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ABOUTTHBEMANUAL

This manual specificallylooks at LGCRconstruction
for wet and hilly climate for artisans The state of
HimachalPradeshactsasa modelfor similarwet hilly
regions acrossthe Indian subcontinent as well as
South Asia The target group includes artisans,
masonsand supervisorsof sustainable/low carbon
habitat projects The objective of the manualis to
impart knowledge on constructing resource and
energyefficientbuildings

Thismanualaimsto:

AProvide basic principles and guidelinesto masons
about good quality construction practices, in
particular focusing on alternative, environment
friendly buildingpractices

Almprovetheir skillsand seeksto fill the gapsin their
knowledge and understanding to upgrade the
quality of their work.

AReinforce the significance and the immense
potential of their work to improve our living
environment

Thismanualis intendedto serveasa practicalguide
for the capacity building of artisans in LCGCR
construction
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FOREWORD

With risingtemperaturesand erratic weather patterns, climate changeis one of the most pressing
problemsfacingthe world today. Threatsassociatedwvith climate changeare further compounded
by the increasingpressureexponentiallygrowing population is placingon natural resources The
constructionsector,especiallyhasbeenidentified asa high priority sectorfor actionon this front.

The construction sector is a resourceand energy intensive sector It contributes to large scale
environmentaldegradationduring extractionandtransport phasesaswell to globalclimatechange
through increased carbon emissions On the other hand, the exponentially growing sector
contributes substantiallyto the national GDP,while employing over 18 million people in the
country,

Onthe other hand, the impactsof the changingclimate like rising sealevels,increasedoccurrence
of severeweathereventsand natural disasters severewater shortagesgetc. are alsofelt keenlyby
the sector and warrants immediate response At the sametime nationally and internationally,
constructionhasbeenidentified asa sectorwhere largesavingsn energyand carbonemissionsare
possible

Themanualseekso addressknowledgeneedsof masonswith goodexperiencen specific/general
construction practice and, preferably, also an orientation in alternative constructiontechniques
Thecontent of the manualis alsorelevantto constructionsupervisorsand for masonswho want to
independentlymanageconstructionassignmentassmallcontractorsfor LCCRrojects

Thetechnologieshavebeenchosenbasedon the following key parameters

A Reducecembodiedenergyandfuel consumptiorhencereducedcarbonemissions
A Reducedenvironmentaldamagethroughoptimal resourceuseandwasteutilization
A Betterthermal efficiencyand comfort

A Resistanto naturaldisasters

A Alignedto localproductionin terms of materialandskill availability

A Costefficiency
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INTRODUCTION

Dhajji constructionis a traditional building technique of the Kashmirmountains In this
construction system, the walls are made of timber frames within-fills of light thin panels
made by close packagingof mud mortar, stone and ballast In caseof an earthquake,the
smallpanelsdistribute the energyevenly
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STEPS OF CONSTRUCTION

FOUNDATION
1. Foundationanustbe at least2 ft deepin solidground(excepton
rock) and at least 2 ft wide. For 2 storey buildings, foundations

- — shouldbe at least2@Q6¢ wide.

- 2. Add a plinth of 1 ft on top of the foundationto keepthe base
mn2 plate awayfrom the ground v B pe—

\..___-ITT_Z'_"‘" finish is better finish with slope

o/

PLINTH
3. Finishthe outer part of the top surfaceof the plinth with a slope
towardsoutsideto drainwater awayfrom the baseplate.

Keepthe top surfaceirregularto avoid getting water trapped under
the baseplate.



REINFORCEMENT Anchors are important.

They hold the house in

i i . . lace duri rth-
5. Use galvan_lzed anchor rodg with a i ..J..F__.{\‘nasher Daeuugments
thread or paint the rods with anti- >~ the foundations.
corrosionpaint before use . [
6. Placethe anchorrodswhile makingthe -

foundation and make sure that the rods
are embeddedin 1¢ of mortar all around
(cementmortar protectsagainst

rust). Fill in mortar while raising the
foundationand compactwell.

7. Keepthe first anchorrods 2 ft from the
cornerand placethe followinglessthan 6 ”
ft apart 37 voud for mortar

WALLS

8. For the main frame use only the best timber available The base plate should be in rot
resistantwood (e.g. cedar)or be treated with wood preservativesThepostsof the main frame
are made of timber with a minimal crosssection of 4¢ H¢ placedat 6 ft spacingcentre to
centre.

9. Forthe secondarysubdivisionusetimber half asthick asthe posts(that is 2¢ B¢ insteadof
4¢ x4¢ andplaceit at 2 ft, 3 ft or 18¢ dependingon the chosenfinal subdivisionpattern.

