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EARTHOQLUAKES AN TSLINAMIS

When Bam was preparing for launching his campaign ton the rescue of
Sitd from the captivity of Kavan, thitre wais a termde notse ke the clap of
thuirder, the mountons shook and rocks fell dovsh violenty, amd the walers
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tsunami brought waves of sea water deep Into the land. The coming oul

of snakes in dazed condition and other burrowing animals and th-l.".]"l[_‘

away of toads from the coasts confirme the occurrence af an éarthaquaik

KSValdiya

Geography Peoples and
Geodynamics of Indiain
Puranas and Epics

ifr ' F [ T 1 (LR
H i ' E
—_— Vi Fy -
i
[ == Ly i
- - = -
== ji—— g —
L el R o
1
- —— b =
- = -
1
n _&am LI 1 ' I 1 i 1 T
| T 1 i ¥
=i L I 1
i ] - | i m
ni 4 kB
. e — g
" = -
- Pl -
1 T TTETE S ——
= =—a . EEETE g
i
mm o | i i ] ] 1 IFB
I 1 1 1
' . ¥ || e I i T 5 W]

wave-cul polches ond straircase-{ike platform (Pant and Joval, 1993), The
faulting: must have been acoompraned by a magor sarthauak
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An earthquake in Srinagar, 24th September, 1501 AD

The Tarikh-c-Hasan mentions about an earthquake which is not mentioned in the con-
temporary Sanskrit source, namely the Rajatarangini by Suka. Pir Hasan Shah records:

“During the reign of Sultan Fath Shah on 12th of Asvach Pasi of 970 H. (Septem-
ber, 24th 1501 AD) a severe earthquake occurred in the previous night. A large
number of creatures of God lost their lives and houses were razed to ground. The
earth and sky remained in tumult for a period of three months. Then after three

months normalcy was restored.”
(Tarikn-e-Hasan, ff. 170a)®

An earthquake af Garhguon, 1548 AD
The Ahom-Buranji (Tr. and Ed. Barua, 1930) states:

“In Lakani Tao-Shinga (i.e. in 1548 AD) a violent earthquake took place, peb-

bles, sand and ashes came out bursting the surface of earth...”
(Ahom Buranji, pp. 81-82. para 61)*

This earthquake was during the reign of the king Suklemung who made his capital at
Garhgaon and therefore known as Garhgaya Raja. Gait (1905) also mentions this earth-
quake. The intensity of this earthquake might be IX. Garhgaon is south east of Sibsagar and
its location is approximately 26°45' N, 94°50'E.,

RN lyengar |ndian journal of history of science




VARAHAMIHIRA (5™ Cent. A.D).
ADBHUTA SAGARA OF BALLALA SENA(10™ Cent. A.D)
Lokopakarakam of Chamunda Raya (11t Cent. A.D.)

Earthquakes are classified into four groups, in decreasing order of distress. Felt
distances and affected regions are mentioned.

Name Distance Region
(Yojana)
Vayu 200 Kuru, Yavana, Sourastra, Vanga,

Trigarta, Magadha

Varuna 90 (180 ) * Gonarda, Cedi ,Kukura, Videha,
Sindhu
Agni 80 (110) * Ashmaka, Dravida, Madhyadesha,

Kuru, Yavana, Sourastra, Vanga,
Trigarta, Magadha

Indra 70 (160) * Kashi, Dravida, Kashmir

* 1Yojana=9.6 Kms.(approx.) Prof. RN lyengar Current science




NAMES OF
REGIONS WHICH
HAVE EXPERIENCE
EARTHQUAKES IN
ANCIENT TIMES AS
PER BRIHAT-
SAMHITA OF
VARAHA MIHIRA 5-

6" CENT. A.D.

RED COLOUR
INDICATES THE
SEVEREST TYPE
(VAYU).
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Converging plates - continetal plate vs. continental plate

About 225 million years ago, India was a large
island situated off the coast of Australia. The
Tethys Sea, a large ocean, separated India from
the Asian continent. When Pangaea broke apart
about 200 million years ago, India began to move
northward. About 40 to 50 million years ago India
collided with the Eurasian continent. The northern-
mast part of the Indian continent was forced below

the Eurasian continent, which resulted in a
thickening of the crust - the mountain chain
Himalayas was formed. The collision between the
two continents has not yvet ended. The Indian
continent is still moving northward, and the
Hirmalayas continue to rise more than one cm per

yEear.




Converging plates - continetal plate vs. continental plate

Ahouk 225 millinon years agn, Tndia was a large
island situated off the coast of Australia. The
Tethys Sea, a large ocean, separated India from
the Asian continent. When Pangaea broke apart
about 200 million years ago, India bagan to move
northward. About 40 to 50 million years ago India
collided with the Eurasian continent. The northern-
mast part of the Indian continent was farced below

Himalaya

the Furasian continent, which resulfed in A

thickening of the crust - the mountain chain
Himalayas was formed. The collision between the
two continents has not yet ended. The Indian
continent is still moving northward, and the
Himalayas continue to rise more than one cm per
year.
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WHAT KIND OF FAULTS ARE THERE IN
HIMALAYAS ?




Inter- and Intraplate Earthquakes

= Most earthgquakes occur along plate margins
because plate margins are relatively weak, but
about 10% of earthgquakes occur within the interior
of plates.

=+ We classify earthquakes depending on where they
are located
Interplate - between plates
Intraplate - within plates
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SEISMIC HAZARD

STRUCTURAL SAFETY
EARTHQUAKE —GROUND
VIBRATION

(DISPLACEMENT, VELOCITY,
ACCELERATION TIME HISTORY)
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Most of our engineering
structures have resonant
vibration frequenciesin 0.1 Hz -
10 Hz range.

NAT. FREQ. = 1/(0.1N),
N=number of stories

10 15 20
{a) Freguendy[Hz)




The economic losses estimated for the period 1929-1950
due to earthquakes are in excess of US$10 billion.

In the past 3 centuries over 3 million people have died
due to earthquakes and earthquake rel ated disasters.

