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PREFACE 

This is the fourth and final report in a series of 
reports dealing with density of asphalt paving mix­
tures in Texas. This report summarizes pavement 
densities obtained in the state of Texas and com­
pares the results with past density achievements. 
The importance of density, the factors which influ­
ence it, and construction guidelines for compaction 
are discussed in CTR Research Report 468-3. 
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ABSTRACT 

This report summarizes density levels and corre­
sponding variations obtained from 57 construction 
projects throughout the state of Texas. Almost 80 
percent of projects achieved densities higher than 92 
percent based on Rice maximum theoretical specific 

gravity (Test Method Tex-227-F). Factors affecting 
density and compaction are analyzed. Poor mixture 
characteristics and small thicknesses of compacted 
layers were found to be major causes or low densi­
ties. 

SUMMARY 

Densities and variations in density levels in as­
phalt concrete mixtures in the state of Texas were in­
vestigated through 1987 HMAC field construction 
d:tta. Fifty-seven construction projects, for which 
relative densities based on Rice maximum theoretical 
specific gravity (obtained according to Test Method 
Tex-227-F) were available, were involved in this 
study. Almost 80 percent of projects achieved rela­
tive densities higher than 92 percent based on the 
maximum theoretical specific gravity. Confidence in­
tervals for average relative densities of different 

projects were established. Factors affecting den.'>ity 
and compaction were reviewed, and the effects of 
factors such as mat thickness, mix temperature, mix 
condition, and gradation on density levels were in­
vestigated. Small mat thickness and poor mixture 
characteristics proved to be among the most impor­
t:.mt factors contributing to low density levels. Mixes 
exhibiting tender behavior or segregation and mixes 
comp:tcted in thin layers generally had lower density 
levels than mixes reported as "good" or mixes com­
pacted at thick layers. 

IMPLEMENTATION STATEMENT 

A summary of typical densities currently 
achieved in Texas is presented in this report. Analy­
sis indicates that, in most cases, the new specifica­
tions of 92 to 97 percent rebtive density are achiev­
able if the mix is properly designed and compacted 

at sufficient thickness. It is possible to establish 
more realistic density specifications if more density 
data supported by mix characteristics and construc­
tion variables are provided. 
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CHAPTER 1. 

In 1982, the Texas State Department of Highways 
and Public Transportation adopted a density specifi­
C.ltion for hot mixed asphalt concrete (HMAC). This 
specification required 3 to 8 percent air voids (rela­
tive densities between 92 and 97 percent of maxi­
mum theoretical density). Here, the relative density 
is defined as the ratio of the actual density of the 
pavement (e.g., in pounds per cubic foot) to the 
maximum theoretical density (zero-air-void density). 
In 1983, a study was performed by the Center for 
Transportation Research in cooperation with Texas 
State Department of Highways and Public Transpor­
tation to determine the densities obtained from 17 
construction projects. It was found that the average 
relative density for the 17 projects was 92.7 percent, 
with a standard deviation of 2.3 percent. While in 
most projects the required densities were achieved, 
there were a few projects in which the required den­
sities were not obtained. 

The purpose of the study summarized in tllis re­
port was to evaluate densities and their variations in 
a wide range of projects 5 or 6 years after experi­
ence with the density specification to determine the 
degree of success in achieving the required densities 
and to evaluate factors that influence the ability to 
achieve the required den.<;ities. 

In a cooperative effort, 21 districts of the Texas 
State Department of Highways and Public Transpor­
tation provided the Center for Transportation Re­
search with HMAC field construction d:lta from a to­
tal of 92 projects. The data include general 
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information concerning parameters such as mixture 
and compaction temperatures, weight, speed, num­
ber of passes of different rollers, amplitude and fre­
quency of vibratory rollers, and type and condition 
of existing surface on which the HMAC was placed. 
The data also include the relative densities and air 
voids of field cores, aggregate gradation, asphalt ce­
ment contents, and amount of hot mix placed for 
each day's production. The data were entered into a 
database using Lotus 1-2-3 and dBase III Plus 
softwares. The details of the data organization are 
provided in Ref 2. 

The importance of obtaining pavement density 
and the various roles played by each of the ingredi­
ents in a hot nlix asphalt paving mixture have been 
covered in great detail in a number of previous re­
ports. Therefore, this report will not include further 
discussion.-; of these points, although the authors in 
no way wish to detract from their importance. 

Data on relative densities of different projects 
and the corresponding statistical analysis are pre­
sented in Chapters 2 and 3. Chapter 2 deals with 
projects in which The Urliversity of Texas at Austin 
was directly involved in detennirling the relative den­
sities. Chapter 3 concern.'> projects reported in 1987 
HMAC constru('tion data provided by the State De­
partment of Highways and Public Transportation 
(SDHPn. Variations in densities, and the factors be­
hind these variations, are discussed in Chapter 4. Fi­
nally, Chapter 5 presents conclusions based on 
analyses presented in Chapters 2, 3, and 4. 



CHAPTER 2. EVALUATION OF RELATIVE DENSITIES 
AND SEVERAL RELATED PARAMETERS 

This chapter is a summary of test results per­
formed for the purpose of evaluating density-related 
properties of asphalt-aggregate mixtures from 14 
construction projects within the state of Texas. All 
tests reported on these projects were performed at 
The University of Texas at Austin. The purpose of 
this portion of the study was to compare density lev­
els of new projects with those studied in 1983 and 
reported in Ref 2. This information was also used to 
compare density levels obtained by The University of 
Texas with those reported by the contributing 
SDHPT districts through 1987 HMAC field construc­
tion data which are analyzed in Chapter 3. 

CTR Research Report 317-2F (Ref 1), published 
in 1986, disrus..'ies the level of density being achieved 
in Texas under a previous specification of the State 
Department of Highways and Public Transportation 
which was in effect prior to December 1984. The 
study presented in this chapter is based on the data 
from hot mix asphalt concrete overlays constructed 
after the present specification was adopted as a stan­
dard. This specification requires the air voicL.; to be 
between 3 and 8 percent based on the maximum 
theoretical specific gravity. 

Field and Laboratory Procedures 
Fourteen overlay construction projects in six dis­

tricts in the state of Texas were selected for this 
study. The project pavements were hot mix asphalt 
concrete mixtures designed in accordance with the 
Item 340 Standard Specification of the Texas State 
Department of Highways and Public Transportation 
(Ref 3). The projects included SDHPT Types B, C, 
and D mixtures. Type D mixtures are dense fine­
graded surface mixtures, while Types C and B are 
coarser and may be used for surface but are nor­
mally used for level-up and base courses. Both lime­
stone and siliceous aggregates were included in this 
study. TI1e project locations, by district, are shown 
in Figure 2.1. 
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Fielcl Procedures 
Field cores were obtained after construction to 

evaluate the in-place density of constructed pave­
ments. In most cases, the research personnel partici­
pated in drilling and obtaining the cores with the aid 
of the district personnel. In all cases, district person­
nel were involved in obtaining the cores. The cores 
were then sent to The University of Texas at Austin 
asphalt laboratory for testing. TI1e number of cores 
varied from project to project depending on the 
length of the project and the availability of personnel 
and equipment. The least amount of cores (12 
cores) was obtained from a Type B mix placed on 
US Highway 77, District 21. The greatest amount of 
cores (106 cores) was obtained from a Type D mix 
placed on State Highway 6, District 12. Generally, 
the number of cores for most project."> varied be­
tween 20 and 40. 

Laboratory Procedures 
All laboratory test.<; were performed at The Uni­

versity of Texas at Austin asphalt laboratory. The 
following is a description of the procedures followed 
as a standard in the testing of the cores. All tesL'i re­
ferred to are from the Texas State Department of 
Highways and Public Transportation's Manual of 
Testing Procedures. 

(1) TI1e cores were initially dried in air for a mini­
mum of four days. 

(2) The specific gravity of each core was measured 
according to Test Method Tex-207-F. 

(3) After being dried in air, the cores were put in 
the oven at a temperature of 250°F for 30 min­
utes in order to allow for breaking the core into 
an uncompa<.·ted mix. 

(4) Maximum theoretical specific gravity of the 
loose mixture was then measured according to 
Test Method Tex-227-F. 

(5) The mixture was then dried and the asphalt 
cement was extracted from the mixture and 
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Note: Number$ indicote 
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Figure 2.1 Shaded areas lndka• dlstrkts where corresponding prolects were Investigated 
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measured according to the extraction procedure 
in Test Method Tex-210-F. 

(6) A sieve analysis was performed on the aggre­
gates after the extraction according to Test 
Method Tex-200-F. 

The data obtained from the laboratory tests, along 
with the specific gravities of the aggregates and the 
asphalt cement, were used to calculate the following 
parameters of interest: 

(1) relative density, 
(2) voids in the mineral aggregate (VMA), 
(3) percent voids filled (PVF), 
( 4) asphalt content, 
(5) dust-to-asphalt-cement ratio, and 
(6) gradation. 

Evaluation of Results 
The individual results were determined, and 

these values are given in Tables A-1 through A-14 in 
Appendix A. Average values were calculated for 
each project, and a summary of results is shown in 
Table 2.1. A brief discussion of each parameter is 
presented. 

lelative Density 
Relative densities were calculated as 

Rd =~(too) 
Gr 

where 

R<J - relative density, 
Gc • specific gravity of the core, and 
Gr = maximum theoretical specific gravity 

based on Text Method Tex-2n-F (Rice 
specific gravity). 

Two values for Rice specific gravity were used in cal­
culating the relative densities. The first maximum 
theoretical specific gravity value was determined 
without being corrected for water absorption, and 
the second value was corrected for water absorption. 
Both values for relative density are reported. The 
first corresponds to the uncorrected Rice specific 
gravity and the second corresponds to the corrected 
value. The uncorrected Rice specific gravity, which 
is the procedure commonly used by the SDHPT, re­
sults in lower relative densities than does the cor­
rected one. However, in all cases, the difference be­
tween relative densities from these two methods was 
found not to exceed 1 percent for the projects stud­
ied. Table 2.1 includes a summary of relative densi­
ties for different projects. 

Texas specifications require that the relative den­
sities be less than 97 percent and greater than 92 
percent (i.e., allowable range for air voids is 3 to 8 
percent). The data presented here for the average 
values indicate that four projects do not satisfy this 
requirement if the uncorrected relative densities are 

Tabl• 2.1 Summary of results for dlff•rent pro(tteb 

~Grl ~Gf'Z 
District Highway Type ('M!) - (%) VMA PVF DUST/AC 

10 us 2137 D 93.7 94.0 18 67 0.9 
12 SH 6 D 92.4 93.1 18 62 1.1 
14 IH 35 B 934 94.0 16 63 1.0 
14 IH 35 c 90.7 91.2 1R 52 1.0 
14 Loop 1 c 919 92.7 17 58 1.2 
14 Loop 1 D 89.0 89.5 20 47 0.7 
14 RR 2244 c 91.7 92.4 16 54 1.0 
14 Loop 360 c 94.0 94.4 19 63 1.0 
18 IH 635 C,Levelup 95.4 95.9 0.6 
18 IH 635 C, Surface 93.2 93.4 17 60 0.2 
19 SH 67 D 96.6 97.0 0.9 
19 SH 67 D 96.9 97.4 1.1 
21 us 77 B 93.0 93.7 17 64 0.7 
21 us 77 D 92.0 92.7 19 6.~ 0.4 

Count 14 14 11 11 14 
Average 93.1 93.7 1H 59 0.8 
Std Dev 2.1 2.0 1.3 5.8 0.3 
Maximum 96.9 97.4 20 67 1.2 
Minimum 89.0 89.5 16 47 0.2 

Gc: Core Specific Gravity 
Gr1: Rice Specific Gravity Not Corrected for 'Wolter Absorption 
Gr2: Rice Specific Gravity Corrected for 'Wolter Absorption 
VMA: Percent Voids in the Mineral Aggregate 
PVF: Percent Voids Filled with Asphalt 
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used. However, if corrected relative densities are 
used, only two projects do not meet the density 
specifications. 

A histogram representing frequency distribution 
of relative densities for State Highway 6, District 12, 
is shown in Figure 2.2. This histogram closely ap­
proximates a normal distribution The relative densi­
ties from this study are comparable with those from 
the previous study (Ref 1) and those from 1987 
HMAC field construction data (Ref 2). The results 
from these three studies are compared in Table 2.2. 

Voids in the Mineral Aggregate (VMAJ 

Percent voids in the mineral aggregate (VMA) is 
defined as the ratio of void space between the ag­
gregate particles in the compacted mixture to the to­
tal volume (Ref 4). 

25 

20 
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Figure 2.2 

90 91 92 93 94 95 96 97 98 99 

Relative Density (Gc/Gr) (%) 

Frequency distribution of relative 
densities for SH 6, District 12 

G .p 
VMA = 100 - c agp 

Gb 
where 

Gc = bulk specific gravity of the core, 
P agg = weight of aggregate as percent of total 

mix, and 
Gb = bulk specific gravity of aggregate. 

Some investigators believe that it is more reasonable 
to calculate VMA based on the effective specific 
gravity of the aggregate rather than the bulk specific 
gravity. When using the effective specific gravity, 
the total volume of asphalt is taken into account 
when calculating VMA (i.e., the volume of absorbed 
asphalt is also included). 

It is important to identify which specific gravity 
of aggregate is used to calculate VMA since it will af­
fect the value derived. To illustrate this, the equa­
tions for the VMA for the two specific gravities are 
shown below: 

Using bulk specific gravity: VMA = AIR VOIDS 
+ effective asphalt content 

Using effective specific gravity: 
VMA = AIR VOIDS 
+ total asphalt content 

It must be noticed that asphalt content, air voids, and 
VMA are expressed as percents of total volume of 
the mix. Considering the relationship between these 
three measurements (VMA, air voids, and asphalt 
content), specifying minimum values for VMA and air 
voids establishes a minimum asphalt content. In 
other words, the mix is not allowed to be drier than 
a certain degree when minimum air voids and a 
minimum VMA are both specified. 

Normally, a minimum value is specified for VMA. 
The minimum required VMA is generally higher for 
finer mixtures. Huber and Heiman (Ref 5) observed 
deeper ruuing depths for compacted mixtures with 
VMA values less than 13. 5. If the VMA is not 
sufficient, there will not be enough space to 

Table 2.2 Comparison of relative densities from three diHerent studies 

Number of Minimum Maxhnum Average StdDev 
Study Projects Gc/Gr* Gc/Gf: Gc/Gf: Gc/Gf: 

1983 Projects 
(Ref 1) 17 89.7 95.9 92.7 23 

U.T. Projects•• 14 89.5 97.4 93.7 2.0 

1987 HMAC 
Field Const 
Data .. • 57 90.1 95.8 93.0 1.3 

• Gc: Specific Gravity of the Core 
• Gr: Maximum Theoretical Specific Gravity Based on the Rice Method 

.. Projects studied in this chapter 
... Data presented in Chapter 4 
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accommodate the asphalt cement. Therefore, one of 
the following two problems may occur: 

(1) Insufficient asphalt is used because of the inad­
equate air void content. In this case, the coat­
ing on the aggregate will be thin and durability 
will be reduced. 

(2) Asphalt content is sufficient to provide thick 
coating and high durability, but air void content 
will then be excessively low. Such a condition 
results in flushing and instability. 

The Asphalt Institute (Ref 4) suggests a minimum 
VMA ranging from 13 to 16 for a nominal maximum 
particle size ranging from 1 inch to 0.375 inches. 
These minimum values were suggested based on an 
evaluation of mixes designed by the Marshall Mixture 
Design Method. Requiring the same values for mixes 
designed by the Texas Gyratory Method may not be 
appropriate. An FHWA Technical Advisory Commit­
tee (Ref 6) also recommends the same minimum val­
ues for VMA after a study that was performed on rut­
ting and stripping of asphalt concrete hot mixes by 
an FHWA Ad Hoc Task Force. Extensive research on 
Texas mixtures is required to determine which VMA 
would be appropriate for future Texas specifications. 
An extensive HMAC field construction database, 
which includes VMA values obtained from Texas 
mixtures, has been assembled at the Center for 
Transportation Research. These data could provide a 
primary foundation for analysis of the VMA data. 

The VMA values for projects evaluated in this 
study are presented in Tables A-1 through A-14. Av­
erage VMA for different projects varies between 16 
and 20. For most projects, the difference in the 
maximum and minimum values for VMA is 5. How­
ever, in all but two projects, the standard deviation is 
less than 1. 5. All projects except one have VMA val­
ues exceeding the minimum values suggested by the 
Asphalt Institute. However, interpreting VMA values 
of Texas mixes based on the Asphalt Institute mini­
mum VMA requirements may not be appropriate be­
cause of the difference in the Marshall and Texas Gy­
ratory design procedures. 

Percent Voids filled (PVFJ 
Percent voids filled (PVF) is defined as the ratio 

by volume of the effective asphalt content (total as­
phalt content minus the asphalt absorbed into the 
voids of the aggregate particles) to VMA, expressed 
as a percent. PVF is calculated by: 

PVF [v~ }10o 
where 

AV = air void content, percent, and 
VMA = voids in the mineral aggregate, percent. 

PVF is normally limited to a maximum value. Ford 
(Ref 7) suggests that PVF be between 75 and 85 
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percent. Huber and Heiman (Ref 5) recommend PVF 
values lower than 70 percent based on their field 
observations and tests on pavement rutting. 

All projects presented in this report are below 
the recommended 70 percent. On the average, per­
cent voids filled is less than 62 percent and more 
than 52 percent (i.e., well below the suggested maxi­
mum allowable limit of 70 percent). The percent 
voids filled varies significantly within a project The 
standard deviation for PVF varied between 3 and 12 
percent for the projects studied. 

Dust-to-Asphalt-Content Ratio 

Dust refers to the fine fraction passing the No. 
200 sieve. The amount of dust in the mix affects the 
mechanical and compaction characteristics of the 
mix. Increase in the dust-to-asphalt-content (AC) ra­
tio increases stiffness, resilient moduli, tensile 
strength, and stability (Ref 8). The amount of in­
crease depends on type, void-filling properties, and 
gradation of the dust. Increase in stiffness is accom­
panied by decrease in tensile strain at failure-which 
is not desirable. The work by Santucci and Schmidt 
(Ref 9) suggests that density is affected by the 
amount of dusHo-asphalt-cement ratio. Figure 2.3 il­
lustrates rhis relationship. 

The FHWA Technical Advisory Comminee recom­
mends a dusHo-asphalt ratio not greater than 1.2 
and not less than 0.6. These values are based on ra­
tios obtained through weight calculations (i.e., the ra­
tio of percent of asphalt cement ro the percent of 
dust in the mix by weight). It should be noticed that 
in Figure 2.3 the ratio is based on volume. The 
dust-to-AC ratios presented in this report are based 
on weight. This study shows that two projects, Dis­
trict 18 (coarse surface) :tnd District 21, have dust-lo­
AC ratios out of rhe 0.6- 1.2 range recommended by 
FHWA. Both of these projects gave ratios less than 
0.6. Most of the projects had ratios close to 1.0. 

Aggregate Gradation 

Aggregate gradation has great influence on the 
pavement performance. Gradation is normally plot­
ted on a gradation chart on which sieve sizes are 
raised to 0.45 power. The gracbtions are compared 
with the "maximum-density line" which plots as a 
line from maximum nominal size to the origin 
(FHWA 0.45 power gradation line). This line will 
produce the maximum-density gradation. Typical 
gradation charts for different projects are given in 
Figures A-1 through A-12 in Appendix A. Gradations 
along the 0.45 line have been found to have too low 
a VMA and can result in unsatisfactory pavement 
performance. Deviations from this curve ro increase 
VMA are recommended. Past experience has shown 
that gradation curves which plot farrher from the 
maximum-density line result in higher VMA values 
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(Ref 10). However, a hump above the maximum­
density line at the No. 30 sieve size has been shown 
to cause a reduction in stability and an increase in 
the VMA. 

The gradations for all projects studied in this re­
port deviate from the 0.45 line. How much deviation 
is required to give the best performance depends on 
the asphalt-aggregate interacting factors and is a 
question that requires further analysis. All gradations 
give a lower percent passing the No. 200 sieve than 
that given by the 0.45 line. A lower percent fines 
than that of the 0.45 line is desirable because percent 
minus sieve No. 200, given by the 0.45 line, gener­
ally results in a poor performing mixture. In almost 
all cases, the gradation lies below the 0.45 line in the 
region above the No. 10 sieve. Some gradations in­
dicate a hump between sieves No. 10 and No. 40. A 
more detailed analysis of gradation will be presented 
in Chapter 4 following the analysis of 1987 HMAC 
field construction data. 



CHAPTER 3. EVALUATION OF RELATIVE DENSITIES 
FROM THE 1987 CONSTRUCTION DATA 

Projects studied in Chapter 2 were those that The 
University of Texas at Austin asphalt laboratory initi­
ated for determining the relative densities and corre­
sponding variations. This chapter deals with projects 
reported in 1987 HMAC field construction reports to 
the Materials and Tests Division. For these projects, 
the relative densities were reported by the districts. 

For the projects in this study, the relative densi­
ties are reported based either on Rice maximum spe­
cific gravity or on a calculated specific gravity using 
the bulk or effective specific gravity of the aggre­
gates. Out of the total of 92 projects available, rela­
tive densities of 57 projects are calculated based on 
the Rice specific gravity. 

