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Abstract : Now a days all the structure around the world is designed considering permissible settlement of structure throughout its 

life span. But according to intensity of earthquake settlement of structure may exceed permissible settlement so the structure 

damages. Depending on the various data available in past earthquake zone are classified. In India in past few years earthquake has 

increased drastically causing various damages. Depending on intensity of earthquake damages occurs Also with variation in type 
of soil the amount of consolidation changes so it is important to test all the properties of soil before making any structure. Our 

project is about understanding how the consolidation of structure will vary with varying intensity of earthquake. In Mumbai, 

Bhayander  area which comes under the ZONE-2 of earthquake zone. We designed the model of existing building of Bhayander 

area in ETABS software and we have analyzed its consolidation in SAFE software. We have tested the model with varying 

intensity of earthquake, then depending on results obtained from our studies we have given the control measures that can be 

adopted for reducing the settlement of structure. 

 

Index Terms - Permissible settlement, ETABS, SAFE. 

I. INTRODUCTION 

A. BACKGROUND 

In past few years no of earthquakes in India has increased drastically. Depending on intensity of earthquake the damage to 

structure changes. According to geographical statistics of India almost 54% of Indian land is vulnerable to earthquakes. 
Depending on the various data available in past earthquake zone are classified. 

If the intensity of earthquake is 2.5 or less than this intensity earthquake doesn’t affects the structure. The estimated quantity of 

this intensity of earthquake in a year is 900000. If the intensity of earthquake is between 2.5 to 5.4 this intensity earthquake often 

felt, but only causes minor damage. The estimated quantity of this intensity of earthquake in a year is30,000. If the intensity of 

earthquake is between 5.5 to 6 it slightly damages the structures. The estimated quantity of this intensity of earthquake in a year 

is 500. If the intensity of earthquake is between 6.1 to 6.9 it may cause a lot of damages in very populated area. The estimated 

quantity of this intensity of earthquake in a year is 100. If the intensity of earthquake is between 7.0 to 7.9 it seriously damages 

the structures. The estimated quantity of this intensity of earthquake in a year is 20. If the intensity of earthquake is 8 or more 

than 8 then it is major earthquake which occurs only once or twice in 5 to 10 years. Below is the table showing zone and 

intensity of earthquake in India. 

Table 1.1 zones and intensity of earthquakes in India 
 

Seismic zone Intensity onMMI scale % of Total Area 

2 

(Low Intensity Zone) 
6 (or less) 43% 

3  

(Moderate Intensity Zone) 
7 27% 

4 

(Severe Intensity Zone) 
8 18% 

5 

(Very Severe Intensity Zone) 
9 (and above) 12% 

II. CONSOLIDATION OF SOIL 

According to Karl Von Terzaghi “consolidation is any process which involves the decrease in water content of saturated soil 

without replacement of water by air”. There are two types of consolidation, 1. Primary consolidation, 2. Secondary consolidation. 

Primary consolidation is reduction in volume of soil with removal of water. Secondary consolidation occurs by plastic 

rearrangement of soil particle with passage of time. The magnitude of consolidation can be measured by classical method given 
by Terzaghi i.e. Odometer test. Consolidation process can be explained by spring analogy. It is assumed that consolidation will 

take place only in one direction. Consolidation of structure depends on types of soil. With change in state the type of soil in India 

changes below is the graph showing different types of soil present in different parts of India. 
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Figure (1) different types of soil in India 

 

III. BEHAVIOUR OF SOIL UNDER SEISMIC ACTIVITY 

Depending upon types of soil structure behave differently under seismic activity. If the intensity of earth quake is between 5.5 to 
6, this intensity earth quake settles the structure or it develops the crack in the structure but it does not harm the structure severely. 

Our area of study is in zone 2 with variation in types of soil the amount of settlement will vary. Different types of strata like hard, 

medium, soft strata exist inside the ground with variation of strata the settlement of structure changes it has been found that in 

previous studies with change of soil strata from hard to medium and from hard to soft deflection has increased by 53.33% and 

60.25% respectively. From change of soil strata from hard to medium and from hard to soft the base shear has increased by 

26.85% and 43.25% respectively for flexible bases below is the graph showing different earthquake zones in India.  

