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Chapter 1 
 

Introduction  
 

Introduction to Thermal Movements 
 
 Bridges expand and contract due to temperature change.  This movement is 
accommodated by bearings and expansion joints or by deformation of the piers and 
abutments with integral construction.  The AASHTO Specifications [1,2] provide simple 
guidelines, which divide the US into two climate (Cold and Mild) zones, but no guidance 
is provided as to what states or regions fall into the two zones.  Metal bridges are 
designed for a minimum bridge temperature of 0oF (-18oC) and  -30oF (-34oC) in the 
mild and cold climate zones, respectively, and AASHTO recommends a maximum bridge 
temperature of 120oF (49oC) in both zones.  AASHTO recommends that concrete 
bridges use a maximum temperature which is +30oF and +35oF (+16.7 and +19.4oC) 
larger than the installation temperature and a minimum bridge temperature which is  -
40oF and -45oF  (-22.2 and -25oC) smaller than the installation temperature in mild and 
cold climates, respectively.  Movements are computed by the equation 
 

∆ = α L ∆T ,                  (1) 
 
where α is the coefficient of thermal expansion, L is the expansion length, and ∆T is the 
difference between the extreme temperature and the installation temperature.  No 
guidance is provided as to how the installation temperature should be defined for steel 
bridges, while concrete bridges effectively ignore the installation temperature issue.  
These AASHTO Specifications are essentially unchanged from those used in the first 
AASHTO Specification developed in the 1920�s.  There is no clear rationale or 
justification for these existing provisions 
 
 These thermal movements are used to design the expansion joints and bearings.  It 
is important that the magnitude and direction of the design movements be predicted with 
reasonable accuracy, since extremely large forces occur if movement is restrained.  These 
forces may lead to severe damage if movements are not properly accommodated through 
joints and bearings or some form of integral construction.  Figure 1 is a photograph of 
typical damage that may occur if proper allowances for this movement are not made.   

 
 If the design movements are larger than truly needed, other problems may occur.  
Bridge engineers commonly use sliding pot bearings for movements larger than ±2.0 
inches (±50 mm) whereas elastomeric bearings could be used if the movements were 
smaller.  Bridge engineers commonly shift from strip seals or compression joints to 
modular expansion joints when the range of movement exceeds 4 or 5 inches (100 to 125 
mm).  If these changes to the joints and bearings are required by overly large design 
movements, significant increases in the initial bridge cost as well as increased 
maintenance costs must be expected.  Integral construction often offers significant 
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advantages in reduced maintenance and improved bridge performance, but the 
acceptability of this practice is often judged based on the expected bridge movements.  
Therefore, improperly estimated bridge movements may also lead to improper or reduced 
use of integral construction.   
 

 
Figure 1.  Photograph  of Typical Damage Caused by Inadequate  

Allowances for  Bridge Movement 
 
Recent Research on Bridge Movements 
 
 Research [3] has addressed the design temperatures for bridge movements.  This 
work was based on field measurements of bridges in England [4,5,6,7] and analytical 
studies [8,9,10,11] of heat flow and bridge movements under extreme temperature 
conditions in the US.  The work [3] showed that bridge movements depend upon average 
bridge temperatures rather than air temperature.  The actual calculation of the bridge 
temperature distribution is quite complex, but two simplified methods (the Emerson 
Method and Kuppa Method) for estimating the average bridge temperature were noted.   
The work [3] focused on steel bridges with concrete decks, and it showed that the 
Emerson Method consistently produced higher maximum average bridge temperatures 
and lower minimum average bridge temperatures than did the Kuppa Method.  The work 
was compared to the limited field measurements.  The comparison showed that the 
Emerson Method provided better estimates of the day to day temperature of steel bridges, 
but the Kuppa Method [3] provided much more accurate estimates of the extreme average 
bridge temperatures needed for determination of the bridge design movements.  The 
Kuppa Method was then combined with historic weather data [12] to develop design maps 
for minimum and maximum average bridge temperatures for steel bridges with concrete 
decks.  Figures 2 and 3 show the maps for the maximum and minimum average bridge 
temperature for the contiguous 48 states, respectively.  These maps were based on 
statistical data from 1157 locations with a target minimum history of 60 years of 
continuous data.  The average history was 70.7 years for the lower 48 states and 68.5 
years for all sites and locations.  These design maps show that steel bridges with concrete 
decks can often be designed for smaller movements than recommended by the present 
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AASHTO provisions [1,2].  Therefore, reduced initial bridge costs and lowered 
maintenance costs are sometimes possible through the selection of more economical and 
maintenance free joint and bearing systems.   A few locations, however, will require 
larger movements than present AASHTO requirements, and thus fewer long term 
problems will be noted if these larger movements are used.   

 
Figure 2.  Proposed Design Map for Extreme Maximum Average Bridge Temperature for 

Steel Bridges with Concrete Decks for Lower 48 States 

 
Figure 3.  Proposed Design Map for Extreme Minimum Average Bridge Temperature for 

Steel Bridges with Concrete Decks for Lower 48 States 
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 In addition to development of these design maps, the statistical variation of the 
day to day temperatures were evaluated and improved recommendations were developed 
for installation temperatures for joints and bearings on steel bridges.  The results of this 
work were then compared to the limited available field measurement data, and the 
comparison suggests that the recommendations compare reasonably well to the measured 
data.  These recommendations are generally believed to be conservative, because they 
neglect the beneficial effects of deformation of the structure due to temperature changes 
and the stiffness of joints and bearings. 
 
Scope of this Research Study 
 
 These earlier recommendations were reviewed by the AASHTO Bridge 
Subcommittees on Steel Bridges (T14) and Joints and Bearings (T2).  These Committees 
felt that the recommendations were an improvement to existing practice, but the 
Committee members wanted to extend these methods to concrete bridges so that 
consistent methods could be used for all bridges.  This study was an funded under the 
NCHRP 20-7 program with the limited goal of extending this past work [3] to concrete 
bridges.  Since this project extends the earlier work, the reader is referred to the earlier 
report [3] for many details of the methods used in the evaluation.  This NCHRP 20-7 
project was divided into five tasks.  These include - 
 

Task 1. Assemble the temperature and weather data needed to establish bridge 
design temperatures for concrete bridges throughout the US.    

 
Task 2. Translate the weather data into estimated maximum and minimum bridge 

temperatures for concrete bridges. 
 
Task 3.  Perform an initial mapping of the high and low bridge temperatures, and 

develop contour maps for concrete bridges. 
 
Task 4.  Evaluate and correct the maps for local anomalies and verify the 

acceptability of the maps through comparison of map data to existing field 
measurements for concrete bridge temperatures.   

 
Task 5.  Correlate the concrete maps with the steel maps and develop consistent 

proposals for specification wording in both Standard Specification and LRFD 
format.  

 
Tasks 1, 2, and 3 utilized basic methods developed and discussed in the earlier report [3], 
and as a result they are only briefly summarized in this report.  Tasks 4 and 5 used 
methods developed in this earlier work, but the differences between steel and concrete 
bridges require a more in depth discussion of this work.  As a result greater discussion of 
Tasks 4 and 5 is included in this report.   
 



 

-      - 5 

Scope of this Report 
 
 This report summarizes the results of this NCHRP 20-7 study.  This first chapter 
introduces the research topic and provides an overview and summary of the past work and 
the issues of concern.  Chapter 2 summarizes the theoretical considerations and simplified 
methods needed to understand and examine thermal movements of concrete bridges.   
Chapter 3 describes the application of these methods to bridges in all locations of the 
United States and the development of the design proposal for concrete bridges.  Extreme 
bridge design temperatures are estimated for all parts of the United States with the data 
from sites selected from the earlier study but with data adapted to concrete bridges.  
Design strategies and installation temperature are also discussed in this chapter.  Chapter 
4 provides verification of these recommendations by comparison to field measurement 
data.  Chapter 5 provides a brief summary and conclusion to this work.  Appendices A 
and B summarize the locations and data used to establish the design recommendations 
presented in this report.  Appendix C contains the proposed wording for changes to the 
AASHTO Standard Specification.  Similar wording is proposed for the AASHTO LRFD 
Specifications in Appendix D.  Appendix E describes some supplemental field 
measurement data obtained by the AASHTO T2 Joints and Bearings Committee to 
further evaluate the design recommendations. 
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Chapter 2 
  

Prediction of Thermal Movements for  Concrete Bridges  
 
Prediction of Bridge Temperature 
 
 Bridge temperatures vary through the bridge cross section as a function of time.  
Temperature calculations are based on radiation, convection, and conduction heat flow, 
and these three mechanisms all contribute to the time dependent cross sectional variation.  
Radiation is the long distance transfer of heat from a hot body to a colder body.  The sun 
heats the bridge during the day, and the bridge transmits radiant heat to the environment 
on cold nights.  Convection is the transfer of heat from a solid (the bridge) to a moving 
air or fluid.  Convection is influenced by the air temperature and is largely driven by the 
wind or by air currents caused by moving traffic.  Convection lowers the extreme high 
temperatures of the bridge during the summer, and the extreme low temperatures during 
the winter.   Radiation and convection contribute to the changes in the bridge surface 
temperature, and they drive the time dependent variations in the body.  Conduction is the 
flow of heat within the body of the bridge.  All solid bodies move toward a equilibrium 
temperature in the absence of outside influences, and conduction heat flow is the process 
by which this equilibrium condition is attained.  Accurate determination of the bridge 
temperature requires consideration of all 3 components of heat flow in addition to other 
information including the cloud cover, air temperature, wind speed, angle of the sun, time 
of day, orientation of the structure with respect to the sun, and geometry and materials of 
the bridge. 
 
 Kuppa Method 
 
 Kuppa [13,14,15] used analytical methods developed and initially verified by others 
[11,12] to perform a heat flow analysis of both steel and concrete bridges in a wide range 
of climates.  Her calculations focused on near extreme events, since these events control 
thermal movement design.  She showed that temperature distribution within the bridge 
varies as a function of time and bridge type.   The average bridge temperature, TAvg, is 
based on equilibrium principles, and is integrated over the bridge cross section.  
Therefore,  

 

TAvg  =   
Σ Ai Ei αi Ti 

Σ Ai Ei αi
       (2) 

 
where i represents the different temperature or material segments (or layers) of the bridge, 
Ai is the cross sectional area of the ith segment, Ei is the elastic modulus of the ith 
segment, αi is the coefficient of thermal expansion of the ith segment, and Ti is the 
temperature of the ith segment.  Kuppa's calculations included all bridge properties as 
well as conduction, convection, and radiation heat transfer.  She considered actual air 
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temperatures, cloud cover, precipitation, and wind velocity, since data was taken from US 
sites where complete climate data was available.   
 
 These calculations indicated that the extreme maximum and minimum average 
bridge temperatures depend upon the four day averages of the high and low air 
temperature, respectively.  That is, the extreme maximum average bridge temperature, 
TAvgMax, depends upon the average high air temperatures for 4 consecutive days in the 
hottest part of the summer, and the extreme minimum average bridge temperature, 
TAvgMin, depends on the average of the low air temperature for 4 consecutive days in the 
coldest part of the winter.  The 4 day averages were the same for both bridge types, but 
different relationships were noted for steel bridges with concrete decks, concrete girder 
bridges and concrete box girder bridges.  The correlation was determined by a regression 
analysis of data obtained from detailed analysis for a number of locations in the US.   
 
 For concrete bridges, her method suggests that  
 

TAvgMax = 
TMaxAir1 + TMaxAir2 + TMaxAir3 + TMaxAir4 

 4     0.953 + 4.6      (oF)   (3a) 

TAvgMin = 
TMinAir1 + TMinAir2 + TMinAir3 + TMinAir4 

 4     1.186 + 17.24     (oF)   (3b) 

 
Slight differences were noted for concrete box girder bridges and bridges with precast 
concrete girders, but these differences are not large enough to warrant separate design 
limits.   
 
 Emerson Method 
 
 Black [16,17] and Emerson [4,5,6,7] also developed empirical methods which permit 
estimation of bridge temperatures.   These methods were based upon a correlation 
between the measured daily minimum average temperature, TAvgMin, of the bridge and 
the mean of the measured night time low and previous day high shade temperatures, 
TShadePrevHigh and TNightLow, for a two day period.  The data was recorded on five 
bridges in Great Britain, and daily temperatures were recorded over several years at each 
bridge site.  Because of the location of the bridges and the short duration of the 
measurements, there was limited extreme temperature data.  That is, extreme bridge 
temperatures are noted over a 50 or 100 year period, and this extreme data was not 
recorded during the short duration monitored at each bridge.  TAvgMin for a given day was 
then correlated to the 2 day average of the night time low and previous day high shade 
temperature through an empirical equation.  This equation for concrete bridges can be 
approximately expressed - 
 

TAvgMin  = 
TMaxAir1 + TMaxAir2 + TMinAir1 + TMinAir2 

 4     1.14 - 3.6    (oC) (4a) 

or 
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TAvgMin  = 
TMaxAir1 + TMaxAir2 + TMinAir1 + TMinAir2 

 4     1.14 - 10.96    (oF). (4b) 

The average minimum bridge temperature occurs early in the morning while the bridge is 
approaching a thermal equilibrium state.  Emerson estimated the average maximum 
bridge temperature by adding a temperature range to the minimum value for that day.   
She observed that the maximum daily range of the average bridge temperature depended 
upon the type of bridge, season of the year, and the cloud cover.  Table 1 illustrates these 
maximum temperature ranges for concrete bridges. 

 
Table 1.  Maximum Daily Temperature Ranges for Concrete Bridges 

 
 Daily Temperature Range oF (oC)  

 Clear and Sunny Cloudy, but not 
overcast 

Overcast/ rain, snow 

Winter 5.4   (3) 1.8   (1.) 0   (0) 
Spring/Autumn 10.8  (6) 5.4  (3) 1.8   (1) 

Summer 10.8  (6) 7.2   (4) 3.6  (2) 
 

 The Emerson method is based upon air temperatures in the shade rather than 
normal weather station data or normal air temperatures.  The shade air temperatures are 
measured under a bridge in a sheltered location, and as a result shade temperatures have 
less extreme variations than the normal air temperature.  Therefore, the use of air 
temperature always overestimates the magnitude of bridge movements by the Emerson 
method.  
 
 The largest possible daily temperature range occurs for clear, summer days and 
the maximum average bridge temperature also occurs on similar days.  Therefore the 
maximum average bridge temperature, TAvgMax, for composite bridges can be 
conservatively estimated by Equation 5 where TAvgMin is determined by Equation 4.   

 
TAvgMax = TAvgMin  + 10.8    (oF)   (5a) 

TAvgMax = TAvgMin  + 6    (oC)   (5b) 
  

The estimate is conservative because it assumes that the largest range and highest 
temperature occur on the same day.  The Emerson data and analysis focused on these 
average days rather than extreme temperature data, and the method is best suited for 
intermediate moderate temperatures rather than extreme bridge temperatures which 
control thermal movement design.  As a result, the estimate is normally quite 
conservative in estimating extreme temperatures as will be noted in later discussion.     
 
