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EXECUTIVE SUMMARY

The Missouri Department of Transportation is currently considering ways to
measure the structural capacity of a pavement through analyzing Falling Weight
Deflectometer (FWD) deflection data. The structural capacity (or structural number) of
various asphaltic concrete (AC) pavements can be compared only if the measured
deflections are corrected to a standard temperature. The American Association of
Highway Transportation Officials (AASHTO) recommends this temperature to be 68° F.

In Research Investigation (RI) 91-9, Temperature Adjustment Factor (TAF)
curves (Temperature Adjustment Factor vs. Average Asphalt Concrete Mix Temperature)
were developed based upon actual measured deflections and estimated mid-depth asphalt
concrete temperatures. As a comparison, another set of Temperature Adjustment Factor
curves were developed based upon theoretical deflections and assigned mid-depth AC
temperatures. The empirical Temperature Adjustment Factor curves, which were
developed by true deflections, are the curves recommended for MoDOT use on Falling

Weight Deflectometer measurements. They can be found in Figure ES1 below.

Empirical Temperature Adjustment Factor Curves
Figure ES1
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With the above recommended TAF curve, a Falling Weight Deflectometer
deflection value measured at T degrees can be multiplied by the temperature adjustment
factor to get the equivalent deflection at 68° F. These equivocated deflections can then be
used to calculate the structural number (SN) of a pavement which can be compared
successfully to SN values of other pavements which have also been corrected to 68° F.

Also included in this Research Investigation report is a comparison of the methods
used to find the strength moduli of a pavement (Ep), asphaltic concrete (E,(), and the
resilient modulus of the subgrade (M;). No specific conclusions were made because

laboratory data that would substantiate one method over the other was not available.
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ABSTRACT

A convenient way to gauge the structural capacity of a pavement is to compute the
structural number (SN). To make the structural capacity of various pavements
comparable to each other, the structural number, and therefore the Falling Weight
Deflectometer (FWD) measured deflections that the SN is based on, must be corrected to
a common temperature (68° Fahrenheit).

In this Research Investigation report, a Temperature Adjustment Factor curve
(Temperature Adjustment Factor vs. Average Asphalt Concrete Mix Temperature) was
developed in order to correct FWD deflections to 68° F. Also included in the report is
the comparison of different methods used to determine the strength moduli of the

pavement (Ep), asphalt concrete (E;¢), and the subgrade resilient modulus (M;).
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OBJECTIVE

The objective of Research Investigation (RI) 91-9 is to adjust the deflections
measured by the Falling Weight Deflectometer (FWD) on full-depth asphalt concrete
pavements to a reference temperature of 68 degrees Fahrenheit as suggested by the
American Association of State Highway and Transportation Officials (AASHTO). By
establishing a Temperature Adjustment Factor curve (Temperature Adjustment Factor vs.
Average Asphalt Concrete (AC) Mix Temperature), the structural number (SN) can be
corrected to predict the structural capacity at 68 degrees Fahrenheit. Also, the correlation
between load deflection and structural capacity of pavement will be improved using both
classical theory and empirical relationships based on data analysis. (1)

There are several justifications for conducting an investigation to produce the
aforementioned Temperature Adjustment Factor (TAF) curve for measured FWD
deflections.

AASHTO states, "For purposes of comparison of Ep {pavement Elastic Modulus]
along the length of a project, the dg [FWD deflection] values used to determine Ep should

be adjusted to a single reference temperature.” (2)

In the Strategic Highwav Research Program (SHRP) Procedure for Temperature

Correction of Maximum Deflections, it states, "Because of the temperature-dependent

nature of the asphalt concrete modulus,..., measured deflections and hence structural
capacity (or SN value) of the pavement will also vary with temperature. Thus, a
procedure to correct the measured maximum deflection to a standard temperature is a
valid one. Also, since the AASHTO structural number or SN value is computed at a

standard temperature of 68 F, maximum deflection measured in the field must be corrected

to this standard temperature." (3)






INTRODUCTION

In analyzing a Falling Weight Deflectometer deflection data set, the most
straightforward interpretation of the information is to use the mean deflection value
(normalized to a constant 9 kip equivalent load drop) for a given pavement. The mean
pavement temperature for a given asphalt thickness should therefore be used in
establishing a Temperature Adjustment Factor curve for correcting the FWD deflection
data to a reference temperature. (In the context of our usage, "mean" is defined as the
average throughout all depths of the AC pavement.) Ideally, to create an empirical
Temperature Adjustment Factor curve, the true mid-depth temperature at the time of
deflection data collection should be the most accurate mean temperature value. However,
the exact mid-depth pavement temperature was not collected at each site as a part of this
investigation, so another method of mid-depth temperature estimation had to be used.

In 1968, H.F. Southgate established a relationship between pavement surface
temperature plus previous 5 day average air temperature and the temperature at a
designated depth within asphalt pavement. (1) As a part of Research Investigation 91-9,
Southgate's method was employed to create regression equations of our own, using
MoDOT field temperature data from Monthly Testing Sites 1-9 (MT1-MT9) and Special
Pavement Study 6 (SPS-6) test sites. Because of our now established correlation between
surface temperature of AC plus previous 5 day average air temperature and temperature at
a pavement depth., both the mean deflection and the estimated mid-depth pavement
temperature were known for different MoDOT test sites. (For our purposes, we wanted
to find the mean pavement temperature which was approximated as the mid-depth
pavement temperature.) Thus, the proper parameters had been defined to create a
Temperature Adjustment Factor curve using FWD deflection data. Of all the test sites,

MT 1-3 were the only full depth AC pavements, so they became the focus from this point

on in the investigation.



In order to establish a comparison to MoDOT's Temperature Adjustment Factor
curve based on empirical data discussed above, another such curve was generated based
on theoretical information. The deflection equation, derived by Boussinesq andOdemark

presented in the 1993 AASHTO Design of Pavement Structures (2) was used to generate

theoretical deflection data and create another Temperature Adjustment Factor curve. It is

as follows:

The above equation will be discussed in depth in the following section,
INVESTIGATION PROCEDURE, but some terms need some clarification at this point.
Since the actual deflection data from MT1-MT3 (which was employed along with
estimated mean AC mix temperatures to produce the empirical TAF curves) is a function
of the subgrade resilient modulus and the pavement modulus of elasticity, these two
components had to be varied in the theoretical procedure. To simulate the varying
subgrade conditions due to seasonal changes and different site locations, the resilient
modulus of the subgrade (M) required in the equation was evenly varied from 10,000 psi
to 35,000 psi in 5000 psi increments to yield theoretical deflection data. However, the
deflection information used in the TAF curve was averaged over all the M; values to
create the same methodology used in the empirical TAF, one with all of the various

subgrades considered.



The effective pavement Modulus of Elasticity (Ep) used in the Odemark equation
was a little more difficult to estimate since it depicts the material characteristics of the AC
layer and the base layer combined. We calculated empirical E,¢ (modulus of elasticity of
asphalt concrete) values using the Asphalt Institute AC Elastic Modulus regression
equation (2) using MoDOT typical mix properties and evenly varied AC mix temperature
values as input variables. We did not, however, have access to a method that estimated a
modutus strength value for the whole pavement structure, (Ep), versus varying
temperatures. Therefore, the pavement modulus strength was approximated by using
Odemark's transformed section equation to change the depth and strength of the base into
an equivalent thickness of AC. This Ep is then equal to Ea¢ and the depth, D is the
equivalent of hgc. This procedure is discussed in depth in the following section,
INVESTIGATION PROCEDURE.

Finally, some comparisons were made between different methods used to find Ep,
E,c and M;. By using the FWD deflection data, the MODULUS software program was
run three ways: 1) as a 2 layer system (AC height plus base height considered one layer of
pavement, and subgrade), 2) as a 3 layer system (AC pavement, base and subgrade) and 3)
as a 4 layer system (AC pavement, base, first 36" of subgrade, and remaining subgrade).
(MODULUS is a pavement layer strength backcalculation program that utilizes inputted
FWD deflection data to estimate an appropriate deflection bowl for the data set.) The first
MODULUS run yielded values for Ep and My which were compared to manually
backcalculated solutions using the AASHTO guide section Determination of Subgrade
Modulus for SNeff Determination (2). The second and third runs both yielded values for
Eg but the third run had the least absolute error, therefore, it was compared to the

Asphalt Institute AC Modulus regression equation results.






INVESTIGATION PROCEDURE

Empirical Temperature Adjustment Factor Curve

The first step in creating a Temperature Adjustment Factor curve is to establish a
method to estimate the mid-depth or mean temperature of a given pavement. Field data
was collected at nine monthly testing sites (MT1-MT9) as well as at SHRP site SPS-6.
The data included: FWD deflection data sets, asphalt surface temperature, asphalt
temperature at various {pre-determned) pavement depths, ambient air temperature at time
of collection, and date of data collection (see Appendix A, pages A1-A19 for actual data).
The high and low temperatures for the five days previous to data collection (for five day
ambient air temperature average) were taken from National Weather Station data closest
to each site.

As in Southgate's study (), MoDOT wanted to verify a relationship between Five
Day Ambient Air Temperature Average + Asphalt Surface Temperature versus
Temperature At a Designated Depth. This way, if the asphalt surface temperature and five
day average temperature were known at a site, one could use the association determined
to estimate the temperature at pavement mid-depth without drilling holes and manually
measuring the temperature. With this relationship, a significant savings of time, money
and manpower could be realized if the FWD is used for inventory purposes. Regression
equations were féund forthe 1,2, 3,4,5,6,7,8, 9, and 11 inch depth plots and can be
seen in Figures 1 and 2 on the next page (see Appendix A, pages A20-A32 for a full page
view of each graph as well as the calculated regression equations).

In this study, Southgate states, "...analysis of the standard error of estimate [of
pavement depth temperatures) showed that the five-day average air-temperature history
sufficed for all depths greater than 2 inches. The least standard errors of estimate for the

depths 0 inches through 2 inches indicated that the best estimate was obtained by the use



of the surface temperature alone. Pavement temperatures in the top 2 inches of the pave

Regression Lines - Temperature at Depths within Asphalt Pavement
Figure 1
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ment are directly dependent upon the hour of the day and the amount of heat absorption
whereas, temperatures at depths greater than 2 inches are assumed to be a function of the
surface temperature, amount of heat absorption, and the past five days of temperature
history.” (1) This information was very useful to us in analysis of the SPS-6 data.

For this site, the surface temperature readings were absent but the temperature was taken
at the 1 inch depth and beyond. The SPS-6 data was essential to this portion of the inves-
tigation because it contained the majority of the various measured pavement depth tem-
peratures, as can be seen in Appendix A. We felt that it couldn't be thrown out or
disregarded in spite of the missing information. Instead, because of Southgate's
conclusions previously discussed, the measured 1 inch depth temperature was used for the
surface temperature reading as well as for the 1 inch depth temperature reading.

Southgate takes into consideration the different times of the day and had sufficient
data to compose graphs showing pavement depth temperature relationships at certain
hours of the day. This was another variance in our replication of his study because the
data used in RI 91-9 was taken at different times of the day. Because of this fact, it is
hard to directly compare the results of Southgate's study to the regression equations found
in the relationships established by the RI 91-9 data. However, a general comparison can
be made: all of the regression equations are fit to a linear relationship with a positive
slope less than or very close to one.

Now, for each FWD deflection data set, the estimated mid-depth temperature of
the pavement tested may be réad off of the Five Day Air Temperature Average + Asphalt
Surface Temperature versus Temperature at Pavement Depth graphs by using the
appropriate mid-depth line. For example, if a section of pavement is 10 inches thick, the
mid-depth temperature can be found on the 5 inch depth regression line. The temperaturé
‘at 5 inches, or mid-depth will be read on the y-axis corresponding to the added

temperature of the asphalt surface and the five day air average found on the x-axis.



In Table 1 below, the average measured FWD deflections and their estimated mid-
depth temperatures can be found. The deflection measured directly underneath the Falling

Weight Deflectometer load plate at a radius of zero is designated by dy.

TABLE 1:  Estimated Mid-depth AC temperature and actual FWD dg deflection
(at the time of testing). These FWD dy deflections include the varying
subgrade M, conditions and values.

Site No. Date 5-day+surf. Est. mid- | Measured
Tested temperature | depth temp.| FWD dg
(Deg. F) (Deg. F) (mils)
MT1-1002 6-06-91 163 90.0 10.26
MT1-1002 7-05-91 187 103.5 13.53
MT1-1002 9-05-91 159 87.8 8.73
MT1-1002 10-03-91 136 74.8 8.01
MT1-1002 11-12-91 78 421 6.74
MT1-1002 2-11-92 72 38.7 6.73
MT1-1002 3-19-92 92 50.0 8
MT1-1002 5-18-92 142 78.2 8.72
MT2-1008 3-26-91 140 73.3 7.08
MT2-1008 4-24-91 137 71.9 7.8
MT2-1008 5-30-91 164 85.1 11.7
MT2-1008 6-25-91 189 97.3 15.92
MT2-1008 7-22-91 212 108.6 21.97
MT2-1008 9-04-91 152 79.2 7.84
MT2-1008 10-01-91 148 772 6.96
MT2-1008 1-28-82 94 50.8 4.25
MT2-1008 3-24-92 092 49.8 4.89
MT2-1008 5-20-92 161 83.6 8.39
MT3-606 6-04-91 181 95.3 23.68
MT3-606 7-02-91 187 98.4 20.81
MT3-606 7-30-91 182 958 184
MT3-606 9-10-91 151 79.4 11.35
MT3-606 10-08-91 112 58.8 7.77
MT3-606 11-05-91 68 35.6 6.54
MT3-606 1-30-92 88 46.1 7.87
MT3-606 3-31-92 96 504 9.49
MT3-606 64.6 11.64

5-27-92 123

In order to find the Temperature Adjustment Factors from the above data, a best



fit exponential line was determined for each deflection versus estimated mid-depth
temperature series (see Appendix B, pages B1-B4). Next, deflection values were
predicted by these curve equations for temperatures at even intervals ranging from 30
degrees Fahrenheit to 120 degrees Fahrenheit (see Appendix B, page B5). Finally, the
ratio of the deflection value at 68 degrees Fahrenheit to the deflection value at the varying
temperatures produced the TAF curves found in Figure 3 below (for a full page view of
Figure 3, see Appendix B, page B6). In summary,
TAF = ﬂ-

dOr

where T 1s the temperature in degrees Fahrenheit that the deflection is being adjusted

from (to 68 degrees Fahrenheit).

Empirical Temperature Adjustment Factor Curves
Figure 3
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Theoretical Temperature Adjustment Factor Curve

To serve as a comparison to the empirical TAF curve above, a theoretical

Temperature Adjustment Factor curve will now be developed.



As discussed earlier, deflection data was generated by using the Odemark
approximate method for determining deflection in a two layer system. It is a combination
of Boussinesq's one-layer equation and the concept of "equivalent thickness" described in
1940 by Barber. The deflection measured at the surface at the center of loading is

assumed to be the sum of the subgrade and pavement deflections (2) and can be computed

as follows:
1
l - 2
1+ (9)
1 i a; |
d, =1.5pa; ~ =+ E, ’
M, J 1+ (— 3 )
a \ M,
where: dg = deflection measured at the center of the FWD load plate (inches)

p = NDT load plate pressure (psi)

a = NDT load plate radius (inches)

D = total thickness of the pavement layers (AC and base layers) above the
subgrade, (inches)

M; = subgrade resilient modulus (psi), and

Ep = effective Modulus of all pavement layers above the subgrade (psi).

In order to get deflection values that are representative of the empirical data and
TAF curve, several of the values in the Odemark-Boussinesq equation were varied. All of
the generated information was then averaged by calculating a regression equation over all
the theoretical TAF data points.

The first step was to vary the resilient modulus of the subgrade (M;) from 10 ksi
to 35 ksi, which were the estimated low and high limits for the subgrades tested.

As previously mentioned, estimating values for Epwasa little more involved.

Because of the Asphalt Institute Elastic Modulus Regression equation as found in the

10



1993 AASHTO Design of Pavement Structures (2), temperature dependent values of E,

were known. Average mix properties were inserted, where values were needed, yielding
the equation below. Below is the Asphalt Institute Equation and a list of the mix

properties that were used.

P,
log £, =5.553833 +o.ozssz9(}—5%;%§)-o,0347el/v

+0.070377n +0.000005¢ P“'S rossBie R p 03

70deg nmsF,lO6

1
+0.931 757(}—0@')

where:

E,¢ = elastic modulus of AC, psi (unknown)

P,,, = percent aggregate passing the No. 200 sieve,( 6%)

F = loading frequency, (18 Hz)

Vy, = air voids, percent, (5%)

Pyogegress, 106 = absolute viscosity at 70 degrees F, 100 poise, (2)
P4 = asphalt content, percent by weight of mix, (6%)

tp = AC mix temperature, degrees F (varied)

After inserting these mix properties, the resulting equation is as follows:

log| E| = 6.486476 - 1. 8038865%10 *7 172

The calculated E, results from varying temperatures can be found in Table 2.
A graphical representation of the data from the resulting equation above can be found in
Figure 4 on the next page. It can be easily seen from this graph that asphalt pavement

strength is indeed temperature dependent.

Since the E, over the normal temperature range is now estimated, and the

Odemark-Boussineq deflection equation requires Ep, 2 relationship between Ep, and

11



TABLE 2: Estimated Mid-depth Temperature vs. Modulus of Elasticity for Asphalt Concrete

tp Eac tp Eac
(deg. F) (psi) (deg. F) (psi)
30| 2.293E+06 75| 5.637E+05
35( 2.075E+06 80( 4.506E+05
40| 1.850E+06 85| 3.554E+05
45 1.627E+06 90| 2.766E+05
50; 1.411E+06 95| 2.124E+05
55| 1.207E+06 100} 1.610E+05
60; 1.018E+06 105! 1.204E+05
65| 8.476E+05 110} 8.893E+04
70} 6.959E+05 115| 6.482E+04
120{ 4.663E+04

Asphalt Institute Regression Equation
Figure 4
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Eg must be established. Ep is defined as the strength modulus of the overall pavement

structure while E, is the strength modulus of the asphalt only.

12




The E, values found by the Asphalt Institute Regression Equation may be used as an
estimate of Ep, if the base is transformed into an equivalent height of asphalt. The
following equation is used to determine an equivalent thickness of asphalt (e.g.,
transforming the base height to an AC height) whose strength is equal to the strength

exhibited by E,¢ and Ej, (the strength modulus of the base) combined:

* _E”
hequivalem = hb E + hac
ac

The above equation is based on the concept of equivalent thickness as described in 1986

AASHTO Guide for Design of Pavement Structures (4). The design guide develops the

interrelationship between layer coefficients and elastic moduli. In finding an equivalent
thickness, the Poisson's ratio was assumed to be equal for both layers, and therefore,
cancels out. (See sample calculations in Appendix C, pages C1 and C2).