There are 32 projects for which no report of 
density is available. It should be noted that some 
projects belong to the same construction location but 
are considered as separate projects. This results 
from a change in mixture type (Type B, C, D, etc.) 
or from a change in mix designs whiCh were used 
for the same construction project. For instance, four 
separate projects were considered for US 290 in 
Washington County, District 17, to differentiate be­
tween mix types (B and D) and different mix designs 
(design numbers 7, 8, and 10). 

In general, relative densities based on Rice maxi­
mum specific gravity are lower than those based on 
a calculated maximum specific gravity. This observa­
tion is in agreement with the past experience regard­
ing differences between the two methods. 

Table B-1 shows the projects for which the rela­
tive density based on Rice specific gravity is avail­
able. In this table, the average relative density, the 
maximum and minimum relative densities, the stan­
dard deviation, and the number of cores used to find 
the relative densities for each project (N) are given. 

The confidence interval for the true mean of the 
relative densities for various projects was determined 
through a statistical analysis. To perform a statistical 
analysis of this type, the density distribution should 
follow a normal distribution. For projects with large 
numbers of density measurements (greater than 30), 
a frequency plot of density should be sufficient to 
check the normality of the distribution. However, in 
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many projects, the number of density measurements 
does not exceed 10; therefore, a frequency plot is 
not a proper means of checking normality. The nor­
mality of small samples is best checked by using a 
normal probability plot. This is a plot in which the 
normal scores (which are based on the number of 
observations) are plotted against the observations 
(relative densities). The plot should follow a straight 
line if the distribution is normal. Significant devia­
tions from a linear pattern indicate that the underly­
ing distribution is not normal. Therefore, the nor­
mality of density distribution for each project was 
checked using a normal probability plot. Normal 
probability plots for some samples are shown in Fig­
ure 3.1. These plots indicate that the distributions 
are close to normal although they do not lie per­
fectly on a straight line. Because of the limited num­
ber of observations (density measurements) in most 
cases, the student t-distribution, rather than typical 
normal distribution, was used to determine the 
ranges for true mean, the confidence levels, and the 
confidence tolerance for different projects. The 
ranges for true means are shown in Table B-2. A 
total of 763 relative density measurements based on 
Rice maximum specific gravity are reported for all 
the projects (i.e., 763 single measurements are ob­
tained when data from all projects are put together). 
The distribution of all measurements put together 
closely follows a normal distribution (Figure 3.2). 

The lowest and highest measurements corre­
spond to relative densities of 86 and 95.8 percent, re­
spectively. The average density, when all data are 
put together, is 93.0, and the standard deviation is 
1.R3. However, the standard deviation calculated in 
this way is probably not a useful measurement for 
specification purposes. It cannot be related to a 
typical construction project, since each project's mea­
surements are mixed in to calculate this value. Its 
significance here is to indicate what magnitude of 
standard deviations is obtained if all random single 
density measurements from different projects are put 
together. For each project, an average density was 
calculated based on data available from daily con­
struction records. In this way, 57 values were found, 
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each representing the average density for one 
project. The mean and standard deviation of the av­
erage relative densities were 93.0 and 1.3, respec­
tively (Table B-1). 

Therefore, a typical hot mix construction project 
in Texas achieves a relative density of 93 percent 
based on Rice maximum theoretical specific gravity 
with a corresponding standard deviation of 1.3. An­
other standard deviation reported in Table B-1 is the 
value of 1.23, which is the average standard devia­
tion for a typical construction project. This should 
not be confused with the former standard deviation 
(1.3), which is an indication of how average densi­
ties of various project" in Texas deviate from 93 per­
cent. Even though these two standard deviations 
have different interpretations, their magnitudes are 
not significantly different for all practical purposes. 

TI1e average den...;ities of the project..;, based on 
Rice maximum specific gravity, follow a near-normal 
distribution, as shown in Figure 3.3. This check for 
normality is required in order to establish confidence 
intervals and probabilities based on a normal distri­
bution . 

Average relative densities for projects involved in 
the present study and those studied in 1983 (Ref 1) 

are shown in Table 3. 1. A comparison of past and 
present studies reveals that a slight improvement in 
average density was achieved (92. 7 percent relative 
density improved to 93.0 percent). Reduction in 
standard deviation implies a smaller variation in den­
sities of the current projects. However, this slight 
improvement could be due to the fact that a larger 
sample was used for the present study. 

Statistical analysis of densities for projects re­
ported in Ref 1 suggests that only 57 percent of the 
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projecl'i achieved densities between 92 and 97 per­
cent. The same type of analysis on densities for 
projects of the present study shows that about 78 
percent of projects lie within this range. 

The student t-test was performed to investigate 
the existence of any statistical significance between 
the average density of previous projects (Ref 1) and 
the average density of projects covered in this study. 
Since the true means and variances of the two 
groups are unknown, this case is treated as the 
Behrens-Fisher problem, explained in Ref 11. The t­
value obtained through this analysis suggests that 
there is no significant difference between average 
densities of these two groups. 

Out of 18 projects for which relative densities 
based on the calculated maximum theoretical specific 
gravity are available, only one has a relative density 
less than 92 percent (average rehuive density for this 
project is 91.8 percent), and, in general, densities are 
within specification limits. The calculated maximum 
theoretical specific gravities are obtained using the 
effective specific gravity of the aggregates from the 
C-14 method or the bulk specific gravity of the ag­
gregates. However, not all the relative densities 
based on Rice maximum specific gravity meet speci­
fication requirement-; concerning density. There are 
57 projects for which relative densities based on Rice 
maximum specific gravity are available. Thirteen 
project-; did not achieve required densities and had 
densities less than 92 percent. Of course, in all 
cases, rel:uive densities exceeded 90 percent. Five 
projecl'i had relative densities between 90 and 91 
percent. 111e other H had relative densities between 
91 and 92 percent There are 13 project-; with rela­
tive densities higher than 94 percent and only 5 
projects with relative densities above 95 percent. 
Therefore the majority of projects (32 projects out of 
57) had relative densities between 92 and 94 percent. 
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Table 3.1 Comparison of 
statistical data on 
relative densities 

a) Relative DeRSities (Gc/Gr): 

Past Study Present 
(Ref. I) studz 

Count 13 57 
Average 92.7 9.~.0 
StJ Dt!V 2.3 1.3 
Minimum 89.7 90.1 
Maximum 95.9 95.8 

b) Standard Deviation of 
Relative DeRSities 

Past Study Present 
(Ref. I) Study 

Count 13 57 
Aver.1ge 2.30 130 
Minimum 1.09 0.17 
Maximum 3.76 3.37 



CHAPTER 4. ANALYSIS OF PROJECT DATA 

As a ftrst step in analyzing the factors that may 
have contributed to variations in density, two groups 
of mixes are compared: 

Group 1, including relative densities less than 
92 percent, and 
Group 2, including relative densities higher than 
94 percent. 

Factors affecting density for Group 1 are compared 
with those for Group 2. The reason for separating 
the two groups by a gap of 2 percent air voids is to 
reduce the effect of density measurement errors and 
to distinguish more dearly between the groups. 

Tables 4.1 and 4.2 show several mix factors 
which affect density for these two groups, and 
Tables 4.3 and 4.4 give some variables which influ­
ence density during compaction. A general compari­
son of mixes with relative densities less than 92 per­
cent and those with relative densities higher than 94 
percent (based on Tables 4.1 through 4.4) indicates 
that the major difference between the two groups is 
in the mat thickness. Other variables do not suggest 

distinct differences between the two groups. How­
ever, a more detailed evaluation of density variation 
was performed by a closer investigation of some ma­
jor variables affecting density and compaction. 

Effect of Mat 'nlickness 
The variation in mat thickness between projects 

ranged between 1.2 and 4.4 inches. Each project re­
ported only a range for the layer thickness (for in­
stance, between 2.0 and 2.5 inches). Such a range 
would not allow for an accurate analysis aimed at 
evaluating the effect of the layer thickness on den­
sity. Therefore, the layer thickness was computed 
from the data available on the amount of hot mix as­
phalt concrete used and the area paved as reported 
on the daily construction records. This allowed the 
layer thickness to be c-.tlculated for each construction 
day. Then, the average thickness during the con­
struction period was determined and recorded as the 
average layer thickness for each project. The num­
bers on pages 12-13 in Tables 4.3 and 4.4, under the 

Table 4.1 Some mlx parame .. rs for prolects with Gc/Gr less than 92 percent 

Design Ext %Pass 11A• Pass %Pass Mix 
Project AC AC DUST/AC 140 #80 #20() VMA PVF Type 

D5GAUS84 5.1 5.2 0.71 21.9 11.8 3.7 19.3 57.7 D 
D12MFM13 5.3 5.3 1.26 29.7 13.4 6.7 17.0 50.3 D 
D13GOSH8 4.7 4.6 0.76 26.1 11.3 3.5 N/A N/A D 
D13GOU87 4.7 4.6 0.74 25.8 11.0 3.4 N/A N/A D 
D13JAS11 4.5 4.6 1.48 27.3 16.4 6.8 N/A N/A D 
D14BSH21 4.5 4.5 0.82 17.9 9.4 3.7 17.1 52.0 c 
D14BSH21B 4.5 4.5 1.00 19.6 10.2 4.5 17.9 51.9 c 
D14BSH71 5.0 50 1.30 21.9 14.6 6.5 1H.6 55.9 D 
D14TIH35FR 4.7 4.7 1.43 21.9 14.6 6.7 16.9 51.6 c 
D17GSH6B 5.8 5.5 0.64 21.5 8.8 35 N/A N/A D 
D17BSORCOM 5.4 5.6 0.57 27.1 18.5 .'-2 N/A N/A D 
D17B21COM 5.3 5.0 0.62 25.1 16.1 .u N/A N/A D 
D17R79COM 6.1 5.8 0.67 27.2 19.1 ."\.9 N/A N/A D 

Count 13 13 13 13 13 13 
Average 5.0 5.0 0.9 24.1 13.5 4.6 
Std Dev 0.5 0.5 0.3 3.5 3.4 1.5 
Maximum 6.1 5.8 1.5 29.7 19.1 6.8 
Minimum 4.5 4.5 0.6 17.9 8.8 3.1 
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Table 4.2 Some mfx parameters for projects with Gc/Gr greater than 94 percent 

Design EXT o/o Pass o/o Pass o/o Pass Mix 
Project AC AC DUST/AC #40 #80 #200 VMA PVF Type 

D1FNUS82 5.6 5.5 1.00 27.9 14.5 5.5 16.4 71.8 D 
D13FAU77C 6.0 6.0 0.72 25.9 12.9 4.3 N/A N/A D 
Dl6JUS28 4.9 4.9 0.84 23.7 15.5 4.1 N/A N/A c 
D16RUS77B1 4.9 4.8 0.60 19.3 11.6 2.9 N/A N/A B 
016SPU18B 4.5 4.5 0.76 23.9 10.3 3.4 N/A N/A B 
D16SPU18S 5.0 5.0 0.80 20.6 8.3 4.0 N/A N/A D 
D17BSH36TB 5.6 5.5 1.35 28.9 17.2 7.4 N/A N/A B 
D17GS105 5.1 4.9 1.12 24.2 13.7 5.5 N/A N/A D 
D17WUS29D 4.2 4.2 1.43 26.3 15.2 6.0 N/A N/A D 
Dl7WUS29B1 3.7 3.7 0.89 24.3 12.6 3.; N/A N/A B 
D19CUS59 4.8 4.7 0.77 22.2 8.8 3.6 150 62.8 D 
D19MUS59 5.7 5.6 0.41 25.1 14.0 2.3 N/A N/A c 
D23MUS87 3.9 3.9 1.69 17.5 11.1 6.6 N/A N/A GR4 

Count 13 13 13 13 13 13 
Average 4.9 4.9 1.0 23.8 12.7 4.5 
Std Dev 0.7 0.7 0.4 3.3 2.7 1.5 
Maximum 6.0 6.0 1.7 28.9 17.2 7.4 
Minimum 3.7 3.7 0.4 17.5 8.3 2.3 

title "Mat lbickness," are the average thicknesses cal- Figure 4.1 presents this general conclusion. It should 
culated using the above procedure. A general con- also be noted that out of 13 projects with relative 
sideration of densities and corresponding mat thick- densities higher than 94 percent, only one project 
nesses reveals that thicker layers tend to have higher has a mat thickness of less than 1. 5 inches. How-
densities than thinner layers. Statistical t-test analysis ever, out of 13 projects with relative densities less 
of the thickness data presented in Tables 4.3 and 4.4 than 92 percent, there are 5 projects with mat thick-
supports the idea that projects with relative densities ness less than 1. 5 inches. 
greater than 94 percent have higher thicknesses than A plot of relative density versus the mat 
those with relative densities tess than 92 percent thickness for projects that did not achieve minimum 
lbis analysis was performed at a 5 percent signifi- required densities (Figure 4.2) indicates that as the 
cance level, and the results are shown in Table 4.6. mat thickness increases, the relative density 

Table 4.3 Mat thickness, mix temperature, and vibratory roller variables for 
prolecb with Gc/Gr less than 92 percent 

Mat Mix First La..<o~t Vib Vib Vib Vib Vib 
Thick Temp Pass Pass Speed Wt Freq Amp I No. of 

Project (in.) (DF) Temp(DP) Temp(DF) (mph) (Ton) (Hz) (in.) Passes 

D5GAUS84 1.73 310 292 170 2.5 10.0 N/A 3 
D12MFM13 1.62 300 270 200 4.0 25.0 31 LOW 4 
D13GOSH8 1.28 300 240 200 3.5 10.0 36 .029 3 
D13GOU87 1.26 300 240 200 3.0 9.3 28 .047 1 
Dl3JAS11 1.19 325 230 190 N/A N/A N/A N/A N/A 
014BSH21 1.71 305 251 180 6.0 B.O 42 lOW 2 
Dl4BSH21 2.03 305 251 180 6.0 B.O 42 LOW 2 
D14BSH71 1.81 300 2(() 230 2.7 10 () 3tl 02H 2 
D14TIH35 1.63 285 243 195 2.5 10.0 42 I.&M 1 
Dl7GSH6B 1.51 325 310 275 4.0 85 2.'\ 060 2 
D17BSORC 1.45 .'\25 275 225 4.0 N/A 22 .060 2 
Dl7B21CO 1.53 325 275 225 4.0 N/A 22 .060 2 
D17R79CO 149 325 275 225 4.0 N/A 22 .060 2 

Count 13 13 13 13 12 9 11 
Average 1.56 310 262 207 3.9 12.1 32 
Std Dev 0.24 14 23 28 1.1 4.8 8.7 
Maximum 2.03 325 310 275 6.0 25.0 42 
Minimum 1.19 285 230 170 2.5 8.5 22 
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Table 4.4 Mat thickness, mix temperature, and vibratory roller variables for 
projects with Gc/Gr greater than 94 percent 

Mat MJx First last Vib Vib Vib 
Thick Temp Pass Pass Speed Wt Freq 

Project (Jn.) (OF) Temp(OF) Temp (OF) (mph) (Ton) (Hz) 

DIFNUS82 1.95 300 265 
D13FAt.m 1.65 295 280 
D16JUS28 1.58 300 300 
D16RUS77 3.11 N/A N/A 
D16SPU18 3.14 N/A N/A 
D16SPUJ8 1.60 N/A N/A 
D17BSH36 2.49 300 275 
D17GS105 1.23 300 275 
D17WUS29 1.67 315 305 
D17WUS29 2.97 300 275 
D19CUS59 2.68 315 300 
D19MUSS9 2.51 290 270 
D23MUS87 4.43 320 290 

Count 13 10 10 
Average 2.39 304 284 
Std Dev 0.89 10 14 
Maximum 4.43 320 305 
Minimum 1.23 290 265 

increases. A general plot (including all projects) of 
density versus thickness is given in Figure 4.3a on 
page 14. One should not expect to see a dear trend 
of the effect of thickness on density in this plot, 
owing to the many other factors that affect density in 
different directions. However, if the effects of other 
factors are eliminated-i.e., if the effect of thickness 
on density is evaluated while all other conditions are 
the same-then a dear trend should be observed. 
However, no two projects have the same factors 
affecting density. When the projects with more or 
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195 2.5 15.0 40 
185 2.4 10.0 35 
150 N/A N/A N/A 
N/A 2.5 10.0 28 
N/A 2.5 N/A 28 
N/A 2.5 N/A 28 
225 4.0 N/A N/A 
225 4.0 N/A 22 
275 N/A N/A N/A 
225 N/A N/A N/A 
265 6.4 10.9 N/A 
240 6.7 10.0 36 
220 N/A N/A N/A 

10 9 5 7 
221 .'i.7 11.2 31 
37 1.7 2.2 6.2 

275 6.7 15.0 40 
ISO 2.4 10.0 22 

less the same mix characteristics and construction 
conditions are selected, the corresponding data are 
not sufficient to evaluate the effect of the 
contributing parameter (thickness) on the relative 
density. However, in one case, it was decided to 
evaluate the effect of thickness on relative density 
when the effect of two of the factors was reduced. 
These two factors were the temperature of the hot 
mix during the first pass of the vibratory roller and 
the weight of the vibratory roller. The temperature 
was restricted to a range between 240° and 3{}0°F, 
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thickness for projects with relative 
densities less than 92 percent 
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and the weight of the roller was restricted to a range 
between 9 and 13 tons. The result is shown in 
Figure 4.3b. This figure supports the idea of higher 
densities for greater lhicknesses. 

Therefore, mat thickness can be considered an 
important factor affecting density. It is more difficult 
to achieve adequate density for thin layers than for 
thick ones. 

Mix Condition 

Out of the 57 projects with relative densities cal­
culated based on Rice spedfic gravity, brief explana­
tions were furnished for 31 projects concerning the 
mix condition; for the rest there were no remarks at 
all. Mix conditions for most projects were reported 
as either "good" or "excellent." A few projects were 
reported to have sticky mixes. One project had a 
problem with excessive bleeding of the mix. Six 
projects had some type of segregation-related prob­
lem with their mixes, and for 5 projects problems 
were reported with the tenderness of the mix. OUt 
of these 11 projects with tenderness or segregation 
problems, only 2 achieved densities higher than 93 
percent. Six of the remaining 9 project.<> had densi­
ties less than 92 percent. In fact, out of the 13 
projects that did not achieve minimum required den­
sities, explanations were furnished for only 6 con­
cerning the mix conditions that had either tenderness 
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or segregation problems. For the other 7 projects 
there were no remarks at :.1IL For these projects, 
nothing was mentioned regarding the quality of the 
mix. 

On the avemge, the projects with segregation or 
tenderness problems did not achieve densities as 
high as those without any mix problems. Figure 4.4 
presents average relative densities for three groups of 
projects: 

(1) those with tenderness problems; 
(2) those with segregation problems; :.1nd 
(3) those reported as good or excellent mixes. 

The average density for the third group of projects is 
higher than the average densities for the other two 
groups. 

EHect of Temperature 

T:.1ble 4.5 indicates a summary of data available 
on average temperatures at the time of mixing, the 
first pass of the roller, and the last pass of the roller. 
The dat:l :lre categorized into two groups: Group 1 
(T:lble 4. Sa) present.<> average temperature values for 
all project.<> for which temperature data :Ire available, 
:.1nd Group 2 (Table 4.5b) summarizes temper:lture 
data for projects for which relative densities based 
on Rice maximum specific gravity are available. It 
can be seen that the average mixing temperature is 
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Table 4.5 Statistical data on mix temperature at the time of 
discharge, first rolling pass, and last rolling pa11 

Count 
Average 
Std Dev 
Minimum 
Maximum 

a) For All Projel-18 
Temperature Temperature Temperature 
at Discharge at First Pass at last Pa-.s 

83 
308 

16 
260 
340 

83 
276 

25 
210 
320 

81 
210 
37 

135 
290 

b) For Projects For Which Gc/Gr Is Available 
Temperature Temperature Temperature 
at Discharge at First Pass at last Pass Gc/Gr 

Count 5.~ 
Average .'\07 
Sid Dev 15 
Mini.lnum 275 
Maximum 340 

55 
27.3 

21 
225 
320 

15 

52 
205 

.'H 
1.35 
275 

53 
9.~ 

1 
90 
96 



about 310°F. Some Table 4.6 Statistical data 
projects reported maxmg Grou~ 1 (Table 4.3) Grou~ 2 (Table 4.4) 
temperature as low as x sz sz 
26o°F and some others as n nu n x nu 

high as 340°F. However, Thickness 13 1.56 0.056 12 13 2.39 0.798 12 
the majority of projects Mix Temp 13 310 183 12 10 304 95 9 
had mixing temperatures 

First-Pass Temp 13 262 531 12 10 284 200 9 between 290° and 325°F. 
The average mix tempera- Last-Pass Temp 13 207 794 12 10 221 1364 9 
ture at the time of the first 

COMBINED 
pass of the roller was 
around 275°F. Although a sz sl 1>c tc to.os Signi.ftcant? 
few projects had much p 

lower values than average Thickness 0.653 0.066 24 3.23 2.064 Yes 
(210° and 225°F) or much Mix Temp 145 25.7 21 1.28 2.080 No 
higher (320°F), the major-

First-Pass Temp 389 68.9 21 2.54 2080 Yes ity had temperatures be-
tween 270° and 300°~ Last-Pass Temp 1038 183.7 21 0.97 2.080 No 

The average temperature 
at the time of the last pass 
of the roller was around 
205° to 210°F, although for 
a few of the projects it 
was as low as 135° to 
1 S0°F. These projects had 
relative densities higher 
than 92 percent based on 
Rice maximum specific 
gravity. 

n .. Number of Observations 
i • Sample Mean 
s2 • Sample Variance 
Uc • Degrees of Freedom Ut s2+u

2
s2 

S~ • Pooled Estimate of the Common V:ui:mce: S~· Ut + u
2 

Sd
2

- Vllriance of Difference of Means: Sd
2 

• S
2 

(..l+..l) P nl nl 

'Ue • Degrees of freedom Corresponding to the Pooled E.~timate of V.uiance ('Uc • "1 + n2 - 2) 
x2- xl 

te • C:llcul:ued t-value: fc • -
5
--
d 

A t-test analysis was 
performed to compare the 
temperatures reported in 

lo.os • t·value from the Hable at 5% significance level for "c dt:"~rees of 
freedom (a two-tailed HeSI i:~u~d) 

Table 4.3 (i.e., for projects with relative densities less 
than 92 percent) with those reported in Table 4.4 
(i.e., for projects with relative densities greater than 
94 percent). The results of this statistical analysis are 
given in Table 4.6. No significant difference was ob­
served between mix temperatures and last-pass tem­
peratures of the two groups at the 5 percent signifi­
cance level. However, at this level of significance, 
the average first-pass temperature of the projects in 
Table 4.4 was larger than that of the projects in 
Table 4.3. Considering the fact that there is not a 
significant difference between the mix temperatures 
of the two groups, the higher first-pass temperature 
for the second group could be the result of thicker 
layers. This higher compaction temperamre contrib­
utes to higher densities for thicker pavements, as in­
dicated in Tables 4.3 and 4.4. 

