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DIPLOMA EXAMINATION IN ENGINEERING/TECHNOLOGY/

MANAGEMENT/COMMERCIAL PRACTICE — OCTOBER, 2019

THEORY OF STRUCTURES - II

[Time : 3 hours

(Maximum marks : 100)

PART — A

(Maximum marks : 10)

Answer all questions in one or two sentences. Each question carries 2 marks.

1. Define slendern=ss ratio of a column.

Show the limit of eccentricity of a rectangular column section width B and
thickness D. ;

Show the elastic curve of a fixed beam due to external loading.

Reproduce the equations for slope and deflection for a simply supported beam
with central point load.

Marks

. Define distribution factor for a member in moment distribution method. (5x2=10)

PART — B
(Maximum marks : 30)

Answer any five of the following questions. Each question carries 6 marks.

1.

A steel rod 5m long and 40mm diameter is used as a column, with one end
fixed and other end free. Determine the crippling load by Euler’s formula.
Take E as 200GPa.

A masonry dam of trapezoidal section is vertical on water face. The width of
the dam at the top is 4m and its width at the bottom is 12m. The height of the
dam is 23m and it contains water up to a height of 20m above the base.
Draw the stress distribution diagram of the dam. Take the specific weight of
the dam material is 20kN/m3 and specific weight of water is 10kN/m?3.

Expléin the following.
(a) Angle of repose (b) Weep holes (c) Active earth pressure.

A simply supported beam of span 6m is subjected to a uniformly distributed
load over the entire span. If the deflection at the centre of the beam is not
to exceed 4mm, compute the value of the U D load the beam can carry.

Take E =200 % 103 N/mm? and I =300 X 106 mm4.
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5. Compute the maximum slope and deflection of a cantilever beam of lengih
‘L’ carrying a point load ‘W’ at the free end using moment area method.

Marks

6. Illustrate the theorem of three moments and reproduce the equation.

7. Explain the following terms in ‘moment distribution method.
(a) Stiffness factor  (b) Carryover moment  (c) Unbalanced moment (5%x6=30)

PART — C
(Maximum marks : 60)
(Answer one full question from each unit. Each full question carries 15 marks.)

Unt — 1

Il (a) Compute the Euler’s cripbling load for a hollow cylindrical steel column 38 mm
external diameter and 2.5mm thick. The length of the column is 2.3m and hinged
at its both ends. Take E = 205GPa. Also determine the crippling load by Rankine’s
formula using constants.
oc=335N/mm? and ‘a’= '/;W 8
(b) The truss ABC shown in figure has a span of 6 m. It is carring a load of 6 kN.
Find the forces in the members AB, AC and BC. '

6kN
A
I
S l
|
B sl ' 3° (N ¢
A = A
b 18

% 6 m

Or

IV (a) A solid rectangular column of length 4m is having a cross section of 200mm X 100mm.
If the ends of the member is hinged, find the Euler’s crippling load.
Take E = 200kN/mm?. 8

(b) Compute the magnitude and nature of forces in the members of the truss shown
in figure by method of joints. ;
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Unit — 11

A hollow steel column having 25cm external diameter and 20cm internal diameter.
The column carries an eccentric compressive load of 500kN at a distance 10cm

from its axis. Determine the maximum tensile and compressive stress. Also draw
the stress distribution diagram.

A concrete dam of trapezoidal section having vertical water face is 25m height.
The width of the dam is 12m at the base and Sm at the top. Compute (i) The
resultant pressure on the base per metre length (ii) The point where the resultant
pressure cuts the base (iii) Eccenmcﬁy of the resultant. The height of the free
surface of water above the base is 20m and specific weight of concrete is
25kN/m? and that of water is 10kN/m3. .

Or

A rectangular column 20cm wide and 15cm deep is carrying a vertical load of
1000kN at an eccentricity of 5cm in a plane bisecting the depth. Determine the
maximum and minimum intensities of stress in section.

Compute the maximum and minimum intensities of pressure at the base of a 12m
high retaining wall with top width 3m and base width 6m. Specific weight of the
soil and wall material are 20kN/m3 and 25kN/m3 respectively. Assume angle
of repose as 30°.

Unit — I
A simply supported beam of span 4m is carrying a uniformly distributed load of

2kN/m over the entire span. Find the maximum slope and deflection of the beam.

Take E =200Gpa and 1 =400 X 103 mm?.
Explain Macaulay’s method of slope and deflection of a simply supported beam
with central point load.

Or

Explain moment area method for ﬁnéh’ng out slope and deflection of a cantilever
beam with uniformly distributed load over the entire span.

