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Louisville, Kentucky 40228
Phone: 502-639-3473"
Fax: 502-749-1296

Subject: Report of Geotechnical Exploration
. Oak Pointe Subdivision, Jefferson County, Kentucky
MACTEC Project Number 3143-06-0633

(ot

Dear Mr. Popplewell:

B

MACTEC Engineering and Consulting, Inc. (MACTEC) has completed the requested geotechnical
exploration for your project. Our services were provided in accordance with our Proposal Number
PROPOSLVLE Task 0176, dated October 18, 2005, which you accepted on October 24, 2005.

%t

The attached report presents a review of the project information provided to us, a description of
i the site and subsurface conditions encountered, and a summary of our foundation, earthwork and
' pavement recommendations for the proposed residential development. The Appendix to the report

contains site and test pit location plans, as well as the results of our field and laboratory testing.-
‘A -MACTEC appreciates this opporfunity to provide our services to you and we look forward to
serving as your geotechnical consultant throughout this project. Please contact us if you have any
~ questions regarding the information presented.
I il
s e,
‘ A G,
] B FERING 48D CONSULTING, INC.
) ;
7 4
= . olas G-Schmitf; P.
em"é‘i‘cﬁﬁ feer T Senior Principal :
LicensedKisntuskyd7232 Licensed Kentucky 1031
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Attachment:  Report of Geotechnical Exploration
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MACTEC Frofect Number 3143-05-0633 Geotechnical Report

1. PURPOSE AND SCOPE OF EXPLORATION

The purpose of this exploration was to obtain specific subsurface data at the site, review available
geologic information, and to develop site preparation, foundation and pavement recommendations
for the proposed project. The scope of our expioration was outlined jn MACTEC's Proposal
Number PROPOSLVLE Task 0176. The scope of our field activities included excavating

approximately 10 test pits, using a rubber-tire backhoe in the presence of an engineer from our

office, to obtain subsurface information, PE C E i
13 d tioes
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Project information has been provided by Mr. Popplewell to Mr. Bart Best of our office. We have
been provided with a drawing entitled, Oak Pointe Subdivision, Preliminary Plan, dated July 17,
2003, prepared by Presnell Engineers, Inc. Also, a set of construction plans were provided to us,
which included site grading information.

The subject property is:located south of Dawn Drive and west of the Paducah & Louisville railroad
in southwest Jefferson County, Kentucky. The site encompasses 2 total area of approximately 36
acres and includes an existing lake which is approximately 3 acres. We understand you plan to
subdivide the subject property into 76 lots for the construction of single family homes. Site
clearing, some grading activities, and sewer construction have been initiated at the site prior to this

report.

Based upon review of the drawings provided to us, we estimate cut and fill heights will generally

be less than 10 feet to achieve the planned grades,
3. EXPLORATORY FINDINGS
3.1 SURFACE CONDITIONS
We conducted a site reconnajissance on November 4, 2005, to observe and document surface

conditions at the site. The information gathered was used to help us interpret the subsurface data,

and to detect conditions which could affect our recommendations,
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The site is located south-of Dawn Drive and east of Dixie Highway and the Paducah & Louisville
railroad in southwest Jefferson County, Kentucky, The area surrounding the site consists mostly
of existing residential development, Site topography is moderately to steeply sloping. Existing
site elevations range from about 470 feet National Geodetic Vertical Datum (NGVD) along the
west boundary to -about 570 feet NGVD along the east boundary, with approximately 100 feet of
topographic relief. The site generally slopes downhill in the west and south directions. The site
includes an approximately 3 acre lake near the southeast corner of the site which is over 40 years
old.. The earthen dam is located at the south end of the lake.

The ground cover at the site is a mixture of relatively clear land with grass and weeds, We also
observed intermittent wooded areas around the site and wooded slopes along the eastern limits of
the property. The site contractor has installed some short keystone retaining walls at the rear of the
lots on the east slope of the site. The walls were less than about § feet in height. The site plan
provided to MACTEC indicates that several small structures were located at the central portion of
the site; however, they appear to have been removed during site clearing activities. Qur
information indicates that the property was operated as a private fishing lake in the past. Portions

of the existing driveway that used to serve the house were still evident. The contractor has

-installed some of the sewer sysfem and has rough graded most of the roadway areas for the

development,

3.2 SITE GEOLOGY

A review of the Geologic Map of Parts of the Louisville West and Lanesville Quadrangles,
Jefferson County, Kentucky, published by the United States Geological Survey (USGS), indicates
the site is underlain by the following geologic formations: Loess and Eolian Sand of Quatemnary

Age and the New Providence Shale member of the Borden Formation of Mississippi Age. A

