’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 07 Issue: 04 | Apr 2020

www.irjet.net

p-ISSN: 2395-0072

Seismic Vulnerability Assessment of Open Ground Storey Building

using Pushover analysis and Response Spectrum Analysis

Vishnu R. Bhakad?, D.H.Tupe?, G.R.Gandhe3

1PG Student Department of Civil Engineering, Deogiri Institute of Engineering and Management Studies,
Aurangabad 431005, India
2Assistant Professor, Department of Civil Engineering, Deogiri Institute of Engineering and Management Studies,
Aurangabad, Maharashtra, India.
3Professor, Department of Civil Engineering, Deogiri Institute of Engineering and Management Studies,
Aurangabad, Maharashtra, India.

Abstract - In World increasing population hence developing
problem so provision require shelter and vehicle parking.
There is arising lots of problem for the vehicle parking,
reception lobbies, communication halls or any purpose in the
multi-storey building, and these type of building is also known
as open ground storey(soft storey) building or open first storey
building. There are more of advantages of this type of building
but from the earthquake point of view these types of buildings
are much vulnerable. In the open ground storey building walls
are present at the all the storey rather than ground storey and
during the time of earthquake or dynamic loading the upper
storey except ground storey columns are heavily stressed.
These phenomenon is occurring due to stiffness discontinuity
present in the open ground storey building here all the upper
storey are have higher stiffness than the ground storey of the
building. These situation works like a vibration of inverted
pendulum. This project is proposed to critically study Seismic
Vulnerability Assessment of Open Ground Storey Building
using Pushover analysis and Response Spectrum Analysis.
Modeling will be made of a frame structure in the software
SAAP2000 20. Analysis and design of the G+7,G+14 and G+21
storey RCC structure with different alternative in open ground
storey will be done with the help of SAAP2000 20 i.e. five
models for each G+7,G+14 and G+21 storey will be prepared,
one would be bare frame, second frame with infill's panels,
third open ground storey structure, fourth open first storey
structure, fifth open ground storey with part peripheral RCC
wall, sixth open ground storey with central core wall and
seventh would be open ground storey with complete
peripheral RCCwall. The data obtained from analysis report of
SAAP2000 20 will be studied and the performance of the
structures will be compared.

Key Words: Open Ground Storey Structure, Static
Nonlinear Analysis, Pushover analysis, Capacity, Base
Shear, Response Spectrum method, Nonlinear Hinges
and 1S1893:2016.

1. INTRODUCTION

For fast growing country like India there is arising lots of
problem for the men and vehicle parking is used as a parking
space for the multi-storey building and this type of building is

also known as open ground storey building or open first
storey building. There are lots of advantages of this type of
building but from the earthquake point of view these types of
buildings are much vulnerable. The walls are presentin open
ground storey at the all the storey level other than ground
storey and during the time of earthquake the ground storey
columns are heavily stressed except upper storey. This
situation occurring due to discontinuity of stiffness, present
in the open ground storey building here all the upper storey
are have higher stiffness than the ground storey of the
building. These phenomenon works like a vibration of
inverted pendulum. In the conventional design practice code
the strength and stiffness of in filled walls are ignored and the
frames strength only designed. In the design practice code,
there is no provision for the design of the frame is bare frame
design. With the infill the strength and stiffness of bare frame
is increases but at the open ground storey is not, then the
fundamental time period component to bare frame and
consequently increases the base shear demands in the
ground storey beams and column. In the past earthquake, the
failure patterns are observed in bhuj earthquake and Jabalpur
earthquake there is in the open ground storey building. The
infill partis at other side and open ground storey is other side
affected by earthquake. After the bhuj earthquake Indian
code IS 1893:2002 are revised and give some
recommendation. In clause7.10.3.(a) state that, “the column
and beams of the soft storey are to be designed for 2.5 times
the storey shear and moment calculated under seismic loads
ofbare frames “. The value 2.5 is used as multiplication factor
for the open ground storey beam and column.

