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 ABSTRACT

E Transverse crack1ng of pavements in West Texas 1n1t1ates 1n the base
course due to volumetric contract1on caused by freezing temperatures A
' -computer program wh1ch_pred1cts this transverse crack1ng requ1res two ma?
_terialnproperties of the frozen base course to be used as 1nput data.

(See Research Report 18-4F,'9Therma1-Pavement Cracking 1in west,Texas.“)

~ The two properties are the elastic modulus and the tensiTe strength. A'
test program wés Conducted to determine how these properties'ane affected

by such var1ab1es as suct1on, dry density, water content and the number

of freeze thaw cyc]es the base course has exper1enced An effect1ve method -

of pred1ct1ng both the elastic modulus and the tensile strength is pre-
sented in this report. It is now possible to determine these properties
from the climatically-controlled values of suctidn and freeze-thaw cycles
and the constructionécontr611ed Value of dry density. With this'infor-
mation, the computer pnogram can be used to improve the design of pavements
in West Texas.

An appendix of this report gives a detailed description of the
measurement of suction with psychrometers. Another appendix gives all of

the measured test data.
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DISCLAIMER

The contents of this report ref]ect the views of the authors who are
respons1b1e for the facts and the accuracy of the data presented herein.
The contents do not necessar11y reflect the official views or po]1c1es of
the Federal H1ghway Administration. This report does not const1tute a

standard, specification or regulation.
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PREFACE

Thisvreport'gives the properties of frozen base~course that occur in
West Texas. These properties must be known in order to use the computer :
program wh1ch is presented in TTI Research Report 18-4F. The program is
capable of pred1ct1ng the rate of appearance.of‘therma1 fatiQue»cracks
using U. S; Weather Bureau data tapes to input the_daity veriation of atr
| temperature and solar radtation. The frozen elostic hodu]us end'tensileb
strength of the basevcourse are primarily functions'of suction, dry
density, and the number of freeze-thaw‘cycles endureq by the base course.

This report concludes all experimental ahd,theoretica] work initiated
in the stody entitled, "EnvironmentalvDeterioration of Pavement;" which
was sponsored by the State Department of Highways and Public Transportation
with the'cooperatioh of the Federal Highway Administration. The work was
finished with funds committed for the study entitled, "Flexible Pavement

~ Evaluation and Rehabilitation," which has the same sponsors.
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IMPLEMENTATION STATEMENT

This:réporﬁ gives a simp]e,method Qf predicﬁing'tﬁé e]astic modulus
and tensile strength of frozen base course. It was found in an:earlier
study presented in TTI‘Reseérch Report 18-4F that a reduction in the.
tensile strength of the base course is the most effectivé means ofﬁ
reducing the severity of the thermal cracking'problem inVWest'Texas; This
study has shbwn that: |

| 1. ah.increase of suction (e.g., by dry cbmpaction)

2.» a reduction in dry unit weight (e.g., again by,dry
compaction)

can do exactly that.

The computer. program in Research Report 18-4F requires both of these
properties of frozen base course to be used as'ihputvdata. This will per-
mit sensitivity studies to be made with the prbgram in order to determine
how the thermal fatigue Tife of pavements in West Texas may be increased
if a different method of base course compaction is adopted. In addition,
now that realistic values of frozen base course properties are available, -
further studies can be made to investigate new pavement‘materia1s to use
-~ 1in West‘Texas to reduce or prevent thermal cracking of pavements in ‘that

area ofrthe state.
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INTRODUCTION

General

In Texas, the problem of trahsverse cracking is severest in the

western portion of thé state, as shown in Fig. 1 (3). Sevéra1 models
. have been proposed and studied in an éffort to explain in what way
environmental factors cause the cracking to occur. Of the environmental
factors considered, two stand out. Either low temperature‘cracking or
moisture shrinkage is considered in all of these models. Low temper-
ature works through two méchanisms: thermal contraction and thermal
fatfgue. Thermal contraction can occur in the asphalt concrete (6, 7, 9),
base course, or subgrade (6, 13). Temperature drops produée tensile
stresses in the material. When these tensile stresses exceed the
material's tensile étrength, it cracks. In thermal fatigue, as the
asphalt concrete goes through freeze-thaw cycles, it is fatigued in a
manner similar to the way it is fatigued through repeated traffic
loading (3).

“ Moisture shrinkage occurs in lime or cement stabilized méteriais
because the hydration of the admixture removes moisture from the soil.
As the moisture is removed, the soil suction increases thus inducing |
greater énd greater}tensile stresses in the material. When the tensile
strength of the material is exceeded, it cracks. Eventually the crack will

be reflected into the asphalt concrete and work its way to the surface (5).




FIG. 1. - West Texas Area Exhibiting Extensive Transverse Cracking
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A variation of this occurs when the subgrade has a much gréater suction
than the untreated Base course above it. Moisture migrétes toward the

- subgrade because of its higher suction level and thus produces tensile

~drying stresses in thé base course. If the suction differential between
the base course and the subgrade is great enough, itﬁwi11 céuse the base
course to crack jusf‘as hydration will cause it to crack (3).' |

Carpenter has conducted research to determine which, if any, of the
aforementioned mechanisms are causing transverse cracking ih West Texas
(2, 3, 4). He conc]hded'that therma] contraction cracking in the asphalt
and moisturé shfinkage in the base course do noﬁ occur because the neCes;
sary conditions do not exist in this part of the state. Carpenter fand
that a freeze-thaw mechanism working in the base course, rather than-in
the asphalt éoncrete or subgrade, is causing the transverse cracking to
occur in West Texas (3, 4).

In his reseafch; Carpenter subjected samp]esvrepresenfat{ve of the
base course materials used in West Texas to a number of freezegthaw cycles
and measured the height of each during each of the ffeeze andwthawlperiods.
This resulted in some sighificant findings concerning the therma] activity |
of the base course. The reseakch showed that the two types of deformation,
freeze deformation and residual deformation, act on the material as it goes
through freeze-thaw cycles. Fig. 2, which is from Carpenfér's work, shows
the height change for the same material at different mdisture contents. It
~shows that material having a moisture content greater than optimum moisture
expands as it freezes and material with a moisture content Tess than opti-
mum contracts upon freezing. However, regardless of a sample's moisture

content it experiences both freeze and residual deformations.
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Pl

Freeze deformation 1is caused by ﬁhe‘freeze portion of thé freeze- '
thaw cycle. The change in height from a thawed'COndition'td a frozen
condition is shown in Fig. 2 (p. 4). Typica]ly, part of the freeze
deformation is recovered when the sample is thawed. ~The hortién that isA

not recovered is the residual deformation which is permanent. An

- example of this can be seen in Fig. 2 (p. 4) as the difference between

the original height and the thawed height (3). These two defbfmations
work together to produce stresses in the base course which will even-
tua11y'cause it to crack.

- After carefully investigating the nature of the freeze-thaw -
mechanism which causes the base course to crack, Carpenter was able to.
develop a computer program which predicts crack spacing in the base -
coufse, thermal stresses, crack propégation rates through the over-:
lying asphalt surface course, and the time at which the cracks are
expected to appear at the sﬁrface of the asphalt concrete, The,

equation which predicts crack spacing is:

4.508 x 1071 (o) 14578 () P
TogL = + 8.151 x 10 °© (1)
(AT)2'1199 (GB)1.1496
where _
E = elastic modulus of the frozen base course material
L = 2 x the crack spacing
AT = the value of the temperature drop below freezing

at the top of the base course
= freeze coefficient of the base course

= tensile strength of the frozen base course material.




The rest of the program builds upon this equation. (4).

Purpose

Two of the prdperties needed for‘Equation (1)-arerthe elastic
modu]ds and'tehsf1e strength of the frozenvbase course material. - The
purbose of this'study has been to determine thesé properties for four
sourées of base course material from West Texas. The study will also -
be used to determine if other more easily measured parameters, such as
moisture content, dry density, and soil suction can be used. to prediCt
the elastic modulus and tensile strength. The pakameters which have
the most significant effects will then be used to develop accurate |
methods for predicting the tensile strength and elastic modulus.
,Emphasis-wiil also be placed on making these predictive relationships

as simple as possible.




MATERIALS AND TESTING METHODS

Samp]e Preparation

Samples of base cburse material were taken from four different borrow
areas in West Texas. fheir locations are shown in Fig. 3 along with the -
State Department of Highways and Public Transportation districts in which
they are located. This material is excavated from the borrow pit,'haﬁ]ed
to the road site, dumped, spread, and compacted with no stabilizing agents
added to it. |

When the samples reached the laboratory, they were sieved and only
hateria] passing the 3/8-inch sieve was used for the tests. This will be
discussed later in this section. Viéua] observations showed only a small
portion of the sample being retained on the 3/8-inch sieve. 'Fach sahb]e
_was then divided into smaller portions and different amounts of water were
added to vary the moisture content. After hand mixing, they were stored
in the moisture room overnight to allow the water to diffuse uniformly
throughout the entire sample.

Each of the smaller portions was used to make two moisture-density
samples. The samples were made using the proceduré specified by AASHTO
specificatioﬁ T 180-74, Method A with a few modifications. The samples
were compacted in three layers rather than five. However, since all
samples were compacted in a similar manner, it is believed thaf the final
results should still be acceptable for the intended purposes of these ex--
periements. (It should be noted thét AASHTO specification T99-74, Method

A does specify compaction in three layers with less compactive effort.)
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Moisture content was not determined in the usual manner as this
would have*deétrbyed the sample. Normally, the sample would be cut in
two and a moisture sample taken from the center. For this testing,
however, a small moisture sample was taken from each of the fhree~1ayers
before it was compacted. The three moisture samples were used to deter-
mine an average moisture content for the whole sample, |

The final variation was in the size of the material tested.
Instead of testing just the material passing the No. 4 sieve, everything
passing the 3/8-inch sieve was used. This wa§ done in order to better
simulate actual conditions in the field.

Moisture-density'curves were plotted for the four sample groups
and are shown in Figs. 4 through 7. The curves were then dividediinto
five moisture groups with approximately equal numbers of samp]es*fh
each. TheSe groups were numberéd 1 through 5 and are de]ineated.on
each of the moisture-density curves. Each group was then subdivided
into thrée subgroups, each having an equal number of samples as far as
was practicable. These subgroups were designated as Fl, F3, or F5
according to the number of freeze-thaw cycles they would go through -

one, three, or five respectively.

