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Abstract: This study proposed a prediction equation for the estimation of blasting vibaration and
blasting noise, utilizing 320 datasets for the blasting vibration and blasting noise acquired during urban
blasting works in the Incheon, Suwon, Wonju, and Yangsan regions. The proposed blasting vibration
prediction equation, derived from regression analysis, indicated correlation coefficients of 0.879 and
0.890 for SRSD and CRSD, respectively, with an R? value exceeding 0.7. In the case of the blasting noise
prediction equation, stepwise regression analysis yielded a correlation coefficient of 0.911 between the
prediction values and real measurements for the blasting nosie, and further analysis to determine the
constant value revealed a correlation coefficient of 0.881, with an R? value also exceeding 0.7. These
results suggest the feasibility of applying the proposed prediction equations when environmental
impact assessments or education environment evaluation according to urban development or
apartment construction projects is performed.
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Perform stepwise regression analysis
(Development of blasting noise prediction
formula)

Figure 1. Research procedure chart



86 BB} MI33W M2Z

dB(A)Z WsHe 227 275 T Q= AHolct,
utebd, 2 Q7oA B4Rt LAY
7P 2R FROF HIA 24 A ksl m e

_%__

b o AP E ARt 58] 7]

=1 T ov T

gl 2T

o8 euteol Peje AgEt dutH o g oF
59 FuppTt Aol 52 4 e 7H S
9(20~20,000 Hz)°|H 2 (sound) E+= A-2(noise)°| 2}
o, g utE o] Futp7t Wobs 7 kS th o
o]5}o] ™ &7 (concussion)°| 2t 5tof S| 7F &
4 QUoth oS AJYotd A 9 F4-go] Yok
, Ol 5% BE0°] TTAF(air blast)o] 2} gttt o] 9}
g2 239 Al7], & S (sound pressure)> T 7R
& 9] (bar, Pa, psi) 25 FA S &= 91O L SHAFIQ
A ©9](dB)Z = Wo] EARI o & S01, A
oM EEl= ATt o7 4% S UHF
80~90dB AL & S Y.

25 Ee 20 22 T2 4 (eq )& SHbSH=
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Table 1. Empirical equations proposed for the prediction of ground vibration levels

Proponent Vibration prediction formula Note
. _ n a : Particle displacement, K : Location constant, }¥: Delay charge,
Morris (1950) a=KW"?/D D Distance
\I;?Et)tﬁ;rﬂl a?119a5112d) a oo WU a : Particle displacement, /¥ : Delay charge
V': Particle velocity, W : Delay charge, D : Distance,
Gustafsson (1973) V=K\W/D"? K : Constant (400 : In Hard Rock, Sweden)
% W/D* : charging level, Langefors and Kihlstrom (1963)
Devine (1962); II; ]éamctle ZilD()jllt/gl,QVz:ll'):/lqytcharg:), D lc)lsta?cet,
Devine and Duvall V=K®D/ W™ . onstan _ > v-intercept), 1 - Lonstan
(1963) % Application of prediction formula ; Nicholls et al. (1971);
Siskind et al. (1980a)
V': Particle velocity, W : Delay charge, D : Distance,
I?e r:ll(‘t;rr(e)trsle(ylsgzlé()i. V= KD/ Wy K : Constant (D/ W' = 1; V-intercept), n : Constant
Dowdin. (1971)’ % Introduction of CRSD concept ; Blair and Duvall (1954);
J Duvall and Petkof (1959)
. . V' Maximum particle velocity, /' : Maximum Delay charge,
E;:‘f;f E:talz;l( gggg’) V=Kw'D D : Distance, K, a, b : Location constant (local geological conditions,
' Constants related to explosive strength)
Ghosh and Daemen V=KD/ W™ e V- Particle velocity, W : Delay charge, D : Distance, K, n : Constant,
(1983) V=K(D/W?D e a : Inelastic damping coefficient
V': Particle velocity, D : Distance, W : Maximum Delay charge,
Pal Roy (1991) V=n+LD/W"?" n(<0) : Location constant, K : Design constant (Delay charge, Distance,
Spacing, Delay time et al.)

