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Propagation Characteristics of Ground Vibration Caused by Blast

Hole Explosion of High Explosives in Limestone

Gyeong-Gyu Kim, Chan-Hwi Shin, Han-Lim Kim, Ju-Suk Yang,
Sang-Ho Bae, Kyung-Jae Yun, Sang-Ho Cho

Abstract Recently, the utilization of underground space for research facilities and resource development has
been on the rise, expanding development from shallow to deep underground. The establishment of deep
underground spaces necessitates a thorough examination of rock stability under conditions of elevated stress
and temperature. In instances of greater depth, the stability is influenced not only by the geological
structure and discontinuity of rock but also by the propagation of ground vibrations resulting from
earthquakes and rock blasting during excavation, causing stress changes in the underground cavity and
impacting rock stability. In terms of blasting engineering, empirical regression models and numerical
analysis methods are used to predict ground vibration through statistical regression analysis based on
measured data. In this study, single-hole blasting was conducted, and the pressure of the blast hole and
observation hole and ground vibration were measured. Based on the experimental results, the blast pressure
blasting vibration at a distance, and the response characteristics of the tunnel floor, side walls, and ceiling
were analyzed.

Key words High explosive, Single-hole blasting, Blast hole pressure, Ground vibration
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T R ARl SAlR Aoz trehilck

200

Pressure (MPa)

191 FoF C = A= HAgF Aol Ask, i
5 m Aol S Aso] SAIE Zlo® Ut
otk BE UM FHHS Slsiu Azt
ol o] whet wigo] Fashs HaEe el : |
_(_)_[[:L /\S]‘H_'_Oﬂ /2)}-37‘:1—%‘}\0] _Z_]EH PPV H]O é /_\_‘:]'Ii%‘i% —]_1 Explosive A Explosive B Explosive C
= a9 10. 7]& 7HE AlA 9} BHP A9l ZHkobe =
9% Eop AL 5 1o Zof BE 49, 19 B P
Zo} (= 4392 LpeRjirk
Zarrele 25kl AR AN BekE: o,
3 E2 U na W gl st 24l gt ARE ue s
of olgxel Fulein 24T Huieue] A
3.1 SuoreMN 54 B4 A 1io] PE3le, o= A AIE Boke o] g3t
Y 108 QHOR AEAFS WY P MEF IS o olLolHol & Aowm Wi,

£ AR AT oEAE 28T 71E TR Al

=0

(Rosenverg et al., 2007)¢} 3 2 ©] BHP AlAe] Az} 32 =

£ Tef=s Uepd ZAolw, & 4 &= 7]E 7RE AlA o
o BHP AlA7} S AIS3E A&AxHduration)y2 E Xdﬁ%%*é% %946} ] Hokﬂ ‘Mﬂﬂl = oow
i AR SAYES SAsleH, Al digt =
Ao vk SN e, HE Ade| dloly AR w&slaal sy Y 11 & F 2
Al 7P e Aol SE 7IE TR AT =2 of APATE s vepd Zold, Ao gt
R3S Hol= ﬁ—% B7HE| A Al Y] WS IR nAsl] ffete] FAlAS mARE Floltk
vlwsly] ffsf AeE SH4HE o AolE wlwsil A=leb FURE O] BAI= 4] (2) ol A (4) & o]
o 71 7k AllA= 20 MPa, BHP AllA= 96 MPa BrrEglon, P = FRIEE ouleh, D = &
= Hetglon, ok= BHP A7} 2 Rl 7h Yo RHE o|AAE ulgitt. oju HoRS] FIh
A3 Q= S Yulgitt wprutog ¢felo] 2Rgs} AHE ol 39S wf, &2 Zloli= 8.5 mo]
= Xlé*l{—% Hjwsim, BHP A= oF 0.7 ms & ], TE5F AlAE 3 m Zlojof X3t} v U=
Q] AEARES 7HAH, 7] 7HE A= oF 0.05 3 Aol Zo] 2= 55 m o]y, Hlulyy} FEY
ms FU2] AEARES 7HAE Zhe B7ERICh o] ZHAl 1 m, 2 m, 3 m9] AHAE ]/}_]—o]—ﬂ,
ot BHP AllA= 2 W=s 7HAH, 71 5.59m, 5.85m, 6.26m o]t}
AEARZFERE 4 FHo] 7hsst, ol ke
E 4. 7)F 712 QA9 BHP AlA9] Qrel 245417
712 7HEAIA g A4 A 7Hms) BHP 414 42 2] 44| 7Hms)

