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Fundamental Studies on the Scour around
Artificial Reefs in a Seabed

Yoshihiro Imar**, Osamu Saro** Katsuaki NAsHIMOTO**
and Katsutaro YAamamoTo**

Abstract

This paper investigates scour around an artificial reef placed on a sandy seabed
by examining the aspect of flow near the channel bottom in uniform flow and the
variations in scour around a model set on the sand bed of the channel.

There are prepared the three models of cylinder, quadrilateral and triangular
prisms as fundamental types of artificial reefs used today.

The results obtained are as follows:

(1) The extent to which the model influenced uniform flow is estimated

as 2-3 times the width of the maximum projected area of the model, along a cross

section perpendicular to the flow.
(2) In all models, the scour similarly becomes greater with an increase in

time, and gradually takes on a constant value.
(3) In the final state, the value of the maximum scour differs greatly depend-

ing on the shape and setting of the model.
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EZENTIE, ABRPRBOHECEREDON 5 ZAEPIEWAAITESY 220cm, 18 120cm, &Y 50cm
DRZY o —FA/NUREIFAKE 2 B, PRENC Fig, 1 CRT X 5 2 EEPEEL TRIE2ITE 572,
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EEbhTwzar sy —rflTey sHEOEARE UTHE, HARSIO=ZARD3ID2EA,
HZHI 2, Tem, 5.0ecm Z 1L T 7.0cm DAL, —THE5 0cm OWEARS IX=AKDHEILY = V]l
DOt DOREMUHANT, 317, FHCHT 38O A DNTHREAZA LN, BT,
Fig.3 iIRT L3, LEd»5RT, EESKEARIL CTEARNHZ S X5 HREL, HET1E
H, mAES IC=AETR, Fhedl CEROEASRIEE L, TR BEO 2BHIC OV
TE2hFRPELIZ, LT, BRPRET Y- T, BROPHELEOE Y H 35, METIRYE
BEBLL, INEARLESAB TR SBEEULLRB X5IRLT,

WERBELT 2HID, WEEE (BRI TR, BEROBRTEREEA3) KB 3 MEEDOR
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Wi e 54 ThH b OREREIE (B/b15, FKR354) I, EEOE LML L OCmEIcsY 5
FIOTEY, BITEREREL THITEL Iz, LT, HHEOEIDOMTRPICES 2IMAOEEDH
EF DA Tt 1z 2mm SHEBO B 2 HAB - T/ -1 312, TRAOEOREIERO E
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Fig. 1. Schematic diagram of experimental Fig. 2. Curve of distribution of grain
apparatus. size of sand.

1: plastic box, 2: camera, 3: model,
4: sanded board or sand bed.
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Tig. 3. Setting of models and direction of flow.
=: direction of flow.
L: width of maximum projected area of the model.
A: Cylinder.
B-1: Quadrilateral prism, one of its apexes facing the direction of flow.
B-2: Quadrilateral prism, one of its sides facing the direction of flow.
(C-1: Triangular prism, one of its apexes facing the direction of flow.
C-2: Triangular prism, one of its sides facing the direction of flow.
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Us=0,67U1+0,.84 D38 b1z, Tihb DEED b WHSEREOH Us 2RO 12, MRPEET T
W, Tit, KEOESTEE L T OBEEEDOFE Us 2 Al iz,

RBERESLUER
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AbT et h, EABSHETEN EROBEYEU LOHTOKRORN) g RITTHAE
BIZms 3 TE 3, ThEERMIGRTIIDIC, Fig.d O P-EFOBBIEMp Le— 2~
AT HASDawHEyOREHERD» S Pl-hTO BEEE2RY, EROSO2E b i EE B
Bt 3, WERIEEEDFEAM 2RO L 120 Fig. 5, Fig.6, Fig.7 Th 3, 4, Uy & Uy i
W EEDSRTh  ERENORETH b, iz L BN T 2 BRIOBEKRENHEIETS 5,
T, L/21 OfEDS 1.0 OARBRORE %2 EKL T3, Fig.5 RAECDWTRKE 3JICRUI
LDThH3, chdpsd, PEERZZF—AOHBTEDLRS LN 5, Fig.6 ZHL L {ike>
WTHHEBICRU IR TH 5, MEECETFEG D285 5 500, HEHSK IV EHROM A
ML EZEAMBRLNG, Kk, BEOKS IFB LOFENORER, MOBERTHWTLRD
HEAE LN LD EEL, CCTRABCOVTOAJERZTEV, B6 N fERE2 2N Fh Fig. 5
Fig. 6 4CRL1z. %7z, Fig.7 BE—ED S & T, HEEOBRIC 5 ARKUEETH 5, Thi
5, WhExL THEARA TREL LS AROBRIOR G MOBER L R, HROMFEIH
NIV EBSH B, T, Fig. 5, Fig. 6, Fig. 7 & RWT Uy’ /U, DEI: L/2l BT 512o0T
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Fig. 4. Flow pattern around model without
changing sand bed (Cylinder).
=: direction of flow. M: model.
lp: length of movement of particle.

