
  

Università degli Studi di Perugia - Dipartimento di Fisica e Geologia (UniPg, Perugia, Italy)

I. INTRODUCTION

Maurizio Ercoli*, Nicola Cavalagli, Massimiliano Rinaldo Barchi, Cristina Pauselli, Massimiliano Porreca, Mirko Santanicchia, Regina Lupi
* maurizio.ercoli@unipg.it

 GPR prospecting on masonry walls in a high seismic hazard region: the resilient Castellina Museum of Norcia (Central Italy)

Problem: the conservation of historical masonry buildings is a major challenge of scientific research, especially in the case of 
monumental structures with high artistic and cultural value located in high seismic hazard regions, such as in Central Italy.
Goals:
- apply non destructive tests (NDT) on mansory walls of an historical building damaged by a strong earthquake (2016-2017)
- obtain informations on the internal structure of the wall, useful for the recovery of this cultural heritage
- use high frequency Ground Penetrating Radar (GPR), to obtain high-res images of the walls (inside)
- compare/combine the Ground Penetrating Radar (GPR) results and Sonic Tests on a selected portion of the walls
- improve the knowledge of masonry conditions by the combination of NDT results

Study site: Museo Civico and Diocesano della Castellina (Norcia)

II. NEW NDT DATA 

III. RESULTS

IV. CONCLUSIONS AND FUTURE WORK

Geology and seismicity of the study area 
(Barchi et al., 2021 - Tectonophysics)

San Benedetto cathedral after the earthquakes (April 2017)

Norcia square after the seismic events (1703) 
(Bufalini F. A., edited from G. Desnoudes 1706)

- the Museum is located in the Norcia’s historic centre  
- it is a testament to resilience, designed by Jacopo Barozzi da Vignola
- constructed in 1554, used for the control of territories by the Church State
- 18th c. restoration after earthquakes, 1860-1967 municipality, then museum 
- regular geometry, built over an ancient (demolished) Podestà Palace
- only the front its façade was incorporated into the fortress structure.
- our geophysical survey focused on this mansory wall

ST                                             GPR pseudo-3D grid (1.5 GHz)                                    GPR profile 1.5 vs 1.0 GHz 
A B C D E

1 1153 780 762 867 1095
2 877 896 895 682 1080
3 988 1159 1019 761 1354
4 944 953 1155 1651 711
5 1196 747 1035 1056 1710

Vp [m/s]

ST results:
- wall thickness: 1 meter
- Vp map shows the Vp distrib.
- av. velocity ~ 900-1000 m/s
- min Vp ~ 680 m/s, max Vp ~ 680 m/s
- low Vp: interpreted as more degraded areas 
(soft/rebuilt material, mortar, fractures, voids)
- high Vp dense (limestone, compacts blocks)

GPR grid results:
- GPR performing better on the plaster
- grid: av. investigation depth ~ 0,5 m max, overall 
greater in the top part (backs. refl.)
- eterogeneities (block size and discontinuities, 
fracturing, possible small voids)

- strong attenuation on the basal sectors
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Ground floor map from literature. different types of direct and NDT surveys were 
carried out at the Castellina Museum. Note the NW-SE direction of the walls on 

the East side (black arrows), formerly the facade of the Podestà Palace

- instrument: Zond 12e GPR
- antenna n° 1: 1 GHz (air lunched)
- antenna n° 2: 1.5 GHz (ground coupled)
- positioning: metric string, odometer
- profiles: 25 (different length, ~  70 m tot)
- parameters: 512 samples, 50 ns time gate,  
   1 cm trace spacing 

- configuration: direct Vp measure throughout the thickness of the wall (orthogonal direction)
- source: impact hammer (model PCB086D20) on the material surface, with a dynamic load cell
- high-sensitivity uniaxial piezoelectric accelerometer (sensitivity 100 mV/g , model PCB352C33)
- acquisition system (model imcCS-7008), sample rate of 100 kHz.
- 25 points, 10 shots each, on both sides of the wall (grid 5 rows 5 columns, 20 x 20 cm square) 

Sonic Tests (ST)

Instrumented hammer PCB 086D020 and high-sensitivity piezoelectric uniaxial 
accelerometers PCB 352C33 used in the sonic tests

Instrumented hammer PCB 086D020 and high-sensitivity piezoelectric uniaxial 
accelerometers PCB 352C33 used in the sonic tests. An example of signals recorded by 
the instrumented hammer orange line) and the piezoelectric accelerometer (blue line) 

Literature report of destructive 
and NDT surveys

a) an example of a RAW GPR profile collected on the wall;  b) GPR trace showing a 
weak reflection within the wall (black circle);  c) average amplitude spectrum of the 

profile in a) obtained using a 1.5 GHz antenna
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3D GPR visualization

GPR interpretation

Conclusions and future work

Using local coordinates, all the 
GPR data are imported in a 
seismic interpretation software,
to aid the evaluation of the 
masonry wall conditions.

Notice the sharp and strong 
GPR signal attenuation 
occurring at different levels 
from the ground floor, but 
completely interrupting the 
backside reflection of the wall 
(white arrow). 

backside
wall reflection

GPR attenutation

✔ Masonry walls are complex and very heterogeneous structures
✔ ST and GPR provide info on the internal structure and walls state
✔ Variable Vp distribution and GPR reflection strength and reflections’ continuity
✔ Strong GPR attenuation (high el. conductivity ?) toward the floor to investigate
✔ Geophysical heterogeneities to further interpret as voids, material quality, defects
✔ Additional GPR, ST, as well as ERT and archaeometric analysis will be carried out 
✔ NDT surveys: fundamental use to preserve historic buildings and cultural heritages  

GPR profiles results:
- backside wall reflection only on the top GPR profiles, high (increasing) attenuation (> e. conductivity) toward the floor
- variable GPR signature within the wall, due to the etherogeneities and quality of the materials
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GPR and ST survey site
(west side of the wall)

GPR survey
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The backside 
of the wall (ex-
facade of the 

Podestà 
palace) located 

on the east 
side, 

overlooking the 
Norcia main 

square. 
Note the 

heterogeneity 
of the wall due 
to successive 

reconstructions 

Example of a GPR acquisition of a 
vertical profile close to the survey grid 

on the flat surface with the plaster

a) the 
Castellina 
museum at 
Norcia 
(Central Italy), 
an historical 
building 
damaged by 
earthquakes 
during the 
2016-2017 

b) example 
of serious 
damages 
caused on the 
roof by the 
earthquake 
shaking; 
several walls 
also were 
subjected to 
fracturing
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