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ANNEXURE- 10 / \ :

construction aclivitics in the hilly regions
manifold in recent times duc to, develop-
jvitics. It has resulicd into instability of slopes
of landslides at many locations, In fact,
on of buildings in hilly arcas nceds a grea
Satiention tiam that in the plains, due 10 com-
phy, geological features, drainage system
| of temperature varintions cle. It needs
arc in sclection of “suitable site for build-
stion in hilly regions in comparison 10 the
we normally fice from most of the param-
ied above.

Iways need for site development but in
involves operations like deforestation, blast-
culting clc. resulting into disruption of
¢ system of the arca, ccological cquilib-
s stability. The stability of site and build-
50 be disturbed due 1o carthquake tremors
in carthquake-prone arcas,

n is normally donc by a comniiltee, In
the site selecied may somectimes be unsuil-
ability considerations or duc (o very costly
Dlherwise needed 10 ensure stability of build-
¢ fulure. It is, (herefore, imperative thal in
[site in hilly regions, due attention and con-
given 1o geological and ceological aspects.,
%, therefore, been made 1o cover the general
d ccological paramcters which need consid-
¢ sclection and maintenance of hill slopes
buildings in hilly arcas.

) in construction of a building is the sitc

[ 1o taking decision on site, it is necessary
diled obscrvations of the geological, hydro-
I topographical features of (he arca. Any sile
s (o be disturbed based on such obscrva-
be rejectgd outright or avoided except for
Us reasons which may restrict the sclection.

ICe of persuns working in the hilly construc-
Midicate (hat, in gencral, sites with (he following
t3 dre not suitable for building construction and
avoided : -
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(i) Where slopes of rock Structures are unfavourable :
such as, dip of the rock is lowards slope or sieep
and vertical joint plancs arc dipping (owards slope,
cspecially when the amount of dipping of such
dipping plancs is less than the hill slope al site
(Figs. 1 and 2),

Suitable hill face

Unsuitable hill face

Swrata dipping against Suata dipping along the
the slope i slope -

Fig. 1
Favourable and unfavourable dips of bedding plane of
* hill slope.

Unsuitable
building site .

DIP of bedding
DI of joints

hd
Fig. 2

Favouruble bedding and unfavourable Jolnts of hill slope. |

(i) Where the sequence of rocks is unfavonrable : such
as, debris cover is lying over impervious strata
and the contact plane dips towards the valley (Fig,
3.

L > \‘.'\\
Iig. 3 ~~ Housen on_debris lying over unfavourable dipping bed ruk
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(i) Where stream or river at the toe is cutting the.

slope : the cxient of culting is likely 1o disturb the
slope and sliding may start in due course of time,

(iv) Where landslides are not active or old landslides
are existing @ due (o ill-planned excavation the
landslide may reactivaie,

(v} Where a road is praposed to be cut and s close
lo the site : cspecially on the lower side, it is cx-
pected o disturb the stability of the site (Fig. 4).

Pig. 4 = Witldrawal of lakera! aupporl due to road cut cauning intability,

(vi) Where the sub-surfuce water is present in excessive
quantity : as the site development work may lead
lo cxposurc of sub-surface water plane, If may
ilso have the action of opening hidden cavities
“duc 1o removal of malerial by the flowing waler,

(vii) Where there existed the bed of nala or stream
(wWhen it is dry) @ as it is likely to lead to accu-
mulation of water and flooding which may disturb

the stability ‘of slope as well as the buildings on
the site (Fig, 5).

Vig. 3 — Duilding site located near dry nals,

(viii) Where it is close 1o edge of the top of steep
"slope : as the building load coupled with un-
“lavourable hill slope may lead to shear failure of
hill mass (Fig. 6).

Iig. 6 -~ Building st locared at

5 cdge of o
liaving unfavourals slope ¢

conditivn,

to slipping of mass and damaging the ne
(Fig. 7). ging the buijlg;

N

Unsuitable
building sire

Suitable
building site

Fig. 7 — Cut out in alope inore than eritical heiglu kld‘q

(xi) Where there are boulders or .miné'
down the hill slope : (he impact o ollin;
boulders is likely to damage (he glh'

" Uruvitalde site
River

Pig. 8 — Duilding site located at stocp and sock [,

(xii) Where the slope overlooking the site Is
fo avalanches or glaciers : as lhcir:"
currence may damage the struclure
mally not designed to take such im
(Fig. 9). i

Mead of &

avalaucheny 7
(ix) Where there is known active Jault or thrust zone : {
as it is l1!_<cly to get disturbed cn§11y during mon- U
~ Soon, River )=
(x) Where there is steep slope, and the height of cut P "-vv«"v
out slope behind the building for development of e
. . . . . . B v H i
Site is tn excess of critical height : as it may lead Yig. 9 — Debris avadanches o slope unsuitable fur b
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¢ site falls below a nawral or artificial
e especially when the geological con-
ot favourable @ as (e scepage ol wa-
[ iy' slage may teigger oll movemenl ol
;m@ np (he bedding plane (Fig. 10).
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Vig. 10
ake ihaturlicd Ly lenkage of lakefieacsvair waled,

ow 8 tescavoifl

e hill stope is having sign of surface ero-
e with time it may develop into deep culs
y where it is overlain by weithered rock
¢ [atal for the building (Fig. 11).

