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EXECUTIVE SUMMARY

The primary objective of this research study is to develop an improved service life prediction
model for the Minnesota Department of Transportation’s (Mn/DOT’s) current 60-year concrete
pavement designs. Secondary objectives include understanding the behavior of these pavements
with regard to maturity, slab warp and curl, and thermal expansion. These objectives will be
accomplished through extensive testing of materials during construction, and conducting
seasonal load response testing under controlled loads of an instrumented concrete pavement test
cell (Cell 53) built to Mn/DOT’s current 60-year design standards. Load response testing of
traditional designs constructed in MNROAD Phase | will be used in the development of the
improved life prediction model.

The adoption of changes in long-life concrete design based on MnROAD findings would not
only benefit the state of Minnesota, but could also benefit other agencies (national and
international) that accept the findings. Given the current backlog of needs for improving or
maintaining the highway system, money saved on the optimization of long-life concrete
pavements could be used to lengthen a project, or provide additional safety features.

The research objectives for this project include the following:
e Develop an improved service life prediction model for Mn/DOT’s current 60-year
concrete pavement designs.
e Understand the behavior of these pavements with regard to maturity, slab warp and curl,
and thermal expansion.
e Understand the behavior of the thin concrete shoulder (4in.) to environmental loads.

New MnROAD Low Volume Road test Cell 53 was built with a large number of electronic
sensors embedded in it to measure the pavement’s response to load and environmental effects.
Tables and figures describing the type, number, and layout of the sensors are included.

Samples of the subgrade soil, aggregate base material, and concrete mixes were taken during
construction of the cell. Initial test results of these samples can be found in this report. In
addition to material testing results, this report describes the design and techniques used to
construct Cell 53. A review of U.S. and international long-life concrete pavement designs is also
included.



INTRODUCTION

MnROAD Facility

MnROAD is a pavement research facility located along Interstate 94 in Albertville Minnesota,
forty miles northwest of Minneapolis/St. Paul. Initially constructed by the Minnesota
Department of Transportation (Mn/DOT) between 1990 and 1994 (Phase 1), MNROAD consists
of two primary roadway test segments, Mainline and Low Volume Road (LVR), containing
several dozen distinct test cells, Appendix A. Subgrade, aggregate base, roadbed structure,
drainage methods, and materials vary from cell to cell. Automated sensors are configured to
record data continuously to the MNnROAD database. All historical sensor, sampling, testing, and
construction data can be found in the MnROAD database and in various publications [1].

The mainline test section consists of a 3.5 mile, two lane interstate roadway carrying “live”
traffic diverted from Westbound 194. The Low Volume Road (LVR) is adjacent to Interstate 94
and the Mainline test sections. The LVR is a two lane, 2.5 mile closed loop that contains over 30
test cells. Controlled loading on the LVR is applied by an 80 kip, 18 wheel, five axle
tractor/trailer. The tractor/trailer travels 80 laps daily on the inside lane of the LVR loop. The
outside lane, monitored for environmental effects, remains unloaded except for lightweight test
vehicles [2]. Additional isolated test sections have been installed and monitored at the
MnROAD test site and throughout the state of Minnesota. Phase Il reconstruction at MNROAD
started in 2007 and is expected to be complete during the 2009 construction season. Phase 11
encompasses more than 20 research projects and reconstruction of 35 test cells.

Project Background

Due to increased traffic congestion and reduced highway construction budgets, emphasis is now
being placed on designing and constructing longer life pavements. Using the current Mn/DOT
design guide for concrete pavement design (based on 1981 AASHTO design guide), Mn/DOT is
now constructing what is believed to be 60-year design concrete pavements. However, during
the design process, both the traffic prediction and service life of the concrete pavement is being
extrapolated far beyond the available charts in the current design method.

The primary objective of this research study is to develop an improved service life prediction
model for Mn/DOT’s current 60-year concrete pavement designs. Secondary objectives include
understanding the behavior of these pavements with regards to maturity, slab warp and curl, and
thermal expansion and also the behavior of the thin concrete shoulder to environmental loads.
These objectives will be accomplished through extensive testing of materials during
construction, and conducting seasonal load response testing under controlled loads of an
instrumented concrete pavement test cell (MNROAD LVR Cell 53) built to Mn/DOT’s current
60-year design standards. The work plan for Cell 53 is included in Appendix B. Load response
testing of traditional designs constructed in MNROAD Phase | will be used in the development of
the improved life prediction model.



Concrete pavement design standards in Minnesota may be altered if the Mn/DOT Pavement
Engineering Section, through the findings from this study, believe that current 60-year concrete
pavements designs are over or under designed. Alternatively, the life cycle costs of current
Mn/DOT 60-year concrete pavement designs could be updated to more accurately reflect their
potential performance. The data and results will also be available for organizations like FHWA
and NCHRP, so they can improve their development of future concrete pavement design
methods, e.i. MEPDG [3].

The research methods include:

e Construct and instrument a concrete pavement test cell based on Mn/DOT’s current 60-
year design standards.

e Collect and analyze sensor measurements including maturity, dynamic and environmental
strain, displacement, slab warp and curl during and shortly after construction.

e On a monthly basis, collect and analyze dynamic and environmental strain, displacement,
and slab warp and curl measurements.

e Frequently (at least seasonally) monitor surface distress and ride quality of the test cell for
a 4-year period.

e After 2 years of traffic application, develop preliminary life prediction models based on
available MNROAD data. Refine load response testing schemes if necessary.

o After 4 years of traffic has been applied, complete a life prediction model and prepare,
publish, and present research papers and final reports based on the findings.

Research Objectives

The research objective for Cell 53 includes the following:
e Develop an improved service life prediction model for Mn/DOT’s current 60-year
concrete pavement designs.
e Understand the behavior of these pavements with regards to maturity, slab warp and curl,
and thermal expansion.
e Understand the behavior of the thin concrete shoulder to environmental loads.

Report Organization

This chapter introduced the MNnROAD test facility and the research objectives for this project.
Chapter 2 describes Mn/DOT’s long-life concrete pavement design. A summary of long-life
concrete pavement designs from other states and countries is also included. Chapter 3 describes
the construction of Cell 53. The geometric dimensions and construction techniques of the test
cell are described along with tests done on the concrete and base layers. Chapter 4 describes the
instrumentation installed in this test cell as well as initial warp and curl measurements and
concrete maturity. Chapter 5 contains a summary and conclusions.

The appendices contain additional information. Appendix A summarizes the test cells on the
MnROAD Mainline and Low Volume Road (LVR). Appendix B contains the work plan for this
study and summarizes each project task. The concrete mix design used is included in Appendix



C and Appendix D includes the concrete tickets. Construction pictures are included in Appendix
E and Appendix F includes sensor types and locations.



SYNTHESIS ON LONG-LIFE CONCRETE PAVEMENTS

Darter and Barenberg [4] conducted a study on “zero maintenance” JPCP characteristics. They
determined that the use of dowel bars, short joint-spacing, good subdrainage, adequate sealing of
joints, increased slab thickness, and increased foundation support are necessary to prevent joint
faulting. Concrete shoulders should be of equal thickness to mainline pavement thickness and tie
bars should be used. Transverse joints identical to the ones used in the traffic lanes should be
used in the shoulders as well as the same subgrade which should have adequate drainage.

Cable and McDaniel [5] presented the common distress types in PCC pavement and their
corresponding influencing factors. They found that deterioration of a concrete pavement is a
continuous process where one form of distress can cause additional distresses. For example,
cracking due to misaligned dowels can cause increased moisture absorption by the slab and
freeze-thaw damage. Water plays an important role in pavement distress and should be removed
to create well performing pavements. Drainage as well as grading of the subsurface is very
important with good subbase drainage essential for long-term performance.

A reduction in permeability of high-performance concrete pavements over standard PCC mixes
is considered to be an important factor of their potential longevity in extreme climates [4]. Many
bridges are currently being designed for 100 year service lives. The same durability problems
that affect concrete bridges affect concrete pavements. In 100 year bridge designs, the durability
issues related to the concrete are controlled by increasing the strength and decreasing the
permeability. lon permeability test requirements of 2000 coulombs or less at 56 days was
required in a 100 year design bridge in Louisiana [6].

Freeze-thaw damage and other durability problems in concrete are initiated by the presence of
water. Substantial damage is only able to occur when water and ionic elements are free to
migrate into and out of the concrete. Low w/cm ratio (below 0.40) as well as the inclusion of
supplementary cementitious materials, decreases concretes permeability by forming a
discontinuous capillary-void system [7].

Mn/DOT’s 60-Year Concrete Pavement Design

The Minnesota Department of Transportation began building high-performance concrete
pavements (HPCP) in 2000 under the FHWA TE-30 program. Since that time, the HPCP design
has become the standard for most urban high-volume highways. The current design service life
for Minnesota’s HPCP is 60 years [8]. Minnesota’s current long-life PCC pavement design is a
Jointed Plain Concrete Pavement (JPCP) and is summarized in Table 1 below.

Corrosion of dowel bars is an important issue in a climate as severe as Minnesota’s. Standard
epoxy-coated steel dowel bars in Minnesota have had life spans as short as 15 years. In 2006,
Mn/DOT approved of six types of dowel bars to be used in HPCP projects. Table 2 lists the
types and properties of the approved dowel bars. All dowel bars are 15 in. long, mounted in a
dowel basket, and are required to have a smooth surface [8].

4



Table 1. Typical design features for HPCP in Minnesota [8].

Design Feature Material Typical Dimensions
Slab thickness HPCP mix 12 -13in.
Base course Mn/DOT Class 5 material* 4in.

Subbase

Mn/DOT select granular**

Minimum 36 in.

Transverse joints

Preformed Elastomeric
Compression Seal

15 ft. spacing, perpendicular to
direction of traffic

Dowel bars

Corrosion resistant

1.5 in. diameter, 15 in. long, spaced
12 in. apart on center

Texture

Astro-Turf or broom drag

1/25 in. average depth using ASTM
E965

*Mn/DOT Class 5 is a dense graded granular material containing a minimum of 10% crushed particles
**See specification 3149 (Mn/DOT 2005) for information on the gradation of Mn/DOT select granular material

Table 2. Approved dowel bar types for HPCP projects in Minnesota [8].

Design . Minimum Out - .

Feature Material(s) _side Diameter Additional Details
Stainless 316L stainless 15in 1.5 mm cladding thickness over Grade
steel clad steel/carbon steel T 60 (min) carbon steel
Stainless . . .

316L stainless . 1.5 mm wall thickness, press-filled
steel tube 1.5in. : .
. steel/carbon steel with Grade 60 (min) carbon steel
-Steel insert
Stainless . . .
steel tube 3161 stainless _ 3.0_mm wall thlt_:knes_s,_fllled with
. . 151n. resin or grout with minimum
-Resin/Grout |steel/resin or grout . .
fill compressive strength 5000 psi

. Pipe must conform to ASTM A312,

Stainless .
i . . have wall thickness of 3.5 mm, be
steel pipe 316L stainless steel 1.251n. . . :
filled or capped to prevent intrusion of
-Schedule 40 )
concrete or other materials
Stainless
Steel 316L stainless steel 1.5in. Solid stainless steel bar
-Solid
Rolled zinc | Zinc alloy (U.N.S. . .
alloy 741121)icarbon 15in 1.0 mm cladgmg thlclkness over Grade
_Clad steel 60 (min) carbon stee

The fine aggregates for HPCP are tested for ASR potential based on the accelerated mortar bar
test method according to ASTM C 1260. Expansions greater than or equal to 0.15% require
mitigation through the use of supplementary cementitious materials. If the expansion is greater
than 0.30%, the aggregate is rejected [8]. Mn/DOT also uses a well graded combined aggregate
gradation based on an 8-18 specification. The percent retained on all specified sieves should be




between 8% and 18% except for the coarsest sieve and sieves finer than No. 30, where the
percent retained can be less than 18%. The acceptable gradation band for HPCP aggregates is
shown in Figure 1 [8].

Mn/DOT uses supplementary cementitious materials to reduce the permeability and protect
against durability issues such as ASR in HPCP mixes. A rapid chloride ion permeability value
of 2,500 coulombs or less at 28 days is specified. Contractors typically meet this specification
by using Class C fly ash. To protect against freeze-thaw damage, Mn/DOT specifies an air
content of 7.0+1.5% for HPCP projects. The high air content is to protect against loss of air due
to over-vibration and infilling of voids. Current projects provide incentives for w/cm ratios
under 0.40.

