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(F5 cos 20°) j

fGFCE’ mag X—comp yv—comp

N (FF) sin 30°) | ~
| | F | 150 +129.9 +75.0
| .
I (I, cos 30°)i : F, 80 -27.4 +75.2
| 1 _>| -
—(F, sin 20°)i 'q\ {? 110 0 —110.0
i bﬂ (F, cos 15°)i . | 100 +96.6 -259
~(Fy sin 15°)] R, =+199.1| R, =+14.3
V-Isj R=R j+Ri=>R=199.1i+14.3;

R=4199.12+143%> [R=199.6N

a a=4.1°

|
R, =(14.3 N)j f R, =(199.1 N)i
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I E, =5sin40 = 3.21 KN
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360N 300N
360N 25" sina@ sin35°
o sina=0.6883 = a@=43.5°
e - B =180-(35°+43.5°)
300N 'x R = gO0N —> R=518.8N
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13\/1 —sin" a = (7)51'}10: +9

169(1 — sin’ a) = (49)51'?12 o + (126)51'Ha+ 81
(218)sin* a + (126)sina — 88 = 0
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Fig. 4-4b
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F=200N

200 sin 45° N

200 cos 45° N

100 mm ' 100 mm
(c)

(a)

ZMA = —200cos45 x 0.1 +200sin45 X 0.2 =-14.14 N.m
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2m  F, =600 cos 40°

(70 _ N

“ —_
.Fg = 600 sin 40°

F;, = 600 cos 40° = 460 N, F, = 600 sin 40° = 386 N

M, = 460(4) + 386(2) = 2610 N*m
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d=4co540° + 2s5n40° = 435 m

M, = 600(4.35) = 2610 N-m
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F=041b

Y My, = —0.4cos 10 xg
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Z My = —-30cos45 X (1.6sin45 + 1.6) —30cos45 X 1.6 cos45 = —87.13 N.m
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2/43 (a) Calculate the moment of the 90-N force about
point O for the condition & = 15°% Also, determine
the value of # for which the moment about O is (b)
zero and (¢) a maximum,
Ans. (@) My = 33.5 N-m CCW
(b) 8 = 36.9° (or 217°)
(c) f# = 126.9° (or 307°)

T T1lo
F=9%N
800 mm |
|
g,
|
|

3 @

I-—GOOmm—;{ .

Problem 2/43
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Ans. R = 80 1b down, M, = 1240 lb-in. CW

200 |b

www.CarGeek.ir

x = 156.6 in.
180 |h

T

300 b
Problem 2/157
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300N it L 31O dodi @3 a8 dhold 10 g 558 (I
d = (0.5m)cos 60° = 0.25m
10 i J g 300N (59,08 Jost 31 6 glif e

M, =Fd
M, =(300N)0.25 m)="75.0 N.m

ﬂﬁilﬁiiéabgéd{o quaﬁmm%ﬁbrﬁugu Jrled cavet Jlasl 89 o O 92

a@\'&.&l&"myhmqQT%EMT:}mwmﬁ'&mﬁél’ﬂujl;ﬁg

M, ,=T50N/m

2 (2 Ol 25 oy g Iy Sty pl L al g 031 QLS
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o Jbo

F Tl 0330 ol 3 2 R S g e (2
d =(0.5m)Sin 60°=0.433 m

203l aal g ey TINM (55l dals O alals J g 5928 3
M,=Fd=75Nm=F(0.433m)= F=1732N
98 a8 58 St MO=FA 02 19,8 0 52 5 (1
Wl luds oz S0} S 1am lyla dl oS was a2y (B9
a3l dslna K b 9 03,5 il OA 15508 1 9 sl
1l el =75 M & oS 0 Yo

M,=Fd=75Nm=F(0.5m)=F =150 N
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OB cos60° =d

OB =200 mm

o Jbo

10l e 5 MO=Fd J 30 3 31 5) 50 p) 53 TTSON 2508 9 (2
75 N.m=((750 N)d = d =0.1m =100 mm

:'Iﬂ",h Lal

:Q.;'IJ.;\.;.Q

4ad 4z ) 3 diii 300N ol S0 ol 7 9 o Al Slgda )3 Smy )90 Sl S e (0

Cyls 4 il Golina Y X 1o Al fa 1yl5 L) cdizea O dad J g LS sk 6))s ag

jhﬁ{ﬁg]b&.g”ghh&iﬁﬁujﬂ&m nﬁ&hd&j:whjﬁﬁimqﬁhﬁ:
‘#&UJJ"‘@EJWJ}@P}‘“&J&Q‘“Q&HT
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2/65 A 400-N force is applied to the welded slender bar at
an angle 6 = 20°. Determine the equivalent force-
couple system acting on the weld at (a) point A and
(b) point O. For what value of # would the results of
parts (@) and (b) be identical?

Ans, (@) F = 400N, M, = 1316 N-m CW
O F = 400N, M, = 214 N-m CW
! = 0 or 180°

mm

—
Problem 2/65
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2/79 Replace the three forces acting on the bent pipe by a
single equivalent force R, Specify the distance x from
point O to the point on the x-axis through which the
line of action of R passes.