2001 Bhuj earthquake — US$ 5 Billion
2005 Kashmir earthquake - US $5.2 billion
2008 China earthquake — US $75 Billion
2011 Japan Earthquake — US $ 300 Billion

2014 Indian Budget —$ 301 Billion dollars

The next great earthquake in amajor metropolitan region can
cause damage at the multi-trillion dollar level




Fable IV, Espmates ol current disasters il repeils of nstone earthgquakes should happen
Laxpected deaths are calculated by QUAKELOSS, the reported numbers are from the DD,

Date Time Locaton Latilude Longmtude Depth A Expectéd Reported
(GMT) (degree) (degree) (km) deaths  deaths

IRUT 0612 1106  Shillong 26,00 J1.1) B B3 WML 1.542

PSR 00 (KI5 H.‘.b!l'l_:_"’.l;[ 11 16,4 25 B TiLIHN) 21 KM}

I3 15 0843 Biho ey X700 ) 1 IR0 6000 e s00)

1.55
195008/ 15 14:080 Assam 8.5 6.5 30 8.6 40,000 1,500

Fatfr ff, Esvnmmpresd homan losses dug oo scemumo sanbyquekes along she Hunalusun. plaie
hoviernbnew. Lot sk, D omvertanbe depily, omd mosgegiiade. A are gaaimad | o] o pomseioes
of swone canthguakes and the waome seuung, The mnge of deaths and mjured moludes two
stundurd deviatons from the mean. The number of settlements expected (0 experience shakmng
ol intensity, /, larger thun 7 and 3, represents those where some people muay be killed and those
alfected by the carthquake, respectively.

L.ocation. Latitude Longitude Depth M Expected MNumber No.  No
(degree) (degree)  (km) deaths injured settle  seutle
(thousands) (thousands) /=27 [=z5

I Assam 27.8 23 23 8.1 24-49 32-499 I ld 1901
2 Bhutan 27.3 %95 25 8.1 Ti-151 163-274 70 2500
1 Katmandu 2¥.1 %4.2 25 3.1 2142 45K 130 2600
4 W. Nepal 287 S8 23 8.1 1122 24-53 370 2800
5 Garhwal 29.7 T9.6 25 8.1 58115 | 25-230 IR0 3000
v Dxehra Dun 30,7 71 25 L [ Y 210433 430 3300
T Kashit 130 75.0 a5 B.1 67117 46203 220 4000




Seismic zone map of India (1S
1893 (Part 1) : 2002)

Zone PGA

1 0.1g

1] 0.169

IV 0.24g

V 0.369
STRUCTURESHASTO
BE SAFE IN
FUTURE -

UNCERTAINITY
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Variation of PGA for different recording stations of Japan 2011 Earthquake

g,
fa%p °r
g = i .I-
Lo 11._. ."|.l--
1.‘1""1""-. ¥ :
w & r-l-r..
h ) F.r;
L] .'.+'I.I'-
L i
"l-..i .: I"..
Ilrl- i -F—
. .7 I AL
" . S :l"; : OMAGAWA o5
. $a ke % TENDA
T i ' "'l:'l-'l"_i
f:" ‘-—l'. - ‘F'qi L ‘1.J?+ FUETsHsIA LI
5 F - L
¥ LA It v P Y, TR
_ B _|T iy ]
;"T::i,_"..l‘":.l" T Er o
:q-."h:l.j-}-'-‘t-i". AR i ". - oKy
s £ it MARAITE
iy

Longitede

{am

i

b= L




— | arpest observed PGA - Honizontal, Rock I
9.5 | ===e | agest observed PGA - Verfical, Hock
— Largest observed PGA = Horizontal, Rock |
=== Largest observed PGA - Yertical, Soil

3 |1 Suagested maximum value - Type 1
{Extrapolation from empirical data)

@ sungestad maximum valus - Type 2

2.5 (Inferrad from theoratical madel) =)
o . Suggested maximum value - Type 3 :" =
o (Geotechnical considerations) i
=L
)
(a8

Strasser and Bommer (2009)




Hortzonial PGA (g)

Vertical PGA (g)
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EARTHQUAKE CAN OCCUR
ON ANY FAULT IN FUTURE

DESIGN FOR MAXIMUM
VALUE —Too Costly

DESIGN FOR MINIMUM
VALUE — Unsafe

How to Take a decision ?

Nuclear reactors, Historical
monuments- lifetimeishigh

Apartments—Lifetime (50

\7 = =\

YTS)

Design Value — Probability or
Frequency

Cover the Risk - Insurance
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Selsmic Hazard Curve for Mumbai city

Requirement for Engineers



Bulletin of the Seismological Society of America. Vol. 58, Ne. 5, pp. 1583-1404. October, 1958




SEISMIC HAZARD CURVE

Magnitude
GROUND MOTION
Distance from the selsmic source

What is the Frequency of Occurrence of earthquakes 7
~reguency of 6 magnitude earthquake on a particular seismic source?

~requency of 7 magnitude earthquake ?
~requency of 8 ?

y E N. (i‘?“.-‘ﬂ )I IP(Y > 1 | m, r'_l)pﬂm i (r | m)

Activity rate of it" fault

_ Magnitude
Ground motion

L ocation of fault

K = Number of faults
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PSHA METHODOL OGY

1. Identification of selsmic sources and geological
Zones

2. Earthquake catalogue
3. Recurrencerelationships
4. Strong motion attenuation relationships

5. Selsmic hazard analysis
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HISTORICAL AND PALEO-EVENTS
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Assembled
catalogue
2474 BC -
2008
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events

The uncertainty in

the reported
magnitudes is
taken as 0.5 in the
extreme part. For
the

complete part the
magnitude
uncertainty is
assumed to be 0.3.
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Table 1. Uncertainties in earthquake model parameters
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Period
0.0000
0.0100
0.0150
(010200
0.0300
(0X0%100)
(0X0:3000)
0.0600
0.0750
0.0900
0.1000
0.1500
0.2000
0.3000
0.4000
0.5000
0.6000
(000
0.7500
0.8000
0.9000
1.0000
1.2000
1.5000
2.0000
2.5000
3.0000
4.0000

Coefficients in the attenuation relation for Peninsular India

C,
-5.2182
-5.2204
-4.1862
-4.1018
-4.1365
-4.2520
-4.4128
-4.7225
-5.0947
-5.5186

-5.8239
-7.4663
-9.0431

-11.9934

-14.3305

-16.2504

-18.1350

-19.3494

-19.8904

-20.4426

-21.4875

-21.9767

-23.1660

-24.2031

-25.1523

-25.5577

-25.5807

-25.2671

o
1.6543
1.6523
1.4952
1.5037
1.5228
1.5430
1.5817
1.6531
1.7235
1.8218
1.8911
2.2950
2.6930
3.4705
4.0665
4.5566
5.0060
5.3013
5.4156
5.5522
5.7648
5.8581
6.0486
6.1891
6.2202
6.1153
5.8957
5.5029

Cs
-0.0309
-0.0307
-0.0197
-0.0209
-0.0227
-0.0244
-0.0271
-0.0327
-0.0383
-0.0460
-0.0511
-0.0816
-0.1115
-0.1687
-0.2112
-0.2457
-0.2767
-0.2962
-0.3035
-0.3118
-0.3246
-0.3297
-0.3372
-0.3402
-0.3308
-0.3139
-0.2871
-0.2436

