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Schnabel Engineering, LLC

Phone: (804) 649-7035
Fax: (804) 783-8023
www.schnabel-eng.com

June 18, 2009

Mr. Dan Hutchinson

Richmond Redevelopment and Housing Authority
Department of Community Development/Finance
P.O. Box 26887

Richmond, Virginia 23261-6887

Subject: Project 09130110, Geotechnical Engineering Study, Carver Site, West
Leigh Street and West Catherine Street, Richmond, Virginia

Dear Mr. Hutchinson:

We are pleased to submit our geotechnical engineering report for this project.
EXECUTIVE SUMMARY

We encountered between 3 and 23 ft of existing fill (Stratum A) on the project site. The
existing fill consisted of highly variable density/consistency materials and contained
organics and other deleterious materials. These soils are not considered suitable for direct
support of the proposed structures.

The Stratum A soils were underlain by either natural Alluvial (Stratum B) soils that were
generally very soft consistency and very loose density or by natural Terrace (Stratum C)
soils. The Terrace soils were generally medium stiff consistency and firm density, where
encountered. We encountered natural Miocene age clay (Stratum D) below a depth of
about 23 to 33 ft below the ground surface. Ground water was encountered at depths of
about 8 to 14 ft.

The foundation recommendations in this report include use of fill materials that will

require importing soils from off-site. The imported fill soils should be used to replace the
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existing Stratum A soils to a depth of 6 ft below the existing site grades. Detailed
recommendations regarding the undercut and backfill are included in this report.

Spread footings have been evaluated for support of the proposed structures and are
recommended. Footings can be sized using a net allowable soil bearing pressure of 2,000
psf. Footings should be supported on the new compacted structural fill.

Temporary sheeting and shoring will likely be needed to extend the new fill as close as
possible to the property lines at the sides of several lots. Shoring design recommendations
are provided herein. Temporary construction dewatering might also be needed.

We have provided recommendations to prepare the proposed project sites for construction
of two-story modular homes only. We should be notified of any changes in the loads,
locations or grades described in this report in order to revise our recommendations.

This executive summary is provided solely for purposes of overview. Any party that relies
on this report must read the full report. This executive summary omits several details, any
one of which could be very important to the proper application of the report.

INTRODUCTION

The scope of this study was included in our proposal P9130158 dated May 28, 2009. Our
services included subsurface exploration, field engineering, soil laboratory testing and
development of geotechnical engineering recommendations. The objective of this study is
to evaluate the subsurface conditions and to provide recommendations regarding the design
of foundations and earthwork for this project.

SITE DESCRIPTION

The project site encompasses several parcels of land within the City of Richmond. These
parcels vary in size but are generally smaller than about 0.2 acre. The sites are generally
bound by West Leigh Street to the north, North Harrison Street to the west and alleys to
the east and south. The sites have been cleared and we understand the existing building
foundations have been removed. Topography in the project area is fairly level with grades
between about EL 166 and El 162 sloping down toward the east.

We performed a preliminary geotechnical engineering study for this project in August
2008. The borings performed for this study showed unsuitable fill was present to depths of
about 3 to 20 ft on the project sites. One of the potential options to address the problem of
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constructing in the existing fill included undercutting these materials and replacing them
with new compacted structural fill.

We obtained the site information from the topographic site plan prepared by McCrone,
Inc., and through our site visits.

PROPOSED CONSTRUCTION

Multiple two-story, modular, wood-framed residences are proposed for construction on the
sites described above. The residences are to be single-family dwellings with crawl spaces
below the first-floor level. We understand that the residences will be very similar to those
constructed as demonstration models between 16" and 17" Street along Everett Street in
South Richmond. We have considered maximum wall loads and column loads for the
proposed residences as 2 kIf and 10 Kips, respectively.

It is our understanding that the exact locations and extents of the proposed dwellings are
not known at this time. The intention of this project is to remediate each of the nine
proposed sites to prepare the sites for construction of the modular homes sometime in the
future. RRHA has indicated to us that an undercut-and-replacement method is the
preferred option for remediating the proposed sites.

We understand that the actual limits of construction will be based on the relevant
residential zoning district regulations for the Carver Area. These regulations indicate the
front (roadway side) setback is 15 ft. This setback may have a porch on it up to 6 ft,
meaning that the front of the porch must be a minimum of 9 ft behind the property line.
The allowable depth of the building is restricted to 48 ft beyond the 15 ft setback. The
setback along the sides of the lots is 3 ft. We understand that no structure may be built
outside of these limits set by the City of Richmond.

