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Abstract— Reinforced concrete frame buildings have 

become common form of construction with masonry infills 

in urban and semi urban areas in the world. The term infilled 

frame denotes a composite structure formed by the 

combination of a moment resisting plane frame and infill 

walls. Many such buildings constructed in recent times have 

a special feature - the ground storey is left open, which 

means the columns in the ground storey do not have any 

partition walls between them. There is significant advantage 

of this type of buildings functionally but from seismic 

performance point of view such buildings are considered to 

have increased vulnerability. Though multi-storeyed 

buildings with parking floor (soft storey) are vulnerable to 

collapse due to earthquake loads, their construction is still 

widespread. The open ground storey buildings are generally 

designed as framed structures without regard to structural 

action of masonry infill walls.  The first storey becomes soft 

and weak relative to the other upper stories, since the first 

stories are composed of only the columns and upper stories 

are divided by the rigid walls. According to IS 1893 part I: 

2002 a soft storey is one in which the lateral stiffness is less 

than 70 percent of that in the storey above or less than 80 

percent of average lateral stiffness of the three stories above. 

A extreme soft storey is one in which the lateral stiffness is 

less than 60 percent of that in the storey above or less than 

70 percent of average lateral stiffness of the three stories 

above. It is found that, lateral displacement is very large in 

case of bare frame as compare to that of in-filled frames. If 

the effect of infill wall is considered then the deflection has 

reduced drastically. The presence of walls in upper storeys 

makes them much stiffer than open ground storey. 
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I. INTRODUCTION 

The open ground storey framed building behaves differently 

as compared to a bare framed building (without any infill) or 

a fully infilled framed building under lateral load. A bare 

frame is much less stiffer than a fully infilled frame; it 

resists the applied lateral load through frame action and 

shows well-distributed plastic hinges at failure. When this 

frame is fully infilled, truss action is introduced thus 

changing the lateral load transfer mechanism. A fully 

infilled frame shows lesser inter-storey drift, although it 

attracts higher base shear (due to increased stiffness). A 

fully infilled frame yields lesser force in the frame elements 

and dissipates greater energy through infill walls. The 

structural implications like strength and stiffness of infill 

walls in infilled frame buildings are ignored in the structural 

modelling in conventional design practice. The design in 

such cases will generally be conservative in the case of fully 

infilled framed building. But things will be not be the same 

for an open ground storey framed building. Open ground 

storey building is slightly stiffer than the bare frame, has 

larger drift (especially in the ground storey), and fails due to 

soft storey-mechanism at the ground floor 

The salient objectives of the present study have been 

identified as follows:  

1) To study the effect of infill strength and stiffness in 

the seismic analysis of open ground storey (OGS) 

buildings.  

2) To assess the effect of varying the infill 

arrangements on the analysis results by taking 

various combinations of infill thickness, strength, 

modulus of elasticity and openings. 

Stafford Smith (1966) reported that the weak frame 

cannot transmit the forces to the compressive diagonal of 

infill and therefore it suffers local crushing at the ends of 

compressive diagonal. The strong frame can transmit high 

forces to the compressed diagonal which set infill to initiate 

cracking from the central region and propagates towards the 

compressed diagonal ends was reported by Mainstone 

(1971) in contradiction to that stated above.   

Zarnic (1985) reported that when the weaker infill 

is used with the strong frame system then the horizontal 

sliding failure occurs along the bed joints of the masonry. 

On the contrary, Parducci(1980) reported that when the 

stronger infill was used with  the weak frame, the frame 

underwent premature failure of columns before the onset of 

frame failure, which means that the infilled frame does not 

reach to its full capacity. 

Fardis (1996) investigated the seismic response of 

an infilled frame which had weak frames with strong infill 

material. It was found that the strong infill which was 

considered as nonstructural is responsible for earthquake 

resistance of weak reinforced concrete frames.  

Scarlet (1997) studied the qualification of seismic forces in 

OGS buildings. A multiplication factor for base shear for 

OGS building was proposed. This procedure requires 

modelling the stiffness of the infill walls in the analysis. The 

study proposed a multiplication factor ranging from 1.86 to 

3.28 as the number of storey increases from six to twenty.  

Al-Chaar (1998) performed studies on the 

behaviour of reinforced concrete frames with masonry infill. 

The test was conducted on two half scale specimens in 

which one of the frames was stronger than the 

other.However, he concluded that the infill wall improves 

the strength, stiffness and energy absorption capacity of the 

plane structures which are useful for structures in seismic 

regions. 

