FINAL VE BUTUNLEME SINAVLARINA HAZIRLIK CALISMA SORULARI

Asagidaki sorulara bire bir calismayin. Sorunun temel mantigi nedir ona gore calisin. Sorularin detayi
incelenmedi. Sadece sekline bakarak karar verildi. Temel olarak bileske vektoriin ve bilesenlerin bulunmasi ile
ilgili soru gelecektir. Sekil olarak buradaki sorularin sekli aynen kullanilacak.

BILESKE KUVVET ve BILESENLERIN BULUNMASI

Ornek

The screw eye in Fig. 2-11a is subjected to two forces, F; and F,.
Determine the magnitude and direction of the resultant force,

i Fs = 150N A
3= 1501 ' ;
150N, A /_'
6s°
]
F| = [ON
1360 — 2(65°
/:: [360-265)_
1 2
‘ 100N

SOLUTION

Parallelogram Law. The parallelogram is formed by drawing a line
from the head of F, that is parallel to F,. and another line from the
head of F; that is parallel to Fy. The resultant force Fyg extends to where
these lines intersect at point A, Fig. 2-11b. The two unknowns are the
magnitude of Fg and the angle 6 (theta).

Trigonometry. From the parallelogram, the vector tnangle is
constructed, Fig. 2-11c. Using the law of cosines

Fr = V(100N)? + (150 N)? — 2(100 N)(150 N) cos 115°

= V10000 + 22 500 — 30 000(—0.4226) = 212.6 N ©
=213N Ans.
Applying the law of sines to determine 0, e
ISON 2126 N ; S S I
sing  sin 115° T T e
f = 39.8°

Thus, the direction ¢ (phi) of Fg, measured from the horizontal, is
¢ = 39.8° + 15.0° = 548° Ans.

NOTE: The results scem reasonable, since Fig. 2-11b shows Fg to have
a magnitude larger than its components and a direction that is
between them.



Ornek

Determine the magnitude of the component force F in Fig. 2-134 and
the magnitude of the resultant force Fjy if Fy is directed along the
positive y axis.

(a) (b) (c)

SOLUTION

The parallelogram law of addition is shown in Fig. 2-135, and the
triangle rule is shown in Fig. 2-13¢. The magnitudes of Fg and F are the
two unknowns. They can be determined by applying the law of sines.

F 2001Ib
sin60°  sin 45°
F =2451b Ans.
Fp  2001b

sin75°  sin 45°

Fr=2731b Ans.



Ornek

It is required that the resultant force acting on the eyebolt in
Fig. 2-14a be directed along the positive x axis and that F, have a
minimum magnitude. Determine this magnitude, the angle €, and the
corresponding resultant force.

F, = 800N

(a) (b) (c)

SOLUTION

The triangle rule for Fy = F; + F, is shown in Fig. 2-14b. Since the
magnitudes (lengths) of Fy and F; are not specified, then F, can actually
be any vector that has its head touching the line of action of Fyg,
Fig. 2-14¢. However, as shown, the magnitude of F; is a minimum or the
shortest length when its line of action is perpendicular 1o the line of
action of Fy, that is, when

g = 90° Ans

Since the vector addition now forms a right triangle, the two unknown
magnitudes can be obtained by trigonometry.

Fg = (800 N)cos 60° = 400 N Ans.

F; = (800 N)sin 60" = 693 N Ans.



Ornek

Determine the magnitude of the resultant force Fg =F, + F, and its direction measured
counterclockwise from the positive u axis.

Given:

F; =251

F> =501b

7

67 = 30 deg

6> = 30 deg

03 = 45 deg

Solution:

a = 180 deg—(63 + 01)

2 2
FR=\/F2 +F;" -2 F] F> cosla)

]

(g o F>

sin( &) - sin(a) @ = asin| sinla) —
Fy FR FR

¢ = 51.8deg

6 =6&- 03

6 = 6.8deg



Ornek

A resultant force F is necessary to hold the ballon in place. Resolve this force into components
along the tether lines 4B and AC. and compute the magnitude of each component.

Given:

F =3501b

61 = 30 deg

6> = 40 deg

Solution:

FuB F

sin( 61) i sin[lSO deg — (01 - 3 492)]

sin(ﬁ )
Fap =F Liﬂ[lgo deg —](91 + 92)]]

F4p = 1861b

FAg
IR~ 10 440, )

Fyc B F F

sin(6)  sin[180 deg — (6] + 6)]

—— |: sin( 02) ]
A€ sin[lSO deg — (6’1 + 92):]

Fy0=12391b



Ornek

Determine the magnitude of the resultant force and its direction measured counterclockwise
from the positive x axis.

Given: v
F; =601b
F>=701b
F3=501b
0; = 60 deg &
6> = 45 deg
c=1
d=1
Solution:
Ornek

Determine the magnitude and orientation. measured counterclockwise from the positive v axis. of the
resultant force acting on the bracket.

