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Abstract: Tabique is one of the main Portuguese tradi-
tional building techniques which use raw materials as
stone, earth andwood. In general, a tabique building com-
ponent as a wall consist of a wooden structure made up of
vertical boards connected to laths by metal nails and cov-
ered on both sides by an earth based material. This tra-
ditional building technology as an expressive incidence
in the Alto Douro Wine Region located in the interior of
Northern Portugal, added to the UNESCO’s Word Heritage
Sites List in December 2001 as an ‘evolved continuing cul-
tural landscape’. Furthermore, previous research works
have shown that the existing tabique construction, in this
region, reveals a certain lack of maintenance partially jus-
tified by the knowledge loosed on that technique, conse-
quently this construction technique present an advanced
stage of deterioration. This aspect associated to the fact
that there is still a lack of scientific studies in this fieldmo-
tivated the writing of this paper, the main objectives are to
identify and characterize the nails used in the timber con-
nections. The nails samples were collected from tabique
walls included in tabique buildings located in LamegoMu-
nicipality, near Douro River, in the Alto Douro Wine Re-
gion. This work also intends to give guidelines to the re-
habilitation and preservation of this important legacy.
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1 Introduction
One of the most traditional Portuguese building tech-
niques is tabique. In Portugal the tabique construction is
spread out along different parts of the country, however in
theAlto DouroWine Region, (Figure 1-a), which is included
in the Trás-os-Montes e Alto Douro Region, both located
in the interior north of Portugal, this traditional building
technique had a significant incidence until early XX and
started to be in disuse when reinforced concrete and in-
dustrial ceramic bricks were introduced. Furthermore, a
particular attentionmust be paid to the landscape and ver-
nacular architecture present in theAlto DouroWine Region
since it is classified in the UNESCO’s World Heritage Site
List since December 2001 as an ‘evolved continuing cul-
tural landscape’, (Fig. 1-b). Previous research work done
by Pinto et al. [1] and Cardoso & Pinto [2] on this region
indicates that majority of tabique constructions are de-
tached houses with two storeys that have stone masonry
as exterior walls at the ground floor level, tabique exterior
and partition walls at the first floor. Nevertheless, this her-
itage presents an advanced stage of deterioration. There-
fore, conservation and rehabilitation works are urgently
needed. This paper is intended to give guidance in future
rehabilitationandconservationworks and tofill the lackof
scientific studies done on this region. Based in a fieldwork
performed by Cardoso [3] in that region, nails collected
from those tabique buildings are identified and character-
ized geometrically, mechanically and chemically.

2 Tabique walls timber structural
system

A tabique building component as a wall, (Figure 2), is
formed of a timber structure made up of vertical boards
connected by laths (horizontal slats) which are connected
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together withmetal nails, (Figures 2-a and 2-d). This struc-
ture is then coatedwith amaterial based on earth [4–6]. In
some cases braces are incorporated into the tabique walls,
(Figures 2-b and 2-e). In other cases, braces can be incor-
porated by a subframe association of tabique constructive
elements, (Figures 2-c and 2-f).

According to Cardoso et al. [7], it was concluded that
the most common building materials used in this context
are the Pinus pinaster for the timber structural elements;
an earthbasedmortar for thefilling and coating; andmetal
nails for the connection between the timber elements. A
fieldwork based on technical visits and collection of in-
formation and samples performed by Cardoso [3] in the
municipality of Lamego in the Alto Douro Wine Region al-
lowed for the collection and identification of several types
of nails which were then characterized geometrically, me-
chanically and chemically. In the following section an ex-
tensive characterization of these nails is made.

(a) Alto Douro Wine Region area

(b) Alto Douro Wine Region landscape

Figure 1: Alto Douro Wine Region.

3 Nails characterization
Nails are used in tabique construction as connectors be-
tween timber elements [4, 5]. Tabiquewall components as
boards, laths (Figure 3-a)) or rails (Figure 3-b)) are also
connected through these nails. Slates (Figure 3-c)) and
metallic coating when existing are also connected to the
timber components of walls through nails.

An experimental campaign was developed with the
nails samples collected during the fieldwork performed
in Lamego municipality [3, 8, 9] in order to characterize
them. In this campaign, metallographic analysis on the
microstructure of the nailsweremade at theMaterials Lab-
oratory of Trás-os-Montes and Alto Douro University and
at the Mechanical Materials Laboratory of Beira Interior
University. Meanwhile, the nail’s chemical characteriza-
tion was performed at the Optical Center of Beira Interior
University.

The metallographic analysis allowed the characteri-
zation of the microstructure (grain size, phases, etc. . .)
of the material surface of each nail sample using optical
microscopy while the hardness was characterized via the
Vickersmicrohardness test.

The chemical elemental composition of the metal was
obtained through EDS analysis (Energy Dispersive X-ray
Spectroscopy).

