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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 680 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 ofTemperature 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 ESI below.

Empirical Tem perature 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 (Ead, and the

resilient modulus of the subgrade (Mr). 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 (680 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 680 F. Also included in the report is

the comparison of different methods used to determine the strength moduli of the

pavement (Ep), asphalt concrete (Eac), and the subgrade resilient modulus (Mr).
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OBJECTIVE

The objective ofResearch 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 of68 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 ofpavement 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 ofEp [pavement Elastic Modulus]

along the length ofa project, the dO [FWD deflection] values used to determine Ep should

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

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

Correction ofMaximum 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 of68 F, maximum deflection measured in the field must be corrected

to this standard temperature." (3)
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INTRODUCTION

In analyzing a Falling Weight Deflectometer deflection data set, the most

straightforward interpretation of the infonnation is to use the mean deflection value

(nonnalized 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 ofthe 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 ofmid-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 ofResearch Investigation 91-9,

Southgate's method was employed to create regression equations ofour own, using

MoDOT field temperature data from Monthly Testing Sites 1-9 (MT1-MT9) and Special

Pavement Study 6 (SPS-6) test sites. Because ofour now established correlation between

surface temperature ofAC 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. Ofall 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.
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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 infonnation. The deflection equation, derived by Boussinesq andOdemark

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

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

as follows:

1

1
do = 1.5pa

I-HIT
----;;:======= +=-------=

Ep

The above equation will be discussed in depth in the following section,

INVESTIGATION PROCEDURE, but some tenns need some clarification at this point.

Since the actual deflection data from MTI-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 ofelasticity, 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 (Mr) 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 infonnation used in the TAF curve was averaged over all the Mr values to

create the same methodology used in the empirical TAF, one with all of the various

subgrades considered.
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The effective pavement Modulus ofElasticity (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 Eac (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

modulus 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 ofthe base into

an equivalent thickness of AC. This Ep is then equal to Eac and the depth, D is the

equivalent ofhac. This procedure is discussed in depth in the following section,

INVESTIGAnON PROCEDURE.

Finally, some comparisons were made between different methods used to find Ep,

Eac and Mr. 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 Mr which were compared to manually

backcalculated solutions using the AASHTO guide section Determination ofSubgrade

Modulus for SNeffDetermination (2). The second and third runs both yielded values for

Eac but the third run had the least absolute error, therefore, it was compared to the

Asphalt Institute AC Modulus regression equation results.

4





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 (MTI-MT9) as well as at SHRP site SPS-6.

The data included: FWD deflection data sets, asphalt surface temperature, asphalt

temperature at various (pre-determined) pavement depths, ambient air temperature at time

of collection, and date of data collection (see Appendix A, pages AI-AI9 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 (1), 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 found for the 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, fI •••analysis ofthe 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
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ofthe 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 ofheat absorption

whereas, temperatures at depths greater than 2 inches are assumed to be a function ofthe

surface temperature, amount ofheat 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 ofthe 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 ofthe 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 ofhis study because the

data used in RI 91-9 was taken at different times ofthe day. Because ofthis 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 read 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 ofpavement is 10 inches thick, the

mid-depth temperature can be found on the 5 inch depth regression line. The temperature

at 5 inches, or mid-depth will be read on the y-axis corresponding to the added

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

TABLE 1: Estimated Mid-depth AC temperature and actual FWD dO deflection
(at the time of testing). These FWD dO deflections include the varying

b d M d' . d Isu )gra e Lr con ltIons an va ues.
Site No. Date 5-day+surf. Est. mid- Measured

Tested temperature depth temp. FWD dO
(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 42.1 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 77.2 6.96
MT2-1008 1-28-92 94 50.8 4.25
MT2-1008 3-24-92 92 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 95.8 19.4
MT3-606 9-10-91 151 79.4 11.35
MT3-606 10-09-91 112 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 50.4 9.49
MT3-606 5-27-92 123 64.6 11.64

In order to find the Temperature Adjustment Factors from the above data, a best
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fit exponential line was determined for each deflection versus estimated mid-depth

temperature series (see Appendix B, pages B I-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,

d
TAF=~

do
T

where T is 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.
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where:

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

ofBoussinesq'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 1-~1+(~)'
do = 1.5pa -~r=======+=------=

1+(~V::')' E

p

dO =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)
Mr = 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 ofthe empirical data and

TAP 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 TAP data points.

The first step was to vary the resilient modulus ofthe subgrade (Mr) from 10 ksi

to 35 ksi, which were the estimated low and high limits for the subgrades tested.

As previously mentioned, estimating values for Ep was a little more involved.

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

10



1993 AASHTO Design ofPavement Structures (2), temperature dependent values ofEac

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.

(
P200 )log E ac = 5.553833 + 0.028829 Fon033 - O. 03476Vv

+0.070377n + 0.0000051 (13+0A9825 log F) P 0.5
70deg reesF, 106 P ac

+0. 93l757( FO~2774 )

where:
Eac = elastic modulus ofAC, psi (unknown)
P200 = percent aggregate passing the No. 200 sieve,( 6%)
F = loading frequency, (18 Hz)
Vv =air voids, percent, (5%)
n70degrees,106 = absolute viscosity at 70 degrees F, 106 poise, (2)
Pac = 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:

loglEI = 6.486476 -1.8038865* 10-4 *1/92544

The calculated Eac results from varying temperatures can be found in Table 2.

A graphical representation ofthe 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 Eac over the normal temperature range is now estimated, and the

Odemark-Boussineq deflection equation requires £p, a relationship between Ep and

11



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

tp Eac
(deg. F) (psi)

30 2.293E+06
35 2.075E+06
40 1.850E+06
45 1.627E+06
50 1.411 E+06
55 1.207E+06
60 1.018E+06
65 8.476E+05
70 6.959E+05

tp Eac
(deg. F) (psi)

75 5.637E+05
80 4.506E+05
85 3.554E+05
90 2.766E+05
95 2.124E+05

100 1.610E+05
105 1.204E+05
110 8.893E+04
115 6.482E+04
120 4.663E+04

Asphalt Institute Regression Equation
Figure 4

Eac (ksi)
2500 ,------------------------
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Eac must be established. Ep is defined as the strength modulus ofthe overall pavement

structure while Eac is the strength modulus of the asphalt only.

12



The Eac values found by the Asphalt Institute Regression Equation may be used as an

estimate ofEp 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 Eac and Eb (the strengthmodulus of the base) combined:

Vfb= *3-+hequ;valent h b E hac
ac

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

AASHTO Guide for Design ofPavement 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, hb = 4 inches. The average Eb found

by the MODULUS program for the three testing sites was 60 ksi with a standard deviation

ofaround 30 ksi. The three values of30 ksi, 60 ksi and 90 ksi were used for Eb because

ofthe high deviation value. The height of the asphalt pavement, hac, was modified in

increments of2 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 ofEp at a particular temperature, it can be used in the Odemark-Boussinesq

equation as "D", the total depth ofthe pavement, while the corresponding value ofEac at

that temperature is used in place ofEp

13
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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 of9000 lbs (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:

(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 hac depth, and page

C28 for a full page plot ofFigure 6.) Below in Figure 6, a plot of all the TAF curves for

the various AC thicknesses can be found.
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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 ofthe TAF curve sets can be

found.

Before moving on to the comparison ofmethods 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 ofequivalent 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 ofhomogeneous,

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:

where:
p = plate pressure (ksi)
E = 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 = dO at 68/dO at T] is only the

ratio ofthe moduli of elasticity, everything else cancels out. For each AC depth, then, the

TAF curve was identical because the modulus ofelasticity 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 layer 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 ofFigure 7.)
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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 ofthe whole pavement structure, Eac, the strength ofthe

asphalt, and M r, 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 ofpavement, and a subgrade.

The effective pavement modulus (Ep) and the subgrade resilient modulus (Mr) found by

the first MODULUS run were compared to manually backcalculated values found by

equations in the Determination ofSubgrade Modulusfor SNeffDetermination section of

the 1993

17



AASHTO Guide for Design ofPavement 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 ofa two layer system,

therefore, the only other strength value the procedure yielded, besides Mr, was Ep. It is

logical, then, to compare its outcome to the first MODULUS run. The procedure for

obtaining the backcalculated Ep and Mr values as well as a sample calculation can be

found in Appendix D, pages DI-D4. Plots ofEp and Mr for both methods versus

estimated mid-depth temperature can be found in Figures 8 and 9 on the next page. (See

Appendix D, page D5 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 Ep 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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Mr vs. Temperature
Figure 9
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The final comparison is for Eac, the asphalt concrete layer strength modulus

within the pavement structure. One previously mentioned method that was used to find

Eac values was the Asphalt Institute Regression Equation. These values were compared

to MODULUS solutions and SHRP Regional Information Management System (RIMS)

laboratory data for Eac.

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: Eac, Eb, Mr @ 36'"

and Mr. 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 Eac values can now be compared to the Asphalt

Institute regression equation values for asphalt modulus of elasticity and to the SHRP

RIMS laboratory Eac data. At this point, however, we have nothing to compare the Eb

values with. In Figure lOon the following page, the MODULUS Eac values for each test

site and the corresponding Asphalt Institute regression Modulus ofElasticity values are

plotted against the estimated mid-depth temperature of the pavement. (See Appendix D,

page D6 to see the all the Eac data in tabular form.)

In Figures 11 and 12, asphalt Modulus ofElasticity 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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Eae vs. Temperature
Figure 10
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12010080

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 factor 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 111-99 and 111-100 ofthe 1993 AASHTO

Guide for Design ofPavement Structures (2). Evidently, both ofthese 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 (Ae)

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 ofthe

temperature adjusment factors.

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

brief. Overall, it appears that the manually backcalculated method and 2-layer system
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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 Eac (strength modulus of asphalt

concrete) values provide a theoretical comparison for the 4-layer system MODULUS Eac

results. The MODULUS values are distributed fairly close to the AI regression line. (see

Figure 10). As can be seen in Figures 11 and 12, the Modulus ofElasticity values found

by the Strategic Highway Research Program (SHRP) Regional Information Management

System (RIMS) laboratory tests are close to the AI and MODULUS values for warm mid

depth temperatures (over 75° Fahrenheit). But for colder mid-depth temperatures, the

SHRP RIMS Eac 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 ofasphalt concrete is

P07 which closely follows ASTM D4I23 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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Empirical Temperature Adjustment Factor Curves
Figure 13
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Missouri Department of Transportation Recommended Temperature Adjustment Factor
Curve Regression Equations.

MT1 Regression FWD Deflection Equation
Correlation Coefficient = 0.895540

dO = 4.738428e(000848S·TEMP)

MT2 Regression FWD Deflection Equation
Correlation Coefficient =0.962902

dO = 1.09021 Oe(O.026SS1·TEMP)

MT3 Regression FWD Deflection Equation
Correlation Coefficient = 0.950967

dO = 3. 188715e(OOJ893s·TEMP)
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APPENDIX A

Data and Graphs Relating to the Estimation ofMid-Depth AC Temperature





Site No. Location Date !Hlaya\'ll. 1'\'1. Surface !Hlay·surf. AC. Thickns. F\C!ua Pavemenl Temoeralure
Tested Iemoeralure lemoerature lemperature (inches) I" CIeIlIh 2" depth 4" depth 5" depth 6"CIeIlIh 7" depth -- B" depth ~-

MTI·l002 Route C. Cole county. MO 2-21-91 40 7 64 52 49
Aspha~Pavement 5·07·91 52 7 58 64 63

6·06·91 77 B6 163 7 92 BB B7
7·05·91 BI 106 lB7 7 103 105 9B
7·29·91 72 85 157 7 B2 BB BB
9-05·91 74 85 159 7 B2 77 71
10-03-91 68 58 136 7 68 70 72
11·12·91 26 52 78 7 51 47 47
2·11-92 31 41 72 7 40 39 39
3-19·92 43 49 92 7 62 54 52
5-18·92 65 77 142 7 74 72 72

~
I.....

Site No. Location Date :HIaya\'ll. 1'\'1. Surlace 5-day·surl. AC Thickns. clual pavemenl Temperature
Tested I_lure Iemoeralure I~alure (inchesl I" depth 2" deplh 4" depth 5" depth 6" depth 7" depth B" depth g'depth

MT2·1008 Route 171. Jasper QlUnty. MO 2-26-91 43 45 BB 10 45 42 42
ASphalt Pavement 3-26-91 64 76 140 10 73 69 58

4-24·91 50 87 137 10 93 76 58
5-30-91 7B 86 164 10 B5 83 86
6-25·91 79 110 189 10 113 100 95
7-22-91 84 12B 212 10 128 lIB 109
9-04·91 77 75 152 10 75 eo 84
10-01-91 63 85 148 10 83 70 81
10·29·91 63 54 117 10 56 63 66
1-27-92 38 56 94 10 56 46 42
3-24·92 42 50 92 10 50 48 52
5-20·94 70 91 161 10 B7 77 . ------_.. 75

--~---- -----

9" aeplh
5ile No. Localion Dale !HlBy 8\'11. 1'\'1. Surlace 5-day·surf. A~~. l\cluaJ Pavemenl Temoerature

Tested letnPi!ralure lemoerature lemperalure I"CIeIlIh 2" depth 4" depth 5" depth ~h4jj 7"dept~~ g
MT;HiOO Route 11>9. Illy. MU 3-05-91 41 " 9 61

ASphalt Pavement 4-03·91 44 " 9 76 77
5-01-91 58 . 9 63 55
6-04·91 76 105 181 9 110 99
7-02·91 82 105 187 9 107 96
7-30-91 71 111 182 9 113 99
9-10-91 76 75 151 9 76 7B
10-09-01 54 58 112 9 57 60
11-05-91 20 4B 58 9 53 49
1-30·92 34 54 BB 9 52 42
3-31-92 42 54 96 9 55 53
5-27-92 53 70 123 9 75 65



:to
I

tv

Site No. location Date 5-dayallll. PIiI. Surface 5-day.surf. AC Thickns. clual Pavement Temperature
Tested temoerature lemperature temperature (Inches) I" depth 2" depth 4"deolh 5" deDlh 6" deDlh 7" deoth 8" deoth 9" deoth

MT4-5000 1-35, Daviess County, MO 3-05-91 36 9.2 48 45 45
Concrete Pavement 4-02-91 43 9.2 60 54 57

