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PREFACE 

This is the first of two reports for Project 

3-9-86-441, "Treatment of Asphalt Mixture with Lime and 

Antistripping Agents." This report presents the information 

and findings based upon laboratory, plant and initial field 

performance of mixtures designed, produced and placed in 

eight SDHPT districts. A final report presenting the 

findings based upon the performance of these test sections 

under service is currently planned. 

The assistance and close cooperation of the Texas State 

Department of Highways and Public Transportation, especially 

personnel from those Districts directly involved and Donald 

O'Connor of the Materials and Tests Division, is 

acknowledged. 

Appreciation is also expressed to the center for 

Transportation Research Staff, James N. Anagnos, Eugene 

Betts, Maghsoud Tahmoressi, Min-Jen Liu and Bess Dougherty. 

Wei-Chou Virgil Ping 

Thomas w. Kennedy 

iii 



ABSTRACT 

This report summarizes the results of determining the 

moisture susceptibility by the primary test methods: 

a. Original Lottman Method 

b. Modified Lottman Method (Tex-531-C) 

c. Tunnicliff-Root Method 

d. Boiling Test (Tex-530-C} 

Comparisons were made between the laboratory mixtures, 

plant mixtures, and cores obtained from the field test 

sections to determine the effectiveness of the various 

antistripping additives and to evaluate the various test 

methods for measuring that effectiveness. The final 

decision as to long-term effectiveness of the additives is 

dependent on the long-term performance of the test sections. 

The test methods utilizing the indirect tensile test 

provide different values for the tensile strength ratio with 

the original Lottman being the most severe and the 

Root-Tunnicliff the least severe. The selection of the test 

method which best predicts moisture damage in pavements and 

the establishment of an acceptance level is dependent on the 

long-term performance of the test sections. 

Compatible acceptance levels should be established for 

the various test methods currently being used and for 
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laboratory and plant mixtures. These acceptance levels can 

be estimated using the correlations contained in the report. 

All additives tended to improve resistance to moisture 

as measured by the test methods utilized: however, the 

actual combination ot asphalt, aggregate and additive must be 

tested. 

KEY WORDS: Asphalt mixtures, Tensile Strength Ratio 

(TSR), Wet-Dry Indirect Tensile Strength, Antistripping 

Additives, Stripping, Moisture Damage, Test Methods, 

Lottman, Boiling Test, Tunnicliff-Root Method, Hydrated Lime 
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SUMMARY 

Moisture susceptibility of asphalt mixtures and the 

resulting damage is recognized as a major contributor to 

distress of asphalt concrete pavements. Numerous research 

studies have been conducted to determine the causes of 

moisture damage, to develop tests to estimate the moisture 

susceptibility of asphalt mixtures, and to develop methods 

to minimize moisture damage. 

PROJECT OBJECTIVES 

To further evaluate previous findings and 

recommendations the Texas State Department of Highways and 

Public Transportation (SDHPT) funded a research study at The 

University of Texas at Austin. The objectives of the study 

were: 

1) To evaluate the effectiveness of hydrated lime and 

various antistripping additives under field 

conditions, 

2) To verify the ability of various laboratory tests 

and techniques to predict potential field 

performance with respect to stripping and moisture 

damage, 

3) To establish the relationship between different 

laboratory test values, 
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4) And, to improve the tests and establish realistic 

specifications based on the field performance. 

STUDY OBJECTIVES 

The specific objectives of the research study summarized 

in this report were: 

SCOPE 

1) To determine the effectiveness of hydrated lime and 

selected antistripping agents as measured by 

currently used laboratory tests, 

2) To evaluate the relationships between various 

moisture damage test values for a range of mixtures 

and antistripping agents, 

3) To construct field test sections for different 

mixtures using different antistripping agents, and 

4) To begin monitoring the field performance of the 

test sections for future long-term evaluation. 

This report summarizes information related to the 

construction of eight field test projects containing 92 test 

sections involving a range of asphalts, aggregates and 

antistripping agents. In addition the moisture damage 

evaluation of laboratory prepared mixtures and plant 
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mixed-laboratory compacted mixtures, and the relationship 

between test values for different moisture susceptibility 

tests are reported. The test methods were the original 
r 

Lottman, modified Lottman (Tex-531-C with and without 

curing), Root-Tunnicliff, and a cyclic freeze-thaw 

procedure, all of which utilize the indirect tensile test. 

In addition, the boiling test was utilized and evaluated. 

The subsequent findings of this long-term field 

monitoring program will provide information related to the 

field performance of treated mixtures and the relationship 

between performance and the predicted performance based on 

the laboratory test methods. 

CONCLUSIONS 

Comparison of Moisture Damage Tests 

1. The moisture susceptibility test methods used in 

this study were: 

a. Original Lottman method 

b. Tex-531-C method 

c. Tunnicliff-Root method 

2. Excellent correlations were obtained between the 

TSR (Tensile Strength Ratio) values of the modified 

Lottman (Tex-531-C) and the TSR values of both the 

original Lottman (C) and 
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Tunnicliff-Root procedures (D) with R2 values of 

0.84 and 0.85. The correlation equations were: 

TSR (Tex- 53 l-C) = 11.8 + 0.90 TSR (C) 

TSR (Tex- 531 _C) = 0.20 + 0.94 TSR (D) 

Other correlation equations are contained in Table 4.1. 

3. The correlation between the boiling test results 

and the TSR values were reasonably good with R2 

values ranging from 0.71 to 0.79. The correlation 

equations were: 

TSR (Tex-531-C) = 10.9 0.024X 

TSR 12 5 0.023X 
(Tunnicliff-Root) = · 

0.026X 
TSR (Original Lottman) = 8•4 

where X = percent asphalt retained after boiling. 

Other equations to estimate the percent asphalt 

retained in terms of TSR values are contained in 

Figure 4.11. 

4. These correlations of test values provide a means 

of estimating compatible acceptance values for 

different test methods and indicates that the 

acceptance TSR values should be different for 

different test procedures. 

5. The effect of curing on TSR values specified by the 

modified Lottman (Tex-531-C) with and without 
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curing during the mixing and specimen preparation 

was not significant. This suggests that the time 

required for moisture damage testing could be 

shortened significantly. 

Comparison Between Laboratory Mixture and Plant Mixture 

1. Both the dry and wet tensile strength of the plant 

mixtures generally were equal to or higher than 

that of the laboratory mixtures. 

2. The plant mixtures generally had greater TSR values 

than the laboratory mixtures; the magnitude of the 

difference, however, were dependent on the asphalt­

aggregate mixture, the antistripping additives, and 

the testing methods. 

3. The amount of asphalt retained after boiling of 

the plant mixtures generally was greater than that 

of the laboratory mixtures. 

4. The acceptance TSR values for plant mixtures should 

be greater than the acceptance levels of the 

laboratory mixtures since all of the tests 

procedures produced higher values of moisture 

resistance for plant mixed material. The 

correlation equation for TSR values (Tex-531-C} was 

TSR (Plant) = 33.3 + 0.63 TSR (Lab) 
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The scatter was quite large with an R2 value of 

0.61. 

5. The acceptance level for the boil test should be 

slightly greater for plant mixtures. The 

correlation equation between percent asphalt 

retained or the laboratory mixtures (X) and the 

plant mixtures {Y) was 

Y = 19.3 + o.aox 
with and R2 value of 0.71. 

Effectiveness of Various Antistripping Additives 

1. The hydrated lime was effective for both laboratory 

mixtures and most plant mixtures as compared to 

untreated mixtures. The slurry form of adding the 

hydrated lime worked very well both in the 

laboratory and in the field. 

2. The liquid additives in general were effective 

compared to the untreated mixtures. 

3. Boiling test results favored the liquid additives, 

whereas the tensile strength ratios favored the 

the hydrated lime. 

Multiple Freeze-Thaw Cyclic Test Results 

1. The TSR values decreased with increased freeze-thaw 
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cycles. The rates of deterioration for the treated 

and untreated mixtures, however, were not 

significantly different. 

2. The mixtures treated with hydrated lime generally 

exhibited a significantly larger TSR value at cycle 

one; thus the TSR value for lime treated mixtures 

was greater than the value for most of the mixtures 

treated with liquid additives throughout the nine 

freeze-thaw cycles. 

3. The raw materials with no additive exhibited the 

lowest TSR values under the cyclic testing 

condition. 

Field Cores 

1. The boiling test results for the field cores were 

essentially equal to the results for the plant 

mixtures, i.e., the data obtained from the plant 

mixture was representative of the field core data. 

2. The relationships between the TSR values and air 

voids of the field cores generally were not 

statistically significant at the 5% level using the 

linear regression; however, the sample size and the 

range of air voids were small, and it is felt that 

the effect would be significant. 
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3. The field core TSR-values were compared with the 

laboratory values at air voids of approximately 7 

percent. A good correlation was obtained between 

the plant mixture and the field-cored mixture. 

Therefore, the test results based on the plant 

mixtures could be used to estimate the TSR values 

of the field cores. 

RECOMMENDATIONS 

Applications 

1. The correlations should be used to establish 

compatible acceptance levels for the various tests 

used by the Texas State Department of Highways and 

Public Transportation and by other highway 

agencies. 

2. Different acceptance levels should be established 

for plant mixtures and laboratory mixtures. The 

correlations can provide an estimate for these 

values. 

3. It should be recognized that the test values for 

plant mixtures more closely estimate the values for 

cores. 

4. Serious consideration should be given to shortening 

the procedures used in Tex-531-C since the effect 

of curing was minimal. Additional evaluation may 

be needed. 
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5. Based on the test procedures used, hydrated lime and 

the other antistripping additives can be used to 

improve resistance to moisture; however, the actual 

asphalt, aggregate and additive should be tested. 

Future Work 

1. Ultimately, the effectiveness of the antistripping 

agents and usefulness of the laboratory test 

methods must be related to long-term field 

performance. Thus, the 92 test sections should be 

monitored periodically to evaluate the long-term 

performance of the selected liquid additives and 

the hydrated lime. 

2. The laboratory test methods should be related to 

the field performance. A predictive performance 

model based on the actual field evaluation should 

be developed to improve the laboratory tests and 

acceptance values. 

3. Realistic acceptance values for moisture damage 

tests and specifications should be developed based 

on the field performance. 
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IMPLEMENTATION 

Pending additional information developed in a long-term 

study of the 8 test pavements constructed as a part of this 

study, it is recommended that the present procedures and 

specifications in use by the Texas State Department of 

Highways and Public Transportation be continued but that 

compatible acceptance levels be established for the modified 

Lottman and boiling test and for laboratory and plant 

mixtures. It is also necessary to continue the procedure of 

evaluating the actual asphalt, aggregate and additive 

combination proposed for use in construction. 

It is recommended that the 92 test sections be 

evaluated yearly or at shorter periods of time if conditions 

indicate the need in order to determine which tests actually 

predict moisture damage, to established realistic acceptance 

levels for the test values, and to determine the long-term 

performance of the various antistrippng additives. 
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CHAPTER 1 

INTRODUCTION 

Moisture damage of asphalt mixtures is a major problem 

for asphalt pavements constructed throughout much of the 

United States. The seriousness of the problem, which has 

been studied for decades (Refs 1-34), is evidenced by the 

large number of research efforts conducted in the United 

States during the last ten years (Refs 12-34). 

BACKGROUND 

Moisture damage ranges in severity from stripping to 

minor softening of the asphalt matrix which causes the 

mixture to lose stability or load carrying capacity. 

Stripping is a phenomenon in which a binding material is 

separated from the surface of an aggregate either by the 

action of water alone or by the interaction of traffic 

loads, temperature, and water. Pavement distress resulting 

from stripping commonly occurs as shoving and rutting, 
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fatigue cracking, and bleeding or flushing. Similar 

distress, except for bleeding, can occur as the result of 

softening. Unlike stripping, which is a loss of adhesion, 

softening is a reduction in the stiffness and strength of 

the asphalt matrix or possibly a reduction in cohesion. 

During the past ten years, a number of tests and test 

procedures were developed to evaluate the moisture damage 

potential of asphalt-aggregate mixtures. Unfortunately, 

while there are currently a limited number of basic tests, 

there are many variations of each test and many different 

acceptance criteria being used (Refs 12, 23, 25, 26, 29, and 

40). It is also apparent that these different tests and 

test variations do not yield the same results and thus do 

not predict the same amount of moisture damage potential. 

In addition, it should be noted that the acceptance criteria 

often have been arbitrarily established or, at best, were 

based primarily on past performance or the testing of 

materials with an established performance history related to 

moisture damage (Refs 12, 14, 22, 25, 26, and 29). 

In addition, a number of procedures and recommendations 

to eliminate or minimize moisture damage have been 

formulated. One of these procedures involves treating the 

asphalt mixture with an antistripping agent such as hydrated 

lime or other commercially available antistripping additives 
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(Refs 25, 26, 29, 31, and 35-44). Early studies concluded 

that hydrated lime was much more effective than many of the 

liquid antistripping additives which were being used at the 

time of the studies {Refs 19, 21, 39, and 41). Since that 

time, as the result of 

(1) the recognition of the severity and importance of 

moisture damage and 

{2) the industries use of hydrated lime, new and more 

effective liquid antistripping additives were developed and 

are being marketed and used in asphalt mixtures (Refs 26, 

29, 31, 34, and 40). 

Generally it has been found that the effectiveness of 

these additives is dependent on the particular combination 

of aggregate and asphalt cement. Many engineers and 

researchers feel that hydrated lime generally is a more 

effective additive to minimize moisture damage, but 

recognize that liquid antistripping agents do produce test 

results that exceed acceptance levels and in some cases are 

equal to or better than the values produced by hydrated 

lime. Nevertheless, there are still questions related to 

the tests, the acceptance levels, and the long-term 

effectiveness of all antistripping additives (Ref 34). 

Finally, the hydrated lime has been added in a variety 

of ways some of which cause construction problems, increased 
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costs, and reduced productions (Refs 39 and 41). When added 

as a slurry, it requires that the excess moisture be removed 

by drying, increasing drying costs and, more importantly, 

reducing plant capacity. These problems. coupled with the 

fact that most liquid additives are cheaper have caused many 

states to accept both lime and liquid antistripping 

additives resulting in a trend to use liquid antistripping 

additives. 

PROJECT OBJECTIVES 

In recognition of these factors the Texas State 

Department of Highways and Public Transportation (SDHPT) 

funded a research study at The University of Texas at 

Austin. The objectives of the study were: 

l) To evaluate the the effectiveness of hydrated lime 

and various antistripping additives under field 

conditions, 

2) To verify the ability of various laboratory testing 

techniques to predict potential field performance 

with respect to stripping and moisture damage, 

3) To establish the relationship between different 

laboratory test results, 

4) And, to improve the tests and establish realistic 
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specifications based on the field performance. 

STUDY OBJECTIVES 

The objectives of the research study summarized in this 

report were: 

1) To determine the effectiveness of hydrated lime and 

selected antistripping agents as measured by 

laboratory tests, 

2} To evaluate the relationships between various 

moisture damage test values for a range of mixtures 

and antistripping agents, 

3) To construct field test sections for different 

mixtures using different antistripping agents, and 

4) To monitor the field performance of the test 

sections for future long-term evaluation. 

REPORT ORGANIZATION 

This report summarizes information related to the 

construction of eight field test projects in Texas. In 

addition the moisture damage evaluation of laboratory 

prepared mixtures and plant mixed-laboratory compacted 

mixtures, and the relationship between test values for 
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different moisture susceptibility tests are reported. The 

subsequent findings· of this long-term field monitoring 

program will provide information related to the field 

performance of treated mixtures and the relationship between 

performance and the predicted performance based on the 

laboratory test methods. 

Research objectives and experimental program are 

described in Chapter 2. Field and laboratory experimental 

results are summarized and presented in Chapter 3. 

Laboratory and field core test results are analyzed and 

discussed in Chapters 4 and 5, respectively. The 

conclusions and recommendations based on the findings of 

this study are presented in Chapter 6. Information related 

to the eight field test projects are summarized in 

Appendices A through H. Detailed statistical analysis to 

evaluate the effectiveness of various antistripping 

additives is presented in Appendix I. 



CHAPTER 2 

EXPERIMENTAL PROGRAM 

To achieve the objectives of this study, both 

laboratory and field studies were developed and conducted in 

cooperation with the Texas State Department of Highways and 

Public Transportation (SDHPT). The overall experimental 

program involved eight highway test sections which were 

constructed in eight different districts (Fig 2.1) and 

involved a range of traffic and climatic conditions, 

aggregates, and asphalt cements. ~he experimental programs 

including the test methods and the engineering properties 

analyzed are described in this chapter. 

FIELD EXPERIMENTAL PROGRAM 

Eight experimental test sections were designed in 

conjunction with the Materials and Tests Division (D-9) and 

the districts in which the test sections were constructed. 
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5 

Note: Numbers indicate Texas 
SDHPT districts. 

8 

Shaded areas are districts 
in which test sections are 
located. 

Fig 2.1 Location of field test sections. 
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Field construction was supervised by District personnel with 

technical assistance provided by project personnel. 

Experiment Design 

The basic experiment design is shown in Figure 2.2. 

Hydrated lime and two or more commercially available 

antistripping additives were included in each project. All 

additives were not included in each project. Control 

sections with no additive were also included in each test 

section. The selection of antistripping additives to be 

included was based upon the experience and recommendation of 

the Districts and the willingness of the proposed additive 

manufacturers to participate. Each treatment and control 

was constructed with both high and low densities, i.e., low 

and high air void sections. The low air void sections were 

targeted for a range of 3 to 8 percent as specified by the 

Texas SDHPT. The high void content sections were targeted to 

have approximately 4 percent more air voids than the low 

void section. These target values were difficult to achieve 

because of the length of the individual test sections and in 

some cases there was no difference. 

It should be noted that the annual precipitation varied 

over a wide range and that the mean temperatures were also 
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significantly different. The fact that climate was not a 

controlled variable'and that test sections were not 

systematically repeated may confound results. 

Construction of Test Sections 

The eight field projects involved a total of ninety-two 

test sections containing a range of aggregates and asphalt 

cements and various antistripping additives with low and 

high air void content. The field operations and test 

variables for each of the eight test projects along with a 

description of the materials, additives, and construction 

techniques are summarized in ~ppendices ~ through H. The 

information related to field construction is summarized 

below. 

Materials and ~dditives. The types of aggregate and 

the source and amount of asphalt cement for the mixtures 

utilized in the eight test projects are summarized on Table 

2.1. The test locations are arranged in chronological order 

of field construction. Two or more liquid antistripping 

additives and hydrated lime were used in each test project. 

Identical raw material sources {aggregates and asphalt 

cement) were utilized for all test sections for each field 

project. In several cases, the actual asphalt contents 
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TARL~ 2.1 SUMMARY OF MATERIALS FOR FIELD TEST PROJECTS 

Location 
of Field 
Prciect Aggregates Asphalt 

Dist. 17 .Processed .AC-20 

Asphalt 
Content, \ 

r!9ld+ Design++ Appendix* 

gravel 55\ 4.9 4.9 
.Washed sand 25\ .Texas Gulf 

Hearne .coarse sand lO\ Refinery 
.Fine sand 10\ 

Dist. 16 .Field sand 20~,---.A~C~-~2~0~----------------------------
.Limestone .Gulf 5.1 
Screenings 22\ States 

Odom .coarse Limestone Refinery 
58\ 

Dist. 1) .crushed .AC-20 
gravel 50% .Texas Fuels 

.Limestone 10\ & Asphalt 5.0 
Victoria .L!.mestone Refinery 

screenings 20\ 
.Field Sand 20\ 

Dist. 6 .Rhyolite .AC-20 
56\ .American 6.2 

Midland .screening 37\ Petrofina 
.Field Sand 7\ Refinery 

Dist. 25 .coarse Aggr. .AC-20 
20\ .Diamond 5.2 

.Inter. aggr. Shamrock 
Childress 34% Refinery 

.Screening 46\ 
D:st. 1 .coarse .A-20 

sandstone 55\ .Total 5.5 
.Unwashed Petroleum 

Sherman screenings 30\ Refinery 
.Field sand 15\ 

Dist. 19 .coarse 
1\ggregate 
20\ 

DeBerry .Inter. 
Aggregate 
40\ 

.screening 20\ 

.Field sand 20\ 
Dist. 21 .Coarse 

Aggregate 35\ 
.Uncrushed 

Cameron aggregate 20\ 
.screening 25\ 
.Field sand 20\ 

.AC-20 

.Lion Oil 
Refinery 

.AC-10 

.Texas Fuel 
& Asphalt 
Coastal 
Refinery 

5.6 

5.2 

4.3 

s.o 

6.2 

5.2 

6.0 

5.3 

5.2 

* Details are contained in the indicated Appendices. 
+ Actual asphalt content used for the field test project 

mixtures 

B 

c 

D 

E 

F 

G 

H 

++ Laboratory design optimum asphalt content for the mixture 
design. 
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u~ed in the field mixtures deviated from the preliminary 

laboratory design values due to decisions made during 

construction. 

Fourteen different antistripping additives, including 

hydrated lime, were used in the eight projects. The 

additive information is summarized on Table 2.2. The 

actual additive dosages are summarized on Table 2.3. The 

plan was to use one percent lime by the weight of dry 

aggregates and one percent liquid additives by the weight of 

asphalt cement or the manufacturer's recommended dosage. All 

suppliers were requested to be present to ensure that their 

product was introduced properly. In most cases, the proper 

amounts were introduced into the mixture or asphalt cement 

and blended according to the experimental field plan; in a 

few cases, however, the desired dosages were not achieved 

due to field problems. 

Construction Techniques. Seven of the projects 

utilized drum mix plants and one (District 13) utilized a 

batch plant. The techniques utilized to incorporate the 

various antistripping additives into the asphalt mixtures 

are summarized in Table 2.4. 

In six projects, the lime was placed on the aggregate 

in a slurry form; in two projects (Districts 6 and 19), dry 

lime was added to the aggregates. At the seven drum plants 
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TABLE 2.2 SUMMARY OF ANTISTRIPPING ADDITIVES 
USED IN THE FIELD TEST PROJECTS 

Additive SDUPT District Number* 
Additive Designation 17 il. 13 .§. ll 1 19 ll 

No additive 0 X X X X X X X 

Hydrated lime 1 X X X X X X X 

ARR-MAZ (Adhere Regular) 2 X 

ARR-MAZ (Adhere HP) 2 X 

Aquashield 3 X 

Aquashield II 4 X X 

BA 2000 5 X X X 

DOW 6 X X 

FINA-A 7 X X 

FINA-B 8 
Indulin AS-1 9 X 

Pavebond LP 10 X X 

Pavebond Special 11 X 

Perma-Tac 12 X X X 

Perma-Tac Plus 13 X X X 

Unichem 8150 14 X X 

No. of Additives Per District: 4 5 4 5 6 8 6 
No. of Test Sections Per District**: 8 10 8 10 12 16 12 

Total No. of Test Sections: 

* In chronological order of field construction. 
** One low and one high air void test sections were placed for each 

additive. 

X 

X 

X 

X 

X 

X 

X 

X 

8 
16 
92 
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TABLE 2.3 SUM~IARY OF ANTI STRIPPING ADDITIVES 
FOR FIELD TEST SECTIONS 

Location 
of Field Test Additive Additive 
Project_ Sections Designation Dosage*, \ A}2}2endix** 
District 17 .Control 0 0 

.Lime 1 1.5 A 
Hearne, .BA 2000 5 1.0 
'i'X .PeriTia-Tac 12 1.0 

.Cont:rol 0 0 
District 16 .Lime 1 1.0 

.Aquashield. 3 0.5 B 
Odom, .Dow Anti-Strip 6 0.41 
TX .Pavebond LP 10 0.5 
District 13 .control 0 0 

.Lime 1 2.0 c 
Victoria, .BA 2000 ·s 1.0 
TX .Perma-Tac Plus l3 1.0 

.control 0 0 
District 6 .Lime 1 1.0 

.Pavebond LP 10 1.0 D 
Midland, .Perma-Tac 12 l.O 
TX .Unichem 14 0 

.Control 0 0 
District 25 .Lime 1 1.0 

.Aquashield II 4 l.O E 
Childress, .Fina-A 7 l.O 
TX .Perma-Tac 12 1.0 

.Unichem 14 1.0 

.control 0 0 
District 1 T • ..... .lme 1 1.5 

.ARR·MAZ 2 0. 75 

.Dow Anti-Strip 6 0.45 F 
Sherman, .Fina-A 7 1.0 
TX. • Indulin AS-1 9 1.0 

.Pavebond. Special ll l.O 

.Perma-Tac Plus 13 1.0 

.cont:rol 0 0 
District 19 .Lime 1 1.0 

.AR.R-MAZ 2 1.0 G 

.Aquashield II 4 0.8 
DeBerry, .BA 2000 5 0.5 
TX .Perma-Tac 12 1.0 

.control 0 0 
District 21 .Lime 1 l.O 

.AR.R-MAZ 2 1.0 

.Aquashield II 4 0.41 H 
ca-neron, .Dow Anti-Strip 6 0.5 
'IX .Fina-B 8 0.41 

.Pavebond ::..P 10 l.O 

.Perma-Tac 12 1.0 

* The percentage of lime is by the total weight 
of dry aggregates, percentage of liquid. 
additives is by the weight of asphalt cement. 

** Details are contained in the indicated Appendices. 
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TABLE 2.4 SUHMARY OF FIELD APPLICATION TECHNIQUES 

DISTRICT 
17 

16 

13 

6 

25 

1 

19 

21 

FIELD APPLICATION METHOD 

LIME TREATMENT 
.Lime slurry applied 
to the aggregate on 
the cold feed belt 
of the drum mix 
lant . 

. Lime slurry applied 
to the aggregate on 
the cold feed belt 
of the drum mix 
plant. 

.Lime slurry applied 
to aggregate on cold 
feed belt of weigh 
batch plant. 

.coarse aggregate 
stockpile was 
wetted and dry 
lime added in 
layers about 12-hrs 
prior to use . 

. Lime slurry applied 
to the aggregate on 
the cold feed belt of 
the drum mix plan . 

• Lime slurry added to 
aggregate stockpile 
and used the same day • 

.Dry lime added to 
aggregate stockpiles 
and sprayed with 
water to hold lime to 
aggregate 12 hours 
prior to use • 

. Lime slurry applied 
to aggregate on cold 
feed belt of drum 
mix plant. 

LIQUID/PELLET ADDITIVES 
.Liquid additives metered 
into the asphalt cement 
by an in-line blending 
systme. 

.Liquid additives by 
same method as above. 

.Dow polyethylene pellets 
were mixed with the 
asphalt cement in a 
separate storage tank 12 
hours prior to use . 

• Liquid additives mixed 
with asphalt cement in 
the storage tank. 

.Liquid additives metered 
into the asphalt cement 
by an in-line blending 
system. 

.Liquid additives by the 
same method as above. 

.Liquid additives by the 
same method as above. 

• Dow polyethylene pellets 
were mixed in asphalt 
distributor truck for l 
hour prior to use . 

. Liquid additives by the 
same method as above. 

.Liquid additives by the 
same method as above. 

.Dow polyethylene pellets 
blended with asphalt 
cement at refinery. 



17 

the liquid additives were metered into the asphalt cement by 

means of an in-line blending system, whereas in the batch 

mix plant (District 13), the liquids were mixed with the 

asphalt cement in the storage tank. The Dow antistr~pping 

additive was in pellet form and was mixed by Dow with the 

asphalt cement in storage tank (Districts 16 and 1) or at 

the refinery (District 21). Actual treatment levels were 

determined in Dow Chemical's laboratory by analyzing a 

sample of the blended asphalt cement and additive obtained 

from the storage tank. 

The test sections in seven of the projects were 

approximately 1000 feet long; in the eighth project 

{District 1) the test sections were approximately 500 feet 

long. 

An attempt was made to have test sections with low and 

high air voids as outlined in the experiment design; 

however, it was difficult to develop the rol1inq pattern 

for a particular target void content within the time and 

distance available. The construction of the projects are 

described in more detail in the Appendices. 

Field Sampling Program 

Loose samples of the hot asphalt mixtures utilized in 
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the various test sections were obtained at the asphalt 

mixing plants. In addition, samples of the asphalt cements, 

aggregates, hydrated limes, and various antistripping 

additives were also obtained and shipped to the asphalt 

research laboratory at The University of Texas at Austin. 

Field cores were also taken immediately following 

construction of the test sections. These cores were 

approximately 4-inch in diameter and 1 to 2 inches in 

thickness. Three paired samples were obtained from seven of 

the eight projects (except Dist. 17) in the wheel path of 

each test section at approximately 200-foot intervals with 

the first and last pairs of cores located approximately 300 

feet from the beginning and the end of the test section. In 

the case of District 17, four paired samples were obtained 

from the wheel path of each test section at approximately 

200-foot intervals. The first and last pairs of cores were 

located approximately 200 feet from the beginning and the 

end of the test section. The distance between the two 

paired cores was approximately 3 to 6 inches {Fig 2.3). 

In the shorter test sections (District 1), the distance 

between each pair of cores was proportional to the length of 

the test section. Additional cores will be obtained and 

tested periodically over a period of approximately five 

years. 
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TEST METHODS 

A laboratory test to estimate the moisture damage or 

stripping potential of an asphalt mixture must test the 

actual aggregate, asphalt cement, and additive proposed for 

use in the mixture. The test should also be sensitive 

enough to differentiate between the effectiveness of 

different additives and treatment levels used in the mixture 

(Ref 34). Finally, and probably most important, the test 

values should relate to actual field performance. 

In conjunction with the Materials and Tests Division 

(D-9), two basic moisture susceptibility test methods were 

selected for evaluation. These methods were the wet-dry 

indirect tensile test, often referred to as the Lottman 

test, and the boiling test. As previously noted, however, 

there are a number of variations of the wet-dry indirect 

tensile test. Thus, in cooperation with the Materials and 

Tests Division, the following specific test methods were 

selected for evaluation. 

Wet-Dry Indirect Tensile Test 

The indirect tensile test involves loading a 

cylindrical specimen with a compressive load acting parallel 
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to and along the vertical diametrical plane (Fig 2.4a). The 

load is applied through 0.5-inch wide steel loading strips 

curved to fit the specimen. A fairly uniform tensile 

stress, perpendicular to the plane of the applied load, 

causes the specimen ultimately to fail by splitting along 

the vertical diameter (Fig 2.4b). An estimate of the 

tensile strength is calculated from the applied load at 

failure and the specimen dimensions. 

Original concept of the indirect tensile test and 

current test procedure were developed by Kennedy (Refs 48 

49) at The University of Texas at Austin and were utilized 

by Lottman et al (Ref 12) for measuring the potential for 

moisture damage in asphalt mixtures. Since the initial 

development of the wet-dry test method by Lottman, several 

techniques for moisture conditioning have been developed as 

modifications of the original Lottman procedure. All 

methods, however, use the indirect tensile test to determine 

the tensile strength ratio (TSR) of wet and dry specimens 

as follows: 
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(a) Compressive load being applied. (b) Specimen failing in tension. 

Fig 2.4 Indirect tensile test loading and failure. 



23 

ST(Conditioned) 
TSR~ S (U d·t· d) T neon 4 4one 

(Eq 2.1) 

where, ST = Indirect Tensile Strength. 

The wet-dry indirect tensile test procedures which were 

selected for evaluation were: 

1) The Texas Tex-531-C method, a modified Lottman (Ref 

46), 

2) A modification of Texas Tex-531-C method, 

3) The Original Lottman method (Ref 12), 

4) The Tunnicliff-Root method (Ref 29), and 

5) A multiple Freeze-Thaw Cyclic method similar to 

that reported by Scherocman et al (Ref 34). 

The test procedures are described below and are summarized 

in Table 2.5. 

Tex-531-C Method. The Tex-531-C method utilizes 

laboratory compacted specimens with air void contents of 

approximately 7 percent. A group of specimens are mixed and 

compacted using the design aggregates and asphalt. Half of 

the specimens are tested dry or unconditioned.~ The other 

half of the specimens are conditioned by vacuum saturation 

with water. A partial vacuum (approximately 15-"17 inches of 

mercury) is applied long enough to achieve a degree of 

saturation of about 70 percent. 
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TABLE 2.5 SUMMARY OF MOISTURE-CO~DITIONING PROCEDURE 

Test Method 

Tex-531-C 
Method 

.vacuum 
saturation 
to 60-80\ 
filled 
voids. 

.Freezing 
at 0 F for 
15 hours. 

Original 
Lottman 

.vacuum 
·saturation 
using 26-in 
He; for 30 
min. 

.Conditioning 
at 77 F 
(water-bath) 
for 30 min. 

.Thawing at .Freezing at 
140 F (water- 0 F for 15 
bath) for hours. 
24 hours. 

• conditioning 
at 77 F 
(water-bath) 
for 3 hours 
prior to 
testing. 

.Thawing at 
140 F 
(water-bath) 
for 24 hrs. 

.Conditioning 
at 77 F 
(water-bath) 
for 3 hours 
prior to 
testing. 

Tunnicliff-Root 

.Vacuum saturation 
to 60-80\ filled 
voids. 

.Soaking at 140 F 
{water-bath) for 
24 hours. 

• Conditioning at 
77 F (water-bath) 
for 3 hours prior 
to testing. 

Cyclic 
Freeze-Thaw 

.vacuum 
saturation 
to 60-80\ 
voids. 

.Freezing 
at o F 
(air-temp­
erature) 
for 15 hrs • 

.Thawing at 
140 F (air 
tempera­
ture for 
24 hours • 

.cooling at 
77 F (air 
temperature) 
for 9 hours. 

.Repeat the 
freeze-thaw­
cool cycle 
(48 hours/ 
cycle). 

.Numl:>er of 
cycles: 1,3, 
5,7 '9 . 

• Conditioning 
at 77 F 
(water bath) 
for 3 hours 
prior to 
testing. 
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The conditioned specimens are placed in a freezer at 0 

F for 15 hours, and then the specimens are taken from the 

freezer and placed in a 140 F water bath for 24 hours. 

After a complete freeze-thaw cycle, the moisture-conditioned 

specimens are cooled to room temperature in a 77 F water 

bath for approximately three hours prior to testing. All of 

the specimens are then tested to determine their indirect 

tensile strength. The ratio of the conditioned strength to 

the unconditioned (dry) tensile strength is calculated using 

Equation 2.1. 

Modified Tex-531-C Method. The current test method 

utilized by Texas (Tex-531-C) includes a procedure to 

account for asphalt absorption. This procedure requires an 

additional day. Thus, it would be desirable to eliminate 

this extra time. 

The mixing and compaction procedures of the Tex-531-c 

method, with cure and without cure, are summarized on Table 

2.6. In the Tex-531-C method, the aggregate and asphalt are 

mixed at 300 F, cooled at room temperature (77 F) for 2.5 

hours, and then cured at 140 F for 15 hours (overnight). 

Molding and compacting of the specimens take place the 

following day using the Texas-Gyratory shear compactor after 

heating the mix at 250 F for 2 hours. For the modified 

Tex-531-C method, the mixing and molding of the specimens 
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TABLE 2.6 SUMMARY OF MIXING AND COMPACTION PROCEDURE 

Procedure 

Mixing 

Molding 

Test Method 

Tex-531-C Method 
with cure 
(Method Al 

Mixing at 300 F 

Cooling at room 

temperature for 

2.S hours 

curing at 140 F 

for lS hours 

Heating at 2SO F 

for 2 hours 

Compacting specimens 

to 7.0 ! 1.0\ air voids 

Coolinq the specimens 

to room temperature 

Modified Tex-531-C 
Method without 
cure (Method Bl 

Mixing at 275 F 

t Same as Method 

A) 
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take place in the same day. The aggregate and asphalt are 

heated to 275 F, mixed at 275 F, without cure and compacted 

at 250 Fusing the Texas-Gyratory shear compactor to 7.0 + 

1.0% air voids. 

The conditioning and testing procedures of the 

compacted specimens are exactly the same as for the 

Tex-531-C method. 

Original Lottman Method. In the Original Lottman 

method, the laboratory specimens are fabricated and 

compacted in the same fashion as for the modified Tex-531-C 

method. However, half of the specimens are partially 

saturated under a vacuum of 26-in. of mercury for 30 

minutes rather than for a period of time required to achieve 

a specified degree of saturation. Subsequently, the wet 

specimens are placed in a 77 F water-bath for 30 minutes 

before being subjected to a freeze-thaw cycle. The 

specimen is frozen at 0 F for 15 hours and then thawed at 

140 F water bath for 24 hours. After a complete freeze-thaw 

cycle, the wet specimens are cooled to room temperature in a 

77 F water bath for approximately three hours prior to 

testing. All of the wet and dry specimens are then 

tested to determine their indirect tensile strength. The 

tensile strength ratio (TSR) using the wet and dry tensile 

strength is determined according to Equation 2.1. 
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Tunnicliff-Root Method. In the Tunnicliff-Root 

procedure, the freeze cycle (0 F for 16 hours) used in the 

Tex-531-C method is eliminated since it is felt that the 

fr~eze cycle could cause additional specimen damage over and 

above that produced by the moisture (Ref 29). The 

laboratory specimens are fabricated and compacted to 7.0 z 
1.0 percent air voids as in the Tex-531-C method. Half of 

the specimens are partially vacuum-saturated with water to 

55 to 80 percent saturation. The conditioned specimens are 

then soaked at 140 F water bath for 24 hours. The specimens 

are cooled to room temperature in a 77 F water bath for 

approximately three hours prior to testing. All of the wet 

and dry specimens are then tested to determine their in­

direct tensile strength. A tensile strength ratio (TSR) of 

the wet and dry tensile strengths is determined {Eq 2.1). 

Multiple Freeze-Thaw Cyclic Method. In order to 

provide a practical and realistic test procedure for 

accelerated testing of asphalt concrete to predict the 

moisture and the rate of progression of damage due to the 

effect of moisture, a modification of the ori~inal Lottman 

cyclic wetting technique is used. 

In the Multiple Freeze-Thaw Cycle procedure, the 

laboratory specimens were fabricated and compacted to 7.0 + 

1.0 percent air voids as in the Tex-531-C method. Half of 
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the specimens were partially vacuum-saturated with water to 

60 to 80 percent filled voids. The wet specimens were then 

immersed in water in a flat-bottom pan, were placed in an 

automated environmental chamber, and were subjected to 

repeated freeze-thaw temperature cycles {Fig 2.5). The 

freeze-thaw cycle starts at the room temperature {77 F) and 

it usually takes about 30 minutes to reach the freezing air 

temperature of 0 F depending on the amount of water in the 

chamber. The air temperature stays at 0 F for about 14.5 

hours before it heats up to 140 F. The heating process 

usually takes about 30 minutes or longer and the air tem­

perature remains at 140 F for about 23.5 hours. At the end 

of one complete freeze-thaw cycle, the air temperature cools 

from 140 F to ii F in less than 30 minutes and stays at 77 F 

for about 8.5 hours before undergoing another complete 

freeze-thaw cycle. Prior to testing, the specimens were 

left in the chamber for three to four hours at ii F. The 

wet specimens were then tested to determine their indirect 

tensile strength. The tensile strength ratio {Eq 2.1) is 

determined for the specific freeze-thaw cycle. The specified 

freeze-thaw cycles were 1, 3, 5, 7 and 9. 
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Boiling Test 

This test, which is the Texas Tex-530-C method (Ref 

46), involves a visual determination of the extent of 

stripping of the asphalt from aggregate surfaces after the 

mixture has been subjected to the action of boiling water 

for a specified time. 

Approximately 1000 grams of asphalt mix is prepared 

using the designated type and amount of asphalt and 

aggregates for the project. The mix is cooled at room 

temperature for approximately 24 hours prior to performing 

the stripping test. TWo hundred grams of the mix is added 

to boiling water (distilled) in a stainless steel beaker. 

The distilled water with the mix contained in the beaker is 

boiled in an oil bath maintained at 325 to 350 F 

temperatures for 10 minutes. Then the beaker is removed 

from the oil bath and stripped asphalt is skimmed from the 

surface of the water by dipping a paper towel into the 

beaker. The water is decanted from the beaker and the wet 

mix is emptied onto a white paper towel. The following day, 

after the mix has been allowed to dry, the mix is examined 

to estimate the degree of stripping present in the mixture. 

The stripping test results are reported as the percent of 

asphalt retained after boiling. 
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EXPERIMENTAL PROGRAM 

Laboratory tests were performed on mixtures which were: 

1) mixed and compacted in the laboratory (laboratory 

mixtures), 2) mixed in the plant and compacted in the 

laboratory (plant mixtures), and 3) mixed in the plant and 

compacted in the field (field cores). 

Laboratory Mixed/Laboratory Compacted Mixtures 

The asphalt cements, aggregates, liquid antistripping 

additives and hydrated lime were obtained for each project. 

These materials were mixed and samples prepared for testing 

in the laboratory in accordance with the mixture design 

established for the project. The asphalt content and 

additive dosage are summarized on Table 2.7 for the 

laboratory prepared mixtures. The specimens were 

compacted using a procedure which produced an air void 

content of 7.0 ± 1.0 percent. 

The following tests were conducted on all laboratory 

mixtures: 
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TABLE 2.7 SUMMARY OF ASPHALT CONTENT AND ADDITIVE 
DOSAGE FOR LABORATORY PREPARED MIXTURES 

• 

•• 

17 

16 

ll 

6 

25 

l 

19 

Additives 
,Control 
.Lime 
.BA 2COO 
.Perma-Tac 
.control 
.Lime 
.Aquashield 
.Dow 
.Pavebond LP 
.Control 
.Lime 
.Bh 2000 
.Perma-Tae 
.control 
.Lime 
.Pavebon:1 LP 
.Perma•Ta: 
.1Jr:1chem 
.control 
.Li.'Tle 
.Aquuhield 
II 

.Fl:la•A 

.Perma-Tac 

.lJnichem 

.control 
,'Lime 
.i\PR-M.l.Z 
.Dow 
.Fina•A 
• Indulin 
AS·l 

.Pavebond 
Special 

.Perma-'!'ac 
Plus 

.Control 

.Lime 

.1\RR-MZ 

.Aqu.ashield 
II 

.B>. 2000 

.Perma-'!'ae 

.control 

.Lime 

.ARR-MZ 

.Aq\lashield 
II 

Additive 
Dosage,* \ 

0 
1.5 
1.0 
1.0 
0 
1.0 
0.5 
0.41 
0.5 
0 
2.0 
l.O 
1.0 
0 
l.O 
l.O 
1.0 
l.O 
0 
LO 
l.O 

1.0 
1.0 
l.O 
0 
1.; 
0.75 
0.4S 
1.0 
1.0 

1.0 

1..0 

0 
1.0 
1.0 
0.8 

0.5 
1.0 
0 
l.O 
1.0 
0.41 

Asphalt 
Content,•* \ 

s.o 

S.2 

6.0 

S.l 

5.2 

2l .Dow o.~ 
.Fina-B 0.41 
.Pavebond LP l.~ 
.Pcrma-Tac 1.0 

~nc percentage of nydrated l1mc is based on the total 
weight of dry a~gregates: the percentage of liquid 
additive ia based on the w~ight of the asphalt cement. 
Asphalt content is percent by weight of total mixt~re • 
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1. Wet-dry indirect tensile test 

Method A Indirect tensile test with modified 

Lottman conditioning (Tex-531-C method 

with cure) 

Method B Indirect tensile test with modified 

Lottman conditioning (Tex-531-C method 

without cure) 

Method c Indirect tensile test with original 

Lottman conditioning 

Method D Indirect tensile test with 

Tunnicliff-Root conditioning 

Method E Indirect tensile test with cyclic 

freeze-thaw conditioning 

2. Texas Boiling Test (Tex-530-C method) 

Plant Mixed/Laboratory Compacted Mixtures 

Samples of the field mixtures were obtained at the 

asphalt mixing plant. The samples were transported to the 

laboratory and subsequently compacted using a compaction 

procedure which produced an air void content of about 7 

percent. It was necessary to reheat the samples to achieve a 

compaction temperature of 250 F. 
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Since in plant prepared mixtures there is no option to 

account for curing, the procedure is the same with cure or 

without cure. The multiple freeze-thaw cyclic conditioning was 

not used to evaluate the plant mixtures. Thus, the following 

tests were used for the plant mixed and laboratory compacted 

samples: 

l. Wet-dry indirect tensile test. 

Method B tor A} Indirect tensile test with 

modified Lottman conditioning (Tex-531-C 

method}. 

Method C Indirect tensile test with original 

Lottman conditioning. 

Method D Indirect tensile test with Tunnicliff­

Root conditioning. 

2. Texas boiling test (Tex-530-C method). 

Plant Mixed/Field Compacted Mixtures 

Plant mixed and field compacted specimens (4-inch 

diameter pavement cores) were obtained immediately after 

construction of the test sections. The field cores were 

measured and subsequently tested in the laboratory. 

Since the number of field cores were limited, only the 

following two tests were conducted: 
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1. Wet-dry indirect tensile test 

Method A (or B) Indirect tensile test with 

modified Lottman conditioning (Tex-531-C 

method) 

2. Texas boiling test (Tex-530-C method) 

Testing Program 

The treated and untreated mixtures were compacted in 

the laboratory and the specimens were prepared for the dry 

and/or wet conditioning. There were 28 laboratory mixed and 

12 plant mixed specimens prepared for each test section. 

The number of specimens for each test method prepared are 

listed in Table 2.8. If any of the specimens had air voids 

outside of the 6 to 8 percent range, the specimens were 

discarded and new specimens were prepared and compacted. 

Since the amount of material and additives were limited, the 

number of tested specimens were less than 28 samples for a 

few test sections. 

The Texas boiling test was performed on the laboratory 

mixture, the plant mixture, and the mixture obtained from 

the field cores. 

Specimen Preparation. For the wet-dry indirect tensile 

test the laboratory-mixed/laboratory-compacted specimens 



(A) 

(B) 

(C) 

(D) 

(E) 
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TABLE 2.8 TESTING PROGRA~ FOR WET-DRY 
INDIRECT TE~SILE TEST PER 
EACH TREATMENT 

Laboratori Mixture Plant Mixture 
No. of Dry No. of Wet No. of Dry No. of Wet 

Test Methods S~cimen s12ecimen S~cimen s12ecimen 

Tex-531-C Method 3 3 
with cure 

Tex-531-C Method 3 3 
without cure 

Original Lottman . - 3 3 
conditioning 

'l'unnicliff-Root 3 3 
conditioning 

Cyclic Freeze-Thaw 
conditioning 

1 cycle 2 

3 cycles 2 

5 cycles 2 

7 cycles 2 

9 cycles 2 

Subtotal 6 22 3 9 

Total 28 12 
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consisted of 1000 grams dry weight of aggregate, and were 

made by using the field job mix formula for each mixture. 

The appropriate design asphalt content was mixed with the 

aggregate to produce a cylindrical specimen 4.0-inch in 

diameter and approximately 2.0-inch in height. Detailed 

mixing and molding procedures were previously described and 

summarized on Table 2.6 for each method of the wet-dry 

indirect tensile test. The plant-mixed/laboratory-compacted 

specimens consisted of 1000 grams of the actual loose plant 

mix (asphalt and aggregates) which were reheated to 250 F 

prior to compaction. Samples were compacted using the 

Texas-Gyratory shear compactor as described in Texas Test 

Method Tex-206-F (Ref 46). In order to produce specimens 

with air voids in the range of 6 to 8 percent, the Texas 

standard gyratory compaction procedure was modified, and 

both the number of rotations at 50 psi, and level-up loads 

at 500 psi, were adjusted by the trial and error. 

If antistripping agent was to be evaluated, it was 

blended with the asphalt. The asphalt was preheated to 275 

to 300 F. A proper amount of asphalt and anti~tripping 

additive were weighed into a 6-ounce ointment can to yield 

approximately 100 grams of treated asphalt. The 
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concentration of antistripping additive was expressed as a 

percent of the treated asphalt. The two materials were 

immediately mixed by stirring with a small spatula for 

approximately two minutes. 

For the boiling test, approximately 1000 grams of 

laboratory mix were prepared using the designated asphalt 

and aggregates. The mix procedure was used according to the 

Test Method Tex-205-F {Ref 46) with modifications described 

below. After the preheated asphalt had been added to the 

aggregate, the material was mixed for 2 minutes. The pan 

containing the mix was then returned to the oven 

sufficiently long enough to bring the temperature to 275 ± 

5 F. The 2-minute mixing was repeated again. Three cycles 

of heating and mixing were used, resulting in a total mixing 

time of six minutes. The mix was then allowed to cool to 

room temperature for approximately 24 hours prior to 

performing the stripping test. The field core and the plant 

mix were reheated to 200-225 F in the oven and approximately 

1000 grams of the loosened mix was allowed to cool to room 

temperature overnight prior to boiling test. 

Specimen Conditioning. For the wet-dry indirect 

tensile test the specimens were tested after either dry or 

wet conditioning. The dry conditioning consisted of curing 
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the specimen at room temperature (77 F) for at least one day 

prior to testing. The wet conditioning involved immersing 

the specimen in distilled water at room temperature, 

applying a vacuum, and then subjecting the specimen to 

various types of conditioning as summarized on Table 2.5. 

The two levels of vacuum discussed below were used to 

prepare the wet specimens: 

1. Twenty-six inches of mercury vacuum while submerged 

in water for 30 minutes for the original Lottman 

procedure. 

2. Using trial and error method to apply a suitable 

vacuum pressure to achieve approximately 70 percent 

(60-80\) degree of saturation for the wet specimens 

other than the original Lottman procedure. 

Depending on the type of materials and air void 

content of the specimens, the vacuum pressure and 

the duration of vacuum were varied; however, a 

vacuum pressure of 15-17 inches of mercury with 

approximately 5-minutes duration usually was 

sufficient to achieve 70 percent of saturation. 

Test Equipment. The test equipment for the wet-dry 

indirect tensile test was the same as that used in previous 

studies ~t the Center for Transportation Research and 

included a loading frame, loading head, and MTS closed-loop 
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electrohydraulic system to apply load and to control 

deformation rate (Refs 48 and 49). For the static test the 

vertical deformations were monitored by a DC linear variable 

differential transducer (LVDT) positioned on the upper 

platen. A loading rate of 2 inches per minute was applied 

at a test temperature of 77 F. The peak loads were obtained 

by a direct digital readout device. 

TEST PROPERTIES ANALYZED 

The test properties analyzed were: indirect tensile 

strength, tensile strength ratio and Boiling Water Stripping 

test value. The engineering properties and other properties 

required for analysis are described in the following. 

Equations used to calculate each property are also included 

in the sections that follow. 

Tensile Strength. The indirect tensile strength is the 

maximum tensile stress which the specimen attains during 

destructive testing in indirect tension. For 4-inch 

diameter specimens and the load-deformation information 

obtained from the static test, tensile strength can be 

calculated from the following relationship: 



where 
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= 0.156 p 
t 

ST = tensile strength, psi, 

P = the maximum load carried by the 
specimen, lb, and 

(Eg 2.2) 

t = thickness or height of the specimen, 
inch. 

Tensile Strength Ratio. In order to evaluate the 

effect of moisture conditioning on the stripping and 

non-stripping mixtures, a parameter was defined in terms of 

tensile strengths of the wet and dry specimens. The tensile 

strength ratio is defined as follows: 

TSR = (Eg 2.3) 

where 

TSR = tensile strength ratio, 

s = tensile strength of the wet 
Twet specimen, psi, and 

s = tensile strength of the dry 
Tdry specimen, psi 
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Boiling Water Stripping Test Value. This value is 

expressed as the percent of asphalt retained after the 

boiling water test. The value is visually estimated 

according to the degree of stripping present in the mixture. 

The values reported in this report are the opposite of those 

reported in Texas Test Method Tex-530-C, which uses percent 

stripping. 

Bulk Specific Gravity. The bulk specific gravity is 

the ratio of the weight of the compacted bituminous mixture 

specimen to the bulk volume of the specimen. ASTM 

Designation D 2726-73 was used to determine the actual 

specific gravity as follows: 

A (Eq 2.4) 
B - C 

where 

Ga = actual specific gravity, 

A = weight of the dry specimen in air, g 

B = weight of the saturated surface-dry specimen in 
air, g, and 

C =weight of the specimen in water, g 

Theoretical Maximum Specific Gravity. The theoretical 

maximum specific gravity of a specimen occurs when all the 

air voids are filled. ASTM D 2041-78 or Tex-227-F {Ref 46) 
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was used to determine the maximum specific gravity as 

follows: 

A 
D + Asd - E (Eq 2.5) 

Where: Grc = Maximum theoretical specific gravity 
corrected for water absorption during 
test 

Asd = Weight (grams) of surface dry sample in 
air 

D = Weight (grams) of calibrated pycnometer 
filled with water 

E = Weight (grams} of pycnometer containing 
sample and filled with water to the 
calibration level 

Percent Air Voids in Specimens. The air voids in a 

specimen are the small air spaces between the individual 

aggregate particles. This can be determined by the 

following equation: 

where 

AV 

AV = 

= air voids in a specimen, percent, and 

= actual bulk specific gravity of a 
specimen. 

(Eq 2.6) 

= Maximum theoretical specific gravity corrected 
for water absorption 
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Degree of Saturation. The ratio of the volume of water 

in a specimen to the total volume of voids is the degree 

of saturation and is' calculated as a percentage: 

(Eq 2.7} 

where 
s = degree of saturation in wet specimen, percent, 

vw = volume of water in a wet specimen, and 

vv = total volume of voids in a wet specimen. 



CHAPTER 3 

SUMMARY AND PRESENTATION OF EXPERIMENTAL RESULTS 

This chapter summarizes the test results obtained for 

the laboratory prepared mixtures, the plant mixed­

laboratory compacted mixtures, and the field cores taken 

immediately after construction. All test results are listed 

and illustrated in the tables and figures in the Appendices 

A through H. The data are summarized in the following 

according to two basic types of tests, i.e., the wet-dry 

indirect tensile test and the Texas boiling test. 

WET-DRY INDIRECT TENSILE TEST RESULTS 

Laboratory Mixture 

Five test methods for the laboratory mixture were: 

1) Method A: Tex-531-C method. 

2) Method B: Modified Tex-531-C method. 
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3) Method C: 

4) Method D: 

5) Method E: 
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Original Lottman method. 

Tunnicliff·Root method. 

Multiple freeze-thaw cyclic method. 

Tensile strength ratios were obtained for the test 

methods A through D using the average tensile strength of 

the three wet specimens divided by the average tensile 

strength of the three dry specimens. The TSR values are 

summarized in Tables 3.1 for the test methods A through D. 

The test results for the multiple freeze-thaw cyclic method 

are summarized in Table 3.2 where the TSR values represent 

the average conditioned tensile strength for a specific 

number of cycles divided by the original average dry tensile 

strength. 

Plant Mixture 

Three test methods utilized to evaluate the plant 

mixture were: 

1) Method B: Tex·531-C method. 

2) Method C: Original Lottman method. 

3) Method D: Tunnicliff-Root method. 

Tensile strength ratios were obtained for the test 

methods B through D using the average tensile strength of 

the three wet specimens divided by the average tensile 
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T"-l!LE 3.1 SU!1JW<Y Of TSR 'l'ES'!' RE.Sin.TS P'OR l.A.IIORATORY IUX'MIE.S 

1'ensile Strength Ratio (TSR) 
Additive 

District Name Tex·53l·C 'l"ex·5:n-c Original Tunnicliff- First 
with Cure w/o Cure Lottman Root "cycle 

No Additive 0.51 0.51 0.47 0.52 0.49 
17 Lime 1.18 1.19 1.12 1.23 1.02 

SA 2000 0.82 0.9& 0.88 1.09 0.80 
Perma·Tac 0.82 0.94 0.91 0.97 0.77 

flo Additive 0.44 0.47 0.44 0.53 0.61 
Lime 0.74 0.83 0.77 0.93 1.20 

1& Aquashield 0.56 0.62 0.60 0.70 0. 77 
J:looll 0.53 0.58 0.4:'> 0.68 0.&8 
PavelxmO LP O.GO 0.55 0.57 0.67 0.83 

No Additive 0.43 0.55 0.53 0.70 0.81 
13 Lime 1.42 1.27 1.22 1. '26 1.19 

BA 2000 0.!)4 0.6& 0.79 0.85 1.21 
Perma-Tac 0.61 0.69 0.78 o.88 1.03 

No Additive 0.20 0.23 0.15 0.32 0.66 
Lime 0.78 0.62 0.58 0.78 1.07 

6 Pavelxmd LP 0.40 0.35 0.26 0.42 0.53 
Perma·Tac v.49 0.37 0.30 0.42 0.51 
Unic:.bem 0.37 0.42 C.30 0.54 0.61 

No Additive O.Ei7 0.62 0.46 0.!)4 0.71 
Lime L.30 1.23 0.9J 1.07 1.17 

25 Aquashield II 1.19 1.23 0.82 l.Ol 1.02 
Fitla·A 0.98 1.18 0.62 1.01 1.01 
t'erma·Tac l.().) 0.97 0.70 0.8& 0.83 
Unicbem 0.92 1.02 0.72 0.87 1.02 

No Additive 0.74 0.96 0.80 1.01 0.91 
Lime 1.06 1.22 1.14 1.24 1.26 
ARJ!.·W 1.14 1.26 1.14 1.29 1.24 
J:looll 0.70 0.85 0.82 0.95 0.90 
Filla· A 1.10 1.10 1.10 1.'20 1.18 
ll:ldulin AS-1 1.07 1.14 1.17 1.22 1.09 
PVBD Special 1.21 1.37 1.50 1.42 1.23 
Perma·'.l'ac Plus 1.15 1.15 0.94 1.13 1.01 

lio Additive 1.12 1.07 0.93 0.98 1.19 
Lime 1.07 1.53 1.45 1.64 1.59 

19 ARIHW: 1.19 1.09 0.99 1.20 1.20 
Aqua.shield II 1.25 1.24 1.11 1.36 1.31 
SA 2000 1.16 1.07 1.22 1.30 1.29 
Pema-'l'ac 0.93 1.17 1.03 1.03 1.12 

No Additive 0.24 0.28 o.:n 0.27 0.35 
Lilne 1.04 l.Ob 1.04 1.07 1.19 
ARR-1\AZ 0.52 0.48 0.39 0.55 0.63 

21 Aquashleld II 0.73 0.76 0.54 0.74 0.73 
Dow 0.35 0.37 0.30 0.37 0.49 
Fina-5 0.45 0.88 0.59 0.78 0.81 
Pavebond LP 0.51 0.55 0.53 0.~ 0.63 
Perma·Tac 0.4'1 0.52 0.39 0.49 0.64 
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UllLE "'.i' SI.JIIIl'IAR \' nF !11\l'L T1 PLE FREEZE·~ AW C'Y CLl C TES'l' 

RESULTS FOI! I.ABORA'roRY lllrrtrRF.S 

TI:O!Jsile Strength Ratio (TSR) 
1\d::ti ti ve 

District Name ) ') 7 9 
CYCLE C'YCLES C'YCLES C'YCLES CYCLF.S 

No Additive 0.49 0.36 O.:Z!i 0.25 0.19 
17 Lime 1.02 1.03 O.B2 0.81 0.84 

BA 2000 0.80 o.tn 0.60 0.64 0.54 
Perma-'.rac 0.71 0.67 0.62 0.57 0.52 

No Additive 0.61 0.49 0.37 0.31 0.39 
Lime 1.20 0.99 0.83 0.63 0.67 

lG Aquashield 0.71 0.79 0.68 0.56 0.67 
Dow 0.1>8 0.56 0.47 0.33 0.37 
Pavebood LP 0.83 0.60 0.49 0.48 0.46 

No Additive 0.81 0.57 0.4l 0.36 0.33 
13 Lime 1.19 1.05 1.06 0.92 1.02 

II& 2000 1.21 1.02 1.00 0.5<1 0.79 
Perma-Tac: Plu.s 1.03 1.05 0.89 0.70 0.90 

No Additive 0.1)6 0.22 0.13 0.16 0.13 
Lime 1.07 0.89 0.71 0.54 0.57 
Pavebond LP 0.53 0.47 0.30 0.19 0.24 
Pema·Tac: 0.51 0.47 0.32 0.28 0.26 
Unic:bem 0.61 0.51 0.37 0.30 0.25 

No Additive 0.71 0.44 0.27 0.28 0.23 
Ll.llle 1.17 1.04 0.86 0.98 0.89 

25 Aquashie1d II 1.02 0.85 0.60 -0.90 0.71 
Fi.oa·A 1.01 o.8o 0.83 0.76 0.79 
Perma•Tac: 0.83 0.69 0.62 0.')9 0.44 
Unichem 1.02 0.75 0.66 0.62 0.48 

No Add!. ti ve 0.91 0.68 0.52 0.47 0.31 
Lime 1.26 1.01 1.00 0.91 0.89 
ARlH'IlZ 1.24 1.07 1.06 0.91 0.89 
Dov 0.90 0.70 0.59 0.43 0.32 
Fina·A 1.18 0.99 0.95 0.84 0.85 
Illdu..lin l.S-1 1.09 1.00 0.91 0.86 0.80 
PVBD Special 1.23 1.28 1.16 1.04 0.95 
Perma·Tac Plu.s 1.01 1.00 0.90 0.78 0.56 

No Additive 1.19 0.£>6 0.64 0.45 0.48 
Lime 1.59 1.61 1.00 1.06 1.01 

19 MR-MAZ 1.20 1.05 0.75 0.70 0.74 
Aquashield ll 1.31 1.16 0.99 1.06 1.09 
BA 2000 1.29 1.15 0.94 0.92 0.83 
Perma•'l'ae 1.12 0.85 0.75 0.61 0.61 

No Additive 0.35 0.17 0.22 0.18 0.13 
Lille 1.19 1.03 l.OO 0.79 0.78 
W·I'IAZ 0.63 0.50 0.50 0.42 0.41 

21 Aqua.shield II 0.73 0.61 0.60 0.54 0.49 
!low 0.49 0.26 0.27 0.23 0.19 
Fina-11 0.!!1 0.74 0.67 0.62 0.56 
Pavebond LP 0.63 0.47 0.53 0.45 0.46 
P~rma-'Tac 0.64 0.43 0.40 0.35 0.:\6 
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strength of the three dry specimens. The TSR values are 

summarized in Table 3.3 for the test methods B through D. 

Field Core 

The field cores were air-dried in the laboratory and 

the air voids determined before testing. For each pair of 

field cores, one was tested dry and the other was tested 

using the Tex-531-C wet conditioning technique. A tensile 

strength ratio was obtained for each pair of field cores 

using the tensile strength of the wet specimen divided by 

the tensile strength of the dry specimen (Eq 2.1). A 

summary of the average air voids and the average TSR values 

for the low and high air void test sections of the eight 

projects are presented in Table 3.4. The average air voids 

were the average air void content of all of the pairs of 

field cores from the low and high void test sections. In 

some cases, the average low and high air voids were reversed 

compared to the targeted low and high voids test sections. 

In these cases, the test sections were classified with 

respect to the actual air voids in the pavement as noted on 

the table. 
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TA.BLE J.J !:tm!WY Of' TSll TES'l' RESI1L TS FOR PLAJrl' KixtD· 
LAbOR A TORY COO ArnD KIX'I'UP.ES 

Tensile Strength katie (TSRJ 
Adr\Hive 

District Harne Tex·5:n -c Original t~ic:i!f· 
M!>thod Lot !.man Root 

No llddltive 0.04 0.51 0.£.1 
l'l Lime 1.1!! 1.01 1.09 

BA 2000 1.07 0.98 1.01 
Penua-Tac 0.51 0.43 0.50 

No Additive 0.79 0.72 0.87 
Li.rle 1.02 o.e7 1.01 

16 Aqueshield 0.87 0.76 0.87 
Dow 0.75 0.72 0.87 
Pavebor.d LP 0.77 0.75 0.90 

No Add.i ti ve 1.03 1.02 0.98 
13 Lime 1.03 1.02 0.97 

BA 2000 1.08 0.% 0.99 
Penua·Tac 1.00 0.98 0.9£. 

No Additive 0.47 0.38 0.54 
LiJne 0.54 0.43 0.66 
Pavebond LP 0.83 0.66 0.80 
Penua-'l'a: 0.78 0.65 0.85 
Unicbem 0.64 0.61 0.78 

No Addi t.i ve O.E.O 0.44 0.04 
Lime 0.89 0.76 0.90 

25 Aquashield II 0.60 0.48 0.63 
Fina-A 0.85 0.79 0.9& 
Penu-Tac 0.76 O.E3 0.7& 
Onicbee 0.75 0.67 0.78 

No Add.i ti ve 1.06 0.97 1.07 
Lime 1.12 1.27 1.12 
ARJHW 1.10 l.23 1.1& 

1 Doli 0.97 0.95 0.96 
Fi.na·A 1.12 1.20 1.15 
Indulin AS-1 1.10 1.22 1.19 
PVBO Special 1.15 1.24 1.19 
Penu·Tac Plus 1.02 1.07 1.12 

No Additive 0.73 0.75 0.80 
Li.me 1.11 1.16 1. '21 

19 AR.R-KAZ 1.12 1.08 1.08 
Aquashleld II 1.1& 1.24 1.17 
BA 2000 1.21 1.26 1.27 
Penu·Tac 1.01 1.14 1.15 

No Additive 0.23 0.28 C.26 
Lime 0.17 0.19 0.19 
AR.R-MAZ 0.39 0.41 0.40 

21 Aquashield II 0.47 0.53 0.50 
Dow 0.30 0.30 0.29 
Fina·B (1.56 0.65 0.5& 
Pavebond LP 0.51 0.59 0.51 
Perma-Tac 0.42 0.49 0.44 
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TABLE 3.4 SUMMARY OF TSR (TEX-531-C) TEST RESULTS 
FOR FIELD CORES 

Additive 
Name 

No 
Additive 

Lime 

BA 2000 

Perma-Tac 
Plus 

No 
Additive 

Lime 

Pavebond 
LP 

Aquashield 

Dow 

No 
Additive 

Lime 

BA 2000 

Perma-Tac 
Plus 

No 
Additive 

Lime 

Pavebond 
LP 

Perma-Tac 

Unichem 

Test Section Air Voids Tensile Strength 
High/Low Voids (AVG) Ratio (AVG) 

Low Voids 
High Voids 

Low Voids 
High Voids 

Low Voids 
High Voids 

High Voids* 
Low Voids* 

High Voids* 
Low Voids* 

Low Voids 
High Voids 

High Voids* 
Low Voids* 

High Voids* 
Lowh Voids* 

Low Voids 
High Voids 

Low Voids 
High Voids 

High Voids* 
Low Voids* 

Low Voids 
High Voids 

Low Voids 
High Voids 

Low Voids 
High Voids 

Low Voids 
High Voids 

Low Voids 
High Voids 

High Voids* 
Low Voids* 

High Voids* 
Low Voids* 

5.2 
6.4 

2.8 
4.6 

6.2 
7.3 

7.1 
4.8 

9.6 
9.5 

8.6 
8.7 

10.8 
10.2 

10.6 
9.8 

8.7 
9.6 

5.6 
6.2 

5.5 
5.2 

5.8 
6.1 

4.3 
5.5 

8.2 
11.1 

8.5 
10.7 

9.2 
10.6 

9.5 
8.0 

9.8 
9.7 

0.58 
0.63 

1. 01 
0.99 

0.94 
0.92 

0.54 
1. 02 

0.66 
0. 71 

0.86 
0.93 

0.85 
0.69 

0.76 
0.84 

0.76 
0.63 

0.87 
0.82 

0.82 
l. 07 

0.93 
0.88 

0.90 
1.08 

0.52 
0.44 

0.50 
0 .. 44 

0.72 
0.64 

0.60 
0. 67 

0.65 
0.65 
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TABLE 3.4 (Continued) 

SDHPT Additive Test Section Air Voids Tensile Strength 
District Name High/Low Voids (AVG) Ratio IAVG) -

No Low Voids 9.9 0.53 
Additive High Voids 11.2 0.64 

Lime High Voids* 8.3 1.00 
Low Voids* 7.9 0.99 

25 
Aquashield Low Voids 9.2 0.63 

II High Voids 10.1 0.96 

Fina-A Low Voids 8.4 1.11 
High Voids 10.3 l. 02 

Perma-Tac Low Voids 8.0 0.80 
High Voids 8.7 0.94 

Unichem Low Voids 8.7 0.84 
High Voids 9.4 0.60 

No Low Voids 5.6 0.91 
Additive High Voids 9.5 0.88 

Lime Low Voics 6.6 l. 31 
High Voids 6.6 l. 20 

ARR-MAZ Low Voids 6.7 1.18 
High Voids 8.8 1. 36 

Dow High Voids* 8.8 1. 07 
Low Voids* 8.4 l. 01 

1 
Fina-A High Voids* 6.0 0.99 

Low Voids* 5.8 1.11 

INDULIN Low Voids 5.5 1.12 
AS-1 High Voids 8.1 1.19 

Pavebond Low Voids 6.2 1.03 
Special High Voids 9.3 1.02 

Perma-Tac Low Voids 6.6 1.13 
Plus High Voids 9.4 1.13 

No High Voids* 9.9 0.79 
Additive Low Voids* 8.1 0.87 

Lime Low Voids 6.2 1.10 
High Voids 7.8 1.23 

ARR-MAZ High Voids* 8.4 1.12 
Low Voids* 7.7 1. 24 

19 
Aquashield High Voids* 8.8 l. 36 

II Low Voids* 8.4 l. 70 
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TABLE 3. 4 (Continued) 

SDHPT Additive: Test section Air Voids Tensile Strength 
District Name High/Low Voids (AVG) Ratio (AVG) 

BA 2000 Low Voids 7.2 1. 09 
Uigh Voids 7.8 1.12 

Perma-Tac Low Voids 8.0 1. 05 
High Voids 8.3 1. 04 

No Low Voids 8.3 0.56 
Additive High Voids 9.7 0.53 

Lime Low Voids 10.9 0.77 
High Voids 11.9 1.21 

ARR-MAZ Low Voids 8.2 0.80 
High Voids 10.4 0. 7 3 

Aquashield Low Voids 6.7 0.73 
11 High Voids 7.9 0.95 

21 
Dow Low Voids 8.8 0.62 

High Voids 12.0 0.53 

Fina-B Low Voids 7.1 0.76 
High Voids 7.9 0.75 

Pavebond Low Voids 9.1 0.80 
LP High Voids 11.9 0.73 

Perma-Tac Low Voids 8.9 0.99 
High Voids 12.5 0.68 

*Note: The low and high voids test sections represent the actual air 
void content of field test sections rather than the targeted 
values. 
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TEXAS BOILING TEST RESULTS 

Laboratory Mixture 

Approximately 1000 grams of treated and untreated 

asphalt-aggregate mixtures were prepared in the laboratory 

and a portion of the mixture, 200 grams, was used for the 

boiling test. The boiled mixture was examined the following 

day after it had been allowed to dry. The percent of 

asphalt retained after boiling was estimated independently 

by two operators at different times. The average value of 

the two ratings was reported as the asphalt retained in the 

mixture. The test results are summarized on Table 3.5. 

Plant Mixture 

Approximately 1000 grams of loose plant mixtures were 

heated at 140 F temperature in the oven and 200 grams of the 

loose plant mixtures were used for the boiling test. The 

same procedure was followed as described above for the 

laboratory mixture. The test results are also summarized in 

Table 3.5. 
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TABLE .S.5 Stl?t\ARY Of' BOlLIJjG (TEX·530·C) TEST RESULTS 

~phdll Retained After Boiling, \ 
Additive 

District Name Lab Mix Plant Mix field Core 

No Additive 50.0 52.5 so.o 
11 Lillie 1!5.0 94.0 92.5 

SA 2000 92.5 92.5 92.5 
Perma·Tac 90.0 50.0 90.0 

No Additive 77.5 82.5 75.0 
Lillie 75.0 82.5 17.':. 

16 Aqua.shield 77.5 85.0 82.5 
Doll 77.5 85.0 75.0 
Pavebond LP '17.5 85.0 72.5 

No Additive 77.5 77.5 82.5 
n Lime 96.5 96.5 90.0 

BA 2000 97.5 96.5 92.5 
Perma·Tac 96.5 95.0 92.5 

No Additive 50.0 70.0 60.0 
Lime 72.5 72.5 60.0 
Pllvebond LP 60.0 85.0 87.5 
Perma·Tac 65.0 80.0 75.0 
Uniehe~~~ 67.5 85.0 90.0 

No Additive 50.0 77.5 72.5 
Lime 85.0 87.5 85.0 

25 Aqua.shleld II 96.5 77.5 72.5 
Fi.Da·A 94.0 94.0 92.5 
Perma·Tac 90.0 92.5 87.5 
Unicbe~~~ 94.0 87.5 77.5 

No Additive 82.5 90.0 91.5 
Lime 92.5 92.5 95.0 
A.klHW 90.0 97.5 95.0 
Doll 82.5 91.5 92.5 
FiDa·A 92.5 95.0 97.5 
Indulin AS-1 92.5 96.5 95.0 
MD Special 92.5 95.0 97.5 
Perma·'l'ac Plus 92.5 95.0 95.0 

No Additive 85,0 85.0 87.5 
Lime 94.0 90.0 85.0 

19 m-w 92.5 90.0 90.0 
Aqua.sbield II 92.5 94.0 90.0 
BA 2000 92.5 96.5 90.0 
Perma·Tac 92.5 90.0 90.0 

No Additive 37.5 25.0 25.0 
Lime 81.0 37.5 45.0 
ARR·MAZ 55.0 57.5 50.0 

21 Aquashield II 77.5 61.5 67.5 
Doll 57.5 52.5 47.5 
FiM·B 80.0 75.0 65.0 
Pilvebond LP bS,O 67.5 62.5 
Perma·Tac 55.0 61.0 60.0 
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Field Core 

A field core was randomly selected and was heated at 

140 F temperature in oven. Two hundred grams of the 

loosened mixture was used for the boiling test. The 

procedure was the same as described above. The test results 

for the field cores are summarized on Table 3.5. 

ANOMALIES IN TEST RESULTS 

A few anomalies were identified during the analysis of 

the test data. These anomalies are discussed below. 

District 17 

One discrepancy was concerned with the plant mixture of 

the Perma-Tac which showed the percent asphalt retained after 

boiling was extremely low, even as low as the control 

materials (Table 3.5). The tensile strength ratios of the 

high voids test section where the loose plant mixtures were 

taken were also as low as the control (Table 3.4); however, 

the tensile strength ratios of the low voids test section 

were much higher than that of the control. 
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. 
In order to investigate the presence of the Perma-Tac 

in the mixtures, infrared spectrascopy tests were performed 

on the field cored mixtures taken from both the low and high 

voids test sections supposedly containing Perma-Tac. It was 

confirmed by infrared spectroscopy that the Perma-Tac was 

present in both the low and the high voids test sections. 

Due to some unknown reasons, the treated materials from the 

low voids test section had much higher TSR values than the 

materials from the high voids test section. 

District 25 

An anomaly was identified with the plant mixture and the 

field core from the low voids test section of the Aquashield 

II (Tables 3.3, 3.4, and 3.5}. The boiling test was run on 

the field core and the plant mixture taken from the low voids 

test section. The percent asphalt retained after boiling was 

very low for both the field core and the plant mixture (Table 

3.5). The tensile strength ratio for the plant mixed­

laboratory compacted mixture was also low (Table 3.3). 

However, the tensile strength ratios of the field core from 

the high voids test section were much higher than that from 

the low voids test section (Table 3.4). 

Again, infrared spectroscopy tests were performed on 
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the field cored mixtures taken from both the low and high 

voids test sections supposedly containing Aquashield II. It 

was also confirmed by infrared spectroscopy that the 

Aquashield II was present in both the low and the high voids 

test sections. Nevertheless, the two test sections behaved 
' differently in terms pf the resistance to moisture 

susceptibility. 

District 21 

The problem was concerned with the plant mixture and the 

field core from the lime treated test sections. There was a 

significant difference in moisture resistance between the 

laboratory prepared mixture and the plant prepared mixture 

for the hydrated lime (Tables 3.1, 3.3, and 3.5). The 

hydrated lime was added in slurry form to the aggregates 

prior to entering into the drum mixer, whereas in the 

laboratory the lime slurry was added to the dry aggregates 

and mixture was oven-dried prior to mixing with the asphalt 

cement. The mixing procedures were the same as for the 

other projects such as Districts 17, 16, 13, and 25; 

however, for some unknown reasons, the difference between 

the data obtained for the laboratory mixture and the plant 

mixture were very pronounced for both the boiling test 
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(Table 3.5) and the wet-dry indirect tensile test (Tables 

3.1 and 3.3). 

During laboratory testing, an observation was made 

that some clayey materials in the plant-mixed/laboratory­

prepared samples showed some signs of swelling upon moisture 

conditioning. The contained clay materials might be 

detrimental to the wet specimens; thus, the wet tensile 

strength was greatly reduced for the lime treated mixtures. 

Lime Treated Mixtures 

An apparent anomaly is the lime treated mixtures that 

exhibited higher wet tensile strength compared to the dry 

tensile strength, i.e., the tensile strength ratio exceeding 

1.0 for the lime treated mixtures. This behavior has been 

observed by many other researchers (Refs 5, 12, 29, 34, and 

44) but has not been thoroughly investigated. Thus, further 

research is needed to better understand the interactions of 

hydrated lime, asphalt, and aggregate. 



CH~PTER 4 

ANALYSIS OF LABORATORY AND PLANT MIXTURES TEST RESULTS 

The test results and analysis of the laboratory and 

plant mixtures are discussed in this chapter. The following 

analyses were conducted 

1) To evaluate the relationships between various 

moisture damage test values, 

2) To compare the differences and similarities between 

the laboratory mixture and the plant mixture, and 

3) To determine the effectiveness of hydrated lime and 

various liquid additives. 

The multiple freeze-thaw cycle test results were also 

analyzed to determine the effect of freeze-thaw cycles on 

the moisture resistance of the treated and untreated 

mixtures. 

COMPARISON OF MOISTURE DAMAGE TEST VALUES 

Five wet-dry indirect tensile test methods were used 

61 



62 

for the laboratory mixtures and three test methods were 

used for the plant mixtures. The boiling test results are 

also analyzed and correlated with the TSR values. 

Effect of Curing for Modified Lottman (Tex-531-C) Procedure 

The results from the Tex-531-C method with and without 

curing are compared in Figure 4.1 for each of the eight 

projects. The test values for all laboratory mixtures 

are compared in Figure 4.2. Test values from the Tex-531-C 

method with cure and the Tex-531-C method without cure are 

essentially equal with the exception of the values for the 

lime treated mixtures in District 19. The linear regression 

relationship between the two sets of TSR values approximates 

the line of equality and the R-squared value of 0.86 

indicates a reasonably good correlation. 

Thus, the time required for testing in the laboratory 

can possibly be shortened significantly. Nevertheless 

additional aggregates with a wider range of absorption 

probably should be tested. 
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EFFECT OF' CURING ON TSR VALUES 
laboratory Mixture- Tex-531-C Method 
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Comparison of Tensile Strength Ratios 
I 

Comparisons of the TSR values for laboratory and plant 

mixtures are shown in Figures 4.3 and 4.4. All tests are 

compared to the modified Lottman procedure (Tex-531-C) which 

is utilized by the Texas SDHPT. 

The original Lottman test procedure was more severe 

than the other test methods evaluated as evidenced by the 

lower TSR values. The TSR values for the Tunnicliff-Root 

procedure tended to be approximately equal to or slightly 

less than the TSR values for the modified Lottman 

(Tex-531-C) procedure. The first cycle of the multiple 

freeze-thaw cycle procedure was the least severe {Fig 4.3). 

Thus, the test methods, ranked in decreasing order of 

severity, are 

(1) Original Lottman, 

(2) Modified Lottman (Tex-531-C), and 

(3) Tunnicliff-Root. 

The severity of the original Lottman is attributed to 

high degree of saturation of the specimens produced by the 

vacuum saturation procedure. ln the modified Lottman 

procedure (Tex-531-C), the degree of saturation is 

controlled between 60 and 80 percent resulting in less 

damage. ln the Tunnicliff-Root method, the degree of 
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saturation is also controlled between 55 and 80 percent, 

but, in addition no freeze cycle is used and the specimens 

are conditioned with only a warm (140 F) water-bath soak; 

thus, damage due to freezing is eliminated. In the cyclic 

Freeze-Thaw test, the specimens were immersed in water and 

subjected to repeated freeze-thaw cycles. 

Correlations of TSR Values with Modified Lottman TSR Values 

The previous analysis establishes the relative severity 

of the tests and indicates that the methods provide 

different TSR values. Thus, the TSR values were analyzed to 

establish possible correlations. 

Laboratory mixtures. The laboratory mixture TSR values 

for the different test procedures were correlated with the 

TSR values obtained from the modified Lottman (Tex-531-C) 

procedure as shown in Figures 4.5a, b, and c. For each 

comparison, e.g., the original Lottman versus the modified 

Lottman, there are two correlation relationships shown for 

the data set; one which regressed the original Lottman data 

on the modified Lottman (Tex-531-C) data and the second 

which regressed the modified Lottman (Tex-531-C) data on the 

original Lottman data. 
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Thus, the X and Y values for the two equat~ons are 

different. These correlations are reasonably good with R2 

values ranging from 0.67 to 0.79 with the lower value 

associated with the test procedure involving the first cycle 

of the multiple freeze-thaw cycle procedure. 

Plant mixtures. The TSR values for the original 

Lottman and Tunnicliff-Root procedures are compared with the 

modified Lottman (Tex-531-C·) TSR values as shown in Figure 

4.6. For each comparison, two regression equations are 

shown as previously discussed. The R2 values are very high 

ranging from 0.91 to 0.95 indicating excellent correlations 

were obtained between the modified Lottman (Tex-531-C) and 

both the original Lottman and the Tunnicliff-Root procedures 

for the plant mixtures. 