The base heights for Monthly Testing sites 1-3 were all approximately 4 inches,
therefore, in the above equivalent height equation, hy, = 4 inches. The average Ej, found
by the MODULUS program for the three testing sites was 60 ksi with a standard deviation
of around 30 ksi. The three values of 30 ksi, 60 ksi and 90 ksi were used for E}, because
of the high deviation value. The height of the asphalt pavement, h,., was modified in
increments of 2 inches from 2 inches up to 12 inches in order to represent the spectrum of
possible asphalt thicknesses in pavements. (See tabulated form of results in Appendix C, |
pages C3-C20.) Again, the deflection information generated by these values being varied
was averaged by calculating a regression equation over all TAF data points produced.

The diagram in Figure 5 on the next page is an effort to make the equivalent height
procedure more clear. Because the calculated AC equivalent height is representative of
the strength of E, at a particular temperature, it can be used in the Odemark-Boussinesq
equation as "D", the total depth of the pavement, while the corresponding value of Ea at

that temperature is used in place of Ep,

13



Figure 5: Transforming hj, to Equivalent AC Height

Representative Strength

hac AC Eac
base Eb
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hequivalent AC Ep
T

The only values left in the Odemark equation that haven't yet been defined are p,
the contact pressure, and a, the circular load radius. The contact pressure, equal to 82.3
psi, is the applied equivalent load of 9000 Ibs (9 kips) divided by the area of the load plate.
The circular load radius, also used to find the load plate area for the contact pressure
computation, is equal to 5.9 inches.

The temperature adjustment factor was calculated the same way as for the

empirical TAF curve:

dO
TAF =—*
dO

T

(See Appendix C, pages C3-C20 for all of the generated theoretical TAF data points.)
For each asphalt thickness, all the TAF data was plotted and a regression equation
was computed. The regression line became the TAF curve for that asphalt thickness, just
as in the empirical TAF curve procedure. (See Appendix C, page C21 for Regression
Equations , pages C22-C27 for graphs of regression lines for each h,.. depth, and page
C28 for a full page plot of Figure 6.) Below in Figure 6, a plot of all the TAF curves for

the various AC thicknesses can be found.

14



Theoretical Temperature Adjustment Factor Curves
Figure 6
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The theoretical temperature adjustment factor curves have a different curve fit than
the empirical TAF curves (linear vs. exponential), but they both have the same general
slope trend and the thicker the AC thickness, the steeper the slope. In the
CONCLUSIONS section, a much more detailed comparison of the TAF curve sets can be
found.

Before moving on to the comparison of methods used to find layer strengths, it
should be mentioned that another method for finding theoretical deflections was examined.
The method used in this investigation was based on Boussinesq's one layer system as well
as on the theory of equivalent thickness presented by Odemark. Initially, Boussinesq's one
layer system alone was used to find deflections. In 1885, Boussinesq developed a solution
for computing stresses and deflections in a halfspace (soil) composed of homogeneous,

isotropic and linearly elastic material. This solution was based on a point loading, and in
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1928, Love adapted his solution for a circular load. (5) The equation below is for

deflection at depth z:

dz=(1+u)pa 1 £ (1-20) 1+(3) oz
E (2)2 a a
‘/H —
a
where:

p = plate pressure (ksi)

L = elastic modulus (ksi)

a = plate radius (inches)

z = depth below pavement surface (inches)
u = Poisson's ratio

The reason that this method was not used for the theoretical TAF curve procedure is that
it produced inconclusive results. As can be seen from the equation above, for the same
asphalt thickness, the temperature adjustment factor [TAF = d; at 68/d at T] is only the
ratio of the moduli of elasticity, everything else cancels out. For each AC depth, then, the
TAF curve was identical because the modulus of elasticity values at varying temperatures
are constant for each asphalt pavement thickness. From the empirical TAF curve, it can
be seen that the temperature adjustment factor curve is not the same for each AC depth,
thus, the results were erroneous. What this method did show is the theoretical amount of
compression the AC iayer is subjected to due to different AC temperatures and layer |
depths. As can be seen in Figure 7 on the next page, it is an exponential curve and around
the 80 degrees Fahrenheit range, the amount of compression becomes greater and greater.

(See Appendix C, pages C29-C30 for the generated Boussinesq compression and TAF

data in tabular form and a full page plot of Figure 7.)

16



Boussinesq AC Compression
Figure 7
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Comparison of Methods Used to Find Layer Strength Moduli

As the final step in RI 91-9, methods used to find pavement layer strengths will be
compared. This topic will be updated in Research Investigation 91-9B which will be
completed when resilient modulus laboratory data is available. The layer strengths of
concern are Ep, the strength of the whole pavement structure, E,¢, the strength of the
asphalt, and M, the subgrade resilient modulus.

The MODULUS program was run three different ways with the collected FWD
deflection data as inputs. The first run considered the pavement as a two layer system: an
AC layer height + base layer height considered as one layer of pavement, and a subgrade.

- The effective pavement modulus (Ep) and the subgrade resilient modulus (M) found by
the first MODULUS run were compared to manually backcalculated values found by

equations in the Determination of Subgrade Modulus for SNy Determination section of

the 1993
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AASHTO Guide for Design of Pavement Structures. (2) This is a simple method

proposed by Ultidtz for estimating the subgrade modulus from deflections measured at the
surface of a layered pavement structure (by the FWD). It is based on the following two

observations:

1) As distance away from the load increases, compression of the layers
above the subgrade becomes less significant to the measured deflection at
the pavement surface.

2) As distance away from the load increases, the approximation of a

distributed load by a point load improves. (2)

It was assumed again that the pavement structure consisted of a two layer system,
therefore, the only other strength value the procedure yielded, besides My, was Ep. Itis
logical, then, to compare its outcome to the first MODULUS run. The procedure for
obtaining the backcalculated Ep, and M values as well as a sample calculation can be
found in Appendix D, pages D1-D4. Plots of Ep and M for both methods versus
estimated mid-depth temperature can be found in Figures 8 and 9 on the next page. (See
Appendix D, page DS for the data in tabular form.)

In analyzing Figures 8 and 9, it can easily be seen that the two methods are similar
in the way that they find the unknown values - they both have the same trends at each mid-
depth pavement temperature. The difference between the two methods is the way that
they assign strengths. For the manual backcalculation method, it assigns the subgrade
more of the strength and takes away from the strength E, assumes. The opposite is true
in the MODULUS program: the pavement modulus takes on the strength that is not given

to the subgrade.
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Ep vs. Temperature

Figure 8 |
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The final comparison is for E,, the asphalt concrete layer strength modulus
within the pavement structure. One previously mentioned method that was used to find
E, values was the Asphalt Institute Regression Equation. These values were compared
to MODULUS solutions and SHRP Regional Information Management System (RIMS)
laboratory data for E,.

The pavement of the test sites was analyzed as a 3 layer system (asphalt layer, base
and subgrade) for the second MODULUS run and as a 4-layer system (asphalt layer, base,
first 36" of subgrade and remaining subgrade) as the third MODULUS run. The third run
produced an overall lower absolute error than the second run and can be justified by the
fact that the first 36 inches of subgrade is the most susceptible to environmental
conditions, and therefore can be figured as a separate layer. Because of the lower absolute
error, the third run values were used in the subsequent comparisons. The corresponding
layer strengths produced by using inputted FWD deflection data were: Epe, Ep, My g 36%
and M. The researcher used the resilient modulus strength of the first 36" of subgrade
layer if the stiff layer was less than 10 feet below the ground surface. If the stiff layer was
greater than 10 feet below the ground surface, the first 36" of subgrade resilient modulus
value and the remaining subgrade resilient modulus value should be averaged.

The MODULUS third run E, values can now be compared to the Asphalt
Institute regression equation values for asphalt modulus of elasticity and to the SHRP
RIMS laboratory E, data. At this point, however, we have nothing to compare the Ey,
values with. In Figure 10 on the following page, the MODULUS Ejg values for each test
site and the corresponding Asphalt Institute regression Modulus of Elasticity values are
plotted against the estimated mid-depth temperature of the pavement. (See Appendix D,
page D6 to see the all the E, data in tabular form.)

In Figures 11 and 12, asphalt Modulus of Elasticity values as determined by the
Asphalt Institute regression equation, MODULUS output, and SHRP RIMS laboratory

data for test sites MT1 and MT2 are plotted against the estimated mid-depth temperature.
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Eac vs. Temperature

Figure 10
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Eac vs. Temperature, MT2

Figure 12
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CONCLUSIONS

The purpose of a temperature adjustment factor (TAF) is to be able to take a
Falling Weight Deflectometer (FWD) deflection value measured at T degrees and multiply
it by the TAF to get the equivalent deflection at 68 degrees Fahrenheit. This will provide
structural data that is easily compared for various pavements.

The empirical temperature adjustment féctor curves' (found in Figure 3) data
points have a different curve fit than the data points of the theoretical temperature
adjustment factor curves (found in Figure 6). The TAF values for the empirical data are
generally higher for temperatures lower than 68 degrees and generally lower for
temperatures higher than 68 degrees when compared to the theoretical temperature
adjustment factor curve. This results in the empirical temperature adjustment factor
curves being more conservative structurally when the temperature is above 68 degrees and
less structurally conservative when the temperature is below 68 degrees.

The temperature adjustment factors which were based on theoretical results using
Odemark-Boussinesq, which is a linear elastic equation, are basically the same as the
present American Association of State Highway and Transportation Officials (AASHTO)
Temperature Adjustment Factors on pages III-99 and III-100 of the 1993 AASHTO

Guide for Design of Pavement Structures (2). Evidently, both of these results were based

on linear elastic behavior of the material, which is a false assumption since the material in
actuality is not linear elastic. Therefore, the temperature adjustment factors which were
based on actual FWD deflection data and empirical mid-depth asphalt concrete (AC)
temperatures (referred to as the empirical Temperature Adjustment Factor curves) show
that the behavior is non-linear and is perceived as a more accurate illustration of the
temperature adjusment factors.

The conclusions for the comparison of methods used to find layer strengths will be

brief. Overall, it appears that the manually backcalculated method and 2-layer system

23



MODULUS run yield parallel values for the pavement strength moduli and the subgrade
resilient modulus. (see Figures 7 and 8).

The Asphalt Institute (AI) regression equation E. (strength modulus of asphalt
concrete) values provide a theoretical comparison for the 4-layer system MODULUS E,
results. The MODULUS values are distributed fairly close to the Al regression line. (see
Figure 10). As can be seen in Figures 11 and 12, the Modulus of Elasticity values found
by the Strategic Highway Research Program (SHRP) Regional Information Management
System (RIMS) laboratory tests are close to the Al and MODULUS values for warm mid-
depth temperatures (over 75° Fahrenheit). But for colder mid-depth temperatures, the
SHRP RIMS E, values are considerably lower. It is uncertain whether it is the SHRP
laboratory data or the MODULUS software and Asphalt Institute regression results that
are inconsistent, considering the large difference in asphalt layer strength modulus values.
The SHRP Protocol used for the testing the total resilient modulus of asphalt concrete is

PO7 which closely follows ASTM D4123 specifications.
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RECOMMENDATIONS

The empirical temperature adjustment factor curves, found in Figure 13 on the
following page, are the recommended Temperature Adjustment Factor curves for
MoDOT's use with the FWD measured deflections. These temperature adjustment factor
will be used to correct the deflections to the AASHTO standard 68 degree F. (The

calculated regression equations for these lines can be found on page 27.)
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Missouri Department of Transportation Recommended Temperature Adjustment Factor
Curve Regression Equations.

MT1 Regression FWD Deflection Equation
Correlation Coefficient = 0.895540

d = 4.73842800 TEMP)

MT2 Regression FWD Deflection Equation
Correlation Coefficient = 0.962902

dp = 1.090210ew 026551 TEMP)

MT3 Regression FWD Deflection Equation
Correlation Coefficient = 0.950967

do = 3.188715¢00135 TEM)
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APPENDIX A

Data and Graphs Relating to the Estimation of Mid-Depth AC Temperature






Site No. Location Date S-day avg. PVt Surface S-day+sud. AC. Thickns. Pctual P l Temperalure
Tested | tempersivie | temperature | temperature {inches) 1“ceplh | 2"depih | 4 depih | 5°depih | 6 depth | 7-depth ]| B depih | & deplh
MTi-1002 Route C, Cole Courty, MO 2-27-81 40 - . 7 64 52 49
Asphatt Pavement 5.07-91 52 . . ? 68 64 63
6-06-91 7 86 163 7 92 88 a7
7.0591 .8 106 167 7 103 105 98
1-29.91 72 85 157 7 82 08 es
9-0591 14 85 159 7 82 i n
10-03-91 &8 68 136 7 68 10 12
11-12.91 26 52 i8 7 51 a7 47
2-11.92 ki 41 72 7 40 39 39
3-19-82 43 49 62 1 62 o4 52
5-18.92 65 7 142 7 74 72 72 -
Site No. Lecation Date Sday avg. Pvi. Suriace S-day+surf. AC Tiickns.  JActual Pavement Temperalure
. Jested temperature temperature temperature finches) 1" depth 2" depth 4" depth S"depth | 6" depth 7" depth 8" depth 9" depth
MT2-1008 | Route 171, Jasper County, MO 2-26-91 4] 45 a8 10 45 42 42
Asphalt Pavement 32691 64 76 140 10 73 €9 64
4.24.91 50 87 137 10 83 76 68
5-30-91 78 86 164 10 85 a3 86
6-23-91 79 110 163 10 113 100 a5
7-2291 84 120 212 10 128 118 109
9-04-91 7 75 152 10 75 80 84
10-01-81 63 B5 148 10 83 70 8t
10-29-91 63 54 17 V] 6 63 €6
1-27-92 kI ] 5% 94 10 %6 46 42
3-24.92 42 50 02 10 50 48 52
5-20-94 10 1] 161 10 87 o 44 N T R R -
e No. Localion Dale “Sday avp. PV Surface | S-day+sur, | AC Thickns. [Aciual Pavement Temperal ]
Tested temperalure temperature temperature {inches) 1" depth 2° depth 4" depth 5" depth & depth 7" depth 8" depth [ 9" depth
[ MT3806 | Route 160, Gentry County, MO | 30591 41 - . [ &1 48
Asphatt Pavement 4.03.91 44 - ] 78 77
50191 58 - . ] 63 55
6-04-91 16 105 181 [ 110 99
7-02.91 82 105 187 9 107 9%
1.30-91 T 11 162 9 113 99
9-10-91 76 15 151 ] 76 78
10-09-C4 54 58 112 9 57 80
110561 20 48 68 a 53 49
1-30-92 34 54 -] 9 52 42
3-31-92 42 54 96 9 55 53
5-27-92 83 70 123 8 78 €5




t-v

Site No. Location Date S-day avg. Pwvt. Surface 5-day+surf. AC Thickns.  Actual Pavement Temperature
Tested | lemperat temperat temperat (inches) T depth | 7 depth | 4 depth | 5 depth | 6 depth | 7 depth | B depth | O depth
M74.5000 1-39, Daviess County, MO 30591 36 - - 892 48 45 45
Concrete Pavement 4-02-N1 43 - - 92 60 54 57
4.30-91 57 - - 92 &4 i &9
8-04.91 78 85 169 92 85 80 84
7-03-31 80 91 174 92 89 52 83
7-30-91 7t 69 140 92 69 16 a3
$.08.-91 72 101 173 92 102 94 90
10-08-91 51 63 14 82 62 61 63
11-06-91 23 a3 56 §.2 35 6 4O
1.29.92 k] 60 93 92 59 49 4?2
3.31.92 43 60 103 9.2 56 50 43
5-28.92 53 66 119 92 64 60 60
Site No. Location Date 5-day avg. Pvt. Surface S-day+surf. AC Thickns.  Actual Pavement Temperature
! Tested | lemperalure | temperature peralure {inches) T deplh | 7 depih | 4 depth | 5 depth | 6 deplh | 7 depth | B depin | O deptn
MT5-9005 Route 50, Cole County, MO 2219 a7 - - 9 7 66 58
Concrete Pavement 3-06-91 42 - - 9 €5 58 54
3-28.91 62 - . 9 73 67 51
8-03-91 79 92 171 9 89 85 85
7-05-9H1 81 97 178 9 o5 88 87
7200 72 81 153 9 81 84 84
8059 74 96 170 9 86 92 a2
100391 66 110 176 g 86 79 73
11-12.91 26 42 68 9 42 43 L
2-11-92 k)| 40 71 9 40 a8 39
4-.01-92 45 o1 86 9 M 58 52
5-18.92 69 89 123 9 91 B4 18
[ Site No. Location Dale Bday avg. PVt Surface | Sday+surl. AC Thickns.  Pclual Pavemenl Temperalure
Tesied temp temperature temperati ({inches) 1° depth 2" depth 4" depth 5" depth 6" depth 7" depth 8" depth 9" depth
MT6-9007 Route 71, Jasper County, MQ 2-259 [k - - 93 52 55 49
Concrete Pavement 3-25-91 58 - - 23 86 84 73
4-20-91 83 - - 93 70 74 73
5-30-91 77 - - 23 16 81 86
6-25-91 b} o7 176 93 o7 92 86
7-23.91 BE 87 173 9.3 68 [::] 90
9-04-91 78 9 17t 93 92 84 83
10-30-81 62 40 102 93 45 48 52
1-28-92 37 43 80 93 49 47 41
5-20-92 62 7 139 93 76 74 72




£-v

Site No. Location Date 5-day avg. Pvt. Surface 5-day+surf. AC Thickns. ctuat Pavement Temperature
Tested temperature temperature temperature (inches) 1" depth 2" depth 4" depth
MT7-8013 1-35, Harrison County, MO 3-05-91 36 - - 4 51
Asphalt Overlay on 4-03-91 a5 - - 4 56
Concrete Pavement 5-02-91 58 - - 4 57
6-04-91 76 86 162 4 90
7-02-91 82 80 162 4 88
7-30-91 70 93 163 4 93
9-10-91 73 82 155 4 85
10-08-91 50 77 127 4 78
11-05-91 23 36 59 4 32
1-30-92 30 a3 63 4 33
3-30-92 42 75 117 4 70
5-27-92 59 61 120 4 60
Site No. Location Date 5-day avg. Pvt. Surface 5-day+surf. AC Thickns.  Actual Pvmnt Temp.
Tested temperature temperature temperature {inches) 1" depth 2" depth
MT8-5473 |-70, Cooper County, MO 3-04-01 41 - - 3 26
Asphalt Overlay on 4-01-91 49 - - 3 68
Concrete Pavement 5-09-91 60 - - 3 72
6-30-91 79 102 181 3 102
7-01-91 82 86 178 3 96
7-29-91 72 101 173 3 100
9-08-91 74 81 155 3 75
10-18-91 56 61 117 3 66
11-13-91 28 83 81 3 45
1-31-92 36 57 93 3 53
3-20-92 42 43 85 3 45
5-22-92 69 77 146 3] 18
Site No. Location Date 5-day avg. Pvt. Surface 5-day+surf. AC. Thickns. |Actual Pvmnt Temp.
Tested temperature temperature temperature {inches) 1" depth 2" depth
MT79-8014 Route 60, Greene County, MO 2-26-91 38 - - 3.5 57
Asphalt Overlay on 3-19-91 a1 - - 3.5 71
Concrete Pavement 4-29-91 61 - - 3.5 84
5-31-1 75 82 157 35 81
6-26-91 77 - - 35 109
7-22-91 77 115 192 35 113
9-03-91 75 85 170 35 95
9-30-91 59 84 143 35 82
11-14-91 42 66 a8 a5 56
1-27-92 34 54 88 35 50
3-23-92 47 64 111 as 62
L_ . 5-19-92 67 77 144 a5 75




