Journal Ferdowsi Civil Engineering , 35, 4, 2022. (17-34)

D

ik

Ferdowsi
University of

Mashhad

Journal Ferdowsi Civil Engineering

Page Journal: civil-ferdowsi.um.ac.ir

The Imapact of Soil Particle Size Distribution on the Abrasion of EPB Machine Cutting Tools

Research Article
Mohammad Darbor!® Hamid Chakeri?, Taha Ansari®
DOI: 10.22067/jfcei.2022.76503.1140

1. Introduction

With the advancement of technology, the use of
mechanized tunnel boring machine (TBM) for excavating
underground spaces in urban environments have
drastically increased for a variety of reasons such as
creating little disturbance in urban traffic, high speed, and
safety in the excavation operations. One of the most
critical problems of mechanized tunnelling is the wear of
cutting tools. Soil abrasivity significantly reduces drilling
efficiency and increases the operating costs of urban
tunnels. The phenomenon of wear in the mechanized
excavation of tunnels consists of two types: primary wear
and secondary wear. The cutting tools are worn due to
direct contact with the soil in the first type, which is known
as primary wear or excavation wear. The second type,
known as secondary wear, includes the wear of the cutting
tools and parts that are indirectly involved with the soil.
Factors affecting wear include geological and geotechnical
factors, excavation machine characteristics, and
excavation parameters. One of the most important
geological features affecting the wear of cutting tools is
particle size distribution. The conducted studies show the
impact of soil particle size on soil abrasivity. There are
extensive studies on the abrasivity of rocks. However,
limited studies have been performed on the influence of
soil particle size distribution on tunnelling machine cutting
tools. Despite the wide range of methods and devices for
measuring soil abrasivity, so far, no standard and
comprehensive method for measuring soil abrasivity have
been presented. Considering the impact of some effective
parameters on the wear of cutting tools, a new laboratory
machine was constructed in this study to determine soil
abrasivity. Then, using eight different types of soil
granulation, the impact of soil particle size distribution and
density on the wear of the cutting tool was studied.
Moreover, using the Talbot curve, the wear values of
cutting tools in different particle sizes were compared.

2. A new laboratory machine for determining Soil
abrasivity

A new laboratory machine to determine soil abrasivity was

designed and built to match the laboratory conditions as
much as possible with the real conditions and the
mechanism of the tunnel boring machine. Among the
applications of this machine, we can mention the
evaluation and investigation of the abrasivity of soil
samples and the wear of cutting tools. Among the
advantages and exclusive features of this machine, the
following can be mentioned:

» Having a cutterhead similar to the TBM cutterhead with
the arrangement of central, middle, and peripheral
cutting tools;

« Continuous penetration of the cutterhead and, as a result,
the penetration of cutting tools into fresh soil;

* Ability to adjust the rotation speed of the cutterhead:;

* The possibility of adjusting the penetration speed of the
cutterhead in the soil;

» The possibility of adjusting the pressure behind the
cutterhead.

The various components of the new laboratory machine for

determining soil abrasivity include the inverter, motor,

shaft and cutterhead, excavation chamber, and air

compressor (Figure 1).

Figure 1. The new laboratory machine to determine soil
abrasivity

3. Materials and methods

The suitable soil for this research was provided from the
west of Tabriz city, from the excavation site of Line 5 of
Station 2 of Tabriz Metro. The second line of the Tabriz
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metro is about 22.4 kilometers long, and it is currently the
longest line of the rail network in Tabriz. This line includes
20 stations, which starts from Qaramalek in Tabriz and
ends in Basij Square. In the development plan of this line,
passing through Khavaran area and connecting to Tabriz-
Mianeh railway station is considered. The soil sample
provided from the desired location was granulated
according to the ASTM D 422-87 standard. In order to
investigate the impact of soil granulation parameters on the
amount of wear of cutting tools, tests were carried out in
eight different soil granulation. The graphs of changes in
the average percentage of wear and the weighted average
of wear on the cutting tools of the cutterhead according to
the changes of each parameter were plotted. In these tests,
the soil moisture content is 5%, the wet soil density is 1.7
grams per cubic centimeter, the rotation speed of the
cutterhead is 60 revolutions per minute, and the
penetration speed of the cutterhead in the soil is 2.5 mm.
in a minute and the test time is 40 minutes.