Ans. R = —50i + 20j b, x = 65 in. (off pipe)

‘ 50 Ib

60 1b

Problem 2/79
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0N Fy =600 N

Fy = 600 cos 35° = 491 N

Fl,, = 600 sin 35° = 344 N

-4 m °|
~500(#) = —400 N

Fy,
F, = 500(3) = 300N

% A

e = tan~t [E} = 2HR.A°
Fy = Fysina = 800 sin 26.6° = 358 N
Fay = —Fy cos a = —B00 cos 26.6° = =716 N
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1P Jto

0.866 o« = 40.9°

R? = (800)® + (8007 ~ 2(6001(800) cos 40.9 = 274,300

R =524 1b ¢

600= 524
gin @  sin 40.9°

sinfi = 0750 # = 486°
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1P Jto

R, = XF, = 800 — 600 cos 40.9° = 346 Ib

y R, = SF, = —B00 gin 40.9° = -393 Ib
'R, =316 1b
B 0—-’-~-—-t
R, =-3931b R = R} + R? SJG4§% [-3037 = 524 b
Y
R Wr‘
= 1 l._
- tan” = tan"! 20 < 486"

R = Ri + R,j = 346i — 393 Ib
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S laa | g g3 o) 5138

A Clea A B, D Ll o), ik

\ 901b
120 1b
I fi
AB
; %A 120 Ib
|9o Ib
(b)
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Jol

F, = 400N

F, = 2464 N

Y Fy=0=>—246.4+400sin60— F; c0s30=0=>

www.cargeek.ir

F,=200N
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Free Body Diagram
Free-body diagram

Real-life situation 200 N
30 N . 30N

Y 50 Nf ~
50 N T Tso N
50 N

Equilibrium condition

+50 N

+ 50N

-200 N + 50 N
_ -30N _+80N
-230 N + 230 N
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N N
{¥Block B-block A {¥Table-block B N

W or Wcosb

N

A Weos .
FEarth-block A Wsin®

\_.;
{VBlock A-block B

FEarth-hlock B
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Jol

Reacting bodies FBD required for FBD
w
Q’W | » @
R
T
E@ ] @
R—>
:
(2]
w
600N R,
800N w
£ (]
g Ladder
P P
ﬁl,,’””//v L4
EMOOTH R,
i
v
GOON
Block weighing 600 N
] |
| 600N | R
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Jol

—— o
Ra w [\ H
a(ll) Free body diagram b(i) Two spheres in
equllibrium
Ry
. QD
Ry %
Ra ) Frictioniess d(ll) Free
R, (c) Ball resting on a surface “)Mm «“)”‘:‘04!
b(li) Free body diagram
AL © 8B AL ¢ B Iw & Iw
#—t—*‘“ ) 3 ok 2 5
Ra Rs N Eelugn (W) Free body
w surface diagram
Il) Free diagram
o(1) A bar placed in a SRSemay
hemispherical cup
lw
R
0% Eess bedy Rofler :
v " ,(u;m.m h() Spherein (i) Free body
groove diagram

F, F
21y

Fig.5.3.1(a). Examples of free body diagram
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This ball-and-socket joint provides a This journal bearing supports the

connection for the housing of an earth end of a shaft
grader to its frame
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| 50N
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1100N
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o

L 2 4

Incomplete FBD

1. Bell erank
supporting mass
m with pin support
atA.

Plexibl;
cable A

mg

A

2. Control lever
applying torque
to shaft at O,

Pull P

s —a=z

F,

3. Boom OA, of
negligible mass
compared with
mass m. Boom
hinged at O and
supported by
hoisting cable at B,

4. Uniform crate of
mass m leaning
against smooth
vertical wall and
supported on a
rough horizontal
surface,

5. Loaded bracket
supported by pin
connection at A and
fixed pin in smooth
slot at B,

A

Load L

!
;s

[2]
A
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%y

Body Wrong or Incomplete FBD

1. Lawn roller of
mass m being
pushed up
incline 6.

2. Prybar lifting
body A having
smooth horizontal
surface. Bar rests
on horizontal
rough surface.

3. Uniform pole of
mass m being
hoisted into posi-
tion by winch.
Horizontal sup-
porting surface
notched to prevent
slipping of pole.

4. Supporting angle
bracket for frame;
Pin joints.

5. Bent rod welded to
support at A and
subjected to two
forces and couple.

Figure 3/8
www.cargeek.ir
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Sl pitiz AC 3 AB LI 53 j3 238 Qa4 TSKE g 033 51 IS0 llas

) Jle

TaB Tac

50 Y30

W= 75*10=7/50N

ZFX=0TACCOS3O — Tygcos50 =0 il v
T,, =647TN
ZFY:O TACSin30+ TABSiHSO—W=O TA{=4SDN
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Jol

y
|
|
|

8+ Teos40° + Csin20° — 16 = 0

0.766T + 0.342C = 8
= 0] Tsin40° — Ceos20° — 3 =0
0.643T - 0.940C = 3

Simultaneous solution of Egs. (a) and (b) produces
T = 9.09 kN C = 3.03 kN
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3/1 The mass center (G of the 1400-kg rear-engine car is
located as shown in the figure. Determine the normal
force under each tire when the car is in equilibrium.
State any assumptions.

