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PROJECT OVERVIEW 
 
 
Introduction and Site Description 
 
This report presents the results of our subsurface exploration and geotechnical engineering 
analysis for the proposed redevelopment of the Robinson Terminal South Facility in the City of 
Alexandria, Virginia.  This study was conducted in general accordance with ECS Proposal No. 
59282-GPR4 dated March 4, 2015 and authorized by your office.   
 
At the time of our exploration, the subject site was occupied by three existing warehouses, the 
historical building at 2 Duke Street and various ancillary buildings adjacent to the water.  The 
site is bordered by South Union Street to the west, Duke Street to the north, Wolfe Street to the 
south and the Potomac River to the east.  The general location of the site, as well as a depiction 
of the limits of the site, is shown on the Boring Location Diagram included in the Appendix of 
this report.   
 
 
Proposed Construction 
 
We understand that the project consists of the construction of a mixed-use development which 
will consist of both commercial/retail facilities as well as multi-family residential structures. There 
will be a total of nine proposed above-grade structures, one proposed below-grade parking 
garage and one structure that will remain on site from the existing Robinson Terminal facility.  
The above-grade structures over the below grade parking area will have a finished floor 
elevation of approximately EL. +11.75 feet, and the below grade parking garage slab will be at 
an elevation of approximately EL. 0 feet with bottom of footings bearing at EL. -2 feet or EL. -4 
feet depending on final foundation option selected. The three proposed 5-story commercial/retail 
buildings and two of the six proposed 4-story residential buildings are expected to be founded 
on a shared one level below-grade parking garage. The proposed 4 story townhouses located in 
the northwest portion of the site will be constructed near existing grade with a finished floor 
elevation of approximately EL. +12.25 feet. Based on our knowledge of the structure and 
preliminary information provided by the structural engineer pertaining to the proposed loading 
conditions, we expect that the maximum column loads to be on the order of 400 kips for the 
commercial buildings. The existing one-story structure to remain on site located within the 
northern portion of the site is understood to be founded at-grade. 
 
Based upon our meetings with your design team, we understand that the project is being 
designed for a flood level elevation of EL. +11 feet which results in designing for hydrostatic 
uplift pressures on the order of 900 psf for the below grade parking structure.  We understand 
that additional site improvements such as roadway and utility infrastructure within the proposed 
development will also be constructed.  The private roads are expected to provide access to both 
South Union Street and Duke Street.   
 
The description of the proposed project, as given above, is based on information provided to us 
by your office.  If any of this information is in error, either due to our misunderstanding or due to 
any design changes which may occur later, we recommend that ECS be contacted so that we 
may review our recommendations and provide any alternate or additional recommendations 
considered warranted at that time. 
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Scope of Work 
 
The conclusions and recommendations contained in this report are based on a total of 12 soil 
borings performed by ECS for this final report, six soil borings performed by ECS for our 
preliminary report (ECS Project No. 01:21983-A dated October 16, 2013), one Cone 
Penetrometer Test (CPT) sounding performed by ECS in November 2013 and one soil boring 
performed by Schnabel in February 2013.  The boring locations for our explorations were 
selected by ECS and were located in the field utilizing Global Positioning System (GPS) 
equipment and pacing/taping methods.  Borings conducted for the final exploration required 
concrete core drilling in order to access the subsurface soils. Borings were performed using 
mud rotary drilling methods with the exception of borings ECS-10 through ECS-12 which were 
advanced using standard auger techniques due to the reduced boring depths within the 
townhouses footprints. The results of the borings, along with a Boring Location Diagram, are 
included in the Appendix of this report.  The Boring Location Diagram was developed from the 
existing and proposed site plans provided to us by Bohler Engineering.  The elevations noted on 
the boring logs were interpolated from contours obtained from the site plan which provides 
topographic contours to the nearest 1-foot intervals.  
 
Environmental services and testing for potential contamination were not performed as part of 
this investigation. ECS has previously provided a Hazardous Material Survey and Phase I 
Environmental Site Assessment (ESA) in addition to the environmental reports prepared by 
WSP USA Corp. Please refer to these previous ECS reports, 01:21983-B dated October 4, 
2013 and 21983-C dated October 7, 2013, for the Hazardous Materials Survey and Phase I 
ESA respectively for the Robinson Terminal South and Alexandria Marine Shop parcels. 
 
 
Purposes of Exploration 
 
The purposes of this exploration were to explore the soil and groundwater conditions at the site 
and to develop geotechnical engineering recommendations to guide design and construction of 
the project.  We accomplished these purposes by: 

 
1. drilling twelve soil borings to depths on the order of 35 to 100 feet below the 

ground surface to explore the subsurface soils and groundwater conditions, 
 

2. installing five permanent ground water monitoring wells to depths on the order of 
35 to 80 feet which will be periodically observed over a one year period. The data 
collected from these observations will be provided within separate transmittals. 

 
3. reviewing previous information from ECS geotechnical reports for adjacent 

projects, and previous explorations at the site  
 

4. analyzing the field and laboratory data from this exploration to develop 
appropriate geotechnical engineering recommendations, and 

 
5. preparing this report of our findings and recommendations. 
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EXPLORATION PROCEDURES 
 
 
Subsurface Exploration Procedures 
 
The soil borings were performed utilizing a truck-mounted auger-drilling rig, which utilized 
continuous flight, hollow stem augers and rotary mud to advance the boreholes.  Groundwater 
monitoring wells were installed using standard practices and covered with a flush mounted cap. 
Upon completion of each bore hole where a monitoring well was not installed, the borings were 
backfilled with a bentonite slurry mix.  Spoils from each of the borings performed as part of this 
final exploration were drummed and removed from the site per the current property owner’s 
request. 
 
Representative soil samples were obtained by means of the split-barrel and shelby tube 
sampling procedures in accordance with ASTM Specifications D1586 and D1587, respectively.  
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 
blows required to drive the sampler through a 12-inch interval is termed the Standard 
Penetration Test (SPT) value and is indicated for each sample on the boring logs.  This value 
can be used to provide a qualitative indication of the in-place relative density of cohesionless 
soils.  In a less reliable way, it also indicates the consistency of cohesive soils.  This indication is 
qualitative, since many factors can significantly affect the SPT value and prevent a direct 
correlation between drill crews, drill rigs, drilling procedures, and hammer-rod-sampler 
assemblies.  In the shelby tube sampling procedure, a thin walled, steel seamless tube with 
sharp cutting edges is pushed hydraulically into the soil, and a relatively undisturbed sample is 
obtained. 
 
A field log of the soils encountered in the boring was maintained by the drill crew.  After 
recovery, the split-barrel samples were removed from the sampler and visually classified.  
Representative portions of those sample were then sealed and brought to our laboratory for 
further visual examination and laboratory testing.  The undisturbed sample from the shelby tube 
was sealed and capped on both ends upon recovery and sent for further laboratory testing. 
 
 
Laboratory Testing 
 
Representative soil samples were selected and tested in our laboratory to verify field 
classifications and to determine pertinent engineering properties.  The laboratory testing 
program included visual classifications of soil samples recovered during drilling operations, and 
natural moisture content, Atterberg Limits and grain size analysis of selected soil samples.  A 
flexible wall permeameter test was performed on the undisturbed clay sample obtained from the 
shelby tube sample. Data from the laboratory testing program are included in the respective 
boring logs and in the Appendix of this report.   
 
Soil samples were classified on the basis of texture and plasticity in accordance with the Unified 
Soil Classification System (USCS).  The group symbols for each soil type are indicated in 
parentheses preceding the soil descriptions on the boring logs.  A brief explanation of the USCS 
is included with this report.  Various soil types were grouped into the major zones noted on the 
boring logs.  The stratification lines designating the interfaces between earth materials on the 
boring logs and cross section profiles are approximate; in situ, the transitions may be gradual, 
rather than distinct. 
 
The soil samples from the soil borings will be retained in our laboratory for a period of 60 days 
after which, they will be discarded unless other instructions are received as to their disposition.   
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EXPLORATION RESULTS  
 
 
Regional Geology 
 
The proposed site is located in the Atlantic Coastal Plain Physiographic Province of Virginia.  
This Coastal Plain Province is characterized by a series of south-easterly dipping layers of 
relatively consolidated sandy clay deposits, with lesser amounts of gravel.  These coastal Plain 
deposits are estimated to be approximately 250 feet thick and are underlain by the eastward 
continuation of the crystalline rock of the Piedmont Physiographic Province. 
 
In general, the higher elevations of the site area have few remnants of the Quaternary Age 
River Terrace deposits.  The Quaternary Age Deposits are typically underlain, by the Potomac 
Group sediments of the older Cretaceous Age.  The Cretaceous Age Potomac Group deposits 
generally consist of interbedded, layers of sand, silt, clay and gravel layers.  The sand layers 
generally consist of fine to medium sand with variable amounts of clay and silt.  In isolated 
areas, gravel can also be encountered. 
 
The clay layers of the Potomac Group are commonly referred to as “marine clay”, although it is 
generally believed that they were deposited in a deltaic environment.  These very stiff to hard 
clays are often moderately to highly over consolidated and have a blocky structure.  The clays 
vary in their composition and shear strength parameters.  Fissures and slickensided surfaces 
are often present within these clays.  In their natural state, these clays exhibit considerable 
strength, but after removal of overburden by erosion or grading, a significant reduction in shear 
strength occurs.  This strength loss is attributed to opening of fissures, allowing water 
movement along the openings which leads to a lower effective strength along the slickensided 
surfaces.  The residual shear strength of the clays is generally used in stability analysis to 
model conditions of reduced shear strength due to large, long-term movements of slopes, which 
sometimes occurs.  These marine clays are highly plastic and have a high shrink/swell potential, 
due to the presence of montmorillonite as their predominate clay mineral.  Marine clays are 
typically continuous layers in a lateral direction of considerable distance, although, in some 
cases, they may form isolated clay pockets, grade into sand, or pinch-out. 
 
 
Soil Conditions 
 
Ground cover at the project site at the time of our exploration consisted of concrete slabs on 
grade up to approximately 6 inches in depth (where encountered) due to the developed nature 
of the property.  The subsurface profile for underlying materials can be subdivided into three 
different and distinct strata: Stratum I – Fill, Stratum II – Alluvial Soils, and Stratum III- Potomac 
Group Clays and Sands.  The following sections describe each soil stratum in more detail.  
 

Stratum I – Fill (EL. +10.5 feet to EL. -5 feet) 
 

Beneath the surficial concrete slabs and pavement areas, fill soils were encountered in 
each boring, ranging from depths of 2 feet to 12 feet below existing ground surface.  
Encountered fill depths correspond with elevations ranging from approximately EL. +8.5 
feet to EL. -5 feet.  The fill soils varied greatly in type, moisture, and relative 
density/consistency.  The fill materials included sand, silt, clay, bricks, asphalt, organics, 
and gravel in addition to other debris.  These materials are anticipated to have been 
placed in an uncontrolled manner. It should be noted that the deeper fill sections were 
observed in the borings closest to the Potomac River while the borings located in the 
northwest portion of the site for the proposed townhouse developments observed fill on 
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the order of 2 feet to 7.5 feet below grade; corresponding to EL. +8.5 to EL. +2.5 feet, 
respectively. 
 
As previously noted in the Scope of Services section of this report, environmental 
services and testing for potential contamination were not performed for the fill soils as 
part of this study. References to the previous environmental testing performed are 
included within that section. 
 
Stratum II – Alluvial Soils 

 
Beneath the fill soils, natural alluvial soils were encountered in the borings.  This stratum 
was generally encountered below the Stratum I Fill soils and extended to EL. -45 feet to 
EL. -63.5 feet.  It should be noted that some borings were not extended through this 
stratum and were terminated in the alluvial soils.  Generally, each boring encountered 
interblended layers with varying thicknesses of SAND, poorly graded to well graded with 
varying amounts of silt or clay (SP, SW, SM, SC) as well as layers of CLAY (CL) with 
varying amounts of sand and mica.  In general, the soils ranged from very loose to 
dense and very soft to stiff in relative density and consistency, respectively.  The 
Stratum II soils varied widely in relative density and/or consistency as well as in soil type 
over short horizontal distances; a characteristic common for sites bordering large rivers 
such as the Potomac.  It is likely that the ancient Potomac River eroded and replaced 
soils of differing type and density over long periods of time; the result of which is a highly 
variable soil layer extending from approximately EL. -5 feet to EL. -50 feet.  Multiple 
samples from the borings conducted as part of our preliminary investigation had 
increments where the weight of hammer (WOH) alone was sufficient to advance the SPT 
sampler 6 to 18 inches (full depth of the split spoon sampler).  In some cases, there was 
no recovery of soil at these depths as the material was too soft/loose to enter the split 
spoon sampler.  SPT resistances within this stratum typically ranged from WOH to 12 
blows per foot (bpf); however, resistances of 5 bpf or less were common. Denser alluvial 
deposits of sand and gravel were observed in pockets across the site, most notably 
within ECS-3 in which densities ranged from medium dense to dense. 

 
Stratum III – Potomac Soils 

 
The Potomac soils encountered typically consisted of CLAY (CL/CH) and SAND, (SP, 
SW, SC) and extended from approximately EL. -45 feet to the maximum boring 
termination depths of EL. -91.5 feet.  The SPT resistances increased markedly from the 
alluvial soils of Stratum II; ranging from 25 to 71 bpf corresponding to medium dense to 
very dense and very stiff to very hard relative densities and consistency, respectively.  
Stratum III did not appear to have been encountered within Borings B-5, ECS-10, ECS-
11 or ECS-12 due to shallower termination depths. 

 
 
Groundwater Conditions 
 
Observations for groundwater were made by the drilling crew during initial drilling and sampling 
operations at each ECS boring location for our final investigation.  Mud rotary drilling was 
utilized during our investigations in order to maintain borehole stability and prevent premature 
cave-ins. Because of this process, groundwater readings were not possible after completion of 
the bore hole; however, due to the proximity to the Potomac River hollow stem augers were 
used without rotary mud drilling for the first 10 feet to 15 feet in order to observe groundwater 
levels. It should be noted that at the time of drilling ECS-5, a groundwater elevation could not be 
obtained and therefore is not indicated on the boring log. In the initial hollow-stem auguring 
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operations, water is not introduced into the boreholes, and the groundwater position can often 
be determined by observing water flowing into or out of the boreholes. Visual observation of the 
soil samples retrieved during the auger drilling exploration can often be used in evaluating the 
groundwater conditions.  During our exploration, when observed, water was encountered in the 
borings at depths ranging from 3 feet to 13.4 feet below existing site grades corresponding 
roughly to levels between elevation EL. +7 feet and EL. -2 feet. Due to the proximity of the site 
to the Potomac River (which is considered to be tidal along this stretch of river), the 
groundwater table is expected to fluctuate between elevation EL. +5 feet and EL. -5 feet. 
 
