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Mechanical characteristics for linings of shallow excavation metro
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Abstract: In order to precisely understand the mechanical characteristics for secondary linings of shallow excavation metro
tunnels in loess region, large scale field tests are conducted at Xi'an metro line No. 2 site. The contacting pressure on the
surrounding rock and the initial support system, contacting pressure on the initial supports and secondary linings and the stress
of the secondary linings are monitored. The test results indicate that the surrounding rock pressures of each part in the initial
support in earlier excavation chamber are larger than those in later excavation chamber of three-arched metro tunnel, and the
pressures at the top and bottom parts of left and right center pillars are the largest due to large load at the upper part. The
loading ratio is 52.81% and 47.19% respectively for the initial supports and secondary linings. The stress of the secondary
linings is pressure stress, which is the largest at the left and right center pillars. The surrounding rock pressures in the wall foot
at the left and right on standard section metro tunnel are the largest due to large load at the upper part. The loading ratio is 40%
and 60% respectively for the initial supports and secondary linings. The stress of the secondary lining is pressure stress, which
is the largest on the upper arch loin and is smaller on the inverted arch.
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Fig. 1 Design diagram of three-arched tunnel
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Fig. 2 Construction procedure of three-arched tunnel
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Fig. 3 Layout of test element in three-arched tunnel
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Fig. 4 Layout of test elements in standard section-metro tunnel
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Fig. 5 Distribution of pressure of initial supports after secondary

linings
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Fig. 6 Distribution of contacting pressure between initial supports

and secondary linings
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Table 1 Pressures of initial supports and secondary linings after

construction of secondary linings

(P,IP

) P (P,/P P (P/P)

W o PP 2 2 P4
/kPa YIE)I% /kPa 1% (/%

Y1 82.34 3353 163.20 66.47

Y3  119.30 59.68 80.60  40.32

Y4 50.16 48.89 61.84 5111

Y5  112.02 38.79 176.76  61.21

Y6 66.82 75.81 21.32 2419

Y7 70.44  82.62 1482 17.38

Y8 83.64 55.23 5281 67.8 4477 47.19

Y9 39.54 3464 74.62  65.36

Y10 5635 36.40 98.44  63.60

Y15 6492 50.73 63.06  49.27

Y16  55.84  50.00 55.84  50.00

Y17  65.72  67.35 31.86  32.65
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Fig. 7 Distribution of stress of secondary linings
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Fig. 8 Distribution of pressure of initial supports after secondary

linings
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Fig. 9 Distribution of contacting pressure between initial supports
and secondary linings
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Table 2 Pressures of left hole of initial supports and secondary

linings after construction of secondary linings
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Table 3 Pressures of right hole of initial supports and secondary

linings after construction of secondary linings

P o %’g P,  (PIP) PP
M /kPa /% IkPa % CFHME%
Y1 9650 62.75 57.290  37.25
Y2 7694 39.43 118.200  60.57
Y3 2460 29.01 60.198  70.99
Y4 6330 3503 117.420  64.97
Y5 4385 4141 62.040  58.59
44.08 55.92
Y6 7581 39.07 118.240  60.93
Y7 8529 59.89 57.120  40.11
Y8  87.68 4897 91.380 51.03
Y9 8076 37.87 132.490  62.13
Y10  60.24 47.37 66.930 52.63

PP PP

wo 5 o Thonoem O

° )9 /kPa ° 1#)/%
Y1 5236 46.76 5061 5324
Y2 5648 49.23 5824 5077
Y3 9576 5503 7825  44.97
Y4 435 3445 8278 6555
Y5 5102 2536 1502 7464

Y6 10025 2879 39 4701 7121 6606
Y7 13434 32.72 27625 67.28
Y8 5137 2122 10073 78.78
Y9 4324  12.30 308.35 87.70
Y10 5943 3356 117.65 66.44
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Fig. 10 Distribution of stress of secondary linings
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