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EXECUTIVE SUMMARY

In a partnership agreement with Minnesota Department of Transportation (Mn/DOT) and Aggregate Ready
Mix Association of Minnesota (ARM of MN) constructed a Pervious Concrete driveway at the MnRoad
facility. In this cooperation, Mn/DOT provided the location, equipment and expertise to instrument and
monitor performance of the driveway. ARM of Minnesota provided the materials needed to construct a
driveway approximately 15” wide by 60’ in front of the pole barn. The section was enclosed by a 7-inch thick
by 2 feet wide perimeter curb of normal concrete. MnDOT traditionally parks an 80,000 Ib 5-axle semi in the
pole barn. It is anticipated that this semi will load the Pervious Concrete, enroute the daily loading of the low

volume loop.

Construction of the pervious concrete took place on September 27, 2005. Prior to this a pervios granular layer,
12” thick, of Concrete Coarse Aggregate(CA-50) and pavement instrumentation were placed. This driveway
was constructed with three different mix designations of pervious concrete. The first 25.5 feet from the pole
barn was constructed with limestone chip coarse aggregate shipped from the Northwood lowa Limestone
Quarry. This aggregate was coarse graded with a maximum nominal %2” aggregate size and zero fines. The
next 22.0 feet was constructed with only 719 Ibs of the limestone chip aggregate and 1438 Ibs of a rounded
gravel with a maximum nominal ¥2” aggregate size and zero fines. The last 12.83 feet was placed with only
the %2” rounded gravel and zero fines. This driveway was placed at approximately 7 inches thick with one
joint grooved into the pervious concrete while it was still in a plastic condition and a second joint that was
constructed as a temporary header during the placement operation.

To facilitate sampling without compromising the pervious matrix, replicate test pads of two mix designs were
constructed on the east side of the Driveway. For destructive testing, cores will be taken from these pads

periodically.

This project will help answer the following questions.

e What is the Permeability change over a winter?

e Does sanding and salting affect the permeability?

e Does the surface ever get ice when the other surrounding surfaces do not? Bituminous and concrete
pads are next to the Pervious Driveway.

e Can the Pervious Concrete withstand the environmental effects of a winter under sanding and salting
conditions?

e What is the number of freeze thaw cycles monitored in the Pervious Concrete?

This study is expected to produce valuable research results after the first 2 winters.



Some challenges germane to the rheology of pervious concrete were encountered in the process from
from mix design to placement and finishing. There was a need for additional concrete volume due to
over-estimation of the void content during mix design. In addition, low workability resulting in low
placement efficiency was encountered. In consequence , at the point where the underestimated
concrete demand was utilized a tooled joint (in lieu of a cold joint) was formed and extranous
finishing of the concrete surface was inevitable. Although moderate scaling (revelling) was

subsequently encountered at that section it was only topical and transient.



1  MnROAD Facility

The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road Research Project
(MnROAD) between 1990 and 1994. MnROAD is located along Interstate 94 forty miles northwest of
Minneapolis/St.Paul and is an extensive pavement research facility consisting of two separate roadway
segments containing 51 distinct test cells. Each MnROAD test cell is approximately 500 feet long. Subgrade,
aggregate base, and surface materials, as well as, roadbed structure and drainage methods vary from cell to
cell. All data presented herein, as well as historical sampling, testing, and construction information, can be
found in the MNnROAD database and in various publications. Layout and designs used for the Mainline and

Low Volume Road are shown in appendix C.

Additional information on MNnROAD: http://mnroad.dot.state.mn.us/research/mnresearch.asp.

2004 Pervious construction: http://www.mrr.dot.state.mn.us/research/construction/2005pervious.asp

N ¥ . "-
Figure 1: MnROAD Mainline and Low Volume Road

1.1 Low Volume Road

Parallel and adjacent to Interstate 94 and the Mainline is the Low Volume Road (LVR). The LVR is a 2-lane,
2Y%-mile closed loop that contains 20 test cells. Traffic on the LVR is restricted to an MNnROAD operated
vehicle, which is an 18-wheel, 5-axle, tractor/trailer with two different loading configurations. The "heavy"
load configuration results in a gross vehicle weight of 102 kips (102K configuration). The “legal” load
configuration has a gross vehicle weight of 80 kips (80K configuration). On Wednesdays, the tractor/trailer
operates in the 102Kconfiguration and travels in the outside lane of the LVR loop. The tractor/trailer travels
on the inside lane of the LVR loop in the 80K configuration on all other weekdays. This results in a similar
number of ESALS being delivered to both lanes. ESALS on the LVR are determined by the number of laps (80

per day on average) for each day and are entered into the MnROAD database.


http://mnroad.dot.state.mn.us/research/mnresearch.asp
http://www.mrr.dot.state.mn.us/research/construction/2005pervious.asp

1.2 MnROAD Mainline

The mainline consists of a 3.5-mile 2-lane interstate roadway carrying “live” traffic. Cell design/layout can be
found in Appendix-B. The Mainline consists of both 5-year and 10-year pavement designs. The 5-year cells
were completed in 1992 and the 10-year cells were completed in 1993. Originally, a total of 23 cells were

constructed consisting of 14 HMA cells and 9 Portland Cement Concrete (PCC) test cells.

Traffic on the mainline comes from the traveling public on westbound 1-94. Typically the mainline traffic is
switched to the old 1-94 westbound lanes once a month for three days to allow MnROAD researchers to safely
collect data. The mainline ESALSs are determined from an IRD hydraulic load scale was installed in 1989 and a
Kistler quartz sensor installed in 2000. Currently the mainline has received roughly 5 million flexible
Equivalent Single Axle Loads (ESALS) and 7.8 million Rigid ESALS as of December 31, 2004.

1.3 MnROAD Instrumentation and Performance Database

Data collection at MNROAD is accomplished with a variety of methods to help describe the layers, the
pavement response to loads and the environment, and actual pavement performance. Layer data is collected
from a number of different types of sensors located throughout the pavement surface and sub-layers, which
initially numbered 4,572. Since then we have added to this total with additional installations and sensors
types. Data flows from these sensors to several roadside cabinets, which are connected by a fiber optic
network that is feed into the MNnROAD database for storage and analysis. Data can be requested from the
MnROAD database for each sensor along with the performance data that is collected thought the year. This
includes ride, distress, rutting, faulting, friction, forensic trenches, material laboratory testing and the sensors
measure variables such as temperature, moisture, strain, deflection, and frost depth in the pavement along with
S0 much more.



2 HISTORY AND USE OF PERVIOUS CONCRETE

Serviceability and environmentally friendly designs are in higher demand in an era of rapidly changing
materials and practices. When Joseph Aspdin Patented Portland cement in 1830 he craftily sprinkled “mystery
powder” on the raw mix in order to mystify potential competitors who could not control the setting-time.
Today, more insightful use of pozzolans, admixtures, various aggregate and better understanding of the
thermodynamics of cement hydration as well as data obtained from instrumented test sections at MNROAD
have catapulted concrete technology light years beyond Aspdin’s “mystery powder” (gypsum) antics. New
technologies have facilitated concreting in hot or cold weather, reduced permeability, high strength, better
workability and cost-effectiveness without minimizing the impervious space inherent in pavement

construction.