Laboratory and Plant Mixtures. Combining the TSR 

values from the laboratory and field mixtures for all eight 

projects, produce correlations between the TSR values for 

both the original Lottman and Tunnicliff-Root procedures and 

the modified Lottman (Tex-531-C) values as shown in Figure 

4.7. The correlation equations are also summarized in Table 

4.1 for the comparisons between the modified Lottman 

(Tex-531-C) and both the original Lottman and the 

Tunnicliff-Root procedures. The R2 values ranged from 0.84 

to 0.85. Thus, the TSR values for the modified Lottman 
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(Tex-531-C) can be estimated from the TSR values obtained 

by either the original Lottman or the Tunnicliff-Root 

procedures, or vise versa using the equations listed in Table 

4.1. This would also allow critical values from one test 

method to be transferred into an equivalent value for 

another test method. 

Correlation of Boil Values with TSR Values 

Two types of correlations were developed between the 

boiling test results and the TSR values; the first regressed 

the TSR values on the boil values (Figures 4.8a and 4.9a) 

and the second regressed the boil values on the TSR values 

(Figures 4.8b and 4.9b). The correlation relationships were 

developed using the natural logarithm of the TSR data and 

correlating it with the boil values using linear regression. 

Other transformations were investigated, but did not improve 

the correlation. 

Laboratory Mixtures. The relationships between the 

boiling test results and each of the four TSR test methods 

for the laboratory mixture are shown in Figures 4.8a and 

4.8b. The R2 values range from 0.63 to 0.76. 
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TABLE 4.1 SUMMARY OF CORRELATION EQUATIONS OF 

correlation 

Original Lottman 

vs. 

Modified Lottman* 

Tunnic1iff-Root 

vs. 

Modified Lottman* 

Multiple Freeze-Thaw 
Cycle (First Cycle) 

vs. 

' TSR VALUES FOR VARIOUS TEST METHODS 

Correlation Equation 

C (TSR) = 0.89 + 0.94* A (TSR) 

or 

A (TSR) = 11.8 + 0.90* C (TSR) 

D (TSR) = 13.3 + 0.90* A (TSR) 

or 

A (TSR) = 0.20 + 0.94* D (TSR) 

E (TSR) = 36.7 + 0.70* A (TSR) 

or 

R2 Value 

0.84 

0.84 

0.85 

0.85 

0.67 

Modified Lottman** A (TSR) = -8.8 + 0.96* E (TSR) 0.67 

Where, 
A(TSR) = TSR values of the modified Lottman 

(Tex-531-C) method, \ 
C(TSR) = TSR values of the Original Lottman method, \ 

D(TSR) = TSR values of the Tunnic1iff-Root method, \ 
E(TSR) = TSR values of first cycle of the multiple freeze­

thaw cycle method, \. 

* Laboratory and Plant Mixtures 
** Laboratory Mixtures 
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Plant Mixtures. The relationships between the boiling 

test results and eath of the three TSR test methods are 

shown in Figures 4.9a and 4.9b. The R2 values range from 

0.73 to 0.84. 

Laboratory and Plant Mixtures. The correlations 

between the boiling test results and the TSR values were 

developed using the test values from both the laboratory and 

plant mixtures for all eight projects. The correlations are 

shown in Figures 4.10 and 4.11. The R2 values range from 

0.71 to 0.79 indicating a reasonably good correlation 

between the TSR values and the boil values. These 

correlation equations can provide estimates of the boil 

values based on the wet-dry indirect tensile test results or 

the TSR values based on the boiling test results. Again 

critical values approximating the same level of damage can 

be estimated. For example a TSR value (Tex-531-C) of 70 

would correspond to a boil value of 79 percent retained. 

COMPARISON BETWEEN LABORATORY MIXTURE AND PLANT MIXTURE 

The data obtained for the laboratory mixtures were 

compared with the data obtained for the plant mixtures to 

determine whether the values were the same or different. 

The amount of aggregate and asphalt are the same for both 
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the laboratory mixture and the plant mixture; except for the 

three projects in Districts l, 16, and 19. The tests were 

conducted on the preliminary laboratory designed mixtures 

prior to construction and the plant mixtures were the actual 

paving mixture as adjusted in the field. In addition, in a 

few cases the suppliers of antistripping additives had 

trouble introducing their product in the field. 

Comparison of Dry Tensile Strength 

The dry tensile strength of the laboratory mixture and 

the plant mixture are compared in Figure 4.12 for each 

individual project and in Figure 4.13 for all projects. 

Except for the District 6 project (rhyolite aggregate) 

the dry strengths of the plant mixtures were greater than or 

approximately equal to that of the laboratory mixtures (Fig 

4.12). 

For either the laboratory or the plant mixtures of each 

individual project, the dry strengths of the lime treated 

mixture, the mixtures containing liquid additives, and the 

control mixture were approximately equal although in a few 

cases, the mixtures containing liquid additives tended to be 

stronger than the control. However, the hydrated lime and 

liquid antistripping additive apparently did not have a 
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significant or consistent effect on the dry strengths of the 

mixtures. 

Figure 4.13 compares the dry tensile strengths of the 

laboratory and plant mixtures for all eight projects. 

Regardless of the type of mixtures, the river gravel 

aggregates tended to have lower dry tensile strength, 

whereas the limestone and rhyolite materials had the higher 

dry tensile strength; however, the data are very limited. 

Comparison of Wet Tensile Strength 

The wet tensile strength of the laboratory mixture and 

the plant mixture are compared in Figure 4.14 for each 

individual project and in Figure 4.15 for all projects. 

Except for mixtures treated with lime, the wet strengths of 

the plant mixtures were greater than or equal to the wet 

strengths of the laboratory mixtures. As for the 

lime-treated mixtures, in most cases the wet strengths of 

the plant mixtures were approximately equal to the wet 

strengths of the laboratory mixtures (Districts 17, 13, 25, 

1, and 19). However, the lime treated plant mixture had 

higher wet tensile strength than the laboratory mixture for 

Districts 16 and 21, whereas the reverse was true for 

District 6. 
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The wet tensile strengths for both the laboratory and 

plant mixtures from all eight projects is compared in Figure 

4.15. A linear correlation line is shown for the overall 

data. The low R2 value of 0.36 indicates a poor correlation 

between the wet strengths of the laboratory mixtures and 

plant mixtures. Generally, th~ wet strength of the plant 

mixtures were greater than that of the laboratory mixtures. 

Comparison of Tensile Strength Ratio 

The tensile strength ratios for the laboratory mixture 

and the plant mixture are compared in Figure 4.16 for each 

individual project. Except for lime treated mixtures the 

tensile strength ratios of the plant mixtures were 

approximately equal to (Districts 17, 25, 1, 19, and 21), or 

greater than (Districts 16, 13, and 6) the TSR values for 

the laboratory mixtures. In contrast, for the lime treated 

materials, the plant mixtures had lower TSR values for 

Districts 6, 13, 19, 21, and 25, higher TSR values for 

District 16 and equal values for Districts 17 and 1. 

The comparison of the TSR values for both laboratory 

and plant mixtures for all eight projects is shown in Figure 

4.17. Correlation equation was developed for the overall 

data. The plant mixture exhibited higher TSR values than 
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the laboratory mixture for laboratory TSR values less than 

about 90 percent; however, the amount of data are limited. 

Comparison of Boiling Test Results 

The boiling test results for the laboratory and plant 

mixtures for each project are compared in Figure 4.18. 

Generally the boil values for the laboratory and plant 

mixtures were approximately equal (Districts 17, 13, 25, 1, 

19, and 21): however, two plant mixtures had higher boil 

values (percent asphalt retained) than the laboratory 

mixtures (Districts 16 and 6). 

The comparisons of boil test values for the laboratory 

and plant mixtures for all eight projects is shown in Figure 

4.19. As previously noted, Figure 4.19 illustrates that the 

boil values for the plant and laboratory mixtures were 

essentially equal except for about 5 data points. The 

correlation equation was reasonably good with an R2 value of 

0.71. 

EFFECTIVENESS OF VARIOUS ADDITIVES 

The effectiveness of the various liquid antistripping 

additives and hydrated lime was evaluated in terms of the 
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tensile strength ratio (TSR) and the boiling test results. 

A detailed description of the statistical analyses and 

comparisons utilized in the evaluation is presented in 

Appendix I. The evaluations based on the statistical 

comparisons are summarized in the following. 

Evaluation of Effectiveness Using Tensile Strength Ratios 

The TSR values for the laboratory mixtures and the plant 

mixtures are shown in Figures 4 .. 20 and 4.21, respectively. 

The effectiveness of the hydrated lime and the various 

antistripping additives was estimated using the TSR values. 

The statistical analyses for TSR values are contained in 

Appendix I and summarized below. 

An a-level of 5 percent and the Bonferroni method (Ref 

52) for multiple comparisons were used to test the 

statistical significance between the difference of two TSR 

values. The Bonferroni method for multiple comparisons was 

to reset the a-level to dJN, where N was the number of 

comparisons, and used Student-t table entries for the 

significance level of d/N. Because the probability exists 

that one of the N multiple comparisons may exceed the 5 

percent level. Therefore, to achieve the d-level of 5 

percent error rate, the t-value of tO.OS/N from the t-table 
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should be used with appropriate degrees of freedom to test 

the statistical significance for N multiple comparisons. 

The detailed test results of the pairwise comparisons 

using the TSR values are presented in the Appendix I 

(Figures I.l through I.l6) for the laboratory mixture and 

the plant mixture for each of the eight projects. From the 

outcomes shown in Figures I.l through I.l6, the two test 

criteria may not necessarily achieve the same conclusion in 

statistical significance. The criterion using the 

Bonferroni method is more stringent than the customary 5 

percent level of error rate, i.e., the Bonferroni method 

will achieve less difference in statistical significance 

among the additives (or control) than the 5 percent level of 

error rate. However, the differences between the two test 

criterions are not very noticeable in evaluating the 

effectiveness of the various additives (or control). 

Therefore, the advantage of using the Bonferroni method over 

the 5 percent error rate is not significant in this study. 

The effectiveness of the antistripping additives (or 

control) at 5 percent significance level is summarized on 

Table 4.2 based on the pairwise comparisons of the TSR 

values. The brackets indicate that the additives are not 

statistically different within the same bracket. The 
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TADLE 4.2 SUMMARY OF EFFECTIVENESS OF ANTISTRIPPING ADDITIVES BASED ON 
PAIRWISE COMPARISONS OF TENSILE STRENGTH RATIOS AT 5% 
SIGNIFICANCE LEVEL 

~KPT 
t>istrl.et 

1'7 

6 

l 

19 

21 

lffect1veneaa of ~nt1atr1pp1n9 A441t1vea or Control 
~ln Decreaaing Or4er of tftectl.vene••l 

Tex·Sl!·C Meth Orlqlntl Lottm&n M!thOd tynn1cliff•Root Method 
-~ rlant &!.!! Plant ~ .£1!!lt 

Llllle [L 111e Lime [t.lllle Lime t.1111e 
(B~ 2000 BA 2000 [BA 2000 :SA 2000 c~~ 2000 SA 2000 
LPerma-Tac Control Perma-Tac control Perma·Tac Control 
Control Perma•Tac+ c ntrol Perma•Tac+ control Perma•Tae+ 

[
Llllle t.illle Lillie [r.1me Lime r.1llle 
P.B. LP 1 Aq~ashiel4 AqUashiel4 ~quash1e14 [~quaahiel4 P.B. LP 
Aq~alhiel4J Control P.B. LP P.B. LP Dow Dow 
t».. P.B. LP Dow P.B. LP ~quuhiel4 
Centro Dow Centro centro Contro Cont l 
Lime BA 200 Lime Lime L11M BA 0 0 

[
lA 2000 Lime (lA 2000 Control [P.T. Plus control 
P.T. Plus Control P.T. Plus P.T. ?lua BA 2COO Lime 
Control P.T. Plo~s Control ~~ 2COO control. ?.T. Plus 

LllMI Fl.na·B L:i.llle P1na•B L lnt•B 
A.S. 11 P.B. :.P] [Fina•B P.B. LP J (Pina•B P.B. LP 

[
AJUH\~ p •. s. :I A.S. Il A.S. II A.S, 11 ~.S. Il J 
P.B.LP l.Perma•Tac1 P.B. LP Perma•Tac (P.B. LP fPerma•Tac 
Perma•Tae ARR•KAZ J [Perma•Tac ~-MAZ ARR-~~ LARa·~ 
tina•l Dow ARR·MAZ ooow Perrna·Tac f'I)ow 
Dow Control Dow J Control Dow LControl 
Control Lime Control Lime Control Lime 

• ~e ~racket in~icatea that the &44itives are net statistically different within 
the •~ ~racket. 

+ The Perma•Tac waa taken fro~ the high voi4s teat section. 
++ The Aquaahield li waa taken fr~ the low vc14a teat section. 
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discussions are made in the following with regard to the 

effectiveness of the'hydrated lime and the liquid 

antistripping additives. 

Hydrated Lime. The hydrated lime was effective as 

compared to control on the laboratory mixtures as well as on 

most of the plant mixtures as summarized on Table 4.3; 

however, the lime was not effective on the plant mixtures of 

Districts 13, 6, and 21. For the plant mixture of District 

13, there were essentially no differences among the various 

additives including the lime. For the plant mixture of 

District 6, the dry lime was added in layers to the coarse 

aggregate stockpile. Twelve hours prior to use, water was 

placed on the stockpile. Therefore, the hydrated lime may 

not have been mixed well with the rhyolite aggregates. For 

the District 21 material, the hydrated lime slurry was very 

effective on the laboratory mixture, but there was no 

significant difference between the TSR values of the lime 

treated and the untreated plant mixture. As previously 

discussed, the problem was associated either with the raw 

material itself or with the field application technique of 

the lime. 

Liquid Antistripping Additives. Most liquid additives 

were effective as compared to control as measured by the TSR 
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TABLE 4.3 EFFECTIVENESS* OF ANTISTRIPPING ADDITIVES 
AS COMPARED TO CONTROL USING WET-DRY 
INDIRECT TENSILE TEST RESULTS 

Laboratory/Plant SDHPT District No. 
Jo.dditives Mixture 17 16 ll 6 12 _l ll 21 

Hydrated Lime 

Aquashield 

Aquashield 
II 

ARR-MAZ 

BA 2000 

Dow 

Fina-A 

Fina-B 

Indulin AS-1 

Pavebond LP 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

Pavebond Special Lab 
Plant 

?erma-Tac 

Parma Tac Plus 

Unichern 

Lab 
Plant 

Lab 
Plant 

Lab 
Plant 

E E E E E E E E 
E E N N E E E N 

E 
N 

E E E 
N E E 

E E E 
E E E 

E E E 
E N E 

E 
N 

El N E 
N N E 

E 
N 

E E 
E E 

E E 
E E 

E 
E 

E 
E 

E 
E 

E 
E 

N E 
E E 

* At 5 percent significance level 
E - Effective at 5\ significance level as compared to control 

for all test methods except as noted. 
N Not effective at 5\ significance level as compared to 

control for all test methods except as noted. 
l Not effective according to the original Lottman Metnod. 
2 Not effective according to th~Tunnicliff-Root Method. 
3 Effective according to the Tex-531-c Method. 
4 - Effective according to the Tunnicliff-Root Method. 
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values (Table 4.3). However, a few treated materials 

were not significantly different from the untreated raw 

materials. The liquid additives were effective on the 

gravel materials such as the river gravels in Districts 17, 

19, 21 and 25 and were fairly effective for treating the 

rhyolite material in District 6. The liquid additives were 

not very effective on the limestone material from District 

16. 

Evaluation of Effectiveness Using Boiling Test Results 

The effectiveness of the hydrated lime and the various 

antistripping additives was evaluated using the percent of 

asphalt retained after boiling (Fig 4.22). The statistical 

analyses and comparisons were similar to that used to 

evaluate effectiveness based on TSR values. 

The detailed test results of the statistical 

comparisons using the boil test values are shown in the 

Appendix I (Figures I.17 through I.24) for the laboratory and 

plant mixtures of each for each of the eight projects. The 

-level of 5 percent error rate and the Bonferroni method 

for multiple comparisons were also used to test the 

statistical significance of the various additives. The 

Bonferroni method is more strict than the ~-level of 5 
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percent error rate; nevertheless, the two test criteria did 

not provide major differences with regard to the 

effectiveness of the various additives (or control). 

The effectiveness of the various additives (or control) 

at S percent significance level is summarized on Table 4.4 

for the laboratory and plant mixtures based on the pairwise 

comparisons of the boil test values. 

Hydrated Lime. The hydrated lime was effective 

compared to the control for most of the laboratory mixtures 

as summarized in Table 4.5; however, the lime was not 

significantly better than the control for the limestone 

material (District 16) and the crushed gravel aggregates 

(Districts 1 and 9). The reason was probably due to the 

high boil values of the control mixtures (Districts 16, 1, 

and 19); thus, the boil values of the lime treated mixtures 

were not significantly different from the control mixtures 

for the laboratory mixtures. As for the plant mixtures, in 

most cases the hydrated lime was not effective (Table 4.5). 

In addition to the materials which were not effective for 

the lime treated laboratory mixtures (Districts 1, 16, and 

19}, the lime was not effective on the plant mixtures of 

Districts 6, 25, and 21. For the plant mixture of District 

6, the lime was probably not mixed well with the rhyolite 

aggregates in the plant as described previously. For the 
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TARLE 4.4 SUMMARY OF EFFECTIVENESS OF ANTISTRIPPI~G 
ADDITIVES BASED ON PAIRWISE COMPARISONS OF 
BOILING TEST RESULTS AT 5~ SIGNIFICANCE LEVEL 

SDHPT !ffectiveneaa of Antiatr1pp1nq ~dditivea or Control 
Diatr.iet !In Decreasing Order of tffeetiveness) 

• 

Lab Plan>; 

[
BA 2000 (time--

17 Perma•Tac BA 2000 
Lime ~erma•!ac+ 
Control Control 
Aq~&shield Aq~ashiel~ 
I>ov Dow 

16 Pavebond LP Pavebond LP 
Control Lime 
Lime C~ntrol 

[
BA 2000 [Lime 

l:l Pcrma-Tac BA 200:> 
Lime Perma-Tac 
~"'ontrol Control ¥ 

"Lime P&ve.bond LP 
~~ichcm \Jnichem 

6 erma•'!'ae Perma-Tac 
Paveboncl LP Lime 
Control Control r ..... ,.l. !I Fina-A 
F1na-A Pcnna-Tac: 

25 unicheJTI Lime 
Perma-'l'a:: Unichem 
Lime Aq'"ashiela !:+ 
Control Control 
r...une ARR.·M.;.Z 
Fina•A I nclulin AS-1 
Indulin J.S·l Fina-.t. 

l P.B. Special P.B. Special 
P.!. Plus P.'l'. Plus 
ARR•tu.Z t.imc 
Control Cow 
Dow Control 
Lime 

[" 2000 
ARR-MAZ Aquashield ... .. 

l9 Aquashield Il Lime 
BJ. 2000 1-.U•MAZ 
Penna-Ta:: Penna•Tac 
Control Control -. 

21 [rt~:-8 [~~~=;~ield II 
Aquashield ll Pavebond LP 
!~~ebond LJ Perma-Tae 
IJVW ARR.•MAZ 
A.RR•MAZ Dow ] 
Perma-'!'ac (Li~ 
ControlControl 

The bracKet indicates that th~ acd~~ives are not 
statistically different within the same bracket. 

+ The Perma•'l'ae was taken frm the ~igh voias test section. 
++ The A~ashiol4 II was taken from the low voids test section. 
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TABLE ~.5 EFFECTIVENESS* OF ANTISTRIPPI~G ADDITIVES AS 
COMPARED TO CONTROL USING BOILING TEST RESULTS 

Laboratory/Plant SDHPT District No. 
Additives Mixture 11 16 ll ...! ll _! 19 

Hydrated Lime Lab E N E E E N N 
Plant E N E N N N N 

Aquashield Lab N 
Plant N 

Aquashield Lab E N 
!I Plant N N 

ARR-MAZ Lab N N 
Plant N N 

BA 2000 Lab E E N 
Plant E E N 

Dow Lab N N 
Plant N N 

Fina-.A Lab E N 
Plant N N 

Fina·B Lab 
Plant 

Indulin .AS-1 Lab N 
Plant N 

Pavebond LP Lab N N 
Plant N N 

Pavebond Special Lab N 
Plant N 

Perma·Tac Lab E N E N 
Plant N N N N 

?erma Tac Plus Lab E N 
Plant E N 

Unichem Lab E E 
Plant N N 

• At 5 percent significance level • 
E • Effective at S\ significance level as compared to 

control. 
N - Not effective at 5\ significance level as compared 

to control. 

21 

E 
N 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 
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District 25 material, the plant mixed control material had a 

fairly high boil value (Figure 4.22); therefore, the lime 

treated mixture was not significantly different from the 

control material. As for the District 21 material, the 

problem was associated either with the raw material itself 

or with the field application technique of the lime as 

described previously. 

Liquid Antistripping Additives. Most liquid additives 

were effective on preventing moisture damage using the boil 

values for Districts 17, 13, 25 (except plant mixture), and 

21 (all with gravel aggregates.) 

However, the liquid additives were not effective 

for Districts 16 (limestone), 6 (rhyolite), 1 (sandstone), 

and 19 (crushed gravel). The reason was possibly due to the 

high boil test values for control materials for the 

Districts 16, 1, and 19 (Figure 4.22). For District 6, 

only the Unichem was effective on the laboratory mixture, 

whereas the other additives were not effective on the 

rhyolite material. 

EFFECTIVENESS BASED MULTIPLE FREEZE-THAW CYCLES 

The average cyclic freeze-thaw test results are 

summarized in Figure 4.23 in terms of the number of 
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freeze-thaw cycles versus the tensile strength ratio (TSR) 

where TSR represents the average conditioned tensile 

strength for a specific number of cycles divided by the 

original average dry tensile strength. Linear regression 

relationships for the relationships shown in Figure 4.23 are 

presented in Figure 4.24 for the eight districts. 

Some general trends were observed from the 

relationships shown in Figure 4.24. The TSR values 

decreased with an increased number of freeze-thaw cycles and 

the mixtures with higher initial TSR values at cycle one 

had higher TSR values at the end of nine freeze-thaw cycles. 

The slopes of the linear regression lines, i.e., the rate of 

deteriorations, for treated and untreated mixtures were 

approximately equal. Next, the hydrated lime generally had 

a much higher TSR value at cycle one and the TSR value was 

still higher than the other liquid additives at the end of 

nine freeze-thaw cycles. Finally, the raw material with no 

additive exhibited the lowest TSR values under the multiple 

freeze-thaw cyclic testing condition. 

For ease of comparison, the slopes, the associated 

intercept TSR values at cycle one, and the standard error 

estimates for the linear regression analysis are summarized 

in Table 4.6. These results of the slopes and the intercept 

values at cycle one are also shown in Figure 4.25 for the 
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TABLE 4.6 SUMMARY OF RESULTS OF LINEAR REGRESSION ANALYSIS 
FOR MULTIPLE FREEZE-THAW CYCLIC TEST 

A-dditive • TSR .at cvc:le One Rate of Deter ior'at ion 
Dlstr 1et II &me ffi. \ StAndard !r[Or TSR 1 \/cxele Standard Error P-Sguare 

No A-4<:11 tive 46 2.87 3.~" '.).49' 0.'34 
Lilll(l 102 6,U 2.83 1.122 0.59 

17 Bl\ 2000 82 !>.51 ).SO 0.!177 o.a1 
Pt!rma-Tac: 7!1 1. 68 3.0;. v.292 0.97 

No Additive S6 6.7!> l.l4 l.l7S 0.70 
Lime 115 7.!.5 7.14 l.ll4 0.91 

16 A~ashl.eld 80 4.54 l.ll '),790 0.84 
Dow n ·\.59 ,,a 0.799 0.90 
l'<lvel:>ond t.P 75 7.63 4.32 1. 329 0.78 

No .J.ddi tl ve 73 6. 94 5.as 1.208 o.a9 
Li;ne 114 6.74 :. 33 1.173 0.57 

13 8A. 2000 118 lS.49 b.60 2.696 0.67 
t>erma-Tac: Plus 104 10.66 3.0S l.8SS 0.47 

