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covered in this standard deal

d construction aspects for

resistance of earthen

ut the use of stabilizers, suchas
‘asphalt, admixtures, el

is standard are applica-

zones 111, IV and V. No special
considered nccessary in zomes
IS 1893 : 1984 for seismic zones ).

suildings are inhercntly weak against
e and should preferably bo
e, high rainfall arcas and seis-

w drawn 10 the fact that carthen
as  deall with hercin will ‘neither
sgineercd ion nor tolally free

. inclusion of special
n fedtures as recommended in
ite heir weather and seismic

' reducing greatly the chances

ich seismie intensitics.

adian Standards arc the neces-
this standard:

Code of practice for design
strugtural timber in build-
y  ( fourth revision )

~ Criteria for  carthguake
~ resistant design of structures
s-of test for soils:
Determination  of
ntent — dry density
n using light compac-

second revision )

3.3 Box System
wee withoul a space frame,

A bearing wall struct ecisted by the walls

the horizontal forces being ¢
acting as shear walls.

34 Band .
A reinforced concreie o reinforced brick 1IJI.'
wooden runner provided 11or:|:'.{.\n_t:LI!_\r.|n. the
walls to tie them together and to impart hori-

sontal bending strength in them.
1.5 Seismic Zone and Seismic Coeflicient

The seismic zones I to ¥V as classified and the
corresponding basic seismic coefficienl g0 &5
specified in 3.4 of IS 1893 @ 1984

3.6 Design Selsmic Coeflicient, oy

The wvalue of honzontal seismic ceeflicient
computed taking inte account the soil founda-
tion system and the importance factor as
specified in 3.4.2.3 (w) of 13 (893 : 1984,

4 GENERAL CONSIDERATIONS

4.1 For the safety of earthen houses, appro-
priate precautions must be laken against the
actions of rain and flood waters and” garth-
quakes. Minimum precautions are recommende
in this standard,

4.2 Whereas dry clay block is hard and strong
in compression and shear, water penetration will
make it soft and weak, the reduction in strengih
could be as high as 80 to 90 percent. Hence,
once built, ingress of moisture in the walls must
be prevented by the protection, roof projection
and waterproof mud plastering.

4.3 These recommendations are low-cost and do
not include the use of stabilizers, which are
rather costly though effective in increasing the
strength and water-resistance of the clay units
of walls. Where feasible time-stabilized com-
pacted clay blocks or cement-stabilized sandy
soil blocks may be used with compauble stranger
MOortars.

4.4 Lightness

Since the earthquake force is & function of

mass, the building shall be as light as possi
consistent with structural safery E:am! fu‘:\ct?:at:}:i
Tequirements. Roofs of buildings should. in
particular, be made of light weight (ype.

4.5 Height

Experience in intensit
Aperience. SILY areds of VI has {
the hlg_h Vulnerability of Iwo-storeyed ha:q.?s\;:'

{1 Paor strengah

(1)

LN Good serength

1 All dimensions in millimetres
F1G. 2 FieLp TestinG or Apopg STRENGTH

:ﬁi Il?.,- quality of construction will improve if
o clay-waler-siraw mixture was allowed to
_;cs{. Flm .? days ( minimum 3 days ) before use
:‘:11 \“til; 52 t}na: tharaugh dispersion of moisture
ay and decomposition of straw ;
rakes place. g b

7.3 The area of -

) ares the lower layer should be
maistened well before adding the new layer so
s oo minimize the horizontal fissures af the
Jointe.

8 BLOCK OR ADOBE CONSTRUCTION

8.1 Suitable soil should be used for making the
blocks. by using uniform size of maulds, after
keeping 1he soil-water mix for 24 hours. The
blocks should be allowed to dry out of the
moulds 50 as 10 allow ‘free” shrinkage without
developing fissures.

