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1. Background

On 25" April, an earthquakeof magnitude7.8 struckwith epicenter
in Barpak Gorkha Where severalaftershockswere still being felt,
meanwhile another major aftershockhit Sindupalchowldistrict on
12h May, 2015

Two or more than two storey low strength masonry structure
constructedwith mud mortar are mostly damagedand destroyed
Thesestructureare predominatein the rural areaof Nepal
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Under Housing reconstruction programme in order to make the
earthquakeresistancebuildingsthat are to be constructed,NRAhas
formulateda minimumrequirements(MRs)basedon the NBC105.
TheMRsclearlystatedthat for the buildingswith stone/brickmasonry
in mud mortar, the number of story is restricted to only one story if
wooden bandis used,whereasif RCband s used,allowablenumber
of storyis one story plusattic, basedon structuralanalysis

Nevertheless the people tends to construct two story building to
meet their living functional requirement And other reasonis people
have felt risk of multi stotey building constructedwith low strength
masonrystructure. Hence they havebuilt the upper story mostly with
timber frame structure usingthe availablematerialssuchas CGlsheet
on the masonrystructureat groundfloor.

Hybridstructureis hugedemandin the reconstructionfield..

Therefore, in order to ensure the safety of these building against
earthquake load and wind load, it has become an urgent task to
make the construction guideline along with proper connection
detailsand standardsof hybrid structures
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2. Definition of hybrid structure

Hybrid structure (Mix structure) is the combinationof two or more
type of structural systemthat is generallyconstructedwith different
technologyand materialsin accordancewith levelof floor.

Thehybrid structurein this manualrefer to suchstructureswherethe
ground floor is constructedby masonrystructure and the first floor
by timber or steelframe structure with lightweightsuchasCGlsheet
or woodenplanks

First floor: Frame structure
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Ground floor: Masonry structure
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Current trend of hybrid structures
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3. Limitationof this manual

Limitations

Under the GoN housing reconstruction programme, this manual
coversonly hybrid structure that are newly constructedor under
construction

Thismanualhas certain limitations and is only relevantfor buildings
whichare:

|.Residentiabndfall undercategoryW¥ /ail ¥ S0KNBC

V Category'A": Modern buildingto be built, basedon the international state-
of-the-art, also in pursuanceof the building codes to be followed in
developedcountries

V Category'B": Buildingswith plinth areaof more than One Thousandsquare
feet, with more than three floors including the ground floor or with
structuralspanof morethan 4.5 meters

V Category'C": Buildingswith plinth areaof up to One Thousandsquarefeet,
with up to three floors includingthe groundfloor or with structural spanof
upto 4.5 meters

V Category'D": Smallhouses shedsmade of bakedor unbakedbrick, stone,
\_ clay,bamboo,grassetc., exceptthosesetforth in clauseqa), (b) and(c) )

Applicability

Thismanualis preparedon the basisof NBA.05 NBQ.04andIS875,
Thedesignsmentionedin the manualare readyto-usedesignsfor all
structuralcomponents



ason ry structure

Timber structure

Hybrlﬂ structure

" cover only those

This manual is mtend___ to

buildings that are ‘constructed using load
bearingmasonrystructuresin groundfloor and
frame structure with light weight wall in first
floor.
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Construction methodology

The masonry structure at ground floor shall consist of all the
earthquakeresistantelementssuchas horizontaland vertical bands
RC or wood both canbe usedto constructthese bands,but it shall
be compliantwith the respectiveminimumrequirements

Thefirst floor shallbe timber frame structure. Since,no any specific
guidelines has been made till date, different construction
technologiegesultingfrom connectiondetailsto materialsis usedfor
construction of timber framed structures Any construction details
with referenceto the provided specificationshall be followed in first
floor.

Thefirst floor canbe constructedwith steelframe structure, but the
strength of each structural items shall be equivalent to required
strengthmentionin this manual

Inspection methodology

Underreconstructionprogramme if conditionsof buildingare below,

inspectionshall be basedon specificationprovided in this manual

hence,structuralcalculationis not required

1. Upto two storey, ground floor with masonrystructure and first
floor with timber structure.

2. Firstfloor areashallnot be more than groundfloor area

3. Heightof buildingis lessthan 3m for groundfloor and 2.5m for
first floor.

However if upper storeyhasattic, structural calculationis mandatory
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ConstructionSequencef hybrid structure

1.Install base plate as horizontal
memberabovethe floor band of the
masonry wall. Properly, connect
these baseplate with the floor band
using the appropriate connecting
materials
Incaseof wooden floor band if the
sizeof main wooden memberis as
per the required size of base plate
then baseplate can be ignored, else
install base plate abovethe wooden
floor band

2. Install vertical member at required
spacingon base plate with proper
connection It shall be continuous
from baseplate to top plate.