Location Test Section No. Date S5-day avg. |Concrete pvt. [S-day+surf. JAC. Thickns.|Actual Pavement Temperature
& preparation Tested temperature [surf. temp. temperature_|({inches) 1"depth  [Zdepth _ [3"depth  }4"depth  [5"depth 6" depth 7" depth _[8" depth

SP5-6 - Control Section ~ [6/02/92 573 87. 1443 8 87 78 78

Bethany, MO 6/02/92 57.3 87 1443 a 87 79 79
6/02/92 573 83 1453 a 8a 81 79
6/02/92 573 88 1453 8 as 81 79
6/02/92 57.3 88 1453 8 88 a1 79
6/02/92 573 a0 1473 8 90 81 79
6/02/92 57.3 a3 150.3 8 93 83 81
6/02/92 57.3 0 147.3 8 90 84 80
10119/92 47.3 53 100.3 a 53 54 54
10119/92 473 52 993 8 52 53 54
10119192 173 53 1003 8 53 54 54
1019/92 47.3 51 8.3 8 51 52 53
10/19/92 473 52 993 8 52 51 52
1019/92 473 49 963 8 419 50 51
1019/92 473 50 97.3 8 50 51 52
10/28/92 60.3 55 1153 a 55 56 57
10/28/92 60.3 87 117.3 8 57 56 58
10/28/92 60.3 57 117.3 a 57 56 58
10/28/92 60.3 61 121.3 8 61 58 59
10/28/92 60.3 63 1233 8 63 60 59
10/268/92 60.3 61 1213 8 61 60 81
10/268/92 60.3 63 1233 8 63 63 &7
11/17/92 379 54 99 8 54 52 49
1117192 379 54 fna 8 54 52 51
11792 3749 51 889 8 1 51 50
111792 379 47 8498 8 47 S0 50
11147192 379 45 839 8 46 47 49
11147/92 379 39 76.9 8 39 43 43
4/22/93 50.1 17 1271 a 77 73 67
4/22/93 §0.1 79 1291 8 79 75 69
4122/93 50.1 82 13241 8 82 78 72
4/22/93 50.1 84 134.1 [:] 84 80 74
4/22/93 50.1 80 130.1 8 80 78 73
4122193 501 79 1291 8 79 75 7
4122193 50.1 77 1271 8 77 73 I
4/22/93 50.1 73 123.1 8 73 73 m
5/10/93 65.6 74 1396 8 74 73 73
5/10/93 65.6 72 1376 8 72 73 73




L ocation TTest Section No. Date 5-day avg. |Concrete pvt. [S-day+surfl. |AC Thickns. |Aclual Pavement Temperature 1
& preparation Tested temperature jsurf. temp. temperature l(inches) 1"depth  [2"depth 3" depth  |4" depth [5"depth  [6" depth (7" depth 18" depth
SPS-6 2 - Max. Restaration |3/12/92 4168 40 868 8 40 42 46
Bethany, MO 3/12/92 46.8 33 79.8 8 a3 35 37
3/12/92 468 30 76.8 8 30 34 37
3/12/92 46.8 32 78.8 8 32 34 37
4i15/92 49.1 68 1171 B B8 65 €4
4/15/92 491 71 1201 8 71 67 67
4/15/92 491 75 1241 8 75 7 67
4(15/92 491 77 126.1 8 77 72 68
4115192 491 81 1301 8 81 76 71
4/15/92 491 87 136.1 8 87 80 75
4/15/92 491 83 138.1 8 89 a3 77
4/15/92 49.1 91 1401 8 91 84 78
4/15/92 49 1 94 1431 8 94 B6 79
4/15/92 491 a5 144.1 8 95 87 BO
4722192 50.1 33 831 8 33 33 38
4/22/92 501 39 891 8 39 35 38
4/22/92 50.1 46 96.1 8 46 40 37
4/22192 501 50 100.1 8 50 46 39
4/22/92 50.1 53 103.1 8 53 48 46
10/27192 63 46 109 8 46 48 53
10/27/92 63 49 112 8 49 49 53
10/27/92 63 50 113 8 50 52 53
10/27/92 63 55 118 8 55 55 54
10/27/92 63 62 125 8 62 57 56
10/27/92 63 68 E ki 8 68 64 62
10/27192 €3 66 129 8 66 62 56
10/27/92 63 58 121 8 58 58 66
10/27/92 63 65 128 8 65 57 65
10/27/92 63 73 136 8 73 68 61
10/27/92 63 72 135 8 72 68 61
10/27192 63 75 138 8 B 68 62
10/27/92 63 71 134 8 m 67 €4
10i27/92 683 72 135 8 72 €9 84
10/27192 63 70 133 8 70 68 68
10/27/92 83 70 133 B 70 67 64
10/27/92 63 67 130 8 67 67 64
5/11/93 5.8 64 125.8 8 €4 63 63
5/11/93 658 65 1308 8 65 65 64
5/11/93 658 86 1318 8 €6 66 64
S/11/93 65.8 67 132.8 8 87 67 65
5/11/93 658 66 1318 8 66 66 65
5/11/93 65.8 69 1348 8 69 68 66
5/11/93 65.8 7t 136.8 8 71 71 €5
5/11/93 65.8 73 1388 8 73 72 70
5/11/93 65.8 74 1338 8 74 73 70
5/11/93 658 71 1368 8 71 70 69
5/11/93 658 " 1368 8 71 70 68
5/11/93 658 69 1248 ] 69 69 68
5/11/93 65.8 69 1348 8 €9 69 68
5/11/93 65.8 70 1358 8 70 69 69
5/11/93 B58 75 1408 8 75 A\ 69




Location Test Section No. Date 5-day avg. [Asphalt pvt. [5-day+surf. [AC Thickns. |Actual Pavement Temperature
L & preparation Tested temperature |surf. femp. |lemperature |(inches) 1"depth  |2"depth  |3" depth  |4” depth
SPS-6 3 - min. restoration |3/3/92 461 70 116.1 4 70
Bethany, MO 3/3192 46.1 72 118.1 4 72
313192 46.1 71 1171 4 71
3/3/192 46.1 73 119.1 4 73
3/3/92 46.1 73 1191 4 73
3/3/92 46.1 73 118.1 4 73
3/4/92 51.4 59 110.4 4 59
3/4/92 51.4 60 111.4 4 60
314192 514 65 116.4 4 65
3/4/92 51.4 66 117.4 4 66
3/4/92 51.4 70 121.4 4 70
10/21/92 411 87 128.1 4 87 85
10/21/92 411 88 129.1 4 88 84
10121192 411 87 1281 4 87 85
10/21/92 411 B4 1251 4 84 84
10/21/92 411 83 1241 4 83 83
10/21/92 411 82 1231 4 82 82
10/22/92 442 59 103.2 4 59 59
10/22/92 442 61 105.2 4 61 60
10/22/92 442 63 107.2 4 63 60
10/22/92 44.2 64 108.2 4 64 63
10/22/92 442 69 113.2 4 69 69
10/22/92 442 64 108.2 4 64 63
10122192 442 75 119.2 4 75 74
5(11/93 65.8 78 143.8 4 78 77
5/11/93 65.8 80 145.8 4 80 79
5/11/93 65.8 79 144.8 4 79 79
5/11/93 65.8 74 139.8 4 74 75
5/12/93 65.2 66 131.2 4 66 68
5/12/93 652 70 135.2 4 70 70
5112/93 65.2 70 135.2 4 70 70
5M12/93 65.2 79 1442 4 79 80
5/12/93 65.2 78 143.2 4 78 79




Location Test Section No. Date 5-day avg. [Asphalt pvt, |5-day+surf. {AC Thickns. |Actual Pavement Temperature
& preparation Tested temperature |surf. temp. ltemperature |{inches) 1"depth  |2"depth 3" depth 4" depth
SPS-6 4 - min. restoration |3/02/92 39.6 99 138.6 4 99
Bethany, MO |(saw & seal overlay) |3/02/92 396 86 1256 4 86
3/02/92 396 84 123.6 4 84
3/03/92 461 58 1041 4 58
3/03/92 46.1 60 106.1 4 60
3/03/92 46.1 64 1101 4 64
3/03/92 461 66 1121 4 66
3/03/92 46.1 66 1121 4 66
3/03/92 46.1 67 113.1 4 67
3/03/92 46.1 70 116.1 4 70
3/03/92 46.1 71 1171 4 71
3/03/92 46.1 72 118.1 4 72
3/03/92 46.1 7 1171 4 7
10/21/92 11 51 92.1 4 51 51
10/21/92 411 54 95.1 4 54 53
10/21/92 411 57 98.1 4 57 56
10/21/92 411 60 101.1 4 60 60
10/21/92 411 65 106.1 4 65 62
10/121/92 411 70 1111 4 70 66
10/21/92 411 74 115.1 4 74 73
10/21/92 411 75 116.1 4 75 74
10/21/92 411 78 1191 4 78 78
10/21/92 411 83 124.1 4 83 82
10/21/92 411 85 126.1 4 85 84
10/21/92 411 85 126.1 4 85 85
4/20/93 459 56 101.9 4 56 57
4/20/93 459 57 102.9 4 57 58
4/20/93 459 59 104.9 4 59 58
4/20/93 459 60 1059 4 60 58
4/20/93 459 60 105.9 4 60 59
5/11/93 65.8 82 147.8 4 82 81
5/11/93 65.8 84 1498 4 84 a3




Location Test Section No. Date S-day avp. [Concrete pvt. [5-day+sud. |AC Thickns. {Actual P t Temg
& preparatian Tested {temperature [sud, temp. _ Jtemperature j{inches) 1" depth _[2- depih |3 depth 4" depth |5 depth 6" depth [7” depth 16" depth

SPS-6 5 - Max Restoration |3/1052 575 15 1025 a 45 44 43

Pethany, MO 710/92 575 42 95 ] 4 H 42
310/92 575 a2 93.5 8 42 41 42
31092 575 43 1005 0 43 a2 Q2
310092 51.5 45 1025 8 45 46 43
3/10/92 515 46 1035 8 46 46 45
310192 515 48 1055 8 48 a7 4
3110/82 515 ar 104.5 8 47 47 46
31092 575 48 1055 8 48 4 a7
311092 575 48 1055 8 48 a7 18
3111192 536 29 826 8 29 N as
3111192 5316 30 B3 6 8 0 a 35
311/92 5316 30 BI6 6 30 32 35
311792 536 36 826 8 3 36 6
311/92 536 41 946 & a 38 37
311/92 536 43 9% 6 8 a3 a9 39
182 536 44 976 8 a 42 ag
31192 5316 a2 956 B8 42 41 40
311192 536 a1 946 8 4 40 40
10420132 435 54 915 8 54 54 53
10/20/92 435 56 995 8 56 55 54
10/20/92 435 58 1015 3 58 57 56
10/20/92 4315 61 1045 8 61 56 55
10/20/92 4315 64 1075 8 84 55 54
10/20092 435 63 106 5 B 63 57 55
10720092 a5 64 107 5 8 64 54 51
102092 435 64 107.5 8 64 56 52
10720192 435 5 1185 8 75 66 62
10/20/92 415 77 1205 8§ 77 64 60
10120182 435 80 1235 8 80 68 62
10/2092 435 al 1245 8 a1 69 62
10/20/92 435 84 1275 B 84 70 63
10/20192 435 81 1245 8 81 74 68
10720192 435 80 1235 8 a0 n 65
10120192 435 74 1175 8 74 n 65
1020492 435 73 116.5 8 7 n 67
102092 435 68 115 8 68 66 684
10:20/92 435 65 1095 8 66 64 64
10/26/92 621 72 134 1 8 72 71 67
10/26/92 62t 73 1351 8 73 89 67
10126/92 621 Al 1331 8 7 70 €7
10726192 621 &7 129.1 8 67 €5 €0
an1m 485 73 1215 8 73 69 60
4r1m 485 72 1205 8 72 70 62
42193 485 70 1185 8 70 69 62
42293 501 50 100 1 8 50 a7 49
4122193 S0 1 54 104 1 8 54 50 50
422003 501 57 107.1 8 57 53 51
422/3 50.1 64 1144 8 64 60 56
422m3 50.1 69 19.1 8 69 61 57
422193 50,1 72 1221 8 72 63 58
ar22/93 50.1 75 125.1 8 5 67 59
4122193 50.1 78 1281 8 8 69 61
4122193 50.1 80 1301 8 €0 7a 62
4122193 501 B1 131.1 8 81 n 63
4128193 56.4 €6 1224 8 66 62 62
4126/93 56.4 67 1224 8 87 63 63
4/26/93 56.4 70 1264 8 70 B6 64
4126193 564 72 128.4 8 12 66 64
a28/m3 564 67 1234 8 67 66 64
4128193 56.4 65 121.4 8 65 & 64




Location Test Section No. Date 5-day avg.

& preparation Tested temperature |
SPS-6 6 - Max. Restoration [3/04/92 514
Bethany, MO 3/04/92 514

3/04/92 514
3/04/92 514
3/04/92 51.4
3/04/92 51.4
3/04/92 514
3/09/92 57.8
3/09/92 57.8
3/09/92 57.8
3/09/92 57.8
3/09/92 57.8
12/01/92 275
12/01/192 275
12/01/92 275
12/01/92 27.5
12/01/92 27.5
12/01/92 215
12/01192 21.5
12/01/92 27.5
12/02/92 215
12/02/92 21.5
5112/93 65.2
5/12/93 65.2
512/93 65.2
5/12/93 65.2
5/112/93 65.2
5/12/93 65.2
5/12/93 65.2
5/12/93 65.2

Asphalt pvt. [5-day+surf. |AC Thickns. [Actual Pavement Temperature
surf. temp. [temperature [(inches) 1"depth |2"depth  {3" depth 4" depth

68 1194 4 68

514 102.8 4 70

51.4 102.8 4 68

514 102.8 4 64

51.4 102.8 4 65

51.4 102.8 4 65

51.4 102.8 4 65

46 103.8 4 46

47 104.8 4 47

45 102.8 4 45

42 99.8 4 42

42 99.8 4 42

ar 64.5 4 37 a8
37 64.5 4 37 38
37 64.5 4 37 38
37 64.5 4 37 - 38
38 65.5 4 38 38
39 66.5 4 39 38
40 67.5 4 40 39
41 68.5 4 41 KLt]
36 63.5 4 36 35
38 63.5 4 36 35
79 144.2 4 79 77
82 147.2 4 82 79
86 151.2 4 86 82
95 160.2 4 g5 86
99 164.2 4 99 91
104 169.2 4 104 94
102 167.2 4 102 98
102 167.2 4 102 99
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Location Test Section No. Date 5-day avg. |Asphalt pvt. [5-day+surf. [AC Thickns. |Actual Pavement Temperature
& preparation Tested temperature |surf. temp. [temperature j(inches) 1"depth  |2"depth  |3"depth _ |4" depth

SPS-6 7 - Crack/Break 4/24/92 45.8 50 95.8 4 50 55 59

Bethany, MO |& Seat 4/24/92 458 52 97.8 4 52 56 59
4124/92 458 53 98.8 4 53 56 59
4/27/92 413 78 120.3 4 79 74 85
4127192 413 80 1213 4 80 75 62
4127192 413 82 123.3 4 82 77 64
4/27192 41.3 84 1253 4 84 78 66
4/27/92 41.3 84 125.3 4 84 79 @ 65
4/28/92 436 52 95.6 4 52 52 55
4/28/92 436 52 956 4 52 52 55
4/28/92 436 54 97.6 4 54 54 55
4/28192 43.6 55 98.6 4 55 55 56
4/28/92 436 59 102.6 4 59 56 56
4/28192 436 64 107.6 4 64 56 50
11/03/92 46.5 40 86.5 4 40 40 40
11/03/92 48.5 41 87.5 4 41 40 40
11/03/92 46.5 40 86.5 4 40 40 41
11/03/92 46.5 40 86.5 4 40 40 41
11/03/92 46.5 41 875 4 41 41 41
4/06/93 36.2 48 842 4 48 48 48
4/06/93 36.2 50 86.2 4 50 49 49
4/06/93 36.2 51 87.2 4 51 50 49
4/06/93 36.2 58 94.2 4 58 55 52
4/06/93 36.2 57 93.2 4 57 57 55
4/06/93 36.2 68 104.2 4 68 64 60
4/08/92 394 50 89.4 4 50 51 50
4/08/92 394 53 92.4 4 53 54 54
4/08/92 39.4 53 924 4 53 53 53
9/20/92 516 92 143.6 4 92 90 86
9/20/92 51.6 95 146.6 4 95 93 88
9/20/92 516 97 148.6 4 97 96 93
9/20/92 51.6 92 143.6 4 92 94 N
9/20/92 516 91 142.6 4 91 90 89

} 9/20/92 516 88 139.6 4 88 89 89




1T-Y

Cocation I'Tesl Section N0, |Date 5-dayavg. JAsphait pvt. [S-day+surf. |AC Thickns. JAciual Pavement Temperature ]
& preparation Tested |temperature isurl temp. _ [temperature l(inches) 1"depth  [2"depth 3" depth |4"depth |5 depth [6*depth 7" depth 8" cepth (9" depth [11" depth [12" depth
SPS.6 B - Crack/Break 4128192 436 68 1116 B €0 64 57
Bethany, MO 18 Seat 4128192 436 80 1236 ] 80 73 57
4728192 436 76 1196 -] 76 71 L)
4728192 436 60 1236 8 80 74 €1
4/28/92 436 82 1256 ;] 82 76 64
47268/92 436 83 1266 B 83 76 64
4/28/92 436 85 128.6 -] 85 79 €7
4128/92 436 78 1216 -] 76 % 64
4/28192 436 82 1256 ;] 82 78 €6
4121193 4485 50 48 8 8 50 50 48
4/21/93 485 55 1035 -] 55 51 54
4121493 485 60 1088 B 60 52 55
4/21/93 485 66 1145 B 66 60 56
4721193 485 72 12056 B 72 60 87
4/21/93 485 74 1228 B 74 €0 58
9721193 846 84 1386 [:) 64 82 87
9/24/93 546 82 1366 ] 82 1 78
9/21/93 546 80 1346 8 80 81 79
9/21/93 546 79 1336 8 7% 80 78
/2193 546 7 1316 [ 77 80 10
9/21/93 546 76 1306 8 76 79 17
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Location Test Section No. Date 5-day avg. JAsphalt pvt. [5-day+surf. JAC Thickns. |Actual Pavement Temperature
& preparation Tested temperature |surf. temp. _|temperature |(inches) 1"depth  |2"depth  [3" depth  [4" depth