Figure 4. Sa shows a plot of relative densities 
versus the mix temperature at the time of the first 
pass of the roller. The plot generally indicates that 
the population of higher densities belongs to a 
higher range of compaction temperatures. Of 
course, the effect of compaction temperature on 
relative density may not be very dear based on this 
plot (mainly because of many other factors 
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involved), and therefore a conclusion based on this 
plot may be premature. 

It is important to keep the mix temperature suffi­
ciently high to prevent a significant temperature drop 
during compaction, since adequate compaction may 
not be achievable at low temperatures. The lower 
the temperature, the more difficult it will be to reach 
adequate density. 

Many factors contribute to temperature drop, 
such as original mix temperature, environment, and 
thicknes..o; of the pavement. Rolling operation is aLc;o 
a governing factor in mix temperature at the time of 
compaction. Obviously, longer "relax" intervals be­
tween consecutive rolling passes cause greater differ­
ences between mix temperatures during different 
passes. Moreover, the slower the roller speed, the 
lower the mix temperature during the subsequent 
passes. 

As mentioned before, projects with smaller mat 
thicknesses generally had lower densities than did 
those with larger thicknesses. One reason for such a 
phenomenon is that temperature drops more rapidly 
for thinner mats. Thick mats are able to retain 
higher mixture temperatures for a longer period of 
time. This fact is supported by Figure 4.Sb, which 



shows a bar plot of the temperature difference be­
tween first and last passes of the roller versus the 
mat thickness. Of course, ambient temperature and 
vibratocy roller speed are also among the factors that 
affect the differences between compaction tempera­
tures during different passes of rollers. The effect of 
vibratocy roller speed was eliminated by keeping the 
vibratocy roller speed at 3 miles per hour. Applying 
additional constraints could result in reducing the 
number of data points to so few that no meaningful 
plot could be obtained. 

EHect of Amplitude of Vibratory Rollers 

A general review of projects indicates that the vi­
bratocy amplitude for different projects varies within 
a wide range. Although most projects reported nu­
merical values concerning the amplitudes, some 
were reported as either high or low. The lowest am­
plitudes were about 0.013 to 0.016 inches and the 
highest ranged from 0.04 to 0.06 inches. A general 
recommendation would be to use a higher amplitude 
for higher mat thicknesses and a lower amplitude for 
lower mat thicknesses (Ref 12). Most projects used 
amplitudes in the medium and high ranges. Only 6 
projects with small mat thicknesses (less than 1. 5 
inches) used a low vibrator amplitude. Unfortu­
nately, out of these 6, the relative density data based 
on Rice specific gravity is given for only 2 (both 
higher than 92 percent). Twelve projects with mat 
thickness less than 1.5 inches reported high ampli­
tudes. Only 7 projects out of these 12 reported rela­
tive densities based on Rice specific gravity. Four of 
these 7 projects had relative densities less than 92 
percent. 
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Figure 4.Sa Relative den5ity as a function of mix 
temperature at the time of first 
rolling pass 
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For thick mats (thicker than 2 inches), the ampli­
tude data are available for 12 projects. Six projects 
reported medium to high amplitude, and all had rela­
tive densities higher than 92 percent. Of the remain­
ing 6, which reported low amplitudes, only one con­
tained relative density data. This project obtained a 
relative density of 91.4 percent. All 15 projects 
which achieved high densities (greater than 94 per­
cent) used high amplitudes, and all (except one) had 
mat thicknesses greater than 1.5 inches. 

Asphalt Content and Dust-to-Asphalt­
Cement (AC) Ratio 

Table B-3 summarizes the design and extracted 
asphalt contents for different projects. In most cases, 
the difference between these two did not exceed 0.5 
percent. The average difference and the standard 
deviation were 0.0 and 0.1 percent, respectively. 
While some projects used asphalt contents as low as 
3.7 percent, others used values as high as 7 to 7.6 
percent. 

Dust-to-AC ratios f(>r projects with given relative 
densities are shown in Tables B-4 through B-7. Too 
high a ratio of dust to asphalt cement makes the mix 
dry and difficult to compact. Too low a ratio makes 
it tender and unstable. 

The FHWA Task Force Technical Advisory rec­
ommends dust-to-AC ratios between 0.6 and 1.2 (Ref 
6). Out of the 57 projects with relative densities 
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based on Rice specific gravity, 10 have dust-to-AC ra­
tios exceeding 1.2 and 12 have dust-to-AC ratios be­
low 0.6. However, these out-of-limit ratios appar­
ently did not cause problems with achieving 
adequate densities. No meaningful relationship 
could be found between average density and dust-to­
AC ratio. 

Gradations and Voids in the Mineral 
Aggregate (VMA) 

Aggregate gradations were determined by per­
forming sieve analysis on the aggregates obtained 
from an extraction test. All projects reported the ag­
gregate gradations for various construction days. A 
comparison of gradations within the same project did 
not show any significant variations as long as the 
mix design was not altered. The number of grada­
tions reported for different projects varied within a 
wide range. For each project, the average gradation 
was detennined and recorded. Type B gradations ei­
ther follow very closely the maximum-density line on 
the 0.45 power gradation chart or lie above this line. 
Gradations above the 0.45 line are finer than that ob­
tained with the 0.45 line. Gradations below the 0.45 
maximum-density line are harsher or coarser grada­
tions than that of 0.45 line. Most gradations of Type 
C mixtures closely follow the 0.45 line. Some lie be­
low this line in the range of coarser aggregates 
(passing the 1/2-inch sieve and retained on sieve No. 
10) and above the 0.45 line in the range of fmer part 
(passing sieve No. 10 and retained on sieve No. 80). 

Most gradations for Type D mixtures are below 
the maximum-density line on the 0.45 power grada­
tion chart. Typical gradation charts for the different 
types are given in Figures 4.6 through 4.8. For all 
projects, the amount of filler (dust) passing the No. 
200 sieve is less than that given by the maximum­
density line. The amount of dust given by lhe 0.45 
line is considered high and may result in a dry mix 
and poor performance. The amount of dust was less 
than that given by the 0.45 line for all projects re­
ported. The summary of average core VMA values 
and percent voids filled with asphalt is given in 
Table B-8. Because of insufficient data concerning 
bulk specific gravity of aggregates or Rice specific 
gravity of the mixture, it was not possible to calcu­
late the VMA value for all the projects. VMA values 
could be calculated for only 17 projecL.o; (11 Type D 
mixes, 5 Type C mixes, and 1 Type G mix). Average 
VMA is 17.1 for Type D mixes and 17.2 for Type C 
mixes. Generally, Type D mixes, on the average, 
have a higher VMA than Type C mixes. However, 
this was not the case for the reported projects. The 
VMA values (except two) either exceed the minimum 
values recommended by the Asphalt Institute or are 
within the range of recommended minimum values. 
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However, care should be taken in making such a 
comparison since the Asphalt Institute recommenda­
tion is based on the Marshall test and laboratory­
compacted specimens, not on field cores. A plot of 
relative density versus VMA is given in Figure 4.9. 
As expected, lower relative densities (high air voids) 
correspond to higher VMA values. 

As mentioned before, it is believed that as the 
magnitude of departure from the maximum-density 
line increases, the VMA increases. The problem lies 
in quantifying the departure from the maximum­
density line. Gradations are illustrated by plots, and 
the shape of a gradation line can vary significantly. 
It would appear impossible to use a unique 
numerical index to quantify the general shape of the 
gradation curve and its departure from the 0.45 line. 

However, some indices have been developed to 
defme the departure or relative position of the grada­
tion line from the maximum-density line within cer­
tain ranges. One index that can he used tor this 
purpose is the one introduced hy D. E. Edge (Ref 
13). This index, represented by R, is defined as the 
ratio of the material passing the No. 30 (or No. 40) 
sieve and retained on the No. 200 sieve to the mate­
rial passing the No. 8 (or No. 10) sieve and retained 
on the No. 200 sieve. This index essentially gives 
the amount of fine sand as a percentage of total sand 
used in the gradation. For this index, sand is de­
fined as the material passing sieve No. 10 and re­
tained on sieve No. 200 (i.e., particles smaller than 2 
mm and larger than O.<l75 mm), and fine sand is con­
sidered as the material passing sieve No. 40 and re­
tained on sieve No. 200 (i.e., particles smaller than 
0.425 mm and larger than 0.075 mm). 

The higher the R coefficient, the larger the 
amount of fine sand with respect to the total sand 
used in the mix. The R coefficient for the maximum­
density line is a funclion of the sieves used to calcu­
late R and the power used for that line. R for the 
maximum-density line is independent of the mix 
Type and the maximum aggregate size. If sieves No. 
10, 40, and 200 are used tor the calculations and the 
power is 0.45, then the R value for the maximum­
density line will always be a constant value. The 
value of this constant is 0.35. l11is const:mt implies 
that the amount of fine sand in the mix for the maxi­
mum-density line based on the FHWA 0.45 power 
gradation chart is 35 percent of the total sand used 
in the mix. R values for all different projects were 
calculated and are given in Table B-9. All of these 
values are greater than 0.35, implying that all projects 
have a percent fine sand with respect to total sand 
larger than that given by the FHWA 0.45 line. To in­
dicate the relative magnitude of R coeflkiems of gra­
dation lines with respect to the R value of the 0.45 
line, all these coefficients were divided by 0.35. In 
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this way, normalized R coefficients (called R0 ) were 
obtained. For these projects, Rn varies between 1 
and 2, larger values implying larger differences be­
tween the R coefficient of gradation line and that of 
the 0.45 line. Plot.c; of VMA versus R0 for all data, 
Type C and Type D, are given in Figure 4.10. For 
lower values of R0 , VMA values tend to be concen­
trated at larger magnitudes. For higher Rn values, 
most VMA's are concentrated in the lower range. 

Another index used to indicate the relative posi­
tion of the gradation line with respect to the 0.45 
power line is called the position index (PI). 'This in­
dex indicates, in the range of two consecutive sieve 
sizes, whether the gradation line lies below the 0.45 
line, lies above the 0.45 line, or crosses it. This in­
dex is defined as: 

PI (P45- P)+(P'.45 P') 

ABS (P.45 - P) + ABS (P'.45 - P~ 

where P and p-are percent material passing two con­
secutive sieves, given by the gradation line, P.45 and 
P'_45 are percent material passing two consecutive 
sieves, given by the 0.45 power line, and ABS im­
plies 'absolute value.' Three positions are recog­
nized for a gradation line in the range of interest. 
The PI value and the implications are given below: 

PI • 1 

PI = -1 

-1<PI<1 
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Depending on the range of interest, the position 
index can be used for any part of the gradation line. 
Because it is believed that percent fine sand 
(material passing the No. 40 sieve and retained on 
the No. 200 sieve) has a significant effect on VMA, 
density, and compaction (Ref 10), PI values were 
calculated for the projects within this range. These 
values are given in Table B-9. As shown, almost all 
gradation lines for Type B mixtures of the projects 
investigated in this study intersect the 0.45 line given 
by the FHWA chart in the range of the fine sand 
material. For Type C mixes, two gradation lines 
almost lie below the 0.45 line in this range while 
others intersect with this line. For Type D mixes, 
there are a considerable number of gradation lines 
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lying below the 0.45 line in this range. However, 
there are some mixes whose lines intersect the 0.45 
line, with a major part of their lines lying below the 
0.45 line. TI1e VMA v;1lues were plotted against the 
position index (Figure 4.11, page 22). For PI values 
less than 0.5, VMA's do not exceed 17 except in one 
case. For larger PI values, VMA's vary within a 
wider mnge. Five out of the 9 projects with PI's 
larger than 0. 5 have VMA values greater than 17.5. 

Another type of index developed to show devia­
tions from the 0.45 line is the sum of differences 
(SOD) index. TI1is index is defined as the algebraic 
sum of differences in percent passing between the 
gradation line and the 0.45 line. SOD roughly quan­
tifies the magnitude of departure from the maximum-
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density line. This index is obtained simply by first 
finding the differences between the percent aggre­
gate passing some specified sieves (given by the gra.­
dation curve) and the percent aggregate passing the 
same sieves (given by the 0.45 line) and then deter­
mining the sum of these differences. For example, 
percent aggregate passing the 3/8-inch, No. 4, No. 
10, No. 40, No. 80, and No. 200 sieves could be de­
termined, and their differences, with percents given 
by the 0.45 line, could be obtained. The sum of 
these differences would be the SOD index. This in­
dex is a very crude indication of departure from the 
0.45 line, because it does not take into account any 
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humps in the gradation curve :md does not represent 
variations that exist in deviations from the 0.45 line. 
Deviation.o.; above the 0.45 line are considered nega­
tive and those below this line are considered posi­
tive. 

The SOD indices based on percent material pass­
ing sieves No. 40 and No. 2(X) were detennined for 
all projects and are given in Table B-11. Each index 
roughly presents the difference between the amount 
of fine sand given by the project gradation line and 
the 0.45 line. Plots of VMA versus SOD are given in 
Figure 4.12. 
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A summary of numerical values of the 
different gradation indices discussed here is 
presented in Table B-10. A clear trend could 
not be observed in any of these plots, prob­
ably because of the complexity of the prob­
lem and the influence of a large number of 
variations. Clear relationships between the 

Figure 4.12 VMA versus SOD: a) for 
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page); b) for Type C mixes 
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Type D mixes (right) 
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and relative densities could not be found. However, 
these indices, probably with some modifications, 
may prove indicative of meaningful relationships 
with VMA's and relative densities if a sensitivity 
analysis is conducted under controlled laboratory or 
field conditions. In this way, the effect of gradation 
on density and VMA can be investigated while the 
influences of all the interacting factors are controlled. 
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 
Most of the projects reported in the 1987 HMAC 

field construction reports and disOJSsed in Chapters 3 
and 4 presented only one value for each project for 
such variables as temperature, type, and condition of 
rollers. This made it impossible to properly evaluate 
individual core test results. 

Based on the data presented and analyzed in 
Chapters 3 and 4, the following conclusions can be 
made regarding density levels achieved in Texas and 
the factors contributing to density variations. 

1. Mixtures properly designed and compacted at 
thicknesses over 1.5 inches are capable of 
achieving the minimum required density level 
of 92 percent. 

2. Most projects cited in this report did not have a 
problem achieving the minimum target density 
of 92 percent based on Rice specific gravity. 

3. Average relative densities follow a normal distri­
bution with an average value of 93 percent and 
a standard deviation of 1.3 percent. 

4. Mixtures exhibiting tender behavior or mixes 
with segregation problems generally did not 
achieve densities as high as those of mixtures 
without these problems. 

S. Density levels were generally lower for projects 
having thin layers of asphalt concrete compared 
with those having thick layers. 

6. A drop in mix temperature during compaction 
is significantly larger for thin mats than for thick 
mats, and this large drop is a contributing cause 
of lower densities in thinner mats. 

7. As expected, mixes with higher VMA values 
had lower relative densities. 

8. In general, projects with higher mix tempera­
tures during first breakdown rolling reported 
higher relative densities than those with lower 
temperatures during breakdown rolling. 

9. Differences between extracted and design as­
phalt contents for different projects did not ex­
ceed allowable tolerances required by specifica­
tions. The average difference was zero with a 
standard deviation of 0.1 percent. 

10. Indices Rn (normalized R index), PI (position 
index), and SOD (sum of differences) did not 
correlate well with the relative density in this 
study, but a controlled study may show that 
they have some value in defining the position 
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and the departure of the gradation line from the 
maximum-density line. 

11. Comparison of this study with the previous 
study conducted in 1983 indicates little to no 
improvement has occurred in obtaining density 
with the change in specifications. 

Recommendations 
The literature suggests that the VMA, PVF, and 

dust-to-AC ratios are among the important param­
eters contributing to pavement performance. There­
fore, the design procedures of the Texas State De­
partment of Highways and Public Transportation for 
hot-mix asphalt concrete should be revised to re­
quire satisfying limits on these parameters. 

A collection of a comprehensive data set, includ­
ing all aspects of mix characteristics and compaction 
processes that influence density of hot mix asphalt 
concrete mixtures, can be very beneficial in develop­
ing new specifications concerning compaction and 
density levels. It is recommended that data of this 
type be continuously gathered from different real 
fteld projects covering a vast range of different mixes 
and compaction processes. The present data set 
should be continuously enhanced and expanded. 
More reliable conclusions could be made through a 
more comprehensive statistical analysis of a larger 
data set. One major problem with the present data 
set is that almost all projects reported only one over­
all field construction data set; i.e., there is only one 
value reported for each of several variables--tem­
perature, type, condition of rollers, etc.-for the 
whole construction period. Although some factors 
are independent of time and remain constant 
throughout the entire construction period, others 
vary from day to day and from time to time. Some 
variables of the latter type are mix temperature dur­
ing hauling, laydown, and various stages of compac­
tion and ambient air temperature A day-by-day 
record of these variables makes the analysis more 
meaningful. 

The relationship between gradation indices dis­
cussed in this report (Rn. PI, and SOD) or other 
types of indices and VMA and relative densities 
should be further analyzed through controlled field 
or laboratory conditions. Such indices may prove to 
be good indications of deviations of gradation lines 
from maximum-density lines. 
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TABLE A-1. RWTIVE Dt:NSITI~ AHD S!JI: lUX PliWIETERS FOR PROJECT 1: 
DISTRICT 10, HIGHWAY US 287, TYPED 

-------------~--------------~-------·--------------------------------------------
RICE RICE DEHSITY DEHSlTY 
5.G. ~.G. BASED BASED EXT. VOIDS OUST· 

UNCOR. COR. ON Grl ON Gr2 AC V'KA, FILLED AC 
SPEC. Grl Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
?..473 ?..462 

2 2.473 2.462 
J 1.473 2.462 
4 ?..473 ~.462 

5 2.473 2.462 
6 ?.473 7.462 
7 7..473 2.462 
8 2.473 ~.462 

9 2.473 2.462 
10 ? • •f/3 ?. 462 
11 2.4'13 2.162 
ii !.413 2.~2 

13 2.471 /..462 
14 2.473 2.462 
15 2.473 2.·~2 

16 2.473 ?.462 
1/ 2.473 2.462 
18 2.449 2.444 
p; ::.449 2.444 
20 2.449 2.444 
21 2.449 2.444 
~2 ?.449 2.444 
.!3 .:!.·\49 2.444 

24 2.449 2.444 
15 2.449 2.444 
26 2.449 2.444 
21 2.449 2.444 
28 2.·\49 2.444 
29 2.449 2.444 
10 2.449 2.444 
~1 2.449 2.444 
32 2.449 2.444 
.33 2.149 2.444 
14 2.449 2.444 
J5 2.463 2.458 
J6 2.463 2.458 
}7 ?.463 2.458 
38 1..463 2.458 
"1.9 ~.463 2.458 
40 2.463 2.45EI 
41 2.463 2.458 
42 2.-163 ! . 458 
43 2.463 2.458 
•M 2.463 2.458 
45 2.463 2.458 

()5.9 
91.0 

:1i.O 
95.4 
:l4.4 
~:.L3 

93.7 
92.6 
9-1.4 
13.8 
~3.8 

94.7 
94.2 
92.6 
93.7 
~5.4 

92.6 
·;3.2 
'B.~ 

:13.\) 

C;o\.9 
32.8 
93.2 
92.0 
94.4 
94.0 
33.4 
92.2 
94.1 
93.4 
~u.s 

94.6 
93.2 
33.3 
93.6 
93.3 
92.0 
93.0 
94.9 
32.7 
95.1 
94.5 
~3.9 

95.5 
94.3 

28 

')6,4 

91.4 
92.4 
95.8 
94.8 
;;,, 7 

:l4.1 
93.0 
94.8 
14.2 
94.j 
95.2 
34.6 
93.0 
94.2 
~~.8 

93.0 
CJ3.4 
34.1 

93.2 
95.1 
93.0 
93.4 
';2.2 
94.6 
94.2 
93.6 
92.4 
94.3 
93.6 
94.0 
94.8 
93.4 
93.5 
93.8 
:B.S 
92.2 
93.2 
95.1 
92.9 
95.3 
94.7 
94.1 
35.7 
94.4 

'i.S 
5.5 
5.5 
5.5 
5.5 
5.5 
5.4 
5.4 
5.4 
5.4 
5.4 
5.-i 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
SA 
5.~ 

S.4 
5.4 
5.4 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
~.1 

5.1 
5.1 
'i.1 
5.1 
5.1 
5.1 

16 
20 
2U 
17 
17 
18 
18 
19 
!7 
18 

18 
17 
18 
19 
18 
16 

19 
19 
n 
19 
lli 
1.9 
19 
20 
18 
18 
19 
20 
18 
19 
18 
18 
B 
19 
18 
i8 
19 
19 
1'1 
1.9 
17 
!7 
18 
16 
18 

77 
sa 
ft1 

75 
70 

66 
67 
63 
70 
67 
61:1 
72 

69 
63 
67 
7~ 

63 
65 
68 
65 
72 
~ 

65 
61 
70 
68 
66 
62 
69 
66 
68 
70 
65 
65 
66 
65 
60 
64 
71 
62 
72· 

&9 
67 
74 
68 

0.9 
0.9 
0.3 
;).9 

0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
o.a 
fl.a 
O.ij 
0.8 
o.8 
0.8 
0.8 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.8 
•).8 

u.s 
;1.8 
0.8 
0.8 
0.8 
o.a 
0.8 
0.8 



Tl8LI A-1. RELATIVE DDISmES 1MD SOME Mil PlR.UIE'l'US FOR PROJECT 1: 
DISTRICT 10, HIGHWlY US 287, TYPED (COI!'D) 

---------------------------------------------------------------------------------
RtCE RICE OEISm DEISITY 
s.G. S.G. BASED BASED VOIDS DUST-

UHCOR. COR. ON Gr1 Olf Gr2 AC VIG, FILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

~--------------------------------------------------------------------------------
46 2.463 2.458 94.3 94.5 5.1 17 69 0.8 
47 2.463 2.458 92.9 93.1 5.1 19 63 0.8 
48 2.463 2.458 93.7 93.9 5.1 18 66 0.8 
49 2.463 2.458 95.6 35.8 5.1 16 74 0.8 
50 2.463 2.458 92.9 93.0 5.1 19 63 0.8 

---------------------------------------------------------------------------------
COUll'!' 50 50 50 50 so so so ~ 
AVG. 2.462 2.455 93.7 94.0 5.3 18 67 0.9 
STD. 6.440 6.440 17.1 17.1 6.1 5 12 6.7 
MAX. 2.473 2.462 95.9 %.4 5.5 20 77 0.9 
m. 2.·.,9 2.444 91.0 91.4 5.1 16 58 0.8 
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'I'ABLE A·2. R!LlTIVE DEK5ITIES -AIID sal! 1m P&RMETERS FOR PROJECT 2: 
DISTRICT 12, HIGJIIIY SH 287, TYPE 0 

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

SPEC. 