Selection of Locations for Evaluation of Bridge Temperatures 
 
 The Emerson and Kuppa models were used to estimate the extreme average 
bridge temperatures expected for concrete bridges throughout the United States.  A 



 

-      - 9 

computer based weather database, Climate Data [12], provided the input data for this 
analysis.  Daily high and low temperatures, precipitation, and information for more than 
10,000 weather stations throughout the US including Alaska and Hawaii are included in 
this computer database.  Some locations have more than 100 years of continuous daily 
data, but other stations were moved to different sites in the same vicinity during the 
period of interest.  Therefore the data from  several files had to be combined for these 
later locations. 
 
 The goals of this research first required consideration of the largest number of 
locations possible, since many locations are needed to consider local variations in each 
state and geographical region.   In addition, the data files must have a long period of 
continuous data to be statistically relevant compared to the life of the bridge.  There is no 
uniform agreement as to the design bridge life in the US, but it is clear that 50 to 100 
years contains the normal range of interest.  Therefore, a minimum 60 year continuous 
temperature history was selected as the target minimum for this investigation, since this 
time period is a relevant length of time that was attainable with the existing data. 
 
 The tens of thousands of Climate Data [12] files were examined with the goal of 
selecting data files which satisfy the two different requirements in the previous study 
[3,18].  During this earlier work, the files were also examined for potential data errors, for 
gaps in the data, and other inconsistencies.   A total of 1273 stations were selected to 
cover the US including Alaska and Hawaii.  Most of these sites clearly satisfied the 
criteria of having 60 years of continuous data with acceptable accuracy, and these stations 
are listed in Appendix A.  However, 116 of these locations were selected to provide 
additional information for several states with more limited data.  These sites were chosen 
because of inadequate coverage of the maps in some sparsely populated areas, and a 
minimum continuous history of 40 years were required for these additional locations.  
The average length of the time considered in the temperature analysis was 70.7 years for 
the basic 1157 sites, and 68.5 years for all data including the supplemental data.  This 
duration is significant compared to the expected life of bridges in the US and extreme 
design values obtained from this data are clearly relevant to bridges in this country.   
 
Prediction of Bridge Temperatures for All Parts of US 
 
 The 1273 locations were then evaluated to determine TAvgMax and TAvgMin by 
both the Kuppa and Emerson methods.  Each file was scanned to determine the historic 
high and low air temperatures.  Upon locating the day, month and year of the historic high 
and low temperatures, the daily temperature record for a period from 5 days prior to the 
extreme and 5 days after the extreme were isolated as a window for further analysis.  
Within each window, the averages required by the Kuppa and Emerson methods were 
computed sequentially for each day until the extreme estimated bridge temperatures were 
obtained for concrete bridges.    
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Figure 4.  Extreme Minimum Average Bridge Temperature for Concrete Bridges by the 
Emerson Method 

 

 
 

Figure 5.  Extreme Minimum Average Bridge Temperature for Concrete Bridges by the 
Kuppa Method 
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Figure 6.  Extreme Maximum Average Bridge Temperature for Concrete Bridges by the 
Emerson Method 

 

 
 

Figure 7.  Extreme Maximum Average Bridge Temperature for Concrete Bridges by the 
Kuppa Method 
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 The MapInfo computer program [19] then was used for mapping this data, since 
the program permitted rapid changes and adjustments to examine the effect of different 
parameters on bridge temperatures.     Figures 4 and 5 show color coded maps for the 
extreme minimum average temperatures for concrete bridges in  the continental 48 states 
by the Emerson and Kuppa Models, respectively.  These maps are plotted in 10 degree 
increments, since there is very large variation in minimum average temperatures 
throughout the US.  Figures 6 and 7 show the extreme maximum average bridge 
temperatures for concrete bridges in the 48 states by the Emerson and Kuppa methods, 
respectively.  The maximum average temperature maps are plotted in 5 degree 
increments, since there is significantly less variation in maximum bridge temperature for 
different parts of the US than there is for minimum average temperatures.   Comparison 
of Figures 4, 5, 6, and 7 show that there are consistent trends in average bridge 
temperatures in both models for both high and low temperatures.  Locations which have 
extremely high or extremely low temperatures by the Emerson model also have the same 
extremes by the Kuppa Model.  The two models trace each other well throughout the 
United States.  However, the Emerson method is consistently conservative in predicting 
extreme low temperatures.   That is, the Emerson model predicts lower minimum extreme 
temperatures than the Kuppa model.  The difference is typically in the order of 8 to 10 
degrees in the Fahrenheit scale.  The Kuppa method commonly predicts maximum 
extreme temperatures which are higher than those predicted by the Emerson Method, but 
the difference is more commonly in the order of 3 to 5 degrees Fahrenheit.  The 
compensating effects of the Kuppa and Emerson Models indicate that the range of 
temperature variation or the total design movement are similar by the two methods.   
 
 The bridge temperatures for Alaska and Hawaii were computed but are not 
displayed in maps in this report.  Alaska has relatively wide variations of temperature, but 
the maps are sparse because large regions of the interior of Alaska have inadequate 
temperature data. Hawaii is dominated by coastal effects and elevation.  Elevation is 
important only in that there are some relatively high mountains (in excess of 10,000 feet 
or 3,000 m) in the islands.  This data shows that there is no need to provide maps for 
Hawaii.   A conservative approach for Hawaii could utilize fixed values for the entire 
region, or as a more accurate and less conservative alternative an equation based upon 
elevation could be employed.  The relative trends noted for the Kuppa and Emerson 
Methods for the contiguous 48 states are also noted for the Hawaii and Alaska data. 
 
 Earlier work[3] developed similar maps for steel bridges with concrete decks.  
Both methods show that steel bridges with concrete decks are expected to have larger 
movements than concrete bridges, but both methods show that the difference is much 
smaller than suggested by existing AASHTO Specifications [1,2].  Both methods suggest 
that concrete bridges in many locations in the US should have larger thermal movements 
than considered by the AASHTO Specifications.  At the same time, there is little 
evidence of significant damage to concrete bridges with the present design practice.  It 
should be noted however, the concrete bridges are also designed for movements due to 
creep and shrinkage, and the combination of the creep and shrinkage effects with the 
thermal movements will likely combine to reduce any damage potential.  The 
combination of the maps of Figs. 4, 5, 6 and 7 with the maps developed in the previous 
study [3] are rational in that these bridge temperatures are based upon rational estimates 
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including the actual weather data for regions throughout the US, the actual geometry of 
real bridges, and the best available data on field measurements of bridges.  This 
rationality makes them attractive compared to the existing AASHTO limits which were 
developed on intuitive estimates more than 70 years ago.  Both methods clearly show that 
bridges may be designed more economically for smaller movements in some parts of the 
country, but other parts of the US clearly will require consideration of somewhat larger 
design movements. The predictions provided by these calculations are still conservative, 
since they neglect the effect of restraint of movement due to resistance of bearings as well 
as normal deflections of piers and abutments.   
 
Factors Affecting Bridge Design Temperatures 
 
 The Emerson and Kuppa data were analyzed [18] in detail to determine the factors 
which affect the bridge design temperatures for both steel and concrete bridges in 
addition to the local weather data.  Bridge design temperatures are strongly affected by 
the elevation, the latitude, and the proximity of the location to the coast.  Both the 
Emerson and Kuppa methods predict less extreme temperatures (lower maximum average 
bridge temperatures and higher minimum average bridge temperatures) for both steel and 
concrete bridges located near the coast.  The opposite trend is noted for interior locations.  
Locations at more northerly latitudes and higher elevations tend to have lower maximum 
and minimum extreme average bridge temperatures for both models and both bridge 
types.  These trends were examined [18,3] in great detail to determine if they could be 
employed in design equations.  While the trends are clear, there are clearly no methods or 
equations for easily translating these trends into design.  Under these circumstances it was 
determined that contour mapping was the most rational method of translating these trends 
into a design aid.  All factors are consistently considered with a contour map, although 
the factors cause local anomalies in each map as can be seen in Figs. 4, 5, 6, and 7.  The 
development of the contour maps and the evaluation of these local anomalies are 
addressed in the next chapter. 
 
Selection of the Best Model for Bridge Design 
 
 The Emerson method is consistently conservative compared to the Kuppa method.  
That is, it predicts a somewhat larger movement range for both concrete bridges and steel 
bridges with composite decks.  Both models produce similar temperature predictions, but 
it is important to have the best, most rational estimate for use in bridge design.  It is 
important the design temperatures produce safe, serviceable bridges, but it is equally 
important that the design temperatures not be overly conservative.  The two models were 
analyzed and evaluated in some detail, and ultimately it was determined that the Emerson 
model is overly conservative, and the Kuppa model is reasonable for extreme bridge 
temperatures.  It should be recalled that the overall temperature range of the Emerson 
model is approximately 10 oF to 15 oF larger than the temperature range predicted by the 
Kuppa model for both bridge types.  There are a number of reasons for determining that 
the Kuppa model is the proper model for use in bridge design. 
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1.  The Emerson model is based upon the use of shade temperatures rather 
than normal air temperatures used in this study.  Past work by Emerson 
shows that the air temperatures are more extreme than the shade 
temperatures, and as a result the use of air temperatures overestimates 
the extreme bridge temperature.  This average overestimate is in the 
range of 1 oF or 2 oF for concrete bridges.  Thus, it is a contributing 
factor, but it is clearly not the major factor in this determination.   

 
2. The Emerson method utilized the approximation that the maximum 

bridge temperature occurred on the same day as the maximum bridge 
temperature range was noted.  This invariably results in a conservative 
estimate of the design temperature range, but the degree of the 
conservative cannot be determined without more information 
regarding the weather conditions during that period. 

 

 
Figure 8.  Comparison of Daily Measured Bridge Temperatures to Shade Temperatures 

Used to Establish Emerson Method 
 
3. The Emerson method is focused on normal day to day temperatures 

rather than extreme design temperatures.  In Fig. 8, the measured daily 
average minimum bridge temperature of a concrete bridge is plotted as 
a function of the average shade temperatures for the same bridge.  A 
statistical evaluation of the data is performed and there is a strong 
correlation between the two measurements during normal conditions, 
and this correlation provides the basis of equations noted earlier.  
However, the actual correlation is an s-shaped curve as shown in the 
figure rather than a straight line as assumed in the predictive model.  



 

-      - 15 

The linear correlation is dominated by average conditions, since very 
little extreme data is available.  Figure 8 shows that the few extreme 
measurements recorded by Emerson are less extreme that predicted by 
the linear regression model.  Figure 8 shows that the maximum 
extreme bridge temperatures are always lower than the linear 
correlation line, and the minimum extreme bridge temperatures are 
always higher than that suggested by the correlation.  This difference is 
quite large and accounts for the largest part of the conservatism noted 
in the Emerson method.   

 
4. In a more positive light, the Kuppa model was developed for extreme 

temperatures rather than average conditions, and was developed based 
upon detailed analysis of bridges under US climates.  The difference 
between the Kuppa and Emerson models are largely explained by the 
inherent conservatism of the Emerson formulation. 

 
5.  The Kuppa method is based primarily upon calculated results, but there 

is limited experimental data [13] which indicates good correlation 
between the calculations and field observations.  

 
 Based on this discussion, the Kuppa model was used to establish proposed design 
criteria for both concrete bridges and steel bridges with concrete decks.  The design 
criteria for steel bridges with concrete decks are described in the earlier report [3], but the 
criteria for concrete bridges is developed in the next chapter. 
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Chapter 3 
  

Proposed Design Criteria 
 
Design Maps 
 
 Prior discussion has shown that contour maps are the most reasonable and rational 
technique for dealing with the parameters controlling bridge design temperatures.  Both 
the Emerson and Kuppa methods can be used to predict temperatures and movements for 
concrete bridges, but the Emerson method focuses on typical day to day temperature 
conditions and is less reliable for the extreme temperature requirements.  The Kuppa 
method is keyed to the extreme design temperatures, and results in a far better estimate of 
extreme average bridge temperatures.  Therefore, design maps for concrete bridges were 
developed from the Kuppa extreme bridge temperatures.   
 
 Initially, contour lines were drawn precisely to the data provided in Figs. 5 and 7.  
Similar maps were also drawn for Alaska, although the original color coded map is not 
included in this report.  The contours were drawn for 10oF increments for minimum 
average bridge temperatures and for 5oF increments for maximum average bridge 
temperatures.  The maximum average bridge temperature used smaller increments 
because there is less variation in the maximum temperatures than in the minimum 
temperatures.  The initial drafts of the contour maps were accurate to the data, but they 
were not directly useful for design.  They were too complex and cluttered, because some 
contours were around a single point or a small group of points.  As a result, these maps 
were reworked and simplified to provide more practical and useful design maps.  This 
simplification procedure was the same general procedure as used for steel bridges in an 
earlier study [3] and used to develop Figs. 2 and 3.  However, the maps for concrete 
bridges were drawn slightly less conservatively than were the maps for the steel bridges.  
There are two rational reasons for using reduced conservativism for concrete bridges as 
opposed to that used for steel bridges.  First, the design maps generally showed that steel 
bridges could be designed for smaller movements than required by the present AASHTO 
[1.2] provisions, while the maps for concrete bridges more frequently require slightly 
larger movements than required by present AASHTO provisions.  Further, there have 
been few problems reported with thermal movements with concrete bridges, and so it is 
difficult to justify large changes in their design.  Second, concrete bridges are also 
designed for creep and shrinkage movements, and these added movements permit the 
bridge to deal with the greater uncertainty in the thermal movements. 
 
 As was previously done for steel bridges, each individual cluster or contour of the 
concrete bridge map was examined in detail.  The maps are generally conservative 
estimates of the design temperatures, but excessive conservatism is not desirable.  In 
some cases, individual contours or clusters were eliminated, because the data inside the 
contour was only slightly outside the norm for the region surrounding the contour.  The 
restraint provided by even the most reliable joints and bearings will reduce thermal 
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movements by a movement equivalent to several degrees of temperature change, and so 
this reserve readily permits these small changes.   
 
 In other cases the data inside the cluster was clearly justified, and small contours 
were conservatively joined to form a coherent region, since it is unrealistic to expect that 
pockets of more severe conditions would be isolated to the given region.  Local 
geography and typography were considered in this evaluation, since locations with similar 
elevation and proximity to the coast have similar bridge temperatures.  Small individual 
contours which shared similar geographic characteristics were more likely to be grouped 
that those that did not.   

