
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Flat dilatometer testing in Israel 

Essais avec le dilatometre plat en Israel

C. Redel -  Israel

D. Blechman -  Soils Laboratory, Standards Institute o f Israel, Israel

S. Feferbaum -  Pavement Design, Department o f Pub lic  Works, Israel

ABSTRACT: The flat dilatometer test (DMT), including the equipment and the parameters obtained, is briefly described. 
With regards to Israel, this paper relates the present shortcoming of the availability of appropriate rigs for pushing the 
dilatometer blade into harder penetrating soils and the type of soils and their general location, where the use of the DMT, 
with its limited diameter thin flat membrane, is suitable.

Soil investigations were carried out on Highway No. 2, in the vicinity of the Poleg River, by borings and in some cases with 
adjacent dilatometer tests for comparison. The material index and the horizontal stress index, obtained from the DMT, with 

the correlation to the grain size distribution and the overconsolidation ratio respectively, is very similar to the correlation 
found in other countries.

Attempt has also been made to correlate between the liquidity index and the dilatometer modulus for the soil investigated.

RESUME: La breve description de l'essai de dilatometre plat (EDM) presente aussi l'equipement utilise et les parametres 
obtenus. Concernant Israel, cet article decrit la penurie d'instruments de forages capables de faire penetrer la lame du 
dilatometre dans des sols durs et le type de sols et leur emplacement pour lesquels le EDM, grace a sa membrace plate et 
mince a diametre limite, convient.

Les reconnaissances do sol ont ete effectuees sur l'autoroute No. 2, a proximite de la riviere Poleg. Les sondages ont, dans 
certains cas, ete associes a des essais de dilatometre adjacents pour comparaison. L'indice du materiau et l'indice des 
contraintes horizontales, obtenus du EDM, avec la correlation a la distribution du diametre des grains et au taux de 
surconsolidation respectivement, sont tres semblables a la correlation trouvee dans d'autres pays:

On a aussi tempte d'etablir le lien, pour le sol examine, entre l'indice de liquidite et le module de dilatometre.

1 INTRODUCTION

1.1 General

The flat dilatometer test (DMT) developed by Prof. Silvano 
Marchetti (Marchetti 1975), was patented in Italy in 1977. 
The dilatometer consists o f a flat blade, with a circular steel 
membrane located within one side of the blade. To perform 
the test, the blade is pushed into the soil and the membrane 
is expanded horizontally while the pressure required for 
specific horizontal movement is recorded. The test is 
relatively inexpensive and quick, but the results require 
empirical correlations to obtain certain parameters 
necessary in geotechnical engineering.

1.2 In  Israel

The flat dilatometer test was introduced during the year 
1995. Until then, the usual in-situ subsurface explorations 
included standard penetration tests (SPT) and vane shear 
tests (VT). In exceptional cases, pressuremeter tests (PMT) 
were performed. The dilatometer has now been used at 
several sites and the data obtained for the fat CLAY, from 
the Poleg site, is correlated with the results of familiar 
laboratory tests.

2 THE DILATOMETER TEST

The dilatometer consists of a 60 mm diameter thin flat 
circular expandable steel membrane set on one side of a 95 

mm wide stainless steel blade having a 14 mm thickness. A 
control unit, at the ground surface, is connected to a 

pressure source, such as a gas tank as well as to the blade, 
by a nylon tube containing an electrical wire.

The dilatometer is generally pushed into the soil at the end 
of a series of rods. The test is performed by applying 
pressure to the back of the membrane, which is measured 
at two preset deflections: 0.05 and 1.10 mm.

The test results are interpreted, according to previously 
established correlation, in order to determine the subsoil 
stratigraphy, the deformation properties of cohesionless and 
cohesive soils, the in-situ state of stress and the undrained 
shear strength of silty and clayey deposits.

The interpretation of the results of the DMT test requires 
the knowledge of the in situ pore-water pressure u0 and the 
effective vertical stress a vo\  which must be obtained from 
independent sources. The soil pressure p0 and pi 
correspond to the membrane's center being flush with the 
blade and expanded 1.10 mm respectively, and are obtained 
from the following relationship:

P i — B - A B g y g  - Z m  ( 1 )

P o  = 1.05(A + AAavg - ZM) - 0.05p, (2)

A: the pressure that must be applied to the back of the 
membrane to expand its center 0.05 mm in soil.

B: the pressure that must be applied to the back of the 
membrane to expand its center 1.10 mm in soil.

AA: membrane calibration pressure: the suction, recorded 
as a positive value, that must be applied to the back of 
the membrane to retract its center until it is flush with 
the blade (i.e. at zero expansion) in air.

AB: membrane calibration pressure: the pressure that must 
be applied to the back of the membrane to expand its 
center 1.10 mm in air.
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AAaVg and ABavg: the average values of the membrane 
calibration obtained from the respective 
values of AA and AB measured before 
and after each dilatometer profiling of 
single dilatometer testing.

