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ABSTRACT

Heavy truck traffic from oil field development and oil extraction has damaged a significant
amount of road infrastructure in many counties in the Bakken Formation in North Dakota and
Montana since 2009. Structural capacity of roads has been exceeded and costly repairs required
on paved, aggregate and soil surfaced roads. These roads served agriculture trucking for decades
with gravel added as necessary. The increase in the number and excessive weight of trucks on
weak clay soils requires a more substantial all weather road structure. This situation is worsened
by inadequate budgets and rapid cost increases for dwindling aggregate resources. Most areas
lack sufficient aggregate and funding resources to build traditional structural sections with thick
layers of aggregate base and hot mix asphalt over weak clay soils. However, these soils can be
permanently stabilized with Portland cement at a much lower initial cost using much less
aggregate resource. Additional cost savings come from less right of way acquisition and much
less reconstruction for road widening. Between 2010 and 2013 Richland County in Sidney
Montana, built 59 miles of soil cement roads with various types of low cost wearing surfaces that
appears to provide a cost effective structural section for heavy oil field truck traffic. Biennial
performance monitoring with a Falling Weight Deflectometer (FWD) indicates soil cement
provides adequate strength and durability even where extensively cracked. Methods have been
developed to significantly reduce the amount of structural problems created during construction.
A comprehensive set of construction and quality assurance specifications were developed to
ensure a good quality structural section was achieved. Quality assurance efforts are more
intensive for soil cement than cement treated base due to variations in soil type, moisture content
and issues with soil pulverization, compaction and curing. Richland County road crews have
done full depth reclamation on some under designed sections. A mechanistic analysis of the
structural pavement layers was done using biennial FWD data to validate performance and to
attempt to establish a simplified design methodology for cement treated clays. This paper will be
updated as new information becomes available.
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INTRODUCTION

The Richland County road inventory presently includes over 1600 Kilometers (1000 miles) of
unpaved rural roads, and another 65 kilometers (40 miles) of paved roads. The impacts to all
roads has been significant with road closures on unpaved roads during wet weather and load
restrictions posted on all roads during spring break-up. The primary emphasis has been to
preserve existing pavement structures and make arterial unpaved roads into all-weather routes.
About 90,000 t (100,000 tons) of aggregate has been used annually on gravel roads to keep up
with deterioration caused by oil field truck traffic.

A five year alternative delivery contract was awarded in April 2008 to expedite contracting for
road improvements and obtain the best value for Richland County. This contract requires the
prime contractor to obtain at least three bids on all work. The County and prime contractor have
the flexibility to select subcontractors that will deliver the best value. It also allows them to
decide which work should be completed by the prime contractor on a time and materials basis, to
reduce subcontractor bid contingencies. Overall, this process worked well, with the exception of
warranty issues on work that developed problems after construction.

Although cement treated base (CTB) has been used by the Montana Transportation
Department, no Montana contractors had experience with cement stabilization of soils. Cement
stabilization of subgrade soils is significantly more difficult due to variations in soil types and
moisture contents, difficulties achieving pulverization, etc. Stabilization of clay soils in
Richland County started in 2010. Ninety five kilometers (59 miles) of soil cement stabilization
was built by the end of 2013 and closely monitored by FWD surveys in spring and fall seasons.
During this four year period, many test sections were built and changes made in cement contents,
treatment depths, soft spot reinforcement strategies, road surface types and construction and
quality assurance specifications.

Sixty three of the 95 Kilometers (38 of 59 miles) of soil cement roads were surfaced with a
double Bituminous Surface Treatment (BST) directly on soil cement. This design made all soil
cement defects very obvious and significantly improved the learning and development process.
Soil cement problems were easy to identify and diagnose since only a thin wearing surface exists
on the soil cement surface, as opposed to the more typical structural section that covers structural
problems with multiple layers of aggregate and hot mix. Many changes in specifications and
construction practices were made to alleviate problems with both soil cement and the driving
surface.

FWD and Ground Penetrating Radar (GPR) survey data generally indicate that soil cement is
seeing some structural deterioration over time, but even if it were to all become heavily cracked,
it would still have support characteristics greater than that of crushed aggregate base. This point
by itself is even more impressive when considering the cost of soil cement is roughly half that of
crushed aggregate base when compared on an inch to inch thickness basis. Also, back calculation
of FWD survey data on paved roads in Richland County (the traditional alternative) shows that
aggregate base materials experience significant freeze thaw weakening beneath pavement
structures.

Problems have occurred in the soil cement and road surface, and repair strategies developed.
Changes made in construction practices, detection of soft spots and using better road surfacing
has significantly reduced the number of performance problems. In 2014 the Richland County
road crew did Full Depth Reclamation (FDR) on some 2011 soil cement problem areas that were
initially under designed.

viii



CHAPTER 1 - ROAD DEVELOPMENT HISTORY 2006 TO 2014

Prior to 2010, the Richland County road network consisted of about 40 miles of paved roads
and about 1000 miles of gravel roads. About 340 miles of gravel roads are also school bus
routes. Most of the good aggregate sources are along the Yellowstone River corridor on the east
side of the county. Rock costs are high due to haul distances to the western oil development
areas and also high demand for rebuilding pavements and private oil field roads and drill pads in
surrounding counties.

Figure 1 provides a schematic for each of the structural sections built by Richland County
over the past 8 years. Appendix P contains maps of Richland County that provides the location
of each of the different types of structural section built between 2006 and 2014. Traditional hot
mix asphalt (HMA) was used on one primary arterial in 2006 and later followed by Bituminous
Surface Treatments (BST) over thick gravel sections, then soil cement of various thicknesses and
cement contents. Soil cement test sections were built in 2010 and 2011 in an effort to determine
the most cost effective alternatives. Performance evaluations of FWD field tests and Ground
Penetrating Radar (GPR) measurements continue to provide critical information.

In 2006 a 19 kilometer (12 mile) arterial was paved with 125 mm (5 inches) of hot mix asphalt
over 175 mm (7 inches) of base. Eight kilometers (five miles) was overlaid in 2013 due to
excessive amounts of truck traffic and heavy loads where subsurface drainage was poor in
subgrade clays and base layers were well under the seven inches specified. During 2009 and
2010 an alternative delivery contract was used to pave and overlay the streets in one small
community and another short road was asphalted with a double Bituminous Surface
Treatment(BST) after stabilizing the four inch aggregate base with a proprietary product called
BASE ONE (Team Labs, Inc.).
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Aggregate Base Soil Cement Separation
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FIG. 1. Structural section history for years 2006 through 2014.

After completing preliminary thickness designs on oil field and local roads, it became apparent
that the increase in infrastructure funding from oil development was not adequate for the
traditional structural section of HMA over base course primarily due to high volumes of truck
traffic, weak soils and high aggregate costs. Subgrade strengths were determined by laboratory



California Bearing Ratio (CBR) tests (AASHTO TI193) and numerous Dynamic Cone
Penetrometer (DCP) tests (ASTM D6951). Natural Resources Conservation Service Soil surveys
(Web Soil Survey) indicated fairly abundant lean clays which led to looking at soil stabilization
alternatives. Various methods of subgrade stabilization were investigated, and Portland cement
had the most promise with respect to long term performance and cost especially in remote areas
where aggregate haul costs were high. Demand for road improvements, budget limitations and
high aggregate costs persuaded the County to select somewhat non-standard structural sections
and also favor options that could be maintained with their own workforce.

