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Relation between P-wave velocity and stress of rock samples and
their unloading effect
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Abstract: When arock sample is extracted from the underground rock mass, the interior stress of the rock sample will release
and its mechanical properties will change. The unloading effect will happen. According to the experiments on P-wave velocity
and stress designed by the authors, it is found that the P-wave velocity vs. stress curves (V-S curves) of rock samples can reflect
the three stages of the bulk distortion during the loading process. The tota V-S curve can be divided into two parts. When the
stress is less than s, that is, one third to one fourth compression capacities of rock samples, the P-wave velocities of rock
samplesincrease rapidly with the stress and the V-S curves can be fitted with power function. When the stressislarger than s,
the P-wave velocities of rock samples gradually reach the peak value, then they dramatically decrease. The V-S curves can be
fitted with conic function. During the V-S experiments, the increasing velocity of the P-wave velocities will dramatically
decresse if the stress reaches the stress which is undergone by rock samples in the field. The unloading effect index which isthe
ratio of the P-wave velocity with the initial geo-stress to that without stressis put forward according to the V-S relation. After
the rock samples of gneiss and diorite from Huangdao water sealed underground oil tank are tested, the calculated unloading
effect indexes of the gneiss and the diorite are 1.13 and 1.08 respectively.

K ey wor ds: rock sample; unloading effect; relation between P-wave vel ocity and stress; unloading effect index
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Table 1 Parameters of rock samples
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Fig. 2 Stress-strain curves of rock samples
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Fig. 3 P-wave velocity vs. stress curves of gneiss rock sample
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Fig. 4 P-wave velocity vs. stress curves of diorite rock sample
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Fig. 5 Strain vs. stress curve of gneiss rock sample

FERIE S R R ST ) N, B 7 A s b Y. g X (s
188 KB N S A GRS 2 KT 145
RE AL, JATTRS Y g 7N Ts o 6 B A FRIBGE - W) 5%
FEROGHR, ARE  BRE a RE A N KR S R R O L
- NN RARMNE, ATAFAER Sy /N T s o Y Hl N v B A
DA T B 5 ) 1R 96 R AR IR 5K

R, =1.0127" s °®*, s £s ¢ (@D}
R =1054" s s £s_, 2

A Row RN JBRA MR A LE .

UbAh, BAVERI, fEs=4~5MPaltf, ‘HFE3
TGN SRR, AR I % 2.7 glem®
FI8, SAEAEAC IR L PITSZ (1 H Y 184 A
4~5MPa, Mgl ii, BOE - N i 1 o as i
TN B2 AR 8 (1 se0 I I )R] LR AR RELE A
WS NI 7 M PT INT) G AR EALER
VLI BB AL, IS N OE - YR e 7
I R A ey, D)ok = A AR A ) B LT 1) —
HO, EFIZIALT Kaiser BV

TRAT TR - ) 5 58 e Y8l 1 s 2 Sl
AR LR s NS N BCHR Ay B, AR SO T R A A
JUASE IR N (R I ) 55 S AR SRS AE 10 Iy
T TR N BAT B 2, B, EHE
D2 T SRR = it € P s 72 |
3.2 ENfEHEHR

FrER S AP I, 8K 2 22 T AT oL R
PR A B SRR BT R AR AR, T B R AR
AR 1 [ WX M ARA . FRATDN S B AT I far, [+
NP LT, 52 E RBGE - NJJRR, JPRE

AT TS I 52 12 0] I R 383 5 2 S2Ar I 1) 2 B
S8 SCHEMTRER, A Ly, WIERGr R bR i 4% T 2 Ut
B
|:W@JO
Y/

3)

T V(S 1) A BAESZ S H S gV L [R5 8
B ST IH s Voo A PAEARZ Wi 8454 T A
(RO s s 1 A AR B AL BT 32 11 5 I 777 1) — 350
N300 e 39X IR R IR K (R S g i s ] LA 531
W (D fk (2) 7550
lyy =R, (8,)=1.0127" s 2, (4)
lus =R (s,)=1.054" s 2" , (5)
X Nup BT Lus 73900 R v R RTINS PR DA R A5 o
(B ~ (B H Tkl — N ke iy 77 )
7 5 ALY 77 )3, AR SO R AR A IX L
I W EA RS AL U, E I - B G I
TN FER Tt RS - N 58 i far 7 1]
55 DAy LY ) 5 ) — B R Y S 45 SR
FrFE R HURE R BEv] 0 PR FE R 5 5 PR AR SR 7
JIT 52 (P 3 R OR /530l R 5.21 MPa Al 4.21 MPa,
B RN (4 FX (5 o 15 v BRA T
R E 4R AR 43 0 1.13 1 1.08.

4 g SEN

AL GRS, SR ILAE RS L A S T
% TR ST 1l I A0 o3 T i R A ST 28, AN S
Tt AT S b I AT I 122 3 X AR LR £ S Rt
FTPETE - N RS, R RPERE I SRR B g - B o
F: OWGE - MR ik ] LURIE 2 4> 1 o A
AT TR AN BY B, BB TE B BE AR RS B B
M 28 B AE 3N Bl AR a3 AT BRI, (B2
B BEIIREAR: @B - N R INZIEA L
s =s. =(V4~1R3)R. N, Hs<s i, AP
IR N, POE - N R R AR AN, Y
s>s. I, A FFPGEERHIE BIEAT, Bl SR R,
BT - N R R RN @B - NV
Rk R, 2N RN B R AR TR R n
Ao 77 ) T SZ I I, 30 AR NSl 5 S R AR %

MR R IBOE - N KRR, $EHEFEEIfT 1R
By R SN SAE AL T 52 Y. 3 6] Y (1) 0 5
KA P E 2 L, BRI AT 8 S R K
354 YT 2 3 DX TR S R0 DR K2 TR S A 6 s 20 ) A
1.13 1 1.08.

