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Influence of the Boulders on Bed Deformation and Bottom Flow Structure in Mountain Rivers
YE Chen, WANG Haizhou, ZHENG Yuanyu, DONG Xiao, WANG Xiekang )
(State Key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: There is a higher frequency of rainstorm flood,landslide and debris flow occurring in mountainous area,causing the accumulation of
boulders on river beds,changing locally the bed form and flow structure.The experiments were conducted in a moveable channel bed made of sor-
ted sediments with D,=0.025 m and D,=0.07 m,respectively.A down-looking SonTek acoustic Doppler velocimeter (ADV) was equipped to re-
cord the rapidly responding flow movement so as to analyze the field turbulence and sediment transport.The bed topography was measured by
total station.From the experimental results,it can be concluded that the relative submergence and sediment size exerts a strong control on channel
morphology in the vicinity of the boulder,such as the depth,range of scour hole and the deposition height downstream,and there are good linear
correlations among the sediment size,the depth,and range of scour hole.The analysis of the experimental data reveals that the velocity in the bot-
tom portion of the flume (down to 0.2 of the relative flow depth (y/4)) preserves logarithmic law:in clear water,and the increase of the relative
submergence leads to the reduction of the related parameters of velocity distribution;while the velocity in the bottom portion of the flume is in-
sensitive to the relative submergence with grain underlying.Besides,the mixing process downstream of the boulder causes a considerable variation
in the wall-wake zone,which exhibits a steep rise in turbulence intensity and turbulence dissipation at the range of the 1.5 times of the boulder dis-
tance downstream,and a gradual recovery with distance downstream of the boulder.The amplitude and region of influence of boulder on turbu-
lence changes with the bed material grain size and the relative submergence.As a summary,the boulders result in dramatic increase of statistical

characteristics of near-bottom flow structure and turbulence,which enhance the scouring and siltation,and have an important influence on the wa-
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ter-sediment movement and its stable form.

Key words: mountain river;boulder;channel mutation response;flow structure;turbulent intensity
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Fig.1 Typical field photos of boulder channel in Baisha River
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Fig.2 Photos of the boulder and the layout of measured position
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Fig.4 Channel response around the boulder at the central
section in different grain size mobile-bed

4] 0, A R FP R VDR AR T, R X v 1
HIDBR, e K HTIRBE hgt /), 10 w09 ) 715 Rl L334
Jonn, YRR e R v AR AR T 5 AE AR TRI AR T T, IR
PRI, P ITN 1l R ER R, i X wp T R B R
TR BE R M AN o 2 b, B R R ) I
5 b Bis B 5K AR OC, S IR TR A
K, MEA Vi o S TR R e B (LGS X6 v 14 B R
VPRI AL IR T i — 1S RV ki fRd
TR h AR ST ) Y L= & e &R, XHEE 2R 17
TIENL, MESHR SR EW, d/H. hg/H}X
L/HSE I B0 I 26 IE AR SR R 3R, W d/HIY SN,
hu/HIL/HWIEIN, LIHS hg/ HA B B 728 Ak, {3 hg/ HIE
JO ) W L /N T L/ H, AR U A S i T R 1
M 2 378 K X6 R B BRI o 5 LR FE AR R K
TAMETT , RUDRLAR R, 0T A B g A, Bt ok ke
SR, I R E (1) 380 N 5 P T 4] g AR
d=7T mm T F, vhig EIFA 8 E 2/ N Fd=2.5 mm T
0, T T U — 0 4 38 T A AT, X R R T




5339

W AR, A L DTG TR R T A7 ) A8 Wi o7 K HGST TR K 4 A A 25

0 S MR B TR R o i B 5 ) — kL
TSRV RE X s B BT, e T 43 1R 394 B AH [, 3
W 7L 30 0 43 R B 45 R VAR Uk A, Grraf 25027
FE [ A 31 PR v 0 0 3 56 vt % B3 — o5 5 A [R] 554
T, d=7 mmM K 1L E R Td=2.5 mm!>, H g — B
TE 390 V5 o i, d=7 mm %) wh g Y8 B K Fd=2.5
mmf T
HLVR, AH R AR X #E U BE IS, 7R d=2.5 mm Y i T
LT R R MR hyg oy X — /N IR R
0.6  1=6.675x+0.026 y=76.285x+3.306 1 10
0.5 t r=0.852 R>=0.887 18
- 04} | 6
@ 03 o hyH | A
02 | o LIH
{2
0

<
N

0.1
0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
d-H"'

101 L/H=11.43hyH+ 2.566 ,
8 | R=0.930

. /
A . o

2

0

0 0.15 0.3 0.45 0.6
hyH!

