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Abstract: The present paper aims to increase knowlodge of the methods of resistance estimating of 13 
concrete in situ by means of non-destructive tests used to integrate the quantitative results from 14 
cylindrical specimens (core). The results of experimental investigations carried out on concrete 15 
conglomerate samples of a school building are shown. The experimental campaign then will be 16 
presented like a case study, conducted on a series of concrete beams and pillars of an existing 17 
building. The destructive tests on cores were conducted at the Civil Structures Laboratory of the 18 
Engineering Department of the University of Campania "Luigi Vanvitelli". The expression obtained 19 
through the calibration procedure of the values of non-destructive tests with those provided by the 20 
core drills allowed to estimate the average values of the compressive strength of the concrete. It is 21 
highlighted how this result was achieved with a very limited core number provided that they are 22 
extracted in selected points and that there was a proportionality link with the resistances obtained 23 
from non destructive tests.  24 
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1. Introduction 27 

The compressive strength of concrete has a key role in the evaluation of existing buildings in 28 
reinforced concrete and it is difficult to estimate; therefore appropriate numerical studies are 29 
required. The most advanced seismic legislations [1, 2] have showed interest to the existing buildings 30 
indicating that the type, technique and urgency of a possible intervation must be based on a careful 31 
evaluation of the structure in question. Therefore, it is needful to define the mechanical characteristics 32 
of concrete in situ, and its compressive strength, using not much onerous and invasive tests and 33 
methods. Investigation methods can be destructive and non-destructive; the destructive methods, 34 
based on the extraction of concrete samples to be subjected to compression tests, represent the most 35 
reliable tool for estimating the mechanical properties of concrete, but they are much invasive. 36 
Consequently, only a limited number of samples are generally extracted and the results obtained may 37 
not be representative of the overall characteristics of the structure for the estimating the concrete 38 
resistance. Non-destructive tests are cheaper but give indirect evaluation hence they are influenced 39 
by numerous factors and their results can be unreliable. 40 

Masi [3] describes and examines the main non-destructive tests (sclerometric method, ultrasonic 41 
method, combined Sonreb method). The solution for assessing the behavior of existing structures 42 
made of reinforced concrete is using of both methods, the destructive (DT) and non-destructive 43 
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(NDT) methods that allow extending the results obtained with DT surveys at all points. To identify 44 
the best correlations between NDT and DT, the author investigates the properties of concrete by some 45 
structural elements extracted from school buildings, designed for vertical loads only. The results of 46 
NDT and DT are analyzed both on beam elements and on pillar elements. The analysis of the results 47 
of the tests carried out in the laboratory show a strong variability of the mechanical characteristics of 48 
the concrete for all the structural elements, taken from the same deck, and along the single structural 49 
element. 50 

Faella et al [4] make an experimental study on a series of concrete columns already tested at the 51 
Structural Laboratory of the University of Salerno with the aim of studying their cyclic behavior 52 
under combined horizontal and vertical load. Concrete cores are extracted at different heights for 53 
studying both the resistance spatial variability and the influence of the column load history. The 54 
formulations available in literature for estimating the concrete strength from cores have provided 55 
variable results and not consistent. The application of the combined Sonreb method is shown to be 56 
very useful reducing the dispersion of resistance values that can be from non-destructive tests. 57 

Windsor probe test, Schmidt rebound hammer, Ultrasonic Pulse Velocity method, SonReb 58 
method, Windsor method and a three parameter combined method, appointed as SonRebWin 59 
Method, are utilized in [5] to investigate on the mechanical property of concrete. The outputs of these 60 
methods are calibrated with the strength of cores extracted from investigated specimens where the 61 
non-destructive tests are applied. In the paper, some availability correlation curves [6, 7, 8, 9] are 62 
appropriately adapted to the studied concrete. 63 

