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Fracture properties of dredged sand concrete tested by acoustic emission technology
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Abstract: To investigate the fracture mechanical properties of dredged sand concrete, three-point bending
fracture tests are carried out on the concrete specimens with different dredged sand replacement rates (0%, 12. 5%,
25%,37. 5%, 50%). The whole fracture process of concrete is monitored with acoustic emission technology. The
Weibull distribution damage model based on acoustic emission event is built, and the variation rules of model
parameters are analyzed. The results show that with the increase of dredged sand content, the initial and unstable
fracture toughnesses decrease firstly and then increase. The acoustic emission ringing count and energy reflect the
three stages of fracture failure process of dredged sand concrete. With the increasing of dredged sand content, the
accumulated acoustic emission count and energy increase. With the increasing of the dredged sand content, the
brittle of concrete increases, the damage accumulation rate increases and the displacement corresponding to initial
damage of the concrete decreases.

Keywords: dredged sand concrete; three-point bending fracture test; fracture parameter; acoustic emission;

Weibull distribution

NPRUEALIE IE K fis, w5 ZEXHY0E E W AT AKPEAES | AR BE L A r SR B 5 5
BLIR o BIR TR A B B TR B M LA A 418 2 Hl X AR SUREREET  BUR TURR P A BT IRAL R, X
foFE A B R, A O T B P, TARBFHAEEE L,

WiEHET. 2023-05-22
BRI TEE (1972—), B, HELRSI, BIRT @AM SHHEK,



% 2 TIA, 5. KA FLATH AN X6 3RR A R L LR AT I -23 -

Limeira 55" X B3 8 B0 BUA 15% ~ 50% B b 1)
IREE T RIT Y B ) F P ae e, R R MR
AL 25 TR BE 1 T PE B B AT T B R 4
BEMELr; e RAED O RS EREK , RIH
SRIEER . PUKRMMELS; Luan 551" R I 62 15
U 25% ), U ik,

W %4 g PR R R I 53 B A% 46 7 AR T R I A1
B YRR AR I A A A O KRR A
ORI = s Mg, 3R B T 224 170 2 B K e
RASIE R € e E A UE N vb: N =R A AP S
AT B R R AT D B TR EE R T = A i ik
55 Karimi 58PV IR EE B A 4% 8 W0k
A3 L S PERE BT Paresh 481 XD
RSB R b (S W R AT AR, HF
TREE LW 2 2 2

H AT A1 272 OC T V2 0 TR B 1 B 24 1 i
BT BT, A SCRE 5 R[] i 1R Ab B
AR EE TR IF — S e, (W B S &
SRR IR B 1 R a8 Y ey A it f2, JFar
TR RS FRE S BN IR BE L W 24 BB AL, ml oy
B R AP TRBE - AE SR TR b (%) o P P2 LB SRR

1 REFHRSHE
1.1 R R

KH P-052.5 BUKIE, BA I GMBIK, 4
SRR EIR W FBLEIRS , WO R EC 2 WLIE 1, W]
DIEH, RO TR X, PLHeb ik +rh e
X, 4 EEREEAY R 0.25 F1 3.0, HLEE KR &
RRAZH 31.5 mm (IFFEAT; B A RIRIR = R K
Fl, ARSCE M 0%, 12.5% . 25% . 37.5% 1 50%
5 Fgn v ib BUACR AR EE -, A M, M,
My, My, . M, FR, BEAHILE 1, wReS5HL
HIRP B ERIESR L 2, ATLLE H, BIREDRURL/IN
BIWREAG . WA, MR BoR R, M £,
SR FH SRR 43 3 B8 R SF 4 100 mmx 100 mm x
400 mm (98 x5 x K ) BB AR, 24 h SR,
FELEFRIESR P 3 5540 28 d J5 AT, B4 3 A4
B,

