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FIGURE 1 - LOCATION AND SITE MAP
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EXECUTIVE SUMMARY
Best Engineering Solutions and Technologies, LLC (BEST) completed a geotechnical engineering study for
the project located at 6129 Woodbine Way in Littleton, Colorado. Design parameters and a discussion of
geotechnical engineering considerations related to construction of the proposed residences are included in this
report. A summary of the findings includes:

1. Visual exploration of the site encountered native hard sandstone rock across the building area.
Groundwater was not observed during the field exploration. Fluctuations of the groundwater may occur
seasonally or with precipitation events.

2. Based on our observation encountered in the field exploration, knowledge of the area and strata conditions,
and the nature of the proposed construction, we recommend the proposed structures be founded on strip or
pad footings bearing on native soils or engineered fill. Rock anchors shall be used for footings bearing on
bedrock. Footings bearing as recommended should be designed for an allowable bearing pressure of 2,500
pounds per square foot (psf) on native soils or engineered fill and 4,000 psf on bedrock.

3. Native soils or imported structural fill are suitable for support of concrete slab-on-grade construction.
4. A representative of our office should observe the construction operations discussed in this report.
5. Protect all exposed soils from excessive drying or wetting during the construction process.

6. Detailed recommendations are made throughout this report. These must be reviewed to assure proper
consideration in the design.
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PURPOSE AND SCOPE OF WORK

This report presents the results of a geotechnical engineering study for the project located at 6129 Woodbine
Way in Littleton, Colorado. The project site is shown on Figure 1. The study was conducted to provide
foundation design and support of slab-on-grade recommendations.

Field exploration consisted of visual observations of the proposed building area. The building area consists of
sandstone bedrock as such no borings or test pits were necessary.

This report has been prepared to summarize the information obtained during this study and to present our
conclusions and recommendations based on the proposed construction and the conditions observed. Design
parameters and a discussion of geotechnical engineering considerations related to construction of the proposed
residences are included in this report.

PROPOSED CONSTRUCTION
We understand that the proposed construction will consist of a single-family home with a crawlspace and
attached garage. Conventional wood and steel frame construction, with column loads expected to be low to
moderate and typical of this type of structure, will be used above grade with cast-in-place concrete foundations
below grade. Ground floors will be structural slabs or slab-on-grade. Site development is expected to include
sidewalk and landscaped areas. Local utilities will generally be underground, except for surface storm runoff
and overhead electric.

If the loadings, locations, or grading plans for the structures change significantly from those described above,
we should be notified to re-evaluate the recommendations contained in this report.

SITE CONDITIONS
At the time of our field exploration, the property consisted of a vacant lot. The site is bounded by undeveloped
lots. The topography in the area slopes toward the north and east and is at an approximate ranging elevation of
6,004 to 6,050 feet MSL.

FIELD EXPLORATION
Field exploration consisted of visual assessment of near surface soil conditions. A representative of BEST
conducted a walkover of the site to document near surface conditions. In general rock outcroppings occur
across the site with some areas of soil between. The rock outcroppings are sandstone and common for this area
of the front range. Near surface soils were generally sand and gravel with some shallow topsoil present. The
near surface soil and rock conditions were classified by the project engineer, no samples were retained for
laboratory testing.

FOUNDATION DESIGN RECOMMENDATIONS
The native soils are suitable to support lightly to moderately loaded slab-on-grade construction. Based on the
soil conditions observed at the site and the nature of the proposed construction, we recommend that the
structures be founded on strip or pad footings bearing on native soils or engineered fill. Rock anchors shall be
used for footings bearing on bedrock. The design and construction criteria presented below should be observed
for a spread footing foundation system.

1. Footings placed on the native soils or engineered fill may be designed for an allowable soil bearing
pressure of 2,500 pounds per square foot (psf) and 4,000 psf on bedrock. Based on experience it is
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expected that total settlement of the footings, designed and constructed as discussed in this section, would
be approximately 1.5-inches or less. Differential settlement is estimated to be approximately 'z to % of the
total settlement. Most of this settlement will occur during the construction phase.

2. Foundations shall be designed to meet section 1809 of the International Building Code (IBC) adopted by
the City of Littleton.

3. Spread footings placed on native soils should have a minimum footing width of 18 inches for continuous
footings and 24 inches for isolated pads.

4. Exterior footings and footings beneath unheated areas should be provided with adequate soil cover above
their bearing elevation for frost protection. Placement of foundations on native soil or structural fill should
be at least 36 inches below exterior grade as required by the City of Littleton. Footings placed on bedrock
are not required to have frost protection in accordance with the IBC.

5. Continuous foundation walls should be reinforced top and bottom to span local anomalies by assuming an
unsupported length of at least 10 feet.

