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Research on Local Scour at Bridge Pier under Tidal Action

Jianping Wang
Pearl River Hydraulic Research Institute of Pearl River Water Resources Commission of the Ministry of Water
Resources, Guangzhou, Guangdong, China

ABSTRACT: Through the local scour test at bridge pier under tidal action in a long time series, this paper ob-
serves the growing trend of the deepest point of local scour at bridge pier under tidal conditions with different
characteristic parameters, analyzes the impact of repeat sediment erosion and deposition in the scouring pit
caused by reversing current on the development process of the scouring pit, and clarifies the relation between the
tide and local scouring depth at bridge pier under steady flow conditions, so as to provide a scientific basis for

bridge design and safe operation of estuary and harbor areas.
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1 RESEARCH BACKGROUND

The local scour of river bed around the bridge pier is
affected by water flow state, bridge pier form, bed
sand composition, river bed form and other factors.
The maximum scouring depth directly threatens the
safety of pier foundation . The book, Hydrological
Specifications for Survey and Design of Highway En-
gineering *! (hereinafter referred to as Specifications)
recommends the calculation method of scour at bridge
pier in runoff river. With the development of national
road network and improvement of highway design
level, the road has been extended to the tidal river and
offshore harbor. So the relevant content in the current
Specifications could not meet the actual requirements.
For the local scour at bridge pier under tidal action,
in most cases, it is generalized into a constant flow test
under limiting conditions *M%. In few cases, the in-
constant flow test is given for specific projects !4,
However, there is a divergence in the development
course and the maximum depth of local scouring pit at
bridge pier under tidal action. The consistency be-
tween the maximum flow rate of ebb and flow tide
and the mean flow rate of constant flow is a reference
condition. One viewpoint believes that under the ac-
tion of reverse flow, there are sediment erosion and
deposition in the scouring pit, resulting that the max-
imum scouring depth is less than the maximum scour-
ing depth under the action of constant flow. The other
viewpoint believes that if the flow velocity is small,
and the slack water period is longer in a tidal cycle,
the effective acting time and effective acting velocity
of flow will decrease, resulting that the formation of
scouring pit is slow. Before the scour reaching an
equilibrium state, the maximum scouring depth ob-
served is less than the maximum scouring depth under
the action of constant flow. However, both of the
maximum scouring depth is basically the same.

2 MODEL DESIGN AND CONSTRUCTION

2.1 Model design

The test is carried out in a water tank, with the length
of 35m and width of 2m. Due to little impact of sus-
pended sediment on local scour at bridge pier, the
movable bed model only considers bed sand. The
plane scale of the model is 100, which is designed by
the use of normal model according to the gravity sim-
ilarity criterion and geometric similarity criteria, so as
to meet the similarity of water flow movement and
similarity of sediment movement.

The bridge pier type adopts common pile groups
with pile caps in the tidal river and harbor area. The
pile group is arranged as quincunx, and the pile cap is
dumb-bell shaped. During the test, the pile cap at the
upper part of the pile group is always under the action
of water flow. The model adopts the multiple-pump
frequency-control closed loop water level control
system. The system regulates and controls over the
output frequency of transducer according to the given
flow or hydrograph, regulates water yield of the water
pump model to produce fluctuation tide, and make the
flow rate and water level in the water tank meet the
test requirements. The development process of the
maximum depth of local scour is monitored by the
ultrasonic sounder.

Scouring duration control: According to the test
observation, the scouring depth has reached about 70%
within half an hour under the condition of constant
flow. Later, the development speed of the scouring
depth is significantly reduced. The scouring pit tends
to be stable after 2 to 4 hours (it’s related to the size of
flow velocity). The scouring duration of the recipro-
cating flow is unequal (the maximum period of model
scour is 28 hours, which is equivalent t0772.8 hours of
prototype). When the maximum depth of scouring pit
does not have significant changes, the local scour
reaches equilibrium.
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2.2 Selection of model sand

The movable bed model must ensure that the sediment
incipient motion is similar, and the underwater angle
of repose is similar. The velocity of the sediment in-
cipient motion is calculated by the use of incipient
velocity formula derived by Zhang Ruijin. This for-
mula is relatively reliable for the calculation of the
velocity of sediment incipient motion for the estuary
district with finer particle size and greater water depth.

