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Experimental study on the variation of wave velocities of granite during loading
process under a certain confining pressure
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Abstract: In order to obtain the variation law of wave velocities of deep rocks under certain confining pressure
and continuous loading condition, the triaxial compression tests of granite under confining pressure levels of 40
MPa and 80 MPa were carried out by GCTS RTX - 3000 rock mechanics testing system, and the stress-strain
curve as well as compression and shear wave velocities was obtained. The results show that the compression and
shear wave velocities of granite increase with increasing the confining pressure in a quadratic form. During the
triaxial loading process, the compression and shear wave velocities increase sharply and then tend to be stable,

while in the process from crack initiation to failure, the wave velocities slowly decrease and then drop sharply. The
shear wave is more sensitive to the stress state of the confining pressure and the loading process. The damage
analysis of the rock in the whole loading process was carried out and it is shown that, at different stages, the
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dynamic elastic modulus shows an increasing, stable or decreasing trend, and that the dynamic Poisson’s ratio
reflects the expansion process of the rock. The study is helpful to understand the damage characteristics of rock
mass under high confining pressure conditions and of great significance for the study of deep surrounding rock

control, earthquake prediction and so on.

Key words: rock mechanics; confining pressure; compression wave; shear wave; triaxial compression; damage

evolution

][

1 5]

BN BB ARV DT LSRG R HE
J1EREVE JEAEA R RIS T B A BEGH
SERKPIZESR . TR, U7 IR KA W mR
HE R, &R IRV E &S 4000 m, T
BN 77 100 MPa, &N 151 K130 719 E
FHIMMZ . W RA RN RS N A AR
PR HABRE R, AT DA SO A R0 A 1R
JifE, AR SN PIRES T A ket i ge e v
I R

68 P A E A — AR A T B, fEA T+
TR g gl MM, S R A T
DIt R BT R, AR A P 5
PRI SRR SR, 0] USSR X AR 72
BERIERERL BAh, HIRRL TR . N A
oy FLBR. BN TR . BRSNS H
PR A A P A AR R 1,

XA AN AR FE TP I R A%
W, BN AR 2 AT T ORE T, st
WIGAES 0T, AL T SRR R &,
G. Simmons™iF 52 T 45 7 75 52 30 FE o iR B 110
AR AT I TR A% 1 s PR AR AR KRS . FEZS
SEAH TSR, K. Senetakis ZBh@ it i i 5t %
B, AU RS2 2 V) BOR T &S IR, 1 )R
AU 6T A A A L FE R K . B e )
T AN HT R SRR AR, R T A AT
INERA SRR AR B, AT DA A A iRt 47
A XTI o 6w T TR [ o A
FEF SRR, BEEH T 2 PR, 2
Pe e M RIS 9T T AN B R 2
TP AR, L TP S R IR &
Ro M MR H RIS H T AR
T AR SR AR R X AR A R
1a SR aBY, ST 1 R B i In s R ke s
W BB N 1R ERE R R

T2 A TR R IR A7 I 5 v 22 52 B s B A
i, TEZEMIRE RS, 9N MRS 223
R A8 Ak DA 2R 3 A R 550 . F. Birch™ ™l iy
BAMTEKESIN, I b B 5 KT 3
Y IR — e E G, ORI E RN . AL Nur
1 G. Simmons™ el i XUl Ao IR, $RH T
N[ B A AT UL A AR R e . e )
TR LA R A 7R IR
JRAS, WA FA ZUE 1S5 AN BEEE, 5
T A ABESE RN EER R, FRBAIR
KBNS =3B E ] T Bk
MDY =SB B R R LR, £ %
A X B KR A T REAR RN, B s 5 oK
B AR IS AR AT B /04T, 15 T A T 1R
AR, 2y R s 20 = d R PR A VR R 6 36
P T B 7R R S AR AR AT 0 b, WA TR
. A RERHEL R B R R R, Tt pesg
BN E B AT WO 0453« Tk s RN L B Ak L R
B HORAS, TFRE 78T e o e ) R 2
SAF T A A BRI . 2 11225 AR R
B T %, I INRER N &A%, BEHLRE K
AR, NIRRT I R R A B R
Wi, MR EEENINRT R R A P KA T
T IR 7, B R o T A e )
A, AR ST R AR T AR AL IR R

