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PREFACE

Overburden fail is supposed to be a result of underground mining. Displacement and

deformation in the overburden takes place with the working face advancing. Overburden can
be divided into. in ascending order. caving zone. fractured zone and bending zone. which
has been studied by a great deal of detecting in-situ and research in laboratory. Because of
the difference in deposition environment, grain size and the mineral constitution during

] measures are greatly different in lithological character-

sedimentation, adjacent strata in coa
such as

istics. The distinctions are expressed through different rock mechanics parameters -

the elastic modulus. Poisson’s ratio. compressive strength. coefficient of viscosity of each

etc. In fact. due to the differences in mechanical properties, strata’s movement is
ronous inflection in mining-affected overburden. Strata will be separated along the
and form bed-separation gaps. The existence of bed-separation has been

bedding planes.
verified by numerous engineering cases, It has also been proved by experiences that some
y when the strata

bed-separation gaps may exist forever while others may close finall

stratums

not synch

movement stopping.
In the past. few studies were carried out on the bed-separation in mining subsidence.

The newly emerged technology about high-pressure grouting in bed-separated through holes
to control stratum’s movement has obtained favorable results in engineering cases. To popu-
larize this technology. we must study the laws of bed-separation in different overburden
which are also essential to the study of surface subsidence. Consequently-

thoroughly-
ristics and laws of bed-separation is valuable in practice and important

study on the characte
in theory.

The three-dimensional (3-D) numerical simulation of ground subsidence is very com-
ed. Because the memory and speed of the microcomputer are limited at present. some
can not meet the needs of practice. The analytic
umstance of

plicat
of the numerical methods. such as FEM,
model is unable to do as much as one would expect to- especially under the circ
large angle and heavy cover. Some of 3-D engineering problems can not be calculated by
numerical analysis as yet.

The technology of grouting in bed-separated has attracted increasing attention. It can
prevent the extracting space from transferring to ground with injecting material into bed-sep-
thus to control the ground subsidence. This technology of subsidence control

aration-gaps
such as simple operation, low cost and good results, etc. In the ear-

has many advantages.
ly days of 1990’s. the trials were given in Fushun, Datun Mining District. where surface
subsidence were reduced by the rate of 33%~ 50% and subsidence velocity by 35%~
55%. Because the study of many aspects in such technology as the mechanism of grouting,
— 3 —
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design of technological system. calculation of engineering effect. still can not meet the needs
of practice. the development of this new technology has been confined at home.

This book is written in view of what mentioned above,

This book consists of three parts (12 chapters). Part I « I and Il. In introduction.
main problems of ground subsidence and the methods of control technology are analyzed in
depth. The contents in Part I concerns the study of bed-separation characteristics in
mining-affected overburden, The 3-D semi-analytic numerical method and program in
ground subsidence caused by mining in Part I and sobsidence control technology in
mining-affected overburden in Part [l are discussed respectively,

There are no specialized books dealing with the study of bed-separation characteristics
systematically in mining-affected overburden. This book is the first one in China. Its con-
tents are mainly related to the research fields of bedding—plane features and mechanical char-
acteristics of overburden. models and parameters of stratified rockmass. analytic expression
of subsidence bed-separation, simulation analysis of bed-separation movement and practical
prospecting methods of bed-separation-gap. In Part II . basic theories of the semi-analyti-
cal numerical method are discussed. and the program of 3-D numerical simulation to ana-
lyze mining subsidence in stratified rockmass is given, Comparing with FEM. this program
can save internal storage, calculating time. and greatly lower cost without reducing calcula-
ting accuracy- and can be applied to most mining-geological conditions and mining
methods. The Part IIl . the control technology of ground subsidence. emphatically deals
with the mechanism and technology of injecting flyash fluid into bed-separation-gap through
surface boreholes to control subsidence. and presents two illustrative exampies at the end of
the book. Besides. Part Il discusses different aspects about the control technology. such as
the grouting mechanism. grouting parameters, technological system. effect evaluation and
so on, These contents fill in the gap in the field.

