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1. INTRODUCTION 

In the safeguarding and prevention of possible collapses of 
structures of historical interest, the collection of information 
relating to the quality of construction materials, environmental 
actions, the propensity for an alteration of a single component 
or of the structure in its entirety caused by loss of strength in the 
time of materials and by accidental events, becomes of 
fundamental importance [1-2]. 

Structural Health Monitoring systems (SHM), as previously 
mentioned, guarantee, for different types of engineering 
structures, and in particular for historic buildings, to characterize, 
identify and detect the evolution of damage and degradation in 
these [3]. In the field of structural monitoring, the SHMs systems 
are made up of two main parts; an acquisition system that allows 
the transmission and recording of information, and the sensors 

connected to it, also via wi-fi, which evaluate the different 
physical quantities [4]. In particular, the main information 
provided by the SHM systems are: temperature, displacement, 
strain, acceleration, tensile stress and compressive strength and 
so on [5]. Almost all SHM systems are placed in structures in a 
non-invasive way and through a reversible process using sensors 
that are placed in very precise control points of the structure. It 
is made in order to optimize the use of fewer sensors to minimize 
unnecessary costs and information [6]. The useful information 
acquired by the sensors, after having undergone a check, are used 
in mathematical numerical models of the structures in order to 
determine the evolution of possible damage and safety [7]. In 
recent years, structural monitoring systems have been improved 
by applying the Internet of Thighs (IoT) paradigm. This is due 
to the fact that in the IoT paradigm, each node is capable of 
processing, detecting and transmitting data. The information, 
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through an internet connection, is transmitted and stored in a 
Cloud, and processed by distributed systems made functional by 
a Big Data paradigm [8] 

The ultimate purpose of this paper is to carry out a 
preliminary study related to the use of an SHM system to be 
placed on an ancient anti-seismic structure made using a patent 
from the beginning of 1900. 

 
The first anti-seismic masonry constructions in history were 

characterized by the use of timber frames and is part of the 
cultural heritage of several countries. Timber frame buildings are 
denoted by different names and are characterized by various 
geometries in each country [9-10]. Their popularity is due to their 
easy assembly and low cost, especially in areas with abundant 
availability of wood (e.g., North America, Portugal, Scandinavia, 
United Kingdom) and to their satisfying structural performance 
in seismic-prone areas (e.g. Central and South America and 
Mediterranean countries). 

In the latter case, timber frames are usually employed in shear 
walls where they are combined with light-weight masonry [11]. 
Many buildings built with this technology have endured to this 
day. This is due to the fact that by using this construction 
method, buildings are able to increase their resistance to strong 
dynamic stresses. 

The “Edificios pombalinos”, in Portugal, is one of the first great 
European examples of a building characterized by a wooden 
frame structure [12-13]. In the aftermath of the Great Lisbon 
earthquake of 1755, the city was rebuilt employing a construction 
technology with outer masonry walls enclosing an inner three-
dimensional timber frame. This consisted of horizontal and 
vertical elements, held together by diagonal bracing members 
[14]. 

In Italy, archaeological excavations in Herculaneum revealed 
a two-story building erected with a half-timber technology 
matching the one that Vitruvius called opus craticium and dealt 
with in his masterpiece De architectura [10] (Figure 1). A 
different and relatively unknown technique, called “casa 
baraccata”, originated during the 17th century in the Southern 
region of Calabria. 

Calabria, a region of southern Italy, is one of the zones most 
exposed to seismic risk in the Mediterranean area. After the 
catastrophic seismic events that hit the region in 1638, many 
structures were rebuilt with the "casa barracata" system. This 
technology is similar to the edificios pombalinos mentioned above, 
and uses a wooden frame (called Beneventana) made with vertical 
columns spaced from each other by 1.2 meters and connected 
with horizontal beams and diagonal elements, as shown in Figure 
2 [15]. This robust frame provides the building with both 
sufficient stiffness and ductility to withstand huge dynamic loads. 
Relevant examples of such technology is the bishop’s house in 

Mileto (about 10 km Southwest of Vibo Valentia) which is 
described to have undergone practically no damage during the 
1783 earthquake [16]. 

