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Eng. Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Atwd Hamea

Introduction:

Mechanics: is the physical science, which deals with the effects of forces on objects.
Scalar quantities: are those with which only a magnitude is associated. Examples of scalar
quantities are time, volume, density, speed, energy,

Vector quantities: on the other hand, possess direction as well as magnitude, and must obey
the parallelogram law of addition as de-scribed later in this article, Examples of vector
quantities are displacement, velocity, acceleration, force, moment, and momentum

Units:

Mass: kilogram, kg -(1Kg=1000g)
Length: meter, m -(1m=1000mm)
Force: Newton, N-(kN=1000N)
Weight: (N) =m (kg) * g (m/s’)

Gravitational Acceleration, g=9.81 (m/s”)

Introduction 2




Eng, Mechanics-Statics- 1" stage Lecturer: Dr, Bashar Atnd Hamea

A force is a vector quantity, because its effect depends on the direction as well as on the
magnitude of the action. Thus, forces may be combined according to the parallelogram law of
vector addition

2

O Cable tension

Principle of Transmissibilitv:

a force may be applied at any point on its given line of action ' :
without altering the resultant effects of the force external to the §~7Jg A\ P
rigid body on which it acts.

(4] l ! C

Concurrent Forces:

Two or more forces are said to be concurrent at a point if their lines of action intersect at that
point

. a2 ’/ R » \ \
e X2 S
| 65 L [ ) /
/ [ 2 \ ( 7 - ; /
] FZI 7 )) \ A/'F[ / /
()|

= -Fl . ¢
e

8 g

b
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Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Ated Hamea

Force Components:

Rectangular Components:
I- Fx, Fy: known

Required: F, resultant force of Fx, Fy

F= FI+F}
b S

2- F: known

Required: force components Fx, Fy

F.,=Focosé

F,=Fgin#

Non-rectangular Components:
I- F1, F2: known
Required: R, resultant force of FI, F2

Parallelogram low:

2 2 7 //_f\“\
RZ=F} +F} - 2F,F,cosa < B
F \
R F, F, /‘ 7 B |
- ﬂ”:.‘—"‘-‘.‘ a f ’a ,."
sina siné e (R“n ) “ .70 3 )/
’ 3

2- R: known e

Required: force componentsF1, F2

R 23 ,"2 e sin ()R
sina sinf ° sina
R F, sin
= = - : Ed Fl = - ﬂk
sina sinf sina

Relationship between force projections and components

The components of a vector are not necessarily equal to the /
projections of the vector onto the same axes. Furthermore, the
vector sum of the projections Fa and Fb is not the vector R,
because the parallelogram law of vector addition must be used to
form the sum. The components and projections of R are equal
only when the axes a and b are perpendicular.

Introduction 4




Eng, Mechanics-Statics- 1" stage Lecturer: Dr, Bashar Atnd Hamea

A Special Case of Vector Addition

To obtain the resultant when the two forces Fl and F2 are parallels
in Fig. we use a special case of addition, The two vectors are
combined by first adding two equal, opposite, and collinear forces F
and ~F of convenient magnitude, which taken together produce no
external effect on the body. Adding F1 and F to produce R1, and
combining with the sum R2 of F2 and -F yield the resultant R,
which is correct in magnitude, direction, and line of action. This
procedure is also useful for graphically combining two forces
which have a remote and inconvenient point of concurrency
because they are almost parallel.

Introduction 5




Eng, Mechanics-Statics- 1" stage
Example 2-1
The forces F1, F2, and F3, all of which act on point A of the bracket,

are specified in three different ways. Determine the x and v scalar
components of each of the three forces,

Lecturer: Dr, Bashar Ated Hamea
| Fyw 500N Fi=600N

Solution. The scalar components of F, from Fig. a, are

F;_ =600 cos 35 = 491 N

F, = 600 sin 35" = 344 N

The scalar components of Fy, from Fig. b, are

2, = —500(}) = —400 N

Fy = Fysina = 800 sin 26.6° = 358 N

Fy = ~Fycosa = —800 cos 26.6° = ~TIEN

Introduction &




Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Atid Hames

Example 2-2
Combine the two forces P and T, which act on the
fixed structure at B, into a single equivalent force R,

Graphical solution. The parallelogram for the vector addition of forces T and
P 1s constructed as shown in Fig. a.

BD 8 sin 60° N
= e =(866 - 40.9°
tan o D 3 = 6 cos 60° a

Measurement of the length R and direction # of the resultant force R yields the

approximate results

R = 525N LR
Ans a)

Geometric solution. The triangle for the vectar addition of T and P is

shown in Fig. b. The angle o is calculated as above. The law of cosines gives 800N
R? = (600)* = (B00)? ~ 2(600)(800) cos 40.9" = 274,300 \0 x P
R = 34N Ans RN 80O N

From the law of sines, we may determine the angle # which orients R. Thus,

800 - -_-52»‘»~; sin # = 0,750 # = 486" Ans
sinff  sin409°

Algebric solution
By using the x-y coordinate system on the given figure,

we l‘I'Iil}- write
R, = IF, = 800 — 600 cos 40.9° = 346 N |
~600 gir 40.9° = —393 N

v
1

B
!

Y

I'he magintude and direction of the resultant force R as shown

in Fig, ¢ are then ()
R = JR® 4 R:z = J(848)" + (~308)% = 524 N
| 293
0 = tand =X JgppenS93 Ll
X tan 946 45.6

Introduction 7




Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Atid Hamea

Example 2-3
The 500-N force F is applied to the vertical pole as shown(l) i
Determine the scalar components of the force vector F along the
x- and y'-axes. (2) Determine the scalar components of F along
the x- and y'-axes.

Solution
Part (1).
Fx'=500N Fy=0
Part (2). The components of F in the x- and y'-directions are v
nonrectangular and are obtained by completing the parallelogram \,
as shown in Fig. ¢. The magnitudes of the components may be
calculated by the law of sines. Thus, N
\F, B
S L F, = 1000 N , ’,
sin 905  sin 30° A
g " :
K, : i \
! =500 p-geeN -
8in 60 sin 30° .

The required scalar components are then

F, = 1000 N F, = —866 N

Example 2-4
Forces F1 and F2 act on the bracket as shown. Determine the
projection Fy, of their resultant R onto the b-axis.

Solution:
. b

The parallelogram addition of F1 and F2 is shown in the :
figure. Using the law of cosines gives us e
R = (80)% + (100)* — 2(80)(100) cos 130" R = 1634 N R
The figure also shows the orthogonal projection Fy, of R onto [ a0
the b-axis. Its length is ™~ T~d

F, = 80 + 100 cos 50" = 144.3 N T~ B

Note that the components of a vector are in general not equal to the projections of the vector
onto the same axes. If the a-axis had been perpendicular to the b-axis. then the projections and
components of R would have been equal.

Introduction 8




Eng, Mechanics-Statics- 1" stage
Problem 2/7: The two structural members, one of which is
in tension and the other in compression, exert the
indicated forces on joint O. Determine the magnitude of
the resultant R of the two forces and the angle 8 which R
makes with the positive x-axis.

Solution

Procedure 1

f =tan"1!=5313°

a =180 -53.13 - 30 = 96.87°

R* = F} +Ff — 2F,F, cosa

R?=2243%—24+2+3¢c0596.87

R = V1435 = 38N

R Fy 3.8

sine sin(8+30)  sin9687
= si IT1(0.78)

8430=516=0=216°

3

- 6 430
sin(d +30)

Procedure 2:

Fiy = F;c0s53.13 = 3¢0s53.13 = 1.8N —
Fiy = F;sin53.13=3sin5313 = -24N |
Foy = Fyc0830 =2c0s30 = 1.73N =

Foy =F;sin30=2sin30=1N1

R, =F,+F,,=18+173 =3.53N -

Ry =—F +F;, ==24+1=-14N 1l

R= |[R}+R?}=3532+142=38N

122 =21.6°

-1 Ry
6 =tan~ 'Y = tan 5

Ry 3

Problem 2/13: The guy cables AB and AC are attached
to the top of the transmission tower, The tension in
cable AB is 8kN. Determine the required tension T in
cable AC such that the net effect of the two cable
tensions is a downward force at point A, Determine the
magnitude R of this downward force

Lecturer: Dr. Bashar Ated Hamea

kN

Ay
= Rx=F2x+Fix _ X
| -
™ 2]
+
2 R >
- x
A Rx
-4
f
l
30m

Solution
= -1 40 - ‘7o

f = tan 5513 & 38.66 5
— pan—130_ o

a = tan o= 59

Procedure |

50 m

Introduction 9




Eng, Mechanics-Statics- 1" stage

8 =180 — 59 — 38.66 = 82.34°

Tan Tze T si n38.66
= = = —
sin59 sin3866 % sin59 %€
si n 38.66
=8+———= 583N Ans
sinh9

2 = Tl +T oy = 2T, Tap cOs 82,34
R = V8556 = 9.25N
OR

Tnb R

— =2
sin59 sin82.34

Procedure 2

R=-925N |

Lecturer: Dr, Bashar Ated Hamea

R, =0=>T,sin59—7,sin3866=0=T_.sin59—-8sin38.66=0=7 =583N
R=R, =T, cos59 +T ., cos38.66 = R =583 cos59 +8cos38.66 = R =-9.25N {

Problem 2/20: Determine the scalar components R, and R;, of
the force R along the nomrectangular axes a and b,
determine the orthogonal projection P, of R onto axis a.

Solution:
8 = 180 — 110 — 30 = 40°

R R, 800 3
sind0 sin110 sin40 sin1l0

= R, = 1170N

R Ry 800 Ry
- — = = -
sind40) sin30 sind40 sin30

Ry, = 622N

Py, = Rcos30 = P, =800cos30 = P, = 693N

Also

Introduction 10
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Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Ated Hamea

Moment:

Moment M: is the tendency of a force to rotate a body about an
axis in addition to move a body in the direction of its application.
The axis may be any line, which neither intersects nor is parallel
to the line of action of the force. Moment is also referred to as
lorque.

M=F*d

The magnitude of this tendency depends on both the magnitude F
of the force and the effective length d of the wrench handle.

Moment about a Point

The magnitude of the moment or tendency of the force to rotate the
body about the axis O-O perpendicular to the plane of the body is
proportional both to the magnitude of the force I and to the moment
arm d, which is the perpendicular distance from the axis to the line
of action of the force.

M=F*d

Sense of Moment

e minus sign(-) for counterclockwise moments
* aplus sign (+) for clockwise moments
Sign consistency within a given problem is essential.
Basic Units Of moment: N.m

a1 Sl ASINIRD

Varignon's Theorem:

The moment of a force about any point is equal to the sum of the moments of the components

of the force about the same point.

MO =R*d = Q*q - P*p

Moment 1




Eng, Mechanics-Statics- 1" stage Lecturer; Dr. Bashar Atid Hames

SAMPLE PROBLEM 2/5 g
Calculate the magnitude of the moment about the base point O of R

the 600Nforce in five different ways. : 30"
600 N
Solution:
I. By M = F*d the moment is clockwise and has the i-,_z_‘_“ :
magnitude } : 4_0\

The moment arm to the 600-N force is: dm || N .
d=4cos40+ 2sin40=435m | ;.;0 / 800 N
Mo = 600(4.35) = 2610 N.m clockwise il

Lo

0

2m Fy = 600 cos 40

2. By Varignon's theorem, [T »
F1 =600 cos 40= 460 N, _:;];\
F2 = 600 sin 40= 386 N 4m — A

. F; = 600 sin 40°
Mo= 460(4) +386(2) = 2610 N.m clockwise

0

force along its line of action to point B, which

eliminates the moment of the component F2. N Py A
dl =4+ 2tan40=568 m
Mo=460(5.68)=2610 N.m clockwise

B___.
= F, 3
3. By the principle of transmussibility, move the 600N g |
2T——, 4
| "\\
~

=8
-
-

o4
o,
"'1

4. Moving the force to point C eliminates the moment of the componentF1. The moment
arm of F2 becomes
d2=2+4 cot 40=6.77 m
Mo=386(6.77)=2610 N.m clockwise

5. By the vector expression for a moment

Moment 2




Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Atid Hames
Problem 2.40: The 30-N force P is applied perpendicular to the portion BC P e 0N
of the bent bar. Determine the moment of P about point B and about point .

A, c 16m
Solution: )
Moment about point B A 4
UMg=P.d=30+«16=48N.m DVORc.w

(_)R L6m

P, = Pcos45 = 30cos45 = 21.2N \

P, = Psin45 = 30sin45 = 21.2N
y = 1.6s5in45 = 1.13m

x=16¢c0s45=1.13m 4(‘1 :
OMg=P.y+P.x=212+113+4+212+1.13=48N.m U ORc.w CI3%

e

Moment about point A ‘
d=d,+16=16cos45+ 1.6 =2.73m - et
OMy=P.d=30+«273=819N.m U

OR
UM, =P(y+16)+P.x=212(113 + 1.6) + 21.2 + 1.13
=819N.m U

A g~ Fersx
Problem 2/41: Compute the moment of the 1.6 N force about the 1
pivot O of the wall-switch toggle.

£ ’

Solution: A

Procedurel L . >
F, = Fsin10 = 1.6sin 10 = 0.28N - N
F, = Fcos10 = 1.6 cos 10 = 1.57N v A

y=24sin30 =1.2m

x = 24cos30 = 2.08m

UMy =F.y—F.x=028+12—157+2.08
=—-293N.m QO

Moment 3




Eng, Mechanics-Statics- 1" stage Lecturer: Dy, Bashar Ated Hamea

Procedure2: Feraxn
d = 2.4sin50 = 1.834m t‘

OMy=F.d=16+1834=294N.m U

.;‘:.%\3

“
-
o
)

v/

Procedure3
O M, =(Fcos40) « 24 + (Fsin40) « 0
= (1.6cos40)+*244+0=294N.m O

Problem 2/51: In order to raise the gy
flagpole OC, a light frame OAB is / \ 3m
X e _ )
attached to the pole and a tension of 0 "“‘}*
2 kN is dev i a AR = A \ Y
1.2 kN is developed in the hoisting (&0, = \ B e
1——2 e

cable by the power winch D. Calculate
the moment M, of this tension about
the hinge point O.

Solution:

T3 A
Procedure |: 2_7_’% T

21824 2 Giaace g R T= A
32=152+y*=y=26mOry=3sin60 ll\‘./ /M\ "
Ty =Tcos20 = 1.2 »cos20 = 1.13kN 0 my er
Ty =Tsin20 = 1.2 = sin 20 = 0.41kN "E)“ o
UMy =~T.y+T,+15 Vey
=-1.13+26+041+15
=—=232kN.m U
20
> —_— | A
rocedure o T=1.2KkN =y
d = 3sin40 = 1.93m 1/40}@ om
OMp=-T.d=-12+193=-232kN.mU xﬁ;/ \
3m B

Problem 2/33: The throttle-control sector pivots freely at
O. If an internal torsional spring exerts a return moment
M=1.8 N.m on the sector when in the position shown, for
design purposes determine the necessary throttle-cable
tension T so that the net moment about O is zero. Note that
when T is zero, the sector rests against the idle-control
adjustment screw at R,

Solution

M=T.r
18=T=005=T=36N

Moment 4




Eng, Mechanics-Statics- 1" stage Lecturer: Dr Bashar Abid Hamea
Couple:

The moment produced by two equal, opposite, and non collinear forces

Mo=F(a+d)-Fa=F*a+F*d-F*a=F*d

The magnitude of the couple is independent of the distance (a) which locates the forces with
respect to the moment center O. It follows that the moment of a couple has the same value for
all moment centers.

-

/
/

\
\

(P8 g\
|| \ a. . / \.\
N

~ -

Sense of Couple:

K f)(i]o;k\\]ﬁe 1 (=) C oumcrglpckwisg
: /M
( \'\ ( \
\_“ :u ,‘ \ )
(x M \} ( M \)

Equivalent Couples

Couple 1
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Eng, Mechanics-Statics- 1" stage Lecturer: Dr Bashar Abid Harmea
Force—Couple Systems

The force F acting at point A is replaced by an equal force F at some point B and the
counterclockwise couple M= Fd.

ppe—

—_— N\ _d/_\\ et

28 ; T P D i ;
(‘ ’ F ':)E('F a’ FF }E( U F )
Nae—> a7 N\ M=Fd.~

S e = g

By reversing this process, we can combine a given couple and a force which lies in the plane
of the couple (normal to the couple vector) to produce a single, equivalent force.

SAMPLE PROBLEM 2/7

The rigid structural member is subjected to a couple consisting of the two 100-N forces.
Replace this couple by an equivalent couple consisting of the two forces P and -P, each of
which has a magnitude of 400 N. Determine the proper angle 0.

Solution.
The original couple is counterclockwise when the plane of the forces is viewed from above,
and its magnitude is

M= F*d=100(0.1)=10 N.m counterclockwise

The forces P and -P produce a counterclockwise couple
M=400(0.040) cosb

Equating the two expressions gives

10=(400)(0.040) cosH

B=cos” 10/16=51,3°

100 N

100 N

Dimensions in millimeters

Couple 2
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SAMPLE PROBLEM 2/8 )
AMPLE PR I.H‘I‘ . - 350N
Replace the horizontal 350 N force acting on the lever by an equivalent ~-—)
system consisting of a force at O and a couple. {

Solution.
We apply two equal and opposite 350N forces at O and identify the counterclockwise couple
M=F*d=350(0,22 sin 60°)=67N.m, counterclockwise

Y 350N
” - /
/ '/ = , I = y '
& L. b
B 350N 350N 350N_
67N.m
T~30N

Problem 2/65: The 30N force is applied by the control rod on
the sector as shown. Determine the equivalent force-couple
system at O.

Solution

Procedurel
d = 75sin45 = 53mm
M=T.d =30+053=1591IN.m

Couple 3
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Procedure2:

M = (305in45) = 0.075 = 1.591N.m

WS IN ﬁ‘{.
TSam - -.J .'/

Problem 2/70: A force-couple system acts at O on the 60°
circular sector. Determine the magnitude of the force F if the
given system can be replaced by a stand-alone force at corner
A of the sector,

Solution:

d = 0.4sin60 = 0.346m
M,=F.d=80=F+0346 = F = 231N

Problem 2/74: The 250-N tension is applied to a cord which is 190 i
securely wrapped around the periphery of the disk. Determine 7
the equivalent force-couple system at point C, Begin by finding B0 i
the equivalent force—couple system at A e

Solution: =

My=F.r=250+012=30N.mU

Procedurel p p

M = (250 cos 15) + (0.4 4+ .02) + (250sin 15) » 0 + 30 P A
=175N.m U

SV - 120 rams

7 . I
(-;‘P
s ‘\
400 e ' \ 400 mm

¢ MA)TEN m
4 § 80\\ D P Ao 0 \A D
,x‘,:—...._ = - — - .

240 N

Couple

4
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Procedure2: 120 s
d=0.6cos15 = 0.58m . e
M =250+058+30=175N.m U 200 e
&n N
15°
= a7
Problem 2/75: The system consisting of the bar OA, two — :
identical pulleys, and a section of thin tape is subjected to the (" @ ’
two 180-N tensile forces shown in the figure. Determine the e
equivalent force-couple system at point O. f-i;j,f,{(
Solution Q i
Procedure 1: PY o X »/—--—"-\
M, = 180(r + 0.1sin45 + 1) . T
M, = 180(0.025 + 0.1s5in45 + 0.025) = 21.74N.m U ‘
Procedure 2 —
U M, = —180(0.15 sin 45 + 0.025) (&) 3"
=-=-236N.m0O s o
U M, = 180(0.05 sin 45 — 0.025) = 1.86N.m U 4 |k
UM, = ]

1.86 — 23.6) = =21.74AN.m O - 4 400 mm
4 0025 |E
ol o :

Mo=21.7N.m

Couple 5
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Resultants:

Lecturer: Dr Bashar Abid Harmea

The resultant of a system of forces is the simplest force combination, which can replace the
original forces without altering the external effect on the rigid body to which the forces are
applied.
Resultant force can be determinate by using one of the following; R

1. Using parallelogram law. /

Y - ;
| 1/,/' : /
—“~l;).: "“"E~>~ )
¥, \
) ¥,
2. Forming the force polygon !
g F Fy F,
T /\}
F ”
R, F AR
“F ) Fy oFy -
R, —
3. Algebraic Method
We can use algebra to obtain the resultant force and its line of action as follows:
Resolve each force into horizontal component (Fx) and vertical component (Fy).
Calculate Rx = Flx + F2x + -+ =Y Fx
e (Calculate Ry = Fly + F2y + - =} Fy
e Calculate R = \/Rx? + Ry?
e (Calculate 8 = tan? (ﬁ—:,)
¢ Find the line of action of R
Mo=EM=F1*d1+F2*d2+F3*d3+. ... =Z(Fd)=R*d
d=Mo/R
r/
e F g )
y / /My 1Fd . 2
"‘!I dad AL | RI¥ \ /
. 0\d; X o . CI..' de %“

Resultants 1
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SAMPLE PROBLEM 2/9
Determine the resultant of the four forces and one couple, which act on the plate shown,

¥

Lecturer: Dr Bashar Abid Harmea

Solution. 60 N

Rx=XFx=40+80 cos 30-60 cos 45-66.9 N—

Ry=XFy=50+80 sin 30460 cos 45=132.4 N1 o

R = JRxZ + Ry? == \/66.9% + 132.4% = 1483 N o

6 =tan’ (R—I)=taﬁ'(66'9)=6'§2‘ ‘
Ry 132.4 o o

Point O is selected as a convenient reference point for
the force—couple system which is to represent the given
system.

