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Abstract  

Steel structures have extremely good load carrying as well as moment resisting capacity. Yet, they are not common in India, 

because they demand greater precision and have more cost than those built with masonry or concrete. Steel tables contains 

ready to use properties of the standard sections which are required during the design of steel structures and to examine 

whether the sections withstand in the given condition or not. The currently available steel table has most of the properties but 

there is a scope to add more and make it simpler for the users. Since, some additional parameters are constant for a given 

section which can be obtained and added in the current table. Also, the variation of the bending moment and shear force are 

plotted as graphs, so that the designer can observe all the sections at a glance. 
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Introduction 

Concrete structures are less efficient than steel structures in 

terms of life cycle cost, strength, sustainability, time required 

erecting and steel can be used for comparatively longer spans 

and higher loads. Also, steel is manufactured under standard 

laboratory conditions and concrete under environment 

conditions (except precast concrete members).  

 

Tapered flange sections are the most conventional sections in 

India, but in foreign countries parallel flange sections are 

commonly used in design and construction of steel structures. 

They both are hot rolled sections. But, nowadays productions of 

parallel flange sections have also been started in India since they 

have proved to be more efficient than tapered flange sections. 

 

Additional Properties Added 

Some additional properties that are being added in the current 

steel table are listed below: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: Cross-section of Parallel flange section and Tapered 

flange section. 

Plastic Section Modulus and Elastic Section Modulus: The 

plastic section modulus has been taken from IS 800:2007 
1
, IS 

12778:2004 
2
 and steel tables about major and minor axis. 

 

Shape Factor: Shape factor about major and minor axis can be 

obtained as: 

About major axis, Shape Factor =Zpz/ Zez 

About minor axis, Shape Factor = Zpy/ Zey 

 

b/tf ratio: It can be obtained as: 

b/tf =
   

  
 

 

d/tw ratio: It can be obtained as: 

d/tw =
        

  
 

 

Section Classification: According to Table-2 Limiting Width to 

Thickness Ratio and clause (3.7.2) of IS 800:2007 
1
; The b/tf 

ratio and d/tw ratio for section classification is given in Table-1. 

 

Table-1: Table of section classification. 

b/tf Ratio d/tw Ratio Class of Section 

9.4ε 84ε Plastic section 

10.5ε 105ε Compact section 

15.7ε 126ε Semi–compact section 

 

Design Bending Moment: According to clause 8.2.1 Laterally 

Supported Beam of IS 800:2007 
1
. The design bending moment 

for laterally supported beams can be calculated as: 

Md =  
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where,     = 1.0 for plastic and compact section,   =  /    for 

semi compact section,    = plastic and elastic section modulii of 

the cross-section, respectively;     = yield stress of the material; 

and     = partial safety factor  

 

Design Shear Force: According to clause 8.4 Shear of IS 

800:2007 
1
; The design shear force can be calculated as:  

Vd=  
    

     
 

 

where; Av =shear area of section,    = yield stress of the 

material,      = partial safety factor. 

 

Web Buckling: According to clause 8.7.3.1 of IS 800:2007 
1
, 

SK Duggal
3
, N. Subramanian

4
; 

 

For point load, Fcdw = (b1+n1)twfcd 

b1 = stiff length of bearing, n1 = dispersion of load through the 

web at 45 degrees, to half depth, fcd= buckling strength of web 

about axis parallel to the web. 

 

For support, Fcdw = (b1+n1)twfcd 

b1 = stiff length of bearing (assumed as 150), n1 = dispersion of 

load through the web at 45 degrees, to half depth, fcd= buckling 

strength of web about axis parallel to the web. 

 

Web bearing: According to clause 8.7.4 of IS 800:2007 
1
, SK 

Duggal
3
, N. Subramanian

4
; 

 

For point load, Fw = 
           

   
 

b1 = stiff length of bearing, n2 = length obtained by dispersion to 

the flange to the web junction at a slope of 1:2.5 to the plane of 

the flange,      = yield stress of the material,      = partial 

safety factor,  

 

For support, Fw = 
           

   
 

b1 = stiff length of bearing (assumed as 150), n2 = length 

obtained by dispersion to the flange to the web junction at a 

slope of 1:2.5 to the plane of the flange,      = yield stress of the 

material,      = partial safety factor  
 

Warping Constant: For tapered flange sections: As per 

research paper by M.K. Gupta
5
 on Additional Sectional 

properties of tapered flange sections; 

    
 

 
         

  

 

For parallel flange sections: As per research paper by M.K. 

