The 2025 World Congress on
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

Wear prediction of disc cutter for shield TBM: Theory and practice
*Jinsoo Park"), Ki-il Song?

") Department of Civil, Environmental and Architectural Engineering, Korea University,
Seoul, Republic of Korea
2) Department of Civil Engineering, Inha University., Incheon, Republic of Korea
") jinsoopark@korea.ac.kr

ABSTRACT

In this study, based on the disc cutter wear data obtained from Slurry Shield TBM
and Earth Pressure Balance Shield TBM, reliability of three different wear prediction
models is evaluated. From the analysis, it is found that the prediction model
underestimates the wear of disc cut-ter. When the UCS of rock exceed 100 MPa, the
estimated wear depth is similar regardless of prediction model. In the CSM model and
Gehring model, the increase in CAl increases the excavation volume, and the field data
of CLI in the NTNU model was lower than 20, which was analyzed to have less effect on
the wear amount. As for the quartz content that affects the NTNU model, the quartz
content in this study was 31.6~36.1, and there is no significant variation, so quartz
contents do not have significant effect on wear characteristic.

1. INTRODUCTION

Disc cutter wear is the continuous removal of surface material due to the relative
motion be-tween two objects in contact (Wen et al., 2018). Wu et al. (2017) reported that
disc cutter wear is caused by sliding between the cutter and the rock and classified into
normal wear and abnormal wear. Ren at al., (2018) classified the wear of disc cutters
into three categories, including normal wear, abnormal wear, and brittle fracture of the
edge of the disc cutter. In general, normal wear is caused by the low hardness of the disc
cutter against the rock, and the wear of the surface is approximately uniform.

The wear pattern of a disc cutter occurs due to continuous friction with rocks, and it varies
de-pending on the materials of the disc cutter, the composition of the minerals in the
rocks, uniaxial compressive strength, quartz content, and other factors. Normal wear is
a form that exhibits uniform wear on the target rock(Fig. 1). The wear prediction model
of the disc cutter is also based on normal wear. In this study, all field data values were
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taken as the depth values of normal wear.
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Figure 1. Typical macroscopic wear of TBM disc cutter (Ellescosta et al. 2018)

If the disc cutter wear exceeds the specified value and the disc cutter does not rotate, it
is classified as abnormal wear. Abnormal wear is severe local wear due to uneven wear
of cutter ring or severe local wear caused by cutter ring detachment or displacement, and
is generally accompanied by brittle fracture of cutter. In addition, rapid rotational
performance degradation or inability may occur due to the lack of wear resistance of the
disc cutter. Wen et al., (2018) classified the wear patterns caused by contact friction
between the disc cutter and rock into four mechanisms: abrasive wear, adhesive wear,
fatigue wear, and corrosive wear.

Predicting the wear of disc cutters is challenging due to a combination of factors such as
the abrasive mineral composition of the target ground, machine operating data,
equipment operation techniques, and so on. However, among the well-known models,
such as the CSM model or Gehring model, the use of the CERCHAR Abrasivity Index
(CAl) is commonly employed to estimate the wear amount of disc cutters. Additionally,
the NTNU model utilizes indirect methods, such as Sy, S2o, and Abrasion Value Cutter
Steel (AVS) tests, to estimate the wear of disc cutters.

Nelson et al. (1994) proposed an empirical model to predict the lifespan of disc cutters
and estimate cutter wear rates by comparing input data with performance data from TBM
sites. Gehring (1995) introduced a model that represents the relationship between CAI
and the mass worn per meter at a 1-meter rotational distance of the disc cutter,
expressed in mg/m. Maidl et al. (2008) explored the relationship between the average
rotational distance lifespan of disc cutters on various types of undamaged rocks, uniaxial
compressive strength (UCS), and CAI. They suggested that as the UCS of undamaged
rocks increases and corresponds to higher CAl values, the rotational distance lifespan of
the disc cutter decreases.

