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Damage Evolution and Crack Identification of CSG Material Based on
Acoustic Emission Detection Technology

HUANG Hu', LIU Zhaohan, QIU Qingming, CAO Kelei, GUO Lixia

(School of Water Conservancy , North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: To reveal the damage evolution mechanism and crack classification evolution law of cemented sand and
gravel (CSG) materials from a microscopic perspective, the Geiger time difference positioning method, rising
angle-average frequency method, and Gaussian mixture model were employed to identify the crack types of CSG
materials. The results show that the failure process of CSG materials can be divided into four stages, initial crack
closure, new crack propagation, crack coalescence and peak failure. The three-dimensional positioning of acoustic
emission events intuitively reflects the dynamic evolution process from crack initiation, propagation to penetration.
Through crack type identification, shear cracks predominate in the early loading stage, and the proportion of tensile
cracks increases later. Before failure, the ratio of shear to tensile crack is about 2: 1 at high water-binder ratio, and
about 1:1 at low water-binder ratio.
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Fig.1 Grading curve of undisturbed sand gravel
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Table 1 Mix proportions of specimens
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Mix proportion/(kg+m™”)
FA S G w

AG1 1.5 30.0 70.0 30.0 600.0 1400.0 150.0
AG2 1.2 30.0 70.0 30.0 609.0 1421.0 120.0
AG3 1.0 30.0 70.0 30.0 615.0 1435.0 100.0
FG1 1.5 44.0 70.0 30.0 880.0 1120.0 150.0
FG2 1.2 44.0 70.0 30.0 893.2 1136.8 120.0
FG3 1.0 44,0 70.0 30.0 902.0 1148.0 100.0
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Fig.2 Stress-strain curves of CSG materials
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Fig.3 Curves of stress and AE characteristic parameters of specimen AG1
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Fig. 5 Distribution of spatio-temporal evolution of cracks in specimen AG1

> i B B AL AR o A R 7.84 %6 (AL
B 5(a)) s FEHTAE RS R B B, 75 R 33 5 A s T I
W HER, RN WG ERBI G, AN FEER
AR 4 Stk B, B o He ol 38.68 %0 (ILIET 5
(b)) s TERBUR G B, 75 & S e AR 5 1 45 R 9 i
PN, R RN 2 AL B e i A B LA
IR IE 5 24 R AR T b A — B0, A s B S
28.50% , tb A= M ey R W BE T B 26.30 %6 5 A A
B B IR EEAG, v/ CSG AR IR i A IR 15 B
(WL 5(c) ((e)) s TEUE 5 IR B A i SR TR A
oMM T ZXOnEER, 5 LA B, E
BERE TN A T B o 24.98 %0 (L 5(d)).

Quantity proportion=46.52%

-Initiation - Propagation

150

100

H/mm

5%

150
100

50
s

50

2, 100
Uy 150 0

(b) Stage Il

Quantity proportion=100.00%
- Initiation
+ Coalescence

- Propagation
- Penetration

(d) Stage IV

,

I Main crack I Secondary crack

(f) Macroscopic fracture

2.2 CSG#H##HRGHLRS
2.2.1 TR A BRI

ERHE PR 48 V8 T 091 YR JE 260 5 7 4 i 38
SYUIRE IR, 75 R SERE S B0 BT RS T R
A FIFHXS ¢ R 5 AR IR S AV G, T DL &R 5
PERH B IR LT R ATA BT ER N .

R:
= 1
=, (1)

A

Ap="—" 2

F= AL (2)

AP RO RS BT PO R S 5 S I (i Ak
5 AR A SRS THRG AL D P R RS2 ]



5563 £

L5 T SR CSG bR 17 1 A8 K2 2480 569

TERLAR BRI, S R Wik 1) B, 75 & 5
TH i [ 14 252 5 () 0L, R K, IR B T B 2 i R
R R B 5 B 1Y A A 5 78 59 D) Bl SR8 R A
B, T b T ] R R I ] B S BT REA R G
M RAEHE R RECERREEILE 6. 1 T Ry 5 Ar
Z [H] £ A A L A9 3 350 A T B 4 B SE AR v, ELAS TR
PR R\ -Ar BB — AN R] R X LG 2 ir 0 24
SLI 7 SR VAR L B i AL LA