Ans. Ny = 2820 N, N, = 4050 N

VL

1386 mm ~~ 964 mm |

Nl @ /e
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# o
¥ B
?'\\\ N
\J W 2 /"", !
k ,}/E/
.u\‘,,,-f/_’_fi.-/’ 3m
A(e ———0 T100981)N £
A(% .
TR
SF, = 0] 654 + R — 981 =0 R = 327N

The angle # depends only on the specified geometry and is
sin ) = 3/8 fl = 22.0°
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> s dcgomo 45 oy lod duwilno (59505 A 1) o 32 52 35l9 (5935 Hludio g 09y JSU 50 A JLie

0 % Hl8 Jolwi &l yo 052 9

W =40 *10 = 400N

mass =40kg

Z FX =0 — TAC sin 60 + TAB sin80 =0 TAC = 612.81N

T4yg = 538.97N
ZFY=O Tyccos60 + Typcos80—W =0 AB
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SR8 plkee dla 32 Jlail amdo 4 Q=23KN 5 P=1.8KN 3 05 32 %

A Jl

Iy ByA @l de & s sl g Iada doti Sl 33 13980 3305

+T D> F,=0= F,(Sin55° )— P-0(C0s35" )=0= F, =4.48kN 1

53 F,=0= F, +Q(Sin35* )= F,(Cos55' )= 0=> F, = =1 24kN = F, =1.24kN
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Vo Jlo Glo=>

P "

W =n.g = 200x10 = 2000N = 2KN Al — ot
(+z,w,,=n:p LA LH“
' T = =
—EI:=:3+2}=:3.5—2:=:I5+Ixﬁ—3:u:5=ﬂ -
B, =6KN
+T > F,=0

-A,+6-2-3+2-1=0—
+—=>E=0=4,=0
cont=+T% M, =0=-2x3+2x0.5+3x2-2x3+1x5=0
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‘ |.>b.3‘

:J,_ ﬁ'u I-:i-

I =0:  (16000N)(0.5 + 0.4 + 6cos15° Jm|
— 2F,[(0.5 + 0.4 + 4.3)m] + (43000N }0.5m) = 0

—F, =123kN T

) IM, =0 (16000N)|(6cos15° - 14.3 )]
—(43000N)[(4.3+0.4)m|+2F.[(4.3+0.4+0.5)m|=0

=F, = 17.1kN |
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-tB—N”? 9.81 kN

~— 2 m

M4 4=0: +B(1.5m)-9.81kN(2m)
—23.5kN(6m)=0

B=+107.1kN

yF.=0: A, +B=0
A, =-107.1kN

EF}, =0: A}, —981kN-23.5kN =0

‘A}, =+33.3kN

www.cargeek.ir

4 m——


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

AP Jle

92090 SIS 30 o 4 1) kb 238 0 0in 510K 0,3, 5 b Jaw 5 280KE Jyuie
S Gl

()

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

MW Jl

+1T2F,=0: 2T —(280kg)9.81m/s°)=0=>T = %(2?46.3 N)=1373N
eoty

1
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MW Jl

i TN T
tﬁ + 1T ZF,=0: 3T—-(280kg)9.81m/s*)=0=T= %(2745‘3 N)=916N
£8ot

T
1
Tﬂ: =0: 3T =(280keN9.81m/s" |=0 T=—12746.8 N)1=916N
%Mj +T ZF, (280 kg ) i’ )=0= 3( )
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MW Jl

\

el 3

(e)
I T

I I
% + 1T ZF,=0: 4T (280kg)9.81m/s’)=0=>T = %(2746.3 N)=687N

2Bokg
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NP Jls

-

F 5,0 dlzal 5 jluda P=25° 613b.5 5200 5\g& 0,33 5 Sl ale 9 200KE 035 & ko

eSOl 3 gad )19 b 33T e p b &S
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53F. =0: 2Psin25°~Pcoset=0
cos@=08452 [y a=4323° "

for a@=+32.3° ¥ 1962N

+ T 3F,=0: 2Pcos25°+ Psin32.3°—(200kg )(9.817/,) =0
— P=662.79N >32.3°

for a=-323°

+T2F =0: 2Pcos25°+ Psin(—32.3°)—(200kg )(9.81%.)=0
= P=1218.8N 7 32.3°
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Jol

5 S iy 1y 15 23T g g O
PSS 53508 by ke 0 F o R 5 Laall
)X s e e @ g oSl @310 By gl b T

e SR OT 2 2508 Iy Y p g2 5 i b 3lpe

N0 Jbie
600 mm

W, =+(5500N )cos 25" =+4980N
W, =—(5500N )sin25° = -2320kN
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X
—(2320N)(0.625m ) —(4980N )(0.15m )+ R,(1.25m) = 0= R, =+1757.6kN

> My =0

+(2320N) (0.625m ) — (4980N )(0.15m ) — R (1.25m )= 0 = R, = +562.4N
D> F.=0: +4980N-T =0=T =4980N
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Two-Force Body (Members)

Two-force members

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

A Jle

!yt U 31 C gl o 4S5 55 Joall LS8 (AL 300 N 1, BD LS 5 28 amilim

1SON
6 m
20 m _TX.IJO_“‘.
B
© ‘
A :
100 N
\ h.
24 m
16m
l G D Y
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V$ Jl

= ol Q

1SO N
6 m
20 m >|..\ 2 0m
B
@) ~ A
A 180 N
100 N i
—“—- h‘ A
24 m
16m
Y C \ D Y

fhbd.
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+
—=IF.=0: C, —IDDN+[%]3DIDN:ID

$ :J:- aly Q
5. Cy=—153846 N or C,=15.3846 N « Iaﬂ N
B
A ] y
12 \T=E|DDN
+TZF, =0: C,—180N-|=[00N=0
13 100N
5
. C,=45692N or C,=45692N7T
¥ ¥ 13\ |12
C:JC’% +C} —/(15.3846)? +(456.92)? = 457.18N
[ €y _if 456.92 pho: T,
g=tan"| - |= tan 1(—):—3&1}?}}‘ \Pm: ,
C, ~15.3846 1,

C=457 N> 8&.1°

5y IMc =00 M+ (180N )20 m.)+ (100 N )16 m.]—[[%}anu N}(lﬁ m.)

