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1 INTRODUCTION

Vernacular constructions are widely present in the
built environment of many regions. Being non-
engineered constructions, they result from the use of
traditional materials and techniques, continuously
improved based on the observations of their perfor-
mance and response to different requirements and
demands imposed by the social and physical envi-
ronment.

It is commonly accepted that vernacular architecture
have been continuously adapting to the local cli-
mate, extreme loadings, type of use, to the environ-
ment in which is inserted, etc.. Thus, during centu-
ries man has developed some constructive
techniques to reach the comfort and performance de-
sired, function of the local climatic conditions, the
available materials and other conditions relating to
their culture (Cafias & Martin, 2004).

In earthquakes, vernacular construction may suffer
considerable damage, and eventually collapse, with
the consequent economic losses, injuries and deaths.
Some vernacular buildings are particularly vulnera-
ble to earthquakes, in most cases due to the overall
layout of the construction, to the connection between
structural elements, poor constructive details and
poor maintenance. Recent earthquake events have
shown the vulnerability and limited capacity of some
vernacular solutions, which may induce a poor seis-
mic performance.

2 VERNACULAR CONSTRUCTION

2.1 Concepts

It has been estimated that 90% of the construction
around the world is vernacular type, meaning that it
is for daily use (University).

A vernacular construction reflects the period of time,
the local environmental, the cultural, technological
and historical context of the society, representing a
cost-effective construction based on the local availa-
ble materials.

The vernacular constructions were usually con-
structed to meet the needs of the residents, consider-
ing the local climate, available materials, and natural
hazards that may suffer.

2.2 Local available materials

The structural behaviour of a vernacular construc-
tion is clearly influenced by the building technology,
construction details and the used materials.

Earth, stone or brick masonry elements and timber
are the most frequently used structural materials, and
their combination was currently adopted in vernacu-
lar constructions.

Earth construction solutions are among the most im-
portant materials/techniques used in vernacular con-
struction. In fact, it is estimated that, even nowadays
nearly 50% of the world’s population lives in earth-
based constructions (Guillaud, 2008). Besides the
evidences in less developed countries where this
type of construction is very popular, it can be largely
found in some developed regions, due to the sustain-
able construction concerns and practices. The num-
ber of earth-based buildings tends to increase



(Pacheco-Torgal & Jalali, 2012). Earth has been
used in vernacular constructions, with several differ-
ent techniques, such as rammed earth, adobe, Daub
and wattle, cob, among others.

Figure 1 — Timber construction in Bhutan ©NCREP
2015

The success of a certain type vernacular construc-
tions may be related with the available raw materi-
als, like is the case of adobe construction in Aveiro
district, Portugal. The principal raw materials used
in the production of the adobes in the region were
coarse sand, argillaceous earth and lime. Worldwide,
in the vernacular architecture, for the production of
adobes, to natural earth can be added clay or sand,
and it was also common the addition of natural fi-
bers (as straw or sisal, for example) to control crack-
ing during adobes drying in the sun (Silveira et al.,
2012).

But the use of raw earth was associated to other con-
struction techniques, adapted to the local construc-
tion practices, materials and needs. For example, in
Portugal, “tabique” elements were used in different
constructions in all the country. In fact, it is one of
the most used traditional building techniques using
raw materials, particularly for interior partition
walls. A tabique constructive element can be simply
described as a timber structure, more or less com-
plex and robust, filled and plastered in both sides by
a composite earth based material (Silveira et al.,
2012).

2.3 Seismic resistant constructive elements

One of the important characteristics of the built ver-
nacular heritage is related with its adaptation to the
environment constraints, and in many situations it is
evident the relation with the natural hazards inci-
dence (Ortega, Vasconcelos, & Correia, 2014).

The occurrence of a strong natural extreme event, or
the repetition of small events, like earthquakes, may
push the community to react and to transpose this to

act in the construction practices, developing a local
risk culture (Ferrigni et al., 2005). These actions
may include the production of earthquake safer fea-
tures added in the current construction practice fol-
lowing a seismic event, which has caused damage.
Methods and solutions that revealed to be vulnerable
are either abandoned or modified/improved and in
reconstruction works the details and solutions which
have withstood the event are adopted again. Eventu-
ally, these aseismic features can take root in the
building culture of the region (Jigyasu, 2002).
D’Ayala (D. D’Ayala, 2004) observed that in re-
gions of moderate seismicity, corner returns and
quoins, connection with partition walls, regular ma-
sonry fabric (stone or brickwork), floor and wall
ties, alternate orientation of floor structures can typi-
cally be found, while in regions of higher seismicity,
these features are accompanied by timber ring-
beams, monolithic lintels and stone frames around
openings, framing and bracing of masonry with tim-
ber post and struts.