100

L / -
80 - /
P
s i rd
2 60| ,
& 7
= / G
40 - / ,’,/ .
‘ —a— HURD
—e— HLHR>
20 — I X
-- IR
—-— MK
0 0.15 030 060 11§ 236 475
FHFL AR/ mm
B HAEMRE ML
Rl HEWEBERLIERAL kg/m’
G KU OB K WUKE BRE MR wEn
M, 320 172 173 5 0 444 1207
M,,s 320 172 173 5 55 388 1207
M, 320 172 173 5 111 333 1207
M;, 5 320 172 173 5 166 277 1207
M;, 320 172 173 5 222 222 1207
< A
® Py L B v
™
‘ L 4
Qa ©
<
200
.
a) BLRH>

8\

200 um
—

b) PR
B2 BigEFYLHER R IR

1.2 =i

IR AT XA TR 30 mm, 58 2 mm Y%
B RJUTE A PR LA B AT RHASS AL MTS322 X
B D TR 5 b A R a1 T = A0S D 45
IR AH 0.001 mm/s, TEHATHRIZLA R FE
iz 35 E ) B 75 22 8w A4E 77 1 Sensor Highway I
16 38 B R RGCRAETRBE T B 20 B S R 55



.24 . K idz L A2

2024 #

PRSI IR A 40 dB, SR A 20~400 kHz,
FEARPFRT IS 4 B4 2 AP R RSk, FER &4
Bk SRl TR PR L AR, I R A0 [
REHE RS, BEEAAEME 3 iR,

a) fInAAE
it l Fi g Sk i Ak

e
vér 50

W 100
f e 3 it ?

| 300 |
| ' 400 ‘ |

b) AR SR AT E (HUA7: mm)
B3 MEKERERHRIHE

2 RWEREHM
2.1 WS

N B9 W0 45 B YR - 4 i 3-8 T 11 0 %
M WLIE 4, ATLUE H, BEE GIREME & B,
TR - iy e i 258080/ NS R, U8 A
TR B D RE S 4R TR A W e B
BRI B e r BN, TR EE 1 i &R R A
AR, BLEAAB AGE B A EDR TP R g P SR e
1) 5 E RN EE

8 -
MU-l
A —— M,,
6 +Mo.3
z 5T
=<
&4
E}
2
1
0 0.2 0.4 0.6 0.8 1.0

FUEFF O /mm

8 r
7 MlZ.S-l
MIZ 52
6 [ MlZ.S-S
z 3l
e
4T
£,
2
|

0 0.2 0.4 0.6 0.8 1.0

FUEFF O /mm
b) MIZ 5
8 r
— MZS-I
7 —— M,
6 [ —— MZS-J
z 3]
o
%4
E}
2+
1k
0 0.2 0.4 0.6 0.8 1.0
FUEFF O /mm
c) M,
8 r
7 L — MJ7.5-1
M37 52
6 u M37.5-3
z >
= 4
&® 4
E}
2
1

