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’ CONCLUSIONS

1. The subsurface soil profile at the site generally consists of silty sand to the maximum
depth investigated, 16 feet. Some areas of the sand became calcareous and cemented at
depths below 6% feet. Practical trackhoe refusal was encountered on cemented sand at
depths ranging from 6 to 9 feet within test pits TP-1, TP-2, TP-6, TP-10, and TP-18.
Occasional interbedded layers of silty gravel and lean clay were also encountered.

2. Groundwater was not encountered to the maximum depth investigated, 16 feet, within the
test pits.

3. The site is suitable for the proposed construction. Residences constructed on the site may
be supported on a conventional spread footing system supported on undisturbed dense
sand or 12 inches of recompacted on-site soil.

4. The on-site sand soil is suitable for use as site grading, utility trench backfill, and structural
fill. The on-site soil will require a signification amount of moisture conditioning {wetting
and processing} in order to achieve compaction.

5. Excavation of the sand at the site may be accomplished with typical excavation equipment.

Excavations extending into the cemented sand may require the use of heavy duty

SN excavation equipment, particularly in confined excavations such as utility trenches. Mass

{\_ o grading into the deeper cemented sand or potential bedrock may be conducted using a
dozer with a ripper. We do not anticipate any blasting will be necessary.

6. Detailed recommendations for site grading, slabs, foundations, pavement, and drainage are
included in the report.
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SCOPE OF WORK

This report presents the results of a Geotechnical Investigation for the proposed Snow Canyon
Development (80-acre parcel) in St. George, Utah, as shown on Figure 1. This report presents
the subsurface conditions encountered, {aboratory test results, and recommendations for the

geotechnical aspects of the project.

A field investigation was conducted to determine the subsurface conditions. Samples obtained
during the field investigation were tested in the laboratory to determine physical and
engineering characteristics of the on-site soil. Information obtained from the field and
laboratory was used to define conditions at the site for our engineering analysis and to develop

recommendations for the proposed subdivision.

AGEC reviewed the reports for the geotechnical investigations conducted for Anasazi Hills,
Paiute Springs, and Kachina Hills subdivisions for the Entrada Development and the Snow

Canyon Parkway sewer project as a part of this study.

SITE CONDITIONS

The subject property is located northeast of the new Snow Canyon Parkway. The site slopes
from the northeast down to the southwest. There is approximately 140 feet of elevation drop
across the property. There are several drainages from the red sandstone cliffs to the east that
drain to the west and slightly to the south. The topography map on Figure 2 shows several
drainages on the north and the drainage to the south, which all drain to the larger wash along
the western edge of the property. There is a large ridge area through the central portion of the

site that slopes down gradually to the southwest.

The site contains varied amounts of vegetation, particularly along the wash area. The
vegetation consists of tamaraks along the wash and mesquite brush and other desert-type

vegetation in other parts of the site.
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The Entrada Golf Course is located to the south of the property. Undeveloped vacant land

exists to the north, east, and west.

SUBSURFACE SOIL CONDITIONS

On March 1, 1999, an engineer from Applied Geotechnical Engineering Consultants, Inc.

r

visited the site and observed the excavation of 18 test pits at the locations shown on Figure 2.

The subsurface soil profile at the site generally consists of silty sand to the maximum depth

investigated, 16 feet. Cemented silty sand was generally encountered at depths ranging from

6 to 15 feet below the existing grade. Practical backhoe refusal was encountered on

cemented silty sand at depths ranging from 6 to 9% feet below the existing grade within test

pits TP-1, TP-2, TP-6, TP-10, and TP-18. Occasional interbedded layers of gravel and lean clay

were also encountered within the subsurface soil profile. A detailed description of the soil

types encountered follows:

i

AS' Applied Geotechnical Engineering Consultants, Inc.

Silty Sand - The sand contains varied amounts of fines and is generally loose to medium
dense in the upper 2 to 4 feet and dense below those depths. The sand is slightly -
moist to moist and red in color. Portions of the silty sand were moderately to highly

calcareous and slightly to moderately cemented.

