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Underground Engineering of City and Mine

Preface

Both China and Russia are the biggest countries of coal mining in the world. Sincel950s, these
two countries have made intimate cooperation in mine constructing and coal mining. Particularly, from
1950s to the beginning of 1960s, the formet Soviet Union provided China with great helps in the re-
spects of mine constructing techniques, mining methods, set devices and techniques, which made both
countries have a great development in mine constructing aﬁd underground engineering techniques. In
china, after that time, some great mines such as Kailuan, Fengfeng, Jixi, Hegang, Shuangyashan,
Fuxing, Fushrn, Pingdingshan , Xuzhou etc. have been resumed or built early or late, which powerfully
promoted the developments of state-operated industry and commerce. Furthermore, some outstanding
achievements have been made in freezing method construction, shaft excavation, continuous mining,
U type steel compression support, supported by rock-bolting and shotcreting etc, which laid the founda-
tion for the development of mining and underground engineering.

With the progressing of science and technique, and ac&:elerating of urbanization course, many
cities are facing with the city’ s ailments such as the shortage of building land, the backward of infras-
tructure, the crowd of traffic, the imbalance of ecology , and the deterioration of surroundir;gs, whi_ch
seriously hinders the city’ s space, such underground engineering as subway, underground §treets, un-
derground stores, underground storehouses, man-made air defense warks, cc;mmon channel etc have
been put at the front of the important agenda, some of which are being gradually exploited in cities.
Russia built the sub“_/ay in some big cities such as Moscow, St Pet'ersi)urg etc. in 19305, which have
presently taken shépe of all around subway networks, That such big cities exploit thc. underground
space has becdme one of the constructional tendencies. For example Paris, London, New York, Tokyo
and Hongkong have not only built the subway networks which transport 100 xvnilvlion‘ person-time pér
year, but also built a large number of underground engineering such as undefground street, under-
ground pork. Peking began to build subways in 1960s, Now, in China, the subways of Peking, Tianjin ,
Shanghai, and Guangzhou are in motion and expansion. Some big cities such as Nanjing, Shenzheng,

Qingdao and Chongqing are beginning to build their subways and the other underground engineering.
2



According to the specialists’ analyze: “19 century is fhe age of bridges, 20 century is skyscraper, and
21 century is the exploitations of underground space. ”

Shandong University of Science and Téchnology of China has cooperated with Kuzhibas National
Technology University in learning and scientific research. To expand the area of exchanging and coop-
erating, the both universities agree to convene the first international exchanging and cooperating con-
ference of underground engineering of city and mine in April 23~25, 2000, in Shandong University
of Science and Technology. According to fhe agreement,each of the two universities should collect arti-
cles and compile the book with its own language, We have collected pertinent theses over 60 in China,
which reflect our achievement in city underground engineering,mine constructing, mining and support,
rock and soil engineering, management of underground engineering of mine etc. Qur aim is to sum up
the experiences to probe into the development and to push the interaction learning and science pro-
grams. We all believe that this conference will make contribution to the development in mine and un-

derground engineering.

5

2000. 4. 18



xifﬁ;n....... T T TR T T L I TTTIIDITPIPRIT ISP G

T ITREXPFELSHRAR

HE AT e R AN IR A ST RTGT o cerveremromcnnnnnneneenns Bhadk . B0, i (31)
R AR R L MY R AR B L coreeovveeoeooee RS, B, AbA (38)
R AT I H BRG] oo eoemererrconmannontinicecicnnrnnnnnnenees FEAN, T2 (43)
REEBEREEHERSENREF e B, BEF, BREK, BEH UD
BREBET TP REFGIZI T E e e G834, EHI4, ja2 i (53)
T TIERE R IPE A ATHTE e ee e oo corserreerenssnieenessuesoncnstnnsesssecnenne LR (57)
EH=§ 1500 P EXSWIRNIZ I ERIUT R
seeseeeneee fEARCE, AN, Hin, &% (62)
KB BN TP BRI E e eennccsnininnnnne 8L, BB (B7)
B EDEE BRI IE ST PR RMTIT v csrsrnimi e 33 % (71)
B AR B I ERALIBIRE T o eeecervrerrecerinnmmiiiininiiieiniciiienn e sssiesnnnns qikE (1)
B R B T IP R RTIG e erevrereermrorisminsinnnnninennecnnnn R, RITEH (81)
WA R R B R I TR M- e overrevem e rereonssenenesnanenns 235 (86)
¥ NE PEFRA MR EECNZHRTLBHER
- KR, Bat, K, RiEk (89)
THER ST A R A RIIEE oo vesnnesesvssnrisnanesnesnnenens B b7, 3% (97)
BT LIPS M H I EWMTLERE o overrmm s £300% , Ih80 (101
REEL BAGHHAHBAWSRIHE oo RRR, KT, BE, £XE (106)
BEDNEBHTHBIBTATT ooreemrorrremrrrersmnmnnninns S 27, 36k, 278 (109)
ETF KDD H B R SN R R ERITTT e reeeevesvonssennonnneenens L E | R ME (113)
BT P RARR T R BB IENERERRIE -eoveomserermnomsessennees LB, BAR (118)

