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Influence of heterogeneity on the failure characteristics of coal under
uniaxial.compression condition

SONG Honghua'*,ZHAO Yixin'? ,JIANG Yaodong'” ,ZHANG Xiuze’
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Abstract;: Based on the P-wave velocity test,CT scanning and three-dimensional reconstruction technology , the distri-
bution heterogeneity of cracks and mineral inclusions in coal sample,obtained from the No. 14 coal in Xinzhou Mine,
was researched ,and the failure characteristics of coal samples loaded in different directions effected by its heterogenei-
ty were also investigated ,according to the uniaxial experiment when the coal samples loaded in various directions. Re-
sults indicate that the distribution heterogeneity of microstructures in coal sample leads to the difference of failure char-
acteristics loading in different directions. The primary fractures and mineral inclusions are distributed and extended
along the bedding plane,the average uniaxial compressive strength,total AE count, and other parameters are loaded
perpendicular to bedding plane higher than that parallel to bedding plane, at the same time, the transverse cutting
effect of cleats makes the parameters of mentioned above and the regularity of AE in the loading process loaded per-

pendicular to cleats lower than the coal samples been loaded parallel to the cleats. The UCS and the P-wave velocity of
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the coal sample have an exponential function relation, and the effect of heterogeneity inside the coal sample on the

UCS can be reflected by the heterogeneity coefficient,and the heterogeneity coefficient has a negative correlation with

the UCS of the coal.

Key words : CT scanning;three-dimensional reconstruction technology ; coal ;uniaxial compression
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Fig. 1  Cube coal samples
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Fig. 2 Distribution character of fractures,cleat and mineral

inclusions inside the coal sample
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Table 1 P-wave velocity test results of all the samples

SRR WeE/ (km - s7h)
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Table 2 Experimental results of uniaxial compression test on coal samples
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Fig. 4 Uniaxial stress-strain curves of coal samples
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Table 3 Lateral strain increment of coal samples loaded

in various directions at the unsteady failure stage

Jnzk SR MR AE 0 ) RO AR e
J5In] ' HakE/1073 Hfii/107
X, 6.58
X X, 4.84 4.67
X3 2.58
Y, 3.35
Y Y, 2.12 3.33
Y, 4.51
Z, 2.22
7 Z, 2.48 2. 64
Zy 3.23

W X 7 ) INEREE, g 1) 4 BT B T
SRR 0 R 1) AR TP 0 A PR P e A | A
FEREIA I RE AR ) 3 25 N 3 2 TR Y J5 gk
FRVIEERE AR A [ oy AR R, LR 3, BT Y X iy
FMERE I KRR ) 59 T Y 5 I m g A A (R
FEARFRE B IR B A oy A8 5 K TV Y 5 ) o8 1
¥
3.2 BEERLSEIE

ST B IR A v B 75 R G RRAIE 2RI
MR A P R AR TE R ARRAE | 1 — 25 B0 UF A N R 2
PR STt XA B IR IR S e ) 2R AR, K 4
MG TR R AT A5 R PR TR, S A TR
X,Y,Z Iy g , JERE X, Y, , 2, B9 RGBT R
A % i e AR ) 1 B A R[] AR AR AL

x4 BERSTH. EXNEERENE
Table 4 Total number of AE count,absolute energy

and their average value

mE sRE O BIPEY BIHEOY BXIRE B xTRER
JrE S 10° fE/10° /107 ] /107 ]
X, 1.71 0.84
X X, 2.34 2.08 1.10 0. 87
X5 2.20 0.67
Y, 2.94 0.77
Y Y, 2.74 2.54 1.84 1. 14
Y, 1.93 0.81
Z, 2.42 2.27
VA 7, 3.29 2.61 1.69 1.72
Zy 2. 11 1.20

Wl i B SRR i 11 1) 40

L M |1 U 40
AT s u Ju
—HHRAIMT] — EENVEl — SR

BS  AERMEEAREN ) (A RB R ) - s () ) it
Fig. 5 Stress (AE count,energy)-strain (time) curves
of representative coal samples
Hi e 4 AR, BRAE 7S AU S R R B D B Y
ERRAE 7 Z 5 ) AR il i~ 24 75 8 5 1



3130 @ F 3

=3 i’ 2017 445 42 %

Bk 2. 61x10° B B4 Xt g ok 1. 72x107° T,
KT XY J7 [0 AR BERE 5 ¥ Y 7 1) fin 28R 1
SRR R ST R IR A X RE 1 490 Ok 2. 54 %
10°,1.14x107° J, KT X J7 1) in 2 0L 1 2. 08 x
10°,8.7x107° J,

