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ABSTRACT 
 

Daegok Sosa Railway tunnel project, 2.7km long double tunnels, under Hangang 
River in Seoul is arguably one of the most challenging TBM tunnels in Korea. High water 
pressures, various mixed faces: soft rock on the top and hard rock on the bottom, 
weathered rock in combination with soft rock and soil, abrasive full face hard rock 
(Granite/Gneiss) and boulders up to 300mm in diameter, alone or in combination have 
troubled the progress of the project. In particular, mining in the mixed ground condition 
under Hangang River has triggered severe clogging in the cutter head, subsequent wear 
of cutting tools and cutting wheel structure, ended up with high wear to the cutter head 
as well as front shield which may impact structural integrity and mining performance. The 
difficulties have required highly skilled operation in terms of soil conditioning and slight 
machine modification. The paper presents measures carried out to resolve the problems 
and also suggests an empirical correlation to predict clogging in the cutter head during 
TBM drive. 
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1. INTRODUCTION 
 

TBM (Tunnel Boring Machine) tunneling sometimes experiences that sticky 
excavated material adheres to the metal sections of TBM such as cutter head, cutting 
tools and conveying system, referred to as clogging, which in turn leads to blockages of 
cutter head and subsequent stoppages for cleaning that delay the TBM progress and 
finally decrease the overall performance (Hollmann and Thewes, 2013; Avunduk and 
Copur, 2019). It also causes uneven and high wear on the cutter head as well as the 
front shield (Thewes and Burger, 2004). Several previous research has been made on 
this matter. The mechanisms of clogging were established in terms of the inherent 
cohesion between clay particles, the adhesion of clay particle to metal surface, the 
bridging of clay particles over an opening and the aggregation of clay particles in water 
as shown in Fig 1. (Thewes, 1999), focusing on cohesive soils and clay-rich rocks. 
Thewes (1999) developed a diagram to evaluate the clogging risk of cohesive soils using 
plastic index and consistency index, which was based on a large number of site 
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observations of slurry-supported shield drives. According to the diagram, soils with a 
plasticity index of more than 20% and a stiff to very stiff consistency indicates the highest 
clogging potential. Later, it was extended to a universal classification diagram for all 
shield types including open, EPB and slurry TBMs by taking into account natural water 
content in relation to Atterberg limits (Hollmann and Thewes, 2013). This approach 
empirically evaluates the clogging potential using soil index properties. The other 
approach uses experimental tests like shear plate or pull-out tests to measure and 
assess the adhesion of soil to metal surface. Up-to-date research works on which were 
in-depth reviewed by Hernandez et al. (2018a) but it should be stated that the interaction 
between soil and steel surfaces has not been clearly defined yet. Hernandez et al. (2018b) 
suggested that the adhesion to metal surfaces could occur in cohesive soil with a 
minimum 10~20% content of fine grained particles. Overall, most of previous studies 
regarding clogging were based on cohesive soils and emphasized the effect of adhesion 
between clay particle and metal surface. In case of less cohesive or somewhat grainy 
soils from a mixed ground together with pressurized EPB tunneling, the soil-structure 
interface (bridging) of excavated material in relation to the opening of cutter head could 
have a greater impact on the behavior than the other factors. In the context, this study is 
to investigate the clogging of mixed ground under pressurized EPB tunneling. Soil 
samples were collected from the tunnel face where the severe clogging was found, then 
tested in the laboratory and classified accordingly. Mining data while the clogging was 
progressing (chamber pressure, torque, thrust, RPM, speed, temperature) was analyzed. 
Countermeasures carried out to resolve the clogging were introduced and the effects 
were evaluated with data analysis. On the basis, an empirical correlation to predict 
progressive clogging during TBM mining was suggested. 
  
