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Roof Band: RCC: Concrete 1:1.5:3

Reinforcement mainbar 12mm*4, 

Foop6mm@150mm

Lintel Band: RCC: Concrete 1:1.5:3

Reinforcement mainbar 12mm*4, 

Foop 6mm@150mm

Vertical reinforcement:

reinforcement 12mm rebar

Sill Band: RCC: Concrete 1:1.5:3

Reinforcement mainbar 12mm*2, 

Foop6mm@150mm

Plinth Band: RCC: Concrete 1:1.5:3

Reinforcement mainbar 12mm*4, 

Foop6mm@150mm

Foundation: Stone masonry in 

cement mortar 1:4

Wall: Stone masonry in cement 

mortar 1:4
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1.1 Housing reconstruction
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TheApril 25th 2015and May 12th 2015 earthquakesin Nepal
caused widespread damage to housing in the affected
districts, as well as loss of life of almost 9,000 people. The
Governmentof Nepal figures indicate that 602,257 houses
were fully damaged, and 285,099 houses were partially
damaged.

The large-scale destruction of housing resulted primarily
from the seismic vulnerability of un-reinforced masonry
houses that predominate throughout the country. Most
houses(85.9% of all housingconstruction)are low strength
masonrystone or brick masonrywith mud mortar, without
seismic-resilientfeatures.
Figuresshowthe numberof housesdamagedin 31districts.

62.8%23.1%

2.4%

8.7% 0.8% 2.2%

Damage of each Building type

Fully collapsed
Low strength masonry

Partially damaged
Low strength masonry

Fully collapsed or Beyond repairs
Cement based masonry

Partially damaged
Cement based masonry

Fully collapsed or Beyond repairs
Reinforced Concrete frame

Partially damaged
Reinforced Concrete frame
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The Governmentof Nepal Post DisasterNeedsAssessment
(PDNA)set out principlesfor housingand humansettlements
recoveryandreconstructionasfollows:

1. Encouragethe participation of communities by empowering
them to take control of reconstruction of their houses and
ensuringfacilitationof OwnerDrivenReconstruction.

2. A comprehensiveview of housingreconstructionshouldinclude
holistichabitat development,with basicservicesandcommunity
infrastructure. The principle of build back better (BBB)should
translateinto a conceptof safersettlements.

3. Reconstructionshouldbe seenas a vehicle to build long-term
community resilience by reducing vulnerabilities and
strengtheningcommunitycapacitiesto mitigate future disasters
through improvedconstructionpracticesfor the majority of the
buildingstockin the country.

4. Strengthen the local economy through reconstruction and
processesthat work to the benefit of the poor andmarginalised
sectionswho are mostly in the informal sector. Reconstruction
should provide an opportunity for the poor to upgrade their
livingconditions.

5. Ensure sustainable and environment-friendly reconstruction
processes,taking note of climate change, natural resource
managementandscientificriskassessments.

6. Ensurethat rehabilitationisequitableandinclusive.

Heavy Damaged house by 25th April,2015
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1.2 Design Catalogue for
Reconstruction of earthquake resistant houses

Designcataloguefor reconstructionof earthquakeresistant
houseshas been produced by the Department of Urban
Development and Building Construction (DUDBC) to
support rural householdsin the reconstruction of their
houses.
The objective of this document is to provide rural
households with clear guidance regarding earthquake
resistant construction techniquesand to support them to
have house designs in compliance with the National
BuildingCodeof Nepal.

Designsincludedin the DesignCataloguefor Reconstruction
of Rural Housing can be selected and used as is, the
prototype designs, or can be adapted based on the
parameters as defined in the National Building Code of
Nepal,the flexibledesigns. Oncea designhasbeenselected
this can be usedby the householdas part of the building
permit applicationprocess.
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List of Model Houses in design catalogue Vol.1

GROUND FLOOR PLAN
FLOORAREA: 39.69sqm



1.3 Earthquakes

An earthquakeis a suddenand violent motion of the earth
causedby plate tectonicswhich lasts for a short time, and
within a very limited region. Most earthquakeslast for less
than a minute. The larger earthquakesare followed by a
seriesof after shockswhichalsomaybedangerous.

