
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


1 INTRODUCTION 

Since the flat dilatometer test (DMT) was developed 
some 35 years (Marchetti 1980), it has been widely 
used to assess soil parameters. In a DMT, the DMT 
blade is pushed into the soil to a tested depth, and 
then the diaphragm is inflated and three pressure 
measurements (p0, p1, and p2) are recorded. The p0 is 
the lift-off pressure, p1 is the pressure corresponding 
to 1.1 mm of membrane deflection, and p2 is the 
closing pressure taken by slowly deflecting the 
membrane after p1 is reached. The blade is then 
pushed into the ground of one depth increment (usu-
ally 0.2 m).  Results of the DMT are commonly pre-
sented in three indices, the material index, ID, the 
horizontal stress index, KD and the dilatometer mod-
ulus, ED, calculated from p0 and p1. These indices 
are used to interpret various soil parameters. Empiri-
cal correlations are often used in the interpretation. 

This paper presents the DMT results conducted at 
two sites in Ontario, Canada: one in the City of To-
ronto; and another in the Town of Bradford West 
Gwillimbury, north of Toronto. Semi-theoretical 
formulas developed from the cavity expansion theo-
ry in the modified Cam clay (MCC) model are ap-
plied to estimate the undrained shear strength (cu) 
and overconsolidation ratio (OCR) using p0 and p1. 
These formulas are evaluated by comparing OCR 
and cu profiles interpreted from DMT measurements 
with corresponding direct measurements from the 
field vane shear tests, triaxial tests and/or the oe-
dometer (one dimensional consolidation) tests in the 

silty clay and silty clay till in Ontario. The unit 
weight and modulus estimated from some empirical 
correlations using the DMT measurements are also 
discussed. 

2 SITE CONDITION AND DMT 

2.1 A high-rise building site  

The project site is located at the north-east corner of 
Yonge Street and Eglinton Avenue East in the City 
of Toronto, Ontario. Lake Ontario is approximately 
7 km south of the project site. The project is located 
within the physiographic region knows as the Peel 
Plain. Most of the tableland area consists of till part-
ly modified by the former presence of shallow gla-
cial lakes or post-glacial erosion features. The till in 
the project site is mapped as Halton Till which is 
generally considered as a fine-grained diamicton 
with minor fine-grained lacustrine sediments incor-
porated within the body of the unit, likely from gla-
cial reworking of underlying lacustrine sediments.  
This till is typically stiff to hard in consistency, 
though near the ground surface, weathering can de-
grade it to consistencies ranging from soft to firm. 
The till consists of a heterogeneous mixture of grav-
el, sand, silt and clay size particles in varying pro-
portions. Cobbles and boulders are common in the 
deposits. 

Traditionally the standard penetration test (SPT), 
which is a rapid, simple and economical test, is 
widely adopted to  assess  the  properties  of  glacial  
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Figure 1. SPTs and DMTs at a high-rise building site.  

tills in Ontario. SPTs were carried out and the num-
ber of blows was recorded for each of three 152 mm 
(6 in) penetrations; the first generally is considered 
as a seating drive and the number of blows for the 
final 305 mm (12 in) is reported as the standard pen-
etration resistance or N value. When the blow num-
ber reaches 50, SPT usually stops as it is considered 
as actually refused and the penetration depth is 
roughly measured. When SPT N-value was greater 
than 50, the  N value was generally calculated from 
50 times the ratio of the 305 mm equivalent depth 
over the measured penetration depth in this paper for 
the purpose of comparison, i.e. calculated N = rec-
orded N x (305/measured penetration depth in mm). 
If the calculated N-value is greater than 200, the cal-
culated N was taken as 200. Figure 1 shows a typical 
profile of SPT N-values with depth at this high-rise 
building site. 

Based on the information from boreholes and 
SPT N-values, the native soils below the fill material 
generally consist of upper very stiff to hard clayey 
silt till and stiff to hard silty clay, middle very dense 
cohesionless water bearing soil deposits (SPT N-
values > 50), underlain by lower very stiff to hard 
silty clay and silty clay till (SPT N-values < 50). Co-
hesionless water bearing soils were encountered in 
the boreholes below depths varying from 6 to 8 m 
below the existing grade and continued to depths 
varying from 28.5 to 30.5 m. Groundwater levels in 
the monitoring wells were recorded at depths of 13.3 
to 16.2 m below existing ground surface, corre-
sponding to Elevations 147.3 to 149.9 m. 

