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EXECUTIVE SUMMARY

Over the years much work has been performed regarding cracking in cement-treated road
base. These shrinkage cracks eventually reflect through the pavement surfacing. Although
initially thought to be cosmetic in nature, these cracks allow water into the pavement which
accelerates the rate of pavement deterioration. Faced with both negative public perception due to
the cracking and the risk of early pavement distress, agencies and researchers alike continue their
quest for solutions to the shrinkage cracking problem to this day. While numerous approaches to
minimize shrinkage cracking exist, this project focused on field test sites for evaluating the

microcracking technique for minimizing shrinkage cracking problems in cement-treated base
(CTB).

The microcracking concept can be defined as the application of several vibratory roller
passes to the cement treated base at a short curing stage, typically after one to three days, to
create a fine network of thin cracks. The idea behind the microcracking concept is to prevent the
wider, more severe shrinkage cracks from forming, and thus reduce the risk of problematic
reflective cracking into the pavement surfacing. In this project Texas Transportation Institute
(TTI) researchers monitored performance of microcracking test sites on SH 47 and SH 16.
Finally, the research team coordinated the construction and monitored the performance of
controlled test sites constructed under this project at Texas A&M’s Riverside Campus. The
Riverside test sites also included moist cured, dry cured, and asphalt-membrane cured sites for
comparison. The research team used falling weight deflectometer (FWD) tests to control the
microcracking process, periodic crack surveys to monitor crack performance, and FWD tests
through time to track base moduli.

This report consists of seven chapters describing the work performed. The first two
chapters are dedicated to background information relevant to CTB performance and field
methods used at the test sites. Chapters 3-5 detail the work conducted at each of the three test
sites. Chapter 6 discusses specific issues regarding microcracking that were brought to the
research team’s attention over the course of this project; finally, Chapter 7 presents the
conclusions and recommendations from this project.

Based upon the performance of the test sites, the research team judged microcracking to
indeed provide a valid method for reducing the severity of cracking problems in CTB.
Microcracking reduced the crack width, the total crack length, or both. Through these
mechanisms, microcracking reduces the risk of reflective cracking through the surface layer.
Microcracking did not cause pavement damage. The structural capacity of the CTB was not
diminished, the strength of the material recovered, and surface damage did not occur.
Microcracking with three passes of the same (or comparable tonnage) steel-wheel vibratory
roller after 2 to 3 days cure, combined with a 3-day moist curing period, can be considered a
valid method of reducing shrinkage-cracking problems in CTB. In this project microcracking
was accomplished with minimum 12-ton rollers vibrating at maximum amplitude and traveling at
2 to 3 mph. Based upon the promising results, Appendix A of this report provides a guide on
microcracking for use by construction inspectors.






CHAPTER 1

LITERATURE REVIEW

SUMMARY

Over the years much work has been performed regarding cracking in cement-treated
materials. Shrinkage of cement-treated materials can be divided into two categories: autogenous
shrinkage (shrinkage resulting from the hydration of the cement) and drying shrinkage. Drying
shrinkage is believed to be the major source of shrinkage; thus, good curing procedures are
emphasized when constructing cement-treated layers.

Researchers have observed that shrinkage typically increases with more clayey materials
and higher molding moisture contents. Relationships between cement content and shrinkage
have sometimes, but not always, been observed. Numerous techniques for dealing with
shrinkage cracking have been tried. Some of the methods that have been reported to improve the
cracking characteristics of cement-treated layers include:

e gpecific curing procedures (prolonged moist curing or immediate coverage with a
curing membrane),

e carly opening to traffic,

® acombination of reduced cement content with the microcracking procedure, or

® a geofabric between the base and surfacing.

CAUSES OF SHRINKAGE CRACKS IN CEMENT-TREATED BASES

Shrinkage cracks result when the tensile stress in the base exceeds the tensile strength of
the material (/, 2). Numerous factors exist that result in shrinkage strains in cement-treated
bases. The majority of shrinkage in cement-treated bases is thought to be due to drying (3,4).
Other factors that affect the shrinkage and cracking of cement-treated bases are:

restraint imposed on the base by subbase or subgrade friction (5,6);
tensile strength of the base (3,4);

creep characteristics of the base (4, 7);

contraction of material with decreasing temperatures (5,6); and
traffic Loading (5,6).

The crack spacing is thought to be primarily a function of subgrade friction and the
tensile strength of the base (3). Crack width is dependant on both the crack spacing and the
ultimate shrinkage strain in the material. George has proposed a mechanism of cracking where
microcracks initially appear in areas of pre-existing flaws in the base; then, as shrinkage stress
increases, these microcracks become macrocracks (5). He proposes that the longitudinal cracks
initiate in the subgrade and reflect through the cement treated layer (5).



FACTORS AFFECTING SHRINKAGE AND REFLECTIVE CRACKING

Several studies have been conducted on how shrinkage and cracking in cement-treated
bases are affected by cement content, material type, density, pre-treatment moisture content,
molding moisture content, curing time, and time to traffic loading.

Cement Content

George concluded that an optimal cement content exists where shrinkage will be
minimized (3). Similar observations were made on several materials studied at TTI (8).
Bofinger et al. found that an optimal cement content existed for minimal shrinkage only when
test specimens were compacted in specific manners, but that when specimens were compacted
and tested with conditions thought to best simulate field compaction and conditions, total
shrinkage decreased with increasing cement content (4). Nakayama and Handy did not observe
any relationship between cement content and shrinkage (9). Since more shrinkage is expected
from fine-grained materials, and shrinkage is primarily thought attributable to moisture loss,
Kuhlman hypothesized that any relationship between cement content and shrinkage was because
finer grained soils require more molding moisture and more cement to meet soil-cement criteria
(10). Thus, it appears that while there may be an optimal cement content to minimize shrinkage
for some materials, oftentimes there may not be a relationship between cement content and
shrinkage. A recent report by Adaska and Luhr stated two ways by which high cement contents
can increase problems with cracking (/7). First, the higher cement content uses more water for
hydration and thus increases shrinkage. Second, the higher cement content increases tensile
strength. The net result is an increase in both crack spacing and crack width (/7). The increased
crack width is an undesirable effect of high cement contents.

Material Type

George observed that shrinkage was related to the amount and type of clay in the
material, with montmorillonitic clay contributing more to shrinkage than other clays (3). Thus,
the use of granular material with a low fines content was recommended. Kuhlman reports that
some agencies impose a specification on the minus #200 fraction to control the clay fraction
(10).

Density

Published research indicates that cement-treated bases should be compacted to (but not
beyond) their target density. George reported that cement-treated bases should be compacted to
as high of densities as possible to minimize shrinkage (3). Kuhlman states that, since higher
densities are associated with more compactive effort and less molding moisture, attaining higher
densities should minimize shrinkage (/0). In efforts to isolate the effect of density, Bofinger et.
al. made shrinkage specimens with the same amount of molding moisture and cement content,
but varied the density, and found that the autogenous shrinkage was greater with increasing
density (4). George reported that a clayey soil-cement should not be compacted to a higher
density without a corresponding decrease in moisture content (3). Adaska and Luhr report some



designers are requiring 98 percent of modified Proctor at moisture content no greater than
optimal in efforts to alleviate problems with shrinkage (/7).

Pre-Treatment Moisture Content

When comparing the autogenous shrinkage of specimens prepared from dry soil, soil
wetted to 2 percent below optimal, and soil pre-wetted to optimal molding moisture, Bofinger et
al. found that shrinkage was smallest when the cement and molding water were mixed into dry
soil (4). The soil that was pre-wetted to optimal molding moisture before the addition of cement
exhibited the most autogenous shrinkage (4). Thus, the researchers recommended processing
soil in the dry state, then adding water and cement for compaction together for mixing, and
compacting the material as soon as possible after mixing (4).

Molding Moisture Content

George recommended that cement-treated bases be compacted slightly dry of optimal
molding moisture (3). Similarly, Bofinger et al. found that more initial shrinkage resulted when
soil-cement was compacted above optimal molding moisture (4). Thus, any error in molding
moisture content should be on the dry side of optimum (4).

Curing Time

Since shrinkage in soil-cement is most attributable to the loss of moisture, curing times
for as long as practical are typically recommended (3, 4). Numerous methods for preventing
moisture loss have been reported. Application of water by a water truck is a common way for
curing the base. George recommended surfacing the base as soon as possible, while Kuhlman
recommends a 7-day cure via asphalt emulsion (3, /0). Jonker reported success in the field with
regard to cracking by the direct paving onto the cement-treated base within one day after
compaction and finishing (/2). In contrast, Norling suggested delaying placement of the surface
for as long as possible to allow the cracking to occur before placement and thus expose the
surfacing to less movement and minimize the risk of reflective cracking (/3).

Additives

Wang summarized the results of many research efforts investigating supplementary
additives used in attempts to minimize shrinkage in soil-cement (/4). A summary of the
additives follows:

e NaCl added in levels up to 3 percent reduced shrinkage in montmorillonitic soil-
cement.

e (CaCl with 0.5 percent substituted for 1 percent cement improved shrinkage in some
cases.

® Lignosulfonate reduced shrinkage in some cases.

e Lime, when replacing cement at levels up to 4 percent, resulted in significantly
reduced shrinkage and crack intensity.

¢ Fly ash resulted in reduced shrinkage in sandy soil-cements.



e Sulfate salts added in levels of less than 1 percent generally resulted in reduced
shrinkage.

e Expansive cements resulted in reduced shrinkage when specimens were molded at 3
percentage points above optimum.

Time to Traffic Loading

Some evidence suggests that early traffic loading may be beneficial with regards to crack
performance. Syed and Scullion suggested the good cracking performance of several
rehabilitated sections could be attributable to early trafficking, since the sections were opened to
traffic at the end of each day (/5). Similarly, Sebesta noted an absence of block cracks on
maintenance repairs with cement where traffic was allowed on the sections each day (/6).

AGENCY RECOMMENDATIONS FOR CONSTRUCTION OF CEMENT-TREATED
BASES WITH REGARD TO SHRINKAGE AND REFLECTIVE CRACKING

Austria

The microcracking concept originated in Austria. Microcracking is the application of
several vibratory roller passes to the cement treated base at a short curing stage, typically after
one to three days, to create a fine network of thin cracks. The objective is to inhibit the
occurrence of larger shrinkage cracks that eventually reflect through the surfacing. According to
Litzka (pers. comm.), microcracking typically is performed by three passes of a roller 24 to 48
hours after compaction. Kloubert (pers. comm.) reports that 13-ton rollers are typically used.
Brandl reported that, of available options for minimizing cracking on the Austrian-Hungarian
Highway, the microcracking technique was most suitable (/7). He reported applying
microcracking after one day cure was sufficient; however, if the compressive strength of the
material exceeded 725 psi after two days cure, an additional application of microcracking was
applied at three days’ cure. Brandl (/7) reported that the microcracking process can be
optimized by employing rollers equipped with continuous compaction control systems (/7).
Some such systems are available from GeoDynamik, Bomag, and Ammann Compaction.

Other methods for minimizing cracking have been investigated in Austria. Their
guidelines suggest consideration of notches cut into the fresh cement-treated layer with depth of
one to two thirds the layer thickness and a spacing of 10 ft. as an alternative to microcracking
(Litzka, pers. comm.). In addition, Brandl reported that after 5 years of service, a test section
utilizing a nonwoven geotextile has shown positive results (/7). With respect to strength targets,
Brandl reported a minimum unconfined compressive strength at seven days of 360 psi, with the
average of three tests being at least 435 psi (17).

Louisiana Department of Transportation and Development

Work in Louisiana investigating the effect of cement content, base course thickness,
polypropylene fibers, crack relief interlayers, curing membranes, and curing periods on cracking
has recently been reported by Gaspard (/8). Ten field test sections were constructed under the
study. Within two weeks after construction, every base had shrinkage cracks. The sections were



overlaid with hot-mix asphalt (HMA) within one month after construction. No reflective cracks
in the HMA layer were observed within the first two years after construction. Thus, the
researcher plans continued monitoring of the sections.

Texas Transportation Institute

In October 2000 TTT helped coordinate the construction of microcracking test sections in
a city subdivision in College Station, TX. A description of this work is presented by Scullion
(19). Based upon this work, draft specifications for microcracking in Texas were drafted (/9).
This draft specification calls for a reduction in average base stiffness of at least 40 percent from
the microcracking process.

Portland Cement Association

The Portland Cement Association (PCA) has been actively collecting information to
address concerns with shrinkage cracking in cement-treated layers. The PCA provides
guidelines for addressing shrinkage cracking through design and construction practices (20).

The PCA recommends a proper amount of cement, with 7-day unconfined strengths in the 300-
400 psi range. Additionally, a stress relief layer such as a chip seal, geosynthetic, or thin
unbound granular base can help relieve stresses from shrinkage in the base. During construction,
the PCA recommends compaction at or slightly below optimal moisture content and moist curing
until a moisture barrier gets placed. The PCA suggests delaying placement of the final HMA
layer and microcracking as other techniques that can help reduce reflective cracking.






CHAPTER 2

RESEARCH TEST PLAN

To efficiently collect data for accomplishing the research objective of verifying the
effectiveness of the microcracking procedure for minimizing cracking in cement-treated bases,
the research team created a test plan for conducting field investigations. The following steps
describe the basic sequence used:

1.

2.

»

Collect background information on the project (date cement treated, percent cement,
date microcracked, etc.).

Divide the project into test sections for the desired curing time/rolling treatment
combinations.

At the desired curing time, collect pre-rolling stiffness data with testing devices.
After collecting initial data, perform the desired number of passes with the vibratory
steel wheel roller to induce microcracks in the cement-treated base.

Examine the base visually for any cracks. Collect post-rolling data with testing
devices to investigate the effect of the roller passes on the base stiffness.

If the desired effects on the base were not obtained, perform additional roller passes
and monitor the effect of rolling with measurements from the testing devices used.
Upon completion of the desired number of roller passes and collection of testing data,
perform follow-up cracking surveys and base stiffness evaluations.

Based upon discussion with the Project Monitoring Committee and a review of available
testing devices, the research team selected to use the Texas Department of Transportation
(TxDOT) falling weight deflectometer as the standard measurement method, and a portable
falling weight deflectometer as an alternative method. Attempts to test with a dynamic cone
penetrometer were unsuccessful.

TxDOT Falling Weight Deflectometer

TxDOT’s FWD, shown in Figure 2.1, served as the reference test device. TxDOT’s
FWD trailer uses a weight dropped from a variable height and seven geophones and measures
load and deflections. These data, when input into TxDOT’s Modulus 6.0 software, are used to
backcalculate moduli of the pavement layers. TxDOT’s FWD is routinely used statewide in
pavement evaluation.



Figure 2.1. TxDOT Falling Weight Deflectometer.

Portable Falling Weight Deflectometer (PFWD)

The portable FWD, shown in Figure 2.2, uses a manually operated 22 1b. falling weight
and a center geophone and measures applied load and deflection. The device is linked to a
laptop computer that automatically processes the data and displays the calculated modulus.
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SUMMARY

CHAPTER 3

SH 47 FIELD TEST SITE

The Bryan District rehabilitated five sections of SH 47 in Spring 2002, before this
research project began, using in-place recycling with cement treated base. All the sites were
microcracked after one to three days’ curing. TxDOT collected FWD data on some of these
sites, and after this research project began, the sites were monitored under the research project.
From TxDOT’s FWD, the precracking procedure typically resulted in a 60 percent reduction in
base stiffness. As of this report date, only one site had any cracking. The first site in the
southbound direction has two transverse cracks in it, and two other locations with cracking that
do not appear to be shrinkage cracks. This section is 2300 ft. long, so overall the performance is
still good. No cracks have been observed in any of the four other sites.

DESCRIPTION OF TEST SECTIONS

Based on lab tests, TxDOT selected 3 percent cement to recycle a 14 in. depth of specific
sections on SH 47. The 7-day unconfined compression test yielded average strengths of 384 psi
with the selected cement content (Goehl, pers. comm.). Three cement-treated sites were
constructed in the northbound and two in the southbound direction. The sections have surfacing
of 4 in. of HMA. The northbound travel direction was surfaced with CMHB-C and the
southbound direction with Type C mix. These sites were constructed before this research study
began and were monitored with TxDOT’s FWD. Microcracking was accomplished with a 25-
ton roller. Table 3.1 summarizes the location and time to microcracking at the sites.

Table 3.1. Location and Microcracking History of SH 47 Test Sections.

Section | Location | Begin Station End Station Date Cement Date

Number Treated Microcracked
1 NB IL 1346.76 1362.60 4/4/02 4/5/02
2 NB IL 1098.85 1127.64 4/11/02 4/12/02
3 NB IL 1154.04 1175.16 4/12/02 4/13/02
4 SB IL 2142.52 2165.59 4/16/02 4/17/02
5 SB IL 2281.84 2310.88 4/18/02 4/19/02
6 NB OL 1346.76 1351.33 4/23/02 4/25/02
7 NB OL 1351.33 1362.60 4/23/02 4/25/02
8 NB OL 1154.04 1175.16 4/24/02 4/25/02
9 NB OL 1098.85 1127.64 4/26/02 4/29/02
10 SB OL 2142.52 2165.59 4/30/02 5/1/02
11 SB OL 2281.84 229471 5/1/02 5/3/02
12 SB OL 2294.71 2310.88 5/2/02 5/3/02

Note: NB = Northbound; SB=Southbound; IL=Inside Lane; OL=0utside Lane
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MONITORING RESULTS FROM NDT TESTING

This section will present the results of FWD monitoring on the SH 47 projects. Previous
guidelines for microcracking specified targeting a 40 percent reduction in stiffness from
microcracking (/8). On SH 47, TxDOT performed some monitoring of the microcracking
process with their FWD. TxDOT conducted pre- and post-microcracking FWD surveys on
Sections 2, 5, 6, 7, and 8. Follow-up testing on the sections with TxDOT’s FWD was conducted
as part of this research project. As shown in Table 3.2, the average reduction in base modulus at
the SH 47 sites was at least 60 percent. The actual reduction in modulus obtained at Section 2
cannot be determined since the first FWD survey on this site after microcracking did not occur
until 3 days after the precracking procedure took place. At Section 6, the FWD before cracking
was conducted the day before the base was microcracked, so the actual base modulus before
cracking was assumed to be at least 272 ksi, so the reduction in modulus was at least 60 percent.

Table 3.2. FWD Monitoring Results from Microcracking SH 47 Sites.

Post-
Date Pre- Crack %0
Cement Date Base E | Date Pre- | Base E | Date Post | Stiffness
Section # | Treated | Cracked (ksi) Tested (ksi) Tested | Reduction

1 4/4/2002 | 4/5/2002
2 4/11/2002 | 4/12/2002 311 4/12/2002 309 4/15/2002 -
3 4/12/2002 | 4/13/2002
4 4/16/2002 | 4/17/2002
5 4/18/2002 | 4/19/2002 484 4/19/2002 191 4/19/2002 60.54
6 4/23/2002 | 4/25/2002
7 17232002 | 4/25/2002 272 4/24/2002 110 4/25/2002 >60
8 4/24/2002 | 4/25/2002 319 4/25/2002 122 4/25/2002 61.76
9 4/26/2002 | 4/29/2002
10 4/30/2002 | 5/1/2002
11 5/1/2002 | 5/3/2002
12 5/2/2002 | 5/3/2002

A final FWD survey was conducted in March of 2003 in the outside lanes/outside wheel

path of both travel directions. The average base modulus of the sections varied from 532 to 1051
ksi. Table 3.3 shows the results of an ANOVA test on this data. The data indicates no statistical
difference in eventual base moduli for the sites on SH 47 that were cement treated and
microcracked between 1 and 3 days curing. The overall average site base modulus as of March
2003 was 801 ksi.
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Table 3.3. ANOVA Results for SH 47 FWD Data, October 2003.

Site(s) Count Sum Average (ksi) Variance
6-7 6 6305 1051 174249
8 4 2129 532 74398.9
9 10 7821 782 67646.1
10 20 18271 914 130888
11 6 4495 749 127937
12 7 5455 779 77859.2
ANOVA
Source of Variation SS df MS F P-value  F crit
Between Groups 862532 5 172506.3553 1.53065 0.19851 2.41284
Within Groups 5296968 47 112701.4403
Total 6159499 52
CRACKING PERFORMANCE

On June 18, 2004, the research team performed a final inspection of the cement-treated
sites on SH 47. Currently, only one of the five cement-treated sections has any cracking. The
SB site from STA 2142+52 to 2165+59 has two locations with transverse cracks and two
locations with other cracking that does not appear related to the base.

Figures 3.1 through 3.3 show the northbound locations; none of these locations had any
cracking. Figure 3.4 shows the first southbound site, which encompasses STA 2142+52 to
2165+59. Figures 3.5 through 3.8 show the cracking in this southbound site. Figure 3.5 shows a
transverse crack in the shoulder and outside lane. Figures 3.6 and 3.7 show some longitudinal
cracking in the site; this longitudinal cracking is likely due to other issues such as the subgrade
(the previous distress on SH 47 was attributed to poor subgrade). Figure 3.8 shows a transverse
crack in the shoulder near the end of this section. Figure 3.9 shows the second southbound site
from STA 2281+84 to 2310+88; no cracks were apparent in this section.

Based upon the cracking performance of the test sites, the cement treated sections are
performing well. Only one section had any cracks, and in this 2300 ft. section the total
transverse crack length was only 28 ft. Two plausible explanations exist as to why this site has
cracking and the other sites do not. First, the site may not have been microcracked enough.
FWD data show the base modulus typically dropped by at least 60 percent. However, FWD data
were not collected on this southbound site, so the possibility of not enough microcracking cannot
be ruled out. Second, differences in the crack resistance of the surface mixes may exist.
Although the second southbound site still is crack free, none of the northbound sites have any
cracks, and the CMHB-C mix in the northbound direction had 4.7 percent asphalt as opposed to
4.4 percent in the Type C mix placed on the southbound sites (both mixes utilized PG 64-22
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asphalt cement). Therefore, the possibility of a difference in crack resistance of the mixes cannot
be ruled out.

The research team considered and ruled out other reasons regarding why this section is
the only one with cracks. The section may have had more cement than others; however, plan
sheets showed the cement content at this site was among the lowest (2.98 and 3.03 percent for
the outside and inside lanes, respectively) of all the rehabilitated locations, so additional cement
does not explain the cracking. For reference, cement contents ranged from 2.98 to 3.17 percent
among all the sections. The time frame to microcracking was ruled out because, although this
section was microcracked after one day curing, five other sections were likewise cracked after
one day, and these sections remain crack deficient. Variations in traffic density could possibly
explain the cracking; however, the fact that one of the transverse cracks is confined to the
shoulder, and the observation that the second southbound site has no cracks, indicate traffic does
not explain why only this section has cracking.

Figure 3.1. NB CTB Site on SH 47 from STA 1362+60 to 1346+76.
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Figure 3.2. NB CTB Section from STA 1175+16 to 1154+04.

Figure 3.3. NB CTB Section from STA 1127+64 to 1098+85.
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Figure 3.4. SB CTB Section from STA 2142+52 to 2165+59.

Figure 3.5. Transverse Crack in SB CTB Section on SH 47.
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| Figre 3.7. gitudinal Crack on SH 47 .
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Figure 3.8. Transverse Crack near STA 2164 o SH 47 SB.

Figure 3.9. SB CTB Section from STA 2281+84 to 2310+88.
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CONCLUSIONS

Currently, data indicate the microcracking process was successful at the SH 47 project.
After more than 2 years in service, only one of five sites has any cracks in the HMA.
Unfortunately, no control section (not microcracked) was constructed on SH 47, so there is no
standard to compare the sites to. The most recent data also indicate no significant difference
exists in the mean base modulus among any of the sections. Microcracking at 3 days cure did
not reduce the in-service modulus as compared to microcracking after only one day curing. The
average base modulus is 801 ksi.
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CHAPTER 4

SH 16 FIELD TEST SITE

SUMMARY

Four test sites constructed on SH 16 in the San Antonio District were monitored during
this project. The sites were placed in March 2003. One test site served as the control and was
not microcracked. One site was microcracked with three passes of a 12-ton roller after one day
curing, one site was microcracked after 2 days cure with 3 passes, and one site was microcracked
after 2 days curing with two passes. After 3 months of service, no cracks were observed in any
of the sections. After 13 months of service, all the sites had a moderate amount of sealed cracks.
Researchers tallied the total crack lengths in each of the sections, and the site microcracked at
one day cure had the least amount of cracking per area of roadway (77 ft. per 1000 ft.?). The
research team does not believe all the cracks are attributable to shrinkage cracking. The crack
pattern in many cases is not typical of shrinkage cracks.

DESCRIPTION OF TEST SECTIONS

On the SH 16 project, the existing roadbed was salvaged to a depth of 8 in. and treated
with 3 percent cement and used as a subbase. A 5-in. new layer of Ty A Gr 6 flex base was
added and treated in place with 2 percent cement. After placing an underseal, 2 in. of Type C
HMA was placed as the final surfacing.

