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A study on key factors of ground surface settlement due to shield TBM excavation

using 3-dimension numerical analysis
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ABSTRACT: This paper is to perform 3-dimensional numerical analysis considering face pressure, backfill pressure,
excavation length, soil model and element size for selecting key factors of ground surface settlement due to shield TBM
advancement. According to the numerical analysis results, backfill pressure and soil model are governing factors inducing
ground surface settlement. To complement this study, the ground conditions and characteristics of the boring machine will
be considered using numerical analysis.
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Table 1. Heinenoord soil properties
’Ysat

layer depth (N /m3) ¢ (kPa) ¢ (degree) Ko Eoed (MPa) v
1 (fill) GL(-) 40 m 17.2 3 27 0.58 8 0.34
2 (sand) GL(-) 19.75 m 20 0.01 35 0.47 40 0.30
3 (sand) GL(-) 2325 m 20 0.01 35 0.47 120 0.30
4 (clay) GL(-) 27.5 m 20 7 31 0.55 48 0.32
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Table 2. Analysis cases

Face pressure Backfill pressure Advance length soil model Element size
160 kPa 125 kPa 1.5 m Mohr-Coulomb 1.5 m (very coarse)
230 kPa 180 kPa 3m Hardening-Soil 3 m (medium)
300 kPa 250 kPa 45 m Hardening-Soil-small 4.5 m (very fine)
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Case Face pressure Backfill pressure Advance length Soil model Element size
HS-1 230 kPa 125 kPa 1.5 m Hardening-Soil 6 m (medium)
HS-2 160 kPa 125 kPa 1.5 m Hardening-Soil 6 m (medium)
HS-3 300 kPa 125 kPa 1.5 m Hardening-Soil 6 m (medium)
HSS-1 230 kPa 125 kPa 1.5 m Hardening-Soil-small 6 m (medium)
Proiram HSS-2 160 kPa 125 kPa 1.5 m Hardening-Soil-small 6 m (medium)
HSS-3 300 kPa 125 kPa 1.5 m Hardening-Soil-small 6 m (medium)
MC-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb 3 m (very fine)
MC-2 160 kPa 125 kPa 1.5 m Mohr-Coulomb 3 m (very fine)
MC-3 300 kPa 125 kPa 1.5 m Mohr-Coulomb 3 m (very fine)
BP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
BP1-2 160 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
BP1-3 300 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
BP2-1 230 kPa 180 kPa 1.5 m Mohr-Coulomb 3m
ngam BP2-2 160 kPa 180 kPa 1.5 m Mohr-Coulomb 3m
BP2-3 300 kPa 180 kPa 1.5 m Mohr-Coulomb 3m
AL-1 230 kPa 125 kPa 45 m Mohr-Coulomb 3m
AL-2 160 kPa 125 kPa 45 m Mohr-Coulomb 3m
AL-3 300 kPa 125 kPa 45 m Mohr-Coulomb 3m

308



34 A4S o83t Shield TBM XA AEYSH 78 s B4
Program A Program B
o //— 5
E s T
£ i}
= Vi £ 4
g 10 L/ <
E = E 5
= -15 oz
E b
[T} E
] ? 10 f
= -20 ——H5-1 BP1-1
c -E ’—Mw{
3 — HS-2 2 s — -BP1-2
G 25 2
HS-3 © BP1-3
-30 -20
20 30 40 50 60 70 80 50 100 110 120 20 30 40 50 60 70 80 90 100 110 120
Distance(m) Distance(m)
1 4
TO = — £, .=
E / E
s 1 = o Sy
= @ 7z
S £ [/
b —
L Vi 3 . J
w 1]
v, AR,
T 3 e — V. HSS-1 - 4 B 7 e BP2-1
=1 = 4
E - g \‘\’j’ — = BP2-2
O 4 o3 i
HSS-3 © BP2-3
5 -8
20 30 a0 50 60 70 80 ag 100 110 120 20 30 40 50 60 70 80 a0 100 110 120
Distance(m) Distance(m)
5 5
= —— £
— P ——
£ / E° -
£ s t
E / g S
o -_—
-1 % /
o — W -10
wy  — — '
e — _/ P g - *‘—.\N‘/’ — A1
-E -15 ——— MC-1 g
3 — = MC-2 O 15 AL-2
= -20 Qo AL-3
o Mc-2 i
25 -20
20 30 40 S0 60 70 80 90 100 110 120 20 30 40 50 60 70 80 90 100 110 120
Distance(m) Distance(m)

