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Coupling Analysis of Temperature and Water Field of Blast Hole
for Multi-year Water-bearing Frozen Rock Burst in Plateau

FEI Hong-lu,ZHEN Shuai ,Ll Wen-yan ,HU Gang ,NIE Han
(Institute of Blasting Technology , Liaoning University of Engineering
and Technology , Fuxin 123000, China)

Abstract; In order to solve the charge failure problems due to water gushing or freeze in the blasting process of
an open-pit mine in plateau water-bearing frozen rock area for many years, Jiama open-pit mine in Mozhugongka
County,Lhasa City is taken as the research object for coupling analysis in an temperature and water field. Based on
the theories of elasticity , Darcy’s law and mathematical physical methods , the temperature change model of the mining
area with drilled blast holes is established by the finite element simulation software COMSOL-Multiphysics. Then the
numerical simulation results are verified by the field test results of the SG-DTS-84U optical fiber thermometer. After
verification, it is found that the simulation results are in good agreement with the field test results, which confirms the
correctness of the simulation results. On this basis, the relevant parameters of the numerical model are changed to
study the change law of the temperature field after blasthole formation in different external environments. That is,in
order to further find a fundamental solution to the technical problems of frozen hole charging ,the influence process of

different surface temperatures and seepage velocities within 24 hours under the coupling effect of temperature and wa-
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ter field on the change law of the temperature within the hole is analyzed. The research results show that the frozen

depth in the blasthole is mainly controlled by the surface temperature and seepage water velocity. The temperature of

the blast hole is greatly affected by the external temperature when the depth is less than 6 m,and the temperature of

the blast hole is mainly affected by the seepage water velocity and the original temperature of the blast hole wall when

the depth is more than 6 m. After the blast hole is formed ,the temperature in the hole gradually tends to be stable af-

ter 8 h,and its temperature decreases with the increase of depth. When the seepage water velocity is less than or e-

qual to 5 m/h,the change of seepage velocity has an impact on the development of the temperature field in the min-

ing area. On the contrary ,when the seepage water velocity is greater than 5 m/h,the change of the seepage velocity

has a weakened effect on the temperature field in the blasthole.
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Fig. 1 Jiama open-pit mine
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Table 3 Temperature error in the hole

WE/m TR/
1 2 4 8 12 16 20 24

0 1.23 0.10 -0.90 1.45 2.40 -1.87 -2.35 -2.04
-1 4.18 3.39 4.63 5.80 3.61 1.98 3.50 1.84
-2 1.20 4.66 6.10 4.03 3.56 3.45 2.43 0.36
-3 3.60 2.51 4.37 4.97 4.63 2.94 1.63 1.95
-4 2.34 -0.19 5.59 4.07 1.89 2.72 0.54 1.24
-5 2.43 0.53 1.37 1.20 1.00 1.40 2.50 0.93
-6 2.13 0.71 1.00 0.58 0.34 1.33 1.37 0.64
-7 1.70 -0.03 0.89 -0.97 1.22 1.19 1.28 0.25
-8 1.12 0.08 0.19 -1.86 0.08 0.82 0.08 0.91
-9 0.82 -0.21 -0.15 -0.44 -0.89 0.00 0.35 0.84
-10 1.91 -0.22 -0.30 -0.51 -0.82 0.52 -0.03 0.07
-11 1.23 -0.41 -0.45 0.39 -0.56 0.15 -0.44 -0.99
-12 -0.35 -0.40 -1.61 -0.61 -1.41 -0.57 -0.45 -1.20
-13 0.75 -0.56 0.19 -0.99 -1.50 -0.34 -0.81 -1.67
-14 0.44 -0.71 -0.60 -2.20 0.11 -1.37 -0.49 -1.36
-15 0.44 -0.47 -0.20 -1.59 -0.65 -1.83 -1.30 -1.37
-16 0.41 0.45 -0.21 -1.77 -0.92 -2.44 -1.43 -0.90
-17 0.69 -0.23 -1.00 -1.15 -0.11 -0.88 -2.56 -2.34

-18 -0.37 -1.14 -1.81 -2.17 -0.85 -0.93 -1.61 -2.50




$£39H% F4H BIRLE I, F RESESKEESEEETLBE KSR E ST 41
or N of
-2t -2+
-4 4t
-6 | -6 F
L)
E -8F ' E -8r o
é_. ~10 “3 mﬁﬁllh 3,_;("'3 ~10 ;[ m;“i%u‘#h
e S A B2 h % ' Wiy EEDEE
- s FWih T ° o SWMan
e W2k e, s sk
-16 | ~16} o
L3
~18F oa ~18 foa
20 L 1 ' A L, 1, L L 1 L 1 __2(} L i ' L A 4, 1, 4, L 1

