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7.  DESIGN PROCEDURE
7.1
GENERAL

The design of a structural element involves selection of material, shape, size and details of the section such as to adequately resist the worst case factored combination of the load effects with appropriate factor of safety against failure in form of loss of strength or stiffness at both service and ultimate states. Design is an iterative procedure involving selecting the section, analyzing and checking for the adequacy. For ordinary RC buildings, design reduces to finding suitable reinforcement for given section to resist resultant load effects safely. If the section fails to do so, then section is to be modified, reanalysed and rechecked - till is does so. It sometimes may seem obvious to use ‘big enough’ section size and high steel to avoid problem of reanalysing, but that will lead to violation of economy of design. Hence, optimal design is mainly arriving at sizes to resist load safely at minimum possible cost.
This chapter briefly describes the method and philosophy of design used for this building along with appropriate codal recommendations and guidelines. 

7.2
DESIGN PRINCIPLES

Aim of the structural design is to design a structure so that it fulfills it intended purpose during its intended life time with adequate safety (in terms of strength and stability) adequate serviceability (in terms of stiffness, durability etc.) and economy. 

7.2.1
Limit States Method
Designs in this chapter are based on Limit States Method of design, which aims at achieving safety at ultimate loads and serviceability at working loads. For this reason, it uses partial safety factor formats which are obtained on probabilistic basis, involving separate consideration of different kinds of failure, types of material and types of loads. This can be mathematically expressed as,
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Here, Rd is the design resistance computed using reduced material strengths 
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for steel, involving two separate partial safety factors for materials, 
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 respectively. Sd is design load effect computed for enhanced loads 
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 EQ etc. involving partial load factors 
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7.2.1.1
Partial Safety factors
Partial safety factors of concrete and steel are tabulated below:
Table 7.1 Partial Safety factors for Concrete and Steel

	Partial safety factors
	Concrete
	Steel

	Ultimate Limit State
	1.50
	1.15

	Serviceability Limit State
	1.00
	1.00


7.2.1.2
Partial Load Factors 

Partial load factors for various design combinations specified by the code are as follows. Code specifies that these weighted combinations of loads be used for estimating ultimate and serviceability load effects:
Ultimate Limit State:

A. 1.5 (DL + IL)

B. 1.5 (DL ± EQ)

C. 1.2 (DL + IL ± EQ)

D. 0.9 DL ± 1.5 EQ

Where,

DL =
Dead Load



IL = 
Imposed Load



EQ =
Earthquake Load

In case of Wind loading, it will replace EQ in above equations. If both of them are considered then, either of earthquake or wind load is taken one at a time, since it is highly improbable that both will act simultaneously.
Serviceability Limit State:

A. 1.0 (DL + IL)

B. 1.0 (DL + EQ)

C. 1.0 DL + 0.8 (IL + EQ)

Where, acronyms are as defined above.

7.2.1.3
Design for Flexure : Beams
The Limit States Design for flexural is based on following assumptions, as specified in         IS 456:2000.

· Plane sections normal to axis remain plane after bending.

· Maximum compressive stress in bending in concrete is limited to 0.0035.
· Design strength of the concrete is 0.67 times characteristic strength divided by partial safety factor of 1.5.

· Tensile strength of the concrete is ignored.

· Design strength of steel is characteristic yield strength divided by partial safety factor of 1.15.

Moment resistance capacity of the member is function of its shape, size, grade of the concrete & steel and amount & the location of the reinforcement. For singly reinforced rectangular sections, this is given by following expression:
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, where

MuR
 = Ultimate moment of resistance section
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= Characteristic strength of concrete

b 
= width of the section

d 
= effective depth of the section - from extreme compression fiber to center of reinforcement
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= depth of neutral axis, obtained from force equilibrium equation
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Since 
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is not known in advance, it may require iterative procedure by selecting 
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and then verifying 
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obtained with the corresponding strain in steel, which is function of 
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as given,
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To avoid sudden collapse by crushing of concrete before yielding of steel, maximum value of 
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 is limited to kd, where k = 0.53 for Fe250, 0.48 for Fe415 and 0.46 for Fe500 steel.
For doubly reinforced rectangular sections, ultimate moment resistance is given by
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Where all notations have their usual meaning.

d’ = distance of center of compression steel from extreme compression fiber.
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 can be calculate from force equilibrium as
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Here also, iterative procedure may be necessary some times.
However, Indian Standard publishes special design aids (SP:16) in forms of tabulate values of 
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) for various steel and concrete grades, which makes task of design much easier.
7.2.1.4
Design for Compression : Columns
Design of compression member is subjected to following assumptions,

· All assumptions for design of flexural members stated above in section 7.2.1.3
· Maximum compressive strain in axial compression is limited to 0.002.