Fig. 4. Face pressure and ground surface settlements
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Case Face pressure Backfill pressure Advance length Soil model Element size
FP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
FP1-2 230 kPa 180 kPa 1.5 m Mohr-Coulomb medium (6 m)
FP1-3 230 kPa 250 kPa 1.5 m Mohr-Coulomb medium (6 m)
FP2-1 160 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
P“’iram FP2-2 160 kPa 180 kPa 15 m Mohr-Coulomb medium (6 m)
FP2-3 160 kPa 250 kPa 1.5 m Mohr-Coulomb medium (6 m)
HSS-1 230 kPa 125 kPa 1.5 m Hardening-Soil-small very fine (3 m)
HSS-2 230 kPa 180 kPa 1.5 m Hardening-Soil-small very fine (3 m)
HSS-3 230 kPa 250 kPa 1.5 m Hardening-Soil-small very fine (3 m)
FP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
FP1-2 230 kPa 180 kPa 1.5 m Mohr-Coulomb 3m
FP1-3 230 kPa 250 kPa 1.5 m Mohr-Coulomb 3m
FP2-1 160 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
ngam FP2-2 160 kPa 180 kPa 15 m Mohr-Coulomb 3m
FP2-3 160 kPa 250 kPa 1.5 m Mohr-Coulomb 3 m
FpP3-1 300 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
FP3-2 300 kPa 180 kPa 1.5 m Mohr-Coulomb 3m
FP3-3 300 kPa 250 kPa 1.5 m Mohr-Coulomb 3 m
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Table 5. Advance length cases

Case Face pressure Backfill pressure Advance length Soil model Element size
MC-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
MC-2 230 kPa 125 kPa 3m Mohr-Coulomb medium (6 m)
MC-3 230 kPa 125 kPa 45 m Mohr-Coulomb medium (6 m)
HS-1 230 kPa 125 kPa 1.5 m Hardening-Soil medium (6 m)
P “’iram HS-2 230 kPa 125 kPa 3m Hardening-Soil medium (6 m)
HS-3 230 kPa 125 kPa 45 m Hardening-Soil medium (6 m)
HSS-1 230 kPa 125 kPa 1.5 m Hardening-Soil-small very fine (3 m)
HSS-2 230 kPa 125 kPa 3m Hardening-Soil-small very fine (3 m)
HSS-3 230 kPa 125 kPa 45 m Hardening-Soil-small very fine (3 m)
FP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb 3 m
FP1-2 230 kPa 125 kPa 3m Mohr-Coulomb 3m
FP1-3 230 kPa 125 kPa 45 m Mohr-Coulomb 3m
FP2-1 160 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
P“’gam FP2-2 160 kPa 125 kPa 3m Mohr-Coulomb 3m
FP2-3 160 kPa 125 kPa 45 m Mohr-Coulomb 3m
FP3-1 300 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
FP3-2 300 kPa 125 kPa 3m Mohr-Coulomb 3m
FP3-3 300 kPa 125 kPa 45 m Mohr-Coulomb 3m
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Fig. 7. Advance length and ground surface settlements
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Case Face pressure Backfill pressure Advance length Soil model Element size
FP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
FP1-2 230 kPa 125 kPa 1.5 m Hardening-Soil medium (6 m)
FP1-3 230 kPa 125 kPa 1.5 m Hardening-Soil-small medium (6 m)
FP2-1 160 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
P“’iram FP2-2 160 kPa 125 kPa 15 m Hardening-Soil medium (6 m)
FP2-3 160 kPa 125 kPa 1.5 m Hardening-Soil-small medium (6 m)
FP3-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb very fine (3 m)
FP3-2 230 kPa 125 kPa 1.5 m Hardening-Soil very fine (3 m)
FP3-3 230 kPa 125 kPa 1.5 m Hardening-Soil-small very fine (3 m)
FP1-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
FP1-2 230 kPa 125 kPa 1.5 m Hardening-Soil 3m
Program Fp2-1 160 kPa 125 kPa 1.5 m Mohr-Coulomb 3m
B FP2-2 160 kPa 125 kPa 1.5 m Hardening-Soil 3m
AL-1 160 kPa 125 kPa 3m Mohr-Coulomb 3m
AL-2 160 kPa 125 kPa 3 m Hardening-Soil 3m
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Case Face pressure Backfill pressure Advance length Soil model Element size
MC-1 230 kPa 125 kPa 1.5 m Mohr-Coulomb medium (6 m)
MC-2 230 kPa 125 kPa 1.5 m Mohr-Coulomb very fine (3 m)
MC-3 230 kPa 125 kPa 1.5 m Mohr-Coulomb very coarse (12 m)
HS-1 230 kPa 125 kPa 1.5 m Hardening-Soil medium (6 m)
Proiram HS-2 230 kPa 125 kPa 1.5 m Hardening-Soil very fine (3 m)
HS-3 230 kPa 125 kPa 1.5 m Hardening-Soil very coarse (12 m)
HSS-1 230 kPa 125 kPa 1.5 m Hardening-Soil-small medium (6 m)
HSS-2 230 kPa 125 kPa 1.5 m Hardening-Soil-small very fine (3 m)
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