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8. DESIGN 
8.1
GENERAL

This chapter deals with actual design calculations and detailing diagrams of the following structural components:

· Slabs

· Beams

· Columns

Design of raft foundation is beyond the scope of this project.

8.2
SLAB DESIGN
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Typical design calculations for slab 6S16 are shown below:
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Fig. 8.1 Slab 6S16

Center-to-center dimensions of the slabs are as given:
Lx = 3.86 m and Ly = 5.14 m

Effective depth ≈ Lx / 30 = 5140 / 30 
≈ 171 mm 

(Assuming l/d ratio of 30 - to be verified later)

with clear cover of 15 mm and say, 10φ bars, overall thickness of slab

D = 171 + 15 + 10/2 = 191 mm

( Provide D = 200 mm

( dx = 200 - 15 - 5 = 180 mm

( dy = 200 - 15 -10 - 5 = 170 mm

Hence, effective spans, lx = 3860 - 230 + 180 = 3810 mm




  ly = 5140 - 230 + 170 = 5080 mm

( r = 
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 = 1.34

Loads on Slab
Self wt. @ 25 kN/m3 × 0.200 = 5.0 kN/m2
Finishes


= 1.5 kN/m2
Partition wall


= 1.0 kN/m2
Live load (accessible terrace) = 1.5 kN/m2




   --------------




   Total = 9.0 kN/m2

( Factored load = 1.5 × 9.0 = 13.5 kN/m2
Design Moments

For r = 1.34, and two long edge being continuous but two short edges being half-continuous and half-discontinuous, average value of α’s are used for moment calculation. 
+Mx = 0.04×13.5×3.812 = 7.84 kNm/m
+My = 0.028×13.5×3.812 = 5.49 kNm/m

-Mx = 0.052×13.5×3.812 = 10.19 kNm/m

-My = 0.037×13.5×3.812 = 7.25 kNm/m

Now, 
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( Rx- = 0.31 ( 
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( Ry+ = 0.19 ( 
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 ( Ry- = 0.25 ( 
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Note that minimum steel governs in all cases. Thus thickness provided is more than adequate.
Requisite steel, Ast along x direction = 216 mm2 ( 8φ-230c/c ≤ 300 mm. OK


        along y direction = 204 mm2 ( 8φ-240c/c ≤ 300 mm. OK
Adopt 8φ-230c/c as main and distributor reinforcement in both X and Y direction.
Deflection check

Area of cross-section of steel required = 216 mm2
Area of cross-section of steel provided = 218.5 mm2
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Hence, multiplier factor for tension reinforcement (from Fig.4 of IS 456:2000) > 1.5

Thus permissible l/d > 1.5 × 23 = 34.5

l/d provided = 30 < 34.5. Hence deflection is under control. OK
Torsion Reinforcement

Area of full torsion reinforcement = 3/4th of 216 = 54 mm2 per meter
Area of half torsion reinforcement = 3/8th of 216 = 27 mm2 per meter
( 2 meshes to be provided at top and bottom each with spacing 300 mm c/c.
Reinforcement detailing is shown in Fig. 8.2 
Design moments and reinforcements spacing of all other slabs are tabulated in Appendix B. Due to space constraint only one set of design calculation and only few slabs detailing is presented in this report.
8.3
BEAMS

Due to time and space constraint, design calculations and detailing diagrams of three beams, namely B7, B16 and B23 forming a frame (YZ plane at X = 1.34 m and 
19.13 m) only are presented.
8.3.1
Design Load Effects
Governing load combination for these three beams as obtained from SAP2000 analysis is produced in Table 8.1.
Table 8.1 Governing load combination for B7, B16 and B23

	Floor
	B7
	B16
	B23

	
	V22 (kN)
	M33 (kNm)
	V22 (kN)
	M33 (kNm)
	V22 (kN)
	M33 (kNm)

	0
	Min
	-50
	-61
	-45
	-41
	-56
	-41

	
	Max
	103
	42
	40
	31
	59
	37

	1
	Min
	-46
	-58
	-41
	-34
	-59
	-51

	
	Max
	102
	35
	36
	24
	60
	39

	2
	Min
	-41
	-56
	-40
	-32
	-44
	-31

	
	Max
	104
	32
	34
	21
	51
	26

	3
	Min
	-38
	-56
	-38
	-30
	-41
	-28

	
	Max
	106
	29
	33
	19
	49
	23

	Floor
	B7
	B16
	B23

	
	V22 (kN)
	M33 (kNm)
	V22 (kN)
	
	V22 (kN)
	M33 (kNm)