Given:
Fy=T700N
Fp = 600 N ¥
6@ = 20 deg
¢ = 30 deg
\
Solution:

Scalar Notation: Suming the force components algebraically. we have

Fp.=XF,: FRy = Fysinl¢) - Fgcos(6)

Fre=-2138 N



Fg,=XF, Fpy = F 4cos(¢) + Fpsin(6)

Fay F
FRy=28114 N ‘;‘———-}q A
Fail
’
The magnitude of the resultant force Fj is > 54 & LR
B 4
5, SR R e =4 -‘\7 :
2 . : e :I 1’ :
FR'—"w/FRx + FRy 1 - i ol Fax
FBx
Fr=839N ¥

The directional angle #measured counterclockwise
from the positive x axis is

0= 148 deg

Ornek
Determine the x and y components of each force acting on the gusset plate of the bridge truss.
Given:

F; =2001b ¢ =3
F>=4001b d=4
F3=3001b e=3

Fq=3001 f=4

Solution:
Hpp ==
Fjx=-2001b

d
Fox =F3 T3 &
c +d

Foy = 3201b



Fy, = —F3| ——
ER
Foy=-2401b
e
Fix = F3| /——=
\ E’-+f2

Ornek

Determine the magnitude of force F so that the resultant F of the three forces is as small

as possible. What 1s the minimum magnitude of Fg?

Units Used: v
kN = 1000 N }J
Given: r |
F 5 kN o=
1=5k B
|
\ '
Fy =4kN By o
T
0y |
6 = 30 deg 1Y \\ :
=3 (A '
| t
Solution:

Sealar Notation: Suming the force components
algebrically. we have

Fz=XF_. Fgy=F;—Fsinl6)

+
? Fp=2F FRJ,-:FCOS(E}—FQ

The magnitude of the resultant force Fy 1s

Fg= \/FRIZ + Fry” = \/[F} ~ Fsin(6)” + (Feos(8) - F>)°



FR* = Fj* + Fo* + F* — 2FF; sin( 6) — 2F > Feos( 6)

dF R
2FR—— = 2F = 2F] sinl 8) — 2F>cos(8)

dFp
If F 1s a minimum. then [E = 0] F = Fy sinl &) + F cos( 8) F =3596kN

Fp = J(F; — Fsinl 19}-)‘3l +(Fcos(68) - Fg]z Fp=23kN

Ornek
Three forces act on the bracket. Determine the magnitude and orientation & of F, so that the

resultant force 1s directed along the positive # axis and has magnitude Fj.

Given:
"
Fr=501b
F; =801b
F3 =521b
@ = 25 deg
¢ =512




Solution:
Guesses

Fr=1Ib & =120 deg
Given

P
FRCGS(';?] =F] +F2cos(¢+ 6) + [—]Fg
P

c +

—Fpsin(¢) = —F5sin(¢+ 6) + {;}v&.

F>
= Find(F>, 6) F>=88.11Ib 6 = 103.3 deg
6

DENGE

Ornek

Determine the tension in cables BA and BC necessary to support the
60-kg cylinder in Fig. 3-6a.

T”n = 60 (98', N

60 (9.81) N
(b)

(a)



SOLUTION

Free-Body Diagram. Due 10 equilibrium, the weight of the cylinder
causes the tension in cable BD to be Ty, = 60(9.81) N, Fig. 3-6b. The
forces in cables BA and BC can be determined by investigating
the equilibrium of ring B. Its free-body diagram is shown in Fig. 3-6¢. The
magnitudes of T4 and T are unknown, but their directions are known.

Equations of Equilibrium. Applying the equations of equilibrium
along the x and y axes, we have

BEF =0 Tecosds® — ()T, =0 (1)
+ 12F, = 0; Tesinds® + (3)7, — 60(981)N =0 (2)

Equation (1) can be written as 74 = 0.88397 .. Substituting this into
Eq.(2) yields

Tesinds® + (3)(0.88397) — 60(9.81)N = 0

So that
T = 47566 N = 476 N Ans.
Substituting this result into either Eq. (1) or Eq. (2), we get
T),=420N Ans.

NOTE: The accuracy of these results, of course, depends on the
accuracy of the data, i.e., measurements of geometry and loads. For
most engineering work involving a problem such as this, the data as
measured to three significant figures would be sufficient.

Ornek

T”n = 06l (98! , N

(c)

Fig. 3-6

The 200-kg crate in Fig. 3-7a is suspended using the ropes AB and AC.
Each rope can withstand a maximum force of 10 kN before it breaks. If
AB always remains horizontal, determine the smallest angle # to which

the crate can be suspended before one of the ropes breaks.