A¢/kHz

Shear crack

I

Ra/(us - dB-1)
K6 ZOAUREE
Fig. 6 Schematic diagram of crack types

o ST IR A AR R B 0 T AR A 2 B g SO A 1
TAS - 53, HARE 232 B2 e 8 p () TR

Zzwhpk(x)ZZwkN(I‘m,zk) (3)
A e, R AW FEAS s MO BT TR 5 28 0, N
TR A A A R, szﬁ 1; Pﬁ( )RR

o0 JUT E R B MR N ( x|m )R A
MR 38585 B8 BRI 0, SR 5 R e ST AR RS 28 8 R R0 B
fﬁ;Zkﬂﬁﬁk&%%ﬁ*ﬁ%&&?ﬁﬂ@fbﬁ%%ﬁﬁi.
PRI EOHE A 4R R B (R,
A RHIRGBARVECH 73 iR RIS R R G R SR
SO A Y D) RSO P 2 ar . SRR X R
X={x;=(Rai,Ar), 0: =(Ra, Ar,),
I/:(RA/,AF/)} (4)
KPRy R A IR REAR B s A, B -
KRR REAS B
e TR A B IR 28 S A T H YR A AR o
AL HEE 0L (5) ), &y 0T TR A 5 A0 M 4 9% i
PRI 8 Tt o B b DG T5C AR5 AIF 1] 2t A 0 A1 AR, BD A AR %

25 B L SRAG THE J(0) 1K B e RAE . (BOR B 4 X
Z B AR E ST, W J(O) T AR AR (6).
ﬁz[wj’/l/’Z/J’jzl’Z""’M (5)

= 1n[1‘_w[p(x, )}ﬁ:lnp(x,-)
zln[zwL x‘/x, o} } (6)

K, X500 05 ARG R A AL R 8 D)
BAE T 225 5 0, R B R A R T AE R B R
% .

e KRR AG T (ML) f9 2 $0nT LUl
B (EM) A &R
2.2.2 W RSCHA BT

Sy BT CSG B4 RH5 A i 7 v 2L 80 A L, 4
FE RS B R BR R AR A R B (B B 1T ) it —
A1 53 i A B e W B 0 (B B L 40 ) Ak 2R
Ry B a8 (BB 15 ). BR 5 i R, DLk
F AGL R, i ] GMM 835 % HoAE 45 By BE A 4 21
HEAT 4328, A R DL BT 7 AR AR B 1A B0 Y S A R
CHERE 53500 B B 53 T 465 5 V) 24 20 45 B sl 4 fp 2
SUAERE, I i v 0 X3 30 7 o M 2R 5, R 8 DX Bl )
FR AR B 70T L Ay B R %
U 1] A S IX AL Bl e I 5 A ) iz fif L 2
T, B AR BRI UL A

FEA A 327 TR IR ) A ok B o B A N g )
I, N T) % e 344 24 S0 b ol A 4 2 A i B 2
07 LGB T 2, BT V12805 g s > . CSG ok
(2480 5 b WL 8. H B 8 BT UL (1) 78 JRL 4 24 80 i 5
BB (BB 1), IR IR B0 W A 6 B A R 8 Al
LB Y AL 3, D i b R BOT A AR BRI
LR RS B YR A 2 Sy 570 435 7E e Al R
REC  hi R a 58I 28 th 25 8 65: 35.(2) 7E T

AR Ly R B B w1 OB B 1L w0 L 3 A M gk i ™

A, B D) R S0% W ) B AR RS U 5 ) R e SR
PO R AN Y K 1.5 Wi AGLFGL
HRLAR BT UR 5 PE 32 L (3) FE BT AR R ALy R B B
KRB L), 248030 5138 , P 24 80TF b 34
2 K 1.2 0938 AG2 FG2 RUKEEH R 1.0 1Y
KA AG3 FG3 A R8T i 5 £ 5 . (4) AR
SURGE BB , 2 MR L8R 77 4, B 2
WK AEm KBS OKBEEE 1.5.1.2) F  fi e 5
SPYIRAL 2 Ry 20 15 oK LR 1O hr i a0 5
YY) RLL I 1 125 b Bl A e 2R 1 K, 39 DY
S L e B RS B 2 R B