The bed material in the transition section of the riv-
er mouth of Pearl River Delta is the coarsest in
Dongjiang River, which belongs to middle shoal. The
median diameter of waterway in Dongguan is 0.34mm;
the bed material in Tanjiang River is the finest, which
belongs to silt. The median diameter of waterway with
the highest frequency in Yinzhou Lake is 0.01mm; the
median diameter of the bed material with the highest
frequency in Xijiang and Beijing River is 0.1mm. The
median diameter of bed sand in the estuary section of
the Yangtze River gradually becomes finer from up-
stream to downstream on the whole. According to the
analysis of bed sand near Wusong estuary, the parti-
cles with the size of 0.10 to 0.25mm are the most
common, which gradually decrease towards the
downstream. The sediment in Hangzhou Bay is main-
ly from the Yangtze River estuary. The bed material in
this river reach is more uniform, with an average me-
dian diameter of approximately 0.049mm [P 1n
summary, the bed materials in major estuaries are
mostly fine sand and fine silt. If the size of model sand
selected is too thin, the model sand is prone to be
dense and hardened in the testing process. This re-
search adopts fine coal dust in Zhuzhou as model sand,
with the volume weight of 1.35t/m> and the median
diameter of 0.5mm. The laying process of the model
sand is simple, the underwater disturbance is not dense,
and the long-term immersion is also not hardened,
which can meet the requirements of repeatability of
the sediment test. When the water depth is Scm to
15cm, the incipient velocity of the model sand is
10.31cn/s to 11.30cm/s. The model sand is equivalent
to the prototype sand with the median diameter of
0.25mm.

2.3 Generalization of test flow conditions

In the transmission process of China’s coastal tidal
waves due to the impact of Coriolis force, complex
submarine topography and tortuous coastline, the tide
in China’s bay has the following basic features: many
types of tide, obvious changes in tidal range and ob-
vious inequality of tide and so on. After the tidal wave
entering the estuary, it forms a complex and unique
tidal phenomenon at estuaries and transition sections
under the impact of river-bed deformation, frictional
effect and runoff discharged upstream, so there is a
need to generalize the tidal flow conditions.

The existing research result shows that the decisive
effect of scour is the process changes of flow rate and
the size of its peak, so the generalization of flow con-

ditions only considers the impact of the peak value of
flow rate and process, which mainly abides the fol-
lowing principles:

(1) The diurnal tide just fluctuates once in a tidal
cycle. The longer the effective role of effective flow
rate is, the better the development of the local scour at
bridge pier will be, so we just do relevant tests for
semi-diurnal tides.

(2) The flow rate of little fluctuation of irregular
semi-diurnal tides is small, and it does not play a deci-
sive role in the maximum scouring depth, so the regu-
lar semi-diurnal tide can be generalized as the basic
type of tide.
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Figure 1. Test flow conditions
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Table 1. Test flow conditions

Hydraulogical ~ Ebb flow Rise flow Tidal range Duration of Duration of N
ote

combination rate (m/s) rate(m/s) (m) ebb tide (h) rising tide (h)
1.5 1.50 - 0 25.00 0.00
2.0 2.00 - 0 25.00 0.00 Constant flow
25 2.50 - 0 25.00 0.00
15T 1.50 1.50 3 6.25 6.25
2.0T 2.00 2.00 3 6.25 6.25 Basic tide type
2.5T 2.50 2.50 3 6.25 6.25
1.5A 1.50 0.60 2 8.00 4.50

Deformation of type
2.0A 2.00 0.80 2 8.00 4.50

of tide A
2.5A 2.50 1.00 2 8.00 4.50
1.5B 1.50 - 1.2 12.50 0.00

Deformation of type
2.0B 2.00 - 1.2 12.50 0.00

of tide B
2.5B 2.50 - 1.2 12.50 0.00

Note: The division of duration of ebb and flow is based on the process of tides.

(3) The process of tide and tidal level of the basic
type of tide is generalized as the sine and cosine curve.
When the duration of ebb and flow is reciprocal, it
only considers different flow rates of fluctuation.

(4) For the basic type of tide, the trend towards the
constant flow goes through twice deformation, main-
tains constant flow rate of ebb tide, gradually increas-
es the duration of ebb tide, and reduces the rise flow
rate and tidal range.

Accordingly, the flow conditions after generaliza-
tion are shown in Table 1. To save space, Figure 1 just
shows the process of type of tide with the ebb flow
rate of 2.0m/s.