8.2 Block sizes are not slandardized yer and
various sizes are used in the country and the
world. The following sizes of blocks are
recommended for making 380 mm thick walls:

Rectangular : 380 mm x 250 mm x 110 mm
{ Overlap of about 125 mm )

Square : 380 mm x 380 mm x 110 mm
{ Overlap of about 190 mm )
H.2.1 The square type will be better for stronger
construction in view of  less wertical joints
between units and better breaking of vertical

joints,

2.3 The mud ‘mortar’ wsed 1o join the blocks
together should be the same soil as used in
making blocks. However, to make it non-
shrinking, straw in the ratio 13 1, by volume,
should be mised, The wet mix should be allowed
1o rest for T days ¢ minimum 3 days) before use,
The lower layer of adobes sheuld be moistened
before the *mortar’ is laid. Also, the surface of
the adaobes to be laid should be moistened for a

few minutes before the adobe i laid. ¥

Tartar is seen to fissure on dryin
could be added 10 the mixmg-:fl'i‘ |
the ‘fissure control test® in 6.2.

8.4 The usual good princi i
principles of

masonry should be adopied for cansts

adobe walls, that is 5 g

a) all courses should he laid Jevel,

b) the vertical joints should b
Lween the consecutive ¢
of adobes and should he
mortar ( see Fig. 3 ), and

<) the pergindimlar joints between
) .

should in such a
through vertical joinl is avol
Fig. 3. jaint is avo

9 RAMMED EARTH CONSTRUCTION
UCTION

9.0 Rammed carth construction is |
as ‘Pise" or *Tapial' cons i
countries. 8

9.1 To construct walls,

A

soil is poured in long wood

and compacted to achieve
The soil snfuﬂgf&m
will generally have less
making adobes. The mois
sepr. less but close

etermined by Proc
1S 2740 ( Par‘t’y'rw-}'




g faso baso heo k- 20§ 2solyfas0 | 250 b
! 1

(10, (1T} First layer

L1300 gy

(HID, (1Y) Second layer

All dimiensions in millimetres.
F1g.3 TyeicAL BoND DETAILS IN ADOBE WALL

800 mm. Before starting the
water should be poured on
1o ensure {ts connection

3 iuds.lohisher strength
y. Compaction should be
following procedure is

cm? of wall area using
ut 8 to 10 kg weight.’
 the ratio of not

¢ e of soi-

 the soil for fissure

10.1.2 The length of a wall, betwecn two
consecutive walls at right angles to if, should
not be greater than 10 times the wall thickness
i nor greater than 64 2 where & is the height
of wall ( see Fig. 4 ).

10.1.3 When a longer wall is required, Lhe walls
should be strengthened by intermediate vertical
buttresses ( see Fig. 4 ).

10.1.4 The height of wall should not be creater
than 8 times its thickness ( see Fig. 4 ).

10.1.5 The width of an opening should net be
greater than 1:20m ( see Fig. 5).

10.1.6 The distance between an outside corper
‘and the opening should be not less than 1-20 m.
10.1.7 The sum of the widths of openings in a
wall should not exceed 33} percent the total

wall length in seismic zone ¥V and 40 pereent in
zones 1V and 111,

10.1.8 The bearing length ( embedment f
lintels on each side of an opening should n-::Jt t(;-:
Aess than 300 mm. For an adequate configuration
i len  see 10,5,

ed walls could preferably be
ipyvitrds ing the minimun:
at top and increasing in with
bottom ( see Fig, 4_#‘-.

I = Cross wall, 7 — Fillaster,

fad Walls and butiressing

¥y

3 = Butiress, —Wall thickness

(b} Tapered wall

All dimensions in millimetres.
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All dimensions in millimetres.

10.1.10 Providing outside pillasters at all corners
and junctions of walls are recommended as
these  increase the seismic stability of the
buildings a great deal ( see Fig. 5 ).

10.1.11 Speclal seismic strengthening featurers
may be done as specified in 11.

10,2 House Site

10.2,1 Sites with sandy loose soils, poorl
compacted clays, and fill materials ,shp_gl i
generally be discarded due to their excessive
settlements during seismie vibrations. Also, sites
with very high water table should be avoided.
These recommendations are particulasly impor-
tant for seismic zones ¥ and I¥. o

10.2.2 Site shall be above high flood level or
ground shall be raised to o %‘il’ﬁbgt. --?'dt*“




bly be built by

using cement or lime
may be made in lean

h plums ( cement : sand :