In [10] the authors look at a knowledge-based approach to emergency situations caused by 64 
earthquakes or other natural disasters. They illustrate how a multidisciplinary approach enables the 65 
integration of technical requirements with those of a historical and cultural nature. The case study 66 
presented is the recovery of the ex-city hospital of L’Aquila, in Italy, which was hit by an earthquake 67 
in 2009. The integrated use of varying investigation methodologies allows to establish the 68 
effectiveness of a knowledge-based approach, and generate new ideas for the development of the 69 
structure and its strategic role within the city. 70 

Concu and Trulli [11,12] illustrate the results of an experimental test, which intends to check the 71 
effectiveness of ultrasonic testing (UT) in detecting anomalies inside concrete elements. For this 72 
purpose, UT is carried out on a small concrete wall having different defects deliberately settled inside 73 
the wall during casting. This map highlights areas with different velocity values, and allows visually 74 
detecting areas having particularly low velocity. The results since now achieved suggest that velocity 75 
maps are powerful tools for concrete defects identification. Therefore, UT data should be first 76 
implemented, in order to gather comprehensive information regarding the inside of the concrete 77 
element, aiming to locate and size the inner defects. 78 

The present paper has been aimed to increase knowledge of the methods of concrete resistance 79 
estimating in situ by means of non-destructive tests in conjunction to quantitative results from 80 
destructive test on cylindrical specimens (core). In the following, some techniques evaluating the 81 
mechanical properties of concrete in situ will be analyzed. An experimental campaign then will be 82 
presented like a case study, conducted on a series of concrete beams and pillars of a school building. 83 
The destructive tests on cores were conducted at the Civil Structures Laboratory of the Engineering 84 
Department of the University of Campania "Luigi Vanvitelli". The cube strength of the concrete was 85 
derived from empirical correlations proposed in the literature as a function of the rebound number 86 
of the sclerometric test, Ir, and of the propagation speed of ultrasonic waves, V. The correlation 87 
formula proposed havs been also interpreted taking in account the results on the concrete core tests.  88 

2. Materials and Methods  89 

Destructive methods represent the most reliable tool for estimating the mechanical properties of 90 
concrete, even if they are considerable invasive. For this reason, Italian and European Legislation 91 
[13,14] allow reducing the number of destructive tests (and related concrete cores) up to half of those 92 
required for the achievement of a given level of knowledge, replacing it with a triple number of non-93 
destructive tests. Non-destructive testing methods analyzed are sclerometric method, ultrasonic 94 
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method and combined Sonreb method [15,16]. The Sonreb method combines results obtained by the 95 
surface hardness with ultrasonic speed. 96 

2.1. Surface hardness method 97 

All measurements were carried out using a Standard Schmidt Sclerometer setting perpendicular  98 
to the faces of the pillars and beams according to the UNI EN 12504-2 [17]. The [17] standard provides 99 
on the instructions how performing the sclerometer tests. The instrument consists of a steel beating 100 
mass, driven by a mechanical spring, which contrasts a percussion rod on the test surface. The 101 
measured rebound height of the mass is related to the surface toughness of the concrete that is an 102 
index of its compressive strenght. The UNI standard recommends to carry out at least 9 103 
measurements calculating the rebound index as the average of the nine taken readings. The American 104 
standard ASTM C 805 [18] recommends, instead, to make of 10 measurements; if one of the 105 
measurements differs from the average of seven or more units it is discarded, and a new average is 106 
determined based on the other measurements; if more than two measurements differ from the 107 
average of seven or more units, they should be discarded. The use of this instrument has among its 108 
advantages simplicity and low cost but it is influenced by humidity conditions, by carbonation, by 109 
surface texture, by the orientation of the instrument, by the presence of aggregates in the test area 110 
and also it investigates only the surface concrete. 111 

2.1. Ultrasonic method 112 

The ultrasonic method [19], based on the phenomenon of propagation of ultrasonic waves with a 113 
variable frequency between 20-120 KHz, uses the correlation between the concrete stiffness, through 114 
the propagation speed of ultrasonic waves, and its resistance. 115 
The test device consists of a mechanical pulse emitter and a receiving device in transparency. The 116 
distance between the time of emission and the time of reception of the signal and therefore the wave 117 
speed, V, is measured. The analysis is conducted in transparency when the transducers (probes) are 118 
aligned, while it is in reflection when the probes are placed on the same plane at a distance (L) from 119 
each other. The use of ultrasonic method tests allows obtaining, for the concrete, the dynamic 120 
modulus of elasticity and the Poisson’s number. It is also possible to estimate the concrete resistance 121 
in situ as well as to establish its homogeneity within the structure. 122 

