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N SISTEMI
HFE-te C® muratura

SISTEMI DI INTONACATURA ARMATA
AD ELEVATA DUTTILITA
PER IL RINFORZO STRUTTURALE
ED ADEGUAMENTO SISMICO DI MURATURE

La tecnica di consolidamento mediante intonaci armati consiste nel realizzare, in
aderenza alla superficie muraria da rinforzare, delle lastre di malta, armate con rete,

solidarizzate alla muratura tramite connettori passanti.

La tecnica consente di migliorare le caratteristiche di resistenza dell’apparato murario,
grazie allincremento di sezione resistente apportato dalle lastre e all’effetto di
confinamento esercitato sulla muratura degradata, e di aumentarne nel contempo la
duttilita. Puo risultare adatta a quelle murature in stato di degrado particolarmente
avanzato e non in grado di sopportare eccessive manipolazioni (in presenza di quadri
fessurativi complessi ed estesi, altre tecniche, come le iniezioni o la costruzione muraria,

possono infatti risultare difficiimente applicabili).

La tecnica e anche valida per rinforzare zone limitate di una parete particolarmente
ammalorata, oppure intersezioni verticali delle pareti non sufficientemente connesse.

Il consolidamento con intonacature armate € un metodo semplice e piuttosto rapido,
adatto per murature anche molto scadenti ma, quando adottato in modo esteso, necessita

di adeguato dimensionamento ed omogenea distribuzione strutturale .

L’'applicazione delle intonacature armate non prevede alterazioni allo stato di
sollecitazione della struttura durante I'esecuzione, ma pud modificare le rigidezza delle

pareti e quindi la loro risposta sismica .

| ®
L’'applicazione dei Sistemi _HFE'teC muratura consente la massima affidabilita di tali

tecniche attraverso i seguenti ruoli fondamentali: la Duttilita e 'Energia di Deformazione

Intrinseche della Malta Utilizzata, le Capacita Adesive della Malta al Supporto Murario,
alcune Peculiarita nelle Caratteristiche Meccaniche della Malta, la scelta dellArmatura e

dei Connettori Trasversali, la Corretta Applicazione.

| ®
Il Sistema di Rinforzo Strutturale HFE-tEC muratura garantisce il trasferimento e la

distribuzione degli sforzi dalla muratura alla lastra armata con la massima Duttilita ed Energia

di Frattura del SISTEMA , Requisiti Essenziali particolarmente nel caso di Stress Sismici.
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N SISTEMI

HFE-tec® muratura

« Nei sistemi HFE-teCc®muratura tutti i materiali che compongono la

Progettazione dei Rinforzi Strutturali svolgono Ruoli Fondamentali e Sinergici nel
Trasferimento degli Sforzi dalla MURATURA al SISTEMA DI RINFORZO.

. i ® e .
e | Sistemi HFE-tEC muratura consentono il Ripristino Durevole Funzionale

nelle diverse Situazioni di Degrado e nelle diverse Finalita del Rinforzo
Strutturale anche se con Adeguamento Sismico.

e Fondamentale il ruolo svolto dalla qualita dei Leganti ed Armature utilizzati che
devono consentire:

- Incremento della Duttilita senza variazioni di Rigidezza a Taglio nella
Struttura

- Dissipazione dell’Energia senza collasso nel Caso di Evento Sismico




Esempi di Sperimentazione
dei Sistemi |[HFE-tec® muraturs
con misure a compressione diagonale

su muri dimensione 100x100x40 cm
spessore intonacatura 3 cm

HFE-tec” muratura

iy
Determinazioni e misure per compressione diagonale su muratura intonacata Pa\
con malte fibrorinforzate ad alta Energia di Deformazione, armate con rete
acciaio o rete in fibra di vetro : Sistemi [HFE-tec® Muratura]
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I RIGIDEZZA MURATURA INVARIATA
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— PNR2
Muratura in mattoni pieni costruita
con malta M2 (2,5 MPa) non rinforzata

—P RT1

Muratura in mattoni pieni costruita con
malta M2 (2,5 MPa) rinforzata con 3 cm
ECC REFOR-tec® - SENZA RETE -
connettore acciaio & 8 mm passante




