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SUMMARY

I. Title : A Study on Notch Bit System for Controlling Blast Vibration and
Over-break in Rock Mass

. Research Need

Recently, design and construction of tunnels became rampant due to build
metropolitan subway system, electric and communication culvert.Drilling
methods for tunnels can be twofold: by machines and by blast using kinetic
energy obtained from explosives.Of those methods, blasting is generally used
due to its lower price than the machine drilling.However, the blasting method
causes problems such as civil petitions induced by the excessive overbreak
and blasting pollutions such as vibration and background noise.

In order to address blasting pollution and decrease overbreak, a patent on a
blasting method was developed that applied the principle of the method to
create pre-split at the contour holes to block the propagation vibration at a
cut, and to enlarge contact surface around a cut, it applied short and long
charge on the notch split in super holes. Hence, for the study, we appraised
the appropriateness of notch equipment system by developing notch equipment

system and applying it to construction sites.

II. Contents and Scopes of Research Development

To develop this research, the 3rd year research plan was set up. The main
research contents such as literature survey, elementary experiments, the field
experiments are programmed in order to develop Notch Bit System

1) the literature survey of blast methods

2) the analysis of excavation efficiency by the bit shape on rock excavation

3) the research to improve and solve construction problems



4) the elementary experiments of the notch bit

5) the choice of major factor about excavation efficiency

6) Studies of metal material and manufacture to minimize the abrasion rate
7) Notch effect verification by model scale blasting experiments

8) Numerical analysis of rock blasting using a notch bit

9) Research on field application of notch blasting method

IV. Research Results

In this study, research results are achieved as below.

The method to develop a notch bit system for making a notch hole and to
design a new blasting pattern is researched and examined. In order to make a
notch hole effectively, several drilling experiments are carried out as changing
length and height of a notch and a comprehensive notch bit system which
consists of a normal bit, notch bit, adapter and notch guide is developed for
the purpose of improving the speed and precision of drilling. Studies of metal
material and manufacture to minimize the abrasion rate. The durability of
notch bit was developed. Notch effect verification by model scale blasting
experiments. It was possible to split rock between notch holes using the
smaller quantity of powder than circle holes. Numerical analysis of rock
blasting using a notch bit. We considered a formation of fracture surface by
numerical analysis of notch hole blasting. And we explained a damage control
capacity in rock blasting and got a source material of notch hole blasting
design. Research on field application of notch blasting method. It was proved
that vibration is reduced by 30750% and the quantity of over-break is
reduced by 30%.

V. Usage Plan of Research Results

In this study, key achievement is to lay the groundwork for field application



of notch effect by development of optimum notch system equipment. In the
future, if the development of notch blasting method 1s completed, we will
expect to minimize vibration, noise, over—break and rock falling. And it
contribute to revitalize the tunnel excavation by reduction of excavation

cost.
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EAZ, o]REA dulst A ZA7L ?

ARz, Bz deht e & ZA7E 7

= 59 377 it

ojzigt MiFEE AR F7) A AREA WE FLT T
‘3 = (equilibrium phase diagram)ejth. ©

1
Jexe 2487 98 golds ¢ 9 2HAA w7

(1) FEEg 7124 97|

FHER o8 7FR 249 FFE SEYHERE STH A2l o277k
e ¥EE vl Jde 2. § 39 dEHEd 2E W2 dHE
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AR E AR Aol et s S (at%w) 2 vEbd w3l
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g A= Sno] A Sn=118.69 120017 Pbe] #AFF Pb=207.19 210°]t}. Pb
2} ath XPb=30%2t & o Pbe] THHIE We

- 25X 5 %03
W= o X Tan X5 T0%0.7F20%0.3 —42%

7 B,

(3) Fe~Fe3 CHEIZ S 4

A 910Colsto| e AP GTAR eI, 910T ©14H1,390T7HA = A
Zztolth, 7)o B4x At TREW F /AL WErt vedt. S HH T
7b dobX 1 Wyt g EeA dojus Aol ofE o LR HAA
dojupA "k, olgs go] 29 3.4.1¢] 2 Yt Utk FASHA ZEiA A

