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Abstract

Generally, in open ground storey buildings, unreinforced brick masonry infills are present in all floors except the ground storey.
This leads to severe stiffness and strength irregularity and even sometimes leads to torsion irregularity. Buildings with these
irregularities have consistently shown poor performance during past earthquakes. Normally, infills are considered as non-
structural member; however, practically it provides significant stiffness under lateral load. If special provisions have not been
followed in design, absence of infill at ground storey will lead to formation of soft ground storey. Under lateral loading, lack of
infill stiffness will lead to larger inter-storey drift concentrated to ground storey leading to an early formation of plastic hinges,
further impending collapse of structure. For this purpose, performance based analysis of soft storey structure was carried out. An
existing open ground storey building with G+5 storey have been considered in zone V. Infill walls are modelled using procedure
given in FEMA. Linear dynamic response spectrum analysis &Non-linear static pushover analysis has been done & studied
effects of infills on dynamic characteristics, yield patterns, seismic performance using SAP 2000. Time period and base shear
was obtained & compared by linear analysis. The pushover curves between base shear & displacement are plotted and
compared.

Keywords: existing building, insufficient stiffness, open ground storey, pushover analysis, response spectrum analysis,
storey-drifts

I. INTRODUCTION

Open ground storey (OGS) buildings are commonly constructed in populated countries like India since they provide much
needed parking space in an urban environment. Failures observed in past earthquakes show that the collapse of such buildings is
predominantly due to the formation of soft-storey mechanism in the ground storey columns. In conventional design practice, the
contribution of stiffness of infill wall presents in upper storey of OGS framed buildings are ignored in structural modelling. From
the past earthquakes it was evident that the major type 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 except for the ground storey makes the upper storey much stiffer than the open ground storey. Thus, the upper storey
move almost together as a single block and most of the horizontal displacement of the building occurs in the soft ground storey
itself. In other words, this type of buildings sway back and forth like inverted pendulum during earthquake shaking, and hence
the columns in the ground storey columns and beams are heavily stressed. Therefore it is required that the ground storey columns
must have sufficient strength and adequate ductility. The vulnerability of this type of building is attributed to the sudden
lowering of lateral stiffness and strength in ground storey, compared to upper storey with infill walls. A bare frame is much less
stiff than a fully Infilled frame, it resists the applied lateral load through frame action and shows well-distributed plastic hinges at
failure but when, frame is fully Infilled, truss action is introduced. A fully infilled frame shows less inter-storey drift, although it
attracts higher base shear (due to increased stiffness).
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1. METHODOLOGY
A. Details of Structure
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Fig. 1: Typical floor plan of selected building

Table -1
Building Description
1 Type of building Residential
2 Number of storeys G+5
3 Storey height 3m
4 Total height of building 18 m (above G. L.)
5 Depth of foundation 2m
6 Depth of slab 125 mm
7 | Thickness of infill walls 230 mm (on peripheral beams)
150 mm (on internal beams)
8 Live Load on roof 1.5 kN/m? (Nil for earthquake)
on floors 3 kN/m? (25% for earthquake)
9 Floor finish 1 kN/m?
10 Wind Load Not considered
11 Earthquake Load All combinations are Considered as per IS 1893:2002 (Part 1)
12 Seismic zone Vv
13 Soil condition Medium soil
14 Damping of structure 5%
15 Importance factor 1
16 | Response reduction factor 5
17 Zone factor 0.36

#. Modelling of frame structure

The existing building is analyzed for cases mentioned below and effectiveness of open ground storey has been studied.

1)
2)
3)
4)
5)

Bare Frame
Full Infill Frame
Open Ground Storey Frame

Open Ground Storey with X- Plate Metallic Da
i

Elastic material properties of these materials are
considered for study

Material Properties

Open Ground Storey with Steel Diagonal Bracings

mper

taken as per Indian Standard IS 456:2000. The following properties are
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11 Concrete
—  Characteristics compressive strength (fck) = 20 MPa
— Poisson’s Ratio = 0.2
- Density = 25kN/m3
—  Modulus of elasticity (E) = 22360.679 MPa
71 Steel
— Yield Stress (fy) = 415 MPa
—  Modulus of Elasticity (E) =2 X 10°MPa
3 Masonry Infill
—  Compressive strength of brick, fm = 10 MPa
— Modulus of Elasticity of brick masonry, (Ei) =5500 MPa
— Poisson’s Ratio = 0.2
—  Density = 20 KN/m?

£2. Structural Elements

1) Infill Walls

The infill walls are modelled as equivalent diagonal strut in the building. The simplest equivalent strut model includes a single
pin-jointed strut. Model for masonry infill panels was proposed by Mainstone, R. J. in 1971 where the cross sectional area of
strut was calculated by considering the sectional properties of the adjoining columns. The strut area As was given by the
following equation
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Fig. 2: Brick Infill Panel as Equivalent Diagonal Strut
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31 Bracing

In the open ground storey of the building column-beam junctions are diagonally steel braced by using I-sections of size ISMB
200 at strategic locations in both directions.

1 Damper

The X-Plate Metallic Damper is used in this study and placed at strategic locations in both directions. An XPD is a device that is
capable of sustaining many cycles of stable yielding deformation resulting in a high level of energy dissipation or damping, its
energy dissipation depends primarily on relative displacement within the device and not on the relative velocities. It consist of an
assembly that holds either single or multiple components of ‘X’ shape plates, the number of plate depends on the requisite of
system to dissipates the external input seismic energy.
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Fig. 3: X-plate Metallic Damper (Bakre et. al., 2006)

E. Properties of XPD:

Height of triangular portion (a) = 40mm
Breadth of triangular portion (b) = 60mm
Thickness of plate () =4mm
Number of X- Plates Used (n) = 10
Modulus of Elasticity (E) = 1.922E+05 N/mm?
Yield Stress (oy) = 235 N/mm2
Strain Hardening Rate (H) = 5 E+03 N/mm?
Post Yield Strength Ratio = 0.0083
(Ratio of plastic stiffness to elastic stiffness of X-plate element) The strategic locations at which steel bracings & metallic
dampers are provided are shown in broad lines in Figure 4

Fig. 4: Location of retrofitting
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I11. RESULT & DISCUSSION

A. Time Period Comparison
In the present study time period has been calculated as per IS 1893:2002 using codal provision method.