TP - N R, BRI R, AR
JIT 52 F 38 30 FCAE JEU RS R AE R I8 A 77 ) T 52 (1)



%55 e RE, SR EHRPE - N ORER ST ENT RN 761

A, S BRI SURIAR 2, KK I 1R
S8 SCA AL IBGH A J5 B AR AT LLA AN R JT 11 B 1)
EREHEAT R - N R, RIS ) SR L
55 I N TR B R TSR, Al SE R DLt bR
FEWHE — [ 7 iR T8 A8 S A 5 MR 77 (1)
Jiike

SE Ak

[1] ZFmei, 29eh, a1 45 A5 A SERRs) K A N
EI U R[] A ) s DR AR, 2008, 22(12):
2086 - 2092. (L1 Xiao-zhao, AN Yingjie, YU Jn, et al.
Acoustic responses to rock core unloading-disturbance and
unloading-sensitive rock mass[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(12): 2086 - 2092. (in
Chinese))

[2] iBFAE, AR, BRI TS 1 DR ) 2 A
WFIE[]. KAVLRE B ek, 1999, 16(4): 42 - 45. (BIAN
Zhi-hua, LI Wei-shu. Research on engineering mechanics
properties of rock foundation under second Changjiang
bridge in Nanjing[J]. Journd of Yangtze River Scientific
Research Institute, 1999, 16(4): 42 - 45. (in Chinese))

(3w, BHAR. v E ORRE A AT bR ASAE i s 0 o J s
AT shBk B4R, 1975, 18(1): 26 - 38. (GAO
Long-sheng, GE Huan-cheng. A preliminary study of P- and
S-wave velocities under high pressure of rock samples from
the mainland of China[J]. Chinese Journd of Geophysics,
1975, 18(1): 26 - 38. (in Chinese))

[4] 8, 3 v, R AF PR R TR G A
FEvE B 9T ], & - 2%, 1986, 7(2): 27 - 36. (CAl
Zhong-li, LIU Ke, WU Jin-ba, et d. The research on acoustic
properties  of
condition[J]. Rock and Soil Mechanics, 1986, 7(2): 27 - 36.
(in Chinese))

[5] BOARYE, RKI. LERE A AR, &+
TFE2#4R, 1991, 13(2): 32 - 41. (HUANG Cheng-xian,
SONG Dawei. Sudy on elastic wave velocity of rock under

granite under uni-axial compression

confining pressurelJ]. Chinese Journal of Geotechnical
Engineering, 1991, 13(2): 32 - 41. (in Chinese))

[6] XUHERE, ERes, IRIEEE, A5 I = Al s e
SUEREBOA L[] AL T2 e 4, 1999, 26(4): 392 -
395. (LIU Wei-guo, SHAN Yu-ming, XU Guo-sheng, et al.

Relationship between S-wave velocities and macroracks in

sandstone during the hegting triaxial test[J]. Journa of
Chengdu University of Technology, 1999, 26(4): 392 - 395.
(in Chinese))

(7] WATHE, FMEZT. GEFRR AR AL B BT 3 S
FebE[d]. &+ TR 23R, 2001, 23(1): 114 - 116. (SHI
Xing-jue, SUN Dao-yuan. Wave velocity and attenuation in
the incompact medium under cyclic stress[J]. Chinese Journa
of Geotechnical Engineering, 2001, 23(1): 114 - 116. (in
Chinese))

(8] THEF. i Ar (1K) LSO 15 N ) 6 R BRI [ HuJs
FE GBI, 1997, 8(3): 43 - 47. (DING Wu-xiu. A
recent study on the relation between dagtic wave vel ocity and
stress of rock (rockmass)[J]. Journa of Geological Hazards
and Environment Preservation, 1997, 8(3): 43 - 47. (in
Chinese))

(9] XUREZR, ¥ RIR, SR, A A2 D7 RAS ] ok e £ R 8
ESEMIIALL T, R T, 1996, 8(3): 48 - 51
(LIU  Sheng-dong, YANG Yu-min, HU Shao-long.
Experiment on influence of stress states on eastic waves
velocity[J]. Coal Geology of China, 1996, 8(3): 48 - 51. (in
Chinese))

[10] RApffe:, BRI, & A ) 2: 800 SO oe[d]. A

J12 5 TR, 1996, 15(34): 433 - 439. (WU De-lun,

ZHAO Mingjie. An inverse study on micromechanical

parameters of rock[J]. Chinese Journa of Rock Mechanics

and Engineering, 1996, 15(S): 433 - 439. (in Chinese))

AU, RAELS. RIS N A A RS RS NI

KA. A4 055 TREER, 1999, 18(1): 50 - 54.

(ZHAO Ming-jie, WU De-lun. Ultrasonic velocity and

attenuation of rock under uniaxial loading[J]. Chinese Journa

of Rock Mechanics and Engineering, 1999, 18(1): 50 - 54.

(in Chinese))

[12] %, (i, xIARME. a0 5 TR dEst &
Rk, 2002, (CAI Mei-feng, HE Man-chao, LIU
Doing-yan. Rock mechanics and engineering[M]. Beijing:
Science Press, 2002. (in Chinese))

[13] A A RILFNEKFES. GB 50218—94 T FEfriAsr Zabn
#E[S]. dbnt: HEFRI AR, 1995, (Ministry of Water
Resources of the People’s Republic of China. GB50218—94
Standard for engineering classification of rock masses[S].

[11

(L)

Beijing: China Planning Press, 2002. (in Chinese))