A RSE P POERSEBREERSAT e omsemeesennenns £, I (121
4



TE ST RTZRHALIE coooorerrmmermnnnininactuinionsesssnseisrorensnneces X538, L
R OMEAR” BHTHRERSHBERTHRERET P

[EIEESPAT oo vorseessroressnsnensnsonnrsansnsssrissacssssssnrsnsassanrosassnssssnanneanssaennesee |3y
BB FEBE LG LH TG ooovereereresmeomrsicnsnntiisn i sisnesensennnenns LR IR, R, K

ER 5N XL SRA

HASAI D TEA B LERERTIEPRLI o ovevvrrveenree L3, WEBR, LH9
ﬂ&ﬁipﬁmikﬁﬁﬁﬁummmmmmemmmmmmmmmmmt;%g
RERBS LA EANRDEHRERR oo X, REH, LE1 0, Wk
LS AR RAFERLRBIBOELR e IR, £4%, K
%t&sﬁa‘%ﬁﬁasﬁj&;ﬁuﬁm et eesanncss ottt aasarersres ryvey #gﬁ, ;ﬁ)u, From
DAL THEOIEIFIIEIGI orovevvomrromrenenns 28, TEA, HEL, Wk
P EE AL K33+ 400~700 £ WE $ihig

mﬁhgﬁm Geu et teccnerraternerensces srucssconsnoans ;,]\;i‘f” F 48 fa, ;&?*, _{Bﬂg&
XTI BEEPERLLERNS oo ERE, 3, L%

RIRRS5EE

BEFEWHNNEKESEIOBERE oo BBK, #7282, ShH, Bk
RAOBYPEPERFBREMDIIRBIATT o oovrevremremevnicncnne FBF], K00
AR TP XS RERLHRELRIIT oorerrrvirnnsninnninnse e 3 %
ATELBEIBENRBIIT cooovervvorsmmsoniniinsiiniens L0, Z2F, £ £4
AERBEBREBIER oo $ 238, £8H
ERMEEHEF R BT FETIE e TR, EH, RE, K48, Hug
ABFGH AR —REBYHSHBER v LFE, 2%, 240K, Z0F
ﬁﬁﬁ@;ﬁ&&ﬂﬁ%ﬁﬁiﬁ;ﬂ%iﬁ“%ﬁ D vfg
&§m§m1¢m¥mm!.mwmmmmmmmmmmmu@ﬁﬁ,%¢,*ﬁﬁ
TERS A IRED P IRMHZD D4 M R SIS AR ok

a124)

(128)
132

(137)
(143)
(148)
(153)
(158)
(161)

(165)
(170)

(174)
(180)
(185)
(188)
(183)
(189)
(203)
(207)
(212)



tee i*y\i*v ﬁﬁs%’ EFI’-@’ 5)3’:51

ﬁmﬁp&::?igmﬁ%ﬂkgm O I T T
LR LR I BB R BB ARBIEI R eerrerreeressnersmanissinens it snane
mﬁm11ﬁgﬁ%m%i¥ﬁ‘r sesrsacesers s ntssarensssteanesssinansoan
TEFRMNAFEHRWESTFRTE oo
BB GIE R P4 FEHRH PRI FIFATIGS oeveereerrorivrssonnnenns
PR RSB EEITTIHRBIFIMT vrrerrerrerrnmiernrsnininniei e
HMXPEETERETENEMIFNIT -
FP=SHBTRIETESRBBXME ST e

e B, BFE, AKX, B
Py
sk, Ngk, #L
erenenene FEE . KL
#HKE, #HKE
EN )
REH, RTH
MR, RBEE
EX Y|
#Hr¥F, #EH
e BEM, TH