Nepal is located in a seismic area From time to time
earthquake occur which affect inadequately constructed
houses,causingmajor damageand in many casepartial or
total collapse.

As the Indian subcontinent pushes against Eurasia, pressure is 
released in the form of earthquakes. The constant crashing of 
the two plates forms the Himalayan mountain range. 

Source: USGS; Google Earth
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ü Gable wall collapse
In caseof gablewall the triangularof wall hasno restraint. Hence,when
the force is in perpendiculardirection it shakesexcessively. Under such
pull andpushacrackdevelops. Inheavyshakingit canalsocollapse.

1.4 Effects of Earthquake on Buildings 

During an earthquake,a building is shakingin all possible
directions. The shaking loosens the joints of different
componentsof buildingthat leadsto subsequentdamageor
collapse.

Typical failure pattern of masonry structure

ü Separation of walls
Separationof wallsat cornersand T-Junctionstakesplacedue to poor
connectionbetweenthe walls.

ü Delamination of wall
Delaminationof wall is verticalseparationof internalstoneandexternal
stonethroughmiddleof wall thickness,this occursdue to mainlyto the
absenceof bondingelementsand weakmortar filling in stonemasonry
wall.
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Earthquake resistant design

Eg:.Technology for Earthquake Resistant Building Construction 
(Charikot, Dorakha)

Earthquake-resistant structures are designed to withstand
earthquakes. while no structure can be entirely immune to
damagefrom earthquakes.
Toconstructearthquakeresistantbuildingno. of factorssuch
as site selection,shapeof house, foundation, Plinth, walls,
opening, vertical reinforcement, horizontal Band, roof,
materialsshould be considered. The details of the seismic
elementsat different levelof the buildingsare clearlyshown
in the figurebelow.

11
Technology for Earthquake Resistant Building Construction 

(Stone in Cement Mortar)

Roof band:Rcc:Concrete1:1.5:3 
Reinforcement mainbar12mm *4,
Stirrups 6mm@150mm

Wall:Stonemasonry in cement 
mortar 1:4

Stich Band Rcc:Concrete1:1.5:3
Reinforcement mainbar8mm *2,
Stirrups 6mm@150mm

Sill Band Rcc:Concrete1:1.5:3
Reinforcement mainbar12mm *4,
Stirrups 6mm@150mm

Lintel Band Rcc:Concrete1:1.5:3
Reinforcement mainbar12mm *4,
Stirrups 6mm@150mm

Plinth Band Rcc:Concrete1:1.5:3
Reinforcement mainbar12mm *4,
Stirrups 6mm@150mm

Foundation Stone masonry in cement 
mortar 1:4

Vertical reinforcement:
Reinforcement 12mm rebar
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Earthquake 2015

Seismichorizontalband
A continuous band, also 
ŎŀƭƭŜŘ ΨǊƛƴƎ ōŜŀƳΩ ƛǎ ŀ w/ 
band at different levels in 
all walls of the building for 
tying walls together to 
enhance box action. It 
improves horizontal 
bending resistance thereby 
preventing out-of-plane 
collapse of walls. It also 
helps to prevent shrinkage, 
temperature and 
settlement cracks.

The earthquake resistant house

Components of building 
The pictures shows the main components of building.

Earthquake happen!!!

without band with band

Effectiveness Seismic Band

Lintel band

Stitch band

Roof band 

Sill band 

Plinth band

Seismic Horizontal wooden band
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1.6 Advantage of cement mortar
Mortar is a pastepreparedby addingrequired quantity of water to a
mixtureof bindingmateriallike cementandfine aggregatelike sand.

Cementmortar helpsto carry the weight placedon the wall and seal
the joints where it has a high degreeof impermeabilityand is more
proneto shrinkagethan othersmortar.