No A4ditive 48 14.83 5.50 2.581 0.61 
i.i:ne lOl 6.97 5. 7S 1. 213 0.9l 

6 Pavebond :.P 52 5.9? 4.10 LOH o.as 
l'err.ta·Tac: Sl J.Se 3.45 0.624 0.91 
'Jnicher.~ 'S~ 2."17 4.65 0.482 0.97 

No Ac~itive 62 'L60 ~.70 1.671 0 . .,9 
Lime lll 8.03 3.10 l.l~8 0.62 
~~~~·.Jashl.t;ld I! 97 7. 57 2.85 l.3l8 O.E: 

;.; FH•A•III 'J) 6.72 2.40 l.l '7::> o.sa 
l'erma-Tac: Sl ).;;7 4.40 0.!;69 0.95 
Un.i.ehem 95 6. 36 6,(), 1.107 o.H 

No Addit:.ve !6 4. 94 '1,09 0.860 0.96 
Lime lli 6.83 4.21 l.l88 0.81 
AR.R-KAZ. 1:!1 4.25 4.29 0.'140 0.12 
Dow 87 2.56 7.20 o. 446 0.99 
Fina-A ll2 s.~:. 4.02 0.896 0.87 
lnd1.1ll.n A.S-1 131 l.82 ). 63 o. 3l7 :).98 
Pave bond 129 ~.20 4.00 0.906 0.!'1 
Special 
Perma-Tae Plu.s 108 6.11 S.fiO l,'jU o.;~ 

No .Additive lOl 1!>. 71 1.16 2. 734 ~.75 
L!.me 159 1'1.41 8.51 3.031 c. 'll 
A.U•MA.Z lH !0.:04 6.40 l.8H 0.80 

19 Jl.q-.JUhield :1 121 9.14 2.68 1.591 o.u 
B.l. 2000 :.2S S.l2 5.'10 0.891 0.93 
Perma·Tac 104 7.38 6.32 1.2U C.89 

No Ad4l.tive 30 5.20 2.20 o.to4 e.u 
Lillie ll7 4.82 S.J4 0.839 0.93 
AAR·MAZ 6C 3.21 2.60 0.558 o.n 
Aq~.~uh.i.eld ll '70 2.37 2. '10 0.412 0.91 

21 Dow 4l 6.6! 3.10 l.Ul 0.'11 
FHIA•I eo ::1.77 2.9'7 0.135 0.99 
Pavebon~ LP 58 :..14 1,80 0.196 0.57 
PerMa•Tac ~' o.2; 3.2!> 1.096 a.75 
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eight projects. 

As illustrated in Figure 4.25, the rates of 

deterioration (slopes) were not much different from one 

another. To confirm that the rates of deterioration 

(slopes) were not significantly different from one another, 

statistical analysis was performed to do the comparison. 

The detailed analysis of the statistical pairwise 

comparisons for the rates of deterioration is summarized in 

the Appendix I. The significance levels were the 5 percent 

error rate and the Bonferroni method for multiple 

comparisons. 

The above analyses indicated there were no differences 

between the slopes for seven out of the eight projects. The 

exception was District 1. For District 1, the slopes of the 

untreated material and the Dow pellets were significantly 

different from the ARR-MAZ and Indulin AS-1 at the 5\ error 

rate (Figure 4.25f); however, they were not significantly 

different from one another using the Bonferroni Method of 

comparison. 

Since the rates of deterioration are approximately 

equal for untreated and treated mixtures under the multiple 

freeze-thaw cyclic condition, those treated mixtures with 

higher initial TSR values at cycle one will essentially 
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retain their edge of higher TSR at the end of multiple 

freeze-thaw cycles. The effect of additive on the estimated 

initial TSR value is shown in Figure 4.25 for all additives 

and controls. The estimated and the measured TSR values at 

cycle one are compared as shown in Figure 4.26. The 

correlation is excellent with an R2 value of 0.97. 

Therefore, the estimated initial TSR values (Figure 4.25) 

are representative of the actual TSR values at cycle one for 

the untreated and treated mixtures. 
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CHAPTER 5 

ANALYSIS OF FIELD CORE TEST RESULTS 

Field cores were obtained immediately after 

construction. These cores were analyzed to estimate air 

voids. In addition, two types of tests were conducted on 

the cores, i.e., the boiling test {Tex-530-C) and the 

modified Lottman procedure {Tex-531-C). 

AIR VOIDS 

The average air void contents of field cores from the 

test sections are summarized in Figure 5.1. In some cases 

the targeted air void contents for the low and high void 

test sections were not achieved. Primarily because in the 

time available it was not possible to develop the rolling 

pattern required to achieve a specified air void content. 

Thus in many cases there was little difference between the 
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high and low voids, and in some cases the relative void 

contents were reversed, i.e., the high void content section 

had the lower air void content. In these cases where the 

high and low air voids were reversed, the actual air void 

content of the field test pavement was used as illustrated 

in Figure 5.1. 

BOILING TEST RESULTS ON FIELD CORE 

The results of the boiling test for the field cores are 

shown in Figure 4.38 together with the results for the 

laboratory and plant mixtures. Figure 5.2 illustrates the 

relationships between the boil test results for mixtures 

obtained by coring and the results obtained for both the 

laboratory and plant mixtures. The relationship between 

boiling test results for the field cored mixture and the 

results for the laboratory mixture was essentially the same 

as the relationship between boiling test results for the 

plant mixtures and the laboratory mixtures (Fig 4.19). 

Both the plant and field cored mixtures tetained more 

asphalt than the laboratory mixtures, i.e., both the field 

core and the plant mixture were more resistant to moisture 

damage. Excellent correlation (R2 = 0.93) was obtained 

between boiling test results for the field cored mixture and 
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mixture and the results for both laboratory and plant 
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the results for the plant mixture (Fig 5.2). The slope of 

the correlation line was approximately equal to 1.0 and the 

data exhibited minimum scatter. Therefore, the boiling test 

results of the field mixture can best be estimated by the 

results obtained by tests on the plant mixture. 

MODIFIED LOTTMAN TEST RESULTS ON FIELD CORE 

The modified Lottman test procedure (Tex-531-C) was 

conducted on each pair of the field cores. Due to a wide 

range of the air void content on the field cores, the 

TSR test results can not be readily compared with the 

laboratory test values. Since the TSR is a function of the 

air voids and the TSR values are compared at 7 percent air 

voids, the relationship between the TSR values and the core 

air voids must be established to obtain a TSR value at 

approximately 7 percent air voids. A similar approach was 

used previously to determine the dry and wet tensile 

strength at 7 percent air voids (Ref 53). The relationships 

between TSR and air voids are shown in Figure 5.3. The 

results of the linear regression analysis are summarized in 

Table 5.1. 

Generally the TSR values decreased as the air voids 

increased (Figure 5.3). However, most regression lines are 
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Rt:I.ATllJISIIIP OF '!'SR VAi..utS(n:X·S31·C) AND W vOir~ 

F~ FIELD COR£S 
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Lime -&6.5 14.50 0.38 6 F=2.43, p=0.1938 
A.R.!H!.A: 102.7 -3.10 0.29 E. f=l.6S, p=0.2688 
A<r...a.tthield ll -·U.6 17.10 0.38 6 F=2.43, p=O.l939 
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relatively flat with very low R2 values. The analysis of 

variance (ANOVA) for' the linear regression was conducted to 

evaluate the significance of the relationships with the air 

voids. The results of ANOVA are summarized in the Table 

5.1. In most cases, the regression lines were not 

significant at the 5% level, although, in a few cases, the 

regression lines were statistically significant. The 

problems are with small sample size as well as short range 

of air voids. The field cores are limited in number such 

that large sample size can not be obtained. In addition, 

the range of air voids between the lowest and the highest 

value for each field test section was quite small. 

COMPARISON OF TSR VALUES AT APPROXIMATELY 7 PERCENT AIR 

VOIDS 

For the purpose of comparison, the relationships 

between the TSR values and the core air voids were 

interpolated or extrapolated to provide an estimated TSR 

value corresponding to the same air voids content as the 

laboratory and plant mixtures. These estimated core TSR 

values are summarized on Table 5.2 and TSR values of the 

laboratory and plant mixtures. 
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121.6 
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129.2 
160.1 
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53.1 
39.4 
81.3 
74.7 
66.8 
77.0 
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117.9 

7.4 
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6.7 
7.6 

6.8 
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6.5 
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7.7 

6.8 
7.1 
6.1 
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6.9 
6.6 
6.4 
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7' 1 

6.4 
7.3 
7.2 
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6.; 
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6.9 
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7.2 
7.2 
7.4 

7.8 
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6.5 
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6.8 
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7.5 
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7.2 
7.1 
7.3 
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118.3 
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51.2 

78.8 
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R6.8 
75.3 
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47.0 
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77 .o 
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110.0 
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73.0 
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116.0 
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17.0 
39.0 
47.0 
30.0 
56.0 
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5\.1.(1 
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49.2 VallleS not reliable. 

87.5 
91.3 
73.0 
82.8 
73.2 

76.1 
!14.3 
91.7 
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55.2 
53.5 
7l. 7 
70.0 
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3;.6 
128.0 
79.0 Values not reliable. 

109.3 
89.8 
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;o.:s 
125.8 
120.7 
49.9 Values not reliable. 

105.3 
116.8 
102.4 
112.0 

87.4 
116.7 
127.2 
160.1 
106.5 
96.9 

52.5 
4!L1 \'alues oo~ reliable. 
79.5 
88.4 
67.5 
7&.5 
95.3 

113.4 Values not reliable. 
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Figure 5.4 compares the laboratory and core TSR values 

for each of the eight projects. Generally, the core TSR 

values were larger than the values for laboratory mixture. 

The TSR values of the lime-treated mixtures were not 

consistent possibly due to different application techniques. 

All of the lime was added and mixed in slurry form in the 

laboratory whereas, in two cases, the dry lime was added on 

the wet coarse aggregates at the plant (Districts 6 and 19). 

The relationships between all core and laboratory TSR values 

are shown in Figure 5.5. The correlation was extremely poor 

for the lime. The correlation for the liquid additives was 

fair with an R-square value of 0.61. The relationship also 

suggests that the field mixtures were more resistant to 

moisture damage than the laboratory mixtures. 

The comparisons of plant and core TSR values are shown 

in Figure 5.6 for each of the eight districts. With 

exception of District 21 data, the TSR values for the field 

core were in general agreement with the TSR values for the 

plant mixture. The data from all eight projects were 

plotted to establish the relationships between the plant 

mixture and the field core (Figure 5.7). The correlation 

for all the data points was fair with R-square value of 

0.48. The data still indicate that the field cored 

mixtures are less susceptible to moisture damage than the 
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plant mixtures at approximately 7 percent air void content . 
. 

Because of the problem with District 21 data, the 

correlation was reanalyzed for the treatments (and control} 

without the District 21 data. The results are shown in 

Figure 5.8. This suggests that test results based on the 

plant mixtures can be used to predict the results for cores 

taken from the pavement immediately after construction. 

COMPARISON OF BOIL VALUES WITH TSR VALUES AT APPROXIMATELY 

7 PERCENT AIR VOIDS 

The relationships between the boiling test results and 

the estimated TSR values of the field core at approximately 

7 percent air voids are shown in Figure 5.9. The 

correlation (without the District 21 data) is fair with an 

R2 value of 0.47; however, at best the data are scattered. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

The conclusions and recommendations based on the data 

and analyses from this study are summarized below. 

CONCLUSIONS 

Comparison of Moisture Damage Test Values 

1. The moisture susceptibility test methods used in 

this study were: 

a. Original Lottman method 

b. Tex-531-C method 

c. Tunnicliff-Root method 

2. Good correlations were obtained between the TSR 

values of the modified Lottman (Tex-531-C) and both 

the original Lottman and the Tunnicliff-Root 

procedures. The R2 values ranged from 0.84 to 

0.85. 

3. With regard to the asphalt absorption during the 
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mixing stage of sample preparation in the 

laboratory, the effect of curing on TSR values 

specified by the modified Lottman (Tex-531-C) 

procedure was not significant. Thus, the time 

required for testing of moisture damage could 

probably be shortened significantly. 

4. The correlations between the boiling test results 

and the TSR values were reasonably good. The R2 

values ranged from 0.71 to 0.79. 

Co~parison Between Laboratory Mixture and Plant Mixture 

1. The dry tensile strength of the plant mixtures 

generally were equal to or higher than that of the 

laboratory mixtures. 

2. On the average the wet strength of the plant 

mixtures was higher than that of the laboratory 

mixtures. 

3. Generally the plant mixtures had higher TSR values 

than the laboratory mixtures. Comparisons of the 

tensile strength ratios between the laboratory 

mixtures and the plant mixtures were dependent on 

the types of asphalt-aggregate combinations, the 

antistripping additives, and the testing methods. 
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4. The percentage of asphalt retained after boiling of 

the plant mixtures generally were higher than that 

of the laboratory mixtures. 

Effectiveness of Various Antistripping Additives 

1. The hydrated lime was effective on treating the 

moisture susceptible materials from stripping; 

however, the field application techniques had 

strong influence on the performance of the lime 

treated materials in the field. The slurry form 

of adding the hydrated lime worked very well both 

in the laboratory and in the field. 

2. The liquid additives in general were not very 

effective on treating the limestone as well as 

the sandstone materials. However, most liquid 

additives were effective for the river gravels. 

3. Boiling test results were in favor of the liquid 

additives, whereas the tensile strength ratios were 

in favor of the hydrated lime. However, both the 

boiling test and the wet-dry indirect tensile test 

could be used to estimate the moisture 

susceptibility of treated materials. 
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Multiple Freeze-Thaw Cyclic Test Results 

1. The hydrated lime usually started with a much 

higher TSR value at cycle one and the value was 

still higher than most of the liquid additives at 

the end of nine freeze-thaw cycles. 

2. The raw materials with no additive obtained the 

lowest TSR values under the cyclic testing 

condition. 

3. The rates of deterioration for the treated and 

untreated materials were not significantly 

different under the multiple freeze-thaw cyclic 

testing condition. 

4. The estimated initial TSR values at cycle one were 

representative of the measured TSR values at cycle 

one for the untreated and treated mixtures. 

Field Cores 

1. The boiling test results for the field cores were 

about equal to the results for the plant mixtures, 

i.e., the field core data could best be represented 

by the data obtained from the plant mixture. 

2. The relationships between the TSR values of the 
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field cores and the core air voids generally were 

not statistically significant at the 5\ level using 

the linear regression; however, the sample size and 

the range of air void were small. 

3. The field core data were compared with the 

laboratory data on the same basis of air voids at 

approximately 7 percent. A good correlation was 

obtained between the plant mixture and the field 

cored mixture. Therefore, the test results based 

on the plant mixtures could be used to estimate the 

results from the field cored mixtures. 

RECOMMENDATIONS 

1. Ultimately, the effectiveness of the antistripping 

agents and usefulness of the laboratory test 

methods must be related to the field test results. 

Thus, the field test sections should be monitored 

periodically to evaluate the long-term performance 

of the selected liquid additives and the hydrated 

lime. 

2. The laboratory test methods should be verified and 

correlated to the field performance in stripping 

and moisture damage. A predictive performance 
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model based on the actual field evaluation should 

be developed to improve the laboratory tests in the 

future. 

3. Realistic failure indices or specifications may be 

developed based on the field performance in the 

future. 



APPENDIX A 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 17 

The objective of Appendix A is twofold: (1) to describe 

the site specific (District 17) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory ~est results of the 

laboratory mixed and plant mixed asphalt mixtures along with 

the zero-aged (immediately after construction) pavement 

cores for the field experimental study at District 17 

(Figure A-l)of the Texas State Department of Highways and 

Public Transp~rtation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on FM 485 in 

Hearne, Texas, in July 1986, and involved pavement overlay 

to both lanes of the highway. The test sections were 

installed as the surface course in the eastbound and 

westbound lanes as shown schematically in Figure A-2. Each 

test section was approximately two inches thick, 12 feet 

wide, and 1000 feet long. A total of eight (8) test 
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sections were constructed and two liquid antistripping 

additives were used in addition to the hydrated lime and the 

control materials. The composition of the eight test 

sections are as follows: 

Test Section 1. Control Section - No additive, low air 

voids. 

Test section 2. Control Section - No additive, high 

air voids. 

Test Section 3. Hot mix with 1% BA 2000, low air 

voids. 

Test Section 4. Hot mix with 1% BA 2000, high air 

voids. 

Test Section 5. Hot mix with 1.5% Lime Slurry, low 

air voids. 

Test Section 6. Hot mix with 1.5% Lime Slurry, high 

air voids. 

Test Section 7. Hot mix with 1.0\ Perma-Tac, low air 

voids. 

Test Section 8. Hot mix with 1.0% Perma-Tac, high 

air voids. 

The field construction was conducted by District 17 of 

the SDHPT and was assisted by the Center for Transportation 

Research, The University of Texas at Austin. The average 

daily traffic (ADT) is estimated at 2000 vehicles for the 
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test pavement. 

141\TERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the Texas Gulf refinery 

was used throughout this project. Four aggregates--a 

processed gravel, a washed sand, a coarse field sand and a 

fine field sand, were combined to produce the proje~t 

gradation. Gradations of the individual aggregates, the 

project gradation, percentages of each aggregate combined, 

and the specification are given on Table A-1. The project 

gradation is plotted on a 0.45 power graph in Figure A-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course {Ref 45). Preliminary test results 

for this mixture design are given below: 

Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

Cohesiometer Value 

4.9% 

96 percent of theoretical 
maximum density 

4 percent 

35\ 

59 
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FIELD OPERATIONS 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime slurry and liquid antistripping 

additives. Identical raw material sources (asphalt cement 

and aggregates) were utilized throughout the experiment. 

Two commercially available liquid antistripping additives 

were used for the test sections, i.e., BA 2000 and 

Perma-Tac. 

The hydrated lime was mixed and added in slurry form to 

the aggregates on the cold feed belt of the drum dryer. The 

BA 2000 and Perma-Tac were metered into the asphalt in-line 

injection system of the plant. 

Compaction of each test section was achieved using a 

vibratory roller, a pneumatic roller, and a steel wheel 

roller. The field air voids were controlled using a Troxler 

Thin Layer Asphalt Gauge. After several passes were made 

using a 15-ton vibratory roller, the Troxler gauge was 

placed on top of the pavement to measure the density of the 

in-place asphalt layer. A trial and error method of 

increasing or decreasing the number of passes by the 

vibratory roller was u~ed to achieve the desirec field 



162 

density (i.e., the desired air voids of the test sections). 

Final rolling involved using the pneumat~c roller. 

The field cores were obtained soon after the 

construction. Three to four pairs of samples were cored 

from each test section with each pair approximately 200 feet 

apart. The sample size was approximately 4-inches in . 
diameter and l to 2 inches in thickness. The coring process 

was in accordance with the general coring layout procedure 

described in the main text of this report (Chapter 2). The 

field cores were transported to the r-P~ter for 

Transportation Research laboratory immediately after 

sampling. 

LABORATORY TESTING PROGRAM 

Laboratory tests were performed on mixtures which were 

l) mixed and compacted in the laboratory, 2) mixed in the 

plant and compacted in the laboratory, and 3) mixed in the 

plant and compacted in the field (i.e., field cores). Based 

on a literature review and previous project findings [as 

discussed in Chapter 2 of the main text), the following 

tests were used to evaluate the moisture susceptibility of 

the treated and untreated mixtures for the laboratory 
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mixed and compacted samples: 

I. Wet-dry indirect tensile test. 

Method A Indirect tensile test with modified 

Lottman conditioning (Tex-531-C method 

with cure). 

Method B Indirect tensile test with modified 

Lottman conditioning (Tex-531-C method 

without cure). 

Method C Indirect tensile test with original 

Lottman conditioning. 

Method D Indirect tensile test with 

Tunnicliff-Root conditioning. 

Method E Indirect tensile test with cyclic 

freeze-thaw conditioning. 

II. Texas boiling test {Tex-530-c method). 

For the plant mixed and laboratory compacted samples, 

the following tests were used: 

I. Wet-dry indirect tensile test. 

Method B (or A} Indirect tensile test with 

modified Lottman conditioning (Tex-531-c 

method). 
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Method c Indirect tensile test with original 

·Lottman conditioning. 

Method D Indirect tensile test with 

Tunnicliff-Root conditioning. 

II. Texas boiling test (Tex-530-C method). 

It should be noted here that Method B is the same as 

Method A since the loose mixtures were m~xed at the plant 

prior to shipping to the laboratory for reheating and 

compaction, so the curing process is irrelevant for the 

plant mixed loose mixtures. 

The following tests were used for the field cores: 

I. Wet-dry indirect tensile test 

Method A (or B) Indirect tensile test with 

modified Lottman conditioning (Tex-531-C method). 

II. Texas boiling test (Tex-530-c method). 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 ± 1.0% 

air void content. Two liquid antistripping additives were 

used in addition to the raw material and the hydrated 

lime slurry. The additives and the dosage are given below: 

a. Hydrated lime slurry (1.5% by weight of aggregate). 

b. BA 2000 (1.0% by weight of asphalt). 

c. Perma-Tac (1.01% by weight of asphalt). 
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The experimental design of the laboratory testing 

program was discuss'ed in Chapter 2 and was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables A-2 

through A-5. The data are plotted in Figure A-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures A-5 and A-6. 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables A-6 

through A-9. The data are also plotted in Figure A-7 for 

plant mixtures using Methods B through D. 

Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the test results are presented on Table 

A-10. The achieved field compaction to have the low and 

high air voids are summarized in Figure A-8 which shows the 
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average air void content of the field cores from the low and 

high voids test sections in the field. ~e average TSR 

values are shown in Figure A-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

A-ll and plotted in Figure A-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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~PPENDIX ~ SUMMARY OF D~T~ FOR DISTRICT 17 

Table ~-1 ~ggregate Gradations 

Table ~-2 Test Results for Laboratory Mixtures 
~dditive: Control (No Additive) 

Table ~-3 Test Results for Laboratory Mixtures 
~dditive: Lime Slurry (1.5% by Weight of 

aggregate) · 

Table ~-4 Test Results for Laboratory Mixtures 
~dditive: B~ 2000 ( 1. 0%) 

Table ~-5 Test Results for Laboratory Mixtures 
Additive: Perma-Tac ( 1. 0%) 

Table A-6 Test Results for Plant Mixtures 
~dditive: Control (No Additive) 

Table A-7 Test Results for Plant Mixtures 
~dditive: Lime Slurry (1.5% by Weight of 

Aggregate) 

Table A-8 Test Results for Plant Mixtures 
Additive: B~ 2000 ( 1. 0\) 

Table ~-9 Test Results for Plant Mixtures 
Additive: Perma-Tac (1.0\) 

Table A-10 Test Results for Field Cores 

Table A-ll Texas Boiling Test Results 



TABLE A-1 AGGREGATE GRADATION (DISTRICT 17) 

COARSE FINE 
PROCESSED GRAVEL WASHED SAND FIELD SAND FIELD SAND 

SIEVE SIEVE SIEVE SIEVE COMBINED SDHPT 
SIEVE SIZE 1\NALYSIS 55\ ANALYSIS 25\ 1\NALYSIS 10\ ANALYSIS 10\ GRADATION SPECIFICATIONS 

Plus 1/2 ln. 0 0 

1/2 to l/8 ln. 1.3 0.1 0.7 0-15 

3/8 to No. 4 Sl.S 29.4 29.4 21-53 

No. " t.o No. 10 42.2 2). 2 14.4 ).6 26.8 11-32 ...... 
cr-
00 

Plus No. 10 (56.9) 54-74 

No. 10 to No. 40 2.1 1.2 48.1 12.0 1.3 0.1 4.3 0.4 13.7 6-32 

No. 40 to No. 80 o.s 0.) 31.5 7.9 60.8 6.1 24.5 2.5 16.8 4-27 

No. 80 to No.200 0.2 0.1 s.s 1.4 34.1 3.4 58.2 5.8 10.1 l-27 

Minus No. 200 0.2 0.1 0.5 0.1 J.8 0.4 13.0 1.3 1.9 1-8 

TOTAL 100.0 ~5.0 100.0 25.0 100.0 10.0 100.0 10.0 100.0 
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TABLE A-2 TEST RESULTS FOR LABORATORY MIXTURES (D-17) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 4.9 \ 

============================================================ 
TEST SAMPLE ~ST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.9 
6.5 
7.3 

6.9 

6.8 
6.8 
7.1 

6.9 

6.6 
6.2 
6.5 

DRY AVG** 6. 4 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.8 
6.6 
6.4 

6.6 

6.5 
6.6 
6.4 

6.5 

DR'i AVG** 6.4 

WET 
WET 
WET 

WET AVG 

DR'i AVG** 

6.8 
7.3 
6.9 

7.0 

6.4 

*Letter indicates Test Method. 

140.9 
141.5 
140.3 

140.9 

141.1 
141.1 
140.6 

140.9 

141.4 
142.1 
141.5 

141.6 

141.1 
141.5 
141.6 

141.4 

141.5 
141.3 
141.7 

141.5 

141.6 

141.1 
140.3 
140.9 

140.8 

141.6 

73 
84 
72 

76 

37 
44 
35 

39 

74 
77 
74 

75 

33 
41 
41 

38 

35 
33 
38 

35 

75 

43 
36 
37 

39 

75 

0.51 

0.51 

0.47 

0.52 

**B Dry serves as the Dry Condition !or Method B through E. 
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TABLE A-2 (continued) 
============================================================ 

TEST SAMPLE NO. OF 1>.1R SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR•** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 7.1 140.7 38 
E2 1 CYCLE 6.9 140.9 35 ------- ------- -------

WET 'AVG 7.0 140.8 37 

DRY AVG** 6.4 141.6 75 
0.49 

E3 3 CYCLES 6.6 141.4 26 
E4 3 CYCLES 6.8 141.1 28 ------- ------- -------

WET AVG 6.7 141.2 27 

DRY AVG** 6.4 141.6 75 
0.36 

E 
E5 5 CYCLES 6.7 141.3 .22 
E6 5 CYCLES 6.3 141.9 20 ------- ------- -------

WET 1>.VG 6.5 141.6 21 

DRY AVG** 6.4 141.6 75 
0.28 

E7 7 CYCLES 6.1 142.2 20 
EB 7 CYCLES 6.5 141.6 18 ------- ------- -------

WET AVG 6.3 141.9 19 

DRY AVG** 6.4 141.6 75 
0.25 

E9 9 CYCLES 6.3 141.9 15 
E10 9 CYCLES 6.4 141.7 13 ------- ------- -------

WET AVG 6.4 141.8 14 

DRY AVG** 6.4 141.6 75 
0.19 

***TSR = 'l'ensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE A-3 TEST RESULTS FOR LABORATORY MIXTURES (D-17) 
ADDITIVE: ~IME SLURRY (1.5\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 4.9 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
B5 

C1 
C2 

D1 
D2 
D3 

DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

DRY AVG*"' 

WET 
WET 

WET AVG 

WET 
WET 

WET AVG 

DRY AVG** 

WET 
\-lET 
WET 

WET AVG 

DRY AVG** 

6.3 
6.6 

6.4 

6.4 
6.0 
6.5 

141.4 
141.0 

141.2 

141.3 
141.9 
141.2 

83 
78 

81 

94 
89 

101 ------- -------· -------
6.3 

6.7 
6.1 
6.4 

6.4 

6.9 
6.5 

6.7 

6.7 
6.8 

6.8 

6.4 

G.3 
6.1 
6.3 

6.2 

6.4 

141.5 

140.8 
141.7 
141.3 

141.3 

140.5 
141.1 

140.8 

140.9 
140.6 

140.7 

141.3 

141.5 
141.8 
141.5 

141.6 

141.3 

95 

79 
79 
77 

78 

94 
93 

94 

92 
84 

88 

78 

99 
94 
97 

97 

78 

*Letter indicates Test Method. 

1.18 

1.19 

1.12 

1. 23 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE A-3 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR"*" 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.2 141.6 77 
E2 l CYCLE 6.2 141.6 83 ------- ------- -------

WET A.VG 6.2 141.6 80 

DRY A.VG** 6.4 141.3 78 
].02 

E3 J CYCLES 6.6 141.0 79 
E4 3 CY:LES 6.2 141.6 82 ------- ------- -------

WET AVG 6.4 141.3 80 

DRY A.VG** 6.4 141.3 7B 
1. 03 

E 
E5 5 CYCLES 6.1 !41. 7 66 
E6 5 CYCLES 6.4 141.3 63 

-----·- ------- -------
WET AVG 6.2 141.5 64 

DRY AVG"" 6.4 Hl.3 78 
0.82 

E7 7 CYCLES 6.9 140.6 65 
EB 7 CYCLES 6.3 141.4 63 

------- ------- -------
WET AVG 6.6 141.0 64 

DRY AVG** 6.4 141.3 78 
0.81 

E9 9 CYCLES 6.6 141.0 65 
E10 9 CYCLES 6.7 140.8 67 ------- ------- -----·-

WET 1-.VG 6.7 140.9 66 

DRY A.VG** 6.4 141.3 78 
0.84 

"*** A3 DRY 5.7 H2.4 85 
B6 DRY 5.7 142.3 83 
B7 DRY 5.9 142.0 so 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength tOry Avg) 

****The air voids exceed. the tolerance. 
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T~BLE A-4 TEST RESULTS FOR LABORATOR~ MIXTURES (D-17) 
ADDITIVE: BA 2000 (1.0\) 
ASPHALT CONTENT= 4.9 \ 

=================~========================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSI~,-STRENGTH, TSR*** 

WET/DR~ \ PCF PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B.l 
B2 
.63 

B4 
BS 

Cl 
C2 

D1 
D2 

DR~ 
DRY 
DR~ 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DR~ 

DRY AVG** 

WET 
WET 

WET AVG 

WET 
WET 

W:ET AVG 

7.2 
6.5 
6.5 

6.7 

6.6 
7.2 
6.9 

6.9 

6.5 
6.4 
6.7 

6.5 

6.5 
6.3 

6.4 

6.7 
7.2 

6.9 

DRY AVG** 6.5 

WET 
WET 

WET AVG 

6.0 
6.8 

6.4 

DRY AVGu 6.5 

*Letter indicates Test Method. 

140.4 
141.5 
141.4 

141.1 

141.2 
140.3 
140.9 

140.8 

141.4 
141.5 
141.1 

141.4 

141.5 
141.7 

141.6 

141.1 
140.4 

140.8 

141.4 

142.2 
141.0 

141.6 

141.4 

103 
109 
109 

107 

92 
78 
92 

87 

103 
105 
105 

104 

100 
100 

100 

94 
89 

92 

104 

121 
106 

114 

104 

0.82 

0.96 

0.88 

1.09 

**.B Dry serves as the Dry Condition for Method B through E. 
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TABLE A-4 (continued) 
=====================================~======================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. • CYCLES VOIDS, DENSITY, STRENGTH, TSR*.,.* 

\ PCF PSI 
============================================================= 

El l CYCLE 6.2 141.9 89 
E2 1 CYCLE 6.9 140.8 78 

------- ------- -------
WET AVG 6.5 141.4 83 

DR X' AVG** 6.5 141.4 104 
0.80 

E3 3 CYCLES 6.3 141.7 86 
:C4 3 CYCLES 6.5 141.5 82 

------- ------- -------
WET AVG 6.4 141.6 84 

DRY AVG** 6.5 141.4 104 
0.81 

E 
!:5 5 CYCLES 6.8 141.0 59 
E6 5 CYCLES 6.8 140.9 65 

------- -----·- -------
WET AVG 6.8 lU.O 62 

DRY AVG** 6.5 141.4 l04 
0.60 

E7 7 CYCLES 6.2 141.8 70 
ES 7 CYCLES 6.6 l4l. 2 64 

------- ------- -------
WET AVG 6.4 141.5 67 

DRY AVG** 6.5 Hl.4 104 
0.64 

E9 9 CYCLES 7.0 140.6 59 
ElO 9 CYCLES 6.9 140.8 52 

------- ------- -------
WET 'AVG 7.0 140.7 56 

DRY 'AVG** 6.5 141.4 104 
0.54 

**** B6 DRY 5.8 llo2.5 11~ 
B7 PRY 5.7 142.7 121 
BS DRY 5.6 142.9 125 

**,.TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg) /Tcr.sile strength ft:ry Avg) 

****The air voids exceed the tolerance. 
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TABLE A-5 TEST RESULTS FOR LABORATORY MIXTURES !D-17) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CONTENT= 4.9 % 

============================================================ 
TEST SAMPLE ~ST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY % PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
BS 
BG 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

;:)RY 
DRY 
DRY 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

7.1 
7.4 
7.0 

7.2 

7.7 
7.1 
7.5 

7.5 

6.9 
6.9 
7.3 

7.0 

6.7 
6.6 
6.7 

6.7 

6.7 
6.8 
7.1 

6.9 

7.0 

6.8 
6.8 
6.5 

6.7 

7.0 

•:ctter indicates Test Mcthoc. 

140.7 
140.2 
140.9 

140.6 

:!.39.8 
140.6 
140.1 

140.2 

141.1 
141.0 
140.5 

140.8 

141.2 
141.4 
141.4 

141.3 

141.2 
141.1 
140.7 

141.0 

140.8 

141.2 
141.2 
141.6 

141.3 

140.8 

69 
69 
73 

70 

56 
Sl 
57 

58 

72 
70 
71 

71 

64 
69 
68 

67 

62 
66 
66 

65 

71 

68 
70 
68 

69 

71 

0.82 

0.94 

0.91 

0.97 

**B Dry serves as the Dry Condition !or Method B through E. 
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Tl\BLE A-5 (continued) 
===========~==========================~===============:====== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. • CYCLES VOIDS, DENSITY I STRENGTH, TSR*•• 

\ PCF PSI 
============================================================= 

El l CYCLE 7.) 140.4 55 
E2 l CYCLE 7.4 140.3 54 

------- ------- -------
WET AVG 7.3 140.3 55 

DRY AVG** 7.0 140.8 71 
0.77 

E3 3 CYCLES 3.0 139.4 48 
E4 3 CYCLES 7.3 140.4 47 ------- ------- -------

WET AVG 7.6 139.9 47 

DRY AVG** 7.0 140.8 71 
0.67 

E 
E5 5 CYCLES 7.1 140.7 43 
E6 5 CYCLES 7.3 140.5 45 ------- ------- -------

WET AVG 7.2 140.6 44 

DRY AVG** 7.0 140.8 7l 
0.62 

E7 7 CYCLES 7.2 140.6 38 
EB 7 CYCLES 7.0 140.8 43 ------- ------- -------

WET AVG i.l 140. i 40 

DRY AVG** 7.0 140.8 71 
0.57 

E9 9 CYCLES 6.8 141.1 39 
ElO 9 CYCLES 6.3 141.9 34 ------- ------- -------

WET AVG 6.6 141.5 )7 

DRY AVG** 7.0 140.8 71 
0.52 

"'"*TSR ::: Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tcnsile Strength (Dry AVg) 
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TABLE ~-6 TEST RESULTS FOR PLANT MIXTURES (D-17) 
ADDITIVE: CONTROL (NO ADDITIVE) 
~SPH.ALT CONTENT = 4. 9 \ 

======~==================================================~== 
TEST SAMPLE TEST ~IR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF . PSI 
============================================================ 

B1 DRY 7.1 141.1 68 
B2 DRY 7.4 140.7 63 
B3 DRY 7.4 140.8 69 

------- ------- -------
DRY AVG** 7.3 140.9 67 

B 
B4 WET 7.4 140.8 42 
B5 WET 7.5 140.6 41 
B6 WET 7.2 141.0 44 

------- ------- -------
WET AVG 7.4 140.8 42 

0.64 

Cl WET 7.5 140.6 35 
C2 WET 7.4 140.8 35 
C3 WET 7.5 140.5 32 

------- ------- -------
WET AVG 7.5 140.6 34 

c 
DRl:' AVG 1111 7.3 140.9 67 

~.51 

D1 WET 7.0 141.4 41 
D2 WET 7.1 141.2 38 
D3 WET 7.6 140.4 43 

------- ------- .... ______ 
WET AVG 7.2 141.0 4l 

DRl:' AVG** 7.3 140.9 67 
0.61 

*Letter indicates Test Me~hod. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE A-7 TEST RESULTS FOR PU\NT MIX'l'URES (D-17) 
ADDITIVE: LIME SLURRY (1.5\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 4.9 \ 

~=========================================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

B1 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

7.4 
6.8 
7.0 

7.1 

6.8 
7.1 
7.1 

7.0 

7.0 
7.0 
6.6 

6.9 

7.1 

6.9 
7.2 
7.2 

7.1 

7.l 

*Letter indicates Test Method. 

140.9 
141.9 
141. s 

141.4 

141.8 
141.4 
141.4 

141.6 

141.6 
141.5 
142.2 

141.8 

141.4 

141.7 
141.3 
141.2 

141.4 

141.4 

75 
79 
so 

78 

94 
90 
93 

92 

82 
75 
80 

79 

93 
81 
so 

85 

78 

l.lS 

1.01 

1.09 

~*B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength (Wet Avq)/Tensile Strength (Dry Avg) 
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TABLE 1>.-8 TEST RESULTS FOR PLANT MIXT\1RES (D-17) 
ADDITIVE: BA 2000 t l. 0\ l 
ASPHALT CONTENT = 4.9 \ 

===================~======================================== 
TEST SAMPLE TEST 1>.!R SAMPLE n::NS!LE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.2 141.5 93 
B2 DRY 7.0 141.8 95 
B3 DRY 7.1 141.6 97 ------- ------- -------

DRY AVG** 7.1 141.6 95 
B 

B4 WET 6.6 1-t2.3 102 
B5 WET 6.8 142.1 105 
B6 WET 6.7 142.3 98 ------- ------- -------

WET AVG 6. 7 142.2 102 
1.07 

Cl WET 7.1 141.5 94 
C2 WET 6.7 142.2 93 
C3 WET 6.9 141.9 91 ------- ------- -------

WET 'A.VG 6.9 141.9 93 
c 

DR "X AVG** 7.1 141.6 95 
0.98 

Dl WET 6.4 142.6 96 
D2 WET 7.1 141.6 100 
D3 WET 7.0 141.7 93 ------- ------- -------

W'ET AVG 6.9 142.0 96 
D 

DRY AVG** 7.l 141.6 95 
1.01 

*Letter indicates T~st Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile strength (Wet Avg)/Tensile Strength (Dry Avg) 
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T~BLE A-9 TEST RESULTS FOR PLANT MIXTURES (D-17) 
ADDITIVE: PERMA-T~C (1.0\) 
ASPH~LT CONTENT = 4.9 \ 

============================================================ 
TEST SAMPLE 'TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
========================================:=================== 

B 

D 

'B1 
'B2 
B3 

B4 
BS 
B6 

C1 
C2 
C'3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

T>RY AVG** 

WET 
WET 
WET 

WET AVG 

\~ET 

WET 
WET 

WET AVG 

DRY AVG** 

'.-lET 
WET 
WET 

WET AVG 

DRY AVG** 

7.8 
7.2 
7.6 

7.5 

7.5 
7.3 
7.8 

7.6 

7.5 
7.9 
7.7 

7.7 

7.5 

7.5 
7.4 
7.4 

7.5 

7.5 

~~etter indicates Test Method. 

141.8 
142.7 
142.1 

142.2 

142.2 
142.6 
141.8 

142.2 

142.3 
141.7 
141.9 

142.0 

142.2 

142.3 
142.4 
142.4 

142.3 

142.2 

78 
82 
74 

78 

42 
38 
40 

40 

35 
31 
34 

33 

78 

39 
37 
41 

39 

78 

0.51 

0.43 

o.so 

k*B Dry serves as the Dry Condition for Method B through D 
***TSR = Tensile Strength Ratio 

= Tensile Strength(Wet Avg)Tensile Strength{Dry Avg) 
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TABLE A•lO TI'ST Q.SUL TS POl FIElJ) COlliS 
DISTRICT 17 
ASPHALT COHT!N'l' = 4. 9 \ 

:a:=========s=•==s::z===••=====•=============================== 
TYPE TEST SAMPLE WET AIR SAMPLE TENSILE 

OF SECTION ~o. OR VOIDS, DENSIT'l, STRENGTH, TSR • 
ADDITIVE DRY \ PCP PSI 
=··=·===·=····=·==--···=·==·=-==-·==========·--··-~======-===== 

lA WET 3.6 148.1 87 
lB DRY 4.2 147.1 115 

o. 76 
LOW 2A DRY 7.4 142.2 124 
AIR 2B WET 7.0 142.8 59 

VOIDS 0.47 
SECTION 3A WET 5.5 145.1 53 

3B DRY 5.7 144.7 116 
0.46 

4A DRY 4.1 147.3 :.25 
4B WET 4.3 146.9 78 

0.62 _____ .., __ 
-------

NO I >.VO VOIDS) 5.2 lAVG TSR) o.5a 
M>D!TIVE 
(CONTROL) 5A WET :>.5 145.0 63 

SB DRY 4.2 147.1 1:..9 
0.53 

H!GH 6A DRY 6.3 144.0 98 
AIR 6:6 WET 6.0 144.4 66 

VOIDS 0.67 
SECTION 7A WET 6.3 143.9 5S 

7B DRY 7.2 142.5 89 
'::l.62 

SA DRY 7.3 l42.4 85 
BB WET 8.2 141.0 61 

0.72 -------- -·----· 
(AVG VO!DS) 6.4 !AVG TSR) 0.6) 

9.\ '..;!""' _ ... 2.2 :..49.4 106 
9B DRY 3.1 l48. 0 107 

LOW 0.93 
>.IR lOA DRY 2.8 148.4 102 

VOIDS lOB WET 2.4 149.0 106 
SECTION 1. 04 

llA WET 2.9 H8.3 119 
llB DRY 3.1 147.9 117 

1. Ol -------- -------
t"-VG VOIDS) 2.8 (AVO TSRl 1. 01 

LIME: 
SLURRY l2A DRY 5.1 14S.o 109 

12B WET 4.6 145.6 117 
HIGH 1.07 
AIR 13"- WET 3.6 :47.2 109 

VOIDS l3B DRY 4.8 145.4 113 
SEC:TION 0.97 

l4A DRY 4.9 145.1 97 
l4B WET ~.4 146.0 90 

0.94 
--·-··-- ·--·--· 
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TUU A-10 I Contin\.!Aid) 
::::sca:sa::=zsa•••••z-=-•=s:swcss••=•a••==-=•=-=••=====:====== 

"l""iP!. TEST SAMPLE WET AIR SAMPLE TIHSILE 
or SECTION NO. 0'- VOIDS, DENSITY, STRJlfGTH, '!'SR• 

ADDITIVE DRY \ PCF PSI 
aa•==========•======•=-•••=---=-----===-=-======•=======•--==== 

(AVG VOIDS) 4.6 (AVG TSR) 0.99 

15A WET 6.1 145.4 123 
1SB DRY 6.6 144.6 126 

0.98 
LOW 16A DRY 8.5 141.7 107 
AIR 16B WET 6.9 144.2 90 

VOIDS o.a5 
SECTION l7A WET 5.4 146.5 131 

17B DRY 4.7 147.5 142 
0.92 

18A DRY 5.7 145.9 117 
18B WET 5.6 146.1 120 

l. 03 -------- -------
OWG VOIDS) 6.2 IAVG TSRl 0.94 

BA 2000 
19A WET 6.5 144.7 109 
19B DRY 6.6 144.7 123 

HIGH 0.89 
AIR 20A DRY 7.8 142.8 98 

VOIDS 20B WET 7.5 H3.3 115 
SECTION 1.18 

21A WET 7.7 142.9 79 
21B DRY 7.6 144.6 1:.3 

0. 70 -------- -------
{AVG VOlDS) 7.3 (AVG TSRl 0.92 

22A WET 7.0 144.1 43 
22B DRY 6.5 144.7 89 

0.49 
LOW 23A DRY 7.4 143.3 95 
AIR 23B WET 7.5 143.2 56 

VOIDS 0.59 
SECTION 24>. WET 7.0 144.0 61 

24B DRY 5.6 146.2 93 
0.66 

25A DRY 8.3 141.9 91 
25B WET 7.4 143.3 37 

0 • .U2 -------- -------
(1.VG VOIDS) 7.1 (AVG TSR) 0.54 

PERMA•TAC 
PLUS 261. WET 4.8 H7.4 90 

26B DRY 5.2 146.7 85 
1. 06 

HIGH 27>. DRY 4.4 147.9 75 
AIR 27B WET 4.2 148.4 65 

VOIDS 0.87 
SECTION 28A WET 4.6 147.7 88 

28B DRY 4.9 147.) 88 
1.00 

29A DRY 5.3 146.6 92 
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~LI A-lO (Continued) 

TYPE T!ST 
OF SECTION 

ADDITIVE 

SAMPLE WET 
NO. OR 

DR'i 

(AVG VOIDS) 

*TSR = Tensile Strength Ratio 

AIR SAMPLE TENSILE 
VOIDS, DEHSITY, STR!MGTH, TSR* 

\ PCF PSI 

1.16 

4.8 I AVG TSR) l. 02 

= Tensile Strength (Wet)/Tensile Strength IDry) 
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TAB~E A-ll BOILING TEST RESULTS 
DISTRICT 17 

:================================================================ 
T"lP! 
OF 
MIXTURE 

T"lPE 
OF 
ADDITIVE 

ASPHALT RETAINED AFTER BOILING, \ 

RATING 1 RATING 2 AVG 
•===============================================•===a============= 

NO ADDITIVE 50 50 50.0 
LABORATORY LIME 80 90 85.0 

BA 2000 95 90 92.5 
PERMA-'IAC 90 90 90.0 

NO ADDITIVE 55 50 52.5 
PLAN': LIME 98 90 94.0 

BA 2000 95 90 92.5 
PE:RMA-TAC* 50 50 50.0 

NO ADDITIVE 50 50 50.0 
FIEl..D CORE LIME 95 90 92.5 

BA 2000 95 90 92.5 
PERMA-TAC** 95 85 90.0 

*Note: The loose mixture was s~~plet from the flrst truck i..eavinq 
the plant for the low voids test section. 

••Note: The field cores were obtained !rom the high vcids test 
section. 
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Figure A-1. Location of Field Test sections (District 17). 
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~PPENDIX B 

FIELD AND LABORATORY EXPERIMENTAL PROG~ - DISTRICT 16 

The objective of Appendix B is twofold: (1) to describe 

the site specific (District 16) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed mixtures along with the 

zero-aged (immediately after construction) pavement cores 

for the ~ield experimental study at District 16 (Figure B-1) 

of the Texas State Department of Highways and Public 

Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on us 71 in Odom, 

Texas, in August 1986, and involved pavement overlay to one 

lane of the highway. The test sections were installed as 

the surface course in the outside northbound main travel 

lane as shown schematically in Figure B-2. Each test section 
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was approximately two and one-half (2.5) inches thick, 12 

thick, 12 feet wide, and 1000 feet long. A total of ten 

(10) test sections were constructed and three liquid 

antistripping additives were used in addition to the 

hydrated lime and the control materials. The composition of 

the ten test sections are as follows: 

Test Section 1. Control Section - No additive, low air 

voids. 

Test Section 2. Control Section - No additive, high 

air voids. 

Test section 3. Hot mix with 1\ lime slurry, low air 

voids. 

Test Section 4. Hot mix with 1\ lime slurry, high air 

voids. 

Test Section 5. Hot mix with 0.5% Pavebond LP, low 

air voids. 

Test Section 6. Hot mix with 0.5% Pavebond LP, high 

air voids. 

Test Section 7. Hot mix with 0.5\ Aquashield, low air 

voids. 

Test Section 8. Hot mix with 0.5\ Aquashield, high 

air voids. 

Test Section 9. Hot mix with 0.41\ Dow Polyethylene, 

low air voids. 
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Test Section 10. Hot mix with 0.41\ Dow Polyethylene, 

high air voids. 

The field construction was conducted by District 16 of 

the SDHPT and was assisted by the Center for Transportation 

Research, The University of Texas at ~ustin. The average 

daily traffic (~) is estimated at 11,800 vehicles for the 

test pavement. 

MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the Gulf States refinery 

in Corpus Christi, Texas was used throughout this project. 

Three aggregates--a limestone coarse aggregate, a limestone 

screening, and a field sand, were combined to p~cJuce the 

project gradation. Gradations of the individual aggregates, 

the project gradation, percentages of each aggregate 

combined, and the specification are given on Table B-1. The 

project gradation is plotted on a 0.45 power graph in Figure 

B-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course (Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 



Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

FIELD OPERATIONS 
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4.3\ 

97 percent of th~oretical 
maximum density 

3 percent 

55\ 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime slurry and liquid antistripping 

additives. Identical raw material sources (asphalt cement 

and aggregates) were utilized throughout the experiment. 

Three commercially available liquid antistripping additives 

were used for the test sections, i.e., Pavebond LP, 

Aquashield, and Dow Anti-Strip. 

The hydrated lime was mixed and added in slurry form to 

the aggregates on the cold feed belt of the drum dryer. The 

Pavebond LP and Aquashield were metered into the asphalt 

in-line injection system of the plant. The Dow Polyethylene 

pellets were mixed with the asphalt cement in a separate 

storage tank 12 hours prior to use. ~epending on the mixing 

time and the rate of dissolution, the dosage of Dow 
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antistripping additive was difficult to determine 

iJnmediately. The percentage of the dosage was determined by 

analyzing a sample of the pre-mixed asphalt cement from the 

plant storage tank in Dow Chemical's laboratory. 

Compaction of each test section was achieved using a 

vibratory roller, a pneumatic roller, and a steel wheel 

roller. An attempt was made to achieve the desired air 

voids by changing the plant mixing temperature. The low air 

void test sections were placed at 300 F, and the high air 

void test sections were placed at 275 F. The field air voids 

during compaction were also controlled using a Troxler Thin 

Layer Asphalt Gauge. After several passes were made using a 

vibratory roller, the Troxler gauge was placed on top of the 

pavement to measure the density of the in-place asphalt 

layer. A trial and error method.of increasing or decreasing 

the number of passes by the vibratory roller was used to 

achieve the desired field density (i.e., the desired air 

voids of the test sections). Final rolling involved using 

the pneumatic roller. 

The field cores were obtained soon after the 

construction. Three to four pairs of samples were cored 
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from each test section with each pair approximately 200 feet 

apart. The sample size was approximately 4-inches in 

diameter and 2 to 2.5-inches in thickness. The coring 

process was in accordance with the general coring layout 

procedure described in the main text of this report (Chapter 

2). The field cores were transported to the Center for 

Transportation Research laboratory immediately after 

sampling. 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 ± 1.0% 

air void content. Three liquid antistripping additives were 

used in addition to the raw material and the hydrated lime. 

The additives and the dosage are given below: 

·a. Hydrated lime slurry (1.0% by weight of aggregate). 

b. Aquashield (0.5% by weight of asphalt). 

c. Dow Anti-Strip {0.41% by weight of asphalt). 

d. Pavebond LP (0.5% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and it was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering 
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~roperties analyzed for the test methods were also discussed 

in Chapter 2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables B-2 

through B-6. The data are plotted in Figure B-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures B-5 a~d B-6. 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables B-7 

through B-11. The data are also plotted in Figure B-7 for 

plant mixtures using Methods B through D. 

Plant Mixed/Field Compacted Mixtures (Field Cores) 

summary of the test results are presented on Table 

B-12. The achieved field compaction to have the low and 

high air voids are summarized in Figure B-8 wl.ich shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure B-9 for the low and high voids 

test sections. 



Texas Boiling Test Results 

The Texas boiling test results are P.resented on Table 

B-13 and plotted in Figure B-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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~PPENDIX B SUMMARY OF DAT~ FOR DISTRICT 16 

Table B-1 Aggregate Gradations 

Table B-2 Test Results for Laboratory Mixture 
Additive: Control (No Additive) 

Table B-3 Test Results for Laboratory Mixtures 
Additive: Lime Slurry 

aggregate) 
(1.0\. by Weight of 

Table B-4 Test Results for Laboratory Mixtures 
Additive: Aquashield (0.5%) 

Table B-5 Test Results for Laboratory Mixtures 
Additive: Dow Anti-Strip (0.41%) 

Table B-6 Test Results for Laboratory Mixtures 
Additive: Pavebond LP (0.5%) 

Table B-7 Test Results for Plant Mixtures 
Additive: Control (No Additive) 

Table B-8 Test Results for Plant Mixtures 
Additive: Lime Slurry {1.0% by Weight of 

Aggregate) 

Table B-9 Test Results for Plant Mixtures 
Additive: Aquashield (0.5%) 

Table B-10 Test Results for Plant Mixtures 
Additive: Dow Anti-Strip {0.41%) 

Table B-11 Test Results for Plant Mixtures 
Additive: Pavebond LP (0.5%) 

Table B-12 Test Results for Field Cores 

Table B-13 Texas Boiling Test Results 



TABLE B-1 AGGREGATE GRADATIONS !DISTRICT 16) 

LIMESTONE LIMESTONE 
FIELD SAND SCREENINGS "D" 

SIEVE SIEVE SIEVE COMBINED SOHPT 
SIEVE SIZE ANALYSIS 20\ ANALYSIS 22\ ANALYSIS 58\ GRADATION SPECIFICATIONS 

Plus 1/2 in. 0.0 0.0 0.0 0.0 0.0 0.0 o.o 6 

1/2 to 3/8 ln. o.o 0.0 0.0 0.0 10.4 6.0 6.0 0-lS 

l/8 to No. 4 o.o 0.0 ).8 0.8 61.0 35.4 36.2 21-S3 

No. 4 to No. 10 o.o o.o 31.1 6.8 20.1 11.7 18.5 11-32 N 
0 
Vl 

Plus No. 10 60.7 S4-74 

No. 10 to No. 40 2.7 o.s 39.9 8.9 4.2 2.4 11.8 6-32 

No. 40 to No. 80 56.7 ll.l 6.2 1.4 0.8 0.5 13.2 4-27 

No. 80 to No. 200 37.2 7.5 6.1 1.3 0.9 0.5 9.) 3-21 

Minus No. 200 ).4 0.7 12.9 2.8 2.6 t.S s.o 1-8 

TOTAL 100.0 20.0 100.0 22.0 100.0 58.0 100.0 
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TABLE B-2 TEST RESULTS FOR LABORATORY MIXTURES (D-16) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 4.3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

·c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.1 
7.2 
6.7 

7.0 

6.2 
6.6 
6.4 

6.4 

7.0 
6.9 
7.2 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.1 
7.0 
7.6 

6.9 

7.7 
7.1 
6.6 

7.1 

DRY AVGu 7. 0 

WET 
WET 
WET 

WET AVG 

6.5 
7.0 
7.3 

6.9 

DRY AVG** 7. 0 

*Letter indicates Test Method. 

140.8 
140.7 
141.5 

141.0 

142.1 
141.6 
141.8 

141.9 

141.0 
141.1 
140.6 

140.9 

142.4 
140.9 
140.0 

141.1 

140.0 
140.9 
141.6 

140.8 

140.9 

141.7 
141.0 
140.5 

141.1 

140.9 

127 
130 

97 

118 

45 
59 
51 

52 

118 
126 
124 

123 

74 
54 
44 

57 

48 
59 
56 

54 

123 

64 
69 
61 

65 

123 

0.44 

0.47 

0.44 

0.53 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE B-2 (continued) 
=============================:=============================== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 l CYCLE 7.7 139.9 68 
E2 1 CYCLE 6.6 141.6 81 ------- ------- -------

WET AVG 7.1 140.7 75 

DRY AVG** 7.0 140.9 123 
0.61 

E3 3 CYCLES 7.6 140.1 61 
E4 3 CYCLES 7.1 140.8 60 ------- ------- -------

WET AVG 7.3 140.5 60 

DRY AVG** 7.0 140.9 123 
0.49 

E 
ES 5 CYCLES 7.2 140.7 52 
EG 5 CYCLES 7.6 140.1 41 ------- ------- -------

WET AVG 7.4 140.4 46 

DRY AVG*'* 7.0 140.9 123 
0.37 

E7 .., CYCLES 6.8 141.3 42 ' 
E8 7 CYCLES 7.8 139.7 :)3 

------- ------- -------
WET AVG 7.3 140.5 38 

DRY AVG** 7.0 140.9 123 
0.31 

E9 9 CYCLES 7.1 140.8 44 
E10 9 CYCLES 6.7 141.4 52 ------- ------- -------

WET AVG 6.9 141.1 48 

DRY AVG** 7.0 140.9 123 
0.39 

*"*TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength {Dry Avg) 
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TABLE B-3 TEST RESULTS FOR LABO~TORY MIXTURES {D-16) 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 4.3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

wET/DRY \ PCF PSI 
====:======================================================= 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WE'!' AVG 

DRY 
DRY 
tRY 

7.0 
7.1 
7.9 

7.3 

7.6 
6.7 
7.1 

7.2 

7.4 
7.1 
7.2 

DRY AVG** 7. 2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.0 
7.4 
7.1 

7.2 

7.9 
6.8 
7.1 

7.3 

DRY AVG** 7. 2 

WET 
WET 
WET 

WET 'AVG 

6.8 
6.8 
6.7 

6.8 

DRY 'AVG** 7. 2 

*Letter indicates Test Method. 

140.4 
140.2 
139.1 

139.9 

139.5 
140.8 
140.2 

140.1 

139.7 
140.3 
140.1 

140.0 

140.4 
139.7 
140.2 

140.1 

139.0 
140.6 
140.2 

139.9 

140.0 

140.7 
140.7 
140.8 

140.8 

140.0 

103 
102 
102 

102 

78 
79 
70 

76 

111 
112 
102 

108 

80 
97 
93 

79 
91 
80 

83 

108 

95 
101 
lOS 

100 

0.74 

0.83 

0.77 

0.93 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE B-3 (continued) 
========~:=================================================== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* C'iCLF-S VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
==================~======================;=================== 

E1 1 CYCLE 6.5 141.1 139 
E2 1 CYCLE 7.7 139.4 121 ------- ------- -------

WET AVG 7.1 140.3 130 

DRY AVG"'* 7.2 140.0 108 
l. 20 

E3 3 CYCLES 7.0 140.3 110 
E4 3 CYCLES 6.9 140.5 121 ------- ------- -------

WET AVG 7.0 140.4 107 

DRY AVG** 7.2 140.0 108 
0.99 

E 
ES 5 CYCLES 6.7 140.8 89 
E6 5 CYCLES 7.4 13,9.8 91 ------- ------- -------

WET AVG 7.1 140.3 90 

DR'i AVG*" 7.2 140.0 108 
0.83 

E7 7 CYCLES 8.0 138.9 68 
E8 7 CYCLES 6.6 141.0 68 ------- ------- -------

WET AVG 7.3 140.0 68 

DRY AVG** 7.2 140.0 108 
0.63 

E9 9 C'iCLES 7.5 139.7 73 
E10 9 CYCLES 7.8 139.2 72 ------- ------- -------

WET AVG 7.6 139.4 72 

DRY AVG"* 7.2 140.0 108 
0. 67 

*""'TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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T~LE B-4 TEST RESULTS FOR LABORATOR~ MIXTURES (D-16) 
ADDITIVE: AQUASHIELD (0.5\) 
ASPHALT CONTENT = 4.3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY,. STRENGTH, TSR*** 

WET/DR~ \ PCF PSI 
===================:======================================== 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DR"i 
DR"i 
DR"i 

7.8 
6.4 
7.4 

7.2 

6.3 
7.3 
7.6 

7.1 

6.9 
7.0 
7.9 

DRY AVG** 7. 3 

WET 
WET 
WET 

WET AVG 

WE'r 
WET 
WET 

WET AVG 

7.1 
7.1 
6.7 

7.0 

8.0 
7.6 
6.9 

7.5 

DR"Y AVG** 7. 3 

WET 
WET 
WET 

WET AVG 

7.1 
7.4 
8.0 

7.5 

DR"i AVO** 7. 3 

*Letter indicates Test Method. 

139.2 
141.3 
139.7 

140.1 

141.4 
140.0 
139.4 

140.3 

140.5 
140.4 
139.1 

140.0 

140.2 
1-40.2 
140.9 

140.4 

138.9 
139.5 
140.5 

139.6 

140.0 

140.2 
139.7 
l38.B 

139.6 

HO.O 

116 
123 
lOB 

116 

69 
73 
53 

65 

109 
lOB 
101 

106 

66 
65 
67 

66 

61 
63 
67 

64 

106 

75 
75 
72 

74 

106 

0.56 

0.62 

0.60 

0. 70 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE B-4 (continued) 
============:================================================ 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY I STRENGTH, TSR"** 

\ PCF PSI 
===========================================~================= 

E1 1 CYCLE 6.8 140.7 87 
E2 1 CYCLE 7.0 140.4 75 ------- ------- -------

WET AVG 6.9 140.5 81 

DRY AVG** 7.3 140.0 106 
0.77 

E3 3 CYCLES 6.5 141.2 84 
E4 3 CYCLES 7.1 140.3 83 ------- ------- -------

WET AVG 6.8 140.7 84 

DRY AVG** 7.3 140.5 106 
0.79 

ES 5 CYCLES 6.0 141.9 77 
E6 5 CYCLES 7.4 139.8 67 ------- ------- -------

WET AVG 6.7 140.9 72 

DRY AVG*"' 7.3 140.0 106 
0.68 

E7 7 CYCLES 7.8 139.1 57 
ES 7 CYCLES 7.2 140.1 61 ------- ------- -------

WET AVG 7.5 139.6 59 

DRY AVG"'* 7.3 140.0 106 
0.56 

E9 9 CYCLES 7.6 139.5 57 
ElO 9 CYCLES 7.5 139.6 64 ------- ------- -----·-

WET AVG 7.5 139.6 61 

DRY AVG*• 7.3 140.0 106 
0.67 

•**TSR = Tensile Strength Ratio 
= Tensile strenqth(Wet Avg) /Tensile Strength (Dry Avg) 
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TABLE B-5 TEST RESULTS FOR LABORATORY MIXTURES (D-16) 
ADDITIVE: DOW ANTI-SRIP (0.41\) 
ASPHALT CONTENT = 4 . 3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONPITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
:63 

:64 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVGU 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

6.0 
6.5 
6.7 

6.4 

6.6 
6.2 
6.0 

6.2 

6.0 
6.4 
7.0 

6.5 

6.6 
6.8 
6.8 

6.7 

7.5 
6.6 
6.8 

7.0 

6.5 

6.0 
6.2 
6.3 

6.2 

6.5 

*Let~er indica~es Tes~ Me~hod. 

142.0 
141.2 
141.0 

141.4 

141.1 
141.8 
142.1 

141.6 

142.0 
141.5 
140.6 

141.3 

141.1 
140.8 
140.8 

140.9 

139.8 
141.1 
140.7 

140.5 

141.3 

142.0 
141.7 
141.5 

141.7 

141.3 

151 
121 
123 

131 

64 
76 
69 

70 

138 
148 
126 

137 

88 
69 
84 

80 

56 
70 
60 

62 

137 

100 
97 
83 

93 

137 

0.53 

0.58 

0.45 

0.68 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE B-5 {continued) 
============;================================================ 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. • CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 6.1 141.9 107 
E2 1 CYCLE 6.9 140.7 80 ------- ------- -------

WET AVG 6.5 141.3 93 

DRY AVG** 6.5 141.3 137 
0.68 

E3 3 CYCLES 7.4 139.9 67 
E4 3 CYCLES 6.6 141.2 87 ------- ------- -------

WET AVG 7.0 140.6 77 

DRY AVG** 6.5 141.3 137 
0.56 

E 
E5 5 CYCLES 7.2 140.2 60 
E6 5 CYCLES 6.0 142.0 70 ------- ------- -------

WET AVG 6.6 141.1 65 

DRY AVG** 6.:. 141.3 137 
0.47 

E7 7 CYCLES 6.8 140.9 47 
EB 7 CYCLES 6.3 141.6 44 ------- ------- -------

WET AVG 6.5 141.2 46 

DRY AVG** 6.5 141.3 137 
0.33 

E9 9 CYCLES 7.1 140.4 53 
E10 9 CYCLES 6.8 140.8 48 ------- ------- -------

WET AVG 6.9 140.6 50 

DRY AVG** 6.5 141.3 137 
0.37 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE B-6 TEST RESULTS FOR LABORATORY MIXTURES (D-16) 
ADDITIVE: PAVEBOND LP (0.5\) 
ASPHALT CONTENT = 4.3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
==========================================================:= 

B 

c 

D 

A1 
A2 
A3 

A4 
1>.5 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WE'! AVG 

DRY 
DRY 
DRY 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

6.8 
6.5 
6.5 

6.6 

6.7 
7.5 
7.3 

7.2 

6.8 
6.0 
6.5 

6.4 

7.1 
6.2 
7.4 

6.9 

6.2 
7.7 
6.7 

6.9 

6.4 

6.7 
6.9 
6.8 

6.8 

6.4 

*~etter indicates Test Metnod. 

140.4 
140.8 
140.9 

140.7 

140.6 
139.4 
139.6 

139.9 

140.5 
141.6 
140.8 

141.0 

140.1 
141.3 
139.5 

140.3 

141.3 
139.0 
140.5 

140.3 

141.0 

140.7 
140.3 
140.5 

140.5 

141.0 

113 
115 
101 

110 

58 
77 
63 

66 

100 
117 

97 

105 

54 
63 
56 

58 

62 
57 
61 

60 

105 

76 
62 
72 

70 

105 

0.60 

0.55 

0.57 

0.67 

**B Dry serves as the Dry Condition !or Method B through E. 
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T11.BLE B-6 (continued} 
=====================;======================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STrul~GTH, TSR*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 6.3 141.2 101 
E2 1 CYCLE 6.7 140.6 72 ------- ------- -------

WET AVG 6.5 140.9 87 

DRY AVG** 6.4 141.0 lOS 
0.83 

E3 3 CYCLES 6.5 140.9 64 
E4 3 CYCLES 7.0 140.2 61 ------- ------- -------

WET AVG 6.7 140.5 63 

DRY AVG** 6.4 141.0 lOS 
0.60 

E 
E5 5 CYCLES 7.1 140.1 52 
E6 s CYCLES 7.0 140.1 49 

------- ------- -------
WET AVG 7.0 140.1 51 

DRY 11.VG** 6.4 141.0 105 
0.49 

E7 7 CYCLES 6.9 140.3 53 
E8 7 CYCLES 7.0 140.2 48 ------- ------- -------

WET AVG 7.0 140.2 50 

DRY AVG** 6.4 141.0 105 
0.48 

E9 9 CYCLES 7.7 139.1 49 
E10 9 CYCLES 6.8 140.5 47 ------- ------- -------

WET AVG 7.2 139.8 48 

DRY AVG** 6.4 141.0 105 
0.46 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg}/Tensile Strength (Dry 1\.vg) 
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TABLE B-8 TEST RESULTS FOR PLANT MIXTURES ID-16) 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

Bl DRY 6.8 140.7 124 
B2 DRY 6.8 140.6 131 
B3 DRY 6.8 140.7 124 ------- ------- -------

DRY AVG** 6.8 140.7 126 
B 

B4 WET 6.8 140.7 119 
BS WET 6.8 140. 6 ' 127 
B6 WET 6.7 140.7 142 ------- ------- -------

WET AVG 6.8 140.7 129 
l. 02 

C1 WET 6.8 140.6 105 
C2 WET 6.7 140.7 120 
C3 WET 7.0 140.3 106 

------- ------- -------
WET AVG 6.9 140.5 110 

c 
DRY AVG** 6-. 8 140.7 126 

0.87 

Dl WET 6.7 140.7 141 
02 WET 6.7 140.8 132 
D3 WET 7.2 140.0 111 ------- ------- -------

WET AVG 6.9 140.5 128 
D 

DRY AVG** 6.8 140.7 126 
1.01 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE B-9 TEST RESULTS FOR PLANT MIXTURES (D-16) 
ADDITIVE: AQUASHIELD {0.5\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.4 141.7 141 
B2 DRY 6.4 141.7 144 
B3 DRY 6.7 141.3 146 ------- -----··- -------

DRY AVG** 6.5 141.6 144 
B 

.84 WET 6.5 141.7 128 
B5 WET 6.6 141. s 114 
B6 WET 6.4 141.8 133 ------- ------- -------

WET AVG 6.5 141.7 125 
0.87 

C1 WET 6.2 142.1 110 
C2 WET 6.4 141.8 lll 
C3 WET 6.3 141.8 105 

------- ------- -------
WET AVG 6.3 141.9 109 

c 
DRY AVG** 6.5 141.6 144 

0.76 

Dl WET 6.7 141.3 123 
D2 WET 6.5 141.6 123 
D3 WET 6.3 141.9 129 

------- ------- -------
WET AV3 6.5 141.6 125 

D 
DRY AVG** 6.5 141.6 144 

0.87 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition !or Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE B-10 TEST RESULTS FOR PLANT MIXTURES (D-16) 
ADDITIVE: DOW ANTI-STRIP (0.41\) 
ASPHALT CONTENT= 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCP PSI 
=================:========================================== 

B1 DRY 7.4 140.2 131 
B2 DRY 7.6 139.9 117 
B3 DRY 7.1 140.6 135 ------- ------- -------

DRY AVG** 7.4 140.2 128 
B 

B4 WET 7.7 139.7 91 
B5 WET 7.2 140.5 100 
B6 WET 7.5 140.0 98 ------- ----·-- -------

WET AVG 7.5 140.1 96 
0.75 

C1 WET 7.1 140.6 92 
C2 WET 7.3 140.4 98 
C3 WET 1.5 140.0 86 

------- ------- -------
WET AVG 7.3 140.3 92 

c 
DRY AVG** 7.4 140.2 128 

0.72 

D1 WET 7.5 140.1 123 
D2 WET 7.1 140.6 107 
D3 WET 7.5 140.1 lOS 

------- ------- -------
WET AVG 7.3 140.3 112 

D 
DR':i AVG** 7.4 140.2 128 

0.87 

*Letter indicates Test ~ethod. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strenqth(Wet Avq)/Tensile Strenqth(Dry Avq) 
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TABLE B-11 TEST RESULTS FOR PLANT MIXTURES (D-16) 
ADDITIVE: PAVEBOND LP (0.5\) 
ASPHALT CONTENT = 5.1 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, D!NSIT'i, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.9 140.1 134 
B2 DRY 8.0 139.9 134 
B3 DRY 8.0 140.0 129 ------- ------- -------

DRY AVG*• 8.0 140.0 132 
B 

B4 WET 7.6 140.5 105 
BS WET 7.7 140.4 105 
B6 WET 7.8 140.3 94 

------- ------- -------
WET 'AVG 7.7 140.4 101 

0.77 

C1 WET 8.0 140.0 102 
C2 WET 8.0 140.0 99 
C1 WET 7.6 140.6 97 

------- ------- -------
WET 'AVG 7.8 140.2 99 

c 
DRY 'AVG** 8.0 140.0 132 

0.75 

D1 WET 7.6 140.6 119 
D2 WET 7.8 140.3 119 
D3 WET 8.0 139.9 121 ------- ------- -------

WET AVG 7.8 140.3 120 
D 

DRY AVG** 8.0 140.0 132 
0.90 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B. tl'1rough D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE 8-12 TEST RESULTS FOR FI&LD CORIS 
DISTRICT 16 
ASPHALT CONTENT = 5.1 \ 

=============================================================== 
'I'l'PE TEST SAMPLE WET AIR SAMPLE TENSILE 

OF SECTION NO. OR VOIDS, DENS I 'I'l', STRENGTH, TSR• 
ADDITIVE DRY ' PCF PSI 
=============================================z=========-======= 

1A WET 10.1 135.9 47 
18 DRY 9.8 136.5 87 

LOW 0.54 
AIR 2A DRY 9.3 137.1 86 

VOIDS 2B WET 8.8 137.9 69 
SECTION O.BO 

3A WET 10.2 135.8 61 
3B DRY 9.4 137.1 94 

0.64 -------- -··----
NO (AVG VOIDS) 9.6 (AVG TSR) 0.66 

ADDITIVE 
(CONTROL) 4A DRY 10.7 135.0 86 

4B WET 10.5 135.3 62 
HIGH o. 72 
AIR 5A WET 9.2 137.3 68 

VOIDS 5B DRY 9.2 137.4 108 
SECTION 0.63 

6A DRY 9.0 137.7 108 
6B WE': 8.6 138.3 84 

0.77 -------- ----·--
(.IW:l VOIDS) 9.5 (AVG TSR) 0. 7l 

7].. WE':' 8.8 137.7 89 
7B DRY 9.2 137.1 lOS 

LOW 0.85 
AIR Bi\ DRY 7.8 139.2 116 

VOIDS 8B WET 8.0 138.9 90 
SECTION 0.78 

9A WET 8.9 137.4 96 
9B DRY 8.9 137.5 101 

0.95 -------- -------
(AVG VOIDS) 8.6 (IWG TSR) 0.86 

LIME 
SLURRY lOA DRY 8.6 137.9 102 

lOB WI:'"' 8.0 138.9 102 
HIGH 1. 00 
AIR llA WET 9.4 136.7 84 

VOIDS ll:S DRY 9.6 !36.5 96 
SE:TlON 0.88 

12A DRY 8.3 138.3 110 
l2B WET 8.1 138.6 102 

0.93 

-------- ............ 
(AVG VOIDS) 8.7 (i\VG TSR) 0.93 

13A WET 10.8 135.7 72 
l3B DRY 10.8 135.7 93 

0.77 
l4A DRY 11.3 135.0 89 
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'l'.ULE 1-12 (Continued) 
•asK2ca•a•••••••••az:s==•••==-=z===•===•=••=••=••••••===az::a:: 

TYPE TEST SAMPLE WET AIR SAMPLE TENSILE 
OF bECTION NO. OR VOIDS, DENSITY, STRENGTH, TSR • 

ADDITIVE DRi' \ PCF PSI 
=============·================·======================-=·======= 

LOW 148 WET 11.1 135.2 75 
AIR 0.84 

VOIDS 1SA WET 10.2 136.6 84 
SECTION 158 DRi' 10.8 135.7 89 

0.94 -------- -------
(AVG VOIDS) 10,8 (AVG TSR} o.85 

PAVE80ND 
LP 16A DRi' 10.2 136.6 102 

16B WET 10.6 136.1 75 
HIGH 0.74 
AIR 17A WET 9.2 138.1 79 

VOIDS 17B DRi' 8.8 138.7 122 
SECTION 0.65 

18A DRi' 10.7 135.8 86 
188 WET 11.6 134.4 59 

0.68 -------- -------
(AVG VOIDS) 10.2 (AVG TSR) 0.69 

19A WET 11.3 136.1 59 
198 DRi' 10.3 137.7 102 

LOW 0.58 
Jo.!R 20A DRY 8.9 139.8 119 

VOIDS 208 WET 9.2 139.3 93 
SECTION 0.78 

21A WET 11.1 136.-' 72 
218 DRi' 12.9 133.7 79 

0.91 -------- -------
!AVG VOIDS) 10.6 (AVG TSR) 0.76 

AQUA-
SHIELD 22A DRi' 12.3 134.6 82 

228 WET 10.8 136.9 8:2 
HIGH 1.00 
AIR 23A WET 9.7 138.5 88 

VOIDS 238 DRi' 10.3 137.6 113 
SECTION 0,78 

24A ORi' 7.9 141.3 135 
248 WET B.O 141.2 98 

0.73 -----·-- -------
(AV::i VOIDS) 9.8 (AVG '!'SR) 0.84 

25A WET 8.6 l3a.3 80 
258 DRi' 9.0 137.8 '93 

LOW 0.86 
AIR 26A DRi' 9.1 137.6 11/ 

VOIDS 268 WET a.8 138.1 66 
SECTION 0.59 

27A WET 8.4 138.7 87 
278 DRi' 8.6 138.4 103 

0.85 -------- -------
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TABLE 8·12 (Continued) 
s=••=••••••••••--=a~====•s•=•=•:=====•======c==•====~========== 

'l"iPE TEST SAMPLE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSI'l"i, STRENGTH, TSR• 

ADDITIVE DR'i ' PCF PSI 
===========•==-•=a==~=•==========•============================= 

(AVG VOIDS) 8.7 {AVG TSR) 0.76 
DOW 

ANTI• 28A DRY 9.2 137.5 101 
STRIP 288 WET 9.4 137.2 66 

HIGH 0.65 
AIR 29A WE1' 9.2 137.4 64 

VOIDS 298 DRY 9.0 137.8 114 
SECTION 0.56 

30A DRY 10.2 135.9 96 
308 WET 10.4 135.7 65 

0.68 ---·---- -------
(AVG VOIDS) 9.6 (AVG '!'SRl 0.63 

