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The main objective of this project is to analyze and design a multi-storey building [G +3 (3-dimensional 

frame)] using STAAD Pro. The design involves load calculations manually and analysis of the whole structure 

by STAAD-Pro.  

The design method used in STAAD-Pro analysis is Limit State Design conforming to Indian Standard Code 

of Practice. 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 analyzed and designed a G + 3-storey building (2-D Frame) initially for all 

possible load combinations [dead and live 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-storey 2-D and 3-D frames under various 

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

load combinations. 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 

analyze the structure and design the members. 

The comparison will be made on the shear, bending moments, steel areas. 
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I. INTRODUCTION 

  Buildings constitute a part of the definition of 

civilizations and a way of life advanced by the 

people. The construction of buildings should be 

looked upon as a process responded to human 

requirements rather than as a product to be 

designed and built at great expense. 

A building is a structure with a roof and walls 

standing more or less permanently in one place, 

such as a house or factory. Buildings come in a 

variety of sizes, shapes and functions, and have 

been adapted throughout history for a wide 

number of factors; from building materials 

available, to weather conditions, to land prices, 

ground conditions, specific uses and aesthetic 
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reasons. To better understand the term building, 

compare it with the list of non-building structures. 

Buildings serve several needs of society - primarily 

as shelter from weather, security, living space, 

privacy, to store belongings, and to comfortably live 

and work. A building as a shelter represents a 

physical division of the human habitat and the 

outside 

 

Ever since the first cave paintings, buildings have 

also become objects or canvases of artistic 

expression. In recent years, interest in sustainable 

planning and building practices has also become 

an intentional part of the design process of many 

new buildings. 

Single-family residential buildings are most often 

called houses or homes. Residential buildings 

containing more than one dwelling unit are called a 

duplex apartment building to differentiate them 

from 'individual' houses. A condominium is an 

apartment that the occupant owns rather than 

rents. Houses may also be built in pairs 

(semi-detached), in terraces where all but two of 

the houses have others either side; apartments 

may be built round courtyards or as rectangular 

blocks surrounded by a piece of ground of varying 

sizes. Houses, which were built as a single 

dwelling, may later be divided into apartments or 

bedsitters; they may also be converted to another 

use e.g. an office or a shop. 

Building types may range from huts to 

multi-million dollar high-raised apartment blocks 

able to house thousands of people. Increasing 

settlement density in buildings is usually a 

response to high ground prices resulting from 

many people wanting to live close to work or similar 

attractors. Other common building materials are 

brick, concrete or combinations of either of these 

with stone. 

         The dimensions of the interior rooms are 

fixed as per the guidelines of national building 

code. Each is provided with all the basic amenities 

and requirements like bedroom with attached 

bath, a living room, dining room and a kitchen, as 

described above. Sufficiently, large doors and 

windows in good number are provided for better 

ventilation. A special feature of the building is the 

provision of ventilation from all sides as possible 

that is, from bath rooms and bed rooms. Each flat 

has got main entrance from a common entrance 

lobby thus we are not to isolate any flat as a 

protection against burglary at the same time 

maintaining sufficient privacy.  The building is 

provided with a spacious staircase to avoid over – 

crowding. The building is designed as a framed 

structure with brick walls as infill wall. All the 

exterior walls are one brick-wall while   all   the 

partition walls are half brick walls. We proposed 

the use of M20 concrete and Fe415 bars for all 

structural components like slabs, beam, columns, 

and Foundation. 

          Regarding their structural features, they are 

rectangular buildings. All the columns are 

arranged in such a way that they form typical 

frames in length and width direction.  The 

longitudinal and transverse frames are analyzed 

using the Moment distribution method of analysis. 

The limit state method of collapse using IS: 

456-2000, and SP-16 have been adopted for the 

design of all structural components like slabs, 

beams, columns and foundations. 

     In this Project, a typical multi-storey residential 

building has been taken for the design by use of 

Tables and Charts. In a residential building, many 

times it is not possible to divide the building into a 

number of plane frames due to its irregular layout. 

In such cases, the only alternative left is to analyze 

the structure by approximate method, considering 

free bodies of structural components. One such 

typical building, shown in Fig. 9.1.1, is taken to 

illustrate the design.  As the reader is now 

conversant with design of members from first 

principles, the design details have been worked out 

using design tables, charts, etc., which 

considerably help in saving time. The design aids 

used in this project have been given in Appendices 

or more in tables.      

         We have compared the manual analysis 

results with the results obtained by using the 

STAAD Pro. Software. We have used AUTO CAD for 

effective representation of the plans. 