Fig. 5. Relation between Uy /U, and
L2l with different sizes of model,
without changing sand bed
(Cylinder).

I: distance between the center of
madel and point where locus crosses
the axis.perpendicular to flow. -
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1.6 1.6
1.4} 1.4}
| o 1.2
1.2 =
1.0} 2 0t
Uo=13.7cmlsec
0.8 Cytinder 0.8p o Cylinder (A)
0 Uo = B.3cmisec = Quadrilateral
. 13.7 prism  (B1)
e 19.0 a Triangular
-] 251 prism {(C1)
0.0 02 0.4 06 08 1.0 0.0 0.2 0.4 06 08 1.0
Li21 Li21

Fig. 6. Relation between U,’/U, and L/2!
for the various values of U,, without
changing sand bed (Cylinder).

Fig. 7. Relation between U,’/U, and L/2!
with different models,
changing sand bed.
Cylinder and Triangular prism

without

L=>5.0 cm,

e

Quadrilateral prism L=5V2 cm,
The symbols A, B-1 and C-1 are as
in Fig. 3.

(B2)

(C2)

zrﬂﬁ"WWﬂ

Fig. 8. Shape and definition of scour around model.
Sw: scour width, Sg4: scour depth, Sp: height of bank.
The symbols A, B-1,2 and C-1,2 are as in Fig. 3.
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B, L/2l OfED 0.2~0.3 TIXF—EME (Us'/Uo=1.0) K5 TWV3 EEALBND, DL ED
5, BMEIOBRBICH > THASEEZZ @EE, ERoRL»L 2L L, $42bb, DK
KBEWEIEOKN 2B/ 5 C EHTHRINS,

RO

WECEMPEE LN B 2 &, EREDOHNIEEZZI T, 2OEDOWKIIEERD
Tl RE5, BRI L2 &, EROR Lk JCHRAMEC S TE, #ED 5 E TR
HA TP AL EROIE Sw ORE), ChpsREd 3 on THEICE T 2 DESIEN (RO
I Sq DFE), UIFOREROTHEIMSERE LD 2 i Sh 04, iz, FDR
WICHEIT T 543, BEIORERICHE Fig, 8 WWHIRANICRU 12 X 5 2R 2 F - THEERBICET 5,
Fih %52 Th o OB & PHRORT & OBRIT OV TRL 12008 Fig. 9~Fig. 14 Tdh s, &
B, CCTIRPEHMOE Sw B LOFES Sa i, Fig. 8 iRU 2L 5 CHABOFMAE #A L Sw-2 &
Sw-3) 2PBEL, ZOE»FHLIZEDTH 3, Fig. 9 Fig. 10 i3HEECOWT, FEBNICEEOR
BIXOEIDOREMEERLUIZADTH S, Zhdbd, FEMKEIVIZEEREOE Sw 3 Witk
WOHES Sa KA, TEFRICHREMECY, T CRTFERBIET S C e300 5, Fig. 11,
Fig. 12 i3—EOWHED 4 & THEOBRINC L 6 ZFRLZHTH 5, M mAKZ L T=ZAF00
THIEBOTH, TN e5A THo ORESEBRT 222N T, HEEOE Sw & 2V RFEHEOES S4
D agicEmnL, 0%, EUSBES L T—EERESL L5k s, 0k 5 2HEmi,
KHESD OER&EC Ao, i, HREEDNT, HEEOKE IJWIRL 12 D, Fig. 13,
Fig. 14 Th %, T LT, 2NFhEROER LOREEIIZZ—EOMBRTEDORIIDLER, T
HSEES » Th 6 EHRRIBICET 5 X TO HIRODIE Sw PHIMOBE S Sa LEBRE & O BRERD
Bk, FRUIZEOHATY, —BICRRO LS IRTENTE S,

Sw/L or Sq/L = m(Uq-t/L)# (1)
12¢ Cylinder 1.2r
) L=50cm Cylinder
gUo=113.gcmlsec L=50cm
ol © 251 o 1.0} gUo=}g:'(l)cmlsec
/e—@ ------ © 251
é A
0.8} 08
| -
z |/ - J < o6k
n 06} e/°/° » 08
: 0.4} o
o4 / 0 9%
o // e °
o2ff o ozp o
7 &
000 : ' s 50 100 50
0 50 100 150 0
Uot /L Ut/ L
Fig. 9. Change of scour width for the Fig. 10. Change of scour depth for the
various values of U, (Cylinder). various values of U, (Cylinder).
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d X Xk E % # 34(1). 1983,

