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Mea8urementOfdamagedareainpermanenthighrock8lope8  

HirofumiMATSUNAGA●，NobuteruKⅡlA00，YbshiakiYAMAZOE●●，  

M88血址oYんM仏ZOE…，andA短uoHIR灯   

Thi8paperpre8ent8there8ult80fre8earChconcerninginve8tigationofthee脆ct80fthe  
preBplittinganddam叩edareaofpermanenthighrock8lope8inlime8tOnemiming．Therehave  

beenfewreport80nthere8ult80rinve8tigation8tOeValuatethee飴ct80fpre8plitting．Thu8We  

havenotonlyinve8tigatedtheextentofthedama官einpermanenthighrock8lope8uBingtheVSP  

8y8tembuthavea180COnductedaninve8tigationintothee飽ct80fpre8plittingcamiedoutexperi・  

mental1ylAsre8ult，itwa8COnfirmedthattherearelargedi脆rence8（3．0－10．Om）inthedamaged  

areaofthepermanenthighrockBlopedependingonthesitecondition8．Thedamagedareacau8ed  

bypresplittingwa8nOtreCO騨Iizedinthi8meaSurement．  

Howeverthemethodforevaluatingthed8maged  

areaisgeneral1yaqualitativea88e88ment（vi8ual  

judgment）ofthedamagedareainthepermanent  

tdghrock8lope．Generauythedamagecau8edby  

bla8ting，theconditionoftheba8erOCk．andthe  

8treSSrehefduetoexcavationworkareconBidered  

a8CaSual払ctor8払rtbed8magedareainperma－  

nenthighroek8lope8．Somein－8itute8tingu81ng  

VSP（Ⅵ∋rticalSeiBmicPro9peCting）werecarriedout  

to mea8ure the damaged area ariBing from  

pre8Plittingandproductionbla8ting，andthee飴ct  

Ofthetwotypeofbla8tingonthedamagedareaof  

thepermanenthighrock8lopewa8inve8tigated．  

Thefo1lowingi8arepOrtOnWhatwa81earnedfrom  

thein・Situte8tingandthe8tudyofthee鮎ctof  
bla8dngonthedamaf野dareaorthep8rmanen七山gh  
roekslope．  

2．Measurementsystem  

2．1The compact VertjcaJSeismic Prospecting  

system～）   

Thecompactverticd8ei8micpro8peCting8y8tem  

thatwasdeveloped∝〉n8i8t80rprObe88tta¢hedto  

SenSOrS tO detectelastic wavesin8uper・ela8tic  

alloy8pringB，an eXtendable probe rod made of  

Carbonfibez；aCable，anA／Dconverter；aCOmputer  

b柁00rdwavedata，at出師r8y8temtOgeta8hot  

timing，andapercu88ionhammertowhichApiezo・  

1．1ntroduction  

Inrecentyear8thereha8beenagrowingneedfor  

Wa）唱tOe伍cientlyandpreci8elycontroltheperna－  

nenthighr∝k8lopea氏erexcavationinopenpit8at  

lime8tOnemine8andquarrie8．8ndthi8needi8  

expectedtocontinuegrow．Generally；inhme8tOne  

miningthepermanenthighrock8lopeinlime8tOne  

minei8formedbypre8plitting．   

Ple8Plittingi8generally8doptedforthepurpoBe  

OfreducingthedamagedAreaWherLaperm＆nent  

h由r∝k8lopeexeavation8uぬee．りmedamaged  

areaofthepermanenthighrock8lopewhichi8  

formedbypre8plittingi8COn8idered8mall，butiti8  

Veryinportanttoevaluatethee仇光t80fpre8plitti喝．   
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Fig.1 Pho

toqaphorVSP8y8temelectrice lement iBa tta
ched.Fig.1Show8anover-view

orthemeasurementde vi cc80fthecompactVSPByB

temh舶 bccndeveloped.The8truCturei88uCht

hatthevibration8en80r8are

broughtagain8日heinnerwanSurfaceoftheborehol ebypullingtheBuper ･ela8ticalloyspring
fromout sidetheborel10le.
ThisStructureOrVSP

