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ABSTRACT 
 
      Recently, the development of tunnel boring machine (TBM) technology leads to 
extend the range of its application widely. In the meantime, shield TBMs are utilized in 
rock increasingly, even though it requires support over considerable tunnel sections. 
However, this state-of-the-art tunneling method still involves a trial-and-error approach 
in difficult ground conditions to understand the interaction between TBM and ground. 
This paper introduces several experienced troubles in slurry shield TBM tunneling in 
highly fractured rock. During TBM’s standstill for CHI or segment assembly, cutter head 
had been jammed. It resulted in a failure of continuous TBM driving and made the con-
struction period significantly prolonged. Attempts to find out causes of jamming analyz-
ing TBM operation data and to give out several implications for the improvement of 
TBM operation were carried out. 
 
1. INTRODUCTION 
 

Recently, the development of tunnel boring machine (TBM) technology leads to 
extend the range of its application widely. In the meantime, shield TBMs are utilized in 
rock increasingly, even though it requires support over considerable tunnel sections. 
Despite significant progresses in the development of shield TBMs, the use of these 
machines through weak grounds and adverse geological conditions is still risky and a 
big challenge. The presence of the chamber and shield allows restricted access to the 
tunnel face to observe geological conditions and ground behavior. Furthermore, the 
TBM already in use is limitedly able to counteract the variable conditions, especially if 
they are different from the prediction. A number of researchers such as Clark (2015), 
Bilgin (2016) et al. reported problems occurred during TBM driving through complex 
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and adverse geological conditions. Geological difficulty led to reduction of cutting effi-
ciency, increase of downtime, stoppage of TBM drive, increase of cutter consumption, 
modification of machine specification et al. Consequently, it results in cost overruns and 
extension of construction time.  

This paper also introduces several experienced troubles in slurry shield TBM tun-
neling in highly fractured rock. During TBM’s standstill for cutter head intervention (CHI), 
maintenance, or segment assembly, cutter head had been entrapped. It resulted in a 
failure of continuous TBM driving, significant extension of construction time, and sup-
plementary cost. Analyzing TBM operation data, the causes of jamming were presumed. 
Based on it, several implications are given out to understand the face supporting in 
slurry shield TBM tunneling TBM operation more. 
 
2. DETAILS OF SLURRY SHIELD TUNNELING 
 

The project, dealt with in this paper, is a part of an enormous project for the con-
struction of a thermal power plant. Its work scope is to build an intake tunnel and a dis-
charge tunnel to use seawater as a cooling water for thermal power plant. The sea-
water, which is used as a cooling water, is drawn into the power plant through the in-
take tunnel and the used cooling water is discharged in the sea through the discharge 
tunnel (Fig. 1). As shown in Fig. 2, the cover depth ranges from 30m to 40m. In a total 
stretch the tunnels were driven through the bedrock, consisted of sandstone and diorite. 
Their material parameters are summarized in Table 1 and Table 2, respectively. 
Groundwater level located near surface, and hence, maximum 4.5bar of hydraulic 
groundwater pressure was expected at tunnel face. Besides, risks such as over-
excavation, clogging, ground water inflow etc. are predictable, because there are fault 
zone and fractured zone in the bedrock. 
 

 

Fig. 1 Tunnel alignment 
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Fig. 2 Geological longitudinal profile 
 

Table 1. Material parameters of sandstone 

 Unit Soft rock Mod. rock Hard rock 

Specific gravity - 2.5 2.6 ~ 2.7 2.7 

Absorptivity % 1.3 0.1 ~ 0.7 0.1 ~ 0.3 

Specific weight kN/m3 25.3 25.6 ~ 27.3 26.7 ~ 27.5 

UCS MPa 37.1 19.2 ~ 80.0 22.3 ~ 114.3 

E Mpa 3.0*104 3.2*104 ~ 5.9*104 1.7*104 ~ 7.0*104 

Poisson’s ratio - 0.23 0.22 ~ 0.28 0.24 ~ 0.30 

Permeability m/s 6.8*10-9 ~ 5.9*10-7 - 2.6*10-8 ~ 8.2*10-8 

 

Table 2. Material parameters of diorite 

 Unit Soft rock Mod. rock Hard rock 

Specific gravity - 2.7 2.7 2.6 ~ 2.8 

Absorptivity % 0.4 ~ 1.0 0.2 ~ 0.9 0.1 ~ 0.8 

Specific weight kN/m3 26.4 ~ 26.5 26.3 ~ 27.3 26.3 ~ 27.5 

UCS MPa 13.2 ~ 37.8 19.2 ~ 47.9 22.5 ~ 90.5 

E Mpa 5.2*103 ~ 1.8*104 9.2*103 ~ 4.3*104 1.1*104 ~ 6.7*104 

Poisson’s ratio - 0.32 ~ 0.37 0.25 ~ 0.30 0.19 ~ 0.32 

Permeability m/s 1.8*10-9 ~ 9.1*10-7 7.2*10-8 ~ 7.5*10-7 3.2*10-8 ~ 1.2*10-6 



The 2021 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM21)
GECE, Seoul, Korea, August 23-26, 2021

  

The variable geological conditions that characterise the project do not lie in the 
optimum application range of any of the available technologies of TBM (DAUB 2010). 
Hence, the TBM selection implies compromises in any case. Compromises are under-
stood in terms of the need of ground improvements, higher tool wear, higher consump-
tions of consumables or lower performance or, most probably, a combination of these 
effects. Considering the highest expected groundwater pressure that could reach 4.5 
bar in combination with the presence of fractured rock, mostly with UCS values higher 
than 50 MPa, and the advantage in terms of stabilisation of face pressure, slurry shield 
TBMs with double chambers (excavation chamber, working chamber) were practically  
adopted ash shown in Fig. 3. The specification of slurry shield TBM is summarized in 
Table 3. 

