'm




\) l'-'ka |
(O~ 13 ('60 cas 20°)
564 N'm

I




2/32 | p28oN
___| 15° —1

o :
Jomm 4) N, = 250 cos/5°(0, 200) - 250 /41 /5° (0.030)

0 = 48 30 <4 94 =46.4 N-m



2 Mg =60 cos 10°)(14) +
(60 sin 16°)(1:2) = 840 lb-in,
" or M, =70.0 k-ft CW




1]

I

20°

000306 (3.81) [s ¢os 20°+ (9.5+ 3.5) sin 20" |

0.1335 + 0.0282s N:mm (5 n mm)



G -~ é
— 3" ——= A

The combined moment about O of The K-
and  B-lb uleights s

T2 My = 5 (6sin55°) + 3(13) = 28,6 lb-in,
- (Cw)

2 ZM, =0 —‘r‘(z)»r 128.6 = 0
T=0c43 1




P=30 N

+2Mg = 30(.6) = 48 N-m
Lem %) My = 30 cos 45° (1.6 + 1.6 Sin 45“3
gt 30sin 45° (1.6 cos4s®) = g1 Nm



%) M, = 780 cos 20° (10 cos 30°)
=780 sin 20° (5) = 5010 lb-ft




of” |0°

o

i

I}

T4

O.
O H‘(ﬂ&“ §(n S
.Zég lh : OQ)
B L A




d\:‘ 450—' 62.5 QOS ZQD

2_/31| Roo N&

o ™o = 39 wmm |
_ X Tan ) )
] O—_ _*““‘00 . aM- Fd - 200(0_3q‘3\
62:5 mm

1

7%.3 Nem




s

My s maximum When F
s perpendicwlsr b AR .
Thus @ = tan"' (h/1)




2] | Mo=4(125) + 10(z)
A <2 = 130 lb-in.

P




400
2 M, = ( }f’,-%— -40) (75) + Gﬁ{%'%} (425)
= 7030 N'mm o 7.03 N'wm
VLM, =0 1 -F_ (825) + 7030 =o
Fo = 8.53 N




2 /A3 | @) © -

o

Y

¢ M= 90cosIS® (o.e)-qos.‘n I5°(0.8)

9o N
\ = 33.5 N-
800 | }l N-m
mm I ‘-I’-e
3
GoO A
O ) mm - 600 °
\ (b) 6 = tan (g°°> = 36.9
200 NJON - (or 2|7°)
Mm e:
|
600
O F o (C) F1l oA y So
\\ © =90 +o | u= ‘tcn-‘;,ﬁo %9
o
Boo|["°\ 4 4 Se 6= 1263 r 397°)
mwm \ —
\

©0omm A ° N



d
(Xﬂ:\m/é: Sive

Al A =V 2%+ §.02%= 14.80 .

— /4, PO y 7

ool S/ z— 0.866
Sirn oL St 120° ) n X /4.800
:7+5 = 0.4i0
(=12" X=24.18°.

**** —! 6 =/80-(24.18+%0) = 65.8°

+DA'4O=‘5—0 (14.90)= 740 /b-1n.




Mo = F(80cos6)=kh (80 cos @)
=k (B0 sin © -40) (70 cos8)

= 3200k (2s16 cs@-cas8)= 3200k (s.ir\ze-cose)

. dMo _ .
For OO Xitnum Mo) 46 —-0

3200k (R ces28+smB) =0
> 2(\- Zs'mze) +sSn 9 =0
4 sm20-sin 8 ~-2=0

S;né = li \Igl +32 - 0'843 0\” _ 0‘5(.13

6= 515° (or - 36.4°- on dwel| part of Cmﬁ




¥

2 /46

S B
- g [3E0x 340 51m 40°-110 sin 50° ]
= tan 340 cos40° +1/0 cos Ko °
= 56.R°

D My= 4.5 (0.360 cos 562°)= 0.902 kN-m CW




L M = F(CE)=90(015)= 13.50Nm
Mg = F(BE’)

= 90(0.15 + 0.45 Sin 30°)
33.8 Nem

Mo = F(AE’)

=10 (O.IS +0.458in30°40.55 sinAij
= 6%.8 N'm

"




adla: F = ph = 35 EY

2148 |
/ =175 b
55

Mo = xF = 332 )x
~JF )

1//:/\ = 802k lb-ft
ISH/’T
T) '

) "y
dor I

¢ /","\'\
'/// O \\'x
=

(s Q



2'/4'7‘ I Mo: 5[(605 30°)90 +(sin 50")60]

.
- T l=0z0)+ % (s0)| =0
ClomM 120 mvn [ 27 V29 ]

3{/} "“ie_o““\flé- 5347~ /35.77 =0 T=4.04 kN
v ‘mm I
|

@)

Sin 7

J/2%51:=\29



2/50 F2ZM = o0:
P D - (?0 cos So) 0753 .
T(FDE Cos Ioo) 1= o0

FDE = 14L6 b ('\)

Ilo

B 75"

=

80 lb

law of Cosine
4o b RT= 0%+ 1416 - 2(s0)inie) s 165°
NaALE R= 220 W%

IR

Law of sineg

S Singt_ sin l68°
50 1 M 219.9
%5

® = 9,60° ) o= 35%« = 94.(°




=[5l l

Elements of wrench:

x=30":
+) Ms= 120 cos 30"[’70 +150 +70]

+120 Sin 30°[25+70+7o +25] = 4 500 N-mnm
or My = 4.5 Nom CW

For maximum M03

-\ 2
O(Z'tCm 25+70+ 5+70]

70+ |50 +70 - 382"
(MO)M

IZO\/ (25 +10+25470)° + (70+ 1S0+T0)"

41 600 N*mm

M

or 416 N'm W




L4 4
2. SINES Siha ~ Simeo®
\ % = 14.33°
\
NN _
&\ 14 Bo = |4 cos 14.33° + 4 cos60®
35501 1206 in.
Consider 3550 b act{nj ot B:
60— 4" ‘ .
5 DAEXLR D M, = (3550 sin 14.33") (15.5¢)

= 13) 670 |b-in,

(or M, = 1133 lb-ft)




__—.JZ/53 GM Monﬁz Fri.

| 80 (0.24 +6.24 + O, IZ)
{08

N'm CCW

\8Q N




b = 26.6°
= |
|3'
[} |
e e i
B @)
At O : F = 800 Ib 266

G M, = 800% (3) = 2150 lb-ft Cew

At B F = 800 b 200

G Mg = 800 F (3) + 800 Y8 (4)=35%0 lb-ft
cow




_ZLSE’J 'Y # M=Fd: 375= 50004

> Nem d= 0.075 m
5 kN TN X .
B B
v\ 10
ol
-6———-——-’

5 kN '



M, = =Fd
RS = 2 Fleos 15°)(0:8)
F = 1618 N




LS e OM= Fd= (1L8)(10)
’ = 24 \h-in. .

‘For -Qor\SJCOmt “For’(‘_es‘:

6.‘\(" T ncmqs\nz) d \nCveases
e .
\ M and  increases
ciwrcumterential - hand  movemunt | Decreagin

a4 de e Rasey M and  dtcveages Noawnd  motin.



z |58 I -

4

At point Ot R= 400 N 4

Mo = 400(6)= 2400 N'm
- CCew

A

‘\\J




2[51{

T M= 500(14) - F(8) =0

ot~ F= 815 Ib
C‘h’““‘“-——————» 8' \4/
F < Y

300 1b — \




V’ Joo kil

=2 bBay

! 5 Joo /M/T

/20~50 =70 m

n

TOP = 300(12)
P =SlF N




2/6' ’ M = /CC?‘; = ﬁ%ei-{gz/%aao s




The system at O |5 a Couple.
¥*M= Fd = (80 (loows.’n 45°+ 25 +~25),
= 2] 700 N:mm or 2.7 N:m CCW




(63

M= 50(28) = 2F())
F =700 lb

-

501k

,II




2/e4|

',,j 0" <

The \Neijh{ W of The door s

W= (f3)V = 489 (20)(!(,)(%) T;"s = 132 Ib
The equivalent force - couple system ot O is
R = I1.32 b doun

{Mo = 1.32(1) = 1245 lb=in. CcW

7

RSS\Smp’Hon! NEE)\CCi NE'\S}\‘t Q‘F SmaH 'taB
of steel near hinge .



25 ] \do-zo (@) At A:

400N : .,'\20:
- e F = 400N \
035 m
2 Mg :(400 cos 20°)(0.35)
0.6 m = /3l-6 N'm Cw
e (]o\ At O: .

F= 4001\\\:

2 Mo = 400 cos0’( 0.35) + 400 sin 20" (0.63
= 214 N'm CW

Part (@) and (b) results are The same
F 8 =0 or (g0 ° .




2 66

+o
%éN = E
=5

™M

Fd:

20° 300N
60 = 300 (b cos R0") | b = 0,213 m
or b = RI3 mm




2/67 | p
O.3OM\L

04/5m1\ ,

M=2Fd) 20 = Zoo(o./6) -2 30F P=4oN
= RSN
@: "200_\/'7‘.40./':‘/60‘/' v R —



__2_/E§.I 0.6 m H M= \200(0.2)1' 240 N'm
& = tan (=)= 26.6°

L (e a, ¥ Ma=1200sin 264 (0.6)
1R00N M _
+ R40 = 362 N'm
' r=0.2wm

2
©




'\'Ff‘;vxc;r\q, of
romen ts L

50 cos 20° [0.& Gs 285° 4+0.25 cm\n“]

17,29  Newm
FOV"C{, - QQUF\Q'

S&ﬁw\ at 0
{R= S8 N

\10°
MO: \7.27 N'W\

+ 50 sw 20°[ 01 §in 28° 4 0.25 sin 10°)

Y@




2/70 ] :

Rix= ZF = 1.5 cos 20" +2.4 sin 20°
20°

] 2.23 KN
L5 kN W( R‘r ZF:): 1.5 Sin 20%°4 2.4 cos 20°
/ 20! = 2.7 kN
Z/(// R = «I' R{*+R3‘ N SR
&7 24k = 3.5¢ kN
o= +an'(535) = SR
M= |5 (Roo) cos 20° - 2 4 (120) cos 20°
= 128 N'm

| cow
Thnitial vrotation would ke CCwW.




o _ _F
+O\v(\ \S5 — 7000
F= 1¥76 N

At G

=Zf: BM\M

= 7000 (l} + 1%76 (,S>
7940 N+ m |

—
-




,2 12 “The eq\;uvc\len‘t Foree - couple

s 2' o t sSystem ot O s
ol — — um———
|
600 b .
: Rn = 00 s O (Ib

A M, = z(ecsosine) = |200 SN 6

Ib-f¢

Cor\s’trm'n“ts ' ( )

600 cos® = 5So0 8= 236"

00 SIn B = 'SSO) 6 =< (6.4°
200 SIN©® < looo ® = 56.4°
All Qonslderecl) 23.L°<0 % 5(.4°




20 kN

—-— -
PRTT Al AL

R, = ZFyx = 20sin30°+ ¥Tsin45® = 15,66 kN

Rb = 7.\:'3 = 20005 36°-8 w45 -4 = 6L kN

R = YRy +R¢ = 1743 ki

ox = tu” (NWRye)= 2ee



IS out)






BN R=%xF=5-§=-3 kN
R, RBKN'M|  NIR|x=Mg: 3 = — 5(2)

AR S =25 + ()
Y ' JAm
T "= 433 m




————-J’Z”? My,=0 so

)
QM = 400 (o450 cos 30°) — 320 (0.300) =0

M= |4%0 Nwm




z[18] F

oY -

{ ) ;:? Coupla sxas*em\ ol

= ) = e-» )

R Yy = 270«kN ()? o

2 M, =
o = 12(q0) =
= ) = 080 KN:wm
4= R
o _ lo%o
270




R[] R=-50i+20) Ib

be Mo = =40 (10) + €0 (29) +50(10) = |300 Ib-in,

Y I
R Mo | R
" | SR
‘\\’} S b
o
| | Ry |
: — % —>
|300 ‘ |

RJX,-': Mo y XT T=e T 65 in. (off pipt)




_EE?_J 4 R=XF=TL ~ TLCos I5°L+Sin \533

IR = 196LT L + 0.R59T]
s j _AME BT - Tewis® (3)

Q|5° :3m ™° + Tsin IS“(\o) = 2.7

/—1”'6 : —ij Myt = 0R59T(W) = 2.9 T

x==10,39m




"

28R, - xF,
Ry = ZFy

r My =-2cas™’ (015) + 2sim70° (1.5+ 0.5)
—H.z(%)(o. I5) - LZ(%)(LS) -~ 0.5

= 2,22 kN'm  CCW

R cos70° + 1.2(£)= 1.644 kN
2sin 70" - 1.2 (5) = 1159 kN

Se The Force - Couple Sbg‘ttm S
{R = L.oA44i+ 1:1595 kN

Mg = 2.22 kN'm CCW




2/82 I Y @;Z/:—:: (800 + 450)c0515°~ /600 5im (30" 20)
|
I 250 = /207 - 278 =929 6 AN

/50 /@: 25-" /600 cos/0°
F(800~450)5/s /5°
TLET76 - 70.6 = /666 N
R= 930 [ #1666, N

M =Zrg £)] M =1600 cos 20°(0./50) + (450-800) 0. 280

T 220.5 - 98,0 = /27.5 N'm  CCw
SO wnit 15 Speeding wh sy CCiv @ik




EE_J Equ(Vq lent —force — couple S\\js’\fﬁm at A:
R = —2500] - 200 + 800 (sin 30°L + C.os30°;,')
400, - 3oi0y |k

H

2 Mg = 2500(4) + 1200 (4+4 cos30°+3)
- %00 sin 30° (25in 303— 360 cos 3°°(4+2 Cos30ﬂ
= Ig,1% b-ft oW

‘3 | Ij

L Ma L

l I ‘R'X
B U S A

' P!

| P\ l» RJ Y__ R
Condttion x I‘R ' = Ma
| 1%, 170

N l = 6.05 ft



*JM =0 ROO (0.2)— \50(0.2) - \eo(o.l)Jr@,\)T:Q
T = 60N |
Ru=ZFy = R00 + 150 - (160 +60) Cas30°= 15,5 N

s

R5=2F = (\60+3t>)3\'n I0° = 116 N
R = JR'X_L'% R\\jz eSS '\%.’7 N
e = tan” (RY/ry) = 340®



2B5] R = 450 -15) Ib

DMa = 25 (30)+ 15(60) = 1650 Ib-in.
or My = -16850Kk lb-m,

For Find line of acten) rx R = Mg
(xirg i) x (450 -15]) = - lesok

> ~15x - 45y = - 1650 or 3:-:4;%,, “;

(P\xig iﬂt@(tﬁp’t&: n = “Q") 3= \\0/3 |,)‘




ﬂ?.é’_l Equivalent force - couple S\\}&tt.w\ ot & :
‘E ==X F-= [— 2(2503 - 3(500)}4 —r400[c<>530°£ -Sin 30“‘!']
= 34.(01; — 22003 N
W Ma = 500[2.5 + S +75]+250[10] + 400 (2.5)
= |) 000 N'm CW

R=346L-2200) N
Condition : l\_'f(.} =r xR
=\ 000k =(xi Yy ) % (346 L ~2200))
= (- 2200y - 346 9) K
Set y=o0 F‘Y oktan A= S m (')



-
1}

0.120 m
1.5 kN

—f
N
i

0.R00 M
L ry = 0.300m

3.6 kN
R=ZF= 2.4(0.20“&-5203) + 1.5 (-s20% - C‘ZOZ)
36 (020 v s 20%) = ~ b4l - 0.0 kN

DM, = (2.4(5:2) +1,5 (0:12) 43.6(0.3)) Cos R8° = 1,635 kNem

CxR=Mot (miryi)y (—mmg-o.ﬂqu) = -lb35
-0 9% + .64y = - 1638

Axis Intercepls 1 = 1637w Y= -0.NTm




2/88 | R = EF = 400(cosAS -5 45 )+500(Sn15°%-cas 157
= 4R -6 N
D M= (500—4003(0.%0) = bN'm
For the line of athion of the standalone fowe :
FrxR = M,
(AL +4d ) (412 L7 i) = ~ bk
= Tbbx, - 4‘\23 = -b
{For =01 y= 0,01455 m or Y= 1455 mm
For y=o0: &=000783m or K= 733 mm




2/8? I Force - Q,ou\e\L S“Sk/vv\ at ?M"\’C AW

g_: ZE = ~5’Qo§“ F go’k~\oc»9'--4o_a+ (300—4
= 20( !
A Ma = 2= 4o(5F)=— 48 lb-ft
'y
iy >R Ra= Mg ,
A 4= Mg _ 43
20 b R 7 2o
4% \b-ft



2/‘70 Use B_}

R==F =

S\axtm at G

(%0 + 40 +40 + S0 s'm?so)'
+ (S0 Ses 30° +770)

= I8S L o+ 133y

AN
Mg =

To(66) + So s 30 (35) 5520 Ik-in

oo t-ft ()
For Vink of

Cx R = Mg
(“A'g**agx (1St + N335 =

I3.34 — 18Sy= Héo
XK= K06 B+ Whey W=

QCt.kbn

of  resulbant

H60 k




2/‘.?1&! For o =2tro wcolgce.-couple &\a&{w
at point 0 -
R=3F= (-F sin 30° + FDSW\TSO")'& ’
+(So-1o-100 ~50 + Fy
-\-FQ Cos R+ Ty cag 3&)\3 =0
= F.=FK =F B

@M, = —1o( o.s> + SQ@.W} — 100 (1.35>1—\=G(2>
- So(2.5) r 2F s 30° (249) = o

F=F.=F”H = 642 N o) Fg= 989w




2[92 I Use The XY coordinates of the “Fl\?’ure.:
R= Xf: Zo(sin S+ C055°J)+40(5in IS°0 -
CoslS“J) = 12,100 ~ 187§ b

Mo = 6.5 (cos 30°¢ +Sin3°°¢_‘)x 40 (sin IS°% - cos 15 )
+ 6.5 (~cos30°% - 5in30°}) x 20 (sin §°; +cosS%)

= -35%K Ik -1n.

Conditwn For line of action of resultart:
cxR = M,

(xC+yd)x (IR0 -187T5) = - 358k

(1N - 12.009) k = - 35%k

or 1871 - 1210y = ~35%

<or Y =-1.54Ty +2%6 m)




2H3| T =

. Cok ]
Lo :HBZS%

35¢

T= 12[

52, (0%
2
'V351+

= 4- kN
\ 5k
L - i%!—?ﬂ
= 5671




2]

E:FQ%: 4~oo[

—0.2L + 0.5) —0.15]

\/0.21 + 0.5% + o.1%

= - 4610 + 3655 -73.0k N

Frojec't\'or\ onto A-auis F,x: ~ [46.] N




, __¢o I.5: +3j- 4.5k
2B = T = SK

|
~ o < V1.5%+3%+4.5°
0. 3RIL +0.64lj-0.962 k kN

i

i

The tus indicated coordinate S\ds‘tems are
equivalent for tThe C‘uestl'm ot hand,



Tep ™ T Nge

:(O.3Zli, + O, B‘Hij -0.962 '5)‘

= 0,978 kN

L -3k



_E_/ﬂ_l]: = 5 cos50°

hor -

= 3.2] kN
Fy = 3.1 cos 65° = [.35% kN
Fy = 3.2l sin 65° = 291 kN
Fo= Bsnbo’ =383 kN

Se F = 1358 + 241 + 3.83k kN

Projection onto 3*0\%55 : F:) = 2.9| kN

Projection onto OR:

F;s: _F'Qog

=(-358L +2.91] + 3.33K)" (cos 30" L + 5in 30°)
= 2.3 kN



2|98 | AB=V 2%+ 554 572 = 1 502 m
L= ~1.2// 304 =0.920

”m = 0-5//,304: 0.383 7= 2 [~0.9204 +0.383) +0.0774)
"= 0.//1304 = 0.06767 P,




_Z_ﬁ_J The Coordinates of ftPo{r\t' ‘B‘ ore
(%e,Ys, Ze) = (1.6, ~O-Fsin 307, 0.F enez0?)
= (16 ,-0.4 0.693)m
The «ptssi"tior\ veodor  BC IS
gc = @*-@é*@ﬂ-(—o.ﬂ)\i + (12-0.693)k
= -L6U + 1] 40,507k m

The unit Vedor which charaotirizes BC 1S
—1.6L iy + ©.507k -

V LeT #1154 0.5077

——
—

Nac

A}

= ’0,7?'7': + 0.54%) +0.R53k

T\'\QY\ _I_—: —\-Y}‘%Q‘
=750 (01971 + 0.54% ) + ©.R53k)
=-5980 + 4] +845k N




2 [loo | - Fn e AM

= Bam = AM
F = 500[ 6L - 104 + Xg]
Yiet £ 10t 4+ ®

500 [0.781( - 0.4%8; + 0,390k | b

1

Fy = 3% | Fy=-244w | F =152







Psin 30°= % sin 30°

= 1 b
’Pfx\d = [Pcos 30°
= 6.93 b
P\(’) = P’XB SN ZQQ
= .37 b
P.= P"?J Cos 20° = 6.5] b

P= &Sy« 2375 +4.00 k b

. COS elxz PK/P — 6.5[/3 ) e')( - 35.5 N
Cos Oy = Pg/P: 23, Oy = T2.8°
cos &z = Rfp= Hfsg | ©,= woo°




2/|03| T=Tn ac
L+iu—7d+’5k]
S A

= + 107y ~ 775 + 1660 k Ib

N

cos ex: 7.23 j GK = gR.0
-1

Cos Oy = 923

[ - °
C0§ez=—’"‘" 62- 78.0

7.23 )

65 = [65,6




2[4 ]

M= Thae = 300 -A00L + 544§ + 507k
- [ 400% + 5447 4 S07T ]
= 300[—0.4'74; +ro.<,44i«—0-<o°\\i]‘\l
Nge = Cos25°) + sin 25°‘l5
Carey oxt Tge= Tonae 4o obin
Tee = 25\ N




2[108] 1y g -5, = 120-90 Sin40"= (2.1 mid

Te
YgYa =0 = (-90 cos 40%) = 689 wm | o
zg—za = O~ |40=— |40 mm : : mm

O
— z .7 z o -
AB =GR+ 68+ 140 Ve T \\/\;
= leB.ovwm _ _ - - ‘(”;
©2.) q @ N B
= ==l 2 0, e

l 16%.0 Se P \3 _— N
LS o | B Temon i

M= Tego ' A
- = 140 = -0.8%3 ’@—r

- [68.0 '

5 T= 500 (0370 + 0,410 -0.833K) N

DC =/ 140% +100% = 172,0 mm

Noc = O+ fmas |~ H | = 6.5%1j- 0.8
o = Vv ¥ 720 172.0‘5 - 8'2' 1k
TDC_= Tn

T'Npe =500 (0371 + 0.410) -0833K ) (0.53] | 0.8 "*’.9
=458 N



2|06 | 7= /50 N Coordimares of A are
(0.9¢0530° O, 0.9 51 30°)

o /-//“I or (0.779 0,0.45) m

’/ 7 £ jeam AB =\ 07792+ ;24 (0.9-0.45)>

| | Y = /.50 m
L /_/<>_D 2= 0.45

= ~0.779/). 5, m=1.2/1,5 ne

5
= ”;930(—0.779_4' #1.2/ 4045 &) N
L- ‘ _4;(,;7)%’ vecir alowg <&
x  CD=VY6.9%+/2%= /.5 m
= O, =
4 ; 779//, 5 mMIL2E nza.45/5
A=75(0779¢ +12) roas k)

T = 7—."}\, = ‘_/___0\_0 - ’ , . , , v
cp L8 /‘.5(0.77?”4 #1:2J +0.454) - L (0.779 11,24 0.454)

= /00(' ——— R e T —— e
55 (~0. 779 # /2 + 045 )=128(-0.6075 /.44
2.25 )2“25( e 1‘0.2049

:4%//-035) =46.0 N



’2!]07|

S 4'5 0
& = tan \ =36 - %.53 c
TX&): 200 cos15° = 193.2 b
Tx = T'xj cos® = |91.0
Ty = s = R%.71
N XYy n b \3
To =-T sin 15° = =518 Ib |

0

Tie = 4 Ta%+ T2 = 13240
__]::

100 + R8T - 518k Ik




:_2_/’_0_§J'The POSL’tl'on of 'Pm'ntv A s

Fa = 10CosIS°L + Ly +losm 5k
. . (= distance from 0
Ci.(DGE+L\-l+ .51k in +o disle center
re = Bcos30°L + (k+36)y - 8sin3e®k

1

6931 + (L+36)] -4k in.

Fas = Tg ~Ta =-2.73, +36J: - 659k

.,
unstretched length
s /(8-10) %4 36

-

r‘-‘\B = \/2.’73?‘1»362 +659% = 36.7 in.

=z 36.1 in.
The spring force is F= k$= 15 (3¢.7-36.1)= 9.646 Ib
v
As a vechr : F = FDA = ———}Zz
F = 9. [—2.73; + 36§ -6.59k
- ' 3¢.7°

=0Tl + 9.48) -L734k b




Fo= F

X

Nowy S\m@\ﬁ S\Y\G £ Q“ﬁ

F sin g

¢os @

F'K. = Fh CO§§( = F(‘_osﬁ Los %
Fh s

= FQOSF S\l!\o(

P—Y\PWSS\QM :

el

sing = Sw [ - tan =
n (‘i\oﬂ[ h‘ ,2‘ C.ﬂ ﬁqbo [—t -} 2¢C
= Sin izs [‘tﬂn ] COS swm | tan ‘J—T]
_ Na®4k , A |
- ,\] 0:1‘\"%14'46"‘ <R150 SR ﬂ\a‘t S\Y\@— Cos ¥ )
my < 2c
COS = S K =~ . T
‘ i R J 6t birde?
Fmauj
= < = _ RacF
\/G, +b +4C'L \(ﬁ_ -}—L?' - \/0:‘"}'\:1 ‘_\] &1%1+4_C1 N
Fy= F Ac b e F
3 et AE Vbt & d
= G LT
Fa F\/ GF L4 4ot



2/llo| = - wse ) F

N Xy Y = F’x\\) sn®
F, = FS{Y\F J F'xj = Fcosf
Tanf = R;;?igs% = 2‘2;25‘;-1
So SinF: e 5 K I“jlﬁ N
\/ zsing -1)* +(Resg)? z
2sin @ ~|

<osf v (Zsin $-1)* + (Zcosf)*

Nste Fhot  (zsin g2t (2o | = N 5~ 4sing
So E = F[COSG C05($ i “+ S;'\ecosé:‘. + S\'\F'i]
\':

o = G CLR R R




. O/a\_\
) \L\ o
/ 3

. !
/2+’

Moy = = 80 (4L) = - 320 Ib-ft
Moy = %0 (F2)= 160 Jo-Ft

Mo = — 3200 4160, Ib-ft

Mo = +/320%+ I6o* = 358 b-ft







2/113 M= -/50(0.260+0.252) L #1750 (0./50)

= -75, +22.5/ N-m




2[114] Mo =1 x F

X
(et vo.gi v 12K x (~400))
480y + 2400k Nm

"




=115 [

2z , 055m 0.2 m

| %ﬁ' 11(7)(3.8) = 15.5 N
bl Ws 2(7) (03) = 1373

W, 2
x Ty
Mo, ==15.5 (0.55)- 1323 (11 = = |92.6 Nm
M05 == I37.3(02) = —27.5 N'm
Mo, =0
Mo = - 192.6L -27.5; N'm

M

{)

194.6 N'm




- /12
- 22
— O ’

Take r= OA = /6L +Zkh m

(o. S’_a' FLE S 2k) kN

M, =0457(=3¢ + 4.8/ +2.404) kilom

(o

M:)z\_{io(;0,457)/3‘+4."§7‘+2’72‘a°’: 2.8/ hN-m



2/u7| From The <olutisn +o  Trok. Z/ﬂq) the
Ffore it R =T = -598L + 41y + 1895k N

The moment associated wviith The Qouple Is

Mﬁ = r_oc, X 1— ) Where Yoo = O'7J +'le m

'Co\(rﬁ out The cragg preduck o obtan
Mo = -3¢l -T18) 49k N-m




6L+ 2] -9K ]
vere 22 +9%

= RWBL +727;-327k N
Sa= 6y +3K m
Co.fr:) out Me = YeqaxT o obtam
M = —RIOL + 655) — 130ik  N'm

Mc = «/M; v Mgy MZ = 2030 Nem




From Prob, 2/10] wnit vectr s
/s S= V_f;__ (2_:/‘*!\,)

0.2lm o ﬁlf:.?—;(f*{J'-f)
X\\ Jake F = 52
0.2 5 = 0_,2_;_'40.4;/ e
m O Mep=YxF"5
|
2 :[{0 2L-0 fj)x%[; +2-'-fr)] /’—;(z:,'an_/r)
SO

= _F _ L2FK Sovio
—— (0.8 +0.4) = L0 Lo ZZ17Y
V3o (ous ) 5o ’ 7z 228N




2/!20| M= 1.2 (40) k - 1.2(80)1L
=-60L + 48k lb-in.

The spacecrmft will begn do retete  about s

X- ond Z axes, Q:)




2[12| F = 50(cos IS’ -sinI5°k) b

Foc = ~8smi5%C + 19 - (6+8ces5°)k
Cﬁrr\\) sut Mo = Toc XE +o sbtain
Mo = - 9061 -690) - 338k Ib=in,

Mog = MOU = =690 |b-in.




__2£2_2_| Kg=%pq = O (- 14cos6d®) = T in,
Yg-Yo = W~ l4sinee’ = 1876 in.
Zg-2a - O-le = ~l6in.

A= 12+ L&+ bt = 1156 in.

I’:

To + 1876y —1Ck
120 ( 7.5

>‘—'4—I.8£+ 12,81, - 10,3k
Ik

=5

oR = '4‘4 ir\
CGrrﬂ out M, = _Y:"B XxT o obtam

Mo = - 5300 - 6Tok  lb-in,




2/12*3 I J:_: = R00 ( sin éoo\j - Cos 60° E) N
Con = O. HS:L_ + 0.350 cos40°j + 0.3505in4~0°l3m
qur\u) sut l.\ilo = Tog XF e obtam

Mo = = 9871 +17.25; + 219k N'm

fo = - 38.7 N‘m




2| 124|

Mo =(250 sin60")12 + (250 cs560°) sin 40° (8- 4.2)
= 2900 lb=in. \C\




2/125[ . B = 50(-—(:05-400& -sin ’4’00!\

= 7383. -32.0; N

Mo: (50 Sin%o)(ZO):&:",- (50 COS‘}'OQ)(ZO)J'
+ 50 (1z5)K
= 6431 - 76tj +6250k  Nemm




2/1z6| M = (700)(2)L -(700)(30)-(109)G)k

= 34001 + 51000) - 5] Qok Nm

The orbier  Would quc‘ufr& rotqtiam(
motion.  oboyt  atl  theee  axes: \&,
/\ﬁ'

-3



Z/I1R1 I

M,= 0l — (2003(0-2+ o.lzssinz"o)xi

— 200 (0.125casR0®~ 0,070\ k
= - 4%.6) - 949k Nem

There would ke no Z.~Component of M, (f
d Cas 20°~ "o = 0 d= T4 5 mm

Pl




z/[1z8 _
______J [_\__/\o‘ £°BXT) 'Y_‘OB: 6L+13\_j m

I:TDHB=24‘[ 6t -~ 54 - 30k ]
| Verr 5% £30%
= 4650-3.87; - 232k kN

CQY(‘\») sut Yog X T to obtain

Mo = ~30R¢ + 1374 - 83.6k N-'m




2/I21 |
- | 738k —045ces20' + (0440 45520 )k ]
V0.35) (0.45¢0520°)" + (0.4 +0.455in20°)* |

—

=143.4[- 04490 - 0.542] + 0.71015] N
Moment of this force obout The 4 -axis Is

MOX': (‘O.7|0}(l4—3-4—) (6‘4-.5 cos 20°)
~ 0.542(143.4)(045 sin 20°) = 3.1 N'm

The moment of The ma\gh’c W of the
,{5;k5 plate  obeaut the A —axis s

Mo ) =18 () 28850200 o)) Now

T\Y\t moment of T about The line OR

'S 2@(’0) becauwse. T mtersects OFR. |




2//80 | Morment of cowple 15 2490 () cos 36° frsiin 30)

| ' = 207.8/ ~ /204 Ne-tm -
AMornen’t of force 15

/200 co5 30°(~0.250¢ + 0. 200 k) + 1200 5742300, 200))
= ~259.8¢ £ /20 ) +207.8 k N
Thius fotal mé"";c"’ff /5
A= -257. ¢+ 327.8)/ » 87.86 N
or A7z -260L +328) ¢ 88k Ao




28] 1% ¢ From The Solutinto Prob. 2)95

B(R5" T = 0.32IL + 0.641] - 0.9%2) kN
|po @ M= Poox T | re=3j m
4;'5\3 } 12 kN 4 Mo = '2.8‘1&'0-%2\5 KN+ m
!Ls‘ Coul\d alss use
oll- g “ Mo = Toe xT | where
X~ \Q?\I% Yo = -L5L 4+ 45k N

N Resolr +or Mo is the same,
(b) About Z-aviy:
Mz = -1.5Tyk =-1.5 (0.c41)k = =092k KkN:m
Alse, Mz = Mtk k = (-2.911-0%2K) k k
= -0.4(2k kN:m




2/132| F = [g0 (—Cos 60" { - sin (oou') b
Fga = 15345 —(IS cos45°+ 13)4 - 12k .
Leqg = (+15 sfn4~5°—(,) (= (IS cos4S5°+ 13)4 in.

Mg = Tgaq XF | Mc = G E
Co(r\u) out o oktam
Mg = — 1871 L + 1080 - 3780k Ih-in,
VS —
The unit Vector which  characterizes Ine BC
s ng. = GL-IRk

Nec = = = 0,4470 -0, 834k

Vet e zv - ©

Mee = Mg 0g. = 2540 Ib-in.

(Mg g = =S40 o also)

~BC



2/133| Usincj the Coordinates of the 'Ffaure,:
Ma= txF  F=-18k b

—

L= [@+1) cos 300}t 3+ [@+1)sinz0] k

- . i : in.
MA: —S.40L +4.68, I

_Mmg = (‘i\ﬁ ) Dﬂr&) Nag ) QQB:- Cos 30°L +Sin 3G°\_<

Mag = —4.05i - R.34Kk Ib=in.




2134 Mo= v, xF

Yon = (0050 +0.130sm60") ¢
+(~0.140-0.130 casga') j  + O.150k
= 0.1626( - 0.205) + 0.5k
F = 600 (cos45°sinte’t - Cos45°cac 60 + Sin45k)
= 600 (0.6121 —0.354 +0.,707k)
= 367 - Ry ¥ 424k N
CGrv;Lj out

My = fon x F o oktam
Mo = = 5520~ 13.36) +40.8k Nem




2188 |
" R= W+L+D

_5‘.:': + L(—sfnei—-Coseg_B - 7L
= —-'\_"]E - (S-{-Lsir\%)\g - LQOS@E

§ Thcos®= —OR o= 3o°
—(S-I— Ls{nﬁb):—' -5.500 7 L= 4 ez

R= [@ﬂ)z + (S+ Isin 30°)7’ + ng&o“)z]l/z,
= .92 o2







5/‘_37_JR=‘2F'1\-\- Fk + F(cos3o k'r-sm304>
= 2J + F(z l)k I_CEJ+(2.\) )

M, = 2Fbj + Foi + 5 Yk + 3Fbi- > F(Zb)a
= AL DL 4 (276 o k]

R-M, =[—'7;(z-r5)+ (%-l)(')]l:zb =9 se

R1M..




=138 | R= (12-12-12)§ = ~12] b
Mg = 112(3)(29) k +(|.2*l.2-—l.li(25)£

Mg = -30L + 72k  I-in,




2[1% R = (200 + goo)i =+ IZOOQOSIO‘! - sin \o"i)
= 192 L + WR2, N
M, [[@oo-goa)(e.t) + (1200 cos 10°)(0.075) | ks
+] - (oo +800) (0.220 6.330) + 120050 |o°(o,zzo):| J

"

+[ 1200 ¢os 10° (0.220)] ¢

i

R60L - 504 + 286k N'm




2[!40] R R=SF = 3(90) =270 kN
U__ _C_(vl\ ”12:_'\ /\Zm qm Iﬁf ZMZ:—RB = Cio(zD

Im
/' , "@_\ -
‘lOkN / 40 kN +%QZ) %@>)
qokN -
4= 4 m
“0,0,2)

= Rz = 20(99(2) +1(qo)(3}) z =233 m

EMB



24| at o R = ZF =(200+400)] = ¢a0] I
Mo = 600(8,) k o+ 400(3) L = 1200L + 4%00K lb-ft

R-M_ =0 = R LM, (koudm system can be
represented b\\’ Smsle force

let P havwe coordinaes (%0, 2) and let R

act ot P,

fop X R = Mot (xi +2K)x 600} = 1200{ + 4300k
. 600 Kk - 600z L = 12001 + 4§00k
> 48 ft, = =-2ft




2//42] The Feeo /60N forces corn sty Fhe a
“ Cowple /60(0.250)) = 405 M-m
@:Zf’: /20} —/6’0/"-/005 AN

N = ZN,= [120(0.25) + /00 (0.3) + 401, + S0k N-m
= /ooy _+5‘0fr N-rm




l43l Ry - 20 kN

Rj = ZFy = 40 cas(‘tmn \‘é‘) =-37% kN
Rz = ZFz = 40 s U:an “) [2.65 kN
= R= -20L =379+ 12.¢5k kN

Ma, =0
Mg\\j = 20(\) + 40 = _\/'5'2—13\ (2) = 45,3 kN'm
MRZ. ﬂfgz |2 (2) = 40.9 KN‘m

= M = 45.3] + 409k KN'm




2[1144| R=2.Fa=T70430-%0-60-50= - Q01
_]'gbz M, ~Goy = 3 Uzj-mu(_nz)—eo(g)— Sa(12)
Y =-R.67 in,

|R\x =ZMy: Gox = 8o(10)-30(10) - 50 (8)

o= LI e,




2//4‘5’| Ry = =/120N | R =0, R£,=-/60

Q:\/ /20% p 780 %= 200 A// £- _/*70._4;’/565_4’ AN

My, = 25~ /60 (0.2)= =7 M
A, = /60 (0.075) —/20(O. /00 -0,075) = 9 N-m
Mg 120 (©.2) = 24 N-m

1

hy

A=V 72492 4 22% = 255 N1

M==70 49, 4 22k 1o



= -20j - 40k Ib (=4¥}.7(-0.4+7J'—0.89+l5))
-40(1.4) L —4o(8)
-56( -320]

M =561-320) = £xR + M = (xL ryj)x(-2o)-40K)
Equate coetficients ;1’ M ("0'44'74 “0'“4"_<)

. ”5G= "‘4»03 Soll,d'l.()r\ :‘

- 320 = 4.09(—0.44:”\/‘ ' 'X:'-Q.*q"ln,

O = -0y -0.394M Y= L4 m.

jx Ve e




R4T] R=%F = Tie Tj=2T[RLs G i
ZMO: 3G’TJ - 4&.TL
Z, - - -
Ao T Zz
a | <P<O)B)%3
3 | i
1 ¥ - ! @
z 3, ,
/T M
oy_ 0 -
ST T -
K s %// }j
3&’!‘:"— -4&1'3 = :)J_-r%_ )x (Tu+~'r¢>+\“\(rt Jﬁ>
- = - M
=5 | = 4aT Z2T + =
AT = 27 -\'%" - 4=0
"1
o =-yT S | 2= 3a
M :—%‘GT

Se M=-=ZaT (g 'g*r"r—'zQ
~aT (b +4> (Q nejo\*hve \Af&{\ﬂ\)




M

8:
=M,

y}u_
F= Fi-Fk= ZF (@i~ &k

afFj +cFj-LkFk = F((cuc,)ﬂ' ﬂbli)
(¥t+3d)x R+ M

(xt +94)x (F -F5)+M(“'5"fg-‘ﬁ_l§)
CFy+ Bt 4 (F*)g' + (- Fy- %)'5

1

H

r

EG\WH Coefficievds :
o= _,F\‘j + % Solution & (X = a+ce

F(Q1C,>' Fx - -L?Z—_ -
- - - M _ Fbi=
Flo= ~Fy -4 v {
~ ! Fb .
M: rhf}- -—G\‘"'}ﬁ;g = —'——2— - k




’2/|4C] I R:ZF: IOO_L.: TIOQJ N

Direchian Cosines . {= l/fi) m = ‘/FI) n=o0
bt P= P(x, 0 =)
Mp = 1002 L +100 (0.4- x)K +100 (0.4~ 2)J
- 100 (0.3) K - 20)
= 0El + 100(0.2-2)] + 100 (0-x)Kk Nem
het M= |[Mp| . Equote direction Cogines of R 1 Mp

o oktan )
\002  _ A 100 (0.2-2) 100 (0,1-%) _
M Z M RF Mo °
Solution ¢ ( x=°.1 m
Z=0 1 m
M = 0-5'2 N*m
[X\.—. o4z ("\r'fg ) \OL'\"lO\) N-m




1 3 : —_—
»2/150| R = ZE=-200-40 oo 4 t 40 Rz K
=-20( - 379; r 12,65 k kN

R= (Ry™ Rex Ret | = 447 kN

. i 2
D\fec:hon Cosines of B,‘ = = -A:E';I = — 0.44"7

ket = ®(xy, 0):
M= ZMp = 200k ) + 319 (xk -0} 265 ()i ]
36k T 112,65y + (20412654 + (319%-204-35)k KNm
Ec\\m‘ra direchon Cosines  of Roand M:

~0.447= - 12.68y /M Salufin :
-6.%4% = (Ro+12L5x)/M XZ 0.22) m

3:—0.?'50“\
M=-209 kN'm

0.2%3 = (379 X =20y - 35/M

M and 'F_S_ have Omasﬂ*t c)\'er{sns.



215 'I_‘/Orf> ) ?m %!1 qth“-l(l;%

TB\\TM //./3/ R 56>,:’>°Iz

l-im VTHQ :“"X g= ta”
‘ H_E‘ = 310°

TAB ; Tae Oap = 0.853(60)(7-8))[‘“5 5@.3?} + Shn 5(3.53]
=-2%01 + 4—209’_ N

Tac® TacDac = ©555(60)(4.8)[cos 310" +sin 3"“’3]

= 2%0L + 6815 N




2 lI5ZI lo“ IS5 Ib - ~—>-|o‘25"‘<——

) =
o+" -

15 b =
M=Fd = f5(|o\ = Z2F (0.25))F = 300 lb




21| Wi M= Fd

0
TAW - £ (4 +10 cosI5°-2sinig)
\5° |

= 13, Wlb=in. (¢)
MO\N: Wc\w
= 9(2+2 ¢os 15"~ 4sin I5°)
k2 = 260 Ib-in. ()
DIM. in inches ‘




2[5

AC = 0.125 sin 60° = 0.1083 m

.-l 0.1083 _
* = SN TgEee T T ORLRS

BC = 0.300 Cos & = O.280 m
BO = 0280~ 0.125Cas 60° = 0.2)7T m

o F+) Mo = 120 = Psina (Bo)= Psin 2(.2"@.21")

P =19.1% kN




2/[155

A /

/ 0.1 ' /) C_ __
60° o //Ofb .
0-5 B '((\

m 250 N

e
O

2 Mo= 250 cos 50°] 0.5-0,4 cos60°+ 0.3 sinw]
+ 250 sin 50° [O.A—sin 60° + 0.3 ¢os 40“]

= [879.6 N'm CCW




2/[156 3 kN .y
'I.Sml 3.5 m A |
10 kﬁ% T Rmo e = g
- 4 kN

*{kN

R = -85 cos 20° = - 4.770 kN

Rg 'ZES “HSsin 26° +4-3 = -0.710 kN
R = ‘IR:‘*\'R\\;‘ = 475 kN
G My = 10 + Ssin R0° (5) + 3(3.8) - 4(2)

211

KN m




2|157| At A: R=XF = 200 +1%0 - 300 = 80 Ik (V)
PMa= R00(8) + 180(2%) - 300 (18) = 1240 lh-in.

l 0% 30 1b
A gt _ A X

@ m - - pnd S T

124.0 1h-1n. ROK = 1240) x = 15.5n.



ﬁ/@ Coordinates of A: (’xmﬂmiﬁ) = (0, r,0)
Coordinates of B (%3)33123)= (h) reesd) rsin ©)

So Cpe = hu + (rCOSe‘r)\i T rsmék

and F= FQ%: F[ ht + T(Cose—\)i T rsmé k ]

h?+ [r(cos®-)]" +[r sme]®

_ r‘; hi + Y‘(Cose—l)i + rSindk —J
SR ez (o cee)




2[isg Z{ N=-3200 - 0) Aem

/3)”} s 8 = M){ - 320 0.9
f Y By M R R
et | I
- J\\\ g0 N
) A A V%



£

2/160 B: ?(o&,j + o_fg&)

Me, = Pb (—o.b +0,8) = 0.2F

X
MB& = .0. 8P
MBZ. = ”0~G?L

So Mg = Pb (0.2} +0.8; - 06k)




= —100 (0. L = - . .
M oo ( 200)}: 20, N'm

80 (0.1%0 cos oY (= | sin 30°- k cos30%)
- 6.77] - 172k Nom

M 2o = — 126(0.300 cos45' k=-25.5k N-m
Soe M=

-

Rllel] M =
‘\_/_\%o

-

“ROL-6.T- 372k N'm




AB = 40" + 50° - 2(40)(50) cos 125°

,, fe = go.0'
50sin55°
B
40/
5O cos55°
(CQ 5 55° 40+50 Cos 55°
- 40+ D0 CoS s, _ 40+ 0S2O . | o,
_IF\B- ©00 ["‘ 80.0 Cos40 Mgo.o Sm40,3
_ BOsinSS5° | ]
go0 B

= =395 - 33]) -~ 307k Ib

(53 COV‘Q’) out Mo = Yog X Tag ) Where  (op =
40'(-Cos 40°L - sin 40 )i Mo= T900% - W20 Ib-Ft
Mg,x: ’7C'00 Ib—{:t) Mobt - 74‘20 “)"ft) MOE =0

(CB Tﬂo: TﬂB. QAD ) Whert Ngo™ ~C0355%C0os40°
~Cos 55°sim40°) ~ s 55°k . Corry out o
obTam —TF\O = 5'4.7 I




2//63 Ig:z‘_,:: 500 cos 45°(¢) + 400, ~ (600 + 500 5/n 45")_/_.—
- 3545' + 400 - 954 hk /b

E={/§57l2+ 4552 984 = 1093 I

_/\_//:[500 cos 45°(3) - 600(3) - 400(’0)_7_“
+[ 500 cos 45°(6) + 500 3 45°(7) + coo(¢) ]
_/_[5005/;44573) + 400(3)]!')‘

= =47390 #8196/ 4 2261k Ib-Ff

M:)/47392+~3/9627¢22'6/1: 7730 /b-SF -



2116‘4 R= 300 [—-.S\,n 30° cos ZO°_(: + Sin 30°sin20° J

+ Cog 30° k]

= =21 + 37; +63k N

| X

6= .. xF

—-og " T

—

fog = [L300 sin 26°% + 300 ces20%] + 250k |mm

o = 161l - 165 +120k Nem

1<




Z Fy=0:-360~ 240 SIn® + Tsin30° +400c0s30°=0 (1)
ZF\»} = 600 240058 + T00s30°+4005n30° = 600 (=)
Nuomerical ssluhon of Eqs. (1) 4(2):

6= 17, T= 204 |}

@\Eﬁ could eliminate T betueen Eqs. (1) 4 (z))

bt the resulting equation is sHll transcendeatal)



IB‘ .':F\ = 0.41') - 0§ (Coséi_, -i—‘sma!)

= -O.5C,059_[: + (_0.4--0.5$§ne):1;
~0.5cos6t + (0.4- O.Sstné]%
V6.5 cos)* + (0.4- 0.5sm6)

Then T = Tngy ond Mg = YogXT= 04y xT

S Pag =

Carr3 out t‘§ obtam

MO — O.Z Cose . » ()h m)
T \/o‘+\—o.45§n6
0.5
]
...-'-"""FFFFH—FFF \\
Mo/-r) \
" \
"0 6, deg 10

O @ o=70°

e
T Jmm

<,"\1/\'0>MQ*X=O'4 m (@ &= 53l




W, = 1268 1y k= 3 ot
W= 5o e ki= 2ft
W= 3000 o= 1240

2 M, = W, % Cos® + '\Ji(k\tmé + L—ZL ¢6s 0802‘0(—6))
+ Wk ts® + L, e (150- <><—6\>
With the  okove number ¢
Mo = 1230 cas® + 650 cos (60%8)  (in tb-ft)

(see, rP\o't B{\O‘d)

Mo . 7
For (MOBW\Q)( © 3 = 1230 sin® + 650 sin (60°-0) =0
Numerics| golwbun ¢+ = 15.90% (M“\lmn-: 654 \b-ft

. 2000

My, -l
lo-ft [T




ﬁns\e AOGE = ©+60°
Use Mo=YopxT

‘:ouz-(oi;m

o“’—“E _

'\] [L6+3 cos (8 &»60‘“1+ b (@b 0&)]‘
1350 sin (8 +68%) K
\145 + 36 Cos (eu,u“)\

Mo s a wmar @ 0=60" : M= 225 N'm

300
Mo

(N m) [ —— ]




/‘j C=C(4+5c0s53]° ¢ose,

5 sin 53.° Cos O B s e)m

L\F\B: o,g.: - 0.6\l

' - + v - A& \ - i
T - Toe- 600[ (4 +3cx0)t - Aeaso)y Gs.n%zg]
) -\1 (443 Qosg)z 4—(4&3 (:5)1' + (Ssm %)
600 [—(‘H— RSN 6)_\_ - @ s B)\.) -Ssimd)k

\ N
-\14\+24‘ch6
Mg = Top XT = o= ( k
=3 = - ' ' 6
U= Lo *T = iimarem CR0shei “"“’N;}\
' 72006 swm S
Now  Mag = Mg * Nag = N-m

\f A4l + 24 oo

1200 ‘
Mae , il

0 6 ( Acﬂ) 9~0



x2/17o| Length o f sPr'mj L=Vx™10.1% + 0.15%

= [x*+ 0.0325 m

. ]
Detlection S=1L-015 = \/rxz-t— 0.0325 - 0.15 m
Sfm.nj torce F=k§ = 200[-\/9(7'4-0.0315 s O.|5]
As a vechr, F = FV_THO , Where

r_}ﬁo - _/XAE *O"J +‘0"f15£ ]
\ %+ 0.0325

Soe The rec‘m'rect ~orce Coamponents are

F’x = zcom *O'|5]L\/,x" +0. 0325 ]
| . 6.\
\:\\j ~ 200[m‘o"5][\1/x +05032.5 ]
0.1
F, = 200[-\/9( +0.0325 O'Sl[\/,x 2)0.0%25 ]
20 \
\\ ] I ™\ e
S P - L# =
For‘ct) , ‘\'FH
kN - -
Y
FAAN
\\\
-20




1400 (9.81) N

ZN’Ci 1384 %+|7‘Nr
mm mm

S XF=0 A Ng + 2Ny - 14-00(1.81) £ 0
A EM =00~ 1400(1.81) (138¢)+ 2N (1336t Tet)=0
Solution = [ No = 2820 N
{Nr = 4050 N

Assumes G mfdum\u) between left and r'ugh‘t

Wheels .



3/z

QZMB:'O ‘




\fﬁ

| 12 b
g le

Fr ZMaq=0"
+ — Nat24-12 =0,

tf XF=o0

Na = 12 Ik




1Y
A450(9.31) N +L »
3/4 ll"(‘) : 2_4%8
4 m : l TBH
" ZI1)N
"’ " 220 (9.9

p ]
!I 5 .




>FE, =0 Ngcosl5°— Ng sin30° =0 (i)
{2'] =0 Np sin 5%+ Ng cos 30° - 20(1.81)= 0
Solution ¢ |Ng = 1006 N (2)
{Ns =192 N




3/6 | FRD of 1000- Ik wenuht and lower fpm'r
TT

of Tulle\\js :

Jr_,»—- 1000 1b

1500 )
txF=0: 5T+ 500-1000=0, “T=l00lb

(We assome Thet The nonverticality of
some of Tthe cobles s nej\'njible.>



S0(9.87) N

P

P= 50(9.8/) tan &
s &= /4

1000 tono = Y\[qZ |2 =0.25¢
/6

P =s50(98/)o.258) = /126.6 N



EM FBD of _junction r'm3 C:

6 = tan 3_6_12

29.1°

1‘+ZF=0 : 600._,4:1-S;n 29.1° = o
T = 309 1b







F’

P(—— 275 mm
G XMo=0 + P(I500)~ % (250(181)(15) =0
P =225 N
(assomes that The moment of The +r1chon

force F is small Compared +o the other

moments )



3/l |

A5%40

ZE =0 . -1 ﬁ/z
B=2R  4an (@5%8)= A - =

45°-0 = 26.4°
M3 6= I18.43°




M =0 P(48)- R4o(8) =0
P =40 Ib




W =300(9.81) = 2943 ~/

M=o 2943 (0.4)-B(0.6)=0
wy B= 1962 N or [.962 kN
n JF=0' A=2943+19¢2
74

" J
= 4910 N or 4.9/ AN



3l FBRD o junction ring C:

3 IHC.
30(9.81) N

S F, =0 -Tac cos45° = Ty costo °+30(4.81)cos [S°=0
ZFJ =0 Tﬂc SIn45°- Ty sin 60°+ 30(‘1.81)51}1 I5°=0
Solve simultanecusly o oktam
{Tﬁc = 215N
Tge = R64 N




N
8|

C‘.I

8]) =

(a.