4-30·91 57 92 84 78 69
6-04-91 76 85 161 92 85 80 84
7-03-91 80 91 171 92 89 92 88
7-30-91 71 69 140 92 69 76 83
9-09-91 72 101 173 92 102 94 90
10-08-91 51 63 114 92 62 61 63
11-06-91 23 33 56 92 35 36 40
1-29-92 33 60 93 92 59 49 42
3-31-92 43 60 103 92 56 50 49
5-28·92 53 66 119 9.2 64 60 60

SrteNo. location Date 5-dayavg. PIiI. Surface 5-day.surf. AC Thickns. ctual Pavement Temperature
.._----

Tested lemPefllture temperature temperature !inches) I" depth 2" deoth 4" depth 5" depth 6" depth 7" depth 8" deeth 9"d<:El!'._
MT5-9005 Route 50, Cole County, MO 2-21-91 37 9 77 66 58

Concrete Pavement 3-06-91 42 - 9 65 58 54
3-28-91 62 9 73 67 61
6-03-91 79 92 171 9 89 85 85
7-05-91 81 97 178 9 95 88 87
7-29-91 72 81 153 9 81 84 84
9-05-91 74 96 170 9 96 92 82
10-03-91 66 110 176 9 86 79 73
11-12-91 26 42 68 9 42 43 44
2-11-92 31 40 71 9 40 38 39
4-01-92 45 51 96 9 54 58 52
5-18-92 64 89 153 9 91 84 76

SrteNo. location Date 5-<layallll· PIiI. Surface 5-day.surf. AC Thickns. clual Pavement Temperature
Tested temperature temperature temperature (inches) I" deoth 2" de th 4"de h 5" deDlh 6" deeth 7" deoth 8" de th 9" deeth

MT6-9007 Route 71, Jasper County, MO 2-25-91 43 9.3 52 55 49
Concrete Pavement 3-25-91 59 93 86 84 73

4-29-91 63 93 70 74 73
5-30-91 77 93 76 81 86
6-25-91 79 97 176 93 97 92 86
7-23-91 86 87 173 93 88 88 90
9-04-91 78 93 171 93 92 84 83
10-30-91 62 40 102 93 45 48 52
1-28-92 37 43 80 93 48 47 41
5-20-92 62 77 139 93 76 74 73
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Site No. Location Date 5-dayavg. Pvt. Surface 5-day+surf. AC Thickns. Actual 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 45 - - 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 33 63 4 33
3-30-92 42 75 117 4 70
5-27-92 59 61 120 4 60

Site No. Location Date 5-dayavg. Pvt. Surface 5-day+surf. AC Thickns. IA-ctual Pvmnt Temp.
Tested temperature temperature temperature (inches) 1" depth 2" depth

MT8-5473 1-70, Cooper County, MO 3-04-91 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 96 178 3 96
7-29-91 72 101 173 3 100
9-06-91 74 81 155 3 75
10-18-91 56 61 117 3 66
11-13-91 28 53 81 3 46
1-31-92 36 57 93 3 53
3-20-92 42 43 85 3 45
5-22-92 69 77 146 3 78

-------~-~

Site No. Location Date 5-dayavg. Pvt. Surface 5-day+surf. AC. Thickns. Actual Pvmnt Temp.
Tested temperature temperature temperature (inches) 1" depth 2" depth

MT9-8014 Route 60, Greene County, MO 2-26-91 38 - - 3.5 57
Asphalt Overlay on 3-19-91 41 - - 3.5 71
Concrete Pavement 4-29-91 61 - - 3.5 84

5-31-91 75 82 157 3.5 81
6-26-91 77 - - 3.5 109
7-22-91 77 115 192 3.5 113
9-03-91 75 95 170 3.5 95
9-30-91 59 84 143 3.5 82
11-14-91 42 56 98 3.5 56
1-27-92 34 54 88 3.5 50
3-23-92 47 64 111 3.5 62
5-19-92 67 77 144 3.5 75c-•.•_. -- ---., -
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Location Test Section No. Date 5-dayavg. Concrete pvt. 5-day+surf. AC. Thlckns. Actual Pavement Temoerature
& nreoaratlon Tested temoerature surf. temo. temoerature Inches) 1" deoth Z'deoth 3" depth 4"deoth 5" deoth 6"deoth 7" depth 8" depth

SPS·6 1- Control Section 6/02192 57.3 87 144.3 8 87 78 78

Bethany, MO 6/02192 57.3 87 144.3 8 87 79 79

6/02192 57.3 88 1453 8 88 81 79

6/02192 57.3 88 145.3 8 88 81 79

6/02192 57.3 88 145.3 8 88 81 79

6/02192 57.3 90 147.3 8 90 81 79

6/02192 57.3 93 150.3 8 93 83 81

6/02192 57.3 90 147.3 8 90 84 80

10/19/92 47.3 53 100.3 8 53 54 54

10/19/92 47.3 52 99.3 8 52 53 54

10/19/92 47.3 53 100.3 8 53 54 54

10/19/92 47.3 51 98.3 8 51 52 53

10/19/92 47.3 52 993 8 52 51 52

10/19192 47.3 49 96.3 8 49 50 51

10/19/92 47.3 50 97.3 8 50 51 52

10/28192 60.3 55 115.3 8 55 56 57

10/28192 60.3 57 117.3 8 57 56 58

10/28/92 60.3 57 117.3 8 57 56 58

10/28/92 60.3 61 121.3 8 61 58 59

10/28/92 60.3 63 123.3 8 63 60 59

10/28/92 60.3 61 121.3 8 61 60 61

10/28/92 60.3 63 123.3 8 63 63 67

11/17192 37.9 54 91.9 8 54 52 49

11/17/92 37.9 54 91.9 8 54 52 51

11117192 37.9 51 88.9 8 51 51 50

11117192 37.9 47 84.9 8 47 50 50

11117192 37.9 46 83.9 8 46 47 49

11117192 37.9 39 76.9 8 39 43 43
4/22/93 50.1 77 127.1 8 77 73 67

4/22193 50.1 79 129.1 8 79 75 69

4/22193 50.1 82 132.1 8 82 78 72
4/22193 50.1 84 134.1 8 84 80 74

4/22193 50.1 80 130.1 8 80 78 73

4/22193 50.1 79 129.1 8 79 75 71

4/22/93 50.1 77 127.1 8 77 73 71

4/22193 50.1 73 123.1 8 73 73 71

5110/93 65.6 74 139.6 8 74 73 73

5/10/93 65.6 72 137.6 8 72 73 73
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Location Test Section No. Date 5-<1ayavg. Concrete pvt. 5-day+surf. AC Thickns. Actual Pavement Temll< rature
& preparation Tested temoerature surf. temp. temperature inches) 1" deoth 2" depth 3"depth 4" depth 5" depth 6" depth 7"deoth 8"deDth

SPS-6 2 - Max. Restoration 3/12/92 46.8 40 86.8 8 40 42 46
Bethany, MO 3/12/92 468 33 798 8 33 35 37

3/12/92 46.8 30 76.8 8 30 34 37
3/12/92 46.8 32 788 8 32 34 37
4/15/92 49.1 68 117.1 8 68 65 64
4/15/92 49.1 71 120.1 8 71 67 67
4/15/92 49.1 75 124.1 8 75 71 67
4/15/92 49.1 77 126.1 8 77 72 68
4/15/92 49.1 81 130.1 8 81 76 71
4/15/92 491 87 136.1 8 87 80 75
4/15/92 49.1 89 138.1 8 89 83 77
4/15/92 49.1 91 140.1 8 91 84 78
4/15/92 491 94 143.1 8 94 86 79
4/15/92 49.1 95 144.1 8 95 87 80
4/22/92 50.1 33 83.1 8 33 33 38
4/22/92 50.1 39 89.1 8 39 36 36
4/22/92 50.1 46 96.1 8 46 40 37
4/22/92 501 50 100.1 8 50 46 39
4122/92 50.1 53 103.1 8 53 48 46
10/27/92 63 46 109 8 46 48 53
10/27/92 63 49 112 8 49 49 53
10127/92 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
10127/92 63 68 131 8 68 64 62
10/27/92 63 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 66 61
10/27/92 63 75 138 8 75 68 62
10/27/92 63 71 134 8 71 67 64
10/27/92 63 72 135 8 72 69 64
10/27/92 63 70 133 8 70 68 68
10/27/92 63 70 133 8 70 67 64
10/27/92 63 67 130 8 67 67 64
5/11/93 65.8 64 129.8 8 64 63 63
5/11/93 65.8 65 130.8 8 65 65 64
5/11/93 65.8 66 131.8 8 66 66 64
5/11/93 65.8 67 132.8 8 67 67 65
5/11/93 65.8 66 131.8 8 66 66 65
5/11/93 65.8 69 134.8 8 69 68 66
5/11/93 65.8 71 136.8 8 71 71 65
5/11/93 65.8 73 138.8 8 73 72 70
5/11/93 65.8 74 139.8 8 74 73 70
5/11/93 658 71 136.8 8 71 70 69
5/11/93 65.8 71 136.8 8 71 70 68
5/11/93 65.8 69 134.8 8 69 69 68
5/11/93 65.8 69 134.8 8 69 69 68
5/11/93 65.8 70 135.8 8 70 69 69
5/11/93 658 75 140.8 8 75 71 69



Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
~~Earation Tested temEerature surf. temo. temoerature 'inches) 1" depth 2" depth 3" depth 4" depth

----

SPS-6 3 - min. restoration 3/3/92 46.1 70 116.1 4 70
Bethany, MO 3/3/92 46.1 72 118.1 4 72

3/3/92 46.1 71 117.1 4 71
3/3/92 46.1 73 119.1 4 73
3/3/92 46.1 73 119.1 4 73
3/3/92 46.1 73 119.1 4 73
3/4/92 51.4 59 110.4 4 59
3/4/92 51.4 60 111.4 4 60
3/4/92 51.4 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 41.1 87 128.1 4 87 85
10/21/92 41.1 88 129.1 4 88 84.
10/21/92 41.1 87 128.1 4 87 85
10/21/92 41.1 84 125.1 4 84 84
10/21/92 41.1 83 124.1 4 83 83
10/21/92 41.1 82 123.1 4 82 82
10/22/92 44.2 59 103.2 4 59 59
10/22/92 44.2 61 105.2 4 61 60
10/22/92 44.2 63 107.2 4 63 60
10/22/92 44.2 64 108.2 4 64 63
10/22/92 44.2 69 113.2 4 69 69
10/22/92 44.2 64 108.2 4 64 63
10/22/92 44.2 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 65.2 70 135.2 4 70 70
5/12/93 65.2 70 135.2 4 70 70
5/12/93 65.2 79 144.2 4 79 80
5/12/93 65.2 78 143.2 4 78 79
------ ------
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& preparation Tested temperature surf. temp. temperature ICinches) 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 39.6 86 125.6 4 86

3/02/92 39.6 84 123.6 4 84
3/03/92 46.1 58 104.1 4 58
3/03/92 46.1 60 106.1 4 60
3/03/92 46.1 64 110.1 4 64
3/03/92 46.1 66 112.1 4 66
3/03/92 46.1 66 112.1 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 71 117.1 4 71
3/03/92 46.1 72 118.1 4 72
3/03/92 46.1 71 117.1 4 71
10/21/92 41.1 51 92.1 4 51 51
10/21/92 41.1 54 95.1 4 54 53
10/21/92 41.1 57 98.1 4 57 56
10/21/92 41.1 60 101.1 4 60 60
10/21/92 41.1 65 106.1 4 65 62
10/21/92 41.1 70 111.1 4 70 66
10/21/92 41.1 74 115.1 4 74 73
10/21/92 41.1 75 116.1 4 75 74
10/21/92 41.1 78 119.1 4 78 78
10/21/92 41.1 83 124.1 4 83 82
10/21/92 41.1 85 126.1 4 85 84
10/21/92 41.1 85 126.1 4 85 85
4/20/93 45.9 56 101.9 4 56 57
4/20/93 45.9 57 102.9 4 57 58
4/20/93 45.9 59 104.9 4 59 58
4/20/93 45.9 60 105.9 4 60 58
4/20/93 45.9 60 105.9 4 60 59
5/11/93 65.8 82 147.8 4 82 81
5/11/93 65.8 84 149.8 4 84 83
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LocatIon Test Section No. Date 5-dayavg. Concrete pvt. 5·day+surf. AC Thickns. Actual Pavement Tem ture
& preparation Tested temperature surf. teme. temperature inchesl I" deeth 2" deeth 3" deeth 4" deDlh 5" deeth 6" deoth 7" deeth denlh

SPS-6 5 • Max Restoration 3110192 57.5 45 102.5 8 45 44 43

Bethany. MO 3110192 575 42 995 8 42 41 42

3110192 575 42 995 8 42 41 42

3110192 575 43 100.5 8 43 42 42

3110192 575 45 1025 8 45 46 43

3110192 575 46 103.5 8 46 46 45

3110192 575 48 1055 8 48 47 47

3110192 57.5 47 104.5 8 47 47 46

3110/92 575 48 1055 8 48 47 47

3110192 575 48 1055 8 48 47 48

3/11/92 536 29 826 8 29 31 35

3111192 536 30 836 8 30 31 35

3111/92 536 30 836 8 30 32 35

3/11/92 536 3G 896 8 3G 36 36

3/11/92 536 41 946 8 41 38 37

3111192 536 43 966 8 43 41 39

3111192 536 44 976 8 44 42 39

3111192 536 42 956 8 42 41 40

3111192 53.6 41 94.6 8 41 40 40

10120192 435 54 975 8 54 54 53

10120192 435 56 995 8 56 55 54

10120192 43.5 58 101.5 8 58 57 56

10120192 435 61 1045 8 61 56 55

10120192 435 64 1075 8 64 56 54

10120192 435 63 106.5 8 63 57 55

10120192 435 64 1075 8 64 54 51

10120192 435 64 107.5 8 64 56 52

10120192 435 75 1185 8 75 66 62

10120192 435 77 1205 8 77 64 60

10120192 435 80 1235 8 80 68 62

10120192 435 81 124.5 8 81 69 62

10120/92 435 84 127.5 8 84 70 63

10120/92 43.5 81 1245 8 81 74 68

10120192 435 80 1235 8 80 71 65

10120192 435 74 1175 8 74 71 65

10120192 435 73 116.5 8 73 71 67

10120192 435 68 1115 8 68 66 64

10120192 435 66 109.5 8 66 64 64

10126/92 621 72 134.1 8 72 71 67

10/26/92 621 73 1351 8 73 69 67

10126192 621 71 133.1 8 71 70 67

10126192 62.1 67 1291 8 67 65 60

4121193 485 73 1215 8 73 69 60

4121193 485 72 1205 8 72 70 62

4121193 485 70 1185 8 70 69 62
4122193 501 50 100 1 8 50 47 49

4122193 501 54 1041 8 54 50 50

4122193 501 57 107.1 8 57 53 51

4122193 501 64 114.1 8 64 60 56

4122193 501 69 119.1 8 69 61 57

4122193 50.1 72 122.1 8 72 63 58

4122193 50.1 75 125.1 8 75 67 59

4122193 501 78 1281 8 78 69 61

4122193 50.1 80 1301 8 80 70 62

4122193 501 81 131.1 8 81 71 63

4128193 56.4 66 122.4 8 66 62 62

4128193 56.4 67 123.4 8 67 63 63

4128/93 56.4 70 1264 8 70 66 64

4128193 564 72 128.4 8 72 66 64

4/28193 564 67 1234 8 67 66 64

4/28193 56.4 65 121.~ 8 65 66 64
_.
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
~ ~ereRaration Tested !emeera!ure surf. temp. temperature {inches) 1" depth 2" depth 3" depth 4" depth-------.

