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Abstract 
Many of the existing building are lacking in adequate earthquake resistance because these are not designed according to modern 

codes and prevalent earthquake resistant design practice. Also many building that are damaged in earthquake may need not only 

be repaired but also upgraded of their strength in order to make them seismically resistant. The seismic evaluation and their 

retrofitting is one of the most challenging task for the structural engineers. The means of retrofitting is to upgrade the strength 

and structural capacity of the structure to enable it to safely withstand the effect of strong earthquake. There has been a 

substantial increase in the topic of seismic retrofit of existing buildings in recent years as evidenced by the growing number of 

research papers published in this area. Attention has been focused worldwide on both building and bridge structures and with the 

widespread damage to older buildings and bridge structures in the relatively recent bhuj earthquakes, government/owners have 

begun to take action to prevent similar damage to existing structures in future earthquakes. Open ground storey/soft storey along 

with the floating columns has been a peculiar feature in the latest multi-storey buildings in India. These features are hugely 

inadmissible in the buildings which are built in earthquake prone areas. In this Paper, after understanding the behaviour of 

buildings in earthquakes, why, when, where and how seismic retrofitting is done with shear wall and chevron bracing. Further, a 

study is performed on an example dormitory building different model with open ground storey and floating columns to highlight 

the importance of their presence in the seismic analysis using computer program STAAD Pro.V8i The analysis is done with 

Equivalent Static Analysis/linear elastic static analysis and Response Spectrum Analysis/linear elastic dynamic analysis, as per 

IS:1893-2002. Various features of lateral stiffness strengthening system, namely lateral bracings, shear walls, increasing the 

column size in the soft ground storey and their combinations, and are proposed to reduce the stiffness irregularity and 

discontinuity in the load path incorporated by the soft ground storey and the floating columns respectively.  Also, it is inspected 

that the shear walls are most impressive when used as one long structural wall instead of two short walls having separated by the 

interrelated beams, and properly placed at the periphery of the buildings to avoid the torsion. It is also noticed that the Chevron 

braces are most productive when placed under the floating columns to make the force transfer less horizontal 
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1. INTRODUCTION 

The earthquake at Bhuj, Gujarat, in 2001 has been a 

watershed event in the earthquake engineering practice in 

India. The code of practice for seismic analysis, IS 

1893:2002 has been revised to reflect the increased seismic 

demand in many parts of the country. Many existing 

buildings lack the seismic strength and detailing 

requirements of IS 1893:2002, IS 4326:1993 and IS 13920: 

1993 because they were built prior to the implementation of 

these codes. This paper Report whose aim is to evolve 

methodologies to assess the seismic vulnerability of 

reinforced concrete (RC) G+4 storey dormitory buildings, 

located in Jaipur urban areas of earthquake zones II and to 

propose retrofit measures for the structurally deficient 

buildings. 

 

Casualties caused due to the recent earthquakes have 

unfolded the vulnerability of the Indian buildings. Most of 

the engineered constructions, such as multistoried 

apartments are lacking the very basic features which are 

required for the resisting earthquakes. This may be because 

of the lack of awareness of earthquake resistant design and 

necessary requirements of the Indian codes. Nowadays, 

especially after the desolating Bhuj earthquake in 2001, 

there has been a mutual effort throughout India to provide 

more awareness, especially in practice and education, with 

respect to earthquake resistant design of structures. 

 

Most of the existing buildings have revealed to deficit 

observance with the current practice codes, particularly with 

respect to seismic resistance. This is because of the up-

gradation of the seismic code (IS: 1893 Part 1-2002). Also 

the properly designed buildings which were constructed in 

the past, are lacking the earthquake resistance and the 

requirements of design codes, such as IS: 4326-1993 and IS: 

13920-1993. 

 

The extent of seismic vulnerability can be verified only after 

a genuine evaluation of the structure is attempted. 
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Depending on this evaluation, retrofitting of the vulnerable 

buildings can be started. The Seismic retrofitting can be 

done in different ways and to various extents. The purpose 

should be to certify that the building takes all the damage, 

but does not collapse when severe earthquake occurs. 

Seismic retrofitting of a building usually affects the 

functionality and use during the evaluation and further 

strengthening. The procedure of believing the users on the 

importance and necessity for retrofit is also very difficult. 

