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FEOIMEL . EESIAEL . ZRA MRS ILRIS IREE 1R
RN T AaHER LR R, BT AYE ., nT8E | Jo#
PESEOE Mgz R I AR SRR, Indtin
b7 (Behera et al, 2014) . #9#k % £ (Shi et al, 2008) .
AL R (Prusty et al, 2015) %R EE 1 LS4k
HEATRR e, ISR A I 4 B AR R IR R H Y.
VAR, [ PN 2 0 AT A0 AT 5% MR RO Ak 153
VN T a0 1Y) PR 855 ) i ) B A TR 468 = A4 LS T Oy
A AEAH . 2B (2012) LUAN R i o0 32 B2 JFURHT &
T C50 DL s i TR EE L, DA A AR
KRALFR ARG 22 N T AaffE . TARSEQ2012)LIA
YA RS R EE R, 61T T AR+
il £ B9, 30 A 5 T R R LB A AT, B
i T35 R IR HIE N T st R ng nl 474k BREE
SCHUEVI R, BERAT RS RESCBLIR B AF . RIS
(2016) 3o A F 7 TR BE - B R B4 Ak B8 e it A 7= vp
JEFEPIREAE AL 58, BTG kiR 7 B i AR
AT EE RIS R . PR DU SRA K, 2017 AREDI2E
FrER A 1528.09 7 t (Rl AR R R, 2018), {H
X DR 2 R B F T & 43, i X e AR 53 A
I D o DURFER I RS E 45 5, I
Z8 3 o 85 A A FH T LUBR I 7K HP Ak R SRR 5 B ik
FRAES D155, M RE [ 2 KE 1) Co JWHIRAFQ2011)MF
R, KT N T4t 00 3 3 4 17 (Ostrea gigas) 1)
Pk AR, BRI AR AR R 2.70 kg/m®, AR
B GE 3.33 %10 to ARHELEQ2014)HF 5T £,
2009~2013 4F 111 7R3 M 4 R R, 64.25 hm? METEIL
9[RS i AR R 7 A 5 T B 2R 297.5 ¢, %
DLFEAE N N T AR TR A JURE, Sl S BURE (AR )Y
WAL T Rext B 724 G IR A A A A S AR
5% LATREYS 3 U1 (Argopecten irradias)7e iR Jyw ik, #E47
T A A TR - I Y T s R I A
SR PERAS AL AT, AL T R DLSEAE N N T kiR g 1
PERHO I M, X EC T B3 DL 52 43 TR B 4 R AR
YiERHY TAEMERERIPTEYERE , IEFIH 2016~2020 4F 1L
IRAE TR B 1 6T B DL SR AR TR E L Rk AN T
Tl [ B T RE R AT T A 5o

1 M ERE

1.1 JE#

AKUe s T 5 LKA H KA R R A 7™ P-O 42.5
Gokle; ANk HETRE TR, 4R
2.7, R 2.9%; Mk TS EEFERARR
WEAY, 5~20 mm LB B DL5E: 2018 4F
LR SNV 3 7 3 DL 48 5 RN T J0r 49 14 st D152 & B

DL Fe 2 Wi e i R 3 AL 1 AN [ BRE AR 2 o %
B RN R B DL RiAE N 1~5 mm 22 (K]
1), BR e R AR ML R B DL FE A2 0 5~20 mm ZELEZK
BE( 2); 7K. T ST B8 X ORK

B B DLTE AR

Fig.1 Fine aggregate of scallop shell
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Fig.2 Coarse aggregate of scallop shell
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121 Fik N o A TR 5 A S A1 T
C20. AMF78 FEAETREE L 5RE B €25, fEARTIN
RGBSR RTEE T, AL 405 D152 2 5
AW I o S NI AW/ iR SRR A
RO 20%. 40% . 60%, 45 U1 7SR K IR 40
BHARR G0 20% . 40%. 60%. 80%. 100%.,
HRmA LI 1. Hd, P OMEMERE L, C M5
DFEHL A RHEEE £, X 0k DS kR g+, R [H
122 REBIFHEEMNF KRG H LSRR
X TREE I I N AT A A D hR (A A R
FE A, 2010), FIEE 1 AECA HR o i 28
BEFEHLBERE R, BiPEFe o e, FHREE 395 B 0
BRI, ZIE AR, FEERSEA 100 mmx100 mmx
100 mm, 2R/ HCE FIRE AR, AECE HkilfE
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Tab.1 Mix proportions of concrete
S N —i V] | =N
\ \ By AR NS IREE LR

o IR B BRI RLERERUR Amount of concrete per cubic meter of scallop shell (kg)

