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ABSTRACT 

The principle objective of this project is to analyse and design a multi-storeyed building [G+20 (3 

dimensional frame)] using STAAD Pro.  The design involves   load calculations manually and analysing the whole 

structure by STAAD Pro. The design methods used in STAAD-Pro analysis are Limit State Design conforming to 

Indian Standard Code of Practice. STAAD.Pro features a state-of-the-art user interface, visualization tools, powerful 

analysis and design engines with advanced finite element and dynamic analysis capabilities. From model generation, 

analysis and design to visualization and result verification, STAAD.Pro is the professional’s choice. Initially we 

started with the analysis of simple 2 dimensional frames and manually checked the accuracy of the software with 

our results. The results proved to be very accurate. We analysed and designed a G+20 storey building [2-D Frame] 

initially for all possible load combinations [dead, live, wind and seismic loads]. 

STAAD.Pro has a very interactive user interface which allows the users to draw the frame and input the load values 

and dimensions. Then according to the specified criteria assigned it analyses the structure and designs the members 

with reinforcement details for RCC frames. We continued with our work with some more multi-storeyed 2-D and 3-

D frames under various load combinations. Our final work was the proper analysis and design of a G + 20 3-D RCC 

frame under various load combinations. 

We considered a 3-D RCC frame with the dimensions of 4 bays @5m in x-axis and 3 bays @5m in z-axis. 

The y-axis consisted of G + 20 floors. The total numbers of beams in each floor were 28 and the numbers of 

columns were 16. The ground floor height was 4m and rest of the 21 floors had a height of 3.0m.The structure was 

subjected to self-weight, dead load, live load, wind load and seismic loads under the load case details of 

STAAD.Pro. The wind load values were generated by STAAD.Pro considering the given wind intensities at 

different heights and strictly abiding by the specifications of IS 875. Seismic load calculations were done following 

IS 1893-2000.  The materials were specified and cross-sections of the beam and column members were assigned. 

The supports at the base of the structure were also specified as fixed. The codes of practice to be followed were also 

specified for design purpose with other important details. Then STAAD.Pro was used to analyses the structure and 

design the members. In the post- processing mode, after completion of the design, we can  work  on  the  structure  

and study  the  bending  moment  and  shear  force  values  with  the generated diagrams. We may also check the 

deflection of various members under the given loading combinations. The design of the building is dependent upon 

the minimum requirements as prescribed in the Indian Standard Codes. The minimum requirements pertaining to the 

structural safety of buildings are being covered by way of laying down minimum design loads which have to be 

assumed for dead loads, imposed loads, and other external loads, the structure would be required to bear. Strict 

conformity to loading standards recommended in this code, it is hoped, will ensure the structural safety of the 

buildings which are being designed. Structure and structural elements were normally designed by Limit State 

Method. 

Complicated and high-rise structures need very time taking and cumbersome calculations using 

conventional manual methods. STAAD.Pro provides us a fast, efficient, easy to use and accurate platform for 

analysing and designing structures. 

Key words: Wind load, Seismic load, Limit state method, Staad pro Vi8 

1. INTRODUCTION Our project involves analysis and design of 

multi-storeyed Residential Building [G+7] using a 
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very popular designing software STAAD Pro. We 

have chosen STAAD Pro because of its following 

advantages: 

• Easy to use interface 

• Conformation with the Indian Standard Codes, 

• Versatile nature of solving any type of problem 

• Accuracy of the solution 

STAAD.Pro features a state-of-the-art user 

interface, visualization tools, powerful analysis and 

design engines with advanced finite element and 

dynamic analysis capabilities. From model 

generation, analysis and design to visualization and 

result verification, STAAD.Pro is the professional’s 

choice for steel, concrete, timber, aluminium and 

cold-formed steel design of low and high-rise 

buildings, culverts, petrochemical plants, tunnels, 

bridges, piles and much more. 

