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Flood forecast method for middle & small bridges based on
rainfall-water level functions of representative riverbed sections

LI Zheng', WEN Yu-song', LUO Yi%, ZHAO Zun-tao'

(1. School of Civil and Architectural Engineering, Central South University, Changsha 410075, China;
2. Hengdong Communication Bureau, Hengyang 421400, China)

Abstract: Based on rational formula, homogeneous flow and fuzzy similar-priority comparison theory, a new flood
forecast method for existing middle and small bridges was presented. Firstly, according to shapes of actual riverbed
sections, riverbed sections were reduced to 10 types of representative riverbed sections, and rainfall-water level function
model of every representative riverbed section was established. Then, using the fuzzy similar-priority comparison theory,
the most similar section with actual section was found, so the function model could be got. Finally, by dint of reliable
water marks on piers and the corresponding rainfalls, constant K was solved. Sequentially, rainfall-water level function
could be fixed and instantaneous or forecast rainfall data could be used to assess flood-resistance performance and predict
flood of bridges. The results show that this new method has credible theoretic foundation. Once roughness and a couple
of rainfall and water mark at bridge sites are provided, prediction can be made. Besides, when geologic condition is
known, scouring can be predicted too, avoiding fussy calculation and troublesome field reconnaissance in order to collect
parameters, such as ways of runoff confluence, loss of rainfall, average gradient and area of drainage basin, length of
main river course, and so on. This method is easy to use and its degree of accuracy can meet the actual demand.
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Fig.1 Sketches of representative riverbed sections
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! Table 1 Relationships between maximal 24 h rainfalls and
water levels
/mm /m
Ao 10
1968—06—15 154.00 74.06
X= A1 Ay As As As As A7 As Ao Ao
1979-06-21 99.16 73.10
{C, G, Gy, ,Cr} Ci
1981-06—-29 52.00 72.49
C C3 Cy
1984-05-31 217.40 74.51
C5 C6 C7
1997-09-02 212.00 74.22
2
3 . .
Table 2 Riverbed elevation
/ /
31 /m m /m m
| 5 1 0 75.33 7 18.09 69.47
2 4.09 72.00 8 20.74 70.73
3 5.89 72.88 9 24.44 71.55
1/12 1/20 1/12 67.3 m
4 9.19 71.18 10 36.44 70.91
10 mm 67.3~65.1m
5 11.99 69.66 11 39.84 72.27
20 mm 65.1~58.7 m 100
6 14.19 69.25 12 52.20 75.68
mm
3
Table 3 Comparisons of main factors of representative riverbed sections
C1/m2 Cz/m C3/m2 C4/m Cs/m2 Cs/l‘n C7/m
Ao 20.054 10.182 82.166 16.862 67.902 20.646 3.888
A 0 0 156.949 45.891 0 0 3.587
A> 0 0 177.343 46.017 0 0 4.053
A3 22.051 9.741 133.734 27.926 19.846 8.956 4.014
As 16.538 9.532 153.431 30.027 11.577 7.198 4.149
As 14.885 8.736 150.990 31.295 9.923 6.469 4.018
As 23.154 9.970 76.068 15.257 69.461 22.220 3.855
A7 14.395 8.503 152.267 31.526 9.923 6.469 4.036
As 13.231 7.956 89.299 18.198 62.846 20.470 3.780
Ao 9.923 6.469 160.313 33.275 11.310 7.078 4.149
Ao 23.154 9.970 146.676 30.540 9.923 6.469 4.108
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4 A1 Aw Ao
Table 4 Similarity between Ao and 41 Ao

o C G Cq Cs Cs G

A 9 9 8 9 9 9 10 63 10

A> 9 9 10 10 9 9 6 62 9

As 1 3 3 3 3 3 3 19 2

Ay 4 4 7 4 4 4 8 35 5

As 5 5 5 6 6 6 4 37 6

As 2 1 1 2 1 2 1 10 1

A7 6 6 6 7 6 6 5 42 7

As 7 7 2 1 2 1 2 22 3

A 8 8 9 8 5 5 8 51 8

Ao 2 1 4 5 6 6 7 31 4

bR ; — — — S v
2 6
Fig.2 Comparison between representative riverbed section 6 and actual riverbed section
1(H) b1=5.250 m 0.120 m 0.140 m
b=5250m b3=3.500m bs=15.750m 55=3.500 m (74.507-0.140-0.120) m=74.247 m
b=4370 m 5=6.125m ho=2.300 m /=3.780 m 74.230 m
H¢=69.250 m ki=4.567
k=264.415 k=4.567 Fk=5.040 £s=2.045 ke=1.653
k7=22.680 £s=9.203 -
[15]
[ -7155 +5.0400 ~7155) =695 m
a=4.567 7 +
(H —-69.505)""K
2644151 =989 7 ~69.897)°" + 24h
[(H —71.55)% +22.680(H — 71.55)]5/3
4.567 e 3.2
(H-62347)""K
1 K=22.319 0=
ay=217.5 523 m%/s 0,1=521

mm H,=74.507 m m’/s
07 =517 m%/s
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(4]

0,=910 m/s
0,1=910.6 m’/s
0,,=936.6 m’/s
07=918.1 m%/s
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