UMo=X(Fd)= 140-30(5)+60 cos 45%(4) -60 sin 45%(7)=-237 N.mU
Mo=R*d=d=Mo/R=237/148.2=1.6m
Intercept distance (b) to point C on the x-axis
Mo=Ry*b==b=237/132.4=1.79m

OR

Intercept distance (v) to point withe y-axis
Mo=Rx*y=y=237/66.9=3.55m

132.4x-66.9y= ,/

237 ¥
|
¢ |
o *
R/ b~
B kN
Problem 2/84: Determine and locate the resultant R of the
two forces and one couple acting on the I-beam. e
Solution: { o o
o8 | A A
R, =T Zﬁ.:S—ﬂ:—BkNi ‘
R‘l‘ =—>*zl';.=0 -——‘.‘n-.-—--——2m—o#——-2:n—-‘j
R=3kN
R= ’sz +R2=0+32=3kN | ‘ l
U ) M, =8+6-51+2-25=13kN.m U 0§ =)
M R.d 1 = 4.33 L ’
= = I= w— T
o & ¢ 3 b m pe— 2 m -I— 2m — 2m -

Resultants 2
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Problem 2/88: If the resultant of the two forces and
couple M passes through point O, determine M.
Solution:

Since the resultant force pass through point O, hence, v
the summation of the moment about O equal to zero. ﬁ

U EM, = (400cos30) » 0,15+ 320+ 03-M=0 =
M= 148N.m L —

-

Problem 2/89: Replace the three forces which act on the
bent bar by a force—couple system at the support point A.
Then determine the x-intercept of the line of action of the

stand-alone resultant force R. P
Solution:
R, =r*2g.= —10 4+ 3.2c0s530 — 4.8 = —12.03kN | . 2
to— 0 Grry—of
R, ==*¥F =32s5in30 = 1.6kN —
R= |RZ+R,?=16%+12032
el 54 .
= 12.13kN 5 L,
i ™ & ) f . 0.65in30
9=tan‘%=tan‘r;_6g=7.576 &1o T {9 »l'z W0 |
| (= 0 s
3 Z!.’.m
1 2kN Y e DD

U ¥M, =10+ 12-(32cos30) (1.2 + 0.6¢cos 30) — (3.2 sin 30) (0.6sin 30) +
4.8(1.2 + 1.2c0s30 + 0.9) = 21.82KkN.m L

My=R,sx=x= ‘:::j: 1.814m
OR
My = Rdx d= d7= %f:—f: 1.799m ' -9
799 ‘ 3
T Cos76 clost;.fv: AaLm r“i—m‘ij 2

Resultants 3
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Problem 2/94: The asymmetric roof truss is of the
type used when a near normal angle of incidence of

sunlight onto the south-facing surface ABC is ,'{ e
desirable for solar energy purposes. The five vertical lr 500 N
loads represent the effect of the weights of the truss TG Y l .
and supported roofing materials. The 400-N load . . AR )
represents the effect of wind pressure. Determine the _;ivg,,- 3N 90 8o ir
equivalent force-couple system at A. Also, compute = ¢ S
the x-intercept of the line of action of the system : -
resultant treated as a single force R, o T
Solution o
AC = 10cos60 = 5m l -
CG* = AC? + AG* — 2AG » AC » cos60 = CG = 5m S .
~ Al =25m ey . b i
E 3 $o:: a
R, =7 Z‘ F, = 250+ 2 + 500 « 3 +400sin 30 = 2200N | J*":l_m A &S L
-y __’: LA = T _ >
R, ==" Z F, = 400 cos30 = 346N — ‘
R= [R*+R,? = V3467 + 22007 = 2227N o
o pat Ry o 12200 o40 A
8 =tanm gl 81 "
u* Z M, =400 + 2.5 4+ 500(2.5 + 5 + 7.5) + 250 e B
+ 10 = 11000N.m »
y B
| 3 x;- nl
A 60 307~ _~50 e
110 0 0 S & R i
My=Ry+x=x=—7-=5m x VR,
- Bm -—t- Sm -l

Lecturer: Dr Bashar Abid Harmea

500N

Resultants

4
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Vectors:

Lecturer: Dr Bashar Abid Hames

A vector is represented by a line segment, having the direction of the vector and having an

arrowhead to indicate thesense.
AB = ai + bj
Length, |AB| = VaZ + b?

Unite Vector, n
a=n,=1cosf = cosé
b=mn,=1sinf =sind

n=ai+bj=cos@ i+ sinf j

St
cos(90-8)

To determine unite vector for AB

. x2-x1 y?.;,vl
. _AB @i+ b j
MOETE T Ve rbr
a ) b ) ) ) )
=\/a2+bz‘+ ‘[az+bz/=c0591+ sin@ j
cosé sin@

Three Dimensional Vector,
AB = ai + bj + ck
Length, |AB| = va? + b? + ¢Z

y2-yl
i+ b j+
va® + b? + c?

z2~z1
~~
c kK

x2=~x1

AB a

a R b y 3

va* +b® +c*

cos By

—: : =|/
va* + b* +c*

cos 8y

i
va* +b* +¢

cos 8y
=cosB, { + cosf, [+ cosb, k
Note:(cos 8,)* + (cos8,)* + (cos8,)* =1

vy =ayl+ b+ ok
Uy = api + byj + ¢k

il

Vector addition; /
.

v)
VvV Bix2y2)
alebj 1
Alxl ) \ & 1“:
al X

| o

()
- ¢ e e =

> —
'\\y,
A < /

R

/

Uy + Up=(ay + @) i +(by + by)j +(cy +¢3) k

Vector subtraction:

vy — vy — @) i +(by — by)j +(cy — ) k

Vectors 1




Eng, Mechanics-Statics- 1" stage Lecturer: D Bashar Abid Hames

Dot or scalar product
V. s = (@yi + byj + k) (azi + byj + k) = aya, + byb, + ¢4
Also vy. vy = |vy| » |v,] » cos@ = |v;]| » |v;] » cosB

vy. Vs a,a, + byb, + ¢y, 1vz] + cos
cosf = =

Ivl.l - lvl‘l 2 2 2 > 2 2
@+ b+t e Jay® + by + 6t

= c0S by COS,, + cOS By, COS By, + COS B, COS B,

|v;| * cosé

V2

Cross or vector product
vy X vy = (aqi + byj + ¢y k) X (ayi + byj + ¢ k) Y
a, b ¢ '
a, b, ¢
= +(byc; — bycy)i — (ayc; — aycy)j + (ayb, — ayby )k
Also vy X 7, = |vy| * |v;] * sinb

Note, V; X vy = -V, X ¥,

Vo x V==V, xV,

THREE-DIMENSIONAL FORCE SYSTEMS
Rectangular Components 1
F, = F cos 8, =
F, = F cos 8, -
F, = F cos 8,

F= ﬂFf«LFyZH;‘Z

Or in vector notations: :
F=Fiig=F(icosf, + jcosB, +kcosh,) "
1.),and k:the unit vectors in the x-, y-, and z-directions, respectively.

The choice of orientation of the coordinate system, use aright-handed set of axes in three-
dimensional work to be consistent with the right-hand-rule definition of the cross product.
When we rotate from the x- to the y-axis through the 90° angle, the positive direction for z-
axis in a right-handed system is that of the advancement of aright-handed screw rotated in the
same sense. This is equivalent to the right-hand rule.

Vectors 2
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The direction of a force is described

(a) Specification by two points on the line of action of the ! Badin

force f r‘/ I

F:Fﬁp:F;’f': Gb = XORE = T1 e =T R "—L‘.\L:.‘: [ I‘
[AB]  J(x2—x1)7+ (y2 — y1)* + (22 — z1)? ey

Thus the x, y, and z scalar components of F are the scalar L ‘L.\'\ s

coefficients of the unit vectors i, j, and k, respectively - piec b

(b) Specification by two angles which orient the line of action of the force
F/=Fsin@
Fy= F cos®
F,=Fcos0=F cos@ cosh
F.=F,.sinf= F cos® sinf

o

The projection of vector force along oblique line: (benefit of dot product)

If¥i is a unit vector in a specified direction,the projection of F in the n-direction, has the
magnitude

F,=Fn Scalar quantity " \

The projection in the n-direction as a vector quantity, \

B To =2y \

F, = (F.i)n  Vector quantity ' s
\ > oh ‘.‘.n!\ S ==
\ Eiphgtl g n (unit vector)
- \

i |
\P,. F,e“'n \
Angle between Two Vectors

_JEd = F.7i _E
8 = cos™ (5=7) = cos (—'-) =cos (—)
|"| va’ + b + ¢? F
F \
\
A ,e | Py F;“f l"- 't;-‘\;rxit vector
’ ,"’— .')
'\_,_.F_=Y'“ i |

Vectors 3
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SAMPLE PROBLEM 2/10

A force F with a magnitude of 100 N is applied at the origin O of the axes x-y-z as shown, The
line of action of F passes through a point A whose coordinates are 3 m, 4 m, and 5 m.
Determine (a) the x, y, and z scalar components of F, (b) the projection Fy, of F on the x-y
plane, and (c) the projection FOB of F along the line OB, Fa100N
Solution,

Part (a).We begin by writing the force vector F as its magnitude
F times a unit vector fig,

0A  (x2—x1)i+(y2—-y1)j+(22—2z1)k

|04 J(xZ —x1)% + (y2 — y1)? + (22 — 21)?
 (B-0)i+(4-0)j+(5-0)k
T JB-02+(@-0)2 1 (5-0)

Mgq =

= 04241 4+ 0.565] + 0.707k

cos 8, cos &y cosf,

F = Fiigy = 100 ('0.424i + 0565/ + 0.707k> ‘

= 42.4i +56.5] + 70.7k
Fx=42.4 N, Fy=56.6 N, Fz=70.7N
Part (b).
_0C  (3-0)i+(4-0)j+(0—-0)k
T 10€] JG-0) +(4—-0)2 + (0—0)?
Projection ofFon vector OC (i.e on X-Y planc):
For = F.fige = (42,40 4+ 56.5f + 70.7k).( 0.6i + 0.8))
=(424+0.6)+(565+08)+0=70.72N

Or ,the tan of the angle 8,, between F and the x-y plane is

5 ‘
= tan" —_— = 45

VB + ()
Fy, = Fcos By, = 100 cos45 = 70.7 N
Part (c)

w1

o = 0.6 + 0.8]

)

0B  (6-0)i+(6—-0)j+(2-0)k
|0B|  J(6—-0)2 + (6—0)? + (2 0)2
Fog = Foa-flgg = (42.41 + 56.5] + 70.7k). ( 0.688i + 0.688] + 0.229k)
(42.4 « 0.688) + (56.5 » 0.688) + (70.07 « 0.229) =843 N

ron = Fop * igg = B4.3 » (0.688i + 0.688] + 0.229k) = 58i + 58j + 19.3k

fpp = = 0.688BI + 0.688] + 0.229

|l

-

Vectors &
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Prob. 2/107
The rigid pole and cross-arm assembly is supported by the

three cables shown. A tumbuckle at D is tightened until it i -
induces a tension T in CD of 1.2 kN. Express T as a vector. B
Does it make any difference in the result which coordinate ,—,-::’;":" .
system is used? ¢ = .
Prob. 2/108 Ay,
Use the result cited for Prob, 2/107 and determine the \’" LEAX
magnitude Tgp of the projection of T onto line GF. pe ) |\
Solution e =5
1 B SRR
e <~ ‘
C(-1.5,0,4.5), D(0,3,0) . - R ‘o L.
. cd (0+15)i+(3-0)j+(0—45)k e
NMeg = =5 = ’
7 |ed| JO5) + (3) + (45)
= 0.267i + 0.534] — 0.962k
Tog = T i,g = 1.2(0.267i + 0.534j — 0.962k) = 0.32i + 0.64] — 0.962k
2
G(0.-1,3), F(2,-1,0)
GF  (2-0)i+(-1+1)j+(0-3)k
= GO CIH DI+ O, conr s 070832
[GF| J(2) + (0)% + (3)2
Tor = Te-fige = (0.32i + 0.64j — 0.962k). ( 0.555i + 0j — 0.832k)
= (0.32 = 0.555) + (0) + (—0.962 « —0.832) = 0978 kN
Tor = Top # fige = 0.978 « (0.555i — 0.832k) = 0.542i — 0.813k
Prob, 2/110
The force F has a magnitude of 2 kN and is directed from A to B. -~
Calculate the projection of F onto line CD and determine the angle -
between F and CD. tam /
Solution: 7
A(0.4,0.2,0), B(0,0,0.2) b
o AB _ (0-04 )i$(0-0.2) {+(02-0)k_ _ c_0A 7 o -
las = g = et et = ~0.816i — 0.408] + 0.408k :
Fip = F iy = 2(—0.816i — 0.408) + 0.408k)
= —1.633i — 0.816) + 0.816k o
((0.4,04,0.2), D(0,0.4,0) e /
, CD (0—-04)i+(04—-04)j+(0-02)k X—N fe TS,
Nep = — = A
“ " |co| JOA)7 + (0)? + (0.2)?

= —0.894i — 0.447k
Fep = Fag.iicp = (—1.633i — 0.816j + 0.816Kk). ( —0.894i — 0.447k)
= (—1.633 = —0.894) + (0) + (0.816 » —0.447) = 1.095N
Fep = Fep * ficp = 1.095 = (—0,894i — 0.447k) = —0.979i — 0.489%

f':,w‘ Ticp = IFAHI * |figp| * cosf —

Fag g Fag 1t 1.095
cosf = —= (f) = A — = = = 0.547 -
|F»w « |rgpl IF s gl  2+1

=1

V1.6 322%08 18+0.8 18=2
8 = cos ' 0.547 = 56.8°

Vectors S




Eng, Mechanics-Statics- 1" stage Lecturer: Dr. Bashar Abid Hames
Prob. 2/115

An overhead crane is used to reposition the boxcar within a railroad car-repair shop. If the
boxcar begins to move along the rails when the x-component of the cable tension reaches 3
kN, calculate the necessary tension T in the cable. Determine the angle 6,, between the cable
and the vertical x-y plane.
Solution;

0(0,0,0), A(5.4,1)

_0A _ 5i+4j+1k
“joAl VET AT
T =T =T(0771i + 0.671] + 0.154k)

Ty =0.771i + 0.671j + 0.154k

3
1, =0771T=3-T=——=1389k

T IT=3-T=577 N
cosf, = 0.154 = 6, = cos™ 1 0.154 = 81.14°

B,y =90 — 6, = 90 — 81.14 = 8.86

Vectors 6
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Moment and Couple (3D):

In two-dimensional analyses it is often convenient to determine a moment magnitude by scalar
multiplication using the moment-arm rule, In three dimensions, however, the determination of
the perpendicular distance between a point or line and the line of action of the force can be a
tedious computation. A vector approach with cross-product multiplication then becomes
advantageous.

Moments in Three Dimensions

Consider a force F with a given line of action acting on a body, and any

M.
point O not on this line. Point O and the line of F establish a plane A. \
The moment Mo of F about an axis through O normal to the plane has " S
the magnitude Mo=Fd, where d is the perpendicular distance fromOto - . « o=
the line of F. This moment is also referred to as the moment of F about &y, % & “9':

the point O. &""‘7‘

The vector Mo is normal to the plane and is directed along the axis v

through O. We can describe both the magnitude and the direction of Mo by the vector cross-
product telation. The vector r runy from O to any point on the line of action of F. the cross
product of rand F is written rxF and has the magnitude (r sin a)F, which is the same as F*d,
the magnitude of Mo,

The correct direction and sense of the moment are established by the \“‘,
right-hand rule. Thus, with r and F treated as free vectors emanating from

O, The thumb points in the direction of Mo if the fingers of the right hand Bz,

curl in the direction of rotation from r to F through the angle a Ao 5 —=F
Therefore, we may write the moment of F about the axis through O as: A 2 :
Mo=7xF e

Note:

Fx F=Mo while F X7 =-Mo

Evaluating the Cross Product -~

i |k
Mo=FxF=|n 1 T ,
E B K s
N,
=+|nF=1nF |i wh =nF | f+| nf -5k |k y >
et My, S R n| %

Moment about an Arbitrary Axis
To expression for the moment M;of F about any axis A through O, ™ \ in

as shown in Fig. If 7, is a unit vector in the A-direction, then we
can use the dot-product expression for the component of a vector to
obtain Mo'. 1n; (the component of M,; in the direction of A). This
scalar is the magnitude of the momentM;of F about A

M, =7 x F.n;  Scalar quantity
Mo
Momaent and Couple (30) 1




Eng, Mechanics-Statics- 1" stage Lecturer: D Bashar Abid Hames

To obtain the vector expression for the moment M, of F about i, multiply the magnitude by
the directional unit vector 7, to obtain

M; = (F x I’ NG Vector quantity

Mo

Varignon’s Theorem in Three Dimensions

The sum of the moments of concurrent forces F1. F2, F3....about O of these forces is

FXF+ixE+rxF+oe=fx(F+FE+FK+-)=rx ZF‘

“ M, = Z(:‘ XxF)=FfxR

wResl tant

Couples in Three Dimensions

The two equal and opposite forces F and -F acting on a body. The vector 7 runs from any point
Bon the line of action of -F to any point A on the line of action of F.Points A and B are
located by position vectors 7, and 7, from any pointO. The combined moment of the two
forces about O is

+ " 3 . ( s\ o o 3 “k‘ '-"'h:.
M= XF+rgXx[(=F)=( R x F _ o
: ( ) = \'(‘(‘l‘l)T’S_\-llel.-IC()l on -'/*/}
~M=#xF Pa—"~a ‘
e Thus, the moment of a couple is the same about all points. e\ e
Couples may be added 2\
M

4

-F, f i '\; MM

-fA'F N\l

{ i
F !l B

Momaent and Couple (30) 2
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SAMPLE PROBLEM 2/11
Determine the moment of force F about point O (a) by inspection I

and (b) bythe formal cross-product definitionM, = 7 x F, - 4
Solution Y
'I L0 o -
(a) ==3
Moo= — cFi+aFk=F(—ci+ak) : o
ri uhT hand "
rule
bIMy,=FxF=(al+ch)X(F))=|Tx Ty T: i Er U
Fy Fy F, L 7
_ o
Myg=la 0 ¢
0 F O

=+0+=0—c«Fi—(a+«0—c =0)j
t(a* F=0+0)k =—cFi-0j+aFk = F(—ci+ ak)

SAMPLE PROBLEM 2/12

The turnbuckle is tightened until the tension in cable AB is 2.4 kN. Determine the moment
about point O of the cable force acting on point A and the magnitude of
this moment.

Solution: We begin by writing the described force as a vector.
T_A?B_ o (x2—x1)i+ (y2 - y1)j + (22— z1)k
|AB]  JOx2—x1P + (y2 — y1) + (22 — z1)?
=24 [(2.4 - 1.6)i + (1.5 = 0)j + (0 - 2)k
v0.8% + 1.5% + 27

Tap =Ty =

= 0.732i + 1.37j — 1.824k

foa=(1.6—0)i+0j+(2—0)k=1.6i+ 2k ¢
My = Toa X Tag = (1.6 + 2k) X (0.732i 4+ 1.37j — 1.824k)
i J k
=] 1% 0 2
0732 137 -1.824

=(0+—1824-2+137)i—(1.6+—1.824—2+0.732))
+ (1.6« 1.37 = 0+ 0.732)k = —2.74i + 4.38] + 2.19

My = /Mf + M2+ M2 =2.74% + 4.38% + 2.192 = 5.61 kN.m

OR, use force components.

SAMPLE PROBLEM 2/13 )
A tension T of magnitude 10 kN is applied to the cable attached to the
top A of the rigid mast and secured to the ground at B. Determine the
moment Mz of T about the z-axis passing through the base O

Momaent and Couple (30) 3
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Solution (a): use vector approach.

Foo = Ty = TA_£_ _ lol(mz + ('07 15){ ' (9‘ 0)k y
|AB| V1274157 4+ 92 A
= 5.65i — 7.07j + 4.24k
Mo = Foa X Tap = (15)) X (5.65i — 7.07j + 4.24k) ’ »
i j k T /{/w“..

=0 15 0 0\ .

565 —7.07 4.24 A T e T
= +(15+4.24 — 0+ =7.07)i — (0 « 4.24 — 0 + 5.65)j ‘ 3

+ (0« =707 — 15 + 5.65)k
63.61 — 84.75 k

M ]

M, = —84.75 kN.m

Solution (b): use force components ' ‘ 1
Ty=-T*cos45=-10*c0s45=-7.07 kN ' Txz(parabes to 08)
Txz=T*sin45=10*sin45=7.07 kN 45°— oo
Tx=Txz*sinb=7,07*(12/15)=5.65 kN | '
Tz=Txz*cos8=7.07#(9/15)=4.242 kN | :
M, =Tx «15 =565+ 15 = —8475kN.m L+ \ . S

" owm \»\L’/g“’

B

SAMPLE PROBLEM 2/14
Determine the magnitude and direction of the couple M which ot T
will replace the two given couples and still produce the same /"l‘“'\ |
external effect on the block. Specify the two forces F and -F, ) ,.,.,_@“;/' Y
applied in the two faces of the block parallel to the y-z plane, "~. um" | KT

which may replace the four given forces. The 30-N forces act

50 mm
parallel to the y-z plane.

Solution,
The couple due to the 30-N forces has the magnitude MI
30(0.06)=1.80 N.m. The direction of M1 is normal to the plane defined by the two forces, and
the sense, shown in the figure, is established by the right-hand convention. The couple due to
the 25-N forces has the magnitude M2= 25(0.10)= 2.50 N.m with the direction and sense
shown in the same figure.

MI1= 30(0.06)=1.80 N.m

M2= 25(0.10)= 2.50 N.m M;=2.5N'm

The two couple vectors combine to give the components :
My= 1,80 sin 60= 1.559 N.m

Mz=-2.50+ 1.80 cos 60=-1.600 N.m

M =/1559% + (1.6)* = 2.23 N.m !
n"!}\" 1.559 ; M;=1LSNm

8 = ta? (—) = mn“( ) =tan'{0.974) = 443° = |
Mz 1.6

The forces I and -F lie in a plane normal to the couple M, and their moment arm as seen from
the right-hand figure is 100 mm. Thus, each force has the magnitude
M = Fd—F=(2.23/0.1)=22.3 N

Momaent and Couple (30) 4
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SAMPLE PROBLEM 2/15

A force of 400 N is applied at A to the handle of the control :
lever which 1s attached to the fixed shaft OB. In determining 400 N
the effect of the force on the shaft at a cross section such as CT200 4/56
that at O, we may replace the force by an equivalent force at O 7§r e i)
and a couple. Describe this couple as a vector M. Ny 53.’ —=
Solution; r ' =
Foa = 0+ 0.2 + 0.125k ’ n
F=-400i
My =Toa X F = (0.2j+ 0.125k) x (~=400i)
: J ¥ A~ 400N
=l 0 02 0125 :\\ | P,
—400 0 0 A% 400N L’
= +(0.2+ 0~ 0.125 » 0)i = (0 + 0 — 0.125 » —400) | M <236 %7
+(0+0-0.2=%=-400)k = =50j + 80k N.m N |
—- , ' N 125
My = \‘5()" +(80)" =9434 N.m 7 ~-al
My 50 ’
?:;"(—’: TH—) =32
€ tan M'/.) tan (H()) 3
OR
125
— 1 -— A0
@ =tan (2“()) = 32
Prob. 2/125

A right-angle bracket is welded to the Hange of the I-beam to support the 36 kN force, applied
parallel to the axis of the beam, and the 20 kN force, applied in the end plane of the beam. In
analyzing the capacity of the beam to withstand the applied loads in the design stage, it is
convenient to replace the forces by an equivalent force at O and a corresponding couple M,
Determine the x-, y-, and z-components of M.

