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Measurements of Elastic Moduli of Rock Cores
Using Free-Free Resonance Tests
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ABSTRACT

Dynamic measurements are used rather sparingly to determine the elastic moduli of rock
cores and modulus values are not much utilized in design practice. The reason seems to
result from the general perception that values obtained by dynamic measurement are much
higher (about 10 times) than those determined statically. This paper presents results from
dynamic and static tests on rock cores., The findings are: 1) elastic moduli can be
consistently determined by laboratory seismic testing. 2) nonlear deformation
characteristics of rock cores was tentatively proposed with variation in elastic modulus

with strain,
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lr_aol dasich EF dAEL Fe|ot gl F EdSHol A& BE AdFUI 27l B

A& mel 43| dofURE FY-HUPE Fd 4] ofFol alrh

“&‘E, T HeRRE A3 dE (SR=Ed FAGC) BEAFE W AA &Y £
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2. A =HdmAE

ERdAle EFol F 71| whdel HEE 3 gk A3 =gAlzH(direct travel time)&A 3}
Z(resonance) &g oltt. o] F Aol AME3H= UFHIIE HE Aolyt Ao FHljo} i},
Aot =LA FHols Hwygko] 1&4E AeloA AvEE UFINVE E7))E o] &3, ¢
53 SE(Ee P-OEE)E PEEASM)o] 3 2= o). ¥ Z2(resonance)F A
A Bgol FHEA o2 Aelo] A= UXvH(Fuiel ApEslo V.2 E7]))E o] &5}
W FuEEE G A(E)e AP A A BAS AdcHESGA, 1997).

A Aol AHEE 3l PCBAMY] R 086C802F FAZF 2Pl (1.25gr) Ho] WEF3)
2F3 SAHIE LA 4 olrl. PCBAMY] JMESEZER| 7] (accelerometer) R 353B11& T A
(2.1gr)olal n3upEFo] gwA 7| FAs 2ot 71§ 2= HPALL] 29 35670 w2
7] (dynamic spectrum analyzer)& A}g3}eict
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4=} 7] £ ool A3t PCBib(piezotronic, Inc.) 7F4%E ZtR]7|(accelerometer) 2w
353B11¢] F8 At ti23 Zch

Z % (voltage sensitivity) : Smv/g, g = FYHIIEE

Zul4= M9 (frequency range) : 1Hz~ 30KHz

Z A Frl4(resonant frequency) @ 95kHz

2+2] @ A (sensing element) : A @A A (quartz)

A7)+ 7.9mm @ X 10, 9mm

BEA : 2. 0gm
A7IM dAlEL 23 FueE 4 KHzo|BE 13 X 7§ desigdon, ®3 ¢xHe
SEFAdol 2719 S| HAdol A3 HAEG A ¢ FALd A7) H2 RS M
drh.

Y3y drHol] 1F3e] FIH(longitudinal wave)EF UAA|F7] 913 PCBite] 73in
{impulse force hammer)Rw 086C80& AME3toith, A2 F2 Fu47t 4] KHzo|BE o]
of &3t T 3 uE J1stodof 3ttt AMSE hammer?] Ao} T3} gt}

F3b4 Hel ¢ 15KHz

2% @ 22.5mv/N

F3AFub ¢ 100KHz

Z&gF : 1.25 gram

FH27Z 0 0.63cn

L2174 : 0,.25cm

Zio] : 96.5cm
o] s FAIL 2ol sju] Bo] WEFI| uFulfe] FANNE YL 4 )

N5 JEFAE GH o) Eolet A1F AT E anti-aliasing WE|(filter)E £}
A7l F t]xEfo| A (digitiger)E C]R® A1¥ 2 vlg) Z=23] t]AA(floppy diskette)o] = A3t
Tl o] AFol ALEH ¥ 7] (dynamic spectrum analyzer)i HP-356700|cH 1@ 8 =),
o] B47& Aty z} Fub ofY AlFo] 7Hs3ith. £ 7% 9 A T3} g}
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A&l - 64 pHz ~ 100 KHz

Ada c 22d

A E (resolution) @ 1024 Azt c]A|¥ djol

401 Foigcly clA " diolE

2a7%  AZY A5AE, FI oY A5AE, ¥ A4 waveform math), curve
fitter, S AHEY ¥ (frequency spectrum synthesis), T|A|d HUE F

oy ¥ : Z23 v|AA =elolH, E2E|(plotter), DOS-¥YU(PC)

