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UNIT I INTRODUCTION AND ALLOWABLE STRESS DESIGN 

 

5.4 Steps involved in the Deign Process  

 

The design process encompasses the architectural design, the development of the structural 

concept, the analysis of the steel structure and the verification of members. Steel solutions are lighter 

than their concrete equivalents, with the opportunity to provide more column-free flexible floor space, 

less foundations and a fast, safe construction programme. 

 

The fundamental process of structural design commences with the preparation of a structural 

concept, which is itself based on an architectural design for the structure. For simple, common forms of 

structure, it will be possible to prepare a concept design directly from the architectural design - typical 

solutions are well understood. For more complex structures, or innovative designs, best practice is to 

develop the structural concept in conjunction with the architectural scheme, so that an efficient, 

appropriate solution can be developed. Once the concept design has been established, the structural 

design can be completed, involving determination of loads, frame analysis and member verification. 

 

Steel is ideally suited for design. Material properties are known and member properties are 

accurate, meaning that analysis is precise. Design rules are clear and mature, without undue 

conservatism, having been developed over many decades. There is a wealth of support resources, 

including software, to facilitate efficient design. 

 

The choice and design of the primary structure is a fundament part of the concept design of 

buildings, and ideally should be integrated with the development of the architectural design. Meeting 

client, planning and Building Regulation requirements are paramount, but there will be a range of 

structural forms that meet these requirements, each with its own advantages. The merits of different 

structural forms should be reviewed against the requirements for the structure. Key considerations 

include: 

 

 Cost and speed of construction 

 Building height and plot ratio 

 Future flexibility and adaptability 

 Site constraints including ground conditions 

 The need for special structural arrangements in public spaces or circulation areas 

 Floor grids and dimensional coordination with the planning grid 
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 Structural construction depth (ceiling to floor level) 

 Servicing strategy and its coordination and integration with the structure (horizontally and 

vertically) 

 Floor loadings 

 Fire resistance 

 Sustainability requirements. 

The principal structural elements of a typical multi-storey building comprise floors, beams and 

columns. A wide variety of alternative forms and arrangements can be used in multi-storey steel framed 

structures to deliver the benefits of: 

 

 Economy 

 Shallow floor construction 

 Integration of services 

 Flexible, column-free floor space 

 Reduced foundations 

 Rapid on-site construction. 

 

 The general design requirements are outlined in Section 3 of IS 800:2007. (P-15)  

 The objective of design as Achievement of an acceptable probability that structures will perform 

satisfactorily for the intended purpose during the design life.  

 With an appropriate degree of safety, they should sustain all the loads and deformations, 

during construction and use and have adequate resistance to certain expected accidental loads 

and fire.  

 Structure should be stable and have alternate load paths to prevent unbalanced overall collapse 

under accidental loading.  

 Methods of Design  

 Clause 3.1.2 from IS800-2007 Structure and its elements shall normally, be designed by the 

limit state method. Account should be taken of accepted theories, experimental information 

and experience and the need to design for durability.  

 This clause admits that calculations alone may not produce Safe, serviceable and durable 

structures.  

 Suitable materials, quality control, adequate detailing and good supervision are equally 

important.  

 As per Cl. 3.1.2.2 of IS 800:2007, where the limit states method cannot be conveniently 

adopted; the working stress design (Section 11 of IS 800:2007) may be used.  
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 Clause 3.1.3 of IS 800:2007 specifies structural design, including design for durability, 

construction and use should be considered as a whole.  

 The realization of design objectives requires compliance with clearly defined standards for 

materials, fabrication, erection and in-service maintenance.  

 Clause 3.1.3 of IS 800:2007 specifies structural design, including design for durability, 

construction and use should be considered as a whole.  

 The realization of design objectives requires compliance with clearly defined standards for 

materials, fabrication, erection and in-service maintenance.  

 

The following methods may be employed for the design of the steel frame work:  

1. Simple design  

2. Semi-rigid design  

3. Fully rigid design and  

4. Plastic design  

 

1. Simple Design  

This method is based on elastic theory and applies to structure in which the end connections 

between members are such that they will not develop restraint moments adversely affecting the 

members and the structures as a whole and in consequence the structure may be assumed to be pin 

jointed.  

2. Semi-rigid design  

 

This method permits a reduction in the maximum bending moment in beams suitably connected 

to their supports, so as to provide a degree of direction fixity. In the case of triangulated frames, it 

permits rotation account being taken of the rigidity of the connections and the moment of interaction of 

members. In cases where this method of design is employed, it is ensured that the assumed partial fixity 

is available and calculations based on general or particular experimental evidence shall be made to show 

that the stresses in any part of the structure are not in excess of those laid down in IS : 800-1984.  