Ui 5 Water Fine aggregate Coarse aggregate ~ - .
Number . substitution rate substitution rate IKIE 7k R A DL HLE D56
cement ratio (%) (%) - Fine scallop Coarse
° ° Cement  Water Sand Stone
shell scallop shell

P 0.54 0 0 371 200 697.0 887.0 0 0
C-1 0.54 0 20 371 200 697.0 709.6 0 177.4
Cc-2 0.54 0 40 371 200 697.0 532.2 0 354.8
C-3 0.54 0 60 371 200 697.0 354.8 0 532.2
X-1 0.54 20 0 371 200 557.6 887.0 139.4 0
X-2 0.54 40 0 371 200 418.2 887.0 278.8 0
X-3 0.54 60 0 371 200 278.8 887.0 418.2 0
X-4 0.54 80 0 371 200 139.4 887.0 557.6 0
X-5 0.54 100 0 371 200 0 887.0 697.0 0

3, RT3, 7. 28 d PUEGR LRI . BRI
JE BCATREE A (201)°C | AHXFRBE KT 90% 1 b i
FP M T EATIRYY, AU 24 h YR, 4RSEfERR
HEFRAP A T AT 39 2 — 2 i 1 . R WES-1000B
T3 REAT R AT 25 84 e A T e i P, AR
ARBRAE, HRHARRE RS IROE, Se H RS
Fe I RCHRE R 8L, PGkl 150 mm AR RS
ISR, 2K 100 mm B, P8 R ECH
0.95, ABFFEIRMHK R 100 mm, TPy o0 i 45
I LL 95% 5 pibr i R bt R

1.2.3 B N o AEAR A A B 3R ik Al A e/
TR S B A A P R 285 51 o DL 2838 45 1A F mT LA
V7K P I B TR SRR A 0 LA RS, DT g [T s Rt 1Y)
Co I B DLFEXTRER AL b AR BRL . 205 b AT
B, nTL SR A T AN EREE. S5 25%
(2016)%F N T A RHES iy [ dne 2 T A, AT
LA I B DL 5 2 46 DK 9% ek 1 N T R I i o
Al AR .

Cr =M xCq

¥ B DUSE I N T AR A kL, ma R0 m 5
SRR, b T R DL 5 R HE RRURI & Ak 4 fige T
AR, 575 TS5 (2015)XF DL 2 ik AR A0
AR SR, RERIFH Bt DL 5284 N T AR R SR B RE AT
FRA PR 57 D e RO i AL A R, PR AR

S=M/(pxh)

K, Cr WG R, Cg A RER TS InH ik
T, SRR VST R HOERUE AL, M e D
SCEBIEE, p N D E I HERE S, B 404.4 kg/m
(EHEEGSE, 2006), hoAh DS HERE S, B h=1 m

(EEFESE, 2015),

124 #HELEE5H K SPSS 22.0 FAFMH
[K Z 77 2 (One-way ANOVA) XTI B DL 72 1R Bk 4%
ASFEG I T P 5 B A T I 2 M 25 540, P<0.05
hESEBE.

ZFHER
2.1 TiEldgE

PRTERE B R Hr PR L R i, R T AE
PERE . ANIRIB  DL e R EE T 30K B A L3 2,
MWFE 2 LA S, fEREA KM R T, BEE
W DUSERYIB R, TRGE A3 R R R A R
MO R R AT TR 20% . 40% . 60%, IRVERE
R UETR BE T IR T 43.3%. 50.7%. 82.1%, iR
T - 0 V5 FE TR R R AR RN 20% . 40%
60% . 80%. 100%HT, 35 7% 8 4 I TR BE + 70 3 FRAIG
T 16.4%. 23.1%. 33.6%. 67.1%. 87.3%. 44k Il
FERFHR < 60%0}, TREET AIRVEIE RGN, S8
P > 60%0F, JREE T AR R IR K .

