RRNFEETRY

,ﬂ
'n/f. S

P /X
LI NG5
- —— \3’1
X >

 XIPE Eﬁﬁiﬂ{

The Supporting Theory Based on Broken Rock Zone and Its Application Technology

ELE FE

BE e Tolk H £




WAL F Ao KB

A5 18 il 5 8 gl B S 4P B

B B A A

T FR O¥F

B s Lk i R



BHEMRE CIP) i

HERARIBEIVFRIERYAER/ETEEE. —1LE:
Bk T iR, 2001
ISBN 7-5020—2056—X

I, e 1. B 1. £ FEHEEXH
V. TD353

T EREEEE CIP B#EETF (2001) % 064508 5

EEEERDBXPELREARA
® 7 E 5%
RESH. He® XS E#HN

W Tkt AR
LR M PREATH R 358 100028

BRI AR BRI EDR
FEBEXRRTHR R

F A 787X 1092mm/ 6 Bk 9%/,
¥ 214 FF ¥k 1—2,000

2001 4E 10 A8 1K 2001 4 10 A% 1 ER
HAHRE 4827 E4 30.00

IRIETE EELR
ABWERRA. SR, BASHERNE, FHAKER




il E

ERANENERATLES, RACHEERBAN. £19794, RUWEARERXEHTH
RANERXE, ROE - ERREEL N REAAEHANEANE, L8 FHARK
MRAEERRATER. ZX - RAWRBEETRAERLT SR AUWETHTTARNEF
B, XERHNFEHEFR, BEFEF - NFRAERER, RARHERE. NF
RN ELHXRE - EHHAR, IRRARBEALEWEERS, T-RRERHK
BAERWABLIF, BRETLAEE: () X—RAEAFENER; Q) X—RAS
AW XPFERAFLARE.

MYH®, R-RANFERDENAANER, $EFEE, BEREFEASK
X, BEREAUETRANFTAAEAEBLFES R, BEAZAE AN EERKE
MEANEE, XHHEAFELAALA TR L BARREENBREI L, PEXREKZIN
WEEWNGE., AFEAEEBLERAVAZE, FAX-—RANERHWFHE, RINWEKK
AFRLXFHRENE, HXPELAE, APHRAZTEERS: BEAMAAERINEF
FPRANEFERRAPNANTE, BEBERANEHHEUERAIPHNR, REH
REHEFERANIAPAFE,; TASEERAYE LA ML ETEARNBEKS
(BREEER) AXPHTE,

HTEHERANFRELH, HEFNERANERNVS AL TRFIBREFELP
R, YENGERHGTEERHER, ARSIERGT A LAEGHFER. YHRELXUET
ARTTRE, AEHTHAERX, Ry - RBXERAT RZRGERMNEANFRALN L
HiE, 1980 FRELTHEHES X,

1982~1983 £ RMNAN L ERMNUBEHEIRLFT &%, S AT RS EHA K, AE
Ey BB FXHEH, AE-BLERALHNNFGEEN O Tn, FAKEHN 1. 1m &
. AELHERToANRENEN (RXPAHTHN1.8m). 1982 FHITHEEK
RYUALBHRTEES. BFRBELI0F, ZFLATREAXAKA, XXNFBLPE
REARZENEA. EEABR LN RABEETHERN TR AEHETN IS, " E
WRREEW, CEAUSPRAEZTHOHXPAR. 2 X EFEHFXPIE,

1984 £ R T FREET F_KPHREGFRIERARBR . AAUARIPT
R, KNG EEARRL mAEL, ANAZRAAEXKE 1L.5m WA A B HE®
HAXP, BBTRY, RAABKT —+4A4. 44BERREINEAALEN, £
EMNELAFX-ERBEANTLRE, KETRY, RINARRENHTHRREAHEA
EE .

1985 £ KA EIR A% M 80002 ARt BN ARG LERTEERR. A&
K-HRRELRATTHAE A FEE R EGRES R F OB THATRASHEAR.
EREERIERATHENGEER, FFAAFELNRER T RAPTHERRA S

1



FrEsnmEEl., B4R, ZUTELIHE, RAERBREGT, 2ABE. 1P
BMEENEEATEEEE RN, AR EFHBETALRE LW ARE RS RAIT
B, UBEEI~Tm LEA, BNNEERES, IBRFBLIPELRAFRARL T
IAEBRY A, GHEIABRNA X TERBETEINAS. BADRAEXPXAR
BEESKABTHANRG EELHRAURANE LR WA X TR B A E R AL,
EXARBWER FRNNEL SRS 2T 1985 54 (RARK) FERZET. £H L
R AREAFEENEE 20 HE 0 FRVELEERNW T ULRFRAT.

