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Abstract— The present study primarily focuses on the 

construct of Open Ground Storey (OGS) building. The 

collapse mechanism of such style of building is 

preponderantly owing to the formation of soft- storey 

behavior within the ground storey of this kind of building 

the IS 1893 code was revised in 2002, Incorporating new 

recommendations to handle OGS Frame buildings. in line 

with this clause 7.10.3(a) of a seismic code states: “The 

columns and beams of the soft-storey area unit to be 

designed for the multiplication factor of 2.5 times the 

structure shears and moments calculated foer seismic loads 

of bare frame”. The given multiplication factor (MF) of 2.5, 

applicable for all OGS framed buildings, However as 

knowledgeable by the engineer during the design, MF of 2.5 

in not realistic for low and medium rise buildings. This calls 

for assessment and review of the code suggested 

multiplication factor for low rise and medium rise Open 

Ground Storey buildings. The objective of the paper is to 

check the applicability of the multiplication factor of2.5 

within the seismic Analysis of a medium rise open ground 

storey building. A RC framed building (G+9) with open 

ground strorey Placed in Bhuj (seismic Zone-V) is thought 

about for this study. This building is analyzed for 2 different 

cases by response spectrum analysis method (a) considering 

infill strength and stiffness (open ground storey), (b) Not 

considering infill strength and stiffness (Bare frame). Infill 

Stiffness was created in ETABS by using Equivalent 

Diagonal Strut approach. ETABS software is used for 

Structural modelling and Response spectrum analysis. 

Analysis is carried out for these models and results were 

compared. 
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I. INTRODUCTION 

Due to growing population since the past few years the car 

parking area for residential buildings in populated towns is 

an issue of fundamental worry.  therefore the trend has been 

to make use of  the  ground  storey  of  the  building  itself  

for  parking. Those types of buildings having no infill 

masonry walls in ground storey, however  infilled  in all top 

storeys, are known as Open ground Storey (OGS) buildings. 

They are also called ‘open first storey building’ (when the 

storey numbering starts with one from the floor storey), 

pilotis, or ‘stilted buildings’. There is sizable benfit of these 

category of buildings functionally but from a seismic overall 

Performance factor of view such buildings are taken into 

consideration to have expanded vulnerability. From the past 

earthquakes it was obvious that the major form of failure 

that occurred in OGS buildings included snapping of lateral 

ties, crushing of core concrete, buckling of longitudinal 

reinforcement bars etc. Due to the presence of infill walls in 

the entire upper storey apport from the ground storey makes 

the top stories an awful lot stiffer than the open ground 

storey. For that reason, the upper stories move about 

together as a single block,and maximum  of the horizontal 

displacement of the building takes place in the soft ground 

storey itself. In other words, this type of buildings sway 

from side to side like inverted pendulum(Fig. 1.2) at some 

point of earthquake shaking, and for this reason  the  

columns  in  the  ground  storey columns and beams are 

heavily pressured. Therefore it’s far required that the ground 

storey columns must have sufficient strength and adequate 

ductility. The vulnerability of this sort of buildi-ng is 

attributed to the sudden decreasing of lateral stiffness and 

strength in ground storey, compared to top stories with infill 

walls. 

 The OGS framed building behaves in a way when 

compared to a bare framed building (without any infill) 

under lateral load. A bare frame is much less stiffer than 

totally infilledframe. it resists the applied lateral load 

through frame action  and  shows  properly-distributed  

plastic hinges at  failure.  When this frame is absolutely 

infilled, truss action is introduced.  A completely infilled 

frame indicates much less inter-storey drift,Even though it 

generates more base shear (due to increased stiffness). A 

fully infilled frame yield less force in the frame elements 

and dissipate larger energy through infill walls.The 

strengthand stiffness of infill walls in infilled frame 

buildings are unnoticed in the structural modeling in usual  

design  practice. 7.10.3(a) states: “The columns and beams 

of the soft storey are to be designed for 2.5 times the storey 

shears and moments calculated underneath seismic loads of 

bare frames.”The factor 2.5 may be instructed as a 

multiplication factor (MF). This multiplication factor (MF) 

is ment to be the reimbursement for the stiffness 

discontinuity. As a result the intension of this thesis is to 

check the applicability of the multiplication factor of 2.5 in 

the ground storey beams and column when the building is to 

be designed as open ground storey framed Building and to 

study the effect of infill strength and stiffness in the seismic 

analysis of low rise open ground storey building. Hence for 

the present study Response spectrum analysis (RSA) is 

considered for the Comparative study.  To carry out these 

analyses a typical building model with two different cases 

are considered. 