1.1 STAAD.PRO CONSISTS OF THE 

FOLLOWING: 

The STAAD.Pro Graphical User Interface: It is 

used to generate the model, which can then be 

analyzed using the STAAD engine. After analysis 

and design is completed, the GUI can also be used to 

view the results graphically. 

The STAAD analysis and design engine: It is a 

general-purpose calculation engine for structural 

analysis and integrated Steel, Concrete, Timber and 

Aluminium design. 

To start with we have solved some sample 

problems using STAAD Pro and checked the 

accuracy of the results with manual calculations. The 

results were to satisfaction and were accurate. In the 

initial phase of our project we have done calculations 

regarding loadings on buildings and also considered 

seismic and wind loads. 

The design of the building is dependent upon the 

minimum requirements as prescribed in the Indian 

Standard Codes. The minimum requirements 

pertaining to the structural safety of buildings are 

being covered by way of laying down minimum 

design loads which have to be assumed for dead 

loads, imposed loads, and other external loads, the 

structure would be required to bear. Strict conformity 

to loading standards recommended in this code, it is 

hoped, will not only ensure the structural safety of 

the buildings which are being designed. 

2. REVIEW OF LITERATURE 

Chen and Constantinou (1998) studied that 

the practical system deliberately introduces flexibility 

to the sloping ground storey of structures was 

described. The system utilizes Teflon sliders to carry 

a portion  of the superstructure. Energy

 dissipation is provided by the 

ground story ductile column s and by the Teflon 

sliders. Utilizing this concept the seismic response 

characteristics of a multistory frame are analyzed an 

discussed. The results show that it is possible to 

provide safely to the superstructure while 

maintaining the stability of the ground 

storey.  

 Chandrasekaran and Rao (2002) investigated 

analysis and the design of multi‐ storied RCC 

buildings for seismicity. Reinforced concrete 

multi‐storied buildings re very complex to model as 

structural systems for analysis. Usually, they are 

modelled as two‐dimensional or three‐ dimensional 

frame, systems are in to plane and slope with 

different angles 5, 10, and 15. Analyse multi-storeyed 

buildings in the country for seismic forces and 

comparing the axial force, shear force, moment, 

nodal displacement, stress in beam and support 

reaction compared to current version of the IS: 1893 

– 2002 to the last version IS: 1893‐ 1984. 

Birajdar B.G. (2004) presented the results 

from seismic analyses performed on 24 RC buildings 

with three different co figurations like, Step back 

building; Step back Set back building and Set back 

building are presented. 3 –D analysis including 

tensional effect has been carried out by using 

response spectrum method. The dynamic response 

properties i.e. fundamental time period, top storey 

displacement and, the base shear action induced in 

columns have been studied with reference to the 

suitability of a building configuration on sloping 

ground. It is observed that Step back Set back 

buildings are found to be more suitable on sloping 

ground. 

Kadid A. and Boumrkik A. (2005) studied 

experimental pushover analysis was carried out with 

a study the performance e of framed buildings under 

future expected earthquakes. Sloping ground are 

consider the three framed buildings with 5, 8 and 12 

stories respectively were analysed. The results 

obtained in these three buildings and compare the 

axial force, bending moment, nodal displacement, 
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base shear and s haws that properly designed frames 

will perform well under seismic codes. Some of the 

conclusions made by the authors are the pushover 

analysis is a relatively simple way to explore the 

linear and nonlinear behaviour of Buildings. 

Abu L. (201 0) studied the Analysis of 

earthquake resistant building using Site Response 

spectra method. According to the Indian standard for 

Earthquake resistant design (IS: 1893), the seismic 

force depends on the zone factor (Z) and the average 

response acceleration coefficient (Sa/g) of the soil 

types at twenty meter depth with suitable 

modification depending upon the depth of foundation 

in plane and sloping ground. In the their studied an 

attempt has been made to generate response spectra 

using site specific soil parameters for some sites in 

seismic zone III and IV, study the variation of top 

storey displacement with respect to different sloping 

angle i. e. Arunachal Pradesh and Meghalaya are the 

generated response spectra is used to analyze some 

structures using commercial software staad pro. 

