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PREAMBLE

Retrofitting presents an ideal means for the conservation of traditional architectural heritage and
provides the required space for beneficiaries to maintain their traditional agrarian lifestyle.
Retrofitting not only saves hard earned capital but also mitigates earthquake risk.

A number of retrofitting related resource materials have been developed by the National
Reconstruction Authority (NRA) and various partner organizations. The National Reconstruction
Authority (NRA) has initiated documentation of these resource materials. It has also prepared
roaster of trained human resources and recorded learnt lessons for charting out way forward.

The workshop on “NRA’s best practices on private housing retrofitting experiences and way
forward” is one of the milestones. The workshop was organized with an objective of sharing key
learnings and experiences on retrofitting of private houses carried out by the National
Reconstruction Authority (NRA) and Partner Organizations. These learnings will be instrumental
to develop strategic policies and plans. It will also help engineers and technical people to
understand, replicate, refer to and develop different technologies that will ultimately support the
homeowners to strengthen their houses as a preventive measure to reduce risk from future
earthquake as well as recover from damage due to the recurring earthquakes.

We will persuade the generic line agencies and the local governments to initiate retrofitting
programmes for the public buildings and private houses. We would be pleased if this proceedings
report can be instrumental towards that direction.

Sushil Gyawali
Chief Executive Officer
National Reconstruction Authority
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FOREWORD

Almost 2.5 million houses in the 32 districts of Nepal have been affected by 2015 Gorkha
earthquake. Out of them more than 78,000 have been categorized as retrofitting beneficiaries,
however only 758 houses have been retrofitted so far. As NRA had to invest its entire energy in
innovating cost effective technology, it could not adequately convince people for an early
adoption.

Analysis suggests that there remain almost 3.5 million houses nationwide and up to 1.1 million
houses within earthquake affected districts that require seismic retrofitting in some form. In this
context, retrofitting presents a huge scope for mitigating risk of future disaster and post disaster
recovery.

The presented papers outlined various retrofitting technologies such as strong back, splint and
bandage jacketing, containment reinforcement integrated splint and bandage and retrofitting of
timber houses. Each technology is supported by manual and guidelines. Having tested and proven
method, these documents have created conducive ground for further replication. With further
validation, the Ministry of Urban Development (MoUD) may consider to approving retrofitting
norms which will pave the way for mass scale replication at least for the government buildings.

With empirically validated construction technologies, Nepal is appropriately placed to replicate at
mass scale. However, this country has to work further for consolidation of the manual and generate
awareness for enhancing acceptability of this technology. Not only the federal agencies but also
the local governments have to be willing to implement this technology for public buildings, and
private houses. This intervention will save initial investment and protect lives and properties.

We trust that this Workshop Proceedings Report will contribute significantly towards capturing as
well as sharing valuable knowledge, learning and way forward towards replicating and scaling up
NRA'’s best practices on private housing retrofitting in Nepal. Other countries may also benefit
from our best practices.

Dr Chandra Bahadur Shrestha
Executive Member & ICNR Convener
National Reconstruction Authority
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NDRRMA National Disaster Risk Reduction and Management Authority

TWG Technical Working Group

UNOPS United Nations Office for Project Services

UNDP United Nations Development Program
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9:30 - 10:00 | Presentation on Mr. Jhapper S. Vishokarma,
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Workshop Programme

Opening session:
o Mr. Jhappar Singh Vishwokarma,
mares, Deputy Project Director from
CLPIU (Building) welcomed all
the participants to the workshop on
“NRA’s best practices on private

Workshop on Workshap on i ) .
NRA s Best Practice 8 4's Basi Practices on Privaly housing retrofitting experiences
Housing Retzal \ Aetralitting Experfency and way forward”. He informed

and that the workshop was both
physical and virtual and that
important  personalities  had
connected and participated in the

o workshop. He then formally
commenced the opening session of the workshop at 9:00 AM (Nepal time) on February 21, 2021
at the Himalaya Hotel, Kathmandu, Nepal by requesting Mr. Shyam Kishor Singh, Project
Director, CLPIU (Building), NRA to chair the program. Similarly, he requested Mr. Sushil
Gyawali, Chief Executive Officer, NRA to take the seat as the Chief Guest of the program. He
also requested special guests Mr. Suresh Acharya, Secretary, NRA, Dr. Chandra B. Shrestha,
Executive Member & ICNR Convener, NRA, Mr. Dhruba Prasad Sharma, Executive Member,
NRA, Dr. Bishnu Bhandari, Executive Member, NRA, Dr. Hari Ram Parajuli, Executive Member,
NRA, Mr. Anil Pokhrel, EO, NDRRM, Mr. Navaraj Pyakurel, DG, DUDBC, representatives from
development partners- UNOPS, Build Change, UNDP, NSET and all other participants to take
their respective seats. He gave his sincere gratitude to all the commentators Dr. Hari Ram Parajuli,
Prof. Dr. Prem Nath Maskey, Prof. Dr. Gokarna Bahadur Motra, Mr. Jitendra Bothara and Mr.
Tim Hart for providing their valuable time and requested them to have their respective seats.

Forward

He then requested Dr. Chandra Bahadur Shrestha, Executive Member, NRA, to present the
overview and objective of the workshop.
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Dr. Chandra B. Shrestha said that it was an honor
to welcome all in the hybrid workshop which had
participation of many important personalities
from both inside and outside the country.

He said that his presentation would have two
parts- ICNR and retrofitting. He informed that
nine programs had already been organized as part
of ICNR and this workshop was its ninth
program. He also highlighted on the planning for
publication of the learnings, and said that 23 publications would be published, including PDS
Journal, proceedings reports, institutional profile, impact study, integrated settlement study, urban
study and retrofitting documents.

He also gave an overview on the development of retrofitting including timeline on retrofitting of
private housing. He informed that although more than 78000 houses have been categorized retrofit
beneficiaries, only 758 houses had been retrofitted. Although it was not highly successful, he said
that piloting of the process had been done successfully and these models could now be replicated.
He also said that there is huge potentials of retrofitting. He further said that NRA would be
contributing four documents in collaboration with prominent partners, such as UNOPS, Build
Change, NSET and CRS, which would further help in replicating retrofitting throughout the
country.

He informed that the workshop had been organized to share key learnings and experiences on
retrofitting of private houses carried out by the Government of Nepal and Partner Organizations.
These learnings will guide policy makers to make strategic policies and plans to take step toward
making our communities, earthquake safe. It will also help engineers and technical people to
understand, replicate, refer to and develop different technologies that will ultimately support the
homeowners to strengthen their houses as a preventive measure to reduce risk from future
earthquake as well as recover from damage due to the recurring earthquakes.

Finally, he pointed out some of the key expected outcomes after the successful completion of the
workshop as:

To initiate discourse on the urgency of retrofitting

To undertake further research such as retrofitting for row housing
Introduce policy reform of MoUD, NPC and local governments
Initiate Functional banking system

Preparation for the ICNR 2021

To initiate a nationwide retrofitting campaign and interventions
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Expected
Outcomes

Technical Session:
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Moderator of the technical session of the
workshop, Dr. Ramesh Guragain, Deputy
Executive Director, NSET, said that retrofitting
has a huge potential in Nepal, and that there are

' many significant studies that indicate the

importance of making buildings and
infrastructures safe through retrofitting the
existing buildings. He informed that there
would be three presentations, followed by
comment and feedback from leading

personalities from NRA, development partners, national and international experts. He also
requested all the participants to write their valuable comments and questions in the chat box or
paper (for those present physically), which could guide in further revising the document.
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Presentation 1: Strategic paper on NRA’s Best Practices on private
housing; Retrofitting Experience and Way Forward by Mr. Jhappar Singh
Vishwokarma, Deputy Project Director, CLPIU and Ms. Pragya Pradhan,
UNDP

Mr. Jhappar Singh Vishwokarma’s
presentation focused on an
overview and background on
retrofitting  approaches, design

Workshop on Workshop on guidelines and manuals,
NRA s Best Practice ceal Practices on Privils community ~ awareness  and
Housing Retzg . felrolitling Esperienci outreach,  capacity  building,

and retrofitting experiences in urban
Forward areas, learning and way forward.

He said that retrofitting has been
relatively a small-scale
intervention compared to new construction post 2015 earthquake. Some of the important
initiatives that have paved the way for risk reduction and mitigation against future disaster include;
a number of retrofitting resources have been developed by the government and various
organizations and valuable learnings and documentations that guide any future implementations
of retrofitting programs or initiatives.