2 4:6:10) or without plums
could be used in place of
lime : sand @ gravel

The wall above foundation up to plinth level
Wmﬂﬂy be constructed using stone or
‘burnt bricks laid in cement or lime mortar.
Clay mud mortar may be used only as a last

or a minimum of 300 mm above

Jevel. 1t will be preferable to use a water-

ag layer in the form of watcrproof mud

r heavy black polythene or poly-

at the plinth level before slarting

jon of superstructure wall. 1f adobe

for plinth construction, the outside

plinth should be protected against

water by suitable [acia or plaster. A

 should be made slightly away from
‘save it from seepage.

muﬂ of plinth should be above the flood

roofing structure must be light, well
adequately tied to the walls.
o sloping roofs consisting

e superior 1
r A frames.
f covering should preferably be
!ih: shueling of any type.
of wood i||Jism; and earth

erous and should not be used
1V. Tiled and slate roofs are
shall be avoided in zones V

for roof covering. it
waterproof and fire-

ying waterproof mud plaster
AL -

5, 55 Or trusses should
longitudinal wooden
he load on walls.

will

I = Waoden will plate 2 — Overhang abuat S0

3 — Long spikes or nails

Frg. 6 Frxiso Woon RAFTER 10 SWarnn PLuLE

10,5 Adequate Configuration

Summarizing most  of the recommendations
contained in this standard, a configuration is
shown in Fig. 8 which will, in general, be
adequate for seismic areas including zone V
and V. Additional  seismic  strengihening
features are presented in 12,

11 SEISMIC STRENGTHENING OF
BEARING WALL BUILDINGS

11.1 Collar Beam or Horizontal Band

leu horizontal continuous reinforcing  and
I.ur!dir_lg‘ beams or bands should be placed, one
coinciding with lintels of door and window
opening, and the other just below the roof in
all walls_in seismic zones 111, IV and V. Proper
connection of ties placed at vight angles at the
corners amd junctions of walls should be
censured, Where the height of wall is not more
than 2:5 m, the lintel band can be avoided, but
the lintels should be connected 1o the roof band
g‘aa;e:\si:l.z 1. The bands could be in the following

a) Unfinished rough cut or saw 7
] awn
150 mm in section) Jumber in( cﬂg )l{c
picces  provided diagonal members 1!';0
hracing il corners ( see Fig, 9 ), !

b) Unfinished rough cut or saw 50
11
:oc: mm or 70 x 70 mm in Sttclaiguﬁ
_u!:!ber WO pieces in gnrallei Wwith haly,
Jjoints at corners and junctions of ?d
placed in paraliel ( see Fig. 9h ), Pt

In each case. 1he lengthening

elements shall be made using il L

cient nails/screws 1o ens Straps uith
original umber at the joint, ¢ e of

1 — CGood positian of beam 2

Fig, 7

(b}
| — Light roof 2 — Light sable wall { matting or
4 — Stable plaster 5 — Plimth height for nﬂl_)'_ﬂ'

3 — Floor level 9 — Ground level 10— Watcrproof la

ta) Ruilding configuration,  (b) ]
Al dimensh
Fic, 8 Aprquate Coxrn

2 — Avoid this position 3 — Lintel

bund of wood 4 — Sdditiona) Gntel

REmnroRcrse Linter Unpen Froor Braw




| - mhbc 2 — Mud mortar ¥ — Wooden pand 4 — Diagonal brace
single timber and dingonal brace at corner (b} Band with two timbers in paraile!
9 Woopss Banp 15 WALLS AT LINTEL AND ROOF LEVALS

11.3 Vertical Reinforcement in Walls

or buttresses arc _used‘, a5 [n seismic zone V, mesh form of reinforcing s
at corner or T-junclions, recommended, Here the whole walls are rein-
‘cover the buttresses a5 forced by a mesh of canes or bamboos as shown
1 in Fig. 11 along with the collar beams which
may in this ¢%§¢ be made from canes or bamboos
3 Vi -
e A Gl cancaTuat b dicd 10 | — Clay mud wali 2 — Adobe 3 — Vertical cane/bamboo 4 — Horizontal crushed
at lintel and the roof beam at cave level every dih layer of adsbe 5, & = Spacing aboutdtlmm ¢ = Diamsien of CAReHN
(see 11.1). (a) Pattern of canes in clay mud walls (b}, (¢} Paitern in adobe walls ;

