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Dear Mr. Decker:

ECS Mid-Atlantic, LLC (ECS) has completed the geotechnical investigation for the above-
referenced project. This work was performed in accordance with our proposal No. 02-14356-
PAR, dated January 14, 2014 and your subsequent approval under Agreement No.:
F5NAVYO00-111-0002, Delivery Order No.: FDWD9465-D14-0005, dated February 19, 2014.
The following report contains our evaluations and recommendations regarding the design and
construction of the geotechnical aspects of the proposed Parking Garage at Alumni Hall Lot at
the U.S. Naval Academy in Annapolis, Maryland.

It has been our pleasure to be of service to Jacobs, and the Design Team for this project. We
would appreciate the opportunity to continue our role as Geotechnical Engineer of Record
during final design and subsequent construction. If you have any questions with regard to the
information contained in the enclosed report, or if we can be of further assistance to you during
the planning or construction phases of the project, please contact us.
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ECS Mid-Atlantic, LLC
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PARKING GARAGE AT ALUMNI HALL LOT USNA ANNAPOLIS, MARYLAND

INTRODUCTION

Project Information and Site Conditions

The project site is located on the grounds of the U.S. Naval Academy in Annapolis, Maryland.
The site is known as Alumni Hall Lot and consists of a paved parking lot. The site is
rectangular shape bounded by Balch Road to the northwest, Decatur Road to the northeast,
Parker Lane to the southeast, and Nulton Road to the southwest. A grassy slope dissects the
site into the lower parking lot in the northern section of the site and the upper lot along Nulton
Road.

A water treatment plant previously existed on the site. According to information provided to us,
eight abandoned reinforced concrete underground water storage tanks were partially
demolished and the remaining structures are left in place. The water tanks extend to
approximately 7 to 8 feet below the existing ground surface and are located below the lower
parking lot. We understand that the upper three feet of the reservoirs walls have been
removed and the bottom slab has been broken into pieces and left in place and tanks filled
with soil/aggregate mix.

Based on the information provided, we understand that the project consists of the construction
of a two-level parking garage that will occupy the lower parking lot. We understand that the
finished floor for the lowest level slab is planed at EL 8.5 feet (ft). The upper parking lot will be
re-graded to accommodate entrance to the garage and additional surface parking areas.

Based on the topographic information developed by Bowman Consulting (Bowman) depicted
on the provided site plan, the site generally slopes down from about EL 18 ft in the southern
portion of the site (upper lot) to about EL 7 ft at the northern corner of the site. The existing
ground surface within the lower parking lot, that will accommodate the parking garage, is
between approximate EL 7 ft and EL 14 ft; therefore we anticipate that minor cuts and fills will
be required to establish anticipated grades. The surface water run-off is in general south to
north direction.

Based on the information provided to us by Jacobs, we understand that the proposed parking
garage will be cast in-place concrete structure with maximum column loads as following:

Dead Load 200 kips
Live Load 70 Kips
Later Load (seismic) 15 kips

No storm water management (SWM) soil investigation was required for this project.
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Scope of Services

In accordance with the scope of services included in our proposal, the subsurface exploration
program consisted of eleven (11) soil test borings extended to depths ranging from 50 ft to 75
ft below the existing grades. The borings are designated as B-1 through B-11. Boring B-7
was not drilled due to site access restrictions. In boring B-5 auger refusal was encountered at
a depth of approximately 5 feet below the ground surface on what is believed to be storage
tank wall. Two additional attempts at 5-foot offset locations produced similar results. Site
constraints prohibited further offsets at B-5 location.

All borings were drilled in general accordance with ASTM D 1586 standards. The approximate
boring locations are presented on the Boring Location Plan, in the Appendix. The scope of
work also included visually classifying soil boring samples, performing laboratory testing on
selected soil samples from the borings, performing various engineering analyses, and
providing this written report of findings, evaluations and recommendations. The report
contains the following information:

a. Information regarding site conditions, including surface drainage, geology, and special
site features;

b. Descriptions of the field exploration and laboratory testing procedures used;

Boring logs in accordance with the standard practice of geotechnical engineers,
showing subsurface strata and descriptions, groundwater conditions, and results of
field tests;

d. A Site Vicinity Map, a Boring Location Plan, and pertinent Reference Sheets;

e. Recommendations for allowable bearing capacities for deep foundations, and
estimates of predicted foundation settlement;

f. Recommendations for the seismic soil site classification per IBC 2012;

g. Recommendations for slab-on-grade construction, including subgrade improvements
and under slab drainage system, as required;

h. Recommendations for lateral earth pressures likely to develop on below-grade walls,
and perimeter drainage systems for below-grade walls; and

i. Evaluations and recommendations for geotechnical aspects of design and construction,
including general site development, frost depths considerations, pavement, earthwork
considerations, drainage, and other aspects of geotechnical-related design and
construction.
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EXPLORATION PROCEDURES

Subsurface Exploration Procedures

The soil borings were drilled with a truck-mounted drill rig, using continuous-flight, hollow-stem
augers to advance the boreholes. Dirilling fluids were used to advance borings through deeper
loose marine deposits.

Representative soil samples were obtained by means of the split-barrel sampling procedure in
general accordance with ASTM D 1586. In the split-barrel sampling procedure, a 2-inch O.D.
split-barrel sampler is driven into the soil a distance of 18 inches by means of a 140-pound
hammer falling 30 inches. The number of hammer blows required to drive the sampler through
the second and third 6-inch drive increments is termed the Standard Penetration Test (SPT)
value (blow count, or N-value) and is indicated for each sample on the Boring Logs. In the
borings, split-barrel sampling was performed at 2.5 ft intervals to depths of 10 ft and at 5.0 ft
intervals thereafter.

N-values can be used to provide a qualitative indication of the in-place relative density of
cohesionless soils. In a less reliable way, N-values also provide an indication of consistency
for cohesive soils. The indications of relative density and consistency are qualitative, since
many factors can significantly affect N-values and prevent direct correlations, including
differences among drill crews, drill rigs, drilling procedures, and hammer-rod-sampler
assemblies.

A field log of the subsurface conditions encountered in the borings was maintained by the Dirill
Crew during the drilling operations. Each recovered soil sample was removed from the
sampler and visually classified by the Drill Crew. Representative portions of soil samples were
sealed in glass jars and returned to the ECS laboratory for further visual examination and
possible laboratory testing.

Laboratory Testing Program

The laboratory testing program included visual classifications of all soil samples collected from
the borings by an experienced Geotechnical Engineer. The visual classifications generally
were based on texture and plasticity in accordance with the Unified Soil Classification System
(USCS). A brief explanation of the USCS is included in the Appendix of this report. The
USCS group symbol for each soil type is indicated in parentheses following the soil
descriptions on the Boring Logs.

During the visual classification procedures, the Geotechnical Engineer grouped the various soil
types into the major strata noted on the Boring Logs. The stratification lines designating the
interfaces between various soil strata on the Boring Logs are approximate. In situ, these
transitions will likely be gradual and could occur at slightly different levels from those shown on
the Boring Logs.
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The limited laboratory testing program included index property tests, such as moisture
contents, Atterberg limits, and gradation analyses on selected boring samples to estimate
engineering properties of the soils and to help verify the visual classifications. The results of
the laboratory testing are included in the Appendix of this report.

The soil samples will be retained in the ECS laboratory for a period of 60 days following the

date of this report. After that holding period, the samples will be disposed, unless ECS
receives other instructions regarding sample disposition.

EXPLORATION RESULTS

Geologic Conditions

The project site is located within the Atlantic Coastal Plain Physiographic Province, which is
characterized by marine and river sediments deposited during successive periods of
fluctuating sea level and moving shorelines. Generally, the sediments thicken from west to
east, towards the Atlantic Ocean. The uppermost sediments are often comprised of
interbedded sands, gravels, clays, and silts.

Based on our review of the Geologic Map of Anne Arundel County, 1968, the project site falls
within the Quaternary geologic age deposits of the Lowland Deposits (Q;) underlain by the
Paleocene age Aquia Formation (T,). The Lowland Deposits are described as “Gravel, sand,
silt and clay. Medium- to coarse-grained sand and gravel; cobbles and boulders near base;
commonly contains reworked Eocene glauconite; varicolored silts and clays; brown to dark
gray lignitic silty clay; contains estuarine to marine fauna in some areas; thickness 0 to 150
feet”. The Aquia Formation deposits are described as: “Dark green to gray-green,
argillaceous, highly glauconitic, well sorted fine- to medium-grained sand; locally indurated
shell beds; thickness 0 to 100 feet”.

According to the USDA soil survey map the site is underlain by the Collington-Wist-Urban land
complex (CpB) and Annapolis-Urban land complex (AuB).

Subsurface Conditions

In general, the conditions encountered during our field exploration consisted of 2 to 3-inch
thick asphalt layer over 8 to 9-inch thick gravel base overlying existing fill.  Existing fill
materials were encountered below the pavement layer in all borings. Existing fill extends to
depths ranging from approximately 8 ft to 12 ft below existing grades. The encountered
existing fill generally consists of Silty SAND (SM), Clayey SAND (SC), and Sandy CLAY (CL)
soil types with various amounts of gravel and brick fragments. N-values for the granular soils
in the fill ranged from 3 blows per foot (bpf) to over 51 bpf, indicating very loose to very dense
relative densities. N-values recorded in the cohesive soils in the fill ranged from 3 bpf to 7 bpf,
indicating very soft to medium stiff consistencies.
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The natural soils underlying existing fill were classified as, Silty SAND (SM), Clayey SAND
(SC), Clayey Silty SAND (SC-SM), and Organic CLAY (OH). N-values for the granular soils
ranged from O bpf to over 80 bpf, indicating very loose to very dense relative densities. N-
values recorded in the cohesive soils ranged from 0 bpf to 5 bpf, indicating very soft to medium
stiff consistencies. More detailed descriptions of the encountered subsurface conditions are
provided on the boring logs and cross sections in the Appendix.

The subsurface exploration indicated two distinct different types of natural soils, based on N-
values and soil texture, are present directly beneath the existing fill. It appears that the
younger geological age (Lowland Deposits) and very loose and very soft deposits are present
in the northern and western portion of the site, while denser granular Aquia Formations
deposits are present directly below the existing fill in the southern and eastern portions of the
site.

Water Level Observations

Groundwater level observations were made in each of the boreholes during the drilling
operations and at the completion of drilling operations, both before and after removal of the
drilling augers. Groundwater levels were measured again after a stabilization period of about
24 hours. Based on those observations, groundwater was encountered in borings after the
stabilization period between elevations of EL 1 ft to EL 6.5 ft. Details regarding the
groundwater observations are shown on the Boring Logs in the Appendix.

Observations regarding groundwater levels reflect the conditions at the time of this exploration
only. Fluctuations in the locations of groundwater tables or perched water levels could occur
as a result of seasonal variations in evaporation, precipitation, surface water run-off, tidal
movement, and other factors. Therefore, water levels at future times could vary from those
observed at the time of the borings.

ANALYSES AND RECOMMENDATIONS

Building Foundations

Based on the soil test boring results, the proposed building footprint is underlain by the existing
fill material, which in turn is underlain by natural soils. The depth of the existing fill within the
footprint of the proposed parking garage was observed to range from 8 ft to 12 ft below
existing grades. The encountered existing fill underlain by deep, soft and loose marine
deposits is not considered suitable to directly support building footings. Deep driven piles or
auger cast piles were evaluated for foundation recommendations for the proposed parking
garage.
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Based on the provided information, we understand the abandoned underground tanks are still
in place. These structures should be completely removed and the excavation backfilled with
engineered fill. This may require the installation of temporary excavation support and
dewatering systems.

