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Study on the mechanical property of tuff at different strain
rates in freezing condition
The mechanical properties of rock are influenced greatly by weather condition in

those freezing areas such as Hokkaido, Japan and some other bitter cold places in the
world. In the study field of rock mechanics and rock engineering, the loading and
displacement rates can occur over a rather wide range. The main purpose of this paper is
to report an investigation on the influence of different strain raies on the mechanical
properties of welded tuff in freezing condition. Specimens of welded tuff are
manufactured from rock in Noboribetsu, Hokkaido, Japan and are homogeneous in
structure, are chosen for these tests. Here, specimens are separated into tow kinds, one
is air-dried specimen, the other is water-saturated specimen. Many specimens of
standard size are observed at five strain rates with uniaxial compression and Brazilian
test(split test). Based on the complete stress-strain(or load-load point displacement)
curves, the effects of strain rates on rock strength, ultimate strain, Elastic Modulus,
poisson’s ratio and so on are discussed in detail. The empirical equations to evaluate the
strain rate dependent on rock mechanical properties are presented as well, which will
provide some reference for the choice of rock mechanical parameters in field rock
engineering design. According to the analysis on Acoustic Emission event, so people
can grasp the process of rock failure. A suggested method performing the compressive
experiment on a single specimen at stepwise strain rate was proposed to obtain the
uniaxial compression strength and eliminate the influence of different specimens on the
testing results. Finally, comparison of mechanical parameters are made in freezing
condition and room temperature, it is found that ice play a great role in rock strength
greatly in freezing condition.

Key words: rock mechanics, tuff, freezing condition, rock character parameters,

uniaxial compression test, strain rate, acoustic emission event
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k&
BEf
i
EH
HtER (P HE
KEMERRAMGFRETIE: RERGFREIEGHTRE. BH
UAB St A v B T ik S0 T BT R
HE.
U ERBHNKERNERERHAFMER, RETATRYEFOER.

o < O O O

TR (g/cm3) - REHIRE (g 2.1
RBETR (em”)

PP (P 8O HHE

P B A AR X BA AR, TiH P BEELEERNE. Bk, #EiE
PEFHhHER R RER SR EENEERE P suEiE ™.

AN TRERREABEHTENGES, AR ETEMNET PREE.
HTRE P HER, BARFELIHEER, Wik P soBd R, RETRA
Je7E A, W PR BIEL ] B AR A A E AR P R KR t.
PR A A ALY g5 R RN BB PR GL, 0P di 1 RYIRIT B [R) % 26. 96 5
REMmARNKERTTATEL P BEE.

V,(km/5)= L(mm) (2.2)
Hus)
Ve: PEEE
t: P IHEEIEAT (B
L:  REHKE

() MELHR

R ENE TR LRI TR S A A B e R 2.2, 2.3 F1
T & 2.2 BMAFHTERBEREXHNERE: R 2.3 ENEGATEEHR
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F2F RREOHRSARATE

HXMERE: R24ENAGATESEMBER M EAMERTRE.

F2.2HPAMNRRER C MIMRBERAG. BRAKEHN 60 40m, B
AN BE R 59, 50mm. RAEAIE R AR, BAY 1. 967 gem®, B K 1. 873 glem®,
1% 1. 937gem’ s NF— SR KR EEA EREAKNES; PREEBA
R, BOKA 1.993%kn/s, B/NA 1.792kn/s, FIFA 1.90lkm/s, TREH
10.57%, BARMAERMFRER -85, BREYESHZALRFERERD
MER, IELRTERAVHAGHENEDRYE, RENDESEERERTS
HMEATY, AREHNENERESRERFEDERETEE. #imael
Wh, R R BEERAEE R E RS, TRRAGAFRYE
MEMILGIREER, SIETHARELERMNEAR, AMEEEEEFRA
. .
£ 230 NARRESR C MIMBRARS, BXKEHD 30.50m, £/
KRN 29. 70mn. RAEHEEREARMRE, /AN 1. 972 gom®, B/AH 1. 875 glem®s
SEHg% 1.944 glom’s THRIABHERRENEESRMERAGES L3
BERMN P BOEENAEAMNBRMZER, BXENR 2.32 kn/s, H/MEN 1.988
km/s, SEHMEN 2.054 km/s, AWREH 16. 16%. ATLAEL, BT THEEHR &M
THSEHARY P REFFRANEL, XFERHTHRRERA-WHHEMNED
ERE, SHRSMIHRE, XLRBEUFEN P EFERARN .

£ 2.4 FROANRERAER D MITHSRMEEET KR ELEAMS, BRK
F % 60. 50mm, B/MERER 59. 65mm, REMEEREAER, BN 2. 014 glom’,
BN 1,953 glem®, FHH 1.977g/om’ s ME—H B MR EEE LRFAK
MER, P EERAKHERE, BAN 2.438kn/s, BN 2.233kn/s, FHA
2.315km/s, RN 8.86%. D HH:MLARGEEM P BUEER C BHRAAMY
EHRRE, XERADHSLERETER.

St BEERHEMIENRY, RENATSEME. RE. LR, WENED
EAZARPRE, KERBETBSRESRT, WFRERELTHEREE
HEWARH. EANFESERIALAREH, WlE. E9 WE. BE
sMBEst, F5AKE. NANTREZEZRFUER, IHFRHEBRNRN
EESHEEHEL, Fs TR EESHENER—EEEE.
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Table 2.2 Physical property of specimens used in uniaxial compression test

