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Effect of the Drilling & Blasting Conditions
on the Range of Overbreak in Tunel Excavation
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Abstract

Overbreak, underbreak and range of disturbed rock zone (DRZ) are the most

important factors in evaluating the results of tunnel blasting. These factors, which
depend on the discontinuities in rock mass, the blasting patterns and drilling conditions,
have been studied. The range of DRZ can be estimated by relationships between
vibration velocity and associated tensile stress.
A new computerized rocket jumbo drill has been adopted to reduce overbreak based on
the analysis of drilling accuracy. In-situ blasting tests were also performed by varying
initiating systems. Overbreak can be reduce from 34.5cm to 20cm. The range of DRZ is
0.2m with stoping holes and 0.4m with wall holes respectively. In addition, some
methods to reduce DRZ have been presented in this study.
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Table 3 Blasting pattern

Part No. Ti No. Charge per hole Delay of charge
Romd || e | ™ | hole | i | PNex | SR B ex | e
Bv | 1 | MSI2Z | 240 | 4 2 0 0.75 8 0 3
Cut | ]2 | MSI6 | 320 | 6 4 0 15 24 0 9
3 | MS17 | 340 | 8 7 0 2625 56 0 21
4 LP4 | 400 | 8 6 0 225 48 0 18
5 LP5 | 500 | 8 6 0 225 48 0 18
6 LP6 | 600 | 8 6 0 2.25 48 0 18
7 LP7 | 700 | 8 6 0 2.25 48 0 18
8 LP8 | 80 | 8 6 0 225 18 0 18
Sto 9 LP9 900 | 8 6 0 225 18 0 18
e 10 | LPIO | 1000 | 6 6 0 225 36 0 135
11 | LPIl | 1200 | 6 6 0 225 36 0 135
12 | LP12 | 1400 | 6 6 0 2.25 36 0 135
13 | LPI3 | 1600 | 7 6 0 2.25 12 0 1575
14 | LP14 | 1800 | 7 6 0 225 42 0 1575
15 | LPI5 |2000| 6 7 0 2625 42 0 1575
Floor e Ipie | 2500 | 6 7 0 2625 2 0 1575
Wall 17 | LP17 | 3000 | 10 1 6 0975 10 60 9.75
& 18 | LPI18 | 3500 | 10 1 6 0.975 10 60 9.75
Roof 19 | LP19 | 4000 | 10 1 6 0.975 10 60 975
Floor 20 | LP20 | 4500 | 6 7 0 2625 12 0 15.75
Total 146 103 18 40.425 7% 180 2895
* B-V @ Baby v- cut, M-v : Main v- cut
I
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Table 4 Field measuring data

Overbreak amount (cm)

0.00 [0.050.10]0.15[0.20[ 0.25[ 0.30 [ 0.35
e e e e e N I B ¥
0.05 |0.10 0.150.20 | 0.25| 0.30 | 0.35 | 040
1 o6 |20 317|103 ]0]|1
2 2|78 16 |11]8|2]2]|1
3 w311 ]1]0]o0
4 |10 1710|742 |1]0]0
5 |6 |35 B[ 7[4][1]0]z2
6 | 4|18 [15]6[3[2]0]0
7 | 20|34 |3 |15]9|5|3]0]|1
8 |6 |11 [12]6|6 9|51
9 |20 |28 |44 15135 | 1| 1]0
10 [10/1513|17|16| 8 | 1[0 0
1|24 |24 | 241817 12| 5 |0 |1

122 |1 176 | 193 | 162 | 117 | 64 | 29 | 8 7

CF.D | 122 | 298 | 491 | 653 | 770 | 834 | 863 | 871 | 878

RF
(%)
R.C.
FD. | 14 | 34 | 56 | 74 | 8 | 95 | 98 | 99 | 100
(%)
*C.F.D. : Cumulative Frequency Distribution
*R.F. ! Relative Frequency
#*R.C.F.D. : Relative Cumulative Frequency
Distribution

14 | 20 | 22 | 18 | 13 | 7 3 1 1

30cme 21%, SOcmO]”% 5%l B3t &

3l
1.0 PN
Ardgds & 4 U

cm°ﬂ H| &} o] EH
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0.05 0.10 015 0.20 0.25 0.30 0.35 0.40

Overbreak amount (cm)
. 13 Frequency Distribution Histogram &
Relative Cumulative Frequency Distribu
tion Curve of field measuring data
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s pon Ged FE ©W FE EE 5 5
Lo Y=b+aX (13)
g k{ &8 yob 38 Yo o4 g3y 2

: ! T T 1 n y n )

Tmetsee) : ’ E= Zl( Y—y)i= Zl(y,-— Y) (14)

