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Variability of the geotechnical properties of plio-pleistocene clays (Ancona, Italy) 

La variabilité des propriétés géotechniques des argiles du plio-pleistocène (Ancona, Italie)

C.A.GARZONIO, Department of Earth Sciences, Florence, Italy

SYNOPSIS: The variations in geotechnical properties of the plio-pleistocenic clays of Ancona are exa
mined from a statistical viewpoint in order to ascertain the different sources of variability. The 
objective is to help obtain a rational basis for the choice of design parameters.

1 INTRODUCTION

The assessment of soil variability is a fundamen
tal step in the choice of geotechnical parameters 
for design and planning purposes. Owing to high 
costs of soundings, in most cases, the engineer 
must take his decisions on the basis a limited 
number of data, generally drawn from very few 
soundings. As shown by many authors(Hoeg & Murar- 
ka 1974; Lumb 1974,etc.)even a large number of 
repeated tests do not yield a good knowledge of 
the actual soil variability if the samples come 
from a single or few soundings. Therefore it has 
been shown that for some properties the variabili
ty within the deposit can even be also 10 times 
that observed in a single sounding. A useful point 
of reference for enlarging the engineer experien
ce either for preliminary estimates or for a bay- 
esan approach to more detailed analyses is infor
mation drawn from observations at regional scale. 
This paper describes the initial results of the 
analyses of the variability of a few geotechnical 

parameters of the plio-pleistocene clayey deposits 
which outcrop extensively in the area of Ancona. 
For these soils there is a great deal of data 
available, relating to various sites. Therefore 
a systematic statistical analysis can provide 
useful information for pratical engineering in a 
territory which is subject to various interven

tions and where geological emergency situations 

exists.

Figure 1. Geological map with the location of 

the sites: 1)alluvial deposits and actual marine 

deposits;2)clays with sandstones and fossiliferous 

sands(Pleist.);3)clays with sands(Pleist.);4)mar

ly clays (Pleist.);5)Silty clays and clayey silts 

(Plioc.);6)Schlier Formation;7)fault;8)uncer.fault.

2 GEOLOGICAL FEATURES

The geology of the Ancona area has been the sub

ject of various works by several different authors 

which highlight the main neotectonic orientations 

which are in turn the cause of considerable geo- 
morphological slope instability and the intensi
ve seismic activity in the area (Crescenti et al. 
1977, Nanni 1981; Cello & Coppola 1984). The area 
of Ancona is exposed to many geological and geo- 
morphological hazards, as is borne out by the 
1972 earthquake which seriously damaged the hi
storical centre of the city and the great 1982 

Ancona landslide which completely destroyed one 
district, bringing infrastructures of national 
importance to a standstill (adriatic railway).
The majority of the terrains which go to make up

the hilly marchigiano territory correspond to the 
predominantly pelitic units of the plio-pleistoce
ne sequence. The stratigraphie succession, in the 
limits of the Ancona area is, from the bottom on 
up, as follows: Middle and Lower Pliocene with 
marly clays and sandy-arenaceous Intercalations; 
-stratigraphie interruption;-Pleistocene, with 
sands, clays, levels of organogenic benches.

The middle and Lower Pliocene is represented by 
well bedded grey-blue marly clays with layers of 
20-40cm. Seams of lightly cemented grey-ocrous 
sandstone, 50-60cm thick, are quite frequent in 
the lower part; the sandy component tends to de

crease as we move up in the series (M.Pliocene). 

The thickness of the Lower Pliocene reaches a few 

hundred metres while the Middle Pliocene hardly 
reaches 100m. In transgression on the Pliocene a
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Pleistocene succession, characterized by various 
pelitic-arenaceous units, is present(Colalongo 
et al. 1979). Well bedded grey-leaden silty marly 
clays are predominant; grey and ocreous millime- 
tric sandy seams are always present in the inter
beds in alternation with marly silty clays with 
arenaceous and sandy seams. Lenses of sandstone 
and fossiliferous sands are present in the final 
part. These units are generally covered with a 
considerable clayey-silty eluvial-colluvial sheet 
which is sandy at times. It is sometimes tens of 
metres in thickness and is subject to widespread 
landslide phenomena.
The whole Ancona area was exposed to an inten

se tectonic activity during the Plio-Pleistocene 
which brought with it the sediments which close 
the Quaternary sequence at heights reaching 350m 
above the present sea level. It is difficult to 
evaluate the fault throws because of the scarcity 
of outcroppings. However they are in the range of 
150-200m. according to the evidence collected in 
the East-West dislocations present in the area 

under consideration (Fig.1).

