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TECHNICAL HAND BOOK ON BUILDING 
CONSTRUCTION FOR FIELD ENGINEERS

First Edition: 2018
DISCLAIMER
The data, Thumb rules, Material Testing methodologies etc., 

illustrated in this Technical Hand Book are with a view to serve the 

methodologies, ideologies etc.,

COMPILED BY PWD COMMITTEE

For Government Departments use only
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TECHNICAL HAND BOOK ON BUILDING 
CONSTRUCTION FOR FIELD ENGINEERS 

FOREWORD

number

Further in various books and technical journals the subject matters are 

senior engineers. 
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TECHNICAL HAND BOOK ON BUILDING CONSTRUCTION FOR 
FIELD ENGINEERS

PREFACE

Thiru.Gagandeep Singh Bedi, 
I.A.S.,

the causes and circumstances leading to the above incident and suggested remedial 

Sl

No.

Details of members of the 

Committee 
Designation 

Department/Head of 

Department

1

Engineer-in-Chief (Buildings) and 
Chief Engineer (Buildings), 
Chennai Region,Chennai 

Head of the 
Committee

Public Works 
Department 
Chepauk,Chennai-5 

2 Chief Engineer, Chennai  Member and 
convener  

Commissionerate of 
Municipal Administration 

   

3 Chief Engineer (Buildings), Chennai Member 
Greater Chennai 
Corporation 

4 Superintending Engineer , Chennai Member 
Directorate of Town 
Panchayat 

5 Chief Engineer, Chennai Member 
Tamil Nadu Housing 
Board 

6 Chief Engineer, Chennai Member 
Tamil Nadu Slum 
Clearance Board 

7 General Manager (Technical) Member 

Tamil Nadu Adi Dravidar 
Housing and     
Development 
Corporation(TAHDCO) 
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Hand Book to be used as  a guide to all civil engineers engaged in building construction.

 are discussed along with 

structures.

sketches.

Buildings.

TECHNICAL COMMITTEE
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Chapter
No. DESCRIPTION Page

No.
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III

77
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X

XI

XII

XIII

MISCELLANEOUS TECHNICAL POINTS
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CHAPTER - I
ENSURING THE ADEQAUCY OF RCC STRUCTURAL 

MEMBERS IN BUILDINGS
INTRODUCTION
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FUNCTIONS OF STRUCTURAL MEMBERS

1. SLABS:

2. BEAMS

3. COLUMNS

4. FOOTINGS
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APPRAISAL OF  SIZE OF VARIOUS STRUCTURAL MEMBERS 

1. SLABS:              How to calculate Thickness of slab?  

 (One way, Two way Slabs) (Cantilever  Slabs)
For one way and Two way slabs,    
Assume 1cm thick per 1 foot span       

if,  lx = 5m  
Span of slab in feet = 5 x 3 = 15 feet.  
Hence thickness to be provided = 15cm. 

Span in metre Thickness

 in  “mm” 

Up to 3.50 m 120 mm 

3.60 to 4.0 m 130 mm 

4.10 to 4.50m 140 mm 

4.60 to 5.0 m 150 mm 

5.10 to 6.0 m 180 mm 

 For Cantilever  slabs 

     Thickness        :     Span /10 

Span in 
metre

Thickness 

 in  “mm”  

1.0  m  100 mm 

1.20  m  120 mm 

1.50 m  150 mm 

1.80 m  180 mm 

2.0 m  200mm 

Slabs in a Typical Building      Typical Floor Plan of a Building 
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2. BEAMS:

EVOLVING SIZE OF BEAM  

Concrete of Grade  = M20  

Steel       =  Fe415  

Span     = 6.0m   

[7 (to) 8 cm depth per meter of span is assumed ]  

Depth of beam for 6.0m  span =  

6.0 x 7 = 42cm   

6.0 x 8 = 48cm  

 Hence adopt depth of Beam as 45 cm (i.e.,450 mm) 

Assume  size of Beam as   

 (300x450)  /   (230x450)     Beam –Cross Section 

        

Typical Beam – Column Junction 
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3. COLUMNS
How to Judge COLUMN size ??

3.1 APPROXIMATE APPROACH FOR FINDING COLUMN FORCES

Table 1

2

INTERIOR

EDGE

CORNER

12
17
22

14
19

24

B2,B3

A2,A3,C2,C3

A1,A4,C1,C4

COLUMN
POSITION

LOAD IN KN/M 
RESIDENT

BLDG.
OFFICE
BLDG.

EXAMPLE
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DESIGN OF COLUMN B2

Illustration
The buildng shown has three storeys. 

Design of Column without Table in Hand 

Hence Ok

i)CALCULATION OF LOAD ON COLUMN                           Table 2 (Area of Bars)

Load influence area on column B2 (i.e.tributory area)                          

= (3.70/2 + 3.70/2) ( 6.0/2+ 6.0/2 ) = 22m²  

Load on column B2 due to single storey  

=   22.0 x 12      =264 KN  

   ( Area)x (Coef. as per table-1 of previous page )  

Total load on column B2 = 792 kN   say 800 kN  

[Due to 3 storeys (264 x 3)] 

ii) DESIGN OF COLUMN  

Load on Column    = 800 kN  

Concrete grade    = M20(say)  

As per table-3 ( next page), for 230 mm  450mm size,  

If 1.40% of steel is provided,  

It’s load carrying capacity  = 813 KN (>800 KN) 

 Hence ok  

Steel area = (1.4/ 100)     x 230x450=1449 mm² 

Hence provide 8 nos of 16 mm dia bars ( ref. table-2 also )  

Lateral ties (rings). 

 Provide 8 mm dia  rings @ 8”c/c 

Hand Book_03.indd   14 8/20/2018   8:29:23 AM



15

Ta
b

le
 1

.1
:

Lo
ad

 C
ar

ry
in

g
 C

ap
ac

it
y 

of
 C

ol
u

m
n

 (
1

%
 t

o
 2

%
 r

ei
n

ft
. 

is
 G

en
er

al
ly

 E
co

n
om

ic
al

) 
M

2
0

 
Fe

4
1

5
 

C
O

LU
M

N
 

SI
ZE

 IN
 M

M
 

PE
R

C
EN

TA
G

E 
O

F 
ST

EE
L 

R
EI

N
FO

R
C

EM
EN

T 
/  

LO
A

D
 C

A
R

R
YI

N
G

 C
A

PA
C

IT
Y 

 
  

  
  

b 
D

 
0.

80
 

1.
00

 
1.

20
 

1.
40

 
1.

60
 

1.
80

 
2.

00
 

2.
20

 
2.

40
 

2.
60

 
2.

80
 

3.
00

 
3.

20
 

3.
40

 
3.

50
 

3.
60

 
3.

80
 

4.
00

 
23

0 
23

0 
35

8 
37

7 
39

6 
41

5 
43

5 
45

4 
47

3 
49

2 
51

1 
53

0 
54

9 
56

8 
58

7 
60

6 
61

5 
62

5 
64

4 
66

3 
23

0 
30

0 
46

7 
49

2 
51

7 
54

2 
56

7 
59

2 
61

6 
64

1 
66

6 
69

1 
71

6 
74

1 
76

6 
79

0 
80

3 
81

5 
84

0 
86

5 
23

0 
40

0 
62

3 
65

6 
68

9 
72

3 
75

6 
78

9 
82

2 
85

5 
88

8 
92

1 
95

4 
98

8 
10

21
 

10
54

 
10

70
 

10
87

 
11

20
 

11
53

 
23

0 
45

0 
70

1 
73

8 
77

6 
81

3 
85

0 
88

7 
92

5 
96

2 
99

9 
10

36
 

10
74

 
11

11
 

11
48

 
11

86
 

12
04

 
12

23
 

12
60

 
12

97
 

23
0 

50
0 

77
9 

82
0 

86
2 

90
3 

94
5 

98
6 

10
27

 
10

69
 

11
10

 
11

52
 

11
93

 
12

34
 

12
76

 
13

17
 

13
38

 
13

59
 

14
00

 
14

41
 

23
0 

60
0 

93
5 

98
4 

10
34

 
10

84
 

11
34

 
11

83
 

12
33

 
12

83
 

13
32

 
13

82
 

14
32

 
14

81
 

15
31

 
15

81
 

16
06

 
16

30
 

16
80

 
17

30
 

23
0 

75
0 

11
68

 
12

31
 

12
93

 
13

55
 

14
17

 
14

79
 

15
41

 
16

03
 

16
65

 
17

27
 

17
90

 
18

52
 

19
14

 
19

76
 

20
07

 
20

38
 

21
00

 
21

62
 

30
0 

30
0 

61
0 

64
2 

67
4 

70
7 

73
9 

77
2 

80
4 

83
6 

86
9 

90
1 

93
4 

96
6 

99
8 

10
31

 
10

47
 

10
63

 
10

96
 

11
28

 
30

0 
40

0 
81

3 
85

6 
89

9 
94

2 
98

6 
10

29
 

10
72

 
11

15
 

11
58

 
12

02
 

12
45

 
12

88
 

13
31

 
13

75
 

13
96

 
14

18
 

14
61

 
15

04
 

30
0 

45
0 

91
4 

96
3 

10
12

 
10

60
 

11
09

 
11

57
 

12
06

 
12

55
 

13
03

 
13

52
 

14
01

 
14

49
 

14
98

 
15

46
 

15
71

 
15

95
 

16
44

 
16

92
 

30
0 

50
0 

10
16

 
10

70
 

11
24

 
11

78
 

12
32

 
12

86
 

13
40

 
13

94
 

14
48

 
15

02
 

15
56

 
16

10
 

16
64

 
17

18
 

17
45

 
17

72
 

18
26

 
18

80
 

30
0 

60
0 

12
19

 
12

84
 

13
49

 
14

14
 

14
78

 
15

43
 

16
08

 
16

73
 

17
38

 
18

03
 

18
67

 
19

32
 

19
97

 
20

62
 

20
94

 
21

27
 

21
91

 
22

56
 

30
0 

75
0 

15
24

 
16

05
 

16
86

 
17

67
 

18
48

 
19

29
 

20
10

 
20

91
 

21
72

 
22

53
 

23
34

 
24

15
 

24
96

 
25

77
 

26
18

 
26

58
 

27
39

 
28

20
 

30
0 

90
0 

18
29

 
19

26
 

20
23

 
21

21
 

22
18

 
23

15
 

24
12

 
25

09
 

26
07

 
27

04
 

28
01

 
28

98
 

29
95

 
30

93
 

31
41

 
31

90
 

32
87

 
33

84
 

40
0 

40
0 

10
84

 
11

41
 

11
99

 
12

57
 

13
14

 
13

72
 

14
29

 
14

87
 

15
45

 
16

02
 

16
60

 
17

17
 

17
75

 
18

33
 

18
62

 
18

90
 

19
48

 
20

06
 

40
0 

50
0 

13
55

 
14

27
 

14
99

 
15

71
 

16
43

 
17

15
 

17
87

 
18

59
 

19
31

 
20

03
 

20
75

 
21

47
 

22
19

 
22

91
 

23
27

 
23

63
 

24
35

 
25

07
 

40
0 

60
0 

16
26

 
17

12
 

17
98

 
18

85
 

19
71

 
20

58
 

21
44

 
22

31
 

23
17

 
24

03
 

24
90

 
25

76
 

26
63

 
27

49
 

27
92

 
28

35
 

29
22

 
30

08
 

40
0 

70
0 

18
97

 
19

97
 

20
98

 
21

99
 

23
00

 
24

01
 

25
02

 
26

02
 

27
03

 
28

04
 

29
05

 
30

06
 

31
06

 
32

07
 

32
58

 
33

08
 

34
09

 
35

10
 

40
0 

80
0 

21
68

 
22

83
 

23
98

 
25

13
 

26
28

 
27

44
 

28
59

 
29

74
 

30
89

 
32

05
 

33
20

 
34

35
 

35
50

 
36

65
 

37
23

 
37

81
 

38
96

 
40

11
 

45
0 

45
0 

13
72

 
14

45
 

15
17

 
15

90
 

16
63

 
17

36
 

18
09

 
18

82
 

19
55

 
20

28
 

21
01

 
21

74
 

22
47

 
23

20
 

23
56

 
23

92
 

24
65

 
25

38
 

45
0 

60
0 

18
29

 
19

26
 

20
23

 
21

21
 

22
18

 
23

15
 

24
12

 
25

09
 

26
07

 
27

04
 

28
01

 
28

98
 

29
95

 
30

93
 

31
41

 
31

90
 

32
87

 
33

84
 

45
0 

75
0 

22
86

 
24

08
 

25
29

 
26

51
 

27
72

 
28

94
 

30
15

 
31

37
 

32
58

 
33

80
 

35
01

 
36

23
 

37
44

 
38

66
 

39
27

 
39

87
 

41
09

 
42

30
 

45
0 

90
0 

27
43

 
28

89
 

30
35

 
31

81
 

33
27

 
34

72
 

36
18

 
37

64
 

39
10

 
40

56
 

42
02

 
43

47
 

44
93

 
46

39
 

47
12

 
47

85
 

49
31

 
50

77
 

60
0 

60
0 

24
38

 
25

68
 

26
98

 
28

27
 

29
57

 
30

87
 

32
16

 
33

46
 

34
75

 
36

05
 

37
35

 
38

64
 

39
94

 
41

24
 

41
88

 
42

53
 

43
83

 
45

12
 

60
0 

75
0 

30
48

 
32

10
 

33
72

 
35

34
 

36
96

 
38

58
 

40
20

 
41

82
 

43
44

 
45

06
 

46
68

 
48

30
 

49
92

 
51

55
 

52
36

 
53

17
 

54
79

 
56

41
 

60
0 

90
0 

36
58

 
38

52
 

40
47

 
42

41
 

44
35

 
46

30
 

48
24

 
50

19
 

52
13

 
54

08
 

56
02

 
57

97
 

59
91

 
61

85
 

62
83

 
63

80
 

65
74

 
67

69
 

60
0 

12
00

 
48

77
 

51
36

 
53

95
 

56
55

 
59

14
 

61
73

 
64

32
 

66
92

 
69

51
 

72
10

 
74

69
 

77
29

 
79

88
 

82
47

 
83

77
 

85
06

 
87

66
 

90
25

 

 
 

 

T
ip
s 

-
 w

it
h
ou

t 
T
a
b
le
 i
n 

H
a
nd

: 
L
oa

d
 c

ar
ry

in
g 

ca
pa

ci
ty

  
of

 C
ol

um
n 

= 
(0

.9
0

)x
C

ro
ss

 s
e
ct

io
n 

A
re

a 
in

 c
m

2
 (

w
it

h
 2

%
 r

e
in

ft
.)

  

ie
.,3

0
cm

x
4

0
cm

 c
ol

um
n 

(w
it

h
 2

.0
%

 r
e
in

ft
.)

 c
an

 c
ar

ry
 a

pp
ro

x
im

at
e
ly

 1
0

8
0

 k
N

. 
 (

M
2

0
 c

on
c,

F
e
 4

15
 S

te
e
l)

 

Hand Book_03.indd   15 8/20/2018   8:29:24 AM



16

1
7

Ta
b

le
 1

.2
 :

 L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

 O
F 

C
O

LU
M

N
S

("
P

"L
O

A
D

S
 I

N
 K

N
) 

 
M

2
0

 
Fe

5
0

0
CO

LU
M

N
 S

IZ
E 

IN
 

M
M

PE
RC

EN
TA

G
E 

O
F 

ST
EE

L 
RE

IN
FO

RC
EM

EN
T 

/ 
 L

O
AD

 C
AR

RY
IN

G
 C

AP
AC

IT
Y 

b 
D

 
0.

80
 

1.
00

 
1.

20
 

1.
40

 
1.

60
 

1.
80

 
2.

00
 

2.
20

 
2.

40
 

2.
60

 
2.

80
 

3.
00

 
3.

20
 

3.
40

 
3.

60
 

3.
80

 
4.