Authors
June 1997
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JUAHER . ATTA NS KRR ER A S HO T FFRE LRER M et edsh
TG, SxRMERECTRRRY. SNy ERMRLERZEES. FLL AX
FRAFU ML EMIFL. EEEEENICRPTENE 15y, A 16 HEge
KA — WL 2 M E TR AES H RS KERZRRFH|WEFLLUTER. 19 L
imﬁﬁuﬁ»%§~%@‘%@-ﬁéﬂ%%ﬂﬁﬁﬁ%%-ﬁﬁ%ﬁﬁﬂﬁ%-ﬁi
mFE LB EMEEH K.

BT B IR R TR B R ER, RTSUNT L TRARFHLNFHET
EEST WG, XS Shit AT R AW, SR EMN R ROHTHEXEBIEHITHEM
F. AAHEFHEES AT —THRRE — FRUABRERBAFHE (mining subsidence
and damage control).

ﬁﬁ%?%%ﬁi&ﬁﬁﬁﬁﬂﬁ*-ﬁTﬁWﬂﬁEﬁ%~%ﬁ%ﬁ§ﬁ%mﬁ§ﬁ
. BB KRBRARSKERY . EHTEET CRRE. EETIHRRE FKE
EARA R ELE B BB, HRFFRBERIH MK BN R T E M E R R KRG
%, pi. ®EFARFATRELEFTFEERPREFHEREEAISCZ 6 HTHE
TaEAERA 40%. EESTESBX6SZL RE =T EXBOETE. EXAT
SRAER K 145 (2t BHRERENT HEL S ST HE RN 40%~60%, ILREFFRBIGR
T 7 MR S 4 B B4R AR A PR B) 1995 48 T [E 40 F JE ST R I7T B X 4 4 4% 2R R 25
15 ZARM. HEAMRALE 0] xR K. IF. Wi €% WEFEHEANE
%, KEAETERAGRL REFEFEERETERTRLE 0.2, AHURRMT
X 121 MEER 602G MEPHLTFRI4MHEER 211G WAL FFEEN 3R 75
AFEERSSZG RHMELTFRI2Z2AHEER 22 LT F R EER
2112t HiZRETREREN 31%.

RRf. £ FHEARRPEEET HFRFHIRL B T i R X

EHHE. fLERE FREFESETSANA. GRTTVHANRSFR. FIHESE
— l —



KX, MRFBAURFRERRE () JY, THBEKRHE, SHEXLIFRE, @
HIIRMFEERMBFEAIBFERNARREAEEWR FHER. EBRTVLEY
EIRVAFMAREBESFENTE, BN MEXNMLSHFREE. 630 FX, H
FHFHOERRE. ANMIEMFETNREIRPELMBET M RAFEL TR RERN I
A, R EAXZHCRBEZHEIRRTETHARIPES, IRMRAELF LAORRL
FEE TRIEW F &, BRFTFRAE.

%01 ENTESFEAWR B K
NCET =FE# = REYT X BT % B T
OB |6 B HE/ (%) M B B/ CH| R B/ (%) K B [HH /(%)
4 /& | 12813.8 | 65550 51.1 519053 40,5 71335 6.0 5911.4 4.6
m 171937 9120.1 53.0 T065.8 41.5 3422 7.8 772.4 4.1
WEERF | 32161.6 | 12945.0 40.2 112627 350 3641 1.1 1318.2 4.1
# JE | 30575.2 | 17670.2 57.8 133593 43,7 2796.6 9.1 1514.4 5.0
% M | 372557 | 19091.3 51.2 152109 40.8 17299 4.6 2150.5 5.8
i 18 5673.1 33300 58.7 2058.4 36.3 1055.7 8.6 2159 38
% 5324.5 33932 J 63.7 29482 554 445.0 83
%02 RETEFRAEERR B 12t
& & | HEERE £ & | HEERR
T o® | 6.9 W A 78
W 23 ®oom 5.0
o it 9.5 - E2 15
%= M 31 Z < 32
7 -] 6.6 BRI 1.2

