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Introduction

Nepalis locatedin a seismicareafrom time to time earthquakeoccur
whichaffect inadequatelyconstructedhouses,causingmajor damage
andin manycasepartialor total collapse.

Asthe IndiansubcontinentpushesagainstEurasia,pressureisreleased
in the form of earthquakes. Theconstantcrashingof the two plates
formsthe Himalayanmountainrange.

Location of Nepal

Source: USGS; Google Earth
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Earthquake 2015

An earthquakewith a magnitude of 7.8 (Mw) struck at 11:56 NST,
(localtime) on 25April 2015, in the central part of Nepal(Gorkha).

The epicenter was east-southeastof Lamjung, 77 km south-west of
Kathmandu, the depth was15 km(USGS).

Accordingto the statisticsby TheNepalPolice on 22 Junethe number
of deaths8,660andinjured21,952 for the mainshockanddeaths172
and injured 3,470 for the aftershock. It was also reported that more
than 5,000,000 buildingsandhouseswere damagedandabout half of
those hadcollapsed.

Source: U.S. Geological Survey
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Typical damage of masonry structure

Separation of walls

Thefollowingare the mainwaysin whichsuchmasonrystructureareseento
bedamage.

Separationof walls at corners and T-Junctionstakes place due to poor
connectionbetweenthe walls.

Delamination of wall
Delaminationof wall is vertical separationof internal stone and external
stone through middle of wall thickness,this occursdue to mainly to the
absenceof bonding elementsand weak mortar filling in stone masonry
wall.
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Gable wall collapse
In caseof gablewall the triangularof wall hasno restraint. Hence,when
the force is in perpendiculardirection it shakesexcessively. Under such
pull andpusha crackdevelops. In heavyshakingit canalsocollapse.

Typical damage of masonry structure
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Advantage of cement mortar

Thelarge-scaledestructionof housingresultedprimarily from the seismic
vulnerability of un-reinforced masonry houses that predominate
throughout the country. Most houses(85.9% of all housingconstruction)
are low strength masonry stone or brick masonry with 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



Mortar is a paste preparedby addingrequired quantity of water to a
mixtureof bindingmateriallike cementandfine aggregatelike sand.
Depending on the kinds of binding materials used, there are five
categoriesof mortars :Lime Mortar, surkhi Mortar, GaugedMortar,
Gypsummortar, Cementmortar.
Mortarscanalsobe classifiedbasedon natureof application:
Å Bricklayingmortars-usedfor brickworkandwalls.
Å Finishingmortars-used for developingarchitecturalor ornamental

featuresin a structure.
Amongall mortars cementmortar hasprovedits capabilityto develop
good adhesionswith the building units suchas brick, stone etc. since
tensileandshearstrengthare important propertiesfor seismicresistant,
use of mud or very lean mortars is unsuitablein compareto cement
mortar. Cementmortar helpsto carrythe weightplacedon the wall and
sealthe joints where it hasa highdegreeof impermeabilityandis 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.
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Advantage of cement mortar

Cementmortar Mud mortar
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National Building Code, Nepal (NBC)

Code Number Code Title

NBC 000:1994 Requirementsfor State-of-the ςArt Design :An introduction

NBC 101: 1994 Materials Specifications

NBC 102: 1994 Unit Weight of Materials

NBC 103: 1994 Occupancy Load

NBC 104: 1994 Wind Load

NBC 105: 1994 Seismic  Design of Building in Nepal

NBC 106: 1994 Snow Load

NBC 107: 1994 Provisional Recommendationon Fire Safety

NBC 108: 1994 Site Consideration for SeismicHazards

NBC 109: 1994 Masonry: Unreinforced

NBC110: 1994 Plain  and Reinforced  Concrete

NBC 111: 1994 Steel

NBC 112: 1994 Timber

NBC 113: 1994 Aluminum

NBC 114:1994 Construction Safety

NBC 201: 1994 MandatoryRules of Thumb: Reinforced Concrete  Building with 
Masonry Infill.

NBC 202: 1994 MandatoryRules of Thumb: Load Bearing  Masonry

NBC 203: 1994 Guidelinesfor Earthquake Resistant Building Construction : Low 
Strength Masonry

NBC 204: 1994 Guidelinesfor Earthquake Resistant Building Construction : Earthen 
Building (EB)

NBC 205: 1994 Mandatory Rules of Thumb: Reinforced Concrete Buildings Without 
Masonry Infill.

