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Fig.1 Sediment column sampling site map

550
500
450
400
350
300
250
200
150
100
50
0

HFECE /em
length of columnar samples
HEil
EEEEIn
HENA

)1 mPANAERE44D, | mRASMR T A RS
314, FE31754520 em K i 7 0 A R (R 20K 2358
53), - TE R R P N N 5 B 5, R RS
IF W 98 AR AT R0 A L R RS A AR
e, R LT ESL RS AL A,
FEAR A AE AR S IS ( GB 12763.8-20073 1 1
VLSS 8 A . AT b T L BR P B A ) 0
BRSBTS . T AR BY R S, I
e & KR JRUIR %5 3 FORLJE 2 280

1.2 BANBRESLE

HEHEE 0.8 em, AL R2.01 em® Y B

Bk, SR NAHER 248 AL
PGSR L, BIERAESE
BREAPRKE s B A2 emIE IR iC % — 15

S1 S2 S3 S4

S5 S6 S7 S8 S9

HEFEG 5

columnar sample numbers

2 HERERLEREE

HE P A €0 8 € 3RO AN ) R A P

Fig.2 Schematic diagram of columnar sampling

Gray black inside the column indicates different column lengths

ABIME, BOLERME. AT RARE.

P
P,=—x10
i (M

Kb, POABTASRIL, B kPa; PR BT AL
e, AN AN FABEKI, A em’,
1.3 HBEESE

P TR R IR R A I PR R, K
3 Al A R Al (B 18 AN TR R/ 7 sk 5 A
IF] 5 B 1) B sl o, O 5 L B A ST DA
s Bt EREE PG, BRIEARMER

http://www.scxuebao.cn

A FHCRR TS RAE AL, B EE
M DRI 1R Y RE ST RS R, SRR
S YA A2 I IR A 22 JBE -5 90 R B At 014 20
{EL, 2T IBORE 00 2 JEE T R i HOOREJBE | 35 K AN
KR LR QB s, #H

KOG BT R,
M=ypu-0 (2)
Ci=— >
"~ D2 (2 + H) 3)

Ko, AR E BRI, HALNAC); 004


http://www.scxuebao.cn

23 PR, A RTINS BURHIE SR R 3 443

EHEESh R BERL(°); MOHLAE, BAf AN; DR
SLTEREE, BN Am; HAMCKEE, B Nm;
C,oRNPLBTREE , 7 HPa,
1.4 SKENE

IR AR VB RE15~30 g, WAFRE &, =%
Wans, HWEREN0.01 gl KEFw; 5T
G, FEE S AR, EIRE 100~105 °C
T EEE; SEERREE, A TEREN
BB EE, Sies, WE, SKRTEAL.

w= <Tﬂ-—1> x 100% @)

L, ol EKE, BA%; my, R iEJER) TR
w, POk mgh TR, B kg,
1.5 RXAZEME

K FR T7 35 00 5 B # 20 em B AL FE B9 R AR
BERE R W HBORE i Y TR R R T RR T i 0.3~
0.5 cmo MJJUREZE LA, BCERAE L, HE
DX HEAERE L BRI EE MR, BEGH
B 22 95 I 2 A R 2% T E & T IR RE A LR 3R T 1
NGk, HISEER T W AU, IR BR ) A RE
g, FN R H0.01g REFRE; A
(5)FH RIR B B

mW

P= 5

L, p A EAR BB, B0 Ryg/em’s my N AR
TR, RAhg; VIR, A em’,
1.6 RIEMNE

7R SR ] 5 IR SCM2000 3806 A BE A A2
HRUJFCIR B FF O 058 B N B AR h i aligeoK
0.5 mol/LAY 7~ fif W R 41 (INaPO; )5 mL; ¥ HLAE
24 h, JFHEME8 Wi BRmibE LIk, M5 70
B B R IRE S AR ABOERE S R, s
PRIt R B, MRS R T o E . D
R ORI A by W A R, BEOR &G
WRRRE/NTI, WEE /N30,