S4 
S5 
S6 
S7 
sa 
S9 
S10 
Sll 
Sl2 
Sl3 
S14 
S15 
Sl7 
518 
S19 
520 
S21 
S22 
S23 
:>24 
SZ7 
S28 
529 
S30 
S31 
S33 
S34 
S35 
S36 
S37 
538 
S39 
S40 
S41 
S42 
S43 

S44 
S45 
S46 
S47 
S48 
S50 
S51 
S52 

RICE RELaTIVE RE.LATIVE 
RICE RICE 0£15m OEK5ITY 
5.G. S.G. WED BASED El'l.'RICTED 

UHCOR. COR. ON Grl OM Gr2 
Grl Gr2 \ \ 

2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.408 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.438 
2.423 
2.423 

2.423 
2.423 
2.423 
2.423 
2.435 
2.435 
2.435 

2.389 
2.389 
2.389 
2.389 
2.189 
2.389 
2.389 
2.389 
2.389 
2.389 
2.389 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
.l.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.42I 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.421 
2.403 
2.403 
2.403 
2.403 
2.403 
2.403 
2.416 
2.416 
2.416 

91.7 
91.3 
95.1 
96.5 
95.5 
95.8 
94.0 
93.1 
91.2 
94.2 
93.6 
92.4 
91.9 
91.5 
92.7 
92.2 
92.5 
91.6 
91.2 
92.5 
92.9 
90.9 
93.8 
94.3 
92.2 
93.5 
88.5 
89.0 
89.2 
90.0 
90.6 
91.6 
94.2 
89.0 
91.6 
93.2 
93.5 
91.8 
91.9 
93.2 
91.1 
90.5 
93.0 
93.1 
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92.5 
92.0 
95.9 
97.2 
96.2 
96.6 
94.8 
93.8 
92.0 
95.0 
94.4 
93.0 
92.6 
92.2 
93.3 
92.9 
93.1 
92.2 
91.9 
93.1 
93.6 
91.6 
94.5 
95.0 
92.8 
94.2 
89.1 
89.6 
89.8 
90.6 
91.2 
92.2 
94.8 
89.6 
92.3 
94.0 
94.3 
92.6 
92.7 
94.0 
91.9 
91.2 
93.8 
93.8 

AC 
\ 

4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 

VOIDS DOS'l'· 
IIJIA, FILLED AC 

\ \ RATIO 

19 
20 
16 
15 
16 
16 
17 
18 
20 
l7 
18 
18 
18 
19 
17 
18 
18 
18 
19 
18 
17 
19 
16 
16 
18 
17 
21 
21 
21 
20 
19 
18 
16 
21 
18 
18 
17 
19 
19 
17 
19 
19 
17 
17 

61 
60 
75 
82 
76 
78 
70 
66 
59 
71 
68 
61 
59 
58 
62 
60 
61 
58 
57 
61 
63 
56 
66 
69 
60 
65 
49 
50 
51 
53 
55 
58 
68 
50 
58 
66 
67 
60 
61 
66 
58 
55 
64 

64 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
l.i 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1:1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 



TABLE A-2. RELATIVE OENSmES AHD SOME KIX PIRME'rEllS FOR PROJECT 2: 
1liSTRICT 12, HlGMi' SH 287, TYPE 0 (COII"l''D) 

SPEC. 

S53 
S54 
sss 
S56 
S57 
S58 
S59 
S60 
S61 
S62 
564 
S65 
S66 
567 
S68 
569 
S75 
S76 
S77 
S78 
S79 
S80 
S81 
S82 
S83 
S84 
sas 
S86 
S87 
S88 
S89 
S90 
S91 
S92 
S94 
S95 

S96 
S97 
S98 

S99 
5100 
S101 
S102 
Sl03 

RlCE 
RICE 
S.G. 

UliCOR. 

Gr1 

RICE 
S.G. 
COR. 
Gr2 

2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.435 2.416 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
1.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.440 2.426 
2.406 2.390 
2.406 2.390 
2.406 2.390 
2.406 2.390 
2.406 2.390 

RELATIVE RELATIVE 
DENSITY OEIISITY 

BASED BASED EmlCTF.D 
OR Gr1 ON Gr2 AC 

\ ' ' 
92.5 
92.4 
94.9 
91.7 
89.7 
93.2 
92.4 
93.3 
89.4 
90.5 
92.7 
91.7 
94.0 
92.1 
88.7 
91.0 
93.8 
32.2 
92.7 
92.7 
32.3 
91.9 
94.4 
90.7 
91.3 
92.2 
91.4 
93.4 
91.6 
92.7 
92.1 
88.7 
93.4 
90.6 
90.5 
90.6 
90.6 
93.9 
91.5 
92.3 
91.2 
93.9 
93.5 
94.4 

93.2 
93.1 
95.7 
92.4 
90.4 
93.9 
93.1 
94.0 
90.1 
91.2 
93.4 
92.4 
94.8 
92.8 
89.4 
91.7 
94.4 
92.7 
93.2 
93.3 
92.8 
92.4 
95.0 
91.3 
91.8 
92.7 
91.9 
93.9 
92.1 
93.2 
92.7 
89.2 
94.0 
91.1 
91.0 
91.1 
91.1 
94.4 
92.0 
92.9 
91.8 
94.6 
94.1 
95.0 

4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
5.3 
5.3 
5.3 
5.3 
5.3 
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VIta, 
\ 

18 
18 
16 
18 
20 
17 
18 
17 
21 
20 
18 
19 
17 
18 
21 
19 
17 
18 
17 
17 
18 
18 
16 
19 
19 
18 
18 
17 
18 
17 
18 
21 
17 
19 
19 
19 
19 
16 
18 
19 
20 
18 
18 
11 

VOIDS 
FILLED 

\ 

62 
61 
72 
59 
52 
64 
61 
66 
52 
56 
63 
60 
69 
61 
51 
57 
66 
60 
61 
61 
59 
58 
68 
54 
56 
59 
56 
64 
57 
61 
59 
49 
64 
54 
54 
54 
54 
66 
57 
~ 

59 
69 
68 

71 

DUST­
AC 

Rl'fiO 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.3 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 



'!'ABLE A-2. RELITIVE DEXSrr'IES AIID S<IIE m PAIWETW FOR PROJECT 2: 
DISTRICT 12, HIGHWlY SH 287, TYPE 0 (COIT'O) 

---------·-----------------------------------------------------------------------
RELATIVE RELITIVE 

RICE RICE DEHSm DEHSm 
S.G. S.G. BASED BASED ElTR!CTED VOIDS DUST· 

UNCOR. COR. ON Grl ON Gr2 AC vtll, FILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
5104 2.406 2.390 93.9 94.6 5.3 18 69 1.1 
5105 2.406 2.390 93.9 94.6 5.3 18 69 1.1 
S106 2.406 2.390 94.5 95.1 5.3 17 72 1.1 
S107 2.406 2.390 94.1 94.8 5.3 18 70 1.1 
S108 2.406 2.390 92.1 92.7 5.3 19 62 1.1 
S109 2.406 2.390 93.8 94.5 5.3 18 69 1.0 
suo 2.406 2.390 94.5 95.1 5.3 17 72 1.0 
Sll1 2.406 2.390 94.7 95.4 5.3 17 73 1.0 
5112 2.406 2.390 94.5 95.1 5.3 11 72 1.0 
Sll3 2.428 2.403 91.2 92.1 5.3 20 60 1.0 
:.ms 2.428 2.403 94.9 95.9 5.3 16 75 1.0 
Sll6 2.428 2.403 95.8 96.8 5.3 15 79 1.0 
Sll/ 2.428 2.403 95.5 96.5 5.4 16 78 1.2 
::illS 2.428 2.403 94.9 95.9 5.4 16 75 1.2 
5119 2.428 2.403 93.9 94.8 5.4 17 70 1.2 
S120 2.428 2.403 94.6 95.6 5.4 17 73 1.2 
S121 2.428 2.403 92.1 93.1 5.4 19 63 1.2 
Sl22 2.428 2.403 94.5 95.5 5.3 17 73 1.2 
5123 2.428 2.403 93.9 94.8 5.3 11 70 1.2 
5124 2.428 2.403 94.1 95.1 5.3 11 11 1.2 
5125 2.428 2.403 94.8 95.8 5.3 16 74 1.2 

---------------------------------------------------------------------------------
COUII'f 109 109 109 109 109 109 109 109 
AVG. 2.429 2.411 92.6 93.3 5.0 18 63 1.1 
STD. 0.013 0.014 1.7 1.8 0.2 1 7 0.3 
MlX. 2.440 2.426 96.5 97.2 5.4 21 82 3.3 
Kill. 2.406 2.389 88.5 89.1 4.7 15 49 0.9 

·--------------------------------------------------------------------------------
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TABU l-3. RELATIVE D!JISm!S AND salE KIJ PAlWD:'l'DS FOR PROJEC'l' 3: 
•. 

DlSTRIC'l' 14, KIGHWlY Df 3S, TYPE B 

------:--------------------------------------------------------------------------
RICE RELATIVE RELATIVE 
RICE RIC! DEMSm DEISM 
S.G. s.G. BASED BASED VOIDS OOST-

UICOR. COR. ON Gr1 011 Gr2 AC VMl, FILLED lC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
1 2.557 2.537 91.8 92.6 5.0 1l 42 1.1 
2 2.557 2.537 91.9 92.6 5.0 13 42 1.1 

211 2.410 2.395 93.6 94.1 5.1 16 64 1.1 
218 2.410 2.395 91.5 92.1 5.1 18 57 1.1 
21C 2.410 2.395 93.9 94.5 5.1 16 66 1.1 
321 2.422 2.405 95.1 95.8 !>.2 15 71 1.1 
321 2.422 2.405 96.5 97.2 5.2 13 79 1.1 
32C 2.422 2.405 93.6 94.2 5.2 16 64 0.9 
15A 2.412 2.399 93.6 94.1 5.4 17 64 0.9 
351 2.412 2.399 90.9 91.4 5.4 19 55 0.9 
3SC 2.412 2.399 94.3 94.8 5.4 16 67 0.9 
38l 2.434 2.409 93.6 94.6 S.4 16 66 0.9 
l8l 2.434 2.409 93.9 94.8 5.4 16 67 0.~ 

38C 2.434 2.409 93.1 94.1 5.4 16 63 0.9 
391 2.414 2.386 93.8 94.9 5.4 16 59 0.9 
398 2.414 2.386 95.2 96.3 S.4 1S 7S 0.9 
l9C 2.414 2.386 90.5 91.6 5.4 19 56 1.2 
41A 2.409 2.398 32.9 93.4 5.4 17 62 1.2 
418 2.409 2.398 92.8 93.3 S.4 17 61 1.2 
41C '2.409 2.398 94.2 94.6 S.4 16 67 1.2 
354 2.405 2.392 95.2 95.7 S.6 16 72 1.1 
492 2.405 2.392 91.9 92.4 5.6 18 59 1.1 

---------------------------------------------------------------------------------
comrr 22 22 22 :!:! :!:! 22 22 22 
AYG. 2.429 2.411 93.4 94.0 5.3 16 63 1.0 
STD. 0.00 0.041 l.S l.S 0.2 2 9 0.1 
MU. 2.557 2.537 96.5 97.2 5.6 19 79 1.2 
KDI. 2.405 2.386 90.5 91.4 s.o 13 42 0.9 

---------------------------------------------------------------------------------
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TABU: A-4. RELATM OEMSITI!S lMD salEm P&R.ME'l'ERS FOR PROJEC'r 4: - DISTR.Icr 14, HIGHWAY IH 35, TYPE C 

---------------------------------------------------------------------------------
RELATIVE RELATIVE 

RIC£ RICE DEHSm OEJISI'l'Y 
S.G. S.G. BASED WED EI'l'. VOIDS OOST· 

UHCOR. COR. ON Gel ON Gr2 AC .... FILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
lA 2.397 2.384 89.4 89.8 4.8 20 48 1.1 
18 2.397 2.384 91.0 91.5 4.8 18 53 1.1 
lC 2.397 2.384 92.5 93.0 4.8 17 58 1.1 
2A 2.417 2.412 89.6 89.7 5.1 19 46 1.1 
2B 2.417 2.412 90.5 90.7 5.1 18 49 1.1 
2C 2.417 2.412 93.4 93.6 5.1 16 59 1.1 
3A 2.412 2.406 89.3 89.5 5.3 20 46 1.0 
38 2.412 2.406 90.1 90.3 5.3 19 49 1.0 
3C 2.412 2.406 92.1 92.4 5.3 17 55 1.0 
4l 2.423 2.402 87.5 88.2 5.3 21 44 0.9 
4B 2.423 2.402 89.2 90.0 5.3 19 48 0.9 
4C 2.423 2.402 92.0 92.8 5.3 17 57 0.9 
SA 2.399 2.382 92.5 93.1 5.2 11 60 1.0 
58 2.399 2.382 91.2 91.8 5.2 18 55 1.0 
5C 2.399 2.382 93.9 94.6 5.2 16 66 1.0 
6A 2.426 2.414 89.9 90.4 5.1 18 48 1.0 
68 2.42fi 2.414 89.6 90.1 5.1 19 47 1.0 
6C 2.426 2.414 91.4 91.9 5.1 17 52 1.0 
7A 2.415 2.406 89.3 89.6 5.2 19 47 1.2 
78 2.415 2.406 89.9 90.3 5.2 19 48 1.2 
1C 2.415 2.406 90.7 91.0 5.2 18 51 1.2 

-----------------------·---------------------------------------------------------
C0011'1' 21 21 21 21 21 21 21 21 
AVG. 2.413 2.401 90.7 91.2 5.1 18 52 1.0 
STD. 0.010 0.012 1.6 1.6 0.1 1 6 0.1 
w. 2.426 2.414 93.9 94.6 5.3 21 66 1.2 
MDI. 2.397 2.382 87.5 88.2 4.8 16 44 0.9 

---------------------------------------------------------------------------------
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TABLE A-5. RWTIVE DEMSm'ES MD SCJE Kil PllWtETERS FOR PROJ!CT 5: 
OI.S'l'RICT 14, LOOP 1, TYPE C 

RELATIVI RELlTIVI 
RICE RICE DEHSITY DEISM 
S.G. S.G. BASED BASED EXT. 

UMCOR. COR. ON Gr1 01 Gr2 kC 

SPEC. Gr1 Gr2 \ \ \ 

4/17-1 2.390 2.368 
4/17-2 2.390 2.368 
4/17-3 2.l90 2.368 
4/18-1 2.421 2.400 
4/18-2 2.421 2.400 
4/18-3 2.421 2.400 
4/20-1 2.402 2.370 
4/20-2 2.402 ~.370 

4/20-3 2.402 2.370 
~/21-1 2.429 2.399 
4/21-2 2.429 2.399 
4/21-3 2.429 2.399 
4/22-3 2.415 2.398 

4/22-282 2.415 2.l98 
4/24-6 2.381 2.364 

4/24-409 2.381 2.364 
4/24-882 2.381 2.364 
4/25-7 2.401 2.386 
4/25-8 2. 401 2. 386 
4/25-9 2. 401 2. 386 

4/26-390 2.412 2.39 
4/26-410 2.412 2.39 
4/26-450 2.412 2.39 
4-28-1 2.414 2.396 
4-28-2 2.414 2.396 
4-28-3 2.414 2.396 
5-1-445 2.403 2.384 
,_1-540 2.403 2.384 
5-1-550 2.403 2.384 
5-2-525 2.414 2.405 
5-2-540 2.414 2.405 
5-3-1 2.422 2.403 
5-3-2 2.422 2.403 
5-3-3 2.422 2.403 

5-4-515 2.411 2.393 
5-4-560 2.411 2.393 
5-4-470 2.411 2.393 

COUift 
AVG. 
S'l'D. 
w. 
m. 

37 37 
2.409 2.388 
0.013 0.013 
2.429 2.405 
2.381 2.364 

')1.8 
93.6 
90.6 
91.8 
90.1 
92.2 
94.0 
92.6 
93.6 
90.9 
92.1 
92.9 
93.5 
91.8 
94.5 
95.1 
93.5 
94.4 
93.9 
91.5 
30.4 
91.3 
91.6 
88.6 
90.6 
93.0 
92.1 
91.9 
91.3 
90.0 
90.2 
90.5 
91.7 
89.9 
91.3 
91.2 
91.3 

37 
91.9 
1.48 
95.1 
88.6 

92.7 
94.5 
91.5 
92.6 
90.9 
9:!.1 
95.3 
93.8 
94.9 
92.1 
93.2 
94.1 
~.1 

92.4 
9S.2 
95.8 
94.2 
95.0 
94.5 
92.1 
31.3 
~2.1 

92.5 
89.3 
91.3 
93.7 
92.8 
92.6 
92.0 
90.3 
90.5 
91.2 
92.4 
90.6 
92.0 
91.9 
92.0 

37 
92.7 
1.6 

95.8 
89.3 
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5.3 
5.3 
5.3 
4.8 
4.8 
4.8 
4.9 
4.9 
4.9 
5.4 
5.4 
5.4 
5.0 
5.0 
5.3 
5.3 
5.l 
4.8 
4.8 
4.8 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.3 
5.3 
5.3 
4.7 
4.7 
4.4 
4.4 
4.4 
4.9 
4.9 
4.9 

l7 
5.0 
0.3 
5.4 
4.4 

VOIDS DOST-

VIG, Fn.LEO kC 
\ \ RATIO 

18 
16 
19 
17 
18 
16 
15 
17 
16 
18 
17 
16 
15 
17 
16 
15 
17 
15 
15 
18 
18 
18 
17 
20 
18 
16 
17 
18 
18 

18 
18 
17 
16 
18 
17 
18 
17 

37 
17 
1 

20 
15 

59.3 
66.4 
55.3 
55.2 
49.5 
56.9 
69.2 
62.7 
67.3 
54.9 
59.0 
62.6 
62.0 
55.3 
69.9 
72.8 
65.6 
66.6 
64.2 
54.8 
52.3 
55.0 
56.2 
46.0 
51.9 
60.4 
58.6 
57.7 
55.8 
47.3 
47.9 
49.6 
53.6 
47.6 
54.2 
53.9 
54.1 

37 
57.6 
6.7 

n.8 
46.0 

1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.6 
1.6 
1.6 
1.1 
1.1 
\.1 

1.3 
1.3 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.8 
1.8 
1.8 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.0 
1.0 
0.7 
0.7 
0.7 
0.9 
0.9 
0.9 

l7 
1.2 
0.3 
1.8 
0.7 



TULE 1-6. RELATIVE D!HSMES MD SCJI! m P~ FOR PROJEC'l 6: 

DIS'l'RIC'l 14 , LOOP 1 , TYPE D 

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

SPEC. 