TEANEMH

BEBTEEANFRAUBSTHERR e oee
BHERTEEFREBOZTFE vvevrreererns
LB TLEFRABIRET

TEREDT = RERBFRITTERT

eresesanenens W B L TERE, kNE,
ﬁﬁigﬁjﬁjﬁgﬂg?ﬁg&

BB B KRR R S W R 1

RELHTRETESRAINRESPERER -
RATH T TIZB K PEIE TR ovevorerersimsreeseressisnnesessirsnscnas

evossesssoene

Zife, FTRMB
HEE, RAE
RFH, X

w&E, KA
cesesenenes REAE, M
wEE, B, RER, T4

veeveveerinnnnenens KK, B F, B

covenneeenens S E IS, B
T 3

(217)
(222)
(225)
(231)
(238)
(243
(247)
(251)
(254)
(258)
(261)
(265)

(269)
(273
(276)

(280)
(285)
(290)
(294)
(299)
(303)



CONTENTS

Abstract ceecsccccccns B LT T PRI PR R AP R ITIN @ D)

Theory and Technology of Underground engeering on Support

Study on the Mechanism of Unloading Method to Cure Shaft Lining Fracture by Site Measurement
eresssesessussnstsinsanisstsnssnistecnnsanceeess Ly Heng-lin, Cui Guang-xin, Chen Xian-de (31)
The optimized design model of tunnel’ s reniforced concrete structure and it’ s application -+++sssssses
ssessessecssesaseninanreieecssasaaesersaeeneeees Shi Cheng-hua, Peng Li-min, Liu Xiao-bing (38)
Design of shaft Lining by space Model ~«sesesveesersasenrcrscencenses Jiang Bin-song, Wang yan (43)
Coupling judgment between acoustic emission and pressure of gob surrounding rock stability <sceerese
ssesesssnsscessesecenennies Ji Hong-guang, Zhang Zhi-Yong, Sun You-qing, Cai Mei-feng (47)
The system design method for bolting support of roadway
ssessetesssesiintnsesnestniarncietenaascesueeses Gou Pan-feng, Hou Chao-jiong, Bai Jian-biao (53)
Determining of the optimum secor‘1d reinforcement time in underground engineering -s-sesceees '
... Du Hong-gui (57)
-The Research of Numericl Simulation on Damaged Mechaﬁism in The Process of The Developing Load
in The Yaojie Soft Rock Roadway | |
seereessecerceccnssencoesescessee Wu Yong-ping, Lai Xing-ping, Xiao Jiang, Ren Fen-hua '(62)
Research on Support of Roadway in Soft Rock with Neural Network
Sereseeevsessesesstssraitisiantttiteiteatesceectsceteiveenancaesse Han Feng-shan, Kan'g’Li—xunf"(ﬁ’l)
Research On the Failure Mechanism and Support Technology Of The Roadway under Dynamic Pres-
sure in Soft ROCK seresrertesncrrcsenerntintnniimnmninniumist e smnssessssssannersnsansses Han Li-jun (71)
The Study of Supporting Mechanism about the Expanding Anchor ssssssiceesecerees Gao Jin-hai an
The Research of Bolt-Grouting Supprting on Tunnels of Crossed-Mine and Soft Rock
TeTTerIerIe It essets ettt et tntestes testssenansnenaanun cnnnne e Lin Deng-ge .Qiao Wei-guo (81)
Analysis for Surrounding Rock Visco-Elastic Deformation Analysing of Soft Rock tunnel «csseeces

o-..--..o.-..--.o----o—-o---.-v----.---ovotnn-o---"--'--.uooo.v-o-u.'.-.-l--.ao-no-..- n'lai Ying_da (8‘6)
7



