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Study on the method of creating river flow diversity in small and medium-sized
rivers by using large roughnesses
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The methods of creating river flow diversity were investigated experimentally and
numerically by using large roughnesses such as boulders and groins as an impact in straightened small and
medium-sized rivers. Flow structures around the roughnesses were clarified when large roughness elements
were placed in a straight open channel with various patterns. The river-bed configurations created by
such large roughnesses were made clear and evaluated in the sense of river diversity and flood effect.
Furthermore, focusing on spur dike as the large roughness, measures to reduce local scour and to control
flow structure and sediment deposition in a riverside concavity were investigated. Then, the useful
knowledge was obtained for creating diversified and ecologically rich river course.



1. WFZEBIE Y DY =

/N D BAFRAY U 7= BT & Hr D
EmE A FELTEHZ, WHEEKEIC
Bz bizb3T 20, FRERRICE > TAHR
THDHZEIWALNTHD. DX ) 7eikA
NS 2 FERENTWDD, FORNENF45F
ENTELT, FIEK~DOREL HEIC
I S LT evy, Alal, JRTE SR 2 Al
THTFERE L TRKHEELZRY EF-olx, +
NN Z% G e LTWATD, JIIRICAREBA
72 <, K72 E ORRMEE Y TIPS 7R
DRELRoTLEYI Z LMD, EELLT
FEWEEDEZFIHT L E 0D 8L, i Lo
BHEELEERELTOZ L THD. FICH,
5L, [EE ST AKENC B B BF R EBRAY
WCHEMEMICHZLHY, T E TITHFgER
HEAEHENTWD, £, HEORENTR
HIEPUC RIETEEIIE LS N OIFRERH Y,
KHEOHPUZOWTHBAN I TN 5.
UL, BEIUR BICKHEZREET S &, A/l
T OVEIRIZ £ 0 HLE BRIk L, BEdEFLIC
FLEED e o TR FE CEHRRABICET 2 28, [H]
TE S VML CIXTEIEA R K & 72 0 ZEMN
Kbihd. 20K RBEE EOKHE DR
ERRE L Z I L B S D &
REBNAFFEEDOER R THD. £72, K
HLE ORLE FIEIC L > TONICE RN
BRI TE DD, ThE LI FHET 50,
SDOIZTER~OEEBEZ L 9 AL 500 &
W) RIZOWTHRAT 22 ELEETHD.

2. WHEOHEM

WESHEEZAIH T2 FELE L COER
BAKLRE T vy 7 Lo - KMEEICER
L, 2O EEE LZGEICER I HIE
TERE L OV A& D ZAREE DFEAM &, TRAK~
DB OFM 21TV, F/INI I A 2 72 i
BRI FEORHEEL ZEE2HW
LT 5.

HARRIZIE, WHEZRRMEORINO FEE L
TEAZMKRICKET 2 HEEZBEL, fHfix
IR E L OERE O HLE 2 IR ICERE T D
BEIICHOWT, BEERIZBWTIE, PIV EbR
WX VAU S AR 2, HEDEL O
i, BRI OHHCELIVEFEIZ DWW TS
MITBH L, BERIERICBW CITHER DB
L ORI S DR RE & ] R A B
BOFWIAEEEZH S MCT 5.

HLEE BR300 T 7 IR IC il & L C
B OS2 BT 2 B>\, il
AUAEIE DO SR A2 N9 2 FIEORE AT
5 L& BT, IR ENR OE M %2 5 E
THHEOREGITY. £, HEEHEFED
TBAKIZE 2 DB OV TIHRFTT 5.

I, Kiillz—2>OKHEL L TEX
BEI, BBREZELLSETEOHRNMES L
TIRZEAL~DOFEBE T ~D L &bz, Kl

RIS O BRBE I hR A K AE 3 52 3 & T
LMTTD.

