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Abstract: To address the deformation control challenge in the shallow-buried underwater tunnel with
small clearances in soft rock excavated by roadheader, uniaxial creep tests were performed to examine the
creep behavior of mudstone siltstone under varying moisture conditions. Based on the experimental
results, the Cvisc creep constitutive model was adopted to fit the stress-strain relationship, and the
constitutive parameters were calibrated accordingly. A numerical simulation model with rock mass creep
was developed to investigate the stress and deformation characteristics of the tunnel. Using this model,
the excavation sequence distance and timing of secondary lining installation were optimized. The results
were then validated by comparison with field monitoring data. The research results show that under
saturated conditions, the strength of mudstone siltstone decreases, making it more susceptible to creep
deformation. The Cvisc model provides better agreement with the mechanical behavior of the surrounding
rock and ensures higher construction safety. Under different excavation sequence distance and secondary
lining delay distance, the strength of the initial support concrete meets the safety requirements, and the
vault settlement patterns are generally similar. The tunnel vault settlement exhibits the highest sensitivity
to excavation sequence distance and secondary lining delay distance, followed by the settlements at the
shoulder, waist, invert and foot of the tunnel. Increasing the excavation sequence distance and reducing
the secondary lining delay distance effectively enhance tunnel stability and control vault settlement. The

optimal excavation sequence distance and secondary lining delay distance are determined to be 39m and
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9m, respectively. The vault settlement simulated using the Cvisc model shows minimal deviation from the

monitored values, with consistent trends, indicating that the surrounding rock deformation eventually

converges.
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Table 1 Creep test results of mudstone siltstone

K N K/ [ZiN) AT AR A5 ETAR Jin s i A 4 IR Ik B g A
RES MPa L AR Ivs o E Vs - Ivis /%
15 0. 628 0.112 — — 0. 740 0.112 84. 86
. 19 0. 950 0.158 — — 1. 108 0.158 85.74
4}\7‘5 23 1.343 0.202 — — 1. 545 0.202 86.93
27 1.780 0. 147 0. 081 0. 046 2.054 0.274 86. 66
31 2.197 0. 020 0. 041 0.280 2.538 0.341 86. 56
6 0.522 0.070 — — 0.592 0.070 88.18
Lokl 10 0. 862 0. 090 — — 0.952 0. 090 90. 55
RE 14 1. 280 0. 052 0. 064 0.008 1. 404 0. 124 91. 17
18 1.729 0.048 0. 059 0. 062 1.898 0. 169 91.10
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Table 2 Creep constitutive model parameters for mudstone siltstone

PR Maxwell A5 74 g : Kelvin #5554 Maxwell 457 2 it 22 %4 Kelvin 5 3 i 22 %4
AR it E,/CPa il E,/GPa n,/(GPa « h) n,/(GPa « h)
HARRES 15. 68 22.82 1136. 11 1.04
T FRES 2.46 12.71 300. 46 1.45
®3 MRHMEBEHZESH
Table 3 Physical and mechanical parameters of materials
JuEs W/ (kg - m™>) WAL/ GPa LSRNz FiR J1/kPa PSR f/ (°)
e b 2550 2.6 0.38 420 23.6
el 2250 30.0 0.30 — —
ZRE 2250 32.5 0. 20 — —
FFF 7 850 210.0 0.22 — —
Ik B =7 45 3 300 90. 0 0.23 — —
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