R SRR — MO AE A R AR AR R A
AN RN BB AT, AR
i, BTS20 &RE, 2 RHERS 10 mm
FEAWNRSFRFE. B DL B RAAEA R, 75
GCTS RTX - 3000 #A JlEail b, I L
Sk H I B A A B 2S, WI1E T B4R 50 mm (1)
6B FRAEIRFE S I E 40 A1 80 MPa 5/ & 5
JIACEIBGE FE A IO\ Bk IR, @8 2 4y
BT T BUEACE AR R Fa it FE S9N B ¢
R, BT T RS e R R B A AR D
FLITIRAS o



#5389

S T S MR A Bep s u W e s d ks R e 1769 «

2 RIEHE

2.1 WHEmT

TERd A B AAEREM, JEECAA B R e
A, ER CTREA RIS T VEbRE) (GB/T 50266—
2013 E LR, RAER. Ul BB LT, TR
B2 ¢=50mm, = h=100 mm KIFRAERFEARR
FEo USIE—J7 AN BUAE S, B UG s 5 i 8
oy AFHACPEERE (w22 /N T 0.02 mm,  fEix ik FE
WK 1 iR,

by

K1 e A bR

Fig.1 Granite standard samples

WA EBET VRS RGN A%
(54.4%) B=BE12.7%). WIKA(13.4%). EKA
(14.3%) I IE K A7 (5.0%) . 1545 I 2 RAR B FE R
2.589 glem®, “FHRIRFLEEHN 0.77%.

2.2 RLEAR

K FH GCTS ULT - 200 M 2 4833k 47 3 8k,
TE gk it A% Fh il el 75 SR FH & FH R A O Sk
W 2@)F~. AT R FEIR = BEBE, 7
TEE Sk PR F I 22 R AL kS, X et s
FH R FL P AR, TR — i R R S A it
IR ERE, 24 g iR R Rk E 5 . BRFE 5
— i M (R R AR SR A S DUAE 5, IR i ] AR e
REEMAE T AT . (L% A 200~1 000 kHz
O ) AR A2, AR AT ol A B JE B A ik
MAERRIT T « YN, BRI AR IR L IR A B
K 2(b) T o

B AL I
S i

(b) D\ i ek 2% A1 L
B2 Rk

Fig.2 Ultrasonic indenter

(@) s

FEWEMAFT, Semfimgh. REoa I Sk i
6], SEEDEE 2 AN ST T T A R R 5 1
SRJE KDL (R L 8 e 38 A I ) ik 2 T % 1T 9
B B e 15 2 R 1) 1 IR BIART [R], AR
R, THEHI BEEE.

ki E T BRI R AR, BT TR
FEMIBENLAN RSV, Bkeh o] G825 0855, IR,
T Ik 38 PR AT 1) A JE 1T LAl /NI S S P4 2K
b, Sk SRR 2 SR TR SRS R
HATHG, e R ENCEI . BIIRE.

2.3 REREFRMWAFR

A6 5 2 TR 11 v BBl R =2 e 4 6 70T
PR T K2~ GCTS RTX - 3000 &1 i 1 o A7 =4k 6
LT, RV 3 iR A fE KA 2%
FEEUNE 4 Fios. IR, 1 2o 7E e Sk AR A v
BIS R RIE EAE ARG, R S A R Sk R
SEHE R R SEMAGEE, RJE R N
AP A SR R A ) N AL RS, R AR AT RE,
fEHAERVTFREFEN .

i ) S8 A SR 0 2 2 ) PR AR AR T, B[] B
AR AR RAR M IR 97K AT, SR 3 000 kN Jj 148

K3 GCTSRTX - 3000 i i 5 A1 = ik ge 41
Fig.3 GCTS RTX - 3000 rock triaxial testing machine



¢ 1770 ¢ B TR

2019 4

R
i

il 1 2 A
felkeas

K4 Jekia it

Fig.4 Strain sensors and ultrasonic indenters

an B m AT R . AR 73 ¥ B 40 AT 80 MPa
P BB AP EAT = R 45, ARG EST 4
W, KHFE R, ME RN EEE,
T I 1) AR A AR ARl 1 A, Rl v i R
79 0.002%/s, 48 J7ik B Tk (A ) 80%, F-3h1J)
e 15 EH B 1) 7 AR A TR A i R AR, BRI Nk
WA -0.002%/s. 7 AIAEIRIG ) 2 Ao fE
MR B

