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Abstract: In the present paper, the acoustic emission (AE)

device is used with an innovative approach, based on the

calculation of P-wave propagation velocity (vp), to detect

the sti�ness characteristics and the di�used damage of

in-service old concrete structures. The paper presents the

result of a recent testing campaign carried out on the slant

pillars composing the vertical bearing structures designed

by Pier Luigi Nervi in one of his most iconic buildings: the

Hall B of Torino Esposizioni. In order to investigate the

properties of these inclined pillars, localizations of arti�cial

sources (hammer impacts), by the triangulation procedure,

were performed on three di�erent inclined elements char-

acterized by sti�ness discrepancies due to di�erent causes:

the casting procedures, executed in di�erent stages, and

the enlargement of the hall happened a few years later the

beginning of the construction. In the present work, the rela-

tionship between the velocity of AE signals and the elastic

characteristics (principally elastic modulus, E) is evaluated

in order to discriminate the sti�ness level of the slanted

pillars. The procedure presented made it possible to de-

velop an innovative investigation method able to estimate,

by means of AE, the state of conservation and the elastic

properties and the damage level of the monitored concrete

and reinforced concrete structures.
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1 Introduction

The present work is part of the topical line of analysis and

structural diagnosis aimed at the conservation of the ar-

chitectural heritage of the 20th century; a heritage of great

importance but characterized by several problems. In fact,

the buildings of the 20th century present speci�c issues,

connected to thematerials and techniques used for the con-

struction, as well as to the complex ad innovative spatial

solutions; the continuous experimentations in all these

areas have been among the characteristic features of archi-

tectural and engineering research of the past century [1, 2].

Moreover, these constructions were built using techniques

that at the time were still experimental and based on de-

sign criteria that did not consider seismic action. For these

reasons, it is a priority to carry out a careful evaluation of

the structural performances, both as regards the level of

safety in static conditions and from the point of view of

seismic behavior.

In particular, to understand the behavior and the vul-

nerabilities of heritage structures, the anamnesis process

has to address aspects related to the identi�cation of con-

struction defects, deterioration, irregularities, the damage

caused by previous events, and any factor that makes each

of these structures unique and leads to a higher degree of

complexity when interpreting the structural behavior [3, 4].

The experimental activities, including destructive and non-

destructive tests, are part of those operations aimed at iden-

tifying the structural characteristics and determining the

state of health of the structure. The purpose of this work is

to analyze the state of conservation and the possible dam-

age level of the pillar structures in Hall B by innovative

non-destructive techniques. In particular AE analyses were

performed on the vertical bearing structures supporting

the undulated vault.

Detection of damage and faults in concrete structures

and, more importantly, accurate identi�cation and charac-
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terization of internal �aws are vital aspects to ensure the

safeguard of reinforced concrete structures and infrastruc-

tures. Over the last decades, various non-destructive testing

(NDT) techniques have been developed and implemented

to detect internal defects of structures in concrete [5, 6].

These NDT methods include ultrasonic damage detection,

ground penetrating radar technologies, impact-echo, ther-

mographic analysis, acoustic emission [7–12]. Among these

di�erent technologies, the impact-echo (IE) method is the

(a)

(b)

Figure 1: (a) Torino Esposizioni plan: the large hall with the semi-

circular apse is Hall B built in 1948 (in blue) and enlarged in 1953 (in

red), and the smaller Hall C built in 1950 (in green). (b) An interior of

Hall B after completion in 1948 (photo by Aldo Moisio)