14 
AS 
16 
84 

B5 
80 

C1 
C2 
C3 
IJ7 

08 
[)9 

El 
E2 
F2 
F3 

AVII 
A VIII 
All 
B-4 

&-5 
B-6 
C·1 
t:~:? 

C·3 
D-1 
D-2 
D-3 

EIV 
EV 
EVI 
F-7 
F-8 
F-9 
G-I 
G-Il 
G-Ill 
H-IV 
H-V 
H-VI 

RELATIVE RELATIVE 
RIC! RICE DERSm DEISM 

S.G. S.G. BASED BASED EX'!'. 
UJICOR. COR. ON Gr1 OM Gr2 lC 

Gr1 Gr2 \ \ \ 

2.429 
2.429 
2.429 
2.428 
2.428 
2.428 
2.418 
2.418 
2.418 
2.423 
2.423 
2.423 
2.432 
2.432 
2.425 
2.425 
2.425 
2.425 
2.425 
2.408 
2.408 
2.408 
2.407 
2.407 
2.407 
2.415 
2.415 
2.415 
2.407 
.2.407 
2.407 
2.418 
2.418 
2.418 
2.410 
2.410 
2.410 
2.408 
2.408 
2.408 

2.419 31.3 
2.419 90.6 
2.419 91.6 
2.415 91.0 
2.415 88.9 
2.415 ss.8 
2.404 88.6 
2.404 90.6 
2.404 90.0 
2.407 92.4 
2.407 88.6 
2.407 89.3 
2.413 88.0 
2.413. 83.4 
2.416 86.~ 

2.416 87.8 
2.425 92.5 
2.425 91.4 
2.425 a7.9 
2.391 87.6 
2.391 89.9 
2.391 88.9 

2.39 86.2 
2.39 89.9 
2.39 88.9 

2.400 91.1 
2.400 86.9 
2.400 88.9 
2.389 88.4 
2.389 90.6 
2.389 85.2 
2.399 90.5 
2.399 88.9 
2.399 88.7 
2.400 87.9 
2.400 86.8 
2.400 88.4 
2.392 91.5 
2.392 88.3 

2.392 91.1 
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91.7 
91.0 
92.0 
91.4 

89.3 
86.3 
89.2 
91.1 
30.5 
93.1 
89.2 
89.9 
88.7 
84.0 
86.3 

88.1 
92.5 
91.4 
87.9 
88.2 
90.6 
89.6 
86.8 
90.6 
89.5 
92.6 
87.5 
89.4 
89.0 
91.2 
85.9 
91.2 
89.6 
89.4 
88.2 
87.2 

88.8 
92.1 
88.9 
91.7 

5.1 
5.1 
5.1 
5.2 
5.2 
5.2 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.3 

5.3 
5.3 

5.3 
5.5 
5.5 
5.5 

5.2 
5.2 
5.2 
!\.2 
5.2 
5.2 
5.1 
5.1 
5.1 
5.3 
5.3 
5.3 
5.3 
5.2 
5.2 
5.5 
5.5 
S.5 
5.4 
5.4 
5.4 

VOIDS DOST-
IIMI, FILLED AC 

\ \ RAno 

11 
18 
11 
18 

19 
22 
20 
18 
19 
17 

20 
19 
20 
24 
22 
21 
16 
18 
21 
21 

H 
20 
22 
19 
20 
17 
21 
20 
21 
19 
Z3 
18 
20 
20 
21 
22 

21 
18 

21 
18 

Sl 
49 
52 
51 
45 
38 
46 
52 
50 

58 
46 
48 
44 

34 
38 
42 

55 
51 
42 
44 

51 
48 

41 
51 
48 
56 
42 
46 
47 
53 
40 
52 
47 
47 
44 

42 
46 
56 

46 
54 

0.5 
0.5 
0.5 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.6 
0.6 
o.s 
0.5 
o.8 
0.8 
0.8 
0.6 
0.6 
0.6 
0.8 
0.8 
0.8 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
0.5 
o.s 
0.5 
0.6 
0.6 
0.6 
0.7 
0.7 
0.7 



'I'AfSLi A-6. R.E.LlTIVE DDSmES AND SCB m PAR.IME'l'EIS POR PROJECT 6: 
DIS'l'Rl C'l' 14 , LOOP 1, TYPE C (CONT'D) 

------·-------------------------------------------·------------------------------
COUII'l' 40 40 40 40 40 40 40 40 
AVG. 2.418 2.404 89.0 89.5 5.3 20 47 0.7 
S'l'D. 0.009 0.011 2.1 2.0 0.2 2 5 0.1 
MAl. 2.432 2.42'5 92.5 93.1 5.5 24 58 0.9 
MD. 2.407 2.389 83.4 84.0 5.1 16 34 0.5 
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'rlBLE l-7-. RELATIVE DEISMES AJID SOlE m PI.R.I.IIETDS FOR PROJECT 7: 
DIS'l'I.IC'I.' 14, HIGIIAY RR.2244, mE C -

---------------------------------------------------------------------------------
RELATIVE RELATIVE 

RICE RICE DEISITY DEISm 
S.G. S.G. BASED BISED El'1'. VOIDS DUST-

UHCOR. COR. ON Gr1 ON Gr2 AC VMl, FILLED AC 
SPEC. Grl Gr2 \ ' \ \ \ RATIO 

---------------------------------------------------------------------------------
4/4-1 2.433 2.414 92.3 93.1 4.2 15 54 0.9 
4/4-2 2.4.:!3 2.414 92.2 92.9 4.2 15 53 0.9 
4/4-3 2.433 1.414 92.2 93.0 4.2 15 54 0.9 
4/5-1 2.418 2.394 92.8 93.7 4.4 15 59 0.8 
4/5-2 2.418 2.394 91.7 92.7 4.4 16 55 0.8 
4/5-3 2.418 2.394 92.9 93.9 4.4 15 60 0.8 
4/6-1 2.425 2.408 91.4 92.1 4.7 17 53 0.8 
4/6-2 2.425 2.408 90.8 91.4 4.7 17 50 0.8 
4/6-3 2.425 2.408 91.4 92.0 4.7 17 52 0.8 
4/7-1 2.428 2.403 90.9 91.8 4.6 17 52 0.8 
4/7-2 2.428 2.403 91.1 92.1 4.6 17 53 0.8 
4/7-3 2.428 2.403 92.5 93.5 4.6 15 58 0.8 
4/8-1 2.417 2.402 89.1 89.7 4.6 19 46 0.8 
4/8-2 2.417 2.402 91.1 91.6 4.6 17 51 0.8 
4/8-3 2.417 2.402 92.8 93.4 4.6 16 58 0.8 

4/13-4 2.426 2.408 92.6 93.3 4.8 16 57 1.8 
4/13-5 2.426 2.408 92.9 93.6 4.8 15 59 1.8 
4/13-6 2.426 2.408 89.6 90.3 4.8 18 47 1.8 

---------------------------------------------------------------------------------
COUI'l' 18 18 18 18 18 18 18 18 
AVG. 2.425 2.405 91.7 92.4 4.6 16 54 1.0 
S'I'D. 0.006 0.006 1.1 1.1 0.2 1 4 0.3 
IIU. 2.W . 2.414 92.9 93.9 4.8 19 60 1.8 
lUll. 2.417 2.394 89.1 89.7 4.2 15 46 0.8 

---------------------------------------------------------------------------------
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TABLE 1·8. RELATIVE OEIISmES AJID SCIIE MIX PAR.I.METERS FOR PROJ'EC'r 8: 
DIS'!IIC'l 14, Hl~Y LOOP 360, TYPE C 

RELATIVE RELA'l'IVI 
liCE RICE DEIISm DEIISI'l'Y 
S.G. S.G. BASED BASED UT. 

UICOR. COR. OR Gr1 ON Gr2 IC 
SPEC. Grl Gr2 \ \ \ 

11 
2A 
31 
18 
28 
3B 
lC 
2C 
3C 
lD 

2D 
30 
u: 
2E 
3£ 
A1 
A2 
1.3 
Bl 
B3 
C1 
C2 
C3 
01 
02 
El 
E2 
E3 
F'2 
F3 
Gl 
G2 
G3 
H2 
K3 
(1 

(2 

0 

COURT 
&VG. 
S'l'D. 
m. 
ICJI, 

2.417 
2.417 
2.417 
2.437 
2.437 
2.437 
2.-UO 
2.430 
2.430 
2.421 
2.421 
2.421 
2.417 
2.417 
2.417 
2.420 
2.420 
2.420 
2.434 
2.434 
2.427 
2.427 
2.427 
2.428 
2.428 
2.480 
2.480 
2.480 
2.453 
2.453 
2.431 
2.431 
2.431 
2.469 
2.469 
2.440 
2.440 
2.440 

2.399 
2.399 
2.399 
2.415 
2.415 
2.415 
2.412 
2.412 
2.412 
2.405 
2.405 
2.405 
2.408 
2.408 
2.408 
2.410 
2.410 
2.410 
2.412 
2.412 
2.416 
2.416 
2.416 
2.415 
2.415 
2.468 
2.468 
2.468 
2.428 
2.428 
2.420 
2.420 
2.420 
2.440 
2.440 
2.417 
2.417 
2.417 

38 38 
2.435 2.418 
0.000 0.000 
2.480 2.468 
2.417 2.399 

92.2 
92.6 
91.7 
91.1 
89.8 
91.8 
92.7 
92.6 
92.1 
93.5 
93.8 
91.3 
91.0 
93.2 
94.0 
91.9 
93.5 
92.2 
90.0 
88.3 
91.2 
90.4 
91.5 
90.7 
93.3 
88.9 
89.3 
88.2 
90.5 
89.9 
92.1 
92.9 
90.6 
90.7 
88.2 
93.0 
93.0 
92.2 

38 
91.5 
1.6 

94.0 
88.2 

92.9 
93.3 
92.4 
92.0 
90.6 
92.6 
93.4 
93.3 
92.8 
94.1 
94.4 
91.9 
91.3 
93.6 
94.3 
92.2 
93.9 
92.6 
90.8 
89.1 
91.6 
90.8 
92.0 
91.2 
93.8 
89.3 
89.7 
88.6 
91.5 
90.8 
92.5 
93.3 
91.0 
91.7 
89.2 
93.9 
93.9 
93.1 

38 
92.1 
1.6 

94.4 
88.6 

39 

4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.7 
4.7 
4.7 
5.0 
5.0 
5.0 
4.6 
4.6 
4.6 
4.7 
4.7 
4.7 
4.9 
4.9 
4.5 
4.5 
4.5 
4.8 
4.8 
5.4 
5.4 
5.4 
4.7 
4.7 
5.2 
5.2 
5.2 
4.9 
4.9 
5.3 
5.3 
5.3 

38 
4.8 
0.3 
5.4 
4.5 

VOIDS DOST-
VIQ, FILLED AC 

\ \ RATIO 

16.2 
15.8 
16.7 
16.4 
17.6 
15.8 
15.4 
15.4 
15.8 
15.2 
14.9 
17.2 
17.3 
15.2 
14.6 
16.4 
14.9 
16.1 
17.8 
19.4 
16.7 
17.4 
16.4 
17.3 
14.9 
17.8 
17.4 
18.4 
16.5 
17.2 
16.3 
15.6 
17.6 
16.1 
18.4 
15.3 
15.2 
16.0 

38 
16.4 
1.1 

19.4 
14.6 

56 
58 
54 
51 
47 
53 
57 
56 
55 
61 
63 
53 
50 
58 
61 
53 
59 
54 
48 
44 
50 
47 
51 
49 
59 
40 
41 
38 
48 

46 
54 
57 
49 
49 
41 
60 
60 
57 

38 
52 
6 

63 
38 

0.9 
0.9 
0.9 
1.0 
1.0 
1.0 
0.9 
0.9 
0.9 
0.8 
0.8 
0.8 
1.0 
1.0 
1.0 
0.9 
0.9 
0.9 
o.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.9 
0.9 
0.9 
0.9 
0.9 
0.8 
0.8 
0.8 
0.9 
0.9 
0.8 
0.8 
0.8 

38 
0.9 
0.1 
1.0 
0.7 



TULE A-9. RWTTVE DDSmES AID SCJIE m PliWIE'l'ERS POR PROJEC'! 9: 
DISTRICT 18, HIGHWAY IH 635, TYPE C, LEVEL !JP 

----------------------------··----------------------------------------------------
RELlTIV! RELl'liV! 

RlCE RICE OElfSm DUSm 
s.o. S.G. BASED BASED F.l'l'. VOIDS DUST· 

UNCOR. COR. ON Grl <* Gr2 AC VIQ, FILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
1 2.483 2.470 94.6 95.1 3.5 0.9 
2 2.483 2.470 95.4 96.0 3.5 0.9 
3 2.483 2.470 95.7 96.2 3.5 0.9 
4 2.483 2.470 94.4 94.9 3.5 0.9 
5 2.483 2.470 95.6 96.1 3.5 0.9 
6 2.-183 2.470 95.3 95.8 3.5 0.9 
1 2.483 2.470 94.3 94.8 3.5 0.9 
8 2.483 2.470 95.2 95.7 3.5 0.9 
9 2.483 2.470 94.4 94.9 3.5 0.9 

10 2.483 2.470 95.5 96.0 3.9 0.4 
11 2.483 2.470 94.& 95.1 3.9 0.4 
12 2.483 2.470 93.9 94.4 3.9 0.4 
13 2.483 2.470 95.0 95.5 3.9 0.4 
14 2.483 2.470 96.4 96.9 3.9 0.4 
15 2.183 2.·t10 96.6 97.1 3.9 0.4 
16 2.483 2.470 96.5 97.0 3.9 0.4 
17 2.483 2.470 96.5 97.0 3.9 0.4 
\8 2.4113 2.170 36.0 '36.5 3.9 il.4 
19 2.483 2.470 96.5 97.0 3.8 0.4 
20 2.483 2.470 95.4 95.9 3.8 0.4 
21 2.483 2.470 95.9 96.4 3.8 0.4 
22 2.483 2.470 95.0 95.5 3.8 0.4 
23 2.483 2.470 95.3 95.8 3.8 0.4 
24 2.483 2.470 95.9 96.4 3.15 0.4 
2S 2.483 2.470 95.7 96.2 3.8 0.4 
26 2.483 2.470 95.3 95.8 ).8 0.4 
Z1 2.483 2.470 95.3 95.8 3.8 0.4 

·-------------------------------··-----------------------------------------------
COOl'!' Z1 71 '11 Z1 Z1 7:1 
AVG. 2.483 2.470 95.4 95.9 3.8 0.6 
STD. 0.000 0.000 0.7 0.7 0.2 0.3 
flU. 2.483 2.470 96.6 97.1 3.9 0.9 
KI.II. 2.483 2.470 93.9 94.4 3.5 0.4 

-·--·-------~----------··--------------------------------------------------------
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TABLE A·lO. II..ELlTIVE_DEJISmES l.ND sell: IIIJ PARIIIETERS FOR PROJECT 10: 
DISTRICT 18, HIGHWAY IH 635, TYPI C, SURFACE 

---------------------------------------------------------------------------------
RICE liCE DENSm oasm 
S.G. S.G. BASED BASED E1'l'. VOIDS DUST· 

UNCOR. COR. OM Gr1 01 Gr2 AC VMl, FII.LED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
1 2.411 2.406 92.2 92.4 4.1 1a 57 0.2 
2 2.411 2.4{)6 92.8 93.0 4.1 17 59 0.2 
3 2.411 2.406 93.7 93.8 4.1 16 62 0.2 
4 2.411 2.406 92.7 92.9 4.1 17 59 0.2 
5 2.411 2.4{)6 92.5 92.7 4.1 17 58 0.2 
6 '?.411 2.406 91.9 92.1 4.1 18 56 0.2 
7 2.411 2.406 92.3 92.5 4.1 18 57 0.2 
8 2.411 2.4{)6 93.2 93.4 4.1 17 61 0.4 
3 2.411 2.4{)6 93.9 94.1 4.1 16 63 0.4 

\0 2.411 2.406 93.9 94.1 4.1 16 64 0.4 
11 2.411 2.4{)6 94.1 94.3 4.1 16 64 0.4 
12 2.411 2.4{)6 93.6 93.8 4.1 16 62 0.4 
13 2.411 2.406 92.5 92.7 4.1 17 58 0.4 
14 2.411 2.406 92.7 92.9 4.1 17 59 0.4 
15 2.411 2.406 93.7 93.9 3.7 16 62 0.1 
1£ 2.411 2.406 93.7 93.9 3.7 16 62 0.1 
17 2.411 2.406 93.1 93.3 3.7 17 59 0.1 
18 2.4tl 2.406 92.8 93.0 3.7 17 58 0.1 
19 2.411 2.406 94.3 94.5 3.7 15 64 0.1 
20 2.411 2.406 93.2 93.4 3.7 16 60 0.1 
21 2.411 2.406 93.4 93.6 3.7 16 61 0.1 
22 2.411 2.406 94.0 94.2 3.7 16 63 0.1 

---------------------------------------------------------------------------------
COUII'l' -n Z2 22 22 22 22 22 22 
AVG. 2.411 2.406 93.2 93.4 4.0 17 60 0.2 
STD. 0.000 0.000 0.7 0.7 0.2 1 2 0.1 
w. 2.411 2.406 94.3 94.5 4.1 18 64 0.4 
MD. 2.411 2.406 91.9 92.1 3.7 15 56 ll.l 

---------------------------------------------------------------------------------
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TUlLE A-11. 'RELATIVE DENSITIES AHD sam Mil PARMETERS FOR PROJEC'l' 11: 
~ DISTRICT 19, HIGHWAY SH 67 (Mr. PLE!SANT), TYPE 0 

-------------------------------~----·--------------------------------------------
RELATIVE RELATIVE 

RICE RICE DEMSI'l'Y DEHSrrY 
S.G. S.G. BASED BASED El'1'. VOIDS DUST· 

UNCOR. COR. ON Grl ON Gr2 AC VD, FILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
1 2.401 2.391 98.4 98.8 5.6 0.8 
2 2.401 2.391 38.6 99.0 5.6 0.8 
3 2.401 2.391 97.9 98.3 5.6 0.8 
4 2.401 2.391 97.9 98.3 5.6 0.8 
5 2.401 2.391 98.6 99.0 5.6 0.8 
6 2.401 2.391 97.9 98.4 5.6 0.8 
7 2.401 2.391 98.3 98.7 5.6 0.8 
8 2.416 2.415 97.2 97.2 5.6 0.8 
9 2.415 2.406 97.8 98.2 5.6 0.8 

10 2.415 2.406 93.5 93.9 5.0 0.9 
11 2.415 2.406 97.8 98.2 5.0 0.9 
12 2.416 2.415 94.3 94.4 5.0 0.9 
13 2.416 2.415 94.6 94.6 5.0 0.9 
14 2.416 2.415 95.8 95.8 5.0 0.9 
15 2.415 2.406 94.1 94.4 5.0 0.9 
16 2.415 2.406 95.6 96.0 5.0 0.9 
17 2.415 2.406 96.2 96.5 5.0 o.; 
18 2.415 2.406 98.0 98.3 5.0 0.9 
19 2.399 2.390 96.7 97.1 5.0 0.9 
20 2.399 2.390 96.2 96.5 5.2 0.9 
21 2.399 2.390 93.4 93.7 5.2 0.9 
22 2.399 2.390 97.2 97.6 5.2 0.9 
23 2.399 2.390 95.5 95.8 5.2 0.9 
24 2.399 2.390 96.1 96.5 5.2 0.9 
25 2.399 2.390 95.3 95.6 5.2 0.9 
26 2.399 2.390 97.9 98.3 5.2 0.9 
7:1 2.399 2.390 98.2 98.6 5.2 0.9 

---------------------------------------------------------------------------------
comrr 7:1 7:1 7:1 7:1 7:1 7:1.0 
AVG. 2.406 2.398 96.6 97.0 5.3 0.9 
S'l"D. 0.008 0.010 1.6 1.7 0.2 0.01 
NU. 2.416 2.415 98.6 99.0 5.6 0.9 
m. 2.399 2.390 93.4 93.7 5.0 0.8 

---------------------------------------------------------------------------------
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TlBL£ A-12. RWTIVE DEISlTIIS Am saE m PAUIIE'J'!IS FOR PROJIC'l 12: 

-
---------------------------------------------·--·--------------------------------

R!LATIVE RELATIVE 
RICE RICE DEISm oasm 
S.G. S.G. BASED BASED El'l'. VOIDS DUST-

OIICOR. coa. 011 Grl Cll Sr2 AC VIII, PILLED AC 
SPEC. Gr1 Gr2 \ \ \ \ \ RATIO 

---------------------------------------------------------------------------------
2.432 2.417 97.7 98.3 5.4 1.1 

2 2.432 2.417 98.1 38.7 5.4 1.1 
3 2.432 2.417 94.0 94.6 5.4 1.1 
4 2.432 2.417 98.3 98.9 5.4 1.1 
5 2.432 2.417 97.6 98.2 5.4 1.1 
6 2.432 2.417 98.1 98.7 5.4 1.1 
7 2.426 2.416 97.7 98.1 5.4 l.l 