WEl]E(Fe; O)2 E2le 53 AFES HIAFC) o7l e o] dHEe

g FEL B Ao, ojRe FRD
BH}. Fefes C FHES] Uehbs 349 FFA: 474471 Aok, 3, asletol

ul

(ferrite), Q@ A®E|}olE (austenite), AldEI]E T § Hz}o)
7A2e) AEg TARCE YEE 19 35.13% 2t

i
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HWSHOIE

Brecun: o s s it WP it o M Mo . i o e o gt it i S, o o, it Sl 15pe. o

Jaitiduag i s ] ¥ 4

i Kl 4 1 Fl
Fe 05 10 15 20 2% 30 35 40 45 50 S5 B0 65 10

EF 2 Sl

738 351 Fe-CAEIE (A XM :FeFes C AEIE, A :Fe-CAHE)
1% 3519 Fe-Fesl HEIZol= 3719 E®¥g-(Invariant reaction)o] =
o, 7 WS dAe 2xolM dojud 3719 A Fosir).

AR, ZTAL(Peritectic Reaction)olth. 0.53%Ce XAS zt:= AA3)

0.00%C2 =AS zte sHElolETF 1405TCS AT Eofx
A

A2F(0.53%C) + & F ko] E(0.09%C) ———— > y S 2 EH O] E(0. 17%C)

o] ¥h&& TEoA dojun, AFAHCRE yAHUEE A&oM ST



S, ZAYS(Eutectic Reaction)olth. 4.3%Ce A2 zZh= BAo] 1148TC 9
AR LTolA 2.08%Ce FAL zZtE= y LAHIUOIESY 6.67%CS AHEIER

=
Malate whgolth, Tz FEFRAA g 22 WSS HIT £ o

1148°C
N (4.3UC) ——————> y QAE|LFO] E(2.08%C) + A HEFO] =(6.67%C)

dAoR @agdMEe 1.25C ol g8 ¥

_c’}]_
o]l FQ8kA ¢rout, 2.0%C o]FS #2E FRete FHAM
0

4 FQshet

AR, FA4HS(Eutectoid Reaction)olth. 0.8%C2 =AE Ze y 2AH Yo
7} 723CY dAS X0l 0.02%CY FAE = avEte|ES} 6.67%CS) AlRlEk
o|EZ H3HE Higoltt, T#ITY 9ZF olABEFoM 5 T2 ¥EE ot
& & Qo

723°C
y @ AE|UO]E(0.8%C) —————— >0 H Ol E(0.02%C) + A HELO] E(6.67%C)
® a HZolE

ado] Bart FHH] Yt TEAE « T
weu, B0 dYTEE T AT AHEA YehiRe] o seelE9 A

BAT8EE 723ColA 0.02%0] B2 mgtolEo] 18 & e dAFS ulg
AL AL & F Yok EF o FHEolES @21 8EE 227 el ek
ZHasked 0ColA oF 0.008% 8 Tolth. EBAYRE A YRt vlsjA vwE YxA

W7 Aomz Ao ARZAAN AU A (interstitial site)ol] AT, A
A= 484 B (tetrahedral site)l 89 A E#rg(octahedral site)d]
T ZR7b Qed, BCY o dolEME 4mA A (739 2717 2
2, 2 AdFAY Eo12 £ Y 7o ARAL 0.35A0H. wk=hAq 0.77A

2 e wadAst o APl Solvbil FW wxdate 27)
ARt AdA SR v 27 Wil AAEHEES dorA g oA

._52_



o] a HolEYY BAuEEE HA 3= F2T ol Folt).