The reduction of pervious surfaces has been an issue of concern with the construction of bound pavement
surfacing. Ordinarily the run-off necessitates expensive design and construction storm water structures as well
as detention or infiltration ponds. Intuitively, there is a huge saving in cost if the paved surface in pervious and
conducts the stormwater directly to the ground. The Pervious concrete design provides this benefit. Normal
concrete is impervious and may contain entrained air up to 7.5 % as in our high performance concrete. The
entrained air is discontinuous in normal concrete permeability is infinitesimal compared to the rate of flooding
or ponding or run-off on the pavement surface. Pervious concrete is made up of gap-graded aggregate linked
by cement paste, systematically placed to allow for contiguous voids or cavities that allow for free passage of
water. The MNROAD Pervious concrete test section was designed for strength and durability comparable to

normal concrete.

3 EXISTING PAVEMENT CONDITION

This driveway is part of an overall bituminous pavement surrounding the pole barn used to store the tractor
and semi used to load the Low Volume Loop. Construction of this asphalt parking lot took place in 1994 and
was approximately seven inches thick and placed on about 24” of a Mn/DOT Class 5 material. The class 5
aggregate base is underlain by in-situ plastic soils estimated from previous borings to be 12 ft thick. It is
anticipated that this profile condition will provide the most severe test for pervious concrete during the winter

months by causing a frost condition under the pavement.



Saturated soils were encountered at 4.5 ft below the surface during construction. It was not clear if this was the
prelatic surface as the low permeability clays may have may have “perched” the infiltration of storm water. A
concrete pad exists along the proposed eastern edge of the pervious concrete and it was decided to place the
trial pervious mixes in the area between the pole barn and this concrete pad. Trial mixes were placed on
Monday September 26, 2005 with about three cubic yards of concrete for each mix. These trial sections were
constructed as follows and the locations are shown in the photo below.
o AREA#1 - “Cell-64" the pervious concrete (15°x60”) was placed next to the concrete pad (7 thick on
approximately 6” of % clean concrete stone with a drainage outlet provided to the east).
o AREA#2 - Pervious sample area nearest the pole barn in front of the 8’ garage door was placed 7”
thick on the existing clay soil and no effort to maintain drainage was provided.
o AREA#3 — Regular concrete placed between the two pervious sample areas
o AREA#4 - Pervious sample area front of the 8’ garage door was placed 7” thick on the existing clay

soil and no effort to maintain drainage was provided.

#1
Cell-64

Figure 2: 2005 MNnROAD Aerial view of the Pole Barn Parking Lot (before construction)




Load-1 PCC Mix #1
Trial/Sample
11.6| |PCC Mix #3
Logd-1 911"
Load-2 Tooled Joint_ __ _ __ |
11.9'
13.9]
Load-2 PCC Mix #1
Load-3 PCC Mix #2
10.1'
60.3] 13.3]
Load-3 | Header |
Load-4 Construction Joint 0.1'
8.7
Load-4
Load-5
8.3'
Load-5 PCC Mix #2
Load-6 PCC Mix #3
45
Load-6 PCC Mix #3
16.5'

Figure 3a: Mix Designations & Construction Layout
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Figure 3b: Hydraulic Modeling Of the Pervious Structure

To determine the adequate porosity to enhance an acceptable level of detention in a given flood level there will
be an iteration of the corresponding Ks value and porosity in each of the layers until adequate values are
obtained. In our preliminary modeling, restricted to layers 1 and 2 we determined that subdrain pipe was
adequately sized to collect flow from a 50-year flood. In practice most pervious concrete pavements will not
have the subdrain pipe as the aim is to minimize the use of hydraulic structures. Consequently, adequate

modeling will be necessary.
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4 PARTNERS AND DONATIONS

Cell-64 was constructed with a number of participating partners who donated both time and materials towards
the construction and testing for this pervious concrete cell at MNROAD. Table-1 contains the participating
partners that coordinated this effort along with the materials and/or labor that they donated to conduct this
research.

Table 1 - Participating Partner Donations

COMPANY MATERIALS and/or LABOR DONATED

Minnesota Department of Transportation
Office of materials

1400 Gervais Ave.

Maplewood, MN 55109

Aggregate Ready Mix Association of MN
12300 Dupont Ave

Burnsville, Minnesota

Location for Pervious Concrete Driveway, Labor and equipment
for removals and trucking of clean concrete stone, Fabric,
Drainage Pipe, Flow Meter, Strain gages

Labor and Coordination, Heat Tape, Water Sensors and
Temperature Sensors

National Ready Mix Association Labor, Masonite Lumber for forms and the Pervious Concrete
Silver Springs, MD Contractor

PCI Systems, LLC

2300 Lakeview Parkway - Suite 250 Labor and all equipment needed to place the Pervious Concrete

Alpharetta, GA 30004

Bauerly Companies

4787 Shadow Wood Drive NE
Sauk Rapids, MN 56379
Minnesota State Curb and Gutter
14698 Galaxie Avenue Labor and all supplies needed to place the sidewalks
Apple Valley, Minnesota
AVR, Inc./AME Group
14698 Galaxie Avenue 6 Cubic Yards of 3A32 Concrete
Apple Valley, MN 55124
Cemstone Products Company
2025 Centre Pointe Blvd. Suite 300 27 Cubic Yards of Pervious Concrete
Mendota Heights, MN 55120

% * Clean Concrete Stone Approximately 50 Cubic Yards used for
base material

11



5 CONSTRUCTION

This chapter discusses the layout and thickness design, the mix design / designation as well as the

construction process. It also itemizes the sensor types functions and installation.

5.1 Pavement Thickness Design

The pervious pavement measured 60-ft long by 16 ft wide and was surrounded by a 6-inch thick by 2 ft wide
perimeter curb made of normal concrete. The pavement was designed to 6 inches nominal thickness underlain
by a drainable 1ft thick CA-50 base. The base was notches at mid width to an additional 6 inch depth to
accommodate a 2 inch perforated pipe which was aligned in the centerline of the pavement and elbowed at 90
degrees to its outlet located 50-ft away from outer edge of the pavement. This open outlet is for qualitative
flow observation and monitoring. The outlet may be up graded to a quantitative flow measuring device when a
tipping bucket or flow meter is installed in future.

As-built thickness exceeded 6 inches in some areas.

PLAN VIEW CROSS SECTION VIEW
Pole Barn Building
: Sample <-2'-> <-15" -> <-2'->
Mixture #1 Slab 6" PCC 7" Thick (average) 6" PCC
(255 ft) Mix #3 Sidewalk Pervious Concrete Sidewalk
12" Thick
Mixture #2 3/4" Stone Base
(30.25 ft) with 2" drainage invert
Sample
Slab Clay Subgrade
Mix #4
Mixture #3
(4.58 ft) Drain Outlet
PCC Sidewalk 2' border
Total Pervious 15"x60’

Figure 3c: Plan and cross section of the Pervious Concrete

5.2 Pervious Mixture Designs Proportions

Mixture proportions were selected to evaluate the use of both gravel and crushed carbonate aggregates. The

mixture proportions were prepared to address three items:

12



Viscosity of the paste fraction to ensure adhesion to the aggregate and stability of the mixture. If the
paste fraction has too low a viscosity then the paste may segregate and collect at the base of the
pervious layer, potentially sealing it or reducing its permeability relative to that of the bulk of the
layer. A higher viscosity was achieved by utilizing a viscosity-modifying agent, VMA 358 as
manufactured by Degussa Construction Chemicals.