3 GEOTECHNICAL CHARACTERISTICS

The finest pliocene sediments of the adriatic 
belt have been the subject of geotechnical stu
dies (Esu & Martinetti 1965; Ceretti 1974; Colo- 
simo 1978,etc.) which have shown that this mate
rial can be classified, from a granulometric 
point of view, as clayey silt and often silty 
clay, which is normally active and with a high 
level of plasticity. Furthermore, these works

^Figure 2. Stratigraphic, geophisical and geote
chnical data of a typical borehole .(after Bernar

dini ,19 86,modified).

underline the high consolidation level of the ma
terial, in the range of a few MPa, which cannot 
always be justified with the lithostatic load.
It is therefore necessary to put forward the hy
pothesis of a recent strong erosion, tectonic 
stress and more probably the existence of strong 
links with the presence of carbonates. The mecha
nical properties and behaviour of the overconsoli
dated clays with discontinuities are well known 

(Calabresi& Scarpelli 1985; Esu 1986). The eva
luation of the strength of such material is ra
ther complex because, besides depending on the 
strain, it also depends on the discontinuity cha
racteristic (bedding , faults , joints), on the sub
sequent permeability and therefore on the soften
ing and weathering processes. There is therefo
re a considerable level of uncertainty in deter
mining and representing the parameters obtained 
from the laboratory tests where the sampling tech
niques and the dimensions of the indisturbed sam
ples have a great influence (Calabresi & Scarpelli
1985) .

4 THE SITES INVESTIGATED

Stratigraphical and geotechnical data relating to
3 sites (Fig.1) W of Ancona, near the coast, were 
collected, put in order and analysed. The organi
zation and reordering of the data, according to 
their treatment and updating, was divided into 

the following steps:a)localization of the soun- 
ings (the majority of the soundings in site A 
correspond to the study areas set up for the ana
lysis of the Ancona landslide; of site B to the 
soundings for the Barducci landslide; site C to 
the various soundings for construction purposes);
b) subdivision of the data according to the geo
logical formations (debris and colluvial deposits, 
pleistocene,pliocene sediments),as shown in Fi
gure 2; c) preparation of records (in vertical 
and horizontal direction);d)filing and storing 
on computer.

Therefore about 70 soundings with more than 
500 samples, distributed over an area of about 

2.5Km2 , were analysed. The deepest soundings(at 
times >100 m.) are in site A and are distributed 
over a wider area (70% of the total) which con“ 
tains in part site B. Figure 2 shows the strati
graphic column and the pattern of some geotechni
cal properties of a typical sounding in site A.

The sounding analysis consisted in the detailed 

interpretation of the stratigraphy of the soils 
within each site and among the different sites, 
with the elaboration of geotechnical profiles.
The data relating to clayey and silty clay sam
ples was then analysed, eliminating the predomi

nantly sandy ones which represent »5% of the peli- 
tic pliocene unit and about 10% of the pleisto
cene one. The results presented below refer al
most exclusively to the pliocene clays for which 
more data is available and which represent the 
must widespread unit. Figure 3 and Table 1 show 

the main geotechnical characteristics of the plio
cene clays. The index property frequency bar 
charts show a distribution which is quite similar 

to a normal curve. This is further confirmed, all 
be it an initial approximation, by the Pearson 

moment chart (see figure 5) which, on the basis 

of the skewness and kurtosis coefficients, ena

bles us to identify the most likely type of theo

retical distribution. The plasticity chart (see 

Figure 4) indicates that the material can be clas-
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Table 1. Statistical parameters of pliocene clays 
of Ancona.

PROP. U N IT S MEAN

5T

ST. DEV. 

s

C. VAR .

S '*

MAX.

V A L .

M IN .

V A L .

SKEf f .

s k

K IF T .

k

N .