Gupta
6
 on Additional Sectional properties of parallel flange 

sections; 

    
 

  
    

       
  

 

Torsional Constant: For tapered flange sections: As per 

research paper by M.K. Gupta
5
 on Additional Sectional 

properties of tapered flange sections;    (
 

 
)            

      
    

   (
 

 
)     

  (
 

 
)           

            
  

 

Where for I shapes with flanges slopes of 1 in 6 (9.46 degrees 

slope) 

 

                
  
  

       
 

  
       

    

  
        

  
 

  
  

 

And for I shape with parallel flanges (0 degrees slope) 

 

                 
  
  

       
 

  
       

    

  
        

  
 

  
  

 

Darwish and Johnston
7
 suggest that the expression for α for 

intermediate flange slopes may be found out by linear 

interpolation between α2 and α1 as given above. 

 

Further, 

                                            
 

Φ 
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For parallel flange sections: As per research paper by M.K. 

Gupta on Additional Sectional properties of parallel flange 

sections
6
; 

 

    (
 

 
)     

  (
 

 
)           

             
  

 

Where, 

                 
  
  

       
 

  
       

    

  
        

  
 

  
  

Φ 
             

  
 

 

     
 

 

Results and Discussion 

Notations are mention in Table-2. The Table-3 and 4 for 

modified properties for ISMB and ISHB sections contains all 

those additional properties that were listed to be added. Results 

for Tapered Flange Section are mention in Figure-2,3,4,5. 

Results for Parallel Flange Section are mention in Figure-6,7. 

The Table-5,6,7,8 for modified properties for NPB sections 

contains all those additional properties that were listed to be 

added. 
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Table-2: Table for notations used. 

Symbol Description Unit 

a Sectional area mm
2
 

D Depth of section mm 

B Width of flange mm 

tf Thickness of flange mm 

tw Thickness of web mm 

Ixx Moment of inertia about major axis mm
4
 

Iyy Moment of inertia about minor axis mm
4
 

Rxx Radius of gyration about major axis mm 

Ryy Radius of gyration about minor axis mm 

Zxx Modulus of section about major axis mm
3
 

Zyy Modulus of section about minor axis mm
3
 

r1 Radius at root (Tapered flange section) mm 

r2 Radius at toe (Tapered flange section) mm 

r Root radius (Parallel flange section) mm 

Zpz Plastic section modulus about major axis mm
3
 

Zez Elastic section modulus about major axis mm
3
 

Zpy Plastic section modulus about minor axis mm
3
 

Zey Elastic section modulus about minor axis mm
3
 

Iw Warping constant mm
6
 

It Torsional constant mm
4
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Table-3: Modified Properties of ISMB and ISHB sections. 
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Table-4: Modified Properties of ISMB and ISHB sections (continued...). 
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Figure-2: Design bending moment of ISMB sections. 

 

 
Figure-3: Design Bending moment of ISHB sections. 

 

 
Figure-4: Design Shear force of ISMB sections. 

 

 
Figure-5: Design Shear force of ISHB sections. 

 

The Figures-2,3,4,5 of Bending moment v/s sections and Shear 

force v/s sections, obtained from the tables of tapered flange 

sections above, are used to observe the trends of variation of 

Bending moment and shear force. If the loading is known, then 

by means of these graphs a section can be directly selected after 

calculating the actual bending moment and shear force acting. 
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Table-5: Modified Properties of NPB sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

kg
/m

N
/m

Ix
x

m
m
⁴ X

 1
0⁴

I y
y

m
m

4  X
 1

04

r x
x

m
m

r y
y

m
m

Z
X

X

m
m

3  X
 1

03

Z
yy

m
m

3  X
 1

03

Z
pz

m
m

3  X
 1

03

Z
ez

m
m

3  X
 1

03

Sh
ap

e

Fa
ct

or

N
PB

10
0

x
55

8.
10

79
.4

6
10

30
10

0
55

5.
7

4.
1

17
1

15
.9

40
.7

12
.4

34
.2

5.
8

7
39

.4
1

34
.2

0
1.