00
 

23
0 

23
0 

37
4 

39
7 

42
1 

44
4 

46
7 

49
0 

51
3 

53
6 

55
9 

58
2 

60
5 

62
8 

65
1 

67
4 

69
7 

72
0 

74
3 

23
0 

30
0 

48
8 

51
8 

54
9 

57
9 

60
9 

63
9 

66
9 

69
9 

72
9 

75
9 

78
9 

81
9 

84
9 

87
9 

91
0 

94
0 

97
0 

23
0 

40
0 

65
1 

69
1 

73
1 

77
1 

81
2 

85
2 

89
2 

93
2 

97
2 

10
12

 
10

52
10

92
 

11
32

 
11

73
 

12
13

12
53

12
93

 
23

0 
45

0 
73

3 
77

8 
82

3 
86

8 
91

3 
95

8 
10

03
10

48
10

94
11

39
 

11
84

12
29

 
12

74
 

13
19

 
13

64
14

09
14

55
 

23
0 

50
0 

81
4 

86
4 

91
4 

96
4 

10
14

10
65

11
15

11
65

12
15

12
65

 
13

15
13

65
 

14
16

 
14

66
 

15
16

15
66

16
16

 
23

0 
60

0 
97

7 
10

37
 

10
97

 
11

57
12

17
12

78
13

38
13

98
14

58
15

18
 

15
78

16
39

 
16

99
 

17
59

 
18

19
18

79
19

39
 

23
0 

75
0 

12
21

 
12

96
 

13
71

 
14

46
15

22
15

97
16

72
17

47
18

23
18

98
 

19
73

20
48

 
21

23
 

21
99

 
22

74
23

49
24

24
 

30
0 

30
0 

63
7 

67
6 

71
5 

75
5 

79
4 

83
3 

87
2 

91
2 

95
1 

99
0 

10
29

10
69

 
11

08
 

11
47

 
11

86
12

26
12

65
 

30
0 

40
0 

84
9 

90
2 

95
4 

10
06

10
59

11
11

11
63

12
16

12
68

13
20

 
13

72
14

25
 

14
77

 
15

29
 

15
82

16
34

16
86

 
30

0 
45

0 
95

5 
10

14
 

10
73

 
11

32
11

91
12

50
13

09
13

67
14

26
14

85
 

15
44

16
03

 
16

62
 

17
21

 
17

79
18

38
18

97
 

30
0 

50
0 

10
62

 
11

27
 

11
92

 
12

58
13

23
13

89
14

54
15

19
15

85
16

50
 

17
16

17
81

 
18

46
 

19
12

 
19

77
20

43
21

08
 

30
0 

60
0 

12
74

 
13

52
 

14
31

 
15

09
15

88
16

66
17

45
18

23
19

02
19

80
 

20
59

21
37

 
22

16
 

22
94

 
23

73
24

51
25

30
 

30
0 

75
0 

15
92

 
16

91
 

17
89

 
18

87
19

85
20

83
21

81
22

79
23

77
24

75
 

25
73

26
72

 
27

70
 

28
68

 
29

66
30

64
31

62
 

30
0 

90
0 

19
11

 
20

29
 

21
46

 
22

64
23

82
24

99
26

17
27

35
28

53
29

70
 

30
88

32
06

 
33

24
 

34
41

 
35

59
36

77
37

94
 

40
0 

40
0 

11
32

 
12

02
 

12
72

 
13

42
14

11
14

81
15

51
16

21
16

90
17

60
 

18
30

19
00

 
19

69
 

20
39

 
21

09
21

79
22

49
 

40
0 

50
0 

14
15

 
15

03
 

15
90

 
16

77
17

64
18

51
19

39
20

26
21

13
22

00
 

22
87

23
75

 
24

62
 

25
49

 
26

36
27

23
28

11
 

40
0 

60
0 

16
99

 
18

03
 

19
08

 
20

12
21

17
22

22
23

26
24

31
25

36
26

40
 

27
45

28
50

 
29

54
 

30
59

 
31

64
32

68
33

73
 

40
0 

70
0 

19
82

 
21

04
 

22
26

 
23

48
24

70
25

92
27

14
28

36
29

58
30

80
 

32
02

33
25

 
34

47
 

35
69

 
36

91
38

13
39

35
 

40
0 

80
0 

22
65

 
24

04
 

25
44

 
26

83
28

23
29

62
31

02
32

41
33

81
35

20
 

36
60

37
99

 
39

39
 

40
79

 
42

18
43

58
44

97
 

45
0 

45
0 

14
33

 
15

21
 

16
10

 
16

98
17

86
18

75
19

63
20

51
21

39
22

28
 

23
16

24
04

 
24

93
 

25
81

 
26

69
27

58
28

46
 

45
0 

60
0 

19
11

 
20

29
 

21
46

 
22

64
23

82
24

99
26

17
27

35
28

53
29

70
 

30
88

32
06

 
33

24
 

34
41

 
35

59
36

77
37

94
 

45
0 

75
0 

23
89

 
25

36
 

26
83

 
28

30
29

77
31

24
32

72
34

19
35

66
37

13
 

38
60

40
07

 
41

54
 

43
02

 
44

49
45

96
47

43
 

45
0 

90
0 

28
66

 
30

43
 

32
19

 
33

96
35

73
37

49
39

26
41

02
42

79
44

56
 

46
32

48
09

 
49

85
 

51
62

 
53

38
55

15
56

92
 

60
0 

60
0 

25
48

 
27

05
 

28
62

 
30

19
31

76
33

33
34

90
36

47
38

04
39

60
 

41
17

42
74

 
44

31
 

45
88

 
47

45
49

02
50

59
 

60
0 

75
0 

31
85

 
33

81
 

35
77

 
37

73
39

70
41

66
43

62
45

58
47

54
49

51
 

51
47

53
43

 
55

39
 

57
35

 
59

32
61

28
63

24
 

60
0 

90
0 

38
22

 
40

57
 

42
93

 
45

28
47

64
49

99
52

34
54

70
57

05
59

41
 

61
76

64
12

 
66

47
 

68
82

 
71

18
73

53
75

89
 

60
0 

12
00

 
50

96
 

54
10

 
57

24
 

60
37

63
51

66
65

69
79

72
93

76
07

79
21

 
82

35
85

49
 

88
63

 
91

77
 

94
91

98
04

10
11

8 

Hand Book_03.indd   16 8/20/2018   8:29:24 AM



17

Ta
b

le
 1

.3
 :

 L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

 O
F 

C
O

LU
M

N
S

("
P

"L
O

A
D

S
 I

N
 K

N
) 

M
2

5
 

Fe
4

1
5

C
O

LU
M

N
S

IZ
E 

IN
 M

M
 

P
ER

C
EN

TA
G

E 
O

F 
S

TE
EL

 R
EI

N
FO

R
C

EM
EN

T 
/

  L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

  
b 

D
 

0.
80

 
1.

00
 

1.
20

 
1.

40
 

1.
60

 
1.

80
 

2.
00

 
2.

20
 

2.
40

 
2.

60
 

2.
80

 
3.

00
 

3.
20

 
3.

40
 

3.
60

 
3.

80
 

4.
00

 
23

0 
23

0 
42

8 
44

7 
46

6 
48

5 
50

4 
52

3 
54

2 
56

1 
58

0 
59

8 
61

7 
63

6 
65

5 
67

4 
69

3 
71

2 
73

1 
23

0 
30

0 
55

9 
58

3 
60

8 
63

3 
65

7 
68

2 
70

7 
73

1 
75

6 
78

1 
80

5 
83

0 
85

5 
87

9 
90

4 
92

9 
95

3 
23

0 
40

0 
74

5 
77

8 
81

1 
84

3 
87

6 
90

9 
94

2 
97

5 
10

08
10

41
 

10
74

11
07

 
11

39
 

11
72

 
12

05
12

38
12

71
23

0 
45

0 
83

8 
87

5 
91

2 
94

9 
98

6 
10

23
10

60
10

97
11

34
11

71
 

12
08

12
45

 
12

82
 

13
19

 
13

56
13

93
14

30
23

0 
50

0 
93

1 
97

2 
10

13
 

10
54

10
95

11
37

11
78

12
19

12
60

13
01

 
13

42
13

83
 

14
24

 
14

65
 

15
06

15
48

15
89

23
0 

60
0 

11
17

 
11

67
 

12
16

 
12

65
13

15
13

64
14

13
14

63
15

12
15

61
 

16
10

16
60

 
17

09
 

17
58

 
18

08
18

57
19

06
23

0 
75

0 
13

97
 

14
58

 
15

20
 

15
82

16
43

17
05

17
67

18
28

18
90

19
51

 
20

13
20

75
 

21
36

 
21

98
 

22
60

23
21

23
83

30
0 

30
0 

72
9 

76
1 

79
3 

82
5 

85
7 

88
9 

92
2 

95
4 

98
6 

10
18

 
10

50
10

82
 

11
15

 
11

47
 

11
79

12
11

12
43

30
0 

40
0 

97
2 

10
14

 
10

57
 

11
00

11
43

11
86

12
29

12
72

13
15

13
58

 
14

00
14

43
 

14
86

 
15

29
 

15
72

16
15

16
58

30
0 

45
0 

10
93

 
11

41
 

11
89

 
12

38
12

86
13

34
13

82
14

31
14

79
15

27
 

15
75

16
24

 
16

72
 

17
20

 
17

68
18

17
18

65
30

0 
50

0 
12

14
 

12
68

 
13

22
 

13
75

14
29

14
82

15
36

15
90

16
43

16
97

 
17

51
18

04
 

18
58

 
19

11
 

19
65

20
19

20
72

30
0 

60
0 

14
57

 
15

22
 

15
86

 
16

50
17

15
17

79
18

43
19

08
19

72
20

36
 

21
01

21
65

 
22

29
 

22
94

 
23

58
24

22
24

87
30

0 
75

0 
18

22
 

19
02

 
19

82
 

20
63

21
43

22
24

23
04

23
85

24
65

25
45

 
26

26
27

06
 

27
87

 
28

67
 

29
47

30
28

31
08

30
0 

90
0 

21
86

 
22

82
 

23
79

 
24

75
25

72
26

68
27

65
28

61
29

58
30

54
 

31
51

32
47

 
33

44
 

34
40

 
35

37
36

33
37

30
40

0 
40

0 
12

95
 

13
53

 
14

10
 

14
67

15
24

15
81

16
39

16
96

17
53

18
10

 
18

67
19

24
 

19
82

 
20

39
 

20
96

21
53

22
10

40
0 

50
0 

16
19

 
16

91
 

17
62

 
18

34
19

05
19

77
20

48
21

20
21

91
22

63
 

23
34

24
06

 
24

77
 

25
48

 
26

20
26

91
27

63
40

0 
60

0 
19

43
 

20
29

 
21

15
 

22
00

22
86

23
72

24
58

25
44

26
29

27
15

 
28

01
28

87
 

29
72

 
30

58
 

31
44

32
30

33
16

40
0 

70
0 

22
67

 
23

67
 

24
67

 
25

67
26

67
27

67
28

67
29

67
30

68
31

68
 

32
68

33
68

 
34

68
 

35
68

 
36

68
37

68
38

68
40

0 
80

0 
25

91
 

27
05

 
28

20
 

29
34

30
48

31
63

32
77

33
91

35
06

36
20

 
37

34
38

49
 

39
63

 
40

78
 

41
92

43
06

44
21

40
0 

90
0 

29
15

 
30

43
 

31
72

 
33

01
34

29
35

58
36

87
38

15
39

44
40

73
 

42
01

43
30

 
44

59
 

45
87

 
47

16
48

45
49

73
45

0 
45

0 
16

39
 

17
12

 
17

84
 

18
57

19
29

20
01

20
74

21
46

22
18

22
91

 
23

63
24

36
 

25
08

 
25

80
 

26
53

27
25

27
97

45
0 

60
0 

21
86

 
22

82
 

23
79

 
24

75
25

72
26

68
27

65
28

61
29

58
30

54
 

31
51

32
47

 
33

44
 

34
40

 
35

37
36

33
37

30
45

0 
75

0 
27

32
 

28
53

 
29

74
 

30
94

32
15

33
36

34
56

35
77

36
97

38
18

 
39

39
40

59
 

41
80

 
43

01
 

44
21

45
42

46
62

45
0 

90
0 

32
79

 
34

24
 

35
68

 
37

13
38

58
40

03
41

47
42

92
44

37
45

82
 

47
26

48
71

 
50

16
 

51
61

 
53

05
54

50
55

95
60

0 
60

0 
29

15
 

30
43

 
31

72
 

33
01

34
29

35
58

36
87

38
15

39
44

40
73

 
42

01
43

30
 

44
59

 
45

87
 

47
16

48
45

49
73

60
0 

75
0 

36
43

 
38

04
 

39
65

 
41

26
42

87
44

47
46

08
47

69
49

30
50

91
 

52
52

54
12

 
55

73
 

57
34

 
58

95
60

56
62

17
60

0 
90

0 
43

72
 

45
65

 
47

58
 

49
51

51
44

53
37

55
30

57
23

59
16

61
09

 
63

02
64

95
 

66
88

 
68

81
 

70
74

72
67

74
60

Hand Book_03.indd   17 8/20/2018   8:29:24 AM



18

Ta
b

le
 1

.4
 :

 L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

 O
F 

C
O

LU
M

N
S

("
P

"L
O

A
D

S
 I

N
 K

N
) 

M
2

5
 

Fe
5

0
0

 
C

O
LU

M
N

S
IZ

E 
IN

 M
M

 
P

ER
C

EN
TA

G
E 

O
F 

S
TE

EL
 R

EI
N

FO
R

C
EM

EN
T 

/
  L

O
A

D
 C

A
R

R
Y

IN
G

 C
A

P
A

C
IT

Y
  

b 
D

 
0.

80
 

1.
00

 
1.

20
 

1.
40

 
1.

60
 

1.
80

 
2.

00
 

2.
20

 
2.

40
 

2.
60

 
2.

80
 

3.
00

 
3.

20
 

3.
40

 
3.

60
 

3.
80

 
4.

00
 

23
0 

23
0 

37
4 

39
7 

42
1 

44
4 

46
7 

49
0 

51
3 

53
6 

55
9 

58
2 

60
5 

62
8 

65
1 

67
4 

69
7 

72
0 

74
3 

23
0 

30
0 

48
8 

51
8 

54
9 

57
9 

60
9 

63
9 

66
9 

69
9 

72
9 

75
9 

78
9 

81
9 

84
9 

87
9 

91
0 

94
0 

97
0 

23
0 

40
0 

65
1 

69
1 

73
1 

77
1 

81
2 

85
2 

89
2 

93
2 

97
2 

10
12

 
10

52
10

92
 

11
32

 
11

73
 

12
13

12
53

12
93

23
0 

45
0 

73
3 

77
8 

82
3 

86
8 

91
3 

95
8 

10
03

10
48

10
94

11
39

 
11

84
12

29
 

12
74

 
13

19
 

13
64

14
09

14
55

23
0 

50
0 

81
4 

86
4 

91
4 

96
4 

10
14

10
65

11
15

11
65

12
15

12
65

 
13

15
13

65
 

14
16

 
14

66
 

15
16

15
66

16
16

23
0 

60
0 

97
7 

10
37

 
10

97
 

11
57

12
17

12
78

13
38

13
98

14
58

15
18

 
15

78
16

39
 

16
99

 
17

59
 

18
19

18
79

19
39

23
0 

75
0 

12
21

 
12

96
 

13
71

 
14

46
15

22
15

97
16

72
17

47
18

23
18

98
 

19
73

20
48

 
21

23
 

21
99

 
22

74
23

49
24

24
30

0 
30

0 
63

7 
67

6 
71

5 
75

5 
79

4 
83

3 
87

2 
91

2 
95

1 
99

0 
10

29
10

69
 

11
08

 
11

47
 

11
86

12
26

12
65

30
0 

40
0 

84
9 

90
2 

95
4 

10
06

10
59

11
11

11
63

12
16

12
68

13
20

 
13

72
14

25
 

14
77

 
15

29
 

15
82

16
34

16
86

30
0 

45
0 

95
5 

10
14

 
10

73
 

11
32

11
91

12
50

13
09

13
67

14
26

14
85

 
15

44
16

03
 

16
62

 
17

21
 

17
79

18
38

18
97

30
0 

50
0 

10
62

 
11

27
 

11
92

 
12

58
13

23
13

89
14

54
15

19
15

85
16

50
 

17
16

17
81

 
18

46
 

19
12

 
19

77
20

43
21

08
30

0 
60

0 
12

74
 

13
52

 
14

31
 

15
09

15
88

16
66

17
45

18
23

19
02

19
80

 
20

59
21

37
 

22
16

 
22

94
 

23
73

24
51

25
30

30
0 

75
0 

15
92

 
16

91
 

17
89

 
18

87
19

85
20

83
21

81
22

79
23

77
24

75
 

25
73

26
72

 
27

70
 

28
68

 
29

66
30

64
31

62
30

0 
90

0 
19

11
 

20
29

 
21

46
 

22
64

23
82

24
99

26
17

27
35

28
53

29
70

 
30

88
32

06
 

33
24

 
34

41
 

35
59

36
77

37
94

40
0 

40
0 

11
32

 
12

02
 

12
72

 
13

42
14

11
14

81
15

51
16

21
16

90
17

60
 

18
30

19
00

 
19

69
 

20
39

 
21

09
21

79
22

49
40

0 
50

0 
14

15
 

15
03

 
15

90
 

16
77

17
64

18
51

19
39

20
26

21
13

22
00

 
22

87
23

75
 

24
62

 
25

49
 

26
36

27
23

28
11

40
0 

60
0 

16
99

 
18

03
 

19
08

 
20

12
21

17
22

22
23

26
24

31
25

36
26

40
 

27
45

28
50

 
29

54
 

30
59

 
31

64
32

68
33

73
40

0 
70

0 
19

82
 

21
04

 
22

26
 

23
48

24
70

25
92

27
14

28
36

29
58

30
80

 
32

02
33

25
 

34
47

 
35

69
 

36
91

38
13

39
35

40
0 

80
0 

22
65

 
24

04
 

25
44

 
26

83
28

23
29

62
31

02
32

41
33

81
35

20
 

36
60

37
99

 
39

39
 

40
79

 
42

18
43

58
44

97
40

0 
90

0 
25

48
 

27
05

 
28

62
 

30
19

31
76

33
33

34
90

36
47

38
04

39
60

 
41

17
42

74
 

44
31

 
45

88
 

47
45

49
02

50
59

45
0 

45
0 

14
33

 
15

21
 

16
10

 
16

98
17

86
18

75
19

63
20

51
21

39
22

28
 

23
16

24
04

 
24

93
 

25
81

 
26

69
27

58
28

46
45

0 
60

0 
19

11
 

20
29

 
21

46
 

22
64

23
82

24
99

26
17

27
35

28
53

29
70

 
30

88
32

06
 

33
24

 
34

41
 

35
59

36
77

37
94

45
0 

75
0 

23
89

 
25

36
 

26
83

 
28

30
29

77
31

24
32

72
34

19
35

66
37

13
 

38
60

40
07

 
41

54
 

43
02

 
44

49
45

96
47

43
45

0 
90

0 
28

66
 

30
43

 
32

19
 

33
96

35
73

37
49

39
26

41
02

42
79

44
56

 
46

32
48

09
 

49
85

 
51

62
 

53
38

55
15

56
92

60
0 

60
0 

25
48

 
27

05
 

28
62

 
30

19
31

76
33

33
34

90
36

47
38

04
39

60
 

41
17

42
74

 
44

31
 

45
88

 
47

45
49

02
50

59
60

0 
75

0 
31

85
 

33
81

 
35

77
 

37
73

39
70

41
66

43
62

45
58

47
54

49
51

 
51

47
53

43
 

55
39

 
57

35
 

59
32

61
28

63
24

60
0 

90
0 

38
22

 
40

57
 

42
93

 
45

28
47

64
49

99
52

34
54

70
57

05
59

41
 

61
76

64
12

 
66

47
 

68
82

 
71

18
73

53
75

89

Hand Book_03.indd   18 8/20/2018   8:29:24 AM



19

Ta
b

le
 1

.5
: 

LO
A

D
 C

A
R

R
Y

IN
G

 C
A

P
A

C
IT

Y
 O

F 
C

O
LU

M
N

S
("

P
"L

O
A

D
S

 I
N

 K
N

) 
M

3
0

 
Fe

4
1

5
 

C
O

LU
M

N
S

IZ
E 

IN
 M

M
 

P
ER

C
EN

TA
G

E 
O

F 
S

TE
EL

 R
EI

N
FO

R
C

EM
EN

T 
/

  L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

  
b 

D
 

0.
80

 
1.