4. Results and discussion

Examining the graphs of the impacts of fine grain on the
amount of wear of cutting tools shows that in the absence
of fine grain, the amount of wear is close to zero (Figure
2). With a small increase in the percentage of fine grains
in the soil composition, the amount of wear increases with
a large slope, so that we reach the maximum wear of
cutting tools at a fine grain amount of 10%. After this
point, by increasing the amount of fine grain, the amount
of wear decreases with a small slope. The reason for this
type of behavior can be stated as follows: in order to keep
the coarse-grained particles of a type of soil together, a
minimal amount of fine particles is necessary so that these
particles are not able to move easily in front of cutting
tools. In other words, the role of fine grain in the amount
of wear is indirect. By observing the results related to the
impact of coarse grains on the amount of average wear, it
can be concluded that with the increase of coarse grains
from 70% to 90% in the soil composition, the amount of
abrasion increased with a low slope, but from the 90%
coarse grain, a sharp decrease in the amount of abrasions
is observed (Figure 3).

To further investigate the obtained results, the graphs
of eight types of soil granulation were compared with
Talbot's granulation curve at n=0.35 (soil granulation with
maximum density or packing). The results show that from
grain size 1 to 4, in the upper part of the Talbot curve, as
the curve of grain size approaches the maximum density
curve, the amount of average wear increases with a low
slope. By using the granulation curve of the fifth soil, it
can be seen that the percentage of fine grains is
approximately 10%, a critical point for the composition of
any soil. That is, by reducing the amount of fine grains
from this point onwards, the structure of the soil becomes
shaky and loose, and as a result, the wear greatly reduces.
Moreover, it is important that with the increase of the
amount of fine grain more than 10%, the amount of wear
decreases with a very small slope. The comparison of the
amount of wear on cutting tools with Talbot's granulation
curve shows that the maximum wear occurs in the
granulation according to Talbot's curve.

To investigate the impact of soil density on the wear of
cutting tools, fourth soil was selected and experiments
with densities of 1.6, 1.7, and 1.8 grams per cubic
centimeter were designed and performed.

The results obtained from the experiments showed that
the amount of wear of cutting tools increases with the
increase of soil density. By increasing the amount of soil
compaction and as a result of increasing the density of the
soil, the relative porosity of the soil reduces and the cutting
tools installed on the cutterhead collide with more particles
of soil during one round of rotation and practically
increases the average wear of the cutting tools.
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Figure 2. The impact of fine grain on the average wear
percentage of cutting tools
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Figure 3. The impact of fine grain on the average wear
percentage of cutting tools

5. Conclusion

The main conclusions drawn from this study are as

follows:

1. In the absence of fine grain, the amount of wear is
negligible and close to zero. With a slight increase in the
percentage of fine grains in the soil composition, the
amount of wear increases with a steep slope, so that in
the amount of fine grains of 10%, it reaches the
maximum wear of cutting tools with a value of 27.3%.
After this point, with the increase in the amount of fine
grain, the amount of abrasion decreases with a small
slope;

2. With the increase of coarse grains from 70% to 90% in
the soil composition, the amount of wear with a low
slope increased from 18.06% to 27.3%, but from 90%
coarse grains, observed a sharp decrease in the amount
of wear;

3. The highest amount of wear on cutting tools occurs in
soils with a grain size corresponding to the grain size
obtained from the Talbot curve. As far as the grain size
curve of the desired soil deviates from the Talbot curve,
the wear decreases.
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The Influence of Soil Particle Size Distribution on the Abrasion of
EPB Machine Cutting Tools

Mohammad Darbor Hamid Chakeri Taha Ansari

Abstract One of the most critical problems of mechanized tunnelling is the abrasion of cutting tools. Soil abrasivity
significantly reduces drilling efficiency and increases the operating costs of urban tunnels. There are extensive studies
on abrasivity of rocks. However, limited studies have been performed on the influence of soil particle size distribution on
tunnelling machine cutting tools. Despite the wide range of methods and devices for measuring soil abrasivity, so far, no
standard and comprehensive method for measuring soil abrasivity have been presented. In this study, considering the
effect of some effective parameters on the abrasion of cutting tools, a new laboratory machine to determine soil abrasivity
was constructed. Then, using 8 different types of soil granulation, the effect of soil particle size distribution and density
on cutting tool abrasion was studied. Also, using the Talbot curve, the abrasion values of cutting tools in different particle
sizes were compared. The results showed that the highest values of cutting tools abrasion occur in soils with particle sizes
according to the Talbot equation. As the soil granulation curve moves away from the Talbot curve, abrasivity decreases.
Also, the maximum abrasion of cutting tools occurs in the amount of fine aggregate of 10% with an average abrasion
percentage of 27.3%. By reducing the fine aggregate to values lower than 10%, the soil structure is disturbed and as a
result, the average abrasion percentage of cutting tools decreases from 27.3% in soil with 10% fine aggregate to 2.37%
in soil without fine aggregate. Also, by increasing soil density from 1.6 to 1.8, the average abrasion percentage of cutting
tools increases from 8.1% to 31.4%.

Keywords Mechanized excavation, Cutting tools, Soil abrasivity, Particle size distribution, Density.
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