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Study on damage law of layered composite rock under uniaxial compression

test after high temperature
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Abstract: In order to study the effect of high temperature in deep environment on the physical
properties, deformation and failure mechanism and damage evolution law of layered composite
rocks, uniaxial compression tests were carried out on layered composite rock after high
temperature of 30,60, 90,120, 150,180 “C, and the failure process of rock was monitored by
acoustic emission instrument. Taking the cumulative ringing count as the damage variable,
considering the initial damage introduced by high temperature, the elastic modulus of layered
composite rock was obtained by composite equivalent method. The whole-process stress-strain
constitutive model was derived according to the axial strain of crack and the cumulative ringing

count. The results show that after the layered composite rocks undergoes high temperature, the
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higher the temperature, the stronger the ductility of the rocks in the initial compaction stage of
the rock. The peak strength is negatively correlated with the increase of temperature after high
temperature. The ringing count in acoustic emission is well corresponded with the initiation,
extension, and coherence of cracks in the process of rock damage and failure. With the increase of
temperature, the layered composite rock changes from brittle to elastic-plastic, and the failure
mode changes from vertical splitting failure to Y-type shear failure. The established whole-
process stress-strain constitutive model can well reflect the damage evolution law of layered
composite rock. The research findings can provide reference for rock engineering in high
temperature environment,

Key words: layered composite rock; high temperature; uniaxial compression test; acoustic emis-
sion; constitutive model
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Table 2 Similar material ratio scheme and mechanical

properties parameters

Table 1 Raw rock and similar material parameters
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Fig.3 Composite rock sample
Y. Zm R TAEZE RS 1200 mm X 800
mm X 800 mm, & E I HK N 75 kW, 4 F B KN 380
Vo in#GE Ry 5 °C « bt i R BB E (.
TRUECRE AR TR A IR N AR 2 b S G .
WOl fh e & ZE I A AR R E, AR
[

B 4556 R B HY AS-1000C 547 = H4%,
Pl 7 KO LR P FERIE N 0. 01 mmoe s 10 R
FHAC SRR B B8 DS54 i B 75 & 5 0 Hr AR 1 R
IR 3 R EAT SE I I o O T DRE X 6 a0 Y o
Btk R 8 ML AR R R . BRI A R
S ASCERR TR A5 T U6 107 3 - 107 A8 K Hhe B 75 R 5k 2 OB s
Beentic st ERE RS AKRILIE 4,

4 HBRBRERS

Fig.4 Experimental operating system

2 REEREDH

2.1 SREAREERENZEUNE

Rtbia MR A A 28 ok v T AT e e (i o
i 2R AR, Ml 3 Ja £ IgH
JE-R L R AN A 5 fros . WIS Al LA L R
AR A A5 A e {5 B2 ) ol 2 Ak T b AN D8
HZIE . FEARIEL SR A R I A LB 2 L LI
S e VA {9 TS AR S 2 AR R 5 it L T s L SR TR
TR UKL R A5 A s L LB Y A
HRBTAZ I 1 BE F1 980555

Pl 6 Sy e i 2 IR A2 5 A WA 2 738 T i
ek, nfLUAE AR — T 52 A o i I (E R

751

N
[y
C“ |
2]
//
/
/

U {8 3% f¥/MPa
S &
"/
’ |
]
H
por b
SopZ
DfENEDE

100 120 140 160 180
i #/C

5 BREIXEREEERE-REXRME

Fig.5 Relationship curves of peak strength and
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Fig. 6 Trend curves of peak strength of layered composite

rock after high temperature
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Fig.7 Total stress-strain relationship curves of three

types of rocks after high temperature
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Fig. 8 Total Stress-strain-time-ringing count relationship curves of layered composite rock after high temperature
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Fig. 10 Failure modes of three types of rocks under

uniaxial compression test after high temperature
SR I RCE L AL B A BZRE A
A& D5 EAE R SRR A5 5 3T S A s L
KB D PR,

Coony g0yl (3)

D=D+D, =% al

Ok = 0Om " On D
KD Bt A2 D o 2IRE G A A LA
e iS5 WA A s Dy A B4 i B 5 Co Ry in 2
AR RSB B BRI R B T8 C, S 5l e oh
A B B R BG o, WIEE IR T ;6
HIRARE 5o AR T 5 WG E A S A R IEE
SREE 22 E s 0. R MR T A S A BB SR B 500
i R 26 A 0 R IR (E R

H1 3 () 15 2 Al e 4 T SRR S 5 2 A0 Bl 1o
G R N PR SR R S U PSR- R ]
B fros. NI 1T Al DL L RR A & n f 7E
fih s T R A R TR D 4 A B
HAOHERIRAY 4 AP BEEA AL AER R4 Y
B B A a0 AL RN A A R AR RS TR
PRCIRZS - /M 0 DG ik 3 R0 3 B 5L O %
A R 2R AR A E 3 B B A R Y i
A LAY L I R B R A0 5 7 R Al
i) JO7 748 F) 38 T 8 AE 94 K 5 B A 50403 M I B B
PRI SR A AR LR IRE A A A
T i A B A 2R B0 O 5 A L B S WSS iR B
i BT 1k S TR AR S R 7R T
By AN R B A B AL B b T AR R
T & e A I B B, B G A B TE v R
UG HEAFRAR BT B B 5 a0 BOR B B e A
XIS o A5 05 A R A — AP R e .
11 i s i it B 5 2R E & A AW in b
Bl A 28U B L S B B R SO AR E B L5
PEB BRSO AR R E R B 1 B2 0L R A A
A T A — ARG B IR

35¢ ; ' 70
Ty LRI
30—&%5%%%%5 ROMBRRIE 4 gone .
30 Al 5 0.8
g 25F i ]
£, 106 it
B &
21 104 5
& 107 40.2
i :
0

0.2 0i4 0l.6 0i8 lfO 112 1‘.4 1t6 l.g
RLAE/%
B 11 BHESTERESSSHEEE-HE 50
HEEE-RGEETEHXREB L
Fig. 11 Relationship curves of axial strain-axial stress and
axial strain-damage variable of layered composite rock

under uniaxial compression

D AN T il B2 I J2 R A2 A il 1) 278 5 453 4
M 12 pros. M 12 T %0, 28 05 2 e i 0 )22
ML A0 0 0 T o BERE I 5 Ll R L TR
WG B SR 2 e iR AR LS A A B HE PR A
B TR R R L R A 0 A e PR
FIF 114 il 1] 7228 8 A i A 1) 7 A2 9 9K S A
IR PR A A8 o e I 2 0 o A T AN [ R L 4
A5 05 R8BS X0 i 58 3 ) 52 ) R
3.2 ETHFAHNERESERRGAMIERE

ARICHFTE X G JRARE & H A, AR R 5
TR A A PEAR O IR A BE ] BORE B — S AR



146 AEHAFE TRFIR

2024

LOp  —— EpE30C

—— HAF60 C
08 —— EE90C by
—— EEF120°C b |
0.6f —— RE150°C S
8 —— EE180C
35’( «
0.4k
0.2F

06 08 1.0 12 14 1.6
1 L3R/ %

B12 HEAREBRERERESEGHMMEEESHGiHL
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Table 3 Mechanical parameters of composite rocks after

different high temperatures

i/ C a b R?
40 0.150 899 2.466 686 0.98
60 0.286 596 1.891 125 0.99
90 0. 407 548 1.812 479 0.97
120 0.426 044 2.104 279 0.99
150 0.551 560 1.514 194 0.97
180 0.687 998 1. 847 662 0.99
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