Testing Procedure

After the samples had been made, they were labeled with an
identifying number and enclosed in a plastic freezer bag. All F1
samples from a particular borrow pit were then placed at a common
lTocation in an environmental room to begin their first freeze. The

F3 and F5 samples were treated in a similar manner. Sample heights
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were determ{ned'dUringsone'of the'freeze,cyc1es.

Freezing tbok place 5n an envirOnmenteT room‘thet WaS'mainfained'
' af 0°F (-17. 8°C) A study by Ham11ton had prev1ous]y determ1ned that
virtually all vo]ume chanqe can be brought about by a Tow temperature
vof 20°F (6.7°C) (8).v The 0° F,room was chosen because it was the one |
closest toréooF uithout exceeding ft. Thawing fook p]ace_in the 77°F,;’
(25°C) environmehta] room. All samp1ee were.frezen or théweu forva '
mfnimum of:twenty four hours}before they were teSted

A11 samp]es were subjected to the Schmidt Test during each of
‘theffreeze periods. The F3 and F5 samp]es were also tested dur1ng the1r
final thaw cycles. The Schmidt Test measures the res11jent modu1us
which is a va1ue of the eTasticvmodu1us'for a viscoelastic material
subJected to a short-duration dynam1c Toad. |

The term "res111ent modulus” ‘is used here to refer to the modu]us :
measured in the Schmidt test, which should be approximately equa1 to l
the Young's modulus of the material, a material property thCh is |
7 normally measured in tension. 77

After the samples wentlthroughrthe last Schmidt Test,_they‘
remained frozen until a splitting tensile test was run on each. For
this test, each sample was 1oaded in diametrical compression to failure.
This creates a fairly uniform tensile stress along the plane perpendic-
ular to the loaded plane. Deformation in the direction the_tensi]e:
-stresses act and the Toad were recorded on a dual channel recorder.
From these data, the ultimate tensile strength and elastic modulus ceuld
be calculated. A detailed progress chart and test data for each of the

cycles are shewn in Appendix IV.
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The moisturé'cbntent was again determined for each of the sampIEs;
Fina11y,-the'material from each pit:wﬁs c]ésgifiedvac&ording td thér
_ UhifiedVSoi1 C]assiffcation System The matérié] c]assiffcation and a
summary of some of the test data are in Table 1. Complete mechénica1

analysis charts are given in Append1x IV

Soil Suction Tests

Five sémpleé,'one fromAeach of the moistuhe:gkoupé, were taken
-from each df;thé F5 subgroups. These fwenty Sdmp1es'were dééighated
: for soil suctidh measurements. In order to obtain accurateﬂméasurements
“of suction, these samples had to have special preparatidh. A psychro»
meter was p1a¢ed'next to the edge of the sample which was wrapped in
fbil; The entire sample was then sea]ed in wax to prevent changes in
the moisture conteht; 1Fig.A8 illustrates the:manner.ih which these .
samples were prepared. |

A thermocoup1e type of psychrometer was used in conjunction with
the dew po1nt method of determining soil suct1on This méthod was
chosen because it is easy to use and it is the most accurate method
present1y ava11ab1e,_ ‘Before the psychrometers were 1nsta]1ed in the
base course samples, they were calibrated using»potassium chloride
sé]t solutions. Further details on the theory, operation, and Ca1i¥
bration of the psychrometers may be found in Append1x II1. 7

Soil suct1on measurements were taken during the first and fourth
thaw periods. A record of these data may be found in Appendix v,
Table 4;1. Changes in the ambient temperature can have an adverse
effect upon the psychrometer readings so the thawed samples were

kept in the 77°F environmental room where they were less subject to




TABLE 1. - Base Cours'e Material Classification
~and Summary of Test Data '

Borrow Unified L1'qu1"d Plastic | Percent | Percent
Pit Classification Limit Index Fines@ Clay
' SM 22 | 3 15.5 | 9.3
5 SP - SC 40 17 _ 7.2 5.0
6ASM SP - SC |23 5 7.7 2.5
6F SP - SC 23 9 10.8 8.1
a

- Percent passing the No. 200 sieve.

bPercent that is 2u or smaller.
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temperature f1uctuation§; Each time the psychrometers were read; the
ambient room fémperafure waS'aléo:recorded using'an'electrOnic'ihér—
mometer that was independent of'fhe énvironmenta] room;s‘contro1s.'
After the final suction 1eve1iWas measured, these samples Qeré tested
»tb,determfne théirrthawed and frozen resilient moduli and'U1tfmate

strength.
>Summar

'-fhfs}section gives details of sample preparation‘and the testing
pfddedures. After édmpéction,'a]] samples were theh subjécted to
different nﬁmbers of freeze-théw cycles. The majority of the samples
Were_tested to determine their resi1ieht modulus and u]timate strength
rwhi1e in fhe frozen state and'inkthe'thawed.state. The remainiﬁg

twenty samples were used to determine the soil suction Tevels.
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- EXPERIMENTAL RESULTS

The testing pﬁdgram produced a large amount of data which}was
analyzed by linear regression techniques. A1l models had one
dependenf variaﬁle, but the numbe% of fndependent variables ranged
from one to eight. This section describes these'aﬁalyses and the

results obtained.

Preliminary Correlations

Moisture Content

As the final mbisture contents -were determined, it became clear
that they had changed appreciably from the initial moisture content.

An analysis of this produced a simple linear fe]ationship of the form:

W =a+bWﬁ ..... I A Qf
where '
We = final moisture content, percent
w; = initial moisture content, percent
a, b = regression constants

Table 2 summarizes equations derived for each of the four samples aé
well as the R2 values for each of the regression analyses.

For the remainder of this thesis, the term "final moisture content"-
will mean the value that was actually measured at the end of the testing
program rather than the value predicted by Equation (2). All regression

| analyses performed on the soil suction, elastic modulus, tensile strength,
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TABLE 2. - Regression Equations to Predict Final Moisturev,
Content (wf) as a Function of Initial Moisture Content (wi)

Material . ‘ 2
Number Equation - R™
(1) (2) (3)
-4 We = 0.30 +0.72 w, 0.43
D-5- We = 0.12 +0.93 w; 0.91
D-6AM _ We = -0.33 +0.85 w; 0.71
D-6F we = 0.08 +0.86 w, 0.82

Wes Wy in percent
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and resilient modulus used the test values. In the future it may not

always be possible to subject samples to freeze-thaw cycles and théh

determine their final moisture content because of time and budget Timi-

tations. In situations such as this, Equation (2) could prove to be

very useful. The importance of the final moisture content will be

shown shortly.

Soil Suction

Soi]Asuction is in actua]ity a negative quantity; however, for .
the purpose of simp]fcityAin this discussion it will be considered in
the absolute value sense as a positive number. Although suction is
affected by a number of things, such as grain size, clay minerals
present, soil fabric, and dissolved ions present, for argiven type of
material, it can be effectively predicted by the moisture content.

A plot of Initial Suction vs. Final Moisture Content can be found in

Fig. 9 and Final Suction vs. Final Moisture Content in Fig. 10. Final

moisture content was'chOSeh rather than initial moisture because this
was the moisture content at the time the tensile strength and elastic
modulus were determined.

A typical expression for relating moisture content to suction is:

: [a + b(wf)] '
h = 10 e e e e e e e e e e e e e e e (3)
where V
h = suction , psi
We = final moisture content, percent
a, b = regression constants
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- Since this relationship is widely used, it was decided to use'it td

determine the suction of each of the samples rather than assigning the

value measured ‘in a particular psychrometef sample to each of the samp1es

 within its moisture group. The regression coefficients for the initial

suction equations are given in Tab]e 3 and the coefficients for final
sucfion are 1istéd in Table 4. The values obtained>from fhese'équatiohs
are the values used in the analysis of the tensile strength, resi1ieht
modulus, and elastic modulus. .

The D-5 samples did not have a change in suction and produced a

2

very good fit as is evidenced by the R™ of 0.90. The D-6AM samples

also produced good results; however data for sample number 35 were
deleted from both analyses. A sample with a moisture Content this Tow
should héve exhibited a much larger value of suction than it did.

The D-4 and D-6F suction data were very scattered and inconsistent.

As a resd]t of this, the suction equations for these materials were

- derived in a different manner. For initial sdction, the déta points

for all four materials wefe plotted as a function of moisture as in

Fig. 9 (p. 22). Twopoints from the D-4 data and two points from the
D-6F data were‘chosen which exhibited S]opes similar to the slopes of
the D-5 and D-6AM data. Points from tHe final suction data were chosen
in a similar way. The data points chosen for material D-4 were from ,
samples No. 14 dnd No. 33. For D-6F the points were from samples No. 15
and No. 18. These points were then used in the regression analyses to
develop the suction equations. Since only two points were used in each
regression analysis, the RZ values are meaningless and 50 were deleted

from Tables 3 and 4.
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TABLE 3. - Regression Coefficients for Equation (3) to Predict
. Initial Suction as a Function of Final Moisture Content.

Material Coefficients
Number 3 b R2
(1) (2) (3) (4)
D-4 1.9151 -0.0948 _——
D-5 2.7019 -0.0978 0.90
D-6AM 2.0903 -0.0798 0.80
D-6F 2.2582 -0.1314 ——-

TABLE 4. - Regression Coefficients for Equation (3) to Predict
Final Suction as a Function of Final Moisture Content

Material - Coefficients

Number a b R2
(1) (2) (3) (4)
D-4 2.0532 | -0.1310 | ---o-
D-5 2.7019 -0.0978 0.90
D-6AM 2.2778 -0.0995 0.88
D-6F 1.6808 | -0.0784 ———-
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Primary Correlations

Introduction

Once the pre1iminary relationships were estabTished; it was
possible to begin the analysis of the data to determine which parametefs
had the greatest effect upon the tensile strength and elastic modulus.

A total of eleven 1ndepehdent variables were considered in each of the
analyses. They were as follows: the number of freeze-thaw cycles,
final moisture éontent, dry density, initial suction, fina]lsuction,
final moisture conteht squared, first resilient modulus, final resilient
modulus, Tog10 of freeze-thaw cycles, 10910 of initial suction, and
10910 of dry density.