He highlighted on the key elements of retrofitting as:

- The solutions are easy to understand and replicate

- Availability of trained human resources like masons and engineers

- The solutions are affordable and culturally acceptable

- People centred approach - House owners sensitized to take action to
increase their seismic safety

- Policy makers promote retrofitting through technical and financial packages

He further informed that 758 houses have been retrofitted despite many limitations such as
resource scarcity and geographical difficulties and that the valuable learnings from these
experiences have been documented so that it will guide policy makers, implementers and
development partners in future.



He also shed light upon various retrofitting approaches such as Strong Back Technology in which
a light CGI or timber gable is provided with good connection to the roof and the ring beam and
improvements to the connections are made with existing timber elements using CGI straps.He
further informed that various public outreach and awareness efforts have been made though use of
videos (14 videos - importance of retrofitting, shock table demonstration, initiating retrofitting,
testimonials), Public Service Announcements (PSAs) (Short animated videos to give basic
information on retrofitting - on what is retrofitting), Booklets (2 booklets - ten key points to
remember during retrofitting and a visual technical guideline on repair, restoration and
retrofitting), Posters (3 types for various target groups, raising mass awareness on both technical
/ financial aspects of retrofitting), Flyers ( 2 types for mass awareness on possibility to strengthen
existing/damaged buildings and basic terminology of repair, restore and retrofitting) and Mobile
Applications ( For seismic assessment using artificial intelligence, that provide ideas on
possibilities in strengthening the buildings to mitigate pre-existing vulnerabilities).

In terms of capacity building, 816 engineers and sub-engineers have been trained by partners
through OJTs. 2604 engineers and sub-engineers have been trained on theoretical aspects of
retrofitting and 2265 masons and artisans have been trained by partners.

The trainings are focused on:

- Basic concept of retrofitting

- Different types of retrofitting technologies

- Designing of retrofit solution for masonry structure

- Inspection of retrofitted houses

- Retrofitting included in on-boarding and refresher’s trainings of all NRA engineers

Highlighting the major challenges and learnings, he pointed out that there is confusion between
retrofit and repair among beneficiaries and there is no separate socio-technical assistance for
retrofitting. Some of the other challenges include:

- Lack of risk awareness and need of retrofitting — use of old houses

- Willingness of retrofitting beneficiaries to transfer into reconstruction — 3 Lakh vs 1
Lakh

- Inadequate grant amount - grant driven rather than risk realization

- Lack of access for finance - Soft loans, collaterals

- Limited examples on retrofitting for public confidence building

- Misconception and rumors that retrofitting is - technically very difficult, not
implementable

- Building code compliance vs. life safety — high upfront investment and low short-term
return

- Limited viable technologies — dry stone masonry, row houses

- Lack of adequate quality materials — GI Wires

10



- Lack of required human resources/construction workforce to cater retrofitting needs —
masons and engineers

- Lack of conducive policy environment for promoting retrofitting — socio-
technical/financial packages

As a way forward, he emphasized on the need to conduct comprehensive awareness campaigns at
all levels, ensure sensitization and building ownership among the stakeholders and create mobile
technical teams to support upscaling at local level. He presented some of the key aspects to be
considered for institutionalizing retrofitting, which can be discussed as:

Policy makers take retrofitting as highly priority agenda for risk reduction

Retrofitting to be included in engineering/vocational training curriculums/academia
Retrofitting Approach, preventive measures, incremental retrofitting, levels of seismic
safety to be highly prioritized

Preparing ‘Ready to use designs’ for mass replication and upscaling

Research on prevalent building typologies and the retrofitting solutions
Institutionalization of trained human resources (engineers/ masons) by formation of retrofit
cadre up to local level

Improving supply chain and cost and assure quality of the construction materials

Finally, he shared that what NRA has learnt in the past five years by working with national and
international communities has been remarkable, sharable and implementable. He also stressed on
the need to document these learnings as well as take in valuable comments, suggestions and
feedback from all to revise the document so that we could start working on how to address the
issues of 6.4 million houses.

11
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Scenario

= About 78033 houssholds identificd wunder retrofitting
category post 2005 B0

= Old ‘damaged’ houses are still being used besides e
mewr house reconstructed with the Government grant

* Large stock of similar non-engineared vulnerable houses

spread across Mepal
Background s

* Relrofilting - relatively small-scale imtervention compared
for e construction post 2015 earthquake

= [mportant initistives that howve paved the way for risk
reduction and mitigation against lulure disaster

« A number of retrofltting resources has been developed by
the government and various organizations

= There are valuable learnings and documentations that
guide any future implementations of retrofitting programs
or inttiatives.
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Key Elements

Retrofitting program can only be successful i
o The solutions are easy to understand and replicate

*  Ayailability of trained human resources like masons

Key Actors
*  The solutions are affordable and culturally acceptable

commuity) | dechririam * People centred approach - House owners sensitized
i gt Patlinds to take action to increase their seismic safety

* Policy makers promote retrofitting through technical
and financial packages
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Retrofitting ﬁ

Approaches  Strong Back Technolo
A system of reinforced concrete strong backs placed at

L1

corners and at locations along the kength of the wall,
connected 2t the floor leved by slab strips and ring beam
* The through concrete connects thie inner and ouwter
wythes of the thick walls preventing it from delamination
* A cement sand plaster s applied to the walls on the

imtesrnal and external surfaces

it pravides flexihility to retrafit buildings thot fall beyond MAT. An afternative salution where 588 nat vioble

. P 0L s B P o PusskeHaes g S0 g =
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Retrofitting g
Approac hes Strong Back Technology
* A light CGI or timber gable iz provided with gond
connection to the roof and the ring beam
*  Improvements to the connections with existing timber

elements Using CGl straps.

2L ey X110 WLE s Lmr Mraceenr 1 Preveen | iesorng Mevefrey

Retrofitting 61 Welded Wire Mesh Splint and “_@w.
:"':"tF"F' roaches Bandage (with Local Failure Jacketing)

« A& foundation tie beam |5 placed al prescribed location

alongside all the walls
*  The wvertical splints and horizontal bandages are placed in

respective lncations on both sides of the walls

i
4

= o tie the wire mesh used in splints, bandages and jacketing,

anchorages are placed at regular intervals
* Gl wire mesh is prepared on-site to control local Failure,

swch-a mesh 5 provided on all remaining parts of the walls

It enharves 588 techviology’s affordobiiity ot o reduced cost

15
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Retrofitting Gl Welded Wire Mesh Splint and
AFDFDHChES Bandage (with Local Failure Jacketing)

= After placement of all splints and bﬂnl:laggs. concrete s
placed in the foundation tie beam.

*  The whole surface of the wall is then plastered

= A light ©GI or timber geble = provided with good

connection to the roof

Spint & Bandsge with
WA NPE 7,700
Splint B BEandage with Gl _
Wire Jacketing MPR 5,567
Sy e “P.Ln D e i faring s 1 1
Retrofitting  Containment Reinforcement @

S vl e e A

Approaches  integrated Splint and Bandage

* Horlzontal bandages secured on both faces of the wall
with shear connactors and cross links

« Vertical splints secured on all critical junchions starting
frofm 4530mon below plinth level upto the top of the wall

at roof leuel

= splint projected 150 mm at the bottom and steel bar cage

iz put over it with anchorage followed by concreting

I enfanoes FEE rechnobegy s affordmbnily of @ redivced oot of materimts oo workemanasfip

13 bwkgry I3 WL e Fusa b oo Fumg b s misr g b et dwg =]
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Retrafittin g  Containment Reinforcement
Approac heg  integrated Splint and Bandage
* The remaining walls are protected with vertlcal and
horizontal GF wires in a grid with a distance of 16"

* Flexible diaphragms at floor and rool level ensured by
connelions belween wall souciure and rocl struclure

= The whole surface of the wall is then plastered

« A light ©GI or timber gable is provided with good

Cconmection to the rodl

CH integrated Splint
and Bandage MPE 3 6l
1 Py TETL Pl E g Bayi P oo on Prayis ey Perciory &
Retrofitting  Timber house retrofitting @

P LT T e B

AFJ prDaEﬁES * Based on the reqguirements of Light timber and steel
structures manual publizhed by the Government of Mepal

* Deslgn a timber bracing scheme including the lateral hracing
capacity of masonry walls in case of with masonry wall

* Existing timber connections of the roof, the fimber system
and between two floocrs are improved

= Stability of the masonry wall ensured 1o prevenl failure due

to owverturning
Timber MNP 4,150
A e i Timber with Masonry i
Ground floor MIPH 1,523
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Stocktaking

Retiolitied howses: 758

31 Febaatay SBIL PEA Ren frasnie o Rlvms Heuteg Prrelrdg

Design Guidelines, Manuals, H@_
Standards

Seiamic Retrofitting Guidelines of Bujlding in Nepal

Repair and Betrofit Manual for Masonry Structures

Rapair ard Ratrofit manual for ROC structures

Engineering manuali Standard Type Design Retrofits of Stone

Masenry with Mud Martar (SBM]

Maorms for Rate Analysis of Retrofitting Masanry Bullding

. Rlvaay 2001 PR Bl B o, i Pl M i iy P ol mig L
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Videos: 13 videos importance of retrofitting, shock table
demonstration, Initiating retrofitting, festimaonials

Public Service Announcements: Shorl apimated wvideos o
give basic information on retrofitting - on what is retrotitting

Booklets: ! booklets  ten key points to remember during
retrofitling and 3 wisual technical guideline on o repair,
restoration and retrofitting

HHEA ' e P mr S i H iy Sphatdiog 14

Public Outreach and Awareness @'

T T e

Posters: 3 types for varows Targel groups, raising mass

awareness on both techpical f financial aspects of retrofitting,

Flyers: 2 Iypes for mass awareness on  possibility  To
strengthen existing/damaged buildings and basic terminology
of repair, restore and retrofitting.

