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FUNDAMENTAL STUDY FOR ESTIMATION OF INITIAL GEO-STRESS
USING THE ACOUSTIC EMISSION
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In this paper, the authors deal with the correlation between the releasing stress level

on the preceded stress-strain diagram and acoustic emission (AE) under the repetitional

loading. Models of soft and hard rock were made with cement mortar and the specimens

were loaded by a stiff testing machine, The AE count rate, the mean square of ampli-

tude and the frequency of AE wave were employed as the AE parameter,

It was clarified that the point of inflection in the increasing section of the AE count

rate curve corresponds with the maximum hysteresis strain at the pre-loading, and the

region included the releasing point on the stress-strain curve can ascertain with the

position of the peak on the AE count rate curve, Based on the above test results, a new

estimating method of initial geo-stress was suggested.
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o . Table1 Mix proportion of cement mortar,
2. EBRAE .
standard water cement sand cement cement admixture cement
. strength ratio ratio C ratio (%)
( 1 ) AE w*ﬁtﬂﬁ/f (MPa) w/C (%) s/c (kg/ma) material agent
BITE I O 72 AE 4> 4 — 1 NF [ 5 200 4 170.1 100% —
s AE-01 DR T, ZOHIEA 10 65 4 391.3 — —_
I %013 140 kHz ¢ % 0, 100 kHz ~ 200 . . s e | — —
i o= JE p=) 3
kHz p@HRTHVRIEEZE L TL é 150%* 31.6 1.42 740.0 20%sn | pxwsn
AE O R % Fig. 1121 9.
. . . sand : TOYOURA standard sand
AE + ﬁ“@f’%f—é L7z AE 1‘;% X7 cement : high-early-strength portland cement.
. o e - % : calicium-carbonate : autoclave curing,
VT /7®;‘E’5f‘€éf’ TAART) IA-Y #%% : silica x%x%x% : water-reducing agent
@lAhans., ZTHRELLEES
E (54 A2 - LR & 70dB H Table 2 Mechanical properties of model rocks.
= > ==an == = standard unit compressive tensile velocity of elastic
mm L ij}%E@Hﬂ&f)’{Tbﬂ, TAR strength weight strength strength¥® wave (m/sec)
70 - LWL EORIEZH S 5 ANE (MPa) (kN/m?) (MPa) (MPa) P-wave S-wave
BE1IOOSNVAELTHAT S, A 5 17.46 6.9 0.65 2,046 1,350
ERMAV S & B Al OV I R ¥ ¢} 10 18. 44 9.7 0.94 2,918 1,542
AE%%&bfﬂﬁéﬂ, C ORHBUEI 35 20.30 38.2 2.30 3,807 2,038
D/A %5 #ei X- —F—@
/A RBGE XY L3 7 - @i i) 150 21.77 159.7 7.30 4,585 2,074
aha. Ff, AEBEE LTRSS
= o . ” : test result by Brazilian test.
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- - 3 5 N 1 ( under the strength failure point
L“Hj)j & ﬂéﬁﬂi AE ﬁ& /A AR on the stress-strain curve )
T’E[/’C“Z). Cﬂ‘ag)#ﬁl”i'?'f A7 repetition post-failure region
s Hurs P N 2 ( over the strength failure point
J - Vl\ﬂ/iﬂﬁib‘(ﬂ‘gﬂ)’ Zi%ﬁ( on the stress-strain curve )

EHEER O AE B bR TE B LS,
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Block diagram of instrumentation setup for acoustic

emission measurements,
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Fig.2 Relation between AE count rate and stress-strain curve
(5 MPa).

25

AL ARNVIZES B8 5, AE OSEEESEMIC
LN, WhYL A4 F-HRIBEHHNS.

Fig. 3 X B 2680 8 75 10 MPa O At A D R EFRED
AE OREAHEE S IEH-0F HHBOMBEFEEZRLEZLO
THDH. mHEDOBFIEFig 2 12U R ERE 5 MPa
DOHAEKDIGE LERSREGRERL TO 505, RS EE
RLUBEOHEIC S AE OREFHEDO NS LY -5
HND. TNERKECHELERE ST LT RVEAT
DORENKTELICBETH 5.

