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Problems on beams
LATERALLY SUPPORTED BEAMS

1. Design a simply supported beam to carry a uniformly distributed load of 20 AN/m. the

effective span of beam is 6.0m

31.5 kN/m
SOLUTION NANNNANNNNNNNL]
Limit State Method
Effective span, lefr= 6.0 m - 6.0 m >
Assuming the self weight of beam = 1.0 kN/m
Total load on beam = 20.0+1.0 = 21.0 kN/m
Factored load = 21x1.5=31.5 kN/m
2 2
Maximum Bending moment, M = %= 31.5x67 _ 141.75 kN-m
Maximum Shear force, V= %1 _ 315x6_ 94.5 kN
Plastic Section modulus required
6
Z= My,,, _ 141.75x10"x1.10 _ 623.70x10° mm”
f, 250
Consider section ISMB 300 @ 44.2 kg/m
Sectional properties:
Sectional area, A = 5626 mm’ Thickness of flange, tr=12.4 mm
Depth of section, D =300 mm Thickness of web, tw = 7.5 mm
Width of flange, br= 140 mm Radius of gyration, 1., = 12.37 c¢m
Moment of inertia, I,, = 8603.6 cm?* Radius of gyration, ryy =2.84 cm
Moment of inertia, I,y = 453.9 cm? Section modulus, Ze, = 573.6¢cm’
Plastic modulus, Z,,= 651.74cm’ Section modulus, Z.y =64.8 cm’
Radius at root, ri= 14.0 mm Depth of web, d =241.5 mm

d>=29.25 mm
Section classification Table-2 of code IS: §00-2007
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Y O TR
f, 250

Outstanding flanges:

b__140 =5.64<9.4¢

t, 2x12.4

Hence flange is plastic element.
Web of an I-section: (‘d’ is obtained directly from steel table)

i:ﬂ:32.20<848

t 7.5

w

‘d’can also be found as D-2(tsr,). However there is some difference. Comment !
Hence web is a plastic element.

Hence section is plastic section.

Check for shear capacity of section (Clause 8.4 of IS: 800-2007)

Factored design shear force, V =94.5 kN
f ht,
'YmO\/g

_ 250x300x7.5
1.10x~/3

0.6Va=(0.6x295.23)=177.14 kN > 94.5 kN Hence Safe...

Design shear strength, Vq =

=295.23 kN >94.5kN

Design bending capacity of the section (Clause 8.2.1.2 of 1S:800-2007)

Ma =B, Z,f, [Yuo S12Z L, [V,

y

BoZ,f, /7m0 =1.0x651.74x10°x250/1.10= 148.12 kN-m

12Z£, /1, =1.2x573.6x10°x250/1.10 = 156.44 kN-m >148.12 kN-m

y

Hence design bending moment, Mg = 148.12 kN-m

Check for web buckling (Clause 8.7.3.1 of IS: 800-2007)

Buckling strength of unstiffened web, F,,, = (b, +n,)t,f,

wcd
Assuming stiff bearing length, b1=100 mm
ni=300/2 =150 mm; d = 241.5 mm
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As per 1S:800-
2007

Effective length, = 0.7d = 0.7x241.5= 169.05 mm

I'min= ——=——==2.16 mm
Vi V12

1 _ 169.05 7896

L. 2.16

Form Table 9(c) of IS: 800-2007 fcq

Design compressive stress, foa = 138.78 N/mm?

Strength of the section against web buckling = (100+150)7.5x138.78
=260.21 kN >94.5 kN

Hence safe...

Check for web bearing (crippling or Crimpling) (Clause 8.7.4 of IS: 800-2007)

Design capacity of web in bearing, F, =(b, +n,) t.f, /ymo
Assume stiff bearing length, b= 100 mm
m=2.5(d,)=2.5(29.25)=73.12

F, =((100+73.12)x7.5x250) /1.10 = 295.1 kN > 94.5 kN

Check for deflection:

Actual deflection is given by

5wlt 5x20x6000*
= = S T = 19.61 mm
384El 384x2x10°x8603.6x10
Allowable deflectionL = 6000 =20.0 mm >19.61 mm
300 300

Working stress method

Hence safe...

Hence safe...

Effective span, ler= 6.0 m [ 20.0 kN/m
Assume self-weight of beam=1.0 kN/m NN\

Total load =20+1.0=21.0 kN/m

2 21.0x6 ) oom
M= = 2250 — 945 kN-m

8 8
V= W71= 2LOX6 _ 3.0 kv

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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Maximum permissible bending stress in tension and compression, 6, = &, = 0.66fy
= 0.66x250 = 165 N/mm?

6
Required section modulus Ze, = M Z% =572.72x10° mm’
Oy

It is found that by section ISMB 300 @ 44.2 kg/m will fail due to deflection.
Therefore section ISMB 350 @ 52.4 kg/m is provided.

Sectional properties:

Sectional area, A = 6671 mm? Thickness of flange, tr= 14.2 mm
Depth of section, D =350 mm Thickness of web, tw = 8.1 mm
Width of flange, br= 140 mm Radius of gyration, 1, = 14.29 c¢m
Moment of inertia, I, =13630.3 cm* Radius of gyration, ryy = 2.84 cm
Moment of inertia, Iyy = 537.7 cm? Section modulus, Ze, = 778.9 cm?
Plastic modulus, Z,,=889.57 cm? Section modulus, Zey = 76.8 cm?
Depth of wed, d = 288.0 mm d>=31.0 mm

Design bending strength of ISMB 350 @ 52.4 kg/m = Z.x 6,,= 778.9x10°x165
=128.52 kN-m > 94.5 kN-m

Hence safe...

Check for shear
Average shear stress= Tva (cal) =%
3
~ 009 _ 53 22 Wimm?
8.1x350
Permissible shear stress,tva= 0.4fy
= 0.4x250 = 100 N/mm? < 22.22 N/mm’ Hence safe...
Check for web buckling
Slenderness ratio, Aw = %\/5
= —288;;“6 =61.58

From Table 5.1 of IS: 800-1984, permissible stress Oucfor Aw= 61.58
Gac = 120.42 N/mm’

v 63x10°

- = 28.28 N/mm? <120.42 N/mm?
t,(b+n,) 8.1(100+175)

Axial stress Gac, cal =

Hence safe...
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Check for web bearing
Maximum permissible bearing stress, op = 0.75f
=0.75x250 = 187.5 N/mm?

