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Introduction

Scour around the bridge piers is a kind of erosion that occurs due to complex vortex flows and
finally creates a hole around the bridge piers (Yang et al., 2019). The maximum scour depth,
which called Equilibrium scour depth, can take a very long time to reach. Although many
researches have been carried out to determine the equilibrium scour time, there is still no suitable
criteria for determining the equilibrium scour time for the complex piers which consist of the pile
group, pile cap and piers. In the present study, considering the importance of this fact that the
local scour process is dependent on time, the effect of the complex pier geometrical parameters
on the equilibrium scour time around the complex pier is investigated. In addition, a regression
equation for the estimation of equilibrium scour time was presented which has suitable
performance to estimate desired output in the range of the experimental data of the present study.

Methodology

The experiments were carried out at the hydraulic and physical-hydraulic modeling laboratory
of the water engineering department of University of Guilan using a rectangular flume with a
recirculation system 8.15 m long, 0.88m wide and 1 m deep which had walls made of glass and
bed made of iron. The pier group in this study consisted of two rectangular columns made of
aluminum with a width and length of 2.5 and 3.5 cm, respectively; with 28-degree skew angle
were placed on rectangular pile cap with 10 cm width and 16 cm length and 3 and 5 cm
thicknesses. The piles were prepared from iron pipes with 2 cm length and 3 cm width and were
installed in the form of 2x2 and 2x3 arrangements below the pile cap the sediment used in this
study was uniform sand with a particle size of 0.7 mm, large enough to avoid ripple formation.
This sand was used to fill a recess section, 1.5 m long and 0.3 m deep. The upstream and
downstream reaches of the flume were covered with coarser sand with a size of 1-2 mm. The
recess section and the complex piers were sufficiently distant from the flume inlet to ensure that
the scour process was induced by a developed flow.

For each run, water was let into the channel at a low discharge to prevent undesired sediment
motion before the run was intended to start. Then, the flow depth was increased to the prescribed
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value of 0.23 m using the butterfly gate. Finally, the flow discharge was increased to the target
value of 0.0537 m%s, continuously adjusting the butterfly gate to maintain a constant water
depth.

Scour depth values were frequently collected using a point gauge whose shape enabled scour
depth values to be taken below the cap if needed. Experiments were ended as the variation of the
scour depth became less than 1 mm after 3 hours based on Raudkivi and Ettema (1983). The final
scour topography was measured using a Laser scanner Leica with £1 mm accuracy.

Results and Discussion

It is common to use the effective or equivalent diameter (D) for the effect of the effective
components in the investigation of scour around the pier groups. The comparison of the results
showed that in each installation of the top level of the pile cap, the effective diameter increased
by 40% on average with the increase in the diameter of the piles, while the effective diameter
increased by 5% on average with increase in the thickness of the pile cap. Also, by increasing the
top level installation of the pile cap, due to the smaller piles diameter compared to the pier width,
the effective diameter decreases by an average of 8%.

The comparison of the laboratory results of the top level installation of the pile cap Z/D=1,
indicated that as the relative piles diameter (d,/D) increased from 0.6 to 0.9 which led to increase
in the relative effective diameter of the complex pier, the value of the equilibrium scour time and
corresponding scour depth (ds/D) increased by 20% and 11% on average, respectively. At the
same condition, the value of the relative pile cap thickness (t,/D) increased from 0.9 to 1.4 and
due to the increase in the relative effective diameter of the complex pier, the equilibrium scour
time decreased by 27% on average. Also, the relative equilibrium scour depth (ds./D) decreased
by 7% on average. Furthermore, by changing the arrangements of the piles from 2x2 to 2x3 and
increasing the relative effective diameter of the complex pier, the value of equilibrium scour time
and relative equilibrium scour depth (ds/D) increased by 15% and 13% on average, respectively.

The comparison of the laboratory results in the Z/D=2, indicated that with the increase of d,/D
from 0.6 to 0.9, the value of the equilibrium scour and d./D value increased by27% and 20% on
average, repectively. The laboratory results showed that the increase in T,/D from 0.9 to 1.4 and
and increase in D¢/D led to a decrease in the value of equilibrium scour time 34% on average. In
addition, the value of ds/D decreases 8% on average. Considering the results indicated that by
changing the arrangement of the piles from 2x2 to 2x3 and increasing the D./D, the value of the
equilibrium scour time and ds./D did not change significantly.

Comparing the results showed that in the Z/D=3, by the increasing of d,/D from 0.6 to 0.9 and
increaseing D¢/D, the value of the equilibrium scour time increased by 13% on average. In
addition, the value of dy/D increases by 23% on average. Considering the laboratory results
showed that increasing T,/D from 0.9 to 1.4 did not significantly change the amount of
equilibrium scour time and ds/D. The comparison of the laboratory results showed that by
changing the arrangement of the piles from 2x2 to 2x3, the value of the equilibrium scour time
and ds/D did not change significantly.