5 Me=-76923N-m.
M =769 N-m.)

0
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WY JLe

sl Jozza J oS WS 4 A 3 50ui VP C )3 AB g jal
S35 ,8 3B 13 300N 3 508 9,4 80 S p 2l S0
SOOmm/'\B S jendaly C el W Se g K

200 mm C

300 N

240 mm
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+‘) 2M.=0:
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WY JLe

Xyo = {[I_Em}rmr 20°=0.187m
Ve = (l]_Em )sin 20° = 0.068m
= Vp, =0.24m=0.068m =0.172m

o =tan" Yoa | mn'{ 0.1 sz) =42 6°
X 0.187m

AC

B =90°-20°-42.6°=27.4°

T, cos 27.4%(0.2m )~ (300N )[(0.3m Jcos 20°| =0

T, =477.5N 4

—EF =0:

C.+(477.5N )cos42.6°=0

C.=-351.4N
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WY Jle

! +TZF =0:  C,—300N-(477.5N)sin42.6°=0
K
C,=623.2N
C= 'JEETCJE': 'Jr_ESLq'J}i +[r'523=2,j2 =T7154 N
: 623.2
8 =tan" -~ = tan™’ 7 = 60.5"°

S C=715.4 N ™n50.5° 4
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. | 225 m
AT
e ‘|

1 s...H?I‘TCI‘TC.TqI L
pp—

The frame supports part of the roof of
a small building. The tension in the
cable 1s 150 kN.

Determine the reaction at the fixed
end E.
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< dolve 3 equilibrium equations 1or the
D reaction force components and couple.

4 :
B g

EREA

MIEN J0KN NN 205N
R

I Sm 15m 1LSm 15m E }_j

W N

YR =0 Ex+%(150kN)=0

E =-90.0kN

6
YF,=0: E, —4(20kN)-7—5(150kN)= 0

E, =+200kN

* Createa free-body diagram for Y Mz =0: +20kN(7.2m)+20kN(5.4m)
the frame and cable. +20kN(3.6m)+ 20kN(1.8m)

—%(lSOkN)Mm+ Mg =0

My =180.0kN-m
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Two-Force Body (Members)

Two-force members
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ENPQ g

A Truss is made of
members in Tension or
Compression

ied Force

6/ Ap
2, They are connected
by Pins

3. They are formed in

Triangles
Reaction
Forces
4. Loads are
, applied only at the
nodes
Pins
p
/ >
>
""°7g,,' o4

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

md hilais o folis b g & Gl andins slas! Jald |y = S
ASai Mg el Lada Ola 3§ sa8

U on b den 5ol wle op hats G pir (B ojle S o
AoTando 1348 2k Jor Gl 5 2 diades S5 1) olad
A Jof S 39 S o)l wlie & 2l 2l g Sl 0l 210 S
o on Al 2 & Wpdia (20 0 61K g b o ey VLY o
Q9 03l (59,00 S 4 slas! Slgal )3 i g0 Slag e I Wil 0 Laza
b gien 4 ) 553 095 93 sLas) I W gt hus b 55

I 53 3 (igls bl p2e 03,8 M 5 0l o gl (35
Jir 53 gas Ldb adld bl sd 03,80 4y, 51 cul s
ol L2

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

Stringers

Floor beams
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XF. =0
ZF}, =0
M, =0

SF, =0
SF, =0
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B
; > 500 N

ZFx=0 Ay +500 =0

A, = —500N

www.CarGeek.ir

A Jbo

- S00N

(zMA=O Cy X2 —500x2=0

C, = 500N

www.cargeek.ir A, = —=500N
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A Jbo

S N

35N :
Fy (compression)

Fpallension)

Fo=0: 500N — Fgesind3” =0 Fye = 0T N(C)

F
+12F, = 1 Fpecosd5® —Fui=0 Fgq=3500N(T)

TOLL N
\ - . 2F. =0, =Fe #7071 cosd5° N =0 Fery = 50N(T)

'W?@‘)M&.’.‘ Slp Jobs SYolaA aladi 18 o9 polie 0,5 S Lo

= A, =500N

Frq= 50N _
J S¥F. =0 SHON — A,

I

A+—"—— [, = S00N 3 : P
+1ZF,=0: SON— Ay =0 A;=500N
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Step 1: Free body diagram

100 b
60°
- : 60° 60 T
Rav Re
Ran =0

www.CarGeek.ir

Y Jbo

S b g lS (59 Hludio

+ Step 2: Solve for Reaction forces

Rx10— 100x5=0 100 Ib
ZMAz(’ = 50lb
< 60
Z F =0 Re+R,,~100=0 R, A80° 60
50+R,,~100=0 |

R o =501b
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Y Jbe

Step 3: Isolate a joint with no more « Step 4: Write and solve equations equilibrium
than two internal forces
B;‘IUO Ib AB > Fr=0
/\. ABsin 60° = 50
/ \ 60° AB =50/5in 60° = 57.74/b,
. ‘ A *AC Z Fr=0
A YA \C 50Ib ABcos60° = AC
50 |bT 150 Ib AC =57.74¢0s60°=57.74*0.5=28.87/b
*Step 5: Proceed to another joint with no *Step 6: Proceed to the next joint C
more than two internal force
1001b 57.74 b
B
60° N\
50 b