8yBtemmak e与itea8y tOSet thevibmti

on8em 的 rSatanydesiredposition.Thevibrations

en80r8have8mallacalerationBen8 0rBWithanin

ternalpream-pliGer.On e

accelerometeri8SetupatOneSideofthecentr

alpartoftheBuperel舶ticpipeinafourway8pli

tlongitudinal ly,andanotheri8卓etupintheoppo8

ited ir ectionAtX)utaCentralrodtorunthecablefor

theaccelerometer.Thepipeh8nOOut･令ided

iameterorlOmm.athickne880fO.26mm,andale

ngth,beforeheattreatment,of30mm.A氏erVSPpro

besareβetintoarbitrarypo8itionwithintheb

orehole,mea8urement 88 柁madeoftheelasticwave

8andPwavesprOduoedbyhittingthebaberockneartheboreholewit

hthehammer.Ela8tic･wavemea8urementSaretake

nrepeatedlytothepre8Cribeddepthwhilevarying

theamplifi･cationcondition8accordingtotheb

aserockconditionsanddepthtobemeasured.The8

i2COfthedama酢dareai OCAIculatedfrom ther

elation-8hipbetweenthedepthandthearrivalti

meaC00 ttungtOthemeasuredwavedata.2.2 Sup

er-elastjcalloysprint)Wh enmea8uringelasticwave

sbyVSP8y8tem ,thevibration8en80rBmu8tactuall ybei nconta



loadi8removed.With aSteelOpring,iti8COn8id･

eredd i岱culttokeepavibration8en80rincontact

withtheinnerwalloftheboreholewithaconBtant

pre88ure.Byutilizingthe8uper･elasticeLrectofa

8uper-ela8ticalloyplate,thevibration8en80rCan

bekeptincontactwiththeinnerwallofthebore-

holewithageneraJly00nBtantforcebydeformingit

toacertainextent.

3.PemanenthighrockSlope

3.1 Generalviewofpermanenthighrockslope

3.1.1 Roc k(Iinestone)condition

Typicalrockphy8icalproperties0fBiteAare

Shown inTable I.

3.1.2 Pre印Iittingcondjdons

Thepre8plittingconditiot鳩are8hoWninTable2.

ThehalfcaSti8Observedonthefront BtJrfa ceofthe

permanenthigh rockslopefromendtoend.

3.2 Testmethodsandresults

Thehorizontalmea8urementholeiBdrilledwith

aholediameterof65mmandadepthof20.Omata

heightoflm.TakingthecollarofthehoriZiOntal

measurementholeastheonpn,mea8urementS

weremadefromcollarinthedepthdirectionat

intervalofI.Om.Thedamagedareawa台inve8ti-

gatedatfourborehole8atthe8amebenchlevel.The

permanenthigh rockSlopemeasuredthiBtimehad

Table1 l｢押icalrockplw8icalpropertie8

Density 幸2.72ど/cm･'

Uniaxi al compressive8trength ∃83.8MPa

Emmpn,eiSBStiroenE tbyradinl i 7･IMPa

pwavevelocity f6080Tn/SeC

Table2Pre8Plittingcondition8

Benchbight I 15･0m
Holedepth 16･5m

An gleofhole 70degree8

Boreholediameter ! 65mm｣__I
spacing i 1,5m

Chargequantity SV400P,3kg/hole

beenformedfiveyear卓Previously.Fig.4outline8

themethodu8edfortakingthe8cmeaSurementB.

一吋picalwavedatameasuredinpermanenthigh

rockSlopei8ShowninFig.5,andthetraveltime

curvecalculatedfromthewavedataOfFig.5i8

ShowninFig.6.FromthemeasurementreBult8at

thefour loeation8,indudingthetraveltimeCurve

Fi且 4Generalpr incipleofuBea(氾mpaCtVSPprobe
By8tem
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8howninFig.6,thedamagedarea0rtheperma-

nenthigh m ck古lopeat8iteAwa8about1.0to3.0m.

TheStabilityofthepermanenthigh rockSlope

at8iteAi8COnBideredadequately8eCured.The

velocityofel舶ticwave(Pwave)inthedamaged

areaWa d 1.8km/8,andthevelocityofthePwavein

area8unaErectedbydamageWas4.6km/8.The

fouowingi8inferredtoexplainwhythedamaged

areaofthepermanenthighrock810pecanbekept

toaminimum.

･Therockconditionsarerelatively good.

･ApreeplittingmethodthatmatcheBtherock

conditinBhasbeene8tabu8hed.

-Soa8nottOdam喝ethepermanenthigh rukBIo pe,

controlledblastinginwhichthecharginghole

diameteri8made8malli8alway8Carriedoutwithin

5to30mfromthepre8Plittingline,andwithin5m ,

excavationworkiSdoneu8ingmachinery.

From Similarme88urement8takenat白iteB

(anotherhme8tOnemine),itwa 800nfirmedthatthe
damagedareaofthepermanenthigh r∝kSlopeis

10-15m,andtherei8abigdiJrerenceinthe

damagedareaofthepermanenthigh r∝k810pedue

todiqerenoe8intherockconditions.