(L) ol He e e s I - 7R3 Bl
IS, AN 10 MPa R&E— RN, e, B
22 [l in 21 79 A

(2) = 4E ik FE BRI e . Rl s
W AR [F 20 AT, B0 30 s 10—k BEGHE,
BRI

3 MIEERST

31 KN - METrhLk

Kl 5 N K435 40 A1 80 MPa i), fi =
RGOSR AR - M. HE 5
ATLLUE H, 2 A O RS, BN (1~ 35k .
e {5 558 & 43531 iRk 553.07 A1 738.92 MPa. 7EMN# i
fEr, WEERLCE AR EY R, BRI RE K
HRIZL, R LR R R R /1. Hh GBO -1
AR R T 1 B4R, HIFEFER TR HTAEmnEk
R, ER A AR R D)4 A 1) R AR,
WA ) AR T DL — 72 ()3 38 T 1

F4h, 5 40 MPa MLk, BN 80 MPa B 7% X
IR F) - NAR i R AR V(A A0 B B B RO 4
FEl i 40 MPa [ UAF 58 F 3 [ Ay 545.55~560.44 MPa,
ZE{EH N 14.89 MPa, ZA{E A TFHIEAE SR E 1K 2.7%;
FEl £ 80 MPa [ IE{H 58 2§ [y 715.57~758.42 MPa,

800 -

G80 - 4
700 b G80 - 1
G80 - 2
600 |
fvd
[a
= 500 ‘94 3
R
2 400 G40 74
E
= 300}
&
200 G80 - 3
100 Y ﬁ
G402l b
0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

il 1k 8222 /10
K5 Ry - NARhZk

Fig.5 Stress-strain curves

ZE{B N 42.85 MPa, ZE(HIARIFIIE(E 1) 5.8%.
AR, TR AR T & A, BB,
KA R AR ER, BB NP ST YE
AL AN, B (3G X P 22 7 B O R
e, RN RV R 5 AR B A s P,
FEl & 80 MPa I8 (=i R ) — A% il 2 3l ) B4R
ZEAE A 1.53x10 2, 5 BB T2kl AR ) 13.4%,
FH 58 K I 45 A8 25 S5 5 PR o 30 PR 4 205 I8 2 %o e
JERRFEF= AR KR o AL, A1 R T A2 R i
ZINRCER BT TR R 11 L% A R o T 2 T A7 L 90 A
72 SE AN 2 B P AR
3.2 MEEZERES

TEINEEM B, RAFhmE R 7, BL 10
MPa y—ABREE, 4 5l4S T K Fn#] 40, 80
MPa ] 2 HH . FEEE. B 6 25N IR H
bt BBl AR A A 1, AR S 2 AL A
I Tt B (AR 28 . FBLA 2T U
Y\ BRI RE B R BN G R, 2 IR R R
R, MAEAKXN
V, =-0.284 307 + 48.4960, + 3 367.0 (R* =0.996 7)

@
V, =-0.12807 +20.2970, + 2 001.8 (R? =0.993 9)

O]
K oy AAEFEFTZ 21 K (MPa); Ve AT Vs 7351
N BEBEE (M)

ME 6 ATCLE Y, HBcE i 2 BB, 1
R 3 N B A BRI B . H R PR AT RE 2 BT )
B MAARIEREBON A, SR 5 % BIAFE A AN
DRy RORBRAE R R R SRS, Mk
PIRFEAR S BT, O EE 3 0 B R bR
WA TAEE .



¥38% FHoW 5k OBEAE: [E AR RN AR R A ndod 1 bl s AR (A IR T AT « 1771
6000 - 7001 v, 12300 3900
600 - ! !
5500 ' ! ]
< 500} : A ! ; 42200 3800
> 1 1 1 - o
-~ 5000 _E 400+ ! | ! D T
7 = d i ! 421002 43700 :
> 4500 & 300 ! ! ! = =
3 = | R : ~ g
> 4000 F 2000”1 " Vo &L v 42000 <3600
! ol /1 N
3500 i i
0 o — a— 1900 3500
3000 , , , . . . . , 0 100 200 300 400 500 600 700
0 10 20 30 40 50 60 70 80 it /s
[l F:/MPa BT G\ BRIBCHF (L 77 B8 I 1) 2% 4 %of b 2
(a) S Fig.7 Curves of compression and shear wave velocities and

0 10 20 30 40 50 60 70 80
[ [E/MPa

(b) HEHPE
6 Y\, MU AR 2
Fig.6 Curves of compression and shear wave velocities with
confining pressure

TERINEE RS, FE5E N RREGE KP4 1E 4
WA 3311, 1971 m/s, 7EMNEEMVIGIE, BT
RFEFLIRBE S B 38 i R A= P A, 9h. B E
Xof R AR A LU B, R et . 4 L
F 40 MPa i, FERIA IO, BEBEE S HIFER T 1 500
H1 622 mis. M 7E BBl A XS = (OB B, 3R I FLBR 2
BEAR PG, LI gh B T o L AR A AR P 2%
M 6 LA 2 bk A, . R
Ja BT E TR e, X ARIR N, 7E 40~80
MPa [ ETEE N, S BB mE K T 656,
231 mis, fANZINRET—Fr B 0.4 15, I LA
(I e T I N 5 467 mis, I3 A
2824 mis. ATLAEH, BEAEFRAIEM, M. Bk
AR IR/, AR RE R AR e .