No. B (g) KA (em) P BEE (kn/s) ¥ (g/cm’)
c 11 79. 62 6. 00 1.792 1. 9254
c 12 80. 22 6. 01 1. 906 1.9407
c 13 78. 58 5.98 1.841 1. 9105
c 15 80.93 6.02 1. 844 1.9546
c 16 79. 74 5.97 1.923 1. 9420
c 17 80.73 6.04 1.885 1. 9433
c 18 80. 84 6. 00 1.878 1. 9606
c 19 79. 33 5.96 1,835 1. 9353
¢ 110 79. 24 6. 00 1. 847 1. 9202
¢ i1l 80. 41 6.00 1.845 1. 9485
c 112 79.77 6.01 1.885 1.9298
c 113 80.77 6.03 1.889 1.9481
¢ 114 80.5 B. 02 1. 884 1. 9458
¢ 115 80.1 5.99 1. 911 1. 9443
¢ i16 76. 65 5.95 1. 893 1. 8730
c 117 80.9 6. 00 1. 96 1. 9604
¢ i 18 81. 15 6,04 1. 94 1. 9534
c 119 79. 91 6.02 1. 909 1. 9300
c i20 79. 71 6,00 1. 921 1. 9316
c 121 80. 03 6. 03 1.61% 1. 8313
c 122 79. 4 8. 02 1. 898 1. 8177
c 123 81.13 6.03 1.892 1. 9578
c i24 80. 95 6.01 1.939 1. 9583
¢ 125 78. 96 6. 00 1.949 1.9134
c 126 81.05 6. 00 1.967 1.9640
¢ 127 79.8 5.99 1.928 1. 9370
¢ 128 79.3 6.01 1. 894 1.9184
c 129 81.31 6. 01 1.982 1. 9671
c i 30 79, 88 6.02 1.879 1. 9309
¢ 131 80. 42 6. 02 1. 885 1.9423
c 132 79.88 6.00 1.888 1. 93567
¢ 133 80. 61 6.02 1.89 1.9485
¢ 134 79.96 6.03 1.9 1. 9296
¢ i35 80. 28 6.02 1.862 1. 9389
c 136 78.96 5.97 1. 866 1.9230
¢ 137 80. 14 6.03 1.909 1.9323
c 138 80. 44 5.98 1. 909 1. 9558
¢ 139 79. 34 6.00 1.933 1. 9226
c 140 78.75 6.01 1.993 1. 9051
¢ 141 80.5 6. 01 1.956 1.9475
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2.3 SRR AR M AR T
Table 2.3 Physical property of specimens used in split test

No. JAR(p) EB(em | H2(w PUEGERE (Gm/s)  BHE (g/em))

cal 39. 26 2.97 2.96 2.2 1.9219
cad 40. 95 3.03 2.965 2.1 1. 9584
cal 38.87 3.00 2.96 1.988 1.8838
cad 40. 46 3.03 2.96 2.32 1.9415
cad 39. 48 2.98 2.96 2.12 1.9262
cab 40.2 2.98 2.96 2.15 1. 9614
cal 40. 49 3.02 2.96 2.179 1.9493
ca8 39.78 3.04 2.96 2.139 1. 9026
cad 40.2 3.03 2,965 2.3 1.9225
cal0 40.73 3.01 2.96 2,16 1.9674
call 40, 27 3.03 2.96 2.15 1. 9324
cal2 40, 69 3.03 2.96 2.163 1. 9525
call 41.02 3.03 2.96 2.164 1. 9683
cald 40. 8 3.03 2.97 2.164 1. 9446
calb 40,09 3.01 2.96 2.15 1. 9365
cal6 40. 61 3.02 2.96 2.123 1, 9551
cal7 39. 85 3.01 2.96 2.121 1.9249
cal8 41,25 3.05 2.96 2.101 1. 9664
cal9 40.28 3.02 2,96 2. 142 1.9392
call 40.07 3.01 2. 965 2.135 1.9290
cazl 40.92 3. 03 2.965 2.243 1. 9569
cal2 40. 58 3.01 2. 965 2.201 1.9536
ca2l 40, 36 3.03 2. 965 2.187 1,9301
cal4 40. 12 3.00 2,965 2.146 1.9378
cadb 38.82 3.00 2. 965 2. 161 1. 8751
calb 40. 97 3,02 2. 96 2.176 1.9724
ca2? 39.62 3.03 2.96 2.179 1.8043
ca28 40 3.02 2. 96 2. 17 1. 9258
cazt 40. 08 2.99 2.96 2.189 1. 9490
cadl 40. 35 3.01 2. 96 2. 194 1. 9491
caldl 39. 38 2.98 2.97 2.17 1, 9084
cad2 40. 02 3.00 2. 96 2.211 1. 9396
caldl 40.36 2.98 2.96 2. 147 1. 9692
cadd 40, 69 3.02 2.97 2.1 1. 9458
caldd 39.9 3.01 2.96 2.24 1.9273
cadb 36.93 3.00 2.97 2.16 1.9222
cad7 39. 4 2.98 2.97 2. 145 1. 9094
call 40. 24 3.01 2,97 2.205 1.9307
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R 2.4 A—AHERNEEE BMAR RO NYEER

Table 2.4 Physical property of the same specimen used in different strain rates

No. FEG) ¥ (cm) P BiEE (kn/s) F i (g/cm’)
dil 81.670 6. 020 2.233 1.959
di?2 82.120 6. 005 2. 330 1.975
di3d 82. 280 6. 00 2.326 1. 980
di4d 82. 440 6.03 2.252 1.974
dih 81. 780 5. 965 2. 345 1. 980
di6 81. 680 6. 04 2. 307 1.953
di?7 83. 950 6.02 2. 438 2.014
di8 82.910 6. 05 2,292 1. 980

2.3 N E AR 200

2.3. 1 MR

MERBENZHERNE 2.5 7. MBEBRAGE WIS AR SEHFRY
BRRH (UTEFMMRERT. MBEEEFEMORAHR, SHMEFTY

100KN. #HRbREHL = EfE S
P =FThb ], Hap
LOAD C #F # 3= & ) .
DEFORMATION (ZE 441D,
STRAIN (RIZB4%41), FEABH
. B KA R AR
BH. EEERPMN
1.68%107/s; BEZRI T HE
BRES, THERNINY
1.01*10°mm/s.

Wi 2.5 R, AdAM
HERNEHEE, BdAT
T, AR ME R AR
R. EAE—ESRERE
(I 2.6 FioR), RETRE
A-35C~+100C, BRFE

M 2.5 MERENEHERE
Fig. 2.5 Load equipment and control equipment
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BlE BREMBERSABTE

B LB TR HBR

E2.6 BESHETEER
Fig. 2.6 Sketch map of temperature control box

2.3.2 {EBHREREIZHERE

P RRAVARN RS TLURE 2.7 HEEMEMRE. B LEHERER
FRBN, TEBRIARRE P ARRIENERYE LHEE, s RREERY:
ARBHARAESAB, » 5 AHERD
LR, & K ARBHHMRE, K
BHRTERTH: P=K Gu), TP=/f
)y f ) RIS —FrEhs. &
PR ARGL T PHERSEHN, WKL
P=P, B1K (s~u) =f (w). ¥ Lx\xtet
fRlk S48 51

B2 7 Rf-RRNASLHFRY

K(@§-u)=f'(u)-u Fig, 2.7 Mechanical model of specimen-test

= ')+ K{u-35)=0 machine system

R Sy @2.3)
K+ f'(u)



FEET KEMTERIRX

ARQIP . ) HERRGEB - FREEE v RODZRE, LF K.
EREARQHXAERAR(24H:

K
K+K,

Bt ceeat e rstir s sk b bRt ene R RS a e ee R ek sba ko R AR SR SRRk sr b R nn b end (2.4)

