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Preliminary Examination in THEORY OF STRUCTURES-II for TE (C), 9.30 AM to 12.30 PM, (et 11% 2002
Answer any Three questions from each Section | (Q.1through Q.5) and any Three from Section 1{Q.6 through Q.1

Q.1a) Write down the stress and strain tensors for Plane stress Plane strain Problems. State W;

the differential equations and compatibility equations in case of a 2D stress state, 12 kNl 424 kN ¢ &6'%1 i
.1b) Strains measured by u rectangular rosette are €.=600um/m comp), £45=300pm/m(comp), ’a@ﬁ*"“‘*’

Q.1b) y 4 rectang are €,=600um/m(comp), £45=300ym/m(comp TR

. i e y 22 £y
and £y,=500pm/m(tens). Locate the principal plancs and find the principal stresses.Use sketched 81 )
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Q.2) For the beam/Figf, draw BMD and sketeh the elastic curve using Stiffness matrix mc:hml.k"_% - ] ) __l
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CAh) DOIVE W0 ) US I IVIOIECHE E2AAT g o0 b CLIod, 1l e DI;" g om” 3w
Q.54) Obtain the Shape fuctor for a cireulur cross seclioi. 6} AR & gj:' 6
Q.5b) For the ultimate loads shown/#ig/ | find the value of M, regaired (uniform section @ @
throughout). Lach of the four point leud

15 168+ 0 and the udl on the lett column is 14 kN!u;@
Q.6) A circular beam of rudius r, curs 4 in plan, is subjecled (o w ud! w throughout and
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Q.7a) Write notes on i) Berry iunctions i) Perry’s formula for intensity of *column-end luudlng{&)
Q.7b) During an experitient on u colunm. the deflection o at the centre tor axial load 1 are G
recorded [Tablef. Draw Southwell Plot and obtain P e
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STRESSES AND STRAINS
1) A steel bar of length 2.5 m with a square cross | & ﬁ,T“""J bars AB and BC support a vertical load' P B
section 100 mm on each side is subjected to an axial tensile = él (sec figute). The distance L between SUPPOFLS remains €
force of 1300 kN (see figure). Assuming that £ = 200 GPa {3 J constant, but the angle 9 can be varied by changing the LSS
and v =03, find (a) the clongation of the bar, (b) the | - g lengths of the bars. Assuming that both bars have the same %_S g
change in cross-sectional dimensions, and (¢) the change | oq cross-sectional areas and that they are fully stressed to the E ers
in volume. S allowable stress in tension, determine the angle 8 so that \3\'&}1‘
L the structure has minimum volume. (Disregard the weights A N
; & ‘; of the bars.) Q!
/100 mm ll'{D mm m :2‘5: S
1300 kN RS AN o | i
% <~
iz 25m ‘%
A frume is made of a 2 m long vertical pipe CD [~ W, \J
and a brace AB formed from two flat bars (see figure). The S‘QE ; : -
frame is supported by bolted connections at points A and | 2 .A concrete pedestai (see figure) of circular cross S
¢, which are 2 m apart. The brace is fastened to the pipe| © 8&, section has an upper part of diameter 0.5 m and hc{g!u ;;_
at point B, which is 1 m above point C, by a 20mm| & b:‘ 2= 0.5 m and a lower part of diameter 1.0 m and beigit N
diameter bolt. If a load P = 12 kN acts horizontally at D,| o, >4 = 1.2 m. It is subjected to loads Py = 7 MN and {’, =18 Tf
determine the average shear SUress Toye in the bolt at B.|™ MN. Assuming E = 25 GPa, calculate the deflection & of )
‘Q ‘J\% \ the top of the pedestal. . N
TR me - e -
Q‘E& Calculate the horizontal and vertical deflections _% L;
i & 5, and 8, respectively, of the top of the wood post due {0 g‘__\-f\-
the horizoitj! load P = 30 kN (see figure). The post fias =%
) - cross-sectional area 32,000 mm? and modulus of elasticity M \_ff’
E E Y QS': E, = 10 GPa. The post is supported by a steel rod AC of Q -
- im { diameter 25 mm and modulus of clasticily E, = 210 GPa. T
Section X-X 0 : g i
» ; P=30kN
¥
Im -
vy
4 <)
N~
' @ A rigid steel plate is supported by three posts of
high-strength concrete cach baving 200 mm > 200 mm
square cross section and length L = 2 m (see figure). Before
the load P is applied, the middie post is shorter than the —
others by an amount s = 1.6 mm. [)cmrminc‘tl_ne maxi- ® A rigid bar AB of length L is hinged to a wall at A
mim ]Rl’ll‘i’lIS.‘\i!b!C load P if the mudulus of elasiicity of the and supported by two vertical wires aitached at points C
conerete is E, = 30 GPa and the allowable stress in com- and D (see figure). The wires have the same cross-sectional
pression is Oy = 18 MPa. arees and are made of the same material, but the wire at —~
. D is twice as long as the wire at C. Find the tensile forces Y :jﬁ
J T, and T, in the wires due to the vertical load P acting at + 4+
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@A stepped shaft is subjected to torques as shown in
the figure. The length of each section is 0.5 m and the diam-
eters are 80 mm, 60 mm, and 40 mm. If the material has
shear modulus of elasticity G
of twist ¢ (in degrees) at the

