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1.0 INTRODUCTION

Public Works and Government Services Canada (PWGSC) has initiated a review of the
applicability of Superpave Performance Graded (PG) Binders for the construction of
Canadian airport pavements. This work has been coordinated by PWGSC as a joint
research effort involving Transport Canada, the U.S. Federal Aviation Administration and

the Calgary Airport Authority.

Initial work was conducted in 1997/1998 examining the original basis of the Superpave PG
Binder specification and its applicability to Canadian Airport pavements. Subsequent work
undertaken in 1998/1999 developed guidelines for selecting PG binders for Canadian

Airport pavements with consideration for the type of aircraft using the facility.

Test sections have since been constructed to provide performance information relative to
the performance of hot mix asphalt concrete (HMAC) constructed using Superpave PG
binder grades compared to conventional CGSB asphalt grades. In 1998, the extension of
Taxiway ‘J’ at the Calgary International Airport was constructed with a PG Binder Test
Section utilizing PG 58-34 binder; the Control Section utilized CGSB 150-200A binder.
Within the PG Binder Test Section, thermocouples were installed in the pavement structure

and subgrade to allow for the analysis of pavement temperatures.

This report provides an analysis of the measured pavement temperatures after one and two
years of data collection for the periods of November 1998 to February 1999 and November
1999 to February 2000. Specifically, the analysis examines the measured temperatures and
compares the results to work reported by other Canadian researchers. The scope of work

reported herein includes the following:

. Evaluation of the variation in the collected temperature data,
. Manipulation and extrapolation of the Calgary International Airport pavement
temperature data to predict pavement surface temperature, and

. Regression analysis of the extrapolated surface temperatures to measured air

temperatures.
Public Works and Government Services Canada ATR-038 April 2001
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2.0

3.0

BACKGROUND

The Superpave methodology utilizes design pavement temperatures as the means of
grading asphalt binders. In the original Superpave methods, the design low temperature
was originally proposed to be equal to the ambient temperature. Canadian research had
previously identified that this was overly conservative and low temperature algorithms
from Canada were proposed as the method of establishing a low design temperature.
Currently, there are several Canadian and American algorithms available for predicting low
design temperatures which have been developed since the initial implementation of

Superpave. These models have been developed based on instrumented highway test sites.

PWGSC studies undertaken in 1998 and 1999 identified that the Canadian algorithm, as
published by the Transportation Association of Canada (TAC), was the most reasonable
model for use for Canadian airport pavements. However, that study also recognized that
Canadian airport pavements are often constructed with thick granular layers to mitigate
potential frost action, and that the thermal characteristics of such pavements may differ

from typical highway pavements.

Therefore, in conjunction with other PWGSC initiatives to obtain performance information
with Superpave PG binders, temperature instrumentation was installed in the Calgary
International Airport PG Binder Test Section. Temperature information collected at this
site will help to confirm the applicability of the existing algorithms to Canadian airport

pavements with thick granular layers.
SITE LAYOUT

The Superpave PG 58-34 Binder Test Section at the Calgary International Airport is
located on Taxiway J from Station 2+000 to the intersection with Taxiway Alpha. Figure 1
shows the site layout. The pavement structure consists of 200 mm of HMAC, 300 mm of
crushed granular base and 1050 mm of granular sub-base. Within the test section,
thermocouple strings were installed through the entire pavement structure. Thermocouples
were installed at depths of 20 mm and 100 mm from the surface within the HMAC layer,
and at a nominal 200 mm depth coinciding with the bottom of the HMAC layer. As the
HMAC layer thickness varied somewhat, this thermocouple is at different depths in the

three installation locations. Thermocouples were also placed at 500 mm depth coinciding
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4.0

5.0

with the bottom of the granular base layer, at 1000 mm and 1550 mm depth within the
sub-base and within the subgrade at a depth of 2000 mm from the surface. Three sets of
instrumentation were installed; one at centreline and at 5 m and 10 m offsets from
centreline. This installation set-up provides redundancy in the event that any
instrumentation fails, as well as providing a means of comparing the effect of the varying

distances from the pavement edge.

