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ABSTRACT: Data from an intensive soil investigation within the 1876 large complex of the
Italian Ministry of Economy and Finance are presented and discussed. The investigation
aimed at obtaining subsoil data for a preliminary 1D site response analysis, part of an initial
study of the seismic vulnerability of this extended structure in central Rome. Attention focuses
on the results of down hole and cross hole tests, performed with different techniques, dynamic
laboratory tests, microseismic tremor records. In situ and laboratory tests have been inter-
preted to obtain shear wave velocities with depth, define the cyclic response of different soils,
estimate the depth to bedrock. The results of the 1D site response analyses are examined as a
preliminary estimate of the effects of soil variability on the distribution of seismic actions
around the building.

1 INTRODUCTION

In addition to seismic analyses, several geotechnical problems require a reliable knowledge of
the stiffness properties of soils and rocks as well as their decay relationship with strain.
Among these the calculation of settlements of earthworks and structures, resting on shallow
and deep foundations, and the design of conventional and deep retaining structures, that
relies on soil- structure interaction analyses.
Since the response of soils to loading-unloading is markedly non linear, constitutive models

must include decay curves of stiffness reduction with varying strain levels beyond the nearly
elastic condition. Thus the request for cross hole, down hole, seismic cone and seismic dila-
tom- eter in situ tests and laboratory cyclic tests to determine stiffness degradation and vari-
ation of damping with strain has increased significantly. Hence, these tests are now relatively
straightforward and widespread, with their costs dropping in several countries including Italy.
When combined with microseismic tremor recording, the in situ and laboratory investigations
provide a sound basis to reconstruct a reliable stratigraphic soil profile for site response
analyses.
In this paper the results of a relatively ample soil investigation performed in the area of the

1876 large complex housing the Italian Ministry of Economy and Finance (Rome), is pre-
sented. Available data are discussed in the attempt to enlighten the effects of the investigation
procedures on the reliability of the different measures.
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2 THE FINANCE PALACE, AREA OF THIS STUDY

In the heart of Rome, the Italian Ministry of Economy and Finance (MEF) is housed in a
large historic “Palazzo” or “The Finance Palace”, built in 1875-1876. The Palazzo is located
about 500 m North-West of the Termini Railway Station and occupies an almost rectangular
area, about 320 m long by 150 m wide, with a footprint of about 36000 m2 (Figure 1).
The structure is made of massive vertical walls, laid in regular pattern to form various

wings that separate office spaces covered by vaulted ceilings and floor slabs in restructured
areas. Long and short wings separate three inner courtyards, where ground level has different
elevations, higher in the central one and lower in the Northern and Southern ones
The portion above ground is divided in four levels and a service attic, while the part below

ground includes two basement floors, extending to depths of 6 m and 12 m below street level.
Ground elevation along the streets surrounding the Palazzo varies between 60-62 m a.m.s.l.

while the basements were set at 56 m a.m.s.l. and at 53-50 m a.m.s.l.; supposedly the founda-
tions of the building were set about 6 m deeper than the second basement, some 15-18 m
below street level. In fact, during construction it became necessary to embed the foundations
deeper than expected, because local failures were occurring along the trenches excavated to
create the underground floors and to reach the so called “solid foundation ground”.

Collapse occurred when trenches were cut in the vicinity of cavities or through them; these
cavities, whose existence was unknown, are part of an extended network of mining tunnels,
excavated in Roman ages to extract the pozzolanic soils. Tunnels had been excavated along two
superimposed levels, at depths of 0-6 m and of 6-12 m, following the natural layering of the
pozzolanic materials within the thick volcanic deposit emerging in a wider area around the
Palazzo. More recently, remains of thermae have been cleared within the lower level of tunnels;
these date back to emperor Diocleziano and can be reached from the Southern courtyard.

3 SOIL INVESTIGATION

Apart from general and limited information published about twenty years ago (Ventriglia
2002), data on the subsoil within the Palazzo come from two investigation campaigns.
The first one was completed in 2005 (Casertano et al. 2006) and comprised 2 boreholes

(SCH1, SCH2), each 45 m long and drilled 5 m apart for cross hole test, the retrieval of 3
undisturbed samples and 2 disturbed samples, laboratory tests on undisturbed samples; these
included identification tests, 2 direct simple shear tests and 2 oedometer tests.