SRSD ¥ CRSDZ A &]5t A3}
Z2S AT 4 9o A4 n

oA AE=rt =2
FRTERFA
vhnl A A A2 A ol '—_Q_%]Joﬂfﬂ‘—‘- A A0l Bf
Ho] A AFshA] Lt Qlet. uheha] Yukd o g
= A g0l A A et 1 ofl wt CRSDE A
83to] FARAS YA SR A0 WLk,
gebd 38 A2 95%S obg) 2 3
Eg&iéqﬁ+ﬁﬁﬁﬁwﬂﬁﬁﬂ

] o]—]’;]—

WSS 27]0] GRS Fi WAES LS,
() 31oF9) FRLH O, FOPUE, (i) EAoIA 273
AR oA, (i) i) J5FH TR B4,
(iv) BB, FPPE, 71 B A% L 7| B M2 2
o urshig o) gk 2, WHUFS XA B4
3wtz o] okt 1 g4zo] YA B gy
A2 ko] ueh BAE-S A2 stel 1
ATFEA S sho}slelof gt o]t okt G

52 B Dejstel £514.2 o] §3to] A5
o &5 AL ofele Yolth. g, BE ATAE
o] Wt WAV E = WS SRR S o] §ole]
ERECEETMEE T EUIS LIS B
ol up e BFRAE A8l thoret AUASS

3P O 2 A95}SI Tt Ghosh and Daemen (1983)
3} Bhandari (1997)= GA|7HA] A|QHE| QA T 4 Q
AYAEL BT v 9t o] 52 HeISHA Tabl
13} 2t

Tale 914 7171 W15 5 ok
AR So] ol AlQtE o] AT ol
9jollA 744 ghol A8 H T Qi BhEA S Ao E
SRSD&} CRSDE 0]-&3t B & & 7 UL SRSDE
0]-&3t 542 BA v]FF=(USBM) I 4]-7Hd &
O 7 #AH o3 AFAE(Devine and Duvall 1963;
Duvall and Petkof 1959; Nicholls et al. 1971; Siskind et
al. 19800)0] A|QHSFAL AESE 0 2 71 Byt
(cylindrical charge)& 23t 7] g of| A H] & E ] o,
CRSD 7]l'dZ 0]-&3t o 5412 Tl 5o] it 5]
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Table 2. Geological condition at the blasting site

Area Incheon Suwon Wonju Yangsan
Era Mesozoic Jurassic Precambrian period Mesozoic Jurassic Mesozoic Cretaceous
_ . _ . Macrocrystalline o .
Stratum Biotite Granite Biotite Gneiss Y Biotite Granite

biotite granite

Rock quality condition soft-rock

soft-rock

soft-rock ~ordinary

soft-rock
rocks

characteristic Rock with joints

Rock joints exposed
as soft rock

Joints and some
weathering progress

Some weathering and
joint development

A 7¢O 2 (spherically) M 1tE] = 7] 6184 FEfE 1L
25t Lol o] & F B2 g Qof|A] 71 Ho]
Ag-E]o] 2 i34 Q1 W E0]7] W2l ARl |
gldolu Zk7.9] 53 9] SHoA = FE|gk o]
2} & 4= It} SRSDL}F CRSD+= 2+ £ A (D) E &
of Aok (W) Q] SRSDLF CRSDE SHAHH P Ef
Z A=, Tz 4 (eq. 42 (eq. 5) 2.2 HHH

i

D
Dy, = W (eq- 4)
D
Dy, = W (eq. 5)
SRSDE} CRSD 7Hd & 0]-&3t |54 2 Hpzl5-2

EE5E(V)0] AR (Dy, T D)o AGAIE (1)
off whe} Hakghth= 3] A R P o], th3 4] (eq. 6)2F
(eq. & Zt7] EAIZ 4= Utk A5 27]= A7t
Hoj o w2t FASHE R A5 n<oo] Hrt. o] 9} g2
SRSD?} CRSDE ©]-&3t &4 log(2 7L ; 5%
%)-log(Z1; SAHAE]) HEA A = Aol HE=
S RES A0 Aol 720 s A5}