BERAIEEIMERSEEE DR TEREN, BRTIAHAN (2.4)
FH s B-AEEESREEXNSE, RERBINNEER.
EEARBEERT, YEEAGEINBRE, dTRGERERRDE M
K, MAIBHMANRAEERZERBE. WEIMERT, —BALA
RV BEEREATT, s REY. BHEAR (2 49 ZBEXA-ZBER
gsaEmEad, BAAAR Q2 0 PHME K+HK -0 B, MRAEHENZEL,
MWy — o, EHREHRHERARNER, REERRR AR LR . B,
e BT BRI - ek, RRMIEREMEN K+K=0. HAFNEH
MEEAMRZE 0 B 0 MR TARBRIL. T HRE-NE, EARTE
A s BT, BB K+K— 0, o R EAIE — 0 B K+ R
BRNREREM LS D, MRIEBARFNERER

KR K+K,— 0, BHT s BUHET K+K 0L, FRFET R
BEGEREREE, PRENE. XRERRNOAREE. EARRREN
FFRERAIE, TRY K+KBNIB AN, B ABEHERA s R &
Fok, MEAERR, ERETEZRRERNREABA.

2.3.3 MENE

ESRMEHTXORR (WA 2.8 R B, METHR. M08, HR
I H AE. £ SERARMIRE (A 2.9 FiF) B, QIR T HEM AE F#E A load
cell ITHIR. RMEHRARE, HRUBARTEXRHHUBT FRUE
{CRBTAEG COP-5), REERMTURITNE, RAEHMENTHE. HEN
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FLE BEENMERSERTE

AR PR R At (R A B8R B 7157 i RAW-30) AT I &, I ERERE 2. 10
i

=" Pistcn

L
/s

At

+ rd
Prinn o~

0 B o

H28 BMEHARTER

Fig.2.8 Sketch map of uniaxial compression test

B 29 BIARTESR
Fig.2.5 Sketch map of split test
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AETRAT & B

B2 10 WEE

Fig.2.10 Measurement equipment
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2.4 BFEES AE
2.4.1 AE B—RIF1E

EER, HXAE KRN AE 0B FHEREK. AE BN R —FTR
MBI E AFE.

Acoustic Emission BIFER 4T, fHBRAE. B4, AM1BRE AR BT FHERH
UHEHBATMSRANIE. SE#EASE—~THANSE. AMNEHEMRE
“RAMRT. ZEL —REFEMDOBR, BOONETEST BSRBAN
B, ERGWL, EERRnE A RR, BARTRETABRNER. B —
AR EM/ERARET LN, TRABMNHBNES GETRE).

AE ATLAIRHEE X “BEEAMH A SR EM A BN R BRI TR G e R4
REERHR” O RLRABRBEEAS, FINTRESRYRHTL,
TRENS. WEEL, ABEEEMEABREREHEIHIRRLR AE.

MEUBBRARETR - TRENRGTE. SEEMESIANERREE
TR, SAABHUSBEABRFECMEAE. YRBRRI—cREN, %
FHEBRMBERESANEE. X6, KAES/RBENRTEATRE. RIE
Griffith HHEIL, IMARTRERIBEXEAREL. SFL, EURERT
RERERT, EEOBRATMER, BULEE. Fa. MESTEERE. L AET
TUBERMBNREESIEREIDBEEPH—F.

AE B SRR ARRETI AN, RIBRNEE ORI, 2 0. lm K
MR RRAAN LR, 98, XBECRLBERERITEE. HITREF
el R G, A RBER. RENEFE PIT KB,

BREBEZ S, AE BA—HTRIE. —BIE kHz—MHz HRIRRERIFM A,
BLEENE R AR ROME, AL KMBERLBMY. AWAWERHA 20
kHz, AE MIEEHHEHZSS, BTEBK. HHMEN, EAMANERMN AE
RYMEREFEER 2 BT AR RROERES Z XL R BB BILETR
FEERNRIE . AR .

KMERE AL RE 1953 F, HESEFTRMEE, AEEBELFD
WRE. Xy, BETESETLIRS, REUNANREES SHAALR
FEAERERY “Lm” BRR. BN AE MR FAOGERRWHORE 1938 FEMFEE. A,
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MRRT RERLFMRY

MEARRTERNE _EE 2 8 fiR, WHARERERNE _EHE 2. 10 fixw.

3.2.2 KBRIEH

B R AR R K A MR LR m s mILRE, B N AR R iy .
RENEEEGAR, THRTHERET BEATREFDAENE R RHE

BRRRARBEH, SRR Lon FIHEEMEE N 4x10's, 4x10%.
4x10%, 4x10%. 4x10%s, SHEENEERLRRL, H3H 417107,
4.17x10%s. 4.17x10°%75, 4.17x10%s. 4.17x107/s. RBREBEWER-20C, KR
24 R, ERARBEBEAE, ETRERHAE, AR, TREREE. &
BT RARERBFARMATH, FESSF—-MHLLE, NTIEREEIEN
R R E PR W e

ER-NMRBREET, BRATREFKRNEHFARSNERT=R. B
AR RR P RBON S — RSB RER ST, BT T NREENEARE.
FRAEE, BRENT (EEANANE) .. Bkt UREFRERNERAR, F
ERBBEHLRHE, TRFTANEEEX-EERHERENERRENE
BAEE ST, HREEMPREERAND—NRBETHELR (HHNESR
B 20%—B0%PNEL) AUABRIME.

3.3 BRER5SH

3.3. 1 EMERREER
2.4.2 NE I KIS

AEMISETEEBERIHHE (AE event count). BREHEE (AE count
rate) %.

—ROR L, R RGRESS B B b MIBRER (RBR . 2R TR R T 3 B2 AR
W (ESR). AE REBU/MESRAAHETER. IR AE RAEME TR XFEMOBFE
UEREEFAMN. REUMCHAREATUMEEFNSHZ —. —Ki, &
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RIE BRENMASRBTE

REHHH B HEE RS ERE (AF accunulated value); — 5 Bt [A]RG
(W1, 10%) ANERTITEHAERFHEE (AE count rate).

AE FITE T E—BREFH, RS (ringdown) AR EM4HH. W
T ERTR:

L AE wave
Threshold value 1J_|2|_] ?_l ﬁ rLS
iﬂ' gdown method " ringdown number
reshold wvalue ﬂevent number
i | ————

Pulse method no counting

B 2. 12 AE 0T
Fig. 2.12 AE account methed

A AEFE (FH) RE]IME (threshold level) kN 80mv, IEEY
TR T E AIRIE A B AR EEA. AR EEH SR AEES
RtE—Rk. 2@PRE, REFHELBENRRE, REF P ES AT
BIAE, XAKHTARZ M S H R EATEN RN BHTRE.