Solution

Fye = =36k

fop = (—0.1 = 0)i + (—0.35 — 0)j + 0k = —0.1i — 0.35j
Moo, = Top X Fag = (—0.1i — 0.35)) x (=36k)

i | K
=|-0.1 -0.35 0
0 0 -36

+(—0.35+—36 — 0 0)i— (—0.1 + =36 — 0 + 0)j
+ (=01 0+ 0.35+ 0))k = 12.6i — 3.6] N.m

or 36 0-30 or 27 0-3

Fug = 20[i (cos =30 ) +/(cos —120) +kcos f)ci = 17.33i - 10f
o = (0.1 = 0)i + (—=0.35 = 0)j + 0k = 0.1i — 0.35

Moo = Toa X F20 = (0.1i — 0.35)) % (17.33i - 10§)

( J k’

0.1 -0.35 0

1733 =10 0

+(—035+40—-0+«—=10)i—(0.1+0—0+1733)j + (0.1 + =10+ 035« 17.33)k
= 5.055k N.m

Z“"'—' M., + My, = (12.6i — 3.6]) + (5.055k) = 12.6i — 3.6] + 5.055k

(

Momaent and Couple (30) 5




Eng, Mechanics-Statics- 1" stage Lecturer: D Bashar Abid Hames
Prob. 2/139

If the magnitude of the moment of F about line CD is 50 N.m, E

determine the magnitude of F. 4

Solution G y

F:Fii,,,:!-‘A—B,: ; (0—0.4):(0—0.{);+(Q.z-0)k x—= /c__ =
|AB| VOAZ +0.22 +0.22 ‘a N "
= F(—0816i — 0,408/ + 0.408k) pew e

Foa = 0i + (0.2 = 0.4)j + (0 — 0.2)k = —=0.2f — 0.2k
Me = Fea X F = (=0.2j = 0.2k) X F(—0.816i — 0.408; + 0.408k)

[ J K
= 0 -0.2 -0.2
—-0.816 —-0.408 0408

F
+(=0.2 + 0.408 + 0.2 = —0.408)i— (0 = 0.408 + 0.2 » —0.816)j

+ (0 +—0.408 + 0.2 * —0.816)k = F(—0.1632i + 0.1632j — 0.1632k) N.m
(0 —0.4)i +0f + (0 — 0.2)k

V0.44 + 0+ 0.2¢
Mep = M..7icp = F(=0.1632i + 0.1632j — 0.1632k). ( —0.894i — 0.447k)
= F[(0.1632 + —0.894) + (0.1632 + 2) + (—0.1632 + —0.447)] = 0.2188F

50 = 0.2188F — F = 228 N Ans,
Mep = M, * figp = 50(—0.894i — 0.447k)

= —0.894i — 0447k

il,;D =

Prob. 2/144
The special-purpose milling cutter is subjected to the force of
1200 N and a couple of 240 N.m as shown. Determine the
moment of this system about point O.
Solution;
np=icos 90+ jcos(270+ 60)+ kcos (180 + 60)
= 0i + 0.866/ — 0.5k
F = F iy = 1200(0.866/ — 0.5k) = 1039/ —600k N
Fon = (0.2 = 0)i + 0j + (0.25 — 0)k = 0.2i + 0.25k
My =Toa X F = (0.2 + 0.25k) X (1039j — 600k)
i j 13
0.2 0 0.25
0 1039 -600
= (0+ =600~ 0.25+1039)i — (0.2 = =600 — 0.25 = 0)/
+(0.2+1039 -0+ 0)k =—260i + 120j + 208k N.m
M. =—-240cos 60 =—120 k ,

Mas .,.=I : N.m
[ M, =2405in60 = 208

Z M, = —260i + (120 + 208)j + (208 — 120)k = —260i + 328j + 88k N.m

Prob. 2/148
The threading die is screwed onto the end of the fixed pipe, 2 san ot
which is bent through an angle of 20°. Replace the two forces
by an equivalent force at O and a couple M. Find M and : 2
calculate the magnitude of M' the moment which tends to ,m[ ‘%é 200N
screw the pipe into the fixed block about its angled axis through e L

0. TN ‘
Solution:
":15 o= 150/
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Foa = (—0.25 = 0.15s5i 20)i+ 0j + [0+ (0.2 + 0.15¢c0:20)|k = —0.301{ + 0.341k
Mo,z o= Toa X Fiso = (—0.301i + 0.341j) X (150)

I J e
= ’—l)..ml 0 ().’HI‘
0 150 0
= (0+0—0.341 + 150)i = (=0.301 « 0 — 0.341 « 0)j + (—0.301 « 150 — 0
+0)k = =51.15i — 45,15k
Fa00 = —200
7op = (0.25—=0.15si n20i + 0j + [0 + (0.2 + 0.15cos 20)]k = 0.198i + 0.341k
Mo,ee = Tap X Fago = (0.198i + 0.341k) X (—200)

f i "
= ‘(l.l‘«)?i 0 0.341
0 200 0

=(0+0—-0341+—-200)i —(0.198 = 0 — 0.341 = 0)j
+ (0.198 + 200 — 0 + 0)k = 68.2i — 39.6k

N Fiy = Moy, g+ Moy, = (~51.151 — 45,158 + (68.2i —39.68 = 17.05i —84.75k N.m
=1 Z Fy =150 — 200 = —50 N |

M, =17.05i —84.75k N.n

1 Ans.
F=50N1{
(0—-0.15s5in20i + 0j + [-0.2 + (0.2 + 0.15cos 20}k o
s = —0342i + 094k
V0.0517 + 0.1412
M=M,.7,. = (17.05i —84.75R. (-0.342i + 0.94k)
= [17.05 + (=0.342)] + (=84.75 + 0.94) = —85.5 N.m

Noe

OR
M =17.05co0s 70 + 84.75cos 20 = 85.5 N.m
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Resultants 3D:

The resultant of a system of forces is the simplest force combination, which can replace the
original forces without altering the external effect on the rigid body to which the forces are
applied.

In the two-dimensional force system the magnitude and direction of the resultant force
found by a vector summation of forces. and the location of the line of action of the resultant
force by applying the principle of moments. These same principles can be extended to three
dimensions.

e a force could be moved to a parallel position by adding a corresponding couple (force-

couple system).

for the system of concurrent forces F1, F2, F3 . . . acting on a rigid body in Fig, may move
each of them in turn to the arbitrary point O, a couple for each force transferred is introduced.
These couples are:
Ml =7 X Fl' Mz =Ty X F'z‘ M‘J =Ty % ":rsv
r is a vector from O to any point on the line of action of the force(F1,F2,F3)
The concurrent forces and the couples may be added to produce a resultant force R, and a
resultant couple M (vector addition),

M-‘ = ﬁl +M.z +M‘3 +"'= 2'1 -

The couple vectors are shown through point O, but because they are free vectors, they may be
represented in any parallel positions. The magnitudes of the resultants and their components

are L
R.=YF, i\’y =2k, R, =3 F 1 i \Mr \“

/ y, g ' »
R= [RZ+RZ+R? - =

M= /Msm_sw;

The resultants for several special force svstems

Concurrent Forces. When forces are concurrent at a point, only the resul tant
R =F +F+F+-= YF needs to be used because there are no moments about the
point of concurrency.

Coplanar Forcees explained in resultant of 2D force system.

Resultants 3D 1
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Parallel Forces. For a system of parallel forces not all in the same s

plane, the magnitude of the parallel resultant force R is simply the b=

. ~ . ~ ~ 2 >
magnitude of the algebraic sum of the given forces, : [ 05 s
NN

R =FR+F+F+-= Z F ] e
oy ‘ . . - v . - ' ' . MON ,' ¥ 03 m
['he position of its line of action is obtained from the principle of ; // i
moments about O, " e TN
M, = Z( FoxF )o=1 XF+f % F+- o

. a T ia0
i - . M, ’ N~ ‘
Mp=7rxR=7r= — - S,

R

Wrench Resultant. When the resultant couple vector M is parallel to the resultant force
R, as shown in Fig., the resultant is called a wrench, By definition, a wrench is positive if the
couple and force vectors point in the same direction and negative if they point in opposite
directions,

SAMPLE PROBLEM 2/16
Determine the resultant of the force and couple system which acts on the rectangular solid.
Solution

Choose point O as a convenient reference point for the initial
step of reducing the given forces to a force—couple system. The
resultant force is

R = ZF = (80 —80)i +(100=100)j +(50 =50)k =0
Mo=(50%1.6-70)i+(80%1.2-96)j+(100*1-100)k=10i N.m

Hence, the resultant consists of a couple, which of course may
be applied at any point on the body or the body extended.

Resultants 3D 2
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SAMPLE PROBLEM 2/17

50N
Determine the resultant of the system of parallel forces which /(
act on the plate. Solve with a vector approach, s B
Solution; o Rl osm
- z ~ BN

Transfer of all forces to point O results in the force-couple S 3‘
system B @ ;’ =

| ~ B
R = Z F = (2004500 —-50-300)j =350j N 500 N G 055 m
= = g / / S
My = 2’4 0 300N TR

= (50 +0.35-=300+ 0. 36 +(0)j +(=50+0.5-200+~ 0.Yk = -87. 5{ =125k N. m
The placement of R so that it alone represents the above force—couple system is determined by
the principle of moments in vector form

| /

0 350 0

=(ye0=2z+350( =(x+0—=2=+0) +(x«350=y+ 0k =-350zi +350xk N m
—350zi +350xk= -87. 5i —125k o
From the one vector equation we may obtain the two scalar equations
-350z=-87.5 22z=0.25 m

350x=-125 =x=-0.35T m

y =any value according to principle of transmissibility

MO =7 xR =(xi +yj +2zR x (350)) =

SAMPLE PROBLEM 2/18
Replace the two forces and the negative wrench by a single force R applied at A and the
corresponding couple M.

Solution:

The resultant force has the components

K= ZI-‘, =700si n60 +500sin40 =928 N
By = Z F, = 600 +500 cos 40 cos 45 = 871 N |

" - 100
R; = Z F, =700 cos 60 +500 cos 40sin45 = 621 N’“'“

R =928 +8712+4+6212 = 1416 N

The couple to be added as a result of moving the 5300-N force 1s

My =74 X Fgpo =

Msgo = (0. 08 —0i +(0. 12 —0j +(0. 11 —0. 0¥ x 500(i si n 40 +j cos 40 cos 45
+kcos 40si n45)

[ f k

0. 08 0. 12 0. 05

sin40 cos40cos 45 cos 40silp4s

S500(0. 12+ cos 40si n45 =0. 05 » cos 40 clis 45
—500(0. 0B » cos 40si n45—0. 05si)i 40
+500(0. 08 » cos 40cos 45 =0, 012 sixk40
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M:oo = 18960 — 5.59] — 16.9k N.m
The moment of the 600-N force about A is

* written by inspection of its x- and z-components
Mg 0o= 600« 0. 06i +0j +600 = 0. 04k = 36i +24k N. m
¢ Or use vector approach

My 00= Tac % Fg o= (0. 04i +0. 12j —0. 06k) x 600(0i +1j +0k)

i i k
=10.04 0.12 0. p6
0 600 0

«6 00

=(0. 12« 0+40. 06 « 600 —(0. 04 « 0 +0. 06 -')fl +(0. 04 « 600 —=0. 12 2B
=36 +24k N.m
The moment of the 700-N force about A is

e written by inspection of its x- and z-components
M; go= (700 cos 60 = 0. 0B +(=700 cos 60 + 0. 1 =700si n 60 » 0)06
+(=700sin60=0.0R =10.5{ —71.4j —18. 19k N. m
e Or use vector approach
Tap = (0. 1 =0i +(0. 03 =0/ +(0—=0. 08k = 0. 1i +0. 03] —0. 06k
My 00= Tap % Fy go= (0. 1i +0, 03j —0. 06k700(sin60i +0j +cos 60k)
i f k
=]10.1 0.03 =0.9p6 =10.5f{ -71. 4] —-18. 19k N m
sin60 0 cos 60; yo
The couple of the given wrench
M’ = 25(=sin40i —cos 40 cos 45 |
—cos40sin45)k
= =16. 07i —13. 54j —13. 54k N. m
My = Msgo +M g oo+ M7 oo+ M )
=49, 4i =90.5j —=24. 6k N. m

M, =+49. 4+90. $+24. ¢ =106 N. m

SAMPLE PROBLEM 2/19

Determine the wrench resultant of the three forces acting
on the bracket.

Calculate the coordinates of the point P in the x-y plane
through which the resultant force of the wrench acts.
Also find the magnitude of the couple M of the wrench.

Solution:

The direction cosines of the couple M of the wrench
must be the same as those of the resultant force R,
assuming that the wrench is positive. The resultant force

15
R= Z e +Z‘ il +Z’ Lk =20i +40j +40k
R =202 4402 +402 =60 N

The direction cosines for R are:
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The moments of the given forces about point P through which R passes (point P).

ﬁn, =20yk N mm

Mp, = =40« 60i —40xk N. mm

Mg, = 40 + (80 —y)i —40(100 —x)j N. mn

M =Zw" = [—40 + 60 +40(80 —y) § +[—40(100 —x)} +[20y —40x]k

= (800 —=40y){ +(~400 +40x ) +(20y —=40x)k
The direction cosines for M are:

8 00—4 0y —4 0044 Ox 20y-4 Ox

cCos=— Cos § =——, 05 § =——
4 M 4 M 4 M

Direction cosines for R= direction cosines for M

1_800-40y

i~ oM

Z - «4 0044 Ox -

3 M e

2 20y-4 Ox -

- — RGO AC, |

3 M

Solution of the three equations gives
M=-2400 N.mm

x=60 mm

y=40 mm

Prob. 2/158
Replace the two forces and single couple by an equivalent 3 2N
force—couple system at point A. ﬂ) o> i

Solution S . » o V im
6 =tar!!=18. 435° : L T pew
Rom D S 4 B 51 4 F ok -

=—20i —40cos 18. 435 +40sin18. 435k
= =200 —38j +12. 6k kN Ans.

R=+2024+382+12. ¢ = 44. 76 kN
M, = (~40cos 18. 435+ 1 +(40sin18. 4353 =0
My, =20+ 1+(40sin18)% 2 = 45. 25 kN. m

My, = (40 cos 18. ) 2 =35 = 40, 91 kN. m

M, = 0i 445. 25j +40. 91k kN. Ans,

OR use vector approach:

Tao = =21

Fy o= 40 co{180 —18. 439/ +40co{90 —18. 439k = —38j +12. 6k

My, o= Tao % Fy o= (=20) X (38 +12. 6k)

i J K

—2 0 0

0 -38 12. ¢
=(0+12.6 =0+ =390 —(=2+12. 6 =0+ 0j +(=2+ =38 =0+ 0)k
= 25.2f +76k kKN. m

':AR = -1k

Resultants 3D s




Eng, Mechanics-Statics- 1" stage Lectuwer: Or. Bashar Abid Hamea

Fyo = =201

M,y = Tag % Fag = (—1k) X (=20i)
i j k
=0 0 -1|=0i =(0-20)j +0k =20j kN. m
=20 0 0O

M, = Ef‘,‘ = 25. 2] +76k +20j —35k = 45j +41k kN. m Ans.

R= Z T = Fy oF Fag = —38) +12. 6k —20i = —20i —38j +12. 6k

Prob. 2/162

Replace the two forces and one couple acting on the rigid pipe o
frame by their equivalent resultant force R acting at point O and a A s
couple M,.

Solution; c,/\,\’ﬁ

cn - - " [ 5
R= DF i +DF ) +DF 1k g
=200cos 30§ —240j +200cos 120 k f
= 173. 2i —240j —100k N Ans . T

My, =240 03 +200sin30+ 0. 25 =97 N. m ,
Mp, = 200cos 30 » 0. 3 -2005in30 = 0. 375 —48 = —33. 54 N. m

My, =200cos 30+ 0.25=43.3N. m

M= Zﬂ, =97i —33. 5j +43. 3k N. m Ans.

OR use vector approach:

Fox = —0. 375i —0. 25j +0. 3k

Fy00 = 200cos 30{ +200sin120 k = 173. 2i —100k

Mo 00 = Toa * Fapo = (0. 375i —0. 25 +0. Bk (173. 2i —100k)

I J K
=1-. 375 —0.25 (),}
173. 2 0 -10
= (~0.25+ =100 0. 3+« ) — (0. 375« =100 —0. 3 » 173, 2)j
4+ (=0.375+ 040. 25« 173)R= 25i +14. 46] +43. 3k kN. m

foc = 0. 3k
":24 o= —240j
Mo.g = Toc % Fag 0= (0. 3B X (-240j)

{ f k
0 0 0.3 =72i kN m
0 =240 0

M, =Zn:4 o =250 +14. 46j +43. 3k +72i —48j =97i —33. 5] +43. 3k N. m Ans.

R= Z "= Fygo + Faq 0= 173. 2i —100k —240j = 173. 2i —240j —100k N Ans.
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Eng, Mechanics-Statics- 1" stage

Modeling the Action of Forces

Figure below shows the common types of force application on mechanical systems for analysis
in two dimensions. Each example shows the force exerted on the body to be isolated, by the
body to be removed. Newton's third law, which notes the existence of an equal and opposite
reaction to every action, must be carefully observed. The force exerted on the body in question
by a contacting or supporting member is always in the sense to oppose the movement of the
1solated body which would occur if the contacting or supporting body were removed.

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Action on Body to De Jaciated

Type of Contact and Force Origin

1. Flexibie cable, belt,

chain, or rope “ :— M e Porce exerted by
Waight of cable " - b= 3 flaxible cable 13
neghigible f \. T always a tension
= from the bedy in
Waight of cable &L - a5 cirection of the cable
not negligible ’ £

2. Smooth surfnces
Cantact foros is

“Ne | Vv

N

compressive and is
partal to the surface

4 Rough surfaces

Rough surfaces are

P A _ @ tangential compo-

; —

@ .
normal ED!T.FOI‘.‘-’I:

F capable of supporting
nent F (frictionsl
force wellas s
N N of the resultant
contact fores B

4 Raller suppor:

Foller, rocker, or ball
support transcuts &

i -
ege| vE

3 Freely aliding guide

= G5\

sarmal to the
supporting surface

Collar or slider free to
move along smooth
guides; can suppart
force normed to guide
only

Equilibrium 1
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS (ow

Type of Contact snd Farcs Origin

Action oo Body w Be Isolated

€ Pin connection

Pins free to turn A freely hinged pin
connection is capahle

pporting a force

either show two
components B, and
R_or a magnitude
and direction £ A pin
not free to turn also
supports a couple M

Pin not free to turn

7. Builtin ar fived support

A “
El_[_—nf

~Weld

A A built-in or fixed

a ! support is capable of
supportng an axal
force F, n transverse
force V ishear force
and & couple M

1 nding moment) %o

prevent rotation

& Grsvitaticoal attraction
=

BRRRR

@ Spring actian

Liny Nazlinear
Neotral F F

; Fek : XI.t;:tmr.g

I T

| | 7 Softening

Cm-x -

Tha rescitant of
gravitationa)
sttraction on all

st of & body of
[IAAS ™ I8 tha weight
W= g and scty

rd the center of
the sarth through the
center mass G

G

W=mg

Spring forew is tensile
if spring is stretched
and comprassive if
commpressed. For a
linsarly slantic spring
s & s the
force required to
deform the spring a
unit distance

Dr. Bashar Abed tamen
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Free-Body Diagram

A body or combination of connected bodies as a single body isolated from all surrounding
bodies.

Examples of Free-Body Diagrams

SAMPLE FREE-BODY DIAGRAMS

Mschunical Sysem Free-Body Disgram of lselated Body

-

1 Plane trums

PO —
'\
Wesght of truss YA TR . \

assumed negligible / \/ ."‘
compared with P ),"—“', A

2. Cantilever Seam
L
L
|

A Maas m

-

l

® \ \
=N\
5

"

3

.
oAy

¢ Rigid system of interconnected bodies

A7 — )
A ™ B 5 >
R ’ A i _;.-}

anslyzed as & ningle \l
I R, Weight of mechanizm | P weter” M
.\\\\rf."m-.ad ‘ L e

Equilibrium

The condition in which the resultant of @// forces and moments acting on a body is zero. Stated
in another way. a body is in equilibrium if all forces and moments applied to it are in balance.
These requirements are contained in the vector equations of equilibrium, which in two
dimensions may be written in scalar form as

YE =0, }:Ii =0, 2M;=0

The third equation represents the zero sum of the moments of all forces about any point O on
or off the body.

