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Problem 12.5. A beam of uniform rectangular section 200 mm wide and 300 mm deep
is simply supported at its ends. It carries a uniformly distributed load of 9 kN/m run over the
entire span of 5 m. If the value of E for the beam material is 1 x 10 Nlmm?, find :

(z) the slope at the supports and (ii) maximum deflection.
=ol. Given ;
Width, b = 200 mm
Depth, d = 300 mm
_ bd?  200x 3007 _ b
M.O.I, I's T 1 = 4.5 x 10® mm
U.d.l., w =9 kN/m = 9000 N/m
Span, L =5 m = 5000 mm
s Total load, W=w.L*=9000 x5 = 45000 N
Value of E =1 x 10* N/mm?
Let B8, = Slope at the support
and ¥¢ = Maximum deflection.
(1) Using equation (12.12), we get
e
A 24E]
) 45000 % 5000° radinnis

 24x1x10* x45x 10°
= 0.0104 radians. n:-.
(ii) Using equation (12.14), we get
5 w.I
Ye= 384 T EI
_ 5 45000 5000°
384 1x10* x4.5x 10°
= 16.27 mm. /Ans.




Problem 12.6. A beam of length 5§ m and of uniform rectangular section is simply
supported at its ends. It carries a uniformly distributed load of 8 kN/m run over the entire
length. Calculate the width and depth of the beam if permissible bending stress is 7 N/mm? and
central deflection is not to exceed 1 cm.,

Take E for beam material = 1 x 10¢ Nimm?.

Sol. Given :
Length, L =5 m = 5000 mm
U.dl., w =9 kN/m
Total load, W=wlL=9=5=45 kN = 45000 N

Bending stress,
Central deflection,

f =T N/mm?
¥e=1cm =10 mm

Value of E =1 x 10* N'mm?
Let b = Width of beam is mm
and d = Depth of beam in mm
3
M.O.L, I = Lo
12
Using equation (12.14), we get
.. 6 W. iy
Ye= 384 T EI
5 _ 45000 x 50007
or 10 = ® ;
B ix10t x| 2E
x > E
3
o gt — B x 45000 x 50007 x 12

384 1x10* x 10
= 878.906 x 107 mm* i)
The maximum bending moment for a simply supported beam carrying a uniformly dis-
tributed load is given by,

2
M= “"8"‘ = % (- W=uw.L =Total load)
4 4
=% Nm:% x 1000 Nmm
= 28125000 Nmm
Now using the bending equation as
M_f
I vy
' d
28125000 7 .
bd? - ( é ] 2
12 2
28125000 x 12 _ 14
o bd® d
- = w = 24107142.85 mm? i)
Dividing equation (i) by equation (i), we get
7
o RO ssaeos e
2410714285

Substituting this value of ‘d’ in equation (ii), we get
b x (364.58)% = 24107142.85
S 2410714285

S = 181.36 mm. Ans.



Problem 12.7. A beam of length & m and of uniform rectangular section is supported at
its ends and carries uniformly distributed load over the entire length. Calculate the depth of
the section if the maximum permissible bending stress is 8 Nimm® and central deflection is not
to exceed 10 mm.

Take the value of E = 1.2 = 107 Nimm?®,

Sol. Given :
Length, L =5 m = 5000 mm
Bending stress, f=8 N/mm?
Central deflection, y. =10 mm
Value of E =12 x 10* N/mm?
Let W = Total load

and d = Depth of beam

The maximum bending moment for a simply supported beam carrying a uniformly dis-
tributed load is given by,
MWLl _W.L

8 8
Now using the bending equation,

M

(v~ W=uw.lL) weolE)

_fxI_8xI [Hpg]
Ty (d2 4

167
- . EE)
Equating the two values of B.M_, we get
W.E 161

g d

-

or

2 B O~
|

- W = 16 = 87 » 1287
Lxd Lxd
Now using equation (12.14), we get
5w
384 EI
i 18r B
b s 33?4)( Lxd KE
5 _128xL*

=—X

384 dxE

-5->< 128 x [* —ix 128 % 50007
T 384 10xE 384 10x12x10%
=347.2 mm = 34.72 em. Ans,

i)

Ye

( Yo =10mmand W= 128 ]

Lxd

or
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Problem 13.3. A cantilever of length 2.5 m carries a uniformly distributed load of
16.4 kRN per metre length over the entire length. If the moment of inertia of the beam = 7.95
x 10° mm* and value of E = 2 x 10° N/mm?, determine the deflection at the free end.

sol. Given :

Length, L =25m=2500 mm

Ui, w = 16.4 kN/m

. Total load, W=wxL=164x25=41KkN =41000 N
Value of I=1795x 10" mm*

Value of E = 2 x 10° N/mm?

