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Study on large scale model test system of temperature field of
operating tunnel in cold area
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Abstract: Taking the temperature field model of Da Ban Mountain Tunnel as an example, the similarity theory of
operating tunnel temperature is studied on the basis of similarity theory of model test. The similarity criterion of
the model test is deduced by the equation analysis method, and the similarity of the geometric conditions, boundary
conditions and material parameters of the model test is realized and applied to the tunnel temperature field model
test. Combined with the field measured data, the temperature in the tunnel and the freezing depth of the
surrounding rock are compared with the model test data. The results show that the modified model test results are
in good agreement with the field measured data, indicating that the formulation of this similarity relationship is
reasonable. The study can provide some reference value for the study of the temperature field of the operating
tunnel in the cold region and the selection of similar materials for the model test.

Key words: Tunnel in cold region; Similarity relation; Temperature field; Model test

W23 X BRE B BLTE & k. P, AT WS E E R X BRI
B EEB A H AN fER E AL AR X, AR R ORI E PRI SOR T AR B ) N

RN T, FE% L X R o i) 5 25 2 Bk
s N Lk, SEZSIFR . oK. KE S
FvkIEZEHE KM, R, SR EGERE A
REMEM 8~9 AN H, X0 A8 F= A 1 FUIf 0. il
FEG R oy B B G UR S I AR 2 X, R R
BHEMEZESE. KWL, Ri)Z 8t o ik
SV L DX BR TR ) 8L 11— A K 20 R g

KR E. 2021-10-09

E¥mER.: 2023-01-18

TR LA T B — s R KA G, HoR B R
ERRERHEK R R . TREE L2 R XU Y
RRFC M, (LRSI R A A BRI
e, HAT, R E XA 2 BRI 3 ST
AR RSB I, RAERE R —A
HAZH AN B0 bR e, U H R SRR Y 2 501 JE
WEFRRAET AR TR, R EA D

E£WA: PEESKFUEIHIE4S(2021DZ2023) ; T RHFE AR LR ITHR] (2021GX005)
E—EE . FEW972—) 5, @IHIZ, FENFERKIE TR, BETRFEMPE, Emal: wllzq@163. com
BEEE. NEK990—), B, FMt)E, BIEU i, FEMNFHEIETRTEHAM, E-mail: believeliululu@163. com



70 [T 7S = S N SN

S A RERER) 5 55 %

SR A PR T A LA B 0 45 51 25 b e ok T e
i Ry S R R 58wl LUBF 78 A 6] 00 4544 F bg i
I EF 5 A AR ERAE, FF B vl Dok € X8 5 BR IE
(REAGIER VLT S e 2

KBRILBEE R EE 1 530 m, SR k0] AR AR
(3 m)BLIRLRE B 42 K0, i HEUG E AH AL 1/37 3
FPUE T, A5 1Bl K Aeh W) AH LI B 45 2 il — S B Y
AN, A Bl 2 HEVS PRAE IS BTl 00 R AR IR 1% 1 4
[l 78 R b i ] 1, DSk ) B RE 8 T B 3 1) H i)

REARGE R H 0918 FRAES o B TR K
ST R BERE R TS % XT5710 %R+
AR R R RS, BWIRRG A ENE RS
SAMER RS, WA TR 95% Tolk ks, i
[ ETEE S —40~60 C.

1 fEUEL

R R0 5 T An SRl 2 AH AL 55 = PR E Y
ATRAL SRR R R W D), B DL — Bk
IAAHL DT i, AR E AR B 2,
AR A TFE 5 B0 3 A A S . AR SC E AR5
SRR <3 C O R o Y - R o Ly S
AT HFEM RS RA KR
1.1 FHPEUEN

FEDK IR I B AL Aoy T FE

JWT 1T 19°T 9°T_19T

rr d =t a dt (1)

dr r dr

A<<r<l, 0<0< 2z, 0<<z<l, t>0
A THBRERB GIRE,C; o ha AP il
RE, m /sy o AEERIERE, m; CAHIREY
AR, my 2 RELE VRS IREE, m

) B2 B 2 5 3] P A K AR N R B, S e
BBl LA Y [l T B L B B 26 A i B ok 55 T I
FAHLIE , A% 20 (B BEE W A DB, JF HOoR
MR A FRIE I Rt AT #E, B

%i“:m(%%; e )
TERZ B LA
Y S REBUR A G ]
t=0, T(r)=T,
Jt>0, T(r.)=T, (1)
T(ec)=T,
IT(rE)Td

e To AEREARE L r ZLBRE,C, T
n=1AREL, n=2 e KL; ¢ ABE, d; a

PG BARE, m'/ds o HEEAER, ms A, HoAR
HEM SRR, K/ (m-d-C); A AELNS
MR, kI/(m-d - C)5 & R URSE B 5 f B A
bR, m; QBN RURASI I M PG, kI /m?;
T, ABRENZIE,Cs T, AREHRE,C.

