BB I AEBLEHOBELSHRE
EEHAkE HEEASH -BESER KBEERD

1. R

PYRAAMEEA PR F I P RBEPHERBR LG RIBHEDHOERLEBCF IITTRENRD
BHOIR%RILIMETEHLN, —RCBETH 2, TOELGEIBTEERBSE Chnwkedic, BHHR
SGRIEBCERCR LD THE, COMBECOWCEESLEBN7E£7 BclLBRL BT BDE
FIZBRBCHPNT, HERBCLLAIBRBEDEXBEIVCAET A2HE LLWFETERL, RBYW
CEALE, CRLOHERCIDT, BiIEHFE2HEL, BAOErtMEE I AGRENFTR LS
EHFEAB Y AV IVEETAEABRREIEEGE L Y2 reerWnT, P A rEEBICET BB
REBHOUEXHA RN, BAMECLLERARKARLEFLA2ENT, 197 YOKRRREC 21T
LBHESHOVUET LT N2k, CORETHIROOUE#HERO—BEBNT 5,

2  BRHrELESBEENES
HMTHRERACENWTEELZGRIBAL, §E CORBRERC I,

0 BEEHCIDOTHTHENCOBREBSERT S E, 21U

@ BRCISTEMESBEUrRETLICL,
BES B IO,
cn&e%ﬁ%ﬁ%%ﬂﬁ?nﬂ.t&idmmﬂTﬁﬁW@%ﬁE&@im&ﬂﬁLr.Eﬁa
IDOTEHERXZOH THBEOT N LB 2 ET AT LN TE, FLQOBREXFAAL T, B
BARBL TR0 E S pARBTHC LN TE, SbCEREL BREGEE ONHG R EEE
VL TREOEBEBTAC LN TE B,

3 . LB L HMBEERLE OB K

HTHEEROBEREH L THR—REEBH (HEX), BEXP IUBRERELLNEN, T
OHE CHEBHLOACOWTEL S, ~REH THERNOYWENEE A HRAWCRRAT I LEN
BENPBRETER, EROBILNEORALBERTH 2, kil HUBEEECH T HERER
CEnT, B TEEANYERT 2HEBAEID . BEEXRELTY Y 7B 2RT Y v heRD B
LETELDY, HTHEBEOKELDLDLTORINSOEBHEADEVAVWLAY, BEFEBER L 5
EFHNELBNLNT NG, Y Y7 EZRIUFRTY YR IDTERTNEI G LA AE AR B L 5T
b, HERKIDTHTHEEOREELRRATIRKAICIRLALETGEDR TV, LAL, HiEHR
CIDTHBERHETL2ZLEPIBETET, LA TSERRPRIDOLLBLALALBEOMBE
RL 4765 TH0, TOMBLLER oy OKTHEINThE, TOLEOLKOHES L 264
by ThHbh, AaBEL, ERRNREDOLIBELABALBROMBERIL259% THD, LEH L 581 oy
Eh b, Ric, 2 R ALBEARRE LT, Swmaberg O R

n=23pm/ p cemeersmeennnes ()

Bd b, ¥l n(dHER, oy EBRBOKOLEN, o xHMbc O HBEAOHUEME TS 5, MR

il

1



REHEROANEHECR AN T 5, COLSRHBTHELEOHER AFCENT, BHEC IOTH THE
BRCEBRP OB E, HERER B WNRIT,

RBABEADN D, ey Ly B EBHBEOMB R, it g BHROKBHOANEETS 5, ORNiL.
BBC IODTEBROLER AN MCROREBELE,. EMINTHERL, MMelhDl & &K
L, ¥EBHROUBHE AR ROEB R, SIRONTHMBEERSRC o L2 Bk T 3, &
BOBWEANREOUBEORBO1 DL LTHEBEEL2LY, REFLOBKEXHHL &, BERESEL
FnTd, MBERLEFELOWTOBRL WL OBARN DL, T bbb,
A=y + (1 -n0) Ay e @