Preliminary project details were provided by McCrone, Inc. and from RRHA.
SUBSURFACE CONDITIONS

Geology

We reviewed existing geologic data and information in our files. Based on this review, the
geologic stratigraphy, from the ground surface down, typically consists of Pleistocene Age
terrace deposits and the Miocene Age Calvert Formation. The terrace deposits are alluvial
soils that typically consist of a mixture of clay, silt, sand and gravel exhibiting moderate
strength and compressibility. The Calvert Formation consists of marine-deposited
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sediment. These soils exhibit moderate to high strength and low to moderate
compressibility.

The above stratigraphy is typical in the Richmond area. However, the site is located in an
area that was once a small stream valley that drained north to Shockoe Valley. This small
valley is one of many such areas in Richmond that has been filled during the past century.
In addition, the soils below the fill typically consist of Recent Alluvium that is generally

soft in consistency or loose in density.

Data Collection Techniques

Ayers and Ayers of Powhatan, Virginia drilled five borings at this site under our
observation. In addition, nine previous borings were performed within the limits of
possible building locations. Specific observations, remarks, and logs for the borings,
classification criteria and sampling protocols are included in Appendix A. Approximate
boring locations are shown on Figure Al in Appendix A. Soil samples will be retained up
to 45 days beyond the issuance of this report, unless other disposition is requested.

Our geotechnical laboratory conducted tests on selected samples obtained in the borings
that were drilled during this study as well as during our previous preliminary study on the
project site. This testing aided in the classification of soils encountered in the subsurface
exploration and provided data for use in the development of our geotechnical
recommendations. The natural moisture content values of selected soil samples are shown
on the logs in Appendices A and B. The results of the previous laboratory tests are
presented in Appendix C.

Generalized Subsurface Soil Strata

We have characterized the following generalized subsurface soil strata based on the boring
data presented in Appendix A:

Stratum/ Stratum Depth Generalized Stratum Description
Geology
EXISTING FILL consisting of fat clay, elastic silt, lean
Stratum A/ | From the ground surface clay, clayey sand, silty sand, and poorly graded sand,
Existing to depths of about 3 to 23 | contains crushed stone, brick, wood, burnt wood, plastic,
Fill ft. shells, coal, glass and other deleterious materials,
generally soft consistency and loose density.
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Stratum/

Stratum Depth Generalized Stratum Description
Geology

FAT CLAY (CH), ELASTIC SILT (MH), LEAN CLAY
(CL), CLAYEY SAND (SC), SILTY SAND (SM),
POORLY GRADED SAND (SP) and SILTY GRAVEL
(GM), contains mica and organics, generally very soft
consistency and loose density.

Stratum B/ | Below Stratum A to
Alluvium depths of about 20 to 33 ft.

FAT CLAY (CH), ELASTIC SILT (MH), LEAN CLAY
Stratum C/ | Below Strata A and B to (CL), CLAYEY SAND (SC) and SILTY GRAVEL

Terrace depths of about 15 to 30 ft. | (GM), generally medium stiff consistency and firm
density.
Below Strata A, B and C
Stratum D/ | and present to the LEAN CLAY (CL) and CLAYEY SAND (SC), contains
Miocene maximum depth of mica and organics, stiff consistency and firm density.

exploration at about 35 ft.

Up to about 0.3 ft of rootmat and topsoil was encountered at the ground surface in the
borings.

The group symbols indicated within the parentheses in the above table and on the logs in
Appendix A represent the Unified Soil Classification System Group Symbols per ASTM
D-2488 based on visual classification and ASTM D-2487 based on limited laboratory
testing of the samples. Criteria for visual classification of soil samples are included in
Appendix A. Some variation can be expected between samples visually classified and
samples classified in the laboratory.

Soil Laboratory Testing

We previously performed Atterberg Limits and gradation tests on several samples from
Strata A and B to evaluate the shrink-swell potential of soils from this stratum. The
laboratory tests indicate these soils exhibit a medium shrink-swell potential.

