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Model test of horizontal freezing reinforcement in mud tank
of slurry balanced shield
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Abstract: In order to obtain the temperature field evolution in the mud silo during the freezing process for shield rescue, a model test
of horizontal freezing inside the shield was designed based on similitude theory. This was applied to the tunneling project in the
Yangtze River corridor of the Xinjizhou water supply pipeline in Jiangning District, Nanjing. The temperature evolution and
distribution characteristics in the mud silo during freezing were studied, leading to the following conclusions. Firstly, using 20
freezing pipes arranged through geological exploration and grouting holes, the slurry chamber of the shield (diameter 6 480 mm)
could be completely frozen within 75 days, with a maximum pipe spacing of 3.12 m. After 135 days of freezing, the average
temperature of the frozen soil in the slurry chamber reached —13 “C, with a longitudinal temperature difference of approximately
4.4 C. The overall freezing effect was uniform, meeting the water sealing and bearing requirements for shield chamber opening, thus
facilitating shield rescue construction. Secondly, temporary suspension of freezing during construction led to temperature
redistribution in the frozen soil of the slurry chamber. A 10-hour suspension caused the frozen wall temperature to rise to —14 ‘C to
—10 °C, but it returned to its pre-suspension state after 20 hours of resumed freezing. Thirdly, 45 days post-freezing, the average
temperature of the frozen soil in the shield slurry chamber rose to —4 °C, meeting the requirements for shield re-pushing construction.
It took about 20 days for the frozen soil temperature at the freezing pipe position to rise back to 0 °C, remaining around 0 ‘C for
approximately 125 days. During construction, auxiliary measures like forced thawing or circulating mud can accelerate the thawing
of frozen soil in the shield’s slurry chamber. The horizontal freezing method in tunnels is an effective technique for improving
formation to construct a maintenance environment in the shield chamber.
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Table 1 Summary of regression parameters
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Ts UREEREAL 8.34 0.03 0.994
JERFFA 8.59 11.13 0.993
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Table 2 Longitudinal average temperature on

different paths
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Fig.9 Curves of temperature change at measuring points
during temporary stoppage of freezing

HE 9 AT IE L, SRS A KN
IR FEE LR ETE, (57 10 h B RS R A,
EROER T2 WA E R KETE 5.5C (B 9b)+
T2-1 M), K&l T IR 4 G i 2 S 80k 45 B



1542 A +

71 e 2025 4F

PN BT S LT AT, A TR B AR R R Rl T
—14~-10 CLA, (EFRSEEENIREE DA EIY S
BEFE (ORI TR E A, JE RN I 5 2 TR 22 /0 VR4
/Ny T AR R 7K PAY R T 0 s P [ T P
Ky RXAEZBERVEKENR LR ZE S BUA EAE
REEEEYN A BB AR R KR RE A, T
KA N AR T AL B AR SR SR AT PR, Xt 32 2
JER G R R S R Re o, A ARG
NREUIE,  FT DA RE A RE B F A5 A X R 4l
FEAIFZ

X EEAN RN AR AR A R T LA Y, 4 1R
45 JE AN TR R BE IR T R AR ZEAN K, TR R R 46
Ja AR P R R B ZE R, IR RO IR
UREEJG PR MR IR, HARIR AR AR
P A T 22 S RS e B A e, AR KB
PRI T IR ZE AR RN, BT ARG E BT
PEHEAR — 3. R VR4S Ja LRI PR B R 4h
B EA BLERA BB NEUR, P B
ZUERBORI T2 M R FEIRIEZ R, 10 h 5 HREE
BRI 2 B LRSS HIIRAS T BE B VR 45 4 foezt (Y
TS I o7 B A R A BERE T T L T 593875, 20 h )5
AW EBEGRHPRES, XU B K& A TE
IR EEBE B AR R, FOBRE 2 ARt
6] 4 2 B AR VR A BE R IR R B R RTINS . B 9(d)
HRE R4S 2 h I I e B AT 38 B R RS 19
JRBE, e T AR AL TR AR B, RS TT IR )G
I RRERAT H TR B R G5 BETRLRE , PIT LA E P
IR R