0

[e]

mq =

O
F=
N‘—mosooN
6'0‘?: ;
N :0.
MMC
ba
P

K

=0
00

=2

'+

) N
05323[

F'ﬂ;—;ﬂ )

=0

F‘K

2




3lte | 0.050(1:2)(3.81 ) kN

0y 0.050(2.4)(3.81) kN

A . 3 kN
™™ \ \
OO( - (
O A
Mo — ->—4-4—-;-<—>1
1.2 m 0.6'0.6

'ZF,X=O i OK+I.4— Sin 38° =0
O = =—0.7 kN
ZFy =0 03—0.050(2.4-\(%8)) -3-1.4cos30"
-0.050(1:2)(1.8)) = 0, Oy = 598 kN
= Mo=0: M, - 0.050(2.4)(1.8))(1.2) -3 (1.3)
-0.050(1:2)(1.8) ) (2 4 + 0.6 cos30%) + 4

"|.4—(2-+C0330°+1.2) =0 ) M, = 9.12 kN'm

J




3/‘7 | 7__ ZMB:OJ'
J00(9.81) 4 cos 30°
~ §Acos 30"=q

A= /472 N

Joox.& N 2/_—__,0)- Becos 30°+ 19472
A -300(9.87) =0
B= /1699 N
ZR=0, T - 1699 sin30° =0, 7= 8ON



3/18

N

r ZM =0: 60(?.8\)025) - P(%oo)= o
P =920 N




3/
/19 ] | in,=o, oo (e 25) -0, 1A =o

A =/250 A

TOJEm o.;m1

IO N A B



Zgzoj' 7-/50(9.81) =0
7= /472 N
2/—;:0)' A= B

Zhf=0 ; 1472(2) - Al9) =0
A=8B:327H/~




ﬂﬂ, (oS o = 7

/’x/ 0% - (W

(rh “J?\rh h‘

Slno&-—'\/’Zrh he /

N>o | R

+ =0 P(r-h) - rnars'ma( =0
)ZMP > P = Mg~ 2rh- h*

r-h




3/22 ,<\
ad

Because S

shides freel
g,IOnj its sTst

A=o

{;*ZMO:-.C): 20 - T’(O.ISO) =0, pP= .1 N




ZFX’-‘:O'- T(l‘l‘ C064—5°) — 560 = O

T = 328 N

> Fy=o0: 328(sin45°%)-3(1.8)-N =0
N= 203 N (oloun}

The force on tThe Suide, is then
N =203 N up




3/24[

. =0 27 = 7= 200 /b
1 ZMA 0, S0(§) 0, o

’i” j,ﬁ;:o; 30 cos ZO"eAx:o
A Ax: 46.98 /6

f;_;_—o)‘ A, + 50510 20°- 200 = o
Ay=/82.9 /6

3 /.’/..-
\;m—)}éi& /4=)/(46.99)2+ (182.9)%= 188.8 16
Y Ay

A
l.‘éﬂ



3/25 |

IG

A *3600 Ib

H_Su 61“ !6”
NQ:N N3=N

2 LMs=o0: 3600(45)-N(112)+WL (12g) =0
S ZF =00 2N~ 3600 - W_=o

Selve o obtain N= 2075 Ib
W_= 550 Ib




3/26 FBD of suppert & medel:

\L_
o) D d
Mq (e
(= h
D

Me

| .
- - - =0



3/21 |

. Tof" 3.2 b
T ox &
@ | S
i”

3 M, =0: —-[:(1) —-3,2_(&) + 35(!2) =0
F =40l Ib




-1

o = 'tCLn

2
g = |4.04°

v/ 20 Ik

8"&. A F QSSume—thq't
\l e\ p g Ae E are
EI EW- ’ on hD\':l—
2" J{ 'ton'h\l | ine
IEI ~> 3.2 b
-(—u)—
L“—“')( 16 I H_n
V: zME_‘_‘O FCOS“}‘.O“}-Q (2)"3_2(6)—-20(!4.):0
F=15842 b
> Fy =0 : -154.2(sin I4.o+°) + Ey =0
Ex = 37.4 b
2 Fy =o0: 154.2 cos [4.04 —3.2-R0 +Ey =09

Ey = ~ 1R6.4 b




3/29 ;.—D 53 % b

S M,=0: (F'D s\ 21°)(5§ - 4, \(5.2)‘2-4("“5)
- (8+0.7)(25.4) =0, F =160.2 Ib

7 ZF =0: Oy~ l60.2 cos 21° =0

Oy = 149.5 Ib

A ZF =0 Oy + 1602 s RI° -4 ] -2.4
- §.9=0 Oy = - 42,2 1b




REM,=0: F(2)- X (q)=0 | F=2.25W
> Fy =0 -0, +225Wcas 55° =0, 0y = [2UW
=Ry =6: 2 +0y +2.25W sin 55° =0

O:j :"2‘34‘-\}6‘

o= oy + o5 = 1211 W)" +(234W)"
= 2.67W



: F=2Tcoes30
Re'p\':ice. 2 Ts \o\j

= T'J?
=0 -3 k=0
P>_M,0" mjll 1
. DX e b
J’mj 4= mg

R= Ry gy’ = (3T s




- . B sinko?
o« =tan | LEon ]

/.5 cos60° 1.2
= 33.7°
g= q0-«-30°
= 26.3°

A ZMe=0: Tsin337° (1.2)- lB(‘i.S\)(o-TS)n:osc.o“:o

T=995 N
ZF,=0:-91.5¢c0s337° + Ox =0
o, = §2.% N

ZFy=0:-91.55m337°- [8(%.8]) + 0y =0
Oy = 232 N

So 0= 246 N @ 70.3° CCW From -r'x-&x{t;



3/33 |

70(3.8)) N
T F, =0 10(3.81) sin 15°- 2P - 2P Cos 18° =0

P= 45.5N

ZFEI =0: R— T70(9.31)cos 15°- 2(45.5) sin 18°=0
R= 691 N




3/34-
slet
direction

I - Cal - Fa

ZF:&=0: Cx— Bcos 30° -~ 900 cos |IE° =0

sz =0 Cj - BRsin30° + 900 sin |5° =0

ZMC=0= 851}130"(]50) - 900 cos IS° ('75)
- 900 sin 15° (225) =0

Soluh‘on t B= (568 N

Clxt 2230 N; Cj: 551 N = C= 2290 N

(bnere C=  Cyt +CyT )




3/35 {

GY Mg =0 Qmmo\j rsm o — mngsine=o
> 6 = sin"‘{%(n—'&)sino{}




3/3¢ | 4 I° Y T

E /7 =A
G“-.,& c Y 300 rmm
4(‘“0 kN”’g‘V 2‘r3600 mm
|/
-

M
ZFy=o" Tcoslo’ -4(18) =0, T=2318 kN

= Mc=0: 2&(300)-215(609=0J A=28
ZFy =0 398 sin o’ 2(28)- 2B =0
B= 1.I53 kN
A=28 = 2(|.153) = 2.3] kN




Engine oft + T=0, Fg =0

{fmgzg: 800 (2.81) 4 — Ng (4.8) =0 Ng= 14 720 N
ZFU =a: Npt 14720 - (800(9.5) =0,  Ng= 2940 N
T Mg =0 1900 (q.&\)4—N:3(H.2)+ 30600 Cos12° (0.550) =0

Ng= 15 050 N
S F. =0 Né\+ts,aso-\zou(‘i-%\)+3°"05in\2°=0}N;=l‘153N
n. = Ng'-Na - Ng'-No

Nq N (\oa)-gfsz.e“?o) Ng= Ve =_:2"2.8°7u



3 N 80(%.31)N

g0(1.8])N th | ¢y

ﬁﬂx - . _ C’)(.

O |J|jmsmm ® lm S5
<V ;

X 5 Px

350

® o l“‘ﬁ’i* Py
XFy =0 By = Bo(4.8)= 185 N
ZMg=o © ~Ax (115) + 80 (1.81)(350) =0
Ax =Bx=1570 N

@
Y\MD=O = Cx (’305) + 80(‘1_3“(4.3%: o
Cy =Dy = NS N

@II resuHs due t L On;\j)




/39 l M= Fd, 0= P(l0.375), P=2/3 N

ZMB=0 “ R(l00cos 30°) - (3715 ¢ 100 s/n30°)(2/3) =0

E y
el \LP Rz 1047 N
mml ]

o R
l<——37me ----- —>—|



_i/._l [—a ~| 2M=0, Pq +400(5)
(200t 1P ~/000(10) = ©

—— Aesuttan?t o Ff sarferi/ forces
R e /5 cowple

/000 /b M = Pqd = Sooo /é-FF




XM, =0 "4~C055°(l°-5)+ 4sn5° (1)
+ PeosiS* (3) + Psin1s° (1) =0
P=13.04 I




N
120 mm ——>] |
|

ot
|

. (4 mm
”79\8\/? Y2

—,ﬁ[
b

s

‘\.___/
« > % P_&_)-i
o)
z
a
2a cos 30° = 14') = = 4,04 mm

(+ ZMy=0: 0.1R0FP-24 =0 P = 200N
(‘For wyeench and \oolt)

For wrench alone )

ft ZMq =0: =00 (0.120+0.00404) = B (2 0.00404)

—"—CJ) B= 3070 N

+} ZF=0: - A+ 3670-200 =0, A= 2870 N




50 \b N : N -
':_l\ A 2
38n_,,_ﬂ NP PR S0 b g$50 Ib
2l izo" ] az" | f‘i' s onl
N M 7 o chan
ANp ANg (force Shanges 3)
_ With CL\’Y‘FGHS)

+1ZF =0 '-&NH-I-&NS - 2(400) = 0
@ TMgq=0 * 50(38) +400(12) *ANg (129)
+50 (5) - 400(152) = o

ANg = 351 k7] _ Nq=3850+35) = 12011 (4100
ANg = 449 Ik Ng= 850+ 441 = 12911 (5297

Note that @ [00-lk propulsive 4ovce hay been
odded (at Pt) 45 mawmtamn ec\ui\ibrium.



C 500 N ,
\ + -1
400N B8 \ D SOON
N
250 N S0\ { N 250 N
o PN -
lq'x L{‘{.\ Cale \\16/ 30 1[F
|
L2-5._J2-5 JIZ-S 2.5 E
F\ﬂ' m ' m L m " m Y

ZFy=0: “Ay + 400 0s30°=0, Ay = 346 N

ZMa=0' 400 (-{;%)+ 500 (2.5)+ 500 (5)
+ 5oo (7.‘5) +250(to) ~ l0Fy = o

F\\j = (|00 N

> F, =0:-250 - 400 s/n 30° - 500(3) - 250




_3_/@ :H "2 ZMpo: leoo(q.81) (1-2) - N5(3)‘=o

hevel  X_ _

NE = 6G2%0 N
E qi :soa(j.u]u EFJ =0t Ng + Ng = 1600(2.81) = 0
A B
Ne Ng = 9420 N

Na "l200 1800
mm mm

Climb 2L Mg =0" 1600 (1.81) (1.2 cos )
100 (3-8 N - -
+ leoa(q.%l)(o.c.g) sina-3Ng =0
Ng = 6596 N
ZFU=0: NP« 4 Nﬁ - 560{)(?.%]) ol = Q
Nr.\ = qo3s N

A= th\‘. (Ol) - ‘S-r“{s

q030 - 9420 ¢590- 6218
— = - No= == ==
4z A4, M8 Tz

Descend R M=o l&oo(‘i.%l)(l.ZCOsu)

E‘lj (1e00)(9.R1)N 1600 (q,m)(o.g,c,)sin « - 3Ng=o0
x

Ny = =4.98%

SN TR =01 Ny ¥ Ng ~l60o(ua) s
N * Ng = 9716 N
— dMmo- G420 _ - 5900-62%0 __
i 420 35T, Ne= "2 2112




f Cosines * 1™ = 22%+24%- 2(22) (2-4') Cas <
LCLW g o = [6.7?!‘ | |
{\ZM = 1o (4-5) - = F (ZZSmO()-\- 90 (21 Cas(so-a))
4 0"‘0 .

=0 F o= 18711
)




400

ZFy=0: P-50(18)sin I5° = o (N
T 20t Nt Ne- SQuujcosls® =0 (2
ZM =0 - F(%0) - Ng (70:9+50(‘3.81)L500 Cos 15°

+25sm 15°] =o (3)
Salubion o Eqs. 0 -GRE): " With 6=P=o0:
P= 1270 N - 0
Ng=RI14 N Ng= 350 N

NQ_:QQO N. NC:I‘]'O.IN




3/4 | - [3@0+34Osin4@"_uocos4o°]
’ « = tan - :
340 cos40°+110 sin4o*

= 56.2°

1zo (7.2\) N
AN
10 Mmm C{\
Fsc.

T My=0: IZO(Q.KI) (785 +340)cos+o°

— Fgc cos« (3(,0):0) FBC: 5060 N
=ZFy =0+ 0y~ 5060 cosa= O Oy =2820 N

ZFy =0 1 Oy- (20 (9.81) + 5060 s =0
oy = — 3030 N

O =~0F+0yc = 4(40 N

5060 N_ ( 6 )
- Foe _ - 0\ P
P= gAY T 507 /4 — 298 mmt 2.58( ) a



80(9.81) N

R
f /200 mm |
. X ]
e A l_@ee. _A~300 mm
mir
200(9.8/) N ~-->300 N

ZM, =0, §0(2.8/)(1800) + 200(3.8/)(/200)

# 300( 1800 + 2/00) - M =0
M= G4.9400%) Nomm or M =494 kN-m




- R
From Table D/3 ) r= 7’?]'
b= rcos@+ ¥ s

Here) Sin® = ‘],2“] Cos B = {3_/2

IBSO b= %(-{?+ %)
|

Lo «x

QZMH:O; m3%<ﬁ+‘%‘—)-Cr=0
c= % {3 +%)

ZF.-)(:O: gxzc 2 A
=4cC
ZF—J:O: Rﬂ: mﬂ} F-A _\] —t(ma)
|.550 mg

i




) o

For x = ’w/4 r = ZE"/’IT

{From_ra'o\q D3, T s
)

FTM <o :
\ - [+ ] — o
Mg - mj (r sin 197 + F Cos 60 )=0

MF\ = oorloq mjr




J/52 I 15 =135(9.87)=132.4 kN fone=o./5

y Sih @ = O, /48
os@=0. 787

L0 8N, | GEo.8M,

6.
it .
! 100 | 600 mm
? —---Z
NA 7550:};;{" NB
My = oj’-P('o.é) = /32,4(0./45)(0.828)-/32,4(0.987)(1.8 - 0.6)
F 1 ®Ma=0

B
ZFy =0, P+ 1324(0.148) - 0.8(N, + Ay) =0

IRy =0; My*rp -132.4(0. 989) = o
Solve § gGeF A kafs= 1310 4u
Pz 85.1 kN, My=124.7 kal




3/53 I Eryuc‘? M= GoO= (J'S'O-,— 7")9, T= SO /b
Replace 7 by force at £ ard
a couple, o rthalt momen? of T

([ 80 cos30°)& - (50 5inIO)5
- ﬁT F 50 (3)= 371.4/-in. W

- X ZMD: OJ.

3704 /50 (8-3)+ 200(5)

-J’O.Gy =0, @: 212.1 lb

Z/:xrc),' 15O 4+ SO o3 30° - O,=0, O, = 193.3 /6
R=Y02+072 =V(193.3)* +(212.1)* = 287 lo




3/54. 1.1(1-81) N A
< ‘ o 25¢ S
¢ ¥ o7 I 0.375 (8) N

AT T B

Nﬂ 15 6o 115 NB

mm mm

AEF=0: Ny + Ny = (1/+0375)(381)= 0 (1
F ZMg=0: ~Ny (150)+ Il (3,81)(75)

+ (15-2505m8)(0.315) (181) = o ()
5.7 -6.13 s\in 8
8.71 +G. 13500

]

®): Np
)+ Ng
Note thet Ny go€s o zevo at € = 70_'3)

} Nﬁ, NB n newtons

‘mecminj that The receiver utould 'f;lp o

O exceeds This Volue,

20
/ Nat Ng = 447 N
15 3 r——]
———
L
N)rmu.( __,.r--"""ﬂ’f
force N static | s
! B <t
VTS
"-\
'\-..__“-
-5
0 10 20 30 40 50 60 70 80 90

0, cleg



M =0;
[#]
m,9 mg ’"6055‘”729 rsmé =0
where Fr=2r(mr

S faﬂa = m,r' - f"'{,)?’
myr Zmz
tar! L2




3/56 | Y,

|_._.

A

z¢—=—|
-

//7 “6—;0——?- X
b e A
T P
Joo /b
fo,000| 5 ZE=0; Pcos 60°- 500 =0
*“ b - P = /000 /&

IF=0; B8 -89000 = w00 s 60°=0 8= 80,866 /%

ZM=0' §0,000(2%) - £0, F66(24-6) -so(6+3)=0
/,920 000 — /340,784 + 89866 L - 9500 =0

b= 25284

%0 8¢ = 0.3127 ¢+ or 6= 3.75 i




F/57 ] o Wi=ng= doo(78)= 3724 N
700 1 L NG =mig= §O(9.87)= TESN

2
Z%:oj' 785(0.7) -4 8F =0

F=lo5 N
ZE=0; R+305 ~ (3724 +785)c0530
B =0
o / R= 3770 N




358 |

60 b )

— M — |].050 _ [ 1,050
F3=6") 2= (1707 10525 RIS
6 cos ! !.5251—2.2'15)_: 50.7° = 2.2715
¢ 2747 6 sin 50.7°
= 464"

ZM,=o" 60(29—4.c,4g =o) A=2581
SF, =0: By -258ces 5017 =0, By= 1637 1b
iF\\j =0 By-060-258sin S6.T =0, By= Zéo Ib

B = VB, + Byt ={[63.7%+ Rec* = 307 Ib




r3/59| For gear Ffr=A  p= Al o M
R NPy >

/‘f‘.‘.‘240 vl

A
W=mg=80(10%9.8/ N

=0 &< F0° M=2460 N-m

-Z&%:O,‘ EFS—P/@ =mgrcoséd - -- - - (@)
a=30% 04 7905 M=4680 N
?MC,:O,' ‘z—ér—?f/? = mg Fsin (& +30° 90°) ---(6)
Drvrde (@) by (b) 2960 . cosg _ Jolve i&t’f
4680 5, /9-60’)} 6:1‘;? ;;54

From(a) 7= 2460(5)
(0.24) 80 (10°)(9. %)) cos 77.8° =0.367m or 367 mm




_ﬂé’il Congider a FBD of The upper torso
(@) = M,=ot F(50)~ 0.68W (z5)=0

50 - 1-25 mm F =034V
e | oeew  ZFy=07 S-0.LFWsia 4 °
= U g [T —Fsin4°=0 §=0.(6IW

\\“‘S VW (y) EFx =01 " Coo.68W cos 4’
3

q
‘ 300 i -Fc054-l°=0) C=0.70W
Y . mm

.

/QJr () With weight .
/

N
= Mg=o: F(50)- 0.68%0’('2.5)- 13{-(300') =0
F=2.34W
ZFy =o: 8- 0,68WsinAl°- Fsinmtl%‘s;nm*':o
Q= R,20W

ZF’X =0 —C, + 0.68W cos Mt FeosH’t —‘%{ cos4{®=0

¢, = 2.53W




=/ M ; 5" (P=Ae)
P e LY
T e
X Ty
F=0: R+T =0
R=-P=-40 [cQslS"g + sin 15"&]
= - 386 —-10.35k 1k
M=0o: M+ xP=o
= P o= - onsgjx 46 [ oIS L + Sin JS“!&}

03.51 - 193.2) + 38K lb-m.




ZFz=0: kptbkgthe " 100 =0

ZMo, 0t by (1.2) + kg (2.4 )+ Le (8) = 1oo(4) =0
ZMUJ =0t Lg(4) + L (1y)-100(2) =0

Solutien ha = R9.1 b
Le = 36.] Ib
ke = 348 1b




3/63

(00 b
| = Taglos8si-01%1 o4

- 3Lt AR T T gt on 100] 0
Tﬂc, T&CW TRQ[O.SSBE O.I%Ig*ro.'?a‘rg

- 3 -y +4k
Tha~ ]Pna[ 2_ 2,42
V32r 1744

N 3 + 4k - .
Tap ™ Tan [ 32 +42 ] " Tap D‘"’{ M 0‘33_]
2T =0: 0.583Te ~0.588Tq. =0 ()
ZFy=0: -0.1962Tgg - 0.19%62Tp + O 6Ty =0 (2)
2Fz=0: 0184 Tge + 0. 184 Tae +0.83 Ty, ~100=0(3

Solution : ( Tag= 418 lb
THC. - 47-8 ‘B
Tap = 312 b




2 m N
Frem 2Ty =0, Tag=Tac =T

M, =0 ~60(8)(1.8))(2)+ D(s) =0
3 D= [¥84 N

2 Fz=0: 2Tcosat +D - 60(8)(‘1.‘8\)= o
T=1618 N = Tag = Tac




3/65 | 2\ gp=Valrair (-8)° = E m

e _ 7 . , o,
7, =L +4-8k) = L _
7/\7‘"’ 77 (%4 % ~%4) 7% (4+4-26)
2V |lsmY . T .
/i Sem N ZMX.:OJ /Ofl'X?é_i-(é f_:!_zé-).-{_
g N FSkx(-4/) =0
/4% y \ L /)¢
/ | 5m Z ND
C e f ATy o =22 T w00
N N | e ~ e
[ - -
5/?;\(‘\ /21.:"‘ T =26 kN
- \a or 7::-' 430 AN (yes)




1600 (?.gl) N (CQ.n'tere_cl
lef£ +v vight )

Car modeled
oS o Slab

(Dlm m 'mm) Nc

\Tackinq at C (ND=O)T
ZM'X =0 ! - IGOO(C?,&])( 1525 ) + NQ (]575):0

Ne = 78350 N
Z My =0 -1600(9.31) (1680)+ Ng (2800) + Ne (1409)=0

TFz =0 Na+Ng+ Ne —16c0(3g))= o
> No = 2350 N Ng= 54% N

Same as

> My=o: -1600 (9.81)(l680)+ NB(Z'aoo)1- Np (1680)=0
FF, =0 Ng +Ng +Np-1600(%.8))=0
= Ng= 3l40N | Ng = 4710 N




-t +4 - Rk
=T [ ]

‘ =Tac (~O.408_L+o.408J- G.EILE)

~—

Tao = Teo (O-To"ii —0.%115)

AT Tge < - Tege k

ZF,=0: Oy ~ 0.408Ty. =0
ZFy =0 Oy ¥ 0.408 Tae + 0107 Tep — 3924 =0
ZFz =0 Oz ~-03Tae —0.707 Tap ~ Tee =0
Z My, =0: = 0.408 Tae (2)-0.707Tgp (2) + 31R4(Z) =0
ZM% =0t -0.408Tm,(2) + 0.707 gy (l.SJ + Tee (1L5)=0
Z Mo, =0: ~3924-(078) + 0. Tgp (1.5) = O
Solution: Oy = 192 N Tac = 4810 N
03 =0 (Na‘re_}:Mﬂeffﬂ TBD = 277 N

540N Tee = 654 N

Oz




3/68 | %2, ZM, =0’ 10C-1200(6/s2)=0, C =60 4
XY, My =0, 2(60)-108B,=0, Bx=/2 /b

T ' -y g o
i ZT J}LBX 3 ZE =0 A, +12-60=0
L 6. A =48 /b
TP }os | .
J'!J' ) “_10.-" 53’ 1
AZ+BE ,0'
e leOO b 200 ih




Note : x-axis Is
Il BC.
NB = NC.= N)
Ioj s\xjmme'tra.

=My =0 ~L(175)+ 2N (250+ 250 Cost0" =0
N= 0.233L = Ng = N

=Fz=o: Natz2(0233W) -L=0



3/76 l'?'/(Zcos 3¢9 y-%; ZF;=0' Tcos 234~ 280=0

= V]
ZKE 7= 280/0.9177
D ad
. P 348 = 305 /
7sin QI%—*“ I ¢
0° ¢ . ) o o
e ’L y-2, Z§‘=a;.3055m 23.4-2Pcos 30
=0
b 305(0.3973)
A P: 8660)
A 200
]
e 7 = 70.0 /b
.. F , -
4 ! } . —
2/3150530" }
LA -y
Y3’
840 280 1



37, Z ,
0 ‘(Dmn. n mm
73

&5)0(‘? Sl) N

Sy “Q-Ngl B '

< Ay SRS

— W\'\

X | o

> My =0 mmoo(q.al)((,zsj + AN (H’?S)=
AN = 522 N

ZM\\J =0 &NB(')SO)—\oo(Cig])(SOO)
+ 522(375) =, ANg = 393 N

¢°

S Fp =0t 522 +373 + ANy - [00(9.8) =0
QNH = 6b.l N




3/72' R 533(5'60530"4-!‘5/}; 3%} = i;.g(’yg_gf ,&;/')

]

A wemg = 20009.9/)(~k )= —1962 &k N
h=V72-6%2%=3 m
. EMZO ] oW+, x(Pi2)=0
T (-1 - 5,;+/:w)x(f‘762*’f)
5*407 ?‘KZL-Q_H:B’H) (f‘?/*"e@‘*"‘_.{)

.ﬂ._:\\“"% f "9
NN szp/ff g et
“‘-i \. /2}’7} 7 (5886 ~3P- B’Q/ZJL
A Ay (196 2 +3’€@/2JJ
A A, F(-2P+R +313R) I
-2(/?‘62): 755 N




Z@-‘o)'
2R cos 30°-Wcos@=0

RV3=Wcos &
et
2h,=0)

PR o
;6 - ya v P -WSin®=o0
2R cos 30° Dride ¢ ‘Sdf
% = Fan &

Lo etrs Th P=E} é:fgﬂ—fyé:goo )



W=30x%2.8/ A
Az
)C‘E)' Z%:O)’ /.551—0.?(30)(‘7. &) = o, 5)(: 176.6 N

—

Y2 ZAMFO) /,55_), -0.36(30)(7.81)=0, 8,7 70.6 N

5:1[76.(,2% 73@2 = /90.2 N




> My =0: Z(900)(360) ~ s Cos15°(179) =0 F=3150 N
2 My=0: Bz (429)+ 100(180)-3950 cosI5*" (309) = 0
Bz = 2340 N

ZM; =0 =By (420)-3isosin I5° (3@:0J By=-130 N
APy =o: Prj ~130+ 3950 sin IS° =0, Q5=*2‘12 N
ZF, = 0% [342340-3350 cas IS*+1800=0 R;=-325N
Fa \/ﬂ:jz-t—ﬂé_‘ = A3T N

P =4/ 3314_«5%?- = 2450 N




3/76 |

xF, =0 Ry + .6 cos 50° Ry = - 1.028 kN

'S:F\\j =o: Rd..,z.ﬂ-CasSo"— I.6 S 5&“:'3} ‘R:f—(). 353 kN

2 Fz=0: Rz -24sn3s" =0 Rz = 1.2 kN

R= Ry + RS + Ry = 1796 kN

ZM,, =o: My + 2.4 cos 30°(0.15) ~ b sin 5o° (0.35) =0
My = 0. 1172 kN'm

E:Maj =0 : Mj ~ 1.6 cos 50° (0.35) = ° My= 0360 kN'm

ZMQE =0t Mgz - L sin 50 Lo.z) =0, M= 0.245 kN'm

M: JM-xl’\- MJ‘Z*EM%L = 0‘45|kN'm



[ iz . — ——
/17 Dy AD =80 = 1/2.4'1;* 122%=1.2V8 m

e 1':[\\ ch= 2% 242 2VE m
_5"—«-—(/2&1‘/ 2/ +24%)
1.27%
,7"'_.
A 1.2¢ +1.2)+ 294
oy ,,-u( {402y )
7
W= 1, 9(9.8) 1, —7‘; " (/2./"'24"'”)
= /7.66 ~HN
Zf':g) Tt Te AWz O
7 779) _&,_Q__{;) 4 2 1 2%, ?.Zé—/?eg =0
-‘(,7;;—"75 /(7% z & (7% Vs )
Tacls [ Ay Ay eIn6e ) 2L g < R/VE




ZM.X: o aNg LI’Z) - 500(6} = 0\) 3 A Np= 250 1b
ZF, =0: ANg+8Ng+taNg 0] ANg=ANc=
ZMJ =Q &NQ('T)— ANg (7) =0 - 125 Ib

More in-formation Would be requireul 4o determme
F-& and Fe, A~ COmPOI\Er\t‘; oF ‘Fr;t‘h.on ot
B ond C aGre 7possible,



_ 2
3/7? D :qui £=_-;—m§ C From Jaelk c2

for AMars g= 3.73 m/s?
= £600(3,73)7 746 N

]
]
]
1
/ 1850 _ 5
. At =\(550) 30 0) + (350)2= 718 mm
| .
//‘8\%0: C’b:}/{450}2+//200)2:/282 janabid
Pk A . '
/ Lo Fpes —25 (5500 4300 +350 &
N AR i
[ o =L om0 fon™ JBsod —a0oj13304)
X =75 N
i TC Y Jep” = (/4504’. /200 /r)
1282
2 2___:9 L1 Fh fé‘s-_- Fac 3/ues tpon co//ec;‘mj ferms
( ZE“C 550 + F;D 450)(; +( 746 +£_F‘_;_‘35‘o - F‘EP /Zoo)}r o
778 7/§ 1282
Eyaa)‘e caeffzr./enfs fo Zero g salve Simultoncowsy
t g2t /E‘D = fO46 N Compftssxaw

‘ac =

‘-5 40 N fdw s107




~y (Dim.in mm)

D_o . 40 N Fé?"’ks
N = 900 (0.060)= 54N

2 Mg =0: ~F(135)r S4(45)=0, P= (TN

"

2 Mg, =0: —l8(15)+(‘_1(300)-—-01 C,=0.9N

ZMg_=o0: 54(;;,5)_(:)((300):0) Cy=277N

> Fy = 217 + By — S4 = o Bx =243N

=Fz =0

0.9 + Bz + 1¥=0 Bz=-18.9 N
B=/By" +Bz- = 30.8 N ,c=m= 297N
If P=Twafz = l8]l2= AN, (DF0):
= Mg =0 ~3(135)+ 5+(45)-D(19=0, D= 13.5 N




V7

i A A



¥ .D/'men.}/bns 1 mm)' w= 15(9.8/)(-K) N

/82
1120 N-m ~/47.2k N
Ay\ga-) Ax cD -“PO_‘.-ZZ-#O‘_@Z = 0.63Z m
By\\'ig'g" X APVTY. o. saz (024~ 0.6/ )
[ SALZ0" 0.2 _ _
) M0 120 - 25 T (0.6)70 7 =632 N
® L 0.632 (0.6)%9,
§ ZM =0 at A,
0. 25 -/472(0 3) - 632_—-2(059&
00 =
¢t B,= 2260 N 2
x | g
=
D "y o

M=o at A’ 0.28, —632—;—}20680 =0 8,= 680N
6=1/(2260) +(680)%= 2360N or B=2.36 kN




3/e3 | 6= tan T2-= 363°

600

A -
200 T 7

C .
» IH
TsinO y X 8 C 5 & '
ﬂj\loo ' 200y 300 2 HC' 3%0 229 A8
HK | Y 30 Nm \r
28(18)N By 28(3.8)N
("Aa) > Mg =0 28(1.81)(0.220)-TSIn36.9°(0.409)+30= 0 T=25IN
Q(-?_.) 2-Mg=0 :R%(1.81 (o.sou - 25) smagﬂ‘(o,soo)—omo =0,"5\= ILTYN
XF, =0 174 +2515in36.9% 28(1.8) + By =0, By =112:2N
Qj-i)ZMB z0: 25]cos 36,9°(.500) ~0.6Ry =0, Ry =/67.5N
sz Zo ! m7.5+53 - 25) cos363°’-0) BJ=33.5N

A= -\/H.%"H(o?.s‘" = 167.9 N
g= \ [122*+33.5% = III N

Couple Gy be applied at any place on rigid
\M;tt\ t™h SQ'::E external Jt&ect J bdj

|

|

» . [ ]

T Cos® Divn. In mm <1
|

|

|

|

1




i ) |
3f84 | (Dim. in . i

N

1o
Q(GHC\
T (Eudie( &
24 T By X ho(‘\bntal)

\’X
] A = 4(1075) (A48)(80)
Az A .
J
_— PI e

= 0,153 N

..._Q Y —

P= 0.20¢ N

0. 206 COS 15"(58) =0
=0°: H\Lj (4‘2)‘ :
‘ZMEx-

= 0.275 N
Ay

- 0.206 cos |§° (1@) =0
= 0 ‘"B\j (42)
'ZM%—

- 0.0760 N
B\j -




G,
Ly xR
R
1 y
I5sin18° Ay
V-2 ZM =0; 40(/8}fxa(fé~6)~/s 51r7/8%(18) - /5605/:?[’*) M

= 708 b-in,

%, A =0; 15 5in 18°(12) + A4y -Fo(3)=0

N_fy: 64.4 lb~in.

M=YaqZ + ng 2=V (8)+(649) = 7 1t -in,

ACCE/ffa//;’ﬂ OF rr55 corifer nc‘g/f/‘gzé/e SO
e;ax//ér/qm a;;a:}ﬁon: may be HSEL



— z,

386 | From Peon. 2(95, P
—G |18 N
Teo™ 0-3R1L +0.641] 9,2k kN T@FyN |2|«N
T ~1.5¢-3k —
The ™ The g S “E
“Tﬁi( 0,447 — O. E‘M-k) Fé‘ﬁ ii g\ \/\,,
=T 2ZL-3k Y —O Sa')( 1\
TaF " ar Y &%+ 3% x O?Mlx{\l
= Ter (0.5554 - 0.832Kk) (o = ) DTy
Dim. mm

ZMo=0" OCxTep + 08 xTae+ 0axTge +M k=0

-

€.5L +4.5k) x (.31 1 + 0.64) -0.2K) + 3k x
Tag (04411 -0.8% '5) v (‘i+3&)XTeF (0.555:-0. 8321;)

+Mak =0 > | 0.832Tge -2.¥1=0
l.6bd Ter - 1.342LTae =0
0.555 Tgr = 0.962 + My =0

Selve 1o obtamn TG&F__. 3.4 kNrI TgE:_ =4 3p kN)
ME = =0, %’2_ KN m




3R7 Y location of G does not chtmje.

Thus,

ANp = =100 Ib  ( preserves
Fotal vear-axle laaelinj)

ANg= -100 b (pre_serves
Fotal Y“{aht—sih Im&fna)

aNg aNe & Ne = 1oo W ( preserves
total noarmel firce ) preseqes
Totsl  Front-oxle \oﬂ«d\'nj)
(Nste i The vesults  for A Np % A N¢
Nold  only F e  Fraex. Cdistamer beturen
tive Qanzug) at the fromt s Squel to
Fhot o the vear )




5, . % s . . A
B+ _2"5(“/21’- #+ 8y +244) = S (-3L+2/+Ck)

W= -200k /b
ZMCDE-O).(EAX.@ tLexW) g =0 [ mementof D=0
[30¢ x %’-3_4* 2/ +64)* (7 h—’di)"(“z'-’"’-’i’ﬂ‘:*'= o
(—docoi+ 180 (10 -8/7); + 608/7 k) Jzo
8/7-10 =0 EZﬁ;: 7o /6 -

2K, =0, 4on, -200(20) =0, 2,=100 I § Lorime/
=o' 308 - - -3 =D, =V /oo*+ /5%
2N, =0, 308, -#0p=0, ﬂx-;—za_-.-/a'/é " Fry iy



3/89 | 2z = AD= V42+57'f-.'o"‘f!87m , |Pl=20 kN

T2 = (-4i-5j-10k) *  5in26°=0.3420

oL 87 o
Cos 20 =0.9397
_T (4!."5‘/-/0@
)"*'\ // 87

k)L

=

'ij £ 14:. -5_; -/o.
11.87

-2/ x 7'— ( 1{ <5/ -10k)- z+{/5;;+5;r)x 20 (0.342¢

#o. 9397_,)..4-0

Simpliy g’jet‘ 7, # = 8577 ---- ()

M =0’ x(?‘+ )ek-f- am X P k=0
(3,/ Hok Jx-Lo ([-4r+4 )i + [-57-5T1/ -[ioT, +10T,]k) -k

Simphhy +o T-»?"—IO 19 --- - 1?1'5 \.~20(0.3420)(1.5) < ©

Selve(E(2) § Get 7/ 33.0 kN, T,= 223 ki

bl Bl ediLAM

"\



;?,.—A"' =\/42+(._52#25 4 95 m

2

Note ! 77 L R ond weisht all
) =%, =

pass Fhroush x-axis So C must
also. 7hus €, =0

ML E0, C.(3.5)-98/(2)z0, C=0.56/ k¥
z’,wg =0 4_;‘::2?(-/. .?;') +z.5_4’x22§(/.3;,');9' 8’7%( = 57;/!2

0.1(9.81) kv

= ‘ 7, _ =,
Z’C;c o, I"f"{4!)--2;”_;{2._';')1»0.::(;/:0J ‘?‘T/g + 75/22:/.12/ AN

4 2 Lr2
sole g gel 7*..-/_/2/_3/ = 0.397 KN, T— ;'_’f z0.43/ AN

g Ez 70 212

ZR=0'L ’Z/g 2.2, 412y 2.5
276 L Tl 22 + (-2 98/=0, (,=0.52¢ kY

7tus (:l/(o.sefﬁ #0.526)% = O.768 AN




“The Coordinaes of point D

,BK are (0.8s{h SOj—O.Ecas 5 0)

- - ~o, o
(o.c.a3) ©.514, )

Sa Feg Can be Written

Az s Ecb = Fcn QCD)
/ - &8
;z: where rlCD - o
e Cb= 0,@3{; +(0.%—0.5I4)j 0.3k
=~V = 00,6130 + 0,236 +0.3% M
@im. in m -
Se Fep = Fey LO-%?\Z't +0.3%6) *0-4%‘:]
ZFx=0 v Ay +By + OB28Fep =0 )

Try-o: Ay B omey RO @
-Z:F.E - : ﬂt A+ 0-%EFQD =Q (3)

Nouw Sem momerty Shat «, 4 2 Fxes "\‘nmjh
o  (nove thmje_ " oﬁh\}\ From et in‘\lﬁmﬁbn):

thyzo : By (!.2) -5Sa(a .'&})(0.(3) ~ 0,406 Fe,, (o.g)

+0.3806 Fep (0.'39 =0 “
= May =0 - ~By(1:2) - 0828 Ry (0.3) =0 (5)
ZMa, =6~ 50 (?-39(0'4“ sin 500) + 0.828 Feyy(0.8)= 0
(ho’fe_'- Feo Considered  ag Gc"h'vj o C.) )
Selutiin i Ay = = 140.9 N Bx= -47.0 N
Ay = 1182 N By= 285 N

Az = -92.0 N Fep = 227 N




P3/?2I AE = 2400 sin 30° = /200 MM}A?:mmm}ﬁk:Jzoocﬂmo
S 18 I=L(irBisg) 00
SN /|.—8 V' - 2=

AN IM=0) TAD W, GF =0

H“HE

7; 2 (1200) = 40 (9. 5’/)‘/_(500)
* )Y r=2009.8)2= 277 N

z'sto; -8,AB +w, FA =0
. 2400%,-‘ 40(?.-?/)? (1200)
x 8,= 98.//3= /69.9 &
ZA,z 0] 8, AB + WGTc ~T,AD =0
24008, + 40(9 8/)0.5(600) - ‘377 =77 (1200) = 0
8= %_-_-/59_9 A (d'k'o can be oblened é)/ av}:pec:ﬁéa

by no;‘/ry ZM =0 eliminates afl
rerms excepz" 3, g€ so B, a)



(AC)x= 0.16 sin 60°= Q138 m

(Pt_é)ﬂ = (0.18- 0.16 Cos 60°)

/ ——
’ o T Q‘\C)z = 02m
v 1 — '
\ WL AC = o.138. ¢ 0.1 + 0.2%
« N ‘G‘“)- &
Zf A My = 0.2063
My BT .
| 46 Nem o BC 0.8y — 0,090 k m

T= 525 (0136 + 0] - o.2k)

FMg=o: BExT-MylsMyj +40k =0

> (-o. |OR6T - Mx)@. + (—- O.04THT + M3§£' + (—0.0‘142T+4o)l-5.-.o
= T= 422N, My=-43.3 N'm Mb:zo.a Nm

BEn&'mj mament M= { My® *’M‘; - 477 Nem

SFc=0: 422 Sme=-Ny=o  Nx= 222N

ZFh:o: 422 0‘263 “\fj =0, \r3= 160 N

\!:J\r;n@ = 274 N

ZFE:O : — 422 (%%E%)T?ZOJ T= 320N




%l Pcos 30 (Ff‘t.c‘l"\or\ forces at
10,300 1254 A, B, © not sheun)

o’

X

i * A |
y

! \T,j?_ = 100 cos 15° N !

' 300 \I, 200 N

100 sin 15° N (Dn'm. n mm)

# "OQN\
[ | l'“i' _
b | VPS'ln 30° -

4
X

- D - —Z Y——e A B
L 500 ‘T 4|k525/ZT 525/2T
N Na Ne Na No Ng

Z Mg =0 For yee|l alone :
loo (150) — P (300) = 0, P=50nN
Z Mag =0 = N (500) - 200 (=00}t (00SIn |5'(35<:~)

+ 50 sin 300(-’75) = 0} Nc=5%8. | N

ZFh,=0: Ny +Ng+N¢ - 200 - 50 sin30°
+100sSin I§° = o )
Zl\/\ci=o : (_NB- Nﬁ) 522—5- + loo (lso)— 50 (3003
+ |00 cos IS ° (3'[5)— Eo cas 30°(3'1'5) =0 (2)
Solwe Eqs. Q) %(2) 4o obtoin
N‘Ql = 108.6 N
Ng = 32.4 N




|

ﬂ)@ Siymm

D S
/2= Mg =0: 25(181)(30) = Pcos 5° (69)
—Psin 5° (36) = 0
=351 N
Assomptions: The weight of The panel ack

3/ | 25(1.81) N P

ot The 90-mm dimensim 0 Shown a\ooue)‘

Pane\ does not slip.



30 N'm
Forces at A and B must
constitute o Couple .
D T M=o : 80~R(0.2¢0s45%=0
R= 566N

3(%




M TIsolate Wheel of Lml'c:jc_‘.toq:s
Q.

o = tan (q—)=0.4’ﬂ°
ALF=0: RTsinw- S0(1.%) = 0
T T = 29400 N
= - — = o T.= 274 kN

50 (9.81




3[98
SMy=0, 60(2)- 38=0
B= 40 16

IR =0, Tsinp—40=0

V4?2r 452

Tzg0 TR
4 = 60.2 /b

K =0 .
Y20, JcosB +A-60=0

A= 60 - 60.2—i5——

Va2, 452
A=1517b



3/99 | 600 b

12 Wind force P= A
-\\\\\: = ]7,5(@)@2) = 1260 b
\-. ZF’X: o = R’x =0
P lo ,7\7 ZFy =0 @ Ry=-12e0l

My y ZFz=0 = Rz==0Goolk
K"\G QM’K R:‘JRX1+R51 -;—‘R_tl‘
/1"‘2 X = 1396 b

Mz

M=o M+ (-'lo'iu'lg)x(12.@.03-(,00_,&):9
= = 2\,400&-{-6000‘3 + ‘2l600_|§ -+t
M = 25 600 Ib-ft




: TIO-ON T solate entire system
> T

I 75
Loy [ ot plate | pulleys § Fupe,
+___

RO0 mm

o 125 mm
——— -— X

)\g

N

¥) ZMa=0: T(200) - 10.0(15) = 1.0 (125} = o
T = 1062 N




ZMy =0 P(:a()o) -400 (120 cosso")-.-o
™= 20% N

ZMaj=o: =0g (100)

\ 1commlT 1oommA *  +400(60)- By (=o0)=0

ZFz =0: Agt424--208-400=0 A= (839N
RBecause ﬂd=BJ=0) A=Ag= 1%3.9 N) B =B, =424N




\ l //
\ '
. T. Te
o E ?) A L2 m
) 0‘2“ I 21\-\ 1.2 m ’ D.sm..__a_
A \ & /C B
/

\ mg Y
N
N v

Forces art not Concurrent 1a  the N

/

CPlane. Thecefore e indicated posttion s
nott one of gtate e_qu'tnbrium.



3//@3'2’2):"9«6 on auger /s Cbposite So applied
: JorgLre

4000 /b -in.

|
! |

g F : - X
F F /.~30°
C=—4i 5/ 30°
Arm | 2M:0)‘ F(12) - doco SO, gF= LT /6

Truck) I =o; A'si0 30° — 41.7 Sz 305 A'=4/.7 /4



= Fy =0o: 04 =0 =Fo=0: 0zp=0

S Fy=o0: 0y-8518) = o Oy = 83.4 N
=M, =0 My + 2(9.81) (0.3 5in 30°)+2.5(7.81) x
(0.6 36°+ 0.45in I5°) + 4(2.81)(0.6 s!n 30"+
0-85fﬁ|‘5°+°-12) = 9 My ==37.4 N'm
EMo, =01 Mz - 2(151)(0.3 c_osso°)-2.5(°i.m)x
(0.(9 c0s30° - 0.4 cos 15“) ~ 4(“].3]) (0.6 cos 30°

- 0.8 cos 15{’) ‘—'0) MZ__="]'.567 N m




M £ W= 20(%.¢1)= 196.2 &

{ ZMX'-'OJ'
1200 fc' -2(496.2) 600 =0
V. 7-‘: /96-.2 A/
i w o w Y < -
* S
' ‘ ; A, =0
P =S ,
L7 /96.2 (600 # 600 Cus 60") —/Zaog_-.o
= /47.2 N
La= 1472

ZE=0; Tt 147.2 +196.2 - 3(196.2) =0, Tg= 245 N



mgq = 750 (7.8/)(107%) = 7358 AN

ZMO =0’ 2.6 cos 20° (600)

-7 358X =0

= /99,2 mm




Coordinates of A 50(—cos 55?5{31 403-01555%0540:
sin 55°) = (-18.43 -22.0, 41.0) ft
Coordinu‘%e.s ot G- 30(— CoS 55,31.1140“’—(:0555?:9540:
s 58°) = (-llok, -13.18 24.¢)

- (15.43 + 40y +22.0] — 4l.0k
TﬁB T&s {

(18.43 +40\% + 22.0% + 41.0%
- Tag [0.783L ~ 0.294) - 0. 549k ]|
Ty = Tr-\c\: 18,431 + (22.0+40) § - flok ‘]
\113.43% (22.0 +46)% + 41.0°




= Tac[o.zi-lwli_, + 0.8101} -0.535&]

ZF;=0: 0.783Tpg v 241 Tq + Oy =0 )
EF =0t 0.294Taqg + 0. 810Tac + 0y =0 (2)
EFzzcs:—O 549 Tag — 0.535Tq¢ +0z - 00=0 (3)
ZM =0 XM ‘Nge =0

{ 40; x O k+[(-4o Ho(o)L-BI&d]x[ﬁook]}

= .
-2__\.“’ 1\] 0 r_:_-
(400 - AG ooo)— + 1860 "z =0 (4)

ZM =0: 0.549T (40) - Joo (1l 0L)=0 (S)
Selve  Egs. G) () n reverse order o
ok tain 0,&: - 429 1k TP\B= 454 b
Oy = -282 lb Tac =554 b
Oz = |445 |k




Zs OAB § ABo are 30°
also AB= 2r where
r=radius of Sphere. Thus
Ao = r/c;-s 30° = 2/’//3
AC = 2r
50 ge=rV 2% (2/73)"= 2rV2/s
Lgul). of fop bal/
ngo)‘ 3R 050 -9 =0
IR ZrﬁZa_m
z2r
R = mg/7C
lower bal/
ZR=0 P-RsnE=0
= Mg 2/'/1/5 _ )
o = 3z

Ve 2r




3/109 l Ax_()ﬁ? ZMz=0, [20- 04507 =0, T= 800 M

_ T %t 2M=0, 0.393 (800)(0. 360)

lws® o | =0.700A,=0, AF161.6 N

=0.393T 2 2F,=0; B,+161.6~0.373(§00)=0
Bj=152.6 N

y-2; ZMy=0; 0.74, -0.920(g00)(0. 360)

B—t|--—-2 " -so(nelo.300)=0; A= 588.6 &
2520, WiTsin® -AyB,=0,

300 :60:340: B,:637.6 ¥

5

2 T
X ':F'“—'Z G [
ofl |
i
y W Tsine

| Yy
! =0.920T
o =5/ 150 . 559 IA=V06/»6)‘+(5&?.6J" = 6loN
' -4

— -

W=50(9.87) N

Gzt B =66.9° !B—-}/(/sz.s;"-,c (637,5)"= 656 N



3/1o (@) There are 5 unknown constraint
~+orceg. The bar 1s fvee to rotate obout

o line  uhich passes W“hmudh Pofnt 0 and
Throujh which The lines of action of boath

tension forces JPGLSS.

)




Tap = AD m
L—'?Q + 3}5]

Tec = Tac - 57

2Fy =o: Ox"%__rﬁbdr:(_’_‘g_rac,:o 0
Z Fy=0: oj—%c?‘r%-{‘g—?‘r,sc:o (=)
2 Tz =0 Oz + %Tﬁn gfﬁ"‘ Ta — 100 = o@
ZMo, =037 %Tﬂu)*q(%Tba)"q(‘oo):o @
ZM% =0y —5(%TB<)+ M.:;\LJ + loox=0 (5)

4 -
= Mo =0+ 71 (567 Taw) - 1 (67 o9 ST T4
Seve Eqs. (N-(6) over 0.52x< 45 ft
and discaver That thvee of Tthe regquested

qu&nt\‘t{es ore  Qonstant : Oy = 833 b
Tap = R0% Ik = cConstant Oy =232 I

Tre = 280 1k = Canstant

0 =oZro4"+0f = 3031, = constart
and Mq:}:—lOO'x. + 250 ('tn Ib-ft (fx ™ 'f‘l.’)
(Nate. That Oj Could have lkeen obtq;necl
Trom ZMcy=0 ? Oz From ZM%’:o)




3/111
4J Peduce to three Sforees

- ;(/ Concwrrenl art O,

o | A

I
-~ |

| [2A A -9+ = = /0. n.
o cA b=9+3(2) =10.33/n
| |8

Atterna frve ol Zv'\/é=C’J' L(b-9)-Al12)+ A(®) =0
Y Ltb-9)=4A - - —..())
Ty 270, L=t
J L =34 --(2)



y . T THJ
| 30°
s A
f X A A x
\ <
Jzk{” Yio kN
im 2m
E\!Te{gh)c of beam = 200 (lo) [loos = =R kN)
ZM{.\:O A0y + 2(2) - Tsmn 30"(3) =0
T=S(10x+4) (i RN)
2F=0: Tcos30°-A, =0
-~

p&fx = 3 ({O’x+ 4—)
EFJ‘:O'- TS.1n30°-2.'-10+ﬂ\\j = 0O

Ay = 5 (-1ox+32)
R= {ﬂ;‘-t-ﬁjt} e ‘—"é‘{‘LOOxL—‘i-OOK + fO?Z}I/Z

A




Set —c—i—%_.z_‘- =0 B00x — 400 = O
d X N
N Eo=Z M
Rm'm = —%‘{400 (-%.)2-__ 400(-'5) + ‘072}11
= (0,37 kN (L)

Force, kN i /R}/“/ (a)

Q
A T ]
X ﬂ\jj
-10
0 X]m 4
(e |
= 24.3 kN (@ x = 3.8 m s Tthe

R mox
Value of R uwhieh must be used for

The deSIjr\ of the rf-fn ot A.



BC = [-2-2cos (04607 ¢ - [Rsin(8+68°)]]
-8—-('_,2 = {4--1. ¥ cos (6 +60°)+ 4‘(‘,052 (6 1’“60‘,}\-4'3.!“1(6 %0‘)}

BC = {8+8cc5(e+eo°)}‘fl | |
[-2~2 cos (8 +60°)]¢ ~ CZ Sin (64—60")111

Nge =

{8+ 8cos (8400 )} 2
Then T = TnBC..

f+ ZM::O‘.-B'?S(Z Case) - 687 (ﬂ_ Cos(e-i-c,o“))
+ 2T sin (© +60°) ( )
{3+8 ces(® +go°)} /2

_ [ 2750 cos® t 6871 cos (81-@,0“)] NG
T —[ Zsin (G+60°) [?*'ECOSCG{'GO)]



XM, =0 = 687(1cos (120%-0)) = 1373 (2 cose)
or cos (120°-0) = 4 cos O
Cos 120°C0s50 + Sin 126°sm8 = 4-Cos @

= Co0sO + Li—-sin 8 = 4Cosd

tan 0= 222 = o =T

P‘o’t o‘f‘ T vs. 8 °

3500
N
\\\
e ™S
N N
)
\\1
\\“x
0 H“\H"“ ~_
~-500
0 B] clej 90

(Tﬁues I'\e\lj‘\‘tl‘\lt above O = Opayx = 79.1°)



' d
S
50(‘721) N
Geome,‘\'.fb' 51 = (Il d)z (10- x)

SlmP] ‘f‘j +o O)thm cl" 1| X+ Zz_

o /
“Then Y= \Jz £ = [‘“ \21?(7_-!-?{\21’)( 4_34_]&

= me +|21X+

‘tonw = 'K ’
ton B = Tox T A
an - o= |0 X
Equ;l;bﬂ'um :

2 Fy =0 = Tgc Cosx + Igg Cos =0
EFy=o: TacSn« + Tge osB- 50(1.8))=
SoWe The above equations over 02 x<10m

o ohtain The 'Fnl\ou{nj T\'n‘t“.



700
(Tﬁt‘. Tee
\|— TN T
Tac)y Tee / N

oy N

/
A—'Tac
/

0

L

0

The maxima Q&re :

(Ta)ma = 600 N @ % =391 m
(Tsc.>m¢x = 600 N(@ %X =609 m
As « matter of interest:

(Tac)min = 428 N @ «

1]

O, I2%7 m

n

(T )min =42 N @ 4 = 981 m
Ghese afe laca:Lj neT 3Ioqu\} minimay) +Fhe.
Tus  glokal minime. &re both 2—,{,(0.)

