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Preface

Soft rock has almost always been a hard problem against the sustainable development of
coal industry in China. Soft rocks widely distributen many coal mines in different areas of Chi-
na, where from the east, Longkou Liuhai in the Bohai bay of Shandong province, to the west,
Liudaowan in Xinjiang Uygur antonomouse region; from the south, Nalong in Guangdong
province, to the north , Hegang Xing’an in Heilongjiang province, the stability of coal mining
engineering is crucially associated with soft rock. For the duration of the 9th five-year plan and
the 10 five-year plan, engineering hazards occurred in soft rock mining in many coal mine
bases at Tiefa, Hegang, Longkou, Yanzhou, Xuzhou, Datun, Hebi, Kailun, Fengfeng, and
Datong and many other important mines, Which leaded to stopping production or canceling
construction. With the increase of the depth of mining engineering, it is seriously believed that
the stability of soft rock engineering will be threatened due to excavating and tunneling.

It is shown by our investigations that the essential reason for the difficulty in supporting
the soft rock tunnel is its complicated defpr,atopm mechanism. Thus, the major point is how to
determine this complicated mechanism and next how to transfer such a mechanism to a simple
single one. Apparently, the former is the key issue that we have to tackle. In those factors
which influence the complicated deformation mechanism, two crucial issues should be seriously
treated, i.e., performance and classification for soft rock. However, the performance and the
classification for soft rock are only just determined by the mineral characters of its correspond-
ing clay. Therefore, the understanding of clay mineral characters is the critical step in solving
soft rock problems. For a long time, people almost always neglected the research of the clay
mineral character when they try to deal with the soft rock problems. It is also shown by engi-
neering practices that the primary reason of soft rock engineering failure is that the performance
and the classification for soft rock are not known distinctly, as well as the deformation mecha-
nism of soft rock tunnel is not correctly determined.

In China, QU yongxin, a scientist from the Geology Institute of Academy of Science, is a
pioneer, who first made the clay mineral study of coalmine soft rock in 1985. The Geotechnical
Institute of China University of Mining and Technology (Beijing) has also performed a system-
atic investigation of 38 mines since 1990, and accumulated abundant data. Due to above work,
the study of coalmine clay mineral and soft rock is rapidly developing these years, and futher
promoted as a burgeoning mutidisciplinary subject, i.e., the so-called Soft Rock Clay Mineral-
ogy. Many subjects are related to it indeed, for example, Mineralogy, Crystallography,
Physics, Chemistry, Chemical Engineering, Civil Engineering, Soil Science, and Agriculture

Science. Apparently, this new discipline is with two characters: advanced theoretical tool and



trans-multidiscipline knowledge, and being practically and abroadly applied on various fields of
science and engineering. In other words, we can conveniently utilize either the physical proper-
ties or the chemical properties of clay mineral, and even separate metallic constituent from clay
mineral, according to our aims. These features characterize so perfectly in this new discipline
that it is not difficult for us to understand why Soft Rock Clay Mineralogy is rapidly developing
these years.

In the past decades of soft rock engineering practices, we not only focused on the charac-
teristic study of soft rock clay mineral, but also investigated the mechanical properties of soft
rock. Moreover, we have summarized a systematic and scientific method of descriptive clay
mineral features and elucidated the time-space distribution evolution law of coal rock clay miner-
als in the geological era . We here hope that the book will attract more engineers and reseachers
to a field which will reward study and research, and which will give an increasing application in
soft rock engineering in China.

On the basis of discussing soft rock properties, we have provided a fairly chronological
treatment of soft rock clay mineral which is closely associated with the three primary coal-for-
mation periods in China, i.e., Cenozoic era, Mesozoic era, and Paleozoic era, using soft rock
mechanics and soft rock clay mineralogy theory. We have also established a theoretical frame-
work that addresses the soft rock clay mineral characters in various geology eras. The book is
divided into five chapters. In Chapter 1, we first present some of basic concepts and definitions
and classifications from the perspective of engineering mechanics and physical-chemical engi-
neering, taking into account of the characteristic of constituent and structure of soft rock clay
mineral. Then we introduce some of particular research methods developed recently. From
chapter 2 to chapter 4, we detailedly discuss the special characteristics of the soft rock clay min-
erals which are selected from tens of coalmines in various geology eras respectively. In the last
chapter of the book, we give a summarization of the basic characteristics of soft rock clay min-
eral from the perspective of geology era, including the composition ingredient, the physical-
chemical behavior, the hydrological performance, the mechanical response, and the distribution
character.