.\'
e
"N L
YA > X
Y Fp=1962N
(b)
Fig. 3-7

SOLUTION




Free-Body Diagram. We will study the equilibrium of ring A. There
are three forces acting on it, Fig. 3-7b. The magnitude of F, is equal to
the weight of the crate, e, Fp = 200 (9.81) N = 1962 N < 10kN.

Equations of Equilibrium. Applying the equations of equilibrium
along the x and y axes,

F
5 3F, =0 — Fecos@ + Fg=0: F¢-=c0:0 (1)

+ 1ZF, =0, Fesinf — 1962N = () (2)

From Eq. (1), F¢ is always greater than Fy since cosf = 1.
Therefore, rope AC will reach the maximum tensile force of 10 kN
before rope AB. Substituting F- = 10 kN into Eq. (2). we get

[10(10°)N]sin6 — 1962 N = 0
0 = sin '(0.1962) = 11.31° = 11.3° Ans.

The force developed in rope AB can be obtained by substituting the
values for # and F into Eq. (1).

F
10(10°) N = m
Fiy = 9.81 kN

Ornek

Determine the required length of cord AC in Fig. 3-8a so that the
8-kg lamp can be suspended in the position shown. The undeformed
length of spring AB is I’z = 0.4 m, and the spring has a stiffness of
kg = 300 N/m,

2m —et y

Tac
‘\m-\
1 - ’
Al Tan
v W=785N

(b)
Fig. 3-8



SOLUTION

If the force in spring AB is known, the stretch of the spring can be
found using F = ks. From the problem geometry, it is then possible to
calculate the required length of AC.

Free-Body Diagram. The lamp hasa weight W = 8(9.81) = 785N
and so the free-body diagram of the ring at A is shown in Fig. 3-8b.

Equations of Equilibrium. Using the x, v axes,

5 3F, =0; Tap — Taccos30° =0
+13F, = 0; Tacsin30° — 785N =0
Solving, we obtain
Taic = 1570N
TAB = 1359N
The stretch of spring AB is therefore
Tas = kasSan 1359N = 300 N/m(s,5)
SAB — 0453 m

so the stretched length is
lap = A *+ Sas
Ixg = 04m + 0453 m = 0.853 m
The horizontal distance from C to B, Fig. 3-8a, requires
2m = [ ccos30° + 0853 m

lac = 1.32m Ans.

Ornek

The crate of weight W 1s hoisted using the ropes AB and AC. Each rope can withstand a
maximum tension I before it breaks. If AR alwavs remains horizontal, determine the smallest
angle 8 to which the crate can be hoisted.

Grven:

W = 500 1b

T = 2300 1b
Solution:

Case 1: Assume Tyg =T

The initial guess 8 = 30 deg Ty = 2000 Ib



Given T

. . ‘w\\ Y
X3 T F,=0. Typ-Tyccosl8 =0 1 >

T 2 F=0. Tycsin(6)-w=0

(Tac1|
' = Fmd[TAC, 5'} f; =11.31deg Tyc7 = 25501
&; '
,,
Case 1: Assume Tyo=T

The mitial guess & = 30 deg Typ = 2000 Ib
Given

> T F.=0: TAS—TACCM(&] =0

T 2F=0. Tycsmle)-w=0

) ’ = Find(T43, 6) 8> =1154deg  Ty4p> = 24491b
. 92

6 = max( 8y, ) 6 =1154deg
Ornek

Determine the force in each cable and the force F needed to hold the lamp of mass M i the position
shown. Hint: First analvze the equilibrium at B; then, using the result for the force in BC. analyze the
equilibrium at C.

Given:
M=4kg A
&7 = 30 deg
- D
B> = 60 deg . i
B —- 3
L]
f3 = 30 deg

C
[ ] T |
Solution: é I
.

Initial guesses:



Tpe=1N Tps = 2N i

Given
At B:
. )
—> TF, =0 Tﬂcccs[ﬂj} - TBAWS["??} =0

+’T LF,=0. Tgy si_u{Hg) - Tﬂgsin[:ﬂj} -Mg=0

"TBC‘] Find(Tsc. Tnd) Tpc [39_24] N

= r'maiipC.1B4 =

. TB4 | Tp4 67.97 ¢
At ¢ ITecp=1N F=2N

Given

i> TF_=0; —Tgccns[ﬂj} + TCDCDS[:E'j} =0

+T‘ IF,=0; Tgcsin{ﬂj} + Tgﬂsm[:55} -F=10

(Tep ) Tep 39.24
| = Find(T¢p, F) [ = [ ] N
. F ) F 39.24



REAKSIYON KUVVETLERI VE DENGE

Ornek

Draw the free-body diagram of the jib crane AB, which is pin-connected at 4 and supported by
member (link) BC.