Hence safe...

Web bearing stress = vV

(b+d,3)t,

3
_ 63x10 =50.60 N/mm’ < 187.5 N/mm>

(100+(31.0xﬁ))8.1

Check for deflection
Total load = 20+0.524 = 20.524 kN/m

4
Deflection, 6 = Swi
384EI
4
_ 5x20.§34x6000 1271 mm
384x2x10°x13630.3x10
Allowable deflection, Span _ 6000 _ 18.46 mm > 12.71 mm Hence safe...

325
2. Design a fixed beam to carry a uniformly distributed load of 20 £N/m. The effective
span of beam is 6.0 m

SOLUTION
Limit State Method

Assuming the self weight of beam = 1.0kN/m [ 31.5 kN/m
Effective span, lefr= 6.0 m aVAVAVAVAVAVAVAVAVAVAVY \

Factored load =21x1.5=31.5 kN/m

WP 315x6° o0m i
Max. Bending moment, M = —= — =94.5 kN-m
12 12
Max. Shear force, V= W71 _315x6 94.5 kN
Plastic Section modulus required
M 5x10°x1.
7= Mo _ IASXIOXLI0 _ 5 0003 pme
f, 250
6
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Consider section ISLB 275 @ 33.0 kg/m

Sectional properties:

Sectional area, A = 4202 mm? Thickness of flange, tr= 8.8 mm
Depth of section, D =275 mm Thickness of web, tw = 6.4 mm
Width of flange, br= 140 mm Radius of gyration, r,, = 11.31 cm
Moment of inertia, 1,, =5375.3 cm? Radius of gyration, ryy =2.61 cm
Moment of inertia, Iyy = 287 cm* Section modulus, Ze, = 392.4 cm?
Plastic modulus, Z,,=443.09 cm’ Section modulus, Zey = 41 cm?
Radius at root, r1= 14.0 mm Depth of web, d = 223.7 mm

d2 =25.65 mm

Section classification Table-2 of code IS: §00-2007

Sy O
f, 250

Outstanding flanges:
b 140

= =7.95<9.4¢
t,  2x8.8

Hence flange is plastic element.
Web of an I-section:

4287 o540 <84

t 8.8

w

Hence web is a plastic element.

Hence the section is plastic section.

Check for shear capacity of section (Clause 8.4 of IS: 800-2007)

Factored design shear force, V =94.5 kN

. f ht
Design shear strength, Vg = —
’YmO\/g
_ 2o0x275x6.4 _ 230.94 kN > 94.5 kN
1.10x+/3
0.6Va=(0.6x230.94) = 138.56 kN > 94.5 kN Hence Safe...
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Design bending capacity of the section (Clause 8.2.1.2 of 1S:800-2007)

Md = Bbzpfy /YmO < 1'2’Zefy /YmO
BoZ,f, /Yo =1.0x443.09x10°x250/1.10 = 100.70 kN-m

12Z £, /v, =1.2x392.4x10°x250/1.10 = 107.018 kN-m >100.70 kN-m

y
Hence design bending strength, Mq = 100.70 kN-m
Total load including its self-weight =20+0.524 = 20.524 kN/m
Factored load = (20.524x1.5) = 30.78 kN/m

2
Maximum bending moment, % =92.34 <100.70 kN-m

Check for web buckling (Clause 8.7.3.1 of IS: 800-2007)

Buckling strength of unstiffened web, F,,, = (b, +n,)t,f,

wed

Stiff bearing length, b1=100 mm
n=275/2=137.5 mm; d=223.7 mm
Effective length, = 0.7d = 0.7x223.7 = 156.59 mm

I'min= Ly 64 =1.84 mm
min \/E \/E .

Ly 15659 o, o

r. 1.84

min

Form Table 9(c) of IS: 800-2007 fea
Design compressive stress, foa = 128.86 N/mm?
Strength of the section against web buckling = ((100+137.5)6.4x128.86
=195.86 kN > 94.5 kN Hence safe...

Check for web bearing (Clause 8.7.4 of IS: 800-2007)

Design capacity of web in bearing, F, = (b1 +1,) t,f, /ymo

w

Stiff bearing length, b1= 100 mm
m=2.5(t; +1,)=2.5(8.8+14.0)=57.0

F, =((100+57.0)x6.4x250)/1.10 = 228.36 kN > 94.5 kN Hence safe...

Check for deflection

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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As per 1S:800-
2007

4 4
SELI X200 1050 = 15.69 mm
384EI 384x2x10°x5375.3x10
Allowable deflectionL = 6000 =20.0 mm >15.69 mm Hence safe...
300 300

Working stress method

Assume self-weight of beam = 1.0kN/m

Effective span, ler= 6.0 m

20.0 kN/m
j/\/\/\/\/@\/\/\/\/\/&

2 2
Vo W 210x6T
12 12
w71: 2L0X6 _ y

\

6.0m

Maximum permissible bending stress in tension and compression, 6, = &, = 0.66fy

M 63x10°

Gy,

Required section modulus Z,

Consider section ISLB 275 @ 33.0 kg/m
Sectional properties:

Sectional area, A = 4202 mm?

Depth of section, D =275 mm

Width of flange, br= 140 mm

Moment of inertia, I, =5375.3 cm*
Moment of inertia, Iyy = 287 cm?

Plastic modulus, Zy,=443.09 cm’

=0.66x250 = 165 N/mm?

=381.82x10° mm’

Thickness of flange, tr= 8.8 mm
Thickness of web, tw = 6.4 mm
Radius of gyration, r,; = 11.31 cm
Radius of gyration, ryy =2.61 cm
Section modulus, Ze, = 392.4 cm?

Section modulus, Zey = 41 cm?