SPS-6 6 - Max. Restoration 3/04/92 51.4 68 119.4 4 68
Bethany, MO 3/04/92 51.4 51.4 102.8 4 70

3/04/92 51.4 51.4 102.8 4 68
3/04/92 51.4 51.4 102.8 4 64
3/04/92 51.4 51.4 102.8 4 65
3/04/92 51.4 51.4 102.8 4 65
3/04/92 51.4 51.4 102.8 4 65
3/09/92 57.8 46 103.8 4 46
3/09/92 57.8 47 104.8 4 47
3/09/92 57.8 45 102.8 4 45
3/09/92 57.8 42 99.8 4 42
3/09/92 57.8 42 99.8 4 42
12/01/92 27.5 37 64.5 4 37 38
12/01/92 27.5 37 64.5 4 37 38
12/01/92 27.5 37 64.5 4 37 38
12/01/92 27.5 37 64.5 4 37 38
12/01/92 27.5 38 65.5 4 38 38
12/01/92 27.5 39 66.5 4 39 38
12/01/92 27.5 40 67.5 4 40 39
12/01/92 27.5 41 68.5 4 41 39
12/02/92 27.5 36 63.5 4 36 35
12/02/92 27.5 36 63.5 4 36 35
5/12/93 65.2 79 144.2 4 79 77
5/12/93 65.2 82 147.2 4 82 79
5/12/93 65.2 86 151.2 4 86 82
5/12/93 65.2 95 160.2 4 95 86
5/12/93 65.2 99 164.2 4 99 91
5/12/93 65.2 104 169.2 4 104 94
5/12/93 65.2 102 167.2 4 102 98
5/12/93 65.2 102 167.2 4 102 99
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& preparation Tested temperature surf. temp. temperature l(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 45.8 52 97.8 4 52 56 59

4/24/92 45.8 53 98.8 4 53 56 59

4/27/92 41.3 79 120.3 4 79 74 65

4/27/92 41.3 80 121.3 4 80 75 62

4/27/92 41.3 82 123.3 4 82 77 64

4/27/92 41.3 84 125.3 4 84 78 66

4/27/92 41.3 84 125.3 4 84 79 •. 65

4/28/92 43.6 52 95.6 4 52 52 55

4/28/92 43.6 52 95.6 4 52 52 55

4/28/92 43.6 54 97.6 4 54 54 55

4/28/92 43.6 55 98.6 4 55 55 56

4/28/92 43.6 59 102.6 4 59 56 56

4/28/92 43.6 64 107.6 4 64 56 50

11/03/92 46.5 40 86.5 4 40 40 40

11/03/92 46.5 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 87.5 4 41 41 41

4/06/93 36.2 48 84.2 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

4106/93 36.2 57 93.2 4 57 57 55

4/06/93 36.2 68 104.2 4 68 64 60

4/08/92 39.4 50 89.4 4 50 51 50

4/08/92 39.4 53 92.4 4 53 54 54

4/08/92 39.4 53 92.4 4 53 53 53

9/20/92 51.6 92 143.6 4 92 90 86

9/20/92 51.6 95 146.6 4 95 93 88

9/20/92 51.6 97 148.6 4 97 96 93

9/20/92 51.6 92 143.6 4 92 94 91

9/20/92 51.6 91 142.6 4 91 90 89

9/20/92 51.6 88 139.6 4 88 89 89
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Location Test Section No. Date 5·dayavg. Asphalt pvt 5·day+surf At Tt1ickns. Actual Pavement Temp rature
&preparation Tested temperature surf. temp. temperature inct1esl 1" depth 2" dePlh 3"dePlh 4"dePlh 5" dePlh 6"deDIh 7" dePlh 8"dePlh 9"deoth 11"deplh 12" deeth

SPS·6 8 • Crack/Break 4128192 43.6 68 111.6 8 68 64 57
Bethany, MO & Seal 4128/92 436 80 1236 8 80 73 57

4128192 436 76 1196 8 76 71 58
4128192 436 80 1236 8 80 74 61
4128192 43.6 82 1256 8 82 76 64
4128192 436 83 1266 8 83 76 64
4128/92 436 85 1286 8 85 79 67
4128192 436 78 1216 8 78 75 64
4128192 436 82 1256 8 82 78 66
4/21193 485 50 985 8 50 50 48
4/21193 485 55 1035 8 55 51 54
4121193 485 60 1085 8 60 52 55
4121/93 485 66 1145 8 66 60 56
4121193 485 72 1205 8 72 60 57
4121/93 48.5 74 122 5 8 74 60 58
9121193 546 84 1386 8 84 82 87
9121193 546 82 1366 8 82 81 78
9121/93 546 80 1346 8 80 81 79
9121193 546 79 1336 8 79 80 78
9121193 546 77 1316 8 77 80 78
9121193 546 76 1306 8 76 79 77
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& ~re~aration Tested temperature surf. temp. temperature !Cinches) 1" depth 2" depth 3" depth 4" depth

SPS-6 9 - Crack/Break 5/5/92 66.2 71 137.2 4 71
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 76 142.2 4 76
5/5/92 66.2 77 143.2 4 77
5/5/92 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 64
4/6/93 36.2 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 39.4 58 97.4 4 58 54 52
4/08/93 39.4 54 93.4 4 54 52 51
9/21/93 54.6 64 118.6 4 64 62 61
9/21/93 54.6 67 121.6 4 67 62 61
9/21/93 54.6 73 127.6 4 73 68 68
9/21/93 54.6 75 129.6 4 75 72 70
9/21/93 54.6 78 132.6 4 78 75 72
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& oreoaration Tested temperature surf. temo. temperature 1(lnches) 1" depth 2" depth 3" deoth 4"deoth 5"deoth 6" deDlh 7"deoth 8" deoth

SPS·6 10- Crack/Break 5/05192 66.2 83 149.2 8 83 80 76
Bethany, MO & Seat 5/05/92 66.2 84 150.2 8 84 80 76

5/05/92 66.2 85 151.2 8 85 80 76
5/05/92 66.2 86 152.2 8 86 81 75
5/05/92 66.2 84 150.2 8 84 81 75
5/05/92 66.2 82 148.2 8 82 81 75
4/09/93 42.2 41 83.2 8 41 42 44
4/09/93 42.2 44 86.2 8 44 45 45
4/09/93 42.2 49 91.2 8 49 47 48
4/09193 422 53 95.2 8 53 49 47
4/27/93 54.3 63 117.3 8 63 63 64
4/27193 54.3 63 117.3 8 63 63 64
4/27/93 54.3 62 116.3 8 62 63 64
4/27/93 54.3 65 119.3 8 65 64 65
4/27/93 54.3 67 121.3 8 67 65 65
4/27/93 54.3 68 122.3 8 68 65 65
4/27/93 54.3 75 129.3 8 75 68 66
4/27/93 54.3 72 126.3 8 72 70 67
9/21/93 54.6 85 139.6 8 85 84 83
9/21/93 54.6 90 144.6 8 90 92 90
9/21/93 54.6 91 145.6 8 91 90 88
9/21/93 54.6 88 142.6 8 88 87 87
9/21/93 54.6 87 141.6 8 87 86 86
9/21/93 54.6 84 138.6 8 84 83 83
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temp rature
& preparation Tested temperature sud. temp. temperature inches) 1" dePlh X' dePlh 3"deoIh 4"dePlh 5"dePlh 6"deoIh 7"dePlh 8"dePlh 9"depth 11" depth 1X'depth

SPS-6 11 - RubbliZed 6104192 63.1 105 1681 12 105 90 87
Bethany, MO 6104192 631 104 1671 12 104 92 86

6104192 631 109 172 1 12 109 94 89
6104192 631 109 172.1 12 109 94 89
6104192 631 112 1751 12 112 95 94
6104192 63.1 110 173.1 12 110 96 94
6104192 631 107 170.1 12 107 97 93
6104192 63.1 106 169.1 12 106 96 92
6104192 631 104 1671 12 104 96 92
11117/92 379 48 859 12 48 47 47
11117192 379 48 85.9 12 48 47 47
11117192 37.9 48 859 12 48 47 47
11/17192 379 48 859 12 48 47 47
11/17/92 379 48 85.9 12 48 47 47
11117/92 379 48 859 12 48 47 46
4129~J3 58.3 76 1343 12 76 65 62
4129/93 583 76 1343 12 76 65 62
5/10193 656 83 1486 12 83 77 74
5/10/93 656 83 148.6 12 83 77 73
5/10193 656 80 1456 12 80 77 73
5/10193 656 75 140.6 12 75 76 73
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& preparation Tested temperature surf. temp. temperature inches) 1" depth Tdepth 3" depth 4" depth 5" depth 6" depth 7" depth 8" depth

SPS-6 12 - Rubblized 4/29/92 44.9 57 101.9 8 57 60 63
Bethany, MO 4/29/92 44.9 61 105.9 8 61 62 63

5/04/92 64 97 161 8 97 90 86
5/04/92 64 98 162 8 98 90 88
5/04/92 64 96 160 8 96 90 86
5/04/92 64 95 159 8 95 90 66
5/04/92 64 93 157 6 93 90 66
5/04/92 64 91 155 6 91 66 65
5/05/92 66.2 60 126.2 6 60 63 67
5/05/92 66.2 59 125.2 6 59 62 64
5/05/92 66.2 61 127.2 6 61 62 63
5/05/92 66.2 64 130.2 8 64 62 63
4/21/93 48.5 72 120.5 8 72 64 63
4/21/93 48.5 69 117.5 6 69 64 61
4/21/93 46.5 66 116.5 8 66 64 56
4/21/93 48.5 70 116.5 6 70 66 59
4/21/93 48.5 71 119.5 6 71 68 60
4/21/93 48.5 70 118.5 8 70 72 63
4/21/93 48.5 66 116.5 8 66 77 64
9/22/93 56.3 82 138.3 8 82 81 73
9/22/93 56.3 63 139.3 8 63 82 73
9/22/93 563 61 137.3 6 81 80 75
9/22/93 563 64 140.3 6 84 63 75
9/22/93 56.3 66 142.3 6 66 64 76
9/22/93 56.3 67 143.3 6 67 66 77
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Location Test Section No. Date 5-dayavg. Aspha~ pvt. 5-day+surf. AC Thickns. Actual Pavement Tern ""ture
& oreoaration Tested temoerature surf. temp. temperature inchesl 1" declh 2" deDlh 3"declh 4"deoth 5"declh 6"declh 7"declh 8"deDlh 9" deDlh 11" deDlh 12" death

SPS·6 13 . Rubblized 6102192 573 88 1453 12 88 83 82
Bethany, MO 6/02/92 573 85 1423 12 85 80 80

6/04/92 631 70 133.1 12 70 70 72
6104192 631 76 139.1 12 76 72 73
6/04192 631 79 142.1 12 79 73 74
6/04/92 631 74 137.1 12 74 74 81
6104192 631 85 1481 12 85 77 77
6/04/92 631 90 1531 12 90 80 77
6/04/92 631 95 1581 12 95 79 79
6/04/92 631 97 1601 12 97 80 80
6/04192 631 99 162.1 12 99 82 80
6/04192 631 106 169.1 12 106 87 83
11/16/92 392 68 1072 12 68 64 56
11/16/92 392 66 1052 12 66 60 55
11/16/92 392 65 1042 12 65 61 55
11/17/92 379 37 749 12 37 40 44
11/17/92 37.9 40 779 12 40 40 45
11117/92 379 42 799 12 42 43 45
11117/92 379 43 809 12 43 43 45
4/27193 543 73 1273 12 73 70 69
4/27/93 543 72 1263 12 72 70 69
4/29193 583 63 1213 12 63 60 61

4/29/93 583 62 120.3 12 62 61 60

4/29/93 583 63 1213 12 63 61 61

4/29/93 583 68 126.3 12 68 61 61

4/29/~~ 563 74 1323 12 74 63 61
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thlckns. Actual Pavement Temperature
& preparation Tested temperature surf. temp. temperature I'inches) 1" depth 'Z' depth 3" depth 4" depth 5" depth 6" depth 7" depth 8" depth

SPS-6 14 - Rubblized 5106192 65.2 51 116.2 8 51 54 59
Bethany, MO 5106192 652 53 118.2 8 53 54 59

5106192 65.2 58 123.2 8 58 58 62
5106192 65.2 57 122.2 8 57 55 57
5106192 65.2 62 127.2 8 62 58 59
5106192 65.2 66 131.2 8 66 60 60
6102192 57.3 88 145.3 8 88 81 '77
6102192 57.3 88 145.3 8 88 81 79
6102192 57.3 83 140.3 8 83 74 73
11105/92 41.4 36 77.4 8 36 37 39
11105192 41.4 35 76.4 8 35 37 38
11/05192 41.4 35 76.4 8 35 37 38
11105192 41.4 34 75.4 8 34 37 38
4/21193 48.5 71 119.5 8 71 69 66
4/21193 48.5 73 121.5 8 73 72 67
4127/93 54.3 72 126.3 8 72 70 69
4/27193 54.3 72 126.3 8 72 70 69
4127/93 54.3 73 127.3 8 73 71 69
4/27/93 54.3 73 127.3 8 73 72 70
9122193 56.3 85 141.3 8 85 83 75
9122193 56.3 83 139.3 8 83 . 82 75
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Location Test Section No. Date 5-dayavg. Asphalt pvt. 5-day+surf. AC Thickns. Actual Pavement Temoerature

f------- ~J~reRar~~~_I!__ Tested temRerature surf. temp. temperature Ifinches) 1" depth 2" 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 47.2 61 108.2 5 61 57