Saptadip S. (2010) studied the Design of 

Earthquake resistant multi stories RCC building on a 

sloping ground which involves the analysis of simple 

2‐D frames of varying floor heights and varying no of 

bays using a very popular software tool Staad PRo. 

Using the analysis results various graphs were drawn 

between the maximum axial force, maximum shear 

force maximum bending moment, maximum t ensile 

force and maximum compressive stress being 

developed for the frames on plane ground and 

sloping ground. 

Balaji K.V.G.D (2011) studied the 

non‐linear analysis of various symmetric and 

asymmetric structures constructed on plain as well as 

sloping grounds subjected to various kinds of loads. 

Different structures constructed on plane ground and 

inclined ground of 30o slope is considered in the 

study. Various structures are considered in plan 

symmetry and also asymmetry with difference in bay 

sizes in mutual directions. The analysis has been 

carried out using SAP‐2000 and  staad pro software. 

Mohammed U. and Farooque P. (2012) 

studied the buildings on hill differ from other 

buildings. The various floors of such building steps 

back towards the hill slope and at the same time 

buildings may have setbacks also. Buildings situated 

in hilly areas are much more vulnerable to seismic 

environment. In this study the effect of varying 

height of columns in ground storey due to sloping 

ground and the effect of shear wall at different 

positions during earthquake. Seismic analysis has 

been done using Linear Static, Linear Dynamic 

method and evaluated using pushover analysis Eight 

Storied building. 

Keyvan Ramin (2013) studied the 

experimental modeling and numerical modeling for a 

four‐story reinforced concrete building that the 

analysis of simple 3‐D frames of varying floor 

heights and varying number of bays with different 

slope angles using a very popular software tool Staad 

PRo. on both a sloping and a flat lot. Also Staad PRo 

software had been used to show that the displacement 

of floors is greater for a flat lot building than a 

sloping lot building. 

Pradeep Kumar Ramancharla (2013) studied 

the behaviour of a building on varying slope angles 

i.e., 15°, 30° and 45° is studied using shear wall in 

different location and compared with the same on the 

flat ground. Building is designed as per IS 456 and 

later subjected to earthquake loads. 

3. LOADS CONSIDERED: 

3.1 DEAD LOADS: 

All permanent constructions of the structure form the 

dead loads. The dead load comprises of the weights 

of walls, partitions floor finishes, false ceilings, false 

floors and the other permanent constructions in the 

buildings. The dead load loads may be calculated 

from the dimensions of various members and their 

unit weights. the unit weights of plain concrete and 

reinforced concrete made with sand and gravel or 

crushed natural stone aggregate may be taken as 24 

kN/m3 and 25 kN/m3 respectively. 

3.2 IMPOSED LOADS: 

Imposed load is produced by the intended use or 

occupancy of a building including the weight of 

movable partitions, distributed and concentrated 

loads, load due to impact and vibration and dust 

loads. Imposed loads do not include loads due to 

wind, seismic activity, snow, and loads imposed due 

to temperature changes to which the structure will be 

subjected to, creep and shrinkage of the structure, the 

differential settlements to which the structure may 

undergo. 

3.3 SEISMIC LOAD: 
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Design Lateral Force 

The design lateral force shall first be computed for 

the building as a whole. This design lateral force 

shall then be distributed to the various floor levels. 

The overall design seismic force thus obtained at 

each floor level shall then be distributed to individual 

lateral load resisting elements depending on the floor 

diaphragm action. 

Design Seismic Base Shear 

The total design lateral force or design seismic base 

shear (Vb) along any principal direction shall be 

determined by the following expression: 

Vb = Ah W 

Where, 

Ah = horizontal acceleration spectrum 

W = seismic weight of all the floors 

Fundamental Natural Period 

The approximate fundamental natural period of 

vibration (T,), in seconds, of a moment-resisting 

frame building without brick in the panels may be 

estimated by the empirical expression: 

Ta=0.075 h0.75 for RC frame building Ta=0.085 h0.75 

for steel frame building Where, 

h = Height of building, in m. This excludes the 

basement storeys, where basement walls are 

connected with the ground floor deck or fitted 

between the building columns. But it includes the 

basement storeys, when they are not so connected. 

