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Abstract Objective: During the repair process of metro tun-

JIA  Peiwen,

nel segments, the damaged lining segments are typically re-
paired by workers accessing the surface through an open exca-
vation vertical work shaft and subsequently restoring the tunnel
structure. However, when backfilling the shaft the law of load
distribution on shield tunnel arch exerted by internal backfilling
materials remains unclear. Therefore, it is necessary to study
the backfilling materials sampled from tunnel damages for ver-
tical shaft repair, as well as the load distribution law through-

out vertical shaft backfilling process. Method: A finite ele-
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ment model of the shield tunnel vertical shaft repair and back-
filling is established. Three types of backfilling materials;
sand, lightweight concrete, and gravel soil, are selected for
analyzing of the load transfer and distribution law during verti-
cal shaft repair and backfilling. Result & Conclusion. When
lightweight concrete is used as the vertical shaft backfilling ma-
terial, the stress at shaft bottom is minimized. When its back-
filling height reaches 17.4 m, the stress on shaft bottom is 55.
58 kPa. The load exerted on tunnel arch crown throughout ver-
tical shaft backfilling process is uniformly distributed. As the
cumulative backfilling height in the vertical shaft increases, the
load on shield tunnel arch crown increases exponentially. When
the backfilling height in the vertical shaft exceeds 6. 0 m, the
growth of load on tunnel arch crown slows down and gradually
becomes stable.
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Fig.1 Water inrush at the segment damaged position
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Main physical parameters of surrounding rocks,

Tab. 1

shield tunnel and vertical shaft

PR, EEEE/ N/ BRI/

i MPa (KN/m*) () kPa Tt
Judti+ 6.1 18.0 10 8 0.30
AN A+ 22.0 20.0 32 2 0.33
oA 30.0 21.0 35 5 0.30
GRE 12.0 19.5 38 2 0.30
A+ 35.0 22.0 40 5 0.25
IR 31 500.0 25.0 — — 0.20
WA 34 500.0 25.0 — — 0.20
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Fig.3 Nephogram of vertical shaft internal stress of different

backfilling materials
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Fig.4 Distribution curve of soil mass stress along vertical

shaft depth with different backfilling materials
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contact surface model
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Fig.6 Curve of tunnel arch crown pressure changing with ver-

tical shaft backfilling height
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Tab.2 Arch crown pressure of each unit with the three
backfilling materials under different shaft backfill-

ing height conditions

I /m - A PR jfl/kPa |
ot ot 2 HIT3
BRI EE 18.90 19.00 19.10
2.4 -t 43.40 43.40 43.40
oA+ 49.70 49.70 49.60
BEFRSL 48.20 48.50 48.60
9.0 it 94.70 94.20 94.90
oA+ 123.00  124.00  124.00
BRFURYE+ 57.95 57.95 57.95
17.4 wt 130.30  130.30  130.30
oA+ 144.10  144.50  143.50
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Fig.7 Comparison diagram of tunnel backfilling arch crown

pressure and material self-weight pressure
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