2.2 P-1} ERAZD FA

gxm o] ¥ Tol ¢&UE siste] wichw o] AR AR 7o) EEstE A whE uist
P-sH 74 ¢h&uholth. F &3 Apold] A=N(gAHY Ho|)E P-mrt A7 o] T A
to g Ued P-uGE7} dojzc), o] P-HEE (V) ERE FEEA A (M) ch3 Zol A
Hrt,

M= p V7 (1)

714 p A A FolTh “'%

12 A H pP-3} FA 71Folrl, “T'E FAH 4
Ho| P-¥7} ¥ FHollA Uyt A HolL PR B7

718 Aol W) H whe] £y Aj3o|th

2.3 33 &34

Z &5 guio] 2HRE ﬁﬂﬁ cylinder)®] tA|Holl ZFIHF WY Fgo] g UFIHE 7}
sl 2ol dojits Fut4E &FFYTL  olul YXRE=(primary) F ‘-3: o] UAlHE Zol
o 2919 F3Fold Golueh, 2% oy DRZEoIM el Yolhe TE The A3t T
(Richart et. al., 1970).

Ay = 2L/N (2)

A AE N 229 el Le galEel Lol NE BEA(L23,.)elrh Fuids
(Vo 7t BEsl BARTE(1)I T AE 248 T Aoz At

Ve = fvAw (3)
o] FIEE(V.)EHE AT ofeligl ol IF ALY 4 glrl

E=p V.’ (4)
A7 p EAIB Y whelA ol
7HEE RS ¢ EHol ol ZA(epoxy)E AT WchH chAA FHsE FIE U
ANt F3= F5ER] 2 (unconstrained) YA|HE] Zo|Wiarg uwiz} of Tylof wialE|o]
FEXEE SIA"CE 25150 Uit 7HGEe] vl Hojf(transfer function)& ¥
EM71& ol &3lo] ARl 13 2& 4 53 o)A wHE FA sl BIY Ho|¥olr. BE
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14 BEo] 31 FU4LE 0|8l 47| Ho2HE DHASE A

Agu 2 Fu 3} FYY hPoR Adul JEo] FHIEF oo +¥U FFE 7}
st} Aciul g3 Fri4E Yk BF 12 B=e A Fue()3 1 ‘:":-—] shg(eL) e
20 Agn SE(V)E ok Ao 3t A (6)e2HE AT HIPASE FIUCH

Vs = fl(ZL) (5)

G = stz (6)

OY 32 AT B FAE 3 AT YA Holgaolth

P-ut S2(Ve), Fu HE(Vo) Attt $E(V,)7 413 HE the FARFE Eolnl(v)E Al

Vyveo  (1—v)
) =T =2) (7)

I;c -1 (8)

3. dEAHAY

gl A o) Zole HE 1:28 32 WASIES WAISILAL AW @ o] njnYyx:
5 AulAlE AHgsted Zohiddrh. wR FREE 5x107° mo olUE FAAZTE  ThojdAo]
A g AHg3le] HYEE FHs nady o] oyt HPFYLS 78 5 ok IH-HEIBE
ZaollAl Mot 506e] HYE(ew)ollA 212 B 71€IE FREAFTE st

4. A3 9 2
4.1 Adl ©gdm Ay

P-u} Atz Fwbe} Axniute] AL FYsto P-IAE, FUEE, ‘_?ln}-#ig A4kt
gt Pk el FUEGEINEY A(7)E, FUSEY AUIEGERNE A(8)& A7 AHESL

o ol ulg X 13} Yol A&IATE F HoluZt H YA L= HI-‘T-—Oi g Aol
o A2 do] sl Ao zivtdcl
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Full Scale
Sensitivity
Source T £ +250mV
_ +250m'
frieeer | 4, ravel Tiee )
Receiver WWMVWVWV
+100mV

a%l 1. P-3 BHAZL HF (A& ¢ FBH-4-1)
File No, : 73/74

fo = 6,592

Accel, J l
Force h A

0 Frequency kHz 12 kHz

a% 2 &% FARVS 3F (AR FBH-A-1)
File No. : 72

Accel,
Force

0 Frequency kHz 6 khz

a% 3. sy FAFups JFF (A E ¢ FBH-4-1)
File No. : 76
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E 1. gAHY 2Tt &5 9 Fold ]

A
ot # vj—}%n} ii (km/s\is v, &Evco}t\:]& Ve Bl
FBH-1-1 2.33 2.11 1.32 0.26 0.27 Grouting Core
FBH-1-3 2.65 2.40 1.55 0.25 0.20 Grouting Core
FBH-2-1 * 5.48 3.43 * 0.27 Lime Stone
FBH-3-1 * 1.78 1.11 ® 0.27 Grouting Core
FBH-4-1 2.81 2.55 1.60 0.26 0.26 Grouting Core