RECE|VE

3.2.1 Loess and Eolian Sand APK Uy 2018 |
FLANNING g
The soil Joess deposits are mapped at differing elevations across the entire site arQ.ESﬂ@\togﬁR\/[CES

description of each formation is provided in the following subsections.

within the area of the site js typically light brown clayey silt to silty fine sand, which was
deposited by a westerly wind during the Wisconsinian glaciation, The thickness of the loess can

s
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3 exposed to the environment on stecp slopes. The thickne

& feet in the quadrangle area,

3 3.3 SUBSURFACE CONDITIONS ' FLANNING &

¥ | DESIGN SERV/CEs
= The subsurface conditions were explored with 10 backhoe-excavated test pits according to the

= procedures presented in the Appendix. “The test pit locations and depths were selected by

_ MACTEC. The actual test pit locations were determined by our engineer who paced distances in

the field relative to property corners and boundaries, which were surveyed by others. The test pit

locations shown in the Appendix should be considered approximate,

L The subsurface conditions encountered at the test pit locations are shown on the Test Pit Records

in the Appendix. These Test Pit Records represent our interpretation of the subsurface conditions

g based on the field logs, visual examination of field samples by an engineer, and tests of the field
samples. The interface between various strata on the Test Pit Records represents the approximate

} interface location. In addition, the transition between strata may be gradual, Water levels shown

. on the Test Pit Records represent the conditions only at the time of our exploration.

In general, our test pits encountered 3 naturally occurring soil strata underlying about 4 to 7 inches

1 of topsoil or miscellaneous £l material that was encountered in Test Pits TP-5, TP-8, TP-9, and
-10.  The miscellaneous fill material typically consisted of brown Jean clay with varying

{ amounts of organic material. The i} was sometimes mixed with some crushed limestone and

occasionally orangish brown lean clay and silt. The fill materials were mixed with some smal]
; amounts of domestic and construction debris in Test Pit TP-5. The £l material was typically soft

to firm in consistency and was Jess than 2.5 feet thick where encountered.
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The first residual soil stratum (Stratum 1) consisted g\} orm§¥£0§§m, clayey silt to silty clay to

depths ranging from about 4 to 10 feet. Dynamic cone penetrometer (DCP) values ranging from 4
blows per 1-%-inch increment (bpi) to in excess of 25 bpi were obtained, with an average of about
8 bpi. Pocket penetrometer resistances ranging from 2 ton per square foot (tsf) to 4.5 tsf were
obtained, with an average of about 3 tsf, These values generally correspond to soils with soft to
very stiff consistency, but were typically considered firm to stiff

-Laboratory tests were performed on selected samples of the -Stratum I s0ils. Soil plasticity tests
(Atterberg limits) performed on selected samples of the soil from tegt pit TP-7 and TP-9, from a
depth of about 2 and ¢ féet,~respective]y, indicated Liquid Limits of 31 and 26, with Plasticity
Indices of 9 and 2, respectively. These values correspond to borderline "CL/MI," type soils (lean
clay/silt), according to the Unified Soil Classification System (USCS). The moisture content of
the samples fested ranged from 169 to 33.0 percent. The Stratum I soils are consistent with the

Loess soil deposits which are mapped in the site area.

Underlying the Stratum I soils, the Stratum I sojls consisted of orangish brown and gray, silty Jean
clay with some siltstone pieces and sometimes fraces of weathered shale, Dynamic cone
penetrometer (DCP) values ranging from 3 blows per 1-¥%-inch increment (bpi) to in excess of 25
bpi were obtained, with ag average of about 8 bpi. Pocket penetrometer resistances ranging from 1.
ton per square foot (tsf) to 4.5 1sf were obtained, with an average of about 3 tsf. These values

generally correspond to soils with soft to very stiff consistency, but were typically considered firm

to stiff.

Laboratory tests were performed on selected samples of the Stratum I soils, Soil plasticity tests
(Atterberg limits) performed on selected samples of the sojl from test éit TP-2 and TP-3, from é
depth of about 2 and 5 feet, respectively, indicated Liquid Limits of 36 and 50, with Plasticity
Indices of 17and 24, respectively. These values correspond to borderline "CL/ML" type soils (lean
clay/silt), according to the Unified Soil Classification System (USCS). The moisture content of
the samples tested ranged from 15.3 to0 22.5 percent.

Stratum 111 soils were only encountered in Test Pit TP-5 and consisted of brown sandy silt which
graded into brown silty sand. The stratum was firm to loose in consistency and was encountered

below Stratum I. The soils were visnally classified as “ML to SM?”, according to the Unified Soil
4
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' Classification-System (USCS). A laboratory test was performed on one sample from this stratum

obtained at a -depth of 5 feet and indicated a:moisture content of 4.4 percent. These soils are
representative of eolian sands commonly associated with loess deposits.