2.2. Sonreb Method 123 

Several sclerometric and ultrasonic measurements with limited numbers of core samples, allows 124 
the combined Sonreb method to be applied to estimate the concrete compressive strength of the beams 125 
and pillars. Indeed the moisture content makes the sclerometric index underestimate and overestimate 126 
the ultrasonic speed, and increasing the time, the sclerometric index increases while the ultrasonic 127 
speed decreases. Therefore, the combined use of the two tests makes it possible to compensate partially 128 
these problems. So it is possible to use the method in order to get an expression for the concrete in the 129 
case study. 130 

The procedure, reported in [3], is based on a few cores extracted in the structures on point where 131 
non destructive sclerometric and ultrasonic measures are done. The cores are subjected to direct 132 
compressive tests. An empirical correlation formula is proposed to relate the concrete compressive 133 
strength to the non destructive indexes namely Ir, the rebound index, and V, the ultrasonic speed. 134 

 135 

 𝑅𝑐 = 𝑎 × 𝐼𝑟𝑏 × 𝑉𝑐 (1) 136 

The coefficients on the equation (1) are obtained by the correlation with the destructive tests. 137 
Hence, some proposed exponents and coefficients are reported in the literature and summarized in 138 
equations (2-5). The obtained expression of Rc can be used, in the subsequent indirect testing to obtain 139 
the desired concrete resistance. 140 

 𝑅𝑐,1 = 7.695 × 10−11 × 𝐼𝑟1.4 × 𝑉2.6 (2) 141 
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 𝑅𝑐,2 = 1.2 × 10−9 × 𝐼𝑟1.058 × 𝑉2.446 (3) 142 

 𝑅𝑐,3 = 0.0286 × 𝐼𝑟1.246 × 𝑉1.85 (4) 143 

 𝑅𝑐,4 = 9.27 × 10−11𝐼𝑟1.4 × 𝑉2.6 (5) 144 

It has to be stressed that in equations (2-5) dimensional units affect the results and the coefficients 145 
order of magnitude; in particular, Rc is the compressive strength of equivalent cube in N/mm2, Ir is the 146 
rebound index and V is the ultrasonic speed expressed in m/s in expression (2,3,5) while in km/s in 147 
expression (4). 148 

The relation (2) is proposed by Giacchetti – Menditto [20] while the relation (3) formulated by 149 
Pascale - Di Leo [21] is used to estimate the prestressed concrete strength beams of a railway. The 150 
relation (4) proposed by Gasparik [22] was taken from tests on concretes of usual composition but is 151 
not specified by the author; therefore it is not well establish the limits of its applicability. The last 152 
equation (5) provided by RILEM NDT4 [23] contains no detailed indications on the limits of its 153 
applicability. 154 

2.3. Core samples 155 

UNI EN 12390-1 and UNI EN 12504-1 [24,25] recommend to extract concrete core samples with a 156 
diameter between 25 and 300 mm and to use low penetration speed of the core barrel, in order to limit 157 
the damage to the sample. According to the UNI EN 12504-1 standard, the core drilling machine must 158 
be adequately anchored so that the sample must have a constant diameter and a straight axis. The 159 
diameter of the cores must be no less than three times the maximum size of the aggregate, while the 160 
height must be possibly equal to twice the diameter. After picking up, the cores should be rectified 161 
making the faces on which the load will be applied flat and parallel. [26,27]. 162 

