Isoseismals for the Kutch earthquake of 26th January 2001
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Damage observed during the Kutch earthquake of 26th January 2001 is classified according to the
type of structure. This damage pattern has been used to draw the isoseismal map on the basis of
the intensity scale given in IS 1893-2002 which covers only traditional one to two storey houses.
Having thus estimated intensities, and observed damage to other types of structures, a new criterion
was adopted which is included in this paper. Areas that showed maximum damage to structures

have been assigned maximum intensity X.

1. Introduction

The isoseismal map (figure 1) for the Kutch earth-
quake of January 26th, 2001 (m 6.9) was drawn on
the basis of a composite damage survey of several
kinds of buildings. These included houses in rural
and urban areas and reinforced concrete buildings
of schools, hospitals, community inns and govern-
ment offices. The survey also included temples; 4—
6 storey buildings; infrastructure buildings such as
overhead water tanks, substations of Gujarat Elec-
tricity Board, roads, bridges, industrial buildings
and oil installations; and ground damage (Bose
et al 2001; Prakash et al 2001 (a,b,c,d,e,f); Saraf
et al 2001, 2002; Sinvhal et al 2001 (a,b,c,d,e,f,g)
2002). For each type of structure it was important
to judge the quality of construction and the pres-
ence of critical deficiencies. No landscape changes,
barring soil-liquefaction, were observed anywhere,
and therefore the maximum intensity assigned is
limited to X.

On the basis of the criteria given in table 1,
intensity values were assigned to different sites
(table 2) along with notable structural and ground
damage. Table 3 gives the geographical coordinates
of the places listed in table 2, most of which are
plotted in figure 3. Damage pattern, seismotecton-
ics and isoseismals for the Kutch earthquake of

26th January 2001, suggest that the area of maxi-
mum intensity X was controlled by the complex
tectonics of the area. Heavy damage and destruc-
tion to multistorey buildings in Ahmedabad (epi-
central distance > 250km) and in Surat (epicen-
tral distance > 350 km) are attributed to a number
of critical deficiencies in design and construction,
aggravated by the ground response of soft alluvium
of the Cambay basin and rivers. Multistorey build-
ings in areas of thick alluvium have shown more
damage compared to similar buildings in hard rock
areas.

Failure of columns occurred at ground storey
level in most multistoreyed buildings in Bhachau,
Anjar, Gandhidham, Bhuj, Ahmedabad and Surat.
In the ground storey of these buildings the walls
were not provided for creating parking space. The
storeys above had both columns and walls. This
caused the ground storey to become weak in com-
parison to the storeys above and resulted in con-
centration of damage in the ground storey columns.
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Table 3. Geographical coordinates of places marked in figure 1 and listed in table 2.

Map ID Longitude Latitude MMI
no. Place o’” o’”
1 Bhachau 70 20 33 23 18 46 X
2 Samakhiali 70 30 20 2319 20 X
3 Rapar 70 38 35 23 35 05 X
4 Manfara 70 20 58 23 30 07 X
5 Chobari 70 20 42 23 32 04 X
6 Adhoi 70 30 37 23 24 51 X
7 Amardi 70 13 21 232105 X
8 Dudhai 70 07 31 23 20 18 X
9 Kadol 70 16 52 23 28 40 X
10 Kharoi 70 21 05 23 28 02 X
11 Trambau 70 34 11 23 36 01 X
12 Vondh 70 22 35 23 19 10 X
13 Adesar 70 58 15 23 33 49 X
14 Bhimasar (Rapar) 70 09 37 2312 44 X
15 Anjar 70 01 43 23 08 07 X
16 Ratnal 69 53 58 23 12 32 X
17 Santalpur 71 10 00 23 45 00 X
18 Surajbari bridge 70 40 40 23 15 05 X
19 Kukma 69 48 27 23 14 14 VIII
20 Bhuj 69 39 59 23 16 19 VIII
21 Madhapar 69 42 43 23 15 36 VIII
22 Sukhpur 69 36 05 23 14 10 VIII
23 Lodai 69 51 43 23 26 29 VIII
24 Gandhidham 70 08 45 23 03 56 VIII
25 Kandla 70 12 21 23 02 45 VIII
26 Radhanpur 69 44 40 23 19 03 VIII
27 Nakhtarana 69 15 03 23 20 02 VII
28 Naliya 68 50 09 23 16 05 VII
29 Khawda 69 43 03 23 50 59 VII
30 Mandvi 69 22 01 22 50 02 VII
31 Jamnagar 70 03 59 22 27 59 VII
32 Halvad 71 11 01 23 01 00 VII
33 Morvi 70 50 03 22 49 03 VII
34 Ahmedabad 72 54 50 23 25 09 VII, VI
35 Surendranagar 71 41 01 22 42 04 VI
36 Viramgam 72 02 02 23 06 59 VI
37 Rajkot 70 50 01 22 20 02 VI
38 Gandhinagar 72 41 09 23 12 58 VI
39 Surat 73 03 00 20 55 00 VI
40 Vadodara 73 29 56 22 30 02 VI
41 Broach 72 59 59 21 45 04 v

Figures 2 and 3 caption (Continued)

Three storeys of a small portion of the building remained standing, seen in the photograph above, because of some partial
attachment of stiff core of lift shaft to staircase. The lift shaft separated from the rest of the building. Torsion occurred due
to discontinuity of horizontal and vertical configuration.

This RC framed structure suffered a damage of grade 5. This is a typical example where one should assign a low
vulnerability class, in this case A (MSK-64 scale in IS 1893-2002), which represents an exceptionally low class for this
type of structure. Poorly made structures in Gandhidham show similar damage and hence Gandhidham has been assigned
intensity VIIL.

Cranes and other heavy earth moving equipment were used to demolish the building. 300 bodies were already recovered
from this area and four were taken out on third February, at the time of the visit. Two other similar buildings on the same
street suffered the same fate.
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