@ 2L2HYolE

ydo g7t g AE TLAE 2AH Yol E(austenite)Brl 39, FCC
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0.4%CS) olFA &A7FS 900C (23 3.5.39 a)o & 7tgslo] FFeE A
Neriztola el npt7ix 2 #4948 LAHUOER En. 1
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X 3.6.1 3 37Fte

QEGELEAY Ao o) 8 (A FAL)

1% 3.6.3 Sketch of failure
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Water Content( % ) 0.38 UnitWeight unsaturated 2.557
Porosity(%) 1.18 (g/cnt) saturated 2.569
Loading Uniaxial
Poisson | SonicVelocity | ElasticModulus
rate stress
ratio (m/s) (105kgf/cmt)
(kgf/sec) (kef/cat)
100 3470 1.388 1716
E 3.6.2 TH ALY LdEUEFAEAE 2R olEH (A EH2)
Water Content( % ) 0.37 UnitWeight unsaturated 2.555
Porosity(%) 0.99 - (g/cnt) saturated 2.565
Loading Uniaxial
Poisson | SonicVelocity | ElasticModulus
rate stress
ratio. (m/s) (10°kgf/cu)
(kef/sec) (kef/cn')
100 0.0472 3380 1.523 1702
(a) AEHA1 (b) A1&dH2
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P(X,Y,Z)

3RYBNN @ 49 FEA Aol FURGNA AR F D T
FAo] gA)stelof s 2AL FAxAlG A 3FATHI FHe &

=
£  AX+ BY+CzZ+D=o°lth. o ¥ 3.6.27% ol 2y FAdFA
Z

I

2

L

O (Xol’ YO" Zol)’ % (on’ Yoz’ ZOZ)Q]’ %Z—}J\OLQ] %]"0’]9] Zé P'o’] }?)]'Xf:] D1 (Xpl’ p)’ pl),
p2(sz’ sz’sz)ﬂ' %%'ﬁg‘ﬁoﬂ 271 23t A AL A 2 3613 z+o},
Xol 7 Ya2 ZO, 1 4 0
on Yo2 ZOZ 1| B _ o
XV g 8 (4] 3.6.1)
Xl’z YPz sz 1 - 0.

e 4-(0, Oppyspy)°l TR BHE Wl g7l AF 2] FHEEA

(coplanarity condition)S ¥&3st7] YA e tha9 P2 0] 00] Hojof o

Xo Y. Zy 1

Xo, YO2 ZO2 1 ~ 0

f Ypl Zpl 1

X, Y, Z, 1 (4 3.6.2)
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S, 7A 1Y 2,92 BE ba, by, bz} 0, 0,2 AE Alolol e thg9 A}
ch=kiasd

¥
o

bz= Xo,— Xo, , by= Yo, = Yy , bz= 25— Zo, (2] 3.6.3)

WA, bebybeS 0,9 FHES  olgstd 0,9 HEE  Ued

0y (Xp + bz, Yy + by, Zo + bz) 0| TF.

714, 0% 71F02 FH 0,= (0,0,0)013, O,= (bx,by,b2)2 UYEIE T &

B2, 4 36.2% 24 3.6.49 Zo] AT F U}

bx by bz
X1 Y Zyj=9
X, Yy 4,

(4 3.6.4)

) Z (model coordinate system)ollA L Ao tish
F&(bundle of ray)e] F7HAAL 4 3.6.59 o] AT

Xml _Xm _ Yoi— Yo Z,

_ ml ZOI _ S
_ . _ - 1
Xl XOI Yl YOI Zl ZOI
Xm2 X02 . YmZ YOZ Zm2 Z02 S ()\] 3 6 5)
- _ - 2 ~7 .0,
XZ X02 Y2 Y02 Z2 Z02
PRI I ¢, B .
2 //4’_____,_4::_..-_7 /‘/'""'/‘:“"‘7/
_______ )“7; /__._.__-J_;W,y
X X
O, {XoiYornZod) 0, (Xers Y nZaa}
M XnnYourZod
MX.Y..Z)
[LED v g 0]
Y
X
% 3.6.28 VAEFFHIA
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U DICE ELER: 23

