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The Flat Dilatometer Test (DMT): Design Applications 
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ABSTRACT

This paper presents an overview of the Flat Dilatometer Test (DMT) and of its main design applications,
in view of the experience accumulated over the last 25 years. The following applications are outlined: 
determining common soil parameters, settlement prediction, compaction control, detecting slip 
surfaces in clay slopes, evaluating sand liquefiability, design of laterally loaded piles and diaphragm 
walls, subgrade compaction control. The basic differences of the DMT compared to other penetration 
tests are discussed. The newly introduced Seismic Dilatometer (SDMT), combination of the standard 
DMT with a seismic module for measurement of the shear wave velocity VS, is also briefly described. 

1 INTRODUCTION

The in situ Flat Dilatometer Test (DMT) was developed in Italy in the late '70s (Marchetti 1980). 
Initially introduced in North America and Europe, it is currently used in over 40 countries, including 
Australia, both for research and design applications. The test is standardized by ASTM (2001) and in 
the Eurocode 7 (1999). Detailed information on the DMT equipment, test procedure, interpretation 
and design applications can be found in the comprehensive report by the ISSMGE Technical 
Committee TC16 (2001). 

2 TEST DESCRIPTION AND INTERPRETATION 

The flat dilatometer is a steel blade having a flat, circular steel membrane mounted flush on one 
side (Figure 1a). The blade is connected to a control unit on the ground surface by a pneumatic-
electrical tube (transmitting gas pressure and electrical continuity) running through the insertion 
rods. A gas tank, connected to the control unit by a pneumatic cable, supplies the gas pressure 
required to expand the membrane. The control unit is equipped with a pressure regulator, pressure 
gages, an audio-visual signal and vent valves. The blade is advanced into the ground using common 
field equipment, i.e. push rigs normally used for the cone penetration test (CPT) or drill rigs. Push 
rods are used to transfer the thrust from the insertion rig to the blade. 

The general layout of the dilatometer test is shown in Figure 1b. The test starts by inserting the 
dilatometer into the ground. Soon after penetration, by use of the control unit, the operator 
inflates the membrane and takes, in about 1 minute, two readings: (1) the A-pressure, required to 
just begin to move the membrane against the soil ("lift-off"), and (2) the B-pressure, required to 
move the centre of the membrane 1.1 mm against the soil. A third reading C ("closing pressure") can 
also optionally be taken by slowly deflating the membrane soon after B is reached. The blade is 
then advanced into the ground of one depth increment (typically 20 cm) and the procedure for 
taking the A, B readings is repeated at each depth. The pressure readings A, B must then be 

corrected by the values A, B determined by calibration, to take into account the membrane 
stiffness, and converted into p0, p1 as indicated in Table 1. The data p0 and p1 are generally 
interpreted (in "normal" soils) using the correlations reported in Table 1. 

The DMT can test from extremely soft to very stiff soils (clays with undrained shear strength cu

from 2-4 to 1000 kPa, moduli M from 0.4 to 400 MPa). 
An example of DMT results is shown in Figure 2. The results are used as follows: 

The material index ID gives information on soil type (sand, silt, clay). 

M (constrained modulus) and cu (undrained shear strength) are used in the usual ways. 

The profile of the horizontal stress index KD is similar in shape to the profile of the overconsolidation 

ratio OCR. KD  2 indicates in clays OCR = 1, KD > 2 indicates overconsolidation. A first glance at 
the KD profile is helpful to "understand" the deposit. 

3 DMT VS. OTHER PENETRATION TESTS 

(a) Comparative studies have indicated that the DMT – in particular KD – is noticeably reactive to
factors such as stress state/history, prestraining, aging, cementation, structure. Such factors are 
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517Site CharaCteriSation

scarcely felt e.g. by the CPT penetration resistance (see e.g. Huang & Ma 1994) and, in general, by 
cylindrical-conical probes. Yet in many cases such factors have a primary influence on soil behaviour 
(e.g. compressibility, liquefiability of sands). 

(b) The DMT provides two independent parameters, while most penetration tests just provide 
one "primary" parameter (the penetration resistance) for the interpretation. It is known that in situ 
tests represent an "inverse boundary conditions problem", since they measure mixed soil responses 
rather than pure soil properties. In order to isolate pure soil properties, it is necessary to use a 
"triangulation" (a sort of matrix inversion) - possible if more than one response has been measured. 

a) b)

Figure 1. (a) Flat dilatometer. (b) General layout of the flat dilatometer test. 

