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o *E{U,*E;ufﬁm Similar simulation functions
> PIBECUEIRN \WREERRER. 28], EUSEFIEFNERRREEZ—;

Physical simulation is one of the important research methods for fracture, movement,
evolution, and control of rock layers in mining operations

> WNUFFER. sEiEH. RERAFIEL TEXRBR, Physical simulation has

made contributions to mining operations, rock control, and disaster prevention and
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Current Status of Coal-Rock Physical Similarity Research

O fHLMEIIEARRIE Fundamental principles of similarity modeling
> HHUBiS: JLMEEEl. SEHHEE. SIHEM Sinilarity theory: geometric

similarity, kinematic similarity, dynamic similarity

> %ﬁj]%"—*ﬂﬂuﬁ;i‘e, ﬁ&#’%%;ﬁmu, Ca=1 , The theory of static similarity

satisfies the Froude criterion.
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O *Eﬂuﬁﬂ*a ﬂ—ﬁﬂg%ﬁ H;ﬁ,¢£§§1§ Uniaxial compressive strength of coal as a similar model material
> FRADFEEUEEEDFEM, REEFINNE, MAER. Static similarity applies

to elastic mechanics, but coal burst belongs to dynamics, so it is not applicable.

> EENFHRENTER, MR, NMEFRISAE, REERERSEE, RIERD,
TiEARRBREINS, Scaling by static similarity reduces stress, keeps strain
unchanged, lowers the model elastic modulus, and decreases brittleness, preventing

reproduction of prototype phenomenon.
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Uniaxial compressive strength of coal as a similar model material



iL iR 1= 9

O

Current Status of Coal—-Rock Physical Similarity Research

O Rt FE{URIE

Dynamic Similarity Principle for Coal Rock Failure

O zZhFELERI(Y-D) By

Discussion on the Dynamic Similarity Criterion (Y-D)

O RaeshHFEERIERYIEIIE

Verification of Similarity Principle for Coal and Rock Dynamics



REFAAFE (R

2, 1909/ 5&_ . . . o e
e/ hina University of Mining &Tech

B RO EN

Dynamic Characteristics of Coal Rock Impact Failure

LLa - . . . 100 —
O HEEEAEIEFEIZFYE Dynamic and static S
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B 70}
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> EFHTESEEERETKXR, MERE = o
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O BEEE1FYSUE Dynamic characteristics of coal
and rock mass U SASEBEKRE T
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Dynamic Characteristics of Coal Rock Impact Failure

O BB ERIEARS{E Basic conditions for coal burst / rockburst

> BB BEMREMMMETE; The coal mass exhibits burst proneness.

> BELIEINHFEFERY R FLEPERAYIGES RN IIZKIE; The dynamic and
static loads applied on the coal seam must exceed the critical stress level for
burst failure.

> PERAIaFRNDSEGSERMN ST
SEKHE3C. The critical stress for
burst failure is related to the
properties of the coal mass and the

dynamic load.

(0" + O'd) = Opmin
J r
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Dynamic Characteristics of Coal Rock Impact Failure

O (R REsIEGESL Dynamic sources

inducing coal bursts in mines

> B EDNEEEERESEYIFRIR
aIBM MM, The main dynamic load
source inducing coal bursts is the stress
response of the coal rock mass to mining
disturbance.

> =nliRIEERYENEE The dynamic load

propagated by the vibration wave.
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O (R RESIEREZR Strain rate of dynamic loads in coal mine
> EEmliRLARE v mIMERE. E8dE dt |5, EahiEslEeinREA:

Seismic waves from mine tremors propagate outward at a wave velocity v. After a

time interval dt, the additional strain induced by the seismic waves is:

(v dt + 1 vedt)— (v dt + 1 v, dt®)

_ 2 2
€= %C

dX
> dt WA, MERNEEIBLEES: A B
The average rate of strain change over v, Vy
the time interval dt is:
dX
1 ' 2 1 ' 2 1 ' ' o > X
. (det+5det )—(vAdt+§vAa’t ) (v, —VB)+§(VB —v,)dt
& = = e P VR E S )
dXdt dX Strain rate analy5|s of vibration

propagation medium
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The spatial change rate of velocity in the direction of  , _ VB~ Va
vibration wave propagation represents the strain rate of dX
the particle.