10. Wallscan be subdividedin variousways The strength of the finishedwall dependson the
guality of connectionsand the numberof bracingboards

8 | Main frame O [ secondary subdivision 10( Final subdivision
‘ [
24"
F
max 9 ft min 4"x 4" @ 2 ft
\(17
max 6 ft —f -~

2ft| 21t

2"x 4" 1"x 4"

CARPENTROYONNECTIONS

11. Tofix the postson the baseplate, a mortise and tenon joint
ensureshe strongestconnection

additionalstrength,the joint maybe securedwith two 6¢ nails

L}
| 6" nails for main frame |

12. To securethe joint againstvertical movement, nail a
strap or boardson both sides Strapsmust not be thinner
than 1/ 10¢€ or 13 SWG(2.5mm) and shouldgo all aroundthe
baseplate.

e

1/10" Straps

[6” nails for main frame] _ 13. Cornerjoints must be made with greatestcare, asthey

are particularly at risk during an earthquake Jointhe base

plateswith a crosslap joint. Toensurestrengthleavel ft of
timber after the joint.

14. Securethe posts with two 6¢ nails driven diagonally
throughthe joint.




i e s 19 Add blocking pads on all four sides

"
o @ 19 and fix each of them on the baseplate
2y with two or three 4¢ nails Theouter pads
‘" should be wedge shapedand bigger to
3%@7}2" Y protect the baseplate endsagainstrain.

1"-1.5” Boards | ||

Outer blocking pads:
| wedge shaped and bigger

16. Fixthe postto the baseplate to avoiduplift duringa quake If a strap
is used,it must be 1/10¢ thick (13 SWG,2.5mm). The strap should be
madeof galvanizedron.

17. Diagonakimber boardsof 1€ or 1 oy é&hicknesscanreplacethe strap.

| 4" nails for pads and board |

STONHENFILL
18 18. Forthe infills, useflat stonesor bricks Packthe
stonesneatlyinto the gapswith mud or lime mortar.
Good: The mortar layers should be around oy éthick and
3/4 stones,

1/4 mud the proportion should not exceedone quarter of
stone flakes mortar for three quarters of stones Fill remaining
gapswith stoneflakes

PLASTERIN&GFLASHING

19. A good mud plaster mix is made of one 19
third of clay, two thirds of sand and a fair
amount of pine needlesor straw. Lookalsofor
local expertise Apply the plaster in several
layersnot exceedingoy éeach If you makethe
layerstoo thick, they will crack For paint use
white wash(lime). 5 2 yuSasyntheticpaint, it
R 2 S agh&@eproperlyon mud plaster

20. To protect the wall againstsplashingrain,
nailatimber boardor a CGlsheetagainstthe
lower part of the wall structure (to both base
plate and posts)

21. To avoid infiltration of water under the
base plate A (i &sableto fix a galvanized
metal flashing which covers both the base
plate andthe plinth beam [Galvanized metal flashing 23 SWG (0.7mm)

5ha 3 5hbQc¢a
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Timber board

1. Proportions A square form is

best 5 2 y ake buildings longer

than 3 times their width.
2. Shape Keep the shape of the [ Best |
building simple Subdivide it into
singleblocksif necessary




3. Planning Startwith a simplevolumeand subdivideit into
the roomsyou need 5 2 ypebdeedthe other way around, @

by stickingroomstogether in order to get the final form of

the house 3 %

4. Balance Evenly distributed inner walls ensure equal
strengthof the buidlingin all parts. ThereforeR 2 ypR@deall

smallroomson one sideandall big roomson the other side ﬁ
of the house <> 4 >
L7 TR
Good “\» "“’
Good \
5 5. External walls External walls without openings are

strongest Windowsand verandasweakenthe walls Keep
themto aminimum

6. Shopwindow front: Avoidhavinga W & Ka2nddwT N2 v i Q
taking up an entire side of the building Thisside of the

house will be weak and collapsequickly, leadingto the
collapseof the rest.

| Avoid a ‘shop window front |

buttress
wall

Inserta | oIS N sk
S >

7. Thelength of a wall must not exceed15 ft. If the
wallislonger,it hasto be bracedin between,either by
a buttresswall or a beam well connectedto another < 7
wallin the samedirection. mex o

Connection
beam

8. Windows and doors are weak
points. makeasfew aspossible

9. Smallerwindows are better than
bigones

10. Avoid placing all windows and
doors in The same wall Keep
windows and doors at least2 ft from
the corners

11. Verandasshould not be deeper
than 1/3 of the depth of the building
12. Verandasplacedin the middle of
the buildingare better.

ADVANTAGES LIMITATIONS

A TraditionalDhajjihouseshaveprovedto be A Need well-trained and skilled masons for
highly earthquake resistantin comparison ~ construction
with those made with modern building A Water proofing and termite control a
materials,havecollapsed major concern

A Makes use of local resourcesinstead of
spendingtheir money on costly transport
of modernbuildingmaterials

9







INTRODUCTION

A Trombe wall is a sunfacing wall EL“.LL-’-L"_"JJEI'_
separatedfrom the outdoorsby glassand shutter

an air space,which absorbssolar energy
and releasesit selectively towards the
interior at night. A solid masonry wall
workswell ¢ the more massivethe better.
Alsoneedsto be thermally conductiveso
that the energy stored in one place absorbing surface
moves uniformly acrossthe wall for re-
radiation The exterior surface must be
dark coloured whether painted or

naturallypigmented I

warm air

concrete wall

STEPS OF CONSTRUCTION

ROOFING
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AThere should be a good thermal connection between any inside wall finishes (e.g. sheet
rock) and the masonry or concrete of the wallhis will maximize the heat transfer to the
living space.