SUR N



570 i

WM B % W

527 %

I, Fir A 24 5055 59 U1 24 50 b bl 2 B R AR A R A
TR AR B B L B A K B B R A, CSG Y Hi i 24
S5 By Y) L0 ARG . X % BN FE e A B R RBE T
HTFHRECA S, BRI R LB 2 BB | B
AHE] % A A A B, TR I 28 R

N [F) 28 B 24 50 ) 23 i Ak 3k R DL 1R 9. fh ] 9 mf

UURREER i DR S S N P W A S ey D B R
13 F a5 1w, A 2SR T 05 AT 57 )
U T I 4 A 5 1) 1E R R SR RN g 51 R
(9 T4 A 5 470 SR 0 0 i T P A HEL R R T ) Ak
it S 95 AL 2l A B R K U R R 1 3 B AR TP
JOC T 284 5 I P 5 M O A i A ) A T G K

120 120
1\ Tensile crack e o Tensile crack
100 [ 100 F @ - Shear crack
am
-
=
E 80 E 80 - 3
= 2 §
= 60 ~ 60 -
40 40 F
20 20 T \ -
0 1 2 3 4 5
Ry/(pus-dB) Ry/(us - dB-)
(a) Stage 1
v 120
1} Tensile crack o o Tensile crack
jEast o
jhiie 100 b o> - Shear crack
\ -
-
T S 80r
= <
= < 60 -
40 -
20 L 1 1 1
0 1 2 3 4 5
Ry/(us - dB") Ry/(us - dB)
(b) Stage Il early
: 120 —
,” ‘\ Tensile crack O‘ o Tensile crack
P 100 - o - Shear crack
1 -
E E',‘E/ x\‘:Sh&u crack E g0l -
< i <
~ 3 < 60|
L/ 40}
20 o' " . . .
0 1 2 3 4 5
Rx/(us-dB") Ry/(us - dB™)
(c) Stage Il late
140 140
. o Tensile crack
120 "\ Tensile crack 120 o - Shear crack
100
T 2
2 80 X
& u.
= =
60
40
20 \ \
3 4 5
Ry/(us - dB-) Ry/(us - dB-1)
(d) StageIll

K7 AR BRI AGLE GMM 70 #r 45
Fig. 7 Results of GMM analysis for specimen AG1 under different stages



5563 WO SET R R SR CSG bR 1 A5 K 24 2R o571

1.0 1.0 1.0
Tensile crack Tensile crack Tensile crack
8 0.8 + w7 Shear crack 2 0.8 w2 Shear crack 2 0.8 w2 Shear crack
< < <
= = =
§ 0.6 § 0.6 § 0.6
& 2 &
~ 04+ v 04+ ~ 04+
Q Q Q
= = =
02} “ 02 Y02
0 0 0
I Mearly 1I late 1 1 Mearly 1I late 1 1 Mearly I late 1
Stage Stage Stage
(a) AG1 (b) AG2 (c) AG3
1.0 1.0 1.0
Tensile crack Tensile crack Tensile crack
2 0.8 | w7 Shear crack ) 0.8 w2 Shear crack 2 0.8 w2 Shear crack
© < ©
= = =
8 8 8
o) o) o)
a a a
i A ¢
Q Q Q
= = =
O &} O
1 T early 1I late 1 1 learly 1I late 1 1 Mearly I late 1
Stage Stage Stage
(d) FG1 (e) FG2 (f) FG3

K8 CSGH B ZEL L
Fig. 8 Crack percentage of CSG materials

o Tensile crack(I) 4 Shear crack(I)
o Tensile crack(I) A Shear crack(I) o Tensile crack(Il) a Shear crack(ll)
« Tensile crack A Shear crack « Tensile crack(Il) A Shear crack(Il) o Tensile crack(lll) A Shear crack(lll)

150

00
Yy 15070
(a) Stage | (b) Stage Il (c) Stage Il
9 AN [] 2B 1 1 B 2 i Al 2o
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