Fig, 4 (3B M85 8 /5 35 MPa o itttk oo ik, =k
HRED AE ORAEFE LIEH-09 2 HROBRER L
REDTHEH., IREHEBEICEONTIEH L 2RI
HHNBH, ZREHEEHIZEVL T, SFRBOSIC
LlizoTAEDRERHEOZEL WVEHIZA SN,
CHEERBREOIG -0 HBERSTRT L5102, f#t
AEp PRI RE 2NHERERLTHD, Thick
) R S BE S RIS A BT LTV R &
ILkdbDEELLND.,

Fig. 5 |3 B HE5R B A3 150 MPa O i3tk 0 — 1k, =k
BAHRED AE ORAEHE S IEH-09 2RO BR AT

o
. 49 ~
—— stress-strain curve u'N) .
ol ---- AE count rate curve b
— . o w0
+ es§1mat1ng _8 0
point N
~ wk
« £1=58.9 % o &
[} S ¢
= 45 &
< B8
ot
]
2] +
5 g
[ S S
2 o
@ g
~ “8 8
IS 0
i K
y PN N =
- A L l" “--""Yﬂ" ------
0] 0.25 0.5 0.75 1.0

Strain (%)

Fig.3 Relation between AE count rate and stress-strain curve

(10 MPa).
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Fig.4 Relation between AE count rate and stress-strain curve
(35 MPa).
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Fig.5 Relation between AE count rate and stress-strain curve
(150 MPa).

LicbDTHAH., —IREFFEOIST-0F s Tk
HAREOFNHFEL > TS, TR, ZREEMKE S
FATEAREDORFIL S L NN 5 AE OB
HEMEL U EEHMLCRIOY -2 240 THY, &
A —BRBRHON S,

Dl bmps, EEOERIZBNWT, aTHEEFL
& HBRMRITICN -0 § AR L OB B S LlaT i
frohftBaicE, 4 -REREL RS
HETE 5 EMBHMO SN

b) #fbBTO®H VK LA

B T OBV LBEAROER, IBH-03 44
FIZBWVT, L0 THUIERER 2R L AR
10 MPa o3z >0 T, BILE T O R Uk
BATH CEE L. BREBBORNI LNk =90
% REZBLELUTHRELL.

Fig.6 & 7 1272k, =K, PURERBFD AE O 4H
BEIGHN-03 HBOBMAGRERYT. Fig. 7 1CmR U724
BT, —KERBOBRFIGHLANLELT é=
100 % OPAEAER L. Fig.7icb 0 Tid, AED%R

At + estimating —— stress-strain curve ~
point ---- AE count rate curve o
[
ol £1=93.6 % g 0
S 4

£,=90.2 % w 3

- £3=96.3 % o
f ol S
= So
= a
n=1 ~
n Of S
@ [l
b o
& =

D o
wn <1 c =
[S =]
]
[¢]
o o

S g S
—
<

AL L L )

0 0.25 0.5 0.75 1.0 1.25

Strain (%)

Fig.6 Relation between AE count rate and siress-strain curve
(10 MPa).
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Fig.7 Relation between AE count rate and stress-strain curve

(10 MPa).
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Table5 Mean square of amplitude. (standard strength : 10 MPa)
loading loading strain loading . strain
pattern 1 level loading pattern 2 level
order Sensor no. order $Sensor no, | sensor no. | sensor no.