 

   

(a) cohesion and adhesion (b) bridging (c) aggregation 

   
Fig. 1 Mechanisms of clogging (adapted from Thewes, 1999) 

 
 
2. DAEGOK SOSA RAILWAY TUNNEL PROJECT 
 

Daegok-Sosa Railway is a total of 18.4km long railway project being built to connect 
Sosa-Wonsi Railway, therefore to reach out to West Coast line, and finally to complete 
the railway network in the Northwestern greater Seoul. For that, the railway had to run 
under Hangang River with varying harsh ground conditions. To remedy the problems and 
meet the demanding schedule, the application of mechanized tunneling was determined 
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to mine 2.7km long twin tunnels, while 1.2km out of which going under the river as shown 
in Fig. 2. An intensive ground investigation including total 50 boreholes and Electricity 
Resistance Tomography (ERT) survey was carried out along the tunnel alignment. The 
results showed the tunnel under the Hangang River encountered combinations of mixed 
faces: decomposed granite soil and weathered rock on the top and soft rock on the 
bottom. The mechanical behavior of decomposed granite soil in Korea was investigated 
(Lee, 1991), reporting the soil conforms to the basic features of critical state soil 
mechanics, although particle crushing takes place during loading, resulting in high peak 
and ultimate shear strength and increasing compressibility. Lee (1987) also highlighted 
that the unconfined compressive strength (UCS) of weathered rock in Korea is 
significantly reduced and that the rock becomes ductile with increasing weathering grade 
and saturation. The failure mechanism of mixed face tunnel in decomposed granite was 
studied (Shin and Lee, 2001). 
 

 
 

Fig. 2 Three-dimensional visualization of Daegok-Sosa Railway under Hangang river 
 
 

3. TBM DESIGN 
 

TBM type selection is mainly related to the geological and hydrogeological 
conditions expected along the alignment. In addition, other factors such as the space for 
site installations and environmental restrictions on spoil disposal also play an important 
role. In consideration of the geological conditions above stated, in particular high water 
pressure and mixed grounds of the tunnel alignment, an application of EPB was 
debatable. However, as land acquisition was a key issue during detailed design stage, 
EPB type machine manufactured by Herrenknecht was finally chosen and some 
technical measures were introduced to support the selection. The general layout of TBM 
and cutter head are illustrated in Fig. 3, which has a dome shaped cutter head and cutting 
tools of disc cutter, scraper and bucket. 
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Fig. 3 General layout of TBM and cutter head drawing 
 
The EPB TBM system is based on the principle to maintain a pressure inside the 
chamber equal to the hydrostatic pressure of the soil mass at the advancement front. 
The two key elements for that are the screw conveyor that permit the appropriate 
pressure control at the excavation front, and the tail seal preventing the bi-component 
grout from returning at the end of the tail skin and therefore controlling the chamber 
pressure exerted against the soil as the TBM progresses. To achieve the process, a 
robust double screw conveyor system and 4 layers of tail brush were applied to handle 
the high-water pressure and avoid ground settlement in this project. Another point of EPB 
TBM is that they use the excavated material directly to support the front of the excavation 
face. In order to plasticize the material suitably, the machine was equipped with a ground 
conditioning system, able to inject through 8 number independent lines going towards 
the tunnel face, into the excavation chamber and in various screw conveyor locations. 
The following Table 1 shows some of technical specifications of TBM for this project: 
 

Table 1 TBM Specifications 
 

Item Specification 

TMB type EPB 

Cutter 
head 

Cutting diameter 8.1m 

Opening ratio 31% 

Cutter Disc Cutter 50EA 
Scraper 106EA 
Bucket 56EA 

Torque 7510kNm/12843kNm 

RPM 0~3.7 

Thrust force 66523KN(350bar) 

Power 2080kW(13X160kW) 

Screw 
conveyor 

Type Double screw 
conveyor 

Inner diameter 900mm 
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Screw pitch 630mm 

Power 315kW 

RPM 0~24 

Torque 199kNm 

 
 