4/23/92 47.2 59 106.2 5 59 57
4/23/92 47.2 57 104.2 5 57 56
4/23/92 47.2 58 105.2 5 58 55

4/23/92 47.2 58 105.2 5 58 56
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
5/13/93 64.6 58 122.6 5 58 58
5/13/93 64.6 59 123.6 5 59 59
5/13/93 64.6 60 124.6 5 60 58
5/13/93 64.6 62 126.6 5 62 59
5/13/93 64.6 70 134.6 5 70 61
5/13/93 64.6 73 137.6 5 73 66
5/13/93 64.6 78 142.6 5 78 69
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Location Test Section No. Date 5-dayavg. Concrete pvt. 5-day+surf. AC Thickns. Actual Pavement Temperature
& preparation Tested temperature surf. temD. temperature Inches) 1" deDth 2" deDth 3" deDth 4" deDth 5" deDth 6" deoth Tdeplh 8" depth

SPS-6 16 - Min. Restoration 4/22/92 51.3 58 109.3 8 58 51 48
Bethany, MO 4/22/92 51.3 63 1143 8 63 58 49

4/22/92 51.3 70 121.3 8 70 58 50
4/22/92 51.3 71 122.3 8 71 59 52
4/22/92 51.3 72 123.3 8 72 64 57
4/22/92 51.3 78 129.3 8 78 66 59
4/22/92 513 74 1253 8 74 63 58
4/22/92 51.3 74 125.3 8 74 64 54
4/22/92 51.3 79 130.3 8 79 68 60
4/22/92 51.3 73 1243 8 73 66 58
4/22/92 51.3 73 124.3 8 73 66 58
4/23/93 50.3 50 100.3 8 50 59 60
4/23/93 50.3 52 102.3 8 52 59 60
5/12/93 65.2 95 160.2 8 95 90 85
5/12/93 65.2 93 158.2 8 93 89 87
5/12/93 65.2 90 155.2 8 90 88 84
5/12/93 65.2 90 155.2 8 90 89 83
5/12/93 65.2 87 152.2 8 87 86 82
5/12/93 65.2 87 152.2 8 87 85 81





Five day average + surface temp vs. temperature at 1 inch depth.
Regression Equation: Temp1=.549lfTemp+2.152, Rsquare=.8966, n=30, S(y.x)=7.6
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Five day average t surface temp vs, temperature at 2 inch depth.
Regression Equation: Temp2=.577*Temp-.482, Rsquare=.9070. n=132, SCy.x)=5.5
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FIve day average + surface temp vs. temperature at 3 inch depth.
Regression Equation: Temp3=.554*Temp-1.88, RSQuare=.7514, n=56, SCy.x)=5.3
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Five day average
Regression Equation:
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+ surface temp vs. temperature at 4 inch depth.
Temp4= .583*Temp-4.025, Rsquare=.8851, n= 125, S(y.x)=5.3
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Five day average + surface temp vs. temperature at 5 inch depth.
Regression Equation: TempS=.S2B* Temp-.363, Rsquare=.9SBO. n=32. SCy.x)=3.9
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Five day average t surface temp V5. temperature at 6 inch depth.
Regression Equation: Temp6=.490lETempt4.725, Rsquare=.9347, n=31, SCy.x)=4.2
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FIve day average
Regression Equation:
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t surface temp vs. temperature at 7 inch depth.
Temp/=.545*Temp-1.228, Rsquare=.9093, n=98, S(y.xJ=4.6
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Five day average + surface temp vs. temperature at 8 inch depth.
Regression Equation: TempB=.515lETemp-.632, Rsquare=.B476, n=27, SCy.xJ=4.0
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Five day average t surface temp vs. temperature at 9 inch depth.
Regression Equation: Temp9=.514l!Temp-.167, Rsquare=.9447, n=12, S(y.x)=5.0
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Five day average + surface temp vs. temperature at 11 inch depth.
Regression Equation: Temp11=.441*Tempt7.420, Rsquare=.620B, 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.)
Estimated linear regression equation: VA. = m*X + b
X = 5 Day average + surface temperature
Y = Depth temperature

Mean
Sample Significant Sq. Error SqRt(MSE)

Variable: Size n: F-value: Prob. > F: !Yilit Rsquare: MSE: S(y.x):
Temp1 30 242.68 0 Y 0.8966 57.95516 7.612829
Temp2 132 1267.5 0 Y 0.907 30.62344 5.533845
Temp3 56 163.22 0 Y 0.7514 40.06890 6.330000
Temp4 125 947.5 0 Y 0.8851 28.48441 5.337078
Temp5 32 683.99 0 Y 0.958 14.97158 3.869313
Temp6 31 414.9 0 Y 0.9347 17.90409 4.231323
Temp7 98 962.84 0 Y 0.9093 21.13139 4.596889
Temp8 27 139.09 0 Y 0.8476 16.31185 4.038794
Temp9 12 170.74 0 Y 0.9447 25.42144 5.041968
Temp11 13 18.01 0.0014 Y 0.6208 13.68139 3.698836

b m Std. Err. Significant
Variable: Y-int.: Slope: Coeff.(m): T-value: Prob. > T: 1Yilit
Temp1 2.151643 0.548537 0.035211 15.57827 0 Y
Temp2 -0.48153 0.577301 0.016215 35.60181 0 Y
Temp3 -1.88034 0.563716 0.044124 12.77571 0 Y

emp4 -4.02543 0.582710 0.018930 30.78141 0 Y
remp5 -0.36269 0.528364 0.020202 26.15316 0 Y
Temp6 4.724505 0.490000 0.024056 20.36915 0 Y
Temp7 -1.22778 0.545164 0.017569 31.02954 0 Y
Temp8 -0.63232 0.514906 0.043659 11.79378 0 Y
Temp9 -0.16731 0.513581 0.039304 13.06674 0 Y
Temp11 7.420474 0.441511 0.104030 4.244042 0.001 Y

A-30





11" Depth Temp

5" Depth Temp

Temp

2" Depth Temp

4" Depth Temp
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Five day average + surface temperature.

Regression lines for five day average + surface temperature
versus temperatures at 2, 4, 6, 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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APPENDIXB

Data and Graphs Relating to the Empirical Temperature Adjustment Factor Curves
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FWD Deflection Data
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FWD Deflection Data
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MT 1 Regression FWD Deflection Equation
Correlation Coefficient = 0.895540

dO = 4.738428eCOOO84850TEMP)

MT2 Regression FWD Deflection Equation
Correlation Coefficient = 0.962902

dO = 1.09021 OeCO.026551°TEMP)

MT3 Regression FWD Deflection Equation
Correlation Coefficient =0.950967

dO = 3. 188715eco.o18935oTEMP)

B-4





ttl
I

U1

Est. mid- FWD dO FWD dO FWD dO Regr. dO Regr. dO Regr. dO TAF TAF TAF
depth temp. (mils) (mils) (mils) (mils) (mils) (mils) MT1 MT2 MT3
~peg:fl MT1 MT2 MT3 MT1 MT2 MT3 7" AC depth 10" AC depth 9" AC depth- -

30 6.11 2.42 5.64 1.3805 2.7427 2.0574
35.6 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
42.1 6.74 6.77 3.33 7.09 1.2459 1.9896 1.6354
46.1 7.87 7.01 3.71 7.66 1.2039 1.7871 1.5146
49.8 4.89 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 7.77 7.80 5.20 9.74 1.0811 1.2762 1.1905

60 7.88 5.36 9.96 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

71.9 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 7.94 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
83.6 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
90.0 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 20.67 0.7724 0.4456 0.5611
100 11.07 15.51 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 0.3726
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APPENDIXC

Data and Graphs Relating to the Theoretical Temperature Adjustment Factor Curves





Given:
hb = 4 inches
Eb = 30 ksi
hac = 2 inches
Mr = 10 ksi
t =30 deg. F
lac =2293.46 ksi

SAMPLE CALCULATIONS

where:
hb = height of base
Eb =Modulus ofElasticity of base
hac = height of AC
Mr = resilient Modulus of subgrade
tp = average AC mix temperature
Eac =estimated Modulus of

Elasticity at given average
AC mix temperature

C-1



30
h.quiva,.nt = 4*3 + 2 = hE = 2.942

2293.46 p

do = 1.5pa

I-FtIT

do = 1.5*82.3*5.9

1- 1

,11 + (_2._94_2)2
1 1 5.9

-r~==~==~+=--"""':"'_----='

(
20942 2293.46)2 2293.46

10 1+ __3 ---

5.9 10

=22.6731 mils

at 68° F, do =27.9141 mils found by the same method asabove

do
TAF = _68 where T = 30° F as given above

do
T

27.9141
TAF = = 1.231

22.6731

C-2



Eb = - -30-ksi
hac = 2 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF
~ (inches) ~9:1L .. _l~i!~ __ __1~~1._ __Jl!!il~} __ _~mils mils -.!!!l~ __ ----2293.46 2.942 30 22.6731 17.0483 13.8932 11.8355 10.3709 9.2670 1.231 1.222 1.214 1.208 --f202 ---cr'-197

2074.71 2.974 35 23.1394 17.3884 14.1631 12.0600 10.5634 9.4356 1.206 1.198 1.191 1.185 1.180 1.176
1850.36 3.012 40 23.6743 17.7778 14.4716 12.3163 10.7828 9.6275 1.179 1.172 1.166 1.161 1.156 1.152
1627.24 3.057 45 24.2778 18.2160 14.8182 12.6037 11.0286 9.8422 1.150 1.144 1.139 1.134 1.130 1.127
1411.23 3.108 50 24.9495 18.7025 15.2020 12.9214 11.2998 10.0788 1.119 1.114 1.110 1.106 1.103 1.101
1207.09 3.167 55 25.6885 19.2362 15.6221 13.2683 11.5954 10.3361 1.087 1.083 1.080 1.071 1.075 1.073
1018.40 3.235 60 26.4936 19.8156 160769 13.6431 11.9139 10.6130 1.054 1.051 1.049 1.048 1.046 1.045
847.58 3.313 65 27.3627 20.4388 16.5645 14.0438 12.2538 10.9078 1.020 1.019 1.019 1.018 1.017 1.017
754.20 3.365 68 27.9141 20.8329 16.8720 14.2959 12.4672 11.0925 1.000 1.000 1.000 1.000 1.000 1.000
695.91 3.403 70 28.2932 21.1032 17.0826 14.4683 12.6130 11.2185 0.987 0.987 0.988 0.988 0.988 0.989
563.73 3.505 75 29.2811 21.8055 17.6282 14.9139 12.9889 11.5430 0.953 0.955 0.957 0.959 0.960 0.961
450.57 3.621 80 30.3215 22.5414 18.1971 15.3714 13.3788 11.8786 0.921 0.924 0.927 0.930 0.932 0.934

() I 355.36 3.755 85 31.4086 23.3062 18.7869 15.8553 13.1794 12.2225 0.889 0.894 0.898 0.902 0.905 0.908
I 276.56 3.908 90 32.5350 24.0942 19.3911 16.3434 14.1873 12.5716 0.858 0.865 0.870 0.875 0.879 0.882

w 212.41 4.083 95 33.6925 24.8989 20.0052 16.8375 14.5988 12.9227 0.828 0.837 0.843 0.849 0.854 0.858
161.00 4.285 100 34.8717 25.7134 20.6237 17.3330 15.0099 13.2724 0.800 0.810 0.818 0.825 0.831 0.836
120.45 4.517 105 36.0624 26.5305 21.2408 17.8253 15.4169 13.6175 0.174 0.785 0.794 0.802 0.809 0.815
88.94 4.784 110 37.2540 27.3425 21.8509 18.3098 15.8160 13.9549 0.749 0.762 0.172 0.781 0.788 0.795
64.82 5.094 115 38.4358 28.1422 22.4484 18.7824 16.2039 14.2817 0.726 0.740 0.752 0.761 0.769 0.717
46.63 5.453 120 39.5969 28.9226 23.0285 19.2392 16.5176 14.5958 0.705 0.720 0.733 0.743 0.752 0.760----



Eb = -- 30 ksi
hac = 4 inches

Eac hEp tp dO dO dO dO dO dO TAF
ksi inches de . F __ (~ils)__ _J!:!!~l_ _J!:!!~t .. __(milsL ~ _----.lmilsL_

2293.46 4.942 30 13.9415 10.5794 8.6896 7.4545 6.5736 5.9082 ·1.316 1.311 1.306 1.302 1.298 -1.294
2074.71 4.974 35 14.3079 10.8542 8.9130 7.6444 6.7396 6.0562 1.282 1.277 1.273 1.269 1.266 1.263

1850.36 5.012 40 14.7340 11.1734 9.1723 7.8646 6.9319 6.2275 1.245 1.241 1.237 1.234 1.231 1.228

1627.24 5.057 45 15.2221 11.5387 9.4687 8.1160 7.1514 6.4229 1.205 1.202 1.198 1.196 1.193 1191

1411.23 5.108 50 15.7750 11.9519 9.8035 8.3998 7.3968 6.6429 1.163 1.160 1.157 1.155 1.153 1.151

1207.09 5.167 55 16.3954 12.4149 10.1782 8.7169 7.6750 6.8883 1.119 1.117 1.115 1.113 1.112 1.110

1018.40 5.235 60 17.0863 12.9294 10.5939 9.0683 7.9806 7.1595 1.074 1.072 1.071 1.070 1.069 1.068

847.58 5.313 65 17.8505 13.4973 110519 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 13.8645 11.3475 9.7036 8.5323 7.6481 1.000 1.000 1.000 1.000 1.000 1.000

695.91 5.403 70 18.6905 14.1201 11.5531 9.8768 8.6822 7.7807 0.982 0.982 0.982 0.982 0.983 0.983