3. Install bracing member at each
corners of building symmetrically
usingrequiredsizeand numbetr

4. Constructwoodentrussesfor roof by
properly connectingit with the top
plate.
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4. Failure pattern of hybrid structure
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The horizontal ground motion is similarto the effect of a horizontal
force acting on the building, hencethe term a { SAR XA &€

G I 0[S iR ésed As the base of the building movesin an
extremelycomplicatedmanner,inertia forcesare createdthroughout

the massof the buildingandits contents It is thesereversibleforces
that causethe buildingto moveand sustaindamageor collapse
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Failure of ground floor

J

S Failure offifstfloorj
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Typical failure pattern of first floor

Failurepatternl:
If capacity of elements resisting againstlateral loads is not
\ enough,the buildingwill be partially or totally collapsed

Failurepattern2: ha
If there is poor connectionbetweenthe groundfloor andfirst
floor with rigid structure, the building might tends to
\ uplifting/rockingor slidingbehavior

J
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5. Timing of executing inspection

MASONRY STRUCTURE

Final inspection

2nd inspection
-

=

inspection

1stinspection

Thefirst inspectionshallbe done after completionof the constructionup to

plinth level The appropriate inspection sheet accordingto the masonry
typologymentionedin annex10in inspectionguidelinesshallbe usedduring
the inspection If the structure is found to be compliant then it can be
certified for receiving2" tranche, else the correction order shall be given
usingthe forms providedin annex11.

2nd inspection

Thesecondinspectionshallbe done after completionof the roof bandof one
story and the first floor of the multistory house, the beneficiariesshould
apply for the inspectionof the house and third installment usingthe form
provided in annex 6. Technicallnspection Team should use the form in
Annex13 to certify the house if the constructed house is accordingto
earthquakeresilientdesignandapproveddesign

If correction hasto be made, annex 11 form shall be used by Technical
assistancdeaminformingaboutthe thingsto be correct
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Final inspection

The final inspectionshall be done after completion of the roof. Technical
InspectionTeamshould inspectand fill the form as specifiedin Annex15
and if the constructed house is found to be as approved design and
earthquake resilient then it is recommendedfor ¢cHouse reconstruction
completionOS NI A FA OF G S¢



INSPECTION GUIDELINES

@ Inspectionguidelineswas publish

Po—— by NRA under Earthquake
ey qAf g affected building reconstruction
 —— Act, 2072for inspectionof under
construction or constructed
building under Housing

reconstructionprogramme
st smarar gﬂﬁ'ﬂfﬂl’ It consistof the procedureof the

yifafas féraror Frdfafy,rows grant distribution along with

several numbers of inspection
forms for varioustypology of the
buildingsthat needsto be used
during inspection of each
individualbuildings

e

Government of Nepal

National reconstruction authority
Singhadurbar, Kathmandu

INSPECTION MANUAL o 5 oo

g |

Inspectionmanual was prepared A E ,} -

to make the inspection easy for INSPECTION MANUAL
masonry and RCChouses and i '
systematic for safer ,strong =gl @ | K
construction on the basis of : for-=" i
Grant Distribution Guidelines Houses that has been built under
2015 HOUSING RECONSTRUGTION PROGRAMME

-

It consist of the procedure to
inspectthe housesto ensurethe
reconstructed building to be
earthquake  resistant and
inspector can choose eligible B B o016
house owner for receiving the
subsidy
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5. Timing of executing inspection

HYBRID STRUCTURE

e ~

4 Final inspection

~

———— e ————————

1

2"d inspection

o

rererare 1Stinspection

h--------------------

/

1st inspection

In order to carry out the first inspectionof the hybrid structure, where the
groundfloor is constructedusingload bearingmasonrythe inspectionshallbe
done on the basisof appropriate inspectionforms (Annex 10) provided to
inspectmasonrybuilding Here,the structure shallbe constructedon the basis
of MRs It shallbe complaintto all the MRsor exceptionalcasesl|f it is found
to be non compliantcorrectionorder shallbe givenusingthe form providedin
annex11.

EEEm..  Rowwon o ao vz v Ry 1-ReCC
v o ok o0 irmer e
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Timing for 3 inspection Sample from for % Inspection
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2nd jnspection

After completion of constructionup to floor level, the 2" inspectionis carried
out . Since,the groundfloor is constructedusingmasonrystructure, the forms
that shallbe usedto inspectis sameasthe inspectionforms usedto inspectthe
masonrybuilding(Annex13) .