5 44

MRFE R T T YL 7 DX 5% W R VAR /K 28 i 3
TFE, B GRG0 G AR KB I T
SO SR FE A ATRHIE, 345 BT 4518

(1) EHEN 6 480 mm g /K -7 & A3 P A
20 NAKCPFERESE BNR S Tk, AIAE 90 h (AT
TRERF 75 D 5K ENIESE, F%ELE 73 h
CTRE R AR EE ] 135 dIHE 7K A 9 R 45
BESE IR E IR E-13 C, T2 JE A R T it T
ER,

(2) JEVEKE N HMNEEEA 5 2544 1) T 04
SRR TG RE, TR S A B R
SEEENIRFE AR R . YeK Gk LRSS
RE LS R ME BRI 35 Pl i K ZE L 4.4 °C

(3) 1547 10 h J5 & HYe /K6 W LR E ST &
B-14~-10 CEAH, MEHHRL 20 h J5 IR REE

MR IR R B AFZERATKCOT, 2 (5 ORI R R AR
VR S AR FE AT R X 2 3 e ) 553 P B4

(4) FREELEHR 55 h (TREFEA 45 D) JERKE
W RIRE R T -4 °C, 35 2 S5 # B A 2R .
TKBGHNETTHEE 0CIEFE 25 h (LREFEA
20 d), JEAE O CHETZERFZ) 150 h( TFERAY 125 d),
Jite T HP SR e ) A 2 B SR G PR S A B A e, IR
JERIVE KA I ARR, TR A2 JE R SR A

Z % X W

[11 XI5, FAR, REEH, 55 A0 T 5 kg2 e
BRI FC[)). A 1 71%, 2023, 44(4): 941-951.
LIU Yong, ZHOU Yi-sheng, SUO Xiao-ming, et al.
Model test on the deformation law of shield tunnel
underpassing high speed railway roadbed[J]. Rock and
Soil Mechanics, 2023, 44(4): 941-951.

[2] ZHANGIJL,GAO Y M, LIU X, et al. A shield tunneling
method for enlarging the diameter of existing tunnels:
experimental investigations[J]. Tunnelling and Under-
ground Space Technology, 2020, 128, 104605.

[3] ER-GUR. KR BEIE AR Sk I P Bk xof 58 A JH 25 ().

B I8 JBL(PHE0), 2014, 34(6): 503-507.
QIAN Qi-hu. Challenges in construction of counter-
measures, and reflections on the practice of underwater
tunnels and countermeasures[J]. Tunnel Construction,
2014, 34(6): 503-507.

[4] WK, Je R, MREE R MEBOR ).

28] 5 TR AR, 2010, 6(3): 537-42.
HU Xiang-dong, LONG Liang-hui. Repair and freezing
reinforcement technology for underwater shield tunneling[J].
Journal of Underground Space and Engineering, 2010,
6(3): 537-42.

[5] &, &R0, BXmE, & EHSUSTHe R R

PB TSP SR AR B T (J]. 5 R, 2023, 44(5):
1395-1404.
CAI Bo-wen, JIN Da-long, LI Xing-gao, et al. Theory of
failure of filter cake airtightness during chamber opening
in a pressurized shield[J]. Rock and Seil Mechanics,
2023, 44(5): 1395-1404.

[6] WRIZE. VRSV LA S ) B S A8 1 T 2 (] 4 A%
Hh R N []. BEIE R B (HH 9E30), 2015, 35(12): 1243-
1251.

CHEN Xiang-sheng. Several key issues of freezing
method and its latest application in underground space

proximity engineering[J]. Tunnel Construction, 2015,



%

53 i A

Ve 7KV i 1 A 7K 12 45 i P2 3 O R A

1543

[10]

[11]

[12]

35(12): 1243-1251.

PIMENTEL E, PAPAKONSTANTINOU S, ANAGNOSTOU G
Numerical interpretation of temperature distributions
from three ground freezing applications in urban
tunnelling[J].
Technology, 2012, 28: 57-69.

SR, BRZEWE . KT R G5 92 R DK i R 3 A R
WHFCE RLAI)]. B TR A=A (H AR RHERR), 2016,
36(4): 27-32.

ZHANG Ming, CHEN Jun-hao. Technical research and

Tunnelling and Underground Space

application of horizontal freezing method for constructing
super large cross-section tunnels[J]. Journal of Anhui
University of Science and Technology (Natural Science
Edition), 2016, 36(4): 27-32.

