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SOMMARIO 
 
Una campagna di indagini distruttive e non distruttive sono state eseguite dal Laboratorio 
di Prove sui Materiali e sulle Strutture del Dipartimento di Meccanica e Materiali 
dell'Università Mediterranea di Reggio Calabria su un importante edificio storico sito 
Reggio Calabria: il Museo Nazionale della Magna Grecia. La necessità della valutazione 
della proprietà meccanica del calcestruzzo in situ, nonché la valutazione della vulnerabilità 
sismica sono stati i motivi per cui è stato deciso di effettuare la campagna di indagini 
suddetta. In particolare, il metodo sclerometrico, quello ultrasonico e il metodo combinato 
SonReb sono stati scelti a fini di controllare la qualità e stimare la resistenza del 
calcestruzzo in situ. Al fine di stimare la resistenza “reale” del calcestruzzo in opera sono 
stati eseguiti inoltre dei carotaggi e le carote stratte sono state sottoposte a prove di 
laboratorio. I risultati ottenuti sono stati quindi utilizzati per la costruzione di specifiche 
curve di taratura. La memoria, dopo aver descritto brevemente la struttura interessata dalla 
campagna di indagini sperimentali e dopo la presentazione dei risultati, indaga i seguenti 
aspetti: i) la variazione delle proprietà meccaniche del calcestruzzo in situ; ii) la maggiore 
affidabilità dei metodi combinati rispetto ai singoli metodi; iii) la necessità di costruire 
idonee curve di correlazione. 
 
 
ABSTRACT 
 
A large amount of destructive and non-destructive testing have been carried out by the 
Laboratory of Testing on Materials and Structure - Faculty of Engineering at the 
Mediterranean University of Reggio Calabria - on an important historical building the 
Museum of Magna Graecia in Reggio Calabria. The National Museum of Reggio Calabria 
is one of the most important archaeological museums in Italy containing prehistoric, 
medieval and modern sculptures and early Italic and Greek archaeological findings. The 
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need of evaluation the in-situ mechanical properties of the concrete together with the 
seismic vulnerability assessment were the reasons of carrying out such amount of test. As 
non-destructive testing, the surface hardness method, the ultrasonic method and the 
combined methods have been chosen for the purposes of quality control and in-situ 
concrete strength estimation. To determine the in-situ concrete strength, the extraction of 
cylindrical specimens (cores) from some structural elements has been employed as 
destructive method.  
After having briefly described the structure and having presented the results of the testing 
campaign, we investigate the following aspects: the variation of the mechanical properties 
of the in-situ concrete, the reliability of the combined methods, the correlation of the 
resistance obtained by the non destructive methods with the strength of cylindrical 
specimens (cores) extract from some structural elements in the proximities of the non-
destructive test position. 
 
 
Keywords: in-situ concrete strength evaluation, destructive testing, non-destructive 
testing. 
 
 
1. INTRODUCTION 
 
The National Museum of Reggio Calabria (Figure 1a) is one of the most important 
archaeological museums in Italy with prehistoric, medieval and modern sculpture and 
early Italic and Greek archaeological findings. The National Museum of Reggio Calabria, 
is an excellent place where one can visit a very rich cultural heritage. It offers the visitor a 
wonderful overview of the archaeological heritage of Calabria, with splendid findings 
from the Magna Graecia civilization. Moreover it hosts two spectacular 5th century B.C. 
bronze warrior statues, the "Heroes of Riace" (Figure 1b), that were found in the seas of 
Riace in 1972.  
 