3.1 Nails samples geometrical and
dimensional characterization

The nails samples collected in Lamego municipality are
presented in Figure 4. It was observed, during the field-
work, that these nails had a wide variety of dimensions
these nails present a wide dimension variety. For this rea-
son they were first grouped according to their diameter,
type of cross section and length. Twenty groups desig-
nated PR1 to PR20 and illustrated in Figure 4 were formed.
Furthermore, since it was observed that a relationship be-
tween the length of nail and the type of elements con-
nected exists, the nails groups were divided in two sets as
shown in Figure 4-a) and Figure 4-b).

The first set (groups PR1 to PR9) include nails whose
length varies from 6,5 cm and 10,5 cm corresponding to
nails that are used to connect studs and braces and also
in the connection between rails and boards or posts. The
second set is constituted with nails including groups PR10
to PR20 with a length between 3,0 cm and 5,0 cm, which
are used in the connection between laths and boards or
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(a) Usual tabique wall (b) Tabique wall with diagonal braces (c) Subframed tabique wall

(d) Usual tabique wall (e) Tabique wall with diagonal braces (f) Subframed tabique wall

Figure 2: Exterior Tabique walls of tabique dwellings.

(a) Laths connection (b) Rail nails (c) Slate holes

Figure 3: Connection between elements.

studs or for the connection between the timber structure
and the slates or the metallic coating.

Furthermore the nails collected can present different
cross sections. In Figure 5 the twomain typologies of nails
collected are schematized. Figure 5-a shows a nail with
a square or circular cross section and Figure 5-b shows a
nail with a square variable cross section. The reported di-
mensions used for the geometric characterization are the
length (L), the head diameter (C), the diameter (D) (for cir-
cular cross section) and the length edge (D) of the square
cross section.

Finally, Table 1 summarizes the data related to the ge-
ometry and dimensions of all the nails collected.

From the data represented in Table 1, it is possible to
conclude that majority of the nails have a constant square
cross section and only a small fraction has a variable cross
section or a circular cross section. The diameter of the
nail’s cross section varies from 1.5 mm to 4 mm and the
total length between 3 cm and 10.5 cm.

3.2 Results of chemical and mechanical
analysis of nail samples

The microstructure of nail samples were analyzed with a
metallographic microscope, we assumed that nail sam-
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Table 1: Geometrical and dimensional characterization of nails.

Id. L (cm) D (mm) C (mm) Cross section Id. L (cm) D (mm) C (mm) Cross section
PR1 10.5 4.0 9.0 PR11 4.8 2.0 6.0
PR2 10.5 3.5 9.0 Square, PR12 4.5 2.0 6.0 Square,PR3 9.5 3.0 7.0 Constant PR13 4.0 2.0 5.0 ConstantPR4 9.0 3.0 5.0 PR14 3.7 1.5 4.0
PR5 7.5 3.0 7.0 Circular,

constant
PR15 3.3 1.5 6.0

PR6 6.8 3.0 7.0 Square, PR16 3.3 1.5 6.0 Circular,
constant

PR7 6.5 2.0 6.0 constant PR17 3.0 1.5 4.0 Square,
constant

PR8 10.5 4.0 10.0 Square, PR18 5.0 3.0 6.0 Square,PR9 8.5 4.0 9.0 variable PR19 4.5 2.5 8.0 variablePR10 5.0 2.0 5.0 Square,
constant

PR20 4.2 2.5 7.0

(a) Nails groups PR1 to PR9, 1st set

(b) Nails groups PR10 to PR20, 2nd set

Figure 4: Nails sample collected.

(a) Constant cross section nail

(b) Variable cross section

Figure 5: Nails schema.

ples PR3, PR8, PR11, PR19 and PR20 are representatives
of the 20 samples studied. The results of this analysis al-
lowed us to conclude that all the surfaces of the samples
were similar in grain dimension and in ferrite and pearlite
phase presence. Furthermore, the results show that in all
the samples, the existence of darker zones corresponds to
zones that exhibit a high concentration of some chemical
constituent. In Figures 6 and 7, we represent the surface
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100x 200x 500x

a) Sample PR3

b) Sample PR8

Figure 6: Images showing surface microstructure of nail samples.

images of the nails in three different optical resolutions
(100x, 200x, 500x).

It can be observed fromFigures 6 and 7 that some sam-
ples like PR8 and PR19 present grainswith a bigger dimen-
sion. This occurrencemay justify the lesser hardness of the
metallic alloy reported later in Table 3 and relative to Vick-
ers hardness. It is also possible to observe in Figure 6-b)
that the mechanical process used in nail manufacturing
results in a preferential orientation of the grain with visi-
ble elongation which leads to a monotonic behavior gives
origin to a preferential orientation of the grain with a visi-
ble elongation which can origin a monotonic behavior.