TIPOLOGIE APPLICATIVE

di intonacatura armata
con la tecnica del

sandwich strutturale

con cappe estradossali

su strutture a volta

antiribaltamento
sSu tramezzi, murature e

partizioni (in questo caso
riducendo lo spessore a

non pit di 10 + 20 mm)

u
-
|

@ Realizzazione fori,
inserimento di connettori d’accaio
Tecnofib FIOCCO STEEL 162

o di vetro

Tecnofib FIOCCO GLASS 73

e fissaggio in alternativa con
TECNOANCORVINIL 380

0 Tecnoepo 701

@ Applicazione di prima mano
di malte ad Alta Energia di
Deformazione
BS 38/39-2,5 MuCis® sra
0 BS 37 FPL-LIGHT

@ Posa di rete in acciaio
Tecnofib-ST/elt - 4/50
o di rete in fibra di vetro
Tecnofib GLASS net 340
e fissaggio ai connettori

Deformazione

0 BS 37 FPL-LIGHT

@ Applicazione di seconda mano
di malte ad Alta Energia di

BS 38/39-2,5 MuCis® sra

Cappa collaborante in malta
fibrorinforzata bicomponente
ad alta energia di deformazione
BS 38/39-2,5 MuCis® sra

priva di ritiro, anticorrosione

Ancoraggio mediante prodotto a

base cementizia BS 91 ANCORA

0 epossidica TECNOEPO 400

Barra di ancoraggio

o 25
1) Chiusura con malta e

a

bicomponente B
fibrorinforzata AEE
Mucis BS38/39-2. /

2) Realizzazione del foro e
inserimento del connettore
TECNOFIB FIOCCO
GLASS 73 facendo sporger

i filamenti in fibra di vetro 7

3) Ricostruzione primo strato
intonaco con ns. malta
bicomponente fibrorinforzata
Mucis BS38/39-2.5

4) fissaggio di rete in fibra di
vetro Tecnofib Glass net G8
0, in alternativa, di rete

metallica TecnoFib ST- ELT

5) sfiocchettare le fibre
sporgenti e impregnarle
con adesivo epossidico
bicomponente

6) ricostruzione secondo
strato intonaco malta
bicomponente fibrorinforzate

Mucis BS38/39-2.5
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1als such as mortars and concreles.
Even though they will never be fully preventable there are possibilities 10 control their formation and
characetristics such as their total number as well as their depth and width in order to exclude negative effects

: s or structure’s durabilit egrity.
Among others cracks can be the reason for sernous detenomtion processes within conerete structures, Crack
width control becomes important. In other cases the more imporant point is to find a way how the load
bearing capacity of a concrete element within a building structure can be m: ned even though cracks
cannol be prevented. Earthguakes, I lead 1o deformations that inevitably cracks witl g
conerele structures. Only 1 there are consume a certain amount of this deforma g
example by the formation of cracks without collapsing, the structural integrity of buildings can be assured.
The High Fracture Energy Technology allows to control micro cracks formation in cement based matenials by
he materials overall ductility which is referred to as fracture energy in materials e i
* = Engineered Cementitious Composites can take tensile I 2, ane
narrow range, exhibit high fracture energy and large tensile deformation and ductility,

open a wide range of applications.
A targeted adjustment for ECC of cement based material requires a three way approach : the cement &
binders based matrix 2 nodulus polymer fibers as well as their interfaced need 1o feature
coordinated propertics whose interaction produce the intended performances. High Fracture Enecrgy
Technology and Engincered Cementitious Composites enable Engincers & Architects 1o wide range of
applications in historical structune: nd particularly in seismic areas for ductile structural reinforcement.
Wide range of HFE/ ECC formul ave been formulated and applied. Case studies are briefly described

TINTRODUCTION walls. The present paper wall focus on the shear

1 large percentage of the

ane behavior of masonry walls can be
& made of

experimentally simulated by two Kinds of 1
one hand it can be reproduced by the so ca
“diagonal compression e y
and, on the other hand, it can be simulated by
compression test”. Besides other findings gained by
the above research, it can be observed that strength
values obtained by diagonal compression tests
generally more conservative than those given by
shear compression tests. Both wests methods pointed
out the ge lack in shear strength of those
masonry walls. Conseguently, onry  struclures
generally in need for strengthening in shear and
various technigue can be adopted with that aim,
Several strengthening techniques been used for
this purpose such as: the use of groul injection; deep
n aling of mortar joint and (he use of composile

are extremely vulperable to seismic actions, as
shown by the recent carthgquakes of L' Aguila (2009)
and Emilia (2012),
After the new seismic classification of the Ialian
terntory, a large ber of these buildings will need
seismic retrofit works in order 1o be able to meet the
pew  code  requirements. Hence,  seismic
strengthening techniques for masonry buildings are
mdly gaiming interest,

mic performance of exisiing masonry buildings
is affected by various failure dealing with either out
of plane (bending) and in plane (shear) behavior of

Figure 3. Shear stress strain relationship for the panels tested: a) Panel built with mortar M10/ UNI-EN 998-2

Stress increase :

from  29% min.
to 115% max.

