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Analytic Hierarchy Process Analysis on Correlation Between
Drilling Enor and Blasting Accuracy

Deok-Hwan Lee, Sung-Oong Choi*, Chang-Oh Kim

Abstract Drilling accuracy is known to be one of the most important factors determining blasting efficiency in
mining by blast operation. Therefore analysing the causes of drilling error and preparing a countermeasure for
minimizing drilling error are very important for blasting efficiency and safety. In this study, causes of drilling error
are analyzed with dividing them into controllable factors and uncontrollable factors, and relationship between each
cause is also comprehended through field measurement and AHP analysis. Finally, effective measures to help lower
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the drilling error are proposed with the results from weighting analysis for each factor.
Key words AHP, Drilling accuracy, Blasting accuracy, Drilling error
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A, Abg Zoro] 54, vt sjE 9 A e e
afo] Elol] WakE vlAL j L9l alow of
A gh=t, 53] olFolAe LukadE fl8l Zast
AEAGE duto) aiE 5k SR8 FieR
A= 9lom, dulake] it ol EEE 9| e},
Aekre] A 9 ek AlF SollME Al 2
290 Zer d#A ok

et HAEFAGolA WAk Haeahs, EREY
O] A9 oz ¢ vz Yo 8 Ylo] F} FAlol
S2H)G-9] ARHARl F7HE e =W, =Hx
O] A% AFFe] njghEo] wE 7o) WA, WA =
0] ZHar Fof o5t UuaEAgo] Ast 55 oI
X Aub] ik shehs feske A2 A
QItHMuhammad, 2009).

ol HFAYL Fad2 ZFHE, Aeg, 19
I @] b Tk wRdste] Wi B A o
ojxof & Eolle Etstar ol Bt A7t T8
5] YR Fokal glow, o] 9ol = Song et
al. (2013)0]] oJaff dgH]o Bt At Hrevt =82
W ke 1Rt ko] Haol WiEk ol A

= A2 S QIR Ja 9l AAolrh

whaha] 2 AtolAs HEEY Al eEojof & ok
et a4 FO SPUEA, Hyeard] Add 1
qAs i AR; @Al EAT @7 AFEEGAte|
gt ASEAE FAl AAISHIT E3E o]E F3t
A oA FAYE Fddl= A= 119 el el
A= A HESH
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oF L}, o7 712 YURlE0] BEEHoR geo s
sl Zefo] AAIRMNA Holue Hay a7t HAs)
Al EltKSinkala, 1991).

old HFoxje] WA =2} A4l wstE <5t
o ool ulES WA & qlow, FHAe ¥
sl ofgt ¥4 AP HAFoZ ) s TP
Ay &2 IRE fEE = ok ol WmE B3t
=22 9 Age] 58S ARANA TaHeR vEE S}
A7)= Yolo 2 o] ¢lciMuhammad, 2009, ESSEM,
2010). o]=3t HF 2] 7L} Z47-e] IAY Allel
il AwEw oo gk

2.1 YER2X2| ER
Aot AA e 5o fA 3 ol dAd

9 A g A5 55 A2, dRbEo
2 A3 1 me oF 3 em@] eaprh ARtk deA
It Gustafsson, 1973). L&} ZZof A= 2 A
Qlof whagl 2Hd @ XK collaring error), % Z &Y X](misa-
lignment), X3 H3Kdeviation) 52 HF A5 E
FHolo] o5kl It Anders, 2013).

A, 243 ealgt Fig. 19] 1513} Zo] AAVY] AF
ARt AR HEFARA7F AR o2 Qe WA
She QA welth AA dE2] Al 10 cmyje], 3
2 H527 A=) HelolA WAst= Ao] YukE el
Ao dTA ¢l om(Muhammad, 2009), 34k
Aol LT 22ke] A7E 27 wjFe| Wat ago
et FFHE thE THY Ha-eate| vls) gride
2 714 ok B 4= 9ok ole AEeAts 2t
AL i7)e] Hahy, ATAIeH AAte] SHLE 93],
Helate] 4o W upg Bnle] B4 S| ders
= Aoz dHA QHKim ef al., 2003, Atlas Copco
2008). E3F Bhandari(1997)= H&ls} Zake =3 2t
HoAE Aole 4 olri 7t vl glov], Aeixe)
o2 Eo 1y 2714 A WEET $420E %
gkl o] SAfe] wAS st ¥ 4 ol Ao
oA QltiAtlas Copco, 2008).