Thus, before a project is begun, the aim and procedure of the 

retrofitting have to be kept in mind. 

 

Earthquakes, the inevitable natural hazards, can cause 

devastating disasters to our built environment. The 

catastrophic impact of earthquakes have been “too close for 

comfort” in the past decade as more moderate to strong 

earthquakes are striking heavily inhabited regions. These 

earthquakes, i.e., Northridge in U.S.A. (1994), Kobe in 

Japan (1995), Golcuk-Izmit in Turkey (1999), JiJi in Taiwan 

(1999), Gujarat in India (2001) and Nisqually/Seattle in 

U.S.A. (2001), have caused the loss of thousands of lives 

and billions in economic loss in the past few years. 

 

Past earthquakes have also illustrated that the failure or 

collapse of the so-called nonstructural components has 

caused most casualties and property damage. Quite often, a 

building sustains only minor structural damage but the 

building is deemed unsafe to enter or occupy due to 

extensive damage to its architectural, mechanical and 

electrical elements and to the building contents after an 

earthquake.  Heavy non-structural in-fill walls, such as brick 

in-fill walls, are known to potentially change the structural 

characteristics of a building unfavorably, causing wide 

spread damage to the building structure. 

 

Recent earthquakes have also demonstrated that these older 

buildings would have survived, in most cases, with a 

reasonable upgrading. Satisfactory performance of 

retrofitted buildings in the latest earthquakes indicates that 

upgrading older and deficient buildings is the most effective 

and efficient seismic hazard mitigation measure. In 

earthquake resistant design, the soft story and the weak story 

irregularities are reciprocal to a significant difference 

between the stiffness and the resistance of one of the floors 

of a building and the rest of them.In this paper, seismic 

analysis of Dormitory buildings considering structural and 

geometrical parameters have been carried out using 

STAAD. Pro software. Soft storeys have been created by 

increasing the floor heights. Effect of infill has been 

ignored. Results, in terms of moment, displacement, shear 

force, axial force and drift are critically examined and 

salient conclusions are drawn. 

 

2. STRUCTURAL MODELLING AND 

ANALYSIS 

2.1 Material and Geometrical Properties 

Building Type                 :                      Reinforced concrete 

(RC) G+4 storey dormitory building 

Location                          :                      Jaipur city 

Floors                              :                       G.F. + 4 upper 

floors 

Storey height                   :                      3.5 meter. 

Foundation depth            :                      1.5 metre 

Slab                                 :                      152.4 mm thick 

Walls                               :                      115 mm thick brick 

masonry walls only at periphery. 

Live load                         :                      3.0 kN/m2 at typical 

& terrace floor 

Dead load                        :                      5.19 KN/𝑚2 at 

typical floor 

Floor finish                      :                      1.38 kN/m2 

Earthquake load               :                      As per IS-1893 (Part 

1) – 2002 

Parapet wall load             :                       4kn/m 

Concrete density              :                       20 KN/𝑚3 

Brick density                   :                       18.85 KN/𝑚3 

Beam                               :                       Two type of beam 

used in this Project work 

(1) 450x230 mm 

:                       (2) 900x400 mm (where floating columns 

supported on the 1st storey) 

Column                                                   Four type of 

columns used which is given as 

(1) 400x400 mm 

(2) 500x500mm (Column used near middle floating columns 

for strengthened purpose) 

(3) 600x600 mm (columns used as a braced setback columns 

in model 6, 7, 8, 9) 

(4) 700x700 mm (columns used in model 6&7 braced 

columns near middle floating columns) 

Cantilever                Cantilever for floating column from 1
st
 

storey = 1.5 meter 

 

2.2 Modelling of Building Frames 

Modelling of the building frames are carried out using 

theSTAAD. Pro software 
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Fig 1:  Plan of building                                          Fig 2: Distribution of height of the building 

 

 
Fig 3: Positioning of floating columns resting on ground 

roof beams 

 

 
Fig 4:- Beams on which floating columns rest 

 

2.3 Model of Dormitory Building 

The following 9 cases have been framed for analysis and 

strengthening purpose of building:- 

Model 1: Building has neither shear walls nor lateral 

bracings in the ground storey- 

And brick masonry wall (115mm) at periphery of the upper 

storeys. 