	4
	Min
	-35
	-57
	-37
	-28
	-37
	-25

	
	Max
	107
	30
	31
	16
	47
	20

	5
	Min
	-33
	-58
	-36
	-26
	-36
	-24

	
	Max
	108
	23
	29
	13
	48
	17

	6
	Min
	-13
	-33
	-9
	-13
	-14
	-12

	
	Max
	57
	14
	3
	6
	24
	11


Since load effects are likely to act in opposite direction also due to reversibility of loadings (Refer BMDs and SFDs in Chapter 6), sectioned is designed such that it can resist the force / moment in both directions. As we can observe, there is very little variation in load effects in beams across the floors except on 6th floor, it is practical to design the sections for maximum of these values and provide same reinforcement at all floor levels of corresponding beam. Because of aforementioned two considerations, design values of the load effects are taken as follows:
Table 8.2 Design load effects for B7, B16 and B23

	Design load effects
	B7
	B16
	B23

	
	V22 (kN)
	M33 (kNm)
	V22 (kN)
	M33 (kNm)
	V22 (kN)
	M33 (kNm)

	Min
	108
	-61
	40
	-41
	60
	-51

	Max
	
	42
	
	31
	
	37


Following the codal provisions as specified in the Chapter 7, design calculations are presented below.
8.3.2
Design of B7

All section size: 200 mm × 350 mm

Assuming bar diameter of 20 mm, effective depth d = 350 - 30 (clear cover) - 20/2 = 310 mm
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Since both
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 ≥ 0.29% minimum steel and ≤ 2.5% maximum steel. OK
Ast, joint = 664 mm2 ( provide 3 bars of 18 mm φ => 763 mm2 
Ast,midspan = 427 mm2 ( provide 2 bars of 18 mm φ => 509 mm2
Positive steel = 509 > ½ (Negative steel = 763)
OK

Top and bottom steel at any section = 509 > ¼ ×(Negative steel at joint = 763)
OK

Design Shear
The ultimate moment of resistance of the section at joint, where Ast = Asc = 763 mm2, is limited to 
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Also, UDLDL = 28.4 kN/m and UDLLL = 4.3 kN/m
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 = 175.1 kN > 108 kN

Hence design shear stress, 
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Thus, design shear force to be carried by steel hoops is 
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( Vus = 140 kN
For 8φ bars as stirrups, Asv = 100.5 mm2
Spacing = 
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       = minimum of (233, 300, 520, 155) = 155 mm > 80 mm provided. 
Near beam column junction, spacing = minimum of (d/4, 8×18) = 77.5 mm

Adopt 8φ - 80 mm c/c for whole beam.

Development length in tension = Ldt = 
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8.3.3
Design of B16
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Since both
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 ≥ 0.29% minimum steel and ≤ 2.5% maximum steel. OK
Ast, joint = 410 mm2 ( provide 2 bars of 18 mm φ => 509 mm2 

Ast,midspan = 300 mm2 ( provide 2 bars of 18 mm φ => 509 mm2
Positive steel = 509 > ½ (Negative steel = 509)
OK

Top and bottom steel at any section = 509 > ¼ ×(Negative steel at joint = 509)
OK

Design Shear
The ultimate moment of resistance of the section at joint, for Ast = Asc = 509 mm2,  


[image: image38.wmf]max

,

u

x

= 0.48 × 311 = 149 mm and 
[image: image39.wmf]sc

f

 at 
[image: image40.wmf]max

,

u

x

 = 347.15 MPa for 
[image: image41.wmf]d

d

'

 = 0.125;


[image: image42.wmf]h

u

M

lim

,

 = 67.16 + 45.6 = 112.76 kNm

Also, UDLDL = 15.24 kN/m and UDLLL = 1.02 kN/m
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Hence design shear stress, 
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( Vus = 140 kN

For 8φ bars as stirrups, spacing = 
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 = 120 mm

Maximum spacing = minimum of (233, 300, 520, 155) = 155 mm > 120 mm provided. 

Near beam column junction, spacing = minimum of (d/4, 8×18) = 77.5 mm

Adopt 8φ - 120 mm c/c for whole beam, except 650 mm from each junction for which use 8φ - 100 mm c/c.

8.3.4
Design of B23
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 ≥ 0.29% minimum steel and ≤ 2.5% maximum steel. OK
Ast, joint = 365 mm2 ( provide 2 bars of 18 mm φ => 509 mm2 

Ast,midspan = 530 mm2 ( provide 3 bars of 18 mm φ => 763 mm2
Positive steel = 509 > ½ (Negative steel = 763)
OK

Top and bottom steel at any section = 509 > ¼ ×(Negative steel at joint = 763)
OK

Design Shear
The ultimate moment of resistance of the section at joint, for Ast = Asc = 509 mm2, 
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Also, UDLDL = 15.9 kN/m and UDLLL = 2.1 kN/m
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Hence design shear stress, 
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( Vus = 92.7 kN

For 8φ bars as stirrups, spacing  = 120 mm

Maximum spacing = minimum of (233, 300, 520, 155) = 155 mm > 120 mm provided. 