AThespacebetweenthe thermal masswall andthe glassshouldbe a minimumof 4 inches

AVentsusedin athermal masswall must be closedat night.

AThethermal wall thicknessshouldbe about 10-14 inchesfor brick, 12-18 for concrete,8-
12¢ for adobeor other earth materialandat least6 inchesfor water heatingsystems

ADVANTAGES LIMITATIONS

AMaximisessolar hear gainand transmits ~ AHigh degree of quality control and
the collected heat over an extended precisionisrequired _
period. APotentialof overheatingduring summer
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INTRODUCTION

A cavity wall consistsof two layersof masonry,separatedby a cavity of varyingdimensions
rangingfrom 50 mm to 100 mm that hasbetter insulationpropertiesthan a regularmasonry
wall. Themasonrylayersmay consistof solid brick, structural claytile or concretemasonry
units.

Theyare bondedtogether with stainlesssteelor PVOmasonryties,
normally positionedat 900 mm x 450 mm in a staggeredfashion
(2.5 ties per m?) Theisolationof the exterior and interior layersby
the air space allows heat to be significantly absorbed and
dissipatedin the outer layer and cavity before reachingthe inner
layer and building interior. The cavity, rangingfrom 50 mm to 75
mm in width, may or may not contain insulation However, this
guantum of reduction canresultin significantimprovementin the
buildingenvelope,particularly,if appliedon the unfavourablewest
orientation, whichwill cut into the major part of radiationthat falls
on building

30-60mm air cavity

depending on msulation or not
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STEPS OF CONSTRUCTION

Special wall

1. Constructinner and outer leavesof masonrywith a minimum  +
gap of 50 mm. When the cavity is filled with rigid thermal
insulation material, they are supportedat 450mm intervals by
specialwallties.

1

Cavity
7 insulation




2. Useof cavity battensto prevent excessivemortar droppings A cavity batten is a timber
batten slightly narrower than the cavitywhichis placedand supportedon top of the last row

of horizontalwall ties.

Twolengthsof wire or rope are attachedto the batten which allowsit to be raisedto the next
row of wall ties before they are placed The batten is cleanedoff after eachlift and before

repositioningon top of the new row of wall ties.

If the cavity is to be left open or is partially filled with insulation material then the cavity
battenis the mosteffective way of ensuringthe cleanlinesof the cavity.

Lifting rope

Wall tie

Cavity batten in place above the cavity

Batten nailed to frame

Weight applied
to base to hold
frame in place

Cavity batten used
during the building
of the wall and when
the cavity is open
or partially filled

Blockwork taken up
at least two courses
above the brickwaork

AV AR A VAV AT AV AT AT A AT YA A e s VAT AV AT AV AVAYAYAFAYATAYA A a e AN

3. The door and window
framesare usuallypre-madeof
timber andthey actasa profile
for the requiredopeningasthe
wallis built.

The frames are usually
plumbed, squaredand held in
position before the brickwork
begins, and the wall is built
around the frame, encasingit
within the wall.

Wooden frame secured with a plastic fixing
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ADo not allow mortar to collect on the tie when the Gaihy
wall is built, this will let water passalongthe tie into
the inner leaf, causingdamp patchesto appearon the s
insideof the wall. ~

Awall ties should be level or slope slightly downwards
towards the outer leaf of the wall with the drip
positioned in the centre of the cavity and pointing o
downwards

AThe ends or crossjoints of the brickwork should be
filed solidly with mortar to prevent water
penetration Caviy ray

ASuitable DPC membranes should be positioned
correctly, and cavity trays should be placed over
lintels, and stopped ends built in to prevent water
running off the ends of the trays into the cavity
insulation

Aweepholesshouldbe formed to drain off water from
cavitytrays.

Inner blockwork
leaf of wall

Wall tie

Vertical DPC
Stop end

AcCare and attention must be taken when building wall ties into position, because poor
workmanship may lead to damp penetration, distortion of the wall, cracking or in some
cases, collapse of the wall.

Maximum 150mm Maximum 225mm
|

Tie positioning and spacing

ADVANTAGES LIMITATIONS

AMuch better thermal insulationthan a  ACorrosionof the wall ties if not properly

conventionalmasonrywall. protected
ARestriction of moisture passingthrough ADampnesscaused by careless building
the wall. Thewall works on the principle practicethroughthe wall ties.

that water can passthrough the porous
outer leaf, but then collectson the inside
of the outer leaf and runs down to
Wg S S LIKetttierSat @rbund level or
abovewindows,whereit canescape
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INTRODUCTION

This is a traditional construction system
consistingof stone masonrywith horizontal
timber reinforcement bands Thesebands
(with cross pieces) act as seismic bands
which preventthe wallsfrom fallingapartin
anearthquake

FOUNDATIOI& PLINTH
1. Buildyour houseon soil that is all of the samequality.
5 2 ypladeone part of the houseon infill soil

2. Foundationsshould be at least 2% feet wide and 3 feet : (—?"_:‘ 3t
=
3. The plinth band should be placed 1 foot above the 't—mu}'
foundation (1 foot out of the ground) 2Lt

4. Theplinth bandwill passunderthe door

5. It is better to make the first seismic band in
reinforcedconcreteinsteadof wood. It will not rot.

6. Make sure that all rebarsare covered all around
with 1 oy (dfroncreteto avoidrustingof rebars




Right rebar

7. Take care to cross the to the left

corner rebars correctly For
plinth reinforcement use
two # 4 bars with # 2 bars
(stirrups)every6e.

