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Analysis and comprehensive prevention-control for TBM jamming induced by
squeezing deformation of surrounding rock around water diversion tunnel from
Datong river into Huangshui river
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Abstract: This study aims to solve the problem of the frequent TBM jamming caused by the large squeezing deformation of
surrounding rock around the water diversion tunnel from Datong river into Huangshui river in Qinghai province. Based on the
constitutive model of squeezing deformation and the shield jamming prediction theory, we developed a procedure to calculate
squeezing deformation and shield jamming. The main conclusions are drawn as follows. When TBM advances through F5 fault
section and the overcut gap is 10 cm, the friction on the shield reaches the maximum thrust supplied by the propulsion system, which
may result in shield jamming. As the growth of the downtime, the squeezing deformation, the contact area between surrounding rock
and shield, and the friction on the shield increase with the stoppage. The growth rate is getting greater on the first day. However, the
creep rate of surrounding rock and its friction growth rate decrease from the seventh day. The interaction between surrounding rock
and shield reaches a balance until the thirteenth day, and the friction on the shield becomes stable. The above results are consistent
with observed data in the field. Furthermore, to prevent and control shield jamming, we provide the following advice for optimal
overcut and permissible downtime for further tunnelling. The over gap should be larger than 15 cm, under which the shield will not
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be jammed at the tunnelling unloading instant, and the permissive downtime is 2 days. When the overcut increases to 18 cm, the
allowable stoppage is 4 days. While the over gap reaches 20 cm, shield jamming will not happen on the whole within 7 days under
the surrounding rock condition, which also can be easily overcome. These control measures are substantially significant in the safety
and efficiency of TBM tunnelling, which are also verified by the engineering practice.

Keywords: water diversion tunnel from Datong river into Huangshui river; tunnel boring machine (TBM); squeezing deformation;

shield jamming; prevention and control
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Fig.1 Diagram of water diversion tunnel from Datong
river into Huangshui river in Qinghai province
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Fig.2 Water diversion tunnel from Datong river into
Huangshui river and its double shield TBM
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Fig.3 Engineering geological profile
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Table 1 Physical and mechanical parameters of rock in F5 fault zone

EESEL BIESH HREESHL FHIB IR 4
HE R HYEE  ARE BEPURRE FES NEEM S
EY NG n A/MPa
/(KN/m3) /GPa /GPa /GPa os/MPa /MPa /()  n/(GPas)?!
26.50 3.826 0.308 1.463 3.321 12.7 2.73 22.8 2.036x105 1.036 4.675 19.168
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Table 2 Physical and mechanical parameters

of TBM shield
KB K e JERE SRR kAL RS NEEEM
/m /m /m /GPa c/MPa o/(C)
12 2.815 0.05 212 0.2 0 19.3

x3 MM

Table 3 In-situ stress field
on/MPa oy /MPa on/MPa  oy/MPa  o,/MPa o /MPa
18.8 25.8 21.9 0.0 0.0 0.0
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Fig.5 Numerical model in F5 fault zone
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Fig.6 Numerical results of excavation disturbance
induced by TBM tunnelling
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Fig.8 Numerical results of displacement and bearing squeezing pressure of TBM shield
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Fig.9 Evolution curves of the maximum squeezing pressure and friction during TBM stoppage (ér =10 cm)
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Table 4 Squeezing deformation and shield jamming results for different values of &r
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Fig.13 Numerical results for overcut gap 15 cm at the end of the second day of TBM stoppage (Rfs=49.537 MN)
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Fig.14 Numerical results for overcut gap 18 cm at the end of the fourth day of TBM stoppage (R =50.289 MN)
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Fig.15 Numerical results for overcut gap 20 cm at the end of the seventh day of TBM stoppage (Rts=49.172 MN)



2970 = +

71 ¥ 2017 4

R 3.4 717 5] KIFIE T2 TBM RAHLIHE AL
VRS E], 76 H AT S K4/ TBM 121735 (97
JEKE T2 BRI R &4, TBM i@l
ALl F5 W5 BT R 1 R s H Z i S A 2 R
NT PR RN, EIUE &N B 46
TBM #)E 2 XETSLI, SURYE R R & 2
BT, HREATAT IR 7 Rt 2 R TBM ¥ 25
ANFIFERENL TR, 15 TBM BERS R Asr A3
(0 F2 A1 BRANATLET 18] P4 22 A4k, RZE T4

AR SCHRHOE S TBM 47 55 B4 ) (o d 4
(B 5, » 1A 42 [ BRIF 38 K52 H T 03 12 AR K P
FITBR, FEARETCIR I8, 736 K% 12, 15, 18,
20 cm, FUIE I T SR B AR A P2 IR AT A L
BPIE] t, TFEERmE 16 Fiox. H, REAIER
(477 i B FH 7 BRME -

N 2 6 10 14 18 22 -
0 4 8 12 16 20

TBM {FHLIE t/d

TBM (EHLI % t/d

(a) z=12 cm (b) &x=15cm
Z 70 Z 55
s
S
& 65 < 50
i R 45
= 55 =
2 Bl R 49MN B 40
VE[P( """""""""""" y;[p(
= o451 PRFHL = 35
£ 40 B BT R TR = 30
® 6 10 14 18 22 4 2 6 10 14 18 22
0 4 8 12 16 20 0 4 8 12 16 20
TBM fEHLIAE t/d TBM {EHLI5 t/d
(c) &=18 cm (d) &x=20 cm

16 V& B SZEERH Jr i A s

Fig.16 Evolution rule of the friction on shield
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