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Executive Summary 
 
 
This report compiled in accordance with senior thesis requirements discusses the design 
and construction of Louis at the 14th in a series of four primary analyses.  These analysis 
topics collectively offer insight into providing the most effective, efficient, and safest 
foundation system for the building. 
  
Analysis #1: Prevention Through Design for Foundations & Excavations 
 
While prevention through design is more commonly practiced in designing the finishing 
details of buildings, this research highlights less common ways of applying prevention 
through design techniques to the foundation of a building and the excavation it requires.  
Its intention is to point out ways of changing design documents, specifications, and 
means and methods of excavation as well as the most hazardous elements of such work in 
order to provide the safest work environment. 
 
Analysis #2: Foundation System Study 
 
The schematic design of the foundation system was heavily challenged by soil conditions 
and the budget of the project.  Had the schematic design taken a different direction, this 
analysis investigates that alternative option by utilizing a single mat slab design instead 
of a combination micropile and spread footing design.  A structural study is also 
performed to aid in revealing the advantages and disadvantages of the mat slab system in 
comparison to that used on the actual project. 
 
Analysis #3: Site Specific Safety Plan 
 
By applying the findings of Analysis #1 to the foundation redesign of Analysis #2, a site 
specific safety plan is developed for the excavation phase.  This plan focuses on 
identifying the risks and hazardous environments introduced by the mat slab design and 
provides analysis on the safest means and methods of protection and safety in accordance 
with the prevention through design research. 
 
Analysis #4: Geothermal Loop System 
 
In an effort to further exploit the building foundation area, this analysis looks into the 
installation of a closed-loop geothermal system with a well field installed in accordance 
with the actual micropile system used for the northern foundation.  A mechanical study is 
completed to appropriately size the wells to serve the heating and cooling demands of the 
ground floor retail space of the building.  The impact to the project budget and schedule 
are investigated as well as the overall constructability of the geothermal well field. 
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Project Overview 
 
Introduction 
 
Located in northwest Washington, D.C. at the corner of 14th St & U St, JBG Companies 
proposed a nine-story LEED Silver certified concrete high-rise with retail spaces at street 
level and 268 luxury apartment units throughout the majority of the building.  
Construction of this building was originally scheduled to take place from March 3, 2011 
to November 29, 2013. 
 

 
                                                                                    Rendering provided by JBG Companies 

Client Information 
 
JBG Companies is the primary owner of the building receiving consulting services from 
Georgetown Strategic Capital.  It is the main business model of JBG Companies to 
develop real estate into profitable opportunities that enhance the community of the 
Washington Metropolitan Area.  The schedule is the most critical element of their 
priorities because the sooner the contractor can turn over the residential spaces to the 
tenants, the sooner the owner can begin leasing space.  JBG Companies also prides itself 
in providing the highest quality products in the community, with the budget the most 
flexible of these critical elements.  The retail spaces are turned over to the tenants first as 
warm & lit spaces only, no finishes or interior work is required for this contract.  It was 
originally scheduled that two floors at a time would be turned over per completion, but 
actual events caused the residential spaces to be turned over on two separate dates reliant 
on the completion of each floor.  
  
Delivery Method 
 
This job was delivered via design-bid-build, Eric Colbert & Associates being the head 
architect and Balfour Beatty Construction acting as the construction manager-at-risk.  
Balfour Beatty Construction was awarded the guaranteed maximum price contract after 
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conducting their best & final offer with the other low bidder.  Their subcontractors were 
hired based mainly on their low bid and scope of work, although their past relationships 
with Balfour Beatty, their prequalifications, financial strength, and bonding capacity were 
strongly considered, as well.   
 
Staffing Plan 
 
On the design team was Bowman Consulting acting as the civil engineer, SK & A Group 
as the structural engineer, Summit Engineers as the MEP engineer, and Cecconi Simone 
as the interiors consultant.  Balfour Beatty Construction awarded Miller & Long Concrete 
Construction the concrete contract, TD Industries the HVAC contract, Berlin Steel the 
metals contract, Inspiration Plumbing Company the plumbing contract, and Electric 
General Corp the electrical contract. 
 
The management team of Balfour Beatty Construction was headed by one project 
executive directing one project accountant, three superintendents, and one project 
manager.  The project manager lead a team of two assistant project managers and one 
project engineer who had assumed responsibilities primarily based on trades of work.   
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Design & Construction Overview 
 
Site Details 
 
Located at the corner of 
14th St and U St in 
Washington, D.C., the 
east side of the proposed 
building sits on the edge 
of the sidewalk of 14th St, 
while the rear of the 
building meets a public 
alley.  Adjacent 
buildings, one of which 
houses the field office, 
adjoin the north and south 
sides of the property.  The 
public sidewalk on 14th St 
was closed for the 
majority of the 

construction, directing passerby through street parking spaces 
accompanied by flagmen as necessary.  The trees shown were also protected throughout 
the duration of construction.   
 
Due to the adjacent buildings, piles supporting excavation work were required to be 
drilled instead of driven because of noise & vibration concerns.  Potential complaints 
constantly threatened the temporary shutdown of operations on a day-by-day basis.  The 
proposed 9-story building ties into the existing historic preservation area on the north side 
of the footprint.  
 
Temporary jobsite parking on the NW corner of the property could be accessed through 
the public alley, but once work had sufficiently progressed in the parking garage on the 
south side, it was used for parking to allow work to continue on the northern footprint.   
 
All adjacent buildings are three stories or less, so potential tower crane interferences were 
minimal; however, space is needed east of the building footprint on the existing sidewalk 
(as pictured), so the municipality was paid to close the sidewalk and parking meters to 
utilize that space and redirect pedestrian traffic through the street parking spaces with 
overhead protection.  The primary entrance & exit was on 14th street with flagmen 
directing pedestrians and traffic for deliveries or as needed. 
 
See Appendix A for site plan. 
 
 

Photo!by!Russell!Voigt 
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Demolition & Excavation 
 
Demolition included <2-story retail spaces, and restaurants along with paving areas on 
the west side of the property. During excavation, adjacent building foundations, although 
extremely close to the building footprint, were not deep enough to prevent the use of tie-
backs supporting the soldier pile support system.  The T Street post office building 
required additional support using bracket piles on the actual project.  
 