TTI researchers tested four sites on the SH 16 project. All sites were treated with cement
on March 19, 2003. Figure 4.1 illustrates the arrangement and treatment of the different test
sites. Site 1 was not microcracked, Site 2 was microcracked after one day curing, and Sites 3
and 4 were both microcracked after two days curing but received a different number of roller
passes.
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MONITORING RESULTS FROM NDT

TxDOT’s FWD served as the primary control process for microcracking on SH 16.
Figure 4.2 illustrates a modulus reduction of 41, 72, and 48 percent was achieved by
microcracking at Sites 2, 3, and 4, respectively. When rechecked at an age of approximately 3
months (June 2003), the average modulus at Site 4 appeared less than the other sites; this
difference is not believed due to subgrade support, as the average subgrade modulus was in the
22 to 26 ksi range at all the sites on the test date. Traffic does not explain the difference either,
as Site 2 and Site 4 are only 400 ft. apart in the same travel direction, with no intersections
between them. Table 4.1 shows an ANOVA test indicates the mean modulus values indeed are
not equal between the four sites. Table 4.2 shows a Tukey-Kramer multiple comparison
procedure, which indicates that at the 95-percent confidence interval all of the following are true:

¢ The average modulus of Site 2 exceeds Site 4.

¢ The average modulus of Site 3 exceeds Site 4.

e There is no significant difference in average modulus among the remainder of the
sites.

Appendix B presents the processed FWD data from the SH 16 sites.

500

450

400 -

(95
W
[«

(SN

(e

(=]
I

[\)
(=3
(=)

Base E (ksi)

—_

W

[e]
I

100

50 1 7
7

SO
DO

0 , L , ,
Site 1 Site 2 Site 3 Site 4
no cracking 3 passes @ 1 day cure 3 passes @ 2 days cure 2 passes @ 2 days cure

‘ O Before Cracking A After Cracking O 24-Jun-03 ‘

Figure 4.2. Average Modulus Results for SH 16 Test Site.

23



Table 4.1. ANOVA on SH 16 Modulus Data after 3 Months.

Groups Count Sum  Average Variance
Site 1 27 9185 340.185 22674.5
Site 2 28 11476 409.857 42444.3
Site 3 41 17612 429.561 28449.2
Site 4 41 10539 257.049  6309.8
ANOVA
Source of Variation SS df MS F P-value  F crit
Between Groups 711263 3 237088 10.0876 4.9E-06 2.67269
Within Groups 3125894 133 23503
Total 3837156 136

Table 4.2. Tukey-Kramer Multiple Comparison Results for SH 16 Base Moduli.

Sitel-2  Sitel-3  Site 1-4  Site2-3  Site2-4  Site3-4
Difference -69.67  -89.38 83.14  -19.70  152.81 172.51
var(diff) 1709.87 1443.72 1443.72 1412.63 1412.63 1146.49
stdev(diff) 41.35 38.00 38.00 37.59 37.59 33.86
q* -2.38 -3.33 3.09 -0.74 5.75 7.21
qcerit (95% contf.) 3.76 3.74 3.74 3.74 3.74 3.72
sig difference? no no no no yes yes

CRACKING PERFORMANCE

Figures 4.3 and 4.4 show the sites after three months in service. At this time, the sites did
not exhibit any shrinkage cracks. On April 13, 2004 (approximately 13 months of service), a
visual survey was again conducted. At this time, all the sites had been crack sealed, and based
upon the amount of crack seal, all the sites had a fair amount of cracking. Figure 4.5 shows Test
Sites 1 and 2, and Figure 4.6 shows Test Sites 3 and 4, at the time of this survey.
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Figure 4.4. SH 16 Test Sites 3 (left lane) and 4 (right lane), June 24, 2003.
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“Figure 4.6. SH 16 Test Sites 3 (left lane) and 4 (right lane) on April 13, 2004.
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In most instances where crack seal was applied, no cracks were even visible. However,
the survey did reveal some cracks that were not sealed. Most of these cracks were tight, as
shown in Figure 4.7. Therefore, it was assumed the crack seal had been applied on similarly
tight cracks, explaining why these cracks could not be seen through the crack seal. Based on
these observations, the total crack length in each section was measured with a survey wheel by
measuring both unsealed cracks and locations that had crack seal applied. Table 4.3 summarizes
these results. The results as of this date indicate the site microcracked after one day cure has the
best cracking performance, while there is negligible difference in the cracking performance
between any of the three remaining sites.

Some peculiarities exist regarding the pavement condition at this time. Given the low (2
percent) level of cement treatment, the fact that the sections were opened to traffic at the end of
each day, and the fact that the sections have both an underseal and 2 in. of Type C mix, the
amount of cracking in the HMA seems abnormally high for the time frame (13 months).
Furthermore, the crack pattern in many places is not typical of the shrinkage cracking that occurs
from cement-treated layers. In many instances, such as in Figure 4.6, extensive longitudinal
cracks exist absent the presence of transverse cracks. For these reasons, the research team does
not believe all the cracks in the HMA are due to the base. It is hypothesized that at least some of
the cracking is due to poor HMA quality, some may be due to the cement-treated subbase (which
was not microcracked), and some cracking possibly may be due to the subgrade. Nevertheless,
the cracking data shown in Table 4.3 indicate the site microcracked after one day curing has the
best cracking performance both in terms of total cracking and transverse cracking.

Figure 4.7. Unsealed Crack on SH 16.
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Table 4.3. Crack Survey Results for SH 16 on April 13, 2004.

Crack Length per 1000 Square Feet Road

Shoulder Cracks (ft) Lane Cracks (ft) Combined Shoulder and Lane
Site Description Longtudnal  Transverse  Totd  [Longtudind Transverse  Total  |Longitudnd Transverse  Total

1 No Mcrocracking 12 48 180 20 11 31 64 P23} D0

2 3passes @1 day cure 69 20 89 61 9 70 64 13 4

3 3 passes @2days cure ® 67 159 36 15 51 58 36 A

4 2 passes @2days cure 114 50 164 33 15 48 66 2 %5

CONCLUSIONS

The unusual crack patterns at the SH 16 sites make it difficult to confidently form
conclusions regarding the cracking performance of the test sites. However, the data show the
site microcracked at one day has the least amount of cracking, with no difference in cracking
between the remaining two microcracked sites and the control. As of the last FWD survey, none
of the microcracked sites had a modulus significantly different than the control; microcracking
did not harm the pavement structure.
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CHAPTER 5

TEST FACILITY AT TEXAS A&M RIVERSIDE CAMPUS

SUMMARY

Due to a shortage of suitable field construction projects for examining the microcracking
procedure, TTI researchers arranged for construction of test sites at Texas A&M’s Riverside
Campus. Two sites were constructed in September 2003: one with 4 percent cement and one
with 8 percent cement. Six treatments were applied to each site. The sites are not surfaced, so
the research team can easily see cracks in the base. Currently, results show that with excessive
levels of cement, extensive cracking occurs regardless of treatment. If the layer is properly
designed, microcracking after two to three days curing shows considerable promise for reducing
the severity of cracking. Using a prime coat as a curing membrane proved rather ineffective at
these test sites.

DESCRIPTION OF TEST SECTIONS

The test facility at Riverside Campus was constructed with a locally available marginal
river gravel base. Table 5.1 shows the bulk fractionation data for the material. Figure 5.1 shows
the moisture-density relationship for the untreated material. The test facility consists of two
sites: one with a design cement content of 4 percent and one with a design content of 8 percent.
The 4-percent cement treatment level was based upon a laboratory mix design with the material;
8-percent cement is the treatment level that historically was recommended by the supplier. Table
5.2 shows the laboratory test results for determining the optimal design cement content. 4
percent cement was selected based on a minimum 7-day unconfined compressive strength (UCS)
of 300 psi and a final dielectric value (¢) after the Tube Suction Test (TST) of less than 10.0 (8).
A design base layer thickness of 6 in. was specified for both sites. Figure 5.2 shows the layout
and treatments used at the test site. Prior to placement of the new base, the existing roadbed was
pulverized to a depth of 6 in. and then proof rolled back in. Figure 5.3 shows an example of the
prepared subbase. The contractor mixed cement with the base at their plant with a pugmill and
then delivered the material to the construction site. Figure 5.4 shows the contractor rolling in the
cement-treated base.

Table 5.1. Bulk Fractionation Data for Gravel Base used at Riverside.

Sieve Size Percent Passing
1 3% 100
1Y 98
Ya 95.2
3/8 87.9
#4 73.5
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Figure 5.1. Moisture-Density Curve for Gravel Base Used at Riverside Campus.

Table 5.2. Lab Design Results for Gravel Base Used at Riverside Campus.

Cement Content Final € in TST 7-Day UCS (psi)
(%)
2 12.0 267
3 11.2 298
4 6.1 383
5 5.7 466
6 5.3 492
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31



i

Figure 5.. Prepared Subbase at Riverside Campus.

Figure 5.4. Rolling in CTB at Riverside Campus.

MONITORING RESULTS FROM NDT DEVICES

TxDOT’s FWD served as the control mechanism for performing the microcracking on
the Riverside test sites. The research team used the FWD to monitor the change in base modulus
from microcracking and to investigate the long-term modulus of the layers. Additionally, the
single-sensor portable FWD was used during construction to investigate the utility of this device
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for controlling the microcracking process. Appendix C presents the complete FWD modulus test
results.

Figure 5.5 illustrates the average base modulus immediately before and immediately after
microcracking for the sections. Microcracking resulted in a 51 to 70 percent decrease in average
base modulus at the site with 4-percent cement, and a 58- to 69-percent reduction in average base
modulus at the sites with 8-percent cement. Previous guidance recommended a minimum 40-
percent reduction in modulus by microcracking (/9). However, based upon the long-term
performance of the sites used to develop that guideline, the research team targeted a minimum
50-percent reduction in base modulus at these test sites.
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Figure 5.5. Base Modulus Immediately before and after Microcracking
at Riverside Campus Sites.

Figures 5.6 and 5.7 illustrate the average base modulus of the sections through time for
the 4-percent and 8-percent cement sites, respectively. The data show:

¢ The moist-cured sites exhibit a concave-down arc through time for both cement
contents. The prime-cured site with 4 percent cement and the dry-cured site with 8
percent cement show a similar trend. The modulus values of the moist-cured sites
are currently similar to the observed values at a curing age of only one week.

e All of the microcracked sites show a trend of increasing modulus with time.
Therefore, the trends observed at the moist cured sites are not believed to be seasonal
variations. The current modulus values on the microcracked sites with 4 percent
cement are high; continued monitoring of crack performance should be performed.

e The subgrade modulus was relatively stable around 13 ksi throughout the tests and
ranged from 9 to 20 ksi (data in Appendix C). The research team does not consider
the instances of sudden, dramatic changes in base modulus attributable to changes in

subgrade support.

33



(1Y) H oaseq

(control)

O 7 Days @ 14 Days 028 Days [0 142 Days 0 294 Days

Figure 5.6. Base Modulus through Time for 4-Percent Cement Riverside Campus

Test Sites.

NN

3Day Moist Cure

2 Day

(control)

O 7 Days B 14 Days 0O 28 Days O 142 Days O 297 Days

Figure 5.7. Base Modulus through Time for 8-Percent Cement Riverside Campus Test

Sites.

34



Figure 5.8 contrasts the most recent FWD results for the sections between the 4-percent
and 8-percent cement sites. The figure illustrates both the observed sample mean (the square
marker) and the 95-percent confidence interval for the population mean from the sections. These
data indicate:

® Microcracking has not resulted in reduced layer moduli when compared to the control
(moist cured). No significant difference exists in the mean base modulus between the
microcracked sections and the moist cured sections at the site with 4-percent cement.
At the 8-percent cement site, the section cracked after one day, and the section
cracked after 3 days, both have significantly greater moduli than the moist-cured
section.

e With the exception of the dry-cured sections and the sections cracked at one day,
currently no difference in modulus exists between the two cement contents when
constructed and cured with identical techniques. The higher cement content in
general has not resulted in a significantly increased in-service modulus.
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Figure 5.8. Summer 2004 FWD Results for Riverside Campus Test Sites.

Figure 5.9 shows TxDOT’s FWD versus the PFWD results at the Riverside test sites.
The PFWD imparted stress state was approximately 16 psi. There is a reasonable fit between the
two devices for all the data; the devices track best at lower modulus values. This observation
makes sense, since the PFWD is intended primarily for use on soils and unbound materials. The
PFWD values were substantially lower than TxDOT backcalculated modulus values. Part of this
variation is certainly due to the fact that the PFWD employed was a single-sensor device, so the
calculated modulus will be a function of the entire effective depth of measurement. A three
sensor PFWD is available, however, and future efforts should consider using a three sensor setup

and performing a layered backcalculation. A better fit between the devices may be obtained by
using the three sensor setup.
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For purposes of this project, the primary reason for testing the PFWD was to evaluate the
device’s ability to monitor and control the microcracking process. Figure 5.10 shows the percent
change in average modulus from TxDOT’s FWD versus the percent change in average modulus
for the PFWD and illustrates a reasonable fit between the two devices. The data indicate the
PFWD could be used for control and monitoring of microcrcacking. However, the percent
change in average modulus from TxDOT’s FWD was approximately 1.4 times the percent
change from the PFWD. Therefore, if targeting a 60-percent reduction in base modulus (as
based on TxXDOT’s FWD), one would target a 40-percent reduction in average modulus from the

PFWD.
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Figure 5.9. TxDOT’s FWD versus PFWD Values at Riverside Campus Test Sites.
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Figure 5.10. Percent Change in Average Modulus for TxDOT’s FWD versus PFWD.
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CRACKING PERFORMANCE

The research team carried out multiple crack surveys at the test sites at Riverside
Campus. The contractor placed the base on September 8, 2003. The results of crack surveys
conducted on September 9, 2003; September 15, 2003; January 28, 2004; March 29, 2004; and
June 28, 2004 are summarized in Figures 5.11, 5.12a, and 5.12b. In the figures, the cracks are
coded by color to indicate when they first appeared. Cracks in blue existed the morning of
September 9, 2003, and are cracks that could not have been prevented regardless of treatment.
Cracks colored in red occurred after the treatment was applied and thus are considered
preventable cracks. Table 5.3 summarizes the crack length statistics for the sites. Several
observations are evident from the surveys:

¢ In general, the sites with 8-percent cement exhibited more total cracking than their
counterpart treatments with 4-percent cement. The most drastic differences exist in
the dry-cured and prime-cured sections.

e Of the sites with 4-percent cement, the site microcracked at two days cure currently
has the best cracking performance.

e Of the sites with 8-percent cement, the site moist cured currently has the least amount
of total cracking; however, microcracking at 3 days cure was most effective at
preventing additional cracks from occurring. For example, the site cracked after 3
days already had 80 ft. (24.4 m) of cracks per 100 linear ft. (30.5 m) road before
microcracking; after treatment, the total crack length has increased by only 10
percent. In contrast, the moist-cured section initially had no cracks in it, but over
time has progressively shown a steadily increasing amount of cracking.

® At the site with 8-percent cement, a prime coat curing membrane was ineffective at
controlling cracking.

Two methods exist for microcracking to reduce shrinkage cracking problems. First,
microcracking can reduce the total amount of cracking; second, microcracking can reduce the
severity (width) of the cracks. Table 5.3 shows microcracking substantially reduced preventable
crack length in the site with 8-percent cement. The only major reduction in total crack length at
the site with 4-percent cement is with the section microcracked after 2 days cure. However,
drastic differences in crack severity exist in the site with 4-percent cement. As noted in Table
5.3, the crack width in sections that were wet cured or dry cured is such that spalling is starting
to occur. In contrast, the cracks in sections that were microcracked are less severe. Figure 5.13
contrasts the widest to the tightest cracks in the sections with 4-percent cement. In some cases
(see Figure 5.13b), some of the cracks are so tight they are barely visible. Differences in crack
severity also exist in the site with 8-percent cement, with cracks in the microcracked sections less
severe than others. In general the research team observed crack severity decreased with
microcracking as compared to the dry-cured, wet-cured, and prime-cured sections. Thus, the
performance of the sites indicate that in some cases, especially on bases with high cement
contents, microcracking will significantly reduce the amount of cracking in the base; however,
even if total crack length is not substantially reduced, crack severity is significantly reduced by
microcracking, regardless of mixture design.
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Table 5.3. Summary of Cracking Performance at Riverside Campus Test Sites.

Cement Crack Length per 100 Feet
Content
(%) Treatment | 9/9/2003 | 9/15/2003 | 1/28/2004 | 3/29/2004 | 6/28/2004 |6/28/2004* Comment
Dry Cure 9 43 57 57 89 89 cracks spalling
Prime Cure 18 29 51 59 78 60
Crack 1 Day 14 35 35 45 76 62
4 Crack 2 Day 0 0 17 19 34 34
Crack3Day | 0 6 6 19 81 gy | somecracks closein
heat of day
Moist Cure 0 8 50 50 50 50 cracks spalling
Dry Cure 29 29 46 76 277 277 cracks spalling
Prime Cure 0 48 89 125 328 328
3 Crack 1 Day 31 62 62 92 92 62
Crack 2 Day 58 58 58 73 105 47
Crack 3 Day 80 80 80 80 88 8
Moist Cure 0 0 15 33 70 70 cracks spalling

*This column is only the crack length of preventable cracks

(a ry Cure

Figure 5.13. Worst (a) and Least (b) Severe Cracks in 4-Percent Cement Test Site.
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CONCLUSIONS

The test sites constructed at Riverside Campus gave the research team an excellent
opportunity to investigate the microcracking concept. The research team had full control over
the construction, from start to finish, and the location provided an opportunity to leave the base
exposed so cracking in the base could easily be investigated. Although the sections are not yet
one-year old, the observations to date support the following:

® An asphalt curing membrane was minimally effective at reducing cracking problems,
particularly with high cement contents.

e Excessively high cement contents result in extensive cracking in the base, regardless
of treatment.

e Microcracking reduces the severity of cracks, regardless of cement content and, in
some cases, also reduces the total crack length.

e Proper lab designed combined with microcracking at two days cure has provided a
marked reduction in the extent and severity of shrinkage cracks.
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CHAPTER 6

SPECIAL TOPICS

SUMMARY

Over the course of this research project, several questions were posed to the research
team regarding possible detrimental effects of microcracking on the pavement layer. These
questions specifically focused on whether the mechanical properties of the layer were
compromised and whether microcracking causes surface damage to the layer. Additionally,
questions arose regarding how soon CTB can be opened to traffic. This chapter will present
results and observations from the research project regarding these topics. Data indicate the
strength of the material is not compromised, the resilient modulus of the microcracked layers
significantly recovers, and if the layer is properly designed, surface damage is not a problem.
Data also indicate CTB sections can be opened to traffic after 4 to 24 hours curing.

EFFECT OF MICROCRACKING ON STRENGTH

Previous work conducted at TTI showed that even after completely failing cement-treated
bases at a curing age of 7 days, with continued curing time to 21 days, the strengths recovered to
exceed the original 7-day UCS (8). This testing supported the notion that microcracking at an
early curing age would not detrimentally impact the strength of the base. The research team
conducted additional testing regarding this subject during this research project. For example,
Figure 6.1 illustrates the results of laboratory testing with the limestone base used on SH 16.

The researchers treated the material in the lab with 2-percent Type 1 cement and performed
compression tests in duplicate at curing times of 1, 2, 3, 7, and 28 days curing. Specimens tested
at 1, 2, 3, and 7 days were taken past failure and then allowed to continue curing to an age of 28
days. At 28 days, researchers retested these specimens in compression. The results show that
there was no major difference in the average 28 day strengths between any of the previously
failed specimens and the control specimens that were simply cured to 28 days then tested.

Similarly, Figure 6.2 shows the results of strength rehealing tests conducted on the gravel
base used at the Riverside test sites. For each treatment, tests were conducted in duplicate, and
the results show no significant difference in the average 28-day curing strengths between any of
the treatments. Thus, based upon previous work and the data collected in this study regarding
strength rehealing of cement-treated base after early failure, the research team believes there is
not a detrimental effect on strength from microcracking. Sufficient cement hydration continues
after the early failure to the extent that 28-day strengths are not significantly different from
strengths obtained by curing without microcracking.
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Figure 6.2. Strength Rehealing on Gravel Base Used at Riverside Campus Test Sites.

EFFECT OF MICROCRACKING ON LONG-TERM MODULUS

Another aspect of the microcracking concept is how the modulus of the layer is affected.

Many cement treated bases end up very stiff, resulting in problems if the base sits on an
expansive soil, so it would not necessarily be bad if microcracking resulted in a reduced in-
service modulus. Figure 6.3 shows the average base moduli of the 4-percent cement sites from
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the most recent FWD measurements at the Riverside test site (June 28, 2004). The ANOVA
results shown in Table 6.1 show no significant difference exists between the mean base modulus
of any of the microcracked sites and the moist-cured site; microcracking had no adverse impact
on the in-service modulus.
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Figure 6.3. Average Base Modulus of 4-Percent Cement Sites at Riverside Campus.

Table 6.1. ANOVA Result on most Recent FWD Data at Riverside Campus
with 4 percent Cement.

Groups Count Sum  Average Variance
1d 8 15752 1969 965940
2d 7 14986 2140.86 974370
3d 8 19793 2474.13 673943
wet cure 6 12056 2009.33 779920
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1219915 3 406638 0.47896 0.69981 2.99124
Within Groups 2.1E+07 25 849000
Total 2.2E+07 28
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EFFECT OF MICROCRACKING ON SURFACE DAMAGE

Some concern exists regarding the potential for surface damage to the base resulting from
the microcracking process. Throughout the course of this research project, only one instance
occurred where problems with surface damage were encountered. At the Riverside test sites
when microcracking the site with 8-percent cement after 3 days curing, some surface breakup
started to occur before the desired reduction in stiffness was achieved. Even though the modulus
was reduced 58 percent, the average base modulus after cracking was still 874 ksi, and the
research team wanted to reduce this value down to 500. Because of the surface breakup, the
microcracking process was terminated and the section rolled statically to smooth the surface
back out. This experience indicates 1) targeting a percent reduction in stiffness is more
appropriate than targeting a specific modulus value, and 2) with stiffer materials, a larger roller
may be necessary. Additionally, a roller appropriate to the base thickness should be employed;
for example, on SH 47 (with a base thickness of 14 in.), TXDOT used a 25-ton roller.

EARLY TRAFFICKING OF CTB

A secondary issue that arose from this work was questions regarding how quickly traffic
can be allowed on cement-treated layers. TxDOT specifications require a 3-day moist cure as
one option for curing; however, in instances of emergency repairs TxDOT needs to open the road
sooner. Figure 6.4 shows the distribution of observed moduli for the Riverside test site with 4-
percent cement the afternoon of placement, representing a curing time of approximately 4 hours,
and the morning after placement, representing approximately 20 hours curing. The average base
modulus the day of placement was 362 ksi, and 90 percent of these observations were greater
than 65 ksi. The morning after placement the average modulus was 874 ksi with 90 percent of
observations greater than 200 ksi. The data indicate earlier trafficking of the cement-treated base
than what is typically allowed should not pose a problem.
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Figure 6.4. Early Modulus of Riverside Campus Site with 4-Percent Cement.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

This project focused on evaluating the effectiveness of the microcracking concept for
reducing shrinkage cracking in cement-treated bases. Microcracking can be defined as the
application of several vibratory roller passes to the cement-treated base at a short curing stage,
typically after one to three days, to create a fine network of thin cracks. In this project, TTI
researchers monitored performance of microcracking sites on SH 47 and SH 16. Finally, the
research team coordinated the construction and monitored the performance of controlled test
sites constructed under this project at Texas A&M’s Riverside Campus. The test sections at
Riverside Campus also provided the research team the opportunity to investigate two design
cement contents and other alternative curing procedures. This chapter provides the key findings
from the test sites, guidelines for performing the microcracking procedures, and
recommendations for future work to further optimize the performance of CTB. Additionally,
Appendix A of this report presents a guide explaining the microcracking concept for inspectors’
use.

CONCLUSIONS FROM TEST SITES

Data from all the test sites indicated that microcracking was effective. At SH 47, only
one of the five test sites has any cracking in it. At this 2300 ft. long site, only two transverse
cracks exist. The SH 47 sites have 4 in. of HMA. At the SH 16 site, suspected problems with
the HMA combined with crack patterns not typical of CTB cast serious doubt on the usefulness
of the observations; however, microcracking at one day cure did appear to slightly reduce the
total cracking in the HMA. The Riverside test sites provided the research team a unique
opportunity to fully investigate microcracking under a controlled setting. Data from these sites
indicated microcracking indeed reduced the shrinkage cracking problem in cement-treated bases.
As a whole, the observations from the projects evaluated indicate:

e When properly applied, microcracking does not result in pavement damage. The surface
does not break up, and the base modulus recovers.

e Without microcracking, excessively high cement contents result in problematic cracking
in the base. This problematic cracking could be increased crack width, increased total
crack length, or both.

e Microcracking reduces the severity of shrinkage cracks in the base, regardless of cement
content, and in some cases also significantly reduces total crack length.