00
 

1.
20

 
1.

40
 

1.
60

 
1.

80
 

2.
00

 
2.

20
 

2.
40

 
2.

60
 

2.
80

 
3.

00
 

3.
20

 
3.

40
 

3.
60

 
3.

80
 

4.
00

 
23

0 
23

0 
49

8 
51

7 
53

6 
55

5 
57

3 
59

2 
61

1 
63

0 
64

8 
66

7 
68

6 
70

5 
72

3 
74

2 
76

1 
78

0 
79

9 
23

0 
30

0 
65

0 
67

4 
69

9 
72

3 
74

8 
77

2 
79

7 
82

1 
84

6 
87

0 
89

5 
91

9 
94

4 
96

8 
99

3 
10

17
10

42
23

0 
40

0 
86

7 
89

9 
93

2 
96

4 
99

7 
10

30
10

62
10

95
11

28
11

60
 

11
93

12
26

 
12

58
 

12
91

 
13

23
13

56
13

89
23

0 
45

0 
97

5 
10

12
 

10
48

 
10

85
11

22
11

58
11

95
12

32
12

69
13

05
 

13
42

13
79

 
14

15
 

14
52

 
14

89
15

26
15

62
23

0 
50

0 
10

83
 

11
24

 
11

65
 

12
06

12
46

12
87

13
28

13
69

14
10

14
50

 
14

91
15

32
 

15
73

 
16

14
 

16
54

16
95

17
36

23
0 

60
0 

13
00

 
13

49
 

13
98

 
14

47
14

96
15

45
15

94
16

42
16

91
17

40
 

17
89

18
38

 
18

87
 

19
36

 
19

85
20

34
20

83
23

0 
75

0 
16

25
 

16
86

 
17

47
 

18
08

18
70

19
31

19
92

20
53

21
14

21
75

 
22

37
22

98
 

23
59

 
24

20
 

24
81

25
43

26
04

30
0 

30
0 

84
8 

88
0 

91
2 

94
3 

97
5 

10
07

10
39

10
71

11
03

11
35

 
11

67
11

99
 

12
31

 
12

63
 

12
95

13
27

13
59

30
0 

40
0 

11
30

 
11

73
 

12
15

 
12

58
13

01
13

43
13

86
14

28
14

71
15

13
 

15
56

15
99

 
16

41
 

16
84

 
17

26
17

69
18

11
30

0 
45

0 
12

72
 

13
19

 
13

67
 

14
15

14
63

15
11

15
59

16
07

16
55

17
03

 
17

50
17

98
 

18
46

 
18

94
 

19
42

19
90

20
38

30
0 

50
0 

14
13

 
14

66
 

15
19

 
15

72
16

26
16

79
17

32
17

85
18

39
18

92
 

19
45

19
98

 
20

51
 

21
05

 
21

58
22

11
22

64
30

0 
60

0 
16

95
 

17
59

 
18

23
 

18
87

19
51

20
15

20
79

21
42

22
06

22
70

 
23

34
23

98
 

24
62

 
25

25
 

25
89

26
53

27
17

30
0 

75
0 

21
19

 
21

99
 

22
79

 
23

59
24

39
25

18
25

98
26

78
27

58
28

38
 

29
17

29
97

 
30

77
 

31
57

 
32

37
33

16
33

96
30

0 
90

0 
25

43
 

26
39

 
27

35
 

28
30

29
26

30
22

31
18

32
14

33
09

34
05

 
35

01
35

97
 

36
92

 
37

88
 

38
84

39
80

40
76

40
0 

40
0 

15
07

 
15

64
 

16
21

 
16

77
17

34
17

91
18

48
19

04
19

61
20

18
 

20
75

21
31

 
21

88
 

22
45

 
23

02
23

58
24

15
40

0 
50

0 
18

84
 

19
55

 
20

26
 

20
97

21
68

22
39

23
09

23
80

24
51

25
22

 
25

93
26

64
 

27
35

 
28

06
 

28
77

29
48

30
19

40
0 

60
0 

22
61

 
23

46
 

24
31

 
25

16
26

01
26

86
27

71
28

56
29

42
30

27
 

31
12

31
97

 
32

82
 

33
67

 
34

52
35

38
36

23
40

0 
70

0 
26

37
 

27
37

 
28

36
 

29
35

30
35

31
34

32
33

33
33

34
32

35
31

 
36

31
37

30
 

38
29

 
39

29
 

40
28

41
27

42
27

40
0 

80
0 

30
14

 
31

28
 

32
41

 
33

55
34

68
35

82
36

95
38

09
39

22
40

36
 

41
49

42
63

 
43

76
 

44
90

 
46

03
47

17
48

30
40

0 
90

0 
33

91
 

35
19

 
36

46
 

37
74

39
02

40
29

41
57

42
85

44
12

45
40

 
46

68
47

96
 

49
23

 
50

51
 

51
79

53
06

54
34

45
0 

45
0 

19
07

 
19

79
 

20
51

 
21

23
21

95
22

67
23

38
24

10
24

82
25

54
 

26
26

26
98

 
27

69
 

28
41

 
29

13
29

85
30

57
45

0 
60

0 
25

43
 

26
39

 
27

35
 

28
30

29
26

30
22

31
18

32
14

33
09

34
05

 
35

01
35

97
 

36
92

 
37

88
 

38
84

39
80

40
76

45
0 

75
0 

31
79

 
32

99
 

34
18

 
35

38
36

58
37

78
38

97
40

17
41

37
42

56
 

43
76

44
96

 
46

16
 

47
35

 
48

55
49

75
50

94
45

0 
90

0 
38

15
 

39
58

 
41

02
 

42
46

43
89

45
33

46
77

48
20

49
64

51
08

 
52

51
53

95
 

55
39

 
56

82
 

58
26

59
70

61
13

60
0 

60
0 

33
91

 
35

19
 

36
46

 
37

74
39

02
40

29
41

57
42

85
44

12
45

40
 

46
68

47
96

 
49

23
 

50
51

 
51

79
53

06
54

34
60

0 
75

0 
42

39
 

43
98

 
45

58
 

47
17

48
77

50
37

51
96

53
56

55
16

56
75

 
58

35
59

94
 

61
54

 
63

14
 

64
73

66
33

67
93

60
0 

90
0 

50
86

 
52

78
 

54
69

 
56

61
58

52
60

44
62

36
64

27
66

19
68

10
 

70
02

71
93

 
73

85
 

75
76

 
77

68
79

60
81

51

Hand Book_03.indd   19 8/20/2018   8:29:25 AM



20

Ta
b

le
 1

.6
 :

 L
O

A
D

 C
A

R
R

Y
IN

G
 C

A
P

A
C

IT
Y

 O
F 

C
O

LU
M

N
S

("
P

"L
O

A
D

S
 I

N
 K

N
) 

M
3

0
 

Fe
5

0
0

 
C

O
LU

M
N

S
IZ

E 
IN

 M
M

 
P

ER
C

EN
TA

G
E 

O
F 

S
TE

EL
 R

EI
N

FO
R

C
EM

EN
T 

/
  L

O
A

D
 C

A
R

R
Y

IN
G

 C
A

P
A

C
IT

Y
  

b 
D

 
0.

80
 

1.
00

 
1.

20
 

1.
40

 
1.

60
 

1.
80

 
2.

00
 

2.
20

 
2.

40
 

2.
60

 
2.

80
 

3.
00

 
3.

20
 

3.
40

 
3.

60
 

3.
80

 
4.

00
 

23
0 

23
0 

51
4 

53
7 

56
0 

58
3 

60
5 

62
8 

65
1 

67
4 

69
7 

71
9 

74
2 

76
5 

78
8 

81
0 

83
3 

85
6 

87
9 

23
0 

30
0 

67
1 

70
1 

73
0 

76
0 

79
0 

81
9 

84
9 

87
9 

90
9 

93
8 

96
8 

99
8 

10
27

 
10

57
 

10
87

11
17

11
46

23
0 

40
0 

89
4 

93
4 

97
4 

10
13

10
53

10
93

11
32

11
72

12
11

12
51

 
12

91
13

30
 

13
70

 
14

10
 

14
49

14
89

15
28

23
0 

45
0 

10
06

 
10

51
 

10
95

 
11

40
11

85
12

29
12

74
13

18
13

63
14

07
 

14
52

14
97

 
15

41
 

15
86

 
16

30
16

75
17

19
23

0 
50

0 
11

18
 

11
68

 
12

17
 

12
67

13
16

13
66

14
15

14
65

15
14

15
64

 
16

13
16

63
 

17
12

 
17

62
 

18
11

18
61

19
11

23
0 

60
0 

13
42

 
14

01
 

14
61

 
15

20
15

79
16

39
16

98
17

58
18

17
18

77
 

19
36

19
95

 
20

55
 

21
14

 
21

74
22

33
22

93
23

0 
75

0 
16

77
 

17
51

 
18

26
 

19
00

19
74

20
49

21
23

21
97

22
71

23
46

 
24

20
24

94
 

25
69

 
26

43
 

27
17

27
92

28
66

30
0 

30
0 

87
5 

91
4 

95
3 

99
1 

10
30

10
69

11
08

11
46

11
85

12
24

 
12

63
13

01
 

13
40

 
13

79
 

14
18

14
56

14
95

30
0 

40
0 

11
67

 
12

18
 

12
70

 
13

22
13

73
14

25
14

77
15

28
15

80
16

32
 

16
84

17
35

 
17

87
 

18
39

 
18

90
19

42
19

94
30

0 
45

0 
13

13
 

13
71

 
14

29
 

14
87

15
45

16
03

16
61

17
20

17
78

18
36

 
18

94
19

52
 

20
10

 
20

68
 

21
27

21
85

22
43

30
0 

50
0 

14
58

 
15

23
 

15
88

 
16

52
17

17
17

81
18

46
19

11
19

75
20

40
 

21
04

21
69

 
22

34
 

22
98

 
23

63
24

27
24

92
30

0 
60

0 
17

50
 

18
28

 
19

05
 

19
83

20
60

21
38

22
15

22
93

23
70

24
48

 
25

25
26

03
 

26
80

 
27

58
 

28
35

29
13

29
90

30
0 

75
0 

21
88

 
22

85
 

23
81

 
24

78
25

75
26

72
27

69
28

66
29

63
30

60
 

31
57

32
54

 
33

50
 

34
47

 
35

44
36

41
37

38
30

0 
90

0 
26

25
 

27
41

 
28

58
 

29
74

30
90

32
07

33
23

34
39

35
55

36
72

 
37

88
39

04
 

40
20

 
41

37
 

42
53

43
69

44
86

40
0 

40
0 

15
56

 
16

25
 

16
93

 
17

62
18

31
19

00
19

69
20

38
21

07
21

76
 

22
45

23
14

 
23

83
 

24
51

 
25

20
25

89
26

58
40

0 
50

0 
19

45
 

20
31

 
21

17
 

22
03

22
89

23
75

24
61

25
47

26
34

27
20

 
28

06
28

92
 

29
78

 
30

64
 

31
50

32
37

33
23

40
0 

60
0 

23
33

 
24

37
 

25
40

 
26

44
27

47
28

50
29

54
30

57
31

60
32

64
 

33
67

34
70

 
35

74
 

36
77

 
37

80
38

84
39

87
40

0 
70

0 
27

22
 

28
43

 
29

64
 

30
84

32
05

33
25

34
46

35
66

36
87

38
08

 
39

28
40

49
 

41
69

 
42

90
 

44
11

45
31

46
52

40
0 

80
0 

31
11

 
32

49
 

33
87

 
35

25
36

63
38

00
39

38
40

76
42

14
43

52
 

44
89

46
27

 
47

65
 

49
03

 
50

41
51

78
53

16
40

0 
90

0 
35

00
 

36
55

 
38

10
 

39
65

41
20

42
75

44
30

45
85

47
40

48
96

 
50

51
52

06
 

53
61

 
55

16
 

56
71

58
26

59
81

45
0 

45
0 

19
69

 
20

56
 

21
43

 
22

30
23

18
24

05
24

92
25

79
26

67
27

54
 

28
41

29
28

 
30

15
 

31
03

 
31

90
32

77
33

64
45

0 
60

0 
26

25
 

27
41

 
28

58
 

29
74

30
90

32
07

33
23

34
39

35
55

36
72

 
37

88
39

04
 

40
20

 
41

37
 

42
53

43
69

44
86

45
0 

75
0 

32
81

 
34

27
 

35
72

 
37

17
38

63
40

08
41

54
42

99
44

44
45

90
 

47
35

48
80

 
50

26
 

51
71

 
53

16
54

62
56

07
45

0 
90

0 
39

38
 

41
12

 
42

87
 

44
61

46
35

48
10

49
84

51
59

53
33

55
07

 
56

82
58

56
 

60
31

 
62

05
 

63
80

65
54

67
28

60
0 

60
0 

35
00

 
36

55
 

38
10

 
39

65
41

20
42

75
44

30
45

85
47

40
48

96
 

50
51

52
06

 
53

61
 

55
16

 
56

71
58

26
59

81
60

0 
75

0 
43

75
 

45
69

 
47

63
 

49
57

51
50

53
44

55
38

57
32

59
26

61
19

 
63

13
65

07
 

67
01

 
68

95
 

70
88

72
82

74
76

60
0 

90
0 

52
50

 
54

83
 

57
15

 
59

48
61

80
64

13
66

46
68

78
71

11
73

43
 

75
76

78
08

 
80

41
 

82
74

 
85

06
87

39
89

71

Hand Book_03.indd   20 8/20/2018   8:29:25 AM



21

Table 1.7

Safe load carrying capacity of column  based on % of steel and known 

column section  for various grade of concrete and Steel. 