8 2.426 1.416 97.3 97.7 5.4 1.1 
9 2.426 2.416 97.5 97.9 5.4 1.1 

10 2.426 2.416 96.1 96.5 5.2 1.0 
11 2.426 2.416 96.8 97.2 5.2 1.0 
12 2.426 2.416 95.7 %.0 5.2 1.0 
13 2.426 2.416 95.6 96.0 5.2 1.0 
14 2.426 2.416 97.7 98.1 5.2 1.0 
15 2.426 2.416 97.2 97.6 5.2 1.0 
16 VU4 2.420 97.6 98.2 5.2 1.0 
11 Vl34 2.420 97.3 97.9 5.2 1.0 
18 2.4.\4 2.420 96.1 96.7 5.2 1.0 
\9 2.434 2.420 94.8 95.4 5.2 1.0 
20 2.434 .2.420 97.2 97.7 5.1 1.1 
21 2.4.i4 2.420 96.1 96.6 5.1 1.1 
22 2.434 2.420 97.1 ';7.7 5.1 1.1 
23 2.434 2.420 96.5 97.1 5.1 1.1 
24 2.434 2.420 97.9 98.4 5.1 1.1 
25 2.434 2.420 96.9 97.5 5.1 1.1 

---------·------------------·----------------------------------------------------
comrr 25 25 25 25 25 25 
kVG. 2.431 2.418 96.9 97.4 5.3 1.1 
STD. 0.004 0.002 1.0 1.1 0.1 0.0 

w. 2.434 2.420 98.3 98.9 5.4 1.1 
m. 2.426 2.416 94.0 94.6 5.1 1.0 

---------------------------------------------------------------------------------
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TABLE A·ll. RELATIVE OEJISITIES lND sam m PllliiiiTERS FOR PROJECT 13: 
DISTRICT 21, lfiGIIIAY OS 77, TYPE B, BASE 

---------------------------------------------------------------------------------------
RELATIVE RELATIVE 

RICE RICE OEHSm DEISM 
S.G. S.G. BISF.D BASED EXT. VOIDS DUST-

l1NCOR. COR. ON Gr1 01 Gr2 lC VJIII' FILL.ED AC 
SPEC. Grl Gr2 \ \ \ \ \ RATIO 

----·----------------------------------------------------------------------------------
395 2.418 2.-\01 91.4 92.1 5.3 18 57 0.5 
435+00 2.410 2.391 91.4 92.2 5.1 18 58 0.6 
43S.OO 2.410 2.391 93.1 93.9 5.1 17 64 0.6 
600+00 2.401 2.382 94.5 95.2 6.0 17 72 0.5 
68(1t()() 1 2.401 2.382 91.1 91.9 6.0 20 59 0.5 
680+00 2 2.401 2.382 96.3 97.1 6.0 15 81 0.5 
752 2.397 2.387 93.9 94.3 5.2 17 66 0.5 
752 1 2.397 2.387 93.3 93.7 5.2 17 63 0.5 
752 2 2.397 2.387 94.0 94.4 5.2 17 67 0.5 
830+00 1 2.432 2.411 92.6 93.4 5.4 17 61 1.1 
830+00 2 2.432 2.411 91.3 92.1 5.4 18 56 1.1 
830+00 3 2.432 2.411 92.9 93.7 5.4 17 62 1.1 

---------------------------------------------------------------------------------------
COOII'l' 12 12 12 12 12 12 12 12 
IVG. 2.411 2.394 93.0 93.7 5.5 17 64 0.7 
S'l'l). 0.014 0.011 1.5 1.5 0.4 1 6.70 0.26 
w. 2.432 2.411 96.3 97.1 6.0 20 81 1.1 
MDI. 2.397 2.382 91.1 91.9 5.1 15 56 0.5 

---------------------------------------------------------------------------------------

44 



TABLE l-1+. RELATIVE DEJISmES AND SCIIE Kil PllWE'l'EltS FOR PROJECT 14: 
DISTRICT 10, HIGIIAY US n, TYPE 0, SURFACE -

--------------~------------------------------------------------------------------------
RELATIVE RELATIVE 

RICE RICE DEMSm DEISm 

S.G. S.G. BASED BASED EIT. YO IDS DUST-

UNCOR. COR. OM Grl ON Gr2 AC VIII, FILLED AC 
SPEC. Gr1 Gr2 ' ' \ ' ' RATIO 

---------------------------------------------------------------------------------------
1 2.393 2.371 94.4 95.3 5.8 18 73 0.4 
2 2.376 2.359 91.6 92.3 5.3 20 62 0.3 
3 2.376 2.359 90.6 91.3 5.3 21 58 0.3 
4 2.393 2.371 92.9 93.8 5.8 19 67 0.4 
5 2.376 2.359 92.2 92.9 5.3 20 64 0.3 
6 2.393 2.371 93.2 94.1 5.8 19 68 0.4 
7 2.376 2.359 93.4 94.1 5.3 19 68 0.3 
8 2.393 2.371 94.7 95.6 5.8 17 74 0.4 
9 2.376 2.359 93.4 94.0 5.3 19 68 0.3 

10 2.393 2.371 94.5 95.4 5.8 17 74 0.4 
11 2.376 2.359 91.4 92.1 5.6 21 62 0.4 
12 2.393 2.371 92.6 93.4 5.8 19 66 0.4 
13 2.416 2.395 88.4 89.2 5.7 22 51 0.5 
14 2.398 2.385 93.2 93.7 5.7 18 66 0.4 
15 2.416 2.395 88.3 89.1 5.7 22 51 0.5 
16 2.401 2.385 94.1 94.8 5.7 17 70 0.4 
17 2.416 2.395 89.0 89.7 5.2 21 51 0.5 
18 2.401 2.385 91.8 92.4 5.7 19 61 0.4 
19 2.401 2.385 90.1 90.7 5.7 21 56 0.4 
20 2.401 2.385 90.4 91.0 5.7 21 57 0.4 

---------------------------------------------------------------------------------------
comrr 20 20 20 20 20 20 20 20 
AVG. 2.393 2.375 92.0 92.7 5.6 19 63 0.4 
S'1'D. 0.013 0.013 1.96 1.98 0.2 1 7 0.1 
m. 2.416 2.395 94.7 95.6 5.8 22 74 0.5 
m. 2.376 2.359 88.3 89.1 5.2 17 51 0.3 

---------------------------------------------------------------------------------------
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APPENDIX B 

FIGURES AND TABLES CORRESPONDING TO PROJECTS REPORTED 
IN 1987 HMAC FIELD CONSTRUCTION DATA 



TlBLI B-1. ·COIIJ RELl'l'IVI DEJISm WED 01 RICE IGJIIIDII SPECifiC GRAVITY FOR D!Ff'EID'l' 
- PROJEC'l'S ( Gc/Gr) 

---------··------------------------------------------------------·-----------------------------

OIST coum PROJECf 'l'YPE 
DESIGif AVG. STD. 

I N \ \ 
m. w. 
\ \ 

-----------------------·------------------------------------··----------------------------------
FAIOIIH 

1 HUJI'1' 
OS 82 
SH 50 

1 LWR SH 19 
3 WHICHITl US 82 
5 GARZA FM 651 
5 LIJBBOCI SPUR 326 

5 LUBIOCI OS 84 
5 LUBIOCI US 84 

5 LOBIIOCI OS 84 
5 GARZA OS 84 

10 AIIDERSCJI US 287 
12 GILVES'l'Cir FR 1764 

12 ~' "'1314 
12 fllll'l'GCIDY D1 45 
12 '1'1:11 GilD OS 67 

13 r&YI'l'!l as n 
13 FAYE'I'l'l OS 77 
13 FAYI'l'!l OS 77 
13 GOIIZILIS SH 80 

D LEVEL UP DS3 14 95.3 1.77 
0 SURFACE DS3 9 92.4 1.80 
C SORllCE 053 7 93.3 1.15 
0 SURIICE 4 7 93.9 1.51 
0 LEVEL UP 3 12 92.2 0.38 
0 SORlACE 5 93.1 1.17 
0 SURFACE 1 12 92.7 1.03 
c SURIACE 1 6 93.5 1.09 
D LEVEL UP 3 6 93.3 1.74 
D SURFACE 1 7 91.6 3.37 
0 SURFACE DS3 21 92.3 1.70 
D LEVEL UP 01 16 93.7 1.17 
0 SUIFIC! 051 13 91.5 0.65 
D SOIPACE DS1 5 92.3 2.04 
D SURFACE 18 93.9 1.25 
D SUiflCI 11M 11 92.7 1.09 
0 SURFACE M 32 92.1 1.33 
o soar&CE ra 16 94.0 1.10 
D SURFICE DS3 22 90.7 1.66 

13 GOtiZlLIS US 87 0 SUIFACI DS3 11 
86-184 21 
M 37 

~.1 1.84 
13 .JACKSOI SH 111 D SDRFlCE 
13 UVlCl SH 95 D SDRFICE 

14 8AS'l'ROP SH 21 c SURFlCE 

14 BAS'J'ROP SH 21 C SUiflCI 

14 8lS'tllOP SH 71 0 SUIIf'lCI 
14 BLAIICO OS 281 c SUII'ICI 
14 LE1 OS 290 C SURFICI 
14 '1"Rl VIS IH35-fllll c SUIFlCI 
14 TRlVIS 005•Piaft'IGI c SUiflCI 
16 JIJII WELL US 281 C SURFACE 
16 JIJII WILL OS 281 C SURFICI 
16 NUECES SH 44 D SllRFlCE 
16 R!P'OGIO US 77 B BASE 
16 REFUGIO OS77 BW£ 
16 REPOOIO OS 77 D SUiflCI 
16 SU Pl'liiClO US 181 BWI 
16 
17 
17 
17 

Sll Pl'liiCIO US 181 
BURLED SH 21 

BURLESOI SH 36 
BURI.ESQI SH 36 

17 GRDIIS SH 105 
17 GRDIIS SH 6 
17 WASHIIm"Cll OS 290 

17 ~ US290 

17 WISHDIG'.l'al OS 290 

D SOIPACI 
B SURFICI 
8 SOIPlCE 

0 SURFACE 
D SURFACE 
0 SURFlCI 
D SOIPACI 
8 WE 
B WE 
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1 5 
2 10 

2 12 
DS3 9 
1 6 
DS3 15 
DS3 15 
4 14 
6 7 
DS1 10 
1 14 
3D 10 
ll 8 

90.6 1.89 
93.1 1.82 
91.8 0.76 

91.4 0.89 
91.8 0.77 
92.6 1.70 
92.6 0.79 
92.2 1.07 
91.8 1.00 
94.2 0.90 
92.4 0.38 
93.7 1.40 
94.3 0.98 
93.9 0.54 
93.1 0.48 

16 95.1 1.51 
50 

7 
1 
7 
8 

8 94.1 0.17 
49 93.2 1.49 

20 95.5 1.95 
9 93.3 0.94 
8 94.1 1.15 

17 91:2 1.34 
9 94.9 0.84 

25 94.4 1.49 
12 93.5 0.76 

90.1 97.3 
89.1 94.8 
92.3 95.3 
92.7 97.2 
91.7 93.1 
92.3 95.1 
91.3 94.7 
91.8 94.6 
91.4 95.1 
86.0 94.6 
88.1 94.8 
91.6 96.0 
90.3 92.5 
89.5 94.9 

92.0 96.9 
91.1 94.6 
89.4 94.1 
92.0 95.6 
88.0 95~3 
87.5 93.1 
87.0 93.8 
88.3 96.7 
90.5 92.5 
90.1 93.2 
90.6 93.2 
88.8 94.7 
91.1 93.3 
90.6 94.9 
90.0 93.1 
92.6 95.7 
92.0 93.1 
91.2 95.6 
92.9 96.7 
93.0 94.9 
92.6 93.9 
90.3 96.6 
93.9 94.3 
89.0 95.5 
90.8 98.0 

92.3 94.8 
92.7 96.0 
88.5 93.3 
93.8 96.2 
92.0 97.6 
92.2 94.5 



TABLE B-1. ·CORE RELlTIYE DEISM B&SED 01 RICE IIUDIII SPECIFIC GRAVI'n' FOR DIFFERIJI'r 
. PROJEC'J'S (Gc/Gr), ( COII'l'IRUED) 

·----------------------------------------------------------------------------------------------
DESIGI AVG. STD. m. m . 

DIST COOJIT'! PROJEC'!' mE • II ' ' \ \ 

-----------------------------------------------------------------------------------------------
l7 WASHDIG'l'OI us 290 B WE 10 7 93.9 0.93 92.4 94.9 
17 BRAZOS SH30/0SR D SURPlCE 5 91.6 1.72 89.0 93.4 
17 BRAZOS SH30/21 D SURFACE 5 90.4 1.85 88.0 92.2 
17 ROBER'l'SOII us 79 D SURFACE 6 90.8 1.61 88.3 33.1 
17 IW)IS(If SH 21 D SUIFlCE 5 93.6 1.05 92.2 95.1 
19 CASS SH 59 0 4 COURSES 1 39 94.4 1.21 92.0 96.6 
19 lUI Oil OS 59 0 3 COURSES 2 6 95.8 1.38 93.5 97.5 
19 PANOLA us 59 C WE 2C 30 93.5 1.05 91.5 %.0 
21 CAIDOII FM 1419 0 SUIFlCE lD 7 92.3 0.77 91.2 93.6 
21 HIDALGO us 83 D SURFACE 10 8 93.0 0.63 92.1 94.2 
23 I..MPIS.IS us 190 D SORFlC! lD 21 92.6 1.60 88.9 95.2 
23 Mc:CULLOCH us 87 G SURFACE 10 5 95.0 0.73 94.0 95.9 

·---------------------------------------------------------------------------------------------· 
COillf 57 57 57 57 57 

AVG. 13 93.0 1.23 90.8 94.9 
S'ID. 9 1.3 0.54 1.9 1.4 
Jill. 49 95.8 3.37 94.0 98.0 
m. 5 CJO.l 0.17 86.0 92.2 

----------------------------------------------------------------------------·-----------·------
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TABLE 8-2. taG liD UPPER L.IKI'l'S Of' THE 'lltUE MUll OF Gc/Gr lT 95\ CtliFIDDC! LEVEL 

-----------~-----------------------------------------------------------------------------------
IJESIGII AYG. S'rD. SSE L<MR UPPER 

om coom PROJECT TYPE I N \ \ I.lXI'l' LlXI'l' 

-----------------------------------------------------------------------------------------------
1 

1 
1 
3 

5 
5 
5 
s 
5 
5 

10 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
16 
16 
16 

16 
16 

16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 

FlNNll US 82 
HUN'!' SH 50 
LAIII.R SH 19 
WKIOIITI. US 82 
GAIW FR 651 
LU'880Cl SPUR 326 
LIJBIIOCl US 84 
LU'880Cl US 84 
LIJBBOCl US 84 
GQZI. US 84 
liDERSCII US 287 
GALVIS'l'OII FM 1764 
lrlll'l'GilUY FM 1314 
ll»>'.rGCCIIRY IH 45 
m1 GUEI OS 67 
FlYI'l"rl OS n 
PlYI'l"rl OS n 

0 LEVEL DS3 14 95.3 1.77 
· 0 SURFACDS3 9 92.4 . 1.80 

C SURFI.CDS3 7 93.3 1.15 
[) SURFAC4 
[) .LEVEL 3 

0 SURf'lC1 
0 SUR.PI.Cl 
C SURFAC1 
D LEVEL J 

7 93.9 1.51 
12 92.2 0.38 
5 93.1 1.17 

12 92.7 1.03 
6 93.5 1.09 
6 93.3 1. 74 

0 SURFlC1 7 91.6 3.37 
D SURFACDS3 21 92.3 1. 70 
0 LEVEL Dl 16 93.7 1.17 
D SURf'lCDSl 13 91.5 0.65 
D SURFlCDS1 5 92.3 2.04 
D SURFlCI 18 93.9 1.25 
D SURFACDW4 11 92.7 1.09 
D SURFICDWS 32 92.1 1.33 

~'AYE'l"ff US 77 D SO'RFlall6 16 94.0 1.10 
GOIIZILiS SH 80 D SORFlCDSJ 22 90.7 1.66 
GOIIZW'.S US 87 D SURFlCDSJ 11 90.1 1.84 
Jlcr.s<ll SH 111 D SURFlC86· 21 90.6 1.89 
LAVACI SH 95 D SUiflCIJIS 37 93.1 1.82 
ISISTROP b1t 21 C SURFIC1 5 91.8 0. 76 
BAS'l'IOP SH 21 C SURFlC2 10 91.4 0.89 
BlSTIOP SH 71 D SDIFIC2 12 91.8 0. 77 
BL.IIICO us 281 c SUillCIID 9 92.6 1. 70 
LEI US ·290 C SURFIC1 6 92.6 0.79 
'l'IIAVIS I1C5-fiiD C StJillCDS3 15 92.2 1.07 
TRIVIS 005-FU'l"G! C SOIPIC33 15 91.8 1.00 
Jill WILL OS 281 C SURFlC4 14 94.2 0.90 
JDI WILL OS 281 C SUU'lC6 7 92.4 0.38 
IIOICIS Sit 44 D SURPlCDSl 10 93.7 1.40 
R!FOGIO OS n B BISit 1 14 94.3 0.98 
REFUGIO OS 71 

REFOGIO OS 71 
Sll PlTIICIDS 181 
Slll PlTIICl'OS 181 
8UILES(JI SH 21 
~ SH36 
BORLESOI SH 36 
GRillES SH lOS 
GRDIES SH 6 
WASIIIE"D US 290 
WlSHlJG'l'CII OS 290 
WlSHlliG'lOII OS 290 

8 BISI 3D 
0 SOR!'&Cll 
B BISI 
0 SUVACSD 
B SURFlCE 
B SURF&a 
D SURFlCE 

D SORFlCE 
D SDIF&C7 
0 SOIFlC1 
B BASI 7 
B Wit 8 
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10 93.9 0.54 
8 93.1 0.48 

16 95.1 1.51 
8 94:1 0.17 

49 93.2 1.49 
20 95.5 1.95 
9 93.3 0.94 
8 94.1 1.15 

17 91.2 1.34 
9 94.9 0.84 

25 94.4 1.49 
12 93.5 0.76 

0.47 2.160 
0.60 2.306 
0.43 2.447 
0.57 2.447 
0.11 2.201 
0.52 2.776 
0.30 2.201 
0.44 2.571 
o. 71 2.571 
1.27 2.447 
0.37 2.086 
0.29 2.131 
0.18 2.179 
0.91 2.776 
0.29 2.110 
0.33 2.228 
0.24 2.038 
0.28 2.131 
0.35 2.080 
o.ss 2.228 
0.41 2.086 
0.30 2.030 
0.34 2.776 
0.28 2.262 
0.22 2.201 
0.57 2.306 
0.32 2.571 
0.28 2.145 
0.26 2.145 
0.24 2.160 
0.14 2.447 
0.44 2.262 
0.26 2.160 
0.17 2.262 
0.17 2.365 

. 0.38 2.131 
0.06 2.365 
0.21 2.010 
0.44 2.093 
0.31 2.306 
0.41 2.365 
0.32 2.120 
0.28 2.306 
0.30 2.060 
0.22 2.201 

94.3 
91.0 
32.2 
92.5 
92.0 
91.6 
92.0 
92.4 
91.5 
88.5 
91.5 
93.1 
91.1 
89.8 
93.3 
92.0 
91.6 
93.4 
90.0 
88.9 
89.7 
92.5 
90.9 
90.8 
91.3 
91.3 
91.8 
91.6 
91.2 
93.7 
92.0 
92.7 
93.7 
93.5 
92.7 
94.3 
94.0 
92.8 
94.6 
92.6 
93.1 
90.5 
94.3 
93.8 
93.0 

96.3 
93.8 
94.4 
95.3 
92.4 
94.6 
93.4 
94.6 
95.1 
94.7 
93.1 
94.3 
91.9 
94.8 
94.5 
93.4 
92.6 
94.6 
91.4 
91:3 
91.5 
93.7 
92.7 
92.0 
92.3 
93.9 
93.4 
92.8 
92.4 
94.7 
92.8 
94.7 
94.9 
94.3 
93.5 
95.9 
94.2 
93.6 
96.4 
94.0 
95.1 
91.9 
95.5 
95.0 
94.0 



1ULE B-2. ·taa &HD UPPER LIKITS OF THE TRUE IIIII OP Gc/Gr 1'1' 95\ COIFIDEJfCI L!VEL ( COfi'1'INUED 

-----------·-----------------------------------------------------------------------------------
DESIGJI lVG. STD. SSE T LMR OPPER 

DIS'I' COON'I"f PROJEC! TYPE If \ \ LlJIIT LlJIIT 

-----------------------------------------------------------------------------------------------
17 WASHDIG'l'OII US 290 B BASE 10 7 93.9 0.93 0.35 2.447 93.0 94.8 
17 BRAZOS SHJO/OSR D SU'R.PlCE 5 91.6 1. 72 0.77 2.776 89.5 93.7 
17 lliWOS SH30/21 D SURFACE 5 90.4 1.85 0.83 2.776 88.1 92.7 
11 ROBER't'SOII us 79 D SURFlCE 6 90.8 1.61 0.66 2.571 89.1 92.5 
17 MlDISQI SH 21 0 StlRFlCE 5 93.6 1.05 0.47 2.776 92.3 94.9 
19 C&sS SH 59 0 4 COOR1 39 94.4 1.21 0.19 2.024 94.0 94.8 
19 MlR.IOI us 59 0 3 COOR2 6 95.8 1.38 0.56 2.571 94.4 97.2 
19 PAIKIU OS 59 C BASE 2C 30 93.5 1.05 0.19 2.042 93.1 93.9 
21 CliD:lKJI Fll 1419 0 SU'R.PAC lD 7 92.3 0.77 0.29 2.447 91.6 93.0 
21 HlDlLGO us 83 D SU'R.PlC10 8 93.0 0.63 0.22 2.365 92.5 93.5 
23 LIIIPASAS US190 0 SU'R.PlClD 21 92.6 1.60 0.35 2.086 91.9 93.3 
23 lk:CULLOCH us 87 G SURPlClD 5 95.0 0.73 0.33 2.776 94.1 95.9 

-----------------------------------------------------------------------------------------------
COOl'.!' 57 57 57 57 57 57 57 
AVG. 13 93.0 1.23 0.38 2.31 92.1 93.9 
STD. 9 1.3 0.54 0.21 0.23 1.58 1.33 
1111. 49 95.8 3.37 1.27 2.78 94.6 97.2 
m. 5 90.1 0.17 0.06 2.01 88.1 91.3 

------------------------------------------------------------------------------~----------------
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TlBL£ 8-3. ·CCIIFIDEIICE 'l'OLER.EJICES AT 95\ CCIIPIDDCI LEVEL THAT A RD1X11 DEISIT'f MF.ASUREMEJrr 
. LIES BE'M:DI THE GIVDI LIMI'l'S, ( COII'l'IJI'OED) 

--------------------------------------------------------------------------------------------
OESIGI AVG. STD. T Lam UPPER 

LIKIT LDIIT oiST coum PROJECT TYPE t N \ \ 

--------------------------------------------------------------------------------------------
FAIOIDI 

1 HlJJI'f 
1 LWR 

3 WHICHITA 
5 Gl!W 
5 
5 
5 
c; 

5 
10 
12 
11 
12 
12 
13 
13 

LUBBOCIC 

LUBJ!OCI: 
LUBBOCl 
LUBI!OCI 
GARZA 
lNDERSOI 
GAL VES'l'OII 
II)JI'l"G(JDY 

!D'roCJUY 
101 GUll 
P'AYE'm 
FA YE'1"l'! 