Equilibrium 3
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SAMPLE PROBLEM 3/1 y
Determine the magnitudes of the forces C and T, which,
along with the other three forces shown, act on the c
bridge-truss joint. \ LN Z
Solution: . 20°) '
The given sketch constitutes the free-body diagram of ¥ \\\\Q : /
the isolated section of the joint in question and shows ‘.‘ AL T
the five forces which are in equilibrium, Wi >,
16 kN WEZ D el 1
—— il Bt o~
|[IF, = 0] 8+ Tcos40®*+ Cein20°~16=0
0.766T « 0.342C = 8 (a)
(ZF, = 0] Tsin40® -~ Cecos20°~3=0
0.643T - 0.940C = 3 (b)
Simuitanecus golution of Eqs. (a) and (b) produces
T = 9,09 kN C=303kN Ans.
-
530
SAMPLE PROBLEM 3/2 ¢ I
Calculate the tension T in the cable which supports the 500kg load with the 77\ 77
. = . 3 gl N
pulley arrangement shown. Each pulley is free to rotate about its bearing E ]
(i.e. frictionless), and the weights of all parts are small compared with the (Y s
load. Find the magnitude of the total force on the bearing of pulley C. &/
('3 )a
Solution ‘]/
W = mg = 500 + 9.81 = 4900N = 4.9kN [ 000 |

The free-body diagram of each pulley is drawn in its relative position to the others. We begin
with pulley A, which includes the only known force. With the unspecified pulley radius
designated by r, the equilibrium of moments about its center O and the equilibrium of forces in
the vertical direction require Tt

o

UZMU=O=’T1"_TZ"=0=T1=T2 *‘-4—-‘

i Y
+1ZEV=0=T1+T2—4.9=0=2T,=4.9=»T,=T2=2.45kN f" ,

From the example of pulley A we may write the equilibrium of forces on ‘ ‘ *
pulley B by inspection as 1 T

T =T, =T,/2 = 2.45/2 = 1.225kN 1'”' f‘ .
For pulley C the angle 6=30° in no way affects the moment of T about ‘

the center of the pulley, so that moment equilibrium requires o
T =T; = 1.225kN
Equilibrium of the pulley in the x- and y-directions requires

—* zF} =0=Tcos30—F, =0= 1.225¢c0s30 —=F, = 0= F, = 1.06kN

+1 z FE=0=F+Tsin30-T,=0=F, + 1.2255in30 -1.225=0=F,
= 0.6125kN

F= |E*+F*=106%+0.6125% = 1.225kN

Equilibrium a
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SAMPLE PROBLEM 3/3

——

The uniform 100-kg I-beam is supported initially by its W
end rollers on the honzontal surface at A and B, By o '
means of the cable at C it is desired to elevate end B to E

a position 3 m above end A. Determine the required

tension P, the reaction at A, and the angle 8 made by the \

beam with the horizontal in the elevated position. AR fim Chis \B

— -

Solution P
In constructing the free-body diagram, we note that the 1-1&*_\_ :
o™ (v-

8

. ; ; 3)
reaction on the roller at A and the weight are vertical v a7
forces. Consequently, in the absence of other horizontal -~
forces, P must also be vertical. From Sample Problem 3/2 | ’Uil o,
we see immediately that the tension P in the cable equals A% e

the tension P applied to the beam at C. 1
R

3m

Ly

Moment equilibrium about A eliminates force R and gives
(EM, = 0] PlGcos#) — 9814 cosh) =0 P=654N Ans.

Equilibrium of vertical forces requires

[EF, = 0] 654 + R~ 981 =0 R = 327N Ans.
The angle # depends only on the specified geometry and is

sin § = 3/8 =220 Ans.
SAMPLE PROBLEM 3/4 E‘

Determine the magnitude T of the tension in the supporting
cable and the magnitude of the force on the pin at A for the
jib crane shown. The beam AB is a standard 0.5-m I-beam
with a mass of 95 kg per meter of length. 025 m |

: A ¢ ¢ 25° 50 B
Solution: l 3-1- 05 m )
The free-body diagram of the beam is shown in the figure T

with the pin reaction at A represented in terms of its two le—0.12 m ;’_Li m !
rectangular components Ax and Ay, The weight of the

beam is 95 (5)9.81(10')=4.66 kN and acts through its 10 kN
center. Note that there are three unknowns Ax, Ay, and T, . 5m

which may be found from the three equations of equilibrium. We begin with a moment
equation about A, which eliminates two(Ax, Ay) of the three unknowns from the equation. In
applying the moment equation about A, it is simpler to consider the moments of the x- and y-
components of T than it is to compute the perpendicular distance from T to A. Hence, with the

counterclockwise sense as positive we write y T
|
|EM, = 0) (T oos 25°)0.256 = (7 sin 25%)(5 — 0.12) A | 28
10056 -~ 1.5 - 0.12) - 4.66(25 - 0.12) = 0 'if,',‘f,
from which T = 19.61 kN Ans, o .66 KN I

Equating the sums of forces in the x- and y-directions to zero gives

(EF, = 0] A, — 1961 cos 25° = 0 A, =17.7TkN

|EF, =0 A, ~1961sin25'-466-10=0 A =63TkN

[Aw JAS A% A= (17.77F + (6.37F = 18,88 kN Ans,

Equilibrium s
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Prob. 3/5

The 500-kg uniform beam is subjected to the three external

loads shown. Compute the reactions at the support point O, | 15 KNen W

The x-y plane is vertical. [l" - n /“

Solution: ] 1: (o ‘

Beam weight, W=500%9.81/1000=4.9 kN RPN (SN oo d

TEE=0=>V+14-3c0s30-49=0=2V=61kNT Y e ‘

- Z F,=0=F—-3sin30=0=F =15kN - (F,--." A | Vs -;,n_/
‘ |

w | 1 A [
OZMO=O d 0 Al e A vl ]

=(3¢c0530)48+49+«24-14+12-15
~M=0=>M=+4+755kN.mU

Prob. 3/7 =11
A former student of mechanics wishes to weigh him-self but has access only to a

scale A with capacity limited to 400N and a small 80N spring dynamometer B, .

With the rig shown he discovers that when he exerts a pull on the rope so that B i 2
registers 76N, the scale A reads 286N, What is his correct weight? ¢ "

Solution ) &
Pully a: Q) 12 Q.}.’t

Let radius of the pully=r *T‘l‘ISN
y f
DXM{I:O:TZ'F'—T]'r=0=°Tl=T2=76N
LSS A 58 6
T Fv—0=2T1—Tq—O=T3—2T,_2-76—152N1 Ao A ‘1 1,'
- 4
TZEV=0=2T3_T4=0:T4=2T5=2'152=304N1 monnmn ? ‘
ORTIF, =0=4T,-T, =0T, =4T, =4+76 = 304N | f(;f(_i P 2
TEFR =0T, +T,+R—W = 0= 304 +76 + 286 —W = s v

v

{'75}"“‘ ‘\Tl/‘ b

e = thssu
Prob, 3/15

Find the angle of tilt & with the horizontal so that the contact force at B |

will be one-half that at A for the smooth cylinder. \ "}\_;.,./‘
. -
Solution | _‘,'.’p-.::_,,.-'

N
dZF}=0=Nsin(45~6)—55in(45+9)=()}-:—N

(sin45cos @ —cos45sind ) — %(sin 45cos# + cos45sin8) =0

0.353cosf =1.06sinf =0
0.353

1.06sin# = 0.353 cosf = tanf = 778 =60 =tan"10.333
= 18.42° Ans. '

Equilibrium 6
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Prob. 3/38
Calculate the magnitude of the force supported by the pin at A
under the action of the 1.5-kN load applied to the bracket.

T\ggl;ct friction in the slot. |.G&a g %

Solution; ‘

) Z My=0=-15+0.12cos30+ (Nsin30)0.15=0=N

L —— L

= 2.08N -
TER=0=A,-Nsin30=0=A, =2.08sin30 = =
104N 1 s
- ZF,. =024, +15-Ncos30 =02 A, =Ncos30-15 L
A, =2.08cos30-15= 03N - o *'?v_‘}-_ Lk N
A= [A2+A,7 =037 +1.04% = 1.083N 1 nax
Prob. 3/44
The portable floor crane in the automotive shop is lifting a 100kg P
engine. For the position shown compute the magnitude of the force "“‘, .
supported by the pin at C and the oil pressure p against the 80mm.- | 13 [
diameter piston of the hydraulic-cylinder unit AB. S

Solution: “"Sg-‘f‘-o-g;"o | -'L!‘ ﬁ
(450 cos 30) —150 |

o
tana = =13.8° A . _e——
750 + (450 sin 30) 3 /

VY M-=0=981(045+ 1.05) cos 30 +
(F c0s13.8)0.45cos30 —(Fsin13.8) 0.45sin30 =0 SN
F = —3923 N comp. 7 g

Fplds
1) K =020, +Fcos138-981=0=C, ‘T:}*‘u I
= —3923 cos 13.8 + 981 = —2829N = 2829N | (.._,J;@_.f"-/j i s &
=Y B=0=Co+Fsin138 =0 C, = —39235in13.8 o] reomia
= 936N = 936N « s

= fc,z +C,% = /9362 + 28297 = 2980N ¢

Prob. 3/50

The pin A, which connects the 200-kg steel beam with center of gravity at G
to the vertical column, is welded both to the beam and to the column. To test
the weld, the 80-kg man loads the beam by exerting a 300-N force on the
rope which passes through a hole in the beam as shown. Calculate the torque
(couple) M supported by the pin -
Solution

elded 200Kk W=80*9.81
3 Z M, = 0= —M+1962 « 1.2 + (785 + 300)1.8 + 300 + 2.1 = 0 Mo S1gen J”“-‘
=M =4937N.m U [——4
M 1 1200 man ~=t=H00 - 800 mm
= A, ~1962 —300 ~785-300 =0 = A , = 3347N 1 i
30N 300N
= Z F,=0=A4,=0

Equilibrium 7
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Truss:

A framework composed of members joined
truss

e

Cussrtanly Used Rool Trussss

e Common examples of trusses: Bridges, roof supports
« Structural members commonly used are I-beams, channels, angles =X
e [deal truss members are fastened together at their ends by pins
connections (the centerlines of the members are concirrent at the
joint as in Fig). While aciua/ truss members are fastened together
at their ends by welding, riveted connections, or large bolts or pins. !

Lesturer; Dr, Bashar Abed tamen

at their ends to form a rigid structure is called a

¢
|
|
o’ §

e All external forces are applied at the pin connections (joints) as ¥ K

shown.

e For large trusses, a roller, rocker, or some kind of slip joint is used
at one of the supports to provide for expansion and contraction 4, 4 4 o

due to temperature changes and for deformation from applied

loads.
Method of Analysis

Joint Method:

1. Method of Joints,

2. Method of Sections.

This method for finding the forces in the members of a truss consists of satisfying the
conditions of equilibrium for the forces acting on the connecting pin of each joint. The method

therefore deals with the equilibrium of
equilibrium equations are involved.

YFE =0,

Y F, =0, ateach joint

concurrent forces, and only two independent

Truss 1
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* Draw free-body diagram for the truss, then calculate reactions F E
R1 and R2.( use ¥ My, p = 0, X F, = 0 for whole truss)
* Tension force, (such as AB) will always be indicated by an
arrow away from the pin Vs —r ¢ 2%
» Compression force. (such as AF) will always be indicated by l

an arrow foward the pin. r 7
» Draw free-body diagram for each joint, y N
» We begin the analysis with any joint where at least one known 1,/ :
load exists and where not more than fwe unknown forces are )
present. T I T
» Apply equilibirum for each joimt L, =0, X F, =0 R, L Ry

¢ Solve equations of equilibirum to get unknowns

o,
. | ’ |
= 3 T AF b BF DE L
go——— ——y
/ ' / . A¥  BF BE DE
£ a7 i / g 7 s AR = —me = =D
y < / » * 'i‘ c
s v .
b —
- hommnds R L R
\ JCEwc
[ A |
A WL o lr—
— dui €
' & e I o
i £
BE gy 7\ ae /™ o
5 / c \“
) Lol
{ | L
T ) [=1
D - -
L ‘IM ne J-“x

— dez= 0

e It is often convenient to indicate the tension T and compression C of the various
members

e Sometimes we cannot initially assign the correct direction of one or both of the
unknown forces acting on a given pin. If so, we may make an arbitrary assignment. A
negative computed force value indicates that the initially assumed direction is incorrect.

e When two collinear members are under compression, as
indicated in Fig., it is necessary to add a third member to t’, .
maintain alignment of the two members and prevent ’
buckling. We see from a force summation in the y-direction
that the force F3 in the third member must be zero and from
the x-direction that F1=F2. This conclusion holds regardless
of the angle 0 and holds also if the collinear members are in
tension. If an external force with a component in the y- /
direction were applied to the joint, then F3 would no longer 7%
be zero.

EF, =0 requires ¥ =0

IF, » 0 reguires F, = F,

Truss 2
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SAMPLE PROBLEM 4/1 {
Compute the force in each member of the loaded cantilever truss by B oda D

the method of joints, A i
Solution.

If it were not desired to calculate the external reactions at D and

E,the analysis for a cantilever truss could begin with the joint at the *1 LJ ™ L"‘
loaded end. However, this truss will be analyzed completely, so the '

30 AN kN
first step will be to compute the external forces at D and E from i /
the free-body diagram of the truss as a whole. The equations of = £
equilibrium give f <
[EMg=0] 57 -20(5) - 30(10) =0 T =80kN fos T )
(EF, = 0] 80cos30° — E, = 0 E, = 69.3 kN e 1T o
1:"'! kN ‘:‘ll kN Tl:

(EF, = 0] 80sin30°~E, ~20-30=0 E, =10kN

draw free-body diagrams showing the forces acting on each of the connecting pins. The
correctness of the assigned directions of the forces is verified when each joint is considered in

sequence. )

Joint A: /“‘

$Fy=0 AB sin 60- 30=0=AB=34.6 kN T U =
TFx=0 AC- (34.6)cos 60=0=AC=17.32 kN C e A
Joint B must be analyzed next, since there are more than two L " WIS ac

unknown forces on joint C.

Joint B Joint A dant &
LFy=0  BCsin60 -ABsin60=0=>BCsin60-(34.6)sin60=0= BC= 34.6 kN C

IFx=0 BD- AB cos60 -BC cos60=0= BD- 34.6 cos60 ~34.6 cos60=0=BD=346 kN T

Jomnt € BC =

XFy=0  CDsin60-BCsin60-20=0= CDsin60-34.65in60-20=0=> ***" ™ -
CD=57.7kNT ;,.«,\/: 60°Y 68.3kN

IFx=0=CE-AC-BCcos60-CDeos60-0= T = &
CE-17.32-(34.6)c0s60-(57.7) cos60=0=CE=63,5kN C 17.32 ‘-\'l 835N 1
Joint E WkN 10kN
LFy=0 DEsin60-10=0=DE= 11.55 kN C Joint € Joint £

Prob. 4/9

Determine the force in each member of the loaded truss. b

Solution;

,I\HI»H ( L4 PO | (

YFy=0 CDsin30-3=0=CD=6 kN C .!-;:7*;.;-” S i ’.7'”1
YFx=0 CDcos30-CB=0=6¢0s30-CB=0=CB=52 kN 1 |
Joint D | =
YFx=0 DEsin60-CDsin60-0=DEsin60-6sin60-0=DE~6 kN C v

LFy=0 BD-CDcos60-DEcos60=0=>BD-6c0s60-6c0s60-0=2BD=6 kN T
Joint B

LFy=0 ABsin30-BD=0=>ABsin30-6=0=AB=12kN T T*
IFx=0 BE-ABcos30HCB=0=BE-12¢c0s30+52¢0=BE~5S 2 kKN U  Ax e

Joint E f\\
AB
<ot
! ot

AE

Jomt A
LFy=0 Ay+AE-ABcos60=0=Ay+3-12cos60=0=2Ay=3 kN1
IFx=0 -Ax+ABsin60=0=2-Ax+12s5m60=0=3 Ax=06kN+

YFx=0 RE-BE-DEcos30=0=3RE-5.2-6c0s30=0=RE=104 kKN - B .
IFy=0 DEsin30-AE=0=6sin30-AE=0=AE=3 kN C - —4\ : F b ‘71
(=]

5
il

Truss 3
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Method of Sections

In choosing a section of the truss, in general, not more than three members whose forces are
unknown should be cut, since there are only three available independent equilibrium relations.

Example: determine the force in the members BE,FE and BC.

F E e ", ¥ i E

: 9 y f ¢ EF =y

y | Aue o

b HE \
A 7] | ' é y" / :
/ . o P, 7 N U BC S

EEELELE §E i
z I L : R,

* Draw free-body diagram for the truss, then calculate reactions R1 and R2.( use
L Myorp =0, LE =0 for whole truss)
* An imaginary section, indicated by the dashed line, is passed through the truss, cutting
it into two parts,
Lefi-hand section
X Mg = 0 = get force EF
X F, = 0 = get force BE
2 Mgz = 0 = get force BC

Truss a
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SAMPLE PROBLEM 4/3

Calculate the forces induced in members KL, CL, and CB by the 20-ton load on the cantilever
truss.

Solution: A

BL=16+(26-16)2=21 fi A oL
OEM,; = 0 20(5)(12)-CB(21)=0=CB=57.1 tons C w /| /1 /1 /12 25
f=tan™(5/12)=22.62°, cos 0=(12/13) O B o ) 3
OZM=0 20(4)(12)~(12/13)KL(16)=0=KL=65 tons T " 6 panals a1 12 -1
PC/16=24/(26-16)=>PC=38.4 ft 20 tans
B=tan”'(CB/BL)= tan"'(12/21)=29.7° -
EM,=0 20(48-38.4)- CL(c0s29.7)(38.4)=0=CL= 5.76 tons C , e
OR | -
£F,=0 -CB-CLsinp +KLcosf=0 Wy R
-57.1-CLsin29.7+65¢c0s22.62=0=CL= 5.76 tons C 1 g ¢ =

20 tons

10 kN 1 2

SAMPLE PROBLEM 4/4 10 kN * 5 - i
Calculate the force in member DJ of the Howe roof truss ‘ ct [ N R
illustrated. Neglect any horizontal components of force at the 8 e N o i
supports. LF TR ‘I -
Solution: 10 kN
IMG=0 A*6%4-10%2*%4-10%4%4-10*5%4=0=> A,=18.33 kN1t r Spacnbatém "1
SF,=0 A, + G-3%10=0= G,=11.67 kN1 W0 KN 1 2
section 1-lefi side 10 kN { 12 s
f=tan" (4/4)=45° B %
IMA=0  Clcos 45)(2%4)+ Cl(sin 45)(4)+ 10{4)+10(8)=0= 2 e ‘ i Gm
CJ=14.14 KN =14.14 kN C il g 'l e
section 2-right side f = 10kN L‘,

EMG=0 -10*2%4 +DI*3*4-CJ(cos45)3*4=0 FAL—— 5 panels at 4 m ————
DJ=16.674 kN T

D& E 1 - 10 kN
% VD l\ ]

I ) Gy L0 Y
—— - & « i
Jd 1 H |2 9\\

10 kN 1 A e

. f =
Ay=1833 kN
Section 2 Section |

Prob. 4/48 0

Compute the force in member GM of the loaded truss P l
F

Y

i

|/

- & 5 ¥ . 5 .
¥ R @ P2 0 X N L gi»

Spatels st 3m

Truss s
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Solution:

UM, =0 —Ry+24+-+24+P(21+18+
15412494+6+3)=0=2R, =4P 1
TZI-‘,,:U::R,.+RK—8P=U=>H, =4p 1

Section 1-1 right hand part

2 6-2 :

- — =

T x m ,
OZMZ:():aRKtx—((iM-cosH)lZ—va—P(9+12)

=0
=>4P-6—((.'Mt

V34

p
)12—2-6—P(9+12)

=0=>6GM =0

Truss 6
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Distributed Forces

e The body will be in equilibrium under the action of the ——— —ps s
tension in the cord and the resultant W of the gravitational \
forces acting on all particles of the body. This resultant is g L b
clearly collinear with the cord. 8 ey B Gr
o For all practical purposes these lines of action will be i 3 l
concurrent at a single point G, which is called the cenrer of
" w W

gravity of the body.

Determining the Center of Gravity

Apply the principle of moments to the parallel system of gravitational forces. The moment of
the resultant gravitational force W about any axis equals the sum of the moments about the
same axis of the gravitational forces dW acting on all particles treated as infinitesimal elements
of the body. The resultant of the gravitational forces acting on all elements is the weight of the
body and is given by the sumW = [ dW,

The moment about y-axis of the elemental weight=xdW

The sum of these moments for all elements of the body about y-axis = [ xdW .

Moment of the sum =¥ W

Moment of the sum must e¢qual the sum of the moments, TW = [xdWw -
— [

moment of sum  cum of moments

Similar expressions for the other two coordinates, ¥, Z of the center of gravity Gt
ok | xdW
X S
W
o | ydW
y = +~—— )center of gravity coordinate
E "
- | zdW
z -

W 3
With the substitution of W= mg and dW= g dm, the expressions for the ”
. . <
coordinates of the center of gravity become fow ‘..-
[x g dm N [y g dn o [z g dm
~— y = —— 7 —— |
m g = m g m g i

| x dn A . E
X Sh— e 2
m e
|y dm

y = center of mass coordinate
S m

" | 2 dm
Z o—
m
Where, W: weight, m: mass, g gravitational acceleration
If p. the density of a body is its mass per unit volume (V), then dm =pdV
If p 1s not constant throughout the body
- | ¥ pdV
y X pdY
JpdV
| ¥ pdV

¥=

center of body coordinate

Distributed Forces 1
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Centroids of Lines, Areas. and Volumes

When the density of a body is uniform throughout, it will be a constant, then center of mass

concise with geometrical center and termed ceniroid.

Centroid of Lines

L: length, A: cross-sectional area, p: density

If A and p are constant over the length of the rod, the coordinates of the center of mass also
become the coordinates of the centroid C of the line segment

[x ab

) S y—

ik

Jy dbL
L

- Jz 4L
&, Epee—

L ¥

In general, the centroid C will not lie on the line. If the rod lies on a single plane, such

as the x-y plane, only two coordinates need to be calculated.

Remember,

Centroid

y =

=0 [1+(E2? Ldx ify=Rx)

dx

i=[" 1+ 2. dy, ifx=g(y)

SAMPLE PROBLEM 5/1 2
Centroid of a circular arc. Locate the centroid of a circular arc as ' \
shown in the figure. 1 >
. . “ -
Solution. E )
Choosing the axis of symmetry as the x-axis makesy = 0. A differential /
element of arc has the length dL=rd0 expressed in polar coordinates,
and the x-coordinate of the element is r cosf o ,\3
L= 2ar O
. plr . s P e Yo
~ | x dl ' _’T(l cos@) (rd@) r? Iqin ,‘)]'_;'d r ) == -4 =t
X = —= , = = —(sina —sin (—))
L 2ar 2ar 2a £
~ rsina
=
o
- 4= ‘a ; . " r 5II)E, 2r
For a semicircular arc 2a=a, which gives y = —=* == —_ —
F . ,// e \\ i /
. . . Ca ; 2 [
For a quarter-circular arc 2a=2/2, which gives ¥ = i= —n: ' R
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Prob. 5/38

The homogeneous slender rod has a uniform cross
section and is bent into the shape shown. Calculate the
y-coordinate of the mass center of the rod.

Solution: s x = ky?
x = ky? )

1
@=100,y=100-#100=k1002->k=m I |
dx/dy = 2ky 100 mm
__Jydl
y==—

100 100 100
fy dL=] yV1+ (dx/dy)*.dy =f yy1 +(2ky)2.dy=f y J1+ 4k?y?.dy
0 0 0
, 100 o ik 100 100
8k* 1 (1+4Kk%y?)

