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1 INTRODUCTION 

Non-standard geomaterials are defined as those that 
possess one or more of the following criteria: 
 
(a) Classical constitutive models do not necessarily 

offer a close approximation of the soil true na-
ture due to bonding, soil structure, anisotropy, 
unsaturated soil conditions, among other factors. 

(b) The soil state is variable due to complex geolog-
ical processes and depositional conditions. 

(c) These soils are difficult to sample and the soil 
structure cannot be reproduced in the laboratory. 

(d) Little systematic experience has been gathered 
and reported, and values of parameters are out-
side the range that would be expected for more 
commonly encountered soils such as sand and 
clay formations of sedimentary deposits. 

Table 1 gives an overview of the essential features 
associated to natural soils and man-made geomaterials. 
Regarding type of soil properties covered, there is 
scope to evaluate the cohesive-frictional nature of 
soils (hard soils and soft rocks, residual soil for-
mations), the susceptibility to mineral crushing and 
to the breakage of natural cementation (calcareous 
sand, volcanic soil formations), high compressibility 
(very soft clays, volcanic soils, tailings), susceptibil-
ity to flow instability and dynamic liquefaction 
(sand, tailings), rheological effects due to physical 
and chemical alterations (waste repositories).  

Based on the general picture provided in this in-
troduction and the review of the papers, it was de-
cided to use this session report to discuss the follow-
ing selected topics: 

 
a) Residual soil formations 
b) Difficult soft soils 
c) Permafrost conditions 
d) Tailings   

2 RESIDUAL SOIL FORMATIONS 

Characterization and assessment of geotechnical 
properties of residual soils is a complex subject giv-
en the fact that these soil formations are a product of 
the physical, chemical and biological weathering 
processes of the rock. This in situ decomposition of 
the parent rock and rock minerals produces charac-
teristic features of mechanical behavior that cannot 
be necessarily approached by conventional geotech-
nical design methods (Schnaid et al, 2004; Schnaid 
& Huat, 2012).  

For example, one could consider the evaluation of 
the peak friction angle from standard interpretation 
methods developed for cohesionless soils from CPT 
measurements (e.g. Lunne et al, 1997; Mayne, 2005; 
Schnaid & Huat, 2012). Since one measured pa-
rameter (qt) cannot be associate to the 2 shear 
strength components (c´ and ´), in bonded soils the 
contribution of the cohesive component linking par-
ticles is disregarded, which impacts the predicted 
shear strength: by ignoring the soil cohesion inter-
cept (c´=0) the predicted friction angle ´ is crudely 
overestimated (up to 5 degrees).  
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Table 1. Non-standard materials (modified from Schnaid et al, 
2004) 

Natural deposits 

 

Main Features of behaviour  

Hard soils, soft rocks, 

residual soils  

Bonding and structured  

Cohesive-frictional nature  

Anisotropy derived from relic 

structures  

Unsaturated soil conditions  

Calcareous sand  Susceptible to post-depositional 

physical and chemical alterations,  

Fairly compressible 

Crushability and interparticle cemen-

tation 

Transitional soils Conditions of drainage are diffi-

cult to determine  

Coarse-grained ce-

mented aged materials  

Sufficient high permeability to 

ensure drained conditions  

Important influence of aging and 

cementation  

Susceptible to erosion and lique-

faction  

Volcanic soils  Low specific gravity and angular 

crushable grains  

Often high compressibility  

Susceptible to liquefaction 

Difficult soft soil con-

ditions  

Peat layers impart considerable 

spatial variations in water content 

and index properties  

Organic content has a strong impact 

on soil fabric and mechanical proper 

Extremely soft and compressible 

ties  

Permafrost Fine to coarse-grained materials  

Low water content 

 

Man-made mate-

rials 

 

Main characteristics 

Earth-fills and im-

proved ground  

Void ratio and structure con-

trolled by the mode of placement 

and/or by compaction  

Anisotropy and stress history   

Tailings  Stratified and layered, the particle 

size ranging from coarse rock to clay 

size  

Mechanical properties vary with 

ore type, method of placement, loca-

tion, exposure to evaporation, ageing 

Susceptible to flow and dynamic 

liquefaction  

Waste repositories  Rheological effects due to physical 

and chemical alterations  

 
Under unsaturated soil conditions, penetration tests 
offer no more than some crude information of soil 
behaviour since the role of matrix suction is not (and 

cannot) be accounted for. Pressuremeter and plate 
loading tests combined to suction measurements be-
come the only viable means of assessing soil param-
eters (e.g. Schnaid et al, 2004). Thus, local valida-
tion of interpretation methods developed for 
textbook approaches is an essential recommendation 
in these soil formations.  

