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In the esarthquake of 30th September 1993, with its spicentre near
‘village Killari in Latur District of Maharashtra, thousands of
houses collapsed and about 1.8 lakh houses wers damaged. Before
taking up the gigantic task of repair/strengthening/reconstruction of
these houses, Govt. of MNaharashtra régquested the Central Building
Research Institute (CBRI}, Roorkes to take up a pllot project on
damage survey, categorisation, repair/strengthening of 500 houses
sach in Districts of Latur, Osmanabad and Solapur and to train their
engineers in rehabilitation work. The paper is based on the work
carrisd out by CBRI under the pilot project.

An sarthquake of magnitude 6.4 on the Richter scale struck parts of
Maharashtra and Karnataka on 30th Ssptember 1993, with ite epicentre near
village Killari in Latur District of Maharashtra. It took many seismologists
and asarthquake engineers by surprise, as peninsular India was so far
considered a geologically stable region and major earthquakes had raraly
occurred in this area. Construction practices prevalent in the area wers lesast
suited to resist earthquake forces. To have thermal comfort in the extreme hot
climate of the region, the traditional practice had been to' construct very
thick walls and roofs. The walls ware constructed predominantly using locally
available irregular/round shaped stones bonded with mud mortar. Roofs wers
made of timber planks resting on timber beams or wooden twigs supported on
timber logs and covered with a very thick layer of mud. Timber posts provided
support to the roof in many cases. Though the magnitude of the earthquake
was not very high, due to the heaviness of roofs and walls and the poor
construction practice, thousands of houses collapsed and about 1.8 1lakh
houses either developed cracks or suffered partial collapse. About 8000
pecple are reported to have lost their lives and over 15,000 injured in the
districts of Latur and Osmanabad alone. Befores taking up the gigantic task of
repair/strengthening/reconstruction of earthquake damajed houses, Govt, of
Maharashtra requested the Central Building Research Institute {CBRI), Roorkes
to take up a pilot projsct on damage survey, categorisatlon,
repalr/strengthening of S00 houses each in Listricts of Latur, Osmanabad and
Solapur and to train their engineers in rehabilitation work. This paper is
bassed on the work carried out by CBRI under the pilot project in the three
districts of Maharashtra during April to Septembsr 1994.
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SURVEY AND COLLECTION OF DATA

A survey was conducted in s few selected villages of the area to assess the.
type of construction and damages to them during earthquake. The details are
given in Table-l. The damage categorisation was based on the norms of
International Association of Earthquake Engineering (ISRT-1981).

‘Table 1 - House Damage Survey

DISTRICT VILLAGE "HOUSES HOUSES ROUSES 1IN
SURVEYED REPAIRABLE DAMAGE CATEGORY
0 I IITIII 1Iv V

Latur Nagarsoga 187 35 1 - 10 24 22 27
Latur Belkund 150 6 - - - & 147 3
Latur Wanwade 185 8 - = = 8 130 27
Osmanabad Balsur 533 110 - 1. 8161 273 1%0
Solapur Bhandarkawathe 434 a4 6 13 20 5 360 29
Solapur Kini. - 41 1 - 1 = = 3 4
Solapur Kurnur 27 2 - = = 2 22 3

PLANNING OF HOUSES . !

Most of the houses wers single storeyed with a large front room and a small
rear room. When number of rooms were more they were built onse after the other
in a row. Houses wers built back to back and on both sides with common walls
batween them on 2 or 3 sides. The houses had only one main entry door in the
front. The planning of the houses resulted in poor lighting and ventilation.
Some of the houses had a central cpen courtyard facilitating better lighting
and ventilation. With very thick walls and roofs with 40 to 75cm overlay of
earth, tha buildings were thermally comfortabls even in the extrsmely hot
SUMNer . . -

A typical plan of a common house with two rooms is shown in fig.l. The
plinth of the house is about 45cm high. The entrance and right side of the
front room are at plinth level, while the rest of the area of the house was
raised to a height of about 90cm above plinth. An incremental concept of
housing had been adopted, with addition of rooms in stages, as per OwnRer's
requirement. ) i