15
23

N
PB

12
0

x
60

10
.3

7
10

1.
73

13
20

12
0

64
6.

3
4.

4
31

8
27

.7
49

.0
14

.5
53

.0
8.

6
7

60
.7

3
53

.0
0

1.
14

58

N
PB

14
0

x
70

12
.8

9
12

6.
45

16
40

14
0

73
6.

9
4.

7
54

1
44

.9
57

.4
16

.5
77

.3
12

.3
7

88
.3

5
77

.3
0

1.
14

29

N
PB

16
0

x
80

15
.7

7
15

4.
70

20
10

16
0

82
7.

4
5.

0
86

9
68

.3
65

.8
18

.4
10

8.
7

16
.7

9
12

3.
87

10
8.

70
1.

13
96

N
PB

18
0

x
90

15
.3

7
15

0.
78

19
60

17
7

91
6.

5
4.

3
10

63
81

.9
73

.7
20

.5
12

0.
1

18
.0

9
13

5.
34

12
0.

10
1.

12
69

N
PB

18
0

x
90

18
.8

0
18

4.
43

23
90

18
0

91
8.

0
5.

3
13

17
10

0.
9

74
.2

20
.5

14
6.

3
22

.2
9

16
6.

42
14

6.
30

1.
13

75

N
PB

18
0

x
90

21
.2

7
20

8.
66

27
10

18
2

92
9.

0
6.

0
15

05
11

7.
3

74
.5

20
.8

16
5.

4
25

.5
9

18
9.

16
16

5.
40

1.
14

37

N
PB

20
0

x
10

0
18

.4
2

18
0.

70
23

50
19

7
10

0
7.

0
4.

5
15

91
11

7.
2

82
.3

22
.3

16
1.

6
23

.4
12

18
1.

67
16

1.
60

1.
12

42

N
PB

20
0

x
10

0
22

.3
6

21
9.

35
28

50
20

0
10

0
8.

5
5.

6
19

43
14

2.
4

82
.6

22
.4

19
4.

3
28

.5
12

22
0.

66
19

4.
30

1.
13

57

N
PB

20
0

x
10

0
25

.0
9

24
6.

13
32

00
20

2
10

2
9.

5
6.

2
22

11
16

8.
9

83
.2

23
.0

21
8.

9
33

.1
12

24
9.

44
21

8.
90

1.
13

95

N
PB

20
0

x
13

0
27

.3
7

26
8.

50
34

90
20

7
13

3
8.

5
5.

8
26

66
33

4.
0

87
.4

31
.0

25
7.

5
50

.2
12

28
8.

18
25

7.
50

1.
11

91

N
PB

20
0

x
13

0
31

.5
5

30
9.

51
40

20
21

0
13

4
10

.0
6.

4
31

53
40

1.
9

88
.6

31
.6

30
0.

3
60

.0
12

33
7.

19
30

0.
30

1.
12

28

N
PB

20
0

x
15

0
30

.4
5

29
8.

71
38

80
19

4
15

0
9.

0
6.

0
26

75
50

7.
0

83
.0

36
.2

27
5.

7
67

.6
12

30
6.

78
27

5.
70

1.
11

27

N
PB

20
0

x
16

5
35

.6
8

35
0.

02
45

50
20

1
16

5
10

.0
6.

2
34

14
74

9.
5

86
.7

40
.6

33
9.

7
90

.9
12

37
6.

80
33

9.
70

1.
10

92

N
PB

20
0

x
16

5
42

.4
7

41
6.

63
54

10
20

5
16

6
12

.0
7.

2
41

66
91

6.
0

87
.7

41
.1

40
6.

4
11

0.
4

12
45

4.
30

40
6.

40
1.

11
79

N
PB

20
0

x
16

5
48

.0
0

47
0.

88
61

10
21

0
16

6
14

.5
6.

5
50

25
11

06
.4

90
.7

42
.5

47
8.

6
13

3.
3

12
53

4.
68

47
8.

