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Fig. 1 The structure of quasi-stumps group Fig. 2 Detailed view of quasi-stump structure
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T 378 2R B BRI 0.64, T R I 1 A I A7
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{E) 5 éﬁ%ﬁﬂ?, 2 IX_XH%RW/J&/J\@J 0.012 m Hﬂ‘, R Fig. 5 Numerical simulation model

TR, BEUNT 5%, 4™k R SHENE] 0.010 m B, SERIRZEUTFRE T 0.3%, MTERcem ek,
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*1 MR XS

Tab. 1 Analysis of mesh size independence
EAYISNEDN BRI

% D X A% Eh AR 22 /%
A% Rt /m PR i djm dm dm dm IR %
0.016 249 151 0.017 8 0.0153 13.1
0.014 351394 0.017 1 0.014 5 0.0159 0013 4 7.9
0.012 562 964 0.016 6 0.014 1 4.8

0.010 946 020 0.016 6 0.0140 4.5

14 RETERTR

RIGIRE T 3 A, 2 14 T 0, I3 2 Fis, Vo A SER 3 (A O 0.48 m/s), H J7K
RO TR 0.24 m), L MAUBRERE FIEDS 1 SRR =2 (R A /K V- B8 (A e RE B9 ), w7 R 4D
PR SEIE (ERE ), S AU AR BpA~ it T AR B MR B A v T AR L (T AR L) o

S TR G, X BO THLHERT T BUALS AEERRL, ISR B, WEITIRE 1 h Kl
TR IR BN T I KAE Y 96.4%; FBANZE R B IR, 1 h A5 il TR Al T R0 513k 3 T S5 KAELY 97.1% F1
96.0%, 1 h J& i w3 R £ 23 5 /N, BOR R g0t R AR LI 52 R 1 he

F2 RWTR

Tab.2 Experimental conditions

T L /4 S T4 L W S
EO0 TCHABHERE B4 E7 3D 5D 0.088
El D 3D 0.088 E8 3D 6D 0.088
E2 2D 3D 0.088 E9 3D 7D 0.088
E3 3D 3D 0.088 E10 D 3D 0.103
E4 4D 3D 0.088 Ell D 3D 0.118
E5 5D 3D 0.088 E12 D 3D 0.133
E6 3D 4D 0.088 El3 D 3D 0.148
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Fig. 6 Locations of the velocity measurement points
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Tab.3 Flow velocities and relative errors under conditions EQ and ES5 in experiments and simulations

i EOT E5 T
o R H/ (m/s) R H/ (m/s) MR/ % RS IEH/ (m/s) R/ (m/s) HIXFRE /%
A 0.351 0.332 -5.42 0.233 0.253 8.58
B 0.443 0.417 —5.87 0.336 0.350 4.17
C 0.147 0.144 —2.04 0.121 0.123 1.65
D 0.253 0.254 0.40 0.205 0.206 0.49
PEHL B3 T 0T i 56 FVECEL A5 ELI0] R 4540 AR

b, G55 (] 7) B, B 5 1 TURR X 38 K B 4444

], PR AR AR BERE 556 1 ANz o) '

FFRMF P RIZE L, AT IR, FE B —4 OF

B, RIS IR 2ZE R 5.7%.

Ry it — 20 B UE A AU R A TR P, XU AR R B
I PN AR o 7S i o B A M AW N ) e I B A=
FERE 1 mm B DX R PR RR DX, 2 e %8 R
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AN : Hae=dn/D, Aae=An/Ap, Fet: Hye 2 T 1 9 I
KIRFRE B s Age M T NIRRT dhn M B KU

(b) IRIRLE R
B 7 RIS A RS B R B

Fig. 7 Comparison of riverbed accretion in simulation and

experiment
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Fig. 8 Comparison of experimental and simulation results
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PEFE E2. B4, E6. E8, E10 A1 E12 T/, MBS AUl v 7= AR s R TOAR e BE R A 8, L2 (] 43 A
K9 FR o S5A R, I A0l b e = DB s 2 B A 4B 5 R 6.70 em(1.12D), — B #hF. E11 T4
TR XSS A AR WA 10 Fzm . B 10 s o LS 100 5 & 0 ORI, 21 (i (70 i A SR B A
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~0.7m —0342m —0.17Im 0 0.Im ~10m 0 15m
02m-| ! ! : T A% | B 0.36 m- L
B2 . o | \
o & M A ® 000 000
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. AR e— Ezl W | ® F10 SR8 AR P ORI 3850 A A H
N FN N o Fig. 10 Comparison of deposition area distribution in
P9 UMD A A TR RS HE R g b P

experiments and simulations

Fig. 9 Comparison of maximum deposition height in
experiments and simulations
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Fig. 12 Amount of suspended sediment deposition and the bed-load sediment scour under various conditions
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Fig. 13 Comparison of flow velocities at different
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Fig. 14 Variation of dimensionless maximum deposition height and deposition area with simulated quasi-stumps group parameters
3.3 mESEXHEILERNFM

BTRIEUP DU AT RS VD il B B AT I SRR a0 15 Poas . mI I, BER L 93K, BiFIeib iy
TUBL R IN, T RIS V0 ) wh il 1 i Wb o B S ROBE AN, JEVDUTAR B WA, il g AR . Bl
& WG, BT UD IR A RIS VD il e X T 0 o SRR B S B X AP D VDT AR A 5 i) e .
&, O BETAIE VD BTG L R TR RISV A vkl it o 53 0b, TR B RGJEID SRR RIBE L. S F1 w igB4 i
(& 16)

. il . ]

o 1O [ LR o 16 | HI A
=< 8 =
i) g 12
& 6 i
5 ) Ry
0 0
D 2D 3D 4D 5D 0.0880.103 0.118 0.133 0.148 3D 4D 5D 6D D
L s w
(a) WAATREIE BT 25 1K (b) BEM IR LAY Tl (c) BTERERY A1

[ EIRTZ ST R e P SRE S AUMIAS i e s G

Fig. 15 Variation of riverbed sediment scour quantity and suspended sediment deposition quantity with layout parameters
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Fig. 16 Variation of the total sediment mass on the riverbed with layout parameters
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The investigation of local scouring of bridge group piers protected by
quasi-stumps group

ZHANG Yisheng', TANG Wei', CAO Fei’, YAO Guang®, QI Wanshuai’, CAI Yingchun'

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Province
Highway Engineering Bureau Group Co., Ltd., Zhengzhou 450052, China; 3. Henan Puze Expressway Co., Ltd., Zhengzhou 450046,
China)

Abstract: To mitigate the local scour erosion around parallel piers caused by water flow, a protective structure
comprised of simulated quasi-stumps group placed upstream of the piers is proposed. The impact of the deployment
distance (L), leaf area ratio (S), and width (W) of the simulated quasi-stumps group on the scour and deposition
characteristics of the riverbed around the piers was investigated through both model experiments and numerical
simulations. The results indicate a good agreement between the numerical calculations and experimental outcomes. The
simulated quasi-stumps group can effectively reduce the flow velocity around the piers, mitigate the water scouring
effect, and promote the deposition of suspended sediment, which is beneficial to the stability of the parallel piers. The
deposition of suspended sediment and the amount of riverbed sediment scouring with protection are 3.11 times and 22%
of those without protection, respectively. Increases in L, S, and W of the simulated quasi-stumps group significantly

enhance the deposition of suspended sediment, but have a minor effect on riverbed sediment scour.

Key words: local scouring of piers; sediment-laden flow; simulated quasi-stumps group; sediment scour and deposition;

numerical simulation
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