* The positive effect of microcracking means the technique is a valid method for reducing
the likelihood of reflective cracking through the roadway surfacing.

e Proper lab design combined with microcracking by three passes of the vibratory roller at
high amplitude after 2 to 3 days cure has provided a marked reduction in shrinkage
cracking problems. The current data from the Riverside sites indicate the optimal time
frame for microcracking a properly designed layer is 2 days.
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e [f using test equipment to monitor the microcracking process, a target reduction in
average base modulus of 60 percent (based on TxDOT’s FWD measurements) should be
used.

e The PFWD shows promise for monitoring the microcracking process. With this device,
target a reduction in average modulus of 40 to 50 percent.

® An asphalt curing membrane was minimally effective at reducing cracking problems.

® Moist curing without microcracking results in more severe (wider) cracks that will, thus,
reflect sooner through the surfacing.

¢ In the long run, use of higher cement content in general did not provide a significantly
increased base modulus. However, the increased cement content did result in more
severe cracking problems. Historical design 7-day UCS targets were based upon
achieving a high degree of confidence the material would meet durability criteria without
actually performing the labor- and time-intensive “brush tests” (ASTM D559 and D560).
With the recent development of much simpler, less time-consuming durability tests for
CTB, such as the Tube Suction Test, strength requirements should be eased and the new
durability tests should be run. Cement content design should be based upon a
combination of adequate strength (300 psi) and passing the Tube Suction Test for
moisture susceptibility.

In addition to evaluating microcracking, this project provided an opportunity to
investigate the feasibility of opening cement-treated bases to traffic sooner. Figure 6.4 showed
the distribution of observed moduli values for a properly-designed CTB at curing ages of
approximately 4 and 20 hours. The data show that after only 4 hours curing, the average
modulus was 362 ksi. The data indicate earlier trafficking of the cement-treated base than what
is typically allowed should not pose a problem.

GUIDELINES FOR THE APPLICATION OF MICROCRACKING

A successful microcracking project does not begin at the project site, but rather begins in
the laboratory. The research team recommends a laboratory design procedure that includes both
7-day strength and moisture susceptibility. The design cement content should be based upon:

e 7-day UCS: 2300 psi, and
e Final dielectric value after the Tube Suction Test <10.

Once the proper cement content is determined, microcracking can be properly applied to
the material in the field. No detrimental effects from the microcracking process have been
observed; thus, microcracking can be applied to any properly designed CTB as follows:

e After placement and compaction of the base to project specifications, moist cure the base
to an age of 2 days.

® Microcrack the section by using the same (or equivalent) vibratory steel wheel roller that
was employed for compaction. If microcracking after 2 days is not feasible, waiting until
the base age reaches 3 days is preferable to microcracking after only 1 day cure.

e Perform three full passes (one pass is down and back) over the entire section traveling 2
to 3 mph with the roller vibrating on maximum amplitude, unless otherwise directed by
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the Engineer. A minimum 12-ton roller should be used. Ideally microcracking should be
applied after 2 days of moist curing.

e After microcracking, continue moist curing the layer to an age of 3 days. At the
completion of the curing stage, prepare the base for surfacing.

RECOMMENDATIONS FOR FUTURE EFFORTS

While this project provided good evidence to the effectiveness of microcracking, the
research team believes ample opportunity and reason exists to further examine the microcracking
process and further refine the optimization of performance from cement-treated bases. Data
from this project support the validity of the microcracking concept; however, the quantity of test
locations was quite limited. TxDOT should consider employing microcracking on field projects
and periodically monitor the performance. Of critical importance is the inclusion of control (not
microcracked) sections. Additional sites would allow for better familiarity with the concept and
a larger number of case histories from which to evaluate the effectiveness of the microcracking
concept.

In addition to more experience with field microcracking projects, the research team
believes other construction methods may prove useful in conjunction with microcracking to
further improve the overall cracking performance of pavement structures with CTB. For years,
crack relief layers on top of the CTB have been suggested as one method of minimizing the risk
of reflective cracks. TTI recently developed a new surface HMA mix that shows extremely
promising results in both cracking and rutting performance. After microcracking the base, a thin
1 in. layer of this mix, followed by a final surfacing, could provide cracking performance
superior to microcracking alone. At the conclusion of this project, the research team believes
one travel direction of the test sites at Riverside Campus should be surfaced with this new mix.
The other travel direction could be surfaced with a conventional mix such as Type D. Since the
cracks existing in the base are already mapped out, the research team can monitor the
effectiveness of each mix by monitoring the amount of reflective cracking that appears through
time.
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APPENDIX A

GUIDE FOR APPLICATION OF MICROCRACKING
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WHAT IS MICROCRACKING?

The “block cracks” common to cement-treated base (CTB) initially present a cosmetic
problem and result in negative public perception; however, these cracks can allow water
into the pavement structure which will accelerate the rate of pavement deterioration.
Microcracking can help alleviate the severity of cracking in CTB and therefore help
improve the perceived quality of TxDOT projects and extend the project life.
Microcracking is the application of several vibratory roller passes to a CTB after a short
curing stage, typically after one to three days, to create a fine network of cracks.
Microcracking is one technique to help reduce the risk of cracks in the CTB reflecting
through the pavement surfacing. The goal of microcracking is to form a network of fine
cracks and prevent the wider, more severe cracks from forming.

Block cracking typical of CTB.
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Microcracking in progress with
the vibratory roller. TxDOT’s FWD
can serve as the control mechanism
to determine when to stop rolling

by measuring the reduction in
average base modulus.
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WHAT ARE THE BENEFITS OF MICROCRACKING?

Microcracking reduces the severity of shrinkage cracking problems in CTB. Compared
to moist curing alone, microcracking improves the performance of CTB by reducing the
crack width, reducing the total crack length, or both. Through these mechanisms,
microcracking reduces the risk of reflective cracking through the surface layer.

‘ A e ) )8
Crack in moist-cured section.
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WHAT DOES A MICROCRACKED CTB LOOK LIKE?

Upon introduction to the microcracking concept, most pavements personnel fear
microcracking will rubblize or powder the base. Contrary to this fear, a properly
microcracked CTB looks no different than an ordinary CTB. Typically, no visual
changes are detectable in the base immediately after microcracking. On rare occasions,
some visible hairline cracks may appear. However, use of some type of stiffness testing
device, such as the falling weight deflectometer, is typically the only method to
definitively detect a change in the base after microcracking.

A portable F provides a cmpact alternative to the FWD for controlling
microcracking.
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WHAT MATERIALS SHOULD BE MICROCRACKED?

Performance of microcracked field projects in Texas indicates no detrimental structural
effects from microcracking. Even after failure at an early curing stage, the strength of the
material recovers by continued cement hydration. At the end of the hydration stage, the
strength of the previously failed material does not differ significantly from material
simply cured to an age of 28 days. Given the observed benefits and the lack of negative
effects, microcracking can be considered for any properly designed CTB.
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28-day unconfined compressive strength of CTB is not harmed by microcracking
at an early age.

HOW AND WHEN SHOULD MICROCRACKING BE PERFORMED?

After placement and satisfactory compaction of the CTB, the base should be moist cured
by sprinkling for 48 to 72 hours before microcracking. Microcracking should be
performed with the same (or equivalent tonnage) steel wheel vibratory roller used for
compaction. A minimum 12-ton roller should be used. Typically three full passes (one
pass is down and back) with the roller operating at maximum amplitude and traveling
approximately 2 to 3 mph will satisfactorily microcrack the section. After satisfactory
completion of microcracking, the base should be moist cured by sprinkling to an age of at
least 72 hours.

59



WHAT TO LOOK FOR DURING THE MICROCRACKING PROCESS

Inspect the microcracking operation and look for:

1)
2)

3)

4)

Satisfactory completion of three full passes that achieve 100 percent coverage.
Signs of cracking in the CTB. Although new cracks are rarely observed
(oftentimes some transverse cracking will have already taken place during the
moist-curing stage), hairline cracks imparted by the roller occasionally may be
visible. If available, the FWD can be used to ensure adequate completion of
microcracking by testing every station immediately before microcracking, then
retesting at each station immediately after completion of the three microcracking
passes. The average base modulus should be reduced 50 to 70 percent by
microcracking with three passes of the roller. If the actual reduction is greater
than 50 percent but less than 60 percent, the Engineer may choose to accept the
section, or direct the Contractor to perform additional microcracking passes. If
using a PFWD for controlling microcracking, target a 40 percent reduction in
average base modulus.

Signs of detrimental damage to the CTB. If properly designed and cured,
microcracking should not damage the CTB. However, if the base appears to start
to break up excessively at the surface, microcracking shall be ceased and the
section rolled static until a satisfactory surface finish is obtained.

Satisfactory completion of continued moist curing to an age of at least 72 hours.

NEED MORE INFORMATION?

The oldest TxDOT project incorporating microcracking was SH 47 near Bryan, TX.
Complete details can be obtained from the lab engineer in charge, Darlene Goehl, P.E.,
Texas Department of Transportation, (979) 778-9650, dgoehl@dot.state.tx.us. Texas
Transportation Institute researchers evaluating microcracking include Stephen Sebesta,
(979) 458-0194, s-sebesta@tamu.edu, and Tom Scullion, P.E., (979) 845-9910,
t-scullion@tamu.edu.
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APPENDIX B

SH 16 PROCESSED FWD DATA
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Base: 12,00 25,000 1,000,000 H2: v = 0,25
Subbase: oo} H3: v = 0,00
Subgrade: T8.96 15,000 Hd: v = 0.40
Load Measured Deflecktion (mils): Caleulated Moduli values (ksi): Absolute Dpth to
Station (s R1 R2 R3 R4 RS RE R7 SURF(El) BASE(EZ2) SUBB(E3) SUBG(E4d) ERR/Sens Bedrook
BB ¥99 —= 4 g 9,783 14.86 6,89 3.04 1.81 1.09 0.67 0.45 200.0 95.3 0.0 25.2 7.63  67.6
101.000 G,914 17.02 10.54 6.79 s 1Y .78 125 Q.98 200.0 121.9 0.0 13.3 11.40 ALY
200,000 4,704 25.31 13.96 8.89 4.96 3.33 2.54 1.91 200.0 89.7 0.0 8.l B,T0 127.8
300,000 9,736 19.17 11.27 1.29 3.54 2.07 1.43 1.07 200.0 106.1 0.0 iRy 6,98 T3
400,000 9,505 27.21 16.82 9.87 4.68 2.82 2013 1.65 200.0 T0.7 0.0 7.7 8,41 163
500.000 9,716 25.31 12.69 F28 4.46 3.02 222 1. 58 200.0 Te,7 0.0 9.4 7.49 127.1
600,000 9,815 18B.89 11.00 6.50 3. T2 2.60 2.04 1.62 200.0 11,6 0.0 LL3 5.39 142.9
700.000 9,624 22.81 1:4/55 718 3.79 2551 197 1.62 200.,0 82,7 0.0 11,1 7.323 86.8
800.000 9,708 24.862 13,95 8.74 4.47 2.835 215 1.70 200.0 #4.4 0.0 8.7 5.18 86.8
200.000 9,712 21.18 13.22 B.48 4.43 2,94 231 1.80 200.0 1437 0.0 8.9 6.59 95.4
1000.000 9,716 23.29 13.3% B.46 4.55 2.96 2.20 1.85 200.0 $8.2 0.0 8.8 4:.69 106.4
1101.000 4,613 25.49 13.24 T.24 3.93 2.40 1.74 £,.56 200.0 69,3 0.0 10,2 4.:13 81.4
1200.000 2,708 17.892 9.26 5,39 2.7 1.8 136 1.00 200.0 96,3 0.0 16.3 3.52 g2
1300.000 8,740 20.96 9.87 6. 13 3.07 1.88 1.36 1,04 200.0 19,2 0:0 14.7 J=37 81.9
1400, 000 4,787 17,07 7.9% 4. 90 2.7 1.580 1.4% 1.16 200.0 104.2 0.0 179 5.96 128.9
Mean: 21,40 11.70 T.23 33 2.39 1.78 1.37 200.0 83.7 0.0 12,2 6.37 91:5
Std. Dev: 3279 2.58 1.64 0,89 0.82 @.52 0,40 0.0 16.5 0.0 4.7 2187 14.9
Var Coefil%): RO 22.05 22.70 23.87 26.00 28.99 79,46 0.0 17.6 0.0 38.6 32.46 BT
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Sed 838
SH Vb e ) 6!’2{/’20"‘3
Hotesed  wfaws dold base o5 composie laryer

TPI  MODULUS  ANALYSIS SYSTEM (SUMMARY REPOKRT)

District: @ MORULT
County 0 Thickness(in) Minimumn

Maximum

Highway/Road: Pavement s 2450 ¢ 229,300
Bage: 11.80 2%,000 2,000, 02D
Subbsse: 0, 0fy
Subgrades 181.495% 15,608
Meaglred Deflsction [(mila) Caloulated Modulil values (ksaiy: Ansolute Dpth to
Station Rl R2 R3 R4 RE R i SURF(ELl) BAST(LZ) SUB3(E3) SUBG{E4) ERR/Sens Bedrzcok
2100 > 0.060 10,034 9.69 6.94 4.78 Z.61 1.538 0. 58 Q.67 229.3 195.8 00 3.8
50.000 1, 677 .75 4.41 2,51 1,58 0.%4 0.71 C.o4 229, 3 309,11 a. 5 )
106, 00 Y, 982 6.4% 4578 3.48 2,12 1.35 1.08 ¢.79 224.3 567,77 o.0 Re] 3
151.000 9,998 10.94 ®.29 6.26 3. 98 2.82 1.96 1.40 229.3 279,72 0.0 s L S
200,000 B, 974 8.0.9 6.30 4,75 3.10 2.13 1.73 1.31 226.3 484 .8 0.0 .4 .61 3D0.0
251, 660 9,934 .17 4.50 2.99 1,88 1.29 1.05 0.82 223.3 334.6 .0 =8 474 300.0
301.000 9,326 7.85 5.58 3.98 2,36 1.50 1.18 0.89 225.3 342.6 0.0 B 8.717 188.8%
350.000 9,883 9.3 G.54 4,44 2. 1.54 1.18 380 2259.3 2235 (of% ] ] 8.60 132.8
400,080 9,854 1k.25 T. 93 5.59 B 2.08 1,685 1423 229.3 205.9 G0 <8 6.0 147.8
431..000 10,0%d 7.2 B ¥ 3.0 z 1081 1.80 1.17 22%.3 616.4 0.0 2 4.64 300.0
601.000 9,834 .50 5.18 3.58 2.1 1.61 1.2 1.05 229.3 284.1 0.6 g 3.9 300.0
551.00G 9,966 729 4,96 3.48 2 1.42 B 0,23 228.3 393.2 0.0 i & 6.2} 20%.3
702,000 9,918 5. T2 4.05 2,496 1 1.42 1. [ 3 T2 0.0 - 5 4.64 300.0
T52.000 9,787 9.87 6.89 4.93 3. 2.06 1.6 1.30 w3 268.7 0.0 T 5.37  249.4
800. 000 9,807 9.69 7.2 5.30 3. 2 2.22 1 1.26 <3 3082 G.0 = 5.25 262.2
§51.000 9,835 9,38 6.7% 4,85 2. 1,84 1. 1,06 o3 269.4 e ¢ -2 6.9% 163.9
50.000 9,648 11.98 2,33 3.61 3.1 .49 1.2 122 3.3 1528 0.0 ) a,13 132.0
950,000 9,688 10.76 7.68 5.42 3. 2.09 1. 1.30 53 216.5 () -8 £.31 179.2
1001 .000 9,775 10.77 Tl L 4,88 2. 1.280 1.5¢ 1.1 3 LY5.3 0.0 o) 5.3% 177.4
1050.0600 9,775 9.05 6.06 4.30 2 1.6Z2 1,23 0.92 - 254.8 .0 7 5.50 165.¢
11a0. 000 9,744 7.8% 5,85 3,86 252 1.41 1.08 .2 =3 306.1 <0 7 7.BT  1&7.1
1150.000 9,823 £./65 4,58 3.3 25 125 (.99 0.64 -3 429.5 .0 ¥ 6,13 1408.7
1201.000 9,867 6.52 4,40 3.09 1 1.26 0,94 0.75 L3 425.8 ] .2 5.14 2384
1251 Q00 G,785b 1.67 4,309 2.73 L l1.14 0,89 0.61 « 3 246.6 2 4.40 248.3
130k.000 4,700 9,20 5.47 3.63 1. 129 1.02 0.81 w3 189.9 .3 G.80 123.3
1360, 000 9,823 6.0 4,12 3,01 2+00 1538 1.11 C.88 s 617 29.0y 3.68  300,0
1401 .000 4,664 8,04 B.32 ¥, TE Z2:33 170 i 32 1102 w3 338.3 23.9 1.34 300.0
Méan: §.51 4,14 2.51 1.63 229.3 340: 1 C.u 24.5 £.33 193.9
std. Dev: 1.74 Q.99 0. 60 0.38 0.0 15C. 6 ¢.0 5.8 2.26 G0
Var Confi(¥): 20.41 23,89 23.96 23.46 (038} 44.3 L] 23.8 35.68 34.3
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TTT MODULUS ANALYSIS SYSTEM (SUMMARY REPORT)

District:0
County :0
Highway/Road:

MODULI RANGE (psi)

Station {lbs)

s 235 = p.000 9,974
100.000 9,712
189.000 10,550
201,000 10,189
300,000 10,884
400,000 9,672
500.000 9,910
600,000 10,479
7T02.000 9,716
800,000 9,763
900.000 9,926
1001.000 9,982
1100.000 10,022
1200.000 10,328
1300.000 9,664
1401.000 10,185
sTh ST =z - o
Mean:
std., Dev:
Var Coeff(%):

Thickneas (in) Mindmurm Maximum Poisson Ratic Values
Pavement: 0.50 Z00,000 200,000 Hl: v = 0.35
Basge: 5.00 25,000 2,000,000 H2: »= 0.25
Subbase: 7.00 10,000 2,000,000 = 0.25
Subgrade: 25,73 15,000 = 0.40
Measured Deflection {mils): Caloulated Moduli values (ksi): Absolute Dpth to
R1 R2 R3 R4 RE R6 R7 SURF(E1l) BASE(EZ2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
18.28 6.91 3.86 1.69 1.05 0.76 0.63 200.0 90.6 52.6 24,7 6.97 63.6
21.80 9.03 4,61 1.94 1.33 1.06 0.87 200.0 894.9 31.8 18,7 8.60 61.7
21.08 g.61 4,91 2.55 1.94 1.44 1.21 200.0 75,2 83,7 18.4 9.04 88.9
23.54 ] 4.48 2.39 1.70 1.39 1.16 200.0 72,8 44,2 18.¢9 10.87 87.3
la.64 7.80 5..00 2480 1.66 1.21 0.96 200.0 188.2 113.6 19:2 3.47 80.7
19:52 10.14 &, 31 3.28 2:19 1.71 1.36 200, 0 80.6 136.0 12.6 512 91.3
17.6% 7.867 5.02 2.81 1.97 1.5% 1.26 200.0 9.4 221.%6 16.9 T20 L22.1
13.30 5,87 3.87 2.1a 1.56 1,23 1.00 200.0 130:7 102.1 24.2 7.61 117.8
16.70 11,00 7,22 3.60 2.12 1,62 1,30 260.0 213.5 114..6 10.2 7.72 82.0
24.31 15.39 9,87 4.70 2.60 2.20 1.:87 200.0 123.6 7.5 7.7 9.96 76.7
16.08 9.54 6.59 3,83 2.67 2.06 L.64 200.0 926.2 450.4 11.0 4.60 15%.0
21.04 12.69 8.20 3.88 2.26 1.58 .17 200.0 145.2 79.5 a9.8 6.086 74,2
18,93 11,10 7,01 3.36 2.15 1,56 e | 200.0 127.86 Lok 11.6 5.41 74.9
15.20 8.71 5,97 327 2.10 1,52 131 200.0 135.1 219.4 L&.3 3:53 L10.7
22,006 11,64 7,48 3.76 2. 23 1.63 1+25 200.0 g2.2 95.5 10.7 4.66 84.0
16.10 9.03 5.65 3:43 2.20 1378 1:.44 200.0 110.8 206.5 14.6 5.06 116:5
18.77 9.62 6.00 3.05 1.98 L.l52 1.21 200.0 115. 4 138.4 15.3 6.5 88
3:31 2:88 1.67 0.81 0.35 0.29 0.0 42.8 103.7 5.2 2.9 20.8
17.64 24.4%6 27.74 26.66 23,30 24.23 0.0 37.1 74.9 34.0 33.64 23.86
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TTI  MODULUS ANALYSIS SYsT fSUMMARY REBGRT)

3 MODULT RANGE (psi)

County :0 Thickness (30} Mindmam Maximum Podlason Ratic Values

Highway/ Read : Pavasmenl: 0.50 200,000 200,000 Hl: & = 0.35

5.00 10,000 2,000,006 H2: v = 0.25

7.00 10,000 2,000,006 H3z: ~ = D.28

85.34 100, Hd: v = 0.40
Load 3 sion (mils): Caloulated Modull values (kei): Apsolute Dpth to
Station (lbs) R1 R2 R3 Re RE R& R7 SURTIEL) BSASE(E2) SURB(E3) sU | BRR/Bens Bedrock

S'I’A— BSQ =2 1.000 10,085 17.31 B 87 3.54 1,65 1.00 0.74 B89 200,09 105.6 £9.2

100,000 9,964 23.3% 9., BE 4.28 z.02 1.43 1,32 0.91 200.8 741 322 B .
200,000 19,204 21.28 9,98 5,29 3.08 2,20 1.73 1 .40 290.0 Bl.8 7.3 . Hwd La& .4
300,000 10,061 13.80 6.39 3.77 2.03 1.42 1.08 0,85 200.0 142.4 106.8 25.0 5.08 100.0
400.000 97724 25.33 11.26 6,69 3.38 2.31 1.80 1.48 200.2 5.5 7843 2.9 6.74 84,3
500.000 9,664 20.86 7.01 4.17 2.61 1.8% 1.46 1.2} 200.¢ 32.6 5352 20.3 10.23 300.0
600.000 9,493 1i7.36 6.13 3.28 2.02 1.49 1.2¢ 1.00 200.0 88.2 709 23.8 14.27 248.4
704,000 9,434 26.80 11.30 6,91 3.48 2.31 1.80 1.44 200.0 44,0 83.4 12.0 1.00 84.6
F98.000 9,346 39.73 14.18 .43 3.63 2.43 1.9z 1,6m1 200.0 23,3 47 1.7 2,45 18.8
01, 000 9,668 25,41 3.56 5, 30 3.29 2,63 1.96 1.57 200,00 24,2 831 .5 14.8 10.0Z 2BO.&
1001.000 9,865 R23I.10 12.38 1. 8! 3.564 2,21 L.64 1.286 200,0 28,5 Fe.T7 11.6 T.23 3.4
1102, 000 9,28 5,31 2,53 1.58 1.18 0,89 200.0 50,7 61.8 LY. B 4.88 F2.8
1200, 000 T.93 5.81 2.93 1.8% 1.35 1,11 200,00 B3.2 174 .7 17.3 6. 19 93,9
1300, 000 9,521 295,49 11.23 6.87 3.20 2.08 1,589 1,26 200.0 57,2 S8.0 13.2 5,B%5 .3
ﬁﬂ' ggz ,'—>1“JOO.UOO 9,62 16. 38 9. 14 5,589 302 2.18 1.74 1.40 200,00 120.8 129.9 14.7 5.29 104.2
Mean: 9.34 5.41 2,83 1.82 1.48 1.19 2u, o &8.C 160.7 17.3 7.49 97 .8
Std. Devs 2.36 1.40 0.64 44 0.36 6] 0.0 36.1 222 .3 B.3 2.569 36.7
Var Coeff(%): 25.25 25,82 22,77 2z.97 74.13 24 0.0 53.0 136.4 30,7 34.82 37 .5
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Jeowssed X leyer

M [BUMMARY R

Tounky
Higlway/Road:

352,
206.
251.
301..
350.
400
450.
500.
550,
6oL,
651
T,
751 .
a0l
a0l

000
ooo
ana
oo
000
Loo
Plely)
000
000
000

000

U0

951 .9
1001 . 200
1651 .00
1301 .6

9, 555

VODULT RANGE (ps

Thileknpss tin) Mi nd mum Mz e Pajssor. Ratio Valuess
Payenent : 2.50 247,400 247,400 5
11,60 100, 600 2,00Q,000 B
b 0, 0o