Ground investigation of residual soils often re-
veals weathered profiles exhibiting high heterogenei-
ty on both vertical and horizontal directions, com-
plex structural arrangements, expectancy of 
pronounced metastability due to decomposition and 
lixiviation processes, presence of rock block, boul-
ders, among others (e.g. Novais Ferreira, 1985; Var-
gas, 1974). Factors affecting swelling and shrinking 
of soils in relation to soil properties, environmental 
effects and state of stress are complex and damage 
losses attributed to these problems demand continu-
ous research on soil-structure interactions.  

Expansive soils are those which swell considera-
bly on absorption of water and shrink on the removal 
of water. The seasonal moisture variation in such 
soil deposits around and beneath the structure results 
into subsequent upward and downward movements 
of structures leading to structural damage, in the 
form of wide cracks in the wall and distortion of 
floors. The work by Denis, Fabre & Lataste presents 
the results of in situ monitoring of the behavior of 
the Brach clay geological formation over six consec-
utive years, using various instruments such as bore-
hole extensometers, hygrometers and a meteorologi-
cal station. Displacement measurements (shrinkage 
and swelling) recorded at the experimental site were 
then related to soil moisture and temperature varia-
tions, which were in turn related to climatic varia-
tions observed at the site. The clay content in this 
formation ranges from 10% to 83% and consists es-
sentially of kaolinite [60; 88%], and illite (musco-
vite) [9; 20%] with very few smectites [2; 10%]. The 
variation in water content between wet and dry peri-
ods was of the order of 20% at a depth of 1.5m, re-
ducing with depth to value of the order of 6% to 
12% at 3m (see Figure 1). These water content varia-
tions, along the first 3m, are reported to contribute to 
50% of the overall measured displacements of up to 
8mm, undergoing several cycles of swelling and 
shrinkage. The accumulated hydrical condition, de-
fined as a function of rain fall and potential evapo-
transportation over a period of time, was found to be 
a good indicator of the behaviour of soil. Figure 1. 
Soil moisture profiles from 2009, 2010, 2011 and 
2015 (Denis, Fabre & Lataste) 
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Figure 1. Soil moisture profiles from 2009, 2010, 2011 and 
2015 (Denis, Fabre & Lataste) 

 
We recall that accurate determination of the particle 
size distribution is an essential step towards the as-
sessment of the geotechnical performance of build-
ings in clay, as the clay content of the soil is used to 
determine the activity of a soil.  Kaur & Fanourakis 
present a discussion on the influence of phosphate 
dispersing agents on particle size distribution of soil 
fines. Dispersants de-flocculate solids and thus sig-
nificantly reduce the viscosity of the dispersion 
paste. In the study, the authors mixed different quan-
tities of dispersing agents with about 400 ml of dis-
tilled water to evaluate the effect of volume and 
concentration of calgon, sodium pyrophosphate dec-
ahydrate and sodium tetra pyrophosphate on hy-
drometer readings. Results such as those illustrate in 
Figure 2 demonstrate that with the increase in the 
concentration and volume of the dispersing agents, 
there is increase in the hydrometer readings. With 
calgon the hydrometer readings varied from 5 to 47 
g/litre, which is attributed to the increase is the ag-
gregation of uniformed sized solid particles of dis-
persing agent in the hydrometer cylinder, increasing 
the density of the solution in the zones measured by 
the hydrometer. The use of dispersants in higher 
concentrations thus produced anomalous increases in 
the hydrometer readings, affecting the fine soil parti-
cle size distribution analyses.  

 
 
 
 
 
 

 
 
 
 

 
Figure 2. Effect of volume and concentration of calgon on clay 
size period readings (Kaur & Fanourakis)  

 
Continuous research is necessary to identify index 
properties, structure and mineralogy criteria for iden-
tification and behaviour of clay under shrinkage, 
swelling, or soil collapsibility.  

