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1. INTRUDUCTION

1.1 Prelude

A strong motion earthquake of Magnitude 6.6 which was felt in two
waves of 1@0-15 sec in the Bihar-Nepal border region on 21 August 1908 at .
about 4.40 am. The epicenter of this earthquake lies in the vicinity of
the epicenters of great earthquakes of 1833 and 1934. L o

The damage was reported from areas of N.E. region of country, West
Bengal, Bhutan and Nepal. The shock was also felt at far off distances
such as Tripura, Arunachal Pradesh, Madhya Pradesh, Orissa, West Bengal,
Bangladesh, Meghalaya, Manipur, Sikkim, Uttar Pradesh and as far as upto
Delhi and Roorkee. The maximum intensity in the epicentral track is es-
timated to be VII to VIII on the M.M. (Modified Mercalli) scale. This
earthquake has caused widespread devastation and loss of life, killing
281 people in Bihar and about 450 people 'in Nepal. The affected area
during Bihar—-Nepal Earthquake of August 21, 1988 is shown in Fig. 1.

On receiving the report of damaging earthquake on August 21, 1988
in Bibhar-Nepal region on All India Radio and Doordarshan the Department
took the initiative to organise at its own cost to send a team to Bihar
and carry out damage survey as well as to provide on the spot advice
about stability of damaged structures, seismic repair and reconstruction
of buildings. : . : : :

Large scale liquefaction in the Gangetic plain,  landslide in the
hilly region, dampness dus to excessive rain, large number of old
masonry brick building and kuchcha houses and by and large the ignorance
about the earthquake resistant construction in the region has resul ted

in wide spread damage due to this earthquake of moderate size. '

Since the last major earthquake of 1934 there has been. tremendous
increase in the . knowledge and two Indian Standard codes on earthquake
resistant design and construction and ISET manual on non engineering
construction have come into practice. The construction practices in.this
region has noet improved significantly so as to resist earthquakes in
spite of frequent devastating earthquakes. This report is therefore also
intended to bring out the possible reasons of earthquake damages, to
generate awareness in the area so as to popularise the earthquake resis-—
tant construction. The suggestions for repair, restoration and
strengthening are also described for use and finally some recommenda-—
tions are made. It is hoped that this report will become very usaful

guide for this region for earthquake resistant measures.

Factors contributing to damage are briefly discussed below.

The socio~economic situation in Bihar has not improved so much
since the last visit of severe earthquake of 1934 i.e in 54 years time
instead the population and poverty ‘both has grown. Most of the area is
qQuite underdeveloped as compared to rest of the country. There are num—
ber of existing buildings which had suffered ‘damage during the 1934
earthquake also. ' : . '
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The buildings around the démaged area is on deep Gangetic alluvidm.
Due to “the Monsoon S®ason, the water table in area was high and many
Places were evither water logged or flooded. - . :

-The buildings are classified ‘broadly as engineered and non-
sngineered fconstru:tiuns. The engineered buildings are those buildings
vhich are structurally designed and constructed by qQualified architects
and bngineers._ﬂheraas, the non-engineered buildings are those which are
traditiunally constructed by the People without any proper design,

. Traditiunally, the rural buildings are non-engineered and con—
‘structed in clayey earth walis with thatched inclined roof, Usually, the
naturally available sojl is used without any treatment. . Generally, the
mud houses are of one storey with the wall thickness about 30-35 cm. The
construction starts right from the ground level without any foundation.
The openings for windows in the wall are usually of small sjize,. The size.

- of the mud houses are generally of 3.5, x 4.0m. There is no interlocking

Or proper connection betwsen the walls at the corners,!
adobe) construction was not observed, Many houses are constructed in
bricks in mud mortar with the tile roof. The arch construction .of
door/windows in verandah is guite common. ' '

RecenQ’ non-anginearing construction in villages and towns are of
brick in cement mortar with & band all around at the lintel level,

Tréditiona;ly. the urban Government buildings are engineered and
constructed of brick in cement mortar ang the majority of these range
from single to four storeyed buildings with r.c. flat roof. Whereas,
many private buildings are non-engineered made of brick in cement
mortar. The cement mortar used in the Government buildings consist of
1:10 cement sand ratio. :

Burnt brick construction in cement mortar as a building material is
vVery popular and can be seen all over, Wooden and stene masonry build-
ings were not observed as such., - :

This area has high percentage of very old (100 years or more) brick
buildings constructed in lime mortar, including the school building some
of which have survived the great earthquake of 1934, These buildings
have several arches at the opening and the inclined tile roof resting on
rafters. The height of the roof is 9enerally very high approximately
6-5‘“. . ’ : : ’

Recent construction include very faw F-€. Frame structure with
brick in cement mortar as infill and the storey height increased to fouyr
to five but the mortar quality (1:18) is-very poor. o :
It is unfortunate, that the lessons learnt in the previous devas—
tating earthquake of 1934 have not upgraded the type of construction in
this highly seismic area except in the new construction, band in lintel
level is seen to have been provided. Most of the buildings are very vul-
nerable from seismic-condideration. There is a lack of awareness about

. knowledge of earthquake resistant design and construction and-tuo.lndian

/Standard codes  have come into practice. Except few - Government
'constructions, there are many constructions under way with complete djig-
regard to the two codes of Practice i.e. IS Code 1893 and IS Code 4324,
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The damaged area experienced very heavy rains and most of the area
was under water. The Indian Army was alerted in Katihar district as the

river Koshi was risinQ'alqrmingly a4ll along the course.
1.3 isity Area

Departihent of Earthquake Engg., University of Roorkee have been
conducting dJdamage surveys of Indian earthquakes and a list is given in
Annexure A, Visiting a damaged area for study purposes are not always
simple and demands lot of sacrifices and hardship. The study of the
damaged area is considered important from several point of view. This is
also clear from the international interest shown by ' the institutions
. from USA and Japan. Two separate damage survey teams from Japan also

visited the area. The first team consisted of two Japanese scientists,
Dr. Sato Nobuhiko from Institute of Industrial Science, University of
Tokyo and Dr. Fukui Toshio from Laboratory of Urban - Safety Planning,
Tokyo accompanied by an Indian research scholar, Mr. Rajeev Duggal who
have been sent by Dr. Katayama, Professor, University of Tokyo, and
Secretary General, International Association for Earthquake Engineering.
The second team consisted of four expert members Dr. . Teizo Fujiwara,
Leader of the team and Professor, Kyoto University, Dr. Tadanobu Sato,
Associate Professor, Kyoto University, Dr. Tetsuo Kubo, Associate
Professor, Nagoya Institute of Technology and Dr.(Mrs) Hitomi Murakami,
- Instructor, Hokkaido University. Other teams include the Bihar Public
Works Department, Central Public Work Department {team  leader, Dr.
Thiruvengadam, Supt. Engr. )} and the Indian Institute of Technology,
Kanpur (team leader, Dr. S.K. Jain), o ' :

The damaged area was s0 extensive that it was not practically pos-
sible to visit all the damaged areas and the damaged structures in the
short time, The following places were visited for damage survey: Patna,
Muzaffarpur, Darbhanga, Madhubani, Dalsing Sarai, Samastipur, Barauni,
Munghyer, Jamalpur, Hassanpur village, Nalanda and Rajgir. The other im—
portant places where the team could not visit were Purnea, Begusarai,
Saharsa, Sitamarhi, Bhagalpur, Gaya, ‘Madhepura, Sikkim, Bhutan and
Nepal. The  severely affected districts reported were Darbhanga,
- Madhubani, Samastipur, Munghyer, Saharsa and Begusarai.

The fdlrauino-staff members who accomplished the work are'stateglasi

A five member team consisting of Prof. B.V.K. Lavania, Professor
and Head, Dr. S.K. Thakkar, Professor, Dr. D.K. Paul Professor, Mr.
. Shyamal Mukerjiee, Reader and Dr. S.Bandyopadhyay, Reader reached Patna
on August 3@, 1988 evening. The team visited Barauni Refinery on Aug.
31, 1988 and came back to Patna on the same day evening. Sri Puranmal -
- Mittal, Relief Commissioner, Sri A.K. Sinha, Joint Secretary were con- ‘
 tacted on September 1, 1988. The team met Sri D.C.Jpa, Engineer-in-
chief, Sri Abhimanyu Singh,Commissioner and Secretary, Sri Bhubneshwar |
Prasad, Chief Engineer who assisted in planning the visit to. earthquake ‘
‘affected argpa. The team met Sri Arun Pathak, Chief Secretary on Septem-
ber 2, 1988 to apprise him the ubjective'bf the mission. The team
visited some Government buildings affected by Earthquake in Patna on
Sept. 1, and 2 1988. Professor B.V.K. Lavania returned to Roorkee on
Sept. 2, evening. The remaining team completed the damage survey until
Sept. 9, 1988 in the areas of North Bihar and returned to Roorkee on
September 10, 1988. The following work was carried out.

Damage of Government buildings was studied with'the willing bhelp _ S
of Bibhar PWD engineers. - ' .
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A village was visited in Munghyer and the behavior of rural
houses and their damages. were studied. o '

Assurance to people affected by the earthquake with regards to
the safety and structural stability of their damaged building.

The P.N;D. Engineers were advised about the repair, restoration,
stability of damaged buildings and seismic - strengthening tech-
niques to be adopted for the Government buildings, '

On 9¢h September 1988, a Seminar was arranged by Bihar PWD where
the four members of the team delivered lectures on  damages .and
- repair and strengthening which was inaugurated by Minister of
Housing and attended by state PWD engineers and other engineers
from different organizations engaged in repair and strengthening

of buildings.

1,4-_ bjéectives ' sSCo

The main objectives of the visit to Bihar area may be stated as
follows: ' : o ' '

To carry out a general examination of the effects o? the earthguake
on various structures in the region and causes of damage.

_ For collecting the observations and on the spot detailed informa-
tions regarding the structural configurations and types of construction
of the damaged and undamaged buildings and residential houses, To
analyze the .damage and weak - and strong aspects of design and
- construction. To highlight the lessons to be learnt from the failures in
this earthquake. : _ :

. Note: The survey have been conducted to only those buildings which
‘have - been partially-damageq, Imaving out those buildings which either
remained intact or were totally destroygd. ' ' '

To generate an awareness among the masses about the safe design and
construction of their residénces. . o : . :

To draw out plans for 'fepair,'_restoratinn and strengthening of
repairable buildings, and to render technical assistance for the same.

To suggest economical earthquake resistant features for new build-
ing construction. : -

. To lay down recommendations for further coursé of action for future
planning and dgvelopment. L

2. SEISMOTECTONICS AND SEISMICITY
2.1 Seismotectonics

The Himhlava.is considered to have been fDrmed.due' to the conver-
gence of Indian and Eurasian plates.,  For at least 49 million years the
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Indian subcontinent has been penetrating deeper and deeper into the rest
of Asia and this process resulted in the creation of world's tallest
‘mountain range, the Himalaya [Molnar (1986)1. The study of earthguake
data provides clue regarding the physical processes occurring during
-mountain building. The earthquake activity in the Himalaya is attributed
to the Alpine-Himalayan seismicity belt. The Indian plate is moving
" toward north to northeast at a rate of about S em per year f{Le Pichon
{(1968)1. Varicus plate tectonic models have been proposed for the evolu-
tion of the Himalaya. These models postulate an estimated convergence
between Indian and Asia of 2000 to 3000 km [Molnar et.al. (1977)]1,. About
300 to 500 km of the convergence could. be accounted for by shortening
along the Himalayan mountain belt., The convergence of India and Eurasia
also resulted in the creation of Major boundary thrusts, viz, the Main
Boundary Thrust (MBT) and the Main Central Thrust (MCT) whereas the ear-

lier convergence took place along Indus Suture (1s).

In the evolutionary type model [Le Fort,(1975)] the MBT and the MCT

are assumed to be similar but successive tectonic boundary thrusts. The

southern thrusts (the MBY) becomes the new boundary of the continental

convergence zone while the older thrust (the MCT) becomes ‘less
active. In the steady state type model [Geeber et.al.(1981)] the MBT and
the MCT are contemporaneous features. ' Central to this model is a master
detachment surface (MDS), which underlies the entire Himalaya. Apart
from MDS a Basement Thrust (BT) zone is also postulated in the lesser
Himalaya where the northerly and relatively steeply dipping MCYT merges
with the shallow dipping MDS., It is interpreted that most of the medium

size thrust type earthquakes occur either along the BT zone or along the-

downdip projection of the MCT whereas the great Himalayan earthquakes
(M>B) occur aleong the MDS, The geometry of the underthrusting Indian
- plate beneath the Himalaya was further constrained from the study of

 fault plane solutions. and well determined focal depths of medium sized

earthquakes and it is suggested that the great Himalayan earthguakes
(M>8) occur along the same detachment surface as defined by the thrust
type medium size earthguakes (Ni and Barazangi(1984)1],

Apart  from the major tectonic features in the Himalaya, thé

geophysical investigations for oil exploration have brought out that the

foredeep is divided into at least four basins separated by subsurface

basement ridges running north-south. These fidges are the'tettonicftnn~g

tinuation from the Indian shield. Most of the faults in the Ganga basin
are mapped by aeromagnetic and seismic surveys. They seem to reflect the
structural disposition of subsurface ridges or depressions underlying

the foredeep le.g., Agarwal(1977)). The Moradabad and Patna faults, out-

line the Sharda and Gandak depressions respectively. It is believed that
. most of these faults may extend northward  across the Himalaya
[Valdiya(1976)]. Some of the seismicity in the Himalaya may be as-
sociated with these transverse features.

2.2 'uisgggx'uf Seinmicity

-Major portion of the Northern part of the Bihar state forming part
of Indo Gangetic plains falls in seismic zone 1V. Most of the well 1lo-
cated epicenters of events along the Himalaya which are reported after
1961 are concentrated in the narrow zone 5@ km wide between the MBT and
MCT in the Lesser Himalaya. In last 1900 years four great earthquakes

r

have occurred in the Himalaya. The region around - Madhubani where the

present earthquake has occurred is a seat of one such great 1934 Bihar
RArEhAHAK® (M=B.4} in which 11,000 lives were lost. .Hence, the region

devastated by present earthquake is having high historic seismicity. The

region also falls in seismic zone V of the_seismi; ;oning map of Indie




which is based on probable intensity IX and more on MM scale.

Map in Fig.2 gives the epicenters of reported earthquakes upto 1983,
alongwith the various tectonic features including the transverse linea-
ments and ridges. From the period 1998 to 1983 in the grid bounded by
latitude 24* to 29 and longitude 82 to B89° there are (09 reported
small to large earthquakes.  Only one great earthquake (M > B8) (i.e,,
1934 great Bihar earthquake} has occurred in this regQion. The entire
‘reported sarthquake activity falls in the magnitude range from 3 to B8.4.
There are six large magnitude earthquakes (M > 7) and 53 moderate size
earthquakes (7.0 > M > 5.0) which bave occurred indicating that the
region is having considerable moderate magnitude earthquake activity.
Remaining activity is confined to the small magnitude ranges (M < 3),
For &6 earthquakes the magnitude estimates are not available. Majority of
earthquake activity in general follows the trend of the MBT and the MCT
but is confined to the north of the MCT. However, the probable epicenter
of the great Bihar earthquake is located to the south of the MBT. Some
of the reported fault plane solutions are also shown in this Figure
which indicate that the focal mechanism associated with the earthquakes
is either of strike slip or normal type [(Dasgupta et. al.(1987)1.

3. EARTHOUAKES AND ISOSEISMAL MAPS

3.1 Earthguakes: )
The region is well recngnised seismic zone of the countky. This area

has witnessed three major earthquakes within 155 years and two major
, earthquakes in the last 5S4 vyears. Thése earthquakes are briefly
described as below: : o ' : ’

'3.1.1 Bihar-Nep 1" rthouake of

A violent earthquake of Magnitude 7.90-7.5 struck on August 26, 1833
between 5.30 and &. 22 pm (IST), killing 414 people in Nepal and several
hundreds in India with severe damages at Kathmandu, Bhatgaon, Khokna and
Patan in Nepal, and Munghyer and Purnea district in India. At Bhatgaon a
loss of 2000 houses(1 e.. 42%) were reported. The maximum intensity
reported was IX. : ' ' ' .

3.1.2 Bihar:ﬂgga;'ﬁ;;;gggggg of Januyary 15, 1934 ' .

This earthquake of Magnitude B.4 (approx.) occurred at 14h 13m 218
IST on 15th January, 1934 with its epicenter at lat. 26 21°'N, long. 8&~
12E and depth of focus 14.8 km. The earth began trembling violently with
a rumbling noise. The rumbling deepened into a roar. Buildings were
cracking and crumbling on every side with a deafening noise. Suddenly,
it became dark and the Sun was hidden by a thick pall of dust. The air
became unbreathable, choking and suffocating. Shrieks and moans of the
dying were heard all over. It was bitterly cold and a strong cold West
wind was blowing. Nearly 10,630 lives were lost ( 3400 in Nepal and 7250
in India). Mast of the buildings were raised to the ground. Its epicen-—
ter was North of Darbhanga and Muzaffarpur cities. It was severe in -
three areas, (i) from Motihari to Madhubani, (ii) near Munghyer city,
(iii) near Kathmandu. The 1sosezsmals of the earthquake of Janauary 15.
1?34 is shown in Fig. 3. : .

From Betia to Purnea all the houses either tilted or got buried in
the alluvial soil underneath. At many places sand and water fountains
suddenly erupted. Fountains of water which gushed out from +{issures
spread all over the cultivated land to a depth varying from. a few inches
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to three feet. Masonry buildings, trees, roads, bridges and even rail-
ways were engulfed. In some instances men and the cattle disappeared in
one moment and then were thrown out once again by the uprush of subsoil,
water by opening of the surface. All the wells were choked in the worst
affected areas creating acute shortage of drinking water. Landslides
were triggered in the méountain regions of Kathmandu, Udaipur, Garji and
Eastern Nepal and no landslides were noticed in Darjeeling area. The
Qirders of a railway bridge were thrown off the piers. A road bridge be-
came twisted due to the unequal settlement of upstream and downstream
edges of the pier. Shocks were felt over an area of about 50, 00,000
square kilometers, The communications were completely shattered by the
earthquake and for days not much news could come from the outside world.
In the towns of North Bihar, there was not a single masonry house which
is altogether undamaged, while - thousands of houses were completely
destroyed with not a wall standing. Sugarcane mills in the area went out
of order which created much hardship to the farmers because they could
not sell their produce at that time of difficulty and need.