258,74

Liad tasnieed Deflecl fon bl le (ead) s whe DLl L
L4 ¥ "3 R i ¥ 3 [14e
247.4 3097 a4} 8.9 4,78  300.0
DY 2474 G47.7 G0 A7) ; 00,0
i i 297,49 z28L.7 0.0 .3 208..9
2,609 5. 57 249704 224.8 0.0 1.5 279,11
5,656 4,49 Z47.4 430,86 0,0 21.5 271.3
9,624 6.14 Z17.4 203, 4 0.0 1&.7 16&.
9,813 5,02 247 .4 188,0 0.0 20.5 & 179.7
9,617 5.41 247.4 212.3 0.0 19.6 a 160.4
2. 57% q.793 2474 319,33 .0 27,4 194.1
9,581 4.0z 24704 423,20 0,9 T4.8 A0G.0
9, H6H 399 297004 Gel.l 0,0 i 30,0
9,577 3.25 2497.4 G324 0.0 q0g .0
9,692 .39 247.4 48l .4 0.0 A0
9, 085 4 .49 247.4 280, 1 D1y B9
2,784 3..04 10%0,°7 0,0 HOuy.Q
o, 664 2.5 : 0.7 0,0 4010, 0
2,676 z b, B 0.0 B0, 0
9,656 1.0 <5 .0 206.9
9,632 3.3 .8 0,0 7an.u8
9,672 I 2.0 Q.0 a00.0
9,664 0. .6 0.0 ¢ azg.2
9,664 k.0 .3 0.0 2B.6 5.08 Z63.4
XAl 1 0 0.0 28.%9 5,71 178.2
94,577 i E v
9,593 ka3
4,708 ]
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT] (Version 5.1}

Digtrict:0 MODULT RANGE (psi)
County 0 Thickness({in) Minimum Max i mum Polzson Ratlo Values
Highway/Road: Pavement: : 0.50 200, 000 200,000 Hlz v = 0,35
Base: 5.00 50, 000 1,000,000 H2: v = 0.25
Subbase: 1.00 10, 060 1,000,000 H3: v = 0,25
Subgrada: 96,12 15,000 Hi: v = 0,40
) Load Measured Deflection (mila): Calculated Moduli values (ksi): Absolute Dpth to
Station (1bs) R1 R2 R3 R4 RS R6 R7 SURF(El) BASE(EZ) SUBBIE3) SUBG(E4) ERR/Sens Bedrock
S’h 814 -7 0,000 10,220 12.53 8.20 6,01 3,73 2.64 2,08 1.65 200.0 179.49 513.2 14.0 3.97 289.6
95, 000 10,570 9.60 6.61 4.85 2,94 2.11 1.60 1.31 200.0 318.0 569.1 17.6 4.40 250.1
202.000 10,089 21.50 13.31 8.64 4.36 2.75 2e11 1.68 200.0 188.49 62.9 10.5 5.3 85.8
299,000 10,010 15,87 11,04 T.714 4,20 2.62 1.85% 1.40 200.0 525.6 88.6 10,7 4.48 109.1
399,000 10,137 15.37 9.36 5.04 3.18 2,01 1.50 1.20 200, 0. 250.5 96,9 15.1 3.84  94.6
502,000 10,014 18.46 12.39 8.19 4,04 2.43 1.73 1:33 200.0 443.2 48,1 10.9 5. 68 80.7
604,000 16,097 14.81 10,87 T.78 4,31 2.75 1.95 1.44 200.0 6642 102.9 10.3 4,63 120.3
702.000 10,145 12.52 8.56 5.90 3,38 2.17 1.59 1.18 200.0 410.0 164.3 14,0 3.88 141.8
805, 000 9,958 12.89% 8.57 5.69 2.78 1.61 1.09 0.81 200.0- 682.7 64.3 15.8 4,82 76.8
205,000 5,720 17.15 11.37 7.27 3.69 227 1.66 1.28 200.0 363.9 59.8 11.7 5.03 86.0
1006, 600 9,636 17.28 11,39 T.83 4.05 261 1.96 1.6z 200.0 254.0 91.7 10,9 5,00 99.9
Mear: 15.25 10,15 6.88 3.70 2.36 1.74 1.35 200.0 ige.2 169.2 12.8 4.68 108.6
Std, Dev: 3.31 2,03 1.23 065 0. 36 0.30 025 0.0 176.3 186.9 2.5 0,66 36.4
Var Coeff(%): 21.73 20,01 17,81 14.89 15.33 17.01 18,56 0.0 45.3 110,58 18.% 14,06 3345
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Processed 4 (ayer

District:0

TTT MODULUS ANALYSIE SYSTEM (SUMMARY REPORT) (Version 5.

MODULI RANGE (psai)

County :0 Thickness(ln) Mindmum Maximum Folsson Ratio Valuss
Highway/Road: Pavement: 0.50 200, 000 200,000 Hl: v = 0.35
Base: 5.00 10,000 1,000,000 M2: v= 0,25
HSubbase: T.00 10,000 500, 000 H3: v = 0.25
Bubgrade: 74,96 15,000 H4: v = 0.40
Load Measured Daflection (mils): Calculated Moduli walues (ksi): Absolute Dpth to
Station (1bs) R1 R2 R3 R4 RS RG R7 SURF(EL) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
STABZ& -7 o000 10,117 17.81 10,32 6.75  3.86  2.69 2.07 1.68 200.0 88.7 300.6 11.2 5,00 142.2
95,000 9,986 12.63 7.84 5,13 2.94 2.04 1.65 1.35 200.0 151.0 337.7 15.1 5,15 140.,5
201.000 10,053 22.88 14.53 8.93 4232 2.76 2.12 1.69 200.0 111.1 94.2 4.5 §.01 78.0
300,000 9,760 20.90 12.58 T.93 3.86 235 1.73 1.36 200.0 L14.0 951, 1 9.6 .23 8.3
400,000 9,823 20.42 9.80 6.11 3.01 1...8% L.41 1.13 200.0 83.6 a7y 14.2 5.01 8.6
504.000 9,855 22.96 1z,82 7.55 3.50 2.15 1.61 1.30 200.0 106.1 60,2 10.6 5.76 1.3
606,000 9,899 21.39 12.89 8.63 4.36 2,69 95 1.48 200.0 98.1 132.3 8.9 54,50 846.2
704.000 9,892 14.99 9.81 6.20 3.20 1.98 1.49 1.%8 200.0 174.0 168.3 12.3 6.43 89.0
909.000 a,77% 19.13 11.43 6.94 3.24 2.01 1.52 1.22 200, 0- 132.9 84.6 11.4 6.86 71.6
1010.000 9,628 24,85 11.48 7,38 3, 83 2.48 1.85 1.42 200.0 44,7 118.2 10,5 - e 90.6
Mean 19.81 11 33 A6 3.86] 230 1.74 1038 200.0 110.4 153.9 11.2 5.94 87.5
3td. Dew: 3.1 190 1.18 851 0.34 025 0.19 0.0 36.4 a5.2 2.1 0. 9& 18.2
Var Coaff(%): 19.02 17.40 16.44 14.18 14.57 14.286 13.86 .0 32.5 61.9 191 16,03 20.8
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District:0

County :0 Thickness (in)

Highway/Read: Pavement: 2.50

Base: 12.00

Subbasa: ©.00

Subgrade: 197.64

Load Measured Deflection (mils):
Station [lbs) R1 R2 R3 R4 RS R6& R7

=2 0./000 10,455 6.15 4.70 3.79 2.85 2.13 1.8 1.46
STA’ th 25,000 10,312 5.96 4.64 3.80 2.79 2.09 .77 1.45
51.000 1.0, 300 8.2% G.27 478 3.2% 2.19 1.84 1,43
75.000 10,276 8.26 5.98 4.49 3.04 2.05 1.7 1,32
101.000 10,296 T3 5.48 4.13 2.76 1.83 1.8 1,18
125.000 10,145 8.87 65.62 4.89 3.24 2.19 1.75 1.38
150.000 10,124 9.9§ 7.63 5.74 3.64 2.40 1.94 1.4%
176.000 10,189 233 6. 90 2L 3.41 2.27 1.80 1.40
200.000 10,10L 9.63 7.086 5.35 3.44 2.24 1,75 I 3T
227.000 10,198 6.88 -3 [ 4.00 2.67 1.83 1.58 1.20
251.000 10,343 8.35 6.31 4. 67 2.98 L.86 1.53 1.19
275.000 10,042 8.40 65.563 4.9% 3.24 2.04 1.58 1.19
301.000 10,0086 8.45 6.24 4..65 2.97 1.97 1.53 1.17
326.000 10,0093 8.39 6.46 4.-59 2.81 1.81 1.43 1.11
350.000 10,069 8.57 6.18 4.48 2.732 1.77 1.37 1.07
376.000 10,109 8.13 554 3.9 2.48 1.57 1.22 0.97
401.000 10,065 7.74 5.39 3.82 2.10 1.40 153 g.91
425.000 9,930 8.01 5./99 4.486 2.83 1.93 1.54 1.20
450.000 10,002 8.25 6.26 4.76 3.13 2.08 167 1.24
476,000 9, 998 8.85 6.62 4.87 3.15 2.12 1.67 1.23
500.000 9,938 8.28 ©.17 4,65 3,03 2.00 1.56 1.47
$27.000 9,974 7.57 5.56 4.21 2.77 1.86 1.43 307
550.000 9, 954 7.19 553 4.34 2.9% 1.96 157 1.24
516.000 3,974 7.04 5.48 4.35 2.91 2.02 1.64 .26
599. 000 9,930 6.91 5,17 4.09 2,88 2.01 1.63 L.23
626.000 9,938 7.43 5.82 4.54 3.09 .08 1.64 1.22
651. 000 9,887 8.17 6.35 5.06 3.38 2.24 1.186 1.3
874,000 9,910 7.71 5.88 4.43 2,98 2,01 1.60 1.22
700.000 2,895 7.00 . 5.34 4,02 257 L.72 1.41 1,08
726.000 9,871 6.90 4.92 3.80 2.28 1.58 1.29 1,04
T50.000 9,843 7.27 5.52 4.19 2.7 1.81 1.46 X.13
777.000 9,827 7.85 5.87 4.28 2.56 1.61 Loy Z2 0.87
801.000 9,835 7185 5.36 3.956 2.44 L. 52 1.11 0.81
826.000 9,887 6.72 5.03 3.73 2,28 1.4l 1.07 0.78
849.000 9,914 6.71 5.06 3.97 2.35 1.4l 1.11 0.77
874.000 9,819 6.66 4.69 3.37 2.02 L.22 0.93 0.70
200.000 9,843 6.26 4.77 3.42 2.09 L35 1.05 0,82
925.000 9,855 7.00 5.48 4.05 2.50 1.7 1.36 1.06
450.000 9,875 V.5 5.4'9 4.08 2.63 1.12 1. 37 1.00
975.000 9,843 7.69 5.60 4.11 2.60 1.72 3 37 1.04
1001.000 9,783 8.09 5.99 4.48 2.91 1.96 1.56 1.29
Mean: .73 5.78 4,34 2,81 1.87 1.49 R ]
Std. Dev: 0.92 0.69 0.52 0.38 0.28 0.24 0.20
Var Coeff(%): 11.86 11.88 12.01 13.53 15.0% 16.41 17.83

(SUMMARY REPCRT} (Version 5.1)
MODULY RANGE (psl)
Mindmum Mazximum Polsson Ratio Values
274,900 274,900 Hl: v = 0.35
10,000 2,500,000 HZ2: v = 0.25
H3: v = 0.00
15,000 Hd: v = 0.40
Calecilated Moduli values (ksi): Absolute Dpth to
SURF(ELl) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Badrock
274.9 10592.4 0.0 20.6 3,11 300.0
274.9 1087.7 0.0 20.6 3.76 300.0
274.9 440.8 0.0 19.0 £.27T 284.4
274.9 408.6 0.0 20.4 4.52 2E4.2
274.:9 470.1 0.0 22.B 4.48 221.0
274.9 347.2 0.0 18.9 4.71 289.2
274.9 288.0 0.0 16.6 6.02 211.2
274.9 324.6 0.0 1g.21 4.87 227.5
274.9 289.9 0.0 18.0 5.36 194.1
274.9 568.98 0.0 22.4 5.42 299.4
274.9 361.4 0.0 21.3 6.45 152.0
274.¢8 364.5 0.0 19.2 6.94 160.8
2'14.9 336.1 0.0 20.4 5.36 221.3
2'74.8 311.3 0.0 21.6 7.93 181.4
274.9 286.6 0.0 22.3 6.87 193.3
274.9 288.8 0.0 25.3 5.32 165.2
274.8 279.9 0.0 27.6 8.27 125.1
274,98 372.8 0.0 20.8 5.58 283.1
2749 391.1 0.0 19,3 5.09 224.¢6
274.9 325.7 0.0 19,1 .03 248.2
274.,9 361.0 0.0 20.0 5,04 213.4
274.9 416.5 0.0 22.0 4.29 244.9
274.,9 522.8 0.0 20.4 4.70 251.9
274.9 577.8 0.0 20.0 4.98 300.0
274.9 612.0 0.0 20.4 3.60 300.0
274.9 518.0 0.0 19.2 4.59 250.4
274.9 436.1 0.0 17.6 5.14 220.2
274.9 438.0 0.0 20.0 4,68 284.7
274.9 464.8 0.0 22.9 6.17 238.1
274.9 424.2 0.0 25.7 5.51 300.0
274.9 445.6 0.0 21.8 5.170 198.0
274.9 311.1 0.0 23.4 8.90 159.9
274.9 365.5 0.0 25.2 8.585 153.0
274.9 a01.2 0.0 26.9 B.42 145.6
274.9 4137 0.0 26.5 B8.27 132.0
274.9 349.8 0.0 30,3 8.64 135.1
274.9 444.9 0.0 28.5 .77 184,89
274.9 442.9 0D.0 23.1 6.74 292.2
274.9 356.1 0.0 23.1 4.71 200.1
274,9 357.1 0.0 22.9 5.46 216.9
274.,9 365.7 0.0 20,2 4.94 281,3
274.9 429.6 0.0 21.8 5.76 212.1
0.0 168.7 0.0 3.1 1.51 58.7
0.0 39.3 0.0 14.3 26.26 26.7
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Veraiom 5.1}
District:0 MODULT RANGE {psi ]
County :0 Thickness (in) Mindmum Max dmurmn Polsson Ratio Values
Highway/Road: Pavement ; 0.50 200, 000 200,000 Hl: v = 0.35
Basea: 5.00 1a, 000 500, 000 H2: v = (.25
Subbase: 700 1a, 000 500,000 H3: v = 0.25
Subgrade; 92.00 15,000 Hd: v = 0.40
Load Measured Deflection (mils): Caleulated Moduli values (ksij: Ebsolute Dpth to
Station (1bs) R1 R2 R3 Ré RS R6 R7 SURF(El) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
STh 834‘ <7 0.000 9,819 20.72 12,30 8.385 4.85 322 2.44 1.85 200.0 BE. 8 l91.3 9.9 3.56 164.1
100,000 9,803 16.87 10,10 T.11 4315 2.8 211 1.58 200.0 108.5 Z58.4 11.8 3,17 166.2
200.000 9,994 20.80 10,52 6,38 292 1.75 1.22 0,89 200.0 183.5 35.8 15,3 b.43 69.0
301.000 9,907 16.82 10,65 .66 3.41 2.19 1.63 1.28 200.0 239.7 B2.6 12.8 4.84 87.3
400,000 10,149 18.80 12.39 8,06 3.93 2.37 1.73 1.34 200.0 352.4 554 11.0 6.06 78.4
500,000 9,819 19.01 12,85 8,10 3.89 2,43 1.76 1.37 200.0 370.3 47 .4 10,5 f.44 76.3
601.000 9,744 16.12 11,19 T.43 3.88 2.34 1.71 1433 200.0 454.7 m2s7 10.8 5,42 93.9
703,000 10,673 17.53 12,30 8,50 4,35 2.65 1.97 1.48 200.0 493.4 75.8 10.4 6.32 88.5
801,000 9,791 14.60 9,77 7,01 4.09 2,74 2,04 1.58 200.0 202.,7 233.2 11.4 4.08 165.4
900, 000 9,843 14.58 9.69 6.81 4.06 2.80 2.22 1.84 200.0 165.0 303.6 31,9 4.80 197.1
STA 324 — 1000,000 9,688 21.39 12.85 8,18 4.563 3.01 2,44 1.87 200.0 99,4 112.3 9.9 5.39 120.7
Mean: 17.83 1¥:33 1551 4.01 257 1,93 1.49 200.0 250.5 1335 11.4 5.10 104.5
Std. Dev: 2.41 1.24 0.76 0.52 0.41 0.37 0.30 a.0 144.8 95.4 1.6 0.99 5.0
Var Coeff (%): 13.43 10,895 10.06 12,99 15, 53 19,08 19481 0.0 57,8 1.4 13.6 19,48 33.6
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TTI MODULUS ANALYSIS SYSTEM

District:0

MODULI RANGE (psi)

County :0 Thickness(in) Mindmum MazLmuam Polsson Ralio Values
Highway/Road: Pavemant: : ol 50 200,000 200,000 Hl: v = 0.35
Base: 5,00 10,000 500, 000 H2: v = 0.25
Supbasea: 7.00 10,000 500,000 H3: v = 0.25
Subgrade: 78,686 15,000 Hé: v = 0.40
Load Measured Deflection (mils): Calculated Moduli values (ksi): Rbsolute Dpth to
Station (1bs) K1 R2 R3 R4 RS RG R7 SURF(ELl) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
$ﬂ4 554; =7 0.000 9,815 23.84 12.62 7.93 4,24 2.84 2,23 1.74 200.0 61.0 150.2 9.8 5.05 103.0
100.000 9,871 21.89 10.65 6.77 3,69 2,43 1,85 1,45 200, 0 59,3 1935 1z2.2 4.81 109.9
Z00.000 9,847 21.774 10,58 5.92 2,71 1.61 1.20 0.93 200.0 12l .2 39.5 14.9 4.49 68.7
300.000 9,175  21.44 9.84 5.93 3.04 2.00 1,65 1.26 200.0 T1l.4 88.7 14.5 5.32 87.0
400.000 9,831 17.86 11.43 T.62 3.76 2.32 1.867 1.31 200.0 1932 105.5 L G%2 6.25 B0D.3
500,000 9,798 20.49 12.10 7.61 3. 67 2,23 1.72 1.35% 200,0 123.8 B83.0 10.6 6.52 16.5
600.000 9,760 17.47 11.95 7.65 3.70 2.28 1.64 L3 200.0 2891 82.4 9.8 7.55 77.0
701.000 9,724 21.44 13.03 8.64 4,24 2,55 1.82 1.41 200.0 130.9 87.5 gLl 5.86 80. 4
800.000 9,823 15.46 10.33 28 4.17 2.80 2.09 1.,€38 200,0- 156,4 287.9 9.8 4.79 145.7
900.000 9,810 116.21 10.63 7,30 4.11 2.81 2,22 1.81 200.0 1 3245 292.5 10.0 5.86: 130.8
1001.000 9,712 22.68 13.44 2.35 4.38 2.95 235 1.87 200.0 B2.6 123.8 8.9 .03 96.6
sﬂﬁ‘b‘t Mean: 20.08 11,51 1.36 3.79 2,44 1.85 1.46 200.0 128.2 137.7 10,9 5.68 912
3td. Dev: 2.81 1.20 0.87 0.53 0.41 0.35% 0.28 0.0 7.5 B2.5 2.1 0,90 19.3
Var Coeff(%): 14.0 10.42 11.87 13.86 16.74 18,710 19.10 0.0 523 &0, 19.0 15,91 21.2
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPCRT)