In 2010, eight kilometers (five miles) of soil cement test sections were built with various road
surface wearing courses. Although Falling Weight Deflectometer (FWD) tests on the 2010
work did not look promising, few other affordable options existed for remote roads in the county.
In 2011, 42 kilometers (26 miles) of road was stabilized with Portland cement in the
northwestern remote section of the county. Thirty four kilometers (21 miles) was surfaced with
a BST with High Float Emulsion (HFE) and graded aggregate, commonly called an Otta seal.
The other eight kilometers (five miles) was surfaced with a BST with clean chips over a paving
fabric. No base course was used in 2011 due to excessive haul costs — BST construction was
directly on soil cement. The Otta seal type BST required significant maintenance work in 2012
and 2013 primarily due to bad application rates.

In 2012 and 2013 soil cement was built under somewhat tighter construction and quality
assurance specifications. A greater percentage of weak subgrade soil areas were reinforced prior
to soil cement construction. Nineteen kilometers (12 miles) of soil cement was surfaced with a
clean aggregate chip BST and 26 kilometers (16 miles) surfaced with aggregate, most containing
bentonite and calcium chloride additives. One short segment of a high profile road received
base course and Hot Mix Asphalt (HMA) surface. In 2014 three miles of CR 350 (Rau School)
soil cement road was resurfaced with three inches of aggregate base followed by a double BST.
FWD testing was done in the fall and spring from 2010 through 2014 on newly constructed
sections and many roads retested to establish deterioration trends and for making life predictions.
FWD testing and GPR measurements were done in 2013 to help define the extent of soil cement
structural repair areas. FWD testing was done in 2014 to improve performance prediction and
the structural thickness design process.



CHAPTER 2 - STRUCTURAL SECTION ALTERNATIVES

Thickness designs of road structural layers depend primarily on the strength of subgrade soils
and the number and weight of trucks. For large oil field development, it is unrealistic to
determine the design traffic because (1) oil exploration in the area is very secretive and fluctuates
with the price of crude oil (2) the weight of trucks is unknown and not controlled and (3)
alternate routes normally exist. Also, Richland County has agricultural commodity related traffic
that does not conform to standard highway truck load configurations as shown in Figure 2.
Since design traffic levels cannot be determined, it was decided to build affordable sections and
test them with a Falling Weight Deflectometer (FWD) to estimate remaining life in terms of
truck traffic volumes. The FWD tests the strength of the whole road structure including the
subgrade and is designed to simulate the force exerted by an 8200 kg (18,000 pound) truck axle.
Estimates for remaining life from the FWD data and cost estimates for maintenance were used to
make life cycle cost comparisons for the various alternatives in terms of cost per ESAL. This
design strategy for evaluating alternatives was started in 2010 and continues into 2014. As more
information becomes available on maintenance costs and FWD deflections, refinements are
made.

FIG. 2. Non-standard truck configurations used to transport agriculture commodities.

Natural Resources Conservation Service soil surveys (Web Soil Survey) indicate about 60
percent of surface soil types in Richland County are lean clay. Another 5 to 7% are heavier clay.
The remaining areas are predominantly sands and silts. Although annual precipitation is only
350 mm (14 inches) per year, many road surfaces outside the valley bottoms have soft spots
caused by subsurface water from perched water tables. Many of these areas also contain frost
susceptible soils which cause frost heaves and spring breakup conditions. Roadbed soil strengths



were tested extensively with Dynamic Cone Penetrometers (DCP). Strengths were variable with
lower strength during the spring season when moisture contents were greater. In addition back
calculation analysis of FWD data indicates severe freeze-thaw weakening of the typical base
course used in any pavement structure. A California Bearing Ratio of 3 was considered
appropriate for design, with localized lower strength areas. Road soft spots typically have CBR
values below one for extended periods. These soft spots are normally repaired with 300 to 450
mm (1 to 1.5 foot) thick layers of pit run or crushed scoria type aggregate.

In 2010, two structural design options were selected that had affordable construction costs per
mile: Bituminous Surface Treatment (BST) over aggregate base and BST over soil stabilized
with Portland Cement. However, the cost of long term maintenance of these design options was
not well established. Two primary criteria used for selecting these options were: (1) low
construction and maintenance costs, and (2) road surface and structural repairs should be
possible with county personnel.

Many soil stabilization options were considered (enzymes, local beet lime, hydrated lime, fly
ash and proprietary stabilization products) but not used because of risks from unproven mix
design procedures, leaching from subgrade moisture vapor, marginal durability (e.g., Milburn
and Parsons 2004) and a history of unknown, inconsistent product formulations and wide
variations in field performance.

Portland cement was selected as the soil stabilization agent over the proprietary products for
numerous reasons, but primarily due to a well-documented history of proven performance. A
Transportation Research Board follow-up report documented the permanence of soil properties
changes on Portland cement modified soils on eleven projects that were built 45 years earlier
(Roberts 1986).

Geosynthetics were considered for enhancing subgrade and base aggregate performance, but
none were selected due to either higher cost or unproven design history for large volumes of
heavy truck traffic over very weak soils.

The two primary structural options selected for consideration in 2010 are included in Figure 1
and are described as follows.

e Thin asphalt seal coats or Bituminous Surface Treatments (BST) over thick gravel base
structures with fabric under the base aggregate for separation. This approach cost much
less than traditional paving, but the thick gravel layers raise the road surface elevation so
much that more roadbed widening is required to obtain safe road shoulders

e Soil cement (a mixture of roadbed soil and Portland cement, Figure 3) with a road
surface of either Double BST or treated gravel. This structural option stood out because
the predominant soils (low plasticity clays) were found to be suitable for cement
stabilization and large quantities of gravel resources are not required for the structural
section. Also, Portland cement makes a permanent change in soil structure and stabilized
roads can be easily repaired/reinforced by grinding and re-stabilization with either more
Portland cement (e.g. Department of the Air Force, 2012), asphalt emulsion or a
combination of the two. Hydrated lime and Class C Fly ash were also considered, but
preliminary lab mix designs were not as promising as Portland cement, construction costs
were greater and tests on very similar clay soils required much higher stabilizer
percentages (e.g. Parker, 2008). The subgrade stabilization option also has the advantage
of reducing costs for road widening which becomes critical for areas with narrow Right
of Way (ROW) limits or deep roadway embankments. Soil cement has a much lower
strength, durability and cost than traditional Portland cement concrete pavement or



Portland Cement Treated Bases (CTB) which are traditionally used as a surface and
structural layer on major highways and city streets. Soil cement does not resist surface
abrasion well, so it requires a covering or road surface that will protect it from traffic
abrasion and snow plows when it becomes wet. Two options were selected for a road
surface, Double Bituminous Surface Treatments (BST) and ‘treated gravels’ (Figure 4)
that contain both bentonite and calcium chloride additives that reduce gravel loss. The
bentonite additive reduces chloride leaching and chloride reduces bentonite dusting/loss.
A gravel base and hot mix structure was not selected as the road surface because of cost
and hot mix cracking issues that are worse than the thin asphalt rich BST surface. The
cost of treated gravel is greater than the BST surface on projects where longer haul
distances exist since about five times the amount of gravel is required.

