Department of Civil Engineering, IIT Bombay

CE 102 Engineering Mechanics — Mid-Semester Exam
Date: February 22, 2006 Max. Marks: 100
Note: State clearly all assumptions you have made, if any. Draw clear Free body Diagram(s). If
you make multiple attempts, cancel out the one(s) you don’t want to be graded. Only the first
non-cancelled one encountered will be graded. ‘ Time: 2 hours
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1. The device shown in section (Fig. 1) can support the load L at various heights by re-setting the
pawl C in another tooth at the desired height on the fixed vertical column D. Determine the
distance b at which the load should be positioned in order for the two rollers 4 and B to support

equal forces. The weight of the device is negligible compared with L. (25 marks)

o

C - =
ng

|
ALL DIMENSIONS IN & 20

2. A rectangular signboard over a store (Fig. 2) weighs 1000 N, with the center of mass in the
center of the rectangle. The support against the wall at C may be treated as a ball-and-socket

joint. At corner D support is provided in the y-direction only. Calculate the tensions 7, and 7,

in the supporting wires, and the reactions supported at C and D. (25 marks)
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3. The movable gantry is used to erect and prepare a 5000 kN rocket for firing. The primary
structure of the gantry is approximated by the symmetrical plane truss shown in Fig. 3, which is
statically indeterminate. As the gantry is positioning a 600 kN section of the rocket suspended
from A, strain-guage measurements indicate a compressive force of 50 kN in member AB and a
tensile force of 120 kKN in member CD due to the 600 kN load. Calculate the corresponding
forces in members BF and EF using the method of joints. (25 marks)
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4. The truss supports a ramp (shown with a dashed line) which extends from a fixed approach
level near joint F to a fixed exit level near joint J as shown in Fig. 4. The loads shown represent

the weight of the ramp. Determine the forces in members BH, CD, and CH using the method of

sections, (25 marks)




CEIOL — Milie.. cd tin. — 2006 @

b
= e st
T , 1
r_-\:?‘)ln.—— (o Md‘ﬂd\hﬂ\
T h{? é\-«ﬁk—nﬂ!\o&\.b(lb/ RA/
B 5 P, by, Dx, Oy)
Py i Xy TRy} ‘
L g Tl lg 2 F8D'S.( Paw , dsvie)
Re! = 1B,
“L;“_’,:’ - Fed o Paud.
?— A |
D 7] e hre demac
Faw Aevite D 2k =0 — o=l
j - P — K==L
Gone fask FED « TMe=0 — PXGB— Y -

Frone Avicc FBD = ZF—x:° — Za +Rg = Px (MH'—RQJ

> 2= & = _L;
2Rg = EL — &= 3 -
SMpy =0 — Lp T BLLA) . EA(‘B -—f[(zo—gp:.)
5 _206 = [0-33¢em
= b= %?(\S_) +F = .

b S 25k
Fia ] ‘ 245
SR T o U S Y M Th
A TN o —r——
4 G35
8 “..»y




@

e

MWWM(&?‘J}-‘J'{_‘J:{ C\NS#\"HC (

T T EEHO T e

;99, WM)
O, ) — T,= 34 -33¥ T, = 436 -SgzN =

R =0 —06)

T " - Llumecﬂ).
(W)(\) Q—%Q) yO=e ~06
Th=0 = Cx= -Tp—Tax= ‘E‘ (%).m_(—*“z:yﬂ

(x = S60-SHN-=

- — C = — T "*_7__ - = —| Ty /= i} ‘S_ t
Zhy-o = Cym Ty Ty = = (e b‘"’]
Ly =0 - (e, te b ale oo @ym@)

B B T T _ — (T 2] +
2y =0 - C,z,- W P lan = W ('(qu‘r lm
C,% — §25. S N -

CJ_C?;C;TLCJ — F68-323N -

P32 t LD b ¥

O \Qo ! Note : S‘]"""“"Q' =i
% 16 ﬁj& beday).

A

L 41 lﬁ\ 500 B(™<E j2s
600 G P
i i

e | —

D *
S EH{OFDF- fog = Fe» , P8 = ~fe ca's =—Fe
EY: Rl =R
F
TEE » F'fi‘ E Fep = Fpeant$ =120 = 126(T) ==
BE Era FBE- = —fFpecnnyS = —120



Jk- k" Fea= 600

—

— 600 = - 235

1Fep c&® = —Fea —> Feb = 222
0
Fogw 1F28
q .
G4 B e F&E FBF - = ch %.8’ +FAB ”‘Fﬁﬁ
F
Fi B e C9(E)HE=tnd
(it/2)
B = — (93.35 = (a2A5(OQ =

., =0 Vin Lo Tk.
FCH s Lj ,;,6;.( % J C.
Y= L (JQH Fraapyatess— )

b Hosts—
Coridar FBD 4o dee Lt secfing xx
SMy=0 — Foped + 3y (2d 1) _%(14%15)

—Ldeanils =0
D Fgy = 2Ly - WA IS — =)L ealS
L = —[-932 L=

2 Fi ®0 — ~F ‘
— AL — = - L. Ve
:] B (L+ %) eSS + J:] :n,b—(': Ocmfféiu)

- F@ = Ly
H 2 = 0-622L [rewss
s -gL. Q%Le)q