Code specifies that those compression members, for whom ratio of effective length to least lateral dimension is less than 12, are to be designed as short compression members. Axial load capacity of short columns which are subjected to eccentricity less than 0.05 times their least lateral dimension is given by,
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Here, Asc is compression reinforcement.

Design of axially loaded members subjected to uniaxial or biaxial moments is cumbersome and time consuming. Hence non-dimensional interaction curves in form of chart between 
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 are provided in SP:16 which gives percentage of steel for given section shape, size, axial load and uniaxial moment, grade of steel and concrete. Any point inside interaction curve is safe and acceptable while outside is not safe. 
An approximate method of estimating adequacy of the section under biaxial moments along with axial load is prescribed by the code IS 456:2000 to avoid tedious procedure of exact analysis. Under this method following equation should be satisfied:
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Where,

Mux and Muy = design moments about x and y axes
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 = maximum uniaxial moment capacity for an axial load of Pu bending about x and y axes respectively



α 
= 1.0 for 
[image: image34.wmf]uz

u

P

P
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7.2.1.5
Design for Shear : Beams
Usually shear is not the governing criteria in the structural design of frames of usual dimensions. Since function of shear reinforcement is also to hold longitudinal bars together and reduce shrinkage and creep effects apart from resisting shear, spacing of shear stirrups is usually design consideration. Moreover, spacing of shear reinforcement is also governed by providing adequate ductility to frame elements in seismic design.
Shear reinforcement in beams is provided to resist design shear stress minus shear resisted by concrete by friction, compression and dowel effects. Shear to be carried by steel hoops is given by,
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 is shear stress carried by concrete and is a function of grade of concrete and amount of tension reinforcement. Spacing and diameter of stirrups can be fixed according to following relation:
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, where

Sv is stirrup spacing and Ast is area of stirrups effective in resisting shear. In many cases, however, there are limitations on spacing of hoops so as to maintain sufficient ductility in member under reversible lateral forces.
7.2.1.6
Design for Flexure: Slabs
Design of one-way slabs - for which ratio of longer to shorter dimension is more than two or which are supported on two parallel sides - is similar to design of rectangular beam of width 1 meter and total depth equal to slab thickness.
Design of two-way slabs - for which ratio of longer to shorter dimension is less than equal to two and which are supported on all four sides - can be done by obtaining moments from tabulated value of moment coefficient in IS 456:2000. Moment per unit length is given by the following expressions,
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, where
Mx and My = moments per unit width spanning lx (shorter span) and ly (longer span) respectively
αx and αy = coefficient given by codes - function of 
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 and boundary conditions of the slab.

Since shear is never a governing criteria in slabs under normal conditions, slabs are neither designed nor checked for shears.
7.3
CODAL PROVISIONS FOR DESIGN AND DETAILING
Provisions and specification provided by Indian Standard codes for design and detailing of Reinforced Concrete structures are reproduced here, which are used while detailing the structural members. Recommendations from following two codes are taken:
1. IS 456:2000 Indian Standard Plane and Reinforced Concrete - Code of Practice (Fourth Revision)

2. IS 13920:1993 Indian Standard Ductile Detailing of Reinforced Concrete Structures Subjected to Seismic Forces - Code of Practice
As per IS 13920:1993, buildings satisfying one of the following four criteria are subjected to the provisions of this code:
1. The structure is located in zone IV or V;

2. The structure is located in seismic zone III and has the Importance factor (I) greater than 1.0;

3. The structure is located in seismic zone III and is an industrial structure; and

4. The structure is located in seismic zone III and is more than 5 storeys high.

Since the building under consideration satisfies criteria 1, it is detailed by the provisions of this code. Moreover, Response Reduction factor (R) is kept equal to 5.0 in analysis stage. This is justified only if the building is detailed ductile. 
7.3.1
Beam 
7.3.1.1
Design:
· Width, b ≥ 200mm
· Width, b to effective depth, d ratio ≥ 0.3