CONSTRUCTION OF noum :
Foundation and Walls

Some of the walls were fully load beariny while others were partially load
bearing with part of the roof load carried by vertical timber members provided
adjacent to. the wall. Cross section of the load bearing walls used in most of
the common houses is shown in Fig.2. The walls were 60 to 100cm thick made cf
irregular/round shaped stones in mud mortar. In a few of the houses, walls
upto 160cm wide were seen. In some houses, flat flaky stones were also usad
for constructing walls. The walls were made of an outer and an inner wythe and
the inner core was packed with small wsize stones and mud mortar. In soue
villages in Solapur District, locally available soil containing silt, sand and
pebhles and lacking in clay content, had been used for mortar and filling the
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inner core. Its binding proparty was very poor and cannot be categorised as
mud mortar as it lacked in c¢lay content. No through stones were provided to
tie the inner and outer wythes of the wall together. Thus, the quality of
construction of the walls was extremely poor. Many of the walls were built out
of plumb. )

The plinth and foundation were also built similar to the crous section of
wall shown in Pig.2. The thickness of foundation was equal or 20 to 30cm wore
than that of wall and in areas having shallow depths of black cotton soil, the
foundation was taken to hard strata below the black cotton soil. In areas
having deep deposits of black cotton soil, the foundation was taken upto 3.8
to 4.5m depth.

Timbar Posts

The roof was supported partly on RR masonry walls and partly on timber posts.
The main wooden posts, away from the wall wers of cross section 15X15cm to
20%20cm and were usually made of good quality timber such as 'Neem'. Normally
such posts wers provided in the front roow, while the rear room did not have
any posts. The posts adjacent to the wall wers of cross section about 15X7.5cm
to 20X10¢m. The wooden beams usually made of 'Neem' were resting directly over
the posts without adequate tying between them. The posts were resting on stons
pedestals of size 23X23cm to 30X30cm at bottom taparing towards top and had a
height of about 23cm to 30cm. Thers was a 4X4Xdcm nitche at the top of the
stone pedestal into which a projection from the bottom of post was fixed. The
stone pedestals were resting freely over the floor.

Roofs

The roofs (Fig.2) of soma bigger houses usually owned by the higher income
group of the villagers consisted of wooden beams of size about 1%5X20cm lald at
a spacing of 1.2 to 1.3m c/c with wooden jolsts of 7.5X10cm section provided
over the baams at a spacing of 20 to 30cm c/c. Planks of Mango or inferior
quality timbers about 4cm thick were laid over the joists. An overlay of sarth
about 40 to 75cm thick was placed over the timber planks. Parapets upto 60cm
high were made alround some of the houses in RR masonry in mud mortar. But in
many cases, no parapats wers provided, but the top of wall was rounded off
with a layer of soil and pebbles, with provision of drain pipe as shown in
Fig.2. : .

In majority of cases, irregularly shaped trunks or large branches of trees
were used in place of wooden beams and small branches of trees about 30 to
60mm dia, and twigs usually ussd as firewood, were placed across the main
members, resting on walls. The trunks/large branches of trees were supported
from bottom with wooden ‘ballies' in cases, where there was sagging. HMud
overlay about 40cm was provided over the twigs to complete the roof. Empty
tins open at top and bottom or earthen pots with holes at bottom ware
smbedded in the roof to provide light and ventilation and for escape of fumes.
Such inferior type of roof construction was usually found in housea of poor
psople or in the rear rooms of houses of paople of higher income group.

NATURE AND BITENT OF DISTRESS OBSERVED

Nature and extent of distress observed in the houses surveyed in the three
districts vig. Latur, Osmanabad and Solapur are &s below:
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* Ihie MIAT comren distresas observed was vertleal ecacks at the junctiona aof
walle, epeclally at tha cornears of boliidingn. Thece oracks aseur on the

walle akt a distance aqual to tha thickness of the wall, From ocutar adge of
the cornar.

* In houses havipg RR méesncy plllastecs, projecting ocut af wall, ccacka
oesmirred at the junction of pillaster and wall,

Inclined cracka in walle syer cpeninge wera noticed Ln aope of the damaged
Eounmm.

* In gavecely damaged hosses, in addition to davelopnant of cracks at cocners,
there was apalllng of massnry [(mainly cuter wytha) ab bep af wall.

* Collapees of outer wythe to Cha full height of wall and for a distance sgual
tx Ekicknass of the perpendicular wall jolning at the corpec (Flg.3) was
alao obperved.
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Fig.3 OCOLLARSE OF OUTER WIETRE OF WALL TO FOLL HEIGHT

® Collapaa of MHasoncy in V' ghapa at corpwed of walle near the taop was
asnothar dlstress comeonly noticed in mevaraly damagad houess.