ZF::{]I
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. ¥ Jto
10kN
Soled b g (iilS (59 yluio
10 m MquMbs..a.c)_a
:%r 10m |D 1nm,,,(,,;:
10kN

» Step 2: Solve for Reaction forces

+ Step 1: Free body diagram

10kN
B
N 10kN
1 10 m
- 1 c Cr20=100-100=10
™ rT 0m D 10m T Ar=10=0 (Cr=0
Ay 1{]'I-:H Cy  Ar =10kN ZFr:{I'
Ay-10=0

Y Ma=0
—wwivicakgedliF -+ =1

Ar=10kN |
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« Step 3: Joint A

> Fr=0

ABsin 459 = Ay
AB= A& /sindF =10/707=1414

Y Fx=0
Ay — ABcost - AD =1
10-14.14cos45° - AD=10
10-10—AD =0
A=)

www.CarGeek.ir

Y Jbe
+ Step 4: Joint D
? _
T DB=10kN > Fr=0
AD=0 l DC=0 DB-10=0
10kN DB=10kN |

« Step 5: Joint B

B
10kN
BA=14 1TkN
Ai\ ?
10kN  BC=0

BA cos45°-10-BC cos45°=0
14.11 * 0.707-10=BC cos45”
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S A )
: ; g . AB Joiat F
Y. ‘ CE=0D
1 2
Joint A B = D
; Jont €
)\ 8¥ e ==
RE HV'—‘ 7\ ) ZXE
DR
A {' 3 ‘
B 8{ ’. RE R'.
et Joimt E
1 f DE
9 S on
)
LY 1& DKI&
ki Joint D
¥
]
'
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F Jto

Gy sl A ania 1) o 0310 QLS gl 3 3 pde a3 g holde iy 3l edlial y

WS na ) Hl2d 9 228
1.8 kN
2.4 kN
A= o awm oD

2.1m——
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C_y=3.36
B y=-0.96
B x=18

Fab=12N
Alfa = 53.13
F bc =2.52N
Beta = 43.6

F ad =3.48
F ac=3.36

F cd=2.52

F Jto
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30 kN

[}:‘"8 = 0]
[XF, = 0]
[XF, = 0]

A Jto
T
5m A??_
7 %
| Sm
Ly
E,
5m l S5m
30 kN 20 kN E,
5T - 20(5) — 30(10) = 0 T = 80 kN
80cos 30° - E, = 0 E. = 69.3 kN
805in80°+E,-20-30=0 E, = 10 kN
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[ZF
[ZF,

f

0]
0]
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[SF, = 0] 0.866AB — 30 = 0
[SF, = 0] AC - 0.5(34.6) = 0
BD
AB - 0
34.6kN 605 60
BC
Joint B

0.866BC — 0.866(34.6) = 0

& Jto

AB =346 kNT
AC = 1732kN C

BC =346 kNC

BD - 2(0.5)(346) =0 BD=346kNT
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F Jto
[ZF, = 0] 0.866CD — 0.866(34.6) = 20 = 0
CD = 57.7TkNT
Joint C [EF, = 0] CE - 17.32 - 0.5(34.6) = 0.5(57.7) = 0
CE = 635kNC
10 kN [EF, = 0] 0.866DE = 10 = DE = 11.55kN C
Joint E and the equation £F, = 0 checks.
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5 Jto

S e 1y 00 0313 QL U3 328 2 )3 9,0 dghaide 39, 3 edlizal |
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5 Jto

I S b IS T g jlasai b » O
E 3C )5 ol Ko 5ol 3)ly layl Jold
Al

D> F,=0=-8kN -4kN +40kN +C, = C, = 28kN {
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F ab=6t

F ad=10c

www.cargeek.ir

Y Jto


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

D ¥ Jio

FB/\ = OKN

Fup= 10kN Fpe

DY F, =0=—4kN - £(10kN)-4 F,,
Fy =—15kN FBEZISkN C

Y F =0=F,.—6kN—(10kN )-2(15kN)
F,.=+21kN

F,. =21N T
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Y Jto

' F, =0=2F, +12kN +2(15kN)
F,.=-35kN

F,.=35kN C

r4C & Y F, =—5250+2(8750)=0 (checks)
3

> F,=-7000+£(8750)=0 (checks)
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1) 0 0313 Qi b 7 3 GH 528 G s Bls! 31 G 2 53 g 50 ( Joldn i) 3l ealiul |
S jamialy Hlid g a8 Cov slas! g dwlne

1.5 kN

< 2.4 m——<-24m*]1 . m{<-2.4 mTQA m—>{1.2 ml=—
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AT
ASEN | L5EN
LERN L g S -
i Do ‘ AT . - " ' 3= o =3
;DQ/? S .ﬁjl:g;ﬁaiﬂr;ﬁg:ﬁumu
F 1<
A 7 A e F " ’ =) E M
X _ ' M
ff1' 2 s 2 M e g 2.5 ~w 3_,‘;”# : e
Fe @A Ao Zan

—3F.=0:A,=0
IM,=0:(12mYM,~1kN)~ (24 m+48m+6m+84m+108m)(L.5kN)=0=M =505kN T
+ T 3F, =0: A~ 2(1kN) - 5(1L5kN) + M, =0=>A =445 kN 1