BN AE MEEME SHDHRY BN NEETINE, BERSRHE
BRE AT RS iR ? X — S EHZEN LS RMAEIEE. B, RULH, X
WMAMBERRENRERESE R RR— RN, EXFSAERENE
HIAR R AR MR B, BRI A RS BOR fF — AR A k.

2.4.3 HBIEY AE 350

BR AR AR B RS R U SR I B R DR . BEEA
T&R. 26, BELSNE, EELRH. AN, K. FMHEETE. £5,
RAERNNERSEE—BT X,

A RHERGERAR, FTLLEE AR MR EH U TR, MH—NERRHLELT

25
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BEHEMHME, FREHTHEEEAEARENE. EXIMHERZE, WERER
ERBAFE, FRFBHETHENEFME, EZRGWR. 2XHPAHE
HHEESHERNEULERNENNEXER, ECESRNENRBITRA,
FURAAXERE., XEREFARHNRESRBENEKREN .

AR BRMMBRMEN—F TR, CXHEMEIEE. FURE. WA
EHY, AR FARES R HEEEEN. BELE L TREMNREH TN AR
KREWTREFAF RIFHFRIR,

EARE, ATHATHRERENBIRIE, XA T AR, LKA
B RSHEREAS GEHRMIE 150kHz) SR TRANERE, RN T ERHTHRR
{ (AE accumulated value) HJit¥iA#.
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F3E NEEENEAANFRNGLHERTEAR

3 MEEREWNARHFUENAMESARRER

31 FE

BREEHHRR, NLBNHNEHEERAEANFRENERTE.
RARERNRARANTNS, RHEFAREERNANGERERANRERSR
RE. TREHESHNHTE. DEEEANFRRAEZRA4SR, AR AH
BRI LB,

B E YA, RRNEER TSR ZbREs . ARG RENRNLE
BETEANFHHOHARERD . MEEERETRTEATIRAETKERRK
RPFNFRALIRE. ATEFLERSTHRE TR D AREE TR
SR ¥ SR, FEHREH BATRREE HIKRMEFERERED
FREEE TR TEHERRR. BTRRER, MRAGERETRRERNE
4 BT B AT IREHMAEMERIEE. RRENZSENEWAR, HEN
FEREIE I NEERUTEN EHSRNEERF—ENEHKE.

AER, ELHTHHERERRNEN LD, UEARERMRE, EBETU
FAAEMMT: (1) #END SRAEERRE: (2) HRENNSREMER
%F: (3) AE ERESHANENXR. B ATHRAE, ERRESET.

3.2 REE AR M

3.21 AEER

AW ERNEA N ERRAL N WIS AFFHIM 312. 21 HaFAREE
Bl WE-EE 2.5 R, ARSNBEARE N 10t REARBMALE, &l
R TURENAFRBEAEHNE 1t. 2t 5t 10t B

R, BFAR R NAR VAT R, R IR B R AR O
TRE, AEGEHRBEEYEREN AL CRBHIRE, RENLERSMEFE
BE, SRAES—HHA A/D THE, STRENHERTENRTRN. 8
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MR T KRR FAEX

MERRR ERNE —EE 2.8 R, HUREREENE EE 2. 10 firR.

3.2.2 REAHER

PR RK R BB AR RS FIRE, SRS .
RENTERORR, 2R THERET BRATREFRKBEHE L BHE
HRR.

RRFAMBRH, REMRRRIEL Llon FIHEMEEN 4%10's. 4x10%.
4x10%, 4x10%. 4x10%, ST HEENERENTLE, HIA 417107,
4.17x10%s, 417105, 4.17x10%s, 4.17x1077s. REEF W EH-20C, AR
24 AR, ERAGAAHBEAN, ETRAESHAR, AR, ORYREE. &
BN RREREH AT, BEFH-MILlE, ANTEREZEHER
RERE IR R EM.

ER-MRREHT, BRATRESFMKEASHEARINERT =K. &
ARAR PR S — B RRENST, R T R EREE.
BRAEE, RENE (BE AN . HRLURERE R mAE, F
FEHEESNERYE, THAFHANEEEZI-EERHERNESAEENE
BAE ST, HERERAMAMLERANA—RERETELE (K HER
BB 20%—60%BTEL ) HIARRL(E.

3.3 MEERS T

3.3. 1 BMERRBRESR

BEARTENHE, EEERTIENLR, BATEN—HRANE, N
H— A, AE BEUE ~Sim AL EE. ERELHT, BERRES
WA BHHRRE RS HTR—BS, ETHRIH.

& 3.1-3.2 AR N 4.17x10%s, B 3.3-3.4 FAERY 4.17x107s, B 3.5-3.6
RIS g 41751070, & 3.7-3.8 RS E % 4.17x10%s, B 3.9-3.10 REAHER N
4171075, ERE—ANEERT, BATRAKRNE L SHERART AT
BT =ik, S—AERNRBERAER L -BRNE, B -RENEMNAE R
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¥3E NTRENBANEAIHLHEFARHR

PE-#MANE=4ts%, A-A80RARNEERT BFEEE. =A.
HRE.

MR ZRTTUEL, ZHERMREEAGT, TEREBATREFTRKMN
A, BEAR—ARNIORIERMIBHTLEANEH, LBE. TR
FHEBHERMA. TRATEAMBRAEREMENIYE, KAKENSH
ERR AR CHEASRUENTRARENBRE, ATUERE RN ERYE
FEERHM,

40, strain rate 4.17x10%s 4000
) air-dried specimen @
B —o—¢i28 E
> —— ¢i29 =4
z 30 —o— ¢i31 3000 %
= >
= 3
— [
%20 2000 Z

E
g
10 1000 g
<
0 — 0
-0.5 0 0.5 girain(%)

Fig. 3.1 Stress-strain and AE-strain curves obtained
by uniaxial compression test in freezing condition

B 3.1 #MERRR ARTRENN)—RADENFE R RAE—NR WL
a A—HANEHE: b EH-RANEHE: o FEAHRRE-RENESES

strain rate 4.17x10%s

~80r water-saturated specimen  _ 15000~
5 —o—ci12 17
% i N’
860 ] 3
| 410000 §
o - -
3 ] 2
<401 1 3
{ &
15000 8
] o
20 @
<
}.
0 0
1 0 U strain) *

Fig. 3.2 Stress-strain and AE-strain curves obtained by uniaxial
compression test in freezing condition

A 3.2 BEESRGAMAEEN H—NEBRNE R RIVE—VRRE
a REf —MREE ML b H—MENEME: o FREBRE - HRRRHE
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B LRFHTFMR

strain rate 4.17x10%s

20 air-dried specimen 3000
2 g
& E
3 2000 5
o 000
20 3
& B

10 1000 §

g

T 0.5 7

strain(%)