Advantagesof cementmortar overother mortars:
Á It givesstrengthto masonry.
Á It isanexcellentbinding material.
Á It iseasily workable.
Á It offersgoodresistanceto moisture
Á It possessgoodplasticity.
Á It hardensearlyandstartsgainingstrengthin around10hours.

Cement mortar Mud mortar 

Bonding Strength 

Compressive Strength 
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Earthquake 2015

Part 2:The earthquake resistant house

2.1   Design of house
2.2    Construction

2.2.1 Preparation of Construction
2.2.2 Appropriate Construction  process
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Earthquake resistant house

a. Site selection

Adequatelocations: Safeplaceto build housesare those locatedfar from
areaswherenaturalHazardsmayoccur.

Buildingbuilt on sites with a narrow hill ridge,
separatedhigh hills, steepslopesor complicated
terrain are susceptibleto damagethan a building
built on siteswith plain topography. sosuchsites
should be avoidedas far as possible. However,
buildingscan be constructedin suchareasafter
the provisionof proper precautionby retaining
walls and its periphery must be improved by
terracingandconstructingbreast.

V Do not select landside prone  area 
Landslides usually completely wash out
buildingslying in its course. Rockfall damages
buildings partially or completely. so its better
not to selectthe siteson landslidepronearea.

V Donot selectnearsteepslope

V Do not select near river bank
Since river banks are susceptible to frequent
flooding and to liquefaction. Buildingsshouldbe far
enough from the flooding zone of river and
constructionin suchareasshouldbe undertakenonly
after carrying out necessaryprotection works to
avoidflashfloodandearthquakedamage.

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ1

2.1 Design of house
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Site selection

In a back filled area, the bearing capacity of
foundation sub soil is low and settlement of
foundation may occur. Also, foundation may be
exposeddue to easyscouringof backfilledsoil .If
a buildingis to be constructedon a filled ground,
the foundation shouldbe deep enoughso as to
reston firm soilandnot on filledup soil.

V Donot selectfilled or soft ground

V Do not select Rock fall Area

V Do not select Geological  fault or Ruptured Area

V Do not select Liquefaction susceptible Area



b.Shapeof house
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To makeearthquakeresistanthousesuccessfully,designmust havea
goodshapeandanadequatedistributionof walls.

The building, as a whole or its individual blocks, shall be planned
symmetricalasfar aspossible.

ü Regularity

ü Symmetry

Simplerectangularshapesbehavebetter in an earthquakethan shapes
with projections. Torsionaleffectsof groundmotion are pronouncedin
long narrow rectangular blocks. The length of a block shall not be
greaterthan three timesits width of the building.
If longerlengthsarerequiredtwo separateblockswith sufficient
separationbetweenshouldbe provided.

According to National Building Code, Nepal, the minimum requirement 
that should be considered are as follows:

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ2

ü Numberof storey:

Á It ǎƘƻǳƭŘƴΩǘbe more than 2 storey + attic incaseof the stone and
brickmasonrywith cementmortar

Á Incaseof stone/brick masonryin mud mortar with wooden band
the total numberof storeyshouldbe limited to onestoreywhereas
if R.C band is used instead of wooden band then one plus attic
floor canbe constructed.

Earthquake resistant house
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ü Thebuildingshould
not be too long or
too tall

ü Spanof wall
The clear spanof the wall ǎƘƻǳƭŘƴΩǘbe

more than 12 times thicknessof the wall
andnot morethan4.5 m.

ü Sizeof Room
Eachroomshouldnot exceed13.5 sq. m.

ü Heightof wall
Floor height shallnot be more than 3.0m.
Incaseof attic floor, maximumheight from
floor level to ridge levelshallbe 1.8 m and
maximumheight from floor level to eave
levelshallbe1.0m.