most widespread one employed for detecting cracks and

delamination of concrete structures. The popularity of the

IE method consist in its advantages of being actually non-

invasive and non-destructive, suitable for single side detec-

tion, easy to use, having relatively greater detection depth,

and less a�ected by di�erences in concrete materials and

structures [5, 6]. The impact-echo technique, introduced by

Carino and Sansalone [5, 6, 8], is based on analyzing the

re�ection signals of impact-induced stress waves propagat-

ing through the testing element/structure. In the present

paper a particular application of the acoustic signal anal-

ysis based on IE technique is proposed. Through the IE

approach, the evaluation of the AE signal velocity propa-

gation is considered in order to evaluate a discrimination

of the supporting elements of a monitored structure. As it

is well known, propagation velocity of the acoustic signal

(elastic wave) inside a medium is related to the elastic char-

acteristics of the material itself. The P-wave propagation

value in a steady state condition or in a particularly rapid

evolutionary scenario represented an evident indicator of

damaging state of a monitored structure under loading. In

the context of the present work the relationship between

the velocity of the acoustic signals and the elastic charac-

teristics is evaluated in order to discriminate the sti�ness

level of the slant pillars constituting the structure under

consideration. The procedure presented here has made it

possible to develop a method of investigation capable of

estimating, by means of AE monitoring, the state of conser-

vation and the elastic properties of the monitored concrete

structures.

2 The slanted pillars of hall B: the

monitoring site

The Turin Exhibition Center was conceived immediately

after the Second World War to host the annual Automobile

Show, and was supported and promoted the Fiat motor

company, located in Turin. The two main buildings of the

complex, Halls B and C, represent an remarkable example

of innovative use of the new advanced techniques in re-

inforced concrete construction, which combined the new

prefabrication procedures and the re-invention of ferroce-

ment by Nervi.

The ferrocement, whose use is here combined with ex-

tensive use of prefabrication, is adopted for its lightness,

resistance and malleability to make structural elements

resistant in shape, with extraordinary results from an aes-

thetic point of view. Nervi underlines these great expressive

possibilities o�ered by the use of these techniques, a�rm-
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ing in the presentation of the structures of Hall C, which

allow “to release the reinforced concrete from the slavery of

the formwork into lumber and open new and unlimited �elds

to the planning and static-architectural fantasy” [13].

Hall B was inaugurated on 15 September 1948. The hall

consists of a nave covered by an undulated vault, and of an

apse with a ribbed semispherical dome. Hall B represents

a milestone in the history of 20th century engineering and

architecture. Moreover, in the literature on contemporary

architecture, it is frequently referred to as Nervi’s iconic

masterpiece and as one of his most skillful examples of

structural art. The Hall B in the Turin Exhibition center of-

fered Nervi the �rst great occasion to apply to a large-scale

project the principle of structural prefabrication, a method

he experimented during the war years on small-scale build-

ing [14]. It is reported a plan of the whole complex in the

Figure 1a, and an interior of the hall in the Figure 1b.

For the construction of the building, Nervi had to face

a series of uncommon construction problems that were dif-

�cult to resolve using conventional building systems. He

was allotted a limited amount of time for the construction

and had to face the static problems due to the covering of

the large hall requested by the client. Moreover, he had to

face several �nancial cuts in the period characterized by

material shortages. He was also constrained by the master-

plan, prepared by the Fiat engineer Roberto Biscaretti di

Ru�a, designed to rebuild a new complex on the remains

of the Palazzo della Moda, bombed during the war. Nervi

proposed to build a hall with two typologies of thin shells,

undulated and ribbed, supported by reinforced concrete

elements.

Apart from the analysis of the various elements of hall

B, whose construction technology is better analyzed in [15],

and seismic criticalities are instead highlighted in [16], the

present paper focuses its attention on the inclined pillars.

Nervi applied his personal design also on these elements:

Biscaretti di Ru�a in his project envisage vertical elements,

while Nervi modify them in inclined spurs, shaped in ac-

cordance with the force �ow of the vault. As Greco under-

lined [17], the architectural and structural scheme of the

inclined pillars had been experimented several times in

the hangars of the thirties and is also reproduced in this

project. The modularity of the system instantly character-

izes the vaulted interior space of the hall, that expanded

continuously in the lateral naves (Figure 1b). This modu-

larity presents other advantages: in its �rst con�guration,

completed in 1948, Hall B measured 96 meters in width

and 110 meters in length. Between 1952-1954, Hall B was en-

larged by �ve spans in order tomove the façade on the street

and it reached the length of 155 meters. The enlargement

was completed swiftly in a few months, demonstrating the

success of the Nervi’s system. This characteristic makes the

building a rare case of concrete application of the so-called

“modular �exibility”, and as Greco points out [17], this as-

pect has been neglected by critics. In order to reconstruct

the construction stages of the building, Figure 1a, reports

them in plan.