Figure 3. Shear stress strain relationship for the panels tested: b) Panel built with mortar M2/ UNI-EN 998-2

T [N/mm?]

ECC Refor-tec®
Stress increase :
> 500%

Table 1. Reinforcement configuration for the seven panels tested.

Type mortar

Type mortar
» strengthened layer

Type connector Type mesh

PNR1 MI10/UNI-EN 998-2
PR_.G1 MIO/UNLIEN 998-2

No layer
BS 38/39 2.5
PR.S 1 MI10/UNI-EN 998-2 BS 38/39 2.5
PR.G2

PRS2

MI0/UNL-EN 998-2 BS 37 FPL-LIGTH

MI0/UNI-EN 998-2 BS 37 FPL-LIGTH

PNR2 M2Y/UNI-EN 998-2 No layer

High Fracture Energy/

i
B39 ECC Refo

materials based on carbon or glass fibers. One of the
latest technique for shear strengthening of the
masonry walls consist of using composite material
fiber reinforced polymers (FRP). This reinforcement
technique provides a series of advantages, such as
the negligible influence of the self weight of the
reinforcement on the total mass of the structure and
the ease of installation. However, this type of
reinforcement has several limitations as the
relatively high costs and low fire resistance due to
the use of epoxy resins for glueing the fibers to the
surface of the walls.

The present paper reports the main results obtained
by an experimental campaign carried out at the
laboratory of the university of Bergamo on brick
masonry panels. In particular, two unreinforced
masonry panel and five strengthened panels have
been tested under diagonal compression with the
main aim of quantifying their shear strength.

Four specimen were reinforced by using an
innovative strengthening system based on the
combined use of a steel or glass fiber grid embedded
in a base mortar. Such system is composed by two
layers applied on both sides of the panels and
connected by through joints made of steel bars or
glass fiber wires.

A specimen has been reinforced by the application,
on both faces of the masonry panel, of a 30 mm
thickness layer of high fracture energy fiber
reinforced ECC microconcrete.

The tests results show that the strengthening system
present significant benefits in terms of increasing the
shear strength and ductility with considerable
advantages in the case of a seismic event.

2 EXPERIMENTAL PROGRAM

The experimental program consists of a diagonal
compression lests on a total of seven brick masonry

Table 1. Reinforcement configuration for the seven panel tested.

Fiber glass connectors - @ 10 mm

No connector No mesh
Fiber glass mesh - 10x8cm
h— 50%5
Steel connectors - @ 6 mm SI&?:[?E::M&O& ?nJ::Im
Fiber glass mesh - 10x8cm
Steel mesh— 50x50 mm
Wire diameter @ 4 mm

Steel connectors - @ 6 mm
Steel connectors - @ 6 mm

No connector No mesh

Steel connectors - @ 8 mm

panels with dimensions of 100x100 cm and
thickness equal to 40 cm. Each panel was made of
sixteen parallel rows of solid 22.5x 10x5 cm bricks.
Two panel (PNR1 and PNR2), used as a reference
specimens, have not been strengthened.

Four specimens were reinforced by using an
innovative strengthening system based on the
combined use of a steel or glass fiber grid embedded
in a base mortar. Such system is composed by two
layers applied on both sides of the panels and
connected by through joints made of steel bars or
glass fiber wires. Two strengthening panels were
reinforced with a cement mortar (BS38/39 2.5) and
the other two panels with a cement mortar with a
lower compression strength (BS37 FPL-LIGHT).
The different reinforcement configurations, with
different combination of grid type, mortar type and
connectors type, are shown in table 1.