Mn/DOT requires that new pavements be closed to traffic for 7 days or until a flexural strength
of 350 psi is reached. A minimum cementitious content of 530 Ib/yd® and a minimum cement
content of 400 Ib/yd® is required. The concrete is cured using poly-alpha-methylstyrene curing
membranes. The supplementary cementitious content limits are 30% fly ash or 35% ground
granulated blast furnace slag (GGBFS). SCM’s are used to decrease permeability, improve
durability, and mitigate ASR [8]. Aggregate quality is very important in long-life concrete. In
Minnesota, the absorption content of aggregates is limited to 1.5% and the carbonate content is
limited to less than or equal to 20% [7].

% Retained
|_\
o

o s, 0 S Y %, % B o Ty

Sieve Size

Figure 1. 8-18 Aggregate gradation acceptance band for Minnesota HPCP mixes [8].

Long-Life Concrete Pavements: Domestic Practices in the U.S.

The definition of long-life concrete pavements in others states vary but typically it refers to
pavements with service lives of 30 to 40 years or more. While the climates and conditions vary
tremendously throughout the United States, common to all the long-life PCC designs are well



graded aggregates, high strength concrete (approximately 650 psi flexure at 28 days), drainable
bases, and in the case of JPCP, joint spacing near 15 ft. In every state investigated in this study,
premature failures were attributed to saturated base layers even when high quality concrete was
used.

Ilinois

Illinois began investigating a long-life pavement program in the late 1990’s. Illinois high
volume pavements are typically Continuously Reinforced Concrete Pavement (CRCP) designs.
The main changes that were made to the existing concrete pavement design in order to extend the
service life was more rigorous concrete materials requirements in order to better resist freeze-
thaw and ASR damage, and stricter construction tolerances [5]. The more rigorous material
requirements include limiting the freeze-thaw expansion to 0.025 % elongation and if the ASTM
C 1260 expansion test results in 0.10 % expansion, the equivalent alkalis in the cement are
limited to 0.60 percent [9]. Table 3 summarizes Illinois long-life concrete mixture design.

Illinois uses a w/cm ratio less than 0.40 along with fly ash, or GGBFS, and entrained air. A hot
mix asphalt stabilized base is also used. The subbase consists of a 12 in. aggregate layer. The
maximum aggregate size of the top 3 in. of this layer is limited to 1.5 in. The maximum
aggregate size of the bottom 9 in. of this layer is limited to 8 in. [9].

Table 3. Typical Hlinois long-life concrete mix design [9].

Ingredient Quantity

Coarse Aggregate 1840 - 1920 Ibs

Fine Aggregate 1150 - 1250 Ibs
Cement (Type ) 430 - 490 Ibs

Fly Ash 135 - 145 Ibs

Water 217 - 255 Ibs
Admixtures Air entrainment, water reducer

Texas

The Texas DOT (TxDOT) primarily uses CRCP for long-life pavements. In their experience, the
primary failures in CRCP are punchouts, wide cracks, spalling, and construction joint failures.

In almost all cases, punchout was preceded by pumping and erosion of the base. Absence of tied
shoulders and insufficient slab thickness also contributed to punchout failure [10]. In order to
improve pavement performance, TXDOT requires a stabilized base, tied shoulders, increased slab
thickness, and the Coefficient of Thermal Expansion (CTE) is limited to decrease spalling [11].

Two types of stabilized bases are used in Texas. One consists of 6 in. of cement-stabilized base
with a lin. asphalt layer on top. The other is 4 in. of asphalt-stabilized base. TXxDOT found that
aggregate with high CTE creates issues with spalling. Based on this finding, the CTE of coarse

aggregates is limited to 6.0E-6 in./in./°F [10].



It was found that the use of tied concrete shoulders limited FWD deflection on the CRCP edge to
1/3 that of asphalt shoulders. The deflections measured were similar to those of an interior slab
and it is expected that concrete shoulders will result in less erosion and pumping [10].

Washington

Washington typically uses jointed plain concrete designs for long-life PCC pavements. About
38% of the concrete pavements were older than 35 years as of 2006 in Washington. The three
primary distresses found in these pavements are: joint faulting due to lack of dowels and poor
underlying conditions, surface wear due to studded tires, and longitudinal cracking which is
believed to have occurred early in the pavements life due to traffic loading. While the
pavements are considered deficient in thickness (8-9 in.) and load transfer (no dowels at joints)
for long-life, they have performed very well due to the use of high quality materials including
large aggregate size with excellent characteristics [11].

The thickness of concrete pavements has increased to 13 in. in the high volume areas of Seattle,
to accommodate diamond grinding around years 20-25 in order to remove wear due to studded
tires. The bases typically consist of four inches of dense-graded HMA over 4 in. of crushed
stone. This base was chosen based on the performance of three types of bases traditionally used
in Washington [12]:

e Cement-treated base - Pavement had severe joint faulting, pumping, and cracking.
Showed signs of erosion and voids and is no longer allowed in Washington.

e Asphalt-treated base - Pavements had minimal joint faulting. It was found that joint
faulting occurred due to stripping because of the low asphalt content (2.5 to 4.5%).

e Crushed stone - Pavement faulted. Fines migrated from the base and subgrade to the top
of the base course contributing to joint faulting. The height of the joint faulting was
directly related to the height of the migrated fines.

Current concrete mix designs allow either gap or continuously graded aggregates with 0.8 in.
max aggregate size. If used, fly ash is Class F and is limited to 35% replacement of the total
cementitious content. Ground Granulated Blast Furnace Slag (GGBFS) or combinations of
GGBFS and blended cements are permitted. Traffic opening is allowed when a compressive
strength of 2,466 psi is reached as determined from compression tests or maturity measurements.
Stainless steel dowels are used in all JPCP [12].

lowa

lowa typically uses JPCP design for long-life pavements. Ceylan, Cable, and Gopalakrishnan
2006 [13] conducted a survey on long-life concrete pavements in lowa. Surveys were sent to the
six lowa DOT District Offices, 99 counties, and 40 cities. The survey asked to identify three
pavements, 20 years old or older, that are performing well and three pavements that are under 20
years old which are not performing well. Twenty nine of the counties responded with 112
pavement sections and seven cities responded with 36 pavement sections. According to the lowa
DOT records, there are 30 pavement sections over 20 years old in the Interstate system and



according to the District Offices, there are 641 pavement sections over 20 years old that have not
been resurfaced.

Limited data was available about the pavement subgrades. The well performing pavements had
average w/cm ratio of 0.49 and the poor pavements had average w/cm ratios of 0.55. One of the
most common distresses observed in the low and medium volume roads was longitudinal
cracking. Longitudinal cracking can results from subgrade and concrete materials problems as
well as heavy axle loads and subgrade failure.

Florida

Florida typically uses JPCP designs for long-life pavements. In Florida, pavements that range
from 40 to 45 years old that are in good condition exist in the Interstate Highway System. These
well performing long-life pavements typically have good subbase drainage, carefully constructed
joints, and concrete materials and mixture designs that required longer curing times than typical
pavements currently being used. The longer curing time allowed less restrained shrinkage and
longer fatigue life [14].

The pavements that did not perform well typically had poor subbase drainage. Water was
trapped between the subgrade and the pavement, causing pumping and corner cracks. Dowels
were not used. Quality control was also an issue [14].

In a prematurely failed pavement, 1-75, pumping was a problem. The base had low strength and
the pavement had randomly spaced joints with some spaced more than 20 ft. Distress from
thermal restraint also occurred because the longitudinal joints from all lanes and shoulders were
tied [14]. As a result of the premature failures, Florida adopted new long-life concrete
guidelines; all joints are doweled, no joint spacing greater than 15 ft, no randomly spaced joint
patterns, no skewed joints, and all joints are sealed [14].

Two different drainable support designs are used in Florida. The first is 4 in. of asphalt- or
cement-treated permeable base over a stabilized subgrade. An asphalt separation layer is used
between the subgrade and base to prevent the migration of fines. The second support is a5 ft.
subgrade/embankment composed of special select material that meets AASHTO A-3 soil
classification. The required permeability is 1.6x10°° ft/s with less than 12% fines passing the No.
200 sieve. Since this layer lacks the fines to give adequate stiffness, 3 in. of AASHTO standard
size 57 or 89 aggregate is placed on top of the subgrade (directly under the pavement) and
blended with the top 6 in. of the special select material. An edge drain is also used in all
concrete pavements in Florida [14].

California

California uses both CRCP and JPCP for long-life pavements. Rao, Darter, and Pyle 2006 [15],
studied two CRCP in California; a stretch of 1-80 between San Francisco and Sacramento, built
in 1949 and the other, a section of 1-5 in Tracy, built in 1971. Both pavements have served well
beyond their design lives and capacity.



The 1-80 project consisted of an 8 in. slab with two 12 ft. tied lanes using 0.63 in. diameter ties
spaced at 30 in. A tongue and groove joint was used between the lanes with a 4 in. expansion
joint at both ends of the one mile long CRCP lanes. The 360 day flexural strength of the
concrete used was 810 psi. From 1949 to 2005 the lane carried about 40 million trucks. The
remaining pavement in this section consisted of JPCP with 15 ft joint spacing. Cement treated 4
in. base (3.5%) was used over 8 in. of granular material under both sections. The concrete
maximum aggregate size was 2.5 in. While the CRCP remains in good condition, the JPCP is
not and has transverse cracking, corner breaks, and spalled joints [15].

The section of I-5 near Tracy, California was an 8.5 in. thick CRCP slab with 0.56% steel. The
concrete used had a modulus of elasticity of 4.05E+06 psi and a 15 year flexural strength of 664
psi measured on cut beams. The CTE was measured to be 6.15E-6 in/in/°F. The base layer was
also cement treated (4%) and placed over an A-2-4 granular subbase. This pavement is also
currently in very good condition [15].

Evaluation of the M-E Design Guide was also part of this study and both of these pavements
performed as the MEPDG 2002 [3] predicted and were not outliers. It is believed that the low
mix shrinkage as well as the long curing time during low to moderate temperatures played a
significant role in the performance of these two pavements. Based on California’s experience
with long-life pavements, they recommend 28-day flexural strength of at least 675 psi, CTE
below 6.0E-6 in/in/°F, and using either a cement or asphalt treated base with good drainage
properties [15].

Virginia

The typical high-performance pavement design in Virginia consists of a 9 in. doweled JPCP slab
with 15 ft. joint spacing. Hossain and Elfino 2006 [16] investigated the premature failure of a
JPCP in Virginia. They found that even though the concrete was of high quality and constructed
with high quality materials, because drains were blocked, water was trapped under the pavement.
Premature failure then occurred due to pumping of the trapped water. Pavement sections that did
not have clogged drains remained in good condition.

The base consisted of 4 in. of AASHTO #57 aggregate mixed with 230 Ib/yd®. Under this layer
was 6 in. of cement-treated soil using 10% cement by volume. The shoulder consisted of 6 to 9
in. of variable depth, undoweled tied shoulders with 4 in. of dense graded base material and a
pavement edge drain.

Long-Life Concrete Pavements: International Practices

Germany and Austria typically use CRCP and a design catalog to select pavement thickness.
The design thicknesses are based on previous laboratory research and field observations. In the
Netherlands and the United Kingdom, mechanistic-empirical design software is used but very
few miles of concrete pavements are constructed in these two countries. In Germany and
Austria, maximum slab thickness is a common feature in the design catalogs with the maximum
slab thicknesses being thinner than in the United States for similar traffic levels with often
heavier trucks. Fatigue cracking has not been an issue with the thinner slabs [17].

10



Australia

Australia’s experience with concrete pavement is mainly limited to the populous New South
Wales area. While the rest of the country has had little experience with concrete pavements, they
have borrowed the best practices of other countries and adapted them to their material and
climate conditions. Australia has developed a catalog for long-life heavy-duty pavements.
Concrete has a required minimum flexural strength of 653 psi and compressive strength of 5,076
psi at 28 days. The JPCP is also debonded from the base layer to allow for free curl and warping
of the concrete [18].

A lean-mix concrete base is used with minimum compressive strength of 725 psi at 42 days.
This layer has no induced joints and limited construction joints. Tied concrete shoulders are
used with widths of 7 to 10 ft in the curb lane and 2 ft. in the median lane. All joints are sealed
and a minimum of 12 in. of the subbase is select material with a CBR greater than 30% after a 4-
day soak, a PI of less than12, and compressive strength of 145 psi. The top 6 in. is stabilized
with 2% hydrated lime if the material has a soaked California bearing ratio less than 30% [18].

Austria

In Austria, the highest-volume pavements (18-40 million design axle loads) are typically 10 in.
thick JPCP on 2 in. bituminous interlay and either 18 in. of unbound base or 8 in. of cement
stabilized base with 18 to 20 ft pavement joint spacing. All concrete pavements are built in two
lifts with recycled or inexpensive aggregates used in the bottom 8 in. and more wear resistant
aggregate used in the upper 1.5 in. with an exposed aggregate surface. Dowels in the transverse
joints are 1 in. diameter and 20 in. long. They are spaced more closely in the traffic wheel paths
and farther apart between the wheel paths. Tie bars in the longitudinal joints are 0.55 in. in
diameter, 27.5 in. long, and spaced 6.5 ft apart for three tie bars per slab. Sealant reservoirs are
sawed 0.3 in. wide in both transverse and longitudinal joints. Preformed seals are used in
transverse joints and liquid sealant is used in longitudinal joints [17].