App: For seismic assessment using artificial intelligence, that
prowide ideas on possibilities in stremgthening the buildings to

mitigate pre-edsting vulnerabilities.

WAy Bur Praciew = Prervim = mrees Faereirery o
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Capacity Building i e

Total no. of Engineers and sub-engineers trained by partners through OIT= 816

Civil Engineer, Sub-engineer, D5E trained through QUT at diiferent
districts

3 Febauay A0E Rk Reey B oo o Frisns = g Peeolies g

Trainkngs oan;

= Basic concepl of rebrofitbing

= Different types of retrofitting technologies

= De=igrring of telrofil sodulion lor masoory sloucture

* Inspection of retrofitted houses

Betrofitting included in on-boarding and refresher’s trainings
of all MRA enginesrs

Engineers and sub-engineers bained through OIT: 816
Engineers and sub-engineers trained {theoretical): 2604

1 Py 700 HEE L B Sy e i ey Py k]
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Capacity Building
kAasons and artisans trained by partners: 2265

Mumbar of MASON traihed at different earthguake attected disiricts

=1 M AL 18 G Prarinas o P | o g et ng

Retrofitting in Urban Areas: A Study @

S LT TR P

SN_|Categories |

'EUEt In wrban areas, RCC buildings are dominant and e sebrofitling cost ol RCC
structure may be higher as compared to other structures

Techmical There is a lack of skilled masons and technical person expertise on retrofitting.

HAC o et Lirnited struclusal engineers Lo anabyse and design unsque rebrofil soluliors,

Sonareness - There iz confusion bibween reliolit and repair among beoweliciaries (525 have
repaired). Willingness to demalish and reconstrict

Complexily  In-core areas mulliple storey lood bearing sbooclure inomud of mome than 3
storey listed under retrofitting, feasihifing needs to be critically assessed.

Relrolitling of adjoiresd bulldings is more complex and Lechnically dilficult

Compliance  Traditinnal building requires tobe complaint with building code, byelaws of the
mmunicipality dand deparbment of Acheology

I Thiere is no separsle socio-lechnicsl assistance o relrafilting.
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Challenges and Learnings

*  Lack of rsk awareness and need of retrofitting — vse of old houses

= Willlngness of retrafitting beneficiaries (o tranifer inte
reconstruction — 3 Lakh vs 1 Lakh

¢ Insdeguate granmt amount - grant driven rether than risk realizetion

¢ Lack af acesas for finance - Saft loant, collaterals

¢ Limibed axsmples an retrolitting for public confidence buflding
Misconcaption - tachnically vary difficult, nat implamentabla

Sl 'E el e o Pl = apie Froofidng =i

8

L L e

Challenges and Learnings

*  Building code compliance vs. life safety — high upfront investment
andl ke shert-tarm returmn

= Limited viable technologies = dry stone mazency, fow houses

+  Lack of adequate guality materials = Gl Wires

= Lach of raquired human resourcesfconstruction workfores to cater
retrafitting nasds - masens and snginears

»  Lack of conducive policy ervironment for promioting retrofitting —
socio-technicalffinancial packages

H Ferewy X0L N3 ey Frwcizm 3 Fyi-Tie = cadag Frrafrang v
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Way Forward

Comprehensive awarensss campaipns at all leyels

Sensitization and building ownership of the stakehoiders

Peldicy mabkers take retrafitting as highly priarity agends for risk reduction

Craate mobile technical tearms to support upscaling at local leval

Retrofitting included in engineering fvocational training curriculums

VLS By s b o s Hinserg Sl rdlng EY ]

Presentation 2: Retrofitting Documents and Guidelines by Mr. Bipin
Kumar Gautam, CLPIU (Building) and Ms. Liva Shrestha from Build
Change, UNOPS Consortium

Giving an overview on the
retrofitting  documents and
guidelines, Mr. Bipin K.
Gautam, Structural Engineer,
CLPIU (Building) said that
these guidelines and documents
have been developed during the
tenure of NRA in last 5 years

He also gave a brief summary
on the retrofitting process
implemented in 32 districts
% affected by 2015 Gorkha
Earthquake in Nepal. He further informed that although there are 78,033 retrofit
beneficiaries, the numbers are reducing as more and more people are converting from
retrofitting to reconstruction. He also explained that houses categorized as damage grade 2
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and 3 were categorized as retrofit beneficiaries during the damage assessment carried out.
Similarly, out of 78,033 retrofit beneficiaries, only 758 houses have been retrofitted so far
in the post disaster period.

He reiterated that the main objective is to increase the capacity of buildings, not only for 2015
earthquake, but for the future earthquakes and that the guidelines help to increase the strength of
buildings.

He presented some of the reasons and benefits of retrofitting as:

- Up-gradation of seismic design requirements

- Advancement of engineering knowledge

- Inconsistency between the design and actual construction at site

- Damage during past earthquake

- Guidelines will help to retrofit Vulnerabilities in existing undamaged buildings

Regarding retrofitting methods, he informed that there are basically two methods to retrofitting; 1.
Reducing demand and 2.Increasing capacity, and that most of the buildings are retrofitted through
increasing capacity. He further pointed out that the guidelines also focuses on the method of
increasing capcity.

Highlighting the need for seismic retrofitting guidelines, he explained that there were very few
documents while starting retrofitting, which included documents developed by DUDBC on Adobe,
RCC, and masonry structures, which can be used by experienced engineers only. So he stressed
on an urgent need to develop ready to use designs that can be scaled up widely.

He further pointed out some of the benefits of Ready-to-Use Retrofitting Manuals as:

- Quick and simple to use

- Provides a menu of solutions with different technologies

- Suitable when the demand for retrofitting solution/advice is large as in a post disaster
context

- Suitable when homeowners cannot afford the services of experienced engineers to
provide bespoke design in prevention context

Explaining about the general methodology for retrofitting, he explained that damage and
vulnerability assessment is carried out in the beginning, and it is determined whether they are
eligible for repair and retrofit or demolition and reconstruction based on the damage grade. Then,
engineers check if the building is eligible to use this manual and if it is not eligible, then specific
engineering analysis has to be used. If it is eligible, retrofitting process is carried ahead.

He also highlighted some of the features of retrofit manuals as:
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Supports engineers to provide quick and ready to use guidance on house retrofitting
Describes vulnerability/deficiencies of masonry buildings

Provides repair methods according to damage grade

Describes retrofitting approaches to address the vulnerabilities

Provides example designs for typical houses retrofitted with the approach for each
manual

Provides construction sequence to implement the retrofit approach

He also shed light upon some of the common retrofitting methods that have been implemented as:

Splint and Bandage Technology

Jacketing of Walls

Strong Back Technology

Splint and Bandage with CR Technology

Strengthening of Timber building by Providing Bracing (around 100 timber buildings
strengthened in last 4,5 years)

He also said that reducing vulnerability of buildings of masonry buildings is the main target, which
could be achieved through

Configuration and load path improvement
Wall to wall connection improvement
Wall to floor connection improvement
Wall to roof connection improvement
Diaphragm improvements

Roof improvements

Bracing parapet walls

Securing gable walls

Capacity improvement of structural walls

He further said that these different approaches have same target, that is to achieve life safety of
buildings, and that the concern is how to use retrofitting in field. There are various retrofitting
approaches and options that people can select from, therefore, it is termed as ready to use. The
options include:

Option 1: Retrofitting using RC splint-bandage and GI wires jacketing

Option 2: Retrofitting using welded GI wire mesh Splint-bandage and GI wire jacketing
Option 3: Retrofitting using welded GI wire mesh Splint-bandage and PP band
jacketing

Option 4: Retrofitting using wooden Splint-bandage and GI wires jacketing

However there are certain limitations such as:
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- Applicable to buildings that fall under Category ‘C’ and ‘D’ as per NBC
- Applicable to definite architectural and structural configuration
- Mainly based on Splint and bandage/ Jacketing approach

He also provided key insights on the Manual for Strong Back Retrofit Approach as:

- Manual based on NRA and CLPIU approved Retrofitting type design using strong back
approach

- Caters to SMM houses that meets a given set of applicability criteria

- Provides alternative details based on some field variations

- The type designs has been derived based on many iterations for different opening
percentage in walls, width of piers, size of building

- Various critical structural conditions were considered for design iteration

He further explained that the benefit of this manual is that it addresses limitations related to cross
walls to some extent and gives house owners options to use RCC or timber. It is also cost effective
and has introduced the concept of incremental retrofitting, that is, retrofitting main vulnerable areas
first, and adding retrofitting to other less vulnerable elements later.