19

EoF A 0.044 0.681

;‘iﬂi 0.071 0.169

;‘Z_ii 0.014 0.678




26

350
= Explosive A
* Explosive B
300 H Explosive C
——P=-42.161 D + 250.97 (R'=0.992)
——P=-31.135D + 184.63 (R'=0.991)
250 P=-.45975D + 282.32 (R'=0.998)
E 200 4
=
% 150 o
':.-: 100 +
50 <
04
é 7
Distance (m)
a9 1L Aoky Ul FUekEat a5 |l SAUE A
o] wE A3k
P= —42.161 D+ 250.97 (@)
P= —31.135D+ 184.63 (©)
P= —45.975 D+ 282.32 @
Ao} Zuporelo] JAXALS wlwa|RE, 7127
e 42161, 31135, 45975 2 HriEw, Ae
250.97, 184.63, 282.32 2 WrlElgich 1198 ZoF B

2 J|zoa nuEy, 19 ZoF A 9 7|L7]=
134w, 19J2] ZoF C &= 148 wjz BHriEiglon],
—L—T]Eﬂ EO]: A _/] }\]-/\1: 136HH, J—-’--?%Elﬂ, %Q}: C —15

1.53 w2 Hrbwolct

H A5

25l 9fstel 1Y 12 &
227 AMAYE YeERd A
ol swol Aejel WAS TSP
Q5] A4 A]o]-oﬂq- 1198 Eoko] Al =z
WALE. 4 Aislel BAE 4 () 9K A () 3t

o T

o] H7FE T

_9_
o=

JJH
BN

RPVS =219.9D™ 1% ©)
RPVS=198.1D "% ©)
RPVS = 284.7D ' ©)

of ofet XRIXIS IS gol| 2t S+t

= Explosive A
+ Explosvie B
Explosive C
——RPVS=2199D"" (R*=097)
——RPVS=198.1D"""

(R*=099)
RPVS = 284.7 D** (R* = 0.95)

RPVS

01

1 10 100 100

Distance (m)
29 12 9 SHefel Yo AWAFLEE] Aele]
kg

A (5 oA AL (D) © RPVS = A A
55 oujsh, D = Huakg o2k oA
njght. WARLS RPVS = aD "o,

o] 9 oulsin, b ANl TS
o} a 2199, 198.1, 2847 2 H7}E|glom,
1183, 1228, 12292 g7}E|ick 19j8 ZoF B
7o wusiEy, 1918 ZoF A ©f A & LI
B, 192 ZoF C & 1.4 wj2 HriEglon, 19
2 ZoF A 9] n 2 096 Hl, 198 ZoF C = 1.001
v g7 Qi)

%
il

dJ

O

i)

ot
£
T

o

[e]

d

@Lrlr

-~

gg\l
i rlo

™LA
o 2 o

) WIES o
B) 3], 1%’4
B =439, 19¥
BHP AA7} 7HEAlX 488 =o wpEe}
Zoh 486 Wi o 70 ABAREESH S| TR
sl wuky ZAQee
o2 Bl
J9Y FOF B & 7R %’4@1% ]S, 11
uE A= 1.368), L

JS‘J{

2)

3)

3Zok
=



N

10. Ghosh, A., Daemen, J. J.,

1

O A= [e}Ke]
. e, &=

. Davies, F. W.,, Smith, E., Delacruz, C.,

. Duvall, W. 1., Petkof, B,

Uz - AR5 - Yol
BRIk 7h417187] Eak BUsH Hlmamm,
19JY EoF Al 1346, 319]9] Eof C 148}
= Brhsick
1813 Eof B 7jE0 R AMIESE HulEA
o ulasE, 1912 Bof Az} LW, 119/
Zof O LR £ AEXS WS o=
3

7hEjoie.

& =2

o] =Ee XY ARSI Aeloz et
JTLa0] 2| 2L: Hio} Sea)g] O‘j:rL%}(UEZOIO46GD).

Hnzs
Ak WA AR, AR, R, 3, U7
T EARE, 2001, THEARS TEW F 3k F2eL
2 Ald A, A EAPIERLEl EHora
BAZ A9 AR, RS, 00, sk A 7
ZAS T ArDeck WIPHO ANHIE AUS
Aol T3t @17, ek}, Vol 41, No. 1, pp. 3245,
MSE, AP, ol olAiel 4, W%, 2020, 1
AE qpite] 2B Brlol ojg Al B4 W R

2Zq wdg gyyl sk Vol 30, No. 2, pp.
109-135.