The perimeter of this area had soldier piles, lagging, and tiebacks installed to support the 
excavation, along with extra support protecting the historic façade on the east edge. The 
deepest area of the foundation is located where the underground parking garage is on the 
south side of the building footprint.  Sump pits and dewatering systems were installed in 
this area, as well. 
 
Temporary ramps were put into place to adjoin the garage level, north foundation level, 
and the street level.  Soil was hauled out using these ramps and the gates on 14th St.  
Contractors had extra access for equipment and accessories through the public alley to 
the west.   
 
Structural System 
 
The proposed building is supported by a reinforced concrete frame (cast-in-place) resting 
on a foundation of drilled micropiles in the northern half and spread footings in the 
southern half.  The northern slab-on-grade is a regular 8” flat slab of normal weight 
concrete with unbonded two-way post-tensioned suspended slabs above.  Plywood 
sheeting & shoring was used for curing each floor.  A tower crane & bucket was used for 
concrete placement. 
 
Prior to the superstructure taking its place, a tower crane was installed with the pad 
located at the center east edge of the building footprint.  The swing radius was able to 
reach the farthest northwest corner of the property at this point.  The adjacent buildings 
on the south are not of significant concern to the swing radius, but the 9-story building to 
the west was a critical obstacle that requires careful attention.  
 
Changes commenced as the structure rose, one being the loading dock and trash chute 
located in the public alley.  Material hoists were also installed as necessary.  Once the 
cast-in-place concrete work was completed in the garage levels, contractors were able to 
use the garage entrance for parking and material storage pending the demands of 
remaining work in those spaces. 
 
Mechanical System  
 
The mechanical system is water-to-air for the common areas and ground floor, which is 
equipped with 14 water source heat pumps, 2 boilers, and a rooftop cooling tower.  
Separated from the ground floor, the residential units utilize a ductless split system 
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throughout the building with rooftop air handling units.  The two boilers are located in 
the parking garage below grade with a fire pump service room and water meter room.   
 
 
Electrical & Lighting System 
  
The electrical system is fed by 3 utility ductbanks tying into three 4000A switchboards, 
two 120/208V 3ϕ’s for the residential apartments and one 265/460V 3ϕ for the ground 
floor retail spaces.  Minimal redundancy is incorporated into the building, as only one 
diesel engine driven emergency generator (300 KW/375 KVA 265/460V 3ϕ) is proposed 
to mainly serve the fire pump service room as required.  The main electrical room is 
located in the parking garage level, while 2 electrical closets accompany each floor.  
 
Below grade, 4’ tubular fluorescent fixtures primarily light the parking garage spaces.  At 
the ground level, 4’ fluorescent utility fixtures occupy the main retail spaces with 
compact fluorescent recessed downlights in vestibules and smaller spaces.  Common 
areas in the above residential floors contain 24” & 42” linear fluorescent lights as well as 
incandescent pendant light fixtures in areas open to multiple floors.  Typical apartment 
units utilize compact fluorescent downlight fixtures, vanity fixtures, utility fixtures, and 
recessed pinhole lights in the closets. 
 
 
Constructability Issues 
 
Window System 
 
The amount of glazing that encloses Louis at 14th makes the window systems a critical 
element of success in itself, but they also require precise attention to detail during 
installation as well as the scheduled activities for the window 
assemblies and adjacent ongoing work.   All window system 
installation lay on the critical path of the schedule since it 
contributes to the watertight enclosure milestone.  
 
A mockup schedule was exercised to serve different areas of 
the building façade that demanded different assembly and trade 
coordination.  It was critical for all subcontractors involved in 
these assemblies to have all adequate materials, such as 
flashing, on site and ready for installation to avoid delays or 
trade clashes.  Upon their delivery, windows were stocked on 
their designated level until installation. 
 
The receptors were the first pieces of the window to be installed, which immediately 
followed the installation of exterior sheathing and channels.   The installation of these 
receptors precedes air & vapor barrier detailing and spray, which are then followed by the 
brick veneer & metal panels.  The masonry work ongoing for the brick veneer would take 
place two stories below the window receptor installation.  It was between these to stories 

Ywindow"receptor"details"
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where the glass would be put into place.  Coordination issues with the channels came up 
where they had clashed with window height dimensions & flashing details, while flashing 
issues posed other complications involving its installation before & after the necessary 
trades.   
 
The primary challenge of the window assemblies was its demanding attention to detail 
and the criticalness of trade coordination.  The façade of the building during the 
enclosure phases was very busy at multiple levels, and the successful installation of these 
window systems influenced several trades and was affected by others, as well.   The 
amount of times this work was repeated on the project was enough to have a critical 
impact on its success.  
 
 
Dewatering Wells 
 
The dewatering well system proved to be a critical element of the project schedule, as 
unforeseen groundwater conditions caused major delays early in construction.  The 
original dewatering plan was designed according to the geotechnical investigation, which 
suggested less groundwater than what was discovered once excavation commenced.   
 
The dewatering process required investigation regarding its effects on adjacent 
properties, as well as the monitoring of drilling spoils for contaminants, which were 
found in some wells.  The water spoils also needed to be controlled as found necessary, 
since there was one instance where the spoils escaped the sediment control barriers and 
found its way into the alley.  
 
Once the bracket pile was installed, the temporary dewatering system running off of 
generator power was actively pumping to mitigate subsurface water conditions, an 
environmental consultant was required to test the discharge water.  The dewatering 
contractor also needed to validate the presence of underpinning pits near the adjacent 
building that had recorded settlement due to local undermining in the past. 
 
The project team better judgment was challenged to determine at which point it was 
necessary to turn off the dewatering system and leave it to the sump pits & subdrainage to 
manage the remaining groundwater.  
 
 
Historic Façade Protection 
 
Located on the east edge of the building footprint is an existing historical brick façade 
that required support and protection throughout every phase of the project.  It is the 
façade of the east existing building that was demolished earlier in the job, and the 
contractor would receive allowances as necessary for the work required to preserve it.   
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After it was questioned that, in its condition, the façade would not be able to sustain itself 
once the rest of the existing building was demolished, it was determined by the 
restoration contractor that bracket piles would be installed along the edge of the façade 
with beams connecting the piles to the façade masonry with bracket plates.  
 
This temporary structure would be 
the main means of support and 
protection during excavation and 
other phases.  Extra precaution was 
taken during the excavation next to 
the façade, as extra steel plates were 
installed at the top of the piles to 
deflect debris and avoid damage to 
the façade.  
 