1.1 General

Now days we can use any software to analyse linear/non-
linear, static/dynamic analysis. It's necessary to develop a
computational model using software like STAAD, ETAB and
SAAP. Hence in this chapter we will discuss the parameters
defining the computational models, the basic assumptions
and the geometry of the selected building considered for this
study. In this chapter is discussed, a detailed description on
the nonlinear modeling of RC building frames in SAAP2000
20.
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1.2 Example Frames o -
The type of building frames considered for the case study is
5X5 bay frame. The buildings were of 7, 14 & 21 storied with
the number of bays remaining constant i.e. 5. Types of
building frames considered are shown in the table below:

Table -1: Seismic Design Data
Frame Type of
Sr.No | Name Frame Type Storeys | Bays | Infill Wall
No Infill
L Mi-A | Bare 7 > Wall Fig-1: Plan for model all models.
2 M1-B | Fully infilled 7 5 Strong
3 M1-C 0GS 7 5 Strong e — =
4 M1-D | OFS 7 5 Strong i
Shear wall at
partial
5 M1-E periphery OGS 7 5 Strong
Shear wall at
6 M1-F core OGS 7 5 Strong
Shear wall at
7 M1-G | full periphery 7 5 Strong
No Infill
8 M2-A | Bare 14 5 Wall
9 M2-B | Fully infilled 14 5 Strong
10 M2-C | OGS 14 5 Strong Fio2. El p— del M1-A
11 | M2-D | OFS 14 5 Strong 1g-2: blevation for model M1-
Shear wall at TR =
patial
12 M2-E | periphery OGS 14 5 Strong
Shear wall at
13 M2-F | core OGS 14 5 Strong
Shear wall at
14 M2-G | full periphery 14 5 Strong
No Infill
15 M3-A | Bare 21 5 Wall
16 M3-B | Fully infilled 21 5 Strong
17 M3-C OGS 21 5 Strong
18 M3-D | OFS 21 5 Strong f
Shear wall at
patial Fig-3: Elevation for model M2-A
19 M3-E periphery OGS 21 5 Strong
Shear wall at A— =
20 M3-F core OGS 21 5 Strong 9 3 @9 9
Shear wall at
21 M3-G full periphery 21 5 Strong
I

Fig-4: Elevation for model M3-A
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Fig-5: Elevation for model M1-B Fig-9: Elevation for model M2-C

— [Toxzrmesvt | X
Fig-6: Elevation for model M2-B Fig-10: Elevation for model M3-C
Fig-7: Elevation for model M3-B Fig-11: Elevation for model M1-D
[T xzPancB vz | EES TR AZPane O V=1 |

Fig-8: Elevation for model M1-C Fig-12: Elevation for model M2-D
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Fig-13: Elevation for model M3-D Fig-17: Elevation for model M1-F
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Fig-14: Elevation for model M1-E Fig-18: Elevation for model M2-F
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Fig-15: Elevation for model M2-E Fig-19: Elevation for model M3-F
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Fig-16: Elevation for model M3-E

Fig-20: Elevation for model M1-G
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Fig-21: Elevation for model M2-G
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Fig-22: Elevation for model M2-G

Apart from variations in height we have considered other
variations in the type of building frames for this project. The
same frames were redesigned for other different cases like
variation in OGS (wall in periphery of frame and in central
core), sometimes we need to have parking in first storey
instead of Ground storey so this one case is also considered
in this study.

2. Methodology

The present analysis deals with the Static Nonlinear Analysis
and Dynamic linear analysis i.e. pushover analysis and
Response Spectrum Method respectively of a multi-storied
building with G+7, G+14 and G+21 floors. For the three-
dimensional modeling and analysis of the structure standard
software SAAP2000 20 is used. Seismic force is applied with
X and Z directions and also nonlinear hinged is assigned to
all beams and column respectively to check the performance
of the building. Frames are then analyzed by Response
spectrum method and pushover method after analyses
following results are studied.

1. Maximum storey displacements 2.Storey drifts 3.Static
base share. 4. Dynamic Base share. 5. Storey stiffness. 6.
Fundamental time period. 7. Model shape 8.Model periods
and frequency 9.Model participation mass ratio. 10. Plastic
Hinge Formation.

Table -2: Seismic Design Data:

Sr. No. Content Description
Type of structure )
Special moment
1 resistant frame
Response Reduction
2 Factor 5
Seismic zone
3 111
4 Zone factor 016
5 Importance factor 12
6 damping ratio 504
7 Soil type Hard soil

3. Material Properties

Table3. Material Properties and geometric parameters

Assumed

Sr. Design Parameter Value

No

1 Unit weight of concrete 25 kN/m3

2 Unit weight of Infill walls 18kN/m3

3 Characteristic ~ Strength of | 25 MPa
concrete

4 Characteristic ~ Strength of | 415 MPa
concrete

5 Compressive  strength  of | 5000MPa
strong masonry (Em)

6 Compressive strength of weak | 350MPa
masonry (Em)

7 Modulus of elasticity of | 750fm
Masonry Infill walls (Em)

8 Damping ratio 5%

9 Modulus of elasticity of steel 2E5 MPa

10 Frame Type Special Moment

Resisting Frame
12 Slab thickness 150 mm
13 Wall thickness 230 mm

4. Structural Elements

The dimensions of the elements of the structure were:
For model M-1

1. Beam: 230 mm x 600 mm

2. Column: 300 mm x 830 mm

3. Slab thickness: 150 mm

4. Wall thickness: 150 mm

5. Parapet height: 1200 mm

6. Founding depth: 1500 mm
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Table4. Structural Elements
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MODELS

