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ALK FHEFEAL Abstract

Study on Deep Hole Blasting In the Open Air
Based on High-speed Video

Abstract

In engineering blasting, those flying far away from the Blasting heap , called a flying
rock. and in the process of blasting in mines, there are always individual slung shot fly far
away, so often to threaten the blasting area personnel, equipment and building, etc. And in
each blasting process, the key is to move mine excavator and other large equipment which
move slowly if they move too far , it will delay time and the production, distance control
improperly, will pose a threat to equipment. So blasting slung shot is a big threat to blasting, a
long time, attention and research on their respective flight distance is also put forward the
opinion, but due to the effect in the process of blasting slung shot are many factors, its subject
to blasting parameters, blasting scheme, perforation position, the blocking conditions and a
series of complex factors, so the distance formula has not certain limitations.

This paper summarizes general slung shot now flying distance formula, empirical
formula and statistical formula, there are some other formula is proposed, based on
application scope, condition, etc. Then according to the actual blasting were observed and
compared.

Fimally by using high speed camera, based in Liaoningshougang boron iron ore, by
determining the blasting parameters, the blasting process in quantitative analysis, through
several times, according to the high speed camera sofiware analysis the result of the
measurement, and according to the experimental data, an applicable to Liaoning
shougangpengtie applied by way of blasting slung shot distance formula, so that it can more

effectively avoid flying rock.

Key words: Flying stone; High speed video; Distance formula; Safe distance
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FRREKH YZ-250 FREH, FTRENEWSHEILE 2.1,

R 2.1 YZ-250 FREHAEL S H
Table 2.1 YZ-250 Roller rig operating parameters

BfHEZ (mm) 250 [El55#E (r/mm) 0~87
Lm0 90° HE (KN) 0~400
BILEE (m) 17 EhHEE (m/min) 0~1.064

fTE#EE (Kmh) 0~1.01 HARE (m’/mm) 36
AMERST (mm) %345} &

EERREATET (mm)  12107x6215x25026  ZERIME (KVA) 426

HEMTHE (mm) 25276x6215x7214 HLE (1) 105

B ERALES, BT EREE IKMh A, SR LETRIER, FFEheh

DU & o AR BT A

TP R PR AL AU E B 22 R 2" R A A LR S

RAERIEARSZHNEK 2.2, 23,
R 22 HHPMST ILMSH

Table 2.2 The blasting parameters of Shougang ore mine company

AR
14 LB HEE LE e HE  OHE
(mm) (m) (m) m BEM m EEm )
(m)
250 8 8 14~15 12 2~3 7 7~8
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R 2.3 BB EA T RETRAT

Table 2.3 Explosive performance metrics of shougang ore mine company

1E% Lip HE B %% fEZh R IR
LK R (mm) (m/s) B #Eh (X)
(em) (g/m*) (ml)
25 EA
=8 =38x10°  0.9—1.0 =250 15
BhtED
25HA
=3 =12 =32x10°  0.95—1.3 =260 180
FALER

2.2.2 JHENLE

B 2.1 5k
Fig. 2.1Mining the overall outline
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2.2 7k

ig. 2.2 The overall mining outline

B 23 ¥ HIEREMKE
Fig. 2.3 Mine truck and water truck
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&l 2.4 YZ-250 FH4HL
Fig. 2.4 YZ-250 Rotary drilling rig

B 25 SBEENEMIEL

Fig. 2.5 Detonating detonators and Anfo explosives
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p,C.V, a.n
R = m>P" 0
‘ rO[Ko[O'c]]

AF: p,—EREE:
Cp—aH AP BBIHE;
Vo—fLEEE AXIIEHE) E K ;
o —EE WA BRI,
Ko— MEREREABERSRE, TRK=10;
r— IR

RIE, EREEEE, WHEERAEN DR, HEHCERTNRRIIERE,
AEPEESR, BT EERBAMIN B E R R ESE, 5N ARNRE RS
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F EHRHE T RS — e RERN, REEGARABNA REERIETRENHEE
FREB U R, HEARAEEE, HREEN SR mARM RGNS, #5405
FAFERANRFABE . LR ORNA KT REFRERERN, WECHREERE
FBRE =R IORME . ERARR SR ERBERMER, &T8 RN 596N
4R, ErRMHRETTIRR. XS RRIEN DBEKSIERBIREE R, B ER
FErh e T AR S R R FHRILEE, e mErEH THA BN B ER M2
MBS, FRE—ERNEY K SEMN, FERRORRTIRN RS, BERKEH
—S¥ R, WA, BERANERNRZK, BEETLERE AR RSN
Y%, WEBTRENE—SRKE. BENDBIEREEBR T NHERR, EERESK
MKk, Bk, REMERBK TREBOEM. FKNRE, RAAN I EREAE
BB EREE A G LR R KR, BB R B ) B AT DR BR A A
PR, BE, PBICH. AESE. NIRRT B B BN E IR,
TR T HBRRE. R BREA. HEAEAN, EMERAFRBERFEA.

