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Response law of rock longitudinal wave velocity under compressive stress and
engineering applicability correction method for rock mass integrity index
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Abstract: To investigate the superposition effect of three-dimensional compressive stress on the longitudinal wave velocity of rocks
and improve the testing precision of the rock mass integrity index, this study takes sandstone-like materials as the research object and
measures the evolution law of axial and transverse longitudinal wave velocities in specimens under compressive stress. The internal
crack evolution process is qualitatively characterized by the crack volume strain, revealing the physical essence of the longitudinal
wave velocity variations. Based on the principles of the acoustic-elastic effect, a correction model for the longitudinal wave velocity
of rock blocks under the coupling effect of three-dimensional principal stresses is established, and a method for correcting the rock
mass integrity index under the condition of a corrected three-dimensional in-situ stress field is obtained. The results indicate that the
evolution of the longitudinal wave velocity, measured both axially and transversely, corresponds to the four distinct stages of rock
mass failure. The corresponding variations in the longitudinal wave velocity across different stages can be attributed to three primary
factors: micro-crack closure and initiation altering wave propagation paths, rock mass compaction enhancing stiffness, and the marked
anisotropy of newly generated micro-cracks. The proposed correction model for the longitudinal wave velocity and the associated method
for revising the rock mass integrity index demonstrate broad engineering applicability. This approach significantly enhances the
measurement precision of the rock mass integrity index, thereby facilitating a more refined classification of rock mass quality.
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Table 1 Material ratio of each group of samples
WAL S SR RN

A 1.00:1.00:0.40
B 1.00:1.50:0.55
C 1.00:1.50:0.70

AR B & SO TR (L 1D

(1) JFRPRITAEE: KA e BT T T
1% 24 h DL BRZK 235200, 7K I AT4E 0.05 mm [5]
fLi 2 Braibe

JBRAE e SR A PR3
() BUFEH#

o REE B
(b) BN
B AR R R Tt

Fig.1 Sample preparation and processing
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Table 2 Basic physical properties of specimens

mm TR e /?:s&{ﬁﬁi T

WOk BLRMK(5E)

/mm cem?)  /(m-esh
A-0-Y 49.87 100.64 399.65 2.033 3743
B-0-Y 49.85 100.33 387.93 1.981 3558
C-0-Y 49.81 100.6 376.57 1.918 3261
A-1-Y 49.86 100.76 399.77 2.036 3756
B-1-Y 49.84 100.76 388.58 1.979 3542
C-1-Y 49.82 100.56 376.8 1.919 3275
A-1-L  49.78(49.77) 100.57 507.8 2.038 3756
B-1-L  49.78(49.79) 100.64 493.39 1.978 3542
C-1-L  49.77(49.79) 100.61 478.94 1.921 3275
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Table 3 Uniaxial compression test parameters for specimens

aas PUEHEE/MPa HPERR/GPa AL
A-0-Y 58.62 32.02 0.21
B-0-Y 39.41 27.69 0.17
C-0-Y 29.53 17.79 0.15
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Fig.2 Testing system
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Fig.3 Position diagrams of transducer for wave velocity
test in different directions
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Fig.4 Relationships between wave velocity and stress-axial
strain in different directions during uniaxial loading
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Fig.5 Stress-axial strain curves
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Fig.6 Variation trends of axial and transverse longitudinal
wave velocities of three groups of strength samples
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Fig.7 Relationships between longitudinal wave velocity,
volume strain, crack volume strain and axial strain of the
specimen
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Table 4 Parameter fitting results for specimens with
varying strengths

EEETES Ci by G by
A 2.397 58 3993 1.090 99 3856
B 3.408 04 3783 1.472 34 3646
C 4.333 44 3537 245178 3382

B R RPET 1, RBRPEESR 2
B ELA BT 2R AR S o B8 ) g I A 1) 2 7 1)
AR AN 2R R T IR [ 5 T B A ) . T PR AR, BT AR
FERMIE KL D EH N E 0, H OS5l
GV A (br=b)(C1=Ca),[(b—b1)(C1—C2)]Ci+by
(o VvV AZENREER S AN S S M.
PL O BONIR SO AR &, W 10 Fros, T
A (D (8) TEHTALAR R A] LA ks

v, =Co| C))
Vi) =C,o0) (10)
R vl v A v AR R

o\ o BN G o, AR R R,
WALHR R 5 I AAR RAFTE LT % 7

12 *
O =0—-0

e (o' V) (o ,v) Al BT IHAAR 2R s A4
Fro

A A
v v
I
|
| ()
I
I
I
I
%/
—— e ——————— = >
o'l v¥ o fija ST o
| BT S
N — PR B R
o* 0 o

