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Abstract; In order to study the deformation law and its influencing factors when the shield tunnel un-
derpasses the high railway foundation, a three-dimensional numerical model is established based on the
actual project in Xi “an city, and the variation laws of the displacement of the high railway foundation
and the displacement of the track bed when the shield tunnel underpasses the existing high railway foun-
dation are analyzed. At the same time, orthogonal experiments are used to study the influences of tunnel
excavation distance, tunnel underpass angle and other factors on the high railway foundation. The re-
sults show that the maximum vertical displacements of roadbed and roadbed after shield tunnel construc-
tion are 9. 18 mm and 7.43 mm, respectively. The maximum lateral displacements of subgrade soil in
different directions are 0. 24 mm and —0. 29 mm, respectively. The maximum displacements of the track
bed in different directions are 0. 17 mm and —0. 13 mm, respectively. In addition, the vertical clear
distance has the greatest effect on the vertical deformations of the existing high railway foundation and
the high railway foundation bed. The underpass angle has the greatest influence on the transverse de-
formation of the existing high railway foundation bed.

Key words: shield tunnel; high-speed railway foundation; composite foundation with CFG piles; nu-

merical simulation; orthogonal test
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Fig. 1 Schematic diagram of shield tunnel under railway
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simulation model
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Tab. 1 Physical and mechanical parameters of soil layer

o . AR KIREE HEL/NE4 K4 JEE 2
1 et 11.6 15 18.9 0.28 24 22.5
2 T g 4.2 13 19.7 0.32 21 24
3 HBRS £ 14.5 24 19.1 0.35 31 19
4 i 5.4 30 20.0 0.30 0 34
5 et/ 9.3 26 19. 1 0.35 28 21
R2 BHBERSHEEMHNEERSH
Tab. 2 Properties and parameters of shield tunnel and high-speed railway base materials
M TE=N N \ [+
s i b g IR e
- HhH C50 JR#E+ SR 27 600 0.25 24
T JE 7 BARF Shell 455 206 000 0.3 78
SIENZN C55 R+ SR 35 500 0.18 24.2
YR C15 iREE+ SEAARBATT 22 000 0.2 23.6
— BRILERE i La) BRN:BTH 16 000 0.3 20. 8
%89k =] Kt SR 12 000 0.2 23
PR 2 A + BRVN:BTH 10 000 0.35 17.5
CFG Hi C20 &+ Pile B0 25 500 0.2 23
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Fig. 4 Settlement cloud diagram of subway tunnel and high-speed railway foundation
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Fig. 6 Vertical displacement values of monitoring points on

different driving sections of high-speed railway foundation
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4 12 18 30 120

W 13, il B = 2R A HES 41 52 256
U, AR RCRIF AT LT, SR IESS IS, % 4
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Tab. 4 Orthogonal test scheme table

i KL AN ‘ R
B A/m SCREEE B/m FEMAE C/(°)  HZNE D/m
1 A,B,C,D, 3 9 90 0 Y1
2 A,B,C,D, 3 12 60 40 Y2
3 A,B,C,D, 3 15 45 80 Y3
4 AB,C,D, 3 18 30 120 Y4
5 A,B,C,D, 6 9 60 80 Y5
6 A,B,C,\D, 6 12 90 120 Y6
7 A,B,C,D, 6 15 30 0 Y7
8 A,B,C,D, 6 18 45 40 Y8
9 AB,C,D, 9 9 45 120 Y9
10 AB,C,D, 9 12 30 80 Y10
11 AB,C,\D, 9 15 90 0 Y11
12 AB,C,D, 9 18 60 40 Y12
13 A,B,C,D, 12 9 30 40 Y13
14 A,B,C.D, 12 12 45 0 Y14
15 A,B,C,D, 12 15 60 120 Y15
16 A,B,C,D, 12 18 90 80 Y16

TEACFALG A SR 1) B XSGR [E1 R € O N 5L s D TRl

VW

(a) Y17 (b) Y2HERL (c) Y3 (d) YAty

&
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Fig. 14 Model diagram of different working conditions in orthogonal experiment
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Tab. 5 Subgrade settlement, maximum lateral displacement of subgrade roadbed and maximum vertical
displacement of subgrade roadbed under different factors