Zhang and Ji (2009) calculated the disc cutter wear range using the curvature length
wear coefficient. And later, Zhang et al. (2014) proposed an analytical model that uses
the curvature length of the rock's failure point to calculate disc cutter wear. Frenzel (2011)
proposed a new predictive model and equations for the relationship between CAIl and
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disc cutter wear based on the analysis of a wide range of tunneling projects (127 km in
length, consisting of 7 tunnel projects). Farrokh (2012) developed charts for estimating
disc cutter wear and estimated disc cutter replacement times through the analysis of a
comprehensive database, including tunnels of over 100 km in length. Hassanpour et al.
(2015) conducted a statistical analysis of real field da-ta to study the relationship between
disc cutter wear and geological parameters, and they pro-posed empirical formulas for
predicting disc cutter wear.

Disc cutters should be carefully selected and applied according to the geological
conditions of the site. This is because not only the excavation efficiency but also the
delay of the construction period and an increase in the construction cost when a disc
cutter trouble occurs (Wang et al., 2017). Wang et al. (2017) analyzed that the
maintenance and replacement cost of cutterhead and cutting tools in TBM accounts for
20-40% of the total time and construction cost of tunnel construction (2017), Zhaohuang
(2007) reviewed that the time required for peri-odic inspection, replacement and repair
of disc cutters in the Qinling tunnel in China was more than 1/3 of the total tunnel
construction period. Therefore, in this study, actual field data were reviewed and
compared using three widely applied disc cutter wear prediction models in TBM design:
the CSM (Colorado School of Mines) model, the Gehring model, and the NTNU model.

2. OVERVIEW OF SHIELD TBM SITESRHEOLOGICAL PROPERTIES
2.1 Overviews of Slurry shield TBM site

Disc cutter wear data is obtained from slurry shield TBM and EPB shield TBM,
respectively. Data on the slurry shield Tunnel Boring Machine (TBM) was obtained from
the high-speed railway project connecting Seoul and Gangneung, which has a total
railway length of 223 km. Particularly, the section passing under a river was initially
planned as a tunnel with a non-excavated tunneling method during the NATM design.
However, the reason for the change to the Shield TBM method was the excellent
adaptability to groundwater, considering the infinite water resources under the river,
using a slurry Shield TBM. The diameter of the Shield TBM applied during construction
was 8.410 meters, making it the largest cross-section among the transportation tunnels
used in South Korea. Out of the entire tunnel section, the length of the Shield TBM tunnel
was 1,160 km, and a total of 10 boreholes were conducted within the tunnel section. The
drilling layout of the tunnel is shown in Fig. 2.
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Figure 2. Plan view of slurry shield TBM Tunnel section and borehole locations



The 2025 World Congress on
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

A‘If!ﬂ[[‘lﬂ?kmﬂé?.!i, gM@J\(E)HBkm?Z?.&

L=1,160n

d e d Es) I

SED A #5

a0 40 600 600 118km 200

' B.% @
knEs. 00 & J 5.0 \ J D700
Figure 3. Geological profile along shield TBM Tunnel section

The major specifications of the slurry shield TBM are the same as in Fig. 4 and
Table 1. As the project involves passing under a river, and the intended use of the target
structure is for a railway, precise construction along the linear path is required, along with
excellent performance under pressure. Therefore, the decision was made to use the
slurry shield TBM, which features a double-chamber design with excavation chambers
and an air bubble chamber. To prevent blockage of the slurry discharge line caused by
boulders entering the chamber, a crusher capable of breaking boulders up to 800 mm in
size was installed.
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Figure 4. Photograph of main body of slurry Shield TBM
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Table 1. Main Specification of TBM

