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Characteristics of artificial freezing temperature field in cement-soil layer
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(1.School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2.Key Laboratory of Underground Engineering in Colleges and Universities of Fujian Province, Fuzhou 350118, China)

Abstract; This study was based on the secondary freezing reinforcement project of cement soil layer of a con-
nected aisle of Fuzhou Metro Line 2. Field measurement was conducted of the temperature of the frozen saline
and the soil temperature within the main influence scope of freezing during the active freezing period and main-
tenance freezing period. Through the analysis of monitoring data, the cooling law of frozen saline and soil body
in the freezing process was obtained ; the heat exchange process in each cooling stage was explored ; the differ-
ences of cooling law of soil in different positions were summarized. The freezing effect is evaluated by calculat-
ing the intersection time, effective thickness and average temperature of the freezing wall. The feasibility of u-
sing artificial freezing method in cement soil layer is verified, which can provide reference for similar projects.
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Tab.1 Main physical and mechanical parameters of the strata

e HEE, O MRy, WEEfM, E&ERE, BERBY Rz %% SEUKIREE/
(kN-m™) kPa (°) MPA (m-d") (KJ-(kg-K)™) C

FdE 18.5 6.0 18.0 7.00 8.64 1.18 -1.1
it 18.5 37.0 15.0 4.67 0.05 1.45 -1.6
e 16.0 10.5 5.5 1.88 2.67x1072 1.56 -1.8
(JeFT) hih 19.0 3.0 32.0 9.00 10.00 1.08 -0.9
IR BT+ e R 17.1 19.7 11.5 3.01 0.20 1.32 -1.3
5 AL AE B A 21.5 30.0 30.0 22.00 0.80 0.92 -0.6
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Fig.1 Layout of thermometric holes in the right line
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Fig.2 Temperature of saline water in the main pipe

3~

PR U TR NP TSR R TRU R I R S|
10 20 30 40 50 60 70 80 90 100 110

ty. 1d

B3 FEXRODE#HKEE
Fig.3 Temperature difference of saline water

in the main pipe

3

()55 2 BN IFAL 8 ~ 25 d, £ B K IR
M—-18 CFEZFE-28 C, M H R B %E, X
T LBy BeEh K R BE S AIG , 4k 22 B IR P 7 iR e i



310

FRHE AR

HR AR RHLA R R T3, LAl EgERK
TRZETHE 2~2.5 °C, 33X 2 F A I At o &8 4 o1 1L+
IRGEETRGS | 1K AERR AR B BERE O B (48 R
KA R R L B BER UREE T — e
Bl N Y AR 20 R 45, FHAB VAR 2548 J8 I R 45 41 18
i PA TR

(3) 55 3 BN IFHL 26 ~45 d, =B8R K IR
FA A1 B ER KR 25 3 AR 2 FE-28 C Al 2 C A
Fi o BUIE % v 25 4 ) v 465 BE (1) 22 P8 Y BB AS IBr
K, CWIH I B A — & S fk K RE 1 i ok
SERE

(4)55 4 rBEWITFHL 45 d A5 %RLs 5%
AR BEMIR IR AE - 28 °C e Ay (FTA2 K i 5¢
BUGFHE-22 °C) , EFEEEHKIRZERW T, &2
U REE IR, K2 B RS 1.5 C i
SEFFAZE T MR K 22/ F 2 C AT R
Yedrgrat I a) , 25 0] % 3k /K IR 22 e AR E AE 0.6
CLAT, B BE R 45 BE 4k 21 W v 5 6 K i v
R EANWIE K, A R, B — e R
JEE R AIPE R R A BERLAG TV URER K 5 A1 BB R R
AR ] ) AR S A, 98 VR R 7K 1) R A 3 U
N, BRI B B 2 T 1% 6 K R 22 R Tk /N I Fe ¢
BETRE,

