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Abstract: Evaluation of correlation between pa-
rameters from CPTU and DMT tests and soil type
behavior chart. This paper presents the correlation
of soil parameters obtained from the dilatometer
of the Marchetti (DMT) and the cone penetration
tests (CPT). The data for the development of these
correlations come from four experimental sites of
the Department of Geotechnical Engineering of
the Warsaw University of Life Sciences — SGGW:
test embankment in Antoniny, and the Koszyce
and Nielisz water dams, Stegna test site, WULS-
-SGGW Campus. Additionally, the relationship
between the soil behavior type classification index
(I¢) from the Cone Penetration Test (CPT) and the
material index (Ip) from the dilatometer test (DMT)
based on the Robertson method, modified in this
paper, is presented. Finally, a new soil behavior
type classification chart was presented, allowing to
determine not only the type and condition of the
soil, but also the stress history (OCR).

Key words: DMT, CPT, mineral and organic soils,
chart diagram

INTRODUCTION

Field and laboratory tests are used to
determine the geotechnical parameters
of soil. Both methods have their advan-
tages and disadvantages. The advantage
of laboratory tests is a well-defined state
of stress and strain, as well as the ability
to control the conditions of water outflow
from the sample. Moreover, the investi-

gations are expensive and time-consum-
ing. Field studies are characterised by the
possibility of their implementation in in
situ conditions. The disadvantage of these
methods is the need to rely on empirical
correlations in the interpretation of the re-
sults obtained, and the difficulty of deter-
mining the impact of penetration probe on
the soil structure and measurement results.
In recent years, geotechnical engineering
are more willing and more likely to ap-
ply in situ tests. The progress in the de-
sign of measuring devices and the broad-
er interpretation of the results obtained
from these tests are of great importance

(Schnaid 2009). One of the methods com-

bining these two features is the Marchetti

dilatometer (DMT) (Mtynarek et al. 2006,

Mtynarek 2007, Schnaid 2009, Bihs et al.

2010, Long et al. 2010, Godlewski and

Wszedyrdéwny-Nast 2016).

The analysis and construction of the
empirical relationship between the g;and
Kp parameters from the CPTU and DMT
tests is not only formal, but finds justifi-
cation for two reasons:

— in the widely accepted ground testing
program, static investigations are the
dominant research in in situ methods.
They recommend such a program for
instructions for the design of engi-
neering structures, e.g. the manual for



314  S. Rabarijoely

designing wind turbines cited in the

literature (2012), and scientific stud-

ies e.g. Robertson (2009). Dilatom-
eter tests are usually complementary
in this program;

— the advantages of the CPTU and
SCPTU tests include the direct deter-
mination of undrained shear strength
parameters for soil, shear modulus
Gg and parameters of the process
of consolidation and soil stratigra-
phy description (Lunne et al. 1997,
Mtynarek 2007).

From the DMT test, deformation mod-
ulus are obtained directly, while empirical
relationships should be used to determine
undrained shear strength. Constructing so-
-called interrelationship of both studies is
considered very valuable. An example is
the description of continuous changes in
undrained shear strength in the sublayer
using the parameter from the CPTU test
and supplementing this information in
places where only the DMT test was per-
formed. In the case of subsoil from Po-
land, these dependencies have significant
limitations to the dependencies proposed
in the world literature (Lechowicz et al.
2011, Mtynarek et al. 2016, 2017, 2018).
With such limitations one should also
count in relation to the functional relation-
ship between the parameters g; and Kp.

The Marchetti dilatometer was cre-
ated by Silvano Marchetti. The device
was put into use in the early 1980s in the
United States and Europe. In addition to
Marchetti, John H. Schmertmann (USA)
made a significant contribution to the de-
velopment of the device, which systema-
tized the procedure of determining soil
parameters based on DMT (Dilatometer
Marchetti Test) results. Experiments car-
ried out over the years with the use of
the DMT device allowed to acquire data
which allowed for the clarification of

the interpretation of dilatometer results
(Schmertmann 1986). The dilatometer
was quickly appreciated by geotechni-
cians. It is used to determine soil char-
acteristics in almost 50 countries, e.g. in
Europe, Asia, North America. The Mar-
chetti dilatometer test is the basic meth-
od of testing geotechnical parameters in
in situ conditions recommended by Eu-
rocode 7 (Frank et al. 2004). It is certain-
ly an advanced device applicable in the
study of both cohesive and non-cohesive
soils in field conditions with a rich pal-
ette of the acquired parameters.