Austria requires European standard type CEM Il cement with an initial set time of no less than 2
hours at 68°F, Blaine fineness no greater than 3,500 cm?/g, and 28-day cube strength no less than
1,000 psi. In the lower concrete course of the two lift construction; the required 28-day flexural
strength is 800 psi and 28-day compressive strength is 5,000 psi. The upper course is required to
have a 28-day flexural strength of 1,000 psi and a 28-day compressive strength of 5,800 psi.
Aggregate used for exposed aggregate concrete must have a polished stone value of at least 50.
The lower course may consist of recycled concrete or asphalt aggregate (10% maximum for
asphalt aggregate). Slag replacements of 20-25% are used. The minimum cement content in the
lower course is 594 Ib/yd® and 675 Ib/yd® in the upper layer. The required air content is 4.0 —
6.0% [17].

Belgium
The E5 motorway from Brussels to Liege is a CRCP that is still in good condition after 34 years

and with 112,000 vehicles per day as of 2000. This road has had minimal maintenance during
the first 30 years and it is expected that it will have a life span of 40 to 50 years [19].
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The E5 is a CRCP with slab thickness of 7.9 in. It has a 2.4 in. asphalt base above 7.9. in. of
lean-mix concrete and finally a 7.9 to 31.5 in. sand subbase. The required average concrete
strength was 10,443 psi at 56 days and apparent dry density of 143 Ib/ft® [19]. The mix design
used is shown in Table 4.

The E5 concrete was not air entrained because of the high strength and density. The w/cm ratio
was 0.42. The required 56 day compressive strength of the lean concrete subbase was 1,450 psi
and it had a cement content of 169 Ib/yd®. To prevent cracking, a slow curing blast furnace slag
cement was used. Immediately after finishing, a bituminous emulsion was sprayed on then
covered with sand. The asphalt base also prevents reflective cracking from the subbase. The
performance of this road is attributed to the high-strength concrete base and asphalt base course
and the high quality concrete. Other reasons are the excellent bond between the asphalt layer
and upper and lower concrete layers. The good drainage due to side gutters, sufficient cross
slope, thick layer of drainage sand, and drainage pipes on the edge of the shoulder also
significantly contributed [19].

Table 4. Concrete mix for CRCP on E5 Motorway [19].

Ingredient Quantity
Crushed stone 22/40 1261 Ibs
Crushed stone 8/22 631 Ibs
Crushed stone 2/8 589 Ibs
River sand 0/2 681 Ibs
Cement (CEM I or CEM I1I) | 673 Ibs
Water 286 Ibs
Admixtures HRWR

The Walloon Motorway is another successful long-life pavement in Belgium that has been in
service for 35 years with hardly any maintenance and with average daily traffic of over 15,000
heavy vehicles. The road is located in a wet temperate area that experiences freeze-thaw cycles
during 5 to 6 months of the year. It was built on clay loam that was stabilized by applying quick
lime on successive layers 11.8 in. thick. The CRCP used was 7.9 in. thick, with 2.4 in. of dense
macadam, then a lean-concrete 7.9 in. thick and finally a drainage layer of sand 9.8 in. thick
above the specially compacted subgrade (colliery shale) which was 3.3 to 4.9 ft thick. The lean
concrete layer had a cement content of 152 to 170 Ib/yd®. The largest aggregate used (22/40)
was limestone with the other coarse aggregates being sandstone [20]. The concrete mix design is
shown in Table 5. The wi/c ratio varied from 0.40 to 0.42. The concrete used had 90 day
compressive strengths ranging from 9,956 to 11,379 psi [19].
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Table 5. Walloon Motorway mix design [19].

Ingredient Quantity
Crushed stone 22/40 1269 Ibs
Crushed stone 8/22 635 Ibs
Crushed stone 2/8 592 Ibs
Sand (FM 1.72 to 3.40) | 719 - 731 Ibs
Cement (HK40) 592 - 677 Ibs
Water 254 - 271 Ibs
Admixtures HRWR

Canada

The standard concrete pavement used in Ontario is a doweled, JPCP with a 14 ft widened outside
lane. Transverse joints are randomly spaced with an average spacing of 14 ft. Concrete
thickness design is based on both the 1993 AASHTO Guide for the Design of Pavement
Structures and the Canadian Portland Cement Association’s mechanistic-empirical rigid design
method with thicknesses ranging from 8 to 11 in. A 4 in. thick, asphalt-treated, open-graded
drainage layer (0.75 in. maximum size aggregate, 1.8% asphalt cement) base layer is typically
used. An open graded cement treated base is also an option [17].

Quebec has had problems with joint deterioration and frost heave in their concrete pavements in
the past. In the mid 1990’s, two standard concrete pavement designs were adopted by the
Quebec Ministry of Transportation. The first was a JPCP with the slab thickness designed for
truck traffic over a 30 year period with a thickness great enough to protect against frost heave
(typically 10 to 13 in.). JPCP are dowelled, have sealed joints and a base of 6 in. of granular
material with a granular subbase of varying thickness. These pavements have performed very
well so far with the main distress types being joint and corner spalling. CRCP is the second
standard pavement used in Quebec. A typical design uses an 11 in. CRCP slab on an open-
graded cement-stabilized base [17].

A minimum concrete compressive strength of 4,350 psi is required in Ontario. An air content of
6.0+1.5% is used. Up to 25% GGBFS or up to 10% fly ash can be used or a mixture of both (up
to 25%) where the amount of fly ash shall not exceed 10% of the total cementitious materials. In
Quebec, ternary mixes are allowed (Portland cement, blast furnace slag, and fly ash) in CRCP
but not in JPCP. Blended cements are also allowed. A minimum compressive strength of 5,100
psi is required for both CRCP and JPCP [17].

Germany

Germany uses a design catalog to select total pavement thickness with the standard design based
on a 30 year service life. The total thickness includes the concrete slab, base layer, and frost
protection layer with typical JPCP thicknesses of 8.6 to 13.8 in. Germany requires the use of a
geotextile between concrete pavements and cement stabilized bases to unbond the two layers
[17].

13



The German standard sets the maximum w/c ratio at 0.50, the minimum cement content at 540
Ib/yd®, and minimum air content at 4.0%. Beyond this standard, Additional Guidelines for the
Construction of Concrete Pavements [17] sets the maximum w/c ratio at 0.45 and the minimum
cement content for exposed aggregate layers at 702 Ib/yd®. Portland cement grade CEM | 32.5
(ASTM Type 1) is used and with the client’s agreement, portland slag cement, portland burnt
shale cement, portland limestone cement, or blast furnace cement may be used. Only cement
with alkali contents less than 1.0% can be used. Pozzolans may be used but fly ash and silica
fume cannot be used together. Supplementary cementitious materials are not taken into
consideration in the calculation of the cementitious content or wi/c ratio. In two-coarse
construction, recycled or inexpensive aggregates may be used in the lower layer and different
strength requirements exist for each layer. Requirements for aggregates include; high freeze-
thaw resistance, high polishing resistance, and at least 35% must be crushed. Concrete in the
high-volume strength class must have 60 day compressive strength of 4,350 psi and 650 psi
flexural strength at 28 days [17].
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CONSTRUCTION

Base and Pavement Design

MnROAD Low Volume Road (LVR) test Cell 53 is 125 ft long between stations 210+85 and
212+00. It consists of a 12 in. JPCP over 5 in. of Class 5 base and 36 in. of Modified Select
Granular Subbase. Each lane of Cell 53 has the same panel sizes of 12 feet wide by 15 feet long
in both the driving and passing lanes. Five No0.13 epoxy coated tie bars were used per panel.
Stainless steel 1.5 in. diameter dowel bars were spaced every 1.0 ft with 12 per panel. The
shoulders consisted of 8 inches of Class 5 underneath 4 inches of concrete. Both shoulders were
8 ft wide with 7.5 ft. tooled joints. The shoulders were not tied to the pavement.

Concrete Mixture Proportions

The concrete mix design for both the lanes and shoulders of Cell 53 followed Mn/DOT’s
specifications for High Performance Concrete Pavements (HPCP’s). The submitted mix design
is included in Appendix C and summarized below in Table 6.

Table 6. Concrete mix design.

Material Quantity | Units
Water 205 Ib/yd®
Cement 410 Ib/yd®
Fly Ash 175 Ib/yd®
w/cm ratio 0.35
Fine Agg. (oven dry) 1123 | Iblyd®

CA #1 (size #4, oven dry) 627 Ib/yd®
CA #2 (size #67, ovendry) | 1154 | Iblyd®
CA #3 (size #9, oven dry) 224 Ib/yd®

Air content 7+1.5 %
AEA (Sika AIR) As needed | oz/cwt
WRA (Sikament 686) 0-8.0 oz/cwt

Placement of Concrete

Formed paving was used for both lanes and shoulders. The inside instrumented lane was poured
on September 29, 2008 and the sensors were covered with concrete at 1:00 PM. The outside lane
was poured on October 16, 2008 and both shoulders were poured on October 21, 2009. The
concrete tickets from both lane pours are included in Appendix D. The forms were removed the
next day in all cases. An L2KT keyed longitudinal joint was used between the inside and outside
lanes. The shoulders were not tied to the lanes. All joints were tooled. A McCleary screed was
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used to compact the concrete. Prior to paving, concrete was placed around the sensors and
compacted with a pensile vibrator. Construction pictures are included in Appendix E.

Concrete Material Sampling and Testing

During construction, material samples were taken for testing by American Engineering Testing
(AET). Table 7 summarizes the quantity and type of standard test performed on concrete
material samples taken during the construction of test Cell 53.

The University of Pittsburgh Civil Engineering Laboratory tested the concrete samples for
coefficient of thermal expansion and American Engineering Testing tested the concrete samples
for freeze-thaw durability, flexural, and compressive strength. In addition Mn/DOT made and
tested additional flexure beams on site.

Table 7. Material samples taken during construction.

Test (Standard) Number of Samples | Test Age (Days)
2 3
Compressive Strength 2 7
(ASTM C 39) 2 21
2 28
1 1
. . 1 3
Flexural Strength — Third Point 5 7
(ASTM C 78) 3 78
2 47
Freeze-Thaw 3 i
(ASTM C 666)
Coefficient of Thermal Expansion 2 -
Rapid Chloride lon Permeability 3 28
(ASTM C 1202)

Compressive Strength

Table 8 lists the results from compressive strength testing done on the concrete samples by AET.
The cylinders listed in this table were cast on site then transported to AET’s testing lab for
curing. Mn/DOT requires 3000 psi to open a road to traffic. As shown in Table 8, the concrete
used for this test cell had over 3000 psi at 3 days.

Flexural Strength

Table 9 lists the results from the flexural strength testing done by American Engineering Testing
(AET) and Mn/DOT. The beams tested by AET were cured on site for the first 24 hours then
transported and cured in a temperature controlled moist room. The Mn/DOT beams were cured
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on site in a water bath. The difference in strengths between the AET and Mn/DOT beams
reflects this difference in curing. A flexural strength of 350 psi is required by Mn/DOT to open a
road to traffic. Asshown in Table 9, the AET beams (lab cured) had more than 350 psi at 3 days
and the Mn/DOT beams (field cured) had 525 psi at 7 days.

Table 8. Compressive strength testing results.

AET Inside Lane
Age Date Cast Date Tested Strength (psi) Type of Failure
3 9/29/08 10/02/08 3270 Shear
3 9/29/08 10/02/08 3230 Cone & Shear
7 9/29/08 10/06/08 4470 Shear
7 9/29/08 10/06/08 4420 Cone & Split
21 9/29/08 10/20/08 5370 Side Fracture
21 9/29/08 10/20/08 5560 Cone & Split
28 9/29/08 10/27/08 5950 Cone & Split
28 9/29/08 10/27/08 5840 Cone

Table 9. Flexural strength testing results.