II. LITERATURE REVIEW 

Dr.P.D Hiwase Miss , professor ,Department of 

RCOEM Nagpur, Study published in the 

International Journal of Advanced Research 

Trends in Engineering and Technology (IJARTET) 

Vol. 05, Special Issue 05, March 2018. 

OUTCOMES:- 

 It has been found that the design of the structure 

was much easier using the software.  

 It was also concluded that there was a minor 

difference in the results of the manually done 

experiment and those done by software, the results 

of the latter being more accurate. 
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Mr. Jisanto MDR Asst. Professor Study 

published in the International Journal of Advanced 

Research Trends in Engineering and Technology 

(IJARTET) Vol. 4, Special Issue 15, March 2017. 

OUTCOMES:- 

 From the study it is observed that, Manual 

analysis and analysis using software has given 

comparable results. 

 Using of software due to its capability can use 

several loading conditions whereas manual 

design is tedious and time consuming and 

practically it is possible for complex structures. 

For a 3 storied building it is not necessary to 

structurally design it as a framed structure. 

The load-bearing wall is sufficient unless it 

warrants any special requirements. 

Practice code books 

IS 456-2000 is the basic code for reinforced cement 

concrete structures. The parameters for manual 

design bending moment, shear force, deflection etc. 

Are adopted from this code. In the strap analysis IS 

456-2000 is used so that comparison can be made. 

 IS 875 (Part 1):1987   Code of practice for design 

loads (other than ea 

rthquake) for buildings and structures. The part 1 

includes dead loads like unit weights of building 

materials and stored materials.  

IS 875(Part 2): 1987    Code of practice for design 

loads (other than earthquake) for buildings and 

structures. The Part 2 includes imposed loads. The 

imposed loads, specified herein, are minimum 

loads which should be taken in to consideration for 

the purpose of structural safety of the building 

III. DESIGN PROBLEM 

The study of a 16mx15.8m 3-multi-storey regular 

structure is done. All the steps including 

Modelling, analysis and design of the whole 

structure is done on STAAD Pro. 

 
Figure 1: Structural plan 

3.1 Primary Data 

Length x Breadth = 16mx15.8m, No. of Storey = 3, 

Storey Height = 3m, Beam = 300mmx200mm, 

Column 1,2,3,4,27,28,29,30 storeys = 

200mmx200mm, Column remaining storeys = 

600mmx200mm, Slab thickness = 100mm, 

Support conditions = Fixed, Beam Releases = Axial 

force 

3.2 Methodology 

The process of structural design involves the 

following stages  

 Structural Planning 

 Estimation of Loads  

 Analysis of Structures  

 Member Design  

 Drawing and Detailing of Project 

  

 3.2.1 Structural Planning 

This involves determination of the structure, the 

materials for the structure, the structural system 

and the layout of the components, the method of 

analysis and the philosophy of structural design.    

  

3.2.2 Estimation Of Loads 

Dead loads are permanent or stationary loads 

which are transferred to the structure throughout 

their life span. The unit weight of commonly used 

building materials are given below in table-1 with 

reference to IS: 875(part-1)-1987.  

 

Table 1: Unit weight of common building materials 

SI.NO MATERIALS UNIT WEIGHT 

KN/m2 

1 Pain concrete 24 

2 Reinforced concrete 25 

3 Brick masonry, cement 

plaster 

20 

4 Stone masonry 24 

 

Live loads or imposed loads include loads due to 

the people occupying the floor, weight of the 

movable partitions, weight of furniture and 

materials. The live loads to be taken in design of 

building have been given in IS: 875(part-2)-1987 

are as follow: 

IV. MANUAL ANALYSIS AND DESIGN 

4.1 Primary Data 

Length x Breadth = 16mx15.8m, No. of Storey = 3, 

Storey Height = 3m, Beam = 300mmx200mm, 
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Column 1,2,3,4,27,28,29,30 storeys = 

200mmx200mm, Column remaining storeys = 

600mmx200mm, Slab thickness = 100mm, 

Support conditions = Fixed, Beam Releases = Axial 

force 

4.1.1 Loading Pattern Consideration: 

Different types of loads which are acting on this 

structure are Dead Load (DL), Live Load (LL). 

Here, DL=Self weight of the structure+ Floor 

finish+ Wall loads 

Live load considered is 2 KN/sq.m. The soil type on 

site is of type II. 

Bearing capacity of soil = 200 KN/m2                                    

Type       Multi-Storey Residential Building (G+3) 

Table 2: Data 

Data Assumed Materials  

 

Floor to floor height            = 

3000 mm 

 Height of Plinth                   = 

450 mm above G.L. 