The extra bricks removed during 
demolition were required to be 
salvaged, palletized, and stored for 
future use by the new tenant, as well.  
This extra material was picked off 
the site with a boom truck and 
transported to another JBG 
Companies nearby. 
 

 

 
 
 
 
 
 
 
 
 
 

Historic!Façade!support!perspective.!
Photo!by!Balfour!Beatty!Construction 
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Project Cost Evaluation 
 
Square Foot Estimate 
 
The most basic R.S. Means square foot estimate yielded a cost of $47 million at $176/SF, 
which is much higher than the original construction budget, but this is likely due to the 
primary wall construction of the actual building being less labor intensive than that 
available in R.S. Means Square Foot Costs 2012.  For 8-24 story apartment buildings, the 
closest exterior wall type was “Face brick with Concrete Block Backup.”  Although there 
are CMUs on the actual building, they only continue from the foundation up to just above 
grade, not the entirety of the building height, which is a poured-in-place concrete frame 
with a combination of glazing systems, metal panels, and masonry veneer.  Another 
likely inaccuracy, especially pertaining the mechanical systems, is the mixed-use aspect 
of the proposed building, as a good portion of the ground floor is made up of retail space, 
not residential apartments.  It should be noted that the actual construction cost has 
exceeded the original budget mainly due to unforeseen dewatering challenges and 
concrete work delays.  
 
 
General Conditions Estimate 
 
The general conditions expenses for Louis at the 14th are portrayed in this estimate using 
R.S. Means 2012 cost data.   Ordinary items on the actual project have been assigned to 
similar or exact items in the cost data to be as realistic as possible.  Specific items not 
included in this estimate are identified in Appendix C for reference. 
 
The tower crane is the most costly item of the materials & equipment in the estimate.  
Swing staging serves as another critical item as much of the building façade requires 
these types of lifts for installation.  Other material items that are not as critical include 
signage, fencing, plywood protection, and material for temporary pathways during 
excavation.   
 
HVAC, power, and lighting expenses result from the project site and the field office.  The 
field office located in the north adjacent building is responsible for other items such as 
rent, phone bills, and office supplies.  The project staff wages include that of one project 
executive, two project managers, one project engineer, three superintendents, and three 
laborers. 
 
The actual general conditions cost of the project is very similar to the estimate priced by 
R.S. Means.  This suggests that the actual general conditions are common to the industry, 
the only differing aspects being the field office located in an existing building.  The 
closing of the public sidewalk yields extra costs in the actual project scenario, but being 
on a tight site saves on expenses in other areas, as well, since space must be more 
efficiently utilized and may save on costs. 
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Plumbing Assemblies Estimate 
 
R.S. Means 2012 cost data accurately represented the components of the plumbing 
system through its available items.   Most of the items priced were quantified by 
analyzing a typical apartment and its plumbing components, then multiplying them by the 
number of other apartments and similar areas.  The actual cost of the system is very close 
to this assemblies estimate which is likely due to the number of repeated apartment units 
in the building, which is simple to accurately represent.  
 
 
Mechanical Assebmlies Estimate 
 
The mechanical systems were represented as accurately as possible while keeping in 
mind the components serving different parts of the building since there are retail spaces, 
apartments, and underground parking.  By carefully examining the included items in each 
R.S. Means assembly, the cooling tower assembly and the rooftop unit assembly were 
eliminated to avoid double counting conditioned areas, as the assemblies included in the 
estimate are similar enough to represent the entire building system with their included 
components. 
 
This estimate is slightly over the actual system cost, which is likely because of the 
different types of spaces previously noted that R.S. Means cannot represent as accurately. 
 
 
Electrical Assemblies Estimate 
 
All major electrical systems were assigned to line item assemblies priced by R.S. Means 
2012.  The major components of the electrical system such as the switchgears, generator, 
and panelboards were accurately represented by the pricing data.  Quantities of these 
major components were quantified very accurately, as well. 
 
Minor components including the receptacles, wall switches, and lighting fixtures, all of a 
wide variety of types, were grouped into the same type that best represented the majority 
of the item.  Light fixtures, in particular, were not as accurately matched with R.S. Means 
items due to its limited fixture types available.  Quantities of these minor items were also 
simplified similarly to the concrete approach in which quantities were generated from a 
typical reoccurring section of the building, and then multiplied to appropriately match the 
entire area.  The parking garage lighting and the apartment lighting areas were 
approached differently due to the drastically different demands of their respective spaces. 
 
The actual cost of the electrical system is very close to that estimated, which is likely 
because this electrical design is fairly common amongst other residential buildings. 
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Detailed Structural System Estimate 
 
The structural system estimate includes cast-in-place concrete slabs, columns, walls, and 
auger-cast piles.  The foundation, slab-on-grade, and roof were quantified separately, as 
well as the above-grade and below-grade structures.  These areas were separated due to 
their similar reoccurring features of each that could easily be repeated to provide quick & 
accurate quantity estimation. 
 
The foundation system included auger-cast piles, pile caps, foundation walls, and shear 
walls in the elevator shaft.  Since there were several size types of pile caps, all pile caps 
were assumed to be the same average size of 7’x7’.  The same approach was used for the 
auger-cast piles, as their depths ranged slightly, but a uniform depth was used for all 54 
piles.  The foundation walls and shear walls were calculated more accurately by their 
exact dimensions.  Small grade beams, foundation wall steps, and garage ramp slopes 
were not included in the calculations. 
 
The remainder of the quantity take-off performed is based on a typical reoccurring bay 
between columns lines D&E and 3&4 (see Appendix B).  The quantities generated by 
this bay are then multiplied by the number of times a similar bay reoccurs on that floor 
since the floor area varies by floor.  This particular bay was chosen because it seemed to 
be the most average, reoccurring bay on every floor of the building that would yield an 
accurate representation of the rest of each floor.   
Using this method, the slabs and columns were calculated for that particular bay and then 
multiplied to match the total area of each floor.  The penthouse and roof slab were 
calculated separately and more precisely due to their more manageable size. 
 
The pricing of these quantities is designated by line items in R.S. Means 2012 cost data 
as referenced.  R.S. Means items were assigned to take-off items as similar as possible.  
The only possible source of significant pricing error may occur for the auger-cast piles, as 
there was not an exact item in R.S. Means to match it.  The pile costs were estimated 
based on the costs of other individual items such as concrete, rebar, & drilling as 
referenced.  The actual cost of the superstructure is slightly higher than this estimated 
cost, which can possibly be due to scheduling differences or post-tensioning 
complications. 
 