AskaL 2719 y#te] FHE=X

o

-~

KXoz — Xo1 Zoz — Zp
Xz =X, 2, _Zl

on - Xu gy — Zy1
X1 —Xos 4 — Zy

S, = =
! X — X 4 _Z01 : X _X01 Z _Zm A
Xy = Xog 2y — Zyo Xy — Xog Zy — Zy (] 3.6.6)
o2} &,
X = Sl(Xl - X01)+X01 = 52<X2_X02)+X02
Zp = 82— Zy))+ Zyy = 8y(Zy— Zyy) + Zy, (4 3.6.7)
ojth. Eg
Xn — Xo1 _ Ly, — Zin . X — Xog _ I, — Iy e
X\ X, 42y X~ Xy, L2y  7? (4 3.6.8)
olg} s}H,
Y = 51(}/1"‘ Ym)"" Yo
Ve = 8(Y,— Yoo )+ Yoy
Vo = 2 (Vs + V) (4 3.6.9)
o] dAr}
(4) 38%4
2374 Z(course)Fe] thgo JAAl dia 4z EPFoz YARYSL 3
A YARFON 9% gARHe] 2% AU 0EE AR 9= A

point)olt} HEH (tie point)o] &g},

B EA (successive orientation) AAE 27] AFK 2 QAR FEA
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%, 2EH(stripFHE 2 EEblock) FF)2FEH EA7|EHFAEE ol Fsta] 53
2 A T2 2AToEM HAAARE I HHE AnIo. AR by

21 3.6.107% 7T},

flo

X X Xo
Ye| = SR|Yn| + | Yo
Zg Zy Z (4] 3.6.10)

A7NN, Xg, Yo, Ze= AUAR X, Y., Z,<~ YAEFHAE, X, ¥, 4T 4

ARFHEA dFAA M, s£ FHAA, RS DY

(6) & 44

Edo] A@FEC] 334L A FEA Fo= AFAol HAHA olF HES
AZste FW(surface) & BAAZIE o] BFHolth Al AL oA AP L
EolA AZATIE WS TP B AL B A4 VIRl 4z At

Zyzbol Qe a7} Fom®  4zZbs ®Wst AHEL VRML(virtual reality
modelling language) 9} 72+ dutEQl = 3 o=z FAY 4 Yot A

g zus 7 = 7 EZAQ WS Delaunay(1934)7F Alersk Abzbd st 7)
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H (triangulation) ]t YAIFTAL] ALFEZRYH AWzt 9 ZAiEo 19

3.6.289 uEh} it}

(a) (b)

(1) 24 = 92" 7t

OgAd 94 A9 AYEE ddEY I79 sagd we 2A AT 34
b BEE 3 didAE AT A HE HAA] ol ER ofn|x] o] E4
Aol g% o AL E4o] shEsith sthge tE fxd sz AdeE
u#Ee] B Yo = Nikon AF] D2XE AE3ith Nikon D2X9] AYL o
< ¥ 3.659 Zo. D2X& A AE®E W=E Nikkor AF-S DX 17-55mm
F2.8G (IF)2 13)4d%x, 389 EDA= o M4at B4, 3uje] vl74d =0
g W= FANE BAP Nikon AlolA FAHE BEFA= F JFF
o2 UAY 44 A5 A4 glol AgAHE =Y ¢ Jdvh Nikkor AF-S DX

17-55mm F2.8G (IF)Y A¥< o3& % 3.6.634 2

i

2

25
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4, 3} DEM A A7) 24

gurel 2dEH e qgd 54 F 71skshd B4 2 A7) (roughness) 9}

Z A A== g 59 AV E
& B 22 YxeIrle s4e A% du)id SAWEHITH o, 20040)5 7
Zol ALY SAYPE o]&HI ot A ALY Aleko] girh B Ao

i

AZ71Y AZHE A3 ol&HE FAH HAetrHEE FUFF(RMS, Root
Mean Square), Z23Y 7)&7]9 BEFF(2), BdAZ71ZH(Al, micro average
angle), A&7] 83X 5(Rp, Roughness Profile Index), FZ&4(SF, Structure
Function), ¥ A&7] A F(SR,, Surface Roughness Profile Index)%o] A