7FHEgE A o] ATk

I
ag

V=KD =K(hn)' (eq: 6

V=K(Dy)'= K(%)" (eq.7)
27191 4] (eq. 6)2} (eq. 7)°NIA] V2 I up2l5-0] Z ¢l

A4: I (peak particle velocity), 7 : 74] A 4= (attenuation
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Table 3. Pattern of blasting

Classification Incheon Suwon Wonju Yangsan
Distance (m) 40~100 25~58 30~213 15~91
Diameter (mm) 51,76 51 51,76 51
Sub-driling length (m) 1.2~3.0 1.3~1.8 2.5~27 2.2
Line of least resistance (m) 04~13 0.5~0.7 1.1~14 0.8
Sub-driling gap (m) 04~13 0.5~0.7 1.1~14 0.8
Weight per delay (kg) 0.125~1.5 0.125~0.375 1.0~15 0.48
Explosives New Mite Plus New Mite Plus New Mite Plus New Emulite
P (032mm) (032mm) (032mm) (932mm)
Hole (EA) 20 28 40 18
Total weight (kg) 4.75 6.5 50.0 8.64
UItAS-ZISE 7S dIo|E = A% dlolH e & 320719 Hlo[H & 452,

o 21 9E FHRAE Soto] HRMAEE(H, 47

)°ll Hsto] 4

ol
=)
2,
>
.
i
i ofn

s AsAS7IEAR

a3l ich(Figure 2 §30). 2 4]
(13 (60), 5 (70), ¥(106), FAH72)E 4>

O] Z-0f| 4] Trigger level 0.010~0.013cm/sec ©|5}2] Z|HF

Ago] FAsto] AZo] o] FoiA 2] o2 127](W 4

QEEL R ERERIET: R
P32 F duhg o v e o] A, XY

Z:: No Triggered(N/T))2] E|o] |5 A ]2t 30871 2] T

[60m]
o Usolvile 2
ohville  Building | Sweet Forest
Building 104 Building A
103 . Y i
o

SSP e

L
A Seyoung Richell 2"¢ APT

Wonju Yangsan

Figure 2. Locations of the study area (Test blasting position)
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% 2Ago], 9, ol £ Aol R 5ol e
2%%@1ﬂ4ﬂ%ma%%qL}%4%@
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= 5N ST Y N8E % Z 8o
%ﬂﬂ T o £4] 4ol At o &l
719 @Al A Y *‘5X19}T A& v 4
AT} AR WAE Hol= 20 YERoH,
T UE A E FAkg] }loA e o] 77}11
CHA] A= 7} 352 4] 0] AJA H 4] e
B7rE AL e

s

LT 1 T TR Lo
e gL

o, |

oo}
Peak®] Q1 dB(L)0] ZA X 2 A] A A =1L 9O}, wta}
ALo| i HA A 05 S Hrtsl] YajAls Q1A 7
S &0l 3ol A5 dE dB(A) R WeFoto] o
THebA, B 7ol ATt A Ho) D54
(Kine)®} #Fu} 48 Peak x| Q1 dB(A) & 7S 2~ 5}0]
ﬁlOlHEﬂio}ﬁu}

% Oﬂ o O}ojl AE7Feol A2 ‘:}% A E Hol7| = 5}
A5k k2] 5 of| 241 9] A el A 2F 3= 6] Siskind
(2000)= L5 S AR A 0 & o Sol= 1
of| &= SRSDU CRSD o & &2 A}-&-8) & Fu}slchal

K QFOo ™, Snodgrass?} Siskind (1974)+= £ &7
4343 A0l 24 )% % 744 W <ol ofmat ol
48 Ag3lolE FL A0 YT eb WF
FEZ A5t A= olwe IS4 AR St
9] ZAR | Hth= F201 7] |54 & AR S o e
U 23 AR, 2 A () o] drfvt =2
2] 9] ZA2} 3k 4= 9 th(Siskind, 2000).