Air Concrete
noe | 2| Ry | e conten | Sme | Tem
(%0) (F)
AET Inside Lane
1 9/29/08 9/30/08 280 - - -
3 9/29/08 10/02/08 580 - - -
7 9/29/08 10/06/08 790 - - -
7 9/29/08 10/06/08 730 - - -
28 9/29/08 10/27/08 1080 - - -
28 9/29/08 10/27/08 1150 - - -
Mn/DOT Inside Lane
7 9/29/08 10/06/08 590 - - -
7 9/29/08 10/06/08 460 - - -
28 9/29/08 10/27/08 505 - - -
AET Outside Lane
7 10/16/08 | 10/23/08 710 6.2 2.25 62
47 | 10/16/08 | 12/02/08 840 6.2 2.25 62
47 | 10/16/08 | 12/02/08 930 6.2 2.25 62

Coefficient of Thermal Expansion

Tests to determine the coefficient of thermal expansion (CTE) were done at the University of
Pittsburgh. The length change due to temperature changes was measured by a Geokon 4200A-2
Vibrating Wire Strain Gauge. This strain gauge was cast in the concrete cylinder are shown in
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Figure 2. The cylinders were then tested according to the AASHTO procedure except that length
change was measured using the imbedded strain gauge. Table 10 shows the coefficient of
thermal expansion testing results.

Figure 2. Orientation of strain gauges in CTE cylinders.

Table 10. CTE testing results.

Specimen 1 2
Cast Date 9/29/08 9/29/08
Height (in) 12.125 12.125
Diameter (in) 6 6
CTE (10°/F) 5.3 5.3
Weight (Ibs) 29.9 29.7
Normal Concrete, | Normal Concrete,
Description Intact, Intact,
no visible cracks | no visible cracks

Freeze-Thaw Testing

American Engineering Testing collected concrete samples and made freeze-thaw beams on site.
The beams were then cured and tested at their laboratory according to ASTM C 666A. While
there is no standard for mass loss after 300 cycles, generally less than 5% is considered
acceptable. Length change is limited to 0.10% and failure for Reduction in Dynamic Modulus of
Elasticity (RDME) is 60% after 300 cycles. As shown in Table 11, length change, mass loss,
and reduction in dynamic modulus all show that this mix had very good freeze-thaw durability.
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Table 11. Freeze-thaw test results.

Cycles Test Criteria Beam No. Average
Completed

1 2 3
30 Weight Loss (%) | .00 | .01 | .00 .00
Length Exp. (%) | .00 | .00 | .00 .00
RDME (%) 100 | 100 | 100 100
60 Weight Loss (%) | .00 | .00 | .01 .00
Length Exp. (%) | .00 | .00 | .00 .00
RDME (%) 100 | 100 | 100 100
92 Weight Loss (%) | .01 | .02 | .03 .02
Length Exp. (%) | .01 | .01 | .01 .01
RDME (%) 100 | 100 | 100 100
120 Weight Loss (%) | .04 | .03 | .04 .04
Length Exp. (%) | .01 | .01 | .01 .01
RDME (%) 100 | 100 | 100 100
153 Weight Loss (%) | .06 | .05 | .07 .06
Length Exp. (%) | .01 | .01 | .01 .009
RDME (%) 100 | 100 | 99 100
187 Weight Loss (%) | .1 | .09 | .16 A1
Length Exp. (%) | .01 | .01 | .02 .01
RDME (%) 98 | 99 | 98 98
213 Weight Loss (%) | .15 | .18 | .21 18
Length Exp. (%) | .02 | .02 | .02 .02
RDME (%) 98 | 98 | 97 98
245 Weight Loss (%) | .20 | .22 | .27 23
Length Exp. (%) | .02 | .02 | .03 .02
RDME (%) 97 | 97 | 95 98
276 Weight Loss (%) | .28 | .26 | .30 .28
Length Exp. (%) | .03 | .03 | .04 .03
RDME (%) 97 | 97 | 95 96
301 Weight Loss (%) | .31 | .32 | .33 .32
Length Exp. (%) | .04 | .04 | .04 .04
RDME (%) 96 | 96 | 94 95
Durability Factor 9 | 96 | 94 95

Rapid Chloride lon Permeability

A concrete samples was not taken during the construction of this test cell but a sample was
obtained from Cell 5 which used the same mix design. Three 2 in. thick pucks were cut from
one 4x8 in. concrete cylinder. They were then tested according to ASTM C 1202. The test
results are shown in Table 12. This mix had moderate to low ion permeability.
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Table 12. Rapid chloride ion permeability test results.

Coulombs | Milliamps (max)
Trial 1 2100 118.5
Trial 2 2080 121.4
Trial 3 1940 108.4
Average 2040 116.1

Base and Subgrade Testing

The base layers in Cell 53 consisted of a 5 in. thick Class 5 base on top of a 36 in. Modified
Select Granular subbase on top of a clay subgrade. Samples of the clay subgrade and Modified
Select Granular subbase were collected and proctor (Table 13) and gradation (Table 14) tests
were performed. Material from the Class 5 base layer was not tested in Cell 53 but Class 5 was
tested in other cells at MNROAD constructed at the same time as Cell 53. The average values
from the Class 5 material tested in other MNROAD cells is shown in Tables 13 and 14. In
addition Light Weight Deflectometer (LWD) tests were done on top of the Class 5 layer.

20



Table 13. Base and subgrade proctors.

Max

Material th. Density Ligu?d Plgst_ic Plasticity | Mn/DOT | Clay Silt | Sand | AASHTO | Group R
Moisture (Ib/ft%) Limit | Limit Index Class % % % Group Index Value
Clay Subgrade 16.0 111.3 33.0 18.6 14.4 L 13.8 41.1 45.1 A-6 5 22.3
Clay Subgrade 14.8 1114 31.2 19.0 12.2 L 13.0 39.2 47.9 A-6 4 27.7
Select Granular 9.8 124.1 A-2-6
Select Granular 9.7 119.3 A-2-6
Avg Class 5 9.3 128.1 A-1-b
Table 14. Base and subgrade gradations.
Material 1”7 | 3/4” | 5/8” | 1/2” | 3/8” | #4 | #8 | #10 | #16 | #20 | #30 | #40 | #50 | #60 | #100 | #200
Clay Subgrade 100 98 | 93 88 83 77 71 64 | 54.9
Clay Subgrade 100 99 | 94 87 83 77 70 | 61 | 521
Select Granular | 100 | 100 | 99 97 95 [90(82| 79 | 70 52 | 37 | 25 11 6.8
Select Granular | 100 | 100 | 100 | 98 | 96 |93 |86| 83 | 74 55 | 40 | 25 10 5.9
Avg Class 5 100 | 98 95 90 86 | 73|64 | 61 | 52 | 42 | 36 | 26 | 19 | 15 9 6.9

21




INSTRUMENTATION AND EARLY TESTING

Instrumentation

An important feature on the Mn/ROAD project is the extensive infrastructure available to
support the instrumentation of pavement sections. Test Cell 53 was built with a large number of
electronic sensors embedded in it to measure the pavement’s response to load and environmental
effects. Table 15 summarizes the type and number of sensors. Appendix F contains more
information regarding the function and location of the sensors. Figure 3 shows the layout of the
sensors in Cell 53. Installation photos can be found in Appendix E.

Table 15. Sensors used in Cell 53.

Sensor Code | Sensor Type Measurement Type | Quantities
CE Tokyo Sokki PML-60 Dynamic Strain 24
DT Schaevitz HCD-500 . Displacement 6
Linear Variable Differential Transducer

EC Decagon ECH,0O-TE Moisture 8
HC Tokyo Sokki P1-5 Joint Opening 6
IK Intellirock Maturity 10
v Invar Reference Rod Elevation 4
TC Omega Thermocouple (Type-T) Temperature 24
VG Geokon 4202 Vibrating Wire Environmental Strain | 3
VW Geokon 4200A-2 Vibrating Wire Environmental Strain | 16
WM Watermark Freeze-thaw Cycles | 12
XG Geokon 4202 Vibrating Wire Temperature 3
XV Geokon 4200A-2 Vibrating Wire Temperature 16
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Figure 3. Sensor layout in Cell 53.
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Early Testing

It is now realized that characterizing the early-age behavior of a concrete pavement can be
paramount in understanding its long-term performance. The presence of “built-in curl and warp”
can significantly affect how the slab response to dynamic vehicle loads. Another area of interest
is in developing further understanding of how concrete maturity relates to stresses in the slabs,
such that the timing of joint formation might be better predicted. To accomplish these
objectives, intensive early age testing was carried out on Cell 53.

Warp and Curl Measurements

To characterize the built-in curl and warp of the new slabs, the a recently developed laser
profiling device called the PALPS (Portable Automated Laser Profile System) was used over
several of the panels in each test cell and shoulder to measure the slab profile during the first 72
hours of curing. The measurement locations are shown in Figure 4. The origin of all
measurements was 6 in. from the pavement joint and 6 in. from the pavement edge as shown in
the figure. Two longitudinal measurements and two diagonal measurements were then taken
every 24 hours for the first four days after the pavement was poured.

The measured warp and curl for each measurement path is shown in Figures 5 through 8. At
each measurement location, the measured warp and curl did not significantly change over the
first four days. The built in warp and curl along measurement path G appears to be convex or
“curled down.” Along path H, the slab appears to be concave or “curled up.” The initial drop in
displacement at 1 ft in Figure 6 is from a surface sensor. Along path L, the slab is also “curled
up.” The drop in displacement at 9 ft is also from a surface sensor. The slab along path M is
also “curled up” and also has a drop in displacement at 3 ft due to a surface sensor.

Figure 4. PALPS measurement paths.
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Figure 5. PALPS measurement along path G.

Vertical Distance (in)

0.50

0.30

0.10

-0.10

-0.30

-0.50

2 4 6 8 10 12 14 16

Horizontal Distance (ft)

Figure 6. PALPS measurement along path H.
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Figure 7. PALPS measurement along path L.
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Figure 8. PALPS measurement along path M.

Concrete Maturity

Two maturity “trees” with sensors at 5 depths through the slab were installed in this test cell.
Both “trees” were installed approximately at mid panel with one 6 in. (Edge) from the pavement
edge and the other 36 in. (Mid) from the edge. Of the ten maturity sensors installed, only four
survived construction. Figure 9 show the maturity at four different locations in the slab. As
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shown in the figure, the maturity at 36 in. from the pavement edge was higher than at 6 in. and
the maturity near the bottom of the pavement was higher than near the top.
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Figure 9. Maturity versus time data from maturity sensors.

27



SUMMARY AND CONCLUSIONS

MnROAD Low Volume Road test Cell 53 was built to represent Mn/DOT’s current Long-Life or
High Performance Concrete Pavement design. The primary objective of this research study is to
develop an improved service life prediction model for Mn/DOT’s current 60-year concrete
pavement designs. Secondary objectives include understanding the behavior of these pavements
with regards to maturity, slab warp and curl, and thermal expansion. These objectives will be
accomplished through extensive testing of materials during construction, and conducting
seasonal load response testing under controlled loads of an instrumented concrete pavement test
cell (Cell 53) built to Mn/DOT’s current 60-year design standards. Load response testing of
traditional designs constructed in MNnROAD Phase | will be used in the development of the
improved life prediction model.
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PROPOSED WORKPLAN FOR SIXTY-YEAR DESIGN CONCRETE
PAVEMENT - PERFORMANCE MODEL DEVELOPMENT

Principal Investigator:

Name: Ryan Rohne, E.I.T

Department: Minnesota Department of Transportation
Office of Materials and Road Research

Title: Research Project Engineer

Address: 1400 Gervais Avenue, Maplewood, MN 55109
Phone : 651 366 5449

Fax: 651 366 5461

E-mail: Ryan.Rohne@dot.state.mn.us

Proposal Abstract

Due to increased traffic congestion and reduced highway construction budgets, emphasis is now
being placed on designing and constructing longer life pavements. For concrete pavements, the
new goal for urban high volume highways in Minnesota is toward a 60-year design life. Using
the current Mn/DOT design guide for concrete pavement design (based on 1981 AASHTO
design guide), Mn/DOT is now constructing what is believed to be 60-year design concrete
pavements. However, during the design process, both the traffic prediction and service life of
the concrete pavement is being extrapolated far beyond the available charts in the current design
method.

The primary objective of this research study is to develop an improved service life prediction
model for Mn/DOT’s current 60-year concrete pavement designs. Secondary objectives include
understanding the behavior of these pavements with regards to maturity, slab warp and curl, and
thermal expansion. These objectives will be accomplished through extensive testing of materials
during construction, and conducting seasonal load response testing under controlled loads of an
instrumented concrete pavement test cell (MNROAD LVR Cell 53) built to Mn/DOT’s current
60-year design standards. Load response testing of traditional designs constructed in MNROAD
Phase | will be used in the development of the improved life prediction model.