The book can be regarded as a sister series of Soft Rock Mechanics (Beinjing: Science
Press, 2002) and A Guide on the Design and Construction of Coalmine Soft Rock Engineering
in China (Beijing: Science Press, 2004). Associate Prof. Yang Xiaojie and Sun Xiaoming have
being worked with me at my group of Geotechnical Engineering for many years, and did lots of
work at theoretical aspect during the writing of the book. Dr Yang Xiaojie mainly focuses on
test analysis of clay minerals and has completed a considerable investigations of clay mineral mi-
croscopic structure analysis and its constituent character. Dr Sun Xiaoming then emphasizes
mainly on clay mineral sampling and its mechanical response. Some of my graduates, Postdoc-
tor Jiang Yusheng, and Dr Zou Zhengsheng, Li Hongzhi, Peng Tao, Jiang Yanxiang, Yao Ai-
jun, Wang Xuchun, Wu Xiong, Wang Shuren, Cao Wufu, Jing Haihe, Zhou Li, engaged in
the soft rock projects leaded by me when they studied for their doctor’s degree, and also made



a valuable contribution during the primary phase of the book. The book was typeset by our
graduates, Li Guigang, Chu Likong, Liu Dongming, Qi Gan, Li Qian, Yang Zhiyong, Nie
Wen, and Qiao Xueyin by using the MS Word document preparation systeem. Guest editor,
Prof. Nie Mengxun thoroughly read the manuscrip and provided many valuable suggestions. I
gratefully acknowledge the Major Project of National Science Foundation of China ( No.
50490270), Scientific & Technological Chief Research Project of Education Department (No.
10405), and Collective Innovation Fund of National Scientific Fund Committee ( No.
50221402), without whose research support this book would not have been possible.

I cordially welcome and highly appreciate readers to point out the shortcomings of the book

and to present useful suggestions.

He Manchao
2006.03.26
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W TIMHRERNE L. BE FEEJUER T, X TRENBSTIRLZBEE EXE
FOEA RS BIEREK, Kik Lo hflik e L Htnfb e X TR E X 3%,

1. B 6 E L

1) fidtEE X

(1) BB TAbES 1L E A E R PO A K SR KEERTRT A TR
IR R, MR ERREMRH KENER, EEEM TRESEM S M. WKERH
FRUE BB R G5B RSB 2, M H BRIERK.

(2) BB xR TAL A 2 3B KRR\ EHA B850 N, s RS
B BB RK A R KA AR K 8 B T B B 2 BRR

(3) FRHERT M F BRI, K B K R XL S A BRI KSR,
(4) FEARFHER ARG /NRERTRITAN, KA E RN BERE K55 8 XL
MRk 2 B BFR

(5) 1984 F 12 A R AT BITHED B ILE N RS S R BN E LR, K
BRIGEEN FLRER REEE L ZWERTIE ERLE B E, 886 ABBKEE
TIPS B B EE,

(6) PAFREZ RARRE K A&,

2) fEtntbE X

(1) ISRM(EIFr& A 11%%45,1990,1993) & X 5A 15 AP RRETE 0.5 MPa~
25 MPafI—2K &,

(2) G.Russo(1994) & X : S A TS P ERE/NTF 17 MPa EA

(3) BUESRE/MNF 20 MPa BIEEFR A,

(4) o/ (YH) <2 AR ARE (RXH, 0. HEBPUERE; ¥y HEABE; H W
B

3) TEEX



2 PERT REDLTT DFERAR

(1) HET W RFE T EHRREL, MIBEERT 1.5 m WES , FRAKE

(2) RE I RZEFHEHZE L, BERsIB KT 1.5 m, 3 B # R A REE K
HIE SRS

(3) M ARRIE I HES", BRI, FEETHBMEL,

BESh, 3 T HCE BB S BEAT i BF 5 B B S 38 : Coates (1964 ), Deer F1 Miller
(1966) , Brock #l Franklin(1972),Jennings(1973) , Bieniawski(1973) , Eigenbrod(1974) , Mor-
genston(1974) ,Barla(1990) , Sciotti(1990) , Cerici(1992) , E. Hoelk(1993) ,

AT L, [ A AR XT T 3CE 198 AR BESE— , X P E AR T A AR R A Y
WA AERECE HIE X, DEHER TR S R ORI, 1 5 3K 5 B A SRS, F1oR
A B PEE I SRE SE R . A BEE RS RMA X TR EHSHER 18
HTHHMREMESRESRER,

2. BB ENBE

AT EFEISHR A LTREN A KA VRSN TRRKE,

BRI, A M1 R P KA A ERTA T o R A FOTEmE . He R 2 0 2P R 43,
WIRPCERIREMR ILEER REBREE SHERTERRAENEE RaHARE
FREERE LR LR B E B R WE A B TE S, B8, 1984,12) , KA G %
NS TUE BERRED A, B RARTE B E 2R A Ko