The main advantage of dilatometer
testing is a fast, low-complex and reli-
able measurement procedure. Following
the test it is easy to classify the soil and
set the geotechnical parameters such as:
soil coefficient of earth pressure at rest
(Ko), undrained shear strength (S), over-
consolidation ratio (OCR), constrained
modulus (M), deformation modulus (E),
shear modulus (G), and coefficient of
consolidation (cy). Despite the numerous
advantages of using a dilatometer for
geotechnical investigations, it should be
remembered that the target soil param-
eters are obtained as a result of empirical
correlations of the soil reference param-
eters, which are determined on the basis
of standards, publications, tests or rec-
ommendations, and the DMT test results
empirical relationships on the appropri-
ate graduation of the measuring appara-
tus (Marchetti 1980, Roque et al. 1988,
Yu et al. 1993, Smith and Houlsby 1995,
Totani et al. 1998) as follows:

material index: Ip=(p1—pPg) / (Po — Ug)

)

horizontal stress index: Kp = (pg— Ug) / ¢'vo

)
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dilatometer modulus:

Ep =34.7 - (p1 - po) ©)
after combination of Iy and Kp (Robert-
son 2015): E—P =34.71,K, 4)
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FIGURE 1. Modified DMT-based chart for soil

type based on dimensionless Ip and Ep/c'yq (Rob-
ertson 2015)
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FIGURE 2. Proposed DMT-based soil behav-
ior type classification (SBT) chart for soils with
little or no microstructure (Robertson 2015):
CD - coarse-grained dilative (mostly drained);
CC - coarse-grained contractive (mostly drained);
FD —fine-grained Dilative (mostly undrained);
FC — fine-grained contractive (mostly undrained)
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effective preconsolidation stress (Kul-
hawy and Mayne 1990):
0’5 = 0.5 (po — Ug) ®)

where:
po — A-pressure reading, corrected for
Zy, AA membrane stiffness at 0.05 mm
expansion, and 0.05 mm expansion it-
self, to estimate the total soil stress act-
ing normal to the membrane immedi-
ately before its expansion into the soil
(0.00 mm expansion);
p; — B-pressure reading corrected for Z,,
and AB membrane stiffness at 1.10 mm
expansion to give the total soil stress act-
ing normal to the membrane at 1.10 mm
membrane expansion;
p, — C-pressure reading corrected for Z,,
and AA membrane stiffness at 0.05 mm
expansion and used to estimate pore-wa-
ter pressure;
AA — the external pressure which must
be applied to the membrane in free air to
keep it in contact with its seating;
AB — the internal pressure which, in free
air, lifts the membrane center 1.00 mm
from its seating;
Z,, — gage pressure deviation from zero
when vented to atmospheric pressure (an
offset used to correct pressure readings
to the true gage pressure);
o’vo — Vvertical effective stress at the
centre of the membrane before insertion
of the DMT blade;
Ug — pore-water pressure acting at the
centre of the membrane before insertion
of the DMT blade (often assumed as hy-
drostatic below the water table surface).
Robertson in 2012 developed (Fig. 1)
the dependence of the Ip from Ep/c'yg
with the variable value Kp by using
Equation 4. Robertson suggested that
for fine-grained soils with little or no
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TABLE 1. Index properties of organic soils at the Antoniny, Koszyce, Nielisz and mineral soil from
Stegny and WULS-SGGW Campus test sites (Wolski et al. 1989, Lechowicz and Rabarijoely 1996)