L Hs), Sk 2015, Wakls 9 wekagel 24 9

A=A 2. sjepdu, Vol. 33, No. 3, pp. 29-50.
. 1986, A A RAE STk 47 3%
ERDEEDN

. Ainalis, D., Kaufmann, O., Tshibangu, J. P., Verlinden,

0., Kouroussis, G., 2017, Modelling the source of
blasting for the numerical simulation of blast-induced
ground vibrations: a review, Rock mechanics and rock
engineering, Vol. 50, pp. 171-193.

. Cunningham, C., 2006, Concepts of blast hole pressure

applied to blast desgin, Fragblast, Vol. 10, No. 1-2, pp.

33-45.

1997, The

measurement of detonation waves in composite

explosives, In Proceedings of the annual symposium on

explosives and blasting research, pp. 145-160.

1959, Spherical propagation

of explosion-generated strain pulses in rock, USBMRI

5483, pp.1-20.

1983, A simple new blast
vibration predictor (based on wave propagation laws),
24th US Symp. on Rock Mech., Texas, pp.151-157.

1. Ginsberg, M. J., Asay, B. W, 1991, Commercial

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

27

carbon composition resistors as dynamic stress gauges
in difficult environments, Review of  scientific
instruments, Vol. 62, No. 9, pp.2218-2227.

. Kahriman, A., 2002, Analysis of ground vibrations

caused by bench blasting at can open-pit lignite mine
in Turkey, Environmental Geology, Vol. 41, pp.653-661.
Langefors, U., Kihlstrom, B., 1963, The modern
technique of rock blasting, 3rd. ed., John Wiley &
Son Inc., New York, pp.285-288.

Lu, W, Yang, J., Chen, M, Zhou, C, 2011, An
equivalent ~ method  for  blasting  vibration
simulation, Simulation ~ Modelling and
Theory, Vol. 19, No. 9, pp,2050-2062.

Nie, S., 1999, Borehole Pressure in Blast Holes:
Measurements in Granite Blocks Versus Estimations.
Mesec, J., Kovac, L., Soldo, B., 2010, Estimation of
particle velocity based on blast event measurements at
different rock units, Soil Dynamics and Earthquake
Engineering, Vol. 30, No. 10, pp.1004-1009.

Rai, R, Singh, T. N.,, 2004, A new predictor for
ground vibration prediction and its comparison with
other predictors, Indian journal of engineering &
materials sciences, Vol. 11, No. 3, pp.178-184.
Rosenberg, Z., Ginzburg, A., Ashuach, Y., 2007, More
on commercial carbon resistors as low pressure
gauges, International journal of impact engineering, Vol.
34, No. 4, pp.732-742.

Taylor, N. E., Braithwaite, C. H.,, Morley, M. J.,
Chapman, D. J., Proud, W. G., 2009, Explosive-Rock
Interactions; Experimental Study, In AIP Conference
Proceedings, Vol. 1195, No. 1, pp.1139-1142.

Practice

Wang, X, Li, J, Zhao, X, Liang, Y. 2022,
Propagation  characteristics and  prediction  of
blast-induced vibration on closely spaced rock
tunnels, Tunnelling and Underground Space

Technology, 123, 104416.

Yamin, G. A., 2005, Field measurements of blast
induced damage in rock, Ph. D Thesis, University of
Toronto, Canada

Zhao, H. B, Long, Y., Li, X H, Lu, L, 2016,
Experimental and numerical investigation of the effect
of blast-induced vibration from adjacent tunnel on
existing tunnel, KSCE Journal of Civil Engineering, Vol.
20, No. 1, pp.431-439.



28

TR Zofo| Malot L HorB
237

Asojsta Fast

Tel : 063-270-4636
E-mail : akrn823@jbnu.ac.kr

s
Agdistm Fohret

/AL - AR T oot
EREE

Tel :
E-mail : jg030120@jbnu.ac.kr

Tel : 042-821-0933
E-mail : 10ih037 @add.re.kr

I
AENw Fo gt
ER/EARY - oA FEE wg

Tel : 063-270-4636

E-mail : chosh@jbnu.ac.kr

M
Anetm Fhet
oA - wEEsste A

Tel : 063-270-4636
E-mail : jg030120@jbnu.ac.kr

TE
Sl TE HYAT

e

Tel : 042-821-4886
E-mail : julyl3@add.re.kr

Tel : 042-821-2893
E-mail : kjyun@add.re kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