260 262 264 266 268 270272274 276 278 280
{mJE K
(a) AL T h o 2 hSEIEE B S5 AR LR BEXT
{a) Comparison between measured temperature and simulated
temperature for 1 hand 2 b after hole forming

OF @
2k
4+
-6 |
E -3
210 —— 12k
. ~12 @ T ﬁﬂllﬁh
VR o Sl12h
el e o lii6h
e
~18F =
20

260 262 264 266 268 270 272 274 276
(ey AL 12 h, 16 bRV BE S BONR BN 1
{c) Comparison between measured temperature and

simulaied temperature at 12 h and 16 h after hole forming

260 262 264 266 268 270 272 274 276 278
B 'EE/K
(b) AL 4 b 8 LSLIIR LS BRI BEX
(b) Comparison between measured iemperatm ¢ and simulated

temperature at 4 h and 8 h of hole forming

O -
~2
4 |
-6 |
Eo-8)
iﬁg ~10} _ ~—— i1 20 h
= ~12 | oea: """" 4%%”’)4]1
-14 } oe )B@ # “
~16F ae s 24k
~18fe @
-20 L— ! ' : : L L
260 262 264 266 268 270 272
B K
() BFL20 b 24 hEPRE SEILR BE X T

{d} Comparison between measured temperature and simulated

temperature at 20 h and 24 h after hole forming

B 16 24 h PIA R A TE) B L P9 IR BE X L I

Fig. 16 Comparison of the temperature in the blasthole at different time periods in 24 h

B 16 W L. OMBILEILE , BB E —H N
YA FLIEER , FLIS MR8 a3 7L P9 8 3 7K 32 B 1 M FL IR
HY BRI h i OCHEELH N4 m, BFL8 h £
LOCHEEARN2 ~3 m, f{flL16 h £H 0CEHEEY
A2 m, A 24 h FHAAEETE I
0°C(273.15 K) I F QMALRILGFLNEEES h
Ja TSRS H B E T RE,

H%% 3 W L QSR B SRR R 7R R A
0~4 mAEHRZH K, B RKBEMHES K, ZEN4 ~
18 m FHEZBU/N, —IEASET 2 K, XEHE b7
WHEERTLIEZIN AR E R WK, LR &N
EBHON X, SIBIFARE , Wik 7L P9 3R IR A xHE
&, ZIFEETHREN, B FaaLEs
REBRAL,

6 Zhif
BIBE T BT TR B R B R VFIR,

FIA FROTER A S R B8 AT 1 1 D v S o X M L
AL LR G, BB T .

1) ARG EE L R Z R R ER W,
FEANBUKGS, LIBLIRERREEEE TR
g, MinRE R R EER RS T —ETE
(<6 m), 5L EFB(0 ~5 m) RIBLEZEI X
TAE B TE R MBE L BRI BIGR S
FORZ

2) LA 24 h JFIREAE L H i B FAKEE R
E B L E A TNE R RRE B E(S m/h) i, 8
Tk S LN RE AR

3)MBILEAL 8 h FIRE S B I EXFREE,
A A, RRRIR E LA R YR 2y,
BH S IRHIPITT F P 5R H REXHE

(B RET kTR A N8 AT T & %
B BBR 8 TEARAGREHR A% T XF)