Units Used:
3
kKN =100 N
Given:

F =8kN

Solution:

A Y

Ornek

The platform assembly has weight /', and center of gravity at G;. If 1t 1s intended to support a
maximum load W, placed at point G, determune the smallest counterweight 7 that should be
placed at B in order to prevent the platform from tipping over.

Grven:
Wp; =2301b a=1*H%f c=1*H e=0*%
W> = 400 1b b=06ft d=8*f f=2f



Solution:

When tipping occurs, R.=0

&. SMp=0. W f+Wic+Wg(b+c) =0
Wy f—Wjic
gy sy
b+c
Wg = 78.61b
Ornek

The articulated crane boom has a weight W and mass center at G. If it supports a load L,
determine the force acting at the pin 4 and the compression in the hydraulic cylinder BC when

the boom 1s in the position shown.
Units Used:
kip = 1(]3 b

Given:
W =1251b



L =600 Ib . a

a=4*f
b=1#f
c=1H
d=28fi
¢
6 = 40 deg
A\
W
A‘* a
b }
Solution: H/I J
Guesses Ay =1Ib A4y, =1Ib Fp=11b By d Y
/
Given —Ay + Fpeos(8) = 0 ~Ay+Fpsin() -W-L=0

Fgcos(8)b + Fgsin(6)c - Wa—L(d+¢) =0
[#5]

_ Ay 3208
4y | = Find(Ay, 4,,Fp) Fg=419kip - kip
Ay 1.967
Fp

Ornek

If the wheelbarrow and its contents have a mass of M and center of mass at G. determune the
magnitude of the resultant force which the man must exert on each of the two handles in order to
hold the wheelbarrow 1n equilibrium.

Given:
M = 60 kg
a=06m
b=05m
c=09m
d=05m

Y
ST
S



Solution:

&l IMp=0;

M
A.}l = gc
b+ec
Ay =378386N
+
—> Y F,=0. By =0N

+T L F,=0:

Mg_ A.}l
B.}l = -
2

Ornek

A, —~Mg+2B,=0

—Ay(b+c)+Mge=10

=
u
—

By =105107 N

The mobile crane has weight W, and center of gravity at G;: the boom has weight W7, and center
of gravity at G,. Determine the smallest angle of tilt &of the boom. without causing the crane to
overturn if the suspended load has weight W. Neglect the thickness of the tracks at 4 and B.

Given:

W; = 120000 Ib

)

30000 1b

W = 40000 1b

a=4ft

b==6f

7411
Z41R
g \
!
e
s 2 R4
\(’7 ’
72 ‘\\-
£/ \H N
LS., /
7




d:=12:8
e=15H
Solution:

When tipping occurs. R, =0

&' Mg =0: —W>ldcos(8) - c) - Wi(d + ¢)cos(8) — cl+ Wb+ =0

Wrce+We+W;p(b+o)
@ = acos
Wrd+ W (d+e)

8 = 26.4 deg

Ornek

The boom supports the two vertical loads. Neglect the size of the collars at D and B and the
thickness of the boom. and compute the horizontal and vertical components of force at the pin
A and the force 1n cable CB.

Given:
F; =80N
F> =350N
a=15m
b=1m
e=3
- A/
- A= Fi
@ = 30 deg At > £
) 7 o

Solution:




_Fjacos(6) — Fa(a+ b)cos(8) + —2—Fog (a+b) sin(6) + —— Feg(a+ b)cos(8) = 0

e [Z 7
_ |_F;a + Fa(a + b)—rcos{ﬁ'}ﬁf cz + dz

Frg Feg=T82 N
dsin(8)(a + b) + ccos(8)(a + B)
+ d
—> EFX=':]; Ax——FCB:U
1:2 + dz
d
Ay = ——— Fep A, = 625N
::2 + d2
L F=0.  A4-Fj-Fr+ — _Fcp=0
NEw
c +
Ay = Fj+Fy-———Fcp 4, = 681 N
{.'2 + d2
KAFES SISTEMLERI
Ornek

and indicate whether the members are in tension or compression.

SOLUTION

‘ and at least one known force acting there, we will begin our analysis at

s Im joint B.
(a)
B Joint B. The free-body diagram of the joint at B is shown in Fig. 6-8b.
SO0 N < e sy
IS ’ Applying the equations of equilibrium, we have
Fia 45 e

(b)

Determine the force in each member of the truss shown in Fig. 6-8a

Since we should have no more than two unknown forces at the joint

BIF, =0; 500N — Fpesind5® =0  Fge = 707.1N (C) Ans.



+12F, =0, Fpccosd5° — Fya =0 Fgy=S00N(T) Ans

TO7.0N
F: Y W Since the force in member BC has been calculated, we can proceed to
4 analyze joint C to determine the force in member CA and the support
(24 reaction at the rocker.