SPS-6 9 - Crack/Break 5/5/92 66.2 71 137.2 4 7

Bethany, MO |& Seat 5/5/92 66.2 73 139.2 4 73
5/5/92 66.2 73 139.2 4 73
5/5/92 66.2 76 1422 4 76
5/5/92 66.2 77 143.2 4 77
515192 66.2 79 - 145.2 4 79
5/5/92 66.2 77 143.2 4 77
4/6/93 36.2 68 104.2 4 68 60 63
4/6/93 36.2 68 104.2 4 68 61 B4
4/6/93 362 69 105.2 4 69 62 64
4/6/93 36.2 70 106.2 4 70 62 64
4/6/93 36.2 68 104.2 4 68 61 62
4/08/93 39.4 57 96.4 4 57 56 55
4/08/93 394 58 97.4 4 58 54 52
4/08/93 394 54 934 4 54 52 51
9/21/93 546 64 118.6 4 64 62 61
9/21/93 54.6 67 121.6 4 87 62 61
9/21/93 546 73 1278 4 13 68 68
9/21/93 546 75 1296 4 75 72 70
9/21/93 54.6 78 132.6 4 78 75 72
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Location Test Seclion No. Date S-day avg.  [Asphalt pit. [S-day+surf. |AC Thickns. [Actual Pavement Temperature
& preparation Tested temperature jsurf. temp.  [temperature |(inches) 1"depth  [2°depth  |3"depth  {4"depth  [S"depth  [6" depth [T depth 8" depth
SPS-6 10 - Crack/Break 5/05/92 66.2 83 149.2 8 83 80 76
Bethany, MO & Seat 5/05/92 66.2 B4 150.2 8 84 80 76
5/05/92 662 85 151.2 8 85 80 76
5105/92 66.2 86 1522 8 86 81 75
5105192 66.2 84 150.2 8 84 81 75
5/05/92 66.2 82 148.2 8 82 at 75
4/09/93 422 41 832 8 a4 42 44
4/09/93 422 a4 862 8 44 45 45
4/09/93 422 49 M2 8 49 47 48
4/09/33 422 53 95.2 8 53 49 47
4/27/93 543 63 17.3 8 63 63 64
4r27/93 543 63 173 8 63 63 64
4/27/93 543 62 1163 8 62 63 64
4/27/93 543 65 1193 8 65 64 65
4/27/93 54.3 67 1213 8 67 65 65
4/27/93 54.3 68 1223 3] 68 65 65
4/27/93 543 75 129.3 8 75 68 66
4/27/93 543 72 1263 8 72 70 67
9/21/93 546 85 1396 8 85 B84 83
9/21/93 546 90 1446 8 20 92 a0
9/21/93 546 91 1456 8 9 o0 88
9/21/93 546 88 1428 8 88 87 a7
9/21/93 546 87 1416 8 87 86 86
9/21/93 546 84 138.6 8 84 83 83
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Location Test Section No. Date S-day avg. [Asphalt pvt. [S-day+surf. |AC Thickns. |Actual P 't Temperature
. 8 preparation Fested |temperature [surf. temp. ltemperature |(inches) 1"depth |Z"depth  [3"depth  {4"depth [5" depth  |6" depth  [7" depth __ [8"depth  [9" depth |11 depth ]|1Z" depth
SPS-6 11 - Rubblized 604792 63.1 109 168.1 12 105 90 87
Bethany, MO 6/04/92 631 104 167 1 12 104 92 86
G/0A192 631 109 1721 12 109 94 89
604192 631 109 1721 12 109 94 ag
6/04/92 631 112 1751 12 112 95 94
6/04/92 63.1 110 1731 12 110 96 94
604192 631 107 170.1 12 107 97 93
6/04/92 63.1 106 169.1 12 106 96 92
6/04/52 631 104 167 1 12 104 96 92
11117192 379 48 859 12 48 47 a7
1117192 379 a8 859 12 418 47 47
1117192 379 48 659 12 a8 47 47
11/17/92 379 48 859 12 48 47 47
11117/92 78 48 859 12 48 a7 47
11117132 379 18 859 12 48 47 46
4129153 58.3 76 1343 12 76 65 62
4/29/33 583 76 1343 12 76 65 62
510133 656 83 1486 12 83 77 74
5/10/93 656 83 1486 12 83 7 73
5/10/93 656 80 1456 12 80 7 73
51093 85.6 75 1406 12 75 78 73




ST

Location Test Section No. Date S-dayavg. [Asphalt pvt. [S-day+surf. |AC Thickns. |Actual Pavement Temperature
& preparation Tested temperature (surf. temp. |temperature |(inches) 1"depth |2 depth |3  depth_[4" depth _[5" depth _ [6" depth |/ depth _ |6" depth

SPs-6 12 - Rubblized 4/29/92 44.9 S7 101.9 8 57 60

Bethany, MO 4/29/92 44.9 61 1059 8 61 62
5/04/92 €4 97 161 8 a7 90
5/04/92 64 98 162 8 98 90
5/04/92 64 98 160 8 96 90
5/04/92 64 95 159 8 95 90
5/04/92 64 93 167 8 93 g0
5/04/92 64 9 155 8 ;N 88
S9/05/92 662 60 1262 8 60 63
5105192 66.2 59 125.2 8 59 62
5/05/92 66.2 61 1272 a8 61 62
5/05/82 66.2 64 130.2 a8 64 62
4/21/93 485 72 1205 8 72 : 64 €3
4/21/93 485 69 117.5 8 69 64 61
4/21/93 48.5 68 1165 8 68 64 £8
4/21/93 485 70 1185 8 70 66 59
421183 485 7 1195 8 I 68 €0
4/21/83 485 70 1185 8 70 72 63
4/21/93 485 68 116.5 8 68 77 64
9/22/33 56.3 a2 138.3 8 82 81 73
9/22/93 56.3 a3 139.3 8 a3 82 73
9/22/93 563 81 1373 8 81 80 75
9/22/93 56.3 84 1403 8 84 83 75
9/22/93 563 86 1423 8 a6 84 76
9/22/93 $6.3 87 143.3 8 87 ) 86 77
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Location Test Section No. Date 5-day avg. JAsphalt pvi. [S-day+surf. [AGC Thickns. [Actual Pavement Temgralure
& preparation Tested temperature [surf. temp. |lemperature [{inches) 1"depth j2"cepth |3" depth [4" depth [5"depth |6 depth |7~ depth |6" depth _ [9" depih  [11" depth |12 depth
SPS-6 13 - Rubblized 6/02/92 573 g8 1453 12 a8 83 82
Bethany, MG 6/02/92 97.3 85 1423 12 s 80 80
6/04/32 €31 70 1331 12 70 70 72
6104192 631 76 1381 12 76 72 73
6/04/92 631 79 1421 12 79 73 74
6/04/92 6321 74 1371 12 74 74 a1
6/04/92 631 85 1481 12 85 7 77
6/04/92 631 80 1531 12 90 60 7
6/04/92 631 85 158 1 12 95 79 79
6/04/92 63 1 Q7 160 1 12 97 80 80
6/04/92 63.1 89 1821 12 99 82 80
[6/04/32 631t 106 163.1 12 106 a7 83
1118192 392 68 107.2 12 68 64 58
1116192 392 66 1052 12 66 80 55
11/16/92 392 65 1042 12 65 &t 55
1117192 79 krs 749 12 37 40 44
1117192 279 40 779 12 40 a0 45
1117192 379 42 759 12 42 43 45
11417/92 79 43 809 12 13 43 45
4127193 543 73 1273 12 73 70 69
4/27/93 543 72 1263 12 72 70 69
4/29/93 583 63 1213 12 63 60 61
4/29/93 583 62 1203 12 62 81 60
4/29/93 583 63 1213 12 63 &1 61
4/29/93 563 68 126.3 12 68 61 61
4/29/93 58 3 74 1323 12 74 63 61
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Location Test Section No. Date S-dayavg. |Asphalt pvt. [S-day+surf. JAC Thickns. |Actual Pavement Temperature
& preparation Tested temperature }surd. temp. |temperature l(inches) 1"depth |2 depth |3 depth |4  depih |5  depth |6 depth |7 depth __ |8" depih

SPS-6 14 - Ruhblized 5106192 65.2 5 116.2 8 51 54 59

Bethany, MO 5106192 652 53 1182 8 53 54 59
5/06192 65.2 58 1232 8 658 58 62
5106192 65.2 57 1222 8 57 55 57
5/06/82 652 62 1272 8 62 58 59
5/06/92 652 66 1312 8 66 60 60
6/02/92 573 88 1453 8 a8 81 77
6/02/92 57.3 88 1453 8 88 81 79
6/02/92 57.3 83 140.3 8 83 74 73
11/05/92 41.4 36 774 8 36 37 39
11/05/92 4.4 35 76.4 8 35 37 38
11/05/92 1.4 35 76.4 8 35 37 38
11/05/92 41 .4 34 75.4 8 34 37 38
421193 48.5 Il 1195 8 7 69 66
4721/93 435 73 1215 8 73 72 67
427193 54.3 72 126.3 B8 72 70 €9
4/27/93 543 72 1263 8 72 70 €9
4127193 54.3 73 127.3 8 73 4l 69
4i27/93 54.3 73 127.3 8 73 72 70
9/22/93 56.3 85 1413 8 85 B3 75
9/22/93 56.3 83 1393 8 a3 82 75
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Location Test Seclion No. Date 5-day avg. !Asphalt pvt. [5-day+surf. |AC Thickns. [Actual Pavement Temperature
L & preparation Tested temperature surf. temp. |temperature |(inches) 1"depth 12"depth [3"depth |4"depth |5" depth
SPs-6 15 - Typical Project |4/23/92 47.2 56 103.2 5 56 55
Bethany, MO 4/23/92 472 61 108.2 5 61 57
4/23/92 472 59 106.2 5 59 57
4/23/92 47.2 57 104.2 5 57 56
4/23/92 472 58 105.2 5 58 55
4/23/92 47.2 58 1052 5 58 58
4/23/92 47.2 60 107.2 5 60 56
4/23/92 47.2 62 109.2 5 62 57
4/23/92 47.2 62 109.2 5 62 57
4/23/92 47.2 71 118.2 5 71 62
4/23/92 47.2 69 116.2 5 69 60
4/23/93 50.3 59 109.3 5 59 59
4/23/93 50.3 63 113.3 5 63 61
5M13/93 64.6 58 1226 5 58 58
5/13/93 64.6 59 1236 5 59 59
5/13/93 646 60 1246 5 60 58
5/13/93 64.6 62 1266 5 62 59
5/13/93 646 70 1346 5 70 61
5/13/93 646 73 1376 5 73 66
5/13/93 64.6 78 1426 5 78 69
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Location  Test Section No. Dale “[S-dayavg. [Concrele pd. [5day+surf. JAC 1hickns. [Aciual Pavement Temperalure
& preparation Tested temperature [surf.temp.  [temperature [(inches) 1" depth |2 depth |3 depth |4  depth [5 depth |6 depth |7 depth _|o" depth

SPs-6 16 - Min. Resloration |4/22/92 51.3 58 1083 8 58 51 48

Bethany, MO 4122192 513 63 1143 8 63 58 49
4/22/92 51.3 70 1213 8 70 58 50
4/22/92 513 m 1223 8 n 59 52
4/22/92 51.3 72 1233 8 72 64 57
4122182 513 78 1293 8 78 66 59
4/22/92 51.3 74 1253 8 74 63 58
4122/92 51.3 74 1253 8 74 64 54
4122192 513 19 130.3 8 79 68 60
4122192 5.3 73 1243 8 73 66 58
4122192 51.3 73 1243 8 73 66 58
4/23/93 50.3 S0 100.3 8 50 59 60
4/23/93 50.3 52 102.3 8 52 59 60
5/12/93 €5.2 95 160.2 8 85 20 85
5/12/93 65.2 93 1582 8 93 89 a7
5/12/93 65.2 20 155.2 8 90 8a 84
5/12/93 65.2 90 155.2 8 90 89 83
5/12/93 652 87 152.2 8 87 86 82
5/12/93 65.2 87 152.2 8 87 as 81
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mperature at 1 1ncr Jepth.

jas
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Five day average + surface temp vs. temperature at 1 inch depth.
Regression Equation. Tempt=.549%Temp+2.152, Rsquare=.8966, n=30, S(y.x)=7.6

225 —

[

h

(e
i

—

N

n
1
o]

50

29 -

! ! T [ [ 1 I 1 1
0 25 50 75 100 125 150 175 200 225

Temp
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ture

Tempersa

Five day average + surface temp vs. temperature at 2 inch depth.
Regression Equation: Temp2=.977%Temp-.482, Rsquare=.9070, n=132, S(y.x)=5.5
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Temperature at

Five day average + surface temp vs. temperature at 3 inch depth.
Regression Equation: Temp3=.564%Temp-1.88, Rsquare=.7514, n=56, S(y.x)=6.3
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t 4 1inch

‘emperature a
Temp4

Five day average + surface temp vs. temperature at 4 inch depth.
Regression Equation: Tempd4=583x%Temp-4.025, Rsquare=.8851, n=125, S(y.x)=5.3
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‘emperature at 9 incn cdepth.

TempH
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Five day average t surface temp vs. temperature at 5 inch depth.
Regression Equation: Temp5=.528xTemp-.363, Rsquare=.9580, n=32, S(y.x)=3.9
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Temperature at & 1nch adepth.

mp6
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Five day average + surface temp vs. temperature at 6 inch depth.
Regression Equation: Tempb6=.490% Temp+4.725, Rsquare=.9347, n=31, S(y.x)=4.2
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Temperature at 7 inch depth.

Temp7/

225

200

Five day average + surface temp vs. temperature at 7 inch depth.
Regression Equation: Temp?7=.54S5%Temp-1.228, Rsquare=.9093, n=98, S(y.x)=4.6
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Temperature st 8 inch depth.

Temp8

Five day average + surface temp vs. temperature at 8 inch depth.
Regression Equation; TempB=.519%Temp-.632, Rsquare=.8476, n=27, S(y.x)=4.0
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ture at 9 inch aspth.
Temp9

rempera

Five day average + surface temp vs. temperature at 9 inch depth
Regression Equation. Temp9=.514%xTemp~-.167, Rsquare=.9447, n=12, S(y.x)=5.0
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Temperature at 11

Temp11

Five day average + surface temp vs. temperature at 11 inch depth.
Regression Equation: Temp11=.441%Temp+7.420, Rsquare=.6208, n=13, S(y.x)=3.7
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Regression values for 5 day average + surface temperature vs. depth temperature

(Asphalt pavement temperatures.)

Sq. Error  SqRt(MSE)

Estimated linear regression equation: Y~ =m*X+Db
X = 5 Day average + surface temperature
Y = Depth temperature
Mean
Sample Significant
Variable: Size n: F—value: Prob.> F: (Y/N): Rsquare: MSE:
Temp1 30 242,68 0 Y 0.8966 57.95516
Temp2 132 1267.5 0 Y ‘0.907 30.62344
Temp3 56 163.22 0 Y 0.7514 40.06890
Temp4 125 947.5 0 Y 0.8851 28.48441
Temp5 32 683.99 0 Y 0.958 14.97158
Temp6 31 4149 0 Y 0.9347 17.90409
Temp7 98 962.84 0 Y 0.9083 21.13139
Temp8 27 138.09 0 Y 0.8476 16.31185
Temp9 12 170.74 0 Y 0.9447 25.42144
Tempt1 13 18.01 0.0014 Y 0.6208 13.68139
b m Std. Err. Significant
Variable: Y—int.: Slope: Ceoeff.(m): T-—value: Prob.>T: {Y/N):
Tempt 2.151643 0548537 0.035211 15.57827 0 Y
Temp2 —-0.,48153 0577301 0.016215 35.60181 0 Y
Temp3 —~1.88034 0663716 0.044124 12.77571 0 Y
emp4 -4.02543 0.582710 0.018930 30.78141 ] Y
Temp5 -0.36269 0.528364 0.020202 26.15316 0 Y
Temp6 4724505 0.490000 0.024056 20.36915 0 Y
Temp7 -1.22778 0545164 0017562 31.02954 0 Y
Temp8 -0.63232 0.514906 0.043659 11.79378 ) Y
Temp? —-0.16731 0.513581 0.039304 13.06674 1) Y
0.441511 0.104030 4.244042 0.001 Y

Temp11 7.420474

A-30

S(y.x):
7.612829
5.5633845
6.330000
5,337078
3.869313
4,231323
4 596889
4,038794
5.041968
3.698836
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1nch depths.
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Temperatures at 2, 4, 6, 8, &

Temp11

Temp2, Temp4, Tempg, Temp8, and

Regression lines for five day average + surface temperature
versus temperatures at 2, 4, b, 8, & 11 inch depths.
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Regression lines for five day average + surface temperature
versus temperatures at 1, 3, 5, 7, &§ 9 inch depths.
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APPENDIX B

Data and Graphs Relating to the Empirical Temperature Adjustment Factor Curves
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FWD Deflection Data

MT2
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FWD Deflection Data

MT3
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MT1 Regression FWD Deflection Equation
Correlation Coefficient = 0.895540

do = 473842800085 TEM)

MT?2 Regression FWD Deflection Equation
Correlation Coefficient = 0.962902

dg = 1.090210¢(0.026351*TEMP)

MT3 Regression FWD Deflection Equation
Correlation Coefficient = 0.950967

dp = 3.18871 50018935 TEM)






5-9

Est. mid- FWD do FWD do FWD do Regr. dO Regr. d0 Regr. d0 TAF TAF TAF
depth temp. (mils) (mils) (mils) (mils) (mils) {mils) MTH MT2 MT3
(Deg. F) MT1 MT2 MT3 MT1 MT2 MT3 7" AC depth [10" AC depth|9" AC depth
30 6.11 242 5.64 1.3805 2.7427 2.0574
356 6.54 | 6.41 2.80 6.26 1.3168 2.3659 1.8511
38.7 6.73 6.58 3.05 6.65 1.2822 2.1766 1.7439
40 6.65 3.15 6.81 1.2682 2.1031 1.7016
421 6.74 6.77 333 7.09 1.2459 1.2896 1.6354
46.1 7.87 7.01 3.7 7.66 1.2039 1.7871 1.5146
49.8 489 7.23 4.09 8.21 1.1669 1.6211 1.4126
50.0 8 7.24 4.11 8.24 1.1652 1.6135 1.4079
50.4 9.49 7.26 4.15 8.30 1.1615 1.5974 1.3978
50.8 4.25 7.29 4.20 8.36 1.1573 1.5795 1.3866
58.8 777 7.80 5.20 9.74 1.0811 1.2762 1.1905
60 7.88 5.36 5.96 1.0702 1.2367 1.1640
64.6 11.64 8.20 6.06 10.88 1.0290 1.0937 1.0661
68 8.44 6.63 11.60 1.0000 1.0000 1.0000
70 8.58 6.99 12.04 0.9832 0.9483 0.9627
71.8 7.8 8.72 7.35 12.48 0.9678 0.9027 0.9294
73.3 7.08 8.83 7.64 12.83 0.9558 0.8682 0.9039
74.8 8.01 8.94 794 13.19 0.9441 0.8351 0.8791
77.2 6.96 9.13 8.48 13.82 0.9246 0.7824 0.8390
78.2 8.72 9.20 8.69 14.06 0.9173 0.7634 0.8245
79.2 7.84 9.28 8.93 14.34 0.9093 0.7427 0.8084
79.4 11.35 9.30 8.98 14.40 0.9076 0.7384 0.8051
80 9.34 9.12 14.56 0.9032 0.7272 0.7963
836 8.39 9.63 10.04 15.60 0.8759 0.6606 0.7435
85.1 11.7 9.75 10.44 16.04 0.8651 0.6353 0.7230
87.8 8.73 9.98 11.20 16.87 0.8457 0.5919 0.6873
80.0 10.26 10.17 11.89 17.61 0.8297 0.5575 0.6585
95.3 23.68 10.63 13.68 19.46 0.7934 0.4848 0.5959
95.8 19.4 10.68 13.87 19.66 0.7899 0.4780 0.5899
97.3 15.92 10.82 14.45 20.24 0.7797 0.4589 0.5730
98.4 20.81 10.92 14.88 2067 0.7724 0.4456 0.5611
100 11.07 156.51 21.29 0.7622 0.4276 0.5447
103.5 13.53 11.41 17.04 22,76 0.7397 0.3893 0.5093
108.6 21.97 11.91 19.49 25.07 0.7086 0.3402 0.4626
110 12.05 20.23 25.74 0.7002 0.3279 0.4505
120 13.12 26.38 31.12 0.6433 0.2514 0.37286 |
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APPENDIX C