Two separate thermocouples are mounted in their individual radiation shields on the
instrumentation tower to measure ambient air temperature. Figure 2 shows the layout of

the instrumentation as well as the taxiway dimensions and pavement cross-section.
PAVEMENT TEMPERATURE DATA

The temperatures at the Calgary site have been recorded by the datalogger every half-hour
since November 1998. From November 1998 to February 2000, almost 26,000
temperature readings were recorded for each thermocouple. The temperature data is
collected by PWGSC and posted to a ftp server for public access at the following address:

ftp://ftp.pwgsc.gc.ca/rps/aes/civil/airports/calgary/tempdata/. EBA downloaded the
temperature data from this ftp site and developed a database for further manipulation and

analysis of the measured temperatures.
ANALYSIS APPROACH

The main focus of EBA’s analysis was to use the temperature data recorded at the Calgary
International Airport over the previous two winters to develop pavement surface

temperature prediction equations.

The following represents the analysis steps followed for this study. Each step is further
discussed in the Sections following for both the 1998/1999 and 1999/2000 analyses.

*  Screening of Temperature Data
. Selection of minimum daily temperatures
«  Extrapolation to estimate pavement surface temperatures (using linear and

polynomial regression analysis)

Public Works and Government Services Canada ATR-038 April 2001
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5.1

5.2

5.3

. Regression analysis to determine Pavement Surface Temperatures-Air Temperature

relationships.

Screening of Temperature Data

There were two steps employed to select the temperature data appropriate for the analysis.
Only months during which freezing temperatures are most typical (i.e., November through

February) were selected as the first screening of the data.

The data were further screened to include only temperatures measured during cooling
cycles. Because the minimum pavement temperature will occur during cooling cycles
these periods are considered the most significant. A cooling cycle is defined as the days
when each subsequent day’s minimum temperature is lower than the preceding day.
Examples of the monthly temperature data for the 1998/1999 and 1999/2000 analysis
periods are presented graphically in the Appendices A and B.

This screening process is consistent with the approach undertaken by TAC'.

Selection of Minimum Daily Temperatures

The minimum daily temperature was selected for the air temperature and for each
thermocouple in the HMAC layers. This selection process recognizes that there is a time
lag between the minimum air temperature and the minimum temperatures that occur in the
underlying pavement layer. The minimum pavement layer temperatures in a cooling cycle

generally occurs at some time interval after the minimum air temperature is reached.

Pavement Surface Temperatures

The pavement surface temperature has been selected by the Superpave protocols as the
critical pavement temperature input for design purposes. Because of the difficulties
associated with measuring pavement surface temperatures, it is often necessary to estimate
surface temperatures by extrapolating from other temperature measurements within the

pavement structure.

! Determining the Winter Design Temperature for Asphalt Pavements, Transportation Association of Canada, Research Report,
1330, W.D. Robertson, 1997.
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5.4

The pavement surface temperatures were, therefore, extrapolated from the top three

temperature measurements from the three thermocouples installed in the HMAC layer.

Two methods of extrapolation were undertaken, the first used a second-degree polynomial,
as was done during the development of the TAC algorithms, while the second used simple

linear extrapolation.

Thermocouple Correlation Analysis

As previously noted, three sets of thermocouples were installed in the taxiway. To simplify
the analysis, a correlation analysis examined the consistency of the temperatures measured
at each of the three installations. Tables 1 and 3 presents correlation matrices for all
thermocouples for the 1998/1999 analysis periods and for the 1999/2000 analysis periods.
The analysis presented in Tables 1 and 3 were limited to temperature readings when air

temperatures were at or below 0°C.

Figures 3 to 9 and 13 to 19 graphically present the relationship between the temperatures
measured by the thermocouples for the air temperatures and the first three thermocouples
in the pavement structure for the 1998/1999 and 1999/2000 analysis periods respectively.
The data in these figures include all temperature measurements (i.e. +/- 0°C) and also
includes the linear regression equation and the regression coefficient for the data.

The correlation between the various thermocouple installations indicates that there is a high
degree of correlation between each of the installations. Based on the significance of these
correlations, it was concluded that the thermocouples were measuring the same

temperatures in all three installations.