Neste tThat % =0° dses nst meresent o

unique  clamping point . Tor x =0, the
clamp  cowld be onyuhere Trom z=ro to
\

Z7. ™ Ctimn\j The Cable ‘f‘\"um Pt



*3/“5[

ﬂ .—-.___ o
9
LK
B:
Zszo‘ — lpg Cos % + 'T's.p_ Cosﬁ = o (1)
EF:’ =0 TP(B sino — lge Sin (8 — 100 =0 (2-)
cC:
>=Fy=o0: —Tac COS‘S + TepcCos = o (3)
2Ty =0 Tgesnp +Tep s — =60 =0 (4)
™y &3 Xy
Coso = iz CosB= Tz Cos 8= -
Se

|12 cCos x + |2 cos f + |Zcos ¢ = 35 (5)
Sin &%+ s{n(z, = sin¥ (from ‘F{jurt)(@)

Solve numeric_qn:) ;

= (4, 44° Tag = 529 b
p = 3.510 TEC = 513 1}
¥ = 18.16°

Teo = 531 b




QA —__ \ i =

: AT~ B o

L_ X Tae —Fatri
Gt‘iomt'tr‘lj : |00 Ib 200 |Ib
A8 + BC + (D= 36 ft (1)
AB Cos« + BC + CD cos¥ =35+ (R
% sin A = cD Siﬂ x (3)
Equilibrium

,@'ZF,;C:C):--T&BC.O‘SO{ -\-TBQ =0 (‘1‘)
ZFj:Qi Tﬁﬁ Sl‘no'\ —lo0 = 0O (5)

ZF,=0: ~Tge + Ten Cosl =0 (6)
© ZFy=o0t T smd -=o06 =0 (7)
With BC set t 10 ft ) Selve 7 E?ua’ti'OnS
i T unknouns éob‘tuin
AB = [7.01 ft | «x=11.47° | Tag= 503 b
o = 291 ft | ¥=221° Tge =493 Ib

TQD = 532 IL




r. :3{ P- xc

T
6¢ x5 (-6¢ -2/ +34)
f‘j_f:x..zj-(_j_é-f-‘#lj);'-?t_ﬂ,X(-L{r):O

i,

>

L

3

RSN
N NG

[ (~2k-3j) + 3R l45) # 47420
~LZn e lipeo, Lrrixz0 507
2570, R =37 1§70, B Eiix
2F 0, R t2h -2 =0, RB-£2 .y
iE=0 R -L +-7é2;-c3, R =&~ £
o Lz(a%z-’ £z+ .,,3’5 d-é-x_;) R/

R (471x%162) - X/3 + 1 L
.g;:_ztt %7_,{ 40 for mum X< 0.574 m

W‘xﬂl—kr 25 N[m, 3 gien by (), 9iven by
@ . °A = O48m m= L5 ij 3= 1.%1 mls")

) p
Q@ = 0.6 m omz 0. <8 m, ord 3= 90°+ 0
c

. i ) _
obtamm “the "Fo“b\ﬂlrﬁ ri;\\'t: 2 )

10

0 9} d65 90

When ©=45° T=523N
Then 6 = 90, T =%.22N




*3“,8 Geometeritsl Considecations

¢

- 34" X

Coordinates of B *[x= 34+ 4cos ©- IR sin O .m.)
Y= Z4 +Asm8 + RS ()
- 2} .
ool = tan ! % (Q\f“.s T ) (‘-2)
GZM,, =0 : ~(Tcosa) (24) +(Tsink)(34)- 500 (18 sin & +
4—&:;5.6) - 350 (4Co_56 % (184—32)511\& = 126056) =0
26,500 s5in® — §00cos5H \b]' *Eusi-i-'\ut, l&}
34 s\nk - 2 4Cos% tensimn n AR

Solve () ) (2\‘2} (@) ? ?\h‘t : (Note T=o @ 8= l.'?Z"lj

2500 N | _

> T=




p 2 0-e) = e
_ 90 +6

i _é.“‘ (3 =

B‘j law of Co&muj AR =

A

/ \/6??1,14—0_81 —2'5;\'55'6056)

Then s?ﬁ“j detlectnn
vy - G _
;7 - 5= AB—BC (0
A haw of sines : S‘g—; = Sg
Consider kS apphied st . a[ OB .
a: H &K = SIn [ A= s

¥y 2 M =0 - (kgsino() Co_ﬂ) - mg (G sin e) (%)
+ Tsm d (671)) =0
T = (RS Sin o{)fﬂ}-r mSCS'e, sine) (3)
OD Sin (3




W'\tikhz ] N[m, 3 a'wm by (i)) X Jn}c:\ by
@, %R = 0A4m m= LS k9, 9= 18 mls®)

——

6 0_'6 m ) -0-_5 e 0,-4? ™ th ﬁ:‘ c]o“-}-g
; . zZ )
we obtam “the ‘Fellmmrn pht :
10
-
T) f/
N ‘ //
2]
fr”
/‘f
|
oLl ‘ — _
0 9) dE3 90

When ©=45°, T=523N
Then 6 =90, T =%.22N




A | Load = 15(1.81)= 736 N
Joint B:

% AB= 736 N T
736 N BC= 13t N C

136 N
TJont C Ac= 736 (2)

736
l S N 7 =3ENT



4{2 .EH " o= ‘tv\_i ‘2-(;5“ s 22.L"°
| = . 2
Jomt A: (cos = :%J. Sin A = ﬁ)
=0 —]00 =0
a8 ZFﬁ ACsin« — |

N AC = 260 1b C
r\ﬂC 2 F =0 AB-260cosk =0

(oo lb A8 = 240 b T
L =
Jomt G ! 2 Fy =0 260(% -—C=zZ =0
260 Ib BS,/ c= 339 1L (reac:tfon)
T

/:{C ZF\(j:or—ZGO%"BCJF%‘T%:O
s/ 145°
BRc=140 b C

Could uUse ZF.xr “+o "F;hc\ BC wilhout
in\to\\:'mﬁ calculation of C. Ncnt"b’lt\?.&sJ

obserVe tThat C,\f\&n\a\'nj The 45° Su\apurt
angle Would affect BC ) but net AB or Ac !



g
4/3 Ly

Jount B¢
Fm ZF'5=O-' Bc.%_——S =0
AB

—-{4.—5/ BC = 5E kN Ca
= S
2 Fy=o: —HB+55.E”=OJ AB= 5§ kN T

BC

Jomnt C:
5{z kN

B/éﬁ' ZF' =0: —5\]_" = + AC 2_1"‘ =0

Ac= 5y5 kN T

A =
>Fy=o: CD—SE;__@—.SE—EFO
CD =15 kN C

_\]—Di.r\f D
1\ AD From zF\\j:O) AD =0

Dy 15 kN



4/4 |
To'mtﬁ‘ ag  ZTyTo AB sin45°- 1000 = 0
y ! AR = 14141k T

i 450 ’x
e AFyx=0: 1414 cos45°- AE =0
1000
I AE = (000 Ib C
Joint E
Hi = = =
__;._l .
jooo ib ED
Joint B:
" T F =0 : BCcos45°— M4[4=0
H\\ 4 BC = 2000 1b T
~ s, BC

|4\N° 2_Fy=0: BD —~ 2000cos 45°:=0
" /45145 BD BD= 414 b C

BE =0




4/5 4

Joint C --=%

;};— Z\j =0 CD('Ii ~3=0, D=6 kN C
C/DW ZFy=0: ‘501‘6{%‘0 BC=5.20kNT
3 kN )

Jommt D EF =0 = DE= 6 kN C
DE\\t/kN TFRy=o: BD- 2()(E)=o°

BD = G kN T

Joint B:
e SFy=0: AB(R)-(=0 AB=IZKNT
de)
83'2' » —— Eszo:BE—12%+5.‘Zo =0
6 kN | BE = 5,20 kN C

j(;::: & ZFUZO‘ G(I?)" AE =0

i 5,20 kN A= 3 kN C
S

¢ &N (Toint A checks after external

T‘ea.d'\‘ms are determined. Trom

the Truss as o ul\\o\e_h



/A <
3m 2 kN
]
L—--K 3“\
om >~
i -
ﬂ_‘l CJ\(
AE =
Joint A ZF:j °
45° AR
1 kN =F =0
DE
Jou =0
H5®
|. 414 K BE
ZF:; (VM
—_ | kN
Jont B: 8D
45° :
1 kN -(—M»BC. {ZFU‘:O
Z:Fx =0
CD
Jowmt C: 2K
2R ZF& =0
| kN

(:]-0 |n"t D C heﬁkﬁ

+2T M=o : c,a -2(3) =0

F\j- 1 kN

C'X: 2kN) Cb- 1 kN

|- AE sn45° = o
AE = 1414 kN C

AB- |. 414 Cos 45° =
AB = L kN T
I.414-sin45* - DE = o
DE = L kN C
l.414 cas 4S°- BE=0

RE= | KNT

|- BDsin 45°

BD = I.414 kN C
BC- |.414Co545°%-1=0
BC=2 kN T
CD-1=o0

CD= 1 kN T




AT | As a thole: XF =0 = A, =0
(Dim. in m} |3 x }’3\3 = E = 60 kKN by

PmAj %N :l\ ‘E:Fj_o and  Symmetry.
FTrER.

30 GO 30
kN kN kN

Joint A = tan ( ) 337)
?3/ ZF\L}—O 60~ ABsIM®=0 AB=T6.0kN C
K0

A USFy =0t AH-96.00058=0, AH=75 kN T

60 kN
Jont B {zFxm«,-Bgq@.,os{nsl.r’:o

)Bc='i5ch
Ryt P o_ -
5'/{l e (=Fy=0:-BH +7%.0cos51.3%0 BH=C0 kN T

.0 ky B

Tont H: {Z"tl' ~CH SIN@+30=0 CH=48.0 kN C

60 kNT < = F, =0:-4%.0 Ce.se-!—GH 1S =o0
mjl = GH = 2.5 kN T

30K X Fy =0 = Ca=60 kN T
:‘é’(‘;}f\ & B\j symmetr
e \_Fa Fa=zs kNjT CF 480 kN C
Hle/ C,D 7'5 kmc DF= 60 kKN T
60 kN =15 kNT'f_ DE= %.0 kN C




ﬂg_l Entire truss: EH

Lo -x
ka\q _3__3/ kNﬁXMfo =10 c0530°(3) —

losin30°(2)-16(3) + D(8) =

D= 10.50 kN
S Fy=0: - Ay -lolx)r .50 =0
¢
i p\x‘-" 550 kN
D 6 kN Zﬁj:o:—tog—luﬁjr-o Ay=247 kN
Joint A (A = tan (35 337)
550kNT?ﬁ7kN ZF =0 ABces337°-5Bo=0
=~ l_\: AB= 6.61 kN T
AE AB 'E:F\lj =0: 24 T-AE- 6.61sm33.7°=0

AE = 21.6 KN T

Jomt B 2 Fy=01=6.6{0s33.7° - 10sin 20°

b.GC1 kN 130
kN 4 RBE ces 23.71° =0 RE = (2.2 kN C

ZF3=0'- 6.6] sin 33.7° — 10 Cos 30°
BE +12.62s5m337°- BL=0

BC BC=2.00 kN T




Joint C : XF’X: 0: - CE cos« + CD tosel =0
2 kN

\\\ CE = QD
y

/o({ '2—_13 -0t 2-16+ (ceE+ CE) sin 331°=0

( CE = |2.62 kN T
6 KN

CD = 12.62 kN C

Jont D
DE 12.62Z kN
Tz/// S Fy=0: DE- 12,62 5in337°=0
e @ 2<_._ —

(0. 50 DE=T7 kKN T
kN

Ch’e(‘-‘“\ an \.)Q\ht E »

21.0 [2.62. kN
o

!

XF =0 v

TFy = 21-7- 2(12.69sn337
12.62 kN =0



4/ As a Whole: @..EMA:O - 4%___ 3__;_

AR SR rCc%(2s)=0, C=13 K
> . -
P X7 ZFy=00 Ay-13F =0

[EN
N D H:fg !J\N

2 kN ZF\Lj-O ﬂa-\-l'ﬁ() 4= 0
(-\\3-75 kN

Joint A
T?ENT {'Zra-o 7.5 - PtE——--o AE=S5Y3 kN T
"60°

E

4kt 'L”x

Z F=o0: 35 —as+ 5(_”(2) =0

{—,

3% s-qr kN C
AE -
JomtE zFy=0: 56,,,_—4_ EY= =o
5‘% E =313 kN C
@__ 0
T pE > F=o: ﬂ5r( ) jr(?_)+DE o
DE = 3r kN T
Toink D JZFy =0 . BD(%) +CDLr) L3 =0
5P VCD ZF\\j“O B‘b"_" CD__*-’“Z_ = 0
nseo = = J—' KN T
;EkN‘L
BD = BF kN <

2. kN




Jommt C:

3
SF,=0: 8o~ 545 (&) -138 =0

RC= 223 kN C

(Jomt B Q.hec.\cs)



4/10 |

Joint G ¢ GF
GF GE | GE=GF =L C
GE
| .y
TJont E:
BE DE =L C
L [
Jownt B
AB ARG BD= L C
L AR = L T

BD . BD



A | From > =0 AB=BC

Toint B TR =01 2AB = - L =0

- =

AR= = L = BC
4? 45°
AB BC
Jont C* =
= =B (=N

e EFy=or zL(i) AC=o
AC TC, AC= = T



4/[2 Jorn? A eA.ﬁ O=rar’ V2 = 26.57°
Y Sino= Yr5, cos 6=2/5
4 A 2h)=0) AGfs-4=0
AG=4/5 kN C

_ g 2 kN
Jomt 13 ﬁ¢—>- ZF}Z:OJ’ AB - 4155 =0
BC=8 kN AB=8 AN T
BG =2 hN
— 2 '
Zg.-O, Z(Fs)*CGSJn 20 =0
CG= Vi—j Sz 224 kN T

" 2F,=0 2.24c05 20 + 2//5 +4/5 -6F =0
GF=SVE = 1/./8 At C

-

_ 2 kN cD
Jom?t € 7 > IR=0] CF-2245/n8 =0
cF cF= oo kN C

2.24 kN



'4![3 l Jota/ werjhf of Frass = 7(40c) = 2800 /b
By symrrerry, reactons at A C are 400 1

400 16 AE ZF' o, " AE co530°+ 400 ~1400 =0

L/O;ﬁf i AL =2000//3 /b6 C
1]
' ‘45 3E=z0" 48 - 2992 ps 60°%=0
Lo x0T V3
/
1400 % A8 = s000/v3 /6 T

By _s:ymme/r_y BC = j000//3 16 T
€O =2000//3 /6 C

Somt E e :
e © #é6o00=o0
2000, /% = f00/V3F 1 T
5 BE B8E /V3

g by symretry pp=g00//3 16 T

k=0 Ep - o0 .. o &0 ., o .
X ——=s/n30°- E2Z5/n 30 FO
/ V3 V3

ED= 1400//3 Ib C




QM =0 — 4 cos 20°(10+=20+3
+ EX Cos S0° (?)+E‘I Sin S6° (30)
=0, ET = 6.0 kips

EF}&=O: EF - 6.0l cos 50° =0

:roi.n't- E50° A _-= EF = 387 kips C
EF DE 2 F,=0O:!: -DE 4+6.01 sin 50°=0
. “34.!»1 . DE = 4.6| Kips T
Tt gt TR0 ANz oy
B ZFx =0 437 cos 38.7° - 2 ¢os 10°
S 387k - o ke

Joint F & ZF=0: -33%7~437ces 337°

CF FG = 7.28 ks C




4/]5 | L Truss a3 a whale

:‘_'1 A ..’.DZ'Mczo: L(Zaslﬂ60°)- EJ(ZA):O
SR - I EYR
E.'J = /2.
o T R
cy Ey
Joint A L AB = L T
Sy L - =
N" AF = | C
A K\ arF ArR\Y 18 =
. Lt
Toint E EF = s 32; ==
\ EF 3EL| \FF Lo
0 Fa (60" DE = EFsw3® = 3 T
e lg
2 DE
Joint F
L
=0 F = =
aF ZE o B DF = o
[
PF
jufngbb : DF =0 ZFy=o! ._B__D:.E...
TFe=0! CD= = T
QDQBA)L/?_ x RS2
Toint B: | ZF=0: BCc=L (T)
BF=0 (Toint C checks)
BC



4/16 [77’4/55 @5 o cwhole

ZM;,=C))- zfa,f-%)-f 4(’2&#-%)—,4/3&) =0
vy, A=13/3=433 N

bint A "W 600 2'§= o, AB sin 60°- 4.33 =0

— X AB = 5,00 kN. C

4.33 kN 2hz0; AI- 5 cos 60°=0
AI=2.80kN T

: yi
Jornt B . B¢ ZF,170; 5.00 cos 60°- BI=o0

\‘ y
, /7@)_‘ B[=2.50 knt' T~
x'-" Jeo

3,00 kN

_ 2.5 kN ‘
orn?l L ) 650[ 2K=0, (cI+25)51760°-4 =0
CI=2./2 kN T

———— ._-’...
2.50 kN M

4 kN ZH =0, HI+2./2 cos60®
—-2.50-25 coséo® =0
HT=2.6% AN T




47

- = . ke .-- -__—,+ -1 E‘.
S:B'a Sljmm@_’(,rla) A=E 2.9 N) o = Tan (4_

__ e = 206°
14 kN ~ ZFH=O= 25-1-ARsn <=0
A: T AR= 3,35 kN C

2§ KN 5 F =0: —3.35 Cosx +AR =0

A= 3 kN T
J
' BC

LN« > F, =0 3,35 cosx - BC cos « =0
B: === x B8C =335 KN C
335kN| BH

ZFy=o: -1+ (3.35-3.35 )Sino + Bit =o
Bh= 4 kN C
1 cw
H'ikNl g Z2Fi=0: - | + CHsin4s°=0
- L‘Q
- X Ch= |.44kN T
kKN H
3 G FF, =0

“3+ 141 cos 450 +GH=0
GH= 2 kN T

By mspectin  of joint. G and Zfy=o, CG=0.
Ba Sav\mwa ) DE= AR = 3.35 kN C
CD = BC =335 kN C

EF =AH= 3 kN T
DF = 8 = 4 kN C
CF =CH = 1,414 kN T
FG = g = =2 kn T




)

41| By symmetey A=E = 25kn; %= tan (3
| = 20.6°

Jomk A Gml'&s'lé same  as Prok, 4[lb {F\B‘;S.BS kNC

Ba inS?QQﬁm) BH =0 and GH= AH. AR=300kNT
N

L kN Fo= 0 —1+3.35 sina + BGsin
B: & z N
X - BCSinx = O

B
3.35 kN A Z\'_,x =0 : 3,35 cogt — BC Cosx
~RG cas x =0
= BC= 2.24 kKN C Bg = LU kN C
:ﬂ =0 - i ’ =0

112 kN G 112 kN zF%-—O CG 2(-2)3"\0(
G* = CG= [.00kN T

3.00 kN 3.00!& _
BLJ samm&xn) DE= AR = 335 kN C

Ch=8BC=224 kN C

EF =AX= 300 kN T
DF =R = O

FG = GH =300 KN T
DG = Bg = I.11g kN C




4019 Joint E: DE=EF =0

o U3
TJaint D: (& =tan' G5 = 52.4°)
'y
:.._.."‘ 2000 Ib ZF.)L:(’: DF sin ® — 2000 = o
e : DF = 2520 b T
CD '
DF ZF\\j =0: CD -~ 2520 cos8=0  CD=1538 b
' C
v 3

Tt F: 25201k  ($= tan 5 = 16.70°)
o ZFy=o" 2520 Cos @ - FQ cos¥=0
I FQ = led6 Vb T

| F ZFy,=0: 2520 sin® —CVF - 106 smY= 0
Fa k! CF= 1538 b C
) o, 16 .
Jomt C: (=t To = 5%o0 )
1538 b SF,=0! 1538 +2000-CG s =0
153816 ) 2000 1y ca= 4110 b T
@] Cs

CG



H‘F&u'ms Sammetra y
P2 F\a =0 2CG Sin 60°
- 5000 = 0O ) CG=2%10 1C

_G Ba 'H\S?Qdduv\ y
. 2890 -
G AG = 2%%0 b C
aG ©i = O

Trom Jn;n\t B A8 =0, BC=O.
C?\iﬁht trugs Stjmma'tf o te left Gne)




zﬂ - ZF\\j:O' p&\\j'L"‘O \Q\j“

\
<R f\ﬂ 44 (‘i)\rB Mg =0 Dx(&i) L(q.d) 0
P RN g Dy = ";3—*
> |3 4L

ol 7 | EWEer Ap=DyE 3
B -~ \l(‘_ (Reqc;tluns hold "Fm‘ (01) C b))
Dy Y (h)\'y

*L)}-—y (N

() Assume that BD goes slack . From an
inspection of joint B AB=0 and BC= L C.
Simi Itirljj trom Jolnt D, AD= =0 and (D= _C

Joint A: 5L
g\lj:L.{iF\\j:On SQC‘O) QC':-:B_T
‘(Tt a4l BL 4 \/
ﬂx'““lj\ﬁa f=0 "3t 3 g =°
Because AC s m tension Cissump‘han
IS Yalid.

(b) Assume thet BD goes slack. rrom om't
B, AB=RBC=0. Fromjoint D, AD=0 o CD——-_"3 C.
oint ¢ {ZF:J—O'. m.(%)—lso) Ac=2E T

?‘7’ Fheo 4ho BL(4) S0
£




Entire truss:
G EMa=0: —hd - L&) -k (3d)- 5 (4d)+ EF (4d)eo

E= 2z L
2 Fy =0 ﬂx"ZEL%‘ =0, Ax = RL
=z _ -
ZFy=o Ay - 4L+ 2EL%—0) Q\\]-ZL
B:‘) 'msptci'lm of jo{nt c ) CG=L C

Jomt ?-)'z_ ZF3=0‘- ZL-%-F\H% =0
zL,L AB AH = —‘E-L T
nf 4:{ zZFy=0: RL~+ %L% -AB =0
Ae= L
Joint 52 ZFJZ():-%-\rZ&L%“FEE: =0
DE FE = 3E-L T
7-”;{1’2LZF =0 DE—S_F_L L-ZEL%:O
r—‘E(.:v,s DE= L C




4‘/2-3 Bj Sﬂmmeirj) AT = F\B) CH=CD) RBC=3JC.
120 kN 19 120 kN 4 _
' LFy=0: F(280) -s0(i8)=0

3
Y BC = 368 kN C
c3I BC

(60)(%.81) kN

DE
= L= = =l '
D : ,% > F,=0: FF-Iz0=0, DE e?"w_’}n\
| go [\ pE 'Zszo: BD =120 kN C
9.7 kN
| 2 45«16 ! T_F,‘zoz BE = 120 kKN C
BEﬁ o :
=Q: EF= 120 kN T
EF ZF&}

363 kN 120 kN . s |
ZF,X‘O- %’BF-}-I'ZO "5'(368)
B —*:\'ZOkN
=0
BG! B BF = 188.4 kN C




4—/24-! m= no. of “two-force membersg

J = nho. of joints

@ [m+3=13) >[2j=‘2‘] so redundank membkers.

Remove one memker c,ome:;t'mj B¢, D and E .

®) [m+3=12]=02j=12] so sufficient no.

()

of MENhErsj but vredundancy in  €xterna)
Supports . Place A or F on  roller.

‘[m+3 =cl:| > \12J —‘-g] so redundant members,

Supperts are algs redundant. Remove AE
or BE. Sufper’cs are then OK.

(@) Lme3=2]=[2,=12] so sufficient no.

of memberg, but vredundancy n externd
sSypports,  Place B on r‘ofpcr
member CD. '

or rémove



R450 1b

7000 Ib
(@, = q0-8 = 369

%= 90-26= 16.26"
450 b FH = 205 = 560 ft
6000k CB = R0-CD = [4,404C
°5 ¢=q0- (90-0)- ¢ = 363"

Truss QS G Wnole ®

GXMg=0: 7000 (14.4)+2450(20)- 24Ry = 0
Ay = 6240 b
ZFy =0 By+6R40- (=450 +7T000 + 4550)sin 36.5°
<o, By = 2Ies Ik

2%y =0+ By - (2450 +7000 +4-550) cos 36.9°

-6000 =0, By = 17, 200 Ib



T F, =0 -AE cos 53.1% AF cos 36.1°=0
Z.F:j =9 * (240-AE sin 53 \*+AF sIin 34,3%=0

Jomnt A: -

AF
> QAF=13 38 1 T, AE= 17,830 1L C

6RAL b

F\”ﬁm\jﬁin‘t EJ ED=AE = \'11830 W ¢

Joint 22*50 Ib > Fy=01173830 sih 36.9°- €D sin 369°

— 2450 cos 369° =o , ¢o* 14,570 b C
ZFy=o: (145%+ 17,830) cos 36.9°- FD

1
cCb - \ 8 _ -
11,830 Fp 2456 sin 36.9°=0 FD=24,500 T
Ib
Jomt F: ZF,=0: BF cos 36.89° - (13,380
24,500 b

7900 Iy 71000) Cos 36.9° =0, BF =20400 Ib
T

TJomt B cheeky,
13)330 Ib ( )

The maximum —orte occurs \n Memker FD:

FD = 24-}500 i, T




4/26| Structore 1 staticall .l‘ﬂclitff_ﬂ\"lnu.te,

externally © member RE  in
VQ_rt{c:n\ ‘Hower 1S fnciﬁttrminate

:::rucso %?__’X ZFS:O: FJ -—'-"'S =0
F& FT = S{Z tons T

S tons =Fy= o s Fa- sz (E)=o0

'tcm ) VG = S teng C
TI 1 e
|

=8 ZF=0: -UZ:I'Coscx+5~l_‘(—') o]
. _1:50_% TTI-= S. 03 ‘tbns T
D512 SE -0 sessine-SI2 (F)
3 =
GI Yy TG ?‘lq GT = 4.44 +ns C
K. HY tons @= ton” ( = 37.9°
w GH S tons| EF&)‘O P =5-4.44 + GIT sinQ go
5 tons

moin




’4/2'7| 'y @=rori 5 = 26.6°

AE
Sosrnt A -94— r———’g ZF o) /-1/5 511 26.6° -/ fcos !5
s 5 AB =3.89 kN C =0

Fhn EFc=0 AE=1.85in15°+3.89cos O
Aoyt £ jzfrcg £EB=0 AE=3.9¢ kN T

Jorn’t B %_ﬁ?? kN R, =0 so DB=0

CB=3.89 AN C

Lot Fr oce 1 a//ajana/s £ wowld fenglher! &
cJ .5};ar7‘¢n So  Fp /s ;‘c?n.:‘/m g CJFO

o ¥ H HI ZF— O, HE S5/n 25,6 °-/.8cos 15°=0
o HG = 3,89 AN C

15"
+\ e ZF,=20; HI +/. 85:n 15°-3,89 cos 26.6 °
=0

/-8 HN HI 3. A T
= o/
Sornt D o"‘w ZF, =0, FDtos 45°+3.0(=3.9¢

—
;47 394 &M% Fp= 138 kN T
FD

lecp IR=0, cD=13185h45°= 0,932 KNC



»4z8| For entire truss,
EMI':O H

30A - 0.866 Ezo (SHOHS) +~ 10 (20):(=0
A = 23.1 kN

Forces in 8P PC, DN CN Co  ON  NE EM
Cin this srder )

J.

are Seen to

be =ero.
. 30F°\B ZF-3=°" -~0.5AB + 23.| =0
A: HK-;‘ ' AB= 46.Z kN C
DE = Ag
Z3.1 kN
‘ ZFB': 0: O.5EL + 10 — 0.?66(%2}
«\\ 10 kN =o) EL=s 60 kN T
= 600\
TN\SEF ZF,=0: EF - 60 (0.86)4.205)
46.2 ;.1 X =0 EF = 15,1 kN C
kN e )

2F,=0: =20 ¢os 30° + GL Cos 20°

= O

, Gh= 20 kN T

EF:‘ =0: KL-60 +20(0.5)
'*'ZOCO-S)‘—' Qj KL=40 kN T




4/29| '3
ZFy =
9 0: CG sin 4S°
~S5=-§8 =
=0

61 F@ b--«x
ca\ys?
a L \\l C
BC ' N
| 4.4 kips T

Bkips Skips



450 | ‘2 CE = dtan30°-d tanlo’

1>~ BC
| = 0.40ld
| c .
:O( - :fCF -‘: \§O° BF = 2 CE
p F B hH"'“‘L..____I _
EF #E (Fg 5 = 0.502 d
10° K = .
L L + —\ G)Aolc\-d_tﬁnlﬁ)
d—se - d —y tan d
= 12.66°

2 ZMC:O - ld o+ EFCoslo"(o,Aroic{) =0
EF = 2.53L C
G ZMp=0: -Ld -L(2d) +BC cos30°(0.802d)=0
BC = 4.32L T
4 Mp=0: Ld + CFeos 12.66°(d tan 30°)
+ CFsin [2.66°(d)=0  CF=— L27%L
or CF= LRTRL C




~
0*\~—--——4lrj:
\
D]
. o
O

CG sin 45°-50=0 C&= T0.TkN T
GH(4)-50(8) =0, GH= I00 kN T

All members except EF are staticolly determ{nq-te,)

so above solation I unaffected bfj The

redundont supeoart.



432 | From entire 'tTUss) A=R=3L..

LM oGm0k FRGE) L (4)

4; 10
4 X i :DF —BL(S) =0 ) FG=4L T
//—4' < E

F&

:rm‘ntti G : 0= tan (F) = 14.04°
0G 2F,=0: 4L+ GHCcs® =0

x GH= 4.12L T
GH ZF.3=O: DG — 4.12 Sin 6 =0
DG = .oooL T

ol

4L




RE = a2

5 ) REY

Mg =0 : BC(dcos30%) - kd=o
BC= 2=
ik

Y Fu=o: BF-S'n(SQP..L: -
Y | 0 RF = = C




4
3
- ' T
L KL K J, Y R kN
B

T M, =o: DE(x)- ¥(6)=0, DE=24 kN T
Jont D

24 kKN
* > ZF,=0: R4- DL cos45°® =0

|§4~5° '
Dw pL=33.9 kN C

DC




_—

F
L = ‘tqn—\ (3;';‘) = lg-43°) l@: = ’tcm-l- 3z - 33.7°

G+ Z-Mg=o: BC(Q,)- H—(a) =o, BCL= 2] KN T
L ZMp =o:-BEsin@@) + W@E)Fo, BE=B.41 kN T
3 TMg=0! EFcos«(3) — 14()70) EF=215kNC




4/36 Q'ZMQ: 0o: — 300((,) + F’G(;z):o
30K 12’ FG = 1S0 1b C

2001y = Mg =0t - 3oo(e) - B(12)=0

BC= IS0 s T

BC




Q ZMQ:‘: (eI
. (Za cos 30") -R(3a s{n30“3=o

R= =3

— N =2 .
ZMG"‘O- l.a. cos 30°+ BCa cns3o'—__‘r§-"‘2<xs.m30°=o
L.
BC = /3 T
> F, =0 CG Cos 30° — - cos30° = sin 30" =o
% : N3
cg= /3 T




4/38 I@ 2M.=0: B(6a) - 100(4a) + TO (=)= 0

20N . B=40 kN
‘)‘1,\1/ loo kNl' -
Hfj '\*_4—0._“‘”*54“&1 3 For section )

ERJ'-'o: 1‘:_:, + 40—100 =0

FN= 848 kN T

2a. -
ZME_:D: 40 ('2&)- ?4.? @‘r

~MN(a) =0 MN=20kNT

100 kN J[

40 kN

For S&d‘t'len 'h\r‘nuah GF *iL.MJ 'E___F'(.jzo afqeg
GM= ¥4.% kN T,




A3

2IT5 tan 30°+2(5 tanis )|
o = tan ‘[ ° z
/.C = 43.\°
7BC L
Ro = AP + To

= AP + PB tan«x

‘e m = 5tan30’+Stana
J = 8.45’

ZMF\ =0 (BFCOS o() Ao - 3(5) = o
BF = R.66 kips C




4@. l From Trugs as a Whele awd EMF=0)
I = 14,20 kN.

GKN o
60~ AR SFR=0: 1H20- @ Sinbd" +CIsmna=0
- .c _
VTS e G e ra () = sane
A .
—+ L - - ___" .2
IS 4 CT = —16.22 kN C
1R.20 kKN
G

g B&C ZF'\J-:O:—»(OS'm(:o“-Ir 420 — 4

¢
L1622 —6.22 sinx + CTE = 0
A, | Yoz CI =5.00 kn T
4o
\ y HT @ =M =0 :(sinee®) 6 —(1.20) 6
1420 4 +4()+ HI(#) =0 HIL=10.50kNT

ZF=0: 6coy 60° —16.22 Cosat + 5(%) +16.5
—BC =o, 8= 3.00 kN C




4'_/4’_' From The truss as a \,.\ho\() Fx:.-o _—
:[3 = Fb = Ru MB ) wheve The Cancdinates

are :——-*L' o

9

Lo 9,
-17C \

- %

Mz -

>Fy=o: ~BH Z (zL-5-Lesis® =0
RH = 0.683L T

v+ 2_My=o: (";.—:‘ZL)(ZdCos l5°) +1L(d cu}g")

“Co(d) =0, CD=-l932L

Se CD = L1320 C




4_;+ZI F<— 0 panels @ 3t

T
Entire R t J
truss: 5 \\ 4 //i //: //!\\\ :
\\:/ ooy N
Ax s -
=y v
ﬁj LL LOL Lk
2 ZMy=0: Ty (I2) -LBre+ T H12+I5+ 13) =o
I:j = 5.25L
Seciion : . "
K 3K T v ik H+TZJ =0 5,254l CT (§)=0
TIw( T 3m N 3m CT= [.562L T
! i | N
c1¥) | ,;m: O\ ¥R XM =0 Cp(4)+525L(3)
7 i .
/ / N 3"’\ G ‘L(S-FB‘I"H) =0

E: ~~ | D E | F
P *L ‘I’L +L h Cb = 0.56RL C

From? =Fy=o = TK=o.s5aL T,

Joink T +1~sz=0: m—],SQZL(ﬁf) =0
0.5¢2L. IT DI = .R%]|. C
—
4’/”
DT

1362k




H%J From truss os a mhetlc_) The veactions
all A and K are AL (up).

-

/

o~

O P — e —— —p

G EMg=0: (546 + L(3) + L(12)
- @M sin (5‘?.0')(\2) = o
cM= 0



LFHLI From the truss 6s & Wwhole ) The
extemal veactions at A and K are 4L (up)

F L (D.\m. n m)
~-~.4 L -1 4-‘)
|~ - 4
I : G‘Hh \L LYy AT tan (3
| NI = 53.°
2 LN [N T VJ. ) G4
: iHN I‘ar \\ i3 PR ~ . (5.‘“ A = ?)
i-—-w T i/{. 3:- i 3 . i/ /3-«_“2.:— - ij:i“:_. —K
o NAYMN M L 4K
= 4L

A EMg=o: (Z-40)C + L (1) +L(12)
~HN(E)(1s) =0 HN=o



i@ From The truss as a whole) the

F " (%7)=3.5%
3L
: N\ T {{Sztan_l(%):*ﬁl‘c’ﬁa

L 2
A EMp=0: -1 ()L - 5 (24) + 31 (z4)
+ DE cas 3,58° (10) =0, DE= -3.6]L
M EF=0+ -2.6ILsm 3.58°- 2 L+ 3L +EJ 5in44.°=0
ET =-0.30. ar EJ= 0.30L T

Joint D (LLSI}}j Sjmn1etr\uj):
L -= 3.58°% -~

{
IR e TR T

3.6] L l 3.6l L

DI
A ZF=0: 2(3.6/[Lsn3.58°) -DJ = 0
DI = 045L T




4’[‘%[ From The truss as a wholc) tThe

external veactions at A and L are 4 5L (up).
L2
YK

:40'
. .
« =tan” T3 = 4S° NKL
B = tan ™ —;—“5 = 5.71° 4.5L

2 3M =01 (20) = L(40) = 3 (b0)+ 4.5k (€o)
— 0P ces 5.1;“(22‘):0) oP= 8.221. T
"= F=0: -35L+4.5L +822Lsm 5.71°

+ HPsin45° =0, HTP=- 2.57L
or HP= 25TLT




447 | B\j S*smme‘i:ra) A= G= 150 kN

.F'- PZMF:O: \50(.4.)+ RI (7-?02\3 =0
" FH; HL = -1S.9 kN T

(Noke + w=ta” (55) = T41°
\ p= ™ (7)) = 4L2°
{= ot-p = 32.9°
Then dy = FGSin ¥ =Tt sin Y2 7.‘102“\)

P ZMe=0: ~25(6) + 150 (10)
-FT (&) =(15.9 sin @Y0) 015 Tces))

=0, FI= Zes kN T

" ( ) > Mg =0: ‘-’-]S(E)' 2S 02_) +I'30(I6)

=t %‘ ] - 6 - .m .

=10 15? B cosg) (1) -Prsing) () = o
DE= 297 WN C

ZFb: o: 18- 25"'\50 - 297 s\ S ‘\-’7533\1\9
+EIF): o, ETL=-2¢4kN T




4[48 | From truss as a whele =M,=0 31\135.

N= 125 kN,
WX X
AN € ZM.= o;_lzs (3a) -~ o0 (32)
-wWx(2a>3) = o
GH & [ WX = 129.9 kN C
I00 kN {00 kN 125 kN
1299 kN X _ . |
: D) ZTMg=0: 100@) +124.96{3)

+ a6 ) - 125 (39 =0
JQ= ST kKN C




"'4“4'7| From trusg as « whola) U= 3 kips

¢ ¢Do V= 4 kips

QZMC_=0: KL(10) —3(1&) =0
;K KL= 4.% Kips T

ZM =o0: CD(o) - 3(l)=0

Cb = 4.8 kips C

From a simcilar Y‘faht = hand
SQ.C.JHO\'\) DE = (—:-4—0\(1‘:5 cC .

\

ZMy=0t -3(24) + 1(8)
K +KQ(4%Z+SL sin M)‘PAF-E("’)

=0,

wheye o = 1%0- Z‘t‘Qn-‘(“g_) = (4.0
Saluina) KQ = |.3%7 ki‘u T

B = ‘i‘ﬁn_‘(%-—) = 32'.0‘:

DKDFR ZEX=0= ~6.40 + [.887Cosp
ik K '3 +4.3 - DReogp=0, DR=0
ZMg=0: ‘3(8) - 1(8) +4.8Q&)
- DK ()= O |

I _ -
3k bo‘vmf) \ DK 1 e T

ik




p».4—/50|Crane as a while : Z Mg =0: 1000 (24)
+ 200(52) = 36 Ay , Ay= 956 KN

CE ED JpoF
' 2. Mg =0 Y‘e'-]uire.s ED=0 (&ise CF‘-‘O)
w=tan (32)=10.30, cos == 0.984

— | = O
Ay / o Mg
! Em & 6T-12(200)=0
956 -
KN 200 kN T =400 kN
400kN T M= 01 200(20) ~400(6)
er _F + A, (22)- 95¢(4) = o
K D“Ff Q,x = 1011 kN (Ho Y\Sht)

2zm 2 My=0: 200(i6)+ £ F(22)

Z00 kN
ER- _y -4o00(28)=0
bew EF = 364 kN C

'Z.FB:Q: 0.984 DF + 200- 956= O
DF = 768 kN C




"4'/5|l Bt‘} Sammetrn 5 the force which the
l“ia\'\t .V\GM: exerts, on the et hlf ot C
s o zentsl |

ZMg=0: CR- 5R=0
C= nL/z

>2F. = o: F\x*—zo ﬁ)('—'

|* 'oe = Toe — Too

= LIR(ces30°L + Sin 30‘3
IR (cosGot L 4 Sin 60°%)
R(0.403 ¢ - 0.403§)

v
So force DE = DE ==
- T Coe
= DE (o.107; - ©.77073)

S{m'.lqriy . Force GH =GHM (—-o.%e,_[: +°'5°°~D
torce DG = DGTLOJG‘& "-O‘%S\)j

ZF= o —L?=_~ + ©.107 DE -~ 0.866GH +0.264 DG = 0

(1)
21.‘.3 =0:75 ~ 0.T61 DE + 0.505GH -o.%50€|z—§
2
ZMe= 0 = FRK + Teo x (DE +0g)

+ Ton X GH
whert  Con = O.9R (Cos 8% + sin I§° J)

Carrying out the Qruss preduwcty and ('.a\ledw'md

Termg “l.0e3 DE + 0.3 GH - 0.1%2pg = &
(3)

S{N\uﬁ‘qneous Solution  of Eqs, 03 —Qs) *

DE= 0.31LT, GH = 1.03oL ¢, BG=-0.5¢L C




’4/54 FL= O l::\'j !\’\&Pecft'.on o Jomt I.

Joint G ZF =0: —-GH(J-‘>+-FE\( ) =0
ZFy=0: GH(Z )‘TFG(L) 25=0
1= eq.r  GH =43 Faq
24 eq.: EF@(%)w'i FG =25
= Fa=12.5 kNT GH=2LTkN T
Jount F

FI ERj=o: FI(sin53.1%)-12.5sin3'=0

TH /s3)° FI =181 kN T
30° EF
2.5 kN o
K -1 3.40
ﬁrgl | = tan S
= 40.9°
i 0, 54
Gn (Q
5.14°




G ZMy=o0:-125(%)(s) - ET[Cos 40.9° (8)
+ Sin 40.9° (4)] =0, EJ=-13.6) kN
So ET= 36l kN C
TPy =0t TKsin 26.0°+ 3.6/ cos 409°- 12.5 (L)
-217(F) =0, TK=498 kKN T
Towt K ) U'ss;nj S\Ljrv\mﬁcr\\j:
ZFJ- O: —-Z(Aﬁ 8) sm 26.6° +
26(9 2 EKcos 5. 14° =0,

e ¥ E RR 4|
/ﬁ\k L= 49.8 kN A sl
A9.9 kN[

EKJ_JK

5, H-
B\_LJ &\3?\0me‘tr\tj ot loads L
and =M =0 ER=0_




—L—3§ -6k
5 kN Bﬂ:Bﬂ(k 34 )

= BA (L -3¢k )/

ch= oA (T

T \ :Cﬂezgmeg)/m
N A , ~0k

G*/ADA oA \;;3"3 —= )
(Di'm. n rn) AN "X

= ‘Dﬁ-_t:-fa! -—Gg)/_m

BA +CA +DA ‘S(Cos?ﬁ"l_«_ +sin3o‘:_i)=9_

ZE:Q H
yields

L - o
LTYAT BA + 3= CA - J4C DA

= 3 L
E —_
\1 :--,I ' Bﬁ + m DPI T 5 (L

= O
e L i: _
K: F - Vg CA — R DA- D2
Solution = (BA = —4.4¢ kN
CA = —|.52] kN
PA =

l. 194 kN




4‘(54‘|To? Vview of base :

[gn 57 ¢ 42 B8O

: = z2Z.§9"
300

Far ja;n‘t A ) QsSUYR RN
_ P[SQ +2.89; +16 K

d,+d
Cos 30° ~'—i~6-i y dxd =
Cos 30° = >

Sa.mme‘{:ﬂﬁ :

.60

-c-i—‘- ) a\l= S. 71

(5%+ 2.89% +l6d) "2 :P(o,z%-h +0.4677 *O-ng

Fea = P(o2a4i+ 0.0, vo.941k)) B = P(-0.339; +o.°l~nk)

'ZFE:-_-G ot A

For jont C Qs,gumma 'dmme‘tr

FBC, -Qu Fc.n =@ (-sin30°L + og 30° \‘3
Normal N = RETK b

ZF=a at C: N*'Fgc_"-‘:cnﬂ-" =0
267k - QL + 283 (0.29%i ~ 041647 - 0. A4 K)
+QG<> Si +oi§gm) =0

3(0.941 P) ~800=0, P=283 1

Se\vma , Q= 556> BCc=8BD=cD= 5561k T




S ~5 - ¢ sinp=O0. !
B = For ’6-20.6J5Jﬂ/3 0.35

G

A f"fc:a; 9(0-351)'219(0-707):0
X Pz 2.235 kN

Lo 2E 20 Py Fsimat=0

Sz -2.235/0.65=3.72 kN



/56 Fror breess as a «whole ZAT =0 gjves SevsSsom
in vertrcal wire at C 7C' = 3‘;,.‘:"_7

Gy symmetry & Eh=0! T2 7=

R
R
w

~

R R R
| =Y
| e _aw ™ et (sl )
T 4 * 5
A ""\-,\F_: - i N2m F"‘ E‘ID( )
T “apn L F+4)-6 A
ap Ac 1 C Sy ? V53 - )
I
6 m
— 2, ,2 2 | .
AD=Y 4 +1°+6 AN =0 maq -
BN Gy A
- YD SebstiFute § collect terms B gef

3Fac , Fao), o (£ %Fac , 45
A g ZAP L+ (B gt 12EC AD mg iy -
P 2 (j‘“’f’ J-ffgg)g*(J o)k o
Eguare coe ff1cients af!.} Jh} G Fr-terms fo 2600 g'jcf
£ =03, -5 4

AT g M 0 tacT Ty M9 s Lagt T 5™



‘4‘/571 = Truss as G Whale s S’Ln’(fcalb
determindte with

|
j Suppor‘ﬁnj canstramts .
A V- 3j=m+b

B = [a

Bz

1 so S\l{‘\ﬁc\em’c m&m‘oe;rg for

] Aok | A B< e

ﬂj S ] |’|’3. ; ' D ar

Az fixd 5o Fis fixd. E$C

are alse fixed , SO trugs (5 a rid.'& unit. .
P a 30 _ _YP [ —

TMa =0 N 2 7Pk 2 7O Dx=3q7 AT sh

z _P_ al3 3._& %
ZMag =0 VT T"Dz Z 79, Dg = /e

q ——
ZMap =0 Jf%i_' By =0 Ba= =

ZFz =0 g Az= TEEP .
at C are all Zee, From Jawt E

Forces
> Fu=0 31\(@5 = 1;/l'“ C
Jaint aF-ar(l+3)-EK)/3

Feso EF =33 Br-' BF (-1 +3j - (3W)/AI3
DF(L'rk)/Z EF--FQ

[~

DF AF  =F- 0“(1_ 3.‘:_._‘_"?_
P 3aF 3&:) _G e

+({Z+_1="+.\l— I+ (—— {EBF_

SeWe o oktam BF =0 | 'DF'— -_3_ P
RF= 3z P

Zodk




4(58 I Number of joints s j=1 , SO mrb=
3j =21 and m=15. Since the '\C'lgure Shows
only I3 members , 2 more are necessary to
ensure Stqbil_it:j. IY\SPEQ’tion Shows that panel
ADGE needs a diajom\ support AG in arder
to prevent motisn of G towad E. Rlse, F
needs the Support of @ member DF o fix
it in Space. Joints E and € then bewme
fixed , and The bruss I riaicl, CCstfner
possibilities exist for C‘.rentinj S‘tqbilftj
b\'j Qddiric] “wo mﬁmberg.)



EMﬁE = 0= C2=L

ZMBE=O = D\\j-‘-"L

X +ensions
Dy Jomt C '-( d.)

assume
n CA
-~ CD

Sa cB \\

- c
Cz N

B'&
{*Bz S

CB=-CBL,CD=CDJ, L=k

Cﬁ( 25at+25q,1 + bak
'\((2 5% 2.5% + Q")u

> F=9 \\juhb:'- it ~CB=~0.359Cp =o

+o. 85215)
CA = -0.1667L

4 CD +6.359¢ca =0 (CD= T047k
k: L +0%82CA =o0o

Towmt D! . ield
DE oA L - ZE 9 :j‘ * D
i ~DE-L - 0.35IDA - 4= = O

L
ey D L J:"G-‘H'?L. L— 0.359DA -
o. 4171 i 0.T6Z DA <o

DR:O) DB: - 2.00 L







Aot [SpR _op8 05000 osel oty
AL CETE

e
E #/ \ _ '

(-oas—e,g:\ T ! 4 Tae [O.4|OL + 0.912 k_l
.J‘ 7 ] Vd __03£’L_-63 +04+k
0.44‘)' TﬂE i T \ i_________

— —x lae” ﬁE.q .30 +63__—_7-+()442

= Tag |20 5604 -0 441 +0.68tk|
=T = 0.36¢ + 0.31 +0.44k -
A

—_ = -0, SL0. -r .
S revoreorwriM RE UL

ZE, =01 O.40Tag ~0.560Tpe —0.560Tpe =0

Tar

2Fy=0:-0. 41T + 0467 Tg =0
ZFp =0 0.912Tge + O 684 Tag -rﬁ.(,%ﬂ-TﬁF*S =0

Salu‘t\'on: —r = 354 kN, Ty =Tar = 1.R90 kN
c(-o 72, 0.3, O. 35) 0724 +0.3; 10,36k

—T .
e = Bc.. {O."IZ?'-«— 0.3*+0.26%

“x =Tacfo-138L vo.349; +o.4ﬁt5]

Tap = T‘BD[:O‘ 8380 —0.34‘14 +0.419 E]
/35t Tog = Ty [oassl 034 -o.Auk |
Ttsr-' —%F[o %38 +0. 341‘1 0. ‘H‘II«]

Note s Tgp = Ec.. J Te = Tar (S\lj“‘md'\j)

Set XF=0 o shtam Tgp =Tg = 1491 kN

Tee =Tge =~ R36 kN (C)




_ t | . _
’4/62 X = coS Ve 8y J_ymlrnefry e fos = F
s s L Py )=
ZF20; (-4 1)+ (4 +/-6)=2
/:2 -/3//? 30 /.;E:—P/@ (Campﬂ!sslbr)

By zr-:.spd‘c‘f/bn Sorces 0r1 Joirn s
A, c, g H are Zero, ang &y
S_ymnfay‘ry Sorees az‘ D are

Fap 2E s R . Alse by Symimte rry
, =] .
§£ ’gﬁ 3 _’C;,r‘: é;: ("'_J) Y | ("._/)
-0 =L} . s
=0, () tﬁf{—a 4)

.:."I

'68(—./ k)t 6‘0(—4 k)= 0

Y
Substhtule %f Co/fea?zd— ferms

—~+" (ZR=0) & gef sp 2 GE
Tomt & (5 )=0
Mo. of mcwibers 15 m=18 - - _

No. of JomPs ‘5 s= & £ Eér- P//E, (7‘8”5}9.—;)
(m +6:24)=(3/=24) 5o mbcrnally steble



Al members
- assumed. N teNsion.

* Nete that six

T members are cut!
; |
— A
J G -
- 5(4.81) kNl
. FT_ /.
33=-GJi , FL=-Ffrp , BF= FZ(-L+k)

ML= 0 -49.05 (5)5-*(‘20:& 30°£ x 2sin 30"}5_)

xC&T)L + (=2 cos 30°\_S-Zsir\ 30"1_5):((-\?13'3

+(L—2en530°§— E)x %%— (-gg = 0.

E‘\Ud:;“j unit  Yechre Coefficients +v 2Zero :
-1.225 FI=0 > ¥J=o

-GT + FL =0 FT = GT
-1.732 GT - LT32 FT = 245 ~10.3 kN

s, Force in GI= 70,8 kN C




>4/64-| Fartial front view:
I—«—S’———ﬁ—i
c8 A

| D,E
3 .

-

q,F

e Pl |

< 5,358 —>F——8.284° >‘

For e.riu.ilibrium o joint H} force vectors are

L_: - LJ
BA = P[ Z.5¢ +) *‘2-5‘:‘5- = P(o.egoj._m.ZWZJ
J2,57'+ 12 +2.5% -
- TO.GEOk)
S)m;lcwla) -

ch = 13(0‘590'3 + Q.Z']Zg‘- -O.G?o_ls_)
DA =

PGoetoi +0.272) - 0.6%0k)
i

P(-0.680L +0.2725 +0.6¥0 k)

where. P Is the “FDfQ?_, in the 4 memberg Jained
at A, all of When are assumed o be in Compressi.



ZF3= o & A : AF(o.zvz.) -L=o, P=oanL
For “equilibrium of jont B | force vechrs are
8C=~"Qk , CD=Q¢
= O.91L (—0.680_{, —0.272 5 + O.émh)
R [-(Iojz.sjé -4, - (8.2873 4 s/)z)_y{l
V T.52+4% + 6.64%

R(-O.éﬁs L - o3y —O.6l6 Ii)

5 13|

Simit&rla \

CG = S(0.86b L ~ ©.462j + 0.19% k)

CH = S(-0.190{ - 0.462 +0.86( k)

CT = R(O.elbi - 0.3N] +0.095k)

where Q,R) and S are force muani‘hn.o\es and
wWhere  all  unknowuns are  assumed in teénsim .

ZF=0 ot jeint B: AC+BC + b ~CF

+CG + CH+ CL =g or
[(o.qm_)(—o.ggo) +Q-0.695R - 0.866S - 01905 + 0.61LR| L

+[(o91)(-0.212) - 031R - 0.4628 - 6.4¢25 - 0.3 R}

+[-@ .19 (0689 - 0,61 R + 0.190 S + 0.866 S +0.695R] k.
=0 (Y\o‘tt ﬂl&pe\qclemc\a betueen L t‘f k Qﬁ"“fbﬂe'iﬁsl:)
With Q= O3 ) Selve X~ and tj_ e_1ua‘\:mm
+y okt R= O.oS|L) S=-~0.312L

CF = O0.05\L T awd CG=0.312L C




A T My=o: BD(650)- 800(50 cos30%) =0
BD= [0I3 N

So pin-reaction magnitudes ot B and D

are.  B=D= 10|13 N .

ZF, =o:

A, — 1013 sin 30° =0, Ay= 506 N
‘Zsz: o Hj + 10]3 cos 30°~ 300 =0

Ay = ~T6.9 N
A =VAC+ A = 512N




4Al66

A

F
J mm‘

mm “1 RON

G Mg =0" %0 (15)" F(38)=0, F=2I1N
ttXF= o 2AT-A+80 =0o = 2171 N




2/67 ] ’L b rag=o;

Jo(g) -2C =o} C=/35/

-

ZF=0; Ay -135/(2 =0, A= 95.4 lb
ZF:@' Ay~ 1BEAZ -30=0, Ay 1254 16

A=V 9542+ 12542 = /57.6 4



_ﬂéﬁ_l p C Cy C‘j =0 due 1o Sdmme"bj
o overall Structure . |
9 _i_ 2 MpﬁO'--F’ R(I-cos%jﬂ' Cx (R) =0
Tﬁj Cy = 0.293R

Finally = ZFy =0 yieds A,=021R

(Forces an  mMember BC Gre Sbmmetr{c)



=Fy=0: Ay+Cy =0 ()
ZFy=0: Ay+Cy-T =o @)
ZMa=0: Cd(R)" Cy (R)-PR(I-cos4sY=0  (3)
BC:

> Fy=0: ~Cx+Bx =0 )
ZF\\j':o: ~Cy+B8y+P =0 (5)
TMg=0: Cy(R) + Cy(R)~PR (I-cos45%)=0 (L)
Seve Eqs. ()-(6) 1 (Ay=Cy =By =0

Unlike Trob. 4/68 ;rhis' sz O.T_O’If’} By=-0,707P
problem is not symmetric|Cy = 0.R93P ’



j/'?'_Ol IE/TB)_ZFX-_—O: Ay +By =0 ()
A

ZF\LJ:O.' g5+%\‘j:0 (2)
ZMa=0: M+ Bx(R)+By(R)0 (3

Bx ZFy=0% Cx-B8y70 (9
ZFy=o: Cy-By-P=o (3
¢y P EMc=o: BX(RPJ\cqn&j—BJ(R)
~F’('%:5 = 0o (6)
Salve Eqs. (l)-@) ‘e By ond Ry:
By = 0-634(%‘&'&)) B\j=“0.3eg%*°.3n?

(@) For By =0, M= ﬁ;_ Cew)

(4 For By=g M=-08PR (CW)




L Ry 1 2ZMa=0: ¢, (340)

< S50 _ 4000(550) =O

————— |

D




4/72 | 8D
84° c

A A y
* L 0.5 }!_,‘ 0.3 _
ﬂj m m Y250 N
" ZMq o (BDs;n QGG)(O.S) - 250 (0.8) =0

BD = 462 N
D E
- A Ex
I 0.2 0.

462 1 M F m £y

N "30°

A 2 Mg =0 4G2c:>530°(0.+) + F(o.z) -0
F =800 N




QZM‘{:‘O: IOCZ.S)—B(I): 0
B=25 Ik

E « Force F on brad = 25 Ik
25110 |b




ﬁ
08

h

A
r2ZMy=0:
+P(z’7) - Nsin |7°('1) =0

N = 13.19P




4/15 I Piston Force = (500) (20) = 10/6%0 b

Force \n link AB= 10000/2 = 5004 Ib

Lowey jaw :
5000 1k _ G2M =0 R(17) - Sooo(4)

2\ 2 =o0. R= Il 1%
R )

€y



4[76

AR = 200 N
8O0 mm

—/f— co
|60 mm

i EF

v+ ZMC=O: -—200(80)-1- EF(Ic,o) =0
£F= |00 N T

-:*ZF=O‘- 200-CD+ 00 =0

CD = 300 N
So Fforce SUPT'or“tccl b\‘.‘] "Pl;l Ci1s F=300N



i/ll | - : Y
)

N

V4

“ —
ﬂx—-——é—T i l
F
Qj 0.4 0.4 IT
m m m
T= eo(ﬁ.a\) = 5%9 N
-1 705 .
« = taa = ) = R2.6

-1 (0.5 o
g = T an a4 )= blL3

A TM, =00 Tsinp(o4)+ Tsma (1.2)
-7 (l.z) + F(0.8)= o, F=3]4 N\
(Contact ot bottom roller)
2Fy =0t Ry ~Tecosp -Teosx =0 Ayx=9[| N

ZF3=O‘ P\j'*_rs;np + Tsinx - T+ F=o0
ﬂj = -4/ N
A= aicay = 999 N




1Z
=T d‘féc.t{vel:) transferved o

(ﬂssumes Cable tension
rafiey Via Proper fastener




ISON ¢

(Handle,) Z M =0: 150(||o>— B(30) =0

| B= 550 N

Qaw) XM, =0: 550(80)- P(30)=0
P= 14617 N




4lao| T Solate wember ABC :

1 2.5" ' 2v |20 9=+a.n-‘

(0.?5

~>)= 23,0°

>3 MA= o - 20(4-.5) + @D Cos 8) (O.(,) +(B.Ds;v\€|)(25)
=9, RD= 5%¥.%k
ZTFc=0 t A,— Sty cs® =0, Ay=54.1 b

Thos squee,aim\ orce P= 5S4 b,




Pz=/50A

Handlke @ ZA,=0' 30R -/g0(150) =0, R=700MN

Jaw: ZAMp=0, 20Q-60(7920) =0, R=2700 N
or @=2.THN



ﬂl U'Ppe(‘ handle : (S?r'\nj force Fg acty
att unknown locatfon)

Fs A 5
Ay
4.4" Lcn
When clamp s ﬂ’-\eqsecl B=o0. GZMQ“O
P4 +) Mg, =0, Mgz P4 =(A4)=24
(MFS IS moment exerted l’;‘j ‘g?f"g o'f\\mnd\o le-in,

=Ma=0: B(lLG)—2b4=0
B= 16,50 Ik

With ?'—'0)







4’/84’ 200 N DCF¥ IS Q —D'\'(ee —'fdfCE
laodaj forces intersect ot G.