According to information provided, the proposed parking garage consists of a total of 2 level
cast in-place concrete structure with the proposed lowest finish floor level at elevation EL 8.5
ft. Based on information provided by the structural engineer, we understand that the maximum
column loads are as follows:

Dead Load = 200 kips
Live Load = 70 kips
Seismic Lateral Load = 15 kips

Based on the project characteristics, the encountered subsurface conditions and the
geotechnical engineering analyses, the existing fill and underlying natural marine deposit soils
that were encountered in the northern and western portions of the planned parking garage are
not considered suitable to support a shallow foundation system. The most southern portion of
the garage that was investigated by Borings B-6, B-8 and B-11 indicated suitable subgrade
conditions for shallow foundation system. Please note that an obstruction was encountered in
Boring B-5 at a depth of 5 ft; and therefore, subsurface conditions in the vicinity of Boring B-5
could not be evaluated during this study. The extent of the portion of the garage structure that
could be supported on shallow foundation system could not be delineated during this study. In
addition, due to the potential of excessive differential settlement between columns supported
on deep foundations and columns supported on shallow foundations and the need of a
construction joint to minimize the differential settlement impact it is our recommendation to
support the entire structure on a deep foundation system. Driven square pre-stressed
concrete piles, steel pipe piles, steel H-piles; and auger grouted displacement piles (AGDP)
are considered the most suitable foundation system for the proposed structure.

Two subsurface conditions were analyzed: the first is for the northern portion of the garage,
which is anticipated to be the majority of structure; and the second is for the southern portion
of the garage. Since the lowest floor slab will require cuts and no new fill is planned for the
site, no significant pile down drag is anticipated.

Driven Pile Foundations

Driven pile foundations were analyzed as a foundation option for deep foundation support.
The analyses indicate that a 12-inch steel H-pile, a 12-inch steel pipe pile, a 12-inch concrete
pile, and a 14-inch concrete pile should be capable of supporting an allowable axial load of 75
tons.

The anticipated penetration for the pile to develop such capacity for individual piles are
summarized in the tables below.
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12-inch Steel H-Pile

. . Estimated Design Capacity for
. Estlm_ated ALY Minimum Bearing F.S=2.0
Boring No. Pile Length .
(Ft) Elevation (Tons)
(ft) Compression Uplift
Western Portion
B-1, B-2, B-3, B-4, B- 68 -59 75 30
10
Eastern Portion
B-6, B-8, B-9, B-11 50 -30 75 30

12-in Steel Pipe Pile

Estimated Minimum

Estimated Minimum

Design Capacity for

Boring No. Pile Length Bearing Elevation e
(1) () (Tons)
Compression Uplift
Western Portion
B-1, B-2, B-3, B-4, B- 65 -55 75 30
10
Eastern Portion
B-6, B-8, B-9, B-11 45 -37 75 35

12-in Square Concrete Pile:

Estimated Minimum

Estimated Minimum

Design Capacity for
F.S=2.0

Boring No. Pile z_fte)ngth Bearmg(flf)levatlon (Tons)
Compression Uplift
Western Portion
B-1, B-2, B-3, B-4, B-10 65 -55 75 35
Eastern Portion
B-6, B-8, B-9, B-11 40 -32 75 38

14-in Square Concrete Pile:

Estimated Minimum

Estimated Minimum

Design Capacity for

Boring No. Pile Length Bearing Elevation F.S=2.0
(ft) (ft) (Tons)
Compression Uplift
Western Portion
B-1, B-2, B-3, B-4, B-10 60 -50 75 28
Eastern Portion
B-6, B-8, B-9, B-11 35 -27 75 35
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Driving piles in the eastern portion of the site and through the existing fill may be difficult and
provision for pre-drilling should be incorporated into the bid documents. Piles should be
driven minimum 20 feet into the bearing stratum.

Since driven piles can be “tested” to at least 2 times their design load relatively easily during
construction with conventional static load testing or via dynamic pile testing with a Pile Driving
Analyzer (PDA), the production lengths can efficiently be chosen.

The piles should be driven and tested to two times the design capacity to satisfy both
compression and uplift requirements. The hammer utilized by the pile driving contractor must
be capable of delivering sufficient energy to drive the piles to develop at least 150 tons
ultimate capacity.

Pile driving operations should be monitored continuously by the geotechnical engineer to
ensure that the required length and capacity is obtained at each pile location. We recommend
that at least 4 control piles be driven in the garage area at permanent pile locations prior to
ordering the production piles. The control piles should be dynamically tested during both initial
installation and re-drive after a waiting period of at least 72 hrs, using the Pile Driving Analyzer
(PDA). The control piles will need to be driven to confirm the usable capacity, lengths, and to
outline the criteria for installing the production piles. We recommend that the same hammer be
used to drive both production and control piles. The hammer should be selected so that it is
capable of mobilizing the required ultimate capacity during the restrike dynamic load testing,
which is a key aspect of the recommended test pile program.

Settlement of pile groups, designed in accordance with our recommendations presented in this
report, is expected to be small and within tolerable limits for the proposed parking garage. For
piles driven as recommended herein, maximum total settlement is expected to be on the order
of 0.5 inch for the design loads. Maximum differential settlement between adjacent columns is
expected to be half the total settlement. These settlement values are based on our
engineering experience of the soil and the anticipated structural loading, and are to guide the
structural engineer with his design. Piles should be driven to the design tip elevations
presented above or as modified by the geotechnical engineer upon completion of the test pile
program. An acceptable terminating blow count criteria and minimum tip elevation will be
established during the test pile program.

For the structure and for retaining walls along portions of the parking garage battered piles

should be incorporated into the design to accommodate the lateral loads and lateral earth
pressures acting on pile caps. Battered piles should be less than 15 degrees from vertical.

Auger Grouted Displacement Piles

Auger grouted displacement piles (AGDP) are installed using a continuous flight, hollow-stem
auger to drill down to the desired pile tip elevation. The AGDP generally does not generate
significant amounts of soil spoils. During auguring the soil is pushed laterally as the auger is
advanced rather than cutting and moving the soil upwards to the ground surface. As the auger
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is slowly withdrawn from the ground, the pile is formed by injecting high-strength cement grout
into the foundation soils through the base of the lead auger. Various contractors have the
ability and expertise to install this type of foundation system and the names of these
contractors can be supplied on request.

Auger cast piles can be installed with diameters varying from 12 inches to 24 inches.
However, based on the information available at this time it is anticipated that a 16-inch
diameter pile is the most economical pile based on estimated pile length and capacity.

Based on the anticipated general subsurface conditions at the project site, and the estimated
structural loads, it is estimated that 16-inch diameter auger grouted displacement piles
extended to a depth of 65 ft below existing ground surface or tip elevation of about EL -55,
should provide an allowable bearing capacity of 75 tons per pile (5000 psi grout) in
compression and 35 tons for allowable uplift capacity. All AGDP piles for the eastern and
western portion of the garage should be installed to the design depth.

For Auger grouted displacement piles, we recommend that at least eight (8) control piles be
installed within the proposed building area to the design penetration depths. One (1) of the
control piles should be statically load tested to at least twice the design load in accordance
with ASTM D1143.

Settlement of pile groups, designed in accordance with our recommendations presented in this
report, are expected to be small and within tolerable limits for the proposed building. For piles
installed as recommended herein, maximum total settlement is expected to be on the order of
0.5 inch for the design loads. Maximum differential settlement between adjacent columns is
expected to be half the total settlement. These settlement values are based on our
engineering experience of the soil and the anticipated structural loading, and are to guide the
structural engineer with this design.

For the structure and for retaining walls along portions of the parking garage battered piles
should be incorporated into the design to accommodate the lateral loads and lateral earth
pressures acting on pile caps. Battered piles should be less than 15 degrees from vertical.

Floor Slab

Based on the information provided to us, the finished lower floor level is proposed at EL 8.5 ft.
Therefore, cuts up to about 5 ft will be required to reach the proposed subgrade elevations.
We anticipate that the majority of the garage slab will be supported on new fill material placed
on firm ground after removing the underground water tanks. For the remaining areas of the
garage and for the surface parking the subgrade is anticipated to consist of firm to very loose
existing fill or natural ground. It is important that the slab and parking subgrade be firm and
unyielding before the placement of the granular subbase materials, the moisture barrier, and
concrete. Any excessively yielding areas should be undercut and replaced with controlled,
compacted fill as recommended below.
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1. Undercut minimum 2 feet below the bottom of the slab

2. Backfill using select fill CR-1 or RC-1

3 Place two layers of geogrid Tensar TriAx (or equivalent) spaced 12-inches apart —
one layer at the bottom of the undercut and one layer 12 inches above.

Parking garage lowest slabs may be ground-supported on subgrades prepared in accordance
with the recommendations above and in the Earthwork sections of this report. Floor slab
subgrade preparation should generally include the removal of existing tanks and underground
utilities, and removal of other soft or unsuitable materials from the building areas. The actual
depths, quantities, and quality of surface materials must be determined during the stripping
operations. Prior to placing any fill and granular subbase materials, the exposed subgrade
soils should be examined by an experienced Geotechnical Engineer or their authorized
representative. The subgrade should be thoroughly proofrolled with suitable equipment and/or
probed by a qualified representative of the Geotechnical Engineer in an effort to detect
unstable or otherwise unacceptable soil conditions. Soils in any excessively unstable areas
should be undercut and replaced with new engineered fill. Recommendations for construction
of engineered fill are presented in the Fill Placement section of this report.

We recommend the slab-on-grade be underlain by a minimum of 6 inches of graded coarse
aggregate. The granular material provides a capillary break between the subgrade and the
slab-on-grade, while also providing a uniform bearing surface. Where moisture seepage is a
concern, a vapor barrier may be placed on top of the granular materials before the placement
of concrete, to provide additional moisture protection. However, with the use of a vapor barrier
special attention should be given to the surface curing of the slab in order to minimize uneven
drying of the slab and any associated cracking and curling. For design purposes, based on
empirical correlations, a modulus of subgrade reaction (k) of 120 pounds per cubic inch (pci)
may be utilized, provided a 6-inch subbase is utilized and the subgrade has been prepared in
accordance with the recommendations presented herein.

In the event there is a significant time lag between the site grading work and the fine grading
of concrete slab areas prior to the placement of the subbase stone or concrete, the
Geotechnical Engineer should verify the condition of the prepared subgrade. Prior to final slab
construction, the subgrade may require scarification and re-compaction to provide firm and
stable conditions.

It is recommended that ground-supported slabs be isolated from the pile caps foundation so
that differential movement between the pile cap and slab will not induce excessive shear and
bending stresses in the floor slab. Where the structural configuration prevents the use of a
free floating slab, the slab should be designed with suitable reinforcement and load transfer
devices to preclude overstressing of the slab. Slabs must also be provided with proper control
joints to minimize the effects of concrete shrinkage and differential settlements. To minimize
the widths of any shrinkage cracks that may develop near the surface of the slab, it is
recommended that steel reinforcement be provided. The reinforcement should be located in
the top half of the slab to be effective.
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Sub-drainage System Recommendations

Based on the recorded groundwater levels in the test borings and monitoring wells, the
proposed parking garage lowest floor slab is anticipated to be 2 feet or more above the
encountered groundwater level. Therefore, it is our opinion that permanent underslab
drainage system is not necessary. However, a perimeter drainage system should be installed
to prevent the buildup of hydrostatic pressure and seepage of groundwater into the below-
grade space. The perimeter (exterior) sub-drainage system should consist of placement of
Enkadrain, Miradrain or equivalent geo-composite drainage panels on the exterior of the
building from the top of the foundation to within 2 feet of finished exterior grades. If concrete is
placed directly against the drainage panels, the drainage panels should be protected from
concrete intrusion by placing 6 mil polyethylene sheeting over the drainage panels. Water
collected on the exterior of the building should be collected and discharged by placement of a
perimeter foundation drain.

Lateral Earth Pressure for Below-Grade Building and Site Retaining Walls

It is very important with regard to construction of below-grade building walls that soils within the
critical zones behind the walls meet certain criteria with regard to soil type. For below-grade
building walls, the critical zone can be considered as the zone between the bottom back edge
of the wall footing and an imaginary line extending upward and rearward from the bottom back
edge of the wall footing at a 45-degree angle.

It is recommended that all natural soils and backfill soils within the critical zones of basement
walls should have USCS classifications of Silty Sand (SM) or more granular. Any soils having
classifications less granular than Silty Sand (SM) may need to be removed from the critical
zones of the walls, as determined by the Geotechnical Engineer at the time of construction.