Fig. 3.3 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition

Bl 3.3 BENES AR SR FRE NS — RN RRA A R RRE— TR
a NA—BRNAERE: b B ~REANEHLE: o FEHRFE-MEANEHL

strain rate 4.17x10%s
water-saturated specimen
—0—ci8 )

=2
=]
1

-3000

s | o
3 50 £
£ 40 2000 2
T | :
%30 e
5
20 1000 §
10 =
i <

' 0

0 0 1 2
strain(%)

Fig. 3.4 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition

B3 4 REEGRRAKRIERN DR MENE R RVE—NTHL
a A —HE AL b MA—RANEHE: c HRNRIVE —HrIMEHE
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BIE WXEENELNFRANBRREGRRHA

strain rate 4.17x10%/s

= M air-dried specimen

S 30 —o—i22 300 g
& ——Ci23 g
8 —0—i24 £
o
5 4600 =
— L -
,:%20 g
-400 %
10k g
—200 3

ot : 0

-0.5 0 0.5 ,strain(%)l

Fig. 3.5 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition

B 3.5 REEERAK  ATRERMH—NEHERE LN RRE—NE L
a. BH—SiRNEEE; b HA—-BONEHE: o FRERFE - 0TS

sirain rate 4.17x10°/s

i water-saturated specimen <500 __
S50l —o—¢i5 ] o]
ST a0 g
@ 40t A q 1 ‘g
=] >
“or 43009

=
<1 1200 €
20k §

I

1oL 100 a

L |

Wit !
0 -1 0 1 2 ¢
strain(%)

Fig. 3.6 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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Fig. 3.7 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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Fig. 3.8 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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Fig. 3.9 Stress-strain and AE-strain curves obtained by
uniaxial compressien test in freezing condition
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Fig. 3.10 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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3.3.2 BHIME T AR N RT ML

RN NEREEESANERSREFEML . TRTRES H2SHE.
REEAMXROPEER, bRINMARIERESNESKIEY —. BEN
=, WILCRSI TR FRAME, AMFFTeent s RIS 10 H S4TSR,
B % 1966 % . N.G.W.Cook F1 J.P.R. Hojem BF &l ¥ - #7118 & N8RRI R B,
AHRBTHEABERERENN SN BEA™, FEUBH/LTED, HEERER
BAAE# MR CRUBENBANKRE, EHTTARRRFRZE, £RE
BHIAEREA AAIBERT .

Bl 3. 11 AE 312 5300 ARTHR B RERUK AL B 00 SR8 m) B F0dh v
R, HiE N HRE N, MANS AN, AL BRENHRNENER
HE%. HWIN 030X 60mn KRR FFL AL, RBTE MTS A B4R 312, 218
BRARREA AT, RAMBEHAR. RREBENBABFTEY 5t, &
BANH1EBEE (load cell) #HITHE, MAUBARIESHH A BT (KR
MEOHRFRNE COP-5), REFERMEFHLETAR, RERMNEHTHE. &
BHERH =4, 17X 10%/s. RBVEHIRE~K, B3 11 RRILFE 3750 1M,
Bl 3.12 HRILRE 5770 M. HETH, BAMMINEMATUS BT L
AR,

I EEHR(OA): BRTIRMAHAE NN AR Mg I LM, ®
HEZHER, RPAMNESnARMAER, SEMRNIERSMM. R
BRBRES®RD, XEERGTENRFEERT, SHEATHE. Mg, LA
LURREHASHER, EmEEMEmEWRELEER. R AERHEN
HERANTHXRBMKXTUESEANBERARRTERA, ERLHE, ZHER
HATRERNERITER, RREREAKNEN, B LFREE 200 BE
B, TRBEMEFNARFEE-ERMER, ZXREXNNEIIHERATRIK
BIESR.

I BEZRHNR (AB): BATRMAMMAFER AR MR NEXERY
EURENRR, RRFEARUEER, CEHESHLEFITRENEHER,
FANBXRRIECRMAER ER. EX—WE, HREAESZRKNERHH
THEREZMMEEES, AIEERRIEAREN. B, BEERME
m, BREAREFERSHANHEER, EXEMARREFRRRFEENIET,
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H LTI AR A MRREE — S R AW B AR AR i Y
NEBERUB KRR R R ELR N, TREFNGRER L BRENAME
MAKBAMAEROERERS REA LREEL, A B sFHKAMEHAER
Rk, ARG RIVENTUBETUEL, TREFAKENEREZNR
ERUBENESREAT, BRENLFRERKNEL.

NI JERHEEHER (BC), WHARRRMUM R, THEHRKERAER H
KW ENBH TR, RREENSIFEFREANLIE. B THRONEE. ¥
RANCA, MSBERARGNSE, EEFIERREHNERET, FERRELZ
BREE, AREBRANTHEAERAERTHENE. X-WEETRL
HMEE. TRILCE, ARREBHER, FARKE LM EEEREX, 1
RIS ERERRR DR RNEE, FREWE LHEBEERTK, L%
ERHER AR~ RA. R BRAERERERIT, FREHHEREAZEAD
&, REFHEEE: KIRNEEOEHRMN B fFh—EEEK, BHENB S
WHERVEFREAFRENR, NBELTENER. FAEAERSREHEL
B, ZMBERSHRFREEIEN, XA EHIEE T A RRHRENTE.
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Fig. 3.11 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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Fig. 3.12 Stress-strain and AE-strain curves obtained by
uniaxial compression test in freezing condition
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Fig. 3.13 Stress-strain curves obtained by uniaxial
compression test-in freezing condition
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Fig. 3.14 Stress-strain curves obtained by uniaxial
compression test in freezing condition
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HE AR, AERTHRIGET, NREERE, HEEEUWRR, E3F
FEEERHER, BEAN. NREETEARBSHOFERRY W, TR
REE, HHEEREER MUREREN, SEEERE. 58314 TR,
ENEMRET, NEEEAR, SRBEEAR, FHEENTERHEL,
BERARNER. NEEBNATIREENERNTERAR, EHEEEE
KES, PRSI RRE TNE: MAERMBKH N NEEET, EEHA
FRBENEE. FEAERRER—ARMAMRENSATRAEFRAKRME
¥, BRZATKERKRER, BRFEAFHERNIER, RIZUENRE B
TN EREE R T ARNNNNRELFFERFZEFOMRGE, TREH
PR A G4 F R IER, NAT IR NEFEHESE.