3. #rFED L

TR ET DMEORMIC I KEL
DTTC, BERERELZHEERENRKIC
FEx RECE CRIE L2 E O % i
RH— A, WO BEAHE ZBEIRICEE
L= B OWREE 257 —A, WTFH
A58 e U7 ¥R L & 0 R - o T
WEFFOZERIEREL BT D7 — A,
IR 2 JOHLEE & J7e L, JKiEE Y o /BT
%3 FE VRIS D FIE ARG D — A, K
WD X 5 7 KM &, R MIERO BRI 2 15
kL, TRHEREZ T 2MEEm & LRI
TEF—ADS r—ALERE L.
(1) KHLEJRD O E I B3 5 KL 52
BRCIE, EERICHEERZHEL T, EIC
HLE T ORI O 2 PIVIEZ F W
THRET L7z, HLETRR, HUE A EEGHE Lo
B3 O R R 35 2 ONHE M 51 18 oD 3 Ak i
W2 RAFE TR & T I O AR E e D e ROIR T S
FLAVEREIZ DWW THRE LTz, £l —X
TIX, HEREA KN EFIC RIET 2L TH
T AR BB OWTHRE LT,
(Q)ERHLE Z BEIE LICE W BAICER S
N DI DWW T, HUE ORENLE P
RKEE LS TRF L. £z, BEHIC
PE S HLE OB ENCTEIR OB TR R 2 T, Y
HEICRE D S D2 ICE B LTz,
@)EMBRIEO —EXMIZEZENEE 5 257
DI, HLEZW R — E ke CikiE - 5 Ehk
ATV, WAL O BT R S 72K
DEEE DM AT -7~ = 2 CILHEREH
OFBEEDOE N HER LT
(@)Kl 2 E SRR O F B & T 556
2, WRZRATEEN KL XX R0 D
2, Ko EFANCEEY CERT) ZiRE
I R N ) I8 17 1 2| R RS W PR R
THE L. &5IT, BRENHIE T 5H
HIEEZEHR T L LCTHY, B5%oKEIELO
Vel B s 2h A 5 2 D Btk o B A Mt
L7=.
BYKHN D X 9 72 KMLE %, ARERREE EA® 7
WM O R & B HERE &2 HlE 9 5 70
(RIS 5 BRI OW TR Lz, KENEZM
EROXRICERE T DA L, W &R Tl
BRETDHHEICHONT, MHKEOELE
O THRE L.

4. WFFERR R

(1) KHLEEJED O Fi g &I B3 2 FERE ) 52
BRCix, s H K% 2@IHNcIE 754, B
Tz oBFICIEEMLT3#EE LEESES
22N, = OREIT 7w RRE & HEwT 7 b
&N OFAVEE I RIZ TS PIV R
IZEoTHEL, ARBTG5 EL L



THEBRERICEK SN RERO K E X,
BLAVITREE DR Z 7efHIkEZ I Hc Le. il
O & o TH LR A & O T30
ZieL, HEREZZ=y b LTEXED
TV OEFE, ELAVEEREE, FERREAEE 2K
L BT B e RENT. B-1 03, HE
DO T H B MBI & - T T ELIUGERE A
KELS BT DB %2RT. Fiz, HENKE
T2 5 TIRMRHIE 23 0072 0 WA T 572,
WHE 2R % B 2 IR E ORF 21T 5 R
HDHZENEREINT. HKEEOICH B KO
BRI E ) O EHHNEFEIZ DWW T, (7]
RO 72 B A OEE, RERE, ek
FEIZ DWW T RN B I - ER 2B E
RTITV, BN K DR BN OE 23
TREA, 2 WOTBUE R I\ CICHLE T
DIEHFE L B T O I KB ZEET DL &
TYHREZR ESEI2ETLVEZEELE
("-2).

H-1 REEHTRORTARENZEEI VF—

0.14

case2
0.12 pase

oy [mmees " -. W‘

0.08

]
g;
£

0.06 L AT

oo |20 e € S
i ale. NRIYT

+ c Exp) —c (Calo)

002 [ * d(Exp) —d (calc)

* e (Exp) —e (Calc)

0 [

0 1 2w ? 4 5 6

-2 2RTHEIEFTERER & RERMEDKALID LB
(2) KHLE & U CERHLE OB EIR R CTIT,

R FTUEHE ORFRIE TR FE 2N 52N STz,

Vet IZER D RELO AR H L, B oORGE & &
(T PRI e OV 0 D 1o B Lo ik ok L
T EEhEFEOW R % [E € L7z ER T
%, 9 & OWIRIZIRIT DOV T PIV EERDS
1Thii-. PIENREEIC I\ T, BEREMATIEER
DT HOBRE &2k DA kv /ETe
WCERTLERDN K E < 720, {8 P JilCriER
OF HEZ LIS T RER & & 125 it
DRZWFEIN LD (E-3).