Model Testing Research on the Behaviour of Anchor Cable’s Stressing Yonnage Varying with Time in
Reinforcing Engineering in Soft Rock
ssssenerssnnsvessrsesrnssrssessesseises Chen An-min, Gu Jin-cai, Shen Jun, Ming Zhi-qing (89)
The Cusp Catastrophic Model for Outburst of Coal and Gas in Working Face
ceseisssssssttsssaisssnassrsnsnnsisesasssisisnnsnsssnsessssssssnns Zhai De-yuan, Liu Xue-zeng (97)
Analysis and Comparison on Calculate Methods of the Parameter of Rock-bolting Support
sesesressasersnsssaeearteisearsrnasenrerentssarstneansserannseassernecesens Li Xing-bo, Sun Xiang (101)
Discussion on the Structure and Design of a Shaft Lining Sunk by Freezing in Think Deep Overburden
Soilg +sssescssssscsssrisassorisncsscsssiesss Tong Feng-jian, Zhu Li, Pan Hua Cheng Jiu-long (106)
Study of deformation law of dynamic pressure in soft rock
sssessesssesentsssansernosannsvesannereee Niu Xue-liang, Gao Yan-fa, Wang Guang-chang (109)
Researches and Developes the Roadway Integrated Support Decision System Based on Knowledce Dis-
covery in Database +ecessreesesssssiecssrseenensarssnnaresesees Zhang Miao-feng, Lai xing-ping (113)
Problem and Countermeasure in bolt-grouting support popularization and application
cerersemnesttiessanstsasensssssnniarasesssissnnnarsnnsessenass Wang Lian-guo, Yi Gong-you (118)
Mutual Analysis of Coal and Anchor Mesh on Support Of the Roadway in thick Coal-layer
serssreseuenasieitatetitieattatetieaet e tasans s snssas s ensanasseseees Li Xing-bo, Sun Xiang (121)
The Mechanism of Coal and Gas Outburst in Roadway  ++++»+ Liu Xue-zeng, Zhai De-yuan (127)
The design features of a new-type composite well-wall structure which is “outwardly yielding but in-
wardly resistant” sliding and axitractible and the analysis of problem in construction
sererssssatetesssntsss s s san st ten e st ben e ss st e sas st bensessnsensusoeses Uiy Xue-shan (128)
On the Design of the PLastic Sidewall =stctccorssroseorsosstrncniosesstioncnsosscsncsrassonsconcasessssassssss

@sesencsovsa st nsesesesnosssensesers et Wang Wei_ming, Zhao Jin_qiao’ Chen Hong-zhuan (132)

Thory and Technolgy of Foundation pit and Slopebrink on support

The 1L-Flement Method and its Application in the Deep Excavation

B T TRy T P P P P Wang }Gang’ Yao Qun_feng’ Wang Jian-ming (137)

FEM for Large Strain Analysis in Deep Foundation Pit <s:ecreciisssiscicncensens Luo Xiao-hui (143)
8



Study on Forces and Deformation Properties of Pile-anckor-soil Interaction in Deep Pits

Wu Wen, Xu Song-lin, Wu Yu-shan, Liu Hang (148)
The application of viscoelastic dynamic incremental Backward Analysis in Soft Soil Foundation Pit

sesnsevensnsenrenncasarenessasreceresnesnrsennsense Lju Xue-zeng, Zhu He-hua, Ye Guan-lin (153)
Application of Jet Grouting Technique to Soft Foundation Reinforcement of Raw Coal Bunker in Hei-
deigou Mine ss+esesesseerneosersrarscsesersrsesasssansssssss Lj Yan-tao, Zhang Chuan, Sun Kai (158)
Design of Bolting Reintorce Rock Groundwork in-One Office Building

esessessessssrnaessesascsrssacsesse Ren De-Hui, Sun Yao-Dong, Lin Yao-Zhong, Liu bin (161)
Slope Stabilization of Prestressed Bolting for the Jing-Hu Speedway Hua-Lin Segment K334 400~

700 seesercercesecarescenessees Sun Yao-dong, Wang Zu-he, Wu Shou-rong, Wang Ming-yuan

Dong Xiao-bin, Wang Xiang-zhou (165)

Earth Pressure Acting On Protective Structure of Foundation Pit

AL A AR Al R LA d Rl ARl R L A I R R IR I YN Y ] Cui Mao_yu’ Liu Xue_zeng, Zhu He_h“a (170)

Technology and Managementof Construction

Rational water-bearing bed solidification distance to daminister shaft wall

sesssmsescsscsscescencerees Zhou Guo-qing, Huang Jia-hui, Lu Heng-Lin, Chen Xian-de (174)
Test Study on Freeze-Thaw Additional Force Applied to Structure in Saturated Coarse Sand Layer

sestesesteseietinsasrainassarnsssssesasenitisesiaantanssanssssseses Fu Hou-li, Cui Guang-xin (180)