A beam 3m long simply supported at its ends is carrying a point load at its
centre. If the slope at the ends of the beam not to exceed 1°, find the
deflection at the centre of the beam.

Uwnit — 1V

A continous beam ABC 12m long rests on three supports A, B and C at the
same level and is loaded with uniformily distributed load of 20kN/m as shown
in figure. Determine the moments over the beam and draw the bending moment
diagram. Assume flexural rigidity E7 as constant.

20kN/m
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(b)
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(b)

&
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Marks
Explain how to find distribution factor for the members OA, OB, OC meet at
a rigid point ‘O’. The ends ‘A & B’ are fixed and ‘C’ is hinged. 7
Or : ; '

A continuous beam ABC 14m long rests on three supports A, B and C as shown in
figure. The beam is loaded with uniformly distributed load of 40kN/m. Determine
the moments over the beam and draw the bending moment diagram. Assume
flexural rigidity £1 as constant. '

: _ 40kN/m
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Analyse the beam shown in figure by moment distribution method and draw the
bending moment diagram.

— 30kN/m ' 72KN
A gmw B Gy S .
. Iag = 31 T Ic = 2I 2m >
6 m 7 6 m

Assume E is constant for the beam. 7
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PART-A
.1 Slenderness ratio (1) is the ratio of the effective length of a column (Le) and 2
the least radius of gyration (r) about the axis under consideration.
2 Limit of eccentricity of rectangular column sections
y 2
|
|
3 )

2
4 5

s The distribution factor for a member at a joint is the ratio of the 2 |10

stiffness factor of the member to'the total stiffness factor of all the
membem meeting at the joint.
i PART- B
3
1 SOLUTION [ = &M = 5X/0 mm
d = 49 © mm-
£ = 00 c’:‘;Pa, = .,?oo % 2D N/mm
Mement- 6 tneviea | T = -g——» o7 |

j?cia_zﬁﬁﬁn



=3

B gﬁ (4‘0)2 = 4o00of mn! = /35 oo mm’
Sinte fRa Colrmr 53 Foy 2k ene end and olbey erd fre
Le = o?l 2 QX 5‘%!03 = ;axc-osmm
N Euleys Crippliry ead |, Pe = ﬁ’_-;fzg_
e

= /?2(..{200)&103 )(40000/?
o B

Solution-Given (Tox 10®)
= 2 48 kN
#

=

Ap—ifi—n B

7‘“-':%Q o5 b K "
Shen
dsgran/

H=23m, h=20m,b=12 m,
a =4m

w = 1 0<N/m’
The total pressure of water on the dam per unit length

2 _
wh* 10 x2202 ~2000kN

—
-

2
Weight of the dam per unit length
v..v=~(“‘“‘g2 23x1x20 =3680KN

4% 2352+ ﬁi?—:i(d; +§.}
2 3)

A
4xza+--§-"£3?-

=4.33m.

D=y 3 % a0
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resultant R cuts the base DCJ.F&t F

F h 2000 20 .
e o L s
W 33680 * 3

DF=DE + EF-a;-'I.33+3.62 =T795m

¢ above weight W acts through the cantre of gravity of the section and
15 ihe base DC at E, |

b
centricity of the resultant,e  =DF - 3

12 :
=795 -~—=1985m
: 2

Maximum stoess occurs at the edge C of the base

"'E 'l+=§f—=
max b B

1=.':‘vﬁﬂ() ry 6x1.951%
12 12 605,66 kKN/m 2 (Compressive) -

~3 Temamay

Minimum stress oceurs at the edge D) of the base

f .-;-..El._-i‘g-
min b

~3680f  6x1.95
12 12

=7.66 kN/m?2 (Compressive) .. -

1.Angle of repose

The minimum angle of the plane at which the body kept on it starts to slide due
to its own weight is called angle of repose. The body will begin to move down

the plane, if the angle of inclination of the plane is equal to the angle of
friction.

P-4 B 22




2.Weep Holes

Provided in earth retaining structures like retaining walls, underpasses, wing
walls and other below ground drainage structures.

Weep Hole is provided in these structures to relieve hydrostatic pressure or
water pressure on the walls.

Reducing the water pressure on the walls will reduce the structural design
demand of the water or earth resisting wall by reducing its thickness as well
as reinforcement requirements.

3.Active earth pressure

The minimum value of lateral earth pressure exerted by soil on a structure and
the wall moves away from the backfill , occurring when the soil is allowed to
yield sufficiently to cause its internal shearing resistance along a potential
failure surface to be completely mobilized.