Joint C. From the free-body diagram of joint C, Fig. 6-8¢, we have

BIF, =0; =Fey +707.1c0s45°N =0 Fey = S00N (T) Ans.
+12F,=0; C,-707.1sin45°N=0 C,=500N Ans.

Joint A. Although it is not necessary, we can determine the

500N components of the support reactions at joint A using the results of
s Nﬂﬁm N F ¢, and F . From the free-body diagram, Fig. 6-8d, we have
H \ HIEF, =0 S0ON-A,=0 A, =500N
s \ +12F,=0: 500N-A,=0 A, =500N
ol Tension 45 L
SOON ¥ 500N 500 Nz SO0 N NOTE: The results of the analysis are summarized in Fig. 6-8¢, Note
S00 N that the free-body diagram of each joint (or pin) shows the effects of
(¢) all the connected members and external forces applied to the joint,
whereas the free-body diagram of each member shows only the
Fig. 6-8 effects of the end joints on the member.
Ornek

Determine the force in each member of the truss in Fig. 6-9a and
indicate if the members are in tension or compression.

SOLUTION

Since joint € has one known and only two unknown forces acting on
it, it is possible to start at this joint, then analyze joint D, and finally
joint A. This way the support reactions will not have to be determined
prior to starting the analysis.

Joint C. By inspection of the force equilibrium, Fig. 6-9b. it can be
seen that both members BC and CD must be in compression.

+1XF, = 0; Fye sin 45° — 400N = 0 5
Fae = 565.69N = 566N (C)  Ans |4mN
HYF, =0 Fep — (565.69N 45° =0 l
F cp — (5 ) cos __Feao_Yc ;
Fep = 400N (€) Ans 45



Joint D. Using the result Fep = 400N (C), the force in members
BD and AD can be found by analyzing the equilibrium of joint D. We (b)
will assume F,;, and Fyp are both tensile forces, Fig. 6-9¢. The x', v’
coordinate system will be established so that the x' axis is directed
along Fzp,. This way, we will eliminate the need to solve two equations
simultancously. Now F,, can be obtained directly by applying
SE=0.

+75F =0, = Fypsin 15° — 400 sin 30° = 0
Fip=-T1274N = TI3N(C)  Ans

The negative sign indicates that E,, is a compressive foree. Using this
result,

+N\EF =0, Fgp + (—=772.74 cos 15°) — 400 cos 30° = 0
Fgp = 109282N = 1.O9KN (T) Ans.

Joint A. The force in member AB can be found by analyzing the
equilibrium of joint A, Fig. 6-9d. We have

HIF, =0 (772.74 N) cos 45° — Fyp = 0
Fig = 54641 N (C) = 546 N (C) Ans.

()
Fig. 6-9

Ornek

Determine the foree in each member of the truss shown in Fig. 6-10a.
Indicate whether the members are in tension or compression.

400N 400N C




SOLUTION

Support Reactions. No joint can be analyzed until the support
reactions are determined, because cach joint has more than three
unknown forces acting on it. A free-body diagram of the entire truss is
given in Fig. 6-10b. Applying the equations of equilibrium, we have

L IF =0 600N — C, =0

C, = 600N

C+EMe=0;  —A(6m) +400N(3m) + 600N(4m) = 0

A, = 600N
+1SF,=0. 600N - 400N -C, =0

C, = 200N

¥ The analysis can now start at either joint A or C. The choice is

of equilibrium, we have

Joint D. (Fig. 6-10d). Using the result for F ,;, and summing forces
in the horizontal direction, Fig. 6-10d, we have

BIF, =0, —450N +3Fps + 600N =0 Fpg= —250N

The negative sign indicates that Fp g acts in the opposite sense to that
shown in Fig. 6-10d.* Hence,

Fpg = 250N (T) Ans.

To determine Fpe. we can either correct the sense of Fj g on the free-
body diagram, and then apply XF, = 0, or apply this equation and
retain the negative sign for Fpg, i.c.,

+12F, =0; —Fpc— Y-250N) =0 Fpc=200N (C) Ans.
Joint C. (Fig.6-10¢).

S EF =0 Foy — 600N =0 Fep=600N (C) Ans
+12F, = 0; 200N — 200N = 0 (check)

NOTE: The analysis is summarized in Fig. 6-10f, which shows the
free-body diagram for cach joint and member.

+13F,=0; 600N —3Fp=0
(c) BIF, =0; Fap—3750N) =0

Fup = 750N (C)
Fap = 450N (T)

F.p arbitrary since there are one known and two unknown member forces
acting on the pin at each of these joints.

Fan Joint A. (Fig. 6-10c). As shown on the free-body diagram, F 4 is
o * assumed to be compressive and F,p, is tensile. Applying the equations

Ans.
Ans.

