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Fig. 1 Experimental platform for measuring the nonlinear elastic parameters of rocks by copropagating longitudinal waves
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The red line represents the data stream of the low-frequency ultrasound signal,

and the blue line represents the data stream of the high-frequency ultrasound signal

FE 55 ZRE 0T B Sy — 0 e o AR R ISk S
H 28 30 (5 Bl K 28 420 kHz 1 5 38 U8 I 2815 3
EVINE i P b€ R R u R R AR R R B
W 2206 ATOF NI AM/E . 364 9 Ff
R AV A D DR SRy T 7 DR S RS A R
SR AR B o T L e AR 2 TR K 1 2 S RE 6% R A
b Xy AR 5 .

Hy T A P R PSR U R — A O ) f%
0 AR E K A P I P B A o
ZE5 . BB Pk AT LUK Sk 2 i A IR P
e EALRE (& 2) K ix T A% 55 7 AR o %48 Ptk
HY T H A P g g | A I A% 2 B A R ) A Ak B
W 3E 3o R A PO AR AR AR P S ) S R B ] R 4
il A B R AR RS Y A PO B AE AR P A
RO N RSSO R =T T P e o a7 N [ DA R = R
TN AE A S DT I o 25 A E AN [ 0 AR T A% 49 R 1 25
SR ATOF AN N A 4b 72 A ATOF JEASHH A

3 b ARt ke

AW B T A HLBE . Crab Orchard ¥
DI b A7 X He 28 (B 3) . Crab Orchard 6
AR A T REE L B b A i L
HTH~9%, B JRREE, BiERER 0.075 ~

0. 140 mD; B b A >k B T b B AL R & %1 & 1)
FLBREE Ry 140~19%0,BEHE K 0.1~0.4 mD,
BLBE 38 2 AL T M M 19 4 52, T Crab Orchard
b DA S B 5 B 26 Bk I AR VAT Sy BB DL
5 ) AR AR FLAR SRR AR 23 R A W I 9 AR Ak L 3k il T
FTXT L SE 50

ARCH P AR Sk I B A 31, 6~221.2 V
Z 24 S A ] BR S 316V, e A58 P I PR Sk AR
X AT AL 75 R T Sk K SR A 5 B S AR I [ DA 0~ 45 pus
Z IS AR AL B 1 s, R0 L T R O
TE Crab Orchard #b4 H ) 29 0 2870 m/s, B #P
EH I 2 Ry 2680 m/s, TEA LI I 2
2720 m/s, &4 AR S 3O R T AR AERE A i
Bk AL F A [ JE I Crab Orchard 70 4 #1870 #
F18y 1o, 728 G L A i AR R B (AM/ED

B 4 FTLLE M B AR A2 AR A LB 5 1Y)
WA AR AL (AM/E) {4578 0 {8, BI A7 ML B 3
(1R 3L A 7 A i AN 52 1 AR ) B L X IR ] T A
BLBE 58 ) A 2Pk B PR AT o 2 Al R (o8 1Y K 2 — il
VT2 SR B B RE, 1 Crab Orchard #0 %& f4 E
AL R IE SR A L AR A BT W R i A2 4k, B
B F TR B 3 R FEsR PR AR AR A i (AM/ED L
Z K X AEH] Crab Orchard #b 5 HA SR EL



o

300

S
http://www. geojournals. cn/dzxb/ch/index. aspx

2022 4

—————— i HfE S High frequency

= = = {Jf55 Low frequency

FHIE S +HIM(E S High frequency+low frequency [~

ol - L Ll _
= | \
11%0 -+ f
| |
Y= —— - — === =
| I
e e e s e e e o = = —
| |
-6 1 |
0 10 20 50
R} 1] (uus)
oo oo oo e oo e o o e o o e e e e e e e e e e i e e e e o
—-=-= W55 High frequency l l l l I ®) |
61 TS S +HIEAE S High frequency+low frequency [~ i L i I |
| |

= = = {[{Jif55 Low frequency

R

I 7] (us)

Pl 2 g A0 P £ A 0 AR

WA 5 AN [ 4 38 I [ b 1) 3 T TR

Fig. 2 Waveform of high-frequency ultrasonic signals at different delay times relative to low-frequency ultrasonic signals
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The blue line is the signal of low-frequency ultrasonic propagating alone;

the black line is the signal of high-frequency ultrasonic propagating

alone; the red line is the signal when the high-frequency ultrasonic signal and the low-frequency ultrasonic signal are propagated together;

the delay times of Figures (a) and (b) are 7 ps and 28 ps, respectively
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Fig. 4 The strain of Crab Orchard sandstone (a) and the change of its nonlinear elastic modulus (b)
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The four dashed lines of red,green, blue and black represent the four stress states: the maximum value of strain decrease (compression-
tension), minimum strain ( max tension), maximum value of strain increase (tension-compression) and maximum strain ( max

compression) ; the black solid line represents the change of elastic modulus of lucite
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the black solid line represents the change of elastic modulus of lucite
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four stress states: maximum value of strain decrease (compression-tension) , minimum strain (max tension) , maximum value of

strain increase (tension-compression) and maximum strain (max compression)
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Abstract

Static and dynamic nonlinear elastic experiments have clearly revealed that rocks have strong nonlinear

elastic characteristics. The dynamic method that used resonance to load stable strains inside the rock has

achieved good results. However, it’s difficult to perform the experiment in the field. We used propagating

longitudinal waves to load strain inside the rock and developed a copropagating longitudinalacoustic waves

method to study the nonlinear elastic characteristics of rocks. This method loads a strain inside the rock

through the propagationof low-frequency and high-amplitude longitudinal waves and measureschanges inthe

nonlinear elastic modulus in the rock through the propagation of relatively high-frequency and low-

amplitude longitudinal waves at the same time. The change innonlinear elastic modulus can certainlyreflect

the nonlinear elastic characteristics of the rock. When the measurement sample is a linear elastic material,

the change of its nonlinear elastic modulus is usually zero; when the measurement sample is a rock, the

change of its nonlinear elastic modulus shows a certain regularity.

Key words: nonlinear elasticity; the change of nonlinear elastic modulus; strain; copropagating

longitudinal waves