3.3 BEEREFRG THEMEEFERRET L AE

FARPETE =g AR, BEE R,
FE NS 2 R AL, AR SURIERIE 1T e
HIAFREE A ST R, ARG,
A BEPCE B2 Bk, B 7 9 G80 - 1A,
T Y S AR 7 7 8 B 1) AR A0 PR %o B 28

deviatoric stress with time

XTEL 7 1 G80 - 1 EIIA. BEBE K 5
SRR FHEM B2, wE 8 . RIEHN.
T T A ) A 5 B D 77 it 26 T A 2k
BRSO 4 AP BE: ST B 0~120 s, Z4FRIES
BB, A PN R B R il ) S A R R AR
HE, A BREEIT G SR, A gl sk
i1 3601 m/s B hN % 3 807 m/s, M hNMEAEIZHTIR /N,
TR Y PR S AR I, T f5 998 1 2 032 mis BR Tt
£ 2135mfs; 2 1 BYE 120~390's, 2R3 EL,
FHUGIN . BEB RS2 N, 15 270 s BEP B IEIT
RIS T %, 55 1B 390~570's, ML B, 1R
N SITE 570 s IAFNEME, SRR BERSUT G LI R
YRR, PRI IR RS TR, B R
PRUIA B W AE B T SR R B, TEVEAE B I 4b R BE
F 1927 mis; FEE IV BB 570~660 s, alFf &4
IR, YN IR AE B RN I (E e — Ak P ha
BrE, SRR TR, R N TR, G8O - 1
BUFE 4 ANITBL ) A IS AR 18.2%, 40.9%,
27.3%7F1 13.6%, LLECHN . BEBGE RIS FE, FE
B S 2, SR TRE, EITME IR
R AR R, S RS SR R R,

ar

3K & R S A
o P\ S AUE

0 100 200 300 400 500 600 700
I} [E)/s
K8 gk, BEBE FHUHAI ML
Fig.8 Curves of derivatives of compression and shear wave
velocities with time



¢ 1772+ NS TSR 2019 4F

ANE R R TE A BUa R e T E k. WK AZ, AT OGN BRI,

AEGAR, o | s AN B R 1 SR A S UE 3 8 AR ON L ARk 3 ol e ) AR 1 ARk
PEEAE =l R 450 o A v 2 Bl S i 1) B 7 Hhk, Wl 9 fras.
3900 + 2300 3800 42100
3700
3800 12200 2000
3600
o 3700 o a o
3 ) 42100 ¥ 35004 1900
g 3% £ £ 3400 €
5 {2000 3 3 1800 5
3500 )
3300
-V < 1900 1700
3400 f 3200
—O-Vs
3 300 1 1 1 1 1 1 1 1 1 1 1 800 3 100 1 1 1 1 1 1 1 1 1 1 l 600
0 L 2 3 4 5 6 7 8 9 10 1 0 L 2 3 4 5 6 7 8 9 10 11
Bl 1] {2 A8 /10 il R AR/10
(a) G40 - 1 (b) G40 - 2
3700 42000
3800 43200
L 800 3700 - *43_ 3000
-~ —~ 4 42800 _
b T 3600f T
1600 ° . 1 ‘
£ £ 2600
> < 3500 =,
= H 2400 =
1400
34001 -+, | 5 200
+Vs L
1200 3300 - L L L * 2 000
10 0 2 4 6 8 10
il 17 ¥ A8/10 i TAT
(c) G40 - 3 (d) G40 - 4
3900 4 2300 3750 42200
4 2200 3700 < 2100
3800 |
& 12100 F 3650 F 42000 T
(%} (%) w w
L 3700 g £ £
;l ) 4 2000 ;‘,, N 36004 < 1900 >
36004 -V, 11900 3550 =+ V; 4 1800
-V, -V
3500 1 1 1 1 1 1 1 1 1 1 1700
3500 2 4 6 8 10 11800 0 1 2 3 4 5 6 7 8 9 10 11
f e AR /100 1 R AR /10
(e) G8O - 1 (f) G8O -2
3800 42150 3900 4 2800
4 2600
121
3750 | 30 38001
_ . 42400 _
DA 2107, N
£ 370F g £ 3700f -22005
= 1200 = =
> > > 12000 >
A
36504 v, 10 3 600 -V, -
+VS +V5
3600L——t 1 111 J505 gspob——v v Tg60p
0 1 2 3 4 5 6 7 8 9 10 11 0 1 2 3 456 7 8 9 1011 12 13
Tl R AR/10° el 1 R AR /10
(g) G80 - 3 (h) G80 - 4