Data and Graphs Relating to the Theoretical Temperature Adjustment Factor Curves






Given:

hy, = 4 inches

Ep = 30 ksi

hac = 2 inches

M =10 kst
ty=30deg. F
lgac =2293.46 ksi

SAMPLE CALCULATIONS

C-1

where:

hy, = height of base

Ep, = Modulus of Elasticity of base

hac = height of AC

M; = resilient Modulus of subgrade

t, = average AC mix temperature

I‘?ac = estimated Modulus of
Elasticity at given average
AC mix temperature



Eb
+h
E ac

ac

f 30
h,_. =4%3 +2=h, =2942
equivalent 4 2293 46 E,

h

equivalent

=h*

d, =1.5pas +=

1

1. 1

d, =1.5%82.3*5.9;

Loy [2:942 [2293.46 ’
59 | 10

Al \/l(%)

729346 =22.6731mils

at68°F,d, =27.9141 mils found by the same method as above

d
TAF = do“ where T =30° F as given above

0r

27.9141

TAF = em1

=1.231

C-2



Eb= 30 ksi
hac = 2 inches
Eac hEp ip
| (ksi) _(inches) (deg. F) | (mils) | _

2293.46 2942 30 226731 |
2074.71 2974 35 23.1394
1850.36 3.012 40 23.6743
1627 .24 3.057 45 24.2778
1411.23 3.108 50 24.9495
1207.09 3.167 55 256885
1018.40 3.235 60 26.4936
847.58 3313 65 27.3627
754.20 3.365 68 27.9141
695.91 3.403 70 28.2932
563.73 3.505 75 29.281
45057 3621 80 30.3215
355.26 3.755 85 31.4086
276.56 3.908 90 325350
21241 4,083 95 33.6925
161.00 4.285 100 34.8717
120.45 4517 105 36.0624
88.94 4784 110 37.2540
64.82 5.094 115 38.4358
46.63 5.453 120 39.5969

17.3884
17.7778
18.2160
18.7025
19.2362
19.8156
20.4388
20.8329
21.4032
21.8055
22.5414
23.3062
24.0942
24,8989
25.7134
26.5305
27.3425
28.1422
28.9226

(mils)

“1378932°

14.1631
14.4716
14.8182
15.2020
15.6221
16.0769
16.5645
16.8720
17.0826
17.6282
16.1977
18.7869
19.3911
20.0052
20.6237
21.2408
21.8508
22.4484
23.0285

Vol , sk
A SA % z % PI . % % 3 Z Z
do do do TAF TAF TAF TAF

__(mils) {mils) (mils) o
11.8355 10.3709 9.2670 1.2 1.222 1.214 1.208 1.202 1.197
12.0600 | 105634 9.4356 1.206 1.198 1.191 1.185 1.180 1.176
12.3163 10.7828 96275 1179 1172 1.166 1.164 1.156 1.152
12.6037 11.0286 98422 1.150 1.144 1.139 1.134 1.130 1.127
12,9214 11.2998 10.0788 1.119 1.114 1.110 1.106 1.103 1101
13.2683 { 11.5954 | 10.3361 1.087 1.083 1.080 1.077 1.075 1.073
13.6431 11.9139 10.6130 1.054 1.051 1.049 1.048 1.046 1.045
14.0438 | 12.25368 | 10.9078 1.020 1.019 1.019 1.018 1.017 1.017
142959 | 12.4672 | 11.0925 1.000 1.000 1.000 1.000 1.000 1.000
14,4683 | 126130 | 11.2185 0.987 0.987 0.988 0.988 0.988 0.989
14.139 12.9889 11.5430 0.953 0.955 0.957 0.959 0.960 0.961
153774 | 13.3788 | 11.8786 0.921 0.924 0.927 0.930 0.932 0.934
15.8553 13.7794 12.2225 0.889 0.894 0.898 0.902 0.905 0.908
16.3434 | 141873 | 125716 0.858 0.865 0.870 0.875 0.879 0.882
16.8375 14.5988 12,9227 D.a28 0.837 0.842 0.848 0.854 0.858
17.3330 | 150099 | 13.2724 0.800 0.810 0.818 0.825 0.831 0.836
17.8253 15.4169 13.6175 0774 0.785 0.794 0.802 0.809 0.815
18.3098 | 15.8160 | 13.9549 0.749 0.762 0772 0.781 0.788 0.795
18.7824 | 16.2039 1 14.2817 0.726 0.740 0.752 0.761 0.769 0.777
19.2392 ] 165776 | 145958 0.705 0.720 0.733 0.743 0.752 0.760




Eb = 30 ksi
hac = 4 inches
; T 0ry . i 7 ” ; o S % . . J-: ;
Eac hEp tp do do do TAF TAF TAF TAF TAF TAF

(ksi) (inches) | (deg. F) {mils) mils) (mils) {mils) (mils) .
2293.46 4.942 30 13.9415 8.6896 7.4545 6.5736 5.9082 1.316 .31 1.308 1.302 1.296 1.294
207411 4.974 35 14.3079 8.9130 7.6444 6.7396 6.0562 1.282 1.277 1273 1.269 1.266 1.263
1850.36 5.012 40 14.7340 91723 7.8646 6.9319 6.2275 1.245 1.241 1.237 1234 1.231 1.228
1627.24 5.057 45 15.2221 9.4687 B.1160 7.1514 6.4229 1.205 1.202 1.198 1.196 1.193 1.191
1411.23 5108 50 15.7750 9.8035 8.3998 7.3988 6.6429 1.163 1.160 1.187 1.159 1.153 1.151
1207.09 5167 55 16.3954 10.1782 8.7169 7.6750 6.8883 1.119 1117 1.115 1.113 1.112 1.110
1018.40 5.235 60 17.0863 10.5939 9.0683 7.9806 7.1585 1.074 1.072 1.071 1.070 1.069 1.068
847.58 5.313 65 17.8505 11.0519 9.4547 8.3163 7.4569 1.028 1.027 1.027 1.026 1.026 1.026
754.20 5.365 68 18.3455 11.3475 9.7038 8.5323 7.6481 1.000 1.000 1.000 1.000 1.000 1.000
695.91 5.403 70 18.6905 11.5531 9.8768 8.6822 7.7807 0.982 0.982 0.882 0.982 0.983 0.983
563.73 5.505 75 19.6086 12,0980 | 10.3347 | 90784 8.1306 0.936 0937 0.938 0.939 0.940 0.841
450.57 5.621 80 20.6062 12.6865 | 10.8281 9.5045 8.5060 0.890 0.893 0.894 0.896 0.898 0.899
355.36 5.755 85 21.6839 13.3180 | 11.3561 8.9592 8.9058 0.848 0.849 0.852 0.855 0.857 0.859
276.56 5.908 90 22.8410 13.9910 | 11.9170 | 10.4409 9.3285 0.803 0.807 0.811 0.814 0817 0.820
212.41 6.083 g5 24.0754 147027 | 12.5082 | 10.9472 9.7713 0.762 0.767 0.772 0.776 0.779 0.783
161.00 6.285 100 25.3832 15,4497 | 13.1263 | 11.4748 | 102314 0.723 0.729 0.734 0.739 0.744 0.748
120.45 6.517 105 26.7583 16.2269 | 13.7669 | 12.0195 | 10.7049 0.686 0.693 0.699 0.705 0710 0714
86.94 6.784 110 28.1926 17.0285 | 144247 | 12.5767 | 11.1876 0.651 0.659 0.666 0673 0.678 0.684
64.82 7.094 115 29.6758 17.8473 | 15.0934 | 13.1408 | 11,6746 0618 0.628 0.636 0.643 0.649 0.655
46.63 7.453 120 31.1954 186753 | 157664 ] 13.7063 | 12.1609 0.588 0.599 0.608 0.615 0.623 0.629




Eb = 30 ksi
hac = 6 _inches
705 E “y y 7 gy ke ] ;
Eac hEp tp do do do TAF TAF TAF TAF TAF TAF
(kei) {inches}) | (deg.F) | {mis {mils) {mils) (mits) {mils) {mils)

2293.46 6.942 30 10.0162 7.6215 6.2751 5.3949 4.7669 4.2924 1.355 1.351 1.348 1.346 1.343 1.34%
2074.71 6.974 35 10.3032 7.8386 64529 5.5470 4.9007 44124 1.317 1.314 1.311 1.309 1.307 1.305
1850.36 7.012 40 10.6388 8.0922 6.6605 57245 5.0568 45523 1.275 1.273 1.270 1.268 1.266 1.265
1627.24 7.057 45 11.0258 B.3845 6.8996 5.9289 5.2364 4.7131 1.231 1.228 1.226 1.223 1.223 1.221
1411.23 7.108 50 11.4673 8.7178 71720 6.1616 5.4407 4.8961 1.183 1.181 1.180 1.178 1177 1.176
1207.09 7.167 55 11.9670 9.0948 7.4798 6.4242 5.6712 51023 1.134 1.132 1131 1.130 1.129 1.128
1018.40 7.235 60 12.5288 9.5178 7.8251 6.7187 5.9294 5.3332 1.083 1.082 1.081 1.081 1.080 1.079
847.58 7.313 65 13.1570 9.9803 68.2102 7.0468 6.2168 5.5899 1.0 1.031 1.031 1.030 1.030 1.020
754,20 7.365 68 13.6677 | 10.2989 8.4615 7.2606 6.4040 5.7570 1.000 1.000 1.000 1.000 1.000 1.000
695.91 7.403 70 13.8559 10.5153 8.6376 7.4103 6.5350 5.8739 0.979 0.979 0.960 0.980 0.980 0.980
563.73 7.505 75 14,6302 § 11.0958 9.1094 7.8912 6.8854 6.1861 0.927 0.928 0.929 0.930 0930 0.921
450.57 7621 80 15.4842 11.7349 96278 8.2510 7.2692 6.5278 0.876 0.878 0.879 0.880 0.881 0.882
355.36 7.755 85 16,4223 | 12.4351 10.1947 8.7310 7.6874 6.8994 0.826 0.828 0.830 0.832 0.833 0.834
276.56 7.908 90 17.4480 13.1987 10.6114 9.2521 8.1405 7.3013 0.778 0.780 0.783 0.785 0.787 0.788
212.41 B.083 95 18.5643 | 14.0270 | 11.4786 9.8144 8.6283 7.7332 0731 0734 0.737 0.740 0742 0.744
161.00 B.285 100 19.7730 14.9206 12.1961 10.4174 9.1502 8.1941 0.686 0.690 0.694 0.697 0.700 Q703
120.45 8.517 105 21.0739 | 158784 | 129623 | 11.0594 9.7042 8.6821 0.644 0.649 0.653 0.657 0.660 0.663
86.94 B.784 110 22 4652 16.8979 13.7747 11.7376 10.2876 9.1946 0.604 0609 0614 0.619 0.623 0628
64.82 9.094 115 23.9427 | 17.9747 } 14.6289 | 124479 | 10.8985 9.7277 0.567 0.573 0.578 0.583 0.588 0.592
|_46.63 9.453 120 254991 19.1024 15.5190 13.1850 11.5259 10.2770 0.532 0.539 0.545 0.551 0.556 0,560




Eb= 30 ksi
hac = 8 inches
Eac hEp —lp do do do do do do TAF TAF TAF TAF TAF TAF
(ksi) (inches) {deg. F}) {mils) (mils) {mils} {mils) {mils}) {mils)
2293 46 8.942 30 7.8055 5.9462 4.9007 4.2172 3.7295 3.3610 1.376 1.374 1.372 1.370 1.369 1.367
207471 B.974 35 8.0391 6.1235 5.0464 4.3422 3.8397 3.4601 1.336 1.334 1.333 1.3 1.329 1.326
1850.36 9.012 40 83130 6.3313 52171 4.4886 3.9688 3.5761 1.292 1.290 1.289 1.288 1.286 1.285
1627.24 9.057 45 8.6300 8.5717 54144 46578 41179 3.7100 1.245 1.243 1.242 1.241 1.240 1.239
1411.23 9108 50 8.9931 65.8469 5.6402 4 8513 4.2884 3.8631 1.194 1.193 1.192 1.191 1.190 1.190
1207.09 9.167 55 9.4058 7.1596 5.8966 5.0710 4.4819 4.0368 1.142 1.141 1.140 1.140 1.139 1.138
1018.40 9235 60 98723 7.5127 6.1861 53188 4.7000 42324 1.088 1.088 1.087 1.087 1.086 1.086
847.58 9.313 65 10.3970 7.9096 6.5111 5.5968 4.9445 44517 1.033 1.033 1.033 1.033 1.032 1.032
754.20 8,365 68 10,7419 8.1702 6.7244 57792 5.1049 45954 1.000 1.000 1.000 1.000 1.000 1.000
£95.91 9.403 70 10.9847 8.3536 6.8744 $.9074 5.2176 46963 0.978 0.978 0978 0.978 0.978 0.979
563.73 9.505 75 11.6407 8.8487 72791 6.2530 55211 4.9681 0.923 0.923 0.924 0.924 0.925 0.925
450.57 9621 80 12.3704 9.3987 7.7281 6.6361 5.8571 5.2686 0.868 0.869 0.870 0.871 0.872 0.872
355.36 9.755 85 13.1795 | 10.0075 B,2244 7.0590 6.2276 5.5997 0.815 0.816 0.818 0.819 0.820 0.824
276.56 9.908 a0 14,0738 | 10.6791 8.7710 7.5239 6.6345 5.9627 0.763 0.765 0.767 0.768 0.769 0.771
212.11 10.083 95 15.0586 | 11.4170 9.3704 8.0329 7.0792 | 6.3589 0713 0.716 0.718 0.719 0724 0.723
161.00 10.285 100 16.1389 12.2243 10.0246 8.5874 7.5626 6.7088 0.666 0.668 0.671 0.673 0.675 0.677
120.45 10.517 105 17.3187 13.1033 10.7350 9.1880 8.0852 7.2527 0.620 0624 0.626 0629 0631 0634
83.94 | 10.784 110 18.6007 | 14.0550 | 11.5019 9.8346 8.6464 7.7496 0.577 0.581 0.585 0.588 0.590 0.593
64.82 11.094 115 19.6859 15.0791 12,3242 10.5257 9.2445 8.2780 0.537 0542 0.546 0.549 0.552 0.555
46.63 11.453 120 21.4727 16.1732 13.1992 11.2586 9.8768 8.8349 0.500 0.505 0.509 0513 0.517 0.520




Eb = 30 ksi
hac = 10_inches
Eac hEp tp
. (ksi)__| (inches) | {deg F)_

2293 46 10.942 30
2074.71 10.974 a5
1850.36 11.012 40
1627 .24 11.057 45
1411.23 1t.108 50
1207.09 11.167 55
1018.40 11.235 60
847.58 11.313 65
754.20 11.365 68
695.91 11.403 70
563.73 11.505 75
450.57 11.621 80
355.36 11.755 a5
276 .56 11,908 90
212.41 12.083 95
161.00 12.285 100
120.45 12517 105
88.94 12.784 110
64.82 13.004 115
46.63 13.463 120

%

do

_ Amis)

3.0600
31531
3.2625
33892
3.5345
36999
3.8872
4.0981
4.2369
4.3348
4.5994
4.8944
52222
5.5852
5.9858
6.4261
6.9079
7.4322
7.9985
8.6090

e

do
2.7588
2.8426
2.9411
3.0550
3.1857
3.3344
3.5027
3.6922
3.8169
3.9048
41423
4.4069
4.7006
5.0256
5.3838
5.7770
6.2066
6.6733
71773
7.7174

A
mis) |

RERRR

T

LA

1.390]

1.348
1.303
1.254
1.202
1.147
1.091
1.034
1.000
0.977
0.920
0.863
0.808
0.754
0.702
0.653
0.605
0.561
0518
0.480

TAF

1.388]

1.347
1.302
1.253
1.201
1.147
1.091
1.034
1.000
0977
0.920
0.864
0.809
0.755
0.704
0.655
0.608
0.563
0.522
0.484

TAF

1.387
1.346
1.301
1.252
1.200
1.146
1.091
1.034
1.000
0.977
0.921
0.865
0810
0.757
0.705
0.656
0.610
0.566
0.525
0.487

TAF

T1.386)

1.345
1.300
1.251
1.199
1.146
1.080
1.034
1.000
0.977
0.921
0.865
0.811
0.758
0.707
0658
0612
0.568
0.527
0.490

TAF

1.385]

1.344
1.299
1.250
1.199
1.145
1.080
1.034
1.000
0977
0.921
0.866
0.811
0.759
0.708
0.659
0613
0.570
0.530
0.492

%

TAF

1.384

1.343
1.298
1.249
1.198
1.145
1.090
1.034
1.000
0.978
0.921
0.866
0812
0.759
0.708
0.661
0.615
0.572
0.532
0.495




