DEPARTMENT OF CIVIL ENGINEERING, IIT BOMBAY

CE 221 Solid Mechanics: Midsem
Note: Assume suitable data if not given.

07/09/2015 Total Marks:30 Duration: 2 hrs Instructors N.K. Chandiramani / A. Laskar

Problem 1 (7.5 Marks):

A block A weighs 90,000 N and is to be supported by three elastic steel members DC, CE
and EF as shown in Fig 1. Take the block A as rigid and the modulus of elasticity of the
three elastic steel members as 1.93 x 10™ Pa. Neglect the self weight of the three elastic
steel members. Assume small displacements and rotations.

Calculate the vertical and horizontal displacements of pins C and F due to the weight
of the block.

Apc= 625 X 107 m?
Acg=3.125 X 1073 m?
Agp=3.125 X 103 m?
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Fig. 1

Problem 2 (7.5 Marks):
Two solid shafts 1 and 2 are rigidly connected to a hollow shaft 3 as shown in Fig. 2. Shaft
2 is fixed at the right end while shaft 3 is fixed at the left end. A torque T =500 N-mm is
applied to the free end of shaft 1. The shear modulus of all the three shafts is G = 90 GPa.
(i)  Calculate the torques at the supports of shafts 2 and 3,
(i)  Calculate the rotation at the point of application of torque T.




Problem 3 (7.5 Marks):
Three shafts and four gears are used to form a gear train that will transmit power from the

motor at A to a machine tool at F as shown in Fig. 3. The radii of the four gears are
shown in Fig.3. Bearings supporting the shafts are not shown in Fig. 3 for clarity. The
diameter of each shaft is as follows: dag = 16 mm, dcp = 20 mm and dgg = 28 mm.
The motor operates at 1440 rpm and the allowable stress for each shaft is 75 MPa.
Determine the maximum power that can be transmitted at 1440 rpm.
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Fig. 3

Problem 4 (7.5 Marks):
The bending moment diagram for a beam of length 5a which is supported by a pin support

at A and a roller support at B is shown in Fig. 4. The beam has an overhanging portion to
the left of support A and to the right of support B.

(a) Draw the shear force diagram.

(b)Draw the loading diagram, showing the supports also.
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Fig. 4



3 15V b5 : I/Fg ’(%"O(DG S) 35000 Fep=—"55200

0 “F MMWW\,‘X

2 = [behe, ) AT, 2IBC 2he B 220 Ay
L v o B Feslep

(AE)q; &) op
S—ileky, EF = EFefelar  BFahc,
(AE)ee

pleis + s +1CF@CHAAH9 = C_FE+_L{ACH AFHE]

= Doy = Bry -

END RESULT . ONE7 D SPLACEMENT ALONG MEMRER DIRECTN CONTRIRES TE

oy, o (A g
L :F___’& 3))_ WH >‘F AF“)*@CV F)



T%/;f:; [ e 1 Egpik = T/*—TL:’T; —®
3/1' l_z,,_‘_?:ﬁ = ’z
sy - ot MM v
"F—Q‘M"M ’ 32 Q?)) Ké -4 J

©,© T = 1693 Nowa
-” = —30- Q}Nwl ?\%aﬁwq&&cﬂd/wlmﬁr&%_

| Bu=§Tl0  + TR0 T.pe
@ - &M;D‘O}(’Q’%ﬂ CE @B I (e-4]) 10
3z o

Sy, =508, =90 253
e Y e W Chet —q
= 1SD_Tep (19) S\ Tag o)
AR o T AR
e TA'B ﬁ—g”; TQ) _é__Q______,..-———-* ) &E(:{‘ZB’
,A— 16 L‘zbl’ T2
1 o N
2By Tag . = SOSESY A3 S ‘-‘-/“ﬂf,;z
0/ oy’ Al

ch\}ga/f/% <D fcu'(; (}uyﬁ
= #5= eseasty Qe =(Tap) Y = H2S
Ur/:@ﬂ Nt

Pf»\q,x:_ Y289 Hlﬁo@,ﬁ) = 2. w (0P U
(D6D i i i




Py s L,Pc\(——’?/?, 7o +3Pa




