
Please cite this article in press as: J.A. García-Esparza, et al., A multi-analysis characterization of medieval and vernacular coat-
ing mortars in rural Valencia (Spain): An experimental study for a Heritage Action Plan, Journal of Cultural Heritage (2017),
https://doi.org/10.1016/j.culher.2017.10.013

ARTICLE IN PRESSG Model
CULHER-3299; No. of Pages 14

Journal of Cultural Heritage xxx (2017) xxx–xxx

Available  online  at

ScienceDirect
www.sciencedirect.com

Original  article

A  multi-analysis  characterization  of  medieval  and  vernacular  coating
mortars  in  rural  Valencia  (Spain):  An  experimental  study  for  a
Heritage  Action  Plan

Juan  A.  García-Esparzaa,∗,  Francisco  Pardob,  Luis  M.  Palmeroc

a Department of Mechanical Engineering and Construction, Universitat Jaume I, Avda. Vicent Sos Baynat s/n, 12071 Castellón de la Plana, Spain
b Department of Education Sciences, Universidad CEU Cardenal Herrera, Calle Grecia, 31, 12006 Castellón de la Plana, Spain
c Department of Architectural Construction, Universitat Politècnica de València, Camí de Vera, s/n, 46022 València, Spain

a  r  t  i  c  l e  i n  f  o

Article history:
Received 5 July 2017
Accepted 23 October 2017
Available online xxx

Keywords:
External renderings
Lime mortars
Gypsum mortars
Vernacular landscape

a  b  s  t  r  a  c  t

Almost  all  the  faç ades  of rural  vernacular  constructions  were  rendered  in  order to protect  and  decorate
the  masonry  walls.  Therefore,  this  study  has  been  carried  out in order  to  identify  and  classify  the  differ-
ent  vernacular  techniques  for  producing  mortar  over  history  in  a given  geographical  region  through  the
combination  of  petrophysic,  chemical  and  organoleptic  analysis,  going  on  to  classify  and  date  construc-
tions  for which  there  were  no  recorded  data. The  results  show  that  mortars  do  indeed  contain  a  wealth
of  information,  which  situates  these  constructions  in  a specific  period  of  history  and  allows  relationships
to  be established  between  construction  stages  and techniques.  The  results  have also  demonstrated  that
mortars  are  mainly  composed  of  lime  rather  than  gypsum  as  was  erroneously  assumed  before  the  study.
So, the  determination  of  components  and techniques  has  been  considered  a  crucial  aspect  to  be  taken
into  account  when  working  on  the  conservation,  of  contemporary  aesthetic  interventions  for  which  the
combination  of  petrophysical,  chemical  and  organoleptic  analysis  is  necessary  to  guarantee  compatibility
between  existing  mortars  and  new  ones.

© 2017  Elsevier  Masson  SAS.  All  rights  reserved.

1. Introduction

The characterization of old mortar is of interest for archaeol-
ogy and architecture [1–5], specifically in the field of monument
restoration and conservation [6,7]. In the case under study — the
analysis of mortars in vernacular architecture — our interest is
focused on ascertaining whether or not the initial hypothesis held
by some authors that time conditioning factors determine the qual-
ity of a given mortar is correct, or whether — as a second theory
speculates — the quality of these mortars depends on the pro-
duction process and/or the availability of natural materials and
resources. In this regard, recent studies such as that by Moropoulou
et al. [8] offer a precise analysis of the technology and incompat-
ibilities of contemporary interventions on historic mortars, while
Faria et al. [9] focuses on the suitability and durability of certain
lime mortars over others.
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A third major factor in this study is establishing the exact com-
position of historic mortars in the region studied in order to date
and identify the relationship of the mortar production technique,
and to provide rural vernacular constructions with recognition of a
historic identity, rarely valued or known. Hence the need for further
knowledge and the reversal of external coatings’ removal process
which alters the constitution and external appearance of vernacular
buildings (Fig. 1).

Given the above, the aim of this study is the petrographic
characterization of these materials, identifying composition, tex-
ture and porosity, as well as the relationships between them,
as found in constructions in Historic Centres (HC) or in Periph-
eral Constructions (PC) (Fig. 2). Criteria are selected based on
sample characteristics in order to establish typologies that are
significant as construction mortars. The main aim of this study
is to establish a relationship between the typologies obtained
and the origin of the mortars: origin of the material, pro-
duction process, placement in the building or construction
period.

The characterization of mortars is important since the area
— 28,799.30 Ha — is in the process of being considered of spe-
cial relevance because its vernacular values [10]. The place will
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Fig. 1. Example of plundering process of historical coating mortars in Culla (Spain).

host a joint Territorial Heritage Action Plan between ten munic-
ipalities. As the map  in Fig. 2 shows, from each village departs a
pathway to the Peak of Penyagolosa Mountain. Villages and paths
host more than 200 Constructions — houses, cottages, watermills,
hermitages, etc. — that have been considered of interest. Thus,
the rationale of the work relies on understanding the historical
evolution of the place and its buildings by means of the mortars’
morphology.