Thesenails are centenarian, since theywere applied in
the tabiquebuilding construction stage, to verify the possi-
bility to reuse them in future rehabilitation works we com-
pare the microstructure of these nails with the microstruc-
ture the actual nails thus we judge pertinent to compare
the nail microstructure of these nails with the microstruc-
ture of actual nails and which will be possibly used in fu-
ture rehabilitation works. For this reason we prepare two
samples of new nails designated N1 and N2.

These two samples were analyzed with metallo-
graphic microscope and the corresponding microstruc-
tures are presented in Figure 8. The images reveal that the
two samples present an homogeneous constitution, with-
out black spots. The presence of ferrite and pearlite phases

is again identified and the grain dimension is in gen-
eral less than those in the old nails samples (collected in
tabique buildings). This aspect may also justify the higher
hardness of samples reported in the Table 3, relative to
Vickers hardness.

The chemical elements identified with EDS analysis
was performed on samples PR3, PR8, PR11, PR19, PR20, N1
and N2, and revealed that they are essentially constituted
with iron (Fe). The EDS results of samples PR19 and N1
are represented in Figure 9. These results indicate that the
black spots present in sample PR19 have the same chem-
ical constitution as the global sample surface and hence
these black spots are not constituted with a specific chem-
ical element as we supposed previously.

Additionally, the elemental chemical analysis
(Energy-dispersive X-ray spectroscopy) of samples PR3,
PR11, N1 and N2 were obtained and the results are pre-
sented in Table 2. The principal chemical element identi-
fied was the iron (Fe). These results clearly show that the
nail samples metallic alloy is essentially constituted of
iron, with some traces of sulfur (S), potassium (K), man-
ganese (Mn) and copper (Cu).

Carbon (C) is another constituent that should exist in
the samples but its low concentration enable EDS detec-
tion (Energy-dispersive X-ray spectroscopy). Furthermore
new nails and collected nails have the same iron concen-
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100x 200x 500x

a) Sample PR11

b) Sample PR19

b) Sample PR20

Figure 7: Surface microstructure images of nail samples.

tration which indicates that new nails can be used in con-
servation works.

Regarding the hardness of the sample’s surface, Ta-
ble 3 summarizes the mechanical results related to the
hardness of eachnail sample. To obtain thehardness num-
ber, the methodology consist of obtaining five hardness
number for each sample from the cross section of the nail’s
surface in the surface of a cross section of the nails, exclud-
ing theminimum andmaximum value and calculating the
arithmetic mean value of the other three samples, follow-
ing the national standard NP 711-1968.

The results indicate an unexpected high hardness of
old nails, it should be underlined that these nails are cen-
tenarian. From the characterization tests of these connec-

tors, the experimental results indicate that these nails are
made of steel, because the HV value is in general higher
than 200. Table 3 also indicate that the samples PR8 and
PR19 have indeed a lesser hardness - this fact should be as-
sociated with bigger grain size present in the microstruc-
ture and previously reported.

The hardness number of samples N1 and N2 are in-
cluded between 236HV10 and 287HV10 and are in general
superior to those obtained from the collectednails. Theho-
mogeneity and grain size previously reported can in part
explain these results.
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100x 200x 500x

a) Sample N1

b) Sample N2

Figure 8: Surface microstructure images of nail samples.

Table 2: Elemental chemical analysis (% mass).

Sample
Chemical element PR3 PR11 N1 N2

S 0,49±0,17 – – –
K 0,57±0,14 – – –
Mn 1,69±0,31 1,00±0,38 – –
Fe 77,96±6,39 89,44±7,06 87,95±6,16 92,07±6,26
Cu 1,44±0,48 – – –

Table 3: Vickers hardness number.

Id. HV10 Id. HV10 Id. HV10 Id. HV10
PR1 180 PR7 216 PR13 218 PR19 131
PR2 194 PR8 156 PR14 209 PR20 161
PR3 215 PR9 186 PR15 238 N1 236
PR4 254 PR10 221 PR16 224 N2 247
PR5 219 PR11 196 PR17 203
PR6 282 PR12 238 PR18 168

4 Conclusions
Nails are used to connect timber elements of tabique build-
ings, tabique walls and metallic coating or slates applied
in the external walls of these buildings. The fieldwork per-

formed in the Alto Douro Wine Region identify essentially
two sets of nails, depending on their lengths (10.5 cm to
3 cm) and on the type of connected elements. Their cross
section canbe circular, constant or variable squarebutma-
jority of the nails have a constant square cross section.
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(a) PR19 Black portion analysis

(b) PR19 General surface

(c) N

Figure 9: EDS result of nail samples.

