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Fig.1 Longitudinal section of connected aisle (Unit: m)
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Tab.1 Physical and mechanical properties of soil around connected aisle

W2 T8 T = TR I lg-em” KR J1kPa  NFEHEES/(°) JE4ERIE/MPa 235 R &/cm-s™

(8): AUV TUA R £ 40.6 1.75 16.7 12.8 2.89 10°
(9 WK+ 25.7 1.99 34.7 19.1 6.79 107
(12), 4H1» 232 1.96 3.3 32.8 10.82 10°
(12), [BTR PRI | PP~ 5L R SRR PR SR BE I 130 MPa 15838 R AR K
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Tab.2 Properties of frozen soil under —10 °C and strength test result
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Tab.3 Computing parameters of soil around tunnel, main tunnel and connected aisle

W3 3 S 12 /KN -m™ SPERL R/ MPa HEL/N4
@, TV A J5T 1 1.74 89.5 0.22
@, TR+ 2.03 147.9 0.22
12, ¥37» 2.10 211.7 0.20
(12, [ % 2.44 225.5 0.20
Fh%E 25 34500 0.18
I SZ S TR 25 25500 0.22

32 HELERESH
T8 35 R K G R 19%~6% , 5055 3% 1%, 2% , 3% , 4% , 6% T FP AN [7) 4 5 I 28 0k 32 ok 38 1% ]
ARTE A AR N T3 B2 S DA T 13, R 235 [ BE 49014 KR 6] 5 R AR AR A2 i an 5] 4 7R o

(@ Tk (b) Witk (© L (@ s
FUEMACLELN-mD 853 ER AR N-mD  EHS SO Nem D BB G m)
Bld %W E 40 AR R E R B U A B

Fig.4 Effect of 4% frozen-heave rate on main tunnel and frozen soil during freezing stage
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Fig.5 Effect of 4% frozen-heave rate on main tunnel and frozen soil during excavating stage
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Tab.4 Effect of different frozen-heave rate on main tunnel and frozen soil

2 SEREN (gl VR AR ) = VAN R RN )
K% ik 1B 18 1] 5 T /mm /MPa /MPa /MPa
WA B BEIZENEBE RSB BEHZREL BB BB RSB REZHE
1 4.5 2.7 0.47 0.4 0.04 0.14 0.21 0.33
2 8.3 5.2 0.9 0.92 0.08 0.26 0.44 0.71
3 10.4 6.3 1.37 1.4 0.12 0.5 0.61 0.97
4 12.8 7.7 1.83 1.96 0.15 0.78 0.82 1.49
6 17.1 11 2.77 2.97 1.29 121 1.22 2.11
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Fig.6 Variations of strength safety factor under different frozen-heave rates
during freezing and excavating stages
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Fig.7 Monitoring sites of vertical displcement in arch bottom of main tunnel
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A Research on Frozen-heave Control of Freezing Method Applied to
the Subway Connected Aisle in Complex Strata

Ji Chang, Xu Kai, Jia Yu

(Key Laboratory of Road and Traffic Engineering of Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: Aiming at the problems that frost heave is excessive and the frozen-heave factor is difficult to mea-
sure, which is always encountered in the freezing construction of subway connected aisle, this paper, based on a
project case in Hangzhou which applies freezing method to the connected aisle of a cross-river tunnel in com-
plex strata, analyzes the influence of different frozen-heave factors on the internal force of frozen soil and the de-
formation of main tunnel by numerical analysis. And then, the critical frozen-heave factor is determined accord-
ing to the internal force change of frozen soil. Simultaneously, combining with calculated value, the monitoring
concerning the vertical deformation of tunnel is conducted to give feedback whether the actual frozen-heave fac-
tor exceeds the critical one, so the corresponding measures can be taken timely. The findings indicate that the
critical frozen-heave factor of frozen soil is 2% in the freezing construction of connected aisle in this type of
strata, and the actual frozen-heave state of soil can be reflected by the monitoring of vertical deformation in the
main tunnel, which is less than 7.5mm and 4.88mm respectively in the stage of freezing and subsurface excava-
tion when the actual frozen-heave factor keeps between 1% and 2%. Meanwhile, the influence of frost heave on
freezing effect can be controlled, so no more strengthening measures for frozen-heave reduction are needed but
the conventional measures of relief holes.

Key words: freezing method; connected aisle; frozen-heave factor; three-dimensional numerical simulation;

monitoring