Anticipated duration of research project: 54 Months

Total Budget Direct & Indirect Cost: $113300
Budget details (Direct & Indirect Costs):

Salaries: $106000
Supplies: Office Supplies & Instrumentation = $7300

Matching Funds: To facilitate the research process Mn/DOT will construct a Mn/DOT 60-year
design concrete pavement test cell at MNROAD (on the low volume loop portion) for $43,113.
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Research Matrix & Methods

e Construct and instrument a concrete pavement test cell based on Mn/DOT current
60-year design standards.

e Collect and analyze sensor measurements including maturity, dynamic and
environmental strain, displacement, slab warp and curl during and shortly after
construction.

e Ona monthly basis, collect and analyze dynamic and environmental strain,
displacement, and slab warp and curl measurements.

e Frequently (at least seasonally) monitor surface distress and ride quality of the test
cell for a 4-year period.

e After 2 years of traffic application, develop preliminary life prediction models
based on available MNROAD data. Refine load response testing schemes if
necessary.

e After 4 years of traffic has been applied, complete a life prediction model and
prepare, publish, and present research papers and final reports based on the
findings.

Required Instrumentation

To perform the proposed measurements and monitoring, the following instrumentation would be
required: dynamic and environmental strain sensors, thermocouples, slab moisture sensors,
maturity dataloggers, invar elevation reference rods, and frost pins.

Work plan

1. Task1l
Test cell layout, instrumentation, and data collection plan development
This task involves includes determining the overall geometric layout and structural
layers of the test cell, and the placement of the instrumentation to accomplish the
research study objectives. Construction materials and specifications will also be
developed.

The geometric layout of the test cell will follow current Mn/DOT standards for 60-year
design concrete pavements.

The instrumentation plan will include detailed information on the geometric location of
the sensors, and their function in achieving the study objectives. Data collection
frequency will also be outlined and related to research objectives.

The test cell load response data collection plan will be developed based on the research
objectives and standard MnROAD facility operation practices. The plan will outline the
suggested schedule of load response and non-destructive testing, distress survey, and
ride quality measurement events.

Deliverables for Task 1: Powerpoint presentation and a summary report detailing the
following:
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Geometric layout and structural layers details for test Cell 53

A copy of the construction plans and special provisions to the specifications
Layout of instrumentation

Performance monitoring plan

Duration of Task 1: September 2007 to March 2008

Task 2

Literature review on long life concrete pavement life prediction models

This includes an investigation of the current research initiatives and historical results
related to the development of life prediction models for long life concrete pavements.
Associated subject areas in the investigation will include maturity, dynamic and
environmental strain, displacement, slab warp and curl, joint load transfer efficiency, joint
faulting, and surface distress and ride quality of long life concrete pavements.

Based on the findings of the investigation, final research objectives may be adjusted so as
to not to repeat the study of well established parameters related to long life concrete
pavements. A summary report of the investigation will be prepared and disseminated.

Deliverables for Task 2: Powerpoint presentation and summary report of the literature
review investigation, including recommendations for adjusting preliminary research
objectives.

Duration of Task 2: November 2007 to December 2007, November 2008 to February
2009.

Task 3

Test section construction report

This report will discuss the construction process and document the results from material
tests performed during or shortly after the construction. The report will also include the
results from maturity testing and early slab warp and curl measurements. As-built
geometric and layer thickness data will also be included in the report and input into the
MnROAD database.

Deliverables for Task 3: Powerpoint presentation and construction report. Excel
spreadsheets with updated cell and instrumentation data for input into the MNnROAD
database.

Duration of Task 3: Beginning 12 weeks after the date of paving, and ending 12 weeks
later.

Task 4

Data Collection and Analysis

Based on the data collection plan developed in Task 1, data will be collected, organized,
and analyzed to characterize the load response of test Cell 53. Similar data will be
collected from other MNROAD concrete pavement test cells in a effort to compare to the
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results from Cell 53. Data organization (including insertion into the MNnROAD database)
and analysis will be done on a timely basis.

Deliverables for Task 4: Excel spreadsheets with data and analysis results from this task
for input into the MNnROAD database.

Duration of Task 4: Beginning 1 month after the date of traffic application on test Cell
53, and ending 36 months later.

. Task 5

Develop Preliminary Life Prediction Model

Based on the analysis results from Task 4, a preliminary life prediction model for
Mn/DOT’s 60-year concrete pavement design will be developed. Based on the model
developed, adjustments to the remaining data collection scheme will be invoked. An
interim report will be written outlining the preliminary model that was developed.

Deliverables for Task 5: Powerpoint presentation and interim research paper/report. A
modified data collection scheme will be implemented (if necessary).

Duration of Task 5: Beginning 2 years after the date of traffic application on test Cell
53 and ending 16 weeks later.

. Task 6

Develop Final Life Prediction Model and Summarize Other Performance
Observations

Using additional data collected since the completion of Task 5, a final life prediction
model will be developed. Findings related to secondary research objectives will also be
disseminated. This may include a forensic investigation and report of the performance or
characteristics of test Cell 53.

Deliverables for Task 6: Powerpoint presentations, a research paper/report describing
the life prediction model developed, and paper(s) summarizing the findings of secondary
research objectives.

Duration of Task 6: Beginning 3 years after the date of traffic application on test Cell
53 and ending 6 months later.

. Task 7

Technical Brief, Implementation Strategies Report

Based on recommendations of the Technical Advisory Panel, a four page technical brief,
summarizing the findings of the study, will be prepared for general distribution. A brief
report will also be prepared outlining suggested implementation strategies for the
findings of the study.

Deliverables for task 8: A technical brief and a brief report on implementation
strategies.
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Requested by Tom Schmit

TJNF 08-033

R IX APFROVAL

Phone 651-319-2369

Firm Mame

Aggregate Industries

Agency Enginner/inspector

SP 8880-157

Praposed Aggrepate Sources

CA#3 | Sand

Ch #1 CA #2
Pit Number 171041 171041 119004 118604
Pit Name Agg. Ind, Agg. Ind. Aga. ind. Agg. Ind.
Nearest Town Elk River Elk River Lakeville Lakeville
Size #67 #0 C. Sand

#4
Sp. G. & Abs. 275 ©.009

2.69 0.013  2.89 0.014 2.64 0.co8

(Provided by MN/DOT)

Proposed Cementitious Sources

Manufacturen/Distributer
MitPower Plant
TypelClass

Specific Gravily

MN/DOT Mix Number
Water (lbs/C.Y.)

Cement {lbs/C.Y.)

Flyash (Ibs/C.Y.)

Other Cementitious (Ibs/C.Y.)
WICM Ratio

Sand (Oven Dry, Ibs/C.Y.)
CA #1 {Qven Dry, Ibs/C.Y.)
CA #2 (Oven Dry, Ibs/C.Y.)
CA #3 (Qven Dry, Ibs/C.Y.)
Maximum Slump

% Air Content

Admix, # 1 (0z/100 # CM)
Admix, # 2 (0z/100 # CM)
Admix. # 3 (02/100 # CM)

Fly Ash Other -

Cement .
Lafarge Head Waters Resources

Davenport, 1A Coal Creel, ND

i CIF ’

3.15 : 255

Proposed Mix Deslgns

3AHPC

206

410

175

0

0.035

1123

627

1154

224

3||: . : .

7.00% $1.5%

Sika AlR 25 needod

Sikarm:‘.nl G886 0-8.0 gz/cwt

The above mixes are approved for use, contingent upon satisfactoiry site
perfromance and continuous acceptability of git matarials sources, by;

s

At 5lzilos

comments;

CdHcrete Enginsering Specialist " Date

Mix Is designed for the materiale 2t Agg. Ind. Rogers Plant (#2)
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R State of Minnesota Department of Transportation

Dffice of Matarials
1400 Gervais Avenue
Maplewood, MN 55108

O

Aggregates Test Report for Composite Materials

0CT 27 7008

10272008

Date Sampled: 10/16/2008 Usage: PAVEMERNT Billing Agency. Project Number. 8680-157

Date Received: 101712008  Submitter: POSUSTA, K. Sampled From: BELT

Project Enginesr BOB RABINE
Plant Mame: Agg Ind 2 Rogers

Test Procadurss. AASHTD T-19, T-21, T-27{M), T-30(M). T-84(M), T-85(M), T-56(M) T-104(M), T=113{M]. T-176(M], T-248{M), T-304 Method A, ASTM

G123, ASTM C535, ASTM D3042. ASTM DATITIM),

L ithaodBAPY e A P at Crushina/MP) & = MMIDOT Madifisd WP = MNTOT Proceduras

Composhe |D: 10 GO-CADE-1043 10 GOWCADE-1050 0. CO-CADB-1056 I0: CO-CARB-106T 0 10: Grad. Spec. | MFOE

Field ID: 30A=60 Flebd ID; 39A=60 Fiald I0: 334 = 60 Field ID: 394 = 60 Fiefd 10 Fiedd 10

EO8-CO-2813 Prapor. T.00 Fropor:; 36,00 Fropof, 20000 Fropor. 37.00 Propor: Fropar: Clazs. © JMFOB-023

Pil W 19004 Fil #: 19004 Pil & 71041 Pil 8- 1041 it #: Fit#:

Pil Mame: Agg nd-La  |Pil Mame: Agg Ind -La | Pit Name: Agg Ind - Bl [Pil Name: Agg ind - EIk Fil Mame: [Pt Wame: Quality Spec. -
% Passing Lab Field Lab Field Lab Fiald Lab Fleld Lah Field Lah Field Lak Field Spec Limits
Sieve: Test Test Tast Test Tost Tast Test Tast Tast Tesl Tesl Test Comp  Comp Low High
37.8mm (1 2% 100 100 100 100 100 100 100 100 100 100 95 100
31.5mm (1 1147} 100 100 100 100 ag 100 100 100 100 100
28.0mm (1) 100 100 100 100 ] B4 100 100 “98 a7 BE 96
14, e [ 347) 100 100 100 100 23 25 98 a7 it B4 75 a5
1. Ormm {587 100 100 100 100 10 10 &0 80 78 T8
12,5mm (1527 100 100 100 100 7 7 &9 72 70 71 61 k!
g.5mm (3187 400 100 100 100 ] [ 45 49 61 62 52 G2
4.75mm (M4) 97 97 100 100 2 3 T ] T 47 40 60
23Bmm (¥8) 21 23 ] 44 35 35 Y .2
2.00mm (#10) 1 =) 33
i ABmm (#15] 3 3 76 76 28 28 22 30
SO00um {#£30) 1 1 48 47 17 17 12 20
A 250m [#40) 1 249 1
Im (#50) v] [i] 14 13 5 5 2 B
150um [£100] 1] [i] 2 2 1 1 0 3
TSum (200} 0.1 01 0.3 0.4 0.1 0.1 0.0 16

(-

COB-CO-2818 Ver. 1 Paga 10l 2

10272008 8:03
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Concrete Quality Analysis for C08-CO-2819

Composile Specification Valus
19004 CO-CA0E-1049 CO-CADB-1050 Valus Low __ High
u% Shale in Sand =0 =00 0.0 i] 2.5 Cruality §pecification 3126.2C3
Composite Specificatian Valus
71044 CO-CADB-1086 CO-CADS-1057 Value Low  High
% Total Shale +1:2° 0.0 0. oo . o Quality Specilication aiav.2bDac
“hTaral Shale »4 Lt K [1Ks] o.g 0T
4, Sandetone an 0.3 0.2
% Carbonaie 4.0 [ 1.9 3o
%4 lron Dxida 0.40 n.06 015
%% Unsoand Charl 0.0 0.00 009
4 Safi Rock 0.3 0.2 0.2 25
erumn.HNn_unm_.nUnu o7 oz 04 s
5 Total Spall +1/7" 04 0.0 0.2 10
% Tolal Spall +4 LE] 0.4 0.1 1.5
3 Mssumead Value [[] Meets Requirements
* Walue doas nol meet Spec (] Daes Not Mest Requirsments
- Walue oul of Fleld Lab Tolerance [] Forisfo Ony

== Traca (0.00 - 0,05) Datested D b e
ntive

Commanis
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Coples To:  Concrele Engineer Charge: 2.-1012 Report Approved By
WMelro Inspaction 2-1013

Metro Materials Engineer 21014 ”
Resident Engineer; DAN PENK 2-1029 o \%
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Ready Mix Division

2915 Waters Road Suite 105

Eagan Minnesota 55121

Main Office (651) 683-0600
Metro Dispatch {651) 683-8150

CUSTOMER FROVIDED PRODUCTS:

» CUSTOMER PROVIDED PRODUCTS ADDED TO THE MIX VOIDS ALL
GUARANTEES/WARRANTIES.

. memrmsmwmmm

FOR TERMS, CONDITIONS ANE mm

3570

PAYING

et MN RCAD RECONSTRUCT IONALBERTVILLE

© Prev Truack: Slump: =
«COME IM-DFF 37 TO MN ROAD MT
MRl GATE wDOK FOR PC1 EMPLOYEE
“TDDIRECT FROM THERE.