GEERTA, NATEABESENARMEATEEEEMEN. — b, EalER
R ERENED AR AT EA REEMFE T, NAMKBOAMEREZER,
(MR R RREED, RATREREBANENT, BESAKNHERSESN
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W EpTR, ERTKSS, mESERERN S, EEEAT, BATRRERR
B, HERA:

R:ro[’&r.]" (32)
s!
R o -BERTRRE;
AR A=—,
I-v
VAL
a-RN RIS, a=2-—;
-v
Pu-TLEEAIHEIE /7 o
2
___mprd” (33)

P = 2(r,c, +1,d)

Rb: po, D-AEZHRERIMEZS I,
EHREAEE T, LSRR RERARE, AL EBHA, BT e 2
A BB B SR, ek R AR, Bt SRR R B &K,
MRS E YRR T
(=), = [ 2rdr (3.4)
Reft: rp Wb B AR LR, |
rSrodt N ERE XA,
p P B B R B R
T s B T A R, TR AN, [T A R4S FLBE BB 35
Bp BARAR . B9 L3,
(7 =r2)r =(r-7)r, (3.5)
P AR A B P T RO T

2 22\ P, g
=2 —(r2=r2). Lu (3.6)
. P (v )AJ
EMBEXIL%I=Re i, BY UBER, BENEBELER.
Roz{Rcz—(Rcz‘roz)’/;m:lz 31D

PP LT 3K AR
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LB, mangE AR RESHEHEU TR

p0= g( Q—V) (38)
D, =a+bv, (3.9)
AP DpFLEER R BE: a b-BRARKER.
Rt
a+by
- : (3.10)
T

3.2.1 MEKEERRS
AR R BT KRR, FARNBRSREARETR L. DRMRAK
Bk, EABERARMET, AR EERA:
E =1 p, 31D
At O-JEAHIBRH.
(1) EBBEHEREERE,
M R R RS T PO A A T T . FER Y T A T e BT T A -

w = [2nmp,d, (3.12)
B P PRI ) R AR
p=r.(%)
KA EHF R E-
E}:VV]:zﬂrozpm(l__rO—) (3.13)
R,

R TE R T R RE R 5 B E 2 RE RN R

_E _2F, T
T 0 1—7§ (3.14)
(2) AR RRBRHEERERE,
YRR ST B 2

S,=Pm(r—°) (3.15)

.
o, =,1pm(i] (3.16)

r

WAL YIRN S o, ZAEXNRREKE R, Fo>o REEET R, U6, &
RHo, 3 BNERRERT EE.
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PERWE S FEE, SRR BT R R R R AL o 2 B B
k, (3.17)

o, =
¢ N2

5 —_
) =E£ /—"zﬂ—a(l+v)(k+l) (3.18)

KXPHRBK S AR AR REE X, RIERELGRBBETLL PR R
Bk, K= (3-4V) , k0 k; 53 BT R T RSB S aflla+ o REBR v B8 O A2 0 5 R IR
Fo. HoA—LFNE, BN Kk=k;.

B A7) as) KAR (16) HH4H

2
5 =h%%q_ (3.19
E

m

B AR B R AR T ) e R 3 B BRI T A -

2
w, —n[ﬂoé dr= fhnk2 —2(1-v “dr (3.20)
L (16) (18) RN (HNBRKELURT) LXRSE:
", =MK5_TM_1} (321)
Em(l—a) Ty

KPR RREHEAR, —Hokit, 2RERISRRESTREY, TSHE
MBI FRFEEERE, TELRIBRESER—RA4I~12%, EFHE, BFY
HN=8,

FrUAP= AR AN AR GRS R L.

