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Numerical analysis of construction scheme of loess tunnel

NI Yu-shan, ZHANG Hua-bing
(Department of Mechanics and Engineering Science, Fudan University, Shanghai 200433, China)

Abstract: The variations of five mechanical conditions such as the surface settlements, the displacement at vault of tunnels, the
distribution of plastic zone of surrounding loess, the moment distribution of lining element and the total strain energy of surrounding
loess are studied under three kinds of lining procedure with two different tunnel constructions, which is sequential excavation with a
central heading and with a lateral heading. The results show that the sequential excavation with a lateral heading, which can decrease
the amount of displacement at the vault of tunnels and of the maximal surface settlement and of the plastic zone of surrounding loess,
is more preferable than that with a central heading. The tunnel lining in delayed construction compared with that in immediate
construction is more favorable to enhance the stability of loess tunnel. It is shown that the analytical results are helpful for the design
and construction of loess tunnels.
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Fig.1 Sequential excavation with a central heading
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Fig.2 Sequential excavation with a lateral heading

R1 BMFEHE 3 MZPIFHES R
Table 1 Three kinds of lining procedure with two
different excavations
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Table 2 The maximal surface settlement of the excavation
with a central heading

(mm)

Iz LER! UES LEIN
IR THZ BE Iz BE Iz BE

1 4.48 5.1 4.48 4.48 5.1

2 5.09 5.34 5.1 5.09 5.34

3 5.33 5.59 5.34 5.33 5.59

4 5.57 5.74 5.61 5.57 5.74

5 5.73 5.87 5.75 5.74 5.73

6 5.85 5.9 5.88 5.87 5.85

7 5.89 5.93 5.91 5.92 5.85 5.9
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Table 3 The maximal surface settlement of the excavation

with a lateral heading

x5

XU EE Tk REE S TR K T UiE
Table 5 The displacement at vault of tunnel of the
excavation with a lateral heading

(mm) (mm)
2 T 2-A UES UEIN Iz UES! UES UEIN
LR Iz 3 BARTo 3 BARTo 3 HRR Iz 3 BARTA 3 BARTA 3
1 4.48 4.71 4.48 4.48 4.71 1 3.02 3.31 3.02 3.02 331
2 4.66 5.37 4.71 4.96 4.90 2 3.25 4.54 331 3.54 3.48
3 5.35 5.79 5.89 3 4.48 5.01 5.04
4 5.37 5.91 5.88 4 4.45 5.14 4.94
5 5.39 5.91 5.89 5.89 5 4.45 5.14 4.97 4.96
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Table 4 The displacement at vault of tunnel of the P
excavation with a central heading -1 21l
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Fig.3 The distribution of plastic zone of surrounding loess
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Table 6 The bending moment distribution of lining
element with two different excavations

(kKN +m)
§ R SUURE S 53k
pis I 1I il I 1I 11T
A -508.521 -43141 -513.09 -435.92 -441.297 -440.071
B -463.176 -418.309 -462979 -386.358 -395.876 -383.818
C -204.072 -188.127 -198.133 -145.106 -154.416 -150.287
D 203.284 203.658 208.516 159.928 171.501 102.446
E 0.017 0.017 0.017 0.013 0.013 0.013
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Fig.4 Variations of total strain energy of the loess tunnel of
the excavation with a central heading

XUMBE PHTETFZE S BT S B 5 WA fE
A A 5 s, B hspim AR, RIY
T2 SCH R R, 7 RIHE FHZ 3l B AR (45
L%, BWHm, J5 % 1 AOrg WA A, 3t
WS BElEAT BRI, R M5 ST e S 3706
HIEEUN, A TR EA IRUE -

150
140

=130

=

B120

=l /i

B 110 g
100 §

90

0 2000 4000 6000 8000 10000
I/ h
B s XUMEESHUE S B NAR RE S RIS R B
Fig.5 Variations of total strain energy of the loess tunnel of
the excavation with a lateral heading
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