ZM : any gage pressure deviation from zero when venting 
the blade to atmospheric pressure.

The test results are presented against depth and generally 
include the following parameters:

Id =  (Pi - Po)/ (po - u0) ; Material Index (3)

Kd = (po - u0)/ a vo'; Horizontal Stress Index (4)

Ed = 34.7 (p, - p0); Dilatometer Modulus (5)

These parameters, as well as others, realized through 

various procedures and correlations from the DMT can 
provide indications of the soil regarding type, coefficient of 
lateral earth pressure, elastic modulus, drained friction 
angle in cohesionless soil, etc. (U.S. Department of 
Transportation 1992).

Empirical correlations have been established to obtain a 
good estimate of the soil type from the material index and 
relatively simple relationships between the horizontal stress 
index and the coefficient o f lateral earth pressure as well as 
between the dilatometer modulus and the elastic modulus 
(Marchetti 1980 and U.S. Department of Transportation
1992).

3 SOILS SUITED FOR THE DILATOMETER TEST

3.1 General

Due to the limited diameter (60 mm) of the thin flat 
membrane, the DMT is not applicable to all soils. The test 
is best suited for soils finer than sand with gravel and is not 
recommended for rock layers, concretions, cobbles, gravels, 
etc. (U.S. Department of Transportation 1992).

A table has been prepared (Schmertmann 1988) in which 
different soils, taking into account the denseness or 

consistency, are given suitability ranking comprising the 
following categories:

- do not use DMT
- sometimes suitable
- good
- best application

3 .2 In Israel

An indication of the type of soils and their general location 
where the use of the DMT is suitable follows:

- sea and dune sands and slightly cemented dune sands 
(kurkar), along the coastal region

- red silty and clayey sands (hamra) in the Sharon valley

- expansive clays of the Haifa bay, the valleys of Yesre'el 
and Lod, as well as in the low areas of the coastal region

- less expansive clays of Gedera, Hazor and Kiryat Gat
- peat deposits o f the Hula region

- soft alluvial deposits in the Jordan valley

- loess deposits in the NW Negev desert.

It is grossly estimated that the use of the DMT, for 

subsurface exploration, is suitable for the areas having soil 
cover over the rock, except for most of the soils in the 
Arava prairie where a large percentage of gravels and 
boulders is present.

4 PUSHRIG FOR DMT

4.1 G eneral

Any drill rig with a proper hydraulic jacking system, such as 

cone penetration test (CPT) rigs, rigs used for SPT, etc. 
can be used to force the dilatometer blade into the soil. It is 
recognized that dynamic penetration, as the blows of an 
SPT hammer, affects DMT results (U.S. Department of 
Transportation 1992).

Recent experiences to push the dilatometer blade into 
harder penetrating soils by the use of drill (SPT) rigs 
(Marchetti 1996), have indicated that for most o f these rigs:

- the typical pushing capacity is about two tons, and they 
reach refusal at relatively shallow depth (one to two 
meters)

- there is no collar near the ground surface to provide 
guidance against lateral displacement of the rods.

- there is a hinge-type connection in the rods just below 
the pushing head, which may confer much freedom and 
looseness to the rod system

- the distance between the push head of the rig and the 
bottom of the hole is several meters and hence the free 
buckling length of the rods is rather high.

4.2 In  Israel

Most of the drilling for subsurface exploration is being 
performed by drill (SPT) rigs, with only one CPT rig 
presently available in the country.

In harder penetrating soils, the drill (SPT) rigs reach 
refusal after a few meters, at best. After reaching refusal, 
the removal o f soil is required so that the dilatometer blade 
can again be inserted into the boring and a shorter push 

distance will be required to reach the depth of the 
subsequent test. This operation, which is time consuming, 
usually has to be repeated several times for any single 

location of the drill rig, in order to reach the desired final 
depth of investigation.

5 SOILS INVESTIGATION

Highway No. 2 connects the cities of Tel-Aviv and Haifa, 
and passes over the Poleg River south of the city of 
Natania.

A soil investigation was carried out for this highway in the 
vicinity of the Poleg River. It consisted of a relatively large 
number of borings, within the general area, with 10 of them 
having DMTs in close proximity.

The typical soil profile for the area of interest consists of 
a variable layer of fill, underlain by layers that vary from 
poorly graded fine SANDS (SP) to Clayey SANDS (SC), 

extending to an approximate depth of 11 m. Following, are 
alternating layers of Organic CLAYS (OH) and fat CLAYS 
(CH), which reach to an approximate depth of 20 m. A 
relatively thick layer of Clayey SAND (SC) lies below this 
depth.

6 TEST RESULTS

6.1 Grain size distribution versus m aterial index

It was found that the material index (ID) is closely related 
to the prevailing grain size fraction (Marchetti 1980), with 
Id  increasing as the amount of soil fines decreases.