4. B 2

u]:!}ﬂ /\1% u}ﬂo = %rﬂr/\_tl.x (== oﬂz/d 7]1%
452 $I5t] Mo} Zechstol A 1972 ¢
T2l Barbara F. Ryan, Thomas A. Ryan, Jr. & Brian L.
Joiner7} 7|2 SF &=A| 1] 7] A] 9] Minitab 18.0 Version
for window L2 13-& 0]-835}9 (i) 7] ZE 7| (Basic
statistics), (i) 3] 7]+-4] (Regression analysis), (iii) REA}H&
4] (Residual analysis), (iv) A4 (Correlation analysis)

58 tol Yoa S UE NS4S AT

V. 944}
1. 1= HIo|E] 7|=EA|(Basic statistics)

Al dato] ofgh A3 X &A1 7ds}7]
flsta] Al&S st oH, AHA Y] A2 L

210 236]9] o] A7 2= 40~ 100m, ek ok
FL 0125~ 15kg, 7| EF4E 2~4F, YEHES 4
A 3 A|S(FE Al PeakA] 22 dB(A)2} Hdf A5
£ (Kine = cm/sec) SA] AZ)S AA§H 23} & 60
Ae) Aol 1S B4 Ax, Wit Hef £ HBEL
65.130dB(A)(0.060Kine), 321 2} 3.720dB(A)(0.034
Kine), 23 A% I 58100~71.600dB(A)(0.022
~0.175Kine), =24+ 65.600dB(A)(0.051Kine) 2 £

HE]OJ];}

A Y AS2 Ut 2RE | o] AT =
25~58m, Z| T 2| ZoFekL. 0,.125~0.375kg, 7]
ST 45, e

3

EE AR T AZ(ET A PeakX]
AL dB(A)2} H U A5 (Kine = cm/sec) SA]
AZ)E AR 43 F 70719 HlolE &
I Bt o] A A EEE 60.854dB(A)(0. 059Kine)

EZHA} 6.906dB(A)(0.047Kine), AL AET B
L 50.000~75.500dB(A)(0.013~0.191Kine), 9] 4L
58.900dB(A)(0.044Kine) & EA %] Qi c}.

HFA G ASS Y 0= HE 9 o] AA Y =
30~213m, AT FFgS 1.0~1.5kg, 7| H5
J: 43'_ u} iUH E_E_' A X] s 7;”5(_4_131- /‘] PeakZ] _l__a_
T dB(A)S}F ] 54 (Kine = cm/sec) A AZ)
< AR 23 F 106702 Hlo] B & 2413 A}, B
H o A2 A5 T = 65.498dB(A)(0.178Kine) ji% Xt
10.356dB(A)(0.262Kine), A2 A5 & B I L 47,600
~80.600dB(A)(0.010~1.029Kine), & %] 4= 67.900dB
(A)(0.059Kine) 2 A =] 91t}

FAA 9] A S It o2 HE Q] o] A A
15~91m, X o 2| &g oFF-2 0.48kg, 7| EF
2~43, WIHEZS A2 T AS(FL Al Peak?|
T dB(A)2} AU AE<£ % (Kine = cm/sec) ‘TA] A=
< ARt A3}, & 72719 Hlof e & 24 A3, B
A A& A5 L= 68.289dB(A)(0.364Kine), EZH
Z}9.850dB(A)(0.420Kine), A< A5 = E3E = 50.000
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Table 4. Blasting data of basic ststistics

Variable Measuring Site N Average Std. d Min Median Max
Incheon 30 0.060 0.034 0.022 0.051 0.175
Suwon 35 0.059 0.047 0.013 0.044 0.191
PPV (cm/sec) -
Wonju 53 0.178 0.262 0.010 0.059 1.029
Yangsan 36 0.364 0.420 0.042 0.146 1.359
Incheon 30 65.130 3.720 58.100 65.600 71.600
i Suwon 35 60.854 6.906 50.000 58.900 75.500
Noise (dB(A)) -
Wonju 53 65.498 10.356 47.600 67.900 80.600
Yangsan 36 68.289 9.850 50.000 70.800 88.200

Note : N ; sample, Std. d : Standard deviation, Min : minimum, Max : Maximum

PPV(Kine)