The highest groundwater observations are normally encountered in late winter and early spring, 
and our current groundwater observations are expected to be near the seasonal water table.  
Based on the depths at which groundwater was encountered, as well as the required cuts in the 
proposed development limits, it appears that groundwater will present a significant construction 
consideration for construction of the project.  In addition, we anticipate that the site is subject to 
shallow perched water conditions, where water becomes trapped within the more granular 
deposits overlying more cohesive soils.  Variations in the location of the long-term water table 
may occur as a result of changes in precipitation, evaporation, surface water runoff, and other 
factors not immediately apparent at the time of this exploration.  The groundwater levels at this 
site are also expected to fluctuate with levels in the Potomac River. 
 
Groundwater monitoring wells were installed at five boring locations (ECS-2, ECS-4, ECS-5, 
ECS-8 and ECS-12) as part of this geotechnical exploration to depths on the order of 35 feet to 
80 feet. These wells will be monitored on a monthly basis for a period of 12 months or until 
construction activities require the monitoring wells be abandoned. Stabilized readings were not 
available at the time this report was written; however, monthly groundwater observations will be 
performed and that data will be provided within separate transmittals subsequent to each visit. 
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ANALYSIS AND RECOMMENDATIONS 
 

 
General Recommendation Overview and Discussion 
 
 
Based upon our understanding of the project information, review of subsurface data obtained 
from our exploration, and our previous experience in the area of the site, the proposed project is 
feasible from a geotechnical perspective.  Geotechnical challenges for the proposed 
development include: 
 

x The presence of old fill soils to depths of up to 12 feet (EL. -5 feet).  Because of the 
potential for poor and inconsistent support, shallow foundations should not bear directly 
upon old fill soils unless ground improvement methodologies are utilized. 

x The presence of very soft and loose alluvial soils to depths of up to 72 feet (EL. -63.5 
feet).  These soils offer little to moderate contribution to skin friction or end bearing for 
intermediate and deep foundation systems.  Significant capacity for end bearing or skin 
friction is typically not achievable until the Potomac Formation of Stratum III that was 
encountered below EL. -45 feet at its shallowest. 

x The presence of groundwater at the level of the adjacent Potomac River with typical 
levels anticipated to fluctuate between EL. +5 feet and EL. -5 feet and design flood at 
EL. +11 feet.  Hydrostatic uplift pressures on the order of 900 psf will need to be 
considered for flood events and lateral earth pressures of 90 psf per foot of wall depth 
will need to be accommodated if active, permanent dewatering systems or groundwater 
cut off walls are not incorporated into the design.   

 

ECS has prepared a preliminary geotechnical report (reference ECS Project No. 21983-A, 
preliminary report dated November 13, 2013) and has met with the design and development 
team several times to discuss foundation alternatives so that preliminary cost and construction 
feasibility could be evaluated.  Through this iterative process, the incorporation of a deep soil 
mixing perimeter groundwater cut off trench has emerged as the favored method of controlling 
groundwater on either a temporary basis for construction or on a permanent basis.  More 
traditional dewatering systems are expected to be feasible from a geotechnical perspective and 
have been considered, but the associated costs of installation, operation, potential treatment of 
contaminated/impacted water, and concerns regarding the settlement potential of immediately 
adjacent structures make deep dewatering systems a less desirable option to the development 
team.  Other groundwater cut off wall types such as slurry walls, sheet piles, and secant walls 
have been considered and are feasible alternatives from a geotechnical perspective.  However, 
the deep soil mix cut off wall system reduces the volume of contaminated/impacted soil to be 
removed compared to excavated or drilled systems, has a reduced material cost as compared 
to sheet pile systems, and we understand it to have scheduling and cost benefits. 
 
A permanent deep soil mixing cut off wall (extending to the impermeable clay of the deeper 
Potomac Formation of Stratum III) and a temporary wall (extending to an intermediate depth to 
assist with construction phase dewatering) are currently being considered.  The following bullet 
items summarize foundation alternatives for the temporary and permanent deep soil mixing cut 
off wall alternatives: 
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Temporary Groundwater Cut Off Wall (Construction Dewatering Only) 
 

x At-Grade Structures (Townhouses) 

o Shallow foundations on suitable natural soils should be designed for bearing 
capacities of 2,000 psf. Due to the presence of undocumented fill, footings 
should be extended to natural soils or fill soils should be removed and replaced 
with suitable soil. If higher bearing capacities are required or if depths of old fills 
make undercut/replacement too costly, a ground improvement system such as 
soil mixing or Geopiers, to be designed by a specialty contractor, could range 
between 3,000 psf to 5,000 psf. 

x Below Grade Structure (Garage) – Undrained 

o Below grade walls with an undrained condition should be designed for a 
minimum lateral earth pressure of approximately 90 psf.  This value may be 
modified if cast against soil or slurry cut-off wall (as recommended by specialty 
contractor designing cut off walls). 

o Mat foundation with uplift anchors to resist hydrostatic pressure.  Mat bearing 
capacities on the order of 1,200 psf with uplift capacities of 50-70 tons for post 
grouted tie back anchors or other systems such as precast concrete piles, rigid 
inclusions or augered cast-in-place concrete piles.  Actual anchor capacities to 
be determined by the specialty contractor.  Hydrostatic uplift pressure of 900 psf 
to be resisted for design flood elevation of EL. +11 feet. 

x Below Grade Structure (Garage) – Drained (Active Dewatering) 

o Deep pile foundations with pile caps and active groundwater dewatering system 
for slab on grade.   Axial compression capacities on the order of 90 to 145 tons 
with uplift capacities of 35 to 45 tons assuming 60 to 70 foot, 12-inch to 14-inch 
square precast concrete piles.  Axial compression capacities on the order of 45 
to 80 tons with uplift capacities of 25 to 50 tons assuming 60 to 80 foot, 14-inch 
to 16-inch diameter augered cast-in-place piles. Due to the increase in 
associated cost, we have not conducted any analyses of H piles.   

o Shallow foundation system with underslab drainage with groundwater pumps.  
Due to soft/loose material, soil ground improvement or rigid inclusion system 
would likely be necessary to increase bearing capacity and reduce settlement.  
Bearing capacities could range between 3,000 psf to 5,000 psf (to be determined 
by the specialty contractor). 

 

Permanent Groundwater Cut Off Wall 

x At Grade Structures (Townhouses) 

o Same recommendations above for temporary cut off wall section. 

 

x Below Grade Structure (Garage) – Drained 

o Mat foundation system with a 1,200 psf bearing pressure and below grade walls 
designed for lateral earth pressures of 90 psf per foot of depth.  This value may 
be modified if cast against soil or slurry cut off wall (to be discussed with 
specialty contractor/designer).  Uplift should not be an issue if a permanent 
groundwater cut off wall is properly designed and installed around the perimeter 
of the below grade walls.  
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o Deep pile foundations with pile caps.   Axial compression capacities on the order 
of 90 to 145 tons with uplift capacities of 35 to 45 tons assuming 60 to 70 foot, 
12-inch to 14-inch square precast concrete piles.  Axial compression capacities 
on the order of 45 to 80 tons with uplift capacities of 25 to 50 tons assuming 60 to 
80 foot, 14-inch to 16-inch diameter augered cast-in-place piles. Due to the 
increase in cost associated, we have not conducted any analyses of H piles.   

o Slabs on grade should be designed for normal drainage conditions with possible 
intermittent pumping. 

o Shallow foundation system with ground improvement such as soil mixing, rigid 
inclusion such as controlled modulus columns or geopiers to increase bearing 
capacities and reduce settlement. To be designed by a specialty contractor with 
potential bearing capacities between 3,000 and 5,000 psf. 

 

More detailed recommendations for foundation alternatives are presented in the subsequent 
sections of this report. 

 
GARAGE FOUNDATION OPTION RECOMMENDATIONS 

 
We have identified four potential options for the below grade garage structure to be incorporated 
with the deep soil mixing groundwater cut off wall options . They are in no particular order: 
 
 Option #1: Mat Foundation 

 Option #2: Auger Cast In Place Piles 

 Option #3: Precast Concrete Piles 

 Option #4: Shallow Foundations Combined with Ground Improvement Technique 
 
This section provides specific recommendations associated with these options. 
 
 
 
Mat Foundation (Option #1) 
 
The natural soils below EL. -2 feet appear suitable for support of a mat foundation.  The 
predominant soil characteristic identified below EL. -2 feet was loose Silty SAND or soft Lean 
CLAY. Based on our assumed lowest floor elevation, it is our anticipation that most of the 
overlying Stratum I fill soils will be removed in the process of establishing the design subgrade 
elevations.  As such, the anticipated soils at the slab foundation bearing elevation would consist 
of slight remnant fill materials, or predominantly granular Stratum II soils.   
 
The proposed structures may be supported on a mat foundation system bearing in the 
competent natural alluvial soils of Stratum II.  With some potential selective undercutting to 
achieve a natural soil subgrade, mat slabs can be supported on grade.  The slab shall be 
underlain by typical capillary drainage layers 4 to 6 inches thick and a suitable waterproofing 
barrier shall be used. 
 
A mat foundation system bearing in the competent natural alluvial soils of Stratum II can be 
designed utilizing a modulus of subgrade reaction, k, of 30 kcf and a contact stress of 1,200 psf.  
“Spot” contact stresses of 2,000 psf can be utilized in isolated areas with radii less than 30 feet.  
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This allowable bearing pressure assumes that the bottom of the proposed mat will bear at or 
below approximately EL. -2 feet.   
 
Competent natural alluvial soils suitable for support of the proposed structure can be identified 
on the boring logs as those natural soils having an SPT N-Value of 4 blows per foot (bpf) or 
greater.  Based on the subsurface exploration performed within the limits of the proposed 
structure, we anticipate that most of the soils at the foundation bearing elevation will be suitable 
for support of the proposed structure on a mat foundation system with allowable contact 
pressures of 1,200 psf.  It should be noted that unsuitable soft / loose natural soils and existing 
fills were encountered near the bearing elevation at some of the boring locations.  If soft / loose 
natural or unsuitable soils such as existing fill are observed at the foundation bearing elevation, 
the unsuitable soils should be undercut and removed to a depth of 2 feet or until suitable 
material is encountered, whichever is less.  At these locations, the foundation element could be 
backfilled with lean concrete or compacted engineered fill up to the original design bottom of 
foundation elevation, with the foundation constructed on top of the hardened lean concrete or 
new engineered fill.  During construction, the bearing capacity at the final mat subgrade should 
be tested in the field by the geotechnical engineer or their authorized representative to 
document that the in situ bearing capacity at the mat subgrade is adequate for the design loads.  
Depending upon encountered conditions, it may be beneficial to over-excavate and prepare a 
stone blanket as a construction surface. 
 
Settlement of a structure is a function of the compressibility of the natural soils, the design 
bearing pressure, column loads, fill depths, and the elevation of the footing with respect to the 
original ground surface.  For a mat foundation designed for the recommended bearing 
pressures, we estimate that total foundation settlements and differential settlements will be less 
than an inch with differential settlements on the order of half the total settlement amount.  These 
settlement estimates have been based upon the assumed structural information, bottom of 
foundation elevation, and the data obtained by the subsurface explorations performed by ECS. 
 
 
Mat Foundation - Uplift Resistance 
 
Based upon a design flood elevation of EL. 11 feet, hydrostatic uplift pressure of 900 psf would 
need to be resisted for an undrained condition if the temporary deep soil mixing groundwater cut 
off wall were incorporated.  We understand that sufficient dead load is not available to overcome 
this buoyant uplift pressure; therefore tie down anchors will be required.  Based upon the 
subsurface conditions encountered at the site and our experience, we anticipate that post-
grouted tie down anchors could achieve working capacities in the range of 50 to 70 tons each.  
We would anticipate unbonded lengths on the order of 20 feet and bonded lengths on the order 
of 30 feet.  Final tie down anchor design should be performed by an experienced specialty 
design-build contractor.  The anchors should be 100% proof tested to 1.33 times the design 
load.  We anticipate that the anchors would be initially installed prior to the mud mat placement 
and then incorporated into the mat structure.  Other tie down anchors systems (such as 
micropiles and helical anchors) could be feasible alternatives. The capacity and configuration of 
the chosen anchor system should be determined by a specialty design-build contractor 
experienced with design and installation. A means of reducing the potential uplift pressure 
would be to consider allowing the below-grade level to flood during storm events; however, we 
are not aware if tis is a viable program option for the project. 
 
If a permanent groundwater cut off perimeter wall is installed, the structure footprint inside the 
cut off wall should not be affected by fluctuating groundwater.  Some minor groundwater 
seepage may occur over long term; however, we do not anticipate that hydrostatic pressures 
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would exceed 300 psf and expect that the mat contact pressures would exceed the uplift 
pressures. Consequently, uplift anchors would not be required, and the mat thickness would be 
expected to be controlled by the structural loads rather than uplift.  If the structure is to be 
drained within the permanent cut of wall, a undermat drainage system that communicates with a 
sump pit should be incorporated as described in subsequent sections.   
 
 
Mat Foundation - Construction Considerations 
 
The bearing capacity of the subgrade soils should be confirmed immediately prior to placement 
of a concrete working mat.  The soils should be observed by an experienced soil technician 
working under the direct supervision of a registered professional geotechnical engineer.  Any 
soils which are soft or which become loosened by construction activities or water intrusion 
should be removed and replaced with a lean concrete or compacted stone.  In addition, some 
undercutting may be required in isolated locations across the site, as discussed in previous 
sections, due to unsuitable or loose natural soils near the foundation subgrade elevations.  
Proper construction dewatering of the subgrade soils will be necessary during construction to 
minimize difficulties during foundation installation.  Refer to the Construction Groundwater 
Control section of this report for more information pertaining to the specific dewatering efforts. 
 
The mat may be placed in one continuous concrete pour or in sections.  If the mat is placed in 
one continuous pour, we recommend that super plasticizers (high range water reducers) be 
used in the concrete mix designed to decrease the water to cement ratio, which will in turn, 
reduce the potential for shrinkage cracks in the mat.  Cold joints should not be permitted during 
placement of the mat concrete.   
 
If the mat is placed in sections, we recommend that the construction joints be designed so as to 
ensure that the joints are watertight.  We recommend that the mat be placed in a checkerboard 
fashion so that every other square is placed to minimize shrinkage effects.  If internal braces 
(rakers) are utilized for the support of the earth retention system, box outs within the mat will be 
required due to penetration of the rakers for the mats.  The joints in the mat around the rakers 
should also be constructed using a watertight seal.   
 
Since the soils at the subgrade elevation are moisture and disturbance sensitive, we 
recommend that an attempt be made to minimize disturbance of the subgrade.  The first step of 
construction should be to install the construction dewatering system as discussed in greater 
detail in the Construction Groundwater Control section of this report.  Depending on 
construction sequencing, we recommend that during cut operations the soil be left high by 
approximately 2 feet until reinforcing steel and concrete is ready for placement within specified 
areas, at which time final cuts should be made. Upon completion of the excavation, a 2 to 3-inch 
lean concrete mud mat should be used as a working mat, to prevent disturbance of the 
subgrade soils during reinforcing steel placement and framing.   
 