Freeze-thaw resistance. A major concern was the performance of the concrete when subjected to
freezing and thawing. To enhance freezing and thawing resistance an air entraining agent, a pozzolan
and a low water cement ratio were used. The air-entraining agent was used to change the pore size
distribution and not to incorporate bubbles as is conventionally done. The model used is that
developed by Litvan [1]. Though this mix design was independent of the report (2) rendered by
Shaeffer et al on Mix design of pervious concrete mixes in cold climates, the proportioning and the
measured porosity was approximately the same. The low water cement ratio was selected to reduce the
guantity of freezable water in the mixture. Pozzolanic materials were incorporated into the paste to
further reduce the porosity of the mixture.

Freeze thaw resistance is also imparted by durable aggregate. All glacial gravels in Minnesota contain
some fraction particles, which will be damaged by freezing in the saturated condition. In conventional
concrete damage of this type is manifested as surface popouts. Below a depth of about 1 inch the
concrete provides enough restraint to prevent the popouts from occurring. In the case of pervious
concrete all of the concrete is surface, in that there is no location where this restraint would occur. In
order to look at this issue two aggregates were selected. The first is natural gravel conforming to the
requirements of MN/DOT 2137 Class C aggregate from Aggregate Industries pit in Maple Grove,
MN. The second aggregate is crushed low absorption limestone from the Falkstone Quarry in Cerro
Gordo County, IA.

The provision of voids for drainage in the pervious layer itself. The mixtures were proportioned using
a paste-film concept and the voids in mineral aggregate itself. This lead to consolidation problems, as
will be discussed later, due to the different consolidation methods used in design, which was rodded,
and during construction where a rotating cylinder was utilized.

A third mixture was used due to the yield issues described in more detail below. The proportions are
found in Table 5 below.

Table 2 — Mix Design Request (Cemstone)

Cement C150/ Type 1 467 Ib

Fly Ash ASTM C618/Class F 831b

3/8 “ Dolo MnDOT 3137/ CA-80 719IbSSD

%" Gravel ASTM C33/#7 1438 Ib SSD
Water 1491b 17.9 gal

Air 33%
MRWRA ASTM C 494 220z
WI/C Ratio 0.27
Slump 0.00 inch
Anticipated Unit Weight 106.1 pcf

13



Table 3 - Cell 64 Pervious Concrete Mix Designs

Material Mixture 1 Mixture 2 Mixture 3
Cement (ASTM C150/ Type I) 495 467 456
Fly Ash (ASTM C 618/Class F) 87 83 80
3/8” Dolomite, Falkstone, Northwood lowa (Mn/DOT 3137/CA-80) 2379 719 0
Source 80 171041
Y”Gravel Dolomite, Northwood lowa (Mn/DOT 3137/CA-80) 0 0 2189
Source 70 182001
3/8 Gravel
MN/DOT 3137 - Aggregate Industries 0 L3 v
Water 157 149 145
Mid Range Water Reducer Agent(ASTM C494/Type A)
0 . 4 4 4
(oz/ Ibm Cementitious material)
AEA (ASTM C 260) (oz/cubic yard)
Viscosity Modifying Admixture (0z/100 Ibm Cementitious material)
Set Retarding Admixture (oz/cubic yard)
Water/Cementitious Ratio 27 27 27
Slump
Cemstone ID KAM3096 KAM3376 KAM3276

Note. All masses in Ib,, /cubic yard unless otherwise noted

5.3 Excavation and Subgrade Preparation

Figure 4: Perimeter Curb and Permeable Base

The construction process involved the removal of the existing asphalt and aggregate base to a depth of 22” at
the center and a minimum of 18~ at the edge of the pervious concrete. A drainage pipe was placed on the soil
fabric down the centerline of the pervious concrete and a roof heat tape was installed inside the pipe to ensure
a frost-free outlet. The drainage pipe outlet was placed at as low an elevation as possible to ensure natural
drainage to the surrounding land. A Flow Meter will be installed by Mn/DOT to monitor flow through the
outlet pipe. Figure 4 : Permeable Base and 2ft X 6 in Solid Concrete Perimeter Curb and CA-50 Stone Base




Figure 5: Placement and vibration method

I

1/14/1999

Figur 6: \/iration and curing Method
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5.4 Placement of Pervious Concrete

The pervious concrete was placed using a pneumatic roller screed and a ¥4 masonite board was used to allow
for some compression of the concrete to the height of the perimeter sidewalks. Due to the placement of the
sensors the concrete had to be unloaded from the side, instead of driving the Ready Mix truck the length of the
driveway, which would have been a faster placement method. The crew of volunteers performed elaborate
hand-shoveling to place the pervious concrete. This concrete was not as flowable and did not move down the
chute as readily as normal concrete.

Curing was accomplished by the immediate covering of the pervious concrete after placement with a layer of
plastic. This plastic layer was displaced by wind at the site during the first night of curing. The plastic was
then reinstated and weighed down. This layer remained on the pervious concrete for 14 days, being removed
on October 11, 2006. The weather throughout the construction period is summarized in the appendix, but the
average low temperature was 39 from September 19" to October 30". The rainfall during this time period was
8.48 inches with 4.75 inches falling after the pervious concrete construction and 4.13 inches during the initial
14 day curing period when the pervious was covered with plastic. The high temperature was on September 21%

at 86 degrees and the low of 29 degrees was first reported on October 7" and then again on October 22"

Due to over-excavation and additional compaction, a third mixture was required to complete the placement.

The mixture proportions and batch weights are found in Table 5.

16



5.5 Sensors and Data Collection Systems Installed

See sensor layout below. Layout does not show watermarks that were also installed up to 6-ft deep to capture

freeze that cycles.

Table 4 — List of Sensors

Sensor Description Function

Code

64 —CE-01 | Embedment sensors Measure/ Monitor Shrinkage Response
64-CE-02

64-VW-01 | Vibrating Wires Measure / Monitor Dynamic strain response
64-VW-02

64-XV-01 | Thermistor in VW Strain Measure/ Monitor Dynamic Strain response
64-XV-02 | gauge Gauges

Layout above does not show watermarks that were also installed up to 6-ft deep to capture freeze that cycles.

These are separately shown in fig 10 below
Due to the distance from the Pervious concrete location to the low volume road cells, the sensors are not

connected to the automated MnROAD data collection system. However, concrete research personnel bring the

Megadec system to the exposed wires of the sensors and read them periodically.

17
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Figure 8- Cell 64 Sensor Layout

5.6 Field Sampling

The following tables of results for compressive strength and flexural strength were of sample s tested in the
MnDOT laboratory. Cylinders were made on the placement site and tested at 7, 14 and 28 days. Beams were
also made and tested for 14-day flexural strength. The core cylinders and beams were obtained from the test
pads and tested on the 29" day for compressive strength and modulus of rupture.

18
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Figure 9: Results of Compressive strength tests on Cylinders and Cylindrical cores
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Figure 10:

Modulus of Rupture Test on Cut beams from Pervious Concrete Pavement
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5.7 Initial Testing Results

During batching, Cemstone had obtained some cylinders beams and prisms at the plant. Results of
tests on these samples were not included in this report as the were not reported by Cemstone.
However, Mn/DOT made reliable beam cuts and cylindrical cores from the test pads and tested

them in flexure and compression respectively. The strengths obtained are reported in tables 5 and 6.

