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HYDRAULIC CHARACTERISTICS AROUND BRIDGE
PIERS IN AN OPEN CHANNEL FLOW (4)

By Hirotake IMaMOTO and Kunio OHTOSHI

Synopsis

In order to anticipate various aspects of local scouring phenomena around a bridge pier, a
dynamic and flexible model will be necessary which reflects the essence of the phenomena. Such
a model was constructed considering tractive force due to horseshoe vortex, geometrical similarity
of scour hole and mass balance of sediments in the scour hole. The model explained the feature of
scouring process which has been observed in flume experiments under steady flow conditions, such
as development of scour depth with time under the condition of clear water scour, oscillation of
scour depth associated with migrating dunes, relation between the amplitude of the oscillation and
the expected dune height and so on,

The response of scour depth during a flood in a river was simulated using present scour
model, and a suggestion for design criteria was discussed on the basis of the information obtained
by the model.
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Fig. 1 Local scouring phenomena around bridge piers.
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Fig. 2 Framework of present model.
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Fig. 5 Distribution of dune scales.
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Fig. 6 Development of scour depth with time under clear water scour.
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Fig. 7 Development of scour depth with time under clear water scour. Comparison
between simulation and experimental data.



494 FKBE KPR FHESR 295 B-2 M6l 4 (1986)

3.0

T
hy/d=600-500,406 1300250 200”1
[}

0.01 ¢.02 0.03 0.04 0.05
Txo
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Fig. 9 Variation of scour depth due to migrating dunes.
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Fig. 10 Contour line of z,5/H on the (D/d, %/d) plane at 740/74c0=5.0
(255 ; amplitude of the variation of scour depth, #; dune height).

Table 1 Summary of predicting formulas of scour depth
(scour with continuous sediment motion).

Investigator Original Formula Comparison Format

1| s o~ 1. 11(4/ DY Z-1n(Z) v

2 | P 5=1.4D Z-14

3| Meege™ | S 1 gs00)s Seeros() -

R R e D =1

5 | Bleneh kb ) sy o1 8(%)3/4—%

6 | NUSE | 2 o34-0.910gu(D/d) | % =3.4-0.9l0gu(D/d)
777 VB'el‘ésrff et al. =1 5tanh(4/D) %=1 5tanh (%}
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Fig. 11 Comparison between simulation and predicting formulas.

BRI BEEMETRE—ETHEL L, 2) H/AOKREOVEERBEDIRELNLLLS>THBC L, 3) D/
d DIREE DI 25/D BB T BT L, BEBBS SNB, kTFRNICASLE, T THRE LIKR
BHEICBNTIR 0.552,/02.0 ThH 5B,

AYIalb—varvEERess s, ERUCEROEREFACEALTOS & & HICERMTOEHO
£ THY, 2ARHNCHT Breusers 5 OFREROICEIFICL—HLTNE LS5 Th 5,

3.4 BHT-IORE
A TOYIalb—va v TR, BEKOBHEE LT2OKBERECHET 2 FHRr — LD DA



498 FUKBISSHIRFES 295 B-2 Rl 4 (1986)

SELTOEY, ABTRBHEDRr — v LT3 T EOFEITEIEHICE DX S IKERT B0
DNTRET Bo LT mh0/Tac0=5.0, b/d=400, D/d=200 DEMHICENT, BHORr —VERETS
558 m=—-1.0,0,1.0, 2.0 jcd A BIREOEHZ Fig. 9 LRBKICY L 2L~ 1925 L Fig 12045T
B3, FERF —L LD bNSEPHE (m=—-1.0) TREREOEHRIBITNES Ve —F, FHRr - &
D AR ETHHOBAICH, 7 VA MELBERLNRAT 3MOBRSS N DRMITERUNEE S, L
L, —REBHTIDIINE OBENLET B0 t 5 7EMERT 5 E TIRERSET L THERRI

T
Tpo/ Taco=5-0 m=2.0 I
25 | h/a=400 | :)g
D | D/d&=200 1'0

t/Ts

Fig. 12 Variation of scour depth due to migrating dunes.
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Fig. 15 Influence of the time 7' of rising period on the development of scour depth.
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Fig. 16 Influence of peak flow conditions on the development of scour depth.
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Fig. 17 Influence of initial scour depth on the development of scour depth.
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Fig. 19  Scouring time 7'y necessary for scour depth to reach 7 times the
equilibrium depth.

Table 2 Scouring time Ty, for n=0.9.

d | D Ungeco t
D/d | (my | (ém) | (cmis) Txe (hour) v
0.1 40 | 254 437~ 2187 87~ 437
400 0.2 80 | 3.60 10°~5X10° | 617~ 3086 123~ 617
0.3 | 120 | 440 758~ 3789 152~ 748
Lol 80 | 2.54 3500~ 7000 700~1400
800 0.2 | 160 | 3.60 | 4X10°~8X10° | 4938~ 9877 988~1975
03| 200 | 440 6060~12121 | 1212~2424
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