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Chapter 2: STATICS—A REVIEW

Solution 2.1
The free-body diagram of the disk is shown in Figure S2.1.
Note: For force balance (equilibrium) the reaction R must pass through O since the other two
forces (T andmg) intersect at O. Hence, even though we did not neglect friction, the frictional
force at B is zero for this system.
Equilibrium Equations:
—> F,=0: Tsing-R=0 = R=Tsing (i)
, mg .
™ F=0: Tcos¢-mg=0 = T p— (ii)
Note: The moment balance is satisfied in the given configuration. Hence, no new equation is
generated through this condition.
Substitute (ii) in (1): R=mgtané (iii)

Figure S2.1: Free-body diagram of the disk.

From geometry (right-angled triangle AOB):

sing="=9_06:c0s0=22_08: tang=2C_0.75-:
L 500 500 400

Substitute numerical values.

iy T=2298L ousN

(i) R=20x9.81x0.75=147N

Solution 2.2
The forces acting at point C of the traffic light are shown in Figure S2.2.
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Figure S2.2: Forces at point C of the traffic light.

From geometry, ACB is a right-angled triangle with « :%— 0.
Hence,
sin9=§:0.6; cosezizo.s; tan0=§:0.75
5 5 4

Equilibrium Equations:

—>§ F=0: -T,sinf+T,cos60=0 = -T,tand+T,=0 0)
. T mg ..

T™M'F, =0: T,cos0+T,sind-mg=0 = —A 4T =—2 i

2F,=0: T,cos0+T, 9 ATy = (i)

.. . 1 mg

i — (1): Ty(tan@+ =—

(i) = (): Tu( tané?) siné (iii)

Substitute numerical values:

1 50x9.81
m): T,(——+0.75) =

(iii) A(0.75 )

= T,=392N
(i): T, =T, tan @ =392x0.75= 294N

Solution 2.3
Free-body diagram of the disk with the handle is shown in Figure S2.3.
Equilibrium Equations:

>Y'F,=0: -R+F+Psing=0 ()
T F, =0 R-mg-Pcosd=0 = R=mg+Pcosé (i)
where,

R, = reaction at B (normal because frictionless)

R =normal reaction at A
F = frictional resistance force at A

(ZMO:O: Fxr—-PxL=0 = F==P (iii)

Substitute (iii) in (i):
RI:F+Psin0:£P+Psin¢9 (iv)
r
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Substitute numerical values:

i) F=29200=400.0N
05

(ii): R=50x9.81+200c0s30° =663.7N
(iv): R = %x 200 +200sin 30° = 500.0N

L=1.0m
r=0.5m

P =200.0N
0 =30

Figure S2.3: Free-body diagram of disk with handle.

Solution 2.4
Free-body diagram of the shaft with the pulley is shown in Figure S2.4.
Note: Ball bearings do not exert moments or axial forces on the shaft.
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Figure S2.4 Free-body diagram of the shaft with pulley.

Equilibrium Equations:
Note the Cartesian coordinate system (X, y, z) located at A.

™M, =0: mgxr-Pxd=0 = P:gmg:%x20x9.81:78.5N
>M,=0: RxL=0 = R =0

> F,=0: Ry+R =0 = R,=0

> M, =0: mgxL-R,xL+PxL,=0

mgl, +PL, 20x9.81x0.6+78.5x1.2

L 1.0
> F,=0: R,-mg+R,-P=0

= R,=mg+P-R,=20x9.81+78.5-211.9=62.8N

= R,=

N=2119N

Solution 2.5

The free-body diagram of the structure is shown in Figure S2.5. Note the directions of x andy as
given by the Cartesian coordinate frame.
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Figure S2.5: Free-body diagram of the structure.

Note: A smooth roller support cannot exert a lateral force on the structure
R, = horizontal component of the reaction at A

R, = vertical component of the reaction at A
R, = reaction at B (vertical, because of smooth roller)

(@)

Equilibrium Equations:
— Y F,=0: -R +Pcosf=0 = R, =Pcosd=200xc0s60"=100N

T > F,=0: R,+R,—Psind=0 = R,+R,=Psind (i)

(ZMAzo: RgxL—Pcosexh—Psinex(LJrE):o
2

1 V3

= R =£Pcos«9+1.5Psin0=%x 200x=+1.5x200x—N =340N
L 1.0 2 2
Substitute in (i):
R, =Psin0-R, = Psinﬁ—(%Pcos¢9+1.5Psin0) =-0.5Psin 6’—%Pcos€

J3 08 1

= R,=-05%x200x——-—x200x==-167N
2 10 2

(i)

(b)
Make a virtual X-section at D and consider the resulting free body AD. Its free-body diagram is
shown in Figure S2.5 (a).
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Figure S2.5(a): Free-body diagram of AD.

Note: The shear force V, and the bending moment M, at the X-section D are marked in their +ve
directions by convention. F, is marked as +ve when in tension.