Giving an explanation on why we need a consolidated retrofit manual, he said that the demand of
safety is increasing and since the seismic code of Nepal is revised, revisit of manual is required to
meet the desire of increasing safety levels. He further said that there are different manuals with
different safety measures; if they are all consolidated then it would be easier for engineers to
choose from the many options. Likewise, different technologies have their own benefits and
limitations; so a consolidated manual helps technical people for better selection among alternative
technologies. He also informed that different technologies were implemented during post disaster
after approval from the government bodies and large scale human resources were trained in
different technologies.

As a way forward, he stressed on the need for a consolidated manual that considers all implemented
alternative technologies. He also emphasized on the need to ensure use of large scale trained human
resource on each technology outside 32 districts and minimization of engineering costs by
promoting easy to use and easy to check guidelines. Finally he said that replication of implemented
retrofitting technologies should be carried all over the country because more than 3.2 million
buildings are still vulnerable and this is the best time to address the need for safety of buildings
from future earthquakes.

26



= 32 districts affected by 2015 Gorkha Earthguake

* TE.033 retrofit beneficiaries

* Houses that are categorized as damage grade 2 and
damage grade 3

* T5E houses rotratitted Post Disastor

I Fmermry T30 hlla | Bmr = Frsp ] ER R e T 1
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Repair/Retrofitting

Repalr

* Does not improve the seructural strength of the
basilding

= Spructure does ol meet strenglth requirements for

the next earthguake

Retrafitting

* Remowes seismic deficiencies and improves the

response of existing bulldings
Reasons for Retrofitting _._@.._

= Fp-gradation of seismic design reguirements

*=  Advancement of engimeering knowdedan

= Inconsistency between the deslgn and acteal constructhon at
At

*  Damage durlng past earthquaks

*  Vulnarabifitiss in m:is'l‘l-l'l.ﬂ um;hmmd l;H,tiII,'.'TI'ﬂE

=i Fypuwes OO0 B =B L g Lowmwryy orn e Py d
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Retrofitting Methods

Reducing Dermand

* Use of supplemental * Stiffen existing structure
damping « Strengthen existing structure

+ Reduction of mass * Enhance Ductility

+ |solate existing structure * Reduce irregularity

We mostly retrofitted by Increasing capacity of the sxisting structurs

I1 Fawranrs W21 L Rypr Fracrrm i Peaey ieery Lare=ie Desswn oy Sy Fewes

Seismic Retrofitting Guidelines __@__

*  Supports englneers in design of retrofits

*  Takes engineering time and effort to design 3
retrofit

* Requires experienced engineer to. design
retrofit using the guldelines

* The guideling can be wsed to suppaort
cabculations reguired for producing easy 1o use

guidelines and manuals

J1 By XA P g B Py o Py e Mot g Pl b o ) 6o mreom ] '@ §ersed i
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Ready-to-Use Retrofitting Manuals

L N — T P
E =Tk T N T

. l:h.li:lra_ruifmmtnl.ue
= Proosdes s menu of salutions with diffecent technologias
= Suitahle when the demand for retrofitting solution/advice is large as in a post disaster context

= Luitable when homeoawners cannot affard the services of expedienced engineers to provide bespoks design in
arevention context

Other Relevant Documents _@_
@

o * Correction/Exception Manual; Manual
- addressed the problems in the reconstructed
howses  after Gorkha Earthquake and their
remedial solutions
«  Light Timber/ Steel Frame Structure Manual:
Manual provides simplified calculations and
cocrection of different types of timber building

% ey Lowewrrn o s Py |
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General
Methodology
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Features of Retrofit Manuails

— = Lupparts engineers o provide guick and ready to use guidance on
b retofintng

= [escribes vulnerabifity/deficiencies of masonry baildings

= Provides repair methods acoordeng o damage grade

= Desoribes retrofitting approoches to-address the vulrerabilises

= Dronedes siample dessgna for typlcal P retrofimed with the
apgroach for sach manual

= Provides construction sequence to implement the retralit approach

11 Puiramrn ‘S0 Pl n San Precmm o Peveea boaery bere*rey Pame e w Sagy Pesme o

Vulnerability/Deficiencies of Masonry Buildings @

* Giable wall callapsé

* Dut of plane failure of transverse walls

* Bulging or separation of stona Wythes in thick walls
* Carner separatbon

* Flogr collagss

21 Py HII1 Bii y ban e o Frewrs Ao B g Dopwr i e e P - |
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Repair/ Restore Methods _@
[}
=
p I * Explains about the material and equipment used for
* Methodology of repairing of different types of
cracks and damage of walls
1 Peanarn N1 WLy e Prasem e Fraey nrgeeg Bpreroy Deesrwn e sy e m
Common Retrofitting Methods we a
Implemented e iy

* Splint and Bandage Technology

+  Jacketing of Walls

Strong Back Technology

*  Splint and Bandage with CR Technology

+ Strengthening of Timber building by Providing
Bracing

i .t
a :I"il r

L
M
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Common Retrofitting interventions 3

* Configuration and load path improvement
* Wall to wall connection improvement
= Wall to floor connection improvervent
* Wall o rool connection irmprovement

* Diaphragm improvements
*  Roof Improvements
*  Bracing parapet walls
* Sacuring gable walls
m'ftwm"ﬁ“ v Capacity improvement of structural walls
same target
§i Bty 23ty [ YT T yes—_— Y . [ S —— a
Repair and Retrofitting Manual for @
Masonry Structures i
E Contents

[ P 2021

+ Par & Seicrnkc Damage and Inmereention

+ Part B: Selimic Deficiencies and imerventans
= Part C; Ready to use setimic retrofit designs
= Fmﬂ:'mn:mnm

VLY Bzt Pt o Preg ¥ i P 1
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Repair and Retrofitting Manual for
Masonry Structures

$plint and Bandage approach basic slements
o erical reminecameant bande 8T carmers, nlevsections snd oo
apanings called spling

= Horizontal resnforcement band ot sill, linte! and floor levels called
bandage

+ Jacketing At spaces between the splint and bandage

21 Alivagey I3 o i B wrn Fovnibe LTS | if

Repair and Retrofitting Manual for @

Masonry Structures e
e =T =T o it b iz
= - s—f - = Optian 1: Betraliting wsing BC splint-bandage and Gl wies
== [ErEFE laclesting.
=] : C * Option 2: Retrafitting using welded Gi wire mesh Splint-bandage
el [ ; and Gi wirs jacketing
B e e « Opiion 3: Retrofming s wekded G vive mesh Splint-bandage
A 3 and PP band jacketing
_.:-.'..'.-E*E.'-E- i L L i L - Dptian 4: Retrafitting wsing wooden Splint-bandage and Gl wires
R e i e jacketing.
:.:iE':—.‘_":'T_"“‘:‘_.-—. —
R TE TR = L L P Brililiy b il Py A [t
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Repair and Retrofitting Manual for
Masonry Structures

89
C—— - Agplicahie 1o buildings that fall under Category '€ and ‘D’ as per NBC
i * Agplicable to definit= architectural and structural configuration
i | * Bainly based on Splint and bandage/ lacketing approsch
I Peprupn 261 bty B Fraciems o Frsws Hosery Rerifrey Dow e e By e I

Manual for Strong Back Retrofit Approach ._@__

= Manual based on MPA and CLPA approved Betrofitting type design
using strong back approsch

= Caters to SMM houses that mests s given set of applicabdity criteria

o Prevcidey aleonative derads based on somes Fesld variations

= Thee type designs has been derived based on many iterations for
difterant opaning percentage in walls, width of plars, size of building

= Varigus critical strisctural conditions wene considered for design
iteratiod

11 Fayry TII2 A g By Frerore e -] ey Femesri ]
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Flinamasti phe |length, P, ieguered |meters]

Tepdiing Duiding i
Frmtinry kit Lremgituriimeal yyally Tranveeres wali

[rmsartemrn e beril

Dioge b | 'Pbraigas- Doporr-io- | 'Wirssloaw-to-
wimdow | to-window || erdndow ~va i oo

4 %18 LA 1

B Esoi T (1o (L]
FaRsh LA% oo
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Manual for Strong back Retrofit Approach _,@_.

