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Experimental Study on Backwater Rules for Parallel Bridges with Unequal Spans
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Abstract: In order to optimize the design of parallel bridges with unequal spans and reduce the adverse
effects of bridge opening arrangement on flood control and clearance under the bridge, a generalized model
experiment is conducted by using an open channel flume to study the influence of various span combinations
and arrangement methods of parallel bridges on the backwater in front of the bridge. The main factors
affecting the maximum backwater height in front of the parallel bridge are studied based on dimensional
analysis method. The result shows that (1) the height of the backwater in front of the bridge first increases
and then decreases or monotonically decreases along the upstream direction of the bridge; (2) when the span
ratio between parallel bridges is less than 2, it is advisable to arrange large span bridges upstream, while
when the span ratio is greater than or equal to 2, small span bridges should be arranged upstream to reduce
the height of backwater; (3) for parallel bridges with non integer span ratios, the backwater height when a
group of piers of large and small span bridges are arranged along the same line in the flow direction is smaller

than when the two bridge openings are symmetrically arranged along the center of the river; (4) the
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maximum backwater height in front of the parallel bridge is greatly influenced by the flow pattern of the open
channel, and increases approximately linearly with the increase of Froude number, and the maximum
backwater height also increases with the increase of relative water depth and water resistance ratio at the same
time; (5) the mechanism of the influence of parallel bridge water resistance ratio on backwater is different
from that of a single bridge, when the downstream bridge pier is located in the wake area of the upstream
bridge pier, the additional water resistance effect generated by the downstream bridge pier is minimal,
therefore, the calculation of parallel bridge water resistance ratio should consider the shielding effect of the
upstream bridge pier on the downstream bridge pier. Finally, based on experimental data and previous study
on the backwater height of multiple bridges, a calculation method for calculating the maximum backwater
height of parallel bridges with unequal spans by overlaying the respective backwater heights of upstream and

downstream bridges is proposed. The study result can provide reference for flood control optimization design of

highway bridge expansion projects.

Key words: bridge engineering; backwater; model test; parallel bridges; unequal spans
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Tab.1 Experimental conditions of backwater at bridge crossings
WeRE/ KB, WE/ ) W, K% W/ )
TR - |, s THGS - L R
%o cm (m-s ) %o cm (m-s])
C8-20_ S_ 0.60/ C8-20_ US_ 0.60 1 3.50 0.35 10 320 || C16-20_ S_ 0.60/ C16-20_ US_ 0.60 1 3.49 0.35 10 260
C20-8_ S_ 0.60/ C20-8_ US_ 0. 60 1 3.50 0.35 10 320 || C20-16_ S_ 0.60/ C20-16_ US_ 0.60 1 3.49 0.35 10 260
C8-20_ S_ 0.66/ C8-20_ US_ 0.66 1 4.06 0.42 14 010 || C16-20_ S_ 0.60/ C16-20_ US_ 0.60 1 3.9  0.37 12270
C20-8_ S_ 0.66/ C20-8_ US_ 0.66 1 4.06 0.42 14 010 || C20~16_ S_ 0.60/ C20-16_ US_ 0.60 1 3.99 0.37 12 270
C8-20_ S_ 0.75/ C8-20_ US_ 0.75 1 5.00 0.52 20690 || C16-20_ S_ 0.84/ C16-20_ US_ 0. 84 2 3.46 0.49 14 220
C20-8_ S_ 0.75/ C20-8_ US_ 0.75 1 5.00  0.52 20690 || C20—-16_ S_ 0.84/ C20-16_ US_ 0. 84 2 3.46  0.49 14 220
C8-20_ S_ 0.68/ C8-20_ US_ 0.68 2 3.50 0.40 11 670 || C16-20_ S_ 0.80/ C16-20_ US_ 0.80 2 4.01 0.50 16 530
C20-8_ S_ 0.68/ C20-8_ US_ 0.68 2 3.50 0.40 11 670 || C20-16_ S_ 0.80/ C20-16_ US_ 0.80 2 4.01 0.50 16 530
I
C8-20_ S_ 0.75/ C8-20_ US_ 0.75 2 4.00 0.47 15 550 || C20-35_ S_ 0.59/ C20-35_ US_ 0.59 1 3.4 0.35 10 430
C20-8_ S_ 0.75/ C20-8_ US_ 0.75 2 4.00 0.47 15 550 || €35-20_ S_ 0.59/ €35-20_ US_ 0.59 1 3.4 0.35 10 430
C8-20_ S_ 0.81/ C8-20_ US_ 0.81 2 5.00 0.56 22330 || C20-35_ S_ 0.61/ C20-35_ US_ 0.61 1 3.99 0.38 12 480
C20-8_ S_ 0.81/ C20-8_ US_ 0.81 2 5.00 0.56 22330 || C35-20_ S_ 0.61/ C35-20_ US_ 0.61 1 3.99 0.38 12 480
C10-20_ S_ 0.64/ C20-10_ S_ 0.64 1 3.95 0.40 13 020 || C20-35_ S_ 0.75/ C20-35_ US_ 0.75 2 3499 04 12 960
C10-20_ S_ 0.68/ C20-10_ S_ 0.68 1 4.99  0.47 18 770 || C35-20_ S_ 0.75/ C35-20_ US_ 0.75 2 3.49 0.44 12 960
C10-20_ S_ 0.78/ C20-10_ S_ 0.78 2 3.99  0.48 15 970 || C20-35_ S_ 0.79/ C20-35_ US_ 0.79 2 3.97 0.49 16 210
C10-20_ S_ 0.76/ C20-10_ S_ 0.76 2 4.99 0.53 20930 || €C35-20_ S_ 0.79/ C35-20_ US_ 0.79 2 3.97  0.49 16 210
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