563.73 5.505 75 19.6086 14.7988 12.0980 10.3347 9.0784 8.1306 0.936 0.937 0.938 0.939 0.940 0.941

450.57 5.621 80 20.6062 15.5339 12.6865 10.8281 9.5045 8.5060 0.890 0.893 0.894 0.896 0.898 0.899
() I 355.36 5.755 85 21.6839 16.3251 13.3180 11.3561 9.9592 8.9059 0.846 0.849 0.852 0.855 0.857 0.859
I 276.56 5.908 90 22.8410 17.1712 13.9910 11.9170 10.4409 9.3285 0.803 0.807 0.811 0.814 0.817 0.820

"'" 212.41 6.083 95 24.0754 18.0696 14.7027 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 19.0165 15.4497 13.1263 11.4748 10.2314 0.723 0.729 0.734 0.739 0.744 0.748

120.45 6.517 105 26.7583 20.0064 16.2269 13.7669 12.0195 10.7049 0.686 0.693 0.699 0.705 0.710 0.714

88.94 6.784 110 28.1926 21.0326 17.0285 14.4247 12.5767 11.1876 0.651 0.659 0.666 0.673 0.678 0.684

64.82 7.094 115 29.6758 22.0867 17.8473 15.0934 13.1408 11.6746 0.618 0.628 0.636 0.643 0.649 0.655

46.63 7.453 120 31.1954 23.1589 18.6753 15.7664 13.7063 12.1609 0.588 0.599 0.608 0.615 0.623 0.629



Eb = 30 ksi
hac = 6 inches

Eac hEp tp dO dO dO dO dO dO ITAF ITAF ITAF ITAF ITAF ITAF
~ksi inches ~9:.£L -{~-- __{!flilsL_ _-lI!'~L_ ._...Jmils 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 1.341
2074.71 6.974 35 10.3032 7.8386 6.4529 5.5470 4.9007 4.4124 1.317 1.314 1.311 1.309 1.307 1.305
1850.36 7.012 40 10.6388 8.0922 6.6605 5.7245 5.0568 4.5523 1.275 1.273 1.270 1.268 1.266 1.265
1627.24 7.057 45 11.0258 8.3845 6.8996 5.9289 5.2364 4.7131 1.231 1.228 1.226 1.225 1.223 1.221
1411.23 7.108 50 11.4673 8.7178 7.1720 6.1616 5.4407 4.8961 1.183 1.181 1.180 1.178 1.177 1.176
1207.09 7.167 55 11.9670 9.0946 7.4798 6.4242 5.6712 5.1023 1.134 1.132 1.131 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 9.9903 8.2102 7.0468 6.2168 5.5899 1.031 1.031 1.031 1.030 1.030 1.030
754.20 7.365 68 13.5677 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 0.980 0.980 0.980 0.980
563.73 7.505 75 14.6302 11.0958 9.1094 7.8112 6.8854 6.1861 0.927 0.928 0.929 0.930 0.930 0.931
450.57 7.621 80 15.4842 11.7349 9.6278 8.2510 7.2692 6.5278 0.876 0.878 0.879 0.880 0.881 0.882() I 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 10.8114 9.2521 8.1405 7.3013 0.778 0.780 0.783 0.785 0.787 0.788
212.41 8.083 95 18.5643 14.0270 11.4786 9.8144 8.6283 7.7332 0.731 0.734 0.737 0.740 0.742 0.744
161.00 8.285 100 19.7730 14.9206 12.1961 10.4174 9.1502 8.1941 0.686 0.690 0.694 0.697 0.700 0.703
120.45 8.517 105 21.0739 15.8784 12.9623 11.0594 9.7042 8.6821 0.644 0.649 0.653 0.657 0.660 0.663
88.94 8.784 110 22.4652 16.8979 13.7747 11.7376 10.2876 9.1946 0.604 0.609 0.614 0.619 0.623 0.626
64.82 9.094 115 23.9427 17.9747 14.6289 12.4479 10.8965 9.7277 0.567 0.573 0.578 0.583 0.588 0.592
46.63 9.453 120 25.4991 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--- ---'1,,- dO dO --dO dO dO dO ITAF ITAF ITAF ITAF ITAF ITAF
ksi) (inches) (deg. F) ~~- (mils _-.J!!!~L (mils) (mils) (mils

2293.46 8.942 30 7.8055 '5~9462 4.9007 4.2172 3.7295 3.3610 1.376 i.374 1.372 1.370 1.369 1.367
2074.71 8.974 35 8.0391 6.1235 5.0464 4.3422 3.8397 3.4601 1.336 1.334 1.333 1.331 1.329 1.328
1850.36 9.012 40 8.3130 6.3313 5.2171 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 6.5717 5.4144 4.6578 4.1179 3.7100 1.245 1.243 1.242 1.241 1.240 1.239
1411.23 9.108 50 8.9931 6.8469 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 9.235 60 9.8723 7.5127 6.1861 5.3188 4.7000 4.2324 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 4.4517 1.033 1.033 1.033 1.033 1.032 1.032
754.20 9.365 68 10.7419 8.1702 6.7244 5.7792 5.1049 4.5954 1.000 1.000 1.000 1.000 1.000 1.000
695.91 9.403 70 10.9847 8.3536 6.8744 5.9074 5.2176 4.6963 0.978 0.978 0.978 0.978 0.978 0.979
563.73 9.505 75 11.6407 8.8487 7.2791 6.2530 5.5211 4.9681 0.923 0.923 0.924 0.924 0.925 0.925
450.57 9.621 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

() I 355.36 9.755 85 13.1795 10.0075 8.2244 7.0590 6.2276 5.5997 0.815 0.816 0.818 0.819 0.820 0.821
I 276.56 9.908 90 14.0738 10.6791 8.7710 7.5239 6.6345 5.9627 0.763 0.765 0.767 0.768 0.769 0.771

0'1 212.41 10.083 95 15.0586 11.4170 9.3704 8.0329 7.0792 6.3589 0.713 0.716 0.718 0.719 0.721 0.723
161.00 10.285 100 16.1389 12.2243 10.0246 8.5874 7.5626 6.7888 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 0.624 0.626 0.629 0.631 0.634
88.94 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 19.9859 15.0791 12.3242 10.5257 9.2445 8.2780 0.537 0.542 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 0.513 0.517 0.520



Eb::- - - 30ksi
hac = 10 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF ITAF ITAF ITAF ITAF
-_. {~~!)-- J!~~~!:~L _{de9:_fL {I'!!il~) . {I'!!il~l . {I'!!il~l. . {l'!!il~L __J~i~L_ -_!!!'~- ----- -'_.-.--. --- ----_. ----- -._---- --------
2293.46 10.942 30 6.3911 4.8716 4.0172 3.4586 3.0600 2.7588 1.390 1.388 1.387 1.386 1.385 1.384
207471 10.974 35 6.5874 5.0208 4.1400 35641 3.1531 2.8426 1.348 1.347 1.346 1.345 1.344 1.343
1850.36 11.012 40 6.8181 5.1962 4.2842 3.6880 32625 2.9411 1.303 1.302 1.301 1.300 1.299 1.298
1627.24 11.057 45 7.0854 5.3993 44513 3.8315 3.3892 3.0550 1.254 1.253 1.252 1.251 1.250 1.249
1411.23 11.108 50 7.3925 5.6326 4.6431 39961 3.5345 3.1857 1.202 1.201 1.200 1.199 1.199 1.198
1207.09 11.167 55 7.7425 5.8984 4.8615 4.1836 3.6999 3.3344 1.147 1.147 1.146 1.146 1.145 1.145
1018.40 11.235 60 8.1394 6.1996 5.1090 4.3959 3.8872 3.5027 1.091 1.091 1.091 1.090 1.090 1.090
847.58 11.313 65 8.5874 6.5395 5.3880 4.6352 4.0981 3.6922 1.034 1.034 1.034 1.034 1.034 1.034
754.20 11.365 68 8.8829 6.7635 5.5718 4.7928 4.2369 3.8169 1.000 1.000 1.000 1.000 1.000 1.000
69591 11.403 70 9.0914 6.9215 5.7015 4.9039 4.3348 3.9048 0.977 0.977 0.977 0.977 0.977 0.978
563.73 11.505 75 9.6565 7.3495 6.0524 5.2044 4.5994 4.1423 0.920 0.920 0.921 0.921 0.921 0.921
450.57 11.621 80 10.2886 7.8277 64442 5.5397 4.8944 44069 0.863 0.864 0.865 0.865 0.866 0.866

n I 355.36 11.755 85 10.9937 8.3606 6.8803 5.9126 5.2222 4.7006 0.808 0.809 0.810 0.811 0.811 0.812
I 276.56 11.908 90 11.7784 8.9528 7.3643 6.3260 5.5852 5.0256 0.754 0.755 0.757 0.758 0.759 0.759-J

212.41 12.083 95 12.6491 9.6089 7.8998 6.7827 5.9858 5.3838 0.702 0.704 0.705 0.707 0.708 0.709
161.00 12.285 100 13.6126 10.3334 8.4901 7.2854 6.4261 5.7770 0.653 0.655 0.656 0.658 0.659 0.661
120.45 12.517 105 14.6750 11.1304 9.1383 7.8364 6.9079 6.2066 0.605 0.608 0.610 0.612 0.613 0.615
88.94 12.784 110 15.8420 12.0036 9.8466 8.4372 7.4322 6.6733 0.561 0.563 0.566 0.568 0.570 0.572
64.82 13.094 115 17.1180 12.9552 10.6165 9.0887 7.9995 7.1773 0.519 0.522 0.525 0.527 0.530 0.532
46.63 13453 120 18.5057 13.9864 114481 9.7904 8.6090 7.7174 0480 0.484 0.487 0.490 0492 0.495



Eb = 30 ksi
hac = 12 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF TAF TAF TAF ITAF
J~ (inches ~ll£L (~il~L. _.. !~il!;) Jl"11il~) _(l"11i~L .__J~~L. _J!!!~)

2293.46 12.942 30 5.4095 4.1248 3.4024 2.9301 2.5930 2.3384 '-1.399 1.398 1.397 1.396 1.395 --rigS
2074.71 12.974 35 5.5786 4.2534 35083 3.0212 2.6736 2.4109 1.357 1.356 1.355 1.354 1.353 1.353
1850.36 13.012 40 5.7774 4.4047 3.6329 3.1283 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 3.7775 3.2526 2.8781 2.5951 1260 1.259 1.258 1.258 1.257 1.257
1411.23 13.108 50 6.2738 4.7824 3.9438 3.3955 3.0043 2.7087 1.207 1.206 1.205 1.205 1.204 1.204
1207.09 13.167 55 6.5771 5.0130 4.1336 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 4.3491 3.7437 3.3118 2.9854 1.094 1.093 1.093 1.093 1.093 1.092
847.58 13.313 65 7.3117 5.5713 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 4.1887 3.7044 3.3385 0.976 0.977 0.977 0.977 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 5.5219 4.7500 4.1993 3.7832 0.860 0.860 0.861 0.861 0.862 0.862

0 I 355.36 13.755 85 9.4245 7.1741 5.9087 5.0815 4.4913 4.0454 0.803 0.804 0.805 0.805 0.806 0.806
I 276.56 13.908 90 10.1204 7.7008 6.3405 5.4511 4.8166 4.3372 0.748 0.749 0.750 0..751 0.751 0.752

ex>
212.41 14.083 95 10.8968 8.2878 6.8210 5.8621 5.1780 4.6611 0.695 0.696 0.697 0.698 0.699 0.700
161.00 14.285 100 11.7611 8.9402 7.3544 6.3178 5.5782 5.0195 0.644 0.645 0.646 0.648 0.649 0.650
120.45 14.517 105 12.7206 9.6633 7.9447 6.8213 6.0199 5.4146 0.595 0.597 0.598 0.600 0.601 0.602
88.94 14.784 110 13.7827 10.4620 8.5954 7.3755 6.5054 5.8481 0.549 0.551 0.553 0.555 0.556 0.558
64.82 15.094 115 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 0.473 0.475 0.477



Eb = 60 ksi
hac = 2 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF TAF TAF TAF TAF
~~ inches de :£L .J!!'~L. ..J!!'~L. __(m~L_ _.Jmils) (mils) (mils)

2293.46 3.187 30 21.0821 15.8835 12.9657 11.0616 9.7056 6.6630 1.214 1.207 1.201 1.196 1.191 1.167
2074.71 3228 35 21.4877 16.1811 13.2031 11.2600 9.6764 8.6331 1.191 1.185 1.179 1.174 1.170 1.167
1850.36 3.276 40 21.9520 16.5213 13.4741 11.4662 10.0710 9.0040 1.166 1.160 1.155 1.151 1.146 1.144
1627.24 3.331 45 22.4745 16.9033 13.7780 11.7395 10.2886 9.1948 1.139 1.134 1.130 1.127 1.123 1.121
1411.23 3.396 50 23.0543 17.3264 14.1140 12.0191 10.5284 9.4049 1.110 1.106 1.103 1.100 1.096 1.096
1207.09 3.471 55 23.6905 17.7695 14.4809 12.3240 10.7695 96333 1.080 1.076 1.075 1.073 1.071 1.070
1016.40 3.556 60 243613 16.2911 14.8775 12.6528 11.0706 9.8789 1.050 1.048 1.046 1.045 1.044 1.043
647.56 3.655 65 25.1246 16.8293 15.3019 13.0040 11.3702 10.1401 1.019 1.018 1.017 1.017 1.017 1.016
754.20 3.720 68 25.5951 19.1669 15.5692 13.2247 11.5582 10.3038 1.000 1.000 1.000 1.000 1.000 1.000
695.91 3.767 70 25.9179 19.4016 15.7520 13.3755 11.6866 10.4155 0.988 0.988 0.988 0.989 0.989 0.969
563.73 3.896 75 26.7573 20.0050 16.2253 13.7651 12.0176 10.7030 0.957 0.958 0.960 0.961 0.962 0.963
450.57 4.043 80 27.6364 20.6361 16.7186 14.1702 12.3609 11.0005 0.926 0.929 0.931 0.933 0.935 0.937

n I 355.36 4.211 65 28.5560 21.2905 17.2284 14.5876 12.7137 11.3056 0.896 0.900 0.904 0.907 0.909 0.911
I 276.56 4.404 90 29.5040 21.9637 17.7509 15.0140 13.0733 11.6157 0.868 0.873 0.877 0.881 0.884 0.887