 Considering infill strength and stiffness (Open ground 

storey building). 

 Without considering infill strength and stiffness (bare 

frame). 

 This study deals with fixed end support condition. 

All other Types of support conditions are not considered in 

this thesis. Soil-structure interaction is unnoticed for the 

present study. 
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II. STRUCTURAL MODELLING  

An existing RC framed Open ground storey building is 

considered in Seismic zone-V with Special Moment 

Resisting Frame (SMRF) is analyzed and Modelled in Etabs 

Software.  

        The model (G+9) having Fixed End support condition 

 With medium Soils considered.  The Concrete slab is 125 

mm thick  at  each floor level.  

A. LINE LOADS 

Column dead load = 0.3 X 0.6 X 25 =4.5 KN/m. 

Beam dead load     = 0.23 X 0.45 X 25 = 2.587 KN/m. 

Strut dead load      = 0.23 X 1.66 X 18.85 = 7.196 KN/m. 

B. SHELL LOADS 

Slab dead load = 0.125 X 1 X 25 = 3.125 KN/m^2.  

Live load         = 2 KN/m^2. 

Floor load        = 1.5 KN/m^2. 

             Infilled  RC  frames  have  been  used  in  many  

parts  of  theglobe  over  a  long  time. It is a structural 

composite system Which consists of a reinforced concrete 

frame with masonry or concrete  panels  filling  the  planar  

rectangular  voids among  lower  and  upper  beams and side 

columns. In these structures, the infill walls are usually 

considered as nonstructural elements and are often neglected 

in the structural analysis and design. But, they are able to 

interact with the bounding  frames  under  seismic  loads  

and  alter  the  load  resisting mechanism and failure pattern 

of the Reinforced Concrete frame.The modeling of infill 

wall as an equivalent diagonal compression member was 

introduced by Holme 

 (1961).  

      The thickness of the equivalent diagonal strut was 

recommended as the thickness of the infill wall itself, and 

the width recommended as one third of the diagonal length 

of infill panel. 

 
Fig. 1: Plan of building 

 
                 Fig. 2: Column Positioning of Building 

d = Diagonal length of the strut = 5m 

According to holmes equation, 

W = 0.333 d 

W = o.333 X 5 m 

W = 1.66 m 

According to holmes, 

t = thickness of equivalent diagonal    strut 

 = thickness of infill wall. 

t = 230 mm (or) 0.230 m. 

 
Fig. 3: D ETABS strut model. 

Type Of Structure 

Multi storey rigid jointed special 

RC moment resisting frame 

(SMRF) 

Seismic Zone V (Bhuj) 

Number of Stories 10 

Floor Height 3m 

Type of soil Medium (Type-II) 

Size of Column 300 X 600 mm 

Size of beam 230 X 450 mm 

Depth of Slab 125 mm 

Thickness of shear wall 230 mm thick 

Material grades 
M40 grade concrete, Fe 500 

grade steel. 

Modulus of Elasticity of 

Concrete 
M40-31622 N/mm2 

z- value 0.36 (zone- v) 

Importance factor(I) 1 

R- value 5 (SMRF) 
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Timeperiod (T)  

In x-direction 0.312 seconds 

In y-direction 0.23 seconds 

                     Table-Specifications of building 

III. RESULTS AND DISCUSSIONS 

In order to carry out the seismic analysis and design of a 

Structure to be built at a particular location, the actual time 

History record is requisite. However, it is not possible to 

have such records at each and every location.  Further, the 

seismic analysis of structures cannot be carried out simply 

based on the peak value of the ground acceleration.  the 

response of the structure  depend  upon  the  frequency 

Content of  ground motion  and  its  own  dynamic 

properties. To conquer the above difficulties, earthquake 

response spectrum is the most popular tool in the seismic 

analysis of structures.   

In this thesis, the results are analyzed and presented 

by using, 

RESPONSE SPECTRUM ANALYSIS METHOD. 