The test pits were terminated at predetermined depths of about 10 feet. Reéfusal material was not

encountered at the fermination depths.

3.4 GROUND WATER CONDITIONS

Water was not detected in our fest pits at the time of excavation, Typically, water conditions

affecting construction projects in the site area are related to tfapped or perched water which ocenrs

- in irregular,. discontinuous locations, within ‘the soil- overburden, or near the soil/rock. interface:

When these water bearing strata are exposed in excavations, such as cut slopes, utility or footing

~trenches, they can produce widely varying seepage durations and rates depending on recent rainfall

activity and other hydroge'o}ogic"characteristiqs of the area. These perched water sources are often

atively stable ground ‘water table that typically occurs at
greater ;depths. ' :

We observed evidence of a small spring located north of the existing lake. The spring appears to be

directed toward a culvert which flows under the new roadway. The spring was not actively running

dﬁring our site work but we did observe some ponded water in the area. Additional springs may be

RECEIVED

encountered on the slopes at the site,

APR UZ 72018
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4. GEOTECHNICAL EVALUATION

‘Based on the conditions encountered at the site and our experience, we believe the proposed site is
suitable for.the proposed residential development. Most of the soils encountered in our test pits
were firm to stiff consistency. WeA did not observe evidence of significant slope instability;
however previous developments in the area have experienced significant geotechnical and
structural distress which are related to slope instability and landslides. Our recommendations have

been developed as a result of our experience in this area, Since building plans will be somewhat

site specific for each lot, our recommendations ‘may require modifications in some cases. The
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. geotechnical engineer should be retained to monitor roadway construction and individual hotise

foundation construction.
4.2 GEOLOGIC EVALUATION .
The site is located in Southwest Jefferson County which has had a. long history of hillside

instability. . Our experience indicates that areas underlain by New Pro_vidfsncc Shale and the wind

deposited Ioess often display evidence of marginal slope stability. The shale weathers rapidly to

. form weak soils-which are prone to movement under increased loading such as those from the

construction of fill slopes and the influence of water.

We anticipate that proposed grading ‘méy include.cut and fill depths of 10 feet or more in sloped
:svooded areas. The existing hillsides have moderately steep to steep slopes (SH:1V or steeper),
and natural drainage swales. The existing slopes appear stable in their present condition; however, -
significant grading changes, removal of vegetation or the formation of erosion gullies may

adversely affect the stability of the slopes,

We anticipate that the New Providence shale will be encountered during site grading and during
foundation construction on some building lots. This shale member easily degrades when exposed
to moisture variations and weathering, The shale can. degrade into plastic clay capable of volume
changes when subjected to wetting or drying. The shale is generally suitable for fill if placed and
compacted in accordance with Section 5.3.3 of this report. We anticipate excavation of this shale

may be accomplished using heavy earth moving equipment with ripping tools. However, blasting

may be required for removal of shale in areas of deep cufs. REG E E Vg:: m

APR UZ 2018

43 HILLSIDE LOTS/ROADWAY CONSTRUCTION FLANNING &
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The proposed development includes tesidential lots and roadways within sloped wooded areas,
Some of these lots have steep-slopes and drainage swales, Proposed grading. information for the
residential lots and roadways were not available at the time of this report. The steep slopes present
a concern for mass instability in the natural and developed state. At the time of our site

recommaissance, we did not observe evidence of recent natural mass instability as evidenced by

cracks in the surface, severely leaning frees or bulging slopes.
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The movement of surface watér (run-off) is in many cases, one of the primary driving forces for

shaping the landscape and creating movements in slopes. Construction in several areas of the site

will obstrict the natural drainage features, Where this occurs, we recommend re-directing surface
run-off by construction ditchirig or providing culverts which allows the movement of surface water
a}gmg’ existing drainage features and- maintains positive §uxface drainage to p}evem the
accumulation of ‘water, Where existing drainage features are to be filled, we recommend

placement of underdrains beneaih the fill material. Honges erected on sloped lots, where cut and