L-H!

5 HEXEKIPRZEDHS B AR E h/H, 8335911
SEEL/HA X R
Fig.5 Relationship among different relative grain size, rel-
ative scour depth and scour width

MEAR, T 7Ed=7 mmMp 3T P 305 K MR B b a5
IR B B IR o X2 PR A 1Y R K
T BNIE AL T B IR R A ] Bl A b b 7K 3 U 3
25, #3¥EShen . Melville , Graf and AltinakarZ fiff
S PPOVRT I, K 20T B 2 7 AR LR SRR, T B
F KRB I MG /N, IFFE A R A — AN
FIREEERN T UKL, FEAETEA A B ™ A — A g 8
JE, AR AR WA K R 1) e A s SOl X Rb
AR U 1R s, 5 R ARSI I, WTTE B 5 B
W5 M IE SR I N 2] R 68 KR, 34kih AR S
A3, IR A SR = A IR e, B S A
Rl T, S e v im s ; A, 7EiE A T i 3
AR g P A PR D B K A R R T
PO FE RS T — &R R i, (45 350 40 20 Uk 7F I 7%
N (ENSER =7 U R cXi B b) | I N T G DA RTE R ) | =l
it ST B TR B K i B VD BB A BT Ss , AS 23
HB PRV R /A A, DAL SRy HE X A I O S B A R

WORBE R E A, Bk, Ha A B Ak
N7 L
22 EARWMERRES

VLT Jel X 3 A ) e A A A S T R T
GEASME ] , SFAR ST A ] R Sy 3o S AL, A SC K
1 J3 2% 11 SR A3 BT 7K R 45 # B A8 Ak ot T IR I R
IR K FAE M, Lacey P WG T B A HEME BORS TF
f4 7K I 45 40, Dey 25 28U 7 B 5k A T7 PR ARE 1 3K 1 552
B, S PRBRK B A A5 T W L DX A 40 A A
AR, F PR TR — LR, B R T 2K
TR AR S5 K SE M /N, AEXT0. 248 K 4 LA R X B
ViR RV VRS IR, Y T SR S R A
FEAM A AR A BB FERD , DA T AT A5 7% Hx =)
DX S 30 A 0 57 P9 A9 FEBIL AR & S SR AR SOt b 4 i S
F140 00T JE DR T84 A HEAT X FE AT o LA RIFSE 3 o ) R
SO SEL 7 S8 4 1 e Yo 0 o G ek 404, HOE R

u

1.2
M—*—Kln(h)+b (1)

S, w5 AL R kR TR R, y i LR K
T, bR, u A EE R

P T REL AR AT DA A FEE L 0 DL A, I R A
TEELAT (SR K T, PR 56 LA TR A Hhes S B, LA
IR T 1) A 1E T[], 16 456 36 -5 57 25 300 3 1 b {6
MR ICE WAL, I x/D=-0.8 Fx/D=0.8 ( B 5 &
A S5 em) 2N WD, T8 A R T TR X )
SR L TE0<y/h<0.20F, HIE R N

uo_ Y
E_Aln(h)+b (2)

R, ANE B Ul ik OS50,

6 R A7 DX 35,0, 245 K IR LA 1 3 437 , 2640
EE MR ESE, FR2FTR, &R T
AR A W R B R A R O A, R S R S
Nezu P 1 77 B30T 0.24% 1 7K TR LA 14 3
A 7 TR i B A R N B A IR AN — 2 ik
A P Dey 25 R R B R B4 L TRV T T
VAT ) T S S R T A IR U T, 3 DR Dy HEL R R
T X 7K A LAV, (A5 A8 PR VD 19 300 JEC S 0 /) 5
EARNRE S AR RES, R EET
H/D=0.81) 3 8 K T H/D=1.2; 764 K 1P 19356 v
e H BRI T 43 A1 I R X T T B AS ) AN T ) B
%, T IRE RV IR, IR K B ZE sh i,
IR RS PR T 14 300 JEG A 328 A XoF A R 1A 18 AN R
I HA IR T F B 5 Tk A0 1 8 AE R T
TCIR VS T N B A 5 I 353 A1 5 A A, T 4L
AR, BB AE 0<y/h<0.21F , FHXF 7K X T4 IRV Y
T JEC It 3 43 A 11 5 ) 2R F TRV T 00 HOR B IR