Pzt ()= 2800

|
—

| - . |G‘ ZF:]-—-O: —~200+ Dsinx=0
S ° D= 425N

ZF‘X"—‘O t -Dcost +C =0 C=375 N
(BC in Compression )




-“.—————-——-——7—‘1 IB
‘ :
Ox . J:o Al oy

Fyx B
\r F
“WZM,mo: - F(I.B)-r /& c:osl5°(2-’?5+l.3)=o
F=542 1

(No-{;e_: Treotment of membey OC a3 @ “Three—

‘orce bod:j Would a'tclcl 6. Constramt relahion—
ship betueen Oy and 0\\))



E—)’F‘;F: k§ = 3600[0.6—0.3:(

080 N

From3=F=0 , T =540 N

msy (D

*;—540N
540 N

(;'Z_MOZO - 54-0([300) - 540(1100)

* Tag (500) =0, Tﬁﬁ‘-‘— 2590 N

> ZF=0: 0y -2590+2(540) = 0

Ox = IS12 N




A4(87

— X

9-—(-:

mm \r
Ry

For P= 3kN :
Y Mg=o: [25F -3(15)=0, F=18 kN
For F=2(18) = 3.6 kN P=3(2)7 ¢ kN
Ry = 3.6 kN
Rj: 6 kN

= 7.00 kN

ZFy=o0: Ry—36=0,
ZF\H =0 " ""Rj + 6 :0)
R= 36% +6°



P=/60 N

IM =0, 30C,- /50(/60) =0 &~ foo N
M=o, (30 tan 307& -/20(/60)=0, C,=//09 N
=V §56%% /709% 1367 N




From ;éynj,s as @ whole
,@: -é—/fﬂﬂ) = oo /b = /5

- /8 /8 -
From £D DL =:=D, 72(4"") =600 /b

From DF, Zif=o;
Ga(24) ~600(44) - 400 (19 +15) = 0
be= 1650 tb  Fension




cB
= =
VT Mp=0: P(leo) + Z-ce(s)- Zc8 (L) =0
CB= R0.6P
>TF=0! Dx- 206P 5 = 0, Dy= I4.55P

Dy
/L<_-D'X = 14.55 P

12

y N >~ Ay

ETS Ay

DT My=0: E(80) - 14.55P(17) =0
E= 2.8P

(Note : Mechanical advantage will increase QS
CB becomes more C\li\jn?& with CD.)



’J’
30°

(@) 23-—-0 Cr= * (Can length -
Bar BD: Cy of BD =AC L.
2. Fy=o0 By +'Dx+E(L'z)=o (1)
TFy=0:-By +Dy+ E(EB: o (2)
2 Mp =0 E(%)'B\j (LE%)— BX (Ll-z)':o
Bar AC (3)
ZFy=0: Ay+Cux t E(a_) =0 “
sz“_“)" plj-&C -E(-;_—o (s)

2 Mg =0: ~E(—L) ) Cj (L 1) +Cy (LS ))

S Fy=0: —By-Cx+P=0 (1)
iFj =0 . B:)-LCS = o}:- (8)
ZMg =0 By (T ‘Cx(q-)'—'o (1)
Solye The alove hine e,quar{'iom v obtam -



Ay~ Cx= e

Ay = 0.23%F Cy =“°P'28W E=o0
B'X = P/?. 'DX“ /2

By = -0.28¢P Dy = -0.2%5°

(L) 6 =30° All equations

rtmq\.v\ The
Same QXC&pf O\ *(3):

- Byx-Cy + Pf% =

= o (7)
B\L‘ - Cj - %_;_ = 4 &)
Resslve
Ay = 0.433P Cy = 0.433F
Ay = -0.75P Cy =-0.I5°
Bx = 0.433°P Dx = ~L.299P
B:J =-|.25¢ Dy = 0.25P

E=—L7132P



of BD $ AC L

)
ZFy=0: ~By + E_L, = o gz)
My =0 _L,( ) Ex(’%”%—)‘ﬁj@r‘i)'ﬁxa‘?w
Bar AC: 3)
2 Fy=0: A, +Cy -Ex =0 )
ZF5=0: ﬂb +C3 Ej =0 (s)
2 Ma =o0i-Ey (-Li -Ex (z_ 7_)+cj Q. 7_)1-(‘4(1.
Par BC: =0 (b)
ZFy=0: —By-Cx +P =0 (7)
ZFy=0: By- Cj = o (8)
>Mgp=0: Bx (%.)— Cy (iq.):o (9)

Solve The above nine E‘.ﬁmq“ﬁov\s 4o oktam



' S /2_ Cp( = ?/2..
.27{ = Cy = -0, 8TM°P
\3 - —
le = P/’Z_ Dx = P)L
By = -0.37P Ey =0, Ey= - 0.37°7
UD) .9 = 30°, /il &quuri'l‘ms yemam The Same

exceet (1) #(3):
—BX—C\(-i-?L—% =0 ('_])

BJ-CJ + Pl =o @)

Resslive :

Ay = 0.4337 Cy = 0433P
<ﬂ3: -Tlz Cy = -Pla

Bx = 0.433°F Dy = — 1L.299P

By = P Ex = 0.8t  Ey= —-P




(A4

4 is | R
8 # 3
1.2 kN 1o
mm

QUPPQK' bar %I SC‘.erJ)
ZF\“\ =0 ! " 2Bsn 45+ L_2=0 | B= 0.8341 kN

(HBD)
Z'Mp‘:O; 1SoD — 0.849 cus45‘"(C]o)—q,g4qsin45ﬂ(;5)zo
D= 0.420 kN

ZFx =0 Ay T0.84) cos45°+ 0.42(51:0j A= 0.1R00kN
"z‘F5: Oi-ﬁ\,l + 0-84("!‘8{“ 45°%= 0) ﬂa-.-_ 0.6 kN
p=J A +Ayer = 0.626 kN




4)94 oS P=120 N

= -1 Cx
/ .
o 1 30
s A A ;300
CJ Mm \

A 2
TR L R w(eouT
:_ l \ | Iston Qvea = TZT .
- — rel \ yol = L662(107%) "

mm

ém Q = (%0 cos |S°-4n)/2§0 ) @: 10.74-%
«= g+15'= 25.7°%

S M =0 120(200)-—(-\C0525.'7°(g°):°) A=333 N

‘Z\'—':j =0 ° Cﬂ-—l20cos I5° — 333 Cos lo.'14'=o) Cy= 443N

' : 443
Piston : p(Area)=Cy  p= f.%z(i0'3)=2m(m3) Mt

ay P: 267 kpﬁ_




51:}3"’“ = A% 0% 2(4)(10) Cos 100°) B = (.40 pn,
SmB  _ sinloe® o
T - ] = R0.2
4 40" ) 7 <°

1 Z_My=0: -80(|Tcos 60°—4—<:o540°)

+ BC (11.40 sin (80-20.2")) =0, BC=4420
44,2 1k

:_'::'fzf_, v+ = Mp=0: - 442 ces55° (‘7)
i5° + C cos 10°(3) = o
C= TLZ2 b




Fanol = & L = 7.3°

Shol = 0./240
cosa=0.97273

-

ra
A), 4 4800 tb 4poo /b
4900

8
ZAgg= 0, 24, - (10-2+12)= 0, A)= 33 940 /b

4 o0

chzo)' FA, + 33?09(!) - ( 70- /+4) O A =273 /4%

A :}//2 732+ J3,940% = 34000 1t

(10) - 0.2923D(2)=0 |, D=/7,/00 /b

ZM =0, 4800
r‘



497 I

-] 60
‘6 = tan =oo
= 16.70°

2 My=0 3000 - 250 cosi5®(150) -
250 sin I5°(l25) +CC05F3(85) + C s{n(g (25) =0
c=510 N
7t 45
c=ph: 510=p(7 L)
p= 032 # or 32| 0600 Pa

( gauge q:ftssurt)




45 | 9 = cog ! 3 = 3930

P=135@3)N O ¢S 35
GB GA
8> 3

fin G

S Fu=o0 @ 135(3.81) - 2GAsIn 1373° =0
GA = GB= 2790 N

ACE : .
o .iﬂg Ay = 2790 cos 13.73° = 2710 N
Ax
—) — H\‘j = 279y sin 131° = 662, N
250 = Ey=
Col | o TFy=o0= Ey=(2 N
-1l e ZM. =0 2'110(25&) - GLZC%)

Ex ‘F ) —Ex(120) = J Ex= 5150 N
E

m or 5.1 kN



Q—lqnd\e) 2 Mg=0¢ IS0 DOO cog 10° - 20sin IO‘]
~ ﬂ[zs Sin Io‘]: 0, A=4108N

(‘l‘awﬂ ZM,=0: 60C - 20(4-\03)=0)C=I368N



-
) |

)

|Fe

S M
Lo

+r 2 M=0: Fgg [C,Qs 5° (70)-—- sin 5° (65)]
=50 [ cosla® (310) +sin 10°(83)] =0
Mg = 250 N

o
Y .

710

M
£ B M=o C’Ff‘am XMB=0)
N |
FE A =F=0: C-250cos5° =0
c T\ C= 249 N
50} FFtB: 250N (Q factor “%" = 4?7)



ﬂ\j =0 because AB Is a three- force bod\tj.

Body OA:

GZMg =0 Ay (72 cos30®) - 50(72+225J <o
Ax = 238 N

Boc{j AB:

T>=XF=0: (C-=23%ceslo’ =o0
C = 235 N

(a Tacter —%‘ = 4.6?)




4/'{02|
BC = 0.5%+0.6%2(0.5)(0.0) cos0’
BC= 0.557 m '

Sm@ _ SN E0° - .
0.6 0.557 ) @ GB‘C'O

“ = 5'-'
A M, =0

8C (0.4)cos (51.1* - 3o°) - 26(9.81)(0.8sin 30%) =
BC= %41 N

AB: A
M Noqn , B8C=84 N

I %= 5L1°

FEM, =0t M- 84l (0.9) cos (ShI°-30%) = 0
M= T06 N'm




4—/{03' Ent('.re_ Yamp -+ mec)\qm'sm :

o 1500 Is
e T GEM=0: O(eaniz-om)
‘_51';\ _ HE = *lSOOCZ?\:Q'
hi 19" = 1447 Ik
D 10,91

Crank BCD:
Cy y  GEM=0:-1447 (lo.97)

¥ rAs(4)=o, AR= 3170 Ik
(Cn‘;f\(le( s N Qompmsio“)




700 _ 250
Sinel°” sine ?

O=5/1'03093 = 8 02°
s O C95/0, fgnB=0.3252
AC = 700(0.9510) + 250 (0.5)= 79/ mm

IM =0, 24.(250)(0.866) - 791A, =O
A= 6.57 kN
AE = AC tan 8= 79/(0-3252) = 257 mm
P
‘ 3?*' 2A1.=0; Ay (257) -24(2501. 966 +257)
———— -0

E Ay 44.2 kN

A=V CET A2 44,7 kel




4/105 | J“:J Ay
- :

(D) =
ZFX:O p D’xi-plm +P+T—= =

'ZF5=01 Dy + Ay + T—r%-_
ZMazo: Dy(h) + T 2 (x)

B®)
ZF,X:()'. _ﬂ')("rB'x—_r%

‘ZFJ :O:—H:) +Bb ——r% =
2 Mg =0t BJCL)-T%'X =
(Bc

TFy=0: —-Byx+tCyx =0
ZFJ*—O'. “B\\}+C3 =0
ZMCZOZ Bo)((]_) = 0O
Solve E1s. 0)‘@) oy T =

I

I

B
c T:;- Cx
0 (n
o} (2;)
) (3
o )
o 5)
o &)
(7)
(8)
{2 PL )
2'1 (x #0)



4{106 Ifand— £ ot =/404°

2

cescl= 0,970/

/ooza B
|-—54"—4-— )
@?32 25.32"] 2oﬁ72:;7:52“
INMI=0) (54+25.32)B-59(100) =0
B= 68.] 16

ZA = 0, 0.970/ P(20) - 68./(/7.32) =0
P = 60.8 /b




T'2 = 30"+ 0% - 2(30)(3:.9@5 I40°
T/ = S6.4 b

[e" GZMg=0: —cD (3 sin 60°)

[ €0+ 56.4(9 sin 40°) =0, CD=l2s5M

« ZFy=0: Ey +125.5 ~ 564 Cos20%0
Ey= =712 \b

ZF:}- -356.4 sin 20° =0, E_\a‘-i 19. 2% 1b
‘\‘EX'*-‘- E_\a = 7S, l 18

Z Mg=o: 125.5 (3 sin 6o°)
-—Pc:as ise (1) =o, P = 33% Ik




4108 § 4004 81y (1073) N

W § 12.kN ﬁ
(For entice SHstem)

3593')06”) ZFy=0: 2P =12

] +[40+2(35)]G 81)(16°3)
= 6.54 kN

||50mm~—->—'

(\Nhee.\ Hssemk\j) ZM;=0: 900R

—-Q.54(2_50)+ 35 (‘1.91}@0‘3)030) = 0
A= L748 kN




Geometry:
c= '—%&?‘_fgo = 42.5 mm 32" = 20 gin 20 = 6.34 mm
G = 13.68 wm b= 190-1368 = [T76.3 mm

CE = So— 13.68 =24 = {2.32...,.,) @:‘tqh-' I;'gg-;z:zgﬁ

Lawer handle
ZME";O‘ 200(."76,3)-— Fc'DS@ (24.):0
Feosg= 1469 N Fsing= 124 N

Upper jaw: (Consdec F o act at C)
M=o [469(24+ 13.68) + 124 (4o Cos 20)
— Q@ cos l0° ({1—2,5 —6.84')'- — Qsm lo°(20 os26°) = o
Q@ = 2150 N or .15 kN



4—/HOI Note that AR 1 o Twe-Fforce member.
8 .6)(9.31) N Fu=0: Dy - 5.89 cosl5°=0
~__ S )(,: S.QQN = J J
3" ) D\a = S‘ (‘lq N
L (’S.%‘ﬂ(o-oao)
D = =03~53 N*m ZMD: 0O B(O-OGSDQO.S 150
x —
Dy - 5.x9(0.000) = ©.383=0
B= II.2S5 N
2V, =0 —11.25 + Dy + 5.%ys IS® =0
Dy= 993N ./ 65 ces|§°
A = Tan” (2257 G,stS“)
‘\R"‘ Fs ;iij

B [ >61N = |4.55°
F'3 )

M =00 (F sina)(0225) - S.09(0450)= 0
Fo = 45.2 N




Hil |

:\O 08
A
A
30‘:' 5
m
20 KN ,
—— | )

T M =0 - 20000 (3.“]5) —2F, Cosx (o.e,g)
T XF sins (R) = o
Fac = 48 800 N or 48¢ kN
Fac = pA = 48 Boo=p ( 0'2&51)
p=689(10°)Pu or .39 MPa




N 0.5
m £ {6 = '{‘;C!r\‘l 2. 5 )
E = b

X —_ [

ok 7 Foe = |1.3)

m

T Bx
3.5
m
Y \__, 20 kN

Vr ZMB Z0: — 20000 (3.5)-{- Fog Cos@ (0-73)
+ Foe s:’np(O.‘%} =0

38 100 N ar g8.1 kN
0.105 %

Foe = A 88100=P(ﬂ' T

I

£= lo.\%(\oé’)?m ov 10,18 MPa



= tan (822 127

It 2 Mg =0: *20000(1)
_t_H:rs‘mE(o.&Q
+ HJ cos¥ (auis) = 0
_RokN HI =49 100 N ¢

/08 N _ R
S = tan’ i."ls)_ 5.8

9 /0.0
e = tan” (& ?)= 10,34°

Q.47

|) +
7.28° e'}/ > F=o:
|
49 100 cos (17.28°+ '0-34°)_GHCO“’(S‘W“*'“'?‘P):O

GH= 45 200 N\ or 452 kN

GH= pR : 45 200 = p (n )

P =G_38(10‘(") Ta or 6.38 MPa




Ta= Py A= 80-10°(1.85:107)

I = 6% N

|

|

, o (1.81)N

120 (3.81) N

T

T2z
T Mg=0 1 110(2.81) (7. 2 cos 30*) +120(1.21) (3.6 cas 30°)
+ 628 (0.160) =T, (0.160) = o, T = 65.6(10%)N

p=T/A = 6S.c (103) [7.851877) = 8360 (W3] Pa

or $= €360 kPa

TF, =0 Ry~ L65.6(10%) +¢23] cas 6020 Ry=33.1 kN
ZFJ =0" R\u]- [AS.L(HF’)+ 628] sin 66 °= 230(18)) =0

Ru = 59.6 KN
R= Ryt +R31‘ -~ 8.2 kN




Sin 24.5°= 0. 447 cos 24.5°= 0.9s00
M1 20,5°= 0.3502 co5 20,5°=0.936 7
.f}\,yo: o, 20000 (0.9100) 48
-20,000(0.4147)(36)
~Foc (0-9367)(29.9) -5, (0. 3502)(£.9))

| B840

» 4A45| 20,000 1b

J’| OC ﬁ?m—lﬁ:k}-oq.

i Sthol = 02425' 60504 0.970l

\ INM,=0; 0.9701P(12) - 18,470 (12V2)=0
P

!Z"/ : P= 26,900 /b
2 - 2R =0; Ay +18470//7 - 2¢,900(0.970/) = O
x A Ax"faoeo /b

ZFy=0; Ay +26‘?OO(0 2925)- 18,470/(2 =0
A A \/13060 +bsao" = 14,600 1h _\_ A é 530 /6




K000 Ik

a.= €sin 30°-0.5 Cos 30°

= 3.57 ft

Ro ] — — —X b= % Cos 30 + 0.5 sin 30°

g’ = 118 Ft

L4'/ = 36 cas 30°4 1Sin0°+0.5 = 32.2 ft
Foeie g o LIs-f o s

l/ _:““‘ 3+ 3.57 ) Sl

e FE = 4/tanx = M.56 Ft

|” SMg=0: 8000 (32.2)— (14.5¢+8) Ry = 0
EV Rux= 410 1b

2-M, =0 3000 (32.2) — Pcos (15.36°+30°) €
-Psin (1834 30%) (0.5) =0, P= 43,100 Ik
ZFEJ =0 43,|oo cog 15,36°—~ €000 — RJ =0

Ri'l = 33]500 18
R = sz’fﬁ\\;" = 35,400 1%




4/‘”' Frame as a whole :

_ -1 5 sin5o0° - R

e_ -tclf\ 7+5C0550° 20.6
- ° /
d=TsmRoC=246 6 . —
= _© 7

e 20.6° = 50° g- z9.4°
M, =0 (5cos 5o°)(1z00) - 2. 46T =0 T=159 Ib
‘EIEC_D)_B= 0+ R-1R00 cos 407~ |569 cos 29.4° =0
R=22% k220143,

-: = \\-.

?I ane o'F ‘Ff‘tlm e:

ZFyr=0:C=D= 1431 ¢

ZMg=0: 1143(15)-4EF =0 o
EF =429 Ib




A[18

1 Cp=2 kN
ABC: X Mgy=o 2()-Ax(3)= o, Ay = 0.667 kN
Zva =0: By=0,667 -2--0) By =2.¢7 kN

EB: Ba=Ez=By= Ex= 2.67 kN

ABC: EMa, =o: 1(6)-Cy(#) =0  Cy= .50 kN

Co: ZMp, =0 Cz=C, = L50 kN

HBC_: ZF2=0: QZ‘Z.GW"I.SO'—‘O) %7‘4-)7 kN
ZFy =0 Ay +1-1.5o=¢ Ay = 0.50 kN

A= JA AL 1A = 4.25 kN




Bm

40 kN B 60kN E

T Mg =0: 40(R9) + 60(5)-15B=0 | B=T3.3kN

Y
40 kN T3.3kN
iz
=Fy=0i-"2 BH +B3-40=0  BH=4L1kN C

zMB =0 HI(E)‘40(5) =0 3 HE= 40 kN T
=
ZF’X =0 40 — 47| = "BC:OJ BC = 6.7 kN C




Lett member :

2 Fy=0: A, +Cx =0 (1)
zFy=o: Ay +Gy =o @
ZMa=0: -M=-Cyx (RY+ Cy(R)=0 @)
Rightl mewmber:

2 F, =0 -Cxt By =0 *)
T Fy=0: ~Cy+By =0 (5)

T Mg=0: ~ M+ Cx(Ry+ Cy(R)=0 (b)
Selution of Eqs. O) "'(6)‘

Cy=8y = & A=-%

y= 8T R, MYTTR

Ax = Byx=Cx =0




M =0, Fo(30) - 10E =0

E,= 2700 /b
! 2R =0} DC=2700 76 C
r - 3 = /
}o: z’/g, o, ,‘.:‘_’y o0 /b
i
/et /0 i
00 /6
. x fo0 /6 )
Jon# £, l == 2h=o EC/7 -Fo0 =0
2700 /6 \45" EC =9coV2Z /b
'.1; fé"
Somt F) FG=£F FC=0 £z /800 /6 T
7
0‘?3 * BG\L }<6 2Ny =0, 1086~ Z‘gffzo =o
45° ' ol S
2700 o 10* B = /500
/b

Joo






ﬂzﬂ Mewmber ABC:

1307 '
/\ i/ BD (‘From 2 Fy=0 and verticl

\.lne.. a‘F Sa'mm E.‘tr‘3>

Iqj (vertical | from oveml frame)

v 2 Mp=0: BD(cl cos 30°)-BD(A"X Cos 30°
4 °
S (% sin 309 = o

_ kd 4 Lo 0.281Ld
BD= S~ tan3e’_ == —=

N

(x cannst ke EQY‘O)



ADG ) ZNT =0, 100 (40 sin 30%)
-7 (32cos 30°) =0
7=72.2 16
8C, IM =0, 72.2 (20 cos30%)-mM=0
M= 1250 /b -/17.




4/!25[ From whale ‘tr‘usg) A=F = 2L

H.

AT N 25
J T __=-3]] SIN%® 5,

A e "INR=s0 |2° «= 30°

-y 7 4| \R= X= 30

=]
2L he A e 25 4 | fan « = %S—
. ; - d - . srm—_—

4 2L- AT S8 [4qno= —I-g-'% x| 0T = 3,3

AT = 30IL C e

30
= Kl 57’ i-"— ""33_ 30

x: —30lcos® +Ag =0 |[Tan s = So-43.3 ° =133 m
AR = 2,2LL T x= |58 o>
From \"m'nt, B) BI = L .T
|3 HI ] _— — =
I:_ _:__«__3 ‘ZF:K=0.(3.0{L CI)Case HI cosx =0
S 6 ZF\O_‘C’: (3.0“_+QI)&E“6- HILsima=~L
=1

3.01L L cT Sq\vg 4y oktan QT = —0458L T
HL = 2.69L C




4—!'26' F\"om whole S‘truc_'ture) AR=F =2
Half of structure :

H QT M =0 20H +I5L - 3o(z)
20 Mt =0 H = 2.25 L

co g
2F=0= CD=27251 T

i J

From dofwb B, BT = LT

Member ATH : From previous soluwkion J
H 2251 ©= 4H.57, «= Tq“"'(;—:;) ~2L57°

ZF =0: 2] -] -CTsin8-0.5Lcosx

J =o, CT=0.833L T

ZF,=0: AR + O.833L Cos® - O.§L Sinx —225)1 =0

AR = |.850L T Problem not solvoble
witheet CH doha.




Dy = 5.15 kN

jeo mm:’( 150 mm
Dy :f
G

AB: _Mg=0" 185 (R00)+ Ey(15sin 20°)
- —Ex(715+75 ces 20%) = 0
But ED is a “we-force memker sSo thet

Ex = Eytan R0° = 0.304 £y
Selve yament eclmt\'on : EJ = 5,75 kN
CG: TMc=0: 250 G — 100(5.75)= o,  G=230kN




41128 B\‘j i'nspet'tioﬂ st \jol'l'ﬁs B, K} and_ C,)
BK=CK = CE =o.

Z_F, =0: CD cos45’— DE cos 22570
=Fy =0! CDsin45°+DE sin R2.5°
—L =0
ChD= L C
DE= O.765L C
Then AB=BC =L C

Jomt E ¢

OTL5L e By mspeciion)

E,_ 225" EK= EF=EJT= 0.765] C

S 22.5°
- S AK= 075k C

B\LJ S\\jmme_'bfl-]) EG = GJ= HJ = o

Foe=GRH=HIT= L C : TJI = 0,765 L C .




H

3 ollrec.'l:lon
LIz D mme{ry
112.5
1 E ‘\
o E
° //
6 5/’

=" [let AB= BK=CK=d
Bc:rdJCE—2.+li)
To=4d4

bt M,q =o: E(d+ Ed)sfn%“ -5 (4 ca_v.4~5°)
(cl-\- 0034-5° 3L<i+ +<~.l) cos45°%°=0

E = 0.943L

30‘“?_,30 .~ %F,=0: CDcas45*-DEcss 2250
z F}j =0: CDsIM4AS %+ DE sin 22.5°

-_—= )

3

DE=0.255L C
CD= 0.333L C




Joint E: F=o0: (.25 \ ca °
0.255L o Q o EK) Nt

zz.s%t___& zF\\jzo = EK= 0,25_51.. I

EK

Se CE = +0.471L C

, . {=

Jont C Z]j(.—_o: BQ%"QBBSL%
LAy 0.3331L

- 0.47IL =0, BC= E ¢

=Y L
ST ZFy=oi -3 ~0333L =

N L'L.E tCK =0, CK=0.133LL T
22.5° |

o
Toint K © +\| XF=0:-BK sh 22.5°
0.13% L

0,255 10.138] cos22.5%0
K
K

B o
7/_ 225 BK= 0333 C

AK, ZFy=o0: 0.138/L-0.255.3m22,5°

+AKSin 22.5“-—0) AK= oles7L T

Joint R {(z - {Z
Llsl L TF=o: fRE = b o
e 0.333L=0J AB= L47lL C

AB B 6. 3330

(‘Rléht-—ha\‘?‘ ynemhersy L\\J Sj'mmetr;j)



— I -F XMAZO‘ AQFcosx = IZO(\SO)

M Fcos« = 450 N
TM, =0 450(0.0115)= M = T.RZN'm
ISC N
: X




41131
chb D

1256

F,T

< 3a -

I ZMg=0: ¢cp(1.25q) - L (3a) =0
CD=2.4L T




4/132| Entire machine - fB00)(4 89N

=M, =0:

E (‘-55)“(30"‘)(‘1.31)(0.5) +@-005in20‘)(l)
400 cas 20°) (0.6) =0 ) EJ = ¢ N
"ZF,X'.'.‘_O v By + 400 cCos 200 =0, Ex= 7 N
Member EC: % o=tan” (B2) = 10.03°

NG | 150

=3 P CX
- & 1 1 - EMC: o
37C 845 0.9 |

C=Cy=+Cy = 2750 N

Bieluu P=3I70 N
=ZFy=o0 a\.elds C'X= 27750 N
EEa =0 a‘elda Cy= 629N,



BE “= R +(1. 58) - 2R
(. SR) cos 22.5° BE=0.69%2R

S{f\ 22.S° S;“ ) o
SmA2S . SUBE =33
O  5.692R R ) & ©

Toint B:
2 Fy=0: 2(0.8L)co533.6° -2 AB cos 67.5°-L =0

AB = 0.434L T
For joint £, note that EF=DE § AE=BE.

ZF-SJ =0: - Z(O.QL) cos 56.)°+ 2DE cog 61.5° =0
DE = Ll C




i, B
19 ‘.j‘:ﬂz{c

1




4135

~ s >

- o\ _ s

« - () s

i EM =00 —Fagcosw (06) ~Fgsina (R4)
t Qooo(l‘},:}) =0

Fag = 59900 Ib PR

p = 3420 Ib)nm."




i{l?:ﬂ Vector express':ons For ’Forceg at A
(trested as tensienﬂ With Fae=Foo= R,

F’BE..F =P, Fgp=Fg =C  are

._sz s ('2" 047.1 +0qk) ac . 552('2"*-043 *0%)

Fag: FI\B (03L +!4k)) F =22k . For jot
1.432 -

R)ZF=0 3\\({5 [ Mgz( 3)+ lssz(l.zh
2F _
+[2.2+ |43 8 (14) I_Ss'z(o.cr)hj =
Selve o jet Fﬂaz-Z.e?\kn) FI-: 0.363 kN
OnB: Fge= |T05 (-09i-0.4j -0.5Kk)
c
Fae = HGS(O‘M-\»O 43- osk)) an” ”bs(om ahwsn)

Fec * ltos(‘c"q‘ +0-44*0.5k>
For joint E 2F=0 wes

—'a%P \8C '2&8\ ( | ‘2(;%])
o5 I 105 ) 1. 432)L+ 1,108 | Ios [432 K
+0]=0. Seveto get  P= [.620 kN,

C=-1215 kN, Fe=P= 1. LZokN




50 ib

R

& =sin"! TlZ%_Q;?_é_ = 41.8°
B~ 90-0 = 43.2° N
-2z 3smp =2.24"; C3=yz*15% = 1.323"
Handle =M,=0: 50(2;.5)—L5.'n 48.2°(3)=0, L=48] Ib
Bar (EMg=0: 481 (2.24) - T (1.323) =0, P=%13 lb
ZFy=0: 813+ 4%]sin48.2° - F,x=o) Fy= 1171 T
Zli‘j”’: Fy — 48] cos 48.2° = o, Fy=3z1 1
Handle | ZF =0 11TI-Ry- 481 5in48.2°+ Bosin3o' =0
Ry= 838 Ik

ZFy =00 Ry -321 +48) eos 482750 s 30° =0
R3=43.3 1N



*4/'38 From the solution to Prob. 4-}2} AC =
260 b C and AB=240 b T  both Constant.

Toint C (BC assumed 1o be n 'i:erls{nn)
‘260 b BC /’X.'

\\\\ TQ 7/ ZFxf =0

\ -
1‘6&/____ BC cos 8 + zeosm(e-c(}m
Ve o . =
C sin (& -«)
/ - _
/ \ BC 260 o e

(w=22.6")
BC 2 e as 8>90° but Truss is partially
constramed at © =90° (L) BC is zero

whea sin (B-o) =0 B =o=226" (Nete

that AC ¢ C are collinesr if B =

Iecwmj B(‘_TO L\j \ns_\aec‘hon .)S\_“ (e_()
(©) Set BC= ~looo = “260 ———

3.85c056 = SO Coss — Sinx Tos O

3.85 + Sin & 0
= 'tﬂune': Cos = ) 6= 777

(No’tc,'. RC 1S never + (000 |k over O£ &% ﬂo‘J

Plot:
* 108 s N |
- 100 \‘;l:\
\\
BC) Ib \\
A
\
\
-1000 : ‘l' C]O

0 9) c.lej



*4)131] {ZF3=O'- BC(%z)-3=0 BCc=6kNC

Toint B :
- FF=0: -AB+63 =0 AB=3E kT

\

ZFy=0: ACcosa -6 (% %)+ C ()30

= : {3 (ER
3 ki {Zh)fo' -AC smn«-@(—g‘)+ CD(:)“O
AC K ! KN
‘ . Simultanesus solution -

R S L S
CD '\E’?Cos«+51r\°k
3 kN - 3
CD="§5"+ 33 cosx + Ism« KN C

2({3cosx +sin )

T;;)n’c Py EFy=o: PtD cd(¥) =0
15 3 cos +Sina
= kN T
)L/ AD= "f(rcoSot -t-SmoL)
The plots below vse () for ‘{:ensném and
@) For Compression.




anfMQ .

asm) =0 > -3E{F (csn«) - 3F cosx =0
A I .
Fan« = G, == 30°
(ac) = =S - B% . Sie kT
T“\.n ﬁ {"_3__1 + J,F_ 2 - . < T
(C.D)m{“ = & kN C@ KR= O
10
(F\B m)l
5 ___._.—5-:-_-‘
Ac
ForuJ 0
I N LBC
-5
-10 E‘Mh‘—_‘h““"““
CD-’?\

10 20 30 40 50 60 70 80 90

“,dej

(Plot uses minus  For Qum-rressxbn.)



*4/l140 P — -
Boom: - - | ] i
(O Dy lci?)looﬂ 232 5 8
|
%1643} 12m I 2

™78 0 Dy - 32cosp
- - 32sin 8 12 _ 1. -1 (3251612
g = tan ( 6.a% -IH'L *32 cose) = tan (32(2056-}18-1;)
Q
@XM, =0: Cl_c:osfi) (32sm @) —(Tsfn R) (32 cose)
- (1%,100) (4 €0s®) = o

13'1l 983 Cos © .
C.os(s $in & —8in @ cos© (m N) (2)

Se

’I:'ulley ot C:
_ 12: E':\“l'rlbr‘:u.m Laie_lcls _
T {Bx = Tcosf - Z sm3d
Ba = —[sin (3 + E Cog 30°

@

Equi I brium ta"\elels

BC= B,x-q-O.S"I'ILB-a (4)
( AC= B%—O.S"ann)

Solve Eqs. 1—4 in that ordec for
0=6=<=I1%0°

g

1 ]
N\

N
8

g

5N
o4
&

N
g 8
|
|
|
/T
|
1
|
|

~_

BC (kN) (ComeESSimﬁ

o]
3]

T

-

© 10 20 30 40 50 &0 70 %O

S} (dej)



x4{m| Geometry considiating, Note that
Unprimed Sefers +H ©=0 Trl“\ea[ +s O Ho0.
Fi%um s veduced by a facter of 4 \(Qrtim[lb.

2\: — T_— -~

«—_ .-/_-.’/;_/'?:’j e N Lii — A \
A A’
ol = ‘i’and‘(‘;t 4" |

= 14.036°

d=17 (l-cos o&) C (‘leed)
dow e (71 (1= cas () > b T eos(e8)-cod
Sin ¥ ° “%_' = W—%E(:os (oc-(-})-cosa«] *

Note thet AR 15 a Two -foce mewmber.
T4+s FRD s 5000 tow ¥

-

B So0o0

¥ _ (No't?_: Seoo b i&)
5000 “tom ¥ ph/2

=
50&3“_} T



oo = \(i8)%+ (325 = 18.3%" DB e
o 50 amen g = o ()= 23

When €40, JECD = (+8
oo Mament arm for force R akeut Q s
CD sin (@1-8)
>M,=0: CD sin (pre) R - S00017 Cos(x-8)
- SOOOW tan ¥ sin (0(—9) =0

_ 121, 233 [ X . o]
- . & - ‘4‘.0 = s 6“’”-&3@
R Sin(72.2346) c,os(e 36) Yan § 1n( "

Q) 3iven b‘j *) = 1314 I} @ 6=45°

350
1300 +—

Rmax

R | 200
(1%)

jloo ¥+ —+ 1~ I

1000 ’ -



x4zl oo =iwe s 5 ABN", BesViwirn
\ e .

3 AC ={EIZCO59+ 3$m.6-—4]zI
Cc + [Igsine -3CesH ‘ﬂ}i

E 4 BAC =
8 (AR +AL - TC* l

cos 2 AE AC

T J ABC =
T ABT+RCE-ACT 1
o LT 2R me
6= ta ~tm"| g SMO- 3Cos 6 49
= 94" é . [§Cos O t3smB -4

§= Sere —o g= 120°- ¥ - 4 ABC

From above FBD of dewr :

M=o -5008 + Fgc (¢ sin (‘g—e+s)) =5
Then frowm FeD of AR:

GEMa =0 M- Fgo (Ilsin yasc) =o

Solve The abae equstiong Qf\ Orc\f?f) with 9
Vored from 0% b 10° o oktam The ’f'ol-low;nj
plots For M and Fp .



900

( Ib-'m.)

80

GJ d.ej

/!
o
"
90



%4143 | Tﬁ*}\%T
N\

Ry O.bm | O.6m

—— - )
_} l 3+ 68
ly Ay S 12Nz N
i

T Mp=0: 3cosb (1.2) — %T(Ov‘*):‘), = —125 Cos @
ZFy=0: A+ %’ (-‘55' ¢cas G8“3 sind =O)ﬂx=3sin6-3§mse
ZF\j =0 P‘H + 3cesa- %’- t_g_ caae)-_-o1 Qj= 3 Ces 6
P> Jﬂf+ 937“ = 3 1- 3shecoso+ %:c:osze'

6 Pl Bl N

el
F, (kN) |4~




350 C 400

ac = -\{(350 - 2"[5(;056)2'1- (300 + 275 sin 6)1‘
s ape = con | P ]
288 BC
300 + 275 si1n 9
350 — 2715 Ces®

ycAe= ¥ ack = [B°-FARC

A = 't&n_l

(0-« + ¥ cAB-8)=

[G0°~ (o +©- ‘}CHB)]

FRB

[_@o“—-o«) +2g,cm3]



7 =My =0t Fagcos[90°~ (x+6 - 32AB)|GA

—mg 0G cos® = O
= _ mg 0& cos©
AB DA S (c»( +6 - 4CAB)
Fag /= 90-« + ¥ CAB
’ (R0-8) +(€)+ (A0~ + 4 chB)= 90’
B DS e= A+$-3CAB-90°
= o&+(l%0°—o<“a}&c5)

§ -~ 4CAB - 90°
ﬁ"f\;f:" = 90°—~ ¥ ACB
% A, S+¥= 905
- LP:_ ﬁoa—%—x\

[ 150smS— 100

$ = tan 400 - |S0Cos &
K2 M =0 — Fap cose (CB)+ Fpg cos ¥ (cv)=0
.F — FAB coS e CC_B)
DE CD cosY

To find Omax, Set the akove expression
€or AC o AT = (600 mm and selve

-for O oy = 65.9°. Numeﬂ‘ca.llj evaluate

the obove expressions Tor 00 % Omy o

obtamm The ‘Fo\\owinj 'Plot:




4000

LD

—\‘_\‘_\—\.\_‘_\_

"“—-—-..._‘h_'

0 B) dEj

(Fog)max = 3580 N @ © =0
(Foe)min = O @ Sy = 65.9° (links AB
and BC ave collinear and sevve as
(om unstable !) prop Tor the door)

70



EL_I From Table D/3 . the horizental
Coordinate ot The centrod (g

L+ @"\)g (1) - 5.67
The vertical coordinate is
[+ =L = 3.67

3



K

=0

E

—
—

It

=z S A

3 A

110.3 mm

- =
3

5/2 | From Srun?it Problem 5/3)

200 sin f’mg/i\

e









5]

h/g |

T\ Ly T (0
f-t

|
|
\ (4 \ljc, = > Y N
l % 60‘\’\\11'@0_‘_‘“_% (r) Ly
h i
= _Z Y

2 (33
— _fB(_dg 32('3.\ (k3 6.3 : 2<h3-a_3
R T TG

Q:Or G = 0) S = %:"L\ ) The correct Vqlu?_.)






el NN
S| A=J
chﬂ [

I-—X—Hl-i-—dx J’chm _ _H:CD ) -I-G\‘X] A

b-a A3 b a
- a-*x)fw.] (Jw)

jgcdﬁ = (4 yax = zjg ax
ZSLG’—i X,{z( )qx-ra:\d'x
- 2B T2l
- 2 o® +ab+b]

_ SXedn h %+%) _ h(atzp)

Pk

Y dx

d =
s = (e

E[ ) v d

% x©
2

x A T8 (a+b) 3 (a+b)
__ JycdA _ " (a.z-e-a.bw-bz): (c+4Gbtlk’)
A (G 30Y)




A= jxdﬂ { 45(5-5) 4y

_ J—‘ (____[5 ']?yz,) = ‘41-_
Jmcdﬂ f 2':(&3 f“‘(5 j)fij
2.( 4y~ 2*)\ = h45_-
B ns/4
= %S’X.qu = ‘4_/r/3 = L7917

Jyedn = 5“3*% [y 5G9 Yy
1645

- r( \5)(3:)*“’)(5'3) (L} EE
_ \ATs/
g - \4(‘5’/;5 = 222




Sﬂc‘iﬂ = J‘
B'Kd = :
. y = [y gty = %
jcdﬂ/ﬂ, =1 2&1//4 4
[« = 3
<] 4 %




5/’°| //x':ka': b= kalJ K=‘:ji

= b z
3: X Kg-l’ <e %:Eﬁ’-fj
: A = jdﬁ—jﬂdx
| C Q a /?.
| jaTAX o,
L X **’K ";ﬂ%—a_b
——*>‘||‘a§ 2
—<«-l:>-——--——>——

s
N ,x)z(k, )
o

{ Kk dA = h—-rx Ay =T s |, =Eek

- 1 [ a* 1oat x* R
‘Zg_gﬁ(d‘xzzh%‘o*g}_ﬁk
[a}
__ %A Fab =34
~ A - %-*alo S)
— _ Jyd® _ Ze'h 3
3 A %&L £



f/”_l d/]:_ya/x, A=f%a’x :/r/nx]ifr/nz

Y, /
ky=k  _ 2 2
1 N A" = Y o A"z
i y /yCa’A If.z_ydx =7 [ a9
| __ 4t _,]2 A_z/
' y s kNl KMl k
ci)“"_'/ ———X £ R 2 ] *
2 2
~_ k9 _ K
x—»—] a'x J = = z O.
— F—z I e A 361 k
ZA= [xdA= [ryd - [hdx = k(2-1)=h
/ )

x =t = L - 1493

kin2 /M2




Vi

—— e e ;—Z/'z Y%
=75 [2dE = 2L
TR i
. 2 A
I b |

[

(Dlsk - shaped element viewed, edy.——on.}

2
3712 l x=LE, dV= mxldz = 75 224z




4 b (=]
‘y: y‘l fA_fQﬁch :f_g_zdy
n x=all-=) » S
y e, L4y Flat(1-+ =)
g ‘T; 10 2ya ys . ,
* S [y“EZz 3-34}’75
—_ 4a* /15 _ 2,
x’: - 5
5 2ab/3 L ,
: y? -.V‘,‘ _lab
JA=[ydA = [a(y- )4 :4& - ]0_4
R,
s = _ab/3 &



514 { dm=fdx  (£= mass ger U}‘I‘Lt lenj‘th)

'—~——x~>-I'LI-<——‘JiJ m= fdm =zjr:"d»¢=for°(l-%_)aﬁ<
< =5 O R 3t
jlxdm = f’kf’o (!-—:%)clqc = ]Oo[_)g_ {E}:: ak

3
[xdm _  Tof3 _ 4t

x= [am — 3f /4 T




5/.;5]

.

ko>

J—i—AP—J*

L. —

For constant cle,nsi'tj) 7LV =jxd\r
D'lame‘cer cl = D (H

So = —4-,— dy = (H 1_) dx
, _ 1D ~ 2 XS L
j (I —,_ cl‘)( = + :L
= DL
iz . L
mMor x\* WD 2x°
fusv = B[00 Fan = PRI L]
11 _
= — b
4_8’11'1)
_ 17 2
DR A

jz_’"l’D L









Lua=b(It %)) A =J Y2-y, )dx
a o . AL
= j [b(1+ ?)- b (7;)"]41
—-x=k5,?‘ . L.y .12
ARG R )
X |= % ab
5-8(1 dA = 5\+51>(31“H1>47C- zj (ljz—j
=& [ [b*(1+%)*- = 5 Jdx
- 3 z Z
= Z[Ez('\{,i-'%:-\"r;qzr b X o _l_lquz

fycdh lak*flz

5= A B SCLL/L - 1o




f”‘c df = J(K R )y
‘l(xz_xt dy

I

I




jgcdﬂ = fj(r‘s:'n (—3) r drd6

~ 3'"/4—{& 3N/4
= sin6 r d = "o &= a
5 3 n® r drdd ﬁ( sind zza dé
B an /s
_ o g _ 1

24 (cosé)l,r% B zf_:- 0“3
g - Jycdh _ %,'{4?: o’ 4=z

A 3 = - qp *




fygod - 82 Y g =3f (32 u Y

-J—j[ (\~-) ——"’x+ba)2]elfx
B “LS [b (2= “Acex +§:”‘"ng°"‘

) l}‘z(’x 3: )&L‘? ET A )‘]

=
1 2z
= 5z ab
= = SadA ‘:'rbcxz' 0
|q ( _‘) ﬂJ ‘
O = -S.Ekdp( ?_.q. G\‘oL _1b




522 o .
Y1 x4 A= fydn=[ bsin =a i
| x S )
=1 _ _ Rab wx (Y Rab
I Ny o % 2a o M
I lj: bsm'i‘;
y |b
|
, - — — &
/
/
J"(cdﬂ = j"xgdx = J b X sim 2(1 dx
° o S S e
= 5(2 ES”‘ Za T Za €08 zg
= La*h /1-(
= jﬁ(cdﬂ - “ath /“’L _ R
A 2(1\::/!" g\
Jﬂcdp‘ = fo‘ﬂ ydn = b——fsfnlﬁ dx
o
_oob P o]t = ab®
) 4 Aa T4 a1, "":":"
—5-*_—_ .S-SP_C‘R ___ sz/4- _ ’h"b

A 205/1‘(’ B 3




jmcdﬁ = SZ
;x63§-—%§)dx

(ZE.—, slz. xS
(g.in - y<a.+3f')'1= .
)(gema) dx= { x(
02—‘11'5)

J (2x - nc,)clx- ?-LX - ]
*r(u,\

T =
fresnja = 4
3 = 25

= fycan /g = o/
5_‘5':L
1




" (@LL[)) =(a,b)

A =5:Q1a—5.) dx
= fk(b«]— x &) dx

_ 213/2.___7\]

X a
23& ) (=N

ab !IS 2
5 G

(o= f (“"”")@z ot ?;;ar-)dx
B

fycdh ak./r?-
a - o.b;b -




5/k5 2 .
_E__‘ m1+(j-l) =G

Yyi__ >
:ﬁk dx = CL--\I at-x*
o | E"’" (use nnus sijn)
|
-— X

A= _Sfjd* = fmtm—-laz-xt]dx

QL
| 2 . -l X L S
= l:cvx - _i(x &-x" + a’sin m):L' (" +)

jrxc dA = Jq/xﬂdm = jmth - n A aE :] dx

= tg%—: + "3‘ (cf‘-"xl)a/z'J: = QS/G

3
_YK-C_ df — a4 /b — _3.‘}_'__ = Q '-”7
- o= = Z7 A\ — . 8 a.
% A CO-X)  3(4-m)
R lo-31Y

From Sjmme_tr‘j) j=a-X = a- 3(4--’;‘!’) = 3@.—11')3L
or g = 0.223a




56| vz = [zdV
dV = Rdz = %(az*rijdz_
= % (z—.-a)z dz
V= %jm(g—agida - "%
0

* 4
J’Zdv = fz%(z-a)zdz = %
e]

4
= = M-QA

wroile




57 Ej_g( " Nete : Shaded element

' ‘\‘)-”-(—z g s a circular slice

Xty =

Viewed edaﬁ -on.

— ﬁ‘-x

d\ = ’l‘rgzolx = T (R* ff)dx

V= fd'\f I ’H'(R x)dx‘ v [R%- 3]:;
2

=¢1[R3-R3 L-2)]- Zwr
- < 2_ R?'Jx-" 4R
(%edV = {/zmr(ﬂ K)du= [ RE ...,j%

4
B
_ 4V 4
"‘ZI}(:[V ) Z;“;S - S5 R

24T



5/-?-8 Choose elemental '

Cal‘mdrfc.al, shelll of roadius A,
7 = IE:\
fav PN
From Dample Prklem 5\ or R oy

Table 1313, Ne = z,n'i‘ ;-'—*"'x <
| !N =

d\f" (Q z)dz = “_(262 'K)d'.( x> | at+%
2a |
e dv = 2“ X (Ra-x)dx La LVT= 1 _y

a a

L (Zarxz-ff)&x = J,“zc:rﬁelr
Jav= (20 Gadx = ¥ e ax
o a

— rﬁlﬁs/s_
_ a1z _ Mo _ _
Se X = 'W_CC:V/S_— = Z =Y bb S\Bmmetrj

a

TR




529

3

yz
74
' dm

h
m = fdm= {t.fb (I )dj- £ foly-2 3h.,_

b

dm= fdV = PdAt = tf (b-x)dy

= [to G P (o= dy
hoC o0 (5 +\)(b-1<3)°‘
dy = Tef'b (I- h"-)dj

h

= Z ft,bh (o
fgcdm = jt Pb (I- h") dy= tof’b[z %1
= 4_f)‘t°bh
T = ‘Sjcdm — ZE:.‘O'tb Bhl _ _Bl_h
Y - = = 3

= Pto bh



357/30 ,’\“‘*T‘* PV EY Sk wh:my:;?fz
Z

<
¥ \ = 7 zza’,_z
‘ii h Lo 2
= l, V= 77}%z 2z = TTrh
!___r. N * 4 *
fde‘I/h rha s o 15
3 zﬁ;zzafz-gzﬁrﬁ

VA
= _ /5 2
RVEX IS 64”"2/’4‘5”’%:%5”

Oy
h=Hh-Z 6_6;,




T %
=%[ +Va ) a,Jclz
’__;r_:[: -2 +2¢\]a F3 :Idz
V= j{"f -2" + 2aJa -2 ]dz
o
4._

o
2 a
2 -1z
[{L 2 - %— + Za (!EX-?;VCL_L—E + & Sin —Q]
]

T F
J-z:clV {“f[az 2>+ Razyal- ] dz
° 'L
:%['z “‘2‘:?““ V-2 ]
to o




5/32 | z G=hké" g0 k=afp? § z=Zx%
b’.

' _mxt,. _ mb®

; av's= —z—azfza-.- .1 ZdZ

' - 77"‘5/ - T 2
- --———z‘z 2oz = 4—&6

o 2 Q
/gza’l/:/za’l/hé’% z‘de=-£—’a262

o
| e St < Fa s




{00

Jaa
L [ 5oyt by = Sy (e B
8] o

1479 mm

o \ z 2|'®
{yedl = “s'FLl ;w!Su"r:sz h=53 (s)” |

= 480 mm>

IBCJL B 3480
L - 14179

574 mm




5(34

_ —— =F
“I_B'CL/Z l___r_ﬁ_ldl_e__
r
E} 2 — 4_3-“/2 N
"\!‘: fd‘\r-: jzﬁrzdr = _ﬁ—_ r dr
[} 3 o
= =0 r 33= e
= (Be/3) i o, e
[2edV - [ Zm @ T3 e et

[¢]

G ﬂu"’/‘i—

'E::

(2 dV _ 3ma’/ed

3a

.




:‘:%/_35J a i

LTSIE.

——_ Ve - — -+ - —_— = =

tryrzac

S’T(a -r*)d= = 'TIJ[CL (a- z)‘z‘]olz

= "Ij (Zcxz. z)iz = ’Yicxz -%g“]o =‘23‘,“1T°L3

jz 4V = J’n’(zu.z z)dz '7[20’2 = .
= ""'Z*’TCL
S-zccl\r B %’i\’a+ - Sa

=

—_—— 3
N Z a



5/36 l r‘::.‘rz-aJ /€=A’ba, S0 r:f—zs

r

T V=1rr%dE = 77—5—2 qz

Y
R=200 V= 2802 =2 R %
mm ‘/ 7

1 Jm frav-7E /,-m

77'/6
ra

6°

5.2 - IR r ey

= 76/? = 7{@00) 263 mm




»5/37[31 iyt = e ws oty

@X SAPRGIE aiti
=X A= J-clq 5-2 —31 clj

a

OO A )[ﬁmms‘ 4
‘CL(Z -sin 'E' l‘hja hl

Jﬂdﬂ J-ﬂz\{_?d\‘j = 2( 3)(':‘

= = (a-
\\j _ J‘Hdﬂ % Qz_h1)3/2_
Idﬂ of' = -an-l'g_‘)"\'\'( 1"‘\1
Specisl Cases - 3 4o
h=0 : E = ET‘L—W-_ = 3w (‘the Correct result)
h:. %_' - _ %"’& &) )\3/?-
3 0'7. - Sin~ L\.) S_‘ja (c_:F)‘ - O- 5632‘1

- 3‘-(‘11 QY‘)‘BI?— = 0.705q

= L‘Z =
h= =" TCERREN N SO




fx' From Sample Problem S/, for
/ shell =y = - 2
elementa : xc Y r‘//z - 7?1

=g "Zd") Z (ay-y/a¥y?)ay
(ﬂy -sVaty®)ay

I !E :Z[ay+|W] :%T‘éa‘g:—,%a"j
__r__:?f \[erl/“;r/ﬂ(a‘y“y /T_—z)év

i - [Q_V .y (a.. _YJB Q(y})& -y +a.5my]
| a? 2 / ¢
| [3+0—5(0+a-'?)]= b%}

dy -l—y | § fngV/V a (}"/75)/

y (2 -a) ;_mlfzdl/ /"dl/fa V“_Z ”{ay yﬁ?—}_)a’y
Zza- f—'y _pat a
(wote sigrn) | 4% ) EF /{d‘//‘/‘ 2




"5/3‘i| Jet = mass per unit - = <

avea of shell g \\
—ko= w6
dm = f’zrde = f)hr 6 db
m= Fh’f 048 = FThry
dem = f rsin® oy I’hr 6d8

N T’"‘“ je Sin8 d6

= f"zh (S.ne E;Cc.se) fr*h
- _ Preh 2r

Pranjz T

Se

my = dem = [¢ reose) T o de
h
= fhr J B CcosBd6 = - fhe” (C.osei-SSmGYT . r
G = thrm - 4-r
" J Phrt/2 art P
Mz fz&m - [4&elrreqe = hr J 6 do

- f‘hr (e) = T Phoew

= - fh"‘r‘h'fé _
Se == oo T 3h

(:;’:_



VSH.QI ZA =

£

2nr adé = z2ra*(/-cos8)dé
/2
= [ (asine)(2ra’)(i-cose) a8
s 72
= 2/?0.3./(&}: @ - S5iné cosO)AE
Q
cora’(r-%)=ma’

=2

; 7/2
| /a’ﬂ s 2/‘?'&7(/— cos 8)d8 = Zﬂazfz’?—/}
o

3

JraA @ g
A znai(Z-) 7-z

Z=




» S/4|\From Sample Problerr J% c‘em‘mm’o/ Coorc/inate
' Jor e/emem‘a/ /’//?ﬁ /% =2r/mr

av=mrlzg)dr = 21”- Q?-(r-r)? 4r

R+a
ﬁéd‘/:“"/rz}/a’-z’f—e)z or
R-a
=@ +© + 9
(r-R)*+ 2% g% where w=r-k &

4
f"a’f, 4/u Ya @la = &
4 @ 4/24944}" a*uldu =

. @=+4 ﬁszz-u du =272%R"
a -2
Jav= Z"’/fw‘ﬂ)mz-“za’“ =0+ 2R -’—zrfzz ra*r

q
Jedv, By ende’ g% 4e?
4 &7k 4 2R

It

/7




>shz] dV = dr (rcLQS)(rsfn @ cle)
= Tzsfngﬁ df d6 dr

T—

R 1
© V=[dv= J-ffr'zsm¢o\¢d6dr
l\( Rzoo
! ~= K = L gRS
' 12,
(Check \' in

~

Nz V= ﬁé’iTR?"_ %w(-ﬁ:ilﬁRs)
=2 =2
j’){c,dv j(Y‘Sm(}SSH\ G)(r <n 9Sd¢ 490 df)

__RIJJf sin > g Sih @ df dodr = a:.'nR
20 o

5
fxcdV gxar® 45 2
Cz

'/)_(:
N %’_‘WRS

@om?qre 4+ X = *g’ R —for no holt.)

