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Abstract: Coal burst 1s a sudden dynamic disaster induced by the superposition of dynamic and

static loads. Its disaster-causing mechanism is complex and the resulting damage is severe, posing
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a serious threat to mine safety. To realistically reproduce the failure process of coal burst in labora-
tory conditions, it is essential to establish a coal - rock dynamic similarity criterion capable of simu-
lating coal burst disasters. Therefore, a dynamic similarity criterion coefficient with the accelera-
tion similarity ratio as the core parameter was proposed, and a coal - rock dynamic similarity crite-
rion system with this coefficient as the controlling parameter was established. The coupling relation-
ships between the dynamic similarity criterion coefficient and the similarity ratios of stress, elastic
modulus, time, and strain rate were analyzed. Furthermore, the applicable range of model stress
curves under different geometric similarity ratios and the value range of the dynamic similarity crite-
rion coefficient were specified, providing a theoretical basis for the dynamic physical simulation of
coal burst. In terms of similar materials, sodium fluorosilicate, talc powder, and sodium silicate
were selected as the basic raw materials. Using the orthogonal experimental method, four groups
of similar material proportioning schemes were designed. Sixteen types of standard specimens of
similar materials were prepared, and uniaxial compression tests as well as cyclic loading - unload-
ing tests were conducted. The influence of different proportioning schemes on the mechanical prop-
erties of the similar materials was systematically analyzed. The results show that increasing the con-
tents of sodium fluorosilicate and talc powder can significantly improve the density, strength, and
stiffness of the materials, thereby enhancing the burst tendency of the model. Quantitative relation-
ships between the material proportions and compressive strength, elastic modulus, density, and dy-
namic failure time are further analyzed using multiple linear regression, and a controllable and
multi-objective optimized design method for similar materials is established. Taking a deep coal
seam with coal burst risk as an example, the physical parameters of the model and the mix propor-
tions of the similar materials are determined by combining the dynamic similarity criterion with the
regression results of the similar materials. The matching characteristics between the coal - rock dy-
namic similarity criterion and the similar materials are further analyzed. The research results pro-
vide a systematic method and practical reference for the construction of dynamic physical models of
coal burst and the selection of similar materials.

Key words: coal burst; similarity criteria; similar materials; physical model; dynamics
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Table 1 Dimensional expressions for physical properties
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Fig. 1 Stress-strain curve under the similarity criterion of

statics
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A5 T PR M) ATt 3 e A B R, A S A TR R JE it /kg WS/ %
AT RIS R e et R g s TR R R, ok

L5, B R R A R A 55 R RTIRI R , g R o o {5
1] P AL A R ) R 1 ASE 40055 SR L 3 A R A
WIEEHEERAS S FENr R, EEMT !

1 0.20 0 1.00  16.67 0 83.33
2 0.20 0.15 1.00  14.81 11.11 74.07
3 0.20 0.30 1.00  13.33 20 66.67

iﬁﬂ%‘*ﬁ {u *j *jl’ E@%E]ﬁj}%%ﬁ : %:z 3 j‘jﬁﬁi@ﬁ 4 0.20 0.60 1.00 11.11 33.33 55.56
%W J’%E*ﬁ*ﬂ 7J<I»Ei}% 3 ﬁ*}l‘*"l‘ 3] ﬁééﬂié%ﬁ . 5 0.30 0 .00 23.08 0 76.92

6 030 015  1.00 20.69 10.34  68.97
£3 AL RER 2

7 0.30 0.30 1.00  18.75 18.75 62.50
Table 3 Similar material properties 7 7

8 0.30 0.60 1.00  15.79 31.58 52.63
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iy SLBERR R HBERD 10 040 0.5 100 2581  9.68 6452
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LR/ pm ™ S 52 12040 0.60  1.00 2000 30  50.00
oyt Na,SiFg Mg;[Si,0,,OH),  Na,SiO; 13 050 0 100 3333 0 66.67
R 2Na,SiO, + Na,SiFg + 6H,0 = 6NaF + 3Si(OH), 14 050 015 100 3030  9.09  60.61
Yo 050 030 100 2098 1667 5556
BT IR0 J7 AN R 4 PR, 22 Sk #1421 16 050 060  1.00 2381 2857  47.62
A3 00 5 i A A 45 2 43 1) S5 3 0, R SRRE
2 &M & 4y B E O 0,20, 0..30, 0.40 Al 100 K Ty 0 ekt
0. 50 kg; # 1 A1 ¥y BT &t % & 4 0, 0.15, 0. 30 Fl
0. 60 kg, /K 3 5 i &2 4 1. 00 kg. F 3 F J5 44 801
PR IE 223 56 7T 45 21 16 4350 07 =29 .
Pl 9 S 18 32 3k 6 op AR B AR ik 17 LR 2 27 I
A [7) — 261 74 7K 38 B8 0 R o 1 5 Bk 0 7 0 =l |m AT e
JIN AR Y SO BSOS T n At dnnmn
] 10 Sk A B B ) 45 R L LA 4 5 8 BRI 200/ TR T [
Fb 5 58 0 ) 2 AT B AA L g FR IO, 3 kg JRUAE TR S 7 AL L
B 0. 6 kg WA B 1.0 kg K B S B TR AR D L Bl 123456 72%%9 10111213141516
J& K 3R R A BRI LG IR & O B T AL B0 AHUBRL B Lo