=4, AEEYA|= Fig. 19] 293} Zo] 232 g}
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Fig. 1. Various kinds of drilling error
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3] ghAsttiar & A QIthKim et al, 2003, Anders,
2013). £3] Atlas Copco(2008)9] 2JslH LUHt=IQ] 4=
F2A] AL oF 3~5% 71EFe] HEEAR| 7} WAyt
o ST #eE B A3AEAe] sd=
A ARt Au|o) AH8-S F3 02~0.5% o=
A7} 7hsdt Ao= Kkl gl

npRee R, - HEES Fig. 19] 3wat o] Ky 4
g Foll T WgFo] Wslsto] WAsk= eats
ol thE HEexet g, R eas AR|s]
7h uf- ofelen E3 Y g Hgs] 2=
A gk gurEor Zejef Hert kA dwdE
Aol HAeHFS 2 A4 5~10%7HA] DAY
T 4= Q7] wiEel W2 Aol A= 20 m o] Ay
< Tsta 9o, AvrA]l AFAgoAe Heiel
3~5% 7k WAl o] HEQ] AoR el gl
(Atlas Copco, 2008). T3 o|23t H-gHEe] WAy
WI=e] 7)%)Gamming), oi 9 vle] WAL e 2
03l Ph 5L oplslel FRH0R LS v
ABIEe FHIZIE Yol B Aoz wy
1t{Muhammad, 2009, Atlas Copco, 2013). &
O 7 HFHsFe] WS ok Fo Ae, He, &
I 22 EAGHO 24, k] e W3l e
1 ujEe} REO] 27 Ho| Sof o) R WA
207 defA glom, 7lole FH 49 DTH sfjw(down-
the-hole hammer) 52 o]83lo] Ztf 0.5% A =9 4=
Fo7 AN 4 QJokal R 1E| 31 QJtiMuhammad,
2009).
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Table 1. Classification of causes of drilling error
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7WA7F Q& 4= QLo Table 104 A2|H Hie} o]
37| Ao]7F53r 2¢)(controllable factor)@} Ao} E7 s
3l Q 9l(uncontrollable factor) 0.2 s 4= Iti(Sinkala,
1991).
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A, SHE 5 ol oure =24, AAEE £
W ele] X3 4 glon, ol WELA F HE
wak ddo] 7P & Ae® d2iA Slti(Atlas Copeo,
2008).
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Main category Division

Cause of drilling error

* Discontinuities

Uncontrollable Geological factors * Rock strength and hardness
factor * Young’s modulus of fresh rock
* Filling of joints, etc.
i * Performance of drilling rig
Fac;:ili(;fncel;ltlshng » Stiffness of bit and rod
Controllable * Diameter ratio of bit and rod, etc.
factor

Factor of field
condition

* Length of hole
* Diameter of hole
* Workmanship of worker




B 2|5kt 389

Table 2. The results of face mapping at blind end

Face Set 1 Set 2 Set 3
Dip direction / Dip (°) 146/90 213/56 125/85 180/65
Included angle between
joint set and face -
©) 67° 21 34°
Face Face Face
-67 21 -34
Apparent dip of joint (°) - 30 84 60
Dip direction - Out of face Out of face Out of face
Joint spacing (cm) - 20 ~ 30 30 30
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Fig. 2. Illustration of true dip and apparent dip

AFoA] 2L 915tol FUE AR X3t
3 SARGIelAl o]
dat 242 AXSIgc S4) oba @) ghike] &
spgio] thet g 2ALE AL
Hpgo.® upgTolA] pet 4
%

>
ok
X
od
2ed
-0,
)
o
£
=
ﬂ
ot

I~

dip) 22} AbEshaick. olu) 217449k 1734k g
© Fig. 204 Ak e} 2o,

ojo} T2 Jjdoe R ZAH ASTHY gHA Y
Ae] 52 Table 2004 Azste] Uetligl=d, o714

= whol 2] ATyt sgEol A oF 20~30 em
o AetAE Zh= 3709 AR BEEew,
E5E BE ded SXINERe] HARE 28 9
= Aew BAEgIch
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Table 3. Specification of rock drill stk Wukge] QA &AL Ayd wuyat du
5 =3l 4 9l Eululrl gake s 3kglo
Model COP 2238 _I“L__'—! s TR DT 2 o= o — AX >
AR 24 glelol Wby FURA 24 BAL
Impact power 22 kW o115 P
Input power 38 kW FAAA
. WA, o] Ay ents Avins] glatel whgw
Hydraulc pressure 250 bar o H3E AA| Wzt wupelE o)A Wy
fmpact Trequency i of HFIIAF Fig. 304t Lol SHalol EasIYc
mpact encrey 0 M ARNAY A Age Ador mASIgoH
Hole range 2176 mm WatalEl s o] AFAE Lo EABE o)
Torque 820 Nm A Bz wpeh o] AR AL el ) HF e