The procedure for the application of the
strengthening technique can be summarized in the
following phases: [1] Execution of five through hole
with a diameter of 30 mm for the insertion of the
connectors. [2] Insertion of the connectors (steel bars
or glass fiber wires) and subsequently injection of
epoxy resin (Tecnoepo 400) into the holes to ensure
the anchoring of the connectors. [3] Application of a
layer of cement rough coat. [4] Application of the
first hand of mortar with a thickness of 15 mm. [5]
Positioning of the mesh on both faces of the panels
and anchoring to the connectors. [6] Application of
the second hand of mortar with a thickness of 15
mm. Five connectors for square meter of panel were
placed. The thickness of the strengthening layer for
all four reinforced panels is equal to 30 mm for each
side for a total thickness of the specimen of 46 c¢cm.
Figure 1 shows the different phases for the
application of the strengthening layer of the panel
PR_GI. The mechanical properties of the mortars,
which were used for the construction of the panels
and of the strengthening layers, were derived from

Type mortar

Type mortar
ype strengthened layer

Type connector Type mesh

MI0/UNI-EN 998-2
MI0/UNI-EN 998-2

No layer
BS 38/39 2.5

MI0/UNI-EN 998-2 BS 38/39 2.5

MI10/UNI-EN 998-2 BS 37 FPL-LIGTH

MI10/UNI-EN 998-2 BS 37 FPL-LIGTH

M2/UNI-EN 998-2 No layer

High Fracture Energy/

M2/UNI-EN 998-2 ECC Refor-tec

No connector No mesh
Fiber glass mesh - 10x8cm
Steel mesh — 50x50 mm
Wire diameter 4 mm

Fiber glass connectors - @ 10 mm
Steel connectors - @6 mm

Steel connectors - @ 6 mm Fiber glass mesh - 10x8cm
Steel mesh — 50x50 mm
Wire diameter @ 4 mm

No mesh

Steel connectors - @ 6 mm
No connector

Steel connectors - @ 8 mm No mesh




hending and compression lests (sccording o UNI
EN GUE-2; 2004): 40mm x 40 mm x 160 mm mortar
prisms were tested in flexure with three point
bending tests and B cubes, obtained from failed
mortar specimen in flexure, were subjected to the
compression test. The results of the tests for the
three ypes of mortar used are reported

Table 2, Mechanicals values of mortars.

Compression
\:':;l:' \.Irll":llulh
- [ ¥man' |
MID 14
M2 25
BS3839 25 40
RS37 FPL-LIGHT ]
HFE 130
The mechanical properties of steel and fiber glass
grids were provided by the
glazs grid the ensile stre
the ultimate tensile strain g
the tensile s wire is 550 N/mm®
and the ultimate tensile strain about 10%.
The last panel (P_RT1) has heen reinforced by the
application of a layer, 30 mm thickness, of high
fracture energy fiber reinforced ECC microconcrele,
Five through connectors. made with sweel bars with
diameter of 8 mm, were placed. The procedure for

lfcm and
» for the steel mesh

the appli of the ing 1 he
summarized in the following phases: [1] Execution
of five through hole with a diameter of 40 mm for
the insertion of the connectors: |2] Hydro cleaning
of the surface of the masonry to cnsure the
maximum bond between the substrate and
HFE/ECC; [3] Insertion of the conmectors; [4]
Realization of the moulds; |5] Saturation of the
surface of the masonry to allow the maximum
adhesion of the high performance HFE/ECC
microconerele; [6] Casting of the sell levelling high
performance HFE/ECC  microconcrete. The free
Mowing property of the microconerete is penetrating
with mmple[e filling up of the 40 mm hole
containing the steel I\.u Figure 2 shows the different
phases for the application of the strengthening layer
of the panel P_RT1.

The HFE/ECC, used for the reinfore
an almost self levelling rheology, that should be cast
in moulds, a compressive strength of 130 MPa and a
tensile strength of 6 MPa. Direct tensile test on dog-
bone specimens and four point bending lests on
small beams were performed in order to characterize
the material in tension and the results show the strain
hardening behavior in tension of the material. The
strengthening material is reinforced with straight
steel and polymer fibers.

0l presenls

Figure 1. Apphcation of the strengtheming Fuyer on the panel PR_GL: o) Insertion of the gloss fiber wines; b Posatic

mesh: ¢} Anchoring of the COnNecIors.