BRETES CIL R AT AT R (2 1 2> » T T R
FESFEA L, BRHLEE 830 003l 12 V3 JES i ok
EWRIZAD D FTRERARELSFET D, &
LR R A LT L= ICB VT, B
RIS O BEAE PN C U B B 72 FS R TR 3 %8 4E L C
WD, Z O fEEE T I EIREE K 0 W

WA L, BERPCIIRICIR > 72t & 72 0,
JEEFOE b5 2 Lk, PR oHETH
B 7% RS,

z[mm]

0 20 40 60 80 160[ 1]éo 140 160
H-3 SREMETEmIENY ML
(k. FIEAER y=bmm, T : 9 #&AIEK y=15mm)

(3) EAEDO —EXRMICEHEIEE 5 2 57
WIT, KHLE 2RI —ERR CHRET £
BRAZATVY, MEATIRALOAI & - o & B ]
BEEERT D2 & 2RkA . WATRAAIHT
XM EICRAICHE Z#%E L, = OMxHEE
MEE 2L S8 T, BRSNTRIREED S
MDA 2 T L7z, iR OREWT 28 D

1 ¢y.+b/2

w=55i¢mzxy—xﬁb (1)
Z 2T, b IXFHEE D, v XK B H Y,
2 AR N 6 DR ZETH 5 (H-4). £ D
B T 5 18 D FEHEAR 22 & D Tl S A &
AT L 7=,

0.03
L ——A2E

0.02 . ,A‘\ /\\ =

/A . N —B2E
% 0.00 - - Q\”\/ 7, 1
N / .
-0.01 j\/ - \ =
W/, -

W/ -

-0.02 V
-0.03 l 1
0 100 200 300 400 500
x (em)

H-4 MEIZK > THREINITEMRRE

FEAT TR 2D W T KB DB O &1k
EB,xEHZE L.

B, =— [ DO)o-2)dy @

D,(y)=Lhy—-2,>0
D,(y)=0:hy—2,<0

Z 20T, BIEKEEME, ho lZARARD KA DK
HThHsd (B-5). ZhnbIEfTEL2REL
Tl 2 FiEEIRE L. F7-, HELL
TARTLILK Z —ERMRECHFICHRE L E



BRZATVY, HLEER O K D e OBEASE 53 A1 &
FRERAEIC & ZEME 2R L, HLUEZDOFiE
PO R LT

03 = — |
A2S
0.2 =3 X s ——B2E [—|
0.1 = & ~ > B
& 00 -.._,/ f\ / \ s\
01 NV 7SN
A ./
0.2 — >
03
0.4 Ll L
0 100 200 300 400 500

x (cm)

®-5 MECE>THEEIN-REOEHELE

(4) KD _EFANT & & OV KH] CGEHE T
EMES) ZRRE L7 EBRTIE, i LAY
7eMbE CRRE L7236, Kl o /T dedia 23 1
Hl S5 2 EDRE Tz, KEIE Y O JRPTHE
X, N oEHNEIC K 2 RS AWS T O
K&, KHIRTEHIZHEAET D FRRD 2 >D%)
RICED T EMPREN, B TIIZNHD A
H= A NEBALESE DL TGS R
NHDHIERNbhoT-. bbb, BiELIC
X 2 A W A3 7K Rl S o o0 JES TR AU WSS ) 0D B
KEWHIT 2R &, B T4 B L=
DT R 2 BRI i 23 7K 1) Rl 18T 00 F BRI 2 400
HT 2R BEOMAFIC L D, 51T, Hif
T ORPTYEHEOH A B = X 21225V T LES
ET NV ERHWEEERREIC L > TR L.
EH T O@ SN KEL RDIE L ER LAl
OVEHERNEERT 2L OO, Kl TOYEHRGE
I L, B T S 2K & o 12 ORF
WCRIROWEIRII RN E o7 (K-6). L
L, [EER CTIEER TSRS o v 2 mik
T HRMENEBD Lo 7=, B L OWHRE
PN E, KE TR OB LA YER T 5
WWFRIZ BT, BT T ANE BiEm 0O 36 53 2 4
THZEIZESTHELND Z EXRHLMNIT
X7z,

