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ABSTRACT 

Structural analysis comprises the set of physical laws and mathematics required 

to study and predicts the behaviour of structures. Structural analysis can be 

viewed more abstractly as a method to drive the engineering design process or 

prove the soundness of a design without a dependence on directly testing it.  

To perform an accurate analysis a structural engineer must determine such 

information as structural loads, geometry, support conditions, and materials 

properties. The results of such an analysis typically include support reactions, 

stresses and displacements. This information is then compared to criteria that 

indicate the conditions of failure. Advanced structural analysis may examine 

dynamic response, stability and non-linear behavior.  

In this paper we are presenting comparative analysis of four differently heighted 

3 dimensional building frame considering seismic zone II using three different 

analysis tools i.e. staad.pro, SAP2000 and ETABS. 

In this paper we concluded that SAP2000 is suitable and providing linear results 

upto G+10 structure but as we raise the height above G+10 it is observed that 

ETABS is providing more precise result. Thus it is identified that Etabs is more 

linear for analysis of tall structures in comparison whereas staad.pro shows 

values higher for same loading condition in comparison. 

Keywords: Staad.pro, SAP2000, ETABS, Structural analysis, forces, moment, 

displacement. 

 

I. INTRODUCTION 

 

To perform an accurate analysis a structural engineer 

must determine such information as structural loads, 

geometry, support conditions, and materials 

properties. The results of such an analysis typically 

include support reactions, stresses and displacements. 

This information is then compared to criteria that 

indicate the conditions of failure. Advanced structural 

analysis may examine dynamic response, stability and 

non-linear behaviour.  

The structural analysis is the confirmation of the 

effects of weights on physical structures and their 

portions. Structures subject to this sort of assessment 

fuse all that must withstand loads, for instance, 

structures, ranges, vehicles, furniture, dress, soil strata, 

prostheses and common tissue. Helper examination 
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uses the fields of associated mechanics, materials 

science and associated math to process a structure's 

damages, inward forces, stresses, reinforce reactions, 

expanding rates, and adequacy. The results of the 

examination are used to affirm a structure's 

preparation for use, habitually blocking physical tests. 

The helper examination is, therefore, a key bit of the 

structure plan of structures. 

STAAD.PRO, SAP2000 and ETABS are three design 

software’s to design and analyse any kind of structure 

in static and dynamic approach. However these 

software’s will give different design and analytical 

results for the same structural configurations, this is 

due to their different analytical mechanism and the 

way they do analyse the structure. This rise a need to 

do a comparative study between these two software to 

know the real advantages and disadvantages of these 

software’s. In case of analysis and design of structures 

with geometrical irregularities there is much more 

need to compare design results of different software’s 

to get safe as well as economical structures.  

 
Fig 1: Structure analysis 

 

II. Aim of the Study 

 

The aim of this study is to determine the most 

suitable and approximate software to generate 

structural analysis result. This can help the designer 

to have an authentic base to select analysis tool 

between staad and etabs before performing analysis. 

 

III. Objectives of the study 

 

1. To carry out modeling and analysis of G+5, 10, 

15 and 20 storey R.C. framed structures using 

STAAD-PRO, SAP2000 & ETABS  

2. To Design a regular and plan irregular 

multistorey structure as per IS-456 & IS-

1893:2016 

3. To find out shear forces, bending moments and 

reinforcement details for the structural 

components of the building (beams and 

Columns) and compare the results.  

4. To compare results of ETABS, SAP2000 and 

STAAD-PRO  

5. To observe which software gives more accurate 

results.  

 

 

 

This paper carry out a comparative study of design 

results of ETABS and STAAD Pro software’s by taking 

structural irregularities in account. During an 

earthquake, failure of structure starts at points of 

weakness. This weakness arises due to discontinuity 

in mass, stiffness and geometry of structure. The 

structures having this discontinuity are termed as 

Irregular structures.  

Irregular structures contribute a large portion of 

urban infrastructure. Vertical irregularities are one of 

the major reasons of failures of structures during 

earthquakes. For example structures with soft storey 

were the most notable structures which collapsed. So, 

the effect of vertically irregularities in the seismic 

performance of structures becomes really important. 

Height-wise changes in stiffness and mass render the 

dynamic characteristics of these buildings different 

from the regular building. IS 1893 definition of 

Vertically Irregular structures.  