Backfill materials for below-grade walls should be placed and compacted in accordance with
criteria outlined in the Earthwork section of this report. The minimum degree of compaction
for backfill soils behind below-grade building walls and conventional retaining walls should be
95 percent of the Standard Proctor maximum dry density (ASTM D 698), unless otherwise
approved by the Geotechnical Engineer.

It is important that below-grade building walls that generally are designed for minimal
displacements at the top of the wall should not be backfilled until the walls are adequately
braced by permanent structural framing. Conversely, walls that are designed for active earth
pressures generally should not be braced during backfill compaction, so that the walls can
yield and rotate and develop active earth pressures. For yielding walls, it generally will be best
not to place steel framing, or conventional masonry or concrete walls for the buildings, until
wall backfilling operations have been completed.

Below-grade building walls and other retaining walls that are rigid and not free to rotate at the
top should be designed for at-rest earth pressure conditions. Based on consideration of at-rest
earth pressure conditions and typical properties for Silty SAND (SM) or more granular soil
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types, it is recommended that equivalent fluid pressures on walls from the retained soils be
calculated as 60H, in units of pounds per square foot, where H is the height of the wall
retaining soils in units of feet.

Walls that are flexible and free to rotate at the top can be designed for active earth pressure
conditions. Based on consideration of active earth pressures and typical properties for Silty
SAND (SM) or more granular soil types, it is recommended that equivalent fluid pressures on
walls from retained soils be calculated as 40H, in units of pounds per square foot, where H is
the height of the wall retaining soils in units of feet.

Taking into consideration SM or more granular material as a backfill behind below grade walls,
the following parameters are recommended for design:

Total (wet) unit weight: 125 pcf
Internal Friction Angle: 30 degrees
At-rest earth pressure coefficient, Ko: 0.5

Active earth pressure coefficient, Ka: 0.33
At-rest equivalent fluid pressure: 60H psf
Active equivalent fluid pressure: 40H psf

The design criteria presented above for evaluation of horizontal earth pressures on retaining
walls are based on the assumption of level backfill conditions and the absence of free water
within the wall backfill materials. Lateral pressures induced by sloping backfills and/or by any
surcharge loadings adjacent to walls will also need to be considered in the wall designs. In
addition, suitable drainage will need to be provided to intercept and to dispose of any surface
infiltration and groundwater behind walls.

Sliding resistance for retaining walls supported on piles should be resisted by utilizing battered
piles. Additional resistance to sliding from passive earth pressure resistance also can be
considered, if the earth materials considered for passive resistance will remain in place on the
low side of the retaining wall. Equivalent fluid pressures for passive earth pressure resistance
can be computed as 250D, in units of pounds per square foot, where D is the depth of
undisturbed natural soil or engineered fill that will remain in place above the base of the wall
footing. Because the frictional and passive earth pressure resistances are based on limit
strength conditions, appropriate factors of safety of at least 1.5 should be applied to the
designs considering these resistances.

The Geotechnical Engineer can provide additional design guidance regarding these and other
aspects of below-grade wall and retaining wall design upon request.
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Soil Seismic Site Classification

Section 1613.3.2 of the IBC 2012 refers to Chapter 20 of ASCE7 for seismic site classification,
which is based on various criteria, one of which is the Standard Penetration Resistance, Ny,
derived from the Standard Penetration Test Procedure (ASTM D-1586). ASCE7 Table 20.3.1
provides correlations for Site Classes C, D, and E with various ranges of Ny, to be calculated
for the top 100 feet of the subsurface materials at a site in accordance with procedures
described in Section 20.4.2 of ASCE7. In addition, the table presents criteria related to various
soil properties for Site Classes E and F. ECS has used Table 20.3.1 of ASCE7 and the
procedures outlined in Section 20.4.2 of ASCE7 to evaluate the Site Class for this project site.

Based on our review of the soil test boring results, it appears that the average Ny, value
should be below 15 blows per foot over a depth of 100 ft. This Np, value places the project
site within the Site Classification of E, according to Table 20.3.1 of ASCE7.

Temporary Excavation Support

Excavations within limits of the proposed structure may require cuts of up to 12+ feet below the
adjacent site grades. Consequently, a temporary excavation support system may be required
if sloping the sides is not feasible. We recommend that this system consist of soldier piles and
wood lagging, braced with either tiebacks anchored in the adjacent overburden soils, rakers
and/or corner braces placed within limits of the excavation. The soldier beam and wood
lagging retention system should be freely draining, and designed to withstand lateral earth
pressures of at least 35 psf per foot of wall height. The influence of any surcharge loads
should also be considered. This may consist of any additional lateral load transmitted by
adjacent roadways. Based on the encountered soil, the active zone is defined as the area
within a 60 degrees slope from the base of the excavation.

The contractor should avoid stockpiling excavated materials or equipment immediately
adjacent to the excavation walls. It is recommended that stockpiled materials be kept from the
excavation a minimum distance equal to one half the excavation depths to limit surcharging the
earth retention system. |If this is not practical due to space constraints, the earth retention
system should be designed for the anticipated surcharge loads. In addition, the earth retention
system design should consider surcharge loads from cranes and other construction equipment
that may be required to approach the site.

The spacing of the soldier piles and braces should be determined by structural analysis. The
design of the retention system is beyond the scope of work; however, it is recommended that
maximum spacing of soldier piles not exceed 8 feet. In some areas, tie back anchors might be
limited for bracing the system. In addition, public space permits might be required for tiebacks
that penetrate into public space subgrade areas. In areas where tiebacks are not feasible, an
internal bracing system of rakers will be required. Rakers should be braced against toe blocks
which will provide reaction points designed to carry the loads.
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If tiebacks are used, we recommend performance testing on at least 10 percent, randomly
selected tiebacks. The performance test is used to evaluate the tieback load carrying capacity,
deflections during loading, and movements with respect to time. The load should be applied
by means of a hydraulic center-hole jack in load increments equal to 25%, 50%, 75%, 100%,
120% and 133% of the design load. The tieback capacity should be considered adequate
when a stable condition is obtained under a particular test load for duration of 15 minutes. In
addition to the performance tests, we recommend that each of the remaining tiebacks be pre-
tested to 120% of the design load, and then backed off to 80% of the design load.

The excavation support system should be monitored for lateral deformations. It is common to
install a series of tell-tales around the excavation to monitor the excavation support system.
Often, these tell-tales are on soldier piles and are augmented by settlement points on the
pavement itself. Since these tell-tales on the piles are usually easy to install, it is often the
practice to install tell-tales on every second or third pile.

Detailed recommendations regarding the design of the temporary excavation support system
are not included in this report, as evaluation of a particular system was not included within the
scope of this study. Typically, these systems are designed by specialty contractors and then
reviewed by the geotechnical engineer, if requested by the owner.

Construction Dewatering

Removal of the underground water tanks and excavation for constructing foundations may
require a temporary dewatering system consisting of either deep wells or well-points designed
and installed by a qualified dewatering contractor. The dewatering system should be designed
such that the ground water level is lowered to at least 1 foot below the bottom of the
excavation to allow for proper fill placement.

Ideally, the deep wells or well-points should be located immediately outside of the excavation
limits. In addition to the construction dewatering system, localized dewatering by use of
perimeter interim trenches sump pits and pumping, should be anticipated to control the flow of
perched or isolated groundwater intrusion as it is encountered. Multiple sump pits and pumps
may be required as pockets or layers of groundwater are anticipated. At the time the fill
reaches elevation EL 6 ft, dewatering may be stopped.

The actual extent of the dewatering system will need to be determined at the time the
excavation is performed. Settlement of nearby structures should be relatively minor
considering the nature of the soils being dewatered. However, a monitoring program of the
near by structures should be considered. We recommend that we review the proposed
dewatering system once a system has been proposed.

If a soldier pile and wood lagging system is used for sheeting and shoring, groundwater
seepage or flow between the lagging boards can result in loss of soil and subsequent
settlement of streets, sidewalks or possibly the floor slab of existing buildings. If this condition
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is encountered the contractor should be prepared to install geotextile fabric between the
lagging board and the retained soils.

Pavement Construction

Details regarding traffic conditions anticipated for the site were not provided. However, based
on our previous experience, it is ECS’ opinion that two pavement sections generally should be
considered for use — a light-duty pavement section for the surface parking areas that will be
subjected primarily to automobile and light-truck traffic and a medium-duty pavement section
for drive lanes and access roadway that will be subjected to heavier traffic. It is our judgment
that traffic conditions associated with light-duty pavements can be represented by
approximately 25,000 18-kip equivalent single-axle loads (ESALs) during an approximately 20-
year service life, while traffic conditions associated with medium-duty pavements can be
represented by approximately 150,000 ESALs during an approximately 20-year service life.

It is ECS’ opinion that use of the light-duty pavement section and the medium-duty pavement
section most likely will be sufficient for traffic conditions likely to occur at the development.
However, traffic loading conditions are an extremely important parameter with regard to
pavement design. Therefore, if the traffic condition estimates provided above are considered
to be inappropriate for the project, please advise ECS so that revised pavement section
designs can be determined for this site. Final decisions regarding pavement sections can be
made as project design progresses, when further input regarding likely traffic conditions can be
provided by other Design Team members.

Subgrade support conditions are the other major parameter of importance to pavement design
and performance. Based on the boring results, it is anticipated that the subgrade soil
conditions exposed at final subgrade levels when the project site is graded prior to pavement
construction will generally consist of, Silty SAND (SM), Clayey SAND (SC), Sandy CLAY (CL),
or new fill material. However, due to the presence of fill and then deep marine deposits below
we recommend a minimum 24 inches of undercut of surficial soft material and replacing it with
new select fill CR-1/ RC-1 with layers of reinforcing geogrid (Tensar Triax 140 or equivalent)
placed at the bottom of the undercut and then next layer every 12 inches above.

Based upon our previous experience with similar projects and site conditions, it is our judgment
that the typical pavement subgrade soils such as the soils encountered at the site could exhibit
a minimum California Bearing Ratio (CBR) value of 3 when compacted to at least 95 percent of
the maximum dry density, as determined by the Standard Proctor test (ASTM D 698).
Therefore, for pavement design a CBR value of 3 is considered.

The pavement sections provided in this report (for budgeting purposes) have been designed
based on methodology from the American Association of State Highway and Transportation
Officials’ (AASHTO) Guide for Design of Pavement Structures, 1993. Summarized below are
the subgrade strength parameters, the traffic conditions, and other design parameters and
criteria considered in these analyses.
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CBR value:
Traffic for Light-Duty Pavement:

Traffic for Medium-Duty Pavement:

Reliability:

Overall Variance:

Initial Serviceability:
Terminal Serviceability:

3

25,000 ESALs
150,000 ESALs
85 percent
0.45

4.2

2.0

Using the above-indicated design parameters, we have estimated pavement section designs
as shown in the following table.

Pavement Material Compacted Material Thicknesses (Inches)*

Standard-Duty Medium-Duty
(25,000 ESALS) (150,000 ESALS)

Surface Course Asphalt

HMA Superpave - 9.5 mm ** 1.5 2.0

Base Course Asphalt

HMA Superpave —12.5 mm ** 2.0 3.0

Graded Aggregate Base

GAB 5.0 7.0

Total Pavement Thickness 8.5 12.0

* Compaction: Level 1 (50

Gyrations)

** Binder Type: PG64-22

Final determinations of pavement sections to be used at the site may not be possible until the
time of actual construction, depending on the sequence of grading and availability of materials,
when the subgrade soil conditions become exposed in the various site areas. For planning
and pricing considerations, however, it is anticipated that the pavement sections shown for a
CBR value of 3 should provide a reasonable estimate of the average pavement sections that
will be needed for the site.

The standard-duty pavement section shown in the table above should only be considered for
use in areas where traffic will consist primarily of automobiles and light trucks and where any
regular use by heavier trucks will be prohibited. The medium-duty pavement section shown in
the table above should be considered for the main site entrances and portions of the site that
will experience some use by heavier vehicles.