ME 313 R 304 FRILIE S, ETRNEEET, SRATRAEFNEER
BEFRRNEL, BT ERERRAMEEREFINIES), HENREET
MISEEE RAREENEL. MAKBIRET, BHNSEREHENEE
REBAERAEHROES. IEATEGRTERET, RKERATNIY
FAE, RABESEEMRR, LRFMGERE, EFEHE, FURKEN
NANEHEEARSR; MEKEFRET, BTKNER, BKENYHES
BME, RY—MEREMBENREL, SB0NEEREEE SR
REERRGRAE RSN EE - SHRCORR, SEMRNGERETRR
BAREREHENSE, NEEHREHKATUEY, AHNEERERTRT
BRKRRE.

HRTRA-RBWELMHRETS, BEREE NN, SHFRRE
HoakEEsEt, KABEORK BIRAETEARAGEN, WTEEE
BROVMLEN AR, BENTHEL, XRERNHNEXRBEESRE
E&RE. i, ARAXIEEN D2, BEERMT SRR LR RS
e H—7H, EFTEFHALEAEHRGE, BAEAETH, EERES
#5Ht. SERMHNENLERARNE, dTHMENARE, SHFPRBEH
HAERMAERERERTEREREZESEM, MHREHLIL, KEMEEL
THERS, BNABEZEFNERRREERBUELR. XL ELREGER
HREASY. B, HRNEER BRI B THRE I NRETAE R
HAFAE .
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3.3.4 BRMRNESHNERY

BE. BERER. AN, BENEEEAMBEEN %Y, FE+T
BEBEPSEELLENNM. ATARLHERYRHNTXRRFEES, B
MEGRERAFRER, PTHREBENTHERSRT . NRERREN
S ME PR HIEMR. EHNELIR RS ESNAE, i Es
BRI MARMLE, EMERUGN, ENEENEARD. HERE
BRIEN I EMERE 1/2 SMNHENERLE, ERER RSN H A fk
HEYEABONTFAME, —SOHORESE, TATHRNTIERNTHE
BALEFBH. WEAGHHTE, AHNTEIBEANETREAYFRES. &
HRRRIFFERFRES,

F3-1ZHTE 3 1-H3.10 HBRTIRE B A B R 09/ F B85
F3-ZFHTHE 3. 1-H 3. 10 FREFEHN MR ER RN D EBH.

R ENHBENTIER, e, A e 2051202 REAY 4 V4 M 2 FOrd 1o b (8 Ry
B oo NABINEERE: o hERNNREL. 7. s ERBANEBHNTY
. FEERNERAK. BT RAREER TEREE S ZBRNT T,
AR, EABARETELREEHOTHERUREE ., HAEENENR
MEENAE, DREM SR ARTRRETEMYA. BhEHENREHE
B, MENMTERMNER, ARTERERNBEREECAEE, TMAMRSE
MEERF AT HE TN, TUFE, NEEENNDEFSEMNEmIFERARE
PEEXR. BENTHERNERAGTS, REERRE. BRE2%R, B
NEBERFEEERE, WARMERE, NERERR=417x107s i, HKieEE
. PR, R RISER NN ERREBIEE) 11.38%, 24. 67,
9. 16%%0 5. 05%, TOHB{EMHNBERINEE 34. 69%.
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R3] TAREEXRTREZBRTREFNIZSERAREN

Table 3-1 Mechanical parameters and scatter of air-dried specimens in different strain rates

REEE EH BE o, BEMINT BEEINT  BE .
/(s HmE  /(MPa) £/(107) g/ (107 E/(GPa) A v
4.17E-07 ¢i34  27.36 6. 53 5, 74
4. 1TE-07 "¢i33  32.94 6.75 -2.07 4.79 0.18
4.17B-07 c¢i32  28.94 6.15 -3.47 5.15 0.13
b3 29.75 6. 48 -2.77 5.23 0.155
s 2.88 0.3 0. 98 0.48 0. 04
4 9. 66% 4.67% 35. 55% 9.24% 22 81%
4. 178-06 ¢il9  17.19 10. 94 -1. 16 2. 67 0.1
4.176-06 ¢i20  25.19 10. 11 -1.45 4. 56 0.15
4.176-06 ci2]l  25.84 6.94 -2. 61 4. 56 0.18
¥ 22.74 9.33 -1.74 3.93 0.14
s 4,82 2.11 0.76 1.09 0.04
£ 21. 18% 22. 62% 43, 99% 27.85%  28.74%
4. 17E-05 ¢i22  24.37 8.1 -2.98 4,78 0.19
4.17E-05 ci23  31.69 7.07 -1.55 5.5 0.15
4. 17E-05 ci24  32.16 8.37 -3.15 5.32 0.2
b3 29. 41 7.85 -2.56 5.2 0.18
s 4,36 0.69 0. 88 0.37 0.03
£ 14. 84% 8.77% 34, 35% 7.19%  15.80%
4.17E-04 ¢i25 24,12 5.78 -3.14 5. 43 0.2
4. 17TE-04 ¢i26  30.65 6.76 -2, 06 5,74 0.18
4, 17E-04 c¢i27  28.92 7.29 -5.42 5.34 .25
b3 27.9 6. 61 -3.54 5.5 0.21
s 3.38 0.77 1,72 0.21 0. 04
£ 12. 13% 11. 58% 48, 54% 3.85%  17.79%
4, 17E-03 ci28  27.93 5.93 -2.45 5.3  0.21
4, 17E-03 c¢i28  33.62 7.03 -3.16 5 0.22
4, 17E-03 ci31  30.03 7.5 -2.40 4,93 0.18
¥ 30.53 6. 82 ~2.67 5.09 0.2
s 2.88 0.81 0. 43 0.22 0.02
£ 9. 42% 11. 86% 16.04% - 4.34%  10.13%
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#32 TRANEERTREEKEMEFNIEBRRABRE

Table 3-2 Mechanical parameters and scatter of water-saturated specimens in different strain rates

