Indian Institute of Technology Guwahati
ME 101: Engineering Mechanics (2016-2017, Sem II)
Quiz-1 (30.01.2017)
Time: 8:00 AM — 8:55 AM Full Marks: 60

Q1. A piece of sheet metal is bent into the shape shown (Fig.1) and is acted upon by three forces. If the
forces have the same magnitude P, replace them with an equivalent wrench. Determine the following:

(a) Magnitude and the direction of the resultant force [4 marks]
(b) Magnitude and the direction of moment of the wrench [8 marks]
(c) Locate the point where the axis of the wrench intersects the xy plane [8 marks]

|

Model Answer for Q1:

First reduce the given forces to an equivalent force-couple system (R, M&) at the origin.

(a) We have
R=YF=F, +F,+F; : 1
= —Pj+ Pk +Pj =Pk -! -

R=P -3 -

Direction of resultant force is

along +ve z axis ?. ’F/

-1 A

(b)

M8 =YM, =Yr xF (using Varignon’s Theorem)
=11 X Fy +15 XFy +13 XF;3
= aj X (—Pj) + (ai + ak) x (Pk) + (; ai + ak) x (P))

~

= —(aP)i — (aP)j + (g aP) k

M§ = aP(~i—j +3k)



Then for the wrench,
R R ~
and Aaxis = (_/R) =k

costy =0 cosf, =0 cosf,=1
or 6, = 90° 6,=90" 6,=0

Now,

M, =ZaP

Direction of moment of the wrench is alone +ve z axis

(c) The components of the wrench are (R, M;) , where M; = M;A,,s , and the axis of the wrench is assumed to
intersect the xy-plane at point Q, whose coordinates are (x, y, 0). Thus, we require

M, =rq xR
Where M, = M§ — M,
Then

IQXB:M8_M1

(xi+yf) x Pk =aP (~i—j + k) - 2aPk

—xPj+yPi=aP (—i—f)
Equating coefficients:
liyP=—aP or y=-a

ji—xP=-aP or x=a

The axis of the wrench is parallel to the z-axis and intersects the xy-plane at xX=a, y=-a

Alternate Model Answer for Q1:

First reduce the given forces to an equivalent force-
couple system (R, M&) at the origin.
R M
(2) We have ‘\ M
-'0
E R
R=3F=F +F,+F; -l
= —Pj+ Pk + Pj = Pk -FJ = 0
or,
R=P 2 2 "
Direction of resultant force is along F A
+Vve z axis -2




(b), (c)

Let Q (x,y,0) be the point of intersection of the line of action of the moment of the wrench and xy-plane. The
components of the wrench are (R, M, ) and r, is the position vector of point Q.

Now, M§ = M; + rq X R, for moment about O
M§ = M§ — rq x R, for moment about Q
So, M; = Mg
The direction of the moment of the wrench i.e. M; and resultant force R should be same.
So, M; =M, k
Mg =X Mg =Xr XF (using Varignon’s Theorem)
=13 X F1 +1; XF; +13 XE;3
Here,r; = [—xf+ (a —y)j] , Iy = [(a —x)i—vyj+ al?] , Iz = [Ga - x)f—yf+ al?]
Hence,
M§ = [-xi + (a — y)j| x (=Pj) + [(a—x)i—yj + ak] x (Pk) + [(Ea - x) l—yj+ ak] x (P))
=—PWy+a)i—Pla—x)j+ [Px+P(§a—x)]l€
Mk =—-P(y +a)i—P(a—x)j+ [Px +P (ga —x)] k
Equating coefficients:
Hence, i:—yP—aP=0=>y= —a
ji—-PX(a—-x)=0>x=a

E:M1=Px+P(§a—x)=Pa+§Pa=gaP

M; = 2 aP, Direction of )v,r
Answer (b): moment of the wrench is ¢ lcome )
along +ve z axis
Answer (c):




Q2. A weight of 1200 N is supported by a rope through a frictionless pulley in conjunction with a system of
beam and bent member as shown in Fig. 2. Please note that joints A, B and D are pinned joints.

(a) Draw the free body diagrams for members AB and BCD. [8 marks]

(b) Find the support reaction at A [12 marks]
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Alternate Model Answer for Q2:
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Q3. Analyze the truss as shown in Fig. 3 using the method of joints. Determine the following:

(a) Find out the support reactions [3 marks]
(b) Identify the zero force members [4 marks]
(c) Calculate force in the each member with clearly identifying whether the member is

in tension (T) or compression (C). [13 marks]



2m —=p=— 2 m —=p=— 2 m —=

Fig. 3




Solution: (METHOD-1)

Part-a)
Total vertical force acting on Joint D = 40 sin 45 = 28.28 kN

Total horizontal force acting on Joint D = 40 cos 45 = 28.28 kN

SIF, =0 A, +2828kN =0

~ A, =28.28 kN (<)

Due to symmetry w.r.t the vertical load,

28.28
Ay =Gy, ==—==14.14kN ()

Part-b) Using the principles of zero force member identification, referring to lecture-5 slides 8, 9 and 10,
we have:

