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Abstract— The primary challenge encountered by Structural 

Engineers is to pursue the most efficient and cost-effective 

design with precise solution outcomes to guarantee that a 

building's final design has to be useful for its functional 

purpose over its design life. Under account of earthquake 

loading, this research paper provides the thorough 

understanding about optimizing the unique moment resisting 

frame. Detailed explanation is given to various elements of 

design and its use in building significant and difficult 

structures. The results were produced on STAAD Pro. Also 

stated in detail are the multiple changes in member 

characteristics. Civil engineering is the vast branch, and this 

deals with constructing different structures, whether they are 

buildings, bridges, towers, etc. This study introduces the 

adjustments made to a specific resistant frame used in a 

construction to make it cost-effective. Some modifications 

are produced in members ' sectional sizes to withstand 

loading on a structure and these modifications are made to 

reduce dead structure loading. Earthquake load is regarded to 

control the structure's impact of the earthquake load. Due to 

dead load, live load and earthquake load, analysis is 

performed to verify different results. 
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I. INTRODUCTION 

This study is based on a multi-storey residential construction 

assessment and optimization. Using the recent and trending 

civil engineering tool, which is STADD Pro, the outcomes 

and necessary output are calculated. Building place is 

intended to fall under seismic Zone III. STAAD Pro is a 

software of structural design used for structural analysis and 

design. The buildings are readily altered and cross-sections 

can be altered at the same time, which is then amended in 

order to obtain economic design. This is due to various 

analytical mechanisms and the manner the structure is 

analyzed. This increase in need of conducting a comparative 

survey between different constructions to understand the real 

benefits and disadvantages of this software. It is essential to 

verify which digital technology is great and convenient for 

analysis and design purposes in order to obtain a secure and 

economical design. So, this provides us the real information 

needed to understand how to optimize a frame-resistant 

moment by using STAAD Pro to obtain economic deign. 

Most instances consist of momentary frame 

resistance as it is nice to withstand lateral loads. If buildings 

are multi-storeyed then it is the utmost responsibility to 

provide proper detailing for the members. Five-story building 

is considered for research process; Earthquake loading and 

supplying various IS codes with IS 1893 should be considered 

as the primary recommendation code for Earthquake Design. 

Most of the resisting special moment comprises of monolithic 

beams and columns so they can readily transfer moment to 

other members. This study focuses on Engineers ' primary 

concern while developing the primary observation such as 

quality control, serviceability, and economy. An Engineer 

can achieve these points if and only if the design has gone by 

the earthquake design code as recommended. 

II. OBJECTIVE OF THE RESEARCH 

Designing is one of engineering's key values. Once you have 

completed your engineering degree, you have technical 

expertise to design and deliver projects. But project delivery 

is not as easy as it looks, it requires knowledge of every aspect 

considered in a structure from the design of codes to the 

planning process. The primary goals of this research are as 

follows: 

 Modelling and analysis of G+5 R.C. framed structure by 

the use of STAAD Pro. 

 Designing of regular and irregular building plans as per 

Indian standard codes IS-456 & IS-1893:2002 

 Calculation of shear forces, bending moments and 

reinforcement details for the structural components of 

the building particularly consisting of beams and 

Columns, and finally verifying the results. 

 Comparison of results obtained in previously design with 

revised design result values. 

 To observe how much accurate result is given by 

software and does it come under range given in design 

codes. 

 How easily we can make changes using software instead 

of making manual changes. 

III. OVERVIEW OF THE METHODOLOGY 

As this study relates to a construction, STAAD Pro is one of 

the best software for Analysis and Design of Structures 

currently in practice. If performed manually, distinct 

methodologies are needed to design a structure or analyze. It 

is simple to evaluate a specific structure, but it requires a lot 

of numerical calculation to cope with indeterminate structure. 

So, I discovered that STAAD Pro is the one that can be of 

great help in completing my studies. 

A. STAAD Pro 

STAAD Pro is a software used in civil engineering structural 

analysis and design. Research Engineers International Yorba 

Lynda California created this technology in 1997. Then after 

Bentley Systems purchased a software company in California 

based on making this occur to work on this software from 

2005 after the profound studies on this software by a large 

group of technical teams from the civil engineering field and 

software sector. This is the recent instrument for structural 

analysis and design purposes used by civil engineers. This 

software comprises of more than 70 countries ' design codes. 