‘Solution-given
' [ =6m = 6000 mm
=300 x 10*mm*
Ye = dmm
_ Sl
J84E]
5x w x 6000*
384 x200x10° x300x 10°

4 =0.281w

ie

w= 4. 2kN/m-

P“‘Zk 5 d‘} 20
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i Fig 16.12

— Consider a cantilever AB of length | carrving a point load W

Area of bending moment diagram
_wixl _wi?
s 2

According to Mohrs theorem lhmm of thetangentsen A and Bis

B 28 3 - W

o

BBE'= YE =

The theorem of three moments gives the relationship between the moments
at supports in a continuous beam. The theorem states that if AB and BC are
any two consecutive spans of a continuous beam subjected to an external
loading, the support moment M My and M, are given by the relation.

T

1.Stiffness Factor-JIt is the moment that must be applied at one end of a
constant section member (which is unyielding supports at both ends) to
produce a unit rotation of that end when the other end is fixed, i.e. k = 4EV

. .. ba, X, 6a,X
M, *3M§ t ‘z)‘*‘Mc %*w‘* Y x

ii) It is the moment rctluired to rotate the near end of a prismatic
member through a unit angle without translation, the far end being
hinged is k = 3EI/1. '

MG of 2
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{ID)
(b)

B
ipph 'C ]-ﬂﬁ-d P z &5 = A
I M & m a(Lf(k)z

A: T (p’-d

Taking moments about C

2. Carry Over Factor T
It is the ratio of induced moment to the applied moment

The ratio of mement produced at a joint to the moment applizd at the
other joint without displacing is called carry over factor.

The carry over factor is always (1/2) for members of constant moment of
inertia. If the end is hinged/pin connected, the carry over factor is zero.
3- unbalancel moment - the Jwm of fhe fixed end moments m“"hﬂl at a
Jolnt eohied 1% Ih_l'{-m!"j ddlmped s not zeve. The a.fatbnc S0m of [k merments
meeting of « Jount i Caled onbalanad mement .

Selattn D= 38 mm | Thickness = @ §mm and d: 33-5’ji”“
(- a~5mo3_mm,6‘cs 235 N[mm* , Ranking domsfom} @ = Tove

T - % (0% d") :%(354—334) - e 0%t T mn?

R 3

fb&nﬁﬂb hlrao{} Lg_ :-.Eﬁ 23 % [o° ™M .

E: PE itee ﬁl C‘Q‘GEX‘US Y 7‘('4-0 Al ﬂ) = [635{@
= PR —~ .-___’____’____———4—'_—-—'__-—._-

- e Q3 %0

T A BB
K J: 2) . %(3955%2) = 575 imm

/ e < 130 Cmm

R (7. (6 ke
 Pe s SogxgpdC o F LT D

1 FR3Aik | & kN

s (225) &

8 84 | a0

gm S NE o

Ry *6=6%45 = R, =45KN,
and R, = 6 — 4.5 = 1.5 kN,

4.

Pa,gg,7 af- %
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R, =45 kN
Resolving vertically, Lv=0

4.5+, sin60" =0

4.5
Fm - Sin6gﬂ W e 5-1% kN.

L Fga T Fag ™ 5.196 kN (compressive)
Resolving horizontally, ZH =0
Fya €05 60" + Fpe =0
- 5.196 cos 60" + Fye = 0
Fye = +2.598 kN
o Fpo =Feg = 2,598 kN (tensile). -

Joint C

B TR R B 2 B L S

Hms w =0

Foa Sin30°+15=0
Fop =30 kN
Fop = Fpe = 30 kN (compressive)

| Yo

Pogt 9 oboo




(a)

~Faze0830° + Fop = 0 e

- 3 cos 30° + F:‘_’B =0

Results :

F,

cp = 2598KN = Fy .

24

A= Ixl = Im®= 10%am?
E = 2x10' KNicm?

m pﬁﬂiﬁg wher & L =2}
C #'x2x10t xw

' ;’ mg“u -

1A

Q'ﬁa("\t?;?_o
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V- (b)

Solutiont
oint C, TH=0,EV=0

Pcn Sin 60 =100

Pep = % ~11S.ATKN (tension)

., « Py Cos 60 =115.47 Cos 60 =57.73 KN (Compression)

m of the joint D, > H=0.2.V =0

P, Cos 30=Py, Cos 30
P = Pog =115.47 kN {Compression)
Sin30 =115.47 Sin 30 +115.47 Sin 30 =115,47 kN (Tension)

lod !5"“""
Sltwo e D s S5 0

‘ d = 2owm
___&_nili..__—. @ 2 10 U.'M
‘- p - Goo KA

‘FW g 35 Gho
= x4 =243
ok

w(as*- an*
- {
Q—Ql\d\‘r\j &}rm - mx%ﬂ _: E-e—_l N QUILOK[QS‘XW
I IT(&H'-MT‘_)