0 0.2 0.4 0.6 0.8 1.0

FUEFF O /mm
d) M375
8 -
7L
6 [
5
z
%4
E}
2
1}

. . . n .
0 0.2 0.4 0.6 0.8 1.0
FUEFF O /mm

4 AEHRRHSEIREE T - I O ih &

HAE DL/T 5332—2005¢ 7K TR Bt + i 245 56

)M, MY, FET XK W 2 B B E TRE L Y B 2R



% 2 TIA, 5. KA FLATH AN X6 3RR A R L LR AT I -25-
20, Wk 2, ATLVE, WA RSB RN o - ' 13
- RIIER
T, R B S S 28k R R AR e S RN e B R [ o BRI oo 150 12
PRI Ay 3 i 1) V2 D RE RS 4R v TR R - PN AR ) 23 S %4' - Moiwg
o - lsg &1 =
75 o, 37.5% . o LR 5 e 2 %
LB A 25% | 37.5% . 50% HIBi% DI R + =8 _ * 2], 2
AREZ A AR I e . B BR W4 &= 1, ? 5 1° %4 &
| /",'f 4 13
TR TR 1 119 A 224 DRy 50 8 R 2 A2 W 4 ) 52 S ke N i g \ 30
WK, Ui B IR AP AV B A RE W 4 = IR B K 0 100 200 300 400 500 600 700 800 -0
2 271 4 i % YE Y S FiFTil/s
YUY RGeS . Wi RS IR BE AR hi N ) 1Yy
‘ . o a) M,
ERTN NREGRZ § 8 2 il 1 iy 24 00 78 v B A7 '
Wil BRI FE R S RE R, Rk TR BE LR 6 _ wa L1580 g1
‘ " T, . - YR )
HETRAORE ST . BV RO T 2L RE B 25 0% SE T b
S Ny NS 5 o W 2 G - _ =
(AR DIIF R RNEE: NI S B € A3 55 4 ] % 1120 T {8 R
\ \ - NP, & g ®
N CAE (IR N v NI =B A N 7SS B =9 e 190 =46 F
N N 20H Y \/ | ;E b
RUPHIE ARENS B = IR BE T W 2L MR 10 =4 E
430 42
2 BEWERTIHASH
& PRI SR 0 do
" L ) B 0 100 200 300 400 500 600 700 800
R R e/ »
s Ay iy R RREIEL e PTG Bl
(MPa*m'”) (MPa:m ") (Nem )
kN kN mm M,
M, 3.35 4.78  0.54 109  44.08 164.86
Mpys 3.12 4.46  0.50 1.03 16.13  141.25 6r _ 1180 18
My 4.50 5.46  0.70 119 43.00 178.01 ol ) S -
My 5 5.00 5.95  0.77 1.25 41.96  186.55 ., n 2 nk
My, 5.87 7.83  0.90 1.34 3500 202.87 b . S
T3 {oo 1 19 &
2| =%
2.2 FERSRHESH , ; lo & 2
2.2.1 RETHECRIRE = g {30 3
FE RS BT RS RS e R TS A 0

WA, BENE S IR BE i F N B AR 1 K R T
R BV DYR BB b AR AR TR BE B B I 1] 22 Ak
AIRTZILIE 5, AT, SRS LU i
WRVIREE A REEY R 3 B 1) #I
AT BAR BTN, R BE L N R AL T
WIE B, RORGHE SR 2) BEE R 4k
2, PRESTHECHR I N, 1 W RO RSO W A
REILIME RS, RAFABIR, %Ay sk
Wz, FRSHESIERE R, 3) BRIRETHEOE
KRN, e A2 R RO, 1K
A T SRR D PR R IR BRI ARG

fif /N

DAY . I . . . . 0
0 100 200 300 400 500 600 700 800

it IAl/s
o) M,
8r R - 240
7L - HilheE 4210
- BRI

-4 180
150
120
90
60
30

Aer” . . . . . . 0
0 100 200 300 400 500 600 700 800
it IAl/s

375

ZilBEE/(V us)

)
= =X

3
N

SRIHREITHEUIIY

¥

S W o o



.26 - K iE T A 2024 4
St um w0 ATRLE, /R B P L b 8 B S 4
AN Y R I WP 55 b (B, MR R P L e

g5l L _ﬂogﬁg MR K41 b (ARRTR /N, BER IR LI IRY b (i

= . o S5 BRSO 6, AR, SR b f
o 1 ﬁyﬁ BRI 75 {2 P BRI A0, 75 92 b £
1IFs ~ v s Bt AR R 0 B T e, IR P A B

= 0 40

0 100 200 300 400 500 600 700 800
A IRl/s

e)M

50

B5 BRERETME, REITEREE-M =Lt 2k

FE RS RE LR I S YRR, AR U (L e
BET, AARSHMES B, Hingfm s, A
RSTRE R IT W B W . A, s TRl k
W, W& BRI RGN, A8 LBk RIS K
Bk 2098070, PR T R D IR S/ (R TR 4 1 4% 52
FEARXTERC /N, TREE LN ERILER , MR L, 2
T, R LOE Y RIE M WL R 4% (1) 4R N
P, BERAS BRI ) — T M B AE 1Y
AESVE, TREE T AR R G T e o ok UL L 4k
A GAE, S A5 % & 5 fig & ik 3l R LS
CipoiTE

M AN R b5t TR BE T RS TH ORI g
FIHEF LIE H, BEE BRI, A
RS TR R i Bl A S ks i
WP AR T8 BE a0 28 A L AL RE A S I i
R XHREE + 1 2= BE 1 sE e B
2.2.2 FRGTbH