2 rebars

L]
Stirmups #2 Left rebar to
bars every 6 the right

WALLS

8. Placethe wall beamsevery 2
feet, abovethe plinth band

9. Place cross pieces at a
maximumdistanceof 3 feet from
eachother.

‘ o " 5
10. If timber beamsaretoo short, connectthem with alonglap joint.
11.5 2 yconirectthe beamsall on the sameverticalline, but spreadthe connectionpoints.
12. Raiseall wallstogetherto avoidverticaljoints which createweakcorners

Avoid vertical joints
10 They are weak.
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CONNECTIONS
12. Minimum sizeof beamis 3¢ high by 4¢ wide.
13. Beamsmust be hookedtogether in the corners Cuta notch

of 1€ into all four corner beams Add 2 nails (3¢ dor more
security

Cross piece
¥

14. Keep4e¢ of wood after all notchesfor strength

15. Crosspieces help to hold the beams and walls
together You need notchesonly on the crosspieces,
but not on the mainbeams




16. Where internal walls connect,
only notch the internal wall beams,
not the mainbeams

17. Jointsmust be 1 foot long. Forlap
joints usefour 3¢ Yy | td deé@ureeach
joint. ForKashmirjoints, usea peg
18. If you use a lap joint, the nails
mustbe galvanizedTheywill not rust.

Lap joint
at least 1
foot long

Openings

WINDOWSANDDOORS

18. Distancebetween openingsshould
be minimum 3 feet.

19. Windows and doors must not be
wider than 3 feet.

20. Placethe windowsbetweenthe
beams

21. If you needa taller window, let the
beamspassthrough.

22. Placecrosspieceson both sidesof
windowsanddoors

23. 5 2 yt@nithe endsof the beams
to placeyour door.

24. Forlintel addtwo piecesof wood in
betweenthe existingbeamsto support
stonesabove It must passat least 1
foot into masonryon eachside of the
opening

5ha 3 5hbQc¢a
1. The plan must have a simple form. If necessary E....:I _Ej !_I_I +| I

subdivide it into rectangular parts. - r . j
H :
ves [l |1 no [

3. A light pitched roof is much better than a flat heavy ~
roof.




4. Nowall must be longerthan 12 feet without beingconnectedto anotherwall.

5. Openingsshould be minimum 3 feet from cornersor other opening Windows must be
smallerthan 3 feet.

6. Wallsmustbe 18 inchesthick. Do not makewallsthickerthan 18inch.

7. Wallsmust not be higherthan 10 feet.

8. The timber beamsact as W& S A @ 'Yyk RBeands should be continuous and well
connected

4
Max.12ft

~ | Max.10ft

Max.12ft

Max. 3ft
9. Useflat or dressedstonesfor masonry 5 2 y Q (i

useround rubbles

10. All wallsmust be connectedto
each other with proper stone
masonryandtimber beams

11. Place throughstones every
two feet. They make the wall
stronger

stonas

ADVANTAGES LIMITATIONS

ATraditionaIDhajjihouseshaveprovedto be ANeedwell-trained and skilled masons for
highly earthquake resistantin comparison  construction
with those made with modern building A Water proofingandtermite control a major
materials,havecollapsed concern

AMakes use of local resourcesinstead of
spendingtheir moneyon costlytransport of
modernbuildingmaterials
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INTRODUCTION

Bamboo being a readily available and accessible
construction material can be used in a variety of
waysin the structure, walls, floor and roof. Bamboo
can tolerate high values of deformations in the
elasticrangei.e. possessesigh elasticity Therefore
bamboo houses when properly constructed are |
ductilei.e. beingableto swaybackandforth during | = -
an earthquake,without any damageto the bamboo rﬂﬂ,
poles Bamboois availablein commercialquantities

usingthe establishedsupplysystem It is a renewableplant with a short rotation period.
Themainfeaturesof a bamboosuperstructureinclude

AwWnhole round bamboocolumnsand trussedrafters approximatelyevery 1.2m asthe main
load bearingelements

ASplitbamboogrids and chickensteel meshwith cementmortar plasterto provide overall
stability to the structure Theseelementsform infill panelsthat are about5 cmthick.
ABamboomat board (BMB)gussetsin combinationwith mild steel bolts for load bearing
joints in roofing structure

ABamboomat corrugatedsheets(BMCSpasroof claddingand BMBfor the walls,doorsand
window shutters

STEPS OF CONSTRUCTION

FOUNDATIONASNDPLINTHCOURSE

A trench of min depth 0.5 m and min width of 0.3 m is excavated The trench can be filled
with field stonesand cementgrout in layersto form strip foundationsunderneathwalls It is
recommendedthat the plinth coursebe completed alsoin concrete The height of plinth
shouldbe abovethe flood water line or a minimum of 350 mm abovegroundlevel Therefore
formwork should be erected for the plinth courseto be constructed together with the
foundations Thebamboocolumnsshouldbe erectedin placeand be embeddedin the plinth
course min 250 mm. The canesshould be attached to the formwork to ensure vertical
positionduring concretecasting