Figure 1. Aerial view of the Palace with location of soil investigations (SCH1 and SCH2: 2005; S1,

HVSR1, HVSR2, HVSR3 and MASW: 2018)
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The second campaign (this study) was completed in the first half of 2018 and comprised 1
borehole (S1) 60 m long for down hole test, drilled from the courtyard 6 m below street level,
the retrieval of 9 undisturbed samples and 15 disturbed samples from cored material, several
laboratory tests; these included identification tests on all samples, 2 direct simple shear tests on
undisturbed samples and 12 on disturbed samples, aimed at determining a lower bound of the
shear strength, 9 oedometer tests, 6 consolidated undrained triaxial tests, 5 resonant column
(RC) tests. In addition one multi channel analysis of surface waves (MASW) profile was regis-
tered along the Southern wing opposite borehole S1, and three records of microseismic tremors
were collected; the recording instrument was placed near the boreholes (HVSR1, HVSR3) and
inside the second basement (HVSR2) where recording lasted 24 hours (Figure 1).
The results of the two investigations yield essentially consistent images of the subsoil, though

SCH1 and S1 are about 300 m apart. The S1 log indicates an upper deposit of volcanic ashes,
tuff, and pozzolana, total thickness of 23 m from street level, with the two superimposed levels
of cavities. A layer of stiff to hard silt and clay, yellow due to oxidation, 3 m thick. A layer of
light grey well graded clayey silt and sand, locally cemented by carbonate precipitations, 6 m
thick. A layer of yellow silt with clay, locally sandy, dense and stiff, 5 m thick. A layer of grey
clayey silt, moderately stiff, 8 m thick. A layer of dense sand and silt, yellow with oxidation
bands, 4 m thick. A layer of white sandy gravel with some fines, 8 m thick. A layer of grey silt
and clay, hard to very hard, 9 m thick to base of borehole, evidence of the fine soil formation
that extends to great depths in the area of Rome and dates to Pliocene.
Figure 2 shows the results of the five RC tests performed on four undisturbed samples retrieved

at depths of 15-38 m inside the sandy and silty volcanic soils (CI2), the clayey silt (CI3), the sandy
silt (CI4), the clayey silt (CI7) and one test on a partly disturbed sample (CR15) retrieved at the
base of the borehole (60 m) in the Pliocene silt and clay formation. Literature data for granular
soils (Seed & Idriss, 1970, Idriss, 1990) are also included for comparison.

4 DOWN HOLE VELOCITY MEASUREMENTS

Down hole measurements were performed in two boreholes, S1, drilled in 2018, and SCH2,
drilled in 2005 and still accessible. Two probes and two interpretation procedures have been
applied, in order to compare their effects on the test results.
In both cases P and S waves were generated using a surface source; arrival time at different

depths were recorded using a probe, suspended to a cable, having one or two groups of 3 com-
ponent orientable geophones (2 horizontal and 1 vertical) and fluxgate compass package; the

Figure 2. Normalized shear modulus G/G0 and damping ratio D vs shear strain γ (%) from RC tests
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probe contained a wall-locking mechanism to fix it firmly to the PVC pipe cemented to the
ground after drilling. The compass/geophone assembly could be rotated from the surface to
match the azimuth of the horizontal geophone axis with that of the surface shear wave source.
The cable provided also connection to surface instrumentation, to receive control signals and
send geophone signals, and allowed to determine the depth of the probe; travel time of gener-
ated waves was measured using a trigger at the surface and a digital seismograph recording.
Two data interpretation procedures and two probes were used. The first one is named pro-

gressive and combines with a single 3D seismic probe lowered at different depths while ener-
gizing at surface; VP and VS are obtained with an interpolation or a tomographic method,
accepting a speed estimation error. In the first case the various data are interpolated consider-
ing the presence of soil layers with different stiffness on a subjective basis; hence possible oscil-
lations of velocity values may be eliminated or attenuated. The tomographic method foresees
a tracing of seismic beams using a grid of horizontal cells and a consequent numerical inver-
sion; also in this case VP and VS are denoted with minimum errors but again it is not possible
to appreciate small oscillations which may be due to thin stratifications, whose properties are
generally averaged out. The second procedure requires a probe with two groups of 3D sensors,
typically 1 m apart; thus velocity values are obtained with a cross correlation of the arrival
times of the pulses recorded by the two groups of sensors, in the vertical and horizontal com-
ponents. Now data analysis is purely numerical and the results are not affected by any subject-
ivity; however, they may be affected by local measurement anomalies such as a reduced
contact with the PVC pipe, cementation anomalies, local variations of soil properties between
the two groups of sensors.
In this study, down hole measures inside borehole S1 were performed using two probes; the