RECEIVED

44 SITEPREPARATION . R D Uz 2018

. FLANNING &
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Basedona review of the Soj] Survey for Jefferson Cownty, Kentucky, published by the United States -
Department of Agriculture {(USDA), our site observations #nd experience, the on-site éiitjf soils are
highly erodible. Erosion prevention zilarming should include the use of silt fences, rapid seeding, and
Placement of other erosion protection such as straw.  Silt fences should be established prior to
clearing areas. Farthermore, construction activities should be sequenced such that limited areas are
opened up at one time and should inchide run-off velocity reduction measures. Run-off velocity
reduction mez;sures include rock check dams, straw bales, etc. Sediment ponds may be considered to
collect sediment in areas where long slopes are present or where ditches drain large areas. A detajled
evaluation of the site conditions should be performed immediately after each heavy rainfall during
project construction, Significant erosion features should be repaired immediately.  The

geotechnical engineer can provide these services upon request.
4.4.2 Silty Soils

The on-site soils were formed in loess, or wind-blown deposits of silt and fine sand. Our
experience and published data syuggests that loess soils have a high silt content, often provide poor
subgrade support, will deteriorate from repeated passes of construction equipment, are sensitive to
moisture content, and are difficult to compact, especially when wet. Our experience with similar

sites indicates that earthwork operations during wet periods will be problematic and that subgrade

. stabilization may be required.
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443 Site Clearing

As previously mentioned, heavily wooded areas with many Jarge mature trees exist at the site, Stump

and oot ball-removal may produce large depressions. We recommend these depressions be
backfilled with a properly compacted engineered fill as recommended in-our- compacted fill section of
this report. Large depressxons from root ball removals should be laid back or benched to allow access
for earthwork equipment to compact fill in these areas. Removal of hillside trees should be limited .
to only those within actual construction areas, Trees- assist removal of excéss soil mojsture and

tree roots help hold soil in place, which will reduce the risk of slope movements.

44.4 Existing Fill Materials

As described in previous sections of this report some of our test pits encountered miscellaneous fiil
materials and these types of soils may existin other areas at the site. Our experience indicates that
undocumented fills often contain deleterious or miscellaneous materials which may decay over time,
causing subsidence at the surface. In addition, old fills can contain zones of less compact materials
which will settle under their own weight or under new Ioadmg If a structure is founded in the old £l
material, we expect a magmtude of settlement will occur that will be detrimental to the proposed
structure; therefore, we recommend that the foundations penetrate these fill materials to bear | in stiff);
native soils or on newly placed and compacted suitable fill material. Whenever undocumented fill is
encountered, there is a risk of differential seftlement which could- result in cracked floor slabs or
cracking in the exterior surface veneer of the building. Construction. planning ‘should include
undercutting these fill soils, laying back the side slopes, and placing structural fill soils in accordance
with the requirements of this report. If these soils are encountered in roadway areas we also

recommend they be undercut.

45 FOUNDATIONS

Individual house construction will likely consist of cutting into the hillside to form a level pad for
construction of the walkout basement foundations. Based on our experience, weathered shale will
likely be encountered jn significant cut areas; which may result in differential support conditions
with structures founded partly on rock and partly on soil. Our experience indicates the soil is
compressible and will deflect under the weight of the structure and the weathered rock will not.

8
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Therefore, cracking of the foundation and masonry sork will likely occur.at or near the point of
transition. Structures encountering such a condition should be supported entirely on the weathered
rock. This will require excavation through any fill and native soils encountered in the footing

areas to engage the rock surface. In addition, because the shale is susceptible io weathering and

slopes-are prone to movement, the uphill portion of the walkout basement wall should be designed .

as a retaining wall, to resist lateral earth pressures uphill of the wall. : RE @ g ; V&f @ ‘
AR UZ 7y
4.6 FILL SOIL

immediately upon completion, Loess deposits when saturated may lose stren , become unstable,
and deflect and rut under the weight of earth moving equipment. If such subgrade deflections are

observed, the geotechnical engineer should be contacted,

The New Providence Shale may also be used as fill matefial, ‘This shalé is a noni-durable shale,
The shale is suitable for fill placement provided it is placed in accordance with the procedures
outlined in this report. Our recommended guidelines for the placement of non-dirable shale fil]

are providedvin section 5.3.3 of this report,
5. GEOTECHNICAL RECOMMENDATIONS
5.1- HILLSIDE CONSTRUCTION

We recommend guidelines bs eétablished for the development on hillsides of this site. These

guidelines can reduce the likelihood of slope movements induced by construction activity. The

guidelines should include the following;

1.. Fill embankments should not block natural swales or streams. Where fill is
* required at individual swale locations, construction plans should include continued
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drainége along this feature by placement of a “French Drain” or a ocrushed
. limestone drainage media under the fill along the existing swale.

2. Becavse of the proportionately large influence of minor strata changes or soil
lenses on slope stability, the stability of cuts in natural slopes is difficult to predict
based .on soil explorations. Conventional exploration patterns and sampling
intervals may not disclose the presence of thin soft 's"ean;s: or local ‘strata variances
that can be critical to the stability of cuts in natural slopes. The stress history of
the materials . in the cut can also be an important factor, but it'is one that
conventional exploration does not measure. Further, the ground water effects or
‘potential for saturation by surface percolation are significant factors that may not -
be discovered using short-term data, Given these unknowns, it is necessary to
poirit out that there is an element of risk associated .with cuts in natural slopes.
Even though the recommended out slope reflects the use of standard practices
combined with prudent Judgment, long-term performance is not completely certain.