4 THREREBEMNERSH

H 2 TR A2 A 6 R 4G A8 RN SR AL 3 (U0
A7 B, MR FR 1 198 B £ o7 T 1B £6% 3 1 KT 1 A
ey W1 W3 W6 W7 MRRFLHAT 507, A2+
DAV 45 T 3 1) B 0 25 £ R AR 2 () 43 A A
P Tt A el S A TR 340 I L Y 4
S EARSAT IR o 2 TR LI 5 30 2 B
(AR fL ANl 4 iR,
4.1 TEELEREIHR BT HE

F P 4 AT D, 4 03 L 00 A5 9 8 i st i) 728 £
KERT 53 4 B

(1) 265 1 BrBCh RE5 07 39] T AR B PR T [
BB, H A TRE SR /K U 458 1 Mk 2 T 1361
JZ KPR FE K At B B R i R (RS i 1Y)
9 s Hb TR AE 1R, 45 I s A A (AR e R e v
35 C o TERGEWI], Vo O KU BE DA 20 °C i
R 2 GO RS S5 S A R R TR 25 FOR, A
A ZN W A A A ARG A R SOR v2 1E, Ti
JEH TR

(a) WL
—1%
I ---28
75 OV =
3 35
N by /d
1 1 A3 ‘I —— l 1 1 1 1 1 ]
10 20 30---40™.50 6 0__80 110
Yy =N
L ‘*«\ TSR e N -
(b) W3JIHRL

() WTHHRAL

(@ W7l

& 4

Fig.4 Temperature of measuring points of

TR FL I =05 B 2

thermometric holes



55 4 3]

AR G JRYEH R R N RS I 311

(2) %5 2 BrE A BB, LB BEAF L 1]
B, I At B AR A I 2R -2, A MR it o R
WSk, BE A Bt - 5 30 0t T e B B
SR HRRIREE TR 2 0 C A2 AT, B ik AMAE
BB, I ] B A KA AR AR o A R OR
TR AR 1 AR NEREE A IR 7 v 1, Ik 2
T AR R, B BOR  RESBEC KR R
I BT, R E A A R R A A K
B X UR A BE K JRAR DAt T

(3) %65 3 HrBO R St Vs R BT B,
Wr B AL TR C 22 R 4h , RES A TR B LR
A — B JELE B R4 BE | (ELIHG I PR 45 BE R4 1 X 3t B2
B, DAL VR 5 URAEAE TR IR 22 AT AR EOR
IR SR OR IR 2, 0 3 Ak U - AR S SO 4 4
IR ALV i, TR RN BRI ; VREN A 1) TR 2
LAk 2 ] Sh e JiE | JREJRE AN W 14 O, - 249 T B2 AN
FEAR

(4) 5 4 Br By SRR B S B TR
B, BBl s EE C M R TR, X2t T
W B URZE BE 1Y) -3 RS AR R BOR, R EE A o
PEHEAY i O ICIE (T R G REAR S & I VRS TR
LHREA YR E IR A A VR - LA R R BEA R
SRR TR PR = 3 (] ) B R S e ik B AR
I AL AR B B IR I T A ]
4(b) . (d) nT Bl FR A3 3 IR EEAE B B BE T
— MR JEE A Bl 33 PR A I B B R A T B 295 3 3
M2 5 34 THZEI X LR Bl 54558 1E N
235 A R R LA S e R A
7 AR IR I 22X R S 7 R R R

Zi LR, il T IR I AT A AL A R R
LA HES) e R N 5 VR A T B S P A A — o 2
S, SEON [RIIN 5025 BT B BE AR 2t 18] |3 Tl it
JEFN A AR, AHERTT 5, LA R Y B
(30 3 J 4% B B (R Rt e s 24 m] A5 SO RER K
R I 4 B B S I, 150 B V8 VR 3 7K A JB X
URESBCR I + 73 .35, A8 TR R L A% PR IE
VR VAR K 1 e i o 38 ) e 2 i ik R LT 20K
42 THREEREHTESHAE

REE R e — M S B sl S Sh A TR
Yy , AMAZBER e AR Ak, 23 8] AN R B A VR4S iR
FEGII RS AT DA e 225 . ARFHR
LA RE G 23 [ 3 A KU, R AN [ B AL A e A
Tei) A R 52 A 0 AL 0 UL S 9 AT X

30T .

