IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like
. . . . . - Advanced materials for control of post-
Preliminary Result of Seismic Hydrodynamic g;’rhth_g%a‘éeh d;mhag'eMﬁ,; brﬁge;esl..d.f d‘
. . . shitij restha, aiid Saiidi an
Pressure on Bridge Pier with Submerged Depth Carlos A Cruz
from a Shaking Table Model Test " Effectin Test and Simuition of Seiemic

Hydrodynamic Pressure on Pier

Haiming Liu, Xiaxin Tao, Yifang Qin et al.
To cite this article: Haiming Liu et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 463 012045 o

- Prediction of local scour depth around

bridge piers: modelling based on machine

learning approaches

Virendra Kumar, Anubhav Baranwal and

Bhabani Shankar Das

View the article online for updates and enhancements.

@ — = ' DISCOVER

how sustainability

The : : intersects with
Electrochemical ¢
Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 18.116.90.141 on 25/04/2024 at 08:33


https://doi.org/10.1088/1755-1315/453/1/012045
/article/10.1088/0964-1726/24/2/025035
/article/10.1088/0964-1726/24/2/025035
/article/10.1088/1755-1315/638/1/012051
/article/10.1088/1755-1315/638/1/012051
/article/10.1088/1755-1315/638/1/012051
/article/10.1088/2631-8695/ad08ff
/article/10.1088/2631-8695/ad08ff
/article/10.1088/2631-8695/ad08ff
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjss2j-1ZeSiOWWZrMHt8vG-tWCD95Xk1ivZJf_nQ4_52Tc-0cHlU7G4yqWIykekk-m_yDGbqr9SbUt23afPy9bvB3Dh53NdltN4Zxdw2IRYIswfYi9AWLrsQc9n1I2kaijIr-52Ay8YrAuR7dKujioVcTT0mfdDAo4MNya33xOUi-XBvyywKq0Zit59C3emx9FJK5i9dWLL7rJ2EYh2zoTKXqVc7dlvLTHHRC1k5LWg7VXc1g5NrSRAduwMDeVb3-bWstC6kpnquIonieo4k8FcK76ITl7T4SB3s7kadaOFo1TIP12b6M25XBm1xcQqv4vWQY3xR3UxQK7pWQ56y30A&sig=Cg0ArKJSzO2AjigFkB2b&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

GMEE2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 453 (2020) 012045  doi:10.1088/1755-1315/453/1/012045

Preliminary Result of Seismic Hydrodynamic Pressure on
Bridge Pier with Submerged Depth from a Shaking Table
Model Test

Haiming Liu?, Xiaxin Tao*", Zhengru Tac®*and Yifang Qin®

!State Key Laboratory of Bridge Engineering Structural Dynamics, China Merchants
Chongging Communication Research & Design Institute Co., Ltd, Chongqging,
400067, China

2School of Civil Engineering, Harbin Institute of Technology, Harbin, Heilongjiang,
150036, China

3Institute of Engineering Mechanics, CEA, Harbin, Heilonjiang, 150080, China

“Corresponding author

Abstract. To deal with the hydrodynamic pressure on bridge pier with submerged depth in water,
a shaking table model test is reported in this paper. The model is designed and built for a pier of
cable-stayed bridge submerged in 1.5 m water with a scale of 1/50. Two sets of motions, for E1
and E2 levels are input in two bi-directions, transverse and vertical, and longitudinal and vertical.
The results show that the hydrodynamic pressure is getting larger with submerged depth
obviously, with a. increasing rate larger than that for the formula in our existing design guidelines,
but smaller than that by Westergaard.

1. Introduction

The hydrodynamic pressure on bridge pier in water during earthquake is studied in many papers, while
the variation of the pressure with submerged depth has not been paid enough attention [1]. From the
understanding of the authors of this paper, this variation is one of the original causes of the difference
between the formulas of hydrodynamic pressure in Guidelines for seismic design of highway bridges of
China [2] and those by Westergaard [3]. Also known as the distribution of hydrodynamic pressure on
pier, it could not be revealed theoretically. A feasible way is to get information from test, even model
test.

In this paper, design of a shaking table model test is introduced, the test is reported, and some preliminary
results from the test are presented. The curves of the pressure distribution with submerged depth, are
compared with those from the assumptions of the two classical references, respectively.

2. Why the Variation of Hydrodynamic Pressure with Submerged Depth is very Important

The first classical formula of hydrodynamic pressure during earthquake was presented by Westergaard
in 1933 [3], for the case of a straight dam with a vertical upstream face, and then was modified by Goto
and Toki for pier in 1965 [4] as shown in equation (1).

;
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where ko is seismic coefficient for intensity of earthquake ground motion, y,, is the density of water, a is
the radius of horizontal section of the cylindrical pier, 4 is the total water depth, y is depth from the
water surface, and P is maximum hydrodynamic pressures per unit depth at y.

This formula was simplified from Fourier series solution of the motion equation with a quadratic
parabola for the general shape of the the pressure distribution diagram with vertical axis. In the
simplification, the curve for the pressure is satisfied the condition of a horizontal tangent at the water
surface, but not satisfied the other one of a vertical tangent at the dam bottom, since the parabola has a
sloping tangent at the bottom.