Let yg = Deflection at the free end,

Using equation (13.6), we get

wrL? 41000 x 2500°

. ——

YB= 8EI ~ 8x2x 10° x 7.95x 10
= 5.036 mm. Ans.




Problem 13.4. A cantilever of length 3 m carries a uniformly distributed load over the
entire length. If the deflection at the free end is 40 mm, find the slope at the free end.

or

or

=ol. Ulven :
Length, L =3 m = 3000 mm
Deflection at free end, y, = 40 mm
Let 0 = slope at the free end
Using equation (13.6), we get
wL?
YB= BRI
e WL x L _ WL? x 3000
8EI 8EI
WL* 40x8
EI ~ 3000

Slope at the free end is given by equation (13.5),
WL° WL? 1

BB = =
6EI EI 6

= 0.01777 rad. Ans.

40:{8!1
"~ 3000 6

* From equation (i),

(1)

WI? 40x8

EI 3000

|



Problem 13.4 (A). A cantilever 120 mm wide and 200 mm deep is 2.5 m long. What is
the uniformly distributed load which the beam can carry in order to produce a deflection of
5 mm at the free end ? Take E = 200 GN/m?.

Sol. Given :
Width, b =120 mm
Depth, d =200 mm
Length, L=25m=2.5x 1000 = 2500 mm
Deflection at free end, y; =5 mm
Value of E = 200 GN/m? = 200 x 10° N/m? (*+ G = Giga =109
200 x 10° N
= -~ 1m? = (1000 .
(1000)2 mm? ot m N RE]
= 2 x 10° N/mm?
bd® 120 x 200°
Moment of inertia, I= T );2 = 8 x 10" mm*
Let w = uniformly distributed load per m length in N
W = Total load
=w x L (Here L is in metre)

=wx25=25xwN
Using equation (13.6), we get

_we’
Y8 = BRI
2.5 w x 2500°
or b= = -
8x2x10" x8x10

" Fx8x2x10°x8x107
. 2.5 x 2500°
= 16.384 kN/m. Ans.

= 16384 N/m

w



Type of load

Max. moment Slope at end Maximum
(+ sagging) deflection
_ T _p3
M = -PL 0= —S—E—l- 0 3El
= Pa? . _Pa*  Pd’
M Pa 9:—-—E—l— 0 = 35 + >E (b)
yrufvful wol? __ WL Wol
= = 6= -
______ = ﬁ-—rg M="2 2 6E 5= Wolf _ WL
ey - 8EI T &E
fb— L —~ | Where W=wsa = YSVELIQ
0= Wo 3
24l - _ Wol® _ WIZ
W2 © =308 " 158
= 12E]
y M
— T.X M=-M 0= A_A_I; 5= ML_Z‘
/T ! 2El
— L ——
S L P L
e— > ) —p N
= = _PL _n _ PL2 _ PP
33.2 M=73 0= 6r = 1g 8= 288
L 2
Rile—— LR——-N R,
Y, P Maximum deflection
— a._.t—b—v 5 = Pb (LZ_ b‘Z) 3/2
ieL s v % o - PB(2=b7) 9,/2§E|L2
sr- n ~ 6EIL - /LE=b°
eR M=_Fégﬁo1'x=(] atx = 3
T | L Pa (- a?)
R L -b R, Or S At center (not max)
" 8 =12 (312 4b?
LA, U 48E] )
wherea=>b
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JLl . C 3 O = i\g'g —75%-”"‘
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Aol ‘lﬁek =8 sy M’E'/
Rl L——.sz
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Y
/WO Wol_2
T 943
1. / 1 [ 5w, ¢
h ;'Qeﬁ =§“}% Ely = 57 ('~ 2L+ 77) 0= 7| 284er
[=0.519~>
R, "R, Here, W =w,lL/2
ras
N 2 w
o 2 W°L2
X M=12 3 4
’r 9 =6 - 5W’JL‘I n= WOL VJL
~,§},{9 WL L= 02 = T92F] 0= 7208l ~ %0l
o Ok 3
R, L » R,
Max. defiection
Yleosn 5 — ML2
= =7 M=M e [
53 & atx= 7
eL R 9P=%
R le—T7, R, At centre (not max)
_ M?
8= T¢Ei
Max. defiection
y 0.577 L -» 2
' _ML s = _ML
Y7 S i Y o= 4 -
34 o, ML
R, L R IR, 6El At centre (not max)
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