This data analysis was performed on a computer usihg the
Statistical Analysis System (SAS). The regression was done by a pro-
~cedure called STEPWISE with the Maximum R2 Improvement option. This
procedure first finds the one variable model which produces the highest
R2 value. Then it proceeds to find the two variable model with the
highest R2 value, then the three variable model and so forth. When
the program adds a new variable it uses the breVious "best" model as a
starting point. After the variable that produces the greatest ihcrease

2 is found, the program then goes back and checks to see if re-

in R
placing any of the previous variables with one that is not being used
will increase the R2 value even more. In other words, the "best" four
variable model may or may not contain the three variables which produced

the "best" three variable model.
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As was'expected, some of the variables had a significant effect_'
on the propérty being studfed while others had very 11tt1e; At the
beginning of this report it was stated that simplicity as well aé |
accuracy were of primary importance in developing the equations that
would predict the tensile strength and e]aétic modulus for thé fouf‘
base course materials. Therefore, it was decided that the ffnal'
equation would use only three variables and that the same variables
would be used for each equation. The fo]]owing paragraphs describe
in detéi] the variables which had the most significant effects upon'the g
property being predicted and the final predictive equations. SummarieéA

of all regression models considered may be found in Appendix V..

Elastic Modulus

The variables which have the greatest effect on the elastic
modulus are initial suction, dry density, freeze-thaw cycles, and final

moisture content squared. In three of the four materials, initial

suction is in the best single variable model and for the D-4 material,

it is in the best two variable model. Dry density is in three of the
best two variable models and for the D-5 material it is in the best

three variable model. Finally, freeze-thaw cycles appear in three of

the best three variable models and for the D-6F material it is found
“in the best four variable model. Therefore, it was decided that the

- elastic modulus could best be predicted by initial suction, dry density,

and freeze-thaw cycles. The form of the equation which predicts it is:

e sty + d(Freve)]
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where

E = elastic modulus, psi

~h; = initial suction, psi
Yp = dry unit weight of compacted base course-
' material, 1bs/ft3
FTCYC = No. of freeze-thaw cycles to which the material
has been exposed
a, b, c, d = regression constants

The regression cohstants and the values of R2 for Equation (4) can
be found in Table 5. Complete details of all the regressionhmodels
developed for the e]éstic modulus can be found in Appendix V, Tables

5-2 through 5-5.

Tensile Strength

The tensile strength is affected by practicé]]y thersame factors
as the elastic modulus. vThese factors are dry density, initial suction,
final suction, freeze-thaw cycles, and final moisture content. Again,
initial suction appears in the best single variable model for three
of.thevfour materials. For the D-6AM material, the best single variable
model uses final suction. Thus, suction appears to have a significent
effect on the tensile strength of the base course'materials and it is
chosen_as one of theicommon variables which are used to predict tensile
strength.‘

Dry density also proved to be -a predictor of the tensile strength.
It appears in the best two variable model for all four of the materials.

Dry density is also chosen as one of the variables that best predicts the
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TABLE 5.

to Pred1ct E]ast1c Modu]us

- Regre551on Coeff1c1ents for Equat1on (4)

Materia]

Coefficients B

Number a b c d " R

() (2) (3) (4) (5) (6)
D-4 -12.1503 | -0.0296 0.1209 | 0.0636 | 0.60 |
D-5 -0.7255 -0.0117 0.0274 —0;0722 0.84
D-6AM -1.1633 -0.0250 0.0362 -0.0311 _0.86
D-6F 0.03227 | -0.0248 -0.0270

0.0219

0.85 |




tensile strength.

Final suction appears in the best three variable models for all
of the materials excepf D-5. However, the number of freeze-thaw cycles
appears in the best three variable models for materia}s D—57and D-6AM.
Since it has such a strong effect on the elastic modu]us and Since it is
desirable to keep the variables consistent wifh the ones used for the
e]asfic modulus, the number of freeze-thaw cycles was chosen as the
third variable to predict the tensile strength. |

The equation for tenéi]e strength has the same form as the one for

elastic modulus.

o+ bhy) + clvp) + a(FTCYC)

org = 10 A I €-))
where
o = ultimate tensile strength, psi
| h; = initial suction, psi
Yp = dry unit weight of compacted base

course material, 1bs/ft3
FTCYC = No. of freeze-thaw cycles to which the
material has been exposed

a, b, ¢, d = regression constants

A listing of the regression constants and the R2 value for each of the
four base course materials can be found in Table 6. A complete list of
all of the regression models considered for tensile strength may be

found in Appendix V, Tables 5-6 through 5-9.
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TABLE 6.

- Regress1on Coefficients for Equat1on (5)

to Predict Ultimate Tens1]e Strength o

‘Material

Coefficients

Number a b . C

(1) (2) (3) (4)
D-4 -10.3253 '-0;0493 _ 0.1115_
D-5 -2.3664 | -0.0120 0.0455
. D-6AM -1.8040 | -0.0214 | 0.0394
D-6F -0.2338 | -0.0240 | 0.0249
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Resf]iéht Mbdu1us :

Since the data were availablé, an éna]yéis of the reéiiieht‘,45
modulus was a]so made. This was done by defining the last resilient
modulus. value obtained for each’sa@p]e as the final resilient modulus.
The final resilient modu]ﬁs-was then used as the dependent Variéble and
was regressed on most of the same variab]es as the tensile Stréﬁéfh and
e]éstic modu]ué | This analysis produced no usable corre]ations"JOne:’
>poss1b1e .explanation is that the testing procedure for determ1n1ng the:

. res1]1ent modulus was not su1tab1e for base course mater1a]

Summahy

In this sect1on equations for f1na] mo1sture content, 1n1t1a1
suction, and final suct1on were determ1ned Then, the parameters
which had the greatest effect on the tensile strength and elastic
modulus were discussed. Fina]]y, equations which predict’these two
properties were developed. These equations had three independent
variables; 1n1t1a] suction, dry density, and the number of freeze thaw -
cycles. S1nce these base course mater1als are soils which have not .
been altered by admixture, the equations for elastic modulus and the

tensile strength are very good as is evidenced by the high R2 values.

32




~ CONCLUSIONS AND RECOMMENDATIONS

Conclusions

A study-to determine the elastic modulus and Qltimaté tensi1e
strength for frozeh;bASe course material has been conducted. This Was
done by varying certain measurable parameters and thenAdetefmiﬁihg the
two properties which are of interest. The testing and:analyses have'1ed-
to the fo]ldwing conc1usions: | '

1) The cominant parameters affecting the elastic modulus
and the tensile strength of the soil are
a) soil suction |
b) dry density of the compacfed:materia]
c) number of freeze-thaw cycles experieﬁced and
- d) fihé1 moisture content‘squared.'

2) Of‘thésé, the first three can be used effectiVe]y to predictv

the elastic modu1us and u1£imate tensile strength of frozén

base course material.

Recommendations

The testing and analyses have led to several recommendations.
Some concern testing while others havé to do with future research
possibilities. ‘The recommendations are as follow:
1) A testing procedure which will produce more
consistént resilient modulus data for base
course material needs to be developed. Perhaps more
stringent controls over the mechanics of the existing

testing procedure is all that is needed. -
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2)

3)

For the splitting tensile strength, the édmpies were
takenfohé'at.a time from the 0°F envikonmenta]irOOm

to the Instron machine and immediately tested. While

this pkoCedure produced good results, it is believed

that even better resu1ts could be obtained by perform1ng'

this test in the 0° F env1ronmenta1 room.

Further research of this nature should be done on other
base céurse materials from west Texas. Then, fromvaTl
of the data,_détermihe if there is any relationship
betweén the regression coefficients for equations (4)
and (5) and other parameters such as Atterberg Limits,

the percent of material passing the No. 200 sieve, and

 the types and percentages of clay minerals.
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microvolts, 10

APPENDIX II - NOTATION

_regression coefficients

e]astic modulus
e]ectromotive‘forcev
soii suction

final soil suction
initial sqi] suction
current

proportionality constant represénting effective

| thermal conductivity

‘2 x crack spacing

ideal gas constant
relative humidity
temperature

Temperature, Ok

temperature differential

temperature differential resulting from the
flow of the specified nominally optimum

cooling current | |
-3 volts

final moisture content

“initial moisture content

rate of heat transfer from surroundings to dry

thermocouple
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rate of energy transfer'due»tofPe1tier effect.

~ thermocouple sensitivity

freeze coefficient of the base course material
specific molar volume of water

Peltier coefficient

~ cooling coefficient

tensile strength
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APPENDIX 11 - SOIL SUCTION MEASUREMENTS -

Thermoéoqp1e'Psychrometer Theory

A thermoe]ectric electromotive force (emf) can be*pfbduced in
a thermocouple junction by a temperature difference betweeh the”twO |

metals in the junction. The magnitude and directioh Qf’the emf are

- given by:

emf = oAT . . ... ... T R €5
where |

AT

- temperature differential between metals

Q
]

thermocouple sensitivity in volts/degree

When a current is passed through the junction in the'Same ‘
direction as the thermoelectric emf, the junction isrcoo]ed, This was"
| discovered by Peltier in 1834 and is named the Peltier effect. The

rate of the energy transfer E!E. caused by'the Peltier effect is:

dt
dwW
__B .'= -
It L (2)
where
I = current
m = the Peltier coefficient

Simultaneous heating of the thermocouple junction occurs as a
result of the Joule effect, and Equation (2) must be modified to

account for this in this manner:
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where
R = electrical resistance of the junctionAand Tead

wires in the immediate vicinity of the junction;

.Since th1s is a quadrat1c funct1on of the current it can be seen that
there is some opt1mum value of current wh1ch will produce a max1mum
degree of cooling (11)

Work by Smith, Jones, and Chasmar (12) has shown that the co-

~efficients o and = are related in the f0110w1ng manner::

where

-—
li

temperature of thermocouple before current

f]ows'through it.

Wh11e these two coefficients remain identical for the ‘same two metals,
- the maximum cooling capacity will vary from one Junct1on to another.

~ This is due to m1croscop1c differences in the geometry and alloy
makeup of each junction Which causes the resistancevtO'véry.‘ The |

- maximum realizable temperature depression is also influenced by heat

flowing into the junction from its surroundings because of the'Pe1tier

cooling. This maximum temperature depression is veryAimportant in
thermocouple psychrometry and will be considered again later on in

this discussion.
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'Itzbecomes c1ear'Frbm the-preceding~discdssion'that‘the:Pé1tjér: -
: coefficiehtris not the only factOr.which controls the méxihﬁh-tgﬁpéfétdre'
-,depreséion of a thermocouple. Theréfore, a new coefficfent ca]]éd:théb'
ﬁodling coefficient will be defined.” "The cooling coefficient ﬁvf.

for avgiveh"thermoc0up1e psychrOmeter shall bé,the'differentia]vémf'

in microvolts which results from the passage 6f a Speciffed nominally -
optimum coo]fng-Current through the junction." (14). This may be:statéd

mathematica1]y as:

where
AT, = temperature differential resd]ting from

the given current.