first one was equipped with a single 3D group of sensors (March 2018); the second carried two
3D groups of sensors placed 1 m apart (June 2018). Down hole measures in borehole SCH2
were performed using only the probe with a single 3D group of sensors, since the other one was
too thick to slide down. Thus, data collected in S1 were analyzed using the progressive and dif-
ferential methods, while data from SCH2 were analyzed using the progressive method only.
Results of these down hole tests (2018) are presented in Figure 3, where they are compared

with those of the cross hole test performed in 2005. Values of VS from the five samples for the
RC tests are also included. It shall be noted that boreholes SCH1 and SCH2 were drilled from
street level, while borehole S1 was drilled from the inner court, 6 m below street level.
Values of VS from measures in S1, both procedures, and in the laboratory (five RC sam-

ples), show a remarkably good agreement. Instead, data obtained from measures in S1 and
from SCH2 are quite different in the upper soil layers and agree quite well at depths greater
than 32 m below top of S1, corresponding to 38 m below street level. Values of VS differ by as
much as 600 m/s (a factor of 3); in general the two sets differ by 200-300 m/s and by 100 m/s at
depths greater than 27 m. So far such differences cannot be explained nor have they been
understood fully.

5 MICROSEISMIC TREMOR RECORDS

As shown in Figure 1, measures of ambient noise have been taken near borehole S1, at a depth
of 6 m below street level (HVSR1), in the lower basement, about 6 m below the courtyard
(HVSR2) and between boreholes SCH1 and SCH2, near the North-Western corner of the
Palace (HVSR3). Recording of tremors lasted a minimum of one hour except for HVSR2; this
instrument remained on site overnight, to reduce and almost eliminate environmental noise.
Recorded micro-tremors were plotted together as shown in Figure 4 to compare the record

at different locations and also to read off values of the resonance frequencies (f). It could be
observed that the three plots are quite similar; thus no macroscopic variation of the subsoil
are expected in the area of the Palace. In addition, the 4 plots yielded very close values of fre-
quency: 0.34 Hz, 0.85 Hz, 1.4-1.7 Hz, 2.4-3.3 Hz. These values might indicate significant strati-
graphic variations and localized jumps, thus a marked change in stiffness properties with
depth.
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In the attempt to estimate the position of such marked changes (Macerola 2017) the relation-
ship (f) = (VS) / (4 H) was applied; here H is the depth to bedrock or to the soil layer showing a
marked impedance change and VS is an average value of shear wave velocity along the depth H.

The average value of VS along H was obtained using data from down hole measures and ex-
trapolating for depths greater than 60 m (base of S1). To this aim, the results of previous study
presented in the literature (Pagliaroli et al. 2011) have also been taken into account. Eventually
a depth to bedrock of 550 m below ground surface, assumed at street level, was estimated.

Figure 4. Spectral plots of H/V vs frequency from the three records of microtremors

Figure 3. Measured values of shear wave velocity with depth; left: down hole in S1 (2 procedures) and

laboratory measures on RC samples; center: down hole in S1 and in SCH2; right: cross hole SCH1-SCH2

(2005, red dots) and down hole in SCH2 (2018, black dots)
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6 SITE RESPONSE ANALYSES

To obtain a preliminary estimation of the seismic actions that might be registered in the area
of the Palace, a one dimensional site response analysis has been performed. Thus, selected
acceleration time histories representing earthquake motion from far sources, were propagated
vertically from the top of bedrock, assumed at a depth of 550 m below ground surface.
Motion was propagated through the subsoil profile obtained from the logs of SCH1 and

S1, described previously; it includes: a top layer of remolded volcanic soils, depth 0.0-6.8 m,
VS = 100 m/s, dynamic properties from sample CI2; pyroclastic soils, 6.8-17.4 m, VS = 140,
190, 200 m/s, properties from CI2; silty clay, 17.4-20.3 m, VS = 200 m/s, properties from CI3;
carbonated and slightly cemented silts and sands, 20.3-26.4 m, VS = 240, 310 m/s, properties
from CI4; carbonated and slightly cemented clayey and sandy silt, 26.4-31.7 m, VS = 340, 360
m/s, properties from CI4; clayey silt over sandy silt, 31.7-43.7 m, VS = 390, 350 200 m/s, prop-
erties from CI7; sandy gravel, 43.7-51.0 m, VS = 370, 400 m/s, properties from literature (Roll-
ins et al. 1998); Pliocene silt and clay extending to bedrock, VS = 360 m/s increasing to 750 m/
s, properties from CR15; bedrock, VS = 800 m/s.