Earthquake resistant house

b.Shapeof House

2.1 Design of house



C. Openingof wall
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2.1 Design of House

Openingsare the voidsin walls to makethem weak. so, their sizesand
locationsare to be carefullydecidedwhile Construction. Someof rules
for sizeand locationof openingsin masonrybuildingsare shownin next
page. Followingarethe guidelineson the sizeandpositionof opening:

ü The total lengthof openings
It shouldnot be more than 50%of total lengthof the wallsin casethe
building is of singlestorey. But it should not be more than 42% at
groundfloor whenthe buildingis2 storied.

V Distanceof openingfrom the endof awall
It shouldbe more than ¼of the heightof the openingbut not lessthan
0.6 m.

V Thehorizontaldistancebetweentwo openings
It shouldnot be lessthan half of the heightof the shorteropening,but
not lessthan0.6 m.

V Theverticaldistancebetweentwo openings
If there are two openingsin the height of a wall, then verticaldistance
betweenthe two openingsshouldnot be lessthan 600 mm or 50% of
the width of the smalleropening.]
V Whenthe openingsdo not complywith requirementsabovepoints,

they should either be boxed around in reinforced concrete or
reinforcing bars provided at the jambs through the masonry as
shownin figurebelow

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩу
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Largesizesand inappropriate locationsof openingare another causeof
severedamageof masonrybuildings.

Openingsare the voids in walls to make them weak. so, their sizesand
locationsare to be carefullydecidedwhile Construction. Someof rulesfor
sizeand locationof openingsin masonrybuildingsareshownin next page.
Followingarethe guidelineson the sizeandpositionof opening:

ü The total lengthof openings
It ǎƘƻǳƭŘƴΩǘexceed30% of the length of the wall between consecutive
cross-walls in single storey mud masonry whereas incase of cement
masonry construction, it ǎƘƻǳƭŘƴΩǘexceed 50 % in single storey
constructionand42%in two storeyconstruction.

ü Distanceof openingfrom the endof a wall
Openingsare to be locatedaway from insidecornersby a clear distance
equalto at least¼of the heightof the opening,but not lessthan 0.6m.

ü Thehorizontaldistancebetweentwo openings
It shouldnot be lessthan half of the heightof the shorteropening,but not
lessthan 0.6 m.

ü Theverticaldistancebetweentwo openings
If there are two openingsin the height of a wall, then vertical distance
betweenthe two openingsshouldnot be lessthan 600mm or 50%of the
width of the smalleropening.

ü When the openingsdo not comply with requirementsabovepoints,
they should either be boxed around in reinforced concrete or
reinforcingbarsprovidedat the jambsthrough the masonryasshown
in figurebelow

C. Opening of wallwŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ8

2.1 Design of House
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Earthquake resistant house

2.1 Design of house
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V Laying masonry
Masonry should not be laid staggeredor straggled in order to avoid
continuousvertical joints. At corners or wall junctions, through vertical
joints should be avoided by properly laying the masonry. It should be
interlocked.

V Mortar Mixture
Mortar joints should not be more than 20mm and less than 10mm in
thickness. Theratio recommend1:6(Cement: Sand).

V Through-stone
Through-stoneof a lengthequalto the full wall thicknessshouldbe usedin
every600mm lift at not morethan1.2 m aparthorizontally.

MASONRYTYPE MASONRYTYPE

One Two Two plus Attic

Stone 350-450 450 450

Brick 230 350 350

2.1 Design of  house

d.WallspecificationwŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ5

V Thickness of wall

V KeyTechnicalPoints
Å Thepressureactingon stonesshouldbevertical.
Å Dressedstonesarepreferablethannaturalroundshapedstones.
Å Brokenor smallstonesshouldnot beused.
Å Throughstone shouldbe laid in every600mm lift and not more than

1.2m aparthorizontally.
Å Wet stoneshouldbeusedto avoidsuckingmoisturefrom mortar.
Å Stoneshouldbecleanedno to lossbondingstrengthwith mortar.
Å Mortar shouldbepackedandchippedin properlywithout voidspace
Å Mortar joint shouldnot be in onecontinuousverticalline.
Å Theplumbbobshouldbeusedto checkverticality.

