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INTRODICTION

The thermal effect caused by temperature difference will affect the safety and
durability of hollow piers significantly. To study the temperature effect of a
hollow pier, we must first study the temperature distribution.

Nowadays, when designing hollow piers, we use half experiential and half
theoretical formulas, which simplifies the three-dimensional temperature field
to be one-dimensional, to simulate the temperature distribution under solar
radiation. However, due to the lack of the basis of measured temperature
value among a one-dimensional theory, the precision of this method is low.
Due to the climate changing randomly, and with uncertainty, the temperature
distribution of a hollow pier is a three-dimensional transient heat conduction
problem with complex boundary conditions. In this case, we require a method
based on developed theory and measured temperature data to simulate the
temperature distribution of a hollow pier.

This paper aims to research the simulation method of temperature distribution
in hollow piers through field temperature distribution monitoring and
numerical simulation. The temperature variation and distribution law of the
pier is analyzed and summarized based on the measured data obtained from
the long-term temperature monitoring system. According to Kehlbeck’s
thermal analytical theory of bridge structures(Kehlbeck, 1983)

, combined with meteorological data, this research modifies the simplified
model proposed by Elbadry and Ghali(Elbadry and Ghali, 1983, 1984).

to make it more applicable to piers. The analytical results of temperature
distribution are compared with those obtained from the long-term
temperature monitoring system and it shows that this method can predict the
temperature distribution of hollow piers accurately.

Experimental Research

The height of the hollow pier is 39.5m,
and the widths of it are 22.3m (lateral)
and 4.8m (longitudinal). The radius of
the round ends are 2.2m, and the
thickness of the wall is 0.5m. The
measured section is in the middle of
the pier. The temperature of each hour

was measured from June 2011 to
February 2013.
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Fig.3. Temperature variation curve of
typical points on Aug.29th (° C)
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Fig.1. Pier section and sensor layout
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Fig.2. Temperatures of sensors’ at 18:00 on Aug.29th (°C)
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et al.,
1983)

Results and Conclusion

The finite element calculation results of typical lines are compared with the
measured data. The variation law of the data is consistent and the error is less
than 5%, which proves the reliability of the simulation method of temperature
distribution.

This paper provides a method for the simulation of temperature
distribution of hollow piers in different geographic locations, different times,

and under different meteorological conditions.
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Fig.5. Curve of calculated and measured value
of outer surface of S point on Aug.29th

Fig.4. Curve of calculated and measured value along the
normal direction of the outer surface of S point at 14:00
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Fig.6. Curve of calculated and measured value
of outer surface of SW point on Aug.29th

Fig.7. Curve of calculated and measured value
of outer surface of SE point on Aug.29th
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theoretical formulas, which simplifies the three-dimensional temperature field
to be one-dimensional, to simulate the temperature distribution under solar
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The height of the hollow pier is 39.5m,
and the width of it is 22.3m (lateral)
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Fig.2. Temperatures of sensors’ at 18:00 on Aug.29th (°C)
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The finite element calculation results of typical lines are compared with the
measured data. The variation law of the data is consistent and the error is less
than 5%, which proves the reliability of the simulation method of temperature
distribution.

This paper provides a method for the simulation of temperature
distribution of hollow piers in different geographic locations, different times,

and under different meteorological conditions.
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Fig.5. Curve of calculated and measured value
of outer surface of S point on Aug.29th

Fig.4. Curve of calculated and measured value along the
normal direction of the outer surface of S point at 14:00
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Fig.7. Curve of calculated and measured value
of outer surface of SE point on Aug.29th




