() FLPAAMA S FITEBRISEBKPRASEOBaSE2>-EAH (o 2)

WREN (%) ERKBEOFR B%, ERE #K Eit
REBRI (%) ERR ¥l £%, E2E BE o
BHRE (%) ERE 98

Development and Experiment of New Borehole Impact Test Instrument ( part 2 )

Yoshiyuki NOZAWA, Hideyo SUZUKI ( The Tokyo Electric Power Co.,Inc. )
Kokichi KIKUCHI, Makoto FUJIEDA ( Tokyo Electric Power Services Co.,Ltd. )
Yashinori SONE ( OYO Corporation )

ABSTRACT

The authors have developed New Borehole Impact Testing Instrument ( named Borehole
Hammer by the authors) for evaluation of rock properties using principles of
rebounding behavior and propagation of elastic waves by means of small hammer built in
a probe, as mentioned at this symposium of 1988. Theoretical background of this
testing instrument and its experiment are reported in this paper.

As the results of the experiment, Pmax/W, which is defined as the ratio of peak
acceleration and time length of the small hammer's response behavior, is a sufficient
index for estimating the properties of the borehole wall materials.

Also, as the results of theoretical study, Pmax/W is proportional to the modulus
of the elasticity of the rock; that is

Pmax/W=—1/m -Vg-k/n
where Vo is the impacting velocity of the hammer, m is the mass of it and k is spring
constant of the rock which is considered as a spring. Shown in this expression, Pmax/W
is also proportional to Vo. It is necessary to know the value of Vo, and correct the
value of Pmax/W by using the value of Vo. Borehole Hammer is being improved on this
point, and new index [Pmax/(W-Vo)] is adopted.

After accumulating further data for estimating the properties of rocks, it will
come to be more reliable and firm method in the near future.
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Material Density P-wave S-wave Uni-axial Static Dynamic
(kg/m ) velocity velocity strength elasticity elasticity
Sym. Specimen (km/s) (km/s) (MPa) (GPa) {(GPa)
M1 Cement paste A 1.62 2.48 1.26 10.4 4.40 6.84
M2 Cement paste B 1.66 2.68 1.27 12.7 6.66 7.28
M3 Cement paste C 1.70 2.77 1.41 17.3 6.53 8.92
M4 Cement paste D 1.75 2.84 1.52 27.6 7.62 10.5
M5 Cement paste E 1.74 3.32 1.74 48.6 10.6 13.8
M6 Cement mortar 1 1.98 2.92 1.54 11.5 4.80 12.4
M7 Cement mortar 2 2.07 3.34 1.81 34.7 10.2 17.5
M8 Rubber 1.12 1.57 0.25 —_ —— 0.21
M9 Polyacetal resins 1.41 2.30 0.95 — —_— 3.56
Mi0 Pumiceous tuff 1.52 2.14 1.16 6.7 1.68 5.27
M11 SHIRAKAWA 1.99 2.53 1.40 26.8 5.78 9.90
welded tuff
M12 OGINO tuff 1.79 2.38 1.34 35.4 6.03 8.10
M13  KIMACHI 2.09 2.64 1.39 38.3 8.33 10.5
sand stone
M14 1ZU AOISHI 2.03 3.01 1.62 63.2 15.0 13.7
{Tuffaceous
sand stone)
M15 AKIYOSHI mable 2.70 - 5.67 3.03 84.7 52.5 61.4
M16  INADA granite 2.64 - 5.65 3.10 154.0 58.3 65.0

— 257 —



10 I T T I @ : ‘
a1s M6 - _ L T
- = "o ° - : 4 Vs=7.5x10 1(Pmax/w)0‘45 a
3 ; (r=0.95) e
& = 3} oMi1s o -
r g, ,
L N —
o us Oe é ) :;3 m’o‘ﬁso 14
S 104 ms 0" — w 1| St me LEGEND _
= n2 D4 Z M9 ®: Site A
@ 3o MI2 x om ! i 1 1
= A Y | » 0 5 10 15 20
5 4 Pmax/W  (V/ms)
2 " Es=9.9x10% (Pmax/w) >34 ms
£ (r=0.93) B-4 Pmax/W& SHIEELOBEE
‘ om0
103-! LEGEND
[ ®: Site A 5 [ T T l/
5 5 16 E 75 25 E150- Gs
Pax/W (V/ms) & | 9,73.7x10° (Pmax/w)1-26
= (r=0.95)
H—3 Pmax / WeEHHBHERELOBG 2100~ .
= O mis
DLEOBRIV P,/ WHERDBYHMALA & ma
HEERT LB ok, MeREHETTOBEH =50k ,, " A
— <
Zx52. B-200~QKMILRTITRNY < — E ““2;3:7‘2 LEGEND
DUME AN F—BRLETHZHER, O~QOK 2 ..-ﬁ/"’ 1 ®: Site A
M Bk DS & TEHER) L RO EO R e B E M 0 5 10 15 20
BETEILIFBERS, LEK-T. UFRRB Pmax/R - (V/ms)

TPnex/ WOROHHEGLRBREZRTILILE
D, COBRREDOFBEPEOPIIL, ZOILITED
TIOBRBBOFORHREEMOVR CE THREDOBEEOM LR AT,

-5 Pmax /W& —BiHi§E®REYL oEH

3. Puox /WOHEE 2B

Puoox/ WO REREZBRTE-DIIE - RRT K5 REEAREFNEEXSL. Thbb, &
BENIEBRKkEHOBEODNALEBEEL. N—2BEMORBETEEFNTHE, STTHY
T — DA Y- S5EHIMDOEEE Ve, NRADEK