200N

a8
Fey .;. BOON

200N

(c)



400N 200N
600 N Compression 600 N

600 N
C
750N ‘ZS\O\N 200N
y N
S/ R . E
&L e E
&Y W
A \2 a
Lﬁ// N\ \é -
/ R g
/I""/ \\\
L 250Ny (200N
/ Tension
A - > 600 N
f 450N 450N D
600 N
()

“The proper sense could have been determined by inspection, prior to applying XF, = 0.

Ornek

The truss. used to support a balcony. 1s subjected to the loading shown. Approximate each joint
as a pin and determine the force 1n each member. State whether the members are in tension or
compression.

Units Used:
3

kip=10" Ib
P; =800 1b
Pyy=01b
a=4ft

8 = 45 deg

Solution:

Initial Guesses
FAB=llb FAD=llb FDC=11b

Fpec=1W Fpp=11b Fpp=110 y
Given '
Joint4:  Fyp+F pcos(6) =0

—P; - Fypsin(6) =0

Joint B: FBC_FA.B=0



Joiwnt B: FBC_FA.Ezﬂ

—Py-Fpp=0

Joint D:  (Fpe—Fypcos(6) + Fpp =0

(Fpc + Fyp)sin(6) + Fpp = 0

- P-
(&)
Fap Pt ey e B
F4p 1
lI'ﬁrn
Fpc
5. | = Fnd(Fp.Fup.Fpc.Fpp.Fpc-FpE)
EBD \
Fpe Fop Jho Fe
-FDE t )
F,
FAE ‘\ |@ |r.”.
. 800
F
4D ~1131
Fac _ 800 b Positive means Tension,
Fegp B 0 Negative means Compression
1131
Fpc
—1600
\
Fpg
Ornek

Determune the force in each member of the truss and state if the members are i1n tension or
compression.

Units Used: /b ( . D
3 ” ; O
kN =100 N / y. \
. [ c B
Given: & / B
P; =20kN W R /|
Py =10kN | ¥ B
g u () ——e a -— (] —
a=15m
r P
e=2m

Solution: 8 = atan(f)



Initial Guesses:
FAB=1kN FAG=1kN FCF=1kN

Fpe =1kN Fgg=1KN Fpp=1kN

Feg=1kN Fpg = 1KN Fgp=1kN

Fep=1kN Fpp =1 kN

Given

Joint B Fpe—Fypcos(6) =0
~Fpg—Fypsin(6) = 0
Joint G Fpg+Fogeos(6) - Fyg=0

Fegsin(6) + Fpg—P; =0

\

o

~

Joit C  ~Fpe+Fep+(Fop—Feg)eos(6) = 0

,'A‘ J
Joint D —FCD+FDEcos(6’) =0

—FDF—FDESin(e) =0

Joint F  Frp—Fpg—Fcopcos(6) =0

Fru
FDF+FCFSID(6)-P2=0 [.'”,
Joit E —Fppcos(8) —Fpp=0

F(/ ‘ I;vl




Ornek

Determine the force in each member of the truss in terms of the external loading and state if the
members are in tension or COMpPression.

Solution:

M, =0: —Pa+Cla-Pa=0

>F
€= lj‘u
Joimnt C" "-'4-f *I‘ * —l—u
1 A ('
Y =0; —F F 0 | .
ﬁBCﬁCD P S
s 1 1
2F,=0, P+ EFCD_ EFBC =0
.
Fop = 2P _ 1.886 P (C) "
BC 3 "rli'-.r# \
/TP e
Fep=+——=1314P (D 1‘
p
Joint B
1 1
SF,=0:. P-—Frn+—F p=0
VE D \/—2 AB
! ™
EF}.z{]; _FC_D+ F.E_Dzﬂl /\f".
V2 ﬁ Fan
Fup-= V2p = 0471P (C)
Fup
Fpp = ? - 1667P  (T) x’ﬁ*@ﬁh
. . .F”J 4 ; ‘-I F'l il
Jownt I P



Ornek

Determune the force in each member of the truss and state if the members are 1n tension or
compression. Hint: The horizontal force component at 4 must be zero. Why?

Units Used:
kip = 10° Ib ' F,

Given:
F ] = 600 1b

()| Aw

Fy = 800 Ib

a=41
I‘Il

b=3f

e

60 deg

Solution:

Initial Guesses

Fpy=1lb Fpp=1lb Feg=1lb Fep=10

Given
Joint C —Fep—Fcosl6) =0  —Fep-F)sin(6) =0 oy
Joint B Fep+F = 0 Fas~F = F;=0

oin' —_ = g e

CBTYBD \/ﬁ BA BD \/ﬁ 1
a +b a +b

F  Fpg

B4 B4 (—1_133 < 103\
FBD ’ ‘ FED 666.667 Positive means Tension

= Find(Fpy4.Fpp.Fcp.Fcp) = ‘ ' ‘ IbNegative means
Fcp Fcp L —400 Compression
Fep (Fep) | 69282 J
Ornek

Determune the force in each member of the truss and state 1f the members are 1n tension or
compression. Hint: The resultant force at the pin E acts along member ED. Why?