3. Planned construction will Iikely require cut slopes and embankments to complete, -
Empirical guidelines for the successful construction of these slopes follow:

a. Cut Slopes: Our experience indicates that cut slopes in soils should be

matched to the existing slopes or a 2.5 horizonta] to 1 vertical (2.5H:1V)

. ratio, whichever is flatter. Cut slopes in the shale can be steepened to

15H:1V. However, some sloughing of the exposed slope-will occur as

the shale weathers. A catchment bench at the toe of the slope can be
used to catch sloughed material,

b. Embankments (Fill Slopes): All fill slopes should be constructed in thin

horizontal layers. Bach horizontal fill layer should be tied into the
existing natural slope using a level bench. Fili should not.be placed on a
sloping subgrade. Our experience indicates that small fill slopes of
2.5H: 1V are generally stable. Slopes of 3H: 1V or {latter are generally
desirable for maintenance purposes (i.e. mowing).

4. Cuts and fills on natural site slopes should be h'mited‘to less than 8 feet, unless the-
stability of the natural slope is further evaluated for -each specific condition.
Contact the geotechnical engineer if cuts or fills greater than 8 feet are planned,

2 FOUNDATIONS . |
5 RECEIVED
. APR UZ 7uis
FLANNING &
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Based on the soil conditions encountered in our test pits, our cursory site reconnaissance and

5.2.1 Design Considerations

limited iaboratory testing, we believe conventional shallow spread foundations will be suitable for
this development. Our previous experience indicates that the upper silty soils encountered in our

test pits are capable of bearing capacities ranging from 1,500 to 2,500 pounds per square foot (psf).
The underlying weathered rock (shale) is capable of higher bearing capacities.ranging from 3,000




Mr. Robbie Popplewel - . : . . December 1, 2005
MACTEC Project Number 3143-05-0633 . . - Geolechnical Report

to 5,000 psf. It may be more desirable for many of the homes to bear on the underlying weathered
rock formations which will reduce differential settlement and slope stability concerns, -

Additional design considerations for project foundations are outlined as follows:

®  Design continuous wal] footings with a minimum width.of ] 6 inches.
e Design cohimn footings with a minimum horizontal dimension of 24 inches.

"®  Found all exterior footings at least 30 inches below finished exterior grade to
' provide protective embedment and help- reduce the potential damage from
.frost heave or shrinkage or swelling due to moisture fluctuations.

e Interior footings not subjected to freezing weather, severe drying, or severe
wetting either during or after construction may be founded at nominal depths.

° Include control joints at suitable intervals in the walls of structures to help :
accommodate differential foundation movements. . REQ E 5 v E D
APR Uy 2018
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The soils encountered in this exploration may. lose strength if they ‘become wet during

5.2.2 Construction Considerations

construction. Therefore, we recommend the foundation subgrades be protected from exposure to
water. The following guides address protection of footing subgrades and our recommended

remediation for any soft soils éncountered.

¢ Protect foundation support materials exposed -in open excavations from
'ﬁ‘eezing weather, severe drying, and water accumulation. -

® Remove any soils disturbed by exposure prior ‘to foundation concrete
placement.

© Place a "lean" concrete mud-mat over the Bearing soils if the excavations must -
remain open overnight or for an extended period of time.

® Level or snitably bench the foundation bearing area.

* Foundation concrete should completely fii] the opened foundation excavation.
Forming the foundations then backfilling against them teirds to allow moisture
to penctrate and soften the bearing materials which -may result in poor

foundation performance.

®  Remove loose soil, debris, and excess surface water from the bearing surface
prior to concrete placement. '

11 1



L

o

Mr. Robbie Popplaell
MACTEC Project Number 3143-05-0633

L

5.3 EARTHWORK

5.3.1 Site Preparation

Retain the geotechnical engineer to observe all foundation excavations and
provide recommendations' for treatment of any unsuitable conditions
encountered,

Strip all organic material and debris from the area of fill construction, Waste
these materials from the site or use as topsoil in non-structural areas.

Proofroll the exposed subgrade to- detect unstable conditions.

Proofroll after a suitable period of dry weather to avoid degrading the
subgrade,

Perform proofrolling with a loaded dump truck or similar equipment judged

acceptable by the geotechnical engineer. ) -
Make several passes over each section with the proofroiling equipment:

Remove and replace soft, organic, or highly plastic soil encountered during
proofrolling with properly compacted fill. -

Cut the existing slopes after clearing into dozer width level benches prior to

placing new fill. Step the level benches in vertical increments no greater than .