 
 These corrections ultimately led to the proposed design maps.  The proposed 
design map for extreme low average bridge temperature and extreme high average bridge 
temperatures for concrete bridges in the lower 48 states are provided in Figures 9 and 10.  
Despite the conservatism present in the design maps, comparison of Figs. 9 and 10 shows 
that only the north central regions of the US have a temperature range as large as the 
present AASHTO cold climate region for concrete bridges.  However, concrete bridges 
located in the north central portion of the US sometimes have a significantly larger range 
of thermal movements than required in the present AASHTO provisions.  Most of the 
southern tier of the US have a design temperature range which is smaller than the present 
AASHTO mild climate requirements.  Many other locations have smaller movements 
than presently required by the present AASHTO Cold Climate condition for concrete 
bridges.     
 

 
Figure 9.  Proposed Design Map for Extreme Minimum Average Bridge Temperature for 

Concrete Bridges for Lower 48 States 
 
 The maximum and minimum average bridge temperatures directly translate into 
maximum and minimum design temperatures, TMaxDesign and TMinDesign.  To determine 
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these design temperatures for a given location, the engineer should find the location of the 
bridge on these maps, and then select the maximum and minimum average bridge 
temperatures for that location.  The selection can be conservatively made to the most 
conservative adjacent contour for that location or interpolation can be employed.  For the 
most conservative selection, the temperature should be the higher adjacent temperature 
for the high temperature value and the lower adjacent temperature for the low 
temperature.  The engineer should consider whether the contour represents a local high or 
low point in the mapping surface.  For example, for a concrete bridge in southeast corner 
of Georgia by the most conservative method, TMaxDesign should be should be +105oF and 

TMinDesign should be +30oF.  A bridge in northwest corner of Minnesota should have a 

TMaxDesign of +110oF and a TMinDesign of -30oF.  A more accurate and less conservative 
method for determining the maximum and minimum design temperatures is to interpolate 
between adjacent contours.  By the interpolation method, a concrete bridge in Harrisburg, 
PA, could rationally be designed for a TMaxDesign of approximately 103oF and a 

TMinDesign of 4oF. 

 
Figure 10.  Proposed Design Map for Extreme Maximum Average Bridge Temperature 

for Concrete Bridges for Lower 48 States 
 
 Comparison of Figs 9 and 10 with Figs. 2 and 3 shows that the recommendations 
require significantly larger thermal movements for steel bridges with concrete decks than 
for concrete bridges, but the difference is significantly less than recommended in the 
present AASHTO provisions.  On general, the maximum average bridge temperature is 
5oF to 7oF higher for steel bridges than for concrete bridges.  The minimum average 
bridge temperature for steel bridges with concrete decks is 8oF to 12oF lower than the 
minimum average temperature for concrete bridges. 
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Figure 11.  Proposed Design Map for Extreme Minimum Average Bridge Temperature 

for Concrete Bridges in Alaska 

 
Figure 12.  Proposed Design Map for Extreme Maximum Average Bridge Temperature 

for Concrete Bridges in Alaska 
 
 Figures 11 and 12 provide the proposed design maps for Alaska.  In general, 
Alaska has larger design movement requirements than present AASHTO cold climate 
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requirements for concrete bridges for most of the state.  Further, the maps provide 
information only for the more populated regions of Alaska, since there is inadequate 
thermal data for the interior regions of Alaska to establish reliable design requirements.   
 

Maps are not provided for Hawaii, because there is very little variation in extreme 
bridge temperature in that state.  All variations in Hawaii can be attributed to changes in 
elevation.  Quite high elevations are possible in Hawaii, but very little is lost by 
employing conservative estimates throughout the state since few bridges are located at the 
highest elevations.  Therefore, a maximum design temperature of 100oF (37.8oC) and a 
minimum design temperature of 40oF (4.4oC) are recommended for Hawaii, since these 
are conservative for concrete bridges in all parts of that state.  
 
Statistical Variation of Bridge Temperatures 
 
 The discussion to this point has focused on the extreme bridge temperatures for 
thermal movement design.  However, it is logical to ask how frequently these extreme 
temperatures are achieved and how long they are maintained, since these factors also 
affect design.  A more detailed analysis of the day to day variation of average bridge 
temperatures was performed for fifty of the 1273 locations considered in this study.  The 
fifty sites were selected - 
 

- to have at least one site in each state,  
- to cover the full range of temperature variation throughout the US,  
- and to include all types of urban and rural locations with a significant temperature 

history.   
 

The daily minimum and maximum bridge temperatures were estimated by both the 
Kuppa and Emerson methods for each day of the full history for both steel and concrete 
bridges at each of these fifty locations.  The daily high and low temperatures were then 
accumulated into a histogram for each site and the histograms were statistically analyzed 
to determine the general characteristics of the temperature variations.  Figures 13, 14 and 
15 are three histograms developed for steel bridges with concrete decks from this detailed 
analysis.  Figure 13 is a histogram for Glasgow, Montana which is clearly one of the 
coldest locations in the continental lower 48 states.  Figure 14 is a histogram for Boston, 
Massachusetts, which is an intermediate temperature region.  Figure 15 is the histogram 
for Pasadena, California which is one of the mildest locations considered in this study.   
 
 Figure 16 shows the histogram for concrete bridges in Pasadena.  Comparison of 
Figs. 15 and 16 shows that the characteristics of the daily temperature variation are 
similar in both steel and concrete bridges.  Concrete bridges have a smaller range of 
variation of the bridge temperatures largely because of their larger thermal mass, but the 
statistical characteristics of the temperature variations are similar for the two bridge types.  
Comparison of the temperature characteristics for all climate conditions show a number 
of similar attributes. First, there is clearly a statistical variation in the day to day 
temperatures, but the results are skewed more toward the higher end of the temperature 
range.  The extreme temperatures are marked in all three curves, and it can be seen that 
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the extreme temperatures are only rarely achieved at all locations.  However, the extreme 
low temperature is far more rare than the extreme high temperatures for all locations.  
The bottom 10% to 15% of the temperature range is typically penetrated only about one 
day out of every 10 years.   This seldom penetrated low temperature range is larger in the 
cold regions than in the mild regions, because the overall temperature range is larger for 
these colder sites.   
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Figure 13.  Histogram of the Daily Temperature for Steel Bridges with Concrete Decks in 
Glasgow, Montana 
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Figure 18.  Histogram of the Daily Temperature for Steel Bridges with Concrete 
Decks in Boston, Massachusetts 
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Figure 15.  Histogram of the Daily Temperature Variation for Steel Bridges with 

Concrete Decks in Pasadena, California 



 

-      - 23 

0

500

1000

1500

2000

20 40 60 80 100 120

Temperature (Degrees 

Extreme
Minimum

Extreme 
Maximum

 
Figure 16.  Histogram of Daily Temperature Variation for Concrete Bridges in Pasadena, 

California 
 
 While there is very large variations in the extreme low temperatures for these 
locations, the variations in the extreme high temperatures of the bridge are not that large.  
The mean temperature is also in the upper half of the temperature range.  Examination of 
histograms from locations in all 50 states shows that the mean temperature typically is at 
the 60% to 65% point of the temperature range.  The standard deviation of both the daily 
high and low bridge temperatures tend to be in the range of 13% to 16% of the total 
temperature range.  This suggests that the bridge temperature will remain in a band that is 
approximately 26% to 32% of total temperature range for approximately 60% of the time.  
The bridge should remain within a temperature range of 52% to 64% of the total range 
approximately 90% of the life of the bridge.  These factors have considerable impact 
upon the probable installation temperature, since the girder installation is likely to occur 
within this central temperature range.   
 
Installation Temperature and Design Movements 
 
 Installation temperature is presently not directly considered by the present 
AASHTO Standard Specifications [1] for concrete bridges, since an implied installation 
temperature is included in the recommended design temperature limits.  There is no 
rational reason for ignoring the installation temperature for concrete bridges, nor is there 
any rational reason behind the present provision.  The statistical variation in bridge 
temperatures provides a rational basis for estimating bridge installation temperatures.  
Further, installation temperatures are somewhat different for bearings and expansion 
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joints.  As a result, installation temperatures for bearings and expansion joints are 
discussed separately.  
 
 Design Movements of Bearings 
 
 Two strategies for installation temperature are proposed for bridge bearings.  For 
mechanical bearings, bearings have been historically designed for an approximate mean 
intermediate temperature, and an offset chart is provided to adjust the bearing alignment 
to account for the temperature at installation.  This procedure has worked reasonably well 
and there is little reason to change this practice.  It must be noted however that the 
consequences of inadequate movement capacity for a mechanical bearing are quite 
severe, since serious damage may occur if a mechanical bearing tips over or rolls off its 
support.   The offset table provides substantial protection against this catastrophic event, 
but there is inherent uncertainty in the construction and installation process.  A 20oF 
hedge is recommended to account for this uncertainty.  Therefore, for these types of 
bearings it is recommended that the installation temperature be 
 

  TInstall =  TMinDesign  + 
TMaxDesign -TMinDesign

2          (6a) 

 
the design movements, ∆, should be 
 

 ∆ = + α L (
TMaxDesign -TMinDesign

2    + 20oF)    (6b) 

 
where L is expansion length between the fixed support and movable bridge bearing, 
TMaxDesign is the maximum design temperature, and TMinDesign is the minimum design 
temperature.   The bearing must then be offset by an amount  
 

 Increment ∆ =  α L 5oF      (6c) 
 
for each 5 degree increment that the air temperature deviates from TInstall.  While this 
technique is primarily intended for mechanical bearings, it could also be used for PTFE 
and other low friction sliding surfaces or other bearings which can be easily offset during 
erection.   
 
 Offset charts are not effective for the installation of elastomeric bearings, since 
they can not be easily deformed to achieve the offset deformation.  To address this issue, 
the temperature data for 50 locations in the US was analyzed in much greater detail as 
noted earlier.  The daily high and low average bridge temperatures were estimated for the 
entire 60+ year history of each of the 50 locations and were statistically analyzed.  Figures 
13, 14, 15 and 16 are typical histograms of the data for these locations.  All curves have 
some similar attributes as noted earlier.  While there is clearly a statistical variation in 
bridge temperature, the mean temperature is in the upper half of the temperature range.  
This mean temperature is clearly the most probable installation temperature, since more 
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days are closer to the mean than closer to the extremes.  Further, construction is much 
more likely to proceed during hot summer days than during cold winter nights.  Thus, the 
most probably installation temperature should be at approximately 60% to 70% of the 
temperature range above the minimum temperature.  The bottom 10% to 15% of the 
temperature is typically penetrated only very rarely, and erection is unlikely during 
darkness during the winter months.  As a result, the proposed installation temperature for 
all bridge types is  
 

TInstall = TMinDesign + 0.65* (TMaxDesign -TMinDesign)   (7a) 
 
and the design movement. ∆, is 
 

 ∆ = + α L 0.65* (TMaxDesign -TMinDesign) .    (7b) 
 
 There is still considerable uncertainty as to the true installation temperature, and it 
is necessary to consider how this uncertainty will impact bridge performance.  The 
translational movement capacity of elastomeric bearings is controlled by the 50% strain 
limit (or rubber thickness must be two times to maximum movement).  This clearly 
means that the greatest risk to the bearing is that the girders and bearings will be installed 
on the very hottest days of the historic record.  The probability of this is small (in the 
order of one in 25,000).  However, even if this occurs the maximum strain in the 
elastomer will be less than 77% on the coldest day in the life of the bridge.  Further, it 
will be at this extreme strain only once in 60+ years.   The decision to install the girder on 
the very hottest days and the very lowest historic bridge temperatures are independent 
events, and so the probability that this extreme strain will be achieved is clearly very low.  
When the very low probability of occurrence of these extreme strains is considered, the 
larger strain is quite tolerable.  Present strain limits are based upon fatigue tests [20] 
performed at the University of Washington.  In these past tests, elastomeric bearings were 
cycled to more than 25,000 cycles of shear strains in excess of 70%.  This larger strain 
limit was rejected as a design limit, because the edge of the bearing tends to roll over at 
these large strains, and significantly greater cracking of the rubber was noted after 25,000 
cycles.   However, a few cycles of these larger strains are clearly tolerable with no 
damage. Further, much larger strains are invariably employed with seismic base isolation 
bearings.  Therefore, girders must subsequently be lifted if the actual girder temperature 
at installation exceeds  
 

{TMinDesign + 0.9 * (TMaxDesign -TMinDesign)}  
 
or is less than  

{TMinDesign + 0.25* (TMaxDesign -TMinDesign)}.   
 
The girder temperature of steel bridges at the time of installation may be taken as the air 
temperature at the time of setting.  The girder temperature of concrete bridges at the time 
of installation may be taken as the average of the daytime high air temperature and the 
previous night low air temperature.  The exceedance of the high temperature is possible 
for steel bridges, since construction is commonly completed in the summer, but the lower 
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limit is an extremely unlikely event for either bridge type.  This lifting operation will 
allow the elastomer to recover to an intermediate strain condition, and reduce the 
maximum strains to much more normal values.   
 
 This procedure permits the elastomeric bearing to be designed for an intermediate 
installation temperature and perform well without lifting the girders or adjusting the 
position.  Elastomeric bearings are very forgiving as are elastomeric bearings.  However, 
many bridge components are not so forgiving.  Thus, while the proposed design 
movements are  
 

-0.65*(TMaxDesign -TMinDesign) * α * L  
and  

+0.35*(TMaxDesign -TMinDesign)* α * L,  
 

larger movements are required between structural elements with hard contact.  Examples 
of this type of contact would be contact the girders with the abutment backwall, end 
contact of the length of slotted holes with anchor bolts, or other similar condition.  It is 
proposed that the design movement for these �hard contact� elements be at least 150% of 
that noted above to account for the uncertainties in the installation temperature.  No 
adjustments are required if these larger hard contact limits are maintained. 
 
 Design Movements of Expansion Joints 
 
 Expansion joints are normally installed after the girders are in place and after the 
concrete deck and abutments have been formed and placed.  The positive and negative 
movements required of the expansion joint are determined by the formwork for concrete 
placement and the average bridge temperature when the formwork is completed.  The 
average bridge temperature at the time the formwork is placed controls the gap for the 
expansion joint.  The actual expansion joint system is compressed to fit the gap at the 
time and temperature at installation.   It is recommended that the installation temperature 
of the joint, TInstall, be defined by  
 

TInstall =   
TMaxAir +TMinAir

2         (8a) 

 
where TMaxAir is the maximum daily air temperature for the previous day, and TMinAir is 
the minimum night time air temperature for the morning of the day that the joint gap is 
defined.  There is still some uncertainty in the actual installation temperature, but this 
uncertainty is limited by the daily temperature range of the bridge.  It is therefore 
recommended that the expansion joint be designed for the total movement, ∆, where 
 

 Total Movement ∆ = + α L (TMaxDesign - TMinDesign + 30) ,  (oF) (8b) 
 
and where the expansion gap is  
 

 Expansion Gap ∆ = + α L (TMaxDesign - TInstall + 15) .  (oF) (8c) 
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Chapter 4 
  

Verification of Design Proposals 
 
Verification Requirements 
 
 Chapter 3 provided design recommendations for thermal movements.  These 
recommendations have considerable impact on bridge design, but they are based upon 
simplified theoretical calculations.  The underlying theories were checked in some past 
field measurements [6,11,13,15], and very good correlation between measured field 
behavior and computed behavior was noted.  The simplifications to the theories have 
been calibrated to the more complex theoretical calculations.  In this chapter, field data is 
also compared to the recommendations so that the recommendations can be fully 
accepted and adopted by bridge engineers. 
 