2 4

2.1 JRERIEMR

XF Ol g T 75N B S AT S B,
Y B 122 S8, GR DS &k
BT mIE BE LR S (n=44) ) S8 S 80 4

XKL J3 A . BOK ARG RREE | FLBREAT
OXAT . A5 ISR I LB D O

ESY I Ao Otk B AN A5 75 B
RUTBW R EESE R, 456 DU 7 20k TP iR
3 (Fork)i2: 5 1 1A 75 (Shepard )i X UL AL 4 28 #4
135 A,

R 8 XoF SR B A R B I A 2 SR B A AT
SRR LR AR R AR A A i 26 /N Tk
) b R Y TR R Y S0% X R 8R4 ) B
KAG H BLAERD FUB D 5 H 8 s 1 S6ul i, K
49.78 pm, HE RIS B/ ME H IRTERD & i
INBYSTIEE L, O 19.47 pm. BFSEEGRE AR 23
A ¥ B ATE = OB E AT 0 25, B (2.000 0~
0.062 5 mm)., ¥ (0.062 5~0.003 9 mm)FI% 1
(< 0.003 9 mm) i A 5 B A3 LA T 4r 200 R
SRR ETRER D S B R — A, UL
R R o TN = 2 E R A H AL T LA
Iy MRS ED . W BORY RS AR L O RS =2, Hidp
WA P R S iR £ . BN R B KA
TESSu IR )Z, 55143%, /NS SR Z,
96.68%; My ibAE S5uh A3 mEEARAE ik B
K, HH178.28%; H/MEWAEM ISR, B
47.9%; Fh b5 i RIEAESOu iR JZ, iK%
18.28%, He/IMHETESSH A5 12 mIEAL, H7.66%
(E13)o = frp g K3k i) b — b —Fh £ =
Uity G (3 T UURR b 5 21 i b — M b — % £ =
TCAT R o B T 20%I110 1% T 60% 1 TR & 2 15T
W, TEARUCREEMFE S I B R,

WA = A o3 2k R AORE 1 A o 2
B, 3N RSN, AT DAEDURR Y B % LA
W, BERALEBYRNIZ SR, WAEA
2R XY, RS = I 4y 2535 R FH Udden-
Wentworthbr & &I 43 AR fE"Y, B TTEY) 7 A 1035,
HRD . R RD RN B A 4 43 B R AR A Y TR S N
o —2, H =AM R T AL AN S
8GN VAT P - E A4, RIEARP/E L
2, LA AT DU B A BT 8 ) 2E s B )
g iE S Wb G RO 2, BRI RS/ e gk,
FU B RN 25 8 AT LA A S5 8 0 e

S 3ty R A AR SR A S h 4 K 28R
T B AP S UCARY) , b/ LU AR 48 K 43
10%~50%, A /ZHHERS KTF2:1, £

http://www.scxuebao.cn


http://www.scxuebao.cn

43 %

Ko AR

444

Ve LFEY 9E 6€CFC]E TT8FH9°0€ ¥0°0F19°0 60°0FILT 1T°0FE]’] SI'TF0°LE Y0 1FCS €T 00 1FL991 Y8 176869 7' 1F91v1 (©)6s
S6'8FLY LY LY TF6L'S SL'EFI9°SE €0°0F6S°0 LOOFIL'T €0°0FE]'T 6 TFIT'SE CUTF09°vC TL°0F8S'ST €I TFI'89 17 CFE991 (9)8s
TELFI6TE 9EPFEL'T 8STIFOE'LE €0°0799°0 90°0F16'T LO0FIT'C Y0 CTFIT9€ SETFEY'8T CUTF9TST 9T €¥C0°S9 0T"¥FL8'0T ©)Ls
€0°0FCS0 90°0F00°C 0 0FLET 98°0FL6'9T SE0TF8]CE YETFI0CI 00°0TFE6'T9 LTTIFIOST (r)9s
6€°LFOT61 8S°SF09°6 CLTFES'SI 20°0F769°0 Y0 0FEL'T SO'0FE6'T 69 TFLT OF 20 TF€6'8C 9Y" 0790 ¥ 1 SCIFITT9 6S'TFI8TT (9)ss
€0°9TFHT 81 8L°SF00°9 0T'8FET'TT €0°0F89°0 20°0FS9'1 S0'0F69'T VTFETTy 8T IFS9'LT 69°0FS6' 71 S9°0FIL09 18°0F60'¥C ©)rs
Y1I'8FCEYT YTIFLY € Y 8FIT9T S0°0F89°0 YO OFPL'T LOOFEL'T 86'TFE]6E L9 TF10°8C 68°0FCI V1 S8 EFLTYI 8YVFLEOT (9)es
8'6FC09C Y6'¢¥ST9 16'LFLTYT 20°0F769°0 LO0F99'T LO'OFOL'T TETFEO' Y CTETFSL9T L6'0FIV VT LETFIST9 LLTFI9TT (S)es
1T8FEY YT VEIFISY 9€'6F96°S¢ ¥0°0FL9°0 ¥0°0F69°1 €0°0FCL'T LY TFIV OF 96'CFCY'IC IS IFPE LT S8 YFECT'LY 89°GFIL VI ©1s
Jouy wu“mmmﬂmo:m moH“M”MMMHM:w :MNWM“M g Aysorod Ayisuop [emjeu  A)suop ynq JUIUOD 1oJem  OZIS UreId ueIpIW EwEou Kepo EwEg s Eoﬁg pues 1o MMMHHBG
s (WOB)HIENSY (W) Y, Yo/ N W/ Tl o %NES T ol B -l %/ E LW