6. A grounding system (Ufer Ground) may be installed where the grounding system is contained within the
exterior building wall and the concrete foundation wall. This is in place of having a copper ground rod
installed adjacent to the foundation wall.

7. The lateral resistance of a spread footing placed on undisturbed native soils or properly compacted granular
structural fill material will be a combination of the sliding resistance of the footing on the foundation
materials and passive earth pressure against the side of the footing. Based on the soil characteristics, the
resistance to sliding at the bottoms of the footings can be calculated based on a coefficient of friction of
0.40. Passive pressure against the sides of the footings can be calculated using an equivalent fluid unit
weight of 330 pounds per cubic foot (pcf). The at-rest lateral pressures on the walls can be calculated using
and equivalent fluid density of 60 psf per foot of depth. The active lateral earth pressures should be
calculated using an equivalent fluid density of 35 psf per foot of depth. These lateral resistance values are
working values. Lateral loading of footings on bedrock may be controlled using rock anchors where the
footing will not have adequate embedment to resist lateral loads. Footings on soils shall be imbedded a
minimum of 36 inches for frost protection.

8. All loose or soft soils should be removed, and the footings placed on native soils or properly compacted
structural fill. The disturbed surface of the native soils should be compacted prior to concrete placement.

9. Interior backfill should consist of onsite native soils and should be placed in uniform lifts not to exceed 10
inches thick and compacted to at least 98% of the standard Proctor (ASTM D 698) maximum dry density
and within 2 percentage points of the optimum moisture content. Interior backfill should extend laterally
beyond the edges of the footings at a distance at least equal to the depth of the fill below the footing
subgrade. Prior to the fill placement, any loose subgrade soils should be compacted. Any wet and soft
subgrade soils should be removed prior to fill placement. The backfill material should be free of snow and
ice, vegetation, topsoil, organics, trash, construction debris, oversized rocks greater than 8 inches in
diameter, and other deleterious material.
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Exterior backfill may consist of the onsite native soils or imported structural fill and should be properly
placed and compacted to reduce the risk of settlement and distress. Onsite backfill material placed on the
exterior of the structure should be placed and compacted to at least 95% of the standard Proctor (ASTM D
698) maximum dry density within 2 percentage points of the optimum moisture content.

Backfill in pavement and walkway areas should also be compacted to at least 95% of the standard Proctor
(ASTM D 698) maximum dry density and within 2 percentage points of the optimum moisture content.
Care should be taken when compacting around the foundation walls and underground structures to avoid
damage to the structure. Hand compaction procedures may be used to prevent excessive lateral pressures
from exceeding the design values.

Backfill in landscaped areas may consist of native onsite soils or imported structural fill. It should be
placed in uniform lifts and compacted to at least 90% of the standard Proctor (ASTM D 698) maximum dry
density within 2 percentage points of the optimum moisture content.

Utility backfill should be compacted as appropriate for the proposed surface uses (landscape, building,
pavement, etc.).

All foundation and retaining structures should be designed for appropriate hydrostatic and surcharge
pressures, such as adjacent footings, traffic, construction materials, and equipment. The buildup of water
behind a wall or an upward sloping backfill surface will increase the lateral pressure imposed on a
foundation wall or retaining structure. An underdrain system should be provided to prevent hydrostatic
pressure buildup behind the walls. The lateral resistance values identified above assume drained conditions
behind the walls and a horizontal backfill surface. Refer to the Underdrain System section for further
information. Minor cracking of concrete foundation walls should be expected.

Based on our experience, we recommend all concrete exposed to the onsite materials meet the cement
requirements for Class 0 exposure of sulfate attack on concrete as presented in ACI 318-14. Alternatively,
the concrete could meet the CDOT requirements for Class 0 exposure as presented in Section 601.04 of the
CDOT Standard Specifications for Road and Bridge Construction (2017).

Depending upon depth of excavation and seasonal conditions, groundwater may be encountered within

excavations on the site. Pumping from sumps may be utilized to control water within excavations, if
necessary. BEST is available to provide further dewatering recommendations if this issue arises.

A BEST representative should observe all footing excavations prior to concrete placement to evaluate
bearing conditions.

FLOOR SLABS

The native soils are suitable to support lightly to moderately loaded slab-on-grade construction. To reduce the
effects of differential movement, floor slabs should be separated from all bearing walls and columns with
expansion joints, which allow unrestrained vertical movement. Interior non-bearing partitions resting on floor
slabs should be provided with slip joints so that, if the slabs move, the movement cannot be transmitted to the
interior structure. This detail is also important for wallboards, stairways and door frames. Slip joints which
will allow at least 1.5 inches of vertical movement are recommended.
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Floor slab control joints should be used to reduce damage due to shrinkage cracking. Joint spacing is
dependent on slab thickness, concrete aggregate size, and slump, and should be consistent with recognized
guidelines such as those of the Portland Cement Association (PCA) and American Concrete Institute (ACI).
The joint spacing and slab reinforcement should be established by the designer based on experience and the
intended slab use.