 
On December 28, 1908, the deadliest earthquake ever 

occurred in Italy destroyed the cities of Messina, Sicily, and 
Reggio Calabria. This earthquake was characterized by an 
estimated moment of magnitude 7.1 and caused over 100,000 
victims. The two main cities were totally destroyed, while the 
structures of the nearby towns collapsed partially, except those 
built with a particular cylindrical hollow clay brick identified with 
the name of fictile tubules [18]. These particular construction 
elements, identified as the first hollow bricks of the history, are 
characterized by a medium-high compressive strength when 
compared with other hollow bricks. The overall reduction in the 
weight of the structure is due to their hollow shape, which also 
guarantees the decrease in the building's participating mass 
during a seismic event, limiting the formation of cracks and 
improving the stability of the constructions [19]. During the main 
phases of the reconstruction of the city of Reggio Calabria and 
Messina in 1909, a Calabrian engineer, Pasquale Frezza, patented 
a construction technique for an anti-seismic structure invented 
by evolving the concept of the casa baraccata. The main purpose 
of this patent was the inclusion of fictile tubules in the 
construction of the filling walls of the wooden frames. This was 
made to guarantee lightness to the structure, and ease of 
construction, because the potters, widespread in the area, could 
quickly make these hollow bricks. Specifically, the new technique 
consisted of masonry walls built inside the wooden structure, 
alternating common bricks and fictile tubules, thus removing the 
diagonal wooden reinforcement elements, as shown in Figure 3 
[20]. 

 
 

  

Figure 1. Example of opus craticium in Herculaneum, Italy [10] 

 

 

Figure 2. Visual conception of casa baraccata [17] 

 

Fig. 3. Pasquale Frezza’s patented design [21] 
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The paper is organized as following. Preliminary, the theory 
of structural mechanics used in order to calculated the shear 
strength in the specimens was exposed. Successively, 
experimental test is introduced and the results explained. In the 
section three, the numerical model obtained by software at finite 
element ABAQUS is proposed. Following, the experimental 
testbed was described and the measurement accuracy is 
determined, and the conclusions are drawn. 

2. LICTERATURE CRITERIA FOR THE SHEAR STRENGTH 
PREDICTION OF PIERS 

Several simplified models are listed in the literature and in 
various codes for the descriptions of the type of damage that may 
occur in masonry piers. These models are based on the 
evaluation (not accurately) of the local/mean stress generated by 
forces applied on pre-identified points/sections of the pier [22]. 
The most frequent failure modes that occur in piers are 
rocking/crushing, bed joint sliding and diagonal cracking; the 
type of damage that was most highlighted during the 
experimental tests conducted in laboratory, and exposed in the 
third paragraph, is the last listed. 

For the Diagonal Cracking failure mode two models are 
usually adopted to describe it [23,24]. These models are used to 
describe different types of masonry and often provide different 
strength values. In the Mann and Müller model the limit strength 
domain is defined by means of "local" type parameters relating 
to the individual materials that composed the masonry (mortar 
and bricks) such as the cohesion and friction coefficient in the 
mortar joints and the tensile strength of the block of masonry 
under analysis [23]. These two types of parameters are, generally, 
obtained experimentally, and the individuation of the cohesion 
and friction coefficient can be difficult for particular masonry 
such as that in fictile tubules. 

In the Turnšek and Čačovič model, the domain is defined 
through a single parameter of the material: the tensile strength of 
the masonry, usually determined by the diagonal compression 
test [24]. 

In order to study Diagonal Cracking, it is possible to 
recognize two main types of models: (I) the model proposed by 
Mann and Müller, that describe the masonry as a composite 
material and considers the develop of the cracks, separately, 
along bricks and mortar joints; (II) the model proposed by 
Turnšek and Čačovič, that considered the masonry as an 
equivalent isotropic material and describing indistinctly the 
development of damage along principal stress directions [25]. 

The application of the Mann and Müller formulation to a 
masonry wall made with bricks and fictile tubules becomes 
difficult. It is based on two main hypotheses: (I) the mechanical 
properties of head joints are negligible, and in the case in 
question the bricks have a square section; (II) bricks are much 
stiffer than mortar joints, but the tubules are hollow and have a 
cylindrical conformation, and this hypothesis cannot be satisfied. 