26 TR SHEAR %49 %

U TEA Ji 8 3 VR AL T R T VA I A A 5 AR A
PRUDI , A5 B RH Sz, S A A7 A A K O T Dk

JIN, AR A, AELE ¥ Y BEL/K AR e A 20 AR U 3
FEIMA L, H N

1.5 o TRIDEA T L5 = o JLRVEAH]
12 o A RIEA R - o TIRIEAE (HID=0.8)
: o HRWEA G : " s BRDELE (H/D=12)
- 09 - 09
S W 5 5 D)/re_——nr——*’
206 /M 206
03} o 03
0 0
0 005 01 015 02 025 0 005 01 015 02 025
y.hfl y.h—l

Ele6 IRMESHEN

Fig.6 Velocity profiles in inner-layer

$2 ERREAHELSH LT A IR 2 K/ 2 0 3 20 98 5

Tab.2 Summary of fitting function parameters of velo- MEESHZ —, SKRBIR Rk L aE i FEL
city profiles in inner-layer KARBY), A0 5 A0 X8 Jay F8 7K Ut 435 K4 52 Wil i 2
HD' 4__ b K TSR AUBRWF
EAHRT 0.6.08.12  0.098 1.036  0.896 1
TR 0.8 0.036 1.540  0.988 g(u'2+V’2+W’2)
REE 12 0.067 1288  0.995 o= ” (3)
gy T OO O OIS e o e 402 SR s o 07 6 9
G 08.1.2.1.5 0222 1113 0923 ; = = b5 U JiL

Ff 085 ' v W' R AIE 3N T ) 3 E Rk Bl ek i, B
D7 Am/s o AR T 005400, 54 BRI A0 351 T
ER AL ME TR

22 RARERBXEKREDRE
KR IRAT, 277 A B 12K 8l , 2Bl

(d) d=2.5 mm, H/D=125

xD!
(e) d=2.5 mm, H/D=0.8

7 EATOHEEINEELL

Fig.7 Turbulence intensities at the central section around the boulder



5339

W AR, A L DTG TR R T A7 ) A8 Wi o7 K HGST TR K 4 A A 27

SR B X R SR S T AR R, X8
5 B A A /R 3 T /)N, 33X AT BB 2 T /K i R TS
ARG B D I R T R TR TG R, E S AT
A TR X, 5 R BN s HAE A R Y e
R, JF i a N AR, R T
JR TSI AR 1 2 R, e Ak A543 1k A 3z i 1) DT AR
Py 2200 ok, 2 8B BRI AT R i Ax<1.5D78
FEL P9t B BE R B 42, 3% 2 T X O A 3
T IX, AR LRSI I, H 5 i 1k R 5 T I B 5 VD K
TLAEIZ X I 18, DT (75 25 35k B B4 5 1324 X 3
Sy JBE v 5 T B4 52 1 Y15 R O 2D<Ax<3.5D, HLFfi#E
AR W B2 CH/D ) ()38 g 38 n o RS, 6 A 1] 2% 44
T, JCIR VP B} 1) 25 3 i 32 i A AE A IR B, 76 IR 1D
WifEd=2.5 mm M d=7 mm RS R 10 H 114 35 305 5 i
K AB #0755 T A8 I Ab , X 5 PapanicolaouZE ! AN
Dey P80t — > 4 ¥ 1 B B 490 7K I8 465 4 O BT 5 445 S
KA —50; BE AR AR (D) SRV P ERIAE (d) £
(EL AR/, 25 0 B I 438 170 R /)N S R IR
Vb P EDRLAR K, FRPTIEE A I >R 19 7K 3 35 B g
R, B el A R

AN, NEBREFEHUCRE R E, Zohge 5KiiE
BRI B EAERUOC R Y], S A X Jm)
BB K I 45 KA 5 i i JE 1) B S, A (4) 1533,

3/2
o= K" (4)

Kb e WIS N 1T ZE AR OR 5 &0 R il it
AL A5 IR T T X ZE B FE ORI IR 1 s Ko D i
8T T - Y ZE B RE s C Al HR0.09; D ZE TR
B, X HIEU=0.07L%, L* WHFERJE, £500.07 23T
T4 % FE I Tt L A8 DA TR B R R 1 B KA

H (¥ 8] 1, ZX B FEHRAE T A T UiFIY Ax<1.5D
U L BESE , FEBE Ky i R, BT 3R S
AR AL B TE T 3% — A, 35 5 BakiZEPO7E i 250
1) f 3 56 H & B B B RE IR 1 B R S B Sl
BB IR X, H H 68 5 FE BORIE T e /K I I 1] 38 9 1)

— IR

D=2.5 mm

7

6

1

a4l —D=7 mm

3t

2 L

1+

0

&€

\

-2 -1 0 1 2 3 4 5 6 7 8
xD!
B8 H/D=15THEFEHTIL

Fig.8 Turbulence dissipation rate around the boulder in
different relative submergence degree of H/D=1.5
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