Dew Point Method

The re]ative humidity of the air that is in equilibrium with a

soil samp]e.can be related to the soil's suction level in the fo]Towing

manner:
h = EIE- InRH . . . . oL L e e e (6)
v
where
R = -ddeal gas constant
RHF = relative humidity
Tk = Kelvin temperature
h = soil éuction
v o= Specific molar volume of water.
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‘This relationship assumes that water vapor is an ideal gas (10). For all
pfactiéal purboses this re]étionship between suction and relative
humidity is linear from 0 to appfoximate]y -725 psi. A-thermocodp]e
psychrometer actually méasures the relative hﬁmidity of the air in
equilibrium with the soil sample. |

A conventional psychrometer works in the following hanner._ The
thermocouple is cooled below the dew point by the Peltier effect and.
water condenses on the junction. Then,the,cukfent.is stopped and the
water evaporafes back to the atmosphere. This evaporation process
depresses the temperature of the junction below thét of the:surrounding
air. The magnitude‘of the depression is dependent upon the ambient
temperature of the air and the relative humidity. The temperature .
differential between the air and the junction genefates'an emf which
is ca]ibrated-with'the relative humidity inbsea]ed f1a$ks, as described
Tater. Since it is a direct function of the relative humidity, the soil
suction can be determined.

A»dewzpoint psychrometer determines the relative humidity by
keeping the thermocouple junction at the dew point and sensing the
- difference between the temperatures of the ambient air and the junction;
This temperature differential is also directly proportional to the
relative humidity and thus the soil suction. This method is considered
to be superior to the conventional method because it provides a con-
~tinuous reading rather than an instantaneous one as in the conventional
method. -

| In the dew point method, a situation is e1ectronica]]y simulated

in which the thermocouple junction's temperature is determined exclusively
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by thevheat transfenned fo or away from it by condeneetien,or vénoniéation
- ofenater on if.' When the measuring process 15 takinQ nleee, the'junc;'
tion's temperature féf]ower than the surronndfng'atmospherer(because"it
is at dew-point); thUs‘heat moves from the atmosphere intO»fhe junct{on,
Peltier cooling is used to set up a counter flow whose mdénifude 151 -
adjusted e1ectronica11y to exactly equal the heat inflow. The result

is a net heat transfer of zero. This balanced condition is set'up on
the dry jnnction before it is cooled and condenses water. _In‘this way,
all heat transfer mechanisms except for the'condensation or,evaporation"
of water are:aCCOunted for, so the temperature of the junctfdn will on]yf
be affected by the water. | |

The general mathematical model for conductive’and radfatﬁve heét

transfer mechanisms to and from the thermocouple juncfion are quite
complex.' However, for small temperature differentials between thev’
}junction and the surroundings, the following Tinear model is suffi-

ciently accurate (12):

fj—Wi=kAT (7)'
at | B -_
where

dw, _ S :

4t = rate of heat transfer from surroundings to
dry thermocouple |

k = proportionality constant representing effective
thermal conductivity | |

AT = temperature diffenential.between surroundings

and thermocouple junction.
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The maximum temperature depression - AT Will be_aChieved'when the
 6p£imum coo]ihg current is used (recall Equation (3)),4 If this Optimum
cooliné'current is. consistently switched on and off by’ah electronic
timing pulse, the actual cooling effect can be varied.fihearly_between»
zero»énd one, and the average temperature depression AT vof'the

thermocoup]e Junction will be:

| AT = L AT (8)
where

L = cooling duty cycle ratio.

The cod]ing duty cycle ratio is given by:

Coh R o
b
~where
| ta = "on" time of cooling current
tb = period of e]ectronic timing pulses. -

It is: a dimensionless number that varies betweeh zero-and one.

It can be seen now that by precisely controlling the value of L,
the magnitude of the cooling effect, Equation (3), can be'adjustéd to
~exactly balance the heat inflow, Equation (7). Under these conditions

Equations (5), (7) and (8) can be combined to give Equation (10).

44




(273

" The relationship stated in Equation (9) can be jntefpreted.in the
following way. o AT is the output voltage from the theﬁmnguple

junction. If it is used to control L in the fo]]owihg manner:

then the energy balance stated in Equation (10) is satisfied (14).

A cross-sectional view of a psychrometer is shown in Fig. A-3-1 (3).
The shell is made of a semi-permeable ceramic which oh]y‘é1lbws wafer»
vapor to enter the.chamber. The thermocouple bead is where the water
is condensed and whefe the dew point temperature is maihtainéd and
monitored. The smaller temperature sensing thermocoup]erié where the-
ambient temperature is measured. A microvoltmeter is used'to measure
the differéhce in these two temperatures and displays this differenée
on a meter. The temperature difference, which is actually a'differential
microvoTtage, is recorded and converted to suction by an equation that
is‘unique to the psychrometer used. |

It should be noted that the initial ambient temperature is the
one used to. determine the dew point depression. If the ambient temper-
ature shifts during the test procedure, the meter outpdt will be |
affected by a proportionate amount. Thus, the importance of testing
the samples in the environmental room where a constant température
can be better maintained is seen. The foil and wax seal used in this
testing program also helped insulate the samples from ambient temper-

ature changes (14).
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FIG. A-3-1. - Cross-Section View of a Psychrometer (3)
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Psychrometer Calibration

Because of variations in the thermocoupTe gebmetry; psychfoheters
must be indiVidua]]y calibrated. This is usually done with so]utiohs‘
of potassium chloride (KC1). The suction of thersoTution varieé with
the mo]a]ity.' This'can be seen in Table 3-1. ACaTibration'can be done
with any so1u£10n in which the suction level varies_with the molality,
however, KCI seeﬁs fo be the most common. |

The péychrometérs are placed in a flask which is partialiy
filled with KC1 of a known molality (and thus a knoWn'suction). The
psychrometers may be suspended above or immersed jﬁ the soiution and
are sealed in by‘a-rubber stopper which has holes punched in it to
allow the lead wires to be connected to the microvoltmeter and control
box. The flask 1is then placed in an environmental chamber where the
temperature is carefully maintained at 25°C. The psychrometers are
allowed fo sit at least two hours so‘that all temperature gradients
can be eliminated and to achieve temperature and vaporAequi11brium.(1).
The psychrometek is then read in the normal fashion. This proceduke is
repeated for a number of solutions having different suction levels.

For each so]utibn the microvoltmeter is read and recorded. Then, a
regression analysis is performed on the microvoltmeter readings and thé :

suction levels which gives a relationship of this form:

e (12) -

h = a+b (uv)
where
h = suction, psi
uv = microvoltmeter reading
a, b = regression constants.
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TABLE 3-1. - Suction of KC1 and NaCl Solutions at 25°C (1)

o Suction,. pSi |
|- Molatlity —
k KC1 NaCl
(1y (2) (3)
0.1 - 66.57 | -'67.01
0.3 ~195.51 -198.70
0.5 -323.15 |  -330.98
0.7 . -451.51 -466.01
1.0 -645.28 | -672.54
1.2 ‘ -775.24 | -812.65
1.4 -906.35 -956.53
1.6 -1040.52 | -1105.77
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Table 3-2 1ist§ the psychrometers uséd in this study,’their ca1ibr§tion
eqUatiQns, and their szva1ues from the regressidn. , | e 3
As previously mentioned, psychrometers are quite sensitive to
temperature changes. Thé calibration is also affected by temperatUre
changes. If readings of suction Are made at temperaturés Other than the
one at which the psychrometer 1sbca11brated, the ca]ibrationvié chéngéd.'

This can be compensated for by changing the Ty

value which/i$7e1ec-
tronically set into the control equipment before each reading is made.

The Ly value is altered in the following manner:

Tt (T°C - 25°C)(0.7) . . . . . .. (1)
where
“VT = cooling coefficient at any temperature other
than 25°C
m, = cooling coefficient at 25°C
T = temperature at which psychrometer_wi]1 be read.

Values of m, can be found in Table 3-2.




- TABLE 3-2. - Psychrometer Ca11brat1on Equations -
~and Cooling Coeff1c1ents o ,

Psychrometer_' a b RZ My

@ e @ | e
K 7.60 | 21.19 | 0.92 | 62 |
v 5.31 | 17.48 | 0.86 | 71
Y 3.32 | 17.60 | 0.89 | 74
6 11.38 | 22.73 89 | 57
M 13.96 | 18.11 .85 | 64 -
X 4.01 | 21.46 | 0.8 | 73
H 13.60 | 14.21 .82 | 57
J

17 29.67 .99 | 56

m
1
Y

.99 55
50 -10.16 21.19 .99 | 60

.99 | 65 -

0
0
0
0
11,53 21.97 | 0.99 62
0
0
0
0
0

.99 | 53

{l]

h a+b (uV)
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Porcont Pessing by Weight
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MECHANICAL ANALYSIS CHART
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PROGRESS CHART

FINAL

MATERIAL | SUB- F T F T F T F T F SPLIT.
NUMBER |GROUP : : 2 2 3 3 o 4 ° | TENS. | w %
Fl 9/27/77 1/19/78 | 5/30/78
F3 \|iorssrr |ioresrr |iorzzsrr | nzzszr | urssee 1/19/78 - | 5/30/78
D=4 FS  liosesrrr | w2 |10s24777) waser fnnorer Nunsrre Lwrerrer izsrree qé/io/n 5/15/78 | 5/24/78
PSY e/1/77 | s/24s78 | 5730778 | 8731778 Ve/i/78 | 6727718 |6/4s18 |1/6s78 | 7/01778 V770778 | 2112778
Fl 4/18/77 » aN\6 /71 | 4/18/77.
D—5 F3 anss/rr | ——— | ssz2es17 | 6677 |6/14/77 sne/17 | 1oy
F5 4/16/71 4/23/77_ 6/9/77 ame— 7/'4/77 7/2Q/77 et/ T | 9/19/77 wM/T7
PSY v 8/5/77 — 8/ ?7 8/19/77 8/23/77 s8/26 /1T 1 /5/77 we/rv 5/24/78
Fl 8/10/77 5N3/78 | 5/23 /78
D-6AM F3 8/25/77| 8/29/17 | 9n5/77 | 101/77 J10/31/77 5/13/78 |5/24/78
F5 8/27/77 10/19/77 n/4/77 n/8/77 1/19/78 11/30/78 .12/8‘/73 | 5/15/78 | 5/24/78
PSY 3/7/78 | 3/18/78 | 3n9/78| 3/20/78| 3/22/78] 4/22/78) 5/15/78 | 5/15/78 | 5/24/78
Fl 8/23/77 5/12/78 |5/23/78
F3 -8/23/17| 8/26/7710212/77| 10/20/77) 1Os27/77 5/15/78 |5/23/78
D-GF F5 7/18/77 8/26/77 |10/26/77F WA/ZTT | W/ 3/TT { nwno/rr | nne/srr fa/es/rrli2/ 7/;17 S/t2/78 |5/22/78
PSY {s/30/77 “asi7s78 | 3 s18078] 3p19/78 | 3/20 /78] 372278 — les2/18 | sns/78| 1707178 7/7/78