11 '!'SR = Tensile Strength Rat.io 
= Tensile Strength (Wet)/Tensile Strength (Dry) 
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TABLE B-ll BOILING TEST RESULTS 
DISTRICT 16 

·================================================================ 
TYPE T'iP! ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING 1 RATING 2 AVG 
================================================================== 

NO ADDITIVE 75 80 77.5 
LIME 70 ao 75.0 

LABORATORY II.QTJASHIELD 75 ao 77.5 
DOW 75 BO 77.5 
PAVEBOND LP 75 80 71.5 

NO ADDITIVE 80 85 82.5 
LIME 80 85 82.5 

PLANT AQUASHIELO 85 BS 85.0 
DOW as a5 85.0 
Pl\VEBOND LP as 85 85.0 

NO ADDIT!VE 70 ao i5.0 
LIME 75 80 71.5 

FIELD CORE AQTJII.SHIE:::.D 80 85 82.5 
DOW 70 80 75.0 
Pl\VEBOND LP 65 BO 72.5 



Figure B-1 

Figure B-2 

Figure B-3 

Figure B-4 

Figure B-5 
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Figure B-l. Location of Field Test Sections (District 16). 
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APPENDIX C 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 13 

The objective of Appendix c is twofold: (1) to describe 

the site specific (District 13) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed asphalt mixtures along with 

the zero-aged (immediately after construction) pavement 

cores for the field experimental study at District 13 

(Figure C-1) of the Texas State Department of Highways and 

Public Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

· The test pavements were constructed on US 87 

approximately 19 miles south of Victoria, Texas, in October 

1986, and involved pavement overlay to one lane of the two 

lane highway. The test sections were installed as the 

surface course in the southbound lane, as shown 
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schematically in Figure c-2. Each test section was 

approximately one to two inches thick, 12 feet wide, and 

1000 feet long. The underlying old pavement was a portland 

cement concrete (PCC) pavement. A total of eight (8) test 

sections were constructed and two liquid antistripping 

additives were used in addition to the hydrated lime and the 

control materials. The composition of the eight test 

sections are as follows: 

Test Section 1. Hot mix with 1.0% Perma-Tac Plus, low 

air voids. 

Test Section 2. Hot mix with 1.0% Perma-Tac Plus, high 

air voids. 

Test Section 3. Control Section - No additive, low 

air voids. 

Test Section 4. Control Section - No additive, high 

air voids. 

Test Section 5. Hot mix with 1.0\ BA 2000, low air 

voids. 

Test Section 6. Hot mix with 1.0% BA 2000, high air 

voids. 

Test Section 7. Hot mix with 2.0% Lime Slurry, low air 

voids. 

Test Section 8. Hot mix with 2.0\ Lime Slurry, high 

air voids. 
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The field construction was conducted by District 13 of 

the Texas State Department of Highways and Public 

Transportation (SDHPT) and was assisted by the Center for 

Transportation Research, The University of Texas at Austin. 

The average daily traffic (ADT) is estimated at 4,200 

vehicles for the test pavement. 

MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from Texas Fuel and Asphalt 

was used throughout this project. Four aggregates--a 

crushed gravel, a limestone coarse aggregate, a limestone 

screening, and a field sand, were combined to produce the 

project gradation. Gradations of the individual aggregates, 

the project gradation, percentages of each aggregate 

combined, and the specification are given on Table c-1. The 

project gradation is plotted on a 0.45 power graph in Figure 

C-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course (Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 



Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

FIELD OPERATIONS 
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5.0% 

97 percent of theoretical 
maximum density 

3 percent 

46% 

A weigh batch plant was used to prepare hot mixed 

asphalt mixtures containing lime slurry and liquid 

antistripping additives. Identical raw material sources 

(asphalt cement and aggregates) were utilized throughout the 

experiment. The actual asphalt content of the plant mix was 

4.8%. Two commercially available liquid antistripping 

additives were used for the test sections, i.e., BA 2000 and 

Perma-Tac Plus. 

The hydrated lime was mixed and added in slurry form to 

the aggregates on cold feed belt of weigh batch plant. The 

BA 2000 and Perma-Tac Plus were mixed with the asphalt 

cement in the storage tank. 

Compaction of each test section was achieved using a 

vibratory roller, and a pneumatic roller. For the low air 

test sections, the same rolling pattern was used as 
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established for the regular construction project. In order 

to achieve the high air void test sections, the vibratory 

roller was used in the static mode ·and the number of passes 

decreased. 

The field cores were obtained soon after the 

construction. Three pairs of samples were cored from each 

test section with each pair approximately 200 feet apart. 

The sample size was approximately 4-inches in diameter and 1 

to 2 inches in thickness. The coring process was in 

accordance with the general coring layout procedure 

described in the main text of this report (Chapter 2). The 

field cores were transported to the Center for 

Transportation Research laboratory immediately after 

sampling. 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 ± 1.0% 

air void content. Two liquid antistripping additives were 

used in addition to the raw material and the hydrated 

lime slurry. The additives and the dosage are given below: 
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a. Hydrated lime slurry (2.0% by weight of aggregate). 

b. BA 2000 (1.0% by weight of asphalt). 

c. Perma-Tac Plus (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2 . 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables C-2 

through c-5. The data are plotted in Figure C-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures C-5 and C-6. 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables C-6 

through C-9. The data are also plotted in Figure C-7 for 

plant mixtures using Methods B through D. 
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Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the test results are pres'ented on Table 

c-10. The achieved field compaction to have the low and 

high air voids are summarized in Figure C-8 which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure C-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

c-11 and plotted in Figure c-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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APPENDIX C SUMMARY OF DATA FOR DISTRICT 13 

Table C-1 Aggregate Gradations 

Table C-2 Test Results for Laboratory Mixtures 
Additive: Control (No Additive) 

Table C-3 Test Results for Laboratory 'Mixtures 
Additive: Lime Slurry (2.0\ by Weight of 

aggregate) 

Table C-4 Test Results for Laboratory Mixtures 
1>.dditive: BA 2000 ( l. 0%) 

Table c-s Test Results for Laboratory Mixtures 
Additive: Perma-Tac Plus ( 1. 0%) 

Table c-6 Test Results for Plant Mixtures 
Additive: Control (No Additive) 

Table c-7 Test Results for Plant Mixtures 
Additive: Lime Slurry (2.0% by Weight of 

Aggregate) 

Table c-a Test Results for Plant Mixtures 
Additive: BA 2000 (1.0\} 

Table c-9 Test Results for Plant Mixtures 
1>.dditive: Perma-Tac Plus ( 1. 0\) 

Table C-10 Test Results for Field Cores 

Table c-11 Texas Boiling Test Results 



T~DLE C-1 AGGREGATE GRADATION (DISTRICT 13) 

LIMESTONE 
CRUSHED GRAVEL LIMESTONE SCREENING FIELD SAND 

SIEVE SIEVE SIEVE SIEVE COMBINED SDHPT 
SIEVE SIZE ANALYSIS SO\ ANALYSIS 10\ ANALYSIS 20\ ANALYSIS 20\ GRADATION SPECIFICATION 

Plus 1/2 in. 0 0 0 0 0 0 

1/2 to 3/8 in. 4.8 2.4 6.4 0.6 0 0 0 0 J.O 0-15 

3/8 to No. 4 50.4 25.2 86.3 8.6 1.4 0.3 0.1 0.0 34.1 21-53 

No. 4 to No. 10 36.0 18.0 4.8 0.5 31.6 6.3 0.1 0.0 24.8 11-32 

Plus No. 10 61.9 54-74 

No. 10 to No. 40 7.3 3.6 0.7 0.1 46.) 9.) 16.8 ).4 16.4 6-32 N 
.t'-
.t'-

No. 40 to No. 80 0.3 0.2 0.1 0.0 12.2 2.4 59.7 11.9 14.5 4-27 

No. 80 to No.200 0.7 0.3 0.2 0.0 3.4 0.7 18.5 3.7 4.7 3-27 

Minus No. 200 0.5 0.3 1.5 0.2 5.1 1.0 4.8 1.0 2.5 1-8 

TOTAL 100.0 50.0 100.0 10.0 100.0 20.0 100.0 20.0 100.0 
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TABLE C-2 TEST RESULTS FOR LABORATORY MIXTURES (D-13) 
ADDITIVE: CONTROL (NO ADDITIVE) 
~SPHALT CONTENT= 5.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, ~TRENGTH, TSR*** 

WET/DRY \ PCF PSI 
==========================================:================= 

A 

B 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
'B6 

C1 
C2 
C3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

7.9 
7.2 
7.3 

7.5 

7.2 
7.4 
7.5 

7.3 

6.7 
7.2 
7.0 

6.8 
6.7 
6.7 

6.7 

6.9 
6.7 
7.1 

140.6 
l4l. 7 
141.6 

141.3 

141.7 
l4l. 4 
14l. 3 

141.5 

142.5 
141.7 
142.0 

142.0 

142.3 
142.5 
142.4 

142.4 

142.1 
142.5 
141.9 

70 
71 
75 

72 

35 
31 
28 

31 

93 
84 
85 

87 

48 
52 
44 

48 

48 
49 
42 

·-·~--- ------- -------
c 

D 

Dl 
D2 
D3 

WET ~VG 6.9 

DRY AVG*" 7.0 

WET 
WET 
WET 

WET AVG 

7.0 
6.8 
7.0 

6.9 

DRY AVG** 7. 0 

*Letter indicates Test Method. 

142.2 

142.0 

142.0 
142.4 
142.1 

142.1 

142.0 

46 

87 

58 
63 
63 

62 

87 

0.43 

0.55 

0.53 

o. 70 

**B Dry serves as the Dry Condition for Method B throuqh E. 
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TABLE C-2 (continued) 
=====================~======================================= 
TEST SAMPLE NO. OF .AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
=====~======================================•================ 

E1 1 CYCLE 6.6 142.5 78 
E2 1 CYCLE 6.7 142.5 64 ------- ------- -------

WET AVG 6.7 142.5 71 

DRY .AVG** 7.0 142.0 87 
0.81 

E3 3 CYCLES 7.0 142.1 46 
E4 3 CYCLES 6.9 142.2 54 ------- ------- -------

WET AVG 6.9 142.1 so 

DRY AVG** 7.0 142.0 87 
0.57 

E 
ES 5 CYCLES 6.7 142.5 39 
E6 5 CYCLES 6.6 142.5 37 

------- ------- -------
WET AVG 6.7 142.5 38 

DRY .AVG** 7.0 142.0 87 
0.43 

E7 7 CYCLES 7.1 141.8 31 
E8 7 CYCLES 6.9 142.1 31 ------- ------- -------

WET .AVG 7.0 141.9 31 

DRY .AVG** 7.0 142.0 87 
0.36 

E9 9 CYCLES 7.0 142.0 28 
ElO 9 CYCLES 6.7 142.5 31 ------- ------- -------

WET .AVG 6.8 142.2 29 

DRY .AVG** 7.0 142.0 87 
0.33 

***TSR = Tensile Strength Ratio . 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE C-3 TEST RESULTS FOR LABORATORY MIXTURES ID-13) 
ADDITIVE: LIME SLURRY (2.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.0 \ 

===========================================:================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR**• 

WET/DRY \ PCF PSI 
~=========================================================== 

A 

B 

c 

D 

Al 
A2 
A3 

A4 
A5 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

Dl 
D2 
Dl 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
t>RY 
DRY 

7.9 
7.5 
7.5 

7.6 

7.0 
7.5 
7.5 

7.3 

7.7 
8.0 
7.7 

DRY AVG** 7. 8 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.3 
8.0 
8.0 

7.8 

7.9 
7.9 
7.8 

7.9 

DRY AVGU 7. 8 

WET 
WET 
WET 

WET AVG 

7.9 
7.9 
7.8 

7.9 

DRY AVGu 7.8 

*Letter indicates Test Method. 

140.7 
141.3 
141.3 

141.1 

142.0 
141.3 
141.4 

141.6 

141.0 
140.5 
141.0 

140.8 

l4l. 6 
140.5 
140.6 

140.9 

140.7 
140.7 
140.8 

140.7 

140.8 

140.7 
140.6 
140.9 

140.7 

140.8 

67 
78 
85 

77 

122 
101 
103 

109 

81 
78 
77 

79 

105 
98 
97 

100 

96 
99 
93 

96 

79 

104 
99 
95 

99 

79 

l. 42 

1.27 

1. 22 

1.26 

••B Dry serves as the Dry condition for Method B throuqh E. 
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TABLE C-3 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 8.0 140.6 95 
E2 1 CYCLE 8.0 140.5 93 ------- ------- -------

WET AVG 8.0 140.6 94 

DRY AVG** 1.8 140.8 19 
1.19 

E3 3 CYCLES 7.9 140.1 84 
E4 3 CYCLES 7.8 140.9 81 ------- ______ .. -------

WET AVG 7.8 140.8 82 

DRY AVG** 7.8 140.8 79 
1.05 

E 
ES 5 CYCLES 7.3 141.6 86 
E6 s CYCLES 7.7 141.0 81 

------- ------- -------
WET AVG 7.5 141.3 84 

DRY AVG** 7.8 140.8 79 
1. 06 

E1 7 CYCLES 8.0 140.5 77 
EB 7 CYCLES 7.6 141.2 68 ------- ------- -------

WET AVG 7.8 140.8 73 

DRY AVG** 1.8 140.8 79 
0.92 

E9 9 CYCLES 7.6 141.1 81 
E10 9 CYCLES 7.4 141. s 80 ------- ------- -------

WET AVG 1.5 141.3 81 

DRY AVG** 7.8 140.8 79 
1.02 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE C-4 TEST RESULTS FOR LABORATORY MIXTURES (D-13) 
ADDITIVE: BA 2000 (1.0\) 
ASPHALT CONTENT = 5.0 \ 

=========~================================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CON'DITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
BJ 

B4 
B5 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.0 
6.4 
7.2 

6.9 

6.3 
6.8 
6.5 

6.5 

7.5 
6.5 
7.1 

DRY AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.5 
7.6 

7.5 

6.6 
6.6 
6.7 

6.6 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

7.2 
6.6 
7.0 

6.9 

7.0 

*Letter inaicates Test Method. 

141.8 
142.6 
141.4 

141.9 

142.8 
142.0 
142.5 

142.4 

140.9 
142.5 
141.5 

141.6 

141.1 
141.0 
140.8 

140.9 

142.3 
142.3 
142 '2 

142.3 

141.6 

141.4 
142.3 
141.8 

141.8 

141.6 

107 
111 
107 

108 

70 
76 
61 

69 

94 
105 

97 

99 

63 
66 
67 

65 

79 
80 
74 

78 

99 

83 
88 
80 

84 

99 

0.64 

0.66 

o. 79 

0.85 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE C-4 (continued) 
=:=========================================================== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. • CYCLES VOIDS, DENSITY, STRENGTH, TSR""" 

' PCF PSI 
==================================~========================== 

El 1 CYCLE 6.8 142.1 115 
E2 1 CYCLE 6.4 142.6 124 ------- ------- -------

WET AVG 6.6 142.3 120 

DRY AVG** 7.0 141.6 99 
1.21 

E3 3 CYCLES 6.8 142.0 100 
E4 3 CYCLES 6.9 141.9 101 ------- ------- -------

WET AVG 6.9 141.9 101 

DRY AVG*" 7.0 141.6 99 
1.02 

E 
E5 5 CYCLES 6.1 143.1 101 
E6 5 CYCLES 6.5 142.5 97 ------- ------- -------

WET AVG 6.3 142.8 99 

DRY AVG"" 7.0 141.6 99 
1.00 

E7 7 CYCLES 7.0 141.7 52 
EB 7 CYCLES 7.3 141.3 54 -·----- ------- -------

WET AVG 7.1 141.5 53 

DRY AVG*" 7.0 141.6 99 
0.54 

E9 9 CYCLES 6.9 141.9 78 
ElO 9 CYCLES 6.7 142.1 79 ------- ------- -------

WET AVG 6.8 142.0 78 

DRY AVG** 7.0 14l.6 99 
0.79 

""*TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile strength (Dry Avg) 
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TABLE C-5 TEST RESULTS POR LABORATORY MIXTURES (D-13) 
ADDITIVE: PERMA-TAC PLUS (1.0\) 
ASPHALT CONTENT = 5.0\ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF 'psi 
============================================================ 

B 

D 

A1 
A2 
.A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY 'I..VG 

WET 
WET 
WET 

7.6 
7.3 
7.2 

7.4 

7.3 
7.4 
7.5 

141.6 
142.0 
142.2 

141.9 

142.1 
142.0 
141.7 

87 
87 
90 

88 

53 
54 
55 ------- ------- -------

WET AVG 

DRY 
DRY 
DRY 

7.4 

7.6 
8.0 
7.2 

DRY .AVG** 7. 6 

WET 
WET 
WET 

WET .AVG 

WET 
WET 
WET 

WET .AVG 

7.4 
7.3 
7.7 

7.5 

8.0 
7.1 
7.3 

7.5 

DRY .AVG** 7.6 

WET 
WET 
WET 

7.8 
7.5 
7.9 

141.9 

141.7 
140.9 
142.2 

141.6 

141.9 
142.1 
141.5 

141.8 

141.0 
142.3 
142.1 

141.8 

141.6 

141.4 
141. a 
141.1 

54 

79 
77 
83 

80 

56 
58 
52 

55 

57 
64 
66 

62 

88 

71 
73 
67 ------- ------- -------

WET AVG 7.7 141.4 70 

DRY .AVG** 7.6 141.6 88 

*Letter indicates Test Method. 

0.61 

0.69 

0.78 

0.88 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE C-5 (continued) 
============================================================= 
TEST SAMPLE NO. OF ~IR Sl>.MPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSIT"i, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 8.0 141.0 78 
E2 1 CYCLE 7.5 141.7 87 ------- ------- -------

WET ~VG 7.8 141.4 83 

DRY AVG** 7.6 141.6 80 
1.03 

E3 3 CYCLES 7.2 142.2 89 
E4 3 CYCLES 7.9 141.2 79 ------- ------- -------

WET ~VG 7.5 141.7 84 

DRY AVG** 7.6 141.6 80 
1. OS 

E 
ES 5 CYCLES 7.7 141.4 73 
E6 5 CYCLES 7.7 141.4 70 ------- ------- -------

WET AVG 7.7 141.4 72 

DRY AVG** 7.6 141.6 80 
0.89 

E7 7 CYCLES 7.8 141.4 53 
E8 7 CYCLES 7.7 141.5 58 ------- ------- -------

WET AVG 7.7 141.4 56 

DRY AVG** 7.6 141.6 80 
0. 70 

E9 9 CYCLES 7.7 141.5 69 
E10 9 CYCLES 7.2 142.2 74 ------- ------- -------

WET AVG 7.4 141.9 72 

DRY AVG** 7.6 141.6 80 
0.90 

***TSR = Tensile Stren9th Ratio 
= Tensile Strength(Wet AV<J)/Tensile Strength- (Dry Av<J) 
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~ABLE C-6 ~ES~ RESUL~S FOR PLANT MIXTURES (D-13) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHAL~ CONTENT = 5.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DE.NSI'I'Y, STRENGTH, TSR*** 

W~/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.1 141.3 94 
52 DRY 6.9 141.7 92 
B3 DRY 6.8 141.7 91 ------- ·------ -------

DRY AVG** 6.9 141.6 92 
B 

B4 WET 6.8 141.7 93 
BS WET 6.8 141.8 99 
B6 WET 6.8 141.9 94 ------- ------- -------

WET AVG 6.8 141.8 95 
1. 03 

C1 WET 6.7 141.9 95 
C2 WET 6.8 141.8 101 
C3 WET 7.4 140.9 87 ------- ------- -------

WET AVG 7.0 141.5 94 
c 

DRY AVG** 6.9 141.6 92 
1.02 

D1 WET 6.8 141.8 93 
D2 WET 7.1 141.4 95 
D3 WET 7.1 141.3 83 ------- ------- -------

WET AVG 7.0 141.5 90 
D 

DRY AVG** 6.9 141.6 92 
0.98 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 



254 

TABLE C-7 TEST RESULTS FOR PLANT MIXTURES (D-13} 
ADDITIVE: LIME SLURRY t 2. 0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.0 \ 

============================================================ 
TEST SAMPLE ·TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR•** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

"*** 

B1 
B2 

B4 
BS 
B6 

C1 
C2 
C3 

Dl 
D2 
D3 

B3 

DRY 
DRY 

7.0 
6.9 

DRY AVGU 6.9 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

WET 
WET 
WET 

7.1 
6. 8 . 
7.5 

7.1 

7.2 
i,2 
7.2 

7.2 

6.9 

6.4 
7.0 
6.6 

WET AVG 6.7 

DRY AVG*"' 6. 9 

DRY 5.1 

*Letter indicates Test Method. 

141.1 
141.3 

141.2 

140.9 
141.4 
140.3 . 

140.9 

140.8 
140.8 
140.7 

140.8 

141.2 

142.0 
141.1 
141.7 

141.6 

l4l.2 

144.0 

108 
99 

104 

107 
116 

96 

106 

110 
104 
103 

106 

104 

104 
100 

97 

100 

l04 

96 

1.03 

1.02 

0.97 

*•B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile StrengthtDry Avg) 

****The air voids exceed the tolerance. 
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TABLE C-B TEST RESULTS FOR PLANT MIXTURES (D-13) 
ADDITIVE: BA 2000 (1.0\) 
ASPHALT CONTENT = 5.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, ~TRENGTH, TSR*** 

WET/DRY \ PCF PSl 
============================================================ 

B1 DRY 6.2 142.5 128 
B2 DRY 6.1 142.6 127 
B3 DRY 6.3 142.4 128 ------- ------- -------

DRY AVG** 6.2 142.5 128 
B 

B4 WET 6.0 142.8 139 
B!J WET 6.2 142.6 126 
B6 WET 6.0 142.8 147 ------- ------- -------

WET AVG 6.1 142.7 137 
1.08 

C'l WET 6.2 142.6 122 
C2 WET 6.0 142.8 121 
C3 WET 6.1 142.6 126 ------- ------- -------

WET AVG 6.1 142.7 123 
c 

DRY AVG** 6.2 142.5 128 
0.96 

D1 WET 6.2 142.5 131 
D2 WET 6.0 142.8 131 
D3 WET 6.3 142.4 118 ------- ------- -------

WET AVG 6.2 142.5 127 
D 

DR)t' AVG** 6.2 142.5 128 
0.99 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through E. 

***TSR = Tensile Strength Ratio 
=Tensile Strength(Wet Avg)/Tensile StrengthlDry Avg) 
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TABLE C-9 TEST RESULTS FOR PLANT MIXTURES (D-13) 
ADDITIVE: PERMA-T~C PLUS (1.0\) 
~SPH~LT CONTENT = 5.0 \ 

==:========================================================= 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

c 

D 

B1 
B2 
!33 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

6.2 
6.6 
6.1 

DRY 'AVG** 6.3 

WET 
WET 
WET 

WET 'AVG 

WET 
WET 
WET 

WET 'AVG 

DRY ~VG** 

WET 
WET 
WET 

WET AVG 

6.0 
6.0 
6.1 

6.0 

6.5 
6.0 
6.1 

6.2 

6.3 

6.1 
6.3 
6.1 

6.2 

DRY ~VG** 6. 3 

*Letter indicates Test Method. 

142.9 
142.2 
143.0 

142.7 

143.1 
143.1 
143.0 

143.1 

142.3 
143.1 
143.0 

142.8 

142.7 

143.0 
142.7 
142.9 

142.9 

142.7 

103 
106 
101 

103 

104 
lOS 
101 

103 

106 
106 

93 

102 

103 

104 
93 

101 

99 

103 

1.00 

0.98 

0.96 

**B Dry serves as the Dry Condition for Method B through E. 
***TSR = Tensile Strength Ratio 

= Tensile Strenqth{Wet Avq}/Tensile Strength(Dry ~vg) 
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T~LE C~lO TIST RESULTS FOR FIELD CORES 
'DISTRICT 1l 
ASPHALT COMT!NT = 5,0 \ 

:ax==•==========a===••===•=:acaa:~===•=az•=====•:============== 

'l"''PE TEST S~l?LE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSITY, STR.ENGTB, '.:.'SR • 

ADDITIVE DRY \ PCP' PSI 
=====•=~===•=•==-==••==•======-==s==••====•====-•=======•====== 

lA DRY 5.5 143.8 95 
lB WET 5.4 143.9 iS 

LOW 0.79 
AIR a WET 6.5 142.2 76 

VOIDS 2B DRY 6.4 142.3 87 
SECTION 0.87 

lA DRY 4.7 144.9 92 
3B WET 4.9 144.6 87 

0.9S -·------ ·------
NO (AVG VOIDS) S.6 (AVG TSR) 0.87 

ADDITIVE 
(CONTROL) 4A W'ET 6.1 142.9 63 

4B DRY 6.4 142.4 84 
HIGH 0.75 
AIR SA DRY 7.2 141.2 73 

VOIDS SB W'ET 5.7 143.4 80 
SECTION l. 09 

6A WET 7.7 H0.4 57 
68 DRY 4.2 145.7 91 

0.62 -------- -·------
IAVG VOIDS) 6.2 !AVG TSR) o.a2 

"''A DRY 4.4 :45.1 92 
78 WE':' 9.6 137.1 53 

LOW (). ~8 
AIR SA W'ET 4.4 145.0 93 

VOIDS SB DRY 4.4 145.1 9S 
SECTION 0.99 

9A DRY 4.2 145.3 93 
9B WET 6.1 142.4 as 

0.91 -------- -------
(AVG VOIDS) 5.5 (AVG TSR) 0.82 

LIME 
SLURRY lOA WET 6.7 141.6 Bl 

HIGH lOB DRY 6.4 141.9 so 
AIR l. 02 

VOIDS llA DRY 3.9 us.a 88 
SECTION llB WET 3.7 146.1 9B 

1.12 -------- -------
IAVG VOIDS) 5.2 (AVG 'l'SR) 1.07 

121. DRY 4.4 145.3 ioo 
128 WET 5.6 143.4 77 

LOW 0.77 
AIR l3A W'ET 4.8 144. i 94 

VOIDS !38 DRY 6.8 141.7 84 
SECTION 1.12 

141>. on 6.0 142.8 93 
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TABLE C•lO (Continued.) 
~=~~===m•=•==•=•===•=••=•=---••====•--=-===~~=-=••-==-========= 

TYPE TEST SNQIL! WET UR S~LZ TENSILE 
OF SECTION NO. OR VOIDS, DENSITY, S'l'IU!'ll GTH, TSR * 

ADDITIVE DRY \ PCF PSI 
=~=====-===========~===•=============·========·============:=== 

148 WET 7.3 140.9 83 
0.89 ----·--- -------

(AVG VOIDS) 5.8 (AVG '!'SR) 0.93 
8A ?.000 

151. WET 7.!) 140.6 77 
1S8 DRY 5.4 143.8 89 

HIGH 0.87 
AIR 16A DRY 5.8 Hl.l 84 

VOIDS 168 WET 6.7 141.8 76 
S!C'l'!ON 0.90 

l7A WE'! 6.2 142.5 77 
178 DRY s.o 144.4 88 

0.87 

-------- -------
(AVG VOIDS) 6.1 (AVG '!'SR) 0.88 

1BA WE'! 4.9 144.8 96 
188 DRY 3.3 147.2 102 

LOW 0.94 
AIR l9A DRY 4.7 145.1 lC2 

vo:::Ds 198 WE'!' 3.4 147.1 96 
SECT: ON 0.34 

20A WET 5.4 144.0 85 
208 DRY 3.8 146.5 104 

0.82 -------- -------
!AVG VOIDS) 4.3 (AVG '!'SR) 0.90 

PERMA·'!'AC 
PI. US 21A DRY 5.8 143.4 79 

218 WET 5.6 143.8 87 
1.10 

22A WET 5.2 144.4 86 
228 DRY 5.6 143.8 75 

1.16 
H!GH 23A DRY 4.4 145.6 82 
AIR 238 WET 4.5 145.4 94 

VOIDS 1.15 
S!C'l'ION 24A WET 6.7 142.0 73 

248 ORY 5.9 143.3 84 
0.88 

25>. DRY 7.1 141.4 il 
25B WET 4.8 us.o 84 

1.19 
26~ WET 5.1 144.5 83 
268 DRY s.a 143.4 81 

1.02 -------- ______ ,.. 
(AVG VOIDS) s.s (AVG '!'SR) l.OB 

*TSR = Tensile Stren9th Ratio 
= Tensile Strength IWet)/Tenaile Strength (Dry) 
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TABLE C•ll BOILING TEST RESULTS 
DISTRICT l3 

~==========a============•=======================~==============a: 
T'iPE T'iPE ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING 1 RATING 2 AVG 
=·========================================·==·==================== 

NO ADDITIVE 75 80 77.5 
LABORATORY LIME 98 95 96.5 

BA 2000 100 95 97.5 
PEllMA•TAC 98 95 96.5 

NO ADDITIVE 7o 85 77.5 
PLANT LIME 98 95 96.5 

BA 2000 98 95 96.5 
PERMA•TAC 95 911\ 95.0 

NO ADDITIVE 85 so a:z.s 
FIELD CORE LIME 90 90 90.0 

BA 2000 95 90 92.5 
PERMA•'!'AC 95 90 92.5 
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Figure C·l. Location of Field Test Sections (District 13). 
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APPENDIX D 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 6 

The objective of Appendix D is twofold: (l)to describe 

the site specific (District 6) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed asphalt mixtures along with 

the zero-aged (immediately after construction) pavement 

cores for the field experimental study at District 6 (Figure 

D-1) of the Texas State Department of Highways and Public 

Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

~he test pavements were constructed on Spur 268 in 

Midland, Texas, in November 1986, and involved pavement 

overlay to two lanes of the roadway. The test sections were 

installed as the surface course in the two main westbound 

travel lanes as shown schematically in Figure D-2. Each test 

section was approximately two inches thick, 12 feet wide, 
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and 1000 feet long. A total of ten (10) test sections were 

constructed and three liquid antistripping additives were 

used in addition to the hydrated lime and the control 

materials. The composition of the ten test sections are as 

follows: 

Test Section 1. Hot mix with 1.0% Perma-Tac, low air 

voids. 

Test Section 2. Hot mix with 1.0% Unichem, low air 

voids. 

Test Section 3. Hot mix with 1.0% Pavebond LP, low air 

voids. 

Test Section 4. Control Section - No additive, low air 

voids. 

Test Section 5. Hot mix with 1.0% Lime Slurry, low 

air voids. 

Test Section 6. Hot mix with 1.0% Perma-Tac, high 

air voids. 

Test Section 7. Hot mix with 1.0% Unichem, high air 

voids. 

Test Section 8. Hot mix with 1.0\ Pavebond LP, high 

air voids. 

Test Section 9. Control Section - No additive, high 

air voids. 

Test Section 10. Hot mix with 1.0% lime slurry, high 

air voids 
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The field construction was conducted by District 6 of 

the Texas State Department of Highways and Public 

Transportation ·(sDHPT) and was assisted by the Center for 

Transportation Research, The University of Texas at Austin. 

The average daily traffic {ADT} is estimated at 13,900 

vehicles for the test pavement. 

MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the American Petrofina 

refinery in Big Spring, Texas was used throughout this 

project. Three aggregates--a Rhyolite "D11 ·rock., a limestone 

screening, and a field sand, were combined to produce the 

project gradation. Gradations of the individual aggregates, 

the project gradation, percentages of each aggregate 

combined, and the specification are given on Table D-1. The 

project gradation is plotted on a 0.45 power graph in Figure 

D-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course (Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 



Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

FIELD OPERATIONS 
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6.2% 

95.5 per~ent of theoretical 
maximum density 

4.5 percent 

49% 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures .containing lime and liquid antistripping additives. 

Identical raw material sources (asphalt cement and 

aggregates) were utilized throughout the experiment. Three 

commercially available liquid antistripping additives were 

used for the test sections, i.e., Pavebond LP, Perma-Tac, 

and Unichem. 
• The dry lime was added in layers about 12 hours prior 

to use after the coarse aggregate stockpile was watered 

down. The Pavebond LP, Perma-Tac, and Unichern were 

metered into the asphalt cement in-line injection system. 

Compaction of each test section was achieved using a 

3 wheel static roller, a tandem static steel wheel roller, a 

25-ton pneumatic roller and a 12-ton pneumatic roller. The 

field air voids were controlled using a Troxler Thin Layer 

Asphalt Gauge and a rolling pattern was established for all 
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of the low air void test sections. For tpe high air void 

test sections, the rolling pattern was altered and the mat 

was allowed to cool to 170 F. 

The field cores were obtained soon after the construction. 

Three pairs of samples were cored from e~ch test section 

with each pair approximately 200 feet apart. The sample 

size was approximately 4-inches in diameter and 2 inches in 

thickness. The coring process was in accordance with the 

general coring layout procedure described in the main text 

of this report (Chapter 2). The field cores were 

transported to the Center for Transportation Research 

laboratory immediately after sampling. 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 ± 1.0% 

air void content. Three liquid antistripping additives were 

used in addition to the raw material and the hydrated lime. 

The additives and the dosage are given below: 

a. Hydrated lime (1.0% by weight of aggregate). 

b. Pavebond LP (1.0\ by weight of asphalt). 
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c. Perma-Tac {1.0% by weight of asphalt). 

d. Unichem (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and it was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

summary of the test results are presented on Tables D-2 

through D-6. The data are plotted in Figure D-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures D-5 and D-6. 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables D-7 

through D-11. The data are also plotted in Figure D-7 for 

plant mixtures using Methods B through D. 
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Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the' test results are pres.ented on Table 

D-12. The achieved field compaction to have the low and 

high air voids are summarized in Figure D-8 which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure D-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

D-13 and plotted in Figure D-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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~PPENDIX D SUMMARY OF D~TA FOR DISTRICT 6 

Table D-1 Aggregate Gradations 

Table D-2 Test Results for Laboratory Mixture 
Additive: Control (No Additive) 

Table D-3 Test Results for Laboratory Mixtures 
Additive: Lime Slurry (1.0\ by Weight of 

aggregate) · 

Table D-4 Test Results for Laboratory Mixtures 
Additive: Pavebond LP (1.0\) 

Table D-5 Test Results for Laboratory Mixtures 
Additive: Perma-Tac (1.0%) 

Table D-6 Test Results for Laboratory Mixtures 
Additive: Unichem (l.O%) 

Table D-7 Test Results for Plant Mixtures 
Additive: Control (No Additive) 

Table D-8 Test Results for Plant Mixtures 
Additive: Lime (1.0\ by Weight of 

Aggregate) 

Table D-9 Test Results for Plant Mixtures 
Additive: Pavebond LP (1.0%) 

Table D-lO Test Results for Plant Mixtures 
Additive: Perma-Tac (l.O%) 

Table D-11 Test Results for Plant Mixtures 
Additive: Unichem (1.0\) 

~able D-12 Test Results for Field Cores 

Table D-13 Texas Boiling Test Results 



"l'ADLE D-1 AGGREGATE GPADATION (niSTRICT 6) 

"D" 'ROCK SCREENINGS FIELD SAND 
SIEVE SIEVE ____ srE'~i£ ___ COMBINED SDHPT 

SIEVE SIZE ANALYSIS 56.0'\ ANALYSIS 31.0\ ANALYSIS 1.0\ GRADATION SP.ECIFICATIONS 

Plus 1!2 in. 0 0 0 0 0 0 

1/2 to 3/8 in. 5.9 3.3 0 0 0.4 0 3.3 0-15 

3/8 to No. 4 60.8 34.0 0.6 0.2 1.8 0.1 34.) 21-53 

No. 4 to No. 10 29.2 16.3 23.7 8.8 0.6 0.0 25.1 11-32 
N 

Plus No. 10 62.7 S4-14 
...... 
"' 

No. 10 to No. 40 3.6 2.0 36.6 13.6 l.S 0.2 15.8 6-32 

No. 40 to No. 80 0.3 0.2 18.6 6.9 ·n.o 5.4 12.5 4-27 

No. 80 to No. 200 0.1 0.1 10.4 3.8 17.6 1.2 5.1 3-27 

Minus No. 200 0.1 0.1 10.1 3.7 1.1 0.1 3.9 1-8 

TOTAL 100.0 56.0 100.0 37 .o 100.0 1.0 100.0 
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TABLE D-2 TEST RESULTS FOR LABORATORY MIXTURES (D-6) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 6.2 \ 

=========•=====~============================================ 
TEST SAMPLE .TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION I VOIDS I DENSIT":t' I. STRENGTH I TSR"'.,..,. 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 

B3 
B4 
BS 

C1 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY 'AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

DR".l AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.0 
6.4 
6.3 

6.2 

7.0 
6.2 
6.2 

6.5 

6.1 
6.2 

6.1 

6.7 
6.0 
6.4 

6.3 

6.3 
6.0 
6.1 

6.1 

DRY AVG** 6.1 

WET 
WET 
WET 

6.4 
6.4 
6.l 

136.3 
135.7 
135.8 

135.9 

134.8 
135.9 
136.0 

135.5 

136.2 
136.0 

136.1 

135.2 
136.3 
135.7 

135.8 

135.8 
136.3 
136.1 

136.1 

136.1 

135.7 
135.7 
136.1 

147 
159 
162 

156 

28 
32 
34 

31 

141 
144 

142 

27 
42 
29 

33 

21 
22 
20 

21 

142 

39 
42 
56 ------- ------- -------

WET AVG 6.) 135.8 46 
D 

DRY AVG** 6.1 l36.l 142 

*Letter indicat~s Test Method. 

0.20 

0.23 

0.15 

0.32 

**B Dry serves as the Dry condition for Method B through E. 
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TI\BLE D-2 (continued) 
~============================================================ 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. .. CYCLES VOIDS, DENSITY, STRENGTH, TSR**• 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.3 135.8 102 
E2 1 CYCLE 6.4 135.6 86 --·--·- ------- -----·-

WET AVG 6.4 135.7 94 

DRY AVG** 6.1 136.1 142 
0.66 

E3 3 CYCLES 6.5 135.5 35 
E4 3 CYCLES 6.1 136.1 29 ------- ------- -------

WET AVG 6.3 135.8 32 

DRY AVG** 6.1 136.1 142 
0.22 

E 
E5 5 CYCLES 6.3 135.9 19 
E6 5 CYCLES 6.3 135.8 17 ------- ------- -------

WET AVG 6.3 135.8 18 

DRY AVG** 6.1 136.1 142 
0.13 

E7 ., CYCLES 6.1 136.2 24 • 
E8 7 CYCLES 6.1 136.2 23 ------- ------- -------

WET AVG 6.1 136.2 23 

DRY AVG** 6.1 136.1 142 
0.16 

E9 9 CYCLES 6.2 135.9 19 
E10 9 CYCLES 6.9 135.0 17 ------- ------- -------

WET AVG 6.6 135.5 18 

DRY AVGH 6.1 136.1 142 
0.13 

****B6 DRY 5.0 137.7 155 
B7 DRY 5.4 137.1 150 
B8 DRY s.o 137.6 157 

•**TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg}/Tensile Strength (Dry Avg) 

**** The air voids exceed the tolerance. 
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T~LE D-3 TEST RESULTS FOR LABORATORY MIXTURES (D-6) 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT ~ 6.2 \ 

============================================================ 
TEST SAMPLE TEST AlR SAMPLE. TENSlLE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
=============;============================================== 

B 

c 

D 

Al 
A2 

A'l 
A4 
AS 

B1 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.0 
6.5 

6.2 

6.0 
6.0 
6.0 

6.0 

6.9 
6.6 
6.1 

DRY AVG** 6.5 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.6 
6.1 
6.1 

6.3 

6.7 
6.9 
7.5 

7.1 

DRY AVG"* 6. 5 

WET 
WET 
WET 

WET AVG 

7.3 
6.1 
6.5 

6.6 

DRY AVG"* 6. 5 

*Letter indicates Test Method. 

136.3 
135.6 

135.9 

136.2 
136.2 
136.3 

136.2 

135.0 
135.4 
136.2 

135.5 

135.3 
136.1 
136.1 

135.9 

135.2 
134.9 
134.0 

134.7 

135.5 

134.4 
136.2 
135.5 

135.3 

135.5 

119 
122 

121 

86 
101 

95 

94 

105 
116 
132 

118 

73 
7t. 
73 

73 

69 
66 
68 

68 

118 

78 
101 

95 

91 

118 

0.78 

0.62 

0.58 

o. 78 

**B Dry serves as the Dry condition for Method B through E. 
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TABLE D-3 (continued) 
===================:========================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.1 136.2 126 
E2 1 CYCLE 6.0 136.2 125 ------- ------- -------

WET AVG 6.0 136.2 126 

DR"i AVG<U 6.5 135.5 118 
1. 07 

E3 3 CYCLES 6.3 135.9 96 
E4 3 CYCLES 6.2 136.0 113 ------- ------- -------

WET AVG 6.2 135.9 . 105 

DR"i AVG** 6.5 135.5 118 
0.89 

E 
E5 5 CYCLES 6.6 135.4 85 
E6 5 CYCLES '7.3 134.4 81 ------- ------- -------

WET AVG 6.9 134.9 83 

DRY AVG** 6.5 135.5 118 
0.71 

E7 7 CYCLES 6.2 135.9 67 
ES 7 CYCLES 7.1 134.7 61 ------- ------- -------

WET AVG 6.7 135.3 64 

DRY AVG** 6.5 135.5 ll8 
0.54 

E9 9 CYCLES 6.7 135.3 61 
E10 9 CYCLES 6.5 135.5 72 ------- ------- -------

WET AVG 6.6 135.4 67 

DRY AVG** 6.5 135.5 llB 
0.57 

•••• A6 DRY 5.1 137.5 147 
A7 DRY 5.4 137.1 139 
AB DRY 5.3 137.3 142 
A9 DRY 5.8 136.5 129 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg) /Tensile Strength (Dry Avg) 

****The air voids exceed the tolerance. 
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TABLE D-4 TEST RESULTS FOR LABORATORY MIXTURES (D-6) 
~DDITIVE: PAVEBOND LP (1.0\) 
ASPHALT CONTENT = 6.2 \ 

=============:=========================================:==== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDI'riON, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF . PSI 
============================================================ 

B 

c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DR"l 
DRY 
DRY 

6.1 
6.1 
6.1 

6.1 

7.5 
6.2 
6.4 

6.7 

6.8 
6.7 
6.9 

DRY AVG** 6. 8 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
6.3 
7.2 

7.0 

7.9 
7.4 
6.6 

7.3 

DRY AVG** 6.8 

WET 
WET 
WET 

WET AVG 

6.1 
7.7 
7.6 

7.1 

DRY AVG** 6.8 

*Letter indicates Test Method. 

136.5 
136.5 
136.5 

136.5 

134. .• 5 
136.4 
136.0 

135.6 

135.5 
135.6 
135.3 

135.4 

134.6 
136.1 
134.9 

135.2 

133.8 
134.6 
135.7 

134.7 

135.4 

136.4 
134.2 
134.2 

134.9 

135.4 

148 
142 
140 

143 

46 
74 
52 

57 

141 
135 
133 

136 

39 
59 
~7 

48 

32 
37 
38 

36 

136 

79 
48 
43 

57 

136 

0.40 

0.35 

0.26 

0.42 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE D-4 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSITY, S',f.'RENGTH, 'l'SR*** 

\ PCF PSI 
============================================================= 

El l CYCLE 7.4 134.5 67 
E2 1 CYCLE 6.8 135.5 79 ------- ------- -------

WET AVG 7.1 135.0 73 

DRY AVG** 6.8 135.4 136 
0.53 

E3 3 CYCLES 6.2 136.3 68 
E4 3 CYCLES 6.7 135.6 59 ------- ------- -------

WET AVG 6.4 136.0 64 

DR".i AVG** 6.8 135.4 136 
0.47 

E 
E5 5 C".iCLES 7.4 134.6 34 
E6 5 CYCLES 6.6 135.8 47 ------- ------- -------

WET AVG 7.0 135.2 40 

DR".i AVG** 6.8 135.4 136 
0.30 

E7 7 CYCLES 7.0 135.2 28 
E8 7 CYCLES 7.8 134.0 23 ------- ------- -------

WET AVG 7.4 134.6 26 

DR':l AVG** 6.8 135.4 136 
0.19 

E9 9 CYCLES 7.2 134.8 31 
E10 9 CYCLES 6.8 135.5 35 ------- ------- -------

WET AVG 7.0 135.2 33 

DRY AVG** 6.8 135.4 136 
0.24 

•••TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE D-5 TEST RESULTS FOR LABORATORY MIXTURES (D-6) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CONTENT = 6. 2 \ 

============================================================ 
TEST SAMPLE ~EST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
::========================================================== 

A 

B 

c 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

6.8 
6.8 
6.4 

6.6 

6.2 
6.0 
7.1 

6.4 

7.0 
6.2 

DRY AVG** 6.6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.9 
6.1 
6.5 

6.5 

6.5 
6.5 
6.8 

6.6 

DRY AVQH 6.6 

WET 
WET 
WET 

WET AVQ 

rR:i AVG** 

7.l 
6.7 
6.7 

6.8 

6.6 

*Letter indicates Test Method. 

135.4 
1::5.4 
136.0 

135.6 

136.3 
136.5 
135.0 

135.9 

135.2 
136.2 

135.7 

135.3 
136.4 
135.8 

135.8 

l.35.8 
135.9 
135.4 

135.7 

135.7 

135.0 
135.6 
135.5 

135.4 

135.7 

116 
118 
120 

118 

58 
64 
52 

sa 

135 
146 

140 

44 
58 
53 

52 

47 
41 
38 

42 

140 

4l 
66 
69 

59 

140 

0.49 

0.31 

0.30 

0.42 

**B Dry serves as the Dry Condition for Method B throuQh E. 
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TI\BLE D-5 (continued) 
=~=========================================================== 
TEST SAMPLE I NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSI'I"i, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 7.3 134.7 73 
E2 1 CYCLE 6.8 135.3 69 -------- ------- -------

WET AVG 7.0 135.0 71 

DRY AVG** 6.6 135.7 140 
0.51 

E3 3 CYCLES 6.4 136.0 58 
E4 3 CYCLES 6.1 136.4 73 ------- ------- -------

WET AVG 6.2 136.2 65 

DRY AVG** 6.6 135.7 140 
0.47 

E 
E5 5 CYCLES 6.2 136.2 47 
E6 5 CYCLES 6.1 136.5 44 ------- -------- -------

WET AVG 6.1 136.3 46 

DRY AVG** 6.6 135.7 140 
0.32 

E7 7 CYCLES 7.4 134.5 39 
E8 7 CYCLES 7.0 135.1 39 ------- ------- -------

WET AVG 7.2 134.8 39 

DRY AVG** 6.6 135.7 140 
0.28 

E9 9 CYCLES 6.5 135.8 38 
E10 9 CYCLES 6.6 135.7 36 ------- ------- -------

WET AVG 6.6 135.7 37 

DRY AVG** 6.6 135.7 140 
0.26 

**** A7 DRY 5.4 137.4 164 
A8 DRY 5.1 137.9 167 
1\9 DRY 5.2 137 .i 150 

***TSR = Tensile Strength Ratio 
= Tensile strength(Wet Avg)/Tensile Strength {Dry Avg) 

•***The air voids exceed the tolerance. 
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TABLE D-6 TEST RESULTS FOR LABORATORY MIXTURES (D-6) 
kDD!TIVE: UNICHEM (1.0\) 
ASPHALT CONTENT = 6.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY,·STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

B1 
B2 

B4 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DR'"i 
DRY 

6.0 
6.1 
6.2 

6.1 

6.1 
6.5 
6.2 

6.3 

6.3 
6.1 

DRY AVG** 6.2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.5 
6.0 
6.6 

6.4 

6.6 
6.0 
6.2 

6.3 

DRY AVG** 6. 2 

WET 
WET 
WET 

WET AVG 

6.0 
6.3 
6.7 

6.3 

DR'"i AVG** 6.2 

*Letter indicates Test Method. 

136.0 
135.9 
135.7 

135.9 

135.9 
135.4 
135.7 . 

135.7 

13:).6 
135.9 

135.8 

135.3 
136.0 
135.1 

135.5 

135.2 
136.0 
135.8 

135.6 

135.8 

136.0 
135.6 
135.0 

135.5 

135.8 

155 
138 
150 

148 

63 
50 
53 

55 

132 
148 

140 

51 
72 
53 

59 

42 
39 
43 

4l 

140 

89 
70 
68 

76 

140 

0.37 

0.42 

0.30 

0.54 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE D-6 (continued) 
=======================================;===================== 

S~PLE NO. OF AIR S~PLE TENSILE TEST 
METHOD NO.* CYCLES VOIDS, DENSITY, STRENGTH, TSR•** 

\ PCF PSI 
============================================================= 

E1 
E2 

E3 
E4 

1 CYCLE 
1 CYCLE 

6.7 
6.1 

WET AVG 6.4 

DRY AVG** 6.2 

3 CYCLES 6.0 
3 CYCLES 6.1 

135.1 
135.9 

135.5 

135.8 

136.0 
135.9 . 

77 
94 

86 

140 

78 
66 ------- ------- ----·--

E 
ES 
E6 

E7 
ES 

E9 
E10 

Bl 

WET AVG 6.1 

DRY AVG** 6.2 

5 CYCLES 6.1 
5 CYCLES 6.1 

WET AVG 6.1 

DRY AVG** 6.2 

7 CYCLES 6.0 
7 CYCLES 6.0 

WET AVG 6.0 

DRY AVG** 6.2 

9 CYCLES 6.5 
9 CYCLES 6.7 

WET AVG 6.6 

DRY AVG*"' 6. 2 

DRY 5.3 

***TSR = Tensile Strength Ratio 

135.9 

135.8 

135.9 
135.9 

135.9 

135.8 

136.0 
136.1 

136.0 

135.8 

135.2 
135.0 

135.1 

135.8 

137.1 

72 

140 

59 
45 

52 

l40 

41 
44 

42 

140 

36 
35 

35 

140 

151 

0.61 

0.51 

0.37 

0.30 

0.25 

= Tensile Stren;th(Wet A''9l /Tensile Strength (Dry Twg) 
****The air voids exceed the tolerance. 
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TABLE D-7 TEST RESULTS FOR PLANT MIXTURES (D-6) 
ADDITIYE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 6.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'i, STRENGTH, TSR*u 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.6 136.0 127 
B2 DRY 7.0 135.3 133 
B3 DRY 7.0 135.3 126 ------- ------- -------

DRY AVG** 6.9 135.6 129 
B 

B4 WET 6.8 135.7 63 
B5 WET 6.9 135.6 54 
B6 WET 7.1 135.3 66 ---·--- ------- -------

WET AVG 6.9 135.5 61 
0.47 

Cl WET 6.7 135.8 54 
C2 WET 7.1 l35. 3 41 
C1 WET 6.4 136.2 52 ------- ------- -------

WET AVG 6.7 135.8 49 
c 

DRY AVG** 6.9 135.6 129 
0.38 

Dl WET 6.4 136.2 72 
D2 WET 6.8 135.7 69 
D3 WET 6.8 1'35.6 67 ------- ------- -------

WET AVG 6.7 135.8 69 

DRY AVG** 6.9 135.6 129 
0.54 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE D-8 TEST RESULTS FOR PLANT MIXTURES (D-6) 
ADDITIVB: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 6.2 \ 

============================================================ 
TEST SXMPLE TEST A!R SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'i, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.9 135.7 108 
B2 DRY 6.7 135.9 98 
B3 DRY 6.5 136.3 100 ------- ------- -------

DRY AVG** 6.7 136.0 102 
B 

B4 WET 6.7 135.9 54 
B5 WET 6.6 136.1 49 
B6 WET 6.9 135.6 62 ------- ------- -------

WET AVG 6.8 135.8 55 
0.54 

Cl WET 7.0 135.5 51 
C2 WET 7.2 135.1 43 
C3 WET 7.3 135.1 37 ------- ------- -------

WET AVG 7.2 135.3 44 
c 

DRY AVG"* 6.7 136.0 102 
0.43 

D1 WET 6.8 l35.8 74 
D2 WET 7.4 134.9 67 
D3 WET 6.7 136.0 60 ------- ------- -------

WET AVG 7.0 135.6 67 

DRY AVG** 6.7 136.0 102 
0.66 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE D-9 TEST RESULTS FOR PLANT MIXTUkES {D·6' 
ADDITIVE: PAVEBOND LP (1.0\ ) 
ASPHALT CONTENT = 6.2 \ 

=:========================================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSI'l'Y, STRENGTH, 'l'SR•** 

WET/DRY \ PCF PSI 
================================================--=========== 

B 

c 

D 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG*'* 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DR"i AVG"* 

WET 
WET 
WET 

WET AVG 

6.0 
6.0 
6.7 

6.3 

6.3 
6.1 
6.9 

6.4 

6.1 
6.7 
6.3 

6.4 

6.3 

6.3 
6.1 
6.4 

6.3 

DRJ!' AVG** 6. 3 

*Letter indicates Test Method. 

136.2 
136.2 
135.2 

135.9 

135.9 
136.1 
134.9 

135.6 

136.1 
135.3 
135.8 

135.7 

135.9 

135.8 
136.1 
135.7 

135.9 

135.9 

121 
119 
108 

116 

99 
92 
98 

96 

78 
70 
80 

76 

116 

91 
97 
90 

93 

116 

0.83 

0.56 

0.80 

**B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio 

= Tensile Strength(Wet Avg)/Tensile Strength(Ory Avg) 
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TABLE D-10 TEST RESULTS FOR PLANT MIXTURES (D-6) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CONTENT = 6.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'l, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

'B1 DRY 7.6 134.5 106 
B2 DRY 7.2 135.0 127 
B3 DRY 6.2 136.4 127 ------- ------- -------

DRY 'AVG** 7.0 135.3 120 
B 

B4 WET 6.9 135.5 89 
B5 WET 6.5 136.0 91 
B6 WET 6.8 135.5 99 ------- ------- -------

WET 'AVG 6.7 135.7 93 
0.78 

Cl WET 6.6 135.9 73 
C2 WET 7.0 135.3 81 
C3 WET 6.9 135.4 79 ------- ------- -------

WE'l' 'AVG 6.8 135.5 78 
c 

DRY 'AVG** 7.0 13S.3 120 
0.65 

l.)J. WET 6.9 135.4 l04 
D2 WET 6.3 136.2 101 
D3 WET 6.7 135.7 101 ------- ------- -------

WET 'AVG 6.7 135.8 102 
D 

DRY 'AVG*" 7.0 135.3 120 
0.85 

•Letter indicates Test Methoa. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet 'Avg}/Tensile Strength{Dry 'Avg) 
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TABLE D-11 TEST RESULTS FOR PLANT MIXTURES (D-6) 
ADDITIVE: UNI CHEM ( 1. 0\) 
ASPHALT CONTENT = 6.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.0 135.6 140 
B2 DRY 6.9 135.8 128 
B3 DRY 7.5 134.9 ll9 ------- ------- -------

DRY AVG** 7.1 135.4 129 
B 

B4 WET 7.1 135.4 91 
BS WET 6.9 135.6 78 
B6 WET 6.9 135.8 79 ------- ------- -------

WET AVG 7.0 135.6 83 
0.64 

C1 WET 6.6 136.1 78 
C2 WET 7.3 135.2 82 
C3 WET 7.4 135.0 76 ------- ------- -------

WET AVG 7.1 135.4 79 
c 

DRY AVG** 7.1 135.4 129 
0.61 

D1 WET 7.0 135.6 103 
D2 WET 6.5 136.3 95 
03 WET 7.0 135.5 104 ------- ------- -------

WET AVG 6.8 135.8 101 
D 

DRY AVG** 7.1 135.4 129 
o. 78 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio. 
= Tensile Strength(Wet Avg)/Tensile StrengthtDry Avg) 
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TULE D•l2 TIST RESULTS FOR FIELD CORES 
DISTRICT 6 
ASPHALT CONTENT = 6.2 \ 

=======·========·==•=•=====·=·====·======·======·===·=======:== 
T"iPE TEST SAMPLE WET AIR SAMPLE . TENSILE 

OF SECTION HO. OR VOIDS, DENSIT"i, STRENGTH, TSR• 
ADDITIVE DR"i \ PCF PSI 
=========··=·===========•=======•===·==·=========·============= 

lA DR"i 7.9 134.0 85 
lB WET 8.5 133.1 42 

LOW 0.50 
AIR 2A WET 8.0 133.9 42 

VOIDS 29 DR"i 9.1 132.3 73 
SECTION 0,58 

3A DR"i 7.5 134.7 84 
38 WET 8.1 133.8 40 

o • .;s ·------- -------
NO (~VC VOIDS) 8.2 ' (AVG TSR) 0.52 

ADr!TIVE 
(CONTROL) 4A WE'r :i.:l..1 12&.0 19 

4B DRY ll. 9 128.::! 49 
HIGH 0.33 
AIR 5~ :;:rt :..o.:.. 130.9 73 

VO!:JS 5B W£7 10.1 130.9 29 
SECTION 0.40 

6A WE': 11.1 129.5 26 
6B DR"i 11.2 129.2 49 

0.52 -------- -------
( A'.'G VOIDS) 11.1 IA'JG TSR) 0.~~ 

7'A WE! a.c ::.H.:.. .. 
.. w 

79 DR"i 8.2 133.8 85 
l.OW 0.46 
AIR BA DR"i 8.8 132.8 66 

VOIDS BB WET 8.7 l33 .1 4l 
SEC'!' ION 0.63 

9A WET 8.7 133.0 37 
9B I";RY 8.4 133.5 sa 

0.42 -------- -------
(J\V3 VOIDS l s.s (A'/Q ':SR) 0.50 

L:Mi! 
SL'IJRRY lOA DRY 10.8 130.0 56 

lOB WET 11.3 129.2 25 
H!QH o • ..;s 
1-.IR 11A WET 10.9 129.8 25 

vo:ns 11B DRY 10.9 :29.8 61 
SECTION 0.41 

12A DRY 9.9 Dl.2 65 
12B WET 10.4 130.5 29 

0.45 -·------ ------.. 
(AVG VOIDS) 10.7 !AV::; TSR) 0.44 

::.3A WE': 9.7 130.9 36 
13B DRY 9.5 131.2 55 

0.66 
14A DRY 9.8 130.7 45 



296 

TABLE D-12 (Continued) 
=========•===s===-====•===:=•===•=====================:======== 

'l'YPE TEST SAMPLE WET AIR SAMPLE .TENSILE 
OF SECTION NO. OR VOIDS, DENSIT'l, STRENGTH, TSR" 

ADDITIVE DRY \ PCF PSI 
=====•=••a==•••====•======•=====•==========•===========•======= 

LOW l4B WET 9.2 131.7 32 
AIR 0.71 

VOIDS l.SA WET 8.2 133.1 62 
SECTION lSB DRY 8.5 132.6 79 

0.77 ·------- -------
(AVG VOIDS) 9.2 (AVG TSR) 0.72 

PAVEBOND 
LP 16A oR·t 8.6 132. & ,, 

16B WET 8.9 132.0 49 
HIGH 0.63 
AIR 17A WE 'I' 12.3 ::.27.1 27 

VOIDS l7B DRY 12.0 127.6 38 
SECTION 0.70 

18A DRY 11.0 129.0 47 
18B WET 10.5 129.8 29 

0.60 -------- -------
(AVG VOIDS) 10.6 (AVG TSR) 0.64 

19A WET 10.2 130. s 33 
198 DRY 11.0 129.5 63 

!.OW 0.53 
AIR 20A DRY 10.0 130.9 64 

VO!DS 20B WE'!' 10.0 130.9 J4 
SEC':::'! ON 0.53 

21.\ WET 7.6 134.4 54 
21B DRY 8.5 133.1 74 

o. 74 ------·- ---·-·-
IAVG VOIDS} 9.5 (AVG TSR} 0.60 

PERMA-TAC 
8.l 22A DRY 133.6 7a 

2Z3 WET 7.9 134.0 53 
HIGH 0.69 
AIR 23A WET 8.8 132.7 45 

VOIDS 23B DRY 8.8 132.6 58 
SECTION 0.77 

24A DRY 7.2 134.9 93 
24B WET 6.9 13S.S 52 

0.56 -----·-- ------· 
(AVG VOIDS) e.o (AVG TSRl 0.67 

25A DRY a.7 133.1 75 
25B WET 9.4 132.0 56 

LOW 0.74 
UR 26A WET 11.1 129.6 29 

VOIDS 26B DRY 11.0 129.7 45 
SECTION 0.63 

27A DRY 8.8 132.9 75 
27B WET 9.8 131.4 4l 

0.57 
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TABLE D-12 (Continued) 
=============================================================== 

TYPE TEST SAMPLE WET 
OF SECTION NO. OR 

ADDITIVE DRY 

AIR SAMPLE TENSILE 
VOIDS, DENSIT'i I STRENGTH I TSR* 

\ PCF PSI 
-------------------------------------------------------------------------------------------------------------------------------------- -------

(AVG VOIDS) 9.8 (AVG TSR) 0.65 
UNICHEM 

28A WET 8.2 133.9 58 
28B DRY 8.0 134.1 83 

HIGH 0.70 
AIR 29A DRY 12.2 128.0 60 

VOIDS 29B WET 11.5 12~.0 32 
SECTION 0.53 

30A WET 9.0 132.7 56 
30B DRY 9.1 132.5 75 

0.74 -------- -·-----
(AVG VOIDS) 9.7 (AVG TSR) 0.65 

*TSR = Tensile Strength Ratio 
= Tensile Strength (Wet)/Tensile Strength (Dry) 
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TABLE D•ll BOILING TEST RESULTS 
DISTRICT 6 

·===============================================================~ 
TYPE TYPE ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING l RATING 2 hVG 
================================================================== 

NO ADDITIVE so 50 50.0 
LIME 65 80 72.5 

LABORATORY PAVEBOND LP 60 60 60.0 
PERMA·'l'AC 60 70 65.0 
UNICHEM 65 70 67.5 

NO ADDITIVE 65 75 70.0 
LIME 70 75 72.5 

PLANT PAVEBOND LP 90 80 85.0 
PERMA•TAC 80 80 80.0 
UNICHEM 85 85 85.0 

NO ADDITIVE 60 60 60.0 
LIME 60 60 60.0 

FIELD CORE PAVEBOND LP 85 90 87.5 
PERMA-TAC 70 80 75.0 
UNICHEM 90 90 90.0 
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Figure D-1. Location of Field Test Sections (District 6). 



Wall Avenue 

DISTRICT 6 FIELD TEST SECTIONS 

Tftt ,.. .. 
• 

Air .. ~. 

T..t ...... 
1 

low 
AlrV ... 

SPUR 268,Downtown Uidlond 

Tnt 
Seollan 

7 

Air~ ... 

Teet ...... 
2 

low 
AlrV ... 

Left Tum Lone 
(7 Ft.) 

Te.t 
Seat! on • 

Air .. ...:. 

T..t 
s-tlon 

l 

low 
AlrVoldl 

/Centerline SP 268 

Teet 
Seallon 

I 

Air .. ~. 

Teet 
Seat~ on 

4 

low 
Air Vol. 

T..t 
s-tlon 

10 

A .. M._t. 

T..t 
s.ilon , 

low 
Air VoltM 

Ptnna-tac lkllc:hem Pav.bond lP No Lime 
1.0" 1.0" 1.0X Additive 1.0" 

Note: Each te•t Mellon I• approximately 1000 f..t In lenatf'l. 

Fir, D-2 Schematic Illustration of FiPld Test Sections 

// 

Passing Lone 
Westbomd ., 

(12 Ft.) 

Driving Lone 
Westbound 
(12 Ft.) 

\..U 
0 
...... 



PERCENT 
PASSING 

100 

eo 

10 

40 

20 

0 

GRADATION CHART - SIEVE SIZES RAISED 10 0.45 POWER 

) • 0 • ~ 

; ... · 
t.«S Pll8 ;,..-

DISTRICT l.DE 
' y . 6 

v ... ~ ---TDIIC 

I . 
~-

1-- 1-1- -+< 
A· ----

V; 

V/ 

~ 
I 

~-

f10 ,. 'J/ff' 5/ff' 7/ff' 1-t/4" f200 140 ,. 1/7" ,. 1-1/2" 

SIEVE SIZES 

Fig D-3 AgP,rep,ate Gradation Chart. 

0 

20 

4Ct 

eo 

eo 

--

100 
2" 

PERCENT 
RETAI?£0 

w 
0 
N 



160 

150 

140 

130 

120 

110. 

100 . 
TENSILE gQ. 

smENGTH SO 
RATIO, .j A 8 C D E 

" 70-

60 

50· 

40 

JO 

20 

10 

p 

NO ADDITIVE 

DISTRICT 6 - RHYOLITE AGGREGATE 
Laboratory Mixture 

A- 1'D 531-c U!:THOO C- t'JNGINAL l01'l'YAN 'WUT'ING 
I - 1'D 531-c W/0 QJII[ D - 1l.Hia.FF'-ftOOT WET11f«J 

[ - to:ltF1'ED cvcuc WETTitl) 

A 8 C 0 E 

t 

f 

LIME SllfmY 

A 8 C 0 E 

r' 

t: 

PAVEBOND LP 

A B C 0 E 

r' 

UNICHEM 

Fig D-4 Wet-Dry Indirect Tensile TPst Results 
(Tensile Strenr.th R.1.tio) for Laboratory MixturC's. 

A B C D E 

... 

~f 
PERMA-TAC 

w 
0 w 



CYCLES 
1 J 5 7 9 

NO ADDITIVE 

DISTRICT 6 - RHYOLITE AGGREGATE 
Laboratory Mixture 

CYCLES 
1 J 5 7 9 

CYCLES 
1 J 5 7 9 

CYCLES 
1 J 5 7 9 

r. 
~ 

vt 
~ r 

LIME SLURRY PAVEBONO LP UNICHEM 

Fig D-5 Wet-D~y Indirect Tensile Cyclic Freeze-Thaw Test Results 
(Tensile Strength Ratio) fo~ Laboratory Mixtures. 

CYCLES 
1 J 5 7 g 

~ E 
~ 

PERMA-TAC 

~ 
0 
l=-



160 

150 

140 

130 

120 

110 

100 

TENSILE 
go 

STRENGTH 
RATIO. 80 

,..; 
70 

80 

50 

40 

JO 

20 

10 

0 -
0 

DISTRICT 6 - RHYOLITE AGGREGATE 
Laboratory Mixture 

/l~~ 

lHCHEU" 

::: ••• ,_:· ....... ~ .... +·. . . . . PIHIA-T AC~ PAVEBOND lP 

~.. ···... ~~ ••.... ,.___ ···... . 
~. . .......................... ""t· ..... ~- ..... .. ·-... --------... __ , .......... . 

... -------------'----.............. .. ...... ... 

1 

··-.... .. ......................... . ')4----------~---------~-----------
NOADDITI~ 

--~----~------~------~----~~-----1 

2 3 .. 5 6 7 8 g 10 

Nl.IABER OF FREEZE-THAW CYCLES 

Fig D-6 Tensile Strenr,th H.1tio (TSR) Vs. Number of 
Freeze-Thaw Cycles for Lnhoratory Mixtures. 

w 
0 
L/1 



160 

150 

140 

130 

120 

110 

100 

TENSILE 90 
STRENGTH 80 RATIO, 

" 70 

60 

50 

40 

30 

20 

10 

0 

DISTRICT 6 - RHYOLITE AGGREGATE 
Plant Mixture 

NO ADDITIVE LIUE 

II - TEX !Ut-e loE.THOO 
C -~ lOllloiAN WE:TTING 
D - 1UHa..J'l'" .......:lOT WETTINI:: 

9 C D 

PAVEBONO lP 

8 C D 

UNICHEM 

Fig D-7 Wet-Dry Indirect Tensile Test Results 
(Tensile Strenr,th Ratio) for Plant Hixtures. 

B C D 

PERMA-TAC 

w 
0 
0' 



16 

1.J 

12 

10 

AIR 
VOIDS. 8 

X 

6 

" 
2 

CL CH 

DISTRICT 6 - RHYOLITE AGGREGATE 
Summary of Field Air Void Content 

ct. - f1[U) CUE A1t ~ (LOW VOIDS TEST SUTlGQ 
01 - f1[U) CONE A1t ~ (HKlH vaDS TDT SUTK»Q 

CL CH 
CL CH 

CL CH 
CL CH 

0 I l I I 1 1£1 1).1 L_l .L..d !)J U:.J 1)..1 

NO ADDITIVE LIME PAVEBONO LP UNICHEU PERMA-TAC 

Fig D-8 Summary of Field Core Air Void Content. 

w 
0 
-....J 



160 

150 

140 

130 

120 

110 

100 

TENSILE 90 
STRENGTH 80 RATIO. 

" 70 
60 

50 

40 

30 

20 

10 

CL CH 

DISTRICT 6 - RHYOLITE AGGREGATE 
Field Core 

(Tex 531-C Method) 

a. - rtn.D (:(liES Pial lOW VOIDS TDT SECTlOt 
a4 - FJELD CXMD I'ROU tiCIH VOIDS TDT sr:ttlOt 

CL CH 
Cl CH 

CL CH 

CL CH 

0 I tL.4 '""' !LLl 1),'>1 I(L..I L:\l UA LX'\1 V4 lX>I 

NO ADDITIVE Ut.tE PAVEBOND LP UNICHEM 

Fig D-9 Wet-Dry Indirect Tensile Test Results 
(Tensile Strenr,th Ratio) for Field Cores. 

PERMA-TAC 

w 
0 
():> 



150 

140 

130 

120 

110 

100 

90 
ASPHALT 
RETAINED 80 

AFTER 
BOILING, 70 

" 60 

50 

40 

30 

20 

10 

L P F 

DISTRICT 6 - RHYOLITE AGGREGATE 
T ex 530-C Method 

L P F 

lii!A TCIIr IIIXT\N: 
p - PLANf r.IIC1\II!: 
F - flD.D COR[ 

L P F 

L P F 

0 I VA .:)I K4 rA L:)JI E:LJ tLJ ~ fLA IL,A 1)..31 VA 1£.A •" KA 

NO ADDITIVE LIME PAVEBOND LP UNICHEU PERUA-TAC 

Fig D-10 Texas Boiling Test Results. 

I..V 
0 
\0 



APPENDIX E 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 25 

The objective of Appendix E is twofold: (1) to describe 

the site specific (District 25) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed mixtures along with the 

zero-aged (immediately after construction) pavement cores 

for the field experimental study at District 25 (Figure £-1) 

of the Texas State Department of Highways and Public 

Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on us 287 in Hall 

and Childress counties, Texas, in May 1987, and involved 

pavement overlay to one lane of the highway. The test 

sections were installed as the surface course in the outside 

southbound main travel lane as shown schematically in Figure 

E-2. Each test section was approximately one to two inches 

310 
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thick, 12 feet wide, and 1000 fcot long. A total of twelve 

(12) test sections were constructed and ~our liquid 

antistripping additives were used in addition to the 

hydrated lime and the control materials. The composition of 

the twelve test sections are as follows: 

Test Section 1. Hot mix with 1.0% Aquashield II,low 

air voids. 

Test Section 2. Hot mix with 1.0% Aquashield II, high 

air voids. 

Test Section 3. Hot mix with 1.0% Fina-A, low air 

voids. 

Test Section 4. Hot mix with 1.0% Fina-A, high air 

voids. 

Test Section 5. Hot mix with 1.0% Unichem, low 

air voids. 

Test Section 6. Hot mix with 1.0% Unichem, high 

air voids. 

Test Section 7. Control Section -No additive, low air 

voids. 

Test Section 8. Control Section - No additive, high 

air voids. 

Test Section 9. Hot mix with 1.0\ Perma-Tac, low air 

voids. 
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Test Section 10. Hot mix with 1.0% Perma-Tac, high air 

voids. 

Test Section 11. Hot mix with 1.0% lime slurry, high 

air voids. 

Test Section 12. Hot mix with 1.0\ lime slurry, low air 

voids. 

Perma-Tac was used as the antistripping additive 

throughout the entire pavement overlay where the test 

sections were not involved. The field construction was 

conducted by District 25 of the Texas State Department of 

Highways and Public Transportation (SDHPT) and was assisted 

by the Center for Transportation Research, The University of 

Texas at Austin. The average daily traffic (ADT) is 

estimated at 5,800 vehicles for the test pavement. 

MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the Diamond Shamrock 

refinery was used throughout this project. Three 

aggregates--a coarse gravel aggregate, an intermediate 

gravel aggregate, and a fine gravel screening, were combined 

to produce the project gradation. Gradations of the 

individual aggregates, the project gradation, percentages of 
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each aggregate combined, and the specification are given on 

Table E-1. The project gradation is plo~ted on a 0.45 power 

graph in Figure E-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type C coarse graded 

surface course {Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 

Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

FIELD OPERATIONS 

5.2\ 

97 percent of theoretical 
maximum density 

3 percent 

45% 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime and liquid antistripping additives. 

Identical raw material sources (asphalt cement and 

aggregates) were utilized throughout the experiment. Four 

commercially available liquid antistripping additives were 

used for the test sections, i.e., Aquashield II, Fina-A, 

Perma-Tac, and Unichem. 
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The hydrated lime was mixed and added in slurry form to 

the aggregates on the cold feed belt of ~he drum dryer. The 

liquid additives were metered into the asphalt in-line 

injection system of the plant. 

Compaction of each test section was achieved using a 

vibratory roller, a pneumatic roller, and a steel wheel 

roller. The field air voids were controlled using a Troxler 

Thin Layer Asphalt Gauge. After one to two passes were made 

using a 25-ton vibratory roller, the Troxler gauge was 

placed on top of the pavement to measure the density of the 

in-place asphalt layer. A trial and error method of 

increasing or decreasing the number of passes by the 

vibratory roller was used to achieve the desired field 

density (i.e., the desired air voids of the test sections). 

Final rolling involved using the pneumatic and the steel 

wheel roller. 

The field cores were taken soon after the construction. 

Three pairs of samples were cored from each test section 

with each pair approximately 200 feet apart. The sample 

size was approximately 4-inches in diameter and 1 to 

2-inches in thickness. The coring process was in accordance 

with the general coring layout procedure described in the 
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main text of this report (Chapter 2). The field cores were 

transported to the Center for Transportation Research 

laboratory immediately after sampling. 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 + 1.0% 

air void content. Four liquid antistripping additives were 

used in addition to the raw material and the hydrated lime 

slurry. The additives and the dosage are given below: 

a. Hydrated lime slurry (1.0% by weight of aggregate). 

b. Aquashield II (1.0% by weight of asphalt). 

c. Fina-A (1.0% by weight of asphalt). 

d. Perma-Tac (1.0% by weight of asphalt). 

e. Unichem (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and it was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 
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PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables E-2 

through E-7. The data are plotted in Figure E-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures E-5 and E-6 • . 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables E-8 

through E-13. The data are also plotted in Figure E-7 for 

plant mixtures using Methods B through D. 

Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the test results are presented on Table 

E-14. The achieved field compaction to have the low and 

high air voids are summarized in Figure E-B which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure E-9 for the low and high voids 

test sections. 
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Texas Boiling Test Results 

The Texas boillng test results are P,resented on Table 

E-15 and plotted in Figure E-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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APPENDIX E SUMMARY OF DATA FOR DISTRICT 25 

Table E-1 Aggregate Gradations 

Table E-2 Test Results for Laboratory Mixture 
Additive: Control (No Additive) 

Table E-3 Test Results for Laboratory Mixtures 
Additive: Lime Slurry (1.0% by Weight of 

aggregate) 

Table E-4 Test Results for Laboratory Mixtures 
Additive: Aquashield II ( 1. 0%) 

Table E-5 Test Results for Laboratory Mixtures 
Additive: Fina-A { 1. 0%) 

Table E-6 Test Results for Laboratory Mixtures 
Additive: Perma-Tac ( 1. 0%) 

Table E-7 Test Results for Laboratory Mixtures 
Additive: Unichem (1.0%) 

Table E-8 Test Results for Plant Mixtures 
Additive: Control (No Additive) 

Table E-9 Test Results for Plant Mixtures 
Additive: Lime Slurry (1.0% by Weight of 

Aggregate) 

Table E-10 Test Results for Plant Mixtures 
Additive: Aquashield II ( 1. 0%) 

Table E-ll Test Results for Plant Mixtures 
Additive: Fina-A (1. 0\) 

Table E-12 Test Results for Plant Mixtures 
Additive: Perma-Tac (1.0%) 

Table E-13 Test Results for Plant Mixtures 
Additive: Unichem (1.0%) 

Table E-14 Test Results for Field Cores 

Table E-15 Texas Boiling Test Results 



TABLE E-1 AGGREGATE GRADATION (DISTRICT 25) 

COARSE AGGREGATE INTER. AGGREGATE SCREENINGS 
SIEVE SIEVE SIEVE COMBINED SDHPT 

SIEVE SIZE ANALYSIS 20.0\ ANALYSIS 14.0\ ANALYSIS 46.0\ GRADATION SPECIFICATIONS 

Plus 7/8 in. 0 0 0 0 

Plus 5/8 in. 0.9 0.2 0 0 0.2 o-s 
1/2 to 3/8 in. 89.1 17.9 1.1 0.4 18.1 16-42 

l/8 to No. 4 9.6 1.9 51.6 17.6 0 0 19.5 11-17 I.,.V 
...... 

No. 4 to No. 10 0.2 o.o 41.6 14.1 13.1 6.0 20.1 11-32 \0 

Plus No. 10 58.1 54-74 

No. 10 to No. 40 o.o 0.0 4.5 1..5 52.) 24.1 25.6 6-32 

No. 40 to No. 80 0.1 0.0 0.5 0.( 15.5 7.1 7.3 4-27 

No. 80 to No. 200 o.o o.o 0.3 0.1 12.0 5.5 5.6 l-27 

Minus No. 200 0.1 o.o 0.4 0.1 7.1 ).) 3.4 1-8 

TOTAL 100.0 20.0 100.0 34.0 100.0 46.0 100.0 
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TABLE E-2 TEST RESULTS FOR LABORATORY MIXTURES (D-25) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE · TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR•** 

WET/DRY \ PCF PSI 
=================~=======================================:== 

A 

B 

c 

D 

Al 
A2 

A4 
AS 
A6 

B1 
B2 

B3 
B4 
B5 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DR"i 

7.5 
6.6 

7.0 

7.6 
7.5 
6.2 

7.1 

6.5 
7.9 

DRY AVG** 7. 2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.5 
7.6 
8.0 

7.7 

6.8 
6.7 
7.9 

7.1 

DRY AVG** 7.2 

WET 
WET 
WET 

WET AVG 

7.1 
7.7 
7.S 

7.4 

DR"i AVG** 7.2 

*Letter indicates Test Method. 

141.0 
142.4 

141.7 

140.9 
141.1 
142.9 

141.6 

142.5 
140.3 

141.4 

141.0 
140.8 
140.2 

140.7 

142.1 
142.3 
140.3 

141.6 

141.4 

141.6 
140.8 
141.1 

141.2 

141.4 

80 
85 

83 

so 
49 
68 

56 

86 
73 

80 

50 
53 
46 

50 

3S 
39 
36 

37 

80 

53 
48 
52 

51 

80 

0.67 

0.62 

0.46 

0.64 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE E-2 (continued) 
============================================================= 
TEST Sl\MPLE NO. OF AIR Sl\MPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.2 143.0 60 
E2 1 CYCLE 6.9 141.9 54 ------- ------- -------

WET AVG 6.5 142.5 57 

DRY 'AVG** 7.2 141.4 80 
0.71 

E3 3 CYCLES 7.4 141.2 37 
E4 3 CYCLES 7.0 141.8 33 ------- ------- -------

WET 'AVG 7.2 141.5 35 

DRY AVG** 7.2 141.4 80 
0.44 

E 
ES 5 CYCLES 7.5 141.0 22 
E6 5 CYCLES 7.4 141.2 21 ------- ------- -------

WET AVG 7.5 141.1 22 

DRY AVG** 7.2 l4l. 4 80 
0.27 

E7 7 CYCLES 7.8 140.5 21 
E8 7 CYCLES 7.8 140.5 23 ------- ------- -------

WET AVG 7.8 140.5 22 

DRY AVG** i.2 14l.4 80 
0.28 

E9 9 CYCLES 7.4 141.1 19 
E10 9 CYCLES 6.5 142.6 18 ------- ------- -------

WET AVG 6.9 141.9 18 

DRY AVG** 7.2 141.4 80 
0.23 

**** A3 DRY 5.3 144.4 96 
B3 DRY 5.9 143.5 95 

"**TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 

****The air voids exceed the tolerance. 
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TABLE E-3 TEST RESULTS FOR LABORATORY MIXTURES (D-25) 
M>DITIVE: LIME SLURRY ( l. 0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST S~LE TEST AIR SAMPLE . TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCP PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.6 
6.8 
6.1 

6.5 

6.5 
6.3 
6.9 

6.5 

7.4 
6.6 
6.1 

DRY AVG** 6. 7 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.0 
6.0 
6.6 

6.6 

6.6 
7.5 
8.0 

7.4 

DRY AVG** 6.7 

WET 
WET 

WET AVG 

7.6 
6.4 

7.0 

DRY AVG** 6.7 

*Letter indicates Test Method. 

142.2 
141.8 
142.9 

142.3 

142.4 
142.7 
141.8 

142.3 

140.9 
142.2 
143.0 

142.1 

141.5 
143.1 
142.1 

142.3 

142.3 
140.8 
140.0 

141.0 

142.1 

140.6 
142.6 

141.6 

142.1 

82 
85 
92 

86 

106 
113 
117 

112 

78 
77 
82 

79 

100 
91 

101 

97 

80 
73 
67 

73 

79 

83 
86 

85 

79 

1.30 

l. 23 

0.93 

1.07 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE E-3 (continued) 
===============================~============================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* . CYCLES VOIDS, DENSI'l'i', STRENGTH, TSR'*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 7.3 141.1 91 
E2 1 CYCLE 6.2 142.9 94 -·----- ____ .,.. __ -------

WET AVG 6.7 142.0 93 

DRY AVG'** 6.7 142.1 79 
1.17 

E3 3 CYCLES 7.0 141.7 78 
E4 3 CYCLES 6.2 142.9 87 ------- ------- -------

WET AVG 6.6 142.3 82 

DRY AVG'** 6.7 142.1 79 
1.04 

E 
E5 5 CYCLES 6.0 143.1 69 
E6 s CYCLES 7.5 140.9 67 

------- ---·--- -------
WET AVG 6.7 142.0 68 

DRY AVG'~~* 6.7 142.1 79 
0.86 

E7 7 CYCLES 6.7 142.0 75 
E8 7 CYCLES 6.7 142.1 80 ------- ------- -------

WET AVG 6.7 142.1 78 

DRY AVG'** 6.7 142.1 79 
0.98 

E9 9 CYCLES 7.0 141.6 67 
E10 9 CYCLES 6.6 142.1 74 ------- ------- -------

WET AVG 6.8 141.8 70 

DRY AVG** 6.'7 142.1 79 
0.89 ...... B7 DRY 5.3 144.2 95 

* **TSR = Tensile strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry AVg) 

