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Mechanical characteristic test of tunnel support structure in
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Abstract; In order to analyze the mechanical characteristics of tunnel support structure in weak loess
stratum and optimize the design theory of loess tunnel, large scale field tests of the sections of
miscellaneous fill, deep depth and shallow depth were conducted for a loess tunnel of the highway
through Xining City. In the aspects of space distribution, time distribution, calculation method and
contrast verification, the contact pressure between surrounding rock and primary liner, the contact
pressure between primary liner and secondary liner, and the strains of secondary liner and inverted arch
were systematically studied. Analysis result shows that the vault and spandrel are the most dangerous
parts of loess tunnel for their large pressures and prone to collapse. The calculated values of surrounding
rock pressure are very different from the measured values, and the existing method has a big error in the
calculation of surrounding rock pressure at the loess section. The time for surrounding rock pressure to
stabilize is shorter at deep depth section than the value at shallow depth section, and the time at the
section of miscellaneous fill is the longest. Following the guidance of New Austrian Tunnelling Method

for the loess tunnel and the design concept of “strong primary liner and weak secondary liner”, the
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loading proportions of the secondary liner have been kept in the range of 11 %-36% and the primary liner

has played an important role in controlling the deformation of surrounding rock. The secondary liner has

played as safety reserve. 7 tabs, 11 figs, 20 refs.
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Tab.1 Parameters of tunnel liner and support
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Tab. 2 Thicknesses of covering soils at test sections m
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Fig. 2 Distributions of primary liner pressures
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Tab.3 Pressures of vertical surrounding rocks kPa
W T
J5 ik
227 160 915 243 770
SCEHER 259 | 717.97 | 245.42 | 526.59 | 411,78 | 508.59
Terzaghi 243 361.01 | 345.98 387.17
IO 501.43 | 472. 32 532.25
LIRS NN 390. 63 | 390. 63
BT HLE
541.40 | 513.11 | 259.20 | 259. 20 | 585. 67
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Fig. 4 Contact pressure-time curves between

surrounding rock and primary liner

227,160 W7 T (1% B 2l 26 0R L A% S5 W T 4L T
AL 0 g B B ) AR A B K O HL A B AR E P
T A A, TR BE 915,243 W JE ) 3
/N s HAR A B ) PR, R I O 243 0T D, B L TR
ZEHEE I A AN A 5 1 A #] 200 kPa, I
HAE 20 d Z o9 8 8 F F e s BE TR A2 B8 b s )
R CHETR AL 5 Kol 1049 kPa, Z2 Bt 5 Ab fie KA by
791 kPa, 7EMEI 50 d Z 5 B ¥ TARE. 770 W
T A, 5 3B, 4% A 0 Y 4 g e R R
TE 30 d 2247 22 I i W ) s ) 4 K AR A e RO K
b, HENEEAL 9 He g I B TR] A 48 K R BE LG D L T
BGRB8

Pl 5 Ay A4k s g it s ] £ 78 Ak 20 B 10~
13 i &g . AP HE R ) & S BOR S A A
R 4 35k e Ty R B AR ] 501 3 ke ) 10 B ok T
JIEHR AR A IR Fa N A L Z T S R I L K
T HE Fs 7 (A 3K H 3k B Fe e i g B e A 7
Fe 3 A 4 1 R R AR AR R

SR U ZE M 2 A A LG L Bl ) A

300 -
s 200f
=%
S
R
H 00}
1 1 1 1 1
0 50 100 150 200 250
B [R)/d
(a) 160M7H
120
100 | - o
< 80F
& 6o0f —~10
2 =11
e 40 - — % 12
201 o a——s—2—2—3 |3
0 .
-20 1 1 1 I
0 50 100 150 200
B [a]/d
(b) 243W7TH
1200

& #1/kPa

800 210
12
400 13
L 1 1
50

1 1 1
100 150 200 250
B [E)/d
(c) 770M7 T

5 AR -k ] i 2%
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Fig. 6 Distributions of contact pressures between primary liner and secondary liner
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Tab. 4 Contact pressures of primary liner and secondary

liner at miscellaneous fill sections

P,/ P,/P/ | P,/PY¥ P,/P/ |P,/P
7 167 |0 P, /kPa
kPa %o |/ % %o |3/ %
1 |1 140.40] 94.00 72.75 6.00
2 437.76] 43.01 580.12 | 56.99
3 |1 060.10[ 96.78 35.25 3.22
4 366. 24| 91.22 35.27 8.78
227 82.12 17. 88
5 228. 48] 41.31 324.58 | 58.69
6 641. 37| 98.40 10. 42 1. 60
8 508. 72| 93.35 36.22 6. 65
9 548. 85| 98. 88 6.21 1.12
1 335. 31| 40.96 483.30 | 59.04
2 393.41| 49.62 399.43 | 50.38
3 159. 04| 26.65 437.82 | 73.35
4 139,47 70.33 58.83 | 29.67
160 | 5 98.22| 55.27 63. 83 79.50 | 44.73 36.17
6 71.70] 84.70 12.95 | 15.30
7 119.17) 55.59 95.21 | 44.41
8 151. 501 94.62 8.62 5.38
9 309. 86| 96.74 10. 43 3.26
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Tab.5 Contact pressures of primary liner and secondary liner

at deep depth sections

el P,/P/ |P,/PF P ks P./P/ |P:/P ¥
kPa %o |BE/ % %o | BME/ A

1 |1 256.25) 92.52 101.62 | 7.48

2 | 363.20 87.73 50.81 | 12.27

3 | 306.02| 51.40 289.30 | 8. 60

915 | 4 156. 02| 75.60 | 81.92 50.35 | 24.40 | 18.08

5 195. 45| 93.77 12.98 6.23
6 315.47] 81.70 70.67 | 18.30
7 166.77| 90.73 17.03 9.27
1 679.61] 96.13 27.37 3. 87
2 112.17| 95.12 5.76 4. 88
3 747.82| 99. 14 6. 45 0. 86
1 145.10 68.03 68.18 | 31.97

243 5 149. 47| 70.88 | 82.26 61.42 | 29.12 | 17.74

6 63.42| 57.08 47.68 | 42.92
7 56. 98 85.57 9.61 | 14.43
8 172.21| 84.16 32.40 | 15.84

9 213.45| 84.27 39.85 | 15.73
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Tab.6 Pressures of primary liner and secondary liner

at shallow depth sections

2 803.54 | 93.10 59. 54 6.90
3 164.98 | 83.07 33.62 16.93
4 1 621.32 | 95.82 27.08 4.18
5 | 308.90 | 90.05 34.15 9.95
770 88. 85 11.15
6 232.31 | 87.23 34.01 12.77
7 | 351.42 | 90.31 37.70 9.69
8 | 308.95 | 82.00 67.82 18. 00
9 | 436.98 | 89.18 53.02 10. 82
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Fig. 7 Distributions of constact pressures between primary

liner and secondary liner at different sections
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Tab.7 Load ratios of secondary liners of loess tunnels
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Fig. 10  Strain-time curves of secondary liner concrete
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Fig. 11  Strain-time curves of inverted arch concrete
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