C,
-0.0029
-0.0029
-0.0030
-0.0030
-0.0030
-0.0029
-0.0029
-0.0028
-0.0028
-0.0028
-0.0028
-0.0027
-0.0026
-0.0025
-0.0025
-0.0024
-0.0024
-0.0024
-0.0023
-0.0023
-0.0023
-0.0023
-0.0023
-0.0022
-0.0022
-0.0022
-0.0021
-0.0021

Cs
-1.4428
-1.4422
-1.4265
-1.4096
-1.3888
-1.3783
-1.3801
-1.3730
-1.3572
-1.3441
-1.3409
-1.3179
-1.2965
-1.2861
-1.2686
-1.2614
-1.2419
-1.2399
-1.2316
-1.2423
-1.2309
-1.2258
-1.2204
-1.2281
-1.2390
-1.2275
-1.2341
-1.2511

Cs
0.0188
0.0187
0.0162
0.0146
0.0137
0.0137
0.0142
0.0159
0.0146
0.0145
0.0157
0.0213
0.0239
0.0384
0.0462
0.0533
0.0473
0.0508
0.0472
0.0529
0.0473
0.0438
0.0401
0.0371
0.0324
0.0213
0.0150
0.0122

C,
0.9968
0.9971
1.0135
1.0237
1.0298
1.0266
1.0227
1.0077
1.0136
1.0117
1.0018
0.9581
0.9374
0.8713
0.8467
0.8254
0.8363
0.8309
0.8388
0.8273
0.8383
0.8487
0.8659
0.8833
0.9107
0.9687
1.0215
1.0627

Cs
0.1237
0.1237
0.1209
0.1202
0.1161
0.1149
0.1140
0.1132
0.1121
0.1113
0.1103
0.1055
0.1020
0.0989
0.0984
0.0975
0.0949
0.0934
0.0922
0.0938
0.0922
0.0927
0.0939
0.0924
0.0975
0.0982
0.1003
0.1034

()
0.3843
0.3837
0.4159
0.4022
0.3873
0.3827
0.3822
0.3835
0.3842
0.3856
0.3868
0.3888
0.3941
0.4008
0.4052
0.4082
0.4106
0.4119
0.4130
0.4120
0.4129
0.4134
0.4139
0.4137
0.4173
0.4248
0.4274
0.4346






SEISMIC HAZARD CURVE

Magnitude
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What is the Frequency of Occurrence of earthquakes 7
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Classification of sites based on the average shear wave velocity of the top 30 meters of the

subsoil is popular among engineers as a quick way of understanding how ground motion during
an earthquake differs on rock sites and soil sites. Standard documents such as IBC-2009, can be
referred for classifying sites based on borehole data or velocity profiling. The standard site
classification definitions are shown in Table A-1.

Table A 1. Site Class Definitions (Rel: International Building Code [IBC - 2009)

Sate elass Average shear wave velocity (vi' ) | Average Average

standard imdramed  sliem
| penetration sttenath in the

resistance (V' or | case of cohesive
."l-'-_,#l'l Loils :5,,']

A - Hurd Rock 1500 s | Not applicable. | Not applicable

B Rock | 760 10 1500 m's | Not applicable | Notapplicable

C-Verv dente sl o | 3700 to 760 m's 50 00K Pa

soft jock |

D Sall sol (8010 370 m's | 151030 | 30 to 100 KPa

E: Soft sol 180 s <13 | =30 kPa

Anv profile with more than 3 m of so1l having Plasticity Index PT=20,

AMoishue confent coz40%%

_ - - Average undramed shear swength 3, < 24 kPa

- Soils requunng site- | Souls vilnerable to potential Sulure or collapse il quutmblt um-;.i-i.- or
speciiic evaluarton hnehlv sesitive clawvs, collapsible weakly cemented soils)

MMore than 3 m of peat and'or lughly oreame clays

More than 7 5m of very lngh plasticity clavs (PI=75)

| Mowe than 37m of solt 1o medium clays




|BC-2009 defines two site coefficients Fa and Fv corresponding to the

2500-year spectral acceleration (5% damping) value for representative
short and long period ranges as shown in Tables A-2 and A-3.

Table A-2 Site coefficients Fy for short period range

SITE Mapped spectral response acceleration at short periods
 CLASS N=<0.25 5.=0.50 S =075 5.= 1.0 Sy 2125
(A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
| D | 1.6 | 1.4 1.2 1.1 1.0
LE 2.9 | L.7 | 1.2 | LY | .Y
B3 Site-specific analysis shall be performei

Table A-3 Site coefficients £, for 1-second period

SITE | Mapped spectral response acceleration at 1 sec period
CLASS | &= 0.1 | $;= 0.2 $.=03 5, =04 S =05
A 08 08 0.8 108 0.8
B 1.0 L0 L0 | 1.0 1.0
C 1.7 1.6 1.5 1.4 L3
D 2.4 2.0 1.8 1.6 1.5 |
E 3.5 | &2 | 2.8 | 2.4 | 2.4 |
| F | Site-specific analysis shail be performed



Response Spectrom
Elep L Determmupe. maxunum consiudered earthoguake hp:L‘lml response acceleranon at 0. 2s 11fr1u{1
and 1s pel 1ocd as

S, =F.S, (A-1)

S = F,9 (A-2)
Sgand 5 are mapped spectral acceleranons for short penod and | s penod

Step 2 Deternune design basis earthuake spectral response acceleration ar 0.2z pertod and [s
pernod usmg the equanons

Snhe ={2/3)5s (A-3)

Sor =(23)85y (A=d)

Step 3 Caleulate charactenstic nme penods T, and 7,

o [A-3)

T, =02=
hfﬁ

S
T, == (A-6)




Step 4. Design spectia construciion.