 

 
support pressure = air pressure 

 
support pressure = air pressure + P 

 
support pressure = air pressure - P  

(a) Normal level (b) High level (c) Low level 

Fig. 3 Face supporting pressure – Communication between working and excavation 
chamber (Guglielmetti (2008)) 

Table 3. Main specification of the TBM 

Items Value 

Excavation diameter 8.42m 

Maximum thrust force 62.4MN 

Maximum Torque 
0.0 ~ 2.5rpm: 8.2MNm 
2.5 ~ 4.2rpm : 4.8MNm 

Maximum slurry pressure 6bar 

Opening’s ratio 35% 

 
3. CASE STUDY 
      

During TBM advance in a total stretch, TBM driving often has to be halted to carry 
out segment erection, CHI, maintenance et al. inevitably. Here 3 various cases related 
to jamming of cutter head, which occurred at the excavation start after TBM’s standstill, 
are introduced.  
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No.1 jamming (Fig. 4) occurred, when excavation was about to start after CHI. At 
the attempt to rotate cutter head, cutter torque was generated too highly over the al-
lowable limit. Then, start of excavation was abandoned.  

 

 

Fig. 4 Status of face and cutter head opening after TBM entrapment 
 

 

Fig. 5 TBM operation data before cutter head jamming (No.1 Jamming) 
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To be its main causes, the cutter head rotation with not sufficient face supporting 
pressure and exposure of the face in atmosphere are estimated (Fig. 5). As shown in 

the diagram in Fig. 5 (section ②, ③), the cutter head was rotated after reduction of 

chamber pressure and after the exposure of face, respectively. Since these moments 
the contact force on cutter head was increasing. Based on it, it is presumed that the 
force equilibrium in the ground ahead of cutter head is collapsed by the rotation of cut-
ter head and the movement of rock blocks in fractured zone is triggered (Fig. 4).  

Additionally, although the pressure in the chambers was enhanced again, the cut-

ter head contact force gradually increased in section ④ in Fig. 5. Because the flushing 

of slurry can lead to the disturbance of the ground ahead of cutter head and the pres-
surized slurry is not able to resist the movement of collapsing ground, the ground in 
fault zone can enter into chamber and it can result in the reduction of the resistance of 
fault zone against the movement of rocks blocks in fractured zone (Fig. 4). 

 

  

Fig. 6 Status of cutter head opening after No.2 jamming of cutter head 
 
No.2 jamming occurred at the attempt to start excavation after 2 holiday days (Fig. 

6). Due to too high cutter torque over the allowable limit, the excavation was aban-
doned.  

To be its main causes, the cutter head rotation in bypass mode and insufficient 
face supporting pressure due to reduction of pressure in the chambers for backfill port 
maintenance are inferred. As seen in Fig. 7, the cutter head rotation in bypass mode 

was carried out three times (section ①, ②, and ④). In them, the rotation in section ② 

and ④ can be problematic, because volume of excavated material was increasing dur-

ing the cutter head rotation. Besides, at the point of the start of rotation, the contact 
force on cutter head jumped suddenly. Based on these events, it is estimated that the 
rotation of cutter head may provoke the loosening of ground ahead of cutter head. After 
the pressure in chambers dropped down up to about 2 bar, the pressure in excavation 

chamber was increasing as shown in section ③ in Fig. 7). Taking account of the 

communication between working and excavation chamber, rock fragments or ground-
water may enter into the chamber, which occurs similarly when face collapses in the 
slurry shield TBM tunneling. 
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Fig. 7 TBM operation data before cutter head jamming (No.2 jamming) 
 
No.3 jamming occurred at the attempt to start excavation after the completion of 

segment ring assembly (Fig. 8). As shown in Fig. 9, when the first thrust jack group was 
retracted, the contact force on cutter head increased. Meanwhile, the pressure in 
chambers was keeping almost constantly. Based on it, it can be inferred that some rock 
blocks, acted as key blocks, fall down due to the decrease of mechanical supporting of 
cutter head, although their quantity is marginal. That can trigger the movement of rock 
blocks fixed by key blocks. 

 

   

Fig. 8 Status of cutter head opening after No.2 jamming of cutter head 
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Fig. 9 TBM operation data before cutter head jamming (No.3 jamming) 
 

4. CONCLUSIONS 
 
In this paper, a case study of cutter head jamming in slurry shield TBM tunneling 

was carried out. Analyzing TBM operation data, it was attempted to clarify the cause of 
the jamming of cutter head and the following conclusion is drawn.  

 The slurry bypass accompanying the rotation of cutter head has to be avoided, 
especially under insufficient face supporting pressure, since it can lead to the collapse 
of equilibrium in the ground ahead of cutter head. Since pressurized slurry does not 
have a shear resistance, it is not able to prevent the collapse of ground due to the ex-
cess of shear strength. Thus, in terms of face support in slurry shield TBM tunneling, 
the mechanical support of cutter head has to be taken into account. Finally, it has to 
keep in mind, that the face supporting pressure including the pressure in chamber and 
the mechanical supporting force of cutter head reduces in the process of segment ring 
assembly.  
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