VRIS 5 R 4 4 I B AR Y W, W3
L T, XFHE 4 (a) (b)) ATAR, 507 T
AT BB AMIE W1 R LA E, A TR 254
A7 P AT W3 300 LA R 7 5 o B o U 3k
R R AR A R i (R TR R A AR e
JEE R, B R A5 S A JIT 2k B P YL BTG, B VAR &5
AT R P A ) VRS SO B T RS A A
Rl SIMI 5 {8 7 A 3 R4 B B, FLTRLE i 42 1 18 st
TR, X R BT RS A A R AMI A A
R H AR B T N AR S i R v RS
A7 P AMIN T R 1 A R E AR FE R R A i, 1k
BRI  BAR T A0 DAL ey 628 Yk 3 R
R R 235 A A 1 008 3 46 X, T A AR e R Y
SEEFE], BEAN, B VRS A R P R L
B A AN JE 2 BT, LAY R A B B B
LAMIE TS S B B FE P2 S ad i op
FEAE R R B 2 RS AR TR I DL B R
AR A AT LR B 7 A 1 5 i A 3 DR
T FETEAEAP R AS B Be ) B S T W

Xif FE I 4 H s IR FLAS ) A R B8 T o5 )
FE ] WL, 4R LA IR R A 1505
FIRITEATE R BAR T 2.3 4 S5 ZE R S50 30, 4%
DN Rt Yok B 2 o B3l (R B R 25 B (R A HE RS
15 D0 1 o2 0 A0 S AT R 2, T R A B B
HIREE B ET 2.3 .4 S0 &, HiREksh s
S, XS AR TR IR FH K R B ik
Jon i 12 KU K Ak B B4 R A [ DX P A A
FIRTER IR EE K 3 35 °C 22 A4y ; LA ERRHE 25 <R
FEL R 15 °C 1 S0 5 A - TR R vk, I g
BRI, SRR IE 2 SR PSS ok A iR
FEREZE 25 CAeh . FEGREE I, 1 50 5 IR B 4TS
T REE A SR E  BETE N 28 RS R A A 3R T
W ISR X6 153000 ) 40 B R 4 5 R e B 4
HEAER . T RE 5 VRS B ] A HERS | 1 50 o v 32
WG TR T P4 25 AR B, 7 A T A RS 4
FEURZE A PLALM V8 1, (1 550 A5 198 o 113 3 32 ik
1, RGP RS BIREH SR T 2345
Wi, P, A S BRI AEA Bh LA e B L )
— 7E O B N R A R s R i, LAY/
AR5 REE A SRS IR RO R, It
Ab, BT IEFL AR A B 5 2.3 .4 5 A
Eb, 15500 BRI 28 3 18 A1 S o 30T, HOR R T 2



312 R TR B4

$18 &

oy 3% BNGRACHIE T2 S SLY IS M D e 2 4
RES T BRI D BhH5 2~ 4 5 s s

5 FEBRIZRBATESH

51 5EELREEESTERETE

VAR5 1 e T R A8 BT S () 1 W) 30 R
Frit SR, AR AL BORFI ) R R 4G
B E B AMI W1 W6 JEFLAY 1.2 S S1E R
WU B BOE R B AT A, e We-1 Sl AR
R VREE 4 910 mm, R 45 56 d B IR EERE 2 -1
C, IHER IR RET- 1 2 e s B R 16.3 mm/d; I
A AHAB RS 45 AT FE S 480 mm , LA AR R 454 6]
Ik LA VA5 R 45 e 1 359 e b 5 e B 0 e <
BHE R 15 d, #50 BB LS R Ak 2 FR,
AT LA AT SR TG SR DN, 45 b VR 45 i A2 P
kB 496 AR KT 35 d BT ER T I 7 R 4
W RS BE (1) R SR N 355 W RS 3O R AT

®2 FERRREESIZERETER
Tab.2 Development speed and intersection time
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Wi-1 VN 17.2 14
W6-1 w1 16.3 15
W1-2 I B 18.1 15
W6-2 IEH B 17.9 14
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