W] 633 wek 15717 B % 7850] HEHol
AAAQ1 Mg aedo] skt 21 & 4= qlck E3t &
s ez ASH AR Ae et 20.8 cml
Ao ZgEsion, e ¢ AAuct Al |
Al F3zEo] Pt 25.4 cm®] 2 APE Holal §lo],
Atlas Copco(2008)7} AJA3E 10 cm o]Uje] WS =2
A SrE Ao ZAH. 0|2} 2 Hikz 24
7} sl epghle) o) thz A1) %91 0.5 mi} of
0.8 m 7kg B2 103 mZ SA% 707 njfo] & o,
SRl Bagol uiet Zleizte] F4ba Wlo] olat 4
4 umslEe Agsi9l] il Aew wek,
T, Wt ASE R % SHUES oA o
Fig. 3. Comparison of designed drilling holes and actual 2 AEa 2|37 AMIE, look-out)S A L]t 25
drilling holes (circle: designed, white dot: drilled) il 2 97 HolA Fee] X FEE T3k

of o

5745 Yuko] YIXHIEE Table 42F o] A2|s3]
& Table 33} et . o714 Hi= wiel o] HHAAS Vo i
&9 PIA= x52] A9 -0.80~0.46 mo 0|5 K
32 ¢og =AW o EZHAR= 038 mrh E3 yEo] 4 012~

Wy AEE 257 sto] 3 0.09 mo] A0S UEPAOn, 0.07 me] EZHEAE 1}
du )/ Fe) WelE g A% ek

Table 4. Measuring results of drilling error

No. Sitting position (m) Remain hole position (m) Movement (m)
X y X y X y

1 17.99 1.36 17.54 1.33 0.46 0.03
2 16.15 1.46 16.16 1.46 -0.01 0.01
3 17.02 1.52 16.89 1.54 0.12 -0.03
4 8.49 1.58 10.66 1.61 -2.17 -0.05
5 10.09 1.59 12.43 1.64 -2.34 -0.12
6 12.10 1.69 8.814 1.70 3.28 0.09
7 14.97 2.17 15.02 221 -0.05 -0.04
8 13.74 2.29 14.54 2.24 -0.80 0.06
9 13.21 2.39 13.42 2.47 -0.21 -0.09
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Fig. 4. Relative position of residual holes to sitting point
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2 Hgo] vkAst oz wrtEc) oo} e Avk=
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sjof vh9- A Aoz Azt

oo @A Foll thd ke EdSHe] A
T n|A= FEFE gobkgkon, HIHt 4
EYA ] FEFE vA= T8 80E FESP=
e F27) e AR A=k maba] 2 1Ak
7t MBS Ao HAL AL AR o] 9
slo] HFRARES Ao 2 AHP(Analytic Hierarchy
Process) 412 ~3f5}%ct.
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4.1 AHP EMo| o|2X HyZ
HBLAS YA RS Tt AR 1
off glol 2t 2ele] 9T Y=g YuE| WL

whS- ofgich ol AFOA ] FE ulAE 2ol
Hepao]7] Brks A4Hel BAS 23 9] thio]
ul, ole} o] HAHQ aelol] ofFt AP st}

7] Sl ool ARtet &AW o] Fadh Aolch

Saaty(1980)7} A|QFst AHP(Analytic Hierarchy Process)
B Al 8918 oK) Qlof =eld o
PR 22T 4 Qe 87 WHow BeA glom
(Dyer and Forman, 1992), Al5F4 HLo] ojg]e Hof
of KPR She B ol AR BET FEe
z23}, 23}, AASste] Hrhaao) 7EAE 43
sl wpom ARl 43ty malo) 2t
shes gk oAb ole)

wjea] ANl Ay Bt ofujel Mekd ok

A G 5 Qo Bl 7)E B G4

AZS olzo] Witell FASo] Sl wAl 58] &
85 Whol7] uhgo] Theret Fofoll A g ek
AHPE o] 8% o bage Tkt o] YA et

¥ 4 QltiKang, 2003).
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Table 5. Random index used in AHP analysis