SYMBOL DESCRIPTION BASIC DMT REDUCTION FORMULAE 

p0 Corrected First Reading p0 = 1.05 (A - ZM + A) - 0.05 (B - ZM - B)

p1 Corrected Second Reading p1 = B - ZM - B

ZM = Gage reading when vented to 

atm. If A & B are measured with 
the same gage used for current 
readings A & B, set ZM = 0 (ZM is 
compensated)

ID Material Index ID = (p1 - p0) / (p0 - u0) u0 = pre-insertion pore pressure 

KD Horizontal Stress Index KD = (p0 - u0) / 'v0 'v0 = pre-insertion overburden stress

ED Dilatometer Modulus ED = 34.7 (p1 - p0) ED is NOT a Young's modulus E. 
ED should be used only AFTER 
combining it with KD (Stress 
History). First obtain MDMT = RM ED,

then e.g. E 0.8 MDMT

K0 Coeff. Earth Pressure in Situ K0,DMT = (KD / 1.5)
0.47 

- 0.6 for ID < 1.2

OCR Overconsolidation Ratio OCRDMT = (0.5 KD)
1.56 for ID < 1.2

cu Undrained Shear Strength cu,DMT = 0.22 'v0 (0.5 KD)
1.25 for ID < 1.2

Friction Angle safe,DMT = 28° + 14.6° log KD - 2.1° log
2
KD for ID > 1.8

ch Coefficient of Consolidation ch,DMTA 7 cm
2
/ tflex tflex from A-log t DMT-A decay curve

kh Coefficient of Permeability kh = ch w / Mh  (Mh K0 MDMT)

Unit Weight and Description (see chart in TC16 2001)  

MDMT = RM ED

if ID 0.6 RM = 0.14 + 2.36 log KD

if ID 3 RM = 0.5 + 2 log KD

if 0.6 < ID < 3 RM = RM,0 + (2.5 - RM,0) log KD

with RM,0 = 0.14 + 0.15 (ID - 0.6)

if KD > 10 RM = 0.32 + 2.18 log KD

M Vertical Drained Constrained 
Modulus 

if RM < 0.85 set RM = 0.85

u0 Equilibrium Pore Pressure u0 = p2 = C - ZM + A In free-draining soils 

Table 1. Basic DMT reduction formulae (TC16 2001) 

Push force provided by 
penetrometer or drill rig 

1) DMT blade 
2) Push rods (e.g. CPT) 
3) Pneumatic-electrical cable 
4) Control unit 
5) Pneumatic cable 
6) Gas tank 

7) Membrane expansion 
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Figure 2. Example of DMT results 

The availability of two independent responses by DMT permits some elementary form of response 
combination (e.g. MDMT is obtained using both p0 and p1). It may be remarked that one of the two 
responses, p0 (hence KD), reflects stress history, a factor often dominating soil behaviour. 

4 SELECTED DMT DESIGN APPLICATIONS 

4.1 Design using soil parameters 

In most cases the DMT is used to determine commonly used geotechnical design parameters (see 
Table 1). In particular, experience has shown that the undrained shear strength cu and the constrained
modulus M obtained by DMT are generally accurate and dependable for design practice. Comparisons 
carried out at several research sites (see TC16 2001) have indicated quite good agreement between 
the profiles of cu and M obtained by DMT and by other reference tests. 

4.2 Settlement prediction 

Predicting settlements of shallow foundations is probably the No. 1 application of the DMT, 
especially in sands, where undisturbed sampling and estimating compressibility are particularly 
difficult. Settlements are generally calculated by means of the traditional linear elastic approach, 

e.g. by the classic 1-D method, with stress increments v calculated by elasticity theory and soil 
moduli (MDMT) determined from DMT. The calculated settlement is meant to be the settlement in 

"working conditions", i.e. for a safety factor Fs  2.5 to 3.5. Details on the methods for settlement 
calculation by DMT and a review of several case histories including comparisons of DMT-predicted 
vs. measured settlements can be found in Monaco et al. (2006). 