It was the solar ingress as well ag the new Moon day. On that day
the Sun, Saturn, Mars, Moon and the Rahu were in Capricorn, the natural
sign of India (Jain 1963). : : .

3.1.3 har- 1_Earthquake ¢ st 21

In early hours, (4.4 a.m.) on August 21, 1988, a strong earthquake
measuring &.46 on Richter3scale with its epicenter close to Bihar—-Nepal
border occurred which shook northern Bihar and Nepal region which lies
in seismic Zone IV of India. In the epicentral track the earthguake was
accompanied by rumbling noise and felt in two waves of 10 to 1S seconds
duration. Peoples were awakened and initial confusion gave way to panic
and they rushed out of their houses. The epicenter of this earthqueke is -
shown in Fig.l1 and falls in the close proximity of the epicerter of
great Bihar earthquake of 1934. The news of death toll injured, damaged
.and collapsed houyses started pouring in since early morning on the same
day by All Indis Radio and Doordarshan. This earthquake caused
widespread devastation and loss of life, killing 281 people in Bihar and
about 450 people in Nepal. The total number of injured persons are 374&7.
See Annexure B for townwise detail of deaths and injured.The total num-
ber of houses damaged/collapsed are 1,49,334 which include all types of
buildings. Annexure C and D give the detail of houses damaged/col lapsed
during the earthquake under different categories as reported in the In
terim Memorandum on Earthquake in Bihar [Memorandum (198B)3]. : o

The damages were reported in from some towns of Nepal, such as
Dharan, Biratnagar, Dhankuta, Sunsari district, Panchthar, Therathum,
Ilam and towns close to Bihar border. In WNorthern Bihar such as’
Madhubani, Darbhanga, Muzaffarpur, Munghyer, Barauni, Bhagalpur, Bihar
Sherif, Nalanda, Saharsa and Patna. In all, eighteen districts of Bihar
‘state were affected. However, the damage and injury have been severe in
8ix of them. The houses in several villages in North Bihar were reported
to be affected. Apparently, there was no severe damage in Madhubani city
but the damage in villages were severe. Mudhubani which is approximately
38 km North of Darbhanga has relatively fewer old buildings than
Darbhanga. The damage reports, indicated damages much bigger than is
usually expected from earthquake of this magnitude. The main reasons for
such heavy damage was initially attributed to thickly populated area and
the +floods in North Bihar which had made the village houses weaker by
making them wet. For North Bihar, the two calamities, +floods and
warthquake  occurred together. There were unusual rains this year after
4n unprecedented floods in the previous year. 1Initial reports indicated




- heavy damage ang Casualties ip Darbhanga and Madhuban g reQion. The

damage reports alsge Came from areas of N.E. region of Country, . Wegt
Bengal, Bhutan ang Nepal, The shock was alwo fele at far of¢ distances
such ag Tripura,'ﬂruna:hal Pradesh, Madhya Pradesh,,ﬂrissa;- Bangladesh
Nq@ha]aya, Manipur, Sikkim, Uttar Pradesh and as  far ag Delhiuand
Roorkee, The Pattern of damage in the epicentral region seems to follow
Past-west trend sng “this may . be attributed to the Preferential energy
transmissinn in a homogeneoyus rock Mmass bounded by essentially Cast-west
trending tectonice features including the Main Boundary Thrust (MBT) Caha

The Preliminary earthquake-paramaters 45 reported by U.s.G.s. (PDE
report) are ag follows: ' :

{a) Origin time 23 hrs 99 pins 11.25 gsec gy
_ : 84 hrs 39 mins 11.25 gec IS8T
(b) Epicenter Caqrdinates Latitude  26.77%e g
. o Longi tude _ _ B6.6p99= E
(€) Focal depth 71 km
{d) Hagnitudh, Mb: 6.4 R
Mg 6.4

However. estimation of epicenter using neaf'statinn data fallg to

.tht north of MpT near eastern Nepal Himalaya between Udaipur and Dharan,

The earthquake wag probably Caused by thrust movement g indicated by

Strong motion inStrumants are installed 9% a part of Indian National
Strong Motion Instruments Network (INSMIN) SPonsored by Department of
Science and Technnlogy,_ Government of India. The instrumental records
were obtaineg from fjive accelerographs and. 41 Structural'ﬂespanse.ﬂe—
corders (SRR, A list pf Places whore accelerographs'and 5RR . are 1o-
cated are Qiven jin Annexure g and the recorded SRR ang accelerograph

_ data is given jn Annexure F, he locatinns ot these are Plotted in Fig.s.

They include the RESA-y version of Accelarograph‘and Multipile Structural
Response Recorders having'pefinds °f 8.4, @.75 aNd 1.25 goc with twp
sets of Critical damping ratio viz 5% and 1@¥%, Response of SRRs give the

information about the response of buildinqs during.an earthquake.

The names of places where these insfruments are located ake'giv.n in
Annexure E. Analysig and results jin terms of cnmputed'spectrdl_ac-
Celerations of these Fecords have been dn;qunggg_ in Annggungfwﬁ;

..... N
. - Loy




The digitised records from Munghyer, Raxaul, Sitamérhi, and.

Gorakhpur can be found in Reference C[Report EQ-8B8-17 and Ashok et.el.),
Figures 4(a)- (c) shows the records. : : : : '

S-SM - -7

:The extent of area affected by the earthquake was identified keeping
in view the information provided by Doordarshan, All India Radio news
bulietin and News Paper reports. Macroseismic studies were undertaken to
prepare isoseismal map of the earthquake. The data on the effects of the
earthquake has '

been collected tﬁrdugh_a questionnaire. A total of 800 qucstionnaires '

were dispatched/distributed to all the post offices as well as to the
various organizations and, a response from about 30% was received, The
questionnaires were obtained only from post offices lying within Indis,
Response from Nepal could not be obtained. . .

-On the basis of the information on earthquake occurrence collected

through questionnaires on damage survey, obtained through the Post

Masters of the post offices in the affected region and using the in-
strumental data, i.e. the data of Structural Response Recorders, which
was collected by the Scientists of the Deptt. of Earthquake Engg. (DEM
~from various sites in the affected region and reported in [Ashok Mathur
et. al.(1989)1, the isoseismal were drawn.

Isoseismals VI to VIII on Modified Mercalli scale have been drawn as
shown in Fig.5 together with the intensity  based on spectral
accelerations. Maximum intensity VIII+ was observed at Dharan, Dhankuta,
Tehrathum, Udaipur and Ilam in Nepal and at Jogbani in Bibar. Dharan
- District was the most affected region in Nepal where about 90% buildings
were damaged. The intensity VIII was observed in and .around Darbhanga
district where all Kuchcha houses were severely damaged, ‘many of them
almost collapsed, " and cracks developed in ground and many retaining
walls. The elliptical shape of the isuseismals with its major- axis
having NE-SW trend coincides with general structural trend of the area.

Records of Structural Response Recorders (SRRs) support thg viqws bf .

9eneral public, particularly in and around Darbhanga town.

3.3.1 Questjonnaire

Pfepared questionnaire for evaluating seismic intensity at site con-

tains 22 ijtems of questions, Several items are for asking the

respondent‘s physical situations of residential house, house type, floor
fumber etc. and the non—-physical situations in which State hé*ar she en—-
counters a shock.  All jitems in questionnaire are made with referqncn to

the text in Modified Mercalli scale, -

$.3.2  Intensity

The MM intonsity in Bihar region was. assigned by analysing the

questionnaires, which were .seht out by the Department of Earthquake
Engineering, whereas, the intensity in Nepal region was assigned accord-
ing to Television and News paper reports. ' S

Intensity vIiIi+ was assigned where, (i) more than hundred people
were reported killed resulting from-collapse of large number of bujiid-
ings (especially in Nepal) and (ii) ground cracks were observed. Inten-
sity VIII was assigned at sites where, considerable damage has occurred

in ordinary structures, very heavy damage occurred in ppoﬁgyp_bdtlt

buildings (Kuchcha houses) and sone_heavy furniture overturned,'

-

oL




Intensity VI was assigned to Points where the earthquake was felt b
all the Peoples ang where they-heard the Jloug rattling o¢ windows |
doors, hany people were frightened, Objects kept on racks and shelves
fell down ang slight damage occurred jin snme”gcod_brick Masonry houses

disturbances_ Of trees were observed, h&vé_been:kept in the intensjty
range less than VI. . o o

3.3.3 Isoseismals

also pe fitted jf Sufficient data
sity ViIIi+ Could not pe drawn due ¢
ing the intensity VIII+, waever;_'
Ganges a5 the region where: the max
mals below VI are ndt'HSwan,
differentjiateg, B

of Dharan
lost their

Town  98% of buildings were damage
liveg*, - : - ' S

Isoseisgma] VIi) encloses the_'regiqn
Samastipur, Saharsa Madhépura, Purnea andfth
Spectral acceleration wae @.379 and morélfbﬁf &1
Set and damping 5% of Critical, In Darbhahga,«rdddé
Places with Sand and watepr gushing out, The sha

§ﬂ§5§' Madhubani,
$ where the value of
r“‘?ﬂf?ﬂq* Period @.4

1_&v§jcra¢ked-at Mmany

Darbh
laces

AcCeleration jege than 9.374 and more than 0.1659: and 'thE'frégidhs of
Sitamarhi; Muzaffarpur, fVaishali, Begusarai, Khégaria;'ﬂadﬁEpura, Mun-
ghyer and_Purneat About 15,900 houses were damaged iﬁ.ﬂunghyer,.whila in

In the area boﬁnded by Isoseismal vI, Muhghyer, Nalanda, Patna,
Saran, Nalanda ang Champaran etc. are the-important regions where damage

-~ has. been considerable.“ The places with Spectral} scceleration value

B.léﬁg'and less have-alsd'been_included in this-isoseismal.

The intensity-below VI éovers the regions Bhagalpur, Bhojpur,
Nawada), Gaya and Giridin etcﬁ

3.3.4  Remarks

The area of high intensityfdécurs where the_thickness of alluvium is
quite_ high (more thgn 1000 m{_and it decreases towargs the shallower




1

basement., It is alsu to be noted that as soon as we go-beyond.the boundQ
aries - (Nunghygr~53harsa ridge) of ‘hegative anomaly the -intensity
decreases. . : '

The shaha of isvseismals follow the general structural trend in.the
region. ' L

The.enhaﬁcement_af intensity (VIII+) at_variqus‘places in Nepal may
be interpreted as the effect of topagraphy, caused by amplification of
ground motion on top of the hill as well as on the hill slopes. ’

. If we extend the Patné fault towards Nepal side it seems that .the
epicenter lies in the vicinity of the fault. '

4. PUBLIC EXPERIENCE AND MEDIA COVERAGE

To bhave a feel of the national calamity and the human response and
the related social problem during this damaging earthquake, a few public
experience and news paper reports are reported herg. . '

- . s
4.1 1i xperi e

Due to the violent shaking people were roused from their sleep. In
panic they rushed out from their houses. Many people found that they
could not open the lock because of violent shaking (with roaring sound
of . locomotive) prevented them to get out fast. Some people found that
due to vibration the doors were jammed and could not be opened. The
people were living in fear of after shock in tents while it was raining.
Inconvenience was also caused by the flood. : : '

4.2 News Paper Reports

Both the press and the television toned very high initially in their
reporting on this 'éarthqqake and - later on toned down the reports as
facts started pouring in., Some of the news paper cuttings are " included
in. this report (see Annexure G). A good coverage was given districtwise,
some of them are summarised here. '

At Darbhanga and Laheriasarai roads had cracked at many places with
sand and water gushing out. Power supply and the telecommunication serv-
ices collapsed completely and the town remained cut off for many hours.
At Munghyer severa) places ground caved in and water sprouted out. The
area near the Nilam water tank sank about 3 m. For evegy dead and in-
jured Rs S0@ and Rs 250 were given for immediate relief from Chief min-
ister Relief fund.The help from IAF helicopters were sought after 48
hours to evacuate the ~injured persons and to reach the inaccessible
area.The prime minister, Mr. Rajiv Gandhi, Home minister, Mr. Buta
8ingh, the minister for Urban Development, Mrs. Mohsina Kidwai, and the
Health minister, Mr. Moti Lal Vohra visited the worst affected area. A
high level Government of India Committee also visited the area for
@valuating ard to suggest relief measures. ' :




basement. It is also to be noted that as soon as we go beyond .the bound-
aries (Hunghygr—Saharsa_ ridge) of negative anomaly the intensity
decreases, : - o ' '

The shape of isoseismals follow the general structural trend in the
region, ' : .

The enhancement_of'intensity-IVIII+J at-variqus.placas in Nepal may
be interpreted as the effect of topography, caused by amplification of
ground motion on top of the hill as well ag ogn the hill slopes. ’

If we extend the Patné #ault towards Nepal side it seems. that the
epicenter lies in the vicinity of the fault. ' -

4. PUBLIC EXPERIENCE AND MEDIA COVERAGE

To have a feel of the national calamity and the human resbonse and’
the related social problem during this damaging earthquake, a few public
experience and news paper reports are reported here,

4.1 Pyblic experience -7

Due to the violent shaking people were roused from their .sleep. In
panic they rushed out from their houses, Many people found that they
could not open the lock because of violent shaking (with roaring spund
of locomotive) prevented them to get out fast. Some People found that
due to vibration the doors were jammed and could not be opened. The
PROple were living in fear of after shock in tents while it was raining.
Inconvenience was also caused by the flood. ' '

4.2 News Paper Reports

Both the press and the television toned very high_initially in their
reporting on this ‘@arthquake and later on toned down the reports as
facts started pouring in., Some of the news paper cuttings are included
in this report (see Annexure G), A good coverage was given distrittﬁisa,
some of them are summarised here. ' ’ '

At Darbhanga and Laheriasarai roads had cracked at many places with
sand and water gushing out, Power supply and the telecommunication serv-
ices :ollapsed.completely and the town remained cut off for many hours.
At Munghyer severa) Places ground caved in and water sprouted put. The
area near the Nilam water tank sank about 3 m. For every dead and in-
Jured Rs SQ0 and Rs 25¢ were given for immediate relief from Chief min-—
ister Relief fund.The help from IAF helicopters were ‘ sought after 48
hours to evacuate the injured persons and to reach the inaccessible
area.The prime minister, mMr, Rajiv-BGandhi, Home minister, Mr. Buta
Singh, the minister for Urban Development, Mrs. Mohsina Kidwaji, and the
Health minister, Mr. Moti Lal Vohra visiteyd the worst affected area. A
high level Government of India Committee also visited the area for
‘avaluating anrd to suggest relief measures, : :
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This earthquake occurred in the early hours of AUqust 21, 1988, and
had its epicenter close to the Bihar-Nepal border. Extensive evidence of
liquefaction was reported from areas near Darbhanga, Laheriasarai,

- Madhubani and Jhanjharpur. There was no reported liquefaction in other

areas like Muzaffarpur, Sitamarhi, Purnea etc. where liquefaction took

- place in the earthguake of 1934. As this earthquake was of a smaller
"magnitude so0 also the extent of liquefaction. In the Munghyer area,
which lies at the junction of the alluvial Gangetic basin with the

Archaean quartzite rocks, ~mo  liquefaction was reported. In the 19348
sarthquake also no liquefaction was reported in Munghyer though there
was extensive structural damage. : :

In the belt covering Darbhanga, Laheriasarai, Madhubani and
Jhanjharpur; sand water geysers rising to a height of about 1 n wers
reported. Sand and water vents .were seen in open areas and floors of
buildings cracked with water and sand oozing out of the cracks, building
foundations and long boundary walls sank and cracked. The boundary walls
of the Darbhanga Raj complex developed cracks at many places and so did

the thick walls of the Darbhanga Jail complex.In both Darbhanga and

Laheriasarai roads are reported to have cracked at many places with sand
and water gushing out. In the nearby villages of Taralahi, Bishanpur and
Keoragach a layer of sand was reported to have been deposited following
the earthquake. Much of the telltale evidences of liquefaction in these

“4raas were lost due to the floods which followed the earthquake,

As in the previous earthquakes of 1897 and 1934, it was observed that
the spewing of sand and water took place after the earthquake shock and

~continued for hours afterwards. Sand was reported to have ocozed out in

the Fulwara distribution system and silted up a length of about 30 to 40
m. Most of the wells at Rajbiraj, Nepal were reported to have dried up
due to chocking caused by sanding.

Thermal Springs

The hot springs situated at Sitakund, 1@ km from Munghyer, issue from

" alluvium close to an outcrop of quartzite. Another set of hot springs
care located at Rajgir, near Nalanda. In the 1934 earthquake no

noticeable changes in behavior of these springs were observed as a
~esult of the earthquake but following the earthquake of August 1788, it

~was reported that the hot water coming out of the spring turned blood

red. This red colored water oozed out for about 1@ to 12 hours after the
earthquake. No red colored sediment was observed in the tanks at the

- springs after this behavior.

Remarks

This densely populated area, which lies predominantly on an alluvial
bed a few thousand meters thick, has in the past experienced a number of

- earthquakes and is. likely to continue to be subjected to future

®arthquakes. The evidence of damages to life and property in the past
due to liquefaction is all tou evident. It is therefore felt that a

.detailed zoning of the area, particularly to the north af the Ganges, be

carried Qut and areas more prone to 1iquefactinn be jidentified.