A properly installed mat, with proper crack control, permits only limited water to migrate to the 
surface of the mat.  However, it is virtually impossible to eliminate all water intrusion in an 
undrained condition.  Therefore, we recommend that the mat be constructed considering a fully 
waterproofed condition.  The waterproofing should be placed in accordance with the 
manufacturer’s recommendations.  Some post installation leakage is common and should be 
repaired using injection grouting or as determined by the waterproofing installation contractor’s 
and/or product manufacturer’s warranty.  
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If a permanent groundwater cut off wall is installed and a drained system is planned for the 
structure, it may be feasible to further reduce the potential for water to penetrate the 
waterproofing/mat by underlaying the mat with a minimum of 10 inches of compacted crushed 
gravel (type No. 57 stone) and to facilitate the drainage by installing trenches installed in a grid 
pattern below the mat.  The trenches should extend on the order of up to 2 feet below the mat 
subgrade, or deeper if required, and be designed to flow to a suitable connection/drainage path 
(to be determined) to communicate with the sump pit/pump.  Further details pertaining to this 
design could be generated at a later date if requested.   
 
 
Augered Cast-In-Place Piles (Option #2) 
 
Augered cast-in-place (ACIP) piles are a suitable deep foundation element for both a drained 
and undrained condition as they can provide both axial compression and uplift tension 
resistance.  We recommend the use of either 14-inch diameter or 16-inch diameter ACIP piles 
for this project.  The borings indicated below were determined to be the worse-case scenarios 
based on soil conditions observed from different areas of the proposed below grade garage. 
The following table summarizes the results of our ACIP pile capacity calculations.  We have 
assumed that the bottom of pile caps will be approximately EL. -2 feet. 
 

Table 1: ACIP Pile Parameters 

PILE 
DIAMETER 
(INCHES) 

PILE 
LOCATION 

AXIAL PILE CAPACITY 

GROUT 
STRENGTH 

(PSI) 

ESTIMATED 
TIP 

ELEVATION(2) 

(FEET) 
LENGTH 
(FEET) 

AXIAL 
COMPRESSION 
(TONS; FS=2) 

AXIAL 
TENSION 

(TONS, FS=3) 
14 ECS-2 45 25 5,000 -62 60 
14 ECS-2 60 35 5,000 -72 70 
14 ECS-2 70 40 5,000 -82 80 
14 ECS-5 50 25 5,000 -62 60 
14 ECS-5 50 30 5,000 -72 70 
14 ECS-5 65 40 5,000 -82 80 
14 B-4 45 20 5,000 -62 60 
14 B-4 50 30 5,000 -72 70 
14 B-4 60 35 5,000 -82 80 
16 ECS-2 55 30 5,000 -62 60 
16 ECS-2 70 40 5,000 -72 70 
16 ECS-2 80 50 5,000 -82 80 
16 ECS-5 60 30 5,000 -62 60 
16 ECS-5 65 40 5,000 -72 70 
16 ECS-5 80 50 5,000 -82 80 
16 B-4 55 25 5,000 -62 60 
16 B-4 60 35 5,000 -72 70 
16 B-4 75 45 5,000 -82 80 

 
Notes:  (1) The reinforcing steel will need to be designed by the Structural Engineer of Record based upon project 

loading information. 
(2)  The estimated tip elevation should be refined after the completion of the recommended test pile 

program. 
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Properly installed ACIP pile are anticipated to settle less than 1 inch with differential settlement 
between columns of less than ½ inch.  A goal of the suggested test pile program is to clarify the 
required minimum pile tip elevation throughout the site and refine the recommendations based 
on field observations.  Once indicator piles and subsequent load testing is complete, the 
geotechnical engineer should render opinions on the required pile tip elevations or acceptance 
criteria for the site. 
 
 
ACIP Pile Foundations – Construction Recommendations 
 
The grout used shall consist of a mixture of Portland Cement, fluidifier, retarder, fine aggregate 
and water so proportioned and mixed as to produce a grout mix capable of being pumped.  The 
pile grout shall have a minimum 28-day compressive strength of 5,000 psi.  Mixing time after 
adding the fluidifier at the site shall be no less than 3 minutes.  The grout shall be mixed in 
accordance with the applicable requirements of ASTM C94. 
 
The Contractor shall not use any grout older than the maximum time specified by the supplier.  
If the pre-approved maximum time limit is in excess of 120 minutes, the supplier shall provide 
adequate documentation that the grout does not become detrimentally affected beyond this 
general local industry accepted standard time limit.  The Contractor shall coordinate the grout 
delivery to meet the above requirement and to assure continuity of the work. 
 
The viscosity of the grout should be controlled with a grout cone.  This will reduce the variability 
of the grout and result in a more uniform compressive strength.  It is recommended that the flow 
cone requirement be specified as a range rather than as a single value.   
 
The grout shall be sampled and tested by an independent testing laboratory retained by the 
Owner.  During indicator and test pile installation, sampling and casting of a set of six 2-inch 
cubes shall be made from each truck of grout delivered to the site.  During production pile 
installation, sampling and casting of a set of six 2-inch cubes shall be made for every 50 cubic 
yards of grout delivered to the site and no less than once per day.  For test piles and production 
pile grout cube sets, one cube shall be tested at 7 days, one at 14 days, one at 21 days, one at 
28 days, and one at 56 days.  Grout cubes shall be made and tested in accordance with ASTM 
C31, C109 and C469.  The test results shall be submitted to the Owner, the Structural Engineer, 
and the Geotechnical Engineer for review within 3 days of completion of the testing. 
 
The augercast piles shall have reinforcing steel cages as shown on the Structural Plans.  
Additionally, the steel cages shall have #3 bars spacers, or pre-approved equal, so as to 
maintain the cages centered within the pile shaft.  The spacers shall be located at the tip and 
the top of the cages, with additional spacers located not more than 15 feet on-center for the full 
embedded length of the pile. The spacers shall be attached so as to prevent bending prior to 
placement in the pile shaft, and shall be approved by the Geotechnical Engineer prior to use. 
The size of the spacers shall be such that a minimum 3-inch grout cover inside the pile shaft is 
maintained.   
 
The grout pump should be a positive displacement piston pump capable of developing sufficient 
displacement pressures to assure the continuous and complete filling of the augered pile shafts.  
The Contractor shall field-calibrate the pump discharge capacity in strokes per cubic foot prior to 
the installation of piles so that grout take can be monitored by the Geotechnical Engineer.   
 
The pile rig shall be capable of advancing and withdrawing the auger in a slow and steady 
continuous motion, and shall have sufficient torque and weight to advance the auger to the 
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required depths.  The auger shall have continuous flights that are uniform 14-inch-diameter or 
16-inch-diameter throughout its length with no reduction in section at any point along the length. 
The auger shall have a 3-inch minimum I.D. hollow stem to facilitate grout injection.  The auger 
shall be capable of installing up to 80 foot long piles.   
 
Piles should be installed at locations laid out by a surveyor and as shown on the Foundation 
Plans prepared by the Structural Engineer.  Pile centers shall be within 3 inches of those shown 
on the Foundation Plans at the pile cut-off elevation.  The piles shall be cut-off to the specified 
elevation with the specified reinforcement extended as required above the cut-off elevation.  
Vertical piles shall be installed with deviations of no more than 1-inch in 5 feet from a vertical 
line. 
 
The piles shall be installed by the rotation of the continuous flight auger into the ground to the tip 
elevation as outlined in this report.  Once the tip elevation has been attained, a slow positive 
rotation shall be maintained and the auger initially withdrawn 0.5 feet to 1 feet.  Grout should 
then be pumped through the auger tip until a minimum grout head of 10 feet is achieved.  This 
will be estimated based on the pump calibration performed prior to pile installation.  The auger 
shall then be advanced back to the tip elevation and steadily withdrawn in a continuous 
operation while grout is being injected without interruption.  The rate of auger withdrawal and 
that of grout injection shall be coordinated such that the amount of grout pumped per foot of pile 
during auger retrieval is at least 115% of the theoretical volume per foot of pile.  A positive grout 
pressure head above the tip of the auger shall be maintained at all times as verified by the 
return of slurry/grout from around the auger flights.  If the auger jumps during withdrawal, if the 
pump skips a stroke, or if there is a break in the slurry/grout return as observed from the top of 
the augered shaft, the auger shall be lowered a minimum of 5 feet below the depth of 
questionable area and regrouted.  The rate of auger withdrawal shall not be increased once 
grout return is observed at the ground surface.  If the auger is withdrawn too rapidly, suction 
within the pile shaft could occur, exacerbating the potential for pile necking.  If the minimum 
115% grout volume is not achieved, the pile shall be redrilled and regrouted. 
 
The augered shaft shall be completely filled to the ground surface with grout.  Grout shall not be 
removed from the augered shafts by dipping or other means prior to setting of the grout.  
Installed piles shall be periodically checked by the Contractor to determine if the grout in the 
piles has settled.  If the grout level drops more than about 1 feet, the top of the pile shall be 
purged and fresh grout shall be added to the top of the pile prior to the grout reaching its initial 
set. 
 
Immediately upon completion of the grouting operation of each pile, the specified reinforcement 
shall be installed.  Care shall be taken not to contaminate the pile grout with soil or other foreign 
material during reinforcing steel cage installation.  The steel cages shall be maintained at the 
center of the grout-filled augered pile shaft at all times.  If difficulty is encountered during 
installation of the reinforcement, the pile shall be redrilled and regrouted. If problems are still 
encountered, then the shaft shall be filled with grout and abandoned, and alternate pile 
location(s) shall be determined by the structural engineer. 
 
In case there is a loss of grout upon pile grouting or if there is no return of grout from the shaft 
during pumping, the shaft shall be temporarily abandoned and shall be redrilled and regrouted 
after approximately 1 hour.  If problems are still encountered, then the shaft shall be redrilled 
and regrouted the following day.  If problems are still encountered, then a replacement pile shall 
be installed at a location determined by the Structural Engineer. 
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A minimum grout set time of 12 hours shall be allowed before any adjacent piles are installed 
unless otherwise directed by the Geotechnical Engineer.  No piles closer than 9 feet center to 
center shall be installed the same day.  If grout loss is experienced in a completed pile while 
drilling an adjacent pile, the construction of the adjacent pile shall be ceased and the completed 
pile shall be redrilled and regrouted.  The adjacent pile shall not be installed until the next day. 
 
 
ACIP Pile Foundations - Test Pile Program 
 
We recommend the installation of one pre-production test pile for each varying tip elevation with 
a minimum of five test piles.  The test piles will be statically load tested under the observation of 
the geotechnical engineer to determine adequate capacity.  The test piles shall be installed prior 
to installation of the production piles at permanent pile locations and should be considered 
sacrificial and not considered to carry design loads during production.  The purpose of the test 
pile program is to determine the production pile tip elevations (pile lengths), confirm our 
assumption of pile capacity (which is related to our design safety factor), to allow observation of 
the subsurface conditions encountered by the augers, and to provide the drilling contractor with 
an opportunity to determine the equipment required to achieve the design tip elevations.  The 
standard load test procedures (not the quick test) should be utilized. 
 
Four strain transducers shall be installed on each indicator / test pile rebar cage near the pile 
toe.  The details of the strain transducer installation shall be submitted to the geotechnical 
engineer for approval prior to the start of the test pile program.  Strain and subsequent stress 
data should be collected during the static load tests and transmitted along with the pile top 
movements required by ASTM D 1143. 
 
 
Driven Pile Foundations (Option #3) 
 
Based on the design information and soil conditions previously noted, one option for support of 
the proposed structure for both the drained and undrained conditions is using driven precast 
concrete piles for foundation support.  We anticipate that the pile tips will bear in the upper 
Potomac formation (Stratum III) with the bottom of pile caps around elevation EL. -2 feet. Based 
upon our review of the subsurface exploration data, the south western portion of the site 
adjacent to boring ECS-6 appears to exhibit lower axial capacity and may require the use of 
either the 14” piles or deeper 12” piles compared to the rest of the site. Lower skin friction and 
uplift capacities were also observed for areas adjacent to the Potomac River. Pile lengths and 
tip elevations should be verified through a test pile program prior to production. The Potomac 
formation was also observed to be lower in the southwestern portion of the site and deeper piles 
may be required for this area in order to achieve suitable end bearing within the Potomac soils. 
 
Our analyses indicate that 12-inch to 14-inch square precast concrete (6,000 psi) piles should 
be capable of supporting an allowable axial load of 90 tons to 145 tons, driven to a minimum tip 
elevation of EL. -62 feet depending on location within the proposed development.  These 
allowable capacities incorporate a Factor of Safety (F.S.) of F.S. = 2.0 for axial compression 
loading and a F.S. = 3.0 for tension loading.  The following table summarizes the driven pile 
recommendations.  
 
Please see Table 2 below for a summary of pile capacities and locations.  Estimated tip 
elevations are based on the borings performed at the project site. 
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Table 2: Prestressed Pile Capacity 

PILE TYPE 
ADJACENT 

BORING SIZE 

AXIAL PILE CAPACITY 

ESTIMATED TIP 
ELEVATION (FEET) 

LENGTH 
(FEET) 

AXIAL 
COMPRESSION 
(TONS, FS=2) 

AXIAL 
TENSION 

(TONS, FS=3) 
Square Precast 

Concrete (f’c=6,000 
psi) ECS-2 12x12 90 35 -62 60 

Square Precast 
Concrete (f’c=6,000 

psi) ECS-2 14x14 110 40 -62 60 
Square Precast 

Concrete (f’c=6,000 
psi) ECS-6 12x12 110 40 -72 70 

Square Precast 
Concrete (f’c=6,000 

psi) ECS-6 14x14 145 45 -72 70 
 
 
Due to the variations in the subsurface conditions encountered, the pile tip elevations should be 
verified through the test pile program. We anticipate that piles in the vicinity of ECS-6 may be 
required to be driven an additional 10 feet to elevation EL. -72 feet due to the increased depth in 
which the Potomac Formation was observed and this should be confirmed with a test pile prior 
to production.   

 
The piles should be driven and tested to at least 2 times the design capacity.  Pile driving 
operations should be monitored continuously by the Geotechnical Engineer of Record (GER) to 
document that the required length and capacity is obtained at each pile location.  We 
recommend that five control (or test) piles be driven for the foundations to be supported by piles.  
The control piles will need to be driven to both confirm the usable capacity, lengths, and to 
outline the criteria for installing the production piles.   
 
Settlement of pile groups, designed in accordance with the recommendations presented in this 
report, is expected to be only short term, relatively small, and within tolerable limits.  Long term 
settlement of piles is not anticipated.  For piles driven as recommended herein, maximum total 
settlement is expected to be on the order of 0.5 inches.  Maximum differential settlement 
between adjacent columns is expected to be half the total settlement.   
 
Piles should be driven to the design tip elevations.  Piles may be acceptable if terminated above 
the design tip elevation provided that the geotechnical engineer reviews the driving record and 
compares it with the test pile results.  An acceptable terminating blow count criteria will be 
established during the test pile program; however, the contractor should fully anticipate that the 
piles will need to be driven to the design tip elevations regardless of blow count or opinions of 
“hard driving”. 
 