RUSSO G, CORBO A, CAVUOTO F, et al. Artificial
ground freezing to excavate a tunnel in sandy soil:
measurements and back analysis[J].
Underground Space Technology, 2015, 50: 226-238.
AFSHANI A, AKAGI H. Attificial ground freezing

Tunneling and

application in shield tunneling[J]. Japanese Geotechnical
Society Special Publication, 2016, 3(2): 71-75.

ARG, R, KE, RS E BRI A
BRI E A K2 244, 2013, 31(1): 12-18.

SHI Rong-jian, YUE Feng-tian, ZHANG Yong, et al.
Temperature distribution law of freezing pipe wall in
liquid nitrogen freezing[J]. Journal of China University
of Mining & Technology, 2013, 31(1): 12-18.

FER, 8, BRE, & BRBRIEAE L=
JERTFFZ TR E T [I]. & 7057, 2023, 44(7): 2005-
2016.

YIN Xin-sheng, SHU Ying, LIANG Lu-ju, et al. Stability
analysis of shield excavation surface in saturated silt
strata considering seepage[J]. Rock and Soil Mechanics,
2023, 44(7): 2005-2016.

Fvh, Brz, xidE. JesKE Ve K BRI 4% i
R FE[T). B 715, 2022, 4335 T 1): 286-292.
ZHOU Zhong, CHEN Yun, LIU Zhuang-zhuang. Study
on slurry pressure control model in slurry chamber of
slurry shield[J]. Rock and Soil Mechanics, 2022,
43(Suppl.): 286-292.

PMEDE, IS, BER 0.5 K % TE R W v 4 L 3
BRI [T]. RBEEEAR S TRE, 2022, 22(8): 3300-
3308.

SUN Jia-qi, SUI  Zhi-zhi.

MIAO Sheng-jun, The

evolution law of freezing temperature field at the

[15]

[19]

[21]

[22]

receiving end of shield tunnel[J]. Science, Technology
and Engineering, 2022, 22(8): 3300-3308.

FRRE. & PR JE R I BT 5 45 B 37 5 i e
R FLL]. EP7 A0 TR S5 1R, 2018, 16(2): 22-26.
WANG Xing-tong. Numerical simulation study on the
influence of various factors on the temperature field of
shield tunneling cup shaped freezing[J]. Traffic
Engineering and Technology for National Defence,
2018, 16(2): 22-26.

EA, B, BV, 55 B AROKTEINE 5K
PREEIR ST FE[)]. DURBRIEEAR, 2011, 48(6): 99-
104.

WANG Jie, YANG Ping, WANG Xu-nuo, et al.
Experimental study on horizontal freezing temperature
after cement-soil reinforcement at the beginning of shield
tunneling[J]. Modern Tunnel Technology, 2011, 48(6):
99-104.

TR JE AR AR TR 2R 3 337 S A 5 (0],
Hh [ T BCE AR, 2018 (2): 113-116.

WANG Xing-tong. Field measurement and research on
cup freezing temperature field of shield tunneling[J].
China Municipal Engineering, 2018 (2): 113-116.
KANG Y S, HOU C C, LI K J, et al. Evolution of
temperature field and frozen wall in sandy cobble stratum
using LN:
Engineering, 2021, 185: 116334.

WANG B, RONG C X, CHENG H, et al. Temporal and

freezing method[J]. Applied Thermal

spatial evolution of temperature field of single freezing
pipe in large velocity infiltration configuration[J]. Cold
Regions Science and Technology, 2020, 175: 103080.
FOTEL, T, TREE. BRI T &K ZE XS R
CEEETE OB RIS W TE ()], A 05 T RE AR,
2019, 38(2): 386-395.

LI Fang-zheng, DING Hang, ZHANG Xu-zhong. Model
experimental study on the formation law of frozen walls
in double row pipes of water rich sand layers under
seepage action[J]. Chinese Journal of Rock Mechanics
and Engineering, 2019, 38(2): 386-395.

TR, SYNRE, AN, & B UE D AN TR
ZEEERIEIR[I]. BHFHOR S TR, 2018, 18(2): 130-138.
JI Zhi-qiang, LAO Li-yan, LI Hai-peng, et al. The
influence of seepage velocity on artificial frozen sand
walls[J]. Science Technology and Engineering, 2018,
18(2): 130-138.

PISLOR, PO, B, 55 BRIk GBEAL



1544 A +

71

e 2025 4F

(25]

W R ROIAL]. A S TSR, 2023,42(5
I 1): 3663-3673.