Note A hﬁm‘\S?\'lertc.mL shel| of radius
r and Thickness dr would be @ better

element .



wn o o A
=2 -—_
A, , K= 190mm, y,= S00mn
A= 4 (16%) mn®) T,= 300 +5(309 = Aoomn
U, = 400 mm

= _ZAx _ '900’3('50\”(!0*)(409) -

X7 3A 8(10*) 1 (%) T T 2
T =T L )G AN 5

>ha 18(10*)+ 9 (10%)



5/44 l N

(Dim. 1n mm)

I 32 i 3Z. |74) R
- = 1 4( 2.
= _ =AYy _ TM 377 ]— 64{32) (_"E)
Y - =A M W
2 - 6A(32)

= 3.2 mm



a ®

\,\t \} )‘/’é
457\ ﬁ4—5

T Qnguqu “hole @ :

Cir(:u\qr sector (‘Fun)(l)

A = l}.a
3; SIn4S°
8] R ’H"/4_
- 4{—2
3w

Az = zhﬁzh)/\r ‘:_)‘L g - zh




5/46
g Y Ful\ ‘frl'anjlc @ :

ho |
11_3 — - L 2Zh
MEER A= h&ﬁ Y(h)
® =73 Yy ==
1 {z , Y == n
h Circular sectr R
‘L \@ :/ @ \ z
_ e/ fem e
— % _____-2&5;1'130_2
. Y= 3w "%
5. =h3 _ 4 (B)-tn(Fe)
Py hr a7
= e
43230 reduces o the

o (3 ra® Corcect Y = %\1
+tor o =0




skr] Y
=200 200 I50
\ |
125 |
o (R
125 a0 [
@ L@\
A X g Rx Ag
Comp. mm mm r\:j\m mm 3 mm 3
Rect, | [ 100 (10%) Rao 125 | 20(16°) | (2.50(10%)
Triangle 2] 1895 (185 450 [ 22%/3 [ §.44.(10%)] 1.563 (10)]
Cirde. 3 FIL31(103)] 260 | 125 =226 (189414 (10
Totaly | 107.4(10%) 26.2 (104) 12.65 (16°)
= > A%  _ 262 (104)  _
- - A 24
~ _ =Ag  _ 12,65 (10%)  _
Y <A = 107, 4 (10%) H7.T vom



>3 Ak

Y = = (4 + 2(65)+40) =105 mm
X

N

i@)

z
210 (240)( 22 - LEEN i%s—) + j‘;-l_os (240+ 5%

[
(21) (za) - MEE® wr1os®

= 176.7 mm




Components :

5 (@ 175x 210 rectangle

]i @ Semiawrde

(00 @ Tolo ﬂianjle_s

1 TN

A (mm*)
' ~ J
O 11519 "= 3 215 625
@ _’lT_Sﬁ — 484 qoo
@-2+% (15)(75) (foo+33‘-75) — 343 1750
> A= (3400 Z Ay = | 886 000
T = =28 | 02,5 mm

z A



5/50| sz A h Ah
.__ig_ Parl| mm mm?@ men ng
Jo, | rox40 | &00 = /2000
@ @ | r0x40 | &oo G0 32900
th % ® | r0xr20 | 2490 70 |/680900
T I,Ji @ | 10x 60| /600 5 go00
— |
@ sk 5600 220 000
— Ak
_ 2 220000 _ 363







sis2|p - ZZL Y- 3L '
z L ) z L '

L, = Mr = ]80T mm : (D

- 3 X

N = S o= 3§ mm . AN/
(From Sample Prob. 5/!) 1@ 300 mm '_150 mm

Yy = °

L, = 300 mm Xz=—I50 mm = Yy =-150 mm
00

So -—_X-_- _ T(I50ﬂ)+300(—159)

1507 + 300

300
- % (0) +300(-i50) _
504 4+ 300 = - 583 mm

=0

=




ﬂJ = mz 2(0) + 1.5(30) + 1(130) _

= 70 mm

zm 2+ L5 +|




5/54

6. ZHJ
4—0
o
oa" ||l o 3
:L 2 —{ I %"i
}(—— 1248 —>-1—1§
Come. ﬂ(‘.“?\ _g_(m) C\n )
O (12.48)0.40) 2 12.23
® (j0.91) (0.87) | 14+ eR 1l ¢5.)

©) (6,24) ('|,4o) 1.+ﬂo.‘n+—(£ [13.77

ZA= 351 >Ay=111.0
— = A
Y - _z?L = 5.35mn.






vy o mx my
mrr | kg-mm Aj-mm
-95, 52036 |-648

-63.7| 763 | - &/

2799'-729
-729
= —6-;—0—6- = - .5 rmm




®
x. mm n lO(" \r\rvm's?’l
Comp. R y Z Ay Az
0) 400(:15)% o ﬁ-ﬁ-_o— 6.3 o) (4
® 400 (zs0) © 22 o0 s =z
— 5 200
@ %(100)(200 o ([?jzo) = 0 —2.17 —0.667
160.000 3 6.13 16.33 33.3
. = Ax
3 - é;li ~ (46 mm
2 = zAz - 208 mMmm

=A



S i A
for = 18%° (w) kj/""‘“
(Note siZ must not e

betueen 350 and 450 mm oY

else The ele waud e beneath
255 mm e ware .) |

m, = (400 (6) (2e90)(171) = =.58 Ky

v (400) _
ml = —'""g (O, 5>(| 0 3) = 0.314 kj
",)Z = — 400 sin % 400 _
~ % - _\’—?': ] - ']7.3 mm
My = =1 (59)%(c) (26t0)(1077) == O- 1268 k3

7’—‘5 = %'S‘E
_E-.i= = m¥X

=0 = Zmx=0

m
Sa 2.58(0) + 0.314 (—'1’!.3) — 0.1268 (zooE -sE)=o

Selve o obtan S = +335 mm (335(2 = 474mm
From pomk H'J Sy hale Clears slender uhvee LJ 24 vm '.):




m =

r&z 2.

f’q"ylz

fa* (&)
Lfa"
= = Z"\Y - %qu— - 3a
= Zm F1L3*’ % 6+
“—i - Z. MY _ —fa® = - 2o
zm Fa (34+1/2) ©+1Y
Z = ZmZ _ I pa® Ma

2m Pa(av™) G




5/6 |

Ol /= semicircwtar rod
2= Ffweo strasght rod's

3= Semicorcular plarke

Part | L,FF | A, ffzt W, b %, |&imn |WX w'z
; |s047| - |o387| 6 2,546 | 2.325 | 0.987
2 / - 0.370 3 (o) 1,110 o
3 | = lo1745| 7396 | o 698 | o 2,370
S's s 2.153 3.435 3357
K= ‘;f_f; < 15951k, F- 5;‘;‘: 2 = 557,




5/ol |

Totas | 33.1 | 569




Comep. I z= L.z

® z(ur) - 2e(-2)
@ z0 r Z24r
Zl=2 (ﬂTr+_Q) EL%"-‘ Zr[r (’IT‘Z)‘I' E]
= _ =Lz Relr(2)+d]  ar
Set A= 5 - 2 (werl) T 4

ond solve for L as

= (8-m)r




X A3 | AZ
® 2 32 | o
® 5 3 o)
© 2 A3 |-13
S ’wf 2 | 4 —(3+‘§% 12.57| 25, |-24.2
B |- 2 | 4 | -3 | -6.28|-125| d42
> A= 37) .= 92.3 006 -328
5 = %;2:’“ = %,-3-— = 2 A% in,

Z - ZAz _  -328

Zﬂ - 37.1 = ‘—0‘882 n,




N, = % 3oy (35) = 4 5060 mm>

4(3
! *fi.='—3%g—= = 12.73 mm
o ——X E‘ = .5 mm
e
Lenqth = 35 mm -
! V= - Z(ze)*(28) = - 15 110 mm’
2
@- 7,e — T2 = —g49 mm
Z,= = (10+35) = 22.5 mm
LEngth= 25 mm
X = =\Vx _ Aq9500(-1273)~ 15 To (-8.49)
2N 49 500 =15 710
= = 1471 ram
— SNZ _ 41500 (17.5) - 15170 (22.5)
2=

49500~ 15 710

= I5. 17 mm




.5'/65‘| A Vol. V

¥ av 3
Interval | Fr% 3 ft A3
0-2 /.0 2.0 15 3.0
2-4 3.3 6.6 J.2 27/
4-6 6.5 13.0 5./ 66.3
6-¢ 10.0 20.0 Z0o 140.0
&-10 /2,6 25,2 g0 226.8
10-12 /4.7 28.2 /1.0 Jro.2
12 -14 /4.4 28.8 /3.0 374.4
/4-/6 /3.7 27.4 /5.0 4//.0
/6-18 /2.0 24.0 /7.0 408.0
/18-20 g0 /180 | /%90 342.0
20-221 5,2 /0.4 210 2/8.4
22-24| /& Jo 22.5 67.5
B 206.6 2588. 7
= 2K 25887, 55 4

Zv 206.6




===

-

' Rfz <R/z

Conical Volume () :
V= 5w GO E) =k’
%= F(E) =2«

Spherical cap @

\(2: %_r“ R?-’} from solution
X, = 55 R ) to Trob. 5/27
+rR° R ) == 7R (55

2=
5

TR+ 2z MR3

_ . 3
= e R (Hairly close o = })



o B
' Q
N q_lz_ - 10 B
|k @ |h
+ - - a a/z
A= O,Z} g, q/i a E\f‘:hﬁ ehlz, T, = h;/,%
¥ = =y = z) - =20U=z) _ o S/
Y Zﬂ ( GJLL_ q__: = - 2. a.— }1/2_
o 1 (@-"R)(Ch)- (a*-"F) (%)
ThC = (c- h/z_)'L
ﬁ —ah + = _—
= —"f_ (a- 1)L 2. = 0 for wmax Y.

So F(h=4ah+2:) =0  h=a(2t3)
The plus sign is rejected because h must
L‘)Q, less 'n\cm Q.

Hence h= (1(2“ ri) = 0.586a

(Note Thet Y =0.58a for h= 0.5864)



5/68 ' Cube. : V, = 3502 = 42 %715 000 mm >
Z,

= |15 mm
Hole {\Tz = - 1 (100" h
— h
2, Z X
2 —
= _ 2Nz _ 423875 000 (115) *1"(100) h =2
Z =V 42 ¥15 000 — (loe)*h

. = d4Z _
For The mMaximum 'Z.) Set T_O’

2 ]t
(42 815000 - T 100~ h)(—’n’ 100 h)—@z 875000 (.15)-1\'|oa l‘{)
x (-7 lm")
(d?nnmfm’ror )
Set numerotor equol 4o Zery to obtam

=0

h= 1879 mm




> 5, /69 Q = sem/i circular shell

‘\ @«.-;or: end's AI: IT(6)r6) = F0/1.6 ik
\ 3) = poc .
;Io(‘ @ ’42: 2(77-6%72)=113./ /i
1 ’43: 576 ) =128 /i7*
6 AT JA4 = 5427 /m*
}7";: 2_(5).-. 382 e

T
0= .4_(_6) = 2.55/'/7.
37

‘o(\ x X,= 3825mol | Ry 255 5/m
%=—Gcaso< - 4dsinx

X= , 0= 30/.6(3.825/n )+ 113./(2.555/5 X)
+ /28(- o5 — 4 Simax )= O

?.35.0 J/;'?C( - ?é&( sl - 768:
osel, Fonod e 0828

A= 39.6°



Z 3
*/’%}: r D1C058=d2(l"3’i)
_ 2 .

Y =o= 'i%):- rsind

- X 2 2
‘Tr—i—r— ﬂq__—d rsin 30°

D*sind = d*(1+ '%)

- S 3/2. B .

Divide Cose © - G, 6= 849
z

pz = S¥R2 D= 12274

Sin 84.49°



L ss 2 (mm)
________ ) e

A = Rark = R (35+“'§'X!2+|2+8+8)
10 300 mm =

i\

V= =rrA = 2 (350 F)(128)
= 24 700 mm"




From Takle D3

J
_ asin X = o

= 4 =
N = 7
K g

212
=

o

2770
A= zwik= zn (v o) )
= 24—2—'ﬁ’a2




V=2rzh=2r(35a
= z2az a>

=



5‘/74[ V= OFA =77 (8 + F/2) 5(12)02) = 3,20 mm >




ot

15

N

N
\

/

I 40 20 60 =20
e ~
|

|

|

|

|

|

|

|

|

|

|

A=28TFL= 2 [40 +20t %Cl'] [2(&%»; 2(40) +4'20EJ

ra
= (17 100 mm




——-]5776 ) V= r 8A4

2 3
= (2. & mrna _ 7a

Y
NP
-T_

% Ng
-
-

#__...______.]__.
)
8



[
e _—
| %
|
|
|
l'“lz
V=2wTA = 21|15 4(?)][ _)‘ |
- 6.56 in.>
T nner area
AL = 27 r L= 21 DS )][247(:;\}
= 5. 014 m.*
Outer area R = 2(%—)(2“'“3)
= l4-.‘4—l.ﬂ.2'

Se A= R+ A, = 293 0. %




3/ | :
V = Z2NTA
= z2m (80 +24.9) (120)
= (492 (10°) mm°
Surface area A= RWrL
= 21 (80 +84.9) (4 x 120) 120 cos45°= 84.9
= 497(103) mmz (Dim. in rnm)




Z?r_ (from Sample Problem S/I)

RYGEY
-= X

“Loteral surface orea s

A= 2wk 2ar e (-77) (2)= WPG-F)
“Bottom " (left end) Surfoce area ig

A, = mr’
Total body surface area 1S

&= gLi—p('B': ﬂrz[’l\r‘"ll




5/80 | A =2nFL + 77dh

= 277/8.2)34 +77(8)18) = 2204 £+°
No. of ga/ Sfeor 2 coals = %xz:M



centrord 6){ Jj”‘”’”e"’fy

A=2irrl =27 (4)T(2)
1677 %= 7579 nt

1




sz ]

.{ 45
=" 3"

V= v R = o (20 2)(32)= 6o in’

Vv, = z(,qu,?_r-\,,):211’(5—%)(%(3)(*)):37,7 3

V=V, &V, = (037 i3

W= AV = ('@gﬁﬁ)(iog"?““‘z) %)3

= l10.08 lb

i
|
!
} (D ! 2::
I
1
|
|







5—{8ﬂ m= (DVJ where = 1830 }:ﬂ (P"PPMJH @
V = 2%FA, TA= Roo(mcﬁ("o;w)“/ﬁ‘%)(em 1%))
= 1117 (16°) mm°

N = 21 (1.'117xm") = 1019 (m(,) mm3
3

or V¥ = 0.0\07% m

m= fV= 1830(0.0107%) = B4.5 k9



5/35

: (mm
K
_;_ @)
<15 —

A, = ATL= T (75+40)(230+ 80+ 40)
2

(

96 000 Mmm

End areas R, = 2(31 40T 4 80(3°))
= 9830 mm

Total avea A=A, +A, = 105 8oo mm <

V= TTA = (15+40)(30-80 + W4072)
= 1.715(10°) mm*




5/86 V=27 A4 ) /77:1//0
m=10.0 kg, p= 2.69x0° ks /m?
2

where
A= E’ /5 200 x 708 ’,Zéac))(/o-jm
JThiee s F - e - _m L /0.0 .
27 A 27mps  277/2.69x0° )7 6 x/073)
=0.0778 m
or r =778 mernt




| ., Ar  _ 4(30)
5/87 v'= 37 < = = 12773 mm

T = 715+1273 510 36° = ]1.4 mm

L A
A= 'n';‘- = '“(3_0) = 1414 mm

Cer

M 30 75 \—
mm

W= MTA = TEA)(44) = 36 600 mm>




5 (88 |

U

z: 0.5
o B,
| @
I‘_ l”_"‘ 2”

i

\,= 2xr7, A, = ’2-1T(|+l)(2 ')ﬁ 25.] >
v, = 27, A, = 2zr[ez2e 2 sy

= 793 m.3
Vo= V,+V, = 330>
HI:’\(Z'ITI)-&-Z‘NQS—‘) 5651:\1

2(0. )][,T( 5)]

A, = 2T L?_‘ 21\’[\ 2+
= 32.3 m.

A= A +A, = 893 in. ©




3789 = =L = /2o
A=zmrl A-%zzv/o.?)=/.6?m

From Sample Prob. .j"//)
oC = r3moa& | ere o =60°
er ok = 7/3 roa

= 0.805/2). 662
) 77/3
r=(0.3+0.8-0.662) = 0.438 m

zZir(o.438)(1.68)= 4.62 m z




sfe |1 mYy=a~r bsin X

-/ | i
b: /\ First )‘an& 3 Lj
i gy = dA
al Ah—dx § = fy.da /fdn
o _E.-'“ T —X
Y e Yy C- 2be
ngdﬂ‘:JbSrn xAQ(.-_%?.COS___E. i} 2

Q

S'j dA = S[_\Q‘\' zS\r\ c ][‘)Sln rx cqu

Cbz_ -::..n-.‘

o
Arx b= %X . et

ok < E3 = Sn T o
= CLb ar cos < o + = = e . X )

A b 2% b
S ol i be [ S+ %

'y oo (R + 4] o

' :j ) = Qa4+ g e

V= 203A = 2 <Q+%M>Q2\:c/ﬁ)
= 4be (a+




J‘juﬂrc’ S A= 80 2. 6400 m*
Lewcte! A =;-z7‘/707j

/20 0m 1Om 4
: i ! :3345))"?’22
| | Notarea = 2552
| o m —
| =,2 =
E i . C ’g;«.arc' /20 +40= /60 m
‘‘‘‘‘‘ - - 4(70) _
T o™ 120 701907
r R - ZAY_ 6900(/60) -3848(149.7)
ZA4 2552
= /75,5 /7
V=67A :3’-7 75,5Y26552) = 269 000 1

m=pV = 240 (469 0oc) = 1./126 /0% My




5/72,‘ From The solwtion +v Tk, 5/7

z R(-5)+2

r= 83 —Tg53z~ ~ 105 m
2
A :,*2—15-(2) = 38 m
e = /3
S Ve ora =+ T18(5) = 268 n’

= ij = 2400 (1.81)(:5.8) = a,ox(:of') N
or W = 608 kN




I
|—-+IR
v Y

\

(

\

/

\
Re

Rl-\ <— 0.3 m —4&— 0.3 m—>
R= 6(03)= 18 kN @ X =%(63)=0.15m
GZMa=0: Rg(o.6)— 1.8(0.15)=0, Rg= 0,45 kN

-t-"‘ZF-: o -

0.45- 1.8 + Rﬁ = 0)

Ra= .35 kN




4
Ral. | Jxﬂ
A A

R= 2% (woj(%_} =S wl @%= %_;j
G Ma=0: Rg(Q)~ = Wol (‘%)’0} Re= 2 Wol

AZF =0 Tl T Wl tRa =g Ra =7 wl




5| - ﬁh—%’

1 (mo)(s% 23 im ﬁ) @ b
1Y

L““"X F\xTﬁj ¢|33 ‘J
3+|<—5'—a-|<—+
2T Mp =0 240(1)~ 800(2.5)~ 326 (6.33)
_‘_B_j (5)-: o)
= 157 b
lej =0 : Aj +7157 - 240~ 00 —320 = O

Ay = 6031k

“ZF,xzo = HX-:O



5(% | F= = (400)(12)= R400 lb
|

1 R
\ , Y

A
A o
Ra
GZMq=0: 2400 (8)~6Rg=0 ~ Rg= 3200 Ib

+}>F =0 Rqa ~2400-3200=0, Ra = 5600 Ib




5/97 < R
e X >/4|% lIZIU\\ Y
A . Y SR :_
X-——é—k 1 +=F-X
AT 3m Tism | 15ml

R= 2@)W)= e @ T7 3(3) = 2m
>Ma=0: Mg —6(2) —2(45)=0, Ma= 21 kN'm
‘Z—;Fj'-'b'- P\d-(o"Z:o) _ Q\\j=g kN
ZFy=0' Ay =0




5/18 | : 24 y

q D
Wo W, L——x

A YR
ﬁﬂ _§4>—|-<——_3.. BJ
J
R - B
-"f-BjDﬁ:o) Bj=!8w0ﬁ




" I’f 2 kN/m

>

/: |30° 1.5 kN
AL v

7 Hx JL i _; ]\B
- Ayt : o Bj ..
2 logr 1.2 1 1.8 | 1.2 (Dcm. in I"\)

R = Ji(J.zafo.c, H.:z)(z) = 3 kN
7 = (.2 +0.6)+ (1.2 +0.6+1.2)

Y Fy =0 :
ZMp=0:

ZFS =0

3 = L6 m
Ay - 1.5sin30° =0, Ax = 750 N
-3 (1.6-1.2) - 1.5 cos 30° (3.6) - By (4.8)=0
By = 1.R24 kN
Ay- 3 - 1.5 cos 30°4+1.224 = o
Ay = 3.07 kN




R, =4(#)= 16 kN, R,=5(2)(#)= 4 kN

Rs= 2 (#)()= IRKN) Rg= 2(c)= IZkN

WS My=0: u,(z)+4(%4)+ l2(4+£,re)
+12 (443) —10Rg =0 | Rg= 1937 kN

+t=F=o: Rg+l?.3‘1—(la+4-+l2+l‘2)=o
Ra= 241 kN




5(i0] 25, ’,W(;r;@] N

/—t\ 20 kN'm
. 5

Ay Ay L Mo .\ By—>0

L 4—m_‘)—
I m

“ zZMp=0: - 57 (0.5)+‘F(+) —20 =0
P =69 kN

~

_\Zm 3m




15

3 knjm
3 ‘f“_{m_ N .4 r 1.6
3 KNfm — Re = Ra
T X ﬁ, R2 The |oad reducey to a Cuuplr)
L l"iz-—-:- So Tthe yveactions form a Couple.
Ri=2WE=6ckN: &=%#)= Fm
R, = 4(3) = 12 kN X, =42 = 2m
F IMc =0 Ry (3.2+2.4) — 12(=+2)
— 6(2-(+—%))=0) Ra = 429 kN

Re = 1429 kN




Ra ¢

¢ | w L A |t 2w
R= S\Ndm = fwosm”i:'x= - Wy 7¥ Cos 1’1\: 71
o
x = %) ‘05 lnspec:l‘.fun
2wl [ £\ = ' Wol %=
$ZMp=0: M- % (2)-0} Ma= ——
A >F =0 ' Rpa- TR o Ra = 2wl

0\ ) w




—— e
5/104— |W At 0(""'—@.‘5.’._ W=0= W°~k(“£)

Z ] )

\W=Wa— KX
Ma R 4
W= W, (\— F’Kz)
(i K
\, \__L:: ri _,: ‘ .
) 7 7 X=0 1 by inspection
(3]
Y=z e
R= Swdm = ij,(l——@_x )JK
Q Q,Z
e
2‘“0 [/x— SQL Ka —_— %WOQ




5/l05 W

— & —dF
dF = wdx |
2 |
W'-' k,'f.""kz‘x {
At x =0: Af e G
di = 5o e IR, R
At x= 1o W= 50(10)~ k, (10)" = 300
k, = 2 b /£ 3

So w= 50x-2x7'J dF = (So0x - 2x*)dx

T Mp =0 er\dF—- 10Rg =0

fiofx (501-21‘)&; = 15_104- = 10Rg
’ Rg = 16T b

>F =0t Rq—[dF + 167 = ©
Ra - J;“’ (5ow—2x%)dw + lILT =0
Ra — 1833+ 1167 =0, Rp = 667 Ib




- 2
5/106 - w-woth ] W
\,u {
0 Ibfft | —
/. A R\'/ | 50 L/t
x—— (u
Ma™ < 20! —>
Ra

At ’K'—'—OJ wW= 50 = W,

At 4= 20’ w=0= o+ k(RY)? | k=% Ib/fc]
So \N=50+‘%;,1 (IBI‘F’t)

20 2 x3 720
R= [wdx = j (50+~,%)4«=[50«+ ;]Oz 1267 1k
4 _Ze
— fowdx _ ° fx(Sm%‘;)dx - 24"+ 4%‘]0
K R - 1267 1267
= 1,05 ft
A¥F=0: Ra- 1267 =0, Ra= 1267 1b

DT Mazo: Mg = 1267(20-11.05)=0, M= 1133(6%) - Ft




N Wo- kx>
<00 2 l loo b
] Y i
' —— A
\.
Ra | <o Re

At X =0, W= Wo = 200 \b/ft .
1
At x=Ro' w=Roo-k(r0)> =100, k=7 HF

+
So w= =00 - X, (16/Ft)

20 3 i
R= de’x ff (z00- %5 )dx '-'[:200»‘— 320 0=350015

(o] 20 3 ’KS 20
- Sxwdw _ . (zoo-%5)xdx _ [looxz— 406 o
R 3IS00 35a0

= 114

X

(3 Ma=0: R0Rg - 3500(‘1. ) =o } Rg=1600 Ib

+#> F=0: Ra t1600 -3500 =0,  Ra= 1300 Ip




W= k‘j'x @ l&{'t end ° Wa = klj k= ﬁ'\
Wo .
M TR

[
R=[dR = [wdn = [ = 5 dx = S-w,d
“‘:M: }'K(T X _ 3
de’X. 3\”9} S‘Q

+TZF:01 Q:J__wop:o ﬂ\‘j —3%-— ol

e ZMa=0 : w2 (34)~ Mg = ©
Mg ;%Wo-ﬂz cwW
Ax=o

=2 F=0 =



X
| 6 kN ' kN
2 kN m BJ x|osm
m A B y
0.t |. 4 Cl.q-‘L 0.6 I
™ m m m m_x
Ay By !
W= 2+ k& ¢ b= X+ k(z.)" ) k= 41 \N]mi
. (W= 24y
R= [wdx = J-@Z-rx:‘} dyx = Zx+ %‘l = 6.67 kN
(Y o a4
== Sawdy fRa+x3)ar 4 % (2
NEOSENTE ) = 2T & 1= 2m
R G- 61 6.7 lo

ZF‘I-_'Q‘. ‘BX“‘%—:O) B8, = 4 kN

{Z Mg=0: A0.5)+ 6.&,7(2.4-1.2)—% (1.8) =0
Ay = 5. 56 kN

ZF\\J=0: 5.56 +8y - 6.67 =0 E) = .11} kN




I
Wi [ KN
I l/!/(f '“q(, At x'=3m
KN ty — KN/
2wt P Y ~r___:/r,x 4=k(3)
\ 4 3
1) 1* ?“ ’J k""‘i‘N/'“
Ra Re w=Fx'®
3 3 13 3
' i Y 4 -
R7_=chlx = f‘%—'«2= 1,—13—'0 = 4 kN
°© ° :3 ] 4—3_‘_i3
Kz = XA "rf‘i?‘x FA T RBm

]

R,= R(8) =10 KN @ X, =25 l'xz 4,25 m
GGEMy=0:-10(1.5)~ 4(3.25)+ 4Rg =0
Reg= T kN

A 3F=0: T+ Rn'4‘_l°=0) Rﬁ-_—jkN




bslllll R [Rs W= Wo + K& + K Kz+k33

| ) ‘ * h

W

: ER\ | | | KN W(i):l0=w + K fk-,_*k
Pl 3 : Y 3,.‘ o \ 3

o | 1

K ! | X N(’-I) 37= w°+k J ?.(4)

J N S + ks (4)°

mR,g,

%% = K, + 2K x + 3K x :{02 Kyt ZKQ.(J)* Sks (l)z

= k| + 2kz(‘1’)—}3k3 (4-)2'
Sshve simmnmg; o get W=21-24x + 15t - 253

N =

2= SNd'X’ j.(ll 24 x + 158 - )d;x

=[21x - 125" 5x° —114] = 70,5 kN
-'i2.= R;wadm = 705 Y(:Zi 2‘4’1"‘5‘1 -2% )xd{

]
3 IS %Y = 5]*
= K- = = 2.%4m
70.5[ > 8x + 2 X ~5X |

R, 100) =10 kN @ X; = o,5m
Rg= 370) = 3TkN @ Nz = 4.5m

TMa=0: 5Rg- to(o.s)—10,5(z.gq)-37(4,5) =0
Rg = T4.4 kN

SF=0: 144 -10-170,5-31+ Ry= o, Ra= 43.1 kN




»5/112 |

Zﬁ(:o: Ca f rcles“\e o Cg=pr
0"‘!2
ZFS'-‘-O'- V}\“‘S Prletosazo V;‘='PT

- Sl .
EMpzot Ma- [ prdo(rsne)=o Ma=P"

o

(F\\tﬁfnmﬁv&ljl G2 M,=0: Mﬁ"cﬁ’(‘ =°)Mg=pr2)



5’“3 P QZMF\:O: RBQ _F%_,__G
25 \l'% Re = 5 P
I — L
'R Rg| TZF=0=> Ry =3P
QO <y < 23?—:
A = Ij,‘)M +1ZF =0 =2 \= P/3
N v M =0 = M:%‘X
P
2 | MASF=o0: 5 -P-veo V=-%5
= Y B
o ) M e M P B
2 M= 2L (0-x)
B |
2 'l B
B At = Q/z)
| _2p v=FA
P
s M= 5 (%)= T
R



5/”4-[

Ma

(B Ma=0: Mp tFL +P0= o
Ma=—3 P

=

A

¢z r 2z

ramEr 0<x< Yz
M #F=0 = V=2P
‘(J;D (FZM =0 SPL+M-RPx =0
2P M= 2P - ZPQ
Mi =z V .le %<M¢D'.
/ X 43 F=0: 2p- FVOVP

2P
v ¢+ ZMy=o: 2?9_—? -PmM‘O

v M= —T’(Q-Ix)




S| 4w 2 DEMaz0: 4(R)1200)- 4hgeo

J Rg= B kN
Zmy 2m | 2m Y
H2 F=0: Ra+5-C=o0
Ra [ R Ra= L kN
)M 0<«x< R
< m °
J[ 8 - =

- lﬂ“kﬂ M 2<x<4m:
#—_‘lv) V=-3 kN
| N
1kN VR EMazoi -3t 3xeMzo M= 83y

2kN
MCT:_T_V 4=x<bm:
¢-x Y = 2kN

| ¥+ 2Z M=o - M-—‘z(e,-x)m _

;I_t____:____—|2‘_x M= “2(&"’1)

Ml kN+m 3
. -
! d=2+%(2)= 2.6Tm

2!~ —
o —N\— — —> — —x

-



5{|I6|‘ Ra =Rg (load is a Cou@lc)

20\~
9s a3 REMg=0: My RB(S}O

| ) 7 B RB: 3ZT0
| M Y
! Ra ° RB
M BJ inSpecﬁb'\) V=M=o
X
ﬂ\x'—‘gﬁvl) 3<X < BM
_3_1\_412 v +W¥F=0 > V= 3_19‘
2
aEM=0: M- Jp(e =0
) - 3Mo
M= S (x- %)
_—wee.
b 1 Mo v ZQ o< L
Mo o
Z0 +TZF:0 = Y= 32Q
3IMN, -
5 FIEM=0 M+M;M—F( -
Mo - ° (X
- M- S
ot- TR T At %;Mf/t'
_ 3N, (4
M= 7z 3)
_ M




ST oy 2r EMa=o: PE)2P(FRs(l0

EH i l1 ' RB: Ea
A ’?/4»% e _ /4"__,1 ZFB;Q:—Rn-f'P—ZPJf—?_-P:o
Y | Ra = £
Ra P Re 14—
/XAJF:
X M ZFJ:O'. *%—V-'LO) V:"—":;._
\rmlj = M=o M-r,l—ﬁlx =0, M:—%%
P 4 oaxe 3
M P
- X JD Xy =0i -3 +P-Vio V= i
2\@;1? Al SM=0: M-F(x-§)+5x =0
P
27 M = F (3¢ 1)
‘ M
M/zl,D TR
tv%1f V Xy =oi-% +P-2P-V =
4 J - - 5P
=z
34
=M=0"* M+ 2P (%~ —q_)
- Xy H Fx = o
M= 5 7(8%)
\
- 3P
_;__—n 3?/4_ NO'I'C.: me— %
T Q on %“-X-ﬁ %_—%—
o+ — -+ - =y
t—F
5P
= e




ZAL 2k ZMy =0, 1.6 + 1.0R- 2(1.5)

.6 kMl - r s
| T\l R‘B: (.4 kN
'I—/ =
* OMS or:n"" T o;-y{ ZF:O)- &:0'6 }rN
~ R
2 kN
M SF=0; V+14-2=0
ql—{—' V=0.6 kN
X4 05m _
vV 4kN ZM"O, M+Z(0.5‘+X)-:Ig-x.
Vo z M=-(140.6Xx)
| (0<X 20.5m)
. ,_0'6 (X measarcad fo The
? ' Jeff of 8)
"4, hkN-m
0.3
(/1 t L
-1.0

-1.3



¥ , (Y Y Y
e =)z
wl | «l
2 B f.i.e v
% z "
"W§ R ZF=0; -V-wX+ ‘—"2—; =o
' ~ ] vze(F -4
[ - W.
_ i iz ZM =0, M+ wx(-é)—"ﬂz&;a
M : o wd? _ X/ p
:m = "E"'('z X')
| _ wli?
: | ' Mmax" T




5/120]
300 Ib[ft B

Symmetry |
“ YYYY _ Rp‘z--RE,-: %(300)(4-): 600 Ib
Ra 47| 4/ | 4 1Rg
M o=x<4ft :
K_T*__]l‘j V=600 1L, M= 600«
©00 |b Y
| 300(x-4) 4 < x <% L
4; "’ M H4XF=0" 600'300(’1-4)-—'\1'1'0
l‘j Y= |800- 300 %
600 I X . an
vy GxEM=o: M+ 300(«-4) =
cos o 1 - oo K =0, M=-1S0K"+[300% ~2400
0 — — _..__F;?r Mm‘w)
|
-‘LOGI‘——-——__ c%%g"300’(+\300=0
|
x= 6 ftt
M, Ib-ft 2
’ M oy = —150(6" )+ 1300(c)-2400

= 3000 lb-ft




m - From FBD ot ervhre beam,

M N
-gl o0 "Y1 Yy Rﬁ=2'4kN; Ma=-14.4 kN'm
1\ 4 4m
M Ra O<x<4m:
(“ ,)M MSF=0 = V= 2.4 kN
|
roXx l GEZMy=0" 44+ M- 24x=0
24 KNV
M= 2.4x- 14,4
-
Yy Y Y 4 - N < 8 m
(=
A2 F=0: V*O.Q(ﬁ-»x): )
V, kN \=4.8-0.6x kN
| -
2.4 DT M=0: M+ 06(8-4) 25 =0
E—\ M= —0.3 (?—«)"' KNem
Ob- ——— ——y—— M
MjlkN'm ol 8
N S

At middle of beawm:
V=2.4 kN
M= —4.3 KN'm




|
! DEMQ:(}: MQ+ w“i 3\3& =0
Mﬂ/‘lo _ \Noﬁl
1 + =0 = = Wo L
R 1 - tZF=0 = Ry L
3 ° + 2— 1
Mo LT AL e Ma gl
Y41 1 s
M - w__—.ol = :\P—]— .....__)
<4\M’X JD L g=0 M 22031
z o \Na'f\?' <~r _
+“ZF=0:\£—2‘_@"‘ 2\ -\ =0
Wod 'Kl
2_ (l‘ﬁ




5/123| (See_ beam element : | o weyr Icf‘t)

_ _ Wel
Wo wo = Re T
=, = -L—'- = -
I ™S ) Lfﬁ For x= ?-,M oV Ra
X Al Lz I L2 JR Element (lower left) :
Ra | 151 _— \]‘-Wﬁxz-:o
VvV - WQ'KL ¥ z * —
Wol \ N= "1

rd
V: W %
4 T\Q*\ [
1 (o]
O+ --== =z - -t Cons}dor fx_=L/?r‘-
i




o~
—
o

ZAAA-'-O; Fh-86 =0
h &= F/'r/b



y ZMA =0, |
2a00 -38, + 3(800)=0

800 /b R
: B, 20k 8, = 1467 /b
. e
6oon 3 T 37 l 3’ 2 =0,
A & B A -1467-800 =0
800 1t | g A= 2267 /b
v 45 , M‘____ ZMcz 0,
coo! 1 Vl'v By M+800(25)-2267(1.5)=0
a7 /e M= <200 15- £+
2L =0

226 7-800-\V=0
V=/467 /4




A ) L6 ku kN'M‘
EMy=0; 0.4B+0.32
N
) _F)MC - 0.85 (1.6)=0
4°°"'"T asomm B=2.6 kN
5 3F=0'A+1.6-2.6=0
lc N'. ) .
M ok A= /1.0 kN
Y
| qi:;c:) kﬂf’; ZM=0
M, kN=m |V 0.32 -1.6X~M =0
M=0.32-].6¢
0,32
| /] att B, x=0.95 ¢
0 % l A/’B: _‘0140 kf\/'m
A | C M=0 when
| .

M= 1.6(0.200) = 0.32

xX=0 32A-6: 0.2m




5{‘27| dRrwdx' From W= Wg+ka = 100+kx":
e ’ 400 400 = log -I-k(m)Z
C\%/H/ lbfte =3 lb [£¢3 , W= 100 + 3"
N
T e
AXF=o0: V- fwdx=o
V= f:(\no + gx’l) Ay’ = 100+ ‘)('3\

1Y

X
\ = 2000—100'1-’)(3 (in b F X is in f’C)

GEZM=0: —-M - j(';( x)wd‘)ﬁ =0

M= - S (1001+100x +3x' 3- 3xy 1) ay'
I

[ loopy + Sox' &~ xS+ z;q( 4]\
= -12)500 +2000K - BOK - Jl:x

(in 1b-ft F x is n -Ft)




5{!28 |

FBD of clamp: + [ 5OONJ

‘50 ’
_+ML < 500N b
YV

4-00
= mm

¥ M=0: 500 (0.050)- \I(o.4oo)=o V=625N
FBD of Clamp Section

=250 mm A ;
Y IL ;an;o_[ T
- nm
x ‘ 500 N
62,5 N

ZFX T0: T -500 = O) T=500N
}:;:3 =o: N-625%=0, V = 625N
SMa =0 M+ 625 (0.250)"500(0.%0) =0

M= 64,4 N'm

M s The onl‘-j CIutm'tl..tj which depemLs on X.



R=800(3)=240 N
500N "M, =0 : R&(‘i)—lson("t)

sfier

|
N ;
B004y V
y ¥ ¥ ¥ - 2y0(3.5)=0, Rg= 100N
JL \ -
3 2| =2 S F=0' Rp- 2460-1508 1+ 2106=0
Ra 5 ) mll ™ Re A

Q0 <X<2wm:.

X
F‘OM STF=0= Y-=|%I1N

V
200N :800('1"2) SM=0 =2 M= 130K
2m Y M Rexem:
— D S F=0: %00 *300(’\1'2)"{:0
1300 N v V= 3400~ Soox

SM=0: M+ R00(%-2) X ~Roox=0
1500 N M= -400x T4 340K — 1600

-
M»(T An <<
% 1 SF=q: 2100- 1500 4V= 0

2100 N
* V= —600 N
SM=0:-M ~ 1500 (1-x) 121001y
v =6, M= %40 -ko0 x

“g dex<im
4 sF=0 > T =-2100 N
AN M=o = M= |8 J00- Rl00x




At x= L m:
V= —boo N

M M= BH00 ~ 600 (6)
= H800 N'm

—— =— 2100
Far MM}(, )

dM
AxX

_;!Li (— 400 "+ 3400y —|Lno)

= -%00% 4+ 3400 0O

= 0

X= Hi2S m

M " = - 400 (4.25) %y 2400 (4,25)- 600 = 5620 Nwm



5 130 | R=%00 (3) = 2400 N
: TMa=0+ Rp(q) - 240 (3.5)
30()%( ‘[f | 4200 N'm  _ 4200 = o, Rﬁ = 1400 N

(N
Ra z| 3 | ’2:|?_J\R =F=0= Rn= 000 N
M m ' m I miNe
O< R <2wm
‘xl)M 2ZF=0 = N = [0 N
FV ZM=0 > M= 1000%
1000 N | 80o(x-2) 2AK45S m ¢
‘ =0 — %00 — — =
zmy Y Wy ZF=0: |000 (x-2)-N =0
X ‘l NV = 2600 -300x%
V -
looa N M=o M + %00 L&'?-)%"m%'fo
V' 4200 N'm = —400%% + 2600x - 1600

Mg 5<x<lm:

9-x EF-_-O “V+ |4o0=o0 JVZ"IHGON
{400 N
SM=0: - M-Y4200 1 |48 (‘]-5{): 0

M= 8400~ 400«

v T<x<y m:
M(Ta SF=0 = NV =- 400N

N T M=o = M= 12600 - IHoox



\, N

) .' At x = G ™,

I N = — 1400 N
M= ‘3'-\00—11400((,)

— =™
- 0
4aM
;2 FO( Mmﬁx) —JT =0
- — 2800
%&C (- 4o0x® + R600% —lt,ao)
= —%00K + 2600 = O
= 3.25 m
A .__Ci.__. _ ‘\L] m
-- — {400
- 2
M, g pg ™ 40 (3.25)" + 2600 (3,25)~ |606=2625 Non
Se M = RE00 N'm

max




w (Rg £ Rg from Pob. 5{96)

Rg=3K00 Ib
) ,
K ——) o<¢(4(,' .

T2 f A

AEF=0 >V = 3200 IL

= 5600
Ra=5 I R M0 M+ 30 =0
y 32001
M (’TléL M= m3200x

VIR 6<x<§
I R
A2 F =0 V4 5600-3200- !%Q\L-‘-)%O
V= 192 (x) = 2400
M=ot M+ (-0 5
N

3200 (6+%-4) - S600 (4-b)=0

,K_.Bi 1 g:

5600 1b

== %‘(’X—QS +2400% — 33 600

At x=12’ ) \N= —-1800 Ib
M= -booo lb-t




Prob. 5/106

5/132| W= 50+ %, W
_LI /o E {w) Ra, and Ma from

Y ———
Mﬂ( { o' |
\ORET LT b tixF=0: V- J'de =0
‘Mﬁn-|133(lo3)\b~ft \ = { (56 435 ) dn’
dR= wdml

y (,ﬁ?w

X

3
= 504 + 30

TM=0: M+§wdx (x-x'), M--j(50+ xS ) i

- _ - ’3(9( ’1“"
M= - s0xx + Zf’x 30 40 L,

2 8
= -5~ 726

|V, 1N

12671 | At A= lo‘)
i Ve 5%

M = =2580 bt




5/133 i P

— I
For P=0 | R= 40 N and | f
F=40N, M= 40(0.03)= 1.2 N'm M 30mm
cow
e WS4
30 mm

For 0<P< 40N |
P xF=0: F-R+P=0, F=R-P l
2 TMcsot M= 12 Nem | s
@+R)(0.030) -1LR=0 P+R = 40 N
Se F = 40-2°F

i

For P> 40N ) R=o0 =-P
EMQ*O 'P(o.oso)- M =o, M= 0.03°P




5/134 W

|
|
Ma 1___\1\:5&(1 {"’Ka
M, C
"1 Rﬁ:%wol N
(Rﬂ and Mg +rom  Prob. 5/104)
_ N .
»D:F':o : %WOQ- [ Wo (1_4_ 1;2 )clmg -\ =0
'i/z _

3
V= W, (%""X,-’r ﬂ's‘_'ﬁ___.._

¢! 7z
G=ZM =o: M f Wo(l_ 4%)(9(%() dx,

gil ez nQ _,&_l f}(4’
+ 3 _-_3_\\101(2_4"&) O M Wo (™ |5+—§“2+?3T’-




»5/135|

W \ 1( 1% \r { 4’
X t\ L-2x f X
Wk WL
N = 7

From areas under shear cliajrow\:

IM.| =Zwx ©

(M, |= 3 G‘_{’KY L
- NL _‘X>
|M\ml 0CCUrS When

M| = IM2].

UL () -

K- 5 70

x= 4 (-1%02)
lan t irreledant

X = 0.207

= 'M'l

é_ W (0.20%)2
0.0214wl%

H




R 2m

HS a whole ' 2 M"_\=0: Br-m\(j??-zo) B= 4‘\';
8
Section + W, = '“'/z mg = %mj , r=r —S‘en/::

S'I'ﬂz

2Mg =0 M+ """Pnj(r o= Cos%-— Y‘COSB)

Zmar

. 2 ;
C-= W.:, Cos 9 —+ 2_%‘;1_ Sm@J C= “,‘:}3-(9 cos 6’+Sin9)

N = Wy s - —2—,?1(:@5. G) V- '%“3—@5,;“6-@&9)

/

XN




MGN&ni Rs = 50+t , s =25+t

p= %%~ = o.002 L [t
T = 101lb
2 2 z 2 | 2 _ z '25)?—
T =To +ps” ¢ 107= T +(0.002
To = 1.979875 Ib

(0= 9,997875 + 0.002y
Y = 0.0625 ft (0.7150 |n.)




ﬁl Ec\ 5 <t B:
[C""Sh M‘n, *']
Nmmerlcak soluton with /kz ‘4((3[.8\):[3'13N/m‘
To= BRI N = Tp
Then Kq. 5/2& Sl've.g
Tg = 58100 + I37.3(S) = 58800 N




5//39| £ = = ' =
7 | L=Lz200 /7 b= R70 ST s 3.’{2_31":/0 650 bi
Sor each cask

z
2wl peso ('4200)2
= 50.0(!06) /]

J = —— =
4 Fh g(<70)
/, Tk
magt g_%_é_ ma;‘c C:ZZ;"?X..S/;'J&
Z & =2(%5)z sl

/0 650 (F2zo0)
F2.7(10%) /6

i




Then To = 10.74(15)
Eq. 5/22 evaluated ot C:
Te = 6+ 15(5) = 23¢ b

10

Eq. 5lze ' s=10.74-sinh oq4 - 1.9] ft
L=Xs = R3.0 ft




At B: =2|= \;L'X Eliminate T, o
R q-_— WIIOO"Ks]l oth‘n
At A ST, g -350%4 + 1150020

Quadyahe Solution @ Ag= R0 m (re(jedc) ©0. 4 m

)
2
From Ec'. 5/4@ B: =)= :E;%)—) Ts= 2170 N

For section o©o8: (mj)"' = T "'Q’J«B)L
mz(?.gl) = zn_oq' + (2.5'4,0,+)7') m= 270 kg

. T
Parabolic equaton Y = 22(—;:;)— = 0.00575x %

At C, y= Im: 9= o.oosvsfxc‘) Ne= 39.6m

—

AC = 2% = 711 m



%?leﬂé& refer 4o The diﬁ\jmm m The
Sc-lurtinn 4y Pab. 5/141. E‘{- 5!]%:

4= [Cosh e ]
254Xg
At ®: 2|7 ZS[CoSh T ",]
At A 9= E“S—[Cosh 3—%(]00-13) "\J

Selve These —tuo equatons nuwericaltj +v  obtam
T R240 N e = 602 m
=3 5/20 LS = e Simh A—:—Lﬁ.
A ®: Sp = oo e ) eam
Equilibrium o s.ecfn'm OB
(g)* = To'+ (nsg) " t (18)) = 2240+ (25-04.3)"
m = 282 ka‘
Eq. 5/ @ c: T+ 25;“‘ [C%h . "]
Numerical soluhon @ Xc = 39.8 m
AC = Z % = 796 m




5143 Eq. S/i%:

('_Kz\,ilz)_ i “_I:i?m — _\'M(l
\'““m, 15 /',_1" (’K' )l‘]l) 27Te
R BRSSP
s\ e 8
50 kj [ <0 m
_ 50@.3) %" Ao= 50(9.81) K"
2. To ) 2.1y
Also, A+ (-%z) = 100 m
SoNE’, S\Iw\uﬁm\ews\:j : '){\2+ '200'):' — 10 900=0
X= 414w (or -24) m)
Nop = %7100 = 414—-100 = -586 m
Wz _ so(a.8) (414 3
To= "2y XGey = 2PN

Maximam  fension s Tooy= V iol-r@’lgl
= /[210(109)]* + [50 (1.8 (58.6)] > = 35.6(1%)N
1 quf 35.6 kN




57/4% | ,T(‘?L‘ 3 W
n ot T 111325'm 7"(/?\?'
o *
~ 1T i Ay C
- U= 1400 (9.81) = 13.73 kM)m

[wews

L zon

2
From £5. 356, 7= _‘—;-é'\/H- (L/es)?

= /3.73 (40) 4o 2
ek £ 01421133 kN
2 \// ” [4/2'.5)1

-

2 72
T=W +4 A ]/(//az)zu[(/.-s.n)rzoﬂz: 1099 ku
6_{}/_}% _ (L)) _ /13.73(20) - o
7= 28 = i~ T ,.0.250} @=/4.04

o
iFz0 af Sapport; 2756 -C=0
C=2(1133)5/n 1404° = 549 kN



5//45| w o= ), (s~ z&)

4 X
From .&}' 57/3; ;4_:_{ __:): ;:uol//'f)
5

dy _ x 2 - ‘ dy _ =
Jo I ﬂ-—o(%-ﬂ) ,LCJ} G <o .suwe;)_c_o ol X
x> = snce y=o0 al X =0
= — +G, G793 .4
ARy 2
2, L
3h

Faryh g x=¢ T.h-= w/“*— 7=

ST
Gy ("373)




MS = O.55
Catenary Eq. 5/1‘? Y= j)r- (CoSh “ﬂ“-'%"l)

[00 =

Te 0.5(4
o.5 (Co.sh -]—(om) - l)

Solve numericaly 1t obtan To = A0 b
Parm\ooh'c, Ec‘. 5/ |4 5 = W'lzg I;.l.')t?'
e —— 2To '2.‘1—6

a. T ¥ AT 0.5 (400)*
S e oy T 2([00)) = 4oolb




5//4-7] w:d.f-éx.z) when x=o w =,
xX=&/2, w =

Jo a=t, g b= -f-/w -2 ) ' 7h Lo = +4{’Ur“‘7a) 2
o o‘..z F) g)J “5 [-] -___2-._- Y—

/C;-z:mgo-jzf.? ff_gs.i :
7 Lt [k

==L [ + - #2) ¢
7oL ©° 2 3
2
2 ¥, —-——te
zyz 2 -+ ‘_‘,/"___O;(‘? o 7},“5 /or ,’C:[-/Q) y.:h
2% VA
N 2
g h= el , w-wp Lf | L

= 2%
87, 3.2 /6 437,;(5 s+ )




Eq 5[0 ¢ y= 1;:—((108}\ =)
At ©: b= :-rf‘-(m}\ :‘%ﬁ_\} (\)
At A: (C ash ‘r»{,. @)

Selve Egs. (1) < (2) numermuﬂ Yo obtam
K = 16.07 m _%- = 22.5 m

. To : .4
E_c‘, 5]2_0 : S~ -IC sSinh TO/}.[




Er 5], Fom o o A 6= 2o £0s)1]

3\3 numeyical  or 3mf>h1cnl meons | T: 19.68m

L _ To
Rq. Sfzer s= =7 “'}I‘Smh :r':
T . M
.= Z(E‘)Smhﬁgis

= 2(1.68)sih agg = 33.0 Pt



#5/150)

M= 560 - 100
= 460 N/m

To . MAX To -
ET' 5/203 S = ‘}Tsm‘n’"ﬁ’lo‘-‘,@;sm\m

460(8)

To
Numerical or graghical soldtion: T, = 3110 N

Eq. Sj21 s T= Ty cosh A= 3110 comy B
T,= 5550 N |
Eq. 5/22¢ T=T,.+uy ot At 5550 3uo + 460y
Y4=53I m

Then h= 8-53] = 2.69 m
. MX
From Eg. 5019, % = tan © = sinh T

tan® = Sinh %@—2 55.9°




Ta
Eq S}H . }j = )J. [COSh -é*_T%_ " l]
At A = Tﬁ*gcwh %—IJ
Numerical Solution : Iﬁ-

To= 40.3(3s) = IR0 N



|
O m

| .

} g 77 p= 3(181)=204 Njm
|

|

i R
T, 30m X

RS 5/1‘11 lo = I}%[Cush &;—fohl

Seolve hum(’_ﬂ.t:c!\l\j “+  ebtumn

Ta
— = A
N 46.6 N
To= 466 (294) = 1311 N

Eq. 5/22: T= Tot fy = 1371+ 29.4(10)

= lb5 N

To . A . 20
Ry Sfze: S= JESinh T = Kebsinn g0y,
= 32, | m



Eg. 20, zp= "o 5,4 4
-~ %>

Sofve by computer or gmpk;;;;@
g ge? 75//,‘ =/.532 m

S

Es. 579, y=/,532/6==s‘7/_532 -7)

hs=y=/,532(r3.09-7)=/853m



#5ist| Y

— N
| P T N

T, <——b——— — — L«

Fliminate T, betueen Egs. 521 § 5[22

+o 3€'t‘ T= (T—}"H)Qosh_%

At R ¢ T=(T—50h) Cosh %(g—?;

oy | = R Cosh 2200 ((3'—' '1'-5011)

- _ ., R500 1 i 250
For m\n\mumT) dF‘ = Cosh A TES mh—-—-

Ntlmenmllj salve €= 2084 N =0
T= 2084 cosh Hpgr = 3712 N

(:S“-* T - 80h: ROZH = 37‘72-50h}h= 33.%m
| (No*e_ﬁ Fa‘-‘-’ Te i)



F W= O.5/(9.81)(lo0) = 500.3 N
—‘-'—P 7= M/r = 400/ %‘5 z /600 N
ZFE =0 P- /600 sin 30°=0
X /

| é\ P= o0 N (‘-“ ?;)
: Z’gwj - 500.3 — /600 cos 30°=0
| F=/886 N
I
|

- _hf_”j’: W w 7= VEZG P2 <)(1856)% (p00)?
I %, = 2049 N

From £g. 5/22 7T=7+MY, 2049 =800 +5.003y,
- Yy=247.6m
/4/50, /600 = goo +5. oo3y,
Y, = 159.9m

H=Y,-Y = 897 m



*5[156| (@) Use w=p= L2(81) = L7T Njm

. ~ Wx? . = h11(s)*
E":i' 5/'4 : \j" Zﬁho @ A RA T2 T

Se e ~ 2 (6|3) = 0.096 'K?_ (see plotks Lﬂow)

Eq Slit © sq= )i+ % ()t *‘ﬂ) f]
= 5[+ -?;‘-(%) - 22 *’»--] = 5.6Lm
Se The required lenyth 1s bp=2S4 = 1.32 m

) RS- 5/1: Y= **—(oosh ‘—"-I)
At A i 2.4 = 15 cosh m-l]

To
Numerical sslution @ To= 65.5 N

Se uw. = 5.57[cosh (0.T96x)- 1(53&)9504'5)

65.5 1.17(s
5)20: 34 = a7 Sith 5= 2 570 m

|

The Y’Pﬁluir&& \Enjth 15 he®=2Sa = [[.40 m



Ye
Yp /HIP (ﬂ’“mm“@
Lm) ’
4
HLG@\ //
° JN J

AN N |/
) TNV <V

-0.05
-5 _ X, m 5
Even with an expanded vertical scale )
HP and j(; are. neﬂf\j Ihdis"tihjuishﬁhl{ ‘From
each other. Note Thet U.P Is above Ye

except ot The end f?m}ﬂs (A and ‘B,) ond  the
center. So Tthe oot thar L > bp rrakes Senge!



*5/157 [ 7= = 9.8/
- /B /u, (10 + 20)

- = Vv
y E s ‘ 294 N[m
|
| ZO m
=T
-l . 1 __ X
60 “ 294 (60)
£g. j/}% ,)/- (505‘{" ") 294 ( sh ’)
SF86 4 176 60 Solutron by Graphical or
+/ = €os ~—7r" . 7= '
Z& a Computer Gnelysis %= 27420 N

or =274 KN

/216 ' _ <
4 = o. I
1215 {3' 27.4 + 0.294120)
5386 = 33.3 kN

o — . X

1214 ! £3, 3/20 5=3-°- sinh X

\ y T

27.92 o
= 27.4010% sinh 294(60)
1213 294 274 ¢103)

27.4 , 27,5 6:642’"



A: Y = I (Cbsh nfr‘: "'|)

Ta
Eq. 5[0 1 s=  TpSwmh Ty
JTo . NXa
A = Tosinh
R: s+ 8] = >

N\xm&n‘cal Salut{nn C Np = 240 m, 5ﬂ= 12.30 m
1o

TR m,oS= 278 m
To= 282 (19.62) = 495 N
Ta = To+ pYys = A5+ H,sz(m.so): 136 N
Te = To + pYyp= 435+ 19.62(2.3)= 2310 N



RIS 4= 06 (2.81) = 5.89 Nfm
J

Rq. 5/22@ A =00 =T, T MY

Numerical solution of aboye three eqm'ti'ons:
K= 13T m Ya=0823m To=1952N
From I = Sith %’) we have  «t A

& = tan'[sinn CELTINT = 13 ¢4

195.2
From B5/20 « -<. = 195,2.[ -+, 5.3%(7.37+12)
om 5120, Sgmsa 5.99 1S 195.2

~ sk 5.81 (.37 ]: 13.06 m=L
5/22: Tg=195.2+ 5.89(0.523+5) = 227 N



* 5[160

= 0.6(9.8) =587 Nm

511@ A Ya = l[Cosh él——réﬁ—-l
EC{, SIIQ@B : \lja.l. F = E[CDSL\M‘,]
Trom Eﬁ 51’20

_ TDJ: : M(lﬂﬂz)__ . M XA
SB"Sﬂ = 13.02 = f“ sinh Te ~ TSinh ““‘“‘Tb

Numerical salution of ahove three eclucrh'ans :
X = [7.34 m, Ya = 2.63m, T,=331 N

5z2: Tq = 331+ 58i(.¢3) = 355 N

—

ore o B o )
= 16.98°

Similarly |, Tg=33+ 5.89( (263+5) = 384 N

- 17,
eB — —tﬂn 1 [5 h 5. 8?3(3q54- ‘I‘ll) - 2% 0




#5/l6l | Arcnitects plan : (Tg)arch‘—' 6 (1) = 600 N
Builder's aryongement :

J i ﬂ(xcﬂ 5c+6)
| £q. 517 Y= S-cosh™ 1]
| R
: At ®: 366“,—5[ hM ]
| / E(fc)_ﬂc__)xﬁﬁ- 5)2e: —; Sinh Tn
. [ 2et) g, 2|

Numericol solution of Three e.c‘uad'uns .
K= LOT m) Yo = 108 m, To = 65.5 N

ECI 5}22: T= To +}JJ ) So Tﬁ = (5.5 +100 U.GK%*‘G): ']74 N

. 4-
Percent increase n = ﬂ(mcm_oooo) = R9.0% (')



52| {}L: 1.2 (9:81) = 1177 N/m
31 L= X1 m
: B Ta Ta
l K e
:/ [ *h enf (9
_____ E ;_j —x W 50(9.%1)=
d=2o 490 N

From FRD of J'unc'h'ort rlﬁﬂ at (‘\)
AEZF=0: 2Tﬁ$iﬂeg_w o
. ; AX _
or [_To‘t}l\ljﬂ] Sln[’tqn (Slnh :)_J - % =0 (I)
- JTo_
Eq. s e A : Ya = ~ [QO |] )
EC{‘ 5“3 @ ®: ﬂn*hz L"._.[ !“(xa'i-d) ] (3

T M
E(i 5}20: SB"SQ.—;.}I—L&. Sih}\ ﬂ(ﬂnfd\ \nh 1'!-._:] L

Solu‘hon of ()= &1") with W=0: h= 557
With W#0: h=¢.30m

So = 6.30-5,57 = 0.724 m




M fﬁ“:o}' §-657 rB =0

-
/=8 kN 3 B= 577 kN

”3 5:/°5V)‘ V:ﬂz—rﬁ'}'/m’
6.7(7.81) /.03(9.8/)

= 657 kN Paré water =03 (10%) g /m?