4. Clogging in the cutter head 
 

The TBMs experienced severe clogging in the cutter head during mining mixed 
faces under the river. It was presumed that flow of excavated material through the 
openings of cutter head slowed down and then some of which were stuck to the openings 
and built up from center to outer until partially or fully blocking them. Some of blocked 
openings were heavily hardened so that should be hacked for cleaning as seen in Fig. 4. 
In order to investigate the clogging behavior, TBM operation data from Ring 200 to 400 
under the river as the clogging progressed were plotted in terms of chamber pressure, 
thrust force, RPM, advance speed, torque, temperature and pressure of foam lines 1 and 
2 as shown in Fig. 5 and Table 2. The river section was divided in 5 sub-sections with 
respect to clogging status with 5 Cutter Head Intervention (CHI) locations where the 
chamber was open and the cutter head was inspected. The degree of clogging in the 
cutter head were investigated and classified such as severely clogged, moderately 
clogged, mildly clogged and no clogged. It should be mentioned that the portion of mixed 
faces including decomposed granite, weathered rock and soft rock varied as per location 
but their soil mechanical properties when excavated would be almost identical in the 
respect of mineralogy so that they were comparable for analysis. It was observed that 
the torque and the temperature progressively went up relative to other parameters when 
the severe clogging occurred between Ring 200~250. It was also observed that the 
pressure of foam lines reached to their limits indicating the lines were blocked due to the 
clogging. In order to understand the cause of problem, soil samples were collected and 
testes to examine the clogging potential. The opening of cutter head was investigated 
concerning bridging mechanism. Based on the results, soil conditioning was modified to 
properly plasticize the excavated material. Also grizzly bars were removed and tip-
inserted disc cutters were applied to support the flow of material. Following 
implementation of the measures, the degree of clogging gradually decreased from Ring 
250 to 400as seen in Fig. 5. Details of measures are to be further described in the 
following chapters. 
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Fig. 4 Severe clogging in the cutter head 
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Fig. 5 Effect of clogging on TBM operation data 

 
Table 2 TBM parameter 

 

Phase 
Ave. Chamber 
pressure(bar) 

Ave.Thrust 
(kN) 

Ave. RPM 
Ave. Advance 

Speed(mm/min) 
Max. 

Torque(MNm) 

Max. Gear oil 

temperature(°) 

R200~R216 3.05 33613 1.57 12.31 4.80 47 

R217~R247 2.68 34356 1.86 11.84 5.54 46 

R248~R283 2.63 31380 2.60 12.00 3.75 40 

R284~R329 2.60 28281 2.49 12.11 3.60 39 

R330~R356 2.80 27587 2.68 12.00 2.35 38 

R357~R400 2.79 24119 2.55 10.53 2.61 38 

 
 
5. Evaluation of clogging potential 

 
Soil samples were collected from the clogged tunnel face at Ring 247, belonging 

to the severe clogging zone. Laboratory tests including particle size distribution, 
hydrometer test, Atterberg limits (plastic limit and liquid limit), natural water content were 
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conducted on the soil samples. The soil class was determined using the unified soil 
classification system (USCS). As summarized and shown in Table 3 and Fig. 6, the soil 
sample is classified as silt with low plasticity (ML). The particle size distribution shows 
less than 10% of clay particles less than 0.075mm in Fig. 7. As mentioned in the previous 
chapter, the more fine-graded particle percentage in soil increases the adhering potential. 
A soil with high liquid limit and plasticity index tends to swell when encountering with 
water. In this respect, the soil tested does not fall within clayey soil calling the adhesion 
behavior between soil particles and steel section. When plotted on the clogging risk 
charts by Thewes (1999) as well as Hollmann and Thewes (2013), the places of the 
sample on the charts presented medium or low clogging risk. All the results suggested 
that the clogging potential of the sample was not very strong in the aspect of the soil 
properties related to the adhesion. In the context, the effect of bridging was investigated 
in relation to opening of cutter head in the next chapter. 
 