N E pg A Jaisgly »
s> .. +T2ZF =0: 4.45kN—lW—%Fm:O:FAB:S.’J?WC*l
H =y
SIF=0: F,- %[3.9? kN)=0=F,=828kiN T 4
4 A C laia sy »
—XF =0: %Fw—s.zs kN =0=F.,.=897TkNT 4 Fae F.a
+T2F,=0: E(B.Q?kN;—FBC=0:-FB£.=3.45;<N64 Py T d
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5 5 B laisglpy »
+Tz;r1,=0.-§(3.9?w]—1.5kN+3.45kN—E =0=F,, =14.04kN C <

S 3F = 0.—%{3.9? w,}—%{mm kN )+ F,o=0=F,, =4.68kN T 4

;EF.F 0: %Fm — 4.68 kN — %{8.9? kN)=0=F,,=13.14kN T 4
+TZF,=0: Fﬂﬁ_%(s.g?m}— %{13,1333) —0=F,, =561 kN T € 4 5L, )
~1—“; -:_‘:_1'!"‘5' fE‘H
Fq97 kN
S5 =0 2(s0an)-2r, - LE, =0 D laiasly »
AT A 13 067 o PHT :}{FD”=?_1QW C LSRN
+T2F,=0: 3(1’4-04!@]—3&5—1.5 kN — 5.61 kN + LFM=0 F,,=710kN C 4 Al
| o \E ’ rszr-
Ly
VA 04N
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5kN

A 3m l

i B

Im

t_b
D 2m C
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(Jlas JS5 5V BD pas 53 5,6 038 jaskia gl Wa o
308 33 5 5 0y 50 g &S b iy il 510 OT 31 s
g o 528 ¥ Wl SIS 0) WS i)y Koo
PR M gma g oS pariia )y QLSS Glag
P2 e e Caed 93 4 2 Jlom 5 (i o0 gl
8l 33 O giea 3T e 016 1) G

C Fe S5 3)30 328 A )3 9,0 Skl Jolei ¥slee SS'L o
R

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

[ rd

www.CarGeek.ir

—_—

>
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_,;"1-;

Internal g

Dt )
:I'-I-t-—_;ll
3
-
‘} X

tensile —— il V2
forces Internal
COMPIessIve Wy
Y forces
T
Tension ¥ C
T . -
Compression
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=100 N (T)
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Y Jto

‘*‘ 4m D\'
1200 N
(b)
HIF, =0 400N - A, =0 A, = 400N
G+EM, =0, —1200N(8m)—400N(3m) + D(12m) = 0
D, =900N
+TEF, =0; A, —1200N + 900N = 0 Ay = 300N
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] 1 Fer &
= 2 "?*_513.”4."‘“‘— ¥ e
0 | Ol
7 3NN/
Im : ‘ 2 ,‘&F“(
W A — ki
400 N ' FM
4dm-———dm-—
’
300N
{¢)

CH+EIMg = () —300N(4m) —400N(3m) + Fge(3m) =0

Fge = SOON (T) Ans.
C+.\-:M(- = () —300 N(S m) + F(;[;'(3 m) = ()

ch = S00N (C)

+13F;=0; 300N —3FGc=0
Fac = SOON  (T)
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325kN SkN 3KkN 475 kN
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r

F(_‘}' sin 45°
3KN 475KN

Y4+ ) =6/(8+x). x=4m.

C+2"MO = 0;
—Fepsind5°(12m) + (3KN)(8m) — (4.75kN)(4m) =0
FCF = (.589 kN (C) Ans.
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4m

Al im B dm E; i4m

50 kN

100 kN T
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14 kN A Jl'“‘

Ans, BC = 21 kI‘s I’HF“=$-41k'\T 74
EF = 295kNC
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Another Example: Find F F Fc A Jb

i ' 400 N
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T z » 400 N
3m
7y
Ay l AT
- 8m 4m
Al D,

1200N

zMC -0 =m) F GE=800
z My,=0 =mp F GC=500

Sr=0 =y F_BC=800
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1 kN - ot 0l
1 kN 1 kN
T F . 1 kN FH slas! 2 53 g gblia iy, 3l a2lizal b ¢
1kN) DXkF - -
h=8m pgY & : Y/ it ANIEL 3 SN

C E G I K

‘__SL\ 5kN 5kN I
6 panels @ 5 m = 30 m

1 kN | ZMA 4,
=—(5m)6 kN)—(10 m)6 kN )—(15m)6 kN)
Y/, a=2807 ~(20 m)1kN)—(25 m)1 kN )+ (25 m)L
o, L=75kN 1
750k D F,=0==20kN+L+A4
A=125kN T

|
SkN 5kN 5kN |
12.50 kN n
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N o p0d

254ty 29 L FGI jlads 03T e 01528 4 4y > HLI cd 5l ool b . Gl 5 52 5,6 O

RT) P ROWRE

(7.50 kN)(10 m)— (1 kN)5m)— Fg;(5.33m)=0

Fgr =13.13kN T
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Fpy cos a ! .
ol

fan @ = = =0.5333 a=28.07°

(7.5kNY15m)—(1kN)10m)—(1 kN X5 m)
+ (FFH cos r.IXB m) =0

F,, =—13.82 kN

F., =13.82kN C
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Gl S5m
Iy = = =09 =43.15°
an B T 375  Bp=43.15

