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SCOUR PROCESS AND FLOW CHARACTERISTICS IN DOWNSTREAM
OF BED PROTECTION WORKS

By Keiichi Kanpa, Yoshio MuraMoTo and Yuichiro Funita

Synopsis

The present study deals with local scour in downstream of bedprotection works. The experi-
ments were carried out in the case of sudden change in bed roughness from a rough bed consisting of
protruding bed-protection works (hollow squared blocks) to a movable bed of uniform sand under a
dynamical equilibrium condition of bed load. Variations of bed profile and the maximum depth of scour
hole with time were discussed, and compared with those under a static equilibrium condition. Flow
characteristics, such as, velocity distribution, bed shear stress and pressure on the scoured bed were
also measured at several stages of scour. Modeling the distributions of the bed shear stress measured
in scour hole in a experiment, variations of scour hole profiles with time are simulated by solving
numerically the continuity equation of the bed material in non-equilibrium states. The validity of the
present method is conformed by comparisons of the numerical results with those of experiments under
static and dynamic conditions of sediment motion. In addition, field observations of scour profiles were
carried out at a downstream reach of hollow squared blocks in the Manganji River in Hyogo Prefecture,
and the observed scour profiles and velocity distributions were similar to those in the experiments,
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Table 1. Experimental conditions
Run No. i Q(l/s)  dmlem)  helem)  holem) Uswclem/s) Uwlcm/s)
Run F1 1/100 1.78 0.15 1.83 2.30 3.08 4.18
Rnn F2 1/100 0.48 0.15 0.76 0.95 3.08 2.89
Run C1 1/100 6.03 0.30 4.20 4.70 5.04 5.69
Run C2 1/100 2.56 0.30 2.33 3.00 5.04 4.83

1: Bed slope, d,,; Mean size of sand bed, Q: Flow rate, h: Critical depth, #,, U.: Uniform
depth and shear velocity in downstream reach of sand bed, U..: Critical shear velocity

(Fig.2 D A-ADEE) L L, FOTHROZRIZIMH L BEFICKHEL, EELATEHD TV S, EBEL
i3, Table. 1 IZRTEB Y THoT, BMKBIH L TABEES 1/100 CEEL, FRAFRIIDOVT
BB L UHUREBEOREIBONL L) IKHKEYHRE L. EKEOBRFOBH*AEEILF»LE
FARATICL o TEITHE L HIT, KABLARDENLBRELZFRA » - CHEMICHIE L, T
FIHEDBEBERE Uso VAR OBEIRFAHEE Use ¥R 5HEEOBHE RunFl KU CL) 124,
ERRBIIBNTOHBIFEEL, ERTEXEH S OB OUEI T UTHEIR X B Tk 2 MRE T A%
H U TEHREFBR SRRV, 2000, KBETHRECERL-BEZEE 70 7 LRSm>S88L, 7
Oy 7 L CTHFHEELZ2VORHERL - LT TFHRE LR L,

B, REANOHNBEELHELPICT S0, RunFl &E U4 CEKE t=15, 10, 30, 60 B U
180 FOZBMIC BV TKRE LD, BEE L= ATED %, RERNOKEM, EAEHRVEREA
WIS ORTAAEILLE, ThERTORTFHEET BREMER, Model-SV3), EHE (ST BIZHT,
Model-PM 6) R UM ARG (GREETE, Model-S10W) 2HWTHIE L7,

KEEOERL, HERMSLVRTAHIC X @, ARMELVELFEIC Y&, (REXEELYSEL
75‘: Z ﬁ% b of:o

2.2 RERAR

Fig.4 3, EERIIBII2BERRECOTERBROBEPARERLIZbDTHS, £72, RunFl O#H
KE (=0 KBITHERTE (X=—2.7cm, Fig. 4 ® A-A WH) TOKE, HEOHESHERIZER
20 FHl L 72 BEREE OBM A M OEIL % Fig.5 ORT. RERTHW R0 -2 713, 1 KEOHE
BEVPEABTLIEATHS D, 70y 7EEMFEOHENLE Fig. 5 ICRONE X 5124 RERMICE

— 3 —



554 TR KRRSEATER 436 5 B~2 ES5. 4 (1993)

DA AL
T T

A o [EX
UESADTRTE~— A
-2
-3
Z<em
(a) RunF
A2 ANVl

W01 107219

RASTABABTL

pAVIIAYAILYE)
DASHCTE

e
4 Vg
o ppp bl il '/‘ ‘;’#’,
L p Ll LA ,'0.’,1.";"‘(]// -2
) RIS X
¥ Com? ‘5{4\},"”,-,::‘_:_ ’143{’?'" _3
S

(d) Run C2 /
y @

Py RITIRIFI

¥{cm)
Fig. 4. Profiles of scours in downstream of bed protection works 60 minuts after initiation.
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Fig. 6. Variation of water surface and bed profiles with passage
of time.