3 TEST RESULT AND ANALYSIS

3.1 Mechanism analysis of local scour at bridge pier

The process of formation, development and basic
balance of scouring pit at bridge pier depends on the
change of effective sediment runoff !}, Under the
action of constant flow, the pier forwards the near
flow and underdraught flow form “pile-crossing flow”.
The pile-crossing flow has the maximum velocity at
the forefront pile of near upstream face, and the eddy
and sediment uplift are the most serious. When the
flow shear stress is greater than the critical shear stress
of the sediment incipient motion, the sediment around
the pile is incipient. One part is taken to the down-
stream reserve to form sand ridge, and the other part is
taken away by the mainstream. The scouring pit
quickly takes shape after scouring and tends to be
stable in a relatively short time. As time goes on, the
volume of downstream sediment body increases, re-
sulting in increased resistance, gradually-weakened
sediment transport capacity, gradually-increased
scouring depth and the range of the scouring pit, so

that the sediment in the pit is increasingly difficult to
be transported outside the pit. It is only locally ad-
justed in the scouring pit until reaching balanced
scouring depth. The tidal flow only reaches the maxi-
mum value with the velocity in a certain short time.
Most of the time is less than this value. Due to the
impact of slack water in a certain period of ebb and
flow tide, the effective time of incipient motion and
transport of sediment at bed surface is significantly
shorter than the time under the constant flow condi-
tions; the effective scouring velocity and effective
scouring time in the process of tide decreases, and the
effective sediment runoff also decreases. Some hy-
drological conditions will cause sediment siltation
under the action of reverse flow. The scouring balance
requires longer time.

3.2 Development process of the maximum scouring
depth of local scour at pile groups

(1) Constant flow

The development process of the depth of local scour
at bridge pier under constant flow conditions is shown
in Figure 2. The flow rate values are respectively
1.5m/s, 2.0 m/s and 2.5 m/s. As can be seen from the
diagram, the greater the flow rate value is, the faster
the development of scouring pit is; the shorter the time
is required by the scouring pit to reach relative stabil-
ity, the greater the maximum scouring depth will be
when the scouring pit reaches relative stability.

(2) Basic type of tide

The development process of the depth of local scour
at bridge pier under different ebb and flow rate condi-
tions is shown in Figure 3. Compared with the type of
tide of 1.50T, the development of scouring pit for the
type of tide of 2.00T is rapid, the time required by the
scouring pit to reach the relative stability is short, and
the maximum scouring depth is great when the scour-
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ing pit reaches the relative stability. For 2.50T, the ebb
(rise) flow rate is large after the energy dissipation of
pile caps, which still has an impact on the downstream
(upstream) scouring pit. It mainly reflects that the
sediment of riverbed in the middle part of pile cap is
backfilled to the scouring pit under the action of re-
verse flow. The depth of scouring pit gradually deep-
ens in the process of repeated erosion. The sediment
backfilling caused by the reverse flow results in slow
formation of the scouring pit. So the scouring requires
a longer time to reach equilibrium. With the continued
development of scour, the sand dune of riverbed in the
middle part of pile cap is constantly leveled by water
flow and gradually pushed into downstream, so the
effect of sediment backfilling caused by the reverse
flow is gradually weakened and the amplitude of vari-
ation of the scouring depth decreases gradually. In the
later period of the development of scouring pit, the
depth of scouring pit presents a continuously increas-
ing trend, and the amplitude of increase gradually
decreases, so the sediment backfilling caused by the
reverse flow does not affect the maximum scouring
depth.
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Figure 2. Development process of the maximum scouring
depth of local scour at pile groups (constant current)
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Figure 3. Development process of the maximum scouring
depth of local scour at pile groups (basic type of tide)