> uwmh?cﬂ]l_ 2 V(X: t) EJE’Q The particle V(X,t) = Vg, SN[ 2f(t — }_C()]

vibration velocity v(X,t) can be expressed as:

. —f , av(X, 2T fViax X
> BEREEMNENEREBERE « x0= = T e g ane D)
HIR=IE{EEEEX. The dynamic

load strain rate generated by the g = 2] Vimax
vibration wave is mainly related to the v pu Psmax
frequency and the peak particle Od = PVpVpp = 2nf

velocity.

Vinax ARRBRKXEMNEE (EEEEEY,, )
EmaxJIBRARIEER
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O ﬁﬁﬁﬁ}]ﬁ%"—*ﬁﬂﬂﬁ}uﬁﬂ The principle of dynamic similarity of coal and rock failure

(1) EErBEaREiHENSE (2) SRS TFREESRMNEREXFFHAOFIRES, §17
FHINNERESMERZZENHRE,; (3) shAHRKESTESHEABNBMNFROE,; 4) IEE
fAEEIEEC, #1, (1) The coal rock mass exhibits characteristics of dynamic burst failure;
(2) The UCS of coal rock in the dynamic state is higher than under static conditions,
and the dynamic UCS is a function of the loading strain rate. (3) The failure time of
coal rock in the dynamic state is less than that of statics. (4)_The acceleration

° ° ° . ’
similarity ratio Ca #1. ‘_ ’,’3'5'_—%%15%&!3‘%#&@%%
. PR )Jiflwflmf |= = == S ixe 301 ¥r=0.03exp(¢/0.76) + 1.2
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W 5
¢, = % C,=C,CC, S, iXEEEAIR RN
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Dynamic loading enhances the strength of the specimen
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O ﬁﬁﬁﬁ}]ﬁ%"—*ﬁﬂﬂﬁ}uﬁﬂ The principle of dynamic similarity of coal and rock failure

_ O = Pvl%émax
> W EESBEEIEMN /] : Dynamic stress induced d 2nf

by the seismic waves of tremors:

oq = pla,
2.
T =z UpE
> BNPIFEZEIMERE : Dynanmic load acceleration: a; = ’;n';‘;x

> SNENIMEEFRLILL-E17FHEUER(Y-D) 248 Dynamic load acceleration

similarity ratio—dynamic similarity Principle (Y-D) coefficient

Hrp:
_ %4 _ 2 poe-1p o
Cag =5, = Copleli Ce =B a - ENE DI
; f —=nnER
%ﬁﬁsﬁﬁbqﬂlﬁlu\ Statics, Cpp = \/E C@; = C_t' mu Cad: 1, ad-:ﬂjﬁ;
FasrNEZIETRIINEEB(LILL., 1t conforms to the & --TE IR,

- [ VA
acceleration similarity ratio in the static state. p --§JIFHRER 2228
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n REtIHFERIES: B, =SB, 170480 $173518(0. Geometric

similarity, kinematic similarity, dynamic similarity, Similarity in dynamics.

