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Abstract: Human and economic losses due to natural calamities that occurred in past many decades increased the
researchers concern to revaluate the building stock to decrease these casualties. After experiencing few vulnerable
earthquakes seismic evaluation of structure has become vital even post-earthquake assessment are emphasized. This study
will cover an approach to assess a seismic vulnerability of earthquake. Seismic fragility curves are developed based on
nonlinear dynamic analysis considering appropriate failure mechanisms. Seismic fragility curves are used mainly by
decision makers for the assessment of seismic losses both for pre-earthquake disaster planning as well as post-earthquake
recovery programs. Fragility curves - show the probability of failure versus peak ground acceleration. The primary
motivation of seismic fragility assessment is to obtain an estimate of the probability of exceedance of a given damage
level in a building due to a seismic hazard to predict its vulnerability. Seismic behaviour of structure that is built on soft
soils is mainly influenced by the soil properties, and the structural response is considerably different from the fixed base
condition beholding to the interaction between the structures and the ground.
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I. INTRODUCTION

The seismic vulnerability assessment of R/C buildings is extremely important in the mitigation of the earthquake effects,
in order to reduce their consequences. Fragility analysis is an exercise to determine the damage thresholds which usually
are classified as slight, moderate, extensive and collapse on some prefixed performance levels. Probabilities of exceeding
a particular damage level plotted against damage measure provide the fragility curve. Seismic fragility curves are
developed based on nonlinear dynamic analysis considering appropriate failure mechanisms. Probabilities of exceeding
a particular damage level plotted against damage measure provide the fragility curve. These curves are of immense help
in assessing structural safety or probable seismic damages. Seismic behavior of structure that is built on soft soils is
mainly influenced by the soil properties, and the structural response is considerably different from the fixed base
condition beholding to the interaction between the structures and the ground.

I1. DATA OF BUILDING & MODEL GENERATION

Story no 4 Steel Fed15

Storey height 3.5m Ground, 3m rest all Live load 2.5 KN/m2

Bay width dminboth X & Y Roof Live load 3 kKN/m2

No. of Bay 5inXand4inY FF 0.75 KN/m2

Beam 250 x450 mm \Wall Load 15 kN/m

Column 400 x400 mm Partition Wall Load 7.8 KN/m

Slab 150mm thick Parapet Wall Load 5.75 KN/m

Concrete M25 Earthquake load IAs per 1S-1893 (Part 1) — 2016

For consideration of soil parameters we take 5 different types soil which are soft soil, medium soil, stiff soil, very stiff
soil, hard soil.
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111.MODELLING & RESULT

? 09

Plan 3D view

To take the effect of Soil condition into account in analysis, these buildings are considered to be supported by raft
foundations. Soil springs are considered to represent the soil medium below the foundation. *To obtain the values of
stiffness of the springs for varieties of clayey soil, values of shear modulus (G) of soil have been estimated following the
empirical relationship G= 120*N”0.8 (T/ft2) (Ohsaki and Ishwaki ,1973), where N is the number of blows to be applied
in Standard Penetration Test (SPT) of the soil and Poisson's ratio (p)of soil has been taken to be equal to 0.5 for all types
of clay (IS 5249:1992, 1992),and Stiffness can calculate by Gazetas (1991) formula given in FEMA code.

N is taken as 3, 6, 12, 2 and 28 for soft, medium, stiff; very stiff and hard soil, respectively.

Soil N G (Shear Kx Ky Kz Krx Kry Krz
Type | value | Modulas) (KN/m) (KN/m) (KN/m) (kN*m/rad) | (KN*m/rad) | (kN*m/rad)
ggli‘lt 3 288.99 30425.13 | 31349.89 | 46993.47 10281117 15054888 14066394
Mg%'i‘:m 6 | 503.16 | 5297323 | 54583.33 | 81820.39 | 17900463.93 | 26212082.63 | 24491014.52
22]:{ 12 876.04 92231.76 95035.1 | 142457.57 | 31166517.91 | 45637886.6 | 42641332.96
Very

Stiff 20 1318.27 | 138790.42 | 143008.89 | 214370.26 | 46899399.61 | 68675926.1 | 64166709.93
Soil
Hard
Soil

28 1725.47 | 181661.09 | 187182.59 | 280586.63 | 61386053.22 | 89889083.65 | 83987025.5

Pushover Result:

From the push over analysis we get performance point in terms of Base Shear force and Total Displacements
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Deriving Fragility Curve:

In the present study, the capacity spectrum method is used to evaluate the probable vulnerability of the buildings. Fragility
curves are developed using the procedure mentioned in HAZUS for all the cases considered in this study. The probability
of being in or exceeding a given damage state is modelled as a cumulative lognormal distribution. For structural damage,
given the spectral displacement, Sd, the probability of being in or exceeding a damage state, ds, is modelled as:

DOI: 10.17148/IARJSET.2021.8447

1. (84 ) Damage states Spectral
Pddsy] =@ —m[ 4 displacements (sd,ds)
Pas ' Sd.ds/
Slight 0.7Dy

_ Moderate Dy
Sads isthe median value of spectral displacement at which the building

reaches the threshold of damage state, ds, EXteI’lSive Dy + 025(DU-Dy)
pds is the standard deviation of the natural logarithm of spectral Col |apse Du

displacement for damage state, ds, and

L] is the standard normal cumulative distribution function.