Here, the super structure shall have all the earthquakeresistantfeatures and
constructedon the basisof MRs If it is found to be non compliant correction
order shallbe givenusingthe form providedin annex11.

Timing for 29 inspection Sample form for 2 Inspection

Final inspection

The final inspection shall be
doneusingthe inspectionform
for hybridstructure.

If all the description provided
in the inspection sheet are
found to be compliantthen the
building completion certificate
(Annex16) canbe provided

Timing for final inspection
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PARTL: Backgroundand Characteristics of Hybritructure

Scenario of construction/inspection

If second inspection of masonry structure is
satisfied/compliant, upper structure as hybrid can be
build.

Upper structure haveto follow specificationprovidedin
this manual

20



Scenario of construction/inspection

When upper story is completed, tHmal inspection shall
be done usinghe form forhybrid structure.

21



PARTL: Backgroundand Characteristics of Hybritructure

Components of Inspection of hybrid structure

Duringthe inspectionof hybrid structures,the main structural part of
first floor shallbe inspected Unlessthe projection of the buildingis
within the MRs,the inspectionof the verandahcanbe ignored Since,
this manualhasbeen preparedon the basisof the MRsof masonry
structures hence, if the projection (Verandah)in the first floor
exceedsthe MRsthen the detail structural calculationshallbe done
separatelyto strengthentheseareas

22



PART2: Technical Specification
of Hybrid Structure

Key inspection items of hybrid structure

1. Shape and Size of building
2. Materials

3. Connections and Joints

4. Frame action

5. Roof
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Key inspection items of hybrid structure

Roof

Frame action
(Vertical, Horizontal and bracing)

T
JAREUA I

——

Connections and Joints

Materials

Shape and Size of building
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Key inspection items of hybrid structure

. Shape and Size of building

Simplerectangularshapesbehavebetter in an earthquakethan shapeswith
projections Theinertiaforcesare proportionalto the mass(or weight) of the
buildingand only buildingelementsor contentsthat possessnasswill give
riseto seismidorceson the building

. Materials

Inadequate materials does not have sufficient stability and strength to
withstand the lateral forces Hence, use of these substandardmaterials
mightleadsto the failure or ultimatelycollapseof the overallstructure

Connections and Joints

If there is poor connectionbetweenthe groundfloor andfirst floor with rigid
structure the building might tends to uplifting/rockingor slidingbehavior,
whenthe lateralloadisimposedon to the structure

Frame (vertical, horizontal and bracing)

Earthquakenduced inertia forces will be distributed to wall consist of
vertical, horizontalmember and bracing Therefore,frame should support
eachother horizontallyandvertically

Wall framing should have diagonalbraces,or sheathingboardsso that the
frameactsasa shearor bracingwall.

Diagonalbracesare used to resistthe frame againstlateral loads due to
earthquakeandwind.

Roof

In order to resist againstlateral forces, proper connectionof roof to the
vertical post and top plate shall be done Dependingupon the structures
crossbracingisalsorequired

25



PART2: Technical Specificatioof Hybrid Structure

1. Shape and Size of building

NoJ Category | Sub Category Description
No.ofstorey | Not more thantwo storey
Regulashape.The wall line of uppestoreyshallbe on the
1 Shape?nd ﬁgjg:ofs an{ 15t Eloor wall line of lowesstorey. The wall line shall not be
' S'Z.e o P cantilevered. Therefore, the span of wall shall be same
building wall |
ower storey.
Height of wall| 1%'Floor | It shall not be more than 2.5m.
r . R
Why important?

No. of storey. Theseismicload is distinctly different from deadload and live load. If
attic is used as storage,heavyweight will be on the top of building,
hence largerseismicforce will be subjected

Shapeand Sizeof building Simplerectangularshapesbehavebetter in an earthquake
than shapeswith projections Torsionaleffects of ground motion are
pronouncedn longnarrowrectangularblocks

N\ Y,
| Exception |
A If structureis found to be safeafter structuralcalculation two storey

plus attic canbe constructedby stone masonrywith mud mortar in
groundfloor andtimber in first floor.