     
                      a)                                                                  b) 

Figure 1: National Museum of Reggio Calabria a) external view; b) The Heroes of Riace 
 



The assessment of in situ compression strength of a reinforced concrete structure, plays a 
key role in the evaluation of its safety. The study of a “ancient” structure is interesting 
because provides information about materials and technologies available at the time of 
production and the knowledge of the main physical properties of concrete and its state of 
conservation. Recent innovations of codes [7] provide clear rules for assessing the safety 
and conduct of static strengthening on existing buildings.  
Type and number of in situ test depend on the level of knowledge: Limited (LC1), 
Adequate (LC2) and Careful (LC3). The Order 3274 [9] of Italian Ministers Council, the 
Technical Rules for Constructions, proclaimed in 2008 (shortly named NTC 2008), the 
Circular n. 617/2009 [7,10] suggest to estimate the mechanical properties of materials on 
specimens extracted, by coring, from structural elements (beams and pillars). Hence, it is 
clear the importance of correct estimation of the in situ compressive strength of concrete 
by compression test conducted on cores extracted from structural elements. 
In fact the new seismic design code [7], recently introduced in Italy, features a number of 
significant changes with respect to previous regulations. The criteria presented in this new 
regulation follow, in principle, the concepts and rules provided in the Eurocode 8 [8]. 
In this contest, the Code requires the seismic rehabilitation of existing public buildings. 
The characterization of the materials utilized during the construction of “ancient” or 
historical structures, results of fundamental importance when the structural resistance or 
the seismic damageability assessment are conduct in a reinforced concrete (RC) building 
where the ravages of time do not consent a correct evaluation of the mechanical 
characteristics of the materials.  
Moreover, these buildings have often great historical importance. For them it is convenient 
to limit the number of destructive testing (cores). 
The use of non destructive methods is generally justifiable only if a reliable correlation for 
a particular type of concrete is developed prior to the evaluation of the subject quality 
concrete. 
In this paper, the criteria and the results concerning a non destructive investigations 
conducted in situ on an important historical building, i.e. the Museum of Magna Graecia in 
Reggio Calabria, are presented. 
 
The protocol provided the execution of the following test: 
 

a) extraction of 36 cores and the subsequent laboratory test (strength and 
carbonation test); 

b) n. 12 pull-out test; 
c) n. 64 surface hardness test; 
d) n. 100 ultrasonic test; 
e) n. 12 extraction of rebars; 
f) n. 12 corrosion test; 
g) n. 37 pacometer test; 
h) n. 3 loading test on floor slabs; 
i) a serie of radar surveys. 

 
In this paper we focus our attention only on the surface hardness method, ultrasonic 
method and combined methods.  
 



2. DESTRUCTIVE METHODS 
 
Cylindrical specimens (Figure 2), cores, were extract from some structural element of 
Museum with the objective to obtain a more convenient correlation curve. 
 

 
Figure 2: Depth of carbonation test on a core 

 
On the same specimens, determination of the depth of carbonation have been carried out. 
For cores extracted from internal pillars the depth of carbonation was about 2 cm, whereas 
this depth was about 10 cm for cores extract from external pillars. 
 
 
3. NON DESTRUCTIVE METHODS 
 
The surface hardness method [1,2,3], the ultrasonic method [1,2,3,4,6] and the combined 
methods (SONREB method) [1,2,3,5] were used for quality control and strength 
estimation of in situ concrete. These methods, being influenced in different and/or 
opposite mode from some fundamental parameters, allow to get outputs with least 
dispersions. In this paper the outputs of these methods are calibrated with the strength of 
cylindrical specimens (cores) extract from some structural elements in the proximity of the 
non-destructive test. 
 
 
3.1 Surface hardness methods 
 
The Schmidt rebound hammer is a simple tool to check the uniformity of concrete. When 
it is employed to appraise the compressive strength of concrete, it is necessary to build a 
suitable correlation curve. In fact, the results are strongly influenced by the type and 
dosage of cement, by the dimensions and the nature of the aggregates, by the superficial 
conditions of the concrete and by its humidity and maturity. In Figure 3 the Rebound 
Number vs Compressive Strength is reported for the Museum. The more realistic 
correlation curve is: 
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Figure 3: Rebound Index vs. concrete compressive strength 
 
Figure 4 shows the correlation curve of the hammer used during testing (Schmidt curve). It 
can be observed that by using this curve one might get results far from those expected. 
This is due to the fact that the Schmidt curve refers to a “standard concrete”[1]. 
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Figure 4: rebound Index vs. concrete compressive strength 

 
 

3.2 Ultrasonic methods 
 
The Ultrasonic Pulse Velocity System is used from more than 50 years. It is a very 
suitable method for the study of the quality of concrete by measuring the speed of 
propagation of ultrasound waves. They can be used for the appraisal of the uniformity, the 



location of defects or cavity inside both reinforced concrete or masonry structures, for the 
determination of the depth of fractures and for the assessment of the elastic module and 
therefore of the compressive strength of the concrete. 
 