Units Used:

kN = 10° N



Given:

F; =3kN
Fy=21IN

a=3m

b=4m

Solution:

Initial Guesses:

Fep=1kKN Ferp=

Fgp=1KN Fp,=1kN Fpp=1kN

Given
B P Fmg——
S EGBFCh = A
J@a? 85
F F : 0
RO ————— I,
\/(Za)2+b2
Joint B _FBA+FCB=0
—F]—FBD=0
: 2a F,
Joint D (FCD—FDA —FDE)'ﬁ ='{) Lp
\/(Za) +b
b
FBD+(FCD+FDA_FDE)ﬁ=O
(2a) +5
F )
an< ’ »r‘,'

[

®

Py



Fcp
Fep
F
Fj; = Find(Fep. Fep.Fpa-Fpp-Fpa-FpE)
Fpy4
Fpg
(Fep) L
Fep ~3.606
Fpy 3
= kN Positive means Tension,
Fpp =3 Negative means Compression
Fp 2.704
e \ —6.31 )
SURTUNME
Ornek

The uniform crate shown in Fig. 8-7a has a mass of 20 kg. If a force
P = 80N is applied to the crate. determine if it remains in equilibrium.
The coefficient of static [riction is p, = (.3




SOLUTION P=80N m—04m ~04dm-—=
Free-Body Diagram. As shown in Fig. 8-7b, the resuliant normal - ' .
force N~ must act a distance x from the crate’s center line in order to
counteract the tipping effect caused by P. There are three unknowns,
F, N, and x, which can be determined strictly from the three
equations of equilibrium.

Equations of Equilibrium,
5 3F =0 80 cos 30°N = F =0 Ne
+1SF =0; -80sin30°N + N — 1962N = 0 )

C+EM, =0;  80sin30° N(0.4 m) — 80 cos 30° N(0.2m) + Ne(x) =0

Solving.
"= 693N
AV(' = 236N
r = —0.00908m = —9.08 mm

Since x is negative it indicates the reswitant normal force acts (slightly)
o the /eft of the crate’s center line. No tipping will occur since
x < 0.4 m. Also, the maximum frictional force which can be developed
at the surface of contact is Foy = wNe = 0.3(236 N) = 70.8 N,
Since F = 693N < 70.8 N, the crate will nor slip, although it is very
close to doing so.

Ornek

Beam AB is subjected to a uniform load of 200 N/m and is supported
at B by post BC, Fig. 8-10a. If the coefficients of stalic friction at B
and C are uy = 0.2 and pe = 0.5, determine the force P needed to
pull the post out from under the beam. Neglect the weight of the
members and the thickness of the beam.

SOLUTION

(a) Free-Body Diagrams. The free-body diagram of the beam is shown
in Fig. 8-10b. Applying £M 4, = 0, we obtain Ng = 400 N. This result
is shown on the free-body diagram of the post. Fig. 8-10¢. Referring to
this member, the four unknowns Fg, P, Fe, and N are determined
from the three equations of equilibrium and one frictional cquation
applied either at B or C.

Equations of Equilibrium and Friction.
S3YF, =0 P—Fy—Fc=0 (1)
+13F, =0 Ne — 400N =0 )
C+3IM:=0; ~P(025m) + Fy(lm) =0 (3)



(Post Slips at B and Rotates about C.) This requires Fe = peNeand

BOON
s Fy = psNg: Fy = 02(400N) = 80N
A o - | —— = ",",i
RN e r’ Fy Using this result and solving Eqs 1 through 3. we obtain
~—2m——2m
A Npp= 400N P = 320N
(b) Fe = 240N
N(' = 400 N
Since Fo = 240N = pu¢Ne = (.5(400N) = 200 N. shpping at C
occurs. Thus the other case of movement must be investigated.
I"::’N (Post Slips at C and Rotates about B.) Here Fy = puyNgand
- = >
T Fe = pcNe: Fe = 05Ne (4)
¥ ’“m P Solving Eqs. | through 4 yields
T; P =267N Ans
‘ Ne = 400N
(© Fo=200N
Fig. 8-10 Fg = 66.7N
Obviously. this case occurs first since it requires a smaller value [or P,
Ornek

The block brake consists of a pin-connected lever and friction block at B. The coefficient of static
friction between the wheel and the lever 1s 4 and a torque M 1s applied to the wheel. Determine if

the brake can hold the wheel stationary when the force applied to the lever 1s (a) P; (b) P..