Max 0,175

0.013 o.010
Suwon Wonju
Area

Blasting vibroation

0.042

Yangsan

90

80

60 - ‘. Ea;’
8 o
Min 582 !
50 [ oche
500 500
47.6
Incheon Suwon Wonju Yangsan
Area
Blasting Noise

Figure 3. Individual value plot (Test blasting (Noise & Vibroation))

~88.200dB(A)(0.042~1.359Kine), 5=

(0.146Kine)

w45 A

=70.8dB(A)

WA 52 2 ZFFF(Charge weight) 2} 0] 4 7 2]
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(Distance)©| &]3
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stt}, B2Fsh AUt tfj Ao 2 o Wl i &4l 9] o] 2
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L Q)2 A21S MekA7| T YR BestEA o
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o} AAEtel ABAE ST ARE AT

402 sited] 2|8 W LA ol wet 9w
AL B
e

<
XN
WN
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L
oE,jEjg
RJ
=l

A7gst7] flstod Eﬂ"]‘ﬂ qeT=A ==
ATP)7| = FAE FEH] 19 F Ao S X4
A3 AEA otk ASH Ho|go] 2115 T &
A (eq. 8)2F 4] (eq. 9)°ll HloTEI S tdste] A2 A
9] 7] 7]9 AEL T2 AW sfgols AR 2

%% ek

_ nYPPV,SRSD{CRSD); - SPPV;¥SRSD,(CRSD);
' nyPPV? - (SPPV)

(eq. 8)
@, = PPV - a; SRSD(CRSD) (eq.9)

o] 7| A, n = 60| €| 4=, SRSD = (D/ W), CRSD
= (D/ W), SRSD(CRSD) = %+ SRSD(CRSD)(scal
distance), PPV = |t} A5<I (cm/sec), PPV = B
o 54 5E (cm/sec)°]t}. 4] (eq. 8)2] o7 (eq. 9)
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(eq. 10)¥} Tt

log(PPV) = a,,10g(SRSD/CRSD) + a, (eq. 10)

weha], ¥ log K = 0,9} Z 2P & 9 & 7 (anti-
logarithm)& |5} o]0, Th-& 4] (eq. 1N 2 Y

PR SFEA(CASA) 22 = & 3l
PPV =10 x (SRSD/CRSD)" = K x (SRSD/CRSD)" ~ (eq. 11)

K, 72 Z2745}7] Y5}o] Minitab ver 18.0 A T &
TS o]-&5tof 12 AP A 2 412/ A2 95%
Al Z]TE7H(CI: Confidence Interval) @} 95% ol Z-7HPI :
Prediction Interval)o]] T2 3] EAS A A5} 0,
A& A A SRSD2} CRSD 0|88t 3|24 23}
4] (eq. 12)7F 4] (eq. 13)Z A | ] th(Figure 4 11).
SRSDO| A K¢t 27g5H7] A5H0] Kz 10772A]
231.739% A& H Q1 00, 3 Q 219} R-Program©] A]
A E -2 X (n-1(153), ZHE(0.05)) A&7 1.65495
12 5}0] Z|EA Q1 Kosy, 5 231,739 x 1002485851165 =
598473982 AP E] 11, ngh- -1.816 0.2 X|FA Q¥
TS 24 ERA)E A (eq 14)2 FAH,

CRSDO|| A K¢t A7 371 $13H0] Kz 107°°2

A 3273418 T2 F 9l 01, 32 Q2 A9} R-Program©]
A AFEE -2 3 (n-1(153), B5(0.05)) AFEZE 1.6549
5 125k HFH Q1 Kogy, Fh2 327.341 x 100283071099
= 811.112952 AFG =] 1, ngt2 -1.9472 X F-2 QU &
TAE AISA (FAA)E A (eq. 15) 2 A=

log(PPV) = 2.365 — 1.816 1og(SRSD) (eq. 12)
log(PPV) = 2.515 - 1.947 log(CRSD) (eq. 13)
PPVisy, = 598.47 - (MI,)W ) (eq. 14)
D -1.947
PPV95%=811.11'(W1/3) (eq.lS)