BRmrEExRE T RESENZMm

M3, B 4T IAE S, ML 4R D5 TR
B MRS, BEE X R AR R R A 1
i, AR B R B XY R e RS s . ]
FELRS DU 72 AR L v R O = v R R, SRR 4301
H20% ., 40%0F, Hi3. 7. 28 d BRI vEIR gt
F T, RS LT MEBCEN 40%KT, B
FeIRHE T 45 I BT o B IR 2 B KAEL, 28 d PR oR
BREIREE R 7.3%. JERCER 60%HF, b DL

2

2.2
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Tab.2  Slump value

1ji H Items

%5 Number

P cl C2 C3 X1 X2 X3 X4 X5
WY& Slump (mm) 134 76 66 24 112 103 89 43 17
A 7% [ i Decrease ratio of slump (%) — 433 50.7 82.1 16.4 23.1 33.6 67.1 87.3
gﬁ'+ﬁd 7d —4-28d REFNPUEPERE , B DL SE B A4l B RHR &E 1 i RCR
O ., UL TR DU L B 1, A1
BED RN 60%0, T+ 28 d HolEHERERLE, FLTAE
2z PERE BT . fEBE AR LR HERE R TR A0 T
Bl — T, BRI DL AR R 50%~70%0, %
gs_ N AR ) T Bl T B R A TG 5
UO , , , 2014 AEINARB R ST RAAR CLEA A
0 20 40 60

FRZ Substitution rate/%
P 3 KRR DUSE A ) 4 A3 X 0 3 ) 5 )
Fig 3  Effect of different replacement rates of coarse scallop
shells on compressive strength
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Fig.4 Effect of different substitution rates of
fine-shell on compressive strength

FEIREE 1 45 I PR i R P T R TR . Aok
Ui, R R SRR OB R R < 60%, X TREE -
PURMEREZ A B, YRR > 40%0T, TREE L
FIPTEPERE S FREFA S 4053 DL 7o B L v TR o 1
FEIAE R, SERR A 20%AF, H 3. 7 dFiER
SRR EE LT, 28 d PSRRI R T IR B
+ o MEARRIFHIN 40% . 60%H}, A AT R
FEREEIR S T IR AR L, HI R, MR N
60%HF, 28 d HLF5m B IR B i KAH, BIEMETRBE 42
5 33.5% YRR K 80%INF, 3. 7 d P IR IAF]
R, (028 d PURMBMERBICEA 60%0 A I T
B o MEACEN 100%0T, & 08 I HT Heom B R i,
H 3, 7 dyrEsmE S 3ERE T, 28 dPiEE
FEAT G v T AR B L
23 BREBHMAI&AHERKRENGEE

3 o X b B DU A AR R AR R B - 1 T AR 1

TAAREAEBEM K] ) THRITE 2016~2020 4F 8]0 il 7
314, Era AT AR 2043 a0y, Hid, DUREE+
PP ] 3 . FRAETESE(2014)%F L 248 % FH I 4 FhiR
P56 A B ) T AU, AN B B PR T T Y, &
Rgsn, HYRRet: R, S N, wdit
BN, A EER X 4 A AN T AR A S O B AR
TR BE TR FR A M K 0.334 m® (36 3) (D) 10 m K%
B ), Btk 2043 J7 2507 BN T A KA
FUREEL 683 T m’,