-~ 3(8m)
> M, =0
(IKN)Y10 m)+(1kN X5 m)+(F,,, cos BN10m)=0
F,, =—1371kN

FGH = 1.371 kN C
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Y o9 903

3 BE(BD slas! )3y, ablia i) ) 03kl b ¢(Vaulted roof truss) 5 J5& sl 0

<2 m 2mT2m*‘-2mT2m——r—2m—>‘
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Y o9 903

SF.=0:A,=0
A,=L, =840 N

FoN '
M, =0: % (1.75 m) 55 oo+ (2 m)240 N)—(4 m)840 N =120 N)= 0= F,,=2.14 kN C <4

24

M, =0: [1'?5 m) F,—(2m)840N -120N)=0=>F,,=24TkN T 4

M, =0: (4 m{i FBEJ ~(2m)240 N)=0=F,, =429 N C 4
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Y (9 903

DF slas! )3 by ,d cgllia 39, 3l o3l «(Parallel chord Pratt truss) 3 JSa @y 5
S glxia |y CE ; DE:

1 m—>t=1 m—f=1 m->{=1 m—l‘l m~—|‘l m*'

1.5 kN
3 kN

5 kN
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Y 9 g09
SF=0: A.=0
A =M =8.5kN
¥ y
LSk
}’Srw | Mo Eor,
i ;

. = [V . e " —

S SN
IM,=0: (1m)l.5kN-8.5 1d~1)+(0.5m)%ﬁ.E =0= F., =1435kN T <4

IM,=0: (Im)L.5kN)+(2m)1.5kN-8.5kN)+ (0.5m) % F,=0=F,, =256kN C<

40

2F, =0: H(l4.35kN—25.625kN)+ 19

V1721

F,,=0=F,, =11.41kN T 4
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A Jbe

23 30 0l o:\)QL‘Js)\KJ\g‘s\JQ .-LLAJ.AP.@DE s 9C 4u Ly BCD 3 ACE slas!
S janialy BCD a0 51C (3 Jlsl 5,06 s\ adl e 9 DE o

- :!: »t— 150 mm —
60 mm 100 mm
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A Jbe

St gy PE A lglaall Ko 03,51 Cnty 120 1) @ IS 35T e 413508 O

SHI> bl 3yl oo glas il b DE als ko 5 Jas) 69,00 (0aiSin s 1) BCD 58 3131 g 50508 U
D giea sania C Jsm 8 kil b o cul jasiab jlada

WS My € 52 1) 5,8 6o 4l go W) ¥ 5 X Shl) 33 By, par DE s pslas 55,5 302kt y O

D F,=0=4,-480N

A,=480N T

> M, =0=—(480 N )100 mm)+ B(160 mm)
B=300N —
| > F,=0=B+A4, A, =-300N «
P a=tan"' & =28.07°

100 mm 150
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> M. =0 60 mm 100 mm
=—(F,, sin 250 mm) 300N
—(300 N)(80 mm)—(480 N )100 mm) 80 mm

Fp, ==561N= F,, =56IN C -

450 N

Y F,=C,—F,,cosa+300N =
C,—(=561N)cosa@+300N=0=C,=-795N
Y F,=C, —Fpysina—480 N =
C,—(-561N)sina—480 N=0=C, =216 N

Y. M, =(F, cos @300 mm)+(F,,; sin@)100 mm)-C,(220 mm)=(~561cos @300 mm)+ (- 561sin@)100 mm)~(-795)220mm)=0  (checks)
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¥ Jte
ZME =10:

_(2400N)(3.6m)+F(48m)=0 F =1800N
YF,=0:

—EMHN+IE[HJN+EJ,=G Ey=ﬂ}ﬂN
ZFJ{':G: 'E_I'=
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Y Jto
1.2m
|‘?~4 m"‘—‘l Consider member BCD as free-body:
B, C, 1 2400 N ZM,E:B':
M | D —~(2400N)3.6m)+C,(2.4m)=0  C, =3600N
ZMC =0;
—(2400N)1.2m)+ B,,(2.4m)=0 B, =1200N
YF,=0: —B,+C,=0
Consider member ABE as free-body:
SM,=0: B.(24m)=0 B,.=0
> F.=0: B, -A4,=0 A, =0
ZF},={I: —A, +B,+600N=0 4, =1800N
From member BCD,
2 F,=0: =B.+C,=0 C,=0
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Y Jlo

!yt U 31 C gl o 4S5 55 Joall LS8 (AL 300 N 1, BD LS 5 28 amilim

1SON
6 m
20 m _TX.IJO_“‘.
B
© ‘
A :
100 N
\ h.
24 m
16m
l G D Y
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Y Jlo

= ol Q

1SO N
6 m
20 m >|..\ 2 0m
B
@) ~ A
A 180 N
100 N i
—“—- h‘ A
24 m
16m
Y C \ D Y

fhbd.
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+
—=IF.=0: C, —IDDN+[%]3DIDN:ID

2

SOy ==153846 N or C,=153846 N +

+TEF}, =0: C,-180N —(EJED{]I*J:{]
13

S Cyp=45692N or C),=45092N T

C:JC’% +C} —/(15.3846)? +(456.92)? = 457.18N

1 €y _1f 456.92
9=tan"?| —2 | = tan 1(—):—3&1]?3“
C, —15.3846

C=457 N> 8&.1°

+~) EM-=0: Mo +(180N)20m.)+ (100 N )16 m.]—[[%

5 Me=-76923N-m.
M =769 N-m.)

www.cargeek.ir
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200 mm

C

300 mm/'\ B

240

min
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¥ Jbe

sl Jozza J oS WS 4 A 3 50ui VP C )3 AB g jal
S35 ,8 3B 13 300N 3 508 9,4 80 S p 2l S0
S jendaly C el W Se g K