Asokan(2006) studied how the presence of 

masonry infill walls in the frames of a building changes the 

lateral stiffness and strength of the structure. This research 

proposed a plastic hinge model for infill wall to be used in 

nonlinear performance based analysis of a building and 

concludes that the ultimate load (UL) approach along with 

the proposed hinge property provides a better estimate of the 

inelastic drift of the building. 

Doudoumis (2006) studied the importance of 

contact condition between the infill and frame members on a 

single storey finite element model. He reported that the 

interface condition, friction coefficient, size of mesh, 
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relative stiffness of beam to column, relative size of infill 

wall have significant influence o the response of infilled 

frame, while the effect of orthotropy of infill material was 

reported to be insignificant. However, this study was 

conducted for a single storey model under monotonic 

loading, therefore it is important to conduct similar studies 

for more number of stories under earthquake load.  

Kaushik (2006) conducted a comparative study of 

the seismic codes especially on the design of infilled framed 

structures. The study revealed that the most of the modern 

seismic codes lack the important information required for 

the design of such buildings.  

Hashmi and Madan (2008)property as well as 

brittle nature of failure conducted non-linear time history 

and pushover analysis of OGS buildings. The study 

concludes that the MF prescribed by IS 1893(2002) for such 

buildings is adequate for preventing collapse.  D Menon et. 

al. (2008) concluded that the MF increases with the height 

of the building, primarily due to the higher shift in the time 

period. The study proposed a multiplication factor ranging 

from 1.04 to 2.39 as the number of storey increases from 

four to seven.  

J. Dorji and D.P. Thambiratnam(2009) concluded 

that the strength of infill in terms of its Young’s Modulus 

(E) has a significant influence on the global performanceof 

the structure. The stresses in the infill wall decrease with 

increase in (E) values due toincrease in stiffness of the 

model. The stresses varies with building heights for a given 

E and seismic hazard.  

II. STRUCTURAL MODELLING 

Significant analytical and experimental research is carried 

out since five decades, which attempts to understand the 

behaviour of reinforced concrete frames with infill walls 

under earthquake or lateral loading. Various types of 

analytical models based on the physical understanding of the 

overall behaviour of an infill frame were developed over the 

years to simulate the behaviour of in filled frames. 

A.   Geometry: 

For the study 6 different models of a six storey building are 

considered. The building has 4 bays in X direction and 4 

bays in Z direction with the plan dimension 12m × 12 m and 

a storey height of 3 m each in all the floors and depth of 

foundation taken as 1.5 m. The building is kept symmetric 

in both orthogonal directions in plan to avoid torsional 

response under lateral force. The column is kept square and 

size of the column is kept same throughout the height of the 

structure to keep the discussion focused only on the soft first 

storey effect without distracted by the issues like orientation 

of column. 

B.  Modelling: 

The building is considered to be located in seismic zone II 

and zone V and intended for residential use. The building is 

founded on medium strength soil through isolated footing 

under the columns. Response reduction factor for the special 

moment resisting frame has taken as 5.0 (assuming ductile 

detailing). The floor finish on the floors is taken to be 1.0 

kN/m
2
. The live load on floor is taken as 3.0 kN/m

2
and that 

on the roof to be 1.5 kN/m
2
. In seismic weight calculations, 

25 % of the floor live loads are considered in the analysis. 

Type of structure 
Residential building 

(G+5) 

Plan dimensions 12 m X 12 m 

Total height of building 18.5m 

Height of each storey 3m 

Depth of foundation 1.5m 

Bay width in longitudinal 

direction 
3m 

Bay width in transverse 

direction 
3m 

Size of  beams 250 mm X 450 mm 

Size of columns 450 mm X 450 mm 

Thickness of slab 150mm 

Thickness of walls 200 mm 

Seismic zone II, V 

Soil condition Medium (type II) 

Response reduction factor 5 

Importance factor 1 

Table 1: Details of Structure 

C. Model Considered For Analysis 

 
Fig. 3.1: Plan of the structure 

 
Fig. 3.2: Elevation of the structur 
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Fig. 3.3: Model-2, 3.5m at ground floor in zone II and V and 

infill at centre 

 
Fig. 3.4: Model-3, 3.5m at ground floor and infill at corner 

 
Fig. 3.5: Model-5, 4m at ground floor and infill at centre 

 
Fig. 3.6: Model-6, 4m at ground floor and infill at corner 

III. RESULT& DISCUSSION 

Find the results for axial force, shear force, bending, 

displacement, storey drift etc& then compare the results to 

distinguish the effective system between provided different 

bracing systems in different seismic zones. Following tables 

and graphs are presented to find optimum system to resist 

seismic forces under following heads:- 

 