HEOETERIIBNTHIRZZNTE D, HFICHNEEARE RunF2, C2) TREETH L, Chid, HE
ZALRTOKES 70 v 7 OHER SITIZZHELL, RAPL YA REZORICETTE-0THE,
7z, BORBHIRE IR S, BN TFRIREBOFTARE L X NERAIICH 5,

Fig.6 i3 RnF1 BL U F2 120V T, JREMEAE U-HBE (V= 10.5cm) TOXKEHR KD
MK OBRBELER LD TH B, 72, FAKRBRICOVT, RAEEIE Z, TERTERLZLO
% Fig. T IR ¥, KEFIE, HHRE (=0 BT, HESLAE TR TRERRE, SEHFKICER
L, £0HGFOEKEN - THELOFHIRENE BB L C05, HBORTICE ST, HELLEETR
DREHEAERL, BRKIZEBKEOEDKEL 2555, HEELE LRRUBKZEOKERIZIZE A
EEEL TRV, £/, BBKFRETTHMEIR, HBEIRRERLME L IITHELTW S, SEEBK
3, BEOHICBVLTRVWTROBE DS ROBRBN 2 EMEEIHBROZ IR TREVBIZ,
ERTHEHERIRE OB L & B ICR»IT LREGESRAT5 &9 BB RTY, 430 5%
D EIIBHDERERE 2> T b, —F, BREADOTHASMTHIE ¢ 12, BEBHICIZIZ—FICREATS
D, THIRARMBORZEICL > TEE2KPLEA ¢ ITHIETHIDEEL OIS, LALAEMNS, &
KBTI ¢ OEIEH 15° THY, AEDRLE ¢ OTRIED 1/2 BETH D, Thbb, ERITHIC
B AUEHoEE, HESEI s TRAENFITHRERBOZN TR HHE TET 545, HEISETY
HL (t>105), BREATHMAHORZIZ Z, ERELIE ¢ Lo THRE Y, Ly 3BAETE L5 C Z,
ZIERBIT AL EZLNADT, RBERKOBUERRE-NLbDLERDINE, TOLE, BREEE
Zy i3, METEDS Zn DY IEOHERIZH > T, BRHEOESIE Z, OFH 1015 TH 5,

— 5 —

30



556 TR KFRFTER $36%5B-2 T5. 4 (1993)

g Mo 20 30

Uﬂ‘||F'llt!£l’}[I1lll/l;l—_t_ll\/ll‘llfl‘ll‘
s

¥ i

t= B(min)
t= S5(min)
t= 10(min)
= 38{min)

4 t= 6@ (min
AV J e t=128(min)

(a) Run F1

A

A

% U'&t‘;;\' R Im

t= B(min)
S, = S{min)
P t= 18(min)
............ t= 3Bmin)
________ t= 68(min}
——— t=128(nin

(b) Run F2

Fig. 7. Variation of non-dimensional bed profiles with passage of time.
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Fig. 11. Longitudinal variation in bed pressure and flow velocity profiles as scour develops in Run F1.
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of time in Run F1.

BRI, CAMIEHET 2 HWTHE L ZREARICB 2 BEEE Us Ol T HFmaH 2 Reid,
Fig. 2 DL ) THhaho Us i, TREMMOBEBEE Us, TEXRTILENTE Y, HbhO—AHHE, &

RIAL S NIRF DRFEEEE Usc/ Uxe ERL TV 5,

MHRBOBEEEISHERLATRRTH T, WTT 5K - THEREMIZRY L TTREEHRO
B Uso ICHET 5o SDEE, ERDOIE Uso iSHG LAZHBRIBEISNEOT, BRITHREORT
EENIFFETFHAREE 2 ), ABEORKEIHEEMSDOTIRIZH T, Eik L& LHBRKS K
b, BEMAETT HLHMAD U RBHICES L, BRERIBREROREHRTRRE 25, BH
KE (=60 4) Tid, HEELAETROBBEEIBHERUT ThoT, HTHENIHEML TV,
=7, BEHEOHMIZE > THRBANTR\AEE SN, ZRICLHBOEE BT ETHRME O LRI
Lo THDOREPERKTHDEEZLND, $72, HEERBMORE BRI > TLHEL VMBI

