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Spatial scale analysis on coal mining and strata control technologies
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(1. Coal Mining and Designing Department, Tiandi Science and Technology Co.,Ltd., Beijing 100013, China ;2. Coal Mining and Designing Branch , China Coal
Research Institute , Beijing 100013, China; 3. State Key Laboratory of Coal Mining and Clean Utilization , Betjing 100013, China)

Abstract: The various spatial scales involving in coal mining and strata control are discussed in this paper, which
are from global scale to nanopore in coal. The scale distributions of global coal reserves, coal field, coal mining area
and well field, coal working, driving and boring, rock mechanics tests, composition and structures of coal and rock,

and composition and structures of support and reinforcement materials are analyzed. The main research contents and
methodologies about coal mining and strata control under various scales are introduced. It is also pointed out that the
spatial scales on coal mining and strata control are in the limits of 10"°~10" m, stepping across 17 orders of
magnitude. The different research contents and methodologies depend on the different spatial scales. Some rock
structures in strata control can only exist on fixed scales. The spatial scales of rock structures formed in roadways and
working faces, such as beam, arch, layer and shell, are generally in the limits of 10"'=10° m. It's closely related to

the formation of rock structures. Different scales are used to study the corresponding problems of rock formation
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control. for example, water softening and swelling of soft rocks, permeability of coal must be studied from

micro scales; macro physical and mechanical properties are sufficient for studies on stress and displacement

distributions around a roadway or working face. However, there are still some problems, such as rock fracturing,

which should be studied from both macro and micro scales. At present, the multi-scale methodology from macro,

meso to micro scales is widely applied in coal mining and strata control. It is important to connect various scales with

each other.

Key words: coal mining; strata control ; spatial scale ; macroscopy ; microscopy ; methodology
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Table 1 Spatial scales of coal mining and strata control
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Fig. 12 Stress distribution around a heading face
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Fig. 13 Stress distribution around an underground station

around the auxiliary shaft in Tunliu Coal Mine
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Fig. 14  Rock bolting components
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Table 4 Geometric sizes of rock bolting components
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IR BEAR K . annl R AR B R A L2 K 3
JUARAREE . BI15B OB 0 — R R 48 58 [ 5 3R
IR IILE , RS Rk 1.5 m™ . AR 4
B SRR I L A B TE . TR 2 ML
ZRFLAZARANE, W0, BEMEIEL ~
10" mAgEEZH .

10"

107

1600
1400}
1200F

\Elooo-

I L
i 800

B 600
400 ‘\\
200 F
0 1 1 1 1 )
-150 =100 =50 0 50 100 150 200

B B 5R LA TRIBE 8 /m

P15 Ele R 330124 R LA il 2k
Fig. 15 Convergence curves of entry 33012 in Zhaozhuang
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Coal Mine in Jincheng coal mining area
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FU T4 R A L 40 M 1 AN R T A 4L fL .
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Fig. 16  Structure of borehole for draining methane from

. . .« . [33]
surface in Huainan coal mining area
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fLo HEATHb N T3 I, SR FH N T BRI, I SE 4
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38 mm), FE/NLH Bk SRR B LI SR K
FIRZEVE B, AR BRI A2 0 RE Bl E AR L%
AR TL , W T FLAR A 56,75,91 mm. FEATEGFLES
FSRER T, Bt A3 A B LR B 25 . RIT AR
FABUT- 25 A LR AR R G AL 2 A 45 18 TiAR
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T2 05T H WS SIS BR (57 B A3 A A, DA R TRV B
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Fig. 17 Borehole camera images of roadway roof

in Zhangcun Coal Mine
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(4) B LR RIS T AL A1 S AT e Bl AL
fRRasE T , S FLALIE S R0 PR 28 204 5