NBC206: 2003 ArchitecturalDesign Requirements

NBC207: 2003 ElectricalDesign Requirements for (Public Building)

NBC 208: 2003 Sanitary and Plumbing Design Requirements

TheDepartmentof UrbanDevelopmentandBuildingConstruction(DUDBC)
of the Ministry of physicalplanningand works (MPPW)developed the
Nepal National Building Code (NBC) in 1993. Improvement
Committee(establishedby the Building Act 1998)authorized MPPW to
implementthe code. TheMinistrypublisheda noticein the Gazettein 2006
andthe implementationof NBCbecamemandatoryin all Municipalitiesand
someVillageDevelopmentCommittees(VDCs)in Nepal.
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Earthquake 2015

The earthquake resistant house
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6.2.4Wall specifications
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6.3.1 Preparation of construction

a) Materials
b) Equipment

6.3.2  Mixture of concrete
6.3.3  Mixture of mortar
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6.3.7  Wall of Brick masonry
6.3.8  Seismic Band
6.3.9  Vertical elements
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6.3.11 Strengthen of Junctions
6.3.12 Casting concrete
6.3.13 Roof
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6. Earth resistant house

14

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

Technology for Earthquake Resistant Building Construction (Stone in Cement Mortar)

Earthquake resistance structures are
designedto withstandearthquakes,while no
structure an be entirely immune to damage
from earthquakes. To construct earthquake
resistantbuilding number of factors suchas
site selection, shape of house, foundation,
plinth, wall, opening,vertical reinforcement,
horizontal band, roof, constructionmaterials
should be considered. The details of the
seismic elements at different level of the
buildingsareclearlyshownin the figure.

Earthquake happen!!!

without band with band

Effectiveness Seismic 
Band

6.1 Main components
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Seismichorizontalband:
A continuousband,alsocalledΨǊƛƴƎōŜŀƳΩis a RCbandat different
levelsin all wallsof the buildingfor tyingwallstogetherto enhance
box action. It improves horizontal bending resistance thereby
preventingout-of-plane collapseof walls. It alsohelps to prevent
shrinkage,temperatureandsettlementcracks.

Main components 

Stone in cement Mortar with R.C. band

Stone in mud Mortar with wooden band
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6. Earthquake resistant house

Lintel band

Stitch band

Roof band 

Sill band 

Plinth band

Seismichorizontalband:

Wooden band can be used in stone/brick masonry with mud
mortar. Well seasonedhard wood without knotsshallbe usedfor
horizontalband. Similarly,timber treatmentsuchasuseof coaltar
or anyother preservativecanprevent timber from beingdecayed
andattackedby insects.
Two main wooden members,75mm X 38mm should be placed
alongwith the wall andshouldbe properlyconnectedwith batten,
50mmX38mm @ 500c/c. Here, stitch (Mid band) shall be
continuous. Main wooden member shall be properly connected
with 4 nailsand batten with 2 nailswhere 5mm woodennail or
3.15mm galvanizedsteelnailcanbeused.
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6. Earthquake resistant house

6.2.1 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

6.2 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
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Tomakeearthquakeresistanthousesuccessfully,designmust havea good
shapeandanadequatedistributionof walls.

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

V Regularity

V Symmetry

Simplerectangularshapesbehavebetter in an earthquakethan shapes
with projections. Torsionaleffects of ground motion are pronouncedin
long narrow rectangularblocks. Thelength of a blockshallnot be greater
than three timesits width of the building.
If longerlengthsarerequiredtwo separateblockswith sufficient
separationbetweenshouldbeprovided.

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

Á It ǎƘƻǳƭŘƴΩǘbe more than 2 storey +
attic incase of the stone and brick
masonrywith cementmortar

Á Incaseof stone/brickmasonryin mud
mortar with wooden band the total
numberof storeyshouldbe limited to
onestoreywhereasif R.Cbandisused
instead of wooden band then one
plusattic floor canbe constructed.

V Numberof storey:

6. Earthquake resistant house

6.2.2 Shape of house wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ2

6.2 Design of house
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V Thebuildingshould
not be too long or
too tall

V Theclearspanof the wallǎƘƻǳƭŘƴΩǘbe
more than 12 times thicknessof the
wallandnot morethan4.5 m.

V Eachroom shouldnot exceed13.5 sq. m.

V Floor height shall not be more than
3.0m. Incaseof attic floor, maximum
height from floor level to ridge level
shall be 1.8 m and maximum height
from floor level to eave level shall be
1.0m.

Shape of house
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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:

V 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.

V 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.

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

V 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.

