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Cerchar Abrasivity test

in tunnelling: a modified
version for evaluating the
performance of conditioning
agents as wear preventers

The Cerchar Abrasivity test is used for assessing the abrasion of rock due to its simplicity and fast
execution and it is considered one of the main wear indexes in tunnelling. Despite in standard
condition the test is performed on a dry surface of a rock sample, this study introduces the pos-
sibility to carry out the test on a conditioned surface. In details, this work compares the Cerchar
Abrasivity Index (CAl) results of rock specimens subjected to three conditions: dry, saturated with
water, and saturated with a polymeric slurry.

First, dry samples were prepared according to the standard procedure while the second and the
third sets have been planned in order to simulated the injection of water and polymers respecti-
vely, a practise that is nowadays accepted in construction site where rock TBMs are adopted.
Results put dlight that the use of conditioning such as water and polymeric slurry on the rock
leads to a reduction of the wear potential of the rock itself. Notably, the rock specimen treated
with the polymer slurry exhibited the lower value of CAI (with a reduction of 34% compared to
the dry sample). The potential benefits of use specific preventing-wear polymer in rock excava-

tion is in conclusion analysed.

Keywords: cerchar abrasivity test (CAl), wear, conditioning, anti-wear polymer.

1. Introduction

The prediction of the TBM per-
formances in tunnelling is not a
simple issue (Cardu et al., 2021),
especially when wear phenomena
are present. Wear is a critical is-
sue affecting excavation projects,
directly influencing productivity
and operational costs irrespective
of the excavation is performed in
soil orin rock (Salazaretal., 2016a;
Salazaretal., 2016b). Several diffe-
rent factors have to be considered
when investigating the wear pro-
cess, such as the excavated mate-
rial proprieties, the water content,
the relative quartz content, the
excavation technique, the cha-
racteristics of the cutting tools,
etc. (Alber, 2008; Rostami et al.,
2014; Kasling et. al, 2018; Plinnin-
ger et al., 2004).

As concerning tunnelling in

rocks, the key issue is the pressure
needed on cutters to achieve the
rock demolition (Peila et al., 2022)
but the wear phenomenon cannot
be neglected. A fundamental con-
cern in underground constructions
is the capacity of tools to with-
stand abrasive phenomenon due
to the friction between tools and
rock, which can lead to premature
wear and substituting cutting to-
ols. The necessity to forecast the
wear potential of a rock also in
the preliminary phase of a tunnel
project has led to consider this is-
sue in the NTNU prediction model
(Bruland, 1998) even if in order to
be correctly applied, this model ne-
eds a specific set of test on both in-
teger rock and powdered rock (not
easy to be performed). However, a
simplified approach for estimating
the severity of the wear of a certain
rock is available and well consolida-
ted in the scientific literature: Cer-
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char Abrasivity test (Di Giovanni
et al. 2023a). This test provides a
value that permit the classification
of the rock in different ranges, fun-
ction of the wear severity. Thanks
to its simplicity, the Cerchar Abra-
sivity test became a crucial tool for
tunnelling engineers, providing an
alert when the tested rock exhibits
high value of Cerchar Abrasivity
Index (CAI) and leading the project
designers to foresee specific coun-
termeasures needed for facing and
reducing the wear phenomenon
during the tunnel construction.

Right in the view of the coun-
termeasures needed for preven-
ting the wear during tunnelling,
rock TBMs machines are often
equipped with specific injection
lines able to put on the excavation
phase conditioning agent as water
and/or polymeric foams sprayed
with the purpose to control the
wear (Grasso et al., 2022).

Taking in mind these important
construction details, in this paper
an innovative study focused on
the rock wear is proposed. Simula-
ting the addiction of conditioning
agent on the excavation phase, the
Cerchar Abrasivity test (commonly
carried out on dry samples of rock)
has been carried out on saturated
surface. The saturation has been
guaranteed by a thin layer of con-
ditioning agent i.e. the water in
one case, and a polymeric slurry

If there are references to colour figu-
res in the text, the articles are avai-
lable in open-access mode on the site
www.geam-journal.org
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(1% by volume of concentration)
in the other. Outcomes, compa-
red to those obtained performing
the Cerchar test according to the
standard (Alber et al., 2014) hi-
ghlighted the role of conditioning
agents on the wear reduction. The
research, confirms and expands re-
sults presented in Di Giovanni et
al. (2023b) and adds new precious
information on the possibility of
limiting the rock’s abrasion poten-
tial and extend the cutting tools’
service life in mechanised rock
tunnelling by correctly using con-
ditioning agents.