Let T is the mdamental nme penod of the structure

a) For penods less than or equal to 1, design spectial response acceleration, S, 15 given
by

Sa = 0.6(Sps/Ta)T + 0.18ps (A-T)
) For pertods greater than or equal 1o £, and kess than or equal o 7.
3a = Sni [ A-5]

¢) For penods greater than or equal 1o 1,

S, = Spy/T (A-0)




| llustrative Examplefor a hypothetical D-type site at Chennai

The latiude and longiude of the site cousidered are 13, 13° and 80.32°, respectivelv. Based on
nterpolation of PSHA results avalable ar the fowr end pomts of the 0.2°x02° sguare
encompassig the site, the valnes of 55 and 5; for A-tvpe rock level are obtamed ( Table A-d),

_ Table A-4 PSHA at site for A-type rock level _
Return Penod Yrs. | SAg) | Silg) |
2500 (10144 1 (.17 |

It 15 given that the site has been classithed as of D-iype. Smce the IBC procedure requmres the
masumnm considered enthqguake spectnl response accelemmtion at .25 penod and 15 permodd at
['yvpe B rock level, o correction factor of 1.25 lias 1o be applied « Tables A-2. A-3). The maximi
considered earthguake spectral response acceleration at 0.2s pertod and s period @t Tvpe B rock
level are obanmed as

S (g )= 0044 = ] 25 = 0,055

3 4g )=00074=1.35 = 0.00093




Il sate coefticients £, and £, for D-Tvpe site are obtamed as 1.6 and 2.4 from Tables A-2 and
A-3, respectivelv, The short penod and long period MCE spectral response aceeleration are
olitaned as

Nlg)=16x0.055=0088
Sle)= 2400093 =0.022

The design basis spectral accelerations are:

e 9
Spelg)===0.088 = 0.058

"
‘

ﬁ

Sple)==x0022=00148

3
The charactenistic nnme periods are:

[,=02x LLEIl_-'iS =0.051s
0.058

10148
;00148

= =0.253s
0.058
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Following the procedure described above. the design spectrum at any site mn India can be
constructed following the provisions of IBC-2009, This provides an opportunity to compare the
design spectrum constructed based on PSHA results (with spectral accelerations corresponding to
2500-year mean returmm period as the MCE) with the response spectra provided i the BIS
building code IS 1893:2002 which 1s based on determimistic hazard concepts and past damage
intensity considerations. Here this comparison has been carried out for the four metropolitan
cities of India. The results are shown in Figs A-2. A-3. A-4 and A-5. In plotting the design basis
spectrum of IS 1893:2002, (Z/2) 1s taken as the ZPA ordinate.

- | Site Class A(ZPA=0012g. To= 0035 Ts=0 171)
“”'; - || — Site Class B {ZPA = 0.0150; To = 0.03s, T5 = 0175} Comparison of
i. | Hilo Class C (ZPA = 0018 To= 0055 Ts = 0:245) .
s ——Gite Class D (ZPA = 0,022g; To=0.00s, 15 = 0.25s) IBC deS|gn
IE‘DH ! - 15 1863 Typa | - Rock or Hard Soi (774 = 0.08g) spectra obtained
E . - 15 1893 Typa || - Medium Scil (ZPA = 0.08q) ]
‘E | | < 15 1093 Type NIl - Soll Soil (ZPA = 0.06a) using F?SHA
§ o | results with that
% | | k specified in IS
0,05 — R 1893:2002 for
; B el il Chennai
. == |l (damping =5%)
i r o 3 4




Site Class A (ZPA =0.063g; To=0.10s, Ts = 0.48s)
|—Site Class B (ZPA=0.078g; To=0.10s, Ts =0.48s)
— Site Class C (ZPA =0.094g; To=10.14s, Ts = 0.68s)
—— Site Class D (ZPA =0.125g; To=10.14s, Ts = 0.72s)
- == 1S 1893 Type | (ZPA=0.12q)
=== |5 1893 Type Il (ZPA=0.12q)
--- 15 1893 Type lll (ZPA =0.12q)

=
(d

=
ha

spectral acceleration (g)

i
—




0.3 Site Class A (ZPA =0.051g; To = 0.06s, Ts = 0.31s)
—Site Class B (ZPA = 0.064g; To =0.06s, Ts =0.31s)
|——=5ite Class C (ZPA=0.077g; To=0.09s, Ts = 0.44s)

o |——3Site Class D (ZPA=0.103g; To=0.08s, Ts=047s)
502 - -~ 1S 1893 Type | (ZPA = 0.08q)

5 - -~ IS 1893 Type Il (ZPA = 0.08g)

TE,; - --1S 1893 Type Il (ZPA = 0.08g)

0

©

5 0.1

k]

Ch

L7}

period (s)

Figure A-4 Comparison of IBC design spectra obtained using PSHA results with that specified in
IS 1893:2002 for Kolkata (damping = 5%)



Site Class A (ZPA=0.046 g; To=0.05s, Ts = 0.25s)
——3Site Class B (ZPA=0.057qg; To=0.05s, Ts = 0.255)
——Site Class C (ZPA =0.069g; To=0.07s, Ts =0.35s)
—3Site Class D (ZPA=0.092g; To=0.07s, Ts =0.37s)
--- 15 1893 Type | - Rock or Hard Soll (ZPA = 0.08g)
=== |S 1893 Type Il - Medium Soil (ZPA = 0.08g)

- - - |5 1893 Type |l - Soft Soil (ZFPA = 0.08qg)

&
M

i
i
|

e

spectral acceleration (g)




Kolkata

Site Type Soil Type IS 1893:2002
IBC- IS 1893:2002 Notation ZPA (g)
Notation
Tvpe I (Rock or Hard Soil)

Twpe I (Rock or Hard Soil)

Type I (Medium soil)
Type I (Soft soil)



The dynamuc analysis of the reinforced concrete framed structure 1s carmed out usmg the
response spectrum method as specified in IS 1893 (Part 1):2002. The step-by-step procedure
for carrying out dynamic analysis using response spectrum 1s given below:

1. Carry out free vibration analysis of the building to obtain the frequencies and mode
shapes corresponding to different modes of vibration
2. Deternune the modal masses and modal parficipation factors from the followmg

equations:
The modal mass of #° mode is o1ven by

[} _.l
\‘; “'Ir1 q'I“"itr; ‘
1= |

ﬂ“fk =
: 2
£ Wil )
p=

where
g = Acceleration due to gravity,
¢ = Mode shape coefficient at floor 7 in

mode &, and
W, = BSeizmic weight of floor 1.




The modal participation factor of mode k 1s given by
H
Wi b

i\ W, 10, Y
-

Determine the number of number of modes to be used in the analysis such that the
sum total of modal masses of all modes considered 15 at least 90% of the total seisnuc

mass (CL. 7.8.4.2 of IS 1893 (Part 1):2002)

4. Determune the peak lateral force(Qy) at floor { 1n mode £ as
Qi = Ak O P W)
where 4; 1s the design honzontal acceleration spectrum value correspondimng to the
period of the ¥* mode of vibration. Tlis needs to be obtained from the ordinates of the
response spectrum corresponding fo the design basis earthquake, obtained from PSHA
results.

Pk -

L

5. Determune the peak shear force (Fi) acting i storey 7 in mode & as

1"']-; ;. z l{flh
)=

6. Determine the peak storey shear force (V) in storey 7 due to all modes considered by
combining those due to each mode usme Complete Quadratic Combination (CQC)
method or Square Root of Sum of Squares (SRSS) when the modes are well separated.