Model 2:   Building has 4 shear walls (in inner bays) in the 

ground storey. 

Model 3:   Building has 4 shear walls (at periphery) in the 

ground storey. 

Model 4:   Building has 6 shear walls (1 wall in each strong 

direction and 2 separate Walls - 

In each weak direction) in the ground storey. 

Model 5:   Building has 4 shear walls (1 wall in each strong 

direction and 2 combined structural 

Walls in each weak direction) in the ground storey. 

Model6:   Building has concrete bracing (in weak direction 

only) from the middle floating columnsto the end joints of 

adjacent vertical columns which have also been 

strengthened. 

Model 7:   Building has concrete bracing (in weak direction 

only) from the middle Floating columnto the mid-span of 

adjacent vertical strengthened Columns. 

Model 8:   Combination of model 3 and model 7. 

Model 9:   Combination of model 5 and model 7. 
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2.4 Simulation of Dormitory Building in STADD.ProV8i 

 
Model No 1 (Plan view)                                             Model No 2 (Plan view) 

 

 
Model No 1 (3-D view)                                                           Model No 2 (3-D view) 

 

 
 Model No 3 (Plan view)                                                         Model No 4 (Plan view) 

 

 
Model No 3 (3-D view)                                                           Model No 4 (3-D view) 

 

 
Model No 5 (Plan view)                                         Model No 6 (Bracing view) 
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Model No 5 (3-D view)                                                           Model No 6 (3-D view) 

 

 
Model No 7 (Bracing view)                                                          Model No 7 (3-D view) 

 

 
Model No 8                                                                Model No 8 (3-D view) 
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Model No 9                                                                                       Model No 9 (3-D view) 

 

Fig 5: Different model of dormitoryBuilding (1-9) 

 

2.5 Loading Conditions 

Typical roof Floor dead load = 5.19 KN/𝑚2 

Last roof floor dead load = 30% reduction of typical floor 

roof load approx. 3.64 KN/𝑚2 

Typical roof Floor load EQL = 5.94 KN/𝑚2 

Last roof Floor load EQL = 4.16 KN/𝑚2 

Partition wall used in upper storey = 115 mm 

Partition wall load =6.5kn/m 

Plaster thickness is not taken in calculation 

Parapet wall load in upper storey = 4kn/m 

Earthquake loading standard as per IS 1893 part 1:2002 

Zone Factor= 0.1 

Response Reduction Factor = 4 

Importance Factor                 = 1 

Soil Site Factor                      = 2 

Type of Structure= 1 

Depth of Foundation= 1.5 

Damping                                 = 5% 

 

2.6 Structural Analysis 

Structural analysis of the building frames are carried out 

using STAAD.Pro software All the columns are rigidly 

supported at ground and 20 load combinations, given in 

Table 1,are considered for the analysis purposes. 

 

Table 1: Details of load cases 

Load Case No. Load Case Details 

1 EARTHQUAKE LOAD 

IN +X DIRECTION 

2 EARTHQUAKE LOAD 

IN +Z DIRECTION 

3 EARTHQUAKE LOAD 

IN -X DIRECTION 

4 EARTHQUAKE LOAD 

IN +Z DIRECTION 

5 DEAD LOAD 

6 LIVE LOAD 

7 1.5 (DL + LL 

8 1.2 (DL + LL + EQX) 

9 1.2 (DL + LL - EQX) 

10 1.2 (DL + LL + EQZ) 

11 1.2 (DL + LL - EQZ) 

12 1.5 (DL + LL + EQX) 

13 1.5 (DL + LL - EQX) 

14 1.5 (DL + LL + EQZ) 

15 1.5 (DL + LL - EQZ) 

16 0.9DL + 1.5EQ(+X) 

17 0.9DL + 1.5EQ(-X) 

18 0.9DL + 1.5EQ(+Z) 

19 0.9DL + 1.5EQ(-Z) 

20 LOAD FOR CHECK 

 

3. RESULTS 

Results of structural analysis can be described under 

following heads:- 

 