The 6 ksi compressive strength must be obtained prior to driving the piles.  Since most 
production piles are driven relatively soon after they are cast (5-14 days), an early strength mix 
is needed.  We suggest a 100% Portland cement mix with appropriate admixtures that achieves 
the required strength in 7 days.  We do not suggest using non-Portland cementitious materials 
such as fly ash or slag that generally do not have good early strength characteristics. 
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Precast Concrete Piles – Construction Recommendations 
 
The contractor’s installation prices should include the cost of using a new pile cushion with 
every concrete pile installed.  More than one pile cushion per pile may be required if the pile 
cushion compresses more than 25% of its original height or if driving stresses exceed previously 
determined values.   
 
The piles should be installed at a minimum center to center pile spacing of three times the 
nominal width of the pile but not less than three feet.  Pile heave should be monitored and piles 
that heave 3/8 inch or more should be re-driven the heave amount plus one additional half-inch 
(0.5 inch).  Initially, pile heave measurements should be taken immediately after each individual 
pile is driven and after each pile group is completed.  If heave measurements indicate heave is 
not a significant factor, the frequency of the measurements can be reduced or eliminated.  Piles 
should be driven from the interior pile group outwards in a radial fashion, to help limit group 
densification effects and improve pile installation.     
 
Special care should be taken during the pile driving operations in order to prevent any damage 
to the surrounding structures.  It is our opinion that it will be prudent to perform vibration 
monitoring at the existing structures adjacent to the site and depending on the observed 
response during driving, it may be necessary to modify the pile driving procedures.  It is also 
recommended to perform a preconstruction survey on the existing adjacent structures prior to 
the initiation of pile driving operations. 
 
With other projects in the vicinity, we have observed that the clay, silt and fine sand soils in this 
vicinity demonstrate a property that is commonly referred to as “soil setup,” during and after pile 
driving operations.  The piles at this site will penetrate into, and in many instances, will be 
supported by these soils.  Because of the fine grain nature of clay soils, water between the 
individual particles cannot rapidly escape when compressed.  During pile driving operations, the 
dynamic impact of the pile causes a hydraulic effect which essentially reduces the apparent 
strength of the clay during the driving operations.  Once this water pressure has dissipated, 
these soils will re-adhere to the pile, which is the process of “soil setup.”   
 
It is almost impossible to verify that soil setup is occurring during driving operations.  In fact, the 
phenomenon usually takes place after a few hours, to in some instances, many days, following 
the completion of the driving operations.  Hence, we have derived a test pile program that will 
account to the anticipated amount of soil setup. 
 
 
Pile Test Program 
 
A test pile program consisting of installing at least five test piles for the commercial/retail 
building, while being monitored by a Pile Driving Analyzer (PDA), in general accordance with 
ASTM D 4945, is recommended before production piles are cast and order lengths are 
established.  The test piles should be selected by the geotechnical engineer once the pile layout 
has been established and should be in permanent pile locations.  Each pile’s termination 
depth/driving criteria will be determined by the geotechnical engineer during installation and 
testing.  Test piles should have a minimum length to meet the design tip elevation plus an 
additional 10 feet for field adjustment of the tip elevations and to attach/detach electronic 
gauges associated with dynamic pile testing.   
 
At least 48-hours after the piles are initially installed, each test pile should be restruck while 
being monitored with a Pile Driving Analyzer.  The restrike data will be used to evaluate the 
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ultimate pile capacity and subsequent production pile lengths.  The PDA data will also be used 
to evaluate the effectiveness of the contractor’s installation equipment and whether or not the 
driving stresses exceed the maximum values established herein.  The test pile program should 
consist of the following chronological aspects: 
 

1. The pile driving contractor should submit his proposed hammer assembly and at least 
two Wave Equation Analyses for Piles (WEAP) to the geotechnical engineer for 
approval prior to mobilizing to the site.  The project’s longest and shortest piles shall 
be evaluated.  We recommend conducting a drivability study and not a bearing graph 
analysis to evaluate the hammer’s ability to achieve the design tip elevations without 
overstressing the piles.  Maximum compressive and tensile stresses should be 
indicated, as well as the total number of hammer blows to achieve the design tip 
elevation and the pile cushion type/thickness.  

2. Drive 5 test piles with PDA monitoring. 

3. After 48 hours, restrike all 5 test piles with PDA monitoring (to evaluate soil setup). 

4. Perform CAPWAP analysis on at least one selected blow during restrike activities, 
preferably one early high energy blow prior to significant pile head movement.   

 
The geotechnical engineer, based on his familiarity with the design of the project, should be 
retained to conduct the test pile program with respect to the PDA testing and reporting.  Once 
the data is analyzed, production pile lengths and driving criteria can be established.   
 
The hammer type and size used for the test pile program should be identical to the hammer 
type and size used for production piles.  The appropriate hammer size and type to be used for 
pile driving operations should be selected on the basis of wave equation analyses, prior to 
mobilization to the site.  Any hammer approved by the GER’s review of the wave equation 
analysis may be used, provided the test pile results and subsequent PDA test data correspond 
well with the preliminary wave equation analyses.  The hammer must be capable of installing 
the piles to the design tip elevations, without overstressing the piles in tension or compression 
during driving.  If the contractor selects a single acting diesel hammer, a stroke stick must be 
supplied so that the hammer stroke can be observed.  If a double acting diesel hammer is 
selected, a bounce chamber pressure gauge should be on site at all times so that the bounce 
chamber pressure can be observed at random by the pile driving inspector.  Based on the loads 
of the piles and the objectives of the test pile program, we do not recommend utilizing a double-
acting diesel hammer. The minimum suggested ram weight for the 12 and 14-inch square piles 
is 6 and 8 kips, respectively, however these estimates need to be confirmed by the WEAP 
analysis. 
 
We do not recommend the use of multiple hammers during the test pile or production program, 
unless they are validated by proper dynamic tests with the PDA.  Based on our review of 
subsurface conditions, we believe that a single-acting air, steam, or hydraulic hammer would be 
the most appropriate hammer for the pre-cast, pre-stressed concrete piles.  However, other 
hammer types are certainly feasible, depending upon the results of the wave equation analysis.   
 
The wave equation analysis should evaluate the proposed equipment’s capability of installing 
the piles without damaging stresses.  For pre-cast, concrete piles, we recommend a minimum 
concrete compressive strength of 6,000 psi and a minimum effective pre-stress of 700 psi after 
losses.  A concrete mix resistant to corrosion should be used in the pile design.  Additional 
criteria should be established by the structural engineer.  For concrete piles, the maximum 
compressive pile driving stresses should not exceed 0.85 x Concrete compressive strength – 
prestressing (after losses); and the maximum tensile pile driving stresses should not exceed the 
prestressing + 3 x (square root of the compressive strength). 
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Ground Improvement – Shallow Foundations (Option #4) 
 
Due to the presence of soft soils at the potential garage foundation bearing elevation of EL. -2 
feet and within the anticipated zone of influence, a traditional shallow foundation system is not 
feasible due to excessive settlement without the use of ground improvements. The use of 
aggregate piers controlled modulus columns (CMCs) or soil mixing to improve the current 
ground conditions and reduce settlement and improve bearing capacity is a feasible option for a 
permanently drained condition incorporating an active dewatering system. 
 
Rammed aggregate piers or stone columns-CMCs, as well as soil mixing may serve as a 
ground improvement technique that will stabilize and improve the existing subgrade soils, where 
the existing fill materials and softer natural soils were encountered throughout the site.  We 
recommend the footings of the structure be directly supported by a ground improvement 
system.  This system should be designed by a specialty design build contractor.  In order to help 
facilitate design, we recommend the design/build contractor provide a system of aggregate 
piers, CMCs or soil mixed stratas capable of supporting an allowable bearing pressure on the 
order of 4,000 psf.  
 
Stone columns are a ground improvement technique in which a column of soil is replaced with 
open-graded crushed stone vibrated into place.  One method of installation for rammed 
aggregate pier versus stone column is to install drilled aggregate piers by replacing a column of 
soil with well-graded aggregate, except the aggregate is compacted (not vibrated) as it is put in 
place.  In this case, the footings within the building footprint will bear directly on the improved 
subgrade.  These piers are typically on the order of 24-inch to 30-inch minimum diameter drilled 
excavations.  The soil reinforcement occurs as a result of the excavation of soft unsuitable soils 
and replacement by vibrated or compacted dense granular aggregate, such No. 57 stone.  In 
addition, some limited densification of the surrounding soils is reported to occur with aggregate 
piers, which will provide a suitable subgrade for fill placement to commence. 
 
For pier installation, there are generally two main types used for this application, the method 
described above where soil is excavated by means of a drill (pre-drilled prior to stone 
placement) and replaced with compacted stone (commonly named a “Rammed Aggregate 
Pier”).  Another method of installation is by pushing a mandrel into the soil to the required depth 
(determined by the design/build contractor) then stone is poured through the mandrel, 
compacted with minimal spoils generated during construction (commonly named an “Impact 
Pier”).   
 
With the potential for variable groundwater conditions on the site, the success of ground 
improvement will rely on the ability to control groundwater.  Specifically, rammed aggregate 
piers may be problematic as perched groundwater can cause unstable excavations and 
collapse the holes.  This is generally not a concern for impact piers since there is not an open 
excavation.  Each installation type has relative benefits and draw backs, therefore, we 
recommend each system be evaluated for both structural performance and constructability.   
 
The CMC system initially provides ground improvement by extending a displacement auger into 
the subsurface soils.  During the auger extraction process, the annulus of the hole is then 
grouted.  A load transfer platform is constructed in order to assist with transferring the loads of 
the structure to the columns.  Depending on the design, a reinforcing steel cage and/or center-
bar may be installed upon the completion of the grouting process.  We recommend that if this 
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ground improvement option is selected, a modulus load test be performed to confirm the design 
capacity of the columns.   
 
As with other soil improvement techniques, the aggregate piers, CMCs and soil mixing systems 
are designed by a design/build contractor and the proposed soil improvement plan is reviewed by 
the GER.  We anticipate the contractor will perform a grid pattern underneath each footing, but 
different approaches may be proposed if competitive bids are solicited.  We recommend that ECS 
review any such submittals.  The design/build contractor should design a system to limit 
settlement of the underlying materials to no more than 1 inch of total settlement and 0.75-inches 
of differential settlement. 
 
If a ground improvement option is selected as a viable option to support shallow foundations and 
a slab on grade design then an underslab drainage will be required. Please see the section 
entitled Underslab Drainage for construction recommendations and recommended groundwater 
design flow rates for undrained conditions. 
 

 
BELOW GRADE STRUCTURE RECOMMENDATIONS 

 
Below Grade Waterproofing 
 
Based on readings during drilling operations at the boring locations, the static groundwater level 
is anticipated to vary between approximately EL. +5 feet and EL. -5 feet.  We anticipate that the 
bottom of the foundation elements will bear at an elevation of approximately EL. -2 feet.  The 
bottom of foundation elevation will be below the currently existing groundwater level.  As such, 
we recommend that the below grade walls be waterproofed up to the ground surface which we 
understand to be approximately equal to the design flood elevation of EL. +11 feet.    
 
Waterproofing should consist either of bentonite wall panels or continuous waterproofing 
membranes.  Care must be exercised during installation and backfilling to minimize damage to 
the waterproofing system.  Any areas which have become damaged, should be repaired or 
replaced.  It is important that the waterproofing be continuous around the entire perimeter of the 
structure to be effective.  Perimeter waterproofing should extend down the sides of the mat to 
the bottom and extending along the bottom. 
 
Water stops should be provided at construction joints at the interface of the perimeter walls with 
the mat foundation, at adjacent pours of the perimeter walls, and within construction joints within 
the mat.  The design of these water stops and waterproofing is especially critical to providing 
effective waterproofing.  Such joints provide a conduit for water infiltration if not properly 
waterproofed. 
 
All penetrations through the mat such as floor drains, tiedown anchors, or other penetrations 
should incorporate bentonite strips or other water stops to prevent the migration of water along 
the interface of the penetration with the mat concrete. 
 
 
Below Grade Walls 
 
The below grade walls should be designed to withstand lateral earth pressures, hydrostatic 
water pressure (where applicable), and surcharge loads.  Based on the groundwater levels 
observed during the recent subsurface exploration and the understanding that potential flood 
levels to EL. +11 feet are required, we recommend that the below-grade walls be designed for a 
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lateral soil and water pressure of 90 psf per foot of wall depth for the full wall embedment.  The 
wall design should also account for any surcharge loads within a 45° degree slope from the 
base of the wall.  Please see the attached Lateral Earth Pressure Diagram – Undrained 
Condition contained within the appendix of this report. 
 
We anticipate that a groundwater cut off trench consisting of deep soil mixing will be used to 
stabilize the excavation and construct the lowest basement levels and walls.  We understand 
that H-piles can be installed within the deep soil mix cut off wall to provide lateral capacity.  The 
interaction of the system should be coordinated with the structural engineer designing the 
below-grade walls to determine if reduced earth pressures for the basement walls can be 
utilized.  If a space exists between the formed basement walls and the cut off wall, then it should 
be filled with a granular soil material.   
 
To help reduce pressures against the below grade walls, and to reduce the settlement of the 
wall backfill, it is recommended that the wall backfill be compacted to 92% to 95% of the 
maximum dry density determined in accordance with ASTM Specification D698, Standard 
Proctor Method.  Where the fill will be supporting pavement or other structures, the fill should 
also be compacted to 95% of this specification, except that the upper 1 foot should be 
compacted to 100% of the maximum dry density referenced above.  Backfill materials which are 
placed behind below-grade walls should be free of organic materials and debris, free-draining, 
non-frost susceptible, and should not include existing unsuitable fill materials or any highly 
plastic CH or MH materials.  It is imperative that no CH/MH soils be used as backfill, due to the 
shrink-swell potential of these materials. 
 
 
Elevator Pits 
 
If elevator pits extend below the floor slab level, the elevator pits should be designed as a 
watertight structure capable of withstanding the lateral earth pressures from the soil and 
hydrostatic pressures from the groundwater as indicated on the Lateral Earth Pressure Diagram 
- Undrained Condition detail included in the Appendix of this report.   
 
 
Underslab Drainage 
 
We recommend that for foundation systems designed to be actively dewatered both during 
construction and for the expected lifecycle of the structures a perimeter and underslab drainage 
system should be provided to prevent the buildup of hydrostatic pressure and seepage of 
groundwater into the below grade space.  The drain system should consist of a perforated, 
closed joint drain tile located around the perimeter of the structure, outside or just inside the 
building walls and below the lowest floor slab elevation.  Both the perimeter and underslab drain 
lines should be surrounded by a minimum of 6 inches of approved, free draining granular filter 
material, having a gradation compatible with the size of the openings of the drain lines and the 
soils to be retained. The perimeter drain and filter material may be substituted by a geosynthetic 
composite drain material. 
 