Table 3 Properties of the soil sample 
 

Liquid limit (%) 22 

Plastic limit (%) 20 

Plasticity index 2 

Consistency index 0.5 

Natural water content 21 

Soil class ML 

 
 

 
Fig. 6 Place of the soil sample on plasticity chart 
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Fig. 7 Particle size distribution of the soil sample 
 

  
(a) Clogging chart from Thewas 

(1999) 
(b) Clogging chart from Hollamann and 

Thewes (2013) 
 

Fig. 8 Place of the soil sample on the clogging charts 
 
 

6. Effect of opening of cutter head 
 

From the Fig. 3 and Table 1, it was interpreted that the cutter head was designed 
to deal with soil as well as rock sections in terms of its shape, the arrangement of cutting 
tools and opening ratio. In particular, the opening ratio of 31% authors believe not to be 
very large, but functional enough to transport excavated material of the mixed grounds 
through the openings. However, putting a number of cutting tools including disc cutter, 
scraper and bucket in the cutter head made the center area quite congested with 
comparatively small openings, not in favor of material transportation (bridging) in the 
center, potentially increasing chance of clogging in case the flow of material was not 
properly plasticized. It was supported by the observation that the clogging started to build 
up from the center and spread to the outer area like Fig. 9. For sure, the hardness of 
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clogging in the center was harder than the other area. It was also observed that the 
pressure of foam lines 1 and 2, which are located at the center of cutter head, rose to the 
pressure limit as shown in Fig. 5 and the lines were blocked while the clogging was on 
the progress. Given all the above, it was interpreted that the bridging mechanism was 
mainly related to the clogging in this project.  
 

   
(a) Clear opening (b) Clogging in center (c) Clogging build up to outer 

 
Fig. 9 Progress of clogging from center to outer in the cutter head 

 
7. Soil conditioning 
 

From the grain size distribution in Fig. 7, the application of foam and polymer was 
suggested as seen from Fig. 10. Following EFNARC (2005) and laboratory tests using 
the slump criteria of 10~20cm suggested by Peila et al. (2009), a general foam with foam 
concentration (CF) 0.5~1%, foam expansion ratio (FER) 10~15, foam injection ratio (FIR) 
80~120% and a polymer with polymer concentration (CP) 0.1~0.2%, polymer injection 
ratio (PIR) 10~15% were designed and injected to improve workability and control 
consistency of excavated material. After frequent events of clogging and in order to 
reduce the degree of clogging, particularly on the center area of cutter head, the FER 
was reduced to 2~4 while keeping CF and FIR from Ring 232 as shown in Table 4 and 
Fig. 11, which is not a normal practice though. Generally, in the case FIR is increased 
while FER is maintained. What was observed was that maintaining FER 10~15 under 
pressurized chamber pressures of 2.5~3.0 bar generated not dissolved compressed air 
and occupied top section in the chamber, making the chamber pressure misunderstood. 
Operators had to release the extra air periodically. By the reason, FER was reduced to 
decrease air volume and increase water portion in the foam solution, more liquefying the 
material in front of cutter head. All the foam lines, particularly lines 1 and 2, have been 
cleared halfway mucking out and during ring building using high pressure water jet to 
keep the lines alive. Diluted polymer solution with CP 0.1~0.2% was continuously 
injected with PIR 10~20% together with foam injection to support the flow of material. 
The use of anti-clay additive (dispersant), which breaks down interaction between clay 
minerals, was tested on site but was not effective because the portion of clay particle 
smaller than 0.075mm is less than 10% as illustrated in Fig 7, not enough to activate 
dispersing effect. 
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Fig. 10 Recommended soil conditioning 

 
Table 4 Operation data of soil conditioning 

 

Phase 
Foam Polymer 

FER Solution(%) FIR(%) PIR(%) 

R217~R247 9 11 93 7 

R248~R283 3 16 49 13 

R284~R329 3 18 53 19 

R330~R356 3 20 58 11 

R357~R398 3 21 58 14 
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Fig. 11 Effect of soil conditioning over clogging 
 
8. Machine modification 
 

In order to secure more space for transporting the material, grizzly bars which were 
designed to prevent big boulders from coming inside the chamber, were removed at Ring 
246 as shown in Fig. 12. When entering into full face hard rock section after crossing 
Hangang river, the removed grizzly bars were rectified. In addition, tip-inserted disc cutter 
was applied at Ring 215 to reduce uneven wear due to clogging, tungsten tip of which 
helped the cutter to roll easier than standard disc cutter as seen in Fig. 13. It appeared 
to take effect when granite soil came to the top of mixed face from Ring 330. It should be 
mentioned that the effect of tip-inserted disc cutter has not been fully investigated yet. 
 