The laboratory results in the Z/D=4 showed that by increasing d,/D from 0.6 to 0.9, the value
of the equilibrium scour time increases and the ds/D increased by 30 and 24% on average,
respectively. The comparison of the results showed that the increase of T,/D from 0.9 to 1.4, the
D./D increased and the amount of equilibrium scour time increased by 18% and the value of ds
/D increased by 12% on average. By changing the arrangement of piles from 2x2 to 2x3, the
value of the equilibrium scour time increased by 11% on average and the value of ds./D does not
change significantly.

In this study, in order to derive the regression equation to estimate the equilibrium scour time
around the complex pier group, the effective parameters were studied in the form of following
equation:
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The corresponding values of variables are shown in Table (1). The comparison of results
indicated that there is good agreement between the desired outputs and experimental results.

Table 1- Coefficients of equations to estimate equilibrium time and realated statistical

indicates
The

numberof a b c d e f RMSE NSE R? M('?/P)E
parameters )

2 0.68 1.05 2.32 0 0 0 0.12 0.99 0.99 4.67

4 0.72 0.97 -0.004 0.08 2.32 0 0.03 0.99 1 0.21

5 0.72 0.96 0.006 0.09 2.33 -0.01 0.04 0.99 1 0.015

Conclusions

In this research, the effect of different parameters of complex bridge pier (the relative
thickness of pile cap, the relative diameter of piles, the arrangement of piles and the relative
elevation of pile cap) on the equilibrium scour time around the complex pier group was
investigated experimentally. The comparison of the results showed that for all installation of the
top level of pile cap, by changing the arrangements of the piles from 2x2 to 2x3, the equilibrium
scour time increased between 4 and 22%. The results indicate that at all installation of the top
level of the pile cap, by increasing (d,/D) from 0.6 to 0.9, the equilibrium scour time increases
between 14 and 26% on average. The comparison of the results showed that the equilibrium
scour time increased by increasing the relative thickness of the pile cap in the range of 8 to 18%
on average, but by increasing the number of piles, the equilibrium scour time increased from 0.9
to 1.4 and by increasing the pile cap thickness (T,/D), the equilibrium scour time increased by 3
and 28% on average. Also, in a regression equations inculding 2, 4, and 5 parameters were
derived to estimate the equilibrium scour time around the complex pier group.
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Fig. 7- Temporal development of the instant scour depth for pile group geometries at the relative
pile cap elevation Z/D=2 to a) maximum scour depth b) effective diameter of complex pier
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Fig. 8- Temporal development of the instant scour depth for pile group geometries at the relative pile
cap elevation Z/D=3 to a) maximum scour depth b) effective diameter of complex pier
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Fig. 9- Temporal development of the instant scour depth for pile group geometries at the relative
pile cap elevation Z/D=4 to a) maximum scour depth b) effective diameter of complex pier
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Table 2- the time scale equations studied in present study

Descriptions

Equations Researchers
te: Equilibrium time (day)
D: Pier diameter
V:Mean flow velocity t, = 30_89(\/2)&\//__0_4)(L)0.25 forY <6
Vc: Inception of motion c D D
velocity D.V y Melville and
y: Flow depth e = 48.26(07)(——04) for5>6 Chiew (1999)

temax: Maximum
Equilibrium time for V =
V¢ and }‘—)’>6

D
days) = 28.96 —
(days) v

te (max)

tams: EXperiments duration
time (day)

U
. . —1.83x—
De: Effective complex pier ¢ :127.8(&) (U7_0.4) (L)o.zse U for <6
diameter U U, D, D, Moreno and
U: Mean flow velocity D. U 183 Couto (2015)
Uc: Critical flow velocity — tyns = 200(U—e)(u——o.4)e Ye for = > 6
h: Flow depth c e

D.: Effective complex pier
diameter
C,: 200 day/s
Cs: 127.8 day/s

D, U y U
t,(days)=C, —2(—-04) for2%>6and — >04
o (days) 2 (U ) 5

U: Mean flow velocity c e Ue
Uc: Critical flow velocity D, U Y0102 Yo u Yang et al.
t, (d =C,—&(—-04)()* for—=—<6and —>04 !
Yo: Flow depth (s =Co (G 0 ) Torp <6and > (2020)

te: Equilibrium time (day) U
tgo: Time to reach 90 tgo (days) =exp (—1.83U—)te
percent of the equilibrium c
scour depth
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Table 3- Coefficients of equations to estimate equilibrium time and realated statistical indicates

MAPE (%) R? NSE ~ RMSE  f e d c b Number of
parameter
4.67 099 099 012 0 232 0 1.05 0.68 2
0.21 10 099 003 0 232 008 -0004 097 072 4
0.015 10 099 004 -001 233 009 0006 096 0.72 5
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