Fra. |1 RpINFORCEMENT IN Earties WALLS |

12 EARTHEN CONSTRUCTIONS WITH = s
WOOD OR CANE STRUCTURES 12.2.1 Good connections between the wood or  12.2.4 The panel

cane elements, so as 1o e;sure an integral ofndwaag or ¢

. i fisl i nnections are  mud and st
PR e e oo slion. dsing T el with naile. Their number int
5mn‘:;i ur]az ?Tﬁq“;m f‘:'r Modine cane, s shown dimensions should be enough but not excessive
e b o o s to split the clements. The connections can
diameter canes or bamboo, e P:mgqu é:ﬁ; also be tied with wires, ropes, leathersiraps, et¢. 2
filled with cane, bambo i Bt s 2.2 Preservation of the waod or cane ele- —aft
matting piamr-;d over ';a?;usz?é:sk'&?tﬁf;ﬁdd_ |=12en1.5 i\;eS:Iri;r:ing the surface or paintin with
mm?féf-"&m c;:u:)d b; done in sifie, building coal tar, especially mhtrwI Eart clz:\:rlilcbdlged b: tha?
Danels w-elemen r by using prefabricated rnu“dmlmns:wwll:::"brisel‘c}:hidp\?i:lh it i
X Concrete, Jit

e i OF 2y Psum Mo etir, !
1%‘;21?::1-::2:' s:'.ulstjl‘a.c;e;r.y h_a:hn[\{:m,r of this iype 12.2.3 In houses, built as Fbc'_:luﬁn&mug_ ‘1{“‘;‘@ i
ol eonstriiction dhe following fundamental ¢ as in those made with pre-fabricated panels, an
.ﬂl'ﬂ'::t%ﬂ 12.2.1 10 12.2.6, should be an.m.;lﬁle" up;j'lr e ng beam ghm,f:j be placed to ensure the

integral behaviour of all walls, and to distribute

evenly the roofing load ( see 1.1

VA .
0 P , 4
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the collar bcam should cover the buttresses as
well, as shown in Fig. 10. Use of diagonal struts
at corners will further stiffen the collar beam.

= UL C1ICUE
forced by a

in Fig. 11 a

may in this ¢
themselves.

2 the horizont:

'\ at lintel an
/72 ( see 11.1).

A A A T AT

e e—
TONN 12 EARTHE
WOOD OR ¢

12.1 The sch
structural fra

E LD Ll e s P in Fig. 12, cc
S I ) | j tal blocking
i / | ,:/ ] diameter ca
MISN=IR Pl filled with ¢
Ped i S matting plas
/ bl The construc
ST element-by-e
1 — Pillasters at wall junctions 2 — Twoe paraliel timbers panels.
3 — Wood blocking at about 500 mm 4 — Diagonal
brace 5§ — Integrating roof band with door/window 12.2 For the
lintel of constructi
F1G. 10 Roor BAND ON PILLASTERED WALLs  given in 12.2




2 e0-300m

e —

240 F00m

| — Clay moud covering over framiog 2 — Muod plisier v matin

1 — Cane/bamboafwood framing

4 — Canel K

13) Elementary onssite construction (k) Prefibricated panel:

Fic. 12 EsrTHES CoxstrRucTion witH CAxes, Bamnoo or Woobey STRUCTURE

12,3 Bracing and Braced Frames
For achieving adeguate scismic resistance in
ies Vand

and 1V, it will be desirable to provide

bracing members in the planes of walls

‘as horizontally at the top level of walls.

, can be done by using canes or bamboos

1o the framing members at the ends and

ok a ints of dinlcn::c[im\,! bch{e

‘fixing the panel meshes and applying plaster to

. tim(mp;ig. 13).

'u‘?'i-

Schemes for providing internal bracing systems
in earthern houses, holdfast 1o the walls ang
other alternatives are explained in Annex A,

13 PLASTERING AND PAINTING
13.0 ‘The purpase of plastering and painting is (o
give protection and durability to the walls and

thatch roof, in addition v obvious aesihetic
FeRsONS,

13,1 In dry arcas, plastering bused on oatoral
additives could be formed in two lavers. The
first .ong of about 12 to 15 mm, is & mixiure of
mud and steaw (1 : §in volume ), plus a natural
additive like cowdung used to increase 1he
moisture resistance of the muwd, thus preventing
the occurrence of fissures during the drying
process, The second and last layer is made with
fine mud which when dried, should be rubbed
with small, hard, rounded pebbles.