The Heat Preservation of Mass Concrete in Winter Construction +-eresssseesesees Liu Ai-qun (185)
Experimental Study on the Temperature Field of the Artificially Frozen Soil

sssssssssarsemrensinsassiiraseansaesaenees Wang Wen-shun, Wang Jian-ping, Shi Tian-shen (188)
Comprehensive construction methods applied in the Gongyuanqian subway station of Guangzhou city

seressssessstseseetstitens st e sees s s aensns s se neeeees L Yuan-hai, Li Hui-huang (193)
The Construction Method of Grouting Consolidation and Vertical Shaft Extracting For The Subway
Connecting Roadway

sesseseseves Lei Feng, Yang Chun-man, Yuan Hui, Zhang Dou-qun, Gao Gang-rong (199)

Blasting control technique for large-scale ring body closed building body



evessensrssrsenssrsensensaress Fan Xue-chen, Jiang Hua, Yu Xin-wu, Wang Xiao-qging (203)
Finite element simulation and Living example analysis of rectifying house deviation in the stress-reliev-
NG MEthod  eesesssseceerensnnriisensororsessectcnssissasssrisssesssssssssessesansssevessenses Ye yong (207)
Horizontul survey in constructien of curved top tube Shang Hai university of Communication
cnsecnsessecsssaissrecsssannnssarenearesasenresr Pan Xing-zhuang, Xu feng, Xu Wei-cheng (212)
Analysis on High and Dangerous-Chimney was fallen directionally by Dynamices and Technology in
Control Blasting demolition «:++s« Lin Cong-mou, Zhao Jin-giao, Bi Wei-guo, Gao Wen-le (217)
Group controlling explosion for city demolishing project
sesssieistntesstancancesscsnnssesssannese Jiang Hua, Fan Xue-chen, Yu Xin-wu, Guo Lei (222)
Construction Technology of Large-span Tunnel Underpassing Through Ancient City Wall
Seeerstieest ittt taettitttnetiettatetteieettettenes et tenaniarereeseerennessisseeses Seng Ren-sheng (225)
The Evaluation of the Overall Manahement Effectiveness of Coal Mine Construction Enterparises
ssesersescesantaiessasisaneersastsennressasseeniannens Jia Hong-jun, Liu Lian-liang, Li Chen (231)
Evaluating Method and Influencing on the Environment by Development in Mining Area
sessseesrsiernetaicititasesitntatcrrssntnsarncanssecassassieannsences Li Tang-jun, Sun Cheng-ai (238)
The Gery System Used In Analysis The Ground Stress Of The Protection Wall of The Base Hollow
........ Lin Yue-zhong, Lin Yue-guo (243)
The a_llegro construotion t‘echnologyrot long distance and sole portal at the level cavern Wang Peng
e e T R IRE IR I ER U IREN L PRI AU S R e2T))
Analyse the Sources of Engineer Disputes and the Countermeasures for Solving the Disputes
e st s s cereesmesecrsennnes You Hai-ming, Wu Shou-rong (251)
Study on construction Plan Evaluation errersessenr xna, Chen Zheng l-lua, Shu Xiao—dong (254)
Technical and Economic Analysis of Boli Grouung Support in soit Rock roadways in Qinan Coal Mine
.... Wang Lian-guo (253)
Fuzzy Estimation and Analysis on Engmeerlng Quality Management (0} Roadway Supported by Rock-
bolting and Shotcemng Wang Shun-xm, Han Li-;un, Lm Deng-ge (261)
Analysis Related io Time limit tor Mme Construction And Invesiment In 3% Mine Ot ji Ning

AR R A L R L L T N Yy Y Y R YR Y YR IR I Yi Tian_jins, Yu Feng (265)