Figure 4 4 Table 50 A &4 <= (log(SRSD)/log
(CRSD))&} ¥H-&- ¥ <= (log(PPV) & 22 95% A1 =]
F-7H(CI : Confidence Interval)Z} 95% of] &=L 7H(PI :
Prediction Interval)S VeI = A9Hs| A A, B2 02}
(Standard Error), 2 A|4>(R?: coefficient of determina-
tion), I 0]<> A4 4=(Pearson correlation coefficient),
S| AR 9| A B7HAHEA (ANOVA ~ F-44]),
oA (Fr oI e (p-value)) 52 AIASHAH.

Table 59] A} 2 KL E| SRSD-CRSDO] 3%, A A
(R 77.21%(79.15%), =7 A7 Al <=(adjust R?) 77.06%
(79.02%), T 01> AF2A| 4> (Pearson correlation coefficient)

Table 5. Regression and ANOVA analysis in Blasting data (Vibroation)

Regression equation R Adjust R* PCC F p-value
log(PPV)=2.365—1.816 log(SRSD) 77.21% 77.06% 87.9% 514.96 0.000
log(PPV)=2.515—1.947 log(CRSD) 79.15% 79.02% 89.0% 577.15 0.000

03 ~. Regression s 0.248985 05 < Regression S 0.238130
By, 0 === 95% €l R-Squared 2 A 95% Cl  R-Squared 79.2%
~ ——=  95%Pl R Squared(Corrected)  77.1% e, C_T  e5%pPl  R-Squared(Corrected)  79.0%
o [ 3 o~ ® R-(Correlation) 87.9% 0o [N o . R-(Correlation) 89.0%
g g
% -10 % -10

log(PPV) = 2.365 - 1.816 log(SRSD)

12 14 16 18 20 22 24
log(SRSD)

SRSD

-25

-25

12

log(PPV) = 2.515 - 1.947 log(CRSD)

14

16 18
log(CRSD)

CRSD

Figure 4. The fitted line plot of the log(PPV) vs. log(SRSD/CRSD) through the regression analysis in test blasting (Vibroation))
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Normal probability plot

SRSD

Normal probability plot

CRSD

Figure 5. Normal probability plot & the residual plot vs. the fitted value in log(PPV) vs. log(SRSD/CRSD) by the test blasting

(Vibroation)

87.9%(89.0%) W F-778 A &2 A9 34 2P
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A ARDA A JAE A AR Al B pES oote
£ TR A EY] g7 B-AA, 2R AR R, T
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Table 6. Regression and ANOVA analysis in Blasting data (noise)

Regression equation R Adjust R* PCC F p-value
log(dB(A4)) =2.089 — 0.1458 log(SRSD) 35.73% 3531% 59.7% 84.50 0.000
log(dB(A)) =2.099 — 0.1553 log(CRSD) 36.13% 35.71% 60.1% 85.98 0.000
o~ =T b R S e Sy T
Ko 223 — T R s sm

19 12

2 z

% 18 'i‘g 18

log(dB(A)) = 2.089 - 0.1458 log(SRSD)

14 16 18
log(SRSD)

SRSD

16

12 24

16
12

14

16 1

log(dB(A)) = 2.099 - 0.1553 log(CRSD)

8

log(CRSD)

CRSD

20

22

Figure 6. The fitted line plot of the log(dB(A)) vs. log(SRSD/CRSD) through the regression analysis in test blasting (Noise))

EEAEJoER RS HA(dBA)} AIFE A5 9AH RS s
HeAE Y Gt kg), HFF A5 #1479 Table 79| A2 E 3 AA S| F4 HA4 p-
(m))E JAFC.Z 95% A1 Z]F7HCI : Confidence Interval) value7} 8-914=Z(a) 0.05X T o] AE7FEA(H,) 712+
3} 95% 9| Z-7H(PI : Prediction Interval)S YEY+= sto] BAH 02 F-ol519 o H, A A (R) 83.05%,
Table 7. Regression and ANOVA analysis in Blasting data (noise)
Distance Regression equation R Adjust R* PCC T-value p-value