The experimental results obtained with optical mi-
croscopy and EDS indicate that these nails are made of
steel with the presence of ferrite and pearlite phases. The
chemical analysis also indicate that black spots present
in the microstructure surface of these nails are also con-

stituted with iron. The microscopic analyses of the sur-
face indicate that used nails have a less homogeneous mi-
crostructure and grain uniformity than new nails, some-
times presenting a preferential orientation of the grains,
this can be due to some degradation of the nail’s proper-
ties over time or to the mechanical process used in manu-
facturing which date from approximately 100 years ago.

The used nails are centenarian but present in general
high values of hardnesswhich indicate a good state of con-
servation,we think this is partly due to the earth basedma-
terial that cover the timber structure. The results indicate
that these traditional nails may still present adequate me-
chanical properties which enable them to be maintained
in service. These experimental results also indicate that
currently applied nails may be adequate for use in the fu-
ture repairing of tabique constructive elements. Further
research works, such as mechanical tests of tabique wall
samples and numerical modelling are necessary to be per-
formed in order to improve the technical knowledge of
this traditional building techniquewhich is appliedworld-
wide.

References
[1] Pinto J., Varum H., Cruz D., Sousa D., Morais P., Tavares P.,

et al., Characterization of traditional tabique constructions in
Douro North Valley Region, Journal WSEAS Transactions on En-
vironment and Development, 2010 http://www.worldses.org/
journals/environment/environment-2010.htm

[2] Cardoso R., Pinto J., Tabique walls composite earth based ma-
terial characterization in the Alto Douro Wine Region, Portugal.
Constructii Journal of Civil Engineering Research, 2015, 16(2),
03-11

[3] Cardoso R., Characterization of tabique constructions located in
Lamego and Alto Douro, Ph.D thesis, Beira Interior University,
Covilhã, Portugal, 2013 (in Portuguese)

[4] Cardoso R., Paiva A., Lanzinha J.C., Tabique constructions of the
Alto DouroWine Region, Portugal, In: Rio de Janeiro Federal Uni-
versity (Ed.), Proceedings of IV International Congress on Build-
ing Recuperation, Manutention and Restauration (8-10 Septem-
ber 2015, Rio de Janeiro, Brazil), 2015 (in Portuguese)

[5] Cardoso R., Pinto J., Lanzinha J.C., Conservation level of the
tabique constructions of the Alto Douro Wine Region, Portugal,
In: Rio de Janeiro Federal University (Ed.), Proceedings of IV In-
ternacional Congress on Building Recuperation, Manutention
and Restauration, (8-10 September 2015, Rio de Janeiro, Brazil),
2015 in (Portuguese)

[6] Cardoso R., Paiva A., Lanzinha J. C., Pinto J., Structural typolo-
gies and numerical modelling of tabique walls in the Alto Douro
Wine Region, In: Instituto Superior Técnico (Ed.), Proceedings
of XIII Latino American Congress on Construction Pathologies,
XV Quality Control Congress in Construction and Luso-African
Congress in Construction, (8-10 September 2015, Lisbon, Portu-
gal), 2015 (in Portuguese)

Unauthenticated
Download Date | 2/10/17 3:30 PM

http://www.worldses.org/journals/environment/environment-2010.htm
http://www.worldses.org/journals/environment/environment-2010.htm


454 | R. Cardoso et al.

[7] Cardoso R., Pinto J., Paiva A., Lanzinha J.C., Tabique walls
typologies and building details in the Alto Douro Wine Re-
gion, Journal WSEAS Transactions on Environment and Develop-
ment, 2015, http://www.worldses.org/journals/environment/
environment-2015.htm

[8] Cardoso R., Paiva A., Lanzinha J., Pinto J., Expeditious character-
izations tests recomendations to tabique earth, Proceedings of
7th PortugueseMozambican EngeneeringCongress / IVMozam-
bican Engineering Congress, Engeneering an Engine to innova-
tion and Development (14-18 April 2014, Inhambane, Mozam-
bic), 2014, 165–66 (in Portuguese)

[9] Cardoso R., Damião C., Paiva A., Pinto J., Varum H., Study case
to potential assessment of local earth aplication in tabique con-
struction rehabilitation, In: Valladolid University Tierra Group
(Ed.), Proceedings of VII International Congress of Earth Archi-
tecture: Tradition and Innovation, (28-29 September 2010, Val-
ladolid, Spain), 2010, 131–140 (in Portuguese)

Unauthenticated
Download Date | 2/10/17 3:30 PM

http://www.worldses.org/journals/environment/environment-2015.htm
http://www.worldses.org/journals/environment/environment-2015.htm

	1 Introduction
	2 Tabique walls timber structural system
	3 Nails characterization
	3.1 Nails samples geometrical and dimensional characterization
	3.2 Results of chemical and mechanical analysis of nail samples

	4 Conclusions