Steel Grade 
Fe 415 Fe 500 

Concrete Grade 

M20 P=(2.7005 p+  8) bD/1500 P=(3.27p + 8) bD/1500 

M25 P=(2.6805 p+ 10) bD/1500 P=(3.25p +10) bD/1500 

M30. P=(2.6605 p+ 12) bD/1500 P=(3.23p + 12) bD/1500 

M35 P=(2.6405 p+ 14) bD/1500 P=(3.21p + 14) bD/1500 

M40 P=(2.6205 p+ 16) bD/1500 P=(3.19p + 16) bD/1500 

Where P is Axial Load carrying capacity of column in KN. 

p = % of steel reinforcement  ( say 2% is 2) 

b = Breadth of Column in mm 

D = Depth of Column in mm.  
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4. FOOTINGS

S.B.C:

Footing Design
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Net soil pressure

in kN / m2

(SBC of Soil )

T (m) 

(for Block Footing )

D(m)

(for Sloped and 

Stepped Footing)

50 B/7 1.2 (B/7) 

100 B/5.5 1.2 (B/5.5) 

150 B/5.0 1.2 (B/5.0) 

200 B /4.5 1.2 (B /4.5) 

250 B /4.0 1.2 (B /4.0) 

300 B /3.50 1.2 (B /3.50) 

 Where   B = Size of footing in “m” 

 D = Total Thickness of Footing 

(iii) Reinforcement: 

 Minimum Dia. of  bar : 10  RTS 

Thumb rule:
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Table 1a  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column

     M20 Fe 415 SBC :100kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D  in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement in 
each direction 

100 1.10x1.10 30 20 3.1 5-10# 
150 1.30x1.30 30 25 4.3 6-10# 
200 1.50x1.50 30 30 5.5 8-10# 
250 1.70x1.70 40 30 7 9-10# 
300 1.90x1.90 40 35 8.1 11-10# 
350 2.00x2.00 40 40 8.4 11-10# 
400 2.10x2.10 40 40 10.9 14-10# 
450 2.30x2.30 40 45 11.9 16-10# 
500 2.40x2.40 40 50 12.1 16-10# 
550 2.50x2.50 40 50 14.7 13-12# 
600 2.60x2.60 40 55 14.8 14-12# 
650 2.70x2.70 40 55 17.4 16-12# 
700 2.80x2.80 40 60 17.4 16-12# 
750 2.90x2.90 40 65 18.8 17-12# 
800 3.00x3.00 40 65 20.1 18-12# 
850 3.10x3.10 50 60 22.6 20-12# 
900 3.20x3.20 50 65 22.3 20-12# 
950 3.30x3.30 50 65 25.2 13-16# 
1000 3.40x3.40 50 70 24.9 13-16# 
1050 3.40x3.40 50 70 26.5 14-16# 
1100 3.50x3.50 50 70 29.6 15-16# 
1150 3.60x3.60 50 75 29 15-16# 
1200 3.70x3.70 50 80 30.2 16-16# 
1250 3.70x3.70 50 80 30.3 16-16# 
1300 3.80x3.80 50 80 33.3 17-16# 
1350 3.90x3.90 50 85 33.9 17-16# 
1400 4.00x4.00 50 85 35.9 18-16# 
1450 4.00x4.00 50 90 36.9 19-16# 
1500 4.10x4.10 60 80 40.1 20-16# 
1550 4.20x4.20 60 85 39.2 20-16# 
1600 4.20x4.20 60 85 40.8 21-16# 
1650 4.30x4.30 60 90 40.2 20-16# 
1700 4.40x4.40 60 90 43.3 22-16# 
1750 4.40x4.40 60 90 44.9 22-16# 
1800 4.50x4.50 60 95 44.4 23-16# 
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M20 Fe 415 SBC:150kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement 
in each direction

100 0.90x0.90 30 20 2 5-10# 
150 1.10x1.10 30 25 3 5-10# 
200 1.20x1.20 30 30 3.6 5-10# 
250 1.40x1.40 40 30 4.8 7-10# 
300 1.50x1.50 40 30 6.8 9-10# 
350 1.60x1.60 40 35 7 9-10# 
400 1.70x1.70 40 35 9.3 12-10# 
450 1.90x1.90 40 40 10.4 14-10# 
500 1.90x1.90 40 40 11.9 11-12# 
550 2.00x2.00 40 45 11.9 11-12# 
600 2.10x2.10 40 50 12 11-12# 
650 2.20x2.20 40 50 14.4 13-12# 
700 2.30x2.30 40 55 14.5 13-12# 
750 2.40x2.40 40 55 17 16-12# 
800 2.50x2.50 40 60 17 16-12# 
850 2.50x2.50 40 60 18.4 17-12# 
900 2.60x2.60 40 65 18.3 17-12# 
950 2.70x2.70 40 65 21 19-12# 
1000 2.70x2.70 50 60 21.7 20-12# 
1100 2.90x2.90 50 65 24.2 13-16# 
1200 3.00x3.00 50 70 25.2 13-16# 
1300 3.10x3.10 50 75 26.3 14-16# 
1400 3.20x3.20 50 75 30.5 16-16# 
1500 3.40x3.40 60 75 32.2 17-16# 
1600 3.50x3.50 60 75 36.8 19-16# 
1700 3.60x3.60 60 80 37.4 19-16# 
1800 3.70x3.70 60 85 38.1 19-16# 
1900 3.80x3.80 70 80 41.9 21-16# 
2000 3.90x3.90 70 80 47 24-16# 
2100 4.00x4.00 70 85 47.2 24-16# 
2200 4.10x4.10 70 90 47.5 24-16# 
2300 4.10x4.10 70 90 50.2 25-16# 
2400 4.20x4.20 70 95 50.5 25-16# 
2500 4.30x4.30 80 90 54.6 27-16# 

Table 2a  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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M20 Fe 415 SBC:200kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement 
in each direction

100 0.8x0.8 30 30 3.2 5-10# 
150 1.00x1.00 30 30 3.9 6-10# 
200 1.10x1.10 30 30 4.3 7-10# 
250 1.20x1.20 40 30 5 8-10# 
300 1.30x1.30 40 30 5.4 8-10# 
350 1.40x1.40 40 30 6.7 9-10# 
400 1.50x1.50 40 35 7.1 9-10# 
450 1.60x1.60 40 45 9 12-10# 
500 1.70x1.70 40 40 9.2 12-10# 
550 1.80x1.80 40 40 10.9 14-10# 
600 1.90x1.90 40 45 11 11-12# 
650 1.90x1.90 40 45 12.8 12-12# 
700 2.00x2.00 40 50 12.8 12-12# 
750 2.10x2.10 40 50 14.6 13-12# 
800 2.10x2.10 40 55 14.2 13-12# 
850 2.20x2.20 40 55 16.5 15-12# 
900 2.30x2.30 40 60 16.5 15-12# 
950 2.30x2.30 40 60 17.7 16-12# 
1000 2.40x2.40 50 55 18.9 17-12# 
1100 2.50x2.50 50 60 20.6 18-12# 
1200 2.60x2.60 50 65 24.8 15-16# 
1300 2.70x2.70 50 65 25.6 16-16# 
1400 2.80x2.80 50 70 26.5 16-16# 
1500 2.90x2.90 60 65 29.9 18-16# 
1600 3.00x3.00 60 70 30.5 16-16# 
1700 3.10x3.10 60 75 35 17-16# 
1800 3.20x3.20 60 75 34.5 17-16# 
1900 3.30x3.30 70 70 38.3 20-16# 
2000 3.40x3.40 70 75 38.5 20-16# 
2100 3.40x3.40 70 75 42.2 21-16# 
2200 3.50x3.50 70 80 42.4 21-16# 
2300 3.60x3.60 70 85 47.3 24-16# 
2400 3.70x3.70 70 85 46.3 24-16# 
2500 3.80x3.80 80 90 50.3 26-16# 

Table 3a  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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M20 Fe 415 SBC:250kN/m2

Load
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement
in each direction

100 0.70x0.70 30 20 1.2 4-10# 
150 0.80x0.80 30 25 1.9 4-10# 
200 1.00x1.00 30 30 2.9 4-10# 
250 1.10x1.10 40 30 3.3 5-10# 
300 1.20x1.20 40 30 4.2 6-10# 
350 1.30x1.30 40 35 4.6 6-10# 
400 1.40x1.40 40 35 6.2 8-10# 
450 1.40x1.40 40 40 5.8 8-10# 
500 1.50x1.50 40 40 7.5 10-10# 
550 1.60x1.60 40 45 7.8 10-10# 
600 1.70x1.70 40 45 9.7 13-10# 
650 1.70x1.70 40 45 10.7 14-10# 
700 1.80x1.80 40 50 10.9 14-10# 
750 1.90x1.90 40 50 13.1 17-10# 
800 1.90x1.90 40 50 14.2 13-12# 
850 2.00x2.00 40 55 14.3 13-12# 
900 2.00x2.00 40 55 15.3 14-12# 
950 2.10x2.10 50 55 14.7 13-12# 
1000 2.10x2.10 50 55 15.6 14-12# 
1100 2.20x2.20 50 60 16.7 15-12# 
1200 2.30x2.30 50 60 20.1 18-12# 
1300 2.40x2.40 50 65 21.1 19-12# 
1400 2.50x2.50 50 65 25 13-16# 
1500 2.60x2.60 60 65 24.8 13-16# 
1600 2.70x2.70 60 70 25.5 13-16# 
1700 2.80x2.80 60 70 29.5 15-16# 
1800 2.80x2.80 60 75 28.3 15-16# 
1900 2.90x2.90 70 70 31.3 16-16# 
2000 3.00x3.00 70 75 31.8 16-16# 
2100 3.10x3.10 70 75 36 18-16# 
2200 3.10x3.10 70 80 34.4 18-16# 
2300 3.20x3.20 70 80 38.6 20-16# 
2400 3.30x3.30 80 80 38 19-16# 
2500 3.40x3.40 80 80 42.3 22-16# 
2600 3.40x3.40 80 85 40.4 20-16# 
2700 3.50x3.50 80 85 44.7 23-16# 
2800 3.50x3.50 80 85 46.7 24-16# 
2900 3.60x3.60 90 85 46 23-16# 
3000 3.70x3.70 90 85 50.6 26-16# 

Table 4a  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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Thickness of Footing at Free End   (D0)

D < 650 700 800 900 1000 1200 

D0 200 250 300 350 400 450 

Table 6a   Development Lengths for various concrete Grades & 
Steel Fe 415

Conc. Grade M15  M20  M25  M30  M35  M40  

Ld (Tension)  57 Ø 47 Ø 40 Ø 38 Ø 33 Ø 30 Ø 

Ld
(Compression)  

52 Ø 38 Ø 32 Ø 30 Ø 27 Ø 24 Ø 

Table 6b       Development Lengths for various concrete Grades & 
Steel Fe 500

Conc. Grade M15  M20  M25  M30  M35  M40  

Ld (Tension)  68 Ø 57 Ø 49 Ø 45 Ø 40 Ø 36 Ø 

Ld
(Compression)  

57 Ø 46 Ø 39 Ø 36 Ø 32 Ø 29 Ø 

Table 5
Development Lengths for various concrete Grades & 

Steel Fe 415

Table 6
Development Lengths for various concrete Grades & 

Steel Fe 500
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      M20 Fe 500 SBC 100kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D  in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement in 
each direction 

100 1.10x1.10 30 30 4.3 7-10# 
150 1.30x1.30 30 30 5.3 8-10# 
200 1.50x1.50 30 30 6 9-10# 
250 1.70x1.70 40 30 6.9 10-10# 
300 1.90x1.90 40 35 8.6 11-10# 
350 2.00x2.00 40 40 10.4 14-10# 
400 2.10x2.10 40 40 10.9 14-10# 
450 2.30x2.30 40 45 13 17-10# 
500 2.40x2.40 40 45 13.5 19-10# 
550 2.50x2.50 40 50 15.7 15-12# 
600 2.60x2.60 40 55 17.8 16-12# 
650 2.70x2.70 40 55 18.5 17-12# 
700 2.80x2.80 40 60 20.7 19-12# 
750 2.90x2.90 40 65 23 21-12# 
800 3.00x3.00 40 65 23.8 21-12# 
850 3.10x3.10 50 60 23.1 21-12# 
900 3.20x3.20 50 65 25.6 23-12# 
950 3.30x3.30 50 65 26 23-12# 
1000 3.40x3.40 50 70 28.7 25-12# 
1050 3.40x3.40 50 70 29.1 20-16# 
1100 3.50x3.50 50 75 31.8 20-16# 
1150 3.60x3.60 50 75 32.7 21-16# 
1200 3.70x3.70 50 75 33.1 21-16# 
1250 3.70x3.70 50 80 36 22-16# 
1300 3.80x3.80 50 80 36.5 22-16# 
1350 3.90x3.90 50 85 39.5 23-16# 
1400 4.00x4.00 50 85 40 24-16# 
1450 4.00x4.00 50 90 42.7 23-16# 
1500 4.10x4.10 60 80 39.7 24-16# 
1550 4.20x4.20 60 85 42.5 24-16# 
1600 4.20x4.20 60 85 43 24-16# 
1650 4.30x4.30 60 90 46.4 25-16# 
1700 4.40x4.40 60 90 46.8 25-16# 
1750 4.40x4.40 60 90 47.3 25-16# 
1800 4.50x4.50 60 95 50.4 26-16# 

Table 1b  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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      M20 Fe 500 SBC:150kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement 
in each direction

100 0.90x0.90 30 30 3.8 5-10# 
150 1.10x1.10 30 30 4.3 6-10# 
200 1.20x1.20 30 30 5.1 6-10# 
250 1.40x1.40 40 30 5.7 7-10# 
300 1.50x1.50 40 30 6.1 9-10# 
350 1.60x1.60 40 35 7.7 10-10# 
400 1.70x1.70 40 35 8.2 11-10# 
450 1.90x1.90 40 40 9.7 12-10# 
500 1.90x1.90 40 40 10.2 11-12# 
550 2.00x2.00 40 45 11.9 12-12# 
600 2.10x2.10 40 50 13.4 13-12# 
650 2.20x2.20 40 50 14 13-12# 
700 2.30x2.30 40 55 15.9 14-12# 
750 2.40x2.40 40 55 16.2 14-12# 
800 2.50x2.50 40 60 18.3 17-12# 
850 2.50x2.50 40 60 18.6 17-12# 
900 2.60x2.60 40 65 20.8 18-12# 
950 2.70x2.70 40 65 21.2 19-12# 
1000 2.70x2.70 50 60 20.7 19-12# 
1100 2.90x2.90 50 65 23.6 20-12# 
1200 3.00x3.00 50 70 25.9 18-16# 
1300 3.10x3.10 50 75 28.5 19-16# 
1400 3.20x3.20 50 75 29.8 19-16# 
1500 3.40x3.40 60 75 31.1 20-16# 
1600 3.50x3.50 60 75 32 20-16# 
1700 3.60x3.60 60 80 34.9 22-16# 
1800 3.70x3.70 60 85 37.9 24-16# 
1900 3.80x3.80 70 80 37.2 24-16# 
2000 3.90x3.90 70 80 38.1 23-16# 
2100 4.00x4.00 70 85 41.3 24-16# 
2200 4.10x4.10 70 90 44.6 24-16# 
2300 4.10x4.10 70 90 45.6 25-16# 
2400 4.20x4.20 70 95 48.6 26-16# 
2500 4.30x4.30 80 90 47.8 26-16# 

Table 2b  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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       M20 Fe 500 SBC:200kN/m2

Load 
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement 
in each direction

100 0.8x0.8 30 30 3.2 5-10# 
150 1.00x1.00 30 30 3.9 6-10# 
200 1.10x1.10 30 30 4.3 7-10# 
250 1.20x1.20 40 30 5 8-10# 
300 1.30x1.30 40 30 5.4 8-10# 
350 1.40x1.40 40 30 6.1 9-10# 
400 1.50x1.50 40 35 7.1 10-10# 
450 1.60x1.60 40 45 7.5 10-10# 
500 1.70x1.70 40 40 9 12-10# 
550 1.80x1.80 40 40 9.2 12-10# 
600 1.90x1.90 40 45 10.8 11-12# 
650 1.90x1.90 40 45 11.1 11-12# 
700 2.00x2.00 40 50 12.8 12-12# 
750 2.10x2.10 40 50 13.1 13-12# 
800 2.10x2.10 40 55 14.6 13-12# 
850 2.20x2.20 40 55 15.3 14-12# 
900 2.30x2.30 40 60 16.9 15-12# 
950 2.30x2.30 40 60 17.5 16-12# 
1000 2.40x2.40 50 55 16.6 15-12# 
1100 2.50x2.50 50 60 19 17-12# 
1200 2.60x2.60 50 65 21.3 15-16# 
1300 2.70x2.70 50 65 22 16-16# 
1400 2.80x2.80 50 70 24.4 16-16# 
1500 2.90x2.90 60 65 24.8 17-16# 
1600 3.00x3.00 60 70 26.4 16-16# 
1700 3.10x3.10 60 75 29 18-16# 
1800 3.20x3.20 60 75 29.5 18-16# 
1900 3.30x3.30 70 70 31.8 19-16# 
2000 3.40x3.40 70 75 32 20-16# 
2100 3.40x3.40 70 75 35 21-16# 
2200 3.50x3.50 70 80 35.2 21-16# 
2300 3.60x3.60 70 85 38 22-16# 
2400 3.70x3.70 70 85 38.5 22-16# 
2500 3.80x3.80 80 90 41.7 23-16# 

Table 3b  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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       M20 Fe 500 SBC:250kN/m2

Load
in kN 

Footing Size 
 (m  x m) 

Least
dimension 
of column 
pedestal 

D in 
cm

Reinforcement
area in each 
direction in 

cm2

Reinforcement
in each direction

100 0.70x0.70 30 30 3 5-10# 
150 0.80x0.80 30 30 3.6 5-10# 
200 1.00x1.00 30 30 4 6-10# 
250 1.10x1.10 40 30 4.4 7-10# 
300 1.20x1.20 40 30 4.8 8-10# 
350 1.30x1.30 40 30 5.2 8-10# 
400 1.40x1.40 40 30 7.6 10-10# 
450 1.40x1.40 40 35 6.8 9-10# 
500 1.50x1.50 40 35 8.6 11-10# 
550 1.60x1.60 40 40 8.9 11-10# 
600 1.70x1.70 40 40 9.4 12-10# 
650 1.70x1.70 40 45 10 13-10# 
700 1.80x1.80 40 45 10.5 14-10# 
750 1.90x1.90 40 50 11.4 15-10# 
800 1.90x1.90 40 50 12.2 16-10# 
850 2.00x2.00 40 50 13 12-12# 
900 2.00x2.00 40 55 14 13-12# 
950 2.10x2.10 50 50 13.4 12-12# 
1000 2.10x2.10 50 50 15.5 14-12# 
1100 2.20x2.20 50 55 15.6 14-12# 
1200 2.30x2.30 50 60 17.7 16-12# 
1300 2.40x2.40 50 60 19.5 18-12# 
1400 2.50x2.50 50 65 20.5 15-16# 
1500 2.60x2.60 60 60 22.9 16-16# 
1600 2.70x2.70 60 65 23.4 16-16# 
1700 2.80x2.80 60 65 26.2 18-16# 
1800 2.80x2.80 60 70 26.6 18-16# 
1900 2.90x2.90 70 65 28.7 20-16# 
2000 3.00x3.00 70 70 28.9 18-16# 
2100 3.10x3.10 70 70 31.8 20-16# 
2200 3.10x3.10 70 75 32 22-16# 
2300 3.20x3.20 70 75 34.9 22-16# 
2400 3.30x3.30 80 70 39.1 20-16# 
2500 3.40x3.40 80 75 37.1 19-16# 
2600 3.40x3.40 80 75 40.2 21-16# 
2700 3.50x3.50 80 80 39 20-16# 
2800 3.50x3.50 80 80 43.3 22-16# 
2900 3.60x3.60 90 75 48.1 24-16# 
3000 3.70x3.70 90 80 44.2 22-16# 