3   DIFFICULT SOFT SOIL CONDITIONS 

Very soft and extremely compressible clay deposits 
present very special problems of engineering design, 
where the construction of different structures has 
always been associated with stability problems and 
settlements. The presence of organic matter can have 
undesirable effects: the bearing capacity is reduced, 
the compressibility is increased, swelling and 
shrinkage potential is increased due to organic con-
tent.   
 

 

Figure 3.  Typical CPTU profile (Hayashi & Hayashi) 
 
An interesting case study is reported by Hayashi & 
Hayashi on 4 different peat sites in Hokkaido, Japan, 
where CPTu data are analyzed against K0 consoli-
dated-undrained triaxial compression tests to deter-
mine the undrained shear strength su. The undis-
turbed samples were collected using a thin-wall 
sampler with a fixed piston. The engineering proper-
ties of soils at the investigation sites reveal water 
contents ranging typically between 300 and 900%, in 
situ void ratios from 8 to 15 and compression index 
Cc from 5 to 10. Figure 3 shows the depth distribu-
tion results of a typical CPT profile (qt, fs and u).  
Large excess pore water pressures were generated in 
both the peat and clay layers, yielding Bq values tipi-
cally in the 0.3 to 0.4 range. The qt in the peat layer 
(qt = 0.33-0.71 MPa) was lower than values usually 
reported for clay, which indicates that the peat layer 
is very soft.  In this study, an average Nkt=21 of peat 
was used to calculate the undrained shear strength su.  

In contrast to previous reported data, Nkt values 
exhibited little scatter. Take for example the results 
from Almeida el al (2010) for the cone factor ob-
tained using corrected tip resistance and su from 
vane tests in the soft to very soft soils from the Bra-
zilian coast (Figure 4). In peat soils, Nkt can be either 
very low (3, due to the contribution of entrapped 
gas bubbles to the soil coming from the organic mat-
ter) or relatively high (16 or more, which is often at-
tributed to partial drained effects when the vane un-
drained shear strength is used as reference).  
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4   PERMAFROST CONDITIONS 

 
Figure 4. Calculated Nkt factors for soft clay deposits (Almeida 
et al, 2010) 

The potential reserve of oil and gas resources in the 
Arctic regions has led to increased attention from oil 
companies in the site characterization of permafrost. 
Continuous efforts have been placed on sampling 
and testing to determining index and geotechnical 
properties of these soil formations, especially in fi-
ne-grained soils. Yet, few studies have reported de-
velopments in drilling equipment that can handle 
coarse-grained soils.  
  Le presents an interesting case from a project per-
formed in coarse-grained permafrost on Svalbard, an 
island north of mainland Europe, midway between 
continental Norway and the North Pole. The site 
consists of well-graded materials with particles vary-
ing between gravel and silts. The investigation de-
scribed in the paper was conducted using four differ-
ent techniques comprising a permafrost corer, the 
Atlas Copco core barrel, the Moraine percussion 
sampler and a conventional auger sampler. The per-
mafrost corer used in the investigation is illustrated 
in Figure 5, showing a cutting tool with a wall thick-
ness of 15mm that has the ability to cut cores with a 
diameter of 45mm. The authors reports that none of 
the methods tested were able to cut or retrieve undis-
turbed cores in the low water/ice content and coarse-
grained permafrost in Svalbard. Under low water 
content, the few frozen bonds cannot hold the soil 
particles together during the drilling process. The 
permafrost corer and the Atlas Copco core could not 
cut through coarse-grained loose permafrost, where-
as the Moraine percussion sampler and a conven-
tional auger sampler retrieved highly remolded sam-
ples.  

 
 
 

Figure 5. Permafrost corer (a) assembled (b) drill bit (c) cutting 
tool (d) poly-crystalline diamond composite inserts (Le) 