Laboratory tests conducted on samples of the sand indicate natural dry densities
ranging from 88 to 108 pcf with natural moisture contents ranging from 1 to 7 percent.
Gradation tests indicate fines contents {percent passing the No. 200 sieve) ranging
from 8 to 36 percent. A water soluble sulfates test was also conducted on a sample
of the silty sand to determine the sulfate attack potential on concrete placed adjacent
to natural soils. The test results indicate a O suifate content. A moisture-density
relationship (proctor} was also conducted on the on-site silty sand which indicates a

maximum dry density of 114.5 pcf with an optimum moisture content of 10 percent.

299076
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Several one-dimensional consolidation tests were conducted on samples of the natural
sand which indicate the upper sand is slightly to moderately moisture sensitive when
wetted under approximately 1,000 psf and slightly to moderately compressible under

additional loading. Collapse potentials of 0.5 to 5.1 percent were measured.

A one-dimensional consolidation test was also conducted on a remolded sample of the
silty sand. It was remolded at 90 percent of the maximum dry density as compared to
ASTM D-1b6587. This test indicates the recompacted on-site soil is non-moisture
sensitive and slightly compressible when wetted. It indicates the soil is suitable for use

as structural fill based on the compressibility of the remolded soil.

Lean Clay - The lean clay is generally located in isolated thin layers across the subject

site. It is stiff, moist, and grey in color.

Laboratory tests conducted on a sample of fhe lean clay indicate a natural moisture
content of 10 percent with a natural dry density of 83 pcf. Atterberg Limits tests
conducted on the clay indicate a liquid limit of 37 percent and a plasticity index of 18
percent. Gradation tests conducted on the lean clay indicate it is composed of 78

percent fines.

A one-dimensional consolidation test conducted on a sample of the lean clay which
indicates it is non-moisture sensitive when wetted and slightly to moderately

compressible under additional foading.

Silty Gravel with Sand - The silty gravel with sand is generally composed of subrounded
to rounded gravels and is medium dense to dense, slightly moist to moist, and red in

color,

Detailed logs of the subsurface profile and laboratory test results are shown on Figures 3-7,

and the Notes for the logs are shown on Figure 8. The consolidation test results are shown

AVAT‘ Applied Geotechnical Engineering Consuftants, Inc. 2990160
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graphically on Figures 9-15 and the moisture-density relationship {proctor) is shown graphically

on Figure 16. A summary of laboratory test resuits is shown on Table 1.

SUBSURFACE WATER

Groundwater was not encountered to the maximum depth investigated, 16 feet. Fluctuations
in the groundwater level may occur over time. An evaluation of such fluctuations was beyond
the scope of this report. AGEC has encountered seepages/springs during studies conducted

farther to the south.

PROPOSED CONSTRUCTION

We understand that the property will be developed as a residential subdivision for single-family
residential lots. We anticipate grading for individual lots will be conducted during construction
of each residence. We anticipate the residences will be single-story, wood-framed, slab-on-
grade type homes with the possibility of basements. We also anticipate that roadways will
be constructed within the subdivision with light traffic loading. Based on the propdsed
residential construction, we anticipate wall loads up to 2 kips per lineal foot and column loads
up to 10 kips. We also estimate the traffic to consist of an 18 kip equivalent single axle load
(ESAL) of 2 for interior roads. We anticipate more details for grading roadways and residences

will be available as each phase is designed.

It the building loads, traffic conditions, or proposed construction are significantly different than

what is described above, we should be notified to reevaluate our recommendations.

AV&T‘ Applied Geotechnical Engineering Consultants, Inc. 990 1
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RECOMMENDATIONS

Based on our experience in the area, the subsurface conditions observed, and the laboratory

test results, the following recommendations are provided for the proposed construction:
A. Site Grading

A grading plan was not available for review at the time of preparation of this report. We
anticipate lots will be graded during construction of each residence. We anticipate cuts
and fills on the order of 10 to 15 feet may be anticipated. Based on our understanding of

the project, the following details should be followed during site grading:

1. Subgrade Preparation
Prior 1o placing fill, any existing vegetation should be removed. Soil containing roots

or organics should be stockpiled for use in landscape areas following pad preparation.

We anticipate that this will require removing up to 6 inches of soil. AGEC should
observe the removal of topsoil and grubbing operations to verify a sufficient amount
of topsoil has been removed. Subsequent to grubbing, we recommend scarifying and
recompacting at least 8 inches of the subgrade soil prior to placing fill. Additional
overexcavation may be necessary for building pads, depending on the amount of fill

placed and subsurface soil conditions for the lot.