Ground Water

Water level readings obtained in the borings during and after completion are noted on the
logs. We observed ground water during drilling in most of the borings at depths of 8 to 14
ft. Water depths upon completion of the drilling varied from about 13 to 30 ft. Following
removal of the augers, borings generally caved dry at depths of 1 to 21 ft. We did not
obtain long-term water level readings because the borings were backfilled upon
completion.
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The ground water levels on the logs show our estimate of the hydrostatic water table at the
time the borings were drilled. Fluctuations in the hydrostatic water table should be
anticipated depending on variations in precipitation, surface runoff, pumping, evaporation,
leaking utilities and other similar factors.

GEOTECHNICAL RECOMMENDATIONS

Our geotechnical engineering analysis was based on the information developed from our
subsurface exploration and soil laboratory testing along with project details provided to us.
We understand shallow spread footings are the preferred foundation type for support of the
proposed modular homes. Subsurface rehabilitation will precede construction of the
proposed structures for this project. Detailed recommendations for preparing the Carver
Site properties for installing spread footings are provided in the following sections of the
report.

Earthwork and Grading

We do not consider the existing fill of Stratum A suitable for direct support of the
proposed residences due to the presence of deleterious materials and the highly variable
stiffness and density in the fill. A total undercut of the unsuitable material would not be
economical for construction on these sites due to fill depths of up to about 23 ft.
Accordingly, we recommend removing the unsuitable fill and any unsuitable natural soils
to a minimum depth of 6 ft below the existing grades and replacing them with suitable
structural fill. Temporary slopes created during undercut operations should not be steeper
than 1.5H:1V for OSHA purposes.

We encountered about 18 to 23 ft of existing fill material in the five recent test borings.
Eight of the nine previous test borings revealed existing fill to depths between about 9 and
20 ft. Previous Boring B-2 indicated natural soils present at a depth of 3 ft. The loose
sand and very soft consistency natural clay soils in this boring were noted to a depth of
about 15 ft. Based on the presence of unsuitable fill and unsuitable natural soils, all of the
building lots on this project will require undercut and replacement with compacted
structural fill.

We anticipate the fill subgrades at the recommended 6-ft depth will generally consist of
medium consistency clay or loose density sand fill of Stratum A. If actual subgrades are
softer or looser than anticipated or if pockets of wood or other organics are encountered at
the fill subgrade level, additional undercuts should be performed. In any event, we
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anticipate the maximum depth of undercut will not exceed about 8 ft below the present
ground surface grades.

Undercut volumes should be evaluated by cross sectioning. Other methods of calculating
volumes of undercut, such as counting trucks, are less accurate and generally result in
additional expense.

Compacted structural fill should consist of material classifying CL, ML, SC, SM, SP, SW,
GC, GM, GP, or GW per ASTM D-2487 with Liquid Limit of less than 40 and Plasticity
Index less than 15. Compacted structural fill should be placed in maximum 8-inch thick
horizontal, loose lifts and should be compacted to at least 95 percent of maximum dry
density per ASTM D-698, Standard Proctor.

Only limited portions of the site soils are expected to meet this criterion and it might be
difficult to separate these soils from the unsuitable soils. We expect that most if not all of
the fill necessary to construct this project will need to be taken from an off-site source.
The limits of undercut for this project were developed using the relevant residential zoning
district regulations for the Carver Area determined by Richmond City. These limits are
shown on Figure 1.

We recommend installing a bridge layer of crushed stone at the bottom of the undercut
subgrades prior to placing compacted structural fill. The bridge layer should consist of a 1
ft thick layer of open-graded crushed stone such as VDOT No. 57. The crushed stone layer
should be completely wrapped in a geotextile drainage fabric equivalent to Mirafil40N.
This layer should be the lowest part of the total 6 ft undercut. A detail of the

recommended subdrain is shown on Figure 2.

We have recommended a uniform 6-ft deep undercut and replacement in order to be able to
maintain surface drainage after completion of the earthwork. We anticipate the residences
will be constructed over crawl spaces and the foundations will step up or down to follow
the existing grades. We do not recommend filling the lots above the existing grades.
Accordingly, there will be little to no increase in stress from the fill on the underlying
soils, and it will not be necessary to have a waiting periond prior to construction of the
residences.

Temporary Shoring

Temporary sheeting will be needed along the east-west property lines for most of the
excavation areas to maximize the buildable space on the lots. Estimated locations of the
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shoring are provided on Sheet 1. H-pile and wood lagging sheeting will likely be the most
economical excavation support alternative. Recommended lateral earth pressures for
designing the excavation support are shown in the table below. A licensed Professional
Engineer should design the sheeting system.