5   TAILINGS 

The disposal of large volumes of waste produced in 
mining operations and metal processing industries is 
increasing the demand for larger and higher storage 
facilities, which as a consequence increases the envi-
ronmental risk of contamination of the surrounding 
natural ground and groundwater. There are no papers 
under review in this subject, but some comments are 
made to contextualize the topic in the overall theme 
of this Report.   
 In tailings spatial variability, rate of penetration 
and influence of fine contests are among the most 
important factors affecting cone (and SPT) penetra-
tion and pore pressure measurements. These aspects 
are often neglected in data interpretation, inducing 
errors in the analysis of test results when estimating 
the coefficient of consolidation, the undrained shear 
strength, and the characterization of soil conditions 
and potential to liquefaction. Among major concerns 
is the flow instability and dynamic liquefaction of 
tailing deposits that has been reported to produce 
devastating environmental effects due to partial or 
overall failure of the perimeter dike or dike founda-
tion. During the past decade, several simplified pro-
cedures have been proposed for assessing soil lique-
faction in granular deposits. Methods are based on 
indices or non-dimensional parameters based on 
strength (e.g. Seed, 1979; Tokimatsu, 1988; Seed et 
al, 1985; Robertson & Wride, 1997) and dynamic 
shear stiffness (e.g. Stokoe et al, 1988; Tokimatsu et 
al, 1995; Robertson et al, 1992), as well as on the 
combined values of strength and stiffness measure-
ments (Schnaid, 2005; Schnaid and Yu, 2007; Roy, 
2008). These approaches were developed for clean 
sands and the influence of fine contents has to be 
empirically addressed (bear in mind that liquefaction 
is covered in another Session Report of this Confer-
ence).  

As for the drainage conditions, previous research 
has identified the need to account for the effects of 
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probe size, testing rates and soil consolidation char-
acteristics when evaluating the response of piezo-
cone penetration (Randolph and Hope, 2004), vane 
rotation (Blight, 1968) and dilatometer expansion 
(Schnaid et al, 2016). For the CPTU, normalization 
of penetration results can be represented by an ana-
lytical curve of either penetration resistance or pene-
tration pore pressures plotted against normalized 
penetration velocity V defined as (Randolph and 
Hope, 2004): 
  

v
c

vd
Vv            or       

h
c

vd
Vh   (1) 

 
where v is the penetrometer velocity, d is the probe 
diameter and ch (or cv) is the coefficient of consoli-
dation. This normalized penetration rate V has been 
successfully used for the data analysis of various 
penetration tests, indicating that fully undrained pen-
etration typically occurs when Vv is larger than about 
30 to100 and fully drained penetration occurs when 
Vv is less than about 0.03–0.01 (e.g. Randolph, 
2004). Although equation (1) captures the key ele-
ments which needed to be considered for in situ test-
ing interpretation in transient soils, uncertainties on 
how to apply the method in tailings have been rec-
ognized. An operative coefficient of consolidation 
for the soil adjacent to the cone has to be arbitrarily 
selected, but an average vertical coefficient of con-
solidation cv measured from laboratory one-
dimensional (1D) consolidation data cannot be used: 
the shortcomings of sampling tailings are well rec-
ognized. An average ch measured in a piezocone dis-
sipation test is inaccurate due to partial consolidation 
taking place during cone penetration. Finally, the 
determination of phreatic surface location for 
tailings and tailing-retention structures is not always 
precise, being influenced by pond location, 
anisotropic permeability of deposits, boundary flow 
conditions including the presence of permeable 
layers and drains, among other factors.  

 
 

6    CONCLUDING REMARKS 

The conclusions drawn at the ISC´2 Keynote Lecture 
by Schnaid et al (2004) remain to a large extent still 
valid: “Although we believe we are making steady 
progress in our ability to measure properties in a 
wide range of geomaterials, interpretation of in situ 
tests is still very problematic…. In the light of recent 
recognition of aspects such as structural effects, soil 
non-linearity and unsaturated soil conditions, there is 
a new opportunity to make significant improvement 
in methods for predicting behaviour from in situ 
tests. This is of fundamental importance in soils 
where constitutive parameters cannot be measured 
from laboratory tests in routine site investigation 
practice”.   

Twelve years later, there is still a clear need to ex-
tend the current interpretation methods developed 
for sand and clay to other geomaterials to enhance 
our ability in assessing soil type and estimating ge-
otechnical design parameters. Compared with trans-
ported cemented soils, the knowledge and under-
standing of the engineering behaviour of many 
natural soils and man-made materials is not as com-
prehensive. Yet relatively few contributions have 
been made at ISC´5 to this field and it is not possible 
to draw general conclusions from the submitted pa-
pers.  

In general, non-standard  geomaterials are diffi-
cult to sample, the soil structure cannot be easily  re-
produced in the laboratory and our ability in charac-
terizing the mechanical behaviour and geotechnical 
properties from in situ testing is limited.  
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