Classification Specification Classification Specification
TBM type Excavation layer Composite
(Sl\l/ll:)r(rg d) Ground
(Soil~Rock)
Shield body  Exca dia 8.410 Main dive Motor (EA) 8
(mm) ’
Shield dia 8.370~8.390 RPM 3.1 max
(mm)
Length(mm) Torque -
10,500 (kN-m) 4,680~6,786
Shield jack ?‘E‘X‘;‘ber 28 Slurry line dia(mm) 350
Unit thrust 2124 Type of erector Vacuum type
(kN) ’
Total thrust Backfill line (EA) 4+4 (spare)
(kN) 59,464
Stroke 2.500 Tail skin brush (units) 3
(mm)
Opening ratio 37% Man lock (unit) 1

2.2 Overviews of EPB shield TBM site

The project site is a subway tunnel located in downtown Seoul. The length of the
shield TBM tunnel in the downline section is 1,273.9 meters, and the excavation diameter
is 7.850 meters, determined based on the construction constraints and design standards
of urban subway tunnels.
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Figure 6. Geological profile along Subway section
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The main specifications of the earth pressure shield TBM equipment are shown in Fig.
7 and Table 2. Since the cover height of the tunnel was not high, the excavation
surface pressure was within 1.5 Bar and the earth pressure shield TBM was applied to
minimize ground facilities in consideration of the complex urban site conditions.
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Figure 7. Photograph of EPB Shield TBM'S front and back

Table 2. Main Specification of TBM

Classification Specification Classification Specification
TBM type EPB shield Excavation layer Composite
Ground
(Soil~Rock)
Shield body  Exca dia 7930 Main dive Motor (EA) 8
(mm)
Shield dia 7850 RPM 0-3
(mm)
Length(mm) 8800 Torque 4600-9500
(KN-m)
Shield jack Number 28 Screw conveyor dia (mm) 900
(EA)
Unit thrust 2079 Type of erector Pin type
(kN)
Total thrust 58,212 Backfill line (EA) 4+4 (spare)
(kN)
Stroke 1800 Tail skin brush (units) 3
(mm)
Opening ratio 37% Man lock (unit) 1

3 DISC CUTTER WEAR DATA
3.7 Position of disc cutter wear data selection

Figure 8 shows the selected cutter heads for the slurry type and EPB type in this
study, and it prominently indicates the locations where disc cutter wear information was
obtained, marked with dashed lines. The selection of the disc cutter for wear depth
measurement was made from those where normal wear occurred and had depth
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measurement data. They were categorized based on the cutter head positions into the
gauge cutter in the transition cutter zone, the external face cutter in the inner cutter zone,
and the internal face cutter.
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Figure 8. Position of disc cutter wear data

3.7 Position of disc cutter wear data selection

To obtain information about the disc cutter wear, an analysis of the disc cutter
replacement history was conducted. In both sites, there were significant differences
between the designed cutter replacement frequencies and the actual frequencies during
construction. In the design phase, it was estimated that the disc cutters would be
replaced entirely after one replacement cycle. However, in reality, disc cutters that had
worn out and their immediate vicinity were replaced, making the nature of the
replacements different. For slurry type machines, the average replacement distance is
35.6 meters, with the shortest replacement distance being 16.2 meters based on the
criteria for normal wear. For EPB type machines, the average replacement distance for
the designed disc cutters was 257.0 meters. However, during construction, the actual
average replacement distance for the up-track tunnel was 110.73 meters, with the
shortest replacement distance being 35 meters based on the criteria for normal wear.
The average replacement distance for the down-track tunnel was 89 meters, with the
shortest replacement distance being 26 meters based on the criteria for normal wear.

Fig. 9 is a summary table that compiles the cutter inspection records (KTA, 2017). The
portions filled in green represent disc cutters where normal wear has occurred, allowing
for wear depth calculation. The yellow portions indicate partial wear and cracks, while
the red portions represent abnormal wear characterized by breakage. Abnormal wear is
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excluded in this study as it is caused by a much more complex set of factors compared
to normal wear. As the green-filled cells move downward in the table, the decrease in
green portions indicates that as disc cutters move from the outermost gauge cutter
positions towards the inside of the cutter head, the wear cycle of the disc cutters
decreases. This means that as the trajectory of the disc cutter becomes smaller, the
replacement frequency of the disc cutter decreases significantly.
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Figure 9. Wear depth summary table