FIG. A-4-5. - Testing Program Progress Chart-
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,TABLE'4¥1!_~ Soil Suction Data From Psychrometer Samples

Final

Material Sample Final Initial
Number Number gg;i:ﬂif% Sugzjon’ Sugggon

(1) (2) (3) (4) (5)
D-4 33 6.48 20 16
14 9.22 11 7

44 11.63 22 29

71 14.06 10 6

53 12.63 19 25

D-5 29 8.43 63 63
27 10.58 43 43

20 13.25 25 25

24 15.76 23 23

62 18.12 7 7

D - 6AM 35 3.01 25 24
2 7.46 25 27

20 9.90 18 19

32 11.54 21 19

29 14.75 8 6

D - 6F 11 4,95 12 8
15 6.82 23 14

18 19.92 9 8

' 12.50 84 84

14.52 38 14
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- SAMPNO

FTCYC

MR1
MR2
MR3
MR4
MRS
MRT
EMOD

STRESS -

WI
WF

DRYDEN

SUCI

SUCF

sample number;

TABLE 4-2. - Computer Variables Used in TABLES 4-3 through 4-6.

total number of freeze-thaw cyc]es_sampTe_experienced;

resf]ient modulus x 10~

resilient modulus
resi]iéht modulus
resilient modulus
resilient modulus

resilient modulus

X

X

X

X

X

10

10
10
10
10

3
-3
-3
-3
-3
-3

Elastic modulus x 10° of

at first freeze périod,'psi;
at second freeze peridd, psi;
at third freeze;péfiod, ps1;
at fourth freeze period, psi; -
at fifth freeze period, psf;
at last thaw period, psi;

frozen material as measured

in splitting tensile test, psi;

ultimate stress of frozen material as measured in

splitting tensile test, psi;

initial moisture content, %;

final moisture content, %;

dry density, 1bs/ft>;

initia1 suction predicted from equations ih‘TABLE.3,

psij; and

final suction predicted from equations in TABLE 4, psi.
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SAMPNU FTYCYC

10

13
19
16
13
19
21
22
24
<%
26
27
23
31
32
33
Se
4o
37

1l
43
“4
45
47
40
“d

39 .

£
22
23

55
5o

oo s WN

N G U = QO bbb ormreb et =000 LL=e-l [N S A T

MR1

117.0
87.1
965

64040

229.0

17740

140.0

707.0
309.0

102.0
996
10440

745.0
23.1
49.8
36.5

131.0
2.7
4723

116.0
110.0
132.0
154 4C
307.0
625

167.0
233.0
132.0
149.9
7640
599
619

108.0

7840

144.0

TABLE.4-3. - Test Data From D-4 Base Course Material.

MR2

171.0
2970
100.0

2770
8647

25640
21840
562.0
39.7
72.1

133.0

42.2
35.8
312.0
14840

81.5
&7l

125.0
120.0
1170

556
1300

73.1
23240

118.,0
1178.0

531.¢C

101.0

MHRT

224.00
-
5230
207.00
160400
207.00

59.50
244,00
440,00
.
9.78
13.60
128400
.
26.00
174400

EXOD

224600
1204000
L06.000

254400

133.000

11.100
1464000
394600
119,000
664300
31.400
24950
24350
$e450
24510
0. 885
.
7270
1280
1.C90
13.100
19.200
54410
116,000
141,000
1364000
106000
1644060
79.700
13240C0
$4+500
754600
105.000
177..0C0
58.800
754700
75900
55900
62.600

STRESS

18.00
149.00
1$9.00

15440
212400

22400
284.00

.

79.60
139.00
168.00

28.90

1.05
3.59
4495
S5.20
Ce64

.

8.80
213
2430
21e60

29.40

F.06

357.00

252.00

300460

298400
311.00
Z67.00
28700
38450
797
363.00
355.00C
286.00
138.00
267,00
247.00

ot

12100

Wl

9.40
10.23
11.42
10.87

Gesl

975
10.02

9.78

Q.67

.42

9423

7T

679

6.39

8.23

7.86

5.32

Se17

4.78

4.91

5426

$5.28

5«04

6.20

6.+09

5«70
11.51
11.32
11.07
12.06
12.07
12.18
12.00
11445
12.24

14422

13.16
13.83
14.48
14400
14.84
15415
13.39

wF

3.87
7.27
11.25
4,00
7429
5400
9.32

6.74
7«23
S22
7.05
4.33
3461

4424
Se 39
3«40
3«16

4,74
3.82
Se71
-rxe-

4,22

10433

7.83
Set8
2.84

11.63

11.64

11419
9.82
£.15

3.90

13.09

12.22

12.63
8.12

13.92

11443
7.39

DRYDEN

121 .43
117.01
12051
118.32
123.23
116.02
116453
119.70
11570
117.98
115.86
114.54
108.51

11450

115.50
114 .27

113.57 .

112.69
11426
11516
115.21

1i2.3

113.506

115.44
115.66
116.48
120.12
120.21
12148
1:16.82

118453

1i9.30
117447
116.03
118+30
117.03
118432
117 .04
115.5%¢8
311677
115.20
112.97
117.06

SucCt

35.3467
16,8334

7.0637
34.3582
167631
27,6231
10.7626

A

18.8970
16.9899
11.0000
17.6611
31.5713
37.4093

32.6053

23.3693

28.8235
41,2593
2G.2354&
35.7344
23,6539
2048078
32.7479

7.7316
14.8973
10.3332
44,2537

63017

De% BTS¢

7.1558
196502
2646754
35.1161
447280
S.7163
5.2272
13.9838
3.$535
6.7917
16.3983

SUCF

35.1648
12.6068
3.7941
33.8123
12.5310
25.0060
6.7920
14.7929
12,7599
7.0000
13.4720
32,6080
38,0343
31,4505
22.2302
40,0360
43,5652
27,0466
35,6593
2041843
16.0000
31.6408
84,3087
10.6471
6.3719
47,9809
3.3831
3.3729.
3..8634
5.8409
23.8276
34,8573
2.1778
2.8314
2.5020
$.7551
1.7005
3.5935
12,1588
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SAMPNG

FYCYC

W s e U e U U (e e

MRl

98.6
12740
7649
62.7
62.3
S6.3
139.0
114.0

.

N -
79.1
97.0
552

.
343.0
53.3

MR 2

183.0
150.0

173.0
104.0

6Ce7 .

622.0

1111.0

MRS

EMOU

102.0
9141
247.0
1060
10840
43.3
10040
$3.1

74.7
111.0
104.0

6046

2240
167.0

TABLE 4-3. - (Continued)

STRESS

384.00
305.00
248400
145.00
351.C0
35.70
344.00
230,00
278.0
250.00
366.00

299.00

7.57
24%.00

wl

12,57
14446
14.41
15,07
14.50
14.18
14479
15.19
14.78
14.06
12,49
12,63
13.79
12,93
12.67
12.98

wF

11.97
14.064
9+55

Te$3

13.90
656
12.24
9.25

14.11

Se3C
12.26
12.08

2434
Q48

DRYDZIN

119.62
116.€8
115.82
112.67
114.67
116.58
116.30
115.56

115.26

1156466
120.20
120.24
117.32
118.71
119.28
116460

sSuCt

‘6. 0368
38429
10.2388

14 .5757

3.9621
19.6539
S«46915
10.9282
3.7846
10.8097
S.6667
5.8937
4943547
103934

SUCF -~

3.0533
1.6351
6.3366

10.3306
1.7056

15,6184
2.8144
6.9369

.
1.6009
6.8331
2.797s

295536

S5.7925
64719

kA
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SAMPNG

CoNT BN -

FICYC

[ U A SR R T S TN S N W TR RO S PO | R PO P T L O L L P P T o el O

. MR1

49.3
50.4
48.9

133.0
5402
54.3
86.5
86+5

4041

3160
121.0
40e6
232.0
67.0
84 .4
72.5

598.0
112.0
63,1

851

20.8

699

657

89.9
120.0
67.0
5.4
95.9
85.9
6647

.. 143.,0

63.2
22640
77.0
3C.0
541
79e2
1252.0
63.6

'TABLE 4-4. - Test Data From D-5 Base Course Material

26640
8940

S0.1
87.6

633
16540
284a.0
1i7.0

¥248
133.0
€3.3
136.0

Il.2
5240

183.0

ENGD
6485

3240
36.990
15.50
53.70
406.00
76.50
42410
7300

159,00
33430
26450
42400

121.00
98430

126406

570400
S%.76

3390
36470
135400
12470
25410
&£:01
31420
30440
46.00
1520
34.80
4.57
le43

Tel7
26«40
38440
10.10

Z408
81430

25.30

STRESS

487
45.7
72.9
10140
1560
122.0
249.+0
303.0
2640
285.0
401 «0
282.0
179.0
319.0
36840
2%96.0
317.0
309.0
38E.0

o
25640
221.0
260.0
66.8
76.0
28.1
S58.2
179 .0
226.0
15440
180 .0
lLae3

t1.9 -

41.6
70.2

63.3 -

1344
12.1
209.0
15440

wI

9.02
8.66
9.28

11.10

10.77

10455

16463

13.32

12465

13.87

L 12.71

15.06
11.08
11.24
13.76
13.88
14.29
16.73
16479
15.72
16,04
15.55
11.38
11.38

8.9

S04

2.6a

£.79
11.56
11.06
11.04
11.63

7426

7415

2.89

9.00.

8492
Be40
7.29
7.06
6.83
11.14

11.36 .

wF

8.84

8427
10.90
11.59
10.17
10.5%
13.42
12.86
12.32

13460 -

11.58
12.98
10.57
10.34
13.22
14.78
i3.25
16.03
15.97
12.73
1i3.76
14641
1057
10.58
Bel0
Be43
T+62
.58
Ge23
1C.49
10.07
G.84
746
714
8457
7429
7.89
8499

7.18"

544
6431

1146 .