HPRE A N2 ¥ AT XN AR (6076 0.5 MPa~25 MPa 2 a9 —3%
BA BT HURPCE TS , o BRI R A GRS, ZE VAT IRSERbSHH
— P& , A0 E AT AL TR R IR, S F1 KT R AR, SR B TSR BE /D F25 MPalg S F
WA AERCERRHE, LEZERS , RALREF N —RIP BRI EM; MK, X F
25 MPafy& £, AN TR ATAL TR BB, HuRL Sk RAEES , o aT L= A 3 i &
Y KRR S . B, TR I8 LR F TS, SR th T T %
A

3. TRRKEGBRA

TERKEREETEIMEMT, 8 E B E WM TN TR A,

ISR B RTRAT B E SR T HCA I3 .55 0 IR0 A B4 B THREE
RO MBI fSB B , T ELSR A A BT R 32 10 TAR TAFR A0/ , 38 08 B2 9
sREEFITAR SRR AN S G — % R R AMT , BB (AR PR S0 3R, B TRMK A T B 10 &
R

o>[o]
USTU] a-n
X o T, MPa;
(o] TEAKMBEE, MPa;
U—##EZTY , mm;

[U]l—#iEARHFEE , mm,

OE XA ERRR TR A TR M B E WL,

TRAKRRKE TEFRN T EN S, REEFEREEmEE 2 ek, ma s
B G T B s (A B AR



5 RNESHLIVY 3

TRAORBERETIEAE LW AKEM, ERTLLEE SN MWEBRKN S JKMER S
TR LA R R 1%

BEPWRIE RIS BT N EERNEEBEN T TR AFERE, 5w
TIBMIEEFEH, BEUHTHREEBENRHBETE BHBETE, UREEHTTE
MIEESEHTIEE,

e XA T AL R, PR FIE N SERBENHEXR, Y T8N
— BN, AREE R ER T LEIKFHREZRINVES K 2550, B ERT TR K
A AT BER B R A ) 1 AR s T X R R A A, BB TR ERTT , MR BB A
HI/NBIEFYE , TEBE A2 7 AFE BT WIRT RER B A I KRBT A5 1

4. TR EIFREGKX R

TRPCEFMBERRERRXRRRE, Y TRARMEXN FHREKE (MR AES)MWERERY
INBE R BCE AR TR BE B AETY S ARE , BNy TR REETRAEA
TRET BELEMMEYCE, AN TR EREE BN HERT, 350 H F g 2
(PR E )W ER T B ETIBAE, MM HE N TRKE.

T EENIESEER

1. %25 #5 %

TR TR AT B A KRB R TR A, W TR S E S iR R N E
B, RELBRERNIEILHE, R BB FIEE (H )RR EDT HH TR, B
FEEALIG R B BT H 0 =2 — B0 3 AT HAREY . SR HHMHeT
YERBEAFN, Al RO ARAR, BE1-1,

F1-1 RETHMNAERBIHE
B o X iz THRAERE iRt
— By H<O0.8H, M g

(DERBITFAES 1~2 K;
Q) EMBH RSP X i B 4018

KAETH H>1.2H, 1B R SRTEEERE PRt
E:HBUGREE , m; H YHEHTLAERE, m,

— B H B ER AR TR, BRI T 23, #AKAE TIEREMT H,
FHARIL A EREHARERS, MERRELEREREATHERS, KA LR YR
FEAERS  MIEEE TR ER, XHEATHRERENT I, EXEREBAEFAHR
o MHCERERIEBEE ARG FELR AL ) FEA RS RN B 1%
THERA A ABESRERES,

MTMERET I, LTRSS BB (BB ) TR, B3 % i RERFR .

(1) VRRAERRIT BERT, 12 KiEBA TARREE,

(2) ZERBBTAEERL |, %R BB K (B A SR SRAL38) F LA @, BP AT — %R,
&, MR E,

MFRET H, HABIHER R, BB SR BARLRE, BEBHE T REBT T,

HHCET 3 0.8H.<H<I.2H, R




4 PERT RSB MRIEHRR

WFF R T R AR AR 7% A BRI R 34 o AT BET , A AR ZE 2 R RIBOR

2.8 E5KkESH

FEAREREHT H, RPCEMRRAR A, R R R & & Smee S X
HRE LR RERRRK, R\ LRFHENER R4 B E BRI, RETT 44
4 K2, Rk th 3K E (RARIRRL D 8O ) R ML BCE WL BCE A S RHRE, WX
1-2,