60
1.

11
72

N
PB

22
0

x
11

0
22

.1
8

21
7.

59
28

30
21

7
11

0
7.

7
5.

0
23

17
17

1.
4

90
.5

24
.6

21
3.

5
31

.2
12

24
0.

23
21

3.
50

1.
12

52

N
PB

22
0

x
11

0
26

.2
0

25
7.

02
33

40
22

0
11

0
9.

2
5.

9
27

72
20

4.
9

91
.1

24
.8

25
2.

0
37

.3
12

28
5.

43
25

2.
00

1.
13

27

N
PB

22
0

x
11

0
29

.3
5

28
7.

92
37

40
22

2
11

2
10

.2
6.

6
31

34
23

9.
8

91
.6

25
.3

28
2.

3
42

.8
12

32
1.

17
28

2.
30

1.
13

77

N
PB

24
0

x
12

0
26

.1
5

25
6.

53
33

30
23

7
12

0
8.

3
5.

2
32

90
24

0.
1

99
.4

26
.8

27
7.

7
40

.0
15

31
1.

61
27

7.
70

1.
12

21

N
PB

24
0

x
12

0
30

.7
1

30
1.

27
39

10
24

0
12

0
9.

8
6.

2
38

92
28

3.
6

99
.7

26
.9

32
4.

3
47

.3
15

36
6.

68
32

4.
30

1.
13

07

N
PB

24
0

x
12

0
34

.3
1

33
6.

58
43

70
24

2
12

2
10

.8
7.

0
43

69
32

8.
5

10
0.

0
27

.4
36

1.
1

53
.9

15
41

0.
31

36
1.

10
1.

13
63

N
PB

25
0

x
12

5
30

.1
1

29
5.

38
38

40
25

0
12

5
9.

0
6.

0
41

38
29

4.
3

10
3.

9
27

.7
33

1.
1

47
.1

15
37

3.
65

33
1.

10
1.

12
85

N
PB

25
0

x
15

0
34

.0
8

33
4.

32
43

40
25

8
14

6
9.

2
6.

1
51

20
47

8.
6

10
8.

6
33

.2
39

6.
9

65
.6

15
44

4.
26

39
6.

90
1.

11
93

N
PB

25
0

x
15

0
39

.7
8

39
0.

24
50

70
26

2
14

7
11

.2
6.

6
62

00
59

4.
5

11
0.

6
34

.3
47

3.
3

80
.9

15
53

0.
17

47
3.

30
1.

12
02

N
PB

25
0

x
15

0
46

.4
8

45
5.

97
59

20
26

6
14

8
13

.2
7.

6
73

81
71

5.
2

11
1.

7
34

.8
55

5.
0

96
.7

15
62

5.
47

55
5.

00
1.

12
70

N
PB

25
0

x
17

5
43

.9
4

43
1.

05
56

00
24

4
17

5
11

.0
7.

0
60

91
98

4.
2

10
4.

3
41

.9
49

9.
3

11
2.

5
15

55
5.

60
49

9.
30

1.
11

28

N
PB

27
0

x
13

5
30

.7
3

30
1.

46
39

10
26

7
13

5
8.

7
5.

5
49

17
35

8.
0

11
2.

1
30

.2
36

8.
3

53
.0

15
41

2.
53

36
8.

30
1.

12
01

N
PB

27
0

x
13

5
36

.0
7

35
3.

85
45

90
27

0
13

5
10

.2
6.

6
57

90
41

9.
9

11
2.

3
30

.2
42

8.
9

62
.2

15
48

4.
04

42
8.

90
1.

12
86

N
PB

27
0

x
13

5
42

.2
6

41
4.

57
53

80
27

4
13

6
12

.2
7.

5
69

47
51

3.
5

11
3.

6
30

.9
50

7.
1

75
.5

15
57

4.
69

50
7.

10
1.

13
33

N
PB

30
0

x
15

0
36

.5
2

35
8.

26
46

50
29

7
15

0
9.

2
6.

1
71

73
51

9.
0

12
4.

2
33

.4
48

3.
1

69
.2

15
54

1.
83

48
3.

10
1.