Apphication of (he strengthemng hyver on the panel P_RTL: ap Execution of five through hole; by Hydmo clesming of the

surface: ¢) Realization of the moulds e casting

PR_G2

P_RTI

Figure 4. Specimens al the end of the fests

The panel P_RTI, strengthened with a HFEECC
layers, shows the maximum increase of resistance:
the peak load exhibits an ement of 4.82 times
compared to that of the panel without reinforcement
(PNE2). Also the two panels strengthened with a
BS38/39 layers show a good inc : of the
maximum load with respect 1o the unreinforced
panels (PNR1). For the specimen with a fiber glass
grid (PR_G1), the maximum load exhibits an
increase of 2 times compared to the peak load of the
un-strengthened panels, while for the specimens
w steel grid (PR_S 1) the increase is equal to 2.4
times, For the two panels strengthened with a BS37
mortar, that shows a lower compression strength, the
increase of strength is smaller: the increment of
maximum load is about 1.7 times for both panels
compared 1o the panel PNRI, The presence of the
strengthened  layers on the both sides of  the
specimens has mnwdn.ubl\ increased the ductility
for both ty pes of n.-lnh\r\en.l panels. The w 1I mth
the HFE/EC
ductility factor is 2 X
compared 1o the unrenforced specimen Thc Two
walls strengthened with 2 steel gnd (PR_ST and
_52) showed high ductility o, After the onset
of a first vertical crack, the | begun to increase
and \e\ur.sl vertic cracks appeared along the
2 8 Were \lnppc..l when

.
the load lll’“]lpt_ll I\u_llm B0% of the muximum load,

amage to the
y factor is 11,60 for the
BS38/30 layers and 18.61 for the panel
537 morar, values more than ten times
higher than those of the non-reinforced panel. Even
panels strengthened with glass fiber mesh (PR_G1
and PR_G2) showed a moderate increase in
ductility. Afler reaching the maximum load the two
panels have achieved shear strains equal w0 about
0L.8%. The collapse occurred due 1o the opening of a
single vertical crack which run through bricks and
mortar beds by Apping the fiber glass mesh, The
ductility factor for both panels s equal w0 9.6%, a
value 7.5 times grater than the one shown by the
panel without strengthening layers. The panels at the
end of the tests are shown in Figure 4,
The two strengthened  systems  studied n
research display considerable increase in d A
without, however, producing si cant changes in
the shear stiffness of the structure. Therefore, this
type of strengthening intervention does not change
[ scheme of the structure neither cause
redistribution of stilfness in the building.
The main results for the lests are summanzed in
table 3. The values of s Ev.maxe Ehuman Qre the

load and the r, v, are the siress and sirain valoes
ted when the load drops at the 80% of the

3TEST SET UP

The diagonal compression load is applied to the
corners of the panels by adopting a steel reacting
frame. The load was applied by means of an
electromechanical jack having a loading capacity of
1000 kN with a close loop control system. The tests
were conducted under displacement control, in order
to record the panels post-peak response, with a
constant speed equal to 0.01 mm/sec. The
compression load is applied to the masonry through
two steel shoes placed in correspondence of two
opposite corners of the panels. The ftest layout
follows the requirements of ASTM E 519-81,
although some change has been introduced, as the
different size of the panels to be tested and of the
loading shoes, in order to properly account for the
size of the type of masonry to be tested. Between the
steel shoes and the specimens has been realized a
fast setting shrinkage free mortar bed for a better
distribution of the load and in order to avoid a brittle
failure of the panels edges.

Potentiometric and LVDT transducer were used for
monitoring  the in-plane  and  out-of-plane
displacement. Two potentiometric transducers were
placed on each side of the panels along the two
diagonals to record the vertical and horizontal
displacement  and  therefore  strains. These
transducers had a measurement length of 400 mm.
This was based on experimental observations from
similar experiments, where it was found that shear
cracks developed in the central area of the panels.
Two LVDT were installed perpendicularly to the
panel surface to measure out-of-plane displacements.
Before setting the instruments, the panels were
whitewashed in order to record the crack pattern by
means of a high-resolution camera.

4 EXPERIMENTAL RESULTS

Figure 3 show the shear stress — shear strain curves
for the seven panels tested.

Shear strength t, reported in figure 3, for the various
panel tested, can be obtained on the basis of the
current experimental load P, according to ASTM E
519-81, with the following conventional formula:

P
T=0.707 —

. (N
where A, is the net section area of the un-cracked
section of the panels.