(5) BHAL LB, BhifL -5 BB A AR HINL
B RS SRR
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Table 5 Sample sizes for testing rock physical and mechanical properties in laboratory
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1 PR SRPE LSRR A AR Sr R s/ NRSEAS/NV TS0 mm
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; Wikt g] Fh)]ﬁﬁﬂ&?mim iﬁlﬁﬁs , Ef248 ~ 54 mm, FJEETEAR; IE K, K48 ~ 65 mm, i L5 AK R FOIAAK IS 7385 -
HA£50 ~ 65 mm, = BEA/NF20 mm
4 BENEI ARG BRI B2 48 ~ 54 mm, B S EAZ 2.0~ 2.5
5 Bihia e AR E4248 ~ 54 mm, JEEE 5 A2 0.5 ~ 1.0
6 HITE RO ER S ER/NTS0 mm, 5 5 EHR KA
7 Sl R, # R F 850 mm x 50 mm x 250 mm
8 et % REW A, R SHE 450 mm = 35 mm
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Fig. 18 Effect of specimen size on strength of coal™”
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Table 6 Gradation of clastic grain sizes
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b 0.1~0.25 10"
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TR SE RN E 19" BR . KD R AR 292/3 03 A 1E
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Fig. 19  Distribution of rock particle sizes in Shendong

- [48]
coal mining area
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Fig. 20 Length scales associated with the structure and surface chemistry of clay minerals™”
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Fig. 21

Pore size distribution of sandstone with weak

. . . « . [52]
cementation 1n Haml coal mining area
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o AT N A LB AR T3~
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Fig. 22 SEM image of coarse sandstone
(Gaojiapu Coal Mine, Shaanxi )
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Fig. 23 SEM image of fine sandstone

(Gaojiapu Coal Mine, Shaanxi)
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Fig. 24 SEM image of siltstone

(Gaojiapu Coal Mine, Shaanxi)
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Fig. 25 SEM image of bauxitic mudstone(Gaojiapu Coal Mine, Shaanxi )

[ A TE S e A PR S5 R SE R, Kok lal sk A
FLB BT ORI FL A A FLPR A o b (B LB /)N
<l ~5 pums

(2) YDA Uk R AEZE O 1 A S5 55 I R K&
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PSRIZEEE L0, FLB o hbr ] R A FL BN
[EIFLBR, AT R <1 ~ 3 um, J5H RF<1 ~ 2 pm,
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Fig. 26 SEM image of coal(Gaojiapu Coal Mine, Shaanxi )
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WAME 2 22 8 XL B B9 RF 4T 1 59
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Table 7 Classification of pore sizes in coal nm
ik AL LA AL LA AL KL wE
XOJIOT B B! <10 10 ~ 100 100 ~ 1 000 >1 000
GAN H""'% 04~12 1.2~ 3039 7L) 30 ~ 2960
% <15 15 ~ 503 L) 50 ~ 400 >400 A
oo 169 8 ~ 20(:2 Y FL) 65 ~ 325(F1fL)
il ™% <8 20~ 65(/ML) 325 ~ 1 000G AL ) >1000
XU A <10 10 ~ 100(F 4L 100 ~ 7 500 >7 500
<2.5(HsAL)
PR A 2.5~ 5(TMAL) 15 ~ 100 100 ~ 5 000 > Zzzggg(gggim Fay e A4
5~ 15(f4%fL)
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R R R BB AR, e R LR
FE0.5 mBIFOK , K B AECT K BIECA K ; P
15 B2 0.05 ~ 0.5 m, KB R EOK 5 /INREBR R B R A
KB EUE K, KB EUEOR B m R R
Bk, KUK B AT K

TR IR A5 T A ORI 4B, X Rk 45
P BB S AT T 415« AR, G =5 pum, K =
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Table 9 Grades of grain sizes in steel
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Fig. 27  View of the bolt fracture surface
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Fig. 28 SEM image of pure cement slurry consolidated body
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Fig. 29 SEM image of cement slurry consolidated body with additive of XPM
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Fig. 30 Comparison of grouting particle and fracture sizes
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Fig. 31 SEM view of injected micron-nano-sized composite grouting material in rock fractures
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Table 10 Grain sizes of powdery composition in resin capsules
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Fig. 32 SEM image of stone powder
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Fig. 33 SEM image of white carbon black
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Fig. 34 SEM image of talc powder
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Fig. 35 SEM image of cellulose fibers
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Fig. 36 SEM image of benzoylperoxide
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Fig. 37 SEM image of 2, 4—dichlorobenzoyl peroxide
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Fig. 38 SEM image of resin capsule cured body (along radial direction of bolt)
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Fig. 39 SEM image of resin capsule cured body (along axial direction of bolt )
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