3.1 Fundamental Natural Period 

The Static (Empirical) and Dynamic (Analytical) 

fundamental natural periods of the building models have 

been shown in the Table 2 

 

Table 2: Fundamental Natural Period 

 

Mode

l 

Fundamental Natural Period (sec) 

X-Direction Z-Direction Torsio

n Static Dynami

c 

Static Dynami

c 1 0.297

6 

0.389 0.392

2 

0.426 0.389 

2 0.297

6 

0.348 0.392

2 

0.380 0.392 

3 0.297

6 

0.373 0.392

2 

0.413 0.384 

4 0.297

6 

0.357 0.392

2 

0.408 0.383 

5 0.297

6 

0.311 0.392

2 

0.409 0.382 

6 0.297

6 

0.381 0.392

2 

0.417 0.388 

7 0.297

6 

0.381 0.392

2 

0.418 0.388 

8 0.297

6 

0.354 0.392

2 

0.406 0.382 

9 0.297

6 

0.307 0.392

2 

0.402 0.380 
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3.2 Lateral Deformation and Base Shear Demand in 

Building 

The lateral displacement profiles of the different models for 

the two different analyses (Static and Dynamic) have been 

shown in the below in this figure, the sudden or blunt 

changes in the slope of the profile reveal the condition of 

stiffness irregularity. The Seismic Base shear demand in the 

building are shown in Table 3 

 

 

 
Fig 6: Lateral Displacement Profile by Static Analysis in X and Z direction 

 

 
Fig 7: Lateral Displacement Profile by Dynamic Analysis in X and Z direction 

 

 

Table 3: Seismic Base shear of Building 
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3.3 Maximum Moment and Shear in Columns including Set Back Columns 

Table 4: Maximum Moment          Table 5: Maximum shear 

 
 

3.4 Maximum Moment and Shear in Braced Set-Back Columns 

Table 6:- Maximum moment and shear 

 
 

3.5 Maximum Moment and Shear in Columns around Middle Floating Column 

Table 7: Maximum Moment and Shear in columns around middle floating column 
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3.6 Shear Force in Beams on which Floating Columns Rest 

Table 8: Maximum Shear in beams on which floating columns rest 

 
 

 

4. DISCUSSION 

4.1 Model 1 versus Model 2 

Introduction of shear walls in the soft first storey have 

helped in decreasing the displacement of building globally, 

as these walls are like plates of the  structural elements 

which have huge in plane strength and stiffness.They resist 

the lateral forces through united action of flexure, axial, and 

shear. These shear walls, because of their huge initial lateral 

stiffness, helps in reducing the shear forces and the bending 

moments in the beams and columns when provided along 

with the reinforced concrete moment resisting frames and by 

being the most crucial part of lateral load resisting system. 

They have also indirectly succeeded in reducing the stiffness 

irregularity in the building. 

 

 
Fig 8: Translation in Model 1                                                   Fig 9: Translation in Model 2 

 

4.2 Model 2 versus Model 3 

The Building Models 2 and 3 have the same number and the 

size of the shear walls but at separate locations such as, 

shear walls in the inner bays and at the periphery of the 

building respectively. Generally, by keeping the same shear 

walls nearing the centre of the building which indirectly 

leads to the tendency of the building to undergo torsion. 

This unwanted torsion probably occurred because of an 

eccentricity between the Centre of mass and Centre of 

rigidity. Hence, the shear walls are the most impressive 

when usually kept at the periphery of the buildings. 
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Fig 10: Translation in Model 2                                     Fig 11: Translation in Model 3 

 

4.3 Model 4 versus Model 5 

The Building Models 4 and 5, have same the size of the 

shear walls but at separate locations in the X-direction at the 

periphery such as, two short shear walls and one combined 

long shear wall respectively. Since, the concerned wall area 

is nonetheless the same in both the buildings, but the 

building with longer shear wall is more unyielding than the 

others, and thus, allows the building to be more resist 

against the lateral motion, and hence, the lateral deformation 

and the shear force and bending moment demands on the 

beams and columns have been tremendously reduced by 

properly using the double length shear walls. 

 

Therefore, it is beneficial to keep one long shear wall 

instead of the two short walls having separated by the 

interrelated beams. 