1) Bare Frame Structure 

2) Case 1- Structure with 3.5 m soft storey 

 Type 1 – Structure without Infill 

 Type 2 – Structure with Infill at corners 

 Type 3 – Structure with Infill at center 

3) Case 1- Structure with 4.0 M Soft Storey 

 Type 1 – Structure without Infill 

 Type 2 – Structure with Infill at corners 

 Type 3 – Structure with Infill at center 

A. Maximum Lateral Displacement: 

It is observed that the maximum displacement in  structures 

of case 1 is in structure with soft storey and as we provide 

infill wall the displacements reduces to a great extent. From 

table no 2 it is observed that displacement reduces as we 

provide infill wall to structure; in both the case infill wall at 

center is more effective than infill wall at corners for both X 

& Z direction 
Table 2: Lateral Displacement (mm) in structures frames 

 
Fig. 4.1: Maximum Displacements (mm) for Case 1 

 
Fig. 4.2: Maximum Displacements (mm) for Case 2 

B.  Column Forces: 

It is shown that the axial force in column member of 

structure is increased as we provide infill wall to counteract 

the effect of seismic force. The minimum values in bare 

frame structure and the maximum values are in structures 

having infill wall at center of the structure. Moment in 

columns of structure increased if we providing the infill wall 

to structures. In this the minimum values are in bare frame 

structure and maximum in structure without infill wall. 
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1) Axial Force: 

Structure 

Type 
 

Zone 

II 

Zone 

III 

Zone 

IV 

Zone 

V Brae Frame 
 

1584.

86 

1584.8

6 

1584.8

6 

1584.

86 

Case 1 

Type 

A 

1587.

26 

1587.2

6 

1587.2

6 

1587.

26 Type 

B 

1927.

97 

2165.4

9 

2482.1

8 

2957.

21 Type 

C 

2124.

89 

2249.2

8 

2587.7

3 

3027.

92 

Case 2 

Type 

A 

1485.

98 

1485.9

8 

1485.9

8 

1485.

98 Type 

B 

1889.

57 

2119.7

6 

2426.6

8 

2887.

06 Type 

C 

2048.

51 

2239.0

5 

2523.4

8 

2950.

11 Table 3: Maximum axial forces in column of the structures 

STRUC

TURE 

TYPE 

Case 1 Case 2 

 

ZO

NE 

II 

ZO

NE 

III 

ZO

NE 

IV 

ZO

NE 

V 

ZO

NE 

II 

ZO

NE 

III 

ZO

NE 

IV 

ZO

NE 

V 

BARE 

FRAME 

13.

36 

21.3

6 

32.0

2 

48.

02 

13.

36 

21.3

6 

32.0

2 

48.

02 

TYPE 1 
14.

38 

22.9

8 

34.4

5 

51.

66 

14.

17 

22.6

6 

33.9

7 

14.

17 

TYPE 2 
3.1

4 
5.05 7.50 

11.

24 

3.0

9 
4.94 7.40 

11.

09 

TYPE 3 
1.8

0 
2.88 4.31 

6.2

4 

1.7

7 
2.82 4.23 

6.3

5 

 

 
Fig. 4.3:  Maximum axial forces in column of case 1 

Structure 

Type  

Zone 

II 

Zone 

III 

Zone 

IV 

Zone 

V 

Brae Frame 
 

53.20 84.48 126.18 188.74 

Case 1 

Type 

A 
59.74 94.89 141.76 212.07 

Type 

B 
63.63 79.02 107.63 150.53 

Type 

C 
71.56 87.96 111.18 156.74 

Case 2 

Type 

A 
63.26 100.58 150.34 224.99 

Type 

B 
60.15 79.72 104.54 146.26 

Type 

C 
67.30 83.34 107.51 151.76 

 
Fig. 4.4: Maximum axial forces in column of case 2 

2) Moments: 