2. Laboratory test
2.1. Testing material

Samples extracted from an explo-
ratory tunnel known as “the Mad-
dalena” were used to conduct the
tests. This tunnel constitutes a
crucial section of the Mont Ce-
nis Base Tunnel excavation. The
material was subjected to mine-
ralogical characterization through
X-ray diffraction analysis, a tech-
nique grounded in the interferen-
ce of X-rays with the crystalline
structure of the sample (Young,
1993; Bunaciu et al., 2015). This
analytical process was executed wi-
thin the laboratories of Politecnico

a)

di Torino, utilizing an XRD-Rigaku
SmartLab SE instrument.

The sample was meticulously
ground to create a multitude of
randomly oriented crystallites.
The incidence angles range cove-
red a span from 4° (initial angle)
to 84° (final angle), with a scan-
ning speed of 0.1°/s. This analysis
yielded a graphical representation
of intensity angles with inciden-
ce angles. This graph permits the
identification of minerals present
in the sample. The analysis unvei-
led that the rock type corresponds
to mica-schist, characterized pri-
marily by the prominent presence
of quartz (about 50%), muscovite
(about 35%), and other minerals.
A sample of the tested material is
reported in Figure 1a.

As concerning the conditioning
agent, the polymer was provided by
Mapei Mapedrill SV, in a dry-pow-
dered state. The slurry was a water
solution with 99 parts of water and
1 part of polymer. It was produced
by activating the polymer by mixing
it in water for 5 minutes by using a
rotation mixer with a fixed rotation
speed of 2000 rpm. The selected
amount of additives was weighed
and added to the water (previously
set in motion by the impeller) in
the first minute. A concrete mixer
was used to produce a homogenous
slurry. The water was instead taken
from the Turin water network.

b)

GEORESOURCES AND MINING

2.2. Cerchar Abrasivity Index

The Cerchar Abrasivity Index is wi-
dely utilized for assessing the abra-
siveness or wear potential of rocks
and geological materials, playing a
crucial role in various industries,
including mining and civil engine-
ering (Rostami et al., 2012).

This index is determined throu-
gh the Cerchar Abrasivity test,
a standard procedure in which a
steel pin (hardness rating of HRC
55) is forced against a rock surface
under a specific load (70 N), and
the wear flat of the stylus tip is
measured (Alber et al., 2014). This
method provides insights into
how rocks and geological materials
interact with drilling equipment,
excavation tools, and construction
machinery, aiding engineers in
project management and material
selection for tunnelling, drilling,
and construction applications.

The Cerchar Abrasivity Index,
as introduced by Hamzaban et al.
(2018), has proven to be a valuable
toolin the field. To conduct the te-
sts in a standardized manner, the
ASTM D7625-22 protocol was
followed, utilizing the test appa-
ratus initially designed by West
(1989). This standardized testing
procedure ensures consistency
and comparability of results across
various geological and engineering
projects, contributing to informed

Fig. 1 — Cerchar Abrasivity test samples. a) standard sample tested under dry condition (ASTM D7625-22); b) sample saturated with water;
0) sample saturated with a polymeric slurry (1% by volume).
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decision-making and improved
project outcomes.

The CAIs were estimated by te-
sting three different conditioning
environments. The tested condi-
tions were dry, wet (saturated),
and slurry with 1% by volume of
polymer.