Because the pavement temperatures measured correlate so well to each other, it was
considered reasonable to utilize a single installation for the analysis. The temperature
readings from the first thermocouple installation (i.e. T1, located near centreline) were
therefore selected for the subsequent analysis for both the 1998/1999 and 1999/2000

analysis periods.
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6.0

6.1

6.2

6.3

1998/1999 ANALYSIS

Selection of Minimum Daily Temperatures

For the 1998/1999 data, the final selection process resulted in 75 sets of temperature
measurements representing 75 days of temperature recordings during cooling periods from
November 1998 to February 1999. Table 2 presents the temperature data used in the

analysis

Pavement Surface Temperatures

For the 1998/1999 data, an extrapolation was conducted for each of the 75 sets of
temperature data to provide two pavement surface temperatures. The first pavement
surface temperature was obtained using a linear regression analysis while the second was

obtained using a polynomial regression analysis. The data are presented in Table 2.

Pavement Surface Temperatures vs. Air Temperatures

The correlation between pavement surface temperatures and air temperatures represents the
final step in the analysis. The air temperature was treated as the independent variable, and
the pavement surface temperature as the dependent variable. The results of the regression
are presented in Figure 10 and Figure 11, which also show the correlation coefficients

obtained. The resulting linear equations are as follows:
TSurfﬁlce =0.7547*T,, +0.8399 r?=0.92 (based on polynomial extrapolation of Tuycc) (1)
TSU,.face =0.7668*T, +0.8514 ¥ =0.93 (based on linear extrapolation of T uuyuce) 2)

Figures 10A and 11A show the results if the respective regressions are forced through the
origin, which allows for comparison to the published TAC relationship. The resulting

equations, when forced through the origin are as follows:
T, Surface = 0.7032T,, ’=0.92 (based on polynomial extrapolation of T sujuc.) (3)

TSWﬂ,ce =0.7146 T, ’=0.92 (based on linear extrapolation of T suyuce) (4)
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6.4

7.0

71

7.2

The relationship reported by TAC is as follows:
T, Surface = 0.749*T,, r?=0.95 (based on polynomial extrapolation of T yuyucc) (5)

Discussion

The analysis undertaken using the low temperature data collected during the first year of
the temperature monitoring at the Calgary International airport site supports the

applicability of the TAC low temperature to Canadian airport pavements.

Figure 12 plots all equations developed in the 1998/1999 Calgary analysis along with the
TAC equation. There is little difference between the pavement surface temperature
predicted by the TAC equation and the Calgary site-specific relationships (Equations (1)
and (2)) determined on the basis of the 1998/1999 data. For the range of air temperatures
generally of interest for Canadian sites (i.e. -25°C to -50°C) the difference between the
pavement temperature calculated using the TAC equation compared to the site specific

equation(s) was less than about 1°C.

1999/2000 ANALYSIS
Selection of Minimum Temperatures

For the 1999/2000 data, the final selection process resulted in 74 sets of temperature

measurements representing 74 days of temperature recordings during cooling periods from

November 1999 to February 2000. Table 4 presents the temperature data used in the

analysis.

Pavement Surface Temperatures

For the 1999/2000 data, an extrapolation was conducted for each of the 74 sets of
temperature data to provide two pavement surface temperatures. The first pavement
surface temperature was obtained using a linear regression analysis while the second was

obtained using a polynomial regression analysis. The data are presented in Table 4.

Public Works and Government Services Canada ATR-038 April 2001
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7.3 Pavement Surface Temperatures vs. Air Temperatures

The correlation between pavement surface temperatures and air temperatures represents the
final step in the analysis. The air temperature was treated as the independent variable, and
the pavement surface temperature as the dependant variable. The results of the regression
are presented in Figure 10 and Figure 11, which also show the correlation coefficients

obtained. The resulting linear equations are as follows:
, TSmﬁzce =0.6352*T, —0.3699 1?2 =0.90 (based on polynomial extrapolation of T suyuce) (6)
) TSurfﬁlce =0.6479*T,, —0.372 ¥ = 0.90 (based on linear extrapolation of T uuyuce) (7)

Figures 20A and 21A show the results if the respective regressions are forced through the
origin, which allows for comparison to the published TAC relationship. The resulting

equations, when forced through the origin are as follows:

T, Surface — 0.6567T,, r? = 0.90 (based polynomial extrapolation of T suyice) (8)

T, Surface = 0.6694 T air r? = 0.90 (based linear extrapolation of T suuce) 9)
The relationship reported by TAC is as follows:
TSurjﬂlce = 0749 * Tair r?=0.95 (5)