(Version 5.1}

District:0 MODULT RANGE (psi)
County :0 Thickneas [in) Minimum Maximum Poisson Ratio Values
Highway/Road: Pavement: 2.50 267,000 267,000 Hi: v = 0.35
: Base: 12.00 10,000 3,000,000 H2: v = 0,25
Subbasa: 0.00 H3: v = 0,00
Subgrade: 202.10 15,600 H4: v = 0,40
Load Measured Deflection (mils): Caloulated Modull values (ksi): Absclute Dpth to
Station (1hbs) R1 R2 R3 Re R5 R& R7 SURF(El) BASE(EZ2 SUBB(E3) SUBG(E4) ERR/Sens Bedroeck
0.000 9,664 10.02 G.67 4.65 2.91 1.95 1.59 1.23 267.0 204.4 0.0 20.0 5.04 239.4
27.000 9,799 §.856 G.36 4.72 3.03 2.08 1.66 1.30 267.0 311.2 0.0 19.5 4.77 300.0
50.000 8,785 10.24 2.81 4.84 3.08 2.13 1.72 1.28 2670 216.5 0.0 292 4.34 300.0
75.000 9,728 9.84 6.63 4.72 2.97 2.02 1.64 1.2%5 267.0 225.3 0.0 19.7 4.87 274.6
101.000 9,760 B.43 5.7% 4.02 2.54 179 1.45 L. 267.0 282.3 0.0 22:.9 5.03 300.0
125.000 9,676 .49 5.63 372 2.10 X33 1.01 0.74 267.0 203.8 0.0 28.1 8.87 143.8
151.600 9,700 8.69 5. 17 3.26 1.69 Q.97 0.73 .41 267.0 156.9 0.0 35.1 12.84 99.4
175. 000 9,700 B8.50 5,31 3.47 1.83 1.05 0,80 0.64 267.0 175.0 0.0 32.8 12.50 Y05.1
200.000 8,692 9.16 5.59 3.55 1.94 X2 0.95 0.68 267.0: 162.2 0.0 30.3 8.69 121.4
226.000 9,640 9.1 5.83 3.62 E'92 1.16 0.90 0.69 267.0 133.8 0.0 ga.2 10.25 107.2
250.000 9,664 10.26 6.33 3.83 2.02 1.26 1.00 0.78 267.0 131.6 0.0 28.1 10.35 104.¢
275,000 9,680 9.41 6.15 4.05 2.43 1.62 k.34 0.96 267.0 194.7 0.0 23.9 €.44 229.4
300.000 9,664 9.49 6:11 4.16 2185 1.70 L.38 1.07 267.0 200.1 0.0 23.0 5.29 '229.%
325.000 9,859 8.18 5.67 4.08 2.56 1.66 1.35 1.02 267.0 296.3 0.0 23.1 5.42 189.1
350,000 9,740 8.44 6.08 4.20 2,71 1.80 1.43 1.09 267.0 288.2 0.0 22.0 5.10 223.1
377.000 9,783 6.68 6.49 4.72 2.94 1.89 1.52 1.09 267.0 294.8 0.0 20.3 6.78 179.4
400.000 9,680 9.09 ‘6.61 4.860 2,90 1.85 i.44 1.06 267.0 248.2 0.0 20.6 5.67 171.6
425,000 9,724 10.15 7.00 4.92 3.00 L 95 1.48 1.14 267.0 199.8 0.0 9.7 6.68 191.5
452,000 9,815 10.47 7.38 5.28 3.23 214 1.87 1.24 267.0 209.0 0.0 18.3 .09 218.86
475.000 9,740 10.48% T.25 4.98 2.89 1.7¢8 1.39 0.85 267.0 125 0.0 20.6 9.11 145.2
500.000 9,716 10,82 7.61 5.28 2.96 3. 91 1.46 .12 267.0 166.8 0.0 9.5 9.45 142.5
526.000 9,728 10.01 7.29 5.30 3.34 2.13 1L.66 267.0 234.5 0.0 18.0 6.8 17L.3
551.000 92,652 10.72 7.47 B33 3.26 2.09 1.82 267.0 190.4 0.0 14.0 6.79 176.2
575,000 9,684 9.72 6.89 4.83 3.09 292 1.59 267.0 231.1 0.0 19.3 5.14 192.4
600.000 9,700 9.63 6.67 4.79 2.93 1.8% 1.42 267.0 216.5 0.0 20.5 7.25 147.2
626.000 2,819 7.73 5.28 8.58& 213 1.44 .21 267.0 278.2 0.0 27.2 7.13 228.7
651.000 9,656 7.61 6.20 3.72 2:.30 1.59 1.33 267.0 321.9 0.0 25.1 5.93 300.0
676.000 9,877 8.63 6.20 4.60 291 1.80 1.50 267.0 292.1 0.0 20.2 5.38 197.6
701.000 9,529 9,067 6.92 4.90 3.086 1 97 1.85 267.0 263.3 0.0 18.9 7.47 180.%
725.000 9,609 9.27 6.64 4.83 3.03 .98 1.54 267.0 254,3 9.0 19,4 5.82 198.5
749.000 9,581 8.37 5.94 4.30 e o 1.7% 235 267.0 283.7 0.0 2.9 5.78 180.3
776.000 9,676 8.97 6.56 5.08 3.25 Z.15 1.85 267.0 31L.6 0.0 18.3 5.34 216.9
802.000 9,608 8.5 6.24 4.70 3.10 2.00 1.64 267.0 327.6 0.0 19.2 4.95 183.4
825.000 9,557 8.33 6.15 4.81 3.25 2023 1.8% 267.0 402.0 0.0 17.7 4.08 300.0
850,000 9,624 9.76 7.40 5.62 3.74 2. 56 2.05 267.0 310.3 0.0 15.4 4.61 293.4
876.000 9,450 9.80 .48 5.67 3.62 2..53 2.08 267.0 292.9 0.0 15.3 6.13 300.0
900.000 9,617 8.80 6.83 5.24 3.47 2.39 1.94 267.0 351 0.0 16.4 5.18 300.0
926.000 9,601 .94 6.47 5.00 3.20 Zu T 1.70 267.0 3151 0.0 18.2 4.46 267.8
950,000 9,680 8.5 5.49 4,11 2.81 2.03 b0 267.0 379.6 0.0 20.7 3.72 300.0
§75,000 9,620 9.58 6.74 4,92 3.20 2.18 1.78 267.0 264.4 0.9 iB.2 4.68 279.3
1000.0060 9,672 7.70 5.85 4.60 3.8 231 1.87 287.0 526.5 0.0 17.6 3.62 300.0
Mean: 9.19 6.39 4.55 2.82 1.86 149 L.13 267.0 25T.2 0.0 2148 6.45 216.6
Std. Dev: 0.8%6 0.68 0.62 0.50 0.38 0.31 0.26 0.0 79.5 0.0 4.6 2.21 75.6
Var Coeff(%): 9.31 10.65 13.88 17.69 20.22 21.07 23.45 0.0 30.9 0.0 21.5 34.24 36.1
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TPI MODULUS  ANALYSIS SYSTEM  (SUMMARY REPCRT) (Version 5.1)
District:0 MODULI RANGE (psi) )
County :0 Thickness {in) Mi i muts Maxdmum Poispon Ratio Values
Highway/Road: Pavament: 0.50 200,000 200,000 Hl: v = 0,35
Basa: 6.00 25,000 1,200,000 HZ2: w = 0,25
Subbase: 0.00 H3: v = 0.00
Subgrade: 200,74 15,000 Hd: v = 0,40
Load Measured Deflectlon (mils}): Caleculated Moduld wvaluas ({(ksi): Abszclute Dpth to
Station (1bs) R1 R2 R3 R4 RE R& R7 SURF{ELl) BASE(FE2) BSUBB(E3) SUBG(E4) ERR/Sens Bedrock
0. 000 9,132 44.77 26.58 11.54 5.41 3.2% 2.48 2.12 200.0 53.5 0.0 847 14.23 76.8
0. 000 9,207 46.70 2710 11.64 5.45 3.36 2.48 2,13 200.0 49.1 0.0 8.6 14,29 76.6
0.003 9,216 22.52 14.98 8.13 4.99 3.26 2.30 1.BT 200.0 288.2 0.0 8 k- 2P 1.60 186.9
0,006 9,251 21.48 14.31 8.44 5.37 3.58 2.54 2.08 200.0 393.9 0.0 11.7 3.53 2v6.2
0.008 8,993 25.71 16.17 2,41 5,90 3.82 2.T5 2.24 200.0 257.5 0.0 10.3 3.48 180.6
0,011 9,100 18.12 12.09 7.31 4.78 3.25 235 1.8B6 200.0 531.9 0.0 13.0 5.21 247.1
0.014 9,406 17.96 i s R 1 7:206 4.54 3.00 2. k2 1.71 200.0 497.2 0.0 13,8 2.35 196.3
0.017 9,148 18.87 12,44 6.94 4.37 2.88 2.07 1.71 200.0 382.2 0.0 14.0 3.03 192.4
0.020 9,017 23.58 13.05 T.14 4.48 3.03 2.14 1.786 200.0° 168.9 0.0 13:3 5,85 223.8
¢.023 9310 ABLBT 1227 7.63 4,99 3.38 2. 33 1.89 200,0 67,7 0.0 12.6 2.320 202.2
8,025 9,152 16.13 I031 6.80 4,72 3.21 2.29 1.83 200.0 TI7.4 0.0 13.7 796 229.2
0.028 9,283 15.40 11.87 7.64 5.06 3.41 2.43 1,98 200.0 996.5 0.0 12.2 2.86 228:.6
0.031 9,021 23.47 14,24 T BT 4.78 3.20 2.28 1.86 200.0 236.1 0.0 12.4 3.76 220.6
0.033 g,850 34.58 16.42 g.12 4.78 3.08 2,20 1.81 200.0 G6. B 0.0 114 3.82 177.6
0.036 8,937 26.70 16.83 9.29 5.93 3.92 2,71 2.14 200.0 225.1 0.0 10.2 3.60 205.9
0.038 8,870 25.85 16.41 9.78 6.11 3.97 2,73 2.19 200,0 267.8 0.0 a.9 2.80 187.2
0.042 9,025 21.32 14:.18 8.89 5.96 4.07 2.83 2.22 200.0 494.8 0.0 105 5.66 2086.7
0.045 8,882 26.28 17.53 9.89 6.28 4.17 2.97 2.38 200.0 268.8 G.0 9:5 3.08 219.2
0.048 8,894 25.11 15.37 8.63 5.57 3.80 2,717 2,23 200.0 247.2 0.0 10.8 &.13 267.7
0.080 8,985 24.17 16.04 9.22 5.6 3.80 2.67 2.14 200.0 298.9 0.0 1004 2.42 205.7
0.053 8,965 22.49 14.20 B.786 5.81 4,00 z.80 2.18 200.0 396,11 0.0 16.7 6.66 215.9
0.0856 B,941 21.94 13.54 7.98 5.21 3.43 2.41 1.91 200.0 326,85 0.0 11. 8 5.43 1%4.0
0.05% 8,025 '22.02 13.98 B8.02 5.04 3,31 2,31 1.87 200.0 207.8 0.0 hiy2 3.33 192.8
Mean: 24 .41 15.33 8.52 5.27 3.49 2.48 2.00 200.0 362.2 3.0 51 4.92 207.2
Std. Dev T.95 4,07 4.32 0.56 0,38 0.26 0.19 0.0 233.9 0.0 L6 3.36 88.3
Var Coeff(%): 32.57 26,54 15,48 10.67 10.89 10,38 9.69 Q.0 64,6 0.0 ¥3.7 68.36 42.6
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TTI MODULUZ ANALYSIS SYSTEM (SUMMARY REPORT) (Version 3.1)
Distriet:0 MODULI RANGE (psl)
County =0 Thickness(in) Mindmum Max i mum Poisgon Ratic Values
Highway/Road: Pavemenl : Q.50 200,000 200,000 H1: v = 0.35
Base: 6.00 50,000 1,750,000 H2; v = 0.25
HSubbése: 0.00 H3: v = 0.00
Subgrade: 21026 15,000 Hd: v = 0.40
Load Measured Deflection (mils): Caleulated Moduli values (ksi): Absolute Dpth te
Station (1bs) R1 R2 R3 R4 RE R6 R7 SURF(E1) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrack
ﬂk¥71/2?w —>0, 000 2,589 12.98 93k G.40 4.65 329 2.39 1.8¢9 200.0 1684.2 0.0 14.0 $.99 253.2
f ' 0,000 4,664 13.69 le.8l 7.22 4.77 3.07 2.32 1.90 200.0 1293.2 0.0 137 2.35 L862.9
0.003 9,434 17.80 L2.6k 7,31 4.81 3.30 2.36 1.92 200.0 9123 0.0 13,4 4,47 239.0
0.006 9,243 31.97 ¥5:. 55, 8.285 5.09 2.32 2.33 1.89 200.0 85.0 a.0 1k 8 5.66 185.0
0.064 9,549 18.00 13.50 8.50 5,62 .75 2.66 2,11 200.0 77,3 Q.0 32,6 2.46 213.8
0.0%L1 9,446, 17.62 1325 8.70 5.87 3.88 2.7 2,19 200.0 a0 .8 Q.0 11.0 2.58 214.4
0.014 9;354 14.55 1395 8.26 5.88 4.14 2.86 2.15 200.0 1599.48 Q.0 10.7 1.79 192.5
0.017 9,418 19.14 14.19 9.08 6.06 4,03 2.90 2.30 200.0 740.5 0.0 10.7 2.83 210.6
0.020 9,128 17.5% 13.55 8.37 5.67 3.88 2.85 2.22 200.0 828.2 0. 10.9 3.81 265.8
0,023 9,330 18.34 13.76 8.22 5.30 3.69 2.65 2.43 200.0 651.0 0.0 1189 4.12 255.0
0,026 8:311 1515 11.68 7.73 5.42 3.83 2.74 z.1l2 200.0 1278.3 Q.0 11.5 4.01 236.9
0.02¢9 9,267 15.93 11.09 T.27 5.02 3.43 2,44 1,93 200.0 939.9 0.0 12.8 5.65 227.0
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MODULI RANGE{psi)

Eolsson Ratio Values
Hl: v = 0.35
H2: v = 0.25
H3: v = 0,00
Ha: w = 0.40

County :0
Highway/Road: Pavement :
Base:
Bubbase:
Subgrade:
Load Measured Deflection (milsg):

Station (1bs) R1 R2 R3 R4 RS
0,091 8,735 42.39 17.08 8.56 5.08 3.35
0,094 8,882 27.16 13-1% 7.02 4.56 3.186
0.087 9,028 20.78 13.3% 7.57 4.94 3.40
0.100 9,140 18.15 11,37 6.70 4.41 3.009
0.102 9,156 14.85 9.66 5.79 3.94 2.82
0.105 9,0%2 17.71 10.22 6.08 4.08 2.89
0.108 9,017 18.26 2.87 G.11 4.20 3.01
0.111 8,981 17.46 10.02 5.97 4,07 2,94
0.114 8,842 21.54 10.78 6.33 4.34 3.14
0.117 4,766 16.31 11.68 T.60 5.32 3.78
0.120 3,814 20.30 11290 .84 8.52 3.90
0,123 8,945 16.62 12.04 g.11 5,65 4.02
0.126 8,878 17.89 12.87 8.19 5.61 3.91
0.129 8,727 27.76 16.23 9.32 6.12 4.22
0.132 8,715 37.68 20.02 10.83 6.86 4.75
0,135 8,667 35.08 19.94 11.13 6.96 4.66
1,137 8,635 35.83 19.67 10.33 6.57 4.4%
0.141 8,870 27.24 16.73 9.78 6.55 4.47
0.144 8,663 23.60 15.31 9.74 6.67 4.57
0.146 8,937 17.82 13.63 9.19 6.49 4,50
0,149 8,818 22.52 15.46 9.82 6.67 4.61

Mean 23.67 13.85 8.19 5.46 3.79

Std. Dev: 7.98 3.38 L.70 1.06 0.68

Var Coeff(%): 33:72 24.40 20.71 19,41 18,05

Thickness (in) Minimum Max i mum
0,50 200,000 200,000
6.00 25,000 1,200,000
0.00

289.66 15,000
Caloulated Modull walues (ksil):
REG R7 SURF(E1) BASE(EZ2) SUBB(E3)
2.4% £.04 200.0 36.8 0.0
2.32 1.93 z00.0 12z.4 0.0
2.48 2.02 200.0 356.0 0.0
2.24 1.85 200.0 447,06 Q.0
2.10 1.76 200.0 673.1 0.0
2,19 1.87 200.0 414.4 0.0
2,29 1.83 200,0 407.8 0.0
2.24 1,89 200.0 437. 4 0.0
2.3% 1.98 200.0 239:1 0.0
2.78 2.27 200.0 B6l.1 0.0
2.85 2.33 200.0 502.3 0.0
2.94 2.40 200,0 838.3 0.0
2.86 2.32 200.0 107.8 0.0
3.09 2.54 200.0 209,6 0.0
3.49 2.87 200.0 al.z2 0.0
3.43 2.87 200.0 123.4 0.0
3.24 2,67 200.0 98.3 0.0
3.24 2.61 200.0 258.6 G.0
3.35 2.170 200.,0 é21.7 0.0
3.29 2.61 200.0 922.4 4.0
3.26 Z2.60 200.0 485.5% 0.0
z2.78 2,29 200,40 417.1 0.0
0.48 0.37 0.4 2785 0.0
17.08 15.95 0,0 66.0 0.0

Abselute Dpth to
SUBG(EA|) ERR/Sens Bedrock

2.96 30.7
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TTI MORULUS AMALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1)
Distriet:0 MODULL RANGE (pai )
County :0 Thickness(in) Mindmum Maximum Polgson Ratio Valuas
Highway/Road: Pavement 0.50 200,000 200,000 Hi: v = 0.356
Bease: 6.00 500, 000 3,250,000 H2: v = 0.25
Subbase: 0,00 H3: v = 0.00
Subgrade: 274,61 15, 000 Hd: v = (.40
Load Measured Deflection (mils): Calculated Moduli values (ksi): Bhsolute Dpth to
Statilon (1bs) R1 R2 R3 R4 RS RG R7 SURF(E1) BASE(E2) SUBB(E3) SUBG(E4|]) ERR/Sens Bedrock
0.032 2,212 16,08 i1.:29 7.18 4.80 S.22 2.21 1.76 200,0 12645 0.0 14.9 2.95 185.4
0.195 9,323 386.20 11.40 7.19 4.78 3.38 2.44 1.96 200,0 910,1 0.0 13.8 3.23 255.0
0.198 9,223 16.44% 10.78 6.5 4.39 3.12 2.25 1.86 200.0 607.6 0.0 14.9 6.48 248.7
0.201 9,323 15.13 [ 51 7.10 4.87 3.43 2.48 2.00 200.0 963.4 o o) 13.8 3.90 254.5
0.204 9,323 12.09 9.60 5.95 4.20 3.04 2,22 1.81 200.0 1494.3 0.0 15.9 4.68 264.6
0.206 9,398 10.30 7,95 5.40 3.91 2.87 2.1% 1.76 200,0 2169,3 0.0 17 4.63 300.0
0,209 9,323 12.24 B8.856 5.797 4.11 2,93 2.15 1.80 200.0 1411.6 0.0 16. § 5.92 272.8
0.212 9,207 11.09 8.23 5,54 4.01 2.92 2.22 1.87 200.0 1816.8 0.0 16.4 5.58 300.0
0.212 9,263 12.28 7.88 .24 3,93 2.86 2.19 1.83 200.0 1370.8 0.0 17.4 10.19 300.0
0.215 9,736 11.78 8.72 6.00 4.43 3.32 2.47 202 200.0 2031.2 0.0 lE.d 6.10 308.0
0.218 9,732 10.48 8.585 6,20 4,70 3.54 2,67 2.14 200.0 3117%.9 £hl0! 14.j 3.69 300.0
0221 9,267 11.07 8.76 5.57 4.98 3.23 2.50 2.08 200.0 2398.0 0.0 13<d 3.38 164.1
0.224 9,398 10.91 8.98 6.56 5.101 3.75 2.81 2433 200.0 2957, 4 0.0 13.4 3.16 300.0
Mean %2.70 9.32 6,25 4.47 3.20 2.37 1.94 200.0 1690,6 0.0 164 4.91 28,1
Std. Dav: 220 1.31 0. 67 0.41 0.28 0.21 0.17 0.0 Bl4.6 0.0 1.4 2.00 573
Var Coeff(%]: 17.36 14.10 10,72 9.12 0,68 B.98 8.76 0.0 48,2 0.0 §..4 40,67 2.4
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT)
District:0 MODULT RANGE{psi)
County :0 Thickness (in) Minimum Masxdmum
Highway/Road: Pavement : 0.50 200,000 200, 000
Base: 6,00 50,000 3,500, 000
Subbase: 0., 00
Subgrada: 228,28 15,000
Load Measured Deflection (mils): Caleulated Moduli values (ksi):
Station (1bs§ R1 R2 R3 Re R5 RE R7 SURE(E1) BASE(EZ) SUBB(E3) BU
. Lwi G.000 9,380 21.04 16.84 8.80 5:33 3.36 2.36 1.88 200.0 392.4 8.0
¢ 0.00% 9,430 14.97 10.71 697 4,73 3.26 233 1.84 z200.0 1007.9 0.0
iz BIE 0.011 10,435 15.65 11,585 7.46 5.186 3.60 2.58 2.00 200.0 1167.9 0.0
) 0.014 10,050 15.99 11.64 8.08 5,90 .27 3.1 2.37 200.0 1493.3 0.0
0.018 , 9,942 20.8B% 14,93 .87 5,92 3.94 2.66 2.04 200.0 L85 ) 0.0
wof 0.020 9,386 10.%9 9.65 5,07 4,11 2.83 2.05 1.67 200.0 1734.2 0.0
ﬁaghﬁ4 « g 023 9,156 14.00 11.69 6.76 4.32 2.94 2288 1.74 200.0 2.1 0.9
0.025 9,287 12.68 10.35 6.38 4.25 3.00 2,20 1.80 200.0° 1284.8 9.0
(0.028 4 9,330 17.76 11.83 6.72 4,28 2.95 2.08 1.74 200.0 444.6 0.0
0.03¢ 9,624 20.87 14.14 7.45 4.88 3,42 2,59 2.24 200.0 373.2 0.0
i 0.041 9,195 33.83 15.83 .25 5,30 3.46 2,54 2.04 200.0 81.5 0.0
l&y&ﬁ 0.041 9,084 26.35 16,34 B.56 5433 3.58 £2.57 2.08 200.0 186.3 0.0
0.043 9,160 18.80 14.27 B.26 5.26 3.42 2.47 2.4 200.0 8334 0.0
L0045, 9,064 15.94 11.80 7.11 4.61 3,12 2:25 1.81 200.0 cT11.5 0.0
0,049 8,886 31.22 17.43 8.93 5y 477 3.69 2.70 2.23 200.0 2181 0.0
; \“1N£U° 0.052 9,068 15.66 13.88 8,83 5,83 3.93 2.78 2.17 200.0 1085.4 0.0
e 0.055 9,096 19.61 14.33 8.67 5,61 3.8B3 2.78 245 200.0 555.3 0.0
(0.056 ; 9,013 19.894 15,38 925 6.00 3.98 2.B1 2,23 200.0 571.4 0.0
0.060 9,072 18.13 13.77 8.37 5,31 3::33 2,82 25125k 200.0 LEE?TTJ .0
we 0,062 9,028 19.08 14.53 7.42 4,96 3.49 2.50 2.06 200.0 434.8 0.0
AN e 0.064 9,152 12.09 10.11 6.78 4,84 3.48 2.56 -] 200.0 1910,8 0.0
(L 0.064 , 9,100 19.80 12.75 7.78 B33 53.54 2.54 2.01 200.0 £6.5 0.0
0.065 9,450 10.88 9.56 6.41 4.54 3.26 2.35 .81 200.0 2274.2 0.0
e 0.067 9,398 8.15 &, 80 4.72 3.48 2:45 1.86 L 5% 200.0 3378,7 0.0
f“ﬁﬁ el a9 0,069 9,195 B.40 6.80 4,76 3.44 2.48 1.86 1.47 200.0 3058.7 0.0
Mean: 17.71 12.64 T.50 4.97 3:38 2.44 1.96 200.0 1012.9 0.0
Std. Dev: 6.21 2.81 1.24 0.71 .45 0.30 0.23 0.0 872.0 0.0
Var Coeff(%): 35.09 2222 16.56 14.26 EF.23 12,18 11.63 0.0 B86.1 0.0

