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1 INTRODUCTION 
 
This report overviews 13 papers related to the theme 
of "design using in-situ tests" of the 5th international 
conference on geotechnical and geophysical site char-
acterization.  

In-situ testing is a prerequisite for a successful site 
investigation program that leads to a reliable design. 
The contribution of in-situ testing to the design pro-
cess may take various forms, spanning from estima-
tion of specific soil properties, through determination 
of their spatial distribution, and up to global direct de-
sign (see later the concept of "data driven design" pro-
posed by Doherty & Lehane). This broad range of 
topics was clearly felt in the different contributions to 
the session. In the report, the papers are categorized 
as follows:  
 
(i) Studies towards new correlations. 
(ii) Approaches for determination of constitutive 

parameters. 
(iii) Direct use of in-situ test results for design. 
(iv) Reports of site investigations in specific pro-

jects.   

The first category focuses on papers dealing with the 
development of new correlations for certain parame-
ters, without a specific engineering use for design. 
The second category focuses on papers suggesting 
various approaches to establish the non-linear stress-
strain response for numerical simulations. The third 
category focuses on papers suggesting direct utiliza-
tion of in-situ tests for design. The fourth category fo-
cuses on papers reporting specific projects and their 
site investigation programs.  

The majority of the papers (10 of 13) focused on 
the use of CPT/CPTu/SCPT. 3 out of the 13 papers, 
considered also the DMT and SDMT. SPT, DCP, 
PMT, and FVT have received lower attention in this 
session.  
 
2 STUDIES TOWARDS NEW CORRELATIONS  
 
Engineering correlations are among the essential 
tools of design. They enable quick and affordable de-
termination of soil properties based on in-situ tests. 5 
out of the 13 papers presented in the session focused 
on the formulation of new correlations.  

Agaiby & Mayne focused on the formulation of a 
new correlation between the shear wave velocity and 
the preconsolidation stress. They have compiled an 
extensive database, representing 64 sites around the 
world, with 790 samples (and test results) of one-di-
mensional consolidation with their corresponding 
downhole shear wave velocity 𝑉𝑉𝑠𝑠𝑉𝑉𝑠𝑠 (evaluated using 
either by SCPTu or SDMT). Their database contained 
8 sites of normally consolidated clay (OCR≈1) with 
a total of 94 preconsolidation stress, 𝜎𝜎′𝑝𝑝, measure-
ments, 28 sites of lightly overconsolidated clay 
(OCR=1-2) with a total of 392 𝜎𝜎′𝑝𝑝 test values, 19 test 
sites of overconsolidated clay (OCR=2-5) with 204 𝜎𝜎′𝑝𝑝 values, and 9 sites of highly overconsolidated 
(OCR>5) fissured clay (mainly stiff London clay) 
with 100 𝜎𝜎′𝑝𝑝 values. Excluding the fissured clays 
from the database, their regression analysis inferred 
on a unique relation between 𝑉𝑉𝑠𝑠𝑉𝑉𝑠𝑠, 𝜎𝜎′𝑝𝑝, and 𝜎𝜎′𝑣𝑣0 )the 
effective vertical overburden stress): 
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One can rewrite this newly suggested correlation in 
terms of the overconsolidation ratio (OCR) and the 
small strain shear stiffness, Gmax. This results in: 
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where pa is the atmospheric pressure (≈100kPa), Gs is 
the specific weight, and e is the void ratio. Note that 
an assumption of fully saturated soil is involved in the 
above alternative form (required for determination of 
the density for the relation Gmax=Vs