3.4 Village Houses (Mud Houses)

The major loss of life was in villages occurred dus to collapse of
Mud housee and brick houses laid in mud mortar. :




‘gable roofs. The building
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Hassanpur Village, Murgiacha

This village is on very soft brown clay and the water table was
around & m below the ground ievel. Nearly 98 percent of village houses
were damaged which were constructed in mud. Some houses were constructed
in burnt brick wusing mud wmoartar. These constructions are weak in
tension, shear and compression:. Thus, the separation of walls at the
corners and junction took place easily under ground shaking. Afterwards,
the wall fail either due to bending or shear combined with compressive.
loads. Finally, the whole house would crash down. Photo 1 shows typical -
damage in village houses in Hassanpur.

Madhubani Village

. Photo 2 shows typical houses in a village near Madhubani. The cracks
in the wall can be seen in one photograph. :

5.5 Brick Buildings in_Line Mortar ( Old Buildings )

These are generally old masonry brick bu11d1ngs constructed in lime—
mortar and with inclined tile roof on rafter. The use of arches at
window, door ‘and ~verandah opening are very common.The roofs are
generally at much higher level. -

Land. Mort“e'tf

ga: (Photo 3)

censtructed

fa;&,&%i&k building with arches

in
llme—mortar. _ S
was severely damaged__
building. The F;nan'
nnt damaged. RN

: ebrls damaged a jeep parked in front of ‘the
stry buzlﬂlngs adjacent to this building was

The c;rcuxt huuse bu;ld;ng-ls nne storey old brick structure having
eveleped . cracks in. exterior and interior
as observed at eaves level. The chimney
hesroof were d1sledged.

inil Surgegn-House, Qgrbha'g (Phntn 5)

.This Lsﬁ.an eld brlek bu;ld;ng in lime mortar. This was severely
damaged and the building: was abandoned The masonry arch at the entrance
developed severe ﬁ1agunal dracks. The roofs also badly damaged and in

walls, The significant damage’
was damaged badly. tiles: unﬂ

one rocm the roof cellapsed because it was supporthg a water tank over

it'
Jail Barrack Hadﬁuhani

The barracks in front of Madhubani jail consists of several rooms
with +front verandah.  The verandah in the front showed damage. The
arches in the verandah showed cracks at the crown. The cracks were also
developed at the joint where the cross walls and the longitudinal walls
meet, : ' :

. Saman a or Lan egistr ﬁ . rd Room, Madhubani

" This is en old brick building in lime mnriar. The record room
showed crack at the walls at the points where the channels were
embedded. Builldings, adjacent to record room also showed cracks.
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The land registry files were stored in several open steel
almarah’'s. These almarah's were connected by an angle iron at the top
.and embedded into the walls on either side for reason of better
stability. The inertis force, developed due to the combined weight of
almarah and files was partly transterred to the embedded support of the
angle iron and caused the damage of the wall. - :

 Remedy;

. It is good idea to connect the almarah’s at the top by an angle iron
for reasons of better stability "in an event of earthquake but they
should not be extended into the walls on either side. :

DSP: icen mastipur

' This is old brick lime mortar building constructed in 1910. The
~ building was badly damaged. A portion of roof fell down. '

Mungif Magistrate Qdar;gr, Samastipyr

This was constructed approximately in 1980. This was severely damaged
in the E-W direction and declared dangerous. Severe diagonal cracks were
observed in the masonry shear walls,

D.M.'s_ Resjdence, Munghyer: (Photo &)

This was.cunstructed'be¥ore 1934. There was no apparent. damage in the
1934 earthquake. This is load bearing construction of brick masonry with
lime mortar, : - : : '

The arches in one direction showed crack at the crown; The walls
showed diagonal crack in the other direction. The steel almarah with
two big cup trophy in it fell down. The almarah was filled with the
"ilES— ) )

Collectorate Record Rogom, Munghyer

The buildihg'suffared'slight damage showing cracks in the arches at
the crown. ' -

Town Hall, Munghyer: (Photo 7)

This town hall was constructed in 1914 using brick with lime mortar.
- -Wide spread cracks in brick arches was observed. The walls, -ornamental
pqrtion in roof below parapet showed cracks. ' '

Sgngém_Hotel, Mungbyer: (Photo 8)

This 3 storeyed building was constructed in brick lime mortar before
the 1934 earthquake. During the 1934 earthquake second and third floor
damaged compietely. The building was restored after the 1934 earthquake
and built upto first floor only and it was used as medical store. It was
renovated and it was being used as hotel,

The walls are very thick and consequently suffered heavy damage. The
arches also developed crack. - The new first floor construction of brick
cement mortar also got damaged. Horizontal crack developed on wall at
the supporting level of roof. :




Clock Tower, Munghver: (Photo 9)

The clock tower was damaged during 1934 earthquake. During this

earthquake cracks were observed in the smaller arches while the big arch

did not show any crack. Crack was alsg observed in the middle of the

column. -

)ilip Dharamshala. Mun hyer: (Photo 1@)

This is an old brick lime mortar construction consisting_of arches in

verandah. The arches fajiled causing failure of the left portion of the

Sarai. The right portion was on the verge of failure.

5.6 Brick Buildings in Cement Mortar

Ashoka Patiliputra Hotel, Patna

This is newly cbnstructéd'brick building. It‘de#elnped cracks in

the walls and around the stajircase.

€.D.0. Building, Darbhanga: (Photo 11)

This is one storey old residential buildihg constructed in brick with

lime mortar. The building was constructed before 1934, The building got

severely damaged from inside although neo damage was seen on the outside.
The diagonal cracks propagated upward ~from short span lintel over
openings. The load bearing walls developed wide diagonal cracks. There

were cracks observed in the floor as well as in the roo#. Tilting bf_

inner walls was also observed. -

‘Residence of Jail employee, Darbhanga

The two room single storeyed bfick building with “verandah was
severely damaged. The arches of the building showed cracks, wedge of
brick got separated in one of the arches. The residents, in panic,

constructed a prop to support the falling wedge from the arch ~and

spoiled the aesthetic appearance of the building.

Dgctgr*g residence near Jail building, Darbhanga

The building developed. minor cracks. The liquefaction was observed

‘ingide the building at some places.

Qullggtgrgte Building, Madhubani : {Photo 12)

This is a three storeyed brick mésonry strﬁcture constructed in 1972,
In a room, at N-w corner of the building block, .3.hor;zpntal (plinth,
mid and near roof) cracks were observed on the wall, No damage was found

in the stair case block. Cracks appeared on one of the extreme block
probably due to torsion in the unsymmetric building. : ’

€ - Tvpe Residential Bujlding, Ssmastipur: (Photo 13)

There are several load bearing twe storey blocks tonstructcd of
conventional type in brick with cement mortar. These were constructed in
1988. The mortar quality seemed to be very poor (118 or even less). Due

to dampness in the monsoon, the strength of mortar was further reduced.

.Due to this reason one block showed severe horizontal shear cracks to

I

the walls in the E-W direction.
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ri_(Ph 4

This is a new thres stnreyed frame construction (1974) and of Qame
design as in Madhubani. The lintel leve} band was provided. The brick
walls are 25 em thick, ' : '

The damage was observed in the corridor. The cross wall showed
cracks., The cracks Propagated in E-y direction. Diagonal'craCks were
observedsd cm below the roof level and horizontal crack was observed 15
€m above ‘the flpor level. The Cracks were alsg observed on the stair,
wall over the beam in the corridor. - The walls ghowed heavy cracking
over the lintel. Horizontal Cracks were observed in 12.5 em thick panei
walls and diagonal cracks in Plaster were observed in 25 cm  thick
walls, The building was tilted on one side. The inspection of the
building did not corroborate that the building tilted during thisg
earthquake. The building might have been tilted already. Though the
collectorate building in Madhubani and in Samastipur are of same type
but the damage in Samastipur was worse, ' :

_Policg Residence, Samastipur

These are three storeved police officers residential building.
" Horizontal shear cracks were observed at the bottom storey. No damage
was observed in the upper storey. : : '

The quality of the mortar Was very poor and could not withstand the
large shear force at the base, generated by the earthquake. '

Nurses Hostel, Qarbhgnga

This is a three ‘storeyed brick building with the conventional
construction in cement-mortar, The Cracks were seen in the mumty of
staircase at the roof level. . ' o :

ﬂ;iitarx Sainik barracksg, Jamalpur: (Photo 15)

This is a three storeyed load bearing brick..masanry building
constructed ip 1984 with cement mortar having r.c.c. roof/floor slabs,
One side of the stair case jin the ground floor, is used as garage and
other side is used as residential flats, Heavy damage, observed in the

The cross walls in the rooms developed wide cracks. The tracks were
not observed in the longitudinal wall which also form the corridor
walis., This may be due to the fact that three concrete siabs(shelves)
casted in this wal] offered additionai strength. The rooms are very long
(may be upto 90m) . The Planning of this building was PoOr. Heavy damage
to the -building may be attributed to  the torsion caused by the
unsymmetry of building and poor quality mortar, The lintel bands were

The reinforced cConcrete Civil buildings are'relatively few and alﬁost

all of them are of re:Ent.constru:tiqn.

Residential Buildings of Military Police, Jamalpur: (Phutas 15 e, f,q )

The three storeved Newly constructed (1979) r.c.c. beam column framed
residential brick building with 68x30 cm columns and 30x4@ cm beam which
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wag damaged heavily and abandoned. The building also had r.c.c. floor
and roof. The partition walls were shattered. No cracks in  beam and
columns were observed. Top portion including parapets of the building
were very badly damaged. The cement mortar used was of the order of 1:10
which reflects weak cement mortar ratio. _ : : ' o

The International Ygpgashram Bujilding, Munghyer

This is a seven storeyed r.c.c. framed building construction in 1985
having large rooms. This building is well designed and have good quality
construction. The building did not suffer any damage which is mainly
attributed to its good quality of design and construction.

Cycl nd Cum Canteen R tf. Darbh and Munghyer: (Photo 146)

The cycle stand cum canteen structure was constructed for 171,
PDarbhanga in 1968. The 2 storeyed structure was supported on 2 rows of 5
columns, 5O cm dia, two and half meters high without brick infill. The
beams were 3@ cm in depth and S@ cm wide. The lower portion was used as
cycle stand and the first floor was used as canteen. This structure was
totally collapsed. There was no continuity of the main steel from column
to beam. Stirrup spacing in column was not adequate. The bottom storey

was much flexible. The top and bottom of column, at roof level, seems to

~have developed hinge condition resulting into formation of mechanism
which then collapsed. This failure may be attributed to the poor
detailing of the reinforcement and improper anchorage of reinforcement
bars at beam column junctions, : : '

A structure of similar design was also constructed in Munghyer. That
structure did develop cracks at the top of column but was still standing
in damaged condition., This 'is relatively much away from the epicenter
as . compared to the Darbhanga which: have resulted into less intensity of
ground shaking, - - : '

leleqraph Office, Mgnghger; {Photo_17)

This is a three storeyed r.c. frame buildiﬁg'constructad in 1984,
The ground floor was damaged much more than the first and second floors.
The walls got cracked badly between lintel and plinth. There was

practically no damage to r.c. beams and columns constituting ‘the .

resisting structural frame. The 3.5 m high outside and inside walls are

25 ¢cm and 12.5 cm thick respectively. Twelve and half centimeter thick

partition walls were tracked badly.

5.8 Historical and Monumental Buildings

There are many old buildings which often havé an important
architectural, cultural,  historical and monumental value. These
buildings must be preserved at all cost even at much higher cost of
repair and strengthening. Because these represent our heritage and
should be passed on safely to our next generation. Most of the old
historical . buildings are in British architecture. There are many
historical and monumental buildings that got damaged. The Munghyer
historical fort which was damaged in 1934 earthquake was further damaged
during this earthquake. The historical Naulakha temple of Rainagar
Madhubani) has collapsed. Eleven Buddhist monasteries of historical
importance in Sikkim were damaged and three of them were severely
damaged. The other damages to this type of buildings are as follows:
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‘ atnas (P 18)

The massive masonry, three storeyed structure was constructed during
1916-1918. The structure was built with burnt brick in lime-surkhi
mortar., . It comsist of load bearing masonry arches. This 'structgr.
withstood the 1934 Bihar Earthquake which had cracked the dining hall on
firat floor in N-8 direction, In the dining_hall, first flany east
side, new cracks were developed near window top. This earthquake did not
Produce any cracks in N-S direction in thE'masanry arches, Nearly, all
verandah arches, about 1@ mn Span on all floors oriented in
Approximately E-i direction suffered damage. The damage was in the form
O0f fine cracks at the crown. The 15m span arch in the western side of
the building developed a large horizontal shear crack on one side just
above the crown. The diagonal cracks were also observed above the
opening in N-8 direction wall, The cracks are fine in general. The
Cracks alsp appeared on the reinforced brick roof/floor in the corridor,
The top df Darbar hall showed horizontal cracks in the arches in the E-w
direction. The Cracks also occurred in roof slab/false ceiling in front
of Prime Minister's suit, ' - - :

Wi rt B Patna; (Photo 19)

. This i a massive two storeyed brick MmASONry structure cons tructed
in 1917-191@ having 50 cm brick wall with lime mortar. The Cracking
occurred on the. outer surface of dome. The cfacking also occurred on
outside walls, The false roof is made of expanded metal plastered with
cement mortar, It Consists of reinforced brick floors and sloping clay
tile roof and the false roo+ is _suspended from the roof truss. The
damage occurred in false roof alj} along the wall Junction. The
separation of walls occurred at the corners. The separation between roof
and wall was algg observed. There are separation of two walls at one end
of Bar association room (first floor ) and crack in the false roof
plaster. Cra:king_uas 2lso observed in the walls of Court room no. 20.
Horizontal ang diagonal cracks are visible in the central marble hall.

O1ld ggggigglazg, Patna; (Phgtg £0)

This is a massive two storeyed brick masonry structure in lime
mortar constructed in 1916-18. The building consists of three main
~ blocks connected with arch corridors, The building has a Clock tower
in the central block. The clock tower was damaged in 1934 earthquake,
Subsequently the height of the tower was reduced during reconstruction.
The tie rods were used at the top during reconstruction. The clock tower
did not show any major damage as Such during this earthquake but there
was a slight crack in the wall where the girder was regsting just abava
the clock at the top of the tower, The cracks oceurred in the corner of
registrar supply roem in Northern wing. The verfical cracks occurred
near. the crown of the arches in both NS and EW direction, In Room no.
117 horizonta) cracks occurred over the lintel at two different levels.
The cracks were also seen in false ceiling of Room no. 117,

Thas archaeological remain of Buddhist education center, Nalanda
University jig in very bad shape which hae developed cracks in the
massive brick structure due to seepage of water. However, because of
®arthquake no damage was reported. ;
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5.9 Religious Buildings

Many religious buildings were damaged such as the historic Naulakha
temple of Rajnagar(Madhubani) and the Saraswati Shishu Mandir of
Madhubani collapsed. Several Buddhist monasteries were severely damaged
in Sikkim. Damage to some other religious buildings are described
hereunder, o : '

hiva T hanga; (P

The  arches of Shiva temple (200 yrs old) developed cracks
constructed in brick mortar., The 20 m dome of the building was also

cracked, The separation was observed at the corner between verandah
and the temple walls. There was a clear vertical crack in the corner.
This temple was also damaged in 1934 earthquake.

Jama Masjjid, Darbhanga: (Photo 23)

This Jama Masjjid was constructed in the vyear of 1963. It got
severely damaged. One of the Mehrab at the top was dislocated and
hanging in a very dangerous manner on eight 15 cm hexagonal columns. A
horizontal shift of 7.5 cm had taken place at the supporting level of

‘dome on columns, The Indian army from Bareilly were busy in restoring

it by jackifhg the damaged dome and repairing it again. The minarets were
also damaged. :

Shahi Masjjid, Quila Ghat, Madhubani

This Masjjid is very close to the Madarsa Hamedia. In this Masjjid,
the minarets and mehrabs showed damage in the form of cracks.

Sita Kund, Munghzer

In Sita Kdnd, the hot spring became red due td red mud started
flowing from underneath with the water.

Hot ri mple, Rajgir

In the hot spring,' red mud came out with the water for hours. The.

Rajgir temple showed crack in the arches and the temple walls,

9.10  Educational Institutions

There had been wide spread damages caused ,to educational
institutions during the earthquake which have © indicated the
vulnerability of the school buildings. Extensive damage bhas: been
observed to institution in Madhubani, Darbhanga, Samastipur, Munghyer,
Begusarai, Khagaria districts. Besides general educational buildings
most of the Madarsa and Sanskrit school buildings which are mostly
sjituated in Darbhanga and Madhubani districts have collapsed. The number
of casualties would have been much more, if this earthquake had struck
during the school hours, : -

The school buildings are special structures from earthquake point of
view since there is a trend to make longer rooms with longer unsupported
wall length. The school has also large assembly rooms with long span and
taller walls than the class rooms. : o
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Zila S¢hool, Nuzaffgcggr

It is a two storeyed building of brick masonry constructed in 189g
almost 100 years ago. It survived but weakened by the 1934 earthquake,
Some of the repairs undertaken after the 1934 earthquake is stil}
visible. This building had front verandah with arches. The building was
connected with the assembly hall at the center by a corridor, All the
arches of verandah developed fine diagonal cracks near the crown. The
rafters pf the gable roof with tiles had shown spreading, causing
separation of longitudinal walls with the cross walls hear tie top,.
Extensive wall cracking and wall separation was observed at several
Places. The damage was mostly on the second floor. The reason for this
damage was that there was no band provided at the eaves level. The
diagonal cracks were seen on the black board in the class rooms. In the
assembly ball (brick wall with truss roof, 10x20 m) there were some
vertical Ccracks observed at the top of the columns supporting 20m span
arches. There was ng damage observed in the arches. Heravy wooden staging
had moved from its original position with the wal) during earthquake.