For the dry test, the sample un-
derwent a preliminary drying pro-
cess, where it was allowed to dry
for 24 hours. Conversely, for the sa-
turated condition, the sample was
covered with water for 24 hours to
ensure it reached an utterly satu-
rated state. Equally, for the slurry
condition, the sample was cove-
red entirely with the slurry for 24
hours to achieve full saturation wi-
thin the slurry medium. For both
samples tested with the addiction
of conditionings, the rock samples
were expressly modified in order
to guarantee the presence of the
conditioning agents both during
the saturation phase (24 hours,
as previously described) and du-
ring the testing phase (the scratch
of the bit on the sample surface).
Special “containment banks” with
a high of 10 mm have been crea-
ted on the edges of the samples, by
using quick-setting silicone. Modi-
fied samples for assessing the CAI
on saturated surface are depicted
in Figure 1b and Figure 1c.

The CAl values reported in Table
1 are the average of the tests perfor-
med (atleast 5), while SDis the stan-

[1]0.092mm

dard deviation. The classification of
the wear potential was drawn up ac-
cording to ASTM D7625-22 which
ranges are reported in Table 2. The
CAI reduction (%) is computed on
the dry condition values.

The resulting mean CAI values
fall within the range of 1.28 to
1.93, indicating a medium level of
abrasiveness for the three distinct
conditions of the surface.

In Figure 2, the analysis carried
out using an electronic microsco-
pe is reported. In detail, a bit used
for testing a rock sample covered
by a layer of polymeric slurry is
depicted. The value of the worn
bit equal to 0.092 mm is reported,
equal to a CAl value of 0.92 (slight-
ly under the average value repor-
ted in Table 1).

Tab. 1 — Cerchar Abrasivity test results.

Surface | CAI | SD CAl
condition reduction (%)
Dry 193 | 025 /

Wet 144 | 008 25
Slurry 1% | 128 | 005 34

3. Discussion

Results show that the conditio-
ning of the samples tends to de-
crease the wear severity compared
to the dry condition. They confirm
that the use of polymers expressly

Fig. 2 — Bit after the execution of a Cerchar Abrasivity test performed on a sample covered

by a layer of polymeric slurry.
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designed to reduce the wear phe-
nomenon can successfully leads to
areduction of the wear magnitude
of a certain type of rock. As pos-
sible to observe, CAI classification
according to ASTM D7625-22 for
the three different surface condi-
tion is the same, i.e., medium abra-
siveness. However, it can be infer-
red that the obtained values cover
all the medium abrasiveness class
(1.00-2.00); for the slurry, the CAI
value is in the first third part, the
wet case is in the middle position
and, the dry one instead fall on the
highest third sector. For complete-
ness, it should however be repor-
ted that the highest CAl registered
in the dry condition was 2.16 that
corresponds to a high abrasiveness
classification.

Tab. 2 — Criteria for the Cerchar Abrasive-
ness Index (ASTM D7625-22).

Classification Average CAl
(HRC =55)
Very low abrasiveness 0.30-0.50
Low abrasiveness 0.50-1.00
Medium abrasiveness 1.00-200
High abrasiveness 200-4.00
Extreme abrasiveness 400-6.00
Quartzite 6.00-7.00

The decrease in CAI values, parti-
cularly amplified with the slurry,
can be attributed to the lubricating
effect resulting from the solution
between the stylus tip and the rock
surface, thus reducing the friction
between the two surfaces (Bakar et
al., 2016). In particular, the water
and slurry saturated conditions re-
gistered a reduction in wear com-
pared to the dry state of 25% and
34%, respectively.

4. Conclusion
Predicting the wear of excavation

tools is a multifaceted and intri-
cate area of investigation. Due to

33



r

(241
GEAN

D 3 N Y

its profound implications in exca-
vation projects, impacting costs
and time, this phenomenon is a
worldwide challenge to establish
a standardized predictive model
that nowadays is not unique. Fur-
thermore, prediction models that
can take into account the action of
anti-wear conditioning agent are
nowadays not available in scienti-
fic literature.

Tests carried out in slurry poly-
mer conditioning sample have
shown a noteworthy reduction in
wear potential, while the simple use
of the water also should be taken
into account since a wear reduction
is also appreciable. Although this
research has provided promising
results, it should be considered as a
preliminary testing phase since a se-
ries of further tests on various rock
types (with different quartz con-
tent) are necessary. However, evi-
dences reported in this work can be
taken as reference for construction
sites where TBM machines are fa-
cing wear problems since water or
polymeric slurry addiction could
lead to unneglectable benefits.
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