Table 4b  Ready Reckoner for Footing

NOTE:   D  = Total Thickness of Footing near Face of column
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Ready Reckoner for Grade Beams

GRAVITY DESIGN SEISMIC DESIGN REMARKS

1. Grade beams designed for 230mm wall loads for a storey height of  3.3 m & basement height 1.20 m.
2.M20 & Fe415 Grade to be adopted.
3.Adopt Ductile detailing as per IS 13920 for Seismic design.
4. This is not applicable for Grade beams loaded with Point loads due to secondary beams.
5. Load due to Structural slab is  not considered for design.
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GRAVITY DESIGN SEISMIC DESIGN REMARKS

1. Grade beams designed for 230mm wall loads for a storey height of  4.95 m & basement height 1.20 m.
2.M20 & Fe415 Grade to be adopted.
3.Adopt Ductile detailing as per IS 13920 for Seismic design.
4. This is not applicable for Grade beams loaded with Point loads due to secondary beams.
5. Load due to Structural slab is  not considered for design.
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Ready Reckoner for Stair Waist Slab  Table 5a 

M20 Fe415 

Span 
(m)

Waist 
thickness

D mm 
IL=3.00KN/m2  IL=5.00KN/m2  

    MAIN 
REBARS DISTRIBUTORS MAIN 

REBARS DISTRIBUTORS

2.40 115 8mm @ 
200 c/c 

8mm @ 250 
c/c 

8mm @ 180 
c/c 

8mm @ 250 
c/c 

3.00 125 8mm @ 
150 c/c 

8mm @ 250 
c/c 

8mm @ 125 
c/c 

8mm @ 250 
c/c 

3.50 125 8mm @ 
100 c/c 

8mm @ 250 
c/c 

10mm @ 
125 c/c 

8mm @ 250 
c/c 

4.00 135 10mm @ 
125 c/c 

8mm @ 250 
c/c 

12mm @ 
150 c/c 

8mm @ 250 
c/c 

4.50 150 12mm @ 
180 c/c 

8mm @ 250 
c/c 

12mm @ 
150 c/c 

8mm @ 250 
c/c 

5.00 175 12mm @ 
180 c/c 

8mm @ 250 
c/c 

12mm @ 
150 c/c 

8mm @ 250 
c/c 

5.50 175 12mm @ 
150 c/c 

8mm @ 250 
c/c 

12mm @ 
125 c/c 

8mm @ 250 
c/c 

6.00 200 12mm @ 
125 c/c 

8mm @ 230 
c/c 

12mm @ 
100 c/c 

8mm @ 230 
c/c 

6.50 200 12mm @ 
100 c/c 

8mm @ 230 
c/c 

12mm @ 
100 c/c 

8mm @ 230 
c/c 

7.00 230 12mm @ 
100 c/c 

8mm @ 200 
c/c 

12mm @ 
100 c/c 

8mm @ 200 
c/c 

Caution

Intuition.
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CHAPTER - II
CANTILEVERS

Design Methodology Adopted for cantilevers like Canopy Slab of bus stands

Method 1:-

Fig 2.1 Slabs over Bus Bay–Method1
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Method 2:- 

between the cantilever beams.

Method 3:-

Fig 2.2 Slabs over Bus Bay–Method 2
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the Method 3 which is generally adopted 

Slabs over Bus Bay –Method 3

Fig 2.3. Slabs over Bus Bay –Method 3
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Fig 2.4. Slabs over Bus Bay –Method 3
(Bus Stand at Kinathukadavu  in Coimbatore)
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column.

Recommendation for Bus Bays

Fig 2.5 Recommended Type of Bus 

Stand ( Avanashi, Coimbatore)

Fig 2.6  Type of Bus Stand to 

be avoided.

PRECAUTIONS
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CHAPTER -III
COLLAPSE OF CANTILEVR SLAB – a case study 

ROOF COLLAPSE OF BUS STAND AT SOMANUR HAMLET 
KARUMATHAMPATTI TOWN PANCHAYAT,
COIMBATORE DISTRICT ON 07-09-2017

Bus stand  – During usage (Added later with Parapet & PVC OHT)

Bus stand  – Originally 

constructed 

Bus stand  – On 

Collapse
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3.1 Details of Original Construction and Additional  Construction:
Original construction:

3.2 Additional  Construction

above the Bus bays.
3.3 Site Observations
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Bus Stand at Somanur- Before  Collapse  
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the Cantilever beam which in turn gets transmitted to the column.

ensured.

3.4  Cause of Failure:
Analysis:-

buildings.

 Cantilever Beam with adequate anchorage
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Comparison of Structural Details as per Design calculation
evolved now with the collapsed one

i) Cantilever Slab (with Water Tank & Parapet )

Particulars Required 
As per design 

calculation

Provided
in the observed 
collapsed  slabs 

Remarks

Slab  
Thickness  

230 mm 120 mm Slab thickness  
inadequate

Main reinforcement  
(Perpendicular  to 
edge beam) 

12mm Dia rods @ 
125mm Centre to 
Centre

12T @ 130
(Top)

Incorrect 
arrangement

of bars 

Distribution  10T @ 200 10T@ 160  -

Hence from the above, it can be inferred that the slab thickness 

provided was far below the requirement.

ii) Cantilever slab  (Before providing Water tank &  Parapet ) 

Particulars 
Required 

As per design 
calculation 

Provided
in the observed 
collapsed  slabs 

Remarks 

Slab thickness 180 mm 120 mm 

Slab
thickness  
inadequate

Main reinforcement 
(Perpendicular  to 
edge beam) 

12T@ 150 Top 12T @ 130
(Top)

--

Distribution

10T @ 200 10T@ 160 

Incorrect 
arrangement
of bars 
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3.5  Interpretation:

beams integrated with them.

warning.

From the above also it can be inferred that the slab thickness provided was 

below the requirement. 

iii) Edge beam (provided at Rear end of Cantilever Slab): 

As per calculation

Evolved

Provided actually Remarks

size  
300X750 230X300 

Beam size 
inadequate  

Longitudinal  

reinforcement  

5-20 (Top) 

2-20 (Bottom) 

3-16 (Top) 

3-16 (Bottom) 

Reinforcement
insufficient  

Shear Stirrups  
10T@ 150 8T@ 170 

Reinforcement
insufficient  

Side face 
reinforcement  

2-12

(recommended ) 
-

Reinforcement
insufficient  
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on this slab.
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A

C

D

B
Inverted Edge 

Inverted Edge Beam  

Projected Cantilever
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CHAPTER - IV
REINFORCEMENT DETAILING

Much attention is generally directed towards analysis and design than towards 

Slabs
One way Slab

  Simplified Curtailment Rule for One way Slab
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Two way Slab 

Cantilever Slab 

Simplified Curtailment Rule forTwo way Slab 

  Cantilever Slab from Edge Beam at support 
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Fig   Cantilever Slab continuous  over a brick wall

      

              

  Cantilever Slabs at various levels of Beams 
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Staircase detailing

  Stairs supported at Ends of Landings 
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  Stairs supported at Ends of Flights 
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Beams

  Simplified Curtailment Rule for Continuous Beam  
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   Cantilever Beam Projecting from a beam over a column 

Fig Cantilever Beam Projecting from a column
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NOTE

In general, it is advisable to use U-bars at the non-continuous ends 
of beams of depth greater than 600 mm. (clause 7.6/IS456-2000) 

Beam Column Junction

Beam Column Junction

Columns
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Splice with Offset Cranked Bar in a Column 
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Footings
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CHAPTER – V
Guidelines for Earthquake Resistant Structures

1. Guidelines for Planning Earthquake Resistant Structures

be avoided 
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2. Guidelines for Earthquake resistant Structural Designs.
IS 1893: (Part 1) 2016 code of practice for EarthquakeResistant Design 
of Structures 

IS 13920 :2016, code of practice for Ductile Design and Detail covers the 

generally as below

The following illustrations show ductile detailing for reinforcement bars 

in RCC Constructions. 

------------------------------------------------------------------------------
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------------------------------------------------------------------------------
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Ductility detailing Provisions for Earthquake Resistant 

Buildings are summarised in the following figures. 

DUCTILE DETAILING AS PER IS13920:2016  
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FIG.4  BEAM REINFORCEMENT 
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FIG.5 TRANSVERSE REINFORCEMENT IN COLUMN 
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lo

Colum Joint detail
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CHAPTER – VI

RAPID TESTING OF CONSTRUCTION MATERIALS
AT SITE

INTRODUCTION 

All Construction Materials are to be tested for quality before they are 

actually used in the projects. Though the laboratory tests are accurate, they 

are very time-consuming and many times it is not possible to evaluate all 

the consignments.

Hence the Engineers at site should be aware of appreciating the 

quality of construction materials like Cement, Sand, Coarse aggregates, etc 

by mere visual observation and by conducting very simple site tests. 
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I -  CEMENT 

FIELD TESTS TO VERIFY QUALITY OF CEMENT. 

Date of manufacture must be checked, because aging reduces the 

strength.  

BRAND X

Period of storage % of 28-days strength 

Fresh 100% 

3 Months 80% 

6 Months 70% 

12 Months 60% 

24 Months 50% 

Open the bags – No lumps should be present (Means no setting) 

3. Thrust your hand into the cement - There should be cool feeling 

(means no heat of hydration no setting) 

Pinch of cement between fingers-It should give smooth feeling (means 

no setting).  
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Handful of cement thrown on water, should float initially before finally 

settling.  

       

Take 100 gm of cement, make stiff paste, prepare cake with sharp 

edges, put on glass plate and Immerse in water. 

a. Shape shouldn’t be disturbed 

b. It should set and attain strength. 

  

Detection of Adulteration 

1. Take a small sample of doubtful cement on a steel plate and heat it 

thoroughly for 20 minutes on a stove. Adulterated cement will change 

its colour on heating.   

In genuine variety there will be no change in colour. 

 However this test  cannot detect  the addition of pozzolana  in cement  

as it is also produced under high temperatures. 

(Max. pozzolana allowed :  35%) 
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Setting and Hardening action

as genuine cement in this third test.

          

2. To detect adulteration with coal ash take a small quantity of doubtful 

cement in test tube or a glass tumbler and add water till the container is half 

full. Shake the container thoroughly and allow it to settle for a few minutes. 

Cement particles will settle down and ash particles will either be found 

floating on the surface or held in suspension because of their lightness. 
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Ascertaining soundness of cement

Precautions
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2- SAND
FIELD TESTS FOR SAND

PROPERTIES OF GOOD SAND

matter.

FIELD TESTS FOR SAND

   

Clay & Silt impurities in Sand
clay and silt in sand 

sensitive tests should be made. 
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Bulking of Sand
Sand containing some moisture shows 

  more volume than actual
When dry or saturated, there is no bulking
         

Bulking of Sand
(IS 2386-Part 3)
Percentage of Bulking = 
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ORGANIC  IMPURITIES  IN SAND
organic impurities

caustic soda stirred.

a. A colourless

b. A straw
enough  to be objectionable.

c. A dark colour means that the sand contains injurious amount and accordingly 
it is not to be used unless it is was
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3- COARSE AGGREGATES
COARSE AGGREGATES

PROPERTIES OF GOOD COARSE AGGREGATE

also clay and silt.

angular aggregate may show higher bond strength than rounded aggregates.
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IS sieve designation

 4  WATER

The PH value of water shall generally be not less than 6.This can be easily 
found at site with the help of Litmus Paper.
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be as tabulated below.
PERMISSIBLE LIMITS FOR SOLIDS IN WATER

5 CEMENT MORTAR
   

CEMENT MORTAR

(ii) The mix proportion of Cement Mortar
The mix proportion of cement: sand can be 
checked as follows:-

jar and shake the contents well and allow the 

at the bottom, cement shall settle above. From 
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(iii) Consistency: 
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6 - BRICKS

BRICKS –FIELD TESTS
Basic tests for Bricks:

1. Compressive Strength
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2. Water Absorption 
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7 – STEEL REINFORCEMENTS

UNIFORM TEMPERED MORTENSITE PERIPHERY & INNER SOFTER CORE INDICATE 
A GOOD TMT BAR
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POLISH THE CROSS SECTION WITH EMERY PAPER

SOAKING   IN NITROL SOLUTION 
(5% NITRIC ACID,     95%  METHYL / ETHYL ALCOHOL)
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Good Quality and Fake TMT Bars
UNIFORM TEMPERED MORTENSITE PERIPHERY  & INNER SOFTER CORE

* FOR GOOD TMT, HARDENED  PERIPHERY  WILL  BE 
   15 % TO 30% (max) of cross section area.
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CHAPTER - VII
Crushed Stone Sand (CS-Sand)

 - Alternate material to River sand

general.
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PUBLIC WORKS DEPARTMENT 

BUILDINGS 

OFFICE OF THE ENGINEER-IN-CHIEF (BUILDINGS), 
CHIEF ENGINEER (BUILDINGS) CHENNAI REGION AND 

CHIEF ENGINEER (GENERAL), PWD., 
CHEPAUK, CHENNAI – 5 

Technical Circular No. AEE / T10 / 57017 , dated  .07.2017 

Sub : Building – Crushed Stone Sand (CS-Sand) - 
Alternate material to River sand – Circular 
Instructions issued - Regarding 

Ref  : Engineer-in-Chief (Buildings) & Chief Engineer 
(Buildings) Chennai Region and Chief Engineer 
(General), PWD., Circular No. AEE / T10 / 57017 / 
2012, dated 30.08.2012 

**** 
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Sand.

washing, crushing and scrubbing.

Quality checks on Crushed Stone Sand

Standards.

Field Tests on Crushed stone sand
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Shape test by visual observation

Particle Size Distribution by Sieve Analysis

Hand Book_03.indd   98 8/20/2018   8:29:42 AM



99

Cube test for compressive strength

Laboratory Tests on CS-Sand

7. Deleterious materials 
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14.0. List of few labs for conducting test on CS-Sand are furnished below :

Plastering

Caution

called Crushed Stone Sand.

17.0. Crushed Stone Sand (CS-Sand) manufacturing process
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18.0. Vertical Shaft Impact (VSI) Crusher

19.0. Conclusion
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without any reluctance by adhering to all the above instructions.

SEIVE ANALYSIS FOR   M SAND 

IS sieve          Percentage passing for  

 Grading 

zone I 

Grading 

Zone II 

Grading 

Zone III 

Grading 

Zone IV  

10 mm 100 100 100 100 

4.75 mm 90-100 90-100 90-100 95-100 

2.36mm  60-95 75-100 85-100 95-100 

1.18 mm 30-70 55-90 75-100 90-100 

600 micron 15-34 35-59 60-79 80-100 

300 micron 5-20 8-30 12-40 15-50 

150 micron 0-10 0.10 0.10 0-15 
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IS sieve designation Percentage passing by Weight 

For Masonry Works  For Plastering  Works

(IS:2116-1980)        (IS:1542-1977)                  

10 mm   -                              100 

4.75 MM      100                       95-100  

2.36MM       90-100                   95-100 

1.18 MM      70-100                   90-100 

600 micron      40-100                   80-100 

300 micron        5-70                     20-65 

150 micron          0-15                  0 - 50 
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7.1 SIEVE ANALYSIS OF CRUSHED STONE  SAND
To determine the Sieve analysis, we need standard sieves, mechanical sieve 

Sample preparation

Test procedure

cumulative weight retained. 

EXAMPLE FOR GRADATION
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RESULT IN ZONE

 Fig   Set of sieves    Fig   Fine aggregates 

            

     

 Fig   Set of sieves    Fig   Set of sieves   

 Fig   Set of sieves   

 Fig   Set of sieves   

 Fig   Set of sieves   

Shaking of sieves 

Sieving Weighing
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7.2    MATERIALS FINERS THAN 75 MICRON (IS:2386-PART 1-1963)
OBJECTIVE

aggregates by washing. 

REFERENCE STANDARDS

EQUIPMENT & APPARATUS

Container

PROCEDURE

and is washed under running water until wash water is clear.

CALCULATION
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REPORT

washing 75 mic sieves  

washing 75 mic sieves  
(2.36 sieve is kept over 75 micron 
sieve inorder to avoid tearing of 

minute nets in 75 micron sieve by 
coarser particles)
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PUBLIC WORKS DEPARTMENT 

BUILDINGS 

OFFICE OF THE ENGINEER-IN-CHIEF (BUILDINGS), 
CHIEF ENGINEER (BUILDINGS) CHENNAI REGION AND 

CHIEF ENGINEER (GENERAL), PWD., 
CHEPAUK, CHENNAI – 5 

Technical Circular No. AEE / T10 / 57017 , dated  12.09.2017 

Sub : Building –Crushed Stone Sand (CS-Sand) 
manufactured by Firm.- Product approval  by the 
PWD Assessment Committee  -– Circular Instructions 
issued - Regarding 

Ref  : 1. G.O. Ms. No. 106, Department of Housing, 
dated 06.03.1975 

2. Engineer-in-Chief (Buildings) & Chief Engineer 
(Buildings) Chennai Region and Chief Engineer 
(General), PWD., Circular No. AEE / T10 / 
57017 /  dated 12.07.2017 

**** 

sand.

Committee.

various institutions. At now this committee meeting is convened twice in a 

used in PWD.

Planning and Design circle Chennai  as Member Secretary.  
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laboratories such as National test house or MSME laboratories and 

submitted to the assessment committee is enclosed.

