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| cold waler was availablu ho'o in the natural sourco required for oporating
tion ralrigoration machine, Tho building started showing cracks aftor two
its construction. Tho pattom of cracks wuora suggostive of difforantial

) lmry and was located insidu the building was obsarved, Moruover. Ioss of

of had also taken place. Those factors Iud to non- umlonn boaring for
tions and thoir diffurential movement, loading lo duvolopmont of cracks
lho' building. The distress in tho building, vis-a-vis tho fijeotechnical aspects of

ICTION

consisting of cold storago and its plant was constructod during
J at Manikaran in Himachal Pradesh. It started showing develop -
racks in 1985 onwards which increased in intensity with .time.
m was investigated by dotailod oxamination of the foundanon
ubstrata The village Manikaran is in an apple growing area well
hot water springs of almost boiling water in close proximity
Farvati river. The river water rarely exceeds 10°C temperaturo.
difference of temperature was found suitable for operating " an
Pion refrigeration machine for cold storage of fresh fruits. A pre-
¥ study had already showed that it should be possiblo to opcorate
i0fage using geothermal energy of natural hot water of spring in
I8herator of absorption machine, and cold water of the river in the
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condensor and absorber., Thus a pilot cold storage plant of 7.5 TR for
apple was conceived and designed (Arora et al, 1983) at the instance olf,
the Depar;mem of Non-conventional Encrgy Sources and theo building
was constructed to house the cold store and its plant.

Manikaran (32°02'N, 77°21 ‘E) is located at an attitude of 1737m on lhe‘
right bank of the river Parvati, a tributary of river Beas (Fig. 1), 1t s
37km from Bhuntar, town on the main road from Manali to Kullu,

THE BUILDING

The river course at tho Manikaran is approximately casi to west and the
whole village is situated on a torrace at the all foothill (Fig- 2). The cold
store building is in tho vicinity of Sri Ram Temple. The building s
14.22mx14 22m in plan (Fig. 3) having the office room and tho Plant
Room in the front portion with a covored passage in between the two
leading to the Cold Storago area. Tho walls are of onec-and-a-half brick
thick, with 35cm thick plaster inside and exposed brick work in the
exterior.  The maximum height of the cold storage side walls js 9.33mﬂ_
while the front portion is about half of this height. The walls have 38cmx.
23cm RCC columns in the brick walls to support tho loads of tho stored
materials and the roof trusses with A. C. Sheots. Thero is threo tior storago
space having a clear headroom of 2.25m. The intermediate floors are
of RSJs and woodcn jafri. The finished floor level was in the front portion
at45 cm abovo tho ground level. To accommodate tho air space and
RSJs c¢tc. The floor level in tho store is about 18cm lower than the
ground lovel. Under tho floor the filling was donoe by tho local coarse
sand and it had the usual spocifications of 38mm top concrete finish over

cm bolow the floor lovel of- the Plant room.

THE HOT WATER SPRING WELL
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otor roduced with depth in steps of 186mm at top to 146mm,
3mm. The total depth of the bore hole is about GOm. The
length of holo lies in overburden, and tho rest in Manikaran
It is important to note that the casing pipes were not comented
round thoir periphery in contact with the rock and overburden.

ruction of the building was completed in 1983, The cracks
observed in May, 1986 in the front and on the sido walls of

ng was inspected in detail in February 1987. The front’ portion
uilding comprising the office room and the plant room (Fig. 3)
separation of the walls at their junction with the cold storago.
ks were widor at the top. The crack width in the Plant Room
1c¢m at a height of 3.756m. Two prominant cracks had also developecl
'sido walls (Fig. 6 and 7) of the Offico Room and the Plant Room.
s, thore were some diagonal cracKs at window corners, a horizontal

 the top of tho lintel of the entrance passage door and sevoral
acks of minor and mixed nature. '

r of the building also had suffered damago. Specially, the Plant
loor showod irrogular settloment though it was moro in tho contro.

plant components which were not of large sizo and wore fixed
oor through bolts. Tho floor level of the store room in the 'roar is
OWorthan tho ground level and it had accumulated wator in tho spaco
gant for air gap bolow dock for storing fruit. No waterproofing of this
00rWas donce probably due to the fact that tho permanent water table

| below the ground lovel, and the possibility of occasional wator
IS¢ above the floor level was not envisaged.

timo of inspection tho valve of the hot wator woll was closod as
Nt was not under operation. However, there was continuous leakage
10 valve and water collected in a small cavity around the top. As
vVas no outlet for this water, it was socping into tho floor and
bolow. The local people who had seen the building under cons-
), roported that prior to tho construction, the hot water was

lal Toundation treatment wero roported to have beon done for tho

108
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gushing out of the pipe. For starting the construction 1the
plugged. But tho site remained in vory wet condition. It was also're'pa
that after the construction there was sinking of the ground on the o‘l'f :

of the building, by the side of tho front outer wall of the Plant rgq
water collected in tho depression. Later on,
by dumping local sand.