TEEE W VR B T 77 26 1 75 R 0% 2l 250 T b
RGBSR S5, PR T AR A A b (B3
WA T DA M IR BE + W 0 IR 1 & R R ok
HEHR 2T G-R A, HEIEEH T kS S5
IOPASEW

ng=a—b(&m) (1)
20
X Ny ARG R Ay WIRIEE, dB;
a NAKREG b N RS b A,
FE RS b A8 R W P 2 A (] 40 1L ) 4

TR U RN AT/, 75 A5 b (HAR4F
Mo PAEE IR BE IR R R, R R AT b (ERY
AT LAGR A 3 AN BE: 1) TR BUE IR AL B
B, TeUE(EA7 AT, TREE LR AR LI R AE
F, AR AR MR AE DR NIRRT
BZ, b HBR; 2) ZWAEEIE Y R B,
W ELARr 2 I, s A AR IR 18 B0 R o TR B T 0
RN WREEFF BT, U AR 5 2 F
Btk 2, b AN, 3) REERBY RO EL,
SE PR SRS B, RAR IR RS e a2
b AEIZHTIE /N

T #/RN

Il 1 1 L 1 1 1
0 100 200 300 400 500 600 700 800
i)/
ay M,

Jl.Oi%

T #/RN

R/

b M

12.5



% 2 TIA, 5. KA FLATH AN X6 3RR A R L LR AT I - 27 -

Hif H)/s
d) M37.5
=420
n] 59
—4 1.8
4 1.6
114
412
| ]
fi] 10 g
0.8
0.6
0.4
H02
Il 1 1 i 1 1 1 00
0 100 200 300 400 500 600 700 800
Hif H)/s
e) M,

Bo BiguhRETIXMHN » ERREREERE

M 6 Wal R A H, AN b EHAZAE
BRI B RAFR, WRHMAF 24, Y5k
WiB iy 25% K LA L, Bl B A 0 R 3R 0 g
S BB R, WHHE A BRI Z 5 B
e TIRGE AR A O ES F, P T e,
LWL R AR 1 IE A 1) i SR, R T REfE

T4
2.3 WO

TR £ oh K Y 24 BT A B, FE AR T
WEIERT, BT REMKT AR RES, W
Ut , P RS ET LA A2 1T R TR R A
P, TVERIEE - 0 405 0 Ak R T Ay A R
MBE R RS, EIREE AR 3 R Ko 3k
Jr e S R IR B A W IR A R ep e A 1 R R
SRR, B, TR &5
SRR B 04 75 R S S S B L L D,
N WO

D=Nyop/Niy (2)

s Newop NAETEAE N 2L T 1AL B X R 14 75
Kbt BT, N, AR IRE Y B K
L

HRAER (2) 19 3] 1A [R5 v B0 45 i i TR 1= i
Pt fb it FE Qi 7 B, TRVE H, SRR I E
FATREE T A B R 4T DA I G
(R TR AT AR 43R 3 B EE: 1) 4 D<0. 1 Y,
BRI Z AN, OO D 5 S i A
5P, 2) 0. 1<D<0.8 B}, RIFNEA K
o, W snt; 3) 2 D=0.8 w1, WfAFE
BRI, i A TR .

1.0 - - ——w—n
o i
= ”
d/ . /.5.
~o
0.8 - o &
/ g
]
§ 06 /o/
8 | v
R
B o4r I/ ——M,
F /. —— M,
—A— M,
02 —v— M,
M,
1 1 . 1 )
0 0.2 04 0.6 0.8 1.0
BT O /mm

B7 ETHERSEHHNERIRGENEL

PP LB T, 2R IREE B 0 0L
SEMBE T A 4 Weiball 53, HHER %
By,

£(3)= bm(5-5,)"" (3)
Sl & AMLAIGHI I, £(8) S IE o



.28 - K oiE L A2

2024 #

%, 6 4 Weibull 434 B9 JLf[ 240, m & Weibull
SRR S, S, A Weibull 43 Fi B0 & S8,
B, YR A8 38 B — e S i, TRSE - ak
REIRER P AT IR R N