BALKD,

TODD

. = e J L,
 IMTHEC ] MN ROAD H1 PERFORMONCE F 55° 4.p5  9.25 CY @'0a™" el
BIF STATE TNSPECTION . 1 925 9.25 CY 0. 00 @, 00
FUEL FUEL SURCHARGE 1. T 1 i | LD 2. 0@ .00

s B
‘ ? /g0 FA7 .
~ o7 Ais
¥ LAd SR
; st~y
e O P ..
; ot e SRRV -I I‘.-.'. !
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- 49 Ll 119084 Lkvl D060 804 224 227 5.0 2i3 =) 1B
C. Gand kvl 19904 Livl 2938 a0 113 e 37 16 178l o7
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X éc J'h ".L‘ I } L
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Trim Water: & gallons e Total Water: . 1728 dbe oy
Mix Water/Cement Ratio: .35 Water Avarlable to Adds 17 gallons
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Ready Mix Division
2915 Waters Road Suite 105
Eagan Minnesota 55121
Main Office
Metro Dispatch

(651) 683-0600
(651) 683-8150

CUSTOMER PROVIDED PRODUCTS:
+ CUSTOMER PROVIDED PRODUCTS ADDED TO THE MIX VOIDS ALL

GUARANTEES/WARRANTIES. NG o
= ADDNTIONAL FEES APPLY FOR ADDI
AGGREGATE INDUSTRIES. 3 --’Wr!w

=

CUSTOMER NAME GADER NO.
3576
i M ROAD RECONS TRUCT IONGLDERTUILLE
Prev Truck: a8 SIOLT'E ORDERED BY
~COME IN OFF 37 TO MN ROAD 01
MQIN BATE LOOK FOR PC1 EMPLOYEE . S—
TO DIRECT FROM THERE. SAVERWANE T
o MTLLER, PALL 0.

SRR P (0L o1 e g

M RORD HI PERFORMANCE P

; 5% .25 18.5 .V @. 00
S1F STRTE ;NlBPEC"{ 10N L= 8.5 CY @.00 0. 00
FUEL FUEL SURCHARGE i g LD 0. 20 @. 0
. & )
Lt T . n
. ROBERS PLANT z (K S121583
929/ SP achad- 157 LG 0 RE A LA LHC 1 E R Y- ] 0. 00
Ingredient Soarce MWFa  AbFac o #b: SEI  Free Mgt CY Targ Target Actual % Ervor
15" E.R. L7LB4L E.R. doatd vz £27 L] &35 -1.3 633 5868 e La
3 Livl 119004 Lkvi 008 8.8 224 I 227 5.8 23 2168 2208 £ 3%
C. Sand Lhvl 19004 Lkvl .38 0. 088 123 3 1 3.7 1166 10780 12048 0.61
CAGRBETIELR. 171841 E.R. LN TR 0013 H3s 13 1168 £.9 G lesae 1894 0.6%
Helcin 1 HOLMC 1A it ] L] 2.8 419 Ime il - N
Class C/F fah COCUNND 175 8 ¢ 2.2 175 1619 1638 B
WATER Hater Totals 85 ] s ] 4.6 L] 1253 1242 .3
Bika Air SIALR § [ @ 2.9 4 k) ko) o
Sikament €85  SINABEE 4 9 @ 8.8 & 2i6 219 .42
Design Waterr 1896 lbs
Tris Water: -4 galiun. fotal Water: 1634 i1bs
Mix Hater /Cement Ratjo: ©.35 Waler Mvsilable to Pdd: 27 gallens
Actual Water/Cemenlt Ratio: @.21 Water Added at Planta gallons
Batch Time: 13:7@ Water Added at Job Bitex sogallops
Total Actual b Ter‘: lbe
By signing this ¢ Ivgry tkkely:pu ,W the
MM DOT - CERTIFLCATE OF LOMPLIAMNLE terms & conditions on the Back sidé of this form.
RECEIVED BY (legible signature):
596143 BATCH COPY

D-2

X

-



A I

Ready Mix Eivis ion CUSTOMER PROVIDED PRODUCTS: e
2915 Waters Road Suite 105 * CUSTOMER PROVIDED PRODUCTS ADDED-TO
AGGEGATE Eagan Minnesota 55121 . Enu'nu«n FEES APPLY FOR ADDING SRODUCTS NOT SUPPLIED BY
Main Office (651) 683-0600 AGGREGATE INDUSTRIES. 15 ;
INDUSTRIES Metro Dispatch (651) 683-8150 e S :

NO CREDIT ALLOWED FOR COMCRETE RI
FOR TERMS, CONDITIONS AND RETURN CHECK C

DATE MKEfNO. [ . CuSTOMER Name ORDER NO.
9/29/2088 68510 PCI 3570
\DDRESS M leﬂ[‘ RECONSTRUCT IONALBERTVILLT
NSTRUCTIONS: ORDERED BY
Prev Truck: 402 Slump: a

COME 71N OFF 37 TO MM ROAD i1
MAIN GATE LOOK FOR PCI EMPLOYVEE
TO DIRECT FROM THERE.

PROELL, GARY

ROQUEREORE, |y v oo . . DESCRIFTIO — s ——"
IR4IHPC L MN ROAD HI PERFORMANCE & B 3.29
SIF STATE ITNGPECT TON 1 92.25
FUEL FUEL SURCHARGE 1 1
' ¢ th 1
: 2
m
gYr
5 1€
o
Sy b i L i : 5 g
ROGERS PLANT e kLT a12153
i i 7L b . i m E it "
e
9/29/20 SP Be80-157 N R R4 1HPC1 178 9.285 | 27.73 @, 00
Ingredient Sowrce MOFdr  AbFac O b SE0  Free Met LY Targ Target Actual ¥ Ervor
CLS"WW EJR. 171041 E.R, J.8i0 R.013 7 8 635 S 633 5860 5960 £
9 Lyl 119984 Lkvi o.8aR  A0i4 224 K: 227 5.4 21 2168 2EED 281
E. Sand Lhvl 19004 Livi B.838  0.908 1123 9 13 1.7 1166 le78@ 11909 [N
CRSB(SETIE.R.  1TID4L E.P. 0.9 Bt 1154 1% 1169 £.9 1178 1ea88d 18928 41
© Helein 1 HILACTA We 2 L] B.a 412 Iree e . e
Class C/f Ash COOUNND 17 [\ ] 0.0 178 1619 1595 =1.5%
WATER Hater Totals 25 35 205 -6 =] 1253 1236 =1, 4%
Sika fir SIALR § L @ n.e 4 3 3 b8z
Sikament G06  SIHAGEE ¥ ) 8 6.9 § 216 216 .o
Design Water: 1826 lbs
Trim Wate:: 3 gollong Total Water: 1648 1bs
Mix Water/Cement Ratioc: @.35 Waler FAvailable to Adds 27 gallouns
Actual Water/Cement Ratie: @.31) Water Added at Plants '~ gallons
¢ Bateh Time: 13:42 Water Added at Job Sites gallong
Total RActva r lbs
Biy sig‘rﬁlinlgII tllisHl:Fetiis‘!r;' ticket }'OU_EQF*W the
MN DOT - CERTIFICATE OF COMPLIANCE * ,terms & conditions on the back side of this form,

RECEIVED BY (legible signature)

596146 BATCH COPY X

D-3



= | ——
A Ready Mix DiVlSiG!l . CUSTOMER PROVIDED PRODUCTS: _ ~__
2915 Waters Road Suite 105 « CUSTOMER PROVIDED PRODUCTS ADDER.SD THE MIX VOIDS ALL
m‘E Eagan Minnespta 55121 -* . e "°§’ Bk
Main Office. .. ' (651) 683-0600 oo ierden o 1 g

INDUSTRIES Metro Dispntchi.

*"‘! ,5{5511 683-8150

DRESS MN RCAD RECONSTRUC T IOHALBERTYILLE

Prev Trucks 178 Sluap: 3
COME IN OFF 37 TO MN ROAD.AT

GMAIN BATE LDOK FOR PCL EMPLOYEE |
“TOCDIRECT FROM THERE.

IR4IHPC L MN ROAD HI PERFORMANCE [, - 55 9,85 {:'f L Tpee’ Melve
SIF STATE INSPECTION i i 1 9.&" ; qm 2. 00
FUEL FUEL SURCHARGE i’ i, # *LD -/ OB e of Ii.ﬂ
E i
£ ey TR
dy £ I h »2_ ‘gf
[ i o ; Rh A/{, ('
N = grr= (1 o= .
- — e . . e Lo Y 2 e e —— g i B e — = e
4 ]
g rekiopntel
IR - ' g B b ot 10 ) 0
;nROBERS. PLANT e L 5 § g - S ; winiite
9/29/2004  SP 8:8@-157 | o010%e | AstHpct| eS| oS | 37 . 00
Ingrediest Source WoFac AWac 00 Abe 59 FraeMst O Targ Target Actual ~3 Erver
L.5"(84) E.R.  17i841 E.R. .8 a0l 627 ] &35 -1.9 633 58c8 Be T e
¥ Lyl 119086 Likvl 0,043 B.014 224 3 287 5.8 233 2led 2360 - 18.23
C. Sand thvl 19084 Lvi ’ 2.238 o.0n0 122 9 e 1T 1166 10780 110689 A
DASRIBETIE.R.  171B41 E.R. b2l d.el: 1154 13 11E2 6.9 1176 10880 18%0 ~ o7
_ Holein T HOLXCTA §e ] [ 8.9 #e e 1 &
Class C/F fsh OOCUMMD I75 ] ] [ X 175 1619 63T T
WATER Hater Totals W -3 o5 44,5 ke 1853 126  -L&
Sika Air STATR § 9 - o0 Aoy T AR LR
Bikament 606  STNAGBE Ve 0 X U - R '
. g vt B pieh
Dezign Waterg 1896 1lbs |
Trim Hater: -3 gallons Total Watewdr 1668 1be
Mix Water/Cement Ratio: 8.35 Water fAvailable to FAdd: 26 gallunf.
RActual Water/Cement Ratio: 0.3 Water Added at Flanty
_Batch Time: Las@ ., /- SO A, Water Added at/ Job Sikew 10w
P utﬁ}sl E‘Iﬂ%' !"-':'fgilvqrg'er il the

5 ) & :' La] g J ;
MN DOT - CERTIFICATE OF COMPLIANCE conditions on the| . et

596147 X\

D-4



Mix Division
2915 Waters Road Suite 105
Eagan Minnesota 55121
Main Office
Metro Dispatch

(651) 683-0600

CUSTOMER PROVIDED

* CUSTOMER PROVIDED
GUARANTEES/WARRANTIES. ="

« ADDITIONAL FEES APFLY FOR ADDING PRODUCTS NOT SUPPLIED BY
AGGREGATE INDUSTRIES.

PRODUCTS ADDED TO THE MIX VOIDS ALL

(651) 683-8150

i CUSTOMER NAME
/R9/20PE  68514| PLI 3570 PAVING !
LIVERY A ¥
il M RCAD RECOMTTRUCT [0MGE DERTUTLLE | : y
INSTRUCTIONS: ORDERED BY
Prev Truck: 485 Glump: -
COME IN OFF 37 TOQ MN ROAD AT
MAIN GATE LOODK FRR PCT EMOLOYEE DRIVER NAME o
TO=DIRECT FROM THERE.
— WTCHENS, YTELLYV @ 14z
- — e |
3AGIHPCI Mr ROALD HT PERFTIRMANCE D b E. 25 0.0e ©. 08
SIF STATE THSPECT 00 [ @.00 Q. 28
FHEL FLIEL SURCHARGE i 0.89 0. 0@
.5 &
E T
- @
ROGERS PLANT o PCl 512153
T i AT " T'rer. r ewwGE NG, DX HO, TRUCK NO- | LOAD QTY. |
2008 SF 8eE8-137 O ine ARG IHPLL 17 .85 | 46.250 @, 00
Ingredient Source ML 5 fibF at i fih: S50 free Wet [V Targ Target Actual - % Error
1.5" (840 E.R. 171041 E.R. aae wels Wi @ 0% 1.9 B33 580 ‘3968 2.
M Lkvl 119904 L.l &, 948 [\ F 224 L &7 a8 (A 2160 2508 13.7%
C. Sand Lkvl 13084 Lioi B.838  f.0e8 1123 3 IR n.: 1164 o762 1088 B4t
CASAEETIE. R 1TID4Y ELR. .82 A 1154 15 1ES £.9 1% 10880 L1B48 1.5%
Holeis | HOLMCIA Jla 2 i 0.0 il 319 3785 &
Clage C/T Ash  COCUNMD 175 Q ° .0 175 1619 1635 o
WATER Water Tatals 4 o5 E5] L] H.E 160 1N 1286 0. 4
Sika Aur SIATR ' 4 2 ] 0.0 L] n a7 .
Sikament G8E  SIMAGAE i ] ] (N ] L] 216 216 8.8
Desiyn Water: 1896  lbs
Trim Water: ~2.% gollons lokal Water: 1898 lbs
Mix Water /Cesment Ratio: O, .5 Uab e Available to fidd: 21 pgallons
Actual Water Cement Ratio: 032 Hat=r fdded at Plant: gallons
Batch Time: Lh:02 e Wal o fidded abt Job Sites gallens
2 Tokbgi fu ).:_-..all_l_lm,er: X Lbs
By signing this delivery ticket you agree to the
| ]
b DO CERTIFICATE OF COMIPL babit terms & conditions on the back sile of this form.
RECEIVED BY (legible signature)
596150 BATGH COPY

X



9

AGGREGATE

Ready Mix Division
2915 Waters Road Suite 105
Eagan Minnesota 55121
Main Office

(651) 683-0600

CUSTOMER PROVIDED PRODUCTS:

* CUSTOMER PROVIDED PRODUCTS ADDED TG THE MIX VOIDS ALL
GUARANTEES/ WARRANTIES.