2. Grading
Our experience with similar soils indicates significant moisture conditioning and wetting
will be required to achieve compaction. Our experience with similar materials in the
area has shown difficulty in achieving 95 percent compaction. During construction the

compaction may be reduced to 90 percent at the engineer’s discretion.

Proper benching and lift thicknesses should be utilized on slopes or drainage areas. It

is important to properly compact these areas.

AVAV’ Applied Geotechnical Engineering Consultants, Inc. 2990760
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3. Excavation/Earthwork

Excavation of the sand at the site may be accomplished with typical excavation
equipment. Excavations extending into the cemented silty sand may require the use
of heavy duty excavation equipment. This may be especially evident in confined
excavations such as utility trenches. Generally a track-hoe equipped with a hammer-
hoe is utilized in the confined utility trenches. A D-8 dozer with a single-tooth ripper
is generally adequate to rip the potential shale or sandstone bedrock during grading to

achieve required grades in bedrock.

3. Compaction

Compaction of fill materials placed at the site should equal or exceed the following

percentages:
Percent
Area Compaction
(3 Building pad 295
v Subgrade 290
Footings/foundation 295
Slabs 290
Roadway grading fill >95
Roadway base course 295
Utility trench backfill >95

Fill tested should be compared to the maximum dry density as determined by ASTM

D-1557. Fill placed at the site should be tested to verify proper compaction.

4. Materials
The on-site soll, free of organics or debris, may be reused as site grading and structural

fill. The on-site materials may also be used as utility trench backfill.

Import materials should be non-expansive and should meet the recormmendations listed

below:

AVE Applied Geotechnical Engineering Consultants, Inc. 2990160
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Area Fill Type Recommendations

Footings/Pad Structural fill -200 <35%, LL <30%
Maximum size: 4 inches

Under Slab Gravel/sand -200 <5%
Maximum size: 1% inches

Parking/Roadway  Granular fill -200 <509%, LL <30%
Maximum size: 1% inches

-200 = Percent Passing the No. 200 Sieve
LL = Liguid Limit

5. Drainage
Positive site drainage should be maintained through the course of construction. After
construction has been completed, positive drainage of the surface water away from the
building in all directions must be maintained. In no case should water be allowed to

pond adjacent foundations.

Roof drains should be utilized and roof downspouts should discharge out away from

foundations.

6. Grading Observation

A representative of AGEC should observe the following during grading operations:

a. Soils containing significant organics are removed prior to placing fill.

b. Fill material in roadways and utility trenches is placed in proper lift thickness for the
compaction equipment utilized. Proper benching and filling of drainages or slope

areas is provided.

c. Ensure proper moisture conditioning and compaction of fill placed. A sufficient

number of tests should be taken on each lift of material place to verify compaction.

AVAKD Applied Geotechnical Engineering Consultants, Inc. 2990160
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A final grading report of testing and observations should be provided upon completion
of the project. The frequency of the testing should meet St. George City requirements

on public improvements.

B. Foundations

1. Bearing Material
The proposed residences may be supported on conventional spread footings bearing on
undisturbed dense sand or 12 inches of compacted on-site soil. If any combination of
compacted fill and/or native soil/bedrock is present upon achieving rough pad elevation,
the pad should be prepared that footings and slabs bear on a minimum of 12 inches of
compacted structural fill. ideally, the entire pad will be overexcavated during mass

grading to provide these minimum depth requirements.

Due to the variability of the site elevation and subsurface conditions, AGEC should

review grading plans for each phase to refine the recommendations.

2. Bearing Pressures
Spread footings bearing on compacted on-site soil may be designed for a net allowable

bearing pressure of 2,000 psf.

3. Temporary |l oading Conditions

The bearing pressures indicated above may be increased by one-third for temporary

loading conditions such as for wind and seismic loads.

4. Settlement
Based on the subsoil conditions encountered and the assumed building loads, we
estimate total settlement for the foundations designed as indicated above to be on the

order of 1 inch. Differential settlement is estimated to be on the order % inch.

AVAV’ Applied Geotechnical Engineering Consultants, Inc. 2990160
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. Eooting Width and Embedment

Spread footings should have a minimum width of 18 inches and should be placed at

least 12 inches below grade.

. Foundation Base

The base of the footings should be cleared of loose or deleterious material prior to

placing fill or concrete. Footing areas should be tested to verify compaction.