13 FAYE'l"rr 

13 OOIIZlLES 

OS 82 
SH 50 

SH 19 
us 82 
FM 651 

D LEVEL UP OS3 
D SURFACE DS3 
C SURFlCE DS3 
0 SURFACE 4 
0 LEVEL UP 3 

SPUR 326 0 SURFACE 1 
US 84 D SURFACE 1 
US 84 C SURFACE 1 
US 84 D LEVEL UP 3 

US 84 D SURFACE 1 

OS 287 D SURFACE DS3 
fll 1764 D LEVEL UP 01 
FM 1314 0 SURFACE 061 
IH 45 0 SURFACE DS1 
US 67 0 SURFACE 
US n 0 SURFICI 11M 
US 77 D SURFACE M 

0 SURFACE M 
0 SURFACE DS3 

14 95.3 1.n 2.160 91.3 99.3 
9 92.4 1.ao 2.306 88.0 96.8 
7 93.3 1.15 2.447 90.3 96.3 
7 93.9 1.51 2.447 89.9 97.9 

12 92.2 0.38 2.201 91.3 93.1 
5 93.1 

12 92.7 
6 93.5 
6 33.3 
7 91.6 

21 92.3 
16 93.7 
13 91.5 
5 92.3 

18 93.9 
11 92.7 
32 92.1 

1.11 2.n6 89.5 96.7 
1.03 2.201 90.3 ~5.1 

1.09 2.571 90.5 96.5 
1.74 2.571 86.5 98.1 
3.37 2.447 82.8 100.0 
1.70 2.086 88.7 95.9 
1.17 2.131 31.1 96.3 
0.65 2.179 90.0 93.0 
2.04 2. 776 86.1 98.5 
1.25 2.110 31.2 96.6 
1.09 2.228 90.2 95.2 
1.33 2.038 89.3 94.9 

16 94.0 1.10 2.131 31.6 96.4 
22 90.7 1.66 2.080 87.2 94.2 

13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 

GONZALES 
JACISOII 

LAVACA 

BASTROP 
BASTROP 
BAS'l'ROP 
BLUICO 
LEE 
'l"RlVIS 
TRAVIS 
JlJII WILL 
Jllt WELL 
NOECES 
REFOGIO 
RU1JGIO 

OS n 
SH80 
us 87 
SH 111 
SH 95 
SH 21 
SH 21 
SH 71 
OS 281 

D SURFACE 

0 SURFlCE 

0 SURFACE 

C SURFACE 

C SURFlCE. 

0 SURFACE 

C SURFACE 

DS3 11 
86-184 21 
M 37 

90.1 
90.6 
93.1 
91.8 

1.84 
1.89 
1.82 
0.76 

2.228 85.8 94.4 
2.086 86.6 94.6 
2.030 89.4 96.8 
2.776 89.5 94.1 
2.262 89.3 93.5 
2.201 90.0 93.6 
2.306 88.5 96.7 
2.571 90.4 94.8 
2.145 89.8 94.6 
2.145 89.6 94.0 
2.160 92.2 96.2 
2.447 91.4 93.4 
2.262 90.4 97.0 
2.160 92.1 96.5 
2.262 92.6 95.2 

1 
2 
2 
DS3 

US 290 C SURFACE 1 
005-lllll C SUUACI DS3 
IH35•PU'I"GGC StJRFICI DS3 
us 281 
us 281 
Sll44 
usn 
usn 

REFDGIO USn 

SAl PATRICIO US 181 
SAil PATRICIO US 181 
BURI.ElD SH 21 
BURLESOII SH 36 
BUlU.ESOII SH36 
GRIMES SH 105 
GR:OO:S SH 6 
WlSHJJfG'l'(lf US 290 
WlSHDm'OII us 290 
WASHDm"'OI US 290 

c SUIPlCI 4 

C SURFACE 6 

0 SURFACE 061 
8 BlSE 1 

B BlSE 3D 

0 SURFACE 1A 
8 WI 
0 SURFACE 5D 
B SURFACE 

B SURFACE 

0 SURFACE 
0 SURFACE 

0 SURFACE 7 
0 SURllCE 1 

B BASE 7 

B 8lSE 8 
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5 
10 31.4 0.89 
12 91.8 
9 92.6 
6 92.6 

15 92.2 
15 91.8 

o.n 
1.70 
0.79 
1.07 
1.00 

14 94.2 0.90 
7 92.4 0.38 

10 93.7 1.40 
14 94.3 0.98 
10 93.9 0.54 
8 93.1 0.48 2.365 

16 95.1 1.51 2.131 
8 94.1 0.17 2.365 

49 93.2 1.49 2.010 
20 95.5 1.95 2.093 
9 93.3 0.94 2.306 
8 94.1 1.15 2.365 

17 91.2 1.34 2.120 
9 94.9 0.84 2.306 

25 94.4 1.49 2.060 
12 93.5 0.76 2.201 

91.9 94.3 
91.8 98.4 
93.7 94.5 
90.2 96.2 
91.3 99.7 
91.0 95.6 
91.2 97.0 
88.3 94.1 
92.9 96.9 
91.3 97.5 
91.8 95.2 



TABLE B-3. COift'IDEIC! 'l'OLEUIICES AT 95\ CXIIPIDEIC! LEV!L 'l'HlT A RliiXII DEISM IIJUS1JREIDT 
LIES B&MEil 'MIE GIVEN L.IKI'l'S -

·----------------·--------------------------------------------------------------------------
DESIGM AVG. STD. T LaG UPPEII 

DIST coum PROJEcr TYPE • H \ \ LlXIT LIMIT 

---------------------------------------------------------------·----------------------------
17 WlStlllmt8 us 290 B BASi 10 7 93.9 0.93 2.447 91.5 96.3 
17 8RlZOS SIOO/OSR 0 SURFACE 5 91.6 1.72 2.n6 86.4 96.8 
17 BRAZOS SiO(l/21 D SURFACE 5 90.4 1.85 2.n6 84.8 96.0 
17 ROBER'l'SOII us 79 D SURFACE 6 90.8 1.61 2.571 86.3 95.3 
17 !Wll.SOI SH 21 D SURFACE 5 93.6 1.05 2.n6 90.4 96.8 
19 ClSS SH 59 D 4 COURSES 1 39 94.4 1.21 2.024 91.9 96.9 
19 MlRIOK OS 59 D 3 COURSES 2 6 . 95.8 1.38 2.571 92.0 99.6 
19 POOL& us 59 c BASE 2C 30 93.5 1.05 2.042 91.3 95.7 
21 CMER<II FM 1419 0 SURFACE 10 7 92.3 0.77 2.447 90.3 94.3 
21 HIDALGO us 83 D SURFACE 10 8 93.0 0.63 2.365 91.4 94.6 
23 LllltlSIS us 190 0 SUII!'lCI 1D 21 92.6 1.60 2.086 89.2 96.0 
23 McCIJLLOCH us 87 G SUII!'lCI lD 5 95.0 0.73 2.n6 92.8 97.2 

--------------------------------------------------------------------------------------------
COOI'I' 57 57 57 57 57 57 

AVG. 13 93.0 1.23 2.31 90.0 96.0 
sm. 9 1.3 0.54 0.23 2.16 1.69 
JIIAI. 49 95.8 3.37 2.78 93.7 100.0 
m. 5 90.1 0.17 2.01 82.8 93.0 

----------------------------------------------------·---------------------------------------
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'l'lBLE 1\.4. PROBABn.ImS THAT A RARIXJII DEISm ltEAS'OIEIIEII' LIES 

BE'MEN 92 AIID 97 PERCEIITS 

DIS'l'. coom :. PROJECT 

1 

3 

s 
5 
5 
5 
5 
5 

10 
l::t 
12 
12 
12 
13 
13 
13 
13 ... ..... 
13 
13 
14 
14 
14 

14 

14 
14 
1-\ 
14 
14 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
11 
17 
17 
17 
17 

FMI.DI OS 82 
HUMT SH 50 
LAKlR SH 19 
WHI~HITA US 82 
GARZA PM 651 
LUBBOCI SPUR 326 
LUBBOCt US 84 
LUBBOCt US 84 
LUBBOCI US 84 
GARZA OS 84 
AMDERSOII US287 
GILVES'l'Otl FM 1764 
MONTGCIIERY PM 1314 
~y IH45 
TCit GREEif us 6 7 
FAYETTE US 77 
FAYI'm US 77 
FARm US 77 
GOIIZILIS SH 80 
GOIIZ1L£S us 87 
JAClD SH 111 
LAVACA SH 95 
BASTROP SH 21 
BASTROP SH 21 
8ASTROP SH n 
BLAIICO US 281 
L£! US 290 
'I'RAVIS IH 351111 
TRAVIS IH 35PRII 
JI! WELL US 281 
JI! WELL US 281 
MUICIS SH 44 
R.EPUGIO US n 
R.Ef'OGIO US 77 
RUUGIO US 77 
SUI PA'fiUO IJS 181 
SAN Pl'flliO US 181 
BIJRL!Sal SH 21 
8IJRL!SCII SH 35 
BIJRLESCII SH 35 
G1UJIES SH lOS 
GllDIIS SH 6 
WASHDIG'l'OJI US 290 
~ US290 
WASHDIG'l'OJI US 290 
WISHDIG'f01I us 290 
BRAZOS SH 30/0SI 
BRAZOS SH 30/21 
RONJl'I'S(JI US 79 

TYPE M AVG.{\) T 

6() 

D 14 95.3 1.77 
D 9 92.4 1.80 
c 7 93.3 1.15 
D 7 93.9 1.51 
0 12 92.2 0.38 
D 5 93.1 1.17 
D 12 92.7 1.03 
c 6 93.5 1.09 
D 6 93.3 1.74 
D 7 91.6 3.37 
D 21 91.6 1.70 
D 16 93.7 1.17 
D 13 91.5 0.65 
D 5 32.3 2.04 
0 18 93.9 1.25 
0 11 92.7 1.09 
D 32 92.1 1.33 
D 16 94.0 1.10 
D 22 90.7 1.66 
D 11 90.1 1.84 
D 21 90.6 1.89 
D 37 93.1 1.82 
c 5 91.8 0.76 
c 10 91.4 0.89 
D 12 91.8 0.77 
c ~ 92.6 1.70 
c 6 92.6 0.79 
c 15 92.2 1.07 
c 15 91.8 1.00 
c 14 94.2 o. 90 
c 7 92.4 0.38 
tl 10 93.7 1.40 
B 14 94.3 0.98 
B 10 93.9 0.54 
D 8 93.1 0.48 
B 16 95.1 1.51 
D 8 94.1 0.17 
B 49 93.2 1.49 
B 20 95.5 1.95 
D 9 93.3 0.94 
D 8 94.1 1.15 
D 17 91.2 1.34 
D 9 94.9 0.84 
B 2S 94.4 1.49 
B 12 93.5 0.76 
B 7 93.9 0.93 
D 5 91.6 1.72 
D 5 90.4 1.85 
D 6 90.8 1.61 

PROB.{\) 

78.1 
56.41 

84.3 
83.3 
69.5 
79.2 
74.5 
87.9 
71.6 

37.6 
40.6 
91.1 
12.7 
51.8 
91.6 
73.2 
53.0 
94.9 
22.0 
16.1 
23.2 
70.7 
40.4 
25.8 
40.0 
61.9 
76.1 
57.3 
42.2 
98.2 
83.5 
85.2 
97.5 
99.7 
97.4 
85.8 
99.8 
78.2 
73.1 
89.7 
92.7 
71.9 
97.9 
89.4 
96.4 
95.2 
40.0 
20.8 
24.0 



TULE 8.4. PROBlBlL.ITlES THAT-& IWIXIl DEISM IIUSIJUIIll'1' LIES 
&E'lfl!!ll 92 AJD 97 PERCEITS 

-----------------------------------------------------------------------
DIS!'. COOI'l'! PROJECT TYPE I IYG. (\) T PROB. (\) 

------------------------------------------------------------------------
17 MADISOI SH 21 D s 93.6 1.05 89.0 
19 CISS SH 59 D 39 94.4 1.21 95.5 
19 IWUOI us 59 D 6 95.8 1.38 77.2 
19 PlJIOLl us 59 c 30 93.5 1.05 91.8 
21 CIIUOI "' 1419 0 7 92.3 o.n 64.6 
21 HIDALGO us 83 D 8 93.0 0.63 92.3 
23 LWUIS OS 190 D 21 92.6 1.60 63.9 
23 McCUJJ..OGH us 87 G 5 95.0 0.73 97.5 
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TABLE 8-S. DESIGII liD El'l'RACTED AS~HlLT Cotm:l'l'S UID DIFFERDICIS BE'l"'iiEE THEil FOR DifrEIEirr PROJECI'S 

------~----------------------·--------------------·---~--------------------------------------------·----------
DESIGN DESIGI mAc mAc w-m DES-EX'l' 

DIST coom PROJECT TYPE It II \AC AVG STD AVG S'l'D 

--------------------------------------------------------------------------------------------------------------
1 FAHNllf 

1 HIJil'l' 

1 LWR 
1 l.MAR 
2 TMWHT 
2 TMW.IIT 
3 CLAY 
3 WHICHITA 
4 CARSON 
4 CARSl11 

S GARZA 

5 HOCn.EY 
5 LUSI!OC( 

5 LUBBOCI 
5 LUBBOCl 
5 LUBBOCI 

5 GAIW 
8 J«)Lll 

8 NOW 

8 tAYLOR 

8 TAYLOR 
l 0 AHDEISOII 
12 GlLVESTOI 
12 GALVES'!OJI 
12 II)Jti.'G(JU! 

12 llllmKIIDY 
12 Tall GUO 
12 D GREEJI 
13 FAYE'n'l 
13 FA Yi'l'!'E 
13 FA YE'1"l'! 
13 GOIZALIS 
13 GOIIZ.lLES 
13 JACISOI 
U t.AVACA 
14 B&s'l'IOP 
14 8&s'l'IOP 
14 BAS'l'IOP 
14 BLAIICO 
14 LEE 
14 'ntAVIS 
14 TRAVIS 
14 TRAVIS 
16 JlJI WELL 
16 JDII WELL 
16 WEC!S 
16 REFUGIO 
16 RUOOIO 

us 82 
SH 50 

SH 19 
us 82 

"'1886 
IH20 
us 287 
us 82 
US60 
us 60 

"'651 
"'300 
SPUR 326 
us 84 
US84 
US84 
IJS 84 

IH20 
IH 20 
IH20 
us 83 
us 287 

"' 1764 
"' 1764 
"' 1314 
IH 45 

"'388 
us 67 
usn 
as n 
usn 
SH80 
OS 87 

SH 111 
SH 95 
SH 21 
SH 21 
SH 71 
us 281 
US290 
IH 35 

D LEVEL UP DS3 57 
29 
26 

D SURFACE 053 

C SURFACE DS3 
D SURFACE 
G SURFACE 631 

5 
10 
ll 

15 
18 

G SURFACE 662 
D LEVEL UP 1 
D SURFACE 4 
D SURFACE 1 8 

6 
48 
15 

0 LEVEL lJP 9 
0 LEVEL UP 3 
D SURFACE 2 
0 SURFACE 
0 SURFACE 
C SURFACE 
D LEVEL UP 
0 SURFACE 
D SUIFlCE 
0 LEVEL lJP 
0 SURFACE 
0 SURFlCE 
0 SURFACE 
0 LEVEL lJP 
D LEVEL UP 
D SURFACE 
0 SUllllCI 

D SUIFlCE 
0 SURFACE 
0 SURPlCI 
D SUIIllCI 
D SURFICI 
0 SURPlCI 
D SIJIIllCI 
0 SURFlCI 
D SURFlCE 
c SUIFlCI 
C SURFlC! 
D SURFACE 
c SlllllC! 
C SDRFlCE 
A LEVEL UP 

1 14 
1 19 
1 9 
3 12 
1 7 
1 6 

20 
1 12 
DS3 24 
DS3 25 
01 19 
D:Z-3 11 
DSl 28 
DS1 14 

5 
18 

M a 
IJiS 19 
M 11 
DS3 Tl 
DS3 19 
86·184 35 
lJI5 28 
1 8 
2 22 
2 27 
DS3 23 
1 10 
2 37 

IH35-fllD C SORrlCE 
IH35·FRCII'IlGE C SUIFlC! 

DS3 38 
DS3 22 

US 281 C SDRFlCE 4 31 
US 281 C SURFACE 6 14 
SH44 
"' 2678 
us 77 

D SURFACE DS1 17 
6 

41 
D L£VEL lJP 
B BASI 1 
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5.6 
5.6 
5.3 
5.8 
7.6 
5.4 
4.8 
5.1 
4.8 
5.2 
4.2 
4.8 
6.7 
4.7 
4.5 
s.o 
5.1 
5.5 
5.5 
5.8 
4.7 
5.4 
5.2 
4.9 
5.3 
5.6 
5.4 
5.4 
6.0 
5.5 
6.0 
4.7 
4.7 
4.5 
5.7 
4.5 
4.5 
5.0 
4.8 
4.9 
4.3 
4.8 
4.7 
4.9 
4.9 
4.8 
5.4 
4.9 

5.5 0.34 
5.3 O.T/ 
5.3 0.08 
5.6 0.15 
7.5 0.34 
5.2 0.21 
4.8 0.22 
4.9 0.16 
4.8 0.09 
5.3 0.31 
4.3 0.22 
5.1 0.16 
6.6 
4.6 
4.4 
4.8 
5.2 
5.6 
5.6 
5.9 
4.8 
5.4 
4.9 
5.0 
5.3 
5.2 
5.4 
5.6 
6.1 
5.9 
6.0 
4.6 
4.6 
4.6 
6.1 
4.5 
4.5 
5.0 
4.6 
5.0 
4.3 
4.7 
4.7 
4.9 
4.9 

0.17 
0.17 
0.25 
0.10 
0.46 
0.22 
0.25 
0.23 
0.22 
0.17 
0.35 
0.35 
0.27 
0.45 
0.25 
0.27 
0.18 
0.27 
0.27 
0.19 
0.16 
0.17 
0.24 
0.07 
0.15 
0.25 
0.30 
0.12 
0.26 
0.21 
0.24 
0.09 
0.08 

4.8 0.11 
5.3 0.13 
4.8 0.12 

0.1 0.31 
0.3 0.26 
0.0 0.08 
0.2 0.15 
0.1 0.34 
0.2 0.21 
0.0 0.15 
0.2 0.16 
0.0 0.09 
0.0 0.28 
0.0 0.:.::6 

-0.3 0.10 
0.1 0.13 
0.1 0.17 
0.1 0.25 
0.2 0.10 

·0.1 0.16 
-().2 0.23 
·0.1 0.24 
-0.1 0.23 
-o.r 0.22 
0.1 0.17 
0.3 0.35 

-0.1 0.36 
0.1 O.T/ 
0.4 0.45 
0.0 0.26 

-o.2 O.T/ 
-0.1 0.18 
-0.4 0.34 
o.o 0.27 
0.1 0.13 
0.1 0.13 

-().1 0.17 
·0.4 0.24 
o.o 0.07 
0.0 0.15 
0.0 0.19 
0.2 0.30 

-0.1 0.12 
0.0 0.26 
0.1 0.21 
0.1 0.24 
0.1 0.09 
0.0 0.08 
0.0 0.11 
0.1 0.12 
0.1 0.10 



TUL.E &-5. DISlGI lliD El'rUC'l'ID ASPHlL'r COJI'l'EII'l'S liD DIFFEREIICES 8I'MEI '!'HER FOR DIFPDill'l' PROJECTS (Cfm'D) 

---·---------------·------------------------------------------------------------------------------------------
DESIGI DESIGI EX'!' AC EX'!' K DES-EXT DES-EXT 

DIS! COUI'I'Y PROJECT ME I I \ AC AVG S'1'D AVG STD 

---------------------------------------·----------------------------------------------------------------------
16 REFUGIO 
16 REFOO.IO 

OS 77 
US77 

16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
11 
t7 
17 
17 
17 

18 
18 
19 
19 

RUIJGIO US 77 
SAl PATRICIO OS 181 
SAl PATRICIO OS 181 
81W'.(l5 FM 2818 
BRAZOS SH 21 
BUitLES(JI SH 21 
BO'RLESQf SH 36 
BURLESOI SH 36 
GRIMES SH 105 
GRillES SH 6 
GRIRBS SH 6 
WISiflll'i'D OS 290 
liiSIIllmOI OS 290 
WISiiiiift'al OS 290 
WlSillliJ!'(J( liS 290 

WASIIliiJrOJ OS 290 

BOZOS SH30/0SI 
BOZOS SH30/21 
ROBU'l'SOI OS 79 
MOlD SH 21 
DILLAS IH 635 
NAVAIRO fW 1603 
CASS SH 59 
lllllmf us 59 

19 PlllU DS 59 
20 T!'LII 
21 Cllll<ll 
21 IIIDAL80 
21 STill 
23 ~ 
23 ~ 

23 E.U'I'LUD 
23 &&m.lll) 

23 LaiSIS 
23 llcCDLLOCII 
24 CULBIRSCII 

OS 69 
fll 1419 
OS 83 
fll 755 
fll 45 
OS 67 
IH20 
IH20 
05190 
llS87 
US62/180 

8 BASE 3D 
D r.J:VEL OP 1 
D SURFACE 
8 BASE 
D SURFACE 
D SURFACE 
D SURFACE 
8 SURFACE 
8 SURFACE 
D SORFACi 
D SURFlC'l 
D SURFlC'l 
D SURFACE 
D SURFlCI 
B BISE 
B BAS£ 
B BASI 
D SURFlC'l 
D SORFACI 
0 SORFICI 
D SOI.FlC'l 
D SURFlC'l 

1A 

1 

5 
7 
1 
7 
8 
10 

19 
7 

14 
25 
11 
10 
13 
26 

6 
1 
5 

12 
9 

10 
l3 
16 
17 
5 
6 

10 
5 
5 

C LEVEL OP 2449-B 37 

G BASI/SURF Gl 19 
D 4 COIIISIS 1 44 
D 3 COURSIS 2 13 
C BASI 2C 
G SUIPlCI 1 
D SORFlCI 10 
D SOU'lCI lD 
D SOinCI 10 
D SOI.FlCI 
D SOIIACI 
D SURllCI 1 
D SURFACI 4 
D SURFACI 1D 
G SURFACI lD 
D SUU /LEVEL 

COUll' 
AVG. 
S'ft). 