5l64] Force on \otfom = weght  of  water
= f’j\T = Qooo %)(ﬂ.%l%z)(o.im) (o.'m)(o.lm)
= %24 N (dﬁw\) ot center of bo”r\-nm)

Force an —Trowt F}'bcmk = Yoy Ae = tﬁ% Q-F

[{eele} (‘1 8])(0 4) 5 N outuavd |
(o e =54 5 deﬁh

Force on each end 3“155 = Pay A, = Pc}z\_ Ae

1000 (9.81) (0. 4) _ outuard u{)
=3 (0.3)(0.4)= 235N (?_ degtn
(ANl side forces  Centered horiyﬁnlb)




5/145 |

Vq=rﬂj'=liv5‘= ﬁabgj
|

777 T *L_ J\
L

|
B= fzv:subf} = Ioz_cdahj

. _ _ AR
4 2ZF=0: fzabhj~ r’ch_j =0 h=7p,C
_h._ = rl
= _FZ
. o goo
Oak n Woater : Y= Tgoo = ©.8
7830

Steel in mer{:ug: r= = 0.577

13 570




5//661 p=5h = 2400(3.81)(3) = 10.6 kFa

iy _
y;«;a":f/ of T =g p A= 21{70. 61//03;)( 3:/. 5)
” —
A o\ C = 158.9 (10°)
;31 N ZMA=0)'
B e e e 3&\ (C sin 33.7’) 3 -158,9 (10°)1)=0
/ 2 158.9(10%)
m e - 3
- __‘__/4 35)'}'? ‘33-70 75.5(’5 _) A/

Ve A X
Ay or (= 955 kN

G =tar'3/3 =337



5//67 F:p/q :ﬂﬁ/]/l -_-./Jghﬂ"f?
ZFzo) pghnri-a(mri-rlr-t])

. pshr 1
7" er t -t/2r
3 /. 500, . 3
_ /03(10°)(9.8/) —‘-a—-—as//o?), y
2(0.025) )~ 25

=~ 7Bo0

254.7(10%)(1.0169)
or = 463 M Fa




p=Pgh=1000(381)(0.8)
= 7850 Pa
= 4 (1359 (e 39)
= 3620 N/m

) 2My=0: w(l.25 sin 30°) - 3620<2-5'°-5_:3L gésssm

=9 W = 9310 N/m




p = Pgh= 1030 (38)(0.6)= 6060 Pa
0.675 m} R = pA = 60601r(0.3%-2%157)= J68TN

Presswe Supported b Y Seal
| ,_,_' _ R/ —_— \ 631
‘ " I & = /r“'( r2-T ) = /l‘r(o‘:s‘l.__&-z'l)

rZ
= |0
rzoz2 T4o Pa. or 10.74 K fPq
r,=0.3m Force +o Lift plunjtf‘

P=R= 1687 N or L68T kN



5/i70 |

et A = cross-sectional
avrea of the Pole

BuoganJ Force B is

g8 = %Vﬁ fﬁsme \</

We.lﬁht W= fﬁLPﬁ

2M.=0: 9 Sne Sme (_55m6 °°59) erﬂ (2“59) 0

e () (e )




5/17

fa.
x-
p= Pgh, = Looo (am)(1.2) = 177 kPa
$a= Pghy = 1,000 (2.3 (R) = 19.62 kfa

R, = W71 (Le)(e.8) = 15.07 kN
Rz = (Mez-u17)=Z (le)(03) = 502 kN
ZMa=0: P (e cos 30° - I5.0’l(0.8)

- 5.02 (—% IJL) = o) P=12.57 KN




5{;72[ T W

let A be the Orm of o 6] }Bo | oil

Narizontal slhice of block J

A= L2 Fet (10-w) ( wa water
144

Weght of block W= “%F\(So) 66.7A (%)
Bup\jtmcﬂ of oil Bp= “{3— > A (56)" 23R (lb)

Busyancy of wetee By = iz A (b4)= 5,33 (b-n) A
(m b | hn mchejb
LF=0: W-Bp-By=0: ebnﬂ—zgq ~5.33 (10-h)r=0

h= 2.75 .




5/173 y7 Lot V=Wt densidy of comcrefe
= /50 )543
= Wt Genaidy of freash
water = §2.4 4//#7
L= /engrth o f Qy/fha’:.’r =6 K
r=radws of eylimder = 2 fF

For egwif., T =wW-8
= pril - Tw%r:’—
N 7rr*L (rc_érw)
= r(2%)(6)(/50 - 227) = 860 14



sina)
B=pV - 64[ 3472(6-}1) » 5 %3(3)]
= 45 [eh+t ]
64w [ 7-h]
W=B: (25 = G4 [7-h]
h = 3.89 ft




\5’/}75' —‘?|-_f'F,‘er'q, B"-"/{‘? V' = 64 (Zx/zj[g"h])

hi L-180 4 = $0.27(8-h)
'“*:::i}‘j"; ZF=0, T7T+/80-50.27(8-h)=0
- T Far h=2 ft}7._'—*—/80+50-27(3“2)
(8 =/2/1.6 /b

ForT=0, &-h= /80/50.27
h=4.42 ft




30
o
i

i D

o

p=pgh= 62.9(4cos 30°)=2/6 16/
2= lzaArra per pane
= %’§(4J(g") = 865 4%

ZM,=0 2Ccos 30" - 665 (4/3) =0

F65(2) .
= S = 666 /
c Fcos Fo® ﬂif_é



1

2 f}:/gﬁ&é
R, = (2945
, 2= 46
- a b
N\, 72 5= P23
Bllh/3
as, Aa,/z T /’)jhaé:g-': /0_22,}7;,5317
L p



N - Ar
5(”8.| A 2 = /.9—:’?__ = 62“24{9)(9)(/0):25,27016

8
’ = p?-A
3 /@z -2_.";- 6;(6)(6)(;0): /,5520 /b
j"
, Z/\/{f O, M + 1,520 (10)-25,270(5) =0

M= 11.22(10%) 16-1#

2!
o AP

Horiz. /cnsth Q/f
gak 15 104




S/179 | Ay :I; p b =pp5h = 1.009.87)(3)
i

A= /zg,;"af /m = 29.4 }r/:'cz
- 2660 T ’e:"é"b’q"mz%?/ﬂ(z)
B [m = 88.3 kN
SO e &
FE T
r R_
Zmi I
pA J!”’l
Gafec:

EMFO; (Feos26.6°)2 - 88.3(3)=0 F= 148/ kn

7353/6: ) 2 '
ZF=o) pA-2Fsmb=0 77(‘7;5"),5 = 2(148.1)(10°) 511 26.6°

o= TE7(10%) Pa or p=7.47M1Pa



5“8‘3' Per foot oFf ler'th

(R) ) - Wa= = (240) (150)
" l e = 13000 (Ib/ft)
J{ R <R 7, = AL (150)
WaY |€ We g
—_ > = 3600 b @B/ﬁ:)
c1‘ « cl e >4
R= = (62.+)(2_4)= 17,97 &

() =Mc=0t 17,970 (8) - F-a (1800a) = o
o= 1095 ft W= 1800 (10.95) = 19,780

@) =Mc=0: 11, 970(8) - % (3e00 L) = 0
b= %.94 ft, Wg= 3600 (8.94) = 32,200
Se A requwes 3R,R00-19,Te0 = 12,470
less tha B.

a2




6 =tan" 35 = R18°
Momert arm of B abat G
W (1510)Ces® - (6-4)sm 8 =
s 3.90 ft
- Moment arm of W abat G

/

(4o+£.> sin® + 2036
= 35.7 ft
B= f9 VU = c,4—(_12_)(15)(80) = 922 000 Ib

ZMG‘=0: 35.7Tw — 3.1 (‘122}%0) = 0

W= 105 %00 |b

W= B-w= 922 000~ 105800 = 821,000 |

or W = —=F—— = 366 |br3c’ “ons




sis2|

= Pah = 62.4(20) = 1248 .
R ,Ci"dim. P 3 ( -Ft
/

R=eh= 24t (F) ]
= 551 b
™3 2
mg=tVq= 3 [—32 7| Grom Pt 530)
:450[’1/“ (4 5/12) (‘2/‘:2)] = 580 Ib

AZF=0: T-55-580=0, T=0cRI




S//8 | A
3 Q:J(pocosﬁ)(foﬁ e)rdo
s ”

_ 2
peposs ST [0
a
y , T
r’ - pr[gr *Z za}
//e 77- )
= - hr[Z]

Q :é-”f}%



5//84 I Submerged arca A of end = arca of

w 120° sector pinus Qrea of
o J00mm  friongle O8C
///,“D\ _ /20 2
1205 ¥, Az S=17(0.3) = (0./50)(0.3 cos 30°)
- . J60
= 0.05528m1
A Jubmerged Voltrne ‘s

/= 0. 05528 (0.600)= 33./7(107%) m?
5’=/>91/ = J000(9.8/)(33.:7)(r073) = 32542 N
W=(26.6 +m)3.8/ A
For equilibriam B=W Jo [26.6+m1) 9.8/ = 3254
ms= 6.57 g




5/185 |

* /

N Pos =/uh - 62.4~(;oo)= 6240 2

Ib

R= B, (Are) = 22 (50o)100) = 156.0(10%) Ih




5/186] Take o vertical secton of wadw of unit

IV 29w horizontl |ev\3ﬂ\. ket [ ke

The Wl clemg‘ﬁj I t}ma.

3 y=kx': 36=K @7) k=d w
=k - f;;iﬁ an = ady= 2%
DN L £s

' 218 .
fo 5 Cdx
A= Sclﬂ = LAY m” ) my= (o4%(’3
Ri= 2 36fy (3)0) = 643fy
Resulbd  of n 1 R, posses %roujh B)So
ZMg=0, Thus 643F3 (13)= 48 f’s (b-lﬁ.l‘i’.)
b = 28 m

|

= 10.1Z m




5/187| g, = fwg Vi = f.dmsm('ﬁ.m)M(a)

4_
= 19.2% kN
A (1.3)2
| M - Bo=fwyVa = \.%(‘i.%i)l%_-lzu

3m b8 = 617 kN

B AN N-= Volume of kallast
I Srel :
m TBZ dia. B3=rw3\l3=f’w3'ﬁj

mg B = 1,03 (“l.%l)'i:\:\_-ﬂ = 0,%81m

F= 0.5 (B +B,+ By) = 015 (19.28 + (1.7 + 0. 88im)
= (2.5 + 0.1333w

,+m.) 3= 57(181) = 551 kN

ZF=0: F+RB + B, + E’C‘S — (mﬁml)g — nr\j =0

(215 4 0.1333m 4 1028+ 61T+ 0.88 m-55.9 - .81 m=0
m= 424 Mg




5188 | The gage pressure 2 m below The surface
o tgh s (@0918)(R) = 17T N
@) Cover area F\cw: s (2-%5')(&"2.5"):0.2‘75 m~
Force on cover = pAcyy = 34 700 N
Seal area A= Ay =7 (22 )(2EE)=0.1325 m*©

34 700 _ N
c‘ﬂs = 'Pp‘c.w ) e T o325 22 ooo0 P
ay o = 262 kPa

®) ‘(”b—r:?ﬂm\e_: 07 700[:17.(0‘;5)(0'25)}

AT = 192 N




Lel A =cross-sectional/ area of plank
- I mg= §00(3)A(9.81)=23.54(10°)A
/

” Bsg,gAx
- < 1000(2.87)A (3= 5
. ZM =0/
/54-,1’ h' 23.54{’/0’);4(/.5‘2056)-—9,5»;(;03),4(3_ 6)

\\,\/ /{_‘.(

Srmplity & 5¢ 23.54(1.5) - 28109

N

er&) tiia .s:nﬁ cos@ =0

5:;7'(3)
4 SIn@=0.5556, Smos o._7454) o= 48.2°



5%/?0’ Forr gqa}/;bff‘arﬂ W 'f‘W = 5 f'B
Stee/ Ws s = af‘..r;.s.rf; of Sleel/ = 7.83 /V.’y/m

Lo~ "o salt warer s [,23 MG )mm®
PL = u “ fead = /.37 A/{;/rm
r=/ .00 m) Fr O 235 r#2

L] = volume oF 0o m?

g Jr = rl@s S o f Jead = /94

Ballgslt
W,

50 pyg i+ 29 = s FTHE PN
Vs (/O:_'/DW) 477:"75 [’3‘(*’?‘5;)'/0“, —'/?5{]

m (- /;:’) 4p,.-2[§(/+§)3‘,w -0, ¢]

prr (1= 2:22)= 4 (1)*[5( 1725 o3 - 7.83(0.035)]

1737
0.90994m = /[ [o0& , 1= /.2/0 g (’”"’(”‘I-’“""')

n

1



5l!c”l The pressure ot The bstkom of the 3-m
Woll is = fgh = 2400(9.%))(3) = 0 600 Njw?

- ach tie conimls an area A \jivm \a\x,

T 6 500 "
PA = T, A= m T g0 | O0RRom

This square area has a side & Jium by
4% = A | d= 0,303 m
U&;n\rj The prssure ot The VES botfom of the

\)JQ\L SW'Q-S (VY (=N QQH&E(VG'&UL O[p‘g,‘jn-) G Soad
’Flg\ivt dor A wowW L = 0,300 m .




Methad T : Direct fn‘\;ejro'l:ion
f): Wotey -:lQnS.Hj j P= f’j Cb"'ia)

¥ - z=h+ kx = £(x)
- (1) Caleulle dR e elementl
- L, aren zda f fid E
q| (@) Integrate § get R=[dR

(3) Rz = [=4R

1 Method T Geome'b:j of pressurg-area Volumes

c het Ag= 17234 | AL= 3-4-5

2. R1: -flﬂc\ ) —i‘ = h'/z.

Ra=% G’z“ﬁ)ﬂqfif 2_3\1‘—

R3= Pohy |, 257 M+ S(heh)
(R4~: é (Psn‘??)(hzﬂhg) %-
iﬁ_z Ji (hz‘l'}‘\‘) *

R= (f{‘ T 'Rz-} R3+ R4
CRIE| +(Rz§r."' Rs-is 'I‘RA-E:LYR

I
B

32

hyoh,

* bj Sﬂparurh %, -
Qnabsiﬁ @.. .

NI ¢






3 AR = () dy
—_ el — Y L3
1{ dy - /I -k§_*’2 J )dj
|/
VALVARPRS >
| |
.;‘“T" e 5_:‘_‘* |
A=(dn - [(Lrsy )y =2 F)0%
1y I b LR
fuyean = [ (545 9Y)ay=(T =
(
|

= -
[ gy s F e
= 37

' 13/co \3

= S“Cdp‘/fdp, = Vo /0

y
3718 _ T
g Ludh L T S

V2




- Al A ()

@ 150 (138.6) 3864 | 440 000

® =2LE@)(1see) F(138¢) 512 000
5%

@ -m= 4—25—(;3 - =%| 250

@ o as*e (132 4(15)

Z G+ ) | 50S 565

Z A= 3] %o *zP\B: 3, IS(IOEB
A

= 99.7 mm




5/1% |

Z

All corner radit = 10 mm
| ,"
T )
| ?.>O
i
1
: ,..‘ (mm

I

247 A = R (2o+ *—2—_) [40(30)—~ 4(10")
+'TT(102):’ = 280 000 mm>

27 L= 27 (20 t 2) [2(20 +2(lo§+ 2‘ﬁl0]

30 900 mm =




5117 |

_ bsin30® _ 3b oy

For circular are g Zn
Z=b (Sec Sctmf.PrOb.Sll)
oy AT

—.?-: _ gl _ b(e)+ =2b (& COsﬁfioj,u 3 B(Qﬁ-)

S L b+ 206+ 3L

= 0.461b
b ar

= _ ==L _ b(Z)+2bK)+ 3b(b)
= 2 L b + 2b +%b

= 0.876b



5(198 | sarme radial distribution as for sem/-
circuwlar area, Jo Z= 4" or by /n;&»yraf/an
7 2 i
Vr™+h - 4x

Fxly - aAsmzdl =nEx 0
| h T a
~ A W JZzdA= [RE
/i\ J% ./27- 2A
I
A N ‘?‘r ris bt xlax

z 2
Jdmfb/e Frzvo 5/’ = jz'r Vrth

= faA =L w0 B2 JEYs Fhy
Jran - /?}n/rzm‘f N e T

pT X =T
Q
- fXaH/A =2, This reswlt ar also be secn by
Inspeciion Swmce rhe area /s
composed of elermental J‘r/'anya/ar
ereas €ach of which has rthe some
§ - centroidol Coordinare of 2h/3 -




5/199] _J?”{Tb"/]# | 1| 4<x<8’

beby 2ty
| T roox mjl‘)m

Joo 1 10016 00 16 v
Vi 16 -
oo 20, VT
N V= S0(6~X)
£1, =0 M 450 (x24)
=/o0 /00X =0
| M= 25(-x412x/6)
M, 1b-F1 d
é Set -JMQZ =0 o 3{t
0 | S —~——+—
Mppay = 500 lp-

@ x=06 f<




) (cl)

()

/200 l
(@)




5/201| = €22/3) < 00 N |
ZMA=Q' Foo(1) -28 =0 8°* ¢50M

P | ZF=0; Poo-450-A =0 A = 4501
600 \-{H‘Tr._ ’
N%n ! :-ﬂ}xm“““m. o t1) = 3-X
/I m Y * T /ef" 2 4 - —2—- w
— o
AJ_ 2m TS I m where w = %)f 600 Ny,
- L
F= ﬁ So R 100(3-X)% N
{ " — '
v CT[CZ = __..r T 2'%:0, .
- o -
P 50(2-x) = -x) 3=X
450 N 450(2-x) =100(3-x) 5 M
M= 450(2-x) - /309(\3»)()3 o< X € 2m
d——’:’: ~ 450 */00/5—X)2= O for mmax or rin
3-x=2t)45, xk=3(/% Yz) = 0.879m

ey ) (or 5:12)
Mm;xngo(z ~0.87%) = 7(34.5??) = /86.4 N-m



2 ~¢ R=2.%(10°) N

\"\.

-7 The resultant force on

im N dhe sign s R=pA=

’s,l\‘ B 14010)°>%(R)()= =800 N
|

dbD \x\_‘j and passes Through The
=

Centroid of The pressure-
area fprl'sm,

By I-nSpec,JCion V= 2.8 kN
) 2
M= 28 (3-3)° 6.53 kN'm

T = 2-8<%) = 1.867 kKN'm




Slzo R=ph = 1.4(0%)(c)(4)= 33.6(13)N
22 Mpg =0 * 2M - 33,6(16%)(5.5)0

1R
== -F M= 92.4(j0)N'm
55 or M= 92.4 kN'm

TRINTY

s
U A’_?N

M

(alse Forces ot
945)




O-q O.BLLC V:.' Sobmer‘ag«

60~ Volume
f= 1000 Ky ]m3

tan (3 °+°‘~) =

[.4 +0.45
0.9 (o.%b&.)

15(3.8) |/ -
Noa A = 302°
RIGED)
M, =0 : mo(_o.ﬂsins'].z‘-[ﬂs(ﬁ.an)-rv(ﬁmﬂx
l.2$i’\60° =0
PN = 39.3 kj
33,3~ 313 3

= = = .031
N i [000 i__....3_yf\_._



L/ 2
/205 9= 2/ j/,«(_ﬂz 2 dx = _/\ /,.(w-zj 7 )
_f-z
WX
Z(L)C[wx 1+(%E)5 4 In ";’_x )//+(—7::—) )j
=elz2)— | — —

w L 7, /p o a
A /w&
L1 G Eon (54 14 (5))
=z 27, el
L
a Y = S8 o002 %o,
From /'C?,:f/;v' é%-‘f:j('z = ) 27
o

5o 5=£22/142% +if—"/n(2f1/f+z)

= //1/.8 + 36.1 = 1479 f¢



51208 pge: V=-Tn (03, E- "k

Ca\inder‘- N = o6 (10) = I3 'sn.:e'J Z = 5.

_ _ = _ ()« 13106
Z 2V =9h + 13
. A7,
For mMax. 'Z.) Jn =0 )
Z (e Can)- (s 5655)(1) - 4

Ah (- Gh+ W31} *
> Qi -13lh -4, 5h*+ S55 =0
4 ShE - 113l + 5655 =0

= 2_4(45 5&55‘ )
h= 1 J\ff‘ HASNESS) = 5 o, or 2400,




5/20?" Jf-:._‘;‘:('/-‘ef-}—;e)\ir .

/6

7I7E%h

4T




@ z50(%60) | 300 1 250 & -8oo

2. |F50s%” 3 3
10° |=-342] =722 |= "2e7 |34:2(0) “Lzz(lo‘j -26.1(10%)
® 105|342 |72.2 |-267 f3a2(6) 722010 -26.71(109
A= 6.%(105)mm1' =RAx =0

=Ag= 14,43 (10¢)
=az=—R45 (16°)me’
X= =a -~ °
- 3R - AN cmem
-— 5 - &
S N .




f/m?l dA = 2xdy = aé(a_y)iy) P= L3 (hty)

—
dRrR

AR =g //H-_y)éé-/q,-y)aj/'
b

=% SMzo; fa-[yaR=0
r o/ o
y _ a

f /% =,ﬂ3§'—’-ﬁ(h ryla-y)ay
dy o

NI TTRTZ] 7]

3
Pzp3g&hes)

: P= ﬁ%ﬁ{’/w 2)




'-‘5—/2!'01 M= M:.‘fé(df?fff') S0 Combined cernter of
mass conrtol e above A for sfgé.;/:‘é;

Volume = V: dcnsaléf 5 /0




S /2 '
V21| Av pressure = S p5h=%r1009.5/)3

C3m B = 14.72 kM/m*
1 o lim R=pAs4.72(3)¢)
2 m = 2649 A
¥~ W= S5(5.51]= §3.4 mN
[_gr{jffy ylm .
6 m

P
Enpz0) 264.9(3) + §3.9(3) - P(3) =0




5212 1, . g 1630 (199 = . g(10%) Nfm®
= welght [meter = _-3_-_ (: (s, 8)}53_. 50.3306)%
For d= 66(10°3)m W= 2 Njm } (din webess)
For d= 48 (153) m, W =139.0 NJm
21T N/m 59,0 njm
Y
[ 135.0 (0.8%)
¥ T M=06: M+13%.0(0.8- x)

0.4 <N <08 m
TF=0: V= [39.0(0.8-%)

0.8-%

Y

e

~X

=0

P ogn|  M=-61.5x" +11L.2% - 44.5

ACX=0.4m) ) M= — ILIZN'm
V = 55.b N

O < N 4« 0.4m
YF=o: V= 142,541y

55.6 N

>M=0: My ILIZ +55, (;(04--&)+ 2\1 M

112 N'm

M= ~108.6% © + 142.5x - 507
At x=o {M = =507 Nem

YV = [42.5 N
150~z
{00 I
\r’ N - \_: --556
50— o = ]
[ Y S R — - ;
o W
”'_/:;,i/lll:
—4—0
e
—60 - 50.7 SN S R
o 0.4 0.8



%‘ X e P=kﬁn—= \2=k\‘:l;;

' b
| 2 Ilalwitj/ k= 0.4-?:5;7_) p= 0.41]7
(___R dR = 200 pdx = R00 (0.4—1\;:)
dR
00’ \ = 80y dx
. 900
. x| |x R=[dR= [ "go{x dx
> (8]
o 2 3/2|900’
M\T/ =30 3x . = I.440(|o") I
900 ‘100'

(mdR = ( soxZdy = 80 2471

o]
o

= 118(10%) Vo-Ft

Thus A= 1.440(10%) Iy
M= 1178 (10%) lb-Ft




= 0.931 (1o°) Ib

‘ X= 450’

o0

Z My =0 M- go V' (x'-x) 4% =0
X 900

M= tof{Fu - w3,

= .78 (10%) = 1440 (16°)x + —Gig-x

slz

Ml = 2,21 (10%) 1h-f&
N=450"




2-10

V(x)

(1)

M(x)

(lo- ft)

N
™\
AN
x (ft) 900
“-.\\
x (ft) ;o-o



* 5/215]

{w ,- W= R00-

200
Ik fFy

(w ¢ Ra From Trob. 5]1or)

X v M
Rg= 1900 b
X 1'3 }
JxXF=0: Hoo-\r-j (200-‘%')4&
° 4
Y = [M00- 2o0x + 33‘33 (k)
K %13 , |
vixM=0 * M-?j; (200—?5-)(&—&):1 - oy =0
X
M = |300x - 100%%+ Tjos (15-%)
2000

V(%)

(k)

=2000

10000

M(x)

(1b-#t)

N

-

T~

-

\"“--.._‘_
0 X (ft) 20
Vimag= 1900 16 @ x =0
il e
A N

N
N

20

0] X (‘H)

_ !
M oy = 4030 lb-ft 47963




= _ ZwmX
X = Z_m

=0 Tor equilikrium

So mcu-|¥‘|: mﬂlliz—l

30 _qrp® 3 g °) (6-15° =(Efwf’ 2 no
30 NF W rcu)( ¥ Sinl5”) cos ) 2 Wlajjzw>"n

(Re:luce_s +o Ceu. Sin 15° cos (e-ls") = sno
A\

With fey = 8110 kgjm? and fo = 260 Kyjm?
o numerical Salution biﬁli‘i 0=46.8".




*5/217 |
Dia.

l{ s ’4”’ €00 = /5268 (103) mm>
X =

600 »1 ¥ ) FO0 mm
7
e @ V== 48 ?OJx = -6 362//03)21 X,=-X/2
5 268 (300)10° — 3.9/ (103
o @ . $ 3% _/5 (300) 39/0 ) x*
. X SV /1526 8 (/03) - 6. 352(/0’)»(
4520(10%) -~ 3.184 x?
R /5268 — 6.362X
24 ¥R |
320 //:1\\
' =322
) mm(
3;5 / | _WT_T_
/ : N at
§ 3o 4 L \ — L =B22
- I -
Ix 305 {
]
3215 \
300 ;

100

200

300 400 Svo 600

?C) mrn



b — kCLB k': b/CL3

J
, b 3
Rght half : J= o3 X
dy _ b %
I =3 = X
~y=k||
B\\j Tnspec.‘honj % =0
oy 2
Sx) Ax
P ’KH

o Q3 b-l ]
= ‘;j N Jl+ﬁ'gr’)(+ dy
o

7- §ydL _ 2 ,{:’XSJH 9Ee x* dx
de j;;‘\{l-k‘”l%f;'ﬁ dx

(Unws of length /)' f_m‘ejm\s not in moest ables )

For the 3iven \(mlue,sj

b %
k= /ag = /23 = | )j"-:’xg) and
2
_ j’oxg I+ 3xT dx _ N
D

g = —
j‘oz \I |+ C\':(*\ Cl"ﬁ

Use o  numeyicel Qcppmae:\r\ such as the

rectangulor, Trapezoida| | or Simpssn technique for
area.  determination  and £ind

— _ N
N = 32,3) D=8.63>) Y= D 3.4




Urife and reen /f)rajfﬁﬂ? Ffor /3'—',35(%) g f/r:va’
«""’/y; for R=0, Rosalf /s M/ = 0.087]

Frem Eg. 9/:ia, Ve ;‘3 (co.sh “‘-’.f:?-—f)
L "l

= ol (cosh 0.08 7/[25] -1
©.087/

h=y = F%8p067/ % 39.8 m

Resu/t depends only on Fthe geometry of
fhe cofenary.



x B
Ya xml 4
v e =L 38
< S D
' X ' Soo—'f};;|
= Jo o A, ,

From s= P Sinh = % Numerica| Sel,
Sop = Tﬁ" sinh % e L\) of (1) —((,):
o To .

503 = % Smh[% (500 "K)jl (Z) _}%‘ 1439 m
Alss:  Sgp +Seg = 505 (D[ sa= 318 m
From 4= = Loan&e-i]s ) Se= 19%im
ga = o LeosnF at] @ | x= 393 m
Ta -

4o = [osn % (Boo-)-l] 6) | 9n = SHom
Rlss: Yp—ye = 50 ©) /) %s= 318m

-‘;‘; = ;;" = 1439 = Te= 169 400 N
o & To = T+ 11177(54) = 175 800 N
—_— + L
ot hY Tg = To+ 17.7(3398)= 163 900 N




N
Measle - 20 (7.81)=1%.27m

Eq. 50 y= _;’ [c:msh*—:-t_'; -I]

At & lo= %[Cosh‘—%ﬁ&_ﬂ]

Ta -
At A 4o = 'F“[Cas‘n —2_‘}‘;};“ —I]

Simu&ﬁhews numerjcal solution : Xg = 1] m
'Y= RR1T m

Ta =T°+../Jua : 15 000 = 227}A+/.\(4-o)
M= 2E| N/m

A= Peagle T Pice + 0 RBI= 1624 Mice
Mice = 84T N/

F= M 84.71

i ’j_.: E 8.63 kj]m
e Con'{:tjum‘ﬁon does not depend On /U\




il

h-—-—}-\fh:l-ht + 7{-5.\“4 Z_EE) + 'ng'l

Se B= sz F\Q A given Jus-i' above
A =F=o0: fzjﬂt—f\'ﬁ +ﬂ3 =

d , 2p-d\ WAL pd2
or (h‘ E)Vhd.-h + Z:S\r\ (T)"' I3 -Eﬂ?
S_t\'c’*'teij . Sett d=| ond nume_f‘l‘call-j Selve
The okove e~]uc--h;:n for h  Fov values of

%“ LQ'{‘NEU\ O and i:
z

1

9-|r

0

0 £ / F 1

. I
For pine wood and salt wqterJ |°|=4~80*§3§

and f, = l030 5—3—3 . Se fo< 4%

m f?_ hlo30
Numerical Solution : _h_ = 0.413
= ©

= 0.44(

=r




200 \b A ssume equilibrium.
‘IY ZF’X:O = F= g5lb
P25 TF.=0 = N = 200 Ib
b T‘*F— Y=o
N = = =
E Fnax = AN 9.5 (200)= 100 |

F< FI’“QK ) ngump'hqn vahd ) F=3851b



6I2 | 'Y

|
ioo (98.1) P="T700N
gt 111 vl . Assume e‘iuili\:r’fum_
30
—
NT F

> F,=0: 700 cos30°-F =o, F = 606 N
TFy =0 N- 98| + To0sin30°=0, N= (31 N

Fmax
Assumption invalid \ matim  occurs.

= pN = 0.8 (631) = 505 N < F= 606 N

F=pN = 06(631)= 371N




6/3 _
m§ ZF’X =0: O.08N- h\j SN = o
Y N = Mysiné
\\ — K ’eﬁ 4. 0%
—7 AN . Y Fu=o0! N-m3cas® = 0
F=pN ’Q J J

N= ‘M3 Cos ©

mysme _ A e
So Y Mjcme )“thB O.O‘BJS— 4.57



(@) Assutrrc  Egus/ybrvium

00(9.81) N
6 |4 ln. )M p
e . [-]
Z/t- =0, 200 cos 20° ffp

o_-T
1577\ /z?iff ' .
A_.-»" — 98/ 5 15°=0
= ~-&6,0 N
N 2—,%—?:0)' N+ 200 5/n 20°-98/cos /5 =0
N=879N
= 03/879)=264 N >66.0 n So egud. assump? &K

g 5

S may
(6)£.,,= M N EE=0" Pcos 20°-9815/r2/5°-0. 3N = O
IE, =0, M #Psta 20°- 75 /cos/5°= 0

Solve F 5eF P=576 A/

(€) Assumic Shpping wfo plonc with (2,2 M N
E/ =0 600 S/ 20° + M - 28/ cas 520 =742 N
F=0.20742)=148.5 N

ZE = 800 co520°-98/ 510 /15°- 148.5 = 1614 N >0
So block moves wup Jolane 23 aAssueied/



6[5 10.2 (3.81) N

/5 Assume  equilibrium,

4% | (oo w= tan = 13430
N/ F X

LF =0t -F+ 102(33)sin*x=0, F=3.6N
ZFy=o: N- 10,2 (3.81) Cosat =0 | N= 949 N
Frag= AgN= 03 (14.9)= 86,4 N > F=31LL N
Assumption valid © F = 3L6 N ~_
Total force P= \0:2(%.81)= 100,1 N f




A% "3 :3
T Y L =X
A°
| |8 ol F °

)
Fﬁ # d —— d —>

Slips NB Ne

Zﬁng)r —FB-FQ+'P¢:0530°"'° (1)
ZFy =0+ Ng+N, +Psin I*-mg =0 (2
Witk Fazf‘SNﬁ 'e;- Fc.':/*sNr. ‘ Combine ()
$B) o oktain P = ey

Mg Sin 30° 1 Cos30°

P: ’PS'\\‘p = 0.4‘4*8‘(“3

Witk pg=o0.5
Tips (NBJ Fa —‘>o>:
2 MC. =0: @C0530°)?d. +@5in 30‘)(2:[) —img (cl)=0

C Yﬁj _ _
= P = Cos30°+ 2sin 30° O. 53&’"‘3— P*-"P

For these c‘.emu!.rl'ttlms.J 5\1‘??{.«\3 wWould occur
“‘irst,



For X=75 mm, O= S/h_;_g—:z /4.5°
Friction angle ¢ = farn f;
Sfor A is @ = Air~'0.90 = 2/.8°
w 8 o g = fan~'O.30= 16.7°
Since 8< ¢, § By, bor does no?
5/"/; & 6:@: W Farn &
= SO(9.8/) fon /14.5°
= /126.6 N

e For increased X bar sips furst al B

with &= %: 16.7° Jhus xmax: 300 51n /6.7°
= §6.2 mm



30(RuyN |3

F\ Na

0.3Np

|ZMg=0: M-03(Na+Ng)0.2=0
zFx =0 NBSinB&?H)-S Ng cos 30°— Ny =0
=z F\\j =0 Ngows 30°=0.3Ng Sin 30°-30(.8))

+06.3 NF\ =9
. . [Ng=312 N
Selutian of Ec‘s. Q) "(:.") ' {Na = 237N

M = 32.9 N'm

()
(2)

(3



7Ldn 95 = A /0"

a./76



[ .
x l.?oo /b ’

[ k]
| =

s [ —J—l'“— B e _L
e 7 e 2]
A I |

SM=0, 60(2) + #B-300(2)s0, B=/20 4

ZF_;:OJ' A + 120 ~300 =0, A =/80 76

ZF); =-0J' /-Lg_//ﬂ’c?)—éa O /L(sf—‘ﬂ._?j'




an | 4

-1 d

emg-f\ = ¢ = _tﬁﬂhi/l‘s = tﬁﬂ T‘_ ‘
So Mg = %- ] d= Mgh =0.2L

Device will Work for all l
d = 0.2L




FMg=o ¢ 150 (£ 1) 10Ny = © Na =54 1b

ZFy =0 Ng-1850+ T (34) “°‘4(M)%:O)
Ng=103.0 It

ZFx =0 =P+ o4 (1030)+ g4(5 )+ 0.4 (34T =0
P



From law of sines :
A m3 sin 105° < O Sin ('_‘5.:9)
’{\EX 2 = m = ‘EE-
PSNA\ jﬁ—cd: .E§{v:0§°
=0, 25'\ = Sin
}JSS ‘ ‘\ l05°® B ﬁ - L sm(75%0)
G N =in 105°
T MsNg
Q--_))( Nﬁ
Zszo + Ng Cos |5°- 0.25 N, sin 5 °- 0.25Ng = 0
ZF'J =

: NesinISH—ozsNgcoszs + Ng — Mg =0
> Mc=0: - Qsme
c=0:

Q Sl-r\(’?so-e)
sin 105° ) N ( sin 105 °
_mj[f sin (157 -96) 1

Sin 105" - ":3‘3056]
Solution : Nﬂ = 0.244-\‘\'\j

Ng = O.‘@qgmj
& = b1l1°




6f14 25(1,31)N

. 50 _

Cos ® = 0.8

AC = 0.8(0.25)+0.15= 0.35m
Yy

ZF,X:O: 0.8 —0.4N = O

X Fy =o: N+0.6P-25(%.81)=0
T Mp=o: M+ (N-25(1.81))(0.35) = o

Solution: N =1881N, P=94.3 Ny M= 19.8] N-'m

)




= torloO40= 2/8°

756 p= 90-21.8= 68.2°
) Y-’ of S;'n¢5
a4l 180 .75
Sin(@+B) ~ “sin 21.8°
p / 91"/3: S‘f'ﬂ-‘ /30;;:72&8
= sim"0.89/ = 63.0°
or:-117.0°

63.0° 50/, not peossible,
S0 ©= /17.0 682 = 4£8.8°
!2 - trr 4. 6’: ¢ = /Z/f./-i = 10.52 £



_QL[ léo b (CL) P aPpll.eci Yo 60-lb block
oV P (Note: Ny=¢o lo ¢ Np =160 Ib

—~ —— "fhrouj‘nau‘t)
i TN' Assume 60-1k block slips
'°°“°‘HLF_-1 by tsel (F =ps, Nl)

Voo >F, =0t P-pN= 0

? TNL P:ﬂs‘ N, =0.4 (0= 24 b

Check on [00-1b bloci : |
> F,=0: R4-F, =0 F =240
Bot Py = Msp Ne= 0:12(l60) = 9.2 1k

So the (o-1ib dees not shp L\\, itsett) rothes
+he tuwo blocks moave 33 a

kot Cases (@) #Q:}}

unit . 1

P = i, No = 0,12 (160) = 1%.2 Ib



——— t5—>—P(&.}

6/’7 |_r l5(c1.3\)N {::5!:0'50

@) ~ =060
}J‘S,NI f N; N
|
@&y | N, L
N 4’_}'/”5; Nl -

S Y |o___>_1,(b] From ZF‘:} =0,
I Nﬁﬁ‘s?-N'L {Ni = 49.0 N
©) N Nz = [47.2 N
sFy =0" F—T-Q.50(41.0)= 0
{-‘r + 0.50 (Aﬁ.o)ar 0‘60047- 2) =0

T=1128N P=I137.3N

(L) Now T is apphed o 10-kg block 4 ule
revecse all Fricton forces aloave:

¥ F, =01 [~T+0.50(410) =o
~T —0.50(41.0)-0.60 (142.2)+ P =0




6/18 ZFEj =0 T-Wcogd®=o0 _I_“B o

Fan
T = Wees 1v° ;
100-\b  block:
ZF:‘:o: N —looces 20° =0 Nur
N= 94.0 1b thr‘otghau't) , w

(@) Motisn impends  doun inclive: y (100 b T
\

> Fy =01 ZT-100sin 20"+ F o =0

w
With Fmax= }{SN-—- o.3(q4'0)
228.2 b and T = Weos |0°) -
W =3.05 1b
(k) Motion impends up (nclme
ZFy=0: 2T —100sin 20" —F,, =0
S\m’\\of\j] W= 3.7 1b
Hence fhe allowstle range is 3.05 W=317




B La+tb

GEMg=0: A(Ratb) —Bb=0 , AT b
Z‘%x: Qo (B-ﬂ)sine —}(P&B) cos @ =0

_ AtB _ 1+ B/

‘thG-—/LL——-—-—B_ﬂ = A—————%‘l
. B _ | 4 (2&&5)/5
Substitute A tand = W @‘“'5)/5 =

ot+b

ar e = 'l:Qr\-l ().L o




6/z0 | /3

10(7.81) cos 30" N

< 10(3.8) N
N 8o, ~ 30/
2 7% N !
/ S~

2N cos45° (b) "~y

zF\Lj =0: 2Ncos45°- io(?.ﬁl)(:os 30’= o, N=¢o.l N

@ P=o

ZFyx =0 :i-2F+10(1.%)sin 36* =0, F =245N

Check: Fa, = N = 0.5(60.1) = 30.0N > F=245\
So wWe indeed have static eﬁ]uilibr}um.

&)y P+o

ZF, =0 :-P +10(9.8()sh 30°+ 2(0.5-60.1) =0
P = 1091 N




6/zl I P (56-:?-:%) 1
| D)- - x

ZF—%:O‘- P<nd —-F =0 ()

© EF‘H:O L N'mj*?cose =0 @R

mom v ZMp=ot Mg %sfne -
P(r+rsind) =0 (3
When S\\g;?\'nj “'.M‘Pﬁﬂds ) F=ﬂ5|\| @)
(4)—‘.9 O Psm® - BN = © )
XA : N=mj-‘Pc_a_<.e (6)
€)= &) : Psind-py(my- Peose) =0
Ms M9

:l*bq>=

Sin8+ JAR Cos 8 (Fl)
(7) - (3) # S;mﬂi‘Fl‘Caﬂ'l‘en \J\ilds
_ A4sin%6
Ps 3 (114 smB)-4sinfcos ®

For 6= 40°  Mg= O 1223
(’7) Then 3\{.«eg P = 0.6kl Mg




! P

(&) Set  Feg =0, Fa=uNa.
G TMg= o0 149(14)~ Ny (28)

—0.3 N&@o) =0, Ng= 49 1o
1 5 _?i‘:.___ o ! -P_P NH '..‘IQJ P =I 4.7 I
40" N

() Set Fa=0, Fg=puNs.

( Note

Abar

GZMR':O V- I%(I‘q*)“' NE(2‘8)
_ OBNB (40) :0} Nﬁz 122.5 b

> XF =0 P-puNg=o, P= 3%z It

r= AT 0'3)



623 M9 Imsf)

lefndef a N ¢ Boy B
.+.
:5
Fe ~== T

Assume that box slips but Q\kjh-ncle{ does not,
B =(s)g Na -

B[ XFy=0: N- Fg= o ()
{ZFJ'-:O: NB-MB&=O (2)
Se Ng=mgg, N=Fg "'Q‘s)g, Mg 3
¢ | XFy=o0*+ TFe-N=0 é)
EFj =0 | Ne - meg =0 (4)
=Mg=0 ¢ F,r-M =o 5)

M= For =Nr = (s)gmg gr
= 05()(2.31)(0.2) = 2.94 N-m
FQ=N=@5_)B Mg§ = (0.5)(3)(‘1.81)-4 14-72 N
<) max = (1 Meg= OO (171)7235 N




N

r g M i

A

GfR4 | MY mMgq
Cj\:nduer C . I Bsx B

Assome That Qalfndtr Slips but box does not.

FQ=Q‘\53¢_NQ, .

B ) ZFxk=o:+ N-Fg=o (1)
sz =a: Ng-— Mpgy = © (2)

So Nﬁ: Mg 9 ) N = Fg

¢ [ Zfx =0 (a) N -N =0 (3)
EFy =01 Ne-mg =0 @)

T Mg =0 (u Ner-M=o (s)
M= (M)emegr = 02(e)(18))(0-2)= 2,35 Nom
N = Q‘*s)c,mcj = 0.2(¢).8) = 1,77 N
Fe=N= 1.7 N
(Fa)vw = (As)g Ng = 0.5 (3)(38)= 1472 N >Fg

Assumption OK



6/25 | | For ggar/ibrivny  forees rust
i be concurrent at C oo thal

N A dﬂfan":?%: nl0.27

i Fﬂ@' Since O.27 < 0.40,
Collar will not Slip &

8 |.
—~ 20 -—H_:...JZ_'.._ jF.-.OI' Fedoo /b




626 | @) P 4o the rignt.
B

EMg =0 mgk ces® - Ny Jeust

__*l_@_h. +HsNa dsin @ =0 )
:Na Box) =F =01 T-pNa-pN=0 g

iﬂh"%a ZFy=0: N-meg-Ng =0 (3

pg Selve for T as

PN TN T = Ay CoTecj;;i“e +m°1

) P +o the left. Reverse P and all Friction

Lorces 1 the above FBDS ftr sktamn
> - m cos © ]
| Ms 3 J: Cos® +Sin® + Mo

With 6 =30, m=wm,=3kg, and f1=0.60,
We obtam @) P =44 N
Qo) P = 30.8 N




627

|
|

Bmdmj occurs For max. X when @ becomes
the friction anLt or less, For equ\\\brlum)
Forces are Cancurrent at B, Thug

AR = (,%w)tan?i = a+ (%"1)1&1\?5

= %= 2)“5



N
AB {‘zr—;“—'o LR -By =0 (Y

ZFy=ot N +By-2my =0 @
ZMazo: By(Zsme)ty(leso)2mg (Leess) =0
BC | ZFy =0: By-F,=0 éj
ZFy=0: ~By-—mg+Ng =0 N

ZMQ =0 i Mg ('gi COSB)-{-B:J (.QCOSQ) - By (ﬂs‘m 6)=0
b

Assume first slippage ot A: F =0.5N, , Solve
seven equations o oktain O:=63.4% F =0.625mg, ¢
N, = 175mg. Nete B4R 0= 0.875mg .

Then assume first slippage at & F,=0.5N,.
Obtain ©= 55-03J F = 0-875?‘\3 iN, = 1.25mg.
Note Fy>Fp=0625mg. Se A slips Tirst.



6/29 |

For cquilibrum | The forces
must ke cancurrent ot 0
and ¢=an-l}is tor
,‘mpe,,d;nj mMaotion with A=
a= xtang + (xth)ton g

Y 6(*5)}15 = Jis (Rxrd)




_%QJ Consider The FBD below and the
equilibrium equatn ZM_=0. The presence
ot the ?roPuls'Ne, fY iction Jorces F } Whether
aPpl{ed at the frant or at the YEq(‘] |NCreases
the reowr normal Forces and decreases  the
front ones.  Tncreased normals  mean

Increased  availakle fprapu\siﬂ. frichon  fyrees .

mg Thus The rear-wheel

drwe Car  Wauld

climb The  steeper

o |2 NF gfade .
v NR \-‘7—-

oy

—



ﬂl .15 m AXF-o0o = NQ:GGH_";)"LBl:loaoN

.\ B Ng
T GEMg =0: 025N, G:11)-10(381) &

4%.1.5°

=3/TIn 51U N —lS(ﬁ.Rl)CO.’a'S)=oJ % =0.957 m
! >. = & 2.55
- < = 1§  s=2.55m
90(3.83) N Sﬁ x S



/!:.j AS\:' 0.30

/ Msz = 040
‘"“"__“_‘“““‘-200
X
FT‘Om ZF\\; =0 )
{Np—- 73,7 N
N, = 212 N
e (Frroughout)
15(2%1) N
(@) ZFy=0:
- T+ 8(A8)snRo’+ pug N, =0 }
— AN, TR, N, +1S (‘1.8)) sin 20° + P=0

Solution : T= 5¢.6 N, T=490N

(b) Assome T gees  slack and both nasses
move 0S ont umt.



(8+15)9.81 N
LFy=0: 23(%.81)sin 20° =P

~4 200 TPsNz =0 P = 120N
}'LSQ_ lf ( But note thet Cman— 'tan_]).lsl
N?__ =+o.r;|0-3 = 16.70",. So %"'Kj blocle

would stie:)
(b)) Continved. Assume tThat T doeg net

90 S\&c,ki 8‘\(3 block remams s.‘thcIonarj.
g(1.81)N

As n (GA\ ol Friction
N, NN, Forces g0 Jo therc
respective maxima
tor -impcnd'mj ship,

ZFM::Q'.
- T+ B(%.8))sin R0° - pg N, =0°
M Ny + pg Nt 15 (98)sinZo° =P =0

Salution + P=IS7.3 N , = 472N
The 19- kj block slfl-s up The madime Whi le
_H'\t.. 8"‘:&3 b\ae.k. (‘Q*ma{ns S‘toﬂ—;onqrj,




(cx) ZF =0

=T+ 8(%81)sin "4 g, N, = O

TR Ny — Mg Ny A+ I5(38U)sm=Ro®+ P =0 }
Selution  P=714 N T=¢37 N

Oo) F\SS\JmQ_ Uhat TSO‘QS slock. and ma’tklon
impends  for A and B as a unct,
23(%.81) N

f Uo)

ZF =0 23(AR))sm 2= Pt g, No=o
P = 12.0 N
Nete That emm = +qnh1}l5‘ = -{_-;;.“-t 0.5

= 26.6° > =2o0°
) The ?osaihi“b Thet The 8“"'\3

bLlock  remans a’trﬁt\'onmj sy the lS—kj

Hence

blockke.  shps beneath & 13 ruled out.



o34

2 Fy=0: mgsin ® - ugN=0 (1)
T Fy=o: N-P-mgcose =0 @
GEMp=0: Mg RO cose - P(Li -Re) =0

With R=0CL: 06mg6cese - P(5-0.60)0(3)

)¢ R): mgsin® = ug (P+mgcosa) (4)
@4 @) mgsine = [ CETEOCBO 4 mgcoso

- 0.5
= g Mg cosé (5E257s

Mg = (1= %e) tqneéﬁ“ %'200'%5’}1',&:\ 0% = 0.212




Mg =l mr ety (1= deptn)

= 2690 (0.080) (0. 040)
= 2.6 kg

Mgt = 1iv;,t’n’rzt:il:'_[2_*
= 73301 (0.080)?‘(0.016) =
= [1.259 kj

Mo = 3.42kj
4;%81%)—— = 340 Mmm

m= My 4

_ 2aL(o)+ 1259(34.0) _
= 3.42. [Z2.49 rm

T
mgr -Fr =0 F= Mg
~ 124
F = 3.42(18) = 5.24 N
> Fy=0: -5.24+3.42(18)sme =0, ©=898°
EFy=o0: N- 3.42(1.8))cos 8.98° =0 N=33.2N
F

)
= L - 224 158
AT N 33.2 < i




6/36 | ToT -1-1cos 40°) & — (Qsin 4@3}

19 T \{(Qtlms%')z-]—(ﬂsin 4‘5“)—?:

L X _~ G 2z :T{—o.ci&o_i:—oszvzj}
—~ | Mg =
N« “4_0;_‘:
! N
GIMo=0: 0.342T(0)-my % Cos40° =0
T= [.12a mq

T F,=o0: F— lIRomg (0.940)=0, F= lLo52my
iFﬁ'-'o ¢+ N— Ll1Ro myg (_n.342)—Mj =0
N = 1.383mq

¥ _ l.OSij - 0.7
N 383 my :

"

Hs




6/37 I Lower roller) Z%: o, /-;": G But N>Nz

N, SO £ reaches [imiting valae pM, befors /7.
3 20" V3 r.
\ 2 Z%*C)J/L%Aé/ff-?r)—/\éz_
o T o5 0,262
/s re 3r /+0.866
2



4 . We expecf(

FBD assumes s\ i]’b'i::\nj CCW{ 530 [
ZF'X"'O Nﬂ’\' FBQQSSQ —N331n30 =0
EFJZD: Fﬂ+Fﬁ 3in30°1—NBQogfoa—m\3=o

'ZMPF Q: "mj%—g__C05300 +N3@a =0
Limiting Feiction: Fy = PsNg | Fa=pgN
Solve B E’.qua’tlbns +a sktain
{Na = 0.1362mg  Fp = 0.0545m;
Ng = ©.887 mq Fg = 9355 Mg
For a\up}?mj C\ﬂ') reverse Ty e‘f}‘-'-g
on FBD ond first +uwo QC‘UQ'tilOng Q 6ktam
Ng = .58 m9 Fa = 1.034-mg

(=234

Ng = 3.05 mg Fr = L ZZij 1= 8. 14

For equ'\llbrlﬁﬁ P231% —CL-"— 8. 14—




6/39 |

Wheel: ¥+ M. =0: M- uNr =0 ) PSN"_ M/r-
lever : ¥x =M =0' Nb-Po- psNe =0

P= '\%‘ (_;';*e)

I b= )usej P=o él braoke waould be SQIF-IockinJ.




G/40 | For -inn(pench'nj Sll'p of the
}JSNHT I‘}ls Na A block, The ‘Er;.c:h'en ~orce

f/z mj an bb‘th o‘?" L‘tS "FQCQS

) Ng= 2_}%(’

(Bar) +2_Mg=0: mg (1 5‘“9) + s Ny (Ism @)
- Ng (4 cos 6) =0 (=)
With Eq- Q) Eel. (2) becomeg

QB‘OL\Q)*’TZF:O ZPSNﬂ "Y’%ﬁ =0

mq (‘zsme) T Ps ;3 Ism8 - ——ﬁ- lcos ® =0

Sowmj foc 6 - 4 [ }2 o .
e = tan /15 (|+-'—':\‘:] min

(829) = xF=0: Nq—Fg =0
Foo= Ng = MeJ

Z ps
AZF=0: Ng-mg=-pNg =0
— My 3 Qﬂ Mo \
Ne = mg+ e 50 = 00 )3

Ne = (mr2)3 o (1725)

N'Lxm‘mrs (}13 = 0.3 "h\rauahou‘t)

(&) Yoo 0.1 O = €12’ @5) = |.667
(not possikle)
m o
L) My =1 Oy, =4S | (ﬂé)rs = O'H’T_

Q:\ —:ﬂi' =16 Ogya= 16, 30" O‘ls)g = 00q52—



G/AH | The friction force F—ﬂ betuween

Fa = PsNa “re block My and e vertical
I Nﬂ A Wall 1S set +o The meximum.
SC .
Na RBlock : #ZXF=0:
ﬂ&NR = 1’"\03
moj
F = med
B NF\ /us (1)

Bar: ¥+ 2 Mg =0 my (‘%Sine)“l\\ﬁ(ﬂ Cose)‘—'O
Ng‘—‘ %t&ne (7\)

Combine (1) ¥ @) : med _ mi tars

Ms .
- 2 M\ _ oA
5 o=t (2 =0,

< \

-1 —— — —
Numbers ¢ 0, tan (0.5 o) = 21.%8°

Ched¢ +o see That ne slhippage occurs at B.
(BM‘) I321'_::—"0 . NR“FB =0

So Fg=Ng = - tand (Frum Eq. (2))

AZF=0: Np-mg =0 Ng=mg

Q:‘gmm\z Ne Ng = pg mq
Nuwmbers t{FB= __"‘:‘_aﬂ +tan 21.3° = 0.2 mg

Q:B)mwx: 0.5m3
FB""G:B)mwx) So Nno Slippuac at R.