Goto and Toki pointed out that equation (2) was not always applicable to bridge piers, since the
hydrodynamic pressure on rigid piers would be less than that calculated by equation (1) and the
decreasing should be remarkable for slender piers. They presented a formula for the pressure on a
cylindrical submerged bridge piers during earthquake in 1965 [4], as shown in equation (2).

a 2. 1)
P=0-- LYk, m?3]

where all parameters are the same as in equation (1).

The formula was simplified from series solution of three dimensional dynamic analysis with a cubic
expression for shape of the pressure distribution instead of the parabola by Westergaard for dams. The
cubic expression was chosen by means of shaking table model experiments with three cylinders and one
column with simple harmonic motion inputs. It was mentioned [4] that the studies on the cross-sectional
shape of piers different from circle should be carried out experimentally as well as theoretically.

This formula was adopted by Japanese Design Specifications for Highway Bridges [5, 6], and then by
Specifications of earthquake resistant design for Highway Engineering of China (1989) and Chinese
Guidelines for Seismic Design of Highway Bridges (2008) [7, 2].

Therefore, the distribution of hydrodynamic pressure with submerged depth governs the formula in our
design code, is very important especially for bridge piers in deep water.

3. A shaking Table Model Test

A shaking table model test is designed for seismic response of a cable-stayed bridge in southwestern
region of China with two level inputs of bi-directional horizontal motions.

The model is 1/50 scaled with total height of 4.54 m, is made of perspex, consists of the pylon limb and
hollow rectangular piers with thickness 0.03 m and outer section 700 mmx310 mm, as shown in figure
1.

For the target of this paper, one pier of the model is fixed in a rectangular tank with a dimension of 2
mx3 mx2 m, and submerged in water with depth of 1.5 meter. The hydrodynamic pressure sensors are
fixed at seven heights along the vertical central line of upstream face of the pier as shown in figure 1.
The hydrodynamic pressures are measured from all sensors from E1 and E2 inputs with peak
acceleration 0.265g and 0.51g respectively in longitudinal and vertical directions, and transverse and
vertical directions.
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Figure 1. Details of the model pier; all dimensions are in millimeters.

Figure 2 shows the tank on shaking table and details of the table. Some wave absorbing stuff are put on
the four lateral walls to reduce reflected wave.
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Figures 2. The tank on shaking table (left) and the details of shaking table (right).

4. The Preliminary Results from the Test
The recording at each point during each input is a time history, since the input motion is acceleration
time history. As an example, figure 3 shows a set of recordings in kpa at the 7 points in total water depth
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1.5 m from inputs E1 and E2 in transverse and vertical directions. In the figure, the recordings in the left
column are from EI input while those in the right are from E2 input, those in each row are recorded at a
point of P1 to P7 from top to bottom at the different submerged depths. One can see from the figure that
the hydrodynamic pressures from the both inputs are getting larger with depth obviously.
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Figure 3. Time histories recorded at 7 depths from inputs in transverse and vertical directions.
Totally 28 time histories are recorded at the 7 points respectively from the two level inputs in two bi-
direction combinations. From a preliminary analysis, the absolute maximum amplitudes of the
recordings are listed in table 1. One can see from the table that the hydrodynamic pressures from the
both inputs and in the two bi-direction combinations are all getting larger with submerged depth
obviously.
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Table 1. The maximum amplitudes in kpa of the recordings at the 7 depths from the four inputs.

Input P1 P2 P3 P4 P5 P6 P7
El X+Z 0.422 0.780 1.153 1.522 2.011 2.212 2.503
El1Y+Z 0.523 0.948 1.421 1.834 2.382 2.697 2.882
E2 X+Z 0.831 1.611 2.370 3.002 4.150 4.557 4.740
E2 Y+Z 1.397 2.030 2.360 2.757 4.061 4.579 5.061

The hydrodynamic pressures at the 7 depths, the values in table 1 is multiplied by 0.7 m, the width of
upstream face of the model pier, to get the pressure on the unit depth as the same as those by equation
(1) and equation (2). Then the they are further divided by 1.37, the value of peak factor from random
vibration theory, since the maximum values in table 1 are read from the non-stationary time histories as
shown in figure 3, but those by the equations are the peak values are from simple harmonic excitation.
The the results are shown in figure 4, for the two inputs E1 and E2, respectively. In the figure, the small
gray circles are for the pressures from the test of this paper, the black solid lines connect the mean values
of each depth and the black broken lines are for the corresponding pressures from equation (1) and
equation (2), respectively.
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Figure 4. The hydrodynamic pressures with submerged depth.

The results show that the increasing rate of hydrodynamic pressure with submerged depth is larger than
that for the formula in our existing design guidelines, but smaller than that by Westergaard.

5. Conclusion

In order to improve the formula of hydrodynamic pressure in our design guidelines for highway bridges,
the distribution of hydrodynamic pressure with submerged depth in water is studied by means of a
shaking table model test in this paper. The model is designed and built for a pier of cable-stayed bridge
submerged in 1.5 m water with a scale of 1/50. Two sets of motions, for E1 and E2 levels are input in
two bi-directions, transverse and vertical, and longitudinal and vertical. The preliminary results of the
test show that the hydrodynamic pressure is getting larger with submerged depth obviously, and the
increasing rate is larger than that for the formula in our existing design guidelines, but smaller than that
by Westergaard.
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