>

Pips

this sink hole was filled

The distress by cracks was not limited to the Cold Storago By

alone. Another building, a Tourist Complox, at about 10pm away ac A
the passago in the front had also sufferod from oxtens

sive Cracking
subsidenco of ground, and differential settlement of foundation

noticeable in the complex which is almost on the river bank. Bank er
is also ovidont in tho arca. Tho fino soil particles got washod awa'
the water curront and also by tho seepago through the ground toﬁv
the river. Tho river bank is 40 to 50m lower than the terrace. Occasio
cracks in the ground aro noticed whon flood recedes. In 1986 ono

crack almost parallel to the bank was about G60m long. It got filled
later. Close Proximity of river having its curvilinear course, seepage thro

tho terrace and presence of hot water springs under artisan pressure
to the instability of the site. ; :

HOT SPRINGS AND THEIR GOELOGICAL SETTING

Manikaran, a small vitlago'situatod about 45kms from Kulu is know
the occurrences of hot spri

Kasol area and at Khirg

n
anga. A largo number of hot springs having
temporatures from 41° to 97°C aro presont on the right bank of the
Tho hottost cluster of hot springs of India are known to occur in
region noar Harihar lomplo. Thoso oxhibit goysor activity and have
dischargos. The hot springs generally emcrge oither from averburde 0
through river terraco doposits overlying jointed quartzites. The tf'xicl{lji

of the overburden has boon estimated to bo varying from 25m to 30m.
At some locations hot springs issuing ‘from the joint planes in the qt
zites aro also seen, In general, all the springs emit CO; and H,S.
maximum height 1o which the spring water riscs from the spots is a
50 em. However, at one location near tho temple the spring water sht
to about 1 metre height at an angle of 45°. |

The main rock types exposed in the Manikaran-Kaso| hot spring al’eaf‘
mainly massivo Quartzites  with lenticular bands of chlorite - phylli



wsivo rocks. The quarlzites are mainly exposed between
and Jari, having regional dip ranging from 30° to 50° in north-

which have been considered as magmatic intrusion into tho
1d are equivalent to Panjal traps (Post Carboniferous ago).

zitos aro genoerally highly jointed and fractwed having threo sets
planes. Tho prescence of three sots of joints has great significance
the movement of hot waters at shallow depths in Manikaran and
on is concerned. The quartzite is overlain by gneissos, schists
jacecous phyllites of tho Kulu Formation. The contact botwcon
n quartzite and Kulu Formation appears to be a major thrust
. Tho Kulu Formation is thrusted over tho Manikaran Formation
so are older than quartzites. Hot spring at Khirganga emergo
these overthrusted shects in the upper reaches of Parvati valley
@ comparatively less jointed as compared to Manikaran quartzites.

comprisos river terraco deposits, valley fill material and alluvial
t contains wator undor unconfined conditions. This unit is undor-

16 sccond unit.  This unit forms the main potcntial reservoir
- water. In a ddition, recharge of both the aquifers take

BUrden here is about 256-35 m. The foundation of the building has
} pt at 1.4 m depth in sand and gravels. No soil testing had been
olore construction to know the properties of the foundation mate-
f course, there was amplo genoral information that the strata was
Osioniess material varying in sizo from sand to boulders deposited
Criver and accumulated at the foot of the hill. During excavations
“deposits of gravelfsand wero of common occurrance at the site.
ta under the storago building was although almost of the same
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-composition, but was more compact in nature. As against this the s
under the front portion of the building was reported to be less com
and was vory wet. Itis also to bo noted that tho ground hero g ge k lly
sloping towards the front side of the building. The rear portion, which ia
toward the hill side, is more compact and has better bearing capagij

a
ICt

The width of tho strip footings is 1.05 m and tho column footing
1.80 m x 0.97 m in dimension. Their depth is about 1.35 m in bot|
cases (Fig. 4 & 5). Reinforced concroto bands have been provided "j
building and theso are connected to tho columns. There aro two b N
in the storage room walls which are higher. These bands secms to ha
bleen provided as an anti carthquake measure as the siteis in earfl]g
Zono V. Tho quailty of the masonry and concrote work was accordin
the spocifications. Reasons for cracking could not be attributed t
performance of tho suporstructuro as there was no deterioration df
materials and thero was no excessive loading. The plant did not run
there was no storago of materials. The substructure performance, in
ding behaviour of strata could be tho reason, :