FIG. 3. Twelve inch thick soil cement layer with Double BST on surface and moist
underlying clay subgrade (2012 repair of 2011 soil cement on CR 146E).



Close-up photo of road

surface in wheel track

FIG. 4. Treated gravel surface containing 3.5% Bentonite clay and 1.5% dry calcium
chloride. Percentages are based on dry weight of aggregate.

Early on, it became evident that the use of soil cement in Richland County was different than
some of the private sector and other agency uses in the area. Two primary differences are (1)
soil cement is expected to be a permanent part of a heavy truck road structural section, not for
road or work platforms used for shorter term lower traffic mineral extraction and (2) soil cement
is the primary and in some cases the only structural component that is much higher and even at
the surface of the road. Most designs using soil cement put it lower in the structural section with
overlaying aggregate base and pavement layers (Scullion 2008).

Other factors considered in the selection of alternatives are shown in Table 1. Most of the
factors were not easily quantified, but were considered in the selection process especially when
estimating maintenance costs. A factor that became apparent after several years of FWD testing
on pavements in Richland County was that the typical base course on subgrade structure was
experiencing significant freeze thaw weakening of the pavement structure over time.



Table 1. Comparisons Between Structural Section Alternatives
(Levels of Concern: Very High 5, High 4, Moderate 3, Low 2, Very Low 1, None 0)

Type of Structural Section
Driving Surface Hot Mix Double Double Double Double
Asphalt BST BST BST BST
. Aggregate
Base Structure Aggregate | Aggregate AS\tabmzed Stabilized Base
Base Base ggregate Subgrade | Stabilized
Base

Type of Concern Subgrade
Construction Cost $ 5 4 3 2 2
Relative Life Cycle $ Depends on maintenance costs, adequate design, etc.
lllegal load damage 4 3 3 3 2
Edge cracking &
deterioration from farm 2 4 3 3 2
machinery
Unsafe side slopes off 4 5 4 2 2
asphalt edge
Rock Resource Depletion 4 5 3 1 2
BST Adhesion 0 4 3 5 4
Large rock punctures 0 4 2 2 3
Vehicle skid damage 1 4 3 4 4
Turning movements 1 5 3 4 4
Bleeding and Blotting 1 4 4 4 4
Chip Loss 1 4 4 4 4
Cracking (non-shoulder) 3 2 2 3 2

Table 2 contains a summary of information on road structural sections built since 2006 in
Richland County along with current estimates of life and maintenance costs. More details are
provided in Appendix Al and A2. Primary factors used for selecting alternatives were
construction costs, and estimates of maintenance costs and life, project location and aggregate
resource conservation. Since aggregate haul costs are a significant factor in some areas, costs
for alternatives that include aggregate are quite variable. For this reason, one alternative may be
selected in one area of the county and not another.



Table 2. Cost Comparisons for Structural Section Alternatives

Road Design Option Average Estimated Life Approximate Cost per Mile (a)
from FWD Data
Support Construc-| Average
Road Surface PP ESAL Life | Years(b) ) & Annual Cost
Structure tion |[Annual Mtc
5" Hot Mix 8" Base 1,150,000 $900,000 $16,000 $149,000
Double BST 10" Base 100,000 1 $400,000| $20,000 |S$606,000 (c)
12" Soil
Double BST 500,000 3 $300,000| $18,000 $115,000
Cement
3" Gravel on
Double BST 12" Soil 2,000,000 13 $350,000 $16,000 $48,000
Cement
4" Treated 12" Soil
2,000,000 13 $400,000 | $26,000 (d) $63,000
Gravel Cement

(a) Costs are very project specific

(b) Based on 200 trucks/day, 50,000/yr (150,000 ESAL/yr)

(c) Classic case of under designed structural section for the selected ESAL/year traffic
(d) Costis based on 1" gravel replaced each year

Really high costs per ESAL values for County Roads (CR) can indicate inadequate design
thickness as is the case with BST over aggregate (CR 127E, 326 and 321S) and soil cement roads
(CR 321 and 480). Fewer construction problems and more extensive subgrade reinforcement of
soft areas would have lowered cost/ESAL for 321 and 480. Thin base layers stabilized with
proprietary product BASE ONE, were found to have no physical evidence of stabilization three
years later, perhaps due to leaching caused by moisture vapor within the subgrade soils. Note
that all Double BST on aggregate base are likely under designed according to the Washington
State design procedure in Appendix H. Lower costs per ESAL for soil cement treatments look
promising, but there is greater uncertainty in life predictions and maintenance costs than other
options. The relative reliability of life and maintenance cost estimates is influenced by the extent
of historical data available from outside sources and the length of time the alternative has been
analyzed in Richland County. As more data is collected, the analysis reliability will increase and
life cycle costs will change.

The ESAL life estimate from FWD survey data is based on mechanistic analysis of the
seasonal deflection data. Back calculations and other supplementary mechanistic analysis
provide seasonal modulus, stress and strain values for the pavement structure under a standard
8200 Kg (18,000 pound) ESAL (Appendix G). Using these seasonal values in the available
distress models developed for pavements, an estimate of pavement life was obtained. For the
pavement structure, distress models considering both vertical subgrade strain and tensile stress at
the bottom of the soil cement layer are used. As no models have been specifically developed for
cement treated lean clays when used as the primary structural component, we assume the models
or their inputs, will have to be modified over time to more accurately predict the life of such
structural sections.



As previously mentioned, in 2010 the percent Portland cement and treatment thickness were
minimums to test the suitability of the most affordable option. FWD testing in the spring of
2011 indicated durability would be increased significantly by higher unconfined compressive
strengths. It was also evident that thicker sections would increase ESAL life significantly.
Based on these factors, cement contents were increased (about one percent) and treatment
thicknesses increased about 50 millimeters (two inches). After 2011 it was evident that 97
percent of standard density was achievable, so treatment depths were increased another 50
millimeters (two inches) to 300 mm (12 inches). The 97% density was also achieved in 2012 at
the deeper depths, as measured by nuclear gage direct transmission testing at the 250 mm (10
inch) depth.

As shown in Figure 5, the treatment of weak subgrade areas was also changed from just
increasing cement content to 10 percent and depth by 50 mm (2 inches) while stabilization in
2011 to pretreating soft spots at least one day prior to stabilization with 3% cement to 18 inch
depths in 2012. The change was made to reduce the cracking potential of a relatively thin 300
mm (12 inch) and stiff (10% cement) structural section over very soft underlying soils. One
hazard with the 450 mm (18 inch) deep approach to soil modification, is that if good compaction
is not achieved at the bottom of the treatment, moisture intrusion will reduce the benefits,
especially in areas where frost exists within the structural layer (e.g. U.S. Army Corps of
Engineers, 2004). Relative density measurements were attempted at the deeper depths with the
DCP but results were quite variable perhaps due to minor moisture variations.