International Journal of Scientific Research in Civil Engineering (www.ijsrce.com) 

Avaneesh Malviya et al. Int J Sci Res Civil Engg. May-June-2022, 6 (3) : 113-128 

 

 
 
 
 

115 

we are providing literature review of journals, 

publications and citations published in past related to 

analysis of structures, seismic forces, analysis tools 

and utilization of innovative technique in structural 

analysis. 

 

IV. LITERATURE REVIEW 

 

Richa Agarwal et. al. (2017) [Comparison of Design 

Result of Multi Story Structure using ETABS and 

STAAD PRO Software] here the author depicted a 

relative plan from 5 story, 10 story, 15 story structure 

with different earthquake zones II, III, IV, V (as per 

IS code 1893 and 456-2000) of building using STAAD 

PRO and ETABS separately. Correlation of both 

programming STAAD PRO and ETABS, the plan 

result acquire gave the lesser region of required steel 

when contrasted with STAAD PRO for the bar 

configuration result. Correspondingly the segment 

configuration result likewise region of required is 

lesser in STAAD PRO programming as a contrast with 

ETABS. Subsequently, the last achieve ETABS gave a 

lesser territory of steel when contrasted with STAAD 

PRO in the two cases. Lelisa Nemo Nura and Jay 

Prakash Pandit (2019) the research paper stated that 

both SAP2000 and STAAD.Pro are efficient structural 

software. Both have helped revolutionize the system 

of analysis and design of structures. They have played 

a great role in eradicating the very tedious analysis 

and design procedure by hand, with very high 

precision as well. The purpose of this thesis is not to 

draw a general conclusion of which software is better 

than which, but a suggestion according to a 

predefined criteria as to when a user shall use either 

of the software. From the criteria set to evaluate the 

software a clear picture can be drawn for what 

purpose certain software shall be used. The main 

difference in the application of the software can be 

noticed from the past chapters as; SAP2000 doesn’t 

have a feature for designing continuum structural 

elements such as slabs, shells, and shear wall. The 

exclusion of such important feature in SAP2000 is 

probably a market strategy of CSI (producer of 

SAP2000) as to make users buy other CSI products 

which specialize in those areas such as SAFE. 

Through long years of experience on the market, both 

software packages have integrated user comments in 

order to polish the software functionality to a better 

precision and applicability. Thus precision of results 

for simpler structures was quite similar in case of both 

software.    

S .Vijaya Bhaskar Reddy and V.Madhu (2018) the 

research paper presented the detailed analysis analysis 

on simulation tools ETABS and STAAD PRO, which 

have been used for analysis and design of rectangular 

Plan with vertical regular and rectangular Plan with 

Vertical geometrically irregular multi-storey building. 

This study was focused on bringing out advantages of 

using ETABS over current practices of STAAD PRO 

versions to light. It was observed that ETABS was 

more user friendly, accurate, compatible for analysing 

design. 

Results stated that Max reaction produced was 

4572.12kN in ETABS and 4624.92kN in STAADPro 

due to load 1.5(Self +Dead +Live). The maximum 

displacement was along x- direction and its value was 

106.25mm (in STAADPro.) for irregular building and 

53.47mm (in ETABS) along z-direction for regular 

building. So, more precise results was generated by 

ETABS which leads to economical design of the 

building. The storey overturning moment decreases 

with increase in storey height along x-direction for 

EQ length load and they was more in regular building 

than the irregular building. The ETABS gave lesser 

area of steel reinforcement for irregular building as 

compared to regular building in case of beams and 

columns.  

Mahmad saber and D. Gouse Peera et. al. (2015) the 

research paper presented a detailed description for 

analysis and designing of structuring using various 

applications STAAD.Pro and ETABS. The analysis of a 

rectangular plan with vertical regular and rectangular 
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Plan with Vertical geometrically irregular multi-story 

building was done using static analysis method. 

The conclusion stated that presentation of results 

from STAAD Pro and ETABS was quite different 

making it difficult for observations on the case of 

assigning loading parameters and design.  ETABS gave 

lesser area of required steel as compared to STAAD 

PRO while designing beams. Similarly the column 

section required area of the steel similar both 

software’s but in these case are considered in 

percentage 0.3% TO 0.5%. Form the design results of 

column; since the required steel for the column forces 

trendy this certain problem was less than the 

minimum steel limit of column (i.e., 0.85%), the 

amount of steel calculated by both the software’s was 

equal. Therefore, comparison of results for this case is 

not possible.     

