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1.1 Problem Statement 

Fix a building Plan for a residential building as per the following given data: 

● Land area = 5000 ft2 

● Built-up area = 1500-2000 ft2 

● Building type: Framed RCC structure with fly-ash brick walls 

● Location of building: Student’s Hometown 

● Terrain: Flat or Hilly depending on the location 

Plan: - 

A) Number of bedrooms: 2 

B) Drawing Room 

C) Dining Hall 

D) Pooja Room 

E) Number of washrooms (with water closet): 2 

F) Study Room 

E) Kitchen 

F) Store Room 

G) Balconies: 2 

Size: 

1) Master Bed-Room - 4.63 x 4.13 m sq. 

2) Guest Bed-Room – 4.63 x 1.85 m sq. 

3) Pooja Room – 2.72 x 2 m sq. 

4) Store Room – 3 x 2.25 m sq. 

5) Kitchen – 4 x 5 m sq. 

6) Study Room – 4 x 1.68 m sq. 

7) Washroom - 4.63 x 2.08 m sq.  
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                         4 x 1.55 m sq. 

8) Balcony – 4.1 x 1.88 m sq. 

                     7.45 x 2.25 m sq. 

1.2 Assumptions and notations: - 

1) The Grade of concrete used is M25 as fck= characteristic compressive strength of 

concrete. 

2) Grade of steel is Fe415 and Fe 500 as fy=yield strength of steel. 

3) We are not doing any complex response spectrum analysis of the Loading 

conditions, in STAAD Pro software, only simple analysis for example typical 

bending moment diagrams, and axial and shear force, and deflected shape analysis 

are to be taken into consideration. 

4) E= Modulus of elasticity of steel, 2*105 Mpa 

5)Ast=Area of tensile reinforcement 

1.3 Codel Provisions used for Design 

A) IS 456- Plain and RC concrete 

B) IS 1256 – Building Bye-Laws 

C) IS 875 Part 3 – Wind Load 

D) IS 875 Part 2 - Imposed Load 

E) IS 1893-2016 – Earthquake Resistant Design  

 

 

 

 

2.1 Functional Plan 
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**Note: The configuration of above Plan was later updated with slight 

modifications (basically 1 Balcony was added beside the master bedroom, the 

outside wall of kitchen, study room, and toilet, was extended and the entrance 

some portion was extended a bit), as shown below in Staad-Pro 3D-Rendering 

View, to have correct output after running analysis in Staad-Pro.** 

2.2 Beam-Column Grid Plan 
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2.3 Foundation Layout  
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**Note here two footings were found to be overlapping despite having made 

changes to the dimensional parameters of the footing, to bring them isolated** 
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2.4     3-D Rendered View 
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3.1 Design Loads for Residential Buildings 

As per the design philosophy, particularly, there are following loads to be taken 

into consideration for the design of single Storey residential house: - 

1) Dead Load: This includes the self-weight of the columns, beams and slabs, and 

parapet walls. Basically, this is the load which remains identical and constant 

throughout the design life period of the building. Basically, the slab exerts a dead 

load as self-weight along with the floor finish. We primarily refer to IS-Code 875 

(Part 1) for dead load analysis. 

2) Live Load: - Generally, Live load is another terminology used for the imposed 

load purposes. We generally refer to IS-Code 875 (Part 2) for identifying the type 

of functionality of structures and their live load pressure values. 

3) Wind Load: - Wind load is one of the most important loads, especially to be 

considered for the sea-shore and coastal regions of different parts of the country. 

We generally refer to the IS-Code 875 (Part 3) for analysis purposes. 

4) Seismic Load: - Seismic load is generally applied as per the guidelines given by 

the IS-Code 1893-2016. More details are given in section 3.5 part.  

3.2 Dead Load 

As per the guidelines of the IS-Code 875(Part-1) following are the abstracts used 

for manual analysis: - 

The dead load is basically assigned to all the members of the structure using the 

Staad command self-weight in Dead Load type. Here, we calculate as, self-weight 

just like in seismic load, by multiplying unit weight with the required area and the 

length of the member, and then only the roof slab dead load is added as: 

0.15*25 +1(due to floor finish) =4.75 kN/m2 is added as roof floor load.  
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Following snap, explains this, 

 

 

3.3 Live Load 

 As per the guidelines of the IS-Code 875(Part-2) following are the abstracts used 

for manual analysis: - 

The live load as per codal provisions depends on the occupancy of the structure. 