B9 =Hiohnasad FEON . A ot B Al 17 AR AR A0 Hh 2

Fig.9 Curves of compression and shear wave velocities with axial strain during triaxial loading



#3859 KRS AR R AR KA 0 e A s AR IR T + 1773«
WO FAETLUA L, P ARBEEEINZME g -

AEIRIS,  PNIBIR i ) AR F AR A B R A AR [
TR AN, 2IARLMERL, ERLT
WMLk . TEIMBAIAECEB BN R, 2 5
18 FF, KRATE IR ZIFGENE T, SEkE
R, oA — R4S, wE 9(b), (AR,
FAMTREENARE, EEEAF—emES, Bk
KR 40 MPa RFE 1P 323 VI 4R 8 3 322.75
mis, P KAE N 3 740.75 mis. LK 80
MPa [PV G E N 3 621.5 mis, P33 K ME
3788 mis. MR, BT EIEMIRCI, HILGBE
WSRO, s KA 2 47.25 mis, JOE
S8 TP s L (8 K kS, B O v LR 2%
PR, BRE DB 2 Hr (R A A B N ASE

M 9 IEFTLAE tH, FRER T APis, Maps
AT AE IR, K 9(a), (b)ipadItingzts b
FEPPRIE RS, e ZIE — SRR AR,
INE WSS TR K 9), (HFTLAEH, Bk
TERIFF IR A —/NBe e e R G R B R, 2
JE B EAN R AR, ERNAREIR, PO
SREITRE. RAM IR 40 MPa (IR
RAEWIAE I BRGNS, Bl /KA 80
MPa [ FE A I s AR ) R AR A — AN 2R B
IR, FE G40 - 4 TGS EN 2 792 mis, K
BIH Ty 3041 mis, FEIEKF4 40 MPa 1A 3 M
FE I WIa61E 0 1 897.33 mis, PRI KME N
2 035 mis, 3 4] 46 1 AN B K ME 22 7 il ik )
AT%H1 49%. FEIIE/KF-A 80 MPa [ s P40 11
91950 mis. F4b, iAFE G8O - 4 B KME N 2 692
m/s, FAth 3 MRFERPE R BN 2 103 mis, FTLA
A, R G8O - 4 MMEAE L AhHE = T 30%. i
Tk P A U T B AT AT, RN B OK,
PR, JFH S BB ASRE dE RA K
BRIR A AR = I 4

NTHEEWT RN BEEGER R, A8
SN BEBGE A SHTUE 1 2 A a A .
Bl 10 i B IE AR . B 10 1,
m, n 7358 FLE KT 40 MPa AR S\ I AT
WBCEATYME, /5 418, 1655 mis; j MK
K- 80 MPa [RRFE A B R (1 3{H, h 166.5
m/s; BT G80 - 4 RSB IEMEECK, k AFR
AT 3 AR B R P IME, A 148 mis.

ML 10 FRTLAE H, B BEIE R, S0, B
TR (P XA A Ak, G\ I8 S s 93/ Ll

700

G40-1
G40-2

G40 -3

G80-1
G40-4

ENES A
K10 . BEpodiEEAR R
Fig.10 Amplitude changes of compression and shear wave
velocities

G80-3
G80-2 G80-4

RS, PR/ 2515 mis, (A I i ST A R A
A K T HELL AR, BB A K
FERE R, —J7 A2 B TR AR B R i S B B
R B SR NI AR PR
MAEREARARR.
3.4 shAsEMREE MR E RS IEMREL

R AT = R4l R, AAaNEa s
SUAHAAE . B RREEL, AT oA, 8
BN EFBARA L 2 NS ERRER, ]
SEEENIR . S FEERA R, AR YEsh &2
JEEE, Gh. BERBEAEPLPEN TR RE 0 B i R
JIN:

Vo =JE,(L-vy) [ [oL+v)L-2v)]  (3)

Ve ={E; [2pL+vy)] (4)

Kb B, WE GBI, v, A B

b, p AEFIEE. BE). @8
_ pvsz v PZ - 4\/52)

E 5
d sz —VSZ ()
V.2 —2V.2
KV ©
p — &Vs

KRB AR A B EIRARANK(B), 6)IHH
R3] =HmEod A2 R R AR A EAA L, =
HARNR R WE 11 Fis.