3. Experimental test  163 

In this paper, the results of tests on some structural elements (beams and pillars) extracted from a 164 
school building are shown. In particular, the properties of the concrete were investigated on 40 165 
structural elements over two floors: first floor, FF, and basement, BF. A number of 40 non-destructive 166 
tests (NDT) were made. In the basement floor 21 tests were carried out, namely 8 on the beams and 13 167 
on the pillars while on the first floor were conducted 19 tests, 8 on the beams and 11 on the pillars. 168 
Destructive tests (DT) were carried out on 4 pillars, two at the basement and two at the first floor. The 169 
cylindrical core samples were subjected to crushing tests in the laboratory. It was used a concrete rebar 170 
locator to determine the location of reinforcement bars within the concrete structures, to identify the 171 
points where extracting the cores which performing non-destructive tests on. The school building is a 172 
modern building with concrete frame structures and with a concrete slab (CelerSap type) thick 20 cm. 173 
The building is composed of three blocks, block A, block B and block C. The total surface, S, is equal to 174 
S=1940 m2; surface block A, SA, is equal to SA=740 m2, surface block B, SB, is equal to SB=1000 m2 and 175 
surface block C, SC, is equal to SC=200 m2. The tests were conducted in the Civil Structures Laboratory 176 
of the Engineering Department of the University of Campania - "Luigi Vanvitelli", and were divided 177 
into several phases: a preliminary, aimed at identifying the points in which to carry out measurements, 178 
the second phase necessary for performing non-destructive tests, and the final in which the cores were 179 
taken and subjected to compression tests. In summary, they were performed on the entire buildings: 180 

• N. 40 surface hardness tests on beams and pillars. 181 
• N. 40 ultrasonic tests on beams and pillars. 182 
• N. 4 core samples on pillars and its compression tests. 183 

The location of the sclerometric and ultrasonic tests performed on the structures of the basement 184 
and of the first floor is shown in Figure 1. The measurement points were choosing randomly, so as to 185 
then the results obtained could be representative of the material properties in situ. For each 186 
measurement point, 10 surface hardness measurements were performed as recommended by the UNI 187 
standard. The ultrasonic test was carried out taking care to place a gel between the surface of the 188 
conglomerate and the probes. The investigations were performed with the direct method or 189 
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transparency method. The cores extracted from the pillars at the basement and at the first floor have 190 
been marked respectively with C1, C2 and C3, C4. The cores C1 and C3 were taken on the same pillar 191 
positioned at the central block B, marked with the number 25 both at the basement and at the first floor. 192 
The cylindrical samples have a diameter of 100 mm. The sampling was performed at the points where 193 
non-destructive tests had already been successfully performed, trying to avoid as much as possible the 194 
longitudinal and transverse reinforcements. Then the samples were treated in the laboratory in order 195 
to obtain cylindrical specimens with the height equal to twice the diameter (h=200 mm). 196 

No particular surface imperfections were found due the care in performing the core drilling and 197 
as an adequate fixing of the core drilling machine. Subsequently, in the laboratory were carried out 198 
compression tests on the cores after their surface grinding. The test was performed with a Tecnotest KC 199 
300 compression machine.  200 

 201 

Figure 1. Scheme and location on the building plant of the tests. 202 

4. Results 203 

4.1. Destructive testing 204 

Compressive test on the cores furnishes the core resistance values, fc. In order to get the 205 
corresponding cubic resistance, several correlation formulas are present in the literature. A first 206 
proposal can be found in the British Standard [28] that is: 207 

 𝑅𝑐 = (
𝑓𝑐×𝑘1

1.5+
𝑑

ℎ

) (6) 208 

where the value, Rc, depends on diameter/height the ratio, d/h, and by the adimensional parameter K1 209 
which takes into account the layout of the cores axis with respect to the casting gravity direction. Among 210 
the others we can recall that for cores axis orthogonal to cast direction K1 = 2.5 and for parallel direction 211 
K1 = 2.3. A further relationship is proposed by the Concrete Society [29]: 212 