The differences of the lower silty clay and silty 
clay till are in the grain size distribution, nature wa-
ter content, Atterberg limits. The silty clay till con- 

tains up to 2% gravel, 13% to 29% sand, 47% to 
57% silt, and 22% to 32% clay size particles, where-
as the silty clay contains generally less than 10% 
sand, 40% to 49% silt and 43% to 57% clay size par-
ticles. The silty clay till has liquid limits of 22 to 29, 
plastic limits of 15 to 18 and plasticity indices of 7 
to 12, whereas the silty clay has liquid limits of 27 to 
44, plastic limits of 18 to 23 and plasticity indices of 
8 to 21. The natural water content of silty clay till 
ranges from 9% to 16%, whereas the silty clay has 
12% to 29% of water content. The unit weight of 
silty clay till ranges from 21 to 22.5 kN/m3, whereas 
the unit weight of silty clay ranges from 20 to 21 
kN/m3. The initial void ratio is 0.28 for the silty clay 
till and between 0.55 and 0.66 for the silty clay.  The 
effective angle of internal friction measured from the 
triaxial tests ranges from 33o to 36o. The undrained 
shear strength obtained from triaxial test for one silty 
clay sample consolidated under the in-situ effective 
vertical stress is 320 kPa. The OCR calculated from 
the one dimensional consolidation tests and unit 
weight indicated the silty clay and silty clay till were 
normally consolidated to slightly overconsolidated.  

As the lower silty clay and silty clay till are rela-
tively weaker than the overlain very dense soils 
based on SPT N-values, the influence of the relative-
ly weak deposits to the foundation of the high-rise 
building was concerned. The DMTs with shear wave 
measurements were carried out to evaluate the in-
situ geotechnical parameters related to deformation 
properties of the lower silty clay and silty clay till. 
The DMT measurements (p0, p1, and p2) at the deep 
silty clay and silty clay till are shown in Figure 1. 
The measured shear velocity, Vs ranges from 468 to  
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Figure 2. SPTs and DMTs at a pumping station site. 

508 m/s and the maximum shear modulus, Go calcu-
lated from the Vs ranges from 449 to 664 MPa. 

In addition, preboring TEXAM pressuremeter 
tests and cross-hole seismic tests measurements car-
ried out for another project located about 50 to 200 
m from this site were also collected. The pressure-
meter modulus for the lower silty clay ranges from 
79 to 163 MPa. The shear wave velocity measured 
from the cross-hole seismic testing in the lower silty 
clay ranges from 561 to 618 m/s, generally higher 
than that measured by the two geophones installed in 
the DMT.       

2.2 A pumping station site 

The project site is located at the north-east corner of 
Line 5 and Highway 400 in the Town of Bradford 
West Gwillimbury, Ontario. Lake Ontario is approx-
imately 60 km south of the project site. The surficial 
geology of the project site is relatively consistent, 
typically consisting of Schomberg Clay overlying 
Late Wisconsin Age drumlinized glacial till of 
brown to grey, gritty silty clay to clayey silt till. The 
texture of the glacial till is primarily low plasticity 
silty clay or less cohesive, but well-consolidated 
sandy silt with some rock fragments.  

Based on the information from boreholes and 
SPT N-values, the native soils below the fill material 
generally consist of firm to hard silty clay embedded 
with stiff to hard silty clay till and compact silt at the 
pumping station site. Groundwater levels in the 
monitoring well was recorded at a depth of 4.5 m be-
low existing ground surface, corresponding to Eleva-
tion 219.7 m. Figure 2 shows a typical profile of 
SPT N-values  with  depth   at  this  pumping  station  

site. The DMT measurements (p0, p1, and p2) and 
calculated ID are also shown in Figure 2. Marchetti 
(2015) indicted that the very low values of ID suggest 
that the soil is a so-called “niche silt” or “very clay-
ey” clay and difference between p0 and p1 is too low, 
from which the parameters (ID, KD and ED) derived 
cannot be determined.  

The silty clay contains generally less than 10% 
sand, 44% to 80% silt and 20% to 51% clay size par-
ticles, and has liquid limits of 22 to 38, plastic limits 
of 15 to 22 and plasticity indices of 7 to 18, with the 
natural water content of 11% to 33%. The unit 
weight of silty clay is 19.0 to 22.9 kN/m3 with an 
average value of 20.6 kN/m3. The initial void ratio 
ranges from 0.54 to 0.6 for the silty clay. The un-
drained shear strength measured from the field vane 
shear tests ranges from 24 to greater than 115 kPa. 
The overconsolidation ratio (OCR) calculated from 
the one dimensional consolidation tests and unit 
weight indicated the silty clay and silty clay till were 
normally consolidated to slightly overconsolidated.      

The silty clay till has a similar properties with the 
silty clay, except that the silty clay till contains 0% 
to 9% gravel, 11% to 44% sand, 36% to 61% silt and 
12% to 39% clay size particles, and its unit weight 
ranges from 20.9 to 22.9 kN/m3 with an average val-
ue of 22.2 kN/m3.  