We recommend that the underslab drainage system consist of 4-inch diameter slotted or 
perforated drain lines spaced at approximately 30 feet on center.  The drain lines should slope 
slightly to regional sump pit locations that form the permanent dewatering system for the 
building.  The capillary cutoff layer and underslab dewatering system should consist of a 
minimum of 6 inches of gravel having a maximum size of 1.5 inches and a maximum of 2% of 
fines passing the No. 200 sieve.  Cleanouts should also be provided at every other right angle 
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bend and at about every 100 feet of pipe length in order to permit periodic flushing of the 
drainage system lines.   
 
For a permanent deep soil mixing groundwater cut off wall, we recommend that the sump pits 
and pumps be designed as full duplex systems with a minimum rated capacity of 25 gallons per 
minute (gpm) to remove water seepage that may collect so that hydro static pressure does not 
develop beneath the slab.  For a temporary deep soil mixing groundwater cut off wall, 
permanent dewatering becomes a much more significant issue due to potential recharge from 
the adjacent Potomac River.   
 
At the time of our subsurface exploration, groundwater was typically encountered near EL. 0 
feet, and typical tidal fluctuations between EL. +5 feet and El. -5 feet are anticipated.  Several 
piezometers were installed within the footprint area so that monthly monitoring of the 
groundwater table can be performed to better define the typical groundwater elevation range.  
Based on the anticipated typical groundwater elevations, the subsurface conditions 
encountered, and the proposed construction, we recommend that the sump pits and pumps be 
preliminarily designed as full duplex systems with a minimum rated capacity of 100 gpm per 
pump for the temporary deep soil mixing groundwater cut off wall condition.  However, the 
project site is immediately adjacent to the Potomac River, and it is possible that granular sand 
and gravel layers have hydraulic connectivity; potentially providing a rapid conduit for water 
recharge for a groundwater cut off wall that is not anchored into the impermeable clay soils of 
the Potomac Formation.  While this is not expected to be an issue for a permanent deep soil 
mixing groundwater cut off wall, it could be particularly significant for a temporary cut off wall 
during a design storm event with water at EL. +11 feet.  Consequently, it will be important to 
monitor the volume of water pumped out of the excavation during construction at a single point 
of discharge to more accurately size the subdrainage pump system. 
 
If grade slab construction is planned with a permanent, active dewatering system, it is important 
that redundancy be built into the program to prevent hydrostatic uplift damage to slabs in the 
event of power failure, pump damage, or other factors.  Consideration may be given to providing 
features to allow the lower level to flood or incorporating goose-neck hydrostatic pressure relief 
pipes to help equalize pressures on the slab. 
 
 
Construction Groundwater Control 
 
Excavations will extend below the permanent groundwater elevation, and significant recharge of 
groundwater is anticipated based on the proximity to the Potomac River and the potential 
connectivity through granular soil and gravel layers.  The variability of interbedded layers of 
granular and cohesive soils will likely present variable pump yield rates across the site.  The 
construction dewatering scheme is critical, and an experienced dewatering contractor should be 
selected to plan and execute the dewatering effort.  The dewatering mechanisms chosen by the 
contractor shall be capable of lowering and maintaining the groundwater at least 3 feet below 
planned foundation bearing elevation subgrades during construction.  Because of the potential 
connectivity of water recharge from the adjacent Potomac River through permeable soil and 
gravel layers, it is difficult to predict preliminary flow rates for dewatering.  Consequently, we 
recommend that an experienced dewatering contractor review the subsurface conditions 
encountered to evaluate anticipated rates.  Because of the importance of dewatering, we 
recommend that pump tests be performed to estimate rates and plan the dewatering system. 
 
A deep permanent soil mixing cut off wall would be designed and constructed by a specialty 
contractor.  Different types of equipment can be utilized, but the technique essentially 
incorporates a mechanical means to create an in situ mixture of soil and grout.  The deep 
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mixing can be performed in continuous vertical barriers to create groundwater cut off trenches.  
The deep soil mixing can be reinforced with steel beams to help provide lateral earth support.  
The deep soil mixing can also be utilized as a ground improvement technique in areas where 
old fill or soft soils are not adequate to support shallow foundation systems without ground 
improvement. Based upon flexible wall permeability testing performed on undisturbed samples 
obtained using a shelby tube within the Potomac Formation soils, it appears that the clay soils 
area generally impermeable. A deep soil mixing cut off wall should be extended into the 
Potomac Formation, between EL. -45 feet to EL. -64 feet in order to prevent significant water 
infiltration.  It is important that the deep soil mixing designer/contractor be experienced with local 
subsurface conditions and construction techniques.  The contractor should have a well-defined 
quality assurance/quality control (QA/QC) program that is implemented to ensure that the cut off 
walls are installed within the appropriate impermeable soils of the Potomac Formation, extend 
continuously to at least EL +11 ft, and are constructed sufficiently to provide effective 
groundwater cut off for the building footprint.  For the temporary groundwater cut off wall, the 
designer/contractor shall determine the appropriate intermediate wall termination depth and 
coordinate dewatering efforts such that groundwater is maintained at least 3 feet below 
foundation bearing elevation and does not promote settlement of adjacent structures. 
 
A temporary cut off wall designed by a specialty contractor in conjunction with deep well points 
within the site could be sufficient for the purpose of construction activities. To avoid 
encountering a “quick” condition within the excavation, the hydrostatic pressure must be 
maintained at a lower level than the effective weight of the soil.  Maintaining the water level at 
least 3 feet below the level of excavation (as previously recommended) should avoid the 
potential for a quick condition.  Redundancy in the dewatering system should be employed to 
ensure that the system runs continuously and effectively to maintain this separation.  The 
dewatering efforts should not be terminated until sufficient dead load and anchor resistances 
exceed the highest anticipated hydrostatic levels. 
 
Based on a dewatering elevation of EL. -6 feet, ECS anticipates that this elevation corresponds 
with typical tidal fluctuations and effective stress variations previously experienced.  Therefore, 
we do not anticipate that dewatering in conjunction with a temporary deep soil mixing cut off wall 
will cause significant settlement of the adjacent structures.  However, as a precaution, we 
recommend that the Owner implement a monitoring system as outlined in the section entitled 
Support of Excavation and Adjacent Structure Monitoring. 
 
 
Support of Excavation (SOE) 
 
Based on our conversations with the project team, we understand that a system of deep soil 
mixing, soldier piles and lagging, or some combination of the two will likely be used.  However, 
we also understand that other methods of SOE are under consideration.  At the time of this 
report preparation, other systems such as a slurry walls and sheet piles are being considered by 
the project team but are not expected to be more advantageous than deep soil mixing or 
standard soldier piles and lagging based upon our understanding of project constraints.  If the 
method of SOE changes at any time, ECS should be notified to provide additional 
recommendations based on the selected system.   
 
A deep soil mixing wall would be designed and constructed by a specialty contractor.  Different 
types of equipment can be utilized, but the technique essentially incorporates a mechanical 
means to create an in situ mixture of soil and grout.  The deep mixing can be performed in 
continuous vertical barriers to create groundwater cut off trenches.  The deep soil mixing can be 
reinforced with steel beams to help provide lateral earth support and potentially incorporated as 
part of the SOE system. These system are designed by specialty contractors with experience in 
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local or similar geology and can result in decreased lateral earth pressures for both SOE system 
as well as structural below grade walls. 
 
Due to site geometry and constraints, tie back anchors may not be feasible for all or part of the 
SOE structure. Soil ramping around SOE extents or rakers may be required in order to maintain 
the required earth pressures for stability. Such systems, if necessary, should be included in the 
design of the SOE system. 
 
Evaluation of the SOE system was not part of our current scope of services.  We can provide 
these services if requested.  The SOE system should be extended a sufficient distance so that 
the earth retention system will not become undermined if it becomes necessary to step down 
perimeter footings up to 2 feet.  If the SOE will be designed to resist hydrostatic pressure (such 
as for the deep soil mixing ground water cut off wall), it should be designed for lateral earth 
pressures equivalent to not less than 80 times the height of the excavation in pounds per square 
foot.  If the SOE will be drained or dewatered such that no hydrostatic pressures develop, it 
should be designed for not less than 40 times the height of the excavation in pounds per square 
foot.  The design should also account for any surcharge loads that are within a 45° slope from 
the base of the wall.  
 
The contractor should avoid stockpiling excavated materials or equipment immediately adjacent 
to the excavation walls.  We recommend that stockpiled materials be kept back from the 
excavation a minimum distance equal to 1/2 the excavation depth to limit surcharging the 
excavation walls.  If this is impractical due to space constraints, the excavation walls should be 
retained with bracing designed for the anticipated surcharge load.  In addition, the earth 
retention system design should consider surcharge loads from cranes and other construction 
equipment during construction as well as buildings and vehicle traffic. 
 
Temporary slopes should be constructed no steeper than 3H:1V and maintained for no more 
than 30 days.  The slopes should be protected from erosion since the soils are highly erodible.  
Permanent slopes should be constructed no steeper than 4H:1V.   
 
The existing building anticipated to remain on site which will be incorporated as part of the 
proposed development, may need to be underpinned prior to commencement of excavation 
operations.  We recommend that the building be underpinned using either a bracket pile and 
grade beam system or excavated underpinning pits.  We recommend that the bracket piles be 
installed prior to commencement of excavation operations and that the load from the building be 
transmitted to the bracket piles via a post tensioned grade beam.  If excavated underpinning pits 
are used, we recommend that the installation of a dewatering system be completed prior to 
excavation of underpinning pits.  Because of perched groundwater conditions, some sump pit 
and pumping may be required in individual pits.  
 
 
Earth Retention System/Support of Excavation (SOE) Performance Requirements 
 
We recommend the following specification for use in the construction documents associated 
with the earth retention system. 
 
Part 1 – General 

1. Contractor/Designer shall design and construct a temporary Support of 
Excavation (SOE) system sufficient to support the project’s below grade 
construction. 

 
Part 2 – Submittals 
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1. SOE design plans sealed by a licensed Professional Engineer for the jurisdiction 
the work is performed in. 

 
2. All supporting calculations for the SOE design, including global stability 

calculations. 
 
3. Subsurface data utilized for the SOE design. 
 
4. The braced excavation contractor shall submit the anticipated movement 

amounts (vertically and laterally) of each portion of the excavation support 
system to the owner’s engineering consultant.  These anticipated movements will 
also serve as the basis for evaluating the performance of the excavation support 
system.  If creep movements are anticipated, the contractor shall state the total 
expected magnitude and rate during the time frame the SOE system is required 
to support the excavation.  The contractor’s estimated excavation support 
movements shall be subject to review and acceptance by the owner’s 
engineering consultant before they are used as the performance standard.  

 
5. If not stated on the plans, the method of soldier pile installation. 

 
Part 3 – Performance Requirements 

1. The performance of the braced excavation system will be monitored (measured) 
by the owner’s engineering consultants.  These measurements will serve as the 
basis for determining the performance and adequacy of the excavation support 
system.  The initial baseline measurements and periodic movement data will be 
provided to all parties involved in construction.  The initial baseline 
measurements shall be obtained before significant portions of the below grade 
excavation work occur, and preferably before any excavation work begins.  The 
contractor may make his own independent measurements; however, the owner’s 
engineering consultant’s measurements will serve as the basis for performance 
evaluation.  

 
2. If the movements of the excavation support system exceed the contractor’s 

estimate, additional support for the excavation support system shall be provided 
by the contractor on an urgent basis, at no additional cost to the owner.  If the 
excavation support system is creeping (inward or downward), and the owner’s 
engineers projected estimate of total movement (within the performance time 
period of the excavation support system) exceeds the total movement estimates 
provided by the contractor, then additional support shall be added to the braced 
excavation system to halt the creeping, also on an urgent basis, at no additional 
cost to the owner.    

 
Part 4 – Monitoring by Owner’s Engineering Consultant 
 
The earth retention system shall be monitored for lateral deformations.  A series of three-
dimensional reflectors around the excavation to monitor the earth retention system shall be 
installed.  These reflectors shall be installed on the soldier piles and installed on every third pile, at 
a minimum.   
 

1. The earth retention system shall be monitored for lateral deformations.  A series 
of three-dimensional reflectors around the excavations to monitor the earth 
retention system shall be installed.  These reflectors shall be installed at a 
minimum of on every third soldier pile.  Prior to or very near the commencement 
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of below grade excavation work, baseline data of the position of the SOE system 
will be obtained.  Baseline measurements and subsequent movement evaluation 
will be performed with either total station, laser technology or optical surveying 
equipment.  Total station technology is capable of making precise measurements 
of movement (±0.125 inches).  Reflector “targets” will be attached to the SOE 
system by the Owner’s Engineering Consultant, with the full cooperation and 
assistance of the SOE contractor.  The Owner’s Engineering Consultant, with the 
assistance of the SOE contractor, shall replace any previously established 
targets if they are damaged during construction.   

2. Monitoring Frequency.  The SOE monitoring frequency is as follows: 
• Twice weekly during construction of the below grade level 
• Monitoring frequency will remain at twice per week until the structural 

engineer (SE) indicates that all below grade level walls and floors are 
constructed and capable of resisting the below grade soil and water 
pressures. 

• Monitoring ceases after below grade construction ends and SE indicates that 
all below grade level walls and floors are constructed and capable of resisting 
the below grade soil and water pressures. 

 
3. Reporting. 

• The results of the monitoring readings will be transmitted verbally to either the 
general contractor’s representative or the SOE contractor’s representative 
during the field work.  Any significant movements since the prior readings will 
be identified. 

• Written reports containing the monitoring data and corresponding graphical 
presentation of said data will be provided by the Engineer to all interested 
parties, electronically and in hardcopy form, or a weekly or twice monthly 
basis. 

 
 

AT-GRADE TOWNHOUSE RECOMMENDATIONS 
 
 
Shallow Foundations 
 
Due to the light loading associated with a residential townhouse structure, we recommend that 
for both a drained and undrained condition that the townhouses that are not above the 
underground parking structure be placed on shallow foundations. Based upon the finished floor 
elevations of EL. +12.25 feet we have assumed that the footings will be bearing at or near 
elevation EL. +9.5 feet. We anticipate that due to finished floor elevations and site grades, 2 to 4 
feet of fill will be required to establish site grades for the townhouses. For areas with minimal 
existing undocumented fill such as ECS-10 through ECS-12, we recommend prior to fill 
operations that the existing undocumented fill present at the site be removed and that building 
pads be proofrolled to identify any localized areas of soft or unsuitable material and backfilled 
with suitable material as indicated in the Subgrade Preparation and Earthwork Operations 
section of this report. Deeper existing undocumented fill material was observed in B-1 and ECS-
7, corresponding to proposed Buildings 4 and 7, to depths on the order of 12 feet below current 
site grades. For these areas where removing and replacing existing undocumented fill material 
may be cost and/or time prohibitive the use of ground improvement methods previously 
recommended in the Ground Improvement – Shallow Foundations (Option #4) would be an 
acceptable alternative.  
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We anticipate that the foundations and loads for the residential townhouses of Building 8 
bearing above the underground parking garage structure will be incorporated into the parking 
garage design. It should be noted that the southern townhouses for Building 9 are located on 
the underground parking structure while the northern townhouses for Building 9 are located 
outside the proposed footprint. In order to prevent high differential settlement within a 
townhouse, we recommend that a cantilever foundation system that ties into the garage 
structure is utilized for any townhouse that would be founded on both the underground structure 
and soil backfill. There should also be a structural separation between the townhouses located 
above the proposed underground parking structure and the ones placed on shallow foundations 
bearing on soil. 
 