 𝑅𝑐 = (
1.25𝑓𝑐×𝑘2

1.5+
𝑑

ℎ

) (7) 213 

in which the factor K2 always depends on the picking direction and assumes value 2.0 and 1.84 214 
respectively in the two cases mentioned above. The "Linee Guida" of the Italian Consiglio Superiore dei 215 
Lavori Pubblici [30], recommend that the resistance obtained through core drilling is not less than 0.85 216 
times the cylindrical strength of the concrete in situ. Furthermore, it is established that the strength of 217 
cores with unitary ratio can be assimilated to those of cubic specimens, while, when the ratio h/d = 2.0, 218 
the cubic resistance, Rc, is equal to 1.25 fc. Then the following relationship can be derived from the Linee 219 
Guida: 220 
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 𝑅𝑐 =
𝑓𝑐

0.85
[1 + 0.25 (

ℎ

𝑑
− 1)] (8) 221 

Figure 2 shows the values of the compressive strength calculated using the relationships above 222 
mentioned using core resistances, C1, C2, C3 and C4 with a ratio h/d equal to 2.00. The resistance 223 
values obtained from the formulas of the British Standard and of the Concrete Society are practically 224 
the same for all the cores pulled out, while the expression suggested by Linee Guida of the Consiglio 225 
Superiore dei Lavori Pubblici overestimates the resistance value, for C1 and C2. Also, the standard 226 
deviation evaluated for all the proposed relationships assumes higher values for the cores signed 227 
with the number C1 and C2 at the basement. Furthermore, all formulas give the highest resistance 228 
values for the cores extracted at the basement. The value of the compressive strength of pillar 25 229 
decreases of almost one half moving from the bottom to the top along the storeys. The Figure 3 shows 230 
the average resistance values calculated for all the formulas together with the respective standard 231 
deviation. It can be seen that the formulas are non-conservative due to the high values assumed by 232 
the standard deviation. 233 

 234 

Figure 2. Compressive strength values of cores calculated with the equations proposed in the 235 
literature. 236 

 237 

Figure 3. Average and standard deviation values of core resistance, Rci, calculated with the equations 238 
proposed in the literature. 239 
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4.2. Destructive testing – Sonreb Method 240 

The compressive strength of concrete cube was derived from empirical correlations proposed in 241 
the literature as a function of the surface rebound index, Ir, and of the ultrasonic speed, V evaluated in 242 
the 40 measurement points. Figure 4 shows the resistance values for the pillars at the basement using 243 
the expressions 1-4. It is possible to note that the Sonreb relations used give almost equivalent resistance 244 
values for all the pillars with low standard deviation values as shown in the graph. The resistance values 245 
are comparable also for the beams at the same floor, with values of the standard deviation lower than 246 
the pillars (Figure 5). The same result has been reached for the structural elements of beams-pillars at 247 
the first floor with almost coincident values of the standard deviation. Figure 6 shows, for each floor, 248 
the averages of the compressive strengths values evaluated with the Sonreb relationships (1-4) for the 249 
beams and pillars elements. From last results it is evident, as for the cores, that there is a difference 250 
between the values relating to the pillars at the basement and those at the first floor; indeed the 251 
resistance values are higher at the basement with a percentage difference of about 55% respect to the 252 
first floor. The resistance values for the beams on the two floors are comparable but however lower than 253 
those of the pillars at the basement. Figure 6 also shows the standard deviation values for all the 254 
formulations used. It is evident that, for all floor, the resistance values are variable from pillar to pillar 255 
and from beam to beam as shown by high standard deviation values. The least value of standard 256 
deviation results for the beams at first floor that present a rather singular behaviour. 257 

 258 

Figure 4. Compressive strength values of pillars calculated with the Sonreb relations and their 259 
standard deviation values. 260 

 261 
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Figure 5. Compressive strength values of beams calculated with the Sonreb relations and their 262 
standard deviation values. 263 

 264 

Figure 6. Average and standard deviation values of beams and pillars resistance, Rci, calculated with 265 
the Sonreb relations. 266 

4..3. Proposed procedure based on core sampling and non-destructive investigations 267 

Figure 7 shows the concrete compressive strengths in situ, fc, obtained by crushing the cores 268 
and the results of the non-destructive tests performed at the measurement points where the cores 269 
themselves were extracted. As it can be seen from the Figure, the surface rebound index and the 270 
ultrasonic velocity increase at the increasing of the compressive strength, fc, with a good 271 
correlation, R2, equal respectively to R2 = 0.984 and to R2 = 0.868. The surface rebound index and 272 
the ultrasonic velocity compared to each other show a good correlation with an R2 value of 0.939. 273 