Equilibrium Equations:
— Y F=0: -R+F,=0 = F =R =Pcos¢=100N

T ZFV:O: R,-V,=0 = V,=R,
(ii):
Vl:—0.5Psin9—%Pcos6‘:—167N

(ZMD:(): Ml—R2><£=O = MlzRZL
2 2

(i) = M, =(-0.25Psin e—z—hLPcosH)x L :—167x%N~m =—83.5N-m

Next, make a virtual X-section at E and consider the resulting free body EC. Its free-body
diagram is shown in Figure S2.5(b).
L/2

e
C

N
P

Vﬁj A

FZ

Figure S2.5(b): Free-body diagram of EC.

Note: The shear force V, and the bending moment M, at E are marked in their +ve directions,
by convention. F, is marked as +ve when in tension.

Equilibrium Equations:

— ZFX=O: -V, +Pcosf=0 = VZ:P00549:2OO><1:100N
2
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3

T > F, =0 -F,-Psing=0 = FZ:—Psin0:—200><7:—173N
(i.e., it is in compression)

( > M. =0: —Mz—Pcosexg—Psinﬁxgzo

200 1 J3

= M, :—g(hcose+ Lsin @) =—Tx(0.8x5+1.0x73)N-m =—127N-m

Solution 2.6
It is seen that both members are two-force members. Assume that the members are in tension (by

convention).

From geometry: cosf = % 20 = 60°; sinf =+/3/2
Case (a):
Consider Joint C (Figure S2.6(a)):
e ZFX = 0 9 _FBC - FACcOSHZO
1
> Fgc = _EFAC
TZFyZO 9 FAcsine_PZO
- P _ 20 _ %0 i
> Fyc = i~ Ja3 ﬁkN (tension)
> Fge = —%kN (compression)

=20 kN

Figure S2.6(a): Forces at joint C.

Consider Joint B (Figure S2.6(b)):
_)ZF)C:O 9_R3+FBC:09 RB:FBC:_\Z/_gkN
(i.e., acting to the right)

B
Rg «——e —>» Fgc

Figure S2.6(b): Forces at joint B.
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Consider Joint A (Figure S2.6(c)):

40
RA = FAC = \/_5 kN
(acting upward at 60° from left horizontal)

I\
N\

Figure S2.6(c): Forces at joint A.

Fac

Case (b):

Joint C (Figure S2.6(d)):
Clearly (by inspection; No need to write equations)
Fie =0
Fge =P =20KN (i.e., intension)

02\ P =20kN
Fec 0 cm—y
c

Figure S2.6(d): Forces at joint C.

Joint B(Figure S2.6(e)):
Rg = Fzc = 20 kN (i.e., acting to the left)
Also, Ry, =0

B
Re «——e —> Fgc

Figure S2.6(d): Forces at joint B.

Solution 2.7
Load P =200g = 200%x9.81 N = 1962.0 N

From geometry: §=22.5"; AC=CD=+/2m

Free-body diagram of the structure of interest is shown in Figure S2.7(a).
There are no moments at A and B because they are pin joints (frictionless).
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Figure S2.7(a): Free-body diagram of the boom.

Note: BC is a two-force member ==> Reaction at B should be along BC, given by By. This will
be further confirmed below, by analyzing joint B.

Equilibrium Equations for Boom:
—>>F =0 = A +B,—Pcosd=0 ()
T>F =0 = A-P+Psing=0 (ii)
&Y' M, =0 = -B x1-Px(1+2)+Psingx(L++2)+Pcosdx1=0 (i)
We get:
(i) A =P(l-sin#)=1962.0(1-sin22.5") =1211.2 N

iy, Bo="Pl-sino)(1+ V2) =-1962.0(1-5in 22.5")(1+~/2) +1962 €05 22.5°
=-1111.1N
): A =Pcosd—-B, =1962.0c0s22.5 +1111.1 N =2923.7 N

Note: Instead of writing (iii) above, we could have taken moments about B, and obtained an
equation for Ay. Then (i) would give By.

Method of Joints:
To determine the loads in the remaining rods of the truss, we use the method of joints.

Sign Convention: Rods are in tension.

() (©)
C

Fec=-Bx e—> Fcp
B 450
BX > 0 — > FBC FAC

(d) (e)
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Figure S2.7: Forces at: (b) joint B; (c) joint C; (d) joint C; (e) joint A.

Joint B (Figure S2.7(b)):
S>> F=0 = B +F.=0 =
Load in BC = Fgc = -Bx =2924.0 N (tension)
Joint C (Figure S2.7(c)):
TSF =0 => -F,sin45=0 = F, =0
> F =0 = -F+Fp=0 = Fp=F; =29240N

Joint D (Figure S2.7(d)):
T F =0 = —F,sind+Psing-P=0
_P(-sing)  1962.0x(1-sin22.5") _

= Fpp = . _ =-3165.0 N
sin@ sin22.5°

Note: This means, the member AD is in compression (which should be intuitive).
The same result may be obtained by considering Joint A.
Joint A (Figure S2.7(e)):

TS F =0 = A +Fysing=0

_(-sing)P
sin@

= Fyp = =-3165.0 N

Solution 2.8
Free-body diagrams of the components of the pipe gripper are shown in Figure S2.8.

(@)
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