MABLPERN LR AR, 1979 €5 1985 &, BABME A HBXPER. £
AT EPEEXPNEARNNT NS EIRE, FEAETURE: PN T ER
. FR REEAFEHBATEINAKY; AFEERE I SELERNER, A
~ABEEF, REAALPRESR, RE 1.5Sm BN AREXPHA: REBLORA.
EEMFEUANRREFLPNE,

X -ERE L, FRAAS: B, AEXPIEETRETREEGH P S
BEEFRHEANRBRS . RIAIFANXP FRRHSAAT, EHLNRBREBE 4 #
BI., XPBE5HEHN-ATHLHENE, XPHRARANUEFY, EEXALHBEL#
BRERHEE. Bh, AEXP BHLPAS, ABEFEP) RARAE LRSI EY
PefER: $=, RatEEAT, BLNBRBBEN, BLHNRBKEN. BERRBH
EEER, CNRRAXPHIELNR. NABELANREEF (J) BAKXFRAEHFA
E ,

1995 £ MUE, RNBAFATATRR, FAEXETAFERIHE, £E5RTAT S
BAY, EXFAWRERTR T SRB X —BRF ¥k, %, BHF /8 109m? £
BiEAE, PHL., BEAREXP, FETSHAN lleom WEF L, TMHELT . &
FIFT ARG HRTE S L PERRET RS, FERBTRENEARSHFY
. EEMEE - kKM, BHTRIEE, RAERETEANBHET AR, 5
WREE, UAGT VSR, BLT L¥E. EATF L EREHITI, 25 ERINH TS
B £¥, AT LRETATELRRHERIRTNEST, —RFE A THYP
HEBA 2T AREL., PTRUTHRBEELRES,

X—BRBR20REHLR, PRE-LEENARERL. EBLF T, AREE
WEg ) & A XA EARRAL B LR TIRLX PR MRERBR F 2 0, ¥
WEAREXPRREBNANBR, AL R F %Y E, HE. REANARFRE%E, &
BLOWRADERANE Y R BFR, A4 L PERF G, RB L FHERBE A, 4
ABWEEF A, A4HNTGRFIESE, TARMAETLE & E AR FE R 4
HRERFENMR, HEETIRN PRI % 4T 0 A E 85 %k k.

FLIHRFERAZASS: 2EHRK. LPERFLPEAR, BUSRERIPES
W, FERBEBEEUNNANLRFALRES. TRIEXPERF AT L LM
EWAMXR, BUX-—BLNARIHEERE. HANWXPER, BRAUEEFLPE
WREREALGEES RS R F e I, Elh, TURNL, MFX—FRh 5
FRB, HAER FEHELITEEN, RALEBHTIED S,

AHBRFEALR, EM. £ FREHRE, $_EHBXNRE, $FHLEEH

2



£, W, 5. AEKEXRE, FLENZERE, FAFAEF|RE. 54, X —F
BRREARWAREH 2044, RGTLAEFEL, ahIHENF, AYITEAR, £FH
AIBATR, IO ALBREERERSFARRNRXTEHRR, BF——HF,

s8I 8

20004 12 A



FOREWORDS

An objective thing is there in his way, but getting a discovery of it is really by
chance. My early interests were only about the mechanism of bolts used underground. A
sonic probing measurement firstly began to use in the coal industry in China. My No. 1
thought was that the mechanism of bolts should be controlled by the physical state of the
surrounding rocks. With this idea, I conducted a lot of measurements of sonic probing at
the Zhuxianzhuang Coal Mine, Huaibei Coal Bureau. The result told me that there was a
drop zone of sonic velocity in the surrounding rocks, with remarkable laws. It was a bro-
ken zone according to the analysis using the principle of the sonic probing. That was a
state of surrounding rocks after excavation for lots of underground projects. The results
made me go away from the original interests. Therefore I made a few questions: (1) what
caused those phenomena to occur? (2) what was the difference between supporting theo-
ries by this state and by the prevalent points of view that time?

Preliminary conclusions were that the phenomenon was the result of action of sur-
rounding stresses. The stresses would be redistributed after excavation with a concentrat-
ed pattern around the excavation. The strength of rock mass is decreased due to stress
state was changed from 3 dimensions into 2 dimensions. Those changes make the rock
mass physical state shift into a broken state. That is what T called the Broken Rock Zone
(BRZ) late. After the state was measured and the reason to produce this state was basical-
ly realized, our target was changed toward problems of the loads of a support. That is the
problem of supporting theory. The loads that act on the support were determinate by the
state of surrounding rocks. The loose ground theory considers the weight of loosed rock
within loosening zone as the object of supporting ; Elastoplastical theory considers the elas-
tic and plastic deformation as the object of supporting, or the weight of rock in deformed
zone as the object of supporting. While our supporting theory based broken rock zone con-
siders the bulking force or deformation as the object of supporting.