See Appendix B for all detailed calculations. 
 
 
Value Engineering 
 
Included in the bid by Balfour Beatty Construction was a list of voluntary value 
engineering suggestions that could potentially save JBG Companies a significant part of 
their budget while maintaining the quality product for which each party always aims.   
 
The majority of these suggestions that were implemented on the project included changes 
to more economical materials with similar performance specifications, one being the 
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countertops installed in each of the residential units that were substituted for a different 
type of countertop fabricated in China.   The laminate flooring was also substituted with a 
5/16” laminate flooring manufactured by Mohawk.   
 
Where sprinkler mains were designed to utilize black steel pipes, CPVC was used 
instead, as well as for domestic water lines; however, these materials in the parking 
garage areas were required to remain steel to meet building codes.  Another material 
change occurred in the stainless steel trash chutes, which were changed to aluminized 
steel chutes.   
  
All of the previously mentioned material substitutes adequately maintained JBG’s goal in 
regards to quality, while other suggestions did not sufficiently meet this goal or did not 
suit other priorities well enough.   
 
One suggestion that could not be utilized included the substitution of metal panels for 
more masonry veneer, as previously described for the sake of schedule acceleration.  This 
change would require fewer trades working on the building enclosure at a time and offer 
simpler constructability.  While it would potentially be able to accelerate the project 
schedule, too, the aesthetics of this change would be too great a difference and the final 
product would not look as originally intended.  
 
As most of the residential units host a balcony with custom glass railings, it was 
suggested that standard manufactured glass railing be used.  These standardized railings 
did not cooperate with the original design, nor did a potential change from painted 
galvanized railings to aluminum railings, as they created an unwanted aesthetic 
discontinuity on the balconies.   
 
It was suggested that insulation requirements on vertical storm risers and vents be deleted 
since building codes did not require them, but acoustical considerations with adjacent 
apartments determined this change to be unfavorable to the occupants.   
 
Other suggestions offered by Balfour Beatty Construction included implementing a 
ballasted roof instead of a green roof, utilizing Sovent piping, offering alternative 
plumbing packages, water heaters, locksets, cabinetry, and other specific masonry details 
that would ease constructability.   
 
Overall, very few value engineering changes influenced the aesthetic appeal of the 
building’s interior and exterior, while more of the implemented changes occurred where 
they would not be as noticeable.   
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Project Schedule Overview 
 
Basic Summary 
 
The notice to proceed on the project construction was issued in March of 2012.  
Excavation posed to be most variable in the schedule as geotechnical reports suggested 
likely dewatering work would be necessary, which ended up delaying the actual schedule 
significantly since more groundwater was encountered than expected.  The concrete 
pours would also play a varying factor until top-out due to usual complications and 
weather delays.  As the superstructure neared completion, interior MEP rough-ins, 
carpentry, finishes, and all other trades followed from the ground up in accordance with 
their proposed turnover date.  Ground floor retail spaces were turned over with only core 
& shell work completed as specified by the contract.  Retail tenants were then be 
responsible for their own interior work.   
 
 
Detailed Project Schedule 
 
The following schedule (see Appendix C) was assembled using Primavera P6 software 
and is meant to simplify the actual project schedule into its major phases & sequences.   
The primary workflow of each sequence is portrayed from the ground level up to 
penthouse.   
 
The actual project schedule incorporates workflow moving across different areas of the 
building footprint at each level.   It also includes more detailed activities focusing on 
work occurring in more specific areas of the building such as the fitness center, rooftop 
lounge area, and interior suites. 
 
The first several activities portrayed are the fabrication & delivery of materials, as many 
are long-lead items and/or require prefabrication work prior to arriving on the jobsite.  
The initial work to take place on the actual jobsite includes the demolition of several 2-
story retail spaces and a parking lot.  A section of an existing historic building façade 
needs appropriate protection installed before excavation begins, as well. 
 
The excavation phase includes the installation of lagging & tiebacks, drilled piles, sump 
pits, and dewatering wells.  This is one of the most unpredictable durations and critical 
activities on the project because of the dewatering systems being installed and the 
unknown groundwater conditions.  The actual project schedule suffered major delays due 
to these complications. 
 
Another critical element follows with the cast-in-place concrete structure extending to the 
highest elevations of the building.  Included in these activities are all slabs, columns, 
stairwells, shafts, and, also, concrete masonry units.   
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The critical path then follows all trades involved in the enclosing the building to reach the 
watertight milestone as soon as possible.  This work includes primarily framing, 
sheathing, windows, masonry assemblies, and roofing. 
 
The remaining activities are organized by floor because the project is turned over as 
floors are completed, the ninth floor being the last.  Mechanical, plumbing, and electrical 
rough-in work control the critical path on each floor, followed by insulation & drywall, 
fixtures & GRD’s, doors, casework, and finally all finishes.  The ground level retail 
spaces do not require finishes as that scope of work is excluded from the project contract. 
 
 
Schedule Acceleration Opportunities 
 
Louis at the 14th, originally scheduled to start construction in March of 2012 and finish 
by December of 2013, proposed a challenging schedule with several key elements and 
threats to its success.    
 
The fabrication and early approval of specific building components and long-lead items 
early in the project hold major potential to impact the critical path later in the schedule, 
making early organization and communication a key to timely completion.    
 
Other than the early approval of key items, the critical path begins with the excavation 
and foundation phases, which introduces one of the largest scheduling risks of the project 
mainly because of unknown subsurface conditions.  As a certain amount of groundwater 
is to be expected according to the geotechnical reports, there is always still a degree of 
uncertainty that can cause major delays on the critical path.  Occurring on the actual 
project, more groundwater than expected was discovered that caused time-consuming 
complications with the dewatering systems and foundation work.   
 
The ascending cast-in-place concrete superstructure then assumes control of the critical 
path, which is sensitive to logistical and weather delays.  Much of the time consumed is 
governed by sufficient shoring & curing time.  It is also essential to have the appropriate 
penetrations and sleeves identified and planned for the following mechanical, electrical, 
and plumbing rough-in work that occurs later on the critical path after the building 
enclosure is installed.   
 