 Depth of Foundation           = 

1000 mm below G.L..  

 Bearing Capacity of Soil      = 

200 kN/m² 

 External Walls                     = 

200 mm thick 

 Internal Walls                      = 

100 mm thick 

 

Assumed Imposed Loads:  

Roof: Roof Finish                = 1.5 

kN/m2 

         Live load                      = 1.5 

kN/m2  

                     Total Load        = 

3.0 kN/m2  

         Floor  

: Floor Finish      = 1.0 kN/m2 

                     Live Load         = 

2.0 kN/m2 

                     Total Load        = 

3.0 kN/m2  

 

 

Concrete M20,  

Steel: Main - Fe415, 

Secondary - Fe250  

Unit weight of concrete = 25 

kN/m2  

Unit weight of bricks masonry 

= 20 kN/m2  

Design Basis: Limit State 

Method based on IS:456-2000. 

The axonometric view of the 

building is shown on the cover 

page. 

Width of column = 200 mm 

Width of internal walls = 100 

mm 

Width of external walls = 200 

mm 

Beam B19 is at mid-landing 

level 

Mid-landing slab supported by 

mid –landing 

 

 

 4.1.2 Ultimate Loads 

As per Table A-3 of Appendix.  

(1) Roof            : Assumed D = 120 mm,   w = 9 

kN/m²   (=25 x 0.12 + 1.5 +1.5) x 1.5  

(2) Floor           : Assumed D = 120 mm,   w = 9 kN/m     

(=25 x 0.12 + 1+2) x 1.5  

(3) Bath - W.C: Assumed D = 100 mm, w, = 10.5 

kN/m² (=25 x 0.1 + 2.5 +2) x1.5 

 (4) Loft: Assumed D = 100 mm, w = 8 kN/m2 (=25 

x 0.1 +0.75 +2) x 1.5  

(5) Balconies    : Cantilever: Assumed D = 150mm, 

w, = 12 kN/m² (=25 x 0.15 + 1.0 + 3.0) x15 

                           : Simply   supported: assumed D 

= 100 mm, wu = 10 KN/m2 

Table 3: Walls 

Table Ultimate Loads of Brick masonry for 

Different Heights 

Height  Solid Brick 200 

mm (225 min with 

plaster) 

Solid Brick 100 

min (125 mm with 

plaster) 

1,0 in 2.0 in 

2,7 in 3.0 in 

6,8 kN/,n 13.5 kN/in 

18,2 kN/m 20.2 

kN/m 

3.8 KN\f/m 7.5 

kN/m 10 kN/m 

11.3 kN/m 

Note : 1) Unit height of brick masonry with 

plaster assumed = 20 kN 

         2) Floor to floor height of 3m and assuming 

minimum depth of beam=0.3m 

net height of brick wall = 2.7 in (=3 — 0.3) 

4.1.3 ANALYSIS OF STRUCTURES 

 Method of analysis of statistically indeterminate 

portal frames used methods were: 

               a) Approximate method 

               b) Moment distribution method  

 Member Design 

 The aim of the design is to decide the size of the 

member not amount of reinforcement required, so 

that the structure will perform satisfactorily during 

its life period with minimal cost. The following 

three methods have been developed for the design 

of reinforced concrete structures.  

 Working stress method 

Working stress method is based on elastic theory 

(assuming reinforced concrete as elastic material). 

The stress-strain curve of concrete is assumed as 

linear from zero at the neutral axis to a maximum 

value at the extreme fiber. Ultimate load method; In 

this method, structural elements are designed for 

ultimate load which are obtained by multiplying 

the working loads with factor known as load factor. 

Hence, the designer can able to predict the excess 

load the structure can carry beyond the working 

loads without collapse.     

 Limit state method 

In the limit state method, the structural elements 

are designed for ultimate loads and checked for 

serviceability (deflection, cracking etc.) at working 

loads so that the structure is fit for used for 

throughout its life period. 
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V. DRAWING AND DETAILING OF PROJECT 

 

                                                                                           

 
Figure 2: Plan 

 
Figure 3:  Reinforcement of slab 

 
Figure 4: Beam reinforcement 

 
Figure 5: Slab reinforcement 

 

                                                                                                                                     

 
 

Figure 6:  Reinforcement of footings 

VI. STAAD PRO ANALYSIS 

 

3D rendering  

 
Figure 7:  3 D rendering                                                       
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Loading diagram 

 
Figure 8: Load 

 

 
Figure 9: Stress diagram 

 
Figure 10 : Shear diagram 

 

VII. RESULTS AND COMPARISON 

 

Table 4 : Results 

Membe

r 

Momen

t 

STAAD 

pro 

(kN/m) 

Momen

t 

manual 

(kN/m) 

As Req. 