Medical College old Hostel, Darbhanga: (Photo 24)

This is a two storeyed brick masonry building constructed in 1lime-
mortar built in 1927. There were 22 rooms on either side of s ir case
with jack arch roof. Front verandah consist of brick maso y arches
supported on brick pillars, there were about 18@ students at that time.
However, luckily only three got injured. The damage in the second floor
was much severe than that in the first floor. The common wall between
the staircase and verandah got severely damaged. One corner block of the
building callapsed totally due to the failure of corner arch. The damage
to the other corner wWas also severe but did not collapse. The verandah

Most of the walls along transverse direction of building showed
diagonal wide cracks and in most cases the roof fell down. In other
Places, thera was wide separation of walls at . roof level., The root
consists of three small afches Z2m span approximately and 30 cm high
resting on iron girders. There were some tie bars also in some of the
spans. The verandah also showed severe damage all along, specially at
the Crown of arches, \The ground floor walls did not suffer £0 much
damage. The arches -on ground flogr Cracked badly in transverse direction
whereas some arches in longitudinal direction were not damaged at all.
As a whole the damage was severe and the_building-was declared unsafe by
the authorities,  The main reason of damage was due to failure of corner
arches because of lateral thrust and torsjon of building.

Tgmgoracz Hgs;el,-ggrghaggg

Single storeyed barrack typed hostel shnwed'cracks-nn the cross
“wall. The Quality of construction of this hostel was very poor. The
cement-mortar used was 1110 or even less. Mostly lime concrete was used.
It showed crack at the column and junction. Separation of false ceiling

from wall, all along, was also observed.
L:R. Girls High Schoo], Darbhanga: (Photo 25)

arches of the class room failed and there were extensive damages to the
wall, The boundary. wall was also badly damaged and collapsed at some
portions. _ : :




" High School, Madhubani

The school building suffered damage due to this earthgquake.

Madarsa Hamegié, Qita Ghat, Darbhanga: (Photo 26}

This old single storey building is in L shape, consistihg o+ fourteen -

class rooms (height 4.5 m with 60 cm brick wall) on either wing of
6.5%6.0 m size (approximately) was constructed in 1927, This was a load
bearing brick masonry construction in lime mortar. In the front of the
class room there was verandah corridor consisting of brick masonry
arches resting on brick pillars. The roof of the class room consist of
four small brick arches resting over iron girders. The arches (span 3.0

m) of the verandah got damaged, completely,  in one wing and the rooms:
were damaged beyond repair. The ties came out from the arches. The cross

and longitudinal wall got separated at the corners. Eight persons died
and nine injured, This earthquake did not spare the respected principal
Mr. S. Molibber Rasool GQuadri and his two sons., The main reason of
damage was due to the failure of verandah arch at one end due to lateral
thrust and torsion of building which triggered a sequential failure of
arches. ' :

Notre Dam Academy, Muntghyver: (Photo 27}

This is a four storeyed school building constructed (19508) in brick
with sand cement mortar(load bearing) having r.c.c. floor and roof slab.
The building did not have the lintel band. - Most of the damage occurred
was In the ground fioor. The front porch and the class rooms were
damaged. The school authorities have marked the cracks and were
monitoring the cracks by putting g9lass pieces across the crack in order

to find out whether the c¢racks were widening or not. Some of the glass

- pleces broke indicating slight widening of the cracks. The main reason

for damage of building was due to large size rooms with large window

opening without the lintel band.

8aijnath Girls High School, Munghver

This . old building was constructed in 1928 using brick lime mortar.
Arches developed crack at the crown and walls showed diagonal cracks, At
the roof, the small dome supported by columns showed cracks and spalling
of plaster at the dome column support. :

S.11 Health Care Units

Health care units are the emergency centers ﬁhich. render their

service to all classes of people and are usually occupied for 24 hours a

day - at full capacity. These are also the post eaqthquake important
structures. Large number of primary health centers, additional primary
health centers, health sub-centers, state dispensaries, referral
hospital, subdivisional hospitals, district hospitals, and medical
college hospitals have suffered seriocus damages during the earthguake.
Some of the damages are described below:

Medic Colleqe Buildin Darbhanga

It is a single storey old brick structure constructed in lime mortar
in 1927. It survived but it was already weakened by the 1934 earthquake.

The repairs of arches by filling the gap over the door frame and arches

by brickwork can still be seen. .The failure have been observed in

several arches of 3.0 to 3.5-m span, The arches generally cracked at the
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crown, The damage in the key stone was also observed in some cases, in
one of the arches a wedge of Masonry near quaterpoint was almost
separated. The damage was also seen at the false ceiling of the lecture
theatre. The boundary wall fell down at some Places, the wall also
developed cracks and got tilted at other places. '

Surgical Ward of DCHS. Darbhanga: (Photo ze)

It is a three storeyed reinforced concrete structure constructed in
®arly-7@8's. The earthquake victims were treated.mainly in this hnspital,
- The type of construction is very poor. The following types of damages
were observed. . ) ' :

(i) The reinforced concrete columns developed - diagonal cracks in
- the ground floar, :

S tiiy  Inm one of the columns, the rusted reinforcement was exposed
due to spalling of concrete. The Spacing of ties was quite apart.

(iii) One of the columns had substantial vertical crack near the
- bottom. A temporary support was provided by two brick columns, one on
either Side of the reinforced concrete column, ' .

(iv). Cracks were else observed in concrete on  the face of 'the
column, concealing the pipes, o

{(v) There ﬁere horizontal and diagonal cracks on the cross wall in
the first and second floor., : :

The main ctause of damage was dampness-_in the buifding - causing
corrosion in reinforcement, Poor quality mortar and the poor maintenance
of the building., ' '

akri District Dispensar Madhubanj

The load bearing one storey old brick buildings (1994) with jack arch
roof constructed in mud mortar utilised asg residence and dispénsary_get’
badly damaged, with collapse of jack arch roof. The walls and the roof
were badly cracked. The cracks were wide, ' . ' :

£

S.12 Museums

The Patpa museum jis a three storey building which was slightly
damaged and many precious statues and objects fell down and got damaged.
The damage to other'mpseums are described as follows: .
(Photo 29

h Muse

The two storeyed old brick building.consistingJuf arches, is Situated
over a small hillock. The building showed c€rack over arches and at the
Joint of the cCross and lenqitudinal_ walls, There were too many
ventilations and windows and as a result they showed crack around the
openings., .

Many stacue and. display items overturned ang fell down and got
damaged as a result of vioclent shaking . due to earthquake. A  proper
- holding and support arrangement of statues and display items can prevent.. .
the damage of these valuable jitems. ' '
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%.13 Jail Buildings

Jail building, Darbhanga; (Photo §¢'g—e>

This is an old structure constructed before 1934. This building was

damaqed'in'1934 earthquake also. The Jail boundary wall was cracked and -

bulged at several places. The wall approximately 3.5 m high, was
approximately 200 m square in shape. The boundary wall was strengthened
by providing buttresses at an interval of approximately 6.5 m. after the
1934 earthquake. The construction was in mud mortar with cement mortar
tipping. : : ' ’

The buildings inside the Jail, prison cells were also cracked. The
security tower also developed cracks. The liquefaction was observed
outside and inside of the Jail. The sand fountain rising to a height of

about 2 to 3 m was observed half an hour after earthquake inside the

Jail complex. The sand deposit could be seen after the earthquake. Ice
cold water continued to flow for about 12 hrs. '

Sub Jajil), tMadhubani

It is a very old construction of 1?04. The - boundary wall hsbouid
minor cracks.

S.14 Mater Supply and Scunrage Systens

The distrzcts of Darbhanga, Madhubani, Munghyer, Khagaria,
Samastipur, Saharsa, Muzaffarpur, Sitamarhi and Madhepura indicate
damage to water supply installations and their ancillaries. These
reports indicate that large nusber of hand tube wells have choked due to
" this earthquake which damaged both water pipe lines and sewerage pipes
except the sewer pipes near Darbhanga Medical College Hospital started
leaking. No major dislocation in sewsrage system has been reported.

Damages to 4,418 hand tube wells in rural areas and 511 in urban areas

have been reported from various districts, as mentioned above.

The pump house near the Darbhanga jail was approximately of 4m . high
brick structure. It developed  cracks all around and above the pl:nth
lavel. The walls also davalnped cracks.

3.15 ﬂatar Tanks

Water tank of 1.9 lakh gallon capacity at Khagar;a has been
extensively damaged. The 4.5 m staging was badly damaged and demolished.
Water tanks at Munghyer ( Photo 3ia ) and Sitamarhi have been partially
damaged. The area near the Nilam Talkies water tank, Munghyer sank about
3 m and developed minor cracks at the column and bracing joints. The
damage to other water tanks are described as follows: ¢

Darbhanga: ¢

This structure is of post earthquake importance. The circular water
tank 6.5 m in ‘diameter and 17 m high near Darbhanga jail is resting on
circular raft of 5@ cm thick, brick construction in lean cement mortar.
The water tank showed apparently no damage. The shaft:showed .
circumferential cracks all around the base passing 'through door and
windows showing a formation of hinge. The liquefaction near the tank
seems to have occurred but due to flood water it could not be
ascertained. The structura appeared to have been tilted on one side
(towards west). '

-
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%.16 Roads and Bridges |

Since the substructure of most of the bridges were under water; it
was not possible to assess the damage caused to the portion under water.
However, the portions above the water were inspected in few cases, and

extent of damage has been assessed.

There were many bridges of simple spanned steel beam supported on piers
of steel pipeés. Such bridges seemed toc have behaved very u.11._ The
warimum number of bridge structures were damaged in Darbhanga, Munghyer,
Madhubani ‘and Saharsa districts. The reinforced concrete bridge of
nearly 5.6 km over the Ganges river connecting north country did not .
show  any apparent damage. Some other bridge structures have also been
damaged in Muzaffarpur, Madhepura and Bhagalpur. Damaged roads and
bridges  were reported from Nepal, Sikkim and Darjeeling also. The
bearing of the Railway girder bridge over river ®Gandhak at Samastipur
got Damaged. 8inking of railway tracks was also reported from Saharsa~
Madhepura section due to the subsedence of ground. Two bridges near
 Forbesganj were reported to be damaged. ' :

A one kilometer portion of the Mahendra highway(Nepal) at Lahan
heaved up 60 cm above the land level, Many hill slopes suffered failures
causing damage to roads and. bridges. The problem was compounded by
incessant rains before and after the earthguake. In Sikkim three major
bridges were damaged. All the damage to bridges was due to failure of
hill slopes. As such earthquake vibration have not caused any damage.
In Sikkim a number of massive landslides also caused damage to several
roads and many routes had to be closed for several months. In Darjeeling
district of West Bengal roads subsided at several places of the order
of 2-4 meters. o ' ST '

The damages in the rural roads were in the shape of subsedence of
roads crust and its embankment. Wide cracks in the roads embankments
were also  observed. The earthquake . caused - ‘cracks in the piers,
abutments, wing walls, r.c. deck slab etc. A i@@gﬁ;dug;;quubSEdance
in the embankment, hume pipe, culveérts have alsb been damaged.

9.17 Embanksents and Irrigation Systems

A brief note on damages to embankments and irrigation ;Qstem as
reported in Bihar Government Memorandum 18] is described as below:

(i) Kamla Balan Embankment

This embankment is located on Kamla river and approximately 35 km:
from the Darbhanga. This embankment is & m high and 6 m wide at top
having 1:Z2 slope on riverside and 1:3 slope on countryside with brick
" pitching on both slopes. This embankment was constructed last year after
4 breach which has washed away the oid embankment in August 1987.
Longitudinal cracks on the top of the embankment have been noticed in
nearly 7.15 km out of the total length of 180.50 km. The worst affected
portion was at 47.5, 57.00, 65.80 and 67.00 km of the left Kamla Balan
embankment where top and side sliope subsided by 1.25 to 2.5 m thereby
causing great threat to overtopping of flood water. Other portions where
sinking of top and side slopes has been caused are at 51.30, 59.00,
63.50 km of left and 47.% km of right Kamla Balan embankment. Dues to
earthquake, the pitching on riverside slope bulged out and that of
country side became uneven after subsedence. Liquefaction was also .-
observed on this embankment. :

(ii) Bhutani Balan Embankment




T watan. ot is lpcated on Bhutani Balan river located about 70
i Rar SEBes o aneg, This embankment starts from Indo-Nepal Boarder
havirg . S Ly E o civer side with brick pitching over 15 g filter
material and . z.icpe on country side without pitching. Longitudinal
cracks developed .o *ie top of embankment. The . cracks are 7.5 to 1S5 cm

wide. Out of the total length of 5@ km of the embankment, nearly 2& km
has been badly affected, Shrinking of top and side slopes has occurred .

in a length of about 37 m. Liquefaction seems to have occurred Oon both
sides of embankment. ' ' '

Besides above, the river action has changed. It started-a;tatkihg
the right embankment at Rajpur, Narainpur and left embankment at Hanuman
Nagar eroding the embankment in length of about 1000m,

(iii) Bagmati Embankment

_:Tremor caused sinkihg uf:tail and portion of the Sormarhat—Hayaghatu
embankment i.e. between 16.38 km to 16.40 km. This portion was serving
s a link road to Hayagh;t.

(iv) Kothauri Embankment

Countryside slope of filled up breach portion (a'length of_BS_mJ at
19 km near Balua has slided. At Garara tola top of embankment subsided

by 15 to 4@ cm in a length of 200 and longitudinal cracks found in 270
m in MUfadpur.' : o A :

(v) Bupta—lakhmina_Embankment .

 Cracks deveioped lbhgitudihally in the earthen portion of the spur
ind ldUh;hing_offaprun. B : o _ _ .

(vi) Kosi Embankment

~ Longitudinal cracks developed in the embankment spurs. The river
ction has changed, attacking the Western Afflux Bundh and Western Kosi
embankmént; Nirmati Marguna low bundh-cum road breached at four placeg.j_
lope eroded away and badly damaged. - Similarly, the Sikarhatta Majhari
ow bundh—cum-road was badly damaged. ' = :

vii) Irrigation System

O0zed out in its Fulwara distributipn and silted up in a length of'3sfm._ o
he eastern and western approach tp Kosi Barrage déveloped,many cracks. . -

«18 Electrical Generation and Distribution Systems o f :; _ '" ;1_ '  e

The three Thermal Power Stations (two units at Barauni,
t Muzaffarpur and one unit at Patratu)”had:to;bg._
i@ to severe vibrations resulting from earthquake; :
> the Thermal PowerIStatiuns.3'There_wéfe_55vefe'dama
)wer house and the colony, - '

Ges to Kosi Hyde

The earthquake affected the transmission systems of five districts
F North Bihar namely Madhubani , TPuﬁﬁeé,]:Sahét__,_ﬁﬂnzqﬁfaﬁﬁu.
tihari, and three. districts 'uf"South"Bihar;-lﬁédely,~ Munghyer
agalpur and Patna. There was extensive damage to the transmission:
nes between Purnea to Koshi "Hydel Power Station and Jamalpur to
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i

Sultanganj. One of the transformers installed at e Pandaul Grid sub-
station was completely damaged resulting in complete dislocation of
power supply in the districts of Darbhanga and Madhubani. The tower at
semi permanent river crossing at Kasela were damaged resulting in
complete dislocation of power received from Chukka Hydel System. There
had been serious damage in the civil works such as sub-stations
foundations, cable trenches and central rooms and in the colony of five
sub~stations namely, Pandaul, Jamalpur, Ganga, Hathidah etc. Bue to
damage of the foundation, the lightning arrestors at Jamalpur and
- Tircuit breakers and Sultanganj and Hathxdah were ser:nusly damaqed.

The damages in the distr:but;on sector resulted into complete
-dislocation of the power supply in the 15 districts. There had been a

' total damage in the infrastructure laid for glv;ng ‘the transformers and

other inter related structures.
4.19 Telecommunication Systenﬁ

The telecommunicatinn system was severely damaged and remained out of
order for quite some time which made the relief and rescue work
difficult. More details of damages of its facilities could not be
obtained. ' '

4.20 Industrial Structures .

There are large number of industries in Bihar specially in the South
of Ganges where the intensity of earthquake was low. . Generally, an
industrial structure houses many people together at a txme continuously
and damage in monetary term could be substantial. The damage may also
include machinery and material. Damage to such type of structures may
lead to sometimes a serious calamity such as in Bhopal. The indirect
damage could be substantial due to payment of compensat;un in an event
of death to the relatives of its employee and the loss of economic
praduct;v;ty for reason of closure. :

~ The Barauni Refinery is located 10-15 km from the Ganges. Here,
underground Ganges is also flowing. Even 24 hours pumping of water , the
water table does not go down. The s0il is mainly silty sand. The deep
foundation were provided under the various structure. The r.c.c. raft
foundation were also provided. The codal provisions were not made in the -
various structure. There were minor damages to various structures in the
Barauni refinery such as the Horton Sphere, LPG storage tank and the
Coke Calcination plant chimney (5@ m high, & m —-at base ) whose
foundation seems to have shown cracks. The Horton Sphere LPG storage
tank which was carrying 508 MT and 300 MT during the earthquake is
supported on eight braced 2@ m high columns. Spalling of fire resistant
_concrete at the diagonal bracing column junctions at few locations ( the
- northern side ) were observed in one of the two closely located Horton
sphere. The damage is also seen at the joint of the columns and the tank
junctions. Any damage to Horton Sphere LPG tank could lead to serious
consequences of fire hazard. Minor cracks were also observed at the ICCP
new office building. Cracks were also observed in various building
structures in the refinery complex which are of repairable nature.
Damages were observed in Munghyer, Darbhanga and Barauni milk dairy.
Repeated heavy damage to industry may lead to ‘shift of resources from
the area as in case of agr;culture institute, Pusa road, New Delhi,
which was shifted from its original location in Pusa near Samastipur.
This further. dan;ed the development of the area.