D — 711} § E— S U 2012 & 2013 - ----nnmn- S
|  CBR=3t05 CBR <3 | CBR=3t05 CBR <3

| (95% of Rd) (5% Soft Spots) | (85% of Rd)  (15% Soft Spots)

1 1

%C & Depth |
increased during {*
stablhzatlon

Fig. 5. Soil stabilization treatment design for normal stabilization and for soft subgrade
areas.
Another option to reducing the number of soft spots during cement stabilization is to sub-

excavate and replace or just mix wet unstable soils while making road alignment and grade
changes during road reconstruction. Yet another approach is to dry up and stabilize soft spots in
gravel roads by mixing in three to five percent Portland cement at least 12 inches deep. This
gravel road subgrade stabilization option was done in the fall of 2011 on gravel road segments of
CR 143, and has performed exceptionally well with minimal gravel cover.



CHAPTER 3 - SOIL CEMENT DESIGN

Although many concerns existed with soil cement in Richland County, roads stabilized with
Portland cement are often the only roads that remain open during severe precipitation events.
Also, where soft spots were overlooked and soil cement failed, the conventional fix of 18 inches
of aggregate base and HMA also failed within 6 months. Practical and cost effective solutions
have been developed to deal with soil cement concerns discussed in the following paragraphs.
Appendix B provides a summary of problems, probable causes, prevention methods and
suggested repair practices.

Although Portland cement has the longest history of soil stabilization, all stabilization agents
have issues with long term durability associated with freeze-thaw and wet-dry cycles (Roberts
1984).  During the first several years of soil cement construction, adequate time was not
available for freeze thaw testing between road sampling and construction to help relieve
concerns with durability. Initially, vacuum saturation of laboratory specimens was done because
it had been shown to correlate with freeze thaw testing and only takes an additional hour in the
mix design process (Parker, 2008). Unconfined compression strength (UCS) test results after
vacuum saturation were actually higher than non-vacuum exposed specimens, which was not
expected. Based on these test results vacuum saturation conditioning was discontinued and is
not considered a good predictor of freeze thaw durability for lean clay soils. Soil cement test
sections at different percentages of cement had significantly lower FWD deflection losses at
higher cement contents after exposure to winter freeze thaw cycles and wet spring weather
(Figure 6). This finding confirms the poor durability of low cement contents of stabilized clay
as indicated by others (Parker 2008).

Cement Content and Winter Season Damage,
Clay Soils
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FIG. 6. Soil cement durability versus cement content.
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The ultimate approach taken for durability evaluation was to look at the changes in FWD
deflections and soil cement modulus over time instead of the lab testing approach that attempts
to simulate freeze thaw conditions and predict performance. Back calculation of soil cement
modulus over the first four years indicates an initial drop of strength of up to 40%. Most of the
curves shown in Figure 7 suggest deterioration is leveling off. A summary of the latest surveys
are in Appendix I. Future changes, however, will be closely monitored as practicing design
engineers have noted significant reduction in pavement strength often occur over time for cement
stabilized base courses (Scullion 2008).
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FIG. 7. History of Soil Cement Modulus (Ep) values for Soil Cement with BST Surface.

Soil cement mix designs were done on samples taken from each road alignment at locations
where soil changes could be observed, generally at 0.4 km to 2.4 km (0.25 to 1.5 mile) intervals.
Each year, all samples were grouped in a blind fashion according to similarities in gradation, soil
texture and plasticity index. Mix designs were performed by ASTM D559 & D1653, along with
guidance from the Portland Cement Association (PCA) Soil Cement Handbook. Cement
contents were selected based on target compressive strengths of 2068 kPa (300 psi), and
concerns about shrinkage associated with high cement contents and durability associated with
low cement contents.
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Figure 8 shows the different design changes used between 2010 and 2013. In 2011, cement
contents above 8% were selected due to roads containing higher clay content soils and hopes of
improving durability. This increase in cement content with clay soils resulted in a significant
increase in shrinkage cracking. As a result, cement contents and corresponding unconfined
compression strength targets for mix design specimens were lowered in 2012. Micro cracking
was considered each year as a measure to reduce shrinkage cracking. Micro cracking was not
done due to variations in strength development over time associated with varitions in soil type
(Scullion 2001). Time will tell if shrinkage cracks in the 2011 work will cause performance
problems in this realtively dry climate.

2010

2011

2012-13

Soil Cement,

Soil Cement,

Soil Cement,

8" to 12” thick 10" thick, 12" thick,
5% to 8% 8% Cement 6% to 7%
Cement Cement

Percent Cement 5% 8% 6.5%

Compressive Strength 250 psi 300 psi 275 psi
Freeze Thaw Durability Marginal Good Good
Flexural Strength Marginal Good Better
Shrinkage Cracking OK Poor OK

FIG. 8. Soil Cement Mix Characteristics

Very weak subgrade soils at numerous locations were recognized by DCP testing throughout
the Richland County road network in 2010. Reinforcement of these areas prior to or during
stabilization significantly reduces maintenance costs and extends ESAL life of the stabilized
road. Determining the length of weak areas and in some cases just locating weak areas was
challenging (Figure 9). Soft spots are primarily caused by perched water table feeding
permeable subgrade soils.

Dry Clay Crust Road Surface
with some gravel surfacing

Wetter Subgrade soils with
occasional wet silt/sand pockets

Subsurface moisture drawn

t_/— to surface in sandy silt

FIG. 9. Subgrade Soft Spot Location
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The extent of many soft areas was obvious where deep ruts exist or the existing gravel road
surface was deforming under heavy loads. Many soft areas were difficult to locate prior to
stabilization because they were bridged over by the dry road crust. Figure 10 illustrates the
equipment used for detecting soft spots. Some ‘hidden’ areas were located by proof rolling with
41,000Kg (90,000 pound), three axle cement distributors. All areas were DCP tested to help
identify the road length that needed to be reinforced.

Dynamic Cone
Penetrometer
(DCP)

Intelligent Compaction Roller Ground Penetrating Radar (GPR)
12" Depth 24" Depth

FIG. 10. Road Subgrade Soft Spot Detection Equipment

In 2012, an intelligent compaction (IC) roller (Bomag model number BW213BVC) was also
used to locate soft spots. Initially, a correlation was attempted between FWD testing of unpaved
road surfaces and the IC roller. This correlation failed primarily due to the transverse variations
in road density and corresponding strength beneath the seven foot wide drum versus the strength
under the much smaller 12 inch diameter FWD loading plate. Flattening the road surface with a
motor grader prior to IC roller testing did improve the correlation. The location of weak areas
identified by IC rolling were confirmed and strength quantified by DCP testing.

Prior to stabilization in 2013, Ground Penetrating Radar (GPR) surveys were run on one road
where weak subgrade areas were identified in 2012. The GPR survey data did not correlate well
with weak areas previously identified, but the depth of moisture detection was relatively shallow
at around 300 mm (12 inches). GPR surveys to 600 mm (24 inch) or greater depths may
identify subsurface weak areas at relatively low cost, but the MDT equipment used briefly in
2014 was really not designed to be used on uneven subgrade or gravel road surfaces.