During the initial excavation phase of the shield TBM, it was confirmed that the
mechanical data of the equipment were not fully recorded. Therefore, a comparative
analysis of the disc cutter replacement cycles was conducted based on the section
approximately 100 meters beyond the initial drive, where consistent mechanical data and
normal wear were observed. The selection of analyzed disc cutters focused on the outer
gauge cutters in the transition cutter zone, as they typically have the longest rotational
distance. Tracking and observations were necessary for these outer gauge cutters.
Additionally, the face cutters in the inner cutter zone were chosen because their wear
depth was consistently recorded in relatively fine detail by location. The aim was to select
positions that were as symmetrical as possible, and wear depth at similar positions was
also compared and reviewed.
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4 DISC CUTTER ROTATIONAL DISTANCE AND WEAR DEPTH
4.1 Rotational distance analysis

For analysis, the selected disc cutter determined the distance from the center as
the actual production radius, and the wear depth was applied as the measured value
from the actual field during design and construction. However, during the design phase,
theoretical values of RPM and Pe were applied, while during construction, the average
values of thrust, torque, RPM, and advance rate were calculated and applied based on
actual machine data. While thrust and torque do not directly affect the disc cutter's
rotational distance calculation, they were analyzed for their correlation with RPM and
advance rate, which are factors that influence it. Depending on the geological condition,
the rotational distance based on disc cutter position and wear depth can be estimated.

In the case of slurry shield TBM, we compared the rotational distance of the disc cutter
based on the geological profile, which is relatively detailed due to the short length of the
target section and the somewhat wide range of UCS (49-84 MPa) according to the site
investigation result. In the section where disc cutter replacement occurred softer ground
than weak rock, the disc cutter's rotational distance during construction was significantly
longer. This was because the RPM and advance rate, which affect the rotational distance,
were found to be lower and slower during construction. When comparing the advance
rates during design and construction, it is as shown in Figure 10.
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Figure 10. Correlation between RPM and excavation time for slurry shield TBM

In the rotational distance analysis based on geological conditions, it was observed that
the rotational distance during construction was notably greater in the weathered soil,
weathered rock, and weak rock sections. This led to a higher evaluation of wear rates. In
the hard rock section, the design-based rotational distance was somewhat longer. This
discrepancy can be attributed to the fact that during the design phase, RPM and Pe
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values were calculated to be higher in the weathered soil, weathered rock, and weak
rock sections compared to the values observed during construction. In reality, during
construction, RPM and advance rate were not achieved at the levels anticipated in the
design. However, the slightly longer rotational distance observed in the hard rock-
dominant sections is attributed to the similarity between the RPM and advance rates of
the design and construction phases. When adjusting the RPM and Pe values for the
sections softer than the weathered rock, it is anticipated that similar rotational distances
to those observed during construction can be predicted. It is under consideration that
applying RPM values of 1.8 to 1.9 and Pe values of 1.0 or lower could yield results similar
to those observed during construction.

On the other hand, in the case of EPB shield TBM as shown in figure 11, the target
section is longer, and the site investigation report provides relatively detailed UCS
classification, which led to the categorization of the section into three segments based
on UCS values. It was observed that in the range of weathered rock and weak rock, with
UCS ranging from 30 to 70MPa, the rotational distance during construction was longer
than that during the design phase. Conversely, in the range of moderate rock and hard
rock, with UCS exceeding 100MPa, the rotational distance during design and
construction was analyzed to be similar. This can be attributed to the fact that the RPM
was slightly higher during the design phase, being 2.5 as opposed to 2.1 during
construction. Additionally, the 1 Stroke advance time was slightly faster during the design
phase, at 80 minutes, compared to 95.19 minutes during construction. However, during
construction, the overall RPM of 1.94 exceeded the design RPM, coming close to it.
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Figure 11. Correlation between RPM and excavation time for EPB shield TBM