Nervi was given only ten months to complete the work,

starting from August 1947. It is important to highlight that

most part of the construction site took place during win-

ter, and considering that the in-situ manufacture of the

structural elements, Nervi had to worry about �nding a so-

lution for the curing of prefabricated concrete elements. If

one considers also the di�culties of �nding the materials

in the years immediately after the war, the timeframe was

incredibly tight.

(a)

(b)

Figure 2: (a) A picture showing the initial stage of the construction

site of hall B, which started from the apse. It is also possible to

notice the prefabricated elements in ferrocement built simultane-

ously. (b) Advancement of the construction site, in which the red

arrow indicates a pillar that has not been cast yet, while the ones

closer to the apse are in a more advanced stage (photos by Riccardo

Moncalvo)
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(a)

(b)

Figure 3: (a) Advancement of the construction site with the elevation

of the �rst portion of the undulated vault (photos by Riccardo Mon-

calvo). (b) Detail of the reinforcing of the pillars and the connections

with the slabs at the various levels and the fanned elements [18]

In this overview, the proper planning of the construc-

tion site became crucial. The decomposition of the structure

into a large number of elements equal to each other made

it possible to start their execution from the �rst day and to

continue in parallel with the preparation of the foundations

and complementary structural elements. The time needed

to build structures was optimized in this way.

The construction site started from so-called “apse”, the

round element with the ribbed half dome (Figure 2a). At

the same time, workers started to build the prefabricated

ferrocement elements of the undulated vault (Figure 2a).

Almost all the structural elements were built starting

from this portion of the building. It is important to high-

light that the inclined pillars were built in di�erent stages,

starting from the apse, and the vaulting followed accord-

(a)

(b)

Figure 4: (a) Scheme of the various casting stages of pillars. (b)

Detail of the interiors just after the completion of the hall (photo of

Aldo Moisio)

ingly. In Figure 2b, a red arrow indicates a pillar that has

not been cast, while the ones closer to the apse are in a

more advanced stage. In fact, the sca�olding of the �rst

section of the vault was built from the apse, and it was

moved sequentially in the direction of themain façade. The

sca�olding was moved only when the undulated elements
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of a set of arches were set (Figure 3a). In the last stages, it

was poured the concrete for the connections of the fanned

elements and the pillars; subsequently, also elements of

the undulated vault were completed with the casting of the

ribs. Figure 3b reports the detail of the reinforcing of the

pillars and the connections with the slabs at various levels

and the fanned elements.

The fanned elements aren’t just a formal expression

of continuity between the vault and the pillars, but are

actually a crucial structural element, that directs the re-

inforcement bars between the waves and the pillars. The

bundles of reinforcement bars start in the pillars, separat-

ing in the fans, and then run along the hollows and ridges of

the undulated elements of the vault [19]; in this way, Nervi

connects together the prefabricated elements with the rest

of the structure by pouring the concrete.

The supporting structures of the vault were instead

built in four di�erent stages, in which the concrete was

poured sequentially in di�erent months. Figure 4a shows

a section of an inclined pillar reporting a scheme of the

various casting stages, while Figure 4b shows a picture of

the interiors just after the completion of the hall.

3 AE Monitoring and P-wave

velocity estimation as a damage

index for old concrete

In order to investigate the properties of the slant pillars, ND

testing, based on AE measurements (ultrasounds), were

performed on three di�erent pillars that could present dis-

crepancies inmechanical properties due to di�erent causes:

the casting procedures, that, as it was previously reported,

was executed in di�erent stages, and the enlargement of the

hall happened a few years later. In addition, the purpose

of the investigation is to evaluate if the adopted technique

is able to discriminate between elements characterized by

di�erent mechanical characteristics (Young’s modulus).