In order to go back to the original target of the research, we concluded on the sup-
porting mechanism of bolts basically that a bolt would have no action of supporting if there
is no broken rock zone in the surrounding rocks; The function of bolts is to suspend the
rocks in a middle size broken rock zone; The compressed zone would formed by bolts in a
large size broken rock zone. An industrial test was then conducted at Zhuxianzhuang Coal
Mine and two papers were published. One of the papers was presented at a academic meet-
ing at Hangzhou on the coal mine construction. A award of progress of science and tech-
nology was given by Huaibei City in 1980.

We had a chance to cooperate with the Wangzhuang Coal Mine at Xuzhou area be-
tween 1982—1983. After probing of the broken zone around transportation roadway, re-
formed design of supporting was done. Bolts were token out in some area of the roadway
and short bolts of 1. 1m were used for the rest, based on the extent of 0. 7m of broken zone
measured. It was the shortest bolts even used. The bolts were 1.8m in original design.
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The appraising meeting for this program was held in 1983. Ten years after we visited the
coal mine. The technique was used widely in the mine. This is the first time that the sup-
porting theory of broken rock zone is completely used in site. The remarkable peculiarity
of this application is that the parameters of bolts were determined with theoretical
method, that is, it was based on the supporting theory of broken zone. The supporting
theory of broken rock zone was primarily developed as it could give its own point of
view on the supporting, rock stability classification and the supporting mechanism of
bolts.

In 1984, the shaft bottom projects were seriously deformed at the second mining level
of the Shitai Coal Mine of Huaibei Coal Bureau. Only U section steel ribs could sustain the
deforming. The broken zone was about 1.7 m in size. We used 1. 5m bolts that were de-
signed based on the principle of compressed arch. The test was success which cause the
cost of supporting to decrease by 50 percent. The compressed arch principle is proposed in
abroad. What we did is to measure the strength of bolted rocks. Therefore, we firstly ap-
plied this principle into industry and made a success, and passed appraise.

In 1985, my postgraduate Mr. Fengshan YAN finished an important model test on
the frame of 89002 Institute at Luoyang. The test had demonstrated the process of the de-
veloping of a broken zone. Also the test had proved the compressed arch formed by bolts.
This approved the supporting theory of broken rock zone theoretically. That is, the con-
vergence caused by elastic and plastic deformation is much smaller than that caused by
breaking of surrounding rock. It was by chance found that the size and supporting
strength had smaller effects on the extent of a broken rock zone at the condition of the
tests. Professor Hongwei SONG also had confirmed this result by lots of model tests late.
By then the supporting theory of broken zone had proposed several interesting questions to
academic circles. At the same time, these results are for our rock stability classification.
Because our classification system would lose its base if the support type and strength at
most conditions affect the extent of broken zone greatly. On the basis of this test, our
classification system was formally published in Mine Construction Technology in 1985. In
fact, this concept of classification and its contents were used in our early industrial tests
and applications in 1980’s.

If we say that the proposition of the supporting theory of broken zone is a process,
the first stage should be between 1979 and 1985. The supporting theory, classification and
supporting mechanism of bolt and shotcrete, which were based the broken rock zone, were
primarily set up. They could be concluded with three words: the main supporting object
(loads) is the bulking force produced during the developing of the broken zone; the size of
broken zone is a synthesizing index. It is a function of rock stress and rock strength. The
larger the broken zone is, the more difficult to support the opening. The surrounding rock
will be classified as a soft rock if the size of the zone is more than 1. 5m; According to the
surrounding rock state, the bolting parameters can be determined based on the size of the
broken zone.

There are two arguing points on this theory: firstly, whether the common supporting
manner could provide enough force to prevent the surrounding rock from entering the bro-
ken state? We consider that the all-supporting types are not able to provide support force
in time. A support is placed after the plastic deformation has occurred. There is a gap be-
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tween the wall and the support. The supporting force increases from a small value, Only
after the big deformation occurs, can the support reach the designed strength. Therefore,
recent support (not include pre-supporting) do not able to stop occurring and developing
of the broken zone. Secondly, when the broken zone has occurred, the elastic deformation
of the surrounding rock, the bulking deformation, the weight of the broken rocks, which
is the main supporting object? The broken theory considers the bulking deformation larger
than other two main objects.