LOAD CASE DETAILS: 

Name Type 

DEAD Linear Static 

LIVE Linear Static 

FL Linear Static 

EQX Linear Static 

EQY Linear Static 

SPECX Response Spectrum 

SPECY Response Spectrum 

MULTIPLICATION FACTOR FOR BASE SHEAR 

Maximum 

BASE 

SHEAR in  X- 

direction 

Open 

ground 

storey 

building 

Bare 

frame 

building 

Multiplication 

factor  (MF) 

(V-X) max 
2802.56 

KN 
1541 KN 1.81 

 

Maximum 

BASE 

SHEAR in  Y- 

direction 

Open 

ground 

storey 

building 

Bare 

frame 

building 

Multiplication 

factor  (MF) 

(V-Y) max 
5038.88 

KN 
2900 KN 1.73 

MULTIPLICATION FACTOR FOR BENDING MOMENT 

Maximum 

BENDING 

MOMENT  in                  

X- direction 

Open 

ground 

storey 

building 

Bare 

frame 

building 

Multiplication 

factor  (MF) 

(M-X) max 
100631.56 

KN-m 

61508 

KN-m 
1.63 

 

Maximum 

BENDING 

MOMENT  in                  

Y- direction 

Open 

ground 

storey 

building 

Bare 

frame 

building 

Multiplication 

factor  (MF) 

(M-Y) max 
54728.14 

KN-m 

31273 

KN-m 
1.75 

IV. CONCLUSIONS 

Following are the conclusions obtained from the present 

study.  

1) The multiplication factor obtained for BASE SHEAR in 

x- direction under Response spectrum loads is 1.81. 

2) The multiplication factor obtained for BASE SHEAR in 

Y- direction under Response  spectrum loads is 1.73. 

3) The multiplication factor obtained for BENDING 

MOMENT in x- direction under Response spectrum 

loads is 1.63. 

4) The multiplication factor obtained for BENDING 

MOMENT in Y- direction under Response spectrum 

loads is 1.75. 

5) Finally The Multiplication factor need for the design 

columns and beams of Medium Rise (10 storey)  open 

ground story under seismic loads lies between 1.63 to 

1.81.  

A. Future Scope 

Another field of wide research could be the design of the 

infill walls considering the doors and the window openings 

which has not been considered in this research work. 

REFERENCES 

[1] Arlekar, J.N.; S. K. Jain and C.V.R Murty (1997) 

Seismic response of RC frame buildings with soft first 

storeys.Proceedings of CBRI golden jubilee conference 

on natural hazards in urban habitat. New Delhi 

[2] Asteris P. G. (2003) Lateral stiffness of brick masonry 

infilled plane frames. Journal of  Structural 

Engineering. 129(8). 1071-1079 

[3] Chopra  A.  K. (1973) Earthquake resistance  of 

buildings with  a soft first storey. Earthquake and 

Structural Dynamics. 1. 347-355 

[4] Crisafulli  F.  J.  (1999)  Seismic  Behaviour  of  

reinforced  concrete  structures  with masonry infills. 

Ph.D. Thesis. University of Canterbury. New Zealand. 

[5] Dhansekar,  M.  and  A.W.  Page  (1986)  the  influence 

of  brick  masonry  infill properties on the behavior  of 

infilled frames. Proceedings of Institution of 

CivilEngineers. Part 2. 81. 593-605 

[6] Dolsek  M  and  P.  Fajfar  (2000)  On  the  seismic  

behaviour  and  mathematical modeling   of   RC   

framed   structures. 12th World Conference on 

Earthquake Engineering. Auckland. New Zealand.  

[7] Fardis, M.N. and T. B. Panagiotakos (1997) Seismic 

design and response of bare and masonry-infilled  

concrete buildings.  Part II:  Infilled structures.  Journal 

of Earthquake Engineering.  

[8] Hashmi, A.  K. and A.  Madan  (2008)  Damage  

forecast  for  masonry  infilled reinforced  concrete  

framed  buildings subjected  to  earthquakes  in  India,  

Current Science.  

[9] Holmes, M. (1961) Steel frames with brick and concrete 

infilling. Proceedings of Institution of Civil Engineers. 