Settlements predicted by DMT have been generally found in good agreement with the observed 
settlements for a wide range of soil types (sands, silts, clays and organic soils), settlements (from a 
few mm to over 300 mm) and footing sizes (from small footings to large rafts/embankments). The 
average ratio DMT-calculated/observed settlement for all the documented cases, summarized in 

Figure 3, is  1.3. The band amplitude (ratio between maximum and minimum) of the datapoints in 
Figure 3 is less than 2, i.e. the observed settlement is within ± 50 % from the DMT-predicted 
settlement. Possible reasons of the superior accuracy of settlement predictions by DMT compared to 
other penetration tests, documented by several studies, are believed to be: 
– MDMT routinely takes into account overconsolidation and possible high lateral stresses (incorporated 

via the stress history parameter KD), that reduce considerably soil compressibility. 
– The wedge-shaped tip deforms the soil considerably less than conical tips (Baligh & Scott 1975). 
– The modulus obtained by expanding the DMT membrane (a "mini load test") is physically more 

closely related to in situ soil modulus than a penetration resistance. 
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4.3 Compaction control 

Several studies have presented comparisons of results of CPTs and DMTs performed before/after a 
compaction treatment. Schmertmann et al. (1986) observed that the increase in MDMT after dynamic 
compaction of a sandy soil was approximately twice the increase in qc (CPT). Similar results were 
observed by Jendeby (1992) in monitoring deep vibratory compaction of a loose sand fill. The higher 
sensitivity of MDMT compared to qc was also observed, in a vibroflotation case, by Pasqualini & Rosi 
(1993). The overall available experience (see TC16 2001) suggests that the DMT is well suited to 
detect the benefits of soil improvement, due to its sensitivity to changes of stresses/density in the soil. 

4.4 Detecting slip surfaces in clay slopes 

The DMT permits to verify if a slope in overconsolidated (OC) clays contains active or old (quiescent) 
slip surfaces. The method proposed by Totani et al. (1997) is founded on two elements (Figure 4): 
(a) The sequence of sliding, remoulding and reconsolidation generally creates a zone of nearly 
normally consolidated (NC) clay, with loss of structure, aging or cementation. (b) Since in NC clays 

KD 2, if an OC clay slope contains layers where KD 2, these layers are likely to be part of a slip 
surface (active or quiescent). In essence, the method consists in identifying zones of NC clay in a 
slope which, otherwise, exhibits an OC profile (where typically KD >> 2), using KD = 2 as the identifier 
of the NC zones. The "KD method" has been validated by inclinometers or otherwise documented slip 
surfaces in various OC clay slopes (Totani et al. 1997). The method permits to detect even possible 
quiescent surfaces (not revealed by inclinometers), which could reactivate e.g. after an excavation. 
On the other hand the method itself, unlike inclinometers, does not permit to establish if the slope 
is moving at present and what the movements are. In many cases, DMT and inclinometers can be
used in combination (e.g. use KD profiles to optimize location/depth of inclinometers). 

4.5 Liquefaction 

Correlations for evaluating the liquefaction resistance of sands (cyclic resistance ratio CRR) from KD

have been developed in the last two decades, stimulated by the recognized sensitivity of KD to a 
number of factors which are known to increase liquefaction resistance – difficult to sense by other 
tests – such as stress history, prestraining/aging, cementation, structure, and by the relationship of 
KD to relative density and state parameter. A summary of the available knowledge on the subject 
and the latest version of the CRR-KD correlation, based on all previous data, can be found in Monaco 
et al. (2005). A key element supporting a well-based CRR-KD correlation (Monaco & Schmertmann 2007, 
Monaco & Marchetti 2007) is the ability of KD to reflect aging in sands, a factor that research has 
indicated as having a first order of magnitude influence on liquefaction behaviour. In addition, 
recent experience has pointed out the high sensitivity of KD to "non-textbook" OCR crusts in NC 
sands. Figure 5 summarizes the various correlations developed to estimate CRR from KD (for 
magnitude M = 7.5 earthquakes and clean sand), to be used according to the Seed & Idriss (1971) 
simplified procedure. However, the CRR-KD correlation has been validated vs. a limited liquefaction 
case-history database and additional verification is needed. 
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Figure 5. CRR-KD curves for evaluating liquefaction 
resistance from DMT (Monaco et al. 2005)

Figure 6. (a) DMT blade and seismic module.
(b) Layout of the seismic dilatometer test.