B 10 PHBIRR

Fig.10 Two sets of coordinate systems

AR FE AR RN AR S B, A AN K
PR ERIIER G 11 B, SR R
N2 77 AR TR A R A B B AR A AR 5 8 )
5 & N

v, =V,
1~V _
=C,0,

Yo (12)

V2 =V

= CPGL2
Vo



%7 3]

A R T A B e MR A e B AR B T REE FIEAB IR Tk 2281

Xt vy v, BANIRIEKF RN S oy o B
HAER R BIERTE s v, IR TE N 7B AT 46 U
M Co NN R AL

A

7
&
o .
3 12
s <
o 11

v
B 1 YBRETT 5 R 75 s B
Fig.11 Longitudinal wave test direction and stress

direction diagram

ANE TS R R AT RIS AR, R A2
PAR 4 N2, AR R — 5 ) 51 kS A AR A
M AT I PSR [ 32 8 ) A AH A AT 1
PN, OESMARBL @/MNERRB, @XM
BRI, @A A ML SR B S
FEo SRAFNPDEAL A G PIAS KT [ A AT
Lt H AR (TR, R =GRS PIRE N A
AR ARG B AT = 4R RS TR &
BEAT I

Vz _VO

=C,(0,+0),) (13)
Yo

e v AR T o o FEREER T I B

P

ARSI GO B, AR A 1
HEHPRREE, RS M S, A
VS LA S RE LI B Y, T BIA it
FEMASTERATIRRY, ELRFER AR, BURELE #
FE G o RS T 20 AN, TR R
B2 DRI, AR S A BRI IR, P (9.
(10) AMEEIE S o« o ML HEALA

V}; :C]O-H,'i'czdi (14
XEEIH:V’:V_V*‘ G’:o——o'*, )I%:T:t (14) )EHJEZZS

AR A TP AR B RO

v, =Co +Co, —(C+C))o +v (15

Kt v, AR o)+ o) JEFRE T 9B
Mo I, 152 THSEGE S YN ) Cilim Ry
FRERIN 1) R R

RS ERES, X Q5 WELEELT 3

NREED IR ORI LG TTRE (7, (8)
FA ikt (9, (10); @FT- vk i
ARSGEEE, X (9. (10) HATERMEA A, Wi
S R )R IA I (14); @R B AL FRAZ e 3
(14) FHNERERRIEX (15).

HYURA N PR REEWE 12 Fon. e
=Y NN A AP BEGE B IR, EEH KR
LA AR S =N 3R R T
I8 B AR A D37 5200 3 52 77 B 4B 1 S2 36 5 R
PP R HIN, B DB Ia R B R AL

B12 EREMMARETEE

Fig.12 Schematic illustration of in-situ stress state within a
rock block

X A5 NERPPEE 4R R R,
S EARHES AR, TR E A B S =4
JERATHIR AR, B =4E RN ) R A A e
ARy,
vy =G0 +Cy0,,+Cio, (G +C, + C)o +v'

(16)

s G NS A AR E R L.

T AR — RS EYER, BTLL C=Cs, N
X (16) LN

Ve =Coy+Cy(0,+0,,)—(C +2C)0" +v (1T)

MR P S B N A DG ER I, IR R ek
FE v, AR R LRl
p(vf—vg):(/1+l+2m)(gl+52)+
(3A+64+1+6m+8n)e, (18)
Xt pHEARERIIRE B A w NEHEEG 1
my n NMEHO =B w48 e G =1, 2, 3) N
3ATTA RS For, v =) = (v ) (v ) &
ZVO(va—vo) o
X ek iRk u, 20 (18) o von As
s I my n SEYONEEL, WIRINR )G, Rk
BRI N



2282 = +

5oz 2026 4

v, =V, = ag, +be, +ce, (19

K a b ¢ AMBRIAEFER BA SRS
o
ARG SO T T A, B -RA R AN

1
&= E[GH —v(o,+0),)

&, =E[GLl —v(o|+0,,) 200

1
& :E[O'u —-v(o,+o,)