L ateral Resistance for Footings

Lateral resistance for footings placed on compacted structural fill is controlled by the
sliding resistance between the footings and subgrade soil. A friction value of 0.4 may

be used in the design for lateral resistance.

Foundation/Compliance

The City of St. George requires the geotechnical engineer to verify each foundation was
prepared in accordance with the recommendations of this report. This includes
observing overexcavation, conducting compaction tests, and observing footings. A

compliance report will be provided for each lot.

C. Concrete Slab on Grade

1.

Slab Support

Concrete slabs may be supported on undisturbed dense sand or a minimum of 12
inches of recompacted on-site soil. Building pads composed of any combination of fill

and native soil should be avoided.

Underslab Gravel
A 4-inch layer of free draining gravel {less than 5 percent passing the No. 200 sieve)
should be placed below the concrete slabs for ease of construction and to promote

even curing of the slab concrete. Portions of the on-site soils may be suitable.

AR
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D. Seismicity

The site is located in Seismic Zone 2B based on the Uniform Building Code Seismic Zone
Map of the United States. The building should be designed and constructed in accordance

with Seismic Zone 2B requirements using a soil profile ty%

cbﬂﬁg

5/

Based on laboratory tests, the native soil has a “low” sulfate exposure content based on

E. Soil Corrosion

Table 19-A-4 of the UBC. Although a low sulfate content was found in laboratory tests,
our experience has shown areas of the soil will have a severe sulfate content. Therefore,
we recommend that all concrete that will be in contact with the native soils contain Type
Il or Type V sulphate-resistant cement with a maximum of 15 percent fly ash.
Consideration should be given to cathodic protection of buried metal pipes, or the use of

PVC pipe when permitted by local building codes.

F. Pavement

Based on the subsoil conditions encountered, the following recommendations are given:

1. Subgrade Support
We recommend scarifying the subgrade to a depth of at least 12 inches and
recompacting the on-site soil prior to placement of the road base. We anticipate the
subgrade materials at the site will consist of silty sand. For purposes of preparing this
report, we have used the laboratory CBR value of 15 percent based on recompacted

on-site silty sand.

2. Pavement Thickness
Based on anticipated traffic, a 20-year design life, and AASHTO design methods, the

pavement section should consist of 2 inches of asphaltic concrete over 8 inches of

base course for interior roads. Larger roads should be evaluated on an individual basis.

AV&K‘ Applied Geotechnical Engineering Consultants, Inc. 2990160
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3. Pavement Materials

All materials should meet St. George City specifications for gradation and quality.

G. lateral Earth Pressures

The following lateral earth pressure coefficients are given for design of possible earth
retaining walls. The active condition is where the wall moves away from the soil and the
passive is where the wall moves into the soil. The at-rest condition is where the wal} does

not move. The following equivalent fluid weights may be used in design.

Condition On-site Sand (pcf)
Active 35
Passive 27b
At Rest 50

It should be recognized that the above values account for the lateral earth pressures due
to the soil and level backfill conditions and do not account for hydrostatic pressures.
Lateral loading should be increased to account for surcharge loading if any structures are

placed above the wall and are within a horizontal distance equal to the height of the wall.

Care should be taken to prevent percolation of surface water into the backfill material
adjacent to the walls. The risk of hydrostatic buildup can be reduced by placing subdrains
behind the walls consisting of free-draining gravel wrapped in a filter fabric. In addition,
weep holes may be provided every 10 feet at the base of the wall to assist in drainage of

water.

LEMITATIONS

This report has been prepared in accordance with generally accepted soil and foundation

engineering practices in the area for design purposes. The conclusions and recommendations

pﬁér Applied Geotechnical Engineering Consultants, Inc. 2990760
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included within the report are based on the information obtained from the test pits excavated
at the locations indicated on the site plan and the data obtained from laboratory testing.
Variations in the subsurface conditions may not become evident until additional exploration or
excavation is conducted. if the subsurface soil or groundwater conditions are found to be
different from what is described in this report, we should be notified to reevaluate the

recommendations given.

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Arnold DeCastro, E.L.T.

Reviewed by:

G. Wayne Rogers, P.E.

GWR/I h b C:\MyFiles\29901007\2920160.rep.wpd
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Figure 1

Vicinity Map of Study Area (St. George, Utah)
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