 For this comparison, measurements of temperatures and thermal movements are 
compared to the design recommendations and design models for bridges in different parts 
of the US for both winter and summer conditions.  Chapter 2 has shown that temperature 
varies over the cross section of the bridge, and so temperatures must be measured at 
different locations on each bridge and averaged over the bridge cross section to 
accomplish this comparison. The measurements should ideally include approximately one 
week of winter and one week of summer data at each site.  The bridges need not be 
continuously monitored, but measurements should be made at intervals throughout each 
day, since this is adequate to estimate the extreme daily temperatures.  The field 
information must then be combined with the analytical research and the design maps and 
recommendations described earlier in this report.   
 
Observations Based on Past Practice 
 
 One important observation in validating the design recommendations is the 
general observations as to how the recommendations fit with the experience of bridge 
engineers and the past performance noted in bridges throughout the US.  Past research [3] 

has shown that the recommendations for steel bridges results in significant changes in 
thermal movement design for steel bridges. The recommendations for steel bridges will 
clarify the role of the installation temperature, and they will eliminate the present 
ambiguity of the cold and mild climate designations.  Somewhat larger bridge design 
movements are required in a few north central parts of the US, but smaller thermal design 
movements are possible in most other parts of the country.  The recommended changes to 
the thermal movement requirements for concrete bridges are relatively modest.  
Comparison of Figures 9 and 10 with existing AASHTO Provisions shows that the total 
temperature range for concrete bridges is very similar to the present AASHTO Mild and 
Cold Climate requirements for concrete bridges for most of the US.  The interior northern 
part of the US including Illinois, Wisconsin, Minnesota, North Dakota, South Dakota, 
Montana, Wyoming, Nebraska and Iowa are the only regions where significant changes in 
the temperature range can be noted.  Within, this region the recommendations result in 
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somewhat larger ranges of thermal movement than the present AASHTO provisions.  In 
many cases, the recommended temperature range is approximately 10oF larger than the 
present AASHTO provisions, but in the extreme case the recommended temperature 
range for concrete bridges is nearly 70oF larger than the AASHTO recommendations.  
There have not been a large number of problems reported with bridge thermal 
movements, and so it is logical to ask whether the recommendations are consistent with 
behavior observed by bridge engineers.  As a result, a brief survey of bridge engineers in 
this critical region was completed.  The survey showed that many of the bridge engineers 
within this region already recognized that the thermal movements for concrete bridges 
were larger than those predicted by AASHTO, and these engineers were already using 
much larger design movements for concrete bridges within their state.   
 
 Minnesota DOT will be most substantially affected by these revised 
recommendations, and an engineer from this organization [21] provided the strongest 
evidence for increasing design thermal movements for concrete bridges in that region.  
This engineer measured the relative distance between the bridge superstructure and the 
abutment for extreme winter and summer conditions for a concrete box girder bridge, a 
precast concrete girder bridge, and a four span continuous steel girder bridge.  The 
concrete bridge measurements were taken on February 11, 1981, and July 20, 1982.  The 
steel bridge measurements were taken for January 16, 1982, and July 20, 1982.  
Summertime measurements were taken when the air temperature was near 90oF for all 
three bridge sites.  The wintertime measurements were taken when the air temperature 
was approximately -20oF.  The days preceding the steel bridge measurements had -60oF 
wind chill factors, and the days preceding the winter measurements of the concrete 
bridges were cold but somewhat milder than that noted for the steel bridge.  These 
observations show that the measurements were taken at near extreme temperatures for the 
climate, but certainly not at the extreme temperatures.  The change in bridge expansion 
between the winter and summer data can be used to estimate a temperature range through 
application of Eq. 1 of this report.  The application of Eq. 1 with this measured data 
shows that, 
 

∆T =  
∆meas
α Lexp

                 (9) 

 
where ∆meas is the measured change in deflection of the bridge, α is the coefficient of 
thermal expansion of the bridge, and Lexp is the bridge length over which the expansion 
and contraction occurs.  The change in temperature range, ∆T, was determined from these 
measured displacements.  Design temperature ranges were determined from Figs 2 and 3 
for the steel bridge and from Figs. 9 and 10 for the two concrete bridges and comparisons 
are tabulated in Table 2. 
 
 The tabulation shows that the measured temperature range compared well with the 
temperature range recommended by the design maps for both concrete bridges and steel 
bridges with concrete decks.  The temperatures were not extreme at the time of the 
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measurements, but were near extreme conditions.  Table 2 shows that the measured 
temperature range is approaching the design temperature range, but is well within the 
design range.  The measured ranges for the concrete bridges greatly exceed present 
AASHTO temperature recommendations. The relative proximity of the measured design 
movement to the extreme design limits is similar, since the weather was similar for all 
bridge types.   This data provides substantial support for the recommended changes in the 
design procedure. 
 

Table 2. Comparison of Design Recommendations to Minnesota Data 
 

 
Bridge Type 

Temperature Range, ∆T, 
Inferred from Displacement 

Measurements 

Temperature Range 
Predicted by Design Map of 

this Report 
Steel Girder Bridge with 

Concrete Deck 138oF 147oF 

Precast Concrete Girder 
Bridge 110oF 130oF 

Concrete Box Girder Bridge 107oF 130oF 
 
Field Measurement Data 
 
 Field measurements are costly and time consuming, and there are virtually no 
existing field measurements specifically for thermal movements in bridges in the US.  As 
a result, existing data obtained for other purposes from bridges at different locations in 
the US were examined to provide a correlation between the design recommendations and 
the field data.  In general, the existing measurements were secondary measurements made 
during a study that was not focused on the thermal movement problem.  However, this 
existing data can still be used as a check of the recommendations from this study.   
 

University of Wyoming Study (Ref 22) 
 
  One very useful comparison between past field measurements and the design 
recommendations for steel bridges with concrete decks was provided from data reported 
by Croft, Puckett, and Dolan [22].  In this study, 7 steel girder bridges in Wyoming were 
measured for bridge temperatures and movements.  The data from this study was 
relatively complete, because the study was started because of movement damage noted on 
sharply skew and curved bridges in Wyoming, but bridge geometry was the primary focus 
of the study.  The temperatures and movements were measured at several locations of 
each bridge, and at several different times and dates at each location.  The average bridge 
temperature was obtained by integration of the measured temperatures over the cross 
section of the bridge, since the average bridge temperature controls movement.  Thus, 
detailed evaluation of the bridge geometry and design drawings was required for each 
bridge and temperature record to translate the measured data into the average value.  
Design drawings and other information about the geometry and location of the bridges 
were obtained from the Wyoming DOT.  The integration is a slightly conservative 
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evaluation, since it overestimates the extreme high temperature of the bridge and 
underestimates the extreme low temperatures of the bridge.  
 
 Wind River Bridge 
 
 The Wind River bridge is a sharply skew (approx. 60o) bridge located in DuBois, 
Wyoming, with 3 continuous spans of approximately 437 feet total length.  Temperatures 
were measured various times at 16 locations of the bridge from the evening of August 17, 
1993 through early morning of August 20, 1993.  Figure 17 shows a comparison of the 
measured average bridge temperatures as compared to the high temperature predicted by 
the simplified models used in this study with weather conditions noted on those dates and 
the extreme design limit is provided by the proposed design map in Fig. 2.  The averages 
were computed by consideration of all measured data and the bridge geometry.  Late 
August is normally a relatively hot summer month, but during this period weather was 
overcast and air temperatures and bridge temperatures were well below the extreme limits 
for this month in this region.  The diamonds in this plot indicate the average bridge 
temperatures derived from the measured data.  The solid squares with the connecting line 
define the maximum design temperature based on Fig. 2, and the solid triangles with 
connecting lines define the upper limit on the bridge temperature as defined by the Kuppa 
model for the weather conditions during the period of the field measurements.  The figure 
clearly shows that the bridge temperature varies during the course of the day, but the 
design model accurately estimates the upper limits.  The Kuppa model provides a 
reasonable estimate of the maximum bridge temperature for these specific weather 
conditions.   

0

20

40

60

80

100

120

0 20 40 60 80 100

Time (Hours from 12:01 AM the 17th)

Average Bridge Temperature
Extreme High Temperature for Region

High Temp by Model for Weather Conditions

Extreme Temperature By Design Graph

Maximum Bridge Temperatures Predicted by 
Model for Given Weather Conditions

 
Figure 17. Measured Bridge Temperatures for Wind River Bridge and Comparison to 

Design Models 
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 Casper Creek Bridge 
 
 The Casper Creek bridge carries Alternate US Routes 20 and 26 over Casper 
Creek in Casper, Wyoming.  The bridge has 10 steel girders with a sharp skew 
(approximately 40o), and the 3 continuous spans have a total length of approximately 148 
feet.  Measurements were taken from the afternoon of July 28, 1993 through morning of 
July 30, 1993.  The weather was quite hot during these days and this data provides a 
comparison of hot summertime weather to the design maps.  Temperatures were 
measured at various times at 4 locations of the bridge for whole period but at 16 locations 
for one day of the time period.  Figure 18 shows a comparison of the measured average 
bridge temperatures as compared the high temperature predicted by the simplified models 
used in this study with weather conditions noted on those dates and the extreme design 
limit provided by the proposed design map in Fig. 2.  The diamonds, squares and 
triangles again have the same meaning as illustrated in Fig. 17.  Comparison of these data 
points again show that the Kuppa model again provides a good envelop for the maximum 
average bridge temperature, and the design limit is well above the daily maximum values 
as should be expected on a hot day which is below record temperatures.  The bridge 
temperature again varies during the day, because of variation of the position of the sun 
and air temperature.   
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Figure 18. Measured Bridge Temperatures for Casper Creek Bridge and Comparison to 

Design Models 
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 Other Wyoming Bridges 
 
 In addition,  
 

� the Burlington Northern Railroad Overpass, in Gillette, at the Wyoming-Montana 
State Line,  

� the Laramie Union Pacific Railroad Bridge, in Laramie, Wyoming,  
� Herrick lane separation over Interstate 80 in Laramie, Wyoming, 
� the Casper Street, Mills Spur east overpass over the C&NR railroad in Casper, 

Wyoming,  
� and the Curtis Street Bridge over the Laramie River in Laramie, Wyoming    

 
were included in this study.   Analyses were completed for all the data for all of these 
bridges.  In general, the correlation obtained for these other bridges were similar to that 
noted for Figs. 17 and 18 and as a result they are not repeated here.  The Laramie Union 
Pacific Railroad Bridge provided some of the potentially most useful data, because it 
included wintertime and summertime measurements.  There is a clear shortage of winter 
data, but the winter data for this bridge was not useful in evaluating the design 
recommendations, because there were clear and obvious discrepancies in the data.  
Among the more obvious discrepancies, it was noted that the air temperature reported for 
the bridge site varied approximately 20oF from the temperatures reported by the US 
Weather Service for that location.  The design model is based upon US Weather data and 
as a consequence this discrepancy would not provide a rational check of the procedures 
used in this report.   

 
New Jersey DOT Study (Refs 23, 24, 25, and 26) 

 
 During the early 1970's, the New Jersey DOT performed automatic monitoring of 
two simple span steel girder bridges with composite decks.  Data was recorded at two-
hour intervals from December 28, 1972, through December 28, 1973.  Temperatures and 
displacements were measured at numerous locations on each bridge.  This data was 
recorded 25 years ago and was documented differently than the University of Wyoming 
data.  Therefore, comparisons must be made differently for this data than for that included 
in Figs 17 and 18.   The comparison again used a weighted average of the monthly 
extreme thermocouple measurements to estimate extreme average bridge temperatures for 
each month and these are compared to the design limits for the two bridges in Figs. 19 
and 20.  The weighting procedure used for these two bridges produces a more 
conservative temperature estimate than for the bridges in the Wyoming study, because it 
is also assumed that extreme temperatures reported in the study all occurred at the same 
instant at all locations.  This assumption is incorrect, and it adds to the conservatism in 
the measured estimates.  That is, the maximum average bridge temperature estimated 
from this data always is larger than the true average bridge temperature, and the minimum 
average bridge temperature always is smaller than the true value.  The estimated 
temperatures are well within the band defined by the design maps for the entire year, but 
they are clearly approaching the design limits during summer and winter extremes.  This 
further verifies the reliability of the design model. 
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Figure 19.  Comparison of Measured Bridge Temperatures to Design Limits for Bridge 1 

 
Figure 20.  Comparison of Measured Bridge Temperatures to Design Limits for Bridge 5 

 
New York DOT (Ref 30) 
  

 New York DOT performed a limited series of temperature measurements on a 
curved steel girder bridge during the period August 31, 1994, through September 2, 1994.  
Temperatures were measured at a very limited number of locations at the top of the 
concrete deck and in the steel girders.  Average maximum bridge temperatures were 
estimated for the bridge as 86oF from the measured data for this period, and the Kuppa 
model predicted a maximum average bridge temperature of 86.2oF from the weather data 
for that location for this period.  The design map indicates a maximum design 
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temperature of 109oF for this region.  This comparison suggests very good correlation 
between the design recommendations, the analytical methods used to establish these 
recommendations, and the measured behavior. 

 
Louisiana State University Study (Ref 33) 
 

  Pentas, Avent, Gopu, and Rebello [23] measured temperatures and movements at 
expansion joints on several segments of the US 190 crossing of the Atchafalaya River at 
Krotz Springs, Louisiana.  This is a multi-span bridge with a number of expansion 
segments.  One single span segment is a steel girder with a concrete slab.  The other 3 
segments are multiple span prestressed concrete girders.    The goal of this research 
appears to be directed toward a better understanding of the design and behavior of 
expansion joints.  Thus, the thermal movements and temperatures were important but of 
secondary interest to the global project.   The temperature data was not adequately 
documented to fully evaluate the proposed design recommendations.  Measurements were 
taken intermittently for approximately one day per month through late 1987, 1988, and 
part of 1989.  The elongation and contraction could then be used to infer a design 
temperature range by methods similar to those noted in the Minnesota DOT work.  
However, the researchers did not separate the effects of the steel span from the concrete 
span in the temperature evaluation.  Nevertheless, the maximum temperature range noted 
for any part of the bridge was 70oF and the maximum range when it is applied to entire 
bridge length was approximately 55oF.  These again compare very well with the Kuppa 
model and the design recommendations, since the maximum range for steel bridges with 
concrete decks is 100oF and a range of approximately 80oF would be obtained if the 
Kuppa method were used to develop design maps for the concrete alternative.  The 
proposed methods appear to be both conservative and accurate based on this data. 
 