7.4 Discussion

Figure 22 plots all equations developed in 1999/2000 Calgary analysis along with the TAC
equation. There appears to be some difference between the pavement surface temperature
predicted by the TAC equation and the Calgary site-specific relationships determined on the
basis of 1999/2000 data. For the range of air temperatures generally of interest for
Canadian sites (i.e. -25°C to -50°C) the difference between the pavement temperature
calculated using the TAC equation compared to the site specific equations was significant.
The apparent differences between predicted pavement surface temperatures obtained from
the TAC and Calgary based equations are discussed in Section 8 of this report.
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8.0

8.1

8.2

The confidence level related to the data generated from equations developed in this
analysis is directly related to the temperature range used to develop the equations. Using an
equation to generate pavement surface temperature data for temperatures outside of the
maximum and minimum temperatures used in their development may be outside the scope

of the statistical analysis.

COMPARISON OF 1998/1999, 1999/2000 AND MULTI-YEAR ANALYSIS

The final section of this report analyzed combined temperature data from both the
1998/1999 and 1999/2000 analysis periods at the Calgary site to generate pavement surface
temperature prediction equations. It has been assumed that all correlations and data
selection criteria presented in Sections 6 and 7 of this report were correct and thus will not
be reviewed in the multi-year analysis section. The equations based on this combined data

were compared to those generated in the 1998/1999 and 1999/2000 analysis periods.

Selection of Minimum Temperature Data

For the 1998/1999 and 1999/2000 combined data, the final selection process resulted in 75
and 74 sets of temperature measurements respectively, which resulted in 149 days of
temperature recordings during cooling periods of the selected months. Tables 2 and 4

previously presented the temperature data used in the analysis for 1998/1999 and
1999/2000 analysis periods.

Pavement Surface Temperatures vs. Air Temperatures

The method of analysis was identical to that used for the 1998/1999 and 1999/2000
analysis periods. The air temperature was treated as the independent variable, and the
pavement surface temperature as the dependant variable. The results of the regression are
presented in Figures 23 and Figure 24, which also show the correlation coefficients

obtained. The resulting linear equations are as follows:

T, face = 0.6815*7T . —0.0344 r?=0.91 (based on polynomial extrapolation of T suyuce) (10)

TSm-ﬁ;ce =0.7032* Ta,»r -0.1379 7 = 0.91 (based on linear extrapolation of T uuce) (11)
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Figures 23 A and 24A show the results if the respective regressions are forced through the
origin, which allows for comparison to the published TAC relationship. The resulting

equations, when forced through the origin are as follows:

Tswﬂwe =0.6835T,, 7' = 0.91 (based on polynomial extrapolation of T suuce) (12)
T, Surface — 07112 T, 7' = 0.91 (based on linear extrapolation of T suyice) (13)

8.3 Discussion

To enable direct comparison between the 1998/1999, 1999/2000, and the multi-year
analysis periods, and the TAC equations, Calgary site equations based on a polynomial
extrapolation of Tsye and that were forced through the origin were selected. These were

the same conditions used to develop the TAC equation.

Tsurrace Was calculated over a range of air temperatures from 5°C to -50°C using the

following equations. The results are presented in Table 5.

TSurjﬁwe =0.749*T, with a reported r? of 0.95 (TAC Equation) 5)

Surface — 0.7032T,, 7' = 0.92 (based on 98/99 polynomial extrapolation of T supce)  (3)
T, Surface — 0.6567T, 7' = 0.90 (based on 99/00 polynomial extrapolation of Tupuce)  (8)
T, Surface — 0.6835T,, ¥ = 0.91 (based on multi-year polynomial extrapolation of T supc)  (12)

Figure 25 plots these equations developed from the 1998/1999, 1999/2000 and the
multi-year Calgary analysis along with the TAC equation.

As would be expected, differences between pavement surface temperature predicted by the
TAC algorithm compared to the multi-year Calgary equations were in between those in the
1998/1999 and 1999/2000 analysis periods.

Similar results were obtained when comparing predicted surface temperatures generated by
the TAC and Calgary equations over the temperature range of which the Calgary equations

were developed (i.e. +3°C to -28°C). The difference between the pavement surface
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temperature predicted by the TAC equation and the multi-year equation was -2°C at an air

temperature of -30°C.

When a comparison was carried out using air temperatures outside the ranges used to
develop the Calgary equations (i.e. above +3°C and below -28°C), differences in predicted
pavement surface temperatures become more evident. The difference between the
pavement surface temperature predicted by the TAC equation and the multi-year equation

was -3.3°C at an air temperature of -50°C.