In my model, I have taken as 2 kN/m2 as the load pressure. 

Below, diagram from staad, shows the load distribution as taken by the various 

plate elements depending on the Ly/Lx ratio that is whether One-way spanning or 
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Two-way spanning. 

 

 

3.4 Wind Load 

As per the guidelines of the IS-Code 875(Part-3) following are the abstracts used 

for manual analysis: - 

 The basic equation for the Design wind Speed is:  

Vz= Vb * k1* k2* k3* k4,  

where, Vb is selected based on Zone Identification in Fig-1 from the code. Then, 

the risk coefficient or probability factor, k1, based on design life, terrain roughness 

and height factor, k2, based on terrain category, topography factor, k3, based on 

upwind slope, and Importance factor for cyclonic factor, k4, based on location of 

structure, is selected accordingly.  

In my case, my structure is located in North-Eastern Region, in the city of 

Guwahati, in Assam. 

After this, the design wind pressure is calculated as: 

Pz=0.6* Vz
2  

and after multiplying Pz with appropriate factors we get the design wind pressure, 

Pd = Kd* Ka* Kc* Pz  
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Where, Ka is selected based on tributary area, and Kd is wind directional factor, 

and Kc is combinational factor, generally taken as 1. 

After this once we are done with the Pd, the next job is to find the Force as: 

F(kN) =(Cpe-Cpi) * Ac * Pd ,  

where Cpe  and Cpi  are the external and internal pressure coefficients respectively. 

Based on the H/W and L/W of the structure, the Cpe values are taken accordingly. 

The following diagram expresses the functionality, of the convention-- 

 

Therefore, there will be total 8 wind load cases, as we can see below. Also, one 

important point is that Cpi is taken as 0.2, considering the area of opening to be 

less than 5% of the wall area, as per guidelines. 

The below snapshot taken from excel sheet expedites the calculations which 

approximately is consistent with the staad pro values as shown below: - 
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For example, for illustration, as we can see on face A along +x direction and case 

A, the net total force is 32.11101 kN.  

 

Also, from, Staad, we got, total force acting after adding the blue arrows as 33.24 

kN, which is almost consistent with our manual analysis. 

For more illustration, following pictures taken from staad shows the load 

distribution throughout the tributary area of the walls.  
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3.5 Seismic Load 

As per the guidelines of the IS-Code 1893-2016 following are the abstracts used 

for manual analysis: - 

The earthquake load is one of the most important loads particularly for the 

structures located in the Zone-5 and Zone-4. The land cover of India, is basically 

divided into 4 zones from II-V. The basic assumptions used in the analysis of 
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seismic load is that it is a simple static analysis, as compared to other dynamic time 

history analysis. 

So, basically, the governing equation for calculating the earthquake load involves 

the following: 

Ah= (Z/2) *(Sa/g)/(R/I), 

F (kN) = Seismic Weight * Ah 

Where, the load gets acted into +x ,–x, and +z, -z directions respectively. 

Here, Z= is our seismic zone factor (as per my model, it is 0.36, since my region 

comes under the Zone-V, which is very much vulnerable to earthquake). 

Sa/g which is the design acceleration coefficient is selected by the required soil 

type used for analysis. And simultaneously, R, response reduction factor and I, 

importance factor is selected based on the type and functionality of the structure. 

Now, our seismic load weight is calculated based on the following: 

DL= 0.3*0.3*Σ Length of individual members* 25 + 0.3*0.3*Height of the 

column *25 *(½)*No of columns + Plan area * (0.15*25+ floor finish) + perimeter 

of the parapet wall provided*0.25*1*18. 

Then, W seismic=DL+ 0.25*LL 

Below snap taken from google sheets, shows the manual calculation done: 

Colu
mn 

DL 
Col. 

Bea
m 

DL 
Bea
m. 