The building enclosure includes the installation of metal panels, brick façade, and 
window systems.  This is a sensitive operation because instead of having more of the 
same materials, there are several different types occurring that can complicate the 
installation process.  Several mock-ups were constructed on the actual project to mitigate 
this risk and simplify the process for the different tradesmen.  This issue was considered 
in value engineering options, as well.   
 
The finishes unavoidably complete the critical path on each floor, which involves a long 
and complex approval process because many materials used are foreign and take longer 
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for review.  They also needed to adequately satisfy the aesthetic goals of every space of 
the building.   
 
Throughout the schedule, the tightly congested site also posed the constant risk of error in 
appropriately executing the traffic control plan, public safety plan, and abiding by the 
constraints of the adjacent properties.  All of these sensitive aspects had serious potential 
to shut down the jobsite at any time and further delay the critical path. 
 
Potential activities where the critical path could have been accelerated occur in the 
activities previously described through careful planning and proper execution.  
Otherwise, a general approach used the by the project team is to take advantage of early 
start dates and float flexibility to condense activities closer together.  Certain finish-to-
start relationships between activities technically do not have this potential, but planning 
& preparation for the start of an activity can create opportunities to prepare for activities 
ahead of time, execute work more quickly, and save time on the critical path.   
 
In order to accelerate the critical path as such, early involvement by each and every party 
involved is the most critical and most costly key to making it successful.  For example, 
lack of planning and coordination can leave substantially more work by missing MEP 
sleeves and penetrations that can delay rough-in activities immediately following.   
Coordination among trades and work crews are essential to schedule acceleration.   
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Analysis #1: Prevention Through Design 
 
Introduction 
 
Prevention through design is a concept aiming toward preventing and controlling 
occupational injuries, illnesses, and fatalities by designing building elements in a way 
that minimizes hazards and risks associated with the construction, manufacture, use, and 
maintenance of a building.   It can be a cost-effective means of enhancing occupational 
health and safety, and it is a growing industry trend with more and more management 
practices trying to implement prevention through design in its buildings.   
 
This analysis provides supporting statistics suggesting the need for improvements in 
safety for excavations, it identifies common excavation practices and the risks associated 
with each, and it provides an overall perspective on the potential for prevention through 
design to be effectively applied to a building excavation.   
 
 
Excavation & Trenching Accident Statistics 
 
•The fatality rate for excavation work is 112% higher than the rate for general 
construction. 
 
•Two workers are killed every month in trench collapses.  

• “Two cubic yards of soil weigh about 6,000 pounds.  If you’re buried, you’ll suffocate 
in less than three minutes.  Even if you survive, the weight of the soil is likely to cause 
serious internal injuries.” 

•Out of 3,945* worker fatalities in private industry in calendar year 2012, 775 or 19.6% 
were in construction. The leading causes of worker deaths on construction sites were 
falls, followed by struck by object, electrocution, and caught-in/between. These "Fatal 
Four" were responsible for nearly three out of five (56%) construction worker deaths in 
2012*, BLS reports.  Eliminating the Fatal Four would save 435 workers' lives in 
America every year. 
 
▪ Falls – 278 out of 775 total deaths in construction in CY 2012 (36%) 
▪ Struck by Object – 78 (10%) 
▪ Electrocutions – 66 (9%) 
▪ Caught-in/between – 13 (2%) 
 
Cave-ins: 1000 injuries/year; 140 permanent disability, 54 deaths (76%) 
Struck by excavator and components:  50 deaths 
 
 
 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 22"

General Precautions of Excavations & Foundation Work  
 
An excavation is any man-made cut, cavity, trench, or depression in an earth surface 
formed by earth removal.  The following apply to all types of excavation work and may 
pose a hazard if not carefully and sufficiently considered: 
 
Air Monitoring – Hazardous atmospheres can occur inside excavations deeper than 4 
feet such as oxygen deficiencies or poisonous gases resulting from nearby activity, such 
as equipment fumes, landfills, sewers, or other potential hazards that can be expected.   It 
is even possible for the soils to be contaminated by leaking lines or storage tanks causing 
a dangerous atmosphere.  In these cases, the oxygen levels should be tested and proper 
respiratory protection or ventilation should be sufficiently provided for those working in 
the area.  This protective equipment along with the oxygen levels should continue to be 
tested to ensure worker safety and acceptable levels of oxygen are present.  Should a 
hazardous atmosphere quickly occur and a rescue is needed, emergency rescue equipment 
such as a breathing apparatus, safety line & harness, and basket stretcher should be 
readily available.   
 
Underground Utilities – Existing underground are always a safety concern during any 
type of excavation, regardless of how much or how little is known about the project site.  
Before an excavation begins, it is required by OSHA to determine only the approximate 
location of existing utility installations that may include sewer, telephone, fuel, electric, 
water, or other underground lines.  The owner or utility company should be made aware 
of the proposed excavation before proceeding.  They are required to determine the exact 
locations of their underground installations, but the excavating contractor may proceed 
with caution if the owner or utility company cannot respond or find its exact location 
within 24 hours.   
 
Inspections – The designated competent person with appropriate training in soil analysis, 
protective systems, OSHA regulations, and appropriate authority is responsible for 
conducting inspections for all of the dangers and hazards discussed.  They must be able to 
classify soils and their condition, select protective systems and oversee their installation, 
and then inspect the systems on at least a daily basis before each shift.  Potential cave-ins, 
protective system failures, hazardous atmospheres and conditions are all points of interest 
during inspection.  Such inspections should be conducted following unfavorable weather 
or disruptive operations such as blasting.   
 
Spoil Pile Placement – When displacing soils from the excavation, it is very important to 
dispose of the soils in a safe place that will not affect the support of the excavation, the 
equipment being used, or interfere with other ongoing operations.  Placing soils too close 
to the edge of an excavation can overload the protective system and cause a cave-in or 
fall back into the excavation where people are working.  Depending on conditions, 
excavated soils should be disposed of at least 2 feet from the edge of the excavation.  If 
this is not possible, they may need to be temporarily hauled to a safe location.  Methods 
of excavation protection may be used to protect and control soil piles, as well.   
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Access & Egress – It is required by OSHA to adequately provide safe access and egress 
to all types of excavations deeper than 4 feet using ladders, steps, ramps, and other means 
to avoid fall injuries.  These are required to be within 25 feet of any worker in the 
excavation because if the area should become hazardous, workers’ safety can depend on 
how quickly they can escape the excavation.  Ramps that are structurally designed 
methods should always be designed and inspected by a competent person.   
 