 

 
Figure (2) seismic zones in India 

IV. METHODOLOGY 

4.1 Soil Testing  

We have taken a case study of the existing building located in Mira Road (Mumbai). We collected around 30 kg of soil sample 

including ground surface soil and below ground surface soil. At the site they have prepared the borehole for testing BH-1, BH-2, 

BH-3 and they have excavated the soil till 15 m of depth they have performed various tests on the sample collected from each 

Borehole according to their testing they have found that any building of G+7 and above can be created by excavating till 7.5 m 

depth. We have collected the sample from BH-1 for testing and comparing theirs laboratory results with our laboratory results. 
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Table 4.1 test results 

Tests Test at site lab Test at our laboratory 

Crushing load(kg) 2400 2430 

UCS 110.10 112.30 

Water absorption(%) 2.40 2.38 

Porosity 6.53 6.52 

Dry Density 2.07 2.21 

Rock type breccia breccia 

H/D 1.94 1.94 

Height(cm) 10.20 10.20 

Diameter (cm) 5.25 5.25 

 

4.2 Model Testing and Analysis in ETABS  

We have collected the site plans, floor plans, beam and column sizes foundation details from site office and we have designed 

the building in ETABS to calculate its total load acting on a soil. 

DATA COLLECTED 

G+4 story building with 2.9 m floor to floor height.  

1.5 m height from base of foundation to ground story 

Beams & columns sizes:  

BEAMS- 260mm*450mm 

  COLUMNS - 250mm*350mm 
Slab thickness- 160mm 

Wall thickness - 230 mm 

FOUNDATION DETAILS 

Raft foundation of 2.5 m at 1.5 m below the ground level. 

 

 
Figure (3) 

1.We applied various loading parameters like dead load, live load and earthquake load as per the zone and their various 

combinations as per IS 456:2000 in ETABS. 

2.We analysed the structure and made sure that structure is safe for all those loads. 

3.We found the reactions coming on all columns in ETABS. 

4.We design the raft foundation in SAFE Software. 
5.We import the column reaction from ETABS and SAFE. 

6.As per soil properties we have already determined in laboratory we put that in SAFE and found out that our model is safe for 

design. 

7.By putting the depth of soil strata below footing in SAFE. 

8.The settlement of structure due the seismic load reaction in SAFE are analysed. 

9.In SAFE we have provided the Raft foundation of 250 mm. 
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Table 4.2 loads applied 

Name Type 
Self-weight 

Multiplier 
Auto Load 

Dead Dead 1  

Live Live 0  

Masonry Superimposed load 0  

Parapet Superimposed load 0  

Internal walls Superimposed load 0  

Stair wall Superimposed load 0  

Point Other 0  

Ex Seismic 0 IS 1893 2002 

Ey Seismic 0 IS 1893 2002 

 

V. RESULTS AND DISCUSSION  

  5.1 Graph of displacement of stories 
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5.2 Base Reaction  

 

  
5.3 Discussion   

 

1. The building was designed for the permissible settlement of 40mm and by safe we obtain the settlement to be 35mm.As 

settlement of a structure is less than permissible settlement and hence the structure is safe against seismic load. 

2. We can reduce the settlement of structure by extracting the water from soil thereby reducing the water content of soil. 

3. Use of Geosynthetic materials, retrofitting and other modern method to change the properties of soil and to prevent the 

settlement. 

4. Compacting the soil in order to reduce the void and being the water content of soil up to the OMC before construction of 
structure. 

5.Depending on the results we will give the necessary methods to be adopted for existing buildings. 

VI. OUTCOME AND CONCLUSION 

1.Settlement of structure at a time of earthquake of different intensities. 

2.Intensity of damage to the structure with varying intensity of earthquake. 

3.With change in soil properties how settlement of structure changes. 

4. Prevention method of reducing the settlement of existing structure so increasing the life span of structures. 

REFERENCES 

[1]. Seismic bearing capacity and settlements of foundations 
By R. Richards Jr., 1 D. G. Elms, 2 and M. Budhu, 3 Members, ASCE. 