12
16

N
PB

30
0

x
15

0
42

.2
4

41
4.

37
53

80
30

0
15

0
10

.7
7.

1
83

56
60

3.
8

12
4.

6
33

.5
55

7.
1

80
.5

15
62

8.
40

55
7.

10
1.

12
80

N
PB

30
0

x
15

0
49

.3
2

48
3.

83
62

80
30

4
15

2
12

.7
8.

0
99

94
74

5.
7

12
6.

1
34

.5
65

7.
5

98
.1

15
74

3.
86

65
7.

50
1.

13
13

D
es

ig
na

tio
n

M
aj

or
 A

xi
s

D
ep

th
 o

f

Se
ct

io
n

(D
)

m
m

R
ad

ii 
of

 G
yr

at
io

n
W

ei
gh

t P
er

 M
et

re
M

od
ul

i o
f S

ec
tio

n
R

ad
iu

s

at

R
oo

t

(r
)

m
m

Se
ct

io
na

l

A
re

a

(a
)

m
m

2 
  

W
id

th
 o

f 

Fl
an

ge

(B
)

m
m

T
hi

ck
ne

ss

of
 F

la
ng

e

(t
f)

m
m

M
om

en
t o

f I
ne

rt
ia

T
hi

ck
ne

ss

of
 W

eb

(t
w

)

m
m



Research Journal of Engineering Sciences________________________________________________________ ISSN 2278 – 9472  

Vol. 10(2), 1-14, May (2021) Res. J. Engineering Sci. 

 International Science Community Association            8 

Table-6: Modified Properties of NPB sections (continued...). 
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Table-7: Modified Properties of NPB sections. 
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Table-8: Modified Properties of NPB sections (continued...). 
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Figure-6: Design bending moment of NPB sections. 
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Figure-7: Design Shear force of NPB sections. 
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The same results (Figure-6 and 7) can be drawn as in the case of 

tapered flange sections. For parallel flange sections also, 

through graphs a section can be chosen that can bear the 

bending moment and shear force coming due to applied loading. 

 

Discussion: Facts about Tapered Flange Section: Both shear 

force and bending moment carrying capacity increases with unit 

weight.  

 

Table-9: Comparison between ISHB sections. 

Designation 

Unit 

Weight 

(kg/m) 

Design Shear 

Force (KN) 

Design Bending 

Moment (KNm) 

ISHB 150 27.1 106.29 49.01 

ISHB 150 30.6 165.34 52.85 

ISHB 150 34.6 232.26 57.19 

 

From the Table-9 for tapered flange sections; we can notice that 

with the increase in unit weight of sections having same depth, 

the design shear force and bending moment also increases. 

 

Section with maximum shape factor along: Major Axis- ISJB 

175 @ 8.1 kg/m with shape factor as 1.1799. Minor Axis- ISLB 

325 @ 43.1 kg/m with shape factor as 2.2156.  

ISWB 600 @ 145.1 kg/m is strongest against moments; it can 

carry moment upto986.73KNm. 

ISLB 75 @ 6.1 kg/m is weakest against moments; it can carry 

moment upto 5.08 KNm. 

ISMB 600 @ 122.6 kg/m is strongest against shear force; it can 

carry shear force upto906.99 KN. 

ISLB 75 @ 6.1 kg/m is weakest against shear force; it can carry 

shear force upto 36.41 KN. 

For all sections, shape factor about minor axis is greater than 

shape factor about major axis. 

 

Facts about Parallel Flange Sections: Both shear force and 

bending moment carrying capacity increases with unit weight of 

both NPB and WPB sections. 

 

Table-10: Comparison between NPB sections. 

Designation 

Unit 

Weight 

(kg/m) 

Design 

Shear Force 

(KN) 

Design Bending 

Moment (KNm) 

NPB 180 x 90 15.37 99.87 30.76 

NPB 180 x 90 18.8 125.18 37.82 

NPB 180 x 90 21.27 143.29 42.99 

 

From the above Table-10 we can notice that with the increase in 

unit weight of sections having same depth, the design shear 

force and bending moment also increases. 