2 feet. :

Install underdrains in existing natural swales prior to placement of new fill.
Underdrains should be constructed using open-graded crushed limestone, such
as No. 3 stone, wrapped in a layer of non-woven geotextile fabric.

Construct haul roads during earthwork operations to protect the subgrade soilg
from deterioration from construction traffic,

Retain the geotechnical engineer to observe ‘the proofrolling operations and

- make recommendations for any unstable or unsuitable conditions encountered.

53.2 Compacted Fill

December 1, 2005
Geoftechnical Report

Prior to beginning fill construction, we recommend representative samples of the proposed fill

materials be collected and tested to determine their Proctor moisture-density relation, plasticity,

12
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natural moisturé content, These tests are needed to determine if the proposed fill materia] js
acceptable and for quality control during compaction, - ' )

. The following criteria are recommended for structural fil] construction using the on-site silty clay and _

loess materials:

¢ Limit the £ill materials to 2 Plasticity Index less than 35, a maximum particle
size of 6 inches, and less than 3 percent by weight fibrous; Organic matter.

e  Construct compacted £l by spreadfng suitable soil in maximum 8-inch thick
loose lifts, ' .

. ® ~Compact the fill within structural areas (building lots) to at least 98 percent of
' the standard maxim‘un_) dry density (ASTM D698). Compact backfill or fil]

dry density.

® Maintain the moisture content of the fill soils to within -3 to +1 percentage
~ points of the soils' optimum moisture content. . : .

e Perform one in-place density test in every 5,000 square feet for each one-foot
thick fill layer,

® Retain the geotechnical engineer to observe, document and. test the .
placement and compaction operations. : ’ E C E i V
AFR UZ 2018

5.3.3 Non-Durable Shale Fill . . FLANRING
) DESIGN SERVICES

. The on-site shale rock pieces rapidly breakdown or slake to soil when subjected to variations in

moisture. The shale is generally considered as a suitable source of fill material provided the
breakdown of the shale is promoted during fill placement. Keys to the successful placement of the
-shale include placement of thin horizontal lifts and moistening each Iif to promote the breakdown of

the shale,

.

Non-durable shale can bs successfully used for structural filj provided that it is placed and

compacted in accordance with the following guidelines:

© The subgrade must be free of ponded water and stable prior to and during non-
durable shale fill placement.

°  Limit the maximum particle thickness to about 6 inches in order to place the
fill in maximum 8-inch-thick loose lifts. Particles larger than 6 inches should

9y
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be broken-down further usitig passes of construction equipment prior to
) pIacemen§ in the 8-inch thick loose lift. S

e Thoroughly moisten each Jift of non-durable shale to promote breakdown of
the shale.

® Adequate compaction of non-durable shale fill normally requires six to eight
"passes of a Caterpillar 815 sheepsfoot roller in two directions on the fj]
surface (half the passes in éach perpendicular direction) after moistening. Our
experience has been that additional moistening of the shale lift may be
required to further breakdown the shale. ’ .

e Compact the fill within the building lots to at least 98 percent of the standard
- maximum dry " denisity (ASTM D698).  Compact fill within roadway
embankments to at least 95 percent of the standard maximum dry density. )

° Maintain the moisture content of the non-durable shale fill soils to within 42
percentage points of the soils' optimum moisture content.

. @ Perform one in-place denéity test in every 5,000 square feet for each one-foot-
thick fill Iayer. : :

© Positive drainage of the nop-durable shale fill layer must be provided to
prevent water accumulation in the Jayer, '

® Retain the geotechnical engineer to observe the non-durable shale fili, ..
placement and provide recommendations for any unsuitable conditions
_éncounfered. . : : .

5.3.4 Subgrade Stabilization

Depending on the selected-time of construction and rainfall activity, some of the subgrade soils
may become unstable during construction activities. There are several methods available to
stabilize areas of unstable subgrade soil that include undercutting and replacement, bridging using
granular material and geotextiles, and chemical stabilization using cement. The most appropriate
method fo stabilize soft subgrades is dependent on several factors and should be field determined
during construction. We éuggeslt the construction of test strips to determine the effectiveness of
the selected stabilization technique prior to widespread application. Localized softer or wetter
areas may require additional treatment. Maintain positive surface drainage to prevent water from

ponding on the surface during all earthwork operations.
RECEIVED
APR UZ 72018
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*

53.5 General -

: ) © - Roll the fill surface with a rubber-tired or steel-drummed roller to improve
ad _ " surface runoff, if precipitation is expected. - ' -

: o  Contact the geotechnical engineer should the subgrade soils become
e excessively wet, dry, or frozen. . .