\0 212.41 4.625 95 30.4755 22.6502 18.2818 15.4459 13.4363 11.9282 0.840 0.846 0.852 0.856 0.860 0.864
161.00 4.679 100 31.4628 23.3445 18.6166 15.8795 13.7998 12.2401 0.814 0.821 0.827 0.833 0.836 0.642
120.45 5.171 105 32.4578 24.0407 19.3506 16.3110 14.1605 12.5489 0.789 0.797 0.605 0.811 0.816 0.821
66.94 5.506 110 33.4519 24.7327 19.6792 16.7367 14.5154 12.8519 0.765 0.775 0.783 0.790 0.796 0.602
64.62 5.698 115 34.4366 25.4147 20.3981 17.1532 14.8615 13.1468 0.743 0.754 0.763 0.771 0.776 0.784
46.63 6.351 120 35.4041 26.0812 20.9032 17.5573 15.1965 13.4316 0.723 0.735 0.745 0.753 0.761 0.767



Eb = 60 ksi
hac = 4 inches

Eac hEp tp dO dO dO dO dO dO ITAF ITAF ITAF ITAF ITAF
ksi inches de . F -{~~-- _ (milsL_ _~milsL mils mils ~mils

2293.46 5.167 30 13.3056 10.1020 6.3011 7.1241 6.2645 5.6503 1.298 1.294 1.290 1.286 1.263 1.260
2074.71 5.226 35 13.6396 10.3528 8.5053 7.2976 6.4365 5.7660 1.266 1.262 1.259 1.256 1.253 1.250
1850.36 5.276 40 14.0270 10.6436 8.7418 7.4969 6.6124 5.9428 1.231 1.228 1.225 1.222 1.219 1.217
1627.24 5.331 45 14.4697 10.9755 9.0115 7.7281 6.8127 6.1213 1.194 1.191 1.188 1.186 1.164 1.162
1411.23 5.396 50 14.9696 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 15.5286 11.7679 9.6545 6.2735 7.2867 6.5451 1.112 1.111 1.109 1.108 1.106 1.105
1018.40 5.556 60 16.1469 12.2310 10.0295 6.5911 7.5655 6.7910 1.070 1.068 1.067 1.067 1.066 1.065
847.58 5.655 65 16.6322 12.7403 10.4412 8.9393 7.8685 7.0601 1.026 1.026 1.025 1.025 1.025 1.024
754.20 5.720 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 17.5601 13.2966 10.8902 9.3183 8.1979 7.3521 0.983 0.983 0.983 0.983 0.964 0.964
563.73 5.896 75 18.3937 13.9002 11.3764 9.7281 8.5534 7.6668 0.939 0.940 0.941 0.942 0.943 0.943
450.57 6.043 60 19.2734 14.5513 11.8995 10.1661 8.9344 8.0034 0.896 0.898 0.900 0.901 0.902 0.9047\ 355.36 6.211 85 20.2168 15.2468 12.4586 10.6372 9.3398 8.3610 0.854 0.657 0.859 0.861 0.863 0.665

..... 276.56 6.404 90 21.2285 15.9913 13.0519 11.1339 9.7680 8.7360 0.614 0.817 0.820 0.823 0.825 0.826
o 212.41 6.625 95 22.2996 16.7760 13.6771 11.6557 10.2168 9.1321 0.775 0.779 0.783 0.786 0.789 0.792

161.00 6.879 100 23.4264 17.5995 14.3308 12.1997 10.6834 9.5408 0.737 0.743 0.747 0.751 0.755 0.756
120.45 7.171 105 24.6087 18.4567 15.0088 12.7620 11.1643 9.9610 0.702 0.708 0.713 0.718 0.722 0.726
68.94 7.50~ 110 25.8333 19.3417 15.7059 13.3362 11.6555 10.3889 0.669 0.676 0.682 0.687 0.692 0.696
64.82 7.896 115 27.0933 20.2476 16.4164 13.9233 12.1526 10.8208 0.638 0.645 0.652 0.656 0.663 0.666
46.63 6.351 120 26.3763 21.1665 17.1338 14.5118 12.6511 11.2526 0.609 0.617 0.625 0.631 0.637 0.643



Ft>=- - - 60ksi
hac = 6 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF TAF TAF
~ (inches) (dea:.£L -{~~-- __ {!T1 i1sl_ _j~~l_ ~mils mils mils

2293.46 7.167 30 9.6610 7.3676 6.0673 5.2170 4.6104 4.1521 1.339 1.336 1.334 1.331 1.329 1.327
2074.71 7.226 35 9.9490 7.5707 6.2335 5.3593 4.7356 4.2644 1.303 1.300 1.298 1.296 1.294 1.292
1850.36 7.276 40 10.2618 7.8073 6.4273 5.5251 4.8814 4.3951 1.263 1.261 1.259 1.257 1.256 1.254
1627.24 7.331 45 10.6217 6.0793 6.6499 5.7155 5.0468 4.5452 1.221 1.219 1.217 1.215 1.214 1.213
1411.23 7.396 50 11.0312 8.3687 6.9030 5.9318 5.2369 4.7154 1.175 1.174 1.172 1.171 1.170 1.169
120709 7.471 55 11.4934 8.7375 7.1881 6.1753 5.4528 4.9069 1.128 1.127 1.126 1.125 1.124 1.123
1018.40 7.556 60 12.0113 9.1280 7.5070 6.4475 5.6916 5.1206 1.079 1.079 1.078 1.077 1.077 1.076
847.58 7.655 65 12.5662 9.5625 7.8616 6.7498 5.9567 5.3576 1.030 1.030 1.029 1.029 1.029 1.029
754.20 7.720 66 12.9643 9.6454 6.0922 6.9463 6.1289 5.5114 1.000 1.000 1.000 1.000 1.000 1.000
695.91 7.767 70 13.2276 10.0434 8.2535 7.0636 6.2491 5.6188 0.980 0.980 0.980 0.981 0.961 0.981
563.73 7.896 75 13.9328 10.5730 8.6845 7.4503 6.5700 5.9051 0.930 0.931 0.932 0.932 0.933 0.933
450.57 8.043 80 14.7069 11.1534 9.1562 7.6510 6.9201 6.2171 0.862 0.883 0.884 0.865 0.666 0.66671 355.36 8.211 85 15.5529 11.7663 9.6695 8.2864 7.3001 6.5553 0.634 0.835 0.837 0.838 0.840 0.641

~ 276.56 8.404 90 16.4729 12.4729 10.2254 8.7570 7.7101 6.9196 0.767 0.769 0.791 0.793 0.795 0.796
~ 212.41 8.625 95 17.4683 13.2139 10.6236 9.2626 8.1497 7.3096 0.742 0.745 0.746 0.750 0.752 0.754

161.00 8.879 100 16.5393 14.0087 11.4641 9.8023 8.6179 7.7241 0.699 0.703 0.706 0.709 0.711 0.714
120.45 9.171 105 19.6848 14.6559 12.1444 10.3743 9.1131 8.1615 0.659 0.663 0.666 0.670 0.673 0.675
88.94 9.506 110 20.9020 15.7525 12.8622 10.9759 9.6325 8.6193 0.620 0.625 0.629 0.633 0.636 0.639
64.62 9.896 115 22.1659 16.6944 13.6134 11.6036 10.1729 9.0943 0.564 0.590 0.594 0.599 0.602 0.606
46.63 10.351 120 23.5298 17.6756 14.3929 12.2528 10.7300 9.5827 0.551 0.557 0.562 0.567 0.571 0.575



Eb - 60 ksi
hac = 8 inches

Eac hEp tp dO dO dO dO dO dO TAF TAF TAF TAF TAF TAF

ksi inches de . F ---{~~~}- __1~~L __1~11~}_ __Jmils {mils mils
2293.46 9.187 30 7.5997 5.7899 4.7723 4.1071 3.6324 3.2737 1.363 1.361 1.359 1.358 1.356 ---1.355

2074.71 9.228 35 7.8210 5.9580 4.9104 4.2256 3.7369 3.3676 1.324 1.323 1.321 1.320 1.318 1.317

1850.36 9.276 40 8.0802 6.1546 5.0720 4.3642 3.8591 3.4775 1.282 1.280 1.279 1.278 1.277 1.275

1627.24 9.331 45 8.3794 6.3817 5.2584 4.5240 4.0001 3.6041 1.236 1.235 1.234 1.233 1.232 1.231

1411.23 9.396 50 8.7214 6.6410 5.4713 4.7066 4.1609 3.7486 1.188 1.187 1.186 1.185 1.184 1.183

1207.09 9.471 55 9.1093 6.9350 5.7125 4.9132 4.3430 3.9121 1.137 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 6.2879 5.4059 4.7766 4.3012 1.032 1.032 1.032 1.031 1.031 1.031

754.20 9.720 68 10.3578 7.8799 6.4868 5.5761 4.9263 4.4354 1.000 1.000 1.000 1.000 1.000 1.000

695.91 9.767 70 10.5836 8.0506 6.6265 5.6956 5.0314 4.5296 0.979 0.979 0.979 0.979 0.979 0.979

563.73 9.896 75 11.1918 8.5100 7.0023 6.0167 5.3136 4.7824 0.925 0.926 0.926 0.927 0.927 0.927

450.57 10.043 80 11.8655 9.0183 7.4176 6.3713 5.6249 5.0610 0.873 0.874 0.875 0.875 0.876 0.876

o I 355.36 10.211 85 12.6090 9.5784 7.8747 6.7611 5.9667 5.3666 0.821 0.823 0.824 0.825 0.826 0.826

I 276.56 10.404 90 13.4265 10.1932 8.3757 7.1878 6.3405 5.7005 0.771 0.773 0.774 0.776 0.777 0.778

~ 212.41 10.625 95 14.3219 10.8652 8.9224 7.6527 6.7471 6.0632 0.723 0.725 0.727 0.729 0.730 0.732

161.00 10.879 100 15.2982 11.5964 9.5160 8.1566 7.1872 6.4551 0.677 0.680 0.682 0.684 0.685 0.687

120.45 11.171 105 16.3576 12.3877 10.1571 8.6997 7.6605 6.8759 0.633 0.636 0.639 0.641 0.643 0.645

88.94 11.508 110 17.5012 13.2394 10.8452 9.2813 8.1664 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 0.566 0.569

46.63 12.351 120 20.0358 15.1169 12.3553 10.5525 9.2681 8.2993 0.517 0.521 0.525 0.528 0.532 0.534



Eb = 60 ksi
hac = 10 inches

Eac hEp tp dO dO dO dO dO dO ITAF ITAF ITAF ITAF ITAF ITAF
ksi inches de . F (milsL mils) _--!milsL _.-Jmils mils mils

2293.46 11.187 30 6.2522 4.7660 3.9303 3.3839 2.9940 2.6994 - - T378 f.3T7 1.376 1.375 1.374 1.373
2074.71 11.228 35 6.4400 4.9088 4.0478 3.4848 3.0832 2.7797 1.338 1.337 1.336 1.335 1.334 1.333
1850.36 11.276 40 6.6603 5.0762 4.1856 3.6032 3.1877 2.8738 1.294 1.293 1.292 1.291 1.290 1.289
1627.24 11.331 45 6.9153 5.2700 4.3450 3.7402 3.3086 2.9825 1.246 1.245 1.244 1.244 1.243 1.242
1411.23 11.396 50 7.2075 5.4921 4.5276 3.8970 3.4470 3.1070 1.196 1.195 1.194 1.194 1.193 1.192
1207.09 11.471 55 7.5400 5.7446 4.7352 4.0752 3.6043 3.2484 1.143 1.142 1.142 1.141 1.141 1.141
1018.40 11.556 60 7.9160 6.0301 4.9697 4.2765 3.7818 3.4081 1.089 1.088 1.088 1.088 1.087 1.087
847.58 11.655 65 8.3393 6.3513 5.2335 4.5028 3.9814 3.5874 1.033 1.033 1.033 1.033 1.033 1.033
754.20 11.720 68 8.6177 6.5625 5.4069 4.6514 4.1124 3.7051 1.000 1.000 1.000 1.000 1.000 1.000
695.91 11.767 70 8.8139 6.7112 5.5290 4.7561 4.2046 3.7879 0.978 0.978 0.978 0.978 0.978 0.978
563.73 11.896 75 9.3444 7.1132 5.8587 5.0386 4.4534 4.0113 0.922 0.923 0.923 0.923 0.923 0.924
450.57 12.043 80 9.9354 7.5607 6.2255 5.3526 4.7298 4.2593 0.867 0.868 0.869 0.869 0.869 0.87071 355.36 12.211 85 10.5920 8.0572 6.6321 5.7005 5.0358 4.5336 0.814 0.814 0.815 0.816 0.817 0.817

...... 276.56 12.404 90 11.3192 8.6065 7.0814 6.0845 5.3732 4.8359 0.761 0.763 0.764 0.764 0.765 0.766
w 212.41 12.625 95 12.1222 9.2121 7.5761 6.5068 5.7439 5.1676 0.711 0.712 0.714 0.715 0.716 0.717

161.00 12.879 100 13.0057 9.8773 8.1188 6.9694 6.1495 5.5301 0.663 0.664 0.666 0.667 0.669 0.670
120.45 13.171 105 13.9740 10.6050 8.7113 7.4737 6.5910 5.9243 0.617 0.619 0.621 0.622 0.624 0.625
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 0582 0.583
64.82 13.898 115 16.1785 12.2554 10.0510 8.6107 7.5837 6.8083 0.533 0.535 0.538 0.540 0542 0.544
46.63 14.351 120 17.4177 13.1792 10.7980 9.2426 8.1338 7.2967 0.495 0.498 0.501 0.503 0.506 0.508



Eb = 60 ksi
hac = 12 inches

Eac hEp tp dO dO dO dO dO dO
ksi inches de . F ~l__ ~- _!!!!~l (mils) (milsl (milsl