Through stone



e.Seismichorizontalband:
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Related Minimum requirement 
bƻΩпΣbƻΩт ŀƴŘ bƻΩу

Earthquake resistant house

2.1 Design of house

A continuous band, also called ΨǊƛƴƎōŜŀƳΩis a RCband at
different levelsin all wallsof the buildingfor tyingwallstogether
to enhanceboxaction. It improveshorizontalbendingresistance
therebypreventingout-of-planecollapseof walls. It alsohelpsto
preventshrinkage,temperatureandsettlementcracks.

Stone in cement Mortar with R.C. band

Stone in mud Mortar with wooden band
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ü Plinthband
Thisbandis providedwheresoil is soft or unevenin their properties. It may
alsoserveasadamp-proofcourse.

ü Sillband
Thisbandisprovidedjust belowthe windowopeningsthroughall wallsat the
bottom .it becomescriticalif the floor heightishigh.

ü Lintelband
A lintel band shall be provided through all walls at the top level of opening. 
thus the top-level of all the openings shall be made equal as far as 
practicable. it must be provided in all stories of the building as per table.

ü Roofband
Thisband shallbe providedat the eave-level of trussedroofs and also just
below the joists on all such floors which consist of joists and covering
elements(flexiblefloors),so asto integratethem properlyat their endsand
fix theminto the walls

Earthquake resistant house

tNnfsf] ;+Vof 808Lsf] Aof; 
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@ tNn] !^ ld=ld



25

Materials used in building construction is also one of the factor
affectingthe quality of building. Soquality of constructionmaterials
usedin constructionhasto be ensuredfor assuringthe final qualityof
construction. The required quality of materialsshouldbe decided
beforehandthe constructionis started; generally it is decided during
planninganddesigningphase. Dependinguponthe constructiontype,
structural element and location of site the quality of materials
requiredshouldbediffers.
The verycommonlyusedconstructionmaterialsare shownbelow in
pictures.

Boulder stone (River round stone)
shouldnot be used. Needtreatmentof
shape.

Earthquake resistant house

2.2 Construction

2.2.2 Preparation  of  Construction

Materials
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Quality Check!

Stone Brick

GOOD!BAD!
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2.2 Construction

a.Mixture of concrete 

2.2.2  Appropriate  Construction  Process:

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ10

Cementconcreteis a mixture of cement,sand and stone aggregatesin a
specifiedproportions. Mixingmaybe done by mixer machineor by hand,
Preferable is mixing by machine as it gives uniform quality and
homogeneousconcretemix. Procedurefor mixing concretemanuallyhas
beenexplainedin the followingdiagrams.
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2.2 Construction

a.Mixture of concrete 

2.2.2  Appropriate  Construction  Process:

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩмл
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2.2 Construction

a.Mixture of Mortar

2.2.2  Appropriate  Construction  Process:

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩмл

CementMortar isa pastepreparedby addingrequiredquantityof water to a
mixtureof bindingmateriallike cementandfine aggregatelikesand. Forthe
preparationof goodmortar there shouldbe qualitycement,sandandwater
with appropriate proportions. Procedure to mix the mortar has been
explainedin the followingdiagrams.
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Mixture of Mortar

an agfpg]tl /sf
; 's]sf]an hfFRg]tl /sf

The soil for preparation of mud mortar should be free from organic
materials. It shall also be free from pebblesand other hard materials
which could upset the mortar thickness. The sandcontent in the mud
shallnot be more than 30 %in order to achievea proper cohesiveness.
Drymud shallbe thoroughlykneadedwith water in order to preparethe
densepaste.

FieldTest
a. Drystrengthtest
Fiveor Sixsmallballsof soilof approximately2 cmin diameteraremade.
Once they are dry (after 48 hours), each ball is crushedbetween the
forefingerand the thumb. If they are strongenoughthat none of them
breaks,the soil hasenoughclay to be used in the adobeconstruction,
providedthat somecontrol over the mortar micro-fissurescausedby the
dryingprocessis exercised,asshownin figurebelow. If someof the balls
break,the soil isnot consideredto beadequate,becauseit doesnot have
enoughclayandshouldbediscarded.