P =F(5) =f2f(5)d5 =1 —exp[-0(5 -8,)"]

(4)
P F(8) M AITHIBIAME R P R SR
4 S R R R e T A WL B T I R B SR B, TR
A AT AR B e 3 A — I 22 9 A TR e 6 1 A
W SRR E 3 T w2 SR R A B R R A
SEAEMIR FIT P RS REOR -

P=Ncyon/Nyy (5)
h=(4) . (5) 1.
Neyop/N,, = 1-exp [-0(8-6,)" ] (6)

Xif = (6) 321 [ i O 5, 7583
In[~In(1-Ngyop/N,, ) 1= mIn(8-8,) +In6  (7)
AR (7) , FARIGIR IS IR EE+ 1

SRR, BLA R WE 8 iR, MAES

B2 3, NILEZEETH, BIAEEK0.99 LT,

BIRCRAF, TUT S8 0 Jeii/NE R, RN

TRBE B Ak 3 B B A R AR SE 08 55 )5 1 9 Bt

HFRADB BN, RS LT AEY R BE

JI¥EsR, 5 2 Wy BRSO SR Wi Y ik o

SABE TG SR ZURE LRGN, 75 R G TG RS, 45

U3 SRR, WA IR BE . NBHR

TR FRALB . B £ 7 far 2R A4 H

T, Sl 2 NS R R 7 W 45

7RG ST 2, 45403 Ak B BEARRAE BE I

IR B 2 AR S H m /N, R A

R, OB S EL S, W BB IR 10 15 B 1 i 2

s IR AR AR AR T A BT

F3 MEWREL Weibul S HBRGERIUESH

e JUIste RS m  NESES, AER
M, 4.41 1.388 0.001 5 0.997
M s 4.08 1.398 0.001 8 0.997
M, 5.53 1.363 0.000 9 0.999
My s 5.54 1.362 0.000 5 0.999
M, 5.71 1.360 0. 000 2 0.999

n MR
o M, RBAR
o 4 Mﬁlﬁ@%%
v M, RBAER
* M IREEER

-2

1n|-1n(1-D)]

4 — — MR

M, M
g —— M B
el R — M,, B
o M M

e
1n(3-5,)

B8 HRRRE MR RELER
3 &g

1) BEEGRIP ARG, ERAH, 1
EmTEL . W7 248 B A 2L Re X Se N R R, A
ROBABER SRR N, BRI B AR5 4R
TR B 2 R

2) PR SHRES THECR 7S K T B i 55 A S
TIRBELREING 3 BBy 7S b [HAERAF
J WGV AR E - W ST A

3) SRS & 5 = R 0RO B VR RO TR EE -
Prist AR A 3 B BORRAE, BB S50 1k
MR LR B, BEE BUR R B I, TR %+
RO MEvE R e, LB B R IE B L, 58 2 By
Behi s SRAR AR, T 7 A A0 A A5 04 AR T )
B 25 57 R D45 B B BE I/

S 3K

[1]  BRFEE, &35, PN, LT WETHE B VR i 25 5 I i
T[], HEIKIZ, 2021(10): 126-128.

[2] OZER-ERDOGAN P, BASAR H M, ERDEN 1, et al.
Beneficial use of marine dredged materials as a fine
aggregate in ready-mixed concrete: Turkey example [J].
Construction and building materials, 2016, 124: 690-704.

[3] LIMEIRA J, AGULLO L, ETXEBERRIA M. Dredged
marine sand in concrete: an experimental section of a
harbor pavement[ ] ]. Construction and building materials,
2009, 24(6): 863-870.

[4] BEDDAA H, OUAZI I, FRAJ AB, et al. Reuse potential of
dredged river sediments in concrete: effect of sediment
variability [J]. Journal of cleaner production, 2020,
265: 121665.