2). 
  As can be seen the exponents of the OCR is quite 
high relatively to that commonly used for clays (e.g. 
Hardin, 1978; Vucetic & Dobry, 1991). This may in-
fer that the regression analysis was governed by the 
low OCR samples, and that the correlation should be 
used with caution for high OCR values, without fur-
ther research and support.  
 Agaiby & Mayne applied their new correlation for 
the estimation of the undrained shear strength, using 
the well-accepted relation of 𝑠𝑠𝑢𝑢 = 𝑆𝑆 ⋅ 𝜎𝜎′𝑣𝑣0 ⋅ 𝑂𝑂𝑂𝑂𝑅𝑅𝑚𝑚. 
Their undrained shear strength predictions are found 
to be in excellent agreement with those determined 
from field and laboratory tests. One can establish an 
expression of the undrained shear strength based on 
the above equations: 
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where S and m may be determined by the shearing 
mode and rate. For triaxial compression test, S and m 
are usually taken as 0.3 and 0.8, respectively. Consid-
ering that (Gs+e)/(1+e) is found in a narrow range of 
about 1.6 to 1.9, one can present a simple expression 
for the ratio of Gmax/suTC: 
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Strictly speaking, the above equation is not a correla-
tion, but a combination of the new correlation with a 
well-accepted expression. As such, it requires further 
validation before it can be used in design.  

Yi & Yi commented on the fact that correlations 
between SPT and shear wave velocity are commonly 
separated into groups of different soils, such as sands, 
silts, clays and gravels. They suggested that the divi-
sion may be avoided by including the fines content 
(FC) in the correlation. Using a total of 188 data sets, 
collected by a specially designed field investigation 
program of Yi (2014), they developed a new correla-
tion to estimate Vs based on three parameters: N60 

(SPT blow count for 60% energy), FC and the mean 
effective confining stress, m' : 

3846.0

0272.00195.0

60

'
4.210 










a

m
s

p
FCNV


 (5) 

A less successful, yet convenient, correlation was 

suggested based on the effective overburden pres-

sure: 

2385.0

0579.00831.0

60

'
157 










a

v
s

p
FCNV


 (6) 

Note that while the correlation is stated to be valid 
also for clean sands, a value of FC = 0 would lead to 
zero shear wave velocity. It is presumed that Yi & Yi 
have associated a value of FC=1% for clean sands 
(based on their Fig.4b lower values).  

It is of interest to compare the newly suggested ex-
pression with those of Wair et al. (2012) who per-
formed an extensive investigation using existing da-
tabases. The expressions of Wair et al. (2012) are of 
the following form: 
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where the values of a, b and c depend on the soil type 
and geological era. Table 1 shows a comparison be-
tween the expressions (in terms of a, b and c) for soils 
with a Holocene geologic epoch. As be seen from the 
table, Vs values based on Wair et al. (2012)'s expres-
sion will increase by 12% when the SPT value is dou-
bled, while values based on the Yi & Yi's expression 
will increase by merely 5%. The Yi & Yi new expres-
sion appears to provide higher shear wave velocities 
than those of Wair et al. (2012) for silty sand. For N60 
of 15 and effective overburden of 100kPa Vs is in the 
range of 227 to 255 m/s (FC=12-90%), whereas for 
the same condition Wair et al.'s expression yields a 
shear wave velocity of 160 m/s. 
 
Table 1. Comparison of Yi & Yi values to those of Wair et al. 
(2012).   

Soil Type a b c 

Wair et al. (2012) 

Silts and Clays 23 0.17 0.32 

Sands 27 0.23 0.25 

All Soils 26 0.215 0.275 

Yi & Yin 

FC=1% 52.34 0.0831 0.2385 

FC=12% 60.44 0.0831 0.2385 

FC=50% 65.65 0.0831 0.2385 

FC=90% 67.92 0.0831 0.2385 

 
Godlewski presented regional correlations suitable 

for the soil conditions in Poland, to be used together 
with their national annex to Eurocode 7. The main ob-
jective of the work was to relate between the DMT 
and CPT results for Polish soils.  

Li et al. examined and developed relation between 
OCR and CPTu test results for cutoff walls made of 
bentonite and natural soil mixtures, as part of an en-
gineering project in Jiangsu, China. A ratio of 0.32 
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was found to exist between normalized cone re-
sistance and laboratory OCR values. The authors also 
evaluated the hydraulic permeability based the CPTu 
dissipation data.  

Mlynarek et al. presented statistical analyses to de-
fine the spatial distribution of soil stiffness using con-
strained moduli values estimated by CPTu test re-
sults. They used 9 soil profiles to define a set of 
coefficients, that are estimated by a least squares 
method and a clustering approach, for the spatial var-
iation between points. 
 