(c) Transverse direction
Fig. 14 Analysis blasting vibration by

detonator time o] SAHE)7F Axvt H7] Y& A5 b, acl

A Jr e ghol 00] wojof gt}

2 & FES d9ow 18ked AFREF 100ms
o] NAZ # LP4~9, 135k AF&-at3 200mse] ‘7E i“ab(berJraX y)i= 22<b+ax ¥)=0
N5 & LP10~12, 15.75kgs AH&3ta 200ms2)
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Table 5 Measuring data of blasting vibration o] A& thA &Y
NO| Delay |Distance PPV (mm/s)
Prat of |Charge n n
datd (kg) (m) Tran Vert Long n IZI'X[ [b] B lzlyi _
Cut | 4ol a o | 261 055 0.73 071 . al |, (15)
holes ~ 604 |~ 1229| ~ 17.07| ~ 12.59 PN ,:IX%' 25
Stoping 53 135~1] 229 1.02 1.66 0.76
holes 8 ~ 598 | ~ 164 | ~ 166 | ~ 994 o] 2 (15)% WESLE a b2 Tabd S T
Wall & Art. 019} T YAFFE 50% AlFFEe
Roof | 58| 075 | P01 e | 000 | M 2 3ot Céix} Bk 95% Nélff;% T3]
holes A= v 22 BAAZZ dasioh gt
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HdEaA dE 9 unEe] ool asld nA: §F

Ko, = Kypo, +2SE (16)

2 (15), 16)% ol §3ke] AeS A2 5 Table
63 e}

Table 6 Constants of blasting vibration

equation
Part No.of Scaled Confidence K T R
data |distance| Degree
50% | 189.505
RN —— -1.267|0.8%4
Cut | 4 95% | 394.790
holes P O 70 R P
95%  |1359.003] 0|
50% | 202.254
A RN |— 1501 |0.814
Stoping | _ 3 95% 329.938
holes | e a5 |
95% | 662.156| |
R |00 [ 1866M I ol 81
Floor % 95% 308910 | ’
holes | ° ‘ 50% | 392501
RINW -1.618|0.812
95% | 649.768
50% | 164.746
Wall RN 2 2011686 0.846
& | 95% | 293.287
Roof | R - 2 71 R
holes 95%  |556.203 | -

AN W PANFES AAAFE ol §ate]
o)
=

FU3 scaled distanceE #-g3te] ZF 4ol Ul
3 NEFAAE v 7ed v Fig 449 2

AE AZAEA 307 ool Hofop A el
Atk A or B ATds Huwr)E, g

7, vhE, A9F Riol 0@ ARe = 30
~ SRA RE AHA4S 23 AL ¥+ 9
o,

2 &
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T34 olye 4794 g 34 (Tran
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o oJ#A A ekt
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Fig. 16 Total Regression analysis by square root
scaled distance & cube root scaled
distance (confidence level 95%)
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Table 7 Constants of blasting vibration equation(Three perpendicular components)

Part Scaled Perpendicular Confidence K .
distance components degree
0,
Tran gg;‘j 17941'.398011 -1.188
5 -
RINW Vert gg; égg:‘fgg -1.329
ca Long T
~ [~a1o)
RINW Vert 2gf 1795?1727720 -1.626
O,
5 -
Tran ggg 13 5?7%7573 -1.266
0,
R | Ve 7 2T
0,
Stoping Long T
5 ——
o =
RINW Vert gg; 2;22?2? 1473
0,
Long e aior |
0,
Tran o e L
O, = =
RINW Vert Sgij égg:g?g 1594
Floor Long gg?;; 13(?4%6391 -L181
5 =
holes Tran E(?:Og f)golzgggg -1.126
5 P
RINW Vert ggg 23323 ~1.504
O,
Long gg;; %))065(;42 -1.181
5 -
Tran -
5 -
RINVW Vert ggﬁ ﬁ;g -1.764
Wall & Roof Long 2% 2615773%13 ~1.567
O,
holes Tran ES;g ﬁ;ii%% -1.193
RINW Vert ngo ?gi:?gg -1.764
0,
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Table 8 Input parameters