IQJ, 

10'.1. 

6 .• )_") 

57 
37 
14 
13 
20 
6 
7 

18 
6 

25 
7 
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86 
18 
12 
57 
5 

4.8 
5.4 
5.5 
4.5 
5.0 
5.8 
5.8 
5.6 
5.6 
5.8 
5.1 
5.8 
5.8 
4.2 
3.7 
3.7 
3.7 
6.2 
5.4 
5.3 
6.1 
6.0 
4.5 
4.6 
4.8 
5.7 
4.6 
4.7 
5.0 
4.0 
4.8 
4.0 
3.9 
4.1 
4.0 
5.1 
3.9 
5.0 

86 
5.1 
0.7 
7.6 
3.7 

4.7 0.07 
5.3 0.06 
5.5 
4.5 
5.0 
5.8 
5.7 
5.5 
5.5 
5.5 
4.9 
5.7 
5.5 
4.2 
3.7 
3.6 
3.8 
5.9 
5.6 
5.0 
5.8 
6.0 
4.4 
4.6 
4.7 
5.6 

0.15 
0.14 
0.03 
0.34 
0.27 
0.21 
0.26 
0.17 
0.55 
0.25 
0.12 
0.08 
0.12 
0.25 
0.30 
0.35 
0.79 
0.71 
0.59 
0.24 
0.19 
0.16 
0.23 
0.33 

4.7 0.31 
4.6 0.15 
5.1 0.05 
4.0 0.07 
4.7 0.46 
4.0 O.ll 
3.9 0.10 
4.1 0.12 
4.1 O.ll 
5.2 0.17 
3.9 0.22 
4.9 0.28 

86 86 
5.0 0.23 
0.7 0.14 
7.5 0.79 
3.6 0.03 

0.1 0.07 
0.1 0.06 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
0.3 
0.2 
0.1 
0.3 
o.o 
0.1 
0.1 

-o.1 
0.3 

-o.1 
0.3 
0.3 
0.0 
0.1 
0.0 
0.1 
0.1 

0.11 
0.12 
0.03 
0.34 
0.26 
0.27 
0.26 

0.17 

0.40 
0.25 
0.12 
0.10 
0.12 
0.25 
0.28 
0.35 
0.60 
O.l3 
0.56 
0.24 
0.19 
0.16 
0.23 
O.ll 

-o.1 0.31 
0.1 0.14 

-o.1 0.35 
0.1 0.07 
0.1 0.09 
o.o 0.08 
o.o 0.10 
0.0 0.10 

-0.1 0.12 
-o.1 0.11 
o.o 0.22 
0.0 0.24 

86 86 
0.0 0.21 
0.1 0.11 
0.4 0.60 

-o.4 0.03 



Tw.E B-6: DUST TO AC RATIO FOR OIFFERDI'l' PROJECTS 

-------------------·-----·-----------------------------------------------------. 
Mil m 

PROJEC'r TYPE DUST/lC Gc/Gr PROJ!C'r TYPE OOS'l'/AC Gc/Gr 

-------------------------------------------------------------------------------
01FIUS82 0 1.00 95 • .3 Ol4'liH35P c 1.43 91.8 
01HOSHSO 0 1.1'1 Y2.4 Dl6JUS28 c 0.84 94.2 
01I.IISH19 c 0.87 ~'3.3 016JUS28B c 0.78 92.4 
03WUS82 0 0.84 93.9 Ol6JISH44 0 0.65 93.7 
D5GAFII65 0 0.30 92.2 Ol6RDSm B 0.60 94.3 
OSLSP326 0 0.42 93.1 Dl6RUSm B 0.60 93.9 
05LDUS84 0 0.50 92.7 Ol6RUS77S 0 0.98 93.1 
05LUUS84 c 0.50 93.5 016SPU18B 8 0.76 95.1 
OSLDUS84 0 0.52 93.3 016S'PU18S B 0.80 94.1 
05GAUS84 0 0.71 91.6 017BOS21 B 1.11 93.2 
D81I20L 0 1.00 93.9 017BSH36T B 1.35 95.5 
DlOAIIU28 0 0.80 92.3 017BSH36T 0 0.95 93.3 
012600.7 0 0.88 93.7 D17GS105 0 1.12 94.1 
Dl2MFII13 0 1.26 91.5 Dl7GSH6B 0 0.64 91.2 
01:iiiDM5 0 0.69 92.3 017liJS290 0 1.43 94.9 
IJ12!GU67 0 1.00 93.9 Ol1WS291 8 0.89 94.4 
ouraun 0 0.62 92.7 Ol7l1JS291 8 0.86 93.5 
ouuun D 1.12 92.1 Ol"MMS29B 8 1.29 93.9 
ouraun D 0.72 94.0 D17BSOICO D 0.57 91.6 
013GOSH8 D 0.76 90.7 017B2l<XJI D 0.62 90.4 
Dl3GOU87 0 0.74 90.1 017R79CCII D 0.67 90.8 
Ol.3JAS11 0 1.48 90.6 01711S21CO D 0.78 93.6 
013W95 0 1.21 93.1 D19CIJSS9 D 0.77 94.4 
0148SH21 c 0.82 91.8 01911JS59 c 0.41 95.8 
014BSJI21 c 1.00 91.4 D19POS59 c 1.21 93.5 
D14BSH71 0 1.30 91.8 021Cfll14 D 0.35 92.3 
Ol4BUS28 c 0.98 92.6 021HUS83 D 0.52 93.0 
014LUS29 c 0.48 92.6 023LU190 D 0.88 92.6 
014'liH35 c 1.00 12.2 02311JS87 Gl4 1.69 95.0 
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TULI 8·7: PIOJEC'fS w.rnt DOST TO AC T&BLE 8·8. PROJEC'fS w.rnt DOST TO AC 
RATIO LESS 'nll'l' 0.6 Rl'l'IO GREATER 'nlll 1. 2 

------------------------------------ ------------------------------------
m MIX 

PROJECT TYPE OUST/AC Gc/Gr PROJECT TYPE DUS'l'/lC Gc/Gr 

------------------------------------ ------------------------------------
OSGU"'I65 0 0.30 92.2 01211'10.3 0 1.26 91.5 
D5LSP326 0 0.42 93.1 013JASU 0 1.48 90.6 
DSLUOS84D 0 0.50 92.7 013LAS95 0 1.21 93.1 
05LtroS84C c 0.50 93.!) 014BSH71 0 1.30 91.8 
05LUUS84Ll 0 0.52 93.3 014TIH3SF c 1.43 91.8 
D14LOS29 c 0.48 92.6 017BSHJ6T 8 1.35 95.5 
016RDS1781 B 0.60 94.3 011WDS29D 0 1.43 94.9 
Ol6RUS77B2 8 0.60 93.9 Dl7WS291 8 1.29 93.9 
017BSORaJI 0 0.57 91.6 019PUS59 c 1.21 93.5 
01911JS59 c 0.41 95.8 02311JS87 GR4 1.69 95.0 
021CPII14 0 0.35 92.3 
02l.HUS83 D 0.52 93.0 

TABLE B-9. DUS'f TO lC RATIO rat PIOJ!C'fS 
wrrH RELl'fiVI DISim {Gc/Gr) 

LESS 1HU 92 PERC!ft 

-------------------------------------------m 
PROJECT mE DOST/IC Gc/Gr 

-------------------------------------------
05GlDS84 0 0.71 91.6 
0121nl3 D 1.26 91.5 
013GQSH8 D 0.76 90.7 
013GOU81 D 0.74 90.1 
DllJASll D 1.48 90.6 
014BSII21 c 0.82 91.8 
0141111121 c 1.00 91.4 
D14BSH71 0 1.30 91.8 
D14!IH3S c 1.43 91.8 
Dl7GSH6B D 0.64 91.2 
D11'BtDC D 0.57 91.6 
Dl7B21CO D 0.62 90.4 
011179CO D 0.67 90.8 
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U~LE B-10. DATA <»> VM1 VALUES lll1f PERCDIT VOII)S riLLID llt'nf ASPIW.! FOR DIPTIREIT PIOJEC'l'S 

-----------------------------------------------------------------------------------------------------------------

DESIGM VMl DlTA \ VOIDS FILLED 
DIST coom PROJIC'l' 'l"lPE ' N AVG. STD. m. MU. AVG. STD. MIH. w. 
--~--------------------------------------------------------------------------------------------------------------

1 FAHli'DI us 82 D LEVEL UP DS3 14 16.4 1.65 14.4 20.9 71.8 7.26 52.6 82.5 
1 HUIIT SH 50 D SURFACE DS3 8 18.5 1. 73 16.5 21.9 59.6 6.52 50.3 68.6 

LAMAR SH 19 C SURFACE DS3 7 17.4 0.94 1S.8 18.4 62.0 4.78 58.2 70.2 
3 WHICHI'U us 82 ) SURFACE 4 7 16.1 1.45 13.0 17.4 62.8 7.13 57,1 78.5 
5 GARZl us 84 D SURfACE 1 7 19.3 2.68 16.6 23.5 57.7 10.76 40.5 70.3 

10 ANDERSON us :l87 D SURFACE DS3 21 19.5 1.49 17.4 22.7 
12 GAL \.1ES'l'OI FM 1764 D LEVEL UP 01 15 16.0 1.48 13.5 18.7 61.2 5.03 50.6 70.3 
12 I«::II"J.'G(lY FM 1314 D SURFACE DS1 13 17.0 0.75 16.0 18.3 50.3 2.42 45.0 53.3 
12 lllll'fGIJIERY IH 45 D SURFACE DS1 5 15.2 1.81 13.4 17.8 49.7 8.37 41.1 61.8 
14 BlST'Il<P SH 21 C SURFACE 1 5 17.1 0.33 16.6 17.4 52.0 3.83 45.3 54.9 
14 BlS"l'ROP SH 21 C SURFACE 2 10 17.9 1.82 15.5 . 22.6 51.9 2.81 48.0 56.2 
14 BAS'l'ROP SH 71 D SURFACE 2 12 18.6 0.70 17.2 19.4 55.9 2.84 51.6 61.2 
14 BLAIICO us 281 C SURFACE DS3 9 16.5 1.15 15.1 18.7 55.5 7.04 40.1 65.2 
14 TRlVIS IH.35· FRON'l' C SURFACE llD 15 16.9 1.01 15.3 18.8 51.6 l.15 46.3 55.2 
19 ClSS SH 59 D 4 COURSES 1 39 15.0 1.27 12.3 18.1 62.8 5.29 53.4 72.6 
23 LliiP&S&S OS 190 0 SURFlCI 10 21 16.6 1.40 14.1 20.3 55.5 5.l0 45.4 66.9 

---·---·---------------------------------------------------------------------------------------------------------
COUN'l' 16 16 16 16 16 15 15 15 15 

AVG. 13 17.1 1.35 15.2 19.7 57.4 5.50 48.4 65.8 
STD. 9 1.3 0.56 1.6 2.0 6.1 2.l6 5.7 8.8 
MU. 39 1q.5 2.68 17.4 23.5 71.8 lJ.76 58.2 82.5 
Mil. 5 15.0 0.33 12.3 17.4 49.7 2.42 40.1 53.3 

---------·-------------------------------------------------------------------------------------------------------
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'l'A.I!LE IHJ.. DlFFEIWI'I' GRAD&TIOR DIDICES POl PROJIC'rS POl 
WHICH Gc/Gr IS AVAIWL! 

--------------------------------------------------------
lUI IH'.OOE Rlf PI AI 

PROJECT ME Gc/Gr 

-···-----------------------------------------------------
D 17'BSH36TB ! 95.5 0.63 1.79 -().95 ·11.90 
Dl78US21 B 93.2 0.66 1.87 -(). 72 -8.40 
Dl1WIJS2983 B 93.9 0.60 1.71 -0.49 -5.40 
D16SPU18B B 95.1 0.63 1.81 ·0.25 -2.90 
Dl7WOS29Bl B 94.4 0.62 1.78 ·0.27 -3.20 
D17WUS2982 B 93.5 0.62 1. 76 ..0.12 -1.30 
D16RUS77Bl B 94.3 0.56 1.59 0.30 2.20 
D16RUS77B2 B 93.9 0.57 1.62 0.23 1.80 
Dl4TIH3SFR c 91.8 0.54 1.55 -().04 -0.20 
D16JUS28 c ')4.2 0.57 1.62 0.07 0.60 
D14BSH21 c 91.8 0.45 1.28 1.00 6.80 
D14TIH35ML c 92.2 0.64 1.82 -().21 -2.30 
D1911JS59 c 95.8 0.62 1.18 0.08 1.00 
Dl4LUS29 c 92.6 0.50 1.44 0.91 6.20 
DSLIJUS8.4C c 93.5 0.54 1.54 0.84 6.10 
D14!US28 c 92.6 0.62 l. 78 -().15 -1.50 
D19PUS59 c 93.5 0.59 1.70 -().33 -3.10 
Dl6JUS28B c 92.4 0.55 1.57 0.09 0.80 
DJ.UISH19 c 93.3 0.53 1.50 -().01 -().10 
D14BSH21B c 91.4 0.46 1.31 0.96 4.30 
DSLUDS84Ll D 93.3 0.52 1.49 1.00 11.30 
DSG1F1165 0 92.2 0.47 1.35 1.00 16.60 
Dl1BSH36TD D 93.3 0.68 1.93 0.11 1.20 
u13W95 D 93.1 0.61 1.75 0.03 0.20 
Dl7GS105 D 94.1 0.61 1.73 1.00 6.00 
D1300SH8 D 90.7 0.65 1.84 0.66 6.10 
Dl7GSH6B D 91.2 0.51 1.44 1.00 10.70 
D13FIU77C 0 94.0 0.61 1.73 0.66 5.50 
D17WUS29D D 94.9 0.61 1.73 0.49 3.40 
013FIU77 D 92.7 0.57 1.63 !.00 8.20 
D3WOS82 D 93.9 0.67 1.93 0.18 2.20 
D12TG1167 D 93.9 0.52 1.50 1.00 6.90 
D12Gf'Xl7 D 93.7 0.65 1.87 0.79 6.10 
0161SH44 D 93.7 0.43 1.22 1.00 13.30 
DlHUSHSO D 92.4 0.64 1.82 0.59 3.70 
D1211P1113 0 91.5 0.67 1.90 -().07 -().70 
D17IISORall D 91.6 0.65 1.86 0.51 5.40 
D5LI1DS84D D 92.7 0.52 1.50 1.00 12.20 
D17B21CCII 0 90.4 0.61 1. 76 0.86 7.50 
D5LSP326 0 93.1 0.56 1.60 1.00 9.90 
017R79CCII 0 90.8 0.64 1.82 0.46 4.60 
013GOU87 D 90.1 0.64 1.84 1.00 9.10 
D 11JIIS21 CCII D 93.6 0.59 1.69 0.78 5.70 
Dl3FIIJ77B D 92.1 0.61 1.74 0.35 2.40 
D19CUS59 D 94.4 0.49 1.40 1.00 9.90 
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'!'ABLE 8-ll. Dif'FUDI'l' GR.ADATIOM DIDICES POl PROJECTS FOR 
WHICH Gc/Gr IS AVA!WLE (COI'!''D) 

--------------·-----~-----------------------------------
I'!IX R-EDGE Rli PI AI 

PROJl:CT TYPE Gc/Gr 

-·------------------------------------------------------

Ol:amt45 0 92.3 0.67 1.90 0.38 4.20 
D10AW28 D 92.3 0.69 1.98 0.60 5.20 
016RUS77S 0 93.1 0.64 1.82 0.41 3.40 
D8Nl20L D ')3.9 0.64 1.84 0.56 4.00 
013JAS11 0 90.6 0.60 1. 71 0.22 1.60 
021C004 [) 92.3 0.62 1.77 1.00 10.60 
DlFJI'OS82 !) ,5.3 1).65 1.85 0.25 2.30 
021HOS83 D 93.0 0.65 1.85 0.75 7.80 
Ol6SPU18S D 94.1 0.44 1.25 1.00 11.10 
05GAUS84 D 91.6 0.51 1.46 1.00 10.10 
Dl&\BSH71 0 91.8 0.53 1.50 1.00 7.30 
D23LD190 D 92.6 0.69 1.97 0.89 6.20 
D2311US87 GR4 35.0 0.39 1.11 1.00 7.30 

--------------------------------------------------------

R : R COEFFICIEIT SUGGESTED BY EDGE (REP. 13) 
Rn : MORIW.IZE'D R COEFFICIEIT (R OF GUDATIOI LDIE DIVIDED BY l OF 0.45 LDIE) 
PI : POSmCII DIDD 
SOD : SUN Of' DIFF£REIICES BE'l'WED PERCEIITS PASSDIG GRADATIOII LDIE IJID 0.45 LDIE 
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'!ABLE iH2. DlFFEREJrl' GRADATION IIDICES FOR PROJECTS FOR 
WHICH VIQ VALUES W AVAILlBLE 

---------------·-------·-----··------------------·-----PROJECT: 
m R COEF. Rn PI SOD 

TYP VMA (E.OOE) 

------------·------------------------------------------
D\4BSH21 c 17.1 0.45 1.28 1.00 6.80 
014TIH35FR c 16.9 0.54 1.55 -0.04 -0.20 
014BSH21B c 17.9 0.46 1.31 0.96 4.30 
Dl8DIH63 c 12.7 0.62 t.n 0.09 1.00 
D1LMSH19 c 17.1 0.53 1.50 -0.01 -O.lO 

014BUS28 c 16.5 0.62 l. 78 -0.15 ·1.50 
D1FNOS82 D 16.4 0.65 1.85 0.25 2.30 
Dl0ANU28 D 19.5 0.69 1.98 0.60 5.20 
OSGAUS84 D 19.3 0.51 1.46 1.00 10.10 
Ol:aml45 D 15.2 0.67 l.q() 0.38 4.20 
03WI1S82 D 16.1 0.67 1.93 0.18 2.20 
D!2G007 0 16.0 0.65 1.87 0.79 6.10 
D139MB D 17.0 0.67 1.90 -0.07 -0.70 
!>.t3LU190 D 16.6 0.69 1.97 0.89 6.20 
D1<\BSH11 D 18.6 0.53 1.50 1.00 7.30 
D1HUSHSO D 18.5 0.64 1.82 0.59 3.70 
Dl9CUS59 D 15.0 0.49 1.40 1.00 9.90 
018tmn6 ii !l.O 0.00 1.11 0.06 0.80 

-------------·------·----------------------------------

R : R COEFFIClEH"l' SUGGESTED BY EDGE (REF. 13) 
Rn : NORIW.IZED R COEFnCIEII'l' (R OF GUD&TIOI LDIE DIVIDED BY R OF 0.45 LIJE) 
PI : POSmot llDEI 
SOD : SUR OF DIFFDEIICES BE'MEI PEICDI'S PASSDG GUD&TIOJ LD1 AID 0.45 LD1 
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