3 APPROACHES FOR DETERMINATION OF 

CONSTITUTIVE PARAMETERS 
 
Fig. 1 shows typical degradation (or stiffness reduc-
tion) curves and the strain range for various geotech-
nical problems. This section provides an overview of 
two papers, presented in the session, aiming to re-
solve the overall (from small to large strains) behav-
ior of the soil using in-situ tests.  

Bosco & Monaco suggested to construct the degra-
dation curve using a few working strain values. In 
specific, the small strain value based on the shear 
wave velocity, and another point, based on the con-
strained modulus at strain levels of the DMT. The 
DMT working strain value is typically in the range of 
0.015-0.3% in sand and 0.23-1.75% in silt. Bosco & 
Monaco utilized Amoroso et al. (2014) hyperbolic 
stress-strain relation for the determination of the 
shape of the degradation curve. They were able to ob-
tain a very good fit with the resonant column test with 
DMT of 0.65%, which is higher than the 0.3% value 
recommended by Amoroso et al. This has led Bosco 
& Monaco to the conclusion that further work, aiming 
at better defining DMT values for different soil, is in 
order.  

Bahar aimed at establishing the complete strain-
range soil response using Menard pressuremeter test, 
for a later numerical determination of the bearing ca-
pacity and settlement of bored piles. The approach 
taken by Bahar involved fitting the test data with a 
numerical analysis (inverse problem solution) involv-
ing the Duncan Chang (1970) model. The approach 
was demonstrated using pressuremeter test results 
from Annaba at east Algeria. Since both cohesion and 
friction were back calculated in the process, their val-
ues had to be evaluated by performing tests at differ-
ent depths. The values defined by this approach were 
used for the design of the El-Djaziar Mosque.  

 
 

4 DIRECT USE OF IN-SITU TEST RESULTS 
FOR DESIGN 

 
More often than not, the process of estimating soil 
properties for design from in-situ tests involves an 
"engineering judgment". This engineering judgment 
may lead to significant variations in the final design 

output, as was demonstrated in the design competi-
tion reported by Lehane et al. (2008). Doherty & Le-
hane presented a vision in which the subjectivity is 
removed from the design process. Their vision relies 
on a process named "data driven design" in which in-
situ data is directly used for the design process, skip-
ping the stage of subjective selection of soil parame-
ters. As a proof of concept, Doherty & Lehane devel-
oped the approach for the problem of laterally loaded 
piles. 
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Figure 1. Typical degradation curve and strain ranges for various 
geotechnical problems, after Atkinson & Sallfors (1991) and 
Mair (1993). 

 
The outcome is an easy-to-use web application 
(Doherty, 2016), which uses CPT data to generate p-
y load transfer function for a Winkler model of later-
ally loaded piles. The p-y functions used in the soft-
ware are those of Suryasentana & Lehane (2014). The 
approach was demonstrated for the pile load test of 
Robertson et al. (1985) with a reasonable success. 
The approach is certainly a first step towards automa-
tion in engineering analysis and design. 

On the same topic, of utilizing CPT results for lat-
erally loaded piles, Qin & Guo investigated the rela-
tion between the cone resistance and the soil lateral 
capacity (pu), aiming to formulate a qc-pu relation. 
They have compared 8, previously conducted, tests of 
laterally loaded piles against the closed form solution 
of Guo (2008) for laterally loaded rigid piles. Their 
investigation resulted in a value of ArD/qc in the range 
of 1.8% to 8.8% (Ar being the gradient of lateral soil 
resistance = dpu/dz). The ultimate lateral soil capacity 
based on the above range falls significantly below 
that based on the expressions of Suryasentana & Le-
hane (2014) (also used in the data driven model pre-
sented earlier). It is possible that this result is limited 
to short (rigid) piles. However, it should be recog-
nized that the analytical model used by Qin & Guo 
was quite constrained; it involved elastic perfectly 
plastic Winkler springs, with linearly increasing re-
sistance with depth. As such, an average value (with 
depth) of qc was used for the investigation. Moreover, 
the model did not consider any potential yielding (or 
deformation) along the pile. The discrepancy between 
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the aforementioned qc-pu relations may well be ex-
plained by these factors.  