12r 1.2¢
Uo=19.0 cm/sec :
Uo=19.0 cm/sec
1.0} O Cylinder (A) 1.0k
. ®m Quadrilateral prism(B1) ! O Cylinder (A)
A Triangular prism(C1) ®m Quadrilateral prism(B1)
A Triangular prism (C1)
08¢ 0.8}
2 R ,
by ———— -
n & 0.6F
- 0.4}
..... o
A a_/..o--.
PV s 0.21
1 —t 4 b 1 A A L J
100 150 0 50 100 150
Ut /L Uot /L
Fig. 11. Change of scour width with Fig. 12. Change of scour width with
different models. different models.
Cylinder and Triangular prism Cylinder and Triangular prism
L=5.0 cm, L=5.0 cm,
Quadrilateral prism L=5W7% cm, Quadrilateral prism L=V2 cm,
The symbols A, B-1 and C-1 are . The symbols A, B-1 and C-1 are
ag in Fig. 3. "~ as in Fig. 3.
127 Szli:?g.ro cmisec .27
eL=27cm
o 5.0 Cylinder
1.0} © 7.7 1o} Uo = 19.0 cm/sec
’ eL=27cm
o 50
@ e - e 7.7
- 0.8}
o -
= 06}
O — e m = .
o/‘/
______ o
0 50 100 150 200 100 150 200
Ust/ L Wot/L
Fig. 13. Change of scour width for the Fig. 14. Change of socur depth for the
various values of L (Cylinder). various valuesfof L (Cylinder).
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Sw/l

PERECHT S 5%E

Fig.9~Fig. 14 I T, BEBHIEEI L I3IIPTIRE - T3 BN, CORE LD tEDIE
Sw EHHMOWS Sa DERFEHHILRE URHERIRIZIEL 12 7 O SO 1 @IOEE UTHARDY,
BROBRS LMK T 50 2B, FEREBCKY 2 ROE, GEORS, DEOHI 2R
UTzD Fig. 15, Fig. 16, Fig. 17 Th 3, ¥, FEECEERC DT, K3 I EEREIZ 1T 3
%mwﬁ,%ﬁwﬁé,@%@E§%%bt@ﬁFgJ&mgm5gao?&50am,ﬁﬂm?ﬁm
ED 2WHEDE S Sh 20T}, HEMMEERECEL I BRONABATHNS L, ZRL
1A% #5012 Fig. 15, Fig. 16, Fig. 17 %3 &, HEAOBRE LOHNCHT 32 DBVC L 5T
WHEHBKRECEDS LWL HTH 2, FHCHL THRBMO—INEEICHL &5 BEL A
HEZABOBR T, HEAYRL &5 LEkiiign st 2@ A5d 0, FliRb K2 s
%o FTz, Wit TEARMI TREL RSAROMAEI TR, JR0RE /3T & pah3,
ThK, BEO LS CRBTHRADFCEG N SABEOERTY, Fig.7 TRONIZIIK, Z0HE
WOFNDEANDDEL, BLEBDTHIRELTORLVERTH S LELING, —F, HMEDX

80 o cyiinder (a)
& 0 Quadrilateral prism(B1,B2)
4 P Triangular prism (C1.C2)
1L4f
1.2}
1.0}
0.8
0.6t
0.41
0.2t [
5

0 0. 10 1.5 20 25
1

wliLg x10°
Fig. 15. Maximum scour width with
different models, in the final
state.
Cylinder, Triangular and Quadrila-
tral prism (B-2) L=5.0 em,
Quadrilateral prism (B-1)
L=5v2 cm,
The symbols A, B~1,2 and (-1,2
are as in Fig. 3.

0.8r
O Cylinder (A)
¢ O Quadrilateral prism(B1,B2)
07} 4 b Triangular  prism(C1,C2)
0.6}
0S|
-
» 0.4}
0.3} 4
0.2}
<4
01F / (o)
o
0 05 10 15 20 25

-1
WiLg x10

Fig. 16. Maximum scour depth with
different models, in the final state.
Cylinder, Triangular and Quad-
rilateral prism (B-2)

L=5.0 cm,
Quadrilateral prism (B-1)

L=5'2 cm,
The symbols A, B-1, 2 and C-1,2
are as in Fig. 3.



ShiL

Sd/L

0.6

0.5}

0.4F
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01}

£ X &k E % # 341). 1983.

O Cylinder (A)
€ O Quadrilateral prism{B1,82)
4 b Triangular prism(C1,C2)

<

0 05 1.0 15 20 25

Fig.
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17. Maximum height of bank with
different models, in the final state.
Cylinder, Triangular and Quad-
rilateral prism (B-2) L=5.0cm,
Quadrilateral prism (B-1)

L=5v"2 em,
The symbols A, B-1, 2 and C-1,
2 are as in Fig. 3.
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elL=27cm .
=] 5.0
@ 7.7
o
L]
e ©

4
20-00- L 2 . —

0 05 1.0 15 20 25

-1
uliLg x0

Fig. 19. Maximum scour depth for the

various values of L, in the final
state.
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o 5.0
of ° 77
%
0.8f
-
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4
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Fig. 18. Maximum scour width for the
varius values of L, in the final
state.
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2 03
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Fig. 20. Maximum height of bank for
the various values of L, in the
final state.
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