SritE, ERIRA Y NI U] W SRR . R IEER Fig. 9 Schematic diagram of the mass proportion of similar
RESFEB AN TW, BREYWE TR A L materials



10 S SINEE Ny N2 2

HEAT KPR 8l , (i 9 3B SR T 20 B . IR A YA
MR B 2~3 h, ARG P FURE R 40 -5 7K 35 35 1) 1%
SN FE 43 PEAT I BT R M i SR A

i B 58 UG IR G Y% A B A% 50 mm 5
J& 100 mm f A5 EL rp sl 8 O 78 8l |58 KR BR 8
R 7 d LSS RR) A AL . BRE RRREE A
5 I 1 R 3R PP A PP 3R A 14 d, DA Rl R P A5
FoEAe 5 Rk Re R e L . R UG KRR B
FolOLE XA T E3I~4d HELRmMES T

I % S A e ) ] I R TET [1 IER a:
6, 345 RSF R ¢50 mm X 100 mm 4 b v AR B
A

TGt 5 1SR RE 42 BB AL B 31 2% 44, 40 )
FH T BRL Al 455 32 56 A0 A6 200 G0 2R 56 . B R 4
6 3 B T 00 R PR SR E L 3 A Bk IR B[R]
vt BE R AR s A P n g 2 56 O el R 1
5P BB i A0, DL 4 T IE AN AR UM REI s 2R e S
et ) O AR AR (34360

[ mwmmem | [ smresks | [ swsze | [ eitkeREseR |
i_ﬁmﬁem ﬁl F 1} __:““—“_ﬁl T :
| 03kg N ;oL Ei |
! || - | I
! [l | 1 2 |k |
| I o R !
| e )I I L [ DY |
| O6ks Vi) ! il S0mm) |
! - 1 Vi |
i e B b |
| ks e ] } r% | ik & |
| 10ke A NNE IR s l
l R Ydha P - I
| IR | [ !
L B W DAV Yl ____ ]
10 AL il 5 o
Fig. 10  Preparation process of similar samples
2.2 KEAHR
Y GB/T 25217. 2—2010 #i5E 4 2% )7 =
St A B RE 0 1T 200 PR 3K . AR, — 415R [k

a7 2 KU 2248 2k & 0. 1 kNl
535 £ T o T2 fi, Bt S LA 0. 5 MPa/s 1) 38 JBE Xof
AR RE T AT 0 0 2 B F MR, 3 i 2
5 200 5 32 RE 8 IR I 18] 1) 20 285 1 IR I ) 0 Bl B
JE SR B AR 46 42 g -0 AR il 45 vh o e e Ak
Ty — £ SR A PR 0 4 O 5K, B 2 it 8 A1 BA
1121 = S Wl 1 = A = s LN o T S TR D
0.5 MPa/s (14 38 B i it i 7, 4 1 g 35 3 4 MPa i}
5 1R, L 0. 5 MPa/s 1 8 FE HE A7 148, 24 1% 1
HIA 0. 25 MPa I 45 1 B2, FFEAT 56 2 m 2%
By B, R U R B B I ) B KM 4,5,6,7,8,
9,10 1 11 MPa, #HI ¢ B Be ¥ 1 2% % 0. 25 MPa, il
HI R HEE Y 0. 5 MPa/s.

TR AY A BE B MTS H ¥ fa] il 7 fig il 58 ML, 1
i B PR e 48 A« B RIS T o 1 MNG K5 ) I 4
KGR £0. 5% s RAEM Ay 1 kHz; o0 # M 52K 2
40, 5% s AT 5 B £0. 5%, a5 ik & a0
B 11 s .