Although cylinders were made during construction, these was no standards method of rodding and
placement to simulate the compactive energy of the mechanical compactor to to correlate to standard
method of preparing concrete cylinders. These were tested on 7" 14™ and 28" day. A beam was also
made during construction was tested on the 14" day. Strengths obtained did not correlate to cored
beams and cylinders.

FWD tests and petrographic analysis results will be reported in the 1* year test report.
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6 CONCLUSION & RECOMMENDATION

This report documents the construction and instrumentation of a pervious concrete pavement in a parking lot
in MNROAD. The cell has been designated as cell 64.Mn/ROAD will monitor the performance of test cell
# 64 over the winter of 2005-2006.

Report will be written June 2006 to document the performance and additional testing after the first
winter. Results of FWD testing and Petrographic Analysis will be reported in the first year construction

report. In subsequent construction, until a standard procedure for representative cylinder molds has been

established representative strengths may be obtained through coring.

Some lessons learned from this cell construction include, yield characteristics, workability properties

and modeling issues.

6.11 Yield Issues

The yield of Pervious concrete varies quickly in response to changes in design porosity. In order to avoid cold
joints and undesirable vibration of portions with initial set, trial mixes should be evaluated to ascertain that
design porosity is achieved. This will facilitate an anticipation of the correct yield and unit weight.

6.12 Workability Issue

The pervious mix is harsh has a relatively low compacting factor. This calls for a proficient placement and
vibration to minimize segregation and assure, uniform porosity from top to bottom. Excessive vibration can
cause bleeding at the surface.

6.13 Subsurface exploration and Modeling Issues

To determine the required underlying structure that would enable the pervious surface structure to provide an
expected detention of storm water, a correct modeling of the structure is required. To facilitate this a
lithology of the underlying base and subgrade and a soil analysis to determine initial void ratio and coefficient
of compression for long term loading scenarios. A detailed subsurface soil classification

required in this case because of the existence of a subdrain at the top of grading subgrade. This component

will not always be used.
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APPENDIX Al & A2 - PARTNERSHIP PROPOSAL & PARTNERSHIP AGREEMENT

Partnership Proposal — :
MnROAD and Aggregate Ready For cffice use only
Mix Assoclation (ARM) Nama

Minzesota Department of Transportation

L Ful 8 g
08 John lrcland Bhd, MS 700 - |
St Paul, MN 55155 ’ ;¥
v
] Estmatnd recenatin § osee doliy

| Dote approved

!
Whst i& e approximate cost participation of dollar value of this partnenship © MaDOT?
MR/ DOT and ARM will jom & pertsershies (no exclange of mooey) 1o sody fw peformanse and durasihily
eoncrele pervioas 126l slabs that w e condricied @ e MaROAD 1651 tacility parang Lot as s2own n the vews
g liva IF enpecamadis] this mavernent mavhe cmsidened in the fungre bow yokeme road reoonstruchion 1
rescarch objectives ol this study incluce

e Will Weer Hard Freeze prevery waser froee daning throaah 1he Pervious Concrete”
o Wil wineer sancs

Fanme”? We nead 1o srontos sanding and saling applicanons

ooahore b noeded? I needed, will sanding prevent pervious Soedrete rom

o (zna Pervioas conerete seclion hands mack o

MaTHOT and ARM wall dossie (see secton 23 lor estimates - no moeey vl be exchanged )
Mo 1T it eeflor's Japrrmene ) SU8. 845

ARM (time'effortcquapenenit) - § 15,041

PLAN VIEW CROSS SECTION VIEW
F ristiag Pele Rarm

Hudiding
3 > o |4 s S S
6" POC | 6" Thick 6" POC
Porvisas PC(C Sidew ulk | Pervious Cenercie Sidewalk
(Limexone and 12" Thick
Ceraved PCC V4" Srene Baswe
mixes) with 2" drainsge iovert
Clay Subgrade
60' loag

o 18" Wide <> | Oathel Draks

PO Sidewall 2' border
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Estimated Timeline
September 19-20, 2005

September 20-22. 208

Moot !-i_nﬁlkf;\_q_tt;m 10th b rreark bocations
| Remowal nfcxnﬂr_\g_-.i_igit_lll_ pavement iMnROAD

| Placemant of 1w o foot sidewalk (ARM)

o

Seplember 23 & 26, 2005

| Placesnt of 12 drumable rock layer & smson (ARM - MaROAD) |
Plecent of Pervious mix witk contractor Dale (ARM) |
Open Howsz (ARM wiil plan and enounce 1o nivined guests)
M DOT, Cites, Countres, MOC, ARM members

26, 2005
Octoler 2005

[ 2. List the contact person for esch paety.

Mo/ DOT Contacts:
Address.

Fmail
Fhone
Fax

Agpregate Resdy Mix

Association Conlacts:
Address

Fral
Phone
Fax

Mernard loevbebhal
Offsce of Matcrials
1 400 Gervals Avenue
Maplewond, Mn. 35109
Bermand. izes bebhasidon state mn es
(B8] 77508
(GE1)TTS616

Frod Corrigan
Aggepie Reasdy Mix Asocation
12500 Dupoet Ave Soph
Rumsvlle, Mimnesou $5337
fcomganizarmaofrm com
0%2.M07.1250

952.M17-1251

| Ei__!)cscnbc the proposed responsibrilitics of each pary.

Mo/ DOT agrees to:

Jueek Herndon
MnROAD S
1400 Ciervam Avenac
Maplewood, Mn. 55109
Jack. HerndonEdaon state. . us
{G51) 297.2596
(6517 297-3551

han Frentress
Agpregale Ready Mix Assocanon
12500 Dupceit Ave Soud
Burswille. Ma=nesota $5317
dfreninesss Wit net
218 A5049K]
952-207.1251

1} Prowvade the use af the MaROAD pole bam parkizg kot foe field testing and evahation of pervicas PCC

pavement tes slabs

1) Prowvide equipment and laboe % cut, remove the HMA sartaoe, gramular baee, and clay subgrade menieral o
acoommedate the base and concrete sest <lub installatios

1) Provide daalogger, thermocoupls wire, 367 handhole (f needed) and flow maeter (1 the Unmoersity of
Mimnesota cne works) along wash expertise in natall sncd soretor the seveoes in the ted slats dering this
uondy. Thx includes bels installing the pipe for the drinage system.

&) Promide damly obsrrvanons of the ted labe whes the truck travels 1o the low volusse read, which inclodes
noemral LVR salting anding of this test slab. This performance log will be 3 sreple and quick for the truck

dnver w Al owm

3y Provide Sownloadiag of &ana from ¢ daraiogger and presometer onoe 3 week for » year
6)  Promide nypical loadings om the tent shide during noemal cperstsons for 2 yea.