Committee at any time.
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PUBLIC WORKS DEPARTMENT 

BUILDINGS 

OFFICE OF THE ENGINEER-IN-CHIEF (BUILDINGS), 
CHIEF ENGINEER (BUILDINGS) CHENNAI REGION AND 

CHIEF ENGINEER (GENERAL), PWD., 
CHEPAUK, CHENNAI – 5 

Technical Circular No. AEE / T10 / 57017 , dated  24.11.2017 

Sub : Building –Crushed Stone Sand (CS-Sand) –Seive Field 
Tests – Circular Instructions issued - Regarding 

Ref  : 1. Engineer-in-Chief (Buildings) & Chief Engineer 
(Buildings) Chennai Region and Chief Engineer (General), 
PWD., Circular No. AEE / T10 / 57017 /  dated 24-09-
2017 
2. Engineer-in-Chief (Buildings) & Chief Engineer 
(Buildings) Chennai Region and Chief Engineer (General), 
PWD., Circular No. AEE / T10 / 57017 /  dated 12.07.2017
3. Engineer-in-Chief (Buildings) & Chief Engineer 
(Buildings) Chennai Region and Chief Engineer (General), 
PWD., Circular No. AEE / T10 / 57017 / 2012, dated 
30.08.2012 
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Sieve for Grain size Analysis of CS Sand 

Annexure I
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CHAPTER – VIII
QUALITY CONTROL  ASPECTS

(i)CONCRETE – CUBE TEST

(ii) ACCEPTANCE CRITERIA IN IS 456-2000

(iii) WORK ABILITY OF CONCRETE

 (iv) CORE TEST FOR CONCRETE STRUCTURES

(v)NON DESTRUCTIVE TESTS (NDT)

strength.
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8.1  CONCRETE – CUBE TEST :
PROCEDURE FOR CASTING OF CUBES
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he structure.

Strength of concrete for various periods 
(Table 5.1 - p298 - Properties of Concrete by Adam Neville)

Period                        Strength
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8.2  ACCEPTANCE CRITERIA IN IS 456-2000
( Code for Plain and Reinforced Cement Concrete)

Extracts from IS 456-2000
I. Sampling And Strength Of Designed Concrete Mix

Sampling frequency of Concrete(Clause 15.2.2-IS 456) 

II. Characteristics compressive strength - compliance requirements
Condition 1 (Preliminary Condition)
TEST RESULTS OF SAMPLE (Clause 15.4)

THREE

The individual variation should not be more than ± 15 % of the average.
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Condition 2  (Main Condition)
Acceptance Criteria
COMPRESSIVE STRENGTH: (Clause 16.1)

4 non-overlapping 
consecutive test results 

Table 11 (IS 456-2000)
Characteristics compressive strength compliance requirements

Specified 
grade

Mean of the group of 4 non -
overlaping consecutive test 
results in N/mm2

Individual test 
results in N/mm2

M15 > fck + 0.825 x established 
standard deviation (rounded off 
to nearest 0.5N/mm2)  Or 
fck + 3 N/mm2 whichever is 
greater 

> fck - 3 N/mm2

M20 or above > fck + 0.825 x established 
standard deviation (rounded off 
to nearest 0.5N/mm2)  Or 
*fck + 3 N/mm2 whichever is 
greater 

> *fck - 3 N/mm2

In the absence of established value of standard deviation the 

following value may be assumed in the first instance and there after 

established values based on the requisite number of test results. 
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Grade of concrete        Assumed standard devotion 
(Table 8)

M10 and M15 3.5N/mm2

M20 and M25 4.0N/mm2

fck = Characteristic compressive strength of 150mm cube at 28 days in 
N/mm2.

 For M15 & M20 grades, fck is 15N/mm2 and 20N/mm2 respectively. 

Note: * Originally for M 20 or above, * fck+4 N/mm2  &  > *fck - 4 N/mm2

were mentioned in the code; but later corrected as ,  *fck+3 N/mm2   
&   > *fck - 3N/mm2  in the amendment

Illustrative Examples  

Case 1 (When Quantity of Concrete is large i.e., more than 30 m3) 

Say (M 20) concrete work of quantity 40  m3  has been done for a large  
work. Hence as recommended by the clause 15.2.2 of the code four 
samples  (i.e., 12  cubes) has been casted. 

After conducting cube tests (M20),three values Obtained are say   

  x1, x2, x3 

  Say    x1     :    18 N/mm2    

    X2     :    22 N/mm2     

           X3     :    23 N/mm2      

  p1=    Average:  (18+22+23)/  3    =   21 N/mm2 

                    (± 15% of 21)   =>  (   1.15 x 21   =   24.15)    

                                            &   ( 0 .85x21       = 17.85 )   

Condition 1 (Preliminary Condition) 

TEST RESULTS OF SAMPLE (Clause 15.4)

The test results of the samples shall be the average of the 
strength of THREE specimens. The individual variation should not be 
more than ± 15 % of the average.

      Here, individual variation is within 15%  

   Hence Individual Results are valid. 

Illustrative Example 
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Acceptance Criteria(Clause 16.1) 

Find out  p1, p2, p3, p4    Where,  p1 = Average i.e.,(x1+x2+x3) / 3 

                                            p2 = Average i.e.,(y1+y2+y3) / 3  ....... 

  p1=21     p2=27   p3 =29    p4=19 

    (p1+ p2 + p3 +p4) /4 =[(21+27+29+19)/4] = 24.0  N/mm2      - (A)

Characteristics compressive strength compliance requirements (Table 11) 

(i) fck + 3 = 20 + 3 =23 N/mm2  
                 (or) 

(ii) fck+ (0.825 x 4 =20 + .825 x 4.0)=23.3  say 23.50 N/mm2 ) 

                                     whichever is greater.    

                Here it is   23.50 N/mm2  - (B) 

(A) should be greater than   (B)as per main condition,   

In this case   (A)  >  (B).  (i.e., 24.0  > 23.50 ) 

Hence    it can be easily concluded that the above cubes comply with 

the strength requirement and hence O.K. 

Condition 2  (Main Condition)
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8.3 WORKABILITY OF CONCRETE

the means available. 

DETERMINATION OF CONSISTENCY OF CONCRETE (BY SLUMP TEST) 

Apparatus

Test Procedure
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concrete and the concrete is allowed to settle and the vertical settlement is known as 

Workability and Slump
Workability Slump

Placing Conditions 

(1)

Degree of Workability

(2)

Slump (mm) 

(3)

Blinding Concrete;  Shallow sections; 

 Pavements using pavers

Very low See 7.1.1 

Mass concrete; Lightly reinforced  

sections in slabs, beams, walls, 

columns; Floors; Hand placed 

pavements; Canal lining; Strip 

footings

Low 25-75 

Heavily reinforced  sections in slabs,  

beams, walls, columns; Slip form 

work;  Pumped concrete

Medium 50-100 

75-100

Trench fill;  In-situ pilling                    

Tremie concrete

High 

Very High

100-150 

See 7.1.2 

(IS 456-2000)
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 8.4 Core Test for Concrete Structures

concrete maybe carried out by core test.

           

Core Cutting  Core  
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Core tests are carried out to ascertain segregation, honey-combing, 

thickness of concreting and the compressive strength of concrete in 

any  concrete structure. 

Shape of Specimen – Cylindrical 

Specimen to be tested on the 28th day for comparison with casted 

cube.  

Minimum no. of cores to be tested - 3 

Specimen to be submerged in water for 48 hours 

The specimen is tested for Compressive strength after surface - 

levelling and capping 
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Shape of Specimen – Cylindrical 

 Dia > 3 x (max. nominal size of C.A.) 

Length = 2 x dia 
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As per IS 516 -1959 (Cl. 5.6.1) 

Equivalent Cube Strength of Core = 

1.25 x Cylinder Strength  

Acceptance of Core Test (IS 456-2000-Cl. 17.4) 

Condition 1 

Equivalent Cube Strength of Individual Core > 

  75% of Cube Strength of Grade of Concrete 

Condition 2 

Average Equivalent Cube Strength of Core > 

   85% of Cube Strength of Grade of Concrete 

Say Concrete Grade: 20N/mm2

eg: If, Cylinder Strengths (P) in N/mm2 =  1)13          2)  14          3)   15 

Equivalent Cube Strength of Cores =    1) 16.25       2)17.50        3)  18.75  

  (= 1.25 x P) 

Condition 1 

Equivalent Cube Strength of Individual Core (i.e.,)   1) 16.25    2)17.50     

3)    18.75  

 >75% of Cube Strength of Grade of Concrete   (0.75x20=15 N/mm2)  

Condition 2  

Average Equivalent Cube Strength of Core  = (16.25+17.5+18.75)/3  =  

 17.50 N/mm2

 85% of Cube Strength of Grade of Concrete =.85 x 20 =17 

Average Equivalent Cube Strength of Core  (17.50 N/mm2)  

                          > 85% of Cube Strength of Grade ofConcrete(17 N/mm2)  

Core Test O.K 
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8.5  NON DESTRUCTIVE TESTS (NDT)

destructive tests.

              

Rebound Hammer Test UPV  Test 
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8. 5.1  CONCRETE REBOUND HAMMER

APPRATUS

CHECKING OF APPARATUS

CALIBRATION OF APPARATUS

number on concrete cubes.
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PROCEDURE

avoided.

discontinuity.
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INTERPRETATION OR RESULTS

Note :
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GUIDELINES FOR QUALITATIVE INTERPRETATION OF
REBOUND HAMMER TESTS **

AVERAGE REBOND NUMBER QUALITY OF CONCRETE

> 40 VERY GOOD HARD LAYER

30 to 40 GOOD LAYER

20 to 30 FAIR

< 20 POOR CONCRETE

0 DELAMINATED

Specification Specification No. Required readings

Indian Standard IS : 13311 (Part 2) : 1992 6

British Standard BS : 4408; Part 4 : 1971 9 valid readings ; NMT 25

CPWD CPWD - 2002 12

ASTM C805 10

IS THE REBOUND HAMMER TEST CAN BE CONSIDRED AS A 
STANDARD TEST FOR THE DETERMINATION OF STRENGTH OF 
THE CONCRETE ?
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8. 5.2  NON-DESTRUCTIVE TESTING OF 
CONCRETE ULTRASONIC PULSE VELOCITY

IS : 13311 (PART- I) : 1992

concrete.

concrete which may occur with time.

STANDARDS SPECIFICATION FOR UPV TEST

PRINCIPLE
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changes with time.

laboratory tests.

APPARATUS :

TRANSDUCER :

may be used.
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ELECTRONIC TIMING DEVICE

transducer.

PERFOMANCE OF THE ASSEMBLY OF APPARATUS

PROCEDURE
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Sl. No Pulse Velocity by Cross Probing 
(km/sec)

Concrete quality grading

1. Above 4.5 Excellent

2. 3.5 to 4.5 Good

3. 3.0 to 3.5 Medium

4. Below 3.0 Doubtful

Note :
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The indirect velocity is invariably lower than the direct velocity on the same concrete 
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Combined use of Rebound hammer and
Ultrasonic pulse Velocity Method

concrete by chemical analysis or concrete core testing. 
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8. 5.3  DETERMINING THE LOCATION / DIAMETER OF 
REINFORCEMENT BARS AND COVER THICKNESS IN CONCRETE

PROFOMETER:

and concrete cover. This instrument is also  known as rebar locator. 

statistical values. 

Object:

Principle:

caused by steel embedded in the concrete. 

Methodology:

the test block.
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Advantages and Limitations: 

the test without any assistance.

8. 5.4  Micro covermeter:

in the market is shown in Fig.
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Object:

Principle:

Methodology:

search head. 

Advantages and Limitations:
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CHAPTER -  IX
CRACKS IN BUILDINGS
(Causes and prevention)

movements, moisture changes, chemical action, etc. 

structural cracks are mostly due to internally induced stresses in building materials and 
these generally do not directly result in structural weakening. 

9.2 REPAIR OF CRACKS IN BRICKWORK IN BUILDINGS
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The cracks in brick walls can be repaired by the following methods:-

Fig 9.1  Cracks in Masonry due to various causes
1 =Crack due to settlement of corner
2= Crack under RC Slab due to lifting up of corners in two way slabs
3=Cracks due to settlement of column C
4 = Cracks below slab as a result of the movement due to temperature 
effect
5 =Crack  with larger width at top due to heaving of centre as occurs in   
      Black Cotton Soil
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GUNITE AND SHOTCRETE WORK FOR REPAIR OF CONCRETE
Gunite and Shotcrete

contact with the bricks.

Fig. 9.2 Repair of cracks in masonry by stitching with steel rods.
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REPAIRS OF RC WORKS DUE TO CORROSION OF STEEL

brush.

y.
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CHAPTER -  X
FOUNDATION IN BUILDINGS
- Tid bits for Field Engineers

ISOLATED FOOTINGS:

1. COMBINED FOOTINGS:

3.STRIP FOOTINGS:
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4.RAFT OR MAT FOUNDATION:

ECONOMICAL FOUNDATION

Interaction of Pressure Bulbs 
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DEPTH FOUNDATION

Important point on  Depth of foundation:

Minimum depth of foundation as per Rankine’s theory

soil condition.
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CHOICE OF FOUNDATION
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Mat foundation

The is provided  

1)when the soil is having very low bearing capacity and /or 

2) when columns loads are heavy, the required footing area becomes very 

large and uneconomical. 

   Mat foundation
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PILE FOUNDATION

are steel and concrete.

Fundamental Concept of Pile Foundation

behaviours :-
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FRICTION PILE

is transmitted by skin 

available at reasonable 

END BEARING PLIE

transmitted to that  hard 
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FOUNDATION FOR EXPANSIVE SOILS
If the soil is expansive in nature, lot of care is to be taken.
How to identify  Expansive Soil  ???

Note:  A yes answer to any of the above question may indicate an expansive 
soil and need for further testing and study.
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UNDER REAMED PILE:

RESTRICTIONS:

and strength taken is less.

Capacity of Under Reamed Piles (3.50m)

                 Dia    Capacity         

Hand Book_03.indd   178 8/20/2018   8:29:52 AM



179

STUB COLUMN ARRANGEMENTS:
For ordinary small buildings, Stub column arrangement  with strong grade beams 

PRECAUTIONS:

very less SBC  is assumed then, large contact area is made available and cracks 

PRECAUTIONS FOR THE FOUNDATION IN EXPANSIVE SOIL:

GRADE BEAMS FOR FRAMED STRUCTURE IN EXPANSIVE SOILS

.
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Grade Beams For Framed Structure In Expansive Soils

GRAVITY DESIGN SEISMIC DESIGN REMARKS

LAYING FOUNDATION CONCRETE BELOW WATER TABLE:
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CHAPTER  XI
MAINTENANCE OF BUILDINGS

Introduction

building is reduced.

(i)Day to Day Repairs

(ii)Annual Repairs
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(iii) Special Repairs

Preventive maintenance

Attending to services before Monsoon Rains/Cyclones.

b) Door Window glazing :

c) Checking buildings against seepage
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d) Checking of external areas

and embankments.

e) Checking of sewers and sewage installations

(f) Checking of electrical installations

(g) Checking of Air-conditioning installations

Post monsoon/cyclone measures

the services in order  immediately.

shutters etc, are attended immediately.
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REPAIR OF RAINWATER LEAKAGE IN BUILDINGS

and in many cases, unnecessary.  

Rainwater Leakages and Their Treatment
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Leakage in sloped roofs and shells:

Leakage through junctions of walls and sunshades:
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Leakage through wall cracks:

Leakage from external electric points.  

 Joints of slabs and beams. 
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CHAPTER  XII
DEMOLITION OF BUILDINGS

Structural Audit of Old Structures:

and whose strength might have reduced due to material deterioration. Based on the 
yearly tests of each public building to be carried out, the weaker buildings which are 

STEP 1:

design are made available.

STEP 2:

STEP 3:

4. Slight tapping using hammer can reveal deterioration in concrete and 
wooden beams in Madras Terrace roofs.

corrosion.

Hand Book_03.indd   187 8/20/2018   8:29:54 AM



188

STEP 4:
Preparation of Audit Report:

STEP 5:
Tests Recommended:

STEP 6:

METHODOLOGY
1. Destructive Testing:

2. Non Destructive Testing:
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may be taken by the administrative agency concerned to strengthen the building to ensure 
go for its demolition.

Disposal of Buildings / Survey Report
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CHAPTER  XIII
Guidelines for Fire and Life safety Measures

1. General Exit Requirement:

a. Every bui

institutional, business and other buildings. The treads shall be constructed and 
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i. The internal staircases shall be constructed with non combustible materials and 
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CHAPTER-XIV
 PREFAB TECHONOLOGY – CONSTRUCTION METHODOLOGY

construction methodology etc., with a case study

-(Case study)

1. General:

2. STRUCTURAL MEMBERS:

a. Precast Column
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Single Tier Column               Two Tier Column

b) Precast Beams

Precast Beam (at Perimeter)
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c) Precast Slabs

Precast Slab

d) Structural Topping Concrete

e) Precast Staircase

Precast Staircase
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3. Assembly and Erection

a) Precast Column erection

Precast Column Assembling Sequence

b) Precast Beam erection
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Precast Beam Assembling Sequence

c) Precast Slab erection

Precast Slab Assembling Sequence
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d) Structural topping concrete

Structural topping concrete 

e) Precast Staircase

Precast Staircase assembling
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4. Safety in Installation of Precast Element

element.

engaging a crane.

elements

and the signal man

Hand Book_03.indd   199 8/20/2018   8:29:55 AM



200

Hand Book_03.indd   200 8/20/2018   8:29:55 AM



201

CHAPTER-XV
GUIDE LINES IN CONSTRUCTION FOR FIELD ENGINEERS

FOUNDATION / MAT CONCRETE

and edges truly.