Fill placed beneath floor slabs may consist of native onsite soils, an imported structural fill, or non-expansive,
predominantly granular material. The geotechnical engineer should evaluate the suitability of fill materials
prior to placement.

Slab performance is greatly dependent on the amount of moisture introduced to the underlying soils, which
could result in potential excessive movement causing uneven slabs and cracking. Proper surface grading and
foundation drain installation will help to reduce water infiltration in the sub-slab soils. Recommendations
within the Surface Drainage and the Underdrain System sections below, should be followed.
Recommendations provided in this section are meant to reduce the possible distress caused by slab movement
but will not completely eliminate risk. A structurally supported floor system should be used if the owner
cannot tolerate potential movement.

SEISMIC CONSIDERATIONS
This area of Littleton is located in Seismic Design Category “B”. The soil at the foundation level has a very
dense soil profile. The average soil profile in the top one-hundred feet provides an overall “stiff soil” profile,
which provides a Site Class of “D”. Based on the subsurface profile, site seismicity, and the anticipated ground
conditions; liquefaction is not a design consideration.

SURFACE DRAINAGE
Proper surface drainage is very important for acceptable performance of the slab-on-grade during construction
and after the construction has been completed. The following recommendations should be used as guidelines
and changes should be made only after consultation with the geotechnical engineer.

1. Excessive wetting or drying of the excavation and underslab areas should be avoided during construction.

2. The ground surface surrounding the exterior of the building should be sloped to drain away from the
foundation in all directions. We recommend a minimum slope of 12 inches in the first 10 feet in unpaved
areas and a minimum slope of 3 inches in the first 10 feet in paved areas. Free-draining wall backfill should
be capped with approximately 2 feet of the onsite finer graded soils to facilitate surface drainage. Site
drainage beyond the 10-foot zone should be designed to promote runoff and reduce infiltration. These
slopes may be changed as required for handicap access points in accordance with the Americans with
Disabilities Act.

3. Xeriscaping should be considered with limited irrigation within 4 feet of the foundation walls. Roof
downspouts and drains should discharge well beyond the limits of all backfill and onto splash blocks.

UNDERDRAIN SYSTEM

An underdrain system is not necessary as groundwater is not anticipated within the foundations depths of the
structures. We do recommend the sprayed-on waterproofing should be used on the exterior of the foundation to
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reduce infiltration of water. The geotechnical engineer should observe the underdrain and/or water proofing
prior to backfill placement.

HOMEOWNER PRECAUTIONS
All new construction has an adjustment period after construction is completed. Exterior and interior
observation should be performed on a regular basis. The exterior backfill should be checked for positive
drainage away from the foundation. No ponding of water should be observed. Roof downspouts and splash
blocks should direct water away from the foundation. The discharge of any sump should be free of blockage
and discharge away from the foundation.

DESIGN AND CONSTRUCTION SUPPORT SERVICES

Please consider retaining BEST to provide the following services:

1. Review of the project plans and specifications for conformance with the recommendations provided in this
report.

2. Observation and testing to document that the intent of this report and that the requirements of the plans and
specifications are being followed during construction.

3. Identification of possible variations in subsurface conditions from those encountered in this study, so that
recommendations can be re-evaluated, if needed.

4. Preparation of a shoring plan, if necessary, for the protection of adjacent structures.

BEST is also available to assist the design team in preparing specifications for the geotechnical aspects of the
project and performing additional studies if necessary, to accommodate possible changes in the proposed
construction.

LIMITATIONS

This study has been conducted in accordance with generally accepted geotechnical engineering practices in this
area for exclusive use by the client for design purposes. Copying of this report or portions of this report
without the express written permission of Best Engineering Solutions and Technologies, LLC (BEST), is
specifically prohibited. We make no warranty either express or implied. The conclusions and recommendations
submitted in this report are based upon data obtained from the field exploration as indicated in this report, and
the proposed construction. This report may not reflect subsurface variations that occur between the
explorations. The nature and extent of variations across the site may not become evident until site grading and
excavations are performed. If fill, soil, rock or water conditions appear to be different from those described
herein, BEST should be advised at once so that a re-evaluation of the recommendations presented in this report
can be made. BEST is not responsible for liability associated with interpretation of subsurface data by others.

The scope of services for this project does not include any environmental assessment of the site or
identification of contaminated or hazardous materials or conditions. In addition, this study does not include
determination of the presence, prevention, or possibility of mold or other biological contaminants developing
in the future. If the owner is concerned about the potential for such contamination, other studies should be
undertaken.
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