Given:
Us =03
M=5Nm
a = 50 mm
b = 200 mm
l)
¢ = 400 mm
7 = 150 mm
P; =30N ) A

P, =70N



Solution: To hold lever:

&l YM,=0; Fpr—-M=0

M
Fg=— Fp=33333 N
r
. Fp
Require Ng = — Ng=1111N
Hs

&. SMy=0. Progd(b+c)-Ngb-Fga=0

N35+FBH

PRegd = PRegd = 398 N

b+

() If P;=3000 N > PRggd=39.81 N then the break will hold the wheel

(b) If P2=7000 N > PRegd=39.81 N then the break will hold the wheel

Ornek
The fork lift has a weight ', and center of gravity at G. If the rear wheels are powered,

whereas the front wheels are free to roll. determine the maximum number of crates, each of
weight 7, that the fork lift can push forward. The coefficient of static friction between the

wheels and the ground 1s /£, and between each crate and the ground 1s #'..

Given:
W; = 2400 Ib
W> = 300 Ib
s = 04
H's = 035
a=25f
=123 %

c=350#



Solution:

|}
Fork lift:

SMz=0. Wjc—-Ny(b+c)=0

‘Vl\

* lp
NA=W1( a ) Ny=176841 M) T 4o o l"
N.Q Nll

b+c

P =y Ny P =707371b
Crate: W
£F,=0 N.—W>=0

P Y
N. = W N, = 300.001b E =
LF,=0. P —-pusN:=0 5N
P’ = u's N P’ =105.001b
N
P
Thus n== n=674 n = floor(n) n = 6.00
Ornek

The crate has a weight 7 and a center of gravity at G. Determine the horizontal force P required
to tow it. Also, determine the location of the resultant normal force measured from A.

Given:

a=35f
b =:3:f

= 2:f
R P
W =200 1b
h=4f

h

us =04




EF_=U', P:FD

EF}.=D; No=W
Ng = 200.001b i
IM, =0:; -Ph+Wx=10 ——— g =
Fo = us No
Fgo =80.001b | il ¥
" |
P = FG | [ fi
h ——
P =80001b : | 0 A 1
h
xr=PFP—
W
x=160ft

The distance of N; from A4 1s

c—x=040f

AGIRLIK MERKEZI

Ornek

A rack 1z made from roll-formed sheet steel and has the cross section shown. Determine the location
(.. ».) of the centroid of the cross section. The dimensions are indicated at the center thickness of

each segment.
Given:
a =15 mm

¢ = 80 mm



d = 50 mm ¥

e = 30 mm

Solution:

I =3a+2c+e

i [v]
Eaf+a(e+g]+c:{a+e}+a(a+§]+(c—d)a
X, = 7 x. = 244 mm
c c
d—+c5+(c—d} +ad+ ec
Ye = Ve = 40.6 mm

Ornek

The three members of the frame each have weight density 7. Locate the position (x,.y,) of the center

of gravity. Neglect the size of the pins at the joints and the thickness of the members. Also. calculate
the reactions at the fixed support 4.
)

Given:
3
_4lb
e=Sig
P=601b
a=4ft
b=3f
c=3 &/
d=3ft
‘l*ﬂﬁdﬂ
)

-—d—a-.—.!“



Solution:

W = }f«..l'a'2+(b+€)2+}’21|'|a'2+62+}‘(a+b) W =887741b
d
y#£+m+g3£+ﬁqf+§d

.Tc = W’ I,C'- = 1.6ﬁ
fa+ b > { b+ e >
ﬁa+my—5—|+hhr+(5+ﬂ%a+—5—¢+yhhr+c%a+a+@
)
Ye = - . W
ye = 7.043 &
Equilibrium
A, =0 A =0b A, = 0Tb
AJ,—W—P=U Ay =W+PF A}.= 148 81b
My—Wxe—P2d=0 My = Wxe+ P2d My =35021bft
Ornek

Locate the centroid (x.. y,) of the shaded area.

Given:
a = 1 m o~ .
¢ N
b=6imn - \
( N
c=31m 1
d=3m
Solution:
im’z 77(12 1
A=bd+———+=(do)
4 2 2



1\ b ad(4d) 1 (
xe = —|pa2 X240, —dc(b+ 5] ]
A2 alar) 273

T ] e

Yo =
Ornek

The tank and compressor have a mass
M7 and mass center at Gy and the

motor has a mass M, and a mass
center at G, Determine the angle of

tilt.@ . of the tank so that the unit will
be on the verge of tipping over.

Given:
a = 300 mm
b = 200 mm

¢ = 350 mm

d =275 mm

Mr=15kg

Myr = 70 kg
Solution:

bM7+ (a+ BYMs
Xp = =047l m
Mr+ My

cMr+ (c+d) M)y
Ve = Ve = 057647 m
Mr+ My

Xe
& = atan| — &=378deg
Ye