It is ECS’ opinion that the suggested flexible pavement section would not be suitable for the
support of heavy, concentrated wheel loads. Therefore, we recommend that rigid Portland
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cement concrete pavement sections should be provided for any dumpster storage areas and
for any unloading zones for deliveries. In addition, concrete pavement may be desirable for
the garage slab on-grade. The Portland cement concrete pavement section should be at least
6 inches thick and should consist of air-entrained Portland cement concrete having a minimum
28-day compressive strength of 4,000 pounds per square inch (psi). A minimum of 6 inches of
compacted dense-graded aggregate subbase (CR-6 or GASB) should be placed beneath all
rigid concrete pavements. For any dumpster storage areas, the Portland cement concrete slab
area should be large enough to support the dumpster and at least the front wheels of the truck
used to unload the dumpster.

The State of Maryland is using pavement materials whose characteristics are based on the
SuperPave material specifications. We have provided specifications for Superpave materials
in the tables above. Please note that it is important to specify the Compaction Level and the
Binder Type for SuperPave materials.

All pavement materials and construction should be in accordance with the most current version
of the Standard Specifications for Construction and Materials of the Maryland Department of
Transportation, State Highway Administration (SHA), and any applicable Anne Arundel County
standards.

The pavement sections provided in the tables above were developed for the anticipated in-
service traffic conditions only and do not provide an allowance for construction traffic
conditions. Therefore, if pavements will be constructed early during site development to
accommodate construction traffic, consideration must be given to the construction of heavier
pavement sections, capable of accommodating the much heavier loads normally associated
with construction traffic, as well as the future in-service traffic. ECS can provide additional
design assistance with regard to pavements during the final geotechnical study.

Earthwork Operations

The following paragraphs detail our recommendations regarding subgrade preparation and
compaction requirements.

Subgrade Preparation

Subgrade preparation should generally include the stripping of any unsuitable surface
materials from the planned structure areas. It is recommended that the stripping of unsuitable
surficial materials should extend to a minimum of 10 feet beyond the structure area limits,
where feasible.

Subsequent to stripping operations, the exposed subgrade soils in the planned building areas
should be examined by a qualified representative of the Geotechnical Engineer. The exposed
soils should be thoroughly proofrolled by a vehicle having an axle weight of at least 20 tons,
such as a fully-loaded tandem-axle dump truck. This procedure is intended to assist in
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identifying any localized loose or yielding materials. In the event that any yielding materials are
encountered during the proofrolling operations, those subgrade soils should either be
thoroughly densified in-place, or undercut to firm ground and replaced with controlled,
compacted fill to final subgrade elevations.

Fill Placement

Prior to placement of compacted fill, representative bulk samples (about 50 pounds) should be
taken of the proposed fill soils and laboratory tests should be conducted to determine
Atterberg limits, natural moisture content, grain-size distribution, and moisture-density
relationships for compaction. These test results will be necessary for proper control of
construction for new engineered fill.

Upon achieving competent subgrade conditions, the Contractor can place and compact
engineered fill to reach final subgrade levels. In general, any materials to be used as structural
fill should consist of soil types classified as CL or more granular, in accordance with ASTM D
2487, and should have a Liquid Limit less than 30 and a Plasticity Index less than 20.
However, materials used as backfill behind below-grade walls or retaining walls should have
classifications of SM, or more granular, in accordance with ASTM D 2487, and should have no
more than 30 percent by weight of soil particles finer than the No. 200 sieve. The borings in
cut areas indicate predominantly unsuitable fill and clay and limited presence of granular soil
that are suitable for reuse as controlled, compacted fill. Therefore, contractor should anticipate
using off-site material for structural fill.

Finer-grained, more plastic, and organic soil types, if encountered at the site, may be used as
fill materials in landscape areas. Any such materials encountered during grading operations
should be either stockpiled for later use in landscape fills, or should be placed in approved
disposal areas either on-site or off-site.

Prior to the utilization of any on-site or off-site borrow materials, the Geotechnical Engineer
should be provided with representative samples in order to determine the suitability of the
materials for use as a controlled compacted fill and to develop moisture-density relationships.
In order to expedite the earthwork operations, it is recommended that any off-site borrow
materials generally should be comprised of SM or more granular soil types.

All structural fill should be placed in loose lifts, which do not exceed 8 inches in thickness, and
should be compacted to at least 95 percent of the maximum dry density, as determined by the
Modified Proctor Compaction Test (ASTM D 1557). Generally, the moisture content of the fill
material should be maintained within +2 percentage points of the optimum moisture content for
the fill material, as determined by ASTM D 1557. Fill materials in the upper 1 foot of slab and
pavement subgrades should be compacted to at least 98 percent of the Modified Proctor
maximum dry density. Fill placed in non-structural areas should be compacted to at least 90
percent of the Modified Proctor maximum dry density in order to avoid significant subsidence.
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Due to the textural variations of the on-site soils, variations in moisture-density relationships
should be anticipated. Such variations must be determined in the field by a qualified
representative of the Geotechnical Engineer at the time of construction, so that any necessary
changes to fill placement and compaction procedures can be implemented.

The footprint of the proposed parking garage area should be well defined, including the limits
of the fill zones at the time of fill placement. Grade controls should be maintained throughout
the filling operations. All filling operations should be observed on a full-time basis by a
qualified representative of the Geotechnical Engineer to determine that minimum compaction
requirements are being achieved. A minimum of one compaction test per lift should be made
per 2,500 square feet of fill lift area, but not fewer than two tests per lift should be made for
any lift. The elevations and locations of the field density tests should be clearly identified at
the time of fill placement and compaction.

Compaction equipment suitable for the soil types being used as fill should be selected to
compact the fill. Theoretically, any equipment type can be used, so long as the required
density is achieved. Ideally, a steel drum roller generally will be the most efficient for
compaction of granular soil types and for sealing the surface soils, while a sheepsfoot roller or
pneumatic-tire roller generally will be most efficient for compaction of cohesive soil types.

At the end of each work day, all fill areas should be graded to facilitate surface drainage of any
surface runoff associated with precipitation, and should be sealed by use of a smooth-drum
roller to limit infiltration of surface water. During placement and compaction of new fill at the
beginning of each workday, the Contractor should scarify existing subgrade soils so that a weak
plane will not be formed between the new fill and the existing subgrade soils. We recommend that
subgrade soils should be scarified to depths of about 4 inches prior to placement of new fill.

Fill materials should not be placed on frozen soils, frost-heaved soils, and/or excessively wet
soils. All frozen, frost-heaved, or excessively wet soils should be removed prior to continuation
of fill operations. Borrow fill materials should not contain frozen materials at the time of
placement. All frozen, frost-heaved, or excavated wet soils should be removed prior to
placement of controlled, compacted fill. Moisture contents for excessively wet soils will need to
be lowered to the range limits previously discussed.

If any problems are encountered during the earthwork operations, or if site conditions deviate
from those indicated by the borings, the Geotechnical Engineer should be notified immediately.

Construction Considerations

The on-site soils contain silt and clay fines that will be sensitive to moisture increases and to
construction disturbance. Construction activities in the presence of excessive moisture can
lead to softening of the subgrade soils and loss of bearing capacity. Therefore, it will be
prudent to schedule earthwork operations during the warmer and drier seasons that generally
occur from late spring to early fall. Measures should also be taken to limit site disturbance,
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especially from rubber-tired heavy construction equipment, and to provide for drainage of
surface water from areas being developed.

A firm working surface for the placement of engineered fill should be established prior to
construction of new fills. The moisture content of the fill soils at the time of placement should
be carefully controlled to ensure that the required compaction effort can be achieved without
excessive pumping or movement of the fill mass. In the event that the earthwork operations
are accomplished during the cooler and wetter periods of the year, delays and additional costs
should be anticipated. At these times, reduction of soil moisture may need to be accomplished
by a combination of mechanical manipulation and the use of chemical additives, such as lime
or cement, in order to lower moisture contents to levels appropriate for compaction.

As noted in the Water Level Observations section of this report, groundwater was
encountered at a depth of 4 feet and deeper in soil borings during the subsurface exploration
program and therefore will have an effect on construction. Installation of construction
dewatering system should be anticipated for any below grade excavations deeper than EL 6 ft.

Prior to the placement of mud mat, the subgrade soils must be carefully examined and tested
by a qualified representative of the Geotechnical Engineer to confirm the availability of the
design soil bearing capacity.

Any cuts or excavations associated with building and utility excavations may require forming or
bracing, slope flattening, or other physical measures to control sloughing and/or to prevent
slope failures. An examination of the applicable OSHA codes and requirements should be
made by the appropriate Contractor to ensure that adequate protection of the excavations and
trench walls is provided.

The surface soils contain some silty clay and fine sands and are considered erodible. The
Contractor should provide and maintain good site drainage during earthwork operations to help
to maintain the integrity of the surface soils. All erosion and sedimentation shall be controlled
in accordance with sound engineering practice and current local requirements. Surface water
should be directed away from the construction area, and the site should be sloped at gradients
of 1 to 2 percent to reduce the potential for ponding water and the subsequent saturation of
the surface soils.

Driven and Auger Cast Piles

The recommended allowable loading given herein is based on the subsurface data obtained
from the test boring investigation and our experience in the area. Based on the results of the
static and dynamic load testing program, the geotechnical engineer will prepare the driving
criteria to be followed by the pile driving contractor or a minimum tip elevation for Auger Cast
Piles. The actual tip elevations of the piles should be determined in the field based on the
driving criteria and on our observations during installation. Appropriate cushion materials
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should be used to avoid damage to piles. Piles should be driven with a hammer with a rated
energy sufficient to install the pile type selected.

CLOSING

This report has been prepared to provide the Owner and the Design Team with subsurface
information and evaluations and recommendations to guide geotechnical-related design and
construction for development of the proposed parking garage at the U.S. Naval Academy.
Additional Geotechnical Consulting may be needed as planning and design for the project
progress.

The evaluations and recommendations presented in this report are, of necessity, based on the
information made available to us at the time of the actual writing of the report and the site
conditions, surface and subsurface, that existed at the time the exploratory borings were drilled.
Further assumption has been made that the limited exploratory borings, in relation both to the aerial
extent of the site and to depth, are representative of general subsurface conditions across the site.
If subsurface conditions are encountered that differ significantly from those reported herein, the
Geotechnical Engineer should be notified immediately so that the analyses and recommendations
presented in this report can be reviewed for validity.

If there are significant changes to the proposed construction from those previously discussed,
ECS may need to review the changes to determine whether the evaluations and
recommendations of this report will remain valid. ECS should be provided with appropriate
plans and other information as project design progresses, so that we can review the
information and provide additional geotechnical guidance, as needed. The Geotechnical
Engineer should be retained to prepare, or at least to review, any earthwork specifications to
assure that the recommendations of this report have been properly interpreted and included in
the construction documents.
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UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D 2487)
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L.L. is 28 or less and the P.I. is 6 or less; the suffix u used when L.L. is greater than 28.
® Borderline classifications, used for soils possessing characteristics of two groups, are designated by combinations of group symbols. For example:

GW-GC,well-graded gravel-sand mixture with clay binder.