HHE S AT EAELEAS [ i B B i 75 i S AR
R —E 1 2= 57k

(1) FLBRZLRE 3 B B o %W B A S8 B
BT RE R /N T Z Ty ] I AR B 7R A
T T XY Dl ingk i e o R B N i 2
FPE LB KRB AT TRy A WY Z 7
ZA, At ) B T AR LB [A)— SRR (B AL
Bt ) TR T i 2R 5 T R 1) B8 2, D A 2B L AL B I
[ FEDOS T8 B0 7 R B A b s i XL Y D7 [l iz
IF, S AR LB (FLB) RECPAT Tz oy ), Jit Ak 2
Bt (ECFLBY) He I, [l — 224 Bt (iU Bt ) 4 T el A
Fgl), R ECARR (FLBR) R BRI A 2, i 7 A LG i
HZE R

(2) VR IE B Be o U X, Y 5 1) In gk AR A
ST R A %) B St B 34 4 B e 1S,
RSO E AL [ Z7E 100 ~ 300, ZDELAE 400 ~910;
HIT X J7 ) i A8 P R St B W (A 3 1 B B S
OGRS 10, A2 18 0 17 3 1 0 KL PR IR Y 1 ]
5V Z 07 M ERERE 17 R SR (E 2 4 100 ~
300, /DL AE 500 ~ 1 100, 75 % 5 B T3 fiE ot i A 3
o, SR B B S R S (A B B
fER

ROR R N HE X J7 ] BEAE P 3 T 3
[m], R BRAE S B B S I B R IR B W] {75 L
FEZBY B AR A A S 75 R ST, 85 1 R AR O
BTG R RLAYE s T Z 5 el A A D A 2 LR
JE FEIAE 5 B Be AR SRR 22, R R R R ik
IR Re A R I 21 1 75 R B SR 2 A il
PRSI EAE K T 0T X, Y J7 o) i iy A 5 (H iy
Ty a2 5 T A 2B FLBRE, U Z 5
FEZL B PR B B i A /b, LS T S 450 (i e 3t
PERY B o oA PR i i i

(3) JEFa e 1 24 & RN IR 5 B B o BREAE PR &
SRR P R S R RS A X R I . WY Z
T TN A8 B AR 446 X 7 2 S g it bl 7. 52107 T #8m
2. 27x107° J I R0 X, Y 5 1 gk m R,
B4y ph 8.24x 107" J 3 fm#z| 8.42%x107° J i iy
1.38x107 J 3 hng] 1. 84x107° J; 95 Y J 1) gk A
PRSI BUN R KIE(ELE 1. 6x10° ~1.9x10*, LLi X
J7 T IR Y 1. 25%10" ~2. 0x 10" P4 7 Z J7 1)

TIPS A SRR R (R S5 1Y X, Y J7 1)
IMERBF A ZE AR K 7E 1. 6x10° ~2.2x10%  fH = A T4
Z7E0.6x10* ~1. 0x10* FyRIE(E

Wy X 5 ) I, BREAE AR 3 S L i 1 A )
BRI AT, (L AR T AR IR G B B A T Y
(] MR 3% 252, SR P AR R R AN AR, 3 VR X )
TR 7 R S BB A I Bh TR Y 7 Tl N4 1)
JRRERA S 5 W Z J7 [a) Ik, A 2 B J) ] R L g
TEZHT B R e i 2, HBRTFEY e L BLid LA
TOMBEBIY Bt FE P B RE B LU WY XL, Y £, S
RTIRAEARAS T X, Y J7 [ A8 5, RE R 75 A 5 i
AR B 75 A ST 2, DRI 7 AR A 22 IR U {1

4 BRaIrE X R R E RIS

SR A Y R B T 1B R A A 38 B
Xof e 2 SRR B, R TR S B AT S B o SR A1
g thER 1T, 8t N Z 5 AR E Y
P /INFT X6, Y50 1 30, 3 2 B I o T DA
WICREAE P58 ASTR] iy [r] R 454 25 S T B A 45 44
Iy AR I 2SR BT A 1 2 S BN 45 1 S
0PI 2 S PP ok A R 45 T ot iR J3E P g

TS BE T USRS E IR RS FRFA A
Wil 55 HH IO B P TR SR B 2 T S R &S
e ,b EEGY,UCS g, 0, FHEHUEREE , MPa;
x,V, .SV Jyikik km/s,

x5 AREARESLMPERENXR
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Fig. 6 Wave velocity-uniaxial compressive strength fitting
curves for different loading directions
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