7. Determmne the design lateral forces (F;) at each storey due to all the modes considered
8. Amnalyze the bulding for the design lateral forces



Illustrarive Example

The building considered 1s an eleven storey remforced concrete framed hospital building (see
Fig. B-1) with 10 bays in the longitudinal direction (8-bays of span length = 6 2m and 2 bays
of span length = 3 3m) and 2 bays in the transverse direction (span length of each bay = 8 2m),
and located m Zone ITI (Adyar, Chennai). The building 1s assumed to be located mn Type C

soil (very dense soil and soft rock with shear wave velocity ranging from 360 m's to 750 m/s)
The total plinth area of the hospital building 15 56 2m x 16 4m. The dead- and imposed- loads
are computed according to IS 875-1987 Parts 1 and 2. The loads acting on a typical frame of
the building 1s shown in Fig. B-2. The characteristic strength of concrete used s 40 MPa and
the yield strength of steel 1s 415 MPa. The columns are of size 400mm x 800mm and the
beams are of size 400mm x 600 mm_

]




L oads acting on
Frame 2 (loads are
in KN)




Frequency Mﬂdﬂl Mn.dal Relative
Mode Peniod (5) Participation Weight Modal
(Hz) Factor (N) | Weight (%)
1 0.520 1.925 1.756 3023843 7334
2 1.798 0.556 0.686 461574 11.20
3 3681 0.272 -0.456 2036.99 494
4 6.344 0.158 -0.350 1198.04 2.91
5 0896 0.101 0.282 77944 1.89
6 14.367 0.070 0.236 548.44 1.33
7 19776 0.051 0.209 42906 1.04
8 26.238 0.038 0.189 349 37 0.85
9 33.404 0.030 0.172 28893 0.70
10 40.354 0.025 0.161 254.01 0.62
11 46.204 0.022 0.224 491.76 1.19

It Is noted from Table that the first four modes needs to be
considered in the dynamic analysis since the sum total of

modal masses of these four modes will exceed 90% of the




The response spectrum corresponding to DBE for Chennai city at Type C soil (very dense soil
and soft rock with shear wave velocity rangmg from 360 m/s to 750 m/s) has been computed
using the procedure outlined earlier and 1s shown in Fig. B-3.

0.043

0.04 +

0.035 -

0 0.3 1 1.5 P 29 3 3.2 4
Period (=)

Figure B-3 Response spectrum for Chennai at Type C soil corresponding to DBE (MCE 15
taken as that corresponding to 2475-year mean refurn period and DBE 1s taken as 2/3™ of



The storey shear forces and the design lateral forces are determined using the procedure given
above and are given in Table B-2.

Table B-2 Storey shear forces and the design lateral forces for the hospital building

The building has been analyzed for the design lateral forces given in Table B-2. From the
analysis. the dnift at the top storey is obtamned as 9. 9mm.
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Navigate to Google Play or Play Store

Search “ Seismic Hazard of India”

The application is available for Free on google play.

Read description and Install application on your android devices.
Compatible for android 3.0 and above (Mobile and Tablets).
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IBC 2009 Design Response Spectrum

B Coigmue hozard of indig e Ceigmic hazard of Indin




Building analysis for six storey RCC
framed building




PSHA & DSHA Application - Capabilitie

* Seismic source around the site
* Probability distribution plot for distance

* Probabhility distribution plot for magnitude for a particular

source

* Mean annual rate of exceedance plot for various target

accelerations

* Perform PSHA & DSHA using multiple attenuation models




ontributing seiIsmic sources aroun
the influence zone
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SHA evaluation parameters and
attenuation model
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Probability Distribution Function tor
Epicenter Distance

thabiliw Distribution Function for
Magnitude




DSHA Results with PGA
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DSHA Results with PGA
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Fault Details:#3
Fault Name. Faultetd
SN Fault Type: shearzone
Fault Mw: 7.653

Length (kM) 130.604
l PGA farsite (g). 0.236

!

Source to site dist (kM); 29.816




Perform probability evaluation
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PSHA Hazard Curve
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TSUNAMI HAZARD ANALY SIS

India lies between latitude 8.07°N and
37.10°N and longitude 68.12°E and 97.42° E.

India has one of the longest coastal lines
(7517 km)

_ The total population coastal districts and
% i Island territories is around 171.44million,
v which accounts to 14.20% of the tota

. onaca popul ation
Nitail : ' Mega cities like Kolkata, Chennai, Mumbai
' ' arein the coastal belt of India
There are 13 Magjor Ports

8 Nuclear power Plants

&




EARHQUAKES THAT TRIGGERED TSUNAMI
WAVES THAT AFFECTED INDIAN COAST

Date
12t April, 1762

318t December,
1881

27t August, 1883

-
=
a
=
-
3

261 June, 1941

27t November,

1945

26th December,
2004

Cause

Earthquake in Bay
of Bengal.
Magnitude 7.8
earthquake beneath
the Car Nicobar
Eruption of karkatoa
volcano (Sunda
Strait) Indonesia

A 8.1 Magnitude
earthquakein
Andaman
Earthquake in the
Makran subduction
zone

Earthquake in
Sumatraregion

I mpact
Tsunami wave of 1.8m at
Bangladesh coast
Entire East coast of Indiaincluding
Andaman & Nicobar coast was
affected by tsunami
East coast of Indiawas affected and
2 m Tsunami was reported at
Chennal.
East Coast of Indiawas affected by

ta inami
LA AT T .

West coast of Indiawas affected by
Tsunami.