For example, the use of timber elements within walls
found in Pombalino buildings, in Portugal, and in
traditional constructions in Greece, Turkey and India
has been used to improve the earthquake perfor-
mance of these buildings (Pacheco-Torgal & Jalali,
2012).

Figure 2 — Timber elements within walls in Greece

In seismic prone regions is common to find elements
for the improvement of the connection between
structural elements (ties and reinforcing rings); and
construction elements that counteract the horizontal
forces in earthquakes (buttresses and reinforcement
arches).

Metal and wooden ties have been applied for a long
time as a reinforcement measure in highly seismic
regions, such as Italy (Figure 3). This type of
strengthening measure has been also adopted in Por-
tugal in order to improve the structural stability.
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Figure 3 — Ties in a traditional masonry building,
L'Aquila, Italy

Buttresses can be found in ancient constructions,
built at the same time as the building, as a deliberat-
ed feature, or they can be added to older masonry, as
a consolidation, reinforcement or stability improve-
ment measure. Buttresses can counter the rotation of
the facade thanks to their sheer mass. They can be
found again, in many of the highly seismic regions,
where masonry is the main construction system.
Buttresses are also common in vernacular architec-
ture, being introduced to counteract the lateral forces
imposed by roof systems, arches and vaults (Ortega
et al., 2014). They may also have a seismic concern
origin and they can still be found in many vernacular
buildings.

In urban environments, other elements that may play
a similar reinforcement role are external stairs, coun-
ter arches between buildings, vaulted passages and
loggias.

3 VERNACULAR BUILDINGS AND
EARTHQUAKES

Past and recent destructive earthquakes proved that
most of severe damage and collapses may occur on
non-engineered buildings. As stated before, vernacu-
lar constructions result from traditions, improved
with time as a response to the requirements of their
social and physical environment. As so, in seismic
regions, where small or moderate earthquakes are
frequent, these events influence the construction
practice and, thus, influences the requirements for
the structural capacity of these buildings. Conse-
quently, several elements are incorporated in the tra-
ditional construction for their seismic behavior im-
provement.

However, in many situations, the poor economic
condition of habitants, the state of conservation of
the buildings, and the large recurrence period of this
type of extreme events leads to neglecting the im-
portance of these elements.

Even with good construction practices, and incorpo-
rating seismic improvement construction practices,

for strong earthquakes it may be difficult to assure
an adequate behavior for certain type of construc-
tion, as for the ones with high mass, like load-
bearing masonry structures.

In L'Aquila 2009 earthquake, several vernacular
buildings have showed a deficient behavior under
the seismic demands they suffered. The substantial
re-adaptation and changes of their structural system
in the last 50 years, to account for a different use of
the spaces, the consideration of modern residential
requirements for comfort, may have influenced their
seismic performance, contributing to several damage
mechanisms identified (DinaF D’Ayala & Paganoni,
2011). The original structures include both, masonry
vaults and timber floors and roofs, replaced in re-
cently retrofitted buildings by lightweight jack arch-
es or steel beams (DinaF D’Ayala & Paganoni,
2011).

Figure 4 — Village affected by the L'Aquila earth-
quake

In L'Aquila, several collapses of the building facades
due to poor connections between walls were found
and the quality of masonry dramatically influenced
the level of damage (see figure 5).

Mg

Figure 5 — Out-of-plane collapse of a fag:ade. mason-
ry wall

The seismic performance of traditional masonry
constructions retrofitted with ties may be influenced
by their location, by the material deterioration of the



anchor element, or by the lack of integrity and shear
capacity of the masonry to withstand the thrust gen-
erated at the anchoring plate/element by the relative
movement of the two orthogonal walls (Rodrigues et
al., 2010).

?

Figure 6 — Collapsed fag:ade ofa bulldlng with ties,
during L'Aquila earthquake

Vernacular buildings are a relevant part of the build-
ing stock affected by the Emilia, 2012, earthquakes
(Paupério et al., 2012), mainly due to the overall
layout, constructive details and poor maintenance.
Many of the building in the affected area have
shown a very poor seismic performance. Approxi-
mately two hundred rural buildings suffering from
partial to total collapse have been counted in an area
of about 500 km’ (Sorrentino, Liberatore,
Liberatore, & Masiani, 2014).

The main cause of damage in these buildings is as-
sociated with the higher length/thickness and
height/thickness ratios of the walls and with the use
of slender brick columns, connected to the roof just
by friction (Sorrentino et al., 2014).