% 2 4 TEX, F. RN FELATH AN K FR R L0 LR AT R ©29-

[5] LIMEIR J, AGULLO L, ETXEBERRIA M. Dredged 2023, 51(2): 279-285.
marine sand as construction material[J]. European journal [14] B3KIE, XL, REILRR, 45, JE T8 K HEN R [R5 4
of environmental and civil engineering, 2012, 16 (8): R ETRE T W SRR RIS (1], TR EE L, 2022(9):
906-918. 34-37,43.

[6] BHAIRAPPANAVAR S, LIU R, SHAKOOR A. Eco-friendly [15] KARIMI HR, ALIHA M R M, KHEDRI E, et al.
dredged material-cement bricks [J]. Construction and Strength and cracking resistance of concrete containing
building materials, 2021, 271: 121524. different percentages and sizes of recycled tire rubber

[7] HASSOUNE M, CHRAIBI G, FATMAOUI H, et al. granules [J]. Journal of building engineering, 2023,
Stability of quay wall made on concrete blocks with a 67: 106033.
formulation based on dredging sand []]. Materials today: [16] PARESH M, KUMAR S R, SAUVIK B. Acoustic and
proceedings, 2021, 36(1): 47-53. fracture energy correlation in mode I fracture with

[8] LIMEIRA J, ETXEBERRIA M, AGULLO L, et al concrete damage plasticity model and three-point bend
Mechanical and durability properties of concrete made experiment[ J]. Journal of materials in civil engineering,
with dredged marine sand [J]. Construction and building 2023, 35(4): 04023002.
materials, 2011, 25(11): 4165-4174. [17] ATV 2. 7K TR Bk 4 W 24 560 0 R DL/T 5332—

[9] &M R, BT, LEA4E, 55 I TRIL R s iR i 2005[S]. At EH ) iRk, 2006.

HIEP I T 2 R I IR A 5T [J]. /K TFE, 2020(9): [18] &AL, hEwa, XW 4, 4. PG4 T R IR & 1Y
56-60, 96. IR ()], B S 3REE TR 4 (P 3 30), 2022

[10] &M R, MRS, BREE, 5. BRIR I /K IR EE AR e 5 B 44(1): 142-148.

BT 2RSS J/OL]. K ITRE B B ik, 2022(4): [19]  XMEA, 225500, B, 5. AR S K FRIREE L W 240
1-6[2022-07-30]. https: //kns. cnki. net/kcms/detail /42. FRSHAIE T ST [J]. TRER 2 58K, 2020, 52(6):
1171. TV. 20220428. 1703. 008. html. 153-161.

[11] LUANJJ, CHEN X D, NING Y J, et al. Beneficial [20] SAGAR RV, PRASAD B K R, KUMAR S S.
utilization of ultra-fine dredged sand from Yangtze River Comparison of acoustic emission b-values with strains in
channel as a concrete material based on the minimum reinforced concrete beams for damage evaluation [J].
paste theory[J]. Case studies in construction materials, Proceedings of the Institution of Civil Engineers - Bridge
2022, 16: €01098. Engineering, 2012, 165(4): 233-244.

[12]  ZHFF. ZET DIC S R SR MK TIRBE -+ Wi v [21] CHEN B,LIU J Y. Experimental study on AE characteristics
BERHFT[D]. M : K27, 2022. of three-point-bending concrete beams[J]. Cement and

[13] JEER, 22540, 000, 21 4 A Mok e 3 2 &4 Rt concrete research, 2004, 34(3): 391-397.

T ZLPE RE A3 BT [J]. AR M K22 R (A SRR IR, (A% EH)

22 R92,299,299.299.999.939.939.999,939,939,239,939,299,992,999.999.299.999.239.939.939.939.939,939,939,939,239,932,239, 099,999, 999.299.239.9399.939.999.939,939,939,239,939,239,092,299.999

ZERIRN A

ARREVF IR E 2 AR T OEERR) ) 28 5 A IR R AU 5 Bl e A FRA =) L JE R 4E
FARARAR | Jbatih a2 R (F B RO R RA RIEA R DICA e U W 09, kA7, (5 B M4 fE
WA, ATSATFRIE & LR A REERUE 2, & A8 A TIPSO R Z AT N
MM [R) B A

(KzTAZ) 43R