= 80 GPa, what is the angle
free end? |

TORSION OF CIRCULAR SHAFTS
Ans:

2 4_4_0 stress in shear is 55 MPa,
| T that may be applied to the shaft at C?

@Howmuch power P may be transmitted by a solid
circular shaft of diameter 80 mm turning at 0.75 Hz if the
shear stress is not to exceed 30 MPa?

@ The beam ABCD is loaded byaforce W = 6 kN by

- thearrangement shown in the figure. The cable passes over

a small frictionless pulley at B and js attached at E to the

vertical arm. Calculate the shear force ¥ and bending

moment M at section C, which is just to the left of the
vertical arm.

q=3KkN/m

@
Draw He'!

lP=8kN

the

=24
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An element in plane stress i rotated ﬁ‘f{
through a known angle 4 (see figure). On the rotated ele- 0¥y
ment, the normal and shear stresses have the magnitudes \\(
and directions shown in the figure. Determine the normal ‘ f’ ]
and shear stresses on an element whose sides are parallel |- N
to the xy axes; that is, determine Oy 0y, and t,, S

y 3
TS
10.39 T
MPa {;
30.39 MPa 0 60° A
e = >
{ I
\/ gl
L <
1L32MPa o nl?
/‘\ > bx
e
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20 mm

A
Nile
Hz > 3
cyc.-’eS L
pers 02mee
Bwer | ———— £5-
=Tew @ A hollow circular bar of steel (G = 80 GPa) is

s
/42 4y

BENDING MOMENT AND SHEAR
Ans |

1.6 k]
/-2 ki

Draw
SFD
e
BMO
also

kN
< TRANSFORMATION OF STRESSES

ltions shown acting on element A in the first part of the

Kolgﬁ—cwiﬂ

A stepped shaft of solid circular Cross section (se
figure) is held against rotation at the ends. If the allowab)

40 mm

twisted by a torque T that produces a maximum shear
strain yp,,, =800 x 10~ rad. The bar has outside and in-
side radii of 75 and 60 mm, respectively. What is the maxi-
mum tensile stress o,,,, in the shaft? What is the magnitude
of the applied *orque T2

what is the allowable torque

: Ans
639 Nm

Hns

b4 MPa
25 kNm

FORCE —

The shear-force diagram for a beam is shown in
the figure. Assuming that no couples act as loads on the
| beam, draw the bending-moment diagram. (Note that the
shear force has units of kilonewtons.)