0.02

00 NI 2\ ?
_ e :
E om AN //'/J
N \Yl\/,

006 A
008

0 = =
RS w:\;\ Pl F e

— case2d5 — case2-d10

= case2-d15 - - case2-d20

---case2-d25 -+case2-d30
—case0-t4

0.1

05 0.6 07 08 09 11 12 13 14 15

1
x(m)

X-6 GAERARHEETAMELL (ERTES 20m)

S BT, P E C X B HUHLE 28 T
&L THYY, 358 0K EL O PR g8 5
(252 BB DO B A Rt Uiz, KH B
SORRERRE I X0 S 2 PEE SR 3
L7, WIBEEREIC W, BEN S VI
CUEHRIE A D S8, K & MBI DR
Bt 2 b S 7 EEBR TR, YEIRTE & Ve HERE
VK & AURED BREEAS KR 0 4 5 CTheb &

otz (E-T).

®-7 MBI & BKFIEDOEIRIMFIRNR
(b MBFEKFDOEREO, T MBLKFIDIE
B =KHIRD 4 £%)

TSI, HURERREIC XV KE e AT O
WD RIC X D, R UBBRTHEEDSI%K
B SETGE, AR 4506 15 &
2 T AHIEEYHRIERITEAD Uiz, AU
23T A ENCHERE T 21EE LR obE v o
TR 2RI 2RI L0, MBEOFIE
RTDIFEWMNREL D L) B2
FERAR L.

F72, FUNIITIEARWD, KDL
v TIKHNZDONWT, KEEIEIZH L TR INK
= WE RKENE L O & R A IZ OV
TR S 25, BERAKEOTRIZE
AR D AERRITY v FERE AT S
THERBETHD. ZOKETHEOLERAe
AT = RNZDONT, BIHIER, 3 koo
ERHE I K OENIERIC L DV RET L2y, B
e fmiIE ootz

() KHNZ & DM OFEIL & EOHERE D
HAEEC DUV T EBRAITHRET L7z, ]V
DRHRIZKEID B D5E 1L, KEEREIZLD
RN O BRI O E 13T & A E2 b
P, TOWHENKE LR, BERO KA Bk
FEREER L=, ZORKE LT, KO
ZhRAT L0 MR BT Lyl 3 S % 2h R
g h K&V, FEBEHR KR & B KR Tk
HTEH O < BERORENRKE S Bry, 2
FUDS KAl D IS 7> & D BREE 0D B2 488 % 54k &
W5 EARS . I, MEROMO Bt
WK &2 B E L7 aE, ORI &
O OREBEIZ X0 N IS BRI~ O RN
BB M0, #YRREITBVLTH
HMANOBEERmEEKIEDL 2 ERREN
7=. Ko B X OME & OBREELL EiZ,
KEZBRT 200 LRV > TEDOL)
RITRE AL, 8 LzgGE12iE, Tuv
FEEfEIC K2 < 2 & T, MOEIEERTENE
CLaZenmran (K-8).



A300 (h=3.5cm)
5— L=3cm Ls=0cm
z=1.5cm

B300 (h=6.0cm) | 57

M-8 MEHHEOTEEIERY L
(E : AK#IZEME, B 3om KR 3. 5om,
T : kIR, &S 3em, JKIE 6¢m)

E 50T, MIER_ERICAKEH 2% BT D 7r—A
WZBWT, Bl L b6 Ccbaii L, M
TN D T RPHERREBR AT > 7=, KHIFERERE S
PECIERERI 2 r — A B BR D THER BT R X
Wb Uiz, KEIBEHRD 7r— A THHEREIT
W32 0%, HEREAR I X ME A I AU I 1 AR
ET 57120, KilE, KilEs, MEe ol
Bt & OBRIZHAMEC e Do 7o, I T,
K il 4 i D R T 7 TR i ds L VMR N o |k
PRBELZIN O PR DS, [HIERIN O WY HEFS &
FERH A Z ERE 7 (K9, 10).