The tested pillars were selected as follows. The �rst

investigated pillar (P4S) belongs to the enlargement of the

hall, which took place between 1952-53. The pillars named

P8S and P13S are, instead, the part of the �rst con�guration

of the hall, built in 1948. However, according to the con-

struction stages, P13S was built before P8S. Given the fact

that immediately after the war, the construction conditions

were certainly not the best, it is possible to hypothesize

that any di�erence in the timing of construction could have

generated some �aws or at least some dissimilarities in the

mechanical properties of the structural elements.

In order to carry out these tests, the ND procedures

were performed by a technique coming from the impact-

echo, allowing to obtain, as a parameter of estimation of

the damage, the P-wave propagation velocity inside the

monitored element. To this purpose, an array of 7 sensors

has been placed on the surfaces of the pillars in correspon-

dence to the last level (between quote +4.40 m and 9.00 m)

represented in Figure 4a. In Figure 5a–5c, it is reported the

arrangement of the sensors on the three slanted pillars and

their arrangement on the monitored surface is reported. In

Figure 5d the position of the sensors respect to the positions

of the impact points of the hammering can be observed.

Figure 5: Application of the sensor array to the slant pillar (a) P4S,

(b) P8S, (c) P13S. (d) Detail of the sensor positions for P4S. (e) Ham-

mering performed on the surface of the pillar

In this case, the principle of impact echo was used

considering the localization procedure, generally used in

the traditional AE monitoring [20–23]. The signals were

correlated to the hammering position source and, conse-

quently, the velocity of the P-wave propagation was esti-

mated. Generally, localization is one of the most used anal-

yses in AE monitoring. The AE localization technique has

beenwidely applied both in laboratory and in-situ tests and

has been performed with di�erent methods to improve the

results accuracy [24–30]. In this paper, the triangulation

technique was applied to signals recorded by at least �ve

sensors falling into time su�ciently small intervals (50 µs).

Thus, with this procedure, it is possible to de�ne both the

position of the source, which is known a priori, and the

speed of longitudinal P-waves transmission in the medium.

Having denoted with ti the arrival time at a sensor Si of an
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AE event generated at point S and at time t0 we have [23]:

|S − Si| =
[

(x − xi)
2 + (y − yi)

2 + (z − zi)
2
]

1
2

(1)

the distance between Si and source S, in Cartesian coordi-

nates; and assuming the material to be homogenous, the

path of the signal is given by |S − Si| = vp(ti − t0). If the

same event is observed from another sensor Sj at time tj
[23]:

∣

∣S − Sj
∣

∣ − |S − Si| = vp
(

tj − ti
)

(2)

If the same event is observed from another sensor Sj at

time tj, it is possible to eliminate t0 from the calculation.

Assuming the arrival times of the signals and the positions

of the two sensors to be known, the last is an equation with

four unknowns x, y, z, and vp. Hence, the problem of the

localization of S is determined if it is possible to write a suf-

�cient number of equations of that type (Eq. 2), i.e., when

the same AE event is identi�ed by at least �ve sensors. If

this does not occur, it is necessary to adopt simplifying as-

sumptions to reduce the degrees of freedom of the problem,

such as, for instance, imposing the speed of transmission

of the signals (vp) or having the AE source lie on a prede-

termined plane. For the analysis carried out in the present

research, three-dimensional localizations with at least �ve

sensors were performed. In the present case, in additions

to the source coordinates, the unknown is speci�cally the

P-wave propagation velocity (vp). In any case, the local-

ization was carried out in order to consider the results of

velocity associated with the localized points found su�-

ciently close to the hammering positions. We consider the

solution for vp only in the cases where the localized sources

were found inside a circle of radius 5 mm centered in the

hammering targets. This choice increased the accuracy of

the velocity estimation. Therefore, the test procedure was

carried out, positioning the sensors on the external surface

of the slanted pillars and considering three di�erent im-

pact points. For each positions 2 series of measurements,

composed of 5 impacts of the hammer, were performed (see

Figure 5d). From all these tests, writing a system of at least 4

equations of the type of Eq. (2), it was possible to �nd di�er-

ent velocities values for each of the three monitored pillars.

