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ABSTRACT 

 

The temperature of the rubber has an influence on the performance degradation of rubber bridge bearings, since thermal 

oxidation is one of the important deterioration factors for rubber. To evaluate the long-term aging of rubber bridge bearings 

accurately, it is important to understand the temperature of rubber bridge bearings in an installation environment. In this study, 

to understand the solar radiation effect on long-term performance of rubber bridge bearing, the temperature of the bearing and 

global solar radiation were measured for one year for a bearing installed in outside environments. Based on the measured data, 

an empirical relationship between the internal bearing temperature and solar radiation was obtained. In addition, the long-term 

increase of the equivalent shear stiffness of a rubber bridge bearing was estimated by including solar radiation effect on bearing 

temperature.  

 

INTRODUCTION 

 

Rubber bridge bearings used for a long term show changes in their mechanical properties. Aging of rubber can be caused 

by thermal oxidation, ozone, light, ultraviolet rays, and rainwater. Among these factors, the effect of thermal oxidation is found 

to be especially remarkable in the case of rubber used in bridge bearings. In the long-term performance prediction of rubber 

bridge bearings, the rubber temperature of the bearing is currently assumed to be close to its surrounding ambient temperature 

because rubber bridge bearings are usually in the shadow as they are installed under the superstructure. However, in the actual 

environment, it is found that there are many bearings exposed to solar radiation that causes bearing temperature to increase. 

Therefore, to accurately estimate rubber deterioration, the temperature of the rubber bearing in the installed environment needs 

to be understood. 

In this study, it is aimed to measure the internal temperature, the surface temperature of the rubber bearing, and solar 

radiation at the installation location to evaluate the effect of solar radiation on the temperature of the rubber bearing. First, the 

temperature variation inside the bearing was examined. Next, the relationship between the internal temperature of the rubber 

bearing and the daily total solar radiation on the bearing was examined. In addition, a long-term variation of an equivalent shear 

stiffness of the rubber bearing was estimated in consideration of effect of solar radiation. 

 

MEASUREMENT PROGRAM OF BEARING TEMPERATURE 

 

The dimensions of the bearing, the locations of the temperature measurement points, and the measurement conditions are 

shown in Fig. 1. The specimen is a high dumping rubber (HDR) bearing of 420 mm x 420 mm x 134 mm, manufactured by 

Tokai Rubber Industries, Ltd., which is in the minimum class size produced for the bridge bearing. The bearing has six rubber 

layers with a thickness of 9 mm, end steel plates with a thickness of 32 mm, five inner steel plates with a thickness of 32 mm. It 

is covered with natural rubber (NR) with a thickness of 10 mm. The internal temperature was measured in the 1st, the 4th, and 

the 6th rubber layers by using thermo-couples inserted from the top of the bearing. 

The measurement was carried out on the roof of a four-story building in Nagoya University, Japan. Bearing temperatures 

and solar radiation were measured every ten minutes for one year. Heat insulators were used for the top and the bottom of the 

bearing to prevent the heat transfer. In this study, the bearing side surfaces were fully exposed to solar radiation.  
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TEMPERATURE VARIATION INSIDE BEARING 

 

Temperature distributions in Layer 4 on the center lines along E-W and N-S directions on a sunny day are shown in Figs. 2 

and 3, respectively. In Figs. 2 and 3, five different time instances are shown: (1) the center of bearing becomes the maximum 

temperature, (2) the center of bearing becomes the minimum temperature, (3) ambient temperature becomes the maximum, (4) 

ambient temperature becomes the minimum, and (5) the surface bearing temperature becomes the maximum. As it can be seen 

in Figs. 2 and 3, the surface temperature of the bearing is higher than the internal bearing temperature. This shows that solar 

radiation affects the temperature distribution inside the rubber bearing. However, a large temperature variation inside the 

bearing occurs only within about 20 mm from the bearing surface. Temperature is almost uniform beyond that depth. The 

temperature variation of over 20 mm inner region is only about 2-3˚C. The reason why the temperature variation is almost 

uniform beyond that depth is thought that the heat which the bearing surface received is conducted in an inner steel plate and is 

transferred inside the bearing uniformly. The largest variation in the 20 mm region occurs when the surface reaches the 

maximum temperature as an effect of solar radiation. The maximum temperature difference between the surface and the depth 

of 20 mm is 20˚C. As the bearing has a 10 mm thickness of NR surface rubber, there is about 10 mm of internal rubber 

thickness that experiences a large temperature increase as a result of solar radiation. 