180 /

160 T“/ 3hi

140 #5516k
_ HSSIlh!a& HS.512h1.520
I H 5130330 *

g

ol H5.512h4.580
%100
2
2
g 80 H5.515h4.5200 ’u 12h4.530
£ - 4
g . @ H5.513h4.520 Y
< H5.515h3509

40 *

H3.5/3h4.520
2 Ha.slshasal)

08 06 04 02 0 02 04
K SE BB O MR ITTARMFRY/Um

-9 HIRE & KH SR DM 75 RFTHED R &

00

H5.5n0n
*

H5,513h1.520
160 FX

|manf0/ Hg12h1.520
) oD =14.072¢+ 26187
# * o
2 R2=07569
5 H%aa
E g *
3 7
*

H 5158350
&0 / H5.5/3h4.520
40

-16 14 4 2

12 -10 -8 6
hAE NN RREY () (om/s)

®-10 #FEE & MEAFTH A RTEDR &

LU, JORLEE 2 V72 o/ INRT T D3R]I 245

PERIHEIEIC DWW T, Bx AN DIRET LTz,

BIRLE LT ORI FIEL NI HD
ERETHOTIHRL, Hx OER 2 HIT

WKL COBERBREZRALNTT D EWVHHF
GERBE B -T2, KRHEENS & Z s
LB L OHERE IS O W TH LW A S
BHoNTWD., I bOmEE, ARERE)N
REREREEAE L TV DX THAT
HY, BET_XRENFETRL TS, 5%
B EREL TRENZRIEEEISED
DL LI REEAEITO Z BRSNS,

5. ERRERLE
(BFFEAREESE, WFSC 03 M ONEEERFFE 3 1
X THR)

(MERsamSC) - (BF 9 1)

OFBMA, BARZE, B LHEIZLD
K TR v G & Ve 2R, +
AT 8 BLOK L), A ReAT, Vol.69,
No.4, 2013, 1_895-1_900

@ Cai, F.and Tominaga, A., Three-dimensional
flow structure around submerged box groyne
with longitudinal block, Journal of Japan
Society of Civil Engineers, Ser. B1, & #iH,
Vol. 69, No. 4, 2013, |_61-1_66

@F AKRZL, /NEEAW, )l #E A, B
7K AR U150 0D It A A 3 IS K UE S Rt
K DR, LRTF 25 CE A20G
M%), #&#if, Vol.69, No.2, 2013,
pp.1_519-1_528

@EKRZ, HNdEmd, BEAlE KR
(ZHBC B L 72 BE K S it o0 HR AR PR R A
T ARFEERCE BLUK LS, A,
Vol.70, No.4, 2014, pp.1_661-1_666

(®Sadat, S. H. and Tominaga, A., Influence
of pile group density on minimizing
local scour of a double spur dike group,
Journal of Japan Society of Civil
Engineers, Ser. B1, ##if, Vol. 70, No.
4, 2014, 1_85-1_90,

@ ARz, H)lHhiE, BAKICKIT 5 A
FERELEE BE S 15 O B AVIE IS 1 R AL A
D, bARFEWmXEA2 (S,
# %4, Vol.70, No.2, 2014, pp.l_717-1_726

DOFtiE e, BEARRZE, KHBOKHITRIC
AT DUAR DI T 254, -
RF2amCEBL OKL%), Ao, Vol
71, No.4, 2015, pp.l_649-1_654

®@EKRZE, FEGH, IEEEE, EEAw
, KN & 2 {75 MR oD e A 1 D il 3 L 2
B9 2098, TR ICEBLOK LY,
#wef, Wol.71, No.4, 2015, pp.l_649-1_65
4