&= /0;7'—‘ -"Zroo = 2.86°
mgcos® = $2(9.£1)(0.9993) = 803.4N
m9q 8ind = 52(9. 3/)(0.04??] = 4do.2 N

M, =0

803.4 (620) + 90.2(700)
A A ‘/080/\1; o
N = 4873 N

N, R=0; F=40.24

N

iﬁm.iglf e /u.s:

IF p were Toukles Sriction force remains 40.2 N

FIn = 40.2/481.3= 0.082




6/4‘3' /2?05(29,) N Assiymie roll s/ps ad B

3 but o) at A. Thoa
i ~N
I F;r—' o.4 P
P c 5
% / oo r
)L’/ A A /‘E mg £ 5/n 30° +0.4P(r+ rsmn 30°)
S0 e _P(rcos 30°)=0

Pl0.566 - 0.4[7 +a.5_7) = /200{9‘,_&)
2

I _

Chech on as55umo Froer )
2,5;5))' R ~1200(.81)cos 30° - O.4(22 126 )cos 30°
~22726 5/07 30° =0
R =28 922 N

f/'wz; =S K r-Fr=o, f=F=0.4(22 126)= 7§50 N

(Bur(g=8330 0 ) < (0411567 1) 2o grrermnre



ﬂl F='300|Io_|-(— !
For E:ciu'\li\or"lumj the _‘f'>" A

Three forces must be

|z rn
Concurrent. f =
(ay Slipping ot A 15 nat 0_840"1/[:8 e'(R T

possible  as [ong asg J_B
VB .

ép‘ >(eﬂ= n _l_,_z—’ \4‘.04

So Qus)m'm: tan 64 = .25 @A

S\I‘?P.mj at B Is prevented as \
o
\Oh\fj as  ¢g >0q. |\\
- i
Tan 6, = 125 = 1.25(0.25) 5" lod,
8 |.25 + 0. 840 I "\ A

= 0.3819 é_"\
(/“‘s)man = 0.38) @ B

(b) ZMg =0 * 800 (1.25+ 0.849)-Rcos 14.04 (1.125)
-Rsin 4.04° (0.840) = 0
R= 1291 b




o/45| 19

. Sgstem ot panel *f carrier:

Fom S X
> T ZFM‘—"O'. F=R
SFu=zo: P=m
i h=30" J _ ]
) ZM,=0: Fh= Pc
b-2fz" P J .

o = R= mq W
_LG%, } 3h
T W _c=475"

__}4.(0:“'2" (m 1S 'z panel mctss)

le— C=45"

Trmpending mation
ot both A E‘f B.

=0 (1)
R=0 &

>Mg=o" mg(c—‘az')+/15ﬁm—ﬂh=0 @)
Eliminate B Ffrem () 7 (&):

mg - AsA ~ ﬂ5[R+m3_)"o A= J(ﬂs 0

@) wmg(c-F) + z(;ns h)(psa k) =0
b +Xh bh

Slmp‘nfj +o 3et /U-s “Ms Tao. t*t oc O

_ b“*zh + L b2+4-loh +4h*_ 4bh
}"‘S- - _\/ ac

With  a= 2" b-? , = 45" and h=30",
}15-—' 0. 1264




deﬂ;'zum dn‘g/c‘ be Fween ‘/Z and
b normal (s Fthe frictfion ausle

¢y gten

R So ¢ m‘mmm as b clecroases

Thus min. valuc of b lﬁ‘yln«r éy'
('3+5)/@52¢ tlp =
9o 4= o[(r-)ces 2 -1

s here ¢ = /&?ﬂ:'}(




Critical X occurs cohen

=2(103/°) = 226°



6/48




6 (49 : _ -l =4 .

—-—I He lix an\t « = tan Ao (0, 81
Friction cmjle @ = ‘tcm_‘}.L = +tan 0.5 = 8.53°
X >@ sSs Screw Is not gelf- |ock|'nJ¢

A+ = [7.34% ; ol-¢ =2.28°
@ M= Pr ’Car\(x*@)‘- 0= P (6.020)tan 2.23°

P=15 300 N or 75.3. kKN

b) M= Prtan(a+¢): 60=P (0.020) tan 17.34°
P = 8550 N or 8.55 kN




6/50 Friction anﬂle Qb‘:‘tanwlfl = tan ' 0.15 = $.53°
L .

tanat = | Critical when « =¢

- head k= =y tang = 2n A& taqg53°
= 0.1767 in. per revolutiasn

N= /= '/o.t'?m = 5,66 Threods per inch




6/51 | E

S N S
M i
!
| lo° f/uSNtL F

30k L2 ™
s
N_ |\
RL RL .
(@) Lnsertion (b) Retraction

(GL) EF’X:O: 30 - NuS\.h IOD‘-}lSNlL cos{oo_}\sNLz o
ZFj =g & - Nu(‘_as'.o%},\sl\\lL simio® « N_ = o
Solution : NLL= b3.% 1bj N_= 50.8 lb

(B) Primes denocte new values of N, and Ng.

Thece oare naw 3 unknowng L‘F‘ll N:, \ and N/ )}
So We Wnnst Solve +or ’P' hﬂ‘i'thm.a'&~ mare

I‘ﬂ‘FDYmai'tan.



6/52]
-

: K~ - o
Hc\.txl angle > = tan _1’n'cl Tan ?% = 4.05
Friction angle ¢ ="tan n¢ = tan' (0. 20 = 1.31°

Tf\'jh‘\fen : M= ?r' Tan (°< +.¢): 20 E;L_"ttm @.051“.3!")

= 4,12 lb-in.
hoosen ° M,= Pr tan @-o()‘-‘-gﬁ 3778 tan (H.3I°‘ 4.059
= 1912 l-in in  direction O‘f?us.ﬁ()

4o “that of M
Note : =< <@ = sSo screu s sclf—lockfrj (a
3004\ ‘eature 'Fn*(‘ a Clamp "»)



6/53 I 90 (3.81) N ¢ = tqn"ﬂz tan"lo.4= 21.8°

GLMa=0: 9o (?.85[(:055'(0.6)
A t+sSwn5® (0.35)]—R2 cos($+5°)

\R3 x1.2=0  R;=5|8 N

2 F=0: Pcos 10°— 5I8 sin ¢
— R, sin (g+10°) = 0

+ R, Cos (¢ +|o“)='- o

Salye Simuﬁanﬁou:,(\j +o obtain

R =41 N  P=441N




. 6 /54 Friction ansle. g = "{:ctn'_l (0.2.) = |.31°
100 b

:‘j (q,) Rollers under L..\edje

| I

Zi"j:o: —loo+ R, cos (I5%11.31°) =0

R, = ¢ b
Y Fy=0: Rysin (I5°+1.31°) =P =0
P =494 1

o
P

(b) Rsllers removed
Value of R, from 100- 1y

Eadj I unchanged..

f

P PEWELE R s (I5“+|1.3t°) - P
+R, sin (1L31°) = o
Wfth ‘P\i determined From overall
ec‘\Ll\ Wbhrium Gs 'er- IO%S“_SIO = |o2.0 Ib)
Wwe solve for P ag
P=69.4 k




¢/55| Friction angle B = tan”' (0.2) = 1.3V

10013 (a) Rellers under wedje_

|
I
Rs [ Tt XFyTor 71004 Ry cos (ISM1.31%) =0
3

Ry \ > Fx =0: R, sin (1s =1.31%) -P'=o0
4
N Pz 6.45 b (to the lefy)
[
!/5°)
\@
v lR-z. (l;.) Rellers removed
(a) L~ - R, = 100.2 I )-f—,.om (Q)‘
1% "
Fr‘om overall eth brmm)
_ _loo _
R = Sosniar = 102.0 b
\
®) ‘\‘LR" ZF, =0: Ry s (15°-1.31°)+P'

%—;ﬁ - Rl Sin (H.SP) = O

| ' .
E\R. P'= 13,55 b (fo the righy
|

)




6/56 | p= tan~lO.f0 = 21.50°

\~5° f=90-2p-5°= 4140°
R, éﬂ""
ﬂ/ \ Column & wcdsc
9“‘-\/ — \5:'0 "'_P Z/C-me: o
\ /22 cos (2/.30*5)0:5_ Hhnd
I
R : 2= 2, =560 AN
/ F’ cos 26.80 _

Wedsc -’Z’i':O)’ Pcos 2/,80° -5, 60cos #1490 =0
P 560(0.7501)/0,9285 = 453 kN



¢ Pz tfailoq= 2,80°
B=90-¢-($-5°= J0-2¢ +5°
= 5/.40°

Coltymn F wedse .

" ver s, J
R,c05(2/.80-5)" = 5 AN
- o
S —=— 2 S22 FN
2 s /6.80°

wedge, 2K =0, Peos 21,80 - 522 cos 51,40 =0
P= 52 2/0,623?)/0‘9235 = 3.5/ kN



_é/ig_l Helix angle : ex= tan 25 =tan"$5(,,,_gj= 3.17°
Friction angle ¢ = tan p = tan ' (0.29) = [H.04°
() To tighten, Mg = ZTrtan (x+#)
Ma = 2 ( 10,000) L0 tan (3.17° + 14.047)<3560 Ib-in
(L) Ts loosen | M, = 2Tr tan (gé-o()

M, = 2 (10,000) L2 tan ((14.04°-3179 = 2216 lb-in



Fa By inspection Ny < Ng |
Nq sSo S\'lppinj occors first ot
A. Thus Fﬂ = 0.25Ng

y Cylinder i ZMg=0:

Ng /i '
Ng L--% g r—Fﬂr:o) FB= F'H-;O.ZSNﬂ
?_ IO°MFB ZFj =0: NB Coslio® - Fp‘ sin 10°
R _40(“].%[)"[:“ =0

o¢ Ng Cos 10° -(0-25Nq)5'm 1S ~4o(ﬁ.31) - 0.25N, =0 @)
ZF,K=0 + NgSin10® + Fg cos10®°—= Ng = o
or Ng sin 16° +Q).25 N&)CQS 10° — Np =0 Q—_;.)

Soive (@) 4(p): Nq= 986N, Ng= 428N Fg=F = 246N

\Nadje : 'Z'Fx—_-o: P-24.6 C®|0°—4283‘m 16°=0 , P= 986 N




6/60’/\/]: 7 r tan (O(-fa‘«) *r T Fen [& ~¢)

where o = tarn”'= - A5, 2 - 4.55°
2/7r 2m7(16/2)

& :)%r;:fu_. = FhunThz¢ - 13.50°
K+ = /é’.os“j b - = /3.50- 4.55 = 875°
Jo M= §ooo (izé)[fén 18.05% Far £.95°]
= Pooo (8)( 0.3258+40.4574) = 30 926 Momm

or N7z 30.97 Nem  [Sarme for éeté dﬂ:‘z’a‘ﬁ'éﬁs)




7! | For The screw,

= tan”’ zl:frr = “ton 26011' = K.45°
qj = tan”' (0.25) = [4.04°
Eq. ¢f3: M ="Wr tan (« 1-95)

z24-=F Egoz "tﬁn<5 45°4 |4.04"%)

P = 6730 N (to remove Ooilq.r)
Collar : MpA = P+ 0.30p (00507 -0.060)= 6780
p= 240 (10°) Fa or 2400 kPa




/n order for colurmn

o be rax.'sem: b o FForr
weﬂ/ﬁe r1i0S5F ne

6/62 473' é = fan”~ 0.3 = /6.70°
]
'

move, THere fore
J4s musy b 5rea7§r~
Jharr Yan & or
' 1 () i = Farn (4+/6.70)

l\

i

i - 0378
#~'\g —




" 6/63 | ¢=trilo.40
= 2/.80°

[roor9.00)N| @104

J
98/cos 2/.80°

= /?.z cos 53.60°
Ezz /535 A

Block. Z/'_;:O ’

y ;oun\._l.‘\,lq’ Wedage! 2R=0
+
| /535 cos 36.40°
R = P /.80°
2 e cos 2,60

\- P ,
r///'o/"//h 26 +10% 53.60° P=/331 N

/ﬂ TS~ 90 (24 110°) = 36.40°

Jcrews, = - _L = i = 6.06° P= » = ;
oL=far = = tan = 073) 6.06° ' p= tan 0.25=/4.04

@ +o = 20,09°
M=Pr tan (g tat) = /331(0.0/5)tan 20.09°= 7.30 N-ry



Mg =0 200 cos 19.47°(12) 3L =0 L="154 b

, - Mz o
Screw : {hehx angle o = tan (') = 3.04

Friction qnﬂlt ¢ = tan™' (0.29) = [1.3|°

Tighten screw: M= Lv tan ($+a)

= 754 (0.25) tan (n.muaom):%.&
-in,

loosen Screw: M= L v tan LQS—':()
= 154 (0.25) tan (t\.3|°—3.04°) =27.4 lb-in.



:F'é/gs' ' for eges/. of scraw (refer to prob. iterst)
2'/;-=0/- W-_Z/?, @5(/0(1"3') s cos(uol +)) 2R,
EMI=O; M= ZR, 1l +g)= rsim (o +y) 2R,

Combnre & 57 pp= wr fon (d47) = Wr fan ot + Fan §
/= Fan o tany

R Sing
Vot = = M
wl fan § Beosdeos i)y /cos Bz

- L Q. Lt " 4
g Fan (9/2 = cos K, far Z S5 , So /Ldrzzﬁ = 72'»-2—6&5.;;(

5/ co% Zﬁ = "///;‘* fanzzﬁ ca.jzo( Thuas 7471—;@' :/M)//+)‘Gn?mszé(

Aence

A= wy T2 w4 Fan" £ cos %o

g ot It g cor

where Famo=z =



*éféél Calculate force in memher F&. FBD
of jack with F§ % DE (both

B +ug -Force memberj) cut ®

T Fy=o0! RFGsin3" =L

H
Fa= L
,/
a_~ D
WO 30/
AT
FG ED=FG
Member ;’LE Fy=o: 2AHsIn 45° =
AB: A ~ ArC O
45 Ak = -
an” mc-an h= SfZ
Member L[z 4o
Jhsidiog 458 Due sa'mmatrj ) force at

2> ¢ T s hur'rz:anh)} R is force
J\:f'(*.m vod |

~-R(leo sin 30°) =0 R= 2.421

—_—tan“}u Jcay('(o.zo)= [1.31°

X -t 0.003 _ °
2w - tﬁn 217 (_0-010/2)_ 5-45

To raiS& laad : M= Ry tan (cx +95)
= [z.m2 (Iooo)(‘].ﬁl)][%lg“] tan (11.31°+ 5.45‘j

= 35.7 N-'m
To low&( ‘01&3 M"—-’- Ri“ tan (QS—O()
= [2.42 (1000) (.3 J[2F%] tan (11.31% 5.45°)

= 1R85 N'm

Friction cmie )

\

A = ton




6l6T7 | M = %—}LPR

AonB: M=3F (040)(30)(F) = 96.0 Ib-in,

BanC: 9.0= Z (20) (£) ) p= 0.300




. M 3
6/c8 l M= Rrsing¢ sm ¢ =g = 2060)(3.81) (0-04]2)

= 1oz2°
= tang = 0.1947
e = (Sing = 0‘020 Sin 11.02° = 0.00382 m
ar I = 3,82 mm




&/69 | {;‘: rsing = 0.025 sin @

2M=0) 1510 - 98/(0.025 510 &)
-500(9.81)(0.3 ¢ 0.025 Sin$) =0
Sing=026/6, $=,5,/7°

\ =Fenm ¢ =027/
1510 Alem /a S T
ICEILY r= ré¢ ¢=/50°

500(9.8'/)/\/ P Fan ¢= 9_-263 )



@ =tan ' 0.25= (404"

T T
rp = rsmg= 15 sin 14.04
= 3.64 mm
R=150 mm
A>F=0: T+ T, -800(1.81) =0 ()

REMa=0: T(150-3.64) - T, (150+3.64) =0 ()
Selve (1) §(@) : [T = 4020 N
T, = 3330 N




From The solution o
Prob. 6/'70J e = 3.64 mm

A 2ZF=0: T+ T,— 800(7.8)) =0 (0
23 Mg=0: T (150 +3.64) = Ta(I50-3.64)=0 ()
Selve () £ (=) : | T= 3830 N




2T Mo=0: 20(9.81) (50 sin §)

50 mm

1O mm

- 156(60-50sin ¢) = o

p=6= 3.3°

}L'—- -tcln ¢-‘—"- 0.609



E/EJ FBD of shaft ard ottached drum with
force P replaced l':j o force-

Couple Sﬂ&ttm et G

10"

@) vp=o

EMg=o:  8o(io) - 6P = o
Ygo 1 P=501lb

(b) ¢ = -tan"(o.Z) = (1.3)°
rg=rsmg = | smiL31° = 0.0%] in,
ZMg=0: 80 (lo+o.1%l) + 100 (0.1%])
+P(0.1%1) - (6P = 0

P= 5291b

(This solution assumes That The be_o.r;nj
reaction Can bt Yvepresented b\j o anjl,c. foree
R as  shoun &\nﬁ\'e.)



G/ll rg = O.1%][ in. (Frov Prob. 4/73)

FZMp=0: 8o (10-0.1%])-I6P
g |

—(oo +P)(0.17¢1) = o
=47.2 b
6P P 1
The values are NOT

S\jmmt'kric. : Pdomn: 47.215 1b

R Tp

R L

Y380 Ib P.e =50 Ib
52.854 Ib

Puy




6/75 | dANT = //upaf/?)r where p= k/p2
/= ffﬁpr(’ra’rd@) Zif/uff/ Zr = Z-’;uk(r r‘)

o ur 1
Also L f/:ci/i /_/A' rdrdé =2k /n r]
°or s
or [ =27k In A ek =
o =1y

Thus N= pul




6/75 I For consitan’ pressware £3. &/5a gives

3 3 3 3 -
_2 o =Ry (160) - (75)
M=5puP 2_"¢ - 200,35) =40 .
3/# /%2_423:2 J )()(/50)2_(75)2 '8Nm

for ewhee! ZA1=0; F(0.3)- 40.8 =0, F=/36./ N



6/77l Force of shaft on bear'mj IS T
R= /W2 +7T* [

3 Me=0t Ty —Reg = o ro< |
Y.
1= \::. _\{—I—z_fw—r_, SOONMI‘\
~ - I
Where ¥p = tsing and peten kg ||
r‘?. 3{717-6 2 e ) b ¢
Thus T7= —rz (T2eu) 67
-= Wrz\sinf. ‘ I /
'\/F‘o —r st f
@= tan' (0.35) = 16.7T0° W= 2?\?(‘1.‘6))
Ssing = 0.287
Z1) (0. 040\ (0.28
Se T = 250(9.81) (0. 040) ( '1) = SLAN

‘\/0.5"‘ - 0.040% (0.287\*



/78| M=0.25] ¢ = tar~0.25 14.0¢°

d = sing = [05inl4.0%%: 2,43 mm
o a’é: 6 5in /4.04°= 1.455 mm

Z/qu:a}' 7(90-243) =7 (90 +2.43)=0

G2.43
T = = L O55T
5’257’7; ! /

 EM=0; T (a5-1.456)- T (45+1456)70

Z 46,455
/7-'-' Z3.54 72_:/.047)2"

ZF=0; L #+T,=R,=0, T* 7= 200(9.81)
Coméine & get 2.06 772‘= /962
‘7.(2 o 7,= 749 N’)7;: 1013 N

J=/055()os3)= 1669 N



6/79 | Fronr Preé. 6/78‘ A, = 243 mm | 0,2/.455 mm
Ez-- 200(9.81)= /962 N
ZMz=0, I (90-2.43)~T(90+2.43)=0
7= £7.57 7 =0.9
7243 1 =979
z Mgz 0, A (45— 1.435)-7 [45+1.455):0

23.54
L= edss R-07377

L»—aé 2F=0" 7, #7,-/762 = 0O

combme & gel
‘® 1.9377= 1962, I;= (013 N
- ; Rra

e 999 N
T=0.948(949) = 899N




o e o e

Same torm as Eq. 6/5 a_ QKCePt ~or
Factr oF 2 For 2 pads. Ne R
dependence, Pressure. variation with ©

would net anae, The mowment ™.



6/8l

£

A dmnim—

=l

3~

rsm@ = Fsin«
T Sin &

}L=tqn¢=_\[r2

- . 2
-F2sin’a

or

I
FVEE

\



% /O:/bo//-é)!' adA= 2rrrdr
2 3
L=)p A =/;a("‘é'£)2)7'fd"32/7/50[%'2%}

o

5

_ 2 2 3L
- -g”‘/boa So /Oa- 2}7-&2

a

a 2 3 a4
M= JupraA i//“/aa('f- é)zvrdr=2%pa{§~%]
@ a

- 5 3 o
= 7_5}7'/40/3‘,& = _(_’T//_La,



¢/83 ] L= (%0~ 4xdo) = 200 Ib

ml
S |

T
P=4F =
Fegle=94 40 16 @Z
F - :—___ _L:I )
M=F4 o a
2 " X
=20 \
:4(20) __1".1 F//
=50 ‘b-/n r
L\,
L+ 40 N
. _ R
MNMz=Rrsmeé =</ r siné T
o 16

Fo=200(2)sin ¢
p=sin'0.2=11.54° p=rtangp = 0204




6/84 | « = tan ' ;ﬁr = tan |
= tan ' 0.5 = 8.53°
Screw: (@) Raise : Mg = Wr tan (x+¢)
=2 (10+3)(1.81) 2 tan (1.671° 8.539) = (39 Nm
() kower: Mg = Wr Tan (¢-«)
=4 (10 +3)(1.8) !2—2‘ tan (3.83%).671°) = HGo N'm

2 R3-R3
CQ“Of bearinj . Mc_,: T}LP ROZ__ R.Z

L _ o
2nr LZTO' = L.67]

o+ 5% > ‘}i :
= %— (0u5)( | 13 * o.q) (C"gD %25’:/2)7- _LC_ZZ))?—

= 1059 N-'m

Total woment { (@) M= 637 + 1059 = 1747 N'm
per screy -
(b) M =A60 + 1051 = 513 N'm



6[85 ] P
e
dM = /.L,Fdﬂ)( N Cos & \\Q J
}l(ksm «)(rdq 4 f rcos‘:&)(rcosa)\ dor\

M=2’T|‘/.tkrf Sin « cos’w da \_/Jﬂ\

o

p= K sina
os > /Tr/z
= 2’n’)u.l<r3 [“ c; d\L :E-Hr,T};kra
SF=o>» P= ﬁ;s,waa
’Y/z
P- f (ksln o()(l"do( . Z’Trco.';u.)
/"/2 2 sin3d\]'"72
= =ukr?® J SinZ« cose do = Rmwkr [ 3 R
= %‘Wkrl

So M:/(LPI”




5/35] L=pl2rrr) ds 5in S where &S=difosd

2irp 5 (& #an %) s of/la‘!l?/

I

- trPL zaz
| ‘ 27 Farr® z L. 4/
,} 7 2‘7}@ }{‘afyz.-;—{/z-gfj‘ whicre / ,Qgﬂo(/z
Z= Iz/ £-J EZ: dg/f__
| farr A/2
IR :

M f"/a-PM —#P//Eﬁnd)(’ZFz':ﬁfﬁcho 0/!‘/
5

I
20( Z,

- fam
= 2meefo /Z F2 = 247/4,0 (a a-afi)
o5 d/z 24‘6}:)? z ’

%

3 3
/“'L a/z_d‘r

X 2 2
7 -
1 /ﬂz a.’z d'

M=




n

)
X
Ry
N
)

:e”./“ 77-/,«,:/:?2

_ 0.673/
A= .?7_3 =0.22/

/87 I 7z
7




6{89'
Use —rz_": T; e}lﬁ
(@) P= 4o (3.%1)80‘3@) =
= |
(k) Ao(ary= P eo.s(w) o
P= 15829 N

)



[y
—_—

=]

-0

[

i

m3 =
mg/lo

- (3m)

| /L“—' 0. 244




5/90 | my_ PP mg o (5
P ' ms/e :
5 _ _ - 204,792 ) _
.z.zz/a- n 6 = /792 ;) M T T 0.22%8



T=75 /6

E?“;/- "]t G//r’”&ﬂ-'f" z}i:o
Jrves  P= /80 sin 60°
= /55.9 /b
PooHB . 1559 T
7 7
” — / -
E7 i 2.078 = 0,722

#=J(O-732)/ﬁ:£ﬂ-—




G{il Tzf-_\'le“p) P: 2 Turns + ©0°
= R(360" )+ 6o* = T80°
or V3.6l vod

0.7 (13.6l
T2 (E)e D = 720






6/?4— Use TZ= ‘\_1 G.MF "
JAA
@} hower 50(7.‘30 =Joe | w= 0.620

) ! v
QO) Raise : P = 500’-31)6 0.6R0
TD" = 34"4‘0 N or ?lﬁ 3 44 KN




7-:/9@/‘/5
=Pe % - c5qp

Mﬂnj' z/'-‘:pj' AP = /8O

Combine ¥ et
P(7+659)= 180 I

/80
=% - 2371
P=gq T Rk

/&0 /b



6 = sin
Tz _
T ¢

O.l
llis = e F )

a

, B==e = 2sin ' B

@-:. 1.398 red or B0.1°

— 2Sin"_2_(_20)__ ; Q= 62,2 mm




Mij Normal force under section BC is
N = 5(02)(981) = 581 N and frichen
free s F =Ty = gN= 0.5(583) = R1.4 N
To= Te’f = z1.4e >4(M/2) - 552 N
Ne\cjicdinj effects of The hoe wass trom
A+ B Py=552N




where P2+ 28

From geormefry

=T -7 -¢ df2
*5'“-0‘- =5 —cos 2/

= 90°- 48./9°= 41.6/°

So B =F0+2(41.8) = 173.6°

or ﬂ = /:,7;0'677' =303 rad

/100(9.87) N 5o P=98/ @ 0.4/3.03)

=987 (3.36) =3297 AN
or P=3.30 AN




6/"?? Mot ion ’1mpend;nj down <p!cme,‘-
I\ ool x EFy=0 > N= 100 cos R0°

<
_2_9"_2 = q4.0 N (.Throujhou‘t)
7 \N T Fx=0: T,-l00sin 20" +0.2(34.0)0
0.2 N
N To= 15.41 1,
.3(182
T, Tel T 541 We V21 °))'w=8.e.c, lb
Motion imfae.ncl]nj up 'Plcmg-.
j \ | 100 1b . .
\ _ x X Fy =0 T~ 100 Sin R0°-0.2(74.0)70
T
20 T,= 53.0 Ik
P —~ _ ,up.: _ 0.3 (1.920)
20\ =T, e W= 53.0e
W= 94.3 b

Se range s B6b =W=< 94.3 1b

(Note that B= Q0%+ 20°= 110* or 1920 ratl)



T }lp_;eo-ZS‘lr: -
T

Beam . ZMG=O:
T2 (14 “"“5):_“ (1-5-0()
COmb;nQ +o 3gt

T T,

1 | 'm T__,[

T Ew ¥ 5w
Y
mj

T e = 2
X-0.5

= 0,313 m




é/n‘.oll L= 75(7.87) N, /'z_=7:-"¢/‘ia
M(B+3 )3T

75(9.81) N 75(9.8/)-10 = /0€
2. 9G4

72.6= €

10N
20.9%u = 4285, = O./75

/O N



E{:‘_O.ZJ 72 E‘qaﬁ/ibn‘ﬂm of A jz'ygs
7;=my Sin &
§= mg cose
M‘ my cosé _6317}“/2

’ mg S/nd
I
Lor 9:20j ctn 20° =€ /2 = 2.747

2
rows = In 2747 = o.
- Vo 3;7-’7 747 0.214



4T
hever: XMy =0 ﬁz :25(I5+%—)

T, = 1576 Ib

2 Fy=0t N %-6.4-%)

Na(EroaE) =0 B
Selve @) () N= 18451 N, =33.51b

G Me=0: M- 1576 (10) + 6 1.4(1d)
—0.4(184.5 +335)(1l0) =0, M= [834 ]b-in.




6/! /“2&.'6‘.&/

st A
cTeAFC TV T an V1 AN
e § ! ! ,—‘7\ fq\d
/"'n‘ﬂ- ~
o \\; ‘9\ Cross section of bell

!

2k, =0; T Sm ? p (Trd7) 50 -‘g—"’ = 24N S &

or J e = 2aN s
- : d& — re ia
Z"/i" o, fcas.z_ ,L.?)ud/\/ //:‘a’f}ca.sz
or 2/4: anN = a7
Combine § gerF AT _ /o
f thﬁ
T' "
= /A /uJa/Sm.i’.‘.
Vans - F;
/%7= ; /.a’ﬁJ /n_@:*/f 72_'/:8
7 ang.. 2 7 Ty & )

n=l/sinsz5°= 3.33



45 B . _ g
Cos « = Z5,Trzp <= 54.8 )3‘_\80—% % =352

p= 360-x = 305 ° of 5,33 rad

0.25 (5.33)
Tz - JMP o ¢ = 379 (o)
T
Bac: EMp=0: T, (he7+20) - T, ¥ (h) =0
T h+ 33
o T, T 6.5Th (&)

From (a) f}&a) j h= 2.8 mm

(For actual wremh) hZ oo mm)



Pé’//oe,l 27: O /Tf-a’T)CoSdﬁ Tcosdﬂ /udﬂwpfrdeco.sé

n. dr/ rt_dz-——--x\ or d?'/ud/\/ "/Dy/‘casﬁde

~

RN . ~ Py 5/49
/d;‘l \Z’C,:, /ffa’.?'}5fﬁ LGNy aP PR L

’ RIS ¢ div= \

’ . a’ﬁ - 7]
tof ’“d'v/?\\a? pgrdd \ #pg rdé sim8 UL
N

E/rminare dA djcf 5127.'_/_,,7-:/3,»//: S/ @ f-cﬁsesy

Which 15 Srindard Form For //z'yemj rorkongsercons £3.
. : e /- .

Sol. /s /= Ceﬂ'af- f?'“‘/ej ’“f/)_sr‘éu S/h& +cos &/ a8

= (™13 (o - - Zpgsr
= e [0-2u(4)], C s

Jo 7= L [2/&6#9+(l/¢;).5:n6' 2/,(,505‘9]

Yoz = 295 :&: [zﬂe"";} o- %”-(-f),]




6//07 - ZE,,'=0,' N =/00cos 36° = 56.6 /6
100 /b /’;W ,eé.«/ = 0.3(66.¢6)= 26.0 /6

n
\ P t (a
- //(’g/v \r’ ( ) "_ . . )
~30° N ZE=0] gy =100 5tn30%- 26.0 0
/00 16 i o = 76.0 b
T =100 500 30°4 26,0 =0
\ Tsia = 24.0 16
/éN N 4o b E— -
100 16 l/ () For J=40 b, ZE=0 gives
F -100 5/n 30° + 40 =0
“T N s 10 < N

F



6/l08 From ema,x_= 'tan_‘/.lé , We have
-1 R x .
(@qu‘ﬂ = tan O.30 6. 70 So C remams Sta‘honﬁ

(equ)5= tan ' 0.20= (.31° By Themselves B

n

-\ . "
(emam)c = tan 0.35 = 19.R% Would S\Id{) A wWould

\3 40 b not.
X From Z% =0 :
201b|
N
v Ng = 19.32 b
& N
B -
T 14} NB Ng = 38.6 Ib
Fa \Na 55

Assume That sli?pu'nj impenoLs for B
ZFy=0: N+0.2(386)-40smi5°=0, N= R.63 1

ZFy=0 for A Fy -R0sMIS°-2.(3 = o
Fa= 1.80 1b; (Fﬂ)max: 0.30(19.32) = 5,30
Because (Fﬂ)mu =< F) both A and B slig,




(1) Assume no slippage until
Qontact at B iS lost :

F‘&:NB:O

Solution : P= Fﬂ = mg ) Ng = D.SL,L,mj

(Fﬂ)mu :.}J‘S N_a = f). 25(6.‘3’%7\:\\33: 0.217 Mg < Fﬁ)»
Assumphen 1nvehd

(2) Assome yotational SliPpajt .‘m"?tﬂd; )
Fa=pgNg = 0-25Ng Fg= pagNg = 0.25Ng

Zlez o: P+ 0.25Np — mj SIn30° + Nﬁ = 0

ZF‘B =0 - Nﬁ—- m3to530”-—0.25N5 = 0

T Mg=0: Pr -0.25\\]&,- —0.25Ng r =0

Selution: P= 0,232 myg J Ng = O 878mj} N6=0.048'h~5

Sm ro‘tatfunat, S.\if,fsqaie_ o CCurg ‘First’la_t‘ P:O.ZSZmJ




60| © = tan™" 25 = 14.04
For The rope
2R sin 14.04° = 900
R =1855 N
O < (#=tan 03=387") | so

T'heft iS no Sh-ﬂ;mj and 'thﬁ
triction force 1s less Than

Fmax = }usN'




_ _ -t . r—/ = o
8 ay= P = Fan = AT O.40 = 2050

b = ?0/:05 2/.80° = 96.7 rmm



M=o, T=0.6N (a)
IR =0, Tcos60°+0.6M~P=0
\60° ,

0 2@ :O)’ 7-5{;96001"'.5'0—/\/:0 (¢)

-

(@) d ) 0.6M(0.866) +50-N=0

0. 4804 N =50, N=704,1

€) 0.866T +50 -/04.1=0

J=62.4 /b
6) P=624(o5) ro.6(104.1) FP=793.7/




6/713 I AC = 2 (2800) = 2/00 ,mm
4 /1C

mg = /900(7.87) N ~

ZM,= 0, F(2/00 4 325) - 1200 mg =0 | [ = 0495 mg
ZMg =0 /600 mg + 0.495my (325) - 2800 N =0 N=0.629mg
ThUS phpin = FIn = O35/ 629 = 0.787

M=Fr = 0.495(1900)%.8/)(0.325) = 2998 AN-m7
or M=3.00 ki'm




6/”4‘ 4o N Detent:
ZF=0; 0.3R + 0.%5/4/«/ +O0. 5N -60=0

@ Zf—'-\;:o}' R + 0.5uN -0.866N =0
| Eliminate R & 5‘5"

| 60
N = (a-)
\ s N o asset0.776m
;; B yl
L7 90 N | Planger!
N L__ ¥ f@— = OJ'

0.866MN - O5un-40 =0
MmN N5 | 6ON c¢ o
Z_ W le—" N(o.766-0.5u) = 40

- 40

0. 3?1‘ N* owe-o S )

R Cormbirre (a) ¥ (4) g get

60(0.866-0.5u) = 40(0.7598+0. 7/6 )
So/ve for S g s A= 0.3673 (N=58¢6 1\!)




GfI5] ¢ = tan g = ton (03 = 1131°

-1_\u _ -1 2.5 - .
X = ‘taw\ 21Mr = ‘tqn —2;(—5\)—- = 4,55

(@) Tighten: M= Pr tan (¢ ‘l'o()
F(100) = 600 (B{) tan (11.3|° +4.55°)
F - 852N
(k) hoosen: M= Pr tan (QS-—O()
F (100) = coo (F) tan ((11.31°-4.55°)
F= 356 N




ZFy=0: N- 500(981) cos26°=0; N= 4450 N

ZFx=0" T,~ 500(3.81)sin 25° — 0.8(4450) = 0
T,= 5630 N

Rock : T= T, e_}Lﬁ

Iﬁ'
.5]490 (7o
= 8630 -eOSE \80]

T 7980 N




Na 4600 Ib Ne

Lathe and wedge as a wntt ¢
> Ma =0 GRNg- 4600 (36) =0, Ne = [800 Ip
ZF\\J =0 ¢ Np ~ 4600 41300 =0, Na = 2300 Ib
Wedge. 5 Rl‘ 0.3R
— & —"F
~ A\
FB:O.S(lKoe} NB: 1800 1},
= B4o b

xRy = o 1800 ~R Cos 5°~0.3Rsin 5° =0y R=176] ik

=F =o: P- 540-03([7“) Css5°+ 176l sm5° =0
=913 %

Kathe 4 uedJ{'-}:FfO'- 93-540 ~-Fy =0, Fa =373 Ib

But 373< (0.3)(x800)=%40lbs A Cannot sifp .




6//!8] = bari ' = tfan L 3 &
X = Far Ton = Fan 3.04

277(78)"
@ = )‘arff/% = fari’0.25 = /RO#°
(a) 7o rarse, A7=Wr tan (+¢

2.2(10%% 8 (0.07§)
2 2

129.3 AN

Fan (3.04° ¢ /4.069

b) 7o /ower‘; A=W Ffan (¢ 'd)

=2.2(103) 9.8/ (0. 07 g) A (1404 -3.0%)
2 2

= 8.8 Mo



'ZF‘,K=O= Ng + Ng sin R5°
— Mg N Cos25% = o )

i\i =0t NgCos 25 uNg sin2s

"5
— Mg =o (r)
B~ :
f‘lsNB ZM":O- Ne 4
/Nrs T = Na (1.6220)- mgF eeszso
®
: - AL} _ L
&) Ng Cos RS° + g sinR5° — 0.906 +}15(0.423)
Rewcte () &) @ Ny +[o.423-pg (896)| Ng = © }
~L6ZMNg  +Ng = 0.453mg
Multioly first eq. by 1162228 add: | = ©-4S3 my
B i M R N ™

Equate Twe expressions Tor Ng ¢ solve for g
Ms = 0.6




6(IZO| Motion imtpendinj down plane:
H Y S8 l:I—'X. ZF.U ol N= 50(3%') Cos Ro°

z__%qo N= 461 N (Throughout)

TN R 08 Taoso(at) shsto k)
0.15N
T2 = R NmJ_
0.25(llo-
T et ane - M tRCe

m = 124 Ky

Motion fmrpendinj up plane -

50(9.%1) N — . . R
(Tl),~ . X Fy=o: T, - 50(3.8) sim 20

R0° -0.15 (46l) = o
O.I5N ar
" 0-25(110- ﬁg)
T, = T‘e,p'{g> : _:%:2378
m = 780 kj

So range & 2.44£2m & 8.0 }Ej




5//-2[‘ (&) Assume cgm/p/&"c' e;u:'ﬁ'éﬂbm

y|, M =0, M-Fr=o
A ° zo
F= === =z/333 N
0. /50
g 2RO, 1333 -Aws 30°=0

A= /1540 N

25(9.81) N o s s/ 30°- 25 -

//‘7 87) 220, pj-15% 50 30°- 25(9.81) 20
A= 322.2 M

) Swce /333 < //{SA/- 05[322 2}-/6/ A«’)
' J/f,bpm 9 docs not occer § 235t roms
J5 vatidd. Thus F=/3F7.3N

(6) Assume whee! slps & ZAQ #0 so el N,
EF,=0; O.4N -Acos 30°=0 04N,
ZF‘ =0, N|-25(9.8/) - A Sirn 30°= 0

Sotve ¢ 3:37‘ A=197.3M, N=3189 N F=04(316)
S /27.6 N

Aswrngi‘/orz Vaé&" ._>"/nfc (M:@ﬂ,m ) > (}2?.2“—--—[0.50]:”-! Mw):



C = cos
g = sin

TFy=0: N, c30°+0.3N, 530 - Ny ¢ 30°+0-3N,5 30°=0

ZFy=0: N;s30°-0.3N,¢30" +N;530" 40,3 N, ¢30°
~-%0-W =0

T Me=0 (0.3N,+ 0.3N,)(12) - W (2oc 45°) =0
Solve to obtain N = 3.9 b

N,= 1616 |b

W= 0.1 b




Ml 500(LB)N  (+2-M =0: 500(‘].%1) (121.3)
-~ R(looces45%)=a  R=8830N

Friction an\f‘. ?S = ‘{:Qn-}.\.
= tan (0.20)= 1L31°

I 1 80 cos45’ -} L _ 4 -1_0.002
1—*-=|27.3---—| o= tan Zur = ten 21 (0.005)
mm
= 3.64°

Raise load: ™M= Rr tan (¢ -I-o()

'P(O. \50) = 3830 (0.005) +an ([]_3|°*3. 64")
P= 178.6 N

|lower load : M= thcm(qrﬂ-o()

P(oig0) = 8830 (0.008) tan (11.31° 3.64*)
P= 39.6 N




ﬁ’&l For the slab

Zszof jka cosa - Nsinw=0

= &
)‘kk tan
d a _ b 2
ztZz = 2z + =z s«

= a+ d(I-cosx)

For small 3

N
{CO& = = I*d—:-ﬁ---- MkN/

Ton & = X L | N

. A
So b= o.-r-d(l- l+9-‘.£---)

r 8
- M
2




(x-2)|ZF=0: N-8(1.8])ces 0’0 N= 737 N
zFx'-'o‘. F'X_onj le:‘.P
4-2) {Z@ =0:-Fyt+ &(9.8)sin20'=0 Fy=268N

Fzm *-/.x&N‘-m = 0-5(73'7)

P=253 N




?"'6//25| Rollers carn Swpperl :e?aa/ g
. oppa&z}‘c' Sorces P ,b;-ovu/e;/ :21_5_'( /lll'r'l-/li(

P
é‘ Thus it & 0CCHrS wrhEn
2

/=cos 2X

2, - I ——— 7 o
Fan“Xx yp——

/- cos 8 2 /-cos &

Ircose T Trcess

/—.. 4
or cos &= L/L butt cos &= a-r
1 +pe® R*+r

’Z L4
= _;;__/“/ﬁ? W/j 1'4/,1 .3-!/.4:\;
L= 2r o (1-ut)R

/ +/uﬁ

ks oy = Rr2r

nrax




* \
7 / e ,
/27 100(9.81) N \\w 2k=0, Peos & ~0.9M - 98/ 5im /0°= 0
x|l AP e N + Psin8 -981 cos 10°= 0
g Lliminate N & get

Pleos & +0.45in 8) = 981(0.4cos 10°+ 5in /%)

04N P = 556.8
Co5G +0.45/n8

N
AP (cos© +0. 451 8) yP(~5n 8 +O.4058) =0

78 S5l +0O. 9058
SQD: p ’

) cos 8 + 0.4 518
Thus Siw@=z0dcse, fno=0.4 XK= 00 >

=0 for shatonory value

900 1 geves 2= 517 A
11 (A-/=o ewhen x=0.53m)
00 1 ;
>
7004 | i
Q- : oin™ 3TN
6001 , at ,F— 7.5m
|
svo L] I




*s/128 l 7= qgre? (72t

P=Tcesé r,.e
{4 ‘\“2-)
so P=98/€ = cos@

N7
Carry oul? numerical
98! N BN _ P Solutron & plot
N
P . mL,e . Zy2
%.— ?3/{—84+‘z' sné + —ée‘**z cos@]“—‘o for mex. P

o= tan 1p=266° 4 P 7812 10.894) = 2230 N

Jooo ! '
I

o _-—--""’"""__4_! ——---H\;;:;2430 N 1
| T~

PN 26.¢° \\\ .
1000 \\
N
O ——

g Jo 20 30 40 Ssa 0 70 8o G0 OB °



xefien] kS Fe=pusNg= ©4Ng

when Sli?p'mj impends.
| Z =D+ (-Licose)?'

%D‘:‘ [ |- CO‘}_G

_ Eﬁf L1~ e2522 - Ssino
=k { ccasta - §
2[4 Cos ana]

B 6
\K
fg

ZF’X-_ o: Np + Nﬁslf\&— 0.+NB toas8 =0 (l)

ZFﬁ =Q \\113 Cos O + 0-4*N3 S.m 9 mj =0 (2)

ZMo=0 N ()= Ny Z[V4-cos™ - sine]

L

~my ZCes ® =0 (3)
NumeranL Sﬁ\uﬂon . Na = 0.2%) m\j
Ng = O.Q(a(am‘j

& = K ¥o°




L
Ab= L2y 58 2o/

- L/ : £_ i L bnos
<0; W% (g ~1) 51 +4M, 2= My 3 1ano<0

N W (ten8-smd) = N, (r‘ﬁr?ﬁ'-/“s)

EMLZ0 L n® ~p il HE 1
Lfz C™D Wz inG “pN 256 v ©

W Smné = /i—"*ff/c“za

o : O -5l _  thand -
m Cornbire f’jc:/ 72””‘5}:‘75 - ﬂ/u. £S5 cos?o

i
1
1
}
.'
i
|
i

N, St &

| e BT E T e /£ Fan 6/ Fan &-5/n6)
o obsa ||
3 .// \ @ e =04 pok s
- : /]/| a.8°] | unstabk for

,&0'3 VRS 572 4.0°< 6 <57.2°

“ET T #) 62448 reguies

o I

O o ZPo Jo do s 60



*6[13] O—:_L-.: =2v ' Y9
_L_JP {G\ r 1 i('g__x

Mg =03

m ZF=O= Psine- F =0 (1)
- j ZF:J_O N- mj-t—?o_ose =0 (2)
/\ le ZMP 0 mgr Sind- T(r+r5m6) 0
(3)

When S'ilpplnj ]m'Pencis
F=pn (4)

Numerical solution of ()~ @) Ome = 57.9) T, =02%mg
Fqs. (- @) May be solved for P as
P= _2sinb (plotted below)

A (1 +Sin®)

60

40

(deg) e

20 "

0 0.05 0.1 0.15 0.2 025 03

/o



\ol
v

p=0+"%
1.6(1.81)kN P=60 kN
During slipping , Bq- o] @A: o= Te kP

Ey. 61 @ B: T= I.E,(‘i.&‘l)e_”‘kp
Eliminate I :: get T=307 kN

Then e B - 60/30’1 Y 0.6"70

Eq. 5/21: T= T, Cosh ﬁf’~ . 30.7= T, © h'zm“o 10
17.66 T

or 30.7-T,cosh —, . Solve “Um@ﬂ(ﬁlJ T,= 3.8 kN

di 17
&i:smh—ﬂ—— tand = Sinh 238 = 0.8%810
=068 rod, g= 8+ = 2.25 rad
o0.670

K™ 2.25 = 0.298 S

- o
Eq. 522 T=To+l°3h) h= fq

_ _30.7—-23.8

12(9.81) (10-3) = 58.Im



ZTFy=0: mgsmé&- usN =o (M
TZ_F:j =0t N-—mgcos®—-P=0 (@)
R TMp=0: P(5-Re)-mgRecose =0 (3)
(): N= mq sine

(Q;‘. Dﬂe__ --mEjCose = P

—

(3) " “‘3 ( )use - COSG)(%_RQ) - mj RS cos ©=0
\ I

el : 8= — = 0.5 7T :

Simelify tan Hs |—2Re 1-2(0.6)6

0. | . . .
or tan € — *'__1—519" =0, Numerwal solution: 8= Il.o4




*oiz4] v

From geo '(Y]Qtfj 1

wuppRr Wheel ° ' T
0 Xy Tap, = 2n
Y4tz (51. j
5
exz 24O

\ower ylheel:

O+ 4B, M2 2W

8= '3'2"9
21 o
Forces : my= Toeﬂ( v B) lmj
- A (F-e)
6 ) Bl _o.a(w—e)
So mg = Te , M3 S

Device as G uhale :
GTM =0 3¢V =Ty "y (r+z2elz c::se) =8
N = “‘gE\' + 0y (H— Z-fi.-case}]

For 6=60", Tm = 0.1872 | V= 0.8Tmg

0.4

o &H
)\




n= 20sh =

SX = ﬂ(‘.os%%e
h= % cos S

Sh=“%: s\ > S6

sU=0: —Pex - mgdh =0

—® (Acos 3 58) ~ g (= % i & 56) =0

> e=ztan (F5)




by
1]
Np=

= 0

SU=0" M%(%)+2rn3%h =0
E'Qz“ +‘2rnj(——'g;sin %SE)):O

= t’Y\jQS';n %




b |

For a virfual displacement $6 of the lever
8U =0 : Pcosio’(100 §6)-80 (9.81)[75 58 cos40°] = 0
P = 453 N




k(Z2- 22¢0s0)

2 U =0 Pox - k(20-200s8)5y=0
N= Rs'me) Sx = lcegoS8
Y = R1-20coes® (m?as\}re&
fromn  Liheel rpos.'rblm LN

S‘pﬁv\ﬁ Q uﬂs’trﬁd\el)

24

2y = 2Isino g0

Se P (leeg® 50)- k(21-20cx0)(2sine6) =0
= P = 4KQ (52[\9“5#\6&356)
Cos B

or P = 4K.Q(‘t0h€>-5fn6)




(‘O /\ /\ 70
P (“‘“ * D mm F,
~—p !
26 12 mm
rodius

ra

U = o 2P(10)56 - R(R)$6= 0
R= 1L67P




§U=0
F(250 §6) - R §(2[100 sin 6]) =0
250 88 = Zoo Rcos & 8o

F= 0.8Rces@




27 | oo 2utput work
inpet work

76 raise = """"“—'""-—250 (f/4) = W 2
) azo = Y2 , ~P= £3.3 /6

P Pt 469 4

Jo /awer'; 075 =
250("¢)



7/8 Idlﬁ/:O)' ~mg 8 b5 O +aces &) +A7IE =0
M= g [bcos 8 —a-sz;-aé)




7/ L U0 ~CH-Pshso
h= 26 sin &, 6h=2bcosd d@
xX= Zbcosd, Sx =-26 s7n & 80

22
<« (

Thus  -( (-2b5in 6 §6) - P(2bcos 6 8€)= 0
Csiné = Pcosé | C=FPcrné

But ity o = VIR, =Yl2si)-1  so C=PY(2e/n) -1




dJU =0’
J

,Dé"/stx'né )—myé(’b:xhﬁﬂzwsﬁ)
=0

2Pbcos & dB = mj/éws@—hwk 5)§6

_—




1|
SU=0: 160F86 -0.4(160 Fse)—loo(ﬁ.m)(mos%)%
0.6 (lee)F=981(6) , F=061L3N




7/12 I Lot 00 = wvirtual angle of mpu? rofation
Then 86/hp= o “ output

oo Daput work /180 (%929 /80

input work 3060 30740)

= 0,963



>, f’

y = b cos = ) Sj=-’%sin3: 0

K=n (’stm 2) Sx= nbcos o $8

U =01 PS'){ + n (ZMj)S:] =0
P(hb cos 2 ‘59) =-2nmyg ( 2 Sin 288)
P= Mj't'&n =

P does not de-[:eml on "ﬁ\e Nnumber N O'F

sections present .



y=beosd | Syz-isnise
sU=o0: MS(%)+ n(ij)Sj =0

M o= - 2nmg (-% sﬁn%%@)

M = 2nmjb sm %_

M does depend on The number n of sections
Presen‘t.




L

Ye

Ya = L SO S\kjﬁ”; L ces® 8O
3(, = 204 sin 6] %:jc-: =2Q Cos & 36

SU = 0: —M80 + mgdy, + Rmg 8Yq * Moy 8y &0
- MS8 + mg (% Cos ® $0) +'2mj (-l s © S&r)

T g g (2.0 cos 886) = o
> M= (%ma—i?ma)gﬂQ“Se

For @ = 30°: M= (%:‘m-rmo)jlﬁ




ch/ﬂ angle Ihrough cwtinch
whee/ Twras

S = Corresponaling
d}&,&/aaemsw?‘ akrsrg

W2 R
\5';:’2/‘3 se ds =R &4

JL/ =0
F,ra’/;‘ - rg §s s/m& =0
Frép = my 2 sin® 873

= "9 ?@J/'nﬁ




7//7 ] mg = 80 ky b= 600 mn:

] Z = /o kg
£
— —
" b bsind
m, g - Sm(:*
;77—11‘777797—?7777\#" et
bc:os 6

! -
sU=0; FE(4 c058) -, g §(65/n8)-3m,g 5/*2“ Jff”):&‘
Fbsin® 69 = mf_cyé cos©@ & f-‘gm‘??é cos & 48
e 5640 (1, +3m,)
= 98/ (80 +210)ctn® = 932ckn 0 N

S0l Fror 4y Sforre and momen/ E?u/'/fbr‘léfm would
regure dismembermen? wnth Sfowur FBODSs and ever Feal/

Climrinabibrs of wnwanted Forces and dimicnsions



7//8 dUV=o0, MEG - mgdh =0
h=265tn 8, dh=26cesé 80

So M8 = mg [26cos6)d8
W=L9 AM=2mgbcsé
i ——9: j But Since .sz;;'ﬂ:_z%}
cosd = f-:?%)z

h
b b l
?7'7777-77-7*?-77—:—;3» 7hy s
M N = Zrnjé}‘/"(ﬁ]z




7/19 I mg

- v @

) ey
ai E a//L Ta‘sx}?é’
k o
e & __.__:I 7 5@ l
2a Za 2a e
P mg mg &
- [Q i [0}

mq . _ .
§U=0" P§(2acos6)+ mgb(2asind + 2[4 58]~ asime) =0
J
-2/A2 578 6@ +2mga cos@86 = O
Psin@ =g cos@ & =t 02
M P is replaced by a cowple AT no work by M

cav be done Since Fthe Sfower ébar remains hvr{chnfft/
74 commot rorate. Thus M cowuld net produce egeslsbrivrs,

ANANS




F:PA

I O .
b o/né . 4
JLZ--z-snr:*‘e = bsmE

Work done by cach cyhindsr 15 FE(6 S/;’ie)

= Ezécaséf{é’
§U=0; -mycffdb Sflﬂg) + 2 -?cos-gJé’:o
Fb cos§ =2mgbcos £ | FzpA=2mg

So p=2mg/y ndependenr of b 78




/2| | W i 2T SU=o0: 2TSh
\ —Wsh=o0
h

N Pulleb : P= QT) so P=W

P A i T s

" (independent of )

I_—_‘I7—1 A Dsﬂni A form o clockage Cauplt
. Dsz—ﬁ ( Nott Dy =0)
A r-<—d—>-1<T&g! S M=o w(d+e)—ﬁ(24) =9
Alz (Noterd= Y= /2) a-2G+ %)
W 2e

- M (g, 2
CD: 2M¢_=ozz( ﬂ)

Qﬁck-ﬁztza) =0
W Re
a=ay= A= =(tg=s)

en D .
Qy=0 —%="% From drommn ) &"?e)
. W

S Q= 4




7/22 | L= Jead of screw] §(2b ‘J;a.gp g;rz_
| 26 .Sr'nf ] where o /S Fhe angle

2

N |  fhrough which the screw
G T =1 Furns. Thus
M _2mb 8
foc = == cos 3 46

h::écasg

JU=0; mgdh + Aidot =0

(

. o )
mg J/.f'écgﬁg-)-fM(_‘?? cas-zu J@) - Q

-3 - 2WbM . B cp - Smol
Tzmyb Iingde + LY wsfse =0, M= STE= fan §

2




7/2-3 l JU:.-OJ' ", 9 §la cos @)

9 nlf bl sm)g 6(b 5/ 8)
ymg + %29 o'/-g-.s‘/}?ﬁ):o

| @ 5in & 88 # [rrrrrm,) beos & &6
L 'L%'fa"cassm:o

m, g modi%né:mé +r’m!+_';_2)é -]

> when ©=86,, mg=0 SO
mocz/nﬂ%:/’m,f——?z)é - - (2)
E/!r;w;—faﬁ' ?’Va; dmz frp,w £gs. ’) & (2) {!je/
myaferne =mé # myatons,

»nr = g:mo/ﬁ?na—fan%)




Work done by each P /5
(/Dcosg X1

Work dovie by mg I3
-mg §l26 sin 8) :
P \ ; JU=0; 2Pb cas—gé'é’-I!bm?caseffa

NN!!N!H 77T =g

‘be——c—-.(b

Pcas—g = mg cosd

8 3 cos®
2 y/ P r=msg tos /2




'1/25| M’ = necessary mament Without friction
het = dngle Through

m L
D i J/ __’F Which SCrew turns
G— B, sU=o0: M §-m3Sh=o
! A _ _S(’K) _ 3_"1
M= 1 zmr“'gg—p’“)‘&—k{-&)
FIITT 777 N= Zb(_‘_ose) gmz-zbs'mege
2B = ﬁ“,‘__'b—“ SN 30
n= 4bsin 9 sh=4bcoes ® ©6

)
_ﬂ’\us M’Mr— S.\f\e 26— m3 C‘q‘btﬁbag%) =0
M= %Co’te

M= M,‘:‘\' D%"Cﬁte




7/26 | §t/=0,; 2C Sa + Pdc =0

Fromi Va2t s afJ.OW b ow” f'/;zc.'a/ /_x::r/z/()z‘:‘

da = a,ic de N /5o 1F£ L= lenglh o F
connecring Sk 2% e+ P
0 =2eée +2c5c} P ¥a =-§Je

4. - £ =
JHhas ZCd*CJe + Pl-L4e) o - _ZE’ e;i*«:)




let 4B =L

§U=0 ' C§&L ~mgdh o
7%= (bSIIn@)zi-(L“bCOSQ)z

:l 248X = 26?:5/;75’:05‘9&:9

- 2(L-bcosE)(b5in68E)

> = 2Lbs5mB8E

;FI:‘j ~ Lé .