2R 2016~2020 4FiHRI#%k 2043 725 AT
FA RIS 2R FH B D1 5230 o0 s e 01 R £, TR A
TR TR F R A R T 3 B A o b D1 5 A R i AR
HEATAN (R 4) . 2204520 16) 1) JH T 2543 B A3 75 1
TR DL Feik C i FIE 11.57%. 4405 W52
R R RN S0%HT, B R (m?) IR TR
U SER BN 0.349 t, MR EE N 238.37 fit,
BALTRFR(m®) AR R L T2 [ B 4.03x1072 ¢,
BE RN 27.54 T3 t, R ELP R 5 D15 TR kR
T FLR 5.89 km®. 44153 DL A% A 4l R %R 70%
AF, N7y K IREE B A RS DL B R 0.488 ¢,
MAHE SN 333.30 J7 t, AL (m?) R kAR 5
T RN 5.65 X 1072 t, M ERE N 33.56 T t,
A HL A R 3 DL SE v A AR 8.24 km?,

3 W5

ARHFFE T, ST VRO B b D SR T AE
PERERY B br . AHFTTEE R R, Brikhs D FE iR st
A B TAE P BB BE R R 438 Jin 177 B AIK . Bentz 55(1999)
s, DS B KRR AR R IRD ) 3.2 i,
S P DL 5 3 TT 49 AR R D) 47 0 HL 3% T A A KR Y A AL
TR, e TR A R A, kS PR AR AL
TR, BRAR T IREE LT sh b, R shE Ay R g
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Tab.3 Reef type parameters commonly used in Shandong Province

e 25 TR R TRBE R 23 J7 R Bk AR i J5 TR Bk AR AR (B
Ref‘:} tvoe Empty the Volume of Volume of concrete per Average volume of concrete
yP volume (m*-%¥) concrete (m®) empty square meter (m°) used per cubic meter (m®)
=il
! 5 0.196 0.070 0.357
Circular tube type
i = IR
égli Fate . 5.716 2.781 0.487
Equilateral triangle type 0.334
H';‘? Y iu °
L 0.256 0.069 0.270
Hollow square type
25y Zidl
e 3.375 0.692 0.205

Hollow cube type

F4 FIA 2016~2020 F L FRE T RIREE XN HE NEEA BRI AT & BTN
Tab.4 The evaluation ecological effects of scallop shells as aggregates on artificial reefs by using
the planned amount of reefs in Shandong Province from 2016 to 2020

Bt WIS W GE BRI sy kIR A R RT3 B S L
Substitution B2 Total utilization mass  Carbon sequestration Total amount of Land ace ;1\1 la;i\on
I;ate (l;/) Concrete scallop shell of scallop shell per cubic meter of  carbon sequestration o l(lknlllz)
0
mass per cubic meter (t) (x10* 1) concrete (t) (x10*1)
50 0.349 238.37 4.03x1072 27.54 5.89
70 0.488 333.30 5.65x1072 38.56 8.24

s, AT TR EE R S P . R DS S R
BARKOR B RIS, BEAFRL. 405 R0 B R ARG K,
TEKIIE R — RN O T, B R T 25 A 0K 0
L TR R, AREE I BRI (Adewuyi et al,
2008). kB D ST IR BE 1 TAEMEREIR 57 B3 DL e
R R/NEIEE I (Uchechi et al, 2018), 3@ 1 % B Al %1,
il 20 b DL e B AR TR B+ T VR MR O TRk DL 5%
BARRIREE L, R DS R ok | TRARA
W] FRBE S AR, BRI s i £, 1
KT ERZ MR EE T, WA F TR EE s,
I 20 b DLFE kAR AN, EUTEAREFLN, SRR TE il R
UF NI, X EE T 1Y W sh P2 /N TRk DL 5
IAWN /S =g S

REE L PR R RARLE, KK
o KU s B . SRR 25 4 (RIHEESE, 2015),
FH R DU Se B ARTREE - v i KRB R, TR EBE L bt etk
REA i hn, Ui ks D5 AR — @ i9REEE , RERBAE A
R 2 SRR o FH R DS B AR 6 v TR 8 4 b ke
HORH, 1 TORLRS D52 BRI R R R B /N T
KR, A R LR TR K, T2 2 RyK
e EME R, SWHEL ST, Nguyen 5£(2013)
W R, 7 SEPRA 7™ v Al 2 46 7K e 4t H
At DL SEIREE L PR RE . RN < 40%0T,
TREE 1 19 25 I W PT BE A BT 3 s (H 25 5 R I

