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Promoting vernacular architecture, a basis for Buiting Back Safer? A
Case study from Nepal

Eugénie Crété, Santosh Yada¥, Yannick Sieffert3, Majid Hajmirbaba 4, Julien Host&, Miguel Ferreira
Mendes, Olivier Moles?, Pawan Shresthaand Philippe Garnier®

Abstract. Reconstruction projects must rely on local rescauieed capacities to effectively reduce inhabit-
ants’ vulnerability on the long run. Vernacular hitecture often reveals disaster-resilient straedhat are
affordable and accessible to most people. Documgraind validating these practices through scientéi

search help in promoting them at different insitoél and political levels. The work presentedhis paper is
a first step on the identification of the main tastaffecting the incorporation of new practiceoical build-

ing cultures and on the understanding of the extemthich these practices actually improve inhatigtare-

silience. It results from a comparative study ob tveconstruction projects in Nepal on the one heamdi on
the other hand from the research conducted by 38R technique that is being reincorporated int@lnh

ants’ building cultures: the regular insertion efsgnic bands. The experimental campaign includsts ten
seismic bands built with different materials andlioally loaded to assess the energy dissipatetthdyiffer-

ent configurations. The strong connection betwemtdemic and operational settings allowed for actlicen-

tribution to the activities carried out by locabktholders. Yet, the main factor affecting the pelspac-

ceptance of Building Back Safer (BBS) messagesthaofficial guidelines they had to comply withdet

subsidies; but it often resulted in important safesues as their unaffordability induced improjpeplemen-

tations. Working on social aspects and side by wittelocal authorities is thus essential to widiehplement
proper BBS messages.
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1 Introduction

In disaster-prone areas, traditional architectofe=sn reveal a great deal of ingenuity about treeaidocal re-
sources and the development of techniques andgeadhat are thought to contribute to reducingvlieer-
ability of built structures [1], [2]. However, thelevance of these solutions remains marginallyudented
and validated by scientific communities. Hence, mutamage is often inflicted on vernacular heritage
through inappropriate retrofitting or repair andcofurse demolition during relief and reconstructrases.
The replacement of traditional habitat by ‘modéemmiported’ solutions speeds up the disappearandeadi-
tional skills, knowledge and cultural practicesttimg living aspects of this heritage at risk [Bloreover, in
many cases, it is ineffective in terms of Disafik Reduction (DRR) [1] and it deprives inhabitaaf solu-
tions that are often the only one they can impldarbgrthemselves [4]. Identifying and analyzing whabple
actually do by themselves make it possible to imerid while perpetuating endogenous capacitieaflapta-
tion and evolution — which is decisive to imprombabitants’ resilience capacities in the long ruand while
preserving their cultural identity [5].

The work presented is a first step on the idemtifon of the main factors affecting the incorparatof new
practices in people’s building cultures and onuhderstanding of the extent to which these prastixtually
improve inhabitants’ resilience. A strong collaliama between CRAterre-ENSAG, 3SR (UGA) and LMDC
(INSA-Toulouse) makes it possible to study howatital engineering research influences these phenam
This paper sums up the current findings that rdsuth a comparative study of two reconstructionjgets in
Nepal and from the research conducted by 3SR ettaique that is being reincorporated into inhaiéa

building cultures: the regular insertion of seisiménds. The research with LMDC is further develoipd@].

2 Working methodology

CRAterre-ENSAG and 3SR started collaborating thhotige research project ReparH, supported by the
French National Research Agency (ANR) and laundbldwing the 2010 earthquake in Haiti. This prdjec
supported the evolution of Haitian state policiegarding building standards [7] and resulted in Bi®s [2],

[8] and on a methodology that was iteratively im@d through a continuity of projects [9]. Its fistep con-
sists in the identification of local building praxes and the elaboration of hypotheses regardigig thlevan-
cies towards DRR. The second step consists intselesome of these practices according to their BB®&n-
tials and the body of knowledge about them. Thesef a reverse engineering research protocol &nd i
implementation by performing different tests andlgring their results make it possible to extrateliigent
building principles and define technical solutidhat valorize and improve them, as and when neeOeel.
strong interconnection with field projects alloves the construction of prototypes and the collectoé direct
feedbacks on the solutions promoted and their acyuegarding local contexts. It thus allows fatlier ad-
aptations of these practices and their full integrain the trainings implemented, and finally aimites to

the definition of the research ways forward.



3 The identification of local DRR practices in Magapawa and Katunje

CRAterre-ENSAG and 3SR conducted two field suniaySovember 2016 and February 2017 to analyze lo-
cal building cultures and identify relevant DRR girees that would benefit from reverse engineepngr
cesses. They included buildings visits, intervievith inhabitants and professionals and group disous.

The first site selected is Magapauwa (Dolakha idi$r3,000 inhabitants. The second one is Kat(bjead-

ing district), 1,500 inhabitants. Many buildings timrese two sites were severely damaged during @& 2
earthquakes. The villages are located on steepdnilll are difficult to access. Houses are builibpg few
local professionals, with a relevant participatafithe owners on more specific tasks of the conttm. A
reconstruction project supported by Caritas Luxenglstiarted in these two sites in 2016. The Nepasse-
ciation Pourakhi is responsible for the overalljpcoimplementation with the technical support o€litectes
Sans Frontieres (ASF) — Nepal. CRAterre providggpstt to the project by reinforcing partners’ capes

through technical and methodological advice.