* Further stage of damage was collapee of complete wall, whnich was moea
pravalant i the rear rooms of howdds, whers Ehe roof was direckly reating
on walle, without the support of framawoek.

* Complete collapas of eutes wythe of wall was anothae atage of dapage
(Fig.4k, In most cases, walls had completely collapsed with part of roof
still rasting &n timber framework, which had ewaysd in one direction or the
ather,. [Fig.5)
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* Complste collapse of the house including walls, roof and framework wae also
observed,

* Development of cracks and collapse of cuter wythe of wall were more frequent
than the collapss of inner wythe.

* In many houses, the door frames had distorted, making it impossible to open
or close the shutters.

* In some of the houses, shear failure had occcurred to the timber beams near
their support.

* Only in rare cases, cracks or other signs of distress were obssrved in the
Plinth masonry and no signs of foundation failure wers seen in the houses
surveyed,

ANALYSIS or STRUCTURAL WEAKNESS or PREVALENT CONBTRUCTION AND
RECOMMENDATIONS FOR INPROVING STRUCTURAL BAFETY

The factors responsibie for the collapse of houses or developmant of distress
in them are listed and measures to enhance the structural safety of the
buildings are discussed below.

* The traditional practice of constructing very thick walls and roofs resulted
in Aaveloping high seismic forces during earthquakes.

It is advisable to reduce thickness of walls to 20 or 23cm when using
block/brick masonry or 40cm when using RR masonry in cement mortar and to
have a 10/12em thick RC slab roof with a roof treatment about 10 cm thick.
Alternately, the walls and roofs could be constructed with GI shests, RMP
shests, cement boards or other light materials.

* Use of irregular/round shaped stones, and small size stones bonded in mud
mortar was another cause for failure of buildings. The walls were built in
two leaves and the core area in between wus filled up with small stones,
pebhlea and mortar. The size and shape of stones wers such that they do not
get sufficient bearing and overlap one over the other. As the mason's
priority was to provide a Plain face to the wall, the stones were laid in
such a way that their flat surfaces wers exposed and the curved/irregular
face of stone was laid in the bedding plane, a position in which the stone
was unstable. The mud mortar provides very poor bond. It shrinks on drying
and cracks develop in the mortar. When it gets wet during rains, the mortar
loses its strength considerably. Though the walls built in mud mortar have
some compressive strength, they do not have adequate sghear strength, to
withetand seismic forces. Locse £illing of core area with amall stones,
pebbles and mortar, without provision of any through stones to tie the two
leaves of the wallas together, further weakened the wails. Such peoor quality
of construction generally led to the collapse of walls during the
earthquake.

It is recommended that for construction of walls, the mortar should not
be leaner than 1:6 cement:sand or equivalent composite mortar. Flat stones,
rectangular in plan and of large size as laid down in PWD specifications
should be used in the construction of RR masonry walls, Through stones
should be provided at specified spacing, In case natural through stones are
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not available, precast RC through stones could be used. Alternately the
walls could be built in block or brick masonry or coursed ctono masonry in
cement isand mortar or composite mortar. .

Lack of proper bonding of stones at corners and junctions of walls was
another weakness that led to development of vertlical cracks at thc
junctions.

Construction of thinner walls with provision of proper bonding stones,
can overcoms this weaknees.

Many of the walls were constructed ocut of plumb, which induced out of plane
destabilising forces in them.

The walls should be constructed to plumb.

Where thers wers timber framework, the roof was supported on it with beams
getting a short bearing on the inner wythe of wall. Where there wers no
frames, the roof wae resting freely on the walls. As thers was no connection
between roof and walls and as the timber plank and mud roof was not stiff
enough to transmit horizontal forces induced by earthquake, the roof did not
act as a horizontal diaphragm to tie all the walls together ahd toigive the
desired box sffect to the building. Hence, the walls acted independently and
they wers subjected to out of plane forces. As the walls had poor resistance
against cut of plane forces, collapse occured faster, in this mode.

For effective repair and strengthening of existing bulldings, a RC band
could be provided at roof level tying all the walls together. Tha adjacent
long walls could be tied together at certain intervals with reinforcement
bars, ends of which could be embedded in the RC band at the roof level.
Howaver, in case of new constructions, the RC roof band need not be provided
where the roof consists of an RCC slab with full bearing on all the walls.