The approximate fundamental natural period of 

vibration (T,), in seconds, of all other buildings, 

including moment-resisting frame buildings with 

brick lintel panels, may be estimated by the empirical 

Expression: 

T=.09H/√D 

Where, 

h= Height of building 

d= Base dimension of the building at the plinth level, 

in m, along the considered direction of the lateral 

force. 

Distribution of Design Force 

Vertical Distribution of Base Shear to Different Floor 

Level 

The design base shear (V) shall be distributed along 

the height of the building as per the following 

expression: 

 

 

 

Qi=Design lateral force at floor i,  

Wi=Seismic weight of floor i, 

hi=Height of floor i measured from base, and 

n=Number of stores in the building is the number of 

levels at which the masses are located. Distribution of 

Horizontal Design Lateral Force to Different Lateral 

Force Resisting Elements in case of buildings whose 

floors are capable of providing rigid horizontal 

diaphragm action, the total shear in any horizontal 

plane shall be distributed to the various vertical 

elements of lateral force resisting system, assuming 

the floors to be infinitely rigid in the horizontal plane. 

In case of building whose floor diaphragms cannot be 

treated as infinitely rigid in their own plane, the 

lateral shear at each floor shall be distributed to the 

vertical elements resisting the lateral forces, 

considering the in-plane flexibility of the diagram. 

Table 3.1: Design Data Used in Modeling and 

Analysis of Structures 

Materials M30, Fe415 

Beam 300x500 

columns 500x500 

supports Fixed 

Stories G+20 

Foundation depth 1.5m 

Floor to floor height 3.0m 

Table: 3.2 Seismic Design Parameters Used In 

Analysis and Modeling 

Parameters Values 

Type of building Residential 

Live load 2kN/m
2

 

Member load 12 kN/m 

Slab thickness 200 mm 
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Response reduction(R) 5 

Importance factor 1 

Soil type III 

 

4. ANALYSIS OF RESIDENTIAL BUILDING 

(G+20) USING STAAD PRO 

All columns = 0.50 * 0.50 m 

All beams = 0.5 * 0.3 m 

All slabs = 0.20 m thick 

Terracing = 0.2 m thick avg. 

Parapet = 0.10 m thick RCC 

Length = 3 bays @ 5.0m = 20.0 m Width = 3 bays @ 

5.0 m = 15.0m 

Height = 4.1 m + 10 storeys @ 3m = 64.1m 

(1.0m parapet being non- structural for seismic 

purposes, is not considered of building frame height) 

Live load on the floors is 2 kN/m2 

Live load on the roof is 0.75 kN/m2 

Grade of concrete and steel used 

Used M30 concrete and Fe 415 steel 

 

Fig 4.1: plan of the G+20 multi storey residential 

building 

 

Fig 4.2: elevation of the G+20 storey building 

4.1 GENERATION OF MEMBER PROPERTY 

 

Fig 4.3: Generation of member property 

Generation of member property can be done 

in STAAD.Pro by using the window as shown above. 

The member section is selected and the dimensions 

have been specified. The beams are having a 

dimension of 0.5 * 0.3 m and the columns are having 

a dimension of 0.5 * 0.5 m at the ground floor and at 

the other top floors they are having a dimension of 

0.5 * 0.5 m. 

4.2 SUPPORTS 

The base supports of the structure were assigned as 

fixed. The supports were generated using the 

STAAD.Pro support generator  
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Fig 4.4: fixing supports of the structure 

4.3 MATERIALS FOR THE STRUCTURE 

The materials for the structure were specified as 

concrete with their various constants as per standard 

IS code of practice. 