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 35 5.4724 4.1726 3.4418 2.9639 2.6230 2.3654 1.348 1.347 1.346 1.345 1.345 1.344
1850.36 13.276 40 5.6636 4.3181 3.5616 3.0670 2.7141 2.4474 1.302 1.301 1.301 1.300 1.299 1.299
1627.24 13.331 45 5.8853 4.4868 3.7005 3.1864 2.8196 2.5424 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 2:6514 1.201 1.201 1.200 1.200 1.199 1.199
1207.09 13.471 55 6.4301 4.9013 4.0417 3.4796 3.0786 2.7756 1.147 1.147 1.146 1.146 1.146 1.145
1018.40 13.556 60 6.7592 5.1515 42475 3.6565 3.2348 2.9161 1.091 1.091 1.091 1.090 1.090 1.090
847.58 13.655 65 7.1307 5.4338 4.4797 3.8559 3.4108 3.0745 1.034 1.034 1.034 1.034 1.034 1.034
754.20 13.720 68 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 5.7513 4.7407 4.0800 3.6086 3.2524 0.977 0.977 0.977 0.977 0.977 0.977
563.73 13.896 75 8.0173 6.1072 5.0331 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 5.3599 4.6112 4.0770 3.6734 0.863 0.864 0.864 0.865 0.865 0.865() I 355.36 14.211 85 9.1270 6.9487 5.7240 4.9233 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 4.6571 4.1942 0.754 0.755 0.756 0.757 0.757 0.758
~ 212.41 14.625 95 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 4.8304 0.653 0.654 0.655 0.656 0.657 0658
120.45 15.171 105 12.1882 9.2625 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 8.2156 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 16.351 120 15.3908 11.6684 9.5765 8.2095 7.2347 6.4986 0.479 0.482 0.484 0.486 0.487 0.489



Eb:: 90 ksi
hac = 2 inches

Eac hEp tp dO dO dO dO dO dO
~ inches de .F .,__ !milsL__ ,~~1_ __1~~1_ _.1~~~ (mils) mils

2293.46 3.359 30 20.0676 15.1520 12.3609 10.5720 9.2634 6.3112 1203 1.197 1.192 1.167 '1.163 ---fT80
2074.71 3.405 35 20.4573 15.4241 12.5967 10.7545 9.4409 6.4500 1.162 1.176 1.171 1.167 1.164 1.160
1650.36 3.460 40 20.8797 157348 12.6470 10.9623 9.6201 6.6077 1.156 1.153 1.149 1.145 1.142 1.139
1627.24 3.524 45 21.3542 16.0632 13.1250 11.1948 9.8203 8.7838 1.132 1.128 1.124 1.121 1.119 1.116
1411.23 3.598 50 21.6796 16.4664 13.4321 11.4511 10.0408 8.9775 1.105 1.101 1.099 1.096 1.094 1.092
1207.09 3.684 55 22.4554 16.8694 13.7669 11.7303 10.2806 9.1679 1.076 1.074 1.072 1.070 1.069 1.067
1018.40 3.762 60 23.0791 17.3445 14.1263 12.0311 10.5366 9.4139 1.047 1.046 1.045 1.043 1.042 1.042
647.56 3.894 65 23.7469 17.6320 14.5145 12.3519 10.8134 9.6542 1.018 1.017 1.017 1.016 1.016 1.016
754.20 3.969 66 24.1718 16.1392 14.7575 12.5534 10.9857 9.8047 1.000 1.000 1.000 1.000 1.000 1.000
695.91 4.023 70 24.4616 18.3495 14.9236 12.6910 11.1032 9.9074 0.966 0.969 0.969 0.969 0.989 0.990
563.73 4.170 75 25.2145 16.6942 15.3531 13.0463 11.4063 10.1716 0.959 0.960 0.961 0.962 0.963 0.964
450.57 4.336 60 26.0029 19.4626 15.6002 13.4152 11.7204 10.4449 0.930 0.932 0.934 0.936 0.937 0.939

() I 355.36 4.531 65 26.6220 20.0515 16.2617 13.7952 12.0431 10.7252 0.901 0.905 0.907 0.910 0.912 0.914
I 276.56 4.751 90 27.6664 20.6562 16.7343 14.1632 12.3720 11.0101 0.674 0.878 0.882 0.865 0.868 0.691

..... 212.41 5.004 95 28.5298 21.2720 17.2141 14.5760 12.7041 11.2973 0.847 0.853 0.657 0.661 0.865 0.668
U1

161.00 5.295 100 29.4055 21.6941 17.6972 14.9704 13.0367 11.5843 0.822 0.828 0.834 0.839 0.643 0.646
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 0.622 0.826
86.94 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 0.607
64.62 6.462 115 32.0346 23.7462 19.1257 16.1301 14.0100 12.4206 0.755 0.764 0.772 0.778 0.764 0.769
46.63 6.960 120 32.6660 24.3422 19.5624 16.4986 14.3161 12.6643 0.735 0.745 0.754 0.761 0.767 0.773----- -------



Eb =- 90 ksi
hac = 4 inches

Eac hEp tp dO dO dO dO dO dO
ksi inches de . F __ tr!!~L _1!!!~ -..J!!!~l. mils mils ~

2293.46 5.359 30 12.8926 9.7914 8.0481 6.9087 6.0959 5.4819 1.287 1.283 1.279 1.276 1.273 1.271
2074.71 5.405 35 13.2063 10.0273 8.2403 7.0723 6.2392 5.6098 1.256 1.253 1.249 1.247 1.244 1.242
1850.36 5.460 40 13.5696 10.3002 8.4625 7.2614 6.4047 5.7576 1.223 1.219 1.217 1.214 1.212 1.210
1627.24 5.524 45 13.9840 10.6113 8.7156 7.4766 6.5929 5.9254 1.186 1.184 1.181 1.179 1.177 1.176
1411.23 5.598 50 14.4510 10.9615 9.0002 7.7184 6.8043 6.1138 1.148 1.146 1.144 1.142 1.141 1.139
1207.09 5.684 55 149722 11.3518 9.3170 7.9874 7.0392 6.3230 1.108 1.106 1.105 1.104 1.103 1.102
1018.40 5.782 60 15.5490 11.7832 9.6668 8.2840 7.2979 6.5532 1.067 1.066 1.065 1.064 1.064 1.063
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 5.969 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
563.73 6.170 75 17.6249 13.3298 10.9170 9.3410 8.2176 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 9.7482 8.5708 7.6822 0.900 0.902 0.903 0.904 0.906 0.907

() I355.36 6.531 85 19.2996 14.5707 11.9151 10.1813 8.9458 8.0136 0.860 0.862 0.864 0.866 0.868 0.869
I 276.56 6.751 90 20.2214 15.2508 12.4602 10.6387 9.3411 8.3622 0.820 0.824 0.826 0.829 0.831 0.833

I-' 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 0.7980)

161.00 7.295 100 22.2187 16.7170 13.6303 11.6168 10.1835 9.1030 0.747 0.751 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 0.727 0.731 0.734
88.94 8.016 110 24.3865 18.2961 14.8823 12.6576 11.0753 9.8836 0.680 0.687 0.692 0.697 0.701 0.705
64.82 8.462 115 25.5163 19.1138 15.5273 13.1912 11.5307 10.2807 0.650 0.657 0.663 0.668 0.673 0.678
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 0.652



Eb = -- - 90kSi
hac = 6 inches

Eac hEp tp dO dO dO dO dO dO
ksi inches de .F -.Jmils mils -.-J!!!~L mils (mils mils

2293.46 7.359 30 9.4588 7.1996 5.9294 5.0990 4.5065 4.0589 1.329 1.326 1.324 1.322 1.320 1.318
2074.71 7.405 35 9.7146 7.3933 6.0882 5.2349 4.6262 4.1662 1.294 1.292 1.290 1.288 1.286 1.284
1850.36 7.460 40 10.0128 7.6189 6.2730 5.3931 4.7654 4.2910 1.256 1.253 1.252 1.250 1.248 1.247
1627.24 7.524 45 10.3553 7.8779 6.4851 5.5746 4.9250 4.4341 1.214 1.212 1.211 1.209 1.208 1.207
1411.23 7.598 50 10.7444 8.1720 6.7258 5.7804 5.1059 4.5962 1.170 1.169 1.167 1.166 1.165 1.164
1207.09 7.684 55 11.1826 8.5030 6.9965 6.0117 5.3091 4.7782 1.124 1.123 1.122 1.121 1.121 1.120
1018.40 7.782 60 11.6727 8.8727 7.2986 6.2697 5.5356 4.9810 1.077 1.076 1.076 1.075 1.075 1.074
847.58 7.894 65 12.2173 9.2832 7.6338 6.5556 5.7864 5.2054 1.029 1.029 1.029 1.028 1.028 1.028
754.20 7.969 68 12.5716 9.5500 7.8514 6.7411 5.9491 5.3508 1.000 1.000 1.000 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 0.981 0.981 0.981
563.73 8.170 75 13.4813 10.2341 8.4088 7.2158 6.3648 5.7221 0.933 0.933 0.934 0.934 0.935 0.935
450.57 8.338 80 14.2058 10.7779 8.8511 7.5919 6.6938 6.0155 0.885 0.886 0.887 0.888 0.889 0.890

(') I 355.36 8.531 85 14.9949 11.3690 9.3312 7.9996 7.0499 6.3327 0.838 0.840 0.841 0.843 0.844 0.845
I 276.56 8.751 90 15.8499 12.0082 9.8494 8.4388 7.4330 6.6735 0.793 0.795 0.797 0.799 0.800 0.802

I-' 212.41 9.004 95 16.7715 12.6955 10.4054 8.9093 7.8426 7.0373 0.750 0.752 0.755 0.757 0.759 0.760
-..J

161.00 9.295 17.7592 13.4302 10.9983 9.4100 8.2777 7.4231 0.708 0.711 0.714 0.716 0.719 0.721100
120.45 9.630 105 18.8111 14.2103 11.6263 9.9390 8.7365 7.8291 0.668 0.672 0.675 0.678 0.681 0.683
88.94 10.016 110 19.9241 15.0329 122866 10.4938 9.2166 8.2530 0.631 0.635 0.639 0.642 0.645 0.648
64.82 10.462 115 21.0932 15.8937 12.9754 11.0710 9.7148 8.6920 0.596 0.601 0.605 0.609 0.612 0.616
46.63 10.980 120 22.3116 16.7873 13.6881 11.6665 10.2274 9.1426 0.563 0.569 0.574 0.578 0.582 0.585



Eb = 90 ksi
hac = 8 inches

Eac hEp tp dO dO dO dO dO dO ITAF ITAF ITAF ITAF ITAF ITAF

ksi inches de .F Jl!:lilsl __ --j~~ ---.1~~ -lmils) (mils) (mils
2293.46 9.359 30 7.4616 5.6851 4.6862 4.0331 3.5671 3.2150 1.354 1.352 1.351 1.349 i.348 1.347

2074.71 9.405 35 7.6750 5.8471 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 4.9749 4.2809 3.7857 3.4115 1.275 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 3.5334 1.230 1.229 1.228 1.227 1.226 1.225

1411.23 9.598 50 8.5404 6.5038 5.3587 4.6100 4.0758 3.6722 1.183 1.182 1.181 1.180 1.180 1.179
1207.09 9.684 55 8.9122 6.7856 5.5899 4.8082 4.2505 3.8291 1.134 1.133 1.132 1.132 1.131 1.131

1018.40 9.782 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 6.1401 5.2794 4.6654 4.2014 1.031 1.031 1.031 1.031 1.031 1.030

754.20 9.969 68 10.1042 7.6882 6.3298 5.4418 4.8082 4.3295 1.000 1.000 1.000 1.000 1.000 1.000

695.91 10.023 70 10.3191 7.8507 6.4629 5.5556 4.9083 4.4193 0.979 0.979 0.979 0.980 0.980 0.980

563.73 10.170 75 10.8968 8.2873 6.8202 5.8611 5.1769 4.6599 0.927 0.928 0.928 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 0.879

n I 355.36 10.531 85 12.2370 9.2983 7.6462 6.5664 5.7960 5.2141 0.826 0.827 0.828 0.829 0.830 0.830

~ 276.56 10.751 90 13.0063 9.8774 8.1185 6.9689 6.1488 5.5294 0.777 0.778 0.780 0.781 0.782 0.783

OJ 212.41 11.004 95 13.8458 10.5082 8.6322 7.4061 6.5315 5.8709 0.730 0.732 0.733 0.735 0.736 0.737

161.00 11.295 100 14.7577 11.1920 9.1880 7.8784 6.9444 6.2390 0.685 0.687 0.689 0.691 0.692 0.694

120.45 11.630 105 15.7432 11.9293 9.7860 8.3856 7.3870 6.6330 0.642 0.644 0.647 0.649 0.651 0.653

88.94 12.016 110 16.8023 12.7196 10.4256 8.9270 7.8586 7.0520 0.601 0.604 0.607 0.610 0.612 0.614

64.82 12.462 115 17.9335 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 19.1334 14.4509 11.8213 10.1043 8.8808 7.9575 0.528 0.532 0.535 0.539 0.541 0.544



n
I

I-'
\0

Eb = 90ksi
hac = 10 inches

Eac- hEp tp dO dO dO dO dO dO
ksi inches de . F ----1mi1sL._.1!!!!!§t _(mil~~ __j~ils) (mils) (mils. _

2293.46 11.359 30 6.1583 4.6945- 3.8715 3.3334 2.9494 2.6592 1.371 1.369 1.368 1.367 1.366 1.365
2074.71 11.405 35 6.3405 4.8331 3.9855 3.4313 3.0359 2.7371 1.331 1.330 1.329 1.328 1.327 1.326
1850.36 11.460 40 6.5539 49954 4.1190 35461 3.1373 2.8283 1.288 1.287 1.286 1.285 1.284 1.284
1627.24 11.524 45 6.8007 5.1830 4.2734 3.6787 3.2543 2.9337 1.241 1.240 1.240 1.239 1.238 1.237
1411.23 11.598 50 7.0832 5.3976 4.4499 3.8303 3.3882 3.0541 1.192 1.191 1.190 1.190 1.189 1.189
1207.09 11.684 55 7.4041 5.6414 4.6503 4.0024 3.5400 3.1907 1.140 1.140 1.139 1.139 1.138 1.138
1018.40 11.782 60 7.7664 5.9166 4.8765 4.1965 3.7113 3.3446 1.087 1.087 1.086 1.086 1.086 1.085
847.58 11.894 65 8.1735 6.2256 5.1303 4.4142 3.9033 3.5173 1.033 1.033 1.032 1.032 1.032 1.032
754.20 11.969 68 8.4410 6.4284 5.2969 4.5571 4.0293 3.6304 1.000 1.000 1.000 1.000 1.000 1.000
695.91 12.023 70 8.6291 6.5712 5.4141 4.6576 4.1178 3.7099 0.978 0.978 0.978 0.978 0.978 0.979
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 0.925 0.925
450.57 12.338 80 9.7017 7.3838 6.0806 5.2286 4.6207 4.1614 0.870 0.871 0.871 0.872 0872 0.872
355.36 12.531 85 10.3272 7.8570 6.4682 5.5603 4.9126 4.4232 0.817 0.818 0.819 0.820 0.820 0.821
276.56 12.751 90 11.0177 8.3789 6.8954 5.9255 5.2336 4.7109 0.766 0.767 0.768 0.769 0.770 0.771
212.41 13.004 95 11.7776 8.9524 7.3642 6.3259 5.5853 5.0257 0.717 0.718 0.719 0.720 0.721 0.722
161.00 13.295 100 12.6107 9.5803 7.8767 6.7631 5.9688 5.3687 0.669 0.671 0.672 0.674 0.675 0.676
120.45 13.630 105 13.5203 10.2644 8.4343 7.2381 6.3849 5.7404 0.624 0.626 0.628 0.630 0.631 0.632
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 0.591
64.82 14.462 115 15.5774 11.8067 9.6877 8.3031 7.3157 6.5701 0.542 0.544 0.547 0.549 0.551 0.553
46.63 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 0.517