983

ORYDEN

108.35
109.46
109.10

109.24

109.52
105:51
109416
110.51
110.58
114.53
118425
114442
115.61
11575
114,15
115.97
114,10
107.54
106.94
111.17
112.01
111.44
113.52
112.83
108012
109.28
103.17
108453
111.37
113.46
113.48
112.09
105415
105.09
109.23
10633
109.62
109.73
106.96
107.40
107.22
112.90

11169

SUCl

684688
784100
43,183
36.565
50+902
464831
24,875
274767
314359
23.503
37.049
27,026
464516
484590
25.603
18.016
23,431
13.594
13.779
28.592
14,445
19.582
46.516
464411
81.150
75.335
©2.418

S2.139

62.910
a7.362
52,062
54,831
92.737
109,745
72.996
95.058
85.082
66,405
99,841
187.76%
121,461
38.05¢
56,955

SUCF

68.688
784100
43.183
364965
50.902
46.831
24.47S
27.767
31.359
23.503
37.049
z27.02%
66.516
48.990
25.603
18.016
25.431
13.594
13.779
25.592
14.446
19.582
464516
46.811
81.150
754335
90.818
53,139
62.910
47.362
52.062
54,831
93.737
100.745
72.996

98,058

85.082
664405
99. 341
147.764

121.461
38.06%
54,955
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SAMPNI  FTCYC

48
49
50
51
22
53
EXS
55
S50
57
58
69
61
-1
63
64

N=59

Lo "IN N PO I PR T o BT ]

MR1

567
921
19.4%
500.0
&65.7
7le6
37.2
308.0
S50.1
63«5
31.8

4943
6548
115.0

MR2

37.6

92.7

63.3
32.6
$3.8

47.3
S84
4S5.7
164.0

MR3

111.0

12640

88.9
132.0
648

6041
86e6

42.3
-
19040

TABLE 4-4. - (Continued)

MR 4

100.0
.

148.0
.

44.3

6749
.

92.9

MRT

S8.8
35.5
16.8
15.3
47.3

214
35.9

26.6

21.8
20.3

ENDD

18.C0
61.90
44400
102.00
177
2.67
39.40
82.90
4C.70

125.00

43.00
9620
176.60
6260

STRESS

61.90
145,00
157.00
202.00
Ge93
7.75
306.00
24400
295.00
-
276400
293.00
96470
309.00
335.00

wI

10.09
10.44%
10.37
10.63

7.13

Te24
14419
13.51
1773
17.75
17.68
18.15
17.37
13.74
17.85
18.11

WF

741
10.36
10.31
10.87

S+84

Se74
11.92
13.69
16.37
13.98
17.19
14.98
17.90
18.12
17.27
18.14

DRYDEN

110.56
119.50

©112.14

112.61
105.78
105.99
111.51
112.08
106.93
107.01
106.79
106.27
106,70
105.56
105.70
106.12

SUCT

94,799
48.769
49,322
43,473

135,029

1384106
34.316
23.031
12.591
21.574
10.467

17.222

Be52%
8.489%

10,280,

84450

SUCF

94.+799
48769
89.322
43,475
135.029
138.106
34.316
23.031
12.591
21.574
10.467
17.222
843920

8.489 -

10.280
84450
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SANPNU FTCYC

CR NG U O LN

W W W WU WU WU Um0l Es W Wbl w0l

MR1

173.0
.
901
$52.6
6449
33.5
7201
93.0
69.6
24.6
4443
Sle8
$9.0
106.0
296.0
73.0
175.0
91.2
29.1
145.0
297.0
146.0
476
24 .4
S8.2
179.0
131.0
24,1
111.0
74 .8
63.0
175.0
G2+
114.6
66,2
114.0
8.7
123.0
107.0

TABLE 4-5. - Test Data From D-6AM.

MR2
6940
S1.2
120.0
151.0
2543
108.0
57.3
76.9
88.4
2846
5444
2290

76.3
405.0

42.2

1339

7043
93 .6
49.5
647.0
.
237.0

114.0

1332.0
170.0
.
45.4
90.8
59.7
117.0
.
61.3
85.0
.
.
273.0

142.0
6443

79.8

MRa

MRT

6270
$.67

176.00
132.00
99.00

81.00

"EMODD

64.00

50.40
156+60
148400
700400
<3600
311.00
710.G0
758009
£75.C0
650420
81900
753.00
418.00
bOZ.00
745.00
323.00

25406

2546400
417.00
S4.10
. 62450
58,70
53.99
Ee97
56.60
E4e1 0
377400
b42400
07.50
470e00
200400
142400
2475

‘ e
1221400
71.70
534400
126400
§0.30
2.73
61100
67.00

Base Course |

STRESS

7130
126.00
190400
144,00
40700

26700

368.00
334.00
402.00
359.00
366400
388400
455400
339.00
406400
455.00
368400
22440
309.00
367 GO
84.20
45410
65.40
99 .20
5.12
59 .40
30«50
3644.00
342.00
7340

' 349.00

222400
226400

4022
495.00
116 .60
433.00

" 113.00

4930

2.58
382.00
60 .00

wl

7.90
7.80
786
7.81
9.82
10.39
1064
10.68
14.50
l14.54
13.73
14.37

12440

12.62
11.98
12.07
12.45
4.18
9.53
9«55
6.06
S.83
6.13
S.39
415
4.07
390
15.19
14.95
8469
.21
12469
12.72
4434

408 .

10.59
10.59
11.76

11.24 -

4« 84
.94
12.63
12.30

3:96

Material
wF  DRYDEN
6.64  118.01
7.46 116438 -
8.18 115.€9
6.33 116447
10.01 119.66
7.91 119.84
8.96 119417
692 121.12
14.23 116.88
11.91 117.32
1156 117.43
13.71 115.96
12.06 121.32
10.20 120411
11.26 121.58
11.64 120.99
10.40 121.86
3.89 114.39
8.44 121.68
9.90 122.36
5.91 116442
3.78 119.06
4479 117.39
S.83 118.83
2,86 116.97
2.81 117.06
4.22 117.35
11.96 115.51
14.75 116,42
4461 121.41
8.24 . 121.84
11.54. 119.52
8033  119.71
1431 113.68
3.01  114.33
1039 '122.20
5«38 121.92
10.42 ' 122.91
Se46 121,70
4430 116.40
119 115,77
12.21  1319.99
120.25

sSuct

36.3527
31.2686
27.3942
38,4832
19.5723
28,7874
23.7368
19.8986

9.0141
13.8051
13.6789

9.9173
13.4298
18.9509
15.5362
14.5072
18.2189
60.2505
26.1164
19.5719
41.5704
61.4806
51.0681
42,1859
72.3024
73,6742
56.7061
13.6769

8.1928
52.7351
27,0939
14,7762
2645456

GEL 78T

7048238

18,2524 °

46e15%9
18+1521
4541533
50.9743

98.9455

13,0648
£9.4806

SUCF

41.395
34.304
29.037
44,4472
19.124
30.943
24.326
19.522
7.271
12.373
12.232
8.191
11.955
18.309
14,361
13.163
17.48S
77727
27403
19.6i2
48.933
79.722
634250
49,838
$8.432
S35 4556
72,076
12.232
6+454
65.914
28.689
13.468
28.104 .
1404407
95,106
17.529
55.760Q
17.406
53,248
63+105
144,322
1145517
76.500
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SAMPNJ  FICYC

44
45
“6
a7
48
49

Nz&Q

L7 L YR ¢

MR1

2644
88.6
141.0
38.6
63,1
S1.3

MR2

85.6

79.7
112.0
79.3
T244

MR3

60.5

474
14S.C
27.0
19.3

MR

71.8

147.0

15.0
150

MRS

668

147

MRT

7.70

6015
82.7C

447

EMGD

14440
74840
6448
9b.9

TABLE 4-5. - (Continued)

STRESS

290.0

44240

1770

66.8
-

wl

12.20

o

12.55

"13.56

1368
2.99
291

wE

8.89
12.20
925
4465
2,04
159

DRYDEN

119.28
120.28
119.11
115.21:
115.17
118.37

sucl

28,0440
13.0838
22.5052
£2.2986
84.6397
91+9348

SUCF

24,719
11.578
22,7562
65,312
118.779
131681
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SAMPNG FTLYC MR]

CENC®eSWN -

30

112.0
93.2
58.+5
48 .7

64.8
160.0
4S.4
39.0

-
379.0
€6.9
$56.+9

292.0
411.0

8940
51.0
122.0
S1.4
83.3
156.0
72.8
68.2
41.8
248.0
6648
365.0
8548
577
109.G
13640
115.0
10442
133.0
8945
82.8
7341
8243
129.0
5046

e b U G = U W e U U Wl e UV e U e e WG U e

TABLE 4-6. - Test Data

MR2

MRS

. e 8

36.8

MRS

-
474
977

27240

.

288.0

From

© MRT -

4.46
21430
2095
.
33440
23.30
33.90
56.50
11i.00
57430
.

46400
78470
116.00
50.10
Se91
3180
125,00
2496
19430
73.50

22410
25.60
5980

7 145.00

38.40

EMOD

122400
345.00
23400
20200
337.00
£45.00
16C.00
202.00
14£.00

22«10

22400

94450
436400

3340

271.00

331.00°

2<7.00
Y4030
140.00
20400
164,00
445400
382.00
30i.00
8l.30
2C5«00
129.00
SGZ2e00
3373
be54
75. 80
36400
217.00
166430

685.00 °

146.00
45i-00
41V.00
24000
30.90

STRESS

383.0
321.0

336.0

34140
39940
35640 .
4380
266 .0

2420

2743
21.5
-
126.0
331.0
112.0

46440

4470
431.0
383.0

L2310

25440
214,0
46440
393.0
306.0
266.0
45040
506 .0
327.0
5548
22.8
7044
5Ge7
245,.0
24640
39440
36140
389.0
464.0
32.1
29.4

wl

15.16
16.51
13.85
13.99
13.75
16.55
17.28
17.61
18411
5407
527
8.15
8.01
17.08
7+97
7.96
.38
9.66
12.01
10.84
8.68
B.68
9.55
10.93
10.91
14.30

1433 .