THdo Z¥L, WEHBEBRELTWEIKOHE, WdEEOLORE., VEARATHEIALE
ETH5,

4 BBCIrTHEEOES

BRBRCIOTHTHRENCES RET 2B ALK,

. BEEILFEELTVWAMATEEAREL, BHESHN L {ANZE, Z2BABBTOREE
BT AHE, &

2 BEESCIDOTREL LEBHN. ﬁﬁ&iﬁé‘bfﬁf:(&Df%ﬁﬁﬁﬁﬁoﬁiﬂkﬁibﬁh%%.
LB Db,

WOBTT 2B —BNTEBERZC, BEONBOEERBLPWTREEROE/IE L.,
ﬂT%ﬁmuﬁm@%ﬁmﬁmfﬁﬁﬁéﬁbnmhocnmwumoait&maémn.ﬁw@
HMBOBERBLIPNWTHEROEMAROLN, ot LEFBEONTEBYAE LB GC L LER
BRieRy, SREBELIRCHKRD, FLEHEINCBACHELER ey, HAMEEXS ~c
b, TRL2EBEOBALOVWT, BEROCEIEA—~OREANWTHEAT LR TE D, WOHT
T2BACENTHE, BEEBRLEETINATREORBANBENCELT 20 ELNEL
L, FORBRBUIETBE T 2R A0ER L REROE kB ITNELI V. H 1 HE D58
Mt 28 EEBC L IUP LB T AL ELBREILLOBRERL TS, ¥c@OHTL R
NBACFWTH, REAER I BT, BETONBrBRERRELEEZEFLNT LN,

1 &
#1Re 1 I huis

PNT. A # v # -
ClIBRRE
—z—

15558 [PV
AEDORPO r - P2 EU ﬁ‘%
=) k 5[5 5 4

Ly s
'E'ﬁZVﬁ‘ro /p“ : ¥ \

; j

HEH % B

E1E EBEENE G 07 Ds DsDs D2 Di
B3, B A B X

mey BRAEBRRE

9



1 k& 5 ¥x,2(0—1)
vf1—g)z+(§)2+v41+§)5{§02+kﬂQkﬁ”1v41+§i§320%(§)2]
Ll b XL, k= (o2~ Y02t 0) , o=20,T02+01) , ks= 28/ ( 02+ ;) ThH5b,

5 . BB A0WERR

EFHEEGRAAGHBEF AL TCARDOAE 1 HEDO 197 P Y ARBORHERRO - BLDOWTHHHET
5, FREBHBRZORBPNELICEBREBORBRE TS 5, Ii~Der LU U:;~EE 1 @ HD
RBORBABEERL, Po~BP LU C I EEAUNEREREONE T, PLOBRBREDH TR T 52
BROMBTHH, REDWEF 20BO0RBHEO 1 D2TH 2, EHOBRBIZ 7R T, £2H0RE
HECEAIN T 2 BFHrEREORBRE YR T,
HEIHZERL:TRELASE 1 BEORBROLEH OEITD 5, RUNOKER A+ HBLL T
LM, 2300 s NREECHBRURHOBENTLEOBRARTHY., £ 1 REORMBOUEROEE
Hx, BRMOBEHCHKL T anBEOEAERLTWS, HECEERXHTET 2, OVEKE
BOY LY GERSE, O

. Y i
BACEART, BEx |
100+
BB EBcsd s,
0 N\

o =0 (

OEKSOBIBEIC S b 100 200 300 5.
- | —_—
S *mB LB LS o
BEBOBEN LML
gwwcns, oBuEpE O
D AB B AT, AR Z3® BEPOE 1 BECHTLLEROEIL
FPERBOENTRCHE L
BrazrEEELIR L33
L N e (R —— Mwx 4n/n
Vo
5.-
£4ETEBBPsTH . .
0 1 2 3 4 5 6 7
FELARBOBBEZ LD . I
KEROEREDE LD .
_1 -
SEEEBTRLCTW B,
-15_ .
BEERBERTHY, —— RBEK S4E BEP OLEHOE L MBEEOLL

el AR L2 OMPF 1448 TRANTWENR, COERE 1 REORBEART LA DL 08
HEOEMORBMOLER LT 28 E6%455bLTerY, B2 L3oMoBERE 2 BBORENS
RTILEDLOERMBEOEMMOHELTRLTWVD, RBLORNLDLOROCMEXROLT{LOEH LT B2,
HBCEELYHET S, VB TEEROREACEATIEMP LU BV ORARFAEINL, @OF
tBREBORBLIDTEREIN, E2RBORBTIESN, RABRBORBM THBUEMIN, B
BHTCEELN, HAREBRREL TV, OB IHOERORBOFTAFNAOBREESHOBEN K
RRoRA, FRTELOEEE L RN RELERL Th 3,
6. AREABE L A rOHAERER