Fall Protection – Falling into an excavation is a major concern during these types of 
operations, therefore it is required by OSHA that employees be protected from the edges 
of excavations when 6 feet or deeper.  Protection can include guardrail systems, fences, 
barricades, or covers as approved by a competent person.  Walkways crossing over 
excavations from 6 feet or higher require guardrails, as well.   Personal fall arrest 
systems, safety nets, or warning line systems may be necessary depending on the nature 
of the work taking place.   
 
Water Accumulation – Certain amounts of water can cause soils to become unstable and 
make an excavation become very hazardous.  Water can undermine the sides of an 
excavation, causing extra stress on protection systems and negatively affect means of 
egress.  Water removal equipment should be used to control and prevent excessive water 
accumulation.  Diversion ditches, dikes, and other means of controlling the amount of 
water in the excavation may be utilized.  A competent person should inspect these 
methods and evaluate these potential hazards, especially after heavy rains.   
 
 
Protection of Excavations 
 
Interlocking Sheet Piling 
 
Commonly used for excavation protection from seepage or construction below the water 
table, interlocking sheet piling may be used for temporary or permanent installation.  
They are ideal in their resistance to lateral and bending forces, but also have a fair 
amount of axial strength that can reduce the load on interior columns by distributing 
forces to the perimeter and maximize space in the building.  Sheet piles are also optimal 
for projects with strict plot limits because they do not occupy much space on the building 
perimeter.  Sheet pile wall thicknesses can range from 3/8” to 3/4”. 
 
They are becoming increasingly popular as permanent walls for underground parking 
structures because of their impervious protection and quick installation, and they 
eliminate the need to build an entirely separate wall.   Often times groundwater, 
excavation, and shoring issues in the design of underground structures drive up the costs 
of such foundations, but by utilizing sheet piles in the structural design, underground 
parking structures become more economical to build.  This approach to underground 
parking has been more popular in Europe for the last 20 years and is often a regular 
preference over other alternatives methods of design.   
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Designs that incorporate permanent use of interlocking sheet piles allow for more ease 
and speed of construction since they require less manpower and resources than other 
alternatives.  The driving and/or extraction of sheet piling can be troublesome in dense, 
rocky soils, but in most cases only a vibrohammer is sufficient for installation.  Although 
the use of interlocking sheet piles still require bracing and dewatering, it generally does 
not require waterproofing or reinforcing like cast-in-place concrete structures would 
need.   
 
Safety Application: 
 
Risks and hazards associated with this type of excavation support mainly include its 
proper and sufficient installation and the equipment being used to drive the sheet piles 
into the ground.  Proper and accurate alignment of each sheet pile section is critical, 
otherwise           Since the amount of labor and materials is reduced compared to other 
methods, a more open, cleaner work area is guaranteed with fewer factors present to 
potentially cause safety hazards that more cluttered work sites would have.   
 
The use of “man cages” to carry workers to elevations necessary to interlock each pile 
poses a major risk in the installation process.  Typically the man cage is lifted by a crane 
and placed into position at the top of the sheet pile hooked by bent metal bars.  The 
worker in the cage can then guide piles into position as they are placed.  Adequately 
securing the cage to the top of the sheet pile can be dangerous and is a major concern.  
Man cages are also commonly overloaded causing failure and can also leave a worker 
exposed to hazards while raising and lowering the cage.   Weather can quickly cause 
further complications with this operation, as well, especially when sheet piles are being 
hoisted and placed into position.    
 
Other common alternatives to the man cage that offer safer means of installation for 
workers include the use of elevated platforms, walkway walings and trestles, and sheet 
pile threaders, which mechanically assist in interlocking and securing each sheet pile as it 
is lifted into position.   
 
Vibratory hammers usually used to drive the sheet piles into the ground are relatively safe 
pieces of equipment that can be operated by one person.  It is critical to inspect the 
equipment in detail on a daily basis, including the condition of the sheet piles being 
installed.  Also, the ground surrounding the area where installing the pile can become 
unstable while operating the vibratory hammer, so sufficient precautions concerning 
adjacent ongoing work is critical.   
 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 25"

Solider Pile & Lagging 
 
An economical and adaptive method of supporting excavations is the use of steel solider 
piles and timber sheeting as shown above.  This support requires the driving of steel wide 
flange, concrete, or wood piles vertically into the ground around the perimeter of the 
excavation and then placing wooden planks horizontally in between each of the piles.  
These wood planks are spaced so as to mitigate the buildup of water pressure in the soil 
and thus resist the tendency to slide out.  Piles may be drilled if pile driving cannot be 
used, which takes longer to install but is just as effective in supporting the soils.   
 
Safety Application: 
 
Occasionally the buildup of pressure behind the lagging can become too great, causing a 
blowout to occur in which the soils violently break through into the excavation.  This can 
obviously be a serious risk and cause major damage to equipment and be fatal to workers 
in the excavation.  Therefore it is critical that this type of support system is designed and 
inspected appropriately for the soils being supported.   
 
If excessive groundwater exists, seepage into the excavation may occur through the 
lagging causing hazardous conditions.  Since the lagging is designed to relieve 
hydrostatic pressure by controlled seepage, if the soils do not contain free-draining 
materials such as clays then a build-up of hydrostatic pressure may still occur and cause 
the lagging to fail.   
 
Pile driving equipment should be inspected in detail on a daily basis before use, as well 
as the piles being installed.  When operating the pile driver mounted on a crane, a signal 
person should be in full view of the work area.  Eye-protection and hearing protection are 
highly recommended when in the vicinity of the operating equipment.   Piles can be 

Photo!by!Balfour!Beatty!Construction!
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subjected to buckling and bending, making them difficult to handle while being stored 
and placed.  The rigging for such handling is critical to doing this safely and should be 
inspected by competent persons.  Workers should not be in the near vicinity of the 
hammer during operation unless it is secured by the leads. 
 
Caisson Drilling  
 
Many buildings often utilize caissons in its foundation designs, which are similar to cast-
in-place piles but have a much larger diameter with heavy reinforcing steel.  They are 
designed to carry loads from the bottom of a building down to suitable load bearing soils 
that can up to 200 feet below the surface.   
 