Depth of web, d =223.7 mm d2=25.65 mm
Total load including self-weight = 20 + 0.33 = 20.33 kN/m

2
Maximum bending moment, 20.33x67 _ 91.48 kN-m

Design bending strength of ISLB 275 @ 33.0

Check for shear

kg/m =Zx 6,,= 392.4x10°x165
= 64.74 kN-m >63 kN-m

Hence safe...

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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\Y
Average shear stress= Tva (cal) :_h
t

w

_ 63x10°
6.4x275

=35.79 N/mm?

Permissible shear stress,tva = 0.4fy

= 0.4x250 = 100 N/mm? < 35.79 N/mm’ Hence safe...

Check for web buckling

Slenderness ratio, Ay = %\/5

_223.7x3
6.4
From Table 5.1 of IS: 800-1984, permissible stress oucfor An = 60.54
Gac = 121.46 N/mm’

=60.54

v 63x10’

- = 41.44 N/mm? <120.42 N/mm?
t,(b+n) 6.4(100+137.5)

Axial stress Gac, cal =

Hence safe...

Check for web bearing
Maximum permissible bearing stress, op = 0.75fy
=0.75x250 = 187.5 N/mm?

Web bearing stress = vV

(b+d,3)t,

3
_ 63x10 =67.99 N/mm’ < 187.5 N/mm?

(100+(25.85x\/§))6.4

Hence safe...

Check for deflection

Total load = 20+0.33 = 20.33 kN/m

4
Deflection, 6 =[ Sl JO.SO

384EI
4
_ 5x20.§3x6000 0.5 = 15.95 mm
384x2x10°x5375.3x10
Allowable deflection, Span _ % = 18.46 mm > 15.95 mm Hence safe...

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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LATERALLY UNSUPPORTED BEAMS

3. Design a simply supported beam to carry a uniformly distributed load of 20 AN/m.

The effective span of beam is 6.0 m

SOLUTION

Limit State Method 31.5 kN/m

Assuming the self weight of beam = 1.0 AN/m /\/\/\/\/{Q\/\/\/\/\/}
Total load =20+1.0 =21.0 kN/m

Factored load = 21x1.5 =31.5 kN/m - 6.0 m >

wl? 31.5x6°

Bending moment, M = < = =141.75 kN-m

Shear force, V= W71 _ 31.5x6

=945 kN

Plastic Section modulus required

_ My, _ 141.75x10°x1.10
f 250

y

Consider section ISMB 350 @ 52.4 kg/m

=623.70x103 mm?

Zp

Sectional properties:

Sectional area, A = 6671 mm? Thickness of flange, tr= 14.2 mm
Depth of section, D =350 mm Thickness of web, tw = 8.1 mm
Width of flange, br= 140 mm Radius of gyration, 1, = 14.29 c¢m
Moment of inertia, I, =13630.3 cm* Radius of gyration, ryy = 2.84 cm
Moment of inertia, Iyy = 537.7 cm* Section modulus, Ze, = 778.9 cm’
Plastic modulus, Z,,=889.57 cm? Section modulus, Zey = 76.8 cm?
Radius at root, r1= 14.0 mm Depth of web, d = 288.0 mm
d>=31.0 mm

Section classification Table-2 of code IS: 800-2007
2
e= |20 = |20 _ 10
f, 250
Outstanding flanges:

11
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As per 1S:800-
2007

b__140 =4.93<94¢

t, 2x14.2

Hence flange is plastic element.
Web of an I-section:

4 _2880 3504 < s4c

t 8.1

w

Hence web is a plastic element.
Hence section is plastic section.

To determine the bending strength

’El 2
Elastic lateral buckling, M¢, = ( T z ][ GI + T EIWzJ
(Lir) (Lir)

Torsional constant, I = Z:biti3 /3

3 3
ZK2X14OX14.2 J+(335§x8.1 H=326.726x103mm4

3
Warping constant, L= (1-p, )B,L h{
B, =0.50
he= (D-tr) = (350-14.2) = 335.8 mm
“1, =(1-0.5)x0.5x537.7x10*x(335.8)’ = 1.515x10'! mm?

E  2x10°

G= = =76.923x10° N/mm’
2(1+p)  2(1+0.3)

Substituting (a), (b), (c) in equation 3.1

3.1)

(a)

(b)

(©)

2 5 4
M, = (7‘ x2x107x537.7x10 }[(76.923x103x326.726x103)+[

(0.7x6000)’
=159.14 kN-m
. . ) BvZ,.f, 1.2Z 1,
Non-dimensional slenderness ratio, A, = Vi <A, = ™

cr cr

=1.18

1.0x889.57x10°x250
7"LT1 = 6
159.147x10

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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=1.21
159.147x10°

" XLT =1.21

1.2x778.9x10°x250
7"LT2 =

Or = 05[1+a (A —02)+12]
=0.5[1+0.21(1.21-0.2) +1.21°]=1.30

Bending stress reduction factor, y,, = ! T
{ LT (I)LT 7\‘LT }
= ! =0.541<1.0
{1.30+[1.30° —121]"*}
f
Design bending compressive stress, f,, = Yurly _0.541x250 123.04 kN/mm?

1.10

mo

Design bending strength, M, =B,Z f,,

=1.0x889.57x10°x123.042 =109.48 kN —m  Hence unsafe...
Higher section has to be provided.
Consider section ISMB 400 at 61.6 kg/m

Sectional properties:

Sectional area, A = 7846 mm? Thickness of flange, tr=16.0 mm
Depth of section, D =400 mm Thickness of web, tw = 8.9 mm
Width of flange, br= 140 mm Radius of gyration, 1, = 16.15 c¢m
Moment of inertia, I,, =20458.4 cm? Radius of gyration, ryy =2.82 cm
Moment of inertia, Iyy = 622.1 cm* Section modulus, Z, = 1022.9 cm?
Plastic modulus, Z,,= 1176.18 cm’ Section modulus, Zcy = 88.9 cm?
Depth of web, d =334.4 mm d>=32.80 mm

To determine design bending strength

’El 2
Elastic lateral buckling, Mc, = ( T 4 }[ GI + b EIwzJ
(LLT ) (LLT )

Torsional constant, I = Z:biti3 / 3

3 3
:Hzxmo;mo }{391.13)(8.9 ﬂ:474.19X103mm4

13
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Warping constant, Iy = (l -B; ) Bfth§

