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Features and physical mechanism of fragmentation distribution
of rock under explosion

QI Cheng-zhi"?, WANG Ming-yang’, QIAN Qi-hu’, LUO Jian'

(1. School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China;
2. Engineering Institute of Cops of Engineers, PLA University of Science and Technology, Nanjing, 210007, China)

Abstract: Physical mechanism of fragmentation distribution of rock mass under explosion is investigated. It is demonstrated that
lognormal distribution is closely related to the multi-fold fracture of the material. In the case of contained explosion, lognormal
distribution describes the fragmentation distribution of rock in the vicinity of explosion center where the material is under hydrostatic
compression, the strain rate is high, and the fracture is multi-fold. While Rosin-Rammler distribution mainly describes the
fragmentation distribution of rock mass beyond the vicinity of explosion center where the fracture is induced mainly by the tangential
tensile stress, and the fracture is one-fold.
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Fig.1  Particle size distribution with the distance to
explosion center ( 1: 7r=22R,, 2: r=15R,; 3:
r=10.5Ry; 4: r=7.5Ry;5: r=6.5R,. Where R-
radius of charge)
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Table 1 Dependence of strain rate on the distance from
spherical charge in rosin

MARER & 5x10°s"  8x10°s!  2x10°s 6x10%s7

AARTEE Y r/R, 2.50 5.00 8.75 13.75

SCHR[3 RS T 1L af P 8 A0 I A ABOR R £
TR CILE 3D, O B /R, <7.7
I, AR R T BB AROC R i B EL L, il
RHRAR AN AR T Z EROAN R G, PR
TP AT AL T I8 XM R WL P R 2k
JIT7R o XL r/ Ry < 7.7 RV B 9 22 BEERBEUR TR 52 00 S
T T 189 B i R Ak O AR T
r[Ry =77 X—HHE 5 2 Kk | FrnBla i G,

1.00
0.80
0.60

0.40

0.20

L/R,

0.10
0.08

006+ R
0.04

0.02 F

001 1 1 1 1 1
6 810 20

¥/ Ro

B3 FEARE PR BRI RS S B AR
PRS2 MR 7
Fig.3 Dependence of fragmentation size on distance
under explosion of TEN in pine rosin®!

FERAIR PRS2 WY, 72 - < 2.7R, 1B



4 b +

71

2 2009 4F

WIS KN o, =1.1-10° MPa, FARIKE Y] ¥
ek, IX IR YA N AR AR T 2 PR,
KHE 2 K& Fongi MG . EX—J0E A
B EZZ BRI ERT, T HAA B RN AR 2R AR
e 1E2.7R, <r <4R, (MG, BRI 5 0%
YEBERE I E 5, A IR ) ARAS B K B IR
AW BRI PIRES I o 18 r = 4R, AR ZL BB 1T 1)
HE TSRS, X NAZ S B UIR I FFaRE K. 1
7> AR IN 1% U0 WA 1128 WV J T o Ve I T,
B, 7Er=10R, W& TF0E, 155 0.96 km/s
N, BRI FE B T B A (e =1.0 km/s Do
FEX— Y N BT YN ) 5K A7, X
O A R RMIOR 3= SR DLBT DI IR o 32, Bl
I TTHIBEAG, AR IR 22 8 22 ERHAS [f) B
IR . 7E10R, < r < 22R, 130 Bl N B 34 i A
i, XN N AR 10°~10° /s, X—BL
PRES EAPRL BB U 1 T BT UL FAHRRIA, B
Bl r=25R, N B 24P R A IHFAF 1o FET0R, <r <
22R, JE W, PPEHEAEIR 35 228 tHER n) ) 5 2 1
RGPS, BT BR e mRE G, 2
SUPHHIT R N:  TGEORE T, BIEANRT REFF I ZREL,
AT SH 7 S 0 L P R 2 R ), X 3 A7 ) 2R
SUATEEMIRERED, LR KR B DURS e IR B A%
.