> SNFEECLENREN(Y-DFEEL), ratio-kinetic similarity criterion (Y-D) coefficient

ey JLIT RN
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L i [
Static \/?l Similarity ‘ l
Co = pCy G
Ca =l G PAE =1
L JE ﬁélc‘l' XEE'—E*EE*EE C,=p =C2%C:Crc,
l"\l ‘IE;I“*I - 1 = ‘%F\H\Cvz C
FRKE; Mk, F <1 AFRNRE (V-DEY) Ii> PRTREE .
RIjILk; C,--ZELL B =1 FNFRUEREE (HBFE) e= Mp=0Co=1,
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O =494 Dimensional analysis

> HINA]. RYE), REEERiRRMERSSHEAEMMBLIENSE ., WESHHZENSHRITENS
fr, FEUREM). KELMBEMIEPNISIUE(E. Stress, time, strain rate and elastic
modulus are taken as the basic similarity criterion parameters. The parameters of coal
and rock dynamics were analyzed dimensionally, and mass (M), length (L) and time (T)
were taken as eigenvalues.

f(taaaEa“. :O Hj,‘-l t
a . s, M IE m=_
t=tc*E’. ’ ELAHRLEEL o .
! j Basic similarity Ri7 Ty, = DL2T-2
) parameters i . —
s M L T t o E RIE 3 pL2T—2
e AT SRR
{EhEERY mo 00110000 pocen FIREE | EIZEEE AR ;= eT
Dynamic n=|mn, -1 1 20 1 0 0 ynamic simuarity _ " B _BL
Ty = —5
similarity m, -1 1 2 00 1 0 parameters ENFHEIER 7, VEET
o o Y_D
criterion T, 0O 0 1 0 0 0 1 | ( iﬂ)




B ESERREaFRENURE

Dynamic Similarity Principle for Coal Rock Failure

B LAsNSRMRZ(Y-DEY) £ AR, BT XENNMHDZEBINES (Y-DEI)
T, FOR =2 2 . Based on the dynamic similarity coefficient (Y-D number) §3,
the dimensionless dynamic similarity standard (Y-D number) z, and the strain rate

quasi-number 7_.are established

. t o
BN BREIE ‘ SR m=g B = e
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Discussion on the Dynamic Similarity Criterion (Y-D)

B FIFEHEUFEE(Y-DEE) s 2IEZHRY; The dynamic similarity coefficient (Y-D
coefficient) P is nonlinear
" 5\{LEREX, SHEEE. MIESREE, FEFIITLERIETRX It is negatively
correlated with the geometric ratio and positively correlated with the time ratio,
strain rate ratio, and square wave-velocity ratio.
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B SAFHECNENTRENND. BHREXTFFHNE, WEECLNFRDZE,

Under the dynamic similarity criterion, the stress and elastic modulus of the model are greater than

those under static similarity, while the time similarity ratio is smaller.

L N EAce Dbl
JARY Mi8), l == - \ -
E}Jﬂm‘::afmmuzsgz—ﬂamigwﬁﬁ *;iuﬂgﬁjjj D¢ g¥ I.E*; ¥|J%|J;E ﬂﬁrﬂ'ﬁ
" 0.6 %*?Eﬁtﬁ; H‘jlﬂj — it
' LD FaH; X B &
‘ : The stress and elastic o,
J o Il l- - modulus of the model WET_CDSP <2 2~5 >5
Tem e e e el i are greater than those
f static, but the time _ 4
+ am e shat= Ke ° ’ K,=—" <15 1.5~5 >5
PIHRESEE, Rc MEAEE, similarity ratio is less T4
8.0x10% than that of the statics. o W B
5 6.0x10° 2XWI &Hﬂﬂjﬁmﬂgﬂmmﬂ B a =~ |
Eh §4.oxlo6-h "1 f£ Reflects a faster S o
] u I. - 2.0x10°1 CA - response process. ,:E;EE @ = CleCad <152 152~3.04 >3.04
ko c2  Crs celo C';) 00 = c-=5_ CA10 Tézlo /
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O s 3F8ELEN(Y-D) RZ S MNTIEIELEE The dynamic similarity criterion