Organic Caco, Water Li_qu_id Qnit den? %2?;';';
Site Type of soil coln tent content co\r)vtent “VT” sity of soil of soil
g/m (%) ()/n ()/L _p—3 Ps
(%) (%) (%) (tm™) (tm)
am‘:)reparlous 65-75 | 10-15 | 310-340 | 305-450 | 1.05-1.10 | 1.45-1.50
Antoniny I
calcareous | g5 o0 | 65-90 | 105-140 | 80-110 | 1.25-1.40 | 2.2-2.30
gyttja
am%faﬁous 70-85 | 5-15 | 400-550 450 1.05-1.1 | 1.45-1.50
Koszyce | CAICACOUS | 44 oy | 6580 | 120-160 | 80-110 | 1.20-1.35 | 2.1-2.25
gyttja (Gy)
calcareous | 4z o) | g5 75 | 180-220 | 100-110 | 1.25-1.30 2.2
gyttja (Gy)
organicmud | o, 4 | _ 120-150 | 130-150 | 1.25-1.30 | 2.25-2.3
- (Mor)
Nielisz - q
Orgfwc ;““ 10-20 | - 105-120 | 110-130 | 1.30-1.45 | 2.30-2.40
or,
Stegny Plioceneclays | <1 <5 19.20-28.50 |67.6-88.0| 2.1-2.2 2.68-2.73
WULS-
-SGGW | boulder clay - - 520-20.10 |21.9-26.6| 2.0-22 | 2.68-2.73
Campus

microstructure, the boundary between
contractive and dilative behavior at large
strains occurs when OCR =~ 4. Based on
Marchetti (1980) and equation OCR =
= (0.5 Kp)*®8, an OCR = 4 corresponds
to a Kp ~ 5. For coarse-grained soils with
little or no microstructure, the boundary
between contractive and dilative behav-
ior at large strains occurs at a state pa-
rameter y ~ —0.5. Based on Robertson
(2012) and Equation 6, this corresponds
toa Kp~ 3. Acontour between3<Kp<5
is shown on Figure 2 to represent the
approximate boundary between dilative
and contractive behavior at large strains
for soils with little or no microstructure.

w=056-0.33-l0g(25-Kp) (6)

DESCRIPTION OF THE TEST SITE

This paper presents the test results of or-
ganic subsoil obtaining from Antoniny
and Koszyce located in the valley of
the Note¢ river in Wielkopolska prov-
ince and Nielisz sites located in the val-
ley of the river Wieprz in Lublin prov-
ince, the WULS-SGGW Campus with
and the Stegny site located in Warsaw,
where the Department of Geotechnical
Engineering WULS-SGGW where a
laboratory and field testing programme
has been carried out under and outside
of the main dam embankment. Table 1
show the index properties of organic
soils at the Antoniny, Koszyce, Nielisz
and mineral soil at Stegny and WULS-
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-SGGW Campus test sites (Wolski et al.
1988, 1989, Lechowicz and Rabarijoely
1996).

METHODOLOGY FOR
DETERMINING CORRELATION
BETWEEN PARAMETERS

OF DMT AND CPT TESTS

Correlation g—Kp

Determining the correlation between
the parameters obtained from the DMT
and CPT tests consists of comparing
the obtained values for the same data
in the form of a graph. The correlations
obtained and examined between them
should be used by geotechnicians in the
design for obtaining various parameters
of the soil while performing only one
type of in situ testing equipment.

As mentioned in the beginning of this
paper, there is a number of reports and
research works focused on determining
the correlation of the results from DMT
and CPT tests. However, already Mar-
chetti (1980) had discovered a strong
dependence of the horizontal stress in-
dex (Kp) on the overconsolidation ratio
(OCR), which he defined as:

OCR = (0.5 - Kp)1°® 7)

Afew years later, Kulhawy and Mayne
(1990), Mayne and Liao (2004), Mayne
(2016) noticed that the OCR in CPT tests
significantly influences the normalized
values of the g; and suggested to use the
following formula in the analysis of fine-
-grained soils:

OCR — 03 '(qt/_ 6VO)
GVO

(8)
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The overconsolidation ratio (OCR)
is an independent variable that occurs in
the function describing the static presen-
tation process (Mtynarek 2007, Mayne
and Agarby 2018). The geological re-
gime (genesis) and the engineering re-
gime (Powell 2005) have an influence on
the numerical values of this coefficient.
The cone resistance depends on the ef-
fects of the preconsolidation, the meas-
ure of which is the OCR. In turn, Rob-
ertson (2009) suggested that the OCR is
dependent on the q; is dependent on the
OCR value and may be reflected in the
following formula:

_024-(q, ~0,0)

OCR 9)

v0

Equations 7 and 8 show that the value
of Kp from the DMT tests can be deter-
mined on the basis of the normalized
value of cone resistance (q; — oyg) / ¢'vo
using the equation (Robertson 2009):

0.8
Ko =0.8-(—q‘ ‘,GVOJ
GVO

(10)

By converting Equation 10, the g can
be determined based on the following
equation:

Gt (CPT) = 1.322 - ¢'yp - Kp'® + gy
(11)

The horizontal stress index (Kp) and
the material index (Ip) obtained from
dilatometer tests and from CPT sound-
ings of normalized values of cone resist-
ance (g; — oy) / oo and friction ratio
Fr=[fs/ (q;— ov0)] 100% to recognize the
type of soil behavior type classification
were proposed by Robertson (2009).
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Based on the results of the CPT and
DMT tests from the discussed objects
(test embankment: Antoniny site, em-
bankment dams: Koszyce, Nielisz, and
Stegny site and WULS-SGGW Campus
in Warsaw), the correctness of these
correlations has been analysed in this
paper and the following results have
been obtained. The studies of soil pa-
rameters obtained from Equations 12
and 13, from the direct measurement
by the probe and from the correlations

Antoniny site
Cone resistance, g, [MPa] Horizontal Stress index Kp, [-]
2 4 L] 8 [] 2 4 L] B 10

proposed in this work have been com-
piled in the form of graphs (Fig. 3) and
Table 2.

q.(CPT) = A, -0} - Kgi + 0y 12)

K, (DMT) = A - (@ /;4 GVO)A3 (13)
(¢

vo

Comparing the measured values of
g and Kp with the calculated relation-

Depth [m]

=@ =KD measured
=@ =KD ace. Eq. 10
—o— KD acc. Eq. 13

Nielisz site
Cone resistance, g; [MPal Horizontal Stress index Kpl-]
oo os 10 15 0 2 4 B 8 1012 14 16 18 20
. = o= = go measared =D mosired = KD acc. EQW
s KD 256, Eq. 13
— o ace. Eq. 11
g Eq. 12
; == 8 L
=
—re
E? E? i
F
g‘ £ r‘
o
: 'y L4
L
—e
3 e
4 W3] 4 r =
1 5
SGGW Campus site
Cone resistance, g, [MPa] Horizontal Stress index Ky [-]

L] 10 20 3 0 10 20 30 40 50 60 7O 80 90 100
T L]

Stegny site
Cone resistance, 4, [MPa] Horizontal Stress index K [-]
o 1 2 3 0 2 4 8 8 1012 14 16 18 20
] o
- = g measUTES == KD mawond
! — g —
2 *ﬂﬂh 12 2 T —_—

Depth [m]

Depth [m]
Depth [m]

= KD -measured
= =KD soc. Eg 10

e N 0. E9.1]

10 10

FIGURE 3. Profile g, (observed and calculated) and Kpyt (observed and calculated)
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TABLE 2. Values of empirical coefficients A; for Equations (Egs. 12, 13)
Soil type Coefficient values
Ao () A() A2 () A3() As()