SAMP.

r m /m 3 1 9 .0 0 .0 7 0 .0 3 3 2 1 .1 1 8 .2 0 .0 1 8 2 .1 1 1 363

w X 2 3 .5 3 .8 7 0 .1 6 1 36 11 O. 375 2 .8 1 7 121

WL X 6 0 .6 6 .1 2 0 .1 3 1 80 38 - 0 .1 0 9 3 .0 1 3 255

WP X 2 5 .9 3 .9 3 0 .1 5 2 37 17 0 .1 1 8 2 .6 8 8 255

IP X 31 . 6 7 .6 2 0 .2 1 9 51 18 0 .1 9 0 2 .8 5 9 255

e - O. 712 0 . 1 0 0 . 111 0 .  965 0 .1 5 0 - 0 .1 9 6 2 .3 8 1 93

CaCO X 2 6 .7 i  . 36 0 .1 6 3 61 23 3 .2 9 3 3 .5 6 5 138

q u k P a 6 90 1 .0 1 0 .5 7 1876 186 0 .8 2 6 3 .1 6 0 115

c u k P a M O 2 .0 2 0 .5 6 911 88 0 .8 9 7 3 .3 0 0 115

* ' 0 2 5 .5 1 .9 6 0 .1 9 31 12 - 1 . 0 6 1 .1 6 0 30

f r e s 0 1 7 .5 1 .8 3 0 .2 7 5 27 8 .5 0 .1 5 3 .1 0 6 22

Figure 3. Histograms of the main geotechnical 
properties analysed of the pliocene clays.

Figure 4. Plasticity chart of the pliocene clays.

sified as CH, inorganic clays with high plastici
ty (mean T7L=60 .5, IP=34) . The water content W has 
values on average lower than the plastic limit 

and the unit weight is generally high. The stren
gth characteristics are rather high, but have a 
more uncertain data distribution and a higher di
spersion (the coefficients of variation CV are 
very high >50%). This is also the case for the 
angle of internal friction values where, however,

Figure 5. Pearson diagram.

only a little data was taken into consideration.
We would here like to point out that during the 

analysis of the records steps were taken to rid 
the data of any anomalies which could have consi
derably affected the statistical analyses. The 

void ratio data refer to the belt of pliocene 

clays closest to the surface. Furthermore, the 

plasticity values of the pleistocene clays are 

lower than pliocene ones (551=50.3 and IP=28, with 
CV almost equal to those of the pliocene c^ays). 

The unit weight is clearly lower (10.9kN/m ) and 

W is 28.9, higher than plastic limit which is 29.

5 VARIABILITY OF SOIL PROPERTIES

Comparing the data in Tab.1 with that of Lumb 

(1974),Hoeg and Murarka (1974), Kuhn (1972) and 
with what are recommended as standard values, we 
can see that the coefficients of variation of IP 

come out lower than them (recommended standards 
RS of CV for IP is 30,while CV is 15),whereas the 

CV of W are slightly higher (RS=15) just as for 

WL (RS of CV=10). In the case of WP , on the other 
hand, the values obtained are considerably higher 

than the recommended ones.

A representative example of the variability of 
the index properties within the soundings is shown 
in the Figure 6 relating to site A and B. After 

a considerable initial uncertainty (weathering 
and colluvial belt) the values become stable, in 
the range of the general ones. This situation can 

also be found when we mix the data of the soun

dings of the 3 sites with comparable stratigra

phies (N.samples =33) where we can determine the 

values well with a relatively limited number of 

data (see Figure 7). Figure 8 shows the variabi

lity of site A as the samples of the 12 soundings 
each one near the othér) are added,one sounding 

at a time. The variability changes considerably 
as the properties themselves vary. After a high 
initial instability- we can see the clear homo
geneity of the IP and WL values in soundings 2 
and 3- we have a slight continuous growth, a sta
bilization and in the end the level of certainty
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Figure 6. Coefficient of variation pattern in one 

sounding in site B (fig.A) and site A (fig.B).