The average strains, €, and &,, can be calculated on
the basis of the average displacements on the two
sides of the panels:
AV
2)

where AV and AH are the vertical shortening and
horizontal extension along the compressive and
tensile diagonal, respectively, and g is the vertical
gage length (400mm).

The shear strain value, v, which is reported in figure
3, is computed as:

Y=£& +& (3)
The two unreinforced specimens (PNR1 and PNR2)
presented a brittle failure due to the rupture of the
mortar beds along the loaded diagonal. The average
failure loads, used as reference value for the
comparison with the strengthened specimens results,
are equal to 389 kN (panel PNRI) and 197 kN
(panel PNR2). The ductility factor is about 1.6% for
both panels. The PNR2 panel after the diagonal
compression test is shown in figure 4. All the five
strengthened panels show a considerable increase of
the maximum load compared to unreinforced panel.

1
¥ [%]

Figure 3. Shear stress-shear strain relationship for the panels tested: a) Panel built with mortar M10/UNI-EN 998-2: b) Panel built
with mortar M2/UNI-EN 998-2

Table 3. Fxperimental resulis
*For the panele showing 2 beittbe failare,
**Evaluated using the first cracking boad [

of 7, and ¥, huve been evalisated ot the end of the et

- Tan B Erma

Specimen 2 3
IkN] [N manr’| %1 %1

e . ) G "
151 Nl i [Nimne] 1l

PNRI® 3893 L6EE 0.032 0038
PR_G1 K145 1.252 0.080 0024
PR_SI1 WEG 1458 0085 0397
PR_G2 6523 1003 0,050 003
PR_S2 6877 087 oI 0266
PNR2* 197.4 006 0029

P_RTI 10952 065 0124

The modulus of rigidity, G calculated as the
secant modulus between the ongin and the stress
cqual (o 30% of the peak stress, The local p
ductility, j. has been computed by the following
equation:

)

2 18 the shear strain comesponding to the
i load and y, is the shear strain of 30% of
imum load (or at the end of the test for the
panels that show a brittle failure).

S CONCLUSION

Dhagonal compression tests were conducted on six

onry panels (o confirm the effectiveness of this

ismmic strengthening technigque, On the basis of the

u:p»rum. al results the following conclusions can
be drawn:

All the strengthened panels shows a significant
merease i strength due to the use of the high
performance mortar, The  specimen
with the HFE/ECC layers exhibits an i
4.82 times compared to that of the
p'\mli[‘Nk‘

The strengthened panels show
increase of ductility. The specimen streng

lln_ HFHI‘("{" ers exhi the highest
actor is 26. value sixteen
higher than the un-reinforced panel. The walls
strengthened with a g fiber mesh show the
smaller increase of ductility with ductility factor of
about 9.6,
ystem studied in this research
does not modify the shear stiffness of the structure;
therefore it does mot change the static scheme of the
structure neither cavse redistribution of stiffness in
the buildings.

Rosignoli, D,

Corradi, M.,

Faclla, C., Martin

Gabor, A,, Bennani, A., Jacquelin,

0070 0662 113 240 152
0074 L2 2369 9239
0.462 1167 57 2683 11607
0,08 [IKE L8 2044 965
0377 0.594 ; 12 18,617
0,054 0335 0.087 2351 1.59
0.189 a7 L2 T 26147

The crack patern demonstrates a very good

adhesion between bricks masonry and  reinforeed
mortar or HFEECC microcon
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Due Prestigiosi Esempi di Restauro e Consolidamento di
muratura tramite iniezioni LIME INJECTION, stilatura

fughe e parziali rifacimenti con malte ad Alta Energia di

Deformazione, senza intonacatura

Torre del Castello di Martinengo
Bergamo, sec. XII-XI11
operazioni di restauro e consolidamento eseguite

nell’anno 1986 PREMIO “ASSISI PER IL RESTAURO”

Prima del restauro

Dopo il restauro

a

Facciata della Basilica di Collemaggio
L’Aquila, sec. XVI
operazioni di restauro e consolidamento con prodotti e
tecnologie (tecnologia base = LIME INJECTION) della
Tecnochem ltaliana eseguite nell’anno 2005.

facciata ha resistito al recente sisma dell’Aprile 2009!

) Durante il restauro
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