Figure 1. Traditional houses that resisted 2015 earthquakbesminor damage, in Magapauwa (left, credit: CRAdgand Katunje
(right, credit: ASF Nepal)

The load-bearing external walls are made of stoglenaud mortar masonry and are 40 to 50cm thicks&exe
stones are often used to reinforce corners. Intgraxdition walls are made of wood. Roofs are ditohed
with an all-around eave. Traditional slates roofarg being replaced by Corrugated Galvanized I@@IY
sheets. This change started more than 20 yeardusgto cost, ease of installation, and the inhatstéearing
heavy roofing in case of earthquakes. Several speeific traditional aseismic features were noticed

*» Doors and windows have a double timber frame Wwhicts as an extra lintel when the masonry wél.fai

* Most of the remaining houses present wooden gsaiment at floor joists and awnings levels, anueso
times full timber seismic bands regularly spacadatunje, several traditional buildings walls undé stone
bands spaced approx. 50cm.

» According to the connections between the awnitigsy sometimes reduce the slenderness of the gable
walls and confine the earthquake-sensitive uppgrgfahe wall. However, this confinement is aletimore
efficient as the roof is heavy, which is becomiogrse with the replacement of slates by CGI.

» In Magapauwa, most houses are built with a doldad-bearing system that is oversized for statads,

with masonry walls doubled by a post and beam tirsbecture.



The observation of main post-earthquake failures {telamination of masonry walls, corner collap§as,
ures at the connections between the walls andatbfeframework, and partial collapse of gable wadldyo-
cated for the improvement and the reincorporatibtingber seismic bands in local building practicBst in
both sites, the quality of the wood available i$ fodly satisfying for this purpose as the cuttiogthe tradi-
tionally used timber shaal — is very restricted due to its increasing scagsenlt is then fundamental to reuse

old timber, to develop wood protection techniqued & look for alternative materials or solutions.

4 The seismic bands: academic research and recommernidas

Even if commonly found in historic buildings all@vthe world[10], seismic bands mechanical propserind
influence on the seismic behaviour of buildings st poorly known. But from observation, it iseer that a
horizontal seismic band plays an important roledderal manners. It prevents corner separationseahates
out-of-plane failures by restricting the bendindleftion [11]. It helps to restrict in-plane sheaack propa-
gations and acts as a temporary lintel in casexfgb collapse of a wall. Moreover, it undergoesdiding ac-
tion which leads to dissipation of energy due ictifsnal behaviour at the interface layer.

The objectives of this experimental campaign arkni out the mechanical shear behaviour of difiema-
terials used to build shear bands and comparenbryg they dissipate. A series of experimentaktesis

performed in cyclic quasi-static loading using tlmmfigurations and materials mentioned in the diride

Timber Shear Timber Shear Concrete Shear Bamboo Shear
Band Type 1 Band Type 2 Band Band

published by Nepalese government for reconstrugirojects [12], [13].

Figure 2. The different configurations of shear bands use@xperimental work
For timber shear band type 1 and bamboo, the teass\ties were connected using nails; whereasnitvet
shear band type 2, the longitudinal pieces andrtresverse member were embedded fegee 2). The di-
mension of longitudinal timber member is 900mm xnib x 45mm, and that of the transverse member is
350mm x 50mm x 45mm. For concrete shear bandsyraio reinforcement bars with diameter 12mm and
stirrups having 6mm diameter, spaced 150 mm C/@ wsed with M20 grade (C:S:A = 1:1.5:3 ratio) con-

crete. Two identical specimens of each type atedeturing the experiment.
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Figure 3. Longitudinal cross section of timber shear bampéty during tests



During the tests, the shear band is directly loddeahalyze the energy dissipation at the intertdd¢ae shear
bands. The test is carried out in displacementrotbed! pattern with displacement up to 20 mm foreécy-

cles at each level in both direction of loading][T#he rate of displacement is 0.4 mm/sec for aash In or-

der to take into account the pre-compressive latid@at the shear band level due to dead loadatif amd

live load from occupancy, a pre-compression is iadpby confining with metallic plate connected by s
bolts. Applied loads and displacements are recor@ethparing the hysteresis curves for identicatispen
(seeFigure 4), the reproducibility requirement is addresseda$sess the amount of energy dissipated at each
step, the area under the curve is calculated WiiginPro 2017 software. The comparison of eneiiggipa-

tion by various types of shear bands is showmgiire 5.
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Figure 5. Comparison of energy dissipation by different typeshear bands

It shows that most energy is dissipated with carecshiear band (CSB) and least energy is dissipaitid
bamboo shear band (BSB). Moreover, it shows tleathount of energy dissipated is affected by the tf
connection as Timber Shear Band type 2 (TSB2) mhsss more energy than Timber Shear Band type 1

(TSB1). Finally, to observe the significance of gteear band surface area, the results for the emnand



bamboo shear bands were normalized with respetiintmer shear band area: the energy dissipated ey th

normalized CSB and normalized BSB are close to¢hdiSB1. The energy dissipation patterns tendto f

low linear form for all different shear band configtions.