(From Table 2.16 - Winterkorn and Fang, 1975)

Division of GM and SM groups into subdivisions of d and u are for roads and airfields only. Subdivision is based on Atterberg limits; suffix d used when




ECS - Mid-Atlantic, LLC

Baltimore, Maryland
Laboratory Testing Summary
Date: 12-Jun-14

Project Number: 02-7116 Project Name: USNA Parking Garage
Project Engineer: T. Labuda Principal Engineer: H. Aboumatar Summary By: LRM
Moisture Percent Opti
Boring Sample Depth . .y Passing [ Maximum pamum
Number | Number (feet) Co?tent Soil Description LL | PL | PI No. 200 | Dry Density Moisture CER Other
(%) Sieve Content
(pcf)
(%)

B-1 3 5-6.5 14.4

B-1 4 8.5-10 8.2

B-1 5 13.5-15 329

B-1 7 23.5-25 89.1

B-1 9 28.5-30 23.0

B-1 11 38.5-40 24.0

B-1 13 48.5-50 347

B-2 5 13.5-15 26.3 |[(SC) 24 1 13 | 11 245

B-2 7 23.5-25 69.7 [(OH) 92 | 34 | 58 92.2 2nd Liquid Limit = 55

B-2 9 28.5-30 84.4
Summary Key:
SA = See Attached LL= Liquid Limit Hyd = Hydrometer UCS = Unconfined Compression Soil
S = Standard Proctor PL= Plastic Limit Con = Consolidation UCR = Unconfined Compression Rock
M= Modified Proctor Pl= Plasticity Index DS = Direct Shear LS = Lime Stabilization
V = Virginia Test Method GS = Specific Gravity CS = Cement Stabilization

OC = Organic Content



ECS - Mid-Atlantic, LLC
Baltimore, Maryland
Laboratory Testing Summary
Date: 12-Jun-14

Project Number: 02-7116 Project Name: USNA Parking Garage
Project Engineer: T. Labuda Principal Engineer: H. Aboumatar Summary By: LRM
Moisture Percent Opti
Boring | Sample Depth . - Passing | Maximum [ FPUYMum
Number | Number (feet) Co?tent Soil Description LL | PL | PI No. 200 | Dry Density Moisture CER Other
(%) Sieve Content
(pcf)
(%)

B-2 11 38.5-40 24.0

B-2 13 48.5-50 221

B-3 2 2.5-4 19.6

B-3 3 5-6.5 24 .4

B-3 4 8.5-10 45.1

B-3 5 13.5-15 36.4

B-3 7 23.5-25 49.8

B-3 11 43.5-45 24.0

B-3 14 58.5-60 23.2

B-4 2 2.5-4 194
Summary Key:
SA = See Attached LL= Liquid Limit Hyd = Hydrometer UCS = Unconfined Compression Soil
S = Standard Proctor PL= Plastic Limit Con = Consolidation UCR = Unconfined Compression Rock
M= Modified Proctor Pl= Plasticity Index DS = Direct Shear LS = Lime Stabilization
V = Virginia Test Method GS = Specific Gravity CS = Cement Stabilization

OC = Organic Content



ECS - Mid-Atlantic, LLC
Baltimore, Maryland
Laboratory Testing Summary
Date: 12-Jun-14

Project Number: 02-7116 Project Name: USNA Parking Garage
Project Engineer: T. Labuda Principal Engineer: H. Aboumatar Summary By: LRM
Moisture Percent Opti
Boring Sample Depth . . Passing | Maximum P .|mum Other
Number | Number (feet) Co?tent Soil Description LL | PL | PI No. 200 | Dry Density Moisture CER
(%) Sieve Content
(pcf) o
(%)
B-4 3 5-6.5 245
B-4 5 12-13.5 44.3 |(OH) 61| 26 | 35 89.3 2nd Liquid Limit = 49
B-4 7 18.5-20 37.6 [(SP-SC) 391 21| 18 10.2
B-6 2 2.5-4 16.3
B-6 4 8.5-10 22.8
B-6 6 18.5-20 27.8 |(SM) 25 | NP | NP 12.8
B-8 5 13.5-15 254 [(SM) 26 | NP | NP 211
B-9 3 5-6.5 12.0
B-9 5 13.5-15 23.8 [(SC) 30 | 22 8 245
B-9 7 23.5-25 30.7
Summary Key:
SA = See Attached Hyd = Hydrometer UCS = Unconfined Compression Soil
S = Standard Proctor Con = Consolidation UCR = Unconfined Compression Rock
M= Modified Proctor DS = Direct Shear LS = Lime Stabilization
V = Virginia Test Method GS = Specific Gravity

OC = Organic Content




ECS - Mid-Atlantic, LLC
Baltimore, Maryland
Laboratory Testing Summary

Project Number: 02-7116

Project Engineer: T. Labuda

Principal Engineer: H. Aboumatar

Project Name: USNA Parking Garage

Date:

12-Jun-14

Summary By: LRM

Moisture Percent Opti
: ; . ptimum
Boring | Sample | Depth | oo Soil Description L | pL| pi | PasSINg Maximum | o~ e Other
Number | Number (feet) o No. 200 | pry Density CBR
(%) Sieve Content
(pcf)
(%)
B-10 3 5-6.5 19.2
B-10 4 8.5-10 22.6
B-10 5 13.5-15 19.2
B-10 7 23.5-15 225
B-10 11 43.5-45 33.7 |(SP-SM) 34 | NP [ NP 6.9
B-11 4 8.5-10 18.8
B-11 5 13.5-15 225
B-11 6 18.5-20 243
B-11 8 28.5-30 21.8
B-11 10 38.5-40 22.2
Summary Key:
SA = See Attached LL= Liquid Limit Hyd = Hydrometer UCS = Unconfined Compression Soil

S = Standard Proctor
M= Modified Proctor

V = Virginia Test Method
OC = Organic Content

PL= Plastic Limit
PI= Plasticity Index

Con = Consolidation
DS = Direct Shear

GS = Specific Gravity

UCR = Unconfined Compression Rock
LS = Lime Stabilization
CS = Cement Stabilization




Date: 12-Jun-14

Grain Size Analysis

COBBLES GRAVEL SAND SILT OR CLAY
COARSF FINE COARSE MFDIUM EINE
U.S. STANDARD SIEVE U.S. STANDARD SIEVE NUMBERS HYDROMETER
OPENING IN INCHES
3 15" 3/4" 3/8 4 10 20 40 60 100 200
100.0 + .
|
|
90.0 | |
|
80.0 - |
I'-H |
|
P 70.0 + |
u |
5 600+ !
R |
a |
7 50.0 + :
% |
o 40.0 + |
< |
S 300 |
© 1
5 200
|
10.0 + |
|
0.0 +— | |
100 0.01 0.001
PARTICLE SIZE IN MILLIMETERS
BORING/ DEPTH
SAMPLE (FEET) SYMBOL LL PI DESCRIPTION
B-2/5 13.5-15 O 24 11 (SC)
B-2/7 23.5-25 [ ] 92 58 (OH)
B-4/5 12-13.5 A 61 35 (OH)
B-4/7 18.5-20 39 18 (SP-SC)
Project: USNA Parking Garage ECS - Mid-Atlantic, LLC
Project No.: 02-7116 Baltimore, Maryland




Date: 12-Jun-14

Grain Size Analysis

COBBLES GRAVEL SAND SILT OR CLAY
COARSF FINE COARSE MFDIUM EINE
U.S. STANDARD SIEVE U.S. STANDARD SIEVE NUMBERS HYDROMETER
OPENING IN INCHES
3 15" 3/4" 3/8 4 10 20 40 60 100 200
100.0 + .
|
|
90.0 | |
|
80.0 - |
I'-H |
|
P 70.0 + |
u |
5 600+ !
E |
|
8 50.0 + !
% |
o 40.0 + |
.< |
|
S 300 |
G) |
I 200+
|
10.0 + |
|
0.0 +— | |
100 0.01 0.001
PARTICLE SIZE IN MILLIMETERS
BORING/ DEPTH
SAMPLE (FEET) SYMBOL LL PI DESCRIPTION
B-6/6 18.5-20 O 25 NP (SM)
B-8/5 13.5-15 [ ] 26 NP (SM)
B-9/5 13.5-15 A 30 8 (SC)
B-10/11 43.5-45 34 NP (SP-SM)
Project: USNA Parking Garage ECS - Mid-Atlantic, LLC
Project No.: 02-7116 Baltimore, Maryland




80

70
A LIN€|/
E CH or OH /
Z y.
N 50 /
=
O
|_
2 40 /
< 7
a A MH or OH]
30 Iaor oL /'
20 va
A/
CL-ML
ML or OL
0 & e |
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT, LL
BORING/ WATER
SAMPLE DEPTH TEST CONTENT
No. (feet) SYMBOL DESCRIPTION (%) LL | PL | PI
B-2/5 13.5-15 o 0 24 | 13 | 11
B-2/7 23.5-25 n 0 92 | 34 | 58
B-4/5 12-13.5 A 0 61 | 26 | 35
B-4/7 18.5-20 A 0 39 [ 21 | 18
B-6/6 18.5-20 X 25 | NP | NP
B-8/5 13.5-15 o 26 | NP | NP
B-9/5 13.5-15 ® 30 | 22 8
<> - - -
Project: USNA Parking Garage ECS - Mid-Atlantic, LLC
Project No.: 02-7116 Baltimore, Maryland
Date: Jun 12,2014 Plasticity Chart




80

70
A L|N€|/
o 60 v
E CH or OH /
z .
> 50
=
Q
5 /|
< 40 /
a / MH or OH]
CLorOL
30 ,_ /r
20 //
10 /
CL-ML
ML or OL
0 & 52 A m
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT, LL
BORING/ WATER
SAMPLE DEPTH TEST CONTENT
No. (feet) SYMBOL DESCRIPTION (%) LL [ PL | PI
B-10/11 43.5-45 O 0 34 | NP | NP
B-2 / 2nd Limit ] 0 55 | NP | NP
B-4 / 2nd Limit A 0 49 | NP | NP
B-10/7 23.5-15 A 0 - - -
X R R R
O - - -
¢ R R R
Project: USNA Parking Garage ECS - Mid-Atlantic, LLC
Project No.: 02-7116 Baltimore, Maryland
Date: Jun 12,2014 Plasticity Chart




REFERENCE NOTES FOR BORING LOGS

Drilling Sampling Symbols

SS Split Spoon Sampler ST Shelby Tube Sampler

RC Rock Core, NX, BX, AX PM Pressuremeter

DC Dutch Cone Penetrometer RD Rock Bit Drilling

BS Bulk Sample of Cuttings PA Power Auger (no sample)
HSA  Hollow Stem Auger WS  Wash sample

REC Rock Sample Recovery % RQD Rock Quality Designation %

Correlation of Penetration Resistances to Soil Properties

Standard Penetration (blows/ft) refers to the blows per foot of a 140 Ib. hammer falling 30
inches on a 2-inch OD split-spoon sampler, as specified in ASTM D 1586. The blow count is
commonly referred to as the N-value.

A. Non-Cohesive Soils (Silt, Sand, Gravel and Combinations)

Density Relative Properties
Under 4 blows/ft Very Loose Adjective Form 12% to 49%
5 to 10 blows/ft Loose With 5% to 12%

11 to 30 blows/ft Medium Dense
31 to 50 blows/ft Dense
Over 51 blows/ft Very Dense

Particle Size ldentification

Boulders 8 inches or larger
Cobbles 3 to 8 inches
Gravel Coarse 1 to 3 inches
Medium % 1o 1inch
Fine Yato Y2 inch
Sand Coarse 2.00 mm to %4 inch (dia. of lead pencil)
Medium 0.42 to 2.00 mm (dia. of broom straw)
Fine 0.074 to 0.42 mm (dia. of human hair)
Silt and Clay 0.0 to 0.074 mm (particles cannot be seen)

B. Cohesive Soils (Clay, Silt, and Combinations)

Unconfined Degree of Plasticit
Blows/ft Consistency Comp. Strength P gree Ind y
Qs (tsh asticity ndex
Under 2 Very Soft Under 0.25 None to slight 0-4
3to4 Soft 0.25-0.49 Slight 5-7
5t0 8 Medium Stiff 0.50-0.99 Medium 8-22
9to 15 Stiff 1.00-1.99 High to Very High  Over 22
16 to 30 Very Stiff 2.00-3.00
31 to 50 Hard 4.00-8.00
Over 51 Very Hard Over 8.00
Water Level Measurement Symbols
WL Water Level BCR Before Casing Removal DCI Dry Cave-In
WS While Sampling ACR After Casing Removal WCI  Wet Cave-In
WD While Dirilling \V4 Est. Groundwater Level W Est. Seasonal High GWT

The water levels are those levels actually measured in the borehole at the times indicated by the
symbol. The measurements are relatively reliable when augering, without adding fluids, in a granular
soil. In clay and plastic silts, the accurate determination of water levels may require several days for
the water level to stabilize. In such cases, additional methods of measurement are generally applied.