PREPARATION OF MORTAR

necessary cover overhead.

R.R. MASONRY

weathered stones.

ensure the verticality during construction.
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should be done.

PLINTH BEAM

BRICK MASONRY

BASEMENT FILLING
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FLOORING

at regular intervals.

avoided.

FORM WORKS

MS sheets.

strutting.

used.

on all sides.
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REINFORCEMENT
Chair rod should be used wherever necessary and should not rest directly 
over the centering.

towards inside.

stability.

CHECK LIST  (REINFORCEMENTS)

tying method.

etc.

the detailing books.
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steel rods.

CONCRETING

wetted.

the concrete.

may be used.
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CHECKLIST FOR PLACING OF CONCRETE

workability or causing segregation.

concrete slab.
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covered with wet hessian.

CURING

with great stamina.

WEATHERING COURSE
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PRESSED TILES
The tiles laid over the weathering course can be matched with the hat on the head.  

weathering course.

inch.

water tightness.

water.

PLASTERING
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main water.

FLOOR FINISHING

ELECTRICAL WORKS

with ISI mark.

wiring.
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cables.

ELCB.

standards.

should not be allowed.

PLUMBING
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DAMPNESS IN WC AND BATH WALL – INSTRUCTIONS

1. CAUSE NO.1

unskilled labour is being engaged to make the hole in the wall and he is breaking the 

REMEDY

Bricks bats with rich mortar.

2. CAUSE NO.2

REMEDY
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3. CAUSE NO.3

REMEDY

SANITARY WORKS

inside the chambers.

FIXING OF NAHINI TRAP IN BATH ROOMS
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WASTE WATER AND RAIN WATER PIPES.

JOINERY WORKS

JOINERY WORKS

PAINTING AND COLOUR WASHING
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PAINTING AND COLOUR WASHING

with water should be used within 3 hours, to avoid setting.

SAFETY MEASURES DURING CONSTRUCTIONS.

construction.  Prevention is better than cure.  Hence, utmost care should be taken in 

contractor.
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CHAPTER-XVI
MISCELLANEOUS TECHNICAL POINTS

16. 1 Concrete grades for Coastal &  Non-Coastal areas –Instructions

Sl. No
Exposure
condition

For Reinforced Concrete

Minimum Grade of Concrete

1 Mild M20

2 Moderate M25

3 Severe M30

4 Very severe M35

5 Extreme M40

SI.No

(1) 

Environment 

(2) 

Exposure conditions 

(3) 

i) Mild Concrete surfaces protected against 

weather or aggressive condition, except 

those situated in coastal area 

ii) Moderate Concrete surfaces sheltered from severe 

rain or freezing whilst wet. 

Concrete exposed to condensation and 

rain. 

Concrete continuously under water. 

Concrete in contact or buried under non-

aggressive soil / ground water. 

Concrete surfaces sheltered from 

saturated salt air in coastal area  

iii) Severe Concrete surfaces exposed to severe rain, 

alternate wetting and drying or occasional 

freezing whilst wet or severe condensation 

Concrete completely immersed in sea 

water. 

Concrete exposed to coastal environment. 

iv) Very severe Concrete surfaces exposed to sea water 

spray, correction fumes or severe freezing 

condition whilst wet.  

Concrete in contact with or buried under 

aggressive sub-oil / ground water. 

v) Extreme Surface of members in tidal zone. 

Members in direct contact with liquid / 

solid aggressive chemicals. 
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Sl. No Exposure condition Grade of Concrete Distance from Sea Water Front

1 Mild M20 Beyond 24 Km

2 Moderate M25 Beyond 10Km and up to 24 km

3 Severe M30 Up to 10 km
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16. 2 Condition Assessment of Concrete in the RC Structural Elements of 
the Working Women’s Hostel Building of the SWD at Adyar, Chennai

- CASE STUDY

1.0 INTRODUCTION 

M/s Greater Chennai Corporation (GCC), Chennai intended to assess the condition of 
concrete in the Reinforced Concrete (RC) Structural Elements of the Working Women’s 
Hostel Building of the Social Welfare Department (SWD) at Adyar, Chennai. A consultancy 
project proposal on “Condition Assessment of Concrete in the RC Structural Elements of 
the Working Women’s Hostel Building of the SWD at Adyar, Chennai” was submitted by 
M/s Hitech Concrete Solutions Chennai Private Limited, Chennai. M/s GCC, Chennai 
confirmed the scope of work and entrusted the work to M/s Hitech Concrete Solutions 
Chennai Private Limited, Chennai. The site investigation to assess the condition of 
concrete in the RC Structural Elements of the Working Women’s Hostel Building of SWD at 
Adyar was carried out by M/s Hitech Concrete Solutions Chennai Private Limited, Chennai 
on 19-04-2018. This report outlines the details of the site investigation carried out to 
assess the quality of concrete and the Rehabilitation Methodology to be adopted for the 
distressed structural elements. 

2.0 SCOPE AND OBJECTIVE OF THE WORK  

The following is the scope of work: 

Core test to evaluate the equivalent cube compressive strength of the concrete -     
– 6 Nos. 
Carbonation test on 6 core samples 
Half-cell Potential Test – 7 locations 
Evaluation of chlorides & pH through concrete powder samples – 6 locations 

3.0 DESCRIPTION OF THE STRUCTURE 

The structure is a Reinforced Concrete framed structure with Ground + 2 floors. Photo 1
shows a view of the Working Women’s Hostel Building of the SWD at Adyar. Fig. 1 gives 
the typical lay out of the Women’s Hostel Building at Adyar. 

Photo 1 A View of the Women’s Hostel Building at Adyar, Chennai  
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4.0 VISUAL OBSERVATIONS 

The following are the distresses noticed during the visual inspection of the Working 
Women’s Hostel Building. 

Spalling of concrete and exposure of rebars was noticed in the RC roof slab in the 
second floor near the staircase (Photo 2).
Spalling of concrete and exposure of rebars was noticed in the RC roof slab &            
RC Beams in one of the rooms in the second floor of the building (Photo 3).
Minor spalling of concrete and exposure of rebars was noticed in the RC roof slab 
of one of the rooms in the second floor of the building (Photo 4). 
Cracks were noticed in the parent RC slab after removal of weathering course in 
the terrace. 
Minor cracks were noticed in a RC Column of staircase in the ground floor.  
It was observed that the distress was mostly confined to the second floor roof slab 
probably due to damaged weathering course and consequent water seepage from 
the terrace of the building. At the time of the inspection, the damaged weathering 
course is being removed (Photo 5) and action has been initiated for the 
waterproofing.   

Photo 2 A view of the spalling of concrete & exposure of rebars noticed in the RC Roof 
slab near staircase at second floor 
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Photo 3 A view of the spalling of concrete & exposure of rebars noticed in the RC Roof 
slab & RC Beam in one of the rooms at second floor 

Photo 4 A view of the minor spalling of concrete & exposure of rebars noticed in the      
RC Roof slab in one of the rooms at second floor 

Hand Book_03.indd   219 8/20/2018   8:29:57 AM



220

Photo 5 A view of the weathring course being removed  

5.0 INVESTIGATION AT SITE 

5.1 Choice of Test Method 

The following test methods were employed to assess the quality of concrete in the         
RC Structural Elements of the Working Women’s Hostel Building at Adyar: 

1. Core Drilling Test 
2. Carbonation Test 
3. Half Cell Potential test 
4. Determination of chlorides and pH 

5.2 Core Sampling of Concrete 

Concrete core samples were extracted from the selected RC structural elements in the 
various floors (Photo 6). The diameter of the core samples that were extracted was       
69 mm. A Profometer was used to identify the locations of the reinforcement in the       
RC structural elements that were chosen for the core test. Concrete core samples were 
drilled from 2 RC columns, 2 RC beams and 2 locations in the RC slab of the various 
floors. In all, 6 concrete core samples were extracted from the RC structural elements of 
the Working Women’s Hostel Building. 
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Photo 6 A view of the core drilling test in progress in a RC beam at the Ground floor 

Immediately after the extraction of the concrete core samples, they were tested to 
check for carbonation. The cylindrical concrete core samples were sprayed with 1% 
solution of phenolphthalein in alcohol indicator. If the sprayed portion results in 
colourless surface, it indicates the extent of carbonation (Photo 7). Table 1 gives the 
results of test for presence of carbonation in the concrete core samples. 

Photo 7 A view of the carbonation test in the extracted core sample

The ends of the concrete core samples were dressed by cutting the edges suitably in the 
laboratory and the cylindrical test specimens of size 69 mm diameter and of sufficient 
length were cut from the core samples for testing them to obtain the compressive 
strength of concrete. UPV tests were conducted on the 6 core samples. The cylindrical 
test specimens were then capped with a sulphur compound and tested in a 1000 kN 
Universal testing machine to obtain their compressive strength. 
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The equivalent cube compressive strength was calculated after applying the correction 
factor for l/d ratio, cylinder to cube conversion factor of 1.25, and an additional factor of 
1.08, which is suggested by SP-24 to account for the size effect in case cores of diameter 
smaller than 95 mm are extracted. It should be noted that SP-24 was used in conjunction 
with IS 456:1978 and is not in use today because of the change in the concrete code to 
the new IS 456:2000. Nevertheless, the factor of 1.08 is legitimate from the point of view 
of accounting for the size effect. The equivalent cube compressive strength of concrete 
core samples is given in Table 1.

Table 1 Detailed Results of the Core and Carbonation Test 

SI.
No. Member Identification 

Dia. of the 
core

sample in 
mm 

Length of 
the core 
sample in 

mm 

UPV 
in

km/s

Carbonatio
n depth in 

mm

Equivalent 
cube 

compressive
strength 
(N/mm2)

1 RC Column – Ground 
Floor – Near Staircase 69 85 3.96 70 25.9 

3 RC beam – Ground Floor 69 138 3.91

70 mm on 
one face 

and 80 mm 
on the 

other face 
of the core 

7.3 

2 RC Column – 1st Floor – 
Near Staircase 69 138 3.87

240 mm 
for the 
entire 

depth of 
the core 

8.6 

5 RC slab – 1st Floor Roof 
Slab 69 105 3.74 70mm 24.0 

4 RC beam – 2nd Floor 69 138 3.81

80 mm on 
both the 
faces of 
the core  

10.1 

6 RC slab – 2nd Floor Roof 
Slab 69 100 3.83 20 mm 14.8 

5.3 Half-cell Potential Test 

This method covers the estimation of electrical half cell potential of reinforcing steel in 
concrete for the purpose of determining the corrosion activity of the reinforcing steel.        
A copper-copper sulphate (Cu-CuSo4) electrode (reference electrode) was used to 
measure the half cell potential. It consists of a rigid tube that is non-reactive with copper 
or copper sulphate, a porous sponge placed at the conduct end that remains wet by 
capillary reaction and a copper rod that is immersed within the tube in a saturated 
solution of copper sulphate. The solution was prepared with reagent grade copper 
sulphate crystals dissolved in distilled water. The solution was considered super saturated 
when an excess of crystal (undissolved) lies at the bottom of the solution. 
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Half-cell potentiometer works on the principle of measuring voltage in the circuit of 
reinforcement and cover concrete using Copper Sulphate Half-Cell. This method 
essentially consists of measurement of the absolute potential of the concrete with 
reference to the reference electrode. The reference guidelines for the probability of 
corrosion ASTM C-876 [1] is presented in the Table 2. 

Table 2 Reference guidelines for probability of corrosion (ASTM C-876) 

Sl. No Measured Potential Difference Probability for Corrosion 

1 More negative than (-) 350 mV 
There is a greater than 90 % probability that 
reinforcing steel corrosion is occurring in that 
area at the time of measurement. 

2 Between (-) 200 mV to (-) 350 mV
Corrosion activity of the reinforcing steel in the 
area is uncertain. 

3 More positive than (-) 200 mV 
Greater than 90 % probability that no 
reinforcing steel corrosion is occurring in that 
area at the time of measurement. 

The half-cell potential test was conducted in 7 selected RC structural elements of the 
various floors of the Hostel Building. It is a pre-requisite that the structural elements that 
are to be subjected to half cell measurements have to be fully saturated during the 
measurements and hence the structural elements were pre-wetted before taking the 
readings (Photo 8). Even though this method has limitations, it is still widely used and is 
being recognized to be a useful tool for assessing the probability of corrosion. Table 3
gives the results of the half-cell potentials. 

Photo 8 Half-cell potential test in progress in a RC column of the Ground floor 
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Table 3 Half Cell Potential Test Results 

Sl. No Location Half Cell Potential Readings in mV
Ground Floor

1 RC column - Room No 1 -259, -286, -310, -285, -290, -315, -318, -340, -219, -262

2
RC beam - Room No 1 – 
Ground Floor 

-276, -282, -225, -296, -275, -252, -260, -284, -285, -305 

First Floor
3 RC column - Room No 29 -186, -172, -215, -184, -224, -269, -211, -192, -205, -154
4 RC beam - Room No 27 -225, -220, -262, -254, -264, -250, -214, -228, -232, -280

Second Floor

5
RC column – Near 
Bathroom

-350, -321, -386, -255, -290, -386, -399, -316, -350, -300 

6 RC slab – Good location -277, -205, -256, -222, -290, -200, -224, -250, -184, -199

7
RC slab – Room No 46 – 
Damaged

-350, -306, -388, -390, -324, -379, -300, -301, -290, -300 

5.4 Evaluation of Chlorides and pH 

Concrete samples in powder form were drawn from 6 selected RC structural elements of 
the various floors using a masonry drilling machine (Photo 9). These samples were 
collected for chemical analysis to check for the presence of aggressive chemical agents, 
such as, chlorides and pH. Table 4 gives the results of chloride and pH levels in concrete 
for the 6 locations of the RC structural elements of the various floors. 

Photo 9 A view of the powder sample was extracted from a RC column  
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Table 4 Results of Chloride Test & pH 

Sl.
No. 

Member
Identification

Chloride Content 
in (kg/m3)

pH Stipulation 

1
RC column - Room No 1 – 
Ground Floor  

0.5 11.93 

Maximum Chloride 
content in concrete shall 
not exceed 0.6 kg/m3 by 
weight of concrete at the 

time of placing as per   
IS: 456-2000. 

2
RC beam - Room No 1 – 
Ground Floor 

0.3 12.20 

3
RC column - Room No 29 
– 1st Floor 

0.9 11.18 

4
RC beam - Room No 27 – 
1st Floor 

0.8 11.52 

5
RC column – 2nd Floor – 
Near Bathroom 

0.6 11.71 

6
RC slab – Room No 46 - 
2nd Floor 

0.4 12.12 

6.0 EVALUATION OF THE TEST RESULTS

The results of the NDT tests conducted in the RC structural elements of the various floors 
of the Working Women’s Hostel Building are discussed in the following sections.  

6.1 Tests on the Concrete Core Samples  

6.1.1 Assessment of carbonation   

The concrete core samples, immediately after extraction were tested for carbonation.      
It is seen from Table 1 that the carbonation depth of the concrete core samples 
extracted from the 6 RC structural elements varies between 20 mm and 240 mm. 

6.1.2 Compressive strength test 

The concrete core samples were subjected to compressive strength test in a Universal 
Testing Machine of 1000 kN capacity. Results of the compressive strength tests of core 
samples are given in Table 1.

The equivalent cube compressive strength of concrete in the 6 RC structural elements are 
25.9 MPa, 7.3 MPa, 8.6 MPa, 24.0 MPa, 10.1 MPa and 14.8 MPa respectively. This may be 
submitted to the designer/consultant for his comments. 

6.2 Half Cell Potential Test 

It is seen from Table 3 that the half-cell potentials in a majority of the locations of the 
selected RC structural elements of the ground floor and 1st floor as well as the good 
location of the RC slab in the second floor are between -200 mV and – 350 mV indicating 
that the corrosion activity of the reinforcing steel in the area is uncertain at the time of 
measurement as per the reference guidelines of ASTM C-876.  
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It is seen from Table 3 that the half-cell potentials in the remaining locations of the 
structural elements of the second floor are above – 350 mV indicating that there is a 
greater than 90 % probability that reinforcing steel corrosion is occurring in that area at 
the time of measurement as per the reference guidelines of ASTM C-876.  

6.3 Chemical Analysis of Concrete Powder Samples 

It is found from Table 4 that the chloride contents of the samples drawn from the           
6 selected RC structural elements of the various floors are in the range of 0.3 to               
0.9 kg/m3 compared to a permissible value of 0.6 kg/m3 at the time of placing as 
specified in IS: 456-2000 [2].

The pH of the concrete samples extracted from the 6 selected RC structural elements of 
the various floors is between 11.18 and 12.20 and this indicates a marginal reduction in 
alkalinity. 

7.0 RECOMMENDATIONS 

It was observed from the visual observations that the distress was mostly confined to the 
second floor roof slab probably due to damaged weathering course and consequent water 
seepage from the terrace of the building. At the time of the inspection, the damaged 
weathering course is being removed and action has been initiated for the waterproofing.   

The half-cell potentials in most of the RC Structural elements in the second floor are 
above –350 mV indicating that there is a greater than 90 % probability that reinforcing 
steel corrosion is occurring in that area at the time of measurement as per the reference 
guidelines of ASTM C-876. The chloride contents in the RC structural elements are in the 
range of 0.3 to 0.9 kg/m3 compared to a permissible value of 0.6 kg/m3 at the time of 
placing as specified in IS: 456-2000. The pH of the concrete samples in the RC structural 
elements indicates a significant reduction in the alkalinity.  