Yoon et al. suggested using the Dynamic Cone 
Penetrometer (DCP) for identification of the active 
layer in the regions of freezing and thawing soils. 
Their approach involves evaluation of the differential 
penetration with depth, recognizing the lower bound-
ary of the active layer by a constant and low differen-
tial penetration. Field trials were performed in Sval-
bard Norway, and the results of layer thickness were 
compared with those based on the variation of tem-
perature profile with changing seasons. While the ap-
proach appears to be promising, further research is re-
quired to develop clear guidelines for the routine use 
of DCP for active layer identification. For example, 
research focusing on the dependency of DCP differ-
ential penetration on the temperature and/or season.   

Boldyrev & Novichkov suggested using the auger 
drilling resistance to evaluate soil properties, in a sim-
ilar manner to other penetration tests. For this aim, 
they have presented an analytical solution for the au-
ger resistance to drilling, in terms of torque and axial 
force, considering various input parameters, such as 
rotation speed, linear velocity and soil strength pa-
rameters. However, the solution is based on interface 
strength parameters between the soil and the steel, 
and does not consider aspects of soil volume increase 
or decrease (due to lack of rotation, or excessive rota-
tion, with penetration). The idea requires further de-
velopment before it could generally be used for eval-
uation of soil properties.  
 
6 REPORTS OF SITE INVESTIGATIONS IN 

SPECIFIC PROJECTS 
 
Two papers in the session detailed specific projects in 
which in-situ testing altered the design details or al-
lowed educated design decisions. 

The details of the site investigation program of the 
Smithfield Bypass project, in Queensland Australia, 
were reported by Ezeajugh. In the project, a 2-stage 
site investigation plan was carried out, involving 
CPTu soundings and DCP probing. The second stage 
was performed due to poorly executed dissipation 
tests, which led to an alternation of the design.  

Williams presented two case studies in which ge-
otechnical investigations were performed to evaluate 
the strength of desiccated tailings in Queensland, 
Australia. The CPTu and vane shear tests were used 
in the investigation of both sites. Using trend lines 
and evaluating their intersection with the surface, fol-
lowing Schmertmann (1978) method Williams classi-
fied the state of the material as underconsolidated, 
normally consolidated or overconsolidated. The au-
thor derived a ratio of 0.17 for su/'v0,nc, a somewhat 
lower value than the expected 0.25.  However, for the 
shear strength value from the CPTu a ratio of 0.25 
was obtained.  

 

   
3 SUMMARY  
 
From the selection of papers submitted to the session, 
it appears that the CPT and DMT have been attracting 
greater interest than other in-situ tests. This is proba-
bly the case because SPT, FVT and pressuremeter, 
are so well accepted in routine design that little ad-
vancement can be made with respect to their use. It is 
clear that CPT and DMT have the advantage of sup-
plying spatially continuous data, and hence facilitate 
better understanding of the soil profile, as was 
demonstrated in the session by Mlynarek et al. They 
can also be used for the creation of automatic engi-
neering analysis and design processes as suggested in 
the session by Doherty & Lehane. SCPT and SDMT 
have a clear advantage over other test devices, as they 
provide valuable information both in the small strain 
and large strain ranges. The papers of Agaiby & 
Mayne and Bosco & Monaco are good examples of 
how in-situ small strain and large strain measure-
ments can be combined to result in better estimation 
of soil properties over the complete non-linear stress-
strain range. 
 Since FVT, SPT, DCP and pressuremeter tests will 
remain a vital part of the design process, for years to 
come, improvements in their use are welcome. The 
attempt of Yi & Yi to develop fines content based cor-
relation for the shear wave velocity is a good exam-
ple. The new use of the SPT to identify active layers 
in permafrost regions is another good example. 
 While the ideas and results presented in the session 
appear to be very promising, some of them require 
further support and validation.  
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