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Figure 1 Plan view of pit construction
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Table 1 Properties of the soils

e
RE pRan ry RWRE ﬁigj g?géﬁi;é’ﬁ I
(kN-m™) E_,,/MPa ﬁKo ‘. JkPa (ch/(o) k/(emes™) a4 h/m

®-2 e 18.0 0. 80 7.0 5.0 (1.0~3.0)x107° fhiEK 0~0.45

®-2 R £ 19.2 5.97 0.51 26.0 16.2 2.60x107° Bk 0.30~2.90
®-3 Wk EImni 19.3 10. 98 0.45 6.1 28. 8 1.00x107° FAEEK 1.50~4.30
@-2 b Jdenb mik + 19.4 14.21 0.43 4.5 31.6 4.77%x107° gk 4.80~10. 50
®-1 R £ 19.2 5.46 0.55 22.4 14.6 3.60x10°° WaEK  3.00~4.50
©-1 it 20. 1 7.11 0.45 58.8 14. 4 2.10x1077 RiBK  5.80~6.00
©-2 35 R 19.2 5.98 0.48 26.0 15.3 2.60x107° iEK  5.00~5.50
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Figure 2 Plan view of the filling grouting
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Figure 3 Working drawing of freezing method construction
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Table 2 Information on freezing pipes arrangement

TREs Xk RS ALECE AR/ m UREE R IR A
D X 17 -18.8~-7.6 7H31H
E X 13 -18.8~-9.5 8H5H
7 X 14 -18.8~2.0 7H31H
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Table 3 Information on temperature sensing points

WAL WX S W A5 A BRI/ m
C1.C5 7 XMl 5 5.0,9.0,13.0,17.0,20. 3
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Table 4 Main parameters of frozen construction
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Table 5 Growth rate of the freezing wall
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18. 8% , 5 i Ab VR4 BE & e WL N 67.3 mm/d, & TG
B A VR 45 RE ST 34 K R 1Y) 58. 6%

(4) BB R 45 30 55 57 R TH FE M ALl 1. 671 %
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Field Measurement Study on Liquid Nitrogen Freezing for Controlling Water Seepage at

Tunnel Open-cut Excavation Interfaces

LIU Dayong', YANG Ping', GU Yajun’, CHENG Jianhua®, WANG Jiahui'

(1. College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. Suzhou Rail Transit Construction Co. ,
Ltd. , Suzhou 215004, China)

Abstract; In a certain subway construction project in Suzhou, the cement soil mixed piles in the open-cut excava-
tion area of the river channel experienced excessive deformation during the initial excavation, resulting in the failure
of the waterproof curtain. Even after treatment with double-liquid grouting combined with MJS reinforcement, it re-
mained ineffective in stopping the flow of sand and water. By using liquid nitrogen artificial ground freezing to form
an effective waterproof curtain, the repair construction of the failed waterproof curtain on the condition of large seep-
age was successfully realized. An analysis of the failure of the foundation pit's waterproof curtain was conducted
and a construction plan for liquid nitrogen freezing repair was proposed. Using on-site measurements, the study sta-
tistically evaluated the temperature of the frozen wall, the consumption of liquid nitrogen, and the growth rate of the
freezing wall during the repair construction process. The results showed that the growth rate of the freezing wall at
the leakage site of the cement-based improved soil was 67.3 mm/d, which was 58. 6% of the average expansion
rate of the frozen wall at the non-seepage area, and the temperature difference between the frozen soil at the seepage
point and the non-seepage area exceeded 40 °C , which showed a clearly inhibitory effect on the expansion of the
frozen wall. During the active freezing period, each cubic meter of soil required 1. 671x10" kg of liquid nitrogen ,
and each set of freezing pipes consumed 3.49 x 10° kg of liquid nitrogen daily during the maintenance freezing
period, which was 48. 5% of the empirical estimate.

Keywords; water inrush; liquid nitrogen freezing repair; growth rate of the freezing wall; liquid nitrogen consump-

tion; field measurement study