Number of elements 1 2 3 4

RI 0.00 0.00 0.58 0.90

1.12 1.24 1.32 1.41 1.45 1.49

Table 6. The results of AHP analysis

Factors Weighting / Rank
All mines Underground mining Open-pit mining
Discontinuities 023 /1 022 /1 024 /1
Fresh rock strength 015/ 3 0.15/3 0.15 /3
Performance of drilling rig 0.17 /2 0.157/2 0.19 /2
Properties of rod 012 /5 0.11 /7 0.13 /4
Drilling pattern 012/ 6 0.13 / 4 0.10/ 6
Sitting condition of bit 0.10 / 7 0.12 /5 0.09 / 7
Workmanship of worker 0.12 / 4 0.12 /6 0.11/5
Consistency ratio 0.022 0.017 0.037
© 3T AielaE 8aEe] A S8m=l 7t ® 2719 45
FAE Ttk @ uH|EQ} REo] EA
» 497 . Teho] AX]L(CR, Consistency Ratio) ©® A3PEHTH, A53)
AT, ol AHP 84 2 Aol 0% o © M= B A
@

2 e =i AZAve] AlFeo] A7t
4 glonz ool (1AL olgste] A&
AFE3ItH(Saaty, 1980).
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A E S

cr /\max’" 1
CR= = (ﬁ)( + S

4} 2)4, RI(Random index)= F-2+9] 2|4x(Table 5
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7} g a ko] g AHP 242 §15t0] 749 74
45 golEslt F20RPoR FHE EAS
Akstel S A3l Fakel FAlSH HE ARAHE

_1

ofl Al wiZstich HEQ] ZF gaof gk Ahd F8
L SUA|3, 2, 1, 12, 13) 2 U qu 2o Ak
A Zawl 308 AA5T T 7k Kang(2003)

94 AGAT e AFH vl 7l—o] =0 71o] A
4 FRES YRS A 7 2sol U FREE
B i ¢ e WY, =2 A SerE
Aegh ase] olgo] 8] e AhE Faws e
3 tee] oj7lo] e @ao] waE 4 U] )
Folnz, ArhHoR oe] wiol olele W A
4 Fawg Qesict
Aol guet ARAE AAEE ANshe B

A 137N, =g é’-_ XS F4it
o) BEA} SEISIT NS 2

£ ARAE 77 248 351905, Table 604
Aej gt viel o] BE AEA|oA 10%0]812] dX|&
S YERYR7] wiiol AERAPATLS] AlFrs HA
Ao 3 4 A4S Aol

SMFEQl AHPO|A: 7} AEste] oA Fast
= YHO R 7|31 EaH(geometric mean)T} 7AREY
THweighted arithmetic mean)& ARESIL Q=4 &



B 2|5kt 393

Lo A= Aczel and Saaty(1983)7} A|otst AAH
g Aaeleia el JISHEES A,
B3t Table 604 = v} Zro] ZAgitel thgh AHP
42 B HEoA AR 1EA BAL 5o
g A Qofl, AF FHE 7RIS Hem Rkt
7 E T =gl sl skl AHP A2 A
Alaksick

AN 9 Ay 2o tiet AHP 2443,

]_

7 ehom, uEe] Mzl oft WEeA 715
01008 7H e gk Holi= o EAEg

3 Ages WYKL DEEn B v, X145t
09l AEAulo] g 29l @] g 27l
2o Yol A o 4 glglon], AX e 0,022
2 eh} Azigke Avlel Ao Wk, Alojs
M5 Eaclo] EakEle ik} ool JEg
Aot Aol 2QIuke vlws) B ), Zetr] ol
Aol 7P & 0179] 7HEAE Bgon, Aeixo)
4%, REO B4 207 SEA} 2o Aow B
A=tk

AFNE AHP B423} oA FA%ulo] o3t 4
2lo] AT} wRA el Thal 42t 0.22 % 0242
Hehts 5 7 e 715A1E Bola glont A
oA FEo| o] 0112 M W 518 1ol
uhel ARl A vl 2pgado] 0,092 7bg
e 5315 UrEpoltt E, Helle] Aol dig
AgoA}e) AEA L, AR 0.159) e 13
Aol 0192 AEEo] mrAEe] A9 H9lv]o)
o] AgoAPIAYe] B 2 oRRS nAlE Zlow B
HEQle}. ol AtHom Agaol e Al
A4 ATAI] ofF Aol ATHTL AAlSHe
ARGl vlste] WA eht] whgos et

ot o] AHPEA o] ofgt HFox HAaaglo
dig 7ieAE B4 dak AWsA aclo] WEex)
o 7 2 RS mAE Ao Uekrton), ol A
of271s aolol m3hE] R WFOAE AA
717] 93 galo e Aokd 4= glrk mebA A
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