As shown in the following, the evaluation of the AE wave

propagation velocity by di�erent localizations seems par-

ticularly useful. The velocity vp, in fact, resulted directly

correlated to the Lame’ constants to the sti�ness of the

monitored medium (Young’s modulus, E and shear elastic

modulus G): v2p = (λ + 2µ)/ρ. Considering the constitutive

equations of the solid, it is possible to write:

−ν (1 + ν)
σx
E

+
(

1 − ν2
)

σz
E

= 0 (3)

This equation is written considering the case of an elas-

tic wave with propagating direction along the coordinate

direction x. It is possible to de�ne ϵx as a function solely of

σx:

ϵx =
σx
E

−
ν

E
2

ν

(1 − ν)
σx =

σx
E

(

1 −
2ν2

1 − ν

)

(4)

After expressing the stress, its �rst and second deriva-

tive respect to x-direction they can be directly correlated

to the propagation velocity of the elastic wave (vibration)

assuming s an as the displacement along the direction x:

σx =

(

E (1 − ν)

(1 + ν) (1 − 2ν)

)

∂sx
∂x

(5)

∂σx
∂x

=

(

E (1 − ν)

(1 + ν) (1 − 2ν)

)

∂2sx
∂x2

(6)

at the same time, it is also possible to write that:

∂σx
∂x

= ρ
∂2sx
∂t2

(7)

where t is the time in which the propagation took place and

ρ is the mass per unit volume. According to Eq. (6) and (7)

we can write:

∂2sx
∂t2

=
∂2sx
∂x2

1

ρ

E (1 − ν)

(1 + ν) (1 − 2ν)
(8)

The second term on the right side takes the dimensions

of a squared velocity. The expression for vp can be �nally

expressed as [29]:

vp =

√

E

ρ
(1 − ν)

(1 + ν) (1 − 2ν)
(9)

and assuming the value of ν = 0.2 for concrete we have the

following relation to estimate the elastic modulus E:

E = 0.9
(

v2pρ
)

(10)

From Eq. (9), it is easy to observe how vp is a function

of the elastic modulus (E), the mass per unit volume ρ, and

the Poisson’s coe�cient (ν) of the material. In Figure 6, as

an example, a graph of a typical AE acquisition, obtained

during the hammering tests carried out on the slant pillar

P4S of Hall B, is reported. As it can be seen, peaks corre-

spond to the hammerings performed on one of the points

of impact (Imp02). For each peak, there is a varying num-

ber from 5 to 7 of the AE signals detected in relation to the

number of sensors that actually perceive the elastic propa-

gation coming from the hammering. The frequency of the

signals acquired by the sensors is reported with respect to

the time employed for the test. TheAE frequency evaluation

appeared to be very important in the preliminary �ltering
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Figure 6: (a) Frequency vs time graph related to the acquisition of

the acoustic signals due to the hammering in position imp02 (b)

of the signals. In the present study, a threshold of 1×103 Hz

is considered. Signals acquired below this value were ne-

glected because they de�nitely belonged to the background

noise. The whole procedure is described in the �ow-chart

reported in Figure 7. The beginning of the acquisition is

characterized by the generation of the arti�cial sources. In

general, they may originate from a natural phenomenon

(crack propagation or formation ofmicro-cracks) or from an

arti�cial cause (impacts produced by a digital hammer). In

the present case, the AE sources are generated by hammer-

ing on the external surface of the slanted pillars. During the

perturbation created by the impact in the positions Imp01,

02 and 03 for each pillar, the AE signals were recorded. The

acquisition is carried out for a duration of 60 s for each

hammering sequence. After this, the �rst �ltering is ap-

plied to AE signals (Figure 7). As previously mentioned, in

the present experiments, only AE with a mean frequency

greater than 1×103 Hz were considered. After this prelimi-

nary phase, the recognition of the data sets consistent with

the localization procedure was performed. For the local-

izations, all pairs, triplets, quatrains, and so on that have

the di�erences in the arrival times to sensors in the range

∆tj − ∆t0 < 10 × E−4 s were considered belonging to the

same event (impact). In the analyzed case, the event gener-

ating the signals is the rhythmic hammering in the impact

positions. Once these data sets are selected, a system of

equations of the type of Eq. (2) can be written. The local-

ization adopted is based on the triangulation technique

and the improved AIC-method, as reported in Carpinteri

et al. [23]. Once localized sources are obtained, and after

verifying that the obtained results are localized close to the

arti�cial source created ad hoc (maximum error accepted

= 1%), the value of the p-wave propagation velocity (vp)