.
2 £AF seulHE Adsts 4e thed 2o,

1
RMS= %Xn](yri)zr (4 3.6.11)
i=1
0 1
1 "I Y1~ ¥ || 2 (4 36.12)
zz=[ > )} q 36
n—1;/=27 Ax
1\ 1 " e
A.= L= ) s : Al
: n—lizzlz n_1i=ltan (%H_% (& 3.6.13)
1
= 1 3= W (Bzf - Ay)” (2] 3.6.14)
P cos(4,; ~= L
1 n—1
SP= 77 2w (4] 3.6.15)
i=1
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= dHstA =
Holl wet 1(20) 2(]_;[:} a3y 4 e A
B ol o AL v Pl

o] maw 79 0|5] ﬂﬂmﬂ) Abole] H|AZ= UL 7:,7] He 1 AR &
o Ar= %%/‘éo _ e= Z]H H N -
o 3ol ARyoz L};q °F HAF A
= a3 4 9t -
AT o]a_]:l_

o B3

= O el i=
shah= At e 4ol F77)71
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=
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-4 2
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/\i A 23 EH_' Tz g
j 12k T2 oMo Mic A o] Grapherd &7 Gold
0 r 1 " ©
sz a0t} Surfers ﬁ:rFOSOft Windows S+ o)A A3 en Software INCO]
= Bxs )8}
dolE] sz Br=olA 28k XYZ dlolE ode 2 5 A= 3D 2P
g 2 = o|lAL JEE & 2 THA 2 B
T AUtk E3E Surferol 9 122 3} Contour Mapolth GHe e o
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C1
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| Be
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D7

E7

D6
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ES

D5
D4

E4

D3

E3

D2

E2

Bl

29 3.6.41 AER saEe ARs] =

(b) 7}&
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B4 B5 B6

a9 3.6.42 2uE wgHe d9¥ DEM (M=)
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(2) BAA stz

B AT AteH" AE®H wdd DEM ARV e BAZA HdrEHE 5714
NedTde 239 wabel & AtE W AA7] YA (Surface Roughness
Profile Index, SRp)E o] &3 TH( ¥4, 2008). SRp= DEM 24 dH =ol9 &
ZWxH(SDH, Standard Deviation of Height)$}
Profile Index)& &&% W’ B9 & HHE F
gFolt}. SRp ol 45 DEM W] FFo] Atk A&
oz FEH Hgde FHHE At 1 49 W ARFE ARbE 4
GHZ SRpE At

of
(<
N
ol
X
2
r
j=e}
)
=
)
=
5
o
w
w

(3) Box Counting MethodE ©]&4-% AZ7] A3}
2 AFME ARRASE o] &ste] AT dtEd =xFo] o3 saw g
DEME& AZFAHA H7L&4& st =HE A
¥ % 842l Box Counting 7IH& ol&g Zag A g

33 xATY GHE A/E HwEH

of I 9¥o] 7k7l EolE Box Counting
&

ol ARG, B AT

=
o
=
@]
[N
2
2
oo
of
b4t
i)
l H
ﬂﬂﬁl
>
e
flo
)
O 1
S
s
2}
]
¥
S
|4

ol A} A}4d Box Counting Method& ©h&3 7t}

g FRloA stdde] BREZA Tt ARV 9 TES 94
o] 99d DEME 2% 3.6.449 o] ZYEL /1A 234 ©Ho=E 39 Z4h&
2bit BMP o|n|#] #d= F&3c}

T4 2xY 99 SgHY AFT|It w02 FEEHY. AZVIF wol2 ¥
g 239 9 g W) do|rt S BALE SAER o|FoF AP FI
AA 23 2R e g ' AANAE 249 AFE AHIH 3.6.45). &
Mol Zo] SE g2/ & gEW FAREY 234d @S FPAA 9 X
Fota Qe ea(da)e £E5 AT 3.6.46). ¥ AFodME AANLE a4
o] g W] Zo] So WaE dAT HER FTUMNZH oY 10 A= e Aol
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- 11 -