The following specifications can
be used:

AField stone max size 200 mm
AGrout- cement based mixed in
proportion 1 : 4 (cement : sand)
by volume

ABamboo columnscanes with
diameter of 100mm

AConcrete for plinth mix by
volume, cement : sand :

aggregate water=1:3:3:1.3 1. Ensurdirm, flat and dry site.
2. Formworkfor strip footingsand/or plinth course

3. Mild steel bars attached to formwork for anchoring
the wall bamboogrids




COLUMNS

In the proposed bamboo house the columns are
constructed from whole bamboo poles The poles are
fixed at the level of foundations/plinth Forthis purpose
the end 500 mm of the pole is injected with cement
basedmortar and reinforcedwith a steel bar. The canes
should be reinforcedin this way before mounting them
in the foundations

4. Bamboocanesraisedinto position |
andconcreted

5. Concretepouredinto formwork

6. Anchorbolt concretedinside the

bamboo

WALLS

Bamboo pole column diameter min
100mm

1 4 Cement based mortar infill

‘ | Removal of transverse diaphragm of
’5=4" bambooculm

L~ Mild steel bar 10mndia
concreted inside the bamboo of
length 500 mm

(e

7. Concreteplinth course

8. Mild steel bars anchored in
plinth.

9. Bamboo columns fixed in
plinth course and concrete
footing.

Thewallsare constructedbetweenthe verticalbamboocolumns,asinfills. Themain postsare
erected at all corners, and throughout the house envelope, spacedat about 1.2 m. Split
bamboogridsare assembledoy rope or wire ties and are fixed to plinth and bambooposts To
reinforce the bamboogrids,aswell asto provide a basefor the mortar, a chickensteel wire
meshis fixed to the grids Cementbasedmortar is then plasteredon top to provide overall
stability to the wall infills. The finished wall thicknessis about 50 mm thick. Prefabricated

timber framesare mounted for windowsanddoor openings

All bamboo columns should be fixed to a top ring
continuous beam This member should be made from
timber and should have rectangular cross section The
bamboopole columnis connectedto this beamthroughan
anchor bold. The anchor bolt is embeddedin the pole
where cementbasedmortar isinjected

f__;{_Anchor bolt
.y concreted
Cement based’lgr It:]asrlgt()aotcr:?nin
mortar infill ¥ | 12mmdia
Transversé';.___,:
diaphragm of !
bamboo | !
culm\i ;
V== Bamboo pole
:*==-1  columndia
@"_min lOOmm24



11

10. Mild steel bars threaded to bamboo columi

13

11. Roof top plate (timber)
12. Mild steel anchors anchored to top plate
13. Nut screwed to anchor bolt in a recess

ﬂ ? @\l ﬂ_ Section A-A
: : C% G

13

Bamboo pole column diameter min @100 mm
Anchor bolt concreted inside the bamboo min @12

Top ring timber beam 140 x 70 mm

Washer and nut

@® @

Recess in the top ring beam

14. Timber frame for door

15. Horizontal split bamboo

16. Vertical split bamboo

17. Steel wire for connection of split
bamboo grids

18

21. Cement based plaster on the outside
22. Cement based plaster on the inside

10
. 12
23 16
15 3
14
17

.

18. Chicken wire mesh attached to bamboo
grids.

19. Cement based mortar on the outside.
20. Cement based mortar on the inside.

25



ROOF

Theroof shouldbe ideallyaslight aspossible Thiswould not only reducelateral seismicloads,
but would also reduce the risk of casualtiesin the event of roof collapseor partial collapse
Simple couple roof is adopted with bamboo trussesfor rafters. The rafters are fixed to the
timber top beam by meansof steel clamps Bamboomat board (BMB)gussetsjn combination
with mild steel bolts, are usedfor the trussrafter joints. For purlins are usedsmallerdiameter
canes Bamboomat corrugated sheets (BMCS)are used for roof cladding Thistype of roof
doesn'ttransferthrust onto supportingwallsfrom gravityloading Theroof overhangof 400 mm
isrecommended

Themainroof supportstructure consistsof bambootrusses Theload from the bambootrussis
transmitted to the bamboocolumnsthroughthe top ring beam Theroof trussesare connected
to the top ring beamby steelclamps

CONNECTICBETWEEROOHRUSBNDTOPTIMBERINGBEAM

Bamboo pole column diameter min §100 mm

Section A-A
Anchor bolt concreted inside the bamboo pole column min @12

Top ring timber beam 140 x 70 mm

Truss rafter made from bamboo poles diameter @100 mm

Bamboo Mat Board (BMB) gusset plates thickness 14 mm with openings

L- Clamps of size 150x150 mm of width 40 mm and thickness of 6 mm
Mild steel through bolts @8 mm of length min 160mm
Mild steel bolts @8 mm of length min 160mm for fixing to ring beam

ONONCRONONONONC

23. Bambootrussedrafters

24. Bamboomat board(BMBgussetplates
25. L steel clamps for column to rafter
connection

26. Small diameter bamboo fpurlins
27. Steel wire bindingurlinsto trussed rafters.

26



ROOFRCLADDIN@NDFINISH
Bamboomat corrugatedsheets(BMCSare usedfor roof cladding Thesheetsare anchoredto
purlinsby meansof Jbolts. BMBis usedfor doorsandwindow shutters

30

Bamboo purlin diameter @40 mm - @50 mm
Bamboo mat corrugated sheet (BMCS)
J-bolts @10 of length 100 - 125 mm
Bitumen washer

Cupwasher

Nut

@O ®ee e

28. Bamboo Mat Corrugated Sheet
as roof cladding
29. J bolts for claddingto purlins
connection

. 30. Split in half bamboo pole for
roof ridge.