4.4 LOADING 

The loadings were calculated partially manually and 

rest was generated using STAAD.Pro load generator. 

The loading cases were categorized as: 

• Self – Weight 

• Dead Load from Slab 

• Live Load 

• Wind Load 

• Seismic Load 

• Combinations 

 

Fig 4.5: primary load cases 

Self-weight 

The self-weight of the structure can be 

generated by STAAD.Pro itself with the self-weight 

command in the load case column. 

Dead load from slab: 

Dead load from slab can also be generated 

by STAAD.Pro by specifying the floor thickness and 

the load on the floor per sq m. Calculation of the load 

per sq m was done considering the weight of beam, 

weight of column, weight of RCC slab, weight of 

terracing, external walls, internal walls and parapet 

over roof. 

 

 

Fig 4.6: input window of floor load generator 

 

Fig 4.7: load distribution by trapezoidal method 
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Fig 4.8: Structure under DL from slab  

Live load: 

The live load considered in each floor was 2 KN/sq 

m and for the terrace level it was considered to be 1.5 

KN/sq m. The live loads were generated in a similar 

manner as done in the earlier case for dead load in 

each floor. This may be done from the member load 

button from the load case column. 

  

Fig 4.9: the structure under live load  

 

Wind load: 

The wind load values were generated by the software 

itself in accordance with IS 875. Under the define 

load command section, in the wind load category, the 

definition of wind load was supplied. The wind 

intensities at various heights were calculated 

manually and feed to the software. Based on those 

values it generates the wind load at different floors. 

 

 

Fig 4.10: wind load effect on structure elevation and 

plan 

 

Seismic load: 

The seismic load values were calculated as per IS 

1893-2002. STAAD.Pro has a seismic load generator 

in accordance with the IS code mentioned. 

Description: 

The seismic load generator can be used to generate 

lateral loads in the X and Z directions only. Y is the 

direction of gravity loads. This facility has not been 

developed for cases where the Z axis is set to be the 

vertical direction using the “SET Z UP” command. 

Methodology: 

The design base shear is computed by STAAD in 

accordance with the IS: 1893(Part 1)-2002. 

V = Ah*W 

Where, Ah = (Z*I*Sa)/ (2*R*g) 
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Fig 4.11: Seismic Load definition 

  

Fig 4.12: structure under seismic 

 

 

Fig 4.13: GUI showing the analysing window 

5. ANALYSIS AND DESIGN RESULTS 

The structure was designed for concrete in 

accordance with IS code. The parameters such as 

clear cover; Fy, Fc, etc were specified. The window 

shown below is the input window for the design 

purpose. Then it has to be specified which members 

are to be designed as beams and which member are to 

be designed as columns. 

Some of the sample analysis and design results have 

been shown below for beam number 1 which is at the 

roof level of 1st floor. 

 B E A M  N O.   149   D E S I G N  R E S U L T S 

M30        Fe415 (Main)          Fe415 (Sec.) 

LENGTH:  7500.0 mm      SIZE:   300.0 mm X  

600.0 mm   COVER: 25.0 mm 

SUMMARY OF REINF. AREA (Sq.mm) 

 SECTION      0.0 mm     1875.0 mm     3750.0 mm     

5625.0 mm     7500.0 mm 

TOP        1350.38        350.24        350.24        350.24       

1468.12 

REINF.      (Sq. mm)      (Sq. mm)      (Sq. mm)      

(Sq. mm)      (Sq. mm) 

BOTTOM       350.24        402.32        417.24        

350.24        350.24 

REINF.      (Sq. mm)      (Sq. mm)      (Sq. mm)      

(Sq. mm)      (Sq. mm) 

SUMMARY OF PROVIDED REINF. AREA 

SECTION      0.0 mm     1875.0 mm     3750.0 mm     

5625.0 mm     7500.0 mm 
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TOP      12-12í         4-12í         4-12í         4-12í        