7y Co-authx techiacel repons with ARM repeesentatives
%) Prowide the sxe of the MRROAD comference rovm/ Tacibtes and parking lot whide on st and for fusurs

visilors and torars

L]
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9y Sumegey of the ttime and labor fur this woek (Corstricoon + 1 yeur of monileing)

7 senser | Fiekd Coast. Data Published | Totals | Eatimated

Road Research

Stafl ) Fgquipment | Plans| Install | Ceoast. | Report | Colbecticn | Paper (bours) Cont
Site Sl (rrs) 0 40 ) O 121 0 241 Héd5
Engincers (hr) 24 NI a0 ) B 14 | & 7520
Lab Test Tech (brs) 5 6 0 o i o 24 11}
Equipment () 9 a0 A0 i 0 0 - Ll
e a day docarent porfoersance gnd T4 Uy (he @rver {12 Mmsxa 'cay Total = SIS, 845

Darmebond Data emee 2 seel 1] Howr Week!

Other party agrees to (Adu addirional partses if necvesary)

1) Operaie esting and Constncion in & safc arad corgzulled manny whik on sile,

1) Contracton i reaporaible [ur their essplosecs and thar actiors. Ary habality will be the resparsibility of
he emgloyer.

1) Retum the eonferesce soom, pole bam, perhing bt 1o s onginal oonditicn aficr couls use,

4) Restore the parking lot once the prujedt is complete (remove pervious PCC and plice new base sad boasd
sirface muadenal).

5) ARM will pronule the followisg maenaks, equipment, and [abor relsony o oomstruction of the slabs

' " ARM Donated Materials and Labor (o lastall

‘u.&:nalk ¢ umclc nG2 ..:h Espanyion Mateniad -
I'cr\m:-_u oneric 6° - VoM }m . Soil Fabox - Plastk Sheeting

Sealng of POC jounts HMA Carirg Compound B

4 Renforciag Red for sld-:'f_aﬁ_cﬂ*’t_ft _Form Releese Ol

__\ 4" Cleam Corerrie Stone Base 12° "0\'-:00 Forms 2°X 10"

PVC Drain Pipe  PNC Sensec Conduit -

£ 5,500 (amw
§ 7440 (Ferveen POC Ploreyreyy Wetet by
{51,200 (Curd and Gumee Plagsrmem Muersls)
Approximsic Cost “{S14.040

&) Purchase the followirg msTunentation foe MnRROAD sstaliston o Die ted slabs 10 mosdtor frosy wiser
tahle depeh, and water flow throuih the sysiem

— — —— ———————————————————

- Eg_iyi_nﬂu___ 1 Fitmnld Coot -
'f“c.\ﬁﬂ:' (maniual water @bl B S
116 Wanermsek Alock 30 S
[Ficrm Meter arrowad from UofMe 1
(Themuocouples $nROAD will sepply |
i'“rg.nlu‘ Dratalovigper BnROAD will supply

‘H!Phllllll‘ Cant S a0

T Prowvide biboraloey tehing on POC matenals elading freene thaw testng, petrographic analywis, s other
common construction testag related to hoth besres and colinders. A teding pliet will be provaded.

£} Co-author techracal repoetis) with MaDOT

9) Coesult Jack Herndoz 1 MnROAD ste mansper) befors any paint marks oo modificatons are nade on the
pavernent duning el afer lesting.

26



|_ &, Harw will each pany benedit from ths parinemsken?®

Benefiin bo Mn/THIT:
Pl DO el reemve kil priodbecs enil servescs T e of thie Gaziliny tht cem e ised 10 ofTset the costs ol oer

pavement research opemisons af MR
Benefits o Gither Party (4o addiriams! parfier (T secerrans)

The commoior will be provided 5 sade wimk are o eosdust ekl lests wilheul any poleniss] adverse affest o the
irerveling pulslic. The comracsor will nkeo have dee conferencs room Gecilities availabie for their we

[ 5. List approreimais dabee of duretion of partnership. |

Cansirasiinn: Sepwmbar NS
Canslraetion Hopssn: Decesnbves LS
Menlioring Kepacn Sammmer 2%

bAniEiA T 1 lonkiny o rxpand the wse of s reemrch: faci iy in asvense mimma| Tensperation resah

aouvities.  Penvioul conerete |5 Also o possible surface for the of MEROAD in 2007
ﬁnﬂﬂh}k L —
Maprarl Nookala Keith L. Shannon
Assivtae) Commirrianer of rector, (iffice af Mdarerialy
Operaions, Safety o Techmology
? o T
Keer N, Fitavaon

[rrecior, Financial HHH_F.IE,EHE:I
Duare; 9 g - &4

Kend this Morm in:
Jamet . Ekem, Farmerships Coordinmior
Mimnesots Deparsmeni of ‘[ mrepociaion
195 Johs Felend Hivd, M5 T
51 P, MM 35155
{a51] 2977500
{651 I97-7470 ()
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AGREEMENT BETWEEN
AGGREGATE & READY MIX A‘SSOCIATION OF MINNESOTA
MINNESOTA DE P.\RTM:Z:? OF TRANSPORTATION
CONSTRUCTION AND TESTING (l: 21:'*',“\;1(".15 CONCRETE PAVEMENT
MN ROA.ID SITE

This agreement is entered inse by the State of Minnesotn, acting throegh s Conmissiozer of
Transporation | Sue) ond Aggregate & Ready Mix Assocuation of Minnesotz, 12500 Depom
Avenue, Bumsville MN 55337 (ARM)

Background Recitals

| Under Minnesota Statuses Secticn | 74 02, subdivision 6, the Cormissioner of
Trarspormation ey enter o miresments Wil povernaental of poagovemmentsl eolates
for research amd experimentation, for sharisg Gacilitics, equpment, siafT, or ofher means
of peoviding tronsportation related services; o foe other cooperative programs that
proenone etliciences i provading poveraiental services or that funther the developesest
of mncvatzon ie trmportaeon for the bemelil of the clizers of Minnesota; and

2 Aggregate & Reody Mxx Association of Mirsesota wishes corstrict a penvicus coacress
pavement, and

3 State"x MAROATD site rear Momticelle, Mitnesots, is 3 saitable site for such constroction
and research activity: ard

4 Staze s willisg 10 allow Aggregaie Ready Mix Asscciatioe 10 yse the MaROAD ske
sceordng $o condons set forh in this agreene); and

§ [Both partes are willing to enter this agreement

AGREEMENT

1. Term of Agrocasent

1.1 Elvcvive datv: upon execulion snil approv sl by the Agpregate Ready Mix
Aszociaten and Stve officals pursuam 1 Miraesou law.

12 Erxplravion dare: Sepiember 28, 2008,

2. Authorized Represestatives

Sute's arhonazed represestative o purposes of aduninisierisg the sgrosnedd is Bersard
Izevbekhai, | 400 Gervais Averue, Maplewood, Mnnesegs S510-2044, (651-7M-550%)
bernand.izevbebhaiidot e mo.us and Ageregate Ready Mix Assoclatios athoeized
represestgive foe perposes of adssnistering 1hes sgreement is Fred Caerigan, Fxecstive
Divector, Aggregnie & Reach Mix Associstion of Mimesota, | 2500 Dupeot Aversse. Bumsville

MIN $5537. Phone: 94270721250 Fax 952.707-1251 Lomigaileoetean oo
L State Responsibilities
il Provide equpment and laber 1o cut, remove the HMA wirbice, granular base, and

clay subgrade material to accommadate the base ind concress test shab

irstallatior
12 Provide the ues of the MalUOAD pale bam parkirg boe for field tosting and
ovalticn of perviows PCC pavement test slabs,
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Ma'DOT Agreement Number (BB783)