+22.0

Ans
Mmax -
36 kN ro

i @ At a poind in a structure subjected to
piane stress, the stresses have the magnitudes and direc-
figure. Element B, located at the same point in the struc-
ture, is rotated through an angle 0, of such magnitude that
the stresses have the values shown in the second part of
the figure. Calculate the normal stress o), and the angle 0,.
t 21 MPa

28 MPa

——
: 52 MPa /4
l [ 0.0 MPa ”r
6.8 MPa /
[ Ty V\

Cntingied

overleast




@ Anelement in pure shear is subjected to
stresses ., as shown in the figure. Using Mohr's circle,
determine (a) the stresses acung on an element rotated

oriented clements,

jected 1o stresses Ox 0y, and 1., us shown in (he figure.
Using Mohr's circle, determine the stresses acting on an

sults on a sketch of a properly orieated element,

Determine the equations of the deflection curve
I'mf:a cantilever beam AB carrying a uniform load of in-
tensity g over part of the span (see figure),
q
" I
[ O e ) ]
L
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Y II
@A cantilever beam AB supports two concentrated
loads P, and P, as shown in the figure. Calculate the
deflections 8, and &, at points B and C, respectively, As-
sume Py =10kN, P, =5kN, L=26m, E = 200 GPa,
and J = 20.1 x 10° mm*.

) P, P, Ans
4 ¢ B SB:' //é?mﬂ'l
A -‘ s =< {mm
]-—LD——»+——L/2—~—

@ A pinned-end strut of aluminum (E = 73 GPa)
with length L = 2 m is constructed of circular tubing with
“outside diameter d = 50 mm. The strut must resist an axial
load P = 14 kN with a factor of safety n = 2 with respect
to buckling. Determine the required thickness ¢ of the
tube.

@ "Three pinned-end columns of the same mate-
rial have the same length and the same cross-sectional

columns have cross sections as follows: (1) equilateral
triangle, (2) square, and (3) circle. Determine the ratios
P ?@P_-, of the critical loads for these columns.

The horizontal bar shown in the figure is sup-
by columns 4B and CD. Each column is pinned

equal_l_o 15 mm. (a) If the distance a = 0.4 m, what is
the critical value of the load Q7 (b) If the distance 4 can

: , what is the maximum value
of @.,? What is the corresponding value of g7

@ A horizontal bar AB is supported by a pinnzd-
end column CD as shown in the figure. The column js a
steel bar (E = 200 GPaj of square cross section (50 mm on
4 side). Calculate the allowable load Q if the factor of

safety with respect to' buckling of the column is n = 3,

%, =-225 Mta
through an angle 6 = 75° from the x axis and (b) the prin- 37 =225 HMpPa
cipal stresses. Show the results on sketches of properly (x,y. =39 /P, I

—— e 6 45 MP

An clement in plane stress is sub- SOz~ Y5 MPa 45 MPa

clement rotated through an angle § = 20°. Show the re- ,9 25

SLOPE AND DEFLECTION OF BEAMS

AXTALLY LOADED COLUMNS -

area. The columns are free to buckle in any direction. The [, 209 : /.4 47:1

at the top to thf: hc.zn'zontal bar, but support 4 jg fixed (“.} /4.5 kN
(b) 22.8 kN,0-253 m

Ans : IJ‘

<
RS
|
.

i

'J_x,,—_ég‘ 8 f”?‘*, '{’('Yr =
Gy, =31 4 M¥a "4A8.7Mpa

@ A beam with an overhang supports loads P and
Q as shown in the figure. Determine the ratio P/Q that will
make the deflection at C equal to zero.

r 0 ﬁb

B _Ye

A[_

‘\% ]
’-—-uz~ -L—L,-:—i%—' r.;z——‘

A simple beam AB supports two concentrated
loads P, and P, as shown in the figure. Calculate the
maximum deflection §,,, of the beam, assuming P, =
100 kN, P, = 200kN, L = 10m, £ = 200 GPa, and | =
1.20 x 10° mm*. :

P P .r'&l._‘i:
p Y B 20.72mm

|___ 1| L | Ly i

Ans
4 .05mm

Ans:

Ans

—| |—50 mm

Ans: 12.7 kN
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SLOPES & DEFLECTION S

STIFFNESS MATRIX METHOD (1n o nulskell)
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SIMALY SUPPORTELD BEFAMS
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SUSPENSION CABLES & THEIR ANCHORAGES
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