'Figure 7. CV pattern mixing the samples of the 3 

sites (33 samples up to 30m. in depth).

cv
%

20-

• W  
1 W P
•  WL

%
40-

& -
18 20 21 KtyW*

Figure 9. Histograms showing the frequency of some 

geotechnical properties of the different sites.

increases with the decreasing of the CV. This oc
curs in particular with the data of the last soun
dings, which among other things relate to a second 
geognostic field study of the site which is indi
cated as A' in Figure 8a. A certain anomaly in the 
data of site B (about 60 samples), which do not 
increase the knowledge of the properties, is par
ticularly clear. Consequently the distribution of 
the properties of the different sites have been 
compared (Figure 9), clearly showing, in particu
lar, distributions which are considerably diffe
rent (WL and y ) . The hypothesis Ho of equality of 
the means of the population was tested, both bet
ween the individual sites and the general results 
and between the different sites. The significance 
levels of acceptability of the hypothesis occur 
mainly with a =0.05 and subordinately with a =0.001, 
except for the comparison between some properties 
between the individual sites, in particular sites 
B and C,where the hypothesis is not verified, with 
an uncertainty on the proposed model of normal di
stribution (in particular for y and W ) . This situa

tion probably depends on the sole presence in si

te C of samples from the Lower Pliocene and in si

te B of samples of the Middle Pliocene. The re
sults of the data elaboration of the Lower Plio
cene (sites A and C) show a notable difference 
with respect to the general data with >'=20.18kN/m 

W=23.8;WL=59;IP=32, with lower CV.

Figure 8. CV variations of some properties, sum

ming up the samples of the sites (fig.A) and of 

some soundings in one site (site A),fig.B.

6 CONCLUSIONS

The main characteristics of the pliocene clays of 
the Ancona area have been described. The statisti-
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cal parameters of the properties examined present 

low dispersion, as results from the values of the 

coefficient of variation. The examination of the 

conformity of the distributions of the sets of 

samples with the theoretical ones has however hi

ghlighted a certain heterogeneity in some proper

ties between the various sites. From an engineer

ing point of view, at designing level, a more 

exact knowledge of the values is therefore indi

spensable .

REFERENCES

Bernardini, M.L. et al. (1986). La campagna geo

gnostica. Studi Geol.Cam.,Voi.Spec."La grande 

frana di Ancona". 65-119.

Calabresi, G. & Scarpelli, G. (1985). Argille so- 

vraconsolidate e fessurate: fenomeni franosi.

Geol.Appi. & Idrogeol. 20, 93-126.

Cello G. & Coppola, L. (1984). Aspetto geologico- 

strutturale dell’area anconitana e sua evoluzio

ne plio-quaternaria. Boll.Soc.Geol.lt. 103,97-109. 

Colalongo, M.L., Nanni, T & Ricci-Lucchi, F. (1979). 

Sedimentazione ciclica nel Pleistocene anconeta

no. Geol.Rom. 18, 71-92.

Ceretti, E. (1974). La frana "Barducci"(Ancona).

Giorn.di Geol. 39(2).Bologna.

Colosimo, P.(1978).Comportamento di argille plio- 

pleistoceniche in alcuni versanti instabili 

dell'anconetano. Mem.Soc.Geol.It.,19,215-224. 

Crescenti, U. et al. (1977) Ancona: considerazio

ni sismo-tettoniche. Boll.Geol.Teor.Appi.,73-74. 

Esu, F. (1986). Analisi delle condizioni di insta

bilità. Studi Geol.Cam.,Voi.Spec. "La grande 

frana di Ancona".127-1 33.

Esu, F. & Martinetti, S. (1965). Considerazioni 

sulle caratteristiche delle argille plio-plei- 

stoceniche della fascia costiera adriatica fra 

Rimini e Vasto. Geotecnica, 12(4), 164-206.

Hoeg, K. & Murarka, R.P. (1974). Probabilistic 

analysis and design of a retaining wall. Journ. 

of Geotech. Eng. Div.,ASCE,100,349-370.

Kuhn, S. (1972). Quality control in highway con

struction. Nat. Inst. Road.Res. S.A.,Bull.294. 

Lumb, P. (1974). Application of statistics in 

soil mechanics. Soil Mechanics, New Horizons, 

Butterworth, London.

Nanni, T. (1981). Note illustrative sulla geolo

gia dell'anconetano. Regione Marche,Provincia 

e Comune di Ancona.

827