Near beam column junction, spacing = minimum of (d/4, 8×18) = 77.5 mm

Adopt 8φ - 120 mm c/c for whole beam, except 650 mm from each junction for which use 8φ - 100 mm c/c.

Detailing diagrams of these frames are shown in Fig. 8.3 after section 8.4 
8.4
COLUMN DESIGN

Total number of columns groups in the building is 11 i.e. there are 11 sizes of columns in the building. The design is based on maximum load effects for each size and similar reinforcement is proposed in all columns of that size. Also design for each column group is performed for load effects at ground floor and same reinforcement is continued till 2nd or 3rd floor. For columns above that new reinforcement detailing is calculated, which will continue till top of the building. Due to strength requirement first three floor columns, Ground floor, First floor and second floor columns, have concrete of grade M35 while columns above that have M25 concrete.
8.4.1
Design Load Effects
Following are design loads for which each column group is designed. Due to reversibility of moments, longitudinal reinforcement is equally distributed on all four sides. Hence absolute maximum values of load effects are taken for design.
Table 8.3 Design loads for columns

	Column size 
(mm × mm)
	Floor level 
	P (kN)
	M22 (kNm)
	M33 (kNm)

	250 × 250
	0
	1235.0
	24.0
	17.0

	
	3
	638.7
	21.2
	13.0

	250 × 300
	0
	1250.2
	27.4
	39.5

	
	3
	693.2
	38.8
	21.4

	Column size 

(mm × mm)
	Floor loading 
	P (kN)
	M22 (kNm)
	M33 (kNm)

	250 × 400
	0
	2361.3
	37.0
	88.8

	
	4
	839.7
	34.0
	51.9

	300 × 300
	0
	1439.8
	45.5
	41.8

	
	3
	812.6
	40.5
	28.1

	300 × 350
	0
	1478.6
	53.3
	60.1

	
	3
	814.7
	32.4
	39.8

	300 × 400
	0
	1949.7
	82.7
	91.3

	
	4
	765.1
	30.6
	42.7

	300 × 500
	0
	2561.1
	77.0
	174.8

	
	4
	1054.5
	44.3
	96.5

	350 × 350
	0
	2031.7
	77.5
	71.8

	
	4
	911.5
	29.2
	28.7

	400 × 400
	0
	2142.5
	117.9
	106.0

	
	4
	1163.4
	42.2
	37.9

	400 × 450
	0
	2555.2
	142.5
	171.0

	
	3
	1415.9
	105.0
	38.5

	500 × 500
	0
	3404.8
	267.6
	267.1

	
	3
	1946.8
	75.0
	59.4


Design calculations of few columns are presented below as examples. Complete design details of all column groups is tabulated in Table 8.4. Cross-Sectional diagrams of all column groups are shown in Appendix C.
8.4.2
Design of Column group 250 mm × 250 mm : Ground floor
Pu = 1235 kN
M22 = 24 kNm ( 
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Permissible eccentricity, 0.05D = 0.05×250 = 12.5 mm < 20 mm

Hence column is to be designed for minimum biaxial moment, 
Mdesign, 22 = Mdesign, 33 = 1235×20×10-3 = 24.7 kNm

Now, 
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For finding initial trial percentage of steel, define equivalent moment 
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For 40 mm clear cover and 10 mm φ bars, d’ = 40+20/2 = 50

d’ / D = 50 / 250 = 0.20

From design aids, for M35 and Fe415 corresponding to d’/D = 0.20 and picking value of 
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Hence the value of the expression
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Area of steel corresponding to 
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 = 4.5% ( 2813 mm2 ( 12 bars of 18 mm φ => 3048 mm2 
Lateral Ties 
Use 16φ at spacing of minimum of (least lateral dimension, 16× φ, 300mm, ½ of least lateral dimension)

( minimum of (250, 16×18, 300, 250/2) = 125

Adopt 16φ - 125 mm c/c 

Special Confining Reinforcement
Spacing = 250 / 4 = 62.5 mm, but ≥ 75 mm and ≤ 100 mm

( adopt 16φ - 75 mm c/c

Area of steel required =
[image: image83.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

0

.

1

18

.

0

k

g

y

ck

A

A

f

f

Sh

,

                                    = 
[image: image84.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

´

´

´

0

.