B, =0.50

hr = (D-tf) = (400-16.0) = 384.0 mm

=1, =(1-0.5)x0.5x622.1x1 0*x(384.0)> = 2.293x10'" mm*

5
__ B _ 20 923x10° N
2(+p)  2(1+03)

Substituting (a), (b), (c) in equation 3.2

2 5 4 2 5 11
M, - nx2x10 X6222.1X10 (76.923x103x472.53x103)+ n°x2x10 x2.2293x10
(6000) (6000)

=207.768 kN-m

. . . Bprzfy 1'zzezfy
Non-dimensional slenderness ratio, A, = Vi <Aip, = ™

cr cr

3
. :\/1.0X1176.18X10 x250 _ 1136

207.768x10°

=1.213

~ \/1.2x1020.0x103x250
e 207.768x10°

XLT= 1.186
Opr =051+ a (A —02)+ )\'iT]
=0.5[1+0.21(1.186—0.2)+1.1862]:1.311

1
o HL02 — A2
1

= =0.536<1.0
{1311+[1.311° - 1.186°]"*}

Bending stress reduction factor, ¥, = {

. . . XLTfy
Design bending compressive stress, f, = ———

~0.536x250
1.10

=121.946 N/mm?
Design bending strength, M, =B, Z f,,
=1.0x1176.18x10°x121.946 =143.43 kN —m <141.75 kN-m

14
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As per 1S:800-
2007

Check for web buckling (Clause 8.7.3.1 of IS: 800-2007)

=(b, +n,)t,f,

wed

Buckling strength of unstiffened webs, F

cdw
Stiff bearing length, b1=100 mm

ni=400/2 =200 mm; d = 334.4 mm
Effective length, = 0.7d = 0.7x334.4 = 234.08 mm

t 8.9

Imin= ——=——=2.57 mm
Jiz V12

1eiz 234.08 9111

r. 2.57

min

Form Table 9(c) of IS: 800-2007 fca

Design compressive stress, fca = 119.45 N/mm?

Strength of the section against web buckling = ((100+200)8.1x119.45
=290.25 kN >94.5 kN

Check for web bearing (Clause 8.7.4 of IS: 800-2007)

Design capacity of web in bearing, F, = b + n2 t / Yo
Stiff bearing length, bi= 100 mm
n =2.5(d2 )= 2.5 (32.80) =82.0

F, =((100+82.0)x8.9x250) /1.10=368.14 kN > 94.5 kN

Check for deflection
4 4
[ 2W os5- X20x6000" g 50— 4.12 mam
384EI 384x2x10°x20458.4x10
Allowable deflectionL = 6000 =20.0 mm >4.12 mm
300 300

Working stress method
From Clause 6.2.2 of IS: 800-1984

Effective span, ler= 6.0 m

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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Hence safe...

Hence safe...
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2 2
wl 21.0x6 — 64.5 KN

Maximum permissible bending stress in tension and compression, ¢, = &, = 0.66fy

=0.66x250 = 165 N/mm?

Assume allowable bending stress, 6, = 95 N/mm’

6
Required section modulus Z, = M :% =994.74x10° mm’

Gy,

C

Consider ISMB 400 at 61.6 kg/m

Sectional properties:

Sectional area, A = 7846 mm? Thickness of flange, tr= 16.0 mm
Depth of section, D =400 mm Thickness of web, tw = 8.9 mm
Width of flange, br= 140 mm Radius of gyration, ., = 16.15 cm
Moment of inertia, I, =20458.4 cm?* Radius of gyration, ryy = 2.82 cm
Moment of inertia, Iyy = 622.1 cm? Section modulus, Ze, = 1022.9 cm?
Plastic modulus, Z,,= 1176.18 cm’ Section modulus, Zey = 88.9 cm?
Depth of web, d = 334.4 mm d2 =32.80 mm

Permissible bending compressive stress, G,

d, =400-2(16.0) =368.0 mm

Mean thickness of compression flange, T = 16.0 mm
Web thickness, t = 8.9 mm

Overall depth of web, D =400 mm

D/T =400/16.0 = 25.00

T/t=16.0/8.9=1.79<2.0
d,/t=368.0/8.9=41.35<85

Effective length of compression flange, lesr = 0.7x6000 = 4200 mm
I/ry = 4200/28.2 =148.936

From Table 6.1B of IS: 800-1984, o, is calculated by double interpolation.

D/T
25

kL/r

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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supported and unsupported beams, M. C. Nataraja 2007
140 103
148.936 | 98.532
150 98

.. Bending compressive stress, &, = 98.532 N/mm’

Moment of resistance, M; = 98.532x1022.9x103

=100.788 kN-m >>64.5 kN-m Hence safe...

Therefore a lower section can be adopted.
Check for shear

v
Average shear stress= Tya (cal) ih

w

~ 64.5x10°

= =18.12 N/mm?
8.9x400

Permissible shear stress,tva= 0.4fy

= 0.4x250 = 100 N/mm? < 26.03 N/mm’ Hence safe...

Check for web buckling

Slenderness ratio, Ay = %\/5

_ 3344x3 _ s
From Table 5.1 of IS: 800-1984, permissible stress Gac for Ay = 65.07
Gac = 116.93 N/mm?

3
Axial stress Gac, cal = v = 63x10 =23.59 N/mm? <116.93 N/mm’

t,(b+n,) 8.9(100+200)

Hence safe...

Check for web bearing
Maximum permissible bearing stress, op = 0.75f
=0.75x250 = 187.5 N/mm?

Web bearing stress = N

(b+d,3)t,

3
_ 63x10 =45.14 N/mm’ < 187.5 N/mm?

(100+(32.8x\/§ ))8.9

Check for deflection
Total load = 20+0.61 =20.61 kN/m

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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supported and unsupported beams, M. C. Nataraja 2007

4
Deflection, & =( sl j

384EI
4
_ 5x20;61x6000 | = 8.50 mm
384x2x10°x20458.4x10
Allowable deflection, S31)2 aSn = % =18.46 mm > 8.5 mm Hence safe...