This analysis indicates that pavement surface temperatures predicted by the multi-year
analysis equation are similar to those predicted by the TAC equation over the temperature
range experienced at the Calgary International Airport (e.g. +3°C to -28°C). However at
temperatures below -28°C, these differences increase and suggest that comparisons
between equations outside the temperature range used in their development should be

carried out with caution.
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9.0 CLOSURE

EBA Engineering Consultants Ltd. appreciates the opportunity to work with PWGSC on this

very meaningful evaluation of air and pavement temperature relationships.

It can further be noted that the extensive pavement temperature data collected at the
Calgary site provides significant opportunity for evaluating frost penetration, the effect of
cooling periods on pavement temperatures, and other thermal conditions within the
pavement structure. It is expected that these data will provide an opportunity to expand the
current state-of-the-knowledge as more data representing a broader range of air

temperatures and cooling rates and conditions is collected and analyzed.

EBA ENGINEERING CONSULTANTS LTD.

W.M. (Marty) McNamara, M.Sc., E.I.T. D.P. (Dave) Palsat, M.Sc., P.Eng.
Pavements Engineer Project Director

B.C.M. (Bert) Pulles, P.Eng.
Senior Pavements Engineer
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Calgary Airport PG Binder Test Section - 1998/1999 and 1999/2000 Temperature Analysis

Table 2 Temperature Data and Extrapolated Surface Temperature
Minimum Temperature at Depth (mm) Extrapolated Surface Temperature
Minimum Air
Date Temperature 20 100 200 Linear Polynomial
01-11-1998 0 1 2.8 5.11 0 0.6
02-11-1998 0 2 2.52 4.08 1.3 2
03-11-1998 0 2 2.88 4.1 1.5 1.8
04-11-1998 -3 0 1.74 3.73 -0.9 -0.5
05-11-1998 -3 0 0.93 2.63 -0.7 -0.2
06-11-1998 -5 -2 -0.38 1.72 -2.9 -2.4
07-11-1998 -6 -3 -1.39 0.67 -3.9 -3.4
08-11-1998 -6 -2 -0.9 0.62 -2.7 -2.3
09-11-1998 -8 -3 -1.63 0.26 -3.8 -3.3
10-11-1998 -14 -7 -3.53 -0.23 -8.4 -8
11-11-1998 -15 -8 -5.2 -1.31 -9.7 -8.7
12-11-1998 -9 -6 -4.43 -1.8 -7.1 -6.3
14-11-1998 -11 -6 -4.22 -0.86 -7.4 -6.3
15-11-1998 -9 -5 -3.15 -0.75 -6 -5.5
16-11-1998 -10 -6 -4 -1.69 -7 -6.5
17-11-1998 -9 -6 -4.52 -2.31 -7 -6.3
22-11-1998 -3 -4 -2.13 -0.64 -4.7 -4.6
23-11-1998 -9 -7 -4.99 -1.98 -8.3 -7.4
24-11-1998 -9 -6 -4.36 -2.07 -7 -6.4
25-11-1998 -3 -3 -2.24 -1.01 -3.5 -3.2
27-11-1998 -8 -4 -2.74 -0.32 -5 -4.2
29-11-1998 -14 -9 -6.66 -3.13 -10.5 -9.5
01-12-1998 -6.88 -5.2 -3.48 -1.68 -6 -5.7
02-12-1998 -13.31 -6.98 -5.42 -3.07 -8 -7.3
03-12-1998 -16.48 -9.6 -7.65 -4.39 -11 -10
04-12-1998 -17.45 -10.44 -8.41 -5.2 -11.8 -10.9
17-12-1998 -11.85 -8.53 -5.78 -1.94 -10.2 -9.2
18-12-1998 -24.9 -15.82 -12.94 -8.26 -17.8 -16.4
19-12-1998 -29.15 -20.93 -17.27 -11.76 -23.3 -21.7
20-12-1998 -30.29 -22.44 -19.63 -14.55 -24.6 -23
21-12-1998 -30.42 -22.67 -20.09 -15.42 -24.7 -23.2
22-12-1998 -21.38 -16.54 -14.39 -11.42 -17.8 -17
27-12-1998 -16.32 -10.5 -9.51 -8.25 -11 -10.7
28-12-1998 -20.74 -14.65 -12.64 -9.66 -15.9 -15.1
29-12-1998 -20.48 -16.08 -14.34 -11.61 -17.3 -16.5
04-01-1999 -3.53 -7.01 -7.4 -7.32 -7 -6.8
05-01-1999 -16.58 -10.85 -9.04 -6.52 -11.9 -11.3
06-01-1999 -19.72 -14.51 -12.55 -9.32 -15.9 -14.9
07-01-1999 -22.77 -15.71 -14.01 -11.15 -16.9 -16.1
08-01-1999 -19.36 -13.38 -11.98 -10.4 -14.1 -13.7
15-01-1999 -5.71 -6.15 -4.18 -2.73 -6.8 -6.8
16-01-1999 -9.44 -7.97 -6.76 -4.96 -8.7 -8.2
17-01-1999 -15.65 -10.37 -8.56 -6.14 -11.4 -10.8
18-01-1999 -11.73 -8.75 -7.15 -5.55 -9.5 -9.2
19-01-1999 -11.63 -8.92 -7.89 -6.31 -9.6 -9.1
20-01-1999 -11.75 -8.05 -6.97 -5.53 -8.7 -8.3
21-01-1999 -14.08 -9.49 -8.26 -6.65 -10.2 -9.8
22-01-1999 -17.75 -12.94 -10.91 -8.15 -14.1 -13.4
23-01-1999 -26.19 -17.56 -14.96 -11.11 -19.2 -18.1
24-01-1999 -24.98 -19.23 -17.23 -13.63 -20.8 -19.6
26-01-1999 -11.85 -10 -8.16 -7 -10.5 -10.6
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Calgary Airport PG Binder Test Section - 1998/1999 and 1999/2000 Temperature Analysis