/ Weathered
ruck

the beginning of the movement below
has already started and hence should be

as-possible, the site should be on the
wce of the hill stope :_as il is considered

e hill slope.

d zonation maps of the area should also be
ered ; as they lead to identily safc and un-
areas in terms ol instability and thus reduce
Cidence of landslides. i

t always be possible to sclect an ideal sile
Il unsuitable conditions mentioned above. Al
ilc having onc or two of the above men-
ures may have to be unavoidably accepted. In
WCS suitable precautions and mcasures must be
0-Control the possible likely disturbances in the

future. The measurcs lo be adopled "will* depend -upon
(he natire of unfavourable features in (he site selected,
the cxpecied naure of disturbance’ and the types ol
building clc. L

Building construction :
Afler having sclected a suitable site, there will al-

ways

be a need to take cerfain precautions during the

building construction, considering the ‘geological features
and site condition. Based on the cxperience, i few pre-
cautions which may be taken arc given below @

i

iv.

Y.

vi.

there arve signs of subsidence o as il indi- .

The foundation should be designed based, on lhe

bearing capacity, which will ‘depend upon (he lype
of strala. i

When two types of strata is mel in the foundation
and (here is a possibility of differential scitlement,
a conslruction joint may be provided at the junc-
(ion of the two types of sirata” :
Where there is paucily of Im"j;c flat arca, il is
advisable to split the building in_ various blocks in
different steps sor as lo minimise the slope distur-

bance for site development, especially in case of

steeper slopes, i )
Blasting should be avoided as far hs possiblc and
in case il is considered nccessary, controlled blast-
ing miy be resoried to. This is. nccessary o avoid
creation of weak ﬁ';tclurcdlsurfaccs on the slope
duc to blasting. : | .

In slopes covered with bo::lldcq‘;"dcposils where the
possibility of uncqual scitlement exisls, a proper
RCC foundation may be provided. .

As far as possible, the cut slope height should be

within the critical height. If it is nol possible, a -

properly designed relaining wall should be pro-
vided, and cut oul slope divided by providing

~ beam in between two cul slopes.

vii.

salc duc o natural growth ol trees and

viii.

Efforts should be made (o place the foundalion
over lhe rock il it is available al a rcasonable
depth. The foundation level of onc block should
normally be samc. Necessary care should bc cxer-
cised to avoid rock cxposurc ;bclow or closc Lo
the site. e

Where rock is nol available ‘at a reasonable depth
and the building is to be founded on debris over-
lying the rocks, (he foundation size and position
of building should be decided”'in consideration of
the angle of internal [riction (0) of the debris,

There should be systemalic and proper drainage
around the building. The drains should be made in
such a way (hat they should finally discharge into
road-side drain or nala. Calch walcr drains should
also be provided on the hill slopes above the

.
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building site to avoid damage due (o displacement
if any and water is diverled lo the network of
drainage system,

. The material available oy
any developmental aclivity at site, should not be
thrown or disposed on (e lower hill slope as it
may lead to ecological disturbance. Efforls should
be made to use the cu out material in develop-
ment of parking spaces and lawn by providing
refaining walls on the lower side of sile,

Retaining walls may be provided to contain the
freshly cut slopes and gaps behind the wall prop-
erly filled and surface dressed lo avoid percolation
of water behind the walls,

Any sub-surface drains which may appear on ex-
cavation should not be blocked. They should be

allowed free flow and diverted 10 drainage net-
work of the site.

After site development, the plantation, both decp
rooted as well as wide-spreading grass and bushes
should be planted, particularly the fast growing

ones suiled to the climate, as a measure (o check
the crosional activity,

t of slope cut due (o

xi,
" xii.

xiii.

Xiv, Necessary carthquake-resistant measures should also
be adopied depending upon (he carthquake zone
where (he building is 10 be constructed, as a safe-
guard against any such fuure eventuality,

Some of the considerations in view of
sions are:

(@) Unsymmetrical loadings in a building should be

avoided as it produces torque. Various sources of
unsymmctrical loading are, water tnk on the roof
if placed in n corner, provision of differen( (hick.
nesses of RCC slab, provision of lift/stair at one
comer clc.'
Malerials used for construclion should be relatively

duclile such as low grade steel and high grade
concrele clc,

Bending of steel bars in beams should be avoided
and minimum 8 mm dia stirrups should be pro-
vided to combat the shear slresses,

Laps and splices are the areas of weakness in g
beam and should never be provided near (he col-
umn supports,

The compression sieel in beams should not be less
than 50, per cent of tensile sieel in RCC beams,

Column stirrups should pass through the beam
column junction in case of RCC Structure,

Spacing between different buildings and blocks
should be as much as possible,

scismic provi-

(b)

(c)

(d)

()
(]

(®)

(h) RCC bunds may be Provided 4
tions of the Indiay Standurg g
zone of the area, k.

In addition 1o me above, miecagyres
walls on hill slope aboye the site, shoter
ing of cracks and fissures whic), may |
and across the sife may also be sujjgp)
site condilions,

Necessary measures (o my
and buildings consirucied sh
construction is over. These
network of drainage Syslem
clearance of weep holes of retaining siryery
forestation of site and hil slopes, Any (i
hill slope around the site should be i
tended to before if spreads w
causing threat (o (he sile and

ould also ¢q
include (e
» Telaining |

Wd becomes I
struclures (h
Conclusion ; '

It is an accepted fuct that construction in hilly.
is much different from that in plains, It involy
plex topography and geological features ¢
drainage of the area, Hazard zonalion maps
Cas now available should be Kept in view
ing the site. Arcas needing high developr
should be avoided and in case it is not po
count of some unavoidable circumstances, - Imperi:
live that protective Mmeasures are adopled simuliy

or before construction and maintained well
stability of site and buildings.
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