is extracted. Finally, through Eq. (10), it is possible to esti-

mate the value of the elastic module (E) associated with the

velocity vp just calculated with the described method (Fig-

ure 7). In Figure 8a and 8b, the calculated vp and the elastic

Figure 7: Flow-chart of the elastic modulus estimation by vp mea-

surements. Di�erent steps are performed to reduce measurement

errors. The localization procedure leading to the vp values is based

on the improved Akaike algorithm Criterion as reported in [23]

modulus estimation for each localization are reported to-

gether with the mean values for each of the three analyzed

pillar: P4S, P8S, P13S.

Figure 8 shows the results for velocity values obtained

by 54 localizations on the three slanted pillar P4S, P8S, and

P13S. The values are reordered from the lower to the higher

for each series. P4S resulted in being the element with the

highest values in terms of vp that corresponds to a higher

level for the sti�ness characteristics (E, G). The values re-

ported for the P4S pillar start from very low values around

1.4×103 m/s up to values of about 3.7×103 m/s. The average

velocity obtained from the localization of AE due to ham-

mering is 2.5×103 m/s for P4S. Similar considerations can

be made for pillar P8S. The velocity values for P8S range

from values of around 1.8×103 m/s to 3.1×103 m/s. The aver-

age velocity obtained from the localizations of AE signals

is about 2.3×103 m/s for the P8S pillar, slightly lower than

that of pillar P4S. Finally, as regards the values obtained

for P13S, di�erent values are obtained. For the minimum

set values, the lowest was about 0.9×103 m/s to amaximum

value of about 2.9×103 m/s. The average velocity obtained

in this case is equal to 1.9×103 m/s for pillar P13S. It is evi-
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Figure 8: P-wave propagation velocities obtained by 54 localiza-

tions on the three slanted pillar P4S, P8S, P13S. The values were

reordered considering increasing values for each series (a). P4S
resulted in being the element with the highest speed values corre-

sponding to a higher level of sti�ness characteristics (E) (b)

dent that the averaged values of E, that will be calculated

by Eq. (10) will be slightly under-estimated. This e�ect is

certainly due to the presence of a layer of about 20 mm on

the external surface of the three slant pillars formed by the

plaster layer and the coating. This value can be considered

with a reduction of the �nal value of about 1%. This reduc-

tion is estimated considering the proportion between the

medium distances between sources and sensors covered

by AE signals in concrete and plaster. At the same time,

the procedure to estimate the values of the elastic modu-

lus carried out by the authors is certainly not devoid of

measurement errors. As previously reported, in Figure 7,

the �ow-chart reports the di�erent steps followed for the

calculation of the values of vp and to estimate the elastic

modulus. In particular, in the presentwork, the localization

procedure based on the data analysis of AE was used with

an improved version of the Akaike Information Criterion

was used for the estimation of vp like one of the output

coming from the triangulation technique [23]. This process

allowed to calculate the unknowns of the equation system

(source coordinates and vp) with very high precision. For

this reason, the values of vp were considered with a maxi-

mum error measurement of ∆vp = ±1% (see Figure 7). For

the calculation of the elasticmodulus, in the absence of spe-

ci�c tests, the value for the density is 2.2×103 kg/m3 and an

assumed error ∆ρ = ±15%. Considering the theory of error

propagation and the relation reported in Eq. (10), we can es-

timate the di�erent values of E for the three slanted pillars.