Affected the coastal India Wave
height in chennai around 3 m



How can an earthguake cause tsunami

Displacemant{cm)

bt Bk=s

Motion of Fault Block

Tsunami is triggered by the static

displacement of the ground underneath
the ocean body

This static displacement of ground is
termed as Fling

The ground motion contains two parts
the fling effect and the vibration
component




SEISMICITY AT ACTIVE REGIONS
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Analytical model - Source

Magnitude Typical
(M) Dimension

13x 8
45 x 24

161 x 67
567 x 190




MESH USED FOR GROUND MOTION
SIMULATION

capy e
-r—f_l,';ﬂ_lj — : LEGEND

Faudt Line

| " b 1 . _\‘..!-J"."ri'-"'?@%'.!:.] B Pllaces
L K

| ‘ ;’ | Eatrnke Characteristic
l ' " Ummmmmmmm| Dimension: Angular width 3509%350
! \ .9 -. A Center Latitude 25°
s - | o N\ Center Longitude 820
\ / Pyt e = Total no: of elements 11.49 Million
/ | No of element at surface 0.2 Million
Hﬁ"xh x'; l ! A\{erage distance between 5km
et L points
| Total no: of elements 68.96 Million
| No: of nodes 0.46 Billion
o B Total Degree of freedom 1.38 Billion
| R Time Step used for simulation 0.02s
cﬂ_ﬁ.’; Total Time required for 20 Hours
£ simulation




VALIDATION
Slip Model 2012 Mw 8.6 Sumatra Earthquake




VALIDATION

Comparison with IGCAR data, EW direction
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VALIDATION
Comparison with IGCAR data, NS direction
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VALIDATION

Comparison with IGCAR data, Z direction
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Slip Distribution 2004 Mw 9.1 Sumatra Earthquake




GROUND MOTION SIMULATION
Slip Distribution 2004 Mw 9.1 Sumatra Earthquake

(Longitude (°), Latitude (°)) (95.78,3.3) | (95.78, 3.3) (95.49, 3.12)
Depth (km) 35 35 27
Length (km) 1480 450 1355
Number of segments 3 1 6
Hypocenter :along strike 70inSeg. 1 52.5 43.91in Seg. 1
. down-dip 1681nSeg. 1 150 27inSeg. 1
Segment: Length (km) 300, 680, 500 450 350, 343, 162.50,
162.50,165.50, 162.50
Width (km) 224,192, 176 180 188.64, 144.88, 129.47,
129.47, 129.47, 129.47
Strike 315, 342, 5 320 322, 343, 350,0,7,24
Dip 12,15, 17.5 11 11,15, 18, 18,18,18
Rake 99 91.7 -
Number of Sub-faults 210, 408, 275 450 66, 55, 20,20,20,20
Size of Sub-faults (km) 20 x 16 15x 12 31.82 x 31.44
Avg. Rupture Velocity 3 2 2.6
(km/s)
Avg. Rupture Time (s) 20
Max. Slip (m) 11.5 20 35



Displacement time history for 2004 (M,,9.1) Sumatra
earthquakes:
Stations near the epicentral region (near-field)




Displacement time history for 2004 (M,,9.1) Sumatra
earthquakes:
Stations far from the epicentral region (far-field)




PEAK GROUND RESIDUAL DISPLACEMENT
The 2004 SUMATRA EARTHQUAKE: Ammon et al.




VERTICAL GROUND RESIDUAL DISPLACEMEN
The2004 SUMATRA EARTHQUAKE: Ammon et al.




Wave Propagation- Finite Volume Method

%%(““x)*a%(h“v) 0 Shallow water wave can be
5 concisely written as.
9q_ af(9) . dg(q)

oX o ok =y (9,%Y)
oB

d, ., 0, ... 0,1 :
p (ha,) to (haa,) +a_y (E gh*+hu *) = —gha—y

H (x,t)= h(x,t)+ B(x,t)

0 0 1 0
9 )+ (hu? += gh?)+-< (hoa ) = —
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VALIDATION OF WAVE HEIGHT TIME
HISTORY FOR 2004 SUMATRA EARTHQUAKE
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The recorded data
corresponds to the
detided tsunami signals
at Tuticorin, Chennal,
Vishakapattanam, and
Paradip ports
downloaded from:

http://www.nio.org/inde
x/option/com_nomenu/t
ask/show/tid/2/sid/18/id
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VALIDATION OF ALTIMETER READINGS
FOR 2004 SUMATRA EARTHQUAKE

Performance of the tsunami model in the open ocean is assessed by validating
the results with the altimeter-derived sea surface height

Jason-1, TOPEX/Poseidon, and ENVISAT altimeter have passed over the
Bay of Bengal in Indian Ocean at 115, 120, and 200 min, respectively, after
the December 2004 earthquake.

L ocation along which Altimeter readings are recorded (black solid line) are as
follows:

-NSA OON




VALIDATION OFALTIMETER READINGS FOR

2004 SUMATRA EARTHQUAKE:
JASON -1

Jaison-Satellite (Altimeter Data) |
0.8 Rhie ot al, (2007)
| Ji ot al, (2005)

MG |I Armimo ot 8l (2005
E 04df “ ‘
= oz
3 .r ’h
s U |
=
T I
= =0 2 '

g i

0.6

_Ll |.'| d 1 1

-15 -10 -5 0 5 10 15 20
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VALIDATION OFALTIMETER READINGS FOR
2004 SUMATRA EARTHQUAKE:

TOPEX/Posaidon

osean-
Rhie et al. (2007)
Jietal (2005)
Ammon et al. (2005)

Wave Height (m)

0.5




VALIDATION OFALTIMETER READINGS FOR
2004 SUMATRA EARTHQUAKE:
ENVISAT

E
=
=h
[T
"
5
m
=z -

ENVISAT- Satellite Alfimeter
= Rhir &l al. (2007)
Jl et al (2005)

E — Ao at il QEM.!.}

5 10 15 20
Latitude (°)




How to generate tsunami hazard curve

Probability of occurrence of
earthquake

vhe?

P(k earthquake per year) = kl k=0,12..

Probability that wave height exceed a certain l[imit provided
earthquake occurred

Total probability at a site due to all the identified seismic
Zones

N, _
P(h>h;xAT)=1-T[(1-R(h=h;x,AT,z2))
i=1

Combined probability considering all scenarios

N, B
P(hzh;x )=y, R(S |z)R(hzh]|S;x)
j=i




e Cities Situated at coasts

WMD) L CYCLOME ZOMES OF OREA ..n""'-\.z—-'}
EE T

are vulnerable to multiple
disasters like floods,
cyclones, storm surges

and tsunamis.

Odishais a state located at
eastern coast of Indiawith

ANt il atrAn Af
UPU' CAI VI 1 UI

4,19,47,358 (Census
2011)

QD
©

Wind and cyclone zones of Orissa
(Reference: OSDMA:
http://www.osdma.or g/)
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Z.

2.1 Background
Fhructural and Non-strectural building components

& hogard potas oy differont types of demages 1o tho
il hiegt . Thiese dpmagess con e Structuesl pnd saenestroct ol
Etrovtural companinis ol T I:|U|14llr|g are the compasnenats of
Duilding infrastrutiure like load besring iystem (Lo, vertical
wnd latpral foercs redisting oyptama) wally 5nd Budding frams,
The non-strectural components are those which do not

affect the indegrty of the mtructural support Symem but
e impartant for funchanality of The health fecilines ke

aceedsibilily, croficsl sysierms, skall and manageiment. Duting
fnasted damage o struiusd conpanents an fende sahale
tngilding inoperabse bul ever i1 1 he shtactuars B avtact and fhe
il ructudal cornpoiniill am Jljlmull"ll,‘ Lhe hasaftbcam
fac|inty eannol TURCHon wWhan i1 B moel needed. Ihul, DoTR
atructural a8 well & non-frudturdl components ploy @ key
fivle in mamtasung the operahord ol the Bealth faclines
during ary dizsiter,

fanrsmrnl nodlbandology

The aassamvent that will be carried ool fer the health facilines
will follow an sxiensive process, Flow chart below shows an
overdiew of the assessrment methodalopy.