Table 4: Maximum moment (Mz) in column of the structures 

for all seismic zones 

 
Fig. 4.5:  Maximum column forces in structures of case 1 

 
Fig. 4.6:  Maximum column forces in structures of case 2 

C. Beam Forces: 

the structure increased as we provide the soft storey in the 

structure. The minimum value of moment observed in 

structure with infill walls at centers of structures. For shear 
force in beam member of the structure; it is observed that 

the values of shear force in structure not much likely to get 

affected as we provide the soft storey in structure. The 

maximum value of shear force is in structure with soft 

storey and minimum value is in structure with infill walls at 

edges/center 

. 
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1) Moments: 
Structure 

Type  

Zone 

II 

Zone 

III 

Zone 

IV 

Zone 

V 

Brae Frame 
 

78.71 108.24 147.61 206.68 

Case 1 

Type 

A 
81.00 113.53 156.89 221.94 

Type 

B 
36.96 39.19 52.45 72.36 

Type 

C 
36.19 36.19 43.47 56.19 

Case 2 

Type 

A 
82.30 115.86 160.61 227.73 

Type 

B 
36.21 37.68 50.31 69.26 

Type 

C 
35.55 35.55 41.54 53.78 

Table 5: Maximum moment in Beam members of the 

structures for all seismic zone 

 
Fig. 4.7 : Maximum moment in Beam members for Case 1 

 
Fig. 4.8: Maximum moment in Beam members for Case 2 

2) Shear Force: 
Structure 

Type 

  Zone 

II 

Zone 

III 

Zone 

IV 

Zone 

V 

Brae Frame   80.44 99.30 124.44 162.15 

Case 1 Type 

A 

81.70 102.36 129.90 171.21 

Type 

B 

61.49 61.49 61.49 61.49 

Type 

C 

60.66 60.66 60.66 60.66 

Case 2 Type 

A 

82.47 103.72 132.05 174.56 

Type 

B 

60.70 60.70 60.70 60.70 

Type 

C 

60.00 60.00 60.00 60.00 

Table 6: Maximum Shear Force in Beam members of the 

structures for all Seismic zones 

 
Fig. 4.9: Maximum shear force in Beam members for Case 1 

 
Fig. 4.10: Maximum shear force in Beam members for Case 

2 

D. Storey Drift: 

It is observed that in bare frame structure the displacement 

is less as in structure with soft storey. To resist these 

displacement using of infill walls might be a better 

experiment in structural design and analysis point of view. 

From above tables it is clearly observed that structure with 

soft stories have maximum displacement and if we provide 

infill walls in the structures the displacements may reduce 

from 34 mm to a value of 1.5 mm (approx.) 

Storey 
BARE 

FRAME 

Case 1 Case 2 

Typ

e A 

Typ

e B 

Typ

e C 

Typ

e A 

Typ

e B 

Typ

e C 

Base 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ground 

Floor 
0.99 1.06 0.58 0.48 1.08 0.57 0.47 

1st 

floor 
6.60 8.81 1.46 1.08 

10.9

7 
1.57 1.14 

2nd 

floor 
13.05 

15.5

0 
2.47 1.61 

17.5

3 
2.58 1.66 

3rd 

floor 
19.20 

21.6

7 
3.61 2.21 

23.3

3 
3.69 2.25 

4th 

floor 
24.50 

26.9

6 
4.81 2.83 

28.1

3 
4.86 2.85 
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5th 

floor 
28.43 

30.8

8 
6.02 3.46 

31.4

8 
6.02 3.45 

6th 

floor 
30.68 

33.1

2 
7.20 4.02 

33.1

8 
7.15 3.99 

Table 7: Maximum storey displacements (mm) in structures 

for Seismic zone V 

 
Fig. 4.11: Maximum storey displacements (mm) in Case 1 

 
Fig. 4.12: Maximum storey displacements (mm) in Case 2  

IV. CONCLUSIONS 

From the present results it is found that, lateral displacement 

is very large in case of bare frame as compare to that of 

infilled frames.  

1) If the effect of infill wall is considered then the 

deflection has reduced drastically. The presence of 

walls in upper storeys makes them much stiffer 

than open ground storey.  

2) The Nature of graph shows a definite pattern from 

there we clearly understand that the infill walls at 

center of the structure are more effective than infill 

wall at edges in both X & Z direction. 

It is clear from above conclusions that building 

with soft storey will exhibit poor performance during a 

strong shaking. But the open ground storey is an important 

functional requirement of almost all the urban multi-storey 

buildings and hence cannot be eliminated. Alternative 

measures need to be adopted for this specific situation. The 

under-lying principle of any solution to this problem is in i) 

increasing the stiffness of the ground storey; ii) provide 

adequate lateral strength in the ground storey. The possible 

schemes to avoid the vulnerability of open ground storey 

buildings under earthquake forces can be by providing stiff 

columns in open ground storey buildings or by providing 

adjacent infill walls at each corner of soft ground storey 

buildings. 
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