T > small-large T 5 T 5 T 5 small-large
74 70 132 51 80 110 156 81

1 183 144 1 312 122 113 173 156 185
228 198 184 238 | 281 277 238 110
117 80 20 318 18 101 48 33
159 129 2 333 333 6 135 66 115
160 149 ?
35 57 4 107 17 100

2| % 9 13 13 41 400 129
624 653 3 5 8 161 133
532 522 * \
337 258 5 39
187 33 7 125 32 30
562 338 *

4 6] 0.02 257 41 84 43
12 5 113 256
1 43
unit : 1078 (m/s)? ) % : broken line shows maximum hvsteresis strain level of pre-loading.
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DOTHLNWVIERE D, BEEL» HSBRE LSS, B
BAROOTHMEITRABREOT 2825 &, KIE
2 FVHMEARBIICKRE <85, 2hid, BHEHCL
B0 HDRTRABREOTHIET LTI, £TE
TR OBIEYIE I - CTHIEDETL, AITRABEO
FHIET HMNED HH L OBEEREANEBTLTHL
ZEILEBEDEEZLND. —F, BILE» SBREL
RHEICE, BEAROO T APETRABRO T A
ET LR TORIE 2 FEHEORBM s E(kEA oM
V. 1RIE 2 FEEEIEL, OFTHEBKRELLBIZONTN
S nAHAERLTVS. RIE 2 BESEMSNSL< A
H5LENH &, BRBKSY DR 8H I L EBIKRTY
B, LI -T, ZOBREIEEITEHARNE Uy
BIRIRBEDIRE A RE ST S L TICHEITLTHEY, 20
megm (BA) KLV ERERSPEEL UES D
ZEERLTVWS., 2D AE v H—itB T, R
MCZE L7 AE H ORIE 2 #FEEIBIFICKE
EELEULTVBDIE, COHROTUYEHRT &S
12, SITERIC L AHIEOMETIRIE S & 0 BRI E
TAHLHITIE, ERAOAE £ v 4 — & K ICEY
HICHBREITOIRETHDE I EERBLTVS.
Pl Eho, BEEFBCEETDLAEFO 7~
JIARY MVOER SR 2 FEOEOELOKT %
BT ALY, EBOERICBNT, aT7HKES
IZ & BB SETIGH- 03 4l Eov s hofER s
HIFTONE P EZBEHEE T &N TE 5. COHELE,
AE OREHFLIZHONVTD (1) O d) TRELILAE
EEPATAE, RUE2LVERCHEET S LD

TE5.
4. #& ]

KX T3 AE g2 O TN o — IOt E % #EE
THE, BILRE CORITIRN-0THBEEEZEET S
CEMNETCHDHEERL, AEDTENRITA -5 —TH
SIS, iR 2 #BEE9HE, AREEEEHOT, &
-0 HBEOHO #2412, EBEOERIZBLTIE,
RITIT-03 HBEFHOTRETH B 0, EFIVKER
ZEHEL, ChEHOWEDRUEFREZITOH, HE
OFEBLER - 12,

AT THLED I > LEHE T E O THET 5.

(1) BESNTRESITONIGEITE, hL -
RSB ILL TS, Tbb, AE ORAEEEH 5L
TERRCHERELHET L &P TESD. CNIIR
LT, b, sBRESIThNSE I, 244 —%
EE G MAVAIAR

(2) Wby SBRELITbhLESICE, AE D3
HEE N AT AXBIC BT EFOES AL S A
(FHiR) &, BITBRASHT L0 LATRABEROT A
KHIGd 5. $7abb, BAROE, SiTRABEOS
HuEEEA D E T AE OFEIZIERIZ D0,

(3) ®BAbEL» SRESITORIBEEICE, (2) ©
HEHEEZREL CRITRABREROT 2 28T L, BEEHD
SH-03 s LT OEER B VT, BF
U039 ABIZHIET BIG AR B LIk -T, R
HRORITISHERE LKHESTHENTE 5.

(4) AEORAEHFIESY— 7 2RTEHE, IEH-0
FTHHMBROBGRD 5, BRESETIEN-03 2ilg Lo
VWENOEED S IThbhich B HET LI ENTE B,
Thabht, MERESMENCY -7 BB T IE, BRE
WERITIEH-0 ¢ AR OIS, S iTbhizbD &,



30

RIEWE AR S LBICA T T — 7 BIE T 1,
BRI -0 4 2R FOBbE, siThhiz b
DEHrEns.