In light of this, it was decided to use the formulation of 
Turnšek and Čačovič that considers the masonry as an isotropic 
material. The reference stress σc, the maximum principal stress 
acting at the centre of the pier σI must not exceed the tensile 
strength of masonry ft. This last parameter is assumed as constant 
in any loading direction (isotropic limit stress domain) [26]. This 
was possible because the authors, in previous works, carried out 
a homogenization of the material with which the wall was made 
[18;27]. 

The Maximum principal stress at the center of the pier was 
calculated with the following equation: 
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where: 𝜏̅  and 𝜎𝑦̅̅ ̅ are the mean shear and normal stresses acting 

on the cross section of the pier and k1d is the ratio between the 
shear stress at the center of the pier and the mean shear stress 
[24]. The Failure criteria for masonry piers, represented in the 
resolved stress plane is shown in Figure 4. 

 
In the new Italian technical standards (document C8.7.1.3.1.1 
7/2019) there is a simplification of the formulation of Turnšek 
and Čačovič in order to obtain the value of shear strength of the 
masonry pier. Figure 5 shown the schematization adopted of the 
masonry block. 

 
The normal and tangential stress was calculated in the point A 
whit the following equations: 
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Where T and N are respectably the shear and normal force 
applied to the masonry block, and l and k are the length and 
thickness of the masonry. The stress state at point A is 
represented by Mohr's circle in Figure 6 characterized by center 
C and radius R, expressed by equation 4 and 5: 


 0

2
C

 (4) 

 

Fig. 4. The Failure criteria of Turnšek and Čačovič for masonry piers, 
represented in the resolved stress plane [25] 

 

Fig. 5. Schematization adopted of the masonry block.  
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The principal tensile stress that occurred in the masonry it is 
obtained by the following equation: 
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squaring equation 6 and simplifying we obtain: 
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if - σt (tensile stress in the masonry) is equal to ft, tensile strength 
of masonry imposed like a limit domain of Turnšek and Čačovič, 
and τ=b∙ τ0, the equation number 7 becomes: 
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multiplying by the area of the section the shear strength of the 
masonry pier is obtained: 
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Where: 

 Vs is the shear strength of the masonry pier obtained 
for overcoming of limit domain. 

 ft is the tensile strength of masonry. 

 b is a coefficient that takes into account the slenderness 
of the element. It is the ratio between height and length 
of the pier, its value is in the range between 1 and 1.5. 

 τ0d is the reference shear strength 

3. EXPERIMENTAL CAMPAIGN 

The experimental campaign was conducted in the laboratories 
of the University of Calabria and was divided into two well-
defined steps. Using the same construction process, two masonry 
walls were made following the patent of the engineer Pasquale 
Frezza [28]. The first was tested by diagonal compression test 
and stopped after the specimen collapsed. The second specimen 
was tested in the same way, but was first damaged and then 
repaired with Basalt Fiber Reinforced Cementitious Matrix (B-
FRCM). After that, the test was repeats until collapsed of the 
reinforced masonry wall. 

3.1. Preparation of the specimens 

The dimensions of the two specimen walls are 60×60×15 
cm3. The external timber frame is constructed in a carpentry 

workshop and consists of four poplar beams with a cross-section 
of 15×5 cm2 (poplar is a typical wooden building materials used 
for the constructions in Calabria). The connection between 
contiguous beams is ensured by cutting their extremities to make 
half-lap fastenings and then bolting them together with four iron 
screws. 

After the outer timber frame is built, the inner masonry wall 
is realized. The bricks used have a square cross-section of 5.5 cm 
per side and a height of 13 cm. The fictile tubules are 
nomenclating NFTs (New Fictile Tubules) [18;27] since they are 
produced in a potter industry with faster and innovative 
techniques, and then refined on the potter’s wheel. They are 
characterized by the same height of the bricks (13 cm) and 
present a thickness of 6 mm (Figure 7, Figure 8). The mortar is 
characterized by a compressive strength of about 2.5 MPa and 
corresponds to the one labelled as M2.5 bastarda according to 
Table 11.10.IV of the 2008 Italian Building Code. This particular 
mortar consists of 1 part of cement, 2 of lime mortar and 9 of 
sand. 