2 (1_.2),,2 2(/-a)
thWl(l")Poﬁ B
E, E, nrEq(l-a)|ln (322>
3.2.2 RENEEZRERHER
B, YEABRIERTT R RS E. EARIEN ARG EEER B AMRERE AT
FETIR% . FEIBRME LIS/ B o A XA B A SRR i R B BUR R R A S
Rz, BBBERIIEHRETLSEN ERECY L. ZERBEREEETEANRES,
MAESIE.
ERDEN, NARREIIREAHBEER. RABRAEHANAERTEEAN:
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(3.23)
=—(s,7+s7)
S'z 2
= m(1+1)
RF: g, ¢ —RANEMYIENE.
FLs A AR IEFERER:
y p(i+F) ,
E = f 2pdd, == Krs, d, (3.24)
o> EBR Re RAERBMERHTEE.
B A5 WARSE:
5 =ﬂ(’_+’_2£f£'n_[(1_f_o)z(ﬂ)} (3.25)
* 2E,(a-1) R,
U g, >0k, T Es MR
g PEE)an (3.26)
2Em(a—l)
K HFEEE AN R LMEE SIEARIETREEMLER.
E (l+lz)p2m
2 (327

3.3 MFLEEXM AT
WV WSEFRAE RS, T YANTEHREZFEFNERNSH. REEHE
fi. REEERE. HEEFANEAEN, —BkiF, EREREL, FEARREAS
HERAZR, BARFEECEENSENHEEEKRE.
ARMEEKETUMERESARSREE “SR” 16, TE0REHERE, HERK
DI R IEE.

3.3 1 REMBEKE

HERNHEERET, REKENELRAFY
t=z, (3.28
BV bk ZE W TE ot S LR B — R 1B 5 R R L AR R S R5E R, R
—IEEYTERFLBERE TN, —E ARk T R R a .
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T FEPORHE AL FLAF B B S SR R e I FE 4 ) o) AR E
fLizZnET[E] 120 B

t=t+t, (3.29
H T PR AR R R, T EMBE AL BB, AT LB bl
WIRGAAEFARTIR] £, IEALAA:
t=t,=t, (3.30)
HIRNE RN F R TT 40, BT R R 18] £, 24

2w w

l,=—*— (3.31)
c, ¢

A AR R AT R BRI
w—EZ R0 B B T A R AR R
cr—a AP P BHE L m/s;
cr—A P REBBE R /s

# (3-31) AR
p Py |24 (3.32)
a (d—ZIdlf)po

&
2 2
2dp1j+2[31”-+1)/1 ﬁ;old—[——w+3] dp, =0 (333)
c, ¢ ¢, ¢
RIBR:
4 2 2
J[i—‘”%} ff’p.f+2[27w+}] dop, —[i—“}] 11,
=R L » (3.34)
2dp
Hef:
= _M (3.35)

% r(l+u,)(1-2u,)

E,

-0,
¢ =092 2r(+u,)

(3.36)
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AR FREFEEL #3% BAERRAESERRARE

(337D

Ad: E—NRHEEREE, B 45~142GPa
ur—A AR, u=0.8uu HEAFSHERE, B 0.10~0.15.

332 UTEWNAREEKEIE

MG LERSHT: w=8.0m, HEYEFLERFERAKI 0.2; 1
B p=900kg/m’; YEZHIBE C=3800m/s; MFLER d=250mm; HEYHE
p=1800kg/m’. KBHRAAR (3-34) $B1,=7.56m.

3.4 KB NG

AREENAT BRI =F@ByLE, 8l THRMRE MBE SR EEEtREA K
R, NTREVATNS, ELNEGTREE ZMEmEsERER, & FRUF4H
HIRT R REAT T 27, AR R rhE i AE R B R B 2 A

HTERARNT L ET SRS, ERIERERERRT, —Sokih, Bk
HEERNERAEE, UALEmEEERE, REFMREOEEH CANEXRT
B, FUEABERFENNATHEAR, FHHERES WMWK N EREREK.

STHER, BN R — REE TR N e B RN, &
RZEMWERBRIEAEER.
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F4E CASIE

4.1 FIRRARIE
4.1.1 (UBEAN

ARWICRRFKARIERENMERE M RERE RS Z{EE SN Blaster’
sRanger, HIfIEA MREL AF47, BTRBIEERMTEMAMR, HEARHERL
THEEFSEKE, REHEH, =4, mit, BRESREE MRS LOELR S BT AR,
(XA 5P L 4.1 BT

b "'1"> ‘é‘)\

B 4.1 Blaster’s Ranger Fi# 8 R4
Fig.4.1 High-speed Video system Blaster’s Ranger

HRFEEN KA CMOS 1238, RmEmAFEAE] 1280x1024, f#FH %5 P
BOE R B = AL F] 5001/, 12K 1280x32 ¥R, HBGEEAIAZ 160001s, &
SKEERE N 16~160, JEEERAN 2.