Equivalent Fluid Pressure (psf)
Stratum Where: H=Wall Height (ft)
Active Ultimate Passive
Aand B 46H 285H
CandD N/A 375H

Hydrostatic pressure does not need to be added to the earth pressures since the H-pile and
wood-lagging system is free draining. Wood lagging with a minimum thickness of 3-inch
should be used between the H-piles. H-piles should be spaced at a maximum of 8 ft
center-to-center. We anticipate that cantilever shoring will be feasible. However, internal
rakers can be used if needed to support the sheeting. Tiebacks may not be feasible due to
property line limitations.

The overall stability of the sheeting system should be evaluated. A drained angle of
internal friction of 26 degrees can be used for this analysis. A minimum safety factor of
1.5 should be considered for the global stability of temporary shoring.

The wood lagging should be removed from the bottom up as the fill operations progress.
Piles can be left in place or removed at the contractors option, and should be pulled using
techniques that minimize the displacement of the soil. Any voids remaining after removal
of the piles should be filled with VDOT Class A fine aggregate.

Spread Footings

The new compacted structural fill prepared in accordance with the recommendations in this
report will be suitable to support spread footings for the proposed two-story modular
residences. Footings should be designed for a net allowable soil bearing pressure of 2,000
psf. This bearing pressure provides a factor of safety of at least three against general shear
failure.

Minimum widths of 16 and 24 inches should be maintained for wall and column footings,
respectively, for shear considerations. Maximum footing widths for wall and column
footings should not exceed 18 and 30 inches, respectively, for settlement considerations.
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Footings should be set at a minimum depth of 18 inches below final exterior grade for frost
protection, and a maximum depth of 24 inches for settlement considerations.

Settlements of shallow foundations supported on properly placed compacted structural fill
as defined in this report are not expected to exceed about 1 inch. Differential settlements
between similarly loaded footings are not expected to exceed about half this value.

CONSTRUCTION CONSIDERATIONS

Earthwork

Loose and soft consistency existing fill soils were encountered in the majority of our
borings on the site. These soils are highly variable in content and density/consistency and
may not provide a competent working platform for construction equipment. Excess
construction traffic and water will likely worsen this problem. We recommend avoiding
wet weather site preparation and grading activities. If wet weather work is performed, the
quantities of disturbed soils to be excavated can be expected to increase. Using track-
mounted construction equipment may improve the general maneuverability of equipment
on the site.

Site drainage should be provided to maintain subgrades free of water and to avoid
saturation and disturbance of the subgrade soils before placing compacted structural fill.
This will be important during all phases of the construction work. Weakened subgrade
soils should be removed and replaced as recommended by the Geotechnical Engineer.

Perched ground water might be encountered during excavation of the recommended
undercut. Construction dewatering such as pumping from temporary sumps placed within
the bridging layer might be needed to control the surface and/or ground water during
earthwork activities on this site.

Spread Footings

Footing concrete should be placed as soon as possible after excavation to limit the
potential for moisture changes at foundation levels. Similarly, foundation walls should be
backfilled as soon as possible to reduce the potential for infiltration of water into the soils
beneath the footings. Backfill should be placed as compacted structural fill.
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Final grades should allow positive drainage away from the structure, so that water does not
accumulate around the foundation. In addition, gutters and downspouts should be
provided to collect and convey roof water well away from the building.

Engineering Services During Construction

The engineering recommendations provided in this report are based on the information
obtained from the subsurface exploration and laboratory testing. However, conditions on
the site might vary between the discrete locations observed at the time of our subsurface
exploration. The nature and extent of variations between borings might not become
evident until during construction.

To account for this variability, professional observation, monitoring and testing of actual
subsurface conditions during construction should be provided as an extension of our
engineering services. These services will also help in evaluating the Contractor's
conformance with the plans and specifications. Because of our unique position to
understand the intent of the geotechnical engineering recommendations, retaining us for
these services will allow us to provide consistent service through the project construction.

General Specification Recommendations

An allowance should be established to account for possible additional costs that could be
required to construct earthwork and foundations as recommended in this report.
Additional costs might be incurred for various reasons including variation of soil between
borings, greater than anticipated unsuitable soils, need for borrow fill material, wet on-site
soils, obstructions, temporary dewatering, etc.

We recommend that the construction contract include an allowance for undercutting soft or
loose, near-surface soils and replacement with compacted structural fill. Add/deduct unit
prices should also be established in the contract so adjustments for the actual volume of
undercut can be made.