BN, SEEYENS) NS ZOT EELETS
T ERL, Us CIRIFE LWEZFORE RO T HA
FE T CEITNS 0L, HEROFRGEDRH SV
BERADLT CHo THERMNLBERELRLIZ D
DERbNDL, TOZ LI, BREARLTO L~ —k
TOEBFOBIEREREI S IBEPHOLN TV A,

3. EIEBEOHERER

3.1 FEFEREICH T 3 RBOEREH

Fig. 13 i3, ~0— 27 7ERLTREOEEOBK
ERMEBRRBIR LD TH B, 2. ThRIED
ERTETRETIE, Bhofdh 4 oHEEZROE
R LETREANSEL, £OFMOBIIEBAE DK
HEA g 2L 25 CHREANICEET 2, 22
T, Fig.13(b) 2R T & 912, HEAROBEBRE B
EAROKEE b, HHOIE ¢u OEFMIE TLEA

_9_

T
LIN /e
o
Ln
Aﬁ__‘.' ’

X dx
[ 3 ———

z .
(a) cross section

B,

VAR LN

%

dz

b
(b) longitudinal section

Fig. 13. Definition sketch of local scour in
downstream bed protection works.




560 BRI ES 4 36 5 B-2 5. 4 (1993)

L, MEEEEFROEERICH 7B b ORBNZARIIOVTHONI EZE X 2. BRLRHTHA,
BRI LB LR SEE SN TR LD LIRET 5 &, BARMEAIELZYIC 0RO (X
~ X+ dx) REICHRAT 2HE gu (X) RUZZPLHBT HBE o (X) RENZTRRD LIRS NS,

v = ndndX ([ . 0= 70 de+ [ pu (0 10 ag] + 2P

G0 = AvdmdX Ds (X) -veeevrmemee ettt (3)

TIT, WX OWAXY ERAMICE o 2B, p (X~ 8), p (X0 RU pu RERTN X — & XHR
RUER LM pick up rate Th b, 7L, RENPRFOICTROBHRR « B2 ERTETHBO
BIEIABET 2BHBMTIE, pu=0Thb, dn SHTOTHRE, Ady SRABOBHEELTH 2,

G OO 3, X HBICB AHEMIES ) OBKRTOMEART, MKRETEY dZ, BOZREL 2 15
EEPENIRRTRO SO NS,
q,,,(X)=ZZcot¢dZ(l—l) (ZCOt¢<(Bb—b)/2) .......................................... (4)
q,,,(X)=(Bp—‘b)dZ(1"1) (ZCOt¢>(Bb"b)/2) .......................................... (5)

F7:, £(&) &, pick-up SNIBHOBEEHOREFERETH Y, FHBMREREL L L35 LRATR
Eha?Y,

&= fe e (6)

HRTIRXE T, HEEEHOEANEHI—ETHHLREL, ZRITHD LI TFHRHED pick-up
EhaLELLE (2) ROALE 2EHIX

L“Ps((s)f(s)dE=Psl{l_j;xf(s)dS] .............................................................. (7)

b, LD oT, (X~X+dX) REICBIamBoEKERIZ, ROLIHIIZHEFEITS,
4 1 9g — 1 (tho X —gu (X )
dX

Pt T-29X - A
= Adm _[* - N PR _ gu (X)
el [psuo [px-or@©de-paf1- [ r©ae) - %55]

........................................................................................................................ (8)
$512, g 00 B g & X RERVBRIRMOTHADEL THE,

oo (X) = Ardm s (X) L ++vererseeserssesssssstomsms st (9)

Qbei =Aldmple .................................................................................................. (10)
ThoT, KOWKERIHET 5 ERRAME SN S,

oz ,

% L [0 - [ =05 @ d— a1 - [[7© ag) - 2 PE]

O R T R R R LA E R R REER R (11)

3.2 HEAOE@EAMISHATDETIME

(11) REBNT dt BREOMERR RO B0, HERE & b ICARE L0 AKNEI R EFM L
RIFHE R %V, TITH, %ﬂ@ﬁﬁi@ﬁ#lﬁH’Zv?‘%ﬁ?"\l’ﬂ@iﬂﬁiﬁkﬁrmﬁﬁfiﬁﬁﬂ@ﬁiﬁ":f%’f‘ﬁkt
BILICEBEL, ZICORERAT -V EAVTEANEOERXLERAHST. Fig. 14 i, Fig.12 T
R L7- SO M 317 WK AMIES 7, (= pUd) OEWEL THERBOKR ho, € AMICT] 70 R
OB A BEAE U7 H S COFEHE Uy (= Q/ B (ho + Zy), B : KHEHE) 2RV TERTRIRLA SO
ThDH, MERE ¢=0) 2B AIREAMIE I, MESKIH) KHEEOREFROERIZL oT