®1-2 BEH %

KEEH REAH | o./MPa BT

Wikbit L —————
R ) CERSE gy

R R R L L T ———
VELKE | B | 0% | WERSHNESENS.T A SBEAL

2 AR B—& | # | AHARHEANEANAE
P so, HE T BB, MPa,

1) B E WD

BB PEHCE (Swelling Soft Rock, iR S B) , RIE A SR L0 8K A
FKIF(<25 MPa) &M+ T BN R4 BE BT MIRIRE TRAER, B0, 38 % 08 & X s 2
HORKSS FATKRY A8, BB 3R 58 KA B 2 4k DA % 46 AR AL 52 S o B 3 B B JE 38 B /N T
25 MPaRYE K, 2 )R RN 1 B8 TSI

PR R A RRE LT YR AR B K. 76505 TR, — i H R
HRERBEERNEHRNICEETREE, HTFREIRENEEHERSEARE 7
R R, BRI, AR AL A7 B B M K /N TT LA 43 S SR S e e 2k 2 ( 1 o B
B>15%) R KYERCE (B BBKER R 10% ~15% ) M55 A M50 (H b IS
<10%). HTDAFRERRATKREMERTHR 3 %, ERE1-3,

F1-3 BEERESS

7 3ek e FHASE/% TRIBFRAKZE we/% HHKERR /%
BKIERCE <10 <1 <10
PRk A 10~30 10~50 10~15
B AKPERE >30 >50 >15

2) BB S1EKE B .

FRL S (High Stressed Soft Rock, fi#k H &) , RASTER BB HKF(>25 MPa) 4
HTAREBETHAPERE G TR, XMRENBRE—RET 25 MPa, EHE
WIERRBEMAEL B —E 4], BRBARE, MBFERDE REDES, S8 T
B U  FEIR AN KT, BN RE 2 I TARE s SR B A B — 2 B , Bh B I i
TR T . ﬁ&ﬁﬁﬂ%ﬁéﬂﬂ%&b?%}mﬁmﬂlﬂa‘,%E%&%*B@gﬁ(éﬁiw‘%)ﬁi
WBMT A, WG HEE L RGNS T AR RN,



BB RESBLVY 5

MRS RBARF, J R BETHDT A A F1-4 BEERESR

HENAKEMBEERNIKE, NSRS -Tubit et 5.1) 1 717k ¥ /MPa
REAR, SHBEL; GENFERSEELX, B R 25~50
MEHME K. B KEREN S1KFE5HHR 3 T ITRIE e 50~75
%, RPN S B N 1 3CE R R R A, 1R R H >75

HhE1-4, .

R ) REAERIEE PR E A NS XK A S (6.=0.5 MPa~25 MPa)Ti
WE , BIRE#E{H 5. >25 MPa B@aE:&AEﬁ&*B@r‘ﬁﬂ@ﬁ%% W 17K o

3) WHEAKENIR

L Ek A (Jointed Soft Rock, f& K J ﬂ),,%fg@%m%«wzm#xﬁa@%m
XMHRERET T 2HVE, LAREREGE, BEA 125 AN TRAKESET
BAOKERTNARA BEWEE, SR KE NS, KB T EIBEEE TR AERT,
S RAERBMT AT, i, REFEZETEEEE, B ERE, TEET, &
HRBEEAE, K REBET, BHRE ALY JEBNER, WABATREYEL
BN, 4053 Rl 15 PSR R BALBCA A LGS . ISR A A
LA R BE R MR A N 3 B, BIES R B MR B R I L - 5,

£1-5 VTHUKENSS

TRLBCARR

TR

B ERY R/ (& -m™?)

TERMK,

LR e
303 e
BB

1~3
=3
TR =3

8~15
15~30
>30

0.55~0.35
0.35~0.15
<0.15

K= (0 vp) 2, v B BA BB B , ki /s; 0, WS R A B BB , km /s,

4) RER%E

HEREKERAE B3k 3 MR H &

Ak HJS BIECE

5) HATRARMGHK
WA TR EMIRRNE 1 -6,

R1-6 WENIERFENHR

L BREINE T - Ak VE R A RUBCE , WIFR HS &Y
B WAL - WEMAE A ECE, BAR H) B BAL — WHML — KA & Rk,

RE A, Rkailin WENR SRR
HiERE /MP: | RESE | 4WE
wo/% o./MPa wﬁ‘}j;ft:;i
Wk E <25 >25% & B <10 15~30 C.I
PRAKHERE | 10~50 5~15 I.K
L 2iScE e >50 <5 M.IM