[2]. One-Dimensional Consolidation and Settlement Analysis of Soils under Pile Cap of Tapered Piles in Compressible Clay T. 

W. Adejumo1*, I.L Boiko2 1, 

[3]. Soil consolidation - From theory to practice Consolidation - Carl B. Crawford - Department of Civil Engineering, University 

of British Columbia, Vancouver, B.C., Canada. 

[4]. Geotechnical factors in seismic design of foundations state of-the art report, Miguel P ROMO1, Manuel J Mendoza2 And 

Silvia R Garcia3. 

[5]. Research on soil consolidation using consolidation cell under constant rate of strain by Cosmin-Mihaita Fantaziu and Vasile 

Musat,“Gheorghe Asachi” Technical University of Iaşi Faculty of Civil Engineering and Building Services 

[6]. Bureau of Indian Standards [IS 1893 (Part I):2002]. 

[7]. Franklin, A. G., and Chang, F. K. (1977).& quot;Earthquake resistance of earth and rock-fill dams.&quot; Report 5: 
Permanent Displacements of Earth Embankments by Newmark Sliding Block Analysis, M&amp;cellaneous Paper S-71, Soils 

and Pavements Laboratory, U.S. Army Engineer Waterways Experiment Station, Vicksburg, Miss. Jumikis, A. R. (1962).25 

[8]. Soil mechanics. D. Van Nostrand Co., Princeton, N.J., 

618- 652.Lambe, T. W. and Whitman,R. V. (1969). Soil mechanics. John Wiley, New York, N.Y. Mononobe, N., and Matsuo, H. 

(1929).&quot; on the determination of earth pressures during earthquakes.&quot; Proc., World Engrg. Conf., 9, 176. 

Newmark, N. M. (1965). &quot;Effects of earthquakes on dams and embankments.&quot; 

[9]. Geotechnique, London, England, 15(2), 139-160. Okabe, S. (1926). &quot;General theory of earth pressure.&quot; J. of the 

Japanese Soc. of Cir. Engrs., Tokyo, Japan, 12(1) (in Japanese). Okamoto, S. (1978). Introduction to earthquake engineering. 

[10]. Univ. of Tokyo Press, Tokyo, Japan. Prandtl, L. (1921) & quot;Uber die eindringun stestigkeit plastisher baustoffe und die 

festigkeit von schneiden.&quot; Zeitschrift F~r Angewandt Mathematik and Mechanik, 1(1), 15-30 (in German). 

[11]. Richards, R., and Elms, D. G. (1987). &quot; Seismic behavior of tied back walls.& quot; Report 87-8, Dept. of Civil 
Engineering,University of Canterbury, Christchurch, N.Z.Richards,R., and Elms, D. G. (1979). &quot;Seismic behavior of gravity 

retaining walls.&quot; 

http://www.jetir.org/


© 2019 JETIR  March 2019, Volume 6, Issue 3                                                         www.jetir.org  (ISSN-2349-5162) 
 

JETIRAS06036 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 216 
 

[12]. J. Geotech. Engrg. Div., ASCE, 105(4), 449-464. Richards, R., Elms, D. G., and Budhu, M.(1990). &quot;Dynamic 

fluidization of soils.&quot; J. Geotech. Engrg., ASCE, 116(5), 740-759. Sarma, S. K., and Iossifelis, I. S, (1990). 

&quot;Seismic bearing capacity factors of shallow strip footings.&quot; G~otechnique, London, England, 40(2), 265-273. 

[13]. Sokolovsky, V. V. (1960). Statics of soil media .translated by D. H. Jones and A. N. Schofield, Butterworths, London, 

England. Terzaghi, K. (1943). Theoretical soil mechanics. John Wiley &amp; Sons, Inc., New York, N.Y. Tschebotarioff, G. 

P. (1951). Soil mechanics, foundations and earth structures. 

[14]. McGraw- Hill, New York, N.Y. Vesic, A. S. (1973). & quot;Analysis of ultimate loads of shallow foundations.&quot; J. 

Soil Mech. and Found. Div.,ASCE, 99(1), 45-43. Vesic, A. S., Banks, D. C., and Woodward, V. H. (1965). &quot;An 

experimental study. 

 

http://www.jetir.org/