3. Fully rigid design  

This method assumes that the end connections are fully rigid and are capable of transmitting 

moments and shears. It is also assumed that the angle between the members at the joint does not 

change, when it is subjected to loading. This method gives economy in the weight of steel used when 

applied in appropriate cases. The end connections of members of the frame shall have sufficient 

rigidity to hold virtually unchanged original angles between such members and the members they 
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connect. The design should be based on accurate methods of elastic analysis and calculated stresses 

shall not exceed permissible stress.  

4. Plastic design  

The method of plastic analysis and design is recently (1935) developed and all the problems 

related to this are not yet decided. In this method, the structural usefulness of the material is limited up 

to ultimate load. This method has its main application in the analysis and design of statically 

indeterminate framed structures. This method provides striking economy as regards the weight of the 

steel. This method provides the margin of safety in terms of load factor which one is not less than 

provided in elastic design. A load factor of 1.85 is adopted for dead load plus live load and 1.40 is 

adopted for dead load, live load and wind or earthquake forces. The deflection under working load 

should not exceed the limits prescribed in IS : 800-1984. 

 

LIMIT STATE DESIGN  

The current revision of the code of practice, IS 800:2000, recommends limit state method for design 

of structures using hot rolled sections. This method is outlined in section 5(page 26) of IS 800:2007.  

 In the limit state design method, the structure shall be designed to withstand safely all loads 

likely to act on it throughout its life.  

 It shall not suffer total collapse under accidental loads such as from explosions or impact or 

due to consequences of human error to an extent beyond the local damages.  

 The objective of the design is to achieve a structure that will remain fit for use during its life 

with acceptable target reliability. In other words, the probability of a limit state being reached 

during its life time should be very low.  

 The acceptable limit for the safety and serviceability requirements before failure occurs is 

called a limit state.  

 In general, the structure shall be designed on the basis of the most critical limit state and shall 

be checked for other limit states. 

Steel structures are to be designed and constructed to satisfy the design requirements with regard to 

stability, strength, serviceability, brittle fracture, fatigue, fire, and durability such that they meet the 

following:  

1. Remain fit with adequate reliability and be able to sustain all actions (loads) and other influences 

experienced during construction and use.  

2. Have adequate durability under normal maintenance  
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3. Do not suffer overall damage or collapse disproportionately under accidental events like explosions, 

vehicle impact or due to consequences of human error to an extent beyond local damage.  

 

LIMIT STATE DESIGN PHILOSOPHY  

For achieving the design objectives, the design shall be based on characteristic values for 

material strengths and applied loads (actions), which take into account the probability of variations in 

the material strengths and in the loads to be supported. The characteristic values shall be based on 

statistical data, if available. Where such data is not available, these shall be based on experience. The 

design values are derived from the characteristic values through the use of partial safety factors, both 

for material strengths and for loads. In the absence of special considerations, these factors shall have 

the values given in this section according to the material, the type of load and the limit state being 

considered 

The reliability of design is ensured by satisfying the requirement  

Design action ≤ Design strength  

The limit states are classified as  

a) Limit state of strength  

b) Limit state of serviceability.  

The limit states of strength:  

The limit states of strength are those associated with failures (or imminent failure), under the action of 

probable and most unfavorable combination of loads on the structure using the appropriate partial 

safety factors.  

The limit state of strength includes:  

a. Loss of equilibrium of the structure as a whole or any of its parts or components.  

b. Loss of stability of the structure (including the effect of sway where appropriate and overturning) or 

any of its parts including supports and foundations.  

c. Failure by excessive deformation, rupture of the structure or any of its parts or components  

d. Fracture due to fatigue  

e. Brittle fracture.  

The limit state of serviceability:  

The limit state of serviceability include  

a) Deformation and deflections, which may adversely affect the appearance or effective use of the 

structure or may cause improper functioning of equipment or services or may cause damages to 

finishes and non-structural members.  

b) Vibrations in the structure or any of its components causing discomfort to people, damages to the 

structure, its contents or which may limit its  
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functional effectiveness. Special consideration shall be given to systems susceptible to vibration, such 

as large open floor areas free of partitions to ensure that such vibrations are acceptable for the 

intended use and occupancy  

c) Repairable damage or crack due to fatigue.  

d) Corrosion, durability  

e) e) Fire.  

 

 