9.95
1071
14.84
14.02
€480
6.53
6.58
677
9.58
9.77

10462

1177
11.42
1163
472
4,67

D-6F Base Course Material

wF

15461
14.00
13,71
12.35
12.50
14.52
16.63
15.48
10.94
3.81
4.G65
6.53
6496
16417
6.82
787
10,75
9.92
11.81
§.03
8.22
Be22
817
12.87
10.53
13.29
11.98
4455
10.60
2.39

12.37

5.88
3,50
6.54
S.69
8470
8e384

1137
S.98

11470

10.30
4e79
4.53

DRYDEN

112.38
109.95
117.74
116.52
116.78
110.00
1ce.85
109429
107.90
11%4.89
11624
119.46
115.01
113.18
118,75
119.67
121.55
121.44
122.04%
123.03
118.27
113.27
119.55
123.32
122.26
11570
116.76
120.32
12417
117.6%
11776

112.92 -

115.80

113.26

113.16
116.C8
116.60
11$.69
120.53
120.31
11934

112011
113.43

SUCE

1.6081
2.6178
241116
4,3135
441220
2,2366
1.1810
1.6726
6+6095

57.1983.

40.5073
2541100
22.0658
1.3574
23,0609
16.7332
7+0207
9.0000
5.0793
15.9469
15.0557
15.C0557
15.2853
€.7510
7.4827
362454
4 e5285
4547206

743259

10.5€662
4+«2873%

30,5695

4644178
25,2242

32.37$3

13.0199
12,4767
5.8029
8.8389
5.2513
B8.0222
42.5172

45,9982

SUCF

2.8642
3.8302
3.3694
S.1592
5.0213
3.4870
2.3835
2.9322
6.6546

24 01052

15.6216
14.7524
13.6506
2.5888
14.0000
11.5827
6.8568
8.0000
5.5874
11.2529
10.8735

'10.3735

10.9721
6.7392
7.1638
4e3540
5.5185

21.2929
7.07738
38,8032
5.1406

1645891

21.2821

14,7258

17,1630
9.9710
9.7221

641576
7.9138
548015
744696

2041956

21.1672




TABLE 4-6. -~ (Continued)
SAMPNG FTCYC MR1 MR2 HMR3 MR4 MRS . MRT MDD STRESS wl WE. ORYDEN . sucCt SUCF
4. 3 69.3 73.1 41.C - - 2046 1.00 3.23 3.62° 334 112.35 65942 26.2396
45 S 33.8 43.8 59.4 S3.1 - 20.3 - . 3.97 1.94 ;12093 1005737 33.7845
45 1 213.0 6449 Gla? 89.2 T6e6 6205 1 Y -1-) 262 4431 1.64 11635 110312 3S.6646
47 S 44,1 91e2 108.C 148.0 . 5642 . - 4,67 0 2419 115464 93396 3232936
L T- S 716G 365 .130.0 388.0 - 665 . . 15.90 13.82 114499 2«7€4 39567
49 5 8261 1130 5408 308.0 - 37.6 - - 1637 G 04 113.58 11e747 Qe3774
N=6S
(2]
(@)}
y B v b v s &




APPENDIX V

~ REGRESSTON ANALYSIS SUMMARY




TABLE 5-1, - Computer Variables Used in Appendix V.

SAMPNO
FTCYC
MR1
MR2
MR3
MR4
MRS
MRT
EMOD

STRESS

WI

WF

DRYDEN
sucl
SUCF

LFTCYC

Lsuct

LDRYDEN
MRF
WF2

i

resilient modulus x 107

sample number;

total number of freeze-thaw cycles sample experienced;

3 at first freeze period, psi;

resilient modulus x 107> at second freeze period; psi;
resilient modulus x 10’3 at third freeze period, psi;
resilient modulus x 10'3 at fourth freeze period, psi;

resilient modulus x 10"3

resilient modulus x 1073

Elastic modulus x 103 of frozen materia1 as measured

at fifth freeze period, psi;

at last thaw period, psi;

in splitting tehsi]e test, psi;

ultimate stress of frozen material measured in
splitting tensile test, psi;. |
initial moisture content, %§

final moisture content, %;

dry density, 1bs/ft3;

initial suction predicted from equations in TABLE 3, psi;
final suétion prédicted from equétions in TABLE 4, psi;'
log (FTCYC); |

Tog (SUCI);

Tog (DRYDEN);

final resilient modulus; and

final moisture content squared-

68
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TABLE 5-2. - Summary of Regression Models Considered for Predicting

Elastic Modulus for the D-4 Material

Qs

Dependent Indepehdent- e | Total
Model ‘Variable Variables | Regression Intercept RZ Degrees of
Number Transformation in Model Coefficients 4 ~ Freedom-
(1) (2) _(3) GO (5) _(6) ()
1 og DRYDEN 0.1412 -14.8775 .35 43
2 log DRYDEN 0.1191 -11.8123 .58 43
SuC -0.0256 |
3 log DRYDEN 0.1197 -13.7325 .61 43
FTCYC 0.1150
WF 0.1273
4 Tog DRYDEN 0.1090 -12.4729 .62 43
FTCYC .0.0983
WF 0.1245
MRF 0.0003
5 Tog DRYDEN 0.1081 -12.4158 62 43
- FTCYC - 0.0936 :
WF 0.1259
MRF 0.0003
MR1 0.0003
6 log 'DRYDEN 0.0926 81.5685 74 43
' FTCYC 0.0790 l _
NF -9.7253
WF2 0.2865
SUCF 1.8011
SUCI

-3.4453




0L

TABLE 5-2. - (Continued)

Dependent

Independent L Total
Mode] Variable Variables Regression ‘ interce £ RZ Degrees of
Number | Transformation in Model Coefficients P :  Freedom

(1) (2) (3) (4) (5) _ (6) (7).
7 log DRYDEN 0.0904 81.5480 .75 43

FTCYC 0.0719 :

WF -9.6915

WF2 0.2853

SUCF 1.8019

SUCI -3.4427

MR1 0.0004
8 log DRYDEN 0.0891 80.5822 .75 43

FTCYC 0.0703

WF -9.5710

WF2 0.2818

SUCF 1.7821

SUCI -3.4029

MR1 0.0003

MRF 0.00005
9 Tog LDRYDEN 37.1113 -75.0666 .33 50
10 Tog LDRYDEN 31.7219 -62.8331 .57 50

LSUCI -0.9630 : ‘
11 Tog LDRYDEN 32.2945 -64.0172 .60 © 50

LSUCI. -1.1359 ‘

LFTCYC

0.4387
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TABLE 5-3. - Summary of Regression Modeis Considered for Predicting
Elastic Modulus for the D-5 Material

Dependent Independent . Total
Mode] Variable Variables Regres$1on Intercent |- RZ Degrees of
Number Transformation in Model Coefficients P ‘ Freedom-
(1) | (2) ' 3) - 4) (5) _(6) '(7)
1 Tog sucI -0.0138 2.1995 78 | a6
2 Tog SUCI -0.0128 2.3211 .82 46
FTCYC -0.0615 |
3 Tog SUCI -0.0117 -0.7255 .84 46
' FTCYC -0.0722 |
DRYDEN 0.0274
4 . log , SUCI -0.0094 | -1.8148 84 46
FTCYC -0.0759
DRYDEN 0.0353
WF2 0.0009
5 Tog SUCI -0.0097 -1.6186 .84 46
FTCYC -0.0720
DRYDEN 0.0334
WF2 - 0.0009
| MR1 - 0.00008 |
6 Tog suCI -0.0120 1.2843 | .84 | as
. : FTCYC - -0.0716 | '
DRYDEN 0.0338
WF2 0.0023
MR1 -0.00009
WF -0.0447
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TABLE 5-3. - (Continued)

Dependent Independent . Total
Model Variable Variables Regression Intercent R2 Degrees of
Number Transformation in Model Coefficients P Freedom
(1) (2) (3) (4) (5) (6) (7)
7 Tog Sucl -0.0120 -1.2848 .84 46
FTCYC -0.0716
DRYDEN 0.0338
WF2 0.0023
MR1 0.00009
WF -0.0446
MRF 0.0000007
8 log LSUCI -1.2981 3.5939 .62 51
9 log LSuCI ~1.2753 -25.8714 .73 51
- LDRYDEN 14.4163
10 log LSUCI -1.1952 -27 .4525 .78 51
. L DRYDEN 15.2023 .
LFTCYC -0.3818
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TABLE 5- 4 - Summary of Regression Models Considered for Pred1ct1ng

Elastic Modulus for the D-6AM Material -

6o

Total -

, Dependeht Independent : . ,
Modef Variable Variables Regress1qn Intercebt VRZ Degrees of
Number Transformation in Model Coefficients p  Freedom -
(1) (2) (3) (4) (5) (6) (7)
1 Tog sucl -0.0271 3,1459 .86 41
2 log suct -0.0255 -0.9450 .87 41
DRYDEN 0.0339
3 Tog SUCT -0.0250 -1.1523 .88 a1
DRYDEN 0.0362.
FTCYC -0.0311
4 Tog DRYDEN 0.0434 -2.5 .88 41
- FTCYC -0.0262 |
WF2 0.0027
SUCF -0.0129
5 Tog DRYDEN 0.0468 -5.8823 .88 41
FTCYC -0.0232
SUCF -0.0722
sucl 0.1129
WF 0.2080 o )
6  Tog  DRYDEN 0.0435 -24.5003 .88 41
o FTCYC -0.0250 -
SUCF - -0.2889
- suct 0.5984
CWF - 2.1261
WF2 -0.0552
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TABLE 5-4. ~ (Continued)

Dependent

LFTCYC

Independent ecd Total
Model . Variable Variables Regression Intercent |  RZ Degrees of
" Number Transformation in Model Coefficients cep : Freedom
1) (2) (3) (4) (5) (6) (7) _
7 Tog DRYDEN 0.0429 -24.,1625 .89 41
FTCYC -0.0264 S
SUCF -0.2839
SUCI 0.5886
WF 2.1035
WF2 -0.0547
MRF 0.00005
8 log DRYDEN 0.0430 -24.4334 .89 41
FTCYC -0.0266
SUCF -0.2869
SUCI 0.5953
WF 2.1303
WF2 -0,0555
MRF 0.00005
MR1 -0.00003 .
9 Tog LSUCI ~2,0592 5.1693 .78 45
10 log LSUCI - -1.8840 -33.6892 - .84 . 45
LDRYDEN 18.6077 ' .
11 Tog LSUCI -1.8447 -34.1781 .85 45
LDRYDEN 18,8562 o .
-0.2285
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TABLE 5-5, - Summary. of Regression Models Considered for Predicting