Every design company that deals with structural design works 
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on this software because it yields excellent results and 

increases productivity. Engineers ' primary goal is to finally 

achieve cost-effective, serviceable and durable design. So, 

with some software engineering experts, this tool was created 

to accomplish these structural engineers to make it simple to 

design and analyze complicated structures. 

Multi-story construction requires a big team to 

design if accomplished manually, and some design problems 

may arise, including some complexity in cross-section 

approval. Manual processes are known to require time to 

finish a design. So, to overcome this, it is an Engineer's 

utmost duty to choose such types of instruments that can 

design as recommended by IS. In the field of civil 

engineering, there are many instruments, but STAAD Pro is 

well known for its outcome and is commonly used in 

industry. The output observed on STAAD Pro provides the 

complete detail for a structural design and then sketches are 

created for the execution of those models. It is discovered that 

AutoCAD is the most important and easiest to produce 

strengthening detailing for the drawing purpose. 

IV. PARAMETERS OF THE STRUCTURE 

A G+5 Structure is analysed and designed as per IS Codes. 

Earthquake loading is being considered to know the effects of 

Earthquake loading on the structure. The building with proper 

recommendations as per IS codes mentioned below are done 

by inbuilt codes present in STAAD software. A model of G+5 

multi-storey building with framed structure is taken as a 

problem to get the complete thesis result with proper values. 

A proper model is being modelled on STAAD Pro and 

property is assigned which include material type, cross 

section of members etc. After assigning the material, supports 

are assigned, which is normally taken as fixed support as the 

structure is building. The various parameters taken are given 

below: 

Type of Building – Residential Multi-storey building. 

Type of Structure – Framed Structure. 

Beam Size – 300mm X 200mm 

Column Size – 230mm X 230mm 

Location of the Building – Lucknow 

Soil Type – Soft 

Frame Type – RCC 

Grade of Concrete Used – M30 

Grade of Steel – Fe 415 

Clear cover in case of beams – 25 mm 

Clear cover in case of columns – 40 mm 

Live load on each floor – 3 KN/M2 

Live Load on Roof – 1.5 KN/M2 

 

Fig. 1: PLAN of building with dimensions (STAAD Pro). 

Note: All dimensions are in meters. 

The fig 1 is the Plan of a building which is to be 

analysed. Building consists of 6 bays in X-direction and 9 

bays in Z-direction as per lobal axis in STAAD Pro. 

Dimension of each bay is shown in Plan. The first and 

foremost step is to select a Plan for this research which must 

fulfil all requirements. 

The column is provided at every intersection. The 

rectangles at every intersection denotes column and the lines 

joining these lines are beams in single line diagram. Model 

consists of 434 nodes which denote joints. They help in load 

distribution to adjacent members. Moment is distributed to 

members to stabilize the structure and resist applied loading. 

First step is to model a structure which shows the beams and 

columns and these are joined together to make a proper 

skeletal. 

 
Fig. 2: Skeletal of Structure. 
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The above figure is the Plan of a building which was 

analysed to check various results. Building consists of 6 bays 

in X-direction and 9 bays in Z-direction as per lobal axis in 

STAAD Pro. Dimension of each bay is shown in Plan. The 

first and foremost step is to select a Plan for your project 

which must fulfil all your requirements. 

The column is provided at every intersection. The 

rectangles at every intersection denotes column and the lines 

joining these lines are beams in single line diagram. Model 

consists of 434 nodes which denote joints. They help in load 

distribution to adjacent members. Moment is distributed to 

members to stabilize the structure and resist applied loading. 

First step is to model a structure which shows the beams and 

columns and these are joined together to make a proper 

skeletal. Solid sections give us the idea about the outline of 

the members. If there is any need to change the orientation of 

the member then it can be easily done just before viewing the 

element in 3D View. Solid sections can be changed by to 

single line by going to structural diagrams tab. 

V. ANALYSIS RESULT 

A. Introduction 

Analysis is called the impact of loading on the structure. 