4.2 Wear depth analysis

The wear depth of the disc cutters mounted on the cutterhead varies according
to the ground conditions, as shown in Figure 12. It is generally known that the lifespan of
gauge cutters and center cutters is shorter than that of face cutters (KTA, 2008). However,
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since the center cutters were replaced with knife cutters due to wear closure, there is no
available measurement data. Nevertheless, when comparing the wear measurement
data of gauge cutters and face cutters, it was analyzed that in both slurry type and EPB
type shield TBMs, the wear on the face cutters at the 0.7 to 0.92D position in the inner
cutter zone is more severe than that on the outermost gauge cutters in the transition
cutter zone.

This is because the trajectory of the rotating disc cutters on the cutterhead causes the
outer-most gauge cutter in the transition cutter zone to travel the farthest. However, it is
considered that the normal and rolling forces acting on the disc cutters are greater on the
face cutters in the inner cutter zone compared to the gauge cutters. Therefore, it is
assumed that during the cutterhead design, placement and spacing are also considered
in light of this. Additionally, it is common practice to measure the wear of disc cutters
concerning normal wear when conducting wear measurements.
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Figure 12. Depth of wear by disc cutter location according to geological conditions
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5 COMPARISON WITH WEAR PREDICTION MODEL

In this study, we analyzed the characteristics by comparing field data with
predictive models, specifically the CSM model, Gehring model, and NTNU model. Table
4 presents the volume calculation formulas and excavatable features for a single disc
cutter as applied to the CSM model, Gehring model, and NTNU model.

Table 3. Application of penetration depth in theoretical and wear prediction model

Classification Description Remark

D?m p 25 5 Effect of disc cutter excavation
—_ . UC . . (m /C)
4 1,000 D -1,000 volume

CSM Model Hf =

Gehring _ AG-pD? , g Effect of disc cutter excavation
Model He = o 5vgw /) volume
. 60 Calculation of net penetration

The equipment and ground data required for the disc cutter wear prediction models are
provided in Table 4. All three models are influenced by the penetration depth (p), with
both the CSM and Gehring models applying CAl to the disc cutter at the 0.6D position,
considering CAl from different perspectives in terms of rotational distance and mass. In
the case of the NTNU model, CLI is calculated using a modified equation based on
CAl.

For slurry shield TBM, the calculation of CAl and CLI in the CSM and Gehring models
was based on 535 raw data points compiled by Ko et al. (2016), incorporating UCS and
Qc values corresponding to different rock types. In addition, for the NTNU model, the
ground data variable, quartz content, was varied from 17% to 61% to derive the results.

Table 4. TBM data and ground properties required for prediction model in Slurry shield

TBM site
P Rock mass
TBM Specification Parameters Properties Parameters
Exca dia(m) 8.41 Rock Type Granite
Exca area(m’) 55.55 UCS(MPa) 49~84
48 CAl 276 296 3.31
Number of disc cutter
(EA) Gauge:2, Face:38, cLI 41.83 (169.31~19.53)
Center:8
Cutter size(mm) 432(17inch) Qc(%) 35.3(17.0~61.0)
Cutter space(mm) 90 - -
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Cutter tip(mm) 19.05
Penetration depth(mm) 8.26 - -
Al (g) 3,500
RPM 1.9

At the EPB shield TBM site, the subject of this study, an experiment was performed to
predict the advance rate and the life of the disc cutter through the NTNU model. In the
CSM model and the Gehring model, the CAl calculation is important because all result
values are organically correlated according to the CAl calculation. In this study, raw
data of Ko et al. (2016) was used for CAl calculation like EPB shield TBM field. The
main type of rock in this section was gneiss, and raw data was reviewed including data
from schist, which is a similar carcinoma of metamorphic rock, due to insufficient data
for only gneiss. Also, it was possible to compare the disc cutter replacement data on
the geological schematic by dividing it into sections according to the strength of the
UCS. The UCS of the disc cutter replacement section was studied by classifying it into
30 ~ 70 MPa, 70 ~ 118 MPa, and 118 MPa or more. Table 5 shows the main
specifications and geology characteristics of TBM equipment required for each model.