The specimen wall is completed by casting a 2 cm thick layer 
of mortar to cover the tips of the fictile tubules (Figure 9). 

 

 

 

 

 

Fig. 6. Tensile state in the point A.  

 

Fig. 7. Arrangement of bricks and NFTs in the timber frame. 

 

Fig. 8. Mortar casting. 

 

Fig. 9. Creation of the upper layer of mortar. 
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3.2. Diagonal compressive test on the first specimen 

The diagonal compressive test is carried out by rotating the 
specimen wall of 45°; two steel caps are placed on the specimen, 
one at the bottom for support and the other at the top for 
uniformly distributing the load. The speed of the test is 0.5 
mm/s. Two couples of transducers are applied to the masonry 
specimen to further monitor the relative displacements: those 
referred to as LVDT0 measure vertical displacements between 
two bricks, whereas those referred to as LVDT1 measure 
horizontal displacements between two fictile tubules (Figure 10). 

Another transducer that has the same characteristics, as those 
used for calculating the displacements of the masonry, was 
positioned near the upper part of the load cell in order to 
measure the lowering of the cross member of the test machine. 

The load-displacement diagram is shown in Figure 11: after a 
linear elastic branch up to 80% of the maximum load, the 
diagram displays a decrease in the elastic modulus and reaches a 
plateau, where the peak load is attained and is equal to 51.48 kN. 
at this load value, the displacement of the load cell, recorded by 
the third transducer, is equal to 11.526 mm. The hardening 
branch is most likely due to friction between mortar and the 
fictile tubules elements, and to the overall compressive stress 
state of the specimen wall. 

 

 
The shear strength of the wall Ss is evaluated using equation 

(9) as suggested by [29]: 
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P is the peak load and An is the net area which is evaluated 
according to equation (10): 
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w and h are respectively the width and the height of the specimen 
(here considered as the dimensions of the masonry inner core 
and both equal to 50 cm), t is the thickness of the specimen (15 
cm) and n is a coefficient related to the rate of voids in the 
specimen (here considered equal to 0.6 where 1 corresponds to 
a wall with no voids). The shear strength corresponding to the 
peak load is 0.81 MPa. 

Figure 12 shown the Load Vs Displacement diagrams 
recording by transducers during the test. 

 

3.3. Diagonal compressive test on the second specimen 

The same test set up was used to perform the analyses on 
specimen number 2. In this case, the test was stopped at the 
formation of the first damage and when the diagram was arrived 
to the finish of a linear elastic branch. The recorded peak load is 
equal to 46 kN (Figure13). 

The shear strength of the wall Ss was evaluated using equation 
(9); the value corresponding to the peak loads is equal to 0.73 
MPa. 

 
When the first damage developed in the specimen, the test 

was stopped, and the specimen was repaired and reinforced. 

 

Fig. 10. Set up of the test. 

 

Fig. 11. Load-displacement diagram 

 

0

10

20

30

40

50

60

0 2 4 6 8 10 12

L
o
ad

 [
k

N
]

Displacement [mm]

Load-displacement diagram

 

Fig. 12. Load vs Displacement diagrams of transducers for specimen 1 
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Fig. 13. Load vs Displacement diagrams of transducers for unreinforcement 
specimen 2 
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Three Basalt-FRCM strips of 100 mm were placed at the side of 
the wall characterized by the layer of two cm of mortar (Figure 
14). The B-FRCM is chosen because guarantees compatibility 
with the support and is characterizes by: tensile strength and 
Young’s modulus for basalt fibers equal to 301.5 MPa and 16 
GPa respectively, while those for B-FRCM are 134 MPa and 19 
GPa [11]. In order to measure the strains on them, two strain 
gauges were applied at central strip in correspondence of the 
fibers perpendicular to the cracks. Then, the test was repeated on 
the reinforced specimen until collapse. 

 
The maximum value of the load recorded during the 

reinforced test is equal to 66.48 kN (Figure 15). At this load 
value, a failure of the Basalt-FRCM (B-FRCM) reinforcement 
occurred [30-31]. The collapse of the reinforcement strip 
happens through debonding with cohesive failure of the 
substrate (Figure 16). 