Sand 15 1.4 0.20 0.20 1.0
Boulder clay (depth 0-3 m) 4.0 14 0.09 1.0 1.0
Boulder clay (depth >3 m) 3.0 1.25 0.12 1.12 1.0
Pliocene clay 1.8 1.25 0.45 0.45 1.0
Mud, organic mud 2.5 14 0.11 0.11 1.0
Peat 88 1.4 0.008 1.0 1.0
Gyttja 80 1.4 0.007 1.0 1.0

ships (Egs. 12, 13, Figs. 3, 4) indicate
that the newly proposed correlations
give similar results to the measured data
at 95% confidence level. The pairs of
observations ¢; and Kp are assigned to
the same value of the effective vertical
component of the geostatic stress o’vg
for both parameters. The maximum er-
ror obtained between g; measured and
g: calculated by Equation 12 is 35% and
the average error is 14%, whereas in
the case of a dilatometer (Kp measured
and Kp calculated) based on Equation
13 it is 34 and 10.9% respectively for

the analysed dataset included in this
paper. Very good correlation has been
recorded for organic and Pliocene clay
soil. These new formulas are recom-
mended for the design of geotechni-
cal facilities. The use of the calculated
values of g; to the said undrained shear
strength or primary constrained modu-
lus may lead to a fundamentally sepa-
rate assessment of the strength and stiff-
ness of the subsoil (according to PN-EN
75014688-2). This issue was discussed
in the literature and concerned the prob-
lem of compliance of shear strength

* qt_meas. [MPa] = 0.9751qt_cal. [MPa] +0.1178
R*=0,9696
KD_meas. [-] = 0.9593KD_cal. [-] +0.2835 .‘ 'y
o 25 R?= 0.9637 o o,
:§ 20 e
355
[l ]
=5 15
S8
3
n o
E ? 10
Q
e
o 5
® qt Meas.:qt_Cal.
0 ., @& KD_meas:KD_cal.
0 5 10 15 20 25 30

gt [MPa] - calculated values acc. to Eq. 12,
KD [-] - calculated values acc. to Eq. 13

FIGURE 4. Comparison between calculated and measured g; and Kpyt values
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values and the primary compressibil-
ity modulus determined on the basis
of the cone resistance from the CPTU
test and DMT parameters (Lechowicz
et al. 2011, Miynarek et al. 2013, 2016,
2018), these showed that this relation-
ship is influenced by such factors as the
effect of pre-consolidation (OCR value)
the type and condition of the ground. In
the case of organic soils, the number of
variables that affect the cone resistance
and parameters from the DMT tests is
much larger (Mtynarek et al. 2008).

Correlation I~Ip

The next parameters that have been used
in the analysis between CPT and DMT
in this paper are the 1. and Ip parameters.
The analysis consists of a comparison
(Eq. 14) of the calculated Robertson val-
ue (Ic) with the material index from DMT

(Ip) for the following plots (Fig. 5). In
addition, a different correlation between
the index I. from the CPT and the index
Ip from the dilatometer, previously re-
searched by Robertson (2009) and ex-
pressed by the formula have been ana-
lysed herein (Fig. 5):

le=2.5-15-log(Ip) (14)

As can be observed, although the dia-
grams of these parameters do not overlap,
they have a very similar trend. Therefore,
when performing field tests with the CPT
probe, the Kp parameter can be obtained,
or performing only the DMT test allows
to obtain g; using the proposed formulas
without worrying about the correctness
of the result.

On the basis of the results obtained
for the discussed sites, a graph illustrat-

1
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\ 2
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2 15 T 5b
- A IXTURES S~ 17 1T+
= 0 13 8
s -
o g 6 Y 10 |
N SANDS
- 5a
B 1-1a
103
1 ] 3 4
CPT, I,

FIGURE 5. Summary of published average values of Ip versus I, from adjacent CPT and DMT profiles
(Robertson 2009): (1a) deltaic sand; (1b) soft silty clay; (2) soft clay; (3) soft varved sensitive clay; (4)
soft glacial clay; (5a) medium dense sand; (5b) soft clayey silt; (6) loose silty sand-tailing; (7) loose silt
and fine sand-fill; (8) stiff fissured clay; (9) stiff silty sand to sandy; silt — residual soil; (10) stiff silty
sand, sandy; silt — residual soil; (11) stiff silty sand to clayey silt-residual soil; (12) stiff cemented silt;
(13) silty sand; (14) silty clay; (15) very stiff clay; (16) (17) very stiff clay; (18) very stiff clay; soft
sensitive clay; (19) sand to silty sand



ing this dependence was created (Fig. 5),
additionally allowing for the determina-
tion of its value for the following soil
types: I, < 2.05 for sand; 2.05 <1, <29
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for clay; and I, > 2.9 for silt.