DIOLS

w Constructionmaterialsfrom bambooshouldbe treated in orderto achievelongevity

5hbQ¢a

AUsingbambooin foundationsis not a good practice Bamboocanesshouldnot touch the
soilsincetheir durability is greatlyaffected
ABamboopolesshouldnot be usedfor top ring beams

ADVANTAGES LIMITATIONS

AThe bamboo basedhouse has a very low A Need well-trained and skilled masons for
weight therefore foundations can be  construction
minimised A Water proofingandtermite control a major
ABasic materials for house components concern
(bamboo, wire, bolts, chicken mesh, and
cement)areinexpensive
AEarthquakeand cycloneresistant
AOnly basic carpentry, masonry tools and
skillsare necessaryfor the constructionof
bamboohouse

27



FERRQ@EMENT
CHANNEL
ROOFING




INTRODUCTION

Ferrocements a type of reinforcedconcretewhichistypicallyl to 1.5¢ thick and canbe cast
into various profiles to form pre-cast building elements Ferrocementusesa rich cement
mortar and chickenmeshreinforcementinsteadof conventionalreinforcement

bars By castingin a semicircularmprofile, ferrocementchannelscanbe madewhich are then
usedfor roof construction

Ferrocementthannelscanbe madeby castingthe cementsandmortar in a mould suchthat
it resistsloadsbecauseof is profile. Thecircularprofile carriesload throughits QI MIDKI A 2 y €
Thechannelis then supportedat its two endswhich could be masonryor a beam Theroof
Is constructedby placingthe channelssideby side

RestrainingBeam An RCQestrainingbeamis cut at the roof levelto preventany movement
of channels Thisbeamis very important, speciallyin areaswhich are prone to damageby
naturaldisasters

ConcreteFilling : After the channelshave been placed, the valleyswhich are formed in
betweenchannelsare filled. Thisis doneto the joints and alsoto provide a smooth & level
surface,to be usedas a floor or terrace, if needed The film can be done with partially
concreteand partially with brickbatconcrete Alternatively,brick bat, lime concretecanalso

be Used Ferrocemjt’ry _-x\

Reinforcement bar

Chicken mesh

STEPS OF CONSTRUCTION

1. Preparethe supportstructurein masonry
or framed structure before installing ferro-
cementchannelroof.

2. Place the channels side by side over
supporting beamsor walls Use 75 mm thick
lintel bandon whichthe channelsshouldrest

3. Castl:2 cementmortar in the gap between
two channelsconsolidateit and water curefor
7-10days




g |
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Parapet

Gola for terrace
cement concrete 1:2:4 Ferro cement channels

Lean concrete Water proofing

Z

[N

Valley concrete 15 mm thick

Grade M15 Beam Band as/structure V

/ Support structure

N\

DOs

wValleyconcreteshouldbe laid in slopefor water drainage

w The channelsshould be positioned properly with great care to avoid weak joints and
water seepage

wJointsbetweentwo channelsshouldbe filled properlywith cementconcrete
wElectricwiring shouldbe plannedbeforelayingvalleyconcrete

ShbQ¢a

wDonot useplankandjoist in rooms>4 meterslength.

wDonot just lay valleyconcretefor water proofing Water proofingis not completewithout
awater proofinglayerlike bitumen etc.

wWater proofing layershouldnot be appliedbefore 14 dayscuringof valleyconcrete

LIMITATIONS

ADVANTAGES

w Light weight roof as compared to w High degree of quality control and
reinforcedconcreteroof. 60% deductionin precisionis required

deadweight w Due to the size of channelsrequires
w Requiresless cement and steel Cost castingspace curingtank and spacefor air
savingof 20% drying

wShuttering,vibrator etc. not required wlf the channelsare to be transportedto
w Simple technology which can easily be the site then there is a higher risk of
adaptedby semiskilledlabour. damageif not stackedproperly.