For footings founded on suitable natural or documented fill soils, a net allowable soil bearing 
pressure of 2,000 psf may be used, provided the criteria in the section entitled Subgrade 
Preparation and Earthwork Operations is met. 
 
In order to reduce the possibility of foundation bearing failure and excessive settlement due to 
local shear or "punching" action, we recommend that continuous footings have a minimum width 
of 1.5 feet and that isolated column footings have a minimum lateral dimension of 2.5 feet.  In 
addition, footings should be placed at a depth to provide adequate frost cover protection.  For 
this region, we recommend footings in heated areas be placed at a minimum depth of 2 feet 
below finished grade.  Footings in unheated areas should be placed at a minimum depth of 2.5 
feet below finished grade. 
 
Settlement of individual footings, designed in accordance with our recommendations presented 
in this report, is expected to be small and within tolerable limits for the proposed buildings.  For 
footings placed on suitable natural soils or properly compacted fill soil, maximum total 
settlement is expected to be on the order of 1 inch.  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 their design. 
 
An alternative to removing the existing fill material would be the use of geopiers or soil mixing to 
provide ground improvements for shallow foundations. Higher bearing capacities could be 
reached through the use of ground improvement and settlement concerns would be mitigated 
through the remediation of the existing fill material. 
 
 
Ground Slabs 
 
The natural soils anticipated at the lowest floor level should be suitable for support of the slab; 
however, some loose granular soils are present in some areas.  For this reason, we recommend 
that the subgrade soils be densified in place using a smooth drum rolled and verified in 
accordance with the Subgrage Preparation and Earthwork Operations section of this report. We 
recommend that the floor slab be isolated from the foundation footings so differential settlement 
of the structure will not induce shear stresses in the floor slab.  Also, in order to minimize the 
crack width of any shrinkage crack that may develop near the surface of the slab, we 
recommend mesh reinforcement be included in the design of the floor slab.  The mesh should 
be in the top half of the slab to be effective. 
 
We also recommend that the lower floor slabs be underlain by a minimum of 6 inches of 
granular material having a maximum aggregate size of 1.5 inches and no more than 2% soil 
fines passing the No. 200 sieve, such as VDOT No. 57 stone or similar.  This granular layer will 
facilitate the fine grading of the subgrade and help prevent the rise of water through the floor 
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slab.  Prior to placing the granular material, the floor subgrade soil should be properly 
compacted, proofrolled, and free of standing water, mud, frozen soil, and debris.  Before the 
placement of concrete, a vapor barrier may be placed on top of the granular material to provide 
moisture protection.  Additionally, special attention should be given to the surface curing of the 
slab in order to minimize uneven drying of the slab and associated cracking. 
 
Heavily loaded slabs, such as those in machine and equipment rooms, should be designed to 
provide relatively uniform loading and a maximum soil contact pressure of 300 psf.  For onsite 
natural soils densified in place, we recommend using a modulus of subgrade reaction value, kv, 
of 30 kcf.  Undercutting to remove excessively soft or loose subgrade materials not consistent 
with the above modulus value may be required in order to achieve relatively uniform slab 
bearing. For ground slabs designed for active dewatering scenarios please see the Underslab 
Drainage section for dewatering requirements. 
 
 
Site Seismic Classification (IBC) 
 
The International Building Code (IBC) 2012 requires site classification for seismic design based 
on the upper 100 feet of a soil profile.  Where site specific data are not available to a depth of 
100 feet, appropriate soil properties are permitted to be estimated by the registered design 
professional preparing the soils report based on known geologic conditions.  The seismic site 
class definitions for the weighted average of either the SPT N-values or the shear wave 
velocities in the upper 100 feet of the soil profile are presented in Table 9.4.1.2 of ASCE 7 as 
referenced in IBC 2012 Building Code (Section 1613.3.2) and in the table below. 
 

Table 4: Seismic Site Classification 

Site 
Class Soil Profile Name Shear Wave Velocity, 

Vs, (feet/s) 
Standard 

Penetration Test 
(SPT) N-value 

A Hard Rock Vs > 5,000 fps N/A 
B Rock 2,500 < Vs ≤ 5,000 fps N/A 
C Very dense soil and soft rock 1,200 < Vs ≤ 2,500 fps NAVG > 50 bpf 
D Stiff Soil Profile 600 ≤ Vs ≤ 1,200 fps 15 ≤  NAVG ≤ 50 bpf 
E Soft Soil Profile Vs < 600 fps NAVG < 15 bpf 

 
In the absence of actual shear wave (Vs) data, we utilized the Standard Penetration Test (SPT) 
N-values recorded from the borings.  Considering the subsurface profile encountered at this 
site, we recommend that the design for the buildings be based on a seismic site classification of 
Site Class D.   
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SITE WORK RECOMMENDATIONS 
 
 
Subgrade Preparation and Earthwork Operations 
 
The subgrade preparation should consist of stripping all surface cover materials, undocumented 
fill material, topsoil, and any other soft, wet, or otherwise unsuitable material from the proposed 
building and pavement areas.  Care must be exercised to identify additional unsuitable 
materials, and affect their removal.  Procedures such as proofrolling, observation, or test pitting 
operations may be utilized to assist in identifying the presence of unsuitable materials, as 
required.  We recommend the earthwork clearing be extended a minimum of 10 feet beyond the 
building and pavement limits.  Stripping limits should be extended an additional 1 foot for each 
foot of fill required at the building's exterior edge.  The limits discussed in this paragraph define 
the expanded building and pavement limits. 
 
After stripping to the desired grade, and prior to fill placement, the stripped surface should be 
observed by the Geotechnical Engineer of Record (GER) or their authorized representative.  
Proofrolling using a loaded dump truck, having an axle weight of at least 10 tons, may be used 
at this time to aid in identifying localized soft or unsuitable material which should be removed.  
Any soft or unsuitable materials encountered during this proofrolling should be removed and 
replaced with an approved backfill compacted to the criteria presented in the section entitled Fill 
Placement. 
 
The preparation of fill subgrades, as well as proposed building or roadway subgrades should be 
observed on a full-time basis.  These observations should be performed by an experienced 
geotechnical engineer, or their representative, to document unsuitable materials that have been 
removed, and that the subgrade is suitable for support of the proposed construction and/or fills. 
 
We strongly recommend against utilizing soil bridging lifts to span over soft fill subgrade soils 
within the proposed development limits.  We recommend the use of a reinforcing geotextile or 
geogrid where excessively soft materials are encountered and cannot be effectively removed by 
undercutting.  These materials should be covered by a minimum of 1 foot of select granular 
materials.  Alternate reinforcing or stabilization of soft subgrades should be determined in the 
field by the Geotechnical Engineer of Record (GER). 
 
 
Fill Placement 
 
New engineered fill materials underneath the proposed structures, for use as backfill, or for 
support of pavements should consist of an approved material, free of organic matter and debris, 
cobbles or rock fragments greater than 4 inches.  New fill materials should also have a Liquid 
Limit and Plasticity Index less than or equal to 40 and 15, respectively, unless they are shown to 
have “very low” expansion potential.  Unacceptable fill materials include topsoil and organic 
materials (OH, OL, and PT), and high plasticity SILT (MH) or CLAY (CH) that cannot be shown 
to have “very low” expansion potential.  Under no circumstances should high plasticity soils be 
used as fill material in proposed structural areas. 
 
The on-site materials may be reused, as appropriate, provided that they do not contain organic 
or foreign debris, are not highly plastic, are not environmentally impacted, and conform to the 
criteria outlined above.  The suitability of any materials for use as engineered fill should be 
further evaluated at the time of construction. 
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Any suitable on-site soils may require moisture content adjustments, such as the application of 
discing or other drying techniques or spraying of water to the soils prior to their use as controlled 
fill materials.  The planning of earthwork operations should recognize and account for these 
efforts and increased costs.  Should borrow materials from an off-site source be required, a 
sample should be submitted to the GER at least five days prior to importing the material to the 
site for the appropriate lab testing to determine if the material meets the criteria outlined above. 
 
Fill materials should be placed in lifts not exceeding 8-inches in loose thickness and moisture 
conditioned to within ±2 percentage points of the optimum moisture content.  Soil bridging lifts 
within the expanded building and pavement limits should not be used.  Excessive settlement of 
the structures can occur when bridging lifts are utilized in structural areas.  Structural fill soils in 
the building and roadway areas should be compacted to a minimum of 95% of the maximum dry 
density obtained in accordance with ASTM D 698.   
 
The expanded footprint of the proposed structures or pavement and fill areas should be well 
defined, including the limits of the fill zones at the time of fill placement.  Grade control should 
be maintained throughout the fill placement operations.  All fill operations should be observed 
on a full-time basis by a qualified soil technician to document that the specified compaction 
requirements are being met.  A minimum of one compaction test per 2,500 square feet of area 
should be tested in each lift placed.  The elevation and location of the tests should be clearly 
identified at the time of fill placement. 
 
Compaction equipment suitable to the soil type used as fill should be used to compact the fill 
material.  Theoretically, any equipment type can be used as long as the required density is 
achieved.  Ideally, a steel drum roller would be most efficient for compacting and sealing the 
surface soils.  All areas receiving fill should be graded to facilitate positive drainage from building 
pad and pavement areas of any free water associated with precipitation and surface runoff.   
 
Fill materials should not be placed on frozen soils.  All frozen soils should be removed prior to 
continuation of fill operations.  Borrow fill materials should not contain frozen materials at the 
time of placement.  All frost-heaved soils should be removed prior to placement of fill, stone, 
concrete, or asphalt. 
 
 
Exterior Pavements 
 
For the design and construction of exterior pavements, we recommend that topsoil and any 
other soft or unsuitable materials be removed from the paved area.  The stripped surface should 
be proofrolled and carefully observed at the time of construction in order to aid in identifying the 
localized soft or unsuitable materials which should be removed. 
 
An important consideration with the design and construction of pavements is surface and 
subsurface drainage.  Where standing water develops, either on the pavement surface or within 
the base course layer, softening of the subgrade and other problems related to the deterioration 
of the pavement can be expected.  Furthermore, good drainage should minimize the possibility 
of the subgrade materials becoming saturated over a long period of time.  We would be pleased 
to be of further assistance to you in the design of the project pavements by providing additional 
recommendations during construction of the project.  For preliminary design purposes, we 
recommend using a design California Bearing Ratio (CBR) value of 2 for the native site soils, 
however, we suggest that, at the time of construction, additional laboratory testing, i.e., CBR 
and Atterberg Limits tests be performed in the proposed pavement areas on representative 
subgrade materials to permit proper design of these pavements. 
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Large, front loading trash dumpsters frequently impose concentrated front-wheel loads on 
pavements during loading.  This type of loading typically results in rutting of the pavement and 
ultimately pavement failures.  Therefore, we recommend that the pavement in trash pickup 
areas consist of a 4-inch thick, mesh reinforced concrete slab. 
 
Based on the proposed site plans provided by your design team we understand that portions of 
the private streets for the townhouse developments will be located above the proposed 
underground parking structure. We recommend that the concrete slab in these areas be 
designed for the soil subbase and traffic loading conditions. We also recommend that drainage 
channels be designed into the concrete slab or structural backfill above the slab to account for 
surficial rainfall and the design flood elevation of EL. +11 feet. 
 
 
SOE and Adjacent Structure Monitoring 
 
During construction, we recommend that a monitoring program, possibly including the 
installation of three-dimensional reflectors, tilt plates, and settlement points be implemented to 
monitor movement of support of excavation systems and adjacent structures, utilities and 
roadways within the 150 foot influence zone.  Typically, the settlement monitoring points are 
created by scribing the face of an existing building or installing three-dimensional reflectors and 
taking ongoing survey shots, periodically during the excavation, to see if there is any building 
impact.  With respect to settlement monitoring points on the street, these are usually installed 
about 1 point per 50 to 100 feet of exposed site perimeter face.  The most critical points of the 
settlement generally occur near the midpoint of the excavation.  On relatively short walls, on the 
order of about 100 feet, it is the usual practice to install at least two settlement points. 
 
While it is unlikely that significant settlement of adjacent structures will occur if proper 
workmanship is employed during construction, it is prudent to perform such monitoring to 
defend against unfounded claims of structural damage by adjacent property owners.  Three-
dimensional monitoring data, in conjunction with a precondition survey of adjacent structures, 
can often dismiss such claims.  At a minimum, this information can often detect potential 
problems early enough so that corrections can be made to reduce impact or damage to 
surrounding properties.   
 
 
Utility Installation 
 
Existing fill material was encountered in the borings performed during this exploration.  Existing 
fill material may be suitable for support of utilities; however, the proposed utility subgrade should 
be checked by the GER or their representative prior to utility placement.  If areas of soft or 
unsuitable soils are encountered, the material will need to be removed and replaced or suitably 
reinforced with the use of geotextiles. 
 
Any existing utilities on-site that are not planned to be reused should be removed, along with 
any unsuitable backfill materials, and capped at the property lines, or rerouted around the 
property and reconnected.  The suitability of any existing utilities and utility trench backfill that 
will remain in place should be evaluated for structural support in the field by the GER.  Care 
should be exercised during site grading operations so as not to damage any utilities that are to 
remain. 
 
Beneath the existing fill material (where encountered), each of the borings encountered natural 
soils, which are generally firm and are expected to be suitable for support of the utility pipes.  All 
loose or organic materials encountered at the utility pipe subgrade should be removed.  The 
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pipe subgrade should be observed and probed for density by the GER or their authorized 
representative to evaluate the suitability of materials encountered.  Any relatively isolated, thin 
soft or yielding areas should be undercut or replaced with suitable compacted fill or pipe 
bedding material.  
 
It is recommended that fill placed for support of the utilities meet the requirements for 
compacted backfill given in this report.  The utility pipes should be provided with granular 
bedding material.  The granular bedding material should consist of at least 6-inches of coarse, 
open-graded gravel or crushed stone.  Compacted backfill should be free of topsoil, root, ice or 
any other deleterious material designated by the GER as unsuitable.  The backfill should be 
placed in shallow horizontal layers of maximum 8-inch loose thickness and compacted with 
necessary type of compaction equipment to obtain at least 95% and 90% of the maximum dry 
density per ASTM D 698 in structural/paved and nonstructural (landscaped) areas, respectively.  
All backfill should be placed and compacted at a moisture content to facilitate adequate 
compaction without significant yielding of the surface, and should generally be within ±2 
percentage points of the optimum moisture content per Standard Proctor tests. 
 
The backfill below pavements and structures should consist of materials meeting the 
requirements for compacted fill given in this report.  The backfill in nonstructural (landscaped) 
areas can consist of the material removed from the trench excavation.   
 