In doing so, the authors selected 36 samples of mortars from
the different villages and pathways. Samples were codified — HC-
USE-001 — meaning, HC or CP depending on the location of the
building, USE meaning the acronym of the village were the sam-
ple was taken, and finally, the number that relates the sample
with the building. In this regard, from the 36 samples, 14 were
taken in HC and 22 in PC. As regards the location and the impor-
tance of the building, 8 samples were taken from US-les Useres
village, 11 in CU-Culla, 4 in AT-Atzeneta, 3 in LC-Llucena, 2 in LD-
Ludiente, 3 in VH-Villahermosa, 4 in PM-Puertomingalvo and 1 in
TEU-Vistabella. Samples were taken from those parts of buildings
where they are better preserved, eaves and jambs, notwith-
standing that surface erosion was intrinsic to the most of the
samples.

2. Area of study

The place of study is the Penyagolosa mountain range, in the
province of Castellón, Spain. The scattered medieval settlements in
the highlands, articulated throughout pathways (Fig. 1) took place
due to necessity, and subsequently by self-sufficiency exploiting
land resources. The vernacular dwelling, an epitome of a medieval
culture based on mobility and a hand-to-mouth way of life, came

to be seen as a symbol of stability [10]. Despite major economic and
social changes, the autonomous households, the surviving spatial
patterns, the buildings’ arts and crafts, and the territorial histories
contributing to the context persist to this day. So, it is believed that
the most of the buildings that still remain in the landscape belong
to the 16th–18th century [11].

Pre-industrial mortars-making activity had defined specific
duties: limekiln worker, mortar mixer, sand carriers, etc. . . [12].
As regards the characteristics of mortars, previous authors estab-
lished the optimum combination of lime binders [13,14], while
others established the conditions of hydraulicity of lime [15] and
others the importance of the addition of small fragments of cooked
clay and its dosage; mortars that are poor in lime in 1/3 to 1/5
[16,17].

Nonetheless, the normal production of common lime in pre-
industrial rural settings was  done in a rural kiln when the stone
was very close to the construction site or the wood was near the
quarries. This was cheaper than resorting to kilns in urban cen-
tres. As a result, mortar often contained saltpetre, badly slaked
lime, excessively coarse aggregate and vegetable remains including
wood carbon or other fibres. Other mortars found near Penyagolosa
are mortars with clay or earth mixes. But, it has not yet been estab-
lished whether these mortars have a high index of hydraulicity by
calcination as established by Vicat or are simply bastard mortars
made up of clay earth [18].

The aggregate size comes in two categories, fine or coarse,
depending on whether it resembles dust or a seed [19]. The aggre-
gates are defined according to the type and quality of the closest
stone material: siliceous or quartz, sandy, clay, grained stone, gyp-
sum, or calcareous limestone. Cavanilles (1792–1793) described
the mountains of the kingdom of Valencia as calcareous or sandy
with small outcrops of gypsum [20]. It is therefore clear that the
dosage of the different materials available and how they were pro-
duced greatly conditioned the mortar quality.

In 1785, due to excessive cutting and thinning for charcoal pro-
ductions, an order by the National Council requested that Economic
Societies give preference to locations in which coal stone quarries
could be found. This is why Cavanilles sees gypsum as a widespread
resource in construction [20]. The gypsum used in rural settings
was known as rough or black, also mixed with sand, lime and metal
oxides. Mixed with sand this gypsum could double its volume and
become extremely hard [19]. Bastard mortars were obtained that
were one part gypsum with three parts lime-sand mix, with the
increased volume neutralizing the reduction undergone by the lime
and used to render external walls avoiding the cracks produced
with the exclusive use of lime.

In general, the bonding agent used in the samples collected
made use of clay, lime and gypsum, which bonded the mortar
through different manufacturing, firing or alteration processes.
Among these it is worth noting the binders that only suf-
fer physical changes, such as those with clay, or those which
experience chemical transformations such as binders containing
calcium oxide (CaO) which in the presence of carbon oxide (CO2)
transforms into calcium carbonate (CaCO3) and crystallizes as
calcite [21].

The samples of the study were taken from the foothills of the
Iberian System. The climate in the area is marked by seasonal and
daily thermal oscillations, which cause major stress in the inter-
stices of the mortars, especially those exposed to solar radiation,
which is intense in the summer with peaks of more than 30 ◦C in
July and August. Moreover, these tensions worsen in this region
with the high number of days with freezing temperatures at night
with peaks of −5 ◦C mainly in January; a mean of temperatures
below zero practically 30 days a year (Table 1) [22]. These condi-
tions are especially important in the case of these porous materials
[23].
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