42 B O 2022 412 A
[8] HU Xiang-dong, WANG Yang. Analytical solution of three-
5% 3k (References) row tube freezing temperature field by potential function su-
(1] B @3 o, 1. L R SR B A5 perposition method[ J]. Chinese Journal of Rock Mechanics
&ﬁ%ﬁi’iﬁ[ﬂ ’ EF%/AI% 2009 29(3) 337 3‘443 and Engineering,2012,31(5) :1071-1080. (in Chinese)
' o 9 CRK AR, % EA DS R4 e
[1] LU Ting,LIU Jing, GE Sheng-jin. Thermal stress analysis 9] jgg?; 5%( ” J%L‘ ﬁﬁ%ﬂ%ﬁm}izggﬁzi?
Z - ) 7 ’ ’
and gradient selection of concrete beam bridges[ J]. China 37(1) :2832
& Foreign Highway,2009,29(3) :337-343. (in Chinese) o] HU Xj‘ p ) ZHAO Fei.SHE Si L Eeu
. . ang-dong, ei, i-yuan, et al. Equiva-
2 . api T+ #F melJl.
2] i?ﬂzoﬁi?;ﬁsﬁ;ts BEROB WL T EF AR lent parabolic arch model of average temperature of frozen
Be , :75-76.
all of straight double- i . 1 of Chi
[2] ZHANG Chun-lai. The influence of temperature on con- ‘g 31(; s;lralg;01201;7e lmw2§1§;s [ :]]Ci]:)urna © na
crete bridges [ J]. China New Technology & New Prod- 10 ;%(;IE;’ ® 37C f)ﬁ 32. (in lne;;‘ =
ucts, 2018 (3): 75-76. DOI; 10. 13612/j. cnki. cntp. [10] e B X K UEE R AR - BE
2015, 3. 046, (1 Chinmso) FRBES= SRR LT ). TR B0 IR, 2017,
[3] J Noorishad, TSANG C-F, WITHERSPOON P-A. Coupled 45(4) :102__106_' ) )
thermal-hydraulic-mechanical phenomena in saturated [10]  WANG Xiao-bin, HU Jun, JU Jun. Three-dimensional
fractured porous rocks ; Numerical approach[ J]. Journal of numerical simulation of melting temperature field of ce-
Geophysical Research: Solid Earth, 1984, 89 ( BI2): ment-improved soil cup-shaped frozen soil wall[ J]. Coal
10365.10373 ' T ' Geology and Prospecting, 2017, 45 (4) ; 102-106. (in
[4] WFR,E M4 EIERSRES TPYTIAK Chinese) ‘
1 BAXOJITH AR BRI T]. AR F22HR (4 (11] 3 &40, MR, % KR L X St e
RPHERR ) ,2008 (7) :906-910. HEEGERERZUAEDTRT]. SRERH, 2020,
[4] HU Xiang-dong, BAI Nan, YU Feng. The applicability of 60(1) :72-76.
the TPYTIAK and BAXOJITUH formulas for the freezing [11] ZHANG Song, YUE Zu-run,SUN Tie-cheng, et al. Re-
temperature field of single-row tubes[ J]. Journal of Tongji search on the variation law of freezing depth of railway
University ( Natural Science Edition) ,2008 (7) :906-910. subgrade in seasonal frozen land area[ J]. Railway Con-
(in Chinese) struction,2020,60(1) :72-76. (in Chinese)
[5] BRBSZR, 8 IR, AW B T R 45 R 4 [12] 5k #5488, MR, % REEBREFTHL
PLI]. BARBEE R ,2020,57(3) :141-146. BEGE AR R AR T E[T]. BRER, 2020,
[5] GUO Xiao-dong,HU Xiang-dong. Analysis of the advanta- 45(12) :4017-4027.
ges of liquid nitrogen freezing under liquid supply by mul- [12] ZHANG Song, YUE Zu-run,SUN Tie-cheng, et al. The e-
tiple liquid supply pipes[ J]. Modem Tunnel Technology, volution law of frozen soil temperature field under sudden
2020,57(3) :141-146. (in Chinese) constant seepage and its discrimination method[ J] . Jour-
(6] WAKE BBk 8.2 SELREERRESEY nal of China Coal Society,2020,45 (12) :4017-4027.
SRR [T]. AR ERAR,2014,51(5) :92- DOI:10. 13225/j. enki. jees. 2020. 0420. (in Chinese)
98. [13] #RER.pk MW, BER,% XA EEBR
[6] HU Xiang-dong, REN Hui, CHEN Jin, et al. Model test PGB ANBERRI]. B TERE5 TEEMR,
research on active freezing scheme of pipe curtain freezing 2021,17(4) :1063-1071.
method[ J]. Modern Tunnel Technology,2014,51(5) :92- [13] SHAO Yu-long, YAO Chi, QI Bin-bin, et al. Numerical
98. (in Chinese) study on coupling of seepage and heat transfer in 3D
(7] # &, 8K TXEHSHRERSEEGBRITR complex fractured rock mass[ J]. Chinese Journal of Un-
[J]. BERE31,2019,44(S2) :535-543. derground Space and Engineering,2021,17 (4) : 1063-
[7] FANG Tao,HU Xiang-dong. Analytical solution of freezing 1071. (in Chinese)
steady-state temperature field of generalized single-row [14] ® 14,F % %K, % AT TAITHERM HyiREE
pipe[ J]. Journal of China Coal Society,2019,44 (S2): T TRREGZSI]. TRERS%T,2021(1):
535-543. DOI; 10. 13225/j. cnki. jees. 2019. 0226. (in 130-132.
Chinese) [14] HUANG Feng, WANG Ying, CAI Xiao-fei, et al. Analy-
[8] #MAK,.F ¥ =SHEFEEREGNAIEENE sis of concrete T beam temperature field based on

T[] ). B S TE%R,2012,31(5) :1071-
1080.

TAITHERM] J ]. Engineering Construction and Design,
2021 (1):130-132. DOI: 10. 13616/j. cnki. gcjsysj.