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

6. Earthquake resistant house

6.2.3 Opening of wall wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ8

6.2 Design of house
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Opening of wall
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Brick/ Stone masonry with mud mortar:

ü Any opening in the wall reduce load bearing capacity against the
earthquake. Thesizeof openingandlocationshouldbe well considered
andcomplywith the followings.
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Brick/ Stone masonry with cement mortar:
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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

6. Earthquake resistant house

6.2.4 Wall specification wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ5

6.2 Design of house

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.
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Materialsusedin buildingconstructionis alsoone of the factor affectingthe
qualityof building. Soqualityof constructionmaterialsusedin construction
hasto be ensuredfor assuringthe final qualityof construction. The required
quality of materials should be decided beforehand the construction is
started; generally it is decided during planning and designingphase.
Dependingupon the constructiontype, structural element and location of
sitethe qualityof materialsrequiredshouldbediffers.
The verycommonlyusedconstructionmaterialsareshownbelowin pictures.

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

6. Earthquake resistant house

6.3.1 Preparation of constructionwŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ10

6.3 Construction of house

a) Materials
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Quality Check!

Stone Brick

GOOD!BAD!

Materials
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Equipment

a. Measurement meter
b. Bar cutter
c. Bar Bender
d. Forceps
e. Saw
f. Wire mesh cutter
g. Drilling machine
h. Concrete drill
i. Wood drill
j. Shovel
k. Hammer
l. Bucket
m. Measurement thread
n. Nail
o. Pencil
p. Imperator
q. Pick axe
r. Crow bar
s. Mortar pan
t. Plumb bob
u. Try square
v. Spirit level
w. Chisel
x. aŀǎƻƴΩǎ ǘǊƻǿŜƭ
y. Steel float
z. Vibrator

a

b

c

d

e

f

g

h

i

6. Earthquake resistant house

6.3.1 Preparation of constructionwŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ10

6.3 Construction of house
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Equipment
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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.

6. Earthquake resistant house

6.3.2 Mixture of concrete wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ10

6.3 Construction of house
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Mixture of concrete
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Mixture of concrete
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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.

6. Earthquake resistant house

6.3.2 Mixture of mortar wŜƭŀǘŜŘ aƛƴƛƳǳƳ ǊŜǉǳƛǊŜƳŜƴǘ bƻΩ10

6.3 Construction of house
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Mixture of mortar

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.

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

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



34

Thefirst importantstepin constructionof a foundationis the layout.It isan
essentialprocedurebefore the start of work. Cleanthe ground from all
organicor anyodd elements. Thentightenedthe ropesusingtrestlesmade
by wood polesnailedto a transversalstickandembedit to the ground,as
shownin the figure. Trestlesare placedat externalpart of build. Checkthe
angleof 90{at the cornersmakingtriangleof 3-4-5 length sides}asshown
here. Usechalkor gypsumpowderto mark.

1. Layoutplan

2. Excavation

It is important that foundation to be leveledbelow the ground level, on
naturalsoilat a depthnot lessthan 1.0 m. If thicknessof the shallowlandfill
is greaterthan 1.0 m the trench shouldbe overexcavateduntil it reachthe
naturalsoilandrefilledwith simpleconcrete.

6. Earthquake resistant house

6.3.4 Construction sequence

6.3 Construction of house
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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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Construction Sequence

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.
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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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Foundationis a bottom-most part of the building which transfer
the weight of the building to the ground. It plays vital role in
overall stability of the structure. Foundation for a particular
structure dependson type of structure and foundation sub soil.
The foundation trench should be of uniform width and its bed
shouldbeon samelevelthroughoutthe flat area.

Thebasewidth of foundationisvarieddependson:
Wallmaterial: Stoneor Brick
No. of storey: 1 storeyor 2 storey
Bearingstrengthof ground: Soft,Mediumor Hard

6. Earthquake resistant house

6.3.5 Foundation

6.3 Construction of house



Foundation

Foundationfor masonryBuilding
ü For load bearingwall construction,strip footing of masonry,plain

concreteor RCiscommonlyused.
ü RC strip footing is most effective for seismic and settlement

considerationin softaswellasfirm soils.
ü Masonryfootingsaremostfrequentlyused.

The depth of footing in the soil should go below the zone of deep
freezingin cold regionsand below the level of shrinkagecrackin clay
soil. It is the most commonstrip foundation,whichcanbe constructed
in cementor mudmortar. Thistypeof footing isgenerallymadeof 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. Thefootingwall maybe
of brick or stone dependingupon the availabilityof it and the mortar
alsomudor the cement.
Theminimumsizeof foundationfor masonryfooting in different types
of foundationsub soil and different no. of storiesshouldbe asshown
belowin first table. Thefollowingpictureexplainsthe procedureof wall

makingwith stoneor brick.
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Masonry Type No. of storey Soft Medium Hard

Brick Two 900 650 450

One 650 550 450

Stone Two NA 800 600

One 800 600 600

Minimum base width(mm) of wall footing for soil type
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