Eb = 30 ksi
hac = 12 inches
N Kk v : ;
Eac hEp tp do d0 do d0 do do TAF TAF TAF TAF TAF TAF
(ksi) | (inches) | (deg.F) | (mis) | (mis) | (mis) | (mis) | (mis) | (mis) N
2293 46 12.942 30 5.4095 41248 3.4024 2.9301 2.5930 2.3384 1.399 1.398 1.397 1.396 1.395 1.395
2074.71 12.974 35 5.5786 4.2534 3.5083 3.0212 26736 2.4109 1.357 1.356 1.355 1.354 1.353 1.353
1850.36 13.012 40 57774 44047 36329 31283 2.7683 2.4962 1.310 1.309 1.308 1.308 1.307 1.306
1627.24 13.057 45 6.0082 4.5804 37775 3.2526 2.8781 2.5851 1.260 1259 1.258 1.258 1.257 1.257
1411.23 13.108 50 62738 47824 3.9438 3.3955 3.0043 2.7087 1.207 1.206 1.206 1.205 1.204 1.204
1207.09 13.167 55 6.5771 5.0130 41336 3.5586 3.1483 2.8383 1.151 1.150 1.150 1.150 1.149 1.149
1018.40 13.235 60 6.9217 5.2750 43491 37437 3.3118 2.9854 1.094 1.093 1.093 1.093 1.083 1.092
847.58 13.313 65 7.3117 55713 4.5928 3.9530 3.4965 3.1515 1.035 1.035 1.035 1.035 1.035 1.035
754.20 13.365 68 7.5694 5.7671 4.7537 4.0911 3.6184 3.2612 1.000 1.000 1.000 1.000 1.000 1.000
695.91 13.403 70 7.7516 5.9054 4 8674 41887 3.7044 3.3385 0.976 0.977 0.977 0977 0.977 0.977
563.73 13.505 75 8.2465 6.2811 5.1759 4.4534 3.9379 3.5484 0.918 0.918 0.918 0.919 0.919 0.919
450.57 13.621 80 8.8021 6.7024 55219 4.7500 41993 3.7832 0.860 0.860 0.861 0.861 0.862 0862
355.36 13.755 8% 9.4245 71741 58087 50815 4.4913 4.0454 0.803 0.804 0.805 0.805 0.806 0.806
276.56 13.908 90 10.1204 7.7008 6.3405 54511 4.8166 4.3372 0.748 0.749 0.750 0.751 0.751 0.752
212.41 14.083 a5 10.8968 8.2878 6.8210 5.8621 5.1780 4.6611 0.695 0.6986 0.697 0.698 0.699 0.700
161.00 14.285 100 11.761 8.9402 7.3544 6.3178 5.5782 5.0195 0644 0.645 0.646 0.648 0.649 0.650
120.45 14,517 105 12.7206 9 6633 7.8447 6.8213 6.0189 5.4146 0.595 0.597 0.598 0.600 0.601 0.602
868.94 14.784 110 13.7827 10.4620 8.5054 7.3755 6.5054 5.8481 0.549 0.551 0.553 0.555 0.556 0.558
64.82 15.094 1156 14.9541 11.3407 9.3098 7.9827 7.0363 6.3215 0.506 0.509 0.511 0.512 0.514 0.516
46.63 15.453 120 16.2404 12.3027 10.0901 8.6444 7.6137 6.8354 0.466 0.469 0.471 0473 0.475 0.477




Eb = 60 ksi
hac = 2 inches
Eac hEp

(ksi) (inches) | (deg F)
2293.46 3.187 30
207471 3228 35
1850.36 3276 40
1627.24 3.3 45
141123 3396 50
1207.09 3.471 55
1018.40 3.556 60
847 58 3655 65
754.20 3720 68
695.91 3767 70
563.73 3.896 75
450,57 4.043 80
355.36 4211 85
276.56 4.404 90
212.41 4625 95
161.00 4 879 100
12045 5171 105

88.94 5608 110

64.82 5.898 115

4663 6.351 120

do

. {mils)

21.0821
21.4877
21.9520
22,4745
23.0543
23.6905
243813
251248
25.5951
259179
26.7573
27.6384
28.5560
29.5040
30.4755
31.4628
32.4578
33.4519
34.4368
35.4041

d0
{mils).
15.8835
16.1811
16.5213
16.9033
17.3264
17.7895
18.2911
18.8293
19.1689
19.4016
20.0050
20.6361
21.2905
21.9637
22,6502
23.3445
24.0407
247327
25.4147
26.0812

%5 Z Aot
4. —:%r/'_ ',: e
-

A
2

2

“do

do

e

do0

7

TAF

do TAF TAF TAF TAF TAF
(mils) | (mils) {mils} {mils)
12.9657 | 11.0616 9.7056 8.6830 1.214 1.207 1.201 1.196 1.191 1.187
13.2001 11.2600 9.8764 88331 1191 1.185 1.179 1.174 1.170 1.187
13.4741 11,4362 | 10.0710 9.0040 1.186 1.160 1.155 1191 1.148 1.144
137780 | 11.7395 | 10.2886 9.1948 1.139 1.134 1.130 1.127 1.123 1.121
14,1140 | 12.0191 10.5284 9.4049 1.110 1.106 1.103 1.100 1.098 1.098
14,4809 | 12.3240 | 10.7895 96333 1.080 1.078 1.075 1.073 1.071 1.070
14.8775 | 126528 | 11.0706 9.8789 1.050 1.048 1.046 1.045 1.044 1.043
15.3019 | 13.0040 | 11.3702 | 10.1401 1.018 1.018 1.017 1.017 1.017 1.016
15.5692 | 13.2247 | 11.5582 | 10.3038 1.000 1.000 1.000 1.000 1.000 1.000
15.7520 | 13.3755 | 11.6866 | 104155 0.988 0.988 0.988 0.989 0989 0.989
16.2253 | 13.7651 12,0176 | 10.7030 0.957 0.958 0.960 0.961 0.962 0.963
16.7186 | 14.1702 | 12,3609 | 11.0005 0.926 0.929 0.931 0.933 0835 0.937
17.2284 | 14.5876 | 12.7137 | 11.3056 0.896 0.900 0.904 0.907 0.909 0.911
17.7509 § 15.0140 | 13.0733 | 11.6157 0.868 0.873 0.877 0.881 0.884 0.887
18.2818 | 15.4459 | 13.4363 | 11.9282 0.840 0.846 0.852 0.856 0.860 0.864
18.8166 | 15.8795 | 13.7998 | 12.2401 0.814 0.821 0.827 0.833 0838 0.842
19.3506 | 16.3110 | 14.1605 | 12.5489 0.789 0.797 0.805 0.811 0816 0.821
19.8792 | 16.7367 | 14.5154 | 12.8519 0.765 0775 0.783 0.790 0.796 0.802
20.3981 17.1532 | 148615 | 13.1468 0.743 0.754 0.763 0771 0.778 0.784
20.9032 | 17.5573 | 151965 | 134316 0.723 0.735 0.745 0.753 0.761 0.767 |




0T-2

Eb= 60 ksi
hac = 4 inches
Eac hEp tp do do do do do do TAF TAF TAF TAF TAF TAF
(ksi) {inches) | (deg. F) [ {(mis) | (mis) | {mis) | (mis) (mils) (mils)
2293.46 5.187 30 13,3056 | 10.1020 8.3011 7.12414 6.2845 5.6503 1.298 1.294 1.290 1.286 1.283 1.280
207471 5228 35 13.6396 | 10.3528 8.5053 7.2978 6.4365 5.7660 1.266 1.262 1.259 1.256 1.253 1.250
1850.36 5278 40 140270 | 106436 8.7418 7.4989 6.6124 5.9428 1.231 1.228 1.225 1.222 1219 1217
1627.24 5.3 45 14.4697 1 10.9755 9.0115 7.7281 6.8127 6.1213 1.194 1.191 1.188 1.186 1.184 1.182
1411.23 5.396 50 149696 | 11.3498 9.3154 7.9860 7.0380 6.3219 1.154 1.151 1.149 1.147 1.146 1.144
1207.09 5.471 55 155286 | 11.7679 9.6545 8.2735 7.2887 6.5451 1.112 1111 1.108 1.108 1.106 1.105
1018.40 5556 60 16.1489 | 122310 |} 10.0295 8.5911 7.5655 6.7910 1.070 1.068 1.067 1.067 1.068 1.085
847.58 5.655 65 16.8322 | 127403 | 10.4412 8.9393 7.8685 7.0601 1.026 1.026 1.025 1.025 1.025 1.024
754,20 6,720 66 17.2733 | 13.0685 | 10.7062 9.1631 8.0631 7.2326 1.000 1.000 1.000 1.000 1.000 1.000
695.91 5.767 70 17.5801 13.2966 | 10.8902 9.3183 8.1979 7.3521 0.983 0.983 0.983 0.983 0.984 0.984
563.73 5.896 75 18.3937 } 13.9002 | 11.3764 9.7201 8.5534 7.6668 0.939 0.940 0.941 0.942 0.943 0.943
450.57 6.043 80 19.2734 | 145513 | 11.88985 ; 10.1681 8.9344 8.0034 0.896 0.898 0.900 0.901 0.902 0.504
355.36 6.211 85 20.2188 | 15.2488 | 12.4586 | 10.6372 9.3398 8.3610 0.854 0.857 0.8359 0.861 0.863 0.865
276.56 6.404 90 212285 | 1598913 | 13.0519 | 11.1338 9.7680 8.7380 0.814 0.817 0.820 0.823 0.825 0.828
21241 6.625 95 222998 | 167760 | 13.6771 | 11.6557 | 10.2168 9.1321 0.775 0.779 0.782 0.786 0.789 0.792
161.00 6.879 100 234284 | 17.5895 | 143308 | 121997 | 10.6834 9.5408 0.737 0.743 0.747 0.751% 0.755 0.758
120.45 7.7 105 24,6087 | 18.4567 | 15.0088 | 12.7620 | 11.1643 9.0610 0.702 0.708 0.713 0.718 0.722 0.726
68.94 7.508 110 258333 | 19.3417 | 157059 | 13.3382 | 11.6555 | 10.3889 0.669 0.676 0.682 0.687 0.692 0.696
64.82 7.898 115 27.0933 | 20.2476 | 16.4164 | 13.9233 | 121526 | 10.8208 0638 0.645 0.652 0.658 0.663 0.668
46.63 8.351 120 28.3783 | 21.1665 | 17.1338 | 14.5118 | 12,6511 | 11.2526 0.609 0.617 0.625 0631 0.637 0.643




1T

Eb = 80 ksi
hac = 6 inches
Eac hEp tp
(ksi) {inches) (deg. F)

2293.46 7.187 30
2074.71 7.228 35
1850.36 7.276 40
1627 24 7.3 45
141123 7.396 50
1207 .09 7471 55
1018.40 7.556 60
847.58 7.655 65
754.20 7.720 68
693591 7.767 70
563.73 7.896 75
450 57 8.043 80
355.36 8.211 85
276.56 B.404 90
212.41 8.625 95
161.00 8.879 100
120.45 9171 105
88.94 9.508 110
64.82 9.898 115
4663 10.351 120

22,1859
23.5298

785 r’g.e-% % 7 ‘-‘///. : S (i 4 . P Vi G pes 715 B G
do d0 do dg TAl TAF TAF TAF
__(mils) (mits) 1 (mils) | (mils) (mils) | o
7.3678 6.0673 5.2170 4.6104 4,1521 1.339 1.336 1.334 1.3 1.329 1.327
7.5707 62335 5.3583 47356 4.2644 1.303 1.300 1.208 1.296 1294 1.292
7.8073 6.4273 5.5251 4.8814 4.3951 1.263 1.261 1.259 1.257 1.256 1.254
8.0793 6.6499 57155 5.0488 45452 1.221 1.219 1.217 1.215 1214 1.213
8.3887 6.9030 5.9318 5.2389 47154 1.175 1.174 1.172 11471 1.470 1.169
8.7375 7.1881 6.1753 5.4528 4.9069 1.128 1427 1.126 1125 1.124 1.123
9.1280 7.5070 6.4475 5.6916 5.1206 1.079 1.079 1.078 1.077 1.077 1.076
8.5625 7.8616 6.7498 5.9567 5.3576 1.030 1.030 1.029 1.029 1.029 1.029
9.8454 8.0922 6.9463 6.1289 5.5114 1.000 1.000 1.000 1.000 1.000 1.000
10.0434 8.2535 7.0836 6.2491 56188 0980 0.980 0.980 0.981 0.981 0.981
10.5730 8.6845 7.4503 6.5700 5.9051 0.930 0.931 0.932 0.932 0.933 0.933
11.1534 9.1562 7.8510 5.9201 6.2171 0.882 0.883 0.884 0.885 0.886 0.886
11.7863 9.6695 8.2864 7.3001 6.5553 0.834 0.835 0.837 0.838 0.840 0.841
124729 | 10.2254 8.7570 7.7101 69196 0.787 0.789 0.791 0.793 0.795 0.796
132138 | 108238 9.2626 8.1497 7.3096 0.742 0.745 0.748 0.750 0.752 0.754
14.0087 | 11.4641 9.8023 B8.6179 7.7241 0.699 0.703 0.706 0.709 0.711 0714
148559 | 12,1444 | 10.3743 91131 8.1615 0.659 0.663 0.666 0.670 0673 0.675
157525 | 12.8622 | 10.9759 9.6325 8.6193 0.620 0.625 0.629 0633 0638 0.639
16.6944 | 136134 | 11.6036 | 101729 9.0943 0.584 0.590 0.594 0.599 0.602 0.606
17.6756 | 14.3929 | 12.2528 | 10.7300 9.5827 0.551 0.557 0.562 0.567 0.571 0.575




Z1-2

Eb = 60 ksi
hac = B inches
7 7 -';’f 7 7
Eac hEp tp do do do do do d0 TAF TAF TAF TAF TAF TAF
(ksi) (inches) | (deg.F) [ (mils) | {mils) | (mis} | (mils) (mils) {mils) )
2293.46 9.187 30 7.5897 5.7899 47723 4.107 3.6324 3.2737 1.363 1.361 1.359 1.358 1.356 1.355
207471 9.228 35 7.8210 5.9580 4.9104 4.2256 3.7369 3.3676 1.324 1.323 1.32% 1.320 1.318 1317
1850.36 9.276 40 6.0802 6.1546 5.0720 4.3642 3.8591 3.4775 1.262 1.280 1.279 1.278 1.277 1.275
1627.24 9.3 45 8.3794 6.3817 5.2584 4.5240 4.0001 3.6041 1.236 1.235 1.234 1.233 1232 1231
1411.23 9.396 50 8.7214 66410 54713 4.7066 4.1609 374886 1.188 1.187 1.186 1.185 1.184 1.183
1207.09 9.471 55 9.1003 6.9350 5.7125 49132 4.3430 39121 1137 1.136 1.136 1.135 1.134 1.134
1018.40 9.556 60 9.5464 7.2661 5.9839 5.1457 4.5477 4.0958 1.085 1.084 1.084 1.084 1.083 1.083
847.58 9.655 65 10.0365 | 7.6370 6.2878 5.4059 4.7766 43012 1.032 1.032 1.032 1.031 1.0 1.031
754.20 9.720 68 10.3578 | 7.8799 6.4868 5.5761 49263 4.4354 1.000 1.000 1.000 1.000 1.000 1.000
695.91 9.767 70 10.5836 | 8.0506 8.6265 5.6956 5.0314 4.5296 0.979 0.979 0.979 0.978 0.979 0.979
563.73 9.896 75 11.1918 8.5100 7.0023 6.0167 53136 47824 0.925 0.926 0.926 0.927 0.927 0827
450.57 10.043 80 11.8656 | 9.0183 7.4176 63713 5.6249 5.0610 0.873 0.874 0.875 0.875 0.876 0.876
35536 10211 85 126090 | 9.5784 7.8747 8.7611 5.9667 5.3666 0.821 0.823 0.824 0.825 0826 0.826
276.56 10.404 90 13.4265 | 101932 | 8.3757 7.1878 6.3405 5.7005 0771 0.773 0.774 0.776 0.777 0778
21241 10.625 95 143219 | 108652 | 89224 7.6527 6.7471 6.0632 0.723 0.725 0.727 0729 0.730 0.732
161.00 10.879 100 15.2082 | 11.5964 9.5160 8.1568 7.1872 6.4551 0.677 0.680 0.682 0.684 0.685 0.667
120.45 11171 105 16.3576 | 12.3877 | 10.1571 8.6997 7.6609 6.8769 0633 0.636 0.639 0.641 0.643 0645
88.94 11.508 110 17.5012 | 13.2394 | 10.8452 | 9.2813 B8.1664 7.3249 0.592 0.595 0.598 0.601 0.603 0.606
64.82 11.898 115 18.7282 | 14.1501 | 11.5788 9.8998 8.7032 7.8002 0.553 0.557 0.560 0.563 0.568 0.569
46.63 12.351 120 20.0358 | 15.1169 § 12.3563 | 105525 | 92681 8.2993 0.517 0.521 0.525 0.528 0.532 0.534




€T

Eb = 60 ksi
hac = 10 inches
ks ok . .
Eac hEp tp do do do do d0 do TAF TAF TAF TAF

(ksi) {inches) (deg. F) {mils) {mils) {mils) {mils) {mils) {mils) )
2293.46 11.187 30 6.2522 47660 39303 3.3839 2.9940 2.6994 1.378 1.377 1.376 1375
207471 11.228 35 6.4400 49088 40478 3.4848 3.0832 27797 1.338 1.337 1.336 1.335
1850.36 11.276 40 6.6603 5.0762 41856 3.6032 3.1877 2.8738 1.294 1.293 1.292 1.291
1627.24 11.331 45 6.9153 52700 4.3450 37402 3.3086 2.9825 1.246 1.245 1.244 1.244
1411.23 11.396 50 7.2075 5.4921 45276 3.8970 3.4470 3.1070 1.196 1.185 1.194 1.194
1207.09 11.471 55 7.5400 57446 47352 4.0752 3.6043 32484 1.143 1.142 1.142 1.141
1018.40 11.556 60 7.9160 6.0301 4.9697 4.2765 3.7618 3.4081 1.089 1.088 1.088 1.088
847.58 11.655 65 8.3393 6.3513 5.2335 45028 3.9814 3.5874 1.033 1.033 1.033 1.033
754.20 11.720 68 8.6177 6.5625 5.4069 4.6514 41124 3.7051 1.000 1.000 1.000 1.000
695.91 11.767 70 8.8139 6.7112 5.5290 47561 4.2046 37879 0.978 0.978 0.978 0.978
563.73 11.896 75 9.3444 71132 5.8587 5.0386 44534 4.0113 0.922 0.923 0.923 0.923
45057 12.043 80 9.9354 7.5607 6.2255 53526 4,7298 4.2593 0.867 0.668 0.869 0.869
355.36 12211 85 10.5820 8.0572 6.6321 5.7005 5.0358 4.5336 0.814 0.814 0.815 0.816
276.56 12.404 90 11.3192 8.60865 7.0814 6.0845 5.3732 4.8359 0.761 0.763 0.764 0.764
212.41 12.625 g5 12.4222 92121 7.5761 6.5068 5.7439 51676 071 0.712 0.714 0.715
161.00 12,879 100 13,0057 96773 8.1188 6.9694 6.1495 6.5301 0.663 0.664 0.666 0.667
120.45 131471 105 13.9740 | 10.6050 87113 7.4737 6.5910 59243 0.617 0619 o.s621 0.622
88.94 13.508 110 15.0309 | 11.3973 9.3552 8.0208 7.0691 6.3504 0.573 0.576 0.578 0.580
64.82 13.898 115 16.1785 | 122554 | 10.0510 8.6107 7.5837 6.8083 0.533 0.535 0.538 0.540
46.63 14.351 120 17.4177 | 13.1782 | 10.7880 9.2426 8.1338 7.2967 0.495 0.498 0.501 0.503