 274 
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Figure 7. Concrete core results of destructive and non-destructive tests. 275 

Figure 8 shows compressive strength values of the cores applying the Sonreb relations (1-4) and 276 
the British Standard. As it is visible, the resistance values are almost coincident with standard 277 
deviation values decreasing by moving upstairs. 278 

 279 

Figure 8. Compressive strength values of cores calculated with the Sonreb relations and British 280 
Standard and their standard deviation values. 281 

Whether one get the correlation between the values of Ir, V and the resistance cores, fc, it was 282 
possible to obtain a correlation for the case study that best fits three parameters using a relation of 283 
the kind of Rc=a⋅Ib Vc. The values a, b and c are constants and were determined by the least squares 284 
method. In the case study, the following correlation curve was applied: 285 

  𝑅𝑐,𝑐𝑜𝑟𝑟 = 3.1 × 10−5𝐼1.8468𝑉0.8516 (9) 286 

in which concrete compressive strength is expressed in MPa while the ultrasonic velocity in m/s. 287 
Figure 9 shows the comparison between the compressive strengths, fc, obtained from the crushing of 288 
the cores with the respective values, Rc,corr, calculated through the correlation (9). The values are a 289 
little above the line at 45 ° for the C1-C2-C3 cores while for the C4 core are coincident. 290 

 291 

Figure 9. Comparison between core resistance values, fc, and cubic resistance values, Rc,corr. 292 
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The relation (9) has been compared with the relationships (1-4) for all the examined structural 293 
elements. Figure 10 shows, for the pillars of both floors, the compressive strength values estimated 294 
with the Sonreb relationship and with the equation (9). As it can be seen for both floors, the relations 295 
(1-4) give values higher than those obtained by (9).  296 

The standard deviation of the formulas (1-4) valuated respect to that obtained by means of 297 
relation (9) is shown in Figure 11. At the basement pillars, the value of the deviation is between a 298 
minimum of 0.43 and a maximum of 5.53, while at the first floor between 0.86 and 2.54. Similarly, for 299 
the beams at the basement and the first floor the values of the compressive strengths are shown in 300 
Figure 12.  301 

The standard deviation is represented in Figure 13 varying between a minimum value of 1.11 302 
and a maximum of 3.10 at the basement while at the first floor between a value of 0.77 and a value of 303 
4.41.  304 

Then for all the cases examined, the formulations available in literature for estimating the 305 
concrete strength provide rather variable results and are not entirely consistent since they are 306 
obtained to different purposes. 307 

 308 

Figure 10. Comparison between the resistance values of pillars evaluated with the Sonreb relations 309 
and Rc,corr’s. 310 

 311 

Figure 11. Average and standard deviation values of pillars resistance, Rci, calculated with Sonreb 312 
relations. 313 
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 314 

Figure 12. Comparison between the resistance values of beams evaluated with the Sonreb relations 315 
and Rc,corr’s. 316 

 317 

Figure 13. Average and standard deviation values of beams resistance, Rci, calculated with Sonreb 318 
relations. 319 

5. Conclusions 320 

In the present paper the results of experimental investigations carried out on concrete 321 
conglomerate samples of a school building has been shown. The main non-destructive (surface 322 
rebound index method, ultrasonic speed method, combined Sonreb method) and destructive (coring) 323 
tests are summarized and examined to estimate the concrete strength. Destructive methods, DT, 324 
provide locally reliable results but, given their limited number, they are not very representative. The 325 
non-destructive methods, NDT, provide absolutely unreliable results but, due to their greater 326 
distribution, are able to better reproduce the variability of the concrete properties in situ. Then a 327 
procedure has been highlighted to estimate the concrete strength in situ by destructive and non-328 
destructive tests coupling. Then the expression obtained through the calibration procedure of the 329 
values of non-destructive tests with those provided by the core drills allowed to estimate the average 330 
values of the compressive strength of the concrete. Moreover, it is highlighted how this result was 331 
achieved with a very limited core number (core number is equal to 4 corresponding to the 10% of the 332 
non destructive test number) provided that they are extracted in selected points and that there was a 333 
proportionality link with the resistances obtained from non destructive tests. The experimental tests 334 
described in the present work has shown a consistent variability of the measured values of the single 335 
elements, beams and pillars, at the first floor and at the basement and between floor and floor. In 336 
particular, a more marked variability of the resistance values of the cores extracted between the two 337 
storeys has been confirmed.  338 