6. CONCLUSIONS
6.1 General

A moderate size earthquake (M=6.&) was felt in the Bihar-Nepal bor-
der region on August 21, 1988 at about 4.40 am with epicenter in close

. proximity to the epicenter of great ®arthquake of 1934, This earthquake

caused wide spread damage to property and about 1080 people lost their

lives ( 281 in Bihar and nearly 650 in Nepal ), The maximum intensity of

VIII+ was observed at Darbhanga (D = 9@ km }y Munghyer (D = 142 km ) in
Bihar and Dharan in Nepal. These three Places are located quite apart as
"shown in Fig.1. The reason for high intensity at Darbhanga is mainly at-
tributed to the soft alluvial soil and liquefaction resulting in large
scale subsidence of s0il whereas in Dharan the high intensity is at-

tributed to amplification of ground acceleration due to hill  and hill
slope. The Munghyer is quite far from the epicenter still it_experiohced;
high intensity. Similar observation was made during the 1934 earthquake

(Memoir GSI, 1934]1. This is attributed to local amplification of ground
motion due to convergence of seismic waves from the rock outcrop
(Satpura hills ). ’

The damage survey of various structures with respect to seismicity,

socio—economic condition, type of construction, material of construction
and construction practices of the region has been reported. The isoseis-
mal map of the earthquake is drawn. The alluvial s0il of the Gangetic
plain makes the region very vulnerable to liquefaction undér'earthquakc
excitation. The recent r.c.c. : construction with codal provision have
shown better performance while old and poorly built load bearing unrein-
forced masonry brick buildings performed badly. Many of the school
buildings, student hostels and dispensaries are'hoqsad in old buildings
some of them have experienced and weakened by the 1934 earthquake. Such
building should not be used for such purposes since it may have resul ted
in severe consequences bhad the earthquake was of slightly higher
magnitude. : :

Seismic 'histnry and geotectonics of this Himalayan region indicate
that earthquake will occur there in the  future also. Thus it is impor—’

tant that we should improve the existing construction by incorparating
the latest techniques in earthquake resistant analysis, design and con-
struction and strengthening of old buildings. Awareness among the
masses, specially in villages, should be created to provide the
earthquake resistant measures through printed information given as

handouts, short film through television and radio broadcast.
N r

I+ proper construction practices are not iolioucd,thc .eariﬁquake'

hazard can become a large scale disaster. The disastrous affects of

®arthquakes can well be avoided or mitigated if the knowledge regarding

earthquake resistant measures are properly implemented. The disastrous
effect on buildings and other structures depend not only on the -inten-

sity but also on the strength and construction quality of  the

buildings/structures,

The instrumental data obtained from the Strd¢tural Response Re-

corder and Accelerograph installed and maintained by the Department of
Earthquake Engineering, University of Roorkee will be very useful in
further analysis and design of structures in this region.
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s - 6.2 General ddmﬁgéﬁbbservatibhs

lLarge scale liQuefaction af grnuhd'was observed in the Gangetic
plane resulting in ground subsidence. -

”'ﬁgd_hqusesﬁahdfbrick'hoqses laid in mud mortar were affected most
illages., o . i . o o

_ U Beverd damage - to old masonry buildings having jack arch construc-
..tion were observed. Those masonry buildings which have survived the. 1934
. .garthquake have damaged beyond repair. The new construction have  also
shovwn - severe damages because the use of poor quality mortar and lack of
‘proper knowledge about earthquake resistant design and construction.

-  f:5?-fhé?#rahed’cohstfuctidn have shown better performance than the load
. bearing construction, The concrete frame structures have also failed
-where ‘fhe earthguake resistant design consideration and the reinforce- .

- ‘ment detailing were not incorporated.

"7_.i“The.damage survey have pointed out very specifically  that Govern-

- . ment. buildings constructed by engineers as per the recommendations con-
- ‘tained in IS 4326~ 1976 ‘have performed very well.,

6.3 Main causes of damage and remedial measures

The. common reasons of damages which were observed during this:
earthquake are as follows: (i) spreading of roof rafter causing separa-
tion. at corner of wall and separation of false ceiling; (ii) a vertical
cracking of brick masonry arches near the crown, wedge actiony. (iii)
aging of buildings; (iv) failure at the corners of opening (v) horizon-
tal shear cracks due to poor strength of cement sand ratio {vi) poor
mortar quality and poor quality of construction (vii) poor drainage:
(viii) absence of horizontal band in the mud and the brick houses caused
most of the damages; (ix) a serious weakness of the reinforced concrete
columns was lack of lateral ties or large spacing of the ties, (x}
‘failure due to liquefaction and {xi) inadequate detailing of
reinforcement., : ' '

Many damages of structures were associated with the liquefaction of
so0il. Proper design of the foundation is very important against possible
liquefaction. It is advisable to compact the foundation spil or use pile
or raft foundation. Many embankment have been damaged because of im—
proper compaction or no compaction. Therefore, it is recommended that
proper compaction must be carried out to avoid such damages. Insitu soil
test should be carried out in order to determine liquefaction potential
of the affected region. ' '

The buildings having brick masonry arches and the old buildings in-
cluding those buildings which have survived the 1934 earthquake were _
worst hit by the . earthquake. The old buildings have deteriorated in
their strength due to aging. These are the old brick buildings which
constitute most aof the irrepairable damage. In future earthquakes, it
will cause even more damage since the old buildings will become even
more older and weaker. The masonry arch. has proved to be a weaker
construction. The masonry arch construction in new buildings should be
abandoned. The old arches must be strengthened wherever possible.

. ... .The movement of objects resting on blatforms without proper holding
‘caused damage to precious objects in Museum and elsewhere. These pre-—
cious display objects should be properly restrained or placgd_ on




earthquake, ' _ -

The code of practice for earthquake resistant construction have
come into action in 1967, even then most of the buildings in urban area
. have been constructed with total disregard to the codal practices. . This
igriorance has resulted in  wide spread damage  to the residential
buildings. By and large, the Government agencies are following the codal
practices while private and public construction are still ignorant about
the codal practices, :

7:1 Short term recnmﬁendatidns}'

A Workshop on "Lessons learnt from Bihar Earthquake of August 21,
1988" be held in Patna at the earliest. fThe objectives of this Workshop
should be (i) to Create awareness while the affects of earthquake is
fresh in their mind (ii) to highlight the lessons learnt and to advice
very . common methods of repairs and restoration of buildings and (iii}
preparedness for future'in'improving earthquake resistant construction
practices. : ' o o : '

The ISET manuals(1981) and I1AEE. Guidelines (1988) for non en-
dineered cnhstruction,?ﬂf&pairé and restoration should be made available
- to the engingers ard the affected people. A briet description of repair,
'_restbratiqn'and:strengthéhinq of structures are given in Annexure H,

Assurance to affected people in the earthquake affected area with
regard to the safety and structural stability of their damaged building
should be extended by qualified engineers. Where possible, on the spot
“technical advice should be rendered for repair and strengthening of
. buildings. ' o

An - effective way of dissemination of knowledge can be carried out
by constructing urban and rural building models demonstrating earthquake
resistant design and construction features from where the masons could
see . and learn the new method of construction. an exhibition displaying
such features_shnuld be organised. o

7.2 Lohg'germ recommendations:

Special ohe/two weeks short term courses on ‘following subjects
should be organised to educate local engineers, (i) Earthquake resistant
design and construction of buildings, (ii) Earthquake resistant design
and construction of bridges, (iii} Methods of repair, restoration and
strengthening of buildings and bridges damaged in earthquakes,

 The kndwiedge of the earthquake resiétant analysis, design and
construction concepts be spread in the state with speed by . means of
technical teaching at all levels by holding Workshop/ Seminars. - :

Edutating the people on earthquake hazard awareness and prepared-
NP&S Uaing the mass media such as television and radio broadcast. Video
films with titles like: How to react in an earthquake, be prepared and
screened to masses., '
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The guidelines for non-engineered construction as given in (IAEE
Buidelines(198@) and ISET Manual (1989)] should be adopted. The use of
IS: 1893-1988, 1IS: 4326~1974 .and National Building codes should be made
mandatory in all the Government departments and private builders in this
seismic region. The building Bye laws in the region should be modified
or introduced to incorporate the #arthquake resistant features in design
and construction. Finally, the meihods should be evolved so that the Bye
lawa are enfoarced pProperly. _ .

E?fectiVE' details for earthguake resistant rural houses are to be
worked out to suit the traditional construction, '

Adequate annual maintenance of buildings should be carried out so
that it remains in good condition. , : o

A survey should be undertaken to identify those structures whith
require retrofitting. ' . '

 Studies of soil for'liquefaction potential should be carried out.

" Accelerogaphs and the Structural Response Recorder should be in-
stalled in important buildings so as to obtain scientific data for use
in future analysis and design. Seismic Alarm and Tripping Device should
- be installed in Power Houses and Industrial structures so as to save the

@quipment from the possible damage. ' :

L J
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 Annexure A - List of ear thguakes

No. Name o Date ' " Magnitude
1. - Badgam Earthquake . Sept. 2, 1963 5.5
2. Anantnag Earthquake Feb. 20, 1947 9.7
13. Koyna Earthquake . Dec., 11, 1967 6.3
4. . Broach Earthquake March 23, 1978 6.7
3. Kinnaur Earthquake Jan. 19, i97S 6.8
16. . Roorkee Earthquake Nov, b, 1975 4.7
7. indo-Nepal Earthquake May 21, 1979 5.8
B. Western Nepal-India SR '
Border Earthquake ' July 29, 1980 6.2
7. Baddu-Bilawar Earthquake Aug. 24, 1980 5.2
190. Great Nicobar Islan _ S
1 Earthguake ) Jan. 20, 1982 5.6
11. Cachar Earthquake Dec. 31, 1984 3.6
2. " Assam Earthguake Aug. &, 1988 7.2

Note: -Among the above earthquakes, very'special" studies of isoforce

determination by using sliding and‘oVertukning of objects were carried
out for the Koyna earthquake and the Broach earthquake. Also, the Koyna
dam was thoroughly studied through dynamic response and model tests .on
the shake table and the strengthening scheme was finalised for not only
repair and restoration of the cracked dam but also for its seismic

strengthening for future earthquake ' shocks. During the Broach

Earthquake, the major railway bridge across Narmada river was damaged at

some bridge supports and the same was 5uccess+ully investigated by this

Department. ,




Annexure B ~ Table showing deaths and injured
(;nformat;on re:e;ved upto Bth September 1988 )

Sl.no. District D (Km ) Injured Deaths
1 - ‘Samastipur 122.2 198 2%
2 Khagaria 127.0 238 9
3 Saharsa 85,7 433 21
4 Munghyer 141.8 32 16
3 Darbhanga 90.a 992 a3
6 Muzaffarpur 134.4 19 S5
7 Madhubani 63,5 &b6B 8
8 Nalanda 193.1 20 i
9 Purnea 128.0 17 3

ia Madhepura B3.6 30 9
11 Gopalganj 215.9 3 -
12 Bhagalpur 158.7 24 3
13 Sitamarhi 113.2 . : 79 &
14 Jahanabad 227.0 C - 1
15 Begusarai 145.0 139 4
14 Sahebganj 172.9 S -
17 Giridih 271.4 1 1
18 Saran 208.5 3 -

Total : 3767 281

Note: total deathe of 650 were reported in.Nepel._:

D= Dietance in Km from the epicenter to the district town

Ref. Interim memorandum on Earthquake in \Bihar,' 1933, Relief

Rehabilitation Department Government of Bibar.

Annexyre C - Table showing number of danaged/cnllapsed houses

S in d;fferent categnr;es.

S1 No. Categories Damaged Collapsed . = Total
1 SCs - L 18415
2 EWS . 48955 . 9346 95301
3 LIG 24334 12228 36557
4 MIG . 15103 10232 - 25335
S HIG - - 13726

36

and

The district wise detail of'houses collapsed/damaged are given in table

below.

Nate- SC - Scheduled caste- EWS - Economically weaker section; LIG - Lnu

income group; MIG - Middle income group; HIG - High income group.



Annexure. D -~ Table showing the nuaber of houses damaged/collapsed

during the earthquake under different category .

S.C.

E.W.S.

L.I.G. M.I.G'.H.I.B

Total

8l.no. District D(Km)
{  Darbhanga 90.80 7554 17969 13373 10050 3938 52884
2 Madhubani 63.3 42846 11740 7630 7695 4882 38433
3 tMunghyer 141.8 3430 16412 7789 746 643 28440
4 Saharsa 83.7 1823 S379 4734 - 4251 2133 18322
5 DBamastipur 121.2 436 1397 1368 2 1847 4@5 34465
& Sitamarhi 113.2. 251 840 458 191 &7 1799
7 Khagaria - 127.@ - 278 797 360 - 73 - 1528
'8 Purnea 128.0 178 384 29a 218 98 1160
% Begusarai 145.8 2 93 183 154 121 &S 616
1® Madhepura 83.6 44 119 137 235 399 450
11 Muzaffarpur 134.4 14 34 28 25 11 112
12 Nalanda 193.1 33 25 ' 1B & 4
13 Bhagalpur 198.7 4 12 7 3 1 29
14 Giridih 271.4 - 1 - - - 1
15. Sahebganj 172.0 - 1 - - - 1

Total

18415 55301 36557 25335

13726 149334

Government extended soft loans to build and répair the damaged

houses.
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ANNEXURE—E

LIST OF STRONG MOTION STATIONS FOR RETREIVAL OF DATﬂ OF

‘AL IPURDWAR %

_BIHAR EﬂRTHGUAKE OF AUG. 21,

STATION STATE
LAURIYA - BHR
SIWAN BHR
BETTIAH BHR -
CHAPRA BHR
SAGALILT . BHR
KESARIYA BHR
SHIKARPUR BHR
RAXAUL, %% BHR
SONPUR BHR
LALGANJT. BHR
JOGBANI BHR
BAIRAGANIA BHR
MUZ ZAF ARPUR BHR
MOTIPUR BHR
SITAMARHI %% BHR
SAMASTIPUR BHR
DARBHANGA BHR
DARBHANGA X% BHR
BARAUNI BHR
MADHUBANT BHR
JAYNAGAR BHR
MUNGER %% BHR
NIRMALI BHR
SUPAUL BHR
SAHRASA BHR
BIHARIGANJ BHR
MURL I GANJ " BHR
ARARHIA BHR
PURNEA X% BHR
KATIHAR BHR
BAHADURGAND BHR
KISHANGANJ BHR
. GORAKHPUR xx uP
NAUTANWA ‘UP
NICHLAUL uP
RAIGANJ WB.
KURSEONG wa
ENGLISH MALDA BAZAR WB
KAL IMPONG WB
SILIGURT wB
BEL AKCBA wB
HALDIBARI wB
JALPAIGURI WB
RAMSHA{ - WB
MADARIHAT WB
wB

LONG

8414
8422
9428
B444
8445
8452
8455
8454

- |sit
@512

8513
BS51S
8523
8524
8530
8547

. B554

8554
8559
8605

. B&10

- B&29
8634
B&35
84634
B8&49

B700

8721
8728
8735
8749

8809 -

8323
8325

8347

8810
8814
8816
8826

‘8530

8835
8844

LAT

2659
2634
2647
2548
2644
2622
2637
- 2659
2542

2551
2624

2639
2607
2622

2636

2552
2610
2618
2530
2832
2635
2524
2622
2607

2554
2346

2552
26@7
2544
2334
2616
26@5
26435

2726

2715
2538
2647
2500
2794
2642
2633

2614

2630
2644 .

2651

2629

1988
LOCATION

C.K. HIGH SCHOOL
GEOPHY .DEP.DAYV COLLESE
RAJ HIGH SCHOOL
JAGDAMBA COLLESE
GOVT . NAND  #(] 3t C”HJﬁh
BOVT . SIGH S0

VERMA DEGR-Y ' EGE

CHOR. L B Ty

P.RLY.DE:3.Ct. .
B.D.0.OFFitE
EMPLOYEE BUILD.NG
R.B.P.BAIRAGAN A COLLEGE
INSTITUTE OF TECH. :
JEEWACHH COLLEGE
S.R.K.GOEN. COLLEGE
SAMASTIPUR COLLEGE
EX. ENGG. R&B PWD

CM SCIENCE COLLEGE
A.P.S.M, COLLEGE .
D.M.OFFICE

B.D.O. OFFICE

OFF WIRELESS STATION
B.D.0. OFFICE
AGRI.PRD.MRT, COMM.
SASHRSA COLLEGE
INS.BUNG. IRR

IRR.. INSP . BUNGL OW
ARARHIA DEG. COLLEGE
DEGREE COLLEGE
E.E.IRRGATION DIV.
RUCESEL HIGH SCHOOL .
SDO - KISHANGANJ

MMM ENGG. COLELGE
MUNI . BULDG.
B.D.O.OFFICE

'RAIGANJ COLELGE

DARJ .POLYTECHNIC
GovT, TEACHER PRG CDLLEGE
S.b.0. OFFICE

I.T.1.SEVOK ROAD
- JUNIOR BASIC TRANG. INST.
B.D.0. OFFICE '

CIVIL ENG. DEPT,
RUL.TRG.D.CENTRE
B.D.0. OFFICE

SDO CIVIL OFFICE

NOTE: 1. ACCELERDBRAPH STATION ARE DENOTED BY &

. 2. AT DARBHANBGA (SN 17) ACCE
INSTALLED AT_DIFFERENT PL

LERGGRAPH AND SRR ARE
ACES
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Avnal, Doliwluerar, Lamiobs, Som
v bR, INdueapur ol fhapho.
T v Huanpladenh mubaily. s wigas
tion Jepantuas cagiioet, Mr Aviok
Adtunl, wid Lilled while 3 IMP |
pean way illod nou wul collapie in i
b8 murdler wven wrew,

MUNEER: T carly toraiing gasih. ©
Yrmba cliviisd wiwte tha 113 hwes
and K1 Wy 34 njurod, Adsul
#5000 huuwes were dimaged, hias ol
e desd uiwlekd chublitn, wonmag
wind 1he ngrd, Vhe dnanil ovgnirag

Curilnwwd o page §, ool 1

e
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o Earthquake hits Nepal

Contianed from page 1, col. 3

following land breaches st seversl’

admitted that the casualty figure mighy Places.