Table 2 Temperature Data and Extrapolated Surface Temperature (cont’d)
Minimum Temperature at Depth (mm) Extrapolated Surface Temperature
Minimum Air
Date Temperature 20 100 200 Linear Polynomial
27-01-1999 -18.78 -13.31 -11.57 -8.88 -14.5 -13.7
28-01-1999 -5.29 -7.68 -6.96 -6.17 -8 -7.9
08-02-1999 -8.91 -5.57 -4.12 -2.41 -6.3 -5.9
09-02-1999 -10.75 -6.32 -4.93 -2.93 -7.2 -6.6
10-02-1999 -11.94 -7.99 -6.22 -4.2 -8.9 -8.5
11-02-1999 -13.72 -10.37 -8.38 -5.46 -11.6 -10.8
03-11-1999 -2.85 0.86 2.09 3.92 0.1 0.6
04-11-1999 -12.34 -4.13 -1.26 2.57 -5.8 -4.8
05-11-1999 -14.72 -6.21 -4.01 -0.18 -7.9 -6.6
15-11-1999 -0.29 3.61 4.49 5.31 3.2 3.4
16-11-1999 -2.27 0.87 2.32 4.23 0 0.5
17-11-1999 -2.06 0.16 1.12 2.95 -0.6 0
18-11-1999 -5.56 -2.29 -0.21 2.21 -3.3 -2.8
19-11-1999 -6.88 -3.24 -1.65 0.84 -4.3 -3.6
20-11-1999 1.2 0.01 0.85 2.21 -0.6 -0.2
21-11-1999 -8.98 -3.86 -1.72 1.15 -5.1 -4.4
22-11-1999 -9.7 -6.05 -4.18 -0.67 -7.5 -6.4
23-11-1999 -6.44 -4.57 -3.05 -0.44 -5.7 -4.9
24-11-1999 -11.43 -6.62 -4.76 -1.46 -8 -7
25-11-1999 -12.77 -6.91 -4.31 -1.34 -8.2 -7.6
26-11-1999 -14.27 -8.19 -6.3 -2.95 -9.6 -8.6
27-11-1999 -15.57 -10.46 -8.47 -4.84 -12 -10.8
28-11-1999 -12.86 -9.25 -7.69 -4.91 -10.4 -9.5
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Calgary Airport PG Binder Test Section - 1998/1999 and 1999/2000 Temperature Analysis
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Calgary Airport PG Binder Test Section - 1998/1999 and 1999/2000 Temperature Analysis