For all the examined cases, the formulations available in literature for estimating the concrete 339 
strength provide rather variable results and are not entirely consistent, since they are obtained to 340 
different purposes, to proposed relation.  341 
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Therefore, the useful recommendation derived from the present work is to conduct a wide 342 
campaign of non-destructive investigations in order to identify the concrete characteristics of the 343 
structural elements. From of the results of the NDT, the presence of one or more consistent areas can 344 
be identified and, therefore, to produce the test program planning in order to establish the number 345 
and location of the core samples in the structure. Furthermore, the possibility of identifying any 346 
abnormal values of the strengths provided by the cores using the NDT results should not be 347 
underestimated. 348 

Finally, it should be noted that the method illustrated in [3], linked with the technical standards 349 
[1] applied to present paper, leads to a good estimation of the average values of concrete compressive 350 
strength to be adopted, confirming what has already emerged in [31]. 351 

References 352 

1. OPCM 3274. Primi elementi in materia di criteri generali per la classificazione sismica del territorio nazionale e di 353 
normative tecniche per le costruzioni in zona sismica; Ordinanza del Presidente del Consiglio dei Ministri 354 
(Gruppo di Lavoro istituito dal Dipartimento di Protezione Civile), marzo 2003 (revisione del 12/1/2005). 355 

2. Eurocode 8. Design of structures for earthquake resistance - Part 3: Assessment and retrofitting of buildings (draft 356 
n. 6); CEN, 2004. 357 

3. Masi, A. La stima della resistenza del calcestruzzo in situ mediante prove distruttive e non distruttive. 358 
AIPnD 2005, 1. 359 

4. Faella, C; Martinelli, E.; Salerno, N. Alcune considerazioni sui metodi non distruttivi per la determinazione 360 
delle proprietà meccaniche del calcestruzzo. Proceedings of the XVII Congress of C.T.E, Italia, 5-6-7-8 361 
novembre 2009. 362 

5. Pucinotti, R. The use of multiple combined non destructive testing in the concrete strength assessment: 363 
applications on laboratory specimens. Proceedings of the HSNDT, 2014. 364 

6. Malhotra, V. M.; Carino, N. J. CRC Handbook on Nondestructive Testing of Concrete, CRC Press, 1991. 365 
7. Braga, F.; Dolce, M.; Masi, A.; Nigro, D. Valutazione delle caratteristiche meccaniche dei calcestruzzi di 366 

bassa resistenza mediante prove non distruttive. iiC 1992, 3, 201-208. 367 
8. Pucinotti, R. L’utilizzo del Metodo Windsor nella Valutazione della Resistenza Meccanica del 368 

Conglomerato Cementizio. Proceedings of Convegno Internazionale Crolli e Affidabilità delle Strutture 369 
Civili, Università degli Studi di Messina, Aprile 2006. 370 

9. Pucinotti, R.; De Lorenzo, R. A. Nondestructive in Situ Testing for the Seismic Damageability Assessment 371 
of “Ancient” R/C Structures. Proceedings of the 3rd International Conference on NDT, Chania, Greece, 372 
2003, 189-194. 373 

10. De Berardinis, P.; Bartolomucci,C.; Capannolo,L.; De Vita, M.;Laurini, E.; Marchionni, C. Marchionni  374 
Instruments for Assessing Historical Built Environments in Emergency Contexts: Non-Destructive 375 
Techniques for Sustainable Recovery. Buildings 2018, 8. 376 