— | yyTFaErdy =

8k*
0

8k? 2

8(0.01)2 -

2

_[ L (1+4k%y?)
= 8483 mm
dl = T+ (@x/dyy.dy » L= [, JI+@dx/dy?.dy= [ " [T+ 4k dy =
148 mm
[y dL_8483

I m =57.3 mm

}7:

Febky
100 mm L C(x' ')

Centroids of Areas
When a body of density p has a small but constant thickness t, we

can model it as a surface area A. The mass of an element becomes g =
I ‘ P N
dm =p t dA. Again, if p and t are constant over the entire area, the 3 A e
coordinates of the center of mass of the body also become the ;f/\\ ir & /
coordinates of the centroid C of the surface area, and the coordinates | A% \:\\ / /
may be written PR i
o k v J
[irst moments of arga S~ :
> b -
| x dA
X - x
A
[y dA Centroid
.»' -
A
Jz dA
i
A

Distributed Forces
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Choice of Element for Integration

~ [x dA [\'l: x (y1 —y2 )dx
X o =
A A
x2
A= ff__vl —y2)dx
x1
2 .
sty da_ [ y(y1 —y2)dx
- A A
OR
[x dA Jh v (x2 —x1)dy
g = _dn
A A
y2
A= f(’xz -x1)dy
y1
i ’ y (1/1_ I.] vy (x2 =x1)dy

A A

SAMPLE PROBLEM 5/2

Lesturer; Dr, Bashar Abed taemen

Centroid of a triangular area. Determine the distance h from the base of a triangle of altitude h

to the centroid of its area.
Solution;

By similar triangles x/(h-y)=b/h—sx=(b/h)(h-y)

_ [y da
h:y: 1

h

h b
M=y da=[y aay= [y(3)h-y)ay
0

A :
0 | \
b [ b[hy? hy*]" _ bh? | \ @
= hy — Zd,_:________ —_— | \ h
hf(yy)’ h[z 3] 6 | A —
2 : 0 1 K 4
h h \
A f d f (b) ¢ Y bh - VR 5O 2o
= X = - R — = r~ e *
y h ylay ==
0 0
. bh?
= fydA_ —& [
N
SAMPLE PROBLEM 5/3
Centroid of the area of a circular sector. Locate the centroid of the A\
area of a circular sector with respect to its vertex, 5 \‘\
a C
< —ﬂ— - - -
. "
: f
,/’
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Solution 1

The x-axis is chosen as the axis of symmetry, and ¥ is therefore automatically zero. We may
cover the area by moving an element in the form of a partial circular ring, as shown in the
figure, from the center to the outer periphery. The radius of the ring is r; and its thickness is
dry. so that its area is

dA=2ryudr,.

r . r .
o Sina ) " i A\
M,=|x dA= (T) (2padry) = 2sina | §°dry r <\
o | "‘ ‘I ‘|
0 0 | ,_.,\ (A H"“l
nr 1 3 e et § S
S To Zsinar o U |
=2sina|—| =—— 4 A
3 3 A
2a o roSing )
L, - —
A=r’n—=ra - -
n
a zsina @
7 [x fA= 3 =2rs|nu
A ria 3
. . ~ ¥
Solution 1. Triangle of differential area A ;
a o1l | X, - 5 reos@
M f dA f (2 0) @ﬂ ) r f 6do G
y= % = | (=rcos —71) =— | cos = I , \
y 3 2 3 s
-a - | N ;;’/:/Tﬁ,,
Clsin6le, = S [sina—sin—a] =2rdsina g |
=—|[sinf)%, = —[sina —sin—a] =-r’sina / |
3 =38 3 " '
2 2a p r
A=r*n—=ra
2w
2sine @ >
_ JxdA —5— 2rsina
X = = - = -
A rta 3a
- Y . A 2rsina 2 4r
For a semicircular area 2a=n, which gives ¥ = ——=—72= —
RT3 35 3n
) - . . 4r
For a quarter-circular area 20=n/2, which gives ¥ = j= = e s e
> P -
J Cy Ay f—s
' ! R
\ r—- e r
SAMPLE PROBLEM 5/4
Locate the centroid of the area under the curve x=ky” from x=0 to x=a.
Solution 1. A vertical element :
: 5 a : :
X=k)"-‘(l=kb'—‘ '=F " x =k~ o
o ' <
. E
My, = | x dA=| x(ydx) y A "
C
0 . |
a o P ¢ | | 1
" s |X 1 B 1 X3 3 2 / ‘I
=|x -de == | x3 dx=——|5 =:/—ah : l
ka 0 =) 3 a =
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4
x3 3 y
A= [Jydx=[] f — ,f X3 dx= [—;—] =zab
|7)! z )y bt —

fx dA -aZh

P ERN— —:_’U

A N ~(m 7

M,=J2 dA f— (ydr)—j—dx—lfl(: ), Fdx

ny
=_! Jx\dx = [“I = —ab2
203 5 253 10

X aa Zab?
= e = A

A 2ab
4

2
=b
5
Solution 11, The horizontal element of area
b b

a+x a+ ky? 4 3
M, _fx dA _f (T) [a —x )dy] _J( - ) [@—ky®)dy] =>a?b
0 0

3 L omer)
A=J’(a—x)dy=f(a—ky3)(l_v=—ab R g INR] I
4 B i
0 &k
b b 3 y i
M, = fy dA =] y [a—x)dy] = f y fa—ky*dy] = mah‘ 1 f
0 0 s i |
‘ l 3
Prob.5/18
Determine the coordinates of the centroid of the shaded area.
Solution; i
: : b 1
ylzkr—’b:kcr—'RZF " / “
b, 'y ‘
N = a? x :
Ay _ b-0.5b i yudet!
MR ™ a0 3g , :
- — Y-03hb - Yo = bfx
—2(,- X =0 y-’ ‘u+l)

A=f(yz ~y1 )d.t:f(l¥(£+l)l—l% f|)dx
0

0

x3 Lot
(E(-l + X “Z 3 ” bu

a

M, =fx dA =Ofx(y2 -yl )dx=!x([g(;+ 1)]—[(% f])dx
= [ (G- A= |bE+5)-

55 -%
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ba?

= £ e 2

- l X r!.‘_ 6 - '
X == 5 - '{'_'(l'

A Zpa S

I dA fyl-f-y)(z yl)dx—%[ 2 —y,*ldx
0

1 i 2 23ab?
=§]I(§(;+1)) _(‘% "‘) ]dx: 1:0
\)

23ab*
§ = [y dA: 120 ﬁ!
A .:;Zba 50

Prob. 5/31
The figure represents a flat piece of sheet metal symmetrical about
axis A-A and having a parabolic upper boundary, Choose your
own coordinates and calculate the distance from the base to the
center of gravity of the piece.
Solution:
y = ag +ax + a,x?
v =ay +2a,x
y0)=0=a,+2a,*0=a, =0

y(0) =20=ay,+a, » 0= a, =20

y(30) =50 =20+ a, *30° = a, = -“-)

axz

o 30

2
A= fydx-zf ydt-Zj (Z()+To)dr— 1800 mnt

~30 O

10 y
S x2\*
M, = jy dA =f’: ydx= ZJ ’l;-dx =f (20 +§6) dx = 29400 mni
0 0

- y dA 29400
y—'—=—— 16.33 mm
A 18 00

Prob,5/29
Determine the y-coordinate of the centroid of the shaded

area.
Solution:

Distributed Forces
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o _— a
o sina 2)‘[7‘0 roﬂnf 27'(1‘0
Mx=jy dA =f = 2 dry =f 7t Tdrll

2 s

_ J i 25 o

= — = pedr, = ——a-

| RV AL TN

=_ Jy dA__ |2\7aa — am o
L dos A Zma? W2t

Prob. 5/36

R
The thickness of the triangular plate varies linearly with y >
from a value t; along its base y=0 to 2 t; at y=h. Determine “
A
the y-coordinate of the center of mass of the plate. [§
Solution — ,;L.,.
D=x: 2 - = g
h=y B LY 200 -
P N | [y B
y _ h 1 it h y | = E.
t ‘ Bl < LR
t=to+t, =t, +7;-J-y S S =~ oy - e ==
5 Yy P Lot ! '
=1+ +h) L b _ X e
 fydm [y pdv [y ptdA
N [pdV — [ptda
h h
N\, , Y\ / b 2
m= fpnm = pf |t,,(1 +I—n)] (b —x)dy = t(,pf(l +E) (h - I—!y)d_‘. = il(,pbh
0 o
¥ y : h ¥ b\ topbh?
M,—J y /.'f([xl-—p.’ y k"(l+Z)][{’_‘1 )dy —t(,pJ y(l +7[-) (‘17~Ey)d} ==
B topbh* }
§ == 42— = 0,375 hCompare with ¥ = = for uniform thickness
| ptdA ;lnpbh 3
| fy
Prob.5/42 i o

The thickness of the semicircular plate varies linearly
with y from a value 2t, along its base y=0 to 1, at

y=a. Determine the y-coordinate of the mass center of
the plate.

Solution

ty/2 ty/2 7o't
—= -t =ty(1—"2sinf
a=rg5ind a 1 0( a )

tr,0) =ty +1t, =ty + [(»,(1 - :;’siné})]
= to(2 — 2sin )
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t a

Lesturer; Dr, Bashar Abed taemen

B A it —— L
= fpld/\ = ” 'p[to(z — " gin G)Ir(,dﬂ d = p:(,” (2r, = 2" sin@)do dj
a ] 0 a
a R m
| 2 3
= ptof [ % sin()l de = ptanJ (1 ""a)dﬂ = ptya? I +r°"—"]‘
3a 0 0 3 Jg
= ptoa’ (— - ,-) = 2 = 2475 pga’
2 3 e
tweo quarter-circulararea
. a2 e TdA
M, = J y ptdA= ” rasin 6 p|to(2 — 2 sin 6)| 7,48 dg
oY
&
3 > B %
= pt(,JJ (2ry% sin @ — “_sin® §)d0 dy
] o Q
I_COVSVZVS
n P n N
i[2ry® d s ¥ 7 2a° g ——
= pty ——sinf —2sin“ 8| dO =pty [ (——sinB —— sin? #)do
3 4a 3 3
0 0 0
= 3
; J’: 28™..- o :(1 (0526) 0
= —sing ——|1- C
Ply o % 2
w
t 3I e ‘(6 Si"w)lz t 3( "+2) 2
= ptpa’ |——cosf — - =pha’ | ==+«
% | =3 " ) 16 8
= 09406 ppa’
g = LLecs 99408 m,' = 0.38 aCompare with § = 3 = 0.424 dfor uniform thickness
’ fptdA 2475 pga? I
Centroid of Composite Figures
. ZAsx
. :“T
. BAY
o= T
v 2-“1
SAMPLE PROBLEM 5/6
Locate the centroid of the shaded area.
g 20 - - 120 -
) f J
J 40 J'n:-
4 LN ! i
' 40 by
2 Vil *m Y L 12,
G5B 8 LN fessd (B B B
55— 0 20 20
30 20'20
Part_|A(mm’) [x(mm) [y(mm) A% [Asy
| rect. [120%100=12000 _|120/2=60 ‘lm)"kﬂu L 12000%6=720000 | [12000°50= bmumu
2 i, [(60*100)2=3000 I’o {60/3)=140 [100/3=33.3 ) 420000 Jm_mqn
Ior |(307*n)2=-144 130+ 30=60 2rsinag _ 2 30sin? 5 184800 18000
T =L =1273
4 rect [20%30--800 304304304 204(20/2)=1 20 _ln-q-mf:) 40 1=96000 -32000
Total [12790 | | 1959000 anm
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Eng, Mechanics-Statics- 1" stage
YA«x 959000
X - = =75 mm
TA 12790

_XA+y 650000
Y34 T 1279

= 50.8 mm

Determine the y-coordinate of the centroid of the shaded area.

ntard Y y

{ a
/e |
| i "4 O X ! g0* "\’ 60 :
Part | A(mm’) x(mm) j v(mm)
1 tri. h h? 0o |2
h= I=h
— .tan 60 tan60 | 3 000000
2 cirenlari@®*nn a*n 0 T_ renae 2 n:m: 2
— e T = e |7 ——— = - —— = -0
| sector |2m 3 6 3 a 37T
Total \
2 o a’
D LAy _ 3uan6d 3 _ 4k’ -2v3 d
' LA X _dx  6h* —3na?

tan 64 6

Prob.5/75

Determine the y-coordinate of the centroid of the shaded area.

%
B0 e g
¥ l’" I n
{ | N = |
I X ' '
Solution
.~120 20
8 = cos o = 66.42
Part 1\(""“2) x(mm) v(mm) A*xi A%y
1 semicireular |70%m 0 |4 4«70 p 0 228670
- — = = 29.71
| 7 Vil 3~ 3n |
2 cire wlar sector ;_0_1_‘_'_' «132.84 = —-2898 ) j rsina = 2 Sos“‘:’ 42 = 26.35 0 ’-76365
360 Jho& 3 31159 !
3 Triangle 45.82%20=916.4 0 0 |
Total 5715 [T
T A 5452
y= “‘"|' = 1:»4: ‘= 28.8mm
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TABLE D/3 PROPERTIES OF PLANE FIGURES

AREA MOMENTS

FIGURE CENTROID OF INERTIA
o
Arc Segment - jf e F e lEDG —
o

Quarter and Semicircular Arcs

v v o v LR
Co—xq—7 ( ¥y ==f et
v r o
\J
¥
¢
wr
X =1, = 25
- =
~ - | L ERSY | -
Circular Area c* x 1= s
) s o
.'TI'I
3 I, =1 =~
. )
) T T 8 |
Q 1 S C T=4_r I a|===]|
Semicircular = . . w!
Semicirouliay ‘ — 3 8 On
Area ‘ r y
! X '.-r"
[, = —
4
wr
y I,=1 =—
16
Faymi ILel=l&-4)p
Quarter-Circular x C 3= ) 16 Sr
et
Aren IT
K o~
) x [ =2
> .
- 1
¥ I, w —(o - = ain2a)
. y >
i 2
»
Ares of Cireul & - - 2 rsno oA 1 3
Area of Circular Sy | Y r = 3 o I, = —iox + =sin2a)
Sector a C | ¢ H 2
i 2
I, = =r'a
2
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TABLE D/3 PROPERTIES OF PLANE FIGURES Continued

AREA MOMENTS

FIGURE CENTROID OF INERTIA
Rectangular Area b bh®
Yo x :
i T R Wi
5 LA = L=
1
- X
I M ( hJ + h*)
|- h —-t 12
_ b3
a9 T*1 - a+b I, = TT
\ " X = " -
X L0 ; 3
Triangular Aren  ~7"1_ | A j = b
|y 3 36
1 L 13 h
» b - 3 I = i.:
: 1
Area of Elliptical rab? - 4
. L=t 7 (Z_4 )0
’ Quadrant s -da =15 116 9.'1"
- 3=
il . | Y W
L = [l = -%b I, = Im - ‘—1;|u“h
B R = _4b y
| X e ) = e—
e 7=
¥ ‘ mab 2 . 32
| & x = E‘—lu + b
a
Subparabelic Area .
L= &
v £ o
\':kr".—.-'-“-x" ¥ =24 -
y * a? 1 ]
3 T \'C b - o 3b
- 1= = :
i » 1, = ab|%+ & |
55 ~ X '5 21
Parabolic Area 2 oab®
y e Sa S -
| v =ky'= i X x5 B '
- e 2
aeanstet L3 o i s
53 "B 2
- I, = 2ab(%= +2 )
1 —X = 5 7
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Frames and Machines

Frames: are structures which are designed to support applied loads and are usually fixed in
position.

Machines: are structures which contain moving parts and are designed to transmit input forces
or couples to output forces or couples.

The forces acting on each member of a connected system are found by isolating the member
with a free-body diagram and applying the equations of equilibrium. The principle of action
and reaction must be carefully observed when we represent the forces of interaction on the
separate free-body diagrams.

If the frame or machine constitutes a rigid unit by itself when
removed from its supports, like the A-frame in Fig. a, the analysis is
best begun by establishing all the forces external to the structure
treated as a single rigid body., We then dismember the structure and
consider the equilibrium of each part separately. The equilibrium e
equations for the several parts will be related through the terms
involving the forces of interaction.

If the structure is not a rigid unit by itself but depends on its ,.?‘\ : I .."7‘\ 7
external supports for rigidity, as illustrated in Fig, b, then the =_J/ .»,_, “—"
calculation of the external support reactions cannot be completed until ~ // X J b';;
the structure 1s dismembered and the individual parts are analyzed. oolmities Limie o '

It is not always possible to assign the proper sense to every force or its components
when drawing the free-body diagrams and it becomes necessary to make an arbitrary
assignment.

It is absolutely necessary that a force be consistently represented
on the diagrams for interacting bodies which involve the force in
question, Thus, for two bodies connected by the pin A, Fig. 4/15a, the l
force components must be consistently represented in oppasite directions ™ —’t i
on the separate free-body diagrams.

In order to separate the unknowns, need to solve two or more
equations simultancously

In most instances, can avoid simultancous solutions by careful choice of the member or
group of members for the free-body diagram and by a careful choice of moment axes which
will eliminate undesired terms from the equations.

SAMPLE PROBLEM 4/6 ‘ f“‘ Sotns 1ot

The frame supports the 400-kg load in the manner shown. Neglect the 2« |

weights of the members compared with the forces induced by the load : Y —"—

and compute the horizontal and vertical components of all forces acting 4= | =

on each of the members. t ZR— []

Solution L Hhsh, 100 kg

Load, 400*9.81/1000=3.92kN

The three supporting members which constitute the frame form a ..M g

rigid assembly that can be analyzed as a single umit. Also the R

arrangement of the external supports makes the frame statically - .l P e

determinate. r‘ 8% 7.‘;&
Determine the external reactions from the free-body diagram | <& wi,,,m

of the entire frame. tam N i

R

v ZMA =0=392(3+2+05)-D(15+15+05+15)=0
=D = 432kN -
23 F =0 D—Ax=0= Ax = D = 432kN «

Frames and Machines 1
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TEE=02Ay—-392=0= Ay = 392kN 1

Dismember the frame and draw a separate free-body diagram of each member.
Pulley

»YF=0=2P—-392=0= P =392kN

126 =0=P—392=0= P, = 3.92kN

sase 192 EN
Member CE (start with a two-force member) “j SR
VM. =0= Ey,*3—E,*15=0= l:'y = 6—;; s p..Jq:}i;f«:w
: o CIZAN|S o aN o) 94 kN
UEM=0=2C,+3—C,*15=0=C, == ) — { pesasamn
p / 2 2 —.—1
‘ o s b <y
- FE=0=2C-E=0=23C=E, e, ‘
Member BF =15
s > > D~ ‘.fc'
OZMB=0="I").*3+3.92-5=0 43T KN

= —-E,*3+392+5=0=E, = 6.53kN,
E, = Ey =2E,=2+653 = E, = 13.08kN
C, =E, = C, = 13.08kN

13.08
= -—= 6.54kN
2

T Z E=0=—-B,+E,—392=0=—B, +653—-392=0= 8, = 261kN
- ZF, =0= —B, +E, —392=0=—B, + 1308 —3.92 = 0 = B, = 9.15kN
Member AD for check only
UZMD =0=>-A,+5+392+35+B,%3—C,+15

==432+5+4+392+35+915+3-13.08+15=0 0.K

C, y 13.08

1Y E=024,+B,-2=392+261-——=0 0.

- Z F,=0=—A,+392+B,—C,+D=-432+392+9.15— 13.08 + 4.32

=0 0.K

SAMPLE PROBLEM 4/7 s

R PR R E N T T I . . & PR 1208

Neglect the weight of the frame and compute the forces acting on all of its 34

members. mn | W2

Solution: . : : _ v i1 ~’\ k’ 2Sou

The frame 1s nor @ rigid unit when removed from its supports since BDEF 18 soo || 2 00 %,

a movable quadrilateral and not a rigid triangle. Consequently the external | |, N\
f—150 —

reactions cannot be completely determined until the individual members are | pSe12en

analyzed. However, the vertical components of the reactions at A and C can s
be determined from the free-body diagram of the frame as a whole, Thus,

|
C)ZM‘. =0=>-A,+075+120+14+200+03=0=> 4, = 240N | w0 |||

TEE=0=-A,+C,—200c0s8 =0=-240+C, —200c0s3687°=0=C(, =
400N
Dismember the frame and draw the free-body diagram of each part;

Frames and Machines
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Member EF F o (h2u0=13  wostead

Ry . — 2 ® D
OZMF=0=E,.0.18—E,.-0.135=0=1;_., = 1.33E, o :
UXM;=0=F «018~-F, «0.135=0= F, = 1.33F, : %0
—-ZF,.=O=—E,+F,=()=>I’,=L" h F . rx
Member ED Fy .,.
VEIM,=0=200+03—E,+«018=E,+024=0=200+03-E,+018~ g ¢
1.33E,+024=0= E, = 120N = Dy
Ey,=133E, > E, = 133120 E, = 160N | -)g‘.}'/: "'\z\m
F.=E, = F, = 120N L4
F, =133F, =133+ 120 = F, = 160N i

1 Z E=0=Dy,—E,—200cosf = 0= D, — 160 — 200 cos36.87 = 0 = D, = 320N
1

= YF =0=E,—-D,+200sin3687 =0=120~D, + 200sin3687 = 0= D, =
240N «
Member AB
T Z E=0=-B,+F—-A,=0=-B,+160-240=0= B, = —80N

= BON T change dirct ion
DZM,.=O=B,.'l—F,A-0.5=O=B,-1—120'0.S=0=H, = 60N —

-
-ZF,. =0=2>B,-F,+A,=0>60-120+A, =0=> A, = 60N — ‘-
=8
Member BC DV;’_;?‘;’\;—"D«
— Z FbF=0=2-B,4+1204+D,+C, =0=—-604+1204+240+C, =0 i :l o

D 230N

= C, = 300N « Y

Prob. 4/75 .
Determine the components of all forces acting on cach member of the l ==
loaded frame.
Solution: :
OXMg=0=2A,+2r —P(r +rcos45 —P(r —rcos4) =0 = o =
2A,-2P=0=A,=P1

TZE,=0=>A),+B.,.—2P=0=9[’+B),—2P=0=H",:[’I 1(—» j

Member AC
UXMc=0=23A,+17 —A*1r —P(rcosd5) =0=3Psr—Asr— [ o) &n

. 3 e &
P(r cos45) =0=A, = P(1 — cos45) s »
- Z FF=0=2A,—C, =04, =C, = C, = P(1—cos45) r \L‘
L
1 ZI‘ =024, —P-C,=0=C, =0
’ R

Frames and Machines 3
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Problem 4-145(Hibbeler) ¥ \

Determine support reactions.