In 2011, weak subgrade areas were treated with extra cement, and the depth of treatment
increased from 250 mm to 300 mm (10 to 12 inches). About 5% of the total road length built in
2011 was reinforced in this manner. About 15% of the road length was reinforced in 2012 by
mixing 3% cement 450 mm (18 inches) deep at least one day prior to the 300 mm (12 inch)
stabilization over the entire project area. Figure 11 shows the progression of soft spot subgrade
stabilization designs between the 2011 and 2012/13 construction seasons.
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2011 2012 & 2013

Soil
Stabllll?tIOH Soil Stabilization,
12” thick, 12” thick,

10% Cement 6% to 7% Cement

Soil Modification,18” thick,

5% of Road Area
Treated in 2011

in 2012-13
FIG. 11. Soft Subgrade Stabilization Designs

From 2010 thru 2012, soil cement thickness designs were strongly influenced by funding and
the maximum lift thickness that could be adequately compacted. @By mid-2013 there was
enough FWD data available to develop correlations for a soil cement thickness design procedure.
This procedure is based on FWD tests on existing gravel roads. A somewhat weak but
acceptable substitute for this process is the use of DCP tests that require some critical
interpretation. The current thickness design details are explained in Appendix G. Modifications
will be made after additional FWD tests are done and data from actual traffic counts and
classifications becomes available. A traffic monitoring program was initiated in 2014
(Appendix Q). This design approach is specifically for lean clay soils, unlike results from
recent research on granular and sandy soils (Scullion 2008).

Figure 12 shows the relationship between the maximum FWD deflection and subgrade
modulus. Although DCP tests were also done at FWD sites on CR 351, a relationship between
these tests was not developed, because soil classifications and moisture contents were not
completed.

Subgrade Mr vs Max Deflections
( From CR 351 Tests on Subgrade)
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FIG. 12. Relationship between FWD Deflection and Subgrade Modulus
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CHAPTER 4 - ROAD SURFACING DESIGN ISSUES

A summary of all road surfacing designs used on soil cement between 2010 and 2014 is
shown in Table 3. Some mileage currently shown with treated gravel may be given a BST
treatment during a year that hot mix asphalt pavements are chip sealed. Both maintenance and
life cycle costs of these surfaces will be determined as they begin to deteriorate.

Table 3. Summary of all Surfacing Types and Miles

Year Built Double B%Te;’:‘e (31 3” HMA on 4” Treated Gravel
BST 3” Agg Base (Bentonite & CaCl2)
Gravel
2010 1.75 0 0 3
2011 24 0.8 0 0
2012 12 0 0.4 12
2013 0 4.8 0 8
2014 0 3 0 -1
Total Miles 37.5 8.6 0.4 22
Build Cost Lowest Moderate Highest Moderate
Estimated Moderate (Blading, Chloride,
Maintenance Cost Moderate Low Lowest Rock(Replacgment)
EstlmateCdOIs_Jtlfe Cycle Mod?erate Low? Low? Moderate?

There were significant concerns regarding adhesion and shoving of the BST surface built
directly on soil cement. In 2010 a 75 mm (three inch) layer of aggregate base between the soil
cement and the BST was considered, but costs were not acceptable. However, in 2011, a double
BST was placed on gravel over 1.1 km (0.7 miles) of CR 129W where subgrade had been
stabilized with cement in 2010. Although this road segment has performed well for three years,
with minimal maintenance, and ESAL life prediction is very encouraging, truck traffic is thought
to be less than other roads. The types of BST surfaces built between 2010 and 2013 are shown
below in Table 4.

Another primary concern with the BST option directly on soil cement was the suitability of
soil cement surface roughness or ride, and uniform crown. All irregularities built into the soil
cement surface by the motor grader during soil cement finishing are reflected in the BST surface.
One suggestion was to “burn” or trim the finished surface with a motor grader the morning
following stabilization. This practice did not work well because the soil cement was too hard
and there were concerns about delamination of layers due to the horizontal forces required for
cutting with the blade. The more expensive solution to this problem is to use an aggregate layer
between the soil cement and BST, which was done initially in 2011 and again in 2013. Back
calculation of ESAL life on these roads show a significant increase, so life cycle costs (LCC) are
much less.
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Table 4. Bituminous Surface Treatment Options

Double | County Road | Year i Soil Cement
BST Type Number Built Km (mi) |~ Asphalt Aggregate Surface Prep
Clean Chip AC-10 &

on Paving 129W 2010 10.5(0.3) MC-3000 | 16 mm & 9 mm Corrugated
Fabric | 201 & 32IN | 2011 |8.2(5.1) AC-10 & (5/8" & 3/8")
. |32IN (Send S § clean chips Not Corrugated
2 (0. CRS-2P
Clean Chip bound lane) 2011 0.2 (0.1)
32IN(Nend S 0.4 C ed
bound lane) (0.25) orrugate
321N (N end 0.4 16 mm (5/8”) Not C ted
Otta Seal | N bound lane) | 2011 | (0.25) |HFE1258|  Graded ot Lortugate
29.6 aggregate MC-70 Prime &
143E, 324, 146 (18.5) Blotter
129W 1.1 (0.7) Treated Gravel (a)
314, 143W 15.0 |HFE CRS-
Clean Chip ’480 1 2012 ©9.4) P 16 mm & 9 mm none
- 5/8" & 3/8'
Clean Chi 350 Rau 2012 & 320 PASS & (clean chjps') Untreated Agg
can Chip [ ¢ ool 2013 | 32@ | crs-2p Base

(a) Treated gravel is crushed rock with bentonite and calcium chloride additives.

The BST on paving fabric option was selected due to concerns about adhesion to the soil
cement surface. Figure 13 shows a cut section of the finished chip seal with underlying
geotextile where no adhesion exists to soil cement and minor lateral movement has occurred.
This cut in the BST was made one year after construction. All roads where this option was used
required blotting the following summer, due to asphalt cement application rates being too high.
On Road 321N, some areas of the BST eventually shoved towards the shoulder. This problem is
likely due to a combination of high asphalt application rates and road surface crowns exceeding
four percent. Fabric under the BST may have helped performance to some extent, but good
performance of the clean chips without fabric made the more costly fabric option less desirable.
A portion of the soil cement and chip seal on fabric was successfully milled up at the end of
Highway 201 to demonstrate that soil cement with a BST on fabric could be repaired effectively.

Corrugating the soil cement surface with carbide cutting edges on motor graders was done on
Road 129W primarily because of concerns about delamination in the top of the soil cement. The
advantages of the roughened surface for holding the BST in place was later dismissed when
similar performance was achieved in a side by side comparison on non-corrugated soil cement on
a steep grade on the north end of CR 321N. Figure 14 shows the corrugations made by carbide
“pick” style cutting edges on motor grader blades.
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FIG. 13. Clean chip BST on paving fabric, CR 321N. Note lack of adhesion and significant
lateral movement on soil cement surface. Photo insert shows road crown measurement of
5.8 percent, almost two percent over the specification limit.