§0.1 BEAMEILHREIANR

BEABMENEKRZZAETRN BT A K RT TRIFM. 19 L 20 F4,
FIETREXEREMNEFERD, SIERAYRFLE, FETXTERNHFRIE, 1871 F
Gonot EERTH X K EAE®YY MY, IEUYNHANFRFRITIAETENRRKZ

. MER 100 EE, ARBSTAKRASZ-ERAV LWESHANEG, HHINREHTIHFRE
AEBERAREEIFENEN, FEEXENETHARABHRALME, WEEH
H. Kratzsch, i# 2 #) Budryk. Knothe. J. Litwinszyn, 3% 89 Worotnicki, R 3B &
Asepxuit ZEMEL T EBAN TH, RLRETSHELXBEAFRESE, Ad -EEEia
HEBEIMENERABIE XEBEAST —H@ #t. SR-SETLRMENFER
Bma, tasTHARESAMEERUREERBENE Y LHRS —RBELEEEFE
B—FEgS AR, B vEBULAE, HRE (1995) X eIt i 5k B T REN

ik,
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0.1.1 WMETRBARBEERE

1. A% (&Eh) 9. Kal wEF*

SRR E Y OEEASBHWN. SRR, HILEN. TERYRS. ZFMTEAL
Wi B R R E BB TRELHORE BEEN. REE R R R A ERR TR B
BEEHRATENER. TUAELHRFERELENSE. R XA LI R RS
WHATEEE. BRI RAHNARBTIL. XERRRN L, %E SONOEX %%
4. #[E E2/OMSO3/R48 &3 RNEAL. SENFHRM WAl LBIIKTF
WH RFEE.

2. B ¥FE

FERIMIGER KB 100 BE%. BEHRFREAERAESE. ETEFILMATE. M
2. GEHHSETE. WM E. MEMTE EAMRFE KT %,
Hepik 2 %# J. Litwinsyn EFFRIENEEFHRB IR SE NN R EESEH
WHENREE AN REEN CHCEE. 1954 FRENBEIN BT E
(stochastic theory). BT HEEM AT, SAWE WHEANEELMZMNEMH. KE S0
ERFHYER. BERESIALTE HEREBRNENYEHRR, b fiop il - o)
S £ I04r # ( Probability error)- it 8 BRI SE T E st — & RFE SR
A E — AR TRBERKBAS. YHMY S, FEABIT RN HF
vEi. HEESET S EMA T U AEER&G R KL SHERNERRMELN - T
BB FABANECEE BEASENERERE XH RSN, HEESTER
HafRmEid kK (30%~70%).

I EAHERMT

L UGBS T R A A BRI R A UAOR L, R RLERL B
Bl ERERIE. BIREET 1937 £ E ERAMLMBER T EFRABMEBH LY. MY
v gwsEdyAz. BESOEAKFRBLARE HPRH LR FETLF
B IR AERY TRIFNHLRE. XRFERERERENEHRERES. IR
EFWEEE AR BT TUBLFELSFFENRR. BRARFE. AR,
HMER S BRTELNEGEZ PEEHNRFEEURE, MHELBLEE SR
B, #Ex—FEE Rk AERETREITHNEKR

4, BAL S F &

WES TS FTEAEARIE ARTENEBITES. ERTHERCER T B
FHGHMHA TURBRRANEHXE RARESHOAT, JoHE T A DU R
B e Bk g T+ ILER, ERAMERAERITBR =T RESIENBE TR AT
BARARYE. EXFENTFRBRSP. Hachott ( 1959). Berry ( 1960). Sales (1961)
DL Salemon ( 1968) ®IAFAARMXRITH LSRG, Wak B =4KM
¥, Marshall #1 Berry (1966) i#47 T ¥i##45r#7: H. Doughes. Danl (1972) Z351HA—
M. SHEMBHEHTTEAETKS#H: H. . Siriwardane (1985) EEMNBREE T EME
MR T REFRMOMKEE. BN, LSRR HLERBEB. HEY
KR FREETR B 2ERE. AAFELRE. £WFREHT T BAEBRLS

