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Tutorial -3
ME-101, Division | & 1V (2016-2017 Semester-11)
Feb-6, 2017 Time: 8-00 to 8-55.am
Ans 1:

Solution: We shall start by drawing the FBD for the BEAM:
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Finding Reaction Forces Rgand Rg:-

(x+1)m

Equation for Half-Sine wave: y = 2 * sin

] ==t Total Load = -[—11 2 + sin {.r+21,|n} dx g

x =—kN
w

Taking moments about A,

6*Rp—7—1.5%4-15%8=0 == Rp=4.167 kN

Re+Ra=3+(8/m)=554kN === Rp=1.38kN

In order to determine the SF and BM at a point, we can divide the beam into different regions:

“2ax<-1 ) -1ax<0; O<x<l ; 1<x<d ; 4<x<6 ; B<x<S ; Bax<9 [Units: m]

e Forthe 1% region, i.e., -2<x<-1 === FBED: _T)
Therefore, V=0& M =0

e Forthe 2" region, i.e., "1¢X<0 s FBD:

> :j\)“

4*c05

[(x+21)ﬁ] _4

(s+1)m

Force summation: —ffl 2 = gin [ ds +V(x) =0 == V(x)=

T



Moment calculation about a point on the section:

8*(305(?)—4?”(.‘—471’

—[* 2»r51n[E ]ds*(s—x}+M(A)—D m— M(x) =
T*T
Therefore, V=127 kN & M =- 0.462 kNm
For the 3™ region, i.e., 0<x<1 === FBD: T)
M
[ 4*(:05[%71'”1]—4
Force summation:—fflz *sin[ () + Ra=0 === V(x)=— -Ra
m

Moment calculation about a point on the section:
8*::05(%)—4?‘:.1‘—411

—f_ 2 * 11’1[(”131 ds+ (5 —x) + M(x) —x * Ry =0 === M(x) = p— + x * Ra
|
1

For the 4™ region, i.e., 1<x<4 === FBD: ! T DM

L

dx +V(x)+ Ra=0 === V(x)=8/m - Ra

+1)
Force summation: f 2 %3 [(x i

V(%) = 1.167 kN
Moment calculation about a point on the section:

—f 2 [[Hl]}ds (s—x)+M(x) —x+Ra=0 ==M(x)= (B*x)/m - Ra™ x

m— M(x) =-1.167* x kNm 1.5 kN

|
For the 4™ region, i.e., 4<X<6 === FBD: I 7 kNm
1

T L

v

Force summation: _[ 2 %8 [[“” ] dx +V(x) + Ra— 1.5 = 0 === \/(x) = 2.667 kN

Moment calculation about a point on the section:

—f 2*sm[( }ds=«(s—x}+M(A)—waA 7-(4-x)*1.5=0

mt M(x) = (-2.667* X + 13) kNm



Shear force

Bgng_lwg Moment

—5 KnN-m

For the 4™ region, i.e., 6<X<8 === FBD: (We shall consider from the RHS, as that will make our

calculations easier) 1.5 kN

Force summation: -V —1.5=0 === V = 1.5 kN "
| o oC
Moment calculation about a point on the section: 1
x‘-‘?‘: I
-M(x) + (8 -%)* (-1.5) = 0 === M(x) =-1.5%(8 = x) kNm 21
8

Now we can simply accumulate all the expressions and plot the SFD and BMD for the given
beam.
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Ans 2.

Resultants of distributed load:

8
= r wg(l — cos#)

8
Fg, = f wy (r d8) sinf = r wy(—cos8)
0 0

8
= r wy (sin 8)

8
Fgy, = f wo(r df)cos 8 = rwg(sin #)
0 0

8
Mg, = f wo (r d8)r = r’ wyb
0

At = 120°,

Fro=rwy(l —cos1207) = 15 rwy

Fgry = rwgsin 120 = 0.86603 r wy

+2EF, =10 N + 1.5 rwgeos 30° — 0.86603 r wysin 30° = 0
N = —0.866rw,

NIZF, =0 V + 1.5 r wysin 30° + 086603 rwycos30° =0
V = —15rwyg

C+SM, =0; —M + r?w, (1.-)(%) + (—0.866 r wy)r = 0

M =123 Pw,

Ans.

Ans.

Ans.




Ans 3.