Solution: e A
800 « 15 ?’»’uﬂ i
Ry = ———— = 6000N [ !
R, = 300 = 15 = 4500N
(800 — 300) = 15
3= > = 3750N
v Z ¢ =0= —(Tsin30)30 — 15T + R, (15 +2) + R, () + Ry (315) = 0

RY

Iy

= —(Tsin 30)30 — 157 + 6000 (15 + 1) + 4500(% + 3750 (215) = 0= 7
= 6375N
1 Z@:o:c_,.+T+Tsm30—R, ~Ry =Ry =0
= C, + 6375 + 6375 sin 30 — 6000 — 4500 — 3750 = 0 = C,, = 4687N 1
—*ZF,. =0=2C,—-Tcos30=0=C, —6375¢0s30=0=C, =5521IN -

Problem 4-156 (Hibbeler)

Wind has blown sand over a platform such that the intensity of the m\'"

load can be approximated by the functionw = 500(%)3. Determine W ooy l

support reactions : {{1]]

Solution; l&_ """"""‘_3_.\‘__

Area under the curve=load, R R = fnwwdx = f(: S()()(i‘;)sdx = e

1250N |

10 10 »\3

M, = [, xwdx = [~ x500(%) dx = 10000N.m - R sonm

___MW_IOOOO_8 . i a

X = R = 1250 =om : -A—H.u.\‘l'mi ﬁ} l

O Mp=0=A,r10-R+2=0=4,+10-1250+2= 0 st ot LLLIMLLY
:1 10w L +Bv

= A, = 250N 1
1 2‘13‘,:0::/1_\,+B).—R=0=:~250+By-1250=0=>[;‘, = 1000N 1

—»Zr;:o:n_. =0

Problem 6-77(Hibbeler) W2-290%
Determine the reactions at supports A and B. T 24
Solution: S g 4
l‘,’;l}l‘_%’i%(_l)):}-%) LRI ITET) § ‘ - ‘.-
Ry =— = 3150N
Z S B et <
VEMg=0=29D,~R, +6=0=9D, -3150+6 = 93
0=D,=2100N1 o e
Wl=PNm

T E=0=2D,4+8,—R =0=2100+85,-3150=0= 5, [ L

4 ¥ 4 - 4 tYeer B

= 1050N 1 —

S sus ” D?' By

- FF=0=>D,—B.=0= D, =B, L. A

Frames and Machines 4
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Member CD: Dy
T ny =0=2C,-D,=0=C,—2100=0= C, = 2100N T kr"‘ :

8+ 2100 v 1
) Z Mc=0= 8D, — 6D, =0 = Dy = ————= D, = 2800N \
D, = B, = B, = 2800N gl

B -
— ZP‘ =0=2C,-D,=0=>C,-2800=0=(C, = 2800N —
Member AC: 330NN
500 + 12
R, :T=30()0N X AV
Tz&zo:f‘y"ﬁ}-Rz=0=>A).—-210()-—3000=0=:»,'1\, \..61;,‘ I It v
= 5100N 1

UZM" =0= 124, = 6R, = M, = 0= 12+ 5100 — 6 » 3000 = M, = 0 = M,
= 43200N.mm O

Prob. 4/74 — s

For what value M of the clockwise couple will the horizontal h 1 S
component Ay of the pin reaction at A be zero? If a couple of o my
that same magnitude M were applied in a counterclockwise 0\
direction, what would be the value of A, ? . L\
Solution:

Member AB _ ism __ l%m

3] Z Mg =0=3A,—600+15=0= A, =300N 1

TEFR=0=2A,-600—B8,=0=300-600-58,=0= 8,
300N 1

—’Zl& =0=2A,—B,=0=2A,=B.=0

Member BC ,.

© Z Mc=0=M—B,(2cos60) = 0= M —300(2 cos 60) = 0 = M 0\ L0
=300N.muU Tcy

If M = 300N.m O, find A,
Member BC:

() Z Mc=0=—M — B,(2cos 60) + B,(2sin60) =0
= —300— H.,'.(Z cos 60) + B,(2sin60) =0= B, = =300+ 1.73B,

Member AB

[ &) x My=0= —38). +600=15=0=-3(=-300+1.73B,) +600*15=0= B, =
347N «

OR-YE =0=2A,—-B, =02 A, =B, = 347N -

Frames and Machines 5




Eng, Mechanics-Statics- 1" stage Lesturer; Dr, Bashar Abed taemen

SAMPLE PROBLEM 5/14

The cantilever beam is subjected to the load intensity (force per unit w
‘ . g b/ g .
length) which varies as w=w, sm(—‘i). Determine the support 1 ERESE

reactions as functions of the ratio x/1. - .
Solution " o

Area under the curve=load,R R = J}: wdx = fol Wo sin(fl—'l-) dx= y K

l
I X { wl 0
Wo = I—ws (7)]0 =Wy ;I—ms (T) +cos (-'—)] =

wor[= (-1)+ (1)] =22 ‘QT« :" -

1.4

2wyl 2wyl s Ay
TZI;():A.V—R=O=>A).— =024, =—-1
-*Z"L:O:/l, =0
Centroid of the load, R:
t 1 !
X nx
M, = fxwdx = jxwo sin(T) dx = wy Jéisin(T) dx
0 0 o U av
Let u=x—du=dx
mx - mx
dv = sin(—) dx = v = —cos(—)
[ n l
j u.dv =uv-— f v.du =
I
O - x t-1 : - PRL 1X (| S
[ x.sin(F)dx = x =cos(=) = [, —cos(=) dx = Ix;cus(lli) + ;{;sm(?)]] =
u . du v 0
¥ v

[1 L cos(™) + :_';{-:;sin(?)}‘ - [of;'cos(?) + i{:—rsin(zlg)}] = |’;] ~ [0]-%

v

lZ
M, = f xwdx = wn-,-l-

0
=Y My wol'; | ) . |
A OR due to symmetry, ¥ = -
w <
= 2wyl 1 wyl?
DZ-MA’—'O:)RX—M:OﬁM: E:-'w: =

Frames and Machines 13
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Friction

In the preceding lectures, the forces of action and reaction between contacting surfaces
are assumed that act normal to the surfaces. This assumption characterizes the interaction
between smooth surfaces. Although this ideal assumption often involves only a relatively small
error, there are many problems in which we must consider the ability of contacting surfaces to
support tangential as well as normal forces. Tangential forces generated between contacting
surfaces are called friction forces and occur to some degree in the interaction between all real
surfaces. Whenever a tendency exists for one contacting surface to slide along another surface,
the friction forces developed are always in a direction to oppose this tendency.

In some types of machines and processes we want to minimize the retarding effect of
friction forces. Examples are bearings of all types. power screws, gears, the flow of fluids in
pipes, and the propulsion of aircraft and missiles through the atmosphere. In other situations
we wish to maximize the effects of friction, as in brakes, clutches, belt drives, and wedges.
Wheeled vehicles depend on friction for both starting and stopping, and ordinary walking
depends on friction between the shoe and the ground.

Types of Friction

(a) Dry Friction.
Dry friction occurs when the unfubricated surfaces of two solids are in contact under a
condition of sliding or a tendency to shide. A friction force tangent to the surfaces of contact
occurs both during the interval leading up to impending slippage and while slippage takes
place. The direction of this friction force always opposes the motion or impending motion,

(b) Fluid Friction
Fluid friction occurs when adjacent layers in a fluid (liquid or gas) are moving at different
velocities. This motion causes frictional forces between fluid clements, and these forces
depend on the relative velocity between layers. When there is no relative velocity, there is no
fluid friction. Fluid friction depends not only on the velocity gradients within the fluid but also
on the viscosity of the fluid, which is a measure of its resistance to shearing action between
fluid layers.

(c) Internal Friction
Internal friction occurs in all solid materials which are subjected to cyclical loading. For highly
elastic materials the recovery from deformation occurs with very little loss of energy due to
internal friction. For materials which have low limits of elasticity and which undergo
appreciable plastic deformation during loading, a considerable amount of internal friction may
accompany this deformation. The mechanism of internal friction is associated with the action
of shear deformation, which is discussed in references on materials science.

Dry Friction

Consider a solid block of mass m resting on a horizontal surface, as shown in |

Fig. a. the contacting surfaces are assumed have some roughness. The ;}_’ x
experiment involves the application of a horizontal force P which continuously
increases from zero to a value sufficient to move the block and give it an
appreciable velocity. The free-body diagram of the block for any value of P is
shown in Fig. b, where the tangential friction force exerted by the plane on the
block is labeled F. This friction force acting on the body will always be in a l |__‘
direction to uppose motion or the tendency toward motion of the body. There is

also a normal force N which in this case equals mg, and the total force R exerted \

by the supporting surface on the block is the resultant of N and F. Vi e

N: normal force

F: tangential friction force

R: the resultant of N and F

@: angle of internal friction

Friction 1
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A magnified view of the irregularities of the mating surfaces. Fig. ¢, helps us to visualize the
mechanical action of friction. Support is necessarily intermittent and exists at the mating
humps. The direction of each of the reactions on the block, R1, R2, R3, etc.

depends not only on the geometric profile of the irregularities but also on the : L
extent of local deformation at each contact point. The total normal force N is the \\ - “(ﬂ
sum of the n-components of the R's, and the total frictional force F is the sum of il R
the t-components of the R’s. When the surfaces are in relative motion, the

contacts are more nearly along the tops of the humps, and the t-components of the R's are
smaller than when the surfaces are at rest relative to one another. This observation helps to
explain the well-known fact that the force P necessary to maintain motion is generally less than
that required to start the block when the irregularities are more nearly in mesh.

If we perform the experiment and record the friction force F as a function of P, we
obtain the relation shown in Fig. d. When P is zero, equilibrium requires that there be no
friction force. As P is increased. the friction force must be equal and Impwoding
opposite to P as long as the block does not slip. During this period zaw %3 A=
the block is in equilibrium, and all forces acting on the block must r| e i
satisfy the equilibrium equations. Finally, we reach a value of P
which causes the block to slip and to move in the direction of the
applied force. At this same time the friction force decreases slightly
and abruptly. It then remains essentially constant for a time but then T
decreases still more as the velocity increases o

Fiws, N

Static Friction

The region in Fig. d up to the point of slippage or impending motion 1s called the range of
static friction, and in this range the value of the friction force is determined by the equations of
equilibrium. This friction force F may have any value from zero up to and including the
maximum value F,... For a given pair of mating surfaces the experiment shows that this
maximum value of static friction F,, is proportional to the normal force N. Thus, we may
write

Fruax = N Applies only to cases where motion 1s impending with the friction force at its
peak value.

F e maximum frictional force.

- - . e .a F
fs: Coefficient of static friction, gy = tan @, = —
N: normal force.

For a condition of static equilibrium when motion is nof impending, the static friction force is

F < u,N

Kinetic Friction

After slippage occurs, a condition of kinetic friction accompanies the ensuing motion. Kinetic
friction force is usually somewhat less than the maximum static friction force. The kinetic
friction force Fy is also proportional to the normal force. Thus,

Fr = N

jtx: Coefficient of kinetic friction, p; = tan @y, = E . (pty 18 generally less thany,)

F;.: Kinetic friction force

Friction 2
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SAMPLE PROBLEM 6/1

Determine the maximum angle # which the adjustable incline may have = .'."\j
with the horizontal before the block of mass m begins to slip. The \’}’l
coefficient of static friction between the block and the inclined surface is M" 2 1'_,

]

M.

Solution

The free-body diagram of the block shows its weight W=mg, the normal \ Wamg
force N, and the friction force F exerted by the incline on the block. The ¥
friction force acts in the direction to oppose the slipping which would occur if l
no friction were present. s

’Zf"r=0:F—mgsin€:0::F=m_qsin9 5 F \

'\ZF).=0=N-mgcns():O:szgcosB

Fax = UsN = p,mg cos 8
sing

Max. Angle 8 occurs =impending motion= F = F, .. ® mgsinf = y.mg cosf = oy

iy >tanf = u, = 6 = tan™! y,

SAMPLE PROBLEM 62

Determine the range of values which the mass m; may have so that the
100-kg block shown in the figure will neither start moving up the plane
nor slip down the plane. The coefficient of static friction for the contact
surfaces is 0.30.

Solution

The maximum value of mg will be given by the requirement for motion impending up the
plane. The friction force on the block therefore acts down the plane, as shown in the free-body
diagram of the block for Case I in the figure.

W =mg = 100 = 9.81 = 981N X g
"ZE" =0=>N-Wcos20=0=N—981cos20 = 0 = N = 922N :L /r,
Fpae = ;N = 0.3 922 = 277N } \j{
2 Z F, =02 myg — Fypuy — Wsin20=0 O

Caze ]

= mp+981—277-981sin20=0=m,
= 62.4kg maximum value

The minimum value of my is determined when motion is impending down the plane. The
friction force on the block will act up the plane to oppose the tendency to move, as shown in
the free-body diagram for Case 11, -‘.‘9 n_—
‘\ZI'_',A =0=N-Wcos20=0=N—-981cos20=0= N =922N l T e
Fax = JtsN = 0.3 » 922 = 277N /\
2 Z r=0=2myg + E,a—Wsin20=10 s N
S my+981+277—-981sin20=0=m,
= 6kg minimum value

x

g

Thus, m, may have any value from 6 to 62.4 kg, and the block will remain at rest.

SAMPLE PROBLEM 6/3

Determine the magnitude and direction of the friction force acting on the A
100-kg block shown if, first, P= 500 N and, second, P=100 N. The ’—'“)f)‘/
coefficient of static friction 1s 0.20, and the coefficient of kinetic friction is 7"

0.17. The forces are applied with the block initially at rest

Friction 3
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Solution,

There is no way of telling from the statement of the problem whether the

block will remain in equilibrium or whether it will begin to slip JOORE0 = INL-N
following the application of P._ It is therefore necessary that we make an l 2 -
assumption, so we will take the friction force to be up the plane, as P‘—‘”’“ ) *."r—
shown by the solid arrow. From the free-body diagram a balance of = il \

forces in both x- and y-directions gives N
W =mg = 100 » 9.81 = 981N

/ZP} =0=2Pcos20+F—-Wsin20=0= Pcos20+ F—981sin20=10....1

'\ZP_; =0=>N-—-Psin20—Wcos20=0=>N—-Psin20—981cos20=0.....2
Case . P= 3500 N
Pcos204F -981sin20=0....1 = 500c0s204 F =981sin20=0= F = <134N

The negative sign tells us that if the block is in equilibrium, the friction force acting on it is in
the direction opposite to that assumed and therefore is down the plane, as represented by the
dashed arrow.
N—Psin20—-981cos20=0....2= N —500sin20 —981cos20=0= N = 1093N
Fpay = N = 0.2 = 1093 = 219N
Since F. = 219N > F = 134N(required for equilibrium), we conclude that the assumption
of static equilibrium was correct,
Pcos204 F —=981sin20=0....1 = 100cos20+ F =981sin20=0=F

= +242Nfriction force to be up the plane is correct assumption.
N—=Psin20—-981cos20=0....2=> N —100sin20 —981cos20 =0 = N = 956N
Frax = ltsN = 0.2 956 = 191N
Since F = +242N > F,,,, = 191N =Therefore, static equilibrium cannot exist, and we
obtain the correct value of the friction force by using the Kkinetic coefficient of friction
accompanying the motion down the plane.
Fi = N = 0.17 956 = 163Nup the plane

SAMPLE PROBLEM 6/4

The homogeneous rectangular block of mass m, width b, and height His .,
placed on the horizontal surface and subjected to a horizontal force /” which T
moves the block along the surface with a constant velocity, The coefficient of -~
kinetic friction between the block and the surface 1s yy. Determine (a) the
greatest value which i may have so that the block will slide without tipping
over and (b) the location of a point C on the bottom face of the block through
which the resultant of the friction and normal forces acts if h=H/2.

Solution,

(2) With the block on the verge of tipping, we see that the entire reaction
between the plane and the block will necessarily be at A, The free-body i eT—r
diagram of the block shows this condition. Since slipping occurs, the friction "r B
force is the limiting valueF, = y, N, and the angle 0 becomes 8 =tan~'y,. »n_4 ™ @ |
The resultant of F, and N passes through a point B through which P must also j b

pass, since three coplanar forces in equilibrium are concurrent, Hence, from | |v*

the geometry of the block

h/2 b
tan@ =y = = =>h= I ans.
&

Ifh > -1%- moment equilibrium about A would not be satisfied, and the block would tip over.
k
OR

<

Frochon 3
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TZFy=0=>N—nlg=0=>N:mg

—oZF,=O=>Fk—P=0=>P=Fk=;4,‘N=P=;mny

mgb mgh b
- = h=- = h=—ans.
2P 2u,mg 24t

{b) With h=H/2 we see from the free-body diagram for case (b) that the |
resultant of /. and N passes through a point C which is a distance x to the ‘

b
OZMA=0==mgz—Ph=()=9h=

left of the vertical centerline through G. The angle 8 is stillé = 0 = FE g
tan™" i, as long as the block is slipping. Thus, from the geometry of the "Lu ‘ o
figure Fy—tg .
tan 8 X Wi H i
anl =y =——2x= ans. .

“=nr2 2 _ I\
OR
TZI{V=()=N—mg=()=N = myg
qZ":-:u::l-‘,\.—P:O:P:Fk =uN =P =pmg

H PH mgH M
DZMC:O: mgx —P—=022x=——x =uk g =>x :-‘j— ans.
2 2mg 2Zmg 2

SAMPLE PROBLEM 6/5
The three flat blocks are positioned on the 30° incline as shown, and a &
force P parallel to the incline is applied to the middle block. The upper “/
block is prevented from moving by a wire which attaches it to the ; ,}‘V
o foa - ¢ A . . o w
fixed support. The coefficient of static friction for each of the three .o e e
pairs of mating surfaces is shown. Determine the mavimum value /‘ /‘
which P may have before any slipping takes place. " s
Solution: woslN 3

N Z =0 ' ","n

30kg block = Ny —mgcos30=0= N, —30+981cos30=0= N, = 255N

50kg block = N; = Ny —mgcos30 =0= N, =255 —=50+981cos30 =0 "
= N, = 680N .

40kg block = Ny — N, —mgcos30=0=>N; =N, —40+981cos30=10 L2\
= N, = 1019N

There are two possible conditions for impending motion. Either the 50-kg block

slips and the 40-kg block remains in place. or the 50-and 40-kg blocks move -.,‘\\"‘“ 3
together with slipping occurring between the 40-kg block and the incline. uz
1. The 50-kg block slips, so that the 40-kg block remains in place (1.e. Fy = 7\

Fl"lfl.l" FZ = szmu‘- ’:3 < F:‘!"lﬂ.l‘)'
For impending slippage at both surfaces of the 50-kg block,
Fnax = N
Fimax = #sNy = 0.3 # 255 = F .0 = 76.5N
Famax = psNz = 0.4 = 680 = Fy,p,,, = 272N
) Fx),; - 0=2P—-—F—-F+mgsin30=0=P—-765—-272+50%981sin30 =

0= P =103.5N

2. The 50-and 40-kg blocks move together with impending slippage [rpra
occurring between the (50-and 40-kg blocks) and the (incline and e L
- i
30-kg block)(i.e. F; = Fymax F3 = Famaxs F2 < Famax) S

Friction 5
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'\zF)., =0=N;y;=N, = (50+40)»9.81cos30=0
(4 045 0)kg
= N; — 255 - (50 +40)*9.81cos30 =0 = N; = 1019N

”‘3"1(].1 = “SN'! =045+1019= I'.Sv;m,l = 459N

7 Z Foy o ons o= 0 = —Fa = Fi + P + (50 +40)9.815in 30 = 0

= =459 - 76.5+ P + (50 + 40)9.81sin30 =0 = P = 94N
Choose minimum value of P(103.5,94)N,
&~ P =94N ans.

Prob. 6/5

i ; s
The magnitude of force P is slowly increased. Does the homogencous <
box of mass m slip or tip first? State the value of P which would cause
each occurrence. Neglect any effect of the size of the small feet. )
Solution:
1. Assume tipping occur first about point c. P

zd L
L Z Mc=0=Psin30«2d + Pcos30+d— mg? =0= Pupping ! 14*

= 0.536mg 1 :‘ :
R s

2. Assume sliding occur first. s ’
T Z F,=0=N+Psin30-mg=0= N =mg — Psin30 7 14
*—-ZFX=0=I-'-Pcos30=0=!f:I’cos.ﬂ) 1 'I
Fax = N = 0.5(mg — P sin 30) ".‘» —yr—
For slip beginning,F = F, = .
Pcos30 = 0.5(mg — Psin30) = Py = 0.448mg

Since Pyipping = 0.448mg < Pyypping = 0.536mg =- slipping occur first Ans.

Prob. 6/24

A clockwise couple M is applied to the circular cylinder as shown. e — ¢

Determine the value of M required to initiate motion for the conditions | 01 ™
4 M

myp=3kg, mc=6kg, (u)p=0.5, (n.)=0.4, and r = 0.2 m. Friction —=° |
between the cylinder C and the block B is negligible,

Solution,

Body B

T Z E,=0=2N-mpg=0=N;-3+981=0= N, =2943N
Fiimax = fgysNy = 0.5+ 2943 = 147N

For slipping of body B, F; = Fj,,0x = 147N
4—ZI-L=O=F1—P=()=:P=F,= 147N

Body C: ¢

T Z FE=0a3N,—meg=0=N,—-6+981=0= N, = 59N " ",(9"'_"“
> ’A\-)IZ

—'ZF,=0=F2-P=0=>F2—14.7=0=>F;.=1-;7,\1 a2

Fomax = HeysN2 = 0.4 % 59 = 23.5N
Fy = 147N < Fymae = 23.5N O.K (for motion, not slipping)

J) Z Meenter =02 M —Fsr=03M—147+02=0=3M =294N.m U

Friction [
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Flexible Belts

The impending slippage of flexible cables, belts, and ropes over sheaves and drums is

important in the design of belt drives of all types, band brakes, and hoisting rigs.