Bachravit resmarih
Dlbtussiong

G =apoing

Aampds cae

Stngctursl coaianast

Non-rineiral components

Hopg

(et yjidend gssm s w8 gl e
faciltiug e

T St B

Uegarmmntc and aifdisg
Coarmmbiil Ty eyl

rictural inabvels |imulstvon and Hakd
ind FED sumrmart
Presenkabion of reults
Pregentubicn of iguosimre gl e
Crocummmibation of tugpestions i sy
Tinstimbns of thi report besed . o

inputs Froem the warkshop and LINICEF
iicammnanon of tha visualizaton spctem

fot the presantation of the findings
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~ Vulnerability assessment: Methodology

2.2  Desk Review

The firgr step ivmived the beckground research end study of
hesithcare infrastructure, various standards and guidelines,
and exiinng methodokogied on wulnarabilly eosssiment
Sama of the decumenis reviewed weoe 53 fobiows:

¢ indigm Publip Mealih Standards {1P95) Goldelines
& Haiital Safety Index, WHD

«  [Fleld Manusl{or Capacity Assescmant of Health fazdlibes
ir Responding to Emergendies, WD and vadious othes
rftaearch Gapire

Diesh  reeview  alag ancluded table docuisions wilh Uwe
ructural gnd vor-slfeclutal e i iy, 10 evolve more relevgnt
rrldhl;.h.'lmql;r o 36l Odmbm wiedl 11 pubile heslih watiem

Tt bruitlal fukl SCoping adiofs the SIate wid alio done of this
itage, this felped In identifyng straffied samplat acrost the
sefected durvey distnct. Flood mapding wid undertaken on
G usimg svallable data from O&C IMD and Govt. of Odishae
duts to evomile peak discharges, levels shd Meguegney of
afcurrence. Alse, TARL repositary of flaod snayas basad on
previous studies in Odishe was used to furthar enhance tha
infarmation. & et of cyclone cerrdary” and historical lsndtall
Ingarimia fased on the D30-penr cyctone catalmgue wis
ienafied, This providet barde of undlirstandesg the @anation
it Shdrm phheriifed acnads The region,

Sample sefection’ inclyded those districty which Have been
aftectod more than 5 nmas n teit 30 years by largs scabe
Nooding and the districts which arve heguenlly alfected by
Cyians,

Ehptricty alteats=d Ery O I

Itracks afferted Ty flood

T ®  Ragmir

® P ¢ Elesileom

LI L T T L T
v Kemairapkinm
v Aslie
v lagabanghpur
¥ 1=t
»  Sambalpur
" ﬂ.|l||,‘|u'|
LT
g Ehord®a
W iy min
" H.ﬂrh
v Gajapati

The healtn faciioes were salecyed besed on The critans

1 A mdicatesd & TTHR

provided in the terms of reference; A% of CHUs, 25% of
FHCE and 5% of 3Cs in the food sffected blecks and 100%
of CHLs, 20% of #HC and 10% of 505 i the oyclone sifected
bEocks. The sampée sthe & indicaled within U Talibe 5.

Table %, Sample sine
L e
Toliliers | Mood Cycloms Tolal | Mood = Dyclone  Todal
03 ] s & » 5 M
PHE i I rin | b | A 2 {1} a8
&0 Lisg - B 4 1 &

Ttul LU0 1%

2.3  Sampling methodology
Strodified romdgemy sompiing inelhiod was wked lie Lhe
melection of wurvey focations, Thiz sempling preceis consils
Mukined it Epehivne bited nboarmatian o At for sbatiioenon,
Health cemtres which wore interseching with the flood and
tyclone peourmence wene aslecmd, ARer flravens fom
eyclone and flood infermation, rewkdudl locution was ueesd
for reandam rampling process. Random sample welecton was
based on divtriet &3 subsel. Some paramenen which were
uied for el sempling were n, selecied locwman should b=
a0 codst, fiver Bnd slong Use rosd.
= For case of CHC — Minimum two samples per disinict
were selected. Additonal ene samphe for the key coastad
dismmas and the distnicis wheme npamber of CHE are
ielatively mere, weie selected,
- o e of PHE and 50 = & el siw neamian of sample
pi ik rect Tod boll BC and FHE weie toldcbed.

L5TS 25 % i
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Comparitive analysis across districts

3.

Ther anabyis T ewery buifding: s done: based oo Sesartal
indicatore.. The gueifonnaie was divided inla Sl main
|t it

Imdecator 17 ADCESSIEIEITY

indmzioe ¥ 8L MG INFRATTRLICTLIRE

bisdisaidoy 3: CRITICAL SYSTEMS

lsdlinziloe &) LEHGIETICS

Idicstnd 5 STAFFING PEREONMNFEL

Midbziioe &: OPFRATION AND MANAGFMENT

Description af indicatars
i 1: A0

Furae i sy b essoplial IF i haalei Fincilllly Mo bo faemctson
properiy, - especlally during the fime of emergency whan
thir nuombier of aftewted papaiation F Righ, The emghais in
Bsls Selbcaton wwas el B ke e, enids G Blee foospelaal
building, features af site and surmoundmgs.

1.1 %ile comad il

e condimion invalves candifion of the sttt raad, its width
end topographicel factors of the nelghbournood. Efect of
Ui phaiggmebe s an eccessibiility of salibcles g pedee ik,

THie section contlits of the fallawing & sul vection,

1. Condibion ol med Cossilitom sl e rosd Do i oespittal
wat Assefted, whather  wWad paved of unpaved.
pothabeyfabatachsy bubd o not and itsilion ol the
praffic congestan.

1. Width of the atcess routes Width of sccess route wald
imienrn d, b kay, 1T IDaras widi enondgh for sy acees
of the ambulance of raffow Juch That theea-healsr,
two-wheeler or gnly pedestrian cam proess

i, Tapagrapbicsl fsctnm for fao- Lecatinn of the heaith
facilty was ebserved with respect 1o the road kevel, IF
i was eongtructed on @ high ground, fist nd or low-
fyirg afey, Proetamce al oy high atsiructian dn fle meor
wiginity, These factory determing the situstien during
{inod:

b Topogrophicsl fecore i cyclann - Loea@iomn af fie feakth
facllity was observed with respect o the sie il the
b wat Alinldisg iy wrnd Harteen U stinmg treas of
hilfocks, which can protect the building duriig cychoehe.