The foundation of the walls and columns aro of the samo doscription for
the whole building. It secems that for foundation design, loads m
have been worked out for storago portion and the samo foundation
been adopted all over tho building. The bearing arca of RCC foo;'
1.80 m x 0.97 m and if S5t/sq. m. were the bearing pressure, the foo
can salely carry a load of 17.50t. Similarly a ono moter length of stri
footing of 1.05 m width will carty ‘a safe load of 5.25t. Theso
calculations reasonably match with tho oxpocted likely loading in
storago portion In fact, these aro on safer

sido and excessively so
the front portion,' where

there is no storage, and wall heights are almos
halt. The assumption of safe bearing pressure of 5t/sq. m is the low
likely value for cohesionless soil strata. Thus, it can be concluded tha
foundations aro adequate, and undor normal case there should not h
been any problems on account of their performance. :

(¥4 8
Tho naturo of cracks in the office room and in the Plant Room is indicat
of foundation movements. The wider cracks at the top and cracks on
side walls show that tho front portion consisting of the oflico room
the Plant Room have sulferod from differential settlement of foundati
The goneral slopo of tho ground is towards tho river and the flow of W
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surface water and the : underground seepage water, is also in the
ection. Also the development of the sink hole adjacent to the
| indicates that there had been potential danger of differential
t of the front outer wall foundations. Assuming that front portion
P  down Dby tilting towards outside in the same proportion- as
by the crack width of 4.1 cm at 3.75 m height, the calculated
do of scttlement of the front wall foundation is 7.0 cm. However,
tloment and consequent tilt aro not expected to bo uniform
dt the length of the wall.

lopment of the sink holo is an indication of the likely loss of
n the lower strata. Tho hot water bore hole is not sealed around
in tho rock and ovorburdon, and tho wator is undor proessure.
sourse, the increasing pipe diameters towards tho ground will reduce
,n nslty of pressure but upward flow of water continues from all
o0 spaco around tho casing pipo, spcecially when tho valvo is closed.
ater will scep into strata comprising permeable sand and gravol.
" lead to washing away of the finer sand fractions of the strata
n turn, can lead to the subsidence of ground. The distress in the
om floor is on account of continued scepage of water from the
rwell. The drawings indicate a diffecrence of 45 cms. Obviously,
| brought by rain water has been doposited in the front side passage.
al rains and water on tho surface have found access in the Storage

d accumulated over the floor which is lower than the ground level.
'o:wiso cycle of wetting and drying by water or rising and receding
@ter table are not conducive to good performance of floors.. Such
-:‘-frmp can lead to non uniform sinking and development of cracks,
h are scen in this case.

ation of the hot water spring well. under artisan pressure inside a
sizo room crowded with several othor plant littings was not a right
Tho secepage of waior under pressure is bound to occur into -
Meable strata and natural crevices:

HOPOSED REMEDIAL MEASURES

i}nldlng cracks can bo ropaired by filling, stitching and rebuilding
la_vmg of the floors. The problem has been due to seepage of the
pd _consequent likely loss of material from the ground which has

n2
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resulted in the differen
of the foundations jg

ION......

tial settlement of foundations. The under

not feasible due to techno-economig reasg
celaborate nature of such oporations, limited working space and ¢og
sealing of the casing into the overburden on jts outer

Not practical at this stage. Under thig situation effectiy
Seopage water seams more practical
Sharma, 1964). The s¢

50 that water dissip_
building is cuyt. off from
Tho floors of tho fropg

i $ and gravels, topped by
sand, so that water may froely drain through it. :

| A gravel filled filter
around the hot wator woll casing, upto a depth of 2m or morg and
about 1 m diameter should be provided for quicker dissipation and |g : .
sing the seepage from around tho o oI

around the well or coming from area around tho

foundations and floors.

asing,

The entire river bank ‘is prone t_o'
stability of the entiro Manika
and protection of the curved
river for about 250 m alon
be done, say, by boulder f;
both the banks alongwith

erosion and long term measure ensuy
ran terrace call for directing the rive
river bank. A proper
g the curved ‘portion

lled wire mosh crates. Provision of spurs

the deepening of the mid stream can
help. Any further borings for tapping hot water should be jn a pl%;n' d

manner and implications of seepage from around the casing shouldr;
approciated. Tho uncontrolled seepago inducos logs of terrace matc_ri'é
the river is in close proximity and Soopage wator flows into the rivor,

r cur
channelisation 0

is noeded., This co

CONCLUDING REMARKS

The case history brings out that the lack of
factors result in sorious dijffj

cipated had proper ficld investigations been

raints 1o stablise the building, remedial

measures liko directing the soc Page water is the most practical soluti
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