3 INTERPRETATION OF DMT RESULTS AND 
DISCUSSIONS 

The DMT results have been used to estimate the 
OCR, cu, unit weight and constrained modulus based 
on KD and/or MD using the methods proposed by 
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Marchetti (1980) and Marchetti et al. (2001). Due to 
the highly empirical nature, these methods of inter-
pretation of the DMT have not been universally ac-
cepted. 

Based on simplified theoretical solutions of cavity
expansion in modified Cam clay, Cao (1997) and 
Cao et al. (2015) proposed the following semi-
theoretical relationships to estimate the OCR and cu

from the DMT measurements p0 and p1: 
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where σo = initial mean total stress; σ'o = initial 
mean effective stress; M = critical state parameter or 
slope of critical state line and is equal to 6sinφ′/(3 
conventional triaxial compression tests; Λ = plastic 
volumetric strain ratio ≈ (Cc - Cr)/Cc; Cc = compres-
sion index; Cr = recompression index; Ir = rigidity 
index = G/cu; and G =  shear modulus. 

For the silty clay and silty clay till in Ontario, Ir

normally ranges from 45 to 140, the effective fric-
tion angle from 30o to 36o and Λ from  0.82 to  0.86 

Figure 3.  Predicted versus measure OCR. 

based on limited laboratory test results.  In cases 
where the soil properties are not available, average 
value of Ir = 90, φ′ = 33o and Λ = 0.84 can be adopt-
ed in Equations (1) to (4) for approximate estimates 
of OCR and cu profiles using the readings p0 and p1

measured from the DMT. For normally to overcon-
solidated clay (OCR ≥ 1), the simplified expressions 
of Equations (1) to (4) become 
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If the OCR estimated from Equations (5) to (6) is 
less than 1, it should be taken as 1. 

Figure 3 shows the OCR profiles developed using 
Equations (5) and (6) for the silty clay and silty clay 
till at the two sites in Ontario.  At the high-rise 
building site in Toronto, the predicted OCR values 
are closed to that measured by the oedometer test for 
a silty clay sample taken at a location about 200 m 
from the DMT location. The values of the predicted 
OCR are also close to the oedometer measured data 
for the silty clay at the pumping station site. The 
OCR values estimated using Marchetti's (1980) cor-
relations, OCR = (0.5KD)1.56 and  KD = (p0 – uo)/σ'vo,  
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Figure 4.  Predicted versus measure cu.  

are found to have overestimated the OCR values for 
the Ontario silty clay and silty clay till, as illustrated 
in Figure 3. 

Figure 4 shows the cu profiles estimated using 
Equations (7) and (8) for the silty cay and silty clay 
till at the two sites in Ontario.  The predicted cu val-
ues are generally in good agreement with those 
measured in the field vane test (FVT) at the pumping 
station site. The predicted cu values are close to that 
measured from isotropic consolidated undrained tri-
axial test (CIUC) for a silty clay sample taken at a 5 
m higher level at a location about 200 m from the 
DMT location at the high-rise building site. The cu

values deduced from Marchetti's (1980) correlation 
cu = 0.22σ'vo(0.5KD)1.25 are generally overestimated 
the cu values for the Ontario silty clay and silty clay 
till, as shown in Figure 4. 

It is noted that the unit weight based on ID and ED

as proposed by Marchetti et al. (2001) is generally 
underestimated for the Ontario silty clay and silty 
clay till. The estimated unit weight ranges from 17 to 
18 kN/m3 based on the vales of ID and MD as pro-
posed by Marchetti et al. (2001), whereas the unit 
weight of the silty clay and silty clay till measured 
from laboratory tests is generally greater than 20 
kN/m3 at the two sites. 

At the high-rise building site, the constrained 
modulus estimated from ED and KD using the formu-
la proposed by Marchetti et al. (2001) ranges from 
30 to 100 MPa, corresponding to Young’s modulus 
of 21 to 77 MPa using a Poission’s ratio of 0.3. The 
pressuremeter modulus obtained from preboring 
TEXAM pressuremeter testing in the silty clay at the 
similar elevation at a location  of  about  50 m  from 

the DMT site ranges from 79 to 162.8 MPa. It seems 
that the formula proposed by Marchetti et al. (2001) 
underestimates the modulus of the Ontario silty clay 
and silty clay till.     

4 CONCLUSION 

Semi-theoretical formulas developed from the modi-
fied Cam clay (MCC) model were used to estimate 
the overconsolidation ratio and undrained shear 
strength for the silty clay and silty clay till in Ontar-
io. A comparison of estimated OCR and cu values  
based on the proposed methods with direct meas-
urements by other independent means indicates the 
validity of the proposed approach. The empirical 
equations proposed by Marchetti's (1980) generally 
overestimate the OCR and cu for the silty clay and 
silty clay till in Ontario. 

The unit weight and modulus using the methods 
proposed by Marchetti et al. (2001) are generally un-
derestimated for the silty clay and silty clay till in 
Ontario. 
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