 

In order to obtain the value of the strain that occurred in the 
reinforced basalt fiber during the test, two strain gauges ware 
applied in central part of the diagonal BFRP. 

A strain gauge is a device commonly used in order to obtain 
the strain on a specimen subject to different type of stress, for 
example compression or tensile stress.  

 
The strain gauges employed in the test are the most common 

type and consists of an insulating flexible backing which supports 
a metallic foil pattern. The gauge is positioned on the strip of B-
FRCM with a cyanoacrylate. When the basalt fibers are 
deformed, the foil is deformed, causing its electrical resistance to 
change. This resistance change, usually measured using a 
Wheatstone bridge, is related to the strain by the quantity known 
as the Gauge factor. 

Figure 17 shown the diagram Shear Stress Vs Strain obtained 
during the test conducted on the reinforced specimen.  

The Shear Stress was evaluated by the equation number 9 and 
in this case is equal to 1.04 MPa. 

The average value of the strain recorded during the test by the 
two strain gauges was 3.25 [μm/m] E-3. This value is in 
accordance with the value prescribed by the manufacturer of the 
fiber that certifies it among the 3- 3.5 [μm/m] E-3. 

 

4. NUMERICAL MODEL 

The principal goal of the creation of numerical model is those 
to repeat the diagonal compressive test and to simulate the 
behaviour of these structures. The commercial CAD software 
Rhinoceros was employed in order to create a simplified 
geometrical model of the specimen. The outer timber frame, the 
common bricks, the fictile tubules are apart modelled like a solid 

 

 

Fig. 14. Specimen 2 before and after reinforcement 

 

Fig. 15. Load Vs Displacement diagrams of transducers for reinforcemt 
specimen 2 
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Fig. 16. Collapse of the reinforcement strip 

 

 

Fig. 17. Shear Stress Vs Strain 
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composed by surface characterized by normal vector facing out 
[33]. After that, the single part is assembled and imported 
together into the commercial FE software Abaqus, where the 
analysis is conducted. 

The common brick and the timber frame are meshed using 
hexahedral C3D8 finite elements (classified C3D8 in Abaqus), 
while tetrahedral elements (C3D4) are used for the fictile tubules 
and inner mortar. The final model created is composed to a total 
of 47093 nodes and 165710 elements (1120 C3D8 and 164590 
C3D4) [15;18]. In order to the behaviour of their bond, a tie 
constraint is imposed between mortar and fictile tubules and 
bricks. a general contact is imposed to simulate the interaction 
between timber frame and mortar, imposing a friction coefficient 
of 0.8 [34]. 

The material of common bricks and timber frame is modelled 
like linear elastic material, in the specific, the orthotropy of the 
wood is not consider, but this is imposed as a isotropic material 
in order to simplify the final model and reduce the computational 
burden [35]. It is possible because, during the experimental test, 
the timber frame is damaged after the mortar and it is not arrived 
to collapse. Instead, fictile tubules and mortar are simulated using 
CDP material model (Concrete Damaged Plasticity), available in 
the Abaqus library. Originally, the CDP was created to simulated 
the behaviour of concrete under fairly low confining pressure, 
taking into account the damage that develops in it, its general 

formulation allows its use in the simulation of a broader range of 
materials [36-38]. Table 1 lists the Young’s moduli and Poisson’s 
ratios for the four materials here considered. Table 2 and Table 
3 display the tensile constitutive law for fictile tubules and 
mortar, respectively, expressed in terms of displacements and 
stresses. 

 

 

 
 

  

  

 

Figure 18. Comparison of cracks development in in the back and front side of numerical model and experimental specimen wall. 

Table 1 Values of Young’s modulus and Poisson’s ratio. 

Material Young’s modulus [MPa] Poisson’s ratio [-] 

Wood 270 0 
Clay (bricks) 1290 0.15 

Clay (tubules) 4800 0.15 
Mortar 275 0.2 

 
Table 2 Tensile constitutive law for mortar. 

Tensile stress [MPa] Plastic displacement [mm] 

0.42 0 
0.0005 0.03 
0.0005 6.5 

 Table 3 Tensile constitutive law for tubules’ clay. 