 
Construction Considerations 
 
Existing undocumented fill was encountered within all borings performed as part of this 
exploration.  The fill materials should be evaluated at the time of construction for their suitability 
for re-use.  Undocumented fill material may be encountered in between boring locations and in 
areas of the site not explored. 

 
Prior to the placement of footing concrete, the footings should be cleaned and free of standing 
water, mud, or other deleterious materials that may affect the performance of the footings.  
Furthermore, the GIR or their authorized representative should carefully observe and test all 
footing subgrades not supported on an intermediate or deep foundation (if applicable) to 
determine that they are representative of the soil types identified in our soil borings.   
 
Exposure to the environment may weaken the soils at the footing bearing level if the foundation 
excavations remain open for too long a time.  We recommend that the building excavations be 
excavated to approximately one foot above the design finish floor elevation.  The remaining one 
foot grading and footing excavation can then be made the same day the concrete placement is 
scheduled.  If the bearing soils are softened by surface water intrusion or exposure, the 
softened soils must be removed from the foundation excavation bottom immediately prior to 
placement of concrete.  If the excavation must remain open overnight, or if rainfall becomes 
imminent while the bearing soils are exposed, we recommend that a 1 to 3-inch thick "mud-mat" 
of "lean" concrete be placed on the bearing soils before the placement of reinforcing steel. 
 
Proper compaction of controlled fill is an important aspect of this project.  Therefore, we 
recommend that all fill operations be observed on a full-time basis by an experienced 
geotechnical engineer or their authorized representative to determine if minimum compaction 
requirements are being met.   
 
The surficial soils contain fines that are considered moderately to highly erodible.  The 
Contractor should provide and maintain good site drainage during earthwork operations to help 
maintain the integrity of the surficial soils.  All erosion and sedimentation shall be controlled in 
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accordance with sound engineering practice and current City requirements. In a dry and 
undisturbed state, the majority of the soil at the site will provide good subgrade support for fill 
placement and construction operations.  However, when wet, this soil will degrade quickly with 
disturbance from contractor operations.  Therefore, good site drainage should be maintained 
during earthwork operations which would help maintain the integrity of the soil.   
 

 
CLOSING 

 
The scope is limited to the specific project and location described herein, and the project 
description represents our understanding of the significant aspects relevant to soil and 
foundation characteristics.  In the event that changes in the design or location of the buildings 
are planned, we should be informed so the changes can be reviewed and the conclusions of 
this report modified or approved in writing by the GER.  At a minimum, we recommend that we 
be authorized to review the project plans and specifications to confirm that our report 
recommendations have been interpreted in accordance with our intent.  Without this review, we 
will not be responsible for misinterpretation of our data, our analysis, and/or our 
recommendations, nor how these are incorporated into this final design. 
 
It is recommended that all construction operations dealing with earthwork and foundations be 
observed by an experienced geotechnical engineer (or their representative) to provide 
information on which to base a decision as to whether the design requirements are fulfilled 
during construction.  A complete copy of this report must be provided to the geotechnical 
engineer, and the engineer must be thoroughly familiar and in agreement with the 
recommendations contained herein prior to construction. 
 
In addition to geotechnical engineering services, ECS has the in-house capability to perform 
multiple additional services as this project moves forward.  These services include the following: 

 
x Pre-Construction and Post-Construction Surveys; 
x 3-D Monitoring of the SOE and adjacent structures; 
x Construction Material Testing / Special Inspections; and, 
x Third Party Inspections / Code Compliance for MEP. 

 
We would be pleased to provide these services for you.  If you have any questions with regard 
to this information or need any further assistance during the design and construction of the 
project please feel free to contact us. 
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UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D 2487) 
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Clayey gravels, gravel-sand-
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Atterberg limits above “A” line 
with P.I. greater than 7 

 
 
 
 
Limits plotting in CL-ML 
zone with P.I. between 4 
and 7 are borderline 
cases requiring use of 
dual symbols 
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Inorganic silts and very fine 
sands, rock flour, silty or 
clayey fine sands, or clayey 
silts with slight plasticity 
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Inorganic clays of low to 
medium plasticity, gravelly 
clays, sandy clays, silty clays, 
lean clays 
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Organic silts and organic silty 
clays of low plasticity 
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Inorganic silts, micaceous or 
diatomaceous fine sandy or 
silty soils, elastic silts 
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Peat and other highly organic 
soils 

Plasticity Chart

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Liquid Limit

P
la

st
ic

it
y
 I

n
d
ex

"A" line

CH

MH and OH

CL

ML and OL
CL-ML

 
a 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 
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. 
b 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) 



 
 

REFERENCE NOTES FOR BORING LOGS 
 
 
I. 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 % 

 
II. Correlation of Penetration Resistances to Soil Properties 

Standard Penetration (blows/ft) refers to the blows per foot of a 140 lb. 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 Identification 

Boulders 8 inches or larger 
Cobbles 3 to 8 inches 
Gravel                   Coarse 1 to 3 inches 
                              Medium ½ to 1 inch 
                              Fine ¼ to ½ inch 
Sand                      Coarse 2.00 mm to ¼ 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) 

Blows/ft Consistency 
Unconfined 

Comp. Strength 
Qp (tsf) 

Degree of 
Plasticity 

Plasticity 
Index 

Under 2 Very Soft Under 0.25 None to slight 0 – 4 
3 to 4 Soft 0.25-0.49 Slight 5 – 7 
5 to 8 Medium Stiff 0.50-0.99 Medium 8 – 22 
9 to 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   

 
III. 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 Drilling         Est. Groundwater Level  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. 



REFERENCE NOTES FOR CONE PENETRATION  
TEST (CPT) SOUNDINGS 

 
In the CPT sounding procedure (ASTM-D-5778), an electronically instrumented cone penetrometer 
is hydraulically advanced through soil to measure point resistance (q c ), pore water pressure (U 2 ), 
and sleeve friction (f s ).  These values are recorded continuously as the cone is pushed to the desired 
depth.  CPT data is corrected for depth and used to estimate soil classifications and intrinsic soil 
parameters such as angle of internal friction, preconsolidation pressure, and undrained shear 
strength.  The graphs below represent one of the accepted methods of CPT soil behavior 
classification (Robertson, 1990).  

 
1. Sensitive, Fine Grained 6. Clean Sands to Silty Sands 
2. Organic Soils-Peats 7. Gravelly Sand to Sand 
3. Clays; Clay to Silty Clay 8. Very Stiff Sand to Clayey Sand 
4. Clayey Silt to Silty Clay 9. Very Stiff Fine Grained 
5. Silty Sand to Sandy Silt  

 
The following table presents a correlation of corrected cone tip resistance (q c ) to soil consistency 
or relative density: 
 

SAND SILT/CLAY 
Corrected Cone Tip 
Resistance (q c ) (tsf) 

Relative Density Corrected Cone Tip 
Resistance (q c ) (tsf) 

Relative Density 

<20 Very Loose <5 Very Soft 
20-40 Loose 5-10 Soft 

10-15 Firm 40-120 Medium Dense 
15-30 Stiff 

120-200 Dense 30-60 Very Stiff 
30-60 Hard <200 Very Dense 
<60 Very Hard 
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NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 04/01/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/01/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA

D
E

P
TH

 (F
T)

S
A

M
PL

E
 N

O
.

S
A

M
PL

E
 T

Y
P

E

S
A

M
PL

E
 D

IS
T.

 (I
N

)

R
E

C
O

VE
R

Y
 (I

N
)

SURFACE ELEVATION

DESCRIPTION OF MATERIAL

W
AT

E
R

 L
E

V
E

LS

E
LE

VA
TI

O
N

 (F
T)

B
LO

W
S

/6
"

10 20 30 40 50+

20% 40% 60% 80% 100%

1 2 3 4 5+

ENGLISH UNITS

BOTTOM OF CASING LOSS OF CIRCULATION

CALIBRATED PENETROMETER TONS/FT2

PLASTIC
LIMIT %

WATER
CONTENT %

LIQUID
LIMIT %

ROCK QUALITY DESIGNATION & RECOVERY
RQD% REC.%
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL  9.30 WS WD BORING STARTED 04/01/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/01/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 03/31/15 CAVE IN DEPTH @ 9.30'

WL(BCR) WL(ACR) BORING COMPLETED 03/31/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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Petroleum Smell at 9 Feet
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PROJECT NAME

Robinson Terminal South - Final Geotechnical

ARCHITECT-ENGINEER

Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 03/31/15 CAVE IN DEPTH @ 9.30'

WL(BCR) WL(ACR) BORING COMPLETED 03/31/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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Clay Lens at 39 Feet
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Robinson Terminal South - Final Geotechnical

ARCHITECT-ENGINEER

Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 03/31/15 CAVE IN DEPTH @ 9.30'

WL(BCR) WL(ACR) BORING COMPLETED 03/31/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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STANDARD PENETRATION
BLOWS/FT7.0
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PROJECT NAME

Robinson Terminal South - Final Geotechnical

ARCHITECT-ENGINEER

Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 04/02/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/02/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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ROCK QUALITY DESIGNATION & RECOVERY
RQD% REC.%

STANDARD PENETRATION
BLOWS/FT8.5
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Gravel Lenses from 22 to 30 Feet
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PROJECT NAME

Robinson Terminal South - Final Geotechnical

ARCHITECT-ENGINEER

Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 04/02/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/02/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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BLOWS/FT8.5
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PROJECT NAME

Robinson Terminal South - Final Geotechnical

ARCHITECT-ENGINEER

Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 04/02/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/02/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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ROCK QUALITY DESIGNATION & RECOVERY
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STANDARD PENETRATION
BLOWS/FT8.5
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END OF BORING @ 100.00'
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Robinson Terminal South - Final Geotechnical
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Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.30 WS WD BORING STARTED 04/02/15 CAVE IN DEPTH @ 80.00'

WL(BCR) WL(ACR) BORING COMPLETED 04/02/15 HAMMER TYPE

WL RIG CME 55 FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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BLOWS/FT8.5
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CONTINUED ON NEXT PAGE. 
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.

WL  9.00 WS WD BORING STARTED 03/18/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/18/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  9.00 WS WD BORING STARTED 03/18/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/18/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  13.40 WS WD BORING STARTED 03/18/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/18/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 2.25 HSADRILLING METHOD 2.25 HSA
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Shalom Baranes Assoicates
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2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  13.40 WS WD BORING STARTED 03/18/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/18/15 HAMMER TYPE
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PROJECT NAME
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2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  12.00 WS WD BORING STARTED 03/25/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/25/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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END OF BORING @ 35.00'
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PROJECT NAME
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Shalom Baranes Assoicates
SITE LOCATION

2 Duke Street, City of Alexandria, Virginia
NORTHING EASTING STATION

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

WL  12.00 WS WD BORING STARTED 03/25/15 CAVE IN DEPTH @ 35.00'

WL(BCR) WL(ACR) BORING COMPLETED 03/25/15 HAMMER TYPE

WL RIG D-50 ATV FOREMAN JEREMY DRILLING METHOD 4.25 HSADRILLING METHOD 4.25 HSA
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CONTINUED ON NEXT PAGE. 

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

WL  6.00 WS WD BORING STARTED 09/30/13
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SITE LOCATION

2 Duke Street, City of Alexandria
NORTHING EASTING STATION

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

WL  6.00 WS WD BORING STARTED 09/30/13

WL(BCR) WL(ACR) BORING COMPLETED 09/30/13 CAVE IN DEPTH

WL RIG CME 55 FOREMAN
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Trogdon
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PROJECT NAME

Robinson Terminal - Alexandria Waterfront
(South Parcel)

ARCHITECT-ENGINEER

SITE LOCATION

2 Duke Street, City of Alexandria
NORTHING EASTING STATION

CONTINUED ON NEXT PAGE. 

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

WL WS WD BORING STARTED 09/24/13
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SITE LOCATION

2 Duke Street, City of Alexandria
NORTHING EASTING STATION

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

WL WS WD BORING STARTED 09/24/13

WL(BCR) WL(ACR) BORING COMPLETED 09/24/13 CAVE IN DEPTH

WL RIG CME 55 FOREMAN
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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WL(BCR) WL(ACR) BORING COMPLETED 09/26/13 CAVE IN DEPTH @ 2.50'
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THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES. IN-SITU THE TRANSITION MAY BE GRADUAL.
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Test no:
CPT-1

Project ID:
21983-A2

Client:
EYA

Project:
Robinson Terminal South Additional Exploration

Cone refusal encountered at a depth of 54.75 ft.

Position:
X: 0.00 ft, Y: 0.00 ft

Location:
2 Duke St, Alexandria, Virginia 22314

Ground level:
6.99

Date:
11/4/2013

Scale:
1 : 108

Page: 
1/1

Fig: 

File: 
CPT-1-T1.CPT

U2

Sleeve area [cm2]: 150
Tip area [cm2]: 10
Cone No: 4176

Classification by
Robertson 1990 b

Gravelly sand to sand (7)

Clean sands to silty sands (6)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Clean sands to silty sands (6)
Gravelly sand to sand (7)
Clean sands to silty sands (6)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)
Silty sand to sandy silt (5)
Clayey silt to silty clay (4)
Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Silty sand to sandy silt (5)

Clean sands to silty sands (6)

Silty sand to sandy silt (5)

Clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Clean sands to silty sands (6)

Silty sand to sandy silt (5)



ECS-2
S-2 2.50 - 3.92 4.0
S-3 5.00 - 6.50 20.5
S-4 8.50 - 10.00 26.2
S-5 13.50 - 15.00 57.1
S-6 18.50 - 20.00 55.9
S-7 23.50 - 25.00 16.9
S-8 28.50 - 30.00 28.4
S-9 33.50 - 35.00 25.8

S-10 38.50 - 40.00 19.2
S-11 43.50 - 45.00 23.4
S-12 48.50 - 50.00 27.9
S-13 53.50 - 55.00 27.2
ST-1 55.00 - 55.00 26.9
Tube 55.0-1 - 57.00 26.9 CH 55 28 27 97.2
S-14 58.50 - 60.00 29.6
S-15 63.50 - 65.00 24.5
S-16 68.50 - 70.00 25.1
S-17 73.50 - 75.00 24.2
S-18 78.50 - 80.00 27.2

ECS-4
S-13 53.50 - 55.00 30.3 CL 35 18 17 74.3

ECS-5
S-2 2.50 - 4.00 20.8
S-3 5.00 - 6.50 20.7
S-4 8.50 - 10.00 12.3
S-5 13.50 - 15.00 23.6
S-7 23.50 - 25.00 53.9

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 21983-D

Project Name: Robinson Terminal South - Final Geotechnical

PM: Peter M. Whitfield

PE: Bryan C. Layman

Printed On: Tuesday, April 28, 2015

Sample
Source

Sample
Number

Depth
(feet)

MC1
(%)

Soil
Type2 LL

Atterberg Limits3

PL PI

Percent
Passing
No. 200
Sieve4

Maximum
Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other

Page 1 of 3



S-8 28.50 - 30.00 35.6
S-9 33.50 - 35.00 60.0

S-10 38.50 - 40.00 30.2
S-11 43.50 - 45.00 17.8
S-12 48.50 - 50.00 39.4
S-13 53.50 - 55.00 43.2
S-14 58.50 - 60.00 26.1
S-15 63.50 - 65.00 20.4
S-16 68.50 - 70.00 16.7
S-17 73.50 - 75.00 20.4
S-18 78.50 - 80.00 31.6