 

 

 

32 

3.2 

9 

Layer 6 

Layer 4 

Layer 1 

10 420 

36.5 
60.9 

97.5 

32 

(a) The dimensions of the bearing 

(b) Plain view 
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(c) Measurement condition 

Fig. 1 Test specimen (unit: mm) 
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Fig. 2 Internal bearing temperature variation along the 
E-W centerline in Layer 4 

Fig.3 Internal bearing temperature variation along the 
N-S centerline in Layer 4 



BEARING TEMPERATURE ESTIMATION 

 

To investigate the effect of solar radiation on long-term performance of rubber bearing, the bearing temperature is one of the 

key parameters. In this study, the internal bearing temperature is estimated based on the temperature measurement results. The 

difference between daily average temperatures of the internal bearing and ambient is caused by the solar radiation of the day. 

By comparing the daily averages of the internal bearing and ambient temperatures, a relationship between the temperature 

difference and daily total radiation on bearing is examined. 

By assuming that internal bearing temperature is uniform in the bearing and SΔQ, where S is daily total radiation on 

bearing surface, and ΔQ is the difference between heat from solar radiation and heat lost by the bearing through convection and 

radiation, S and the temperature difference ΔT are also in a linear relationship, where ΔT is the temperature difference between 

daily average internal bearing and ambient (Paramashanti et al. 2010). Fig. 4 shows the measurement data of S and ΔT. As it 

can be seen in Fig. 4, it is found that S and ΔT appear to have a linear relationship as expected. 

A regression analysis found the following linear function to estimate the temperature difference ΔT between daily average 

internal bearing and ambient temperatures from the daily total radiation on bearing surface S: 

 

 ΔT=0.446S  (1) 

 

Since the daily total global solar radiation and the daily average of ambient temperature of the day can be obtained from the 

database of Japan Meteorological Agency (JMA), and daily total radiation on bearing surface can be calculated for a specific 

location based on geographical information and solar radiation, daily average internal bearing temperature can be estimated 

from Equation (1) for any location. 

 

LONG-TERM PERFORMANCE OF BEARING CONSIDERING SOLAR RADIATION EFFECT 

 

Itoh et al. (2007) proposed the estimation method of long-term performance of HDR bearing. The long-term performance is 

estimated based on the assumption that bearing temperature is constant over the aging time. In the estimation method, material 

degradation of rubber is estimated first based on the given bearing temperature, and stiffness change over aging time is then 

predicted. To investigate the effect of solar radiation on the long-term performance of HDR bearings the yearly average ambient 

temperature and the yearly internal bearing temperature were used to calculate bearing stiffness change. 

Based on the measurement data of this study, the yearly average of measured ambient temperature is 16.9˚C, and the yearly 

average of measured internal bearing temperature is 20.2˚C. By using these temperature values, the change of equivalent shear 

stiffness of an HDR bearing with the size of 420 mm x 420 mm x 134 mm for 100 years can be calculated as shown in Fig. 5. 

As it can be seen in Fig. 5, the use of the yearly average of measured internal bearing temperature results in a larger change of 

equivalent shear stiffness compared to the prediction based on the yearly average of measured ambient temperature. After 

100-year aging time, the equivalent shear stiffness of HDR bearing increases by 19% when the yearly average measured 

ambient temperature is used, while it increases by 22% when the yearly average measured internal bearing temperature is used. 

 

 
Fig. 4 Relationship between daily total radiation on bearing surface 

and difference of internal bearing and ambient 
temperatures 



CONCLUSIONS 

 

In this study, temperature measurements of a bearing were carried out to understand the effect of solar radiation on bearing 

temperature, and a temperature variation in a bearing was shown. Based on the measurement results, an empirical formula to 

estimate internal bearing temperature from the solar radiation was proposed. By using measured bearing temperature, the 

long-term performance of HDR bearing exposed to solar radiation was predicted and compared to the one based on the yearly 

average ambient temperature. The conclusions are summarized as follows: 

 Bearing surface temperatures are significantly higher than the ambient temperature when the surface is exposed to solar 

radiation. The maximum difference from the ambient temperature can be no less than 20˚C. The largest temperature 

variation occurs within 20 mm from the bearing surface. However, the temperature variation inside bearing is limited to 

about 2-3 ̊ C. As the bearing has NR surface rubber with a thickness of 10 mm, there is about 10 mm thickness of internal 

rubber that experiences a large temperature increase because of the solar radiation. 

 From measurement results, the relationship between daily total radiation on bearing surface and the difference in daily 

average temperatures between the internal bearing and ambient was proposed for the bearing used in this study. 

 For the bearing exposed to solar radiation, solar radiation increases bearing temperature, resulting in a faster rate of aging 

of rubber and a larger change of the equivalent shear stiffness of rubber bridge bearing. In a case of bearing exposed to 

solar radiation, the use of yearly avearage internal bearing temperature bearing provides a larger aging effect than the case 

where yearly average ambient temperature is used as bearing temperature. The difference between those two estimations 

for bearing equivalent shear stiffness change after 100 years is about 3%, which is caused by the effect of solar radiation 

for the bearing of this study. 
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Fig. 5 Long-term performance of 420 mm x 420 mm x 134 mm HDR bearing in Nagoya 

 