* ADDITIONAL FEES AFFLY FOR ADDING PRODUCTS NOT SUFPLIED BY
AGGREGATE INDUSTRIES.

(651) 683-8150

Metro Dispatch

NO CREDIT ALLOWED FOR

CONCRETE RETURMED. SEE REVERSE
FOR TERMS, CONDITIONS AND RETURN CHECK CHARGES.

Pl 3570 PAVING
ADDRESS M RODE RECOMNSTRUC T TGN BPERTYILLE
INSTRUCTIONS: ORDERED BY
Prev Truck: (77 Yump:

COME IM OFF 37 TO WMl ROAL AT

» MAIN GATE LOOK FOR PCI EMPLOYEE -
< DRIVER NAME
T DIRECT FROM THERE. :
PTURKE, RON

— PROQUCTEORE | DESCRIPTION o —

3R4 LHIFC
SIF
FLEY

M ROAD
STATE
FUEL

HI PEREOEMANC

INSPECTTON
SURCHOINSE

o

4745 J
,_ T "
i e CUSTOMER A T ®
; . . a
ROBERS PLANT . o 512153 TRUCK T i
[ S T AEF. / BRIDGE NO. MIIX NO. TRUCK NO. | LOAD QY. | 7| ome
9,89, 0nd 5P OEBG- 157 O EOE: a0 1 B5.7/5 | 5% a. 0@
Ingradient Sgurce WiF ar i i o it gE0 Frog Met  CY Targ Target FActeal 3 Error
1.5"(#4) E.R. 171041 E.R. A8 M 627 8 3 1.3 £33 548 Seo8 &5
¥ Lkyl 119004 Livi o.80 G.8L ] 227 9.8 233 2040 2800 -l
£, Sand Lhvl 19084 Lkv] 2@ o4 9 13 1.7 HEG 10208 w188 8.2
CASAISETIE.R. 171041 .8, 8.017 A1 5% 1 182 i 117 1w a3l [ 7
lein T HOLMC A a1 ] L] 8.8 419 1588 595 8.2
#Class T/ Gsh  COCUMND 175 @ i 2.9 ¥ 153t 1585 B, 4%
HATER Water Total e Ly 1] 16 1222 1208 -1, 1%
Sika AL SIAIR ] [ ae ] k] B (R
Sikasenl £86  SIHORSE i @ 0 o.8 4 04 218 2.9
Decign Waler: 1794 1bs
Traim Wateos =05 el low Total Water: 1598 lhbs
Miw Water Cement Ralio: @, 5 Watl e flvaslable to Rdd: 22 gallons
Actual Water/Cement Ratio:z 0. 21 Water HAdded at Plants gallon:
Batch Time: LdzcT? 2 2.0 Hater idded at lob ‘:iJ.tu: gallons
t fobal ficbual lhe .
By signing thls delwery ticket you agree to the
MM TOT CERTIFICATE GFF COMPL TR terms & conditions on the back side of this form.
RECEIVED BY (legible signature)
5986152 BATCH COPY x



: Delivery Ticket )

Ready Mix Division CUSTOMER PROVIDED PRODUCTS:

2915 Waters Road Suite 105 - Ewrohlm PROVIDED mﬁnucrs ADDED TO THE MIX VOIDS ALL

Eagan Minnesota 55121 . UPPLEED
AGGREGATE 2o arynonn | SRR e e r

Metro Dispatch (651) 683-8150 S

NO CREDIT ALLOWED FOR CONCRETE RETURNED. SEE REVERSE -~
FOR TERMS, CONDITIOMS AND RETURN CHECK CHARGES.

£ DATE | - TICKETNOD. A CUSTOMER NAME | © | ORDER MO, i e USAGE CODE

Lasis/opas  Gal71) PO G4 PRV TR
ADDRESS i FECAD RECOMSTRUCT TGMNOLBERTVILLE - PAGE
INSTRLUCTIONS: b T i DRDEREDBY i ] AL
Prav Trook: Slumps 4§ - o8
B IM MATH GATE A7 MM ROAD, N -
TRYEE LEFT e2eREADY o " DRIVER NAME G ZONE . | SCH, ARR. i PDUII -
'FINISH
DOCEHAN, DALE @ 13187 PoOUR
L PRODUCT CODE | ' - DESCRIFTION . P TUNT [ Pice | AMOUNT
.l
R4 THED P ROAL HI PERFORMANCE 37. 81 3.5 9.8 1Y . g i B
. BIF STRTE THEPECTIDN i 5 3.3 0¥ B. @9 &. 6@
FUEL | FUEL SHRCHARGE 1 i t LB B 20 @ 0
HOT Ho@ HOT HATER CHRRGE 1 9.5 R &, @9 . i

3 T L, 2l
R il & Cerr 537
e 1 ¢ .,'.{- 'T’ -J' ; !
i {Vu.r'fg_& f{ Tc’"’v"h)"’) LJ}(‘ o E‘Fn}. _:JNE"
: £ } 44 Tqm -5"5‘7

&
mmm CUSTOMER NG, s ToTaL g
" ROGERE PLANT B Py 512353 bl S
©T CpAtE | " sejp0 | RERVBRDGENG. |  MIXNO.. | TRUCKHO.]LDAD QTY. ] COMULATRE qrv.| OTHER
19716 g BP BEAA-1TDT BRIz kg L HPC L&7 9.5 9.5 e
Ingradient Sturca #lFar fEF an it fug fadli) Frec Bsk OV Targ  Torget  Aobual € Drvee
L5k RO ITig4 ER .88 A0 B2 g ] 3k B2 ARG Gisg S
#2 Ll 130008 Ll 8,907 @Bl 24 3 B2 il o piatiit) 2ted -8B
E. Sand Lhel  £70R% LRul 9,936 BO0E 1123 3 1138 34 53 11ER 1EEa B0
EFSRUETIEA.  17104] ER, b B0E7  B.813 154 15 16T {83 1385 11268 pioEd ~B. 44
Holein § HILKCIR 419 i g 6.8 He 389G 339 B, it
Dlass LF fsh CEUND ST g G i75 HE o ~8.TE
Y. VTR © Haber Totals (_L) By -5 i) =A7.4% b i S T L9E
| Bikaftir BIATR fun I’ “\ f B & 2.8 4 3% 3z 6.4
Gikament 282 SINNGES ;» . ,_ﬁ_ . L] g 3 08 ] & 22 .65, =
A " 5! ) L
Besipn katar: 19490 1hs
Trim Water: ~3.5 gallons Tatal katers 1694 ihs
fiv Water/lewent Habing B, 235 m Hater Available to fod: 29 gallons
bl Hater /Ceaent Ratio: 8.3 jﬁﬁ Watee Odded st Flanb: gallans
Time: 125 Hater Added at Jok Site: gallons
Tl By siging-this'teliGery ticket you sree to the
A terms & conditions on the back side of this form.

T‘.t‘-f DaT - CERTIFICATE OF COMPLYARCL s
: RECEIVED BY {legible signature)

596796 BATCH COPY X

D-7



Ready Mix Division
2915 Waters Road Suite 105
Eagan Minnesota 55121
Main Office ’

Metro Dispatch

(651) 683-0600
(651) 683-B150

Delivery Ticket

CUSTOMER PROVIDED PRODUCTS:
* CUSTOMER
Gl ARRANTIES.

PROVIDED PRODUCTS ADDED TO THE MIX VOIR'S ALL
UARANTEES/WW) E
* ADDITIONAL FEES APPLY FOR ADDING PRODUCTS NOT SUPPLIED BY
DUSTRIES.

NO CREDNT ALLOWED FOR CONCRETE RETURNED. SEE REVERSE
FOR TERMS, CONDITIONS AND RETURN CHECK CHARGES.

596797

BATCH COPY

D-8

¥ paE TICKET NO, CUSTOMER NAME |- orper NG, . USAGE CODE
9/ ia/000m8 BRiTE| PO S04 PR TG

DELIVERY MAP

ADDRESS Ml ALAD RECONSTRUCTIONSLBERTYILLE PAGE

ISTRUCTIONS: ' Lt ] ./ ORDERED BY i - -
Prev Truchs 14T Blusp: § T / 9‘{

EO T MATM S8TE AT MW ROAD, START
TAKE LEFT was . DRIVERNAME ZORE | SCH.ARR. | POUR
CFIMISH -

UnGBER, RN i 152y poum:

[PRODUCT CODE -~ | DESCRIFTION —mr—— T ——my—— UNIT | FRKE . AMOUNT
04 THRCL M ROAD HI PERFOSMONCE P =i 8.5 18 O LISt B B0
BIF GTATE TRSPEDTIOM i 3.5 I i, i @, 0
FLIEL FUEL SURCHORGE i i ¢ Ln @. 3 3. BB
HOT H2H HOT WATER CHARGE 1 9.8 19 oy 07, i G

4 ,
|
- READY MIX PLANT . -0 PLANT # L CUSTOMER. - - CUSTOMER MO, . _'_SUE_Tﬁ'I'.M.: 2
BORERS BLANT 2 Pl S12153 Tt e
DATE [ " sPipo | . | RER/BRDGENO. |  WEKNO. | | TRUCKNO, | LOAD QTY,] CUMULATVEGTY. | COTHER
CARAE/2BEE  SP abBB-157 DE1Gaz WAIHPCL | a9 - Y i il

k 5 .'I:hgredi_vni'. Swurcs #Fac  fibran ap fibs GEF Free ist OY Terg Yargsl  Aeteal ¥ Ereor

oA LR T LR 0208 .13 At & £ 51 L3 FER 5946 -B. 2%
R R0 11980 Liy? fEe7 ol = K3 &7 2o 23 e [ FAT S EEE  4
T, Sang Liwl 19884 Lhel nads .08 i1ER 9 1132 34 [T § -7 I {13
CARIBENIE.R.  IT1841 E.R, ST BBLE 1134 15 1ik9 1. E LRI - T R
Heleig 1 HELHETR : il 3 B Lo HE o 39 R A,
Class CF &b COORE 175 ] 9 B4 11 16 feds -1,8¢
HRTER Hater Telals o5 -3 2045 ~Hi 4 130 idhl 278 b3
Bika Rir GIGIR g i & a.2 5§ 3 33 Bt
HSikaweal 685 LKABRG i & ] a. § e Fic] 4

Design kater: 1943 Ibs
=3 gallan @'ﬂt Takal Wabter: 1728 lbs
@ 35 O‘@ Water Available o Adds 24  gallons
: B [ .'l’k Wat o Added ab Blapt: gallone
Batoh Tige: §3:11 '*51' o Water Added at Job Sites gallons
1 ] - o CU TP . The
5}_}\;-\ Fot gy sihingathisbelivery ticket you' Sgree to the
) o PAY, terms & conditions on the back side of this form.
ME DOT CERTIFTCATE OF DR, IANCE

‘fr
=

X

b

RECEIVED BY (egible signature] _

(A




Ready Mix Division
2915 Waters Road Suite 105
Eagan Minnesota 55121
Main Office

Maetra Dispatch

(651) 683-0600

{651) 683-8150 .

Delivery Ticket

CUSTOMER PROVIDED PRODUCTS:
* CUSTOMER PROVIDED PRODUCTS ADDED T THE MIX YOIDS ALL
G ARRANTI

LARANTEES/ W ES.
* ADDITIONAL FEES APPLY FDR ADDING PRODUCTS MOT SUFFLIED BY
ES.

Lk

NO CREDIT ALLOWED FOR CONCRETE RETURNED. SEE REVERSE
FOR TERMS, CONDITIONS AND RETURN CHECK CHARGES.