In Figure 5 developed by Robertson
(2009), there is no defined area for or-
ganic soils such as mud, organic mud,
peat and gyttja. Therefore, in this paper

a decision was made to modify this soil

0.1 g
: :In:;lderday_mw mud&organic
N o mud, peat and
-2 4 gytha
E: " boulder G
E 19 pliocene clay
(a]
sand
100 -
1 2 3 4
CPT, Ic[-]
FIGURE 6. Relationship between I, from CPT tests and Ip from a dilatometer based on the modified

formula

TABLE 3. Published records from adjacent DMT-CPT probes from Poland (OCR value for each site by
order: Koszyce: in the range of 1.5-4; Antoniny: at 3-5 for peat, and 1.5-2.5 for gyttja; Mielimaka: in
the range of 1.5-4; Nielisz: decreasing from 3 to 2 with depth; WULS-SGGW Campus: boulder clays
with the OCR = 3-7)

Organic
. and Depth Ib Kp Epl/a’y (o} Fr le
Nl ST ineral | (m) | O | O | O | ™R | O | O
soil type
1 Koszyce gyttja | 3.1-4.5|0.14-0.47 |4.8-7.2| 23-115 |0.12-0.18| 8.8-9.6 | 1.2-2.0
2 Koszyce peat 1-1.9 |0.14-0.61| 18-85 | 91-170 | 0.33-4.5 | 1.5-7.7 | 1.2-2.2
3 Antoniny peat 0.9-23| 0.2-0.7 |6.2-7.5| 47-180 3.4-42 | 44-12 | 1.5-2.3
4 Antoniny | gyttja |6.7-7.5|0.25-0.55| 2-2.5 21-39 5.6-50 | 1.3-5.6| 1.6-2.1
5 |Mielimgka| peat |4.8-6.6|0.18-0.49|1.5-1.8| 11-25 | 0.35-0.6 | 8-11 | 1.4-2.0
6 |Mielimgka| gyttja |7.4-9.4(0.16-0.34 |1.7-1.8| 9.7-19 | 0.37-0.7 7-8 1.3-1.7
7 Nielisz mud 14-10 | 0.1-0.94 |1.7-4.1| 145-57 | 0.12-1.3 | 7-10 1-2.5
WULS- | dy
8 -SGGW clay 3-6.8 0.1-0.6 2-3 15-40 2.5-5 2-35 | 3.6-4.1
Campus
WULS-
9 -SGGW sand |6.9-9.5| 1.8-10 8-30 |300-1000| 10-25 5-18 2-3.8
Campus
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behavior type classification by adding
additional organic soils. The follow-
ing two formulas should be used to
determine organic soils (Egs. 15 and
16, Fig. 6, Table 5). Index I is located
within the above mentioned ranges for
the relevant soil types. Based on the
proposed soil behavior type classifica-
tion, these organic soils are in the fol-
lowing ranges: I, > 2.5 for mud and
organic mud; 2.7 < I. <3.8 for peat;
and 2.95 < I, < 4 for gyttja (Fig. 6,
Table 3). Based on this graph, the fol-
lowing relationship was proposed:

I.=25-0.651"log (Ip) (15)

Its conversion allows to obtain the
following formula:

Ip = 10(3.84—1.55~|c) (16)

DILATOMETER (DMT) BASED
MINERAL AND ORGANIC SOILS
BEHAVIOR TYPE

This report attempts to create a new soil
behavior type classification. In the first
stage, measurement data have been col-
lected from the objects discussed in the
previous chapters, as well as data from
the investigations for the construction
of the Warsaw subway. Using the Rob-
ertson propositions in this paper, a com-
bination between the o’y (Eq. 5) and a
dilatometer indexes Ip, Kp and Ep (EQ.
4) was made, we can obtain the relation
follows (Eq. 17), are shown in the graph
(Fig. 7). A contour between 17.4 < Ep/
lo'y,0< 1,041 is shown on Figure 8 to
represent the approximate boundary be-
tween dilative and contractive behavior

at large strains for soils with little or no
microstructure.