DL 
Slab 

DL 
Para
pet LL  

DL 
TOTA
L VB-x Tx Ty VB-z 

             

A6 5.625 A6A5 
15.99

75 

1421.
0052

5 
361.7

1 
149.5

795  
106.8

75 

490.8
4285

5 

0.087
5337
7726 

0.060
3762
9978 

490.8
4285

5 

A5 5.625 A5A3 
16.04

25     
687.7

35     

A3 5.625 A3A2 
15.99

75     

1421.
0052

5     

A2 5.625 B6B5 
15.99

75     
361.7

1     

B6 5.625 B5B3 
16.04

25     
149.5

795     
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B5 5.625 B3B2 
15.99

75    
Sum: 
- 

2726.
9047

5     

B3 5.625 B2B1 
13.25

25          

B2 5.625 C6C5 
15.99

75          

B1 5.625 C5C4 
4.162

5          

C6 5.625 C4C3 11.88          

C5 5.625 C3C2 
15.99

75          

C4 5.625 C2C1 
13.25

25          

C3 5.625 D6D4 20.16          

C2 5.625 D4D3 11.88          

C1 5.625 D3D2 
15.99

75          

D6 5.625 6AB 
10.91

25          

D4 5.625 6BC  
8.662

5          

D3 5.625 6CD 
9.562

5          

D2 5.625 5AB 
10.91

25          

 
106.8

75 5BC 
8.662

5          

  4CD 
9.562

5          

  3AB 
10.91

25          

  3BC 
8.662

5          

  3CD 
9.562

5          

  2AB 
10.91

25          

  2BC 
8.662

5          

  2CD 
9.562

5          

  1BC 
8.662

5          

   
687.7

35          
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Also, for example, the STAAD pro analysis results shows the final V baseshear is 

about 521.28kN, for V baseshear in +x, which is almost consistent, with our manual 

calculation about 490 kN, although there is variation of slight error from software 

results. 

 

Following load generation as nodal load show the point of generation of loads and 

their distribution, 
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3.6 Load Combinations 

As per the guidelines of the IS-Code 456 following are the abstracts used for 

manual analysis: - 

The various load combinations factors used for the analysis are tabulated below, as 

taken snap from staad auto load combination table: 

 

So, therefore,  

S no DL WL EL Total 

Limit State of 
collapse      

1 1.5 1.5  8 

2 1.2 1.2  8 

3 0.9 1.5  8 

4 1.5  1.5 4 

5 1.2  1.2 4 

6 0.9  1.5 4 

Limit state of 
serviceability     

7 1 1  8 
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8 1 0.8  8 

9 1  1 4 

10 1  0.8 4 

11 1   1 

12 1.5   1 

    62 

 

And then 62 + 14(individual load cases without Multiplying factors of safety) load 

cases details, = 76 total load details will be generated. 

In all above analysis, we follow the Principle of LSD, Limit State of Design, over 

other Principles like WSD, working stress design, and ULM, ultimate load. 

method. The basic reason behind is that LSD takes into account the partial factor of 

safeties for both load and capacity design, as a result we get a better probabilistic 

design in the longer run. Also, limit state of design, requires the structure to satisfy 

the ultimate limit state (ULS) and serviceability limit state (SLS).  

The ULS requires the physical situation where it involves either the excessive 

deformations leading and approaching collapse of the component under 

consideration or the structure as a whole, as a relevant, or deformations exceeding 

pre-agreed values. 

The criteria for SLS, involves various stress limits, deformation limits (deflections, 

rotations, curvature), flexibility (or rigidity) limits, dynamic behavior limits, as 

well as crack growth control requirements (crack width), and other arrangements 

concerned with the durability of the structure and its level of everyday service level 

and human comfort achieved, and its abilities to fulfill its everyday functionality. 

 

 

4.1 Beams (Design and Detailing): - 
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Beam layout (blue lines) generated by RCDC 

 

Some examples of detailing drawing of section and elevation of beams: 
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Example of staad output reinforcement layout of main and transverse bars: 



  1 
 

   
 

 

 

Grouping of members: 
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Shear bending diagram and deflected shape of a member: 
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Bending moment diagram 

  

Shear force diagram: 
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4.2 Columns (Design and Detailing): - 
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Column layout: - 

 

Some snaps of Detailing and reinforcement generated by RCDC: - 
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Design summary: - 
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Deflection of a member for a specific loading: - 

 

Shera bending of a member for a specific loading: - 
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4.3 Slabs (Design and Detailing): - 

Reinforcement detailing layout of slab consisting of several plate elements: - 
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Design summary
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Sectional Elevation of plate members 
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4.4 Foundation (Design and Detailing): - 

The design parameters involved are: 
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**Note here two footings were found to be overlapping despite having made 

changes to the dimensional parameters of the footing, to bring them isolated** 
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Footing scheduling design summary: 
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