Analysis is recognized as analysing the generation of Shear 

Force, Bending Moment, Torsion, Stresses etc because of 

loading on the structure. Section wise is provided the 

different analytical outcomes with appropriate diagrams: 

B. Shear Force 

The force produced by external forces between two surfaces 

is called shear force. When two surfaces are in touch, the 

shear force is discovered to be maximum. SF is discovered to 

be maximum at ends as supports are present. SF gives us the 

idea of how much reinforcement is needed to counter the 

external forces in the case of beams. Stirrups in beams occur 

as reinforcement of shear force, while primary reinforcement 

is decided on the basis of Bending Moment. Shear 

reinforcement is called rings in the case of columns. Stirrups 

can be supplied with two legged, three legged and more based 

on member and amount of primary reinforcement bars. 

 
Fig. 3: Shear Force Diagram of top frame. 

As the loading is always uniformly distributed that 

is why the above diagram shows shear force changing 

uniformly as we move beyond support and it will be zero at 

centre. Same type of diagram is found in every member but 

there be change in intensity according to loading. 

 
Fig. 4: Shear Force of a beam. 

C. Bending Moment 

The moment of bending defines how much force a specific 

segment is accountable for bending. At the charging point, 

bending will be maximum. It is evident from the diagram that 

owing to uniformly distributed loading, the bending moment 

is produced. Moment will change linearly in the case of point 

loading the Bending, whereas in the case of uniformly 

distributed loading bending moment diagram will change 

parabolically. There will be transfer of moment at joints as 

the structure is framed type. 

 
Fig. 5: Bending moment diagram of a beam. 

With the help of bending moment values, we can 

decide how many bars are needed to get embedded in the 

member so as to resist applied loading. Bending moment also 

gives us the idea about provision of spacing provided. 

Ultimate moment at any member is selected for calculation of 

area of reinforcement required. The required area of 

reinforcement is then revised to get area of reinforcement 

provided. Clear cover for beams is taken as greater or equal 

to 20mm and in case of columns clear cover is taken as greater 

or equal to 40mm.  

D. Deflection 

Deflection is the main concern for civil engineers to control. 

With economical section structural Engineers should kept in 

mind to minimize deflection as much as possible. According 

to IS-456 the deflection must not exceed to L/250. Where “L” 

denotes the span and is taken in millimetres. 

 
Fig. 6: Deflection in top beams due to load combination 

1.5(DL+LL). 
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It is obvious that deflection maximum deflection is 

found in long span beams but it can be minimised by placing 

a column in between or to change section properties. In some 

cases, sectional changes cannot decrease deflection value. So, 

it is necessary to place a vertical member to resist that amount 

of deflection.  

Deflection takes place due to loading and loading is 

of various types. So, Deflection is checked due to Load 

combination. The deflection is mainly in two directions i.e. 

vertical deflection and horizontal deflection. Vertical 

deflection is found due to gravity loads which include self-

weight of structure and live loading. Whereas horizontal 

deflection is found due to lateral loading which in other terms 

known as Earthquake loading. 

 
Fig. 7: Stress in a column at corner at Ground Floor level. 

VI. MATERIAL TAKE-OFF 

Reinforcing steel quantity represents reinforcing steel in 

beams and columns designed above. Below is the quantity 

take-off showing Volume of concrete and weight of steel. 

Steel data shows weight of bars used with bar dia. 

TOTAL VOLUME OF CONCRETE =153.9 m3 

BAR DIA          WEIGHT 

(mm)                               (N) 

8                        60567 

10                     30259 

12                                  46776 

16                       6504 

20                                  3483 

*** TOTAL=      147589 N    *** 

VII. MATERIAL TAKE-OFF IN SECOND ITERATION 

Structural design engineer's primary goal is to achieve the 

outcome that will fulfil all the requirements such as structure 

economy, durability, and serviceability. Changing the cross-

section results in a decrease in concrete volume, but in some 

cases the weight of steel increases. The section taken to 

design the columns were first taken as 230mm X 230mm but 

to make it possible that structure can withstand at lower cross 

section also, some changes were made. The size of columns 

was selected as 230mm X 200mm which made a tremendous 

decrease in volume of concrete. But after proper analysis 

process, it was found that two columns at ground floor has 

failed in design by providing revised cross section. So, I put 

the same value of cross section as taken before. 