Table 1 shows the empirical correlation proposed for the 
general soil classification, based on ID values.
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DEPTH

BORING No. P-l 

SOIL DESCRIPTION

DILATOMETER TEST No. 1-A 

CLAY SILT SAND

1.00
2.00

Brown SAND, w i t h  
f in es  a n d  t r a c e  of Gravel

3.00

4.00

Brown Clayey SAND

5.00
6.00

Brown S a n d y  CLAY, 
w i t h  Grave l

7.00

8.00

Brown Clayey  SAND

9.00
10.00

Lig h t  g r e y  SAND, 
w i t h  f in e s

11.00
12.00

Black  CLAY

13.00
14.00

15.00

Black  CLAY, w i t h  
n u m b e r  of She l l s

16.00
17.00

18.00

Black  CLAY to  

S an d y  CLAY

19.00

20.00

Black  CLAY

21.00

22.00

Black  S a n d y  CLAY

23.00

24.00

25.00

Brown SAND w i t h  
f i n e s  to  Clayey  SAND

1 .........................t o
MATERIAL INDEX -  In

Figure 1. Correlation between soil classification from samples of boring N o.l and soil classification from the material 

obtaines from the dilatometer test No. 1-A.
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Figure 2. Correlation between overconsolidation radio and 
horizontal stress index for fat CLAY from Poleg site.

Table 1. Proposed soil classification from DMT results.

Id  value Soil classification

0.0 - 0.6 CLAY
0.6 - 1.8 SILT
> 1 .8 SAND

The ID value is a function of the entire grain size 
distribution. Subdivisions within the categories o f Table 1, 
have also been proposed (Marchetti 1980, Marchetti and 
Crapps 1981) to take into account the minor components of 
the soil. These minor components are designated: Clayey, 
Silty and Sandy.

Boring No. P-l was performed June 13 to 16, 1995, 
followed on June 20, 1995 by the adjacent DMT No. 1-A. 

The classification of the soils encountered in Boring No. P-
1 have been placed adjacent to the results o f the DMT No. 
1-A, in Figure 1. The agreement is generally good between 
the soil classification of the samples recovered from the 
boring and that of the Id value from the DMT.

6.2 O verconsolidation ratio versus horizontal stress index

The correlation between the overconsolidation ratio 
(OCR) and the horizontal stress index (KD), obtained from 
the DMT, has been reported by several investigators 
(Marchetti 1980, Mayne 1987, Lacasse and Lunne 1988, 
Chang 1991, Kumei and Iwasaki 1995).

Limited number of consolidation test results are available 
for the fat CLAYS of the Poleg site, which are generally in 
a stiff state of consistency. These soils show rather good 
agreement with the work done by others, as mentioned 
above, and as shown in Figure 2.

6.3 Liquidity index versus dilatom eter m odulus

The liquidity index (Id )  reflects the properties o f natural 
soils (Wu 1967) and is defined as:
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w: in-situ water content - %
PL: plastic limit
PI: plasticity index = LL - PL

LL: liquid limit

The liquidity index is a function of the overconsolidation 
ratio or the preconsolidation pressure and the sensitivity of 

the soil (U.S. Navy 1986). Since there are correlations 
between the overconsolidation ratio and the horizontal 
stress modulus, as seen above, the graph of liquidity index 
versus horizontal stress modulus could also be shown for 
the limited range of sensitivity (about 1 to 3) o f the fat 
CLAYS under consideration. As an alternative, it was 
decided to investigate the possible correlation of the 
liquidity index versus the horizontal stress modulus. A 
straight line relationship is indicated, Figure 3, although at 
this time it is not suggested that a straight line relationship 
is thereby confirmed, and the possibility exists that a curve 
may be more representative. In addition, the straight line 

shown may not hold for other soils.
Nevertheless, the possible correlation between the 

liquidity index and the dilatometer modulus, opens the door 
for further investigation regarding the results obtained from 
the DMT and their correlation to laboratory test results.

D i l a t o m e t e r  m o d u l u s  ( Eq )

Figure 3. Correlation between liquidity index and 
dilatometer modulus for fat CLAY from Poleg site.

3, which, however, may only be representative for the fat 
CLAY tested. In the future, other soils are to be tested so 
that their results can be analyzed and further correlations 
and conclusions reached.
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CONCLUSIONS

1. The flat dilatometer has been used in Israel since the 
year 1995 and is considered suited for a considerable 

number of soils encountered in the country.
2. Thus far, the pushrigs employed for the DMT usually 

consisting of rigs used for standard penetration tests, have 
generally insufficient capacity to push the blade, 
continuously, into harder penetrating soils. Presently the 
Ministry of Housing is encouraging the importation of 
another cone penetration test rig.

3. For the fat CLAY soil considered, the correlation of 
the grain size fraction with the material index on the one 

hand, Figure 1, and the correlation of the overconsolidation 
ratio with the horizontal stress index, on the other hand, 
Figure 2, are similar to those found in other places in the 
world.

4. A straight line relationship was established for the 
graph of dilatometer modulus versus liquidity index, Figure
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