¥ up. :

At six of seven places, the, ground.

caved in and water sprouted out The
arcy pear the Nitam water tank sank

ployie, Mr Ramchandry Mandal, died
when & wlephone pole. feBf on him.

. Ninety-ive per cend of the houses
collapsed in EHassanpur village under
& populstica wi 10,000,

fo Jamalpue, three persuns  were
killed and over 100 others injored.
Cominunication  beiween  Munger,
town and its blocks had beon snapped.
One injured person was being brought
o hospital every two minules,
Mr. Y, P, Verma, district magistrute,

3

. in Nalacda district, o
MADHUBANI: Ten persons are re-.
poried 10 have been killed and 300

quake, - o
ln Jhanjharpur 18 persons are re- far.
poried e have been killed while 70

have received serious injurics. Moce

_than 160 bouscs have been damaged.’
In Khajauti, two persons were kitled,

Sixteen were killed in Laukahs and

Laukahi, four in Jm seven ol

Rg:mndmu bani Lown,
constables

. tremor of moderate intensity ai 4.44

Meanwhile, the army was alerted in
Katihar district as the Kosi was rising’
alurming all along its course.

Accocding 10 a Cemsal Water Com-
mission report Puspun river was low-

, ing 1.6 mewres above the red mark at

Sripalpur, Bagmati was iag 10 co.
above the n:d mark 31 Beni and
Koul was flowing 1.4 cmn. ubove the
danger level at Baltara,

TRIPURA: An earthquake of mod-
erate mtensuy rocked Agarala and
nearby areas arcund 4.30 a.m. It did
Bt however, cause any damage. Re-
ports from othor garts of the state are
awaited, :

. ARUNACHAL PRADESH: The
statc was rocked & two-minnie

am,

Hundreds "of people came out 10
gtreets for salety whes doors and win-
dow panes startéd railing. There was

Ver no t1;:1:'04-( of any 'I!:m of life
or damage 10 property, Thii is the
foﬂh incident. in a fortnight in the -
3lal . . .

MADHYA PRADESH: The wvemors
were also feft in Saina and Chataspur
districts of Madhyas Pradesh. No loss
of life or damage 1o property has,
however, beea reported.

The remor was also experienced in
the steel city of Jamshedpur, Ranchi

‘and Dhanbad.

A "mild tremor” shook Jabalpur

- ¢ity. Panic-stricken people rushed oul

of their homes, There were no reporis
of casualty or damsage to the property,
the police said. . .

ORISSA: A mild tremor rocked
Rourkela and its nearby areas for a few
seconds around 4.40 a.m. No loss of
life ur property has been reponed so

WEST BENGAL: A high-imtensity
earthquake vocked Calcutta and its
suburbs carly this mornibhg for the
second time in Iwo wouks, jolting
people out of their beds. i
The Sunday moring calm was shat-
tered as the quake hit ihe region ay

in- 440 a.m. creating panic -among the

walers. . .
BEGUSARAL More than 150
houses ¢ol and a large number
of private and government buildings
e cracks in Begusarai town,
sccording Lo an official spokesman.
An unconfirmed report said six per-
sons were killed in the district. Sevan-
_ ‘Wen were injured in Bhagalpor. des-
trict.

The Bhootahi Balan river Greachod
‘s embankment in Madbubani district
-and inundated vast areas, according to

ial sourees,

The sources said the swollen river
flooded nearly 50 villages. Vast arcas
in the district were also’ waicrlogged

Gilass panes vibrated white doors and
other wooden structures raitled™
violenly, One person, who was awake
al the time of the tremor said. he

" realised a8 quake was hitring the city

only when lights hanging from the
ceil{n; of his balcony siaried swaying.

The quake was also feht in Malda and
Krishnangar arcas of the stase, - |

Two - policemen and. the wife of the
Kalimpong sub-divisional officer were
injured when an carhquake rocked
thie three hill sub-divisions for about 8
minute causing widespread damage,
R  sources’ said 50 far ihere was
1o report of any death. ™ -

They said Mrs Chopra, the wife of -

SDO, Mr Sanjeey Chopra, was injured

while she was coming owt of her
bungalow which was extensively dam-
aged. The Lwo policemen, injured near
the police fine, were removed (o hospi-
tal.

from Tindhariz, under Kurscong sub-
division where many houses were
cither collapsed or extensively damag-
ed in the iremor. Roads were blocked
at several poinis.

While the collector's office here was
severely domaged, the adminisicative
building of the junior basic wuining
coliege collapsad. N3 swaff quarters also
sullered an exiensive damage.

‘The Singamari border outpost coud.

oot withstand the impact of the quake
and collapsed. Alubari and Ghutia
bustees here, the ammy iclephone
building at fakdapara and the house of
the station commandant were damnag.
ed. The new building of the pest and
Jelegraphs here also developed cracks.

MEGHALAYA: A tremor, lasting
one minote 20 seconds, rocked

‘Shillong und its neighbouring areas at

4 a.m. with ro report of casually oc
damage. i
MANIPUR: Mild iremor rocked the
statg. There was, however, no report of
any damage 1o property, official
‘souroes said :
SIKKIM: Several buildings in
Gangiok were damaged. People ran
oul into the strects in panic as objecis
tumwbled from shelves and (ablés.
While the inital wemor lasied one
minute, several after-shocks were felt
until 6 am. C
UTTAR PRADESH: Several pans of
U.P. were rocked by a mocerate carth-
quake curly today, reports received
o Varanas, people an out o the
n Varanasi, tan out inlo
streels i pumic as the carthquake
jolted the ciey at 4.40 am.
“The reports said the people woke up
as their beds shook and aricles fcll to
the grounds. No casualty or

damage
have been reported (rom the city so

far, police said!
Gomakhpur, Kanpur, Lucknow and
some. other citics were also rocked.
NEPAL: At least 252 people were
killed in Nepal in the devasialing
earthquarke, which hit the castern and
central parts of the kingdom, Radio
Nepal said this evening.
‘Quoiing Nepalese home minisiry
that over 900 praple were injured and
aver 300 houses dumaged.
. The earthquake with an epicentre af

Udaypurabom!dOhnuxlof.

Kathmandu hiy the kiogdom at 4.40
am, o :
In the worst affected castern district
of Dharan, 150 people wese killed and
over 800 injured, home -ministry

sourees quoted residents as saying but -
+ added that official confirmation of the
- figore was being awaited.

Five deaths wore reporied  from
Dhankuls, ¢ight from Biratnagar, onc
from Rajbirsj and Cyinnamasia in
Saplari disirict, thres deaths
Taplcjung and 12 from Panchathar -
all in castern Nepal, :

Six deaths were reported from
Bhaktapor in central Nepal, near
Kathmandu.

Unoflicial sources said the deatn roll
in 1he quake, the worst since the grea
devastation of 1934, could not be less
than 200. .
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Rajiv expresses

anguish

NEW DELHI, Avgust 21,

" Vora and senios officers

‘Himalayan Belt On
Rocks In Motion’

NEW DULHI, Auguit 12, (UNI).

E Himalayan boh, panicubly

: My Bhajan Lal, Union minister
doep Fos spriculture and Mr MG Lab Vora,

beatth ministcr, and some MPs.
Gundhi knd a meciing with Mr
vl e mini-

sry. A len of eight orthopacdic

Tomamow, $
be visiting the arcas scriculy alec
by the carthquake, including

Munger for un on-the-
spot. aseament of the Gustion. He

E

Prime. Minister wi Diber

} und medicines are being Nlows
w0 the canhiguake affectcd arcas w

sbet, \
pressed. shock and  prief
deaths in the Uemos which rocke?
wevora) parts of the siate.
Thwe furmer Bitowe chicl winisior, N
Jagannath  Mishrn, ls ihe
Pricic Ministar 10tk “peosonald
inwerest” in 1be mscue and gehabifi-
wation of the people atfevied by the

qg:‘h;lisln said the a1 and cuoeal

governments Musl Cone out ina lﬁz .

uymhtipmenll'nmed{ people.
A fed  that !

he regloe, is swid
h:::n&donallwd.:ocu!i:
.

The zone is part of one of ihe 1wo
g fciskic beln where Junge and
destractive cunhquakes are kikely
- Since the livee canbyuakes wore re-
cosdod rom (he carly LY ceotury,
there have been 15 major guakes &
Indin since 1219 includiog the omes in
Assam in 1519, 1897, 1935, and 1950.

The lust major carthquake in Bihar
was 0. 193 in whichk more than
10,700 persons died. .

Onher major quakes in lndia were in
Muharashira in (967 and in Hinachal
Pradesh in 1905, 1975 and in 1947,

T worsi quuke tock place ia Cal-

cutia on Oviober 11, 1737, The wi

then was over 300,000 and the workd's
highcst in canthquukes.

Accoading 1o cxperts, about a million

should be pressed inlo seevice 1b-
mediaiely :l':l ’:'m‘::‘ people i

H (TH] . .
lmﬂfm aid Kashmir chicl pibni-
sier, D Faronq Abdullah, bt Bl
expressed gricf over the lurge nunber
of deanls, .

Capital rocked
by earthquake
By A Siafl Reporitr .

MEW DLLHI, August 21 A
- LH, o ke roc

* danaged

avcur every year. Over 93 per
cent of st are detectable by scien.
usls on their reconding mackines.

In March st year, more than 4000
dicd i a serics of quakey in Ecoador.

Eathquukes in ihe 2ih centary have
killod ncarly two milen ﬁo ani

; property worth Rs. 10,000
crore. E

The last aajor carthauake in budin
ook pluce in Assaon ony the |

ndepen-
denc day in 1950 killing 1530 per-
N,

The curthyuake which Wit north
Bibar n‘d parts of castorn Nepal was

‘e maygait 1 :
the Capival and itg neighbouring are:s

stfong quakc. .

i said the deadly carth-
Dr Srivastava : i

" ecorded a1 6.3 on the Richicr lﬂﬂt. _

The same region had experi
Wi mmmnsm'mmh-
ter scale in 1934 when thousands of
peoplc had died and inassive dammage
was done w0 the buildings.

than three years ago by

Puc-based seismologist, Mr Aroa
Bagut.

e oo deveioped by s
qua CRG

Emn us "seiwmie i method” o
the Inicemationul Cenbre for lulg;wd
Mountain Devilopment (lCIMOD) in
Ocwbee, 1945

Scicnlists, at the cenure Sor scientific

10 aud inducirial . reséarci®s regioaal e

cach al Jorhat, Assam had
abso predicied whe probabiliey of »
Bajor ¢ ripping through the
northeasiorn regh :

Expents say the entire Indian sab

cuntinent, including tie edion penin-
sula, is cmthguake prome. “The afler
shocks of the quakes could cualinue
for anotiver month, highly placed of
ficials ut Ibe scisanolugy direcionule in
the department of meterodogy sanl.

-BASIC APPROACHES .
Thete are 1wo basic appeoaches 10
canthgyake prediction. .
The first is 10 study cxactly. what is
$oiRg on within the carth — the pew
scieme of plale Wecionics, o dw mave-
ment of the cank's majur custal
plates — muahe calculations and comie

wp with a descrministic prodicbiv.

The other approach is lo search for
thingd that occnr before eanbquakes
— smalker canthguakes, changes in the
magncetic Tivld of she eanth or eheglrial |
CUrTeRiy or waler Kvels — and nuake
a statistical celationship thal can e
used (o peedict the prolabitity of am
carthquake, . ’

*But very few scicatiss are willing 1o
predict when accwrate quakes predic-
thon will be 5 veality,” the caperts suid:
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PM grants
o, 1S 30 lakhs

. for relief

PATNA, August 22 (FTIX The Brime
Minitter, Mr Rajiv  Ganghi, today
announced & grant of R, 30 lakk from
i sefictund 10 pay R, 10,000 10 the
gqpﬂuknu afmm'h Litked in yesler-

aY's carthguuke.

‘l‘uunoumlcn afler such & paymem
would be vsed for providing relicf o
the injured. The Bibar chiel minisier,
Mr Blingwal Jha Azad, wher was Pres.
ent when the Priine Minitker made the

£,

. _ . . . . . .
| y out to aid quake-hit
mmamm% Wunkﬂhuhﬁ.domnmu With unication li pped,
PATNA, Augant 22, W"m';";““’.'?ﬂ.“”“' 1 wathoviies were not o o
pudﬁonis_mbeue;iqmyhowiuls t(:':llilc’i“ oo
el:j‘ll_ushum . the
s - N“”h lnw 7] m M, e, [ ¥} '-—. A H
e s @ vaesd et of g'"m““*ﬁwﬂ ," MinCE, pagiorge u'rhev. P. Vermia, wday
cl.im{’“"'l Mishea” Toduy he tapressed surprise at 5 of dearhs
that 300 peoph: hadf dicd in of pyer tog 8 in the earthguake,
 dl Mlcgod thil cor- -He spld thyr the ol reaching tu
npven te Jistvict adiministration wai only I}
- and even allowing for some uncon.
fimsed repony, it was-hurdly fikely 1o
be aoywhere sear the 100 mark,
1AF belicopters bave been pressed
inlowﬂeelomrhe“',' ! {rom , 6L & prisy
fr flung areas jo mearest hospitals. - here, said that 50 fur 1he governmeny
An carthquake - relief commitice” hisd reponts of only 190-004 deaths e
beaded by Mrs

F7
i
|
glfi;g;f

;
E.

§
31

Aruna Asal’ Al was the state.
A A meeting of 15 Mr i said that the e
PR - Giandhi E lent of
oranizations and b";‘“ﬁ; damag ‘“:heﬁm:d Large, bui .:?c pec-
e s q Hctiog in media appeased o
Tmfw“mk for.:voman a)m:hlld rther exaggerailed, He said that
houses bad collapsed in ‘omes’ and
tizens oash and essential (WOF i diffetent areas, but there had
: ile:lm for the vicsima, The ites |BEU RO pie i say
will coordinaie action for rebief . -
Blreiv, o : whcna.newsmnwohedlhemb-
measures (or 16 victio. Py A
; bitity shat 1he yovernment m; ol
Afte of C e

Iﬁ_avc bad full repons from

" ng rural arvas yet, Mr Azad inler.
(LI.Ialte recorded v::gd 1o say thui the administration
iy EW DELHI, Augusr 22 {UNI: An had compiled informiation fom sech -
l"ﬂ!hot:‘k of the carthyvake  thay

sruck Bihar and Nepal yesierday was

focanded w1 ghy stismograph  hege
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areas don. n facl, lic swidd that mosy of
i deaths reported iy the
Madbubani district were from the
RHwl arcay. :

| Nepal toll rises

1
H
f

.,RT

L Comlinacd frems pugs 1, cul. §
[« ' sity of Birstnagar 1o codinafc relicf
nses O . mm h:lsl:ud. b2 Convral governmeat's
_ KATHMANDY, Augst 22, Indian pension office a1 Dharun bad  * “KING'S MESSAGE -
Tue death roll i"umi ;:J‘:l:cv:-d m:‘ nmf‘n .sfpm?m t:e readering reficd n!?d.,’.’"““‘m A M s;‘a'h"-mﬁc :u:.‘
inling carthqua in easiern and 1o muae_l d-  Mepal hug deep griel 04 the
mmlm Imn::r ot ""i.?l‘f- e beh:: Tp- " liminh prpond ?.‘.‘2 bos3. of life agd progerty cagsed by the
Thaps, announced here this sftemocn,  dlia mashal The officiaks in Lhe af uake,
xports PT1 fecled arcas had boen asked fo furnish-  He said though the goverument had
. M Thupa fold « crowded press coa-, delnilubwllouofh[nnddnuu;clo_ L] mm%lm r;uu«
fereave thar the toll may rise facther  property by August 24, mm o :t'auo::y

Leitical condition. Initial reporiy
H%hdwlﬁ»nmnbctdimﬁ

.M .

The lagest pumber of deaths had
A reporied frem Sunsan disirics,
i Dharan where 131 people

had dicd ind 300 reporied inj

|

The minister said the government

was concerned af the posaibility of an
outbeeak of cpidemic in the affacied
arcar ad sdded 1hat doctors have
been put on alert, .

The govemment has siso constituied
an 1 member reliel cummittes 1o be
sttioned in the south eayt industrind

Contluned an page 5, cob, I

d so
far. ln D![:n:‘uh 73 diesds and 165 were
injared. nchila i
'l!lu'l‘l'hnm 35 ana 45 in flam, Mr
Thapa adided. - -

Mr Thapa said the povernmen) was
bryivg 00 nwbilise all ity 1eS0UTCES 1o
meet Uic emerpency. Various
including the Royal Mepal Anny, the
polics, Raslasiye Panchayst membens,
panchayat and social wotkery were
working round the clock to brieg

L40ENE V0 2 war ot

cany ous relief operution for the

fected victims. Ia times like these,

expect every. Nepali 10 come forward,

88 always, with Coupefalion in the

reliel being wnderteken,” he said.
The prime minister, Mr Marich Man

Siegh Shecstha, yesterday visied x

. d st Mi

ion of the Mabendme
; bas risca iwo fery
abovenheh_ndlmiduemheianm
of the canhguake,

Q&m_ol‘ﬂu-wdhu_ltqibinihuu
dried up ws sands sccumsulaced, in
lhem.Mqub_injme uske caused 4




Army out to aid

The Timee of Indis News Borvicy
PATNA, Awpust 12,

FE

hotpiu) st Madhubani, doctors could
wmh@bilm
:dlinuiu um,of o
[ %3 n hopitaly
WII&'W’

u-malﬁmn is the

Witweacy of m&«m‘.‘?&f

w" Misha' Toduy be
shat J00 peuple hud dicd in

§ 1
I

£y
f

3
o

ggz
£

- il tven allowing for some

quake-hit

Witk communication links snapped,
the autharlties wete wot in & position
w Ev.: the e.u:;(hmmhr of dead,

nepons serocon placed
the 1ol &1 330, .