Tensile stress [MPa] Plastic displacement [mm] 

2.75 0 
0.0005 0.058 
0.0005 10.75 
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The ultimate displacement of the materials is imposed with 
high value in order to complete successfully the analysis without 
affecting the structural response of the materials. A damage 
parameter of 0.99 is set for both mortar and the tubules’ clay in 
proximity of a plastic displacement equal to 0.03 mm. 

The comparison between the numerical and experimental 
load-displacement diagrams is shown in Figure 19. The 
numerical analysis satisfactorily estimates the linear elastic branch 
of the graph, but the peak load attained is 8% higher than the 
experimental one (55.54 kN against 51.48 kN). Also, the 
numerical analysis halts for an ultimate displacement which is 
close to that related to the load peak recorded during the 
experimental test. In fact, the displacement obtained by the 
numerical model is 11.700mm, the experimental one 11.526 mm. 

The damage in numerical model corresponds to the 
experimental outcome, while displaying more cracks at the top 
and four single cracks departing from the midsection of each 
timber beam. Given the overall fair correspondence in terms of 
crack patterns, it can be assumed that these four single cracks 
appear only for numerical reasons, therefore they play no 
effective role in the overall response of the numerical model 
(Figure 18). 

 

5. EXPERIMENTAL TESTBED AND MEASUREMENT 
ACCURACY 

Two different Acquisition System (AS) was used in order to 
monitoring the displacements, in the case of first specimen, and 
the displacement and the strain of the basalt fibber in the case of 
second specimen. 

The first AS was composed as following: three Linear 
Variable Differential Transformer (LVDT) [39], used for 
monitoring the horizontal and vertical displacement, were 
connected to data acquisition system (DAQ) Spider-8 which 
transmitted the data to a computer. The second was composed 
of two LVDT and two strain gauges, which were connected at 
DAQ 5100B of System Micromeasurement. The second DAQ 
permits to acquire, in real time, two different types of data that 
were transmitted to a computer in order to processing them in 
real time. 

The LVDTs used to monitoring the displacement in the 
masonry wall are the type WA-T 50 mm and are procured by 
HBM and are. The displacement transducers WA-T are in probe 
version and they use an active quarter bridge circuit based on the 
differential inductor principle. The bridge is also directly 
integrated in the sensor to create a full bridge circuit for easy 
connection of the WA-T transducer to DAQ. The linearity 

variation in relation to nominal value is ±1% range of 
displacement that it is possible to measure with this type of 
LVDTs is 0-50 mm. The electronic scheme of the LVDT WA-T 
is shown in Figure 20. 

 
The DAQ, Spider 8, was used by an individual operator and 

has ensured: Simultaneous measurement acquisition, high 
sampling rate at 16-bit resolution and selectable digital filters. 
The linearity variation in relation to nominal value is ±0.05 %. 

System 5000’s Model 5100B Scanners acquire test data within 
1 millisecond from up to 1200 channels at scan intervals as short 
as 0.02 s. This permits to have more accurate test results, and the 
ability to capture data under static loading conditions 
immediately before failure of the structure monitored. The Strain 
gauge cards integrated, include built-in bridge completion for 
quarter and half bridges, and a constant voltage power supply for 
0.0, 0.5, 1.0, 2.0, 5.0, and 10.0 VDC bridge excitation. The A/D 
CONVERTER is characterized by 16-bit successive 
approximation converter with 40 μs total conversion time per 
reading. 

The 5100B operate with 1 ms per scan. Fifty complete scans 
per second typical usage. Concurrent scanning for all scanners. 
Input channels in each single scanner are scanned sequentially at 
0.04 ms intervals and stored in random access memory within a 
1 ms window. 

 
The strain gauges employed are of the type PFL-10-1. They 

are Polyester linear gauges with mild steel compensation. This is 
a foil strain gauge having polyester resin backing. This type of 
strain gauges is characterized by 2 cm lead wires pre-attached, 

Strain Limit of 2 % (20000 μstrain), operational temperature [20, 
80] °C and nominal resistance equal to 120 Ω. 

The main problem detected during the second test on the 
second specimen was the return of the LVDT data. 