COVEE A PVEEAELEY  PDOUERNHE

QR )

ogepPdIydry ue BIAl JO seaae JI3I [eyNIe 3Y) ul santadoad edrueydow-[edrsAyd jo siojowreaed judwipas | "qel,

REeUHNE(EHGHHUHAAKNNBTYEILHT 1%

http://www.scxuebao.cn


http://www.scxuebao.cn

244 B,

S5 EhERF I N T A IR BURHIE SR K ) 445

Mt

100%

clay

75%

0 T

sand clay

FiL

clayey sand

W -Rit

sand—silt—clay

25%

Frmb B R £
silty clay

e RNy igil

clayey silt 75%

e

© 00 o
OW?}%@O

o *
BHD i 1 SPTR + Ao R
100% silty sand sandy silt silt 100%
W AT
~ 75% 50% 25% i
sand silt
3 gtAEE S

o KB mARERE, * RE 1 mbL FAERE, T

Fig.3 Classification of Shepard’s method

o. sample of the surface 1 m, *. sample of beneath 1 m, the same below

fEEX PR T, BB R E, 2T
Wd ) (Bl4). BBk b & L 22 0 3R BH Sk 55 7K 3l
a1 I R U e o = =W Q) N /) 2 N
LT i RZ MM FIRE R : B=1:9)
DLk, d B A 1) Iy I A O AR D AR R
AR E, el EE RS RTEA
gy o MRS RS L R RS+ = 2k
MR IZFE )20 b7 e B, Y T R 44y
SEREYE = DI NTTR R R L NN e St b P D)
TUBURRPE

SRKBEHRREE SRR RMUIR
e K, SRRSO P28 | kAR 4 Ak
FDTRUREESE A OC . RIZ T mUA N HEREE 5 i
TR IBE N 38.2%, 53l 45 7 7K F Bk S63 s AH XF
BARSL, ARFLIREAETA A S, EFWHTEA
T A KR TURRR B 1 mi I N, R RS K
RN —3, BEUERY LR B eI &,
HZG 415t )2 B R BE B g w2, A

DURUREME . S5iE R IR RV 4 2 L
RUEIKRAHE ™, FE 5 K IR B 41.62~2.07 g/em’,
S8 B R 1.5 glem®,  BR S63k s B B A X A
Gb, oAbl s ¥ T, BRI, %
B, i RO SE RN, B
RN 5T 1) V35 % 2.0 g/em™
FHECBEAR , FEAAT 5 3 R DR W % B

L & LR 5 TR B B i A
LR A AH O, N [R) IR 3 B4 G U 1) FL B R
AR o A YRR RE 4% 3 5 R TR 4 11 FL B
FILFEIH0.49~0.76, HI{E 40.65. %I EA L
WD e Z R, BT DL RAE T Lo b
Eb A 32 9 B AL BUR (Y