I Inspection methodology

A Upto two storey inspectionis specificationbase, however, if two
storeyplusattic, structuralcalculationis mandatory

Onestorey

Specification base

Onestorey+ attic - Twostorey

=
LF.
L
|
Lﬂ
|

Twostorey+ attic

Calculation base

[ Simplifiedstructural calculation is shown in | P58
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Technical specification

Shapeof house,spanof wall

A The wall line of uppestoreyshall be on the wall line of lowstorey
A The vertical member should rest on the load bearing wall of |@ieEey.
A The wall line shall not be cantilevered.

e K S NRHe apddof wall shall be same as lostarey,

The wall line is on the wall line of The wall line is not on the wall line
lower storey of lowerstorey
| Correction measures |

A Providevertical, horizontal
member and bracing with
proper connection at
properlocation

A Provideadditional beam if
the area of the room in
ground floor exceedsthe
MRsof masonry
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PART2: Technical Specificatianf Hybrid Structure

2. Materials

No.| Category Subcategory Description
Commonwire nails shallbe made of mild steel havinga minimum
Nail tensile strength of 550N/mm_2. Nailswith appropriate diameter and
lengthshallbe provided
Bolt It shallbe usedin suchthe number,diameter,length,spacingaseach
. specification
2. Materials - - :
It shallbe usedin suchthe number,diameter,length, spacingaseact
Metal Plate .
specification
Rebar Highstrengthdeformedbarswith fy =415Mpa /500 Mpa.
Timber Treated and well seasonedhard wood or locally available wood

without knotsshallbe used.

.

(Why important?

o

A Inadequatematerialsdoes not have sufficient stability and strength to withstand the
lateral forces Hence,use of these substandardmaterialsmight leadsto the failure or
ultimately collapseof the overallstructure.

A Moisture cancausewoodensurfacesto swelland deform. Excessivenoisturewill lead
the wood to decay causedby decayfungithat ruin the materialcompletely

A Shrinkageof wood on dryingis relativelylarge Jointlooseneasilydueto contractionin
the direction perpendicularto fibers Thereforedry wood shallbe usedwith moisture
contentlessthan 20 %

A Wood candecayfrom repeatedchangeof moistures Thereforeseasonedvood should
be usedin construction

J

Inspection methodology

It canbe checkedby the observationand measurement



Technical specification

2.1 Nalil

A Thethingsthat needto be checkedn nail are asfollows:

a) Nailsdiameter.
Nail diameter shallbe in between 1/11 and 1/6 of
the leastthickestof the membersto be connected

b) Nailslength:
The length of a nail shall be at least 2.5 times the
thickness of the thinnest member and it shall
penetrate the thicker member by 1.5 times the
thickness of the thinner member, whichever is
further.

c) Numberof nails
Thenumberof nailsin a groupshouldnot exceedl0
in onerowsin the directionof the force.

2.2 Bolts:

A When a number of bolts are used in a joint, the
allowableload in withdrawal or lateral resistanceshall
be the sum of the allowableloadsfor the individual
bolts. o

2.3 Metal Plate

A The bolts shall be arranged in such the size,
thicknessspacingaseachdesign/specification

2.4 Rebar

A Heavilyrustedrebarshouldnot be used

A After rubbing the steel bar, if stain is present on
fingers,but if the flakesR 2 S Zofr@ éff then the
rustis acceptable

A Thethicknessof rebar is checkedby usingvernier
caliper Ductility of rebar can be checked by
bending it at 90 and if small cracks are found
ductility is insufficient

29



Technical specification

2.1 Wood
| Exception |
Tolerances
A Permissibleolerancesin measurementf cut sizesof structural timber shall
be asfollows:
a) Forwidth andthickness
1) Upto andincludingl0O0mm +3mm
-Omm
2) AbovelO0Omm +6mm
-3mm
b) Forlength: +10mm
-Omm

Inspection methodology

A Timbertreatment can be identified by the observationor questionnairessurveywith
the houseownerandmason

A Typologyof the wood canbe identified by observationandfield test.

A Defectsin timber canbe identified by observation

A Moisture contentin the timber canbe identified by oven-dry method.

Wood canreadilybe identified asa hardwoodor softwood by the followingprocedure
A Thecolor of hardwoodis dark brown andlight brown in softwood
A Whenthe thumb nail is pressedagainsthardwoodit will not leavea mark but
when it is pressedin softwood and pull it alonga surfaceit leavesa scratch
mark Deeperthe mark,the softerthe wood.