SUN Li-qiang, SHANG An-ce, LANG Rui-qing, et al.
Calculation method for the intersection time of artificial
frozen walls in permeable formations[J]. Chinese
Journal of Rock Mechanics and Engineering, 2023,
42(Suppl.): 3663-3673.

XK, PLFMG, XIENR, S5 HR 7K 3 Hh 2k I
TR G EETY B RS MR AR R G 0], 5 705, 2023,
44(9): 2667-2678.

LIU Xin, SHEN Yu-peng, LIU Zhi-jian, et al. Model test
on the influence of groundwater seepage velocity on
formation of frozen walls in subway cross passage[J].
Rock and Soil Mechanics, 2023, 44(9): 2667-2678.
JREMK, AR, BRERE, & BT TR RS
RRIHEFL[I]. BRIERRHEBLTT, 2020, 64(10): 94-100.
SU Yan-lin, YUE Zu-run, LI Xiao-kang, et al.
Experimental study on sand layer freezing model under
seepage effect[J]. Railway Standard Design, 2020,
64(10): 94-100.

ARG, FHEH, TR, S JE R AR R 2 [ A5
BAREG (1) ——dRGhad e b b 2 VR 25 2 2 ) A
FRE[D]. &+ 1%, 2017, 38(2): 368-376

SHI Rong-jian, YUE Feng-tian, ZHANG Yong, et al.

Model test on freezing reinforcement for shield junction

(Part 1): distribution characteristics of temperature field

[26]

[27]

[28]

[29]

during freezing process[J]. Rock and Seoil Mechanics,
2017, 38(2): 368-376.

RS, Mo, T, S5 JE bR 45 i [
RURES (11D ——VRES R v 2 1 VR K S8R AT 42 [T,
A%, 2017, 38(9): 2639-2646.

SHI Rong-jian, CHEN Bin, YUE Feng-tian, et al. Model
test on freezing reinforcement for shield junction (Part 2):
frost heave effect of soft stratum during freezing
process[J]. Rock and Soil Mechanics, 2017, 38(9): 2639-
2646.

WANG Z, RONG C X, DU M, et al. The development
law of the freezing temperature field of a calcareous clay
layer[J]. Mathematical Problems in Engineering, 2020,
2020: 3902054.

A, BERE, FEE, &I KT E A A K
SPFRGREHT D] ANRKIL, 2024, 55(10): 157-
165.

SHI Zhan, ZHANG Tie-jun, LI Mei-xiang, et al. Freezing
temperature field of horizontal freezing reinforcement in
mud tank of mud-water balance shield under the Yangtze
River[J]. Yangtze River, 2024, 55(10): 157-165.

PR MBS 5 ZH BRI K (M]. 20 s
TREH AR, 2005,

YANG Jun-jie. Similarity theory and structural model
testing[M].
Press, 2005.

Wuhan: Wuhan University of Technology

CEL %) 2024 3 5 B8 ETIWCE R 2758, WFEE 100 %) (1)

75 W4 =3 g

1 DR M A MR A 5 R T S5 M RIR BB PN S35 LGSR, Wuthk, TR, %5 1265—1283
2 R NS AL S T IS S IR SREAR, R, fElERe, % 1284—1296
3 EIEAEA R AR A R B A K e BT B, EET, kO, % 12971308
4 farEE I RD L - A B RS WISCHR, Aids, TAEE, 2 1309—1320
5 RISIGRFRE T SR G S AR G 5T * % & R, F i, % 1321—1333
6 EWRAEAAHS = R ) R R IR 5 M, P OE, BO#, % 1334—1342
7 BTSSP A A AR sk, B, RO, 2 1343 —1355
8 R AR B A R RGN K P AR E M REEL I8 BT #HwEE, LR, A M, % 1356—1364
9 FNHEAERAN L SR A AR R ) g i 43 AT Mg, WES, ARE, % 1365—1377
10 25 FETSZL SIS o3 AT (0 HE A FURL HE e AN R B G LT AR Y EtEE, B, EEfh, % 1378—1387
11 AR ZG LN ) B BT 3T 25 A0 M R 1 (Y S AT 5 ZHFE, EHE, BNE, & 1388—1396
1o AR UM AR TR BE A BEIE SZ G K T 5 M TREMIAY Fourier aporr vk g1, 4iEE, & 1397—1411

fiE 2 SR

CR58, WEE 1594 50