.
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0.1.2 WERMATHOMERE

RAWMEAGHE S RRY . HFE. ¥ % BR. HENEZEH EHILF
de. XU R AUE R RS IR BB R TR, AT ST EMFEE FES

(1) XEHEFETHEMERFZHEINRIZLHTHE, FRBIZINEHBEITE
(1996). H. Rauch B T FF RITKERI 2K B2 #E R M (1994), J. Litwinszyn B i ££
Int, J. Rock. Mech. Min. Sci. and Geomech. Abstr. ( 1995) %% X EXT R EILHMT
B, EWTIRTAKREYE (1994) | ALFERBER T RIFTATKES (1994)
R S TR AN RESTEME E EA S, RS T —EH E AR

(2) BEHENFZBETERANEA, XFER (1995) #RETRHEEZVARE
FEAGHAELBRATFRIERNEESARENZEESL, DERDEEMERER
SHERNEHNAFNXRNBESMIE. DHER (1994) RIHTRIEFZHYT BRBLIK
HEEIAGH 2 ER, BT, T4LE (1995, 1996) HARXRTHEREXBELER
PRI X, IEFE (1994) BFFE T FFRILFE & H R BB 105 S KR A 0 .

(3) E@HFEELZ K. M. Oconnor {EB#IT I AT UTFABI. W S4RE T LS
WITRTES, FERAEENFSEES N RES K ERARATIERR T HIFEL
fiaE, ARkIESE T AT RIAKA 2R RITENEF. RREH = SREH
HEARTEETTHEGEARSEBSHNG, RFEY AEREZSARTERLT IR
AMGE S, EH/ANERN T RIS g BE BN S BRI .

(4) BIFEBEB. A, Byrnnuxuit 43 T EESL7ERS 2h 3 oo SO RE L R REBRERE
BitE, #ATHERBEHETERNBHLEES. WBHIBRAYS, HARBREN

T ) 1.

qM‘._ ) "
+(5)
A gy ——M ZRAHEX T IUE
H—Ri&:
b—REBERT;
m —— R A .

Swg ch T W R N T EA TR T REERNE, 4 T REREMERR
WEBHOEE Rk, BEERGSINRRANMAERTTROEEBHRHAERRDE
Fyof e R 2 SRR Y U2 (8] 58 T 7 AR TR B U R A

§0.2 MIEREMIEENTZE

19 4k, BTl kRELR. AT =HRREREHM, HYHTENE. 5
e, EEATERRTESEAN TR, NERGREE EXAEATRE.
FRVESEAS. M =T ERERTHES, B R RS R
8%l F. ERERFRAMEERTHATKLBOE KRR, —KAME, KHFEE
FEh HERAFARABAERSH TENE. HHhEZFEMTREEARAARE TIIAL
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HA R, 60 &£ LK. 2RI #EFF R Bytom. Katowice % 10 4~ A3 1 R L% i 4
%. THEFENEIY T RBOGER S SEEFRE 40%~52%. REPHHE-TAE =
FREFEEANER. FHEFEMNERY TRE 5000 5 U EER. FHARFAT 30
AEMBANME. B4 HE EEAERFRIBEHOHREELFEERE. 5
TR HROEARFTEANE. WEE 1975 EHREN CHEARIRMF. £FEET
BAMEEER.

FRE M S0 FERFFEHEFG AR E R ITESHFEOTRMETR. FFR RV XEE
T HRBEAME T, BRRITS—HAEBWN TN FHT RENERFTRIKD
FHIREH B TE. DEMNERESH 100 245, 2000 BTHBEFRT” =FE
W, BREL%T. ARED 1982 FM =T RN 5952 ¢ BKR. FHFFERE 1400
F . 1982 FE R 3600 F t. 1985 FEHEHIRT CHAYF. KET. &KBEREEHBR
HEGSERFRAR) FETREFRAKAEF LRERFRERT —ERNKF.

Bl MBHRENEHFETERASHIKMNEHERTR. BRMKFEHEF
AR E (M) RPN IEmEMEs. XSHEHFREAFTEE WEMNF LR
HFH.