M1-D
Fig -24: Base shear for 7 storey frames along SPECX

Sr. Models
No. Description M1 M2 M3
230X
1 Beam 230 X 600 230 X600 600
600 X
2 Column 300 X 830 450 X 800 900
Slab
3 thickness 150 150 150
Wall
4 thickness 150 150 150
Parapet
5 height 1200 1200 1200
Founding
6 depth 1500 1500 1500
Shear wall
7 thickness 200 200 200

5 Loads Considered

The types of load considered during the design were:
1. Self-weight of beams and columns.
2. Weight of slab.
3. Infill weight.

4. Parapet weight.
5. Floor finish of 2 KN/m2.
6. Live load of 5 KN/m2.

6 Structural Modelling

All the above structures were now ready for modelling and
were about to be modelled in the software SAP. As per our
objective we were focused on the behavior analysis of the

BASE SHEAR SPECY
2500
2000

1500
1000
- B
0
M1-A M1-B M1-C M1-E M1-F M1-G

M1-D
Fig -25: Base shear for 7 storey frames along SPECY

BASE SHEAR

S

MODELSe

Fig. 23, 24 and 25 shows the base shear along EQX/EQY,
SPECX and SPECY respectively for different types of 7 storey
frame.

building frame here in this step we introduced the type of
non-linear analysis to study the behavior said to be as
pushover analysis.

6 Results for Response Spectrum

The following results are deals with the Dynamic linear
analysis i.e. Response Spectrum Method respectively of a

multi-storied building with G+7, G+14 and G+21 floors.

Fig -23: Base shear for 7 storey frames along EQX/EQY
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Fig -26: Base shear for 14 storey frames along
EQX/EQY
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Fig-27: Base shear for 14 storey frames along SPECX
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Fig-28: Base shear for 14 storey frames along SPECY

Fig. 26, 27 and 28 shows the base shear along EQX/EQY,
SPECX and SPECY respectively for different types of 14

storey frame.
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Fig -29: Base shear for 21 storey frames along EQX/EQY

Fig. 29 shows the base shear along EQX/EQY for different

types of 21 storey frame.
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Graph-1: Time period for 7 storey frames.
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Graph-2: Time period for 14 storey frames.

Graph 1, 2 and 3 shows the time period for different modes
for 7, 14 and 21 storey frame respectively.
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Fig-30: Roof displacement for 7 storey frames. PERFORMANCE POINT
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Fig-31: Roof displacement for 14 storey frames. 200000
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MODELS Fig. 33,34and 35 shows the performance point for different
models for 7, 14 and 21 storey frame respectively.

Fig-32: Roof displacement for 21 storey frames.

Fig. 30,31and 32 shows the roof displacement for different
models for 7, 14 and 21 storey frame respectively.

6 Results for Static Nonlinear Analysis

The following results are deals with the Static Nonlinear
Analysis i.e. pushover analysis respectively of a multi-storied
building with G+7, G+14 and G+21 floors.
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Fig-37: Performance point for 14 storey frames.

Fig-40: Distribution of Plastic Hinges for model M1-E
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Fig. 36 and 37 shows capacity spectrum curve for M1-A and
M2-A and also performance point.
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Fig. 38, 39, 40 and 41 shows the distribution of nonlinear

Fig-38: Distribution of Plastic Hinges for model M1-A hinges for some models.
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8. CONCLUSIONS

From the above study of Static Nonlinear Analysis and
Dynamic linear analysis i.e. pushover analysis and Response
Spectrum Method following points are concluded.

1. As the height of building increases its mass
increases but its overall stiffness decreases. Hence
the natural time period of the building increases
with building height.

2. From the above results one has to accept that as we
increase the no. of stories base shear and storey
shear get increased.

3. Deflection of bare frame i.e. without infill panels is
more as compared to with infill frames.

4. Performance of building with shear wall at open
ground storey is more as compared with bare frame
and OGS frame.

5. From the overall analysis it shows that the with
infill model performance better than the without
infill model
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