However, the Munger  district
magistral, Mr ¥, P. Verma, today
L1 ise al £is of death
.:m?m‘""“ I the curtmmte

PM grants
Rs. 30 lakhs

for relief

PATNA, Auyust 22 (PTIx The Prime
Miniser, Mr Rajiv Candbi, 1oday
nnmud:rnt of Ra. 3} lakh from
his relicl-fund 1o pay Ri. 10,000 w the
) ! of esch kitled o yesier

o y
He sald thut the  will reaching e
district sdminisitation was only

wivcon-
firmed repony, it was-hardly bikely 1o
bo wnywhere near tho 100 mark, 4
IAF helicoplens have beew pressed
into sarvice 10 rescue the injured from
far flung sreas 10 nearest hospituhs,
An relief  commines
bepded i
formied  today al 3 meeling of |3
voluntary organisations wod educas
tional jostitalions convened by the

5’;’%5

of state tor woman and child

H

ga, relief operstions had vot
saned even 36 hours afler the guake,

, Mrs Margaret Alva,

The commitiee has appealed 1o all
<iizens 1o donale cash and essential
iteing for the victims, The commiites
will coordinat aclion for  relicl
macasures for the viclims,

Altershock of

by Mr Aruns Asal Al was ibe

day's canbquake.

The swioser lcft after wch a paymiem
waukd be wwed for providing relicl o
the: injurcd. The Bibar chief minisier,
Mr Bhagwal Jha Azad, who wis pres-
el when the Priime Miniter made the

been mo exténsive collapse in wy
pocker.

When p newsman probed the possi-
bility that the govueenmaent might not
bave had full repons from far- -
Oueg mural arcas yei, Mr Azad inter-

§
g
E
]
shF
t I

Agencies sdd from New Delhi: Offers
of donsticns from .

uake recorded

it

political parties, industeiulists and fihey
personalilics poored in ar massive
relief were underway

ok Bihar and

1% An

EW DELHI, Auguyt 22 (UN|
flcrahock of 'the Iquake  that

voned 1o yay that the miviinivration
bad compsbed infprmiation fion such
arent og. bn Gy, he said vhal mow of
deatbs weponted wn Lhe

the Bl-oddel

rocoedcd  at fhe
1o

Nepal quake toll
rises to 45( |

KATHMANDY, August 22,

TlIE deaib coll in yestenday's devas-

tating carthquake in casiem and

teuwral parts of Nepal hasMgou up o
t-Niran

Indian pension office at- Dhamn had
alsa beea deployed for vendering relicf
10 the quake victims,

Mr Thapa aid ll‘behmtehu ::3

i, buen in_ sch
m&‘“’“ d here this afiernoon, i nashalas. The officials in the af-
mports PTL Lecied zreas had been asked 10 furnish

. Mr Thapa {ud & crowded press con-
ference thar e 1ol may rise further
wilhﬂnmvewofmmlgodnu.ﬂe
said over 487 poople were injursd in
house collagses of whom 106 were in
Bitical condition. Initial TpOLts yos-
tcl‘g&hadnulhc nuwnber of injured
M

The Inrgest wumber of deaths had
been

Nepal yeslerday was
. b here

i districl

Nepal toll rises
to 450 '

Coatioued from page |, ool §
¢ily of Birataagar to coordinate relicf
forts with the Centvml government's
help, be said,

s KING'S MESSAM GE lb
0§ -med L] 0y
s 0t i, King
capeessed deep gricd’ a1 the

. Nepal hax
lon-od'“lmmd Propety caused by the

Hesnidﬁwth.hepvmmenlhu
been i ) 1o carey on reliel

deiails aboul loss of ifi and d
wogerly by August .

The said the
was concemned i the pourl;i!ity of an
oulbreak of cpidemic in ibe alfecied
arcas and added dkat doclors bave
bt pul on alert : .

The govermnmeny, has also constituted
an 11 member relicf cunmittes 10 be
ioned in the south vast industrial

g 1o

ey Dmara whrs ildpeoplei"ﬁc"
ncluding Fan 1
had dicd and 300 veparted injured so

Cualinsed on page 5, oo, )

far. la Dhwnbyta 73 died and 165 were
!l.%nllmm ured. In Panichibar 53 had died, in
35 und 43 in Ham, Mr

sddded,
Thaps said the povemment waz
ing 10 mobilisc :Hvits_ FEsOurces (o
by . Varions ag s
ing e Korl Neyal Army, the

panchayat and t.a:ial WOLksrs - were
wurtinr round (be chuk W bring

§g§’

i

:

;

FOREIGNERS' DEATH

He wid the goverument bad 2 | "

infurmation aboul the death of any
foreig

nef.

Mr Thapa sid a high-powcred cam-
-mittee, with the wsistant home mini-
sier, Mr Nasbahadur s
convenor had bece s wp a1 Birae-
nagar i castern Moepol 1o coordinate
rescue and rediel aciivities, which were
JBOINE 00 & war foaling,

Twe lndian docturs, atiached 1o the

You said it
By LAXMAN

opirations in full swing, “it may take
sotne time before we are able 10 assess
the acwual damage o loss cansed by
ihis mgic mishap. Meanwhile, we
have insimecied the government w
carry wal relied operstion for the of
fected victins. Jo limes like hese, we
up:lctw:m N&palimeme forwar ‘:;
as with couperation in

uliefbe{:g wnsderiaken,” be said,

The prime minisier, Mr Marich Man
Singh Shresibn, yeaterday visited she
mlhqnmmm sdmitked at Bie

were from the




LS expresses shock LS shoéked at

over tragedy

MEW DELHL August 32,

The Speaher said that the Frume

THE Lok Sublu today expremscd iy Miniscr, Mr Hwjiv Gandhi, asd the

deep shock and disires aft ihe
number of cususlties causad in

aantbyuake in nonbem India, Nepal
aod Bangludesh, report FTI, UN), -

home minister, Mre Bula Singh, hal
to the wors-aflfecied sscas io

n Ditat wnd ihe govern-

mcnt would mako B sadomenl in the

The house vbierved two mingtes’ House on their

slency in

retum.
vy of those winy hud My Jukbar suid “ike House hus learmt

low their lives afler the Speaker, Mr withi diztress and deop sorvow the
Babrun Jakchs, imnds references 1o the sumber of casualtics i the u:x

raturp] calavmily,

Mr V. Tulimm (T
raised the ispic of the

Desani)

e §
THE TIMES OF INDIA

Bihar Relief Fund

The recent canthquake in Bihar
has laken a2 heavy ol of life,
cuused cnormous demage 10 prop-
erty and brought wniokd suffering
16 a kuge nomber of people.

In keepiog with its wradivion, The
Times of lutia Grovp of Publica-
wons hoas decided 10 eolbsct on
behalf of The Times of India Reliel
Fuud maney 10 provide help 1o the
viclunk of the disaster. An inidin
coatribution of K, 1,K,000 kas
boen mwde by ‘The Tines of Indis
Helief Fund, Co
- [n the past our readers have
‘always responded sponancously 10
our apgals fur help 1o the viclims
of such catunitics. We sincercly
hope that they wilk eoutnbute gen-
erously e the fuad on ihis oecusion
a5 well. All conlributions will be
chigible for tan-reliel onder Section
0T ol e Dnconwe Tax Aok 196).

{ndivigual contributions of Re
10G{+ and  muse will “be
acknowledged i The Times of-
Indis. Chequesfdrafis dmwa in
favour of The 'Times of India Ree
tich Fund or cash coniributions
mizy be sl 10 ahy of our of in
Patay, Bombwy, New Delbi,
Ahiediibad, Cabwna, Luchnow,
Buagatere, Jaipur, Madoy s

Pt

several  opposition
parties  woday demanded Ihat  im-
mediate  and  adequate  rolisl’ be
provided to s lu'c:!lu.

~in & Stakeminl the Janata panty
demanded that the give Ra §
lakh to the sext of kin of e doceuscd
and R 10,000 sach o the dnjured.

Tho Junmta gewersl socrowrics, Mr
Rwm Vilss Paswan and Mr (1ankesh
Bahadur, wlo culled upon the Bihar
s w0 provide i ial refief
and employment 10 duse  people
whose houses bad colla

A earn of Janale lendves including
Mr Chandrs Shekhar, s currcatly
wouring tw affccicd urcas.

The Tlaryana chief mimister, Mr Devi
Lal, 1oday ansounced & redief of Rs. §

" lakhs. He moade this anaouscement in

. the ‘suate asembly, whils eapressing
- bus shiock and gelel st the loss of lives.
Mr Devi Lak is curreotly on 8 tour of
Bihar, - .o
The West:Bengal chief miniswe, Mr
Jyoti Basu, said his government would
Comlinwed om pugy 5, col. 1

US relief funds
for India
Tha Thus of ladia News Service

NEW DELH1, August 2); The us
has made a volunwrny ooqmbuuon_of
ubout Rs, 3,54 lakh 10 India, following
the earihguake in north lodia on Sun-

day.

wert  peeschl
secrewry, Mr K. P. 5.
US, arnbassadbor,
Dean, The amount would be b

ewon, by

tragedy

Contlword from page §, b 5 °
extcod all possibie bhelp e Bibar 1o
moet the challenges anising oul of the
“waribde™ quake. - ’

Describing the tremor ax s m.ioéox

. .
ngx-

afier 1934, Mr Basu tokd rep

Culcutia thay' b union sgriculivee
minisier, Mr Bhajam Lal, ache-
plwnmﬂymmmdmnhgdllﬂl-
os in Darjccling arcas, co
Mrmﬁmwmw

brwe  yicd 1o visia Duriesling loday, changsd

. imits in Bihar to mouat rehielopers- -

sorTow ot the bosi of lives
w afl iz

- tions amd eawend: kelp 1o this elfost, a

disuster relicl Tumds
e “prveanted todsy to fore

Mr John Gunther
ped by

e Prime Minister's notionut relisl

fund, scowrding to & USIS rleae.
Mr Dean said “he Amgrican

hare ladin's gief uver ihe tragic lss
:ﬂ' w MRy li'rv:‘ and e widesprond
destruction caused by the sanbgquake.

et Hasemet ki,

Thi CPi sleo expinused ifs decp
sortow and saguish 1. (ke severe

ke and cxtinded: it heindel
sympathics 10 the affecied peapls. -

in Dﬁmhy filrn. suir "Shat
Simha waid be was weady w olir his
sorvices W raise funals reliel,

“1 am ready-10 dy 10 Pama ol the
behest of the: Bikur chicl minister and
do whalever is posable 1o miligake the
wallerings of the people.” he said.
Thwe Life knsurance Corporstion is 10

MNaraysnan said
o Tirachirapalk last night,

$ die in Bangla
boat mishap

44
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A Ghastly Toll

Mahatms Gandhi had described the last great carth-
queke 10 hit Bibar in 1934 g3 “a divine chagtisement seml
by God for our sins”. He said, “1t is an ennobling thing for

3e (o guess that the Bibar calamily is due 1 the sin of

untouchability ... (but} T do not interpret this chastisement

as an cxclusive punishment for the sin of untouchsbility.

Tt is open 1o others 1o read in it the divioe wrath against
pany other sins.” His linking up divine retribution with &
patural calamity disquicted many of his admirers, among
them Jawnharial Nﬂml. tbe - Kisan Sabha leader, Swami

oY e Mahatmna that be was pained by the idea that

God's ance had been wroight “upon certain parns of
Bihar,:'?i'zn :fecinlywlectgt‘lforhisdosohuhu‘iis-
plmun.ltin.li \e more unfortunate, because this kind
of unscicntific view of phenomena it 100 readily accepled
by » large section of our countrymea .. | y feel the

igni en | am campelicd 1o utier 3 truism 1n

and ﬁworbininouﬂnmmbﬁwionofﬂwphysical
facts. 1T we associate cthical principles with the cosouc

na, we shal) have 1o admit that human nature is.

¥ wrimtol'mvidme that ey its
ienonn"md viour in orgies of the worst behaviour
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Al

pow, Ea such a situation, the need for intensive and cifective
non-gom‘nmeat reliel effort Lo supplement and also goud
Ahe Bihar administration cannot overstressed. It took
years afier 1934 for the region to retumn to normal and st
-was achieved langely oo accownt of nop-governmental
efforts by the Con%less under Dr Kajeadra Prasad, the
Kizan Jed by Swami Sahajanand and scores of ather
voluntary and charitable nisaiions. Even then however
there were reports that the landlords mm%ed to not only
commer the bulk of the reliel distributed { 3 relavively
efticient albeit colonial administration but that they even

wsed the availability of some ready cash with the peasants.

10 raise levies and 10lls and grab ECATCE MORLY FesOMscLs al
2 time when the relatively pon-monetised economy of the
region. was reeling under the impact of the great de-
pression,which had bit the arfa just & few years sarticr. The
socio-economic situation in Bihar has not changed so much
in the last 50 years for people 1o be sanguine cven in this

Finally, when the dust kicked up by the carthquake
settles down, it might also be worthwhile 1o look at some
of its Jong-erm causes and consoquences. There is enoufh

. seiemtific evidence now 10 link tremors with the eflect of the

conglruction of large dams and other water-management
edifices. Particularly in an area which i3 located on a
{ault and i therefore naturally quake-pranc, such
structures can cause havoc in many ways. The unplanned,
wncoordinated and ad hoc manner 1n which the natural and
socia) ecology has been lampered with in Bihsr must be
checked if a catastrophie is 10 be prevented. This of course
docs not mean that the region should be Jeft 1o languish in
t, backwardness and poverly. Indeed,

under-developmen!
after the 1934 sarthquake there wos a shifling of resources -

from the area; the agriculiural instilute now located on a

rosd ironically called Pusa Road in New Delhi was

removed from 18 ociginal tocation in Pusa neas Samastipur.

MNM disaster should not serve 16 provide an alibi for

Iar denis) of appropriate development institulions and
infrastructure to the aflccied people and their descendants.
On the mwum constructive, well-thought-out
development elforls must be intensified in Bihar to prevent
pajure from periodically exacting u Lol which, as disaster
studies the world over have poinied oul, rises in propodion

the backwardness, poverty and adminisirative inefficien-

0
g} of particular regiona. If that lesson is learnt, the impact

" the visitation of the carthguuke might be somewhat
witigated. - . -




Buta’s remark draws fire

The Times of Indis News Service

NEW DELHI, August 23,
PPOSITION members in  the
Rajya Sabha criticised 1the state-

ment of the Union agricuiture mini-
ster, Mr Bhajan Lal on the carthquake
in Bihar for minimising the extcnt of
the tragedy. .
Member after member got up to
point out the discrepancies belween
the¢ minister's statement about the
casuallics and those reporied in the
press and the government media.
However, Mr Bhajan Lal insisted that
the information provided by the Bihar
government of 154 persons dead and
1209 injurcd was carrect, He said that
the government was not interested in
hiding the figures from the House,
The agriculiure minister saigd tha
media reports of the disaster were
exageerated. He assured the House
that adcquale measures were being
aken by the government 10 provide
elfective relief to those affecied by the
_ canhguake, This, according 10 him,
included the provision of sofl loans w
build and ropair the houses damaged,
He said that Dibar had Ry, 35 crores
of “masgin money”, the maximum
with any state, »hich it could use for
relief work. ’
In his statemcal, Mr Bhajan Lal
described in detail the survey of the
affecied areas undertuken by the Prime
Minister-along with him, the minister
for urban development, Mrs Mohsina
Kidwai, and the health minister, Mr
Mol Lal Vors. He infrmed the

vy

House that at the instance of the
Prime Minister, the heplth minister
had swayed back to supervise medical
reliel” measures. :
SPECIAL PLANS

. He said the Prime Minister had also
nstrucied the ministcy for urban de-
velopment and the agriculture mini-
stry 10 formulase special plans 10 assist
those' from the economically weaker
sections of the population whose
houses have been damaged. He in-
formed ihe members that his minisiry
had also sex up a shecial committee 10
coordinate the ciforts of all the con.
cerned minisiries to help the viclims
of the earthquake.

While seckiog clarifications on the
minister's stuiement, opposition mem-
bers questioned the validity of the
figures of the dead and injured being
provided by the government. While:
calling for a detailed report of the
tragedy, they urged. the government
nol to minimise the extent of the
tragedy. Mr Yashwant Sioha of the
Janata Party said: “Why is the govern-

ment Uying 10 misimise the deatt

ll? We are not blansing it for the
tragedy.” He was of the view that such
an attempl on part of the government
was likely to affect the extent of reliel
that was likely 1o reach the staie ffom
all aver the country. :

In a forceful and impassioned
speach, Mr Sinha the govern-
ment 1o think of opening Free kitchens
n the affecied areas and the provision
of wmporary sheliers for the affecied
population. He also wanted 10 know
whether the government was also
thinking of doing something to help
those whose bhouses had been
distroyed or damaged but who did not
f2ll in the category of “economically
weaker sections”. A number of other
members joined Mr Sinha in asking
for an afl commiliee 10 be set up
1o supervise the reliel work. Qpposi-
tion members, Jed by Mr Pramod
M of BJP were of the view that
the Rs. 10,000 compensation for 8

Continued on page 7, cal. §

Buta’s remark on quake assailed

Contioged from page 1, col. #

death was too litle and should be
raised to a lakh rupess.

A number of members from both (he -
treasury beniches as well as the opposi-
tion benches wanted (0 know whether
the government was aware (hut the
nonh-east region of the country was
an ecanhquake-prc uc  region  and
whether any s..ontific  studies
wereplanned 1o siudy the specific
problcms that are Sikely 10 be faced by
the people of the arcas. Thus, while Mr
Vishwabandhu Gupta wanted the gov-
enmient to formulate long-term pli:ag
for this purpose, Mr V. Gopalaswai. .y
wanied the factor of seservoir induced
A, Pacbha Singh wamed
an tibha wWan
special pamphlets to be prnied telling
people whal to do in case of an
carthquake.