Mud mortar
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Foundation is a bottom-most part of the building which
transferthe weightof the buildingto the ground. It playsvital
role in overall stability of the structure. Foundation for a
particular structure depends on type of structure and
foundation sub soil. The foundation trench should be of
uniformwidth andits bedshouldbe on samelevelthroughout
the flat area.

2.2 Construction

c. Foundation

2.2.2  Appropriate  Construction  Process:

wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ3



Foundation

Foundationfor masonryBuilding
× For load bearing wall construction, strip footing of

masonry,plainconcreteor RCiscommonlyused.
× RC strip footing is most effective for seismic and

settlementconsiderationin soft aswell asfirm soils.
× Masonryfootingsaremost frequentlyused.

The depth of footing in the soil should go below the zone of deep
freezingin coldregionsandbelowthe levelof shrinkagecrackin claysoil.
It is the most commonstrip foundation,which can be constructedin
cementor mud mortar. Thistype of footing is generallymadeof steps,
the width at the bottom being more and the width at the top of the
footing is equalto the width of the wall above. Thefooting wall maybe
of brickor stonedependinguponthe availabilityof it andthe mortar also
mudor the cement.

Theminimumsizeof foundationfor masonryfooting in different typesof
foundationsubsoilanddifferentno. of storiesshouldbeasshownbelow

in table.

32

Typesof Masonry Storey Soft Medium Hard

Brick 2-Storey 900 650 450

1-Storey 650 550 450

Stone 2-Storey - 800 600

1-Storey 800 600 600
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2.2 Construction

c. Foundation

2.2.2 Proper Construction  Process:
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Foundation

Foundation Detail for Mud Mortar
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Thefirst importantstepin constructionof a foundationis the layout.It is
anessentialprocedurebeforethe start of work. Cleanthe groundfrom all
organicor any odd elements. Then tightened the ropes using trestles
made by wood polesnailed to a transversalstick and embed it to the
ground, as shown in the figure. Trestlesare placedat external part of
build. Checkthe angleof 90{at the cornersmakingtriangleof 3-4-5 length
sides}asshownhere. Usechalkor gypsumpowderto mark.

1. Layoutplan

2. Excavation

It is important that foundationto be leveledbelow the groundlevel,on
natural soil at a depth not lessthan 1.0 m. If thicknessof the shallow
landfill is greaterthan 1.0 m the trench shouldbe overexcavateduntil it
reachthe naturalsoilandrefilledwith simpleconcrete.

2.2 Construction

d. Construction Sequence

2.2.2 Proper Construction  Process:



36

3. Laying Brick Bedding 

The excavated area is then filled by  a layer of brick.

4. Placing lean concrete 

The layer of brick is covered by lean concrete 

5. Construction of Foundation with 
installation of vertical Rebar

Reinforcement bars are placed and fixed into the foundation

Construction Sequence
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After the reinforcementa layerof concreteisplacedoverleanconcrete.

6. Construction of plinth band 

7. Construction of Masonry wall and RC bands

8. Construction of Corner and transverse bands

Masonrywall is constructedaboveplinth bandandopeningsaremadeandRC
bandsareplacedover, middleandundermasonrywall.

After the completion of the opening,the constructionof the masonrywall is
stoppedto constructthe cornerandtransverseband.

2.2 Construction

d. Construction Sequence
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After the construction of wall , roof is placed over it.

11. Installation of roof 

9. Construction of lintel band:

9. Construction of lintel band:

After completion of lintel band, masonry wall is constructed and above 
that roof band is constructed and above that timber truss is made.

A continuous lintel band is constructed through walls at the top level of 
opening.

Construction Sequence
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Treatment of shape Mixing mortar

Though Stone Laying properly

Bar bending Fook 135degree

Seismic band Seismic band