After 1995, we did both two jobs, extending the theory to a much larger area in Chi-
na, and improving and perfecting the theory and technique. We cooperated with more than
10 coal bureau to extend our supporting theory to various rock conditions and projects. A-
mong them, we successfully applied the theory and technique into projects: 109m?® winch
room at Jixi Coal Bureau, soft rock projects in Huainan and Pingdingshan, 1160m deep
roadway supporting projects in Kailuan Coal Bureau, mining roadways in Nantun,
Yanzhou Coal Bureau and Wangzhuang Coal Mine, Lu’ an Coal Breau. The good economic
effects were achieved in these projects. At the same time, teachers from Shangdong Min-
ing Institute, Xi’ an Mining Institute and Heilongjiang Mining Institute had extended our
theory and technique in their own area separately. Headed by chief engineer Mr. Xianghe
Chi, our theory and technique had been used completely in the Meihe Coal Mine in
Liaoyuan Coal Bureau. This had made the mine become a payoff mine with earning 20
million yuan each year. And also the theory had been extended in Pingdingshan Coal
Bureau.

But there are some important problems need to be further solved in our theory, al-
though it has developed for 20 years. On the theoretical side, there is a quantitative prob-
lem of the bulking force of various rocks. The design of underground supporting will get
ride of the empirical method in the day when this problem has been solved because it has
solve the problem of supporting loads. On the issue of rock classification, there is a need
to produce fast, cheaper tools for detecting the broken rock zone, especially in soft rocks.
On the side of the technique, we need to assess the strength of bolted rocks, the strength
of compressed arch, the final convergence and so on and to solve other problems theoreti-
cal and technical. We think that the solution of the supporting loads will lead to the design
of underground project supporting by theoretical method completely.

Geotechnical subject consists of three parts: rock properties, supporting theory, and
supporting technique. At present, influenced by elastic and plastic theory, the preperty of
rock have been studied well, but the supporting theory of broken rock zone pays attention
to the post property of rock. But the study of this field is very unsubstantial. The related
technology, especially bolt supporting theory and technique will need to be developed
based on the broken rock zone. Therefore, as the development and perfect of this theory,
it will influence the underground projects in geotechnical subject on its foundation, espe-
cially on deep underground projects,

This book was masterminded and revised by Professor Fangting DONG; Professor
Hongwei SONG wrote the chapter one; Associate Professor Hongwen JING wrote the
chapter two, four, five, six; Associate Professor Zhthong GUQO wrote the chapter three

and seven; Lecturer \—ﬁongzhang ZHOU' wrote the chapter eight. This theory has been de-
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veloped for 20 years. My more than 10 graduate students, other teachers and site engi-
neers and staffs have contributed a lot to this supporting theory. 1do not to cite them here
one by one, please see their papers.

Fangting DONG
December. 2000
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X20cm, FAH “EHRA, EREEMBEZRITHRAFE" HRRBAFE. RERARTPENE, B
KES, BRFEEN 4. 81MPa, BB LA KR C=46, WM AHKIC,=65, BEW AN C.=
142, REAERZRITEH, BERTHEARBE. BERTMESNIX IITHEE, HMT
9Bk, EXBRIHHIEHR: AW 6 TKF, BIER 2.77~4.81MPa, B BEER
B3 AKFE, BAER 9~15cm, WG ERFER 3 MKF, BEN 0. 45~1. 09MPa., #HiE
WX FHRAR SRR, HEMN EHFRM dom, EHER 1. 7om X1, 7cm, B
BEEX 3mm, ABHE ARS8 EAY,. BREARRSSACILERSY, #THE
# Imm 722 S 8k B HIFE .

WREBAELUEL, HEURRAEEE: C.=CXC (C, HERMSERRNHL; C HEK
S5RAFEENL; CyEASERILME . BESERRTS5FRHEEERT, HUMEBAD
5TWAERS, H: Cr=1.4, C.=46; C,=1.4X46=65, EIBHA 8 ET A 5HD
FISOCTRAE, ARBTEEEAGRMEEL., HTH 1mm AHLFE: FHFERBAKE
H4E; RMAEMRNRE. B2, EEARRRELEMEAAALE. BERRSHNK
B

MBHFESUREARN: F=mmE, LTFTEGUBKEATINME: fmn—E K
PIRER, BREFFEMNE. BKEAREMN O FH, L0 2MPa REZEME. Mk
BAEEE 10min, EMNRROLFT MR, A7 8h NFERK.

RBWEAER: 3SNFRERKMBNAE. BEAL. T, £, GRERHE; HiEK
WEAPWMNNEMBEEPHRARGBEANRIERE,

MEEA AR RER: RERSALHFBKREREREH: X3 HHREAR P R
71, BEBR/INENE (410X0. 5mm), FHRBEN BN, RIEBIFE LS B LR S
f; MahREH B MR ERERNZES 8 N mRREY .,

REBATEXHER THELIBEERE. ALRATEXHWRANISIESEEREA
RZEMERAR

_57. 80P,

g 51.56 1-2)

L,

AP L—mEEBEE, cm;
Po— AN 1, MPa;
R— A A E®E, MPa,