****The air voids exceed the tolerance. 
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TABLE E-4 TEST RESULTS FOR LABORATORY MIXTURES (D-25) 
ADDITIVE: AQUA-SHIELD II (1.0\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE T'ST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'l, STRENGTH, TSR* .. 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

8.0 
7.4 
6.5 

7.3 

7.1 
7.0 
6.5 

6.9 

7.0 
7.9 
7.7 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.1 
7.2 

7.2 

6.6 
8.0 
8.0 

7.5 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

7.5 
7.3 
7.7 

7.5 

DRY AVG** 7. 5 

~Letter indicates Test Method. 

139.8 
140.8 
142.1 

140.9 

141.2 
141.3 
142.2 

141.6 

141.4 
140.0 
140.2 

140.5 

140.7 
141.3 
141.0 

141.0 

142.0 
139.8 
139.8 

140.5 

140.5 

140.7 
141.0 
140.3 

140.6 

140.5 

72 
85 
86 

81 

89 
96 

105 

97 

79 
70 
75 

75 

87 
92 
96 

92 

69 
58 
56 

61 

75 

79 
73 
75 

76 

75 

1.19 

1. 23 

0.82 

1.01 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE E-4 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSIT't, STRENGTH, TSR"** 

\ l?CF PSI 
============================================================= 

E1 1 CYCLE 7.4 140.7 75 
E2 1 CYCLE 7.4 140.8 77 ------- ------- -------

WET AVG 7.4 140.8 76 

DRY AVG** 7.S 140.5 7:, 
1.02 

E) 3 CYCLES 7.9 139.9 63 
E4 3 CYCLES 7.5 140.6 64 ------- ------- -------

WET AVG 7.7 140.3 64 

DRY AVG** 7.5 140.5 75 
0.85 

E 
£5 5 CYCLES 7.2 141.1 60 
EG 5 CYCLES 8.0 139.8 59 

------- ------- -------
WET AVG 7.6 140.5 60 

DRY AVG** 7.5 140.5 75 
0.80 

£7 7 CYCLES 6.6 142.0 69 
E8 7 CYCLES 7.7 140.2 65 ------- ------- -------

WET AVG 7.2 141.1 67 

DRY AVG** 7.5 140.5 75 
0.90 

E9 9 CYCLES 7.7 140.3 53 
E10 9 CYCLES 7.9 140.1 52 ------- ------- -------

WET AVG 7.8 140.2 53 

DRY AVG** 7.5 140.5 75 
0.71 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet 11-vg)/Tensile Strength (Dry Avg) 
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~ABLE E-5 TEST RESULTS FOR LABORATORY MIXTURES {D-25) 
ADDITIVE: FlN~-~ {1.0\) 
~SPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * COm>lTION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

6.3 
6.3 
7.2 

6.6 

7.0 
7.5 
6.5 

7.0 

8.0 
7.7 

DRY AVG** 7.9 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.3 
6.6 
7.0 

6.6 

7.6 
6.7 
7.2 

7.2 

DRY I..VG** 7. 9 

WET 
WET 
WET 

WET AVG 

7.5 
7.1 
7.0 

7.2 

DRY AVG** 7.9 

*Letter indicates Test Method. 

142.6 
142.5 
141.1 

142.1 

141.3 
140.7 
142.1 

141.4 

139.8 
140.3 

140.1 

142.5 
142.1 
141.4 

142.0 

140.5 
141.8 
141.1 

141.2 

140.1 

140.7 
141.2 
141.5 

141.1 

140.1 

89 
91 
86 

89 

84 
82 
96 

87 

77 
79 

78 

92 
93 
92 

92 

62 
68 
61 

64 

78 

74 
71 
74 

73 

78 

0.98 

1.18 

0.82 

0.94 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE E-5 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 7.9 140.1 78 
E2 1 CYCLE 6.8 141.7 80 

------- ------- -------
WET AVG 7.4 140.9 79 

DRY AVG** 7.9 140.1 78 
1.01 

E3 3 CYCLES 7.6 140.6 62 
E4 3 CYCLES 7.6 140.6 63 ------- ------- -------

WET AVG 7.6 140.6 62 

DRY AVG*"' 7.9 140.1 78 
0.80 

E 
E5 5 CYCLES 7.4 140.9 62 
E6 5 CYCLES 6.4 142.4 6B ------- ------- -------

WET AVG 6.9 141.6 65 

DRY AVG** 7.9 140.1 78 
0.83 

E7 7 CYCLES 7.4 140.8 59 
E8 7 CYCLES 7.3 140.9 59 ------- ------- -------

WET AVG 7.4 140.9 59 

DRY AVG** 7.9 140.1 78 
o. 76 

E9 9 CYCLES 6.0 143.0 61 
ElO 9 CYCLES 6.4 142.4 61 ------- ------- -------

WET AVG 6.2 142.7 61 

DRY AVG** 7.9 140.1 78 
0.79 

**** B3 DRY 5.6 143.5 95 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 

****The air voids exceed the tolerance. 
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TABLE E-6 TEST RESULTS FOR LABORATORY MIXTURES (D-25) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET /DRY \ PCF . PSI 
============================================================ 

B 

c 

D 

A1 
.A2 
).3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY .AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.0 
6.9 
7.8 

7.2 

6.7 
6.3 
6.8 

6.6 

6.6 
6.1 
8.0 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET·'AVG 

7.0 
7.3 
6.8 

7.0 

7.1 
7.7 
6.6 

7.1 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET .AVG 

6.6 
7.8 
6.2 

6.9 

DRY AVG** 6. 9 

*Letter indicates Test Method. 

141.5 
141.6 
140.3 

141.1 

142.0 
142..6 
141.8 

142.1 

142.1 
142.9 
140 0 

141.6 

141.5 
141.1 
141.8 

l41.5 

141.3 
140.5 
142.2 

141.3 

141.6 

142.0 
140.3 
142.6 

141.7 

141.6 

87 
90 
84 

87 

85 
98 
86 

90 

87 
95 
78 

87 

82 
82 
87 

84 

64 
55 
62 

60 

87 

7S 
72 
77 

75 

87 

1.03 

0.97 

0.70 

0.86 

**B Dry serves as the Dry condition for Method B through E. 
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TABLE E-6 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR Sl\MPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSI'l"i, STRENGTH, TSR*** 

\ PCF PSI 
==============================---============================ 

El l CYCLE 7.1 141.4 76 
E2 l CYCLE 7.9 140.2 68 ------- ------- -------

WET AVG 7.5 140.8 72 

DRY AVG** 6.9 141.6 87 
0.83 

E3 3 CYCLES 6.9 141.7 60 
E4 3 CYCLES 6.9 141.6 59 ------- ------- -------

WET AVG 6.9 141.6 60 

DRY AVG** 6.9 141.6 87 
0.69 

E 
ES 5 CYCLES 8.0 139.9 48 
E6 5 CYCLES 6.1 142.8 59 ______ ... ------- -------

WET AVG 7.1 141.4 54 

DRi AVG'-* 6.9 141.6 87 
0.62 

E7 7 CYCLES 6.8 141.7 51 
E8 7 CYCLES 7.5 140.7 51 ____ .. __ _____ ,._ -------

WET AVG 7.2 141.2 51 

DRY 'AVG** 6.9 l4l.6 87 
0.59 

E9 9 CYCLES 7.3 141.0 40 
E10 9 CYCLES 7.4 140.9 37 ------- ------- -------

WET AVG 7.3 141.0 38 

DRY AVG** 6.9 141.6 87 
0.44 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE E-7 TEST RESULTS FOR LABORATORY MIXTURES (D-25) 
ADDITIVE: UNICHEM 11.0\) 
ASPHALT CONTENT = 5. 2 \ 

===:======================================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR * ** 

WET/DRY \ PCF . PSI 
===============================================:============ 

A 

B 

c 

D 

A1 
A2 
A) 

A4 
AS 
A6 

B1 
B2 
B) 

B4 
B5 
B6 

Cl 
C2 
Cl 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.5 
7.7 
7.8 

7.7 

7.2 
7.8 
8.0 

7.6 

7.2 
8.0 
7.4 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.8 
7.2 
7.9 

7.3 

7.9 
8.0 
7.2 

7.7 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

7.6 
8.0 
7.2 

7.6 

DRY AVG** 7. 5 

*Letter indicates Test Method. 

141.0 
140.6 
140.5 

140.7 

141.4 
140.6 
140.2 _______ , 

140.7 

141.4 
140.2 
141.2 

140.9 

141.9 
141.4 
140.4 

141.2 

140.4 
140.2 
141.5 

140.7 

140.9 

140.8 
140.2 
141.4 

140.8 

140.9 

74 
75 
78 

76 

80 
68 
61 

70 

75 
69 
80 

75 

82 
76 
70 

76 

53 
52 
57 

54 

75 

64 
63 
67 

65 

75 

0.92 

1.02 

0.72 

0.87 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE E-7 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, .sTRENG'l'H, TSR*** 

\ PCF PSI 
============================================================= 

El l CYCLE 7.0 141.7 77 
E2 l CYCLE 7.0 141.7 75 ------- ------- -------

WET AVG 7.0 141.7 76 

DRY AVG** 7.5 140.9 75 
1.02 

E3 3 CYCLES 7.0 141.7 59 
E4 3 CYCLES 7.6 140.8 52 ------- ------- -------

WET AVG 7.3 141.3 56 

DRY AVG** 7.5 140.9 75 
o. 75 

E 
ES 5 CYCLES 7.5 141.0 48 
E6 5 CYCLES 7.4 141.1 51 ------- ------- -------

WET AVG 7.4 141.0 49 

DRY AVG** 7.5 140.9 75 
0.66 

E7 7 CYCLES 7.8 140.6 45 
EB 7 CYCLES 7.2 141.5 49 ------- ------- -------

WET AVG 7.5 141.0 47 

DRY AVG** 7.5 140.9 75 
0.62 

E9 9 CYCLES 7.5 141.0 36 
E10 9 CYCLES 7.8 140.4 35 ------- ------- -------

WET AVG 7.7 140.7 36 

DRY AVG** 7.5 140.9 75 
0.48 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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T~LE E-8 TEST RESULTS FOR PLANT MIXTURES (D-25) 
ADDITIVE: CONTROL (NO 1\DDITIVE) 
ASPHALT CONTENT = 5. 2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY,· STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.0 142.4 118 
B2 DRY 7.1 142.1 106 
B3 DRY 7.2 142.0 119 

------- ------- -------
DRY AVG** 7.1 142.1 114 

B4 WET 7.l 142.2 12 
BS WET 6.7 142.8 . 61 
BG WET 7.1 142.2 74 ------- ------- -------

WET AVG 6.9 142.4 69 
0.60 

C1 WET 7.1 142.1 53 
C2 WET 6.9 142.4 50 
C3 WET 7.0 142.3 47 ------- ------- -------

WET AVG 7.0 142.3 50 ,.. 
.... 

DRY AVG** 7.1 142.1 114 
0.44 

D1 WET 7.0 142.3 77 
D2 WET 7.4 141.7 70 
D3 WET 7.1 142.1 73 ------- ------- -------

WET AVG 7.2 142.0 73 
D 

DRY AVG** 7.1 142.1 114 
0.64 

~Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through'D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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T~LE E-9 TEST RESULTS FOR PLANT MIXTURES (D-25} 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE , TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, S'l'RENGTH, TSR*u 

WET/DRY \ PCF PSI 
============================================================ 

Bl DRY 7.1 141.9 104 
B2 DRY 7.0 142.0 104 
B3 DRY 7.3 141.7 104 ------- ------- -------

DRY AVG** 7.2 141.9 104 
B 

B4 WET 6.5 142.9 98 
BS WET 7.4 141.5 90 
B6 WET 7.5 141.4 91 ------- ------- -------

WET AVG 7.1 141.9 93 
0.89 

Cl WET 6.6 142.7 76 
C2 WET 7.1 141.9 80 
C3 WET 7.3 141.7 81 ------- ------- -------

WET AVG 7.0 142.1 79 
c 

DRY AVG*• 7.2 141.9 104 
0.76 

D1 WET 7.1 141.9 96 
D2 WET 7.4 141.5 93 
D:l WET 7.1 142.0 91 ------- ------- -------

WE'I' AVG 7.2 141.8 93 
D 

DRY AVG** 7.'2. l4l.9 l04 
0.90 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***'l'SR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE E-10 TEST RESULTS FOR PLANT MIXTURES (D•25) 
ADDITIVE: AQUA-SHIELD II (1.0\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR S~PLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*trtr 

WET/DRY \ PCF PSI 
===============================================*============ 

B1 DRY 6.4 142.2 112 
B2 DRY 6.3 142.3 115 
B3 DRY 6.2 142.6 106 

------- ------- -------
DRY AVG** 6.3 142.4 111 

B 
B4 WET 6.8 141.7 68 
B5 WET 6.2 142.6 67 
B6 WET 6.1 142.6 65 ------- ------- -------

WET AVG 6.4 142.3 67 
0.60 

Cl WET 6.1 142.6 52 
C2 WET 6.5 142.0 54 
C3 WET 6.6 141.9 53 ------- ------- -------

WET 'AVG 6.4 142.2 53 
c 

DRY AVG** 6.3 142.4 111 
0.48 

Dl WET 6.5 142.1 7l 
D2 WET 6.6 141.9 70 
D3 WET 6.4 142.2 69 ------- ------- -------

WET AVG 6.5 142.1 70 
D 

DRY 'AVG** 6.3 142.4 lll 
0.63 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE E-ll TEST RESULTS FOR PLANT MIXTURES (D·2S) 
ADDITIVE: FINA-A (1.0\) 
ASPHALT CONTENT = S. 2 \ 

============================================================ 
TEST SAMPLE ~ST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.0 141.5 104 
B2 DRY 7.4 140.9 112 
Bl DRY 6.7 141.9 104 ------- ------- -------

DRY AVG** 7.0 141.4 107 
B 

B4 WET 7.6 140.5 97 
BS WET 7.1 141.3 84 
B6 WET 7.1 141.3 91 ------- ------- -------

WET AVG 7.3 141.1 91 
0.85 

C1 WET 6.8 141.8 87 
C2 WET 7.2 141.3 as 
C3 WET 7.0 141.5 82 ------- ------- -------

WET AVG 7.0 141. s 85 
c 

DRY AVG** 7.0 141.4 107 
0. 79 

D1 WET 6.8 141.7 106 
D2 WET 7.1 141.4 99 
D3 WET 7.1 141.3 101 ------- ------- -------

WET AVG 7.0 141.5 102 
D 

DRY AVG** 7.0 141.4 107 
0.96 

*Letter indicates Test Method. 
**B Dry serves as the Dry condition for Method B thrOU!jlh D. 

***TSR = Tensile Strength Ratio = Tensile Strengtht'Wet Avg)/Tensile Strenljlth(Dry Avg) 
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TABLE E-12 TEST RESULTS FOR PLANT MIXTURES (D-25) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CON"XEN'l' = S. 2 \ 

===================:======================================== 
TEST S).MPLE TEST AIR S).MpLE . TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR ** * 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.9 142.0 90 
B2 DRY 7.1 141.6 101 
B3 DRY 7.0 141.7 101 ------- ------- -------

DRY AVG** 7.0 141.8 97 
B 

B4 WET 7.0 141.8 7l 
BS WET 7.3 141.3 71 
B6 WET 7.4 141.2 80 ------- ------- -------

WET AVG 7.2 141.4 74 
0.76 

Cl WET 6.9 141.9 61 
C2 WET 7.1 141.6 63 
C3 WET 7.1 141.7 59 ------- ------- -------

WET AVG 7.0 141.7 61 
c 

DRY AVG** 7.0 141. a 97 
0.63 

Dl WET 7.1 141.6 76 
D2 WET 7.4 141.1 74 
D3 WET 7.5 141.1 71 ------- ------- -------

WET AVG 7.3 141.2 74 
D 

DRY 'AVG** 7.0 141.8 97 
0.76 

*Letter indicates Test Method. 
~*B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength{Wet Avg)/Tensile Strength(Dry Avg) 



337 

TABLE E-13 TEST RESULTS FOR PL~ MIXTURES {0-25) 
ADDITIVE: UNICHEM (1.0\) 
~SPH~LT CONTENT= 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'l, STRENGTH, TSR ** * 

WET/DRY \ PCF PSI 
------------------------------------------------------------------------------------------------------------------------

B1 DRY 6.9 141.6 96 
B2 DRY 6.7 141.9 94 
B3 DRY 7.3 140.9 94 _____ ..,_ ------- -------

DRY AVG** 6.9 141.5 95 
B 

B4 WET 7.1 141.3 70 
B5 WET 7.1 141.2 68 
B6 WET 7.1 141.2 75 ------- ------- ---·---

WET AVG 7.1 141.3 71 
0.75 

Cl WET 6.8 141.7 60 
C2 WET 6.9 141.5 64 
C3 WET 6.9 141.6 65 ------- ------- -------

WET AVG 6.9 141.6 63 
c 

DRY AVG** 6.9 141.5 95 
0.67 

Dl WET 7.1 141.2 77 
02 WET 6.8 141.8 77 
D3 WET 6.7 141.8 67 ------- ------- -------

WET AVG 6.9 141.6 74 
D 

DRY AVG** 6.9 141.5 95 
0.78 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE !.·14 TEST RESULTS FOR FIELD CORES 
DISTRICT 25 
ASPHALT CONTENT = S. 2 \ 

=========================·=-==-==:=========~=================== 
TYPE TEST SAMPLE WET AIR SAMPLE TENSILE 

OF SECTION NO. OR VOIDS, DENSITY I STRENG'ni, TSR" 
ADDITIVE DRY .. PCF PSI 
=====================-=-================-===•======-=========== 

lA W!.'1' 10.2 137.4 33 
lB DRY 9.7 138.2 59 

LOW 0.56 
AIR 2A DRY 10.4 137.1 62 

VOIDS 2B WET 10.3 137.3 33 
SECTION 0.54 

31. WET 9.2 138.9 37 
3B DRY 9.4 138.6 74 

0.50 -------- -------
NO (lWG VOIDS) 9.9 (AVG TSR) 0.53 

ADDITIVE 
(CONTROL) 4A DRY 10.9 136.3 55 

4B WET 11.3 135.8 37 
HIGH 0.68 
AIR SA WET ll.S 135.4 31 

VOIDS SB DRY ll.6 135.2 53 
SECTION 0.59 

6A DKl 11.2 135.9 51 
6B WET 11.0 136.2 33 

0.65 -------- -------
IAVG VOIDS) 11.2 (AVG TSR) 0.64 

7J.. WET !3.7 139.5 91 
7B DR 'I 8.3 l40.l 88 

LOW 1.03 
AIR SA DRY 7.8 140.9 87 

VOIDS SB WET 7.7 l4l.l 87 
SECTION l. Ol 

9A WET 8.8 139.3 75 
9B DRY 8.2 140.3 78 

0.97 -·------ -------
tAVG VOIDS) 8.3 llWG TSR) 1.00 

LIJ'.E 
SLURRY lOA DRY 8.2 140.3 89 

lOB WET 8.8 139.4 85 
HIGH 0.96 
AIR llA WET 8.8 139.4 87 

VOIDS llB DRY 7.4 141.6 93 
SECTION 0.93 

12>. DRY 6.8 142.4 87 
l2B WET 7.2 141.9 92 

1.07 -------- -------
(AVG VOIDS) 7.9 (AVG TSR) 0.98 

l3A WET 8.1 139.6 39 
13B DRY 9.1 138.1 64 

0.60 
l4A DRY 7.7 H0.3 7l 
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T~BLE E·14 (Continued) 
=============================•==s============================·= 

T'fPE TEST SAMPLE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENS:::'I"!, STRENGTH, TSR* 

ADDITIVE DRY \ PCF PSI 
==·========•===================-=============================== 

LOW 148 WET 7.4 140.7 43 
AIR 0.61 

VOIDS 1SA WE'!' 10.9 135.3 38 
SECTION 158 DRY 11.8 134.1 56 

0.68 --·----- -------
AOUA- (AVG VOIDS) 9.2 (AV~ TSR) 0.63 

SHIELD 
II 16A OR¥ 8.8 i..38.6 6S 

168 WET 14.4 l30.1 46 
HIGH 0.72 
AIR 17A WET 9.4 137.6 59 

VOIDS 178 DRY 9.5 137.6 53 
SECTION ::..12 

18A DRY 9.2 137.9 60 
188 WET 9.2 137.9 62 

1.03 -------- -------
{AVG VOIDS) 10.1 {AVG TSR} 0.96 

l9A WET 6.9 141.6 79 
198 DRY 7.3 141.1 70 

LOW l.l4 
AIR 20A DRY 10.5 136.2 48 

VOIDS 208 WET 9.8 137.2 sa 
SECTION 1. 21 

21A WET 7.9 140.1 70 
218 PR'i 8.0 139.9 7l 

0.98 -----·-- -------
I ~VG VOIDS) 8.4 ( AVG TSR) 1.11 

FINA·A 
22A OR¥ 10.6 136.0 63 
22B WET 10.3 136.4 60 

HIGH 0.96 
AIR 23A WET l0.3 136.4 66 

VOIDS 238 DRY 7.9 140.1 59 
SECTION 1.12 

24A DRY ll.7 134 .) 60 
248 WET 11.0 135.4 59 

0.99 -------- -------
tAVG VOIDS) 10.3 IAVG TSR) 1.02 

2SA WET 10.1 137.0 43 
258 DR'i 9.6 137.8 Si 

LOW o. 76 
AIR 26A DRY 7.1 141.7 71 

VOIDS 268 WE'l' 7.9 l40. '3 51 
SECTION 0.72 

27A WET 6.8 142.1 70 
27B DRY 6.4 142.7 75 

0.93 ---·---· ----·--
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TABLE B-l4 \Continue4) 
=========•===•========·====================~=====•============= 

T'iPE TEST SII.MPLB WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DBNSIT'i, STRENGTH, TSR * 

ADDITIVE DRY ' PCF PSI 
===·=======···=====··====================---··================= 

(AVG VOIDS) a.o (AVG TSR) 0.80 
PERMA-TAC 

2BA DRY 8.6 l)g, 4 67 
2.8B WET 7.9 140.3 62 

HIGH 0.93 
AIR 29A WET 6.9 141.9 67 

VOIDS 29B DRY 7.8 uo.s &9 
SECTION 0.97 

3011. DRY 10.7 136.1 54 
30B WET 10.4 136.6 50 

0.93 -------- -------
{AVG VOIDS) 8.7 {AVG TSR) 0.94 

3lA WET 9.1 138.2 50 
31B DRY 8.9 138.5 6S 

LOW 0. 76 
1-.IR 3211. DRY 7.7 140.4 70 

VOIDS 32B WET 9.0 138.4 so 
SECTION o. 72 

33A WE'!' 8.1 139.7 &2 
33B DRY 9.3 137.9 60 

l. 04 -------- -------
(.J>.VG VOltS) 8.7 I.J>.VG '!'SR l 0. 84 

UN:::CHEM 
341>. DRY 10.0 l36.a 61 
34B WET 9.8 137.2 38 

HIGH 0.61 
AIR 35A WET 9.6 137.5 37 

VOIDS 3SB DRY 10.1 136.7 60 
SECT: ON 0.6:2 

36A DRY 8.1 139.8 68 
36B WET 8.6 139.0 38 

0.56 --·---·- -------
(1-.VG VOIDS) 9.4 (.J>.VG TSR) 0.60 

*TS.R = Tensile Strengt.h Rat.io 
= Tensile Stren9th (Wet)/Tensile Stren9th (Dry) 
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TABLE E-15 BOILING TEST RESULTS 
DISTRICT 25 

:================================================================ 
TYPE TYPE ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING 1 RATING 2 AVG 
================================================================== 

NO ADDITIVE 50 so so.o 
LIME 80 90 85.0 

LABORATORY AQUASHIELD II 98 95 96.5 
FINA-A 98 90 94.0 
PERMA•TAC 90 90 90.0 
UNICHEM 98 90 94.0 

NO ADDITIVE 75 80 77.5 
LIME 80 95 87.5 

PLANT AQUASHIELD II 75 80 77.5 
FINA·A 90 98 94.0 
PERMA-TAC 90 95 92.5 
UNICHEM 80 95 87.5 

NO ADDITIVE 75 70 72.5 
LIME 90 80 85.0 

FIELD CORE AQUASHIELD II 75 70 72.5 
FINA-A 95 90 92.5 
PERMA-TAC 90 85 87.5 
UNICHEM 80 75 77.5 
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Figure E-1. Location of Field Test Sections (District 25) 
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APPENDIX F 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 1 

The objective of Appendix F is twofold: (1) to describe 

the site specific (District l) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed mixtures along with the 

zero-aged (immediately after construction) pavement cores 

for the field experimental study at District 1 (Fig F-1 ) of 

the Texas State Department of Highways and Public 

Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on US 82 

approximately 6 miles west of Bonham, Texas, in September 

1987, and involved pavement overlay to one lane of the two 

lane highway. All of the test sections were installed as 

the surface course in the westbound lane as shown 
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schematically in Figure F-2. Each test section was 

approximately two to two and one half in~hes (2.5) thick, 12 

feet wide, and 500 feet long. A total of sixteen (16) test 

sections were constructed and six liquid antistripping 

additives were used in addition to the hydrated lime and the 

control materials. ~he composition of the sixteen test 

sections are as follows: 

Test Section 1A. Control section - No additive, low 

air voids. 

Test Section lB. control Section - No additive, high 

air voids. 

Test Section 2A. Hot mix with 1.0% Perma-Tac Plus, low 

air voids. 

Test Section 2B. Hot mix with 1.0% Perma-Tac Plus, high 

air voids. 

Test Section 3A. Hot mix with 1.0% Pavebond Special, 

low air voids. 

~est Section 3B. Hot mix with 1.0% Pavebond Special, 

high air voids. 

Test Section 4A. Hot mix with 0.45\ Dow Polyethylene, 

low air voids. 

Test Section 4B Hot mix with 0.18% Dow Polyethylene, 

high air voids. 
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Test Section SA. Hot mix with 1.0% Fina-A, low air 

voids. 

Test Section SB. Hot mix with 1.0\ Fina-A, high air 

. voids. 

Test Section 6A. Hot mix with 1.0\ Indulin AS-1, low 

air voids. 

Test Section GB. Hot mix with 1.0\ Indulin AS-1, high 

air voids. 

Test Section 7A. Hot mix with 0.75\ ARR-MAZ, low air 

voids. 

Test Section 7B. Hot mix with 0.75\ ARR-MAZ, high air 

voids. 

Test Section SA. Hot mix with 1.5\ lime slurry, low air 

voids. 

Test Section 8B. Hot mix with 1.5\ lime slurry, high 

air voids. 

The field construction was conducted by District 1 of 

the Texas State Department of Highways and Public 

Transportation (SDHPT) and was assisted by the Center for 

Transportation Research, The University of Texas at Austin. 

The average daily traffic (ADT) is estimated at 5,000 

vehicles for the test pavement. 
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MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the Total Petroleum 

refinery in Ardmore, Oklahoma was used throughout this 

project. Three aggregates--a coarse stone aggregate, 

unwashed screenings, and a field sand, were combined to 

produce the project gradation. Gradations of the individual 

aggregates, the project gradation, percentages of each 

aggregate combined, and the specification are given on Table 

F-1. The project gradation is plotted on a 0.45 power graph 

in Figure F-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course (Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 

Asphalt Content 

Average Density 

Air Void content 

Hveem Stability 

6.0\ 

97 percent of theoretical 
maximum density 

3 percent 

46\ 
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FIELD OPERATIONS 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime slurry and liquid antistripping 

additives. Identical raw material sources (asphalt cement 

and agregates) were utilized throughout the experiment. The 

actual asphalt content used in field was about 5.5%. Six 

commercially available liquid antistripping additives were 

used for the test sections, i.e., ARR-MAZ, Dow, Fina-A, 

Indulin AS-l, Pavebond Special, and Perma-Tac Plus. 

The hydrated lime was added in slurry form to the 

aggregate stockpile and was used the same day. The liquid 

additives were metered into the asphalt cement 

in-line injection system. The Dow Polyethylene was in pellet 

form which required time to be blended with the asphalt 

cement. The blending was done in a distributor truck 

approximately 1 hour prior to use. The dosage was difficult 

to determine because the pellets were not thoroughly blended 

with the asphalt cement. The percentage of the dosage was 

determined by analyzing a sample of the blended asphalt 

cement form the distributor truck. 
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Compaction of each test section was achieved using a 

steel wheel roller; a vibratory roller, ~nd a pneumatic 

roller. For the low air void test sections, the same 

rolling pattern was used as established on the regular 

construction project. In order to achieve the high air void 

test sections, the number of passes by the vibratory roller 

was reduced. 

The field cores were obtained soon after the 

construction. Three pairs of samples were cored from each 

test section with each pair approximately 100 feet apart. 

The sample size was approximately 4-inches in diameter and 2 

to 2.5-inches in thickness. The coring process was in 

accordance with the general coring layout procedure 

described in the main text of this report (Chapter 2). The 

field cores were transported to the Center for 

Transportation Research laboratory immediately after 

sampling .• 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0! 1.0\ 

air void content. Six liquid antistripping additives were 
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used in addition to the raw material and the hydrated lime 

slurry. The additives and the dosage are given below: 

a. Hydrated lime slurry (1.5% by weight of aggregate). 

b. ARR-MAZ (0.75% by weight of asphalt). 

c. Dow Polyethylene (0.45% by weight of asphalt). 

d. Fina-A (1.0% by weight of asphalt). 

e. Indulin AS-1 (1.0% by weight of asphalt). 

f. Pavebond Special (1.0% by weight of asphalt). 

g. Perma-Tac Plus (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and it was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables F-2 

through F-9. The data are plotted in Figure F-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures F-5 and F-6. 
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Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are pre~ented on Tables 

F-10 through F-17. The data are also plotted in Figure F-7 

for plant mixtures using Methods B through D. 

Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the test results are presented on Table 

F-18. The achieved field compaction to have the low and 

high air voids are summarized in Figure F·8 which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure F-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

F-+9 and plotted in Figure F-lO for the laboratory mixture, 

the plant mixture, and the field core. 
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APPENDIX F SUMMARY OF DATA FOR DISTRICT 1 

Table F-l Aggregate Gradations 

Table F-2 Test Results for Laboratory Mixture 
Additive: Control (No Additive) 

Table F-3 Test Results for Laboratory Mixtures 
Additive: Lime Slurry (1.5\ by Weight of 

aggregate) 

Table F-4 Test Results for Laboratory'Mixtures 
Additive: ARR-MAZ (0.75\) 

Table F-5 Test Results for Laboratory Mixtures 
Additive: Dow Anti-Strip (0.45%) 

Table F-6 Test Results for Laboratory Mixtures 
Additive: Fina-A (1.0\) 

Table F-7 Test Results for Laboratory Mixtures 
Additive: Indulin AS-l (1.0%) 

Table F-8 Test Results for Laboratory Mixtures 
Additive: Pavebond Special (1.0\) 

Table F-9 Test Results for Laboratory Mixtures 
Additive: Perma-Tac Plus (1.0\) 

Table F 10 Test Results for Plant Mixtures 
Additive: control (No additive) 

Table F-ll Test Results for Plant Mixtures 
Additive: Lime Slurry (1.5\ by Weight of 
aggregate) 

Table F-12 Test Results for Plant Mixtures 
Additive: ARR-MAZ (0.75%) 

Table F-13 Test Results for Plant Mixtures 
Additive: Dow Anti-Strip (0.45%) 

Table F-14 Test Results for Plant Mixtures 
Additive: Fina-A (1.0%) 
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Table F-15 Test Results for Plant Mixtures 
Additive: lndulin AS-1 ( 1. 0%) 

Table F-16 Test Results for Plant Mixtures 
Additive: Pavebond Special (.1.0%) 

Table F-17 Test Results for Plant Mixtures 
Additive: Perma-Tac Plus (1.0%) 

Table F-18 Test Results for Field Cores 

Table F-19 Texas Boiling Test Results 



'TABLE F-1 ~GGREGATE GRADATIONS (DISTRICT 1) 

UNWASHED 
COARSE SANDSTONE SCREENINGS FIELD SAND 

SIEVE SlEVE SIEVE COMBINED SDHPT 
SIEVE SIZE ANALYSIS 55.5\ ANALYSIS )0.0\ ANALYSIS 15.0\ GRADATION SPECIFICATIONS 

Plus 1/2 in. 0 0 0 0 

1/2 to l/8 in. 11.7 6.4 0 6.4 0-15 

3/8 to No. 4 71.9 39.6 0.1 0 0 0 39.6 21-53 !..>.> 

"" No. 4 to No. 10 13.1 7.2 13.0 5.7 0.7 0.1 13.0 11-32 !..>.> 

Plus No. 10 59.0 54-74 

No. 10 to No. 40 0.4 0.2 3S.O 10.5 6.1 0.9 11.6 6-32 

No. 40 to No. 80 0.4 0.2 14.6 4.4 61.6 9.3 13.9 4-21 

No. 80 to No. 200 1.0 0.6 19.7 5.9 30.1 4.5 11.0 3-27 

Minus no. 200 1.5 0.8 11.6 3.5 l.S 0.2 4.5 1-8 

TOTAL 100.0 ss.o 100.0 30.0 100.0 15.0 100.0 
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TABLE F-2 TEST RESULTS FOR LABORATORY MIXTURES (D-1) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'X',. STRENG':H, TSR*'u 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

Al 
A2 
A3 

A4 • 
AS 
A6 

Bl 
B2 

B4 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

7.7 
7.0 
7.0 

7.2 

6.7 
7.4 
7.6 

7.3 

6.7 
6.9 

DRY AVG** 6.8 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.9 
5.9 
6.3 

6.4 

7.0 
7.5 
7.7 

7.4 

DRY AVG** 6. 8 

WET 
WET 
WET 

WET AVG 

7.1 
6.) 
7.3 

6.9 

DRY AVG"* 6.8 

"Letter indicates Test Method. 

136.2 
137.2 
137.1 

136.9 

137.6 
136.5 
136.3 

136.8 

137.6 
137.3 

137.5 

137.4 
138.8 
138.2 

138.1 

137.2 
136.5 
136.2 

136.6 

137.5 

137.0 
138.3 
136.7 

137.3 

137.5 

89 
93 
87 

90 

62 
75 
61 

66 

82 
82 

82 

70 
89 
78 

i9 

68 
63 
66 

6G 

82 

72 
81 
95 

83 

82 

0. 74 

0.96 

0.80 

1.01 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-2 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. '* .CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.7 137.6 76 
E2 1 CYCLE 7.1 137.0 74 ------- ------- -------

WET AVG 6.9 137.3 75 

DRY AVG** 6.8 137.5 82 
0.91 

E3 3 CYCLES 7.3 136.8 53 
E4 3 CYCLES 6.7 137.7 58 ------- ------- -------

WET AVG 7.0 137.2 56 

DR'i AVG** 6.8 137.5 82 
0.68 

E 
E5 5 CYCLES 7.6 136.3 42 
E6 5 CYCLES 7.0 137.1 43 ------- ------- -------

WET AVG 7.3 136.7 42 

DRY AVG** 6.8 137.5 82 
0.52 

E7 7 CYCLES 7.3 136.7 4l 
E8 7 CYCLES 7.5 136.5 36 ------- ------- -------

WET AVG 7.4 136.6 38 

DRY AVG** 6.8 137.5 82 
0.47 

E9 9 CYCLES 7.3 136.8 27 
E10 9 CYCLES 7.2 136.8 24 ------- ------- -------

WET AVG 7.3 136.8 25 

DRY AVG** 6.8 137.5 82 
0.31 

**** B3 DRY 10.2 132.5 59 

** *TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 

****The air voids exceed the tolerange. 
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TABLE F-3 TEST RESULTS FOR LABORATORY MIXTURES {D-1} 
ADDITIVE: LIME SLURRY (l.S\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY,. STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.5 
8.0 
7.2 

7.2 

8.0 
6.3 
6.2 

6.8 

6.5 
6.5 
7.7 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.6 
6.9 
6.9 

6.8 

7.7 
6.4 
7.3 

7.2 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET AVG 

8.0 
7.0 
7.0 

7.) 

DRY AVG** 6.9 

*Letter indicates Test Method. 

138.4 
136.2 
137.4 

137.3 

136.2 
138.6 
138.8 

137.9 

138.4 
138.3 
136.7 

137.8 

138.3 
137.9 
137.8 

138.0 

136.6 
138.5 
137.2 

137.4 

137.8 

136.2 
137.7 
137.6 

137.2 

137.8 

95 
82 
89 

89 

81 
106 

94 

94 

90 
90 
75 

85 

108 
107 

96 

104 

91 
98 

101 

97 

85 

101 
118 

98 

106 

85 

l. 06 

l. 22 

1.14 

1.24 

**B Dry serves as the Dry Condition for Method B through E. 
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TJU3LE F-3 (continued) 
============================================================= 
TEST SAMPLE NO. OF AlR SAMPLE TENSILE 
METHOD NO.* ,CYCLES VOIDS, OENSI'I'Y, STRENGTH, TSR*** 

\ PCF PSI 
~=====:====================================================== 

El 1 CYCLE 7.0 137.7 103 
E2 1 CYCLE 6.6 138.3 111 ------- ------- -------

WET AVG 6.8 138.0 107 

DRY AVG** 6.9 137.8 8S 
l. 26 

E3 3 CYCLES 7.0 137.6 96 
E4 3 CYCLES 7.7 136.6 ' 74 ------- ------- -------

WET 'AVG 7.4 137.1 85 

DRY 'AVG** 6.9 137.8 85 
l. Ol 

E 
E5 5 CYCLES 7.0 137.7 83 
E6 5 CYCLES 6.2 138.9 87 ------- ------- -------

WET 'AVG 6.6 138.3 85 

DRY AVG·u 6.9 137.8 85 
l. 00 

E7 7 CYCLES 6.S 138.4 83 
E8 7 CYCLES 6.9 137.9 71 ------- ------- -----·-

WET AVG 6.7 138.2 77 

DRY 'AVG** 6.9 137.8 85 
0.91 

E9 9 CYCLES 7.3 137.2 71 
E10 9 CYCLES 6.6 138.2 80 ------- ------- -------

WET AVG 7.0 137.7 75 

DRY 'AVG** 6.9 137.8 as 
0.89 

kk*TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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T~LE F-4 TEST RESULTS FOR ~ORATORY MIXTURES (D-1) 
ADDITIVE: ARR-MAZ (0.75\) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONJ)ITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
=================:c========================================= 

A 

B 

c 

D 

Al 
A2 
A3 

A4 
1>.5 
AG 

B1 
B2 
B3 

B4 
BS 

C1 
C2 
C3 

D1 
D2 
I)) 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.0 
7.4 
6.8 

7.0 

7.0 
7.9 
6.2 

7.0 

6.4 
6.8 
7.1 

DRY AVGU 6. 8 

WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

6.5 
7.0 

6.7 

6.8 
6.9 
7.0 

6.9 

6.8 

6.6 
7.1 
7.0 

6.9 

DRY AVG** 6.8 

*Letter indicates Test Method. 

137.7 
137.0 
138.0 

137.6 

137.7 
136.3 
138.8 

137.6 

138.5 
137.9 
137.4 

137.9 

138.5 
137.7 

138.1 

137.9 
137.8 
137.7 

137.8 

137.9 

138.2 
137.6 
137.6 

137.8 

137.9 

89 
83 
95 

89 

101 
89 

114 

101 

86 
91 
80 

86 

lll 
lOS 

108 

lOl 
101 

92 

98 

86 

121 
93 

118 

lll 

86 

1.14 

l. 26 

1.14 

1.29 

**B Dry serves as the Dry Condition for Method B through E. 
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T).BLE F-4 (continued) 
====:======================================================== 
TEST Sl\MPLE NO. OF AIR Sl\MPLE TENSILE 
METHOD NO. * C1CLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
==============s=============================--========--======= 

E1 1 CYCLE 7.0 137.6 111 
E2 1 C1CLE 6.8 137.9 102 ------- ------- -------

WET AVG 6.9 137.8 106 

DR1 AVG** 6.6 137.9 86 
l. 24 

E3 3 CYCLES 7.3 137.3 86 
E4 3 CYCLES 6.9 137.9 97 ------- ------- -------

WET AVG 7.1 137.6 91 

DRY AVG** 6.8 137.9 66 
1.07 

E 
E5 5 CYCLES 6.4 138.5 97 
E6 5 CYCLES 6.2 138.8 83 ------- ------- -------

WET AVG 6.3 138.7 90 

DRY AVG** 6.8 137.9 86 
l. 06 

E7 7 CYCLES 6.4 138.5 82 
EB 7 CYCLES 6.4 138.6 74 ------- ------- -------

WET AVG 6.4 138.5 78 

DRY AVG** 6.8 137.9 66 
0.91 

E9 9 CYCLES 6.5 138.4 77 
E10 9 CYCLES 6.1 139.1 76 ------- ------- -------

WET AVG 6.3 138.7 76 

DR"! AVG** 6.8 137.9 86 
0.89 

"*** B6 DRY 5.6 139.7 86 

••*TSR = Tensile Strength Ratio 
= Tensile Strength(Wet ).vg) /Tensile Strength (Dry ).vg) 

****The air voids exceed the tolerance. 
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TABLE F-5 TEST RESULTS FOR LABORATORY MIXTURES (D-1) 
ADDITIVE: DOW POLY BEADS (0.18\) 
ASPHALT CONTENT ::: 6.0 \ 

=============================~============================== 
TEST SAMPLE ~EST AlR SAMPLE TENSlLE 
METHOD NO. * CONDITION, VOlDS, DENSlTY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

Al 
A2 
A3 

A4 
AS 
A6 

B1 
B2 

B4 
BS 
B6 

C1 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

6.8 
6.8 
7.8 

7.1 

6.8 
6.8 
7.7 

7.1 

7.0 
7.4 

DRY AVG** 7.2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET "/..VG 

6.8 
8.0 
6.8 

7.2 

6.0 
7.0 
7.4 

6.8 

DRY AVG** 7.2 

WET 
WET 
WET 

WET AVG 

6.6 
6.9 
6.6 

6.7 

DRY AVG** 7. 2 

*Letter inaicates Test Methoa. 

137.2 
137.1 
135.7 

136.7 

137.2 
137.1 
135.8 

136.7 

136.9 
136.2 

136.5 

137.2 
135.4 
137.1 

136.6 

138.3 
136.8 
136.3 

137.1 

136.5 

137.4 
137 .o 
137.5 

137.3 

136.5 

73 
91 
83 

82 

57 
58 
59 

58 

79 
80 

80 

66 
74 
6'3 

68 

65 
70 
60 

65 

80 

71 
81 
75 

76 

80 

o. 70 

0.85 

0.82 

0.95 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-S (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * C~CLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 l C~CLE 6.5 137.6 74 
E2 1 C~CLE 7.1 136.8 70 ------- ------- -------

WET AVG 6.8 137.2 72 

DRY AVG** 7.2 136.5 80 
0.90 

E3 3 CYCLES 7.1 136.7 61 
E4 3 CYCLES 6.5 137.6 50 ------- ------- -------

WET AVG 6.8 137.2 56 

DRY AVG** 7.2 136.5 80 
0. 70 

E 
E5 5 CYCLES 6.6 137.4 48 
£6 5 CYCLES 7.1 136.7 46 __ .., ____ ------- -------

WET AVG 6.9 137.0 47 

DRY AVG** 7.2 136. ~ 80 
0.59 

E7 7 CYCLES 6.6 137.5 31 
EB 7 CYCLES 7.5 136.1 38 ------- -----·- -------

WET AVG 7.0 136.8 34 

DRY AVG** 7.2 136.5 80 
0.43 

E9 9 CYCLES 6.8 137.1 26 
E10 9 CYCLES 7.0 136.8 24 ------- ------- -------

WET AVG 6.9 137.0 25 

DRY AVG** 7.2 l36.3 80 
0.32 

**k* B3 DRY 5.9 138.4 89 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet 'Avg)/Tensile Strength (Dry Avg) 
****The air voids exceed the tolerance. 
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TABLE F-6 TEST RESULTS FOR LABORATORY MIXTURES ID-1) 
ADDITIVE: FlNA-A (1.0\) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSa*** 

WET/DRY \ PCF .PSI 
============================================================ 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.2 
7.4 
6.2 

6.9 

6.6 
7.2 
7.4 

7.1 

6.1 
6.5 
6.1 

DRY AVG'** 6. 2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG*'* 

WET 
WET 
WET 

WET AVG 

6.3 
6.6 
6.7 

6.5 

6.5 
6.9 
6.1 

6.5 

6.2 

6.9 
7.4 
7.2 

7.2 

DRY AVG** 6.2 

*Letter indicates Test Method. 

136.8 
136.6 
138.4 

137.3 

137.8 
136.9 
136.6 

137.1 

138.6 
137.9 
138.5 

138.3 

138.2 
137.8 
l37.6 

137.9 

138.0 
137.4 
138.6 

138.0 

138.3 

137.3 
136.7 
136.8 

1'36.9 

138.3 

86 
86 
91 

88 

92 
97 

100 

96 

99 
96 
94 

96 

97 
108 
1l4 

10Ei 

105 
102 
112 

106 

96 

121 
114 
112 

116 

96 

1.10 

1.10 

l.lO 

1.20 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-6 (continued) 
============================================================= 
TEST SAMl?LE NO. OF AIR SI\MPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCP' PSI 
============================================================= 

E1 1 CYCLE 6.0 138.7 117 
E2 1 CYCLE 6.0 138.7 109 ------- ------- -------

WET AVG 6.0 138.7 113 

DRY AVG** 6.2 138.3 96 
1.18 

E3 3 CYCLES 6.3 138.2 101 
E4 3 CYCLES 6.5 138.0 89 ------- ------- -------

WET AVG 6.4 138.1 95 

DRY AVG** 6.2 138.3 96 
0.99 

E 
E5 5 CYCLES 6.8 137.5 91 
E6 s CYCLES 6.8 137.5 92 ------- ------- -------

WET AVG 6.8 137.5 92 

DRY AVG** 6.2 138.3 96 
0.95 

E7 7 CYCLES 6.4 138.1 83 
EB 7 CYCLES 6.4 138.1 79 ------- ------- -------

WET AVG 6.4 138.1 81 

DRY AVG*'* 6.2 138.3 96 
0.84 

E9 9 CYCLES 6.7 137.7 83 
E10 9 CYCLES 6.4 138.0 80 ------- ------- -------

WET AVG 6.5 137.9 82 

DRY AVG** 6.2 138.3 96 
0.85 

***TSR = Tensile Strength Ratio 
:: Tensile strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE F-7 TEST RESULTS FOR LABORATORY MIXTURES (D-1) 
ADDITIVE: INDULIN AS-1 (1.0\) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, 'l'SR••• 

WET/DRY \ PCP PSI 
=================================:========================== 

B 

c 

D 

Al 
A2 
A3 

A4 
A5 
A6 

Bl 
B2 
B3 

B4 
B5 

Cl 
C2 

D1 
D2 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.1 
7.6 
6.8 

7.2 

6.7 
6.6 
7.3 

6.9 

6.0 
8.0 
6.0 

DRY AVG** 6. 6 

WET 
WET 

WET AVG 

WET 
WET 

WET AVG 

6.9 
6.9 

6.9 

7.7 
6.2 

7.0 

DRY AVG** 6. 6 

WET 
WET 

WET AVG 

6.4 
7.9 

7.1 

DRY AVG** 6.6 

*Letter indicates Test Method. 

136.7 
136.0 
137.1 

136.6 

137.3 
137.4 
136.4 

137.0 

138.3 
135.4 
138.4 

137.4 

136.9 
137.1 

137.0 

135.8 
138.0 

136.9 

137.4 

137.8 
135.5 

136.6 

137.4 

91 
83 
89 

88 

99 
95 
87 

94 

91 
77 
92 

87 

104 
94 

99 

96 
107 

102 

87 

113 
99 

106 

87 

1.07 

1 14 

1.17 

1.22 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-7 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSIT"i, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 l CYCLE 7.2 136.5 97 
E2 1 CYCLE 6.7 137.3 92 ------- ------- -------

WET AVG 7.0 136.9 95 

DRY AVG** 6.6 137.4 87 
1.09 

E3 3 CYCLES 7.2 136.6 89 
E4 3 CYCLES 7.6 136.0 84 

------- ------- -------
WET AVG 7.4 136.3 87 

DRY AVG"* 6.6 137.4 87 
l. 00 

E 
ES 5 CYCLES 7.9 135.6 80 
E6 5 CYCLES 7.3 136.4 77 ------- ------- -------

WET AVG 7.6 136.0 79 

DRY AVG** 6.6 137.4 87 
0.91 

E7 7 CYCLES 7.8 135.6 75 
ES 7 CYCLES 7.1 136.7 74 ---·--- ------- -------

WET AVG 7.4 136.2 75 

DRY AVG** 6.6 137.4 87 
0.86 

E9 9 CYCLES 6.8 137.1 69 
E10 9 CYCLES 7.1 136.7 69 ------- ------- -------

WET AVG 6.9 136.9 69 

DRY AVG** 6.6 137.4 87 
0.80 

*•*• B6 DRY 4.1 141.0 97 
137 DRY 5.6 138.8 94 
138 DRY 8.5 134.7 79 

**•TsR = Tensile Strength Rat1o 
=- Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 

****The air voids exceed the tolerange. 
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TABLE F-8 TEST RESULTS FOR LABORATORY MIXTURES (D-1) 
ADDITIVE: PAVEBOND SPECIAL (1.0\) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
MEntOD NO. * COlmiTION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY % PCF PSI 
====================================--======--================ 

A 

B 

c 

D 

A1 
A2 

A4 
AS 

Bl 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 

DRY AVG 

WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.8 
6.6 

6.7 

6.2 
6.7 

6.4 

7.2 
7.0 
6.8 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.2 
6.0 
6.0 

6.1 

6.4 
6.0 
6.4 

6.3 

DRY AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

6.3 
6.8 
6.6 

6.6 

DRY AVG** 7.0 

*Letter indicates Test Method. 

137.7 
138.1 

137.9 

138.7 
138.0 

138.3 

137.2 
137.5 
137.8 

137.5 

138.6 
138.9 
138.9 

138.8 

138.4 
138.9 
138.4 

138.6 

137.5 

138.5 
137.8 
138.1 

138.1 

137.5 

90 
82 

86 

100 
108 

104 

73 
75 
82 

77 

105 
105 
105 

105 

113 
119 
114 

115 

77 

ll6 
102 
108 

109 

77 

1.21 

1.37 

1.50 

1.42 

~*B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-8 (continued) 
========================================================~==== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. 1t CYCLES VOIDS, DENSITY, STRENGTH, TSRU* 

\ PCF PSI 
--------------------------------------------------------------------------------------------------------------------------E1 l CYCLE 7.7 136.4 91 

E2 1 CYCLE 6.3 138.6 97 ------- ------- -------
WET AVG 7.0 137.5 94 

DRY AVG** 7.0 137.5 77 
1. 23 

E3 3 CYCLES 6.3 138.5 101 
E4 :3 CYCLES 6.6 138.1 94 ------- ------- -------

WET AVG 6.4 138.3 98 

DRY AVG** 7.0 137.5 77 
l. 28 

E 
ES 5 CYCLES 6.4 138.4 86 
E6 s CYCLES 7.0 137.5 91 ------- ------- -------

WET AVG 6.7 137.9 89 

DRY AVGU 7.0 137.5 77 
1.16 

E7 7 CYCLES 7.0 137.4 78 
E8 7 CYCLES G.S 138.2 82 ------- ------- -------

WET AVG 6.8 137.8 80 

DRY AVG** 7.0 137.5 77 
1. 04 

E9 9 CYCI.ES 7.6 136.5 69 
ElO 9 CYCLES 6.4 138.3 76 ------- ------- -------

WET AVG 7.0 137.4 72 

DRY AVG"'* 7.0 137.5 77 
0.95 

1t1t** A3 WET 9.2 134.3 83 
A6 DRY 8.1 135.9 76 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg) /Tensile Strength (Dry Avg) 
****The air voids exceed the tolerange. 
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TABLE F-9 TEST RESULTS FOR LABORATOR~ MIXTURES (D-1) 
ADDlTlVE: PERMA·TAC PLUS (1.0\) 
ASPHALT CONTENT = 6.0 \ 

============================================================ 
TEST SAMPLE TEST ~IR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'l, STRENGTH, TSRH* 

WET/DRY \ PCF PSI 
============================================================ 

Al 
A2 
A3 

DRY 
DRY 
DRY 

6.4 
7.0 
6.5 

137.6 
136.8 
137.5 

78 
73 
82 ------- --~·-- --------

A 

B 

c 

D 

A4 
A5 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 

D1 
'02 
D3 

DRY ~VG 

WET 
WET 
WET 

WET AVG 

DR~ 
DR~ 
DRY 

6.6 

6.3 
7.3 
6.8 

6.8 

8.0 
6.5 
6.3 

DRY AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

WET 
WET 

WET AVG 

6.7 
6.0 
6.9 

6.6 

6.8 
6.9 

6.9 

DRY AVGU 7.0 

WET 
WET 
WET 

WET AVG 

6.7 
6.8 
6.8 

6.7 

DRY AVG"* 7. 0 

•:etter indicates Test Method. 

137.3 

137.8 
136.3 
137.0 

137.0 

135.2 
137.5 
137.8 

136.8 

137.2 
138.2 
136.9 

137.4 

137 .o 
137.0 

137.0 

136.8 

137.3 
137.0 
137.1 

137.2 

136.8 

78 

100 
82 
87 

90 

70 
92 
85 

82 

79 
100 
104 

94 

77 
78 

78 

82 

89 
94 
96 

93 

82 

1.15 

1.15 

0.94 

1.13 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE F-9 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. • CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
--------------------------------------------------------------------------------------------------------------------------E1 l CYCLE 6.5 137.5 84 

E2 1 CYCLE 6.3 137.7 83 ------- ------- -------
WET AVG 6.4 137.6 83 

DRY 1\VG** 7.0 136.8 82 
1.01 

E3 3 CYCLES 6.2 138.0 92 
E4 3 CYCLES 7.4 136.3 73 ------- ------- -------

WET 'AVG 6.8 137.1 83 

DRY AVG** 7.0 136.8 82 
l. 00 

E 
E5 5 CYCLES 6.1 138.1 80 
E6 5 CYCLES 6.4 137.6 68 ------- ------- -------

WET AVG 6.3 137.9 74 

DRY AVG** 7.0 136.8 82 
0.90 

E7 7 CYCLES 6.1 138.1 65 
E8 7 CYCLES 6.2 138.0 63 ------- ------- -------

WET AVG 6.1 138.0 64 

DRY AVG** 7.0 l36.8 82 
o. 78 

E9 9 CYCLES 7.6 135.9 43 
ElO 9 CYCLES 6.2 138.0 50 ------- ------- -------

WET 'AVG 6.9 137.0 46 

DRY AVG** 7.0 136.8 82 
0.56 

**** C3 WET 5.7 138.7 82 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet 'Avg)/Tensile Strength (Dry Avg) 
****The air voids exceed. the tolerange. 
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TABLE F-10 TEST RESULTS FOR PLANT MIXTURES (D-1) 
~DITIVE: CON'I"ROL (NO .ADDITIVE) 
ASPHALT CONTENT= 5.5\ 

============================================================ 
TEST SAMPLE ~ST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
Cl 

D1 
02 
03 

DRY 
DRY 
DRY 

7.4 
6.8 
6.7 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.3 
6.7 
6.8 

6.9 

7.1 
6.6 
6.8 

6.8 

DR'i AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

7.2 
6.7 
6.9 

6.9 

DR'i AVG** 7.0 

*Letter inQicates Test MethoQ. 

137.1 
138.1 
138.1 

137.8 

137.4 
138.2 
138.0 

137.9 

137.6 
138.4 
138.1 

138.0 

137.8 

137.4 
138.3 
137.9 

137.9 

137.8 

ss 
99 
90 

91 

107 
92 
91 

97 

93 
80 
92 

88 

91 

99 
103 

92 

98 

91 

1. 06 

0.97 

1.07 

*•B Dry serves as the Dry ConQition for MethoQ B through D. 
•**TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg}/Tensile Strength(Ory Avg) 
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TABLE F-ll TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: LIME SLURRY (1.5\) 
ASPHALT CONTENT :: 5. 5\ 

============================================================ 
TEST SAMPLE TEST AIR PLANT TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
------------------------------------------------------------------------------------------------------------------------

B1 DRY 6.8 137.5 86 
B2 DRY 6.5 138.0 89 
B3 DRY 6.5 138.0 90 ------- ------- -------

DRY AVG** 6.6 137.8 88 
B 

B4 WET 6.4 138.2 102 
BS WET 6.5 137.9 99 
B6 WET 6.4 138.1 97 ------- ------- -------

WET AVG 6.4 138.1 99 
1.12 

C1 WET 6.6 137.8 113 
C2 WET 6.9 137.4 115 
C3 WET 6.5 138.0 108 ------- ------- -------

WET AVG 6.7 137.7 112 
c 

DR'i AVG"'* 6.6 137.8 88 
1.27 

Dl WET 7.0 l37.3 100 
D2 WET 6.1 138.5 96 
D3 WET 6.4 138.1 100 ------- ------- -------

WET AVG 6.5 138.0 99 
D 

DRY AVG** 6.6 137.8 88 
1.12 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensi1e Strength(Dry Avg) 
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TABLE F-12 TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: ARR-MAZ {0.75\) 
ASPHALT CONTENT= 5.5\ 

------------------------------------------------------------------------------------------------------------------------TEST SAMPLE . TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY,·STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

'B1 DRY 6.6 138.7 86 
B2 DRY 6.2 139.3 90 
B3 DRY 6.7 138.6 93 ------- ------- -------

DRY AVG*'* 6.5 138.9 90 
B 

B4 WET 6.6 138.7 100 
B5 WET 7.2 137.8 99 
B6 WET 7.0 138.0 98 ------- ------- -------

WET AVG 6.9 138.2 99 
1.10 

C1 WET 6.6 138.7 ll6 
C2 WET 6.7 138.5 111 
C3 WET 6.9 138.3 103 ------- ------- -------

WET AVG 6.7 138.5 110 
c 

DR 'X AVG*" 6.5 138.9 90 
1.23 

Dl WET 7.3 137.7 108 
D2 WET 7.3 137.7 lOS 
D3 WET 6.7 138.6 98 ------- ------- -------

WET AVG 7.1 138.0 104 
D 

DRY AVG"* 6.5 138.9 90 
1.16 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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~~BLE F-13 TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: DOW POLY BEADS (0.18\) 
ASPHALT CONTENT= 5.5\ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
ME'l'HOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSRU* 

WET/DRY \ PCF PSI 
============================================================ 

Bl DRY 7.0 137.9 89 
B2 DRY 7.1 137.7 79 
B3 DRY 7.0 137.9 91 ------- ------- -------

DRY AVGU 7.0 137.9 86 

B4 WET 6.9 138.0 as 
BS WET 6.9 138.0 82 
B6 WET 6.8 138.1 83 ------- ------- -------

WET AVG 6.9 138.0 83 
0.97 

C1 WET 6.9 138.1 86 
C2 WET 7.0 137.9 78 
C3 WET 7.0 137.9 81 ------- ------- -------

WET 1NG 6.9 138.0 82 ,.. 
.... 

DRY AVG*" 7.0 137.9 86 
0.95 

D1 WET 7.1 137.8 84 
D2 WET 6.8 138.1 82 
D3 WET 7.0 137.9 82 ------- ------- -------

WET AVG 7.0 137.9 83 
D 

DRY AVGU 7.0 .i.37.9 86 
0.96 

kLetter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE F-14 TEST RESULTS FOR PLANT MIXTURES (D-1} 
ADDITIVE: FIN~-~ (1.0\) 
~SPH~LT CONTENT = 5.5\ 

============================================================ 
TEST S~PLE XEST AIR S~PLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'i, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

D 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

6.5 
6.6 
6.6 

DRY ~VG** 6. 6 

WET 
WET 
WET 

WET ~VG 

WET 
WET 
WET 

WET ~VG 

DRY AVG"'* 

WET 
WET 
WET 

WET AVG 

6.7 
6.4 
6.6 

6.6 

7.0 
6.6 
6.6 

6.7 

6.6 

7.0 
6.7 
6.8 

6.8 

6.6 

*Letter indicates Test Method. 

137.6 
137.5 
137.5 

137.6 

137.-5 
137.8 
137.5 

137.6 

136.9 
137.6 
137.5 

137.3 

137.6 

137.0 
137.4 
137.2 

137.2 

137.6 

90 
91 
95 

92 

104 
102 
102 

103 

110 
109 
111 

llO 

92 

lOl 
lOS 
112 

106 

92 

1.12 

l. 20 

1.15 

**B Dry serves as the Dry condition for Method B through D. 
***TSR = Tensile Strength Ratio 

=Tensile Strength(Wet ~vg}/Tensile Strength(Dry Avg) 
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TABLE F-15 TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: INDULIN AS-1 (1.0\) 
ASPHALT CONTENT = 5.5\ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT'i, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 7.5 136.6 85 
B2 DRY 7.4 136.8 90 
B3 DRY 7.2 137.2 84 ------- ------- -------

DRY AVG** 7.4 136.9 86 
B 

B4 WET 7.1 137.2 102 
BS WET 7.0 137.5 90 
BG WET 7.4 136.8 93 ------- ------- -------

WET AVG 7.2 137.2 95 
1.10 

C1 WET 7.1 137.2 106 
C2 WET 6.8 137.8 104 
C3 WET 7.2 137.2 107 ------- ------- -------

WET AVG 7.0 13'7.4 106 
c 

DRY AVGu 7.4 136.9 86 
l. 22 

D1 WET 7.3 136.9 107 
D2 WET '7.6 136.5 100 
D3 WET '7.1 137.3 101 

------- ------- -------
WET AVG '7.4 136.9 103 

D 
DRY AVG** 7.4 136.9 86 

1.19 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method. B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE F-16 TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: PAVEBOND SPECIAL (1.0\) 
ASPHALT CONTENT = 5.5\ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSIT"i, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

Bl DRY 6.8 137.4 78 
B2 DRY 7.3 136.6 83 
B3 DRY 7.1 136.9 83 ------- ·------ -------

DRY AVG** 7.1 136.9 81 
B 

B4 WET 7.7 136.1 92 
BS WET 7.1 136.9 96 
B6 WET 6.9 137.2 93 ------- ------- -------

WET AVG 7.2 136.7 94 
1.15 

C1 WET 7.0 137.1 102 
C2 WET 6.9 137.2 100 
C3 WET 7.5 136.4 101 ------- ------- --------

WET AVG 7.1 136.9 101 
c 

DRY AVG** 7.1 136.9 81 
1.24 

D1 WET 6.9 137.2 94 
D2 WET 7.4 136.4 98 
D3 WET 6.7 137.6 99 ------- ------- -------

WET AVG 7.0 137.1 97 

DRY AVG** 7.1 136.9 81 
1.19 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE F-17 TEST RESULTS FOR PLANT MIXTURES (D-1) 
ADDITIVE: PERMA-TAC PLUS (1.0\) 
ASPHALT CONTENT = 5.5\ 

============================================================ 
TEST SAMPLE TEST AIR S~PLE TENSILE 
METHOD NO. * CONDITION, VOIDS, Dl!!NSI'l"i, STRENGTH, TSR**-

WET/DRY \ PCF PSI 
============================================================ 

Bl DRY 1.1 138.0 94 
B2 DRY 1.5 137.4 89 
B3 DRY 7.2 137.8 100 ------- ------- -------

DRY AVG** 7.3 137 .a 94 
B 

B4 WET 7.8 137.0 107 
B5 WET 7.3 137.8 92 
B6 WET 1.2 137.9 90 ------- ------- -------

WET AVG 7.4 137.6 96 
1.02 

C1 WET 7.4 137.6 lOS 
C2 WET 7.2 137.9 96 
C3 WET 1.3 137.8 102 ------- ------- -------

WET AVG 1.3 137.8 101 
c 

DRY AVG** 1.3 137.8 94 
1.07 

Dl WET 7.3 137.8 109 
D2 WET 7.4 137.6 llO 
D3 WET 7.5 137.4 99 -·----- ------- -------

WET AVG 7.4 137.6 106 
D 

DRY AVG** 7.3 137.8 94 
1.12 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE F-l8 TEST RESULTS FOR FIELD CORES 
DISTRICT 1 
ASPHALT CONTENT= 5.5 \ 

==============•==============•===========================s===== 
TYPE TEST SAMPLE WET AIR SAMPLE TF.NSILE 

OF SECTION 'NO. OR VOIDS, DENSITY, STRENGTH, TSR* 
ADDITIVE DRY \ PCF PSI 
==============·================================================ 

1A DRY 6.1 139.1 63 
lB WET 5.8 139.5 66 

LOW 1.05 
AIR 2A WET 4.7 141.2 78 

VOIDS 2B DRY 5.0 140.7 95 
SECTION 0.82 

3A DRY 5.5 139.9 90 
3B WET 6.4 138.6 78 

0.87 -------- -------
NO (AVG VO!DS) 5.6 (AVG TSR) 0.91 

ADDITIVE 
(CONTROL) 4A WET 9.2 134.5 52 

4B DRY 9.4 134.2 {9 
HIGH 1.08 
AIR SA DRY 9.2 134.5 50 

VOIDS SB WET 10.0 l33.3 36 
sEer: oN 0.71 

6A WET 9.7 133.8 44 
6B DRY 9.8 133.7 Sl 

0.86 -------- -·-----
(A.VG VOIDS) 9.5 (A'IG ':'SR) 0. 8 8 

7;.. DRY 7.7 136.3 63 
7B WET 7.7 136.2 78 

LOW 1.24 
AIR SA WET 6.4 138.1 81 

VOIDS SB DRY 8.7 134.8 57 
SECTION l. 41 

9A. DRY 4.6 140.7 86 
9B WET 4.6 140.9 111 

l. 30 ----·--- -------
(AVG VOIDS) 6.6 (AVG TSR) 1.31 

:.IME 
SLURR:t lOA. WET 8.2 135.5 79 

lOB DRY 7.6 136.3 64 
HIGH 1. 23 
7-.!R llA. DRY 7.2 137.0 71 

VOIDS llB WET 6.6 137.9 90 
SECTION 1.27 

12A WET 4.9 l40.4 104 
12B DR:t 4.9 140.3 95 

1.10 ----·-·- --·----
(AVG VOIDS) 6.6 (AVG TSR) 1.20 

13A DR'i 6.3 139.1 84 
l3B WET 6.6 138.7 87 

1.03 
14A WET 7.1 137.9 85 
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TABLE F-18 (Continued) 
==============================·=·============================== 

'I'YP& TEST SAMPLE WET i\IR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSITY, STRENGTH, TSR* 

1\DDITIVE DRY \ PCF PSI 
====·=========•================================================ 

LOW 148 DRY 6.7 138.6 70 
i\IR l. 23 

VOIDS lSi\ DRY 6.8 138.5 75 
SECTION 158 WET 6.5 138.9 95 

l. 28 -------- -------
(i\VG VOIDS) 6.7 (i\VG TSR) 1.18 

1\RR•MI\Z 
16.\ WET 8.8 13). 4 69 
168 DRY 9.2 134.8 54 

HIGH 1.26 
i\IR 17A DRY 8.4 136.1 52 

VOIDS 178 WET 8.4 136.0 iS 
SECT:: ON l.43 

18A WET 8.3 136.2 77 
188 DRY 9.3 134.6 55 

1.40 -------- -------
(AVQ VOIDS) 8.8 (AVG '!'SR) l. 36 

19.\ DRY 8.7 135.3 56 
198 WET 8.2 136.2 53 

LOW .0.95 
AIR 20A WET 8.9 135.0 52 

VOIDS 208 DRY 9.6 134.0 45 
SECT!CN l.lG 

21.\ DRY 8.4 135.8 61 
218 WET 8.8 135.2 68 

l.ll -------- -------
(AVG VOIDS) 8.8 IAVG TSR) 1.07 

ZlCW MTI-
STRIP 221\ WE 'I' 8.6 135.5 57 

228 DRY 8.3 136.0 56 
HIGH 1.02 
AIR 23A DRY 8.3 135.9 55 

VOIDS 238 WET s.o 136.4 42 
SECTION 0.77 

24A W£'I' 8.4 135.8 77 
248 DRY 8.7 135.4 62 

1.24 ·------- ------· 
(AVG VOIDS) 8.4 (AVG TSR) l.Ol 

25A DRY 7.1 136.8 80 
258 WET 6.9 137.0 72 

LOW 0.90 
AIR 26i\ WET s.s 139.1 so 

VOIDS 268 DRY 5.9 138.6 75 
SECTION 1.06 

27i\ DRY 5.2 139.6 84 
27B WET 5.2 139.7 86 

1. 02 
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TABLE F·l8 (Continued) 
====~========================================================== 

TYPE TEST SAMPLE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSITY, STRENGTH, TSR• 

ADDITIVE DRY \ PCF PSI 
===============================:==========s=================s== -------- -------

{AVG VOIDS) 6.0 (1-NG TSR) 0.99 
FINA-A 

28A WET 7.1 136.8 79 
28B DRY 7.0 136.9 67 

HIGH 1.18 
AIR 29A DRY 5.8 138.7 77 

VOIDS 29B WE:T 5.7 138.9 84 
SE:CTION 1. 09 

301>. WET 4.8 140.2 87 
30B DRY 4.4 140.7 82 

1.06 
·-·-- ... -- ·------

(AVG VOIDS) 5.8 (AVG TSR) 1.11 

31A DRY 6.5 138.2 79 
31B WET 6.4 138.3 90 

LOW 1.14 
AIR 32A WET 5.5 139.6 9S 

VOIDS 32B DRY 5.6 139.6 77 
SECT: ON l. 23 

331>. ~RY 4.7 140.9 94 
33B WET 4.5 !41.1 94 

l. ::lO -------- -------
(AVG VOIDS) 5.5 (AVG TSR) 1.12 

:NDUL:N 
AS-1 34A WET 2.1 135.8 70 

34B DRY 8.3 135.5 61 
HIGH 1.15 
AIR 35A DRY 7.8 136.3 59 

VOIDS 35B WET 8.3 135.5 7l 
SECTION 1.20 

36A W~"' -- 8.2 135.7 70 
36B DRY 7.9 136.0 57 

l. :22 -------- -------
(AVG VOIDS) 8.1 (AVG TSR) ::..B 

37A DRY 7.1 136.9 69 
37B WET 6.6 137.6 69 

LOW 1.00 
AIR 38A WET 5.7 138.9 88 

VOIDS 38B DRY 5.5 139.2 83 
SECTION !.07 

39A DRY 6.2 138.3 66 
39B WET 6.1 138.4 67 

1.01 -------- -------
(AVG VOIDS) 6.2 lAVG TSR) 1.03 

PAVEBOND 
SPEC:<:AL 40A WET 9.1 133.9 48 

40B DRY 9.9 132.8 41 
l. !9 
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TABLE F-18 (Continued) 
=============================================================== 

TYPE TEST $AMPLE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSITY,· STRENGTH, TSR* 

ADDITIVE DRY \ PCF PSI 
=========•=======================·===========·================= 

HIGH 41A DRY 9.0 134.1 58 
AIR 41B WET 8.9 134.3 54 

VOIDS 0.92 
SECTION 421\ WET 9.6 133.2 49 

42B DRY 9.3 133.6 52 
0.94 ----·--- -------

(AVG VOIDS) 9.3 (AVG TSR) l. 02 

43A DRY 7.3 l37. 7 67 
43B WET 7.3 137.6 77 

:.ow l.J.S 
AIR 44A WET 7.2 137.8 80 

VOIDS 44B DRY 6.6 138.7 64 
SECTION l. 26 

4SA DRY 6.0 139.7 81 
4SB WET s.s 140.4 79 

0.97 -------- -------
(AVG VOIDS) 6.6 (AVG 'l'SR) l.l3 

PER.~.A-TJ..C 

Pt. US 46A WET 9.3 134.8 67 
46B DRY 9.5 lH.S 60 

HIGH 1.13 
AIR 47A DRY 9.8 134.1 59 

VOIDS 478 WET 9.4 134.6 60 
SECTION 1.02 

481\ WET 8.9 135.3 64 
46B DRY 9.5 134.5 51 

l. 25 -------- ............ 
( AVQ 'VOIDS) 9.4 (AVG 'l'SR) 1.13 

*'l'SR = Tensl::i.e Strenc;th Ratio = Tensile Stren;th (wet)/Tensile Strength (dry) 
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TABLE F-19 BOILING TEST RESULTS 
DISTRICT 1 

~======:========================================================= 
TYPE 
OF 
MIXTURE 

TYPE 
OF 
ADDITIVE 

ASPHALT RETAINED AFTER BOILING, \ 

RATING 1 RATING 2 AVG 
================================================================== 

NO ADDITIVE 
LIME 
ARR-MAZ 

LABORATORY DOW 
FINA-'A 
INDULIN JiS•l 
PVBD SPECIAL 
PERMA-TAC PLUS 

NO ADDITIVE 
LIME 
ARR-MAZ 

PLANT DOW 
FINA-A 
INDULIN AS-1 
PVBD SPECIAL 
PER.MA-TAC PLUS 

NO ADDITIVE 
LIME 
ARR-MAZ 

J:'!ELD CORE DOW 
FIN A-A 
INDULIN AS-1 
PVBD SPECIAL 
PER.MA-TAC PLUS 

85 
100 

95 
85 

100 
100 
100 
100 

95 
100 
100 

98 
100 

98 
100 
100 

98 
100 
100 
100 
100 
100 
100 
100 

80 
85 
85 
80 
85 
85 
85 
85 

85 
85 
95 
85 
90 
95 
90 
90 

85 
90 
90 
85 
95 
90 
95 
90 

82.5 
92.5 
90.0 
82.5 
92.5 
92.5 
92.5 
92.5 

90.0 
92.5 
97.5 
91.5 
95.0 
96.5 
95.0 
95.0 

91.5 
95.0 
95.0 
92.5 
97.5 
95.0 
97.5 
95.0 
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8 

Figure F-1. Loe~tion of Field Test Sections (District 1). 
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Fig F-2 Schematic Illustration of Field Test Sections. 
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APPENDIX G 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 19 

The objective of Appendix G is twofold: (1) to 

describe the site specific (District 19) field operations of 

the test sections along with a description of the materials, 

additives and construction techniques used for this field 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed mixtures along with the 

zero-aged (immediately after construction) pavement cores 

for the field experimental study at District 19 (Figure G-1) 

of the Texas State Department of Highways and Public 

Transportation(SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on US 79 near De 

Berry, Texas, in October 1987, and involved pavement overlay 

to one lane of the 4-lane highway. The test sections were 

installed in the westbound outside main travel lane as shown 

schematically in Figure G-2. The test sections 
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were placed beneath a Type "D" riding surface and were in 

the final course of three-course overlay. Each test section 

was approximately two to two and one-half inches thick, 12 

feet wide, and· 1000 feet long. A total of twelve (12) test 

sections were constructed and four liquid antistripping 

additives were used in addition to the hydrated lime and the 

control materials. The composition of the twelve test 

sections are as follows: 

Test Section 1. Hot mix with 1.0% ARR-MAZ, low air 

voids. 

Test Section 2. Hot mix with 1.0% ARR-MAZ, high air 

voids. 

Test Section 3. Hot mix with 0.5% BA 2000, low air 

voids. 

Test Section 4. Hot mix with 0.5% BA 2000, high air 

voids. 

Test Section 5. Hot mix with 0.8% Aquashield II, low 

air voids. 

Test Section 6. Hot mix with 0.8\ Aquashield II, high 

air voids. 

Test Section i. Hot mix with 1.0% Perma-Tac, low air 

voids. 
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Test Section 8. Hot mix with 1.0\ Perma-Tac, high air 

voids. 

Test Section 9. Control Section - No additive, high 

air voids. 

Test Section 10. Control Section - No additive, high 

air voids. 

Test Section 11. Hot mix with 1.0\ lime, high 

air voids. 

Test Section 12. Hot mix with 1.0\ lime, low air 

voids. 

The field construction was conducted by District 19 of 

the Texas State Department of Highways and Public 

Transportation {SDHPT) and was assisted by the Center for 

Transportation Research, The University of Texas at AUstin. 

The average daily traffic {ADT) is estimated at 6,700 

vehicles for the test pavement. 

MATERIALS AND PAVING MIXTURE 

An AC-20 asphalt cement from the Lion Oil Company 

refinery in El Dorado, Arkansas was used throughout this 

project. Four aggregates--a Type "C" river gravel coarse 

aggregate, a Type "D" river gravel coarse aggregate, river 
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gravel screenings, and a field sand, were combined to 

produce the project gradation. Gradations of the individual 

aggregates, the project gradation, percentages of each 

aggregate combined, and the specification are given on Table 

G-1. The project gradation is plotted on a 0.45 power graph 

in Figure G-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type c fine graded surface 

course (Ref 45). Preliminary laboratory test results for 

this mixture design are given below: 

Asphalt Content 

Average Density 

Air Void Content 

Hveem Stability 

FIELD OPERATIONS 

5.3\ 

97 percent of theoretical 
maximum density 

3 percent 

42% 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime and liquid antistripping additives. 

Identical raw material sources {asphalt cement and 

aggregates) were utilized throughout the experiment. Four 

co:rc.el.'Cl.aJ.l:Z available liquid a:'l.tistripping additives were 
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used for the test sections, i.e., ARR-MAZ, Aquashield II, BA 

2000, and Perma-Tac. 

The hydrated lime was added dry to the aggregate 

stockpiles and then moistured by a water truck 12 hours 

prior to use. The liquid additives were metered into the 

asphalt cement in-line injection system of the drum dryer 

plant. 

Compaction of each test section was achieved using a 

vibratory roller, and a pneumatic roller. For the low air 

void test sections the same rolling pattern was used as 

established for the regular constructionn project. In order 

to achieve the high air void test sections the number of 

passes by the vibratory roller was reduced. 

The field cores were obtained soon after the 

construction. Three pairs of samples were cored from each 

test section with each pair approximately 200 feet apart. 

The sample size was approximately 4-inches in diameter and 2 

to 2.5-inches in thickness. The coring process was in 

accordance with the general coring layout procedure 

described in the main text of this report (Chapter 2). The 

field cores were transported to the Center for Transpor­

tation Research laboratory immediately after sampling. 
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LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 + 1.0% 

air void content. Four liquid antistripping additives were 

used in addition to the raw material and the hydrated lime 

slurry. The additives and the dosage are given below: 

a. Hydrated lime slurry (1.0\ by weight of aggregate). 

b. ARR-MAZ (1.0\ by weight of asphalt). 

c. Aquashield II (0.8% by weight of asphalt). 

d. BA 2000 (0.5% by weight of asphalt). 

e. Perma-Tac (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A,and it has been carried 

out through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

through G-7. The data are plotted in Figure G-4 for 
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laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test ·results are shown in F~qures G-5 and G-6. 

Plant Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables G-8 

through G-13. The data are also plotted in Figure G-7 for 

plant mixtures using Methods B through D. 

Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the test results are presented on Table 

G-14. The achieved field compaction to have the low and 

high air voids are summarized in Figure G-8 which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure G-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

G-15 and plotted in Figure G-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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APPENDIX G SUMMARY OF DATA FOR DISTRICT 19 

Table G-1 ~ggregate Gradations 

Table G-2 Test Results for Laboratory Mixture 
~dditive: Control (No ~dditive) 

Table G-3 Test Results for Laboratory Mixtures 
~dditive: Lime Slurry (1.0\ by Weight of 

aggregate) 

Table G-4 Test Results for Laboratory·Mixtures 
~dditive: ARR-~z {1.0\) 

Table G-5 Test Results for Laboratory Mixtures 
Additive: ~quashield II {0.8%) 

Table G-6 Test Results for Laboratory Mixtures 
Additive: BA 2000 (0.5%) 

Table G-7 Test Results for Laboratory Mixtures 
Additive: Perma-Tac (1.0%} 

Table G-8 Test Results for Plant Mixtures 
Additive: Control (No ~dditive) 

Table G-9 Test Results for Plant Mixtures 
~dditive: Lime (1.0\ by Weight of 

~ggregate) 

Table G-10 Test Results for Plant Mixtures 
~dditive: ARR-~z (1.0%) 

Table G-11 Test Results for Plant Mixtures 
~dditive: ~quashield II (0.8\) 

Table G-12 Test Results for Plant Mixtures 
~dditive: B~ 2000 (0.5\) 

Table G-13 Test Results for Plant Mixtures 
~dditive: Perma-Tac (1.0\) 

Table G-14 Test Results for Field Cores 

Table G-15 Texas Boiling Test Results 



'TABLE G-1 .AGGREGATE GR.AD.ATION &DISTRICT 19) 

CO.ARSE CO.ARSE 
AGGREGATE "C'' 11.GGREGATE "D" ~CREENINGS FIELD S.AND 
::nEVE SIEVE SIEVE SIEVE COMBINED SDHPT 

SIEVE SIZE i\N.ALYSIS 20\ AN.ALYSIS 40\ ANALYSIS 20\ i\N.ALYSIS 20\ GR.ADATION SPECIFIC.ATIONS 

Plus 7/8 ln. 0 0 0 0 

Plus 5/8 ln. 20.9 4.2 0 0 4.2 o-s 
1/2 to l/8 in. 77.9 15.6 11.9 4.7 20.3 16-42 

3/8 to No. 4 1.0 0.2 52.7 21.1 0 0 21.) 11-37 

No. 4 to No. 10 0.2 0.0 25.6 10.2 21.1 4.2 14.4 11-32 
~ 

Plus No. 10 60.2 54-74 ,..... 
N 

No. 10 to No. 40 0.0 0.0 8.2 3.) 48.0 9.7 0 0 13.0 6-32 

No. 40 to No. 80 0.0 0.0 0.8 0.3 16.6 ).) 41.0 8.2 11.8 4-27 

No. 80 to No.200 0.0 0.0 0.4 0.2 10.1 2.0 51.5 10.1 u.s )-27 

Minus No. 200 0.0 0.0 0.4 0.2 4.2 0.8 7.5 1.5 2.5 1-8 

TOTAL 100.0 20.0 100.0 40.0 100.0 20.0 100.0 20.0 100.0 
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TABLE G-2 TEST RESULTS FOR LABORATORY MIXTURES (D-19) 
l>.DDI'l'IVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT= 5.3\ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*u 

WET/DRY \ PCF . PSI 
===========================================--================ 

A 

c 

Al 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
D:RY 

6.3 
7.0 
6.8 

6.7 

6.9 
7.2 
6.2 

6.8 

6.2 
6.6 

DRY AVG** 6.4 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

DRY AVG'** 

WE 'I' 
WET 
WET 

6.3 
6.7 
5.9 

6.3 

6.8 
6.5 
6.5 

6.6 

6.4 

6.8 
6.2 
6.2 

WET AVG 6.4 

DRY AVG** 6.4 

*L~tter indicates Test Method. 

140.2 
139.3 
139.5 

139.7 

139.3 
139.0 
140.4 

139.6 

140.4 
139.8 

l40.l 

140.3 
139.7 
140.9 

140.3 

139.6 
139.9 
140.0 

139.8 

140.1 

139.5 
140.4 
140.5 

140.1 

140.1 

88 
92 
80 

87 

106 
86 
98 

97 

85 
as 
ss 
94 
96 
83 

91 

76 
76 
ss 
79 

85 

85 
77 
88 

83 

85 

1.12 

1. 07 

0.93 

0.98 

**~ ')ry ser·Jc!: i'\<; '"he Dry ;:,:~,r.~':'ir:r <:·-t· ~·~:-~·:.: 3 tr:::_.:;.," 
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TABLE G-2 (continued) 
============================================================= 

SAMPLE NO. OF AIR SAMPLE TENSILE TEST 
METHOD NO.* CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

**** 

E1 
E2 

E3 
E4 

E5 
E6 

E7 
ES 

E9 
E10 

B3 

1 CYCLE 
1 CYCLE 

6.0 
6.7 

WET AVG 6.3 

DRY AVG** 6.4 

3 CYCLES 6.9 
3 CYCLES 6.7 

WET AVG 6.8 

DRY AVG"'* 6.4 

5 CYCLES 6.9 
5 CYCLES 6.4 

WET AVG 6.6 

DRY AVG*" 6.4 

7 CYCLES 7.0 
7 CYCLES 6.3 

WET AVG 6.6 

DRY AVG** 6.4 

9 CYCLES 6.8 
9 CYCLES 7.0 

WET AVG 6.9 

DRY AVG** 6.4 

DRY 5.7 

***TSR = Tensile Strength Ratio 

140.7 
139.7 

140.2 

140.1 

139.3 
139.7 

139.5 

140.1 

139.4 
140.1 

139.7 

140.1 

139.2 
140.3 

139.8 

140.1 

139.6 
139.2 

139.4 

140.1 

141.1 

lOS 
94 

101 

85 

58 
54 

56 

85 

43 
66 

55 

85 

35 
41 

38 

85 

50 
31 

41 

as 

94 

1.19 

0.66 

0.64 

0.45 

0.48 

= Tensile Strength(Wet Avg)f'l'ensile Strength (Dry Avg) 