Drilled caissons are the most common type of caissons used for today’s building 
foundations.  This work involves the use of a drill rig to drill into the ground at the 
appropriate location and to the necessary depth needed to reach the load bearing soils, 
usually bedrock.  As the hole progresses deeper and deeper, steel casings are placed in 
the hole to avoid it from collapsing on itself.  As the drill rig excavates soil from the hole 
with an auger and suction buckets, it displaces the soils away from the hole, which are 
then completely removed by loaders.   
 

Once the hole has been excavated to the 
appropriate radius and depth, the cage of 
reinforcing steel is picked by a crane from the 
staging area and placed into the hole.  Once the 
concrete pour begins, the casings supporting 
the edges of the hole are removed as the 
concrete level rises.  It is common to use 
bentonite slurry walls with or in place of the 
casings depending on the depths of the 
caissons.  In this case, the slurry would be 
pumped out of the hole and into a storage tank 
as the concrete displaces the volume inside the 
caisson. 
 
Safety Application: 
 
Caisson drilling can become very hazardous 
depending on the site size and the number of 
drill rigs being operated at one time.   Like 
most other equipment, the drill rigs should be 
inspected on a daily basis and sufficiently be 

maintained, especially the augers and attachments being used for the excavation.  Spoil 
piles from the holes being drilled need to be kept at a manageable level so as not to 
interfere with the support of the hole or other ongoing operations.   
 

Photo!by!Russell!Voigt!
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One hazard in particular to workers on the ground involves the vicinity of the swing 
radius for the drill rig because as the drill rigs removes spoils from the hole, it swings 
around to dispose of these spoils in a separate pile to be removed from the site.  All sides 
of the drill rig pose a hazard to workers on the ground as this rotation occurs, as collisions 
with both the auger and the back end of the rig can occur.  For this reason, it is important 
to carefully and clearly mark off these areas to keep inattentive people from wondering 
into this area as the drill rig is being operated.   
 
The most hazardous aspect of caisson drilling operations is the risk of workers on the 
ground falling into the hole being drilled.  Fall protection is highly critical for anyone 
assisting the drill rig operator in inspecting the hole as it is being drilled.  This includes 
the use of portable guardrail systems sufficiently placed into the ground, or if the casing 
supporting the excavation is left protruding up to a certain height as required by OSHA, 
this can serve as adequate fall protection as well.  In this case, the casing should be 
measured constantly as the hole is drilled, as settlement can occur causing the casing to 
fall down to a level that does not adequately protect the hole.  In other cases, the use of 
personal fall arrest systems are necessary and should be anchored and secured as required 
by OSHA.  These can be very useful and safe while the excavation is left unprotected for 
a short amount of time, such as when casings or rebar cages are being placed or while the 
concrete is being placed. 
 
Holes should never be left unattended without being adequately marked and protected.  
Falling into the hole at any point during these operations is by far the most hazardous and 
common danger associated with caisson drilling.   
 
Benching & Sloping 
 
When the excavation area is located at a project site with few to little adjacent buildings 
or obstructions, benching or sloping the edges of the excavation can be ideal depending 
on the soil type.  Benching and sloping involve excavating to the appropriate depth of the 
area required plus the necessary area around the perimeter required to bring the 
excavation back up to grade level, which can be sloped in a straight line or stepped in a 
way that tends to the guidelines of the soils being extracted.   
 
Different soils require shallower or steeper maximum allowable slopes and step ratios 
because they can be more or less stable.  Generally, the flatter the slope the safer the 
excavation will be.  This is the most critical aspect of this method for excavation that can 
make a very safe environment or a very dangerous one that is highly prone to cave-ins.  
Accurately identifying the soil and judging its condition along with other potential factors 
such as weather are highly important to determining the appropriate dimensions for the 
sloping or stepping of the excavation edges.  This should always be determined by a 
competent person with accurate information at hand.  For excavations deeper than 20 
feet, it must be determined by a registered professional engineer.   
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Access and egress can widely vary depending on the dimensions of the excavation, but 
general practices and methods previously discussed can easily apply in the 
sloping/stepping approach.  
 

Safety Application 
 
Specific to this method of excavation, risks mainly involve falls into the excavation and 
cave-ins.  To avoid workers from falls into the excavation, the perimeter of the excavated 
area needs to be adequately marked with fall protection incorporated where found 
appropriate by the competent persons.   
 
Cave-ins can be avoided by choosing the slope/step angle on the safer side of what the 
soil type indicates and what conditions allow.  Weather, vibration, and pressure from 
nearby equipment are capable of causing failures quickly or slowly.  Signs of failure may 
appear before failure occurs, which may 
include cracks, bulges, or clumps of soil 
falling away from the excavated edge.   
 
 
Trenching 
 
Trenching can seem like a minor priority 
compared to the primary excavation of 
the building excavation, but it can be just 
as hazardous and requires just as much 
attention to safety.   By definition, a 
trench is deeper than it is wide, and no 
more than 15 feet wide at the bottom.  
They are commonly required for the 
installation of underground utilities and 
infrastructure.   
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Fall protection at the top of the trench requires the same safety measures as does a large 
excavation, and may be supported by sloping or stepping, as well.  Unique to trenching is 
the use of trench boxes or shields to support the edges of a trench.  Protection for trenches 
20 feet or deeper, protection must be designed or approved by a registered professional 
engineer in order to ensure that it is sufficient for the soil types and dimensions being 
supported.   If the trench box is approved and used appropriately, it is a very safe means 
of protection with only the common risks of excavations being major concerns.   
Trenches 5 feet deep or greater require a protective system like this unless the excavation 
consists entirely of stable rock.   
 
 
Other Support Systems 
 
Other systems highly involved in excavations that can introduce more risk on the jobsite 
include shoring, underpinning, tiebacks, and bracing.  These are all very common and 
useful methods of support that require strict involvement with registered professional 
engineers and competent persons.   
 
When determining how these methods are utilized, it is vital to consider adjacent hazards 
in the vicinity of these systems that they can impact.   
 
Installing and loading such systems according to details specified by the approved design 
is critical to the safety of their uses.   Common and hazardous errors usually occur by 
overloading the systems or incompletely securing members.  
 
 
Prevention Through Design Applied  
 
As explained in detail in Technical Report #3, prevention through design can be focused 
around permanent use of a building, such as maintenance demands and operations, or it 
can be focused around the building process, on which this particular analysis is based.   
 