In Figure 8a, the vp obtained from the localization proce-

dures are reported together with the three mean values. In

Figure 8b, the E values calculated by Eq. (10) are reported,

also in this case, together with the three mean values, one

for each of the analyzed pillars. The �nal error for each

measurement is equal to ±15%. The mean values of E re-

turned us values equal to 13.46×E09±2.02×E09 MPa for P4S,

11.02×E09±1.65×E09 MPa for P8S, and 8.297×E09±1.24×E09

MPa for P13S (see Figure 8b). It is important to consider

that, in the present paper, themain objective is represented

by the di�erence between the sti�ens of the monitored pil-

lars. For this reason, it seems very useful to evaluate the

ratios between the average elastic modulus found P8s and

P13s pillars with respect to the value calculated for P4s:

EP8s
EP4s

= 86.2 ± 24.5%; (11a)

EP13s
EP4s

= 58.0 ± 18.5%; (11b)

Equations (11a) and (11b) have shown a reduction in

the sti�ness characteristics of the monitored concrete struc-

tures of about 13.8% and 42.0%, respectively, for P8S and

P13S pillars with respect to P4S. This evidence con�rmed

the hypotheses put forward in the context of the histor-

ical reconstruction of the building phases for Hall B. In

particular, the �rst construction phases (P13s and P8s) are

characterized by jets with a less performing conglomerate

compared to the portion of the building concerning the last

expansion.
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4 Conclusions

In the present paper, the calculation of the velocity of the

P-wave propagation of AEwas used to evaluate the sti�ness

characteristics of slanted pillars constituting the vertical

bearing structures designed by Pier Luigi Nervi in one of

his most iconic building: the halls of Torino Esposizioni

(Hall B). In order to investigate the properties of the in-

clined pillars, a triangulation procedure (source localiza-

tion), based on AE measurements (ultrasounds) generated

by arti�cial causes (hammering), were performed on three

di�erent pillars. These elements presented discrepancies

due to di�erent causes: the casting procedures, that, as it

was previously reported, were executed in di�erent stages,

and the enlargement of the hall happened a few years later

respect to the beginning of the construction. The purpose of

the investigation was to evaluate if the adopted technique

was able to discriminate between elements characterized

by di�erent mechanical characteristics (Young’s modulus).

The tested pillars were selected as follows. The �rst

investigated pillar (P4S) belongs to the hall’s enlargement,

which took place between 1952-53. The pillars named P8S
and P13S were, instead, located on the �rst con�guration of

the hall, built in 1948. However, according to the construc-

tion stages, P13S was built before P8S. The AE measure-

ments and, in particular, the P-wave velocity estimation

con�rmed the hypothesis. The average velocity obtained

from the localizations of AE performed on P4S due to ham-

meringwas 2.5×103m/s. The average velocity obtained from

the localizations of AE in P8S was about 2.3×10
3 m/s for,

slightly lower than that of pillar P4S. Finally, concerning

the values obtained for P13S, the average velocity obtained

in this case is equal to 1.9×103 m/s. The elastic modulus

values calculated by Eq. (10), considering the average ve-

locities, returned us values of about 13.5 MPa for P4S, 11.0

MPa for P8S, and 8 MPa for P13S. It is evident that these

average values of E are slightly under-estimated. Accord-

ing to Eqs. (11a) and (11b), the values showed a reduction

in the sti�ness characteristics of the monitored concrete

structures to 86.2% and 58.0%, respectively for P8S and

P13S pillars with respect to P4S. This evidence con�rmed

the hypotheses put forward in the context of the historical

reconstruction of the building phases for Hall B. In par-

ticular, the �rst construction phases (P13S and P8S) were

characterized by less performing sti�ens of the concrete

conglomeratewith respect to theportionof thehall concern-

ing the last expansion. On the basis of these �ndings, we

can suppose that the expansion of the building was made

with materials characterized by a higher performance. This

implies that in view of a global analysis of the structure,

this possible and substantial di�erencemust be considered.

This information can be used to develop targeted interven-

tions aimed at preserving the daring structures built in the

20th century. In particular, by highlighting di�erences and

potential criticalities in the materials. NDT tests may repre-

sent a suitable method of characterization, especially for

analyzing thin and fragile structural elements, such as fer-

rocement. A further step of the analysis will need to assess

the characteristics of all the pillars, even at the di�erent

quotes. The procedure here reported made it possible to de-

velop an innovative investigation method able to estimate,

by means of AE, the state of conservation and the elastic

properties and the damage level of the monitored concrete

and reinforced concrete structures.
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