Table 4 Temperature Data and Extrapolated Surface Temperature
Date Minimum Air Minimum Temperature at Depth (mm) Extrapolated Surface Temperature
Temperature 20 100 200 Linear Polynomial
03-11-1999 -2.85 0.86 2.09 3.92 0.5 0.6
04-11-1999 -12.34 -4.13 -1.26 2.57 -4.9 -4.8
05-11-1999 -14.72 -6.21 -4.01 -0.18 -7.1 -6.6
15-11-1999 -0.29 3.61 4.49 5.31 3.5 3.4
16-11-1999 -2.27 0.87 2.32 4.23 0.5 0.5
17-11-1999 -2.06 0.16 1.12 2.95 -0.3 0
18-11-1999 -5.56 -2.29 -0.21 2.21 -2.8 -2.8
19-11-1999 -6.88 -3.24 -1.65 0.84 -3.8 -3.6
20-11-1999 1.2 0.01 0.85 2.21 -0.3 -0.2
21-11-1999 -8.98 -3.86 -1.72 1.15 -4.4 -4.4
22-11-1999 -9.7 -6.05 -4.18 -0.67 -6.8 -6.4
23-11-1999 -6.44 -4.57 -3.05 -0.44 -5.1 -4.9
24-11-1999 -11.43 -6.62 -4.76 -1.46 -7.4 -7
25-11-1999 -12.77 -6.91 -4.31 -1.34 -7.5 -7.6
26-11-1999 -14.27 -8.19 -6.3 -2.95 -8.9 -8.6
27-11-1999 -15.57 -10.46 -8.47 -4.84 -11.3 -10.8
28-11-1999 -12.86 -9.25 -7.69 -4.91 -9.9 -9.5
02-12-1999 -5.88 -4.96 -3.66 -1.87 -5.3 -5.3
03-12-1999 -8.59 -6.04 -3.95 -1 -6.7 -6.5
04-12-1999 -9.68 -6.5 -4.89 -2.49 -7 -6.9
05-12-1999 -3.22 -3.74 -2.78 -1.42 -4 -4
06-12-1999 -10.11 -5.98 -4.43 -2.1 -6.5 -6.3
07-12-1999 -15.79 -7.68 -5.36 -1.91 -8.4 -8.2
12-12-1999 -9.53 -6.42 -5.31 -3.45 -6.8 -6.6
13-12-1999 -9.8 -7.24 -5.57 -3.12 -7.8 -7.6
14-12-1999 -18.2 -11.09 -9.07 -5.8 -11.8 -11.5
17-12-1999 -7.71 -4.41 -3.5 -2.13 -4.7 -4.6
18-12-1999 -10.35 -8.34 -6.14 -3.21 -8.9 -8.9
19-12-1999 -18.35 -12.01 -9.89 -6.53 -12.7 -12.5
28-12-1999 3.24 -0.65 -0.24 0.14 -0.7 -0.8
29-12-1999 -9.24 -3.14 -0.73 1.6 -3.6 -3.8
30-12-1999 -13.14 -6.57 -4.56 -1.13 -7.3 -7
31-12-1999 -11.9 -6.58 -4.8 -1.92 -7.2 -7
01-01-2000 -15.16 -8.08 -6.28 -3.3 -8.7 -8.4
02-01-2000 -27.65 -14.93 -11.73 -6.66 -16 -15.6
03-01-2000 -27.22 -17.03 -14.47 -9.84 -18.1 -17.5
04-01-2000 -8.52 -9.22 -8.76 -7.11 -9.6 -9.2
05-01-2000 -9.75 -6.97 -5.48 -3.76 -7.3 -7.4
06-01-2000 -12.15 -8.63 -7.23 -5.16 -9.1 -8.9
07-01-2000 -5 -4.52 -3.47 -2.56 -4.7 -4.8
08-01-2000 -6.24 -5.41 -4.53 -3.08 -5.7 -5.6
09-01-2000 -11.36 -7.83 -6.13 -3.79 -8.3 -8.2
10-01-2000 -19.16 -12.35 -9.67 -5.96 -13.1 -13
11-01-2000 -22.53 -14.11 -11.75 -8.19 -14.9 -14.6
12-01-2000 -20.48 -11.15 -10.1 -7.8 -11.7 -11.3
13-01-2000 -20.36 -13.57 -12.22 -9.56 -14.2 -13.8
14-01-2000 -25.86 -15.31 -13.93 -11.27 -15.9 -15.6
15-01-2000 -27.08 -17.8 -15.82 -12.49 -18.5 -18.2
17-01-2000 -20.66 -14.82 -13.6 -11.39 -15.3 -15
18-01-2000 -23.66 -17.02 -15.34 -12.41 -17.7 -17.3
19-01-2000 -24.84 -16.63 -14.98 -12.11 -17.3 -17
21-01-2000 -9.39 -9.72 -9.01 -8.25 -9.9 -9.9
22-01-2000 -16.19 -11.19 -9.14 -7.44 -11.5 -11.8
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Calgary Airport PG Binder Test Section - 1998/1999 and 1999/2000 Temperature Analysis