CLIENT JOB # BORING # SHEET [
Jacobs 7116 B-1 10F2 MNea
PROJECT NAME ARCHITECT-ENGINEER g \\

US Naval Academy Parking Garage

SITE LOCATION
—O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - = Q
E ;‘J E § g i '<>_‘ g & STANDARD PENETRATION
SURFACE ELEVATION
A - - - 16.5 T &9 BLOWS/FT
o 6| 6| o | x S w|m _ -
0] Asphalt Depth [3"], Gravel Depth [9"] |
As1lss| 18|15 Fine to Medium Silty SAND, Trace Gravel, Clay 15 1
; and Brick Fragments, Brown, Moist, Very Loose 2
1 to Loose (SM FILL)
4
|s-2|ss |18 | 18 4
3
5 - - - -
1s3lss| 18| 7 Fine to Medium Clayey SAND, With Brick g
— Fragments, Brown and Reddish Brown to Wet, 50/
T Loose to Very Dense (SM FILL) 10
] 1
|S-4|Ss |18 | 10 2
10 8
— 5
| Fine to Medium Silty SAND, With Clay, Brown,
— Wet, Very Loose to Loose (SM)
] 1
S-5|SS| 18| 5 WOH
15 !
— 0
| 4
_|S6|SS| 18 | 15 4
20 8
— -5
] 1
_|S-7|SS| 18 | 18 1
1
B—sg[ss|[o [0 wo
-10
| 4
S-9|SS| 18 | 10 3
2
1
S-10{ SS | 18 | 18 1
30 !
CONTINUED ON NEXT PAGE.
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 13.50 ws ] wp[] BORING STARTED 04/01/14
T wi@cR) ¥ wiacr) 13.50 BORING COMPLETED  04/01/14 CAVE INDEPTH @ 11.50'
2 wL 10.00 RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116 B-1

SHEET

20F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©
F ; ; § g i < g & STANDARD PENETRATION
SURFACE ELEVATION 2
A - - - 16.5 T &9 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With Clay, Brown,
] Wet, Very Loose to Loose (SM) -15
] Fine to Medium Silty SAND, With CLAY,
— Greenish Gray and Olive Green, Moist to Wet,
] Medium Dense (SM) 6
S-11| SS | 18 | 18 6
35 10
— -20
| 8
_|S-12| SS | 18 | 15 14
40 16
- -25
_ 6
S-13| SS | 18 | 18 11
45 v
— -30
_ 8
S-14| SS | 18 | 18 11
50 13
| END OF BORING @ 50.00' —
- —-35
55 — =
- — -40
60— =
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 13.50 ws ] wp[] BORING STARTED 04/01/14
T wi@cR) ¥ wiacr) 13.50 BORING COMPLETED  04/01/14 CAVE INDEPTH @ 11.50'
2 wL 10.00 RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-2

SHEET

10F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
~O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w el 3 E E LIMIT% CONTENT% LIMIT%
o S| - |2 % |BoTTOM OF casine I LOSS OF CIRCULATION o 3.
To|ululy|y = %o
E [ I o e o S| = & STANDARD PENETRATION
SURFACE ELEVATION
A - - - 16.5 £ &[3 BLOWS/FT
=] o |l ol o | x S W | m _ _ _
0 m m ~ . .
_ Asphalt Depth [3"], Gravel Depth [9"] ¥ 4— : : :
Jenlss | 18| 15 Fine to Medium Clayey SAND, Trace Gravel s § : : :
— and Brick Fragments, Brown, Moist, Loose to 5 : : :
1 Medium Dense (SC FILL) 6 : : :
_|S-2|SS |18 | 10 8 : : :
5 ; S :
_|s3|ss|18] 10 5 : : :
6 . . .
_] 2 : : :
_|S4|SS| 18 | 15 4 : : :
10 ’ - 5
] Fine to Medium Clayey SAND, Brown and Olive : : : :
— Green, Wet, Very Loose (SC) : : : :
— WOH : : : :
|s5|ss| 18| 18 1 2 13K -~ /@263 :
15 L 24
_ 2 : : E
|s6|ss| 18|18 1 : ; :
20 2 : : :
] Organic CLAY, Trace Sand, Dark Gray and : : :
— Black, Moist to Wet, Very Soft (OH) : : :
] WOH : : :
_|s-7|ss| 18| 18 1 34K —— — @92
25 WOH 5 : 69.7
] 2 :
_|Ss-8|ss| 18| 18 1 :
Fine to Medium Silty SAND, With Clay, Dark i :
—lsol|ss| 18|18 EBSr'% and Black, Wet, Very Loose to Loose 3 84.4’
30 3 :

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

< wL 14.00 ws ] wp[] BORING STARTED 04/03/14
T wiecr) 14.00 X wLACR) 14.50 BORING COMPLETED  04/03/14 CAVE INDEPTH @ 15.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-2

SHEET

20F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION
—O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
| w = z E E LIMIT% CONTENT% LIMIT%
e S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
Tolulyly|y x %|a
[ a2 (2|9 [T & STANDARD PENETRATION
SURFACE ELEVATION
i 21228 16.5 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With Clay, Dark
] Gray and Black, Wet, Very Loose to Loose -15
] (SM)
] 1
_|S-10|{ SS | 18 | 18 WOH[X)-1
35 !
— -20
] Fine to Medium Clayey SAND, Trace Gravel,
— Brown, Wet, Very Loose to Loose (SC)
— WOH
_|S-11| SS | 18 | 18 WOH
40 !
— -25
_ 2
_|S-12| SS | 18 | 18 2
45 3
— -30
_ Fine to Medium Clayey SAND, Brown, Wet,
— Medium Dense (SC)
_ 4
S-13/ SS | 18 | 18 6
50 !
— -35
- Fine to Medium Silty SAND, With Clay, Brown
— and Olive Green, Moist to Wet, Dense (SM)
_ 10
_|S-14| SS | 18 | 18 14
55 17
i -40
_ 11
S-15/ SS | 18 | 18 15
60 30

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

< wL 14.00 ws ] wp[] BORING STARTED 04/03/14
T wiecr) 14.00 X wLACR) 14.50 BORING COMPLETED  04/03/14 CAVE INDEPTH @ 15.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT JOB # BORING # SHEET —
Jacobs 7116 B-2 30F3 M &
PROJECT NAME ARCHITECT-ENGINEER 5T N
US Naval Academy Parking Garage [,
SITE LOCATION
—O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
| ow clz E E LIMIT% CONTENT% LIMIT%
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
- = ©
E ; ; § g g < g & STANDARD PENETRATION
SURFACE ELEVATION =
A - - - 16.5 T &9 BLOWS/FT
o 6| 6| o | x S w|m - -
] Fine to Medium Silty SAND, With Clay, Brown -45
and Olive Green, Moist to Wet, Dense (SM)
— Fine to Medium Clayey SAND, Trace Ironite
] Fragments, Reddish Brown and Brown, Moist, 8
S-16| SS | 18 | 18 | Dense (SC) 13
22
65
] Fine to Medium Silty SAND, Trace Clay, Olive 50
— Green, Moist, Dense to Very Dense (SM)
] 10
S-17| SS | 18 | 18 20
70 29
— -55
| 10
_|S-18| SS | 18 | 18 34
75 43
END OF BORING @ 75.00' -
— —-60
80— =
— —-65
85— =
- —-70
90 — =
— —-75
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
< wL 14.00 ws ] wp[] BORING STARTED 04/03/14
T wi@cr) 14.00 ¥ WLACR) 14.50 BORING COMPLETED  04/03/14 CAVE INDEPTH @ 15.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-3

SHEET

10F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
~O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w clz E E LIMIT% CONTENT% LIMIT%
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
= w w w w 4 El19
> o 0
E g g § S |surFACEELEVATION 9.0 wo < £ & STANDARD PENETRATION
i =2 = - : < 43 BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [3"], Gravel Depth [9"] 5 :Q a :
~s1lss |18 10 Fine to Medium Clayey SAND, With Gravel and g g
— Brick Fragments, Brown and Reddish Brown, 6 :
] Moist, Very Loose to Loose (SC FILL) 4 :
|s-2|ss| 18] 12 3 19.6-@
3 . .
5 5 :
_|s3|ss| 18] 18 ? [ :
- 244 :
] Fine to Medium Silty Clayey SAND, Dark Gray f o E
—|salss| 18|18 and Black, Wet, Very Loose to Loose (SC-SM) i 0 3 4510
: 2 :
10 f :
] Fine to Medium Silty SAND, With Clay, Dark 1 : :
—Iss5|ss| 18] 15 Gray and Black, Wet, Very Loose to Loose 2 6.4 @
(SM) 2 : :
15 : :
] Fine to Medium Clayey SAND, Dark Gray and WOH
|se|ss| 18|16 Olive Green, Wet, Very Loose to Loose (SC) WO
20 WOH
_] 2 : :
|s-7|ss| 18] 18 1 |®-2 L 498-@
25 ! : :
_ 2
_|S-8|SS| 18 | 18 1 2
30 !

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 7.50 ws ] wp[] BORING STARTED 04/04/14
T wiecr) 7.00 X wLACR) 6.50 BORING COMPLETED  04/04/14 CAVE IN DEPTH @ 8.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-3

SHEET

20F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w -
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©o
F HE'J ; § g i < g & STANDARD PENETRATION
SURFACE ELEVATION >
A - - - 9.0 £ &[3 BLOWS/FT
o 6| o | o | x S w|m _ _
— Fine to Medium Clayey SAND, Dark Gray and —
] Olive Green, Wet, Very Loose to Loose (SC) 1
| ; WOH
“|so|ss |18 |18 25
35 —
“|s-10| ss | 18 | 15
40
] Fine to Medium Clayey SAND, Trace Gravel,
— Brown, Moist to Wet, Medium Dense (SC)
T |s11|ss| 18| 7
45
] Fine to Medium Silty SAND, With CLAY, Trace
— Gravel, Greenish Gray and Brown, Moist to
] Wet, Medium Dense (SM)
S-12| SS | 18 | 18
50
“_|s-13| ss | 18 | 18
55
] Fine to Medium Silty SAND, With CLAY, Dark
— Green and Olive Green, Moist to Wet, Dense to :
1 Very Dense (SM) 10 :
S-14| SS | 18 | 15 16 23.2-@
60 24 :
CONTINUED ON NEXT PAGE.
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 7.50 ws ] wp[] BORING STARTED 04/04/14
T wi@ecr) 7.00 X WLACR) 6.50 BORING COMPLETED  04/04/14 CAVE IN DEPTH @ 8.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116

B-3

SHEET

30F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LiQuID
w| - | 2 s LIMIT% CONTENT% LIMIT%
. o = w -
e | 2|z | 38| 3z [sorTomor casine I LOSS OF CIRCULATION o 3.
L w| w | w|w 4 El e
= & lzl|lal3 T
= s | 5| s | 3 |SURFACEELEVATION 9.0 E ozl 3 & STANDARD PENETRATION
w | < | < | w < 413 BLOWS/FT
[=) %) %) %] 4 S | m - -
] Fine to Medium Silty SAND, With CLAY, Dark
| Green and Olive Green, Moist to Wet, Dense to
— Very Dense (SM)
] 7
“Is-15| ss | 18 | 15 B85 | 45
65 22
] 10
“|s-16| ss | 18 | 18 60 |
70 50/6
] 65 | &
_|s-17| ss | 18 | 12 29
75 %
| END OF BORING @ 75.00' L
— —-70
80— —
—] —-75
85— —
—] —-80
90 — —

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 7.50 ws ] wp[] BORING STARTED 04/04/14
T wiecr) 7.00 X wLACR) 6.50 BORING COMPLETED  04/04/14 CAVE IN DEPTH @ 8.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-4

SHEET

10F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
~O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
ow el 3 E E LIMIT% CONTENT% LIMIT%
e S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
To|ulyly|y x |3
E ez |2|d o S| = & STANDARD PENETRATION
SURFACE ELEVATION
A - - - 7.8 T &9 BLOWS/FT
o 6| o | o | x S w|m _ _ i
0] Asphalt Depth [3"], Gravel Depth [9"] = : :
As1lss| 18|15 Fine to Medium Silty SAND, Trace Gravel, Clay 3
— and Brick Fragments, Brown, Moist, Medium 7 : :
1 Dense (SMFILL) 5 8 : :
_|S-2|SS | 18 | 12 | Fine to Medium Clayey SAND, Trace Brick 8 @194 :
Fragments, Brown Moist to Wet, Very Loose to 8 : :
5 ] Medium Dense (SC FILL) : :
_ 2 :
_1s3|ss|18]| 15 2 o :
2 24.5 :
— w0 :
] T— 2 :
|s4|ss| 18|12 1 :
10 z :
] Organic CLAY, Dark Gray, Moist to Wet, Very :
Soft (OH) . :
_|s5|ss| 18| 18 5 |wo 44:3-@
WOH :
] WOH :
|s6|ss| 18| 18 1 :
15 ! :
] Fine to Medium Clayey SAND, Dark Gray and :
— Green, Wet, Very Loose (SC) :
— WOH : :
|s7|ss| 18| 18 1 376@:
20 WOH : :
] 1
_|S-8|SS| 18 | 18 2
25 2
] 2
_|S-9|SS| 18 | 18 2
30 !