FBH-4-2 3.48 3.02 1.89 0.29 0.28 Mixed Grouting & Rock

FBH-5-1 5.42 4,90 3.10 0.26 0.26 Lime Stone
FBH-5-2 | 5.90 5.58 3.50 0.20 0.27 Lime Stone
FBH-6-14+! 2.52 2.32 1.55 0.25 0.13 | Mixed Grouting & Rock
FBH-6-13}| 5.56 5.16 3.23 0.23 0.27 Lime Stone
FBH-6-2 2.52 2.27 1.44 0.26 0.24 Grouting Core
FBH-7-1 2.15 1.99 1.27 0.24 0.22 Grouting Core
FBH-7-2 2.47 2.29 1.43 0.20 0.29 Grouting Core
FBH-8-1 2.84 2.57 1.49 0.20 0.48 Grouting Core
FBH-8-2 3.27 3.20 2.14 0.14 0.11 Mixed Grouting & Rock

* Al o7t P-3t &3Pl UF BE.

=& Y B9 As

rr

SR AS(Ed) ot B A (Es)E vlay Zolth. FHEAS7E 3 AP E ¥4
foli AP Y A ASE HYE 0.25~0.75% WejollA @ojd Zolch
ote] ¥ EHMAH|(Es/Ed)= WA F2 UH(0.30 ~ 0.44)of] WHEo] glch
) Fote T wpEEA Aol WixfE ulAl Az, gl ® FeAst widY WIS
B2 i F2 APEY ¥l & Ao kT JPK(AHY), st/
Ao wgAsule vaA Jebpy Fohrth YA FatEdedl ols ot Uiy

of 71o3t7] wigolrt. I3 4& AAFelut Abgtel ol AMgst
148 A¥5EE Fdol £ 22 E 13 Y& Aolth. diFo 2 Eals Ahi¥E
7b 107 %ol ol e BT AARASE Rolcht Zagich  whd, FAI(1998)0] FFRY
(basalt) Fole FaF W wlFATAYeS I3 AAPASE ATHAPE 107% 7AE
4B AL T urpdrh ol Z2 A7 AIAE ARSI dMY wdY AYFEE FHL
2 3% 42 Fade] Astazt et
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£ 2. SASY v

BAg A AHEEAS
Fohy Eq Hys E. WS g5] Eo/Ea L1
kg/cm? x10° % kg/ca’ X 10° %
FBH-1-1 0.73 <£10-3 0.07 0.25 0.09 Grouting Core
FBH-1-3 1.05 <10-3 0.35 0.25 0.33 Grouting Core
FBH-2-1 8.45 <£10-3 1.31 0.75 0.15 Lime Stone
FBH-3-1 0.55 <10-3 0.12 0.58 0.21 Grouting Core
FBH-4-1 1.08 £10-3 0.43 0.58 0.40 Grouting Core
FBH-4-2 1.89 £10-3 0.81 0.66 0.43 |Mixed Grouting & Rock
FBH-5-1 5.57 £10-3 2.34 0.42 0.43 Lime Stone
FBH-5-2 8.81 £10-3 2.33 0.45 0.26 Lime Stone
FBH-6-14 0.99 <10-3 0.34 0.55 0.34 |Mixed Grouting & Rock
FBH-6-13} 7.37 <10-3 0.79 0.35 0.11 Lime Stone
FBH-6-2 0.98 <10-3 0.33 0.72 0.33 Grouting Core
FBH-7-1 0.62 <10-3 0.25 0.36 0.39 Grouting Core
FBH-7-2 i 0.86 <10-3 0.25 0.65 0.30 Grouting Core
FBH-8-1 1.08 £10-3 0.48 0.55 0.44 Grouting Core
FBH-8-2 2.34 <10-3 0.36 0.28 0.15 |Mixed Grouting & Rock
1.4
Rhyolite Basalt(#,1998)
1.2 Tuff($,1998;
1 ¥ \\‘\
GlGmex 08 | \ N
or \\
EsdEd 06 - \\\
= Grouting ~
04 T
x Limestone -\\x L
02 r ¢ Grouting + Limestone ., AN
0 . . . ]
10 103 1072 107 10°
e or Y , % J
6/Cume © ATFERE AEhAY AL
y | AxPH¥E
a3 4. WY s mE VA
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B =Eoldt SeAcc ADYASE WY Tl WE MUY ARFY VUoIA 28k
soith RHE AW ANERH che ge ASE =it

LAY BT AgosRy nie QY i HEASE golshA T 4 Aok
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