i 54 GROUND WATER CONTROL

i ~ Typically, ground water encroaching upon construction ‘excavations can be removed by placing a
sump near the source of seepage and then pumping from the sump. Should heavy seepage ocour, or B
should there be evidence of soil particle migration, such as silting of the sump, then the geotechnical
enginger should be contacted,

"7 6. PAVEMENT RECOMMENDATIONS

6.1 GENERAL - : FLANNING &
' DESIGN SERVICES

In order for a pavement to perform satisfactorily, the subgrade soils must have sufficient strength
and be stable enough to avoid deterioration from- construction traffic and support the paving
> equipment. In addition, the completed pavement sections must resist freeze/thaw cycles and wheel
‘ loads from fraffic. Generally, construction traffic loading is more severe than the fraffic after
= copstruction. The recommended pavement sections given below are based on the assumption that
the pavement subgrade soils have been compacted to at least 95 percent of the soil's standard
_,. maximum dry density at moisture contents as recommended in this report. This will require
scarifying the subgrade soils to a depth of 6 to 12 inches, adjusting the moisture content if

- necessary, recompacting, and maintaining the recommended subgrade moisture content until the
crushed stone base is placed. We have also assumed a detailed proofrolling of the subgrade soil
o will be performed to delineate soft areas. On this site, we anticipate. some undércutting or

stabilization of soft subgrade soils will be required to achieve a stable subgrade.

Minimizing infiltration of water into the subgrade and rapid removal of subsurface water are

essential for the successful long-term performance of the pavement. Both the subgrade and the

15
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pavement surface should have a minimum slope of one-quarter inch per foot to promote surface
drainage. Edges of the pavement should be provided a means of water outlet by extending the

aggregate base course through to daylight or to surface drainage features such as storm inlets. We

_ recommend pavement underdrains be constructed at and above the base of roadway slopes steeper -

than 5H:1V.

The materials should conform and be placed and compacted in accordance with the applicable
sections of the Kentucky Department of Highways (DOH) Standard Specifications for Road and
Bridge Construction, latest edition.

- 6.2 DESIGN METHODOLOGY

We have used the American Association of State Highway and Transportation Officials
(AASHTO) Guide for Design of Pavement Structures (1993) as a basis for our pavement thickness
analysis, The AASHTO design guide was developed baséd on the findings of the American
Association of State Highway Officials (AASHO) Road Test. It defines pavement performance in

terros of the present serviceability index (PSD), which varies from 0 to 5. The PSI of newly
constructed flexible (asphaltic concrete) pavements was found to be about 4.2 in the Road Test,
The end of service life was considered to be reached at a terminal PSI value of 2.0, Serviceability

. loss (APSD), the required input parameter, is the difference between the initial and terfninal

serviceabilities.

The AASHTO design guide incorporates a reliability factor to account for uncertainties in traffic
prediction and pavement performance. The reliability factor (R) indicates the probability that the
pavement will ot reach the terminal serviceability level before the end of the design period. We -

have assumed a design reliability of 85 percent at an overall standard deviation (S,) of 0.45 for

flexible pavements, REC E v& D

APR UZ 7u18
6.3 FLEXIBLE PAVEMENT : . FLANNING &
| DESIGN SERVICES
The total flexible pavement thickness requirement is a finction of the resilient modulus (M) of the
subgrade soils. We have estimated M, through the empirical correlation with the California
Bearing Ratio (CBR) suggested by AASHTO for fine-grained soils with a soaked CBR of 10 or

16
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" Iess. No laboratory CBR tests were performed for this project. Our experience indicates that, for’

the soil types encountered, a CBR value of 3 js appropriate,

The total pavement thickness reqﬁirement is obtained from the AASHTO nomograph in ferms of a

~sj:ructural number (SN), a weighted sum of the ‘pavément layer thicknesses accounting for their

structural and drainage properties. We have assumed layer coefficients of 0.44 and 0.14 for plant
mix asphalt and crushed stone, respectively, and a drainage cosfficient of 1.0 for the crushed stone

base. The possible effect of drainage on the asphaltic concrete surface is not considered.

Detailed vehicle loading information has not been provided. We understand that the proposed
roadways will be maintained by Jefferson County upon completion. Based on the information
provided to us, the development will likely be zoned R-4. Based on the conditions encountered at
the site and our experience with similar projects, we anticipate that the minimum pavement

thickness, required by Jefferson County, will be adequate to support construction and residentia] -

‘traffic. The required pavement thickness is summarized in Table 1. . , E
| R gy,
Table 1. Flexible Pavement LANy il
- . Cul-de-sac . Kentucky DOH-
Material & Local Collec:tor Specification
Asphalt 3 inches 3 inches - Section 400
Crushed Stone Base 8 inches 10 inches |. Section 303

FPrepared By:  SEB Checked By:  NGS

7. BASIS FOR RECOMMENDATIONS

The recommendations provided are based in part on project information provided to MACTEC

and only apply to the specific project and site discussed in this report. If the project information

~section in this report contains incorrect information or if additional information is available, you

should convey the correct or additional information to us and retain us to review our

recommendations, We can -then modify our recommendations if they are -inappropriate for the

proposed project.