Fhrough concretes

Plastar an bath sides of the wall
Whabded wire mesh packet for shender wall phess
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Manual for Strong back Retrofit Approach

Al ubie pda
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& Dption af timber ard eeinforced conciats L [
strong backs . r— e
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Field Guide for Repair and Retrofitting m“_u_@

* Eplint and bandage appraach wsed
* Splint and bandage of welded wire mesh

* Horizontal and wertlcal contalnrment reinforcément wires
* Diagonal ties/bracings under floor with Gl wires

LT ww Trirrke Ep " W D]
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* Due tominimum use of the Gl containment wires in loss
SEreSs ared results in economical sodurion:
s Concept of Incremental retrofitting) Phase retrofitting

within the building- budget management

Attic
e
[E] il 4 o
elRa L R e LAY R £l
|
A1 by i1 W e e B e b F P e e e W B et Y
Consolidated form of Retrofit Manual et et
* Different Technologles have thalr owen benafits and Bmitations,
Halp technical peopbs for better selection among altemative
Since the seismic code technaologies
: 4 # Similar contents in 3ll manuals only different approach
of Nepal is revised, . . i g
* Differant Technologies implemented during post disaster after
revisit of manual s approval from the Government Body
required * Large Scale human rescarces were trained in  different
technologies
T ST Nl R s e ok e P L o 6 e e o e " by i
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Way Forward

country

techroligied is niecesany

ar— i r— . ——

* Consolidated manual considening all implemented alternative

* =g of Large Scale Trained Human Besource on each
Technology outside 32 districls

* For scale wp, engineering costs- nesd to be minimired by
promoting easy touse and easy to check guidelines

* Replication of implemented retrofitting techoologies aves the

ILFraw L &4y bep Fremn r o Sremm rivrey Per T Ceerm e e Yhn Mo Ir

Presentation 3: Norms and Standards of Retrofitting Works by Mr.
Ranjan Dhungel, NSET and Mr. Deepak Saud, HRRP

40

Mr. Deepak Saud, HRRP
highlighted on the norms
for rate analysis of
retrofitting masonry
buildings, which  was
developed by Retrofitting
Technical Working Group
in March 2020. He also
shed light upon the key
aspects of human resource
and quantity of material
required for retrofitting
works. His presentation
focused on the brief
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overview of manual, its development process, steps in consolidation process, limitations of norm,
major items included in norms and the way forward.

He presented lack of documents for retrofitting as one of the key challenges for retrofitting of
buildings, saying that many documents were developed only after Gorkha earthquake, particularly
in 2017. As aresult engineers and mid-level construction masons found it difficult to estimate the
cost of retrofitting. Therefore, he pointed out that the main objective of developing the norms for
rate analysis for masonry buildings was to support retrofitting cost analysis of masonry buildings.

Explaining the development process, he said that a Technical Working Group (TWG), under
HRRP Platform, was formed to consolidate and develop various documents and resource
materials. One of its key tasks was to standardize norms for retrofitting of masonry buildings. The
TWG consisted of engineers from UNDP, HRRP, NSET, Build Change and CRS.

He also summarized the steps in consolidation process as:

- Collection and compilation of norms and rate analysis used by different organizations

- Discussion and consensus on the various line items pertaining to retrofitting

- Collection and compilation of actual human resource used for different specialized
tasks in retrofitting from several sample retrofit sites

- Averaging of rates (human resources, materials) based on actual field scenario

- Development of revision of norms and rates where applicable

He further highlighted on the validation process & norms formation and said that around 80 sites
were examined, and data on human resources & materials were recorded precisely by NSET, Build
Change and UNDP. He also informed that some parts of the norms are taken from the
Government’s new construction norms.

Some of the major items included in the norms are:

- Site Clearance and Protection Works

- Excavation and Backfilling

- Shoring works

- Masonry works

- Concrete & Rebar Works

- Formwork

- Wire mesh Works

- Plaster Works

- Containment/Jacketing

- Anchorage Works

- Through Concrete, Dowel Works and Timber Splicing
- Replacement of Heavy Gable with Light Material
- Roof and connection Improvement
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He explained the site clearance and protection works as:

- Providing and fixing the 500-gauge polythene sheet

- Removing of existing doors and windows shutter and its fixture
- Demolition of wall BMC and storage within haulage of 10m

- Demolition of existing PCC flooring

- Stripping and Raking of Existing mud plaster from SMM/BMM
- Stripping of Existing Cement plaster SMC/BMC

As a way forward, he emphasized on the need to carry out field validation by sending the norms
for rate analysis to field engineers and mid-level construction technicians so that they can use it
for estimation in the field. He also stressed on the need for government approval for its wider
implementation. Finally, he said that the capacity of engineers and mid-level construction
technicians need to be developed for implementation of the norms for rate analysis.
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Qverview

Background & DEjective
Devalopment Process

Steps in Consolidation Process

Scope and Basis
etajor Items

Way forward
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Background & Objective

= TH,033 retroftting beneficiaries
*  Cost is key aspect for retrofitting intervention

= Developed tosupport the retrofiming cost analysis of masanry
structunes

By Bam Feppiany pw Sy ey Brivei ey 5
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Development Process

= Linder HERF Platforns, a Technical Workmg Groog (TWG] was foomad o
censolidane and develog varows documents and resource matariab

s Qi of thie key task: 10 standasdipe narms for retrofitting of masonng
buildings

= The TWG consisted of enginesrs from UNDE, HARP, RSET. Baild Change
and CRS

3i Pebrwrry THE i § by Zrmocm o b e peg Swecioey El
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Steps in Consolidation Process

= Collecion ard compilation of norms and rate aralyss wsed by
different organizations

s MHsoustion and consensus on the varous line tems peraaning to
retrofitting

= Collection and compilation of actual human resource used for

different cpecialized tasks in retrofitng from several sampls retrafit
sites

. avaraging af rates (human fesources, matersals] based on actual fialo
SCeTIgng

= [Pevslopment of revision of norms and rates whens applicable
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Scope and Basis

It covers stome and Brick massnry bullgings [Both with mud sad
cEmeEnt mortar)

Resrofitting Technsques
o splint and bandage
o cootainment reinforcement {CR) system [locad faslure jacksting
o strang-back method

Besisits are based umnbﬂerwﬁ:n fraom partner arganizations and

BT M0 ents adopted from standard gower nmental morms
for newr comstruction

4B} Ban Frecrmn o Bevrw roarag Eemrie g 4

Validation Process & Norms =~ ===
Formation

13 Fairwry 3021

Araund B sites were examined, and data on manpower & material
recorded pracizely by NSET, Bulld Change and LNDP

Sorme parts of the pors are takan from the Govermmsant's rew
EONELNETIOnN Narms
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Major ltems

1. Gite Clesrance mnd Protection & Paxber Winrks

LT
- 8 Coital nimert) acketing

100 #nchorage Works
11 Throogh Corcrete, Dol Wiorks

2 Eszavaticn arcl Backffling
Hy Sharing warks

4,  Mamonry warks and Timber Splicing
5. Comcreto & Robar riorks 17 Replcement of Heavy Gabla with
6. Fommwork Light Matesial
7 o meshi ks 13 Boof and mrnecton
LR
ELpsvany dard PN L T YT 8 B L RN R 1

S

| e e e

Site Clearance and Protection Works

L]

Providing and fixing the S00-gatge golythara gheat

= Remoang of exlsting doors and swindows shuttes and (85 fature
= Dercsalithon of wall BMC and storage within haulage of 10m

»  [emoftson of exsting FCC foaring

= Stripping and Raking of Existing musd plaster from Sk /B

= Stripping of Existing Cement plaster SMC/BEMC
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Site Clearance and Protection "u"l.Tﬂrks

Stripping and Raking of Existing mud plaiter from SMMBMM
Rabe Analbyss for 1 8a,m

Hezourres Particulars
human s for scapping Ureit B LA (k.4
Ewrman resauite Tor raking & Wekiiart pad ane
tepwng
Darmage recovery [30W |
Tocls |33 Inbi]
RERLL = o Rty L TR L T EI R S BT T B
@
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Wire mesh Works

= Cutting and ladng SWIE10 welkded wire mesh [S0mm ¥ S0men|
= Cutting and laying SWGI0 vwebded wine mesh [25mm X 25men]
»  Cutting and laying SWG12 welded wire mesh [S0mm X S0men]
= Cutting and [aying $WiG1d welded wine mesh [31mim € 31 mom]