15m dB(4)=170.70 + 10.40 x (Weight per charge (kg))

25m dB(A) = 65.97 + 10.40 x (Weight per charge (kg))

30m dB(4) = 63.93 + 10.40 x (Weight per charge (kg))

40m dB(4) = 64.70 + 10.40 x (Weight per charge (kg))

45m dB(4) =52.89 + 10.40 x (Weight per charge (kg))

48m dB(4) =65.29 + 10.40 x (Weight per charge (kg))

50m dB(4) =56.59 + 10.40 x (Weight per charge (kg))

53m dB(4) = 58.94 + 10.40 x (Weight per charge (kg))

58m dB(A) =57.90 + 10.40 x (Weight per charge (kg))

60m dB(A) = 62.58 + 10.40 x (Weight per charge (kg)) 83.05% 80.65% 91.1% 4247 0.000

63m dB(A) = 61.95 + 10.40 x (Weight per charge (kg))

65m dB(4) = 61.82 + 10.40 x (Weight per charge (kg))

70m dB(4) = 58.25 + 10.40 x (Weight per charge (kg))

78m dB(A) = 65.51 + 10.40 x (Weight per charge (kg))

81lm dB(4) =173.88 + 10.40 x (Weight per charge (kg))

91lm dB(4) =45.28 + 10.40 x (Weight per charge (kg))

124m dB(4) =39.84 + 10.40 x (Weight per charge (kg))

144m dB(A) = 52.35 + 10.40 x (Weight per charge (kg))

213m dB(4) =35.97 + 10.40 x (Weight per charge (kg))
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Figure 7. Normal probability plot & the residual plot vs. the fitted value in dB(A) vs. weight per charge, distance by the test

blasting (Noise)

Table 8. Regression and ANOVA analysis in constant value determination

Regression equation R

Adjust R* PCC F p-value

Y=69.59 — 0.1818 (Distance (m)) 77.54%

75.94% 88.1% 4833 0.000

474 A 74 Al 5 (adjust R?) 80.65%, ¥ 0] & A T A 4
(Pearson correlation coefficient) 91.1% % T-ZF 23} A
0] 2 43 B4 RRS e Ao &
AEo]dlErg o AMESH o= AP Ao e &
49,

Figure 70| A ©A| 4 3] 7] EAof tjgh &A} 242
7 AT EEY A B 2R 44 g
£ HEE YFEZE 20 weE o] 3l o]
AHoHA F+HEUZTS & 5 AoH, ko] o7t
10.0~-10.09] £XE Ho|H 2 glo]g] Qo] R/}
Uit 2 4 9o, B E LSl SAE
Holz] ¢kal E+F A4 0 & Epflo] Hol Mz ZH A o]
oo 4 Qo m, Yrhag 2 (240 2 Aol

7153 A 0 2 e,

it

)

ol o A 2] 5715 4]0 of
L 702 BEso] &AL Weka S A (2 4)

— Regression s
—omim  95%Cl  R-Squared

; R-Squared|(Corrected)
. R-(Correlation)

40

Y(Parameter values)

0 Y =69.59-0.1818 X

0 50 100 150 200
X(Distance : m)

Figure 8. The fitted line plot of the constant vs. distance(m)
through the regression analysis
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o151

= 7Is}7] ffste] S&5H4(014 A 2 (m)) <} ¥H-g+
(3] A 78 4] (Regression equation) ] A<=t (A4
B o HHEH A3 BAHEARA
(ANOVA - F-A7%)) £42 sl on, £444,
AR A (R 77.54%, 57 B A<= (adjust R?) 75.94%,
1] 0]~ A} A 4>(Pearson correlation coefficient) 88.1%
9 P-4 A3 JFo] =2 A3 A4 ZZ A
& 27%) 02 BAE QI A, dakag 44 ()
ZA)Z A AHH 4] (eq. 16) 2 EAHT

dB(A) = (69.59 - 0.1818 x (Distance (m)) 16
+10.40 x (Weigh per charge (kg)) (eq. 16)
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