****The air voids exceed the tolerance. 
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TABLE G-3 TEST RESULTS FOR LABORATORY MIXTURES (D-19) 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5. 3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR**-

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 

B4 
B5 
B6 

C1 
C2 
C3 

01 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 

7.9 
7.2 
7.3 

7.5 

7.4 
7.6 
7.0 

7.3 

7.6 
7.5 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.1 
8.0 
6.9 

7.3 

7.4 
7.8 
6.6 

7.3 

DRY AVG** 7. 5 

WET 
WET 
WET 

WET AVG 

7.3 
6.6 
6.8 

6.9 

DRY AVG** 7. 5 

*Letter l~dl~~tes Test MPthod. 

137.7 
138.9 
138.6 

138.4 

138.4 
138.2 
139.2 

138.6 

138.2 
138.4 

138.3 

139.0 
137.7 
139.3 

138.6 

138.5 
137.9 
139.7 

138.7 

138.3 

138.6 
139.7 
139.4 

139.2 

138.3 

64 
60 
66 

63 

56 
78 
69 

68 

61 
58 

60 

99 
84 
90 

91 

82 
79 
97 

86 

60 

102 
101 

90 

98 

60 

1. 07 

1. 53 

1.45 

ip. Cry ~ .. ~~: -"::- .-;;; t1-i~ :-~:_~~ C:Jn~;~ .. ~;...~r~ !c::- ~·~ethod B tl·1rougb L. 
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TABLE G-3 (continued) 
=====================================================~======= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 7.6 138.2 100 
E2 1 CYCLE 7.5 138.3 90 

------- ------- -------
WET AVG 7.6 138.3 95 

DRY AVG** 7.5 138.3 60 
1.59 

E3 3 CYCLES 6.7 139.5 97 
E4 3 CYCLES 6.8 139.4 94 ------- ------- -------

WET AVG 6.8 139.5 96 

DRY AVG** 7.5 138.3 60 
1.61 

E 
E5 5 CYCLES 7.2 138.8 61 
E6 s CYCLES 7.9 137.7 58 ------- ------- -------

WET AVG 7.6 138.2 59 

DRY AVG** 7.5 138.3 60 
l. 00 

E7 7 CYCLES 7.5 138.4 62 
E8 7 CYCLES 8.0 137.6 64 ------- ------- -------

WE'l' AVG 7.7 138.0 63 

DRY AVG** 7.5 138.3 60 
1.06 

E9 9 CYCLES 7.1 139.0 68 
ElO 9 C"lCLES 7.2 138.9 53 ------- ------- -------

WET AVG 7.1 138.9 60 

DRY AVG** 7.5 138.3 60 
1.01 

***TSR = Tensile Strength Ratio 
= Tensile Strength(,Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE G-4 TEST RESULTS FOR LABORATORY MIXTURES (D-19) 
ADDITIVE: ARR-MAZ {1.0\) 
ASPHALT CONTENT = S. 3 \ 

======:=====================:============================:== 
TEST SAMPLE . TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.4 
6.1 
6.9 

6.5 

6.1 
6.4 
6.0 

6.2 

6.0 
6.0 
6.7 

DRY AVG** 6.2 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.2 
6.3 
6.1 

6.2 

6.7 
6.0 
7.3 

6.7 

DRY AVG** 6. 2 

WET 
WET 
WET 

WET AVG 

6.5 
6.0 
6.6 

6.4 

DRY AVG"'* 6. 2 

·~~et.,[""::l." ,:.~·-.;~\C.:~t.cs T~st t:lo<..;.. 

139.7 
140.2 
138.9 

139.6 

140.3 
139.7 
140.3 

140.1 

140.4 
140.3 
139.4 

140.0 

140.0 
140.0 
140.2 

140.0 

139.3 
140.3 
138.5 

139.4 

140.0 

139.6 
140.3 
139.5 

139.8 

140.0 

78 
83 
70 

77 

95 
82 
99 

92 

80 
78 
83 

80 

93 
82 
88 

88 

78 
84 
77 

80 

80 

97 
106 

85 

96 

80 

l.19 

1.09 

0.99 

1.20 

**B Dry serves as the Dry Condition for Method B through E. 
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TABLE G-4 (continued) 
=======================•===================================== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

' PCF PSI 
============================================================= 

E1 1 CYCLE 6.3 139.9 104 
E2 1 CYCLE 7.4 138.2 89 ------- ------- -------

WET AVG 6.9 139.1 96 

DRY AVG** 6.2 140.0 80 
l. 20 

E3 3 CYCLES 6.2 140.1 78 
E4 3 CYCLES 6.5 139.6 90 ------- ------- -------

WET AVG 6.3 139.8 84 

DRY AVG** 6.2 140.0 80 
1.05 

E 
ES 5 CYCLES 6.7 139.4 62 
E6 5 CYCLES 6.7 139.3 57 ------- ------- -------

WET AVG 6.7 139.3 60 

DRY AVG** 6.2 140.0 80 
0.75 

E7 7 CYCLES 6.6 139.5 sa 
E8 7 CYCLES 6.6 139.5 54 ------- ------- -------

WET AVG 6.6 139.5 56 

DRY AVG** 6.2 140.0 80 
o. 70 

E9 9 CYCLES 6.7 139.3 67 
E10 9 CYCLES 6.0 140.4 52 ------- ------- -------

WET AVG 6.4 139.8 59 

DRY AVG** 6.2 140.0 80 
0.74 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE G-S TEST RESULTS FOR LABORATORY MIXTURES (D•l9) 
ADDITIVE: AQUA-SHIELD II (0.8\) 
ASPHALT CONTENT = 5. 3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOlDS, DENSITY, ·STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A) 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C) 

D1 
D2 
D) 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.9 
7.0 
7.3 

7.0 

7.) 
6.8 
6.7 

6.9 

6.8 
6.9 
7.0 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.0 
6.6 
6.4 

6.7 

7.2 
6.5 
6.8 

6.8 

DRY AVG** 6. 9 

WET 
WET 
WET 

WET AVG 

6.8 
7.0 
7.3 

7.0 

DRY AVG** 6.9 

139.8 
139.7 
139.2 

139.6 

139.2 
140.0 
140.0 

139.7 

140.0 
139. a 
139.7 

139.8 

139.6 
140.2 
140.5 

140.1 

139.3 
140.4 
139.9 

139.9 

139.8 

140.0 
139.6 
139.1 

139.6 

139.8 

88 
83 
78 

83 

107 
102 
102 

104 

87 
86 
79 

84 

90 
115 
108 

104 

87 
98 
94 

93 

84 

129 
lOB 
106 

114 

84 

1.25 

1.24 

l.ll 

l.36 

*•B ~zy ~erv~s as the Dry Condition for Method B through E. 
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TABLE G-5 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR S.l\MPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY,.STRENGTH, 'l'SR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 6.8 140.0 114 
E2 1 CYCLE 6.7 140.1 105 ------- ------- -------

WET AVG 6.7 140.1 109 

DRY AVG** 6.9 139.8 84 
1.31 

E3 3 CYCLES 7.3 139.2 94 
E4 3 CYCLES 6.8 140.0 102 ------- ------- -------

WET AVG 7.0 139.6 98 

DRY AVG** 6.9 139.8 84 
1.16 

E 
E5 5 CYCLES 7.0 139.7 75 
E6 5 CYCLES 6.4 140.5 90 ------- ------- -------

WET AVG 6.7 140.1 83 

DRY AVG** 6.9 139.8 84 
0.99 

E7 7 CYCLES 6.4 140.5 86 
ES 7 CYCLES 6.7 140.1 92 ------- ------- -------

WET AVG 6.5 140.3 89 

DRY AVG*'~~ 6.9 139.8 84 
1.06 

E9 9 CYCLES 6.5 140.3 92 
E10 9 CYCLES 6.4 140.6 91 ------- ------- -------

WET AVG 6.4 140.5 91 

DRY AVG** 6.9 139.8 84 
1.09 

***TSR = Tensile Stren9th Ratio = Tensile Strength(Wet Avg)/Tensi1e Strength (Dry AV9) 
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TABLE G-6 TEST RESULTS FOR LABORATORY MIXTURES (D-19) 
ADDITIVE: BA 2000 (O.S\) 
ASPHALT CONTENT = 5.3 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.4 
7.3 
7.1 

7.3 

7.5 
7.3 
6.9 

7.2 

6.5 
6.6 
6.2 

DRY AVG"'* 6.4 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.2 
7.2 
7.3 

7.2 

6.4 
6.6 
7.0 

6.7 

DRY AVGU 6.4 

WET 
WET 
WET 

WET AVG 

6.5 
6.6 
6.7 

6.6 

DRY AVG*"' 6. 4 

138.7 
138.9 
139.2 

138.9 

138.6 
138.8 
139.4 

138.9 

140.0 
139.9 
140.5 

140.1 

139.0 
139.0 
138.9 

139.0 

140.1 
139.9 
139.3 

139.8 

140.1 

140.0 
139.9 
139.7 

139.8 

140.1 

84 
86 
97 

89 

106 
93 

110 

103 

96 
99 

102 

99 

103 
103 
113 

106 

124 
118 
119 

120 

99 

129 
129 
128 

129 

99 

1.16 

1.07 

l. 22 

1. 30 

"'*B Dry serves as the Dry Condition ior Method B through E. 
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TABLE G-6 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
====================----===================================== 

E1 1 CYCLE 6.5 140.1 132 
E2 1 CYCLE 6.9 139.4 122 ------- ------- -------

WET AVG 6.7 139.7 127 

DRY AVG** 6.4 140.1 99 
l. 29 

E3 3 CYCLES 6.8 139.6 114 
E4 3 CYCLES 6.6 139.9 113 ------- ------- -------

WET AVG 6.7 139.8 114 

DRY AVG** 6.4 140.1 99 
1.15 

E 
E5 5 CYCLES 6.7 139.7 96 
E6 5 CYCLES 6.8 139.5 90 ------- ------- -------

WET AVG 6.8 139.6 93 

DRY AVG** 6.4 l40.l 99 
0.94 

E7 7 CYCLES 7.3 138.8 92 
E8 7 CYCLES 6.9 139.5 90 ------- ------- -------

WET AVG 7.1 139.2 91 

DRY AVG** 6.4 140.1 99 
0.92 

E9 9 CYCLES 6.9 139. s . 86 
E10 9 CYCLES 7.0 139.3 78 ------- ------- -------

WET AVG 6.9 139.4 82 

DRY AVG** 6.4 140.1 99 
0.83 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE G-7 TEST RESULTS FOR LABORATORY MIXTURES (D-19) 
ADDITIVE: PERMA-TAC (1.0\) 
ASPHALT CONTENT = 5.3 \ 

============================================================ 
TEST SAMPLE TEST AlR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

A1 
A2 
A3 

11.4 
AS 
11.6 

Bl 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET A.VG 

DRY 
DRY 
DRY 

6.9 
7.2 
6.9 

7.0 

7.2 
7.4 
6.7 

7.1 

6.7 
7.2 
7.3 

DRY AVG'** 7.1 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET A.VG 

6.5 
6.7 
6.7 

6.6 

7.6 
7.3 
7.1 

7.3 

DRY A.VG** 7.1 

WET 
WET 
WET 

WET 'AVG 

7.4 
6.7 
7.0 

7.0 

DRY 'AVG** 7.1 

*Letter indicates ~est Methoc. 

139.3 
138.9 
139.3 

139.1 

138.8 
138.6 
139.6 

139.0 

139.7 
138.8 
138.8 

139.1 

139.9 
139.6 
139.7 

139.7 

138.3 
138.7 
139.0 

138.7 

139.1 

138.6 
139.6 
139.1 

139.1 

139.1 

79 
75 
72 

75 

70 
68 
72 

70 

77 
70 
74 

74 

96 
84 
78 

86 

76 
75 
77 

76 

74 

79 
85 
63 

76 

74 

0.93 

l.17 

l.03 

1.03 

•se :ry s£-~es e~ the Cry Condl~ion ~cr Method E through E. 
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TABLE G-7 (continued) 
=:=========================================================== 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCP' PSI 
============================================================= 

E1 1 CYCLE 6.9 139.3 85 
E2 1 CYCLE 7.3 138.8 79 ------- ------- ·------

WET AVG 7.1 139.0 82 

DRY AVG** 7.1 139.1 74 
1.12 

E3 3 CYCLES 7.1 139.1 60 
E4 3 CYCLES 7.2 138.8 64 ------- ------- -------

WET AVG 7.2 138.9 62 

DRY AVG** 7.1 139.1 74 
0.85 

E 
E5 5 CYCLES 7.3 138.7 51 
E6 5 CYCLES 6.6 139.8 59 

------- ------- -------
WET AVG 7.0 139.2 55 

DRY AVG** 7.1 139.1 74 
0. 75 

E7 7 CYCLES 7.3 138.6 50 
E8 7 CYCLES 7.6 138.2 39 ------- ------- -------

WET AVG 7.5 138.4 45 

DRY AVG** 7.1 139.1 74 
0.61 

E9 9 CYCLES 7.4 138.6 48 
E10 9 CYCLES 7.0 139.1 41 -----·- ------- -------

WET AVG 7.2 138.8 45 

DRY AVG** 7.1 139.1 74 
0.61 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength {Dry Avg) 
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TABLE G-8 TEST RESULTS FOR PLANT MIXTURES tD-19) 
ADDITIVE: CONTROL lNO ADDITIVE) 
ASPHALT CONTENT = 5.6 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
===============================:============================ 

c 

Bl 
132 
133 

B4 
B5 
B6 

Cl 
C2 
C3 

DRY 
DRY 
DRY 

7.4 
7.6 
8.0 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.5 
7.9 
8.1 

7.8 

7.2 
7.8 
7.5 

7.5 

DRY AVG** 7. 6 

137.8 
137.5 
137.0 

137.4 

137.7 
137.0 
136.7 

137.2 

138.1 
137.3 
137.6 

137.7 

137.4 

76 
69 
70 

72 

48 
58 
51 

52 

so 
59 
52 

54 

72 

0. 73 

0.75 

----~D-=-l---~W::::E:T:----.;-.-::-6---=l~3:""::7:-."='s---"";:S:-::3:------

D2 WET 7.8 137.2 60 
D3 WET 7.7 137.4 60 

WET AVG 7.7 137.4 58 
D 

DRY' AVG** 7.6 137.4 72 
0.80 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE G-9 TEST RESULTS FOR PLANT MIXTURES (D-19) 
ADDITIVE: LIME SLURRY (1.0\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5. 6 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
===============================================-============ 

B 

c 

D 

Bl 
B2 
B3 

B4 
B5 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

7.7 
7.5 
7.7 

DRY AVG** 7.6 

WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.3 
7.5 

7.4 

7.8 
7.3 
7.8 

7.6 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

7.4 
7.9 
7.0 

7.4 

DRY AVG** 7.6 

*Letter indicates Test Method. 

137.8 
138.1 
137.8 

137.9 

138.4 
138.1 

138.3 

137.7 
138.4 
137.7 

137.9 

137.9 

138.2 
137.5 
138.8 

138.2 

137.9 

90 
92 
78 

87 

100 
93 

97 

110 
96 
95 

100 

87 

117 
94 

103 

105 

87 

l.ll 

1.16 

1.21 

**B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE G-lO TEST RESULTS FOR PLXNT MIXTURES (D-19) 
ADDITIVE: ARR-MAZ (1.0\) 
ASPHALT CONTENT = 5.6 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, .STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
=====================================================:====== 

B1 DRY 6.6 139.1 86 
B2 DRY 6.8 138.7 88 
B3 DRY 6.6 139.0 92 ------- ------- -------

DRY AVG** 6.7 138.9 89 
B 

B4 WET 6.4 139.3 100 
B5 WET 6.8 138.7 99 

------- ------- -------
WET AVG 6.2 139.0 100 

1.12 

Cl WET 6.9 138.7 92 
C2 WET 6.3 139.5 89 
C3 WET 6.4 139.4 106 ------- ------- -------

WET AVG 6.5 139.2 96 
c 

DRY AVG** 6.7 138.9 89 
1.08 

D1 WET 6.9 138.6 104 
D2 WET 6.7 138.9 99 
D3 WET 6.6 139.0 85 ------- ------- -------

WET AVG 6.7 138.8 96 
D 

DRY' AVG** 6.7 138.9 89 
1.08 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg}/Tensile Strength(Dry Avg} 
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TABLE G-11 TEST RESULTS FOR PLANT MIXTURES (D-19) 
ADDITIVE: AQUA-SHIELD II (0.8\) 
ASPHALT CONTENT • 5.6 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
------------------------------------------------------------------------------------------------------------------------

B1 DRY 7.0 140.4 117 
B2 DRY 7.1 140.3 102 
B3 DRY 7.3 139.9 101 ------- ------- -------

DRY AVG** 7.1 140.2 107 
B 

B4 WET 7.2 140.1 118 
B5 WET 6.7 140.9 126 
B6 WET 6.9 140.5 128 ------- ------- -------

WET l>.VG 6.9 140.5 124 
1.16 

C1 WET 6.8 140.6 146 
C2 WET 7.7 139.3 122 
C3 WET 7.4 139.8 128 ------- ------- -------

WET 'AVG 7.3 139.9 132 
c 

DRY 'AVG** 7.1 140.2 107 
l. 24 

D1 WET 7.8 139.2 118 
D2 WET 7.0 140.3 145 
D3 WET 7.5 139.6 110 ------- ------- -------

WET 'AVG 7.4 139.7 124 
D 

DRY AVG** 7.1 140.2 107 
1.17 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method :a through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE G-12 TEST RESULTS FOR PLANT MIXTURES (D-19) 
ADDITIVE: BA 2000 (0.5\) 
ASPHALT CONTENT = 5.6 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR* ** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.4 139.1 83 
B2 DRY 6.5 138.8 91 
B3 DRY 6.1 139.5 68 ------- ------- -------

DRY AVG** 6.3 139.1 81 
B 

B4 WET 5.6 140.2 96 
BS WET 7.3 137.6 102 
B6 WET 6.3 139.2 96 ------- ------- -------

WET AVG 6.4 139.0 98 
1.21 

Cl WET 5.8 139.9 100 
C2 WET 5.9 139.7 98 
C3 WET 6.0 139.7 108 ------- ------- -------

WET AVG 5.9 139.7 102 
c 

DRY AVG** 6.3 139.1 81 
1.26 

Dl WET 5.9 139.8 109 
D2 WET 5.9 139.7 103 
D3 WET 5.8 139.9 95 ------- ------- -------

WET AVG 5.9 139.8 102 
D 

DRY AVG** 6.3 139.1 81 
1.27 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ra~o 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE G-13 TEST RESULTS FOR PLANT MIXTURES ID-19) 
ADDITIVE: PERMA•TAC (1.0\) 
ASPHALT CONTENT = 5.6 \ 

===========================:================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CO~ITION, VOIDS, DENSifi, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B1 DRY 6.3 139.7 117 
B2 DRY 6.9 138.9 118 
B3 DRY 6.7 139.2 124 ------- ------- -------

DRY 'AVG** 6.6 139.3 120 
B 

B4 WET 6.9 138.8 132 
BS WET 6.8 139.0 118 
B6 WET 6.5 139.4 111 ------- ------- -------

WET AVG 6.8 139.1 120 
1.01 

Cl WET 6.8 139.0 140 
C2 WET 6.2 139.8 129 
C3 WET 6.4 139.6 139 ------- ------- -------

WET AVG 6.5 139.5 136 
c 

DRY AVG** 6.6 139.3 120 
1.14 

D1 WET 7.0 138.7 145 
D2 WET 6.4 139.6 142 
D3 WET 6.7 139.1 126 ------- ------- -------

WET AVG 6.7 139.1 138 
D 

DRY AVG** 6.6 139.3 120 
1.15 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength(Dry Avg) 
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TABLE G·l4 TEST RESULTS FOR FIELD CORES 
DISTRICT 19 
ASPHALT CONTENT = 5.6 \ 

===========================--===============·================== 
T'iPE TEST SAMPLE WET AIR SAMPLE TENSILE 

OF SECTION NO. OR VOIDS, DENSITY, STRENGTH, TSR* 
ADDITIVE DRY ' PCF PSI 
==================a======s======================•============== 

1A WET 11.3 132.1 28 
18 DRY 11.3 132.1 38 

LOW 0.74 
AIR 2A DRY 9.9 134.1 58 

VOIDS 2B WET 9.9 134.1 44 
.SEC':'ION 0.76 

3A WET 8.6 136.0 55 
3B DRY 8.4 136.3 6-' 

0.86 -------- -------
NO (AV~ VO:O:DSl 9.9 (AVG TSRJ 0.79 

ADDIT!VE 
{CONTROL) 4A DRT 9.0 135. ::> 5:J 

48 WET a.s 136.2 54 
HIGH 0.99 
AIR SA WET 7.7 137.3 59 

VOIDS 58 DRY 7.6 137.6 66 
SECT! ON 0.89 

6A DRY 7.9 137.1 iO 
68 WE'!' 8.0 136.9 52 

0.74 -------- -------
(AVG VOIDS) 8.1 (AVG TSRI 0.87 

7A WE': 6.6 us. j as 
78 DRY 6.7 139.2 79 

LOW 1.12 
AIR SA DRY 6.4 139.7 70 

VOIDS 88 WET 6.6 139.4 70 
SECTION 1.00 

9A WET 5.4 141.3 103 
98 DRY 5.3 141.4 87 

1.18 -------- -------
(AVG VOIDS) 6.2 (AVG TSR) 1.10 

LIME 
S:.OiJRlW lOA DRY 7.6 l38.0 66 

lOB WET 7.4 138.2 94 
HIGH 1. 43 
AIR llA WET 8.8 136.1 72 

VOIDS llB DRY 9.4 135.2 65 
SECTION 1.10 

12A DRY 6.8 139.1 73 
12B WET 7.0 138.8 84 

1.15 -------- -------
(AVG VOIDS) 7.8 (AVG ':'SR) 1. 23 

13A DRi' 8.9 135.6 65 
1JB WET 8.4 136 • .{ 78 

1.19 
14A WET 8.0 137.0 66 
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TABLE G-14 (Continued.) 
===============================================•=============== 

TYPE TEST SAMPLE WET AIR SAMPLE TENSILE 
OF SECTION NO. OR VOIDS, DENSIT'i, STRENGTH, TSR* 

ADDITIVE DRY \ PCF PSI 
==========================•===================~=========•====== 

LOW 148 DRY 8.3 136.5 63 
AIR 1.05 

VOIDS 15A DRY 8.4 136.4 63 
SECTION lSB WET 8.5 136.2 70 

l.ll -------- -------
(AVO VOIDS) 8.4 (AVO TSR) 1.12 

1\RR·MAZ 
l6A WET 6.4 139.4 103 
l6B DRY 6.2 139.7 83 

HIGH 1. 23 
AIR !7A DRY 7.6 137.6 62 

VOIOS 17B WET 7.4 137.8 84 
SECTION l. 36 

lBA WET 8.6 136.1 77 
lSB DRY 9.8 134.3 67 

1.14 -------- -------
(AVO VOIDS) 7.7 (A'JG TSR) l. 24 

BA WET 10.7 134.8 74 
l9B DRY 10.7 134.8 64 

LOW 1.16 
A::R 20A DRY 8.4 138.2 70 

vo:Ds 20B WE'l' 8.0 138.9 lOS 
SEC':'! ON 1.54 

2lA WET 7.6 139.4 85 
21B DRY 7.6 139.4 62 

l. 37 -------- -------
(AVG VOIDS) 8.8 (AVG TSR) 1.36 

AQUA• 
SHIELD II 22A DR'/ 8.6 138.0 7l 

22B WET 8.8 137.6 lOS 
HIGH 1.53 
AIR 23A WET 7.4 139.8 123 

VOIDS 23B DRY 7.1 140.3 77 
SECTION 1.59 

24A DRY 9.0 137.3 51 
24B WET 9.4 136.7 101 

1.98 -------- -------
('AVO VOIDS) 8.4 (AVG TSR) 1.70 

25A WET 8.2 136.3 92 
25B DR'i 7.3 137.6 82 

LOW 1.12 
AIR 26A DR't' 6.5 138.9 77 

VOIDS 268 WET 6.1 139.4 84 
SECTION 1.09 

27'A WET 7.8 136.9 104 
27B DRY 7.1 137.9 99 

1.05 -------- ·------
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TABLE G-14 (Continued) 
======~~======•===•===============T==============:::::a:::::::a 

TYPE TEST SAMPLE WET AIR SN>!PLE TENSILE 
OF SECTION ~o. OR VOIDS, DENSIT'l, STRENGTH, TSR* 

ADDITIVE DRY \ PCF PSI 
======================•======================================== 

(AVG VOIDS) 7.2 (AVG TSR) 1. 09 
BA 2000 

28A DRY 6.6 138.6 9.1. 
28B WET 7.1 138.0 98 

HIGH 1.07 
AIR 29A WET 7.8 136.9 90 

VOIDS 29B DR¥ 7.6 137.2 82 
SECTION 1.10 

30A DRT 8.2 136.4 81 
30B WET 9.2 134.9 95 

1.18 -------- -------
(AVG VOIDS) 7.8 (AVG TSR) 1.12 

31A WET 8.1 137.0 78 
31B DR¥ 7.9 137.4 71 

LOW 1.10 
AIR 32A DRY 8.5 136.4 67 

VOIDS 32B WET 8.6 D6.3 75 
SECTION 1.12 

33A WET 7.2 138.4 61 
33B DR'l 7.5 137.9 63 

0.94 -------- -------
(AVG VOIDS) 8.0 (AVG TSR) !.OS 

?ERMA-TAC 
34A DRY 8.5 136.4 76 
34B WET 9.2 l3S.S 75 

HIGH 1. 06 
AIR 35A WET 7.8 137.5 76 

VOIDS 3SB DRY 8.0 137.2 72 
SECTION l.C5 

36A DRY 8.1 137.0 62 
36B WET 8.4 136.6 61 

0.99 ------·- -·-----
(AVG VOIDS) 8.3 IAVG TSR) 1.04 

*TSR = Tensile St.ren;t.h .Rat.io = Tensile strength (Wet)/Tensile Strength (Dry) 
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TABLE G-15 BOILING TEST RESULTS 
DISTRICT 19 

:================================================================ 
T'lPE T'iPE ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING 1 RATING 2 AVG 
================================================================== 

NO ADDITIVE 90 80 85.0 
LIME 98 90 94.0 

LABORATORY ARR-MA.Z 100 85 92.5 
AQUASHIELD II 100 85 92.5 
BA 2000 100 85 92.5 
PERMA-TAC 100 85 92.5 

NO ADDITIVE 90 80 85.0 
LIME 95 85 90.0 

PLANT ARR-MA.Z 90 90 90.0 
AQUASHIELD II 98 90 94.0 
BA 2000 98 95 96.5 
PERMA-TAC 95 85 90.0 

NO ADDITIVE 95 80 87.5 
LIME 90 80 85.0 

FIELD CORE ARR-MA.Z 95 85 90.0 
AQUASHIELD II 95 85 90.0 
BA 2000 95 85 90.0 
PERMA-TAC 95 85 90.0 
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Figure ~1. Location of Field Test Sections (District 19). 
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APPENDIX H 

FIELD AND LABORATORY EXPERIMENTAL PROGRAM - DISTRICT 21 

The objective of Appendix H is twofold: (1) to describe 

the site specific (District 21) field operations of the test 

sections along with a description of the materials, 

additives and construction techniques used for this field 
' 

project, (2) to present the laboratory test results of the 

laboratory mixed and plant mixed mixtures along with the 

zero-aged (immediately after construction) pavement cores 

for the field experimental study at District 21 (Figure H-1) 

of the Texas State Department of Highways and Public 

Transportation (SDHPT). 

FIELD EXPERIMENTAL PROGRAM 

The test pavements were constructed on US 83 near 

Donna, Texas, in October 1987, and involved pavement overlay 

to one lane of the 4 lane divided highway. The test 

sections were installed as the surface course in the 

eastbound outside main travel lane as shown schematically 
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in Figure H-2. Each test section was approximately 1.5 to 

2.0 inches thick, 12 feet wide, and 1000 feet long. A total 

of sixteen (16) test sections were constructed and six 

liquid antistripping additives were used in addition to the 

hydrated lime and the control materials. The composition of 

the sixteen test sections are as follows: 

Test Section 1. Hot mix with 1.0% lime slurry, low air 

voids. 

Test Section 2. Hot mix with 1.0\ lime slurry, high 

air voids. 

Test Section 3. Hot mix with 1.0\ Perma-Tac, low air 

voids. 

Test Section 4. Hot mix with 1.0 Perma-Tac, high air 

voids. 

Test Section 5. Hot mix with 1.0\ Pavebond LP, low air 

voids. 

Test Section 6. Hot mix with 1.0\ Pavebond LP, high 

air voids 

Test Section 7. Hot mix with 1.0\ ARR-MAZ, low air 

voids. 

Test Section 8. Hot mix with 1.0% ARR-MAZ, high air 

voids. 

Tes~ Section 9. Hot mix with 0.41\ Fina-B, low air 

voids. 
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Test Section 10. Hot mix with 0.41\ Fina-B, high air 

voids. 

Test Section 11. Hot mix with 0.41\ Aquashield II, low 

air voids. 

Test Section 12. Hot mix with 0.41\ Aquashield II, high 

air voids. 

Test Section 13. Hot mix with 0.5\ Dow Polyethylene, 

low air voids. 

Test Section 14. Hot mix with 0.5\ Dow Polyehylene, 

high air voids. 

Test Section 15. Control Section - No additive, low air 

voids. 

Test Section 16. Control Section - No additive, high 

air voids. 

The field construction was conducted by District 21 of 

the Texas State Department of Highways and Public 

Transportation (SDHPT) and was assisted by the Center for 

Transportation Research, The University of Texas at Austin. 

The average daily traffic (ADT) is estimated at 10,600 

vehicles for the test pavement. 
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MATERIALS AND PAVING MIXTURE 

An AC-10 asphalt cement from Texas Fuel & Asphalt was 

used throughout this project. Four aggregates--a Type "D" 

7/16" coarse aggregate, an uncrushed intermediate aggregate, 

screenings, and a field sand, were combined to produce the 

project gradation. Gradations of the individual aggregates, 

the project gradation, percentages of each aggregate 

combined, and the specification are given on Table H-1. The 

project gradation is plotted on a 0.45 power graph in Figure 

H-3. 

The asphalt concrete mixture used in this study met the 

SDHPT specifications of Item 340, Type D (Modified) fine 

graded surface course (Ref 45). Preliminary laboratory test 

results for this mixture design are given below: 

Asphalt content 

Average Density 

Air Void Content 

Hveem Stability 

5.2% 

97 percent of theoretical 
maximum density 

3 percent 

38% 
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FIELD OPERATIONS 

A drum mix plant was used to prepare hot mixed asphalt 

mixtures containing lime slurry and liquid antistripping 

additives. Identical raw material sources (asphalt cement 

and aggregates) were utilized throughout the experiment. 

Six commercially available antistripping additives were used 

for the test sections, i.e., ARR-MAZ, Aquashield II, Dow 

Polyethylene, Fina-B, Pavebond LP, and Perma-Tac. 

The hydrated lime was mixed and added in slurry form to 

the aggregates on cold feed belt of drum dryer plant. The 

liquid additives were metered into the asphalt cement 

in-line injection system. The Dow Polyethylene was in pellet 

form which required time to be blended with the asphalt 

cement that was done at the refinery and delivered to the 

project site preblended. 

Compaction of each test section was achieved using a 

3-wheel steel roller, a vibratory roller, and a pneumatic 

roller. For the low air void test sections the same rolling 

pattern was used as established for the regular construction 

project. In order to achieve the high air void test 

sections, the vibratory roller was used in the static made 
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and the number of passes reduced. Final rolling involved 

using the pneumatic roller. 

The field cores were obtained soon after the 

construction. Three pairs of samples were cored from each 

test section with each pair approximately 200 feet apart. 

The sample size was approximately 4-inches in diameter and 

1.5 to 2.0 inches in thickness. The coring process was in 

accordance with the general coring layout procedure 

described in the main text of this report (Chapter 2). The 

field cores were transported to the Center for 

Transportation Research laboratory immediately after 

sampling. 

LABORATORY TESTING PROGRAM 

The laboratory compacted specimens were made at such a 

compactive effort as to provide an approximately 7.0 ± 1.0\ 

air void content. Six liquid antistripping additives were 

used in addition to the raw material and the hydrated lime 

slurry. The additives and the dosage are given below: 

a. Hydrated lime slurry (1.0\ by weight of aggregate). 

c. Aquashield II (0.41% by weight of asphalt). 
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d. Dow Polyethylene (0.5% by weight of asphalt). 

e. Fina-B (0.41% by weight of asphalt)~ 

f Pavebond LP (1.0% by weight of asphalt). 

g. Perma-Tac (1.0% by weight of asphalt). 

The laboratory testing program was discussed in Chapter 

2 of the main text and Appendix A, and was carried out 

through the duration of this study. Sample preparation, 

conditioning, test procedures and engineering properties 

analyzed for the test methods were also discussed in Chapter 

2. 

PRESENTATION OF TEST RESULTS 

Laboratory Mixed/Laboratory Compacted Mixtures 

Summary of the test results are presented on Tables H-2 

through H-9. The data are plotted in Figure H-4 for 

laboratory mixtures using Methods A through E. The cyclic 

freeze-thaw test results are shown in Figures H-5 and H-6. 

Plant Mixed/Laboratory compacted Mixtures 

Summary of the test results are presented on Tables 

H-10 through H-17. The data are also plotted in Figure H-7 

for plant mixtures using Methods B through D. 
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Plant Mixed/Field Compacted Mixtures (Field Cores) 

Summary of the 'test results are presepted on Table 

H-18. The achieved field compaction to have the low and 

high air voids are summarized in Figure H-8 which shows the 

average air void content of the field cores from the low and 

high voids test sections in the field. The average TSR 

values are shown in Figure H-9 for the low and high voids 

test sections. 

Texas Boiling Test Results 

The Texas boiling test results are presented on Table 

H-19 and plotted in Figure H-10 for the laboratory mixture, 

the plant mixture, and the field core. 
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APPENDIX H SUMMARY OF DATA FOR DISTRICT 21 

Table H-1 Aggregate Gradations 

Table H-2 Test Results for Laboratory Mixture 
Additive: Control (No Additive) 

Table H-3 Test Results for Laboratory Mixtures 
Additive: Lime Slurry (1.0% by Weight of 

aggregate) 

Table H-4 Test Results for Laboratory Mixtures 
Additive: ARR-MAZ (1.0%) 

Table H-5 Test Results for Laboratory Mixtures 
Additive: Aquashield II (0.41%) 

Table H-6 Test Results for Laboratory Mixtures 
Additive: Dow Anti-Strip (0.5\) 

Table H-7 Test Results for Laboratory Mixtures 
Additive: Fina-B (0.41%) 

Table H-8 Test Results for Laboratory Mixtures 
Additive: Pavebond LP (1.0%) 

Table H-9 Test Results for Laboratory Mixtures 
Additive: Perma-Tac (1.0%) 

Table H-lO Test Results for Plant Mixtures 
Additive: Control (No additive) 

Table H-11 Test Results for Plant Mixtures 
Additive: Lime Slurry (l.O% by weight of 

aggregate) 

Table H-12 Test Results for Plant Mixtures 
Additive: ARR-MAZ {1.0%) 

Table H-13 Test Results for Plant Mixtures 
Additive: Aquashield II (0.41\) 

Table H-14 Test Results for Plant Mixtures 
Additive: Dow Anti-Strip {0.5%) 
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Table H-15 Test Results for Plant Mixtures 
1\dditive: Fina-B (0.41\) 

Table H-16 Test Results for Plant Mixtures 
Additive: Pavebond LP (1.0\} 

Table H-17 Test Results for Plant Mixtures 
Additive: Perma-Tac (1.0\} 

Table H-18 Test Results for Field Cores 

Table H-19 Texas Boiling Test Results 



"t'J'\BLE U-1 AGGREGATE GRADATION (DISTRICT 21) 

COARSE UNCRUSHED 
7\GGREGATE AGGREGATE SCREENINGS FIELD SAND 

SIEVE SIEVE SIEVE SIEVE COMBINED SDHPT 
StEVE SIZE ANALYSIS 35\ ANALYSIS 20\ ANALYSIS 25\ ANALYSIS 20\ GRADATION SPECIFICATIONS 

Plus 112 in. 0 0 0 0 

1/2 tCI 3/8 ln. 14.5 s.o 0 0 0 0 5.0 0-1!, 

3/8 to No. 4 66.6 21.3 37.0 7.4 3.0 0.8 31.5 21-53 

No. 4 to No. 10 15.7 5.S 61.2 12.3 32.2 8.0 25.7 11-32 

Plus No. 10 62.2 54-74 ~ 
\JI 
0' 

No. 10 to No. 40 1.6 0.6 1.2 0.2 -11.6 10.4 0 0 11.3 6-32 

No. 40 to No. 80 o.o 0.0 0.0 o.o 15.0 1.8 74.0 14.8 18.!, 4-27 

No. 80 to No.200 o.o 0.0 o.o o.o 6.4 1.6 24.9 s.o 6.6 3-27 

Minus No. 200 1.6 0.6 0.6 0.1 1.8 0.5 1.1 0.2 1.4 1-8 

TOTAL 100.0 35.0 100.0 20.0 100.0 25.0 100.0 20.0 100.0 
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TABLE H-2 TEST RESULTS FOR LABORATOR~ MIXTURES (D-21) 
ADDITIVE: CONTROL (NO ADDITIVE) 
ASPHALT CONTENT = 5. 2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSI~, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
========================================----=====--============ 

A 

B 

c 

A1 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DR~ AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.4 
7.0 
7.9 

7.4 

7.3 
7.0 
7.B 

7.4 

7.1 
7.4 
7.5 

DRY AVG** 7. 3 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.8 
7.1 

7.4 

7.7 
6.7 
7.4 

7.3 

DR-:i AVG** 7.3 

WET 
WET 
WET 

6.8 
7.8 
7.3 

139.1 
139.7 
138.3 

139.0 

139.2 
139.7 
138.4 

139.1 

139.4 
139.1 
138.9 

139.1 

139.0 
138.5 
139.4 

139.0 

138.6 
140.0 
139.0 

139.2 

139.1 

139.9 
138.4 
139.2 

86 
89 
73 

83 

17 
23 
20 

20 

98 
89 
91 

93 

26 
31 
22 

26 

21 
23 
17 

20 

93 

33 
19 
22 

~------ ------- -------
WET AVG 7.3 139.1 25 

DRY AVG** 7. 3 139.1 93 

*Let~er :nd~=ares ~~s~ ~ctto~. 

0.24 

0.28 

0.22 

0.27 

u3 :,ry se:v;;J; ·J::.; ~·.,~ :.:_..~ Condition .::c·r t~ethoC. B thro\lgh E. 
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TABLE H-2 (continued) 
============================================================= 
TEST S.AMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSIT'i, STRENGTH, TSR*** 

' PCP PSI 
============================================================= 

E1 1 CYCLE 7.5 138.8 34 
E2 1 CYCLE 7.9 138.2 31 ------- ------- -------

WET AVG 7.7 138.5 33 

DRY AVG** 7.3 139.1 93 
0.35 

E3 3 CYCLES 7.8 138.4 15 
E4 3 CYCLES 7.0 139.6 17 ------- ------- -------

WET AVG 7.4 139.0 16 

DRY 1..VG** 7.3 139.1 93 
0.17 

E 
ES 5 CYCLES 7.7 138.5 21 
E6 5 CYCLES 7.7 138.6 19 ------- ------- -------

WET AVG 7.7 138.6 20 

DRY AVG** 7.3 139.1 93 
0.22 

E7 7 CYCLES 7.1 139.5 17 
E8 7 CYCLES 7.8 138.4 17 ------- ------- -------

WET AVG 7,5 138.9 17 

DRY AVG** 7.3 139.1 93 
0.18 

E9 9 CYCLES 7.7 138.6 10 
E10 9 CYCLES 7.7 138.5 14 ------- ------- -------

WET AVG 7.7 138.6 12 

DRY AVG** 7.3 139.1 93 
0.13 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H-3 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: LIME SLURRY (1.5\ BY WT OF AGGREGATE) 
ASPHALT CONTENT = 5.2 \ 

===========================:================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CGNDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET /DRY \ PCF . PSI 
============================================================ 

A 

A1 
A2. 
A3 

A4 
AS 
A6 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

6.7 
6.9 
6.7 

6.7 

6.8 
7.7 
7.3 

139.5 
139.2 
139.5 

139.4 

139.3 
138.0 
138.5 

78 
72 
79 

76 

89 
74 
75 ------- ------~ -------

B 

c 

D 

B1 
B2 
B3 

B4 
BS 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

WET AVG 

DRY 
DRY 
DRY 

7.3 

7.5 
7.8 
7.5 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.9 
7.7 

7.7 

7.7 
7.1 
8.0 

7.6 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

7.4 
8.0 
7.8 

7.7 

DRY AVG** 7.6 

*Letter indicatPS ~cs: M~thod. 

138.6 

138.2 
137.8 
138.2 

138.1 

138.4 
137.6 
138.0 . 

138.0 

137.9 
138.8 
137.5 

138.1 

138.1 

138.4 
137.4 
137.9 

137.9 

138.1 

79 

77 
71 
70 

73 

82 
76 
74 

77 

74 
81 
72 

76 

73 

86 
72 
75 

78 

73 

l. 04 

1.06 

1.04 

1.07 

"•E <:::r:; se:rv<.:s a.s the :>ry Condition for Method L ~hrough !:.. 
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TABLE H-3 {continued) 
============================================================= 
TEST SMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOillS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

El 1 CYCLE 7.8 137.8 86 
E2 l CYCLE 7.5 138.2 87 ------- ------- -------

WET AVG 7.7 138.0 87 

DRY AVG** 7.6 138.1 73 
1.19 

E3 3 CYCLES 7.9 137.6 74 
E4 3 CYCLES 8.0 137.5 76 ------- ------- -------

WET AVG 8.0 137.6 75 

DRY AVG** 7.6 138.1 73 
1.03 

E 
E5 5 CYCLES 7.6 138.0 70 
E6 5 CYCLES 7.2 138.7 76 ------- ·------ ·------

WET AVG 7.4 138.4 73 

DRY AVG** 7.6 138.1 73 
1.00 

E7 7 CYCLES 7.8 137.8 56 
E8 7 CYCLES 7.5 138.2 58 -----·- ------- -------

WET AVG 7.6 138.0 57 

DRY AVG** 7.6 138.1 73 
0. 79 

E9 9 CYCLES 7.9 137.7 51 
E10 9 CYCLES 7.1 138.9 62 ------- ------- -------

WET AVG 7.5 138.3 57 

DRY AVG** 7.6 138.1 73 
0. 78 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry AVg) 
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TABLE H-4 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: ARR-MAZ (1.0\) 
ASPHALT CONTENT = 5.2 \ 

======================================~~==================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOII>S, I>ENSITY, STRENGTH, TSR * *" 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

I> 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

7.0 
7.0 
7.0 

7.0 

7.3 
6.3 
6.9 

6.9 

7.1 
6.7 
6.6 

DRY AVG** 6.8 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.0 
7.3 
7.2 

7.2 

7.2 
7.4 
7.5 

7.4 

DRY AVG*" 6. 8 

WET 
WET 
WET 

WET AVG 

7.1 
7.1 
7.0 

7.1 

DRY AVG** 6.8 

*Letter lndicates Test Method. 

139.8 
139.8 
139.8 

139.8 

139.3 
140.8 
139.9 

140.0 

139.6 
140.2 
140.4 

140.0 

139.8 
139.4 
139.5 

139.6 

139.5 
139.2 
139.0 

139.2 

140.0 

139.6 
139.6 
139.8 

139.7 

140.0 

78 
79 
83 

80 

34 
50 
41 

42 

79 
78 
83 

80 

36 
39 
40 

38 

34 
30 
30 

31 

80 

43 
42 
47 

44 

80 

0.52 

0.48 

0.39 

o.ss 

**B Dry serves as the Dry condition for Method B through E. 
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TI\BLE H-4 (continued) 
==============================•============================== 
TEST Si\MPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.• C"ic;LES VOIDS, DENSIT"i', STRENGTH, TSR•** 

\ PCF PSI 
===================--=======•====a•========================== 

El 1 C"iCLE 7.4 139.2 48 
E2 1 CYCLE 6.6 140.4 53 ------- ~------ -------

WET AVG i.O 139.8 50 

DRY AVG** 6.8 140.0 80 
0.63 

E3 3 CYCLES 6.5 140.6 42 
E4 3 CYCLES 6.7 140.3 38 ------- ------- -------

WET AVG 6.6 140.4 40 

DRY AVG** 6.8 140.0 80 
o.so 

E 
ES 5 CYCLES 7.1 139.7 37 
E6 s CYCLES 6.9 139.9 43 ------- ------- -------

WET AVG 7.0 139.8 40 

DRY AVG** 6.B 140.0 80 
o.so 

E7 7 CYCLES 7.2 139.5 33 
E8 i CYCLES 6.8 140.1 35 

------- ------- -------
WET 'AVG 7.0 139.8 34 

DRY AVG** 6.8 140.0 80 
0.42 

E9 9 CYCLES 6.7 140.2 39 
E10 9 CYCLES 7.0 1'39.8 26 ------- ------- -------

WET AVG 6.9 140.0 '33 

DRY AVG** 6.8 140.0 80 
0.41 

*•*TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/'l'ensile Strength (Dry Avg) 
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TABLE H-5 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: AQUA-SHIELD II (0.41\) 
ASPHALT CONTENT = S. 2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

A1 
A2 
A3 

A4 
AS 
A6 

Bl 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DRY 

6.8 
6.7 
7.3 

6.9 

6.2 
7.0 
7.3 

6.8 

7.3 
7.9 
7.6 

DRY AVG** 7. 6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.8 
7.1 
7.3 

7.1 

7.4 
7.5 
7.2 

7.4 

DRY AVG"* 7. 6 

WET 
WET 
WET 

7.4 
7.1 
6.7 

WET AVG 7.1 

DRY AVG** 7.6 

•tetter indicates Test Method. 

138.8 
139.0 
138.1 

138.7 

139.7 
138.6 
138.0 

138.8 

138.1 
137.2 
137.6 

137.7 

138.8 
138.3 
138.0 

138.4 

137.9 
137.7 
138.2 

137.9 

137.7 

137.9 
138.4 
139.0 

138.4 

137.7 

80 
83 
77 

80 

62 
60 
52 

58 

76 
82 
74 

77 

60 
59 
58 

59 

42 
38 
45 

42 

77 

54 
54 
64 

57 

77 

o. 73 

0.76 

0.54 

0.74 

**E Dry serves as the Dry Condition for Method B through E. 
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TABLE H-5 tcontinu.ecl) 
============================================================= 
TEST S~PLE NO. OF AIR S~LE TENSILE 
M!THOD NO.* q'CLES VOIDS, DENSITY, STRENGTH, TSR*** 

' PCF PSI 
================:============================================ 

El 1 CYCLE 7.4 138.0 60 
E2 1 CYCLE 7.4 138.0 52 ------- ------- -------

WE'l' AVG 7.4 138.0 56 

DRY AVG"* 7.6 137.7 77 
0. 73 

E3 3 CYCLES 7.6 137.6 42 
E4 3 CYCLES 7.3 138.1 52 ------- ------- -------

WET AVG 7.5 137.8 47 

DRY AVG** 7.6 137.7 77 
0.61 

E 
ES 5 CYCLES 7.4 138.0 48 
E6 5 CYCLES 7.4 137.9 44 ------- ------- -------

WET AVG 7.4 138.0 46 

DRY AVG** 7.6 137.7 77 
0.60 

E7 7 CYCLES 7.4 l'37. 9 42 
E8 7 CYCLES 7.1 138.4 42 

------- ------- -------
WET AVG 7.3 138.1 42 

DRY AVG** 7.6 137.7 77 
0.54 

E9 9 CYCLES 7.3 138.0 40 
ElO 9 CYCLES 7.5 137.8 35 ------- ------- -------

'WET AVG 7.4 137.9 38 

DRY AVG** 7.6 13,.7 77 
0.49 

***TSR = Tensile Strength Ratio = Tensile Strength(Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H-6 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: DOW CHEMICAL (0.5\) 
ASPHALT CONTENT = 5. 2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
ME'rHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR-** 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
B5 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY' 
DRY' 
DRY' 

DRY' AVG 

WET 
WET 
WET 

WET AVG 

DRY' 
DRY 
DRY 

6.7 
7.5 
7.1 

7.1 

6.7 
6.9 
6.9 

6.8 

6.8 
6.9 
7.1 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

6.8 
7.1 
7.3 

7.1 

7.3 
6.5 
6.9 

6.9 

DRY AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

7.3 
7.2 
7.3 

7.3 

DRY AVG** 7.0 

*Letter indicates Test Method. 

139.8 
138.6 
139.2 

139.2 

139.8 
139.6 
139.6 

139.7 

139.7 
139.5 
139.2 

139.5 

139.7 
139.2 
139.0 

139.3 

138.9 
140.2 
139.5 

139.5 

139.5 

139.0 
139.1 
138.9 

139.0 

139.5 

92 
91 
82 

88 

33 
30 
31 

31 

99 
97 
84 

94 

42 
33 
29 

35 

28 
29 
28 

28 

94 

39 
37 
29 

35 

94 

0.35 

0.37 

0.30 

0.37 

**9 Dry serves as the Dry condition for Method B through E. 
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TABLE H-6 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

' PCP PSI 
=========================----================================ 

E1 l CYCLE 7.0 139.4 47 
E2 1 CYCLE 7.1 139.3 4S ------- --.. --..... -------

'WET AVG 7.0 139.4 46 

DRY AVG** 7.0 l39.S 94 
0.49 

E3 3 CYCLES 7.1 139.2 23 
E4 3 CYCLES 7.3 139.0 2S ·-------

___ ,.. ___ -------
'WET AVG 7.2 139.1 24 

DRY AVG 11 * 7.0 139.5 94 
0.26 

E 
E5 5 CYCLES 7.4 138.8 26 
E6 s CYCLES 7.1 139.2 2S ------- ------- -------

WET AVG 7.2 139.0 25 

DRY AVG** 7.0 139.5 94 
0.27 

E7 7 CYCLES 7.3 138.9 21 
E8 7 CYCLES 7.3 138.9 22 ------- ------- -------

WET AVG 7.3 138.9 21 

DRY AVG'-* 7.0 139.S 94 
0.23 

E9 9 CYCLES 7.1 139.3 18 
E10 9 CYCLES 7.0 139.4 19 ------- ------- -------

'WET AVG 7.0 139.3 18 

DRY AVG** 7.0 139.5 94 
0.19 

***TSR = Tensile Strength Ratio = Tensile Strenqth(Wet Avq)/Tensile Strength (Dry Avq) 
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TABLE H-7 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: FINA-B (0.41\} 
ASPHALT CONTENT = 5.2 \ 

===================================================:======== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSITY, STRENGTH, TSR•*• 

WET/DRY \ PCF PSI 
============================================================ 

A 

B 

c 

D 

A1 
A2 
A3 

A4 
AS 
A6 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

WET AVG 

DRY 
DRY 
DR"i 

DRY AVG** 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.0 
7.0 

7.1 

7.2 
6.8 
6.5 

6.8 

7.1 
6.9 
6.4 

6.8 

6.8 
7.4 
6.7 

7.0 

7.5 
7.1 
7.1 

7.2 

DR"i AVG** 6. 8 

WET 
WET 
WET 

WET AVG 

7.0 
7.0 
6.9 

7.0 

DRY AVG** 6. 8 

*Letter indicates Test Method. 

139.3 
140.0 
139.9 

139.7 

139.6 
140.3 
140.7 

140.2 

139.7 
140.1 
140.8 

140.2 

140.3 
139.3 
140.3 

140.0 

139.2 
139.7 
139.7 

139.6 

140.2 

140.0 
140.0 
140.0 

140.0 

140.2 

91 
91 
92 

91 

38 
42 
42 

41 

82 
84 
90 

85 

77 
69 
80 

75 

47 
so 
53 

50 

85 

70 
64 
65 

66 

85 

0.45 

0.88 

0.59 

0. 78 

u5 D:-y serves as the D::y Condition for Method B through E. 
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TABLE H-7 (continued) 
============================================================= 
'l'!ST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSITY I STRENGTH, TSR*** 

\ PCP' PSI 
================a=============•============================== 

!1 l CYCLE 7.1 139.7 69 
!2 1 CYCLE 6.9 140.1 69 

------- ------- -------
WET AVG 7.0 139.9 69 

DRY AVG** 6.8 140.2 85 
0.81 

.E3 3 CYCLES 6.9 140.0 57 
E4 3 CYCLES 6.6 140.6 69 ------- ------- -------

WET AVG 6.7 140.3 63 

DRY AVG** 6.8 140.2 85 
0. 74 

E 
ES 5 CYCLES 7.2 139.6 55 
E6 5 CYCLES 7.2 139.7 59 ------- ------- -------

WET AVG 7.2 139.7 57 

DRY AVG•• 6.B 140.2 85 
0.67 

E7 7 CYCLES 6.9 140.1 55 
E8 7 CYCLES 6.9 140.0 51 ------- ------- -------

WET AVG 6.9 140.1 53 

DRY AVG** 6.8 140.2 85 
0.62 

E9 9 CYCLES 7.3 139.5 47 
E10 9 CYCLES 7.2 139.6 so ------- ------- -------

WE'I' AVG 7.3 139.5 48 

DRY AVG** 6.8 140.2 85 
0.56 

•••TSR = Tens1le Strength Ratio 
= Tensile Strength(Wet Avg)/'I'ensile Strength (Dry Avg) 
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TABLE H-8 TEST RESULTS FOR LABORATORY MIXTURES (D-21) 
ADDITIVE: PAVEBOND LP (1\) 
ASPHALT CONTENT = 5 • 2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY', STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

A 

Al 
A2 
A3 

A4 
AS 
A6 

DRY 
DR'Y 
DR'Y 

DR'Y AVG 

WET 
WET 
WET 

6.8 
7.0 
7.1 

7.0 

7.3 
7.2 
7.6 

139.2 
138.7 
138.6 

138.9 

138.4 
138.6 
137.9 

82 
81 
82 

82 

45 
42 
39 ------- -------· -------

B 

c 

D 

Bl 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

WET AVG 

DR'Y 
DRY 
DRY 

7.4 

7.0 
7.0 
7.3 

DRY AVG** 7.1 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.6 
6.9 
7.4 

7.3 

7.3 
6.7 
7.2 

7.1 

DRY AVG** 7.1 

WET 
WET 
WET 

WET AVG 

7.4 
7.2 
7.2 

7.2 

DRY AVG** 7.1 

*Letter indicates Test Meth~d. 

138.3 

138.8 
138.8 
138.4 

138.7 

137.9 
138.9 
138.2 

138.3 

138.4 
139.2 
138.6 

138.7 

138.7 

138.3 
138.6 
138.6 

138.5 

138.7 

42 

88 
84 
83 

85 

52 
46 
41 

46 

49 
48 
37 

45 

85 

54 
49 
45 

49 

85 

0.51 

0.55 

0.53 

o.S8 

~·B Dry serves as the Dry Condition for Method B through E. 
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TABLE H-8 (continued) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO. * C'lCLES VOIDS, DENSITY, STRENGTH, TSR*** 

\ PCF PSI 
============================================================= 

E1 1 CYCLE 7.0 138.8 50 
E2 1 C'lCLE 7.1 138.7 56 ·------ ------- -------

WET '/..VG 7.1 138.7 53 

DRY AVG** 7.1 138.7 85 
0.63 

E3 3 CYCLES 7.2 138.5 40 
E4 3 CYCLES 6.8 139.2 40 ------- ------- -------

WET AVG 7.0 138.8 40 

DRY AVG** 7.1 138.7 85 
0.47 

E 
E5 5 CYCLES 7.0 138.8 48 
E6 5 CYCLES 6.7 139.3 42 ------- ------- -------

WET AVG 6.8 139.1 45 

DRY 'AVG** 7.1 138.7 85 
0.53 

E7 7 CYCLES 7.1 138.6 38 
E8 7 CYCLES 6.9 139.0 38 ------- ------- -------

WET 'AVG 7.0 138.8 38 

DRY AVG** 7.1 138.7 as 
0.45 

E9 9 CYCLES 6.7 139.2 41 
ElO 9 CYCLES 6.8 139.1 37 ------- ___ ., ___ -------

WET 'AVG 6.8 139.1 39 

DRY 'AVG** 7.1 138.7 85 
0.46 

***TSR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg}/Tensile Strength (Dry 'Avg} 
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TABLE H-9 TEST RESULTS FOR LABORATORY MIXTURES tD-21) 
ADDITIVE: PERMA-TAC ( 1\) 
~SPHALT CONTENT = 5.2 \ 

================•==============================•=:========== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

A1 
~2 
A3 

A4 
AS 
A6 

DRY 
DRY 
DRY 

DRY AVG 

WET 
WET 
WET 

6.6 
6.7 
7.0 

6.7 

6.7 
6.7 
6.6 

140.1 
140.0 
139.6 

139.9 

139.9 
140.0 
140.2 

84 
81 
89 

85 

35 
40 
45 ------- ------- . -------

B 

c 

D 

B1 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

WET AVG 

DRY 
DRY 
DRY 

6.7 

6.8 
6.8 
7.3 

DRY AVG** 7.0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.3 
6.3 

7.0 

7.4 
6.9 
7.0 

7.1 

DRY AVG*" 7.0 

WET 
WET 
WET 

WET AVG 

6.9 
6.7 
6.7 

6.8 

DRY AVG** 7. 0 

*Letter indicates Test Method. 

140.0 

139.9 
139.8 
139.0 

139.5 

139.0 
139.1 
140.6 

139.6 

138.9 
139.6 
139.5 

139.3 

139.5 

139.7 
139.9 
139.9 

1:3'9.8 

139.5 

40 

86 
91 
84 

87 

41 
42 
54 

46 

29 
38 
34 

34 

87 

42 
38 
49 

43 

87 

0.47 

0.52 

0.39 

0.49 

**B Dry serves as the Dry Condition for Me~hod B through E. 
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TABLE H-9 (continuea) 
============================================================= 
TEST SAMPLE NO. OF AIR SAMPLE TENSILE 
METHOD NO.* CYCLES VOIDS, DENSITY, STRENGTH, TSR*** 

' PCF PSI 
======================--=--==================================== 

E1 l CYCLE 6.6 140.1 54 
E2 1 CYCLE 6.8 139.9 57 ------- ------- -------

WET AVG 6.7 140.0 56 

DRY AVG** 7.0 139.5 87 
0.64 

£3 3 CYCLES 6.1 140.9 38 
E4 3 CYCLES 6.9 139.7 37 -·----- ------- -------

WET AVG 6.5 140.3 37 

DRY AVG** 7.0 139.5 87 
0.43 

E 
E5 5 CYCLES 6.7 139.9 36 
E6 5 CYCLES 6.8 139.7 34 ------- ------- -------

WE'l' AVG 6.8 139.8 35 

DRY AVG** 7.0 139.5 87 
0.40 

E7 7 CYCLES 7.1 139.4 31 
E8 7 CYCLES 6.8 139.8 29 ------- ------· -------

WET AVG 7.0 139.6 30 

DRY AVG** 7.0 139.5 87 
0.35 

E9 9 CYCLES 6.9 139.7 30 
E10 9 CYCLES 6.7 140.0 32 ------- ------- -------

WET AVG 6.8 139.8 3l 

DRY AVGU 7.0 139.5 87 
0 . .36 

***'l'SR = Tensile Strength Ratio 
= Tensile Strength(Wet Avg)/Tensile Strength (Dry Avq) 
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~ABLE H-10 TES~ RESULTS FOR PLANT MIXTURES (D-21) 
ADDITIVE: CON'I'ROL (NO ADDITIVE) 
ASPHALT CON'l'EN'I' = 5.2 ' ==========================--================================= 

~EST SAMPLE TES~ AIR SAMPLE TENSILE 
METHOD NO. * CONDI~ION, VOIDS, D!NSIT:i, STRENGTH, ~SR*** 

WE'l'/DR'l ' PCF PSI 
==========--================================================= 

B1 DRY 7.1 137.6 97 
B2 DRY 7.0 137.8 96 
B3 DRY 7.0 137.8 102 ------- ------- -------

DRY AVG** '7.0 137.8 98 
B 

B4 WET 6.6 138.4 24 
B5 WET 7.1 137.5 23 
B6 WET 6.'7 138.1 22 ------- ------- -------

WET AVG 6.8 138.0 23 
0.23 

C1 WET 7.0 137.7 33 
C2 WET 6.6 138.3 23 
CJ WET 7.2 137.4 26 ------- ------- -------

WET AVG 7.0 137.8 27 
c 

DRY AVG** 7.0 137.8 98 
0.28 

D1 WET 6.8 138.0 28 
D2 WET 6.9 137.8 23 
D3 WET 6.7 138.2 26 ------- -----·- -------

WET AVG 6.8 138.0 26 
D 

DRY AVG** 7.0 137.8 98 
0.26 

*Letter indicates Test Method. 
**B Dry serves as the Dry condition for Method B through D. 

***TSR = ~ensile Strength Ratio = ~ensile Strength (Wet Avg)/~ensile Strength (Dry Avg) 
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TABLE H-11 TEST RESULTS FOR PLANT MIXTURES (D·21) 
.ADDITIVE: LIM! SLURRY ( 1. 5\ BY 'WT OF AGGREGA'l"!) 
ASPHALT CONTENT = 5 • 2 \ 

================================s=========================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY ' PC!' PSI 
============================================================ 

B1 DRY 7.9 137.9 105 
B2 DRY 7.8 138.1 112 
B3 DRY 8.0 137.8 105 ----·-- ------- -------

DRY AVG** 7.9 138.0 107 
B 

B4 WET 7.9 138.0 18 
BS WET 7.9 137 .~9 18 
B6 WET 7.8 138.0 18 ------- ------- -------

WET AVG 7.9 138.0 18 
0.17 

Cl WET 7.7 138.2 23 
C2 WET 8.0 137.8 18 
C3 WET 7.8 138.0 20 ------- ------- -·-----

WET AVG 7.9 138.0 20 
c 

DRY AVGU 7.9 138.0 107 
0.19 

D1 WET 7.5 138.5 19 
D2 WET 7.8 138.0 22 
D3 WET 7.7 138.2 20 ------- ------- -------

WET AVG 7.7 138.2 20 
D 

DRY AVG** 7.9 138.0 107 
0.19 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio = Tensile Strength (Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H-12 TEST RESULTS FOR PLANT MIXTURES (D-21) 
ADDITIVE: ARR-MAZ t 1. 0\) 
ASPHALT CONTENT= 5.2 \ 

================•========--================================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. • CONDITION, VOIDS, DENSI'n, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
========================--=================================== 

B 

c 

D 

81 
B2 
B3 

84 
B5 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

7.6 
7.4 
7.7 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.5 
7.4 
7.6 

7.5 

7.3 
7.2 
7.3 

7.3 

DRY AVG** 7. 6 

WET 
WET 
WET 

WET AVG 

7.4 
7.4 
7.1 

7.3 

DRY AVG** 7. 6 

*Letter indicates Test Method. 

137.9 
138.2 
137.9 

138.0 

138.1 
138.3 
138.0 

138.1 

138.5 
138.6 
138.4 

138.5 

138.0 

138.2 
138.2 
138.7 

138.4 

138.0 

95 
92 
96 

94 

37 
39 
35 

37 

39 
40 
38 

39 

94 

38 
41 
33 

37 

94 

0.39 

0.41 

0.40 

**B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio 

= Tensile Strength (Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H-13 TEST RESULTS FOR PLANT MIXTURES (D-21) 
ADDITIVE: AOUASHIELD II (0.41\) 
ASPHALT CONTENT = 5.2 \ 

================================s=========================== 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
===================================~-======================= 

B 

c 

D 

B1 
B2 
B3 

B4 
B5 
B6 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

7.7 
7.5 
7.6 

DRY AVG** 7.6 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.6 
7.7 
7.6 

7.6 

7.8 
7.7 
7.5 

7.7 

DRY AVG** 7. 6 

WET 
WET 
WET 

WET AVG 

7.2 
7.6 
7.7 

7.5 

DRY AVG** 7. 6 

*Letter indicates Test Method. 

137.3 
137.6 
137.4 

137.4 

137.4 
137.2 
137.4 

137.3 

137.2 
137.2 
137.5 

137.3 

137.4 

137.9 
137.5 
137.3 

137.6 

137.4 

89 
85 
90 

88 

42 
41 
42 

42 

47 
46 
46 

46 

88 

47 
43 
43 

44 

88 

0.47 

0.53 

0.50 

**B Dry serves as _the Dry condition fer Method B through D. 
***TSR = Tensile Strength Ratio 

= Tensile Strength (Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H-14 TEST RESULTS FOR PLANT MIXTURES (D-21) 
ADDITIVE: DOW CHEMICAL ( 0. S\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
ME'l'HOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
============================================================ 

B 

c 

D 

B1 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

Dl 
D2 
D3 

DRY 
DRY 
DRY 

7.3 
7.1 
7.1 

DRY 'AVG** 7. 2 

WET 
WET 
WET 

WET 'AVG 

WET 
WET 
WET 

WET 'AVG 

7.2 
7.2 
7.2 

7.2 

6.9 
7.1 
7.0 

7.0 

DRY 'AVG** 7.2 

WET 
WET 
WET 

WET AVG 

7.5 
7.3 
7.2 

7.3 

DRY 'AVG** 7.2 

·*Letter indicates Test Method. 

140.3 
140.5 
140.5 

140.4 

140.4 
140.5 
140.4 

140.4 

140.8 
140.6 
140.7 

140.7 

140.4 

140.0 
140.2 
140.4 

140.2 

140.4 

120 
124 
126 

123 

40 
34 
36 

37 

40 
33 
37 

37 

123 

38 
38 
33 

36 

123 

0.30 

0.30 

0.29 

**B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength (Wet 'Avg)/Tensile Strength (Dry 'Avg) 
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TABLE H-15 TEST RESULTS FOR PLANT MIXTURES ID-21) 
~DDITIVE: PINA-B (0.41\) 
ASPHALT CONTENT : 5.2 \ 

====================================c======================= 
TEST S~PLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, TSR*** 

WET/DRY \ PCF PSI 
===================================================::======= 

B 

c 

Bl 
B2 
B3 

B4 
BS 
B6 

Cl 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

6.9 
7.1 
7.1 

DR'I AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET ~VG 

6.9 
7.1 
7.2 

7.1 

7.2 
7.2 
"7 .l 

7.2 

DRY AVG** 7.0 

WET 
WET 
WET 

6.9 
7.3 
6.9 

WET AVG 1.1 

DRY AVG * * 7. 0 

*Letter indicates Test Metnod. 

138.0 
137.7 
137.7 

137.8 

137.9 
137.6 
137.6 

137.7 

137.6 
137.5 
137.7 

137.6 

137.8 

137.9 
137.4 
137.9 

137.1 

137.8 

88 
91 
89 

89 

53 
51 
45 

50 

59 
59 
57 

58 

89 

54 
so 
46 

50 

89 

0.56 

0.65 

0.56 

**B Dry serves as tne Dry Condition for Metno4 B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength (Wet Avg)/Tensile Strength lDry Avg) 
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/ 

TABLE H-16 TEST RESULTS FOR PLANT MIXTURES (D-21) 
ADDITIVE: PAVEBOND LP (1\) 
ASPHALT CONTENT= 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION I VOIDS I DENSITY I STRENGTH I TSR ** * 

WET/DRY \ PCF PSI 
====•======================================================= 

B 

c 

D 

Bl 
B2 
B3 

B4 
BS 

.BG 

C1 
C2 
C3 

D1 
D2 
D3 

DRY 
DRY 
DRY 

7.1 
6.8 
7.2 

DRY AVG** 7. 0 

WET 
WET 
WET 

WET AVG 

WET 
WET 
WET 

WET AVG 

7.4 
7.3 
7.3 

7.3 

7.5 
7.0 
7.2 

7.2 

DRY AVG** 7.0 

WET 
WET 
WET 

WET '/..VG 

7.1 
7.1 
7.2 

7.1 

DRY AVG** 7.0 

*Letter indicates Test Method. 

139.2 
139.8 
139.2 

139.4 

138.9 
139.0 
139.1 

139.0 

138.7 
139.4 
139.2 

139.1 

139.4 

139.2 
139.4 
139.2 

139.3 

139.4 

110 
105 
115 

110 

59 
54 
55 

56 

69 
63 
62 

65 

'!.10 

57 
55 
55 

56 

110 

0.51 

0.59 

0.51 

**B Dry serves as the Dry Condition for Method B through D. 
***TSR = Tensile Strength Ratio = Tensile Strength (Wet Avg)/Tensile Strength (Dry Avg) 



480 

TABLE H-17 TEST RESULTS FOR PLANT MIXTURES (D-21} 
ADDITIVE: PERMA•TAC (1\) 
ASPHALT CONTENT = 5.2 \ 

============================================================ 
TEST SAMPLE TEST AIR SAMPLE TENSILE 
METHOD NO. * CONDITION, VOIDS, DENSITY, STRENGTH, 'l'SR*** 

WET/DRY ' PCF PSI 
=======•==================================================== 

B1 '.DRY 7.3 138.9 106 
B2 DRY 7.3 138.8 106 
B3 DRY 7.1 139.2 122 ------- ------- -------

DRY AVG** 7.2 139.0 111 

B4 WET 6.9 139.5 47 
BS WET 7.3 138.9 45 
B6 WET 7.3 138.9 48 ------- ------- -------

WET AVG 7.2 139.1 47 
0.42 

Cl WET 7.2 139.0 51 
C2 WET 7.5 138.6 47 
C3 WET 7.2 139.0 66 ·------ ------- -------

WET AVG 7.3 138.9 55 
c 

DRY' AVG** 7.2 139.0 111 
0.49 

Dl WET 7.1 139.2 48 
D2 WET 7.1 139.1 49 
D3 WET 7.0 139.4 50 .------- ------- -------

WET AVG 7.1 139.3 49 

DR:t AVG** 7.2 139.0 lll 
0.44 

*Letter indicates Test Method. 
**B Dry serves as the Dry Condition for Method B through D. 

***TSR = Tensile Strength Ratio 
= Tensile Strength (Wet Avg)/Tensile Strength (Dry Avg) 
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TABLE H·l8 T&ST USULTS !'OR Fl ELD COR!S 
DlS'l'RIC'I' 2l 
ASPHALT CONTENT :: 5. 2 \ 

========================================·===·~=·=======-==2==== 
't'YPE TEST SAA.PLE WET AIR SAMPLE TENSILE 

OF SECTION NO. OR VOIDS, DENSin', STRENGTH, TSR• 
ADDITIVE DRY ' PCF PSI 
===·===·==·-==·==·-==·================·-====··-=====aa=a==--=== 

lA DRY 7.8 136.5 64 
1B WET 7.8 136.6 34 

LOW 0.53 
AIR 2A WET 8.0 136.3 31 

VOIDS 2B DRY 7.9 136.4 63 
SEC'!'ION o.so 

3A DRY 9.5 134.0 48 
3B WET 8.8 135.1 31 

0.65 -------- ----·--
NO (AVG VO!DS) 8.3 (1\VG TSR) 0.56 

i\DDITIVE 
(CONTROL) 4A WET 9.5 134.0 23 

4B DRY 9.8 133.6 49 
HIGH 0.47 
AIR SA DRY 10.4 132.7 42 

VOIDS SB WET 9.6 133.9 26 
SECTION 0,6, 

6A WET 9.5 134.0 19 
6B DRY 9.5 134.1 40 

0.48 -------- -------
(AVG VOIDS) 9.7 IAVG TSR) 0.53 

71-. DRY 11.0 133.2 35 
7:6 WET ll.2 133.1 22 

LOW 0.62 
AIR SA WET 10.2 134.4 40 

VOIDS BB DRY 10.7 133.8 39 
SEC'I'ION 1.02 

9A DRY 11.3 132.9 43 
9B WET 10.9 133.4 28 

0.66 ----·--- -------
(AVG VOIDS) 10.9 (AVG TSIO 0.77 

LIME 
SLURRY lOA WET u.o 126.8 38 

lOB DRY 13.0 130.3 26 
HIGH 1.41 
AIR 12A DRY 11.3 132.9 37 

VOIDS l2B WET ll. 5 132.5 37 
SECTION 0.99 

13A WET 10.6 133.8 50 
l3B DRY 10.8 133.6 43 

1.16 -------- ----·--
(AVG VOIDS) 11.9 (AVG TSRl 1.21 

14A DRY 7.7 137.8 51 
l4B WET 7.3 138.4 40 

0.79 
15A WE'.!' 8.7 136. ~ :39 
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TABLE H-18 (Continued) 
==========•--=~•••2==••====••==•=--====•=-•za=-=====•===•===== 

'riPE TEST SAMPLE WET AIR SAMPLE TENSILE 
or SECTION NO. OR VOIDS, DENSITY, STRENGTH, TSR* 

ADDITIVE DR'l \ PCF PSI 
a=••==•===-=••=•-=~=•==-=a===assa:=====--=====•=ac============ 

t.c1tl 15B DR't 8.3 136.9 56 
AIR 0.70 

VOIDS 16A DR'l 8.7 136.3 49 
SECTION 16B WE'l' 8.3 137.0 44 

0.91 -----· .. - ·------
(AVG VOIDS) 8.2 (AVG TSR) 0.80 

Alm-MAZ 
l7A WET 12.0 131.4 24 
17B DR'l 12.2 131.1 32 

0.75 
lBA DR'l ll. 2 132.6 40 
18B WET 10.5 133.6. 32 

HIGH 0.79 
AIR 19A WET 7.6 138.0 36 

VOIDS 19B DR'l 7.5 138.2 45 
SECTION o.ao 

20A DR'l 9.2 135.5 48 
20B WET 9.3 135.4 31 

0.64 
21A WET 12.0 131.4 26 
21B DR'i 12.9 130.1 38 

0.69 -------· -------
(AVG VOIDS) 10.4 tAVG '!'SRl o. 73 

22A DR'i 6.4 139.2 64 
22B WE'1' 6.4 139.2 59 

LOW 0.92 
AIR 23A WET 6.7 138.7 35 

VOIDS 23B DR'l 6.4 139.2 71 
SECTION 0.49 

24A DR'l 7.2 138.0 64 
24B WET 7.1 138.1 50 

o. 78 ---.----- -------
AQUA- (AVG VOIDS) 6.7 (AVG TSR) 0.73 

SHIELD 
!l 2SA WET 8.3 136.) !)a 

25B OR'l 8.3 136.3 S3 
HIGH 1.09 
AIR 26A DR'l 7.9 136.9 55 

VOIDS 26B WE'1' 7.8 137.0 49 
SECTION 0.88 

27A WET 7.6 137.4 51 
27B DR'l 7.5 137.6 58 

0.87 -------- ·------
(JWG VOIDSl 7.9 tAVG TSR) 0.95 

lsA DR'l 9.3 137.3 58 
28B WE'l' 9.0 137.7 45 

0.78 
29A WtT 7.8 139.5 40 
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TABLE H-18 (Continued) 
==============•-====================···-=·=====~·····=···====== 

TYPE TEST SAMPLE WET AIR SAMPLE '!'ENSILE 
OF SEC'l'ION NO. OR VOIDS, DENSITY, STRENGTH, TSR• 

ADDITIVE DRY \ PCF PSI 
====·===============~======,===========·=·====-=-···=--==-··==-

LOW '298 DRY 1.9 139.4 61 
AIR 0.59 

VOIDS lOA DRY 9.4 137.1 52 
SECTION 308 WET 9.3 137.3 25 

0.48 -------- -------
(AVG VOIDS) 8.8 (AVG TSR) 0.62 

DOW Mn'l-
STRIP 3lA WET 10.5 135.5 28 

31B DRY 10.7 135.1 53 
HIGH 0.54 
AIR 32A DRY 12.1 133.0 44 

VOIDS 32B WET 11. a 133.5 29 
SECTION 0.66 

33A WET .:.3.8 130.4 15 
338 DRY 13.1 131.5 40 

0.39 -------- -------
(AVG VOIDS) 12.0 !AVG TSR) 0.53 

34A DRY 6.'7 138.2 63 
J4B WET 6.9 138.0 50 

LOW 0.80 
AIR 35A WET 7.7 136.8 36 

VOIDS 358 DRY 7.5 137.1 53 
SECTION 0.69 

36A DRY 6.9 137.9 57 
36B WET 6.9 137.9 45 

0.78 -------- -------
(AVG VOIDS) 7.1 (AVG TSR) 0.76 

FINA-B 
37A WET 7.2 13'7.6 48 
37B DRY 1.5 137.1 57 

HIGH 0.84 
AIR 38A DRY 10.1 133.3 44 

VOIOS 3SB WET 9.7 133.9 33 
SECTION o. 74 

39A WET 7.5 137.0 48 
39B DRY 5.3 140.4 72 

0.6'7 -------- -------
[AVG VOIDS) 7.9 (AVG TSR) 0.75 

40A DRY 9.2 136.2 53 
40B WET 9.0 136.4 53 

!.OW 1.00 
AIR 41A WET 9.7 135.3 27 

VOIDS 41B DRY 9.6 135.6 45 
SECTION 0.61 

42A DRY 8.4 137.3 53 
42B WET 8.6 137.1 41 

0.78 
-------- -------
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TABLE H-18 (Continue4) 
=•=•ae••••=•=====••••====---•-=••aca•=~=•-==•••••========•====• 

T'lPE TEST SAMPLE W!T AIR SAMPLE TENSILE 
or SECTION NO. OR VOIDS, DENSITY# STRENGTH, TSR* 

AD1>I'l'IVE 1>RY \ PCF PSI 
·=-=·=·=--=·=--·-==··==-=··=====--=====-··===•===~=·=========== 

(AVG VOI1>S) 9.1 (AVG TSR) 0.80 
PAVEBONO 

LP 43A WET 12.9 llo.s 22 
43B DRY 13.6 129.6 46 

HIGH 0.48 
AIR 44A DRY 12.3 131.4 34 

VOIDS 44B WE'T 13.1 130.4 2S 
SECTION o. 74 

4SA WET 9.8 135.3 38 
4SB DRY 9.9 135.1 40 

0.97 -------- -------
(AVG VOIDS) 11.9 (AVG TSR) o. 73 

46A DR'i 8.9 136.4 53 
46B WET 9.0 136.4 S1 

LOW 0.97 
AIR ~7A WET 9.6 13S.S 47 

VOIDS 47B DR'i 9.5 135.6 47 
SECTION 1.00 

48A DR'i 8.3 137.4 47 
48B WE'l' 7.9 138.0 47 

1.01 -·------ -------
IAVG VO!DS) 8.9 (AVG TSR) 0.99 

PERMA•'l'AC 
dA WET ll.7 132.3 25 
49B DR'i 12.3 131.4 32 

HIGH c. 78 
AIR SOA DRY 13.3 129.9 39 

VOIDS SOB WET 12.8 130.6 21 
SECTION 0.54 

51A WET 12.2 131.5 26 
S1B DRY 12.7 130.8 36 

0.72 -------- -------(AVG VOIDS) 12.5 (AVG '!'SR) 0.68 

*'l'SR = Tensile strength Ratio 
• Tensile Strength (Wet)/Tensile Strength (Dry) 
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TABLE H-19 BOILING TEST RESULTS 
DISTRICT 21 

~================================================================ 
TYPE TYPE ASPHALT RETAINED AFTER BOILING, \ 
OF OF 
MIXTURE ADDITIVE RATING 1 RATING 2 AVG 
================================================================== 

NO ADDITIVE 30 45 37.5 
LIME 77 85 81.0 
ARR-MAZ 60 so 55.0 

LABORATORY AQUASHIELD II 80 75 77.5 
DOW 60 55 57.5 
FINA-B 85 75 80.0 
PAVEBOND LP 60 70 65.0 
PERMA .. TAC 50 60 55.0 

NO ADDITIVE 20 30 25.0 
LIME 35 40 37.5 
ARR-MAZ 55 60 57.5 

PLANT AQUASHIELD II 65 70 67.5 
DOW 55 so 52.5 
FINA-B 70 80 75.0 
PAVEBOND LP 65 70 67.5 
PERMA-TAC 62 60 61.0 

NO ADDITIVE 20 30 25.0 
LIME 50 40 45.0 
ARR-MAZ so so 50.0 

r·IELD CORE AQUASHIELD II 65 70 67.5 
DOW 50 45 47.5 
FINA•B 60 70 65.0 
PAVEBOND LP 65 60 62.5 
PERMA-TAC 60 60 60.0 
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APPENDIX I 
DETAILED STATISTICAL ANALYSIS 

A statistical method was utilized to evaluate the 

effectiveness of selected liquid additives and hydrated 

lime. The approach was to use the tensile strength ratios 

(TSR) and the boiling test results to do the statistical 

comparisons. The detailed description of the statistical 

analysis and the comparisons utilized in the evaluation are 

presented in this appendix. 

EVALUATION OF EFFECTIVENESS USING TENSILE STRENGTH RATIOS 

The tensile strength ratio (TSR) is defined as: 

Average Wet Tensile Strength TSR = ~~~-~~~~~~~~~~-~ 
Average Dry Tensile Strength 

-
= J_ = -X 

Where, - wet tensile strength, y = average 

= Yi/n 
-X = average dry tensile strength, 

= Xi/n 

n = sample size 

= nwnber of specimens 

r = TSR = tensile strength ratio 

X, y uncorrelated 

497 
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Based on this definition, in large samples the 

estimated standard error {s) of the tensile strength ratio 

tr) is approximately 

s{r} = l 
n 2 
.t (Yi. rXi) 

n (n·l) -X 

Mathematical Derivation of Equation (I.2) 

The tensile strength ratio (r) is to estimate the 

population mean (p) of the ratios ~Y 
~x' 

Where, ~ = population mean of the sample y 

~x = population mean of the sample x 

s - J.L o, r • p = -4- . .!:.L 
x J.lx 

(I.2) 
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=~ ey eg 
- Jl X (JJ. y • JJ. X ) 

:, r- p:: Jx (ey. p ex) (I. 3) 

Where, e_ =error term of the estimate y y 

e_ =error term of the estimate x 
X 

e-
Provided. jfx- = small 

Standard Error (r • p) :: _.L .. Standard Error ( ey -p t;r ) 
Jlx 

:: _l_ ,;_str1dard Deviation{C)' • p c;r ) 
J.Lx YD 

- 1 1 
= J.Lx ..rn 

t {<Yi • 'Y>-Axi :x~ 2 

n·l 



We estimate p by r 

Jl.x by x 

500 

Therefore, standard Error (r) _ 1 ---X 

n 2 
I (y·- rx·) . 1 1 l 
l= 

n (n·l) 

(I.2) 

Other Equations for Estimating Standard Error of TSR Values 

Since the wet strength (y) and the dry strength (X) are 

not correlated, then the estimated standard error (s) can 

also be derived using the following equation: 

s( r) = 1 y_s_Y._2_:_r_2_s..;.X:...2- (I. 4) 

-X 

Where, s(r) = standard error of the ratio estimate (r) 

s 2 
y = pooled variance of the sample y 

s 2 = pooled variance of the sample x X 
n = sample size 
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or, in the case of different sample sizes, 

s(r) = 1 
-X 

where, ny = sample size of y 

nx = sample size of x 

(1.5) 

It was determined that equation (I.2) did not work 

well in this study because of small sample size used 

(n=3) for obtaining Tensile Strength Ratio (TSR). 

Therefore, the efforts were concentrated on getting pooled 

variances in order to estimate the standard error of the 

tensile strength ratio {r) using equations (I.4) and (I.5). 

Pooled Variances for TSR Values 

The sample variance is defined as the following (Ref 52): 

s2 
n 

= l (Xi - x) 2/(n-1) 
i=l 

(I. 6) 

where, s2 = sample variance 

x. = sample values of variable x 
~ 

-X = sample mean of the n sample values 

n :::: sample size 
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The pooled variance of two samples with equal size n 

can be obtained as the following (Ref 52): 

( sl 2 + s2 2 ) = ( l xl 2 + l x2 2 ) (I.7) 
2 2{n-l) 

Where, s 2 = pooled sample variance of sample x1 and 

sample x2 

= sample variances of x1 
- 2 =l(Xli- x 1 ) /(n-l) 

= l x1
2/(n-1) 

= sample variance of x2 
- 2 = l(x2i - x2> /(n-1) 

= l x2
2J(n-1) 

n = sample size of x1 , x2 

With unequal sample sizes n1 and n2, the pooled 

variance of two samples are then: 

where, l x1 
2 

IX 2 
2 

nl 

n2 

s2 = (lXl2 + lX22) 
tn1 + n2 - 2) 

= :1 (Xli - x >2 l 

= l (X2i - x >2 2 

= sample size of 

•. sample size of 

xl 

x2 

(I.8) 
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Following these equations (!.6, I.7, and I.B), the 

pooled variances for the laboratory and plant mixtures of 

all eight projects were calculated and summarized in Tables 

I.l through I.l6. For instance, the pooled variances of 

tensile strength values for the laboratory mixture of 

District 17 are summarized on Table I.l. As presented on 

the table, the sample variance of the three wet (or dry) 

samples for each test method of each treatment level was 

calculated first, then a pooled variance was obtained by 

pooling together the sample variances of four test methods 

for both wet and dry conditions. Finally, a pooled variance 

was calculated by pooling together the variances of each 

additive on both wet and dry conditions for the laboratory 

mixture of District 17 project. The same procedure was 

followed to compute the pooled variances for both laboratory 

and plant mixtures for each of the eight projects. 

Standard Error Estimate of TSR Values 

The standard error estimate of the TSR values was 

computed using the pooled variances summarized on Tables I.l 

through I.l6 and the equations (I.4) and (I.S). 
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Following this procedure, the standard error estimates 

were calculated and summarized on Tables I.l7 through I.32. 

For instance, the standard error estimates of TSR values for 

the laboratory mixture of District 17 project are summarized 

on Table I.l7. Average wet and dry tensile strengths are 

listed on the table for each test method, and the TSR is 

obtained by dividing the wet strength by the dry strength. 

Using the pooled variances listed on the table, the standard 

error estimate can be calculated for each test method from 

either equation (1.4) or equation (I.S). 

Pairwise Comparison of Student-t Test Using TSR Values 

The effectiveness of the various liquid antistripping 

additives and hydrated lime was estimated in terms of the 

tensile strength ratio {TSR). The TSR values of two 

additives were compared using the Student-t test. The 

Student-t test is expressed as 

t = (1.9) 

Standard Error of tr1 - r 2> 
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Where, r 1 and r 2 = TSR values of two different additives, and 

t = Student-t value with degrees of freedom 

{d.£.) as for the pooled variance of the 

additives 

The standard error (S.E.) of the difference (r1 - r 2 l 

can be obtained as the following: 

(1.10) 

Where, S.E. (rl - r2) = Standard error of the 

difference (rl - r2) 

S.E. (rl) = Standard error of rl 

S.E. (r2) = Standard error of r-. ... 
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The TSR values of any two additives {or control) were 

compared using equation l1.9) with the ~tandard error 

estimate of the difference in TSR between two additives {or 

control) obtained from equation (1.10). The results are 

summarized on Tables 1.33 through 1.48 for each test method 

of the laboratory and plant mixtures for all eight projects. 

To illustrate the procedure, the test results of the . 