Measurements Provided by AASHTO T2 Committee 
 

A final comparison between design models and recommendations and field 
measurements was made with the aid of data provided by members of the AASHTO T2 
Technical Committee for Bearings and Expansion Devices.  State bridge engineers from 
this committee monitored the movements and temperatures of 41 bridges in Colorado, 
Illinois, Iowa, Kentucky, Maine, Missouri, Montana, New Jersey, North Carolina, and 
Pennsylvania during the hottest and coldest periods of 1999 through 2001.  More detailed 
information on the types of bridge, location of bridges, and the measured data is provided 
in Appendix E.  The appendix summarizes the data and provides identifiers for each 
bridge used in this chapter.   

 
Evaluation of Design Recommendations 
 
Temperatures were measured at the bridge girders and at the top and bottom of the 

bridge deck on a hot summer afternoon and a cold winter morning.  In addition, the gap at 
movable joints was measured to estimate total range of bridge movement between winter 
and summer for this time period.  The measurements included steel girders with concrete 
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decks, steel and concrete box girders, prestressed concrete girders and several other 
bridge types.  The high and low average bridge temperature for each bridge was estimated 
from this measured data through application of Eq. 2.  The state bridge engineers 
provided drawings of each bridge to aid in application of this equation.  Table 3 
summarizes data from 35 of these bridges.  Six bridges were excluded from the table.  
One of the excluded bridges was from Kentucky and 5 were from Pennsylvania.  Some of 
the excluded bridges were truss bridges and these bridges are not covered by the proposed 
design recommendations.  However, others were excluded, because of incomplete 
information on the bridge or the measurement data.  In particular, the drawings of several 
of the excluded bridges were more than 60 years old.  The drawings had been 
photographed and copied several times, and it was not possible to read some dimensions 
that are required for the averaging process from those older drawings. As a result, these 6 
bridges were excluded from all comparisons that follow. � A number of the bridges in 
Table 3 have wintertime data only.  The wintertime only data does not provide the full 
desired information, but this data is still useful, because of the general shortage of winter 
data. 
 

The extreme temperatures were always well within the design temperature range.  
In no case, did any of bridge measured temperatures come closer than 11oF (6.1oC) of the 
design limit, and this proximity was very rare.  This measured temperature range was 
always smaller than the existing AASHTO recommendations for a mild climate for all 
steel bridges in all locations, but the measurements for concrete bridges were commonly 
larger that the existing AASHTO temperature ranges.  The measured temperature range 
was always between 40% and 60% of the proposed design temperature range for all 
bridge types.  At first glance, this may suggest that the recommended design limits are 
overly conservative, but Fig. 21 shows that that clearly is not the case.  The design 
temperature limits are based upon the extreme bridge temperatures that will occur only 
once in a 60-year period.  The measurements were typically completed over a 6-month 
period, and a normal statistical distribution as illustrated in Fig. 21 indicates that the 
expected maximum variation for 6 months of measurement data is 69% of the variation 
expected over a 60-year period.  In addition, the notes provided in Appendix E show that 
many of the measurements were not accumulated on the very hottest or coldest days 
expected for that region during the 6 month period.  Therefore, the 40% and 60% 
variation is quite appropriate as compared to the 69% maximum expected range.  It does 
not appear that the recommendations are too conservative when these field measurements 
are considered.  At the same time, the measured temperature range exceeded the present 
AASHTO recommended temperature range for several concrete bridges during this six-
month period.  This provides further definitive evidence that the present AASHTO design 
limits underestimate the thermal design movements for this bridge type. 
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Table 3.  Summary of Field Measurements 

Bridge 
Identification 

see Appendix E 

Measured 
High Temp. 

oF 
(oC) 

Measured  
Low Temp.  

oF 
(oC) 

Recommended 
High Temp  

oF 
(oC) 

Recommended 
Low Temp.  

oF  
(oC) 

Notes 

CO-1 88.4 oF 
(31.3oC) 

39 oF 
(3.9 oC) 

118 oF 
(47.8 oC) 

-20 oF 
(-28.9 oC) 

 

CO-2 90.4 oF  
(32.4 oC)  

42.4 oF 
(5.8 oC) 

110 oF 
(43.3 oC) 

-20 oF 
(-28.9 oC) 

 

CO-3 94.8 oF  
(34.9 oC ) 

40.1 oF  
(4.5 oC) 

118 oF  
(47.8 oC) 

-20 oF 
(-28.9 oC) 

 

CO-4 90.4 oF  
(32.5 oC ) 

40 oF  
(4.5 oC) 

110 oF  
(43.3 oC) 

-20 oF 
(-28.9 oC) 

 

IL-1 90 oF  
(32.2 oC ) 

41.8 oF  
(5.5 oC) 

110 oF  
(43.3 oC) 

0 oF  
(-17.8 oC) 

 

IL-2 85.4 oF  
(29.7 oC) 

11 oF  
(-11.7 oC) 

115 oF  
(46.1 oC) 

-5 oF  
(-20.6 oC) 

 

IL-3 86.3 oF  
(30.2 oC) 

16 oF  
(-8.9 oC) 

115 oF  
(46.1 oC) 

-5 oF  
(-20.6 oC) 

 

IL-4 83.1 
(28.4 oC) 

19 oF  
(-7.2 oC) 

110 oF  
(43.3 oC) 

0 oF  
(-17.8 oC) 

 

IL-5 88.6 oF  
(31.5 oC) 

33 oF  
(0.6 oC) 

115 oF  
(46.1 oC) 

-5 oF  
(-20.6 oC) 

 

IL-6 85.7 oF  
(29.8 oC) 

22 oF  
(-5.6 oC) 

110 oF  
(43.3 oC) 

0 oF  
(-17.8 oC) 

 

IA-1 ---- 9.8 oF  
(-12.3 oC) 

120 oF  
(48.9 oC) 

-20 oF  
(-28.9 oC) 

Winter only 

IA-2 ---- 6 oF  
(-14.4 oC) 

110 oF  
(43.3 oC) 

-10 oF  
(-23.3 oC) 

Winter only 

KY-1 95.7 oF 
(35.4 oC) 

37.6 oF  
(3.1 oC) 

112 oF  
(44.4 oC) 

-10 oF  
(-23.3 oC) 

 

KY-2 93.8 oF  
(34.4 oC) 

37.8 oF  
(3.2 oC) 

105 oF  
(40.6 oC) 

-28 oF  
(-33.3 oC) 

 

ME-1 ---- 18 oF  105 oF  -23 oF  Winter only 
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(-7.8 oC) (40.6 oC) (-30.6 oC) 
ME-2 ---- 16.3 oF   

(-8.8 oC) 
105 oF  

(40.6 oC) 
-23 oF  

(-30.6 oC) 

Winter only 

ME-3 ---- 13.1 oF  
(-10.5 oC) 

105 oF  
(40.6 oC) 

-23 oF  
(-30.6 oC) 

Winter only 

ME-4 ---- 34.3 oF  
(1.3 oC) 

105 oF  
(40.6 oC) 

-23 oF  
(-30.6 oC) 

Winter only 

ME-5 ---- 16.5 oF  
(-8.6 oC) 

105 oF  
(40.6 oC) 

-23 oF  
(-30.6 oC) 

Winter only 

MO-1 ---- 41.8 oF  
(5.4 oC) 

119 oF  
(48.3 oC) 

-10 oF  
(-23.3 oC) 

Winter only 

MO-2 ---- 31.4 oF  
(-0.3 oC) 

119 oF  
(48.3 oC) 

-10 oF  
(-23.3 oC) 

Winter only 

MO-3 ---- 37.7 oF  
(3.2 oC) 

119 oF  
(48.3 oC) 

-10 oF  
(-23.3 oC) 

Winter only 

MO-4 ---- 36.4 oF  
(2.4 oC) 

113 oF  
(45 oC) 

0 oF  
(-17.8 oC) 

Winter only 

MO-5 ---- 44 oF  
(6.7 oC) 

113 oF  
(45 oC) 

0 oF  
(-17.8 oC) 

Winter only 

MT-1 65.7 oF  
(18.7 oC) 

17.6 oF  
(-8 oC) 

110 oF  
(43.3 oC) 

-40 oF  
(-40 oC) 

 

MT-2 65.9 oF 
(18.8 oC) 

16.3 oF  
(-8.7 oC) 

105 oF  
(40.6 oC) 

-40 oF  
(-40 oC) 

 

NJ-1 ---- 34.7 oF 
(1.5 oC) 

100 oF  
(37.8 oC) 

8 oF  
(-13.3 oC) 

Winter only 

NJ-2 ---- 35 oF  
(1.6 oC) 

108 oF  
(42.2 oC) 

0 oF  
(-17.8 oC) 

Winter only 

NC-1 95 oF  
(35 oC) 

40.5 oF  
(4.7 oC) 

110 oF  
(43.3 oC) 

25 oF  
(-3.9 oC) 

 

NC-2 98.6 oF  
(37 oC) 

33.9 oF  
(1 oC) 

110 oF  
(43.3 oC) 

15 oF  
(-9.4 oC) 

 

PA-1 83.5 oF 
(28.6 oC) 

16.7 oF  
(-8.5 oC) 

105 oF  
(40.6 oC) 

-15 oF  
(-26.1 oC) 

 

PA-2 84.4 oF  24.6 oF  105 oF  -15 oF   
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(29.1 oC) (-4.1 oC) (40.6 oC) (-26.1 oC) 
PA-3 78.3 oF 

(25.7 oC) 
15.5 oF  

(-9.2 oC) 
100 oF  

(37.8 oC) 
-10 oF  

(-23.3 oC) 

 

PA-4 76.2 oF  
(24.6 oC) 

43 oF  
(6.1 oC) 

105 oF  
(40.6 oC) 

0 oF  
(-17.8 oC) 

 

PA-5 76.2 oF  
(24.5 oC) 

45 oF  
(6.7 oC) 

105 oF  
(40.6 oC) 

0 oF  
(-17.8 oC) 

 

 

 
Figure 21.  Statistical Variation in Bridge Temperatures 

 
Validity of the Kuppa Model 
 
The Kuppa model was used for establishing the design recommendations included 

in this report.  This model was developed for predicting the extreme maximum and 
minimum average bridge temperatures (rather than the day to day bridge temperatures) 
based upon the long term weather data.  The T2 committee data is not sufficient to 
provide an accurate evaluation of the Kuppa model, because - 

 
• long term temperature data is not available at the bridge site, and 
• the measured conditions are not quite extreme conditions as shown in Fig. 21 and 

prior discussion.  
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However, longer term data was often available for locations within 20 miles of the bridge 
site, and this can be used to provide approximate verification of the model as shown in 
Figs. 22 and 23.   
 

Figure 22 shows the temperature predicted by the Kuppa model divided by the 
measured average bridge temperature for summertime measurements.   The bridges are 
identified by state.  The variation is generally less than approximately 5%, and the 
variation is slightly greater for concrete bridges than for steel bridges.  Figure 23 shows 
the difference between the high and low temperature for the Kuppa model and the 
measured average bridge temperatures.  The hollow squares are steel bridges and the solid 
squares are concrete bridges.  The bridges are again identified by state.  The scatter is 
larger in the low temperature estimates than for the high temperature estimates shown in 
Fig. 22.  This should be expected because there is much wider variation in low 
temperatures than in high temperatures as noted in the discussion of Chapters 2 and 3.  It 
should be recalled that the temperature range for the Kuppa model is based on 
temperature data recorded at a site near but not at the bridge site.  The variation is smaller 
for the steel bridges than for the concrete bridges.  Some winter time data is not included 
in this table, because the bridge measurements were made during 2001, and the required 
wintertime weather data for this period is not yet available.  These comparisons show that 
the Kuppa model is a good indicator of the extreme average bridge temperatures for both 
winter and summer conditions. 

 
Figure 22.  Approximate Comparison of the Measured Maximum Average Bridge 

Temperature with the Predicted Maximum Average Bridge Temperature from Kuppa 
Model and Data from a Nearby Site 
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Figure 23.  Approximate Comparison of the Measured Minimum Average Bridge 

Temperature with the Predicted Minimum Average Bridge Temperature from Kuppa 
Model and Data from a Nearby Site 

 
Evaluation of Bridge Temperatures Based Upon Measured Movements 

 
 Displacements were measured for the 35 bridges listed in Table 2.  Joint 
displacements were measured for each of those bridges, and for the 21 bridges 
with both winter and summer displacement data, the change in bridge expansion 
between the winter and summer data can be used to estimate a temperature 
range through application of Eq. 9 of this report.  These 21 bridges are bridges 
from Colorado, Illinois, Kentucky, Montana, North Carolina, and Pennsylvania.  
Table 4 summarizes the results of the application of Equation 9 and compares 
them to the measured bridge temperature from Table 3.  It can be seen that the 
comparison is very good.  While the application of Eq. 9 is intuitively easy it is 
practically impossible for a number of the 21 bridges.  Most of these difficulties 
center around determination of Lexp.  For a straight, right bridge, Lexp is 
normally the distance between the fixed point of the bridge and the expansion 
joint where deflections were measured on the bridge.   However, many of the 
bridges included in this survey had multiple fixed points, because the bridge 
superstructure was integral or partially integral with the bridge piers.   Under 
these conditions, the thermal expansion is partially taken by the deflection and 
deformation of the bridge piers.   The length, Lexp, is unclear under these 
conditions, and Eq. 9 can not be applied.  In other cases, cases the fixity of the 
multiple span bridge was unclear from the limited drawings provided with the 
bridge data.  Only one of the 4 Colorado bridges are included in this table, 
because CO-3 and CO-4 where fixed at interior piers and Lexp could not be 
determined.  Only two of 6 Illinois bridges (IL-3 and IL-5) are included in Table 
3, because these bridges also were all long multiple span bridges that were 
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nominally "fixed" at more than one interior pier.  In addition, several of the 
measured movements for the Illinois bridges contained thermal movement from 
two different superstructure systems.  KY-2 was excluded from Table 2 because 
this bridge had two internal fixed piers, and the expansion length was unclear 
without information regarding the pier stiffness.  PA-5 and NC-2 were excluded 
for similar reasons.  As would be expected, the measured movement was 
generally much smaller for these excluded bridges than predicted if Lexp were set 
as the length between the centroid of the fixed points and the measured joint.   
This occurs, because the forces and moments needed to deform and deflect the 
internal piers always reduce the magnitude of the bridge movement.   

 
Table 4.  Inferred Temperature Range from Measured Bridge Movements 

Bridge 
Ident. 