13.2 In wetareas, the walls should be covered
with waterproof mud plaster, To obtain this,
the following procedure may be followed:

‘Cut-back shoull ke prepared by mixing
bitumen 80/ 100 grade and kerosene oil in the
matio 511, For 1'% Kg cut-back, 15 ke
bitumen is melted and is poured in & conta-
iner having 300 millilitres kerosens oil, with
constant stirrng, till complete mixing. This

mixtire can now be mixed with 30 Jitres of

mud mortar to make it both, water repelien:
and fire resistant.’

133 Forimproving water a 14

:Imlgh ronf, the Iz\mter p:ggt‘ﬂ:ia:izlflﬂ‘:; e
::]‘}pllt‘d an 1op surfaces of the thateh, 20 {o
23 mm 1Iml'k. and allowed 1o dry. It may ;hcn be
..'Glii:icd twice with a wel mixiure of cowding
At waterproof plaster in the ratio of 1 : I, and

allowed 1o dry again.

134 The exterior of walls aiter plastert in
thateh roof after treatment a's-sx;ﬁinﬁ i
may be suitably painted using a wa ¢
paint or washed with water solutions
cement oF gypsum. .

ANNEX A
{ Clause 12.3 )

INTERNAL BRACING IN EARTHEN HOUSES

-1 INTERNAL BRACING SYSTEM

A-1.1 Barthen houses areintrinsically very weak
um!crllntcr:tl load, hence require very special
|:.u|m||qulu< o make them callapse proof in
stismiie intensities VIIL and IX areas such as
vertical tension members as well as diagonal
braces, A scheme of using internal braced
irames inosuch houses is shown in Fig. |4,

‘Calculations for single storeyed buildings with

flat heavy flexible roofs ( for example, wooden
beams with clay topping ) show that even the
-0ft timbers ( Group C in 1S 883 : 1993 ) when
suitably framed wsing nail joints can serve the
purpose of holding the roof in place in the
event when the weak walls give way partially.
The frames will also resteain the walls from
disintegrating completely.

A-1.2 Tnnusing the method deseribed in A-1.1,
the following three systems can be adopted;

a) System A — The whole building plan may
be framed as one piece and the external
witlls built keeping the wooden frame as
ihe inner face of external walls and the
internal walls built keeping the frame on
one of its faces ( preferably on the bed
room side ). Such a frame will have the
advantage of redundancy, and use of
less number of columns, But the frame
can be subjecied to torsional siresses
under the carthquake motions.

b) Sysrem B —- Each room may be framed
individually, thus the external walls will
have the frame only on their inner face,
ihe internal walls will have the frames an
both faces, preventing the fall of the
inner wall either way, This system will
have the advamtage of permitting an;;
plan shape without the problem o

torsion of the frames and  much
safety of cross walls, Tt will, b
consume more limber since all fr.
the inner walls will be douhled.

Sygtems € — In e thind sysvem,
frames of system B may be ﬁmﬂ
walls making it a stronger who
frame. Such a system will have ¢l
vantages of both A and B sysie
can be adopted for the more im)
buildings such 4 those built for
munity services.

As g general guidance, system A m
adopted for near symmetrical p
system B for general

plans,

A-2 HOLDFASTS TO THE WALLS

The carthen walls may be kept no more
400 mm thick. improve their behe
steel holdfisis of Z.shape may be

the wooden posts at least one for ez

and e built into the cladding earth

A-3 OTHER ALTERNATIVES AN
APPLICATIONS X :

A-3.1 As an altern
steel pipe or angle
may be used.
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Burean of Indlan Standards

DS is a statutory institution established under the Burean o) fndian Stanidards Aer, 1986 to promgo

fo promole
ification of goods

harmonious development of the ac

. tivities of standardizaii et :
and attending to connected maite andardization, marking and quahiy

rz in the eountry.

Copyright

BIS has the copyright of all its publicatios i h i

. : 1 all ls publications. Mo part of these publications may be reproduced |

|ur. m w.;l‘lm.!l the prior permission in writing of BIS. This does not preclude lI::‘cl lree u:?:. in the 1:;;:;:1
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Review of Indian Standards
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