£ 3.6.8 o3} sodHe] A AFY] AR S vm (A=2)
A |

section 1| 22.4557 | 21.9139 25.0539 | 22.0985 | 1.1337
section 2| 67.0751 | 65.7438 | 1.0203 | 68.7346 | 66.2954 | 1.0368
section 3| 67.0240 | 65.7445 | 1.0195 | 67.2424 | 66.2940 | 1.0143
A |section 4| 67.1154 | 65.7438 | 1.0209 | 67.1835 | 66.2954 | 1.0134
section 5| 66.8343 | 65.7445 | 1.0166 | 67.1857 | 66.2954 | 1.0134
section 6| 59.3665 | 58.4391 | 1.0159 | 59.7053 | 58.9293 | 1.0132
total 349.871 | 343.330 | 1.0191 | 355.1054 | 346.208 | 1.0257
section 1| 7.5037 7.3046 | 1.0273 | 7.6135 7.3655 | 1.0337
section 2| 67.0177 | 65.7438 | 1.0194 | 68.3681 | 66.2961 | 1.0313
section 3| 67.0513 | 65.7445 | 1.0199 | 72.5624 | 66.2954 | 1.0945
B |section 4| 66.8810 | 65.7438 | 1.0173 | 72.0536 | 66.2954 | 1.0869
section 5| 66.8250 | 65.7445 | 1.0164 | 68.4321 | 66.2954 | 1.0322
section 6| 59.4706 | 58.4391 | 1.0177 | 60.5553 | 58.9293 | 1.0276
total 334.749 | 328.720 | 1.0183 | 349.585 | 331.477 | 1.0546
section 1| 177.533 | 174.445 | 1.0177 | 179.321 | 175.909 | 1.0194
C |section 2| 173.463 | 170.957 | 1.0147 | 175.118 | 172.391 | 1.0158
total 350.996 | 345.402 | 1.0162 | 354.439 | 348.300 | 1.0176
A 1038.616 | 1017.452 | 1.0208 | 1059.123 | 1025.985 | 1.0323
3.6.8% ¥ g FHOR FADUHE AHZ=E ZF Pz FEFo] AAkg
SRp A7 A% A& A Aoty Zt 449E sd9d DEM 249 B4 S



ks

;'(

FdoEH A

A71E

7}

Al, BlelA SRp %ol

Z} 1.0247, 1.02732.%

g Al7 Bl 9499 A¢ =2l ¢

v}
=

=3

of vl Al A1, Bl

FGgAA 7 TR =2 el 9

o 7 ¥ SRp REF ¢

| e

—

LRSS

o] AL 3% 3.6.4894 HT} 44

359 SRp #%

H)
=

b gow w3

B

o2 gl SRp #E°l 4A

=
=

#e 7R vk d]olM e SRp @

T
s E
o O
z Z
8 s 88888888 § 3
L L . L L = T = T =)
(dys)e|yoid ssauybnol ooeLNg

A5 A4 A3 A2 Al B1 B2 B3 B4 B5 B6

AB

Section

AZ27] sty (A=)

% 3.6.48 =3
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i 3.6.9

section 1| 34.467 33.782 1.0203 34.424 33.748 1.0200
section 2| 49.532 48.260 1.0264 48.913 48.211 1.0146
section 3| 48.908 48.259 1.0135 48.953 48.211 1.0154
section 4| 49.585 48.259 1.0275 48.949 48.211 1.0153