Measured 
Movement 

Range 
(inches) 

Bridge 
∆Tmeas oF 
from Table 

2  

Expansion  
Length 
(inches) 

∆Tdisp oF 
as 

Determined 
from Eq. 9 

Ratio of 
∆Tmeas 

to 
∆Tdisp 

CO-2 1.06" 48 oF 4393" 44 oF 0.92 

IL-3 2.50" 70.3 oF 5579" 69 oF 0.98 

IL-4 0.44" 55.6 oF 1176" 58 oF 1.04 

KY-1 0.50" 58.1 oF 1835" 42 oF 0.73 

MT-1 0.55"  48.1 oF 1558" 54 oF 1.12 

MT-2 0.95" 49.6 oF 3540" 49 oF 0.99 

NC-1 0.35" 54.5 oF 1034" 62 oF 1.14 

PA-1 1.88" 66.3 oF 4284" 68 oF 1.03 

PA-2 1.06" 59.8 oF 3636" 53 oF 0.89 

PA-3 0.50" 62.8 oF 1020" 75 oF 1.19 

PA-4 0.31" 33.2 oF 2760" 20 oF 0.60 

 
 
 The ratios provided in Table 4 are all very close to 1.0, and this shows that 
the techniques used to determine average bridge temperature lead to accurate 
estimates of bridge movement as described in Chapter 2.  It should be noted that 
the bridge movements were typically measured to the nearest 1/16th or 1/8th of 
an inch, and this limiting accuracy becomes quite important since the measured 
movements were relatively small.  A 1/16th inch error in the measured 
movement leads to a 13% error in the ratio provided in Table 4, if the total 
movement is approximately 0.5 inches.  Table 4 shows that the average ratio is 
approximately 0.98 for all specimens, and the bridges with variations greater 
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than approximately 5% all had small total bridge movement, and so the 
differences are readily explained by the accuracy of the measurements.  This 
table shows that there is good agreement between the two movement 
predictions.   
 
Final Observations 
 
 This comparison with field measurements has provided good support for the 
proposed design methods and the simplified analytical procedures used to develop these 
methods.  The comparisons with field measurements indicate that the design 
recommendations are conservative, in that no single observed temperature was close to 
the upper or lower design temperatures.  This is appropriate, since Chapter 3 has shown 
that these extreme limits are likely to be achieved no more than about once every ten 
years.  At the same time, they show that the recommendations are not overly conservative 
in that a number of concrete bridges provided measured temperatures and thermal 
movements that exceed the existing AASHTO design recommendations.  Further, the 
measured movements and temperatures appear to be appropriate with the 60+ history 
used for the extreme design temperatures included in the design recommendations.  In 
view of the good correlation between the field data and the observed behavior, proposed 
wording for specification provisions for the adoption of the recommendations in Chapter 
4 are included in the appendices.   Appendix C contains recommendations that can be 
used for the AASHTO Standard Specifications, and Appendix D contains 
recommendations for the AASHTO LRFD Specifications. 
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Chapter 5 
  

Summary and Conclusions 
 
Results of the Research Study 
 
 This report has summarized a study into thermal movements of concrete bridges.  
The work followed the rational developed in an earlier study related to thermal 
movements for steel bridges with concrete decks.  The work was entirely an analytical 
study, which included no experiments or field measurements, but verification of the 
analytical methods was made against existing field measurement data and temperature 
and movement measurements provided by various state bridge engineerings.  Analytical 
methods were examined and evaluated, and two simplified procedures were investigated 
in some detail.  Rational design recommendations were then developed.  A number of 
points are worth emphasizing - 
 

1.  Proposed design maps were developed for concrete bridges, and they 
are provided in Chapter 3.  Comparison of these maps to the maps developed for 
steel bridges with concrete decks in the earlier study [3] showed that concrete 
bridges will generally sustain smaller thermal movements than steel bridges, but 
the difference is not as large as the present AASHTO provision would suggest.   

 
2.  Comparison of the proprosed design maps for concrete bridges with the 

present AASHTO provisions, shows that the proposed maps will result in similar 
thermal design movements for concrete bridges for most of the US, but somewhat 
larger movements will be required in the north central regions of the country.  
Checks with bridge engineers in this region indicate that this larger movement 
potential is already recognized in some states.  Measured average bridge 
temperatures and bridge movements for these concrete bridges exceeded the 
present AASHTO design limits for several bridges. 

 
3.  The installation temperature for the bearing and the expansion joint  

presently require consideration in bridge design.  The variation in bridge 
temperature was analyzed, and rational and economical procedures for dealing 
with bridge temperatures are proposed.  Two methods are proposed for bridge 
bearings and a separate method is proposed for expansion joints.   

 
For mechanical bearings and other bearings that can be installed 

with an offset, the standard offset chart procedures is retained, and a 
proposal for establishing the movement limits and offset chart is discussed 
and included in the recommended provisions.   

 
For elastomeric bearings and other bearings that cannot be installed 

with an offset, an alternate method is proposed.  This alternate method 
utilizes the inherent flexibility and deformability of elastomeric bearings.  
However, lifting the girder to release the strain is recommended if the 
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bearings are installed at an extreme temperature.  However, this will be 
required only for a very small number of bridges.  This requirement can be 
avoided entirely if limited care is employed in the girder installation 
procedure. 

 
For expansion joints, a method analogous to the offset chart 

procedure is proposed.  This method recognizes the movement of an 
expansion joint is largely determined by the temperatures when formwork 
for the concrete deck and abutment are placed, since the gap at that time 
should be appropriate to the temperatures at the same time.    

 
4.  The design recommendations were verified by comparison to field 

measurements on bridges throughout the United States.  The measured bridge data 
always indicated average bridge temperatures that were well within the design 
limits for that region, but at the same time extreme summertime high temperatures 
and extreme wintertime low tempberatures approached the design limits in all 
cases.   

 
5.  In view of the good correlation with observed field behavior. proposed 

wording for modifying the AASHTO Standard Specifications are included in 
Appendix C, and proposals for the AASHTO LRFD Specifications are included in 
Appendix D. 

 
Recommendations 
 

It is believed that the design recommendations are valid and appropriate for use in 
bridges in the US.  Field data has been used to check and verify the design 
recommendations and approximate analytical methods used to derive these 
recommendations.  However, the cost of obtaining field data, limits the available supply 
of this data.  As a result, it is recommended that additional data be accumulated to better 
understand the bridge movement issue. 

 
Further, movements in skew and curved bridges are quite complex.  Further 

analytical work and field observations are needed for the movements in bridges with 
these more complex geometries.   
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Proposed Revisions to the AASHTO Standard Specifications 
 
 
 



 

-      - 61 

General Comments 
 
 This report contains recommendations which may ultimately lead to revisions of 
the AASHTO Specifications.  This appendix contains a first draft of possible changes to 
the AASHTO Standard Specifications, which incorporate recommendations of this report.  
Several parts of the both the design and construction specification may require minor 
revision.  The best locations for inserting all of these requirements are not clear to the 
author. Existing provisions and commentary to the new provision proposals are italicized.   
 
Existing AASHTO Standard Specification Provisions 
 

3.16 THERMAL FORCES 
 
Provision shall be made for stresses or movements resulting from variations in 
temperature.  The rise and fall in temperature shall be fixed for the locality in 
which the structure is to be constructed and shall be computed from an assumed 
temperature at the time of erection.  Due consideration shall be given to the lag 
between air temperature and the interior temperature of massive concrete 
members or structures. 
 
The range of temperature shall generally be as follows: 
 

Metal Structures 
Moderate climate, from 0 to 120oF 
Cold climate, from -30 to 120oF 

 
 

      Temperature Temperature 
Concrete Structures           Rise            Fall 

Moderate Climate...               30oF        40oF 
Cold Climate ..........                35oF                          45oF 

 
 
Proposed Revisions to AASHTO Standard Specification Provisions 
 

3.16 THERMAL FORCES AND MOVEMENTS 
 
Provision shall be made for stresses and movements resulting from variations in 
temperature.  The provisions shall be based upon a maximum design temperature, 
TMaxDesign, a minimum design temperature, TMinDesign, and a design installation 
temperature, TInstall.  The design installation temperature shall depend upon the 
component under consideration and the time of erection. 
 
Temperature Rise = TMaxDesign - TInstall 
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Temperature Fall = TInstall - TMinDesign   
 
Commentary:  Note that the notation has changed to make the various material fit together, but 
this is no change from existing AASHTO.     
 
3.16.1.  Concrete Bridges  
 
For all concrete bridges, TMaxDesign shall be determined from the contours of Fig. 
3.16.1.1 and TMinDesign shall be determined from the contours of Fig. 3.16.1.2.  
The design values for locations between contours shall be determined by linear 
interpolation.  As a alternative method, the largest adjacent contour may be used 
to define TMaxDesign, and the smallest adjacent contour may be used to define 
TMinDesign.  Both the minimum and maximum design temperatures shall be noted 
on the drawings for installation of the girders, expansion joints and bearings. 
 

 
Figure 3.16.1.1.  Contour Maps for Establishing TMaxDesign for Concrete Bridges 
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Figure 3.16.1.2.  Contour Maps for Establishing TMinDesign for Concrete Bridges 

 
Commentary:    The temperatures provided in the above maps are extreme average bridge 
temperatures.  The above maps are developed upon an analysis of past weather data for locations 
throughout the US and consideration of the heat flow through a concrete bridge.   A minimum 60 
year history was used for this analysis, but the average history for the locations used to determine 
the extreme average bridge temperatures is 70.7 years.      
 
 
3.16.2 Steel Girder Bridges with Concrete Decks 
 
For all steel girder bridges including box girders, plate girders and rolled shapes 
with a concrete deck, TMaxDesign shall be determined from the contours of Fig. 
3.16.2.1 and TMinDesign shall be determined from the contours of Fig. 3.16.2.2.  
The design values for locations between contours shall be determined by linear 
interpolation.  As a alternative method, the largest adjacent contour may be used 
to define TMaxDesign, and the smallest adjacent contour may be used to define 
TMinDesign.  Both the minimum and maximum design temperatures shall be noted 
on the drawings for installation of the girders, expansion joints and bearings. 
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Figure 3.16.2.1.  Contour Maps for Establishing TMaxDesign for Steel Bridges with 

Concrete Decks 

 
Figure 3.16.2.2.  Contour Maps for Establishing TMinDesign for Steel Bridges with 

Concrete Decks 
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Commentary:    The temperatures provided in the above maps are extreme average bridge 
temperatures.  The above maps are developed from an analysis of past weather data for locations 
throughout the US and consideration of the heat flow and average temperature as a function of 
time on steel bridges..   A minimum 60 year history was used for this analysis, but the average 
history for the locations used to determine the extreme average bridge temperatures is 70.7 years.      
 
3.16.3 All Other Metal Bridges 
 
For all other metal bridges, TMaxDesign shall be the larger of 120oF or the value  
determined from the contours of Fig. 3.16.2.1 and TMinDesign shall be the lower of 

0oF or the value determined from the contours of Fig. 3.16.2.2.  The design values 
for locations between contours shall be determined by linear interpolation.  Both 
the minimum and maximum design temperatures shall be noted on the drawings 
for installation of the girders, expansion joints and bearings. 
 
3.16.2.1 Installation Temperature and Design Movements for Elastomeric 
Bearings 
 
The design installation temperature for bridges with elastomeric pads and bearings 
shall be defined by  
 

TInstall = TMinDesign + 0.65 * (TMaxDesign -TMinDesign)  (Eq. 3.16.2.1a) 
 
and the design movement for the elastomeric bearing, ∆, shall be  
 

∆ = + α L 0.65* (TMaxDesign -TMinDesign) .   (Eq. 3.16.2.1b) 
 
where L is the expansion length and α is the coefficient of thermal expansion.  
The minimum gap, ∆g, to avoid hard contact between the steel girders and other 
girders, piers, abutments or major structural members shall be 
 

∆g = α L 0.9 * (TMaxDesign -TMinDesign) .   (Eq 3.16.2.18b) 
 
Commentary:  Elastomeric bearings cannot be set in an offset position as can  most other bearing 
systems.  On the other hand, elastomeric bearings are very forgiving of infrequent deformations 
which exceed their nominal deformation capacity.   Other bearing systems do not possess this 
forgiving nature or the reserve deformational capacity.  This provision is based upon statistical 
evaluation of the time and temperature dependent movements of bridge girders, and it is designed 
to permit direct installation of the bridge girders without repositioning the bearings or girders 
after the initial installation and without  resorting to an offset chart.      
 
3.16.2.2 Installation Temperature and Design Movements for Other Bearings 
 
Mechanical bearings, PTFE sliding surfaces, and bearings which may be offset 
during erection shall have a design installation temperature of  
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TInstall = TMinDesign + 0.5 * (TMaxDesign -TMinDesign)  (Eq. 3.16.2.2a) 
 
and the design movement for the  bearing, ∆, and the minimum gap, ∆g, to avoid 
hard contact between the steel girders and other girders, piers, abutments or major 
structural members shall be  
 

∆ = + α L (TMaxDesign -TInstall + 20oF) .    (Eq. 3.16.2.2b) 
 
where L is the expansion length and α is the coefficient of thermal expansion.    
 
Commentary:  An  offset chart for  erection of these  girders and alignment of bearings is required 
with this design method.    
 
3.16.2.3 Installation Temperature and Design Movements for Expansion 
Joints 
 
Expansion joint shall have a design installation temperature of  
 

TInstall =   
TMaxAir +TMinAir

2       (Eq. 3.16.2.3a) 

 
where TMaxAir is the maximum daily air temperature for the previous day, and 
TMinAir is the minimum night time air temperature for the morning of the day that 
the formwork for the joint gap is installed.   The total movement,�, shall be 

 
Total Movement ∆ = α L (TMaxDesign - TMinDesign + 30oF)        (Eq. 3.16.2.3a) 

 
 
where L is the expansion length and α is the coefficient of thermal expansion.  
The placement of the joint shall be then accommodate a temperature rise and fall 
as defined by the maximum and minimum design temperatures and the 
installation temperature. 
   
Commentary:   The installation temperature and the  total movement gap for expansion joints   
depend upon the formwork used for placement of the bridge deck and the approach slab.  
Therefore, the  installation  temperature is based upon the average of the high and low 
temperature on the day preceeding installation of the formwork for the joint.    This still leaves a 
slight uncertainty in the  actual joint placement.   However, the uncertainty is limited by the daily 
temperature variation,  and so the 30oF  margin is used to overcome that uncertainty.   
 
3.16.3 All Other Metallic Bridges 
 
For all other metallic bridges which do not qualify for section 3.16.2,  TMaxDesign 

shall be 120oF, and TMinDesign shall be 0oF for mild climates and -30oF for cold 
climates.  The rise and fall in temperature shall be fixed for the locality in which 
the structure is to be constructed and shall be computed from an assumed 



 

-      - 67 

temperature at the time of erection.  Due consideration shall be given to the lag 
between air temperature and the interior temperature of massive concrete 
members or structures. 
 
Commentary:  Note that the   provisions  for steel truss bridges and other metal structures not 
included in 3.16.2 are not changed from the existing AASHTO.   
 