(3) Deformation of tide type

The deformation of tide type is mainly reflected in
the extension of duration of ebb tide, reduction of rise
flow rate and reduction of tidal range, which can re-

flect changes of the transmission process of tide from
the estuary to upstream riverway, while the constant
flow can be seen as a limit tide state with continuing
ebb flow and tidal range of zero. Through the defor-
mation of the tide type towards the constant flow, the
differences and relations of the development process
of the constant flow and scouring pit under tidal action
can be observed. As can be seen from the Figure 4,
2.0T is a type of tide when the duration of the ebb and
flow tide is the same. In the later period of the scour-
ing pit development, the increase rate of the scouring
depth is very slow, and the deepening of the scouring
pit is not obvious; the duration extension of ebb flow
for 2.0A is 8h; the whole tidal cycle of 2.0B is an ebb
flow process; the effective acting time of the effective
flow rate of ebb tide successively increases, the de-
velopment rate of the scouring pit and the final depth
also increases and it is gradually close to the devel-
opment process of scouring pit under the action of
constant flow. The duration of the ebb and flow tide
determines the development rate of scouring pit and
the possibility of reaching the maximum scouring
depth. When the effective acting time of flow is too
short, the scouring rate will become very small after
the scouring pit developed to a certain extent, and the
change of scouring depth is slow; it requires a longer
time for scouring to reach equilibrium, and it is even
difficult to achieve the theoretical maximum scouring
depth, therefore, the reduction coefficient of the
scouring pit is less than 1.
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Figure 4. Development process of the maximum scouring
depth of local scour at pile groups (deformation of type of
tide)

3.3 Relationship between the tide and the depth of
local scour at bridge pier under the action of
constant flow

The ratio between the depth of local scour at bridge
pier under tidal action and the depth of local scour at
bridge pier under the action of constant flow is the
“reduction coefficient”, that is: 0.75--1.00. For the
same duration of ebb tide, the greater the ebb flow rate
is, the greater the depth of local scour at bridge pier is;
for the same ebb flow rate, the greater the duration of
ebb flow is, the closer to 1 of the reduction coefficient
it will be. The test shows that the maximum local
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Table 2. Ratio between the tide and the depth of local scour at pier groups under the action of constant flow

Hydraulogical . . Scouring Reduction

No. R Ebb flow rate (m/s)  Rise flow rate(m/s)  Tidal range (m) .
combination depth(m) coefficient

1 1.5 1.50 - 0 6.1 -

2 2.0 2.00 - 0 8.3 -

3 2.5 2.50 - 0 13.1 -

4 1.5T 1.50 -1.50 3 4.6 0.75

5 2.0T 2.00 -2.00 3 6.4 0.77

6 2.5T 2.50 -2.50 3 10.2 0.78

7 1.5A 1.50 -0.60 2 54 0.89

8 2.0A 2.00 -0.80 2 7.1 0.86

9 2.5A 2.50 -1.00 2 11.9 091

10 1.5B 1.50 - 1.2 5.9 0.97

11 2.0B 2.00 - 1.2 8.1 0.98

12 25B 2.50 - 1.2 13.1 1.00

scouring depth at bridge pier under tidal action de-
pends on the strongest hydrodynamic conditions of
ebb and flow tide. That is, when the ebb and flow rate
and duration and the maximum flow rate of flow and
mean flow rate of one-way constant flow are equal,
both of the maximum scouring depth are basically the
same.

4 CONCLUSION AND SUGGESTION

(1) The research on the characteristics of local scour at
bridge pier under tidal action and the scouring depth is
an emerging research direction, which will play a
guiding role in the design and protection of the bridges
in the estuaries and coastal areas.

(2) The process of local scour at bridge pier de-
pends on the changes of sediment runoff in the scour-
ing pit. Due to reduction in the effective time of effec-
tive flow rate in the process of tide, the effective sed-
iment runoff will significantly reduce, so that the
overall scouring process will extend under tidal action,
and the scouring requires a longer time to reach equi-
librium.

(3) The maximum flow rate of ebb and flow tide
and duration determines the development rate of
scouring pit and the possibility of reaching the maxi-
mum scouring depth. When the tide flow rate is large
or the duration is dominant, the maximum local
scouring depth that is consistent with the constant
flow will be obtained. In calculating the depth of local
scour at bridge pier, for safety’s sake, the mean flow
rate is replaced by the rise flow rate, and the calcula-
tion adopts the formula recommended in the Specifi-
cations.

(4) The local scour at bridge pier is not only related
to the hydrology, the type of river, the anti-shock ca-
pacity of the sediment and the riverbed geology, but
also closely related to the type of pier, the height of
the pile cap and the construction program and so on.
For the grand bridges with complex hydrology and
sediment conditions that are difficult to determine the

coefficient of pier type, the scouring depth can be
determined by the hydraulic model tests.
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