13-12í 

REINF.   2 layer(s)    1 layer(s)    1 layer(s)    1 

layer(s)    2 layer(s) 

BOTTOM     5-10í         6-10í         6-10í         5-10í         

5-10í 

REINF.   1 layer(s)    1 layer(s)    1 layer(s)    1 

layer(s)    1 layer(s) 

SHEAR   2 legged  8í  2 legged  8í  2 legged  8í  2 

legged  8í  2 legged  8í 

REINF.  @ 190 mm c/c  @ 190 mm c/c  @ 190 mm 

c/c  @ 190 mm c/c  @ 190 mm c/c 

 

Fig 6.1: Geometry of beam no. 149 

 

Fig 6.2: Property of beam no. 149 

 

 

Fig 6.3: Shear bending of beam no. 149 

 

 Fig 6.4: Deflection of beam no. 149 
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Fig 6.5: Concrete design of beam no. 149 

C O L U M N   N O.     3  D E S I G N   R E S U L T 

S 

 M30                    Fe415 (Main)               Fe415 (Sec.) 

LENGTH:  4100.0 mm   CROSS SECTION:  500.0 

mm X 500.0 mm COVER: 40.0 mm 

 ** GUIDING LOAD CASE:   30 END JOINT:    10 

SHORT COLUMN 

REQD. STEEL AREA   :     3669.89 Sq.mm. 

 REQD. CONCRETE AREA:   246330.11 Sq.mm. 

MAIN REINFORCEMENT: Provide 12 - 20 dia. 

(1.51%,   3769.91 Sq.mm.) 

(Equally distributed) 

TIE REINFORCEMENT: Provide 8 mm dia. 

rectangular ties @ 300 mm c/c 

SECTION CAPACITY BASED ON 

REINFORCEMENT REQUIRED (KNS-MET) 

Puz :   3913.47   Muz1 :    266.51   Muy1 :    266.51 

INTERACTION RATIO: 0.99 (as per Cl. 39.6, 

IS456:2000) 

SECTION CAPACITY BASED ON 

REINFORCEMENT PROVIDED (KNS-MET) 

WORST LOAD CASE:    30 

 END JOINT:    10 Puz :   3943.47   Muz :    272.73   

Muy :    272.73   IR: 0.96 

   

  

Fig 6.6: Concrete design of column no. 3 

 

Fig 6.7: Post processing mode in STAAD.PRO 

CONCLUSION 

STAAD PRO has the capability to calculate the 

reinforcement needed for any concrete section. The 

program contains a number of parameters which are 

designed as per IS: 456(2000). Beams are designed 

for flexure, shear and torsion. 

Design for Flexure: 

Maximum sagging (creating tensile stress at the 

bottom face of the beam) and hogging (creating 

tensile stress at the top face) moments are calculated 

for all active load cases at each of the above 

mentioned sections. Each of these sections are 

designed to resist both of these critical sagging and 

hogging moments. Where ever the rectangular 
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section is inadequate as singly reinforced section, 

doubly reinforced section is tried. 

Design for Shear: 

Shear reinforcement is calculated to resist both shear 

forces and torsional moments. Shear capacity 

calculation at different sections without the shear 

reinforcement is based on the actual tensile 

reinforcement provided by STAAD program. Two-

legged stirrups are provided to take care of the 

balance shear forces acting on these sections. 

Beam Design Output: 

The default design output of the beam contains 

flexural and shear reinforcement provided along the 

length of the beam. 

Column Design: 

Columns are designed for axial forces and biaxial 

moments at the ends. All active load cases are tested 

to calculate reinforcement. The loading which yield 

maximum reinforcement is called the critical load. 

Column design is done for square section. Square 

columns are designed with reinforcement distributed 

on each side equally for the sections under biaxial 

moments and with reinforcement distributed equally 

in two faces for sections under uni-axial moment. All 

major criteria for selecting longitudinal and 

transverse reinforcement as stipulated by IS: 456 

have been taken care of in the column design of 

STAAD.  
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