Records of acceleration time history were selected from an database of earthquakes caused
by the Central Italy Apennine system. The faulted rock formations of this mountain chains are
the source of mayor tremors affecting Rome, despite their distance from the Capital. In the
Roman area the only sources of local seismicity results from the extinct volcanoes. Following
the Italian seismic code, an average magnitude Mw = 6.0 combined with an epicentral distance
of 10-20 km were assumed to select motions for site response analyses. Seismic hazard disaggre-
gation criteria for the Roman area, yield magnitude values in the range Mw = 5.0-6.0 at these
distances. The search yielded three records from earthquakes that struck in 1979, station ARQ
Mw = 5.8 and epicentral distance 21.0 km, in 2009, station AQG Mw = 6.1 and epicentral dis-
tance 5.0 km, and more recently in 2016, station AVE-T1212 Mw = 6.5 and epicentral distance
10.5 km. The peak ground acceleration of the three records are 0.076 g, 0.488 g, 0.278 g, respect-
ively. Soil conditions at the recording stations vary from fractured rocks to stiff granular soils.
In accordance to the Italian seismic code, the records were scaled to a peak ground acceler-

ation on rock of 0.150 g; this value is prescribed for structural design under the ultimate limit
state of life safeguard (SLV). The 0.150 g value has a 10% probability of being exceeded
during the 100 years reference life of the Palace.
Scaled motions were applied at top of bedrock (550 m below street level) and propagated

upward to ground surface as vertically travelling shear waves. Any effect related to the pres-
ence of the Palace was neglected. Motion propagation was analyzed using the well known
computer code STRATA (Kottke & Rathje 2008) that performs site response in the frequency
domain, using the equivalent linear model to describe the response of the different soil layers
to the time dependent loading conditions. Output data include acceleration time histories at
various depths together with plots of corresponding acceleration response spectra.
Results of the analyses at street level and at the assumed base of the building, some 12 m

below the surrounding streets, are shown in Figure 5, where they are compared with the accel-
eration response spectra from the Italian building code for limit states SLV and SLC (collapse
safeguard, 5% probability of being exceeded), site class C and D, nominal life Vn 50 years and
structural class C2 thus reference life of 100 years. As can be observed the spectral acceler-
ations from the 1D site response analyses are lower than those of the seismic code for site C
and much lower than those for site D. In addition it is noted that ground shaking varies sig-
nificantly from ground surface to the foundation level. This result is certainly related to the
variation of the soil properties within the deposit of volcanic soils.

7 CONCLUSIONS

The case study of a preliminary one dimensional site response analysis for the 1876 large com-
plex that houses the Italian Ministry of Economy and Finance has been presented. The study
is based on soil data from two investigation campaigns, performed in 2005 and 2018.
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The results of the two investigations show that values of shear wave velocity measured with
different direct procedures, such as down hole and cross hole, and indirect procedures, such as
MASW profiles, may be quite dispersed. The two VS profiles from the same borehole S1 and
two probes, equipped with a single 3D sensor and two groups of 3D sensors show remarkably
good agreement. The use of the two probes implies different data interpretation procedures.

Figure 5. Acceleration response spectra of propagated motions at ground surface (above) and 12 m

below street level (below) compared with those from the Italian Building Code for SLV and SLC limit

states and for site C and D (nominal life Vn = 50 years; structural coefficient C2 = 2)
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In-teresting enough the value of shear wave velocity measured in the laboratory on samples
prepared for RC tests superimposed very well on the profiles from down hole measures.
Instead, significant differences are registered between the shear wave velocity profile from

the down hole tests and the one from the cross hole test. Values of VS may differ by as much
as 600 m/s, typically 200 m/s; such differences dwindle out at depths greater than 27 m. It is
worth noting that the differences between values of VS obtained from the cross hole test and
from the down hole test performed inside one of the two boreholes used for the cross hole are
less marked, though not negligible. Such differences remain in the range of 200-250 m/s and
again reduce significantly at depths of about 25 m below street level.
These results can be explained when considering that the properties of the volcanic soils

vary between large intervals in the vertical and horizontal directions, from one side to the
other of the Palace. Soil properties seem less variable within the alluvial deposits extending
about 10 m below the volcanic materials. Due to such specific soil conditions, 1D site response
analyses are not sufficient to obtain a reliable estimate of the seismic actions that might be
expected around and underneath the large complex of the Italian Ministry of Economy and
Finance
Thus, it might be concluded that the soil investigations performed so far shall be extended

to get a better insight of the soil conditions along the wide area of this important building. In
addition, two dimensional wave propagation analyses should be performed to estimate the
effects of the vertical and lateral variability of the soil conditions on the expected seismic
actions.
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