AL

ﬁﬁi%

E 11 R &

Fig. 11 Experimental equipment

3 WMIEHER

3.1 REMK

25t Z AR IR A5 16 B S H 7 58 T KRR Y 2
TR/ QR (I N N o5 N U111
FE Bl A5 B IR [ P e e BORN SR AR . B
SRR 5 TR B LT AR AL G525 S 10, %5 B AR
RLEE S 1, 2 g 2% A 0L v U 3R K0G8 8 115508 0. 46,
¥ 2 B0 A B 245 1 IR s 18] SR Bl B R 5 B N X
W6 iR .



BRESEAE . R

B I 2 AR AR U T A AR ADURE R E L E 11

x5 HBER

Table 5 Experimental result

M HmS ReF/mmxXmm 3/ (kgem ) BEHUEIRE/MPa  ahib REFE AL S EEIRAT ] /ms  SRVERESR L SAERIAL/MPa
#1 49.1X99.2 1022.4 1.66 2.04 1100 1.01 231
#H2 49.6 X99.0 1119.2 2.75 3.30 700 3.03 382
: £3 49.7X99.5 1296.4 9.96 3.78 80 2.70 841
#4 49.5X99.0 1569.1 14.15 21.60 180 1.51 1034
#5 49.3X99.4 1180.3 3.67 3.03 730 1.56 356
£6 49.7X99.6 1286.2 5.00 3.45 790 3.02 537
’ H7 50.0X99.0 1338.9 6.73 4.58 90 10.45 609
#8 50.0<99.3 1468.7 9.30 6.72 110 1.64 847
£#9 49.4X99.4 1302.5 4.72 2.97 810 1.22 433
#10 49.3X99.0 1407.7 4.95 6.58 210 4.65 834
’ =11 49.5X99.0 1446.5 9.10 19.44 120 5.19 857
#12 49.5X99.2 1631.5 12.88 24.23 80 6.10 1119
=13 49.6 X99.6 1332.1 5.02 3.56 450 2.13 478
#14 49.8X99.0 1418.9 9.99 11.69 90 6.13 745
’ #15 49.8X99.2 1537.6 12.70 16.03 80 10.74 938
=16 49.8XX99.1 1605.7 13.46 21.11 80 3.84 1230
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Table 6 The impact propensity index of the model under C,=10
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Fig. 12 Uniaxial compression stress-strain curve of similar specimens
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Table 7 Density change rate

m(FAE HREEAMEE/ %
R, B E mOBREE= mGEAK) = mOBEH)=

ke =0  0.15kg 0.30 kg 0.60 kg
0.2 100 109 127 153
0.3 115 126 131 144
0.4 127 138 141 160
0.5 130 139 150 157

2) B A LU GF BB BT T 95 R B4 5 1

SR, U TR B -5 0T 41 B e A [R] Y o i 2
AR BB R T 5 Y N 2 B T L R R A X
Sif B 1Y) i AR T S O WD, LS iR 0. 2 kg B =
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Table 8 Uniaxial compressive strength change rate

m(FRAE PRI R 5 AR AR/ %
B/ Ot mORE= OB = (R 8 =

kg =0  0.15kg 0.30 kg 0.60 kg
0.2 100 166 600 852
0.3 221 301 405 560
0.4 284 298 548 776
0.5 302 602 765 811

3) M4 C BE Xk B0 25 A IR A 8] 14 5 g

FOGIRRMW] T A0k G R FR B 3l 25 IR
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Table 9 Dynamic destruction time change rate

OBk A BB 1A A AL R/
BRI/ u(mE m(BGE)= nOBEER)= n(BaH) =

kg =0  0.15ke 0.30 kg 0.60 kg
0.2 100 64 7 16
0.3 66 72 8 10
0.4 74 19 11 7
0.5 41 8 7 7

4) F e E X B A A ) S T

F 10 Won , FRE R A 5 T A8 Y BT A SR T
Xof A Rk P B i EL OE [ A AR D ELTE T AR
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BT RGP RS RIS X TR S
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Table 10 Elastic modulus change rate

m(FE PR AR Ak %

M) B E mOBRER)= mGBER) = mOBEH)—
ke g=0  0.15kg 0.30 kg 0.60 kg
0.2 100 165 364 448
0.3 154 232 264 367
0.4 187 361 371 484
0.5 207 323 406 532
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IE s, B p EEGE/NF 0. 01, 51T M
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Fig. 15 Application procedure of the dynamic similarity
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Table 11 Physical and mechanical parameters of coal

burst
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Table 12 Physical and mechanical parameters of

impact-prone coal
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Table 13 Physical mechanical parameters of the model

for coal burst
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Table 14 Physical and mechanical parameters of impact

prone coal similarity model
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Table 15 Proportions of similar materials for impact

prone coal
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Table 16 Error rate between the actual parameters and

theoretical parameters of the coal
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