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Experimental Study on the Variation of Flow
Characteristics by Obstacles in Stream
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Abstract

In this paper, the variation of flow characteristics by obstacles in urban streams is
studied with laboratory experiments. Experiments to measure the depths and velocities
affected by rectangular shape obstacles which are general in the field were performed
using a straight rectangular flume in the National Construction Laboratory with
discharge Q = 200m’/s, 350m/s, 500m}s and bed slope S = 1/500, 1/750, 1/1,000
respectively. Experiments were performed for obstacles of single, twin and multiple
piers which has the conveyance ratio of 0.17 equally.

Based on the experiments some conclusions were made. The multiple piers which has
5 columns in the direction of perpendicular to the flow give least backwater effect
compared with the single and twin piers which has the same conveyance ratio. The bed
slope is more sensitive to the backwater effect than the flow rate. The backwater effect
was found to increase with the number of rows in the multiple piers even though it is
affected by the interval between piers. And the backwater effect increases with the
increase of Froude number regardiess of the shape of obstacles.
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(Table 1) Characteristics of urban streams covered with box culverts in Seoul

Sites Le(?n%th V\(’:g;h Bed slope | Runoff coefficient Des(igrr;‘;)lood F'E%‘;;‘)"V
Parking Lot on Sadang-river 998 23-33 1/450 0.67 210 50
e 216 | 3647 1/300 0.69 360 50
g aioar 320 2% 1/800 0.66 250 50
P e g’ 20 | 38 1/587 068 320 50
Average 441 33 -1/634 0.67 285
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(Fig. 1(c)) Single row model(5X1)(Unit : mm) {Fig. 1(d)> Twin rows model(5Xx2)(Unit : mm)
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(Fig. 3) Points of gaging
(Table 2) Hydraulic characteristics of the prototype and the model
Items Prototype(m) Model{cm) Remarks
Channel width 30 60
Channel length 1000 2000
Shapes of Single pier 5;:5 10 X 10 17
s o B 59758 2l
Smgle pier
Interval Twin piers b"TO b20
between Row of oolonns b:10 5x1
cbstacles " a7 b'5 a14, biio 5x2§
" a7 b5 a14, bi10 5x3
Design water depth 65 13
Design flow rate 2 220 113, 198, 283145
1/500, 1/500,
Bed slope 11750, 1/750,
1/1000 1/1000
Marning's n 0.019 0.010
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(Table 4) Rate of water depth increase at station #7 for the shape of obstacles
(Conveyance ratio=0.17)

Bed slope 1/500 1/750 1/1,000
Flow rate(m/s)

ltems 200 350 500 200 350 500 200 350 500
Fro 0.78 0.80 0.81 0;63 0.65 0.66 0.56 0.57 0.58
Single pier 1.36 1.39 1.39 1.18 1.21 1.22 1.09 1.12 1.18
Twin piers 1.12 1.32 1.31 1.17 119 1.22 1.09 113 113
Single row(5x1) 1.20 1.20 1.24 1.10 111 1.12 1.06 1.10 1.10
Multiple columns(5x2) 1.27 1.29 1.29 1.16 1.21 1.19 1.09 1.14 1.14
Multiple columns(5x3) 1.31 1.36 1.31 1.21 1.24 1.25 1.19 1.18 1.21

* h: with obstacle(s)

, H: without obstacle(s)
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{Fig. 5) Rate of water depth increase according to flow rate variations
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(Fig. 6> Variations of rate of water depth increase according to the number of columns
(Q=350m’/s, $=1/500, Conveyance ratio=0.17)
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(Fig. 7) Variations of rate of water depth increase according to the numbers of row
columns (Q=350m%/s, S=1/500, Conveyance ratio=0.17)
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