11. Concu, G.; Trulli, N. Concrete Defects Sizing by Means of Ultrasonic Velocity Maps. Buildings 2018, 8. 377 
12. Maierhofer, C.; Reinhardt, H.W.; Dobmann, G. Non-Destructive Evaluation of Reinforced Concrete Structures: 378 

Non-Destructive Testing Methods; Woodhead Publishing: Cambridge, UK, 2010; ISBN 9781845699604. 379 
13. OPCM 3431/05. Norme tecniche per il progetto, la valutazione e l’adeguamento sismico degli edifici - Ulteriori 380 

modifiche ed integrazioni all’OPCM n° 3274 del 20/03/03, All. 2, G. U. n. 107 del 10/05/2005. 381 
14. UNI EN 1998-3. Eurocodice 8, parte 3: Assessment and retrofitting of exisisting buildings, 2005. 382 
15. McCann, D.M.; Forde, M.C. Review of NDT methods in the assessment of concrete and masonry structures. 383 

Ndt E Int. 2001, 34, 71–84. 384 
16. Berke, M. Non-destructive material testing with ultrasonics. Introduction to the basic principles. NDT.net 385 

2000, 5, 9. 386 
17. UNI EN 12504-2. Testing concrete in structures - Part 2: Non-destructive testing - Determination of rebound 387 

number, 2012. 388 
18. ASTM C 805. Standard Test Method for rebound Number of Hardened Concrete, Philadelphia, Pennsylvania, 389 

1985. 390 
19. UNI EN 12504-4. Testing concrete - Part 4: Determination of ultrasonic pulse velocity, 2005. 391 
20. Masi, A.; Vona, M.; Nigro, D.; Ferrini, M. Indagini sperimentali per la stima della resistenza del calcestruzzo 392 

in-situ basata su metodi distruttivi e non distruttivi” Proceeding of Convegno ReLuis Valutazione e 393 
riduzione della vulnerabilità sismica di edifici esistenti in c.a., Roma, Italy, 29-30 Maggio 2008. 394 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2019                   doi:10.20944/preprints201906.0121.v1

https://doi.org/10.20944/preprints201906.0121.v1


 

21. Di Leo, A.; Pascale, G. Prove non distruttive sulle costruzioni in c.a. AIPnD 1994, 4. 395 
22. Gasparik, J. Prove non distruttive nell’ edilizia. AIPnD, 1992. 396 
23. RILEM NDT 4. Recommendations for in situ concrete strength determination by combined non-destructive methods, 397 

Compendium of RILEN Technical Recommendations, E&FN Spon, London, 1993. 398 
24. UNI EN 12390-1. Testing hardened concrete - Part 1: Shape, dimensions and other requirements for specimens and 399 

moulds, 2000. 400 
25. UNI EN 12504-1. Testing concrete in structures - Part 1: Cored specimens - Taking, examining and testing in 401 

compression, 2009. 402 
26. D.M. 9/1/96 - Ministero LL.PP. Norme tecniche per l’esecuzione delle opere in cemento armato e precompresso, 403 

1996. 404 
27. Eurocode 2: Design of concrete structures – Part 1-1: General rules and rules for buildings (final draft), CEN, 405 

December 2003, prEN 1992-1-1, Brussels. 406 
28. British Standard 1881. Testing Concrete, part 120 – Methods for determination of the compressive strength of 407 

concrete cores, 1983. 408 
29. Concrete Society. Concrete core Testing for Strength; Technical Report n. 11, London, 1987. 409 
30. Consiglio Superiore Dei Lavori Pubblici - Servizio Tecnico Centrale. Linee guida per la messa in opera del cls 410 

strutturale, 2008. 411 
31. Dolce, M.; Masi, A.; Ferrini, M. Estimation of the actual in-place concrete strength in assessing existing RC 412 

structures. Proceedings of The Second International fib Congress, Naples, Italy, June 5-8, 2006.  413 
 414 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2019                   doi:10.20944/preprints201906.0121.v1

https://doi.org/10.20944/preprints201906.0121.v1