 

Fig. 19. Shear Stress Vs Strain 
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Fig. 20. Electronic scheme of LVDT WA-T [40] 

 

Fig. 21. Electronic scheme of LVDT WA-T [41] 
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As shown in figure 15 in the elastic branch of the Load Vs 
Displacement diagram there is a disturbance caused by a noise 
due to the DAQ. The data acquired instead by the channels 
dedicated to the strain gages do not present this problem. For 
this reason, a spline fitness function has been implemented to 
minimize the effect of the noise preserving the linearity of the 
Load Vs Displacement graphs, obtaining new diagrams shown in 
Figure 22. In particular, on the data acquired a cubic spline 
interpolation algorithm is used. The spline function smooths the 
random trend due to the noise, permitting to highlight the trend 
of the load vs the displacement. 

 
The linearity variation in relation to nominal value of the 

DAQ is ±0.05 %, as a consequence it is negligible in the 
evaluation of the measurement accuracy with respect to the 
sensor linear characteristic. Instead, taking into consideration the 
linearity variation in relation to nominal value for the LVDTs is 
equal to ±0.500 mm [42-43]. This value must be reduced by 
dividing by √3 and identify a range of ±0.288 mm [44-45]. 

6. CONCLUSION 

The principal aim of the paper is a preliminary research into 
the reliability and monitoring under dynamic loads of the 
technique patented by Pasquale Frezza. This type of anti-seismic 
construction consists in masonry walls built with bricks and 
fictile tubules, arranged in staggered and alternating manner, all 
contained in a timber wooden frame. 

For the first specimen, tested until collapse, the experimental 
diagonal compression tests result in shear strengths is equal to 
0.81 MPa and the lowering displacement recorded of the steel 
plate of the testing machine is equal to 11.526 mm. The second 
masonry wall was subjected to diagonal compression tests in two 
distinct phases. The specimen was first damaged, stopping the 
test when the first cracks appear, and then, it was repaired with 
B-FRCM and the test was repeated until collapse. The shear 
strengths obtained are respectively 0.73 MPa and 1.04 MPa. 
These results highlights as after the strengthening of the second 
specimen with B-FRCM, the shear strength registering an 
increase of 43% with respect to the unreinforced case, which 
point out the importance of fiber reinforcement for increasing 
the load-bearing capacity also in this kind of structures. However, 
both values are higher than the usual ones obtained for common 
masonry walls, and the cracks that formed are consistent with 
those expected from this type of test. 

Figures 18 show the location of the cracks developed during 
the test of the first specimen at the attainment of the maximum 
load. On both sides of the masonry wall the cracks develop 
through mortar, parallel to each other and to the direction of 
application of the load, barely involving the fictile tubules. The 
numerical simulation shows good correspondence in terms of 
load-displacement diagram, with some minor discrepancies, and 
a development of cracks fairly mirroring the one obtained 
through the experimental test (Figure 18). In addition, the 
simulation of the damage in the wall obtained by means of a 
numerical model, corresponds discreetly to the experimental 
result. It shows (Figure 18) more cracks at the top and four single 
cracks departing from the middle section of each timber beam. 
Overall the model is very similar to the real one and the four 
cracks mentioned above appear, albeit small, in the back of the 
wall. 

The displacement of the upper plate of the testing machine 
obtained with numerical model was compared with the 
experimental results to evaluate their compatibility. The linearity 
variation of the LVDT measurement with respect to their 
nominal values is equal to ±0.288 mm. In the experimental case, 
the measured displacement is equal to 11.526 ±0.866 mm, cover 
coefficient equal to 3. The displacement estimated by numerical 
model is compatible with the experimental tests (11.700 mm). 

The Acquisition system proposed was composed by Linear 
Variable Differential Transformer (LVDT), used for monitoring 
the horizontal and vertical displacement, and strain gauges, used 
for monitoring the strain. These transducers were connected to 
data acquisition system (DAQ) Spider-8 which transmitted the 
data to a computer. All the data acquired are processed in real 
time with a spline fitness function in order to remove the 
disturbance caused by a noise due to the DAQ. In addiction a 
numerical model for these particular construction techniques was 
created in order to in order to start real-time analysis relating to 
the data recorded by the SHM system. 
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