Corrugations made by carbide
“pick” cutting edge on motor

grader blade

FIG. 14. “Corrugated” soil cement surface prior to BST construction, CR 129W.
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The Otta seal option was selected over traditional chip sealing in 2010 and 2011 to realize the
benefit of using less expensive graded aggregate than clean single size chip aggregate. The Otta
seal surfaces had to be blotted with 16 mm (5/8 inch) clean chips the year after placement to
control bleeding. High float emulsion application rates varied from 1.8 to 1.9 liters/square meter
(0.40 to 0.42 gal./SY) and aggregate rates varied from 18 to 21 kilograms/square meter (33 to 39
Ibs/SY). Many areas also had to be patched where the BST stuck to tires on parked vehicles and
was then pulled off the soil cement surface (Figure 15). The bleeding could have been reduced
considerably by higher applications of graded aggregate during construction or by using harder
asphalt cement in the emulsion. Also, questions were raised about the suitability of Otta seals on
heavy haul truck routes. Bleeding may have also been caused by the oil distillate exceeding
maximum limits. High float emulsion samples should have been retained for testing for one year
to ensure that they met specifications. The specifications for the Otta seal emulsion (HF125S)
and aggregate are shown in Appendix F. The use of the Otta seal was dropped in 2012 due to
problems with 2011 work and also due to minimal cost savings over traditional clean chip
treatments, since most of the aggregate cost was in haul, rather than the cost of the aggregate
itself.

FIG. 15. Otta seal BST “pot hole” area where stopped traffic pulled BST off soil cement
surface, CR 146W.

The 2012 clean chip BST treatments built without fabric or soil cement surface corrugation
appear to be working well. Those placed over a 75 mm (three inch) aggregate base appear to be
working better for several reasons. The aggregate layer will reduce excessive compression
forces and cracking caused by heavy loads on green soil cement. This layer can also act as an
effective cure ‘blanket’ that helps reduce soil cement moisture loss so somewhat higher ultimate
strengths can be achieved.
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One surfacing strategy that looks promising is stage construction through the use of gravel for
the first several years, followed by chip sealing. Stockpiled gravel can be used to assist soil
cement curing as previously mentioned. Treated gravel was used in this manner on Road 129W
in 2010 and 2011. This gravel resists raveling, wash boarding and dusting, but requires periodic
blading. Treated gravel is well graded 19 mm (% inch) minus with about 10% minus #200 with
both bentonite (3%) and calcium chloride (1.5%) additives. Currently, chloride is being added
by road surface spray applications to reduce costs compared to large chloride quantities needed
for treating all gravel during the crushing process. Concerns about the poor internal drainage
characteristics of treated gravel under a BST still exist, but may not be relevant because the soil
cement likely blocks the majority of moisture vapor that would otherwise collect in the treated
gravel. Treated gravel typically has a soaked CBR between 40 and 60. FWD tests on Road
129W indicate performance has been good for four years.

In 2010, the soil cement on three miles of Road 317 was surfaced with gravel that was treated
in place with bentonite and calcium chloride. The southern half of the road was treated with
1.5% calcium chloride (percent is based on dry weight of gravel) and the north half given a
surface dust abatement treatment (about 0.4%) of calcium chloride. The performance of all this
surfacing was poor at least in part due to winter snow plowing in 2011-12 that was severe
enough to expose the soil cement surface. Seasonal blading with a motor grader and periodic
magnesium chloride surface treatments have successfully maintained the serviceability of this
surface.
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CHAPTER 5 - SOIL CEMENT CONSTRUCTION

Soil cement construction in 2010 was not a common process in Montana or the Dakotas, so
experienced contractors were not locally available. Contractors for Richland County soil
stabilization came from the states of Washington, Nevada, Ohio and in 2013, from Eastern
Montana. Currently there are a number of soil stabilization contractors in Montana and others
from out of the area that have done oil field pads and one state road in North Dakota. This type
of construction requires an experienced contractor if it is to be done in a cost effective and timely
manner. The 20 to 25 miles per year of road stabilization completed by Richland County is
difficult unless work is started in early July and is allowed to be completed in late September.
This amount of work is not realistic without an experienced contractor. The logistics of shipping
and handling large quantities of cement, finding suitable water sources and developing an
effective traffic management plan are all challenging. Although more time consuming than the
traditional low bid contract, a Request for Proposal (RFP) type of contract is strongly suggested
for larger contracts or multi-year contracts since soil cement construction is not routine in nature
and the owner should have more than normal assurances that the work will be done well and in a
timely manner. Suggestions for a rating criteria for an RFP contract are in Appendix P.

Construction practices were improved significantly each year since initial soil cement
stabilization in 2010. The percentage of structural repairs to soil cement decreased significantly
between 2010 and 2013 for the following reasons: better control of cement flow and content,
better control of soil pulverization and moisture content, increased design thickness from 10 to
12 inches and more soft spot repairs done prior to stabilization. Table 5 summarizes the amount
of soil cement structural repairs needed by year as of the fall of 2014.

Table 5. Extent of Soil Cement Structural Repairs

2011 (24 miles) 2012 & 2013 (30 miles)
Total Surface Area, SY 394,240 492,800
Total Repair Surface Area, SY 9,878 1,418
Percent of Total Work (a) 2.5% 0.3%

(a) Relative amounts of truck traffic are unknown, 2012 & 13 work may show additional defects

The amount of repairs in the driving surface have decreased even more than the repairs on soil
cement. Repairs were significant for the Otta seal built in 2011, primarily due to improper
application rates. Repairs on chip seal over geotextile on CR 321N will also be significant in
2015 prior to resealing all of 2011 work. Reconstruction of CR 321N to improve vertical
alignment would have significantly reduced repairs, had there been enough time to deal with
adverse soil and subsurface moisture conditions.

A comprehensive set of construction and quality assurance specifications were developed to
ensure a good quality structural section was achieved and recommended repair methods for
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structural problems developed. Problems have occurred in the soil cement and road surface, and
repair strategies developed. Changes made in construction practices, detection of soft spots and
selection of road surface type has significantly reduced the number of performance problems.

The soil cement compaction and surface finishing process was an ongoing concern primarily
because compaction is critical for achieving the desired strengths, long term durability and a
monolithic structure without delaminations. To make matters worse, there was a lack of
agreement on the best compaction and finishing practices to use between agencies and
contractors.  Although the 2010 stabilization contractor insisted smooth vibratory drum
compactors would work adequately, vibratory pad foot rollers were specified as the primary tool
for achieving density due to the cohesive nature of clay soils and deep layer thicknesses. Based
on many recommendations, Richland County adopted the practice of cutting down to, or just
below the pad foot indentations during road surface finishing. In August of 2012, a contractor
blade operator suggested cutting above the pad foot indentations to lessen the amount of
horizontal cutting force on the upper layer during blading so that delamination would be less
likely to occur. The shallow cutting practice appeared to work well for achieving the desired
finish and time will tell if delamination problems develop. Although many use smooth steel
vibratory rollers for finish rolling, a 25 ton pneumatic roller was used on all work because it did
not bridge over low areas and seemed to tie the surface together better.

The primary method used for curing soil cement was watering for 5 to 7 days. Water curing is
challenging due to continuous hot windy weather and was seldom done at night. In 2011a prime
coat and blotter were done at the end of each week. Some of the prime treatment was worn off
the surface prior to chip sealing on the first soil cement roads since chip sealing was not started
until most of the soil cement roads were built. Where roads were to receive a gravel surface, the
gravel placement was often delayed until the whole roadway was ready. This delay caused some
surface wear on the soil cement and occasional rains made the roads too slippery for safe travel.
Magnesium chloride brine was used for curing in 2012 on a very small scale and appeared to
work well for much longer periods than plain water. Magnesium chloride did not change soil
cement strengths on specimens that were first cured for 7 days then soaked in magnesium
chloride prior to compression testing.