 
 
 
 

DIVISION II  
CONSTRUCTION 

 
X.XX INSTALLATION OF BRIDGE GIRDERS AND BEARINGS 
 
Bridge girders that are designed by the provisions of 3.16.2 shall be installed to satisfy 
the installation temperature criteria outlined here.  The air temperature at the time of 
placement of the steel girders on the elastomeric bearings shall be recorded and noted 
as the true installation temperature, TTrueInstall.  TTrueInstall  for concrete bridges may 
be taken as the average of the daytime high air temperature and the previous night low 
air temperature for the day of installation.   
 
X.XX.1 Bridges with Elastomeric Bearings 
 
For bridges with elastomeric bearings and movements designed by 3.16.2.2, if 
 

TTrueInstall  > TMinDesign + 0.9 * (TMaxDesign -TMinDesign)  
 

or if  
TTrueInstall < TMinDesign + 0.2 * (TMaxDesign -TMinDesign),  

 
the girders shall be relifted and the elastomeric bearings allowed to relax to there 
neutral position at a later date.  At the time of the relifting the air temperature, 
TAir, shall satisfy the requirement that 
 
 0.4 * (TMaxDesign -TMinDesign) <  
    {TAir - TMinDesign} < 0.7 * (TMaxDesign -TMinDesign) . 
 
Commentary:  The provision looks somewhat  difficult but it is quite easily met.  For girders 
installed on very hot summer days, relifting of the girders will be avoided  if the girders are 
placed only in the early morning.  The low temperature requirement is more easily met, because  
construction is unlikely to proceed during the coldest days at most locations, and the  very low 
temperatures will occur only during the early morning during hours of darkness. Concrete bridges 
are unlikely to be affected by this provision, because TTrueInstall is dependent upon the average 
daily air temperature.  
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X.XX.2 Bridges with Other Bearing Systems 
 
For bridges with other bearings and movements designed by 3.16.2.3, the bearing 
shall be offset by an amount  
 
 Increment ∆ =  α L 5oF        

 
for each 5oF variation of the true installation temperature from the design 
installation temperature.   
 
Commentary:  This is attempting to do what  has always been done with mechanical bearings, PTFE 
sliding surfaces, and other bearing types.  An offset chart is provided by the bridge engineer, and the 
erector offsets the bearing  to account for variation between the true installation  temperature and the 
design installation temperature.   
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Proposed Revisions to the AASHTO LRFD Specifications 
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General Comments 
 
 This appendix contains a first draft of possible changes that may be made to the 
AASHTO LRFD Specification.  These changes would incorporate recommendations of 
this report. Several parts of the specification may require minor revision, since some 
provisions address design issues while others address construction issues.  The best 
locations for inserting these construction requirements is not clear, and the AASHTO 
Committee may have better suggestions. Existing provisions and commentary to the new 
provision proposals are italicized.   
 
Existing AASHTO LRFD Specification Provisions 
 

3.12.2 Uniform Temperature 
 
3.12.2.1  TEMPERATURE RANGES  
 
In the absence of more precise information, the ranges of temperature shall be as 
specified in Table 1.  The difference between the extended lower or upper 
boundary and the base construction temperature assumed in the design shall be 
used to calculate thermal deformation effects.   

 
Table 3.12.2.1-1 – Temperature Ranges 

CLIMATE STEEL OR 
ALUMINUM 

CONCRETE WOOD 

Moderate 0  
o
 to   120  

o
 F 10  

o
 to   80  

o
 F 10  

o
 to   75  

o
 F 

Cold -30  
o
to  120  

o
 F 0  

o
 to   80  

o
 F 0  

o
 to   75  

o
 F 

 
3.12.2.2  SETTING TEMPERATURE 
 
The  setting temperature if the bridge, or any component thereof shall be taken as 
the actual air temperature averaged over the 24 hour period immediately 
preceding the setting event.   

 
 
 
Proposed Revisions to AASHTO LRFD Specification Provisions 
 

3.12.2   Uniform Temperature 
 
3.12.2.1 TEMPERATURE RANGES 
 
The temperature range shall be defined as the difference between the maximum 
design temperature, TMaxDesign, and the minimum design temperature, 
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TMinDesign.  The design movements shall be obtained from based upon the 
maximum temperature rise or temperature fall from the design installation 
temperature, TInstall.  The design installation temperature shall depend upon the 
component under consideration and the time of erection. 
 
Temperature Rise = TMaxDesign - TInstall 
Temperature Fall = TInstall - TMinDesign   
 
Commentary:  Note that the notation has changed to make the various material fit together, but 
this is no change from existing AASHTO.     
 
3.12.2.1.1.  Concrete Bridges  
 
For all concrete bridges, TMaxDesign shall be determined from the contours of Fig. 
3.12.2.1.1.1 and TMinDesign shall be determined from the contours of Fig. 3. 
12.2.1.1.2.  The design values for locations between contours shall be determined 
by linear interpolation.  As a alternative method, the largest adjacent contour may 
be used to define TMaxDesign, and the smallest adjacent contour may be used to 
define TMinDesign.  Both the minimum and maximum design temperatures shall be 
noted on the drawings for installation of the girders, expansion joints and 
bearings. 

 
Figure 3.12.2.1.1.1.  Contour Maps for Establishing TMaxDesign for Concrete Bridges 
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Figure 3.12.2.1.1.2.  Contour Maps for Establishing TMinDesign for Concrete Bridges 

 
Commentary:    The temperatures provided in the above maps are extreme average bridge 
temperatures.  The above maps are based upon an analysis of past weather data for locations 
throughout the US.   A minimum 60 year history was used for this analysis, but the average 
history for the locations used to determine the extreme average bridge temperatures is 70.7 years.      
 
 
3.12.2.1.2 Steel Girder Bridges with Concrete Decks 
 
For all steel girder bridges including box girders, plate girders and rolled shapes 
with a concrete deck, TMaxDesign shall be determined from the contours of Fig. 
3.12.2.1.2.1 and TMinDesign shall be determined from the contours of Fig. 
3.12.2.1.2.2.  The design values for locations between contours shall be 
determined by linear interpolation.  As a alternative method, the largest adjacent 
contour may be used to define TMaxDesign, and the smallest adjacent contour may 
be used to define TMinDesign.  Both the minimum and maximum design 
temperatures shall be noted on the drawings for installation of the girders, 
expansion joints and bearings. 
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Figure 3.12.2.1.2.1.  Contour Maps for Establishing TMaxDesign for Steel Bridges with 

Concrete Decks 

 
Figure 3.12.2.1.2.2.  Contour Maps for Establishing TMinDesign for Steel Bridges with 

Concrete Decks 
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Commentary:    The temperatures provided in the above maps are extreme average bridge 
temperatures.  The above maps are developed from an analysis of past weather data for locations 
throughout the US.   A minimum 60 year history was used for this analysis, but the average 
history for the locations used to determine the extreme average bridge temperatures is 70.7 years.      
 
 
3.12.2.1.3 All Other Metal Bridges 
 
For all other metal bridges, TMaxDesign shall be the larger of 120oF or the value 
determined from the contours of Fig. 3.12.2.1.2.1 and TMinDesign shall be the 

lower of 0oF or the value determined from the contours of Fig. 3.12.2.1.2.2.  The 
design values for locations between contours shall be determined by linear 
interpolation.  Both the minimum and maximum design temperatures shall be 
noted on the drawings for installation of the girders, expansion joints and 
bearings. 
 
3.12.2.1.4 Timber Bridges 
 
For timber bridges, TMaxDesign shall be 75oF and TMinDesign shall be 0oF if the 
bridge location has more than 14 days per year with average temperature below 32 
oF and 10 oF for other locations. 
  

• Installation Temperature and Design Movements 
 
3.12.2.2.1 Elastomeric Bearings 
 
The design installation temperature for bridges with elastomeric pads and bearings 
shall be defined by  
 

TInstall = TMinDesign + 0.65 * (TMaxDesign -TMinDesign) (Eq. 3.12.2.2.1.1) 
 
and the design movement for the elastomeric bearing, ∆, shall be  
 

∆ = + α L 0.65* (TMaxDesign -TMinDesign) .  (Eq. 3. 12.2.2.1.2) 
 
where L is the expansion length and α is the coefficient of thermal expansion.  
The minimum gap, ∆g, to avoid hard contact between the steel girders and other 
girders, piers, abutments or major structural members shall be 
 
∆g = α L 0.9 * (TMaxDesign -TMinDesign) .   (Eq 3. 12.2.2.1.3) 

 
Commentary:  Elastomeric bearings  cannot be set in an offset position as can  most other bearing 
systems.  On the other hand, elastomeric bearings are very forgiving of infrequent deformations 
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which exceed their nominal deformation capacity.   Other bearing systems do not possess this 
forgiving nature or the reserve  deformational capacity.  This provision is  based upon statistical 
evaluation of the time and temperature dependent movements of bridge girders, and it is designed 
to permit direct installation of the bridge girders without repositioning the bearings or girders 
after the initial installation and without  resorting to an offset chart.      
 
3.12.2.2.2  Other Bearings 
 
Mechanical bearings, PTFE sliding surfaces, and bearings which may be offset 
during erection shall have a design installation temperature of  
 

TInstall = TMinDesign + 0.5 * (TMaxDesign -TMinDesign) (Eq. 3.12.2.2.2.1) 
 
and the design movement for the  bearing, ∆, and the minimum gap, ∆g, to avoid 
hard contact between the steel girders and other girders, piers, abutments or major 
structural members shall be  
 

∆ = + α L (TMaxDesign -TInstall + 20oF) .   (Eq. 3. 12.2.2.2.2) 
 
where L is the expansion length and α is the coefficient of thermal expansion.    
 
Commentary:  An  offset chart for  erection of these  girders and alignment of the bearings is 
required with this design method.    
 
3.12.2.2.3 Expansion Joints 
 
Expansion joint shall have a design installation temperature of  
 

TInstall =   
TMaxAir +TMinAir

2       (Eq. 3.12.2.2.3.1) 

 
where TMaxAir is the maximum daily air temperature for the previous day, and 
TMinAir is the minimum night time air temperature for the morning of the day that 
the formwork for the joint gap is installed.   The total movement, ∆, shall be 

 
Total Movement ∆ = α L (TMaxDesign - TMinDesign + 30oF)        (Eq. 3. .12.2.2.3.2) 

 
 
where L is the expansion length and α is the coefficient of thermal expansion.  
The placement of the joint shall be then accommodate a temperature rise and fall 
as defined by the maximum and minimum design temperatures and the 
installation temperature. 
   
Commentary:   The installation temperature and the  total movement gap for expansion joints   
depend upon the formwork used for placement of the bridge deck and the approach slab.  
Therefore, the  installation  temperature is based upon the average of the high and low 
temperature on the day preceeding installation of the formwork for the joint.    This still leaves a 
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slight uncertainty in the  actual joint placement.   However, the uncertainty is limited by the daily 
temperature variation,  and so the 30oF  margin is used to overcome that uncertainty.   

 
 
 
 

DIVISION II  
CONSTRUCTION 

 
X.XX INSTALLATION OF BRIDGE GIRDERS AND BEARINGS 
 
Bridge girders that are designed by the provisions of 3.12.2.2.1 shall be installed to 
satisfy the installation temperature criteria outlined here.  The air temperature at the 
time of placement of the girders on the elastomeric bearings shall be recorded and 
noted as the true installation temperature, TTrueInstall.  TTrueInstall for concrete bridges 
may be taken as the average of the daytime high air temperature and the previous 
night low air temperature for the day of installation. 
 
X.XX.1 Bridges with Elastomeric Bearings 
 
For bridges with elastomeric bearings and movements designed by 3.12.2.2.1, if 
 

TTrueInstall  > TMinDesign + 0.9 * (TMaxDesign -TMinDesign)  
 

or if  
TTrueInstall < TMinDesign + 0.2 * (TMaxDesign -TMinDesign),  

 
the girders shall be relifted and the elastomeric bearings allowed to relax to there 
neutral position at a later date.  At the time of the relifting the air temperature, 
TAir, shall satisfy the requirement that 
 
 0.4 * (TMaxDesign -TMinDesign) <  
    {TAir - TMinDesign} < 0.7 * (TMaxDesign -TMinDesign) . 
 
Commentary:  The provision looks somewhat  difficult but it is quite easily met.  For girders 
installed on very hot summer days, relifting of the girders will be avoided  if the girders are 
placed only in the early morning.  The low temperature requirement is more easily met, because  
construction is unlikely to proceed during the coldest days at most locations, and the  very low 
temperatures will occur only during the early morning during hours of darkness. Concrete bridges 
are unlikely to be affected by this provision, because TTrueInstall is dependent upon the average 
daily air temperature. 
 
X.XX.2 Bridges with Other Bearing Systems 
 
For bridges with other bearings and movements designed by 3.16.2.3, the bearing 
shall be offset by an amount  
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 Increment ∆ =  α L 5oF        

 
for each 5oF variation of the true installation temperature from the design 
installation temperature.   
 
Commentary:  This is attempting to do what  has always been done with mechanical bearings, PTFE 
sliding surfaces, and other bearing types.  An offset chart is provided by the bridge engineer, and the 
erector offsets the bearing  to account for variation between the true installation  temperature and the 
design installation temperature.   
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Summary Information on Bridges Included in the AASHTO T2 
Committee Bridge Temperature Data 
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Figure E-1.   General Information from the Test Data 
 

Identifier State Bridge Location Bridge Type Information 

CO-1 Colorado Bear Creek  Steel girder with concrete deck 
and asphalt overlay 

Hot and cold temperatures are 
not extreme 

CO-2 Colorado Eastbound Walnut Viaduct 
Ramp D 

Prestressed concrete girder Hot and cold temperatures are 
not extreme 

CO -3 Colorado SH 470 Ramp C Steel box girder w/asphalt 
overlay 

Hot and cold temperatures are 
not extreme 

CO-4 Colorado I 25 Ramp E Post-tensioned concrete box 
girder w/ asphalt overlay 

Hot and cold temperatures are 
not extreme 

IL-1 Illinois FAI 408 Illinois River Segmental concrete box w/ 
asphalt overlay 

Not too cold or hot days. 