laboratory mixture, District 17, are used as an example as 

summarized on Table 1.33. The standard error of the 

difference {r1 - r 2> for each possible pair were calculated 

using equation (1.10) and presented as part (a) of the table 

for each test method. Then, the pairwise comparisons of 

Student-t test results were obtained using equation (1.9) 

and presented on part (b) of the table on a four by four 

matrix for each test method. Each of the four test methods 

was analyzed separately, and the detailed standard error 

estimate and the Student-t values were summarized 

individually for each test method. 

Significance Level for Comparison 

The a-level of 5\ error rate was adopted to test the 

statistical significance between the difference of two TSR 

values. ~n asterisk (*) was added to a critical value on 
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Tables I.33 through I.48 to denote the significance at the 

5\ level. 

However, objections to use a single a-level in multiple 

comparisons have been raised among statisticians. The 

probability that one of the multiple comparisons exceeds the 

5% level is bound to happen. There are several methods 

available to protect against making erroneous decisions in· 

multiple comparisons; however, only one of the methods which 

is called Bonferroni's Method (Ref 52) is best suited for 

the particular case of the tensile strength ratio. The 

Bonferroni method for multiple comparisons is to reset the a 

-level to a;N, where N is the number of comparisons, and use 

Student-t table entries for the significance level of q1N. 

For example, if we want to achieve the a-level of 5\ error 

rate, we should use the t-value of t 0•051N from the t-table 

with appropriate degrees of freedom to test the statistical 

si9nificance for N multiple comparisons instead of using the 

t-value of t 0•05 from the t-table. 

The Bonferroni method for multiple comparisons was ussa 

to test the significance between the difference of two TSR 

values. The outcomes were also presented on Tables I.33 

through I.48 with a plus sign (+) to a critical value to 

denote the significance using the Bonferroni criteria. 
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Results of Pairwise Comparisons Using TSR Values 

The test results of pairwise comparisons using the TSR 

values are presented in Figures I.l through I.16 for the 

laboratory mixture and the plant mixture of each of the 

eight projects. The TSR values of the various additives (or 

control) are drawn in increasing order for each test method 

as shown in the figures. The significance levels are the 5% 

error rate and the Bonferroni method for multiple 

comparisons for each of the test methods. When the TSR 

values are not significantly different from one another, the 

additives (or control) are grouped together by a bracket to 

indicate that there are no significant differences in 

effectiveness among those additives. From the outcomes 

shown in Figures I.l through I.16, the two test criterions 

may not necessarily achieve the same conclusion in 

statistical significance. As demonstrated in the figures, 

the criterion using the Bonferroni method is more stringent 

than the customary S percent level of error rate, i.e., the 

Bonferroni method will achieve less difference in 

statistical significance among the additives (or control) 

than the S percent level of error rate. However, the 

differences between the two test criterions are not very 

noticeable in evaluating the effectiveness of the various 
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additives (or control). Therefore, the advantage of using 

the Bonferroni method over the 5 percent error rate is not 

significant in this study. 

EVALUATION OF EFFECTIVENESS USING BOILING TEST RESULTS 

The effectiveness of the hydrated lime and the various 

antistripping additives was also evaluated using the percent 

of asphalt retained after boiling. The statistical analysis 

and comparisons were similar to what was done to evaluate 

the effectiveness using the TSR values. The approach is 

described below. 

Pooled Variance and Standard Error Estimate for Boil Values 

The samples variances were obtained for each of the 

additives using equation (I.6), and then a pooled variance 

was obtained using equation (I.7) from both the laboratory 

and plant mixtures using the percent of asphalt retained 

after boiling for each of the eight projects. The results 

are summarized in Table I.49. The standard error estimate 

of the boil values was computed using the obtained pooled 

variance for each project. The results are also summarized 

in Table I.49. 
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Pairwise Comparison of Student-t Test Using Boil Values 

The effectiveness of the various additives (or control) 

was evaluated in terms of the boil values using the 

Student-t test for the laboratory and the plant mixtures of 

each test project. The boil values of any two additives (or 

control) were compared using the same type of technique as 

for the tensile strength ratios. The a-level of 5% error 

rate and the Bonferroni method for multiple comparisons were 

also used to test the statistical significance of the 

various additives. The results are summarized in Tables I.49 

through I.56 for both the laboratory and plant mixtures for 

each of the eight projects. 

Results of Pairwise Comparisons Using Boil Values 

The test results of pairwise comparisons using the boil 

values are shown in Figure I.l7 through I.24 for both the 

laboratory and plant mixtures for each of the eight 

projects. The boil values of the various additives (or 

control) are shown in increasing order for each project. 

Brackets are also used to indicate that the additives (or 

control) are not statistically significant in effectiveness 

within the same bracket according to the significance level 
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of the 5 percent error rate or the Bonferroni method for 

multiple comparisons. The Bonferroni method is more strict 

than the a-level of 5 percent error rate; nevertheless, the 

two test criterions are again not very different in 

evaluating the effectiveness of the various additives (or 

control). 

COMPARISON OF RATES OF DETERIORATION 

In order to evaluate the rates of deterioration 

(slopes) for the multiple freeze-thaw cyclic test results, 

statistical approach was again utilized to do the 

comparison. The main purpose of the comparison was to 

confirm that the rates of deterioration (slopes) were not 

significantly different from one another under the multiple 

freeze-thaw cyclic testing condition. 

The slopes, the associated intercept TSR values at 

cycle one, and the standard error estimates for the linear 

regression analysis are summarized in Table 1.57. The 

results of the pairwise comparisons for the rate of 

deterioration are summarized on Tables 1.58 through 1.65 for 

the eight projects. The significance levels were the 5\ 

error rate and the Bonferroni Method for multiple 

comparisons. There was essentially no statistical 
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difference among those slopes for the projects with the 

exception of District 1. For District 1, the slopes of the 

untreated material and the Dow pellets were significantly 

different from the ARR-MAZ and Indulin AS-1 at the 5% error 

rate as presented on Table !.63. However, they were not 

significantly different from one another using the 

Bonferroni Method of Comparison for District 1. Therefore, · 

the rates of deterioration for the treated and untreated 

materials were about the same under the multiple freeze-thaw 

cyclic testing condition. 
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TABLE I .1 SUMIV.RY OF POOLED VARIANCE OF TEMSlL! S'I'REMGTH VALUES 
FOR LABORATORY MIX'I'URE, DISTRICT 17 

Pooled 
Additive Additive Test Wet Test Condition Dr~ Test Condition Variance 

No. Name Method No. Of No. Of 
SEeeimen Variance SEeeimen Variance Wet Dr;L 

A 3 22 3 44 
B 3 21 3 3 

0 No c 3 6 
Additive D 3 14 

16.1 23."7 

A 3 36 2 13 
B 2 1 3 l 

1 Lime c 2 32 
D 3 6 

19.3 s.s 
A 3 65 3 12 
B 2 0 3 1 

5 BA 2000 c 2 13 
0 2 ::.13 

49.6 6.7 

A 3 7 3 5 
B 3 7 3 1 

12 Perma- c 3 5 
Tac D 3 1 

5.2 3.2 

Pooled Variance For Laboratory Mixture: 22.5 9.8 



Additive 
No. 

0 

l 

s 

12 

514 

TABLE I. 2 SUMr-.A.RY OF POOLED VAAIANCE OF TENSILE STRENGTH VALUES 
FOR, PLANT MIXTURE, DISTRICT 17 

Pooled 
Additive Test Wet Test condition Dr~ Test Condition Variance 

Name Method No. of No. of 
SEecimen Variance SEecimen Variance Wet Dry 

B 3 2 3 10 
No c 3 3 

Additive D 3 6 

3.9 10.3 

B 3 4 3 7 
Lime c: 3 13 

D 3 52 

23.2 7.':) 

B 3 12 3 • .. 
BA 2000 c 3 2 

D 3 12 

9.0 4.0 

B 3 4 3 l6 
Perma- c 3 4 
'I'ac D 3 4 

4.1 16.0 

Pooled Variance For Plant Mixture: 10.1 9.3 



Additive 
No. 

0 

1 

3 

6 

10 

515 

'l'T\ELE 1. 3 S1JMM1..RY OF POOLED VARIANCE OF TENSILE STRENG'l'H VJ\l.'JES 
FOR, LABORATORY MIXTURE. DISTRICT 16 

Pooled 
Additive 'l'est Wet 'l'est condition 0~ Test condition Variance 

Name Method No. of No. of 
s2ecimen Variance s2ecimen Variance Wet t>.rt 

A 3 49 3 333 
No B 3 233 3 17 

Additive c 3 32 
I) 3 16 

82.8 175.2 

A 3 24 3 0 
B 3 79 3 30 

Lime c 3 44 
I) 3 25 

43.:'3 15.3 

A 3 112 3 56 
B 3 1 3 19 

Aqua shield c 3 9 
I) 3 3 

31.3 '37.7 

A 3 36 3 281 
B 3 100 3 121 

Dow c 3 52 
1) 3 82 

67.8 201.:'3 

A 3 97 3 57 
Pavel:>ond B 3 22 3 116 
LP c 3 7 

1) 3 52 

44.6 86.S 

Pooled Variance For Labo~atory Mixture: 54.0 103.3 
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TABLE I. 4 SUMMARY OF POOLED VARIANCE OF TENSILE STRENGTH VALUES 
FOR PLANT MIXTURE, DISTRICT 16 

Pooled 
Additive Additive Test Wet Test Condition Dr:£ Test Condition Variance 

No. Name Method No. of f-lo. of 
s2ecimen Variance s2ecimen Variance Wet Dr::c: 

B 3 37 3 56 
0 No c 3 56 

Additive D 3 44 

46.0 S6.3 

B 3 136 3 16 
1 Lime c 3 70 

D 3 237 

147.9 16.3 

B 3 97 3 6 
3 Aquashield c 3 10 

D 3 12 

;9.8 6.3 

B 3 22- 3 89 
6 Dow c 3 36 

D 3 97 

51.9 89.3 

B 3 40 3 8 
10 Pavebond c 3 6 

LP D 3 1 

16.0 8. j 

Pooled Variance For Plant Mixture 60.3 35.3 
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TABLE I. S S\.l'MMARY OF POOLED VARIANCE OF TENSILE STRENGTH VALUES 
FOR LABORATORY MIX"l'URE, DISTRICT 13 

Pooled. 
Additive Additive Test Wet Test Condition Dr:f Test Condition Variance 

No. Name Method No. Of No. Of 
SEecimen Variance SEecimen Variance Wet D:r;x: 

A 3 13 3 8 
B 3 14 3' 23 

0 No c 3 13 
Additive I> 3 '7 

11.7 15.7 

A 3 142 3 79 
B 3 17 3 5 

1 Lime c 3 9 
D 3 23 

0.9 U.9 

A 3 60 3 5 
B 3 3 3 34 

s BA 2000 c 3 10 
D 3 ::.6 

22.3 19.7 

A 3 1 3 2 
Perma- B 3 9 3 10 

1.3 Tac c ) 23 
Pl\lS D 3 12 

. , , .......... 6.1 

Pooled Variance F~r La~oratory Mixt\lre: 23.2 20.9 
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'!'ABLE l. 6 SUMMJ..Ri' OF POOLED VARIANCE OF TENSILE S'I'REliG'I'H VJ.LUES 
FOR PLANT MIXTURE, DISTRICT !3 

Pooled 
Additive Additive Test Wet Test Condition Dry Test Condition Variance 

No. Name Method No. of No. of 

0 

l 

5 

l3 

Specime~ Variance Suecirnen Variance Wet Dr; 

B 3 10 2 
No c 3 49 

Additive _n~------~3 ______ 4~1~----------------------

Lime 

BA 2000 

Perma• 
Tac 
Plus 

B 

D 

B 
c 
D 

B 
c 
D 

3 
3 
3 

3 
3 
3 

3 
3 
3 

100 
14 
14 

112 
7 

56 

4 
56 
32 

2 

3 

3 

Pooled Variance For Plant Mixture: 

41 

43.0 10.5 

0 

58.6 0.3 

6 

31.0 6.3 

4l.S 12.4 
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TABLE I. 7 SUMMARY OF POOLED VARIANCE OF TENSILE STRENGTH VALUES 
FOR LABORATORY MIXTURE, DISTRICT 6 

Pooled 
Additive Additive Test Wet Test Condition D~ Test Condition Variance 

No. Name Method No. of No. of 
s2ecimen Variance Seecimen Variance Wet Orv 

A 3 9 3 63 
0 No B 3 66 2 s 

Additive c 3 1 
0 3 82 ..1 

39.8 39.6 

A 3 57 2 5 
B j 0 3 184 

1 Lime c 3 2 
0 3 !42 

S:J.S :..12.4 

A 3 217 3 17 
Pavebond. B 3 101 3 l7 

10 LP c 3 10 
0 3 380 

177.3 17.3 

A 3 36 3 4 
Perma• B j 50 2 61 

12 Tac c 3 21 
0 3 236 

85.9 26.6 

A 3 46 3 76 
B 3 134 2 128 

l4 Unic::hem c 3 4 
0 3 :!.34 

79.8 97.0 

Pooled Variance For Laboratory Mixture: 86.7 58.6 
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TABLE l. 8 SUMMARx OF POOLED VARIANCE OF TENSILE STRE:Ncmt VI\LUES 
FOR PLANT MIXTURE, DISTRICT 6 

Pooled 
1\dditive Mditive Test Wet Test condition Dr~ Test Condition Variance 

No. Name Method No. of No. of 
SEecimen Variance SEeci~en Variance Wet Drv 

B 3 39 3 l4 
0 No c 3 -'9 

Additive D 3 6 

31.' H.3 

B 3 43 3 28 
1 Lime c 3 49 

D 3 49 

47.1 28.0 

B j l4 3 49 
10 Pave bond c 3 28 

L? D j :4 
18.9 49.0 

B 3 28· 3 147 
12 Pcrma• c 3 17 

Tac D 3 j 

16.1 j_47.0 

B 3 52 3 lll 
14 Unichem c 3 9 

D 3 24 

28.7 11:.~ 

Pooled Variance For Pla~t Mix:ure: 28.4 59.9 
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TABLE I.9 SUMMARY OF POOLED VARIANCE OF TENSILE STRENGTH VALUES 
FOR LABORATORY MIXTURE, DISTRICT 25 

Pooled 
Additive Additive Test Wet Test condition Drx Test Condition Variance 

No. Name Method No. of No. of 
SEecimen Variance SE!eimen Variance Wet nrx 

A J 114 2 13 
0 No B 3 12 2 85 

Additive c 3 4 
D 3 7 

34.5 48.5 

A 3 3l 3 26 
B 3 30 3 7 

l Lime c 3 42 
0 2 5 

29.1 16.7 

A 3 64 3 61 
B 3 20 3 20 

4 Aquashield c 3 49 
II D 3 9 

35.8 40.7 

A 3 57 3 6 
B 3 0 2 2 

7 Fina•A c 3 l4• 
D 3 3 

18.8 4.6 

A 3 52 3 9 
B 3 8 3 72 

12 Perma·Tac c 3 22 
D '3 6 

22.3 40.7 

A 3 92 3 4 
B 3 36 3 30 

l4 Unichem c 3 7 
D 3 4 

34.9 17.3 

Pooled Variance For Laboratory Mixture: 29.2 28.1 



522 

'l'J>.BLE 1.10 S\JMMAR"i OF POOLED VARIANCE OF 'l'ENSI:.E STRENGTH VAl.UES 
FOR PLANT MIXTURE, DISTRICT 2S 

Pooled 
Additive Aclelitive Test Wet 'rest Condition Dr~ Test Condition Variance 

No. Name Method. No. cf No. of 
SEecimen Variance SEeci~en variance Wet Dr:l 

B 3 49 3 52 
0 No c 3 9 

Additive D 3 12 

23.4 5'2.3 

B 3 19 3 0 
l Lime c 3 7 

D 3 6 

10.8 0.0 

B 3 2 3 21 
4 Aquashield c 3 1 

II D 3 1 

1.4 2:.o 
B 3 42 3 2l 

7 Fina•A c 3 6· 
D 3 13 

20.6 21.3 

B 3 27 3 40 
12 Perma-'!'a.c c 3 4 

D 3 6 

12.4 40.3 

B 3 1'3 3 l 
14 Unichem c 3 7 

D 3 33 

1i.B 1.3 

Pooled variance For Plant ~ixt~re: 14.4 22.7 
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TABLE 1.11 StJ"'o'!MARY OF POO~::l VARI~CE OF TENSILE STRENCTH VALUES 
FOR LABORATORY MIXTURE, DISTRICT l 

Pooled 
Additive Additive 't'eat Wet Test Cond!tion DrX Test Condition V~e 

No. NAI!Ie l'lethod No. of No. of 
S~cimen Var~ance SEeeimen Variance Wet Or;t 

A 3 61 3 9 
0 No B 3 91 2 0 

Additive c 3 6 
D l l34 

"7J.2 5.6 

A 3 156 3 42 
J 3 44 3 75 

1 Lime c 3 26 
n ~ 116 

8!'1.8 58."7 

A 3 156 3 3£ 
B 2 18 3 3() 

2 AAA•MAZ c 3 27 
D 3 2'36 

:li."7 31.2 

A 3 l 3 8l 
B l 32 2 l 

6 Dow c 3 2~ 
0 3 25 

20.9 49.0 

A 3 16 3 8 
B 3 74 6 

7 Fina•A c 3 26 
n 3 2 

~4.8 '7.3 
A 3 ~7 

9 ln:lulln B 2 50 l 70 
AS-1 c 2 61 

p 2 9! 

58.8 4~.8 

A 2 32 2 32 
ll Pave bond B 3 0 3 22 

:;pec.\.al : 3 10 
tl 3 49 

:a.! 26.2 

A l 8£ 3 20 
13 Perma•Tac B l 180 3 126 

J>lus c 2 l 
0 '.! 

'?6.4 7;.; 

?ooled Variance For Laboratory ~ixture: 6l. 2 3'?.: 
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TABLE I.l2 SIJMIIV.R'i OF POOLE.O V.Mli\HC! OF TENSILE STREN~n! V~LUES 
FOR Pl.ANT IOUXTUlU::, DISTRICT 1 

Pooled 
Additive Additive Test Wet Test Condition DrY Test Condition varranee 

.. o. Na.me Method No. of No. of 
s~eim~n Variance Se!eimen Varlanee Wet Or:£ 

:a 3 80 l $0 
0 No c l 52 

Mditlvc D ) )l 

5~.6 SO.'.! 

9 3 6 3 4 
1 Lime c ) 13 

D 3 s 

8.2 4.3 

B 3 l l 12 
2 ARR·MJ\Z c 3 43 

D j 26 

23.4 42.~ 

B 3 2 3 41 
6 Oow c 3 16 

D :l 1 

6.7 4:i..:l 

9 ) 1 l 7 
1 Fina-A c 3 1 

!) j 31 

p.l 7.0 
~ :nd1.1l:..n B 3 3~ 3 lO 

AS•l c 3 2 
D j 14 

18.6 'J.'j,j 

B 3 4 3 8 
11 Pave bond c 3 1 

Spec:u.l D ~ 7 

4.1 8.3 

B ) 86 3 lO 
1l Perma-Tac c ) 21 

Plus D :l )7 

48.1 30. 

Pooled Variance For Plant Mixture: 2!..9 20.S 
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TABLE I.l3 SUMMARY OF POOLED VARI'-NCE OF TENSILE STRENGTH VALUES 
FOR LABORRATOR'i MIXTURE, DISTRICT 19 

Pooled 
Additive Additive Test Wet Test Condition Dry Test Condition Variance 

No. Name Method. No. of No. of 
Seecimen Variance Se!cimen Variance Wet Drv 

A 3 101 3 37 
0 No B 3 49 2 0 

Additive c 3 27 
D 3 32 

52.4 22.4 

A 3 122 3 29 
B 3 57 2· 5 

1 Lime c 3 93 
D 3 44 

79.2 7.4 

A 3 79 3 43 
B 3 30 3 6 

2 ARR•MAZ c 3 14 
D 3 111 

58.7 ") ' ... 
""""' • I 

A 3 8 3 25 
4 Aquashield B 3 166 3 19 

II c 3 31· 
D 3 162 

92.0 22.0 

A 3 79 3 49 
B 3 33 3 9 

s BA 2000 c 3 lO 
D 3 0 

3o.e 29.:l 

A 3 4 3 12 
B 3 84 3 12 

l2 Perma-:ac c 3 1 
D 3 129 

54.6 :2. 3 

Pooled Variance For La~oratory Mixture: n. 3 19.6 
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TABLE I .14 SUMMARY OF POOLED VARii\NC:E OF TENSILE S'!'REHG'!"H VA':..UES 
FOR PLANT MIXTURE, DI STR! CT 19 

Pooled 
Additive Additive Test Wet Test condition Drx Test Condition Va~lance 

No. Name Method No. of No. of 
s2ecimen Variance s2ecimen Variance Wet Drv 

B l 26 3 H 
0 No c 3 22 

Additive D 3 ~6 

21.7 14. ') 

B l 25 l 57 
l Lime c 3 70 

D 3 13~ 

82.9 57.2 

B 2 l 3 9 
2 AR.R-MJ>.Z c l 82 

D 3 97 

67.4 9.3 

B 3 28 3 ao 
4 Aquashield c 3 156· 

!! D 3 336 

173.4 so.: 

B 3 12 3 136 
s B11. 2000 c 3 28 

D 3 49 

29.8 136.3 

B 3 114 3 14 
12 Perma-'l'ac c 3 37 

D 3 10~ 

85.2 :.;.3 

Pooled Variance For ?lant Mix~~re: 76.7 52.~ 
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'l'-'l!Lt ! . ·~ SUMMARY OF PUOUD VA.RlAHCE OF TIJCSILE STRENGTH 
'P'OR LABORATORY MIXTURE, DISTRIC'I' 21 

Pooled 
~dditive Additive Teat Wet Test Condition Dry Test Condition VarrinCe 

No. Nue Method No. of No. of 
SE!cimen Variance S~cimen Vl[iance Wet Dr;t 

A 3 9 l 72 
0 He B 3 20 3 22 

Additive c l 9 
1':1 3 54 

'23.3 4"/.3 

A l 70 3 14 
B 3 17 3 14 

1 Lime c 3 22 
D 3 54 

4Ll 14.3 

A 3 64 3 7 
B 3 4 3 7 

2 ARR·M1.Z c 3 5 
D 3 7 

'20.3 '7.0 

A 3 28 3 9 
4 AQuash1e1d !3 3 l l 17 

ll c 3 12 
D 3 33 

1&.7 13.2 

A l 2 3 30 
B 3 44 3 66 

6 tlow c 3 0 
~ 3 '28 

18.8 48.3 
A 3 ~ 3 0 
B 3 32 3 17 

8 Fina-B c 3 9 
D 3 ~0 

14.3 8.8 

A 3 9 l 0 
10 Pavel:lcnd B 3 30 3 7 

LP c 3 u 
D 3 20 

~'·" .'7 

A 3 25 3 16 
12 Peru-Tac B 3 52 3 13 

c ) 20 
D ) ~1 

32.2 U.7 

Pooled Variance For Laboratory ~ixtures 24.:! !!l.7 
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TABLE l.l!i SUMMARY OF POOLED VARIANCE OF TENSILE STRDIG'I'H 'J ALUES 
FOR PLANT MIXTURE, DISTRICT 21 

Pooled 
A4d1t1ve A4d1t1ve test Wet Test Condition Dr:t Test £ond1tion varranee 

No. Name Plet.hod No. of No. of 
SEecimen Variance S~ci~en Variance Wet Or;t 

B 3 1 l 10 
0 No c 3 26 

Additive D 3 6 

11.2 10.3 

B 3 0 l l6 
1 Lime c 3 6 

0 3 2 

:.9 :6.) 

B ) 4 3 . 4 
2 ARR·MA"Z c 3 1 

D 3 16 

i.l 4.3 

B 3 0 3 7 
4 Aquashielcl c 3 0 

II 0 5 

2.0 '7.0 

B ) 9 3 9 
6 Dow c 3 12 

tl 3 8 

:o.o 9.3 
B 3 1 3 

8 Fina•B c 3 1 
D 3 16 

' • 6 2.3 

II 3 7 3 2; 
10 Pavel>on<l c 3 14 

I..P D 3 1 

7.6 25.0 

B 3 2 3 8!i 
12 Perma•Tac c 3 100 

D 3 1 

34.6 8S.l 

Pooled Variance For Plant Mixture: :.o.g 20.0 
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TABLE 1.17 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO (TSR) FOR LABORATORY MIX'l'I!RE, 
DI ST'Rl C'l' 17 

Test Wet Test Condition* Dr~ Test Conditlon** TSR 
Method No. of Avera;e No. of Average 

Specimen Tensile Specimen Tensile 
Strength,psi Strenoth,psi 

A 3 39 3 76 0.51 
B 3 38 3 '75 0.51 
c 3 35 3 75 0.47 
D 3 39 3 75 0.52 

A 3 95 2 81 l.18 
'9 2 94 3 78 1.19 
c 2 88 3 '18 1.12 
n 3 97 3 7S 1.23 

A 3 87 3 107 0.82 
B 2 100 3 104 0.96 
c 2 92 3 104 0.88 
D 2 114 3 104 1.09 

A 3 58 3 70 0.82 
B 3 67 3 71 o. 94 
c 3 65 3 7l 0.91 
D 3 69 3 7l 0.97 

*Note: Pooled Variance for Wet Test Condition 
••Note: Pooled Variance !or Dry Test Conditior. 

Standard 
Error 

Estimate 

0.038 
0.033 
0.038 
0.039 

0. 047 
0.051 
0.050 
0.045 

0.029 
0.036 
0.036 
0.037 

0.044 
0.04S 
0.045 
o·.o46 

• 22.5 
= 9.8 
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TABLE 1.18 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO (TSR) FOR P~~IT MIXTJRE, 
DISTRICT 17 

Test Wet Test condition* Dr;:: Test Conc!itl.on** ':::'SR Standard 
Method No. of Ave:ra;e No. of 1..veraqe Error 

Spec:imen Tensile Specimen Tensile Estimate 
Strength,psi Strength,ps!. 

B 3 42 3 67 0.64 0. 032 
c 3 34 3 ' 67 :>.51 0.031 
D 3 41 3 67 0.61 0. 0:12 

B 3 92 3 78 1.18 0.036 
c 3 79 3 78 :..01 o.c:n 
0 3 85 3 78 1. 09 0.034 

B 3 102 3 9S 1.07 0.028 
c 3 93 3 95 0.98 0.026 
I> J 96 3 9S 1.01 :>.027 

B 3 40 3 78 O.Sl o. 026 
c 3 33 3 78 0.43 0.025 
I> 3 39 3 78 o.so 0.026 

•Note: Pooled variance for Wet ':est Con~ition ,., 10.1 
•*Note: Pooled Variance for Dry Test Condition = 9.3 
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TABLE 1.19 SUMMAR'/ OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO I TSR) FOR LABORATORY MIXTURE, 
DISTRICT 16 

Test Wet Test Condition• Dr::£ Test condition .. TSR Standard 
Method No. of Average No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
Strength,psi St.rength,psi 

A 3 52 3 llB 0.44 0.042 
B 3 57 3 123 0.47 c. 041 
c 3 54 3 123 0.44 0. 041 
D 3 65 3 123 0.53 o. 043 

A 3 76 3 102 0.74 0.059 
B 3 90 3 108 0.83 0.060 
c 3 83 3 108 0.77 0.057 
D 3 100 3 108 0.93 0.064 

A 3 65 3 116 0.56 0.046 
B 3 66 3 106 0.62 0.053 
c 3 64 3 :06 0.60 0.052 
D 3 74 3 106 o. 70 0.056 

A 3 '70 3 132 0.53 0.040 
B 3 80 . 3 137 o.ss 0.040 
c 3 62 3 137 0.45 0.036 
D 3 93 3 l37 0.68 0.042 

A 3 66 3 110 0.60 0.050 
B 3 58 3 lOS o.ss 0.051 
c 3 60 3 lOS 0.57 O.OS2 
D 3 70 3 lOS 0.67 0.055 

*Note: Pooled Variance !or Wet Test Condition • 54.0 
**Note: Pooled Varian:e for Dry 'Z'est Condition • 103.3 
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TABLE I. 20 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO (TSR) FOR PLI\NT MIX'I'UR&, 
DIST'RIC'I' 16 

Test Wet Test Condition• Or~ Test Condition•• TSR Standard 
Method No. of l\verage No. of l\verage Error 

Specimen Tensile Specimen Tensile Estimate 
Strength,psi Strength,psi 

B 3 119 3 151 0.79 0.035 
c 3 109 3 151 0.72 O.OH 
D 3 132 3 151 0.87 0.036 

B 3 129 3 126 1.02 0.0~5 
c 3 llO 3 126 0.87 0.043 
D 3 128 3 126 L01 0.~45 

B 3 125 3 144 0.87 o. 037 
c 3 109 3 144 0.76 0.036 
0 3 125 3 H4 0.87 0.037 

B 3 96 3 128 0.75 0.041 
c 3 92 3 128 o. 72 0.040 
D 3 112 3 128 o. 87 0.042 

B 3 101 3 132 0. 77 0.039 
c 3 99 3 132 0.75 0.039 
D 3 l20 3 132 0.90 0.041 

•Note: Pooled variance for Wet Test Condition = 60.3 
••Note: Pooled Variance for Dry Test Condition .. 35.3 
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T1\BLE I. 21 SU'MM.'.RY OF ST~DAR.D ERROR ESTIMA'l'! OF' TENSILE 
STRENGTH RATIO (TSR, FOR LADORATORY MIY.TURE, 
DISTRICT 13 

Test Wet Test Condition• Dr~ Test Condition•• TSR Sta.ndarcl 
Method No. of Average No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
Strength,psl Strength,psi 

A 3 31 3 '12 0.,3 0.042 
B 3 48 3 87 o.S5 0.036 
c 3 46 3 87 O.S3 0.036 
D 3 62 3 87 o. 70 0.033 

A 3 109 3 77 1. 42 0.061 
B 3 100 3 79 1.27 0.055 
c 3 96 3 79 1.22 0.054 
D 3 99 3 79 1.26 0.05S 

A 3 69 3 lOB 0.64 0.030 
B 3 65 3 99 0.66 0.033 
c 3 78 3 99 0.79 0.035 
D 3 84 3 99 0.85 0.036 

A 3 54 3 88 0.61 0.037 
B 3 55 3 80 0.69 0.042 
c 3 62 3 80 o. 78 0.043 
D 3 70 3 80 0.88 0.0,5 

*Note: Pooled Variance for Wet Test Condition • 23.2 
**Note: Pooled Variance for Dry ~est Condition • 20.9 
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TABLE 1.22 SUMMARY OF STANDARD ERROR ESTIMATE OF TENS:LE 
STRENGTH RATIO (TSR) FOR PLANT MIXTURE, 
D::t.sl"RI CT 13 

Test Wet Test cond~tion* Dry Test C:::>ndi tiorl'"'* 'ISR Standard 
Method No. of Average No. o!. Average Error 

Specimen Tensile Specimen Tensile Estimate 
Strenqth,osi Strencth,psi 

B 3 95 3 92 l. 03 0.046 
c 3 94 3 92 1.02 0.046 
D 3 90 3 92 0.98 0.046 

B 3 106 2 l04 l. 03 0. 044 
c 3 106 2 104 1. 02 0.;:)44 
D 3 100 2 :.04 0.97 0.044 

B 3 137 3 128 1. :>8 ::>. 034 
c 3 123 3 128 0.96 0.033 
D 3 127 3 128 0.99 0.033 

B 3 103 3 103 l. 00 O.O~l 

c 3 102 3 l03 0.98 o .o.a 
D 3 99 3 1~3 0.96 o.ou 

*Note: Pooled Varianee for Wet Test Cond!.tion == 41.5 
**Note: Pooled variance for Dry Teso:: Conditior. :I l2.4 
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TABLE 1.23 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO ( TSR) FOR LABORATORY MIX'I"'.TRE, 
OIS'l"RICT i 

Test Wet Test Condition• Or~ Test condition•• TSR Standar~ 
Method No. of Average No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
Strenoth,psi Strenqth,psi 

A 3 31 3 156 0.20 0.035 
B 3 33 2 142 0.23 0.039 
c 3 21 2 142 o.:s 0.038 
0 3 45 2 142 0.32 0.040 

A 3 94 2 121 0.78 0.057 
B 3 73 3 118 0.52 0.051 
c 3 68 3 118 0.58 0.05l 
l:l 3 91 3 llB 0.78 0.054 

A 3 57 3 143 0.40 0.039 
B 3 48 3 136 0.35 0.041 
c 3 36 3 136 0.26 0,040 
D 3 57 3 136 0.42 0.042 

A 3 SB 3 118 0.49 0.049 
B 3 52 • 2 140 0.37 o. 041 
c 3 42 2 140 0.'30 0.040 
0 3 59 2 140 0.42 o. 041 

A 3 ss 3 148 0.37 0. 038 
B 3 59 2 140 0.42 0.042 
c 3 41 2 140 0.30 0.040 
D 3 76 2 uo 0.54 0.044 

*Note: Pooled. variance for Wet Test Cond.ition = 86.7 
**Note: Pooled Variance !or Ory Test :::ondi ti:m • 58.5 
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TABLE I. 24 SUMM>.RY OF ST.t.NDARD ERROR ESTIMATE OF TENSILE 
STRENGnt RATIO (TSRl FOR PUNT l":lXTURE, 
'DISTRICT 6 

Test Wet Test Condition* Dr;t Test Condition .. ':SR Standard 
Method No. of Avera9e No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
- Strength,1)sl Strength,psi 

:s 3 61 3 129 0.47 0.030 
c 3 49 3 129 0.38 0.028 
D 3 69 3 129 0.54 0. 03l 

:s 3 55 3 102 o. 54 0.040 
c 3 44 3 102 0.43 0.036 
'D ·3 67 3 102 0.66 0.043 

B 3 96 3 116 0.83 O.OH 
c 3 76 3 116 0.66 0.038 
D 3 93 3 116 0.80 0.043 

:s 3 93 3 120 0.78 0.040 
c 3 78 3 120 0.65 (). 037 
D 3 102 3 :20 o.ss 0.043 

B 3 83 3 129 0.64 0.034 
c 3 79 3 129 0.61 0.033 
D 3 101 3 129 0.78 0.038 

*Note: Pooled Variance for Wet Test conditio~ = 2!3. 4 
*•Note: Pooled Varia:'lce for Dry Test Condition = 69.9 
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TABI..E I. 25 StJMMARY OF STANOAAD ERROR ESTIMATE OF TENSILE 
STRENG'ni AATIO (TSR) FOR LABOAATORY M!XT'JRE, 
DI STRI C'l' 2 S 

Test Wet Test condit1on• Dr~ Test Condition•* ':SR Standard 
Method. No. of Avera;e No. of Average Error 

Specimen Tensile Spe:::imen Tensile Estimate 
Strength 1;2si Strength 1Esi 

A 3 56 2 83 0.67 0.049 
B 3 50 2 80 0.62 o.C49 ,. 3 37 2 80 0.46 0. 04 5 . ... 
D 3 51 2 80 0.64 0.050 

A 3 112 3 86 1.30 0.058 
B 3 97 3 79 :!..23 0.062 
c 3 73 3 79 0.93 0.053 
j) 2 a; 3 79 1.07 0.064 

A 3 97 3 81 1.19 0.059 
B 3 92 3 75 1. 23 0.065 
c 3 61 3 75 0.82 0.054 
D 3 76 3 75 1.01 0.059 

A 3 87 3 89 0.98 0.049 
B 3 92 • 2 78 1.18 0.070 
c 3 64 2 78 0.82 0.056 
D 3 73 2 78 0.94 0.060 

A 3 90 3 87 1.03 0.051 
B 3 84 3 87 0.97 0.050 
c 3 60 3 87 o. 70 0.044 
D J iS 3 87 0.86 0.047 

A 3 70 3 76 0.92 0.036 
B 3 76 3 75 1.02 0.059 
c 3 54 3 75 0.72 0.051 
D 3 65 3 75 0.87 o.oss 

•Note: Poolcci variance for Wet Test con~ition :1 29.2 
••Notel Pooled Varian:::e for Dry Test Condition = 28.1 
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TABLE I.26 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO ( TSR) FOR PLANT MIX'l'tffi.E, 
DISTRIC'l' 25 

Test Wet Test Condition• Dr:l Test Conditionu TSR Standard 
Method No. of Average No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
st.renqth,psi Strenqth,psi 

B 3 69 3 114 0.60 0.024 
c 3 so ) 114 O.H 0.022 
::J 3 73 3 114 0.64 0.025 

B 3 93 3 104 0.89 0.032 
c ) 79 3 104 0.76 0.029 
D 3 93 3 104 0.90 o. 032 

B 3 67 3 111 0.60 0.025 
c 3 53 3 lll 0.48 0.023 
D 3 70 3 111 0.63 0.025 

B 3 91 3 107 0.85 0.030 
c 3 85 3 107 0.79 0.029 
D 3 102 ) 107 0.96 O.Oll 

B 3 74 3 97 0.76 o. 031 ,. 3 61 3 97 0.63 0.029 ... 
D 3 74 3 97 0.76 0.031 

B 3 7l 3 95 0.75 o.on 
c 3 63 3 ss 0.67 0.030 
D 3 74 3 9S 0.78 0.032 

*:iote: Pooled Variance !or Wet Test Com!ition = H.4 
**Note: Pooled Variance for Dry Test Conc!ition = 22.7 
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TABI..E 1. 27 S\J'I'Ili!A.RY OP STANDARD ERROR ESTIMATE. OF TENS I I..t 
~TRENGTH RATIO (T~R) FOR LkBORATORY ~:Y.TJRE, 
OlSTIUCT ! 

Addl.tivc Test Wet !.!St Condhlcn• Dri Test Ccnditlon•• TSR Star.dard 
No. Method No. of Average No. of Average Err~.>r 

Specimen Tenalle Specimen Tcna1le Estimate 
Strensll:h,psi Strength,psi 

A 3 66 3 90 0.74 O.C!\8 
B 3 79 2 82 0.96 0.075 

0 e 3 66 2 82 0.80 0.069 
D 3 83 2 82 1. 01 1). 076 

A 3 94 3 89 1.06 0.066 
B 3 104 3 85 1.22 C.073 

1 c 3 97 3 85 l..l4 0.071 
D 3 106 3 85 1. 2.4 0.07~ 

A 3 101 3 eg• 1.14 o.:6a 
B 2 lOB 3 S6 1.26 0.083 

2 c 3 98 3 86 1.14 0.071 
D 3 lll 3 86 1.29 O.CI7S 

A 3 sa 3 82 0.70 ::.063 
B 3 68 2 eo 0.8) ~.073 

6 c 3 65 2 80 0.52 0. :>72 
::> 3 76 2 80 0.9S 0.(177 

" ) 96 3 8'8 l. ::.o 0.068 
.9 3 106 3 96 1.10 0.062 

7 c 3 106 3 96 1.10 0.062 
D 'l 116 3 96 1.20 0.064 

A 3 94 3 86 l. :li 0.067 
B 2 99 l 67 1.14 0.:>79 

9 c 2 102 3 87 l.l7 c.oe:> 
0 2 106 3 87 1.22 o. 081 

A 2 104 2 86 l. .:!1 ~.088 
B 3 lOS 3 77 1.37 0.086 

1l e 3 115 3 '77 1.50 0.091 
0 3 109 3 77 1.42 0.088 

A 3 90 3 78 1.~s o. 078 
B 3 94 3 82 l.lS 0.074 

:.3 c 2 '78 3 82 0.94 0.078 
D 3 93 ) 82 1.13 o.on 

•Note: Poole<l VAriance for Wet Test con~ition .. 61.2 
.. Note: Po::lleli varian::e for :>ry ":'est ConC:i':.!on .. 3i.l 
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TABLE I.28 SUMMARY OF STAN'D11.R.D ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO (TSR) FOR PLANT MIXTURE, 
DISTRICT 1 

Additive Test Wet Test Condition* Dr~ Test condition•• TSR Stand<lrd 
No. Method No. of Average No. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
Strength 1Esi Stren51th 1;esi 

B 3 97 3 91 1.06 0.042 
0 c 3 88 3 91 0.97 0. 041 

D 3 98 3 91 1.07 o. 043 

B 3 99 3 sa 1.12 0.045 
1 c 3 112 3 88 1.27 0.048 

D 3 99 3 88 1.!2 0.045 

B 3 99 3 90 1.10 0.044 
2 c 3 110 3 90 l. 23 0.047 

D 3 104 3 90 1.16 0.045 

B 3 83 3 86 0.97 0.043 
6 c 3 82 3 86 0.95 0.042 

D 3 83 3 86 0.96 0.043 

B 3 103 3 9~ l. :..2 0.043 
7 c 3 110 3 92 1.20 0.045 

D 3 106 3 92 1.15 o. 044 

B 3 9; 3 86 1.10 0.046 
9 c 3 106 3 86 1.22 0.049 

D 3 103 3 86 1.19 0.048 

B 3 94 3 81 1.15 o.oso 
ll c 3 101 3 81 ::..24 0.052 

D 3 97 3 81 1.19 0.051 

B 3 96 3 94 1.02 0.040 
13 c 3 1Jl 3 94 1.07 0. 041 

l) 3 106 3 94 1.12 0.042 

•Note: Pooled Variance !or Wet '!'est Condition 2 21.9 
**Note: Pooled Varian:e !or Dry ':'est conc:Ution = 2C.S 
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TABLE 1.29 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO (TSR) FOR LABORATORY MIXTURE, 
DISTRICT 19 

Test Wet Test condition• Dr~ Test Condition•• ':'SR Stanciard 
Method No. of Avora;e No. of Avera;e Error 

Specimen Tensile Specimen Tensile Estimate 
Strens;th,ps1 Stren-:~th.psi 

A 3 97 3 87 l.l2 0.062 
B 3 91 2 85 l. 07 0.066 
c 3 79 2 85 o.n 0.00 
D 3 83 :! 65 0.98 0.064 

A 3 68 3 63 1. 07 0.083 
B 3 91 2 60 1.53 O.ll: 
e 3 86 2 60 1.(.5 o.::.ca 
D 3 98 2 60 1.64 0.1:..5 

A 3 92 3 77 1.19 0.071 
B 3 as 3 ao l.Oi 0.066 
c 3 80 3 80 0.99 0.065 
D 3 96 3 so :.20 0.~68 

A 3 104 3 83 1.25 0.067 
B 3 104 3 84 1.24 0.066 
c 3 93 . 3 84 l.ll 0.063 
D 3 ll4 3 84 ::..36 0.068 

A 3 103 3 89 1.16 0.061 
B 3 106 3 99 1.07 0.053 
c 3 120 3 99 l. 22 0.055 
D 3 129 3 99 1.30 0.057 

A 3 70 3 75 0.93 0.06!3 
B 3 86 3 74 1.17 0.074 
c 3 76 3 74 l. 03 o. 07! 
D 3 76 3 74 1.03 o.on 

•Note: Pooled Variance for Wet Test Condition = 5::..3 
••Note: ?oolecl Varianee for :>ry Test Condition = 19.6 
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TABLE I. 30 SUMMARY OF STANDARD ERROR ESTIMATE OF TENSILE 
STRENGTH AA TI 0 I TSR) FOR PLANT MI Y.TURE, 
DISTRICT 19 

Test Wet Test Condition* Dr:£ Test condition** '!'SR St:an:!arci 
Method No. of Average No. of Average Error 

Specimen Tensile specimen Tensile Estimate 
Strenqth,psi Strencth,psi 

B 3 52 3 n 0.73 0.082 
c 3 54 3 72 0.75 0.083 
0 3 58 3 72 c.ao 0.085 

B 2 97 3 8'7 1.11 0.089 
c 3 100 3 87 :.16 C.OBl 
0 3 lOS 3 87 l. 21 0.082 

B 2 100 3 89 l.l2 O.OS7 ,.. 3 96 3 89 :...o8 0.076 ... 
D 3 96 3 89 !.08 0.076 

B 3 124 3 107 1.16 0.066 
c 3 132 3 107 1.24 0.0&8 
D 3 12~ 3 107 1.17 0.066 

B 3 98 . J 81 l. 2l 0.089 
c 3 102 3 81 l. 26 0.090 
D 3 102 3 81 l. 27 0. 09l 

B 3 120 3 120 1.01 0.055 
c 3 136 3 120 1.14 0.058 
0 3 138 3 120 LlS 0.058 

•Note: Pooled Variance £or Wet Test ConcUtion :;r 76.7 
••Note: PQ01ed Varia.nee for Ory Test Condit.ion = 52.0 



543 

'TAI:L! 1. J1 SUMMARY OF ST~OARD ERROR ESTIMATE OF TENSILE 
STRENGTH RATIO tTSRl FOR LABORATORY MIXTURE, 
DISTRICT 21 

J.dditive Test Wet Test conch don• Dr~ Test Condl.tionu TSR Standard 
No. Metho4 No. of J.vera;e Mo. of Average Error 

Specimen Tensile Specimen Tensile Estimate 
StreMth,ps1 Strenc:th,ps.i. 

,.. 3 20 3 83 0.24 0.03!) 
B 3 26 3 93 0.28 0.032 

0 c 3 20 3 93 0.22 0.031 
0 3 2S 3 93 0.27 0.032 

,.. 3 79 3 76 1.04 0.051 
B 3 77 3 73 1.06 o. 054 

1 c 3 76 3 73 l. 04 0.054 
0 3 78 3 73 1.07 0.054 

). 3 42 3 80 0.52 0.0)9 
B 3 38 3 80 0.48 0,039 

2 c 3 31 3 BO 0.39 0.038 
0 3 44 l 80 o.ss 0.040 

,.. 3 SB 3 80 0.73 0.042 
B 3 59 3 77 0.76 0.04) 

4 c 3 42 3 77 0.54 0.041 
l) l 57 3 77 0. 74 0.044 

A 3 31 3 88 0.3!) 0.034 
:e l 3S l 94 0.37 0.032 

6 c 3 28 3 94 0.30 0.032 
0 3 35 3 94 0.37 0.032 

A 3 4~ l 9:. 0,4:; O.OH 
:s 3 75 3 85 0.88 0.043 

8 c 3 ;o 3 85 o.;9 0.038 
D 3 66 3 as 0.78 0.041 

,.. 3 42 3 82 o.s:. 0.038 
B 3 46 3 85 o.s; 0.037 

10 c 3 45 3 85 0.53 0.037 
p 3 49 3 85 0.58 0.038 

A 3 40 l BS 0.47 0.037 
:s 3 46 3 87 0.52 0.036 

12 c 3 34 3 87 0.39 0.035 
0 3 43 3 87 0.49 C.036 

•Noo;e: Pooled Variance for Wet Test condition • 14.3 
••Note: Poc:~letl Varianee for ~ry Tes~ condition c :9.7 
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TABLE I. 32 SUMMARY OP ST~ARD ERROR ESTIMATE OF TENSI~4 
~ENGTH ~ATlO ITSR} FOR PLANT MlXTU~t, 
DISTRICT 21 

Drx Test co~aition•• Adaitive Teat Wet Test Con~ition• TS~ Stanaara 
No. Hetbod No. of Average No. of Average Error 

Specl.naen Tensile Specimen Tensile Estimate 
ssrenSith,;esi s~ret~gth 1 !2Si. 

B 3 23 3 98 0.23 0.020 
0 c l 27 3 98 0.28 0.021 

D l 26 J 98 0.26 0. 02l 

B 3 18 j 107 0.17 D.OlS 
1 c 3 20 3 107 0.19 0.018 

D 3 20 3 107 C.l9 0.0!8 

B 3 37 3 94 0.39 o.n:~ 
2 c 3 39 3 94 0.41 O.C23 

I> ') 37 3 94 0.40 0.023 

B 3 42 3 88 0.47 0.026 
4 c 3 46 3 911 0.53 0.027 

D 3 44 3 88 O.!iO 0.026 

B 3 37 3 12l 0.30 O.Ol7 
6 c 3 37 3 123 0.30 0.017 

I) 3 36 3 123 0.29 0.017 

B l ~0 3 R9 0.56 6. o:n 
9 c 3 58 3 89 0.65 0.026 

D 3 50 3 8~ 0.56 O.C27 

8 3 S6 3 110 O.S1 0.021 
lO c 3 65 3 llO 0.59 0.022 

I> 3 56 3 110 o.s1 0.021 

B 3 47 ) lll 0.42 0,020 
12 c 3 55 ) lll 0.49 0.::21 

D 3 49 3 lll o. 44 0.020 

*Note: Pooled Variance for Wet Test Condition • 10.9 
••Note: Pooled variance for nry Test condition .. 20.0 
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TABL! I.ll SIJIWt1 Of PUMS! CCIG'WSON STOOOO·t T!S'I' 
RF.SUL '1'S FOil LABORATORY I'!IlTUR£, DlSTRI CT 11 (con tlnued) 

Test. Jllethod C:: (a) Sti!Ddl.rd Error of the D1fferec~ iD '.I'Si Bttlll!tlll Two J.ddiUvu. 

Add.l.Uv. I.DD. 0 &00. 1 ADO. 5 AOO. 12 
Standard Error O.Ol8 o.oso 0.036 0.045 

Adclltive 
TSR 

1.1)1). 0 
I.DD. l 0.063 
&00. 5 0.052 0.062 
I.DD. 12 0.059 0.067 0.058 

(b) Studeot•t Test Results of tbe Di!!ereoee ill TSR !etveeo Two Additives. 

I.DD. 0 

1.00. 0 
0.47 

1.00. 1 -10.350'*+ 

1.1)(). 1 
1.12 

ADO. 5 •7.833*+ 3.895•+ 

lDO. 5 1.00. 12 
0.88 0.91 

ADD. 12 •7,470*+ 3.121*+ ·0.520 

'l'e.st. Method D: (a) St.aDdard Error of the Di!fertll~ iD TSR !etveen Two ldditivas. 

Additive 1.00. 0 ADO. 1 I.DD. 5 ADD. 12 
Staoderd Error 0.039 0.()45 0.037 0.046 

ADD. 0 
ADO. 1 0.060 
100. 5 0.054 O.il58 
lDO. 12 0.060 0.064 0.059 

(b) Stlldellt•t Test. Ruu.lts cf the Dif!ertllee io TSl l!et111111:1 Two &dd1 thes. 

ldd.itive ADD. 0 ADO, 1 lrlD. 5 100. 12 
'l'SR 0.52 1.23 1.09 0.97 

1.00. 0 
aoo. 1 •11.923*+ 
lDD. s ·10.602*+ 2.403* 
100. 12 •7.461*• 4.0o40*+ 2.032 

*Rasulta ligni!iCIDt at the S\(t*=2.131, 4.!.•15). 
+Sign.ifica!lt ac:eordi.Dg to tbe !lcll!erroni •tllod vitb the 5\ errw rllte(t+=l.038). 
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'w.! I,:n SllfiUY or PUMR ca!PWSOII S!VDD'N 'rf.S'! 
RESllLTS FOil UJ!ORltc.Y ICl'I"'aE, DIS'l'll CT 17 ( eoo\JJNed) 

'ut lelbo4 (I (II) Slllldard Error of the D1!!11'811Ce in TSI lltWIII '2'110 .kld.I.Uvu. 

lddJ.Un Al)l), 0 .LOD. 1 &00. ~ &.llll. 12 
St.&Ddard E:Tor 0.038 o.oso 0.036 0.04~ 

Add!Uve 
TSa 

&00. 0 
lDD. 1 0.063 
J.:lD. ~ 0.052 0.062 
ADD. 12 0.~9 0.067 O.OSB 

(b) .litulle:lt·t Test Results of lbe Di!!eretet ill TSR !etveen '2'110 lddi\ivu. 

ADD. 0 AJ)I), 1 ll>tl. 5 lDD. 12 
0.47 1.12 0.88 0.91 

ADD. 0 
ADD. 1 ·10.350*+ 
ADD. S •7.833*+ 3.895*+ 
ADD. 12 •7 .470&+ 3.121*+ ·0.520 

1est. tlelbod D: (11) Staz:dard £nw of the Di!ferw.oCI ill 'l'SR Between Two lcldl.Hvu. 

Witive AOI), 0 100. 1 ADD. S AtD. 12 
St.lllldard Er'nlr 0.039 0.045 0.037 0.046 

ll)[), 0 

100. 1 0.060 
lnD. S O.OS4 o.osa 
10.0. 12 0.060 0.064 0.059 

lcldl.Uve lDD. 0 ll)!), 1 10!), 5 11)[). 12 
TSI O.Sl 1.23 1.09 0.97 

ADD. 0 
ADD. 1 •11.923*+ 
m>. s ·10.602*+ 2.403* 
lDD. 12 -7.461*+ 4.040*+ 2.032 

-ae.ults signi[iCIAt It tbl ~\(t*•2.131, d.£,215). 
+SignifieaDt acc:c!'!W19 to tbl loc!erl'tlQ.i -~with the S\ errcr ntte(t+=3,038). 
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'I ABU: 1. 34 SIJIII!IIY or Pl.IJillSE OJIPWStll STilD!I'I'·t 'ftST 

T<ESULTS FOit PIJJlT MII'I'URt. tllSTRICT 17 

Test llethod l: (a) St.andllrd Error o! the Di!fe.."'8ttCCI 1D TSil lletwen Two lcSd.l.thu. 

~ddilhe 100. 0 aoo. 1 ADD. S ADD. 12 
StiiD!Sard Error 0.032 0.036 0.028 0.026 

Additive 
TSR 

ADD. 0 
ADD. 1 0.048 
ADD. S 0.043 0,04G 
M>D. 12 0.041 0.044 0.038 

(b) Stllde:lt•t Test Results of the Difference il'l TSR lletveen Tva Additives. 

Ar!O, 0 

lDD. 0 
0.64 

ADD. 1 ·11.211*+ 

ADD. 1 
1.18 

ADD. 5 ·]0.112*+ 2.411* 

AOO. 5 Alltl. 12 
1.07 0.51 

lDD. 12 3.152* 15.087*+ 14.655*+ 

Test Kethod C: (a) Standard Error o! the Difference 1D TSit lletwet~ Two Additives. 

Additive 
Staodard trror 

ADD. 0 lDD. 1 ADD. S ADD. 12 
0.031 0.033 0.026 0,025 

Additive 
'1'SR 

ADD. 0 
ADD. 1 0.045 
ADD. S 0.040 0.042 
ADD. 12 v.V4il u.04l r. . .:nii 

(b) St\KUt•t Test Resultll of tbe Di!fereoce ill '!'SR l!et-.e.n Two lddi Uvu. 

ADD. 0 ADD. 1 ADD. S ADD. 12 
O.Sl 1.01 0.98 0.43 

ADD. 0 
ADD. 1 •11.043•+ 
ADD. S ·11.616*+ 0.714 
ADD. 12 2.008 14,0()911+ 15.248*+ 

•aesults significant It the 5\(t*•2.l06, o.f.=8), 
+Sill!lifieant ac:cordil'lll to the Bcmferroni metbod vit.h the S\ errc:r rate(t+•3.482). 
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'IABL! I. 34 SDIIWIT OF PlliiWIS! ca!PWSOII STUDOO • t TESr 
RESULTS FOR PUH'r MIJTIIR.E, DIS':'RIC'l' 17 (contillued) 

'lest lllet.bod D: (e) St.&lldard Error of the IUffenn12 lc TSR Bet-n 'l'vo l!Sdl.tives. 

Ad41Uve ADD. 0 &DD. 1 ADO. 5 ADD. 12 
St~mdard Error 0.032 0.034 0.027 0.026 

100. 0 
ADD. 1 0.047 
ADD. 5 0.042 0.043 
ADD. 12 O.O•U 0.043 0.037 

(b) Stude.Dt·t 'rest Ruults of the Differe.nce iD TSR Betveen Tvo lddit.ives. 

ADD. 0 ADD. 1 ADO. S 100. l2 
0.61 1.09 1.01 o. 5 

ADD. 0 
lDD. l ·10.280*+ 
ADD. S •9,553*+ 1.841 
ADO. 12 2.667* 13.7&4*+ 13.606-. 

*Results signifi~t et the S\(t*=2.30i, d.f.=BJ, 
+Si\llli!i~t accordi.!IQ to the 1\oDferroni met.bod with tbe S\ error rate(t+=3.<\a2). 
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TULI 1.35 NIUT 01 PllllltSI CXIIPWD ftlllii'H TLST 
WUI.TS f'Ca WIORA'!'taY lfil'l'OIIt, DlSTRIC'f 16 

Telt Met.bod 1: (I) St.audl.nl E.m:11 of tbe Dil!ereoc. 1A TSll!et111111 'riiO addl.Uvu. 

Additive AOO. 0 ADI), 1 &DO. 3 1.00. 6 &DO. 10 
StarxSarc! Errcr 0.042 o.osg 0.046 0.040 o.~ 

ADD. 0 
ADD. 1 0.072 
ADD. 3 0.062 0,075 
ADO. 6 o.ose 0.011 0.061 
lOD. 10 0.065 o.on 0.068 0.064 

(b) Stlldett•t !eat Ruult.l o! tbe Dif!erecc:e i.D 'l'SR BetWHD 1110 llldl.Uns. 

&ddiUn I.OD. 0 ADO. l J.DD, 3 I.OD. 6 ADO. 10 
TSR 0.44 0.74 o.~ O.Sl 0.60 

1.00. 0 
~.1 "'4.142*+ 
l:)D. 3 -1.92i 2.405• 
100.' •1.551 2.946• 0.492 
ADD. 10 ·2.450• 1.810 -o.sea -1.093 

Te.st. lllltbod B: (e) StaiiCard Error o! tbe Difttnz~ce .1A ~ l!etlMll Tvo Additivu. 

Alldl.Uve &DO. 0 lDt), 1 &DO. 3 100. 6 100. 10 
Stalldard tn:w 0.041 O.ObO 0.0!1.} 0.040 0.051 

lDD. 0 
.\1)1), 1 0.073 
100. 3 0.067 0.080 
&DD. 6 0.057 0.072 0.066 
li)D. 10 0.065 0.019 0.074 0.065 .. 

(b) St~t-t 'rut bnlt.s of thl Differuca ill 'l'Si let!IMll 'rll!l ld4l.Uvu. 

llldlt1ve aoo. o 1.01). l ADO. 3 &00.6 &00. 10 
'l'S'R 0.47 0.83 0.62 o.se 0.55 

lDD. 0 
100. 1 -4.953 .. 
lDD. 3 •2.239* 2.623• 
&r:D. 6 ·1.920 3.466 .. 0.602 
lDD. 10 •1,222 3.556 .. 0.951 0.462 

•Result.l signifieaat 1t thl 5\(t•=2.086, d.f.=20), 
•Slgni!icact accordiDg to the loa!erroci .. thod vi~b tbt 5\ error rete(t•:3.153). 
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TUI.t l.~~ SIIIIUf Cit flllWISI OJI'WD S'r\ID"t·t 'l'tS'r 
WULTS rc. I.I.!DlTORt Kmm!, DISTRIC"l 16 (OOiltiiiiiBd) 

1ut Kltbod C: (1) St.lmdard !mit of tbe 1)1fflll'IZICa ill 'rSlletwe~~ Two &MiUvu, 

.t.ddiUYe &DO.O aoo. 1 a.co. l ADO. 6 lt>D. 10 
Stll'ldard £.rt'or o.ou 0.057 0.052 0.036 0.052 

ADD. 0 
aDD. 1 0.070 
MJ!). l 0.066 0.077 
ADD. 6 o.oss 0.067 0.063 
AD:J. 10 0.066 0.077 0.074 0.063 

(b) itlldellt•t. TUt ResulU of tbe DiffereAca iD 1SR BltWHD 'l'\lo ll!ditive.s • 

.&dd.iUve ADI.I. 0 ADD. 1 ADD. 3 ADD. 6 AOO. 10 
TSR 0.44 0.77 0.60 0.45 0.57 

ADO. 0 
ADO. 1 •4.699*+ 
ADD. l ·2.41611 2.:203* 
A!ll). 6 •0.183 4.746*+ 2.371* 
lDD • .LO •1.963 2.592* 0.407 •1.897 

Te.st ltet..bod 0: (I) Sta:.~d&:d Em:lr of thll Oi!fere.!lee ill '1'SI! Betlllle!l '1'110 ldd.itives, 

.t.ddiUve aoo.o 100. 1 &DD. 3 ADD. 6 IJ)D. 10 
Stlllldard i:Tor 0.043 0.064 0.056 0.042 0.055 

I..JD, 0 
Ai)D. 1 0.077 
100. 3 0.071 O.OS!i 
100. 6 0.060 0.077 0.070 
AD!.). 10 0.070 0.084 0.078 0.06!1 .. 

(b) St.lldct·t TUt iu'.Ut.s of thll Di!ferecce 111 TSR Blt.we~~ '1'110 Jddit.hu • 

.t.ddiUvt &00. 0 lDO. l &DO.l ADD. 6 .&00. 10 
TSl 0.53 0.!13 0.70 0.68 0.67 

ADD. 0 
ADD. 1 •5.187*+ 
100. 3 ·2.407* 2. 704• 
lDO. 6 •2.49S* 3.265*+ 0.285 
ADD. 10 •2.005 3.081*+ 0.38'2 0.144 

*Results signi!icaftt. at tbl 5\(t*•2.086, d.f,;20). 

•Sig:lifiCa:.~t accordl.Dg to tbe bfltn"'OU •Uicd vilh \be 5\ error ratt(tnl.l~). 
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TUL& 1.J6 mmlY or PUIWIS! ai!Pwsal SNDD'r-t T!S'T 
RESl1L 'l'S FOR PUll'!' ICil'l'ORI, DISTRICT 16 

Teat l'lll.hod l: (a) StiSidard Error of the Di!feru~ 1D !Sa iet!IMD 'he~ Witive.s. 

adrlltiYI ADD. 0 100. 1 ADD. 3 AOO. 6 100. 10 
Stll'.!dard Error 0.035 0.045 0.037 0.041 0.039 

ADD. 0 
ADD. 1 0.057 
AOO. 3 0.051 0.058 
ADD. 6 0.054 0.061 0.055 
ADO. 10 0.052 0.060 O.OS4 0.057 

(b) Studeot·t 'test Results of the Di!ference 1D 'l'SR letveen 'l"'lo lddiUvu. 

Additive 100. 0 ADO. 1 100. 3 ADD. 6 100. 10 
'1'Srt 0.79 1.02 0.87 0.75 0.77 

ADD. 0 
ADD. 1 •4.034*+ 
ADD. 3 •1.570 2.574* 
100. 6 0.7{2 4.435*+ 2.112 
ADD. 10 0.381 4.198*+ 1.860 ·0.353 

1'est Me t.bcxl c: (aJ Stii.Ddard Error of tl:MI Difference 1D TSi Bet~ 'l'IID lddi tives. 

lddithe ADD. 0 100. 1 IDD. 3 ADD. 6 AOO. 10 
Staodard Error 0.0:34 0.043 0.036 0.040 0.039 

ADO. 0 
l!)i). 1 o.oss 
lOD. 3 o.oso 0.056 
ADD. 6 0.052 0.059 O.OS4 
IJ)l). 10 0.052 0.058 0.053 0.056 ·-

(b} Stude.Dt-t 'rut bsulta of tbe Oifferen~ ill TSi Bet~MD 'l"'lo lddithes. 

kddltive &DD. 0 &00. 1 &DO. 3 IJ)tl, 6 100. 10 
'1'SI 0.72 0.87 0.76 0.72 0.75 

AIID. 0 
ADD. 1 ·2.736* 
ADD. 3 ..0.807 1.961 
Mlt). 6 0.000 2.SS4* 0,74). 
ADO. 10 -0.579 2.067 0.188 •0.537 

*Results si;nificaot at the 5\(t*•2.228, d.f.•lO). 
+Significant aceordic; to the Bon!erroci .. thad vitb tbe S\ error rate(t••l.S81). 
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TUU: 1.30 SIIINRY OF PllllllSE CIIIPUID 1'1"11DD'r-t TlSl 
USDL'I'S FOR PLAin' !IIlT'aRf, DIS':'IUC'f 16 ( CIJIIl1m.lild) 

'rest llltbod D: (a) St.~ Error cf the Diflete~:~ce ill '1'Sl lletveu T1IIO &ddltivu. 

lddltiftl 100. 0 AOO. 1 100. 3 l!)O. 6 ADD. 10 
Sta.adlt.r4 trror 0.036 0.045 0.037 0.042 0.041 

aDD. 0 
l!)O. 1 o.osa 
aDD. 3 0.052 0.058 
ADD. 6 o.oss 0.062 0.056 
ADO. 10 o.oss 0.061 o.oss 0.059 

(b) Stu.deot-t Test 1\esulU cf tbe Diffen.oca ill 'l'SR Bet.v.r~ 'f'olo Additives. 

Additive 100. 0 A.OD. 1 ADD. 3 ADD. 6 lDI). 10 
'I'SR 0.87 1.01 0.87 0.87 0.90 

ADO. 0 
AilO. l -2.429* 
ADD. 3 o.ooo 2.403* 
ADD. 6 0.000 2.:274* 0.000 
wo. 10 -o. 549 1.807 -0.543 -0.511 

*Resulta significact at tbe S\(t*:2.228, d.f.=lO). 
+Signi{lcacl accardillg to tbe b!U'I.'CIIli 11etbod vith tbe 5\ t.r1"CC.' nte(t.+•J.S81). 
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TlW 1.37 SlltiU1 f1f PliiVISE aJII>llUCII S'!VDEI'!'·t ftST 
k!$ULTS rat 1.1!U1UY KirnlRE, DISTIIC'I' 13 

aoo.o 100. 1 ADD. 5 lDD. ll 
Sti!Ddard &nw. 0.042 0.061 0.030 0.037 

AOO. 0 
ADI), 1 0.074 
ADD. 5 0.052 0.068 
100. 13 0.056 0.071 0.048 

(b) Student•t Test Results of the Differen::.e in 'TSR Between 1Vo Mclltive.s. 

Additive lDI). 0 lDD. 1 lDD. 5 ADD. 13 
'1'Sl 0.43 1.42 0.64 0.61 

ADD. 0 
ADO. l ·13.367•+ 
ADD. S -4.068*+ 11.474*+ 
ADD. ll •3.216*+ 11.353*+ 0.629 

Test llet.bod '8: (a) St.IDdard Error: o! t.bt Di!fennce ill 'rSi !et.llllln 1110 ldditive.s. 

~Uve ADD. 0 ADD. 1 &:)!). 5 AiiO. 13 
St&od.ud Error: 0.036 o.oss 0.033 0.042 

Additive 
'I'Si 

lOO. 0 

lDD. 1 0.066 
ADD. 5 0.049 0.064 
~. ll o.oss 0.\169 0.053 

lDD. o aoo. 1 1.00. s W>. ll 
o.ss 1.27 0,66 0.69 

J.I)D. 0 
lDD. !' •10.953*+ 
ADO. 5 -2.252- 9.510*+ 
lDD. ll ·2.530• 8,381 .. -o.561 

-a .. sulls sigoificaAt. 1t. lbl S\(t*z2,12Q, d.f.•l6), 
+Si;nlfiCIIIIl ICCDrd.i.llg to tbe Bcc!ern:ei •t.bcd vitb tile 5\ enor nte(t..,l.ClO), 
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'fW.!: 1.37 SWIWIY 01' PUMSE CQIIPWSON ST'JI)FJI'l'-t ftST 
Rf.SULTS FOP. UklU'roR! MliTO'I\t, DimiC'l' ll (ccntlnued) 

fest. lletbod C; (a) Standard Error of tile Di!ferenat 1n TSR Bttwen Tllo Wd!Uve.s. 

lddit1ve &DO. 0 aoo. 1 ADD. !J ADD. l3 
St<llldard £n'OI 0.036 O.OS4 0.035 0.043 

Ac:lditive 
TSR 

ADO. 0 
&DO. 1 0.06!. 
ADD. S 0.050 0.064 
ADD. 13 0.056 0.069 0.055 

(b) Student •t Test ltesul ts of t.be Difference 1n 'l'SR Betllllrl 'M ld.di ti ves. 

ItO. 0 

ADD. 0 
O.S3 

~. 1 •10.631*+ 

100. 1 
1.22 

&DO. s ·5.178*+ 6.&82*+ 

ADD. S &DO. 13 
0.79 0.78 

ADD. l3 •4.4S7*+ 6.374*+ 0.180 

Test llethod D: (a) StanQa:d Error o! Ule Different:~' 1n 'l'SR Betwe 'l'IIO ldd.!.Uves. 

Additive ADD. 0 lDD. 1 &DO. s AOO. l3 
Staradard Error 0.038 0.055 0.036 0.045 

Additive 
'l'SR 

ADD. 0 
ADD. 1 0.067 
JDO. ~ 0.052 0.066 
100. 13 0.059 0.071 o.oss 

(b) Student·t Tut ResJlts o! tht Oiff~ADC~t 1n TSR Be\.eJ1 'l'IIO ldditivu. 

ADO. 0 ADO. 1 ADO. 5 lDD. 13 
o.7 1.26 o.8S o.88 

ADO. 0 
AIJD. 1 ·8. 376*• 
ADD. S ·2.866• 
AIJD. 13 ·3.056*+ 

6.237*+ 
5.347•+ •0.520 

*Re.sults ai;Di!ic&Dt at tbe S\(\*•2.120, d.f.=l6). 
+Si;Dific&Dt acccrding to t.be llorl!e.rroni •tbod llitb tbe 5\ error rate(t+=-3.010). 
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TLIILl l.J8 S\JNRf OF PliJIWIS! Ctii'WSOIII S'J'OI)OO-t TF.Sr 
RESULTS rat PLAIT IDlTaR!, DIS'I'llCT ll 

Test Metbod l: (1) St..md.lrd Error of the Ditferuee 111 'l'SI lletwen 'Two Additives. 

additive lDD. 0 aoo. 1 ADD. S 100. 13 
Standard t:rror 0.046 0.044 0.034 0.041 

ADO. 0 
Mll). 1 0.064 

AOO. S 0.057 0.056 
ADD. 13 0.062 0.060 0.053 

Add.itift ADD. 0 ADD. 1 ADO. 5 ADD. 13 
TSR 1.03 1.03 1.08 1 

ADD. 0 
ADD. l 0.000 
ADD. S -0.874 -0.899 

ADD. 13 0.486 0.498 1.501 

Test Ketbod C: (1) Standard Error of t.be Difference io 'l'Sll l!et-o T'tlc lc!dit.ives. 

Additive ADO. 0 lD:l. l JJJ!). s ADD. 13 
Sta!ldard Error 0.046 0.044 0.033 0.041 

lDD. 0 
lDO. 1 0.064 
ADD. S 0.057 o.oss 
AOO. 13 0.0&2 0.060 o.os:, 

ADD. 0 lDD. 1 ADD. 5 lDO. ll 
1.02 1.02 0.% 0.98 

ADD. 0 
A!lD. 1 0.000 
ADD. 5 1.059 1.090 
ADD. 13 0.649 0.665 ..0.380 

•Results signi!ie&Dt at lbe S\(t•=2.l6S, d,f,:7). 
+Signifleant aecordi.rl9 to lbe lcnfvroc.i •t.bcd vit.b lbe 5\ error rate(t+=3.639), 
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TABL& 1,38 Sll!IQ.RY or PliilllSI. CXMPUISOI STU!D'r-t TEST 
l!tsllLTS FOR PLAII'I' KIJTDR.E, DIS'l'RlC'l' 13 (c:ontillued) 

Test ltl!thad D: (1) St.llldlni Error o! Ult D1!fK9110t 1A M kt-fl '1'110 ldditivu. 

Additive ADO. 0 WI. 1 ADD. 5 ADD. 13 
Stllldard Error 0.046 0,043 0.033 0.041 

ADD. 0 
ADO. 1 O,OIU 
ADO. 5 0.057 O.OS4 
ADD. 13 0,062 0.059 O.OSl 

(b) Studezlt•t Tut. Results of the Difference in TSR &etween Two ldditives. 

Additive A!)O. 0 ADD. 1 ADD. 5 ADD. 13 
TSR 0.98 0.97 0.99 0.96 

ADO, 0 
ADtl. l 0.158 
ADD. 5 ·0.176 -0.369 
ADO. 13 0.324 0.168 0.570 

*Results signifie&Dt It the 5\(t*:2,365, d,[,:7), 
+Signj.Cie&Dt aeccriin; to the bfllr'I'Oili lll!thod vitb tbe S\ error rate(t+-=3.639). 
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TUL! 1.39 SIJNIY or PlDIWISIIXIIPWSCII S"''QDEI'r-t TtST 
RESULTS 101 I.&!ORA'roRY MimR!, DISTlit'l' 6 

tut llethod l: (a) Sta.odard Error o! Ule Di!!erace in TSR letwen Two lddl.tives. 

Additive ADO. 0 ADO. 1 ADD. 10 l.DD. 12 l.DD. 14 
Stllndar11 Error 0.035 0.057 0.039 0.049 0.038 

AOO. 0 
100. 1 0.067 
ADO. 10 0.052 0.069 
ADD. 12 0.060 0.075 0.063 
ADD. 14 0.052 0.069 0.054 0.062 

{l>) Studeat•t test hsulu o! the Difference ill TSII Betwen 'l'vo Additives. 

Additive ADD. 0 &Dl). 1 ADO. 10 lilt>. 12 l!lD. 14 
TSR 0.20 0.78 0.40 0.49 0.37 

ADO. 0 
lllD. 1 -8.671*+ 
ADD. 10 •3.816*+ 5.502*+ 
ADD. 12 -4.815*+ 3.858*+ -1.437 
ADD. 14 ·3.290*+ 5.985*+ 0.550 1.935 

Tut Method B: (a) St.alldard En:tlr of tbe Dl.f!er:e.oce in TSi iletlleell 'l'vo Additives. 

Additive aoo. o aoo. 1 ADD. 10 lllD. 12 &00. 14 
Staodard Error 0.039 0.051 0.041 0.041 0.042 

ADO. 0 
ADD. 1 C.064 
ADD. 10 0.057 0.065 
aoo. 12 0.057 0.065 0.058 
lllO. 14 0.057 0.066 0.059 C,QS9 .. 

(b) StudeDl·t 'rut hsult.l of lbe Di!fveace ill '!SA letwea '1'110 Additives. 

lllditive IDO. 0 IDD. 1 ADO. 10 &00. l2 ADD. 14 
TSR o.2l 0.62 0.35 0.37 0.42 

ADD. 0 
ADO, 1 •6.074*+ 
AOO. 10 •2.120'* 4.126*+ 

ADD. 12 ·2.474* 3.820*+ -O.l44 
ADD. 14 ·3.315*+ 3.027* -1.192 -o.B51 

*kesults si9n!fiC1Dt at the S\(t*=2.120, d.f,c16). 
+S19ftlfic:ant ac:c:ordi.DQ to the Bonferrcrrl method with tM S\ error rate(t+>3.2S2). 
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Tl!.L!. 1.39 SIJIIU'f OF PliiVISl CIJIPWD STODII'H. 'ft'.ST 
RISULTS FOR I.Ail(AATORY IIIl'l"CCR&, DIS'I'liC't 6 (eooti.Dued) 

hat Plethod C: (a) St.aDdard Error of tbe Dl!!ues~ee a TSR Betii!MII 'J'.Io lddiUves. 

Additive lDD. 0 100. 1 100. 10 ADO. 12 ADO. 14 
Stalldlrd Error 0.038 0.051 0.040 0.040 0.040 

ADD. 0 
ADO. 1 0.064 
ADD. 10 0.055 0.065 
AOO. 12 0.055 0.065 0.057 

ADD. 14 0.055 0.065 O.OS7 0.057 

(b) Studant·t Test Ruult.s of tbe Diffe%'91lce 1:1 'l'Sl Betlllllll '1'vo Additives. 

Additive 100. 0 ADD. l ADO. 10 ADD. 12 ADD. 14 

TSR 0.15 0.58 0.26 0.30 0,30 

~D. 0 

ADD. 1 -1).160*+ 

100. 10 -1.993 4.937*+ 
ADO. 12 •2,718* 4.319"+ •0.707 

ADO. 14 •2. 718* 4.319"+ -0.707 0.000 

'!'est Metboc! D: {a) St.al:ldard Error o! tbe Di!Cerence a 'r$11 Bet-.n 'J'.Io Additives. 

Additive ADD. 0 ADD. 1 ADO. 10 100. 12 IDI.i. 14 
Standard Error 0.040 0.054 0.042 0.041 0.044 

ADD. 0 
wn. 1 0.067 
100. 10 o.osa 0.068 
ADD. 12 0.057 0.068 0.059 
AOD. 14 0.059 Q,C70 0.061 0.060 • 

(b) Stude.llt·t Test Result.s of the Dl!ferena. ill 'rSI! JetiiM!l '1'110 ldd.1tivu. 

Additive ADD. 0 ADD. 1 ADD. 10 IIJI.i, 12 ADD, 14 
m 0.32 0.78 0.42 0.42 0.54 

ADD. 0 

ADO. 1 -i.M5"+ 
ADD. 10 ·1.724 5.262*+ 

ADO. 12 ·1.745 5.309*+ 0.000 
ADO. 14 -3.699*+ 3.445*+ •1.972 -1.995 

*Results significant at tbe 5\(t•=2.120, d.f.•l6). 
•Significant acc:Qrdi.Dg to tbe 9cnfe.rroni metbod with tbe S\ error ntte(t+=3.2~2). 
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'tUL! 1.40 .....UT Of tliJIIl.S! CCIII'w.scJI STODEIT·t TIST 
RESULTS FOR PLAII'I' lllml'RE, DlSTIICT 6 

Test Jletbod A: (a) Stal:lcSard Error of tbe Di!ferecee i.D TSR Betlltll.!l 'l'llo &ddltives. 

AddiUve AOO. 0 ADD. 1 AOO. 10 ADD. 12 AOO. 14 
Staadard Error 0.030 0.040 O.D44 0.040 0.034 

ADD. 0 
l[)D. 1 0.050 
ADD. 10 0.053 0.059 
ADO. 12 0.050 0.057 0.059 
ADD. 14 0.045 0.052 0.05& 0.052 

Wl.t1ve ADD. 0 ADD. 1 ADI), 10 l[)D. 12 ADD. 14 
TSR 0.47 0.54 0.83 0.78 0.64 

.no. o 
ADO. 1 -1.400 
ADD, 10 -6. 7&014 -4. 876*+ 
ADD. 12 ·6.20014 -4.24314 0.840 
ADO. 14 -3.74914 ·1.904 3.416• 2.66!!• 

Test Method c: (a) Stlllldard trror of the Di!!ere.cce in 'l"SR Between 'l'llo Additives. 

AddiUve wo. 0 ADD. 1 ADD. 10 1:10. 12 ADO. 14 
S taoda.n! Error 0.02& 0.036 0.038 O.OJ7 0.033 

ADD. 0 
ADD. l 0.046 
AOO. 10 0.047 0.052 
1[)0, 12 0.046 0,052 0.053 
100. 14 0.043 0.049 o.cso c.oso 

(b) St\ldent·t 'l'ut ResW.ts o! tbe Differe.Dce in TSR Bet- 'l'vo Additives. 

ldtllUvt1 ADD. 0 100. l 10D. 10 AOO. 12 l[)O, 14 
TSR 0.38 0.43 0.66 0.65 0.61 

ADD. 0 
ADD. 1 •1.096 
lDI). 10 -5.93114 -4.39414 
ALtO. 12 •5.81814 -4.26114 0.188 
100. 14 -5.314•+ -3.68514 0.993 0.80& 

*Results sig!Ufic:a:~t at the S\(t*=2.228, d.f.=lO). 
+Signifie&Dt aecordiD9 to tbe Bon!erronl method with tbe 5\ error rate(t+:3.Sel). 
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Tl!Lt I .40 SIJIIWl OF PUJW'IS! CXIII'Wsall l"!''lDD'''·t 'TUT 
Rtstn.TS rOll PUII"l' KIITUIU:, DlSTIUt'l' 6 (cooli.Ziued) 

Test llllt.hod D: (a) Stud&rd Euor of the Di!fereDce iD TSR lletiiM.ll '1'110 ldditivu. 

Additive aoo. o 100. l ADD. 10 &DO. 12 A.OO. 14 
Stlllldard Error 0.031 0.043 0.043 0.043 0.038 

&00. 0 
WI. 1 0.053 
ADD. 10 0.053 0.061 
mo. 12 0.053 0.061 0.061 
ADD. 14 0.049 0.057 0.057 0.057 

(bJ Student·t 7ut Re.sults ot tbe Difference iD TSR Bet~ '1'110 AddiUvu. 

Additive ADD. 0 ADD. 1 !OD. 10 100. 12 ADD. 14 
TSR 0.54 0.66 0.80 0.85 0.78 

AOO. 0 
liill. 1 -2.263* 
ADO. 10 •4.904*+ •2.302* 
ADO. 12 •5.848*+ -3.124* -0.822 
ADO. 14 -4.893*+ •2.091 0.:?.48 1.219 

•Results significant at tbe S\(t•=2.228, d.f.=lO). 
+Signi!ic:allt accordi.Dg to tbe lloon!ert'O!li •tbcd vitb tbll 5\ error ratt(t+=3.5al). 
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"fAII.l I.41 SOIIWY OF PUIIWI.R aJIPWsal mRl!IT·t TEST 
RESULTS FOR UBCIUTORY llilT!.I'U, Dlm.IC'f 2S 

Tut Metbocl A: (e) Standard Error of the Diffennce in TSR Between 'l'Vo Additives. 

Additive AtlO. 0 ADO. 1 lDD. 4 &00. 7 AOO. 12 ADD. 14 
Stlll4ard t:n:or 0.049 0.058 0.059 0.049 0.051 0,056 

ADO. 0 
100. 1 0.076 
ADD. 4 o.on 0.083 
ADD. 7 0.069 0.076 0.077 
AOO. 12 0.071 o.on 0.078 0.071 
A!:IO. 14 0.074 0.081 0.081 0.074 0.076 

(b) Studect·t Test Results of the Dl!fennce ~ TSR Between Two Additives. 

Additive 100. 0 ADD. l ADO. 4 ADD. 7 lDD. 12 ADD. 14 
TS! 0.67 1.30 1.19 0.98 1.03 0.92 

ADO. 0 
ADD. 1 -8.297*+ 
ADD. 4 ·6.780*+ 1.329 
ADD. 7 -4.473*+ 4.214*+ 2.7l8• 
ADO. 12 ·5.090*+ 3.495*+ 2.051 ·0. 706 
ADD. 14 ·3.360*+ 4.713*+ 3.319*+ 0.806 1.452 

Test Method B: (a} StaDIS.ard f.:'ror of t.be Dl!!erecce i.D TSR Bet~ 'l'llc Witivu. 

Additive 1.00. 0 l.VD. 1 All::l. 4 ADD. 7 ADD. 12 AnD. 14 
Standard !.rTor 0.049 0.062 0.065 0.070 0.050 C.059 

lDJ:,. 0 
ADD. 1 0.079 
ADD. 4 0.081 0.090 
ADD. 7 0.085 0.094 0.0% 
aoo. 12 0.070 o.oao 0.082 0.086 
ADO. 14 0.077 0.086 0.088 0.092 o.on 

(b) Stlldlrlt·t Tut Rulllt.s of lbl Dl!fvecce i.D TSR Betwen 'l'llc WiUvu. 

Additive ADD. 0 &riD. 1 ADD. 4 ADD. 7 All:). 12 ADO. 14 
TSl 0.62 1.23 1.23 1.18 0.97 1.02 

P.OO. 0 
lDO. 1 -7. 719*+ 
lDD. 4 ·7.493*+ 0.000 
ADD. 7 -6.553*+ 0.534 0.523 
lDD. 12 •4.999*+ 3.264* 3.170* 2.441* 
ADD. 14 ·5.215*+ 2.<;~3* 2.392* 1.747 ·C.€-46 

·~esults signi!ieaDt at tbe S\(t*=2.080, d.f.=21}. 
+Siqni!ieaot eccordin9 to tbe Boc!erroni .ethcd with tbe S\ erro~ rete(l+=l.314). 
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'l'ULl 1.41 SIIRIT OP PURSE CtJIIIU!D S'nlDEWT·t T!S'r 
RESOLTS FOR I..I.IIOUTatT llll'I'URl, DlSTRlt"l' 25 ( cooUJiued) 

Test Metbod C: (a) Stao4.ud Error of the Di!fezuce in TSR BetiiMZI '1'110 ldi:Utlves. 

Additive ADD. 0 aoo. 1 aoo. 4 ADD. 7 ADD. 12 AOO. 14 
Standard Error 0.045 0.053 0.054 0.056 0.044 O.OSl 

AOO. 0 
ADO, l 0.070 
&DD.4 0.070 0.076 
ADD. 7 o.on o.on 0.078 
AOO. 12 O.OGJ 0.069 0.070 0.071 
ADD. 14 0.068 0.074 0.074 0.076 0.0&7 

(b) St~ent·t Test Results of the Difference iD TSR BetMeen Two Additives. 

Additi'te ADD. 0 ADD. 1 ADD. 4 ADD. 7 ADD. 12 ADD. 14 
TSR 0.46 0.93 0.82 0.82 0.70 0.72 

ADD. 0 
ADO. 1 -6.759•• 
ADD. 4 -5.121*+ 1.453 
ADD. 'I ·5.011*+ l.~ 0.000 
ADD. 12 •3.813*• 3.338*+ 1.'122 1.684 
ADD. 14 •3.822*+ 2.855* 1.346 1.320 -0.296 

Test Method D: (a) Swdartl Error cf tbe Dif!U"Rce iD 'l'SR Bet- '1'110 Acldltivas. 

Additive ADD. 0 ADD. 1 &DO. 4 ADD. 7 AOO. 12 ADD. 14 
Standard Error o.oso 0.064 0.059 0.060 0.047 0.055 

ADD. 0 
ADD. l O.OBl 
ADD. 4 0.077 0.087 
ADD. 7 0.078 0.088 0.084 
ADD. 12 0.069 0.079 0.075 0.076 
ADD. 14 0.074 0.084 0.081 0.081 o.on 

(.b) Stlldent•t Test ltesults of t.bll Diffenr.ce iD 'l'SR Betvte:~ '!'llo Adi:Uti'tel. 

ldd.iUve ADO. 0 ADD. 1 ADD. 4 &DO. 7 ADO. 12 ADD. 14 
'l'Si 0.64 1.0'1 1.01 0.94 0.86 0.87 

ADD. 0 
ADD. 1 -5.294*+ 
ADD. 4 -4. '184*• 0.689 
A!ll). 'I -3.841*+ 1.481 0.831 
100. 12 ·3.205* 2.644• 1.988 1.049 

ADD. 14 •3.094* 2.370• 1.'135 O.b60 ·0.118 

*RuiUts signi!ie&nt at tbe S\(t*=2.080, d.!.=2l). 
+Significant accordiD; to tbe Boa!erroci ~atbod with the S\ error rate(t••3.314). 
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'lBI.! 1.4.2 sumat or t&mnsr: <XII'Ul.SOI STQ!l£1'l'·t. TEST 
Rf.SIIL'!'S FOR PI.AII"f Kil'!'OU, Dlm.It"r 25 

Telt l'lethod A: (a) StaDdard trror of the Di!fererx:e in TSR Bet.weo TIIO Mditivu. 

Additive ADD. 0 ADO. 1 ADO. 4 AOO. 7 ADO. 12 ADO. 14 
St&Ddard t:nor 0.024 0.032 0.02S 0.030 0.031 0.032 

&DO. 0 
ADD. 1 0.040 
&Ill), 4 0.035 0.041 
100. 7 0.038 0.044 0.039 
Ail!). 12 0.039 0.045 0.040 0.00 
At/D. 14 0.040 0.045 0.041 0.044 0.045 

(b) Student·t Test Results of tbe ~ifference in TSR Betveec Tvo ldditives. 

Additive ADD. 0 ADO. l ADD. 4 ADD. 7 ADD. 12 l:lD. 14 - .. ,~ "' "'· " .... c.a5 0.76 0.75 ..... "'' .... v.c:a::. "''"" 

ALD. 0 
ADO. 1 ·7.250*+ 
ADD. 4 0.000 7.141*+ 
ADD. 7 ·6.507*+ 0.911 -6.401*+ 
ADD. 12 •4.081*+ 2.917* ·4.017*+ 2.08& 
ADD. 14 •3, 750*+ 3.093* -3.693*+ 2.279* 0.2'24 

Test lletbcd C: (a) Standard trror of the Dif!erenoe in 'l'Sil lletwee:l Tvo ldditive.s. 

Additive ADD. 0 100. 1 ADD. 4 ADD. 7 ADD. 12 ADD. 14 
Standard trror 0,022 0.029 0.023 0.029 0.029 0.03 

Additive 
TSR 

AD.U. w 
ADD, 1 0.036 
llJD, 4 O.Ol2 0.037 
ADD. 7 0.036 0.041 0.037 
ADD. 12 0.036 0.041 0.037 0.041 
ADD. 14 0.037 0.042 0.038 0.042 0.042 

(b) St\ldent·t Test b.Wlt.s of the Differuoe in '1'Si Bet- TIIO Witivu. 

&DD. 0 ADD. 1 ADD. 4 ADO. 7 lOO. 12 &:lO. 14 
0.44 0.76 0.48 0.79 0.63 0.67 

ADD. 0 
ADD. 1 ·8. 791*+ 
&DD. 4 •1,2SG 7.564*+ 
&OD. 7 -9.615*+ •0. 731 ·8.37S*+ 
ADD. 12 ·5.219*+ 3.169* -4.052*+ 3.901*+ 
ADD. 14 •6,182*+ 2.156 ·5.026*+ 2.875* ·0.958 

•ii.esl.llts :11\r.lifi::.a.c•. at tbe ~\(t••2.179, d.! ,;12). 
+S11J!lificant aec:ordi!IQ to the lonle.rriXIi •tbod v1tb tile S\ error rate(t+=3.654). 
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!ULl !.42 SIIIUT or PLDl'Wl.St CXIIPWSOI sm:a'l'·\ !EST 
WUL!S FOR PWI'l' Kil'l'llU, Dlmit"'' 2S teanU.nued) 

'lut llethad D: (1) S\IDdard Error of tM D1ffen:Dce 1D TSR Betweeri'i'IIIO Additives. 

lddl.tiw ADO. 0 ltJI). 1 ADD. 4 ADO. 7 ADO. 12 ADD. H 
Stmlarcl 1rror 0.025 0.032 0.025 0.032 0.031 0.032 

ADD, 0 •' 

ADD. 1 0.041 
ll:ll), 4 0.035 0.041 
ADD. 7 0.041 0.045 0.041 
ADD. 12 0.040 0.045 0.040 0.045 
AIID. 14 0.041 0.045 0.041 0.045 0.045 

(b) Stlldlmt·t 'lut Ruulta of the Di!fercce 1ll TSI l!etllleen 1'1110 l~tives. 

Additive At(). 0 ADD. 1 llltl. 4 ltJI), 7 ADD. 12 1DD. 14 
TSR 0.64 0.90 0.63 0.96 0.76 0.78 

AOO. 0 
ADD. 1 -6.402*+ 
1DD. 4 0.2!2 6.648*+ 
IJ)D. 7 ·7 .880*+ -1.325 -8.126*• 
ADD. 12 •3.013* 3.142* •3.264* 4.4t89*+ 
ADD. 14 ·3,447* 2,651* -3.694*+ 3. 977•+ ·0.448 

*Results si;ni!icact o\ tM 5\(t*~2.179, d.f.=12), 
+Slgrdf1ca~~t acco:d1.Dg to tbl llcr.lfln'OD.i •t.bocl w1t.b the 5\ error rote(t+=3.654). 
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TUL!. 1.4:1 IIJIIIIT at tlJWollSl c::t:WUJP S!'lllllrH 'I'U'l' 
fi!.SIJL'I'S tu L.UIOili~T IUJ'!Ult, tllSTRIC'I' 1 

Ta.rt lletllod A: (a) Slllldard t.m:>r of tb<t Iliff~ ill TSII llel- Tloo lddithu. 

Add! tin A.l)O, 0 AOO. I AD!l. 2 ADD. 6 AOO. 7 ADD. 9 AOO. 11 1.00. ll 
S landard Error 0.058 0.066 O.Ob8 0.06l 0.068 0.067 0.088 0.078 

lll(). 0 
lll(). 1 0.088 
k!i:). 2 0.089 O.O'J!i 

A:)L. ' 0.08& 0.0'71 0.093 
All!), 7 0.089 0.0'75 0.09& 0 .0'73 
ADD. 9 0.089 0.094 0.095 0.092 0,095 
AOO. 11 0.105 o.no 0.111 0.108 Cl.lll C.lll 
ADD. 13 0.097 0.102 0.103 C.1CO 0.103 0.103 0.118 

(b) Studezlt•t 'l.'ut Resl.\lU C{ tba D!!hte!let< ill 'l'S1! !let- '1'11:> A:ld!tiHIS. 

Add.itiva l:lO, 0 ll)t), 1 !:)!). 2 ADD. 6 A.'Jll. 7 &:10. g A!)i). 11 AD;). a 
TSR 0.74 1.06 1.14 0.70 1.10 1.07 1.21 1.15 

~.0 

A.C:J. 1 ·3.64.2*• 
CIO. 2 -4.475*+ -0.844 
AOO. 6 0.467 3.946 ... 4. ?47•+ 
ADO. 7 ·4.C27•• -o.422 0.416 -4.315*+ 
t.no. 9 ·3.724*• •C.106 0.733 ·4.0:3 ... 0.3!4 
A:l:l. 11 ·4.4S9•• •1.364 •0,629 -..n?*• -o.9t9 ·l.~o 

W>. 13 .:4.218*+ -o.eeo •0.097 ~.4eil .. ·0.4!3 •O.TIS 0.510 

'tut lletbol:l 8: (a) Standard E.rrer of the Di!fue::~e! 1.ll TSil !let- Tile l&!itive.s. 

ldd.it.i.•• lDlJ. il AOC.. 1 ADIJ. 2 L."C. 6 Pol. 7 At;~. !:! ct. n ~. :3 
St~ Encr 0.075 0,073 t.O&J \:.C73 C.062 c.~79 o.08r. ;).074 

AOO. 0 
Wl. 1 c.m J 

1!)0. 2 0.112 O.lll 
l:l(). 6 0.105 0.103 0.111 
ll)!) • ., 0.0'.17 0.096 0.104 0.096 
l:l!J. 9 0.109 0.108 o.uf> 0.10! 0.100 
101). ll 0.114 0.113 0.120 0.!13 0.106 0.117 
l.i)D. 13 0.105 0.104 0.111 0.104 0.097 0.108 C.ll3 

(b) Student·t 'rut luulU of tile D1ffate~~ct 1.ll !Sa let- Tllc ldd.l.UYU. 

lddJ. tba AOO. 0 Lttl. 1 All:~. 2 lllll. r. ADD. 7 l:lll. 9 ll)D. 11 lilt. 13 
TSil 0.96 1.22 Lli c.e;, 1.10 1.14 1.3'7 1.15 

C:D. 0 
lllll. 1 ·2.484• 
A:)!), 2 ·2.682* •0.362 
AOO. 6 1.051 3.S8l*+ 3.709•• 

AOO. 7 •1.(3' 1.253 l.S44 •2.6~0· 

N:)O. 9 •1.652 0.744 1.047 •2.!.961 ·t.39a 
aoo. n -1.59:>•• ·1.330 -o.g:zo -4.610*+ ·2.~,.. •1.969 
lllO. 13 •1.803 0.673 0.9&9 ·2.8861 ·C,Sl8 ·0.092 1.939 

•J..Wu s!Q'IIi!ica~:t at the S\(•.••:!.045, d.f.•29). 
•S!r.J..flc:.act aco;rdl..oo; to \b<t ilon!eri":Xll •~bod v:.•.t l.!le ~\em=: rct~(t"j,4...,.7). 
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TUI.I 1.43 StiiiUt Cfl fllJIQJI a.uiD I'NIII"N ftiiT 
ll.Stli.!S rat L&IIOU'I'QI'f IImlll!, DimlC! 1 ( CIOIItJ.nu.d) 

Tut flllthod C: (t) S~ lnw of till Dlff•~ 1n ~- a.t- \'110 W!thu. 

&&:lith• AOO. 0 aoo. 1 all>. 2 AOO, 6 AOO. 7 lOO. 9 &DO. 11 aoo. u 
St.lrldan:l lrnr 0.069 • 0.071 0.071 0.072 0.062 o.oe 0.091 0.071 

AOO. U 
lOO. 1 0.099 
aoo. 2 0.099 0.100 
aoo. 6 0.100 0.101 0.101 
AOO. 7 0.093 0.094 0.0')4 0.095 
aDD. 9 0.106 (),107 0.107 0.108 0.101 
100. ll 0.114 o.ns 0.11!1 o.m o.uo 0.121 
aDD. 1l 0.104 0.105 0.105 0.106 0.100 0.112 0.120 

(b} StucieAt·t !t.r. Rulllt.s of tbe Diffll'lllce 111 TSII le~..n '%W ldd.itivu. 

Ad4it1Y1 ADD. 0 &DO. 1 ltD. 2 &J:lt). 6 ADD. 7 &DO. 9 &DO. ll &Ill). l3 
'!'Sa 0.80 1.14 1.14 0.82 1.10 1.17 1.5 0.94 

ADD. 0 
100. 1 ·3.434• 
&DD. 2 ·3.434• 0.000 
ADD. 6 -0.200 l.104* 3.104• 
ADD. 7 •3.234• 0.424 0.424 -2.946• 
.lOti. 9 •3.S021+ -o.280 •0.280 ·3.252" -o.uz 
ADO. 11 -6.129 ... •3.1191 -3.119° •5.860"+ ·3.633°+ ·2. 7ll• 
la). 1l •1.344 1.1196 1.8% •1.130 1.606 2.csa• 4.672"'+ 

Tut l!et.bncl D: (t) s~ tmlr of t.be Dl.lf~r~cce 1n 'I'SI !let- \'110 Additivu. 

ldditivt &DD. 0 w:l. 1 ADD. 2 &DO. 6 ADD. 7 .lOti. 9 1.00. 11 &DO. ll 
~~tmlr 0.076 0.074 0.075 0.077 0.064 0.081 o.oaa 0.\173 

ADD. 0 
J.l.lt, 1 0.106 
&DO. 2 0.107 0.105 
AOO, 6 0.1011 0.107 0.107 
&DD. 7 0.099 0.098 0.099 0,100 
100. 9 o.m 0.110 o.ao 0.112 0.103 
&Ill). 1l 0.116 0.115 0.116 0.117 0.109 0.120 
ADD. ll 0.105 0,104 0.105 0.106 0.097 0.109 0.114 

(II) Stud&Qt ·t Tut Ruul t.s of t.llt D1 H II'IIICII ill TSII a.t- tvo &&:11 tJ vu. 

AISdiUu W!.O &DD. 1 ADD. 2 &DD. 6 ADD. 7 &DO. 9 aoo. 11 AlJO, 13 
'lSI 1.01 1.24 1.29 0.95 1.20 1.22 1.42 l.ll 

.aoo. 0 
&DD. l ·2.168• 
ADO. 2 -2.622" •0,474 
ADD. 6 0.5~ 2.715• 3,163• 

&.DO. 7 •1.912 0.408 0.112 •2.4'l7• 
aDD. 9 •1.890 0.182 0.634 ·2.4U* ·0.193 
&.DO. 11 •3.5'.6 .. •1.S65 •1.124 --4.019"'+ •2.022 ·1.672 
100. ll ·1.139 1.0!11 1.529 •1.696 0.'721 0.825 2.5.36• 

•llanlu rJ.QIIifi~a~~t •t \hi S\(t••2.045, d.f.•29). 
•S1grl1 !lcellt ICCIIr1ll.llo to Ulll bf enuu •UJO<! v1 tb t.11t 5\ V'I"'r nte ( t • = l. <l37). 
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n.tU 1.44 SIJIIUY t:1t Pl.lllll.A CDIIPWD nutur•l 'I'UT 
USULTS Pill l't.UT IUI"lW!, lllS'I'I.lCT I 

'l'ut llltthod l: (1) StU>d.vd !nor of tile Olrfer~ 1D 'TSlllet- 'l'llo Witlv ... 

Add.it1n ADO. 0 AOO. 1 lOO. 2 ADD. £> AOO. 7 AOO. 9 &.W. ll 1.00. 13 
S\&ldud trror 0.042 0.04; 0.()4.4 0.043 0.00 0.046 0.05 0.04 

lDO. 0 
IU). l 0.062 
l!ll), 2 0.061 0.063 
Am. 6 0.060 0.062 0.062 
am. 't 0.060 0.062 0.062 0.01'>1 
100. 9 0.062 0.064 0.064 0.063 0.063 
100. l1 0.065 0.067 0.067 0.066 0.066 0.068 
ADO. 13 o.osa 0.060 o.ost 0.0~9 O.OS9 0.061 0.064 

(b) Studact·t Test leS'IIl~ of tilt Differuct iD TSI llet- Two ldil.itives. 

~~:iitivt ADO. 0 AI);), l ADO. 2 ADD. 6 ADD. 7 AD:>. 9 l:lO. ll .I.CO. ll 
'!'S! 1.06 1.12 1.10 0.97 1.12 1.1 l.l~ 1.02 

AD~. 0 
a. 1 ·0.974 
A.CD. 2 ·0.657 0.317 
~l). 6 1.497 2.409• 2.1:..3 
At:l. 7 ·0.998 o.cc~ ·0.325 ·:1.~6· 

lDD. 9 -ll.&42 0.310 c.ooo ·2.064 0.317 
ADD. ll ·1.378 ·0.445 ·0. 7SO ·2.729• -o.~S5 •0.735 
ADD. 13 0.689 1.660 l.Jo\5 ·0.851 1.102 1.312 2.C3~ 

Te~ llttbod C: (I) Sta!lll.uc! E."!O!' of t.bt Dl.fferecc:e ill 7Sl let..:~ 1'wo Miitives. 

A!jdj.tive ADO. 0 ltO. l ADD. 2 lOll. 6 lDO. 7 A:i:). 9 l.l)l). ; : .w;, ll 
Statdard trrcr 0.041 C.Oo\8 0.047 C.042 C.C45 o.C49 0.052 Ml'll 

ADO. 0 
lDO. 1 0.063 
ADD. 2 0.062 0.067 
ADO. 6 0.059 0.064 0.063 
lD(). 7 0.061 0.066 0.065 0.062 
100. 9 0.064 0.069 0.068 0.065 0.067 
A.JO. 11 0.066 0.071 o.t!'10 0.067 0.069 0.071 
ADO. 13 o.os.a 0.063 0.062 0.059 0.061 0.064 0.066 

(b) Student·t Test bnlu llf Ult DUftnllCI ill 'I'SJ let-D '1111:1 lddl.thu. 

l~livt 1:)!). 0 ADO. 1 IJ)D. 2 IJ)D, 6 IJ)l), 't &!);;), 5 A!.D. 11 IJ)D, 1l 
'1'$11 0,97 1.27 1.23 0.95 1.20 :.22 l.24 1.07 

ADD. 0 
J.I)O. 1 -4.7~2"· 

AI.(), 2 -4.16$ ... C.S95 
All!), 6 0.340 !'1.017°+ ~.~ 
A!)l), 7 ·3. na-. 1.063 0.461 ·4.061*+ 
lDtl. 9 •3.912"• 0.728 0.147 ·4.1114 ... •0.300 
lllf:), 11 •4.077 ... 0.423 -D.14.2 -4.3.l8 .. -Q.S42 ·0.2'79 
&ttl. 13 ·1. 724 l.168• 2.sosa •2.044 2.13~ 2.~7· 2.~1· 

··~,_. 1I;Jflc:ac' It t.:llt 5\(\"'2.12\i, i!.f.•l6J, 
•Signific:&llt eccardl.cr,l to lbe b!trrall.l wt.bod viOl tblt !I\ etTOr nte(t••l. 736). 
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'fW.& I .44 SIJIIIIUY Of PliJIIISE CCR&JUSal STUDDT·t TP.S! 
R!SUL'I'S FOR PWfT IIIITUI!l, Dimlt"T 1 (cootinll&d) 

Tat Jllathad D: (a) Staodard Error o! ttle Dlfte.rence lD TSR .lletvten Two Additives. 

ld4.1Uve &DO. 0 AOO. 1 aoo. 2 AOO. 6 ADD. 7 ADD. 9 &00. 11 ADD. 13 
Staodard Error 0.043 0,04S 0.045 0.043 0.044 0.048 0.051 0.042 

ADD. 0 
AOO. 1 0.062 
MID. 2 0.062 0.064 
ADD. 6 0.061 0.062 0.062 
ADD. 7 0.062 0.063 0.063 0.062 
WI. 9 0.064 0.066 0.066 0.064 O.OGS 
ADD. 11 0.067 0.068 0.068 0.067 0.067 0.070 
ADO. 13 0.060 0.062 0.062 0.060 0.061 0.064 0.066 

(b) St~Xi~Dt •t 'I' est Ruul t..s of the DiffererJct in '1'SR lletveeo Tllo &ddi ti vu. 

Acl.i!iUve ADD. 0 ADD. 1 .\00. 2 100. & ADD. 7 r.::JD. 9 ADD. 11 ADD. U 
TSR 1.07 1.12 1.16 0,96 1.15 1.19 1.19 1.:2 

ALD. Q 

!00. 1 •0,803 
100. 2 ·1.445 ·0.628 
W). 6 1.808 2.570* 3.213• 
ADO. 7 •1.300 •0.476 0.158 -3.088• 
lDI). 9 -1.862 -1.063 -0.4SS -3.569• -0.614 
aoo. 11 -1.798 -1.029 ·0.441 -3.447• -o.S93 0.000 
100. ll -0.831 0;000 0.649 ·2.662* 0.493 1.097 1.059 

•Results siQni!ieant at the S\(t*:2.120, d.f.=l6). 
•Sl;nifiCIIlt ac~ to the Bo.n!e!TOIU aatbod vitb the S\ ertQr rete{t+=l. 7)6). 
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TUL& 1. 45 SIIIU1' or PWWISI CtJI'IllSCII mJDD'r-t ftS'l' 
RESULTS PUR I.U!Cill91 lmTIJR!, DlSI'UC'! 19 

'l'ut IIJetbocl l: (I) ttiDdard trrcr of the D!Ifueta 1.D 'l'Sl llettllell TIIO ldd.ltivu. 

AdditiYII AOO. 0 &DO. 1 aro. 2 Ali), 4 aro. s &00. 12 
Standar11 trrcr 0.062 0.083 0.071 0.067 0.061 0.068 

100. 0 
.ADD. 1 0.104 
AOO. 2 0.094 0.109 
&00. 4 0.091 0.107 0.098 
ADD. 5 0.087 0.103 0.094 0.091 
ADO. 12 0.092 0.107 0.098 0.095 0.091 

(.b) Studellt·t Tut l!e.sults of tbe DiffereD<:~ 1.D TSR lletVIII!ell '1'vc ldditbes. 

MdiUve ADD. 0 .ADD. 1 ADD. 2 100. 4 &DO. 5 ADD. 12 
TSR 1.12 1.07 1.19 1.25 1.16 0.93 

ADD. 0 
ADD. 1 0.482 
ADD. 2 .a. 742 -1.098 
ADD. 4 -1.424 -1.687 •0,614 
ADD. 5 -0.459 -0.873 0.320 0.993 
.ADO. 12 2.064 1.304 2.644• 3.352*+ 2.Sl7• 