Fragility Curve
Building fragility curves are lognormal functions that describe the probability of reaching, or exceeding, structural and
non-structural damage states, given median estimates of spectral displacement

Fragility curve for Hard Soil
condition in Y dir.

Fragility curve for Hard Soil
condition in X dir.

Fragility cur\)e for Rigid
Support condition in Y dir.

Fragility curve for Rigid
Support condition in X dir.

Fragility curve for Very Stiff ~ Fragility curve for Very stiff ~ Fragility curve for Stiff soil ~ Fragility curve for Stiff soil

soil condition in X dir.

Fragility curve for Medium
soil condition in X dir.

Copyright to IARJSET

soil in Y dir.

Fragility curve for Medium
soil condition in Y dir.

IARJSET

condition in X dir.

Fragility curve for Soft soil
condition in X dir.

condition in Y dir.

Fragility curve for Soft soil
condition in Y dir.
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Fragility Curve Comparison
Here we are comparing Results from the plotted fragility curves of probability for 100mm Spectral Displacement.
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1VV.CONCLUSION

From Pushover Curve comparison, it is observed that the Capacity of building decrease with decrease in soil stiffness
and the difference observed between Rigid support condition and soft is within 10% and 11% in X and Y Direction
respectively. The total displacement at performance Point is approximately 15% increase with decrease in soil stiffness
in both direction. The probability of failure also increase with decrease in soil stiffness for all 4 damage state in both
direction. The results represented in fragility analysis show that consideration of the Soil stiffness effects induces a
higher fragility than that of the fixed-base models. So soil condition degrades from hard to soft, the vulnerability to
seismic threat increases. Therefore, the Soil effects should not be neglected in the structural fragility analysis.

REFERENCES

1) IS 456 (2000): Plain and Reinforced Concrete - Code of Practice

2) IS: 1893(Part I) - 2002, “Criteria for Earthquake Resistant Design of Structure, General Provisions and Buildings”, Bureau of Indian Standard,
New Delhi.

3) ATC-40, “Seismic evaluation and retrofit of concrete buildings”, Vol. 1 & 2, Report No. SSC 96-01, Seismic Safety Commission, Redwood City,
CA 1996.

4) Hazus—MH 2.1, Technical Manual, Department of Homeland Security, Federal Emergency Management Agency Mitigation Division,
Washington, D.C.

5) FEMA 356-2000, “Pre-standard and Commentary for the Seismic Rehabilitation of Buildings, Federal Emergency Management Agency”,
Washington D.C.

6) CSI, SAP2000, integrated finite element analysis and design of structures basic analysis reference manual. Berkeley (ca, usa): computers and
structures mc, 2006.

7) A. Bakhshi, M. Ansari.(2014), “Development of seismic fragility curves for reinforced concrete tall buildings”. EURODYN

8) Trishna Choudhury, Hemant B. Kaushik(2018), Seismic fragility of open ground storey RC frames with wall openings for vulnerability.
Engineering Structures 155

9) S. Siva Bhanu Sai Kumar, G.V. Rama Rao and P. Markandeya Raju(2016), Seismic Fragility Analysis Of Regular and Setback RCC Frames — A
Few Hypothetical case Studies. Asian Journal of Civil Engineering

10) Iman Mansouri, Jong Wan Hu, Kazem Shakeri, Shahrokh Shahbazi, and Bahareh Nouri(2017), Assessment of Seismic Vulnerability of Steel and
RC Moment Buildings Using HAZUS and Statistical Methodologies. Discrete Dynamics in Nature and Society

11) Ronak Motiani, Dharmil Joshi, Sandip A. Vasanwala, Kavan Bhatt and Jaimin Korat(2018), Seismic Vulnerability Assessment of Mid-rise
Reinforced Concrete Building in Ahmedabad. Advances in Intelligent Systems and Computing

12) Taha A. Ansari, Sagar Jamle(2019), Performance Based Analysis of RC Buildings with Underground Storey Considering Soil Structure
Interaction. International Journal of Advanced Engineering Research and Science

Copyright to IARJSET IARJSET 286

This work is licensed under a Creative Commons Attribution 4.0 International License


https://iarjset.com/