4. Design a fixed beam to carry a uniformly distributed load of 20 £N/m. the effective

span of beam is 6.0m. Beam is laterally unrestrained.

31.5 kN/m
SOLUTION aVAVAVAVAVAVAVAVAVAVAVY \
Limit State Method
Assuming the self weight of beam = 1.0 kN/m 6.0m -
Effective span, lesr= 6.0 m
Factored load = 21x1.5 = 31.5 kN/m
2 2
Max. Bending moment, M = it 3L5x6T 94.5 kN-m
12 12
Max. Shear force, V= %1 _ 315x6_ 94.5 kN
Plastic Section modulus required
6
7= My, _ 94.5x10°x1.10 _ 415.8x10° mm®
f, 250
Consider section ISLB 350 @ 49.5 kg/m
Sectional properties:
Sectional area, A = 6301 mm? Thickness of flange, tr=11.4 mm
Depth of section, D =350 mm Thickness of web, tw = 7.4 mm
Width of flange, br= 165 mm Radius of gyration, 1., = 14.45 cm
Moment of inertia, I, =13158.3 cm?* Radius of gyration, ryy =3.17 cm
Moment of inertia, Iyy = 631.9cm? Section modulus, Ze, = 751.9 cm?
Plastic modulus, Z,, = 851.11 cm’ Section modulus, Zey = 76.6 cm’
Radius at root = 16.0 mm Depth of section, d = 288.3 mm

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore

18
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As per 1S:800-

2007

d> =30.85 mm

Section classification Table-2 of code IS: 800-2007

= 20 = 22 _ 1
f, 250

Outstanding flanges:

b__165 =7.23<94¢
t,  2x11.4

Hence flange is plastic element.
Web of an I-section:

d = 288.3 =38.96 < 84¢
t 7.4

w

Hence web is a plastic element.

Hence the section is plastic section.

Check for shear capacity of section (Clause 8.4 of IS: 800-2007)

Factored design shear force, V =94.5 kN
f ht,
’YmO\/g

_ 250x350x7.4
1.10x+/3

To determine design bending strength

’EI 2
Elastic lateral buckling, M¢, = ( T . J[ GI, + T Elwzj
(LLT ) (LLT )

Torsional constant, I = Z:biti3 / 3

3 3
:Hzxmsan J+(338.63x7.4 H 2087 1x10 mnt”

Design shear strength, Vq =

=339.85 kN > 94.5 kN

3
Warping constant, Iy, = (1 -B; )Bflyhg

B, =0.50

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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As per 1S:800-
2007

he= (D-tr) = (350-11.4) = 338.6 mm
-1, =(1-0.5)x0.5x622.1x10*x(338.6)* = 1.811x10'! mm?

6. E _ 2x10°
2(1+p)  2(1+0.3)

=76.923x10° N/mm’

Substituting in equation

2 5 4
M, = [“ x2x10°x631.9x10 J[(76.923x103x208.706x103){

(0.7x6000)’
=160.26 kN-m
. . ) BvZ,.I, 127 f,
Non-dimensional slenderness ratio, A, = Sk, =4 |————
MCI' MCI'
3
Ar, _\/1.0){851.110){106 x250 _ 115
160.26x10
1.2x751.9x10°x250
LTs = A =1.18
160.26x10

XLT =1.18
O =051+, (A —02)+27,]

=0.5[1+0.21(1.18-0.2) +1.18°]=1.26

1
Bending stress reduction factor, x,, =
B { r T [(I)iT - 7\‘iT]O‘S}
1
{126+[1.26° ~1.18°]"*}

. . . XLTfy

Design bending compressive stress, f,, =
REL v

Design bending strength, M, =B,Z f,

n’x2x10°x1.811x10"
(0.7x6000)’

=1.0x851.11x10°x127.46 =108.48 kN —m > 94.5 kN-m

Check for web buckling (Clause 8.7.3.1 of IS: 800-2007)
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Buckling strength of unstiffened web, E

cdw

= (bl + I‘11 )twfcd
Stiff bearing length, b1=100 mm
n1=350/2 =175 mm; d = 288.3 mm

Effective length, = 0.7d = 0.7x288.3 = 201.81 mm

t 7.4
I'min— Al :_:2.14
iz V2
Ly 20181 o, o0
2.14

Form Table 9(c) of IS: 800-2007, f.q
Design compressive stress, fea = 114.97 N/mm?
Strength of the section against web buckling = (100+175)7.4x114.97
=233.96 kN >94.5 kN Hence safe...
Check for web bearing (Clause 8.7.4 of IS: 800-2007)
Design capacity of web in bearing, F, =(b, +n,) t.f, /ymo
Assume stiff bearing length, b= 100 mm
m=2.5(d,)=2.5x30.85=77.12

F, =((100+77.12)x7.4x250)/1.10=297.89 kN >94.5 kN Hence safe...
Check for deflection
4 4
5= M 1o5- X20x6000° 56 — 641 yum
384EI 384x2x10°x13158.3x10
Allowable deﬂectionL = 6000 =20.0 mm > 6.41 mm Hence safe...
300 300

Working stress method

From Clause 6.2.2 of IS: 800-1984

Effective span, lefr= 6.0 m 21.0 kN/m
wl>  21.0x6° aVAVAVAVAVAVAVAVAVAVAVY \
M= —= =63 kN-m
12 12
~ 6.0 m >
_ W71: 21.0x6 _ 63 kNom

Maximum permissible bending stress in tension and compression, 6,, = ¢, = 0.66fy

21
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supported and unsupported beams, M. C. Nataraja

As per 1S:800-
2007

. . M
Required section modulus Z, = —

Gy,

~ 63x10°

Consider section ISLB 350 at 49.5 kN/m
Sectional properties

Sectional area, A = 6301 mm?

Depth of section, D =350 mm

Width of flange, br= 165 mm

Moment of inertia, I, =13158.3 cm?
Moment of inertia, Iyy = 631.9cm?
Plastic modulus, Z,, = 851.11 cm’®
Radius at root = 16.0 mm

d> =30.85 mm

Permissible bending compressive stress, G,

d, =350-2(1 1.4) =327.2 mm

=0.66x250 = 165 N/mm?