Heavy truck traffic control on green soil cement was a continuous issue since roads could not
be closed to commercial truck traffic, cement transport/delivery trucks or cement distributor
trucks that were loaded at central point staging areas. Ground Penetrating Radar (GPR) surveys
have detected multiple layers, possibly suggesting potential horizontal shear zones within the
stabilized layer, but are difficult to detect during DCP testing of weaker soil cement. A traffic
control plan was developed for 5 and 6 day work weeks with one lane traffic segments that
required traffic candling for 48 hours after finish blading. The 48 hour cure period was
established by measurement of soil cement surface deformation and cracking from multiple slow
passes of a 90,000 Ib. three axle cement distributor truck. The primary weakness in the traffic
control system was inadequate control of night time truck traffic and safety issues associated
with inadequate stopping sight distance on blind vertical curves. Also, early in 2011, the
contractor occasionally used the green soil cement on County Road (CR) 321 as a turnout for
fully loaded cement distributors. Damage from this type of early traffic was measured by FWD
tests on a staging area access on CR 314 in 2012. Deflections in the damaged area were 60
percent higher (24 mils versus 15 mils) than those in the surrounding soil cement. One possible
improvement on this traffic control plan is to cure with three inches (compacted thickness) of
gravel surfacing each day instead of water curing for one week. The aggregate would help
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distribute heavy wheel loads and reduce green soil cement cracking. Aggregate could be applied
with side dump semi-trailers and spread with an articulated blade to limit loads on the green soil
cement. Daily aggregate cover would appear to solve both curing and traffic control issues, but
if 2 mile of road is stabilized each day about 1200 tons of gravel surfacing would be required
each day.

After examining problem areas on 2011 cement stabilization, it was found that some areas of
soil cement were ‘rubbleized’ in the wheel tracks from early heavy loads where soil cement had
not been given adequate cure time to resist heavy vehicle wheel load crushing forces that
exceeded soil cement compressive strength (Figure 16). Most of these problems were likely
caused by construction traffic, although one problem area in particular was caused by movement
of a drilling platform that was not disassembled. Figure 17 shows BST surface distresses that
were patched that coincide with dual wheels in the left lane where green soil cement existed.
The drilling platform had an estimated weight of 182,000 Kg (400,000 pounds) on multiple axles
of off highway class trucks. The right lane showed no distress as it had three days more cure
than the left lane.

FIG. 16. Wheel track cracking (rubblization) of 300 mm (12 inch) thick soil cement layer.
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FIG. 17. Heavy load damage to green soil cement in left lane. Right lane was exposed to
the same loading, but had three days of additional cure.

Proper moisture contents at transverse joints at the beginning and ending of mixing runs are a
concern. The pulverizer/mixer operator’s skill and mixing equipment capabilities to “ramp up”
moisture delivery at the start of mixing runs is critical. The tendency is to error on the dry side
to avoid having to blade out and re-mix overly wet areas prior to compaction. Figure 18 shows
a wide pot hole that coincides with the location of a transverse joint that was likely on the dry
side of optimum.

FIG. 18. Pothole location coincides with transverse joint location. Pothole caused by
either low cement content, pulverization, moisture content or compaction. White straight
edge is 2.4 m (eight feet) long and 25 mm (one inch) square.

23



CHAPTER 6 - REPAIR AND MAINTENANCE

Two types of structural problems make up the small percentage of problem areas that need
repair.

e Areas with adequate soil cement strength and very low subgrade strengths (CBR < 3) will
be repaired adding three percent additional cement and mixing with water to 12 inch
depths.

e Areas with low soil cement strength and normal strength subgrade (CBR > 3) will be
repaired by stabilization with six percent additional cement and mixing with water to 12
inch depths.

Both these types of repair areas as well as areas where the top of the soil cement was rubblized
by heavy loads will be covered with gravel surfacing compacted to a three to four inch thickness,
followed later by a double chip seal with large chips. Interim repairs of the driving surface were
made in 2013 and 2014 with two proprietary type open graded aggregate patching mixes -
Omega mix and Unique Paving Materials (UPM) (Figure 19). Both these mixes are superior to
hot mix patches that tend to be brittle and crack and are much more difficult to grind up when
permanent repairs are ultimately made with additional cement. These mixes are made with %2
inch chip aggregate and cutback asphalt. The highly fractured and angular chip aggregate gives
these mixes good strength when compacted due to aggregate interlock. The lack of fines in the
mixes promotes a thick asphalt film on the aggregate which makes the patches very crack
resistant. This type of patching mix is much more easily pulverized than hot mix patches if Full
Depth Reclamation (FDR) is done at a later date. Evaluation of patching material performance is
on-going. Appendix B summarizes all the types of problems, probable causes, ways to prevent
problems and suggested repair methods.

FIG. 19. Un-compacted open graded cold patch mix (Unique Paving Materials)

In 2014, Richland County road crew personnel built a cement spreader trailer, rented a Bomag
mixer and did Full Depth Reclamation of about % mile of soil cement on CR 324 (Figure 20).
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This segment had very weak subgrade that should have been stabilized to deeper depths during
initial construction in 2011. Three percent cement was added and mixed with water to at least 12
inches, then covered with three inches of gravel surfacing. Table 6 shows a spread table for 3%
cement when mixed 12 inches deep. The soil cement was readily ground up, cement spread,
water applied then remixed and compacted with their pad foot roller. The process would have
been faster and more effective if the Bomag mixer had a spray bar that would have allowed more
efficient water addition and mixing. About one half mile of gravel road soft spots were also
stabilized with one, two and three percent cement, then covered with minimal amounts of gravel
surfacing. FDR of soil cement problem areas and more gravel road soft spots are planned for
treatment in 2015 after purchasing a mixer similar to the Bomag used in 2014.

FIG. 20. Full Depth Reclamation (FDR) of Soil Cement to 12 inch depths with the addition
of 3% more Portland cement.
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TABLE 6. Portland Cement Spread Chart for 3 Percent Cement mixed 12 inches deep.