0.2.1 HTERHEEIIREHAE

1 AWK EXRH

TEAAN KA. BENFIRE. REMEEFE. W) 87 BRESE HTR
HFREBOHEAMERNER T SXRBAFRESIEHBRETARK (¢ WTF:

KEEFFRAKBFRHE: ¢=0.10~0.20;

KK 1A REE: ¢=0.20~0.30;

KBRS R ¢=030~050;

FIFAFEE: ¢=040~0.50.

2T SO ERVBSTERAADARSF TRRTEROHERIKE BAKSTRS
BT ERFF R 50%. MAHRESE 5%. REEEKNT X OHEBHETTHTEREF
R. HERX BFEEAEGECHTRBBES, BORAFTRAYEXRBRIFRAER
g, EHMERREIMER BREENNRES FTARFEFARTREA-FHERN
TRiEHliEm.

2. REHSFR

FTEEEHETFR. BERAFRMBRETFRE.

1) FHIRE

S REOEERBEARERH AR E HREE N 40%~60% HRTI
RN R RER 3%~ 15%, HREEN 0%, EEROHETRMELSL 85%, K
B4 BER. B2 1930~ 1936 4EE#E L 7 EF T Sosnowiec B & T A EME
FR6mMEE. EEEMEFFRAERREANTR BAFEZRINNEF. REH
50 4R DIR. BEJLHFARTRIGTSEOKE. WBBEAT. RET. giE—. FM
Ry %%

) BEAFER

HArxmF Ry B 2EAEERET EREMBE 0%~ 60%20H. FILREK

S



¢=0.35-~-0.68.

3) BREFRFE

BIEX RPN ER EREEELR BHRENELT ARHSBEEER. Lk
B 6 A Pt R TG BR-

3 3T HEKEFR
HMERE (1) RYRERFHEERE AAEREZREERERR TRASIER

KEHEAHR. —BHSTRAERMESEHER 40%~70%. #=. KE [HFKRA
HEHTBFEFRTXEEAY TER. ME2E Katowice TH=MEY % B EHKR
B = AR TEmE R FFEREUS TR, HEEE, Fi. AMEY XE%HTE T
FHETFEMKEFFRAK. £2RHTRERK.
4. BHARWBBFR
WIBMERIPE (1) HPNEA HRRBSEVEMTLRSE BORYT T M
REETHERY. HHEHFE FREEGEFONHIES. HATE RIEHTENE
M. BB IHEZ AN SEEETR TR
r=04(r+r,) (0.2)

AA r o FEEFAER. r,=H, /tanf,. n=H,/ tanfy
H. H,—— k. THEKRHE :
By By BRI TIEME 455K FEAIFA.

0.2.2 HEFERHFEIRENHZ
#ERRNTEIREHFEAEBNERAN ZRANREEERYMERIPIERE.

FRNERRRY. REAEERY LRI RS F Y 6 R E RIS

EHER RENFREAZNHEE FRAKLAREOERESER. KRERFC
FUFRPIE BN S TRHGMN. HAREN. FESERERBKLT X, BEEHIEHE.
LA K ESF A RMAREERAFEREL.

WE A TLAE SR TR S BRI IUEHAR. BIEERERER HEAMNEN
Mg AE. EREDHBESILEERMEATESEEAR. BB TARERL—-FEL
wAp, MBS E RGN AN, RE O FAREERMN. KEFTE#H#ITT KR
WERBTEL T 40%~65% KR St (BX HEAEEERERELRNOPIR U R TR
TN, TERGKIGHSH EETE A ERE TR EX.

§0.3 BWHEABMEGEHFERIESH

FRO%GREEE K Z 0N FHH DTSR RER L BEIBEE. AW
Sl RsEHRARER WX ®BE HMUFARERRENAKEE. BaEfa T
M LB SERES REXNYMENEIE S5 -BHERIBRAGROLHE

BRI, 5 EEERERAEEFE.
PE A — MR FERNRTFREBN,. RRAKNENESLAEE

.
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