IL-2 Illinois Il 54 Sangamon River Steel girder with concrete deck  Pretty cold winter day but only 
warm summer day 

IL-3 Illinois Il 29 Sangamon River Steel girder with concrete deck Pretty cold winter day but only 
warm summer day 

IL-4 Illinois Il 48 S. Fork Sangamon River Prestressed concrete girder Cold day but getting warmer at 
the time of winter 
measurements and warm 
spring day. 
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IL-5 Illinois TR 94 FAI 72 Steel box girder w/concrete 
girder and asphalt overlay 

Fairly cold winter day but not 
too hot summer day 

IL-6 Illinois FAI 155 N.B Sugar Creek Prestressed concrete girder Pretty cold winter day but not 
too hot summer day 

IA-1 Iowa SR 175 over DesMoines River Steel girder with concrete deck Winter Data Only 

IA-2 Iowa SR 141 over Little Beaver 
Creek 

Prestressed concrete girder Winter Data Only 

KY1 Kentucky Highland Ave over I 471 Steel girders over arch Winter data about Freezing 
and summer day not too hot 

KY-2 Kentucky Railway Crossing Ky 14 
Boone County 

Prestressed concrete girder Winter data about Freezing 
and summer day not too hot 

Not Used Maine Fish River Bridge in Eagle 
Lake 

Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 

ME-1 Maine Presque Isle Stream Bridge Steel girder with concrete deck  Winter Data Only 

ME-2 Maine Second St Bridge in 
Millinocket 

Steel girder with concrete deck Winter Data Only 

ME-3 Maine Bulls Eye Bridge in Penobscot Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 

ME-4 Maine Route 6 and 15 over Kennbec 
River 

Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 
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ME-5 Maine Saco River Bridge Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 

MO-1 Missouri Truman Blvd over US 50 Steel girder with concrete deck Winter Data Only 

MO-2 Missouri SR 94 over Auxvasse Creek Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 

MO-3 Missouri US 54 over Richland Creek Steel girder with concrete deck 
and asphalt overlay 

Winter Data Only 

MO-4 Missouri US 54 over Hillers Creek Prestressed concrete girder Winter Data Only 

MO-5 Missouri Roue D over Route 50 Prestressed concrete girder Winter Data Only 

MT-1 Montana SR 69 over I15 Steel girder with concrete deck  

MT-2 Montana SR 518 over I15 Prestressed concrete girder  

NJ-1 New Jersey I 195 ov er Watsons Creek Prestressed Concrete Girder Winter Data Only 

NJ-2 New Jersey I 195 under access road 
Hamilton and Bordenton 

Steel girder with concrete deck Winter Data Only 

NC-1 North Carolina I 440 over Raleigh Blvd Prestressed concrete girder  

NC-2 North Carolina Poole Road over I440 Steel girder with concrete deck 
and asphalt overlay 

 

PA-1 Pennsylvania SR 62 over Allegheny River Steel girder with concrete deck  

PA-2 Pennsylvania 13th Street over French Creek Steel girder with concrete deck  
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PA-3 Pennsylvania US 6 over Allegheny River Prestressed concrete box 
girder 

 

PA-4 Pennsylvania SR 1009 over I99 Concrete box beam   

PA-5 Pennsylvania SR 1013 over Little Juanita Presstressed concrete girder  

Not Used Pennsylvania PA 59 over Kinzua Creek Steel Truss Bridge Drawings are quite old and 
some critical data was not 
legible.  Bridge was not used. 

Not Used Pennsylvania PA 453 over Railroad and 
Juanita River 

Continuous riveted steel plate 
girder bridge 

Drawings are quite old and 
there was uncertainty as to 
some aspects of thedesign.  
Not included in the data. 

Not Used Pennsylvania SR 3009 over Blair Run Gap Two Span concrete box girder 
bridge 

This bridge was not used 
because of ambiguity in data 
and support conditions 

Not Used Pennsylvania SR 2011 over Clover Creek Standard Steel Rolled Girder 
Bridge 

Older bridge and design 
drawings were not clear.  Not 
Used. 

Not Used Pennsylvania SR 4004 over Burgoon Run  Standard Steel Rolled Girder 
Bridge 

Older bridge and design 
drawings were not clear.  Not 
Used. 
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Figure E-2.   Summertime Data 
 

 Summertime Data 
  Morning Data Afternoon Data 

Bridge 
Identifier 

 
Date 

Shade 
Temp  

oF 

Temp 
Top of 
Deck 

oF 

Temp 
Bottom 
of Deck 

oF 

Beam 
Temp 

oF 

 
Weather 

 
Joint 

Opening 

Shade 
Temp 

oF 

Temp 
Top of 
Deck 

oF 

Temp 
Bottom 
of Deck 

oF 

 Beam 
Temp 

oF 

 
Weather 

 
Joint 

Opening 

CO-1 8/2/00 82.5 86.3 80.1 81.4 Hazy 1.62 87.7 92.8 85.1 87 Cloudy 1.56 

CO-2 8/2/00 83.5 99.8 82.3 85.4 Hazy 2.06 88 101.6 85.4 85.8 Cloudy 1.81 

CO -3 8/2/00 79.3 90.5 78.1 79.9 Hazy 25.9 86.5 110.8 84.3 89.1 Cloudy 
Hazy 

24.88 

CO-4 8/2/00 84.5 97.9 81.5 84.7 Hazy 5.06 88.9 98.8 85 89.4 Cloudy 5 

IL-1 8/29/00 74 75 81 79 Foggy 
Overcast 

34.5 88 103 86 86 Hot 
Sunny 

34.62 

IL-2 5/31/00 73 72 71 70 Cloudy 3.31 84 99 82 79 Sunny 2.88 

IL-3 5/31/00 75 74 71 70 Partly 
Sunny 

2.25 84 99 86 82 Sunny 1.75 

IL-4 5/31/00 70 72 70 72 Cloudy 3.0 84 97 82 76 Partly 
Sunny 

2.88 

IL-5 8/29/00 75 77 77 76 Foggy 
Overcast 

2.44 86 102 88 88 Hot 
Sunny 

2.31 
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IL-6 8/30/00 62 61 64 67 Clear 
Sunny 

3.56 85 103 84 77 Clear 
Sunny 

3.25 

IA-1 2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

IA-2 2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

KY-1 8/15/00 70 76 76 76.5 Overcast 2.5 90 109 85 90 Partly 
Cloudy 

2.5 

KY-2 8/15/00 73 78 80 79 Partly 
Cloudy 

4.5 90 105 94 86 -- 4.75 

Not Used 
No 

summer 
data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
ME-1 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
ME-2 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
ME-3 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
ME-4 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
ME-5 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
MO-1 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
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MO-2 
No 

summer 
data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
MO-3 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
MO-4 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
MO-5 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 

No 
summer 

data 
MT-1 5/2/00 52 55.3 53.8 51.6 Cloudy 3.66 64 74.5 62.3 61.5 Partly 

Cloudy 
3.54 

MT-2 5/2/00 58.1 58.9 57.1 57.6 Cloudy 5.73 65.3 75.1 65.5 61.4 Partly 
Cloudy 

5.65 

NJ-1 
2nd set of 

winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

NJ-2 
2nd set of 

winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

2nd set of 
winter 
data 

NC-1 9/12/00 No data No data No data No data No data No data 87 108 93 85 Clear 2.38 

NC-2 9/12/00 No data No data No data No data No data No data 89 120 91 87 Clear 1.62 

PA-1 6/16/00 72 73 76 74 Overcast 4.06 83 92 81 82 Cloudy 3.88 

PA-2 8/9/00 75.8 77.1 76.1 75.5 Overcast 2 82.4 88.3 83.8 82.7 Sunny 2.19 

PA-3 8/25/00 58.7 63.3 63.1 61.6 Fog 1.12 74.6 91.9 76.5 71.8 Sunny 1.0 
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PA-4 9/1/00 68 71 NA 70 Overcast 0.88 77 87 NA 73 Cloudy 0.81 

PA-5 9/1/00 70 72 69 69 Overcast 1.44 74 87 73 70 Cloudy 1.38 

Not Used 8/25/00 60.4 68.5 61.2 60.1 Fog 3.12 68.3 84.7 71.1 67.6 Sunny 3.06 

Not Used 9/1/00 71 73 NA 69 Overcast 4.25 76 86 NA 73 Cloudy 4.12 

Not Used 9/1/00 69 67 67 66 Overcast 0.38 70 71 69 68 Cloudy 0.38 

Not Used 9/1/00 70 71 68 68 Overcast 0.62 74 81 72 70 Cloudy 0.62 

Not Used 9/1/00 69 70 69 68 Overcast 0.62 75 84 72 71 Cloudy 0.62 

 
 
  



 

 

Figure E-3.   Wintertime Data 
 

 Wintertime Data 
  Morning Data Afternoon Data 

Bridge 
Identifier 

 
Date 

Shade 
Temp  

oF 

Temp 
Top of 
Deck 

oF 

Temp 
Bottom 
of Deck 

oF 

Beam 
Temp 

oF 

 
Weather 

 
Joint 

Opening 

Shade 
Temp 

oF 

Temp 
Top of 
Deck 

oF 

Temp 
Bottom 
of Deck 

oF 

Beam 
Temp 

oF 

 
Weather 

 
Joint 

Opening 

CO-1 3/9/00 38.5 38.7 39.8 38.4 Partly 
Cloudy 

2 40.9 44.5 42.8 42.5 Cloudy 
Light 
Snow 

2 

CO-2 3/9/00 40.5 45.8 41.1 40.8 Partly 
Cloudy 

2.88 43.1 42.1 41.8 41.5 Cloudy 
Light 
Snow 

2.94 

CO -3 3/9/00 45.8 45.8 37.9 36.5 Partly 
Cloudy 

26.44 47.6 46.5 38.1 36.3 Cloudy 
Light 
Snow 

26.31 

CO-4 3/9/00 41.5 44.5 39.1 38.8 Partly 
Cloudy 

6.5 41.6 44.8 40.5 40.1 Cloudy 
Light 
Snow 

6.38 

IL-1 3/17/00 31 39 42 43 Clear 
Sunny 

36.88 48 64 47 47 Clear 
Sunny 

36.47 

IL-2 1/27/00 11 10 12 11 Clear 
Sunny 

5.25 27 38 26 29 Clear 
Sunny 

4.62 

IL-3 1/27/00 16 15 17 16 Clear 
Sunny 

4.25 32 45 35 33 Clear 
Sunny 

3.62 
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IL-4 1/27/00 21 21 17 19 Clear 
Sunny 

3.69 27 38 33 26 Clear 
Sunny 

3.44 

IL-5 3/17/00 30 33 34 33 Clear 
Sunny 

2.81 47 60 49 47 Clear 
Sunny 

2.75 

IL-6 3/17/00 18 22 22 22 Cloudy 4.31 19 29 22 22 Cloudy 4.25 

IA-1 
 

12/13/00 
 

7.3 
 

6.6 
 

12.3 
 

12.3 
Calm 
Light 
Snow 

 
4.42 

 
15.3 

 
14.3 

 
12.3 

 
15.7 Calm 

Snow 
 

4.25 

IA-2 
 

12/13/00 
 

4.1 
 

3.3 
 

8.4 
 

6.2 Cloudy
Windy 

 
2.12 

 
12.2 

 
13.1 

 
10.9 

 
9.4 

Cloudy 
Light 
Snow 

 
2.21 

KY-1 3/17/00 

2/23/00 

31.2 37.2 39.4 34.6 Cloudy 3.0  

65.6 

 

74.4 

 

62 

 

65.1 

 

Partly 
Cloudy 

 

2.75 

KY-2 3/17/00 30.8 35.5 37.5 39.6 Partly 
Cloudy 

5.19 39.4 59.8 48.3 47.4 -- 5.06 

Not Used 1/28/01 22.8 20.5 -- -- Snowin
g 

2.11 24.5 26.2 -- -- Sunny 2.05 

ME-1 1/28/01 20.3 16.9 17.7 19.4 Overcast 2.38 27.5 30.4 24.5 27.5 Sunny 2.32 

ME-2 1/27 & 
1/29/01 

21.5 14.7 20.3 14.3 Sunny 1.15 33.1 25.5 27 20.5 Overcast 1.11 

ME-3 2/4/01 1.4 15.5 18.2 7.9 Sunny 2.76 30.3 27 24.2 32.4 Partly 
Cloudy 

2.64 

ME-4 2/20 & 
2/21/01 

27 37.8 31.4 33.6 Windy 1.46 53 40.1 38.3 47.9 Sunny 1.42 
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ME-5 1/5/01 14.3 18.1 17.1 14.4 Partly 
Cloudy 

3.04 32.1 30.4 22.5 28.9 Partly 
Cloudy 

2.95 

MO-1 2/6/01 41 40 42 43 Sunny 1.5 50 66 52 52 Partly 
Sunny 

1.44 

MO-2 2/6/01 31 31 33 30 Mostly 
Sunny 

2.62 51 46 45 47 Sunny 2.44 

MO-3 2/6/01 36 34 40 40 Sunny 0.88 44 48 42 44 Sunny 0.88 

MO-4 2/6/01 37 34 37 38 Sunny 1.75 46 58 43 44 Sunny 1.56 

MO-5 2/6/01 41 40 46 45 Sunny 2.31 49 58 45 46 Partly 
Sunny 

2.25 

MT-1 2/11/00 17.5 17.3 17.4 18.2 Cloudy 4.09 33.3 38.8 31.5 32.2 Partly 
Cloudy 

3.94 

MT-2 2/11/00 15 14.5 16.1 17.3 Cloudy 6.60 28.5 30 28.4 24.4 Partly 
Cloudy 

6.43 

NJ-1 1/31/01 35.6 34.2 34.4 35.1 Partly 
Cloudy 

2.12 47 53.3 44.2 43.8 Partly 
Cloudy 

2.62 

NJ-2 1/31/01 33.4 34.9 35.4 34.7 Partly 
Cloudy 

3.0 49.3 49.2 48.2 49.8 Partly 
Cloudy 

2.88 

NC-1 2/21/00 31 31 44 46 Clear 2.75 No data No data No data No data No data No data 

NC-2 2/21/00 31 30 40 32 Clear 2.25 No data No data No data No data No data No data 

PA-1 1/29/01 16.5 17 18.9 16 Overcast 5.94 34 34.9 33.2 34.7 Overcast 5.56 
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PA-2 1/29/01 15.9 22.3 28.4 21.6 Overcast 3.06 34.1 34.4 34.9 35.9 Drizzle 2.88 

PA-3 2/22/01 12 16 14 16 Overcast 1.50 18 21.6 19.9 19.2 Flurries 1.50 

PA-4 3/29/00 43 43 NA 43 Cloudy 
Rain 

1.12 49 49 NA 44 Cloudy 1.12 

PA-5 3/29/00 45 43 43 45 Cloudy 
Rain 

3.38 48 50 45 45 Cloudy 3.38 

Not Used 2/22/01 11 14 13.6 12.4 Overcast 4.12 18 26 21 19 Flurries 3.88 

Not Used 3/29/00 45 44 43 42 Cloudy  3.75 49 50 45 46 Cloudy 3.69 

Not Used 3/29/00 42 38 41 39 Cloudy 
Rain 

0.38 49 47 43 43 Mostly 
Cloudy 

0.38 

Not Used 3/29/00 44 39 40 41 Cloudy 
Rain 

0.62 46 45 44 44 Mostly 
Cloudy 

0.62 

Not Used 3/29/00 43 39 41 39 Cloudy 
Rain 

0.62 45 42 43 42 Mostly 
Cloudy 

0.62 
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