This first experimental work allowed us to conclubat:

» Timber shear band with notched transverse tiebbtsr response property for shear loading anérhe
ergy dissipated is nearly twice as much as withaminections. Moreover, type 2 is also probably pe
forming much better regarding wall out-of-planei@tdtion.

* The energy dissipation by the concrete shear basthighest among other materials because of gerar
contact area.

» Bamboo shear band provides low energy dissipasahere is low friction and its contact area isléma

These conclusions on the energy dissipation shieelldut in perspective with the lack of knowledgetios

other functions of the shear bands, and more spaityfon the impact of their rigidity.

5 The reincorporation of these results in the reconstiction projects

As part of the reconstruction projects in Magapaawd Katunje, ASF-Nepal and CRAterre provide tecdini
support for all new constructions, retrofitting ameghairing works in the villages. Moreover, twoitiiag ses-
sions took place in November 2016 and May 2017. démo houses that were constructed had three main
functions: as a support for hands-on sessions gltin@ training sessions, as a record of what teaitearned

and as a showcase to share this knowledge withthiee inhabitants.

Figure 6. The demo house built in Magapauwa (credit: CRAterre)
During the training sessions, most of the traddiggood practices that had been noticed were prands].
A few changes in local ways of building were intnodd to improve the safety and thermal propertigbe
constructions or to get closer to the specificaidafined by the National Reconstruction Authofft§RA) to
access the state subsidies [12], [13]. In particskismic bands were introduced and the heighteohouses
was reduced. The training was also the opportunitynprove the masons’ know-hows as it was observed
that most of them were no longer following the subé art.
Moreover, some results from the experimental cagmpearried out by 3SR on seismic bands directlytiied
technical choices implemented during the trainmgatunje:

* Though concrete seismic band seems efficient reégatde energy dissipation, its cost is usually muc

higher than that of timber and local workers oftsk basic skills to build it.



» Low quality nails do not allow for satisfying coratiens when using hard timber and the researchdurt

argued for the use of embedded connections.

However, the field surveys showed that complyinthwie technical guidelines issued by the NRA wias o
high importance to people when they had to choos¢he materials and techniques they would use tlaad
first set of NRA requirements, issued in 2015 [@R] not include the use of timber seismic bandbuiid
houses with more than one level. In Magapauwa,a@8és were rebuilt or under reconstruction by 200,7.
They were built in stone masonry with mud mortathva better quality regarding stone works. All biutee
households preferred building two-level houses W#inforced Cement Concrete (RCC) seismic bands, as
allowed by the official guidelines. But as it wa® texpensive, they saved money by hiring unskiNedkers
and reducing the amount of iron rods and cemeng thducing important safety issues. It was comjpdex
convince inhabitants and professionals about th@itance of building RCC seismic bands in compkanc
with technical guidelines and explain why usingliénwas safer than using RCC improperly. In Katuime
July 2017, one mason had built his own house fotigwthe guidelines co-developed by CRAterre and ASF
and reusing timber and stones from his previouséothis new building is complying with most guidek
and is satisfactory regarding safety and earthgeaiggneering. Otherwise, most people were stilhgvin
their damaged houses: Even when reusing most mlateriwhich is quite easy for most households -pleeo
still have to spend around NPR 300,000 for labdrictv represents the total grant given by the gavent

for reconstruction. But this grant is given in thiastalments and most people received only hallf @fs the

last instalment is to be paid when the works aex)ov

6 Conclusions

It seems that the main factor affecting the impletatton of DRR messages was the official guidelipesple
had to comply with to get subsidies. They resuitedn improvement of masons’ skills regarding store
sonry, but the improper implementation of RCC saspands induced much safety issues. The NRA asked
for more scientific knowledge on timber bands beflully integrating this technique in their guideds. The
research conducted by 3SR and CRAterre-ENSAG panthed at answering their concern. The NRA finally
allowed for two-story constructions with timber s®ic bands in their second set of guidelines, pbbll in
2017 [13]. Analyzing how this decision influencdg treconstruction processes in Magapauwa and Katunj
will be of high interest. Working with local autlities is essential to widely convey proper DRR ragss.
Besides, the project teams are to socially agsistrtost vulnerable inhabitants by tailoring solusi@nabling
them to access materials and labor, for examplewtalizing traditional work exchange systems.sTtirned
successful in Haiti, but was not enforced yet ip&leresulting in a low accessibility of all kinéllmouses.
Finally, seismic bands behave very differently deieg on their rigidity and the building one, andther re-
search is necessary to understand their behavioweder, in order to allow for a dissipative movemand

increase the friction when using bamboo, local eegjis decided to improve the roughness of the barabd



increase its contact area by testing crushed argleid bamboo bands, and to test the feasibilitshisftech-

nique when building the next outbuildings. The eatrdevelopment of an affordable shaking tableSR 3

will allow for testing real-scale technical detaled conducting more academic research, includedigh

partnership with local universities.
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