- 5.5 <] am®
' ’)Fm:.‘?ck{' ‘C'a e A-E3XY5Q = 3;35—'10\-‘/0”1

fmm._: {d B oa BT 2 —2-69 bkw (o™

| ar'mwx ~ Compresd ,C v = Aemgple |

P (0 of 2




(b)

Solution-Given
H=25m, , b=12m, a=5m, P=25kN/m*, w=10kN/m’

M._im-« B

; . B gl O
VI i
e 120 e A

e ¥

| Weight of the dam per unit length

W= spemﬁc weight x wlume

“5312 S kN

prmumofwamtperunﬁlmgjhaf&em
3 wkwwmmayafmmxm

Fh200028

P N — e X ——=

W 3 53125 3

_5x25x25+{xTx25(+) _,
T 5X25 +ix7x25 Al

i -Kmt&'muxdmswm ﬁmB

b
ity of theresultant,e ﬁBF’g -




T .
(a) P
+Eelq-
' s | _ P Mxy
Elevation Maximum stress, [y ““_‘j;*‘ "
-VEH-L _ 1000  1000x5x10x12
m ., § 20x15 15x20°
. . , |
bion g =8.33kN/em? -- - - --ememene
Minimum stress, [, ot MKy
' | I |
_ 1000 1000x5x10x12
- 20x15 15x20°
=-1.6TkNlem? <= ce e mmmme
Vi
(b)

Snlu_.uon Given
h=12m, a=3m, b=6m, &=30°, wwzﬁthn’ p =285

Horizontal thrust on the retaining wall per meim length

wh?  1-sing _ muz2 1-sin30° m‘lsom

Fe2 esmp 2 *l+sin30®

Prz& “(R o}t 2r
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il
(a)

Weight of masonry wall per metre length
W= (6;3J12x 1x25=1350 kN

Horizontal distance of the CG of the retaining wall from
the vertical face AD

DE -2 +ab+b? 3743x6+6’

3ash) | 33w oom
P h 480 12

o L e 12_
el R T e

DF=DE +EF=233+142=3.75m
eccentricity of the resultant, e =DF - .g.

=3.95- 20,750
=i
Maximum stress occurs at the edge C of the base

Wi, 6e| 1350] 6x075
f =l — lim ey U,
max bﬂ.[+b] 6 [H 6 ]

=393.75 KN/m? (Compressive) - -~

Minimum stress occursat the edge D of the base

5 w[ Gc] 1350[ 6&6’:?5]
& L o S —
min b 6 |
=5625kN/m” (Compressive)-------
Soletiom, ,
2pam L = ém s AXK IO ojon -
T P &/0&. 2 R60 ALO° a/mm”
I = gooxto ',mem?
3
massanumy Shpe = Ly = WA |
29 &L 3
_-'_?_’_‘_Cﬁ‘x_"o_)__—-—— 5,

Jéx,?ooxm X yeoxlo

W ¥ c»}%
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Vil
(b)

" pe” L, » 0 067 roof S

m Ao et by 3~ 7
T swlt Srax(hr1e)_

' 3
384 EL € 4K 200 K 10> A 400K O

= 33:33mwm

—

Simply supported beam with a ccn{ml point load

e re—— A

C‘mstder a simply supponad beam AB of lengih I and carring a
point Ioad WV at the centre of the beam

Consider a section XX ;1'..9 distance x from B
BMm.mt_imxx,mm-“—;’i-wa-g) |
According to the differential cquation of flexure

El E'i- =Mx

LA’y Wx

mﬂ&*’cix*cz ."' """"‘(x 93 ---‘-‘-*m--(Z}

where C, sndcamihemmaf nteg
%mxuﬁ, y=0and consider terms u » to dotted line in equatm(l),
w%@‘%%xﬂhﬁ&mmmwmmmﬁﬂ)

d 4]

Py & o127




s Substituing this value of C, in equation{1) - — -
2 2
0% dy Wx* Wi W ;
dc 4 16 2
This is the required equation for slope at any section.