Spread Length in Feet for Cement Load Quantity

Percent Cement: 3 Mixing Depth: 12" Application Rate, #/SF: 3.45

Cement Qty Treatment Width, ft

Lbs [ Tons | 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
2,000 1 58 53 48 45 41 39 36 34 32 31 29 28 26 25 24 23 22 21 21
4,000 2 116 | 105 | 97 89 83 77 72 68 64 61 58 55 53 50 48 46 45 43 41
6,000 3 174 | 158 | 145 | 134 | 124 | 116 ] 109 | 102 97 92 87 83 79 76 72 70 67 64 62
8,000 4 232 | 211 ) 193 | 178 | 166 | 155 | 145 | 136 | 129 | 122 | 116 | 110 | 105 | 101 | 97 93 89 86 83
10,000 5 290 | 264 | 242 | 223 | 207 | 193] 181 | 171 | 161 | 153 | 145 | 138 | 132 | 126 | 121 | 116 | 111 | 107 | 104
12,000 6 348 | 316 | 290 | 268 | 248 | 232 | 217 | 205 | 193 | 183 | 174 | 166 | 158 | 151 | 145 | 139 ] 134 | 129 [ 124
14,000 7 406 | 369 | 338 | 312 | 290 | 271 | 254 | 239 | 225 | 214 | 203 | 193 | 184 | 176 | 169 | 162 | 156 | 150 | 145
16,000 8 464 | 422 | 386 | 357 | 331 ]| 309 ] 290 | 273 | 258 | 244 | 232 | 221 | 211 | 202 | 193 | 186 | 178 | 172 | 166
18,000] 9 522 | 474 | 435 | 401 | 373 | 348 | 326 | 307 | 290 | 275 | 261 | 248 | 237 | 227 | 217 | 209 | 201 | 193 | 186
20,000 10 | 580 [ 527 | 483 | 446 | 414 | 386 | 362 | 341 | 322 | 305 | 290 | 276 | 264 | 252 | 242 | 232 | 223 | 215 | 207
22,0000 11 | 638 [ 580 | 531 | 491 | 455 | 425 | 399 | 375 | 354 | 336 | 319 | 304 [ 290 | 277 | 266 | 255 | 245 | 236 | 228
24,0000 12 | 696 [ 632 | 580 | 535 | 497 | 464 | 435 | 409 | 386 | 366 | 348 | 331 [ 316 | 302 | 290 | 278 | 268 | 258 | 248
26,0000 13 | 754 [ 685 | 628 | 580 | 538 | 502 | 471 | 443 | 419 | 397 | 377 | 359 [ 343 | 328 | 314 | 301 | 290 | 279 | 269
28,0000 14 | 812 [ 738 | 676 | 624 | 580 | 541 | 507 | 477 | 451 | 427 | 406 | 386 [ 369 | 353 | 338 | 325 | 312 | 301 | 290
30,000] 15 | 870 | 791 | 725 | 669 | 621 | 580 | 543 | 512 | 483 | 458 | 435 | 414 | 395 | 378 | 362 | 348 | 334 | 322 | 311
32,0000 16 | 928 [ 843 | 773 | 713 | 663 | 618 | 580 | 546 | 515 | 488 | 464 | 442 | 422 | 403 | 386 | 371 | 357 | 344 | 331
34,0000 17 | 986 [ 896 | 821 | 758 | 704 | 657 | 616 | 580 | 548 | 519 | 493 | 469 | 448 | 428 | 411 | 394 | 379 | 365 | 352
36,0000 18 | 1043 | 949 | 870 | 803 | 745 | 696 | 652 | 614 | 580 | 549 | 522 | 497 | 474 | 454 | 435 | 417 | 401 | 386 | 373
38,000 19 | 1101[1001| 918 | 847 | 787 | 734 | 688 | 648 | 612 | 580 | 551 | 524 | 501 | 479 | 459 | 441 | 424 | 408 | 393
40,000 20 | 1159|1054 | 966 | 892 | 828 | 773 | 725 | 682 | 644 | 610 | 580 | 552 | 527 | 504 | 483 | 464 | 446 | 429 | 414
42,0000 21 |1217]1107)1014| 936 | 870 | 812 | 761 [ 716 | 676 | 641 | 609 | 580 | 553 | 529 | 507 | 487 | 468 | 451 [ 435
44,0000 22 |1275)1159| 1063 | 981 | 911 | 850 ] 797 | 750 | 709 | 671 | 638 | 607 | 580 | 555 | 531 | 510 | 491 [ 472 | 455
46,000 23 | 1333|1212 1111(1026| 952 | 889 | 833 | 784 | 741 | 702 | 667 | 635 | 606 | 580 | 556 | 533 | 513 | 494 | 476
48,000 24 ] 1391 1265|1159 [ 1070 | 994 | 928 | 870 | 818 | 773 | 732 | 696 | 663 | 632 | 605 [ 580 | 557 | 535 | 515 [ 497
50,000] 25 | 1449 (1318|1208 | 1115 | 1035| 966 | 906 | 853 | 805 | 763 | 725 | 690 | 659 | 630 | 604 | 580 | 557 | 537 | 518

Also in 2014 Richland County road crew personnel blade spread a three inch layer of hot mix
over the intersection of CR 324 and 146. This “T” intersection had tight radius curves that made
holding of the BST on soil cement a problem. Figure 21 shows this intersection with the inside
curve radius armored with hot mix — this mix on the inside curves came from the cuttings during
finish blading. The armor effect of the uncompacted hot mix will likely control trailer axle
cutting on the tight inside radius curve.

26



Photo to be added later

FIG. 21. Blade laid hot mix on intersection of CR 324 and CR 146

Cutting of corners and wearing away un-stabilized shoulder soil is a problem, especially where
horizontal curves are tight and sight distance is limited. Figure 21 shows where one truck trailers
cut a corner shortly after wet weather. Full depth hot mix armor on these inside curves may be a
viable repair method for this problem. If this horizontal alignment problem is recognized prior to
soil stabilization, the curve radius could be increased, or curve widening added during soil
stabilization to mitigate the shoulder drop off problem. Shoulder striping and shoulder drop off
signs are other options to consider.

FIG. 22. Weak shoulders outside the 28 foot wide subgrade soil stabilization.

27



CHAPTER 7 - CONSTRUCTION SPECIFICATIONS

Comprehensive construction specifications for soil cement were initially developed in 2011
and further refined in 2012 and 2013 (Appendix C1). The resulting specifications were based on
information from a search of many road agency and trade organizations and reviewed by four
contractors with many years of experience in soil stabilization construction from various parts of
the country. Many agencies are familiar with Cement Treated Base (CTB) specifications but
they are of little use for soil cement.

In February of 2013, detailed Quality and Quantity Assurance (QQA) specifications and field
test methods were written for the purpose of awarding a materials engineering consultant
contract with the goal of reducing costs (Appendix G1 and G2). Unfortunately this contract was
never advertised so competitive costs for this work was never determined. Table 7 summarizes
QQA work contained in both the 2013 and 2014 specifications

Table 7. Quality and Quantity Assurance Work Summary

2011-2013 QQA Work Items Done by Owner églgoirslilsﬁirtyy Ovlv\‘l‘:trhg(?A
Equipment inspection Owner Visual
Road crown & smoothness before & after stabilization Owner Measured
Cement Scale for Payment Owner Certification
Cement application rate testing with tarps Contractor Visual
Cement waste Not Required na
Pulverization Owner Visual
Mixing Depth Contractor Visual
Moisture Density Test Curves Not Required na
Finished Density Testing Contractor Visual
% Compaction Contractor Estimated
Mixing & Finishing Time Contractor Visual
On-going curing & condition evaluation Not Required na
Water and Portland Cement Quality Contractor Visual
Unconfined Compression Strength Not Required na
As-Built Drawings Not Required na

In 2014, construction specification revisions were made to reduce Richland Counties cost for
QQA by requiring the Contractor to gather some of the more “less sensitive” production data and
also eliminate all QQA testi