PART2: Technical Specificatioof Hybrid Structure

When pressed by tip of nail leave a mark (Softwood) 2 KSy LINB&&aSR o0& GALI 2F ylFAf R2
Source: http//www.instructables.com/id/HardWood-or-Soft Wood%3F/
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Table Listof Hardwoodand softwood

Technicakpecification

HARD WOQOD SOFWOOD

Babul Mesua Chir Simal
Blacksiris Oak Deodar Uttis (Red)
Dhaman Sain Jack Uttis (White)
Indian Rose Woodshisan Sal Mango

Jaman Sandan Salla

Sissao Teak

Khair

A Timbertreatment

It can be treated by using coal tar
or any other preservative that
preventtimber from beingdecayed
andattackedby insects

A Moisture contentin Timber.
Moisture content meansthe weight
of water contained in wood,
expressedas a percentage of its
oven dry weight It can be
determined by the ovendry
method.

Defectsin Timber.

A DeadKnot It is the knot in which the
layers of annual growth are not
completely intergrown with those of
the adjacentwood. It is surrounded
by pitch or bark Theencasemenmay
be partialor complete

SourceNBC2032015

Table Unit of weight of wood

Kindsof wood

SAL (AGRAKH)

Weight

(12% moisture content)
b/ cft

56

SISAU

50

KHOTE SALLA

33

GOBRE SALLA

32

UTTISRED)

36

UTTIS (WHITE)

34

CHAMP

33

SATISAL

38

ASNA

46

PHALAT

60

TOONI

37

SEMAL

25

OKHAR

45

OAK

64

KHAIR

60

BIJYASAL

49

i 1 3

SourceNBCl1121994

Sourcehttps://www .wagnermeterscom/wp-content/uploads2012 12/knot.jpg
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PART2: Technical Specificatioof Hybrid Structure

3. Connections and Joints

No.| Category Subcategory Description
Connections betweer
lower and upper It shallbe properlyconnectedasper the specification
3. | Connectiong structure
"| and joints
Joints of structural All the structuralmembersshallbe properly connectedby nails
member boltsand metal plate asper the specification

4 )

Why important ?

Connectiondbetweenlower and upper structure

A If there is poor connection between the ground floor and first floor with rigid
structure, the buildingmighttendsto uplifting/rockingor slidingbehavior,whenthe
lateralloadis imposedon to the structure.

A Bondingstrength of stone masonryin mud mortar with wooden band is very poor,
therefore, failure pattern mentionedabovewill occureasily

Latery,
’OQd I/

Uplifting/Rocking Sliding

Jointsof structuralmember

A Thefailure of the joints connectingstructural member suchas vertical, horizontal
and bracingfrequently occurs Structuralmember should be uniform, so that the
frame will actsasearthquakeresistanceslements /
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Technical specification

Connectionsbetween lower and upper structure

In caseof floor bandis madeby ReinforcementConcrete

AN X

[ Construction methods are from
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PART2: Technical Specificatianf Hybrid Structure

Connectionsbetween RC band and wooden base plate

Technical specification

In caseof floor bandis made by ReinforcementConcrete

\_

Anchorbolt with plate

Max. 2m

A

[7

Anchor bolts: Minimum
diameteris 12mm (M12)
and length 250mm with
plate 40mm x 40mm X
4.5mm.

Connectingvoodenbaseplate and RCfloor bandsby anchorbolts.
Theanchorbolt are installedat the maximumspacings 2.0 meter.

34




Technical specification

Connectionsbetween RC band and wooden base plate

In caseof floor bandis made by ReinforcementConcrete

Connectingbaseplate and floor bands
by Rebar

Rebar

et
\\ T ,//
~7

Anchorrebar in RC band

Bendrebar for tying

- J

Rebar/ Gl wire : Tie RCband and base plate
together

35



PART2: Technical Specificatianf Hybrid Structure

Technical specification

Connectionsbetween RC band and wooden base plate

In caseof floor bandis made by ReinforcementConcrete

| New construction/Correction measures |

3 mm thick Height and depth : 45Smmx45mm, M12 of 4 number, M16 of one
number in each face @ 3.00 mat centres

Details of Anchor plate /

36



Technical specification

Connectionsbetween RC band and wooden base plate

In caseof floor bandis made by ReinforcementConcrete

| New construction/Correction measures |

3 mm thick width and depth :
115mmx300mm, M8 of 4 number,
{width side) and M8 of 8 numbers

depth side face @ 4.5 m at centres

K\ Details of Anchor plate / /

37



Technical specification

’ Connectionsbetween wooden band and base plate ‘

In caseof Stonemasonryin mud mortar with wooden band

Continuous vertical member

¢ Vertical member from

ground flgor
—_—

\_ The vertical member is continuous from ground floor tflbor. )

Wooden floor band —‘

Vertical wooden member
(100X75mm)@900mm

Wooden lintel band

[ Construction detail

\_ Wooden floor band and lintel band should be connected. Y,

38