P section 5| 49.131 48.260 1.0181 48.845 48.211 1.0131
section 6| 49.088 48.259 | 1.0172 48.770 48.211 1.0116
section 7| 49.307 48.259 1.0217 50.510 48.212 1.0477

total 330.018 | 323.338 | 1.1447 | 329.364 | 323.015 | 1.1377

section 1| 34.272 33.782 1.0145 35.063 33.748 1.0390
section 2| 48.989 48.260 1.0151 50.575 48.211 1.0490
section 3| 49.549 48.259 1.0267 50.637 48.211 1.0503
section 4| 49.128 48.259 1.0180 51.551 48.211 1.0693

s ‘| section 5| 49.056 48.260 1.0165 51.469 48.211 1.0676
section 6| 49.172 48.259 1.0189 51.307 48.211 1.0642
section 7| 49.647 48.259 1.0287 50.212 48.212 1.0415

total 329,813 | 323.338 | 1.1384 | 340.814 | 323,015 | 1.3809

section 1| 177.533 | 174.445 | 1.0177 | 179.321 | 175.909 | 1.0194

C section 2| 173.463 | 170.957 | 1.0147 | 175,118 | 172.391 | 1.0158
total 350.996 | 345.402 | 1.0162 | 354.439 | 348.300 | 1.0176

A A 1038.61611017.452| 1.0208 |1059.123|1025.985} 1.0323
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section 1 1.955
section 2 1.956
section 3 1.898
section 4 1.844
section 5 1.852
section 6 1.925 1.833
section 1 1.906 1.941
section 2 1.913 1.956
section 3 1.903 1.964
section 4 1916 1.952
section 5 1921 1.940
section 6 1917 1919
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* 3.6.11

section 1 1.866 1.939
section 2 1.855 1.866
section 3 1.856 1.877
D section 4 1.889 1.883
section 5 1.863 1.878
section 6 1.904 1.870
section 7 1.874 1.882
section 1 1.906 1.918
section 2 1.861 1.938
section 3 1.847 1.944
E section 4 1.881 1.947
section 5 1.887 1.949
section 6 1.876 1.940
section 7 1.857 1.929
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HFEEA KHTZE g8 AMAE gt & A7edre =2zl el

Lo Roekmagsi Core e B s
- Confinuousboundary:: . T
r _________________________ f BE
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| |
! Hole 1. Hole2- Hole3 i S:45 cme
i I
] 4‘;"—><> < i B: 60 cm.
1 - i
1 {
1 B .- 1
1 |
i |
A5

I% 3.7.1 =xF 49e Y 24

T 3.7.1 23] =AAAAA farde FALH EAX

Density p (kg/m®) 2700

Elastic modulus E (GPa) 80

Poisson’s ratiov 0.25

Average compressive strength Sc (MPa) 250
Average tensile strength St (MPa) 18
Fracture energy Gf (Pa'm) 300
Coefficient of uniformity m 5

P wave velocity Cp (m/s) 6000
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Az ZHEDL Hook's Lawell o3 @438 AEE 7Hzirh. vkl A&
HeRl 7] Y8 A5 ZAED(Strength Model)Z RHT Concrete Model & A&
33t RHT Concrete Model2 @4olut ZIE 22 A4 ASE A8 /ML=
FA B Aol th(Autodyn Manual). @ato] 28] oA W] Cracke 243 AL =
#517] 98] Crack Soften Optiong &3} »3 & (Failure Model)& 43}
AR} Crack Softend YL A 249 I77F el I3 oYX (Fracture
Energy, )2 AoAth. ¢4 AFF 54 K= VEG, & ol&3t] dUiAg S
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Equation of State Strength Model Failure Model
RHT Concrete RHT Concrete
Poison’ ratio 0.18 Failure y
) 1.0 Mpa/cm™
P-Alpha Young's Modulus | 42.27 GPa‘ Toughness
Shear Modulus | 1791 GPa
Fracture
Compressive 23.55 J/m?
183 Mpa Energy
Strength
Specific weight 2.72 g/cm®
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AT 2 73 ANSYS AF9] AUTODYNS AF&3t3ith. AUTODYNS Z ko] o]3l
WA TSR o] shFstH Azt wE 2u RO WIE AZHy
o8 #HFo] sted TEIWolth. AutodynolA HA, S5, dEF L A H
FEo] AdsE FF24AUS  Lagrange sub—grideta 3y, d@o] AxlatA S
ZyZro] time—step(ZEE cycle) F&o thste] Lagrange A2 = Uo|A] 43
Atk WA BA g whgEol A4tH I old BYLH EE AlolEdA AMtdE W
#3 2%do. ZE HAY Lagrange =0 biste 7t&E, £ 8 HA7F &F
ZF AT g o AtET. o] GoERH AEE ArRIaz=e A W
BE &7 AdET. AAUR WA E ol &ty 4E, $8 % duA, 2gx o

S Aol & Aled 3 & A4S (Autodyn Manual).