= Cutting and laying SWGT2 welded wing mesh [250m X 25 mm)

= Cutting and lapng $WiG15 welded wire mesh [20mim 8 2 memi|
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Wire mesh Works
Culting ard laying 5WGE10 welded wire mash and mesh sie S0mm X S0mm
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Plaster Works

= Cemnent plaster works over on walls, with cement sand mix (124} and
12.5 i thick

o Cement plaster works over G2 wire mesh | chicken wire mesh on Stone
Masanry veatls, with cement sand mix | 1:3) and 30 men thick

= Cesmant plaster warks over GF wire mesh [ chicken wire mesh on Stone
Masonny walls, with cement sand mb: (1:3) and 20 mem thick

= Cermmnt plaster warks oner 58 wire mesh |/ chicken wilre mesh on Stone
a0y walls, with cement sand mbx (1:3] and 35 mm thick

= Cesmant plaster waorks over G8 wire mesh [ chicken wire mesh op Stone
riasonny walls, with cameat sand mia (1:3) anc 40 mm thick
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Plaster Works

Cament plaster works over Gl wirs mash | chicken wirs mesh on Brick

wialls, with cemnent sand mix [1:3) and 30 mm thick
Rate anatysle for 100 s6.m
Rasourcas Particulars | Unit Ciuantity
hurman resource 2 e i
Urskilled hid 16
Cement baps 30
Paterial
: Sand CU |
Tonds [3% labor)
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Containment/Jacketing
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Provicling 130G /Gl Wire @ 100vmm e

Flzirg Srmam dia. G wira in specified lecation attachied with each oross-
link book placed at specified Intenal



-8 1 F R0

PER, Lat o il

Containment/lacketing

Providieng 126 Gl Wire @ 100wnm &/'s fov previstion of |ocsl isduns
Hate Analysss far 1.5q.m area

fosources Particulars T Cluamtity
human rasource :
Urskilled bid 06
M aterial 120G Gl Wira kp 1.012
Toncds (3% [abor)
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Anchorage Works

=  Throughout snchormg of SWE 103 15] men wire at §00 mm cfc with
staggered lawoi for conmection of jackating mesh an Both sides of wall

= anchorage of 4.75% mim bar with sfagpered lapaut at GO0 men ofc for
connecting splings and bandeges on both sldes of wall

*  Cast In-situ Concrate Shear Connector for all befts Inea500ms thick wall
wilth ey TOR rod and il of Concrete 1:2:4

By Bam Feppiany pn Srpy ey Brhi ey 47
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Anchorage Works

Thraigheut ancharing af SWG 10 (3.15] mm wire a8 600 mm s with
uaggered lyaut for connaction of jacketing meih an both sides of wall

fate Anabysic for 1 pos

Particulere Uni Hupnisty
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Through Concrete, Dowel Works and
Timber Splicing
*  Providing 150mm thick and 450mm deep Theaugh concrete

*  Froviding 150mm thick and 450mm long Dovwel

= Prowiding the Timber Splicing
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Through Concrete, Dowel Works and
Timber Splicing

150mm thick and 450mm desp Through concrete placed in existing wall to
prevent wall delamination

Rate Arabysis for 10 oo,

Eded it as
v irpma g

Lirndiiled B bk

Cwrmmi e nr

damd dam 1117
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Roof and Connection Improvement

= Comection of Rafter and Purlin
+  Connection of sill plate with ring bedamy

» Connection of Ridge Beam and Timber Post
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Roof and Connection Improvement

Connsction of rafter and purlin with 126G Gl Wins

Rate Anakysis for 40 connections.

Resnurces Particsdan TH
T rES0UPTE Unskiled M 1
Félaterind 123G Gl Wires EZ L3
Took | 3% fabar|
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Way Forward

v Feald walidstion
*  Gowernment dappeaval process

+  pmplementaticon
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Remarks from Commentators

Remarks from Dr. Hari Ram Parajuli, Executive member of NRA and Chair of Technical
Team

Dr, Hari Ram Parajuli said
that the draft document was
good but requires some
finishing works. Going back
to the beginning of the
process, he said that the work
on developing guidelines on
retrofitting had started since
2017 with support from
various  institutions  and
individuals including NSET,
JICA, World Bank, Prof.
Maskey, Dr. Motra
respectively, and NRA led the
whole process. He further
requested all to refer to the document and suggested that the write up should not be copy
and pasted, with proper credit given or sources mentioned where required. He also
requested Dr. Chandra to include some retrofitting success stories on Singha Durbar and
Durbar School in the publication, saying that it should not be limited to private housing
only and should include the retrofitting of public buildings also. He even requested to use
the term “methods and approaches” rather than “strategy” for the document. He informed
that all the technical issues in the draft had been noted down and would be shared directly
instead of sharing in the public platform. He also requested to have a chapter on
Approaches and Methods, which would specify on the kind of strategy used in terms of
reducing demand or increasing capacity. Similarly, he suggested to include calculations
and document the guideline properly as a lot of time and resources had been invested and
on it. Lastly, he appreciated the team for using norms and standards in retrofitting. Finally,
he urged everyone to work together in making the document more clear and include all
items, saying that it would be a valuable resource for future if rate analysis is used properly.
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Remarks from Prof. Prem Maskey, Institute of Engineering

Prof. Maskey appreciated the
efforts and thanked all the
individuals concerned in
developing the document. He
also pointed out some of the
deficiencies with an objective
to improve the document. He
basically highlighted on three
major issues: 1. Need for
classifying the building
typology and making it be
known to others: He said that
as the document focusses on
non-engineering structures in
reinforced masonry, it is important to classify them. He further said that engineers have to guide
the society in interpreting the engineering knowledge, which requires a lot of research in masonry.
He even said that masonry cannot be avoided in the next 50 to 80 years. He also pointed towards
the need to introduce alternatives to masonry, and that NRA, CLPIU and DUDBC have already
done that. He said that it was high time to go for green materials, such as earth bags, hollow
concrete blocks, CSEB, confined masonry or other materials that are specific to our context 2.
Need to carry out structural conditions assessment and publish it: He stressed on the need to
determine seismic vulnerability before and after retrofitting. He further said that retrofitting has
been done in such a way that there is hardly any difference among repair, retrofitting and
reconstruction; therefore there is a need to improve that. He suggested to clarify the distinction
between repair and retrofitting in all guidelines, documents or manuals, and 3. Need to ensure
periodic maintenance of materials: Giving examples of heritage structures, he said that since
heritage buildings are very prone to deterioration, their regular maintenance should be introduced
in retrofitting too, then only it can be a success.
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Remarks from Dr. Gokarna Motra, IoE

Dr. Motra said that although the
document was very good, there is
a need to fill some voids. Giving
his technical feedback, he said
that the introduction part,
although well-written, needs to
specify the audience for whom it
is written. Is it for written for
engineers or practitioners or
masons? If it is intended for
engineers or designers, there is a
need to add some technical
words, describe some common
failure mechanisms and include
observations from 2015 Gorkha earthquake. If it is intended for professionals, it is necessary to
include how in-plane and out-of-plane types of deficiencies will be addressed. Similarly, he said
that strong back technologies had been well introduced, however stitch had been missing in splint
and bandage, so there is a need to clarify that. Likewise, he suggested to add a brief description on
push over curve and on brick masonry typologies in building typologies. He advised to add a
justification on variation of costs and address how to preserve timber in masonry buildings.
Finally, he suggested to advocate for incremental retrofitting by identifying and addressing major
deficiencies in private houses, and stressed that this document would be even more valuable if
validation of what has been done so far could be added.
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Remarks from Tim Hart, Build Change