(5) AEWOBEEAW 2T HE I, KB
WICH HN D EBEE B HEAROTEIRCEL D
EEZLNHDT, HHH UOHEHEE AT D
BEYR L CREZITHOSLENH 5.

(6) AE t>v4—ANER® AE § o BEESIH
REvdhiE, AE vy —oERBEKHECA SN
HEBARMIBRESKENVEERS L 2 LEANH
%.

(7) BiED SBRESTONIGE I, BER
DOEHPETRABROTAZEL S - AEBOR
W 2 FEFIOM I, REBIICKE <25,

(8) ®AitHELs>BESITONIEEICE, BEER
2549 5 AE B ORIE 2 X HE DX <2 5 HM
ERTEEBID, 7T IZARYT PLOY—J{HLNS
<ign, ZOERIZEBENASEHANERL, SRR
SOBBESZELL S, ZOMEERALT, BRESE
FiEh-od Al EonwThoEEBL» sfthbhizr %
BT ST 5 ENTRTH 5.

Faps el ki, EBOEGEZRITOIET
WEETICH A, a7HREFICEOHDHL EGHRE
oWT, O kD RBRATOHEICE, AREAHE (&
[ADOBINT O EABONIFERORINE) LTS
CEILED. S EEITRES BRSO IR0 R U
R EITY, e ORERE T COREAEMATY <
PBENH L. T, KR TEFEIEHTOH M HERRED
WA Ah&E BT 258604205 E L8, LA
EP—RZIEN-0FTHBREAZITVDE LIRSS
A R OBEOBITESRES G-I TFEEINS
ZEns, EMUNOERNIOKREIEZOHME LU
WEOHITE #5HME T 5 o, v 7)) v 7OuE
DEELZOREHE &Y, B—04 7)) v BT

FifE NI - BT - A

H - THMBHTAOBAERIZONT & HITHRRE U Tl
HULSHOEAHEEEKIC W, Co k) 2RBEET
brdhige s,

AWM #ETTHICH 0, BRAFERER IR
PR — 3R, KRAREBN BRI H 4 0B ZHE
RRO. 1, EROFTE T -SRI B 0TI,
HETAY HARTYR KIEZ T 3F, BREEY: HOnR
T & U DRSBTS —H R 0 ERE0 T
NEBEO., KESN LI IR HEEFETH.
b, KR ESEREREMTTE SRR (2),
(FREEFSS 58850105) %% 7. iU TE<HLEL
FFEd.

2 £ X ®

1) @I -k EX- {hEEE  SacB A TR S
@ Acoustic Emission {2 & B H#E DR, TARFELRHY
#E, No.258, pp.63~75,1977-2

2) AR - SH B BRI BT A B v
7 /A X&idhn s OBYEME—, HABL¥EREE, Vol 84,
No. 965, 1968-9.

3) Koerner, R.M., McCabe, W. M. and Lord, A E. Jr.:
Overview of Acoustic Emission Monitoring of Rock
Structures, Rock Mechanics, 14, pp.27~35,1981.

4) Koerner,}R,\M_,lLoad,\A. E. Jr. and McCabe, W. M, :
Acoustic Emission Monitoring of Soil Stability, Jr. of
ASCE, GE, pp.571~582, 1978-3.

5) IHME - BAXSE  EHRBEEBECBTARATONE
MIZEIZOWT, HABERE, Vol 91, No.10,1975.

6) PEMAME— - KAREN - LD B - AREZ [ EROE
WBEARC B LITTOTHAEEOYE, OKEERE,
Vol. 97, No.11,1981.

7) KRS B - MRAEZ D EGOEMAETICS
A RO - i & Acoustic Emission, ##,
Vol. 27, No.293, pp.142~147, 1978-2.

8) FHPFIK - DAMBE— - KEKE- BHME (72— 2
T4v7 XT3y yaryORWERECETIER,
RS R E#E, No. 314, pp. 137~147,1981-10.

(1984.6.9 - &%)