Elastic .Modulus for the D-6F Material

ae

Dependent Independent : R : TotaT
Model Variable Variables Regression Intercent R2 Degrees of
Number Transformation in Model Coefficients P Freedom
(1) (2) _(3) (4) (5) (6) (7)
1 log SUCI -0.0258 2.5527 84 35.
2 og DRYDEN 0.0299 -0.6133 .87 35
SUCF -0.0748
3 Tog DRYDEN 0.0210 0.7704 .88 35
SUCF -0.0897
WF2 -0.0018
4 Tog SUCF -0,3278 .7.0842 .88 35
SucI 0.0484 :
WF -0.2397
FTCYC -0.0422
5 Tog SUCF -0.3640 7.6742 .89 35
SUCI 0.0566
WF -0.2683 .
FTCYC - -0.0518
MR1 -0.0006
6 log SUCF -0.8334 19,2586 .89 35.
SUCI 0.1207 ’ ‘ .
WF -1.4306
FTCYC -0.0555
MR1 -0.0007
0.0321

MR2
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TABLE 5-5. - (Continued)

Total

Dependent Independent -
- Model Variable Variables Regression Intercent R2 Degrees of
Number Transformation in Model Coefficients - P Freedom
(1) (2) (3) (4) (5} (6) (7)
7 Tog SUCF - =0,7694 17.2334 .89 35
SUCI 0.1088 ' :
WF -1.3491
FTCYC -0.0485
MR1 ~0.0006
WF2 0.0310
DRYDEN 0.0075
8 log SUCF -0.7797 17.1411 .89 35
SUCI 0.1113 :
WF -1.3706
FTCYC -0.0538
- MR1 -0.0008
WF2 0.0317
DRYDEN 0.0099
MRF . G.0003
10 Tog LSUCI -0.9898 - 3.0433 .62 41
11 Tog LSUCI -1.0356. -26,3569 J5 4]
LDRYDEN 14.2497 - o
12 Tog - LSUCI -1.0278 -26.1072" .75 41
‘ LDRYDEN 14.1341
LFTCYC -0.01072

ar




LL

TABLE 5-6.

Tensile Strength for the D~4 Material

e

~ Summary of Regress1on Models Cons1dered for Predlctlng

Total

0.0002

Dependent Independent .

Mode1 Variable Variables Regression Intercept R2 Degrees of
Number Transformation in Model Coefficients n P Freedom
SNy, (2) (3) (4 (5) (6) (7)

— ,
1 Tog SUCI . =0.0533 2.8363 .66 43
2 log SUCI -0.0485 -10.2120 .80 43
DRYDEN 0.1108 ‘
3 Tog SUCI -0.1104 -9.3370 .81 43
DRYDEN 0.1057
SUCF 0.0542
4 log SUCI -0.5568 -0.5160 .84 43
DRYDEN 0.0906
SUCF 0.3474
WF -0.4394
5 Tog SUCI -2.2800 50,3872 .85 43
DRYDEN - 0.0896
. SUCF 1.1888
YF -6.1848
WF2 0.1795
6 log SCUl -2.2729 -50..2006 .85 43
DRYDEN 0.0887 ' -
SUCF 1.1860
WF -6.1541
WF2 0.1786
MR1
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TABLE 5-6. - (Continued)

Indebendént

Dependent . Total
Mode] Variable Variables Regression Intercept R2 Degrees of
Number Transformation in Model Coefficients P Freedom
(1) (2) (3) (4) (5) (6) (7)
7 Tog SUCI -2.1904 48.1691 .85 43
DRYDEN 0.0863
SUCF 1.1445
WF -5.9075
WF2 0.1715
MR1 0.0002
MRF 0.00009
8 log SUCI -2.1884 48.0977 .85 43
DRYDEN 00.0865
SUCF 1.1433
WF -5.9042
WF2 0.1715
MR1 - 0.0001
MRF 0.00009
FTCYC 0.0026
9 Tog LSUCI -1.9359 4.0592 .64 50
10 log LSUCI -1.7810 -57.8006 .78 50
LLDRYDEN 29.8363 ‘ : :
11 log LSUCI -1.8577 - - =b8,3262 .78 50
.DRYDEN 30.0905 ‘ . o
-LFTCYC

0.1947

b 4
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TABLE 5-7.

- Summary of Regression Mode]s Considered for Pred1ct1ng

Tensile Strength for the D-5 Material

Total

Dependent Independent .

Modef Variable Variables Regression Intercent RZ Degrees of
Number Transformation in Model. Coefficients p : Freedom
(1) (2) (3) (4) (5) (6) (7)

1 Tog SUCI -0.0130 2.7507 - .82 47
2 log SUCT -0.0114 -2.694 .91 47
‘ DRYDEN 0.0487
3 Tog SUCT ~0.0120 ~2.3868 .92 47
DRYDEN 0.0455
FTCYC 0.0265
4 Tog SucCI -0.0141 -1.3098 .92 47
DRYDEN 0.0377
FTCYC 0.0299
WF2 -0.0009
5 Tog sucl ~0.0142 -1.1670 .92 47
DRYDEN 0.0364 . '
FTCYC 0.0328
WF2 -0.0010
MR1 0.00006
6 Tog SUCI -0.0144 -1.1183 .92 47
DRYDEN 0.0361
FTCYC 0.0358
WF2 -0.0010
MR1 0.0003
MRF -0.0002
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'TABLE 5-7. - (Continued)

Dependent

Independent . Total
Model Variable | Variables Regression Intercept R2 Degrees of
Number Transformation - | in Model Coefficients cep Freedom
(1) (2) (3) (4) (5) (6) ()
7 " log SUCI -0.0135 -1.3791 .92 47
: DRYDEN 0.0358 ' o
FTCYC 0.0355
WF2 -0.0021
MR1 0.0003
MRF -0.0002
WF 0.0350
8 Tog LSUCI -1.1341 3.9149 .59 52
9 Tog LSUCI -1.,1017 -35.6493 .84 52
LDRYDEN 19,3562
10 Tog LSUCI -1.1229 -35.2645 .85 52
LDRYDEN 19.1656 :
LFTCYC - 0.0949
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TABLE 5-8.

Tensile Strength for the D-6AM Materia1

- Summary of Regression Models Considered for Pred1ct1ng

Tota]v

- Dependent Independent ‘ ot
F ModeT Variable - Variables Regression Intercent R% Degrees of
Number Transformation in Model Coefficients ntercep Freedom
(1) (2) (3) (4) (5) (6) (7)
1 1og SUCF -0.0159 2.8235 .90 41
2 log SUCF -0.0148 -1.2316 .91 41
DRYDEN 0.0337
3 Tog SUCF ~0.0150 -1.1074 .92 4
DRYDEN 0.0323
FTCYC - 0.0187
4 Tog SUCF ©-0.0150 1.3363 .92 4
DRYDEN 0.0346 :
FTCYC 0.0181
MR1 -0.0004
5 Tog SUCF -0.0146 -1.4917 .92 41
DRYDEN 0.0356
FTCYC N.0189
MR1 -0.0004
WF2 0.0003 )
6 Tog SUCF -0.0146 -1.4946 | .92 41
~ DRYDEN 0.0356
FTCYC 0.0184
MR1 -0.0004
WF2 0.0003
MRF 0.00002




TABLE 5-8. - (Continued)

é8

Dependent Independent . Total
Model Variable Variables Regression Intercept RZ Degrees of
Number Transformation in Model Coefficients P Freedom
(1) (2) (3) | (4) ~(5) (6) (7)
7 Tog : SUCF -0.1056. -9.1551 91 ‘ 41
DRYDEN 0.0348 ‘
FTCYC 0.0184
MR1 ~-0.0004
WF2 -0.0217
SUCI 0.2020
WF 0.7738
8 ' log SUCF -0.1069 -9.3097 .92 41
DRYDEN 0.0348
FTCYC 0.0178
MR1 -0.0005
WF2 -0.0223
SUCI 0.2053
WF 0.7924
MRF 0.00002
9 Tog LSUCI - -1.6905 4.6046 .74 45
10 Tog LSUCI -1.5123 -34.9183 .82 45
‘ LDRYDEN 18.9259 : '
11 , Tog LSUCI -1.5150 -34,8848 .82 . - 45
: LDRYDEN 18.9089 ‘ : :
LFTCYC 0.0156




TABLE 5-9. - Summary of Regression Models Cons1dered for Pred1ct1ng
Tensile Strength for the D-6F Mater1a1

€8

. .Dependenfi | Independent P , Tbtal' |
Mode] Variable Variables | Regression Iitercebt R2 Degrees of
Number Transformation in Model Coefficients 'p, Freedom
(1) (2) (3) (4) (5) (6) (7)
1 Tog SUCT -0.0243 . 2.6721 .91 35
2 Tog sucl ~0,0235 -0..3969 9 | 35
DRYDEN 0.0262

3 Tog | DRYDEN o 0.0227 | 1.1938 .95 35
SUCF ~0.0980
WF -0.0595

4 Tog | DRYDEN 0.0211 1.3522 .96 35
SUCF --0.0989 . '
WF -0.0608
MR1 . 0.0004 |

5 log DRYDEN 0.0196 24.0269 | .96 35
SUCF -1.0243 o v
WF - -2.2968
sucl 0.1289
WF2 | 0.0611 |

6 Tog | DRYDEN 0.0196 22.8631 97 | 35

| ‘ SUCF -0.9725 | o
WF -2.1896
sucr 0.1208
WF2 | 10.0584
MR1 0.0003
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TABLE 5-9. - (Continued)

Total -

LSUCI

-0.9721

.80

: Dependent Independent .

Model Variable " Variables Regression Intercent R2 Degrees of
Number Tranformation in Model Coefficients ntercep ' Freedom
(1) (2) (3) (4) (5) (6) (7)
7 Tog DRYDEN 0.0182 23,8114 .97 35

SUCF =1.0101

WF. -2.2559

SUCI 0.1272

WF2 0.0598

MR1 - 0.0002

FTCYC -0.0087
8 Tog DRYDEN 0.0181 23.8145 97 35

SUCF -1.0098

WF -2,2552

SUCI 0.1271

WF2 0.0598

MR1 0.0002

FTCYC -0.0085

MRF -0.00001
9 Tog LSUCT. -0.9206 3.1335 .64 - 4]
10 log LSUCI -0.9670 -26.6569 .80 41

‘ LDRYDEN 14.4389 :

11 log ~26.8192 41

o