(P>0.05) (K1 5), MBE >40%0}, REEL 7. 28 d
P58 B 2 T (P<0.05), I, U 5EE N
FELE R AR SRS 3 M i 40% 5 41 B3 DL TR Bk +
I RARANE L, YBCEN 40%~60%HT, REE+
FAWR T R R IR AR, 2R B
(P<0.05) (& 6), X2 A4k D seIE AN H 5%
SRADTE B B 0 A G IE , 8 T - b e bk 22 BT 1 L
B, X5 Wang EQ013)ARFFT &5 AL, MR, 7
il 25 20 B VLSS Rk, AR E W IR T T
K, T LIAVE R Be B A4 Ak 1 — B 43, E R K B AN AR 19 i
P, KB HRAR /N, AR A R B - % B e 5 B 1
{H 2B > 60%0, F T 4B kY Lo 3w B — 2
HIR, A BRI A, rLl, JiEmERT
FEtash, MEARDHIN 80%. 100%H}, BHLIEHR
JER IR EE A —E s, HERARE
(P>0.05)H TAEMERRIER 22, FrLLk, B3 W SeE s
B AR 60%.

AWFFE LA ZR A A, X ) FH B DL 52 4 2R AR
I3 KRR L N T fa R ) [ Bk v R DA S v L)
1% 75 DU SE ME R AR HEA T T AR, A SR H AT S g
[ Bk i 27.54~38.56 T3 t, AT R 35 DL 5 il b HEFR
T A 5.89~8.24 km?, 1] UL, Fi| R 7 D1 7e 4t B kL
N T, TiRREMIER e, 25
Y IRBERNHER G M A T, R AR R N T A A R
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Fig.5 Effect of different replacement rates of coarse scallop
on the compressive strength at different ages
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Significant difference at different ages are indicated by
different letters above bars, the same as below
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Fig.6  Effect of different replacement rates of fine-shell on
the compressive strength at different ages
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I nfluence of Different Replacement Rates of Argopecten irradias Aggregate on
Physical Properties of Artificial Reefs and Carbon Sequestration

SHI Baibai'?, GONG Pihai**, GUAN Changtao™*, ZHAO Rongrong>*, LI Jiao**"

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071;
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Abstract This research was conducted based on the mix ratio of ordinary concrete with compressive
strength of C25, with the aim to use scallop shells to partly replace coarse and fine aggregates in concrete.
Experiments were conducted on the mix ratio of scallop shell concrete, and the working performance and
basic mechanical properties of coarse and fine scallop shells instead of natural aggregate concrete was
compared. According to the reef plan of Shandong Province from 2016 to 2020, the carbon sequestration
potential of the natural aggregate in the artificial reef concrete replaced by the scallop shells and the
accumulation area of the cleanable waste scallop shells could be estimated. The results showed that as the
proportion of scallop shells replacing natural aggregate increases, the collapse of concrete tends to
decrease, and the slump of natural coarse aggregate concrete replaced by coarse scallop shells is larger
than that of natural fine aggregate concrete replaced by fine scallop shells. When scallop shells replaced
natural stone in concrete, the compressive performance of scallop shell concrete was similar to that of the
base concrete. The optimum replacement rate of scallop shells as coarse aggregate was 40%, and the
28-day compressive strength of scallop shell concrete was 7.3% higher than that of the reference concrete.
When the natural fine aggregate in concrete was replaced by scallop shells, the compressive performance
of concrete was greatly improved relative to that of the reference concrete. The best replacement rate was
60%, and the 28-day compressive strength of scallop shell concrete was 33.5% higher than that of the
reference concrete. Estimation replacement rate of fine aggregate with scallop shells for concrete was
50%~70%. For example, 20.43 million empty artificial reefs planned for 2016~2020 in Shandong
Province are all made of this kind of concrete, reef materials can achieve carbon sequestration of 275.4~
385.6 thousand tons and reduce the land accumulation area of abandoned shells by 5.89~8.24 square
kilometers, which has high ecological value.

Key words Artificial reef; Bay scallop shell; Compressive strength; Slump; Carbon sequestration
potential
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