WP
When x =0, )y =~——radian
1681

ituting the value of C, and C, in equation (2)

Wi'x W
IY”-*E--I-—E?— - ‘“‘(! 'B “““““ e we{d)

Vil
(a) Cantilever with a uniformly distributed load

: cantilever AB of length | and carrying a uniformly
ted load of *w’ per unit length.
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Vil
(b)

IX
(a)

Distance between CG of Beading Moment diagram end B
31 -
4

X=

According to Mohrs theorem I, change of slope between A and B'is

3
gaz_‘i:f_l_ radians

ElI 6El

According to Mohrs theorem I1, intercept of the tangents on Aand B'is
AX wi*

BR =Y = o = —
“ El SEI

Solution-Given
|=3m
Slope at ends = 1°= 0 01745 rﬁdmn

wi’ ;s
s tth G=-w—=0.01745
lopeat theend, E 01745 radian

) e 2
Deflection at the centre, Yo =%*—-%xl

~0.01745x L.=0.01745x >
3 3

" =1.74Scm- - -
f&okn/nﬂ.
6_ @)z 2 C
L‘ m ——F— 6mMm -*

Free Mzrmwi' d,vﬂa?fw
.ﬂG

'. "ﬁr‘%

| FRM)

'S &

Pree. ] Momew' o(/.«‘z{m )

Z,:%, o b “.-'g—--')(éf?"’

= 360 unth

_ o,
by il S paer> Oyomall ] Bwp = _0_\’_/,_, LAl 9o b m

pﬁ'ﬁus of 2.0
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IX
(b)

Alrtooce ) enfpaed 3 B, Pm end A avd By fomend C
a, = 92 =3

LD Soame M, ‘Z‘/? Z2
gﬂ(rfg.&u’)’m{s " Aevans

Ma L, tama(Ly+L3D+ Melx e, L 64, ';:1.

A} I 3
e EMEHAL RS ENe = ~fy360%3 . o
¢
NG &sza"/z A5 C ave E»yiyé 57:7,07@15

M4 = )¢ =©
. ¢ A 360x3 ¢ X 360 X3
Ly Mg g R —a = g

Mp = = 90 kn-my
90 €n m (ﬁa;y/iy

Bt

O. Let the ends A and B be fixed and let the end C be hinged.

Let M be the moment applied at joint O. Since O is rigid joint, all the members rotate
by same angle, say 6. Let M, M, and M3 moments shared by members OA, OB and
OC.

M;+My+M;=M .

Let k1,k2 and k4 be the stiffness and /;,/> and /5 be the length of members

0 = Mi/k; =My/ko=My/k;
M

Tk

Wl? 6t 12
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: M
--Mi=k1-ﬁ
ki
TS ki L
Distribution factor for OA , DF,, = Kox
: Tky o
Distribution factor for OB, DF; = ;‘iﬁi“.
2kg
Distribution factor for OC ,DF . = Koc
X | kg P
(a)
Lo knj/mq
A1 6"“ e WM —
T (8o 320
| Ay ‘A
\ Fv ee [Moment—gram
Iy ‘ - 2
/b éd s pev> nanent o /BB
= W/ é“’ﬂgq ~ /& £n) ’/z_
P A
o3l Spam Imomen s~ M BT
S = w0l 4oK€ spy fo | o
€ TF
R A, = Aren ?ﬁmémc&.owﬁg d?)am
By > 2-xex /80 = FR09mh [
,;-C_/ = 3m i g l/}__
19_1 . fhee ] ’D")’&-' A olreeyyan h .17)0.4(1
72 *-—g——;( 8 X 320 2 (Fe6- 67 onib Vo
DEL 2 i/fm }41,
Flexeval qr?m{;é cr M Condlomd-
My x g+ dma (E45)F M X8 -~ Tdo A3 _ R UPLERG| 4

¢ £
S onds A ond C ave Emply ﬁjfpﬁa,mﬂcmtso

Pagl g of 20
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(b)

o AN 6 X Jan%d gjw; _

¢

2 ¢ )
- Ma = Teo Kt an (/f:og,iﬂj)

¢ I 72 ki
J l h
3 ;/[ | 'ﬁr b f M -{SC
: 135 i
Pl 4
Y/ P %l-tgo

L

firad ood momedh

: i

Gres M = ~ 38 &vm
&=,

Mfﬂﬁ = 7_?)(27\?7(? _ ﬁ;‘ éi\fﬂw
érz.

Dustrrhedsn Joetoo y Lo
¢ $EBT) qer s3m T °°
84 * 7z
bac = 420D s3ep . 18, 4,

¢ 333
sk - 333€D
r A e I_ t“
06 lo¢o | ‘
— 9o Qe | =39 ¢4
~34:6° | -23-20
=13.40 ' \ “1(- 6o
|- 10} ‘46 5620 —55.20 67 4o

A

21
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Split up
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total

total

fov Span BB, Free spm ceeyiam - it

g
= 30X¢® L 35 kwm
5

Jov Spon BC ;5 dree Am ,_/,(w?/mﬂ . KNah
L

> TRAGAY = og knm
7z
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