Figure a, shows a drum subjected to the two belt tensions T1 and T2,

the torque M necessary to prevent rotation, and a bearing reaction R. WithM 7 - & N

in the direction shown, T2 is greater than T1. The free-body diagram of an !P L\"f"" }'|
N % 7

N

clement of the belt of length rdé is shown in figure b. We analyze the forces
acting on this differential element analyzeed by establishing the equilibrium
of the element, in a manner similar to that used for other variable-force
problems. The tension increases from T at the angle 0 to T+dT at the angle
0+df. The normal force is a differential dN, since it acts on a differential
element of area. Likewise the friction force, which must act on the belt in a "
direction to oppose slipping, is a differential and is pdN for impending ‘
motion

D ke oo S L . t Ly
Equilibrium in the t-direction gives L E?: A
16 6 do L de

e [ [
Zl-‘, =0= Tc057+de = (T'+dT) c057= T+wdN=T+dlr= 7 [T ?

Y ———

/

=1 =1 'l
ﬂdN — dT voe 1 »
Equilibrium in the n-direction requires that
z B, =0=dN = (T +dT)si i + T'si 49 IN =T s + d'l'd” + 'I’d()

=U= = sin— sin—= =1 —_— —
* ¢ ( in 5 sin 5 = > 5 3
_do _48 ignored
dN = Td ...2 . ;
Combining the two equilibrium relations gives
T = ude
T g
dT T, T2
f = f;td() = [lnT];‘; = [;tﬂlg =InT,=InT, = uf = ln-,’:: = uf = e = et =
(i 0 !
T,
_—— ol 3
Ty

I'2: greater force

I'l: smaller force

w: coefTicient of static friction.

{72 total angle of belt contact and must be expressed in radians. If a rope were wrapped around
drum n times, the angle £ would be 2:n radians

Equation 3 holds equally well for a noncircular section where the total angle of contact is [,
This conclusion is evident from the fact that the radius r of the circular drum in Fig. does not
enter into the equations for the equilibrium of the differential element of the belt.

SAMPLE PROBLEM 6/9

A flexible cable which supports the 100-kg load is passed over a fixed

circular drum and subjected to a force P to maintain equilibrium. The &<
coefficient of static friction p between the cable and the fixed drum is [T | S |
0.30, (a) For a0, determine the maximum and minimum values which [~ ﬁ\. -
P may have in order not to raise or lower the load. (b) For P =500 N, I

determine the minimum value which the angle ¢ may have fore the load @ _—
begins to slip.

Solution:

(a)

Flexible Belt 1
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W=100%9.81=98IN TR,
With a=0, # = 90° == rad. geef]
For impending upward motion of the load. T, = B, . T, = W= 981N ‘ "
'l;= P = p"L = l)'s'!:'r = By =1572 N 261N
T, 981 ' e
For impending downward motion of the load, 7, = 981N and 7, = P,
T3 981 0.3¢7 f
—=ef 5 —— =" P, =612N
Tl Pnin
(b)
T,=98IN, Ty, =P=500N TS
T, ., 981 , . TR
— = =5 — =" = 1962 =" =1n1.962 = Ine"3F [/
rl ‘3()0 B ¢“
In1.962 = 0.3 ;—1"1'962—225- 1 :
=1in1i. = .ﬁﬂ[——OB—-— . rada. oL

o 180 5 MP=500N

Baegree = 2.25 * = 128.7°

w
B =90° +a=128.7° = 90° + a =x = 38.7°

SAMPLE PROBLEM 6/10

Determine the range of mass m over which the system is in static s
equilibrium. The coefficient of static friction between the cord P
and the upper curved surface is 0.20, while that between the block =E 7\ m v LN
and the incline is 0,40, Neglect friction at the pivot O, :

Solution = “I' 4

UZM, =0=T,cos35%>L—9+98lcos25+-=0=T, = b

733N s

»~

[. Motion of m impends up the incline. /gl
5Ty ="PLui =733N i l =0
n [y 2,

= 4()+30 Sn—— 122 rad, S e 1 TV
B=( )T " Y
Tz _ opf 733 024122 e .
= = —=¢p =T, =574N e 169
7 Ty
/ Z F,=0=>N—-—mgcos40=0=>N—-mgcos40=0=N X{w g

’ /7
= 0.76myg i :

'\ZF,=0=Tl—mysin40-uN=0 :
= 574—-mgsin40 - 0.4+ 0.76mg =0=m = 6.16 kg

11, Motion of m impends down the incline.

“Ty=Pyn =733N

Sl L =912 5T, = 935N
. 733 2

2 Z F,=0=N=076mg

\Zf'} =0=T,—mgsin40+uN =0

= 935 —-mgsin40 + 0.4« 0.76mg = 0= m = 28.3kg
So the requested range is 6.16 < m = 28.3 kg.

Flexible Bel
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Prob. 6/104

In western movies, cowboys are frequently observed hitching their
horses by casually winding a few turns of the reins around a
horizontal pole and letting the end hang free as shown—no knots! |
If the freely hanging length of rein weighs 0.6kg and the number of 1}

turns is as shown, what tension T does the horse have to produce in

the direction shown in order to gain freedom? The coefficient of friction between -
the reins and wooden pole is 0.70, y
Solution:

Ty =0.06 =981 =0.5886N

n
f;: 2+ 2n +6‘(')~180= 13.61 rad.
2 _ — P07 136 L — T — ~

T = e’ = SEaaE = ¢ 57, =T =8079N = 8.1kN )
Prob, 6/105
Calculate the horizontal force P required to raise the 100-kg load. The
coefficient of friction between the rope and the fixed bars is 0.40. /4—:.‘;
Solution .

d/2
8 = sin™* —3/— = 41.8°

~-d

4
Pulley A
B=6=418+ 1%): 0.7295 rad.
T, ¥, o
—_— phf = = p04 0.7 293, 7. = 1313 N
R YV ] 2
Pulley B

13
=90+6 =(90+41.8) = =23rad.
g ( ) 180
2 ~

—=elf = =942 p =33 kN
T 1313
Prob. 6/111 = ¥

A counterclockwise moment 150 N.m is applied to the flywheel. If the | [ 25 1]

coefficient of friction between the band and the wheel is 0.20, compute the Y ,
minimum force P necessary to prevent the wheel from rotating. . 2 | !
Solution: .
LYM,=0=650P+ 1251, — (450 —125)T, =0 = 0o . :
650P + 125T; — 325T, =0 ... ... 1 T J
ﬁ =n A orm o
ool 2o 0 2o 18742

T T T

1 1 1
Applied Torque= 150 =+ 10°N.mm

A A T, 450
Resisting Torque = (T, = Ty)r .3 = (T2 - m)—z—- +2

Mupphrd = MI‘I.‘ﬂS”"_I[
5 T, 450 :
150 « 10 =(T2— )—:1._. = 1429N
L. O L A ——
1 TDTA - T o, T
650P + 1257, — 325T, = 0 = 650P + 125 » 762 — 325 + 1429 = 0 =P = 568N

Flexible Belt 3
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Area Moments of Inertia

lx‘ =J‘y2d/1 —
Iy = J x*dA N
!
. e

SAMPLE PROBLEM A/l
Determine the moments of inertia of the rectangular area about the centroidal x,- and yg-axes.
Solulion

v
|

h
o = [(y Y2 (bdy) = hj(yl —hy+"ydy=b [ -+t
hh? bh3 . B s [
=h [ (' — + - OI =— about centroidal axis:
' bh* T —
L= y 2(bdy) = b[ ] —ubout base axis
b bx* b2 b —_—
H,—f(x— ) (Izdv)—hf(x —bx+2 )dx—h[ - + x]
2 e P s
hb? Y\ =g
—bI(J — ) —OI about centroidal axis
b -
- a0 hb? —l
Iy = fx*(hdx) =h I—,{—I = —about base axis
- 2Jo 3
0
SAMPLE PROBLEM A2
Determine the moments of inertia of the triangular area about its base and '
about parallel axes through its centroid and vertex |
Solution; Pl §
b -~ A Y
X =ty =—(h-y) Sl T
h=y h . h y - Lo
h ) h b i
_ ny? _ 2 2 n2
Iro = f(y =) (xdy) = f (7 =3hy +5) = (h = y)dy
0 D
£ ! b h
_ b 2 232 3 2 2 Wy hy 2,0y Wyt 2yt hE?
= Hj(hy —3h y+==1) +3h_v ) dy=+ [ 3h i caa +3h3 ,,.2]0
0
bh?
= Tal)out centroidal axis
h "2 h
4 b b )
L= fy‘(.rdy) = fy‘z(h —y)dy = Hf(y"-h —y)dy= —h -—
0 0 0
bh?
= T?about base axis

Arch Moments of Incrtia 1
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SAMPLE PROBLEM A/3 y
Calculate the moments of inertia of the area of a circle about a diametral - try
axis Ry
Solution: 4, A
2m 2r r e |
e — I y#(dA) =[ f(lbsi n 0 (rydfdr,) = f Jro"(si n §*dbdr, 4
2m . 4
Ccosy ar mr
[[ ](s:nG‘)dB-]—(mnBﬂdB-—[ l "’0 dB-—I 5","20l -
0 ?
17".‘
l_r = ,J' = T
SAMPLE PROBLEM A/M4
Determine the moment of inertia of the area under the parabola about the x- ° ]
axis. Solve by using (a) a horizontal strip of area and (b) a vertical strip of
area.
Solution; i
x=ky*=>4=k3%2k = (t o
b — 3y2 4| ..__li
by C s 1
I. Honzontal Strip -
= [y (4 - x)dy= [y (4~ dy= [J(4y* - ) dy= : 5
[«;"—' -y ]0 = 14.4 (unit%) ' ‘
2. Vertical Strip "
’ 1 [eellf . 27[o8° r
= y? By (X3 - |23 : i
L= J?dx = 3[ (—‘) %= 5 i——] =144 (unit%) ‘
0 0 - - it
Prob. A/32
Calculate the moments of inertia of the shaded area about the x- and y-axes,
and find the polar moment of inertia about point O. =
Solution; gzt
-
s = kovx 2100 = k,V100 =k , = 10 Ay -
o 3 e L A B o e
y,—k‘lx =100 = k,100° =k | = s J ‘
= x
Y1 = Togoa™ » Y2 = 100vx
100 100 o 4100
L= J’ yi(x; = x,)dy= f Y*C[E )dy ’,’_- | =1+ 10mm?
Ky "k, Sky” 8
I, = f“’on’ Y J’loox; rl» -a IJ'“)O (x ‘—.x'z"ldy=
3 f0‘°°..‘vlg.';,u;f:z_,am)-z Lo -:’zhm;: 11.9 « 1Pmm* e
OR nehy ¥
100 100 -
I, = f xi(y, = yy)dx= f X2 (kVx = kyx¥)dx= 119 « 1¢Pmm* .,] A
0 ) { s

Arch Moments of Incrtia 2
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Polar Moments of Inertia:

The moment of inertia of dA about the pole O (z-axis) is
k= f ridA = J'(x2 +y%)dA =fx"d/l - fysz =1, +ly
re

Radius of Gyration.k

Is a measure of the distribution of the area from the axis in question,

- ; | ';,f;.A

| - y
‘I) ’x | —
L:L' e o o

=L+, =k, A—l\ A+k A:A'“A“+A

Transfer of Axes(parallel-axis theorems) e e o
C: the centroid of the area. - —

o= [0 +dotan= [0 +2y0d, +d. P da Y

- f(yoz)dA+I(Zyodx)dfl+d,2jd.4 -

o zero dy*A
The second integral is zero, since [(yo)dA = A¥, and ¥,is automatically zero with the
centroid on the xy-axis.
o = lo+d A
by = by * d‘ ‘A
L=lily=lo+d, A+l +d 2 A= Lo +1,0 +A(d,* +d %) = I, +Ad ?

120 =d?

Two points in particular should be noted.
1. The axes between which the transfer is made must be parallel.
2. One of the axes must pass through the centroid of the area.

SAMPLE PROBLEM A/5
Find the moment of inertia about the x-axis of the semicircular area.

Solution. ot i
F oA _ 420 80 !
I 3T 3nm .
1 1 (n20° 20D .
le=3(%) =2(BY) = 62832 mh
202 042
Ig=1I,, +As (1) 262832 =1, + > « G—n) =1, =17561 mih

OR Iy, ‘(.. 2t = (-2)20* = 17561 mh

: (80 .

o=l +A» (F +1F =17561 +72 » C—”-ns) =36.4+ 10 mnt
Prob. A/5

The moments of inertia of the area A about the parallel p- and p' -axes differ
by 15*10°mm’ . Compute the area A, which has its centroid at C.

Solution:

Iz=Ily+A+d* =1, +A» 50° c.
Iy =lg+A%d? =y +A% 757 '

Iy =15 =(lg +A* 75%) = (I, +A = 50%) = 75?4 - 50%A

75°A—-502A=15+ 1P 24 = 4800 mn?

Arch Moments of Incrtia 3
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Prob. A/7

Determine the polar moments of inertia of the semi-circular area about points A and B.
Solution:

2\ 8 L
i nré\ (47 - >
2 —= —_ ) — =3 f, 33 A
be=ly, +Ad2 = =1, ( 5 )(3") 1o =(2-2) /i
Point B X 0
I; = +A1'—( —B)A+Qf.(-_”r)!_(5 A) A
go=s 10 C 8 om T 2 r o= - 8”‘5 7
= lg 1y = Gr)rt + 5 = (et
Point A "%
nr" "rd q s
1= ‘= ri =yt [ T
/_s +Ad 8 + 7 r 3 nr : 3
L +1 mr? 5 3,
' = = —+—-nmrt —Jr
‘ ¥ 8 8 A

Prob. A/9
Determine the polar radii of gyration of the triangular area about points O and A.
Solution;

Point A .
3

Iy =1, =—

at
Iy =1 +1 = z
4 a

=—%Qq
z a
s M et I
Point O
— aa® a'
RESITF AT R "
P a* at
SRR A e Sl Rt
I _ f[a%/2 _
ko= (7= Jaz =
Prob. A/13
Determine the radius of gyration about a polar axis through the midpoint A of y
the hypotenuse of the right-triangular area. (Hint: Simplify your calculation by ‘
observing the results for a 30*40-mm rectangular area.) A 18 440 mm
Solution
3 > 30
L= i’-‘ﬁ = 53333 mrh.l, = T =30000 mih, A= 222 = 600mn? !
= 30 mam

Poi nt \

Le=1y, +Ad ? = 53333 +600 = (20 _.w 2 = 80000mnt

Iy =1, +Ad % = 30000 +600 » (15 = )2 = 45000mnt'
=1 +I = 80000 +45000 = lZ%O()Onnﬁ

/_ 125000
’*'ﬂ*" 1443mm
600

Arch Moments of Incrtia 4
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Prob. A/17
In two different ways show that the moments of inertia of the square area about the x- and x'-

axes are the same.

Solution:
Yo aa® _ at 2| ) o
= —— =
12 12 ! -
5 3
- \Zﬂl‘.:;) " a* -
* 12 12

Prob. A/23
Determine the moment of inertia of the quarter-circular area about the
tangent X' -axis. =

Solution;
I _mr* _ ma* ~ . 31
X736 16 T ‘
P na® : _’.rm2 4a\’ . A :
S O R T (3n) M = ("o

a n 4\ ma® 4a\’
l,f’—_,xc +Ad‘=(14(ﬁ—6—")+7(ll—ﬁ) = 0.3154d

Prob. A/33
By the methods of this article, determine the rectangular and polar
radii of gyration of the shaded area about the axes shown.

Solution .
. Kl

For circular area, I, = [, =7

ror halfecire . = ==t - _ s s

For half-circular area,/, = I, = 5-=-"1—*-" = —ma

15

128

L=lg+ly,=—mna*+2 =£i—'mz"

Arch Moments of Incrtia 5
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TABLE D/ PROPERTIES OF PLANE FIGURES

FIGURE CENTROID
o
Arc Segment « :f—}:r—-; T o= .’_‘(lll‘ﬂ.
Quarter and Semicircular Arcs
o Loy LS - ’ = _2r
v r o
.l
v
/
- =
Circular Area | pl=———uf*
v
c y=3r
S - - prae » e
Semicircular . - an
Area ‘ r y
| %
y
Fuyui
Quarter-Circular x C Jor
1" i
Aren e
| ¥
B -
N
’
Area of Circul & - - 2 rsno
Area of Circular ¥ = _ | x e
Sector ¢ C | b

Lesturer; Dr, Bashar Abed tamen

AREA MOMENTS
OF INERTIA

I/ I/ -_r‘
‘ !
,’T.'"
g
) oy, o .
. =78
[__.|f-i‘,r‘
" 8 O/
ot
=
R
S ST
el =l -]
l(; O
I_Zi
5= 8
A
I, w =l == in2a)
4 2

Arch Moments of Incrtia 6
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TABLE D/3 PROPERTIES OF PLANE FIGURES Continued

AREA MOMENTS

FIGURE CENTROID OF INERTIA
Rectangular Area ! i'
Yo .
i ! y = _ bi?
h + o( Lx —_ Iy = _;_—)-
! ¥ =
te b - L ﬁ.{l"bz‘ h?)
_ bh®
e e - _azh =
= 3
Triangular Aren - 'T(_ \ A T b
Y x or
i Ly H) h 36
y == ;
- b - 3 L = M
) 4
Ares of Elliptical wab® - e 4 .
- = |—= = —|ab®
; Quadrant s 4a T I, lm 9”" ’
3=
T - -
- = = "a_h, = [=—— -—|u}i)
R - _ 4B 16 16 9»
y = wab , 2
| X = —(a*+ b%)
a 16
Subparabolic Area .3
\=k,\"'=il" =32 21
a* 1 ”
’ L= G0
Area A = L . 5
8  Zc b 7 =3
D 715 10 2
; 15 : 1, = abl=+ 2~ |
N a o ‘ a1
Parabolic Area 2 2ab®
‘. g_ b F =3 >
v=hx'= —x 8
1 a a ‘ 2a%
2ab T - B
Aresd=SS SISy ;3 .
!v . 5 2 52
.} I, = 2ab|%=+=|
et ~ X 15 7
Arch Moments of Incrtia 7
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Moment of Inertia of Composite Areas

Lesturer; Dr, Bashar Abed tarmen

Part | Area, A | d, d,

Ad? Ad,’

lorlyg

rad,® | Y Ad,’

SAMPLE PROBLEM A/7

Determine the moments of inertia about the x- and y-axes for the shaded area. Make direct use
of the expressions given in Table D/3 for the centroidal moments of inertia of the constituent

parts.
Solution: et
T ’;‘ r ‘."“ g 30 mam
+
1 | W
B gL S
Part A, mm* d,, mm dy,mm |Ad.* mm?* Ad,*, mm* | 1,0r Ig.mm* [1or I, mm®
I Rel. 80*60=4800 |22 _ 39 89 _ 40 |48B00+ 307 7.68+ 10° |80s60" _ 604807
2 2 == « 106 = 2 %,
. ! g {144 106 |2.56+10¢
2. quarter-| —m3of _ 60 —230 1330 1158« 10° -0.1146+ | _ (1 - ‘) 300 |- ("’ — _'_’..) 30
circular _767 o ix 100 16 9% 16 9x
[ = 4727 1273 T = —0.044410° (= —-0.044410°
3. | —0= [T 10  |a0-2 |-006+10° |-267+10°[40+307 e
trangular | —600 L s oE 30
______ ] =e887] | |-o03.100 [-0053310f
Sums 3493 [2.68+ 10° 49+10° 1366+ 10° |2.462+ 10°

Iy = ) Lo + ZAdxz
Iy =Xl + X Ad)?

1.366 = 1 +2.68+ 10° = 4,046 » 160mm*
2462+« 10 + 4.9+« 1P = 7.36 «» 1Pmm*

I, =l +1, = 4046 » 100 +7.36 » 10° = 11.406 = 10mm*

fo .o fw«..m’ -

ky= [Z= |———=34mm
A 3493
ty 7.36+ 1P
ky = }’ = [Z——=46mm
’ A 1493
Iy 11,406+ 1P
L J;‘ =N

=57mm OR R =k,}* +k_,,2 =34 +46% =k , = 57mm

Arch Moments of Incrtia 8
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Prob. A/40

Lesturer; Dr

Bashar Abed tamea

The cross-sectional area of a wide-flange I-beam has the dimensions shown. Obtain a close
approximation to the handbook value of by treating the section as being composed of three

rectangles.
e R
._A Part - A,mm?  |d,.mm ?Ivy,mm :';quz m Ad,?, mm* [T,0r 1 o, mm® j),ur 1,0, mm*
| 1.Ret. 159%4610) 1] 0 0] 0 159+460" _ 460+159° _
=73140 12 12
| NS | SV VI U —— 1290+10%  |1541+10° |
2. Ret. |70.45%424.8 [0 7045 L 11 _ 10 [=37.12«10° |7045.0248° 14248+ 7045°
=-20027 2 2 12 - T
gt 35.22 —450+ 10° 12
L1 | Rt A (SN Bt N =TT L 1
3. Ret. [70.45%424 %8 (0 7045 e _ |0 [ =3712 « 10% |70.45.3248" _  14248+7045° _
-29927 Sy T 2 2
» | 35.22 | ~450+10° | -12.38+ 10°
‘Sums | 13286 [0 |=74.24 « 10° [390 + 10° 112934+ 10°

I, =Y 1o+ YAd,* =390 « 10F +0 = 390 » 10°mm*
Iy =Xlo+LAd,* = 12934+ 10 - 7424 + 16 = 55.1 * 10mm*
I; =1, +1, =390 = 10 +$55.1 » 10° = 445.1 + 10mm*

ke = J’—i = [3991% _ 171mm
A 3286
_ (ly _ [s51s100 _
k)’ ~Ada " 13206 64mm
ky= |2= [T = 183mm OR R = k,* +k,% = 1712 +64% =k , = 183mm

Prob. A/4]

Determine the moment of inertia of the shaded area about the x-axis in two ways. The wall
thickness is 20 mm on all four sides of the rectangle.

o 8 S— )
Solution; way| o : - ' :
Part A.mm?*  |d,mm |d, mm jAdxz- mm? Ad),z, mm* |l,0r l,g,mm* [,orl, mm*
"LRet.  |200%360 |0 o [0 o | 360200 _ |200:360% _
=72000 12 12
240+ 10° 777+ 10°
2 Ret. | 160%320 |0 0 0 0 32001607 _ 160+ 320°
=.51200) 12( " —IZ =
_ y B B ~437«10°
Sums | 20800 |0 0 131+ 10" 3404107
I,=Y1lo+XAd,” =131+ 10 +0 = 131 » 10°Pmm*
Iy =X lo+LAd,* =340« 10 - 0 = 340 = 10mm*
Arch Moments of Inertia 9
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__way2
Part A, mm? d,,mm

[TRet.  |(320%2200%2 |90
=12800

Lecturer: Dr. Bashar Abed Harmen

(2 Ret. | (200%20)*2 [0
=R8O(N)

'Sums | 20800

d,,mm Eﬁdxz. mm{ﬁd),z, mm* |Lor g, mm® :l,ar lyg, mm*
0 {1037 10 320420 . F= 20+320° = Y-
[+ 10¢ ( 12 ) 2= ( 2 ) 2
| __ |0427+10° 1092« 10°
170 o [2312+10° | (zozo0Ty |, _ (200-20-‘)
12 R b
2667+ 10° 12
- ! 1 = 10267+10° |
{1037 (2312 «10° 271 +10° 10947 = 10°
[«10%

o~

e =Xl +XAd,’
¥ = Z l).n + 2/‘[1'.'..