3 Provide catalogger, thermocouple wire, 36° bamdhele (if needed ) mad flow meter

slong with expertax to imtall and monitor the sensors in the test slabs during tis

sudy. This mcludes belp inzalling the pipe for the drirmipe xpulem

14 Provide daily observations of the 125t slabs whes the tuck travels 1o the bow
wlume mad, which inddudes nommal LVR salling/sanding of this test sl This
pericemance log will be simple and quick for the track driver i fill owt
1.5 Provide downloadag of data from the datalogger md plezometer onoe 3 week foc
a vear
36 Provade typicel leadings oa the test shibs dunng normal cperations for a year
17 Co-awrhor technical repoets with ARM repeesentatives.
ik Provide the use of the MaROAD conference room'facilities and parking ot while
en ate and Sor futare viators and Lunst.,
39 Summary of the time ard labor for this weoek (cosstroction + | year of
Inoetornigg)
Read Research | Semsor | Field | Const. | Data [ Publis e 0 :
Staff/ Fquipsent | Plaas | Tsstall | Comst. | Report | Collection |  Pager et ¥ |
Site StafT (hin) O '] 8]0 0 121 0 241 ]
Eagineers (hes) i g &) 44 £ 24 140 T4
Lab Tost Techihns) | 8 16 0 0 0 0 24 1080
Equipricat ($) Q iy “n Q ¢ 0 - L
Cuid 5 Soy decumel performires mwd trips O 09 driver (15 Mirstessdn) Tuotal = S15.845

Dewrlcad Dats asor 3 week |1 Heer'Woek)

d.Aggregate Ready Mix Associatoa Responsibility

4

"
-

1

4.1

£
-

1l Aggrogeee & Ready Mix Assocation of Mimnesnta shall opersie construction
and tesung @ 2 safe and controlled maaner whike cao MaROAD sne,

12 Apgrezate & Ready Mix Aswocation of Mannesota & respoasible for their
represortatives md employees and the actions of Beir epeesentatives and
emplovees. Any lability ansieg therefrom will be the respoasibility of Aggreaace
ready Mix Aswcation of Minnesota

1} Aggrepate & Keoch M Associstion of Mirnewota and thar representatives
shall staiemain the parking Xt o a servicendie ccodnion during the coatract and
relurn confienimee reom, pole lum, and parking let 1o ther oripemal condition after
cach use,

4 Aggreamte & Rendy Moo Assocation of Missesota shall restore tie parking ot
o ths emgirsl form coce $ie rescarch progect is complete (remonve pervicas POC and
place new hase and bound surfice matenal).

15 Agereute & Resdy Mix Aswocation of Manesota will prosvade the fellowing

materials, equipenent and labor relating to corsmruction of the slabs
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MnTEIT Apreement Number (£5733)

1IN WITNESS WHEREF, the parties have causpl this agreement in be duly exeosted,
imfending to b baund tharebsy.

AGLREGATE & MEADY MIK
AESDCIATI CHF MINNESDTA

g: ; Eeed -.?._E':'f"‘"f Fut
Tk _ {Fﬁia:ﬁ'ﬂ.ﬂ{f

owe_ G SOsT
L]

IINNERFTA DEFARTHMENT F
THAMSPHIETATICN

2! ORIGINAL SIGNED 8%
— ket S Sens—
tuke Divigion Director

e G-87-05

Apperrreed g in fore iod e e

lL:II
D,_::': bin/ |27 Contract. E.IEEH-'ITI
e

Lotz 3, 55

L
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Appendix B — Lab mixture proportioning.

Appendix Table B1 — Mix Designs

Material Mixture 1 Mixture 2 Mixture 3
Cement (ASTM C150/ Type I) 495 467 456
Fly Ash (ASTM C 618/Class F) 87 83 80
3/8” Dolomite, Falkstone, Northwood lowa (Mn/DOT 3137/CA-80)

Source 80 171041 &) i 0

%"Gravel Dolomite, Northwood lowa (Mn/DOT 3137/CA-80) 0 0 2189
Source 70 182001
3/8 Gravel
MN/DOT 3137 - Aggregate Industries 0 e v
Water 157 149 145
Mid Range Water Reducer Agent(ASTM C494/Type A)
2 . 4 4 4
(oz/ Ibm Cementitious material)
AEA (ASTM C 260) (oz/cubic yard)
Viscosity Modifying Admixture (0z/100 Ibm Cementitious material)
Set Retarding Admixture (oz/cubic yard)
Water/Cementitious Ratio 27 27 27
Slump
Concrete Unit Weight
Design Void Content
Cemstone ID KAM3096 KAM3376 KAM3276
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Appendix C - MNROAD Test cells

Appendix C1 - Low Volume Road Test Sections

24 25 26 26 26 27 27 27 28
" T T
Layer Depth e
(Inches) Sand Clay 11" 147 13"
Sand 12" 14"
Clay ™
12
Clay 12"
Clay Clay ™
Clay Clay 12
Clay
Clay
Clay
Asphalt Binder|_120/150 120/150 120/150 Oil n/a 120/150 Double Oil 120/150 Oil 120/150 120/150 120/150 n/a
Binder PG Grade| 58-28 58-28 58-28 Gravel 58-34 58-28 Chip Gravel 58-28 Gravel 58-28 58-28 58-28 64-34
Design Method| 35 60 60 35 50 Seal 35 50 75 76 Level-2
Surbgrade "R" Value[ 70 70 12 12 12 12 12 12 12 12 12 12 12 12
Construction Date[_Aug-93 Aug-93 Aug-93 Sep-00 May-05 Aug-93 Aug-98 Sep-00 Aug-93 Aug-93 Aug-93 Aug-93 Aug-93 Sep-04.
33 a4 34 2 35 | Material Legend
o Suface Materials Base Materials
3.9 3.9
Hot Mix Aspalt .
Layer Depth
(Inches) Ol Gravel
6"
PSAB
Clay Clay Clay
Class 1
Clay Clay Clay [ Classic ]
Class 1f
Binder PG Grade| nla 58-28 Y 58-34 n/a 58-40
Design Method| n/a Gyratory n/a Gyratory n/a Gyratory -
Surbgrade "R™ Value| 12 12 12 12 12 12 Asphalt Test Sect'ons
Construction Date| Sep-96 Aug-99 Sep-96 Aug-99 Sep-96 Aug-99
MnROAD - Low Volume Test Road
EIEREEEEIEE
Zdl25|EE|2?|23|25|30|31|32|52 53 | 54
36 37 38 39 40 32 32 52 53 54
6.4" 6.4" 6.4" 6.4" o p 5"
6.3" 7.6 75" 75" 75"
5 5 5
5
Sand 1om Clay Clay 6" 6"
Layer Depth Clay 12"
(Inches) Clay Clay
Clay Clay
Sand Clay
Panel Width 12" 12" 12" 12" 12" Gravel 12" 12" 12" 12"
Panel Length 16" 12" 16" 20" 16" Section 12" 15" 15" 12"
Dowel Bar Diameter| 1" none 1" 1" none - none Varies none 1"
Subgrade "R" Value 70 70 12 12 12 12 12 12 12 12
Construction Date| Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Sep-98 Jun-00 Jun-00 Jun-00 Oct-04

Concrete Test Sections
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Appendix C2 — Mainline Test Sections
4