  
 

Fig. 12 Removal of grizzly bars for bigger opening 
  

  
 

Fig. 13 Use of tip-inserted disc cutter 
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9. Clogging index: Normalized torque vs advance speed 
 

In the event of cutter head being clogged, it was observed that the torque of cutter 
head turning drastically increased. The torque tended to increase of clogging and 
chamber pressure even though all the mining parameters were connected. On this basis, 
it was assumed that the effect of clogging against torque could be evaluated by 
normalizing the chamber pressure, which represented the output of driving. As the 
advance speed is the result of input parameters such as thrust force and RPM during 
driving, the torque and advance speed over the 5 CHI locations in Fig. 5, where the faces 
were inspected and the clogging status was estimated, were analyzed. All the data of 
normalized torque and advance speed generated every 10 seconds for the specified ring 
was plotted and correlated with a linear regression as illustrated in Fig. 14. The 
coefficients of linear regression for the CHI locations were collected in Table 5. It was 
observed that the ratio of torque to advance speed were 0.22~0.28 when the cutter head 
was heavily blocked, while the figure got down to 0.1 and below by implementing soil 
conditioning and machine modification and therefore, the degree of clogging was 
alleviated and the cutter head cleaning was under control, showing that this coefficient 
0.1, named as clogging index, could be used as an empirical indicator of clogging 
progress from EPB TBM in less cohesive soils/rocks. 
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Fig. 14 Correlation between torque and advance speed 
 

Table 5 Clogging condition compare to Index 
 

Ring 
No. 

Degree pf 
clogging 

Coefficient of linear regression 

R215 Severe 0.28 

R246 Severe 0.22 

R282 Moderate 0.11 

R328 Mild 0.08 

R355 No clogging 0.07 

R398 No clogging 0.05 

 
 
10. Conclusion 
 

Severe clogging was experienced during EPB TBM tunneling in pressurized mixed 
ground conditions under Hangang river. The clogging had adverse impact for the 
construction process and affected TBM performance due to extra cleaning efforts. 
Therefore, it was essential to understand the reasons and mitigate the problem. For that, 
laboratory testing with soil sample was conducted. In the meantime, the cutter head 
design was reviewed. Mining data was compiled and estimated together with careful 
observations as to the clogging behavior. Based on that, following conclusions can be 
made: 
 
1. The mechanisms of clogging were established by Thewes (1999) in terms of the 
inherent cohesion between clay particles, the adhesion of clay particle to metal surface, 
the bridging of clay particles over an opening and the aggregation of clay particles in 
water. 
 

2. Laboratory testing and subsequent clogging potential analysis presented medium or 
low clogging risk according to the clogging risk charts by Thewes (1999) as well as 
Hollmann and Thewes (2013), contrary to what was observed. Main reason for that is 
the clogging chart mainly focuses on the adhesion of cohesive soils and clay-rich rocks. 
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The soil sample was classified as silt with low plasticity (ML) with less than 10% of clay 
particles. 
 
3. In the context, the effect of bridging was analyzed in relation to opening of cutter head 
and it was interpreted the bridging mechanism was mainly related to the clogging in this 
project as consequence.  
 
4. Based on the result, soil conditioning was modified to more liquefy the excavated 
material in front of cutter head for supporting flow of material. Grizzly bars were removed 
and tip-inserted disc cutter was applied by the same reason. The effect of the measures 
was estimated by mining data analysis. 
 
5. Data analysis of TBM operation parameters before and after clogging revealed an 
empirical correlation between normalized torque and advance speed and suggested 
clogging index 0.1 as an indicator of clogging progress of pressurized EPB TBM in less 
cohesive soils/rocks.  
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