300 N
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¥ Jbe

Xyo = {[I_Em}rmr 20°=0.187m
Ve = (l]_Em )sin 20° = 0.068m
= Vp, =0.24m=0.068m =0.172m

o =tan" Yoa | mn'{ 0.1 sz) =42 6°
X 0.187m

AC

B =90°-20°-42.6°=27.4°

T, cos 27.4%(0.2m )~ (300N )[(0.3m Jcos 20°| =0

T, =477.5N 4

—EF =0:

C.+(477.5N )cos42.6°=0

C.=-351.4N
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F Jb

! +TZF =0:  C,—300N-(477.5N)sin42.6°=0
K
C,=623.2N
C= 'JEETCJE': 'Jr_ESLq'J}i +[r'523=2,j2 =T7154 N
: 623.2
8 =tan" -~ = tan™’ 7 = 60.5"°

S C=715.4 N ™n50.5° 4
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AN 206N 20kN 20AN

-

B

1S 1Sm ISm 1.Smi !
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The frame supports part of the roof of

a small building. The tension in the
cable is 150 kN.

Determine the reaction at the fixed

end E.

www.cargeek.ir
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B Jle

olve 3 equilibrium equations 10r the
D reaction force components and couple.

YR =0 Ex+%(150kN)=0

E.=-90.0kN

6
YF,=0: E, -4(20kN)-7—5(150kN)= 0

E, =+200kN

* Createa free-body diagram for Y Mz =0: +20kN(7.2m)+20kN(5.4m)
the frame and cable. +20kN(3.6m)+ 20kN(1.8m)

-%(lSOkN)4.5m+ Mg =0

.

My =180.0kN-m
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Determine the tension in the cable and the horizontal and vertical components of
he reaction at pin A. The pulley is frictionless and the cylinder weighs 80Ib.
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160 mm
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60 mm 100 mm

00 mm O mm
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SF,=0=4,-480N A, = 430N 1|

> M 4 =0=—(480 N)100 mm)+ B(160 mm)
B=300N )|

Y F,=0=B+4, A =-300N «

Note:

a=tan” 8.-2807°
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60 mm 100 mm

.:IA -

3N B |

'- i 150 mm
Cy IS0 N
60 mm ‘ D
c G ~

- a
Fou

S My =0=(Fpgsina)(250 mm )+ (300 N)(60 mm)+ (480 N)(100 mm )
Fpg ==561N Fpg =561N C|

Y F, =0=Cy —Fpg cosa +300 N
0=C, —(=561N)cosa +300N C, =-795N|

> F,=0=C, —Fpgsina—480N

0=C, —(~561N)sina@—480N C,=216N
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> M 4 =(Fpg cosa )(300 mm )+ (Fpg sine (100 mm)- C, (220 mm)
=(—=561cosa J300 mm )+ (- 561sin & ) 100 mm)—(-795)(220 mm ) =0
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(a) Simply supported beam (b) Overhanging beam (c) Cantilever beam
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(d) Continuous beam (¢) Beam fixed at one end
and simply supported
at the other end

(f) Fixed beam

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

W, 5o ooy Pl

.

+V
+4‘! + “n’

+V

M M

) (i

Positive moment

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

4 kN

6m 4m

R, = L.6kN Rp=2:

R, = LB kN

www.CarGeek.ir

¥ Jle

63}:‘3 C’:’)&’ 2 J.iw O ol o3l QLM.: ).,.: LQ‘)‘?

M
—
T X
1.6 kN :
(EFy = 0] 1.6 — V=20 V =16kN
[EMy, = 0] M—18c=0 M= 16«

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

R, = 1.6 kN R,=24kN
V
M
e —_
E.,FJ. 0]
lﬂ-xT
‘1
2.4 kN ""M”t = 0]

www.CarGeek.ir

V+24=0

-(24(10 —x) + M = 0

www.cargeek.ir

V = -24 kN

Me=24(10 - x)


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

B Jl
P Gy &9 ) JSB 0 ead ools Hlas o5 sl
2
| 3 g — ol ) s joliaS g i
e
R, —
2L/3 U s

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

B Jle

X
| jl §M
P/3

\'

4

B M
IL/3 l ‘)

| =d
x

O<x<—23—l:+TZF=0 = V== P/3 \'

P
M=0 >M==Xx
}: 3 +T2F=O:-§—P-V=O,V=—2?P

§2M=O :M+P (x—%lJ --::[;—)Xzo

Mz%z (1-x)

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

¥ Jlw
4 kN Gy 2958 ») IS& H0 el ools ylid 15 (6l
l : 2 kN
; 2m 2m : 2 m ML" ‘) s )5w 9 N
. I
4 B
B

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

www.CarGeek.ir

1KN X

v-'-:lkN ’ M=1X yex<4m:

=-3kN
gzMA = I—8+3X+M=0', M=8-3x

0 i 116
V=2kN

F SM=0 : -M-2(6-x)=0 > M=-2(6-x)

www.cargeek.ir


http://www.cargeek.ir
http://www.cargeek.ir/
http://www.cargeek.ir/