22 KERBIHIFEMRR

RNG&E W58 N TRl DX Jo 7K 28k
71, W R LR AT S cE o b, BEA
SHREE S T LA 0 A U JB e N T ik Y R 3832 )
THO0. MR, WFFE XA Y B A5 B

http://www.scxuebao.cn


http://www.scxuebao.cn

446 KopE o R 43 45

12(0.062 5~2.0000 mm)

sand
S
90% S=Hb silt
zS=Ky b)) silt sand
mS= dl"éff"? muddy sand
cS= ZEﬂij:Jf'ﬂi’/" clayey sand
sZ=H} B sandy silt
sM=R} JFi & sandy mud
sC=t} Fi %&b L sandy clay
Z=RHb silt
cS mS zS M= mud
C=%i 1 clay
50%
*
(o)
*
O *
sC sM 4
%

10% %}*%,
¢ / M \ °z

Fit 2! %d 2 B

7 mu ki

(<0.003 9 mm) it Bl (0.003 9~0.062 5 mm)
clay clay - silt silt

4 BRESHK
Fig. 4 Classification of Folk’s method
5 49.20~45.91 kPa, HJ{HIAF|27.66 kPa, Mt g{BLAGREEAPTIT MR fE R R BN, BERE

AR R Bl i ST AT, HARZEN mPRBE R BT LR 3G 0 (18] 5) o 2 WA R S 0l A DL
PUNGR L2 5K B29 kPa. LISTHERUNBI, #&uh  FELUR, BERARR]T 2R B 5 A R E O S0

120.00

o FERAR/pm
median grain size

100.00 ¥,=2.44 x-19.69 o A X ° s BKE
R*=0.94 g moisture content
80.00 | P<0.05 o o BTN y,/kPa

penetration strength

X GUBTHIR L y,/kPa
shear strength
of failure

LA NIRE) y, /kPa

y,=4.24 x~74.91
60.00 | 0.6 o

P<0.05

JEJFERJZ BRI /em

the depth below the surface sediment

40.00 4 penetration strength
------ LTt (TR L) y,/kPa
20.00 A shear strength of ’
destruction
0 ) ) ) , ,
0 10 20 30 40 50

5 REUTImRERHFERRE, SKEMRANEE, HERTEERRAENTK
Fig. 5 changes of median grain size, moisture content, penetration strength and shear strength of failure with depth of

1 meter below the sea bottom surface

http://www.scxuebao.cn


http://www.scxuebao.cn

24 WAL, . TR E AT 0 Rk DK I R R R AE K LR 3R ) 447
W EHRE S LI IR Bk s, BSR4 -
H P 5 A% I 58 B Y0 Bl M 1.73~16.80 kPa, F9{EH N FH &1 6 7] 70 B HEE B A I U8 22 )2 1 mIN A9 K 4%

5.92 kPa, P05y 25T 3 B Bl % B2 3 b &2 b A
MIREIEER ) BT HY B YR58 B4 6.48~52.11 kPa,
FY{E M 28.11 kPa, SHUHTA LR EEARL, FfIR
JESE MG K . SRS, R BT B 5
IO B AR L3 F R THisy B IE a8, H
A5 T 3 0 IR Br 27 ) 1Y R 5 2 A — E 1 28 i X
], BEHAJE BT Y B — o 1Y R 30 Y he
Ho NTAaffE TRt fE b, 550878 5K 98 B 1
FHCBE R TPy AR L a8 &

YU B 5 P0 5T 5 B /N A7 UK ] 6 R
J1. BEEERRERN W, BRI Y %
FE | ORAR A A SOEOR IR S L 8 TR KR —
EHBARMEN T, b, B
558 5 i B 5 R

B E— N FHRARKRMESAT T
Wik, AT a2 T R W oE
i1 m)2 i ORI R RS L v A, B A T
R R )21 mPA 40 RE OR B IR S /N F
1 miS6 sSOMRLE | SRR RIREE . LI
REYHESHEGTAME | PLOTRE S S1%S

60.0
500t ¢ . o R
40.0 |
300 *

L)

W ¥ /kPa
shear strength

()
= 5 200 | »=249x+126.22 ‘f“,
Gi=Y 10,0 | R=043 .o
I P<005 - t
0
33.00 35.00 37.00 39.00 41.00 43.00 45.00
BIKE %
moisture content
60.0
S = 500 * . e e 3=—18.01 x+64.43
=% 400 . o e RE038
B2 00 o« s P<0.05
B 2 : *, 2
ﬁé § 20.0 LN R