TG % i fi Kt o) TR/ mm TE R e A 1] 2 A% f/ mm TE R R ] A {H/ mm
Y1 14.91 0.261 7. 66
Y2 12.43 0.429 6.02
Y3 10. 87 0. 665 5.38
Y4 7.28 0. 892 3.79
Y5 9.04 0.367 3.03
Y6 8.32 0.314 3.24
Y7 7.11 0. 836 4.09
Y38 6.56 0.721 4.50
Y9 8.20 0.511 3.50
Y10 6.83 0.748 4.27
Y1 6.34 0.378 2.88
Y12 5.80 0. 558 3.15
Y13 6.99 0. 689 2.03
Y14 6.74 0.583 1.77
Y15 4.05 0.501 3.34
Y16 3.41 0.435 3.29
FR6 MESR
Tab. 6 Table of range analysis
AR BES K KF1 K2 KF-3 K- 4 WE R
4 K! 45.49 31.03 27.17 21.19 —
k! 11.37 7.76 6. 80 5.30 6.07
2 K? 39. 14 34.32 28.37 23.05 —
- kY 9.79 8.58 7.09 5.76 4.03
B TUIE K¢ 32.98 31.32 32.37 28. 21 —
¢ kS 8.25 7.83 8.09 7.05 1.20
D K’ 34.56 32.32 30. 15 27.89 —
kY 8.64 8.08 7.54 6. 96 1.68
AR > BOSUREIEE) > D(FFZREIEE) > C(TEMAE)
4 K! 2.247 2.238 2. 195 2.208 —
k! 0.562 0. 560 0. 549 0.552 0.013
B K? 1. 828 2.074 2.380 2. 606 —
. . K’ 0.457 0.519 0. 595 0. 652 0.195
MR BRIEL R c K¢ 1. 388 1. 855 2.480 3. 165 —
k¢ 0.347 0. 464 0. 620 0. 791 0.444
D K’ 2.238 2.217 2.215 2.218 —
kY 0. 560 0.554 0. 554 0. 555 0. 006
C(TZME) > B(CAUMMEE) > A mEE) > D(IFZRIEE)
K 22.85 14. 86 13.80 10. 43 —
A k! 5.71 3.72 3.45 2.61 3. 100
2 K? 19.77 16. 90 13. 80 11. 47 —
. . K’ 4.94 4.23 3.45 2.87 2.070
KRR c K¢ 17.07 15. 44 15.15 14. 18 —
k¢ 4.27 3.89 3.79 3.55 0.720
D K? 16. 67 15.43 15.97 13.87 —
kY 4.17 3.86 3.99 3.47 0. 700

ACE ) > BOWRELD) > CCREFME) > DOFHZRIE)
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Tab.7 Variance analysis table
BT
REMA R R B2 A ¥y e F IfE F il HE U

R ) iR A 80. 17 3 36.72 37.63 15. 44 1
XU AR B 37.80 3 12. 60 17.75 15. 44 2
TEEMEC 5.37 1.79 2.52 15. 44 4
FHZESE D 9.77 3 3.26 4.59 15. 44 3

PRI 2.13 3 0.71

pe¥l! 135.24 15

T PRAE 5 7%

U [f) it A 0.020 4 3 0. 006 8 2.52 15. 44 3
XU AR B 0. 067 4 3 0.0225 5.32 15. 44 2
TEEMEC 0.426 5 3 0.142 2 52.65 15. 44 1
FHZESE D 0.012 1 3 0.004 1 1.49 15. 44 4

R 0.008 1 3 0.002 7

pegll 0.534 5 15

TR ) 155

1 [i) it A 20.75 3 6.917 69. 17 15. 44 1
XUl [ 85 B 9.83 3 3.277 33.77 15. 44 2
TEEMEC 1.08 3 0. 360 3. 60 15.44 3
FHZEIFE D 1.06 3 0.353 3.53 15. 44 4

R 0.30 3 0. 100

SR 33.02 15
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