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 6.50 ws ] wp[] BORING STARTED 04/09/14
T wiecr) 7.00 X wLACR) 8.00 BORING COMPLETED  04/09/14 CAVE IN DEPTH @ 9.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-4

SHEET

20F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| | 2 e F LIMIT% CONTENT% LIMIT%
. o = w -
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - - ©o
I e e T I T x T o
e % % % 8 SURFACE ELEVATION 7.8 = = % ® STANDARD PENETRATION
w 2| 2| x| w < 413 BLOWS/FT
a o | 6| o | @ S | mo - B
—] Fine to Medium Clayey SAND, Dark Gray and [0
] Green, Wet, Very Loose (SC) A
_] —-25
~Is-10| ss | 18 | 18 1
35 —
_] —-30
Fine to Medium Silty SAND, With Clay, Brown
—s-11| ss | 18 | 18 and Olive Green, and Dark Green, Moist to Wet,
40 B Medium Dense to Very Dense (SM)
_] -35
T |s12/ss | 18 | 18
45
— -40
“|s-13| ss | 18 | 18
50
_] -45
T _|s-14/ ss | 18 | 15
55
_] -50
“_|s-15/ ss | 18 | 10
60
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 6.50 ws ] wp[] BORING STARTED 04/09/14
T wiecr) 7.00 X wiACR) 8.00 BORING COMPLETED  04/09/14 CAVE IN DEPTH @ 9.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-4

SHEET

30F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — -  REC%
B DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = | 2 @ F LIMIT% CONTENT% LIMIT%
. o = w -
e S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
L Wl w | w|w 4 Fl @
= & lzl|lal3 A
e < S S S |SURFACE ELEVATION 7.8 E 213 ® STANDARD PENETRATION
i | << | < 419 BLOWS/FT
a o | 6| o | @ S | mo - B
] Fine to Medium Silty SAND, With Clay, Brown
_ and Olive Green, and Dark Green, Moist to Wet,
— Medium Dense to Very Dense (SM) -55
1 16
_|S-16| SS | 18 | 5 29 71X
65 42
_] -60
_ 18 :
“|s-17| ss | 18 | 5 32 1 82/12-®
70 50/6 :
_] 65
22 :
—|s-18/ SS | 16 | 10 33 - 83/10-®
- 50/4 : :
| END OF BORING @ 75.00' I~ : :
_] —-70
80— —
_] —-75
85— —
_] —-80
90 — —

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

2 wL 6.50 ws[] wb [ BORING STARTED 04/09/14
T wiecr) 7.00 X wiACR) 8.00 BORING COMPLETED  04/09/14 CAVE IN DEPTH @ 9.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT JOB # BORING # SHEET [
Jacobs 7116 B-5 1 OF 1 MNea
PROJECT NAME ARCHITECT-ENGINEER g \\

US Naval Academy Parking Garage

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — —  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
wl| - |2 Qg LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©o
S|y |y ly |y z |8
e % % % 8 SURFACE ELEVATION 9.0 = = % ® STANDARD PENETRATION
] < | < | < |uw < 4 = BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [3"], Gravel Depth [8"]
| Fine to Medium Silty SAND, Trace Gravel, Clay 4
S-1|8S | 18 | 12 | and Brick Fragments, Brown, Moist, Medium ;
Dense (SMFILL) 5
T ]s2|ss| 18| 14 8
5 1
5 -
_N\S-3[SS| 2 | 2 \Concrete Debris (SM FILL) - 5012 5572
— END OF BORING @ 5.17' Auger and Spoon — :
] Refusal - .
— —o0
10— —
— —-5
15— —
— —-10
20— —
— —-15
25— —
— —-20
30— —
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
< wL DRY ws ] wp[] BORING STARTED 04/10/14
T wi@ecr) DRY ¥ wLACR) DRY BORING COMPLETED  04/10/14 CAVE IN DEPTH @ 3.80'
T w RIG CME 750 FOREMAN DRILLING METHOD




CLIENT

Jacobs

JOB #

7116

BORING #

B-6

SHEET

10F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
w| = |2 e F LIMIT% CONTENT% LIMIT%
o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
5= - = Q
F ;‘J ; § % i '<>_‘ g & STANDARD PENETRATION
SURFACE ELEVATION
i 21228 1.0 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [2"], Gravel Depth [8"]
] Fine to Medium Silty SAND, Trace Gravel, Clay
—]S-1| S8 | 18 | 12 [ and Concrete Debris Fragments, Brown, Moist,
Medium Dense (SM FILL)
“|s2|ss| 18] 14
- Fine to Medium Clayey SAND, Trace Gravel
5 and Concrete Debris, Brown Moist, Medium
_|s3|ss| 18| 18| Dense (SCFILL)
] Fine to Medium Silty SAND, With Clay, Trace
—s4|ss| 18] 18 Ironite Fragments, Brown and Orange Brown,
10 B Moist to Wet, Medium Dense (SM)
“|s5|ss| 18] 18
15
“|s6|ss| 18| 18
20
] Fine to Medium Silty SAND, With CLAY, Trace
— Gravel, Greenish Gray and Olive Green, Moist
] to Wet, Medium Dense to Dense (SM)
_|S-7|SS| 18| 18
25
“_|s8|ss| 18|18
30

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 18.00 ws ] wp[] BORING STARTED 04/10/14
T wiecr) 12.00 X wLACR) 9.00 BORING COMPLETED  04/10/14 CAVE INDEPTH @ 13.00'
I wi RIG CME 750 FOREMAN CHRIL DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116

B-6

SHEET

20F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©
S|y |y ly |y z |8
e % % % 8 SURFACE ELEVATION  11.0 = = % ® STANDARD PENETRATION
] | < | < | w < 413 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With CLAY, Trace -20
] Gravel, Greenish Gray and Olive Green, Moist
_ to Wet, Medium Dense to Dense (SM)
| 8
S-9|SS| 18 | 18 15
35 20
— -25
_ 10
_|S-10| SS | 18 | 18 21
40 =
— -30
_ 8
S-11| SS | 18 | 18 18
18
45
— -35
_ 8
S-12| SS | 18 | 18 19
50 30
| END OF BORING @ 50.00' -
— —-40
55 — —
— —-45
60— —
— — -50
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 18.00 ws ] wp[] BORING STARTED 04/10/14
T wi@ecr) 12.00 ¥ wLACR) 9.00 BORING COMPLETED  04/10/14 CAVE INDEPTH @ 13.00'
I wi RIG CME 750 FOREMAN CHRIL DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116

B-8

SHEET

10F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
w| = |2 e F LIMIT% CONTENT% LIMIT%
o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©o
F ;‘J ; § % i '<>_‘ g & STANDARD PENETRATION
SURFACE ELEVATION
I - - - S 17.5 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [2"], Gravel Depth [8"] O";q J
] Sandy CLAY, Trace Gravel, Brown, Moist, o | 2
—|s1|ss| 18|12 Loose (SCFILL) - :
" - 15
— Fine to Medium Clayey SAND, Trace Gravel, |- g
—{S2|8S |18 |12 Brown, Moist, Loose to Medium Dense, — 5
] Petroleum Odor at 8 feet (SC FILL) ;
5 ; 4
_|s3|ss|18]| 14 1 5
_ 7
— —10
Fine to Medium Silty SAND, With CLAY, Olive
—salss| 18] 18 Green, Moist to Wet, Medium Dense (SM) g
10 12
- 5
| 5
_|S-5|SS| 18 | 18 6
15 ®
— 0
| 6
_|S6|SS| 18 | 18 7
20 !
] Fine to Medium Silty SAND, With Clay, Trace 5
— Ironite Fragments, Reddish Brown and Brown,
1 Moist, Medium Dense (SM) 8
_|S-7|SS| 18 | 18 11
25 14
_ -10
Fine to Medium Silty SAND, With Clay, Olive
—ssl|ss| 18] 18 Green and Brown, Moist to Wet, Medium Dense 165
30 B to Dense (SM) 13

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 13.50 ws ] wp[] BORING STARTED 04/02/14
T wiecr) 13.50 X wLACR) 15.00 BORING COMPLETED  04/02/14 CAVE IN DEPTH @ 27.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116

B-8

SHEET

20F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — —  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
wl| o2 o £ LIMIT% CONTENT% LIMIT%
. o < w <
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - - ©o
F 22 ¢ g g < 2 X STANDARD PENETRATION
SURFACE ELEVATION >
A - - - 17.5 T &9 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With Clay, Olive
] Green and Brown, Moist to Wet, Medium Dense
_ to Dense (SM) 15
| 5
_|Ss9|Ss |18 | 15 12
35 12
— -20
1 8
S-10{ SS | 18 | 18 19
40 1
— -25
1 3
S-11| SS | 18 | 15 12
15
45
— -30
1 9
_|S-12| SS | 18 | 12 12
50 18
| END OF BORING @ 50.00' —
- —-35
55 — =
- — -40
60 — =

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 13.50 ws ] wp[] BORING STARTED 04/02/14
T wiecr) 13.50 X wLACR) 15.00 BORING COMPLETED  04/02/14 CAVE IN DEPTH @ 27.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-9

SHEET

10F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
—O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = |2 e F LIMIT% CONTENT% LIMIT%
o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
- _ ©
E ; E § g i < g & STANDARD PENETRATION
SURFACE ELEVATION >
i 21228 17.4 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [3"], Gravel Depth [8"] z;o:q 4—
_ Sandy CLAY, Trace Gravel, Brown, Moist, — 2
—|S1|8S | 18| 121 |oose (CLFILL) ]
_ 4
_{S-2|SS| 18 | 14 | Fine to Medium Silty SAND, Trace Clay and g
Gravel, Brown, Moist, Loose, Medium Dense
= (SM FILL)
5 4
_1s3|ss|18]| 18 3
3
] Fine to Medium Clayey SAND, Brown, Moist, .
—|salss| 18|18 Medium Dense (SC) "
10 "
_] 7 :
|s-5|ss| 18| 18 9 X@-238
15 2 :
] Fine to Medium Silty SAND, Trace Ironite
— Fragments, Reddish Brown and Brown, Moist,
] Medium Dense (SM)
_ 6
_|S6|SS| 18| 18 17
2 10
] Fine to Medium Clayey SAND, Trace Gravel,
— Brown and Olive Brown, Wet, Medium Dense : :
] (SC) 7 : :
|s-7|ss| 18] 18 9 @307 :
25 13 : :
] Fine to Medium Silty SAND, With CLAY, Olive
—ss|ss| 18|18 Green and Brown, Moist to Wet, Medium Dense 18
30 to Dense (SM) 14

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

£ wL 13.00 ws ] wp[] BORING STARTED 04/02/14
T wiecr) 12.50 X wLACR) 11.00 BORING COMPLETED  04/02/14 CAVE IN DEPTH @ 35.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-9