A 5.0 = FS/»'; o &

5:2651;7&97‘501 Jh:zéCajﬁ $O + O

7hers C %Sl'ﬁﬁ §& ~ 19 /26605 & J@) o

C=émg f"CJ‘n 5:-2—}-_"-2'9//6.5/;:6’)2;‘—/./_—é6955)2¢7¢n@

(= ng,)//v’-(f-)"—zf— cwsB <rné




~a-= M

aba +cdc =0

! \
b — J{(ézf—cz)zo} bdb +céc =0
$U=0; Pils-a)-2red 0 where 642 Ei

SO /3(—5"- dc +§-£c)-2ﬁ“§_a'c o

y-la 2Fe 2Fe¢é
L -fé-a) = = Z —
ab (6-a) a 2 clé-a)




(Ver‘t ical  Virtual displacements
of \lo;tﬁs onb)



7/30 I P=150 Ni
)
s

)
|

L

120 mm

-
I75' 40
mm MM

S« = rotation of Socket on bolt head
€0 = rotation of upper handle (lower handle
and frame token as fixed)
7.5 s« = 40 36 } 5y =~ 120 %8

SU=0: -Mé8«x + P(-Sy)=o0
M(%%Se) = 150 (120 se)
M = 7880 N'mm aor M="788 N'm




7/31 | dv=0, -Péx-wih=0
W=250(9.8/) N x*yt=Lh xbx=-ydy
Shz=6(6+y)=dy
S0 Py =-W8y =-w ——E)SX.

Thus P= W}’i

_ S00 _ L.
x—f_zfa(i Sf/ 555 = 3500 N

or P=345k/\/




1Y) "7‘.\\“.,__ c
S ,\.-L Sf
s
/ /D
/ /
"
|
| /
|72
/
/ /
/

Dur{nj rotation @, CD moves !I/
+o C'D' & rofates Through The !"' .
Abtolute ongle b= §X+ SR = q—;? + SR
rz;‘:""‘ vsp= (S )sp = (32 4l)se= esp
SU=0: —Qq (0.075)8(3 + 400 cos 30° (0.360 g[_g,)
+ 144@sg) =0 | 9= 13,18 kN




7133 | \ = A
— 6 _ 2
cw X 3T+ 5

- 3

qy = RAXT-6x =0 for equilibrium
L

12y 6'&(4« —\)=0=> m=0)/x=4—'“§

Ixr = TRx*-b

=N
For n =0 /dzlx

N = —=b unstakle
_ \
v=%5, *Vay = k=12

Stable

= - 3=
X="% /d"‘:x 13- =\2 Stakle

J

=1




M §= inttial s?rmj Compression |<-d?/Lsine;
V= Vg+Ve = myzcose

+2k<6+LSm G) + ZK(S LSme)
= :z.mchose ¥ k(’é + L5t )

a\V

I8 = 7x\r\r\\:jl“sme + 2kitsim8 cos 0

dzv 7’7_}7_'_ ——j
362 = -5 M9k Cosé + ZklL*cos26 \rjzo

1 e dV
For equlhhrlum) T _.0) So

("I‘imj*-ZkLcose) sim & =0
™
> © =0 or s8= AL

d*V
For e=0, daz"“J'MjL+2.kLz'

70 (S'i‘ﬁlaic) o 2KL> % mjj_

m
SO khﬂin = ﬁ?—




7/35] V:[{'?: rnjé cos &

l ﬁ’i/- . = r e e/
@19: dé’_—mjésmé' o for g

6\\{ A=0° or &= s&0°
V=0 — _‘i}/:
J O /‘92

-mgb e wnsrabl/e

- Mjé cos O

Y _
a8%

é-=0,

P
= I — = pmgd T4l
& /5’0) 22 mj'é/ /) 5



_ﬂ’_‘ \}-‘-\/3 = (R*r‘) cos &
tor

dV ;
- e o (5

6= o, (reject)

Vg0 — R+r
0'5'5\'!5- S (R+r) Cos® <0 @ © =0 unstable
) \V=\q= "(R"r‘) Ccos ©
=0 —

\!3 4 For

d=V
dez = (R"’) Cas® >0 @ ©=0: stokle




~3
@

7

‘V.: —V‘cj + VQ A E— At
= (Zla cose)+ zk (2losme) I

9‘% = --vajb s 0 4 4kb sind cesd

2 bsin e(— mj + X kb cose)
O -for eTu'nlibrium

I}

. -1 mg
Se Sm@ =0 or 6 =Cos

_ 2p® A I
For 6ma1—30) Kk, = =



0 through AO § Y0 when 6=0

60(9.81)(0.7 5/n8) = - 412.051n &
(/60)[2(!. sn& ’] 627.2 Sin —2‘3

V=l/e*l/= sz-/z am"; - QF2.0 58

av_ 2 (6272)56«:3'9 c.os%ia - 412.0 cos €

— e

7/38 | Joke

l- AN

= 3/3.6 5/nO - 420038 =0 Sor agurl.

L2 X4 4/2.0

2 e fone = T2 7 3/

c03d sse "
6=32.7°

aor



Spring Stretch = Rb-2bcos = 26 (1-case)
Ve = B k[2b(I-cos8)]" = 2kb*(I- cose)?
Vﬁ =~y (2‘03&\9) = “<Xmgk sine

NV = R2kb'(I-cos@)“ - Zﬂ'\jb sin 6

dV :
I8 4—\4\02‘(\-(:056951\& 8 — 2mjbcoses =0

GFur equ |'thrinm)

Rkb (I-coso)sine =mycess k= D4 cote
) Zb 1-Cos®




%
= £
5s
—) F
S/ h*+
xz)

- F
p g 74 A:Jx
| J czkwc
" = “,__2
ors % 'x
} ~
7 -
xz: 2=/r
X
J(—E) §x
z
= b+
)C?'

% -
Y%
ke
Joro
1 te
e K
<

A/

h




A AN

-——é—-mgl + K forﬂ=0
= (+) Srwble ;:f K>‘—é—n75-£

Thus K. -:j""’.‘?"!




V= \[3 = - M32RC056 'mf}@ﬁmse—%cmﬁ)
:_Q_(M-rm)jﬂcase + %MJRCOS 26
daV _ 2@4+m)szin 8 - % maRan 26

4.6
= o Hor eﬂ\l"iihrl'un\* O =0 is desired Solubin.

A*V ’
Jar =2(M+m}3RQes% — 3 mﬂRus'Z&

For 8=0:2M+mgR - 3 mgR >0 for Shsilidy
oy M= -'—Yz\-



7/4-3,1 JTake %:0 throigh éear‘x;qj
V=V= rmg [2a 6055):" mg [a cos 26)

J = myga (Zcos& + cos 28)

Cig mga (-2 5m6 —25m 268) = - 2mga (572 & #5117 28)

—

P
j:; = ~2mgea (ras@ #+ 2cos 28)
reor e;a«f/. %‘V‘—'o So - Sin 8 = -5y 28
or Sin 9/!+2c:a.5:9)=o )’ S & =0 ) o5 O :-1/2
So Jols. of inferest are &= o, 9=/8‘o)° .
azxzo‘; @ = 240
@+ .O, dﬁ//d’é’z: -2mga(/ +2) =(~) nsrable
2 I
& =120° LYo = ~2mya (-5 - 2[3]) =(+) stas/e
9-‘-‘/30j dzj//4f9:= —zqu/_./ 7:.2) = (—) wnstable
0=2405 dV/8's - Zmga(-/+2[-3])=(+) stable




7/4- l <
_4-4— V=y*rh =2k (4 +69)2+zik(d-$€)z+mgbcosﬁ

e Im Sor @ small
9_% V= k(ﬁz-ﬁ-bzaz) f‘ﬁ'{’h&dﬁo
=b0o |
_L 2 ! h ZV 2hb % - nvh s/in 6
- b
f i9V= 2kt mgh cosd

Let presel of  [o av
) r 870,
Shrings be 4 o () 1F 2kb>msh
whernn =0 Thus B=0 /s Sreble tf A< .2_.‘.‘_"..‘_5.:
my



'7/45[

5U'= $V:0-mqrse +5 (£ Ke")
mgr = K6

With h=re : m3r='l<(%)

z

. myr
¢




TAs] sU- s+ sVe

SU'= -Ps(2hbsing) = - Pbcos 3 56
SNy = mys(bsn %) = wmny % ces < s8
S“Q =

S [%‘_k(Zb cas £ —-037‘]
- 2kkisin S cos & So
Thus =Pb cas S §6 = ma 2 cos 250 —2kb sind

—

b
or (Pt -'r—-“%) Cos T = RkbsinTes 00
Cos% = ) 6 = Ig0° (Qci\apseck qoosiﬁon)
sin % = (P+ Y&;)/Zkb sr 8 = 2sin ot 3

N

kb




7/471 . jpr;;vj aampres.s/'an /s
: X= 2a wn -é‘l

d=hkxbx = 2ka sinf f(2a5mg)

= Ma.ls;}:g cos £ §6

= ka'sn: 6 46

5% = §(mg b cosd) =-mgbsi &6

§Vet§i=0 ka'sino §6 -mgb 51858 =0
(fa-mgb)smb=0o

/:—9«,'{ Sfor any & tf L= mgéb - -
22



7/48 | al

|
Length AB= Z.(20) cos g (in)
Unstretched length = A40-4= 26 in.

Spr{nj streten for ark‘rtmrj e

: o :
s = 40cos z — 36 In,

Vo, = 2tk(40c§%—3a)1
= k[leoo cos & - 2880 Cos 2 + l21L] in.- T

\[3 = - 3(20 cose) = — (GO Cos® n.-lb

V=V + Vg = k[l600 cas*  ~2880cos & +1204] - Gocas @ in-lh

a\V : 8 \ :
I8 = k[‘l@OOSm%CosZ-r |440 Sn '92:}‘* GOSin 8

=k [-— g00sm 6 + 440 Sin %_] + 60 sin®
azVv
Yoz = k[—&ﬂo cos 8 + 720 ¢as %J + 60 Cos 8
d?.'v" .
W)e:o: k[-goﬁ +720] +60 >0 (S‘hhle) f K does

o —
not exceed =+ = 0.75 1b)in. = Kpmay




G e b s
2 .
= F‘(zé)h/oy gmse

272
= 77/_9 %J‘ cos @

V=\f+V = ?P'ﬂj;f-z/-glz- b)cos &
)

2 2
(A _ rpe 82/ 42 = ~h
5‘9?_:. -7py 2 (g_,b)cose = +):r/;94(b ) )msa

. 2
s (4) Shable 1F _é_’.ezbz or h< bV2



V= Jt(:my(ZrCosa - [cos 28)

Cylinder 7 ' o

F= 4r —V:my(—erm &+ 2F 51 26)
T a7 a9 , .

= 2mg (-1 51 @ + F 51 28)

LY 2 (rcos© + 2Fcos 26)
782 <77

A2
For C‘y//;f»‘a’df Flr= % , jﬁz—z g [./-/-3%_): -)
wnsiable
2,
or shetl  Flre 2, g’-—z:Zmry (-1 +2)= (2)
@ Staé/e




S,brmj compressed F 5in6
k Jo V‘-‘A‘[f&ﬂé‘)z

AR RRRNNY

V= "”-72“ sin @

7
V=l 7‘-l§= —&Z 2.5;029 - m3 é sin 8

72 = kL “5i7 8 cos O - mg5 £ 05 0 frﬁgng mg-fma

= 2@050(&£5m€ ”'{9/2) = 0 for eqgel.
(1) cos6=0 | 9=z

) Smé-= ._5_

. £ sing
-;,—:’;—2- ;T-gwszﬂ 'f‘mj 4

(£

L0 < a
4")0)—M ws i rmedt) = K1 HTE] )

= (¢) Stoble if k< -—’i
(2] < w2 g = T

¢ - le /f k>22
2) = (+) steble f k>72




7/52 §y= §( 0.3 mg cos &) =~0.3(80)9.81) 5/ & 68
= -2355/m6 &8

A
1--0.0551n8 = Spring compressjon x

cosm J%: k;x&c .
= (962/8)f0.055/1,6) §(0.0 5 512 &)
2 240 51n8cosO 8

5%*{?%%
O 240 SrnOcosdd@ —2355/mn 680 = 0

235 _ .
320 C 0780, 9 ///9°

cos @ =

S B=0 or



= mg/jcos& +h)
Spr;nj /e.'njfh = 2b Jd';ﬂg

n strefeh X =2bsin€ _ b
2 2

=& (4sin$ -1)
ot k8 ‘92 2
X =52(q -SlhE -1)

- dV ' =
9 7o = —m‘gfs/ﬂ& * ié(4.5!:n§ —/)Zco.sg
: (kb2- m_g‘e)s.mc?- gb%os—g- :aﬂfeya;/.
Thus [2(4‘6 mg-f)S:n ;"5 ]case-a
g [ J=0 gives f- mz,

/- ;csc;g
dTV 2
78" (ko™ m‘ycf’)co.sé? +* 42 “"b shl  subshtuk Sin .Q_ b
Z 1
£ ¥ _ 4 fsi‘aé/c) : o F % alhimsd)
g ge 751 = ikl ranse o dimrgL

-~ 260 . — = e =
8=29° k=00  fo 8:/80] Kk SiZ



p7/5.4-‘l Let X = Compression of spring (most easi4
Seen by considering A Freed

l—«——— 150 mwi ——— 2
. d wheels moving u.P)

I—«—fosa mm —
] . l TPus L-—-%(QBS-A) meters

900 mm —»

: L\zz 1—0.03(‘?.81)&’ W,;i;, ~ § hence A frxed,
L‘:"'-\w = \, §U=2(6.54)éh

1080
T I = +2(0.035) 9.8/ o= &h
2 ¥/,
kN mdr = (-13.08 + 0.645)§h
= —/2.436h

p=6 + 0.035(9.81) + 0.02(9.8/)
= 6.54 kN

- 900 90

sV=2(kxéx) = 2(120) ;755 (0.35-h) 7/_5-,3- (-8h)
= -/47.0(0.35-h )§h

SUS8Vg ; -12.43 8n = =147.0(0.35-h)h

h=o0.35- ;{% = 025 m or H=265 mm




»7/55 |

el g= votation T

o.nal.c. of Screw h

p= SCrew ¢pitch l .

' Y s #Cﬂ
SU = SVS |-<———A L ———)-l M
sU' = Msg .

h 2
S\fj = m,jgh + ngg(E\ = (m;'*“”-i‘)j Sh
h= S(stine) = 2b CosB 8

0= 2bcesH ], 1= - Rbsin0 §6

]
29 = '283— sO lS(&l— _|Sﬂ| it"_h:'f‘:.nr\f% S8

Se M AWID SmO S0 = (T"\ + '—2)3 (ZL cos € Se)

M = (ZmZ:z)Pﬂ cot ©

|
1
1
|
l




» 7/56 Er—’- of qoor I/ = ”27.? pfl—ca.s@)
— _T- - 5prmj ieﬂgfb L=Yr*+a" + 2ra cosé
.
f' N Jprmg Sfretech '3 ,2 -(r-a)

_;__‘
- q v_v+V -—3’—(1 cosa)f-“'(.e D‘--*“J)‘z

at

i 2ra 5inb

7 0|9 P E'“mzsmﬁ +hi4- ff-a-])—zz—-ﬁ-
9 (___?_r kar)siné + M

nr 4 2

| r(1-chse). Vri+a'+2racosé
~
.-~

- 2056 -5ine(~rasmé)/y
- har (r-
a{gz =( 7!2- kar)cose + har (r-a) e

- 4
for @=0, ‘%—z_ ’L”i"_}m— + kar(r- 4)‘L__ 4-0)
= 0 Jor neutral egurl. (insensitice response)

Jhus f.":;lf kar{1- =2 P mg (ria)

real ) ?d'g




7/5?[ -

X=hk&  o060=k(27), A=2230
_ . 77 7
Y4 o, M SEG —PJx=0} Pz 88 - g ~

Jo 2= L i
ooz '© T 1047 N




768 | force & momen? egailibriars
@), (), (d)
C Vorrgal ework (8)
(c), (e), (£)
(c) dU=dy
©) SU=8l +S1g

F) d¥V/go? mast be (+)

(A)



The pivet O must be at

or above the wmass center

G of The shell . which
=2r S ]

= r(1- 7)) = 0.363r



av

-2mg [—»a sing + ;?c:;-.s

g
2

—— e _|, _§=o

é

2acosl +bLsnl
b 2 +z$m_z_

] = 0 for egw:;/.

hﬂ%: % 3 6=2/v/?"4-—2e )' For b=Q, & = 2t Y

=28/°



~

/61 | , JU/=0; l/—“«: so| - | 76<|=0
. =] 2 2 5
| Jﬁ = %icj- z =d“+ ¢
A | 0 =2ddd +2céc
|
I
I~ | . Thus Fad@ = 7-2-—:55, (ZJC)
. |
a= 20 /n. =7--£ 686
6=60 /. ' a e
c =40 /. g F= %< -
=2 zad
o =890 o) (2000)(16) = 760,000 /6

2(20)r2)



7/52’ LC?‘F:’ mass per wril arca of shel/

= 2mrip | mmy= 20rhp
= rf2 for hemispherical stet/

V= ijf;’ + ga
= 277r2ﬂ9 (r— r cos6)+ zﬁ’rb/qy(f%é’-cos.ﬂ
= zrrrpj[(rﬂhr) —é{r’-‘h‘)casaj

7 = j:C)

& snipafo ¢ 00002

:;1/ ;—/"/09 (f h)dd&ﬂ

/"re?uu" %‘V.o j.u;..-: e=0 g hA=r

. 2 -
for =0, d&z = (+) +F h<r

~or /) = )’; nca;‘ra/ Efa/x"é f"J"Um




7/e3 |

ij - W(Ssinok +r Cosx - T CoS (e-a))

But S=Se+ Y6 %%___ r

¢

dv Yg=e
Seo dg = W(f‘ sin = T 7 Sin (e-o())

Fcr— ok.‘:IOQJ 'l"=|00r'nm) T =60mm "

£\ :
x5 = W[ 0.1 sin 16°+0.060 sin (6-10°)]

=06 for ec'u'-librium
-0.1sin 18° = 0,060 sin(e—to“)

6-10°= sin™' ("=l sin10°) = — 16.82°0r 1%6.8°

= 0= -6.82° or 6= 207°

dz\lj = W _
gox _ Wler Teos (0-x)]
6=-6.82°": J/dez = Wr cos (—16.32")70 Stakle

. azy _
© = 207°: 3/&9" = Wr cos (196.8°) <0 Unstatke




Let p = mass per un e
periphery ©f shell
r=2r/r
2F
5 = p[frr(f‘- —,-;c.osa)b
L +h(rtrsmé +Zcosd)
4 h{r-rzz'ﬂﬁ f—%’-cosel]
:/_;[;7;-3_ 2r ‘cos® +2hr
o @ 9=¢ o #hicos o]
_ 2 2 ' a
3_9_9__/)[2;* - h ]5fn9 , Z’Ta’:/) [Zl'?-hzjfa.sé

Eyw?. al O=0 Slebke if l.}'r < rv2
' wunsreble 1 h>rrz
Newrral/ eguwrl. If h= V2 for wny e

(b)

,— ],;:/_)[Vf'(f- -‘,-"Frcos 6)
#h(r+[r+3 51107)
+h(r-[r+ b2 51.;149])

= p[77r*-2zrizose + 2hr]

- g,orff/'»_&, B =0 for shble egeri/.
| ndepondent of O




7/65| Jpr}ﬂy compression X=0.6(51}?~§—5/}:/5‘)

Sl =hkréx | &= A(O:G)(thg"&/;'? /ﬁﬁ%cosg §6

§U=-1008(2.1¢cos %)
= %—05/}72@ 68 P=100N

SU = Jlé i 105.5,'“? 50 =0.18k (.s.fn -gf -S/n /5‘7605? 68

For g:e,oj' /05_‘2_? = 0.18k (_f ~ 0.2588)2L

k= 1669 Njm or k= 1.664 kN/m




7/66 In displaced po sitor
|§ = mg (3R cos6)

+mq (3R cos8 - b cos [9+47)
Bur s=2R9:=RB
So B=2¢
g l/: 6mg Rcos® -mghcos 36
d(/
_49 z mémyl?smﬁ megan/n.f& / l
(<0 for 820) AL

= —6mgRcos® +Imghb cos 36

a
o2,
492

{;__) - 3’”9 (,_ 2R +jb) = + Slable l.f.3b>2R
é=
S0 L= 2
b $R

min



P‘%"?‘ i A= initea/ Fenaile deflection of each spring

ny 13

For small 8, change in /ength of eackr Ipr

approx. b0 cosX
Velgrly = Lh(a+60 cosw)? ¢ Lh(A-b68cosX)? 4 mg b cos &

= k(a2 +b8%0s*x) #mgb cos®
gg-‘-‘ 2&61960.520{ -mgb S5tn @

2]
%;;_ = Zké?ms%:c -mgbcosd,; for 6 =0, Z—;Vz= 2k b0s™ -mgéb
Thus (d__zy) /s (4) shable I F 2k b3cos ™ > mgé

d46?

&=0
2
or A’ . = m9 = mj 62 "’ 2 = 1
i 55 cosin 1 (’f-f‘) where o5 b—_—_zf.tz



"7/68' Jake lg=0 throush pt. O

V=0~ 13{: -Zmga cos&

O L :
. Compress/ion /n Spring X= 22056 - a
=0 for &=60°

2
K=%hkx®= f‘é—‘—z (2coso-1)°
V= %1‘ % = _}..72.;@‘2(2(:059 -‘{)z— 2mgca cos &
m K 2 v ’
5—;— = ea[fmy +hka)sin 8 -2ka sim & ca.sa]
2
z—sza,[(mg #ha)cos® -2ka (2cos?d - r)]

#E2

For gquz/ j;yo [{'mg +ra) - 2k¢zcaﬁ£].$‘m:9 o ‘
+ha

520 § cosOT m’;ka. (/% Trg)

For sin6=0, 8=0 &K 2 2a(mg-ka) = + stasle 1f k< ZZ
= —unsteble if 3 M3
a

-f{ 7%}
for @=cos 5(17 ;f), k7 %2 Stable




L/G?J h=2(2sinf)=4sn§

z’

Q -]

= w8\ _ & -
5- 20(4151115) 50(35in6)

=80 s -1505n8 f-1b

Compure i as a Feunefron

h_T 20 1o of @ Sfrom 6:=0 Ffo &= 360"
L_J
260°
200 P &=780°
\ Jtable
100 - —— —— ‘I _. — // 9 = 26 o,
|§‘ H-1b wunstable
o 90 180 27 36
00
~/o0 \“} o
| '78.0°



30(7.81)N

*7/10)

y= 2 (150) cos® —
By = 300 sin 8 0 —T [
sU=o0: y
-F (450 se) - %0 (?_.81) 5y =0 _LO{
B0 (1.81)(300sm 0)

r= 450
= H23 sm8 (in neutnns_)
200
’,-“‘
"_r
..-*"'",
.‘I,.l"'
PN f__,/
—
0 2
-_,.d"'
-50
- o)
3 @J dEj RO
At e=-3° P=-214N
At 6 = 20"] P = 1789 N



* 771 | :
O
. %)
Sprinj streten = 0.15(I-sm e % !
| " o2 [©0(0.15) 2
Ve = = (1600)L015(1-5in8)] | = § Nem - (R
2 AN,
= 18(1-sin 6) J e
SVe= 36(I-sin 6)(-cose)s6  ©ON N5
SU = -60 cos @ S(o.lSs{ne)— ise - x
= ~9cos?0%6- 750 = — F[| +cos?0| SO
U= 5Ve : - [ 1+cos?67[68= - 36 cos6 (1-5in8) $6
( tcos?8) — 4 cose (I-sin 8) =o
Numerical Salution : © = 29.7°

So that = ©.15 cos R9.7°= 0.1303 m
or X = 130.3 mm




*7[72
Ng = Ro(1.21)(-02cos 8)

= —39.24 cos © T
- A=) e

~ o
= 0.8 cos =

Stretch of sprinj = O.SCOS% - 0.4
0-462 CGSﬂ"ei' ‘l)

Ve = 5 55000, 4(2cos &-1)] = 44 (ReosS1)°
\= Ve‘“\{‘j = 44 (2 cos %“)z" 39.24 cos ©

4Vfge = 88 (2 cos %“9(-s'm Z) + 39.24 sn8

15 / /
v, T o%r
/A
é_\!_ Illﬁ(l T
48) Zav
“——.....____l_,_,_.
-5
0 6, deg 120
®=0 unstakle
e =5\ 'I°J Stakle




* 1]'13|

Spr'mj stretch = Z(lb s %).-g
=8(4smE -1)in,
Ne= 2 (R®) (4sh&-1)*
= 3%4 (4sim & -1)*in-e
= \0
V3 (3 cosa)+ioﬂfo+8 CaSG) = 1200 i,
+100 (lb Cnse) = 1760 cos® +166 m.-1lb
V=N \‘"384'(_4'§‘~\2|'7 )
etVg = S\n 2 + 1760 cos © +160
tn.~lb
N

46 = 168 (4sin &. l) 2 Cos T —1760 sin ©
= O Ffor equil.ibn'um

Numeyical sSolution :@ & = T1.7°




% 7/74] :

\P
Springs undeflected @6:% %0
Deﬂe.c‘tlon NTF B -o. BE ™
BB = 2(c. z,) cos /2_ \]j =0 _ ¢ é -
So K= Og(zcas -{=
V=Vt Ve = 25(4, 'a|)(o:ssme)+ L2k[o.6 (Zcos 2 -iz)|°

= 13.6 sin® + 300 (0. 36:)(4 cos*S -4z cos 3 3 1-2)

Vv i .
a8 = 13,6 cos9 + 288(‘4-(‘.08%311‘\ _8?: +2{z sin %)

= 73.6 Cos® — 576 sind + FI5sin %

‘!d;r,,_ = —73.6 SN0 — 576 Cos® + 407 Cos %:
Set %T\g =0 ‘# Soive numericauj T B6=2418°
S
(’( VZ) = — |56 <0 so unstakle .
d0%/g=248° —
| 20
et B e
yd \.
N T \\\
y N
N
~
60

O @J de\a 9o



I|2

2.5
—GOO_l 1600 mm

A/l
/ I’}( 3 402



i

N

g

X Ndx
jrx?‘dﬂ = j/\(zﬂd’x-‘-" g»‘x (b{;x dx
h bs h 4l'° _ hi3



H/3 IP:IC+ F\(3)z) Iri = 'I§+ H(Z)z

.z
IP""I?:‘: 50 —_ H(32_ 2':.)) pf = ]O In.




G4 -
T+ Ty =T, butT,"Ty s 1,;?_5
wWhere Tz = Ar® = 1600 (100)* = Ie(lo‘) mm#%
Se Ly = 8 (lo") mm4-




<
R

y b\

m I
qgw"*"‘

for half (:/r.'c:/c’J

. -_—
LI+ Alr-7) =

For complete cirele
I.= Tor+Art -—-—A!’“ art

for half ‘”"‘/"

[.._77:' )=4+‘?7?r4

—_ 4
0—4277'

IO—AF’L-#A('”"’:)Z
:I°+A/r‘3'2r'?)

-'-'-{-777"4 7/7’4 &\ = pe/37
FTL 15 ) < - 3)







b‘z-
IozIK+I = BO—b(& + +)
: 3
e - 12.6b -
n= e error = A= (109 = =< 100
L b
=4 oo
a3y
b 0 I
For & = 7o, ne-25 —l

0%+ & =-0.249 %,




A/8 ' Y

For co '
r:\plcte, ring, Ty i
T.= Ar®= 2t 21t N )

ond T .=71 - \\

S -F [« X +I\j ) IX - \‘j Y Y/

a Tor (¢ ' = =° . Y <= = 7
smplete ring Ty —_iah'rrrr't =

For hall-F-r‘injJ IX = ";‘_'rrrst and IJ=IX

b:) SJmme‘trj Se I\j = S mwrit

For half--r]njj Te= —-'z(zfrrz’t) = qrr3t
Tc = To-ATF = it -wrt ()™
= ot (1- “?f?—)

X



- 3.__¢ 3_ 6 4
{‘oh 2 ba _E{go)(/ao) = 5(7/0°%) mm

A7 w
So_lzs |25 Z=Z +Ad%sst0) + 6(10°)(25)"
Lo ¢ = 8.75(10%) mm ™
cho |
: _Z;: iéﬂ":i(faayaoi): 72 //0°J mm?
i +Z, =(72+8.75)10% 15.95(10°) mm

3
1.=1,

Dimensions 7 mm



-LJH 0 1Y

| \60 e o
ﬂ\"f‘:‘u. Per undtt x- dl'mﬁnsmn/
AR o0
s 750 0

L g‘ N l mm
v 150*- (l0a-50)* 20 | ‘L '

=15 _ mwm > e dy
44 - 230 Tmm %

50
df = 5.30dx | Y= 50+,+er =50 (v 2y

- z 2 150
4T, = y'dA = 5o (+ o7 f) T dy
2 150 141, 4

2%
w4 ) (% 9ag zem)“"‘
= 4,38(lo ) m
Erroneousy vesult I{l#: (‘\3 '“750(75) 422(”))

Ty = 5o

4







= L
lriangle - Z (‘-’/4 )n'cf‘aﬂg/e
=Z(L 67}.},1] from Semple
z "ZA( ) Prob. A/
” - 4
= L 30)40)(55% B°) = 12.5110%)
24 o ¥
(L/) = A’ZA

A 7r ﬁ r@/f 14

So /YA:@: 208.4 = /4.43 mm

Jo (40)/2



A/13 |

- =y, - L3/24 _ |14 =
Ky 3 J Ia = NI ’\/ [5 = 1.615
- 10 92> _
ky = (1% = /_I%ILEL = 0.154
kg = \JKerkbz il \/l.(3732+0.75+’~.= [.835




Afi4 d
____l H \ /X/

T,+Ty= Lp= Ty+Iy o g
/
; = N
ecause Ly=Ty § Ty =Ty P >C<.\\ -—X
Therefore Ty =Ly s \
N
Trianj\ti From Sﬁrs*_n_g\e. Prok. Q X
N bh3 CL'Z.(O'/,]_' 3 ’
L] = —_— = qJ
Ajz: Ty = 1% Y ) o é/
- ot ’
Z4 ’

Rec‘to.njLe. : From Sample  Prob. S
2
A T= vA= S G)° | |2
- ot TR

24






M‘l Exact : Ty =Ix,~RAd*= S bh>+ bhd®

prm)}imoﬂce, : I,; = Ad?% = bhd*
— 1'1(_19( 0 = —'_lli bh3 lag = - | 100
T Colrbonds I+ 2

h = ()

For h= &, n=-0.518 %

n

10

(%) —F —Z




xr= ¢0 ] @’ =30 rmm - i
dad iR v ke 27(16%)

> al =y aA :yz(gy—i_’?i?Oyg)dj,
- Jo

= [/4.,3__4 5
il 4 /3 PR

Q

4 ‘yS Jo
— X :[;V_ — ] = ?(/04) mm4
o e

J “dos0




Alig| Y

I, =T, +Al-5) =T -a52+ A(ey)®
-—I +F\(Q, 2&3)

1l

um ); "% (*-2e )

= ’"’& (| 3%) = 0.315a*



Al19 [ 1Y

~y= I:,(\—:%;)
(@) Horizontal St:.,dp o dii,
X= jgzdﬂ = fglf)(d\tj | H
b O
= “o - Y% dy _ T.x
- o
R f Yy dy ,
— lbak
=& 2 (867 12by +15y )w]Q) )3\ = oE
('o) VCT’th&L strip IH
Tyx= f 397 (ydn -"‘I B30 %) dx
= 1?::1_55 (f -3 43 x")dx '
3 79
= ;m l:a"m Q,x3+_3;x %—”]0 | L,
leab | k

I

X \clfK
|0S




|
4 |

\ mr
Ly, = 2( % ) :
Ty=TL, +Ar” nt—
= g v = T r
od—

Ty=Ty, +A(r+F) =Ty -AT + A(r+T)*

Trs 4r
=Ly + Ar*+ 2Ar7 = ety :Y—[—+2 = " 3n

G ) <—g—+;;%)

4__
= —_ X
Tz =RAkz | So Kz—\[ Z/A

_ ot s AN o
or Ko = ’h‘rl/z(z +3ﬂ) = |.830r



/

dA= (Yyz-y)dx
- - X )an




A2 | ar=y%A =y xdy =y (y¥a)dy <(y¥4)%

4 4
== [yédy « L Y7 |, 256
X 4/)/ 4 45] 5

=52.2/mn?

k4, x=y74 .
/4, XY %:_f(dz)(qla_y;)
Y X~ e >
41T = £ (g% (2]l
4
-t Ix::}/(f—é’x’/z)dx
o ° 3 2 32
o - L[#x 85X ]O

-— 2 .
- 256(1-2): 256, 50,

-



—2 2 _ 4
A/23J (@) koz = kcz + OC where kc "-Ic/A = i}—?g%:—!- mma
= 250 mm?

2
kl= 250 + (30/2)° = 2050 mm©

ko =V2050 = 453 inm
b - k2 7 , - .
(6) Ly =k A § 4 #4 =1, 45k vol=zTe

2_T fo(10%)
so k= *c =y Z=UE 2 - 7018
%, /Zaq 2 A')g 2(/600) M



A[z4 |

(o-% sin26)

o R
Ty = {x clr-\=_£ _E(rcos(s) rdrdf

= %;-(% + sin ZQ)?

= %"}: (e '\'?lz_‘Sl-nZG)

o




-‘._3= curb'x?'

Af25 | ‘"
I =

I 40 = o + [-)(Q
IZO |20~ O+ b (‘80)
2 (T
< .|d1 e { b = 80 mm

<0 g0 1
SommT [T mm
dIS:- c\ﬂ’)(.z

= fan = fydn = 2 [P (a0 r 50 dn

:2[.40')( * é:o w :
Ty :jo\l\j - f'xz“aa« = zf%[‘f“z* :
_ 2[ x>+ 4:1 ]jo = 30.0 (10°) mm*

3(5000") —
ky = m “Toeio - - 23l mm




26 oy = .
i.J ‘y. : ‘Z_;* 'Z;qa/{ crrele _'Z‘.r * L

| B g:_g éj sjmm’é’fy
X! j/;w;'/a/éz Seor -Z; 4

P

__.__X_ jo I){’:'g;: _2; = 'g-y




o
,1%°
= L (20+% "} :-/20(/0:)

240 a s lcsi

ye 7940

Xay=L _Jij
o7 40’ T WP T

= 36.5710% mm®
4

= £ (120 — 36.6)10%= 27.8 (10%) mm






: dA = 2x dj
| b
e - 2(5y) 4
\ | gb "= ydy
= N l
Lo NS b, |
0] h 4
To=fy*da = [T Fydym i |
S5 () |
2 3
Ty= Scm: _LJ’ (25{ a5 i(;brg) dy
:_Tl__b3 _5__{ (h4_—&4)

2 Nl
To = Ty vTy= 2= (l+ ,2,,1)@ a*)




5 :
'—'24{ (34_a4_(.‘,05.16d6= [zgrﬁﬁ

| 4 5
_ [ B [ 1zEe _f;a=k
k, = A gg"'n’of’ j
5 2
k;: k'x?—'}'\'(\?— - Z_\EO_
e
S Ml




(5 JF’? * rls ;nh‘%}- -2:-3

r Aw
z_-rr 3

TR S e
2 — 2.

v/l 3
213
vt
a 3@
3 g}




PAp2| J3'dre FABT s = \40)E, g0

| Vg
- -H-—-— & 0’9
Il {as )
s = R\/,16*d0
Nz Lot
T T e A = = £_6 2
rz ko /f=§§- rea ﬂ“ 1+ 6% do
r:zﬁ; = @_[ oV1+6%+ In ¢9+V/f¢9 )}
277

= /26[277-)//7‘4772-{-/;’1{2}7*}-]//7__ ] -7383Rb
Ia zédf: /ﬁ_égz{mmdg) /’559 ) +8246
[,/{:w‘ﬂ m-——/n(ﬁ-f*}/ﬁ_ﬂ)]
W’[V [+ 4m~ Ir - ?/nfzzm/ﬁ?r’ﬂ 1609R°%

//so¢
A, = Vfo/A RY33%3 =0.670R

I::

¢



AR ] - =

R
Witheet hole, Ty = = (4R)(@R) = SR

4 I
With hole, T,= S5 ®* - = (wR*)R™

I
N
o
&
x

(Q 3.68°0 r'eclwd'ibn)



W tthout SCIuQ{L Noale

Tp =2L,= 2 (FMR-RY) = 1s7R*
With hele:
T, = 5MRY -2z RRY) = 1 404r*

(a reduction of 10.617%)



z

From kxz-}— kjl': k% and the fact that

Ky = ky For the present Case
J P ) {5
2k, = (1 )7 ke=ky=Ta




. 4

/4/36 _Z; ~ %//,5)(/5)3 + 0 = l6F0 In.
N (15)(20)® = o = 4000 in*
-~ = /5 J 3 g
- + - 'O /n,
15 I=1,+7,=2%69 n .
. +I._.__.x :_;0.4 f}?.
A 20" 1



Aj37 |

16.25"

0386" X
—>{le
Yy

|;7_0131)| to.ezs"

3
Ty= %,2‘ (0 380)[_:“9 25 -2 (o. GZG)]
+2 { (7 073)(o. (022)34_7 073 (0. &728’)[“’ 25 _ o_c,i:z___g] 2}
= 649 in.*




'B
0. i
I
20 !___ —|{=o0 — —
mm M
— +~
360 mm

T, = 'E(3(,0)(200)3 - 4= (320) 0(90)3

= 130.3006) mm4'
L. 'Y
o ' e 20 (Dim_ N mm)
! — e 2= e — — A
%AI 2o |[F
20
|—<— 360 —>

1, = 201 (Bew) @) + 3c0(2)(1)° |
+2[ 2 (20) (6] = 130.8006%) mm*




iH
2a + i
\
a

2a_ X

T.Square L, =Ty= 3 (401) (zq}z B %&4

X

I Semic'\rde Ifx = g o
T /'ﬂ’q_ + = 6 ((LZ) ""’TI'Q

G
. l {V
Combined : L, = § o k3 a*'= 49 4o

S
Ty = ”é’ o~ —‘h'cL = 3.37a "



Ao |
T—

90 mm ® A -
~ 00 mm_\ Ly
Iy " T':‘a_(loo)gios) = 6.08(10°) mm?
Ty,= "~ l;&L = - 0.38(10%) mm*

So Ty = (6.08-0.38)i0° = 5.7 (10¢) mm™




A | 5=24y /54 < Qrl130N2) 6510 0

250 (20)

120 mwm S0 £#,=29.0mim

j____ l @ mZo i /‘22: 1010 mam

y @\, _ z

e B @ T sreiotsn
5 = 3.73 (10%) rmm?
3,

’éh.,;j,,z::/go e I’JZ E@= :;7/20)(2?.0)3:0.{53(’06) "’”?1
L @'Zi :5/20)00/.0)3: 6.2717) nam?

20 _ 6
S (3.73 +0./63+6.87)10

= 10,76 (10%) mm*




A/42 @I-—-fi?o)(ao)’-:-rsa}(zo)(?a) = 7289/10%) mm?

w L =75 (%) 3y t2o) (75N = 4. 85(10°%) mm®
Q
2| @
I—' w =~ @Z=; /20}(/60J - 6.83(10%) mm”
%
Dimensions | | . 3 6 4
in mm _____:_,___x ZJ-'J ,2(160)(«!0} = 0. 1067(10%) mm
| a
l F o= ¢
2l ° Tom! I, =[2(7.6%)+6.83](/0")
® - < 4
Bz = 22.6(70°) mm
zo 80 _

= [2{4.85)+ 0. !oé?] (10°)

. 9.81(105) mm'




= L % 2,¢
oy Ly a(a)E sa
ta/ T=2%27
—-—.-_._—__..3
Sol.

= 3_ ¢4 ,4
Z° +5 (4a)(4a)" = a

x o 7_ 4
{7}-—,—2 (3a)2a) = - 2a

Total <(SF- £)a" = TFpt




Y Sguare . ;
$omm | L=l = S (90)(50) = 13.65 (10°) mem?
Quarfer - circular area '

-d1=§ =:?i j’-/r[so]") = =2.54 (105 mm?

60mm | Arca A=(80) 3 (60)" = 3573 mm®

——— DA LI +L = 2(/565 -2,54)10°
=22.22(10%) mm*?

2_- _ 6 :
kA —I}_/A s 22.22(10 )/3573 = 6219 ”’”’? A"a-‘i Véz2i9= 787 mm



/4/45| Dsstort Fo o rectarnsle and a

Hriare/e i taoee? ﬂ/ﬂ".‘kﬂ:?ﬁ y“a”/-lfﬁ’/’é“ #ron
af rea - L 2
e Rectargle L7 564

b-a a

frxa;ry/c fjam,b/c FProblern /—‘JZ)

3 _
Ror trapezoid, I, 57 - Z=h —é{5+5a)h3




Without
Al4e )

0t = 12 @)E)°
= 1\ I,=72b .
:{Z_{;— o & = 3%5.3 in.
I —,,'{,f‘ B ilj-.x *

//

7

I’ = I?i_ (ﬁt‘—ho\(’. +ﬂ\lj )
3 K 1
WiTh ho\(’-?)) [_ll.i Lz)(\)?a - (’23(01‘.1 ]
(= 85.3 -
1'1(

; . 4)
\ n.
= Q] n ;n'J Tx m
= %5.2 — Ry ey

X (mo‘-'?o)
dochon n = T X
Percent re - -:_) 2= 0.1953 + 2'34J
5 3 - (852“ N LIOO ®
- == 35.3

(in ‘Peme'“t)

= 2 '\“-J . q.57 GIQ
For O:j|c153 +2‘34(2)2_ = 1.57"%
n:‘-— .



H/47|

Parts | and R sepqmte_lj:
\ 3 2, |03- 4
To= 3‘(*0xz)lo = —— .

(pnlar) ;  RArea= IO(%_’) in* ©

I.*— 10"

Ar (o) / 3 2 v .
Part 3¢ x,= Ar'= LL:Z)'(I)M = :_3%_‘03'“%




AJ48

h
b/3 | I
For area (Q))
Ly 12 bh ) I I
P2
For area &) J bfa g 1
3 L /)3 b 2
T,= 72 ¥0 + 2[EhGE) s 5D
1
=2 (Fh s T 4hb)
If h= Rodmm and b = (0 mm - We have

@ I, = 1z (60)(=00)* = 4o (10°) W
(b) Ix = 39?%{(&21‘(34?(200)14—%(60)L+ 200(60))
= 0.4 (10°) mm ©

1o, 4 - 40
4o ('0070): 176.0 7,

Percent increase n =




ART | @ 7 =2(545) = £(22032)(3f2) = 2 g9

=7 +Ad?
iy, T N y L Ixo
@ = Bt (2003, ) (%) )(8fz)°
2 ., b7 2
= TV3 .7
45

4

@ L= 2ed)= £ (V) <

/ = 737 4. V3 4\_ 5VF7 4
Jota ‘Z;( z(zg'a' +—?*ga-)" —a




9/50 100 100

¥ - 24 - -
Z A "
_ 2[[(100)(500)(=56] + 500 (100) (- 59 ;
2(100)(50@ + lOo(SocD 500 |
=%l =
= |50 mm . B 'f_'z
A= 2(!00)(500) + 100 (500) loo 5®00 X
= 15(|o+) mm (Dim. - mm)

O+® T . 2[‘{1(100)(500)3+ 100 (500)(250-150)1
= 30.8 (Io %) mm +
I,.= 2 [ 1z (500)(100)3 100(500)05%50)2]: 40.8(10°) oy
® Ly = ]%(500)(100)31- loo [500)(50 +150)% = 20.4(jo 3) -
Lyo= 1z (Ioo)(E)OO == 10.42(:08) mm ¥
Totals @+ +@ Ly, = 5!.2(108) rom+
Ty, = 51.2(10°) mm +

=Ty, + Ly, = 102,500%) mm*

o
PR = e




ALS1| | Semitcircle: T pnri=gmiso)t
= 0.6352(/06) mm4
. . o= 3 _- 3
Triangle . _[x-l-z-bh -;_2-(60)05) .
= —0,0/682(10%) mm

< 7 =~ 2 (15)30)
| "0 "jomem K v iz 4+
Jomm (O FOmm - -0,06750(106)mm
&
%_’1;*5 ==(0.01688 +0.06750)/0
= -0.0844(10%) mm?
Total T,= (0. 6362~0.0844)(10°) . , £52(10%) rrm?




ﬁ&!

ﬂ /\/\-'az'i

From Tablt D/3

L . et
N, g
fD><.,,i_=2°qu £ Zsin@E)a" (- 4)




A/53 |

@ Az o.7o~uz 8.40 in°
@ A,7 0.65x3,30x2= £29 4"
@ A, = 2 (5 )o.10)(3.30)=0.33 in’

rrt| A | 7 |74 L | 4 |aa
/nZ w1, | in? in#4 . n?
/ P40 | ©.35| 2,94 |0.343 |0.696 | 407
2 | 429 | 2.35 |/0.08|3.894 | /. 304 | 7,30
J 0.33 | /.80 |0.59 (0200|0754 | 2./9
Totals /3,02 /3.6/ 4,437 //.56
— /3.6
Y= - = L o046 177
/3,02
TY L "L =2 + AL
o
——-X _
= 4,437+ 11,56
= /6.00 1;3-4




*AI54|  Without hole | x/=x and T, =T, =
. %
Tlibhs = Tli('z)tg):’: 35.3 .

_/Z/
I”{ u 40 Centroid locotisn

“%/J . - Z3R _ e@)0)-20)y
) _1%_ ZnA g(2) — =21

/// 44,” =-0, 142‘1\3 Gr "__"?_J)

IX/ = $(2) (4+7)(447) T+ -‘3—(2)@.__3') (4-)*
- Lz @) 20)(y-1)°]
= €652 + 165 2(y-1)?

~ 2
With ==y T,/ = g5.2+6Ty)=2(y+4y)
e 1';"-‘ 85.2 — \f{ 52—852 22*1:J

Percent veduckion n = _L_____ (\00‘7)

Tx’
_Qoﬂ\‘as 3- (852 -2214%) . 4 1953 + 208y
853 (in percent)

For 4= 2 'm,) n= 10491 7,




=L 3. 0.00667(/0%) rmm?
>A/5 @ I, =% (¢0)(10)>= 0.00
@ @ L= --"—(,eo)(ao) = o.4z7(m°) Mmq‘
] T Yy /2
L(10)6°] = 1.6678°
o 4 | |u @hzlEeor]
Al | pez[emr]ruen]
e s -
; - 0.0407(70%6
|
Dimen. % Jota/ 'Zx = Joral .%;
e (0.00667)(10%) + 1. 66742
.,.};ol.,, 80 -‘JO =(o. 427-,*0.0407)(/06)

or b3 0.02494(/0%6 -o0.252(10% = ©
JSolve by cabic formula '[0 25 2(:06)] [a 0244({0“)} S0 3

rec/ roats
CoS ,/;;Z__;;_ where g= 252({0 )'/ZG /JOQJ P= M & ;5(/0’)

st e (1[50 101 0708, 201
4= 2Vp cos 3 = 2(70.2)(0. 8933) = /6L/mm  or b=/6/[mm
6,=2/p cos (§+1207) = 1-) , by=2vp cos(% v 200°)= ~( )




’A/Sé] y @ _Z;c=é(20)ha-f- ZO/;/%Z. f-lo)z

/010
Dim. 1 = 20(hY +10h*+100h) mm®
/n mm @ /7 , 3
L .{V=E}?(ZO) :£Q§°_/? m,ﬂ4'
& e
30 3~ F

@ «Z).C: él’é())(/o)a = Zoooo i
= "‘"!_ 3—_- & 1L
Z, = 55 (40)(60) /80 000
Thus for cpual L, gL fotals

20 (P2 # 10k #1004 ) + 20000 =

4

2";"”’ +/80 voo

or b3+ 30h%#2004 = 24000
\S-Qé.fiéf’#fe A= U=-r0 ﬁl’qel‘ a3=/00¢£ +24 000 g Solve éy
Appen. 5/4 -4 Lef psloof3, gz/2000 Case X ?2'-/63:(*)
(7%-23)72 =Y 194 (10%) = 10525 = 11.99846 (10°)

Y3 'f2
= (12000 + 11998)7 + (12000-11996.96) = 28.89 + (16 = 30.00

h=Jdo.00 -0 =2 20.0 M




A5 = (30)(c0) = 1800 mm © For each
I,(j =0 for each so Isz 0+ Adyedy
(@) Tyy = #0)(59) (1800) = 360 (15%) mm *
(b) Ixj = (49)(-50)(800) = =360 (16%) mm®
) Ty = (-40)(-50)(1800) = 360 (10+) mm

() Ty = (-40)(50) (1809 = -3¢0 (10%) m *

]!




A[58
Ty = -60) [(~3.5)(3.5>.,-(-3.5/)(.’5.5)43,5){33.5)}

= 110.2 n. A




A[59 |
Ix-: -+ (40(:) (230)3 -3 EIITF (304-) + T (30}160)2]
= 2,44 (10%) mm?"
Ty = Tz (200) (408)>-3[ % 1 (30*)+ 1B (100)?]
= q}g(&(mg) mm4-
Lyy =1 (30)*[ (106 (56) + (=100)(S0) +- (109 (-59) ]
= - |4, 4 (1063 ram




A60

() Ty j sy T dj R =0 + (bo)(40)(80)(S50)
= 9.6 o(lo") mm
@ Ty Tyy v datyh =0 e (257
= - 4.7 (106) mm &
©) Tyy = Ty +dxdyh = 0+ Cud-43) (069
= 9.6 (16°) mm 4_.
(d\ _LXJ :'f_xEl +'d7(d\') =04 (ea (- 40 - ﬁz_sj)

x (1:25%)/2

= — 2.98 (10") o &




|

| 6O

: Mm ®
!

|

e o e ———— = T 4

(L

13.72 (10°) mm ™
+

IXSI - =o (Ho) (7(9(75)
Ty, = 60(29)()39) (30) = 4.¢8 (10°) mm
Total = Iyy= /§.40(0°) Wi




Centroid /s ot C

= g,
‘Zk:,y .Z;,ayo*x'y,q

= 0 + [40)-50)(40x/00)

Dimen. in mm



Ly = [y A
Tz
[ (r- rcose)rsme(brde)
iz
= br f (sin® - sinod c,oseo) 46

I

4 1 [2
3 [ cos & +
4 Cos 28

or?[o- % +1-%] = b'”/2.




"2 1 -
Af/él‘f- z;y = fxyd/-‘ =/ 7/*.:05 oNrsin8) rardé
: .

£ 5 -] 2

o o

- L-1-0)= s

= _ _rt griee\mrt_ rt, 3
‘ny 4} dxa.,YA T8 I 3”)? _F({_;’?)

= ~0.0/697r%



Ales

|
o
(1) By direct inteam‘l:toni

For e\emevrt al S‘trlp)

53 [" - ('X“r) ]clx

=“':ij('xr ~ x4 2ex - n ) da
° 2 2 4
Xt _ K

:_Ii[ zZ ~ 3 *

(=) Bﬂ axis transfer :
i
|

=



Iy\jlz J”X\H dR = jLé"COSO\)(rSin o() b dr

[a] 3 )
3
r - e, .E.II._ COSG(S“\“(

= b cosxsina 3T . 3
LLY .
ar I"A\\Jl: 'S Sin R .3
' | = — = = SR
83 Ingpection ) Isz = I'*Hl <
3 . o Y S
I = b7 Sin [2(‘10 “*)] = =, Sin s
XYz G ls -
— - = — —F— s Zx
Tay e = 7 Ty, 6
U
Z"I =0 which Mmust be the case due
. )

Sl o S\\jm‘mﬁ"fj obout The 3-—0%'3.



:j-':. kmlt 0.,:\"\\31) k:q/bz'
o Ciai

dA = ydx = %E_ X dx

1l

~ dI'X\‘j = 0_ )
y dLyy = G\I’xb* df (')q(“‘z
) y = O de (x)(%_
Ldx = J;z%q,xsdx
b 2






C 0+ Yulvdx) = K
/?z 6 ‘a z‘)* 2621011
_Z)(:Z__iﬁid’ A b - 52;71
y 26 26 ¢ - ¢



9/70 l S Rf:jq-rck Gy 1= (rec_kmjlt)

+ IC —T C‘f'rfah leg
s /] @ g0
|/ S/ |55
I/ @ =
/ e |
= S/z— — S/z.— L2p ™

|.l;‘! USQ. r?Su\’F be - 8 ‘FTD\Y\
__ A Prok. /(ocl

f«g’ Ty~ Ry dy = Ch T M (R)(B) = bW
—_ si3 2 4
I =1 3+ﬁ'ddj‘0+5 2.( )( )z?
@ CE) - A st
I'ﬂ'.'l:= I.j+Ptd,Xd = ﬁ(%zc‘s—g_>l
s (D) CE) sy 355 Y]
llzl:a S
I%\‘J-— I—I +I'JI 'Im-‘s [8 ‘f‘%& ll:?j’]
5 4




b
= L |6 4
2 OIXQ(IQ_ -—3*’xu+ ? XD)CLXQ

- g (ol ol v = ozt
Part 3 I’Ke}jo = 24 in¥

Fat 2 ¢ Thoys= 4(9-YER) = - 144in*
Part 40 Ty, = - 144 &

Combined Ty, = 2(24)+ 2(- 144)= ~240 in "
Combined @rea = 2(4)(6)~ 2(x)#)6) = 12 &
So Tyy= Ty, ~Adydy =-240 + 12 () 4)

= -1968 in.




where a’x:zamm" 5{\,:30 mm} %/:-MMMJ dr= PO r1m

(80- [-4201)10° = [( 20)(30) ~ (- 40)(%0]] A

_ Joo(/0%) 4 2
800 =1.3/6(10%) mm




A[73 . et
5 :H From RAppendix O: L= I\.] = e
\ F_rom ?l"oh- ﬂ,l‘o?:
\ !
\ /,)L r4
5 T,y = 5
\ _ Y g
\ e o
30
=X
et ok *
Eq. A/9: IK, = 1 tO07 g SIn ‘EE""’E]
4 r% “*
Iy = g ~0+ g sineo® = ALEREY
Eq. Afda
| r4 o
Ty = O+ g Coskd® = |



= L 3) 4 .
e b L% 144
_Z' - < Eé = £ _
/Vxﬁ’? g = \30 );:9 s, ,4/? 8’/—1/?‘3 g/re
Z. i~ 34 154\55’ 60°= ri-f)é":o.fxfsgé*
£,.= j—’f—a f—ib45xn60p* (3 * ’)54—054955“

= ._é. = . 1250 64
5 —_—

NI

o 4%
Ly, 07‘4



A/T5 QL= CZVJJ g, a%z +a¥(3a/2)% = 7'0.4/3 y" + 3a%/4
a)? a ® =275, f‘z/’f%v'_ 274
same as
1@ “ _ “X®@ same as @)®
‘LIE_"_ D12 i for composite area
@ @ s 4a%/3, I = /6273 I, % +a*

From £g. Aﬁ/

'Z;-nex_ & *[ "-\/(2- -; 7"4.[L=/Q"Vu":)a4 = 5:5-'.?a_i'
- ¢
Zoin = 525 -3Vg -z, 441, = (5 Vz)a? = L0974
Axis of
from &7 ;:;m 2% max, T4 ; o=/03.3"
727!?20-':! ;;V = (’/€a4/ 4:#2{ \ . )
Y fx /3 - ¥3)a . v =

2= 26.6° or 206.6° _
x=13.3° or 103 3° A
: l



/4/76 l Mu/?‘/,p'y £55 . /4/// fé'jt:ff?&/‘ aﬂa’ch
. (_Z;f-f (W.zx J,) Y )

Imex min

’ 2 2
564258080 2z 245 22)

X ¥
2 - -
7, -4} se L,VLI-Z., 7.,

n




ﬂ[77| 3'\\ | i

ror The ‘trnanﬁt‘}e \ | ~ 7 /|
- 2a N ™
= 12(2% 3) at - - -
=2 ‘ (a. (Zs.) a
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