NEEE £ B BE o, WENANT SEBRNE  BE Bk
/sy HE /(HPa) e/(107) a/ (0% E/(GPa) v
4. 17E-07 ¢il?7  32.88 13.16 ~-3.99 417 0.36
4.17E-07 cil8  39.21 6.33 -4, 36 6.16  0.43
4,17E-07 ¢i39  31.96 10. 09 -4. 00 4.06 0,38
3 34. 68 8.85 -4.12 4.8 0. 39
s 3.95 3.42 0.21 1.18  0.04
3 11. 38% 34, 69% 5. 05% 24.67%  9.16%
4. 17E-06 cil 39. 18 13.99 -6. 29 422 0.39
4. 17E-06 ci2  42.53 4. 72 ~7.65 4.61 0.5
4.17E-06 ci3  47.01 13.14 -7.96 2.92 0.4}
3 39. 57 13.95 ~7.30 4,25  0.44
s 2,78 0.79 0.89 0.35  0.06
£ 7.03% 5. 67% 12.17% 8.16%  13.77%
4.17B-05 ci5  55.53 17.87 -8.69 4.85  0.38
4. 17B-05 ci6  41.34 15.93 ~7.98 3.85  0.39
4.17B-05 ci7 40,63 16. 05 -7.92 3.95  0.42
3 45, 83 16. 62 -8.19 4.21  0.39
s 8.4 1. 09 0.43 0.55  0.02
£ 18. 33% 6. 54% 5.21% 13.07%  5.94%
4. 17E-04 ci8  58.55 15. 13 ~5.75 5.89 0,37
4.17E-04 ¢il0 5118 19. 21 ~12. 58 4.27  0.46
4.17E-04 cill 56,99 13.7 ~7.99 5.69  0.47
3 £5. 67 16.01 -8.77 598  0.43
s 3.89 2.86 3.48 0.89  0.06
£ 6. 99% 17, 88% 19.67% 16.78% 12.93%
4.176-03 cil2 71 15. 15 ~5.90 6.52 0,34
4.17E-03 cild  76.77 12.25 -10.43 7.74  0.47
4.17E-03 cill5 75.31 15, 44 -9, 47 7.61  0.46
b3 74. 36 14, 28 -8, 60 729 0.42
5 3 1.76 2.39 0.67  0.07
£ 4. 04% 12.35% 27, 79% 9.19% 17.47%
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3.3.5 MIEHFHEEBEMRIMRER
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[ © air-dried j
| ® water-saturated

| —theory value

Uniaxial compression strength(MPa)
wn
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- ! ‘
1 10 100 1000
Strain rate(10°%s)
Fig. 3.15 Relation between uniaxial compression strength and strain rate
obtained by uniaxial compression test in freezing condition

3. 15 FREPRT T R AUES RIS 1 3008 2 ri R A K M il i

EERALHHE AN ARMAERE. REANTRANEEETHRBNRE
R, EPpB—PNEEETHE=ASRGRARER, B AR TRE IR
ERMIEEEFLER N BARRP, WE 315 fir. ABELE, BT
st BMEEEN 107 BAE 10% H, A EERENEES S
29.75MPa, 22,74 MPa. 2941 MPa. 27.9 MPa. 30.53 MPa, BATHRERERIEHE
BEEE LREAKNTL. BHESERETARTRERNSERTHNET
REAEEBRAEIEA K, (BT R R 3R B A0 4 78 A T K 0 R0 AR AT
FETE 3.15 REMEEBRFRER T -ENETERER; MNBFTTUES,
FENAE R DRRN, XN AIEETRE P 1E S 512 34.68MPa. 39.57 MPa,
45.83 MPa, 55.57 MPa. 74.36 MPa. SNV HEM 107/ AE 107 &, KHER
ERNEERERXT 114%, SRR EBNMFNEE RRERE ENE
EERENEAMBALRRERENXR, HXRMEN lgorma + b 1g &, HAF
o HBBERE, SAMANTEER, a. b HRBEY. BB -FEHE
BIrh gy sE AL 43 A AMEE, W18, a=2.04, b=0.08, MXEH|r|=0.94.

NTRRE, FERETERNEFIEERESNERENERS
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lgo, = 2.04 + 0,08 1g & (3.1)
RERBFRPLRH TR
o, =109.6+ %% (3.2)

B2 H T AR TIHRENRUEAEANERERETRN, ETEHLA
3.0 RTREBEREN AERT-ENNEERER.

3.3.6 MEREGENTHREMRE

A A R B 8 5 B B T 7= AR (R 1) BV AR E AR R B I TR, R 8 €as
SR e BT R A R ER AR REENE, B o BENTERE., N
ERAE TR AELYERRNMMLSENmHEE. B, EEFFRNE
HE T RIS E N FRAMEN T IR METHERRIE L.

RELMER, ZTHENLEE, ETARNERETREFRENTRE
FRLTR—-ES, & 316 Fix.

& t 4 T 1]
ilo_ 8 5 -
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0N 1 L ) I

10 1 10 100 1000

Axial strain rate(x1 0'5/5)
Fig. 3.16 Strain at maximum stress-strain rate curves obtained
by uniaxial compression test in freezing condition
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AEFTTLUE S, E ARTRRET, NAEESHH 4.17x107/5.4.17210%s,
4.17x107/5, 4173005, 4.17x107/s BF, Rof T Ay S 1) 8 {20 17 2 O 1) UGB {85 1R 45 P4
BME T FIR 0.65%- 0.93%. 0.79%. 0.66%. 0.68%F1 0.18%. 0.17%. 0.26%. 0.35%-
027%. LRNZHBEN 10%s 107/ B, BRI 2 RE 5 i 08 R A RY 0 7 1
K, BHAEENTSNEREL AHEFHENXR, HNEERMTLH
MIEENERFRANEM, R, TLURIMAERY 109 M, BREAHH
WA R R, BNREENRAIEEIEENERRTRE M.

i, BETMNER, EARNEEEKENEHEENETEERETH
—A B9, @317 Fir.

~20F T T T T 7
o o ©
* 8 0 o ol
*(a’ Q o Q o
?j 10t-0 -
w LO
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E b, ¢ | ateral
= F— ----------------------------------------- -~
)
£ | @
% 3 . *
2-10- ' 5
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-t 1 A L 1
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Axial strain rate(xl()é/s)
Fig. 3.17 Strain at maximum stress-strain rate curves obtained
by uniaxial compression test in freezing condition

B3 R KBS R AR E R S ENER Y RS
<2 [ PR Ay e o (B RT3,k R R A 5 ) R (B R 2R

MEHTTLUE S, EABARET, REEEFHN 4173107, 4.17x10%s.
417x10%s, 4173107, 417107/ B, S50 frydat ) e 48 17 38 R TR AE 9 A A
BHE S A4 0.99%, 1.40%. 1.66%. 1.60%. 1.43%F1 0.41%. 0.73%. 0.82%. 0.88%.
0.86%. HATEREN 107/s i, BREHFEATH IS MBS EENES S
B/b: ANERERT 107 0, HmEENESERNEENYEREX, B58
BEEZ MNRRATRAE.

BALRABRRR, FERSTKERE GRS ENEMEEENTL B
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BRTRAERBABRL, EEERER—SRNARRENERTRIKEAER,
ERANNEERT REAEANENREENERERANER, XREN
BKERABMNIFHFAME, RALSHEEHRE. ILRLMHGHRE, 28TE
RERBENER.