=381.82x10° mm’

Thickness of flange, tr=11.4 mm
Thickness of web, tw = 7.4 mm
Radius of gyration, r,, = 14.45 cm
Radius of gyration, ryy =3.17 cm
Section modulus, Ze, = 751.9 cm’
Section modulus, Zey = 76.6 cm?

Depth of section, d = 288.3 mm

Mean thickness of compression flange, T = 11.4 mm

Web thickness, t = 7.4 mm
Overall depth of web, D = 350 mm

D/T =350/11.4=30.70
T/t=11.4/74=1.54<2.0
d,/t=3272/7.4=4421<85

Effective length of compression flange, lesr = 0.7x6000 = 4200 mm

I/ry, = 4200/31.7 =132.49

From Table 6.1B of IS: 800-1984, o, is calculated by double interpolation

kL/r DT
30 30.70 35.0
130 103 102.44 99
132.49 100.98
140 97 96.58 94

22
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As per 1S:800-
2007

.. Bending compressive stress, o, = 100.98 N/mm?

Moment of resistance, M; = 100.98x751.9x103

=75.93 kN-m > 63 kN-m Hence safe...

Check for shear

.0x10’
Average shear stress= Tva (cal) _V _030x10° 24.32 N/mm?

Permissible shear stress,tva= 0.4fy

= 0.4x250 = 100 N/mm? >24.32 N/mm? Hence safe...

Check for web buckling

Slenderness ratio, Aw = %\/5

_2883x3 _

From Table 5.1 of IS: 800-1984, permissible stress Gac for Ay = 67.48
Gac = 114.52 N/mm? ; n1=350/2 =175 mm

V. 6310’
t,(b+n,) 7.4(100+175)

Axial stress Gac, cal =

=30.96 N/mm? <114.52 N/mm?

Hence safe...

Check for web bearing
Maximum permissible bearing stress, 6, = 0.75fy
=0.75x250 = 187.5 N/mm?

Web bearing stress = v

(b+d,3)t,

3
_ 63x10 — 55.48 N/mm’ < 187.5 N/mm?

(100+(30.85x\/§ ))7.4

Check for deflection
Total load = 20+0.48= 20.48 kN/m

4
Deflection, 6 = S 0.50
384EI

_( 5x20.48x6000"
384x2x10°x13158.3x10°

jO.S =6.56 mm
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Span _ 6000 _ 18.46 mm > 6.56 mm Hence safe...

Allowable deflection,
325

5. Calculate the moment carrying capacity of a laterally unrestrained beam of length
3.0 m if the following sections are used ISLB300 & ISHB300
SOLUTION

I. ISLB 300 @ 37.7 kg/m

Sectional properties

Sectional area, A = 4808 mm’ Thickness of flange, tr= 9.4 mm
Depth of section, D =300 mm Thickness of web, tw = 6.7 mm
Width of flange, bs= 150 mm Radius of gyration, 1, = 12.35 c¢m
Moment of inertia, I, = 7332.9 cm?* Radius of gyration, ryy = 2.8 cm
Moment of inertia, Iyy =376.2 cm?* Section modulus, Ze, = 488.9 cm?’
Plastic modulus, Z,, = 554.32 cm? Section modulus, Zey = 50.2 cm?
Radius at root, r1=15.0 m Depth of web, d = 245.1 mm

Section classification Table-2 of code IS: 800-2007

e= 20 = 220 _ 1
f, 250

Outstanding flanges:

b = 150 =798<9.4¢

t,  2x9.4

Hence flange is plastic element.
Web of an I-section:

d = 2451 =36.58 <84¢
t 6.7

Hence web is a plastic element.

w

Hence section is plastic section.

Method-1

To determine moment carrying capacity of section

24
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’El 2
Elastic lateral buckling, M, = [ T - }LGL + 5 ElwzJ
(LLT ) (LLT )

Torsional constant, It = Zbiti3 /3

3 3
:szlsoxm j+(290.63x6.7 H:nz.192x103mm"

3

Warping constant, Iy= (1-p; )B,I,h;

3
I, =1, = 9.4xIS07 _ 2.643x10° mm*
12
I, 2.623x10°
Pr = = =

Lo+l (2.623x10°+2.623x10°)
he = (D-tr) = (300-9.4) = 290.6 mm
~.1,, =(1-0.5)x0.5x376.2x10* x(290.6)* = 7.942x10' pm*

5
G=— B _ X0 e 593x10° Nmmt?
2+ 2(1+0.3)

Substituting (a), (b), (c), (d) in Equation (2.1)

2 5 4 2 5 10
M, = (TE x2x10°x376.2x10 ][(76.923){103);112.19x103)+(n x2x10°x7.942x10 D

(3000)° (3000)°
= 146.60 kN-m
. . . Bprz y 1'2'Zezfy
Non-dimensional slenderness ratio, A1, = . [———— < A4, =
Mcr MCI’
3
. \/1.0x554.32x10 X250 _ g9

146.604x10

1.00

- \/1.2x488.9x103x250 _
o 146.604x10°

o A =0.972

dur = O5[1+ 0y (hyy —02) + 2]
=0.5[1+0.21(0.972 - 0.2)+ 0.972°]
=1.053

25
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1
Bending stress reduction factor, y,, =
- { ir 00 _xiT]O‘S}
_ ! ~0.685<1.0
{1.053+[1.0532 —0.972210-5}
. . . XLTfy
Design bending compressive stress, f,, =
_ 0.685x250 _ 155.681
1.10

Design bending strength, M, =B, Z _f,,

=1.0x554.32x10°x155.681=86.297 kN —m
Method-2

Using the simplified equation which can be used for standard rolled I- section

2 2708
n El h L./t
Elastic lateral buckling moment, M = —zyf 1+ E m
2L, 20( h,/t,

Assuming the member is torsional fully restraint & warping not restrained in both flanges
(from Table-2 of code IS: 800-2007)

Effective length for lateral torsional buckling, Lit =KxL = 1.0x3.0 =3.0 m
Center-to-center distance between flange, hf= (D - tr)