FE - A BH BRI TREOEEARE &Rk 561

0.06
TeTo O
o Ua? A t= 1@min
0.04
0.02
Uj,,l i i 1 i l 1 ID( 1 l@l L 1 i i
0 10 20
X/ho 2

Fig. 14. Variation of bed shear stress with passage of time.

BLAETHRPTRRMEL LY, FOREBBIZBLILT X =208, 15T 0 IC#ET 5. Thi~<XEK
THEML, EREEETRD-DAR (Fig. 14 DERH) THb,

T;;:°=a(1—ﬁ’} (03%31) ............................................................... 12)
T:);]’;":a{(h%)_ﬁr} (’%21) .............................................................. 13)

2T, B=20, 7= —1/3Thb, a ik, BRIOBRLENORMHIE > TR DA, ZZTIRER
RYCHER 70 » 7 OMBHE & 2AVT, ROLHIZERT
a=0_03(;l‘_:)7 ................................................................................................. (14)
WHAEITT S &, REBEOMIMICHE > THREARLRAME LOEAMNIEHXEBICHRS L, HEERLA
DEAWIEIING 10 (ZITF L % b, —H, ZOBRKE om FEBRORERMTELCHNLNT, ZOK
MOEAWIETIR, 7020 tom L TERBICHEMT5LDLRET S, ThbD,

Ty To Tom — To X
= = X K L,) weoeveereeseeenmensemniee st 1
oUz oUz Ln ( La) (15)
&#EL, Fig. 14 O— S8 (¢t =5sec) RUBM (¢t =10sec) TRLTWA, TIZT, La ik, HELLS

POREHRITORTERTHL, X2 L, 1220 TIE (13) X2 AV S,

3.3 ARMKOHESZE

I3, SAONARERVHERGOD L THRFHRKETOKERE KD, (12), (13) XA 5K
RTORELOCANLNAMEHET 5, Thod A - ELY ORRHELAR (16) RICRA L THH
ROVHRBEEYRD, (11) X2 BERICEVT d BEEOTKRBR L EHET 5,

___ﬂ__=171‘§(1_%>(1_\/rl_:) .................................................... (16)
\/i%—l)gdﬁ.

ZCT,



562 HAB KRR FH 365 B-2 F5. 4 (1993)

=V o Uk
U e P sy

ERT EOBEDE, EBCIBDHSRBOBEI LD EIICKEVN, ERTOBBLEII-FEE
HELBDITHEEROHKERL EFNVOEANLBELEZZ, B0 DIZBRTI LORBEL LT
A THRBOEHREBOFHHRBEL S5 2 o FHEENLAERKD S RAEBIE Z,, L, 2KkD, (13) &
RO (15) K& W H G AMBHOR 2 5HE L2k, RKDRAF v TOHEET LT3,

3.4 KEHOHE
BN, REBOERARS 1 RTOEHHEXTH S,

O BUUR) (1 e
W+T_O ......................................... (17)
a_%i_"‘).i.aiX[gh.;.LU_h)Tll_gﬂ]:gh(i_ig) .................................................... (18)

ST, b MEERMPROERR LOKIE, U: WETHIGE P:EH, i ARGE (= 0Z/0X), i.:
IANVF-QRERSL g RENMEE TH 5, i (2 Manning DEHAI% #H L, Richtmyer = X 5 2 E¥RE
Lax-Wendroff 2 % — 4% 2 HWTEMLT B E, B2 F v TIZBIFABITRD LIk D,

HBl1AF» 7

o pyl — — t = - dt = n+l
U,%I: %(U:"ﬂ +0n + _—Zd (Ep+ED +7C4‘++§ .......................................... (19)
B2AF o
7T = dt [ = n+l n
U;l:Ugv_EY(EH’;Z E‘+;)+dtC',‘“ ........................................................... (20)
ZZT,
P R (P R e
U= E=]/p Un | Uh| Cc= .0t (Uh)?
U (5)n+25 en(i® )

Thbh, BMRRMHE LTLRMT—EHEL, THRHTRENKELS L, BEHTROLEBEHIZBI 2
RIERD S & TRPRET LI THRVELEIEEZT).