Table 5. TBM data and ground properties required for prediction model in EPB shield

TBM site
TBM Specification Parameters Rock mass Properties Parameters
Rock Type Gneiss, 7/23/2025Schist
Exca dia(m) 7.93
UCS(MPa) 30~70 | 70~118 | 118 <
Exca area(m’) 49.39
Qc(%) 33.4(31.6~36.1)
55
Number of disc CAl 2.76 2.96 3.31
cutter (EA)
Gauge:2, Face:45, -
Center-8 CLlI 7.1(6.1~8.1)
DRI 29.0(26.0~32.0)
Cutter size(mm) 432(17inch)
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S20 35.0(33.3~36.7)
Cutter space(mm) 90
SJ 1.15(0.8~1.5)
P
AG(g) 3500 AVS 6.5(6.0~7.)
RPM 1.9

5.7 Prediction with CSM Model

In the CSM model (Rostami et al., 2005), Hr represents the excavation volume
averaged over all the installed disc cutters, with each disc cutter contributing to this
volume. In this study, CAl was calculated in consideration of the minimum and
maximum CAI values corresponding to UCS levels similar to the rock type under
investigation. The results of this calculation are presented in Table 6.

Table 6. CAl and U: and Hr estimated with CSM Model

CL(km) Uc (No) Hs (m3/c)
UCS(MPa) CAl
Slurry EPB Slurry EPB | Slurry  EPB
30~70 2.76 729.7 729.7 | 34,274 | 36,445 | 336.6 | 254.3
70~100 2.96 680.4 680.4 | 31,958 | 33,982 | 313.9 | 237.1
100 < 3.31 608.5 608.5 | 28,579 | 30,389 | 280.7 | 212.1

5.2 Prediction with Gehring Model

For the application of the Gehring model, information regarding the diameter of
the disc cutter and the cutter tip thickness is required. In this study, a 17 inch disc cutter
with a cutter tip thickness of 19.05mm was considered. Table 7 presents the calculated
CAl, vs, and Hrresults obtained from the Gehring model.
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Table 7. CAl and vs and H: estimated with Gehring Model

vs(mg/m) Hs (m3/c)
UCS(MPa) CAl
Slurry EPB Slurry EPB
30~70 2.76 5.250 5.250 401.9 280.2
70~100 2.96 6.001 6.001 351.21 244.8
100 < 3.31 7.455 7.455 283.1 197.3

5.3 Prediction with NTNU Model

To calculate CLI, the previously mentioned approach of applying CAl values was
used. Additionally, for the NTNU model (Bruland, 1998), which differs from other models
in terms of the correction factor for quartz content in ground data, the quartz content was
varied from 17% to 61%. As a result, Hr values were calculated using the NTNU model,
and these results are presented in Table 8.

Table 8. H; estimated with NTNU Model

UCS(MPa) CLI Qc(%) Hr (m3/c)
30~70 7.1(6.1~8.1) 33.4 (31.6~36.1) 182.4~192.1
70~100 7.1(6.1~8.1) 33.4 (31.6~36.1) 182.4~192.1
100 < 7.1(6.1~8.1) 33.4 (31.6~36.1) 182.4~192.1

Note that for UCS values over 70 MPa, CLI, Qc and Hsfor the slurry TBM are not present-
ed. This is because the Sy and AVS, which are required to estimate these parameters
using the NTNU model, were not performed in the slurry TBM section.

5.4 Comparison between prediction models

Table 9 compares the excavation volumes calculated from the three predictive
models with the actual excavation volumes observed in the field. It is important to note
that CAl increase is associated with an increase in disc cutter wear, and as CAl increases,
the excavation volume (Hr) tends to decrease. In this study, CAl values were determined
based on test results, applying the minimum and maximum values corresponding to UCS
levels similar to the rock type under investigation. However, it is observed that the
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calculated CAl values are lower than the actual field ground conditions, indicating a
conservative estimation.