4.Effectsofpresplittjng

4.1 SLJrVeyOftheprespl'dngzone

A88tatedabove,measuringthedamagedare

reSultingfrompre8plittingi8importantforevalu･

atinghowpreSphttingaffectsthepermanenthigh

r∝k8lope.Inordertoascertainandinve8tigate

thedamagedareacausedbypre8Plitting,on-Situ

experimentswere ca rriedoutatthebenchof8it eA.

Thedi8tanCefrom thefreeface(theborehole

position)tothepre8phttingholei8a88howninTable

3.A boreholewasdrilled midway between

preeplittingholes,anda8withthemeasurement

conditio nB forthedamagedareainpermanenthigh

rock81o pe,thehorizontalmea8urementholesWere

driuedwithaholediameterof65mmandadepthor

20m.Thepre8plitinglinewas母etObliquelyforthe

fouowingreason.

･Inve8tigationofthedamagedareaproducedbypro･

ductionbla8tingandbypre8plitting.

As inthemea8urementOfthedamagedareain

thepermanenthigh r∝k古lope,elasticwave8Were

measuredatlminterval8.

TabJe3DiBtanCefromfree血ce
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4.2 Blastjngcondh'ons

4.2.1 Presplil出ng

Theconditionfortestpre8plittingare8hownin

Table2.

4.2.2 Productionblasting

Theproductionbla8tingatSiteAareli如edin

Table4.

4.2.3 ContJ･OJJedblasting

A88tatCdabove ,controuedbla8tingwitha8mall
chargingholewasdonewithin5-30m ofthe

pzで8plittingline.nleCOntrOlledbh8tingconditions

arelistedinTable5.

4.3 Testresurts

Typicalwavemea8urementdatameasuredinthis

te8tingi8ShowninFig.7,andthetraveltimecuⅣe

Table4Condition8forproductionblasting

Benchbight

Holedepth

An gleofhole

Boreholediameter

Burden

Spacing

Chargequantity

Powderfactor

15.0m

18.0m

70degree8

165mm

6.2m

7.5m

ANFO ,187.5kg/hole

lOO冒/t
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Table5Condition8foroDntrOlledblasting

Benchhight 15.0m

Holedepth 16.5m

An gleofhole 70degrees

Boreholediameter 90mm

Burden 3.0a

Spacing 3.0m

Chargequantity IANFO,64kg/hole

Powderfactor l 176ど/t
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Fig.
8恥picaltraveltimecurve

calculatedfromthemeasuredwaveform80fFig.
7

iBShowninFig.
8
.
FromthetraveltimecurveShown

inFig.
8
,
itwasconfirmedthatthedamage

dareacau8edbyproductionblastingabout5m,an d



nomeasurementmethodshavebeenpropo8edfor

evaluatingthedamagedareaonthepermanenthigh

rockSlope,andevaluationshavebeenmadequali-

tativelybasedon8uChevidenceasboreholemark8

remainingonthefree払ce.ThoughttheuseOfthe

newlydevelopedVSP8y8tem,iti8pO88ibletoquan･

titativelyevalutethedamagedareaontheperma･

Renthigh rodkslope,andithasbeen confirmedth上
8uChdamage iS Causednotjustbypre8plittingand

otherblasting. Thi8飢lgge 8tStheimportaJICeinthe

futuzeofdesignmetho ds,mainten an Oe COntrOl,and

elucidationmechami8mbywhichdamagedareas

occurinpermanenthigh rock8lope8.
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永久残壁における損傷領域測定方法

松永博文-,吉良信輝叫,LJJ添謝樹叫,
山添雅彦…,平田虎夫柵

一般的に,石灰石鉱山では.残壁の力学的な安定性を考慮し,プレスプリット工法により,永久残壁が

形成される｡プレスプリット工法を採用することにより,損傷領域は装薬孔近傍に限定されるのではない

かと考えられている｡著者らは,VSP システムを用いて.実験的に実施したプレスプリット工法により発

生した損傷領域の定丑的調査,ならびに永久孜壁における損傷領域の調査を実施した｡その結果,プレス

プリット工法により生じる損傷領域は.装燕孔周辺の極めて限定された領域であることが縫線された｡ま

た永久残壁における損傷領域は,現場粂帆 岩盤条件により約3.0m～15.0m と大きく異なり,永久残壁に

おける損傷領域発生原因がプレスプリット工法のみに起因するのでなく,岩盤条件等複合的賓因によるこ

とが示唆された｡
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