RIS, NN ) i e AR B R R oR

v,—V,=aoj+bo,+co, Q2D

a

Kt 'y b cOAMBH SRR A R
AR LA H B A TR S

AT, TR SR SRR SO T e AR AR I
K (1) SAICRAGH =LK )R A IR
IR (U (16)) JEA Ese 4 Aes, X5)T 30
(16) MIHEINE S T AR R, (IR T A
SCRTE SRR R FETE
4.2 =HERMN ST ARG IERUE

AL 3 AR B IR A RS H 8
IEHT G BER L 5. MM (16) kit 3 A~
719334 ;=10 MPa. &,,=10 MPa. o ,=10 MPa
HATEIE, AZ1E 5 AR AR E IE 1 1 A 5
KT 13%~24%. ARSI TREBATZIER, 5%
TUER) b R K R B PRSI IR S R,
B, H AT AR e BB ORI 7 2]
X RAE I N FPRZS T B ISR A R /Db o

RS BHPMKRSERBIERGREN L
Table 5 Rock block parameters and comparison of wave
velocity before and after correction

WHRE G G a Vi v vy HBIR%
A 239758 1.09099 ~—105.38 3741 3756 4269 13.66
B 340804 147234 —70.760 3541 3542 4049 1432
C 433344 245178 -82.440 3180 3275 4033 23.15

43 HEEREEREGREGE G R
RALATIIOE ORI, BT, R SKEREE
B AP BPGE AU R 2 o 25 R8BS 2 1
SEAFTR RS KR AR bR AT I % ) =
AL R A AR B — ok, AR i
YR BN =L N 7N A B R B IR R X
gt a e IR BRI D Bt AT it . BB B
T RBE R AR, AR AT TS b 3305 R

RV IR, HUS F737 (IR 2 50 77 1
b 7R R 2 BRI, AN SO AT R ) K
BRSBTS B AR e B M H
SREUP R BAR N

(1) TAEIIE P 5 R B OR B R S 4
B b EE, (RER IS R  E KA R AR

(2) AYUNTRIEHTERA. B s& il
WA KE,

(3) XTHH T R E YA T T, o
THEARN 50 mm. &4 100 mm 5 B FEAARRRE %
K. %N 50 mm. =N 100 mm BT ARIREE, 1R
R R v T AN P22 /N T 0.2 mm.

(4) ¥ T 5 AR ON B2 M AR IE ML HERR
FLBE RS, B R R, R T
R MRS E, FEIRFES KR, BEER
FEEKES G A = —E.

(50 3 AT Sl 1) RS 1) B 2 e 4 X560 2k
Tt e i il T X, 75 BN I T 5 el ) R
A mINATRO A PN S SRR C = = S 6N

3 *

Cn 0 Vo

(6) G E B -PBPE R R ML, RAEHIN /g
3y =10 32 8y B E R o R A SR AR T
DAY GHEH N 500 Bl T3 i B, 50
ANEAICTTED 6

(7) Wedtls AR ARSI R 808, SR A=
(16) BEAT & AP B IE

(&) KEIE 5 I E RPN (1), 13
SR E K, 45

K (22)

Vom ’
()

PITFER T OETFEE & RPN @i
R REE N A AT MR @5 ANERET
INRTEEWS o BAR 5 58 B R B IE AR 1B
13 Jrom e A SON 2 ARE R el ) S AR 1 s
RIS, = PR B T SR X 45 R A
s, Sl NATTEE T AR R AL 317 BELA 1R 1Y) 76 B
PEAEIETT 108, 3545 1 25 IR AR ) ALK T a1
SRR, it DR AR R A R e
PEFE BT R E F AR IE 775 RN L A AR R AR
CHELL BtEn FHm. FEEWRHE) RIS R,
AT ST Hp IR B A R e B R H O R B, O
Y EASCHCR RE Ve, X e N — 2Dt
0 Ao



7 i1

IR A BB i N R K R e B FE R RS R IR T i

2283

HUO AR E B iy RS A TR R -y

PRk AA

iy

Vor = CIG\ -Cy(o,+0,)-

(C,+2C,)o" +v'

Kvﬁ‘é = (me / Vor )2

BEEBE TR o SRR,
sk fio . oy

(=W
ﬁ r
¢ 50 mm>100 mm = ‘3
50 mm*50 mm>100 mm
WAL - HR A —
Qm$¢EwT

AR T PO
o, - P Civ Con OV -

TR A

=
!?!ql
SRR
Bk AR

B 13 AEBERSURIERER
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