Eb= 90 ksi
hac = 12 inches

Eac hEp tp dO dO dO dO dO dO
ksi inches de .F mils mils mils (mils mils mils

2293.46 13.359 30 5.2416 3.9970 3.2971 2.8395 2.5130 2.2663 1.382 1.381 1.380 1.380 "1.379 1.378
2074.71 13.405 35 5.4002 4.1177 3.3966 2.9251 2.5886 2.3344 1.342 1.341 1.340 1.339 1.339 1.338
185036 13.460 40 5.5864 4.2594 3.5132 3.0254 2.6773 2.4143 1.297 1.296 1.296 1.295 1.294 1.294
1627.24 13.524 45 5.8020 4.4235 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 4.6116 3.8033 3.2748 2.8976 2.6127 1.198 1.197 1.197 1.196 1.196 1.196
1207.09 13.684 55 6.3309 4.8258 3.9796 3.4263 3.0315 2.7332 1.144 1.144 1.144 1.143 1.143 1.143
1018.40 13.782 60 6.6497 50682 4.1790 3.5977 3.1828 2.8694 1.090 1.089 1.089 1.089 1.089 1.089
847.58 13.894 65 7.0090 5.3413 4.4037 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 4.5515 3.9176 3.4653 3.1235 1.000 1.000 1.000 1.000 1.000 1.000
695.91 14.023 70 7.4124 5.6479 4.6557 4.0070 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 0.922 0.922 0.922 0.922 0.922
450.57 14.338 80 8.3680 6.3733 5.2517 4.5185 3.9953 3.6000 0.866 0.866 0.867 0.867 0.867 0.868

() I 355.36 14.531 85 8.9291 6.7988 5.6010 4.8179 4.2592 3.8370 0.811 0.812 0.813 0.813 0.814 0.814
I 276.56 14.751 90 9.5520 7.2707 5.9881 5.1496 4.5513 4.0992 0.759 0.759 0.760 0.761 0.761 0.762

IV 212.41 15.004 95 10.2417 7.7927 6.4158 5.5157 4.8735 4.3883 0.707 0.708 0.709 0.710 0.711 0.712
0

161.00 15.295 100 11.0029 8.3681 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 0.613 0.615 0.616 0.617 0.618
88.94 16.016 110 12.7576 9.6917 7.9682 6.8416 6.0380 5.4310 0.568 0.570 0.571 0.573 0.574 0.575
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 9.2454 7.9287 6.9897 6.2806 0.488 0.490 0.492 0.494 0.496 0.497



TEMPERATURE ADmSTMENT FACTOR CURVE
REGRESSION EQUATIONS

2" depth: TAP =1.358l92-0.005227T(O F)

CC = -0.996296

4" depth: TAP = 1.522908-0.007653T(O F)

CC =-0.997893

6" depth: TAP = 1.605983-0.00888TCO F)

CC = -0.998475

8" depth: TAP =1.654622 -0.00961T(O F)

CC = -0.99875

10" depth: TAP =1.686027 -0.01007TCO F)

CC =-0.998884

12" depth: TAP =1.707725-0.0l04T(OF)

CC =-0.998995

where CC is the correiationcoefficient
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Temperature Adjustment Factor Curve
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Bousinessq Method
for Center of P .- ..- ..- -_... .--_.-..

AC Comcression at De th TAF at Deoth
2 inches 4 inches 6 inches 6 inches 10 inches 12 inches 2 inches 4 inches 6 inches 6 inches 10 inches 12 Inches

tIP) E(ac) (mils) (mils) (mils) (mils) (mils) (mils)
(del:!. Fl (csi)

o 3.065E+06 0.0295 0.0670 0.1016 0.1300 0.1516 0.1667 4.064143 4.064143 4.064143 4.064143 4.064143 4.064143
53.037E+06 0.0296 0.0676 0.1027 0.1312 0.1532 0.1703 4.026665 4.026665 4.026665 4.026665 4.026665 4.026665

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
15 2.640E+06 0.0316 0.0723 0.1099 0.1403 0.1639 0.1621 3.765323 3.765323 3.765323 3.765323 3.765323 3.765323
20 2.664E+06 0.0337 0.0765 0.1163 0.1465 0.1734 0.1927 3.55642 3.55642 3.55642 3.55642 3.55642 3.55642
25 2.499E+06 0.0362 0.0622 0.1249 0.1594 0.1662 0.2070 3.313464 3.313464 3.313464 3.313464 3.313464 3.313464
30 2.293E+06 0.0394 0.0695 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 0.2493 2.75074 2.75074 2.75074 2.75074 2.75074 2.75074
40 1.650E+06 0.0466 0.1110 0.1667 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 0.1916 0.2446 0.2660 0.3176 2.157471 2.157471 2.157471 2.157471 2.157471 2.157471
50 1.411E+06 0.0640 0.1455 0.2211 0.2623 0.3296 0.3665 1.67107 1.67107 1.67107 1.67107 1.67107 1.67107
55 1.207E+06 0.0749 0.1701 0.2565 0.3301 0.3655 0.4265 1.600412 1.600412 1.600412 1.600412 1.600412 1.600412
60 1.018E+06 0.0667 0.2016 0.3064 0.3912 0.4570 0.5079 1.350246 1.350246 1.350246 1.350246 1.350246 1.350246
65 6.476E+05 0.1066 0.2423 0.3662 0.4701 0.5491 0.6102 1.123757 1.123757 1.123757 1.123757 1.123757 1.123757
66 7.542E+05 0.1196 0.2722 0.4136 0.5262 0.6170 0.6856 1 1 1 1 1 1
70 6.959E+05 0.1299 0.2951 0.4464 0.5725 0.6667 0.7432 0.922666 0.922666 0.922666 0.922666 0.922666 0.922666
75 5.637E+05 0.1603 0.3642 0.5536 0.7068 0.6255 0.9175 0.747417 0.747417 0.747417 0.747417 0.747417 0.747417
80 4.506E+05 0.2006 0.4557 0.6926 0.6643 1.0329 1.1479 0.597369 0.597369 0.597389 0.597389 0.597389 0.597389
65 3.554E+05 0.2543 0.5776 0.8762 1.1212 1.3096 1.4555 0.471145 0.471145 0.471145 0.471145 0.471145 0.471145
90 2.766E+05 0.3268 0.7424 1.1284 1.4406 1.6626 1.6702 0.366676 0.366676 0.366676 0.366676 0.366676 0.366676
95 2.124E+05 0.4255 0.9667 1.4692 1.6757 2.1910 2.4350 0.261621 0.261621 0.261621 0.281621 0.261621 0.261621

100 1.610E+05 0.5613 1.2753 1.9363 2.4746 2.6906 3.2125 0.213464 0.213464 0.213464 0.213464 0.213464 0.213464
105 1.204E+05 0.7503 1.7046 2.5910 3.3079 3.6639 4.2942 0.159692 0.159692 0.159692 0.159692 0.159692 0.159692
110 6.893E+04 1.0162 2.3066 3.5090 4.4600 5.2329 5.6157 0.117914 0.117914 0.117914 0.117914 0.117914 0.117914
115 6.462E+04 1.3942 3.1679 4.6147 6.1469 7.1600 7.9796 0.065936 0.085936 0.085938 0.085936 0.085938 0.065936
120 4.663E+04 1.9360 4.4034 6.6925 6.5443 9.9603 11.0919 0.061625 0.061825 0.061625 0.061625 0.061625 0.061625
125 3.311E+04 2.7290 6.2006 9.4240 12.0316 14.0537 15.6189 0.043905 0.043905 0.043905 0.043905 0.043905 0.043905
130 2.322E+04 3.8926 6.6447 13.4427 17.1623 20.0466 22.2793 0.03076 0.03076 0.03076 0.03076 0.03076 0.03076
135 1.607E+04 5.6247 12.7799 19.4236 24.7960 26.9657 32.1917 0.021302 0.021302 0.021302 0.021302 0.021302 0.021302
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APPENDIXD

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





MANUALLY BACKCALCULATED PROCEDURE FOR FINDING Ep AND Mr

Determination ofSubgrade Modulus for SNejfDetermination

1993 AASHTO Design Guide ofPavement 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, Dr, corresponding to the chosen radial distance. The

value is interpolated from the FWD deflection data gathered.

Find the subgrade resilient modulus:

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

Find Ep by trial and error from the following equation:

1 1- ~I+(~J
do = 1.5pa ----;:=====+-=------=

1+(~ ffi)' E,
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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
~ = resilient modulus of subgrade in psi (as found above)
p = contact pressure in psi (9000 lbs./plate area = 82.3 psi)
dO = deflection value at FO in inches (varies)

The radius value used (r) should be greater than or equal to seventy percent of the

effective radius ae 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:

r >=0.7a.

Ifthe r value used is less than O.7ae or a value ofr that is closer to the calculated

0.7ae 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 O.7ae. The final trial yields the values for Ep and

Mr for that particular FWD deflection reading..
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SAMPLE CALCULATION

Test Site: MT1

Date of FWD deflection data collection: 2/11/92

D=l1"

a=5.9"

P= 90001bs.

estimated mid -depth temperature =38.7°

FWD Deflection Data:

Mean Measured Deflection: (mils)

~=O" R)=8" R,.=12"

6.75 6.13 5.61

R =24"3

4.11

R =36"4

2.86

Rs =48"

2.03

R =72"6

1.16

25,785.68

Ep , M r CALCULATION

inital estimate of r = 1.5D or 1.5*11 = 16.5"

r = 16.5"

24-16.5 4.11-Dr
Dr found by int erpolation 24 -12 = 4.11- 5. 61 Dr =5.05 mils

p(1- u2
) 9000(1- 0.52

)

M r = pi*r* Dr = 3.14*16.5*5.05*10.3 =25,785.68 psi

/

1
1--;:::===

(
11)2

1 ~1+ 5.9
6.75*10.3 = 1.5*82.3*5.9 ---f==:==~==~~+...":----":""'_--~

(
11 E p )2 E p

1+ -31--:""'--

5.9 25,785.68

E p solved for by inputted solver programon HP42S Scientific Calculator

E p =421,796.79 psi
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(
421. 796. 79 )2

a = 59 2 + 11*3 =2854"
e' 25,785.68 .

0.7ae = 19.98"

0.7ae > r therefore, no good

newr=21"

Dr =4.49 mils=
24-21 4.11-Dr
24-12 4.11-5.61

9000(1- 0.52
) .

M r = * * 49* 0,3 = 22,787.06 pSI3.14 21 4. 1

22,787.06

1
I-t====

(11)2
1 ,1+ 5.9

6.75*10,3 =1.5*82.3*5.9 ---f=~=~==~~+~~---~

(
11 E p )2 E p

1+ - 3/_-----:c--_

5.9 22,787.06

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

( )

2
2 506,094.79

ae = 5.9 + 11*3 22,787.06 =31.48"

0.7ae =22.03"

0.7ae > r therefore, no good

new r = 22.5"

Dr = 4.30 mils=
24-22.5 4.11-Dr
24 -12 4.11-5.61

9000(1- 0.52
)

M = = 22 207.67 psi
r 3.14*22.5*4.30*10,3 ,
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22,207.67

1
1--;====

1+(_11)2
3 1 5.9

6.75* 10- =1.5*82.3* 5.9 ---iF=:===;=:::::::==~ + ~--=-_.:..--....:.-~

(
11 E p )2 E p

1+ -3 ---=-
5.9 22,207.67

E
p

solved by HP solver program= 526,316.31 psi

( )

2
2 526,316.31

ae = 5.9 + 11*3 22,207.67 = 32.14"

0.7ae =22.50

0.7ae =< r OK

Therefore, for MT10n 2/11/92: M r =22,207.67 psi

E p =526,316.31 psi
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Two layer system - AC and subgrade

Est. mid- Man. Bkcd. MOD U LU S Man. Bkcd. MODULUS
depth te m. Ep Ep Mr Mr

(deg. F) (ks i) (k s i) (ks i) (ks i)
35.6 415.6 757 22.29 17.70
38.7 524.5 797 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 17.10

50 397.12 566 20.18 16.50
50.4 254.87 449 16.81 13.10
50.8 591.62 899 31.03 19.60
58.8 324.13 511 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
78.2 311.17 432 20.65 16.80
79.2 229.26 308 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

90 216.36 290 20.34 17.20
95.3 65.21 104 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
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Comparison ofModulus Eac vs. Asphalt Institute (AI) Regression Values for Eac

tp AI Eac Mod. Eac
(deg. F) (ksl) (ksi)

35.6 2047.94 1497
38.7 1908.83 2130
42.1 1756.14 2011
46.1 1578.92 1069
49.8 1419.67 1676
50.0 1411.23 1526
50.4 1394.40 883
50.8 13n.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
n.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
97.3 187.29 219
98.4 176.18 224

103.5 131.58 364
108.6 96.94 127

SHRP Regional Infonnation Management System Laboratory Data

Temperature eF)
41
77
104

MT1 Eac average (ksi)
813.3
509.6
237.0
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MT2 Eac average (ksi)
739.0
501.6
203.9
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