(Y-D) coefficient and strain similarity ratio range

> BERAEARIAEGLER, SiHFRSTRHNIFHECEN(Y-D)REEUETE
El, MTHEEELEYEEE. The figure shows the value range of the dynamic
s1mllar1ty criterion (Y-D) coefficient and the strain similarity ratio under
different geometric similarity ratios.
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L JL{AIELAYTARE Determination of the optimal geometric ratio
YRBIMZRk—M S, 5 CE20P%MNIL{AELIEEL By taking the first and second order

derivatives of the model curve, it is determined that C, at 20 is the optimal geometric similarity ratio.
HC<200Y, RBIFZFSHIRK, 3HC, >200], RESHBNIEBAPEE, When C, < 20, the model

parameters are relatively large, when C, > 20, the trend of change in the model parameters is not

significant.
2. 50-
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0- 04
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O 1R8YEEAVEETE Determination of the model wave velocity
> (RBURIE1500-2500 m/s, BEEORIRBYEE, NIRE—ERISEATTAE. The model

wave velocity of 1500-2500 m/s is close to the prototype wave velocity while retaining a certain degree

of parameter adjustment space.

- IRBLRIEABEEIT 2500
m/s, EiZXETCEA,
IRBEE#MK, BrIHE
;BEEA The model wave
velocity cannot exceed
2500 m/s. Within this
range, the larger the model
wave velocity, the wider
the range of values that f3
can take.
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Discussion on the Dynamic Similarity Criterion (Y-D)

o (MPa)

B R EIEEERREFSHEURIE TAIEIRISIE The burst proneness
indicators of the model fully conform to the indicator characteristics under the

similarity principle.
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[ flﬂ%*ﬁ{ﬂ*ﬂ*ﬂﬂg%g? Requirements for similar materials of geological strata
> EPREEXTFEFRIFEEK, IVFIREBY, The material strength is greater than the static

requirement and less than the prototype.

> EESEARENFERIFEEK, The dynamic failure time of the material is less

than the static requirements.

> RERHRSEKFERIIFEEK, The elastic modulus of the material is greater than the

static requirement.
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Verification of Similarity Principle for Coal Rock Dynamics

m hEIESHEUFI$] Similar materials for coal burts
> {RsESIEATEL, BE. PMHREZFHFILEL, Low strength and high brittleness

materials, matching strength, elastic modulus, etc.

» C~20, Rc=3-5MPa, AT=200-300ms
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i i - 3.5 ——6-1 3.39MPa
L] — 762 ) —62 3.25MPa

i 11— ;g’i 4.843MPa 304063 2.81MPa
6+ - 4.061MPal

: < 4

=]

2 2]

=4 2

R 1

=24

0 r r r 0 1 2 3

4.0x10°  8.0x10°  1.2x107 B3/ %

VRS ! : ;gfé B — 80-1

— BRI JOMP. -

6 3 34

2 : £

E 41 R =21

c 2l E

]

£ 24 1 1

0 T T T T T 0 1 2 3 4 5 0 1 2 3 4 5
K 40.0 60.0 80.0 100.0 120.0 j B | % R %

Il (s) \ j




B REHFECRIBAYISIHE

Verification of Similarity Principle for Coal Rock Dynamics

chEF A @

= P/ hina University of Mining &Tech

L] }I:IIEtIiJJ;T:E{l*E}lJBﬁiIE Simulation and verification of coal burst
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Verification of Similarity Principle for Coal Rock Dynamics
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O pEHEISIE Characteristics of coal f T
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Verification of Similarity Principle for Coal Rock Dynamics
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Verification of Similarity Principle for Coal Rock Dynamics

O sz KERNETEE Maximum fragment ejection velocity

> IREREFRERE T REFERERFDFHRCIE S NFZHUE S THIREE, H#5
t=H{EHTTEEE:. The fragment velocities under the static similarity theory
and dynamic similarity theory were calculated based on the prototype
fragment velocity and then compared with the simulated values.

BERRAERIELE (/s | BRRARERME 0/
RE (SFFE) / 17

[RE (ZhEEm) / 20
FAOEHEM (EFE) 3.8 3.5 7.9%
RN (hEREM) 4.47 4.1 8.3%
HEEN (EEFE) 4.01 3.6 10.2%
FFF M (FhEREM) 4.71 4.5 4.5%
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