The observations indicate that as the UCS increases, the wear of the disc cutter tends to
in-crease while the excavation volume decreases. All three models are influenced by the
penetration depth (p), with the CSM and Gehring models applying CAl to the disc cutter
at the 0.6D position, considering CAIl from different perspectives in terms of rotational
distance and mass. In contrast, the NTNU model shows relatively consistent wear in
sections like the overburden, where there is minimal variation in CLI and Qc (quartz
content). However, it is important to note that the results of the three models show similar
UCS values of 100MPa and above. Based on field data, the sections with the least disc
cutter wear were identified in the UCS range of 70-100MPa, suggesting the presence of
homogeneous, weathered rock to weak rock. In contrast, the UCS range of 30-70MPa
exhibited more disc cutter wear, likely due to passing through certain layers of loose
deposits. The segments with UCS exceeding 100MPa, primarily characterized by hard
rock and even extremely hard rock, experienced the most significant disc cutter wear.
These findings underscore the influence of rock strength and lithology on disc cutter wear
and excavation volume, as well as the utility of the models in predicting these
relationships in the field.

Table 9. Comparison between prediction models
Field data CSM Gehring NTNU

EPB Slurry EPB Slurry EPB EPB

UCS(MPa)

30~70 (L=205.2m) | 181.11 336.6 2543 401.9 280.2 182.4~192.1

70~100

(L=614.4m) 530.05 313.9 237.1 351.2 2448 182.4~192.1

100 < (L=91.2m) 139.74 280.7 212.1 283.1 197.3 182.4~192.1

6 CONCLUSION

In this study, an analysis was conducted comparing and contrasting the
estimated replacement frequency and rotational distance of disc cutter replacements
during the design phase with actual field data. Disc cutter replacements, being a critical
consumable component, play a vital role in tunneling processes. The study aimed to
assess whether the estimated replacement frequency and rotational distance align with
the observed field data. Optimally timed disc cutter replacements can enhance the
efficiency of tunneling operations, reduce downtime, and potentially lower overall project
costs. However, untimely or excessive replacements can lead to increased project
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duration and expenses. Based on the findings derived from this investigation of a shield
TBM at the field level, the following conclusions have been drawn.

First, when comparing the overseas prediction models with the field data, the CSM model,
Gehring model, and NTNU model showed the most similar results in the section with
UCS values exceeding 100 MPa. The CSM and Gehring models, which are influenced
by the Cerchar Abrasivity Index (CAl), also exhibited comparable wear amounts in the
UCS range of 70—100 MPa. On the other hand, in the NTNU model, the reason for the
minimal variation in wear amounts is attributed to the CLI (Cutter Life Index) field test
results, which showed no significant deviation within the range of 6.1 to 8.1. This is
interpreted as a result of the NTNU model's sensitivity to quartz content, where the quartz
content ranging from 31.6% to 36.1% in the relevant section did not present any
substantial variation.

Second, in overseas prediction models, penetration depth (p) and RPM are factors that
directly affect the amount of wear (Hr), and the increase in penetration depth and RPM
was linearly proportional to the amount of wear. Penetration depth and RPM can
automatically adjust the thrust and torque displayed on the on-site instrument panel
according to Shield TBM's manual, but it was analyzed that attention in the field is also
required as a factor that can change depending on the operator's operating style.

Third, it is generally known that the wear of gauge cutters and center cutters is greater
than that of face cutters. As a result of the analysis in this study section, it was analyzed
that the outer face cutter (0.69~0.94D) had more severe wear. It is analyzed that this is
due to the arrangement and spacing of the face cutter, which responds at right angles to
the excavation surface and receives the thrust of the rear half and acts thrust and
rotational forces. These conclusions are derived from the analysis of disc cutter
replacement frequency and rotational distance, and they have implications for optimizing
tunneling processes and minimizing project costs.
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