F39H F4H

BERE IR F BRSESKEEREUSILIBE KA TS AT 43

2021.01. 050. (in Chinese)

the temporal and spatial evolution of temperature field

[15] # &, F 2,8 B2 ETRNEENBEL and stress field of concrete dam in high-cold area[J].
HERBRESNTZREHRLESFLI]. RHEEARE Water Resources Planning and Design,2021(9) :53-57.
T#,2021,21(36) :15624-15630. (in Chinese)

[15] HUANG Feng, WANG Ying,HAO Jing,et al. Multi-scale [22] FEB#,EEE.BREBEATESRESZNBE RS
correlation analysis of temperature and strain of concrete ZHAERISE ). HARAER ,2007 (1) :24-28.
box girder based on monitoring data[ J]. Science Tech- [22] ZHOU Xiao-min, XIAO Long-ge. Numerical study on
nology and Engineering, 2021, 21 (36 ) : 15624-15630. temperature field and seepage field of artificial freezing
(in Chinese) in seepage stratum[ J]. Journal of China Coal Society,

[16] ZBfFRR, WL, H &% RIGLRER-BUASHE 2007(1) :24-28. (in Chinese)
BRG], T EH,2021,49(3) :6-11. (23] FAbed, EXM,KED. BRERTHE GRS ER

[16] GONG Wei-kang, LI Zeng-jiang, HUANG Feng, et al. FRAERLRIE IR 1] . ARSI ,2005(2) :196-201.
Research on the temperature field of a steel-concrete [23] ZHOU Xiao-min, WANG Meng-shu ,ZHANG Xu-zhong.
composite box girder bridge in Wuhan [ J]. Guangzhou Model test study on formation of ground freezing wall un-
Architecture ,2021 ,49(3) :6-11. (in Chinese) der seepage action[ J]. Journal of China Coal Society,

[17] YUE Zu-run, TAI Bo-wen, SUN Tie-cheng. Analysis of 2005(2) :196-201. (in Chinese)
temperature field characteristics based on subgrade site [24] ZENG Yu-chao, HE Bin, TANG Lian-sheng, et al. Nu-
measurements of Harbin-Qigihar High-speed Railway in merical simulation of temperature field and pressure field
a deep seasonal frozen soil region[ J]. Sciences in Cold of the fracture system at Zhangzhou geothermal field[ J].
and Arid Regions,2015,7(5) :7. Environmental Earth Sciences,2020,79(3) :1-13.

[18] BOWEN Tai,LIU Jian-kun, YUE Zu-run,et al. Effect of [25] G-S Taylor, LUTHIN J-N. A model for coupled heat and
sunny-shady slopes and sirike on thermal regime of sub- moisture transfer during soil freezing[ J]. Revue Cana-
grade along a high-speed railway in cold regions, China dienne De Géotechnique,1978,15(4) ;:548-555.

[J]. Engineering Geology,2018,232:182-191. [26] BFIK. HEES 5 E K E T K g E BUE

[19] BOWEN Tai,LIU Jian-kun, WANG Teng-fei, et al. Nu- R ETIE(D]. b3  db = 30HE K ,2016.
merical modelling of anti-frost heave measures of high- [26] BAI Qing-bo. Parameter calibration of attached surface
speed railway subgrade in cold regions[ J]. Cold Regions and numerical simulation method of water and thermal
Science and Technology,2017,141 :28-35. stability of frozen soil roadbed[ D]. Beijing : Beijing Jiao-

[20] ARMESC, XM, 2 JB,%. FX R MRk tong University,2016. (in Chinese)

BEER R R REWw(T]. PESER%,2017, [27] M-Th, van GENUCHTEN. A closed-form equation for
38(3) :19. predicting the hydraulic conductivity of unsaturated soils

[20] TAI Bo-wen,LIU Jian-kun,LI Xu,et al. Numerical mod- 1[J]. Soil Science Society of America Journal, 1980,
el of frost heave and anti-frost heave measures for high- 44(5) :892-898.
speed railway subgrade in cold area[ J]. China Railway [28] ZHANG Ming-li, WEN Zhi, XUE Ke,et al. A coupled
Science ,2017,38(3) :1-9. (in Chinese) model for liquid water,water vapor and heat transport of

[21] ®/phgR,4& B,BH. aEZEXBELTMNBESGRN saturated-unsaturated soil in cold regions :model formula-
MAG R s EARENRE[T]. AR 55T, tion and verification[ J ]. Environmental Earth Sciences,
2021(9) :53-57. 2016,75(8) :1-19.

[21] HAN Xiao-mei, ZHU Feng,FAN Rui-peng. Research on

rd Y
BHEBX A FEASRR
K24 E & ( Online First Publish) , 5t 2 4% 3 FI 16 SC7E 405 T 9y th AiAT , S5 LA 4% i i = 1)
AR 5 AT LAZE SCEE BT E R B BE T SMIITE . MR8 K SR RREA RSO, il
H AR , VR B R BUS B KT HIA , AR BERMI B SR PR A48
. s