Table —2
Comparison of time period
Case No. Model Tl)r?e Period (s\t(ac)
1 Bare Frame 1.28277 | 1.111929
2 Full Infill Frame | 0.249587 | 0.267964
3 OGS Frame 0.791 0.673392
4 Steel Bracings | 0.352042 | 0.435853
5 Metallic Damper | 0.713506 | 0.642597

The time period of structure depends upon the stiffness of structure. From above Table it was observed that in case 3 it was
increased by 60% as compared to case 2, thus indicating the severeness of OGS structure. After retrofitting it was reduced by
55% & 10% in X- direction and 35% & 5% in Y- direction for case 4 & case 5 respectively as compared to OGS frame.

H. Base Shear Comparison

The base shear was calculated by RSA method. Base shear varies from structure to structure and depends on stiffness and weight
of the structure and also on lateral force applied to the structure. The base shear of all models under consideration was found out

and compared.

Table -3
Comparison of Base Shear
Case No. Model B)azse Shear (I:(N)
1 Bare Frame 383.628 | 468.164
2 Full Infill Frame | 683.103 | 751.275
3 OGS Frame 665.211 | 875.982
4 Steel Bracings | 981.627 | 1098.509
5 Metallic Damper | 787.925 | 917.847

It was observed that minimum base shear occurs in OGS frame (case 2) when compared to other cases having infills. The base
shear was decreased by 14 % in case 2 as compared to case 1. After retrofitting the base shear was increased by 48 % & 20 % in
X-direction and 26 % & 5 % in Y-direction for case 4 &case 5 respectively as compared to case 2.

. Comparison of Displacements by RSA

Graphical representation of displacement for different storey levels
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Chart 1: Displacement graph for bare frame, full infill frame & OGS frame
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Chart 2: Displacement graph for full infill frame, OGS frame & frame with Steel Bracings
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Chart 3: Displacement graph for full infill frame, OGS frame & frame with Metallic Dampers

£x. Discussion

— The storey displacement found to be more on top most storeys for all the cases. The largest displacement occurs in case of
OGS frame. On the other hand, in full infill frame and bare frame displacements are small at first storey.

— In OGS frame displacement was increased by 25% as compared to full infill frame.

— Displacement was decreased by 63% & 27% in frames with steel bracings & metallic dampers respectively as compared to

OGS frame.

E. Comparison of Inter-Storey Drifts by RSA
Graphical representation of inter-storey drifts for different storey levels
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Chart 4: Inter-Storey Drift for bare frame, full infill frame & OGS frame
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Chart 5: Inter- Storey Drift for full infill frame, OGS frame & frame with Steel Bracings
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Chart 6: Inter- Storey Drift for full infill frame, OGS frame & frame with Metallic Dampers
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i

Discussion:

An abrupt change in inter-storey drift profile indicates stiffness irregularity. There is sudden change in the slope at first

storey.

The above graphs show that the inter-storey drift is maximum for OGS frame which indicates ductility demand in the first

storey column for this case is largest.

However this profile becomes smoother right from case 4 & case 5 indicating large stiffness and less ductility demand

compared to OGS frame.

The Steel Bracings were more effective for reducing the storey drift at first floor than stiffer columns and metallic damper in

both directions.

Results for Non-Linear Static Pushover Analysis
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Chart 7: Pushover curves for bare frame, full infill frame & OGS frame
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Chart 8: Pushover curves for full infill frame, OGS frame & frame with Steel Bracings
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Chart 9: Pushover curves for full infill frame, OGS frame & frame with Metallic Dampers

#1. Discussion:

Above pushover curve shows larger displacement and high ductility in bare frame. In OGS frame there is decrease in ultimate
displacement and ductility. Strength carrying capacity of OGS frame is increased but ductility decreased because of high rigidity
& stiffness due to infill when compared to bare frame. In full infill frame strength carrying capacity is maximum as compared to
all other frames but ultimate displacement is low. Frame with Steel bracings have shown greater strength carrying capacity as
compared to OGS frame and metallic damper frame. Metallic damper frame is showing increased ductility and large strength
carrying capacity as compared to OGS frame.

1VV. CONCLUSION

Based on the result obtained from both analyses for the various cases, the following conclusion is drawn:

— Underestimation of design base shear in case of bare frame models as compared to infill models.

— The design base shear increases with increase in mass and stiffness of masonry infill wall and vice versa.

— Infill walls increases lateral stiffness of the building, measured in terms of first storey displacement thereby reducing
displacement in all storey levels compared to OGS building model.

— Due to addition steel bracings in diagonal shape ductility has been increased as compared to open ground storey and strength
carrying capacity and initial stiffness of open ground storey was significantly increased.

— Due to retrofitting with metallic damper, there is change in ductility it was increased as compared to open ground storey and
other retrofitting techniques. It has shown better performance in Pushover analysis for X- direction. Strength carrying
capacity and initial stiffness of open ground storey was also increased.

— The RC frame with open ground storey exhibited very poor lateral strength stiffness and energy dissipation capacity due to
formation of shear hinges in ground storey columns under lateral load resulting uncontrolled excessive deformation in the
ground storey in a nonlinear static analysis of building.
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