The parameters which influence the velocity of propagation of ultrasound waves are:  

(i) the entity of the load;  
(ii) the age of the concrete;  
(iii) the form and the dimension of the structure;  
(iv) the run length;  
(v) the presence of metallic reinforcements;  
(vi) the ratio water/cement;  
(vii) the state of strength;  
(viii) the temperature;  
(ix) the humidity of the concrete [1,2,3]. 

 
Figure 5 shows the correlation between the ultrasonic velocity measured on the cores 
extract from the structural elements end the corresponding velocity measured in the same 
structural element. It is easy to see how the corresponding ultrasonic velocity are very 
different. 
 
In Figure 6 the Ultrasonic Velocity vs Compressive Strength is reported for the Museum. 
The more realistic correlation curve is: 
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Figure 5: Ultrasonic Velocity of cores vs. In situ Concrete Ultrasonic Velocity 

 
On the same plot we can see the correlation curve proposed by the Czech Republic code 
[6] with respect to a standard concrete [1] having, of course, different characteristics from 



the concrete of the Museum. In fact, this curve (dashed line) gives overestimated results 
with respect to the real results. 
 
 
3.3 Combined methods 
 
The property of the concrete can be improved using simultaneously more non-destructive 
methods under conditions that [9]: (i) each method provides information about different 
properties that affect the strength of concrete, (ii) special sample preparation should not be 
required, (iii) test should be quickly carry out, (iv) test methods should provide strength 
estimations to a similar level of accuracy, (v) test should not affect the structural 
performance of the unit under test. 
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Figure 6: Ultrasonic velocity of in situ concrete vs. concrete compressive strength 

 
The availability of the two instruments of measure (Rebaubd Hammer and Ultrasonic 
Probe) has allowed the use of the combined method well-known with the name of  SonReb 
[6].  
The advantages in the use of SonReb technique is that the variation of some properties of 
concrete produces opposite effects on the result of each component test. Then, the use of 
SonReb method reduces the effects of (i) aggregate size, (ii) cement type and content, (iii) 
water-to-cement ratio, (iv) moisture content. 
The following correlation law among compressive strength, Rebound Hammer index and 
ultrasonic velocity has been obtained: 
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In Figure 7 the correlation curve [3] relative to the SonReb method is plotted. This has 
been calibrated by considering into account the results of compressive test on cores 
extracted in the vicinity of surface hardness and ultrasonic test. 



In Figure 8 the compressive strength of cores (fc,car) is compared with those obtained by 
Rebound Hammer method (fc,Irm), ultrasonic method (fc,VLi) and Combined method (fc,SonReb) 
opportunely calibrated. 
The results has shown the greater reliability of the combined method compared with 
individual method. 
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Figure 7: Ultrasonic velocity of in situ concrete vs. concrete compressive strength 
 
 

-

5 

10 

15 

20 

25 

30 

St
re

gt
h 

[M
Pa

]

fc,car
fc, SonReb
fc, Irm
fc,VLi

 
Figure 8: Comparison among non destructive methods 

 
 
 
4. CONCLUSIONS 
The indirect determination of the actually strength of the concrete is an operation much 
delicate. It has to be carried out with the due caution from skilled workers of consolidated 
experience. The rebound hammer method is not intended as an alternative for strength 
determination of concrete. 



With reference to the Ultrasonic Pulse Velocity method, the appraisal of the resistance of 
the degraded concrete results of difficult solution because of the insufficient sensibility of 
the ultrasonic velocity in the field of the low strength. 
The use of the combined methods (SonReb) increases the accuracy of the estimation of the 
in situ compressive strength. 
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