h TSR, B 2 A A e A
ik E N W

9T, ( I°T, gaT’,,)
a  C\aGHr Y o)
>0, 0<r <cc (5)

‘=0, T'(¥)=T,
Jz‘,/>0, T (/" )H=T,

6
1T/(OC):T/0 ©)
T,(r:S):T/d

ZEiS ARG, AT A5 2R DL D)
Rt =
T,
71'3:%, N4:Tu (7)
T, e
s ﬁ, nGia

K oo~ AAHRHEN; Fo R EN; K,
MIBPRAE G HE(C=a/X); m~ms YT B N,
Gi—M 0 £ a AILRIHEN, M R FR, M
J& HEN 5 Ry

F(F, - K, R:-0)=0 (8)
1.2 JL{A#EtL

HGESTTAE , AR RR E AR S 0 B RRGE
RN R SE I = A N T AR L R AR T
R TetE . bgE AR RIS TR E R,
L ERRE WL A 1 37, KBRIDBE E 2K
1530 m, ¥BJUMEL 1 ¢ 37, BRFEAKEE 41 m,
REAKEIRLE N TR HERRGERT, AN,

XoF ThE A0 LS R SE M, A R i AT 4
REERAT, W FF 22k F AR RBLR, Hop, A
A 3 IO AR RS 3R 38 45 2R 1 BT {5 B 2 S IE P
EHEEEM, SHRKRRFEH AR RS AR #E
BRI R IR XU R, R A B G X
RIG Ly, "B T A R k=4, DIBX JE
FIKEE R 10. 25 m.

BT 5 N RS SRR ), 10. 25 m MK AR AR
TSR VR IR M. AR e B 22 R I 45 2R, 2
PETR A S B B, M8 R 5L Re B4 2 3
ANFEEE, JRRIBRE T Re b T HAELX Y LI,
AR A A — & iR F s REBAHE, R
FCEMARIREST, X, B FIRER DR



51

R, % BXEERIEREY RBBEANRE RS 71

BAZR I, Kb, HOE R 5 R [
AT [F— A B IX Gk RE B 20 O E 3 AH AL JLAT A
IR E M RGP AT B4Rk, RERNRET
B [R] 50 RE T R BT A A AL S A B R DR R O BN
F, A B AR BT E 5T 0 X N B AKX, AT R
RS NRTES

JRRE R
_pvD_1.225X3.0X9. 15

1.66X10°

JERASEFERL 1 Rk 0. 025.
K. p RBARESREE, BUE 1. 225 kg/m’; v £
R RGBT N A B AR R 78 T N R A Y XU,
B 3 m/s; D FREIEHAE, m; v FARERE
JREM, BUH 1.66X10° m?/s.

FETRI IR 38 2 TR RS 2 K B ) & sk N AR T4
RO, FERE G BE O 5 B 04y S B 10 AN A
AT R, THEARH K=0.000 324.

Re

=1.35X10° (9)

MRV Ak
_puD_1.225X4.8%0.4 _ ;
Re=0% AT 1. 417X 10
(10)
FEE TR RE X KL A oAy
K _0.000 324 _
D= o 1 —0.00081

H S5 P W, AR A ARIX

P LIRSS b5 I R 75 5% G I T O B0 b R O A
L, RS R R I R, RS % GE K
%€ 3 m, i CRBR L 3 AL i it 18 B i) wl i,
BEIA Bk S e 22, BED B 1T 2R A HAR K
R, WF I ZREE, C25 H130iREE - >40 cm,
I THT A8 T 4% U0 B 1L 2 A 48 = BE R R A S T A
FF TR R 68 em JERLHT C25 JREEL, BEIE
JEOR 5 AR R 2k L 1 % 1 A
H, |8 2 Ry gripk ZYbs B A R,

F1 RBEFRSERIZRITSH
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Fig. 8 Frozen depth of side arch between model and field in November
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Fig. 9 Frozen depth of side arch between model and field in December
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Tab. 4 Freezing depth of surrounding rock of side wall of Osaka mountain tunnel in November and revised model
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Tab.5 Freezing depth of surrounding rock of side wall of Osaka mountain tunnel in December and revised model

- F% i 33 5 /m
FREE IR /m
0 50 300 500 765 1 030 1230 1430 1530
iz 2.6 1.5 1 0.6 0.3 0.2 0.4 0.8 1.9

15 IE AR 2.6 1.4 0.9 0.2 0 0.1 0.4 0.7 1.8
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