Pols%on Ratioc Valuesg
Hl: v = 0.35
H2: v = 0.25
13: v = 0.00
Ha: v = 0.40

Absolute Dpth to
BG(E4) ERR/Sens Bedrock

11.B 2.94 153.0
13.8 4.51 233.7
13.9 4.45 235.5
.9 5.82 258.3
11.8 2,91 174.%
15.3 3.72 252.5
14.1 4.35 247.2
14.5 4.35 282.6
14.8 3.77 223.%
13.2 5.47 267.0
11.5| 6.93 184.2
11.2| 3.00 233.7
11.9 2.32 179.8
13.4 3.10 236.8
10.4 3,80 248.7
10.5 2.87 231.4
11.1 2.86 227.0
10.3 2,25 211.4
11,7 2.50 147.0
12.3 6.26 243.1
12.6 3.42 286.0
12.3 6.76 202.3
13.8 3.16 241.7
18.0 3.19 300.0
17.7 3.56  300.0
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TTI MODULUE ANALYSTS BYSTEM (SUMMARY REPORT) {Version 5.1%1)
District:0 MODULT RANGE (psi)
County :0 Thickness(in) Minimum Maximum Polsgon Ratio Values
Highway/Road: Pavemeni : 0,50 208,000 200,000 v. = 0,35
Basze: 65.00 25, 600 2,500,000 v = 0.25
Subkbase: 0.00 H3: v = 0.00
Subgrade: 210,306 15,000 Hd: v = 0.40
Load Measured Deflection (mils): Caleulated Moduli values (ksi): | Absolute Dpth te
Station {1bs) RL R2 R3 K4 RS RE& R7 SURF(EL) BRSE(E2) SUBB(E3) SUBG([E4) ERR/Sens Bedrock
_________________________________________________________________ L D e
0.600 9,728 10.71 10.51 6.84 4.58 3.05 2.18 1.72 200.0 2155.8 0.0 13.8 4.45 202.1
ﬁJa LJﬁL 0.000 9,446 16.27 12.60 7.29 4.64 3.08 25 1.63 200.0 696.9 0.0 13, 3.14 z0o2.8
0.000 9,438 15.80 12.63 7.69 4.86 3.22 2.3 1.8 200.0 847.8 0.0 2.8 2.95 202.2
¢ 0.0004 9,505 27.61 13.90 7.43 4.60 3.3 2.27 1.86 200.0 136.5 0.0 13.23 6.61 252.3
0.000 9,398 13.85 1lL.42 F.33 4.83 3.33 2.33 1.87 200.0 1269.2 0.0 K29 2.83 207.3
. 0.000 9,201 .20.95 14.15 7T.94 4.64 3.08 2.22 1.80 200.0 337.5 0.9 2. .48 2.2
,ftyd“ 0.000 9,318 16.32 12.04 7.06 4,58 3,07 2,20 L.77 200.0 676.9 0.Q 3. 3.8} 217.0
coi _0.000 9,275 13.95 1.73 7.74 4.43 2.76 2.02 1.65 200.0, 9764 0.0 3.8 4.91 143.5
ere 10.000( 9,620 14.84 1a0.06 6.55 4,58 3.2¢ 2..33 1.86 200.8 1089.0 0,0 L4, T.61 238.7
a.000 9,756 13.00 10.75 6.59 4.43 3.09 2.26 1L.83 200.0 1382.4 0.0 14, 4.58 274.8
o 0.000 9,756 13.49 10.02 6,50 4.44 3.06 2,19 GBI Z200.0 1305.7 0.0 14, 4.37 231.8
(PR 0.000 9,569 15.19 12.71 7.89 5.27 3.54 2,45 1.90 200.0 1101.9 0.0 12,1 2.70 185.5
0,000, 9,414 18.59 13,77 8.:23 5.28 3.58 2.58 2.05 200.0 €20.3 Q.0 11, 32.56 247.0
0.000 9,338 17.77 1360 829 5.43 3.81 280 2,24 200,90 T83.4 0.0 11, 4.78 300.0
A 0.000 9,390 20.73 14.73 8.72 5.45 3.88 2.93 2.41 200,0 492.6 G.0 il. 5.54 300.0
T2l olooo 9,168 22.37 15.05  8.17  5.56  3.96  2.90  2.31  200.0  341.5 6.0 11.4 7.10 300.0
o~ (_0.000 , 9,458 18.39 13.66 8.79 5. 73 3.94 2.83: Z.3L 200, 0 798.0 0.0 11, 3.72 257.3
0.000 9,198 21.38 45,92 9. 52 6.00 3.84 2.74 2.24 200.0 479.7% G.0 10. 1.589 1687.4
Loﬂ 0.000 9,124 23,48 4739 10.08 6.30 3.96 2.82 2.39 200, 0 383.3 0.0 8. 1.45 153.7
’13 - (2 0.000 8,993 28.77 16.58 9.33 5.89 3.863 2,61 2.3 200, 0 168.2 0.0 10.58 3.40 138.0
e 0,000 9,148 23.10 14.15 8.28 5.30 3.44 2.46 1.98 200.0 292.2 0.0 11.9 4,54 1T7.6
 0:002, 9,505 18.07 13.94 6.65 4,26 2.89 2433 1.7 200.0 4173 0.0 14.4 5.80 300.0
v €.002 9,470 12.689 9.89 6.59 4.56 322 229 L.82 200.0 1610.3 0.0 13, 3,73 222.6
A G 0,002 9,068 22.42  13.60 Heid 4.60 3.12 2.29 1.85 200.0 243.5 0.0 13.4 5,37 242.8
el Y o.002 9,315 18.22 14.24 8.80 552 3.56 2:48 1.91 200.0 877.9 0.0 ll.% 1.69 17z.8
Mean 18.31 13.15 7.82 5.03 3.38 2.43 1. 95 200.0 771.4 0.0 12.? 4,06 216.8
Std. Dev: 4.64 208 1.00 0.58 0.36 027 0. 23 0.0 496.6 0.0 1,: 1.70 50.0
Var Coeff(%): 25.34 15.28 12.82 11.52 10,80 11.20 21.73 0.0 Gd4.4 0.0 L1 41.80 23.4
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1)
Disteict:D MODULI RANGE (psi)
County :0 Thickness(in) Mindmum Max imum Poiggon Ratio Valuas
Highway/Road: Pavement : 0.50 200,000 200,000 Hi: v = 0.35
Base: 6.00 75,000 3,500,000 H2: v = 0,25
Supbase: 0.00 H3: v = 0.00
Subgrade: 273.46 15,000 Ha: v = 0.40
Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Dpth to
Station  (1lbs) Rl R2 R3 R4 RS RE R7 SURF(E1) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedroc
e 0.000 9,287 10.68 9.90 7.29 5.58 4.03 3.01 2.33 200.0 3262.6 0.0 11.5) 2.10: 300.0
e 0.003 9,243 10.70 9.49 7.02 5.26 3.93 2.90 2.31 200.0 3121.5 0.0 12.0 1.84 288.4
0.006 9,338 10.65 8.91 7.18 5.63 4.33 3.23 2.55 200.0 3465.4 0.0 11.6 3.77  300.0 ¥
Gemse trdm0, 007 9,183 14.12 12.15 10.07 4.88 3.65 2.70 2.22 200.0 1235.9 0.0 11.9 7.62 80.2
\_0.009 , 9,259 13.33 10.10 7.60 5.85 4.22 3.00 2.40 200.0 062.5 0.0 117 4,25 223.0
0.013 9,311 12.23 10.35 7.50 5.47 4,00 2.97 2.41 200.0 2304.0 0.0 11.9 1.82 300,0
ok 0.015 9,148 22.38  15.67 9.23 6.13 4.26 3.02 2.48 200.0 428.1 0.0 10.6 3.91 236.2
Prine Cor 0.018 9,283 17.59 13.3¢  8.81  5.79  4.20  3.11  2.56  200.0 884.6 0.0 A1 .2 3.63 300.0
conk ~70.020 9,140 21.44 15.84 8.37 5.74 4.10 3.00 2.46 200.0 416.5 9.0 1.1 6.05 290.9
acrP 0.022 , 9,104 21.52 14.82  9.13  6.17  4.28  3.15 2,57  200.0 501.9 0:0 10.6 5.10 300.0
oo 9,029 12.00 9.23 6.48 4.78 3.47 2.59 2,12 200.0 1938.9 0.0 13.5 4,14 300.0
“&“Y Micrd 0.029 9,251 10.53 8.70 6.44 4.82 3.52 £.70 2.18 200.0 2934.9 0.0 13.3 2.55 300.0
0.032 9,299 12.32 9.71 6.76 4.98 3.00 2.34 1.97 200.0 1579.4 0.0 14.4 3.48  117.7
\(0.035 4 9,311 10.91 8.37 5.86 4.42 3.31 2.52 2.07 200.0 2426.2 0.0 14.9 5.52 300.0
0. 039 9,279 13.72 9.65 5.05 4.17 2.91 2.06 1.83 200.0 L‘§r3791 0.0 16.1 4.87 214.4
7. day auure 0-041 9,235 13.43 8.81 5.50 3.93 2.87 2.26 1.87 200.0 988.8 0,0 16,9 g.42 300.0
i 1/“ 0.044 9,227 14.91 9.79 6.09 4,22 2,98 2.26 1.91 200.0 778.6 0.0 15.8 7.73 300.0
0.045 ; 9,164 14.68 9.82 5.84 4.00 2.94 2.19 1.89 200.0 731.6 0.0 16.2 7.69  300.0
0.048 9,362 10.47 7.80 5.17 3.73 2.71 1.97 1.86 200.0 1857.2 0:0 18.0 4.96 2492.3
= A iefs 0-050 9,319 8.63 7.54 5.09 3.66 2.66 1.83 1.87 200.0 2768.3 0.0 18..0) 2.22 177.8
a Y p.052 9,185 10.53 8.20 5.59 3.98 2.81 2.13 1.77 200.0 1956.8 0.0 16.5 3.33 300.0
0.064( 9,215 12.85 9.22 5.97 4,17 3.00 2,18 1.81 200.0  (1206.8 4 0.0 157,49 5.29 256.1
0.057 9,064 15.07  10.58 6.47 4.28 2.97 2,01 1.69 200.0 714.,6 0.0 $5. 3 3.64 1989.7
o e 0.089 9,195 10.97 8.55 5.81 4.08 z.91 2,14 1.72 200,0 1810,0 0.0 16.0 3.02 279.6
foxy LJfL 0,060 9,219  9.87 7.80 5.62 4,10 2.90 2.11 L3 200.0 2484.9 0.0 16.2 2.21 252.9
Mean: 13.42  10.18 6.84 4.78 3,44 2.5¢4 2,08 200.0 1712.0 0.0 14./0 4.41 280.0
Std. Dev: 3.74¢ 2,37 1.37 0.79 0.60 0.44 0.33 0.0 951.2 0.0 2.5 2:.05 124.3
Var Coeff(%): 27.86 23.31 20.04 16.60 17.36 17.36 15.64 0.0 55.6 0.0 17.5 16,43 46.7
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TPT MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) {Version 5.1)
District:0 MODULT RANGE(psi)
County :0 Thickness (in) Mind mum Maxlmuam Poisgon Ratio Values
Highway/Road: Pavement.: 0.50 200,000 200,000 fl: v = 0.35
Base: 6.00 100,000 2,250,000 H2: v = '0.25
Subbase: g.00 H3: v = 0.00
Subgrade: 27227 15,000 Ha: v = 0.40
Load Measured Deflection (mils): Calculatad Moduli values (ksi): Bbsolute Dpth to
Station  (lbs) Rl R2 R3 R4 R5 R6G R7 SURF(El}) BASE(REZ2) SUBB(E3) BUBG(E4| ERR/Seéns Bedrock
0.000 9,259 13.24 11.08 §.09 65,04 4.42 3.17 2.45 200.0 2172.7 0.0 10.8 1.43 236.8
ne S (7003 9,275 13.54 10.90  7.80  5.63  4.16  2.94 2,23  200.0  1828.8 0.0 11.6 2.40 216.3
/ ™ 0,006 9,072 17.988  13.10 8.86 6.24 4.82 3.36 2.72 200.0 966.2 0.0 10.4 5.15 300.0
09, 9,033 18,14 13.88 9,14 6.22 4.35 3.08 2.48 200.0 B368.4 0.0 10.5 217 2318
0.013 9,291 13,77  11.48 8.09 5.86 4,22 3.07 2.44 200.0 1793.8 0.0 L LoTE 2671
2 0,015 9,005 21.80 15.18 9,54 G.43 4,43 3.18 2.56 200.0 513.1 0.0 10,1 4.28 260.2
e 0.018 9,112 20.62 14.70 9.17 6.17 4.30 3.18 Z.63 200.0 §76.7 0.0 10.5 4.27 300.0
0.018 9,037 21.42  18.07 8.66 5.94 4.21 3.07 2.46 200.0 4 0.0 10.7 5.60 285.7
\ﬁTEEE'L 9,088 15.44 12.18 .27 5.82 4.21 3.02 2.40 200,0 - 1259.4 0.0 R 2.78 245.1
F H(Fkrd 0,027 9,029 15.84  11.98 7.74 5.30 3.78 2.80 2.28 200.0 970.7 0.0 12.4 3.91  300.0
\ce 0.030 9,033 16.90 11.93 7.37 5.11 3.65 2.77 2.31 200.0 T54.4 0.0 12.6 6.11 300.0
0.033 8,921 15.26 11.08 7.18 4.94 3.44 2.62 2.16 200,0 942.2 0.0 13.0 4.55 300.0
\UTE§§{ 9,076 1B.34 12.63 6.84 4.43 3.23 2.49 2.16 200.0 428.6 0.0 13.8 6.26 300.0
scfe 0,040 9,386 20.82 13.18 7.56 4,94 3.47 2.56 2.1% 200.0 376.9 0.0 13.1 6.15 300.0
7 de( r 0.042 9,064 15.22 10.83 6.36 4,33 3.08 2.37 2,05 200.0 735.2 0.0 14.7 5.97 300.0
10,045  8;993 14.65 10.22 6.52 4.35 3.12 2.28 1.92 00,0 857.9 0.0 14.6 5.33 277.2
0.048 9,168 15.27 10,72 6.26 4.11 2.95 z.18 1.80 260.0 665.3 0.0 15.4 £.32  300.0
ijihﬁn s 0.049 9,172 13.94  10.41 6.50 4.47 3.10 2423 1.85 200.,0 995.3 0.0 14.8 3.31 242.0
,»4’ 0,051 9,211 18.11 10.81 6.43 4.31 2.93 2.22 1.83 200.0 600.9 0.0 15.2 5.61 238.7
0.053¢ 8,961 18.15  1L.58 6,42 4,13 2.89 2.19 1.83 200,0 1386.7, 0.0 14.7 5.72 300.0
0,057 2,941 26.83 14.06 7.10 4.67 3.25 2.37 1.87 200,06 134.5 0.0 12,86 8.05 279.1
it 0,059 8,989 19.25 13.54 7.53 4.75 3.30 z.40 1.93 200.0 408.4 0.0 12.8 3.61 281.2
e aﬁf‘ 0.060 8,581 15.35 11.43 7.48 4,99 3.42 2.44 1.94 00,0 902.5 0.0 12,9 2.12 237.0
Mean: 200.0 850.0 0.0 12, & 4.43 278.8
std, Dev: 0.0 505.6 0.0 1.7 1.74  30.1
Var Coeff{%): 0.0 50,5 0.0 13.8 39.37  11.0
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) {Version 5.1)
District:C MOBULI RANGE (psi)
County :0 Thickness (in) Minimum Maxd mum Pogisgon Ratis Values
Highway/Road: Pavement: 0.50 200,000 200,000 Hl: v = 0.35
Base: 6.00 150, 000 3,250,000 HZ: v = 0.258
Subbase: 0.00 H3: v = 0.00
Subgrade: 227,92 15,000 Ha: v = 0,40
Load Measured Deflection (mils): Calculated Moduli walues (ksi): Absolute Dpth te
Station [1bs) R1 R2 R3 R4 R5 R& R7 SURF(EL) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
o curd -3.000 10,304 14.24 11.4¢8 1.26 4,52 2,98 2,08 1.74 200,0 1069.6 0.0 15.3 1.89 191.4
15.000 10,260 11.31 9,04 6.08 4.17 2.89 2.41 1.70 200.0 1963.8 0.0 16.6 2.56 263.8
34.000 10,395 10.74 8,92 6.71 4,48 3.23 2.39 1.83 200.0 2739.0 0.0 15.4 3.06 289.3
9,934 19.37 13.10 7.87 5.18 3.56 2.52 2.00 200.0 1 542.4( 0.0 13.3 &.12 223.7
73,000 9,875 11.32 9.08 5.93 4.08 2.80 2.04 1.61 200.0 1763.0C 0.0 16.4, 2.75 252.1
Drimi 88.000 9,950 14.19 10.46 6.31 4.07 2.77 2,24 1.70 200.0 928,4 0.0 16.3 4.93 240.3
4 103,000 9,262 13.55 10,34 6.66 4.47 2.88 2.01 1.70 200.0 1164.8 0.0 15.86 1.32 184.7
L 117.000) 9,895 15.00 9.30 5.98 4.13 2.93 2.42 1.71 200.0 824,77, 0.0 17.0 9.61 246.5
. 000 10,081 15.89 11,35 7.15 4.64 3.08 .31 1.91 200.0 873.6 0.0 14.9 3.36 204.1
[dﬂf 154,000 9,541 28.23 13.68 7.94 5.28 3,64 2,68 2.0 200,0 154.7 0.0 12.8 11,39 282.1
o 170.000 9,835 20.89 13,10 7.30 4.63 3..2% 2.32 1,85 200.0 349.0 0.0 14.2 5.21 2271.2
] 1186.000, 9,801 16.77 11.95 7.14 4,64 3.06 2.15 1.74 200.0 657, 6y 0.0 14.8 2.68 190.4
203.000 9,346 24.31 15.60 B.41 5.40 3.58 2.61 2L 200.0 26l.0 0.0 11.7 3.6% 193.3
d 218.000 10,038 17.04 13.05 8.65 5, 87 3.98 z2.70 2.03 200.0 1048.6 0.0 11.8 L.84 175.9
vt rs  233.000 9,930 16.84 12.69  8.21  5.38  3.66  2.63  2.09  200.0 926. 8 0.0 12.6 2.61 249.6
1L.243.000; 9,771 12.18 14,00 8.53 .83 3.89 2.76 2.15 200.0 BIY9. T ¢ 0.0 11.8 3.78 210.5
25%.000 9,875 18.03 12.75 T.74 5.13 3,52 2.60 2,11 200.0 678.2 0.0 13.2 4.80 266.4
J‘“f 270.000 10,030 17.69%9 12,81 T.74 4,95 3.47 2.80 2.02 200.0 697.7 0.0 13.6 4.62 300.0
q; {oa 284 .000 10,248 12.04 9.28 6.03 4.28 3.12 2.24 1.79 200.0 1825.1 0.0 16.1 5,03 230.7
AR 296.000 9,970 15.52 11.29 7.18 4.91 3.34 2,46 1.89 200.0 4.6 0.0 14.1 4.46 239.7
L‘a'ﬂ'.’oﬁéj 10,065 11.01 8.38 5.77 4.06 2.86 2.03 1.57 200.0 2070, 2 0.0 16.9 3.60 213.8
o LIo 323,000 10,240 10.44 7.89 5.06 3.46 2.4% .82 1.48 200.0 1843.7 0.0 19.9 4.99 286.5
v fﬂdh*‘Jﬂ 334,000 10,183 9.07 7.28 4.83 3.46 2.45 1.81 1.45 200.0 2704.4 0.0 19.8 3.81 278.3
Mean: 15.76 31,47 6. 96 4.56 3.19 2.31 1.84 200.0 1164.4 0.0 15.0 4,22 234.4
Std. Dev: 4.56 2.23 1.10 0.67 0.42 0.29 0.21 0.0 731.0 0.0 2.3 2.31 39.5
29.54 19,96 15,81 14.37 13.13 12.43 1.44 0.0 62.8 0. 15.2] 54.69 16.3

Var Coegff(%):
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(SUMMARY REPORT)

Thicknegs (in)

‘7/2iz-/Q53 G% Cemet
District:0
County :0
Highway/Road:
Load Measured Deflection

R1 R2

waf 00000 10,292

. t;.'l‘, A =
(o 0.000 10,320

A G 00n 10,061

(0.000; 10,208

0.000 10,252

Prime. 0.000. 10,316

0.000 10,358
v 11.000, 10,252
44.000 10,880

| D=~ 56.000 10,101
erd 68,000 10,272
\86.000 1 10,087

107.000  ©,899
7P 122.000 10,038

ve? 138,000 10,240
Lz o0 10, 061

Pay 178.000 9,899
micee 192,000 10,050
{ 198.0003 10,145

o 216.000 10,208
g I o 225.000 9,966
Wt Tl 538 000 9,970

12.863 9.48
16.34 12,07
20.77 14.67
22.57 14.94
14.32 11.03
16.80 12.34
17.%6 13.1¢
12.60 10.17
10.67 8.90
11.8% 10.9%
12.00 10.00
19.37 13.60
17.27 13,23
15.72 12.07
19.90 14.50
20.28 15.00
26.66 16,27
14.43 10.97
1352 9,75
11.22 9.58
156.'95 11.00
16.03 12.70

R3

5.86
T.2%
8.03
8.39
6.80
T.28
g.12
6.79
6.15
5.21
6,25
7.88

8.862

8.34
B.86
8.98
B.49
5.89
5.82
6.32
6.50
T.72

Std. Dev:

16.28 12.11
4.08 2.11
25.04 17.42

Calculated Moduli values

-
&

(SRS R

MODULT RANGE (psi)

Mindmun Maximum
200,000 200,000
150,000 3,250,000

15,000

son Ratio Values

Hl: v = 0,35
HZ: v = 0.25
H3: v = 0,00
He: v = 0,40

BASE(E2) SUBB(E3)

(ksi)z

1256.0
T61.3
402.8

[ 343.56

1258.4
707,3
182.9

1942.0

2657, 8

1414.7

1705.6

L4966 ¢

1041.2

15524

.

640.4
210.8
1147.2
1168.5
2163.3
678.6
£65.8

CO000DEPOO0OOODODDOODOOOO
COCOOoCRLODOCOOO0ODI 00

Absolute Dpth to
ERR/Bens Bedrock
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District:0
County :0
Highway/Road:
Lioad
Station (Ibs)
Ao cgrh 15,000
30.000 10,038
45,0 9,918
Lﬁb.ooo 9,847
\ 81,000 9,760
feime 97.000 9,962
10 8,973
125.000 9,831
| D~ 140.000 9,851
ricre 155,000 10,149
{110,000 9,811
196.000 10,087
2 Pay  211.000 10,181
Aterd  226.000 9,858
235, 10,208
262.000 10,121
5/ 264.000 10,149
1%;3;19 275.000 9,346
288.000¢ 10,129
+ ol lfmmfﬁﬁﬁf 9,942
we o 316.000 10,101
ALY 350 b0 9,807
Mean:
3td. Dev:

Var Coeff(%):

Tz

Measured Deflection
59}

R2

& lo
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TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) {(Varsion 5.1)
MODULI RANGE (psi)
Thicknass (in) Minimum Maxlmum Polsson Rakle Values
Pavement: 0.50 200,000 200,000 Hi: v = 0.35
Bage: 6,00 200,000 4,000,000 H2: & = 0.25
Subbaae: 0.00 H3: v = 0.00
Subgrade: 293,98 15,000 1d: v = 0.40
(mila): Calaulated Moduli values (ksi): Abgsolute Dpth te
R3 R4 RE R& R7 SURE(HY) BASE(EZ) SUBB(E3) SUBG(E4} ERR/Sens Bedrock
G.98 Bi.32 3. 93 2.92 238 200.0 3908.5 0.6 13.0 140
T.76 Si.97 4. 57 3.32 2.52 200.0 3410.3 Gt 11.4 3 B2
8.30 6,03 4,48 3.20 2.60 200.0 2058 C.0 £2:.4§ 2.38
8.33 5.78 4.06 2.83 2.30 200,06 11%82.0 0.0 2.3 1.63
9,24 5,491 4,21 3:11 255 200.0 542.4 0.0 11.4 3.94
9012 5.09 4.12 3.08 2.42 200.0 75%1.9 0.0 117 2.08
9.94 G466 4.40 2l 2.58 200,00 3875 0.0 9.7 2.97
B.24 S.48 3,75 2.65 2.0k 200.0 165,77 0.0 12:.8 2.05
6.63 4,86 3.72 2.78 2328 200.0 3134.9 0.0 137 244
6.41 4.80 3.66 2ol a1 200.0 3319.6 0.0 14.5 3. 25
.16 4,38 3.33 2.52 2.06 200,0 3164.3 0.0 15: 3 4.06 300.0
6.14 4,31 3.19 2,31 1.96 200,0 LTTEFTE"j 0.0 1%.4 4.94  300.0
.74 4,04 2.93 22 1.90 200,0 1393.8 0.0 17.9 6.19 300.0Q
5.87 4.14 2.95 2.28 1:91 200. 0D 11124 0.0 7 7.28 300.0
L2 4.17 2.98 22l 1,93 200,0 855.5 0.0 7.6 7.61 300.0
5.20 3,78 2.72 2.02 1.74 200.0 1637.9 0.6 183 610 291.7
4.83 3.59 2.60 1.489 1.65 200.0 2988.7 0.0 20.0 4.28 300.0
5.41 3.91 2.82 2.10 1.78 200,0 2394.4 0.0 18.0 3.49 300.0
43 4,52 3.15 2;29 1.88 200.0 Pile] 0.0 16.3 3.68 255.7
JB2 4.44 3.13 2,22 1.80 200,0 1391.,7 0.0 16. 0| 2.34 218.0
5,63 4.12 3.06 2,24 1.73 200.0 2922.9 0.0 1%l 3.07 262.0
T2 4.33 3.23 2.34 1.87 200,0 3636.6 0.0 157 2.28 24L.1
83 4.84 3.50 2.51 2.09 200.0 2038.3 0.0 14,9 3.60 280.3
1.45 0.88 0.61 0.42 0.31 0.0 1158.,9 0.0 2.9 O 35.7
21.20 18.15 17.49 16.39 14,63 0.0 56.9 0.0 1a.4 50.20 13.3
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TPI  MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1)
Disteict: 0 MODULI RANGE (psi)
County :0 - Thickness(in) Minlmuom Mazximumn Polgson Ratio Values
Highway/Road: Pavement: 0.50 200, 000 200,000 Hl: +» = 0,35
Base: 6.00 150,000 4,000,000 H2: v = 0,25
Subbase: 0.00 H3: v = 0,00
Subgrade: 243,15 18,000 Hi: v = 0,40
Load Measured Deflection (mils): Calculated Moduli walues (ksl): ARbsolute Dpth to
Station {lhbs) R1 R2 R3 R4 RS R6& R7 SURF(El) BASE(EZ) SUBB{E3) SUBG(E4|| ERR/Sens Bedrock
/Lk? bJﬁg 0.00Q 10,224 13.06 10.80 7. 91 5.91 4.22 3.03 2.36 200.0 2449.0 0.0 11.9 1.51 234.7
15.000 9,903 32.56 10.57 T 87 5.51 3.91 2.83 2.37 200.0 150,0 0.0 1347 22,76 252.6 *
20.000 10,030 L16.76 13.14 8.9% 6.26 4,81 3,30 2.57 200.0 1345.5 0.0 Ll 70 3.,92: 240.56
45,000, 10,121 17.85 13.72 8.94 6.01 4.1 2.93 2.39 200.0 949,64 0.0 11,8 2.06 237.6
66.000 10,042 14.00 11.37 7.94 §.59 4.00 2.92 2.37 200.0 17683.6 0.0 L2 2.34 273.3
. 81.000 9,831 20.20 14.89 9,58 6,58 4.52 3.18 2.55 200.0 758.7 00 10.6 3:45 219.6
Pr”*4~ 95. 000 9,573 22.04 15.89 9.66 €.25 4.28 3.00 2.48 200.0 499,.9 0.0 10.86 2.64: 221.4
110.000 10,038 15.68 12.63 8.22 5.99 4.17 3.08 2.45 200.0 . p1371.8s 0.0 11:8 3049 2772
—IZ5. 000 10,042 18.34 13.8% 8.96 6.00 4.19 3.01 2.38 200.0 894.2 0.0 11.8 3.2k 252.2
( jﬂdvf 135. 000 10,185 13.54 10.97 7.9% 5.76 4.17 2.99 2.41 200.0 2150.7 0.0 12,1 2.35 234.8
s D 151.000 10,157 11.98 10.07 6. 98 5.05 3.70 2.72 2.26 200.0 2394.0 0.0 13.5 3.065 279.5
166.000 9,756 17.40 11.94 7.23 5.08 3.70 2.67 2..8 200.0 L755.8 ¢ 0.0 13.56 7.600 247.4
105. 0G0 9,942 16.45 LL.JED 7.04 4.74 3.34 2.45 2.07 200.0 765.5 0.0 14.5 4.99 283.7
—Z-E)GV 2¢8.000 9,827 16.30 13.39 B.24 5,46 3.74 2.867 2.18 200.0 962.2 0.0 12.4 2.94 239.0
~ oD 222.000 10,236 14.15 10.31 6.70 4.606 3.3L 2.41 2.02 200.9 1286.7 0.0 15,3 5.14 2860.8
¥ ngg‘ﬂﬂﬂ_l 9,881 12.28 9,37 6.23 4.34 3.15 2.33 1.95 200.0 1690.0 0.0 15.6 4,79 294.4
248.000 9,851 13.05 9.34¢ 5.97 4,17 3.02 2.22 1.78 200.0 1203.7 0.0 16.4 6.40 277.8
2 Py 261.000 10,030 11.06 B.61 5.70 4.06 2.87 z.09 1.73 200.0 1961.3 0.0 T 3.65 254.4
o 272.000 9,875 141.89 9.14 5.94 4,10 z.91 2.185 1:77 200.0 1608.,5 0.0 16.5 415 300.0
i L%Eﬁ;ﬂ&&) 9,767 14.43 11.02 6.65 4.22 3.01 b 1.83 Z00.0 911.8 0.0 5.5 4.18 300.0
295.000 9,589 16.96 12.08 7.02 4,34 2.89 2.11 1.73 200:0 543.6 0.0 15.0 2.27 207.6
e{'ﬁJ¢ 304.000 9,752 12.86 a.70 6.15 4.22 2,99 2.15 1.7% 200.0 1298, 0 a.0 16.0 437 2378
i:;‘“&J@ 318.000 8,763 13.18 10.31 6.89 4.89 3.42 2.43 1.98 200,0 1568.3 o 14.0 272 218.9
Mean: 15.8L 11,52 7.50 5.18 3.66 2,64 2.16 200.,0 1278.4 0.0 13:6 4.5 249.7
Std. Dav: ¢.59 1.94 1.18 0.82 0.87 0.39 0.29 0.0 610.1 0.0 2.0 4. 23 26.4
0.0 47,7 0.0 15.0 93.67 10,4

Var Coeff(%): 28.84 16.80C 15.78 15.758 15.58 14.67 13.48
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TTI MORULUS ANALYSIS SYSTEM (SUMMARY REPORT) (Version 5.1)