In case of beams the section was changed from 

300mm X 200mm to “250mm X 200mm” and it was found 

that all the beams show pass for design. The volume of 

concrete gets decreased as it is obvious that volume of 

concrete will decrease with decrease in dimensions of the 

beam. 

TOTAL VOLUME OF CONCRETE = 130.5 m3 

BAR DIA          WEIGHT 

(mm)                           (N) 

8                  58214 

10                              27494 

12                                           46255 

16                  17653 

20                                8127 

*** TOTAL=      157743 N   *** 

After changing grade of steel from Fe 415 to Fe 500, 

the weight of reinforcement gets decreased from 157743 N to 

154954 N. 

VIII. CONCLUSION 

Dealing with this research was really an amazing experience 

to enhance my design knowledge. During this research I came 

to understand that degree is incomplete if one is not 

acquainted with such an exciting technology that has made 

our lives as easy as possible. The most achievable goal is to 

design a virtual model and check the structural assemblies 

and adjust them as your own will. Virtual models nowadays 

play an important role in checking the suitable locations of 

each member and their representation. Virtual models help us 

to check without the loss of resources. I found STAAD Pro 

as one of the best software to check these properties and to 

know the behaviour of structure, configuration of building 

and to check result at each load type. Modelling a G+5 framed 

structure gives the idea about creating complex models. 

Modelling a structure in STAAD Pro is one of the major steps 

which is considered as the main step before applying the 

loading. Any discrepancy in Modelling leads to failure of 

structure. While working with this software I came to know 

that user interface of software is very easy to generate any 

type of model of the structure. This project helped me to learn 

IS codes in detail. The main IS Codes considered in this 

structure are 

IS-456:2000 -------------   Concrete Design Code. 

IS-800:2007 ------------------- Steel Design Code. 

IS-875(Part 1):1987 ---------- Dead Loads. 

IS-875(Part 2):1987 ---------- Live Loads. 

IS-875(Part 3):2015 ---------- Wind Loads Design Code. 

Structures are of two types; Determinate and 

Indeterminate. Determinate structures can be solved by three 

equilibrium conditions while as it is not possible to get 

Bending and Shear force diagram of indeterminate structures 

by these equilibrium conditions. To get the results various 

methods are considered e.g. Slope Deflection Method, 

Moment Distribution Method, Unit Load Method, Conjugate 

Beam Method etc. Shear Force Diagram gives the idea to 

provide Shear Reinforcement (e.g. Stirrups, Rings) while as 

Bending Moment gives us the idea about provision of main 

reinforcement. The cross sections were provided on random 

basis but after getting the results it was found that some 

beams are getting failed and finally the section was selected 

as 200mm X 300mm for beams and 230mm X 230mm for 

Columns. “If section provided shows section is ok and can 

resist the given loading, then section is redesigned to check 
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the least value of cross section which will resist applied 

loading on a particular member”, 

If the section fails to design the beam section, 

STAAD Pro will display "Section fails while designing." If 

columns fail, the message will be presented as "Section is not 

sufficient" in STAAD output. If the structure is intended for 

a specific chapter, some modifications can be created by 

merely working on STAAD Pro's property page. This 

research gave me the concept of easy techniques for making 

structural adjustments. However, it is observed that if 

changes are made in sections in case of manual calculations 

then all values need to be calculated separately which needs 

lot of efforts. So, to get an economical section we can change 

section frequently in STAAD Pro by a single command 

without making the problem complex. So, while optimizing 

the structure I got two values at the end as given below; 

In first iteration the result was found as: 

Volume of concrete = 153.9 m3 

Weight of Steel = 147589 N 

In second iteration the result found as below: 

Volume of Concrete = 130.5 m3 

Weight of steel = 157743 N    

 
Fig. 9: Graph showing change in weight of steel and volume 

of concrete after optimization of cross sections. 

It can be clearly observed that volume of concrete 

gets decreased but weight of steel gets increased. A designer 

can change cross section of a member but cannot make any 

alteration in steel calculation, as steel calculation is given by 

software. So, by taking this example we found that software 

made over reinforced section which is the main drawback 

found in this software. To consider this problem structural 

Engineers are suggesting ETABS for building design process. 

STAAD Pro is found good for steel design. But analysis is 

given accurately by both of the software’. 
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