ZRGFIEXRABHCRES, ARFNEGERIEMEGRERME G,
WA 42 firn. HMARRRE, TERMEHEEE4RENEREEFERTRE
MEE. EICRKATTKEMR, ZERRET 25%. 50%. 75%fAk . Fian,
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ALk FAFFEHL 4% oMt

R 5% MR, WAEBTRRBEE, (&8s RFEsRINM, o 1/4 1T
R AR EZATNFHER, 5 34 AT MRS EREFRE.

KRN

—_— -

B 42 WxEARER
Fig.4.2 The record model

AR & —XT 2.4GHz RIS 5T 88, ROLEEREZ AL XMERIiR4e
RGEEM, RASRERERILER, RREFTENGES, AFEETE kn.
ENATHBRRIRES AARERENHATR.

4.1.2 MAS BB

(1) MAS 4R
MAS %40 &K MREL A8 F K, BFEEIELHMTHRG, HEAKEHRE
BT EBFSEKTE, SWEREMR. BT, ZRMF$F AVI. BAYER. BMP. JPEG.
PNG. TIFF I M0, 865K MR MMISE L B F & AT 3BT
FETBCE BE AT 7E 1/10~30 B8/S 22 IAE R I
(2) MAS 5445 hr R
KRB MU MAS S, BRI R IR e R £,
BRI BN T —AREA, EZRHSR A SE S, REEWHER, KK
SRESOA S AE T — MM LR E, TS% SN ETEB NS E T A,
 MAS BTG R G, BN UEEEHER, ZRAER B30 5 W S 542
BRESHEMEERESE, RELSHNEERETE P rRs AR K%, &
FE i P OB R 56 R R4 il L it 2R B

4.1.3 BEEEHRREN
AB\BEL TERWEE, S TITARREMR, &R TR KRR
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A KFMRELFEALT B 4F oot

RE, BUBUNEEBSIEE. 4, NRECENRNE A ERLER, TUR
BHETHE, ZRDUTIANTR:

(D) BEHBEERN A, EXNERARGSHE, SRASRBEARBT MR
i, B MEERERTHERRY MR CRERAK.

(2)3@3d MAS 33 R AT A 47, 18 OB R RIS IR E , 4788
55Lhr R AR B M BHETI .

(3) £ELHFEH MAS RUABHNER, XHERATERRY Bl CA AR
— S, BLERTEWMSRT MR CaREEAL.

4.1.4 BBEMFRH

ARWB—HLINBER, BTEBRBENEXAEHAHRE, FHBTREREN
MRBERAMER LB R, FTUEHRBRRESRORSEKBR B FRENN A, %
RERERES MBI E R A 1000 B/ RHBME, ELFREN, BESK
KAEKEI, 73 HHERCT 250 MiAD, 2417, 640x480 2 B F 500 Mi/FL, 2x4R [T, 640x480
SR, BEAEEER ARSI

4.2 BG4
4.2.1 RESFASEIEE CRERALAR

AUAT AT ZK, BIEF KT, B—ROLTENMEKT KK 430418
KF, BT PR 370358 K, FraBmmgs AaREEN.




AXFREFEAL F4F WEMiEAE

K 4.3 430/418 K FRXR~EE
Fig.4.3 blasting area of 430/418 level

B 4.4 FAG
Fig.4.4 The scene of blasting charge
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R K FMEFEHT 4% waatritse

B SH
(1) TEEARRBHESEWRT
1RIX 45 5:20120409° Z LB R AL TP 418m AT KRS, TTRESHEILW

SHRTW T
®4.1 NS
Table 4.1 Hole network parameters

KF BRIERR fLE Lz L& L HEE

418 RTINS 75 250mm 16-17 8 8
(2) BWHEM
B RES A FLIEZ 37000 Af, B 671S AF. SBETE 251K
42 BUMBH
Table 4.2 Blasting equipment
Bl 400ms 42ms 65ms SB &t
BE (R 162 10 65 10 251

(3) BXFHREHE

1€}
SR A 406-4 18K THRX PRI E e @
WHR: 1: 500 @8 25 A 20130402 T .
HEA: R WHA BN © @ 2}
. @ & e ® °
4503200 ®J§ e © © U ® i
& S @ ® & 9 a”
e ®
e © o &® ©
&) & e 6 Iy
@ e €] o
o ® o ©
e © @ @
@ O 5 O & 4
O s e &
N
@
@ ’
O