Stepwise with correct sequence:

e LB and HF are zero force members
e LC and HE are zero force members
e KCand IE are zero force members
e KD and ID are zero force members

Part-c)

Now that the zero force members have been identified, the truss to be solved, effectively, is (The zero force
members have been grayed out) —




Applying force equilibrium at joints, we get,

+
JointA:  SXF,=0 Fyp + Fy cos 45 — 28.28 = 0
o FAB =42.42 kN (T)

T+XF, =0 F,, sin45 + 14.14 = 0

S FAL = —20 kN (C)
Joint L:

Only members AL and LK are joined here and they are connected in a straight line (LB and LC are zero
force members). Thus,

+

->YXF=0 FLK:FAL:—ZOkN(C)
Joint K: Similar to Joint L,

+

Joint B: Similar to Joint L,

+
SIF, =0 Fpc = Fga = 42.42 kN (T)



Joint C: Similar to Joint L,

Joint J:
+
-XF,=0 Fjjcos 45 = Fyi cos 45
o F]I = _20 kN (C)
T+XF,=0 —Fj;sin 45 — F sin45 — Fjp = 0

S F]D = 2828 kN (T)

—>ZFx=0 FDE+2828_FDC=0
o FDE = 14. 14’ kN(T)

Due to geometrical symmetry and vertical load symmetry, the forces in the following members are equal,
given as:

Fue=Fy, =Fix =Fy = FK] = FI] = —20 kN (C)

Due to asymmetry w.r.t. horizontal load, the forces in the following members are obtained as given below:

+
JointE: >XF, =0 Fpr = Fpgp = 14.14 kN (T)

+
JointF: SXF, =0 Frc = Fpr = 14.14 kN (T)

The summary of all the member forces is provided in the next page.

Fye=Fy =F g =Fy = FK] = FI] = —20kN (0)
Fp, = Fpy = F¢, = Fgy = Fcx = Fgp = Fpg = Fp; = 0 (i.e., zero force members)
Fgr = Fpp = Fgg = 14.14 kN (T)
F;p = 28.28 kN (T)

FBC = FBA = FCD = 4‘242 kN (T)




Solution: (METHOD-2) (Not preferable)

Part-a)
Total vertical force acting on Joint D = 40 sin 45 = 28.28 kN

Total horizontal force acting on Joint D = 40 cos 45 = 28.28 kN

+
SIF, =0 A, +2828kN =0

~ A, =28.28 kN (<)

Due to symmetry w.r.t the vertical load,

28.28
Ay =G, ====14.14 kN (1)

Part-b) Using the principles of zero force member identification, referring to lecture-5 slides 8, 9 and 10,
we have:

Stepwise with correct sequence:

e LB and HF are zero force members
e LC and HE are zero force members
e KCand IE are zero force members
e KD and ID are zero force members

Part c)
JointA:  53F, = Fup + Fyy cos 45 — 28.28 = 0
o Fap = 42.42 kN (T)
T+ZF, =0 F,; sin45 + 14.14 = 0
“Fy =—20KkN (C)
Joint L: 3 XF,=0 Fix cos45 + F; - cos 45 — F; cos45 =0

= FLK+FLC = _20




T+2Fy:O FLKSin4-5—FLCSin45—FALSin45=0
= FLK - FLC == _20

o FLK: —ZOkN(C),FLC: 0

JointB: SEF, =0 Fpe = Fga = 42.42 kN (T)
JointC: 5EF, =0  Fop— Fop — Foycos 45 = 0
- Fep = 42.42 kN (T)
T 4+ZF, =0  Fo+Fysin45=0

o FCK =0kN

_+_
JointK:  —>XF, =0 Fgcos 45+ Fgpcos45 — Fyj cos45 =0

T+2Fy=0 FK]Sin45_FKDSin45—FKLSin4‘5=O

o Fgy = —20KkN (C) ,Fgp =0

+
J0|nt\] d ZFx =0 F][COS 4‘5 = F]K COoSs 4‘5
o F]I = —20 kN (C)
T+2Fy=0 _F]ISln4‘5_F]KSIH45—F]D =0
- Fjp = 28.28 kN (T)

+
JointD: —SXF, =0 Fps+ 28.28 — Fy + Fp; cos 63.43 — Fpy cos 63.43 = 0

o FDE + 04'47 FDI == 14’14

~Fpr=20
On substituting, Fpg = 14.14 kN (T)

Due to geometrical symmetry and vertical load symmetry, the forces in the following members are equal,
given as:




Fyg=Fp =F g =Fy = Fgy = Fyy=—-20kN (C)

FBL = FFH = FCL = FEH = FCK = FEI = FDK = FDI = 0(|e, Zero fOI‘CG memberS)

Due to asymmetry w.r.t. horizontal load, the forces in the following members are obtained as given below:
+
JOlnt E i ZFx == 0 FEF - FED + FEH COS4‘5 = O
S FEF ES 14 14’ kN(T)
; +
JOlnt F _)ZFx:O FFG_FFE :0

o FFG - 14 14' kN (T)