= (300 — 9.4) = 290.6 mm

i . \ 5 0.5
M = n°x2x10°x376.2x10"x290.6 [1+ 1 (Mj ] = 151.66 kN-m

¢ 2x3000° 201 290.6/9.4
. . ) BvZ,.f 127 f
Non-dimensional slenderness ratio, A ;, = |[——— < A, = [———
M M

cr cr

~ \/1.0X554.32x103x250
o 151.66x10°

=0.95

0.98

~ \/1.2x488.9x103x250 _
L 151.66x10°

oAt =0.95
O =051+ 0, (A —02)+1:,]

26
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=0.5[1+0.21(0.95-0.2) +0.95°]= 1.03

1
Bending stress reduction factor, y,, =
- { ir 00y _xir]o‘s}
= ! =0.70<1.0
{1.03+[1.032 —0.952]0'5} R
. . . XLTfy
Design bending compressive stress, f,, =
_0.70x250 _ 159.10
1.10

Design bending strength, M, =B,Z f,
=1.0x554.32x10°x159.10 =88.22 kN —m
Method-3

0.5
2 L./t Y
Extreme fiber bending compressive stress, f, = LEZ 1+L(L/YJ
(LLT/ry) 20\ h/t,

_LIxex2x10° (1 ( 3000/28 JZ
(3000/28)’ 201 290.6/9.4

0.5

=239.27 N/mm?

Non-dimensional slenderness ratio, A, =,/ f, /f

=/250/239.27 =1.022

Opr =051+ (A —02)+A2]
=0.5 [1+0.21(1.022-0.2) +(1.022)°] = 1.108

1
B
1
{1.108+[1.1082 —1.0222]“}

Bending stress reduction factor, ;. = {

=0.65<1.0
XLTfy

Design bending compressive stress, f,, =
~ 0.65x250
1.10

=147.96
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Design bending strength, M, =B, Z f

=1.0x554.32x10°x147.96 = 82.02 kN —m

Method-4
k—L = —3000 =107.142
r 28
300

h/t, = - =31.914
ft 9.4

Form Table 14 of IS: 800-2007, f..p is calculated by double interpolation

h/te
kL/r
30 31.91 35
100 270.9 235.847 257.7
107.14 237.730
110 232.1 227.200 2193
.. Critical stress f_, =237.730 N/mm?

cr,b
Design bending compressive stress corresponding to lateral buckling (From Table 13 of IS:
800-2007), f,, =147.833 N/mm’

Design bending strength, M, =f,z,f,

=1.0x554.32x10°x147.833= 81.94 kN-m
Working stress method
From Clause 6.2.2 of IS: 800-1984
Permissible bending compressive stress, o,
d, =300-2(9.4)=281.2 mm
Mean thickness of compression flange, T = 9.4 mm
Web thickness, t = 6.4 mm
Overall depth of web, D = 300 mm
D/T =300/9.4=31091
T/t=9.4/6.7=1.40<2.0
d,/t=281.2/6.7=41.97<85

Effective length of compression flange, lerr= 1.0x3000 = 3000 mm

28
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I/ry, = 3000/28 =107.14
From Table 6.1B of IS: 800-1984, o, is calculated by double interpolation

D/T
kL/r
30 31.91 35
100 122 121.236 120
107.14 116.238
110 115 114.236 113

.. Bending compressive stress, o, = 116.24 N/mm’

Design bending moment of section, M; = 116.24x488.9x10° = 56.83 kN-m

Considering the section ISHB 300 at 63.0 kg/m

Sectional properties:

Sectional area, A = 8025 mm? Thickness of flange, tr= 10.6 mm
Depth of section, D =300 mm Thickness of web, tw = 9.4 mm
Width of flange, br=250 mm Radius of gyration, 1., = 12.70 cm
Moment of inertia, I,, = 12950.6 cm? Radius of gyration, ryy = 5.29 cm
Moment of inertia, Iyy =2246.7 cm? Section modulus, Z., = 863.3 cm’
Plastic modulus, Zp, = 962.18 cm? Section modulus, Zey = 178.4 cm?
Radius at root, r1=11.0 mm Depth of web, d =249.8 mm
d>=25.1 mm

Section classification Table-2 of code IS: 8§00-2007

eo |29 _ 20 4y
f, 250

Outstanding flanges:

b__2%0 =11.79<15.7¢

t,  2x10.6

Hence flange is semi-compact element.
Web of an I-section:

4 _ 298 _ 657 < 84¢

t 94

w

Hence web is a plastic element.
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Hence section is considered as semi-compact section.

Method-1
To determine design bending moment of the section:

m’El 2
Elastic lateral buckling, Mcr= = || GI, +i1w2

(LLT) (LLT)
Torsional constant, I = Zbiti3 /3

3 3
_ 2x250x10.6 N 289.4x9.4 278 626x10° mm”
3 3
Warping constant, L= (1-p, )B,I,h;
10.6x250°
1, =1, =100X20 13 20410 mm
12
B, = I, 13.80x10° _
©oL+l (13.80x10° +13.80x10°)
hr= (D-tr) = (300-10.6) = 289.4 mm
-1, =(1-0.5)x0.5x2246.7x10"x(289.4)* = 4.704x 10'! mm*
E 2x10°
- = —76.923x10° Nimm’
2(1+w) 2(1+0.3)
Substituting (a), (b), (c), (d) in equation (2.7)
n°x2x10°x4.764x10"

_ n°x2x10°x2246.7x10*
! (3000)°

J[(76.923x103x278.626x103)+[

=783.574 kN-m

Z f 1.2Z
)\‘LTl = i m < )\‘LTZ = 2
MCr MCI’

0.897x962.18x10°x250
)\‘LTI =

8 =0.525
783.574x10
3
- \/1.2x863.3x10 x6250 0575
783.574x10

M. C. Nataraja, Department of Civil Engineering, SJCE, Mysore
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oAt =0.525
¢LT =051+ (”LTO\‘LT - 0-2) + kiT]
= 0.5[1+0.21(0.525—0.2) + 0.525°]=0.672