wQualitycontrol is easyto maintain



Materials

Quantity

Cement

12 bags

Coarse Sand

35 cubic feet

Aggregate 10mm

25 cubic feet

chicken mesh 25 kg

8mm MS bar 3.41 kg
binding wire 1.65 kg
welded mesh of 1"opening 11.18 kg

Labour

Skilled mason

4.00 mandays

Labour

10.00 mandays

Helper

8.00 mandays

Inner length of room = 12 feet,
inner width of room = 10 feet,
thickness oferrocementOK | y y S €

module width offerrocementOK I y y' S f

No. of channels = 4,
[ Sy3adk 2F OKIyySt
overhang at both ends

The material requirementalso includesthe

cement

r

e
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FILLER SLAB




INTRODUCTION

Filler slabis a variation of conventionalreinforced
cementconcreteslabin which part of the concrete
is replacedwith a filler material which can be a
wastematerialto ensure 103
economicaladvantageover an RCGlah Thebasic '
principlein afiller slabis that, consideringan RCC
slab of a given thickness, the concrete in the
bottom half of the slabis simply dead weight and
doesnot playarole in takingup compressivdoad,
which is normally taken up by concretein an RCC
slah So,this concretecanbe replacedby a suitable
lightweight filler material which can be
accommodatedin the bottom half of the slah
Sinceit reducesthe weightof the slabby replacing
concrete,savingscan also be achievedin quantity

of steelreinforcementwithout any compromiseon
the quality and strength of the slah The filler
materialscommonlyusedare burnt claytiles (such
as Managalore tiles), bricks, coconut shells
terracotta pots etc.

STEPS OF CONSTRUCTION

1. Preparethe support structure in masonryor framed structure before installing ferro-
cementchannelroof.

2. Place a pair of filler tiles at the centre of each rectangular space between the
reinforcementsteel Checkthe clear cover of reinforcement(minimum 1.5cms) Layeach
pair of filler tiles accuratelyin a line. Layonly two or three rows of tiles for conveniencelf
the filler materialis not to be exposedapplycementmortar over the shutteringbeforethe
filler materialis placed

Other filler materials may be used as alternatives Prepare well mixed 1:2:4 cement
concrete Pourthe concretein the spacebetweenthe filler materialsaswell ason the top



3. Maintain the thicknessof the _
slab using wooden pieces with mﬁ?ﬁiﬂ Pl
nails Establishlevelsaccordingto

the slab thickness required and
finish the top layer with proper
compaction

trowel.

DOs

w t NRLISNI O20SNJ F2NJ
reinforcement before concreting.

w ¢CKS FTAEESNI GAfSa akKzdzZ R
N

w hGKSNI LINSBOIdzi A2y a
too.

KS aflo akKz2dzZ R 068

4. After removing the shuttering, lightly rake the
concreteif required before plastering The slab can be
left unplasteredif required To achievean attractive
appearancefinish the ceilingwith a right angleand a

w 21 0§SNJ OdzNA y 3 & K 21daiafgs afteiShe ©chsfriictioy wetkReasé thd. f

5hbQc¢a
w 2KAfS O2yONBlGAy3a OFNB akKz2dzZz R 6S GF 1S
w 2 0SNILINRP2FAYy3I f @SN akKz2dZ R y2i4 o6S |

ADVANTAGES

wlt reducesthe deadweightaswell asthe
costof the slabto 25% (as40%lesssteelis
usedand 30%lessconcrete)
wFillerslabsare verylightweightslabs

w Due to the reduction of concrete
volume, the overall cost of slab is lower
than solidslabevenatfter considering
additionalcostof filler tiles.

wPlasterand paint finishesnot needed

w Enhancesthermal comfort inside the
building due to heatresistant qualities of
filler materialsand the gap between two
burnt claytiles.

LIMITATIONS

w High degree of quality control and
precisionis required

w Filler slab requires an expert to
determine the spacing between the
reinforcementbars
wRequiresshuttering materialswhich are
sometimes difficult to accessin rural
areas

M
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INTRODUCTION

Bambooflooringandbambooboardare relativelynew productsdevelopedby usingmodern
scientific methods from superior quality bamboa Bamboo flooring is an attractive
alternative to wood or laminate flooring if the bamboo hasbeen locally sourcedand also
harvestedin a cyclewhich ensureshigh quality of the product Bambooflooring tiles, being
producedin Indiacomein a plankdimensionof 920 x 92 mm and thicknesse®f 12, 15 and

18 mm. Atongueand groovemechanismis usedto installthe tiles, contributingto easyand

guick installation Bambooflooring can be solid (made with only bamboo) or engineered
(bambooplus other woods) Thebenefit of engineeredbambooflooring over solid bamboo
is that it usesa fraction of the surfacespeciesas comparedto the solid bambooflooring.

TheNationalMissionon BambooApplication(NMBA)is a premieragencyat the forefront of

developingand standardizingnew bamboobasedvalue added productsand has stabilized
the bambooflooring technologywhichis availablefor commercialproduction

STEPS OF CONSTRUCTION

1. Make surethe subflooris dry, clean,and level Dirty subfloorswill not bond well with the
adhesive and subfloorsthat are not dry will eventuallycauserot. If not level, the bamboo
flooring will squeakwhenwalkedon.