Section with maximum shape factor along: Major Axis- NPB 

750 x 270 @ 145.29 kg/m with shape factor as 1.1600. WPB 

100 x 100 @ 41.79 kg/m with shape factor as 1.2386. Minor 

Axis- NPB 600 x 220 @ 154.46 kg/m with shape factor as 

1.5860. 

WPB 900 x 300 @ 198 kg/m with shape factor as 1.5888. 

NPB 750 x 270 @ 202.48 kg/m is strongest against moments; it 

can carry moment upto1688.88KNm. 

NPB 100 x 55 @ 8.1 kg/m is weakest against moments; it can 

carry moment upto 8.96 KNm. 

NPB 750 x 270 @ 202.48 kg/m is strongest against shear force; 

it can carry shear force upto1513.16KN. 

NPB 100 x 55 @ 8.1kg/m is weakest against shear force; it can 

carry shear force upto53.8 KN. 

WPB 900 x 300 @ 291.45 kg/m is strongest against moments; it 

can carry moment upto2860.15KNm. 

WPB 100 x 100 @ 12.24 kg/m is weakest against moments; it 

can carry moment upto13.26 KNm. 

WPB 900 x 300 @ 291.45 kg/m is strongest against shear force; 

it can carry shear force upto2097.4KN. 

WPB 100 x 100 @ 12.24 kg/m is weakest against shear force; it 

can carry shear force upto50.15 KN. 

For all sections, shape factor about minor axis is greater than 

shape factor about major axis. 

 

Comparison between parallel and tapered flange sections: 

Comparison between parallel and tapered flange sections when 

used as flexure members are mention in Table-11 and when 

used as compression members are mention in Table-12. 

 

Table-11: Comparison between tapered flange section and 

parallel flange section when used as flexure member. 

Designation 

Unit 

Weight 

(kg/m) 

Depth 

(mm) 

Section 

Modulus 

about major 

axis (mm
3
 x 

10
3
) 

Bending 

Moment 

(KNm) 

ISMB 175 19.3 175 145.4 37.75 

NPB 180 x 

90 
18.8 180 146.3 37.82 

ISMB 200 25.4 200 223.5 57.7 

NPB 240 x 

120 
26.15 237 277.7 70.82 

 

From the Table-11 it can be observed that for approximately 

same unit weight, parallel flange sections have more section 

modulus about major axis and also are able to resist more 

moment, thus prove to be better than tapered flange sections 

when subjected to bending. i. ISMB 175 and NPB 180 x 90: 

NPB section has less unit weight but has slightly more section 

modulus about major axis and design bending moment. ii. 

ISMB 200 and NPB 240 x 120: NPB section has slightly more 

unit weight but has significantly more section modulus about 

major axis and design bending moment. 
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Table-12: Comparison between tapered flange section and 

parallel flange section when used as compression member. 

Designation 

Unit 

Weight 

(kg/m) 

Depth 

(mm) 

Radius of 

gyration 

about 

minor axis 

(mm) 

Bending 

Moment 

(KNm) 

ISHB 150 34.6 150 33.5 57.19 

WPB 200 x 

200 
34.64 186 49.2 71.95 

ISHB 200 40 200 44.2 84.59 

WPB 220 x 

220 
40.4 205 54.2 92.48 

 

From the Table-12 it can be observed that for approximately 

same unit weight, parallel flange sections have more radius of 

gyration about minor axis and also are able to resist more 

moment, thus prove to be better than tapered flange sections 

when subjected to compression. i. ISHB 150 and WPB 200 x 

200: WPB section has approximately same unit weight but has 

more radius of gyration about minor axis and design bending 

moment. ii. ISHB 200 and WPB 220 x 220:- WPB section has 

approximately same unit weight but has more radius of gyration 

about minor axis and design bending moment. 

 

Conclusion 

From the results, it can be concluded that by use of additional 

properties that are being included in the currently available steel 

tables, one can visually conclude that a particular section will 

suit the given loading conditions or not, without doing lengthy 

calculations. 

 

Use of Figures makes the study of steel structures more 

interesting and helps viewers understand the trends of variation 

of different parameters for the available Indian standard 

sections. Comparison of different tapered flange sections and 

parallel flange sections makes users understand which section is 

better and then sections should be preferred accordingly. 
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