Cut | Stoping | Floor |Wall&Roof z z "1
E E
holes holes Holes holes % - g a1 :
Linear charge g . _§ A 4 Wal & Root e =03
. £ £ {5 eng o=
concentrations | 0938 | 0938 | 0938 | 0425 g Eoqb F
Lkg/m) ‘ 7T =
Charge == == . — *;:’;’f"—.—|=‘ )
length 2625 2400 2800 2550 ‘ Distace from Blasting Hole (m) ‘ Distace from Blasting Hole (m) :
Hm) (a) Transverse (b) Longitudinal
Stemming
length 0.905 | 0.800 | 0.400 | 0650 "] e
X (m) Cwd b L
z : L
Elastic Wave ém_ £ ] \l
velocity 4580 % % -\ ‘,\\ i & Roofhole = 0.4
Cln/s) £ = .\ 3 B
Elastic modulus 1898 > > ] S0t mmie
E(GPa) ’ — : |
Tensiol’l Stl‘el’lgth ! Distacef‘romBIainngHole(m) ' ! DistacefromEIas(ingHi)IE(m) !
95 ) ) )
0, (MPa) (c) Vertical (d) Peak Particle Velocity
PPV | 1359.093 |662.156 | 649.768 | 556.203 Fig. 17 Calculated peak vibration velocity and
damage begins critical velocity
Tran | 594.967 |271.226|131.533| 121.499
K| R/NW
Vert |1931.270 |624.141|629.554 | 734.196
Long | 501.157 |341.017|180.532| 394.075 . Suthote Stoping hole
PPV 1.558 1.500 | 1.618 1.686 ¢
T 1441 | 1246 | 1126 | 1.193 Ny e
n| RN 2
Vert | 1626 | 1473 | 1.594 | 1.764 o ) B
E s
Long | 1.257 | 1.326 | 1.181 | 1567 £ 5 =
PPV | 0519 | 0500 | 0539 | 0.562 . o
ol v Tran | 0480 | 0415 | 0.375 | 0.398 ) aton fictevebety i tocty (mmis)
Vert | 0542 | 0491 | 0531 | 0583 JE -
Long | 0419 | 0442 | 0394 | 0522 istance (m) PistaaRelrm}
Floor hole Wall & Roof hole
Table 9 calculated damage zone s r
Damage zone (m) &
Wall ! -
Cut |Stoping | Floor iofLR . -
hole hole hole -
hole - £ -
I‘O XO I'O XO rO XU ro XO zn ) g z:
Cub: t =
ube TOO | ppy | 16| 2.2 09] 20] 09| 1.9] 04] 19 . .
distance =M
Cube root Tran| 08) 22| 04] 20 0.1) 1.9 0.1] 1.9 os I Vibration particle velocity (mm/s) Vibration particle v ocllnnmls)
. Vert | 20| 2.2/ 09| 2.0/ 0.9] 1.9 06| 1.9 ) J
dlStance o 05 1 15 2 25 3' 05 1 15 2 25 37
Long| 06| 2.2| 0.4| 20| 0.2| 1.9 0.3 1.9 e Sidasint

* I 0" Perpendicular distance form the charge axis
Fig. 18 lllustration of contours of equal vibration
velocity

* XO : Depth from the free face horizontal to charge axis

,15,



MG A (FH NG Y e =),
=)

7]

o

N of
BN

it
[

e
5=
N O o

f
=W
™
ol P

X &
¥ rlo e rfr

o

il
2
o wy g o

Joll A who) EJ”OHH 7%lz°l o] F
278 21.02mell A Hdl 61.53moll A o] F

2
*

AN Qe AEFHAI dHe BAGE ol
glel 7 w3hgol we £499e Fahdrh 2
du fest A 2aA e Sdgge 3o
T FHoRREY A ohd HauuolA w
sl o Edggoln grloA dolr &
dofol sl Azl Ea sojzel Fopzel ol
AA Eauustel AN E we st} k.

ok AUEE olgdA HuFa el

@ B9 HuAde) AeAeE 248 A3 A
RS 4.0mel™ & ojF-& 0.7me] T}

UEE BUALdE GEo] A AT

e gq}toﬂ;ﬂ %11;1}91 :jc}og@,t 0.9mo] t}.
sz guwwzz e Az 07mE A9 s
02mell slFste F&o] Hddw wf$o] kel

sadedon 483 Aow Buar

Holstpol ol B wwel ga ohitel £
Qe 04melth. TP ER Hduel dusgd
ool Wi Wrhe SulEw HeHpel o o

>

£4998 Ht B o R o]FojHof it
B vigte] oigh ohubel &9 9L BHdo nf
kol o3k g gkel 9llA 0.9mo] T}
Waklse] 348 = Transverse, Vertical,
Longitudinalell ¢]3F Z}zbeo] £ddodS &3k 2
I AwjrlE, gdF, v, JYgET BRFoA
Vertical W3Fell oJsiA 714 & 4FS v 47
2.0m, 0.9m, 0.9m, 0.56m ¢ £A499S FA 3}

o
0:

i

_l

it
o

H

5. 48 % N

wotel old B FAA o

SRR 2 mze] WA,
P FeR A% AAwh £3dd FHe 4
AY R Ay duel 2 G vk uy
oz Hddl oS g, sore] 2R A
AUEs a9e] oM PR B ATA
= AT ANESt e AFNE Agete] ofF
o WAFS FarAov au wsE wn
Fol A HEFAY ghurel &L B

,16,

=
[s] A

e
d =

(2) #HFFH
] 2

(3) 47 Fid

A24H BZ, 2004.

20cm™] ko] A

345cnQ1El Hlske] o] 74 04

A o] 74%0] 1
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ERER

Part

Constants of blasting

vibration equation

K

-n

Vibration
velocity

(mm/sec)

Cut
holes

1359.093

-1.558

62.08 100

Stoping
holes

662.156

-1.500

33.93 55

Floor

holes

649.768

-1618

26.35 42

Wall &
Roof
holes

556.203

-1.686

19.71 32

*D=20m W=

a3

&} 7]

21kg

=R=]
T

W
9l5ho]

21kg, 20m=

o] 100%<4 = e, H}E}%

Part

Damage zone

(m) (m)
Cut holes 16 gz}\:ij:\;:g =
Stoping holes 0.9 0.2
Floor holes 0.9
Wall & Roof holes 04 0.4
(a) B1E2AI G 9 F o M= E49Y
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