FBD (a)

Support Reactions: From FBD (b),

Crame=0:  B(G)-F(E)=0 — K=
+T YFy = 0; Ey—W?L_W?L=O —’Ey=W?L

From FBD (a),

C+IMc =0; D) -2 (3) - 25(3) =0 —— D, ==

From FBD (c),

L mwny wpy _ 4= I
C+ZMB_O’ 3 (3) 6 (3) Ay(L) = 4y = T3
+1 YFy = 0; By+ - - B2 _2=0 —— B,=-—=

FBD (d) FBD (e) FBD (f)

For0 <x < L[FBD (d)],

+1 YFy = 0; T - wx = V=0 = V = (7L —18%) ... Ans

C+zm=o; M= wx(S) = 2y =0 —— M= 2 (7Lx - 9?) ... Ans

For L < x < 2L [FBD (e)],



+1 YFy = 0; 71—‘?+&;”L—wx—v=o — V = Z(3L - 2x) ... Ans
L 10wL

C+Im=0; M- wx(g)— Dly — XL (x— L) =0 ——M = 2 (27Lx — 201* — 9x?)
.. Ans

For 2L < x < 3L [FBD (e)],

+1 YFy = 0; Vb 2ot w@BL—2) =0 —— V = (471 — 18%) ... Ans

C+zm=o; 2 (3L —x) —w(3L — x) (SLZ"‘) — M = 0= M = - (47Lx — 9x? — 601?)
.. Ans

SFD & BMD:

Shear Force Diagram Bending Moment Diagram



Ans 4.

First consider the free body diagram,

NA—>’-.Q

Fa T T Fs AY
N >
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Fr
P

_

Body.1 Body .2

We can see there are 4 unknown force components in body 2. Let us consider a
situation, where the co efficient of friction is large enough to keep the road and the cylinder
in equilibrium. In such a situaticn 3 equilibrium equations with 4 unknowns become available.
In general, this leads to a situation where 3 unknowns can be written in terms of fourth

unknown. This might give some information on Fg/ Ng and Fc / Nc¢. Let us work it out.

The force equilibrium equation for body 2 is given by,
NB-NcCOSB-FcSine=O -------- 1
-Fg+:NcSin®-FcCos®6=0 e 2

Moment equilibrium equation about point O is given by,

rFe—rFe=O0 emeemee- 3

[Line of action of normal forces passes through 0. hence they do not contribute in the
equation. r" is the radius of the cylinder.]

From equation 3 we get

F5= Fc ——————— 3a

Replacing Fcby Fain equation 1 and 2, we get,
-NeCosB—-FzSin8=-Ng = —— il
+NcSinB—-Fg—FeCos8=0 = ——- g



‘A* Sin B + 5* Cos 6’ vields,

Fg Sin?0 —Fs Cos? 0 —FsCos B =-NgSin 0
Fg (1+Cos B) = N5 Sin B

Fy  Sin@
Ny 1+Cos@

We will later show that for the rod to be in equilibrium for P>0, Ngis greater than zero.

A4* (1+Cos B) + 5* Sin B’ yields,

Nc{Cos B + Cos? B) + Fe Sin 8 (1+Cos 8) + N¢ Sin? B - Fg Sin 8 (1+Cos 8) = N& (1+Cos 06)
Nc{1+Cos B) = Ng (1+Cos 0)

Assuming 0 €0 <180,
Ne=Ne 7

From equation 3a, 6, and 7 we get,

F; F.  Sin@
Ny N, 1+Cos8

Let us now move on to the free body diagram of rod (Body-1)

Since the body is in static equilibrium, we can impose the force equilibrium equation:
Na—Ne=O 9

Thatis, Na=Ng

P=Fa+Fe 10



If P>0, either Fa or Fs should be more than zero. Fg>0 is possible only if Ns >0, and Fa>0 only

if Na>0, that is Ng >0 (from eq.9). Hence, if P>0 at equilibrium, Ng>0.

Applying 8 in 10, we get,

p_ Sin @

_—NB +Fi _______ 11
1+ Cos 8 ’

If Wa, Us, He, are coefficient of static friction, at A,B and C. Then by law of dry friction,

F F, F
By, “Sep. e A<y,
Ny Ne N, ’

So the minimum values of If pa g, and g, that does not violate the equilibrium equations, in

particular, eq.8 and eq.11 are

Note:
Moment equilibrium equations for the rod give a relation for the offset between the line of

action of F5 & Fg. We are not interested in it.