—

271« 10 +103.7 « 160 = 131 = 10mm*
10947 + 10 —231.2+ 14 = 340 = 1Pmm*

Moments of Inertin 10
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Engineering Mechanics I

Chapter -6-

Structural Analysis

Chapter Objectives

To show how to determine the forces in the
members of a truss using the method of
joints and the method of sections.

To analyze the forces acting on the
members of frames and machines composed
of pin-connected members.




1/3/2018

Chapter Outhne.

Simple Trusses

The Method of Joints
Zero-Force Members
The Method of Sections

o
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A russ is @ structure composed

of slender members joined ‘}\

together at their end points. X =
‘-»:{1' """

Joint connections are formed by
bolting or welding the ends of
the members to a common
plate, called a gusset plate, or /

by simply passing a large bolt \\/ é -
or pin through each of the —

members

Planar Trusses

Planar trusses lie on a single plane and are used to
support roofs and bridges.

The truss ABCD shows a typical roof-supporting truss.
Roof load is transmitted to

the truss at joints by
means of a series of
purlins, such as DD’
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6.1 Simple Trusses
Planar Trusses
The analysis of the forces developed in the
truss members is 2D.

6.1 Simple Trusses

Planar Trusses
For a bridge, the load on the deck is first
transmitted to the stringers, then to the floor
beams, and finally to the joints B, C and D of the
two supporting trusses.
Like the roof truss, the bridge truss loading is also
coplanar.

A

.
* -

. ’v\ <
‘ Wrrge roam
" &

N

L
)
3
—
™~
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Planar Trusses

When bridge or roof trusses extend over large
distances, a rocker or roller is commonly used for
supporting one end, Eg: joint E.

This type of support allows freedom for expansion
or contraction of the members due to temperature
or application of loads.

:\\ Metz

6.1 Simple Trusses

Assumptions for Design

1. “All loadings are applied at the joint”.
Assumption true for most applications of bridge
and roof trusses.
Weight of the members neglected since forces
supported by the members are large in
comparison.
If member’s weight is considered, apply it as a
vertical force, half of the magnitude applied at
each end of the member.
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6.1 Simple Trusses

Assumptions for Design
2. "The members are joined together by
smooth pins”.

Assumption true when bolted or welded
joints are used, provided the center lines of
the joining members are concurrent.

6.1 Simple Jrusses

Assumptions for Design
Each truss member acts as a two
force member, therefore the forces . 2
at the ends must be directed along
the axis of the member.

If the force tends to elongate the
member, it is a tensile force.

2 c

If the force tends to shorten the .. "
member, it is a compressive " ™
force.
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6.1 Simple Trusses

Assumptions for Design

Important to state the nature of
the force in the actual design of ¢ c
a truss - tensile or
compressive.

Compression members must be
made thicker than tensile
member to account for the c
buckling or column effect during =~ o
compression.

A number of typical trusses

Typteal Honl Troses

Typical Boxdgn Truen

-
o
Azr
~
~
N\ @
Cartleves portion
of & tram Nasculs

Other Types of Trasses
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6.1 Simple Trusses

Simple Truss ; P )
To prevent collapse, the form s
of a truss must be rigid. L
The four bar shape ABCD will &= =
collapse unless a diagonal o
member AC is added for 5™
support. g0

The simplest form that is rigid
or stable is a triangle.

Simple Truss i _
A simple truss is
constructed starting B
with a basic triangular 4= 4o
element such as ABC
and connecting two Pon
members (AD and BD) /A
to form an additional i
element.
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3 3 6.2 The Method of Joints

For design analysis of a truss, we need to obtain the
force in each of the members.

Considering the FBD, the forces in the members are
internal forces and could not be obtained from an
equilibrium analysis.

Considering the equilibrium of a joint of the truss, a
member force becomes an external force on the
joint’s FBD and equations of equilibrium can be
applied.

This forms the basis for the method of joints.

' _ 7 6.2 Jihe Methoed of Joints

Truss members are all straight two force
members lying in the same plane.

The force system acting at each joint is
coplanar and concurrent.

Rotational or moment equilibrium is
automatically satisfied at the pin.

2F, = 0 and 3F, = 0 must be satisfied for
equilibrium.
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3 3 6.2 The Method of Joints

Method of Joints
Draw FBD.

Line of action of each member force acting on the
joint is specified from the geometry of the truss
since the force in a member passes along the axis of
the member.

Example |
Consider pin at joint B.
Three forces: 500N force and forces
exerted by members BA and BC. L 4

' _ 7 6.2 Jihe Methoed of Joints

Fgs is "pulling” on the pin, meaning the
member BA is in tension.

Fgc is “pushing” on the pin, meaning the
member BC is in compression.

The pushing and pulling indicates the effect
of the member being either in tension or
compression.

5 B
SOON S0ON
F&'ﬁ-:
F g, (tenmon) Fpc(cotpression) 45% M P (compreasion)
Fa(tennon)

) (c)

10
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3 3 6.2 The Method of Joints

Determining the Correct Sense of the Unknown
Member

Always assume the unknown member forces acting
on the joint’s FBD to be in tension.

- The numerical solution of the equilibrium will yield
positive scalars for members in tension and negative
scalars for members in compression.

- Use the correct magnitude and sense of the
unknown member on subsequent FBD.

' _ 7 6.2 Jihe Methoed of Joints

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection.

- Fgc must push on the pin (compression) since its
horizontal component must balance the 500N force.

- Fg, is a tensile force since it balances the vertical
component of Fg .

11
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3 3 6.2 The Method of Joints

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection.

- In more complicated problems, the sense of the
member can be assumed.

- A positive answer indicates that the assumed
sense is correct and a negative answer indicates
that the assumed sense must be reversed.

' _ 7 6.2 Jihe Methoed of Joints

Procedure for /‘—N‘a"!(::"'v‘l,‘.‘i.
Draw the FBD of a joint having at least one known
force and at most two unknown forces.

If this joint is at one of the supports, determine the
external reactions at the truss support.

Use one of two methods for determining the correct
sense of the member.

Orient the x and y axes so that the forces on the
FBD can be easily resolved into x and vy
components.
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3 3 6.2 The Method of Joints

Procedure for Analysis
Apply 3F, =0and 3F, = 0.

Solve for unknown members forces and verify their
correct sense.

Continue to analyze each of the other joints.

Once the force in a member is found from the
analysis of the joint at one of its end, the result is
used to analyze the forces acting on the other end.

Example 6.1
Determine the force in each member of the

truss and indicate whether the members are
in tension or compression.
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&2 7 6.2 The Method of Joints

Solution
Two unknown member forces at joint B.
One unknown reaction force at joint C.

Two unknown member forces and two
unknown reaction forces at point A.

Solution

Joint B
+—>2F =0,
S00N — Fp-sind5°N =0 B SO0 N
Fye =T707.1N(C)
+1 Zl’i\' =0 45°

FpecosdS"N—Fpy =0
Fiq =500N(T) (b)
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&2 6.2 The Method of Joints

Solution
Joint C

+—+TF, =0 707.1N
—Fey+707.1c0s45° N =0 ¢
Fe4 =S00N(T)) Fex
+TLF, =0,

(', =707.1sin45° N =0 !
C, =500N (c)

Solution

Joint A
+2>2F,=0;

S00N - 4, =0
A, = S00N
+TXZF, =0
S00N — A, =0
A, = 500N
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SOoIutior

FBD of each pin shows the effect of all the
connected members and external forces applied to

the pin. & s
FBD of each member . SRR
shows only the effect ARG
of the end pins on the :
member. ¥

Example 6.2
Determine the force in each member of the truss, and
state if the members are in tension or compression.

16
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G 2 6.2 The Method of Joints

6.2 The Method of Joints

Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to
analyze joints Cand D,

Jolnt D: From geometry, = -n"(-;-)-w.m from the free - body diagram in Fig, a,

LIF =0 600 - Fpc 5in26.57° = 0
Fpc =1341.64 N = 134kN (C) Ans.
+ TR =0 1341 64008 26.57° - Fpg =0

Fpg = 1200N = 1.20kN(T) Ans.
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6.2 The Method of Joints

Jalat C: From the free - body diagram in Fg. b,
4] Ty = 0; ~Fop cn2657 =0

Feg =0 . Ans.
ANy = 0; iy - 134164 =0

Foy = 1341 64N = 1. 34kN (O) Ans.

Jolot E: From the free - body diagram in Fg. ¢,

LEIE =R 500 - Fp sindS® = 0

Frg =127279N =127kN(O) Ans.
+TIR =0 12004 1272 M0 cos 45° —Fgy =0

Fgq = 2100N =2.10KN(T) Ans.

Noie The equilibrium analysis of jeint A can be used to determine the components of support reaction
aA

Example 6.3

Determine the forces acting in all the members
of the truss.

I8
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27’ 6.2 The Method of Joints

Solution
Two unknowns at each joint.

Support reactions on the truss must be
determined. e

2
-
3 kN

LS kN 15 kN

o)

Solution

Joint C

+—> z 1‘; = O’

— k., co830°kN + F, sin45kN =0
+TXF =0;

1.5kN + F,

o

sin30°AN—-F, ,cos45 kN =0




e dag) Jl) B palaall
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' 6.2 Tihe Method of Joints

Solution Fep s 4
: : =
Joint C c
SF, =0 .
1.5c0s30°AN ~F,,sin15kN=0 (4
Fy =5.02kN
LF,.=0; 1SN\Fes /
1.5c0s30° kN —F,sinlS"AN=0 Fep /G
F, =4.10kN as®
IS5kN *
(e)

Solution

Joint D
+—> z I"‘ =0 ¥
~ I, cos30°AN +4.10cos 30°AN =0 £
08B

F,, =4.10kN(T)
+TZI‘:-=O; 30 ) 30° L
Fpp —2(4.10sin 30" AN) = 0 Fo . 410N

(

F,y =4.10kN(T)
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7 6.2 The Method of Joints

Solution
From the FBD of joint B, sum the forces in the
horizontal direction.
Fea = 0.776kN (C)

Example 6.4

Determine the force in each member of the
truss. Indicate whether the members are in
tension or compression. i
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7 6.2 The Method of Joints

Solution SEEN
Support Reactions .8
+ X F, =0,600N-C,=0 . —
', =600N 11 5 i
YMp= 0:—.4.,.(6m) + 400N (3m) + 600N (4m)=0

A, =600N

+ T XF, =0:Fpp—2(4.10sin30°) = 0
Fpy =4.10kN(T)

Solution
Joint A y
+ Xk =0; F.g

3 3
Fup—-(7150N)=0 e

3 Fio
Fyp =450N(T) AL > 2
+TZF, =0

HO0N

600N — Fu=0
5 {c)

F 5 = TS0N(C)

o
(]
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7 6.2 The Method of Joints

v

Solution 1
Joint D
+—»2F =0, 4

~450N + il-',,,,, + 600N =0

—
Fpg =-250N VI e o
Negative sign: reverse sense of Fyg W
Fpg = 250N(T)
+TEF, =0,

. :1 250N) =0

Fpe = 200N(C)

Solution

Joint C %

+>XF =0; -

F., —600N =0

F., = 600N(C) — gy -
+TXF, =0 200N

200N — 200N = 0(check ) (l :
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il 40N 20N
QA ki
S0IULIOnN S00N Compression 800N

FBD P L e ’%"”‘”

%
sossaxiuo)

TS0N 200N

250N
Tetwion i
A 0N

430N ssON D

1 3]

Problem 6.5

Determine the force in each member of the Pratt
bridge truss shown. State whether each member is in
tension or compression.

B D F
y ﬁ . -
U\ U
7 || R 4 AN
",‘-':: : \\ \ ' / ’ 4n
NN V4
V4 \ |14/ \
& ¥ S o H l
-\s{* —e——— LY
(T L C e
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25

il / [
Ax /! !/ .,ui[‘

G ¢ E G —IF=0: A, =0
3 e 8 s e 3 gty e 8 By synunetry: A, = H, = 9kN |
\ v i
Ay GhN GAN GAN -
” & 3 Fan = Fru' Fae = Fon
— - Fye = Frg: Fyp = Fop
Fgr = Fepi Feg = Feg
- G W
’ I am im T 3n l 3m I
v
By mspection of joint D: Fpe =0
z F
AN\ VA
T 3 ) —EF,w0: A= 0
fsm—v-—xm-wv—.zn.«-—m"T By symmetry: A, = H, = 0kN |
3 A
A)’ AN 6GAN BN Md
FBDs Joints:
4
TZF;.=0291£N-§FM=O Fu=125kNC
o 3
— ZF, = 0: Fpo — SFip =0 Fiuoe=6ISKN T

9kN
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N AN 1
/'\\ // N\

& —
== T E 3 3
=3 m——dm——Im

— IF, = 0: Fpg =675 kN = 0 Fer = 67SKN T

I [ ZF, =0: Fpe -6kN =0 Fpe =600KN T
6.75 kN C‘ Fee

| 27, -o;%(u.zsm)- ﬁh\u-:—F,,_- =0

.
& kN FDE =375kN C

F

/\ "i\ | Fig = Fpy: Fyo = Fgy
A / \u_[ Fpe = Frgt Fgp = Fpp

\1
I T Fpg = Fgp: Feg = Fg
Am==fe=T "J‘n—'v-‘-j
L \
Ay GkN 0kN naN

—ZF, =0: Fyp -%(n,zs kN) -%(3.75 kN) =0
Fop =900kN T
From symmetry conditions above
Feo Fep =112SKN C
Foy =GTSKN T
Fog =67SKN T

Fog = 600KN T
Ry =375KN C
For =900KN T
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~ Method of joints is simﬁed when the
members which support no loading are
determined.

Zero-force members (support no loading)
are used to increase the stability of the

truss during construction [
and to provide support r «
if the applied loading is i : e

changed. =]

' 6,3 Zero-rorce Members

Consider the truss shown
From the FBD of the pin at point A,
members AB and AF become 1

zero force members A

*Note: Consider the FBD of
joints F or B, there are A -
five unknowns and the Fos
above conclusion B EF =0; Fag=0

would not be reached 1 £F,=0; Fap=0
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5 6.3 Zero-Force Members

~ Consider FBD of joint D
DC and DE are zero-force members.

As a general rule, if only two members form
a truss joint and no external load or support
reaction is applied to the

joint, the members must
be zero-force members.

'\,U',=0.Fwsrx0;0; Fpe =0since sin@ # 0
¢ EF, 0 Fpp+0=0; Fop =0

)

The load on the truss shown in fig (a) is
therefore supported by only five members as
shown in fig (d)

)
F E
F £ s
o
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5 6.3 Zero-Force Members

Consider the truss shown.

From the FBD of the pin of the joint D, DA is
a zero-force member.

From the FBD of the pin of the joint C, CAis a
zero-force member.

Feu Vg

' 6,3 Zero-rorce Members

In general, if three members form a truss

joint for which two of the members are
collinear, the third member is a zero-force
member provided no

external force or support A

reaction is applied to the joint

The truss shown is

suitable for

supporting the load P ; .
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5 6.3 Zero-Force Members

Example 6.6

Using the method of joints, determine all the
zero-force members of the Fink roof truss.
Assume all joints are pin connected.

kN

GC is a zero-force member Feq
meaning the 5kN load at C (
must be supported by CB, CH, CF and CD

ition i’
nt G Foc
+TXF =0;F,.=0 I .
G Fgp
b)

Fpc

Joint D )\Fu
ZF\r:O:F‘I)!‘ZO / For ~

(c)

30
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6,3 Zero-r-orce Members

Solution
Joint F Frcx{L/o

+TXF, =0;F.cos0=0 e
6£90° . F, =0 e
Joint B B\ o~
YF, =0.2kN-F,, =0 Fic
Fyyy = 2kN(C) pf‘{w
\

' 6,3 Zero-rorce Members

Solution

Fyc satisfy 2F, = 0 and therefore HC is not a
zero-force member.

¥
2kN
Fge
.
Fra H Py
®

31
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. 6.4 The Method! of: Sections

 Used to determine the loadings f _
within a body
If a body is in equilibrium, any part _
of the body is in equilibrium

To determine the forces within the o
members, an imaginary section :
indicated by the blue line, can be . |

used to cut each member into two
and expose each internal force as  |...
external ;

._ 16,4 Tihe Method of Sections

It can be seen that equilibrium o
requires the member in tension (T) be
subjected to a pull and the member in

compression (C) be subjected to a |= t
push "
Method of section can be used to cut
or section members of an entire truss | |

Apply equations of equilibrium on that
part to determine the members il
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6.4 The Method! of: Sections

Consider the truss shown

To determine the force in the member
GC, section aa would be considered

p—2m —-T 4 n,
e e i\ Fsc €
W e Py CPr—in—
—
2m Foc fas* D,
] im
45% P /
B G Far - L iy,

Consider the FBD .

Note the line of action of each member force is
specified from the geometry of the truss.

Member forces acting on one part of the truss are
equal and opposite to those acting on the other
part — Newton’s Law.

l.'I

Al | >
\

—_— LS

33
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. 6.4 The Method! of: Sections

Members assumed to be in tension (BC and
GC) are subjected to a pull whereas the
member in compression (GF) is subjected to
a push.

Apply equations of equilibrium.

16,4 Tihe Method of Sections

Determining the Correct Sense of the
Unknown Member

Always assume the unknown member forces
in the cut section are in tension.

- The numerical solution of the equilibrium
will yield positive scalars for members in
tension and negative scalars for members in
compression.

34
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. 6.4 The Method! of: Sections

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection

- In more complicated problems, the sense of the
member can be assumed

- A positive answer indicates that the assumed
sense is correct and a negative answer indicates
that the assumed sense must be reversed

16,4 Tihe Method of Sections

Procedure for Analysis
Draw the FBD of a joint having at least one known
force and at most two unknown forces.
If this joint is at one of the supports, it ma be
necessary to know the external reactions at the
truss support.

Use one of two methods for determining the correct
sense of the member.

Orient the x and y axes so that the forces on the
FBD can be easily resolved into x and vy
components.

35
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. 6.4 The Method! of: Sections

Procedure for Analysis
Free-Body Diagram

Decide how to cut or session the truss
through the members where forces are to be
determined.

Before isolating the appropriate section,
determine the truss’s external reactions.

Use the equilibrium equations to solve for
member forces at the cut session.

26,4 The Method of Sections
Procedure for Analysis .

Free-Body Diagram
Draw the FBD of that part of the sectioned
truss which has the least number of forces
acting on it.
Use one of the two methods for establishing
the sense of an unknown member force.

36
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&2 6.4 The Method of: Sections

Procedure for Analysis

Equations of Equilibrium
Moments are summed about a point that lies at the
intersection of lines of action of the two unknown
forces.
The third unknown force is determined directly
from moment equation.
If two of the unknown forces are parallel, forces
may be summed perpendicular to the direction of
these unknowns to determine the third unknown
force.

16,4 Tihe Method of Sections

Example 6.7
Determine the force in members GE, GC, and

BC of the truss. Indicate whether the
members are in tension or compression.

37
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,_ 6,2 Tihe Method of Sections

Solution
Choose section aa since it cuts through the
three members
FBD of the entire truss

NN,

A,

,, * 6.2 The Method|of Joints

Solution

+= Y F, =0400N - A, =0
A, = 400N

>M,=0;
= 1200N(8m) - 400N (3m) + l)>\,(12m) =0

D, =900N
+TXF, =0

A, —1200N +900N =0
A, =300N

38
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6,4 The Method of Sections

Solution
FBD of the sectioned truss

G { Fc E

r N
IR
:lm/\% Ge
A L T
400 N Fgc
4m 4m

300N

(c)

Solution
Mg =0,
~300N(4m) ~ 400N (Gm) + e (3m) =0
Fye =800N(T)
Mo =0,
J0ON(8m) + lp(3m) =0
Fgp =800N(C)
+71 EI‘ =();

3
300N ~_Fge =0

Fge =S00N(T)

39
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Determine the force in member CF of the
bridge truss. Indicate whether the member
are in tension or compression. Assume each
member is pin connected.

Solution

FBD of the entire truss

325 KN SkN 3kN 475kN

40
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. 6.4 The Method! of: Sections

&ﬂmmw
FBD of the sectioned truss
Three unknown Fgg, Fer, Fop

16,4 Tihe Method of Sections

Solution
Equations of Equilibrium
For location of O measured from E
4/(4+x)=6/(8+Xx)
X =4m

Principle of Transmissibility
Z A‘I” = 0:

=L smA5 (12m) + (3AN)Y8m) — (4.75kN)(4m) =0
Fop =0.589N(C)

41
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. 6.4 The Method! of: Sections

Example 6.9
Determine the force in member EB of the roof
truss. Indicate whether the member are in

tension or compression.

Solution

FBD of the sectioned truss

100CN
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£,

6.4 The Method! of: Sections

Solution
Force system is concurrent.

Sectioned FBD is same as the FBD for the pin
at E (method of joints).

34 The Method of Sections

Solution

SMg=0;

1000 (4n1) — 3000N(2m) — 4000N (4m) + Fgpy sin30°(4m) = 0
Fepy = 3000N(C)

+o>XF, =0;

Fip-cos”—3000c0s30°N =0

Fyp = 3000N(C)

+ T Xk, =0;

2(3000sin30° N') ~ 1000N ~ [y =0
Fyp = 2000N(T')

43
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Homework: 1

Determine the force in members HI, FI, and EF of
the truss, and state if the members are in tension or
compression.

Determine the force in members BG., BC, and HG of
the truss and state if the members are in tension or
compression.

44
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Determine the force in members /C and C'G; of the truss and
state if these members are in tension or compression. Also,
indicate all zero-force members.

Zm

1.5m

LS e

6 kN 6 kN
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