2. Apply a moisture barrier flooring adhesiveto the subfloor with a trowel. The bamboo
flooring planksshouldbe immediatelyplacedusingthe tongue and groovemechanism

4. Alternatively the bamboo flooring can be installed using a nail gun over plywood or
particleboard Once starter rows are secure,subsequentplanksshould be nailed directly
abovethe tongueat a 45-degreeangleto face

ADVANTAGES

LIMITATIONS

wHighlydurableflooring. w Gapsin the floor may come and go
wHardnessashighashardwoodflooring seasonally or due to temperature

w May also be applied over radiant floor changes
heatingsystems
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INTRODUCTION

Ecologicakanitation, or Ecosanis a new paradigmin sanitation that recognizeshuman
excretaand water from householdsnot asa waste but asresourceghat canbe recovered,
treated where necessaryand safely used again Tailored to local needs, ecological
sanitation systems, ideally, enable a complete recovery of nutrients in household
wastewaterand their reusein agriculture In this way, they help preservesaoil fertility and
safeguardlongterm food security, whilst minimizing the consumptionand pollution of
water resources

Thebasicprinciple of the Ecosartoilet is separationof faecesand urine; separatestorage
of the two wastesand then application of the nutrients containedin human waste as
manureandfertilizer in agriculture

Typically,the toilet is built on a raised = - Vent Pipe
platform, about 1m high, to create i — Roof
storage spaceat the ground level for
the waste The faecesare stored and
decomposedfor a period of around 6
months and urine is diluted with water
before use Thetoilet hasa specialpan
to separatethe solid and liquid waste
The major challengein the successof
Ecosan is the social and habitual
change which the user should be
comfortable with during use of toilet
andlater, to recyclethe nutrients.
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STEPS OF CONSTRUCTION

1. SITESELECTIOANNDLAYOU DFTOILET

Site selectionfor EcoSantoilet is one of the easiestbut most important steps During
selectionone needsto considerthe position of the emptying hole, urine container and
effective use of space It will be better at to orient the emptying hole at the backsideof
entranceand there shouldbe adequatespacefor emptying After selectionlayoutis done
asperthe drawing

2. EXCAVATIONBRICKWORKIN FOUNDATION
ANDPCGNORK

Excavationis done for wall foundation 12'
incheswide and 18" depth trench is excavated
for foundationwall. Thendry brick solingisdone
and brickworkfor wall is started. Thewall should
rise up to 6" above existing ground level to
insure flooding of water into the vault during
rain. 4 inchthick platform is preparedwith PCC

I

3. BRICKWORKFORCHAMBER

After setting of platform brick work for chamber
is started. Typically4" brick wall is preferred for
chamber construction Chamberis divided into
two vaults by a 4" wall partition. Height of
chamberis generally2 feet. Upon completionof
wall construction internal face of wall is
plastered and punning is done to reduce
possibility of water seepage Finally concreting
of slabis castover the chamberwith pan. Pipe
to convey urine and anal wash water is
concealedn slabwhere as Teefor the vent pipe
is fitted just under the slah Pipefitting work is
more sensitive and it requires proper care to
ensurethat the pipe doesnot move during the
castingof the slabh Otherwiseit makesleakage
of into the chamberand createsmore difficulties
to maintain

4. SUPERSTRUCTURHOILET

Theconcreteslabwill setin few daysand then constructionof superstructureof toilet can
be started The superstructureis similarto an ordinarytoilet. After a complete setting of
the concreteslab,i.e. in 2to 3 weeks, formwork for the slabisremoved

5. PLUMBINGNORK
Finalwork of toilet is plumbingi.e. urine container,vent pipe, blackwater pipe etc fitting
works Plumbermustbe carefulto control leakage



6. SOAKPITORCONSTRUCTEREZETLAND -
FORBLACRNATER
Generallyat the side of urine containera %
soak pit or constructed wetland for the
waste water is constructed Thepit should
be 12 inchesdeep and filled with layer of
aggregateor brick ballets in bottom and
coarsesandlayerat the top.

DOs

wEcosantoilets structure shouldbe constructedabovegroundlevel

wThebaseshouldbe cementedand madeimpervious

w Vent pipe should be provided at the junction of the separation walls of the two
compostingchambergo removeair and gasin the chambers

wThevent pipe shouldbe of adequatesizeand providewith fly net at the top.
wTheholesin RCGlabshouldbe madewith 9¢ and 4¢ pipesat the time of castingof slab
only.

5hbQ¢a

w The structure should be made over a pit of given size only. Do not build the
superstructurewithout castingthe cementbed and proper curingof the same

wDo not makethe RCGlabwithout proper formwork.

wPipesshouldnot be fixed after the squattingslabis cast

w Do not leave the processing

chambers without proper sloping

and waterproofing as water should Locs ™ 2eces and
not enter thesechambers

wDo not leave the chamberopen
asit canleadto health hazardsand

impropercomposting

Vent pipe provided.

Laying of pipes before
casting of slab.

Chamber.

cement bed.

ADVANTAGES DISADVANTAGES

w Ld AYONBFasSa az2AiAf FSNIAAKARSINSESI RS djlda i3

used as fertilizer and prevents water hygiene.
contamination. w {1AftfSR Ylazya | NB
w Ld R2SayQi NXI dzA NB buidfhecorsandrileksA y 3

mechanism. w [/ 2YA0GNHzZO0A2Y A& Y2 NX

w LO NBdzaSa GKS KdzYl yeguaftéilétsS ¢

w 'aSTdA F2NJ gF GSNI f 203 LBR YISYER aK SRKIzOF i h R NI
table areas. acceptance of people.
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