MEL 11 ATCLUE Y, TERZRY B, 165K 13
PEBLR B, BRI REN 24.5%; £k
PERY BBl B B s T AR e, A R
48.9%; IAFEIIYE MM B (5B INEGL L) 26.6%,
R B Bl AR R TR AR — B TR S T 4R T B,
BT UEE AUS BRI R 6 TBiaks A Ak i



<1774« FHAJIES TR 2019 4
600 - 430  40.50
— SR 7T
sool " BhFRERE 1045
—— AL 726
<€ 400} & 1040
s ! I ol
= 1 I 22 = ﬂ
= 300 ! : o fl PN ' VO =3 \
& : ' H| = AL SR a9
g ; {18 & R s el e || = Rl
200 ! i 40.30 : - = T — = : '
= 1 | R N -~ N or
= i ! " (2) K 1600 fi (b) K 3030 £%
100 F i i 10.25 Bl 12 B oS 4 R
0 ! L Lo 10 4d020 Fig.12 Granite microstructures
0 2 4 6 8 10

Hhi 210
BI11 =5hingd R ah s A w AN sh i LA L
Fig.11 Changes of dynamic elastic modulus and Poisson’s
ratio with axial strain during triaxial loading

LRI R LTS, RN H OB B 3
THFR LEZRAR I, oa A N R T a6 7 AR
ZNIAAA LT gl BT, RN 4R K9
7, REEATHE. S5, RAES R E ARSI
FALEAZAL TR 73 KNG AR Y 3 BB 3.3
I R AR A R o (B AR T =B BRI
i EL I A A ] o

4 XTRBEMAEFEERNTTE

EAVARZE, AER A BRI
2 AR, B Rl e s I e R =
S R4 FE P PRI 2 . BT 2 SR RE B K
S AR, mHEMRS RS, . BEEZ R
Tl i) AT S, SO B — N R AR E R R
BB (1) AR AT N BT 46 B %1 R 21 (1) 9B A P
ZE5t

TEAH R LRI IN A& AR, A5 B0 5 F i T
HZERRK, Rl R ROE . G40 - 4 IFEIAE
WA A A AN B KAAL 5 P A I 22 57 4 s 2
47%F1 49%, GB80 - 4 KR IR AL INBOLAE
W7 757 mis, A 3 AMAAETIINRIE R 5 fif .
BH T e ik F rhlE P U 1 Sk 5 IR AR A 2R 1A
SEAFE, HACK A NI EL, TSy Yoy
PERAHEZER, M. BEERENTE L BEGN
I 3 8 A 1 P A e} 3 s T 4 g e S AR 5
e, RIUH B W& ERE. 58, e ATE
P FL B N S 2 O 25 4 R an B 12 BIR
Kl 12(a) AL R A IRFEBOR 1 600 fi5 W8 4245 21 1 1
B, MEIHRT LR A FE AR B R AR B
YR AL 3G 7 101 5 BRI A R R AR AR, R R
WARE 2 EAE, N SBOE 2R, 45

RO E] 3030 %, Wi 12(b)fin, REE= A2
B B A7 AR AR 22 B BT IRE, I Sl UL 45 12 2 X i3
PR A% 43 7 A B S O 0 594 T

5 & it

(1) fEREEMEERES, TekE I Bk
it i s R i K, AR 2 ke &R, BIE
THRH BORKIRE, JEEHa 1%, Aok, 1
—E MV KT 2R BB A B, (B
A B 19 I oH S B N R BT T AR E .