Eo _69.4.1, - OCR

v0

17)

Q

CONCLUSIONS

The objective of this paper was to review
the published correlations between well-
-known CPT and DMT in situ tests. The
results of both tests correlate with the
same geotechnical parameters. Based on
the tests results (90 profiles) obtained for
the analysed test sites, the correlations
between CPT and DMT tests have been
suggested using two approaches. In the
first approach, the formulas proposed by
Robertson (2009) were applied. The sec-
ond approach concerns the comparison
between the measured values of g; and
Kp with the calculated values based on
the proposed relationships (Egs. 12, 13,
Figs. 3, 4), which indicates that the new
proposed correlations give results simi-
lar to the measured data.

Modification of the normogram by
adding an area for organic soils such as
mud, organic mud, peat and gyttja al-
lowed for locating these soils accurately
using the I, and Ip parameters. Therefore,
addition of further organic soils to the
normogram is proposed in this paper.

A modified chart to estimate soil
type using the main DMT normalized
parameter (Ip, Ep) is presented. Exist-
ing correlations for the OCR as contours
on the modified DMT chart to provide
insight into the correlations. A new soil
behavior type classification (SBT) chart
is also presented using generalized
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10000.0 ; >
DILATIVE 5
cb -
1000.0 - i “E S -~
Sl
= ot :/E,, all
_6 i e M.
= L= Kp=$ 48
= / I{“:; g
100 1 .- -
= bs .
FC cc
1.0 i
CONTRACTIVE
0.1 1880
0.1 1 10
Ip [-]

CD - coarse-grained dilative (mostly drained); CC — coarse-
-grained contractive (mostly drained); FD - fine-grained
dilative (mostly undrained); FC — fine-grained contractive
(mostly undrained)

FIGURE 8. Proposed DMT-based soil behavior
type classification (SBT) chart for soils with little
or no microstructure

soil behavior descriptions (e.g. coarse-
-grained dilative, fine grained contrac-
tive, etc.).
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Streszczenie: Ocena korelacji miedzy parametra-
mi z sondowas CPTU i DMT a wykresem zacho-
wania sie¢ gruntow. Artykut przedstawia korelacje¢
parametréow gruntowych otrzymywanych w ba-
daniach dylatometrycznych Marchettiego (DMT)
oraz sondowan statycznych (CPT). Dane do
opracowania tych zaleznosci pochodza z szesciu
obiektdw doswiadczalnych Katedry Geoinzynie-
rit SGGW: nasyp doswiadczalny w Antoninach
oraz zapor wodnych w Koszycach i Nieliszu, po-
letko doswiadczalne Stegny oraz kampus SGGW.
Dodatkowo przedstawiono zaleznos¢ pomiedzy
wskaznikiem (I;) z badan sondowan statycznych
(CPT) a wskaznikiem materiatowym (Ip) z dyla-
tometru Marchettiego (DMT) na podstawie wzo-

ru Robertsona z 2009 r., zmodyfikowanego na
rzecz tej publikacji. Na zakonczeniu w artykule
réwniez zaproponowano nowy nomogram klasy-
fikacyjny gruntow, pozwalajacy na okreslenie nie
tylko rodzaju i stanu gruntu, ale takze historii jego
naprezenia (OCR).

Stowa kluczowe: DMT, CPT, grunty mineralne
i organiczne, nomogram klasyfikacyjny

MS received 10.11.2018
MS accepted 15.12.2018

Author’s address:

Simon Rabarijoely

Katedra Geoinzynierii

Wydziat Budownictwa i Inzynierii Srodowiska
Szkota Gtéwna Gospodarstwa Wiejskiego

w Warszawie

ul. Nowoursynowska 159, 02-776 Warszawa
Poland

e-mail: simon_rabarijoely@sggw.pl