Opposition members took exception
1w the swoment of the minister tor
sgricullure that the Prime Minisie:'s
visit had helped increuse the seil-

confidence of he people and had
given them courage. They accused the
government of deliberately politicising
the issue. Thus, Mr Yashwant Sinha
said, “it is. not in the power of the
Prime Minister to prevent carthquakes
and nor is it within his power 10
prevent people (rom rumning away
from their homes in case of an canh-
quake,” He said that considering that
the govermnment itsell was saying that
further shocks were expecied, it did
nol make sepse 10 Suggest that the
PM"s visit had helped in increasing the
conlidence of the people. .
However, Congress members in-
sisted that the Prime Minisier’s visil
had a

the ted areas. Mrs Pratibha Singh

in fach said that she had felt gratciul -

for the visit because it was bound lo-
help in the gearing up of the rehiél
machinery, Mr Ranjan Sahu also
shored her views, R
Opposilion  o.embers who  sought

itive impact on the people of

clarifications from the government in-
cluded Mr Sukomal Sen of the CPM,
Dr Y. Shivaji of ihe Telugu Desam,
Mr G. R. Mauu of Natonai Con-
ference, Mr Ish Duil Yadav of the Lok
Dai and Mr Ram Maresh Yadav aud
Mr Ram Jethmaloni of the lanata

Earlicr, the Unioh agriculiure mini-
sier was deloyed in making his stase-
ment a5 he could provide only the
Hindi version of his siaiement saying
ibat the English version would be
available afier an hour or so. Opposi-
tion members sprang up o object Lo
this and the Janata Jeader, Mr M. S.
Gurpadswamy, wanied to know why
the governmenl was aol adhering o
normal practice of providing the state-
ment in both Hindi and English, He
said (he minister was unnecessarily
dividing the House. Even when the
members were engaged in the heated
enchange, the copics of the English
version amived.




Fresh tremors

in Nepal; toll

rises to

NEW DEI.HI. August 23,
VERCOMING 1he absuu:lu
created by swollen rivers and

damaged bridges and romds, rescue
wams reached many vemote arcas in
nonthern Bihar and Nepal today to
give relief 10 the earlhq affected
peaple, UNI reponts,

Relicf operations on a massive scake
continued for ihe third day 10day even
as - ficsh tttmoﬂ were reposied in
Nepal and people in many places
spent the night in the open fearing
after shocks of the strong quake which
rocked the areas on Suaday.

The tolt in Nepal was officially

plaiced at 500 this evening with -

authorities Jiscovering more bodics.
- In Bibar, uificials were unsble to give

precise ﬁsun:s. The Llaion agnculwu:
minister, Mr Bhajan Lal, who toured
the aflected areas yesterday, confirmed
in Parliament the death of only 164
pcople and | lmum 10 1205,

- spokesman said,

501

opposition members dispuled
llus,,be said ooly these figures had
been supplwd by the swte goverm- -

Awowu 10 & UNI comespondent _
who visited Munger, one of the worst

allccted areas in Bihar, people have
ROt yet come out of their trauma, They
came oul of their houses thrice last
night imagining a fresh remor,

The quake heavily damaged private
and govemment properties in the dis-
trict. The trail of destruction in the
Munrgiachak area resembled the ruings
photographed afler the massive 1934
quake,

The government deploved more de-
fence persoumel and others in the
affected arcas 1o render help.

“There are muny more femote arcas
which we are yet 1o reach,”™ officials
said in Pana.

The Sikkim government today said
the entire staic suffered in the eanh
quake - with cxiensive damages 10
roads, bridges and school bmldmss.

Al least 11 Buddhist monasieries of
bistorical impoctance were damaged
and theee of them were abour to
crumble, a stale government

With road cummunication dlsrumed
by the tremor and the incessant rains
wing it, the swte was in the grip
of a severe food shortage, he ‘said,
As the magnitude of the devastation
was unfolding, help in cash and kind
poured in from different parts of the
world 10 India and Nepal,
in Kathmandu, officials released dis-
wict wise figures of the dead towalling
501. The difficult location of the af-
fected areas in the hilly region had
hampered rescue work and the casy-
1{{ gure would be more, they said.
worsi affecied district is Sunsari

leme 128 people were killed. An

emergency meeting of the hlsh power .
disaster retief cential committes head-
ed by the Nepalese home minister, Mr
Niranjan Thapa, released Rs, 7.4
million for immediate teliel in the 23
affected districis.




“The Tiowss of Tndia Naws Sorvdes  miaichod by only

KANPUR, Auguut 23
1B eartbguake that shook Bilur, jy
para of

north  ledia  yesterday, killing - Mr
thoysands i hundreds,
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Earthquake was
predicted

PUNE, August 21 (UNJ). The carth-
quake, which hiv sorth Bikar and pans

of castern Nepal was predicicd by the
pe-based  seismologist, Mr Arus

Pui
N

Bﬂ’:m communicaed his obsérva-

tion, bascd on & sew mcthod of eanh-
. quube prediction developed by him,

known &% “scismic” gird ool w

the Juserhational Coatre for | |

Mountain Developomeng (lC‘IMCﬁ.)} in

Ocober 195, .

e had informed: 3 shall be happy
o hear from you, cspecially in view of
the duct that | heve predicied ao
earhqguake in Nepal in the area 27-28
M and §5-86 E with probable magai-
‘tude around 6.3-.25". o

R e o
makchi ]
arcas n'r‘: coveiud {n Mepal und Bikar
Using the new method ihe sciv-

i '> 1 had been Jul in pre-
dicting the Sepiember 19, 1985 carth-
quake of magnitude &1 in Mexico.

Engineer predi

ore quakes

and other

two periods
during the past 13 centuries
1623 W 1533 AD. snd
11 AD. On bolhh:lmm iﬂuense

Agarwil said De Shirley's prodic-
Vs ﬁmlhguh'_emgolucyc:eml_d

cts Quakes may rock

3 more countries

The Tlasts of Indls Nows Service

PUNE, Augost I3: Severe canh-
quikes are likely 1o bit Indoncsin, the
Philippines sd Yenezuels in the. near
future, uoo«iuw 10 Mr Arun Bapat, &
Pune seismuologist who had {

aecdicied the carthquake which i
nosth

Bihar and casterw Mepsd on

Sunday.
Mr Bapat said the magnitude of the
cunbiyuakes would be beiween T ard

nme of dtservation selected is one
decade. . :

The sei wid bod it of
obsetvi.nulbt nrkher oF carfwuakes
per grid, pbr magnitude 1ange and per
decade, Thise obscrvations are sup-

byl scismic modd which
mvolves vanious stages of setivity.

While muking tee prediction, the
first stago i calked esiablishment stage
in which Uee scismic gap is established

Mr Bapar's predivtions are based on’

n nwthod—Xnown ¢ stigmic grid
micthod—-developed by bim. In this,
inc scismwlogical -parameters  arc
divided in & particular fashion and the
available scismic daty is cxamined.

The aren is givir.bd o grids of en

prodicied that starting from  He prodiciions h as & retull -of two major-magnitude
sy this year, caibquakes Shirley and another Lsm‘f:‘mmﬂg;;';“ﬂ scismic evimts, . _

aatura) calamitics would Geologival Survey aboul thetz countrics are thickly populaed. Tht nexy sage is the development

t paria of the couriry VR guakes in the ncat Avcorng 10 bim, oiher which S, during which a few medium-

949, caid o pumber of loading  Shirkey bas Mbelﬁbrwmniﬂ;TNMu- imensity eartbquakes occur, The neat

all over the workd bad DOW solar activity over the peat 18 m0otM, 10, Cylifornia, and 1he Alatka poin. SR 15 e muturity siags of the gap,

im suppurt of his predictions.  eaching levels higher suld, They would be of almost similar during which small-magnitsde carth-

that as predicied by Bim, seco io this ceniwey, - insewtity aied might take place in about qqntgomamndﬂmpp.ﬂma

m 65 on e Mr A ) emid a your . -seismic gap reaches maturity bevel, the

scnde oocuavd twice B e oy oy in & serics i Pie id the advanced countrics hud 328 could be positively ideniificd s ©

uoe thie year, mﬁtmu.q kes that v . beticr -facilitics of muonitoring and highly-volnerably seismic region

of the 16 OlWY oy oy of fndia, Nepal and Paki therefore, tould Lake precaulions 1w Vhich may expericece aw cunbauake

Hosuaderous, [t was juit o "l o nie " months, Op August € avoid damage 10 & consiberabie exicnt, in the cear future, tht'is within 500

ummdmmluum ket of the ity of more T . w 1,000 days,

loss of hife and propenty. T eSS LT al Richier scule ludf Mr Dapal, who is the hcad of the The; seismic grid arca, which iz about

said ressarches s the tuﬂh,mﬂh—enwmmdm' enthg: engincering division in the lmgkm.mldbeeuminudis

Oceanic  aad At m'“""d. The August § quake wasihe Central Water and Power Rescarch werms geo-physical, seismalogical

Adminiztration  {NOAA) min o wiisesisd in India sinoe Station (CWPRSY here, which comes - and meieorological parametcics and

that the LuN's sevvIyY mm“. R D e of  ner the s ¥ of water , b ep of ot bly.

wiy increasing ot the Bstest rale sice T 4 Assr carihoy had e hipuake that Foretold. It s vhat difficutt to el

starind reconding s obys vee : vocked Assam and its suroundings oa  the exact Gime of oocamance, Aocd-

: He Rt that othey countries tiks the aw&‘ﬂemﬂmdmw, ing to Mr

bted owt that peciber LS, Ching, Japan i the magnitude rangs, H , ihe  Using this method, jt was possible 1o

5. aciemilstl, Dr Jim Shirkey of Cali- in the coismic belt, i hquek | abous A km predict tee Mexico earthquake of Sep-

forpia, bad abo said that e presont more serious. volcank und  away from the place he had prodicied  tember 19, 1983 This method has

in solur sclivity could be quukes duting the coming moaths. - beem describod in a paper joindy weil

wn by Mr Bapat and Mr R. C.
Kuolkarmi und presented au ihe cighth
world confrence on earthquake engi-
m:in; held at Sun Fruncisco in July

_M!" Rapar said the work dodd by

% by ten degrecs boag
iede. The carthquake magnitnde is
fivided ino lour ks () be-
tween, | and 4.9, (b) five 1o.5.9, {c) six
10.6.9 ami (d) seven 10 above. The

Gistinguish in. Enlia,
China, the U5, the Sovier Ynion,
Japan @ other scismically-active
coundrics had raised hopes Mhat predic-

Continucd on page 8, cul. |
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'FIG-3_ THE HIGHER ISOSEISMALS OF THE EARTHQUAKE OF
' THE 15th JANUARY, 1934 T
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Photo 1(a) Splittin

Photo 1(b

9 of wall at junction in Hassanpur village

.:.' |

, Cracking in a mud house in Hassanpur village



Photo 1(d) Damage in roof and walls,
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Photo 2(a) Tilted village house, Madhubani

Photo 2(b) A villége house, Madhubani
t{cracking of walls, falling of plas

ter)
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Photo 3 Land mortgage building, Darbhanga
- {failure of front arches, walls and roof)

Photo 4(a) Circuit house, Darbhanga (cracks at eaves level)




Photo 4(b) Circuit house, Darbhanga
(wide cracks in walls separation)

Photo % Civii surgeons house, Darbhanga
(severely damaged, building abandoned)



Photo &¢a) D.M.° residence, nunghyer
(arches cracked)

Photo &(b) D.M."s res:.dam:e, Munghyer
(cracks near crown in the arch)




Photo &t

c) D.M.'s residence, Hunghyer.
{(this cupboard over turned)

‘Photo 7(a) Town hall, Munghyer (1916 .

(wide spread cracks in the building)
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Photo 7({b) Town hall, Munghyer (191&)
tcracks outside of the building)

Photo 7(c) Town: hall, Munghyer (1916)
(cracks zn the roof and the arch)




Photo 6(a) Sangam hﬂtels ’*mqh\rer prior to 1934 earthqu-ka-'
: (2nd and 3rd floor danaqed in 1934 earthquake)

'Pﬁdto_e*b5 Sangam hotel, "Uﬁﬁhver {after 1988 earthquake)

(suffered heavy damage in walls and arches)
¢



Phot® ?(b)

Clock tower, Munghyer (cracks in s‘r:allur arches)




Photo 10¢a) Pilip dharamsshala, l'hmqhv.r
(badly damaged in .arthquake)

Photo 18¢(b) Dilip dharamshala, Munghyer -
(failure of arches, columns, roof)
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Photo 18(c) Dilip dharalﬁhala, Hunghyer ' - o :
{right portion in the astate of uchanim)

Photo 11(a) S.D.0. house, Darbhanga (severely dasaged)

.
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Phato 11(b) S$.D.0. house, Darbhanga
' (cracks in roof-wall junction)

Photo 12 Collectorate building, ‘Madhubani
(cracks in N-W corner of building)




Photo 13(a) Residential building, Saaastibur _
{building cracked due to poor mortar quality)

Photo 13(b) Residential building, Samastipur
{diagonal cracks in the building)




Photo 14 Collectorate building, Samastipur
(walls showad bheavy cracks)

‘Photo 1S5(a) Sainik barracks, Jamalpur
(uidovﬁpruad cracks, jali failure)
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Photo 19(b) Sainik barracks, Jamalpur
{cracks in the garage)

Photo 15(c) Sa:nik barracks, Jamalpur
{diagonal cracks in cross ualls)







Photo 15(§) Police quarters, Janalpur
{diagonal cracks in walls around stair case)

Phﬁtn'lS(g).Pﬁliﬁe duértdfﬁ, Jamalpur (diagonal cracks in walls)




Photo 16(a) Cyclestand cum canteen r.c. structure, Munghyer
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Phbto 16(c) Collapsed cycle stand cum cqnteén structure, Da_rbhdnga

Photo 16(d) View of collapsed structure, Darbhanga
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Photo 17(c) Telegraph office, Munghyer .
: {(diagonal/horizontal cracks in inner walls)

Photo 18(a) Raj bhawan, Patna (Horizontal :
crack over the arch in right hal#f) _ . g
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Photo 19(a) High court building, Patna
(cracking of dome, walls, roof)

Photo 19(b) Migh court building, Patna
(cracking of walls, roof)
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Photo l?(c) High court building, Patna
' tcracking of roof-wall junction?

Photo 19(d) Migh court building, Patna
{vertical crack at wall junction)







Photu 21(a) Nalanda archa-ologxcal remain
{(undasaged)

‘Photo 21(b3 Nalanda archa.olugical remain
tundanaq-di
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Photo 22(c) Shiva temple (outer walls cracked)
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Photo 23(b) Jama masjjid, Darbhanga (failure at column top)

Photo 23(c) Jama masjjid, Darbhanga .
(cracking at top of column/arch junction




Photo 24{a) Medical college old hostel, Darbhanga
(badly damaged, wide spread cracks)

Photo 24(b) Medical coilege o1d hostel; oarbhanga
(failure of archig, partin! collapsn)




Photo 24(c) Medical college hostel, Darbhanga
{(arch failure ”f ilq_ f_gpair case)

Photo 25(-):L:R; qifls schnﬁl. Dnrbhinga
{cracking of walls and roof)




Photo 24(c) Medical college hostel, Darbhanga .
atarch failure, failure of stair case)

Photo 25(;) L.R. gir-ls.-i:l, Darbhanga
{cracking of walls and roof)
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Phote 23(b) L.R. giris school, Darbhanga (falling of plaster,
. wall cracking, separation)

Photo 26(a) Madarsa building, Darbhanga
{collapse qf:brick-nrches)-
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Photo 246(b) Madarsa building, barbhanga (failure of arches)

Photo 26(c) Madarsa building, Darbhanga (failure of roof)
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Photo 26{(d) Madarsa building, Darbhanga (failure of arches,

Photo 27(a) Notre dame school, Jamalpur
‘{cracking of walls blackboard)

roof)
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Photo 27(b) Notre dame school,’ Jamalpur
(cracking of lintel béam)

Photo 28(a) Burqical uafd,-Barbhanga {cracks in r.c. columns)

e



Fhoto 27(h) Notre dan. school, Janalpur
(cracking of lintel béan)

Photo 28(a) Surgical ward, Darbhanga tcracks in r.c. columns)




Photo 28(b) Surgical ward, Darbhanga (cracking of wall)

Shoto 281(c) St_nrgical. ward, Darthanga (cru:lci in r.c. columsns)
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Photo 2%9(a) Museua, Laﬁlricsa_rai {cracking of arches)

' Photo 29(b) Museum, Laheriasarai (overturning of statue)
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Phnto 38¢a) Jail building, Darbhanga {jail boundary wall cracked and
bulged at some places)

Photo 38(b) Ja;l huild:nq, Darbhanga
(vnrtical cracks at the bottom of column)
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- Photo 3@(c) Residence of an'nhplovnc'near jail-building, Darbhanga
{cracking of arches, arch under temporary support)

Photo 3@(d) Jail building, Darbhanga (cracks near roof)
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Photo 38(e) Jail building, Darbhanga (circular patch of
sand left over after liquqchtion?

- Photo 38(f) Jail building, Darbhanga _
_ (sand patch left over after liguefaction)
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Photo 38(e) Jail building, Darbhanga (circular patl:h of
sand left over after liqucfaction)

Photo () Jail buildinq, Darbhanga
({sand patch laft over after l:.qunfm:tim)
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Photo 3@(g) Jail building, Darbhanga (liquefaction zone)

Photo 38(h) Jail building, Darbhanga : .
(cracking and bulging of boundary wall)

il n R e e st r———— . - e 4 e



Photo 30(1) Cracking and bulg;ng of boundary walil
of Darbhanga jail

Photo 31ta) Water tuner; Munghyer (tracking_in the braces)




BAMAGE SI.IIWEY REPORT

" BIHAR-I\IEPAL EARTH&UAKE BF AUGUST 21, 1983

| --?'-___Séiém:icity'. Damage and -R'ébo'l__nmendations .
- for . o
- Strengthening and Reconstruction gl

8. K, Thakkar

Dilip K. Paul

- Shyamal Mukerjee

-’"S Bandyopadhyay .

- Ashwini l(umar
- =~ B.V.K. Lavania

RQOBKEE:RQ‘? 667 INDIA