= - =
ZyAoln 2 AFAAAS /M AL dAAs7] Y8 JWL EOS(Jones—Wilkins—
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JWL A4 Zoke] Zubof] ogt AFARE A5y s Add =
2 i AHA(E) Atole Al 4] w#g Aol JWL

WAL g Zoko digt 49 uHoHE o]& Zudo] IAAm O EAEL I

Zge] EANE F o]E Curve fitting ¥H-& o]&38ted F3 AEPA Aol

O, 1995). th Ao Yelds B3 7tad 4242 JWL AR e 3

45 Aot
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A, B, R, B, w i AWAZN g Fa 2T
v gkE ) Feko] A A

Q : additional specific energy (B}l =})

XA I Q9 reaction rate

a : energy release constant

m : energy release exponent

n 1 pressure exponent
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92 (NewFinex) o|@AA Zobe] JWL 49 WHE H83sch he E 38.2%
AEEIHF)o) A sl Aoj Fratol W) JWL B ol

E 3.8.2 watojdlA JWL 4%

Reference Density 1.25 g/cm?
Parameter A 214 GPa
Parameter B 182 Mpa

Parameter R1 4.2

Parameter R2 0.9

Parameter W 0.26
Detonation velocity 5500 m/s
Energy / unit volume 2.84 GJ/m’
Pressure 104 GPa
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SHagel v e Ao a4 FoE FHEe Immolvle )

AR, JA LagE Foly] At JRFFor FEE 249 AUt

o

71ElEE ZAAEtETh s rdel dAgE 72547, A= 14148701, Ak
AL 0.1usE AASSFT F€ A3 Brdoly FA7io) dsf] AL AojE

Y7 Asted B AFAAE w=AFATAAY =AY Y EE ol

3
PN
Y

HEZE 101MPa, IFZ= 85MPa, E=
2140kg/m®, B4 AF 77.0GPa, Eot&¥] 0.349, P& T 3400m/s &2 Xk

T 1. = iz
SEES] 2949 =R = AATE T o4
(mm) (mm)
Model 1 1 12 4.5
Model 2 5 12 4.5
X ol
Model 3(7]&) 10 12 4.5
Model 4 15 12 4.5
Model 5 10 9 4.5
=X AT
Model 6 10 15 4.5
Model 7 10 12 3.5
TR 4
Model 8 10 12 5.5
4 ZF Model 9 0 0 4.5
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4| X(m) | Y (m) [2Cm) 42 34 Hex
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2 3.10.2 Result of measuring over-break (units: cm)

5 - INotch Blasting
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Bzl ge grieddeo) 480 97 TEEEA HY GRAAE )
Ao F gkdnt
HeE |

T2 | 543 | #3A8m) | Adz(m) | J=FH(cm) Avg.
1 5671 169.314 16.2
2 6.220 170.620 233
3 6.429 171.757 34.9
4 6.237 173.116 39.5
5 5.584 174.190 25.7

GH 6 4.707 175.228 19.8 24.3
7 4.149 176.024 41.4
8 3.011 176.629 31.1
9 1.869 176.656 ~9.9
10 1.055 177.169 21.2
n Z0.649 177.085 7.6
12 —1.885 176.974 21.0
13 Z2.770 176.280 1.0
14 Z4.210 175.758 24.5
15 ~5.002 175.039 29.0

NH %6 Z5.783 173.938 30.2 17.7
17 Z6.196 172.876 29.2
18 ~6.207 171.651 14.5
19 Z6.121 170.380 23.8
20 —5.52] 169.364 8.4
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