TAF

1.374

1.334
1.290
1.243
1.193
1141
1.087
1.033
1.000
0.978
0.923
0.869
0.817
0.765
0.716
0.669
0.624
0.582
0542
0.506

TAF

1.373
1.333
1.289
1.242
1.192
1.141
1.087
1.033
1.000
0.978
0.924
0.870
0.817
0.766
0717
0.670
0.625
0.583
0.544
0.508




PTI-O

Eb = 60 ksi
hac = 12 inches
’., i 3
Eac hEp p do d0 do do do do TAF TAF TAF TAF TAF TAF
(ksi) (inches) (deg. F) (rnils) {mils) {mils) {mils) (mils) {mils}) .
2293.46 13.187 30 5.3096 4.0487 3.3397 2.8762 2.5454 2.2955 1.389 1.388 1.387 1.386 1.386 1.385
2074.71 13.228 a5 54724 4.1726 3.4418 2.9639 26230 2.3654 1.348 1.347 1.346 1.345 1.345 1.344
1850.36 13.276 40 56636 43181 35616 3.0670 27141 2.4474 1.302 1.301 1.301 1.300 1.299 1.289
1627.24 13.331 45 5.8853 44858 3.7005 3.1864 2.8196 25424 1.253 1.253 1.252 1.251 1.251 1.250
1411.23 13.396 50 6.1399 4.6805 3.8600 3.3235 2.9407 26514 1.201 1201 1.200 1.200 1.189 1.199
1207.09 13.471 55 6.4301 49013 4.0417 3.4796 3.0786 27756 1.147 1.147 1.146 1.146 1.146 1.145
1018.40 13.556 €0 6.7592 5.1515 42475 3.6565 3.2348 29161 1.091 1.091 1.081 1.090 1.090 1.090
847.58 13.655 65 7.1307 54338 44797 3.8559 3.4108 3.0745 1.034 1.034 1.034 1.034 1.034 1.024
754.20 13.720 €8 7.3757 5.6200 4.6328 3.9873 3.5268 3.1788 1.000 1.000 1.000 1.000 1.000 1.000
695.91 13.767 70 7.5486 57513 47407 4.0800 3.6086 3.2524 0.977 0977 0.977 0.977 0.977 0.977
563.73 13.896 75 8.0173 6.1072 50331 4.3309 3.8299 3.4514 0.920 0.920 0.920 0.921 0.921 0.921
450.57 14.043 80 8.5417 6.5050 53599 46112 4.0770 6734 0.863 0.864 0.864 0.865 0.865 0.865
355.36 14.211 a5 9.1270 6.9487 57240 49233 4.3520 3.9203 0.808 0.809 0.809 0.810 0.810 0.811
276.56 14.404 90 9.7785 7.4422 6.1286 5.2698 46571 4.1942 0.754 0.755 0.756 0.757 0.757 0758
212.41 14.625 a5 10.5021 7.9896 6.5770 5.6535 4.9947 4.4969 0.702 0.703 0.704 0.705 0.706 0.707
161.00 14.879 100 11.3034 8.5950 7.0724 6.0770 5.3669 48304 0653 0.654 0.655 0.656 0.657 0658
120.45 15171 105 12.1882 92625 7.6177 6.5426 5.7757 5.1963 0.605 0.607 0.608 0.609 0.611 0.612
88.94 15.508 110 13.1615 9.9954 8.2166 7.0524 6.2226 5.5958 0.560 0.562 0.564 0.565 0.567 0.568
64.82 15.898 115 14.2279 | 10.7967 8.8682 7.6078 6.7088 6.0299 0.518 0.521 0.522 0.524 0.526 0.527
46.63 186.351 120 15.3908 | 11.6684 9.6765 8.2085 7.2347 6.4986 0.479 0.482 0.484 0.486 0.487 0.488




S1-2

Eb= 90 ksi
hac = 2 inches
Y7 i
: 2 %Mﬁ%@%ﬁgﬁ s T B s i s 7 3G A L /
Eac hEp tp do do do d0 dO do TAF TAF TAF TAF
(ksi) (inches} | (deg.F) {mils) (mils) | __(mils) {mils) (mils} (mils) o I I
2293.46 3.359 30 20.0878 15.1520 12.3809 10.5720 92834 8.3112 1.203 1.197 1.192 1187 1.183 1.180
20741 3.405 35 20.4573 15.4241 12.5987 10.7545 9.4409 8.4500 1.182 1.176 1171 1.167 1.164 1.160
1850.38 3.460 40 1 20.8797 15.7348 12.8470 10.9623 9.6201 8.6077 1.158 1.153 1.149 1.145 1.142 1.139
1627 24 3.524 45 21.3542 16.0832 13.1250 11.1848 98203 87838 1132 1.128 1.124 1121 1.119 1.116
1411.23 3.598 50 218798 16.4604 13.4321 11.4511 10.0408 8.9775 1.105 1.101 1.099 1.096 1.094 1.092
1207 .09 3684 §5 224554 16.8894 13.7669 11.7303 10.2806 9 1879 1.076 1.074 1.072 1.070 1.069 1.067
1018.40 3,782 60 23.0791 17.3445 14.1283 12.0311 10.5386 9.4139 1.047 1.046 1.045 1.043 1.042 1.042
847 58 3.894 65 23.7489 17.8320 14 5145 12.3519 10.8134 96542 1.018 1.017 1.017 1.016 1.016 1.016
754.20 1.969 68 24.1718 18.1392 14,7575 12.5534 10.9857 9.8047 1.000 1.000 1.000 1.000 1.000 1.000
69591 4023 70 24 4618 18.3485 14.9236 12.6910 11.1032 9.9074 0.988 0.989 0.989 0.989 0.989 0.990
563.73 4.170 75 25.2145 18.8942 15.3531 13.0463 11.4063 10.1718 0.959 0.960 0.961 0.962 0.963 0,964
450.57 4338 80 26.0029 19.4628 15.8002 13.4152 11.7204 10.4449 0.930 0.932 0.934 0.936 0.937 0.939
355.38 4.531 85 26,8220 20.0515 16.2617 13.7952 12.0431 10.7252 0.901 0.905 09807 0.910 0912 0.914
276.56 4.751 a0 27.6664 20.6562 16.7343 14.1832 12,3720 11.0101 0.874 0.878 0.882 0.885 0.838 0.891
212.41 5.004 g5 28.5298 21.2720 17.2141 14.5760 12.7041 11.2973 0.847 0.853 0.857 0.861 0.865 0.868
161.00 5295 100 29.4055 21.8941 17.6972 14.9704 13.0367 11.5843 0.822 0.828 0.834 0.839 0.843 0.846
120.45 5.630 105 30.2865 | 22.5173 18.1795 15,3630 13.3670 | 11.8687 0.798 0.806 0.812 0.817 0822 0.826
88.94 6.016 110 31.1653 23.1363 18.6569 15.7506 13.6922 12.1482 0.776 0.784 0.791 0.797 0.802 0.807
64 .82 6.462 115 32.0348 237462 19.1257 16.1301 14.0100 12.4206 0.755 0.764 0772 0.778 0.784 D789
| 46.63 _ 6.980 120 32.8880 24.3422 19.5824 | 16,4988 | 14.3181 | 12.6843 0.735 0.745 0.754 0.761 0.767 0773




9T-2

Eb= 90 ksi
hac = 4 inches
/}:"_’i_r s '/ .:" //f % / 2 -
Eac hEp tp do do do do d0 do TAF TAF TAF TAF TAF TAF
(ksi) (inches) {deg. F) | (mils) (mils) {mils}) {mits) {mils) {mils)
2293.46 5.359 a0 12.8926 9.7914 8.0481 6.9087 6.0959 54819 1.287 1.283 1.279 1.276 1.273 1.271
207471 5.405 35 13.2083 10.0273 8.2403 7.0723 6.2392 56098 1.256 1.253 1.248 1.247 1.244 1.242
1850.36 5.460 40 13.5696 | 10.3002 8.4625 7.2614 6.4047 57576 1.223 1.219 1.247 1.214 1.212 1.210
1627.24 5.524 45 139840 | 10.6113 B.7156 7.4766 6.5929 5.9254 1.186 1.184 1.181 1.179 1177 1.176
1411.23 5.598 50 14.4510 | 10.9815 9,0002 7.7184 6.8043 6.1138 1.148 1.146 1.144 1.142 1.141 1.139
1207.09 5684 55 14.9722 | 11.3518 93170 7.9874 70382 6.3230 1.108 1.106 1.105 1.104 1.103 1.102
1018.40 5782 60 156490 | 11.7832 96668 8.2840 7.2979 6.5532 1.067 1.066 1.065 1.064 1.064 1.083
847.58 5.894 65 16.1829 | 12.2564 | 10.0500 8.6085 7.5806 6.8045 1.025 1.025 1.024 1.024 1.024 1.024
754.20 5969 68 16.5911 12.5607 | 10.2962 8.8167 7.7618 6.9654 1.000 1.000 1.000 1.000 1.000 1.000
695.91 6.023 70 16.8746 12.7719 10.4668 8.9609 7.8873 7.0767 0.983 0.983 0.984 0.984 0.984 0.984
5631.73 6.170 75 17.6249 | 13.3268 | 10.9170 9.3410 82176 7.3695 0.941 0.942 0.943 0.944 0.945 0.945
450.57 6.338 80 18.4335 13.9298 11.4002 0.7482 8.5708 7.6822 0.900 0.902 0.903 0.904 0.806 0.907
355.36 6.531 85 19.2986 14.5707 11.9151 10.1813 6.9458 8.0136 0.860 0.862 0.864 0.866 0.868 0.869
276.56 6.751 90 20.2214 15.2508 12.4602 10.6387 9.3411 8.3622 0.820 0.624 0.826 0.829 0.831 0.833
212.41 7.004 95 21,1958 15.9674 13.0330 11.1181 9.7545 8.7262 0.783 0.787 0.790 0.793 0.796 0.798
161.00 7.295 100 222187 | 16.7170 | 13.6303 | 116168 | 10.1835 9.1030 0.747 0.759 0.755 0.759 0.762 0.765
120.45 7.630 105 23.2846 17.4950 14.2483 12.1313 10.6250 9.4898 0.713 0.718 0.723 0727 0.731 0.734
88.94 8.016 10 24.3865 18.2961 14.8823 12.6576 11.0753 9.8836 0.640 0.687 0.692 0.697 0.701 0.705
64.82 8.462 115 265163 | 191138 | 165273 | 13.1912 | 11.5307 | 10.2807 0.650 0.657 0663 0.668 0.673 0678
46.63 8.980 120 26.6650 | 19.9414 | 16.1775 | 13.7275 | 11.9871 10.6778 0.622 0.630 0.636 0.642 0.648 0.852




LT-O

Eb = 90 ksi
hac = 6 inches
’ 2% s K A %
Eac hEp tp do do d0 do d0 do TAF TAF TAF TAF
(ksi) (inches) | (deg. F) (mils) {mils) {mils) {mils} {mils) {mils)
2293.486 7.359 30 9.4588 7.1996 5.9294 5.0990 4.5065 4.0589 1.329 1.326 1.324
207471 7.405 35 9.7146 7.3933 6.0882 5.2349 46262 4.1662 1.294 1.292 1.290
1850.26 7.460 40 10.0128 7.6189 6.2730 5.39: 4.7654 4.2910 1.256 1.253 1.2562
1627.24 7.524 45 10.3553 7.8779 6.4851 55746 4.9250 4.4341 1.214 1.212 1211
1411.23 7.598 50 10.7444 8.1720 8.7258 5.7804 5.1059 4.5962 1.170 1.169 1.167
1207.09 7.684 55 11.1826 8.5030 6.8965 6.0117 5.3091 47782 1.124 1.123 1.122
1018.40 7.782 60 11.6727 8.8727 7.2986 6.2697 5,5356 4.9810 1.077 1.076 1.076
847.53 7.894 65 122173 9.2832 7.6338 6.5556 5.7864 5.2054 1.029 1.029 1.029
754,20 7.969 68 12.5716 9.5500 7.8514 6.7411 5.9491 5.3508 1.000 1.000 1.000
695.91 8.023 70 12.8193 9.7364 8.0034 6.8706 6.0626 5.4522 0.981 0.981 0.981
563.73 8.170 75 13.4813 10.2341 8.4088 7.2158 6.3648 57221 0833 0.933 0.934
450.57 8.338 80 14,2058 | 10.7779 8.8511 7.5919 6.6938 6.0155 0.885 0.886 0.887
355.36 8.531 85 14.9949 | 11.3690 9.3312 7.9996 7.0499 6.3327 0.838 0.840 0.841
276.56 8.751 90 15.8489 | 12.0082 9.8484 8.4388 7.4330 6.6735 0.793 0.795 0.797
212.41 9.004 95 16.7715 | 12,6955 | 10.4054 8.9093 7.8428 7.0373 0.750 0.752 0.755
" 161.00 9.295 100 17.7592 | 13.4302 | 10.9983 9.4100 8.2777 7.4231 0.708 0.711 0.714
120.45 9.630 105 18.8111 142103 | 11.6263 9.9390 8,7365 7.8291 0.668 0672 0.675
88.94 10.016 110 199241 15.0329 122866 10.4938 92166 8.2530 0631 0.635 0.639
64,82 10.462 115 21.0932 | 158937 | 12.9754 | 11.0710 9.7148 8.6920 0.596 0.601 0.605
46 63 10.980 120 223116 | 16.7873 | 13.6881 11.6665 | 10.2274 9.1428 0.563 0.569 0.574

1.322
1.288
1.250
1.209
1.166
1121
1.075
1.028
1.000
0.981
0.934
0.888
0.843
0.799
0757
0.716
0.678
0642
0.609
0.578

TAF

1.286
1.248
1.208
1.185
1121
1.075
1.028
1.000
0.981
0.935
0.889
0.844
0.800
0.759
0.719
0.681
0.645
0612

0.582

TAF

1.320

1.318
1.284
1.247

1.207

1.164
1.120
1.074
1.028
1.000
0.981
0.935
0.890
0.845
0.802
0.760
0.721
0.683
0.648
0616
0.585




Q
i

BT

Eb = 90 ksi
hac = 8 inches
Y sl &
Eac hEp tp do do do do do d0 TAF TAF TAF TAF TAF TAF
(ksi) {inches) {deg. F) (mils) [ {mis) {mils) {mils) {mils) {mils})
2293.46 9.359 30 7.4616 5.6851 4.6862 4.0331 3.5671 3.2150 1.354 1.362 1.361 1.349 1.348 1.347
207471 9.405 a5 7.6750 58471 4.8193 4.1474 3.6679 3.3056 1.317 1.315 1.313 1.312 1.311 1.310
1850.36 9.460 40 7.9244 6.0364 49749 4.2809 3.7857 3.4115 1.276 1.274 1.272 1.271 1.270 1.269
1627.24 9.524 45 8.2121 6.2547 5.1542 4.4347 3.9213 35334 1.230 1.229 $.228 1.227 1.226 1.225
1411.23 9,598 50 8.5404 6.5028 5.35687 4.6100 4.0758 36722 1.183 1.182 1.181 1.180 1.180 1.179
1207.09 9.684 55 89122 6.7856 5.5899 4.8082 4.2505 3.8291 1.134 1.133 1.132 1.132 1.131 1131
1018.40 9782 60 9.3303 7.1024 5.8498 5.0308 4 4466 4.0051 1.083 1.082 1.082 1.082 1.081 1.081
847.58 9.894 65 9.7981 7.4566 €.1401 52794 4.6654 42014 1.031 1.0:1 1.031 1.031 1.031 1.030
754.20 9.969 68 10.1042 7.6882 6.3298 5.4418 4.8082 43295 1.000 1.000 1.000 1.000 1.000 1.000
6953 10.023 70 10.3191 7.8507 6.4629 5.5556 4.9083 4.4193 0.97¢ 0.979 0.979 0,980 0.980 0.980
563.73 10.170 75 10.8968 8.2873 6.8202 5.8611 51769 46599 0927 0.928 6.928 0.928 0.929 0.929
450.57 10.338 80 11.5349 8.7690 7.2140 6.1975 5.4724 4.9245 0.876 0.877 0.877 0.878 0.879 0.679
35536 10.531 85 12.2370 9.2083 7.6462 6.5664 5.7960 52141 0.626 0.827 0.828 0.829 0.830 0.830
276.56 10.751 90 13.0063 9.8774 8.1185 €.9689 6.1488 5.5294 0.777 0.778 0.780 0.781 0.782 0783
21241 11.004 a5 13.8458 | 10.5082 8.6322 7.4061 6.5315 58709 0.730 0.732 0.733 0.735 0.736 0.737
161.00 11.295 100 147577 | 11.1920 9.1880 7.8784 6.9444 6.2390 0.685 0.687 0.609 0.691 0.692 0.694
120.45 11.630 105 157432 | 11.9293 9.7860 8.3856 7.3870 6.6330 0.642 0.644 0.647 0.649 0.651 0.653
86.94 12.016 110 16.8023 | 127196 | 10.4256 B.9270 7.8586 7.0520 0.601 0604 0.607 0610 0.612 0614
64.82 12.462 115 17.8335 | 13.5611 11.1050 9.5008 8.3574 7.4943 0.563 0.567 0.570 0.573 0.575 0.578
46.63 12.980 120 191334 | 14,4509 | 118213 | 10.1043 8.8808 7.9575 0.528 0.532 0.535 0.539 0.541 0.544