Test IIJet.bocl 8: (al St.acdard Error of the Di!fmu!CI 1.D TSll llet.an TIIO ldditivu. 

~tive ADO. 0 ADO. 1 ADO. 2 ADD. 4 AOO. S lDD. 12 
StaDdard Error 0.066 0.111 0.066 0.066 0.053 0.074 

ADO. 0 
100. 1 0.129 
100. 2 0.093 0.129 
ADD. 4 0.093 0.129 0.093 • 
Wl. 5 0.085 0.123 0.085 0.085 
ADD. 12 0.099 0.13l 0.099 0.099 0.091 

(b) Stant•t Test lamlts of the D!Ifanmce 1.D '!SI lletwe~~ Tw ldditivu. 

Additive ADO. 0 U)t). 1 &DO. 2 .ADD. 4 100. 5 100. 12 
'I'SR 1.07 1.53 1.09 1.24 1.07 1.17 

ADD. 0 
ADO. 1 -3.562*+ 
&DO. 2 *0.214 3.407•+ 
ADD. 4 -1.821 2.245• -1.607 
ADO. 5 0.000 3.739•+ 0.236 2.001 
ADD. 12 ·1.008 2.698• •0.806 0.705 ·1.098 

*Results s~qnliicaLt at the ~\(••=2.074, d.f.=22). 
•Significant acc:ordino to the bfttn"'Oli •tbod vith the 5\ error rate(t••3.29S). 
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'l'UL! I .45 SlRUY OP PliiWISE CCIIPWD STil!D'I'·t T!ST 
II!S11L 'l'S POR U!!ORl TORY KlJ'l'ORE, DISTR.l C'l' 19 ( conti.oued) 

Test Metbccl C: {e) Stlll:lderd Error of the llifrere!ICI ill 'l'SR lletween Two lddl.the.s. 

ldditlft ADO. 0 100. 1 100. 2 100. 4 lD'O. 5 ADD. 12 
s t llldarcl Error 0.063 0,108 0.065 0.063 0.055 0.071 

AOO. 0 
ADO. 1 0.125 

AD0.2 0.091 0.126 
100. 4 0.089 0.125 0,091 

ADD. 5 0,084 0.121 0.085 0.084 
lDD. 12 0.095 0.129 0.096 0.095 0.090 

(b) Stude:lt-t Test Resu.lt.s o! t.be Di!!e..te~:~ee ill TSi lletvee:c Two Additives. 

ldd.iUve ADO. 0 I.DD. 1 ADO. 2 lDD. 4 AOO. 5 AOO. 12 
TSi 0.93 1.45 0.99 1.11 1.22 1.03 

ADO. 0 

ADO. 1 -4.158*+ 

I.DD. 2 -0.662 3.649*+ 
I.DD. 4 -2.020 2. 719* •1,325 

P.DO. 5 ·3.467*+ 1.897 -2.701* •1.315 
ADD. 12 ·1.053 3.249* ·0.415 0.842 2.115* 

Test Method D: (e) St.ADdard E.rrc:r o! the Differeoee ill TSi lletveen '!'wo Additives. 

Additive ADD. 0 100. 1 ADO. 2 ADO. 4 100. s ADO. 12 
Stll!lda.rd Error 0.064 0.115 0.068 0.068 0.057 0.071 

ADO. 0 
AD!), 1 0.132 
J.DD. 2 0.093 0.134 

ADD. 4 0.093 0.134 0.096 & 

ADD. S 0.086 0.128 0.089 0.089 
ADD. 12 0,096 0.135 0.098 0.098 0,091 

(b) Stude.ut.-t Test Result& of tbe Diff.n.oee ill '1'9 lletvee:c Two ldditive.s. 

&adit.ift &00. 0 I.DD. l 100. 2 ADD. 4 100. 5 I.DD. 12 

TSB 0.98 1.64 1.20 1.36 1.30 1.03 

ADD. 0 
ADO. 1 -5.014*+ 

ADD. 2 •2.355* 3.293* 

ADD. 4 -4.069*+ 2.095* ·1.663 

AOO. 5 -3.733*+ 2.648* •1.171 0.676 
lDD. 12 -D.523 4.513*+ 1.729 3.356*+ 2.965* 

*Results signi!ie&Dt at tbe 5\(t•=2.074, d.f.=22). . 
+Slgnifie&Dt eccordiD; t.o tbe l!oll.!errtlfli ~~~elbod with the 5\ errcr rate(t•=3.295). 



571 

TWJ: 1.46 SIMAT or PlllWI.SE CQIIPWD S'!'U'Dr:rr-t ftST 
AESUl.. TS FOR PLAll'!' Km'llR!, D ISTR.I CT 19 

'lest Met.hocl a: (1) St.IDdard Error o! Ule Dl!!ereuce 1n 'l'Sit Jetwen '1'wo Additives. 

Additive aDO. 0 aoo. 1 ADD. 2 aoo. 4 ADO. !i lDD. 12 
Standard Error 0.082 0.089 0.087 0.066 0.089 0.055 

ADD. 0 
ADD. 1 0.121 
aoo. 2 0.120 0.124 
ADD. 4 0.105 o.m 0.109 
ADD. 5 0.121 0.126 0.124 0.111 
ADD. 12 0,099 0.105 0.103 0.086 0.105 

(b) Student·t 'rest Rasults of the Di!!trG<:e ill 'l'Sit Betwen 'l'Wc ldditlvu. 

ldditiYI ADD. 0 aoo. 1 ADD. 2 ADD. 4 ADD. 5 100. 12 
TSR 0,73 1.11 1.12 1.16 1.21 1.01 

ADO. 0 
ADD. 1 -3.140* 
lOD. 2 -3.262* ..0.080 
ADD. 4 -4.085 .. -0.451 -0.366 
ADO. 5 -3.966*• -0.7~ -0,723 ·1).451 
lDD. 12 ·2.835* 0.956 1.068 1.745 1.911 

Test lletbod C: (1) Stlll'ldard Error o! the Difference ill TSR Bet-.n '1'wo ldditivu. 

li:ldit1ve ADO. 0 ADD. 1 ADD. 2 ADD. 4 ADO. 5 ADO. 12 
Stl!ldard Error 0.083 0.081 0.076 0.068 0.090 0.058 

1:)0. 0 

ADD. 1 0.116 
aoo. 2 0.113 0.111 
ADD. 4 C.l07 0.106 0.1()2 
ADD. 5 0.122 0.121 0.118 0.113 
ADO. 12 0.101 0.100 0,096 o.oa9 0.107 

(b) Sludent·t Tast Results of the Di!fereuce ill S Jet- 'l'Wc &Mit1vu. 

Miithe ADO. 0 ADD. 1 ADO. 2 AOO. 4 ADD. 5 lOD. 12 
TSR 0.75 1.16 1.08 1.24 1.'26 1.14 

ADD. 0 
ADO. 1 -3.535* 
ADD. 2 -2. 9l2" 0.720 
ADD. 4 -4.567*+ -o. 756 •1.568 -
ax!D. 5 -4.165"+ ..0.826 ·1.528 -0.177 
ADO. 12 ·3.851*• 0.200 -0.627 1.118 1.120 

·~e.r.lts lii9l'lific:an~ ~~~ the S\(t•=2.l7':i, d,f.:12). 
+Slgnilic:ant accordiD~; to tbe &on!e.rroa.i athod with tbe 5\ error rate(t+•3.654). 
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'WILt I. 4b SUIIUY or PliJIW:tSt CCII'Wsal S!'DDD'.I'-t TEST 
WULTS FOR PWI"f Kll'nll!, DISTaiCT 19 (CODtlillled) 

Test llethod D: (1) St&Ddard Er:ror of the Oi!re.rence ill '!'5I Bet1111111 1'110 ldditivu. 

ldd1Uv. ADO. 0 ADO. 1 a.oo. 2 I.DD. t aoo. s ADD. 12 
Stlllldard Error o.oas 0.082 0.07& 0.0&6 0.091 0.058 

ADO. 0 
lDD. 1 0.118 
&DD. 2 0.114 0.112 
aw. 4 0.108 0.10S 0.101 
ADD. 5 0.125 0.122 0.119 0.112 
ADO. 12 0.103 0.100 0.096 0.088 0,108 

(b) Stucll!llt·t 'rut .lluulU o! the Oi!!e.re.Dce 1.D TSR Betwen Two ldditives. 

WJ.tive A%)1). 0 ADD. 1 lDD. 2 lDD. 4 lilO. 5 ADD. 12 
tsl 0.80 1.21 1.011 1.11 1.77 1.15 

lOD. 0 
&DO. l •3.471* 
ADD. 2 -2.455* 1.162 
ADD. 4 -3.438* 0.380 -o.894 
&DO. 5 -3. 774-A+ -o.489 •1.602 ·0.689 
aoo. 12 -3.401 * 0.597 -o.732 0.227 1.112 

*Results sigcificaat at the S\(t•=2.179, d.!.•12). 
+Signific:ant IICCClrdiog to the llcllfem:lli •t.bo4 with the 5\ vror nte(t+=3.654). 
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TUI.I. 1.47 S1111U! (11 tlDIIII.SI tDIPIIIJilll I!'ID•N ft.n 
IIUULTS rat l,loll:&i':Oat mTUII, OISTIJCT :ill 

Tut IIIUoS A: (6) Studard t.rrar of tbe Olrfenmc:. 1n TSl a.t- !lie Addlthu. 

Addlllft 100. 0 &DO. 1 100. 2 lDO. 4 100. 6 .1.00. a &00. 10 100. 12 
Stllldanl 1mx' 0.035 0.051 0.039 0.042 o.~ 0.034 0.038 0.037 

aoo. o 
AllO. 1 0.062 

u:o. 2 0.0!.2 O.Ot4 
100, 4 0.055 0.066 0.057 
AI)!). 6 0.049 0.061 0.052 O.OS4 

AllO. 8 0.049 0.061 0.052 O.OS4 0.04& 

100. 10 0.052 0.064 C.OS4 0.057 0.051 0.051 

ADD. 12 0.051 0.06l O.CS4 O.OS/i o.oso 0.050 0.053 

{b) Studellt•t Te.r.. hr.llt.s o: tile Di!fuallCI! ill 'l'Sit kt-.o '!W A~tivu. 

Add.itive AI)!). 0 &l)l). 1 AD:>. 2 AI)!). 4 AO!). 6 11)0. a 1:)1). 10 AI)!). 12 

'l'SR 0.24 1.04 0.52 0.73 0.35 0.45 0.51 0.47 

ate. o 
ADD. 1 •12.934"+ 
&l)t). 2 ·5.343"+ 8.099"+ 

ADO. 4 •8. 962'"+ 4.692'"+ ·3.663"+ 

A!lO. 6 ·2.2S4• ll.2S7"+ 3.295• 7 .C32'"+ 

1.00. a -4.303"+ 9.6:ZS"+ 1.~2 5.181"+ ·2.079• 

AOO. 10 •5.m•• 1.333"+ 0.153 3.8114•• •3.137• •1.176 
1llt. 12 -4. 516"+ 9.046•• 0.9:10 4.645"+ ·2.381• ·0.398 0.7S4 

Tnt. lletbcd ): (•) StaD<Iird Error o! tbt ::li!!Ue:lC:. ill 'l'Sl ktRUI T'lll:l Wit:.vu. 

ldd.iUn J.D:l. 0 1:.:). 1 A:)IJ. 2 lCO. 4 100. 6 li:iO. a a.oc. 10 l.CO. 12 

S~Enw 0.03:1 O.OS4 0.039 0.045 0.032 o.r>u 0.037 O.Cli 

IDO. 0 

ADO. 1 0.063 

100. 2 0.050 0,067 

IJX), 4 0.055 0.070 0.060 

&DO. 6 0.045 0.063 0.050 0.055 

aoo. a O.OS4 0.069 o.osa 0.062 C.OS4 
ADD. 10 0.049 0.06S 0.054 o.osa o.on 0.057 
)IX). 12 0.048 0.065 O.OSl o.osa 0.048 0.056 0.052 

(b) Stucla11t·t Tut kes'J.lt.s o! tbt Oi!!- U; m Itt- '!W &dd.iUvu. 

lddJ.tive lCD. 0 lllO. 1 w. 2 ADD. 4 llll:l. ' llll:l. 8 Wl. 10 IDO. 12 

TSlt 0.21 1.06 0.48 0.76 o.:n 0.111 0.55 0.52 

&DO. 0 

ADD. 1 ·12.425*• 

ADD. 2 ·3.!164"• 8.707•• 

API'l. 4 •8.692'"+ 4.267*+ -4."102"• 

ADD. 6 ·1.988 10.992"• 2.180* 7.063•• 

aoo. a •11.1\13*+ 2.6C7" -(,,ag()*+ ·1.927 •9.514*• 

JJ:I). 10 ·5.!191+ 7.791*+ •1.302 3.604•• ·3.679"+ 5.&17"+ 

ate). 12 -4. 982'"+ a. J20"+ -o. 754 4.\64"+ ·3.114* 6.419"+ (1.581 

•aUII.lu :ug:~J..hcut at t.M S\(tt:2.037, ci.L•l:2). 

+SI!llllficact 1eoord!DQ to lht bfll'T'OIU •Uxx! Vlt.b the S\ erTQ!' ra\t{t .. 3.40S). 
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ft.IU 1.47 _., f1t tu.IJI ~&lllaii'I'IID'r·t Tat 

I&SOL!'S Pal LU:U!l*T IIJTIIU' Dim.lC'T :n I CCXIt u.-1) 

T .. t Relbad C: (I) St.lrldard trTor of U. D!f!vecce in 'I'SI a.tw.~~ Two &ddltlna. 

&ddiUw• ADO. 0 a.oo. l ADD. 2 100. 4 ADD. 6 aoo. a ADD. 10 100. 12 
Stear~ lnw 0.031 0,0$4 0.038 o.ou 0.032 0.038 0.037 0.03S 

Ill). 0 
All). l 0.062 
llll), :z 0.049 0.066 
A.DO •• o.os1 0.068 0.056 
I.DD.6 0.04~ 0.063 o.oso 0.052 
lDI). I 0.04!1 o.~ 0.0$4 O.OS6 0,050 
ADO. 10 0.043 0.06S O,OSJ 0.055 0.049 O.OSJ 
AD!). 12 0.047 0.064 0.0~2 0.0$4 0.047 0.052 0.051 

(b) Studut•t TUt Ruulu o! \be Oi!ftre~::a in 'l'SII Be\~ Two ldditive.s. 

AM!Uft AO:'i. 0 AOO. l AOO. 2 1:)!). 4 All:). 6 10!). 8 W). 10 A!)t). l2 
m 0.22 1.04 0.39 0.)4 0.30 0.59 0.53 0.39 

100. 0 
10!), 1 •13.169"'+ 
ADD. 2 -3.466"'+ 9.843"'+ 
IJll>, • -6.225*+ 7 .374°• ·2.683• 
,W). 6 ·1.795 11.789"'+ 1.812 4.614 ... 
ADO. 8 ·7 .$45*• 6.81S*• ·3.721"• -o.&'M ·5.837*• 
~1). 10 -6.422"+ 7.791&+ •2.640• 0.181 -4.702*+ 1.131 
100. 12 -l.'US .. 10.101*• 0.000 2.782* •1.897 3.871"'+ 2. 748* 

test llelbad 0: (1) S~d Error of t.be Di!!e:uce in TSR a.t- '1'-.o &dditlfta, 

Add.:.Uft 101), 0 AtO. 1 .t.:)I), 2 100. 4 a.oo. 6 100. 8 100. 10 A.DO. 12 
StaDdard l:ror 0.032 0.054 0.040 0.0+4 o.o:u 0.041 0.038 0.036 

ADO. 0 
AOD. l 0.063 
AOO. 2 O.OS1 0.067 
).;)!), 4 0.054 0.070 O.OS9 
uo. 6 0.045 o.w 0.051 0.054 
l.:lD. 8 O.OS2 0.068 0.057 0.060 0.052 
loa), 10 0.050 0.066 o.oss o.ose 0.050 0.056 
ADO. 12 0.048 0.065 0.054 0.057 0.048 0.055 o.OS2 

(b) Stllilaot•t 'lut JINult.a of tbe Di!ferac:e l..a !Si Bet- !110 &dd!Ufta. 

ldlliUw• ADD. 0 100. l IDD. 2 ADo?. 4 11)1). 6 100. I 100. 10 &IX). 12 
TSI 0.27 1.07 o.ss 0.74 0.38 0.78 o.sa 0.49 

&IX). 0 

A.Ol.l. 1 -12.745°+ 
lOll. 2 -5.466•+ 7.737 .. 
~ .. -8.638°+ 4. 737*+ ·3.195° 
AOD. 6 -2.430° 10.992*+ 3.311" 6.617•• 
J.ll). 8 -9.105*+ 4.277•• -4.015&+ ·0.665 ·7.690•+ 
loa), 10 ·£.:MO•• 7. 42l)&o -o. 543 2.7S2• •4.Cli&+ 3.577*• . 
loa), 12 •4.S67 .. 1.936&+ 1.11~ 4.397•• ·2.213* S.l15&+ 1.719 

....Wt.a aJ.gtJ!l.c.at It u. S\(t"'=2.0l7' d.{.•32). 
+S1911if1ea~~t ~to U. bflll'niD.\ •lbad with l.bt 5\ ttmll" Att(\+•3 . ..05). 
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TUI..l Mol IIJIIU'! 01' PuariJI CEII'&Il.D l'l"lllii'H '!U'f 
ltS!li.'!S PW PLI.I'r l!.l:l'mll, lllSTl.!CT ll 

'rut lllrttbod ~: (1) Stlllldard lrrot of tbt D1ffer.ooe in TSi .. l_ '1\oc Wlti•u. 

ldd.ltb• aoo. o 1.00. 1 100. 2 1.00. 4 100. ' A.Dll. 8 .w. 10 WI. 12 
Sl~r..ttu 0.020 0.018 O.Oil o.o:.. 0.011 O.C27 0.021 0.02 

.&00. 0 

aoo. 1 0.027 
W>. 2 0.030 0.029 

&DO. 4 0.033 0.032 0.03S 

100. 6 0.02(. 0.025 0.029 0.031 
AD:~. a 0.034 0.032 0.035 0.037 0.032 
100. 10 0.029 0.028 0.031 0.033 0.027 0.034 
&00. 12 0.028 0.027 0.030 0.033 0.026 0.034 O.C29 

(b) StudiJit·t TNt lluulta of the Dif!a:u;e in TSII letVHII '1'110 lddiUve.s. 

I.Mitbt &DO. 0 All~). 1 lDD. 2 &00. 4 lOD. 6 lDO. 8 aoo. 10 lDO. 12 
'l'Sa 0.23 0.17 0.39 0.47 0.30 0.56 O.Sl 0.42 

100. 0 

AOP. 1 2.229• 
AOO. 2 ·5.249 ... -7.532"+ 
1!)0. 4 ·7.:l1G,.. ·9.486,.. ·2.304• 
"-'!). 6 •2.666• ·5.2SC•• 3.146• 5.472*• 

lDO. 8 ·9.B2l•+ ·12.019"-1.793•• •2.401• ·8.148•• 
ADO. 10 •9.655,.. ·12.292"'+-3.8521'• ·1.1% ·7.77ZI4 1.461 
&DO. 12 •6, 717,.. ·9.291,.. •O.tM 1.524 -4.572*+ 4.166 ... 3.103• 

Tu\ l'let.bod C: (1) SU!Idard l.rror of the DU!- lJI TSI .. u-11 'riiO lddiUvu. 

ldditive ADO. 0 ADO. 1 ADO. 2 lDC. 4 Ulll. 6 ALO. 8 l!l:l. 10 &:JO. 12 
s~ En'~X 0.0'21 0.018 0.023 0.027 0.~47 0.028 J.022 o.cz: 

ADO. 0 
&DO. 1 0.028 
1!)0. 2 ·u.Oll 0.029 

AD0.4 0.034 0.032 0.035 
ADO. 6 0.027 0.025 0.029 0.032 

lDO. a 0.035 0.033 0.036 0.039 0.033 
1!)0, 10 0.030 0.021 0.032 0.035 0.02! 0.036 
aro. 12 0.030 O.C21 0.031 0.034 0.027 0.035 o. 03.') 

{b) St.ude:llt·t Ten lu\llu of till Di!fuuce iD '!'Sl let- 'riiO ldd..i.Uvu. 

ldd..iti•• 1!)0, 0 &00. l 1!)0. 2 &!)1), 4 1!)0. 6 t.OD. a lllC. 10 All~. l2 
'!'SR 0.28 0.19 0.41 0.53 O.J.:) 0.65 0.59 0.49 

1!)0. 0 
1!)0, 1 3.253• 

ADO. 2 -4.174•• ·7 .532*• 

101). 4 ·7 .... ·10.477 ... ·3.38l• 

ACD. 6 •0. 740 -4.~ 3.146 .. 7 .20&•+ 

ADO, a ·10.S71•+-l3.B1t,..·6.623•+ ·3,DIIS• •10.684 .. 

&00. 10 ·10.192"+·14.071*+-S,6S5 .. •1.722 •lO.oUO*+ 1,6114 
aoo. 12 -7.071 .. ·10.K*+-2.56r 1.169 ·7.032"+ 4.571 .. 3.211"1• 

"'uulU al!lO • .I.!ic:e~ tl till S\(t'"'2.12C, 11.!.•16). 
•S1gr:Uf1c:anl eeCCI"'!.1Dg to tbt bferrcci •t.bod w1Ul the ~\ error rate(t«l. 736), 
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tuu. 1.48 SUIIIUt or nnwiSt cxww.o S'f'ODP'r-t T!S'f 
RtsUL'I'S PU\ PUII'T llllTUR.t, DISrllCT 21 ( contlzlued) 

Test Rethod ll: (a) Standard Error o! t.he Di!fer~r~t~~ 111 'I'S& lletwen Two additives. 

Additive AOO. 0 100. 1 100. 2 AOO. 4 aoo. 6 IDD. 8 A.OO. 10 I.DD. 12 
Stalldard Error 0.021 0.018 0.023 0.026 0.017 0.027 0.021 0.02 

AI)!), 0 
lDI), 1 0.028 
ADD. 2 0.031 0.029 
ADD. 4 0.033 0.032 0.035 
A.OO. 6 0.027 0.025 0.029 0.031 
&DO. 8 0.034 0.032 0.035 0.037 0.032 
AI)!), 10 0.030 0.028 0.031 0.033 0.027 0.034 
wo. 12 0.029 0.027 0.030 o;033 0.026 0.034 0.029 

(b) Studlnt·t Test Ruu.lu of tbe Di!fmmce 1zl TSII Betw.a Two ldditivu. 

l\dditive ADO. 0 ADD. 1 ADO. 2 ADD. -\ ADD. 6 ADD. 8 ADD. 10 &DO. 12 
TSR 0.26 0.19 0.40 0.50 0.29 0.56 0.51 0.44 

&DO, 0 
ADD. 1 2.530• 
ADD. 2 -4.495•• -7.190*+ 
&00. 4 ·7.180"• -9.803*+ ·2.880• 
&DD. 6 •1.110 •4.038*+ 3.846*+ 6.760•+ 
100. 8 ·8.770*+ ·11.402&+-4.511*+ •1.600 ·8.462*+ 
&DO. 10 ·8.417*+ •11.570*+·3.531• ..(),299 •8.14:z-+ 1.4.61 
ADD. 12 ·6.206•+ ·9.291*+ ·1.312 1.829 ·5.714•• 3.571• 2.413• 

•Results si;ni!icant at the S\(t~=2.120, d.f.=16). 
+Significant aCCX)rcl.l..llg to tbe llcu::ferrarli •Uiod vit.b tbe 5\ error rate(\+=3.736). 
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TUI.l 1.49 J1111UT or I'OCUI) YWUCI AID STUII&I%l Dial 
tsTWTl POl IOil.DIG !1ST Wllt.ft 

Addl.the illlqr .. or too111d Stallllarcl tr ror 
Dl1tr1ct ._ rr..a VariliiiOI Eati•te 

llo AddJ.Un a 14.94 3.8{. 
17 Lt. 8 14.94 3.110 

ll 2000 II 14.94 3.86 
hl'llll·Tac 8 14.94 ],,86 

lo WlUv• 10 12.50 3.!>4 
Sou. 10 12.50 3.!14 

16 lqlluh!.tld 10 12.50 l.!l4 
!lc:N 10 12.50 :;. !14 
Paveboncl LP 10 12.50 3.!14 

lo Ado!itift 8 19.44 4.41 
u LiM s 19.44 4.41 

lA 2000 8 19.44 4.41 
Pe::'llll·'fac a 19.44 4.41 

No ldditive 10 28.7S ).35 
IJ..milo 10 28.75 5.36 

' Pavel:ald LP 10 28.7!'> !>.36 
l'enle·Tac: 10 2'&. 75 ~.36 

Uni.cblla 10 28.75 5.36 

llo ~Uv• 12 34.42 ~~87 

w.. 12 34.42 !1.87 

~ Aqli&Sh1el4 II 1.! 34.42 s.e1 
Flna•l 12 l4.42 5.87 
Pe.nw·Tac: 12 34.42 S.87 
un.l.ct.l 1.! ~<\.42 5.87 

llo Addlt1ft li 65.72 8.!1 
:.a. lS 55.72 S.ll 
w-w 16 65.72 &.U 
!lc:N 16 65.72 8.11 
F1..Da·l 16 6S.n 8.11 
~lS·1 16 65.72 6.11 
'Ml) !j:eeial 16 65.72 8.11 
t..r.•T•c Plllll 16 65.72 8.11 

llo Adl:l.i.Uve 12 59.88 7. 7-\ 
u.. 12 S9.8S 7.74 

1!1 W-KU 12 M.e.e 7.74 
aql.l&Sb1•14 II 12 sua 7.74 
lA 2000 12 S9.aa 7,74 

hl'llll·'f•c: ll sua 7.74 

lio AMitive l6 :U.l8 5.71 

l.i• 16 3l.38 5.78 
W•IIA% 15 33.l8 S.7~ 

21 Aqllasbiel d II 16 :U.l8 5.78 
!.a 16 33.38 !».78 
f'11111•l \6 3l.l8 5. 78 
P nabooc! LP :c. .)J • .)S ~.11 

Pen~~·Tac: 16 l3.38 ~. 78 
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TAB!.£ I. SO SUIIWI.Y OF PWWISE tai'WSOII .mlDEI'l'·t T'E.S'I 
RESU!.TS POR BOILIJG '1'tS1', Dl5'1'1UC'I' 17 

l.aborator]' 1Uxt.11n1: ('1) Sti!Ddar4 Error o! Ult Di!rert~~Ca lletW'.IIII '!'110 Additives. 

ldditiWI ADD. 0 &00. 1 &00. 5 aoo. 12 
Stu.dard Error 3.86 3.86 3.86 3.86 

&DO. 0 
M>D. 1 5.46 
ADD. 5 5.46 5.46 
ADD. 12 5.46 5.46 5.46 

(b) Pal.zvise Student-t '!'ut luults Bet!Mil '1'llo Additives. 

Additive ADD. 0 AOO. 1 IDD. 5 ADO. 12 
Asphalt, \ 50.0 85.0 92.5 90.0 

ADO. 0 
ADD. 1 ·6.412*+ 
ADD. 5 ·7.786 .. -1.374 
~D. 12 -7.328*+ -0.916 0.45!3 

P l111t JUxt ure: (a) Stl!ldard !n'or of tbe Dift'enmce ietwen '1'llo ldd.itivas. 

Ad.ditive ADD. 0 lDD. 1 ADD. 5 ADD. 12 
Stl!ld.ard Error ~.clO 3.06 3.86 3.i!6 

ADD. 0 
l.[JD. 1 5.46 
ADD. S 5.46 5.46 
ADD. 12 5.46 5.46 5.46 

Additive 
Asphalt, \ 

100. 0 &DO. l ADD. 5 ADD. 12 
52.5 94.0 92.5 50.0 

AD!). 0 
ADD. 1 ·7 .602*+ 
100. 5 ·7 .328 .. o.:m 
aoo. 12 o.4SS 8.060*+ 7.786•• 

*Resulta signi!icaat at tbe 5\(t*•2.306, d.f.:S). 
+Sill!lific:&at eccardi.llg to t.be llcl:lferroai •Uiod vith t.be 5\ errcr rate(t+c3.482). 
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'I'QLt I.Sl S111WtY OF I'AIII'ItiSE COOWSOI S'IWDI'T·t '!'EST 
RESULTS FOR BOILDIG TEST, DIS'l'RIC'l' 16 

1Aboreto1'7 llixture: (e) St.armrd !nor of the Dif!tn~DC~ Bet- '1'110 ldditives. 

Additive AOO. 0 ADO. 1 &00. 3 lDD. 6 &DO. 10 
Standard £rror 3.54 3.54 3.54 3.54 3.S4 

ADD. 0 
lDD. 1 ~.01 

lDO. 3 5.01 5.01 
ADD. 6 5.01 5.01 5.01 
ADD. 10 ~.01 5.01 5.01 5.01 

(b) Pairviae Student·t 'fUt Ruult.a llet-.r~ 'l'w ldditives. 

Additive ADO. 0 ADD. 1 ADD. 3 lDD. 6 lDO. 10 
Aspba.lt, \ 77.5 75.0 77.5 77.5 77.5 

A;)iJ, 0 

lDD. 1 0.499 
ADD. 3 v.OOO -0.499 
ADD. 6 o.ooo ·0.499 0.000 
lDD. 10 0.000 ·0.499 o.ooo o.ooo 

Plant Mixture: (a) Standard Em:ir of the Differet~ce lletVMD Tvo Adell tives. 

Additive ADO. 0 100. 1 ADD. 3 lDD. 6 100. 10 
St.&llQard !nor 3.54 3.54 3.54 3.54 3.54 

lDD. 0 ·-
ADD. 1 s.o1 
AJ)D. 3 5.01 5.01 
100, 6 5.01 5.01 5.01 
lDD. 10 5.01 5.01 5.01 5.01 

(b) Pa.irvise Stude.ot•t '!Ut 1\uult..l l!et-D Tvo ldditives. 

Additive lDD. 0 ADD. 1 lOll. 3 ADO. 6 lDD. 10 
A.spbalt, \ 82.5 82.5 85.0 85.0 as.o 

IJlD. 0 
ADO. 1 o.ooo 
ADD. 3 -0.499 ·0.499 
ADO. 6 ·0.499 -0.499 o.ooo 
ADO. 10 ·0.499 -o.499 o.ooo 0.000 

•Results significact et 5\(t*=2.228, d.!.=10). 
+Si9l'.lifiCIIJlt acc:ord1J:Ig to the Bcll!erra:U •t.hod vit.b 5\ error rate(t+=3.S81). 
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'I'ASL& I .5'2 SlJIIIUY Of PAlMS& CCMPWSOII STUOEIIT•t 1T..sT 
il&SUL 'I'S FOR BOD.ll«i 'ltS'T, DISTil CT 1l 

Laborat017 llilrtun: (a) Stlolldard Error of Ulll Difference lletwen !110 Additives, 

additive aoo. o 100. 1 AOO. 5 aoo. D 
Stan4a.rd Error 4.41 4.41 4.41 4.41 

ADD. 0 
A.OU. 1 6.24 
ADD. 5 6.24 6.24 
ADD. 1l 6.24 6.24 ~.24 

(b) Plirvise Studsl:lt·t 'l'est Results Between Two Additives. 

Additive ADD. 0 IDD. 1 AID. S ADD. l3 
llpba.lt, \ 77.5 96.5 97.5 96.5 

ADD. 0 

ADD. l •3.046* 

A.OD. S ·3.207* ·0.160 
l\00. 13 -3.046* o.~oo 0.160 

Pl~nt tlixtun: (a) Stan<:lar:1 Em>r of t.ba Ilifferellce llet~ Two ldd.i.tives. 

Add.i.t1ve ADD. 0 ADD. l ADD. 5 IDD. ll 
Stii'XIard Error 4.41 4.41 4.41 4.41 

ADO. 0 
ADO. 1 6.24 
ADO. S 6.24 6.24 
ADO. 13 6.24 6.24 6.24 

~!I) Pairv1ae Stt:ldent·t 'lut ksults BetVHII Two ldditives. 

lDD. 0 

IDO. 0 
77.5 

&IX), 1 •3.046* 
IDO. 5 ·3.0%* 

ADO. l3 ·2.806* 

ADO. 1 
96.5 

0.000 

lDO. 5 ADD. 13 
96.5 95.0 

0.241 0.241 

'Results 11;ai!icaat 1t 5\(t*•2.306, d.f.•8). 
+Significant 1ecor:diDg to t.be bl!lm:ll!.i •tl:lcxl vit.b 5\ error rate(t+=J.482). 
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TW.t I. 53 SUI'IWIY Of PUMSE CCJIPWSO!I STUDDI'r·t '!T.S'T 
RESULTS fOI l!olLIXi TEST, Dlmlt'T 6 

Laboratory IUll'tun: (a) S1.aDdard Error of the Difftn~~ee llltiiMfl TIIO Add.J.t.hu, 

Additive AOO. 0 aoo. 1 ADO. 10 &DD. 12 ADD. 14 
Stllld.ud Error 5.36 5.36 5.36 5.36 5.36 

ADO. 0 
ADO. 1 7.58 
100. 10 7.58 7.58 
100. 12 7.58 7.58 7.58 
ADO. 14 7.58 7.58 7.58 7.58 

(b) Plinrise studellt·t 'rest luul\.1 Between Tvo &dd.i t1 vas. 

lddiUve ADD. 0 ADD. 1 ADD. 10 ADO. 12 Allll. 14 
Asphalt, \ so.o 72.5 60.0 65,0 67.5 

ADD. 0 
ADO. l ·2.968* 
l.OO. 10 ·1.319 1.649 
ADO. 12 ·1.979 0.989 -0.660 
ADD. 14 ·2.309• 0.660 -0.989 -0.330 

Plant ltixture : (a) SW!dard Error of t.be Dllfenllce Bet11ee11 Tvo &Mitive.s. 

Additive ADO. 0 ADO. 1 100. 10 ADD. 12 lD:J. 14 
Stt.ndar1:! Error 5.36 5.36 5.36 ~.36 5.36 

&PD. 0 
ADD. 1 7.58 
ADO. 10 7.~! 7.58 : 

Wl. 12 7.58 7.58 7.58 
ADO. 14 7.58 7.58 7.58 7.58 

(b) Pairvial Stud.ent ·t 1ut a.ul t.a lletiiMll 'l'llo AQU U VIS, 

Additive ADD. 0 100. 1 ADO. 10 ADO. 12 ADO. 14 
A:rpbalt, \ 70.0 72.5 85.0 8:l.O 85.0 

ADO. 0 
J.DD, l •0.330 
&PD. 10 ·1.979 -1.649 
100. 12 -1.319 -0.989 0.660 
lOt). 14 -1.979 •1.649 0.000 -0.660 

*Resulu signi!icaDt at ~\(t•:2.228, d.f.•10). 
+Signi!ic:at accard.l..Dg to t.he bferrocU •t.bocl with 5\ em~r nte(t+=3.58l). 



582 

TUL& I. 54 JlllfiW. Y at P1I.IIl1.SE a:II'Wsal JTIIDD'I'· t 'I'!.ST 

WULTS roll 801Lml TtST, DISTIUC'I' 25 

/.lboratol'J IUxture: (a) Standard £nor of the Differeoa lletveen T'IIO Additives. 

MeUth• &00. 0 AOO. 1 aoo. 4 ADO. 7 AOO. 12 100. 14 
Stlllldard lnw 5.87 5.87 5.87 5.87 5.87 5.a7 

aoo. o 
ADD. 1 8.30 
ADO. 4 8.30 8.30 
ROO. 7 8.30 8.30 8.30 
aoo. 12 8.30 8.30 8.30 8.30 
ADD. 14 8.30 8.30 8.30 8.30 8.30 

( b > Pairwise Student ·t Test ltUul t1 iletiiM!I Two Aclt:li t i ves. 

addithl um. o 100. l ADD. 4 ADD. 7 ADO. 12 ADO. 14 
l.spbalt, \ so.o 85.0 96.5 94.0 90.0 94.0 

ADD. 0 
AOO. 1 -4.216 ... 
&DO. 4 -~.601•+ -1.385 
&DO. 7 ·5.300*+ ·1.084 0.301 
ADD. 12 ·4.818-. -().602 0.783 0.482 
ADO. 14 ·5.300•+ •1.084 0.301 0.000 -().482 

P l111t PWrt ure : (a) Sta.odard E.nw of tbe Oif!eret~ea iletweet~ Two A.clditives. 

idditive ADD. 0 &DO. 1 AOO. 4 ADO. 7 i!lO. 12 100. 14 
Standard Error 5.87 5.87 5.87 5.87 5.87 5.87 

ADO. 0 
ADO. 1 8.30 
ADD. 4 8.30 8.30 
lDC. 7 8.30 8.30 8.30 ~ 

100. 12 8.30 8.30 8.30 8.30 
lDD. 14 8.30 8.30 8.30 8.30 8.30 

(b) Pairvi.le StuOizlt·t rut liUII.lta ilet- T'IIO &dditives. 

ldditiva I.DD. a ADO. l aoo. 4 ADD. 7 ADD. 12 100. 14 
Asphalt, \ n.5 87.5 77.5 94.0 92.5 87.5 

ADD. 0 
100. 1 -1.205 
ADO. 4 0.000 1.205 
ADD. 7 ·1.988 •0.783 •1.988 
AOO. 12 ·1.807 ·0.602 ·1.807 0.181 
ADO, 14 ·1.205 0.000 •1.205 0.783 O.&G2 

*liUII.lts signi!icaDt at 5\(t*•2.179, d.f.=l2). 
•S191llficaDt aecordUlg to the llonferrcmi met.bod vilb 5\ error rate(t+=l.&S4J. 
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TULl l.SS IUIIU'f r11 Pllllllll CEiftl.tiCa rn:arl'l'·t ftn 
lll.IM.TS Pal IOILJlll:l 'IUT, DlmJC'r I 

LabQratOC'J IUrtun: It) Standard liT« of the DICfe!'<IDU let- 1\lo lddJthu. 

WHha ADO. 0 100. 1 ADO. 2 ADO. 6 1.00. 1 ADO. 9 AOO. 11 too. ll 
St.andard &nor a.u a.u 1.11 8.11 8.11 a.u 8.11 8.11 

aw. o 
&00. 1 11.47 
AOO. 2 11.47 11.47 
ADO. 6 11.47 11.47 11.47 
ADD. 7 11.47 11.47 11.47 11.47 

aoo. ' 11.47 11.47 11.47 11.47 11.47 
100. 11 11.47 11.47 11.47 11.47 11.47 11.47 
ADD. 13 11.47 11.47 11.47 11.47 11.47 11.47 11.47 

(b) PairviM ~t!ldl.ot•t 'fUt Jul.llu let-.t~ Two ldo:Utivu. 

AdJ.itive ADO. 0 LQI). 1 100. 2 Nll), 6 ADO. 7 lDO. 9 11)0. ll W), ll 
Uptalt, \ 82.50 92.50 90.00 12.50 92.50 92.50 92.50 92.50 

ADO. 0 
&DO. 1 ·0.872 
Al'.lD. 2 •0.654 0.218 
ADO. 6 0.000 0.!72 0.654 
ADO. 7 •0.872 0.000 ·0.218 ·0.872 
ADO. 9 ·0.872 0.000 •0.218 ..0.!72 0.000 

ADD. ll ·0.872 D.CC? •0.21S •ll.l72 o.ooo 0.000 
ADO. 13 -o.e12 o.ooo ..0.21! ·0.!72 0.000 0.000 o.ooo 

Plant IUxtlll'e: [a) St.&lldard t= of the Di!!llt'lllce Betw.~~ 1\lo ldo:Ut.ives. 

lddltin ADO. 0 Ate. 1 lDD. 2 lDO. 6 100. 7 ADO. 9 100. ll ADD. 13 
itC!l.vd i.mlr 8.11 a.ll a.11 a.n 6.11 O.ll a.n 8.11 

ADO. 0 
ADO. 1 11.47 '!. 

&00. 2 11.47 11.47 
ADD. 6 11.47 11.47 11.47 
ADO. 7 11.47 11.47 11.47 11.47 
ADO. 9 ll.47 11.47 11.47 11.47 11.47 
AIJI), 11 11.47 11.47 11.47 11.47 11.47 11.47 
AOO. 13 11.47 11.47 11.47 11.47 11.47 11.47 11.47 

(b) Pa.i.tVl..lot St~t·t Tilt ..W.t1 let- 1'110 iddit.ivu. 

l&litivl a.oo. 0 ADO. 1 lDO. 2 ADO. 6 AOO. 1 ADO. 9 AOO. 11 W), 13 
Alpbalt, \ 90.00 92.50 97.50 !ll.SO ~.00 %.50 9S.OO 9S,OO 

Atlll. 0 
100. 1 -o.m 
ADO. 2 -o.6S4 ·0.436 
ADD. 6 ..0.131 O.U87 o.s:a 
ADO. 7 ·0.436 -o.m 0.21! ~O.lOS 
at~D. 9 ·0.567 -o.l-49 0.087 ..0.436 •0.13\ 
&00. l1 ·0.436 ·0.218 0.211 -o.:sos 0.000 0.131 
ADO. ll •0.436 ..0.211 0.211 -o.:m 0.000 o.m O.<al 

•Ru~Ju aipll.l.fle~~~t at S\lt••2.12ll, d.f .•16). 
•SiQIIiflC'AI!It aeeord1JI9 to the b!erl'UI.1 •Uiccl lfltb S\ error ntt(t>=l. 736). 
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'~I.E. 1.56 stJIWIV OF PUJ.VlSE CCJIIPUisal S'I'I!DDrr·t T!S'I' 
RESULTS FOR 80 lLDli 'lEST, D lSTRI C'l' 19 

l.aboratory IUxture: (a) St~ !nor of tht Dif!venc:a Bet- 1110 lMlthes. 

Additive aoo. o 100. 1 100. 2 llll). 4 &00. 5 ADO. 12 
Standard Error 7.74 7.74 7.74 7.74 7.74 7.74 

ADO. 0 
ADO. 1 10.95 
AI:ID. 2 10.95 10.95 
&00. 4 10.95 10.95 10.95 
ADD. 5 10.95 10.95 10.95 10.95 
100. 12 10.95 10.95 10.95 10.95 10.95 

(b) Pa.i:vi.se StudeDt·t Test Ruults lletVBell 1110 lddiUves. 

Additive ADO. 0 100. 1 100. 2 aoo. 4 ADD. 5 ADD. 12 
Alpba.lt, ' a5.o 94.0 92.5 92.5 92.5 92.5 

ADD. 0 
ADI), 1 •0.822 
ADD. 2 -o.665 0.137 
ADD. 4 -G,68S 0.137 0.000 
lDIJ. s •0.585 0.137 0.000 0.000 
ADD. 12 -0.685 0.13'7 -o.ooo 0.000 0.000 

Plsnt Kilrture: (a) Slal:ld&rd Error of tbe Dif!enJ:Ict Bet~~eeD 1110 AMilivu. 

Additive lDD. 0 ADO. l ADO. 2 &00. 4 ADO. 5 ADD. 12 
!tal:ldard Error 7.74 7.74 7.74 7.74 7.74 7.74 

11'.10. 0 

ADD. 1 10.95 :. 

ADD. 2 10.95 10.95 
100. 4 10.95 10.95 10.95 
llll). 5 10.95 10.95 10.95 10.95 
ADO. 12 10.95 10.95 10.95 10.95 10.95 

(b) PairVis41 Studect•t Test 1\uults llet11HD 1110 lQdiUvu. 

Uditive 100. 0 ADD. 1 ADD. 2 ADO. 4 &DO. 5 100. 12 
~balt,\ 85.0 90.0 90.0 94.0 96.5 90.0 

ADD. 0 
Ia), 1 -0.457 
ADD. 2 ·0.457 0.000 
AJ:I), 4 •0.822 ·0.365 ·0.365 
aoo. 5 ·1.051 --(1,594 ·0.594 •0.228 
ADD. 12 -G.4S7 0.000 0.000 0.365 0.594 

•RU\Ilta ai~fic:ut at 5\(t.*a2.179,d.f.•12), 
+Sion!Uc:ut acCOC'diJII; to tbll lklnferrocli •Uiod vitll 5\ llrTt1t' nta(t+:3.654). 
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ftiU 1-57 _., at ~ a:lll'll.llal .. , ... 'H '11ft 

USUI.'I'S rat. IOILDli ftST, OlmlCT 21 
L&bor1tory llilft~~n~: (1) $\m!Atd lmll' of U. DUter- h\- 'I'Wo &dd.l.thu. 

Add.l.ll'ft AllD. 0 lDO. 1 l!lD. 2 A.OO. 4 l!lD. ' A.OO. a AOO. 10 aoo. 12 
S\.lllclu'd Error 5.7& 5.71 5.71 5.71 5.78 5,71 5.78 !..78 

AIX). 0 
W). 1 6.17 
AOO. 2 8.17 8.17 
ADD. 4 8.17 8,17 8.17 

AD!l. ' 1.17 8.17 8.17 8.17 
1:)!). 8 8.17 8.17 8.17 8.17 8.17 
AD!l. 10 8.17 8.17 8.17 8.17 8.17 1.17 
AD!). 12 8.17 8.17 8.17 8.17 1.17 8.17 8.17 

(b) Pllrvia Stlldeot·t 'EIIIt ...W.u llltt- '1'110 &ddiUvu. 

AdditiYI l!JD, 0 t.DD. 1 100. 2 aDO. 4 ADO. 6 100. 8 ADD. 10 IJ)O, 12 

bphllt, ' 37,50 81.00 55.00 77.50 57.50 80.00 65.00 55.00 

ll)l), 0 

l!lD. 1 •S,JZ2"• 
Mll). 2 -2.141* 3.181* 
1:)!). 4 -4.893*• 0.428 -2.753* 
ALD. 6 •2.441• 2.815* -o.l06 2.+17• 
AD:l. 8 -5.199*• 0.122 -3.058* -o.l06 •2.753• 
J.OC. 10 ·3.364* 1.957 •1.2'23 l. 529 •0,918 1.135 
AtO. 12 ·2,14l* l.181* 0.!)00 2. 753* 0.306 3.058* l.223 

P.J.allt I!J.xture: (1) Stllldard Error of Ult Oi!fU111!c:e llltt- '1'110 lodd.iUvu. 

Ad.1itive 1::0. 0 ~D. 1 l.OO. 2 A:il. 4 AOO. 6 AtiO. 8 A.il!l. !C A:)C. :.2 
l>t~ trror 5.1:s 5.78 5.711 5.711 :i.7o S./8 s.7e s.1a 

100. 0 

~.1 !1.17 ! 

A.OO. 2 8.17 1.17 
ADO. 4 8.1'7 8.17 8.17 

ADD. 6 1.17 8.17 1.17 1.17 
Atltl. I 8.17 8.17 8.17 8.17 8.17 
lDO. 10 1.17 8.17 1.17 8.17 8.17 !.17 
All!l. 12 8.17 8.17 l.l7 8.17 8.17 1.17 8.17 

(b) P&irvl.a Studmlt•t 'rltst lellllU let- '1'110 a.d4it1YU. 

Add.i '1.1,. AOO. 0 lDO. 1 ..:10.2 lDO. 4 lllO. 6 I.DC. I l!JC, 10 a.ctl. 12 
llpbalt, \ 25.00 37.50 57.50 67.50 52.50 75.00 67.50 61.00 

A.OO. 0 
a.:lO. 1 -1.529 
AI'>D. 2 -3. 976•• •2.447* 
100. 4 •5.199*+ ·:!..670* ·1.223 
ADO. 6 ·3.l&4* •UlS O.i~2 l.elS 
A.'lD. I -6.117*+ -4. SIB*+ ·2.141 * -o.9i8 •2. 753* 
&DO. 10 -!..1991 • •3.670• •1.22.1 O.IXIO •1.&3§ 0.918 
ADO. 12 -4.404*• ·2.875• •0.428 0.795 •1.040 1.113 0.795 

·~w!tt d\)1'-'fi.:.ac~ a•, ~\(t 1 '].17.', '.l I .'jtq. 

•S:~!ic:et ac~ to tbo !.oah.rr::..:: •thcd •\~~. '>\ ~r:<'.l~ nttit"l.1l61. 
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TABLE I. 58 auMMM'I Cll IUVt.TI Oil t.ln.\Jt ltiOUI11CII MSLYS1S 
roa JNt. 'M tt.a nnz •·'"'-'" l:'fC1.1 c nsr 

A44n1ve TS! at ~ete One RIIP of O.ter1orl!lon 
121•t r l;s I! I!! I!l._l §t=~·[~ ~r[or :UR, ,zcx!il• Stancllr6 Error !·~i:Jare 

No A441\1.,. " 2.17 ).~~ o.n• o.u 
LiM 102 6,U 2.U 1o1ZZ o.n 

11 u. 2000 n ~.u l.~o 0.977 0.11 
Pwraa•Tac: n 1.61 ).OS o.a2 0.91 

No A44it.1ve u 6. 7~ l.U 1.17S 0,70 
Li .. us 7.S~ 7.U 1. 314 0.91 

u Aquaall1el4 10 4,S4 l,U 0,790 o.u 
Dow 6S 4.St 4.26 o. 799 0.90 
Pavebond U n 7,6) 4.)2 1.)29 0.71 

IIO Ad4i\1Ye 7J 6.94 ;.IS 1. 201 o. 89 
LiN 1U 6,74 2.13 1.171 0.57 

13 11A 2000 111 u.n 6.60 2.696 0.67 
Penu•Tac: Plus 104 10.66 1. c; 1.8!'>S 0.47 

No Mdi\1ve u 14.13 S.60 2.SU 0.61 
Lill•e 103 6.97 6.7S l. 21) 0.91 

6 Pavebon4 LP S2 s.n 4.30 l.Ol9 0.85 
Pena&•Tac: S1 3.SI 3,4S 0.624 0.91 
UnJ.c:bD S9 2. 77 4.U 0.482 0.97 

No A441t.1ve 62 9.60 ;, 70 1.671 o. 79 
Lillie 111 8.03 3.10 1.398 0.62 
A.;u .. llb 14 11 97 7,S7 2.es 1.)11 0.61 

n P1na•A 93 6.72 2.40 1.170 0.!'>1 
Penu•Tac: 8l 3.21 4.40 o. S69 0. 95 
Unic:hu 9S 6,36 6.0S 1.107 0.91 

No A44it.1 ve .. 4.94 7.09 0.160 0.96 
L1me 111 6,8) 4. 21 1.111 0.11 
AIUI·MAZ 121 4.2S 4.29 0. 74C 0.92 
Dow 17 2.S6 7.20 0.446 0.99 

1 PillA· A 112 S.lS 4.02 0.196 0.17 
ln4uUn AS•1. 101 1.12 ).63 0.317 0.91 
Pavebolld 129 S.20 4.00 0.906 0.87 
Speeh1 
Peraa•Tac: Plus 101 6.11 S.60 1.064 0.90 

tlo A44it1ve 101 1S. 71 1.16 2. 714 0.75 
L1• 1St 17.41 I.Sl 3.031 0.73 
AIUI•MAZ 1U 10.S4 6.40 1.814 0.80 

19 ~shield II 123 9.14 2.61 1.S9l 0.49 
lA 2000 12S s.u ;, 70. 0.191 o.93 
Per .. ·Tac: 104 7.11 6.lt 1.214 o.u 

llo M41t1ve lO S.20 2.20 0.904 0.66 
Li.8e 117 4.12 S.14 0.139 0.93 
AIUI•MA% 60 3.21 2.60 o.ssa o.n 
Aqu .. h1el4 II '70 2.31 2.70 0. 412 0.93 

21 Dow 41 6.61 3.10 1.U1 0.71 
Pina-l u 0,77 2.9'7 0.11S o.n 
1'avebon4 t.P sa ~.u 1.10 o.au o.s7 
Para&•Tae S6 6.29 J.a l. 096 O.H 
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'!'ABL£ 1.)9 SlJNRY Of PUMSE aJIPllUSOII STIJ!)DI'r-t Tf.ST 
RESULTS FOil MUI.Tl.PLE P'RUU.·nwl CYCLIC TEST, DimlC'%' 17 

un or Dtmilm'flOJ: 
(a) Standard Error o! the Dif!ereoce iD :rsa/Cyc:le lletwtll Two Wd.ithu. 

Additive aoo. o ADO. 1 l])l). ) N>!l. 12 
StiiDd.vd Error 0.499 1.122 0.977 0.292 

N>!l. {) 
ADO. 1 1.228 
ADD. S 1.097 1.488 
M)l). 12 0.578 1.159 1.020 

(b) Studerlt-t Test ltuu.lU of the Difference iD l.lte of Deteriont1011 lletwen 'l'w Additives. 

Additive ADD. 0 100. 1 AOO. 5 ADD. 12 
'l'Sit(\)/CYCU 3.57 2.88 3.50 3.05 

Al.JD. 0 
ADD. l 0.562 
N>!l. 5 0.064 -0.417 
100. 12 (1.899 -0.147 0.441 

*Results sl.qni!icact at the S\(t•=l.l82, d.f,c3). 
+Signi!icact according to tbe Boo!erroni method vilb tbe S\ error rate(t+=6.240). 
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Tl8L£ 1.60 SliiWtl OF Pl.IRWLS& CCJG>UlSOII STIJDDI'r-t TEST 
RESULTS FOR II!LTIPLE FR&W·'I'IWI CVCL.IC TEST, DIS'I'I.lC'I' Ui 

MTZ ot D!.TEIIWTIC*: 
(e) Stllldard trror of ttMI Ditf~ 1D 'ISI/CJcle Bet~~~e~~ 1'110 AddiUvu. 

Add! tin ADD. 0 100. 1 ADD. 3 ADO. 6 ADD. 10 
Stllldard Error 1.115 1.314 0.790 0.799 1.329 

ADD. 0 
ADD. 1 1.763 
aw. 3 1.416 1.533 
ADO. 6 1.421 l.Sl8 1.124 
AOO. 10 1.714 1.869 1.546 1.551 

(b) Studallt•t 'l'ut Ruult.s of ttMt Difference in Rate of DllterioratiOD letvael'l Two Additives. 

Additive ADD. 0 ADD. 1 ADO. 3 ADD. 6 ADO. 10 
'l'SR(\)/CVCL! 3.14 7.14 3.13 4.26 4.32 

ALD. 0 
ADD. l ·2.269 
ADO. 3 0.007 2.~15 

ADD. 6 -o.788 1.873 ·1.006 
ADD. 10 •0.665 1.509 ·o.no -o.039 

*Results si;ci!i~t at ttMI S\(t*~3.182, d.!.=3), 
•S1gni!ic:ut accordi.tlg to ttMt Bonferra:U •t.Dod with \be S\ error ntelt•=7.45J). 
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TAll.£ 1.!.1 SlllllliR\' OF PWIWISt !DO'UISO!I STtiDDI'l'-t TtS'T 
RESULTS ~ IIUI.mt.E f'lEW·'nWI CYCLIC 'I'EST, tliSTIUCT 13 

RATE 01 Df.TEIIOIUTICII: 
(a) St.alldard £ttor o! the Difference in '!'SI/C7c:lt 8tttMD '1'110 Additives. 

ldditiY• ADO. 0 AOO. 1 ADD. 5 AOO. 13 
Standard trror 1.208 1.173 2.696 1.855 

lDtl. 0 
100. 1 1.684 
ADD. S 2.9'54 2.940 
ADD. 13 2.214 2.195 3.213 

Additive ADO. 0 lllD. 1 ADD. 5 II)[). 13 
'rSR i~)/CYCL! 5.85 2.33 6.60 3.05 

ADD. 0 
ADD. 1 2.091 
100. 5 •0.2'54 ·1.452 
ADD. 13 1.265 ·0.328 1.065 

•Results significant at tbl 5\{t•=3.1B2, 4.!.=3). 
•Signi!icant aceordiag to the lloll!erroci •t.bod with the 5\ error rate{t+:6.240). 
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TABL! 1.£o2 SO!tlllV OP PAlMS£ CCI!PWSON S'l'llDDI'N T!ST 

Wi1L'l'S POll IM.IDLI nwi·TMAW CYC'LIC TEST, DIS'l'llCT 6 

RAT£ or D&'l'DUota'f'IOH: 
(a) St..llldard Error of tbe Dlffare!ICII 1D '!'Sa/Cycle lletwen 'l'llo lddJ.Uves. 

Additive AOO. 0 lDD. 1 &00. 10 IDD. 12 IDO. 14 
St.andl.rd Er:or 2.581 1.213 1.039 0.6:.K 0.481 

ADD. 0 
ADD. 1 2.852 
ADO. 10 2.782 1.597 
ADD. 12 2.655 1.364 1.212 
ADD. 14 2.626 1.305 1.145 0.788 

(b) Student•t Test Results of tbe Difference in Rate of Deterioration lltveesl Tvo Additives. 

Additive AD!>. 0 All!). 1 ADD. 10 !00. 12 ADD. 14 
TSR(\)/CYC'Lt: 5.60 6.75 4.30 3.45 4.65 

ADD. 0 
IDD. 1 •0.403 
AtD. 10 0.467 1.534 
11)0. 12 0.810 2.419 0.701 
aDD. 14 0.362 1.609 ·0.306 •1.522 

•Results significant at tht S\lt•=3.182, d.f.•3). 
+Si9!df1ca~~t ecccrd.J.Dg to tbe 8on!errotli 11etbod vit.b tbl 5\ error Ate{t•=7.453). 
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TABU 1.63 SUIIIWY OP PADIIIS! CIJ!PWSOII S'l'atiOO·t TEST 
WUL!S POR IM.nPL! ruw-nw; CYC:UC TEST, DlmiCT 25 

leAn: OF om:llei.&T_l<*: 
(a) St.arldard !nw of t.be Dlffez:enca iD 'fSR/C,cle BetiiM!l Two Additives. 

Withe AOO. 0 ADO. 1 100. 4 ADO. 7 W>. 12 ADD. 14 
Sten.Sird ln:or 1.671 1.398 1.318 1.170 0.569 1.107 

ADD. 0 
AOO. 1 2.179 
lDD. 4 2.128 1.921 
ADD. 7 2.040 1.823 1.762 
ADD. 12 1.765 1.SO'J 1.436 1.301 
ADD. 14 2.004 1.783 1.721 1.611 1.245 

(b) Sto~dent·t 'rut Resl.llts of tbe DUfere~~ca ill Rate of lleteriontion &etwea Two ldt!itives. 

Additive lDO. 0 lJ)D. 1 ADD. 4 lDD. 7 ADO. 12 &Ill), 14 
'1'SR C\) /CYCLE 5.70 3.10 2.85 2.40 4.40 6.05 

!DI), 0 
MJD. 1 1.1S3 
ADD. 4 1.339 0.130 
ADD. 1 1.618 0.384 0.255 
wo. 12 0.73& ·0.861 ·l.CSO ·1.537 
MJ!). 14 ·0.175 •1.6S4 ·1.85\l ·2.266 ·1.326 

*R-.sults si~icant at tbe 5\(t•~3.182, d.f.=3). 
+Significant. acc:ordi.ag t.o t.be llorlfen"'D.i •thad vitb the 5\ error nte(t+=8.605), 
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TAIII..£ 1.&4 SUIIWIT Of I'UIIWISE CCIIPlllSOI S'l'llDDI"''·t TEST 
Wllt.'I'S roa KDLTIPLE f'RWE·'l'IWI C\'Cl.lC TEST, DlmiC\' 1 

lATE r1t Dl."l'EElOilnOI: 
(a) Standard Em:ll' of the Dif!tnr~CA~ iD 'l'SR/Cycle Betweo 'fWI) iddithu. 

Additive &00. 0 ADD. 1 AOO. 2 ADD. 6 AOO. 7 100. 9 ADD. 11 ADD. 13 
StiDCS&r4 Error 0.860 1.188 0.740 0."'16 0.896 o.:m 0.906 1.0&4 

ADD. 0 
100. 1 1.467 
ADO. 2 1.13S 1.400 
ADD. 6 0.969 1.269 .0.8&4 
ADD. 7 1.242 1.488 1.162 1.001 
ADD. 9 0.917 l.2l0 o.aos o.s.n 0.9SO 
ADD. 11 1.249 1.494 1.170 1.010 1.214 0.960 
ADD. 13 1.368 1.595 1.296 1.154 1.391 1.110 1.397 

(b) Studellt·t Test Results of tbe DiffU'IIIlce in Rate of Deteriol."'tiOD Bet-.c '1'110 l.dditives. 

Additive ADD. 0 ADD. 1 ADD. 2 ADD. 6 ADD. 7 ADD. 9 ADD. ll A:JD. 13 
TSit(\)/C'lCLE 7.09 4.21 4.29 7.20 4.02 3.63 4.00 5.60 

A:JD. 0 
ADO. l 1.964 
ADD. 2 2.468 ·0.057 
ADD. 6 -0.114 ·2.356 -3.368 
ADD. 7 2.472 0.128 0.232 3.177 
A!)i), 3 3.775 0.472 il.S20 6.524 0.410 
100. ll 2.474 0.141 0.248 3.169 0.016 ·0.3SS 
ADO. lJ 1.089 -o.872 ·1.011 1,387 ·1.136 -1.n4 ·l.l4S 

*Re.sulu aiozd!ic:ct at. the S\(t*=3.182, d.f .=3}. 
+Sign1.!icaat acc:crdi.:lg t.o the llord'em:::Gi •t.bod nth the S\ error rate(t+clO,S88), 
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TAIII.£ 1.65 SUIIWtY OF J>URWLSE CCIII'llUSON STil!JDI'T·t TEST 
lES!ILTS FOR lfJLTIPI.l P'RU.ZE·'I'Hlll CYCLIC TEST, DISTRICT l!'l 

RATE OF DE'J'F.RIOI\&TION: 
(a) SW!dard Error cl the Differe11ce 1n TSR/Crele Betweec Tille Add.i thes. 

&ddithe &.00. 0 &.00. 1 ADD. 2 100. 4 ADD. 5 l:)D. 12 
SU!Ddard Error 2.734 3.031 1.834 1.591 0.891 1.2&4 

A.OD. 0 
ADD. 1 4.082 
IJ)t). 2 3.292 3.543 
ADD. 4 3.163 3.423 2.428 
ADD. 5 2.876 3.159 2.039 1.824 
ADD. 12 3.020 3.292 2.239 2.044 1.563 

(b) Student•t Test Results of the Di!!erecce ill bte of Deterioration Between '1'110 Additives. 

lddl.Uve ADD. 0 ADD. 1 ADO. 2 A.OD. 4 ADD. 5 AOO. 12 
'l'SR(\)/CYCLE 8.16 8.53 6.40 2.68 5.70 6.32 

ADD. 0 
ADD. 1 -().091 
ADO. 2 0.535 0.601 
ADD. 4 1.732 1.709 1.532 
ADJ). s 0.855 0.896 0.343 ·1.656 
ADD. 12 0.609 0.671 0.036 -1.780 ·0.397 

•Results sl;nificaDt et tbe S\(t•=3.182, d.f.=3). 
+Si\lllificant eccordlno to the Bonferrani •t.bcd vitb the 5\ error rate(t•=8.60S). 
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T18L£ I.b6 WltWIY OF PllRWlSE COOWSOH STUDDI'I'-t n:ST 
RtsUL'fS FOR IM.nPLE FREUE·'nilW CYC:UC n:ST, DIS'I'RlC'l' 21 

RAT£ OF Dmi.IORAnotl: 
(a) StandArd t:rror' of the Di!Cereoe. in 'l'SR/C,cle S.tl18111 '1'110 Add.!.tives. 

~Mltive J.OO.O &DO. 1 aDD. 2 aDD. 4 IDI.l. 6 &DO. a AD!). 10 ADO. 12 
Standanl Error u.!IOt 0.839 o.~sa 0.412 t.m 0.135 0.896 1.096 

wo. 0 

aDD. 1 1.233 

ADD. 2 1.062 1.008 
~00. 4 0.,3 0.935 0.694 
aDD. 6 1.464 1.424 1.279 1.223 
ADD. 8 0.914 0.850 0.574 0.434 1.159 
aDD. 10 1.273 1.227 1.056 0.986 1.459 0.906 
aDD. 12 1.421 1.380 1.230 1.171 1.589 1.104 1.416 

(b) Student-t Tut luW.ls o! tbe Dl!ferecee ill Rate of DeterionUOD Between Tvo Additives. 

Acditive aDD. 0 ADD. 1 lDD. 2 ADO. 4 aDD. 6 ADO. a ADD. 10 ano. 12 
TSR(\)/CYCU 2.20 5.34 2.60 2.70 3.10 2.97 1.80 3.25 

A.DD. 0 
IDO. 1 -2.546 
ADO. 2 -0.377 2.719 
ano. 4 -0.503 2.824 -0.144 

ADD. 6 •0.615 1.573 •0.391 -0.327 

ADD. b -o.842 2.789 -o.644 •0.623 (1.112 

ADD. 10 0.314 2.884 0.758 0.913 0.891 1.291 
A!JI). 12 -0.739 1.514 ·0.529 -o.470 -o.094 -o.2S4 •1.024 

•P.esults significant at tbt 5\(t*:3.182, d.f.•J}. 
+Siljllific:.u~t ac:c:ordin; to tbe icn!erroai •t.bo! Vitb the S\ error rat.e(t+=10.SI!e). 



TEX s:u-c UETHOD: 

Pairwise Comparison Student-t Test Results 
District 17, Laborotory Mixture 

Additive 0 • Control Additive 5 - BA 2000 
Add!Uve 1 • llm.t Additive 12 - ,._,o-Tac 

Sh;rlflcant at 5S EJTor Rate. 
Additive: 0 1,12 

TSR, X --------------------------~------------------~~--------------------~----------------------------------.-

Bonfln'OI'II Wtlple Comparf110r11. 

TSR, S 

TEX 531-C W/0 CU:.E: 
SIV'!Ifleant at 5S ElTor Rate. 
Additive: 0 1U 

TSR,S ------------------------~------------------------~*-----------~*-----------------------------~~ ...... 
Bonf.-ronl Li.lltlple ~tJOM. 

TSR,S ------------------------~------------------------~*-----------~*-----------------------------~~ ....... 
ORIGINAL LOTTUAN UETHOD: 

SIV'!Iflcant at 5S ElTor Rate. 
AddiUve: • 1,12 
TSR, X ......... 

Bonf..,.,. Li.lltlple Comparf~~one. 

TSR. S .__. 
T\.J.WICLIFT -ROOT UETHOD: 

S1 V'!lftcant at 5X ElTor Rate. 
Additive: o 12 11 1 
TSR, S 

Bonf..,.,. Li.Jitlple Compc:rfeone. 

TSR, S 

Tensile Strength Ratio (TSR). ~ 
II I I I I I! 11111111 I! I I !1 1! I !II I! I I I! I! I 

0 tO 20 30 40 !10 eo 70 80 GO 100 110 120 130 140 1!50 180 170 180 

Note: T"- brocket lndlcot .. that !"- additive• ore not .tatl!ltlcolly different. 

Fir,. I-1 Comparison of statistical significance on TSH tc>st results for llistrict 17, laboratory rnixlurc>. 
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TEX 53t-C UETHOD: 

Pairwise Comparison Student-t Test Results 
District 17, Plant Mixture 

Additive 0 • Control AddfUvo 5 • BA 2000 
Additive 1 - lime Additive 12 - Penna-lac(•) 

•Note: The Permo-Toe woo taken from hi!#~ voldo teet oocUon. 

S11J"ltlcant at 5llli Error Rate. 
Ac:lcltlv•: 12 0 I 
TSR,llli ------------------------~~------*-------------------------~r-----~--------------------------------~ 

Bonfen'onl UutUpto C~arfeone. 

TSR,S ------------------------~------~------------------------~----~~------------------------------~ 
ORICINAL lOTlUAN UETHOD: 

SIIJ'IItlccnt at 5llli Error Rate. 
Ac:lcltlve: 12 0 I 1 
TSR,S --------------------*---~--------------------------~~~-----------------------------------------.. 

'--' 

Bant.rranl UuiUplo C0f11Nrioono. 

TSR. llli v -- v \L .. \L ~ ------
lUHCLIFT -ROOT UETHOD: 
st~flcant at 5llli Error Rate. 
AddfUw: 12 o a 1 
TSR, llli 

aont.m.• Uultlple e0fr1Nri--. 
TSR, llli -~ --T\ T\ 

Tensile Strength Rotlo (TSR). % 
II I I I I II I 11111 1!1 Ill Ill 111 I I I I I 1 I 1 I 1 I 

0 10 20 JO 40 50 10 70 80 10 100 110 120 1JO 140 150 180 170 1110 

Nota: The broclcat lndlcataa that the oddltlv•• are not atotlatlcolly dlffwent. 

Fig. 1-2 Comparison of statistical significance on TSR t~st results for District 17, plant mixture. 
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Pairwise Comrarison Student-t Test Results 
Distric 16, Laboratory Mixture 

TEX 531-C UETHOD: 

Additive 0 • Control 
Additive 1 - Lime 
Additive J - A4p.IOIIhleld 

Slvrtlftcant at ~X E'n'or Rate. 
Addltlw: o 1 ~ " , 

Additive 8 - Dow 
AddltJw 1 0 • Pav.ttond lP 

TSR,X --------------------~--~~~~------~--------------------------------------------------------~~ ..____. 

Bonferronl Wtlple Comparf•onL 

TSR,X ----------------------~~--~~~~------~~----------------------------------------------------------------~ 
TEX 531-C W/0 ~: 

Slvrtlftcant at ~X E'n'or Rate. .------- ---. 
Ai::ldltlv« o to e ~ t 

TSR,X----------------------~~--~~~----------~~----------------------------------------------------~~ .___. 

Bonhrronf t,l.lltlple ComparftonL 

TSR, X ------------------------*---~~~~----------~~--------------------------------------------------------~ 
ORic::tNAL LOTT\IAN UETHOD: VI 

stvnlftC'CII'll at ~x Emw Rate. \0 
Ai:ldltlve: o I to J t ..._. 

TSR,X --------------------~~----~~~--------M-----------------------------------------------------------~ ...... .......... 

Bonfen'onl '-"ltlple Corrflai•on .. ........ 
TSR, X 

ntH CLIFF -~'DOT UETHOO: 
Sf ljnlftC'CII'll at ~X E'n'or Rate. 
Aildltlve: • 10,1, J ' 
TSR, X v ~v v ---- -~ 

1\ --,..--- ......... 

Bonferronl UJitlple Corrflai•onL 

TSR.X ------------------------~-------M~------------*---------------------------------------------~ 

Tensile Strength Ratio (TSR), " 
I I I I It I I I I I I I 1 I! I! I If! II I I I I I I I I I I I! I 

0 10 20 30 40 ~ eo 70 eo eo 100 110 120 130 140 150 180 170 18(] 

Note: The brac:lcet Indicate• that the oddltlvee en not .tatletlcolly dlff.-.nt. 

Fig. r-J Comparison of statistical significance on TSR test results for flistrict 16, laboratory mixturl'. 



Pairwise Comparison Student-t Test Results 
District 16, Plant Mixture 

Additive 0 • Control Additive 8 • Dow 
Additive t • lime Additive 1 0 • Povebond LP 
Additive J • A~eld 

TEX 531-C UETHOO: 
st~lftCCI'It at 5" En« Rote. 
Additive: 1,,0. o :t t 

TSR·"--------------------------------------~~~--~------~*-----------------------------------------~ 

8ont.11011• Wllple Corr4uri•one. 

TSR·"------------------------------------~**~---*------~~--------------------------------------~ 
ORIGINAL LOTTUAN UETHOO: 

Sl~lftCG"It ot '" En« Rote. 
Additive: o.e to,:s t 

TSR."------------------------------------~~----~------------------------------------------------~ 

Bonf.-ronl IAJltlple Corrpcri1101na. 

TSR, " 
~ICLIFT-ROOT UETHOO: 

Slptlcri ot '" En« Rote. 
Additive: 

.____. 

VUL V --._ 
n·· ·rtf\ A ---------.-

0.).1 tO 

TSR," --------------------------------------------~~----~~--------------------------------------~ 
L-1 

Bonferronl lollltlple C0ft'11G1'11101n .. 

TSR, " 

Tensile Strength Ratio (TSR), X 
I I I I I I I I I I I I I I I I I I I I I 1 I 1 I 1 I I I 1 I 1 I I I I ___J 

0 10 20 30 40 50 10 70 80 90 100 1 tO 120 1JO 140 150 UIO 170 II( 

Note: The brodlet lndfeotee thot tt.. additive• are not .totl.tleally dlff«WWt. 

FiR. 1-l, Comparison of statistical sir,nificancc on TSH tcsl results for District J(), plant mixture. 
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TDC 531-C UETHOD: 

Pairwise Comparison Student-t Test Results 
District 13, Laboratory Mixture 

AddUive 0 • Control Additive 5 • BA 2000 
Additive 1 - Lime Additive 1 J • Permo-T oc PIUII 

Sl~lfleant at 5::C EtTOr Rate. 
Additive: o 1:1 I t 

TSR, ::C --------------------~~--------~~~------------------------------------------------~----------------~.-

Bonftllr onl Wtlple ComparfeonL 

TSR, ::C 

TDC 531-C W/0 C\.lfE: 

...__, 

..___, 

Sfplfteant at 5::C ErTor Rate. 
Additive: • 1 t:J t 

TSR, X ----------------------------~~----~~------------------------------------~----------------------------.-

Bonflft'Oftl ~lllple ComparfeonL 

TSR, ~ ----------------------------~~----~~------------------------------------~----------------------------~ 
ORICINAL LOTTUAN LIETHOO: 

Sfpltleant at 5X ErTor Rate. 
Additive: 0 U,l t 

TSR,X ------------------------~------------~~----------------------~----------------------------~ 
'-' 

Bonferronl Wtlple ComparfeonL 

TSR, ::C v \AI '\L ----------------------,..;;-·-··-·-- --····--
TlNIICl.lf"F' -ROOT LIETHOO: 

Sfpltleant at 5X ErTor Rate. 
A ddltlve: o 1 1:1 t 
TSR, X 

Bonferronl Uultlple Comparf•onL 

TSR, X 

..___. 

.--- -, 
v v v -- ---- -- --

~ ~ 

Tensile Strength Ratio (TSR), " 
I I I! I I I It Ill I till !I I It I I Ill! It I I 11 I 11 

0 10 20 JO 40 50 10 70 80 10 100 110 120 130 140 150 180 170 11tl 

Note: The brocket lndlc:at•• that the oddltlv .. - not etotletlcally dlfferwnt. 

Fir,. I-5 Compndson of statistical sir,nificance on TSR tcRt results for District 13, laboratory mixture. 
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TEX 531-C UETHOD: 

Pairwise Comparison Student-t Test Results 
District 1 J, Plant Mixture 

Addlttv. 0 • Conb'ol 
Additive 1 • Lime 

Additive 5 • BA 2000 
Additive 1 J • P..-rna-T ac Plue 

st .,ttl cant ot 5:1 Em:Jr Rote. 
AddiUve: u 0,1 s 
TSR,X------------------------------------------------------~~~~------------------------------------.-

BonfemJI'II t.6JIUple CC!ft11G'feone. 

TSR,X ------------------------------------------------------~~~~----------------------------------~~ 
ORIGINAL LOTTUAN L£THOD: 

Slgnlflcont ot 5X Em:Jr Rote. 
Additive: s u 0.1 

TSR,X ----------------------------------------------------~~~----------------------------------------~ 

BanfemJI'II Wtlpl• CC!ft11G'fiCIM. 

TSR, X 

T\NIICLlfF -ROOT L£THOO: 
S14J"Iflcant ot 5:1 Em:Jr Rote. 
Additive: 
TSR, X 

Bont.mri WUpte CC!ft11G'f_, .. 

TSR, X 

.______. 

vv v___ ~ 
----~ 

u.u.s 
U&AI -7YYY'i­
~ 

---- \AJUIL --
~­.__. 

Tensile Strength Ratio (TSR), " 
II It 1! I I I I 1! 11111 I It I 1 I 1 Ill !I 1 I! I! I tl 

0 10 20 JO 40 50 80 70 80 80 100 110 120 130 140 150 180 170 110 

Note: The b-oc:ket lndlc:otee that the Clddltlvee ere not llotllllcolly dlff«W~t. 

Fip,. I -6 Comparison of statistical sir,nificance on TSn test results for District 13, plant mixture. 
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TEX 531-C LIETHOD: 
Significant ot :Sllll Error Rote. 
ACidltlve: o 14 10 12 

Pairwise Comparison Student-t Test Results 
District 6. Laboratory Mixture 

AddiUve 0 • Control 
Add!Uve 1 • Lime 

AddiUve 1 0 .. PCI'IIebond lP 
Additive 12 - P.-mo-T ac 
Additive 14 • Unlchem 

TSR,~ ------~--------~~----~----------------~--------------------------------------------------------~~ 

Bonf.,l a..,ntple c"' '. ·:rl--. 
TSR,X -----7~-------7~r---~--------------~r---------------------------------------------------~ 

TEX 531-C W/0 ClltE: 
Sl\J'Iflcant ot !illll Error Rote. 

AddiUve: 0 1D 12 U I 
TSR,X------~r-----~~~--------~~------------------------------------------------------------~~ 

BonferTanl a..,mple c-,paiaana. 

TSR,S------~-----i~~--------~~---------------------------------------------------------­
ORICINAL LOTTUAN I.ETMOO: 

Slgnlftcant ot 5llll Error Rate. 
Aildftlve: o to 12.u 
TSR,X--~====~~----------~~------------------------------------------------------~ 

Banf«ronl Wtlple eon.arfiHII'Ia. 

t 

BonferTanl Wtlple eon.arf.ane. 
,.---~ TSR, X 

Tensile Strength Ratio (TSR). " 
l! Ill& Ill! I! I 1 Ill! I! II I 1 Ill! 111111111 

0 10 20 30 40 :50 eo 70 110 90 100 110 120 130 140 1:50 1110 170 1111 

Note: The brocket lndlcot .. thot the addltlv .. ere not .tothatlcolly diH...,t. 

Fip,. I-7 Comparison of statistical sir,nificance on TSR test results for District 6, laboratory mixtures. 
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TEX 531-C UETHOO: 

Pairwise Comparison Student-t Test Results 
District 6, Plant Mixture 

Addltf" 0 • Control Addltfv• 1 0 • Pav41bond LP 
Addltl" 1 • Lime Addltl" 12 • Pamo-Tac 

AddiUv• 14 • l.k11c:Mm 

st.,....flccri at '" Emir Rat•. I I 
Addltlvr. e t tt 12 te 

TSR, X ------------------------~~--~----~~------~--~----------------------------------------------------------~~ 
t.___.j 

Bonr.ronl Uultlple ~·-

T~X ----------------------~--~----~------~~~----------------------------------------------------~ 
J:JtiCINAL LOTNAN UETHOD: 

st.,....flccri at !5X Emir Rate. 
Ai:ldltl-; e t t4 12.1e 

TSR,X ----------------~~~--------~-M~--------------------------------------------------------------_.. 
L-..:.1 L-.....1 

Bonfelranl Uultlple eorr.-fiiCinL 

TSR, X 

n.tHct.IF'f' ROOT UETHOO: l____.l L-...1 
S191lfleont at !5X Emir Rat•. 
Addltl": 
TSR, X 

Bonfem:lnl Wtlpl• C-.-feonL 

TSR, lie 

,---, 
• t ••••• 12 

Tensile Strength Ratio (TSR). " I I I I I I I I I I .l n ._____. 

I I II I I I I Ill! I! I! II IJ I I II 

0 10 20 JO 40 !50 eo 70 80 ItO 100 110 120 1JO 140 150 180 170 1111 

Note: The brac:bt lndlc:at .. that the addltlv•• are not .tatl.tlc:ally different. 

Fip,. 1-fl Comparison of statisticlll sir,nificnncc on TSR test results for District 6, plnnt mixture. 
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Pairwise Comparison Student-t Test Results 
District 25, laboratory Mixture 

AddiUve 0 • Control 
Additive 1 • Lime 

Additive 4 - Acp~llhleld II 
Additive 7 • fino-A 

Additive 12 • p_,_ T oc 
Additive 14 • ~ldlem 

TEX 5J1-C UETHOO: 
511P"I11cant ot 5" Emir Rote. 
Additive: a 14 7 t2 4 t 

TSR,,. ----------------------------------~~-------------7~~r-~--------~----~f-----------------------~~ 

Bonferronl Wtlple CamporfiiOfta. .. T~X ~==~~~~----------------------~------------~t=~~~------~~====Jt----~----------------~ 
TEX 531-C W/0 ClR£: 

~.-.lflcant~~ot~5~"~Em:lr~~R-ot_•_·--------------------~~·--------------------~'2==~t~4--------~7==t~.•~----------------------------~ AddiUve: 

TSR, " '----t 1--1 

Borwt.rronl t.l.lltlple CampartiiOftL 

TSR,X --------------------------------~--------------------~~~--------~-M----------------------------~~ 
ORir;INAl LOTTUAN UETHOO: 

SI1P"I11cont ot '" Emir Roto. 
AddiUve: o 12.14 4.7 t 

TSR,,. --------------------~~------------~~--~~----*-----------------------------------------------~ 

Bonf«rorrl Wtlplo CGft11011ICiftL 
r - - 1 

T~" 
n.NICLIFT-ROOT LIETHOD: 

~.-.lflcant ot '" Emir Roto. 
Addltl~ o 
TSR, " 

Bant.rronl t.l.lltfplo CampartiiOftL 

TSR, ll 
.------------. 

Tensile Strength Ratio (TSR), ~ 
I! It l I I! !Jl! I 1 !Ill lt I I I 111 I I I I Ill 1 I tl 

0 10 20 30 40 50 10 70 110 90 100 110 120 130 140 150 160 170 111 

Note: The brodtet lnclcolea lhol the additive• are not etotlatlcolly dlffeTd 

Fip,. 1-9 Comp;uison of statistical sip,nificance on TSR test results for District 2'5, laboratory mixtnrf'. 
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TEX 531-C UETHOD: 

Pairwise Comparison Student-t Test Results 
District 25, Plant Mixture 

Addlti~Ht 0 - Control 
Addltlv• 1 - Ll~ 

Additive 4 - A~p~llhleld II 
Additive 7 .. fino-A 

Additive 12 - Permo-T oc: 
Additive '4 - lktlchem 

Sl.,lftcmt at S:l Error Rot•. 
Addltlw: o.• u,12 7 

TSR,:I ------------------------------~~------~~--~~~--------------------------------------------------~ 

Bonferronl Wtlple C~arfiiCII'Ia. 

TSR,S---------------------------*-------M~--~~------------------------------------------~~ 

CRICINAL LOTTUAN UETHOO: 0\ 
Sl.,lflcant at 5S Error Rote. , • !i2 

Addltlw: D 4 t2 14 I 7 .,.. 

TSR,S ------------------~~M-------~~----~M-----------------------------------------------------~ 

Bonfen-onl l.llllfple C~IICII'Ia. 

TSR. S 
TUHCLIFT-ROOT UETHOD: 

SI4J'IlfiCGlt at 5S Error Rate. 
Addlli~HJ: 

.__. 

.--- -----, 
v v v v v v ------ ~ 'a' '; -.-

•• 12,14 7 

TSR.S --------------------------------~K-----~~------~--~----------------------------------------------~ 

Donftn"Onl l.llltlple C~artem .. 

TSR, S 
I f I -J 

'\AI' vv v v ---- -----~ ..::.___:j 

Tensile Strength Ratio {TSR). % 
It I I It I 11111111 !II It 1! I 1 I !Ill 1 I I I I I II 

0 10 20 30 40 so 80 70 110 90 100 110 120 1JO 140 150 160 170 180 

Note: TM brocktt lndlcat.. that IN additive• ore not atotlatlcolly different. 

Fig. I-10 Comparison of statistical significance on TSR test res11lts for District 25, plant mixture. 



TEX 531-C UETHOD: 

Pairwise Comparison Student-t Test Results 
District 1, Laboratory Mixture 

Additive 0 • Control Addttlve 2 • ARR-UAZ Additive 7 ,.. fino-A 
Additive 1 - Lime Additive 6 - Dow Additive 9 • Indulin AS-1 

AddTtlve 11 • PCMibond Speclol 
Additive 13 - Permo-T oc: Plue 

S1 CJ"'flca"lt ot 5" Error Rote. I o 1 1 7 2. t l t1 

Additive: )( ).( )I( )( )I( )( ..-
TSR, " L.....J 

Bonf.-ronl Wtlple C..,.._tiiOI'Ia. 

TSR. " 
TEX 531-C W/0 QM: u )I( )( )0( )( 

S1f11!ftcont ot .5:1 Error Rot•. .. 
Additive: 

TSR,:I ------------------------------------------~t::=:j;-----~~~~-*~~--~~----------------~ - )( )( )( )I( )( )( )( 
• I f1 

0 7 I tl I I n 

Bonf«T""nl Wtlple CCJri1Mlrf1101'1a. 

TSR. " )( )( )( )0( )( )( )( .,.. 

ORICINAL lOTTUAN UETHOO: 0" 
SICJ'lfteant ot 5" Error Rote. o 
Additive: o I ll 7 1.2 I n V1 

TSR," ------------------------------------------~~------~--------~~~~----------------~~--------------.______. 
Bonf.-ronl W tlple CCJn1)01'1-. 

r 
TSR. " ¥X X )( ),f !< ~ • 

TUNCliF'f" -ROOT UETHOO: 
S19"iftcont at 5" Error Rote. 
Additive: • .; 13 {It, 2 " 
TSR. " X. - )( _}:: X)()( )( )( ... 

Bonfen-anl WUple C~eona. 

TSR. " )( )( X ..-

Tensile Strength Ratio (TSR). ~ 
I I I !It It I I I I I I It It I I I I It I I I II I !tit! !I 

0 10 20 JO 40 50 80 70 BO 90 tOO t 10 120 130 140 150 160 170 11!10 

Note: The bn:ldc.t lndlcotee U1ot the oddltlve• an~ not etotletlcofly dTfferent. 

Fir,. I-ll Comparison of statistical sir,nificancQ on TSR test rosults for District I, laboratory mixture. 



Pairwise Comparison Student-t Test Results 
District 1, Plant Mixture 

Additive 0 • Control Additive 2 - ARR-UAZ Additive 7 • Flno---A 
Addltlve 1 • lime Additive 15 - Dow Additive 9 • lnGAin AS-1 

Addltfve 11 • Pavebond Sp.cfol 
Additive 13 • P.-mo-T oc Plua 

TEX 531-C UETHOD: -. 

m~ftcmd·~~ot~5~X~~----R-·_e_·----------------------------------------------~~==~t~J~o~~~~~~~·~''f-------------------------------------~ Additive: 
TSR, X 

Donf~ IA!Itlple C~.on1. 

TSR,X ------------------------------------------------------~--~~ 
MICINJ.l LOTTUAH UETHOD: 

Sltnlflccri at 5X ~ Rote. 
Additive: I 0 u 7.1.2.11 ' 
TSR,X --------------------------------------------------~~----~------~~~~-------------------------.-

Bonferronl IA!Itlple Comparf.one. 

TSR, X 

TUHCLIF'F'-ROOT UETHOD: 

' VV V V\JUV V -.._ 
7'> -~-~ ---·-·-.....-

mCJllftcant at 5X ~ Rate. 1 o t.t:J 7.2 1.11 

Addltlvr.: -------------------------------------------------------~-----=~~~~~--------------------------------~-TSR, X -

Bonf.-ronl IAIIUple c~-· 

TSR, X V V V\.MV --
~-- 7\. 1\ IV\ 7\ -~--...-

Tensile Strength Ratio (TSR), " 
I I I I It I II I I I II I 1 I 1 I! I I I 1 I 1 I I I I II I I I I I 

0 10 20 30 40 !K) 150 70 80 IKJ 100 110 120 1JO 140 150 160 170 111ti 

Note: The broekel lndlcat .. that the oddltlv .. o--. not l'lloU•llcolly dlfferwtt. 

Fin. r-12 Comparison of statistical sinnificance on TSR test results for District l, plant mixture. 

()"\ 

0 
()"\ 



Pairwise Comparison Student-t Test Results 
District 19, Laboratory Mixture 

Add!Uw 0 • Control 
Addlllve 1 - Lime 

Additive 2 - ARR-UAZ 
Additive 4 - Aquollf11eld II 

Additive 5 - BA 2000 
Additive 12 - Permo-T C1C 

TEX 531-C UETHOO: 
5t91lflc~ ot 5X Etror Rote. 
Additive: 12 t o s 1 4 

TSR, X ------------------------------------------------------7r------~~-*~~~~~----------------------------.-

Bonferronf a.t..llttpl• Compai.one. 

TSR, X )( .., 

TEX 5J1-C W/0 elM: 
Sl911flc~ at 5X Etror Rote, 
Additive: O.SI !2 • 
TSR,X ----------------------------------------------------------~~--~--~----------------~--------~~ 

Bonf~ Wtlple Compaieon .. 
,-----------------~ 

TSR. X )()( )( )( )( ... 
ORIGINAL LOTTUAN UETHOO: 

stplftc.-.t at 5X Etror Rote. 
AddiUve: o 2 t2 4 s t 

TSR,X --------------------------------------------------)(-~~*----)(----~~----------~~--------------~ 

Bonferronf U.lltlple Compai-.. 

TSR, X 

TtNIICLIFT -ROOT UETHOD: 
S19"lflcant at 5X Etror Rote. 

Additive: 
TSR, X 

Bonferronl t.l.lltlple Comparl-•· 
TSR. X 

0 !I 2 S 4 ' 
v'"' v v v v---
~ -

Tensile Strength Ratio (TSR), ,r; 
II I I I I IIIII I I 1 I I I II I I I I I 111111 II I I 1! I 

0 10 20 30 40 50 80 70 80 90 100 110 120 130 140 150 160 170 1& 

Note: The broctcet lndlcotea thot the oddltlvea ore not etatletlcolly dlff•-'l 

Fip,. 1 13 Comparison of stat.istic.'ll significance on TSR test reports for District 19, laboratory mixtnrP. 
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TEX 531-C UETHOO: 
Slrlftcalt at 5~ Em:r Rate. 
Additive: 

Pairwise Comparison Student-t Test Results 
District 19, Plant Mixture 

Additive 0 • Corlb'ol 
Additive 1 - lim~~ 

Additive 2 - ARR-UAZ 
AddiUve 4 • AqLICIIIhleld II 

It 12 

Additive 5 - BA 2000 
Additive 12 • Permo-lac 

1 t .. 5 

TSR.~ ------------------------------------~x----------------*----~~~~~----------------------------~ 

Banftmlnl Wtlple COfr1)crl.an .. 

TSR.~ --------------------------------------~f---------------~~---4~~--~------------------------------~ 
ORICINAL LOTTUAN UEllfOD: 

SJ9'1ffte«Jt at s~ Em:r Rate. 
Adcltlve: • 2 12.1 • s 
T~~ ------------------------------------~----------------~--~~~~------------------------~ 

Bonf«nnnn Wtlple COIJ1I)CII'f--. 

TSR. ,; v v vv vv --,...... 

ll.miCLIF'F' -ROOT UEllfOO: 
SIVJfflecm at 5~ Em:r Rate. 

8 2 12 • ' 5 

Adcltlve: _______________ ._ ______________________________ ~~----------------~==~~~~:jt-----------------------------~ TSR. ~ 

Bonferranl •i.lltfple COIJ1PGI'f-.. 
TSR. ~ 

Tensile Strength Ratio (TSR), % 
!1 I! II I! Ill! ltlllll!l! I !I 1 I! I Ill I I I II 

0 10 20 JO 40 :50 10 70 110 DO 100 110 120 130 140 150 160 170 180 

Note: The brocket INieatn lhGl the Clddltlve• ere not .tatl.tlcolly dlff.-.nt. 

Fip,. 1-14 Comparison of statistical s ificance on TSR test results for Distrirt 19, plant mixture. 

(1\ 

0 
()) 



TEX 531-C UETHOD: 

AddiUve D • Control 
Additive 1 • lime 

Pairwise Comparison Student-t Test Results 
District 21. laboratory Mixture 

Adclllve 2 • ARR-UAZ 
Additive 4 • A«p~llhleld II 

Additive e • o­
Addltlve 8 - Flno-9 

Additive 10 • Pw.ttllftd LP 
Additive 12 • P«mo- T oc 

Slgnlflccri Gt ~ Error Rote. 
Additive: 0 I I tt 1111.2 4 1 
TSR. ~ • )( )( XX )9( X )( .,.. ..____. 

Bonfeuoul Wtlple c.r.,arfJG'ta. 

TSR. " X )( XX )9( )( )( ..... 
TEX 531-C W/0 Ctl£: 
Sl~ftcant at 5X Error Rote. 
Addltlvr. 0 I 2 tt 10 • I 
TSR. ~ )( )( X )( )( X )( )( .. 

L--..1 

Bonftrnnl a•.dtrplo c.r.,ariiiOI'IL 

TSR. " )( X - X X )( )( )( )( .. 
L---....1 

ORIGINAL LOTT\IAN UETHOD: 0'\ 
Slgnlflccri ot 5X Error RGto. o 
Adcltlve: 0 I t.tt ,,. I I 1.0 

TSR.X ------~~--~--~~----~~~~-----------------------4~------------------------------------~ 

BonfwTonr a...ltlplo Con11arf .-. .----------. 
TSR, X 

T\IHCllf'f'-ROOT UETHOD: 
Slgnlflcant at SX Error Rote. 
Additive: • 1 tt 2 10 • • 1 
TSR, X )( )( )( )( )( )( )( )( -.___, 

Bonf.-ronl a...ttlple COI'f1Miri1G'ta. 

TSR. " )( )( X * X u X .... 

Tensile Strength Ratio (TSR). % 
I! I I I! 1!111!11 II I! I 1 II II IIIII l I! 1! Ill 

0 10 20 JO 40 .50 80 70 ftO 90 100 110 120 130 140 150 160 170 1110 

Note: TIM! brodcet lndlc:ate• Utat Ute oddltlve1 ere not .tatl•tlcolly different. 

fir,. 1-15 f:omparisnn nf statistirnl sir,ni ficance on TSR test results for llistrict 21, lalmratnry mixrnre. 



TEX 531-C UETHOD: 

Additive 0 • Control 
Additive 1 - Lime 

Pairwise Comparison Student-t Test Results 
District 21, Plant Mixture 

Additive 2 - ARR-UAZ 
Additive 4 - Aquollhleld II 

Additive I - Dow 
Additive 8 .. Flno-8 

Sf!J1Iflcant at S'X Error Role. ,-, .-----, 
Addltfve: 1 e I 2 12 4 10 I 

Additive 10 • PG\Hibond LP 
Additive 12 - Perm-T ac 

TSR. " )( )( )( )( X )( X )( ... 
L..J [.__j 

Bomr.ror.l Wtlple eon.,crtean• • 
...------, ~ 

TSR. " )( )( )( )( )( X X )( ... 
L-_J • A 

ORICINAL LOTTUAN UETHOD: 
SIIJ"'tlccri at I'.I'X Error Role. 
Addltfve: 1 0 I 2 12 4 10 I 

TSR, " )( )()( )( )( )( )( )( .,... 
~ 

Bonr.r01f I.IJittple ~•one. .------ ~ 
TSR, " \( ~~ )5 )( tE )( 'f .,.._ 

Tl.NIICLIF'f'-ROOT UETHOO: 
Sf9llflcant ol I'.I'X Error Role. r-----1 
AiSclltlve: I 0 I 2 12 4 10 I 
TSR. 'X )( )( )( )( )( )I( )( ...-

'--' &-....I L..-......;J 

BonflfTOI'II Wtlple Comparfeone. 

TSR, " )( )( )( .. 
~L....I 

Tensile Strength Ratio (TSR), " 
It It It I! lll!ltlt!t I I It It I t!tlt It I 1 I 1 1 

0 10 20 30 40 1'.10 eo 70 eo 10 100 110 120 1l0 140 150 180 170 180 

Note: The brodcet lnclcole1 lhol the odcltlve1 are not .totl•tlcolly dlfferwnl. 

Fir,. I 16 Compilrison of statistical sinnificancc on TSR test results for District 21, plant mixture. 
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lADORA TORY UIXtl.Jt[: 
SI!Jllflcant at 5X Emir Rat .. 
Additive: 
ARAB, X 

Bonfen"onl IAJitlple Compc:rfeone. 

ARAB, X 

PlANT UIXT't.fiE: 
S1pflcant at :iX Error Rate. 

Additive: 
ARAB, X 

Bant.ronl IAJitlplo COI'I'1JCirleon•. 

ARAB, X 

0 10 20 30 40 

DISTRICT 17, BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

Additive 0 • Control 
Additive 1 - Lime 

Additive 5 • BA '2000 
Additive 12 .. Permo-Toe(•) 

eMote: l1le Penno-Toc plant mixture woe td<en from tM hi~ volde teet Mellon. 

Note: l1le brocket Indicate• that tM additive• ..... not .totletlcally dlffenll'lt. 

• 1 t2 s 

\L_ - -- - -- - - v - v v -- ------ - -
I'\ -----

0 12 !I t 
V. V VV --.. 
·~ ~- L,_j 

v v vv -... 
- -----··~-·------ -.___. ....... 

Asphalt Retotned After Bolling (ARAB). % 

50 80 70 eo 90 100 110 120 130 

Note: l1le bracket lnclcat .. that tM addltlvee are not .totletlcally dlff_..t. 

Fip,. 1-17 Comparison of statisticnl sip,nificance on hoilinp, test results for District 17, lahorat.ory 
and plant mixtures. 
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LADORA TORY UIXT\RE: 
Sf fl'llflcant at :SX Errol' Rate. 
Additive: 
ARAB, X 

Bonf.nll'll IAIIttple ~--­

ARAB, X 

PLANT LIDCTl.AE: 
Slfl'llflcant at 5X Error Rate. 
Additive: 
ARAB, X 

Bonf.nll'll WUpl• Comparfaoon.. 

ARAB. X 

0 10 20 30 40 

DISTRICT 16, BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

Ackfttfve 0 • Control Addttlve e • Dow 
Additive 1 - Lime Addttlve t 0 • Pavebond LP 
Additive 3 • AquO'IIhleld 

Note: The bradcet Indicate• that the additive• are not etatletlc:ally dlff«wnt. 

t o,to.u 

~ 

vv ~ ....___. ---.....-

o,t to,.,::s ~ 

v v -~ -~ ------------7'\.-·" ----~-------.--

'--' 

vv -..__, ---- -----------

Asphalt Retained After Boiling (ARAB). ,r; 

50 eo 70 80 90 100 t 10 120 130 

Note: The brocket lnclc:ate• that the additive• are not etatletlc:olly dlffwent. 

Fir,. I-18 Comparison of statistical sir,nificance on hoilinr, test results for Oislrict 16, 
lahoratory and plant mixture~. 
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LABORATORY~: 
S11J"Iflcant at 5!1 Em:lr Rate. 
AddiUve: 
ARAB, X 

Bonftn'onl ~ltlple ComparfiiONI. 

ARAB, X 

PLANT UJX'TtR: 
Sl1J1Iftc:G1\ at 5X Em:1r Rate. 

Addltlw: 
ARAB, X 

Bont.rronl Wtlple Comparf.ona. 

ARAB, !l 

DISTRICT 13. BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

AddiUve 0 • Control 
Additive 1 • Lime 

Additive 5 • BA 2000 
Additive 1J • Penno-Tac Pluo 

Note: The brocket lndlcateo that the oddltlwo are not etatletlcally cllff•ent. 

0 t,t::l,l 
\L_ -- ______ .,., - - - - -- -
" TV\- - ----- -­

~ 

V .. --.-·-·-·-·-VU .... ----····-·--·- -... 7'\--- l'V\ -- -- ---- -- - -- --~-----­..... 

- 0 v tUt 
"- .f'\1'\. -------.......­....... 

V V\L...._ ________ --
,..--- r\7\ -- -- ---- -------. ... ........ 

Asphalt Retained After Boiling (ARAB), ~ 
I I I I I I I I I It I I I I I I I I I I I I I I 1 I I I 

0 10 

Fig. I-l9 

20 30 40 50 eo 70 80 90 tOO 110 

Note: 1"M brocket Indicate• that the oddltlvee a-e not etatletlcolly dlff•ent. 

Cnmparison of statistical sinnificancc on boilinn test res11lts for District 13, 
laboratory and plant mixtures. 

120 1JO 140 
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LABORATORY UIXT'tR: 

DISTRICT 6. BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

Addltlw 0 • Cantrol 
Additive 1 • llm4t 

Adcltlw 1 0 • PGWJbond lP 
Additive 12 • Pwmo-Toe 
AdciUw 14 • Unfchern 

Note: The brodcet Jndlcotee that 1M oddltlv .. en not etotletlccdly dlffer«L 

Sl9'11flcant ot 5:'11 Emir Rote. o ta n ,. t 
AddiUve: 
ARAB. :'II 

Bonfwrcn Wtlple ~-· 

ARAB. :'II 

PlANT UIXll.ftE: 
S19'1ffleanl at S:C Emir Rote. o t tt,t4 tO 
Additive: 
ARAB. :'II 

8onfen oul Wtlple ~CI'IIMII'IL 

ARAB. :C vv v v -

Asphalt Retained After Boiling (ARAB). " 
l I I I I I I I I I I I I I I 1 I 1 I 1 I I I I I I I I I 

0 10 

Fir,. 1-:w 

20 30 40 so eo 70 110 90 100 110 

Note: The brocket tndlcalee thai lhe oddltlvee are not etalletlcolly dlff«.,t. 

Compnrison of statistic.1l sir,nificance on hoilinr. test results for District 6, 
lahor.1tory and plnnt mixtures. 

120 1JO 140 
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LABORATORY UflCT\.RE: 

DISTRICT 25, BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

AddiUve 0 • Control Adcltlve 4 • Aqualhleld II{•) Additive 12 • Pmn-Tao 
AdciUve 1 - lim. Adcltlve 7 • fino-A Adcltlve 14 - ~lchtm 

ofiote: The Acp!UIIhlefd II plmtt mtxta.n waa tokom from the lOW' volda teat eectton. 

Note: The broc*et fndloateo thot the oddiUve• - not .toU.tlcolly cl"-wnt. 

SIQI'IIflcant at S:l Emir Rate. 0 t t2 t4,7 4 
Addltlw: 
ARAB, :1 

B~ UuiUple ComparfiiOnL 

ARAB, X 

PLANT t.IIXTl.Jlf: 
SIW'ffiCCI'It at 5X £rrar Rat .. 
AdcltJve: 
ARAB, X 

Bont.Tonl WUple Comparf-. 

ARAB, X 

v v v vv ~ 7'\ ------~ 7"' 1\ 1'\ ------ ---

... , ... , t2 7 
v _'>I _ _V'\1' --,... ----- r..- ,...,... 

v 'l.l___\LC --
1'\ .,.,.. "' "' -

Aephalt Retained After Bolllng (ARAB), " 
I 1 I I I I I 1 I I I I l 1 I 1 I 1 I I I I I I I 1 I I I 

0 10 

Fir,. I-21 

20 30 40 50 10 70 80 80 100 110 

Note: The bradc.t lncfCGte• tho( the oddiUve• ere not atGti.Ucolly clff..-..nt. 

Comparison of statistical sicnificance on l>oilinr, test results for District 25, 
lahoratory and plant mixtures. 

120 1JO 140 
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LABORATORY Ul'lCT\.RE: 
Sl.,ti~CG1l at s" Emir Rate. 
ACidtlve: 
ARAB." 

BanfemJnl Wllp .. ~HnL 

ARAB." 

PLANT LIIXl\IA£: 
S191lftOCII"'t at 5" Emir Rate. 
Additive: 
ARAB." 

Bont.nd WUple ~--

ARAB." 

DISTRICT 1. BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

Additive 0 • Control AddiUve 2 • ARR-UAZ AddiUve 7 • Fino-A Addltlw 11 • PIMibond ~lal 
AdciUve 1 • Lime AddiUve IJ • Dow AddiUve It • lnclllln A$-1 AddiUve 13 • Penno-Toc Plue 

Note: The brodc.t lnclc:Gte• that the odciUvee cn11 not lltati.Ueally dl~ 

... t f:S,11 ... 7.t 
v v -~-- ,.,.---...------------------------~ 

v ---~ v -

D e t 1:S,tt,7. t 
vw vw ~ 

7'.~ """ 

)()( ..... 

Asphalt Retained After Bolllng (ARAB). ~ 
I I I I I I I I I I I I I I I 1 I I I 1 I 1 I I I 1 I 1 I 

0 10 

fir,. I-22 

20 JO 40 50 10 70 10 80 100 110 

Note: The brudcet lrMieat•• thot the oddiUv•• «e t'!Ol .totl.tlc:olly cll't.....t. 

Cmnp11rison of stntistic;ll sir,nificanc<' on boil 
l.1horntory 1111<1 pl11nt mixturPs. 

test results for District I, 

120 130 140 
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LABOftA TCRY I.IDC'T\N:: 

DISTRICT 19, BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

AddiUve 0 • Centro! AddiUve 2 • ARR-UAZ Additive 5 • BA 2000 
Adclllve 1 • Lime AddltJve 4 • Aquotihleld II Additive 12 • ~Toe 

Note: The brocket lndlcat•• lhat the odcltJvee en not ebltf.Ooally dlffwent. 

SI"'"-'OG'Il ot 5X Error Rote. o 1U.U 1 
Addll1Y41: 
ARAB, X 

Bonfwuonl Wtfple Col'rtKriiiCinL 
ARAB, X 

PLANT UIX'l\.R:: 
SI.,Hic-ont at 5111 Error RcM. 

Addltlvr. 
ARAB,lll 

8onfw101l Wtfple ~IICIM. 

ARAB, X 

v vv --

• 12.2.1 4 • 
~-.V~ --7'0. 7'0.--,....,... 

v _v __ V__'U__ ...... -,..--- ,... -,....,.. -
A8pholt Retained After Bolling (ARAB). " 

I I I I I I I I I I I 1 I 1 It I 1 I I I I I I I I I I 1 

0 10 

Fir,. I 23 

20 JO 40 50 eo 70 110 vo 100 110 

Note: The brodlet lndlc:ot•• that the acldiUv .. en not lltatllltlcolly dffwent. 

Compar:ison of statistical significmH'P on hoi 1 inr, t<'st r:psnlts for: Dist r:ict 19, 
laLor:ator:y ami plant mixlur:Ps. 
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LABORATORY urrn.JR£: 
Slpftcant at SX Enw Rate. 
AddiUve: 
ARAB, X 

Bonferranl Wtlple c~-· 

ARAB. X 

PLAHT t.mcTtltE: 

DISTRICT 21, BOILING TEST RESULTS 
Pairwise Comparison Student-t Test Results 

Addltlw. 0 • Control Additive 2 • ARR-UAZ Additive I - Dow 
Addltlw. 1 - llrne AddiUw. 4 • AquclllhMid II Additive II - f1nct-B 

Additive 1 0 • PCMibond lP 
AddiUve 12 • Permo-Toe: 

Note: The brocbt lndlcal .. that IN oddltlvea - not .tall.tlcolty cttr ..... t. 

0 12,'2 I Ill 4 B I 

X )()( )( 

.-
X X )( 

S1ep\lftcant at 5X Enw Rato. 
AddltM: 0 1 I 2 n 111,4 I 
ARAB. X 

Bllftf....-onl Wtlple can.,art•ona. 

ARAB, " -···· ___ \.L....._ _____ y v v v v v ---····-- -·-··-····- ····-····-··-·--- -

0 10 

fir,. I-/.4 

,.. - "" - ------r;; - -,..---,... -- -,..- - ,..---- --- ~ 

Aspholt Reloined After Boiling (ARAB). X 

20 30 40 ,0 60 70 80 90 100 110 

Note: The brudcet lnclcot .. that h oddltlv••- not atatl.tlcolly .,.,_._,,_ 

Comparison of statistical sir,nificarwe on hoiling lt•st ·res11lls for !listric! 21, 
lahoratory ancl plnnt mixtures. 
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