In most of the houses, the floor was about 1.35m higher than the existing
ground level and the ceiling was about 2.2m above the floor level. Thus
while the height of inner wythe of the wall was only 2.2m, the height of
outer wythe was 3.55m. The inner wythe of wall also had a support, to a
limited extent from the roof membars, which were partly resting on it. As
the outer wythe of walls was less stiff, it collapsed first leading
subseguently to failure of inner core of wall during earthquakes. It further
resultd in failure of inner wythe.

A propsr construction of a monolithic wall (without separate leaves) and
provision of full bearing of roof over it, could have reduced the extent of
such failures.

In case of timber framework, ths posts were resting freely on stone
pedestals and beams at top were rasting on the posts directly or through
corbels, without much of fixity. These pin jointed connections resulted in
sway of the frames during tremors in most cases and in collapse of frames
and roofs in some cases.

To avoid swa of frames and their collapse, fixity should be proild-d to
the joints betwsen members of frames. Knes bracing at top of frame is one
such measure. .
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* Even in houses, where framework was provided in every room, they acted
independently, as they were not inter-connected through the walls.

Interconnecting the frames of individual rooms would have increased the
stabllity and sarthquake resistance of the houses considerably,

* Some of the timber members of the frame had deteriorated dues to aging or
attack of white ants etc. Many of the half size timber posts, touching thae
walls wers found to have detariorated due to contact with moisture ceming
out ‘of walls during rainy season and had also deformed. Ends of beams and
joists inserted in the walls in old buildings had also damaged due to
similar reascn. The roofing planks, which were made of inferior quality of
timber and were in contact with earth overlay also deteriorated quickly.
These deteriorated members caused fajilure of the frames and roofs during
sarthquakes,

The deteriorated/damaged members of timber need to be replaced with
members of sqguivalent sections of good quality timber.

* Excesaive thickness of mud overlay was ancther reason for damage/collapse of
houses during earthquakes.

The thickness of mud overlay should be reduced.

* Leakage of rainwater through the roof on to the walls led to waakening of
the mud mortar and splitting of the wall in many cases.

To avoid this, the roof should be made water tight, as far as possible.

* The practice of constructing houses with different plans and heighte
adjacent to sach other was ancther cause for development of distress, as
thess long buildings were unsymmetrical in plan and sectlion.

In order to minimize torsion and stress concentration, it is preferable
to separate cut the buildings into simple symmetrical plans.

RECONSTRUCTION OF HOUSES ABOVE PLINTH LEVEL

In houses where walls and frames were severely damaged/deteriorated, it was
recommended that the roof and frames and the walls upto plinth level be
diswantled and new walls (Fig.6) and roofs constructed as follows.

* Remove the mud overlay of roof first. If Shahbad stones or other reusable
materials was used as flooring, the same should be removed. The outer walls
could then be dismantled upto Plinth level. This operation should be dons
from outside the house, taking appropriate measures for the safety of the
workers involved in the job. Inner walls could then be dismantled, followsd
by the framework.

* Stones of proper size and shape, which can be used in reconstruction of
walls, could be picked up from the debris and stacked near the house for
reconstruction, while smaller size etones could be used for making
aggregate. Timber components of frames and roof which are of good quality
and are not damaged or deteriorated could ba used for making doors /windows,
cupboards etc.
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* After clearing the building off the debris, ocracks, if any, in the plinth
masonry should be repaired by 1:6 (cement:sand) mortar or 1:2:9
(cementihydrated lime:sand) composite mortar. It necessary, stones on
either side of cracks should be removed and relaid in 116 (cement:sand)
mortar.

* The top of the walls should then be leveled at plinth level with a S5cm
thick course of 1:5:10 cement concrete. '

* If additional walls are to bs constructed to partition any of the
rooms /verandah, foundation and mascnry for the sams should alsoc be
constructed upto plinth level, first. To enhance esarthgquake resistance of
houses, it is advisable to partition long rooms by constructing new
intermediate walls.

* On top of the leveling course, a RC (1l:2:4 concrete ) band of thicknews
10cw and to the full width of the existing plinth wall should ba
constructed, tying all the longitudinal and cdross walls together. In case of
long verandahs and rcoms, additional plinth bands may alsc have to be
provided as shown in Pig.6 for sesnhanced earthquake resistance. The bands
should be reinforced with 2 Nos. 10mm dia. high strength deformed bars as
longitudinal reinforcoment and 6mm dia. MS bars @ 30cm c/c as tiews.