Mr. Tim Hart thanked everyone for participating in presenting the document and present his six
major observations; 1. Scope of retrofitting and guidelines: He pointed out towards the need to add
retrofitting of RCC houses too, since such buildings had been significantly damaged in
Sindhupalchowk and other areas. He also stressed on the need to focus on buildings that were not
damaged in 2015 but could be
damaged in future earthquakes
in order to achieve scale with
retrofitting 2. Capacity
building: He highlighted on
the need for trainings for non-
engineers, particularly for
government  officials and
homeowners. 3. Performance
criteria: Saying that there has
been a lot of talks on updating
these guidelines to current
code, he asked if it is really
what we need. He further
explained that it is not always
possible to retrofit a building to current code, since homeowners have to spend a lot of money, and
it can become very complicated and hard to achieve. Giving example of USA, where separate
guidelines have been developed for retrofitting, he suggested that consideration should be given
to come up with a criteria that would be acceptable and not necessarily in the current code, and
stressed on the need to properly assess the building before developing the performance criteria.4.
Incentive to homeowners and suppliers to produce quality materials through vocational programs
to achieve the material quality. 5. Technology: He said that increasing the ductility of buildings is
as important as any other factors, and that splint and bandage approach increases ductility 6. Need
to consider the feasibility of construction, which also includes socializing the technology 7.
Financial incentives: He focused on the need for providing some means of financing to
homeowners for retrofitting their homes, which could be in the form of subsidies from the
government or private sector. He also said that these loans should be tied to construction quality,
and that incremental retrofitting could be another option here.
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Remarks from Jitendra Bothara, New Zealand
Giving a brief overview on his own experiences with retrofitting, Mr. Bothara said that his first
engagement in retrofitting had been in mud building while working at NSET. He further said that
there were a lot of critical voices then. Retrofitting was taken as a process rather than product then,
and the by-product of that process was the mason training we see today. He stressed that the
experience had been a very
useful learning, which also
guided the present retrofitting
practices. He particularly
pointed out 3 major learnings:
1. Retrofitting is a legitimate
method to reduce risk, 2. Mud
mortar buildings can be easily
retrofitted and 3. Even a little
intervention makes a Dbig
difference in survival of
buildings. He further stressed
that our focus on retrofitting
£ should be on those little
- interventions so that we can
take them forward in sustainable way. He also highlighted that safety is not only a technical issue,
it is equally a socio-cultural and economic issue. So there is a need to integrate all these aspects in
making retrofitting sustainable. He further elaborated that the current retrofitting model focusses
on either meeting 100 percent standard of the code or not retrofitting at all, and that, he said, was
the greatest impediment to retrofitting. Giving an example of New Zealand, he said that we can’t
fix everything, so there is a need to set achievable targets. Emphasizing on the concept of
Incremental Retrofitting, he said that our current effort is to promote retrofitting as a product,
however, it should be promoted as a process, through incremental retrofitting. He elaborated that
culturally, we build houses over a period of time, and that we cannot complete a building in one
go, due to various economic limitations. So he urged all to fix the most vulnerable parts first and
add other components over a period of time. In retrospect, he also said that NRA could have
introduced the incremental approach which could have been easily adapted by many homeowners
due to its cost benefit aspects. He suggested that engineering research, specifically on vernacular
building type is much needed since vernacular buildings perform very differently than modern
buildings. Finally, he pointed out towards the need to fine tune research with methodology and
make them easier for implementation.
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Remarks from Amanda Duff, UK

Ms. Duff said that retrofitting is a
fascinating topic in itself, which could be
analyzed from policy, technical,
economic, social and historical angles.
She further said that UK has been
supporting retrofitting since the 2015
earthquake, and it’s interesting to see the
journey since then. Finally, she stressed
on the need to focus on scaling it up for
wider application and how it can be
applied before earthquake, through
interesting  tools like  incremental
retrofitting.

Floor discussion: Questions on FACEBOOK LIVE and ZOOM Meeting

1. How is NRA strategizing to minimize the effects of next mega earthquake and how
differently will Nepal deal with destructive earthquakes in the future?
From Roshan Vincent to Jhappar Singh Vishwokarma

Response: NRA has already started some initiations such as collaboration with local government.
NRA is also focusing on documentation of learnings, experiences and how to transfer the
learnings. It has already initiated trainings for local government, prioritizing on documenting,
sharing and transferring of its learning to local government. NRA will handover important learning
and experiences in making the country resilient to relevant government stakeholders. For example,
local government will now play vital a role in implementation of NBC. The role of local
government will be critical now, and there is a need to make some robust mechanisms in terms of
technical and economic aspects as well as communication technologies. There is a need to take
timely actions and work on preparedness.

2. Are these documents prepared based on experimental verification? Or we used only
the experience based knowledge to prepare these? If these are prepared based on
knowledge only, how can the designers be confident to ensure the safety level using
these guidelines?

From Sujan Tripathi to Hari Ram Parajuli
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Response: The documents have been prepared using three kinds of mix methods: theoretical
calculations, experimental verifications and expert opinion. Different guidelines have been set in
different cases by incorporating learnings from other countries too.

3. Are the technology recommended and used for retrofitting of non- engineered
masonry buildings based on past experience/documents/manuals/guidelines or is
there exact analytical calculation of capacity of existing masonry building while
preparing retrofitting manual to enhance the capacity of non-engineered masonry
buildings?

From: Mahesh Raj Bhatt to Bipin Gautam

Response: It has used both experimental and analytical verifications. There are some technologies
that are verified through practical methods also.

4. We could integrate retrofitting techniques in Surakshit Awash Karyakram (Safer
Housing Program) launched by Government since the last fiscal year? Surkhshit
Awas Karyakram, so far, is limited in replacing thatch roofing by GI sheets, so is it
possible to incorporate retrofitting there?
From Kishore Thapa to Navaraj Pyakurel

Response: In this program, there is a need to give 5000 rupees to remove thatched roof by CGI
sheets. As per the feedback from different districts and areas, there were some issues of wall, so
there are on-going discussions about replacement of rafter, and jacketing of walls. So it can be
considered a prototype of retrofitting. These are valid issues and we are in the process of making
plans to improve this scheme in the system.

5. Plastering of retrofitted buildings gives an illusion of new building. Can we expose
all or some of the structural components so people will identify it as a retrofitted
building? However, we should consider the aesthetic aspects too.

Questions to Bipin Gautam. From Kishore Thapa

Response: Expose of retrofitting elements depends on the technology used for retrofitting. In some
technologies such as strong back or splint and bandage with RCC elements, we can see the
retrofitting elements in the buildings.

6. Beneficiaries of the reconstruction are still using the old house. According to the
rules, such houses must be demolished, but demolition also costs a lot of money.
What kind of policy will the National Reconstruction Authority bring to strengthen
and save such houses? Beneficiaries are not ready to demolish such houses in the
village. Is Incremental Retrofit Useful? What is the plan of National Reconstruction
Authority in this?.

From Ram Sapkota to SushilGyewali, NRA
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Response: NRA has taken certain decisions regarding financial dimensions of retrofitting since
financial dimensions of retrofitting is one of reasons for low acceptance of retrofitting by the
people. Keeping this into consideration, the concept of incremental retrofitting has been introduced
and a grant of Rs.50000 could be used for incremental or localized retrofitting. People are given
with two options: either maintain and strengthen their houses or demolish it and build new.
Through this approach, NRA is trying to reduce the vulnerability of houses, and in future, there is
a need to think about how to promote this technology.

7. What will be the difference between acceptable risk then? Is risk reduction only an
issue of cost? Incremental things must be well defined and there is a need to identify
people’s acceptability.

From Ranjan Dhungel to Jitendra Bothara

Response: Acceptable risk is defined in very different ways by experts, policy makers and public.
Here, we are talking about collective process and decisions coming from experts, policy makers
and public. How we define risk as a collective approach is a different thing, which needs to be
accepted by all and based on our culture, economy etc.
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Remarks from Special Guests and Chief Guest

Remarks from Dipendranath Sharma

Thanking NRA team for such
a great effort in
reconstruction, Mr. Sharma
said that the presentation
shows that the process has
developed a wealth of
knowledge through creation of
human capital. He provided
some valuable suggestions to
The Ministry of Construction
and DUDBC as they will be
leading the process after NRA.
He said that there is n need to
focus on revising the safer
housing program guidelines to
include the provision of periodic maintenance and retrofitting, which will require some cost. He
further opined that cost is not a problem, and presented the policy commitments and
institutionalization as major issues. He also suggested that in order to ensure the sustainability
and ownership of government’s co-financing policy, there is a need for certain percentage of
contribution from people. He also said that all the people should be covered by this program and
that the government cannot leave any one behind. However, he said that incremental process could
be used in terms of technical solutions to reduce the cost. He highlighted another task of taking
into account the revised NBC 105. He further informed that two institutions (Urban Planning and
Development Centre and National Research Centre for Building Technology) had been created 3
years back under DUDBC, with the main idea to link policy makers with professionals and
academicians. He stressed on the need to activate National Research Centre for research and
building capacity. He presented capacity gap as a huge issue. He further said that the first focus
should be on retrofitting of public buildings to raise the faith of the people in reconstruction
process. He opined that the option of choosing 3 lakh or 1 lakh was a great barrier for people to
choose retrofitting. So he personally believes that more people will be willing to come forward for
retrofitting if they are given only one choice of preventive retrofitting. Finally, he pointed out that
it is right time that NRA transfers these knowledge to NDRRMA as well as concerned stakeholders
including DUDBC, ministry of construction, and local government.
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Remarks from Nawarj Pyakurel, DG, DUDBC
Mr. Pyakural said that it is right time to use NBC, and develop guidelines and documents to use
NBC in various levels. He stated that one of the major questions people have is regarding the
possibilities of retrofitting in mud mortar, however they have not been given complete answer to
their frequently asked question. So he said that the workshop was an opportunity to give answer
to the question. Saying that many buildings are still vulnerable, he focused on the need to retrofit
public buildings where large number of people gather. He also stressed on the need to develop
retrofitting scheme for public buildings. Giving his feedback on the three presentations, he said
| ™ that they were very specific

and important, and
discussed about various
technical, social and
economic aspects of
retrofitting. He also

expressed that he was happy
to see norms and standards
developed for retrofitting
and that these norms should
be approved from the
government system. Lastly,
he suggested that there
should be some listing of
retrofitting experts because
it is hard to find the technical
human  resource  when
required.