5-Year 1 2 3

Material Legend

Suface Materials Base Materials

Layer Depth 4"
(Inches) Hot Mix Aspalt
Oil Gravel
33"
BSAB

1999 Micro Class 1
2003 Micro/MiniMac | | o]

2004 Micro Class 1f

Asphalt Binder| 120/150 120/150 120/150 120/150

Binder PG Grade| 58-28 58-28 58-28 58-28
Design Method 75 35 50 Gyratory -
12 Asphalt Test Sections

Surbgrade "R" Value| 12 12 12
Construction Date| Sept-93 Sept-93 Sept-93 Sept-93

17 18 19 20 21 22 23 50

10-Year 14 15 16

—
10.9" 111 7.9 7.8 7.8 7.8
Layer Depth 4" Drain
(Inches) 12"
" 18"
28" 28" 28" 28" 2
g
Restricted
Zone Coarse
Asphalt Binder| 120/150 AC-20 AC-20 AC-20 AC-20 AC-20 120/150 120/150 120/150 120/150 Overlay Overlay
Binder PG Grade| 58-28 64-22 64-22 64-22 64-22 64-22 58-28 58-28 58-28 58-28 58-28 58-28
Design Method 75 75 Gyratory 75 50 35 35 50 75 50 35 35
Surbgrade "R" Value| 12 12 12 12 12 12 12 12 12 12 12 12
Construction Date| Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Sept-93 Jul-97 Jul-97

«4—— 5-Year Test Sections —————————Jp €——— 10- Year Test Sections ————»
6 7 8 9 10 11 12 13 | Material Legend
Base Materials

Suface Materials
71" 7.4" 7.6" 74" 74" Hot Mix Aspalt Class-3 Sp.
9.9" 9.9" 9.8" 9.7"
Layer Depth
(Inches) | sdrain W av dvain [ 45 dvain il Gravel
4 drain . 1 geai 5" Double Chip Seal
Clay Clay Clay Clay 8 5"l PSAR Reclaimed HMA
27 Clay Clay Clay Clay Crushed Stone
1999 Micro Class 1
Clay 2003 Micro/MiniMac | | oo |
2004 Micro Class 1f
Panel Width| 13'/14" 13'/14" 13'/14" 13'/14" 13'/14" 12'/12" 12'/12" 12'/12" 12'/12" Panel Width (Passing lane / Driving lane widths)
Panel Length| 20" 16" 20 15 16 20 24 15 20"
Shoulders| HMA HMA HMA 13' PCC 13' PCC HMA HMA HMA HMA
Dowel Bar Diameter| 1" 1" 1" 1" 1" 11/4™ 11/4" 11/4" 11/4"
Subgrade "'R" Value| 12 12 12 12 12 12 12 12 12
Construction Date| _Sep-92 Sep-92 Sep-92 Sep-92 Sep-92 Sep-92 Sep-92 Sep-92 Sep-92
93 94 95 96 97 92 60 61 62 63
= - o o T S
59" 59" 6" 5" Sealed| [\ coareq | | Unsealed Sealed eSt eCtI 0 n S
Layer Depth
ra s 7 7
(Inches)
Clay Clay Clay Clay Clay Clay
Panel Width 4' 4 6 6" 12' 12" 6" 6 6" 6"
Panel Length 4' 4' 6' 6 10 10 5' 5 5 5
Fibers| Polypro Polypro Polyolefin Polypro Polypro Polypro nla nla nla nla
Dowels| _none none none none none Yes none none none none
Subgrade "R" Value| 12 12 12 12 12 12 12 12 12 12
Construction Date] Oct-97 Oct-97 Oct-97 Oct-97 Oct-97 Oct-97 Oct-04 Oct-04 Oct-04 Oct-04
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APPENDIX D - Construction Field Notes

Table A4- Cell 64 Construction Field Notes

Date

Activities Noted

Sept
19,
2005

7:00 am Construction started with the laying out of the area of asphalt to be removed by squaring with the
front of the pole barn. The removal area is 19.5° X 62.5”. The western edge was set to match the existing
joint in the concrete apron and the eastern edge was set along the face of the concrete pad.

7:30 am Sawing was done in two passes, the first pass at three inches deep and the second at seven inches
deep. Mn/RD personnel included Doug Lindelfelser, Bob Strommen, Ken Snyder, Tim Sinclair and ARM
personnel included Dan Frentress and Brad Burke.

9:30 am A pay loader arrived to help with the removal of the asphalt and a tandem dump truck to haul the
bituminous to Oman Brothers Asphalt located on TH 241 for recycling.

11:00 am A meeting was held to discuss the outlet pipe. People in attendance were Ben Worel, Tom
Burnham, Bernard Izevbekhai, Bob Strommen, Tim Sinclair, Fred Corrigan, Brad Burke and Dan Frentress.
Discussion centered on a method to ensure that the Pervious Concrete has a frost-free outlet. This research is
not intended to determine the optimum outlet condition, such as a storm sewer located below the frost line.
The swamp to the east could make it impossible to build a frost-free outlet, which would be below the
swamp elevation. It was decided to use a roof heat tape to ensure that the pipe will remain ice-free.
Discussion will continue next year as to what type of frost-free outlet to construct.

2:00 pm Asphalt removal is complete, pay loader returned to the DOT maintenance shop. A bobcat was
used to remove the existing gravel base to a depth of 18” on the edge and 22” down the middle. No clay soil
was found at this depth, only gravel material. A string was used to determine the correct depth of removal
by pulling it across the removal area and using the edge of the existing asphalt as the grade elevation. This
way we were able to match the existing fall away from the pole barn for grade. The pervious concrete was
designed to be 6 inches thick with 18 inches of free draining base placed on a soil fabric to keep the base
open. It should be noted that the centerline of the pervious concrete section is 15 inches east of the
centerline of the pole barn garage door.

3:30 pm At the end of this day the asphalt removals were completed. The rough grading of the sub base into
a rounded V shape was completed by 3:30 pm.

Sept
20,
2005

7:00 am Modification of the top of grading subgrade using the MNROAD New Holland bobcat into a V
shape with a depth of approximately 22" in the middle. The grade was left flat for the first foot from the in
place asphalt on the west side and the concrete pad on the east side. The V shape tapered down from this
point on a straight line to the depth of 22” in the middle.

10:00 am After final grading of the area was completed, installation of the sensor trees were hand dug into
the clay soil. After about six inches of digging, clay soil was encountered and the four-foot sensor trees were
half buried in the clay soil. The clay soil started at 24” and was gray and sticky. This soil was replaced in
the same position along the sensors as much as possible. The intent was to ensure that the sensors
represented the surrounding soils as much as practical. These sensors were placed two feet east of the
centerline of the pervious section with the first sensor placed at 15” from the concrete apron edge and the
second sensor was placed at 45 feet from the concrete apron edge. The centerline along the 60’ length is 15
inches east of the centerline of the pole barn door.

11:00 am Fabric was rolled out and the sensor trees were cut through the fabric. The fabric was only 15 feet
wide and the trench is 19 feet wide to accommodate a two-foot sidewalk around the perimeter. The four-
inch drainage pipe, with its own fabric cover, was placed down the middle of the trench and an outlet was cut
by the Mn/DOT trench attachment on the front of the bobcat, along the south side of the concrete snowplow
pad. Slope was maintained at the same slope as the surface of the existing asphalt and the pervious was
placed on the same downward slope away from the pole barn as the existing asphalt.