* The superstructurs could be constructed in RR or coursed stons masonry,
solid concrete block (Chandra and Bhise, 1990), hollow concrets block or
brick masonry in 1:16 (cementisand) mortar or 1:2:19 composite mortar. The
thickness of stone masonry walls should not exceed 40 cm while the thickness
of concrete and brick walls should be kept as 20 and 23cm respectively. 1In
all the cases, the construction should bs done as per PWD specifications.
In case of RR masonry, if natural through stones ars not available, precast
RC through stones 1S5xl5cm in cross section and to the full width of wall
could be used at a spacing, as laid down in the specifications.

* A RC band 7.5cm thick and to the full width of wall should be provided at
lintel level connecting all walls together, as shown in Fig.7.

* The roof could be provided with RC solid plank and joist system (Sharma,
Jindal and Chand, 1993) or Thin RC ribbed slab (Jaisigh, Chand and Jaisingh,
1985) or conventional RCC slab.

* The roof should be provided with mud phuska treatment of average thickness
10cm. Shahbad stones could be laid over the mud phywka with the joints
between the stones pointed in 1:6 (cement:sand) mortar. Alternately
nonerodable mud plaster {(Malhotra, 1983) could oe provided over the mud
phuska.

RECONSTRUCTION OF HOUSES ABOVE SILL LEVEL WITH LIGHT WALLS AND ROOP

In houses, where the walls were severely damaged but the timber framework and
roof members wers in good condition, the walls could bs dismantiled uptc sill
level and light cladding provided with GI/RMP sheets or other light materials
supported on a angle iron or tubular framework. The timber framework be
strengthensd and a sloping GI sheet roof provided over it, as discussed below:

* Remove the mud overlay of rcof and dismantle walls upto eill level and clear
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the building off the debris.

Fix box sections posts made of 2 Ls 50x50x3mm welded together or S5SO0mm
nominal dia light gauge steel tubes by embedding the posts in pockets made
in sill masonry with 1:2:4 cement concrete as shown in Fig.8. The spacing of
the posts should be Jdecided depending upon the sheeting materia)l used for
cladding and its thickness.

Level top of sill masonry with Scm thick layer of 1:5:10 cement concrete.

Provide a RC band at #ill level tying all wallas together. The details of
the band should be same as the plinth band discussed earlier.

Verticality of existing timber posts should be checked in both the axes and
the posts which are out of plumb should be refixed, keeping them vertical.

Timber members of frame and roof which are damaged or deteriorated should be
replaced.

The junction of beams and posts at top should be strengthened by provision
of knee bracing. If corbels have been provided at top of posts to support
beams, they should be fixed to beams by nailing.

As shown in Fig.8, short L iron/tubular/timber posts should be fixed on the
existing beams at suitable spacing with L iron rafters fixed to them at top
to support sloping roof made of GI sheaets, RMP sheets, cement boards or
other light materials. Wherever such roofs are provided, for thermal
insulaticn, a layer of thatch may be fixed over it. Roofing sheets should be
fixed to the rafters with J hooks, washers and nuts. At the junction of
adjacent roofs, GI gutters should be provided to drain off rain water.

LnON/TUBE/TIMBER. SHOREPO G.1. SHEET ROOF
PIXED 7O EXISTNG FRAME WORNK — i IRON RAFTER
I G..SHEET GUTTER
' Ll exis e {-WON/TUBE POST TO SUPFORT
FRAME WORK GHT WALL
»et |
oG —G.1.SNEET CLADOING
SLL LEVEL
LL BAND

1§ ;hkl_w )—L l-:? [ crowo LeveL
7
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e — S -

Fig.8 RECONSTRUCTION WITH LIGHT WALLS AND ROOFS
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* GI sheet cladding should be fixed to the steel framework to form the outer
face of external walle. On the inner face of external walls and inner walla,
RMP sheets, cement boards or other suitable sheeting material could be fixed
to form the walls.