FrCAHR o A il UG, MR A 1)
MEOER AT BT T RO ML, AR IR 2
AR 2 BEREA N £ . 1 Rosin-Rammler 734 =
TURAE T B O b, AR R AR R DL S S
WA E. T Rosin-Rammler 53 4ii FTi K (1 X 45 Lk
X BOERS I3 A i S IR — N g, b
[FIERLE 43 A3 & e N Rosin-Rammler 7347 o

3 4 i@

A AR EBAE R N A 3 A ()
BPLVEEAT T 08 Wt UG, A midias
FE IR EOES A SR 2 A OC. s i
PREVEAR DL T 1R 23 A s o O B 5 A0 e 3 R 1)
o3, BEAAPPRIAL T K R JTIRES, NARRAR o
1] Rosin-Rammler 4347 = ZE A B 4k v L izE Ab 5 A
7N h T o o S A 787 N R Sy R EEZ N T A

D5 RETEL U RIA 3

(1]

(2]

[3]

[4]

(3]

(8]

[10]

(11]

2 % L W

Kysnenos B M. Maremaruueckue MoOIENIU B3pPBIBHOIO
nena[M]. HoBocubupck: Hayxka, 1977.

Konmoropos A H. O norpupmuueckn HOpMaIbHOM
3aKOHE paclpesiesieHHs] Pa3MEepOB YaCTHUIL NP JpabiIeHuH
[J]. JAH CCCP, 1941, 31(2): 99—101.

Panuonos B H, Cuzos U A, IIsetkoB B M. OcHOBEI reo-
MexaHuku[M]. Mocksa: Henpo, 1986.

CuzoB 1 A, ligerkoB B M. O mexann3me oOpa3oBaHUs
OCKOJIIKOB TIpH KamydierHoM B3pbiBe [J]. Pusuka
ropeHus ¥ B3pbIBa, 1979, 15(5): 108—113.

Komenes D A, Kysuenos B M, Codpono C T. u np.
CTaTHUCTHKA OCKOJIKOB, OOPa3yIOIIUXCS MPU pa3pyLICHHN
TBepAbIX Ten B3peiBoM[J]. IMT®, 1971, 2: 87—100.
bapon JI U, Cuporrox I' H. TIpoBepka nmpuMeHHMOCTH
ypaBHeHus Po3una-3ammilepa Juis HCUMCIICHUS TMaMeTpa
CpEIHEro KycKa IpHU B3pbIBHOH 0TOOlKe ropHbIX nopoa[J].
B3peiBHOEe neno Ne62/19: 111 —121. Mocksa: Henpa,
1979.

3ambimuiies b B, Esrepe JI C, Jlobopes B M,
UYepnelikua B A. JlokanbHBIA JBYXMOIAJIBHBIA 3aKOH
pacnpezienieHlss 0OJIOMKOB IO pa3MepaM IpH B3PBIBHOM
paspywienun ropueix nopoxn [J]. JAH CCCP, 1987,
293(2): 326—329.

WORGS, BGIR. E A AR PER R Sh 5k EEAR AN AR R
(ABHLHID]. A 285 TR, 2003, 21(2): 177
—181.

QI C Z, WANG M Y, QIAN Q H, et al. Structural
hierarchy and mechanical properties of rock mass. Part II,
Structural hierarchy, size effect and strength of rock
mass[J]. Physical Mesomechanics, 2006, 9(6): 41 —53.
CnuBak A A. IloBeneHue cpensl IIpU CaMOIPOU3BOIBHOM
paspymenun[J]. ®TIIPIINA, 1982, (4): 51—56.

Anymixkun B B, CnuBak A A. Paspymaromee neiictsue
B3pbIBa B MPEIBAPUTEIBHO HANPSLKEHHOH —cpene[J].

®TIIPIIN, 2002, (4): 61—69.