Table 4 Temperature Data and Extrapolated Surface Temperature

Minimum Air

Date Temperature Minimum Temperature at Depth (mm) Extrapolated Surface Temperature
20 100 200 Linear Polynomial
23-01-2000 -16.47 -12.04 -10.65 -8.56 -12.5 -12.9
28-01-2000 -11.77 -9.88 -8.74 -6.84 -10.3 -10.1
29-01-2000 -12.17 -10.57 -9.26 0 -11.1 -10.8
30-01-2000 -12.36 -9.37 -8.24 -6.39 -9.8 -9.6
02-02-2000 -6.45 -5.69 -4.57 -3.24 -6 -6
03-02-2000 -15.99 -9.39 -7.46 -4.72 -10 -9.8
04-02-2000 -17.63 -12.06 -10.21 -7.24 -12.7 -12.4
05-02-2000 -17.48 -12.57 -10.82 -7.94 -13.2 -12.9
10-02-2000 -19.02 -10.83 -7.54 -4.13 -11.5 -11.7
11-02-2000 -23.83 -14.61 -12.18 -8.32 -15.4 -15.1
12-02-2000 -18.68 -12.97 -11.54 -8.65 -13.6 -13.2
13-02-2000 -23.92 -15.23 -13.36 -10.1 -16 -15.6
14-02-2000 -25.68 -16.28 -14.25 -10.84 -17 -16.7
15-02-2000 -14.31 -9.53 -8.47 -7.7 -9.6 -9.9
16-02-2000 -22.95 -14.72 -12.94 -10.1 -15.3 -15.1
17-02-2000 -24.84 -15.79 -14.02 -10.95 -16.5 -16.1
23-02-2000 -3.42 -3.15 -1.99 -0.8 -3.4 -3.5
24-02-2000 -4.91 -2.77 -1.85 -0.51 -3.1 -3
25-02-2000 -10.72 -5.59 -3.84 -1.12 -6.2 -6
26-02-2000 -10.8 -6.02 -4.28 -1.7 -6.6 -6.4
27-02-2000 -13.37 -6.74 -4.83 -1.82 -7.4 -7.1
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Figure 3 1998/1999 Correlation Between Air Temperature Thermocouples
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Figure 4 1998/1999 Correlation Between Installation 1 and 2 Thermocouples at
20 mm Depth
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Figure 51998/1999 Correlation Between Installation 2 and 3 Thermocouples at

20mm Depth
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Figure 6 1998/1999 Correlation Between Installation 1 and 2 Thermocouples at
100mm Depth
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Figure 7 1998/1999 Correlation Between Installation 2 and 3 Thermocouples at
100mm Depth
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Figure 8 1998/1999 Correlation Between Installation 1 and 2 Thermocouples at
200mm Depth
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Figure 9 1998/1999 Correlation Between Installation 2 and 3 Thermocouples at
200mm Depth
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Figure 13 1999/2000 Correlation Between Air Temperature Thermocouples
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Figure 14 1999/2000 Correlation Between
Installation 1 and 2 Thermocouples at 20 mm
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Figure 15 1999/2000 Correlation Between Installation 2
and 3 Thermocouples at 20 mm Depth
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Figure 16 1999/2000 Correlation Between Installation 1
and 2 thermocouples at 100 mm Depth
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Figure 17 1999/2000 Correlation Between Installation 2
and 3 Thermocouples at 100 mm Depth
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Figure 18 1999/2000 Correlation Between Installation 1
and 2 Thermocouples at 200 mm Depth
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Figure 19 1999/2000 Correlation Between Installation 2
and 3 Thermocouples at 200 mm Depth
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