M AaLeF k

¥ pare TICKET HO. CUSTOMER NAME :| . ORDER MO, USAGE CODE
SR PR Y ! Efi7a] BT EI4E By TR
DELIVERY MAP
i pb RCAD BETTINATEIET EONA SPETUTL e
INSTRUCTIONS: 2 i ORDEREDBY ARRIVAL
Prav Teacl: 389 Slumpis % 108 .
G0 IM WAL GATE AT MM R0AD, 60 | START
LEFT ARBIWG LO8P ‘ DRIVER NAME " 'ZOME | ScH.ARR. | (POUR'
CFNISH
__ BEYCHERT, A G ) TES iAol
4, PRODUCT CODE i - DESCRIPTION -_I—M—ﬁ,—gﬂwrrl PRICE | AMOUNT =
204 LHPTT N ROAL HI PRRFORMAONIT B 37 EN Z. S LY 2, B G. O
SiF - STRATE INSPECTTOM i 3.5 28,5 OV .9 . BE
FUEL FUEE. SURCHARGE i i LD . 20 & B
KOT Hed HET WRTER CHARGE i 4.5 £6.5 LY G, BE &, oo
.,
a

. READY.MDCPLANT | 'PLA

L CUSTOMERNG

SOETRE Y ANT - o F bl Bl B
DATE Ol iisprpo "1 RER ¥ ERIDGE NO. CMDUNG, | TRUGK MO, | LOAD QTY. | CUMULATIVE QTY. |
RN = 1111 =Y WAL T SR Er ek Rl W bl B LA A SO D agn Li A5
Tngraiient Hwres MEFac BeFac e fike 22D Frae Ret 0¥ Targ  Tarnet  feteal % Serer
LY 44 E8, 171840 BB 8.0 8014 EEY i B35 & BI2 o0 BE AT
§9 Liel 113065 Livl 8027 G0k o] i i ) 73 gies Zieg B9
La Band Lhe! 19904 Lkvl 403 0.9 H23 ! §-3 s thd el g a8
. CREQEVIE.R.  17104] R 9,807 &0z 1154 15 ] 162 IS LR ¥ 5 R S X Ef,_gr:i '
Holeim 1 HILMCER g § 8 4ol 418 I J%e2 1.7t
Class B/F feh DOCHRGS i7E 2 I& & 17 RS 3R =i %
ATER iubei Tobals ' a5 -F & O 1 I = e
Giles fidr SIAIR 4 § @ &6 4 33 33 e
Gikageel 886 SIRNESE % 3 & &2 # Fottiid a2g (iR
m ' fesign Mater: 1948 bz
Trim Hater:  —35 pallonz {jg Tatal HWater: 1748 lhs
v Hater/Coment Hatio: &30 é Wator fvailable B Ndd: Z¢ gallons
fAirtus! Water/Cement: Ratior @31 1 i Waler fidded at Plants gellons
ateh Tike: 13:86 - ) Water fuided ab Job Site: g&llions

e DgT

596799

b)

BATCH COPY

CERTIFICATE OF COMBL TAMCE

Tt Byl sifoing thisilelivery ticket youl agree to the
terms & conditions on the back side of this form.

RECEIVED BY (legible signature)

X




Ready Mix Division

2915 Waters Road Suite 105
AGGREGATE Eagan Minnesota 55121
Main Office (651) 683-0600
INDUSTRIES Metro Dispatch (651) 683-8150

EURN WARNIM

G

Fr

Delivery Ticket

CUSTOMER PROVIDED PRODUCTS:

* CUSTOMER PROVIDED PRODUCTS ADDED TO THE MIX VOIDS ALL
GUARANTEES/WARRANTIES.

= ADDITIOMAL FEES APPLY FOR ADDING FRODUCTS NOT SUPPLIED BY
AGGREGATE INDUSTRIES.

WATER: ADDITIONAL WATER ADDED TO THIS CONCRETE WALL REDUCE
ITS STRENGTH. ANY WATER ADDED IS AT CUSTOMER'S RISK.

LL

NO CREDIT ALLOWED FOR CONCRETE RETURNED. SEE REVERSE
FOR TERMS, CONDITIONS AND RETURN CHECK CHARGES.

DATE TICKET NO. CUSTOMER NARME ORDER NO. USAGE CODE
ey L217E] I LELE [ T i
MAP i
Mr RCAD RECOMSTEUC T TOMALSERTY ILLE PAGE
ORDERED BY AT
ruck: 402 Slumps 4 o
% AT 1T MH RORT, B0 e
T ARGUND L O DRIVER NAME ZONE SCH. ARR. | POUR
FINISH
HULHERR, RAMDY 5] L4ty | POUR
ProDUCT coDE - | PRICE | AMOUNT
SR FHRC G 1. 8@ i@,
3 B, bR
FLEL | | 8, B@ [ 5
HOT H2l HOT WATER DHAR &, Ba @, G
; .
d 3
READY MIX PLANT CUSTOMER - @

RS DLANY e FLT
SP 1 PO REF. / BRIDGE ND. MDD,
16/ 16/ E0RE O [ L I S04 LHPDL
Sguris Abfac fils LY Targ  Terget  diclusl
i7i6al E.0, i &3 LRG0
ISR Lhed 3 20 2IEE
iBs Lhvl 3 {163
B 15 1158
B 3] ¥
2 73
-38 158 5
L L i i
& 8 i 2
o f 2% pgalla
P nallans
Bateh Tiees 1 dah e gallon:
Tobpy sifffrigithis Helliery tickat you Bjree to the

Rt T

595201

BATCH COPY

D-10

terms & conditions on the back side of this form.

RECEIVED EY (legible signature)

X




A

AGGREGATE

INDUSTRIES
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Appendix E: Construction Pictures



e

Figure E2. McCleary screed used to compact the concrete.



Figure E3. Tooled joint and concrete finishing methods.
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»

Figure E4. Instrumentation used in Cell 53.
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Figure E5. Vibrating wire strain gauges.



Appendix F: Cell 53 Instrumentation



Table F1. Cell 53 sensor locations.

CELL | MODEL | SEQ ORIENTATION | STATION (FT) | OFFSET (FT) | DEPTH (IN)
53 CE 101 LONGITUDINAL 7.5 -115 11.748
53 CE 102 TRANSVERSE 7.5 -6 0.252
53 CE 103 LONGITUDINAL -3 115 0.252
53 CE 104 39° 2.5 -10 0.252
53 CE 105 TRANSVERSE -1 -9 0.252
53 CE 106 TRANSVERSE -1 -6 0.252
53 CE 107 LONGITUDINAL 7.5 -115 0.252
53 CE 108 LONGITUDINAL 7.5 -11.5 11.748
53 CE 109 TRANSVERSE 7.5 -9 0.252
53 CE 110 TRANSVERSE 7.5 9 11.748
53 CE 111 LONGITUDINAL 7.6 -9 0.252
53 CE 112 LONGITUDINAL 7.6 -9 11.748
53 CE 113 TRANSVERSE 7.5 -6 0.252
53 CE 114 TRANSVERSE 7.5 6 11.748
53 CE 115 LONGITUDINAL 7.6 -6 0.252
53 CE 116 LONGITUDINAL 7.6 -6 11.748
53 CE 117 LONGITUDINAL 12 -115 0.252
53 CE 118 LONGITUDINAL 12 115 11.748
53 CE 119 39° 12.5 -10 0.252
53 CE 120 39° 125 -10 11.748
53 CE 121 TRANSVERSE 14 -9 0.252
53 CE 122 TRANSVERSE 14 -9 11.748
53 CE 123 TRANSVERSE 14 -6 0.252
53 CE 124 TRANSVERSE 14 6 11.748
53 DT 101 -7.5 -12.2 0.75
53 DT 102 0 -12.2 0.75
53 DT 103 0 -12.2 0.75
53 DT 104 7.5 -12.2 0.75
53 DT 105 15 -12.2 0.75
53 DT 106 15 -12.2 0.75
53 EC 101 16 -11.2 15
53 EC 102 17 -10.2 18
53 EC 103 18 9.2 24
53 EC 104 19 -8.2 30
53 EC 105 20 7.2 36
53 EC 106 21 -6.2 48
53 EC 107 22 5.2 60
53 EC 108 23 4.2 72
53 HC 101 0 -11 0.996
53 HC 102 0 -11 11.004
53 HC 103 0 -6 0.996
53 HC 104 0 -6 11.004
53 HC 105 15 -11 6
53 HC 106 15 -6 6
53 IK 101 -7.6 7 0.996
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Table F1. Sensor locations (cont).

CELL | MODEL | SEQ ORIENTATION | STATION (FT) | OFFSET (FT) | DEPTH (IN)
53 IK 102 -7.6 -7 3.504
53 IK 103 -7.6 7 6
53 IK 104 7.6 7 8.496
53 IK 105 7.6 7 11.004
53 IK 106 -7.6 -7 0.996
53 IK 107 -6.6 -6 3.5
53 IK 108 -5.6 -5 6
53 IK 109 -4.6 -4 8.5
53 IK 110 -3.6 -3 11
53 Y, 101 7.5 -12.2 6
53 IV 102 0 -12.2 6
53 IV 103 7.5 -12.2 6
53 IV 104 15 -12.2 6
53 TC 101 1 -11.5 0.5
53 TC 102 1 -115 1
53 TC 103 1 -115 2
53 TC 104 1 -115 3
53 TC 105 2 -10.5 4
53 TC 106 1 -11.5 5
53 TC 107 1 -115 8
53 TC 108 1 -115 11
53 TC 109 7 -6 0.5
53 TC 110 7 -6 1
53 TC 111 7 -6 1.5
53 TC 112 7 -6 3
53 TC 113 7 -6 5
53 TC 114 7 -6 8
53 TC 115 7 -6 11
53 TC 116 7 -6 15
53 TC 117 7 -6 18
53 TC 118 7 -6 24
53 TC 119 7 -6 30
53 TC 120 7 -6 36
53 TC 121 7 6 48
54 TC 122 7 -6 54
55 TC 123 7 -6 60
56 TC 124 7 -6 72
53 VG 101 LONGITUDINAL -6 -6.5 0.996
53 VG 102 LONGITUDINAL -6 -6.5 6
53 VG 103 LONGITUDINAL -6 -6.5 11.004
53 VW 101 LONGITUDINAL -12 -11 0.996
53 VW 102 LONGITUDINAL -12 -11 11.004
53 VW 103 39° -12.5 -10 0.996
53 VW 104 39° -12.5 -10 11.004
53 VW 105 TRANSVERSE -14 -9 0.996
53 VW 106 TRANSVERSE -14 -9 11.004
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Table F1. Sensor locations (cont).

CELL | MODEL | SEQ ORIENTATION | STATION (FT) | OFFSET (FT) | DEPTH (IN)
53 VW 107 LONGITUDINAL -14 -6 0.996
53 VW 108 LONGITUDINAL -14 -6 11.004
53 VW 109 TRANSVERSE -13.5 -6 0.996
53 VW 110 TRANSVERSE -135 -6 11.004
53 VW 111 LONGITUDINAL 7.5 -11 0.996
53 VW 112 LONGITUDINAL -7.5 -11 11.004
53 VW 113 LONGITUDINAL -8 -6 0.996
53 VW 114 LONGITUDINAL -8 -6 11.004
53 VW 115 TRANSVERSE -7 -6 0.996
53 VW 116 TRANSVERSE -7 -6 11.004
53 WM 101 7 -6.5 14.496
53 WM 102 7 -6.5 18
53 WM 103 7 -6.5 30
53 WM 104 7 6.5 42
53 WM 105 7 -6.5 51.96
53 WM 106 7 -6.5 56.04
53 WM 107 0.5 -115 14.496
53 WM 108 0.5 115 18
53 WM 109 0.5 -115 30
53 WM 110 0.5 -115 42
53 WM 111 0.5 -115 51.96
53 WM 112 0.5 -115 56.04
53 XG 101 LONGITUDINAL -6 -6.5 0.996
53 XG 102 LONGITUDINAL -6 -6.5 6
53 XG 103 LONGITUDINAL -6 -6.5 11.004
53 XV 101 LONGITUDINAL -12 -11 0.996
53 XV 102 LONGITUDINAL -12 -11 11.004
53 XV 103 39° -12.5 -10 0.996
53 XV 104 39° -12.5 -10 11.004
53 XV 105 TRANSVERSE -14 -9 0.996
53 XV 106 TRANSVERSE -14 -9 11.004
53 XV 107 LONGITUDINAL -14 -6 0.996
53 XV 108 LONGITUDINAL -14 -6 11.004
53 XV 109 TRANSVERSE -135 -6 0.996
53 XV 110 TRANSVERSE -135 -6 11.004
53 XV 111 LONGITUDINAL 7.5 -11 0.996
53 XV 112 LONGITUDINAL 7.5 -11 11.004
53 XV 113 LONGITUDINAL -8 -6 0.996
53 XV 114 LONGITUDINAL -8 -6 11.004
53 XV 115 TRANSVERSE -7 -6 0.996
53 XV 116 TRANSVERSE 7 -6 11.004
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