District:0 MODULI RANGE (psi)
County :0 Thickness(in) Minimum Maxdimum Poigson Ratic Values
Highway/Road: Pavement : Q.50 200,000 200,000 Hli: v = (.38
Base: 6,00 150,000 4,500,000 HZ: v = 0.25
Subbase: 0.00 _ H3: v = 0.00
Subgrade: 22171 15,000 Hd: v = 0.40
Load Measured Deflection (mils): Calculated Moduli values (ksi): Absolute Dpth to
tation {1lbs) R1 R2 R3 R4 R5 R6 R7 SURF(El) BASE(EZ) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
0.000 10,701 14.65 11.385 7.18 4.63 2.96 2.08 1.66 200.0 1064.5 ﬁal_ Q.0 15.% .41 185.7
18.000 10,411 11.863 9,86 6.38 4,40 3.04 2.13 1.72 200,0 1914,1 ¥ 0.0 15.89 2.66 200.1
3z.000 10,081 15.16 10.86 7.15 4,99 3.41 2.40 1.83 200,0 1161.8 0.0 14. 4.87 208.3
48,000 10,336 14.77 1L, 87 8.50 6,20 4,43 2.32 1.89 200.0 1658.4 0.0 1%, 5.80 95.7
74,000 19,125 10.11 8.54 5.60 3.75% 2.59 1.87 1.52 200.0 2121.9 e 0.0 17.¢ 2.98 24z2.0
89.000 9,644 22.89 12.21 6.63 4.17 2.78 1.99 1.62 200.0 205.2 P(' 0.0 6. 6.14 206.5
106.000 9,942 12.24 10.00 6.62 41,59, 3.06 2,07 1.60 200,0 1648.82 0.0 14. 1.21 168.3
119.000 10,026 12.11 9.67 6.14 4,15 2.89 2.10 1.69 200,0+ [1555.5 ¢ 0.0 16.1 3.64 256.6
147,000 10,087 21.63 13.87 6.37 4.13 2.96 2.2Q 1.83 200.0 2854.6 \ﬂowﬁ 0.0 15.4 6.49 275.8
162.000 9,899 16.70 12.06 7.30 4.78 3.26 237 1.91 200.0 51,0 0.0 141 4.06 249.9
179.000 9,863 19.64 12.37 6.76 4,30 2.98 2.18 1.78 200,0 362.8 0.0 15 5.15 28BL.5
192.000 10,030 13.60 10.30 6.58 4,38 2.99 2,18 1.72 200.0 1223.2 4 0.0 5. 3.38 245.9
208.000 9,414 21.50 13.94 T2 4.72 3.30 2.41 2,01 200,0 320.3 4wa 0.0 13.1 3.97 262.86
219.000 9,871 19.61 12.13 7043 5.24 3.38 2.62 1.98 200.0 491.0 0.0 3.8 9.03 162.6
231.000 9,970 15.94 11.65 Tl3 4.66 3.1% 2,31 1.8 200.0 830.5 0.0 14.ﬂ 3.70 230.0
244,000 9,664 16.54 1z.57 boari ) 5.04 3.50 2,55 2.086 200.0 v B824.5 4 0.0 13.0 5.06 270.1
261.000 9,851 16.54 11.70 7.08 4.81 3439 2.45 1,97 200.0 798.1 -Ewﬂ 0.0 14 5.97 252.0
272.000 10,018 16.07 11.22 6.77 4.39 .11 2.27 1.86 200.0 T49.0 7 0.0 18 501 2738
285.000 10,006 10,11 8.256 5.28 3.80 2.82 2wil 1.672 200.0 2424.4 0.0 17.1 5.85 300.0
297.000 8,692 14,26 10.26 6.50 4.44 3,02 2,15 .74 200.0 11044.3[ 0.0 15.1 4,62 223.8
313,000 9,918 9.44 7.37 5.35 3.81 272 1.98 1.64 200,0 2943‘0rh§hx 0,0 17.2 2.37 252.1
327.000 10,332 7.77 6.26 4.32 3.17 2,48 1.72 1.47 200.0 4100.1 A 0.0 20.9 5.26 177.86
335.000 10,4867 8.01 6.37 4,35 313 2.28 1.7 1.39 200.0 3572.1 LJ 0.0 21.8 4.67 300.0
Mean: 14.82 10.63 6.54 4.42 3.07 2.18 1.76 200.0 1382.1 0.0 15.9 4,56 228.2
Std. Dev: 4.32 z2.12 1.01 0.66 0.43 0.24 0.18 0.0 1052.5 .0 2.3 1.73 74 .1
Var Coeff(%): 29.13 19.%0 15.50 15.04 13.87 10.83 10.01 0.0 785.6 2.0 14.7 37.98 32.6
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TTI MCDULUS ANALYSIS SYSTEM (SUMMARY REPORT)

{(Version 5.1)

District:0 MODULT RANCGE (psi)
County 30 Thickness(in) Minimum Ma x jmum Poispgon Ratio Values
Highway/Road: Pavemsnt: 0.50 200,000 206,000 Hl: v = 0.35
Basa: 5.00 150,000 4,500,000 H2: v = 0.25
Subbase: 0.00 H3: v = 0.00
Subgrada: 201.84 15,000 Hi: v = 0.40
Load Measured Deflection (mils): Caleulated Modull values (ksi): Bbsolute Dpth to
Station (lbs) R1 R2 R3 Rd R5 R6 R7 SURF(El) BASE(E2) BSUBEB(E3) SUBG(E4]) ERR/Bens Bedrock
47.000 10,554 12.11 9.48 6.30 4.22 2.81 2.01 1.59 200.0 1714.8 bo e.0 16.4 2.16 198.0
47,000 10,403 20.87 1745 6.41 d4.04 2.70 1.99 1.61 200.0 274.4 h"{ 0.0 15.2 8.84 61.9
47.000 10,943 12.14 10.24 6.74 4.58 2.08 2.21 Y02 200.0 1659.8 c.0 157 282 2319.2
47,000 10,363 21.97 15.06 3.71 5.3E = e 2.33 1..92 200.0 (387.34 c.o 132 1.08 128.0
47,000 10,480 15.51 i 1) T2 4.68 3. 17 2.26 1.81 200.0 969.5 pgw& 0.0 14.6 4.18 230.2
47,000 10,92 I5.15 1.88 7.00 4.33 2,87 2.08 1.68 200.0 9¢43.8 c.0 X6 3.95 189.6
47.000 10,582 16.57 i 8.53 5.24 2.62 2.03 1.69 200.0 799.0 0.0 14.2 Vi Bl .5
47,000 11,087 1114 9.46 6:63 4.83 359 2.50 1.99 200.0 310 0.0 14.3 3.25 190.4
47.000 10,530 11.04 8.93 6.23 4.30 2.86 2.¥2 1.62 200.0 2317.0 idp1 0.0 16.0 2.40 194.8
47.000 10,637 12.94 9.87 6.30 4,19 2587 2,09 L.70 200,0 1461.4 6.0 16.5 4.06 249.8
47.000 10,375 12.72 1G.74 691 4.70 3:18 2.2% 1.72 206.0 1689.2 0.0 14.4 2.60 193.4
60.000 10,518 15.09 1136 T.14 4.76 32 2437 1.88 200.0 1148.2 0.0 14.5 4.20 228.2
79.000 10,399 15.55 12.26 T.2% 4.82 3.486 2.53 2:81 206.0 T079.9 TJA"T 0.0 13.7 6.11 277.4
78.000 10,669 15.11 11.35 T.70 5.45 3.81 2.82 2.17 200.0 1617.5 - 0.0 12.8 5.11 300.0
84.000 10,943 16.84 12.72 T.76 5.18 3. 52 2:88 2.10 200.0 997.2 Q.0 13.9 4,47 238.8
97,000 10,427 16.06 12.32 7.96 5.43 3.70 2.69 2.14 200.0 L 1218.8 C.0 12.6 3.81 245.8
111.000 10,522 2A7.27 12.85 B8.06 5.30 3.43 Z o5k Z.08 200.0 892.1 3_5n7 0.0 13.3 2.84 168.0
124,000 10,355 24.06 15.16 8.03 4.78 3.19 Z2.28 1.85 200.0 287.7 0.0 13.8§ 1.80 202.0
138.000 10,618 14.81 10.80 6.78 4.59 2.99 223 1.79 200.0 111i.6 0.0 15. 5 d.48 ARL.3
149,000 10,669 13.56 4,57 5.9% 4.02 2.76 2.0% 1.65 200.0 11179;2[ 2.0 17T 6.29 2BL.3
163.000 10,324 11.02 9.00 6.04 4,20 2,97 2.55 1.71 200.0 2293.7 NJQT 0.0 15,7 3.55 245.9
175,000 10,272 13.97 10.80 6.75 4.55 3.0 2.18 1.77 200.0 1265.8 I~ 0.0 14.8 3.63 207.3
183,000 10,304 13,17 10,73 7,07 4.74 3.30 2.30 1.81 200.0 1635.1 0.0 14.0 2.77 198.0
Mean: 15.20 11.62 .11 BT 8.15 2.28 1.83 200.0 1305.2 0.0 14.% 3.98 208.3
Std. Dev: 3.38 2.13 B0L78 0.45 0.32 0..23 0.47 6.0 668.0 0.0 1, 1.80 106.1
Var Coeff(%): 22.22 18.37 1%.10 9.48 10.23 10.12 9.46 0.0 51.2 0.0 8

.3 45,26  50.9
4

1

1

1
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TT MODULUS ANALYSIS SYSTEM {SUMMARY REBORT) {(Varsion 5.1)
District:0 MODULT RANGE (psi)
County :0 Thickness [in) Mindmum Maximum Poigpgon Ratio Values
Highway/Road: Pavemant : 0.50 200, 000 200,000 Hl: v = 0.3§%
Bage: 6.00 1%0, 000 4,500,000 H2: w = D.ZE5
Subbase: 0.00 H3: v = 0.00
Subgrade: 275.814 15,000 H4: v = 0.40
Load Measured Deflection (mils): Caleulated Modulil values (ksi): Apsolute Dpth to
Station (1bs) R1 R2 R3 R4 RE R& R7 SURF{El) BASE(EZ) SUBB(E2) SUBG(Edb ERR/Sene Bedrack
0.000 10,455 15.86 12.5 8.90 6,49 4,66 3.36 2.57 200.0 1672.8 0.0 11.6 2.43 247.7
19.000 10,697 10.68  10.31 7.11 5.31 3.96 2.80 2.24 200.0 3328.9 e 0.0 12.9 2,94 208.%
34.000 10,614 10.03 9.00 F.24 5.865 4,34 3.33 2.76 200.0 3921.4 0.0 13,1 5.24 300.0 *
49,000 10,542 12.56 10.28 7..51 5.74 4.22 3,19 2.47 200.0 (2805.3 ] 0.0 12.49 2.83 300.0
£4.000 10,8638 13.76 11.80 8.02 5.71 4.07 3.086 2.48 200,0 . L Sl 0.0 13.4 2,12 300.0
75.000 10,328 2%.17 15.36 9,32 6.17 4.11 2.986 2.43 200.0 560.5 Ph 0.0 11.8 2.28 212.1
88.0600 10,220 16.74 13.02 B8.62 5,98 4.28 3.08 2.50 200.0 1166.1 0.0 1252 2.89 249.0
103.000 10,204 24.39 17.65 9.11 5.83 3.86 2,93 2.44 200,0 330.7 0.0 117 3.63 179.7
126.000 10,582 16.48 12.47 8.156 5.47 3.72 2.66 2.1% 200,0 1018, 9 da 0,0 14,0 1.71 236.9
141,000 9,986 11.37 8.75 6.56 4.94 3.68 2,72 2.17 200.0 2817.8 l 1 0.0 14.2 4.01 360.0
156.000 10,423 9.57 .03 6.12 4.69 3.61 2.74 2.2% 200.0 4381.1 0.0 14.9 2.99% 300.0
173.000 10,355 982 7.66 5.76 4.36 3.38 2.48 2.08 200.0 |3963.3; 0.0 16.2 3.91 283.1
194.000 10,371 11.74 8.30 5.58 4.11 3.01 2.29 1.90 200.0 892.3'13&1 0.0 18,2 7.01 300.0
208.000 10,463 13.23 8.91 5.64 4,02 2.93 2..20 1.87 200.0 1223.2 a.0 18.8 8.06 200.0
220,000 10,284 13.11 8.93 5.56 3.78 2.91 2.16 1.88 200.0 1136.6 0.0 18.9 8.49 300.0
232.000 10,220 13.62 8.94 5.63 3.83 2.87 2.19 1.858 200.0 |1041.1] a.0 18.7 8.51 300.0
249,000 10,292 11.29 8.00 5.12 3.76 2.70 2.00 1.69 200.0 1663.3 &M Q.0 19,9 6.82 283.8
262,000 10,304 8.53 7.13 4.94 3.61 2.87 1.72 1. 5% 200.0 317741 3 1 0.0 205 2.18 135.8
272.000 10,312 10.02 7,57 5.18 3.69 2.68 2.07 1.72 200.0 237L.1 0.0 L7 5.04 300.0
2719.000 10,385 10.57 8.24 5.54 3.87 2.97 2.22 1.96 200.0 2319.8 0.0 18,2 4.90 300.8
285,000 9,880 13.22 10.19 6.58 4.54 3.25 2,41 1.93 200.0 [ 1382.4¢ 0.0 15,8 3.72 300.0
300,060 10,141 13.26 10.086 6.61 4,46 3,18 2,23 1.80 200.0 1325 ~3} 0.0C 16,2 2.83 199.8
308,000 g,926 10.12 7.95 5.47 2.95 2.89 2,17 1.75 200,0 2447. 9 ﬁw:& 0.0 L77 4.00 300.C
318,000 16,083 11.43 8.47 5,69 4.11 2.94 2,20 1.75 200.0 1860.,0 o 0.0 17.7 4.90 300.0
Mean: 13.01 9,97 6.66 4.77 3.45 2.56 2.09 200.0 2075.8: 0.0 158 4.32 282.3
Std. Daw: 3.5 2.61 L. 38 0.92 0.62 0.46 0.34 0.0 1100.6 0.0 2.9 2.09 66.2
Var Coeff(%): 28.79 26.20 20.73 19,28 17.82 18.04 16.14 0.0 53.0 0.0 18.4 48.34 24.8
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District:Q
County 0
Highway/Ro

ad:

MODULI RANGE(psi)

Thickness{in} Mindmum Maximum Bols
Pavement : 0.50 200,000 200,000 |
Base: 6,00 150,000 4,500,000
Subbase: 0.00
Subgrade: 258.74 14,000

Caleulated Modull values (ksl):

SUBEG (E4

67.000

80.000

43,000
107.000
128,000
137.000
149.000
164.000
178,000
197.000
208,000
220.000
232,000
252,000
265.000
277,000
287.000
301.000
314,000
323.000

10,276
10,514
10,320
10,042
10,399
2,938
10,117
9,887
10,240
10,161
10,228
9,898
10,602
10,189
9,708
9,942
9,470
9,990
10,018
10,212
9,799
9,720
10,026
10,002

Medar:
Std., Dev:
Var Coeff(

¥

K7 SURF(EL) BASE(ER) SUBB(E3)
2.35  200.0  3514.7 0.0
2.28 200.0 3872.0 M® 0.0
2.54 200.0 1994.2 ¢HL 0.0
2.4z 200.0 [1333,7 0.0
2.26  200.0 L?igﬁfghi 6.0
2.39  200.0 366.9 Pt 0.0
2.46  200.0  1047.1 0.0
2.42  200,0  {1075.8 0.0
218 200.0 ﬁi—'ﬁ'i? = 0.0
2.19  200.0  2830.1 0.0
200 2000 1957.4 9% olo
1.93  200.0  1722.9 0.0
2.03  200,0 [_1954.0 4 0.0
1.98  200.0 14B7.3 0.0
2.02  200.0 62247 duy 00
1.86  200.0  1509.2 T dof 0.0
1.80 200.0 | 1603.5 0.0
1.62  200.0 LIEEETB 0.0
1.57  200.0  2623.4 0.0
1.63  200.0 1923.0’34“7 0.0
1.67  200.0 | 1316.2 0.0
1.61  200.0 i1z.4 0.0
1.63  200.0 zvza.a"cﬁt’ 0.0
1.72 200.0 2290.6 J 5.0
2.03  200.0  1832.0 0.0
0.32 0.0 #79.2 6.0
15.78 0.0 8.0 0.0

{Version 5.1)
son Ratic Values
Hl: v = 0.35
H2: v = 0.25
H3: v = 0,00
14: v = 0.40

Absolute Dpth to
) ERR/Sens Bedrock
2.16 272.0
2.63 256.4
2.84 275.7
3.49 251.86
1.51 2957
5.25 237.7
3.49 258.7
2:85 2337
2:41 2373
1.88 281.9
4.45 272.0
2.73: 212.8
3.99 2851.3
4.18 300.0
5.82 293.8
5.57 300.0
6.98 300.0
6.37 300.0
3.80, 248.7
4.64 300.0
3.08 300.0
5.33 199.0
3.48 236.8
2.40 202.1
3.78 265.2
1.51 34.3
39.94 12.9
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TTI  MCODULUS ANALYSIS SV"’I‘DM {SUNMAI\Y REPOI{T) t\r‘ersmn 5.1}
District:0 MODULT 'RANGE (psi)
County 30 Thickness [ in) Minimum Mazx it Poigpon Ratio Values
Highway/Read: Pavement: 0.50 200,000 200,000 Hl: v = 0.35
Basga: 6. 00 100,000 3,500,000 12: v = 0.25
Subbase: 0,00 13: v = 0.00
Subgrade: 203.19 15,0080 [d: v = 0.40
Load Measured Deflecticn (mils): Saleulated Modull values (ksi): Absolute Dpth to
Station { Lba) K1 Rr2 R3 T RS RG R7 SURK(EL) PBASE(EZ] SUBH(E3) SUBG(EL) BERR/Sens Bedrock
0,000 10,340 13.93 1%.34 T.39 q4.68 3.11 2.17 L:7%2 200.0 1294.5 0.0
0.002 ;0,141 18.63 14.9% 9.87 6.03 3.66 2.42 1.83 200.0 T76.0 2 0.0
0.006 10,328 16.00 L2.28 8.09 5.43 3.¢68 2.48 1.86 200.0 11732 w 0.0
0.008 9,215 16.46 13.80 9.08 6.26 4.29 3.08 2.34 200.0° L1253.4) 0.0
0.014 10,264 11.15 9.%5 6.18 4.16 2.89 2,05 1.60 200.0 2082.6 m&.O.U
0.016 10,069 20,06 13.80 7.98 4.85 3.22 2,33 183 200,0 436.1 fW\ 0.0
0.020 1@; 173 13.77 10,97 7.24 4.83 3.38 2:33 1./85 200.0 1508.2 0.0
0,023 10,149 14.46 9.858 6. 25 4.26 3.00 2.7 1.76 200.0 L&Qﬁgﬁgi 0.0
0.02% 9,887 16.96 L1i.06 6.76 4.42 3.06 2:34 1.92 200.0 €25.8 ‘éﬁﬁ 0.0
0.031 10,042 19.52 12.02 6.87 4.57 3,15 2.30 183 200,40 421.3 0.0
0,034 4,787  19.58 11 .42 6,20 4.01 2.80 2.09 1.74 200.0 318.8 0.0
0,036 9,946 12.53 9. 72 .44 4.30 2,98 217 172 200,09 1586 0.0
0.03% 9,871 185.70 1L.04 7.04 4,76 3.31 2,39 1 9% 200.0 989.1.1AM* 0.0
0,042 9,978 14.94 11.96 7.53 4.89 3s21 223 L6 200.0 1079.2 0.0
0.044 9,748 18.58 13.7% 8.75% 5,72 381 2,70 202 2000 174.8 0.0
0.0486 9,719 20.36 14.84 9.11 5.89 3.89 2.68 2.08 200.0 LB0L.3§ 0.0
0.049 9,918 17.23 13.65 2.560 5.27 331 2,56 2.14 200.0 807.6 a.0
0,052 9,398 20.08 13.62 8.1z .13 3.35 2,30 1.88 200.0 438,8 ﬂéhq 0.0
0, 054 10,244 12.09 10.086 6.62 4,42 2.892 Z2.08 1:58 200.0 1705.4 0.0
0.056 10,427 13.32 10.89 j Eic) 4,85 3.28 2.18 b | 200.0 3y lﬁ?ﬁ;ﬁ‘ 0.0
0.0560 10,189 11.43 9. 54 6.82 4.82 3.39 2.32 1.73 200.0 486.4 0.0
0,061 8,815 8.78 8.41 6,00 4.23 2.99 2.11 1.63 200.0 2935.0"’~)e"c 0.0
0,063 D,922 Q.14 7,60 5.32 3.71 2,63 1.96 1.53 200.0 3015.5 W 0.0
Mazn: 15.47 11.54 7.36 4,85 3.27 2.32 1.83 200.00 1258.6 0,0
Std. Dev: dud T 2.03 1.14 0.867 0.39 0.26 0,20 0.0 2.8 Q.0
VaL Loefi(%j 22.42 17.56 15.4% 13,77 11.482 10.99 10.69 0.0 61 .4 0.0
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TTL  MODULUS

ANALYSIS SYSTEM (SUMMARY REPORT)

Pavement, :
Base:

Subbasze:
Subgrade:

(mils)e
R4

Distriet:0
County :0
Highway/Road:
Load Mezsured Deflection
Station {1l Rr1 rR2 R3
-0.001 11,289 17.76  13.48 8.62
0.002 10,300 25.62 le.s4  10.52
0.006 10,486 20.92 16.04 9.78
0.010 10,542 22.67 16.87 10.24
0.014 10,633 17.88 14.08 8.87
0,016 10,566 31.33  14.45 9.08
¢.019 10,212 18.61 15.22 9.63
0.022 10,590 12.01  10.04 7.09
0.027 10,284 11.51 9.93 6.88
0.030 10,208 14.08  11.20 7.39
0,033 16,280 13.26 11.9% 1,95
0,036 10,403 16.33 12.70 8.16
0,038 10,276 16.91 12,57 §.28
0, 041 10,200 14.63  11.56 7081
0.044 9,708 20.52 16.38  10.09
0.046 9,875 21.22 15.80 49.96
0.049 10,316 1B.73  14.30 9.24
0051 10,360 20.62 15.26 8,79
0.054 10,455 13,72 11:.02 .02
0.086 10,077 13.20  10.81 6.77
0.059 {0,248 12.01 10.09 Tl 116
0. 061 9,656 19.00 14.74 9.43
0.063 9,978 17.19 12.57 189
Mean: 17.81 13.46 8.55
Std. Dewv: 47T 2,44 1.18
Var Coeff[%): 26.76  18.10  13.83

10.86  10.03

MODULT RANGE (psi)
Thickness(in) Mindmum Masximum Pois
0.5%0 200, 000 200, 600
6. 00 100, 000 3,500,000
0.00
161,90 5,000
Caleulated Modull values (ksi):
RG RT SURF(EL) BASE(E2) SUBB(E3) SUBG(E4
2.33 1.77 200.0 1032.3 4O 0.0
2,61 1.0 200.0 358.7 gk 0.0
2,45 1.88 200.0 €53.0 ¢.0
3.00  2.34 200.0 ) 0.0
2.64 2,07 200.0  1093.8 0.0
2.37 1.86 200.0 153.2 prime 0.0
2.43 1.83 200..0 898.7 0.0
2.52 2.01 200.0 | 2716.7¢ 0.0
2.03 1.68 2000 72474 0.0
224 1.74  z00.0  1838.6 V9T glg
2.22 1.78 200.0 1754.7 0.0
2.50 1.93 200.0 1235,9 ¢ 0.0
2,62 2.07 200.0 LTEEETE—d 0.0
2.70  2.15  200.0  1795.5 LAY 0.0
2,67 2.23  200.0 620. 9 0.0
2.97 2.29 200.0  \271.3/ 0.0
2.53 2.07 200.0 933, 5 0.0
2,44 1.95 200,0 528.4 % h¥1 0.0
2,24 1.82 200.0 1583, 8 0.0
2,15 1.65 200.0 \1536.5; (0.0
2,32 1,73 200.0 2428.7 o4 0.0
2.33 1.80  200.0 165.9 WS .o
2.13 1.790 200.0 gz4.1 e oo
2,45 1.02 200.0 1190.5 0.0
0.25 0.20 0.0 56%. 9 0.0
1010 10.3% 0.0 b6.2 0.0

Hzr v =
H3: vo= 0.00
v o=

(Version 5,1)

ton Ratle Values
Hl: v = 0,35
6425

14 3 0,40

#Absolute Dpth to
ERR/Sene Bedrock
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District:0

ANALYSIS SYSTEM (SUMMARY REFORT)

MODULI RANGE (psi)