1
Bending stress reduction factor, y,, =
- { LT +[¢iT _xiT]O‘S}
_ ! ~0916<1.0
{0.672+[0.672* -0.525°]"*}
. . . XLTfy
Design bending compressive stress, f,, =
_ 0.916x250 208,18
1.10

Design bending strength, M, =B, Z f,,

=0.897x962.18x10°x208.18 =179.675 kN —m
Since the section is semi-compact Bvo= (Zpz/Zez) .. Po=(863.3/962.18) = 0.897

Method-2

Using the simplified equation which can be used for standard rolled I- section

2 2708
n El h L./t
Elastic lateral buckling moment, M = —zyf 1+ € m
212, 20| h,/t,

Assuming the member is torsional fully restraint & warping not restrained in both flanges
(from Table-2 of code IS: 800-2007)
Effective length for lateral torsional buckling, Lt =1.0xL = 1.0x3.0

=3.0m

Center-to-center distance between flange, hf= (D - tr)

= (300 — 10.6) = 289.4 mm

M

0.5
_ ™'x2x10°x2246.7x10'x289.4| | 1 ( 3000/52.9 ’
N 2x3000° 201 289.4/10.6

=T786.174kN-m
Z f 1.2Z
)\‘LTI = it < )\‘LTZ = |
MCr MCr
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3
= \/0.897x962.18x106 X250 _ oo
786.174x10
3
L \/1.2x863.3x10 X250 _ 4 574
786.174x10

coAr=0.523
Opr =051+ (A —02)+ }\‘iT]
=0.5[1+0.21(0.523-0.2) + 0.5232] =0.67

1
02 221
1

= T ———=0.918<1.0
{O.67+[O.67 0.523] }

Bending stress reduction factor, ¥, = {

XLTfy

Design bending compressive stress, f,, =

mo

~0.917x250
1.10

=208.636

Design bending strength, M, =B, Z f

=0.897x962.18x10°x208.636 =180.068 kN —m
Method-3

0.5
2 L./t Y
Extreme fiber bending compressive stress, f = LEZ 1+L(L/Yj
(LLT/ry) 20\ h/t,

0.5
_LIxwx2x10°| 1 [3000/52.9 JZ
(3000/52.9)° | 201 289.9/10.6

= 744.406 N/mm?

Non-dimensional slenderness ratio, A, =/ f, / 1

= /250/744.406 = 0.579
Orr = 051+, (hyy —02) +12,]
=0.5 [1+0.21(0.579-0.2) +(0.579)"]= 0.708

1
02 — AL

Bending stress reduction factor, ;. = {
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_ 1 ~0897<1.0

{0.708+[0.708" —0.579°]’}

f
Design bending compressive stress, f,, = Ky , = 0.897x250 =204.00 MPa

Voo 1.10

Design bending strength, M, =B,Z f

=0.897x962.18x10°x204 =176.067 kN —m

Method-4
k—L = % =56.71, h/t; = % =28.30, Form Table 14 of IS: 800-2007, ferp is calculated
r, . .

y

by double interpolation

h/ts
kL/r
25 28.30 30
50 951.7 935.46 927.1
56.71 756.637
60 684.6 668.958 660.9

. Critical stress f._, =756.637 N/mm?

cr,b
Design bending compressive stress corresponding to lateral buckling (From Table 13 of IS:
800-2007), f,, =204.848 N/mm’

Design bending strength, M, =,z _f,

=0.897x554.32x10°x204.848 = 101.85 kN-m

Working stress method
From Clause 6.2.2 of IS: 800-1984

Permissible bending compressive stress, G,
d, =300-2(10.6) = 278.8 mm

Mean thickness of compression flange, T = 10.6 mm

Web thickness, t = 9.4 mm
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Overall depth of web, D = 300 mm

D/T =300/10.6 = 28.30

T/t=10.6/9.4=1.13<2.0

d,/t=278.8/9.4=29.66 <85

Effective length of compression flange, lerr= 1.0x3000 = 3000 mm
I/ry = 3000/52.9 =56.71

From Table 6.1B of IS: 800-1984

D/T
kL/r
25 28.30 30
55 153 152.34 152
56.71 151.314
60 150 149.34 149

.. Bending compressive stress, o, = 151.314 N/mm?

Moment of resistance, M = 151.314x863.3x10° =130.63 kN-m

Other types of problems

(6) A hall 8m x 12 m is provided with a100 mm RCC slab over RSJ spaced 3m c/c. A
wearing load of 100mm is provided over the slab. The live load on the beam is 1.5 kN/
m?. Design the beam (RSJ) if it is laterally supported.

Solution: Find the total load on the beam and then BM and SF

Dead load due to self weight and wearing load

=[(100 + 100)/ (1000)] x 24 x 3 x1 kN/m =14.4 kN/m

Live load = 1.5 kN/m, Self weight of joint =0.5 kN/m, Total load =16.4 kN/m

Therefore total factored load w = 1.5 x 16.4 =24.6 kN/m

Rest of the design is as usual.

(7) Design the beam shown in the figure. Use Fe410 steel. The beam is assumed to be

laterally supported.
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100 kN 100 kN
im 15 kN/m im

5.0 m

(8) A hall in a building 15m x 18 m is supporting a slab 150mm thick and is shown in
figure. Design both secondary and primary beams. Use Fe410 steel. The density of
concrete is 24kN/m?. The imposed load on the beam is 4 KN/m?. Self weight of beam may

be assumed as 0.5 KN/m?2.

15m
7y
6 m
S=2.5m
¥
18m
MB 1
< SB
\ 4

(9) Determine the plastic section modulus of rectangular section, triangular section, T, I,

O, [ and other sections.

(10) Determine the following properties of the sections such as I, T, |[.

Lzzy Yyyy Zez, Zpz, shape factor and M,

(11) Plastic analysis of beams: Fixed, cantilever, propped cantilever and continuous
beams for different loads. Analyse for Plastic moment and design by LSM. Uniform
sections or varying sections can be designed. Once Mp is found, select a suitable section

so to have the required Mp.
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(12) Portal frames for varying loads can be worked out for analysis and design.

Similarly workout other problems related to built up sections and plated sections.

M. C. Nataraja
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