· Total depth ≤ 
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% ≤ Steel percentage ≤ 2.5%
· Positive steel at joint face ≥ ½ of the negative steel at that face

· Steel at each of top and bottom face of member at any section ≥ 1/4th of maximum negative steel at face of either joint

· Stirrup steel diameter ≥ 8mm
· Shear force to be resisted is maximum of :

a) Calculated factored shear force from analysis

b) Shear force due to formation of plastic hinges at both ends of beam plus the factored gravity load on the span given by following expression:
For sway to the right,
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For sway to the left,
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Here,
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 are sagging and hogging moments of resistance of the beam section at the ends A and B, respectively.

LAB is clear span of the beam.


[image: image59.wmf]L

D

a

V

+

 and 
[image: image60.wmf]L

D

b

V

+

 are the shears at the end A and B, respectively, due to vertical loads (DL +LL) with a partial safety factor of 1.2 on loads.
7.3.1.2
Detailing:
· At least two bars throughout the member length.

· Shear stirrups spacing ≤ minimum of (0.75d, 300,
[image: image61.wmf]b

f

A

y

sv

4

.

0

, d/2)

· First hoop at a distance of 50mm from the face of the support
· Anchorage length equal to Ldt+10 φ-90o bend value = Ldt + 2 φ be provided at any external beam column joint. 
· Stirrups spacing at end of the beam for length of 2d = minimum of (d/4, 8 φ), but ≥ 100mm
7.3.2
Column 
7.3.2.1
Design:
· Least lateral dimension ≥ 200mm

· Width to Depth ratio 
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· 0.8% ≤ Steel percent ≤ 6.0%
· Number of bars in rectangular section ≥ 4
· Longitudinal bar diameter (φ) ≥ 12mm

· Design eccentricity =
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, but ≥ 20mm

· Clear cover ≥ 40mm
7.3.2.2
Detailing:
· Longitudinal bar spacing 
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 300mm

· Lateral ties diameter ≥ maximum of (φ / 4, 16mm)
· Spacing between two parallel legs of stirrups ≤ 300mm
· Pitch of lateral ties ≤ minimum of (least lateral dimension, 16× φ, 300mm, ½ of least lateral dimension)

Special Confining Reinforcement to be provided for ductile detailing at beam column junctions for a length lo and inside the footing for length 300mm such that

· Area of steel provided by tie ≥ 
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, 
where

S = spacing of special confining reinforcement

h = longer dimension of rectangular confining loop measured to its outer face, but ≤ 300mm

Ag = gross area of the cross-section

Ak = area of the confined concrete core in the rectangular loop measured to its outer dimensions.

Here, lo ≥ maximum of (largest lateral dimension, 1/6th of clear span, 450mm)
· Spacing of special confining reinforcement = 1/4th of least lateral dimension, but neither ≤ 75mm nor ≥ 100mm 
7.3.3
Slab 
Since slabs are not significantly affected by lateral loads, provisions of IS 13920:1993 do not apply in this case. Following are relevant provisions of IS 456:2000.

· Reinforcement percentage ≥ 0.12%

· Main steel spacing  ≤ minimum of (3d, 300mm)

· Distributor steel spacing ≤ minimum of (4d, 450mm)

· Middle 3/4th of span is reinforced by main steel while distributor bars are provided for remaining length.

· In case of slabs, not continued to other slabs at one or more side, torsion steel equal to 3/4th of mid-span positive steel is provided in form of mesh at top and bottom.

7.4 
SUMMARY
This chapter briefly explains general design philosophy with special emphasis on Limit States Method of design. Concept of probabilistic design is propounded with introduction of partial safety factors and partial load factors. Formulas and assumptions used in Limit States design of rectangular section are enlisted for behaviour under flexure, compression and shear. Since torsional stiffness of cracked concrete section is practically negligible, and all torsion encountered in normal frame building is compatibility torsion, beam elements are not designed for torsion. Chapter is concluded by listing the design and detailing related provisions of the IS 456:2000 and IS 13920:1993 which are applicable for design under consideration.
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