The project specifications should indicate the Contractor's responsibility for providing
adequate site drainage during construction. Inadequate drainage will most likely lead to
disturbance of soils by construction traffic and increased volume of undercut.

This report can be made available to prospective bidders for informational purposes. We
recommend that the project specifications contain the following statement:
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"A geotechnical engineering report has been prepared for this project by Schnabel
Engineering, LLC. This report is for informational purposes only and should not be
considered part of the contract documents. The opinions expressed represent the
Geotechnical Engineer’s interpretation of the subsurface conditions, tests, and the
results of analyses conducted. Should the data contained in this report not be adequate
for the Contractor's purposes, the Contractor may make, before bidding, independent
exploration, tests and analyses. This report may be examined by bidders at the office
of the Owner or copies may be obtained from the Owner at nominal charge."

LIMITATIONS

The analyses and recommendations submitted in this report are based on the information

revealed by our exploration. An attempt has been made to provide for normal contingen-
cies, but the possibility remains that unexpected conditions might be encountered during

construction.

This report has been prepared to aid in the evaluation of this site and to assist in the design
of the project. It is intended for use concerning this specific project. Our
recommendations are based on information on the site and proposed construction as
described in this report. Substantial changes in loads, locations or grades should be
brought to our attention so we can modify our recommendations as needed. We would
appreciate an opportunity to review the plans and specifications as they pertain to the
recommendations contained in this report and to submit our comments to you based on this
review.

We have endeavored to complete the services identified herein in a manner consistent with
that level of care and skill ordinarily exercised by members of the profession currently
practicing in the same locality and under similar conditions as this project. No other
representation, express or implied, is included or intended, and no warranty or guarantee is
included or intended in this report, or any other instrument of service.
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We appreciate the opportunity to be of service for this project. Please call us if you have
any questions regarding this report.

Very truly yours,
SCHNABEL ENGINEERING, LLC

Joseph N. Link, Jr., P.E.
Senior Staff Engineer

Edward G. Drahos, P.E.
Principal

JNL:EGD:mlr
Appendix A: Subsurface Exploration Data
Appendix B: Previous Subsurface Exploration Data

Appendix C: Previous Soil Laboratory Test Results

c. McCrone, Inc. (email only)
Attn: Stefan Brooks, P.E.
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Appendix A

SUBSURFACE EXPLORATION DATA

Subsurface Exploration Procedures
General Notes for Subsurface Exploration Logs
Identification of Soil
Boring Logs, B-101 through B-105
Subsurface Exploration Data
Location Plan, Figure Al
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SUBSURFACE EXPLORATION PROCEDURES

Boring Procedures

Drillers advanced the borings using hollow-stem augers. A plug device was used to block
off the center opening in the hollow-stem auger to prevent cuttings from entering the
augers during drilling. At the designated depth, the drillers removed the plug and
performed the Standard Penetration Test. Water or drilling fluid was not introduced into
the boring using this procedure. Water levels are indicated on the logs.

Standard Penetration Test Results

The numbers in the Sampling Data column of the boring logs represent Standard
Penetration Test (SPT) results. Each number represents the blows needed to drive a 2-inch
0.D., 1-3/8 inch I.D. split-spoon sampler 6 inches, using a 140-pound hammer falling 30
inches. The sampler is typically driven a total of 18 or 24 inches. The first 6 inches are
considered a seating interval. The total of the number of blows for the second and third 6-
inch intervals is the SPT “N value”. The Standard Penetration Test is conducted according
to ASTM D-1586.

Soil Classification Criteria

The group symbols on the logs represent the Unified Soil Classification System Group
Symbols per ASTM D-2488 based on visual classification and ASTM D-2487 based on
limited laboratory testing of the samples. Criteria for visual classification of soil samples
are included in this appendix. Some variation can be expected between samples visually
classified and samples classified in the laboratory.

Pocket Penetrometer Results
The values following “PP=""in the sampling data column of the logs represent pocket

penetrometer readings. Pocket penetrometer readings provide an estimate of the
unconfined compressive strength of fine-grained soils.
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Boring Locations and Elevations

Our personnel staked the borings by taping from existing site features. Approximate
boring locations are shown on Figure Al. Ground surface elevations at the boring
locations were scaled from the site plan by McCrone, Inc. received June 9, 2009. These
locations and elevations should be considered no more accurate than the methods and plans
used to obtain them.
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