10.0 ‘e
0 " " " " " ;
120 1.50 1.80 2.10 2.40 2.70 3.00 3.30

FLEEEE

porosity ratio

6 FREUTImEYEMRE KR, LS HEMROEUERE .

VI (B AR . LB ) ST 12 v B (U ey

WNHREE | DUASREE ) LR A OC(P<0.05). KR
W5 2R SRR 55 M IE A 56 (P>0.05), i
555 e B 3 JEC Ui P R AR 9 B X G R B A 5 i AN B
o B AR E e S K E . fLBR L SR Y
ERAMEAHDC, R TR T e 1Y ) 2 P i
Bl K3 AL B 3 KT AR . TR IS IS Jle —
VRS NI R N TR o e W N A A U I oV T
FIe 7E U R 25 B 1a] A K 5 S04, LB LK RP
ﬁ%ﬁ% - JURE [a] B 7K S A5 e A URL Y 1A
Bk, ERWEMIKTRSEE s, 8% LT
R, %ﬁﬁm%ﬁﬂ@k i SN T VA
S 2z s S LB LA TR b T 3 R R T
B 1 B BE R AV AR SRS I 5 A R
A I AL T S, HR U 1Y 25 B L -F- 9
AKIENE, P K L LB LRI e 1Y 9 B 5
M) 48 R, & K 8 5 IR e BN SRR A DG
Bk, XFR Ny = —207.30x 4+ 109.26, R=0.46,
5 P05 B IR0 B B Ml OC R Ry = —249.26x+
126.22, R*=0.43,

50.0 |

£ ‘.
§ %‘3 40.0 « ¢
@ ; 30.0 +
| O
oIt L . o0
< g 20.0 y=—2.07 x+109.26¢ * .
2 100 | R=046 N

g P<0 05

33 00 35 00 37 OO 39. 00 41. 00 43, 00 45.00
|:|7J($/%
moisture content
50.0
. *

5400 . R .
a5
= 2 300}
Lj]l( |72}
= 5 200 | o
<& y=—14.71 x+57.32
i ‘q:')' 10.0 + R>=0.38 - .

2 P<0.05 .

1.20 1.50 1.80 2.10 240 270 300 330
LKL

porosity ratio

R IR E)RY 5K & (n=40)

Fig. 6 Relationship between physical property (moisture content, porosity ratio) and mechanical property (shear

strength, penetration strength) of sediments 1 m below the sea bottom surface
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Fig. 7 Relationship between sediment particle size parameters (median grain size, percentage of sand, silt, clay) and

mechanical property (shear strength, penetration strength) 1 m below the sea bottom surface
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Sediment characteristics and bearing capacity in an artificial reef
area of Ma’an Archipelago

LUO Hansi, SHENMin, LINJun', WU Xingchen, LIU Hongsheng
(College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Artificial reef is an important part of marine ranching, and the scientific site selection is a necessary step
of artificial reef area construction. By columnar sampling in the alternative region of Ma’an Archipelago waters in
Shengsi, Zhejiang Province, physical properties including particle size, moisture content, natural density, and
mechanical properties of penetration strength and shear strength were analyzed. The results showed that the
sediments were mainly composed of sand, silty sand and clay, and the main component is sandy silt. The bottom
sediments of different regions are different because of their various particle sizes, porosity, natural density, etc., so
the bearing capacity of sediments also is different. Correlation analysis between the physical properties and
mechanical properties showed that the moisture content of sediment and penetration strength, shear strength of
failure are very strong in linear negative correlation, and the correlation coefficients are —0.67 and —0.64,
respectively. These correlations could be used as an important reference for artificial reef sites suitability
assessment. After the regression equation between sediment moisture content and particle size was established, it
can provide a scientific basis for the analysis and research of sediment bearing capacity on a larger scale, also can
reduce the cost of the investigation of sediment properties greatly.

Key words: artificial reefs; particle sizes; moisture content; penetration strength; shear strength; sediment bearing
capacity; Ma’an Archipelago
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