4.6 Laterally loaded piles and diaphragm walls 

The methods currently recommended for deriving P-y curves for laterally loaded piles from DMT 
results are those developed by Robertson et al. (1987) and by Marchetti et al. (1991), both for single 
pile and first time monotonic loading. Independent validations have indicated that the two methods 
provide similar predictions, in good agreement with the observed behaviour. 

Monaco & Marchetti (2004) proposed a tentative correlation for deriving the coefficient of 
subgrade reaction Kh for design of multi-restrained diaphragm walls from the DMT constrained 
modulus MDMT. Monaco & Marchetti (2004) also provided indications on how to select the input 
moduli for FEM analyses (PLAXIS Hardening Soil model) based on MDMT.

4.7 Subgrade compaction control 

The use of the DMT as a fast acceptance tool for subgrade compaction (road rehabilitation project 
in Bangladesh) is described in TC16 (2001). An acceptance MDMT profile was fixed and used as an 
alternative and economical production method for quality control of compaction, with only 
occasional verifications by the originally specified methods (Proctor, CBR, plate load test). 

5 THE SEISMIC DILATOMETER (SDMT) 

The seismic dilatometer (SDMT) is a combination of the standard DMT equipment with a seismic 
module for the measurement of the shear wave velocity VS. First introduced by Hepton (1988), the 
SDMT was subsequently improved at Georgia Tech, Atlanta, USA (Martin & Mayne 1997, 1998; Mayne 
et al. 1999). A new true-interval (two-receiver) SDMT system has been recently developed in Italy. 
The seismic module (Figure 6a) is a cylindrical element placed above the DMT blade, equipped with 
two receivers located at 0.5 m distance. The signal is amplified and digitized at depth. VS (Figure 
6b) is obtained as the ratio between the difference in distance between the shear wave source at 
the surface and the two receivers (S2 - S1) and the delay of the arrival of the impulse from the first 

to the second receiver ( t). VS measurements are obtained every 0.5 m of depth. 
VS measurements by SDMT have been validated by comparison with VS profiles obtained by other 

methods (seismic cone SCPT, Cross-Hole, SASW) at various research sites. The experience gained 
from a large number of SDMTs performed at several sites in recent years (Marchetti et al. 2008) has 
indicated: (a) SDMT provides accurate and highly reproducible measurements of VS, in addition to 
the usual DMT results (e.g. cu, M). (b) Current research investigates the possible use of SDMT for 

deriving in situ decay curves of soil stiffness with strain level (G-  curves or similar) by fitting 
"reference typical-shape" laboratory curves through two moduli – both provided by SDMT – at 
different strains: the small strain shear modulus G0 (from VS) and a working strain modulus 
corresponding to MDMT. (c) SDMT permits to obtain two parallel independent estimates of liquefaction 
resistance CRR, one from VS (by means of well-known CRR-VS correlations, e.g. Andrus & Stokoe 
2000) and one from KD (Figure 5), in the framework of the Seed & Idriss (1971) simplified procedure. 

Robertson & Campanella 1986

Reyna & Chameau 1991

Marchetti 1982 

M = 7.5 
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6 CONCLUSIONS 

The Flat Dilatometer Test (DMT) is a quick, simple, economical, highly reproducible in situ test, 
executable with a variety of field equipment. It provides dependable estimates of various design 
parameters/information (soil type, stress state/history, constrained modulus, undrained shear 
strength in clay, consolidation/flow parameters). 

Based on the available experience, the DMT best applications are: M and cu profiles, predicting 
settlements/deformations, monitoring soil improvement, recognizing soil type, verifying if a clay 
slope contains active/old slip surfaces. The DMT also gives useful information on: OCR and K0 in 
clay, coefficient of consolidation/permeability, sand liquefiability, P-y curves for laterally loaded 
piles, coefficient of subgrade reaction Kh for diaphragm walls, subgrade compaction control. 

The Seismic Dilatometer (SDMT), recently entered into current use, greatly enhances the DMT 
capability. In addition to the usual DMT results, SDMT provides accurate and highly reproducible 
measurements of the shear wave velocity VS – a key input parameter for seismic analyses. Moreover, 
the SDMT provides both the small strain shear modulus G0 (from VS) and a working strain modulus 
(MDMT), basic data for analysis of the non linear soil behaviour. 
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






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             

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            
       

     
    
      

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      
     
     
    
      
    
    
     
     
   
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 
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