10



Engineering Scheme and Material

The utilization and continuous development of underground space in cities
...... cvsesssesssasisisssesesassasessaisansss Wang Ming-yuan, Wang Zu-he, Jia Hong-jun (269)
Issues on Deve}opment and Utilization of Urban Underground Space
ressesstersanecissssnsnresnenssesnanseaesessesces Qjao Wei-guo Lin Deng-ge, Guo Xi-feng (273)
Study on the Development of the Underground in Taian «+«-sseseeescsscessicscsocsssaressennnserssasannses
errestscrrssrrartnsntesesersrssnsanrinsrsasssnsanassasennnecse Zhao Jing-wei, Wang Zhao-hui (276)
Dilsscusing The Top-coal Caving And Feasibility In Ningxia Ru Ju Gou Mineral
tesessesieesnnitnainacenaresesasesseaseisesnsses Xiao Chang-long, Wei Xiao-jun, Xu Gui-cai (280)
Exploitation of City Space and Construction of underground Streets cerseescrcsscncass
Setsanceretetsatietirannttisestattraisetsssarsnsssasassesseesnesneenness Zhao Jing-wei, Liu Bin (285)
Destruction of Carbonized Effect on Reinforced Concrete
resssecssnssrsnssersescnsecsse Yang Zhi-qiang, Zhou Wei, Zhang Chun-liang, Zong Jie (290)
Analysis of Water Seepage and Waterproof Comprehensive Technology in City Subterranean Tunnel
PrOJECt +veessssccsssssiscccssoncsssssosscnssacsocssoraans Zhang Da-qing, Chen Yong, Chen Feng (294)
Action and requixen:aent of fly ashes concrete ::eseresreesecicncecnnieiee Wej Xiu-ting, Chen jie (299)

Some Question About Waterproof in Subterranean Project «++ssesssssecnsessosssscess Qu Lai-yin (303)

11



Study on the Mechanism of Unloading Method to Cure
Shaft Lining Fracture by Site Measurement

Lu Heng-lin
(College of Architecture and Civil Engineering, CUMT, Xuzhou, Jiangsu, 221008)
Cui Guang-xin Chen Xian-de

Abstract; Combined with the practical engineer of fractured shaft lining ‘being cured by the un-
loading method in thick alluvium, the long-term effect of the unloading curing technique were studied
by site measurements based on — “ numerical simulation calculations and physical simulation tests.
The variation laws of stress, strain in shaft lining, variation law of compressing number of the unload-
ing-slot In every curing stage and in longer time after the shaft lining fracture being cured by use of the
unloading method were obtained. The mechanicdal mechanism of the unloading method to cure the
shaft lining fracture was obtained which provides theoretic foundation and engineering parameters for
the unloading method to cure shaft lining fracture.

Key words; shaft lining fracture; unloading method; site measurement

The Optimized Design Model of Tunnel’ s Reniforced
Conc Rete structure And it’ s Application

shi cheng-hua peng li-min Liu xiao-Bing
(Dept. of civil Engineering, Chang sha Institule of Railway)

Abstract ; This paper used the basic principle of inequality boumded optimized problem in Lagrange
Multiplier Method, and With the basis of establishing the objective function of optimized computing
model of tunnel’ s reinforced concrete Lining structure, to develop correlation computing formulation
and to give the computing process, And then, this method was used to analyze and to ;:ompare a project
application

Key words; Lining of tunnel; Reinforced concrete structure optimized method; Living example

of application



Design of shaft Lining by space Model

Jiang Bin-song
(Shandong universi-tg of scionce and Telhnologg)

Wang yan

(Nanjing Institate of Meloorology)

Abstract: In this Paper, the stresses of a shaft lining are computed by space model under arbitrary
axisymmetric Mormal loads and tangential loads. The method with which the thickenss of the shaft lin-
ing is determined is advanced using optimization method.

Key words: space model; Fourier integrals optinization method; design of shaft lining

Coupling Judgment Between Acoustic Emission and Pressure of Gob
Surrounding Rock Stability

Ji Hong-guang Zhang Zhi-yong Shun You-qing Caj Mei-feng

Abstract; Many methods of pressrure observation, acoustic emission measurement and displace-
ment observation etc. are combined ot supervise the stability of surrounding rock of gob of large area
in Haigou golden mine which is taden as the researcher subject in this paper. To analyze the coupling
relations between all information from viewpoint of process, three judgment modes i. e. pressure-in-
crease stable mode, pressure-decrease stable mode and pressure-decrease unstable mode, which are co-
bexpremed by pressure and acoustic emission, are obtained. Practice shows judgment modes gotten utilize
the coupling connotation between pressure and acoustic emission, therefore have much better operation
ability and is convenient to understand and learn.

Key words: acoustic emission; mined-out area; stability; coupling judgment mode