9% — kER apk
of s M% % an/n % RS 0plp
I gig == MEE  an/n
51 rmas 000000 . Or 7]
P ,
0 1 2 3 4 5 [J 7 g ‘ 0 BIH
. Pg o gIR
[
0 3 o | Z LB =T
L Ry — o=
0 PS -
0 5§58 =
R ,
0 1 2 3
EsX HEROEL S EBEROEL 0 =
BEEINASREFFHIESEHALARE L 2 rTiHhkon DRt
AEHERO-BECONWTHBAT 5, BIEBRIE b ¥ x vHWEH
BONBECKI 29 nofBre. HEFBEIC ISCOKFLER 0 It =
L, fIBEIVRCHERANERERN RO B HRE L,
U/O
SHREBIHOOFA~NKOnDE TAHACHEL &,
10
E-HMEEEBRTHE LALARBORRT L OLEH & HBR
5
DEEBEOLEOHAT, RBEOBRBIZDs 8ETHEL, iR
CHEXEAT D, 0F5 RACHRETEEME R, Of ° «QQQ::,/"J
BCENE THES BEHORB LV BONTREN LD O
NTEBBENFEELTVNE, BPr IR THE I BEORMBEL O N
DEREINRT. LR THBEAEBLONTAE (DT 1 %ﬁﬁl B B R

Wb, WhETH2ExXEErLTREAEEA IRV, GIRTE
HIBBORBIVIEONTRENREAL TWw 5,
HCRPIESHEAFERAL{BA LT ERNEXHBL L O2CRRA LB TH L, Hrs
EEXHAT L, WEABRBORE THEMTEEARL RS, LTHEMEIN, PsTHE/E R, P

oM HEFMOENL L HBEROLEL

ERECIIERONTVS, QFESEBUBORBLP A THLBEREOLEERT IHL, TENKE
OTW5, ORBERBEIFMEDCONTROBCERMEINTHIMELNAMEL VRE~BEHL TKH 3B,

7.8 B

DA BEDR BN T AEN THBATEHRI OB L THr BRESH Y ELUCHET A2HL KL
FRECIDTRALONAIERRO BT, oM ERRLIVE 2HQORBC IDOTRELER
BrFAAL T TEEOEBYBF T A BEL OWTH I OBACRET 2, COMBREBRES
OH—MyHEE. ALEBRDT, ERBERRRASHULATIES HKFAHRFTOHELELrIFFE K
FCFRR - ABRENEHERFOBRLECHRKEE X B, TrCBWEEXZRLE T,

4



Electrical Measurement for Rock Deformation and Rock Fracture by Blasting

Eizaburo YOSHIZUMI, Kyoto University

Chugoro SATO, Kajima Construction Co., Ltd.

In civil engineering, electrical prospecting methods are used in follwing problems: location

of dam and reservoir sites, location of ground water, thickness of weathering layers, location

of fault zones, tunnel construction and well logs.

In the present paper, a new electrical method to measure the deformation and the fracture of
rocks produced by the blasting is proposed and explained in the cases of the Nagano Dam, Electric

Power Development Co., Ltd. and the Kiso Tunnel, Kansai Electric Fower Co., Ltd.

By a blasting, a high pressure compregsive wave ig produced and propagates through the earth
structure surrounding the blasting point. By this wave the deformation and the fracture of the
earth structure are generated and then the variation of the earth resistivity takes place.

There are two kinds of the variation of the resistivity. One of these, known as the seismic electric
effect, is the variation generated by the deformation only during the presence of the wave.

The other one is the variation generated by the fracture which does not return to the initial earth

structural condition.

The variation of the resistivity of the first kind is shown in Fig. 3. The variation of the

regigtivity of the second kind is shown in Figs. 4, 5 and 6.

The relations between the resistivity and porosity are shown in Eqs. (3) and (4).

This electrical method is very useful to investigate the blasting effects in civil engineering.