(2) MIGHN . BPCE AR, R eI fE
NE . FE. IR 4 BB B, R
BORRAACIRE, W RS SRR, RS T
Fasg, FETTUREA A RABR A BIRKIFT B, BoE S
G 18 B R TR T e AR B R A BN B
B 2 Se T OB BoE K AR AR, o [ s AN #od 2
(IR RS AU

(3) AN FE A BRI, AT B Bh 5
BEERMBNALL 2 NS, Sia N7 - MR 2xt
TEbd A B I R AT B . iR,
T b BB ER B AN R R B, BN R
NEERIEYS, BhiAka bt SR A A AR A IR

BE ik (References):

[1] £ 5= 2w, WAEGAR, S LA IR I R R R 45
R[] TR 2A3R, 2015, 23(2): 287 - 300.(WANG Yu, LI Xiao,
HU Ruilin, et al. Review of research process and application of
ultrasionic testing for rock and soil[J]. Journal of Engineering
Geology, 2015, 23(2): 287 -300.(in Chinese))

[21 SkEME, FILE. Pogle s £ TR R R[] AR,
2018, 37(3): 952 - 957.(ZHANG Guogiang, DU Lizhi. Application of
wave velocity testing in geotechnical engineering[J]. Global Geology,
2018, 37(3): 952 - 957.(in Chinese))

[81 ™ W8, 5k J=, =itk % ARBGRE T EAI%ESHEK
B IR [I). & 1%, 2015, 36(12): 3 425 - 3 432.(YAN Peng,



38 %5

9 gk

RESE . FEAE R AR R S B i vh s AR (R BT 5

© 1775«

[4]

[5]

[6]

[7

(8l

[9]

[10]

[11]

[12]

[13]

ZHANG Chen, GAO Qidong, et al. Acoustic wave test on mechanical
properties variation of rocks under different damage degrees[J]. Rock
and Soil Mechanics, 2015, 36(12): 3425 - 3 432.(in Chinese))
FIOHE, B, RAE, 55 AR NIRRT AR
RIRERLD]. ARAERZE2A40. BRFIERR, 2006, 27(9): 1030 - 1033,
(LI Yuanhui, ZHAO Xingdong, ZHAO Youguo, et al. Law of sound
wave propagation velocity in granite under different conditions[J].
Journal of Northeastern University: Natural Science, 2006, 27(9):
1030 - 1 033.(in Chinese))

JEWERE, BEME, BRI, FLBR. LB BB AL 1 ST
FE [0 HhER W EE 4R, 2013, 56(12): 4 226 - 4 233.(TANG
Xiaoming, QIAN Yuping, CHEN Xuelian. Laboratory study of elastic
wave theory for a cracked porous medium using ultrasonic velocity
data of rock samples[J]. Chinese Journal of Geophysics, 2013, 56(12):
4 226 - 4 233.(in Chinese))

rhspdk, Do W1, BRiGE, S ERKE ST R G AR S
W &4A71%5S T2, 2003, 22(11): 1 803 - 1 806.(DU
Shouji, MA Ming, CHEN Haohua, et al. Testing study on longitudinal
wave characteristics of granite after high temperature[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003, 22(11): 1803 -
1806.(in Chinese))

SIMMONS G. Velocity of shear waves in rocks to 10 kilobars[J].
Journal of Geophysical Research, 1964, 69(6): 1123 -1 130.
SENETAKIS K, LI M, HE H, et al. Experimental investigation of
primary-wave velocities and constrained moduli of quartz sand
subjected to extender element tests and stress anisotropy[J].
Geomechanics and Geophysics for Geo-Energy and Geo-Resources,
2017, (3): 211 -219.

D, B, X v, 5 SRS S A e R
I B[], & /1%, 1992, 13(1): 51 - 56.(LUO Jinhui, CAI
Zhongli, LIU Ke, et al. Using sonic parameters to determine the
different stages of rock loading failure process[J]. Rock and Soil
Mechanics, 1992, 13(1): 51 - 56.(in Chinese))

O, RN, RIERSE, S H AN AR R A R s
W] RALKZZAR: BARFIERR, 2009, 30(8): 1197 - 1 200.
(ZHENG Guiping, ZHAO Xingdong, LIU Jianpo, et al. Experimental
Study on change in acoustic wave velocity when rock is loading[J].
Journal of Northeastern University: Natural Science, 2009, 30(8):
1197 - 1 200.(in Chinese))

B, AN, WA, & B INEIE AR b R AR A
SCICHE L[], B4, 2016, 47(1): 13 - 16.(LI1 Xiangchun NIE
Baisheng, YANG Chunli, et al. Law of acoustic wave velocity change
in coal during loading[J]. Safety in Coal Mines, 2016, 47(1): 13-
16.(in Chinese))