REPAIR AND STRENGTHENING OF WALLS AND FRAMES

Where the walls were only slightly damaged and the frames were in good
condition, it is recommended that the walle be repaired and the frames be
strengthened. Details of the repair and strengthening measures recommended are
given below :

* Mud mortar should be raked out of cracks, if any, in the walls for a depth
of at least 5cm for the full length of crack and the crack should be filled
up with 1:6 (cement:sand) mortar or 1:2:9 (cement:hydrated lime:eand)
composite mortar. Where necessary, stones on either side of crack should be
removed and relaid in cement/composite mortar.

* The mud overlay on the roof should bs removed. .

* Damaged/deteriorated timber members of frame should be replaced with timber
members of equivalent section and of good quality. Similarly, deteriorated

timber planks of roof should ba removed and good quality planks fixed in
their place.

* The timber posts should be checked for plumb and wherae found nacessary, they
should be refixed keeping them vertical.

* The junction of timber posts and beams should be strengthened by fixing knee

bracing using L iron or timber battens (Fig.9). If corbels have bheen
provided over the posts, they should be fixed to the beams by nailing.

TIMBER BEAM TIMBER BEAM

2+ 94 NAILS, 60LONG
- /I L
-

40 X100 IMBER
BATTEN NARED Ol
BOTH FACES WM
35MM. O NAILS
80 LONG.

[——TIMBER POST

Fig.9 KNEE BRACING
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At lintel level, horizontal timber battens of 40x100mm saction or M$ Ls
40x40x5mm ghould be fixed between the timber ‘posts, touching the walls, as
shown in Fig.10. Diagonal cross bracing with MS flats 50x3mm should ba fixed
between vertical timber posts and horizontal tie members at lintel lavel and
roof level. In case of internal walls, where there are timber posts on both
faces of walle, the battens and L iron bracing should be fixed on both faces
of wall. :

Though the horitontal members and the cross bracing cannot rssist full
horizontal seismic forces likely to be exerted by the massive RR masonry
walle during an earthquake of high magnitude, it will increass the ssismic
resistance of the wall and prevent talling of stones from the wall inside to
a4 great extent. Thus, the suggested repair and strengthening measures will
help making the houses safer in future earthquakes,

Another alternative is to provide welded wire fabric from sill height to
top of the wall, betwaan tha timber posts, touching the walls as shown in
Fig.11 to prevent falling of stones inside. The weldmesh consisting of 3mm
wires @ 100mm c/c bothways, could be fixed touching the wall by providing
timber battens 40x100mm or L irons 50x50x5mm bstween the vertical posts,
The timber battens or L irons could bs fixed to the poste.

Parapet wall if any and the top of RR masonry wall should be dismantled upto
top of timber bhattens of the roof. The top of the wall should be levelled
with a Scm layer of 1:5:10 cement concreste.

A RC band should be provided over the leveling course, connecting all the
longitudinal and cross walls together. Details of the band are shown in

TMBER MEMBER il X100MM. SIZE EXISTING  TIMBER MEMBER
OR SWEL 80X SECTION TOUCHING
TE WALL

BOTTOM OF ROOF
- A _I::.
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o ’ I-uml:L LEVEL
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PFig.12. Brick work or concrete block work could be provided on either face
of wall to act as lost shuttering for laying the concrets of roof band.

* 12mm dia high strength deformed bars should be provided at a maximum spacing
of 2.4m c/c to tie the adjacent long walls togather at roof lsvel. These
bars should be smbedded in the RC band, while casting them, as shown in
Pig.12. Part of the bars, which will be embadded in the.mud phuska treatment
should be given bitumen coating, to prevent rusting of the bars.

* Two layers of black polythene shests of gauge 400n should be laid over top
of timber planks of roof. They should be taken up and glued on to the top of
wall with bitumen.

* Mud phuska treatment of 10cm average thickness should be laid in slope over
the polythene shests. S5cm thick layer of waterproof nonercdable mud plaster
{Malhotra, 1983) should be provided over the mudphuska.

» 15cm thick layer of brickwork in cementisand mortar 116 could be provided
over the roof band so that top of brickwork is flush with top of roof
treatment. 11.5cm wide and 1Scm high brick course should be provided over
the wall at outer edge as shown in Fig.l2. Rainwater spouts could be
embedded in this masonry. ’

]

CONCLUSIONS :

Training including practical demonstration was provided to 500 engineers and

administrators of Govt. of Maharashtra on repair, strengthening and

reconstruction of sarthquake damaged houses as discussed in this paper. The
work has now been taken up under the supsrvision of these trained enginsers.
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