County :0 Thickness (in) Mindmum Max imum Poig
Hilghway/Road: Pavement : 0.50 200,000 200,000
Bage: 6,00 500,000 6,000,000
Subbase: 0.00
Subgrade: 251.73 15,000
Load Maasured Deflection (mils): Caloulated Modull values (ksil):
Station {lbs) R1 R2 R3 R4 RS Ré& RrR7 SURF(R1) BASE[EZ2) SUBB(E3) SUBG(E4
0,042 9,414 15.42 12.52 9.06 8.67 5.04 3.73 3.00 200.0 1872.1 N@ 0.0 9.6
0.045 10,141 10.82% 10.33 8.34 6.54 4.78 3,14 2.59 200,0 4293.7 C§ﬁL 0.0 10:4
0.049 10,109 11.7¢ 1%.39 9.23 T.43 5.72 4.10 F.01 200.0 5002.5 0.0 8.4
0..052 10,014 14.09 12.09 8,98 6.48 4,69 3.30 255 200.0 L 2145.21 0.0 10,7
0.056 9,406 14.29 12.05 8.29 5.85 4.11 2.89 2.34 200,0 1533.¢4 dmb 0.0 11.4
0.061 9,648 16.33 13.14 8.85 6,09 4.31 3.08 2.48 200.0 1203.5 P 0.0 11.1
0,064 9,807 20.73 15.50 9.786 6.35 4.49 3.26 zZ.67 200.0 L_Qﬁg;g_l 0.0 10.6
0,087 1¢,'07% 13.40 10.68 7.41 5.17 .71 Z.68 2.17 200.0 1715.3 0.0 1L 3,
0.070 10,268 8.73 8.38 6.582 4,93 3.61 2.43 2.05 200.0 4861.9 ‘dnr 0.0 14,0
.03 10,399 8.69 7 .57 5.74 4.49 2.85 2.28 1.92 200.0 4225.0 Q0 15.6
0.076 9,958 #.38 7.35 5,47 4.29 3..39 2.56 2.08 200.0  1.5630.04 0 a0 14.5
0.080 10,2986 9.04 7.786 5.70 4.16 3.08 2.28 1,87 200.0 37987.8 0.0 18.7
0.083 10,157 10.486 8.00 5.34 3.87 2.87 2.15 1.83 200.0 2239.3 L4 0.0 18.2
Q.085 10,061 11.50 8,37 5,87 3.758 2.81 2.11 118 20000 1671,9 0.0 182
0.088 9,998 L1.13% 8.32 5.58 3.96 2,85 2,08 1.69 2000 LlBr8.5 ¢ 0.0 177
0.091 10,069 .54 6,80 4,68 3.37 2.45 1,89 1.61 200.0 3019.2 0.0 20.6
0,093 10, 216 8.45% 65.786 4.98 3.54 2.47 1.94 l.&0 200.0 3385.1'34“ﬂ 0.0 20.0
0.0%6 10,488 10,486 7.67 5.47 4.00 2.92 2.13 1.74 200:0 2616.3 0.0 179
0.09%8 10,193 10.43 8.63 H,02 4.21 3.01 2.24 1.85 200.0 |2453.7 ] 0.0 16.8
0.100 19,087 12.15 9. 79 .61 4.33 3.22 2.30 1.83 2000 1736.4 c 0.0 15./5
0.102 9,85% 9.33 703 5.85 4.34 3.25 2,37 1.81 200.0 3681.6°}L 0.0 15.2
0, 104 9,938 9.14 8.17 6.21 4.61 341 2,46 1.95 200.0 4140.3 Cdﬁ' 0.0 14.4
Mean: 41.50 9,51 5.80 4.95 3.59 2,61 2.11 200,10 2899.4 0.G 14.6|
Std. Dev: 3.04 2.38 1.81 1.20 0,90 0.60 0,43 0.0 1378.9 0.0 35
Var Coeff(%): 29 .31 25,00 23.88 24,22 25.06 22.8% 20.41 0.0 47.6 a.o 24,2

(Versicn B.1)

gon Ratloe Values
= 0.35
= 0,25
=: 0,00
= .40

=
<

J ERR/8ens Bedrock

| 3,89 300.0

| 4:46 147.8
2075 225.2
1,03 R2l12:4

2.23 241.2
2.88 277.0
2:76: 249.7
3:31 16L.06
3.35 142.7
3.52 200.0
2.41 286.3
5.9%: 300,

6.47 300.0
1.84 286B.4
4.59 300.0
3.71L 283.8
4.88 254.1
2.57 300.0

.43 228.1
2.46 285:1
1.35 23%:0
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TTI MODULUS ANALYSLS SYSTEM (SUMMARY REPORT) {Version 5,1)
Pistriet: D MODULI RANGE (psi)
Colnky =0 Thickness (in) Mirdmum Mz dmum Polgaen Ratle Values
Highway/Road: Favement: 0.50 200,000 200,000 Hlzs v = 0.35
Base: 6.00 500,000 6,000,000 HZ: v = 0.25
Subbase: 0.00 H3: v = 0.00
Subgrade: 236.94 15,000 Hd: v = 0,40
Load Medsured Deflection (wils): Calculated Modulld values (ksi): Absolute Dpth to
Statlon {1lbs) R R2 R3 R4 RE R& R7 SURF(E1] BASE(EZ) SUBB(E3) SUBG(I4) ERR/Sens Bedrock
0,036 10,208 12.63 10,72 5.74 4,31 3.146 Z2.48 200.0 2'105.9 0.0 ll.d 2.39 280,44
0.032 10,063 17.17 13.46 6.54 4,58 3.18 2.45 200.0 1271.0 )0 0.0 10.] 1.800 201.4
Q.028 10,014 20.47 13.4% 5.989 .28 3207 2,47 200.,0 875.2 CJA/ 0.0 11 .9 8.53 242.8
@.azq 10,081 15.67 12.80 6.39 4.5%9 3.29 2. 57 200.0 1616.8 0.0 10.9 2,60 240.8
0.025 10,260 13.01 11.40 5. 08 4.15 2.99 2.37 200.0 2244.5 0.0 12.1 Z.d4B 2447
0,023 9,756 15.085 11 .57 5.952 3. 983 2.83 2.30 200.0 1379.9 S 0.0 12.% 3,69 247.7
0,020 9,815 21.16  15.30 6.70 4.62 3,20 2.55 200.0 690.9 PV 0.0 10,3 3,71 201.4
0.017 10,068 18.89 14 .67 6,54 4,56 3,25 2.53 z00,0 958, 0 0,0 10.7 2.81 238.4
0.015 10,085 16,25 13. 80 6.66 4.686 J.24 2.54 200.0- |l452.0 i 0.0 10,5 1.4% 202.3
0.010 10,038 11.62 9,73 5.36 3.%6 2.88 2,31 200.0 8945.5 &“A 0.0 12,8 249 25%4.6
0007 2,022 13.76 10.78 5.08 e 13 2.717 249 200.0 1608,0 4 0,0 13.4 6,03 289.4
0,005 10,026 11,48 9,84 4.75 3.45 2.52 1.96 200.0 2264.8 0,0 144 3.2% 26M.6
0.002 9,883 10.43 9,74 5.49 3 B 2.64 2.13 200.0 3220.9 0.0 12 .4 3,93 168.6
-0.002 9,875 12.53  10.24 4.28 3.19 2,42 2.00 200.0 '?Tﬂ—'zm 0.0 15. 7 5.45  300.0
-0.004 10,065 15.43 LL.07 4.70 3.26 2.45 2,04 200.0 97.2.3 1 Q.0 14.49 5.01 288.2
-0.,0086 9,907 lLz2.19 9.63 4.31 3.02 2.27 1.69 2Q0.,'0 1599.4 C.0 16.7 3.65 300.0
=0, 009 9,831 13.32 §.71 4,02 3.02 2.24 1.86 200,0 127¢.8 0.0 16,7 8,93 300.0
=0.012 9,883 40.56 8.20 3.88 2.85 2,08 1.70 200.0 2111.9 Ly 0.0 173 4.65 280.5
-0, 014 9,903 9593, 8.28 3.88 2.48 1.86 1.61 200.0 2088.,7 ,g&@1 0.0 18,0 z2.64 159.0
=0.016 9,807 10.1% 7.9 3.81 2,79 2,05 1.67 200.0 2277.4 0.0 17.4 4,63 272.1
=0.01e 10,00 11.67 9.50 3.98 2.74 2.08 1.71 200.0 1543.8 0.0 16,4 3.62 2B4.5
-0,022 9,664 15.23 L1458 4.26 2.94 2,13 1.2 200.0 741.5 Gﬂk 0.0 15,4 4,30 255.7
=0,025 9,950 18,93 13.80 5.87 3.90 2.67 1.98 200.0 724.3 LJAL 0.0 12.( 2,47 1B&.d
Meari: 14.24 | I SRR NN BL1Y 3.68 Z2.66 2.3 200.0 1647.1 0.0 13 3.93 243.4
Std. Dev: 3.34 214 1.02 Q.71 0,46 0.33 0.0 129.6 U.0 2,4 1.8 49,5
Var Coeff(%): 23.44 19.30 19.56 19.35 17,31 15.43 0.0 44.3 0.0 18,4 48,60 19.8
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District: MODULI RANGE (psi)
County = Thickness (in) Mindmum Maximum Poisson Ratio Values
Highway/Road: Pavement : 0.50 200,000 200,000 Hl: v = 0.38
Base: 6.00 250,000 4,500,000 H2: v = 0.25
Subbase: 0.00 H3: v = 0.00
Subgrade: 161.64 (by DB) 15,000 H4: v = 0.40
Load Measured Deflection (mils): Calculated Moduli wvalues (ksi): Absolute Dpth to
Station (1lbs) R1 R2 R3 R4 RS R& R7 SURF(ELl) BASE(E2) SUBB(E3) SUBG(E4) ERR/Sens Bedrock
5.000 9,815 16.75% 13.41 8.52 5.82 3.53 2.32 1.88 200.0 1020.7 0.0 10.8 1.96 156.5
(Tﬁ 25,000 8,806 23.09 17.78 10.865 6.62 4.11 2.58 2.11 200.0 466.4 0.0 8.3 1.26 143.0
41.000 9,386 18.75 14.19 B8.56 5.29 3.41 2.20 1.88 200.0 646.9 0.0 10.8 2.49 149.1
7.000 9,271 21.02 16.48 9,92 5.96 3.81 2.68 2.10 200.0 574.8 0.0 8.3 3.49 162.9
83.000 9,752 15.37 13,02 8.61 5.83 3.82 2.80 1.92 200.0 1404.0 0.0 10.2 1.72 '152.7
w.q 28.000 9,390 14.95 12.65 8.05 5.22 3.43 2.30 1.77 200.0 1220.9 0.0 10.7 2.96 169.6
Pﬁﬂalll.OOO 9,942 16.75 12.97 8.32 5.39 3.57 2.27 1.69 200.0 1034.1 0.0 .2 2.47 139.2
_127.000 8,414 13.15 10.94 7.34 5.06 3.82 2.44 1.90 200.0 1824.2 0.0 11.0 3.50 193.8
150.000 8,981 11.23 8.27 6.45 4.49 3.12 2.12 1.70 200.0 2185.6 0.0 11.9 2.58 173.0
167.000 9,279 11.12 9.70 6.89 4.80 3.29 2.22 1.7 200.0 2431.3 0.0 11..5 1.70 168.1
la’ﬂ 182.000 9,390 10.18 9.03 6.51 4.63 3.25 2.24 1.73 200.0 3013.9 0.0 1.8 2.07 183.8
195.000 10,300 11.30 10.32 7.50 §.33 3.70 2.50 1..92 200.0 3001.1 0.0 11.4 1.85 168.0
~Z13.000 9,682 13.26 11.386 7.95 5.70 3.97 2.66 2.04 200.0 2164.7 0.0 10.1 1.89 163.6
225.000 10,447 11.20 9.72 7.04 5.15 3.59 2.41 1,94 200.0 3100.6 .0 Te.1 1.24 161.1
1LA“1 237.000 8,723 14.54 12.50 8.56 5.97 4.00 2.69 2.186 200.0 1547.2 0.0 8.8 1.76 171.4
1 250.000 9,509 22.04 12.01 8.20 5.68 3.82 2.67 2.04 200.0 367.0 0.0 12,2 14.15 179.1
265.000 8,795 13.65 11.61 7.98 5.56 3.91 2.861 1.97 200.0 1967.6 0.0 10.4 2.53 182.1
278.000 9,311 14.09 11.66 7.89 5.25 3.44 2.27 1.74 200.0 1457.0 0.0 10.7 1.43 157.4
291.000 ‘8,901 10.54 9.10 6.46 4.54 3.15 2.11 1.68 200.0 2498.4 0.0 11..6 1.64 162.2
_305.000 9,998 10.57 8.89 6.30 4.45 3.11 2.13 1.60 200.0 2B36.4 0.0 13.3 2.28 176.7
321.000 8,905 10.52 8.10 6.44 4.49 3.14 2.11 1.60 200.0 2488.8 0.0 11,7 1.93 164.6
un:;& 330.000 8,727 14.99 11.83 7.57 5.07 2.83 1.92 1,63 200.,0 941.9 0.0 1.1 2.79 97.8
¢ —341.000 8,731 15.01 12.09 7.33 4.75 3.10 2.03 1.59 200.0 945.8 0.0 11,1 3.32 153.7
4195.000 9,521 18B.46 1l4.48 8.97 5.82 3.63 2.28 1.56 200.0 785.0 0.0 10.2 1.48 136.2
&‘1 4208.000 9,350 16.63 13.13 8.09 5.70 3.89 2.60 1.94 200.0 1128.0 0.0 10.0 4.90 163.7
4 4228.000 9,883 13.76 11.51 T.77 5.31 3.70 2.47 1.85 200.0 1g01.1 0.0 11.0 2.85 162.3
_4246.000 10,061 14.10 12.21 8.45% 6.00 4.19 2.77 2.10 200.0 2045.0 0.0 10.0 2.08 155.7
4272.000 10,208 12.92 10.91 7 .22 4.90 3.27 2.20 1.78 200.0 1839.8 0.0 12,5 2.44 166.1
2 4287.000 10,097 19.33 14.56 8.26 5.18 3.43 2.33 1.81 200.0 609.8 0.0 11.8 4.89 180.4
Pfi 4299.000 9,863 15.32 11l.46 T.16 4.84 3.38 2.32 1.74 200.0 1203.2 0.0 12.2 6.28 192.1
_4313.000 9,756 21.00 13.82 7.57 4.67 2.96 2.00 1.59 200.0 348.6 0.0 13.2 2.22 152.6
4344.000 9,732 13.98 10.50 .80 4.77 3.36 2.34 1./9% 200.0 1566.9 0.0 12.2 6.52 185.2
4360.000 9,914 18.75 13.19 7.69 5.14 3.52 2.41 1.94 200.0 670.2 0.0 12.0 7.48 183.0
\Lﬂ 4377.000 9,974 18.17 11.87 6.46 4.27 2,94 2.13 1.70 200.0 456.6 0.0 15.2 8.64 254.8
—4390.000 10,256 11.67 9.98 6.75 4.74 3.32 2.26 1.71 200.0 2425.9 0.0 12,7 3.07 172.5
4405.000 9,640 14.25 11.87 7.40 4,98 3.41 2.24 1.80 200.0 1409.5 0.0 11.6 3.61 152.8
4417,000 9,863 18.13 12.32 6.93 4.86 3. 46 2.37 1.88 200.0 627.1 0.0 13.0 10.66 179.0
4426.000 9,525 10.96 9.46 6.99 5.24 3.72 2.53 1.96 200.0 3182.3 0.0 10.8 1.35 170.8
440.000 9,807 11.19 9.66 6.92 5.07 3.56 2.47 1.91 200.0 2953.8 0.0 11.6 2.02 189.0
4457.000 10,304 11.25 g2.70 6.74 4.78 3.35 2,16 1.88 200.0 2649.4 0.0 12.8 1.89 138.5
4472.000 10,260 13.81 11.23 7.08 4.90 3.29 2.2%9 1.81 200.0 1604.0 0.0 12.6 4.28 195.0
ZJ“T 4484.000 10,181 9.02 7.65 5.36 4.02 2.94 2.11 1.68 200.0 4034.1 0.0 14.7 4,27 224.4
_44%85.000 10,010 11.56 9.84 6.95 5.10 3.87 2.41 1.86 200.0 2747.3 0.0 11.7 2.08 165.2
4512.000 8,897 10.70 9.54 6.96 5.14 3.68 2.87 2.02 200.0 3035.7 0.0 10.1 2.01L 197.9 *
FQBY 4525.000 9,811 10.61 8.69 5.93 4,24 2.93 2.07 1.867 200.0 2596.1 0.0 13.7 3.66 208.0
4536,000 9,851 12.08 10.18 6.75 4.72 3.18 2.19 1.75 200.0 2046.9 0.0 42,5 2.81 183.6
Mean: 14.39 11.45 7.48 5.11 3.48 2.34 1.83 200.0 1758.8 0.0 138 3.36 168.1
Std. Dev: 2.585 2.09 1.00 0.53 0.33 0.21 0.16 0.0 941.2 0.0 1.4 2.57 26.1
Var Coeff(%): 24.67 18.22 13.37 10.43 9.61 6.89 §.64 0.0 53.5 0.0 12.0 76.60 15.8
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District: MODULI RANGE (psi)
County Thickness (in) Minimum Maximum Poisson Ratio Values
Highway/Road: Pavement: 0.50 200,000 200,000 Hi: v = 0.38
Base: 6. 00 500, 000 7,500,000 HZ: v = 0.25
Subbase: 0.00 H3: v = 0.00
Subgrade: 215.22(by DB) 15,000 H4: v = 0.40
Load Measured Deflection (mlls): Caleculated Moduli walues (ksi): Absolute Dpth to
Station (1bs) R1 R2 R3 R4 RS R6 R7 SURF(E1) BASE(E2) SUBB({E3) SUBG(E4) ERR/Sens Bedrock
0.005 9,620 12.28 1110 8.24 6.24 4.67 3.30 2.83 200.0 3084.9 0.0 9.7 1.77 212.7
s 0.008 9,215 12.57 10.89 8.07 5.83 3.98 2.93 2.41 200.0 2237.6 0.0 10.86 1.717 250.1
cufe 7] 0.011 9,068 18.02 14.18 9,57 6.54 4.53 3.26 2.68 200.0 1007.0 0.0 9.3 2.75 £63.2
.014 9,088 16.52 13.23 8.99 6.18 4.48 3.12 2.49 200.0 1204.6 6.0 3.8 3.25 206.8
0.018 6,207 14.03 11775 §.34 5,87 4.23 3.01 2.40 200.0 1758.7 0.0 10.4 2.39 231L.3
0.021 9,068 16.45 14.16 9.43 6.47 4.486 3.12 2.53 200.0 1186.5 0.0 9.4 2.31 214.7
a? F"*Nl 0.023 9,636 19.52 1557 9.81 6.49 4.48 3.16 2,70 200.0 B812.5 0.0 99 3.02 229.0
E} 0.026 9,223 17.48 13.70 9.19 6.28 4.39 3.07 2.54 200.0 1044.5 2.0 9.9 2.76 212.8
‘L 0.031 9,803 11.51 g.98 7.27 5.30 4.03 2.86 2,33 200.0 2951.3 0.0 2.7 2.91 217.7
h Jde~t 0.033 9,583 11.20 9.74 7.06 5.14 3.84 2.76 2,28 200,0 2879.8 0.0 11.9 2.73 237.1
6 Cﬁkk 0.035 9,060 11.14 9.34 6.65 4.84 3.57 2.61 2.20 200.0 2500.5 0.0 12.1 3.43 269.4
0.037 9,871 10.34 9.16 6.35 4.66 3.45 2.43 2.02 200.0 2973.1 0.0 13,7 3.29 204.1
0.042 9,990 12.32 10.03 6.39 4.41 3.22 2.38 1.95 200.0 1691.4 0.0 14.8 5.22 265.4
7Lé*ﬂ 0.044 16,169 16.75 13,99 6.59 4,54 3.23 2.30 1.91 200.0 £55.1 0.0 15.4 6.92 222.86
Py 0.046 9,283 1l..32 9.70 6.68 4.70 3.40 2.38 1.91 200.0 2134.2 0.0 13.0 2.91 201:6
0.049 8,736 9.55 8.30 5.78 4.21 2.96 2.20 1,90 200.0 2980.5 0.0 15.3 3.28 298.9
0.052 8,905 10.83 8.69 5.82 4.13 2.94 2,07 1.70 200.0 1884.3 0.0 14.5 3.53 205.8
A 0.055 9,533 8.71 8.27 .78 4.13 2497 2,05 1.67 200.0 2684.0 0.0 15.3 2.37 182.6
% “1 0.057 9,005 11.086 8.79 5.84 4.01 2.82 1.95 1.62 200.90 1678.6 0.0 15.0 2.90 187.3
c™ 0.059 9,295 13.67 9.80 6.23 4.15 2.84 1.94 1.63 200.0 993.2 0.0 15.3 4,03 177.%
0.0863 9,700 16.54 12.07 6.64 4.22 2.8 2.04 1.65 200.0 560.2 0.0 15.2 4,52 1B5.3
WA 0.064 9,108 17.29 10.93 6.75 4.52 3.07 2.10 1.74 200.0 515.3 0.0 14.3 6.86 1£1.0
ek 0.066 9,859 17.74 13.56 8.87 5.92 3:91 2.59 1.94 200.0 894.0 0.0 11.5 1.16 160.9
s 0.005 8,866 14.48 12.16 §.52 6.13 4.70 3.43 2.76 200.0 1849.3 0.0 9.2 4.54 280.4
P 0.007 8,866 11.40 10.27 7.54 5.48 4.08 2,84 2,43 200.0 2759.T 0.0 10.2 2,33 242.5
o 0.010 8,866 10.67 9.69 7.71 .05 4.63 3,217 2.63 200.0 4219.3 0.0 8.9 1.01 209.4
0.013 8,886 14.860 12.76 9.04 6.62 4,94 3.46 2,78 200.0 1912.3 0.0 8.7 2.71 209.3
0.018 8,937 16.06 12.46 B.54 5.98 4.25 3.02 2,37 200.0 1221.9 0.0 10.1 3,78 231.9
DHML 0.020 8,913 15.11 12.91 8.65 5,84 3.99 2.76 2.3% 200.0 1228.2 0.0 10.3 1.92 199.5
! 0.023 8,814 14.35 12.40 8.36 5.80 4.12 3.03 2.52 200.0 1483.7 0.0 10.0 3.42 300.0
0.026 8,866 17.38 14.03 9.20 6.18 4,29 3.06 2.54 200.0 864 .4 0.0 9.6 2.66 247.1
0.029 9,545 12.00 9.98 7.03 5.06 3.61 2.51 2.05 200,0 2149.0 0.0 12.6 2.21 193.2
\é,# 0.032 9,446 8.49 7.34 5.64 4.35 3.37 2.53 2,10 200.0 5359.9 0.0 13.0 2.71 300.0
Cﬁ‘k 0.034 10,050 7.88 7.07 5.50 4,34 3.40 2.54 2.06 200.0 7012.3 0.0 13.5 2.00 299.8
0.037 16,351 8.11% 6.49 5.06 4,02 3,47 2.41 z.00 200.0 66B80.6 0.0 15.2 4.91 300.0
0.041 10,713 B.44 6.88 5.04 3.84 2.94 2.10 1.72 200.0 4751.86 0.0 17.7 4.38 214.9
0.043 10,437 4.7.34 11.40 4,94 3.31 2.58 1.97 1.65 200.0 540.3 0.0 18.0 12.54 124.7 *
L;uL 0.045 10,145 9.82 7.49 5.17 3.74 2.76 2.02 1.70 200.0 2660.2 0.0 18.0 6.07 259.9
c 0.047 10,006 9.89 Fa57 5.01 3.63 2.70 1.93 1.72 200.0 2384.7 0.0 18.3 6.33 219.4
S 0.052 10,129 7.65 6.26 4.58 3.41 2.59 1.87 1.61 200.0 4694.1 0.0 19.0 4.34 230.9
33“1 0.054 10,260 8.11 6.94 5.09 3.66 2.65 1.98 1.64 200.0 4174, 5 0.0 18.0 3.00 300.0
- 0.056 8,953 8.48 744 5.33 3.91 Z.85 2,04 1.69 200.0 3454.1 0.0 14.9 2.47 2%24.3
,r£< L3 0.068 9,573 10.01 8.31 5.78 4,11 2.98 z.08 1.69 200.0 2533.0 0.0 15.4 3.08 193.8
\ 0.061 9,120 1L.70Q 9. 91 6.70 4.51 3.08 2.07 1.63 200.0 1639.6 0.0 13.6 1.35 166.4
bﬂ}k 40.063 10,276 10.61 9.08 6.26 4.48 3.23 2.22 1.80 200.0 2600.1 0.0 15.2 2.65 178.7
J
0.064 10,018 11.45 10.28 5.96 4.33 3.18 2.25 1.76 200.0 1835.9 0.0 155 6.62 209.4
Mean: 12.64 10,30 6.98 4,95 3. 58 2.55 2.09 200.0 2387.0 0.0 1351 3.85 ‘221.7
Std. Dev: 3.32 2.39 1.5 1.00 0.69 0.49 0.38 0.0 1523.9 0.0 3.0 2.00 43.1
Var Oraffi%): 26.22 23.19 21.67 20.16 19.37 19.22 18.45 0.0 64.7 0.0 22.9 56.28 19,5
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