ECS-7
S-3 5.00 - 6.50 25.1
S-4 8.50 - 10.00 20.0
S-5 13.50 - 15.00 28.8
S-6 18.50 - 20.00 42.3
S-7 23.50 - 25.00 45.9
S-8 28.50 - 30.00 45.5
S-9 33.50 - 35.00 38.7

S-10 38.50 - 40.00 29.5 SM NP NP NP 28.3
S-11 43.50 - 45.00 42.0
S-12 48.50 - 50.00 31.0
S-13 53.50 - 55.00 25.7
S-14 58.50 - 60.00 22.2
S-15 63.50 - 65.00 29.7
S-17 73.50 - 75.00 34.7 CH 82 30 52 95.6

ECS-8
S-5 13.50 - 15.00 24.0 CL 36 19 17 80.0

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 21983-D

Project Name: Robinson Terminal South - Final Geotechnical

PM: Peter M. Whitfield

PE: Bryan C. Layman

Printed On: Tuesday, April 28, 2015

Sample
Source

Sample
Number

Depth
(feet)

MC1
(%)

Soil
Type2 LL

Atterberg Limits3

PL PI

Percent
Passing
No. 200
Sieve4

Maximum
Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other

Page 2 of 3



S-12 48.50 - 50.00 39.4 CL 35 20 15 72.4
ECS-12

S-7 23.50 - 25.00 35.1 ML NP NP NP 71.1

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 21983-D

Project Name: Robinson Terminal South - Final Geotechnical

PM: Peter M. Whitfield

PE: Bryan C. Layman

Printed On: Tuesday, April 28, 2015

Sample
Source

Sample
Number

Depth
(feet)

MC1
(%)

Soil
Type2 LL

Atterberg Limits3

PL PI

Percent
Passing
No. 200
Sieve4

Maximum
Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other

Page 3 of 3



Tested By: KV Checked By: DVT

4/17/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Fat Clay Trace Mica Yellowish Brown (CH)
#4
#10
#40
#60
#80

#100
#200

100.0
99.9
99.6
99.2
98.6
98.3
97.2

28 55 27

CH A-7-6(31)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-2 Depth: 55.0-57.0
Sample Number: Tube Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Lean Clay with Sand Gray (CL)
#4
#10
#40
#60
#80

#100
#200

100.0
99.6
95.0
89.5
84.9
82.3
74.3

18 35 17

0.2592 0.1809

CL A-6(11)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-4 Depth: 53.50
Sample Number: S-13 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

P
E

R
C

E
N

T C
O

A
R

S
E

R

100

90

80

70

60

50

40

30

20

10

0

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
0.0 0.0 0.0 0.4 4.6 20.7 74.3

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report



Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty Sand Trace Mica Gray (SM)
#4
#10
#40
#60
#80

#100
#200

100.0
99.8
96.7
88.9
74.3
67.6
28.3

NP NP NP

0.2583 0.2276 0.1266
0.1055 0.0770

SM A-2-4(0)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-7 Depth: 38.50-40.00
Sample Number: S-10 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Fat Clay Yellow Light Brown (CH)
#4
#10
#40
#60
#80

#100
#200

100.0
100.0

99.3
98.9
98.4
97.9
95.6

30 82 52

CH A-7-5(59)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-7 Depth: 73.50-75.00
Sample Number: S-17 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Lean Clay with Sand Yellow Light Brown (CL)
0.375

#4
#10
#40
#60
#80

#100
#200

100.0
99.5
97.5
93.5
91.1
89.3
88.0
80.0

19 36 17

0.2031 0.1112

CL A-6(13)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-8 Depth: 13.50-15.00
Sample Number: S-5 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Lean Clay with Sand Dark Gray (CL)
#4
#10
#40
#60
#80

#100
#200

100.0
99.9
98.1
96.3
91.2
86.7
72.4

20 35 15

0.1710 0.1402

CL A-6(9)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-8 Depth: 48.50
Sample Number: S-12 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



Tested By: KV Checked By: DVT

4/16/15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silt with Sand Trace Mica Gray (ML)
#4
#10
#40
#60
#80

#100
#200

100.0
99.8
97.9
97.1
95.5
92.4
71.1

NP NP NP

0.1354 0.1133

ML A-4(0)

Data Entered: 4/22/15

RT South Associates, LLC                    
Robinson Terminal South - Final Geotechnical

21983-D

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: ECS-12 Depth: 23.50-25.00
Sample Number: S-7 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Particle Size Distribution Report



Tested By: HNT1 Checked By: DVT

Fat Clay Trace Mica Yellowish Brown (CH) 55 28 27 99.6 97.2 CH

Lean Clay with Sand Gray (CL) 35 18 17 95.0 74.3 CL

Silty Sand Trace Mica Gray (SM) NP NP NP 96.7 28.3 SM

Fat Clay Yellow Light Brown (CH) 82 30 52 99.3 95.6 CH

21983-D RT South Associates, LLC                    

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Figure

Source of Sample: ECS-2 Depth: 55.0-57.0 Sample Number: Tube
Source of Sample: ECS-4 Depth: 53.50 Sample Number: S-13
Source of Sample: ECS-7 Depth: 38.50-40.00 Sample Number: S-10
Source of Sample: ECS-7 Depth: 73.50-75.00 Sample Number: S-17
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Dashed line indicates the approximate
upper limit boundary for natural soils

4
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LIQUID AND PLASTIC LIMITS TEST REPORT

Data Entered: 4/22/15
Data Entered: 4/22/15
Data Entered: 4/22/15

Robinson Terminal South - Final Geotechnical



Tested By: HNT1 Checked By: DVT

Lean Clay with Sand Yellow Light Brown (CL) 36 19 17 93.5 80.0 CL

Lean Clay with Sand Dark Gray (CL) 35 20 15 98.1 72.4 CL

Silt with Sand Trace Mica Gray (ML) NP NP NP 97.9 71.1 ML

21983-D RT South Associates, LLC                    

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Figure

Source of Sample: ECS-8 Depth: 13.50-15.00 Sample Number: S-5
Source of Sample: ECS-8 Depth: 48.50 Sample Number: S-12
Source of Sample: ECS-12 Depth: 23.50-25.00 Sample Number: S-7
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LIQUID AND PLASTIC LIMITS TEST REPORT

Data Entered: 4/22/15
Data Entered: 4/22/15

Robinson Terminal South - Final Geotechnical



B-1
S-1 0.00 - 1.50 19.3
S-2 2.50 - 4.00 16.3
S-3 5.00 - 6.50 50.7
S-4 8.50 - 10.00 33.3
S-5 13.50 - 15.00 42.8
S-6 18.50 - 20.00 46.2
S-7 23.50 - 25.00 39.5 ML NP NP NP 57.1
S-8 28.50 - 30.00 36.5
S-9 33.50 - 35.00 36.5
S-10 38.50 - 40.00 43.1
S-11 43.50 - 45.00 48.8
S-12 48.50 - 50.00 21.3
S-13 53.50 - 55.00 23.7
S-14 58.50 - 60.00 42.0

B-3
S-1 1.00 - 2.50 12.0
S-2 2.50 - 4.00 22.6
S-3 5.00 - 6.50 34.7
S-4 8.50 - 10.00 50.2
S-5 13.50 - 15.00 12.5
S-6 18.50 - 20.00 33.3
S-7 23.50 - 25.00 43.3
S-8 28.50 - 30.00 43.4
S-9 33.50 - 35.00 19.1
S-10 38.50 - 40.00 33.8
S-11 43.50 - 45.00 48.8
S-12 48.50 - 50.00 48.4

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 21983-A
Project Name: Robinson Terminal - Alexandria Waterfront (South Parcel)
PM: Johnathan P. Hicks
PE: Bryan C. Layman
Printed On: Wednesday, October 23, 2013

Sample
Source

Sample
Number

Depth
(feet)

MC1
(%)

Soil
Type2 LL

Atterberg Limits3

PL PI

Percent
Passing
No. 200
Sieve4

Maximum
Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other

Page 1 of 2



S-13 53.50 - 55.00 38.1
S-14 58.50 - 60.00 25.5

B-4
S-8 28.50 - 30.00 42.5 CL 34 21 13 67.2

B-6
S-1 0.00 - 1.50 15.7
S-2 2.50 - 4.00 35.1
S-3 5.00 - 6.50 44.3
S-4 8.50 - 10.00 41.7
S-5 13.50 - 15.00 35.3
S-7 23.50 - 25.00 45.9
S-8 28.50 - 30.00 42.4
S-9 33.50 - 35.00 40.6
S-10 38.50 - 40.00 55.9
S-11 43.50 - 45.00 28.4
S-12 48.50 - 50.00 14.5
S-13 53.50 - 55.00 31.8
S-14 58.50 - 60.00 31.2

Laboratory Testing Summary

Notes: 1. ASTM D 2216, 2. ASTM D 2487, 3. ASTM D 4318, 4. ASTM D 1140, 5. See test reports for test method, 6. See test reports for test method

Definitions: MC: Moisture Content, Soil Type: USCS (Unified Soil Classification System), LL: Liquid Limit, PL: Plastic Limit, PI: Plasticity Index, CBR: California Bearing Ratio, OC: Organic Content (ASTM D 2974)

Project No. 21983-A
Project Name: Robinson Terminal - Alexandria Waterfront (South Parcel)
PM: Johnathan P. Hicks
PE: Bryan C. Layman
Printed On: Wednesday, October 23, 2013

Sample
Source

Sample
Number

Depth
(feet)

MC1
(%)

Soil
Type2 LL

Atterberg Limits3

PL PI

Percent
Passing
No. 200
Sieve4

Maximum
Density

(pcf)

Moisture - Density (Corr.)5

Optimum
Moisture

(%)

CBR
Value6 Other

Page 2 of 2



Tested By: DNN Checked By: DVT

Project No. Client: Remarks:
Project:

Source of Sample: B-1 Depth: 23.50-25.00 Sample Number: S-7
Source of Sample: B-4 Depth: 28.50-30.00 Sample Number: S-8

Figure

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

MATERIAL DESCRIPTION TEST DATE USCS NM

NP NP 0.1628 0.0819
34 21 0.2688

Sandy Silt Trace Mica Very Dark Grayish Brown (ML) ML 39.5
Sandy Lean Clay Trace Mica Dark Grayish Brown (CL) CL 42.5

21983-A EYA                                         
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Particle Size Distribution Report

Robinson Terminal - Alexandria Waterfront (South Parcel) Data Entered: 10/9/13
Data Entered: 10/9/13



Tested By: HNT1 Checked By: DVT

Sandy Silt Trace Mica Very Dark Grayish Brown (ML) NP NP NP 98 57 ML

Sandy Lean Clay Trace Mica Dark Grayish Brown (CL) 34 21 13 93.4 67.2 CL

21983-A EYA                                         

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:
Project:

Figure

Source of Sample: B-1 Depth: 23.50-25.00 Sample Number: S-7
Source of Sample: B-4 Depth: 28.50-30.00 Sample Number: S-8
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Robinson Terminal - Alexandria Waterfront (South Parcel)



ECS - Mid-Atlantic, LLC
Chantilly, Virginia

Measurement of Hydraulic Conductivity of Saturated Porous Materials 
Using a Flexible Wall Permeameter

ASTM D5084-10
Project No.: 21983-D Date: 4/16/15
Project Name.:Robinson Terminal South

Tested By: HNT Reported By: DVT Reviewed By: PMW

BORING #: ECS-2 SAMPLE #: _ DEPTH: 55.0-57.0

      DESCRIPTION: Fat Clay Trace Mica Yellowish Brown(CH)

MDD (lbs/ft3): _ LL: 55 SG: 2.60
OMC (%): _ PI: 27 %Passing #200: 97.2

LENGTH: 3.118 in 7.92 cm
DIAMETER: 2.853 in 7.25 cm
AREA: 6.39 in2 41.28 cm2

VOLUME: 19.93 in3 326.94 cm3

0.011534 ft3 0.000327 m3

 MOISTURE CONTENT

INITIAL FINAL
      WET WT SAMPLE + TARE: 165.64 g 730.70 g
      DRY WT SAMPLE + TARE: 137.25 g 584.40 g

 WT TARE: 31.85 g 86.35 g
 MOISTURE CONTENT: 26.9 % 29.4 %
       SATURATION: 103 % 108.1 %

       DENSITY DETERMINATION

INITIAL FINAL
 WET WT: 642.3 g 644.35 g
 WET WT: 1.416 lbs 1.421 lbs

     WET DENSITY: 122.8 lbs/ft3 123.2 lbs/ft3

     DRY DENSITY: 96.7 lbs/ft3 95.2 lbs/ft3

      COMPACTION: #DIV/0! % #DIV/0! %

     PERMEABILITY DETERMINATION

   BACK PRESSURE: 45 psi b VALUE: 1

    PIPETTE     ANNULUS       BOTH
1

INFLOW OUTFLOW TIME
  INITIAL READING: 1.00 24.00 HOURS:
    FINAL READING: 2.50 22.50 MINUTES: 15

    FLOW: 1.5 1.5 cc SECONDS: 900

ADDED AIR PRESSURE GRADIENT 5 psi    = 351.5 cm

INITIAL FINAL
    HEAD: 374.5 371.5

    TEMPERATURE CORRECTION: 0.931         TUBE AREA: 1 cm2

         PERMEABILITY: 7.98E-07 cm/sec

119733 ASTM D5084 FLEXIBLE WALL PERMEABILITY.XLS





Groundwater observed at EL. 0 Feet 
Potential Flood Elevation of EL. +11 Feet per FEMA 

LATERAL EARTH PRESSURE DIAGRAM –UNDRAINED WALLS 

Term Description Value 
gw Unit Weight of 

Water 
62.4 pcf 

g’ Effective or 
Buoyant Soil 

Weight 

54.6 pcf 

ko At-rest earth 
pressure coefficient 

0.50 

g Unit Weight of Soil  117 pcf 

  H (feet) 

Surcharge Load (psf) 

        Horizontal Pressure from Surcharge 
 = ko x Vertical Surcharge 

hw 

z 

Water Level Anticipated Tidal 
Fluctuation to EL. +5 ft 

ko(gz+g’hw) gwhw 

C:\Users\pwhitfield\Desktop\Geotech Report\21983-D Robinson Terminal South - Groundwater Monitoring\LATERAL EARTH PRESSURE 
DIAGRAM_undrained.doc 
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PT - PEATML - LOW PLASTICITY SILT

MH - HIGH PLASTICITY SILT

CL - LOW PLASTICITY CLAY SP - POORLY GRADED SAND
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APPROX. BORING LOCATION (MARCH 2015)

 

APPROX. BORING/MONITORING WELL LOCATION (MARCH 2015)

 

APPROX. BORING LOCATION (OCTOBER 2013)

 

APPROX. SCHNABEL BORING LOCATION (FEBRUARY 2013)
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