©@Sadat, S. H. and Tominaga, A., Opti
mal distance between pile-group and
spur-dike to reduce local scour, Jou
rnal of Japan Society of Civil Engin



eers, Ser.Bl, #HA, Vol.71, No.4, 2
015, 1_187-1 192

(FRFEER) GH191F)

(DCai, F. and Tominaga, A., Experimental flow
structures around box groyne with a
longitudinal ~ block, 18th  IAHR-APD
Congress, 2012.8.19, Juju island, Korea

(@Sadat, S. H. and Tominaga, A., Effects of
footing and its geometry on local scouring
around spur dikes, 18th IAHR-APD
Congress, 2012.8.19, Juju island, Korea

@ Tominaga, A. and Urayama, Y.,
Restraining effects of deposition in an
artificial embayment by piling along its
entrance, 18th IAHR-APD Congress,
2012.8.19, Juju island, Korea

@I HELE, EARE, EHROEAIZLD
TN OMAEMERIZOWT, HARERF6T
[FIAER NS, 20124F9H5H, 4 d=

OF Bff, BARZE, iR T&EICL DK
il &L D VEHR IR 2D R SN T, RS
5 67 [RIFIR AR 2, 2012 4E 9 H 5 H,
Z A=

OMFEY], BHm, BEKRZ, HRERA
K 2 T2 ORI B3 D WF9E, SRk
25 4 FE LA P K I R £ A
201343 H 8 H, HHfi

O/N e, mJllﬁHﬂ%, BEKRZE, M
E D FRAEE (2 M T 95 Ak DR
DUNT, K 25 AR RS T SRR
JeFEFRE, 2013423 H 8 H, HHT

(®sSadat, S. H. and Tominaga, A., Mitigation
of local scour hazard at the foot of single spur
dike by using optimum footing, International

Symposium on River Sedimentation, 2013.9.2,

Kyoto

©@Tominaga, A. and Suetsugu, H., Creation
of meandering configuration in straight rivers
by using groynes on either bank, International

Symposium on River Sedimentation, 2013.9.2,

Kyoto

/G EAh, FﬁJllﬁHﬂi EOKR, M
O FRAVEIE T KAT 36 K O %8, +
KRR 68 [AEREGA 2, 2013 4F 9
H3H, HEW

@Cai, F.,, Tominaga, A. and Sadat, S. H.,
Flow Structures and Local Scour Around
Submerged Box Groyne with an Upstream
Longitudinal Block, 35th IAHR Congress,
2013.9.9, Chengdu, China

@Sadat S. H., Tominaga, A. and Cai, F,
Protective Pile Group for Scour Mitigation of
Existing Spur Dike Group, 35th IAHR
Congress, 2013.9.9, Chengdu, China

OINEEEE, NSEW, BRI, M
D FEAVEIE N AT L IRAR K ] D 52881

B 209, Rk 26 R ER P
IR E S, 2014423 A 7 H, IR

@ Tominaga A., Flow structure and bed
deformation around a sphere on movable bed,
River Flow 2014, 2014.9.3, Lausanne,
Switzerland

®lto, T. and_Tominaga, A., Three-dimensional
flow structures around large-scale groins on
the flood plain in the Kiso River, River Flow
2014, 2014.9.3, Lausanne, Switzerland

OMEEELE, NEHEW, EARRZ, WM
D FEAVERN B AF T _EFRAI K 0 5 28812
B9 2058, TARFEE 69 [ IR FINGHE
i<z, 20144-9 H 10 H, &

(Tominaga, A., Kojima, N. and Kato, T.,
Effects of spur dikes on flow structures in a
riverside concavity zone, 19th IAHR-APD
Congress, 2012.9.22, Hanoi, Vietnam

@®Sadat, S. H. and Tominaga, A., Effects of
upstream pile-group on mitigation of local
scour around spur dike, 19th IAHR-APD
Congress, 2012.9.22, Hanoi, Vietnam

Ok BT, EAKRE, (BRI TE

[RTILER] BY O osE, ik 26

RS PHSCEATE R S, 2015
F3H6H, BiE

6. HFITHEAR
(DR ES

BASEZ  (AKIHIRO TOMINAGA)

H BT ERT: - KFERBL TR - #Hd%
ifF7e & %5 : 60135530