12:30 pm Bauerly Companies donated the ¥ “ clean concrete stone to fill the trench. This stone was
cleaned through the normal washing procedures for concrete stone. It took as estimated 7 MN/DOT tandem
truck loads to the fill the trench. Estimated amount was 50 cubic yards of material used.

3:30 pm The fill was completed and packed with a hand operated vibratory plate compactor donated by Dan
Frentress in approximately six inch lifts. All sensors were in place, a pipe was installed for the wires along
the east end of the trench for the future MnRoad wires to the flow meter. The trench was completed with a
fabric on the bottom, and a four inch drainage tube placed down the center with an outlet to the east along
the south side of the concrete apron. An electrical heat tape was installed inside the drain pipe and field
tested to ensure it did indeed work. By 3:30 the project was ready for the sidewalk crew to begin placement.
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Sept
22,
2005

7:00 am Brad Burke from the National Ready Mix Association agreed to represent ARM of MN on site
during the installation of the sidewalks around the pervious construction.

10:00 am Minnesota State Curb and Gutter showed up on the project and proceeded to set forms to place
the concrete sidewalks. They arrived a day early due to the heavy rains that occurred overnight and had
washed out their other project for the day. The pervious rock layer showed no problems as a result of the
heavy rain. Mn State Curb and Gutter placed the sidewalks with a slope to the outside away from the
pervious concrete. This allowed the roller screed that placed the pervious concrete to excert downward
pressure on the pervious concrete and not be caught on the two-foot wide concrete sidewalks. Mn State
Curb and Gutter donated their time and materials to place these sidewalks, and Apple Valley Ready Mix
donated the concrete. The six inch sidewalks were designed to have control joints grooved by hand on an
approximately 7.5 foot centers as measured from the concrete apron. No steel was placed in these
sidewalks to as best as possible represent a normal gutter section of a B624 curb and gutter standard.
1:30 pm Concrete donated by Apple Valley Ready Mix arrived on the site and the crew proceeded to
place the sidewalks. The mix was a normal Mn/DOT issued 3A32 with anticipated 28 day strength of
3900 psi.

4:00 pm Minnesota State Curb and Gutter completed the sidewalk along with curing by 4:00 pm.

Sept
26,
2005

1:00 pm Trial mix #3 was placed first next to Pole Barn at the garage door on the east end of the building.
Three yards were mixed and completed an area roughly 12” by 10°. Three yards of Mix #1 was placed
north of the existing concrete apron over an area roughly 12° by 10°. This mix was contaminated with
sand from a previous load of concrete. This mix will be called Mix #4. Dale Fisher positively identified
the sand by washing a portion of the pervious mix in a plastic water bottle. The sand settled to the bottom
after the cementitious material was washed out with the water hose.

3:30 pm Trial Mix #3 next to the Pole Barn was placed on the existing sub grade with no effort to provide
a drainage outlet. Mix # 1 was placed on approximately 6” of % minus concrete stone with a trench
filled with the clean concrete stone providing an outlet to the east. Both test pads made from trial mixes
were covered with plastic sheeting for the curing period of at least 7 days. This was completed by 3:30
pm.

Sept
217,
2005

7:00 am Dan Frentress arrived at the Mn/ROAD site and visited with Doug Lindelfelser, Bob Strommen,
Ted Snyder and Jack Herndon about any last minute changes. Tom Burnham installed four load sensors
to measure the strain developed in the pervious concrete. Static strain and vibrating wire strain gages
were installed before the pervious concrete was placed. These are the same gages used in normal
concrete to determine stress and strain.

7:30 am Brad Burke arrived and said that he talked to Dale Fisher, the pervious contractor from Atlanta,
Georgia, and that Dale would arrive by 9:00 am at Mn/RD. Dale Fisher donated his time and brought all
the necessary tools to place the pervious concrete. He brought a 22’ long pneumatic roller screed and its ¢
power source along with a three foot wide groover with a depth of two inches. This tool was used to
place any control joints in the pervious concrete.

8:30 am Dale Fisher arrived and unloaded his equipment and was ready to pour concrete by 9:30 am
when the first Ready Mix truck arrived. Cemstone Products Inc. donated the pervious concrete for this
project. The size of the pervious was measured as 16-6” by 60’ -3” and designed to be six inches thick.
Cemstone along with DeGussa Admixtures designed the two pervious mixes. Dale Fisher asked for a
layer of mansonite to be placed on the concrete sidewalks to protect his roller screed from getting marred
by the concrete. This ¥ mansonite did have the effect of raising the elevation of the pervious section and
requiring more concrete than at first thought. It is guessed that this increased the thickness of the
pervious from 6 inches to 6.5 inches. The first mix contained %2” minus clean limestone chips shipped
from the Northwood’s Quarry in Norwood lowa. The second mix contained rounded river gravel with a
maximum size of %" and 719 Ibs of the limestone used in Mix #1.

9:00 am The first truck arrived from the Cemstone Ready Mix plant and Kevin MacDonald arrived along
with the representatives from DeGussa Admixtures. This first truck contained 6 yards of the pervious
concrete with Mix #1.

9:45 am A second truck arrived with 5 cubic yards of pervious mix #1. Due to the placement of sensors
the placement of the pervious concrete had to be accesses by unloading from the side of the trench.
Normal pervious concrete placement would have been to drive the ready mix trucks down the grade and
unload without the use of any chutes. Pervious concrete will not move down any additional chutes
installed, without any sand the rock mix just bunches up on itself. This made placement a difficult
operation with a lot of shoveling the mix down the chutes and moved with shovels to fill the trench.
10:00 am Many members of the local engineering community and Arm members arrived to view the
placement of the pervious concrete. 10:15 am The third Ready Mix truck arrived with 10 yards of
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Sept
27,

2005
Cont.

Pervious Concrete Mix #2. Water was added to the truck and mixing was done for 50 revolutions.
Placement of this truck was slow and a temporary header was placed at the end of this pour and covered
with plastic.

12:00 The fourth Ready Mix truck arrived with 4 yards of Mix #3 and placement continued until a 5"
1:15pm The fifth concrete truck arrived with 4 yards of concrete mix #3 and was placed by 1:30 pm It
was estimated that only half of the fifth truck was used to complete the concrete pour by 2:00pm. The
total amount of concrete placed was 11 yards of mix #1, 10 yards of pervious concrete mix #2 and 6 yards
of Mix #3. This amounts to 27.00 yards as the total amount of pervious concrete placed. At an estimate
of seven inches, using a 5% overrun it was estimated that we would need approximately 21 yards of
pervious concrete. By placing 27.00 yards the pervious would have to be 9.0 inches thick. The in place
void content as measured from cores is 18% as against the original mix design estimation of 33% voids.
This 15/% difference amounts to approximately 4.0 cubic feet or an under yielding of 85%. This means
that we should have used only 23 cubic yards of pervious concrete (27.00 X 0.85) 2:00 pm The pervious
concrete placement was completed and two control joints were cut with one in each type of mix. The
pervious concrete was covered with plastic as soon as finishing was completed and will be left covered
with plastic for a minimum of seven days.

Sept
28,
2006

12:00 noon Brad Burke asked Jack to remove the poly covering and the Pervious concrete was wetted
with a garden hose and the poly was replaced and extra weight was added to prevent the wind from
blowing away the poly.
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