Yo
Figure 7 — Masonry bulldlngs collapsed durlng the
Emilia-Romagna earthquake

E e
Figure 8 — Slender brick columns Emilia-Romagna
region

The 7.8 magnitude earthquake that hit Nepal on the
25™ of April 2015, and the series of aftershocks that
followed it, associated with a high number of human
losses, severely affected numerous vernacular build-
ings. In remote areas like, Gorkha, Dolakha, Sind-
hupalchowk, Nuwakot, Solukhumbu, Kavre, Rasu-
wa and Dhading, the majority of houses were
vernacular constructions. Locally available stone
with mud mortar or, in many cases, without binding
material are common construction solutions in those
areas.

Figure 9 —Collapsed houses of an entire community
near Barpak during the Gorkha earthquake, 2015
©DipendraGautam 2015

In the worst affected area, traditional single-storey
masonry houses without, or with poor, binding mate-
rial were the most common building typology. In
Barpak of Gorkha (the worst affected area, beside
the epicenter region) the majority of adobe houses
collapsed. The out-of-plane failure mechanism was
commonly observed in many houses.
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Figure 10 — Out-of-plane facade failure during the
Gorkha earthquake, 2015 ©DipendraGautam 2015

In many houses, the roofing system was found to be
heavier than in other typologies. Many of those ob-
served houses had roofing systems with stone cover-
ing (Fig. X). Due to climatic condition, people were
adopting the use of heavy stone roofs and avoiding
timber elements and other lighter solutions in adobe
masonry houses, so probably damage was further in-
tensified by this constructive option.

Figure 11 — Collapsed house with a heay roof dur-

ing the Gorkha earthquake, 2015 ©DipendraGautam
2015

4 ELEMENTS AFFECTING SEISMIC
BEHAVIOUR

From the previous section is clear the influence of
the material properties and constructive solutions
and details are critical for the structural behavior of
vernacular buildings. Based on the observations
from damages and collapses in previous earthquakes
some parameters were identified that can influence
significantly the structural behavior of these build-
ings (Ortega et al., 2014).

One of them is the interaction between buildings,
which has a significant influence in the seismic per-
formance of structures. The interaction between ad-
jacent buildings with different dynamic behavior
may have implications on the seismic behavior and
performance of the structures.

Figure 12 — Daage associated to the interaction be-
tween adjacent buildings - L'Aquila earthquake

The shape of the building plays an important role if
the regularity in plan and in elevation. Lacking of
shape regularity in plan may induce an irregular dis-
tribution of the seismic demands, due to the eccen-
tricity between the center of mass relatively to the
stiffness center, enforcing the torsional demands due
earthquake actions. Regarding the typologies of
walls, they can differ in the constituent material, in
the quality of the material, in the arrangement of the
elements/units, having a significant influence in the
capacity of the masonry and so of the building to
support vertical forces and to withstand the horizon-
tal demands resulting from seismic actions.

The diaphragms at the floor level may be very flexi-
ble, when wooden floors are used, which is the most
common solution. Proper connections between walls
and floors are important, so that the vertical structur-
al elements do not behave independently and im-
proving the coupled response of the building. Exces-
sive deformability of the floors may have a negative
effect on the behavior of the fagade walls. To assure
the proper "box-behavior", assuring that all structur-
al elements contribute to the structural resistance of
the building, the connections between structural el-
ements should be carefully considered. In many cas-
es, the walls work separately, having to bear by
themselves portion of load that acts on them (Ortega
etal., 2014).

Strengthening devices, like ties, buttresses and other
reinforcement elements can improve the structural
behavior of the buildings and, in particular, enhance
the connection between structural elements (ties and
reinforcing rings). Other construction elements can
counteract part of the horizontal demands due to
earthquakes, as buttresses and reinforcement arches.
Another important aspect that influences significant-
ly the seismic behavior of vernacular buildings is as-
sociated with the alterations and/or inadequate inter-
ventions. Addition of floors and new elements or
spaces, and removal of existing strengthening ele-
ments may changes significantly the structural be-
havior of the original building.



5 FINAL REMARKS

Vernacular construction is, in many cases, the pri-
mary construction system in certain rural areas, but
that is the situation also in many urban areas, where
an important heritage is present.

In vernacular construction, the materials and con-
struction techniques are very different around the
world and in many cases elements to improve the
seismic behavior of the building are included.
Seismic deficiencies of vernacular constructions are,
in many cases, associated to the heavy weight of the
structures, their low strength, brittle behaviour, and
deficiencies in the connections between structural
elements. The primary factors affecting the structur-
al performance of a vernacular construction, in par-
ticular for earthquake actions, is the position of the
building and its relation with adjacent buildings, the
presence of irregularities, the construction solutions
and the quality of the materials, the lack of mainte-
nance, eventual alterations and damage due to previ-
ous extreme events. Also, the adequate connection
between the walls and floor/roof system is essential
to prevent collapse.
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