#e fh, HZE, BEI S IS ROE TR A A
BIBRIG R FL[I]. VO e A e BE 2=k, 1999, 21(2): 21 - 23.(YAN
Jing, LI Zukui, LI Chuncheng, et al. Experimental study on predicting
rock uniaxial compressive strength with acoustic velocity[J]. Journal
of Southwest Petroleum Institute, 1999, 21(2): 21 - 23.(in Chinese))
R, RS, IR T A A RS RS BT B R R
R AA 5% S TSR, 1999, 18(1): 51 - 55.(ZHAO Mingjie,
WU Delun. Study on the relationship between rock acoustic
parameters and stress under uniaxial loading[J]. Chinese Journal of
Rock Mechanics and Engineering, 1999, 18(1): 51 - 55.(in Chinese))

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BIRCH F. The velocity of compression wave in rocks to 10
kilobars(part 1)[J]. Journal of Geophysical Research, 1960, 65(4):
1083 -1102.

BIRCH F. The velocity of compression wave in rocks to 10
kilobars(part 11)[J]. Journal of Geophysical Research, 1961, 66(7):
2199 - 2224.

NUR A, SIMMONS G. Stress-induced velocity anisotropy in rock:
An experimental study[J]. Journal of Geophysical Research, 1969,
74(27): 6667 - 6674.

Srbrg, AR, Erig. A RUE A A MO B R R[]
EhiRthER Y ELERE, 2006, 29(3): 183 - 186.(MA Zhonggao, WU
Xiangyang, WANG Zhonghai. Effect of effective pressure on the
longitudinal and transverse wave velocity of rock[J]. Progress in
Exploration Geophysics, 2006, 29(3): 183 - 186.(in Chinese))
PR, R, FEEE oA e i) At L
#%, 1991, 13(2): 32 - 41.(HUANG Chengxian, SONG Dawei. Study
on elastic wave velocity of rock under confining pressure[J]. Chinese
Journal of Geotechnical Engineering, 1991, 13(2): 32 - 41.(in
Chinese))

T, HEE. ETAAHE IR I B0E - Bk EE R A8
R[] shEREEFPLSE, 2019, 34(2): 462 - 468.(WANG Mi, TIAN
Jiayong. Coupled model for velocity change in rocks subjected to
hydrostatic confining pressure based on rock acoustoelasticity[J].
Progress in Geophysics, 2019, 34(2): 462 - 468.(in Chinese))
VEIR, A, MEM, & ZE S HATECT s R R R AT
SO ACERBT TE[]). A0 % 5 TRE %4, 2016, 35(4):
682 - 691.(LI Haoran, YANG Chunhe, LI Bailin, et al. Damage
evolution and characteristics of ultrasonic velocity and acoustic
emission for salt rock under triaxial multilevel loading test[J]. Chinese
Journal of Rock Mechanics and Engineering, 2016, 35(4): 682 - 691.
(in Chinese))

SR, HEM, FBLE, S5 NRICHX S A IBGE R o AR AE
Fggm R AR A 0]. AR S TR, 2011, 3003 1):
2834 - 2 842.(WANG Guibin, YANG Chunhe, GUO Yingtong, et al.
Experimental research on distribution characteristics and influential
factors of p-wave velocity for rocks in northeast region of sichuan
province[J]. Chinese Journal of Rock Mechanics and Engineering,
2011, 30(Supp.1): 2834 -2 842.(in Chinese))

# N, BaiE, £, R P S BAEG IAR R A = A
ISRERII]. A+ TFE2AIR, 2012, 34(10): 1903 - 1 909.(GU Chuan,
CAIl Yuangiang, WANG Jun. Coupling effects of P-waves and
S-waves based on cyclic triaxial tests with cyclic confining pressure[J].
Chinese Journal of Geotechnical Engineering, 2012, 34(10): 1903 -
1909.(in Chinese))

B &, @M, Hck, %.05~4.0GPa, 100~300 C%H4F
A 0 Y R T A [J]. R R 4], 2009, 23(5):
338 - 344.(CHEN Zhi, DU Jianguo, ZHOU Wenge, et al. Elastic wave
velocity and attenuation characteristics of gabbro under conditions of
0.5-4.0 GPa and 100 - 300 ‘C[J]. Chinese Journal of High Pressure
Physics, 2009, 23(5): 338 - 344.(in Chinese))

JEHIIR. B HE R S AR SR A S R S B I]. AR A S
FE2E4, 2014, 33(5): 929 - 937.(YOU Mingqing. Effect of confining
pressure on strength scattering of rock specimen[J]. Chinese Journal of
Rock Mechanics and Engineering, 2014, 33(5): 929 - 937.(in Chinese))