STAAD 

pro 

(mm2) 

Shear 

 STAAD pro 

As 

reg. 

manu

al 

(mm2

) 

Shear 

Manual 

M2 28.084 11.745 1963 29.275 1963 27.5185 

M3 13.724 4.907 804 27.872 804 26.199 

M11 27.963 5.522 1257 25.300 1257 24.01 

M19 23.303 5.453 905 20.104 905 19.52 

M20 8.890 3.537 804 15.083 804 13.05 

M21 3.281 4.344 804 7.794 804 7.625 

M34 10.764 19.197 1257 1.726 1257 1.666 

M35 7.806 13.722 905 0.000 905 -0.06 

M42 0.000 0.000 804 0.000 804 -0.06 

M43 2.624 1.225 804 0.000 804 -0.06 

M48 2.770 3.267 804 0.000 804 -0.06 

M49 4.430 7.594 804 0.000 804 -0.06 

M50 0.000 0.000 804 0.000 804 -0.06 

M62 30.729 1.992 1257 0.000 1257 -0.06 

M68 1.618 1.167 804 0.000 804 -0.06 

M86 31.598 2.167 1257 53.572 1257 53.512 

M92 3.047 1.800 804 52.130 804 52.07 

M110 23.880 3.528 905 49.607 905 49.54 

M116 5.688 1.247 804 45.027 804 44.967 

M134    40.775  40.715 

M140 14.597 21.434 1963 35.016 1963 34.956 

M153 20.679 3.768 804 28.390 804 28.33 

M154 7.732 2.132 804 21.064 804 21.004 

M158 17.342 0.701 804 14.335 804 14.2752 

M159 2.242 0.328 804 8.498 804 8.438 

M161 19.094 2.368 804 0.000 804 -0.06 

M162 6.222 1.517 804 0.000 804 -0.06 

M166 17.307 1.694 804 0.000 804 -0.06 

M167 2.280 0.592 804 0.000 804 -0.06 

M169 18.579 1.796 804 0.000 804 -0.06 

M170 6.517 2.820 804 0.000 804 -0.06 

M174 15.101 1.185 804 83.687 804 83.627 

M175 2.920 1.575 804 81.659 804 81.599 

M177 18.785 13.704 1257 74.878 1257 74.818 

M178 6.480 9.395 804 64.176 804 64.116 
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M182 15.564 8.487 905 52.174 905 52.114 

M183 6.618 5.770 804 37.724 804 37.664 

M186    23.353  23.293 

M188    10.673  10.613 

M191 3.971 0.278 804 0.000 804 -0.06 

M194 8.725 8.725 1257 0.000 1257 -0.06 

M195 8.641 8.641 1257 0.000 1257 -0.06 

M196    0.000  -0.06 

M197    0.000  -0.06 

M198 82.401 34.469 5027 0.000 5253 -0.06 

M199    0.000  -0.06 

M200 37.562 8.081 1257 0.000 1483 -0.06 

M201    92.918  92.858 

M202 33.327 8.287 1257 90.893 1483 90.833 

 

Table 5 : Comparison between Manual and 

Staad.Pro Design 

IMPORTANT 

      

DETAILS 

  

STAAD-PRO 

  VALUES ( 

SV ) 

    

MANUAL 

     

VALUES ( 

MV ) 

 PERCENTAGE 

((SV-MV)/SV)x100 

  BENDING 

MOMENTS 

KN 

 

      12.524 

 

11.794 

 

     5.83 % 

  SHEAR 

FORCES  

KN 

 

      9.27 

 

   8.76 

 

     5.50 % 

STEEL 

AREAS 

       (  mm2  

) 

 

    1328.47 

 

   1249.56 

 

         4 

 

VIII. CONCLUSION  

 Planning has been done in accordance with the 

specifications made by NATIONAL BUILDING 

CODE. 

 Used AUTOCAD 2017 for effective 

representation of drawings. 

 Since spans differ by more than 15% with 

largest, we went for exact analysis method. 

 On comparing the results from both analysis 

there is a variation of max 6%. 

 Considerable amount of time will be saved with 

STADD Pro analysis. 

 Used IS-456:2000&SP 16, for the design of the 

STRUCTURAL MEMBERS. 

Materials used are M20 grade concrete and Fe 415 

steel  
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