61-2

Eb = 90 ks
hag = 10 inches
A1 gi77 4
Eac hEp tp d0 do do d0 d0 do TAF TAF TAF TAF TAF TAF
(ksi) {inches) (deg. F} (mils}) | {mils) | (mils) {mils) (mils) (mils) _
2293.46 11.359 30 6.1583 4.6945 38715 33334 2.9494 2.6592 1.371 1.369 1.368 1.367 1.366
207471 11.405 35 6.3405 48331 3.9855 3.4313 3.0359 27371 1.331 1.330 1.329 1.328 1.327
1850.36 11.460 40 6.5539 49954 4.1190 3.5461 31373 2.8283 1.288 1.287 1.286 1.285 1.284
1627.24 11.524 45 6.8007 5.1830 42734 36787 3.2543 29337 1.241 1.240 1.240 1.239 1.238
1411.23 11.598 50 7.0832 53976 4.4499 3.8303 3.3382 3.0541 1.192 1.191 1.190 1.190 1.189
1207.09 11.684 55 7.4041 56414 4.6503 4.0024 3.5400 3.1907 1.140 1.140 1.139 1.138 1.138
1018.40 14.782 60 7.7664 5.9166 48765 4.1965 37113 3.3446 1.087 1.087 1.086 1.086 1.086
847.58 11.894 65 8.1735 6.2256 5.1303 44142 3.9033 35173 1.033 1.033 1.032 1.032 1.032
754.20 11.969 68 8.4410 6.4284 5.2969 4.5571 4.0293 36304 1.000 1.000 1.000 1.000 1.000
695.91 12.023 70 8.6291 6.5712 54141 4.6576 41178 3.7099 0.978 0.978 0.978 0.978 0.978
563.73 12.170 75 9.1372 6.9562 5.7300 4.9283 4.3564 3.9242 0.924 0.924 0.924 0.925 0925
450.57 12.338 80 9.7017 7.3838 6.0806 5.2286 4.6207 41614 0.870 0.871 0.871 0.872 0.872
355.36 12.531 85 10.3272 7.8570 6.4682 5.5603 4.9126 44232 0.817 0818 0.819 0.820 0.820
276.56 12.751 90 11.0477 83789 6.8954 59255 52336 47109 0.766 0.767 0.768 0.769 0.770
212.41 13.004 95 11.7776 8.9524 7.3642 6.3259 5.5853 5.0257 0.717 0718 0.719 0720 0.721
161.00 13.295 100 126107 9.5803 7.8767 6.7621 5.9688 5.3687 0.669 0.671 0.672 0674 0.675
120.45 13.630 105 13.5203 | 10.2644 8.4343 7.2381 6.3849 57404 0624 0.626 0.628 0.630 0.631
88.94 14.016 110 14.5087 11.0064 9.0379 7.7515 6.8340 6.1411 0.582 0.584 0.586 0.588 0.590
64.82 14.462 115 15.5774 | 11.8067 9.6877 8.3031 7.3157 6.5701 0542 0.544 0.547 0.549 0.551
46.83 14.980 120 16.7258 | 12.6644 | 10.3825 8.8917 7.8288 7.0264 0.505 0.508 0.510 0.513 0.515

1.365
1.326
1.284
1237
1.189
1.138
1.085
1.032
1.000
0.979
0.925
0.872
0.821
0771
0.722
0.676
0.632
0.591
0.553
0.517




0Z-O

Eb= 90 ksi
hac = 12 inches
7 ’% , N "4 g 7
Eac hEp tp d0 d0 d0 do do do TAF TAF TAF TAF TAF TAF
(ksi} (inches) | {deg.F) {mils) {mils) {mils) {mils) (mils} {mils) :
2293.46 13.369 30 5.2416 3.9970 3.2971 2.8395 25130 22663 1.382 1.381 1.380 1.380 1.379 1.378
2074.71 13.405 35 5.4002 41177 3.3966 2.9251 2.5888 23344 1.342 1.341 1.340 1.339 1.339 1.338
1850.36 13,480 40 5.5864 42504 35132 3.0254 26773 24143 1.297 1.298 1.298 1.295 1.294 1.294
1627.24 13.524 45 58020 44235 3.6484 3.1416 2.7800 2.5067 1.249 1.248 1.248 1.247 1.247 1.246
1411.23 13.598 50 6.0493 46116 3.8033 3.2748 2.8976 26127 1.198 1.197 1.197 1.188 1.196 1.196
1207.09 13.684 55 6.3308 48258 3.9796 3.4263 3.0315 27332 1.144 1.144 1.144 1.143 1.143 1.143
1018.40 13.782 60 6.6497 5.0682 41790 3.5977 3.1828 2.8694 1.090 1.089 1.089 1.089 1.089 1.089
847.58 13.804 65 7.0090 53413 44037 3.7906 3.3532 3.0227 1.034 1.034 1.034 1.033 1.033 1.033
754.20 13.969 68 7.2456 5.5211 45515 3.9176 3.4653 3.1235 1.000 1.000 1.000 1.600 1.000 1.000
69591 14.023 70 7.4124 56479 46557 40070 3.5442 3.1945 0.977 0.978 0.978 0.978 0.978 0.978
563.73 14.170 75 7.8640 5.9908 4.9375 4.2489 3.7576 3.3864 0.921 0.622 0.822 0.922 0.922 0.922
450.57 14,338 80 83680 6.3733 52517 4.5185 3.9953 3.6000 0.866 0.866 0.867 0.867 0.867 0.868
355.36 14.531 85 8.9291 6.7988 5.6010 4.8179 4.2692 38370 0811 0.812 0.813 0.813 0.814 0.814
276.56 14.751 80 9.5520 7.2707 5.9881 5.1496 4.5513 4.0992 0.759 0.759 0.760 0.761 0.761 0.762
212.44 15.004 85 10.2417 7.7927 6.4158 5.5157 48735 43883 0.707 0.708 0.709 0.710 071 0.712
161.00 15.295 100 11.0029 6.3681 6.8869 5.9186 5.2277 4.7058 0.659 0,660 0.661 0.662 0.663 0.664
120.45 15.630 105 11.8401 9.0002 7.4037 6.3600 5.6155 5.0530 0.612 0813 0615 0616 0617 0618
88.94 16.016 110 12.7576 9.6917 7.9682 6.8416 6.0380 54310 0.568 0.570 0.571 0.573 0.574 0575
64.82 16.462 115 13.7585 | 10.4446 8.5819 7.3644 6.4961 5.8402 0.527 0.529 0.530 0.532 0.533 0.535
46.63 16.980 120 14.8450 | 11.2601 92454 7.9287 6.8897 6.2806 0.488 0.490 0.492 0.494 0.456 0.497




TEMPERATURE ADJUSTMENT FACTOR CURVE
REGRESSION EQUATIONS

2" depth: TAF =1.358192-0.005227T(° F)
CC = -0.996296

4" depth: TAF =1.522908-0.007653T(° F)
CC = -0.997893

6" depth. TAF =1.605983-0.008887(°F)
CC =-0.998475

8" depth: TAF =1.654622-0.00961T(° F)
CC = -0.99875

10" depth: TAF =1.686027-0.010077T(°F)
CC =-0.998884

12" depth: TAF =1.707725-0.0104T(° F)
CC = -0.998995

where CC is the correlationcoefficient
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Eb varied from 30-90 ksi
Mr varied from 10-35 ksi
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Eb varied from 30-90 ksi
Mr varied from 10-35 ksi
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Temperature Adjustment Factor
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o
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TAF Curve

6" depth AC

Est. Mid-depth Temp. (Deg. F)

100

150

O Actual TAF points

— Regrs. Line

Eb varied from 30-90 ksi
Mr varied from 10-35 ksi
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Temperature Adjustment Factor

TAF Curve

8° depth AC
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Est. Mid-depth Temp. (Deg. F)
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O Actual TAF points

— Regrs. Line

Eb varied from 30-90 ksi
Mr varied from 10-35 ksi
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Temperature Adjustment Factor

1.5

-—

Qo
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TAF Curve

10" depth AC

-

Est. Mid-depth Temp. {Deg. F)

100

150

O Actual TAF points

— Regrs. Line

Eb varied from 30-80 ksi
Mr varied from 10-35 ksi
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Temperature Adjustment Factor
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TAF Curve

12" depth AC

Est. Mid-depth Temp. (Deg. F)

100

150

O Actual TAF points

— Regrs. Line

Eb varied from 30-90 ksi
Mr varied from 10-35 ksi
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Bousinessq Method

for Center of Plate AC Compression

AC Compression at Depth TAF at Depth
2inches [4inches |[6inches [Binches [10inches [12inches [2inches [dinches [Binches [Binches {10inches [12inches
L ()] E(ac) |(mils) (miis} (mils) (mils) (mils) (mils)
{deg F) | (psi) _ ,

0{3.065E+06 0.0295 0.0670 0.1018 0.1300 0.1518 0.1687| 4.064143| 4.064143| 4.064143| 4.064143( 4.064143( 4.064143
513.037E+06 0.0298 0.0676 0.1027 0.1312 0.1532 0.1703] 4.026885] 4.026885| 4.026885| 4.026885| 4.026885) 4.026885
10|2.960E+06 0.0305 0.0694 0.1054 0.1346 0.1572 0.1747] 3.924423] 3.924423| 3.924423| 3.924423| 3.924423) 3.924423
1512.840E+08 0.0318 0.0723 0.1099 0.1403 0.1639 0.18211 3.765323| 3.765323| 3.765323( 3.765323| 3.765323{ 3.765323
20|2.684E+06 0.0337 0.0765 0.1163 0.1485 0.1734 0.1927| 3.55842| 3.55842| 3.55842| 3.55842} 3.55842| 355842
2512.499€E+06 0.0362 0.0822 0.1249 0.1594 0.1862 0.2070| 3.313464| 3.313464| 3.3134641 3.313464| 3.313464| 3.313464
30{2.293E+06 0.0394 0.0895 0.1361 0. 1737 0.2029 0.2255| 3.040775| 3.040775} 3.040775] 3.040775] 3.040775] 3.040775
35]|2.075E+06 0.0436 0.0990 0.1504 0.1920 0.2243 02493 2.75074| 2.75074| 2.75074| 2.75074] 2.75074| 275074
40|1.850E+06 0.0488 0.1110 0.1687 0.2153| 0.2515 0.2795| 2.453292| 2.453292| 2.453292| 2.453292| 2.453292| 2.453292
45:1.627E+06 0.0555 0.1262 0.1918 0.2448 0.2860 0.3178} 2.157471} 2157471} 2157471 2.157471| 2.157471}| 2.157471
50({1.411E+06 0.0640 0.1455 0.2211 0.2823 0.3298 0.3665| 1.87107] 1.87107| 1.87107| 1.87107| 1.87107| 1.87107
55]1.207E+06 0.0749 0.1701 0.2585 0.3301 0.3855 0.42851 1.600412| 1.600412| 1.600412| 1.600412| 1.600412| 1.600412
6011.018E+06 0.0887 0.2016 0.3064 0.3912 0.4570 0.5079| 1.350246] 1.350246| 1.350246| 1.350246| 1.350246) 1.350246
65[8.476E+05 0.1066 0.2423 0.3682 0.4701 0.5491 0.6102| 1.123757| 1.123757| 1.123757| 1.123757| 1.123757| 1.123757
€68|7.542E+05 0.1198 02722 0.4138 05282 0.6170 0.6858 1 1 1 1 1 1
70|6.959E+05 0.1299 0.2951 0.4484 0.5725 0.6687 0.7432| 0.922666] 0.922666| 0.922666] 0.922666| 0.922€666| 0.922666
75|5.637E+05 0.1603 0.3642 0.5538 0.7068 0.8255 0.9175| 0.747417) 0.747417| 0.747417) 0.747417| 0.747417| 0.747417
80 [4.506E+05 0.2008 0.4557 0.6926 0.8843 1.0329 1.1479| 0597389 0.597388 0.597389{ 0.597389] 0.597389| 0.597389
85|3.554E+05 0.2543 0.5778 0.8782 11212 1.3096 1.4555} 0.471145| 0.471145| 0.471145| 0.471145| 0.471145[ 0.471145
90{2.766E4+05 0.3268 0.7424 1.1284 1.4406 1.6828 1.8702| 0.366676{ 0.366676| 0.366676| 0.366676| 0.366676( 0.366676
95[2.124E405 0.4255 0.9667 1.4692 1.8757 2.1910 2.4350| 0.281621 0.281621{ 0.281621] 0.281621( 0.281621| 0.281621
100(1.610E+05 0.5613 1.2753 1.9383 2.4746 2.8906 3.2125] 0.213464] 0.213464| 0.213464| 0.213464| 0.213464| 0.213464
105(1.204E+05 0.7503 1.7048 2.5910 3.3079 3.8639 4.2942| 0.159692| 0.158692| 0.159692| 0 159692) 0.159692( 0.159692
110|6.893E+04 1.0162 2.3088 3.5080 4.4800 5.2329 5.8157| 0.117914] 0.117914| 0.117914] 0.117914] 0.117914} 0.117914
115]6.482E+04 1.3942 3.1679 4.8147 6.1469 7.1800 7.9796| 0.085938| 0.085938| 0.085938| 0.085938| 0.085938| 0.085938
120 |4.663E+04 1.9380 4.4034 6.6925 8.5443 99803 11.0519] 0.061825| 0.061825| 0.061825| 0.061825| 0.061825! 0.061825
125(3.311E+04 2.7290 6.2006 94240} 12.0316] 14.0537] 15.6189; 0.043805! 0.043905| 0.043905| 0.043905| 0.043905| 0.043905
130)2.322E+04 3.8928 8.8447| 13.4427| 17.1623] 20.0466| 222793| 0.03078| 0.03078| 0.03078{ 0.03078| 0.03078| 0.03078
135[1.607E+04 562471 12.7799| 19.4236| 24.7980| 289657} 32.1917] 0.021302]| 0.021302| 0.021302| 0.021302] 0.021302| 0.021302
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APPENDIX D

Data and Graphs Relating to
the Comparison of Methods Used to Find Layer Strength Moduli






MANUALLY BACKCALCULATED PROCEDURE FOR FINDING Ep AND M,

Determination of Subgrade Modulus for SN, Determination

1993 AASHTO Design Guide of Pavement Structures

Choose the radial distance from the load in inches, r. The first value can be
approximated as 1.5 times the total depth of the pavement.

Find the deflection value, Dy, corresponding to the chosen radial distance. The
value is interpolated from the FWD deflection data gathered.

Find the subgrade resilient modulus:

_ P(1-u?)
T pi*r*D,

where P =load in Ibs. (9000 Ibs)
u = Poisson's ratio (0.5)
D, = deflection at distance r from the applied load in inches (vaires with r)
r = radial distance from load in inches (varied)

Find Ej, by trial and error from the following equation:

d,=15pa += =

D-1



where D = total depth of pavement in inches (varied for different pavements)

a = plate radius in inches (5.9 inches)

E,, = strength modulus of the pavement in psi

Ivﬁ- = resilient modulus of subgrade in psi (as found above)
p = contact pressure in psi (9000 Ibs./plate area = 82.3 psi)

dp = deflection value at =0 in inches (varies)

The radius value used (r) should ‘be greater than or equal to seventy percent of the
effective radius a. of the stress bulb at the subgrade/pavement interface. With the

subgrade Poisson's raito equal to 0.5, the equation for effective radius is:

2

E

=_la? +| Dal—*
a, ‘/a [ Mr}

r>=0."7a,

If the r value used is less than 0.7a, or a value of r that is closer to the calculated
0.7a¢ can be used, then another value for r is chosen and the procedure is started all over

again until r is greater than or equal to 0.72.. The final trial yields the values for Ep, and

M; for that particular FWD deflection reading..



SAMPLE CALCULATION

Test Site: MT1

Date of FWD deflection data collection. 2/11/92
D=11"

a=59"

P =9000 /bs.

estimated mid - depth temperature=38.7°

FWD Deflection Data:
Mean Measured Deflection: (mils)
R,=0" R=8" R =12" R,=24" R,=36" R =48" R =72
6.75 6.13 5.61 411 2.86 2.03 1.16
E,, M, CALCULATION
inital estimate of r =1.5D or 1.5*11=16.5"
r=16.5"
D, jfound by int erpolation. 24-165_ 411-D, D, =5.05 mils
24-12 4.11-5.61 r
2 2
a ﬁi(:r*u; - 3.1493 ?2.(51*5(.)655*)10‘3 =25,785.68 psi
[ |
1. 1

1
6.75*107% =1.5%82.3*5.9

11
25,785.68\/1 +(

5.9

2
_E
25,785.68

E, solved for by inputted solver programon HP42S Scientific Calculator
E, =421,796.79 psi

D-3




a,= \/;92 +(11*31 {w}z =28.54"
¢ 25,785.68

0.7a, =19.98"

0.7a, > r therefore, no good

newr=21"
24-21  4.11-D,
24-12 4.11-5.61
_ 9000(1-0.5)
T 3.14*21%4.49%10°

D, = 4.49 mils

= 22,787.06 psi

1

6.75*%107 =1.5*82.3*5.9

!

E, solved by HP solver program=506,094.29 psi

a =.59%+|11*2 M 2 =73].48"
¢ ' 22,787.06 '

0.7a, =22.03"

0.7a, >r therefore, no good

newr=22.5"
24-225  4.11-D,
24.12  4.11-5.61
_9000(1-0.5%)
T 3.14*22.5%4.30*10°

D, =430 mils

=22,207.67 psi

D-4

2

11 E
22,787.06,(1+ _3"_1’_.
787 6\/1 (5.9 22,787.06)

+




1+(—1—1—
1 5.9

6.75%10° = 1.5*82.3*5.9 +

11 Ep : EP
22,207.67,1+| — 34—
5.9122,207.67
|

E, solved by HP solver program=526,316.31 psi

=_15.9% + 11*3M 2=3214"
2Ty 22,207.67 '

0.7a, =22.50
0.7a,=<r OK

Therefore, for MT1on2/11/92: M, =22,207.67 psi
E, =526,316.31 psi

D-5







Two layersystem - AC and subgrade

Est. mid- [Man.Bked.MODULUS |Man.Bked.|MODULUS
depthtem. Ep Ep Mr Mt
(deg.F) (ksi) (ksi) (ksi) (ksi)

35.6 415.6 757 22.29 17.70

38.7 5245 797 22.26 16.80

42 .1 512.44 754 22.66 17.30

46.1 303.02 574 20.50 15.70

49.8 533.54 792 26.17 1710

50 39712 566 20.18 16.50

50.4 254.87 449 16.81 13.10

50.8 591.62 899 31.03 19.60

58.8 32413 511 19.89 16.30

64.6 187.3 319 14.91 12.00

71.9 240.87 327 21.84 14.80

73.3 304.71 411 21.20 13.40

74.8 343.81 487 22.24 17.90

77.2 262.95 346 25.10 17.80

78.2 31117 432 20.65 16.80

79.2 229.28 308 22,67 15.30

79.4 173.42 265 16.69 13.50

83.6 231.47 314 19.68 12.80

85.1 174.56 246 13.47 8.80

87.8 290.9 393 21.63 18.00

a0 216.36 290 20.24 17.20

956.3 656.21 104 10.06 6.80

95.8 80.74 130 12.10 8.60

97.3 95.86 128 13.23 8.10

98.4 78.78 129 10.78 7.70

103.5 129.33 183 18.69 14.40

108.6 61.45 82 11.50 6.30




Comparison of Modulus E,¢ vs. Asphalt Institute (AI) Regression Values for E,

tp Al Eac Mod. Eac
(deg. F) (ksi) (ksi)

35.6 2047.94 1497
3s.7 1908.83 2130
421 1756.14 2011
46.1 1578.92 1068
49.8 1418.67 1676
50.0 1411.23 1526
50.4 1394.40 883
50.8 1377.66 1808
58.8 1062.13 997
64.6 860.55 615
71.9 643.39 613
73.3 606.50 815
74.8 568.64 1157
77.2 511.65 657
78.2 489.17 1097
79.2 467.44 589
79.4 463.18 504
83.6 380.29 642
85.1 353.62 495
87.8 309.32 974
90.0 276.56 691
95.3 208.98 167
95.8 203.38 215
g97.3 187.29 219
98.4 176.18 224

103.5 131.568 364

108.6 96.94 127

SHRP Regional Information Management System Laboratory Data

Temperature (° F) MT1 E, average (ksi) MT2 E,. average (ksi)
41 813.3 739.0
77 509.6 501.6
104 2370 203.9

D-7
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