B 45 R FEAEE
Fig.4.5 Critical area plan sketch
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RAEXFHREFEARL

% 4% CESHIAE

(4) BRIt
1) EEARESL R

&
&
¥ “ g
A o) .‘
g & _w
v R

R
59
&
. B
o SR -
o 8 3 9 ,
o ) - o @
9 BB
; %53 R 5 X
g R BT Y ©
LO®®
SEE B
p&: 9

Bl 4.6 TR RIEL BT

Fig.4.6 Initiation points and connection design
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RAKFREFLAL % 4% WEMILR

2) BARHRR
R 43 PAREHBRD
Table 4.3 Single-hole control design

. ik k&E #HE A5 K KkFE @8 A AR KE Hg

g m m kg m m kg 5% m m kg
1 17 600 26 17 0.5 600 51 17 600
2 17 600 27 17 600 52 17 600
3 17 600 28 17 600 53 165 580
4 17 600 29 17 600 54 17 600
5 16.5 580 30 17 600 55 17 600
6 17 600 31 17 600 56 17 600
7 17 600 32 17 600 57 17 600
8 17 600 33 17 05 600 58 17 600
9 17 0.5 600 34 16.5 580 59 17 05 600
10 17 600 35 17 600 60 17 600
11 17 600 36 17 600 61 17 600
12 17 600 37 16.5 600 62 17 600
13 165 580 38 17 600 63 17 600
14 17 0.5 600 39 17 600 64 17 600
i5 17 600 40 17 600 65 165 580
16 17 600 41 17 600 66 17 600
17 17 600 42 17 600 67 17 600
18 165 600 43 16.5 580 68 17 600
19 17 600 44 17 600 69 17 600
20 17 600 45 17 600 70 17 600
21 17 600 46 17 600 71 17 600
22 17 1 600 47 17 600 72 17 600
23 165 580 48 17 600 73 17 600
24 17 600 49 17 600 74 17 600
25 165 600 50 17 600 75 17 600
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R RFMEFERL FAF Koo

4.2.2 R ARXSH

EREER G BERRITHERE, AR RAREE VAEARXEITHNE, RE\ECH
1%, DRERERETAR 14, (15, (1.6), (1.17) EAMELEEX LM
ZHRARX, BREARX (1.4) :

R =20Kn*w

B4R RABPEI K 5 1.5, B/MEPIERBTHE 7.5m, BEAERTER
n=riw, HBBBRIHE&M n=0.53, WiTHENE R=192m.

WIEAR (1.5 -

R=KD
EERNBHLES, HEX mm RFER, LB K=1.57, ftaE R=392m.
WRIEBEKEAREhRAR (16) :
R=144¢-29
WRIE L&A, ¢ X 0.6, BHBE VALK R=58m.
RBAARBEAKX (11D -
R=80L
RECHMEMHHES A R=1180m.

BAAHEANMBREYEER AR, BATUESR, GAMAXTEN CAERE
AHE, EZEHRK.

R A EEBEREAT TN, ATRRERKREEA S, BLWE, AWMy
BIRERE, RSEET, HE AR, XS bR v 55 R A i,
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X Positiond 13500
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B 4.7 FA MAS HAFERER 3 M s
Fig.4.7 Use the MAS software tracking 3 rushed shot point
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B 4.8 FIf MAS BAFBRER 3 Nl
Fig.4.8 Use the MAS software tracking 3 rushed shot point
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4.9 FIF MAS %AH-BRER 3 MR
Fig.4.9 Use the MAS software tracking 3 rushed shot point

4.3 S
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B 5 52 FR B4 0.0985.
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Fig.4.10 The software calibration
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(1) 3555

TR 7EF MAS SASATRB AR, HREIZS, S TAEIRE
RER ARk, BEITERNBEBEREER, RRESASMTEEDRE
FokokdEnt, HRSR, U ETHEBoEE, BT AR EL NG, HEEIERT
FIREHAT 04T, AXKAR P E R EE MBI, EREFZE, KIFRTEH
&R, =

563x4221/1 4 | | »f

[l 1-T1 - Tr oo o] e o2
B 4.113 5 a&KE2HTEE

Fig.4.11 Software analysis process of 3 point
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B 4.123 5 mEMFHTIERE

Fig.4.12 Software analysis process of 3 point
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Fig.4.13 Speed curve of 3 point
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Fig.4.15 Software analysis process of 1 point
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