 

 
Fig 12: Translation in Model 4                                     Fig 13: Translation in Model 5 

 

 

4.4 Model 1 versus Model 6 

Introduction of the Chevron bracings, in the soft first storey, 

have greatly helped in globally reducing the lateral 

deformation of building. In Model 1, without the braces, the 

transfer of forces is not vertical, which has led the beams (on 

which the floating columns rest) carry the forces 

horizontally to the continuous columns, and get heavily 

stressed in shear. But after the ingression of the chevron 

braces in the Model 6, the transfer of forces has become not 

only more vertical, but also not more horizontal. 

 

The forces have been transferred to the beams and the 

columns through the brace, thereby relieving the girder 

beams, hence, the bracings have indirectly reduced the 

discontinuity in the load path of the vertical forces in a 

building. Therefore, for a soft first storey, the bracings 

should be kept in relevant bays so as to hold the functional 

use of the open storey. 

 

 
Fig 14: Model 1 (SHEAR ACTION)                 Fig 15: Model 6 (AXIAL ACTION) 
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4.5 Model 6 versus Model 7 

 
Fig 16: Model 6(AXIAL ACTION)                            Fig 17: Model 7 (AXIAL+THRUST ACTION) 

 

 

Even though, the lateral deformation of the building in 

model 7 increase considerable, and the bending moments 

and the shear forces of the open ground storey columns, are 

less in Model 6, Model 7 is preferred for the movement and 

accommodation of cars for parking in the open ground 

storey. 

 

 

 

 

 

 

4.6 Model 8 versus Model 9 

 
Fig 18: Model 8 (Model 3 + Model 7)        Fig 19: Model 9(Model 5 + Model 7) 

 

 

Both the Models 8 and 9 are combination of all the lateral 

strengthening techniques discussed. Both the lateral 

strengthening techniques, i.e. the structural or shear walls 

and the Chevron braces along with column strengthening, 

are incorporated in the building to get the best structural 

configuration in terms of seismic resistance. 

 

For severe parking requirements, Model 8 can be preferred, 

where a single structural wall in each direction is placed, 

along with the braces, And for moderate parking 

requirements, Model 9 can be preferred, where a long 

combined structural wall in a particular direction is placed, 

along with the braces. 

 

5. CONCLUSION 

The conclusions can be enumerated point wise as follows:- 

1. When Model 1 and Model 2 are compared, Model 2 is 

preferred because of the incorporation of the shear 

walls in the opens storey, thereby helps in minimizing 

the lateral deformationand the stiffness irregularity of 

building. 

2. When Model 2 and Model 3 are compared, Model 3 is 

preferred because of the tendency of Model 2 to go 

under torsion which occurs because of an eccentricity 

between the centre of mass and the centre of rigidity. 

Hence, the shear walls are the most impressive when 

usually kept at the periphery of the buildings. 
3. When Model 4 and Model 5 are compared, Model 5 is 

preferred because the building with the longer shear 

wall is much stronger than the others, and therefore, 

allows the building to be more defiant towards the 

lateral motion, and thereby, the lateral deformation and 

force demands on beams and columns are extremely 

reduced by using the double length shear 

walls.Therefore, it is salubrious to keep one long 

shear wall instead of the two short walls having 

separated by the interrelated beams. 
4. When Model 1 and Model 6 are compared, Model 6 is 

preferred because of the incorporation of the Chevron 
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bracings in the soft ground storey which allows the 

vertical forces to get transferred through the combined 

action of shear and thrust, former for the beam and 

latter for the column, thereby alleviating the beams and 

hence, mitigating the discontinuity in the load path of 

the building. Therefore, for a soft first storey, the 

bracings should be kept in relevant bays so as to 

hold the functional use of the open storey. 
5. When Model 6 and Model 7 are compared, Model 7 is 

preferred for the movement and accommodation of 

cars for parking in the open ground storey. 
6. When Model 8 and Model 9 are compared, the 

preference depends on the severity of parking 

requirements. 

 

For severe parking requirements, Model 8 can be 

preferred, where a single structural wall in each direction is 

placed, along with the braces. 

 

For moderate parking requirements, Model 9 can be 

preferred, where a long combined structural wall in a 

particular direction is placed, along with the braces. 
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