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FOREWARD

o

| would sincerely like to congratulate everyone involved in the
development of the “Repair and Retrofitting Manual for Masonry
Structures” which has been published by the National Reconstruction
Authority. This manual will support the implementation of the
100,000 NPRs retrofitting grant for partially damage houses that need
seismic retrofitting under the GoN housing reconstruction
programme.

Thirty-one districts have been identified by the GoN Post
Disaster Needs Assessment (PDNA) as being earthquake affected. To
date, almost 25,000 households across these districts have been
identified as eligible to receive the 100,000 NPRs housing retrofit
grant. The grant will be disbursed in two tranches based on compliant
construction.

Every effort is required to support households to retrofit
unsafe structures so that they can receive the grant amount. This
manual has been developed for technical staff to support them to
guide households through the retrofit process, and to manage the
inspections of completed retrofits.

| look forward to seeing the manual implemented across the
earthquake affected districts and to seeing the impact that it will
have. This represents another positive step forward in the
reconstruction process, and will support households to retrofit their
home so that it is safe, compliant, and resilient in the face of future
disasters.

Dr. Govind Raj Pokharel
Chief Executive Officer, NRA
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Under the housing reconstruction programme, houses that are
partially damaged, and fall under damage grade 2 (major) and 3
(minor) are eligible to receive a 100,000 NPRs grant to retrofit their
home. For the household to receive the housing retrofit grant, their
home must comply with all the specifications detailed in the
inspection check sheet, which were formulated based on the
Minimum Requirements (MRs). This manual has been prepared to
introduce the inspection standards for the housing retrofit grant, and
their associated step by step procedures for construction.

This manual will be used by all the engineers who are working
for the reconstruction, and have been deployed by the GoN to carry
out inspections.

The manual has been divided into four parts and two annexes:

PART- A: Seismic damage and intervention
PART- B: Seismic deficiencies and intervention
PART- C: Ready to use seismic retrofit designs
PART- D: Construction Sequences
Annex 1: Typical structural drawings
Annex 2: Annex 2 : EMS Damage Grade
Dr. Hari Ram Parajuli
Executive member, NRA
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BACKGROUND

The damage assessment carried out by the NRA and the Central Bureau of Statistics
(CBS) categorised damaged houses by damage grade and technical solution. Almost
25,000 households across the 31 earthquake affected districts were categorised as
damage grade 2 and major technical solution or damage grade 3 and minor technical
solution. Under the Government of Nepal (GoN) housing reconstruction programme,
a housing retrofit grant of 100,000 NPRs will be available to these households if their
retrofit complies with the relevant standards and specifications.

This manual outlines these standards and specifications as well as the minimum
intervention works required to carry out the retrofitting.

The manual discusses two levels of intervention works which are necessary for
damaged buildings and that ensure a life safety level of performance under the
standards set out in the Nepal National Building Code, NBC 105: 1994.

There are various methods of repair and retrofitting for earthquake damaged
masonry structures in different categories. Where repair methods are applied it is
expected that the structure will be restroed to its pre-earthquake condition, whereas
the application of retrofitting methods is expected to increase the strength and
ductility of the structure beyond its original condition. This manual incorporates
repair and retrofit methods considering their suitability in terms of material
availability, affordability, and ease of construction.

This manual has been developed to support the engineers responsible for the
compliance inspection process. The engineers will use this manual to provide advice
and guidance to households for the implementation of required repair and
retrofitting strategies.

Objectives of this manual:

* To set the minimum criteria to provide the tranches under the retrofitting grant

* Cover policies for distribution of tranches with minimum technical intervention
options (economical and 31 district orientated.)

* References are taken from published documents and recent researches

* To support engineers for inspection, help them to provide advice and guidance to
households

Repair and retrofitting works, carried out using approved and published GoN
documents, are also considered as a part of this manual.




SCOPE

U Applicability

The repair and retrofitting strategies set forth in this manual are applicable only for
residential houses categorised as damage grade 2 (major) or 3 (minor) after Gorkha
earthquake 2015 under the GoN housing reconstruction programme. The manual
intends to achieve the minimum acceptable structural safety envisioned in NBC 105:
1994 after completing two levels of intervention.

The designs mentioned in the manual are ready-to-use designs for all structural
components, but some provisions mentioned are set as advisory measures.

U Limitations

The repair and retrofitting strategies are only for damaged non-engineered
residential buildings.

This manual has certain limitations and is only relevant for buildings which are:
I.  Residential and fall under category ‘C’ and ‘D’ of NBC.

4 v’ Category "A": Modern building to be built, based on the international )
state-of-the-art, also in pursuance of the building codes to be
followed in developed countries.

v’ Category "B": Buildings with plinth area of more than One Thousand
square feet, with more than three floors including the ground floor or
with structural span of more than 4.5 meters.

v’ Category "C": Buildings with plinth area of up to One Thousand square
feet, with up to three floors including the ground floor or with
structural span of up to 4.5 meters.

v’ Category "D": Small houses, sheds made of baked or unbaked brick,
stone, clay, bamboo, grass etc., except those set forth in clauses (a),

\_ (b) and (c). Y,

* If the intervention has already been completed as per, or similar to, the
strategies outlined in this manual, Government of Nepal published
documents, or as per international practices, and are based on codal provision
ensuring life safety with quality construction, then applications can be
forwarded only after thorough engineering judgement




Few definition

Seismiddamage

Accordingto post earthquakedamageassessmentarriedout asper EMS98 scale,level
of damagesfound in masonrybuildingsare of grade 1 to grade 5 (refer annex2). The
structuralcomponentswhich helpsin smoothtransmit of loadsin masonrybuildingare (i)
foundation, (ii) structural masonrywalls, (iii) roof/floor and (iv) connections(are vital
which maintainsintegrity of the structural systems)wvhere asremainingcomponentssuch
(i) partition walls, (ii) gablewalls, (iii) Chimney(iv) falseceiling,(v) decorativecomponents
etc. are non-structural componentsof the building The damagesin structural and non-
structuralcomponentsof buildingsdue to earthquakeare seismicdamage Repairshallbe
done to the non-structural componentsagainstdamageand retrofitting shallbe doneto
the structuralcomponentsagainstdamage

Seismideficiencies

Buildingsystem,configuration,lateral force resistingsystemare basicvulnerabilityfactors
to the seismicperformanceto the buildingin future earthquake Retrofitting canbe done
to overcomeseismicdeficienciesof buildings The masonrybuildingswhich are partially
damageddue to Gorkhaearthquake,which comesunder D&-major and D&G-minor and
are eligibleto get housinggrantunder * E %nd @& S Ecatégoryshallhavelife safety
levelof performanceenvisionedoy NBC105:1994to completethe tranches

Intervention works

Repairand retrofitting are intervention works in seismicdamagedor capacitydeficient

structures

* Repair: Repairdoes not improve the structural strength of the building and very
deceptivefor meetingthe strengthrequirementsof the next earthquake

» Retrofitting : Thisremovesthe seismicdeficienciesand improvesthe responseof
existingun-reinforced masonrybuildingsto both gravity and seismicloadsit improves
the ~ } A& C %behaviorand increaseshe flexural strength of un-reinforced walls and
piers. Improvementin configuration,load path, redundancy,connectionsductility and
capacityetc fallsunderthis.
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H

Retrofitting ,

Original
Repair

> A
Comparison of Repair/Retrofitting