3.3.7 MEER M ERARR LT mAE

BREBAEL RS AMHERNHESY, TELTETRPHRELE
REMMG. ATERRBERONINEXAHFEE, ENLHRERAE
VSRR, PHEBNERERSEN . VREREMNHNEHR XA
LMTEME. NEMELHE ERBIHEMME, BN RAR I ME
MHE, FOBERLAN, BZEENARD. MEBER RN HE
BE /2 LN ERENLE, FHERRRENHINE ML LEHELRSN
FHME, —BREFRIREER. EATHRPUENTHEBSHESH. X
BEMENE, ARNERIBNNEIRERNTRER, KUTHUHFFER
it

MEFERTFARTREFNKANEHTNER, 26 HWEHE, il
ek FERR (EHREN 20%—-60%ME) MM EET T ENARE, 8
BlETaRmRERRMaNtk, TRAKEIRES2 SImE 3.18 1M 3.19 5
R
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Fig. 3.18 Relation between elastic modulus,poisson's ratio and strain rate
obtained by uniaxial compression test in freezing condition
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Fig. 3.19 Elastic modulus and Poisson's ratio-strain rate curves
obtained by uniaxial compression test in freezing state

B 3.10 BRERFBAMAE H ARE A% T R Asd o 3 vk 4 B A0 v 4 b A B
SREHRAEER, S L

EBRTRRET, MEERIHN 417107, 417x10%s. 4.17x10%s.
A17x10%s, 41751075 B, S RERTEEMEAS B AGHA LA R84 813 5.23GPa. 5.93
GPa. 52GPa. 5.5GPa. 5.09 GPa A1 0.1. 0.14. 0.18. 021, 02. FeAsE% %
£=A17x10% B, BRESHUREEBAEE/, TELTATER TRILE
BEX LREE SGpa Ul L, REBRENERER—HANNELFME, 48
WREART LM, A%, XEENREHEE, SHERME 2%
WH. ERERET, NTEELHH 4171075, 4.17x10%. 4,17x10%s.
4.17x10%s. 4.17x10°s B, S 5% 89 B B Fvd L B9 4948 4 13 4.8GPa. 4.25
GPa. 421GPa, 528GPa. 7.29 GPa % 0.39. 0.44. 0.39. 0.43. 0.42. MEHF L
B, EXBARAT, FHNANLE SATRANERAMER, KON 04
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Fig. 3.20 Stress-strain curves obtained by uniaxial
compression test in freezing condition
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Fig. 3.21 Stress-strain curves obtained by uniaxial
compression test in freezing condition
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Fig. 3.26 Stress-strain curves of the same specimen with different strain

rate obtained by uniaxial compression test in freezing condition
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Fig. 3.27 Stress-strain curves of the same specimen with different strain
rate obtained by uniaxial compression test in freezing condition
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Fig. 3.28 Stress-strain curves of the same specimen with the same strain
rate obtained by uniaxial compression test in freezing condition
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Fig. 3.30 Stress-strain curves obtained by uniaxial compression
test in room temperature
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Fig. 3.31 Stress-strain curves obtained by uniaxial compression
test in room temperature
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FIE MREENELNFHANRMERSRBRUIA

® 33 FRNEHRETEKE 12 SHTLE
Table 3-3 Comparison of mechanical parameters of tuff in room temperature and
freezing condition

BE o, BEHRNE BERHNT 0 BE

HERE / (MPa) £4/(107) &/ (107) E/ (GPa) e
dry20C  33.87 572 -0.78 835 0.13
dry20C  28.14 5.80 -1.20 6.03 0.15
dry20C  29.68 482 -0.97 6.83 0.15
i 30.56 5.45 -0.99 6.40 0.14
wet20C  28.33 8.75 4.56 6.75 0.40
wet20C  27.62 5.86 -3.16 8.02 0.38
wet20C  27.14 6.04 4.06 6.54 0.46
¥ 27.70 6.21 -3.92 6.44 0.41
dry-20C 1719 10.94 -1.16 2.67 0.10
dry-20C  25.19 10.11 -1.45 456 0.15
dry-20C  25.84 6.04 -2.61 4.56 0.18
x 22.74 9.33 4.74 3.93 0.14
wet-20C  35.18 13.99 -6.29 4.22 0.39
wet-20C 42,53 14.72 -7.65 461 0.51
wet 20C  37.01 13.14 -7.96 3.92 0.41
¥ 39.57 13.95 -7.30 4.25 0.44
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EHRAMEE T RSB0 L FREEN.

BLEAHBA, BERSEREAHENNESER T AR LN TR RR
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Fig.4.3 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.4 Load-load point displacement curves obtained
by Brazilian test in freezing conditon
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Fig. 4.5 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.6 Load-load point displacement curves obtained
by Brazilian test in freezing conditon
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Fig, 4,7 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.8 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.9 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.10 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.11 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig, 4.12 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.14 Load-load point displacement and AE-LPD curves
obtained by Brazilian test in freezing conditon
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Fig. 4.15 Relation between tensile strength and load speed
obtained by Brazilian test in freezing conditon
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Fig. 4.17 AE-time and stress-time curves obtained by

uniaxial compression test in freezing condition
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Fig. 4.18 AE-time and stress-time curves obtained by
uniaxial compression test in freezing condition
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Fig. 4.20 AE-time and load-time curves obtained
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Fig. 4.22 Load-time and AE-time curves obtained by Brazilian

test in room temperature
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Table 4-2 Comparison of tensile strength of tuff in room temperature and freezing

condition
dry20'C  wet20C  dry-20TC wet -20°C
R i i
BRI 227 1.61 1.90 5.25
HE2 1.80 0.99 1.89 5.01
B3 1.61 0.99 163 5.19

FHE 1.80 1.19 1.81 5.15
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Study on the Acoustic Property of Marble Specimens with
Different Grains

WANG Kai-lin, YANG Sheng-qi®, SU Cheng-dong’

(1 Dept. of Resource & Material Engineering, Jiaozuo Institute of Technology, Jiaozuo
454159, China, 2 Institute of Geotechnical Engineering, He Hai University, Nanjing 210098,
China)

Abstract: In this paper, based on the supersonic measurement results of marble specimens with
different grains, the influence law of soaking time and macroscopical fissure on wave speed,
and the dispersion of acoustic parameters of specimens were carried out. The results show that
soaking time has great influence on longitudinal wave speed of marble specimens, but no clear
effect on the transverse wave speed. The macroscopical fissures can reduce the longitudinal
wave speed, but the extent of reducing has relation with the failure extent of specimens. With
the increase of specimens’ average grain, the acoustic parameters of rock isn’t 8 monotone
function, and they reduce firstly and then increase, what’s more, the changeable scope of
dynamic Poisson's Ratio is higher than one of other acoustic parameters, and so it can’t show

the deformation property of rock as the mechanical parameter of material.
Keywords: Marble; grain size; longitudinal wave speed; dynamic Poisson’s ratio
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