3.5 TFILORLUMNZE

AREROFTERFIIHELLE,AOTH 2m T TORMTH- T, HEOZHEHEMBIIEAE
NdX=0.5cm, dit=1sec Th b, KHEEOER, #HEHEEL —1m <X<2m &L, dX AKEER
DHEELFELTH B, dt it 0.005sec Thb, EBRTOBHEICLNT, ERLETHOMKDOEBIEIK
SHEEROBRE ZOMBICL - THT Y, ZOREHOE b 3.1 ORBEFENIE) 13, HEEOETE
BICEIOFIRZ—FLARED, T TR, RBARERICBT MRS EBERLERL-HTHL)
Wb=1cem & L7z, 37, BOTFHMEERE L 2B ARAOEEESRICE T2 EROBN T 08 % LB
L7 ECREICFFES 51213, BEHRUTAKRAEOEBE L ZRB L ERET T NETH L0, BT TIRE
TVEEDEEL OME,»SHYIIC L=100d, & L7, BERLERUOBELOMERKZ, #hFhtdo
ERIfEE BV,

Fig. 15 i&, #h2h, RunFl, F2 BT Cl BT HIRIK & KEROREELIZOV TERE (@
RUOH) LEHEMER (ERRUBEK) ZHBLZODTH S, I, BRARBREOREELZHAROS
BV IR b 5 TERTLERTIE, Fig.16 D& 5 Ths, MR OBNHEER (RunFl, Fig. 15(a)) 13,



fH - FA - B BRI TIRBOEEGR & s 563

zlcmd T=4 min z<om) T=38 min

. - ¢ - - o OTT~T T om0

B f "-‘gayas.vogffﬁﬁmagw
)

M N \ . . Am . "
-1 e 1e x¢om) 3@ _ . 1 xCom) 3
-2 - Lese
-3 -
z<¢om) T=28 min zlom) T=8@ min

800 B0

~43fey  (OUOUSPEOUINEHRE T U0
S0

x<om) % - 18 207 xlemd b
-3
T=4@ min
T EXP. CAL.
—d, & — bed profile
- o e water surface
(a) Run F1
z{om) T=i min z(om) T=3@ min
2 2
s ——— B yepoeereroseszmsscnas
e~ 10 x(om)y 3@ - ] x{omd ‘5%
{*
—2 -
-3 -
z(om) T=5 min zlom T=60 min
2
1 %%ﬁ,w&omnm,mo
-] T8 10 x<om) b
-3
ziom) T=18 min
2 e EXP. CAL,
o 0099 oo .
S ; -t ® —— bed profile
- st 10 x¢om)
; o e vater surface
- (b) Run F2
z{om)
—— o 01330 min
-—%ovs..s_,,g-— ) ]

® —— bed profile
o e water surface

(c) Run C1

Fig. 15. Comparison of calculated results with experimental ones for water
surface and longitudinal bed profiles.
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Fig. 16. Comparison of calculated results with experimental ones for
variation of maximum scour depth with passage of time.
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Fig. 17. Schematic view of observation point and longitudinal view
of measuring line where maximum scouring occurred.

Table 2. Observational results for maximum scour depth

i . Maximum Scour Maximum Scour
O?\Isfxrﬁf;ﬂon Obsﬁfavtgmn ZBthgm | Demfl} ZR::io
1 7/24/90 63 27.4
2 10/22/90 44 19.1
3 6/19/91 58 25.2
4 7/25/91 57 24.8
5 10/17/91 55 23.9

Z,.: Experimental value for maximum scour depth (=2.3 cm)
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L7 1990 £ LU 1991 £ BHFHHENA N O
757 % Fig. 19 \ZR T, HRERAVNS < mAIC
BB DTRBOT S LAY A% € — 2 O i
SRR 2, BRI OB K H TR I 1990 i

diedbdds,

£98 18 BD 230m’/s ThoT, MEMBORR a

HEOBIBEH T AERAKR Qc=43m/s (FiR d (mm)
BTOBRBRED, HME,LRDBREREEL Fig. 18. Grain size distribution of sampled at
B4 5L 2OWE) PRI A MR, HEHICEE observation site.
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Fig. 19, Hydrograph at observation site in 1990 and 1991.
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Fig. 21. Comparison of observational results with experimental ones for non-

dimensional longitudinal bed profiles.
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Fig. 22. Comparison of observational results with experimental ones for velocity distributions.
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