1

202

250

415

35

202

75

18

.

0

2

2

 = 122 < 201 mm2 provided by 16φ. OK

8.4.3
Design of Column group 250 mm × 400 mm : Fourth floor
Pu = 840 kN

M22 = 34 kNm ( 
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M33 = 51.8 kNm ( 
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Permissible eccentricity, 0.05D = 0.05×250 = 12.5 mm < 20 mm

Hence column is to be designed for biaxial moments.
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d’ / D22 = 50 / 250 = 0.20

d’ / D33 = 50 / 400 = 0.12 (using avg. value of design chart corresponding to d’/D = 0.10 and d’/D = 1.15)
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8.4.4
Design of Column group 300 mm × 500 mm : Ground floor
Pu = 2561 kN

M22 = 77 kNm ( 
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M33 = 174.8 kNm ( 
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Permissible eccentricity, 0.05D = 0.05×300 = 15 mm < 20 mm

Hence column is to be designed for biaxial moments. 
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For 40 mm clear cover and 10 mm φ bars, d’ = 40+20/2 = 50

d’ / D2 = 50 / 300 = 0.16 
d’ / D3 = 50 / 500 = 0.10
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Hence the value of the expression
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8.4.5
Design of Column group 300 mm × 500 mm : Fourth floor
Pu = 1054.5 kN

M22 = 44.3 kNm ( 
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Hence the value of the expression
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8.4.6
Design Information of all Columns groups
Detailed reinforcement diagram of columns C4, C7, C10 and C13 is presented in
Fig. 8.3(a) and (b). Detailing of remaining columns is not shown in the report because of space constraint. Table 8.4 summarises design information of all column groups.
Table 8.4 Reinforcement details of columns
	Column Group
	Floors
	
[image: image132.wmf]t

p

(%)
	# Bars 
	Bar dia. (mm)
	hoop spacing  (mm)
	 SCR* spacing (mm)

	250 × 250
	0,1,2
	4.5
	12
	18
	125
	75

	250 × 250
	3,4,5,6
	3.0
	8
	18
	125
	75

	250 × 300
	0,1,2
	4.0
	12
	18
	125
	75

	250 × 300
	3,4,5,6
	2.7
	8
	18
	125
	75

	250 × 400
	0,1,2,3
	5.25
	20
	18
	125
	75

	250 × 400
	4,5,6,7,8
	3.0
	12
	18
	125
	75

	300 × 300
	0,1,2
	3.0
	12
	18
	150
	75

	Column Group
	Floors
	
[image: image133.wmf]t

p

(%)
	# Bars 
	Bar dia. (mm)
	hoop spacing  (mm)
	 SCR* spacing (mm)

	300 × 300
	3,4,5,6
	1.5
	8
	18
	150
	75

	300 × 350
	0,1,2
	3.9
	12
	18
	150
	75

	300 × 350
	3,4,5,6
	1.9
	8
	18
	150
	75

	300 × 400
	0,1,2,3
	3.5
	16
	18
	150
	75

	300 × 400
	4,5,6,7,8
	0.8
	4
	18
	150
	75

	300 × 500
	0,1,2,3
	3.5
	20
	18
	150
	75

	300 × 500
	4,5,6,7,8
	1.0
	8
	18
	150
	75

	350 × 350
	0,1,2,3
	2.25
	12
	18
	175
	80

	350 × 350
	4,5,6,7,8
	0.8
	4
	18
	175
	80

	400 × 400
	0,1,2,3
	1.9
	12
	18
	200
	100

	400 × 400
	4,5,6,7
	0.8
	8
	18
	200
	100

	400 × 450
	0,1,2
	2.8
	20
	18
	200
	100

	400 × 450
	3,4,5,6
	0.8
	8
	18
	200
	100

	500 × 500
	0,1,2
	2.8
	16
 4
	22
 18
	250
	100

	500 × 500
	3,4,5,6
	0.8
	4

4
	22 
18
	250
	100


* Special Confining Reinforcement
NOTE-1: Grade of concrete in columns on ground floor and 1st and 2nd floor is M35, while the grade of concrete in columns on 4th and above floors is M25. Reinforcement details are as specified in the table above for the floor level mentioned along with.
NOTE-2: All stirrups are of diameter 16 mm.
8.5
SUMMARY

This chapter covers complete structural design and detailing of all the columns and slabs along with few beams. Typical design calculations are shown for each slab, beam and column. Design information in form of reinforcement requirement is provided for all slabs and columns. Detailing diagram of a frame is also appended showing reinforcement details in beam, column and at beam-column junction.
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