SHEET

20F3

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - - ©o
F ; ; § g i < g & STANDARD PENETRATION
SURFACE ELEVATION 2
i 21228 17.4 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With CLAY, Olive
] Green and Brown, Moist to Wet, Medium Dense
_ to Dense (SM)
“_|s9|ss| 18| 18
35
“|s-10| ss | 18 | 18
40
“|s11|ss | 18 | 18
45
“|s-12| ss | 18 | 18
50
“_|s13/ ss | 18 | 18
55
] Fine to Medium Silty SAND, With Clay, Trace
— Ironite Fragments, Reddish Brown and Brown,
1 Moist to Wet, Dense to Very Dense (SM)
_|S-14| SS | 18 | 18
60
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
2 wL 13.00 ws[] wb [ BORING STARTED 04/02/14
T wi@cr) 12.50 ¥ wLACR) 11.00 BORING COMPLETED  04/02/14 CAVE IN DEPTH @ 35.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT JOB # BORING # SHEET —
Jacobs 7116 B-9 30F3 M &
PROJECT NAME ARCHITECT-ENGINEER 5T N
US Naval Academy Parking Garage =N
SITE LOCATION
—O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — — REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
| w = z E E LIMIT% CONTENT% LIMIT%
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
- = ©
E HE'J ; § g i < g & STANDARD PENETRATION
SURFACE ELEVATION 2
i 21228 17.4 £ &[3 BLOWS/FT
a o | 6| o | @ S | mo - B
] Fine to Medium Silty SAND, With Clay, Trace
Ironite Fragments, Reddish Brown and Brown, .45
— Moist to Wet, Dense to Very Dense (SM)
_ 6
S-15/ SS | 18 | 18 19
65 34
] Fine to Medium Silty SAND, Trace Clay, Olive 50
— Green and Dark Green, Moist to Wet, Dense
_ (SM) 12
S-16/ SS | 18 | 18 16
70 21
] 55
_ 8
_|S-17| SS | 18 | 18 17
75 24
END OF BORING @ 75.00' —
] — 60
80— -
] — 65
85— -
] 70
90— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
£ wL 13.00 ws ] wp[] BORING STARTED 04/02/14
T wi@cr) 12.50 ¥ wLACR) 11.00 BORING COMPLETED  04/02/14 CAVE IN DEPTH @ 35.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116

B-10

SHEET

10F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
~O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% — — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w clz E E LIMIT% CONTENT% LIMIT%
e S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
To|ulyly|y 2 Els
E ez |2|d o S| = & STANDARD PENETRATION
SURFACE ELEVATION
A - - - 17.1 £ &[3 BLOWS/FT
o 6| o | o | x S W | m _ _
0] Asphalt Depth [3"], Gravel Depth [9"] e :
As1lss 18| 10 Sandy CLAY, Trace Gravel, Reddish Brown and - g
— Brown, Moist, Loose (CL FILL) — 3 :
—s2lss| 18] 3 Fine to Medium Silty SAND, Trace Gravel, Clay, i :
- Brown, Moist, Very Loose to Loose (SM FILL) 3 :
5 5 :
_|s3|ss|18]| 7 2 ®
1 19:2
] Fine to Medium Clayey SAND, Dark Gray, Moist , E
—salss| 18|10 to Wet, Very Loose to Loose (SC) y 3 26@
10 2 :
_] 3 :
|s5|ss| 18| 18 1 19.2-@
15 ¢ :
] Organic CLAY, Trace Sand, Dark Gray and . :
|se|ss| 18|18 Black, Moist to Wet, Medium Stiff (OH) 3 :
20 2 :
] Fine to Medium Clayey SAND, Olive Green, :
— and Orange Brown, Wet, Very Loose to Loose :
] (SC) WOH :
_|s7|ss| 18|15 1 22.5-@
25 2 :
_ 4
_|S-8|SS| 18 | 18 4
30 2

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

< wL 14.50 ws ] wp[] BORING STARTED 04/01/14
T wiecr) 14.50 X wiacR) 10.00 BORING COMPLETED  04/01/14 CAVE IN DEPTH @ 32.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116 B-10

SHEET

20F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQuID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w =
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©
S|y |y ly |y z |8
e % % % 8 SURFACE ELEVATION  17.1 = = % ® STANDARD PENETRATION
] | < | < | w < 413 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Clayey SAND, Olive Green, —
] and Orange Brown, Wet, Very Loose to Loose -
] —-15
. (SC) B
| B 2
S-9|SS| 18 | 18 — 3
35 — 6
] Fine to Medium Silty SAND, With CLAY, Trace -20
— Gravel, Greenish Gray and Brown, Moist to
] Wet, Medium Dense (SM) 10
_|S-10| SS | 18 | 18 11
40 z
—] -25
_ 7
S-11| SS | 18 | 18 9
45 3
] -30
_ 10
S-12| SS | 18 | 18 10
50 T 15
| END OF BORING @ 50.00' H
—] —-35
55 — L
- —-40
60 — L
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
< wL 14.50 ws ] wp[] BORING STARTED 04/01/14
T wi@cr) 14.50 ¥ wLACR) 10.00 BORING COMPLETED  04/01/14 CAVE IN DEPTH @ 32.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB #

7116

BORING #

B-11

SHEET

10F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION
~O- CALIBRATED PENETROMETER TONS/FT?
USNA Parking Garage, Annapolis, Anne Arundel County
NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w |z E E LIMIT% CONTENT% LIMIT%
e S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
To|ulyly|y x |3
e |2z |2 |9d wos |2 & STANDARD PENETRATION
SURFACE ELEVATION
A - - - 17.0 T &9 BLOWS/FT
a o | 6| o | @ S | mo - B
0] Asphalt Depth [3"], Gravel Depth [9"] B :Q 4
As1lss| sl 10 Sandy CLAY, Trace Gravel, Brown, Moist, - Z
— Medium Stiff (CL FILL) 3
—s2lss |18l 7 Fine to Medium Clayey SAND, Trace Gravel, g
- Brown, Moist to Wet, Loose (SC FILL) 3
5 1
_1s3|ss| 18|15 2
3
] Fine to Medium Clayey SAND, Brown and ,
—salss| 18|12 Greenish Brown, Moist to Wet, Loose (SC) 3
10 5
] Fine to Medium Clayey SAND, Trace Ironite 5
—Is5|ss| 18] 18 Fragment§, Reddish Brown and Brown, Moist to 9
15 Wet, Medium Dense (SC) 9
_ 4
_|S6|SS| 18 | 15 8
20 1
] Fine to Medium Silty SAND, With Clay, Brown )
|s7|ss| 18|18 and Olive Green, Moist to Wet, Medium Dense 6
to Dense (SM) 10
25
] 7
_|S-8|SS| 18 | 15 12
30 12

CONTINUED ON NEXT PAGE.

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

< wL 14.00 ws ] wp[] BORING STARTED 04/03/14
T wiecr) 14.00 ¥ wLACR) DRY BORING COMPLETED  04/03/14 CAVE INDEPTH @ 10.00'
I wi RIG CME 750 FOREMAN CHRIS DRILLING METHOD HSA




CLIENT

Jacobs

JOB # BORING #

7116 B-11

SHEET

20F2

PROJECT NAME

US Naval Academy Parking Garage

ARCHITECT-ENGINEER

s

SITE LOCATION

USNA Parking Garage, Annapolis, Anne Arundel County

—O— CALIBRATED PENETROMETER TONS/FT?

NORTHING EASTING STATION ROCK QUALITY DESIGNATION & RECOVERY
RQD% - — -  REC%
z DESCRIPTION OF MATERIAL ENGLISH UNITS PLASTIC WATER LIQUID
w| = |2 e F LIMIT% CONTENT% LIMIT%
. o = w -
£ S| & 1| 3| % |sorromor casine I LOSS OF CIRCULATION o 3.
~ - P ©o
= SURFACE ELEVATION > TANDARD PENETRATION
A - - - 17.0 T &9 BLOWS/FT
a o | 6| o | @ S | mo - B
— Fine to Medium Silty SAND, With Clay, Brown
] and Olive Green, Moist to Wet, Medium Dense 15
| to Dense (SM) .
_ 3
S-9|SS| 18 | 15 8
35 9
— -20
_ 9
—|s-10| ss | 18 | 12 19
40 B
— - - - . -25
_] Fine to Medium Silty SAND, Trace Clay, Olive
— Green, Moist, Medium Dense (SM)
] 6
S-11| SS | 18 | 18 11
45 3
— -30
_ 6
S-12| SS | 18 | 18 8
50 13
| END OF BORING @ 50.00' -
— —-35
55 — —
— —-40
60— —
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
< wL 14.00 ws ] wp[] BORING STARTED 04/03/14
T wi@cr) 14.00 ¥ wLACR) DRY BORING COMPLETED  04/03/14 CAVE INDEPTH @ 10.00'

Ikl

WL RIG CME 750

FOREMAN CHRIS

DRILLING METHOD HSA




B-1 B-2
15 < p SHAEHE g 15
2 EiHE SMFILL 16 [/ i
1 sl 11 VA —
2007 SCFILL B-3 B - B B
12 f A o B-4 5 19 Hm SM FILL
SR EHHEE 1y & 11 T SMFILL 1o smALL ey
1 SEHELE i ° [ scruL 16 [ oy LLELLL 18 [or7y SCFLL -
¥, 3%::: 4 s 5072 AHHHEE
1 0 =S = ¥ 1 SCEILL END OF BORING 18 - R
0 P ] SC 4 s 7] =, " 4 @5.17" o
7 3 . SC-SM 3 YV :
NN 21
1 SM 4 0 A SM B
2 M 2 R o
! oS 12
5 3 O [ 1 W
2 6 7 26
-15 > -15
4
16 1 25
. 2 [ sc 2 2 SC i
8 30 5 K (- N 77 35 %l
S Vs 0 [ : 5
- 28 5 49 =+
- -30 YHHHHE 4 14 -30 o
[ - JHEHHEE S
2 24 (s 13 36 -
s END OF BORING el % 21 i S
> @ 50 31 49 Ry
S . 14 - 8
TY) 35 END OF BORING -+
45 SM @ 50'
-45 >3 -45
32
35
| 40 i
61
49
| 34 i
71
-60 761 : -60
END OF BORING 1 i 82/ |
@75 12 ¢ :
64 1 HEHHE
END OF BORING 10
- @75 END OF BORING L
@75
-75 -75
NOTES:

1 SEE INDIVIDUAL BORING LOG AND GEOTECHNICAL REPORT FOR ADDITIONAL INFORMATION.

2 PENETRATION TEST RESISTANCE IN BLOWS PER FOOT (ASTM D1586).
3 HORIZONTAL DISTANCES ARE NOT TO SCALE.

US Naval Academy Parking Garage

Jacobs

USNA Parking Garage, Annapolis, Anne Arundel County

PROJECT NO.: 7116 | DATE: 6/16/2014 VERTICAL SCALE: 1"=15'




B8 B-9 B-10 B-11
5 7777 SCFILL 3 - CLEIL 5 . P CLEILL
i : : 13 R 7 T I LFILL 15
| 12 6 SM FILL I HHHEE 5 |/ ] SCFILL
19 22 VS 3 ; 8
i : z; ) sC A < I SC i
15X SM 21 VA 5 Eg 18¥5"
. HHHHE Dt s °
14 27 SM 5 o~ 19
2 22 7] sc 3 [ 16
| 28 24 6 /. SC 24 I
-15 -15
24 17 90 VA 17
‘5 | 34 19 33 42 I m
Q — [S = 0
w 27 24 ) 22 24 é
< -+
— -30 -30 6.
5 30 30 25 21 S
- . END OF BORING END OF BORING END OF BORING i 3
g @ 50' 42 @ 50 @ 50 "{'
S . B
w 39 S
-45 -45
53
| N B
| . B
-60 END OF BORING -60
@75
-75 75
GENERALIZED SUBSURFACE SOIL PROFILE
NOTES:

1 SEE INDIVIDUAL BORING LOG AND GEOTECHNICAL REPORT FOR ADDITIONAL INFORMATION.

2 PENETRATION TEST RESISTANCE IN BLOWS PER FOOT (ASTM D1586).
3 HORIZONTAL DISTANCES ARE NOT TO SCALE.

US Naval Academy Parking Garage

Jacobs

USNA Parking Garage, Annapolis, Anne Arundel County

PROJECT NO.: 7116 | DATE: 6/16/2014 VERTICAL SCALE: 1"=15'
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