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Abstract 

The Objective of study is to identify efficient method of seismic upgradation of existing open ground story reinforced concrete 

frame building. Failure of several soft stored building in past earthquake underscores the need to retrofit existing soft-story 

buildings. A common cause of collapse of multistoried building is the occurrence of soft story in the ground floor. This underscores 

the need to retrofit existing soft story building to prevent total collapse. The existing buildings which were designed by previous 

codal provisions do not meet the requirement of current seismic code and design practices. Computer software STAAD Pro is used 

for dynamic analysis of G + 10 RCC building, of which ground storey is parking facility and is 3.5 m high while total height of 

building is 49.5m locating is seismic Zone 2. The RC frame is retrofitted by 3 methods,1) Brick masonry infill in ground story 2) 

RCC bracings in the ground story. 3) Shear wall in the Ground story.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The Objective of study is to identify efficient method of seismic up gradation of existing open ground story reinforced concrete 

frame building. A two dimensional RC frame, designed with non-ductile detailing, is subjected to nonlinear static push over 

analysis with code specified designed shear distribution. The RC frame is retrofitted by 3 methods,1) brick infill in ground story, 

2) RCC Bracings and 3) Shear wall in ground story. Of all three methods studied, the provision of shear wall gives maximum 

strength and ductility. 

Reinforced concrete material is the most common material for construction in India. Numerous RCC frame buildings collapsed 

in 2001 Bhuj Earthquake providing surge of destruction over the last decade has not adequately addressed their seismic safety. 

Most affected multi storey buildings are 5 storeys high and many upt0 11 storey high. The ground storey is left open for parking. 

Some of buildings have partially filled ground storeys. In contrast to the in filled upper storeys, the open ground storey may cause; 

(a) soft storey effect: the open storey may have smaller stiffness and cause increased deformation demand in the frame members 

of the storey; and (b) Weak storey effect: the open ground storey may have lower lateral strength and cause a discontinuity in flow 

of lateral seismic shear in that storey. 

 Retrofitting of Buildings is Required to Overcome the Seismic Deficiency: 

Three levels of improvement of existing RC frame buildings are possible, namely (a) Repair: only cosmetic modifications are 

made, (b) Restore: structural modifications are made such that the original seismic performance of the building is restored, and (c) 

Strengthen: structural modifications are made such that a higher seismic performance of the building is achieved than that of the 

original undamaged structure. The paper presents an overview of some of the retrofitting measures of RC frame buildings.  G+10 

double bay storied brick in filled RC frame with open storey is analyzed till failure. Then three retrofitting methods are applied on 

the frame in the open ground storey, namely (a) open ground storey (b) infilling with brick masonry, and (c) introduction to shear 

wall (d) steel bracing. The results are compared to estimate the efficiency of these three methods. 

II. ANALYTICAL STUDY 

A (G+10) storeyed two bay RC frame with open ground storey and brick infilled top storey is considered with the storey heights 

is 3.5m for all floors. The bay width is taken as 5m.The frame is assumed to be fixed against translation in all directions and 

rotation about all axes at the bottom nodes. The design lateral force on the infilled frame was estimated using the Indian Seismic 

Code [IS: 1893, 2002]. The frame was modeled in STAAD-PRO 2005 and linear Elastic analysis was carried out under the lateral 

force. The frame members were designed and detailed for the corresponding stress resultants as per Indian Concrete code [IS 456, 

2000]. The details of beam and column are as shown in table1. The thickness of the brick infill is taken as 150mm to flush with 

the column size. 
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Table - 1 

Detailing of building 

Sr. No Particulars Details/ Valuues 

1 Type of Building Residential 

2 No.of Storeys G+10 

3 Spacing of frame in X direction 5 m 

4 Spacing of frame in Z direction 5 m 

5 Each Storey height. 3.5m 

6 Size of column 1m dia (Circular Column) 

7 Size of beam 500x750mm 

8 Grade of steel Fe 415 

9 Thickness of RC wall 100mm 

10 Thickness of brick infill 150mm 

11 Size of RCC bracings 250x300mm 

Lateral pushover analyses of specimen OGS are performed using STAAD-PRO 2005.The infill was modeled as Single strut 

element with possibility of forming axial hinge .the strut hinge properties were computed as per the Existing model [Rein horn et 

al., 1995]. For the beams, the moment (M-?) hinge and the shear hinge (V-?,) were provided, and for the columns the moment 

hinge, shear hinge and axial force moment (P-M) interaction hinge were provided. The analysis stopped when a mechanism was 

formed in the frame. 

The model OGS was strengthened by the following retrofitting schemes. Each of them was modeled in STAAD PRO 2005 and 

subjected to lateral pushover analysis for estimating their limiting characteristics. 

 Brick Masonary Infill: 

The open ground storey panel was filled with 150mm thick brick masonary.thus in the model BMI, an additional strut as introduced 

in the frame in place of ground storey panel. The contribution of cracked concrete in the shear capacity of ground storey columns 

was neglected while determining the capacity of shear hinges 

 Shear Wall: 

Basically, the structural wall was introduced in the open panel of the ground storey. A single layer of reinforcement was provided 

for the 100 mm thick RC structural wall designed as per the Indian standard for ductile detailing [IS13920, 1993]. 

 Steel Bracing 

RCC Bracings of 250x300 mm is provided. 

 
Fig. 1a): RCC bracings 

 
Fig. 1b): Shear Wall 
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Fig. 1c): Brick infill 

III. RESULTS 

 
Fig. 2a): Frequency versus time period curve for RCC Bracings. 

 
Fig. 2b): Frequency versus period curve for Brick Infills 

 
Fig. 2c): Frequency versus period curve for Shear wall 
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Fig. 2d): Frequency versus time period curve for open ground storey 

The comparative pushover curves fig.2 (b) show that the model SW exhibits the maximum frequency of 53.09 Hz at a time 

period of 0.019 sec, for mode no.06.The model BMI with masonry infill shows brittle failure. The strength of model BMI peaks 

up at 49.315hz at 0.02 sec time period shown in figure 2 (b). Similarly for steel bracing the curve shown in fig. 2(a) with respect 

to open ground storey curve shown in fig. 2(d) 

IV. CONCLUSIONS 

The salient conclusions of the study are: 

1) For the open ground storey frame, retrofitting by means of introducing RC structural wall in the open ground storey, offers 

the maximum strength (frequency) and ductility. 

2) Although the initial stiffness of the brick masonry infilled specimen is more than that of the other specimen, at higher 

displacement levels, and the RC structural wall specimens gave better stiffness. 

3) Introducing the RC structural wall in the open ground storey gives the most desirable behavior for the two dimensional frame 

from the points of view of strength, stiffness ductility and frequency profile. 
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