The corrosion of the rebars may be attributed to the ingress of both chlorides and carbon 
di oxide. The carbonation test also revealed that diffusion of carbon di oxide front has 
reached the rebars.  

Hence, it is recommended to rehabilitate the minor distress noticed in the RC Structural 
Elements in the various floors using Polymer Modified Mortar as per the Methodology A
given in Annexure I.

It is also recommended to rehabilitate the severely distressed RC Slab in the second floor 
using Micro Concrete Jacketing as per the Methodology B given in Annexure I.

In view of the low equivalent cube compressive strengths of the concrete obtained in the            
RC columns and RC beams, the opinion of the Designer/consultant may be obtained to 
increase the load carrying capacity of the RC columns and RC beams through Micro 
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Concrete Jacketing or Carbon Fibre Reinforced Plastics (CFRP) Wrapping. The 
rehabilitation methodology for the Micro concrete jacketing is given in Methodology C & 
D in Annexure I. The rehabilitation methodology for CFRP wrapping is given in
Methodology E in Annexure I.

8.0 CONCLUDING REMARKS 

Based on the results of the core drilling test, carbonation test, Half-cell potential test 
and powder sample test carried out on the RC structural elements of the various floors of 
the Working Women’s Hostel Building of the SWD at Adyar, Chennai and the following 
conclusions are made: 

The carbonation depth of the concrete core samples extracted from the 6 RC 
structural elements varies between 20 mm and 240 mm. 

The equivalent cube compressive strength of concrete in the 6 RC structural 
elements are 25.9 MPa, 7.3 MPa, 8.6 MPa, 24.0 MPa, 10.1 MPa and 14.8 MPa 
respectively. This may be submitted to the designer/consultant for his comments. 

The half-cell potentials in a majority of the locations of the selected RC structural 
elements of the ground floor and 1st floor as well as the good location of the RC 
slab in the second floor are between -200 mV and – 350 mV indicating that the 
corrosion activity of the reinforcing steel in the area is uncertain at the time of 
measurement as per the reference guidelines of ASTM C-876.  

The half-cell potentials in the remaining locations of the structural elements of the 
second floor are above – 350 mV indicating that there is a greater than 90 % 
probability that reinforcing steel corrosion is occurring in that area at the time of 
measurement as per the reference guidelines of ASTM C-876.  

The chloride contents of the samples drawn from the 6 selected RC structural 
elements of the various floors are in the range of 0.3 to 0.9 kg/m3 compared to a 
permissible value of 0.6 kg/m3 at the time of placing as specified in IS: 456-2000. 

The pH of the concrete samples extracted from the 6 selected RC structural 
elements of the various floors is between 11.18 and 12.20 and this indicates a 
marginal reduction in alkalinity. 

It is recommended to rehabilitate the minor distress noticed in the RC Structural 
Elements in the various floors using Polymer Modified Mortar as per the 
Methodology A given in Annexure I.

It is also recommended to rehabilitate the severely distressed RC Slab in the 
second floor using Micro Concrete Jacketing as per the Methodology B given in 
Annexure I.
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In view of the low equivalent cube compressive strengths of the concrete obtained 
in the RC columns and RC beams, the opinion of the Designer/consultant may be 
obtained to increase the load carrying capacity of the RC columns and RC beams 
through Micro Concrete Jacketing or Carbon Fibre Reinforced Plastics (CFRP) 
Wrapping. The rehabilitation methodology for the Micro concrete jacketing is given 
in Methodology C & D in Annexure I. The rehabilitation methodology for CFRP 
wrapping is given in Methodology E in Annexure I.
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Annexure I 
Rehabilitation Methodology 

Methodology A 

Isolated Patch Repair using Polymer Modified Mortar 

Stage 1 
Remove the damaged concrete portions in the RC elements completely till the 
reinforcement is exposed from the member carefully with mechanical 
arrangements and hand chiselling. Clean the surface to remove loose 
dust/particles.

Stage 2 
Application of anti-corrosive coating  

Clean the reinforcement and apply the anticorrosive coating like Nitozinc primer 
(manufactured by M/s Fosroc Chemicals or equivalent). In case the existing rods 
have undergone 30% loss in diameter, provide additional reinforcement and 
suitably connect it to the core concrete through shear connectors.

Stage 3 
Provision of epoxy jointing compound 

Prepare the surface suitably using an epoxy-based bond coat like Nitobond EP 
(manufactured by M/s Fosroc Chemicals or equivalent) so that the repair material 
may bond well with existing /old concrete. Manufacturer’s instructions/ 
specifications are to be followed for the epoxy bond coat. 

Stage 4 

After the application of the bond coat, Polymer Modified Mortar (Nitobond SBR 
manufactured by M/s Fosroc chemicals or equivalent) may be prepared as follows: 

Cement and sand (sieved) shall be mixed in the ratio of 1:3 and 1 litre of 
Nitobond SBR per bag of cement (or any equivalent product) shall be added to 
the above mortar mix and applied to the primed concrete surface using a 
trowel. The dosage of SBR shall be 1 litre per bag of cement.  

Stage 5 
The surface shall be finished neatly to the required line and length and cured. 
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Methodology B 

Rehabilitation of corroded slab using micro-concrete jacketing 

Concrete jacketing for the slab 

1. Strengthening is to be done using micro concrete.  
2. Provide cores from the slab of about 77 mm diameter to facilitate the pouring of 

micro concrete. 

Stages of repair 

Stage 1 

Remove the damaged concrete portions completely till the reinforcement is 
exposed from the member carefully with mechanical arrangements and hand 
chiselling. Clean the surface to remove loose dust/particles.

Stage 2 
Anchoring shear connectors into existing slab 

1. Shear connectors in the form of ‘L-shaped’ bars has to be anchored into the 
existing concrete to ensure integral action of the reinforced concrete jacket 
portion with the hardened core concrete of the existing beam. 

2. Drill holes not less than 75 mm depth (long) into the members from the surface 
(Perpendicular to the surface) taking care not to damage the existing steel 
reinforcements in the column.  The positioning of the holes has to be staggered 
along the perimeter and length of the beam.   

3. Clean the holes with a jet of compressed air and remove the loose dust particles 
thoroughly. 

4. Use chemical resin type capsules (Lokfix S manufactured by M/s Fosroc Chemicals 
(I) Pvt. Ltd or equivalent) for anchoring/fixing dowel bars into the holes to serve as 
shear connectors. 

5. Adopt at least 10-mm dia.  HSD bars as shear connectors for which 12 mm dia holes 
may be needed. 

6. Provide additional reinforcement in case the existing rods have undergone 30% loss 
in diameter. 

7. The additional reinforcement will be connected to the shear connectors already 
provided 
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Stage 3 
Application of anti-corrosive coating  

Apply the metallic based (preferably zinc based) anticorrosive coating like Nitozinc 
primer (manufactured by M/s Fosroc Chemicals or equivalent) to the old and new 
reinforcement after cleaning them.   

Stage 4 
Provision of Galvanic protection 

Provide Galvanic protection system like Galvashield XPI or equivalent as per the 
design spacing based on the percentage of reinforcement available in the              
RC elements. 

Stage 5 

Provision of epoxy jointing compound 

Prepare the slab surface suitably using an epoxy based bond coat like Nitobond EP 
(manufactured by M/s Fosroc Chemicals or equivalent), so that the jacketed 
concrete may bond well with existing/old concrete. Manufacturer’s 
instructions/specifications are to be followed for the epoxy bond coat. 

Stage 6

Provision of water tight shuttering 

Suitable shuttering (leak proof) system has to be placed in position for the jacket 
portion of the member in stages and micro concrete as per specifications has to be 
placed into the form work of the jacket portion.  Care has to be taken so that the 
micro-concrete used does not flow out of the shuttering. 

Stage 7 

The preparation of the micro concrete (Rendroc RG manufactured by M/s Fosroc 
Chemicals or equivalent), placing, compaction and curing for the same should be 
as per manufacturers specification. The micro concrete may be placed using the   
77 mm diameter cores already provided in the RC slab. The micro concrete used 
for jacketing should have a minimum characteristic compressive strength of 45 MPa 
at 28 days. Cure the same after removal of the shutter. 

Stage 8 

After the concrete in the jacket portion of the slab in the particular stage has 
attained its strength, the props placed for supporting the corresponding beams are 
to be removed. 
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Methodology C (to be decided by the Designer/Consultant) 

Rehabilitation of RC Column by Micro Concrete Jacketing 

Micro concrete jacketing for RC columns 

1. Strengthening is to be done using micro concrete   
2. Support the slab & beam which is contributing the load for the column under 

rehabilitation. 

Stages of repair 

Stage 1 
Remove the damaged concrete portions completely till the reinforcement is 
exposed from the member carefully with mechanical arrangements and hand 
chiselling. Clean the surface to remove loose dust/particles.

Stage 2 
Anchoring shear connectors into existing column 

Shear connectors in the form of ‘L-shaped’ bars has to be anchored into the 
existing concrete to ensure integral action of the reinforced concrete jacket 
portion with the hardened core concrete of the existing column. 
Drill holes not less than 75 mm depth (long) into the members from the surface 
(Perpendicular to the surface) taking care not to damage the existing steel 
reinforcements in the column.  The positioning of the holes has to be staggered 
along the perimeter and height of the column.  The vertical spacing of shear 
connectors should be less than 300 mm for all the sides of the member.   
Clean the holes with a jet of compressed air and remove the loose dust particles 
thoroughly. 
Use chemical resin type capsules marketed by reputed firms. (E.g. Fosroc 
Chemicals (I) Pvt. Ltd. or equivalent) for anchoring/fixing dowel bars into the 
holes to serve as shear connectors. 
Adopt at least 10-mm dia. HSD bars as shear connectors for which 12-mm dia holes 
may be needed. 
Provide additional main and shear stirrup reinforcement in case the existing rods 
have undergone 30% loss in diameter. 
The additional reinforcement may be connected to the shear connectors already 
provided 

Stage 3 
Application of anti-corrosive coating  

Clean the reinforcement and apply the anticorrosive coating like Nitozinc primer 
manufactured by M/s Fosroc Chemicals or equivalent as per the standard 
manufacturer’s specification.  
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Stage 4 

Provision of epoxy jointing compound 

Prepare the columns surface suitably using an epoxy-based bond coat, so that the 
jacketed concrete may bond well with existing/old concrete. Manufacturer’s 
instructions/specifications are to be followed for the epoxy bond coat like 
Nitobond EP manufactured by M/s Fosroc Chemicals or equivalent. 

Stage 5 
Provision of water tight shuttering 

Suitable shuttering (leak proof) system has to be placed in position for the jacket 
portion of the members in stages and micro concrete as per specifications has to 
be placed into the form work of the jacket portion.  Care has to be taken so that 
the micro-concrete used does not flow out of the shuttering. 

Stage 6 
The preparation of the micro concrete (Rendroc RG manufactured by M/s Fosroc 
Chemicals or equivalent), placing, compaction and curing for the same should be 
as per manufacturers specification. The micro concrete used for jacketing should 
have a minimum characteristic compressive strength of 45 MPa at 28 days. 

Stage 7 
After the concrete in the jacket portion of the columns in the particular stage has 
attained its strength, the props placed for supporting the corresponding beams are 
to be removed. 
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Methodology D (to be decided by the Designer/Consultant) 

Rehabilitation Methodology for Beam using Micro Concrete Jacketing  

Concrete jacketing for the beams 

1. Strengthening is to be done using micro concrete   
2. Support the slab which is contributing the load for the beam under rehabilitation. 
3. Provide cores from the slab of about 77 mm diameter to facilitate the pouring of 

micro concrete. 

Stages of repair 

Stage 1 
Remove the damaged concrete portions completely till the reinforcement is 
exposed from the member carefully with mechanical arrangements and hand 
chiselling. Clean the surface to remove loose dust/particles.

Stage 2 

        Anchoring shear connectors into existing beam 

1. Shear connectors in the form of ‘L-shaped’ bars has to be anchored into the      
existing concrete to ensure integral action of the reinforced concrete jacket 
portion with the hardened core concrete of the existing beam. 

2. Drill holes not less than 75 mm depth (long) into the members from the surface 
(Perpendicular to the surface) taking care not to damage the existing steel 
reinforcements in the column.  The positioning of the holes has to be staggered 
along the perimeter and length of the beam.   

3. Clean the holes with a jet of compressed air and remove the loose dust particles 
thoroughly. 

4. Use chemical resin type capsules (Lokfix S manufactured by M/s Fosroc Chemicals 
(I) Pvt. Ltd or Equivalent) for anchoring/fixing dowel bars into the holes to serve as 
shear connectors. 

5. Adopt at least 8-mm dia.  HSD bars as shear connectors for which 12-mm dia holes 
may be needed. 

6. Provide additional main and shear stirrup reinforcement in case the existing rods 
have undergone 30% loss in diameter. 

7. The additional reinforcement may be connected to the shear connectors already 
provided 

Stage 3 
Application of anti-corrosive coating  

Clean the reinforcement and apply the anticorrosive coating like Nitozinc primer 
(manufactured by M/s Fosroc Chemicals or equivalent) to the old and new 
reinforcement.  
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Stage 4 

Provision of epoxy jointing compound 

Prepare the beam surface suitably using an epoxy based bond coat like       
Nitobond EP (manufactured by M/s Fosroc Chemicals or equivalent), so that the 
jacketed concrete may bond well with existing/old concrete. Manufacturer’s 
instructions/specifications are to be followed for the epoxy bond coat. 

Stage 5 

Provision of water tight shuttering 

Suitable shuttering (leak proof) system has to be placed in position for the jacket 
portion of the members in stages and micro concrete as per specifications has to 
be placed into the form work of the jacket portion.  Care has to be taken so that 
the micro-concrete used does not flow out of the shuttering. 

Stage 6 

The preparation of the Micro concrete (Rendroc RG manufactured by M/s Fosroc 
Chemicals or equivalent), placing, compaction and curing for the same should be 
as per manufacturers specification. The micro concrete used for jacketing should 
have a minimum characteristic compressive strength of 45 MPa at 28 days. Cure 
the same after removal of the shutter. 

Stage 7 

After the concrete in the jacket portion of the beam in the particular stage has 
attained its strength, the props placed for supporting the corresponding beams are 
to be removed. 
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Methodology E  

Strengthening of RC Columns/RC Beams using CFRP Wrapping (to be decided by the 
Designer/Consultant)

Stage - 1 
Carry out surface preparation by grinding the surface to get an even surface. 
All projections are to be grounded off. All the corners should be grounded to a 
radius of min 25 mm to 50 mm to have proper effect of wrapping . 

Stage - 2 

Apply epoxy primer like Nitowrap 30 manufactured by M/s Fosroc chemicals or 
equivalent to the prepared concrete surface. Apply Nitocote VF manufactured 
by M/s Fosroc chemicals or equivalent to fill all pin/blow holes and inner radius 
to be made curve and on all concave areas in order to have full contact of wrap 
with concrete surface. Apply 1st coat of saturant Nitowrap 410 manufactured by         
M/s Fosroc chemicals or equivalent by roller or brush. Based on design 
recommendation, type and orientation required, cut the fiber into required size 
and place on saturant and press by rollers to squeeze out the saturant through 
the fabric. Apply 2nd coat of saturant to saturate the fabric fully. The 
Manufacturers specifications shall be followed strictly. 

Further, more layers of wrapping, if required, can be carried out in similar 
manner as above except surface preparation. 

Stage - 3 

Final coat of saturant should be sprinkled with quartz sand to have a 
mechanical bond with further protective plaster or should be coated with 
protective coating directly. 
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CHAPTER-XVII
REPORT OF THE ONE MAN COMMITTEE ON THE COLLAPSE OF THE ROOF 
OF BUS STAND LOCATED IN SOMANUR HAMELT OF KARUMATHAMPATTI 

TOWN PANCHAYAT, COIMBATORE DISTRICT ON 07-09-2017

The suggestions and recommendations made by the above three Departments 
are briefed below:-
1. Directorate of Rural Development and Panchayat Raj:-

 2. Commissionerate of Municipal Administration:-

the structures.
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3. Directorate of Town Panchayats:-

the stability.

the District Collector.

Engineer.

Recommendation 1 :

out by each Department:-
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Technical Hand Books.  The tests that are to be carried out during the construction and 

Summary of Recommendations 1 :

Recommendation 2 :-
Structural Design of buildings of public usage especially with Cantilevers to 
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structure being there in the design.

Summary of Recommendation 2:

Recommendations 3:-
Need to formally stipulate the minimum technical tests to carry out while 
constructing the structures:-

Summary of Recommendation 3:

Recommendation 4:-
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as to cause accidents.

Summary of Recommendation 4:

X.

Recommendation 5:-
Need for stipulating periodical maintenance of the buildings:-
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intended use, misuse which can result in overloading.
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Summary of Recommendation 5:

 Recommendation 6:-
Structural Audit of Old Structures:

and whose strength might have reduced due to material deterioration. Based on the yearly 

concerned should consider entrusting the Structural Audit to be also carried out through a 
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STEP 1:

structural design are made available.

STEP 2:

STEP 3:

corrosion.

STEP 4:
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STEP 5:

STEP 6:

METHODOLOGY
3. Destructive Testing:

4. Non Destructive Testing:
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Summary of Recommendation 6:

may be taken by the administrative agency concerned to strengthen the building to ensure 

Recommendation 7:-

Summary of Recommendation 7:

Recommendation 8:-

Summary of Recommendation 8:
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Recommendation 9:-

Summary of Recommendation 9:

trained at least once a year with the latest knowhow in the building technologies and the 
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