The assessment of site environmental conditions or the presence of contaminants in the soil, rock,

surface water or ground water of the site was beyond the scope of this exploration.

17 18
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Regardless of the thoroughness of a geotechnical exploration, there is always a possibility that
conditions between test pits will be different from those at specific test pit locations and that
conditions will not be as anticipated by the designers or confractors. In addition, the construction
process may itself alter soil conditiops. Therefore, expeﬁenéed geotechnical personnel should
observe and document the const:mcﬁon‘ procedures used and the conditions encountered.

Unanticipated conditions and inadequate procedures should be reported to the design team along

with timely recommendations to solve the problems cieated. We recommend that the owner retain

MACTEC to provide this service based upon our familiarity with the project, the subsurface

conditions and the intent of the recommendations.

We recommend that this complete report be provided to the various design team members, the

contractors and the project owner. Potential contractors should be informed of this report ir the

"instructions to bidders" section of the bid documents. The report should not be included or

referenced in the actual contract documents.

We wish to remind you that our exploration services include storing the samples collected and
making them available for inspection for 30 days. The samples are then discarded unless you

ECE|

APH U;:’Z

request otherwise.
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FIELD TESTING PROCEDURES

Test Pits: Borings with standard penetration tests usually give adequate "information about the

 subsurface soils. However, to obtain additional information about shallow soil conditions, test pits are

often desired. These pits allow close inspection of shallow soil conditions and give a good indication
of excavation difficulty during-construction. The pits are excavated with equipment expected to be
used during the actual construction operations, if possible. A field engineer is present to examine the
soil strata, the ease of excavation, the amount of subsurface water flowing into the pits, and the
depths to which the pits can be excavated.

Dynamic Cone Penetrometer (DCP) Tests: At regular intervals, the soil consistency was measured
with a cone penetrometer. The conical point was first seated 2 inches to benetrate any loose cuttings,’
then driven an additional 3% inches in two 1%-inch increments with blows from a 15-pound hammer
falling 20 inches, The average mimber of hammer blows required to achieve the final two 1%-inch
incremepts was recorded, and-is an index to the soi] strength and density. '

Pocket Penetrometer Test’ The penetrometer testing device is inserted into the soil until the phunger
penetrates the soil up to the calibration grade. The measured resistance provides an indication of the
soil's consistency. The testing results are shown on the Test Pit Logs and are designated with PP,

Bag Sampling: We obtained bulk samples of soil at selected Jocations. These samples consist of soil
obtained from test pits using hand tools. The samples were placed in sealed ‘bags and were taken to
our laboratory for testing. The locations of these samples are indicated on the appropriate logs.
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LABORATORY TESTING PROCEDURES

classified by an engineer. The soils are classified according to consistency (based on number of
blows from DCP and Pocket Penetrometer'penetration tests), color and fexture, These classification
descriptions are included on our "Test Pit Records" - '

The classification system discussed above is primarily qualitative and for detailed soil classification
two laboratory tests are necessary: grain size tests and plasticity tests, Using these test results the soil
can be classified according to the AASHTO or Unified Classification Systems (ASTM D2487). Each
of these classification systems and the in-place physical sojl properties provide an index for
estimating the soil's behavior. The soil classification and physical properties determined are

- presented in this report,

Moisture Content: The Moisture Content is determined according to ASTM D2216. EG E ﬁ VE D
' R AR G2 7y
FLANNING &
DESIGN SERVICES
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’ Naturel - .
Symbol | Locafion Depth, | LL | PL{ PI | Molsture RE uscs Solt Classification
feet Content, %{ -
® TR2 2 36 |18 | 17 16.5 -0.14 CL Light brova, sifty, lean CLAY
X TP-3 5 50| 261 24 174 |-031 .cL Dark gray, lean CLAY
A -7 2 31j22]9 186 {-03] -ML Orangish brown, clayey SILT N
* TP-9 8 28124 2 26.4 1.0 ML Reddish brown, clayey SILT
Remarks; ATTERBERG LIMITS RESULTS

Test Mathod - ASTM D4318

Project: Oakpoint
Project No: 314
Checked By: _/

uhdivision
603

LU=Liquid Limif; PL= Plastic Limit; Pl=Plasticity Index; Li=Liquidity Index
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