ERES X 2 TBE, TRNVF—DHEI S Surface of rock
1 1 Impacting
E mVp2= E k Xp?2  -------- (1) v, Hammer

DBERYVID, £ir. NAOEREERBLRET D

W LEGEND
[ - 5 Y 3O m: Mass of impacting hammer
THL, CTRWER-2TERLL/DLAE, t : Young's modulus of impacting hammer
BERE,rcDBBHETHD. Thikbh, HEV - Spring constant of spring
IEBAGRDESILEX 6N B,

Damping factor of spring
Coordinate

>R

. ¥4 7
V=X=Xp —cos (= t) -- (3
°w w B-—-6 FLEELN>T—-DEFI

— 2568 —



. 72 T
A=V=-X, chos (W t)
EERMELLT, t=0, V=V D2 %
e

THd.
A, d),6B)&Y
Poax/W=Anar /W
1 k

==V — oo ()
T m

BEohB. COAKD. Paax/ WikEORER
Wit EET DARERK BN v — B4
F-BEMOBEEV Il DHFXEERTWIILESR
»:60

4. HRBoOBR

(1) FEBOWAR

BP RN =52 RE—-U L TH~NERL K
3L TRHENMBE L2501, ANTHEZ LD
SHEHE*BEMBTERVLWSICETHS. &
DT i, BRELAEDI VTS AR —EBILR
DILPIFLAYRARETCHE L E2B%T S, L
L. R(B) KV Poox/ WikEOBRERBUAN TR
NT—DWEV K DHEEL THBZ L b,
CDOVBHELTP o/ (W- Vo) 2HLWA
UFyIRELTBRECORBEIRBEND L
Bhhs,

Ei, Punax/ (W+Ve) 2B0RE. M~20
O~QRMDTRINVF—-BRARETH, Q~B@DK
M BARDES 2 ¥ CEHER L 2 0BE THMER
Bz idlePbhs,

ZFITC, TN YD ERERENNRSL SR
HEN T —OMERFEREHREEL, Poox
S WERD B I dDIMBERI & & DEEFH % W
DEBIZLOEALTRDI GRS, 2T
MEEHEZRACTRIT IO TR EEHOW S

ik 19

VAR
TIME
-7 TR EIBOBAS

—
=
=
= T T T
=
~
>
= 1.2 -
al °
a
N o °
~ 10 ° o
= ° e
: ° o
= }o .
£ 08
o
b
e | | i
e ¢ |
—_
[ ]
=\*x 1.2 —
: ® e .
=1
hanad - @
[ ]
I .
<
x 08- o e
=
&
L

Of5 'I:O 1.5
79792 &
-8 HIRIEFEL 7 YT T 2O

EWHFHRERAL-0R. FEEOMEE I EATERROBEH OB AMNRPBRETHBEI ik
2HDTHB. COLEDHRERBRTETHEMDIUMEERROWER - TI0RT,
BBMEHOTHELE P/ (W- Vo) EZVUPS R FTREBNA VT —DORELEFRELDOZ Y
TIUR) OEBRER-8IZR Ui, ORI Prax / WEZ UT S ADHEGLHHETRU M
Poox/ WEZUP IV ABKELRBLEBIMELBRBDIHL T, Prox/ (W- V) R2ZU7S3
YARBBERIC R THE BB, iz, KL REAR TR UERBE2TETIERBIT o058

— 259 —



BRERFTHoI.

(2) HHEo®R
CHhETORMERROGR 2D -BERICETIRENLRHOER. UTRRT LS RYR 2T

D, ChODHEERUERBOEHEEH - 1IZRT.

QU 2mD 1 EBYTH D I=FLA
A (Fo—7) 235%IL.
ZDOMEr—TWTO2RSILET,
HBRMoBRL, 7 L% 7t
(FLE» v BRtEomE) 2R
fro

@7 u—TREEHR % Bl i 1= w2 Ba
REni-BREEE (HHHEE
(B) BE7H— Sy ML) I
EAHZ e THRMEEomEER
72

@ LFHHE D2 > XY MEEEDYD .
ChETD2a=y delazy
MEU .

FHE-1 SRR

5. 8V

TS L B ERORELEH U BREEHR L. HERRE FD-REHRRE - WH 2T
DR, ERPEOHERCBREEI DOVTRERERPEBONIRE L 252, 85, YEBRMO
BEAERN EDD—BOF— 3 EFEER > T FETH 3.

ke, SEIIBAEREREREIICOVTRSE VIR L RPold, OIS P SKRERHRD S ##
BLIHBLTOR LB HE (M1 ~4) LTELLBVTHE, LEEPoT. ZOBHEXY
BoONSSHBERDT—2L, FIBHBDP,./ (W Ve) LOBEGEPSERDOENZSHEEDTF—2L
DLEP S, FHEHBIZX>THORIE[ETOREEMD CLORREEE ST, SRUEEROINED
FEIC DR TR LB TEZHOLR/LT, FHORTFT—XDPERITOTOLFETH S,

[&%& 3R]

1. @e/RZEft, BPRESE, WMEE, WA, HREE, FAMSTRIVERREOBMRB L EH) |,
BNKERHFIETEYURY YL, LAR%ES, 1988428

2. @ARTEAM, FRRSE, WA, BEH, YREM; TR—U V2R L MBS RIS HRRE
DEFE] , BTEEDHZERY VIRTY ARERXE, BOoHEEESSK, 19874£128

3. Y. Nozawa, H. Suzuki, K. Kikuchi; New Borehole Test Machine and Its Application to the
Construction of Dams, ISRM 1988, Madrid

4. AWM, WARZEH, FRES, ¥HHEE; FAHSHTREEHRRM X SRMENEERE 2D
E) , BRRERBRSE 38, LAR%S, 19884108

—260—