 

 

V. Methodology 

 

In this comparative study we are considering 12 cases utilizing three different analysis tool i.e. Staad.pro, 

SAP2000 and ETABS. Four different storey height is considered G+5, G+10, G+15 & G+20. 

 

Step-1:Plan selected for the study is of dimension 20 x 25 m.  

 
Fig 2: Plan of geometry selected 

Step-2: To assign sectional data and properties. 

Step-3: Assign fixed end Condition. 

Step-4: Assign seismic loading condition and load combinations. 

Step-5: Perform Analysis to generate result sheets.  

Step-6: Preparing Comparative Analysis results in M.S. excel. 

Step-7: Providing conclusion as per results. 
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Flow Chart of the study: 

 
Fig 3: Flow chart of the study 

Load Calculation  

Dead Load (As per I.S. 875-1): 

Self Weight: Assigned in Y Axis in downward direction.  

Wall Load: Thickness x height x Density (Unit weight of the material) 

0.23m x 2.7m x 20kN/m3 = 12.42 KN/m 

Parapet Load: Thickness x 1m x Density (Unit weight of the material) 

0.23m x 1m x 20 kN/m3 = 4.6 KN/m 

Slab Load: 0.125m x 25KN/m3 = 3.125 KN/m2 

Live Load (As per I.S. 875-2): 

Floor Load: Considering 5 KN/m2 as given in I.S. 875-2 for commercial buildings.  

Seismic Load (As per I.S. 1893-I:2016) 

Vb = Ah x Weight of Building 

Vb – base shear, Ah- Horizontal Seismic Coefficient. 

Ah = 
𝑍 𝐼 𝑆𝑎
2 𝑅 𝑔

 

Where Z – Zone Intensity 

I – Importance Factor 

R – Response Reduction Factor 

Sa/g – Accelaration due to soil type. 

Table 1: Seismic description 

Factor Condition Remark 

Z Zone II (Bhopal Region) As per I.S. 1893-I:2016 Table -2 
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I Impotance Factor 1.5 Important Structure Table 6 

R Response Reduction 5 (S.M.R.F.) Table 7 

Soil Medium Soil As per CBR value <3 

Damping Ratio 0.5 Damping effect 

 

VI. Analysis Results 

 

For G+5 Structure: 

 
Fig 4: Bending moment in KN-m 
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Fig 5: Displacement in mm 

 
Fig 6: Axial Force in KN 
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Fig 7: Shear Force in KN 

 

For G+10 Structure: 

 
Fig 8: Bending Moment in KN-m 
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Fig 9: Displacement in mm 

 
Fig 9: Axial Force in KN 
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Fig 10: Shear Force in KN 

For G+15 Structure: 

 
Fig 11: Bending Moment in KN-m 
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Fig 12: Displacement in mm 

 
Fig 13: Axial Force in KN 
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Fig 14: Shear Force in KN 

For G+20 Structure: 

 
Fig 15: Bending Moment in KN-m 
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Fig 16: Displacement in mm 

 
Fig 17: Axial Force in KN 
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Fig 18: Shear Force in KN 
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ETABS (14.427 mm) deflection observed is less in 

comparison. 

G+20 Storey 

In terms of bending moment we observed a 

variation of 32.40 %, where staad value is 

152.679 KN-m, etabs value 103.208 kN-m and 

SAP2000 value is 145.253 kN-m. 

In terms of Forces variation in analysis output of 

all the three softwares with value Staad 91.561 

kN, ETABS 72.228 KN and SAP2000 99.782 KN. 

In terms of deflection we observed almost similar 

value in staad and etabs output whereas in Etabs 

(20.15 mm) deflection observed is less in 

comparison. 

VIII. Future Scope 

 
1. In this study seismic analysis is considered whereas 

in future wind pressure can be consider. 

2. In this study Indian standard provisions are 

considered whereas in future same can be done with 

Europian, American or british codal provision. 

3. In this study G+20 Tall structure is considered 

whereas in future more tall structure can be consider 

for analysis 

4. In this study staad.pro, etabs and SAP2000 is 

considered for analysis whereas in future tekla and 

midas can be Consider. 
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