5. Buildimge occoessshility oo cise o) Pood and . ogelone
brasence of certaln slamants n the gite durmunding
can hinder/blnck the secess to the faeility during fiooed
or cychone glemants like congtructon matanal;, dabig,

il e, b waere onise i soeaa Phee lnaiding,

6 Sire acoessibiliy for vehicle spd pedesTian- Any
damage to fhe cuter structure of the binlding and the
damage to the road were observed, which can impede
werhloular ang pedesirian access to the bulkding Demage
to cbvepctuerey lie Balling of phasder, can mmtanger preogpde
autside the bullaing

1.2 surrounding buildings

Arrangement of surrounding buldings- snd their distance
Frprey Bl Pl b Db IRy olbay Pl by Ve aede i1y

Thils weetbinn corddnls of 1o Tollimsbigg ? sab seeimnn

I Surrovending bullding configurston- fanern of the
Sulldings surmounding the health facilily was obierved.
Zig-zag pattern or rov type srrangement of the bufldings
affescd Thee Nase of wrind Priccence ol no bulldiig i Dee
surrgunding, expases the exreting bullding tothe strong
wind=

. Distance of surreunding buildings from  hospitad
fesmance hetwesn the neralinding bulldings and Realth
facility was measured, A zale distanca can svoud damape
1o ane billding, affert anather builiing

! LI 1

Thils indicator walved both the structumnl srd non-structural
comparments of the balding. Structural componants ane the
laad bearing systam |iee the walls and hullding frame. The non-
ftructural componants nchede the dediph and architectural
elements Bke false celing, perdton wall, fivtures, shelves,
irtie Berth Vi commrpiasents giloy o kiey 1oke in rmaiibaiaing Uee
aperations of the health faciity

2.1 Layour
Laphout includes tha maeand of entrance to the Bullding and,
shimpe ded ponfygurition ol The botlifing plin and sliscsfion,
which ean affect the bullding integrity,
Thig s&cmaon condists of the fallowihg 3 sub sections:
L, Means of entrande- Presence of ramp and stairway wal
pbesrved at the entrance of the health Tacility,
2 Bolding Hlevation- Any gty of Yertation in ihe
eleyvatidn of the bullding was obsened.

#,. Building Plan- The plan of the budding was observed To
be sguare, rectangle or with imegularines like the e
ENTrani corners.

A strictural alsments

frructurs| glements Include the ype of commiructon and
|l|.1'.i|::r|.TT||l fralien il roof ooer Pepres welidh carnomaie Bodilog

willmerabrie tharing hiﬂh sperd weinds, Inforootion of secondary
structytsl camponentd and the location of openiags on the
hntlsonlal dinpghragm swihich oane alfect the irfegeiy ol the
§rscture. The height af plinth with respest o pat flood
bewinls wifidich can Nelp i delermindng The siTaation oo ing
fooding. Number of redundant members that cen prewent
kg during disasber sitaation.

Thin st hon oomadsts ol e inflnwing 7 soli sectinn

1. Type ol witlll ecomtrsition  Wall eorttuction ol The
bullding wes categorized Inte three types: RCC frame,
pisi bl b ek rssang g of unisnbaieed e et
revud walls.

2, Type »l ol constiection- Rowl consbruction ef the
bullding wes categorised inta three Eypes: Mipped)
pyramidal shaped, gente sloped gable woal or fat/
mona-pitched roaf

1. Rool projoaction. Mojection al the doped or Hat food weis
meBziured B the sgyed iFthe projeciion wal mare than

450mm then |tz connection with the wall framewaork
was ahservad.

4, Interacton of sedondary structursl Companernts
intersciion of secondsry strectural  slements ke
parbnon walls, suspended celling or facade: with the
FiruetuTe Wil obserded, Torex Rigid conmection of the

sncomndory sdrscturm cen clomsages the slrnactamne

5, Doalence of gpemngs rom wall inlersection: Blaoemeni
aof gperiings on the walls are important during cyclone
hazgrd, Hotamee of ppenings Ty sl nieeseciion
ware maasured, if they ware a2t the centre of the wall of
weithhon (LS m fooer Tl wall coameg i jush felow The toat

fi,  CPlinth wWith fespect to jnes) Mood dewdls Pinth o Ve
buddemg waz noted 1o be nggh, comnciding of fawed, with
ipngui=t Lpn Dhie pach Monsed leged,

7. L of meddipnoe Lines of redicfonce Lo, bearms o
lpad besring wallp were goserved jf &l arthogonsl
disrsehine of the bodlifing, tube >3 =3 ne=< 3,

2.3 Condition of bullding

Condibon o1 the bullding Involvescondinon of various buliding
components ke the walls, reof; floor, constructon matenial,
windows and doors, eteowhich can help indefermining cverall
conpuefithon arf ihes baidlebing ik wodueb e B il or vuknerobde,

Thiz section consists of the following L3 sul secHons:

L. Enwvelope- Haining Cracks andg draganal Cfadks, werng
abeaed o e ol dele walbflacing of Buetailillag
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How to extend the existing building- Option 1




Summary

1. Seismic hazard assessment of India
2. Tsunami Hazard map of India (in Progress)
3. RVSof hospital buildingsin Odisha



Acknowledgement
TARU PVT. LEADING EDGE.

Dr Kumar Pallav
Dr Jayalakshmi

Dr Kavitha

Dr Mahesh Reddy

Anjali Dhabu (PhD)
Dhanya (PhD)

Prabhu (PhD)

Sangeetha (PhD)

Lekshmy Ravindran (PhD)

Bhargavi (MS)
Saikat Bagchi (MS)




Haghuxanth 51§ «

W LR R 1 o [ B = N R

i Pilmatiie oFf Nlarere §ilE TrgfHs saf e
EaR AT BIL OIS 6 &N Thr il WUNHijp W wE
Prom ®oaiy i [ as dpjuispg b

e _— ——

CARTS AT SO RCE S EChRTy —
CENTATE I S5ATL TR R TR LT

Hesparcn STocnasts ground monen modsl tor
easl coFsl regron of Ingla

o & il i Ehe | dean Y Mitvs e X1 el

Wi B pridear 008 eiien® By Bl taale 1 ranie i

¢ Baprnmn spyes Brreaeerg ol §eeas—s

https.//www.resear chgate.net/profile/Raghukanth_Stg/publications