Dr. Bishnu Bhandari said that retrofitting is a
composite of social, technical, environmental,
social and economic process, and therefore, we
need a holistic approach, without focusing on
engineering aspects only. He further said that
engineers have been playing an important role and
they are an important component of the whole
holistic process. He stressed that when we retrofit,
it has to be technologically strong, culturally
acceptable, economically viable and
environmentally perfect.
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He highlighted 5 key points as a way forward:

e C(learly articulate in the documents regarding who the users of this document are?
e Make the document very simple and locally understandable
e C(Clarify the huge confusion at community level regarding the difference between retrofitting

and repair

e Include information on how these guidelines were developed: were there pre-tests done

and who reviewed it?

e Raise awareness and interest among people, then carry trial for adaptation
Finally, he emphasized that political will and determination is equally necessary for

institutionalizing retrofitting.

Remarks from Anil Pokhrel, NDRRMA

Mr. Pokhrel thanked NRA and
development  partners  for
putting the document together,
while understanding the
challenges and looking at the
broad spectrum of possibilities
in technical, social, and
economic aspects. He said that
the best approach is to learn
from the challenges and
document the challenges and
learnings, so that we could take
it forward together with the

. ministry, local government and

other stakeholders. Finally, he
said that NDRRMA is fortunate

to walk with NRA for 2 years to build its capacities and institutionalize its processes including
retrofitting, as well as work with other partners such as DUDBC to take this forward.
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Remarks from Chief Guest, Sushil Gyawali, CEO, NRA

Mr. Gyawali stated that the workshop would be an important milestone for future. He further said
that the effort that NRA has made has been quite good, however it has been delayed to certain
extent due to various reasons. He opined that though the number of retrofits is less, the lessons
learnt are very important and would guide the future process; so retrofit can be regarded a success
from that perspective.

Addressing the important concern on low numbers of retrofits, he said that the major reason behind
this was lack of awareness in public and political levels. He further stated “If we go back in past,
it took almost 2 and half years to come up with manuals and guidelines, so we cannot blame people
that they are not convinced.” He further added, “Research on retrofit was done only after the
earthquake due to which we lagged behind, and for this, the government needs to be blamed”.
Thus, he emphasized on the need to come up with timely research, guidelines and manuals.

He further said that retrofitting huge number of houses requires huge investment from public,
government, private sectors and also from the house owners. Since it is a huge intensity of task,
we need to prepare accordingly. He also stressed on the need to replicate different retrofitting
technologies. He stated that the development of guidelines, manuals and standards, videos, PSAs,
poster fliers, mobile apps are important achievements.

In terms of capacity building, he said that a certain level of effort had been made, for instance 816
OJTs were conducted , 300 and 2200 engineers and masons were trained respectively, which
indicates that quite a good number of human resources have been developed which needs to be
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further escalated in future. He also informed that a study on urban housing retrofitting has been
published, which could serve as a guide for retrofitting urban houses.

Talking about the issues and challenges, he presented the major challenges as:

e Lack of awareness

Low level of grants and subsidies provided by government
Lack of affordable and quality materials

Lack of curriculum for engineers in academic courses

Lack of clarity regarding repair, maintenance and retrofitting

Shedding light upon the benefits of retrofitting, he said that it has huge benefits, such as cost
effectiveness, resilience, life safety, local adaptability and preservation of vernacular architecture.

As a way forward, he stressed on the need to increase awareness at public and political levels . He
further elaborated that there is a need to come up with communications strategies and action plan
for diff levels of stakeholders. He also pointed out the need for a conducive policy environment,
through special social technical assistance facilities financial access program for people. He also
stated that DUDBC and MoUD need to revisit national housing safety program. He suggested that
comprehensive guidelines are needed for engineers, house-owners, masons and artisans alike.

He further added that different PSAs and documentaries need to be developed for wider awareness.
Along with that, there is a need to document and discuss on retrofitting of Rana palaces and
heritage buildings. He also suggested that huge capacity building programs should be launched
for engineers, masons, bureaucrats, political representatives and other stakeholders, and that
retrofitting cadres should be placed at all levels.

He advised that academic institutions should design curricula for retrofitting. He pointed out
towards the need of a program for incentivizing all sectors, including construction manufacturers
so that construction materials can be made available in an easy way.

Saying that reconstruction is the present and retrofitting is the future, he stressed on the need to
carry open discussions with development partners about retrofitting program for a resilient
technology in future. He also expressed his gratitude to World Bank for agreeing for structural
entity assessment for health facility and school buildings, and opined that this process could also
be used for wider awareness. Emphasizing on the importance of more research, he advised to
establish research center in IOE, increase investment in research and strengthen research center in
DUDBC under MOUD.

He stated that financial sustainability of retrofitting is very important, along with innovation of
affordable technology that is viable to our country. So he said that it is duty of all to come up with
innovations from financial sustainability aspects. He further added, “Incremental retrofitting could
be a very good option as a process with certain level of safety.” However, he pointed out that it is
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necessary to be clear on the level of safety we are talking about from our economic perspective.
He also requested the team to come up with the meaning of affordable retrofitting and incremental
retrofitting in our context.

Saying that, “NRA is not the future. DUDBC, MOUD and NDRMA are the future,” he requested
all the concerned authorities to take the lead. He also stressed on the important role of local
government urged to develop their capacity to take ownership of the process.

He further stated that multi hazard risk assessment, along with implementation of building permit
system in all municipalities and RMs are very important, and said that it is the role of DUDBC and
NDRMA for development of such programs. Finally, thanking all the participants, presenters,
donors, organizers and supporters, he said that NRA’s support would always be there in making
the whole nation resilient and hoped that it is not an end but the beginning of future.

Closing Remarks by Chairman, Shyam Kishore Singh, Project Director,
CLPIU (Building)

Mr. Singh thanked all the participants,
donors, participants, presenters, organizers,
supporters and the entire team for their time
and contribution. He said that the low level
of acceptance of retrofitting needs to be
increased through policy level interventions
to make our community disaster resilient.
He further added that retrofitting of public
buildings like Singh Durbar can be a model
for people to retrofit their houses, and it also
shows that retrofitting is very cost-effective.
He also suggested that we could replicate
retrofitting efforts from other countries like New Zealand.

He also stressed that we need to start retrofitting beyond 31 districts, and it is good to start with
government buildings. He also urged that all stakeholders should sit together and plan for starting
retrofitting works. He also pointed out that one consolidated document on retrofitting incorporating
all guidelines would be highly beneficial. He said that norms and standards on retrofitting should
be implemented soon after its approval. He also hoped for quick finalization of the document.

Finally thanking all once again, he formally announced the closure of the Workshop.
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List of participants and Contributors

More than 60 people were present online, more than 40 people were present in Facebook live and 20
people were present physically, so there was a presence of more than 120 people altogether.
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The following structures was made for the implementation of the workshop:

Organising Committee

ii.

1il.

Chairperson: Dr. Chandra B. Shrestha, Executive Member & ICNR Convener, NRA

Member:

Mr. Navaraj Pyakurel, Director General, DUDBC

Member Secretary: Mr. Shyam Kishor Singh, Project Director, CLPIU (Building)

Working Committee

1.

.
1ii.
1v.
V.
V.
Vii.
viil.

1X.

Coordinator: Mr. Jhapper Singh Vishokarma, DPD, CLPIU (Building)

Member:
Member:
Member:
Member:
Member:
Member:
Member:
Member:
Member:

Mr. Bipin Kumar Gautam, CLPIU (Building)
Deependra Nath Sharma, UNOPS

Dr. Ramesh Guragain, NSET

Mr. Ranjan Dhungel, NSET

Ms. Liva Shrestha, Build Change

Ms. Pragya Pradhan, UNDP

Mr. Sudin Pradhan, CRS

Mr. Sushant Shrestha, UNOPS

Mr. Deepak Saud, HRRP
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