In applying prevention through design techniques to the excavation phase of a building, 
the type and dimensions of the foundation system carry the most potential for making a 
positive impact on the safety of its construction.  While most other opportunities to make 
the excavation as safe as possible are in the hands of the contractors, this critical aspect is 
the responsibility of the professional engineers designing the foundation, including the 
structural engineers and the geotechnical engineers.   
 
A common problem with this role in prevention in design is that designers and engineers 
are not contractually obligated to use the absolute safest options and details in their work, 
leaving the majority of the risks associated with their design in the hands of the 
contractors.   Traditional delivery methods like design-bid-build do not allow for designer 
and contractors to consult with one another to select the safest, most effective designs, so 
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design-build jobs where the contractors are more involved in the designs of the building 
have more opportunity to utilize prevention through design. 
 
Contractors commonly have the freedom to choose the means, methods, and safety 
precautions that they will utilize on a project as allowed by the specifications.  Therefore, 
contractors must prioritize the cost and the time associated with what they choose to 
utilize, and safety considerations are commonly overlooked in making such decisions.   
The most critical aspect safety aspect based on this research is the support/protective 
system chosen as appropriate for the soils and the adjacent areas of activity. 
 
 
Tips for Design Engineers: 
 
•Specify safe means & methods that are most appropriate for the work required; do not 
write specifications that are generally applied to any type of work 
 
•Be aware of critical dimensions or regulations that can easily be implemented into a 
design that will be safer and/or easier to execute on-site; for example, underground piping 
can be located less than 5’ below the surface to avoid the need to have a more difficult 
protection system 
 
•Design foundations to be as consistent and uniform as possible, as varying depths or 
features can be more hazardous 
 
•Accurately locate underground utilities 
 
•Adequately investigate ground conditions and provide accurate geotechnical report 
 
•Work with contractors to select the most appropriate methods of excavation support and 
protection 
 
•Utilize permanent use of excavation support, specifically interlocking sheet piling 
 
•Be conservative in benching & sloping requirements for soils; assume soils to be in their 
weakest condition 
 
•Keep trenches as shallow as design constraints will allow 
 
 
Tips for Contractors: 

•Preplan the organization of the excavation operation in detail; initial planning will not 
only allow for a safer environment, but will also cut down on mistakes that can prolong 
the schedule and/or hurt the project budget  
 
•Maintain strict attention to all OSHA regulations and guidelines 
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•Designate responsibility for full-time inspection and supervision of the ongoing 
excavation 
 
•Consult design engineers and inquire about safety in their intentions 
 
•Maintain strong communication with design engineers during the excavation to pinpoint 
spontaneous changes that could be hazardous 
 
•When specifications allow, choose the means or methods best suited for the conditions 
and hazards of the jobsite, not the cheapest or easiest 
 
•Take extra precautions for congested excavations where different operations may be 
hazardous to each other  
 
•Plan excavation and disposal of soils in a way that sufficiently controls spoils without 
making the spoil pile(s) hazardous to other jobsite operations   
 
•Choose necessary fall protection for specific areas of the excavation based on the its 
dimensions and fall potential  
 
•Devote regular attention to the weather forecast so as to adequately prepare for 
dangerous conditions, specifically water accumulation in the excavation  
 
•Choose safety precautions based on excavation support systems being used and be 
proactive in reducing the risks associated with that specific system  
 
•Hold every worker responsible for strictly following rules and regulations; do not 
tolerate “cutting corners”  
 
 
Recommendation & Conclusion 
 
Prevention through design allows for opportunities to make for a safer work environment 
primarily during construction while the excavation is taking place.  The most critical 
safety aspects deal with the means and methods chosen by contractors to perform the 
designed work, and that they are properly executed as intended.  This particularly 
involves the management of the soils and earthwork, that they are sufficiently controlled 
and supported with groundwater management systems to maintain safe conditions.   
 
The single most proactive action that can prevent the most accidents is the overall 
planning of the entire operation that demands effective communication between the 
contractors performing the work and the engineers accurately measuring risks associated 
with that work.  For this reason, it is highly recommended that a project intending to 
utilize prevention through design techniques should be delivered via design-build, in 
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which the contractors and engineers are involved in the designs together and are 
contractually obligated to cooperate at the highest level.    
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Analysis #2: Foundation System Study 
 
Introduction 
 
This analysis investigates details on a decision made in the design phase of the actual 
Louis at the 14th project in which the entire foundation system concept was changed from 
a mat slab system to a combination of of spread footings and capped micropiles.  This 
change restricted the underground parking garage deeper into the southern portion of the 
building footprint only, leaving the northern portion of the building at grade level.   
 
A basic structural breadth is performed to determine the size of the mat slab that would 
have been utilized had this design change never occurred.  The impact to the schedule 
and budget of this proposed mat slab system is analyzed and compared to the actual 
results from the spread footing and micropile system, as well as its constructability in 
coordinating with other aspects of the project. 
 
 
Geotechnical Report Overview 
 
The final geotechnical report was presented to design engineers on January 6, 2011 with 
services performed on October 5, 2010 and the notice to proceed for construction being 
March 13, 2012.  Its contents included the results of field investigation, soil laboratory 
testing, and engineering analysis of the data. 
 
The existing site conditions consist of several buildings up to three stories in height as 
well as pavements areas.  The pavement areas include up t three inches of asphalt and up 
to six inches of gravel beneath.  It was understood that adjacent historical buildings 
would be retained and may require underpinning.   
 
With the proposed building to have six stories at its southern half of the site and nine 
stories at the northern half, both were originally intended to each have two levels of 
below-grade parking.   
 
Lowest Floor Level: EL 76.5 
Maximum Unfactored Wall Load: 10 kips per foot 
Maximum Unfactored Column Load: 800 kips  
 
The field investigation included five test borings using hollow stem augers in the 
proposed building footprint as shown below.  Subsurface materials encountered were 
assigned to five different strata that include existing fill, terrace deposits, and residual 
laurel formations.  These soils encountered were classified as mainly clays and sands. 
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The project site is located in the Piedmont Physiographic Province, which mainly 
consists of highly weathered metamorphic and igneous bedrock.  The geological history 
of each stratum encountered are believed to have been a result of previous site 
development, terrace deposits, residual materials derived from physical and chemical 
weathering of underlying bedrock, and a combination of other geological theories.  
 
The groundwater conditions encountered are as follows: 

 
 
Borehole Locations (North is the right of the page): 
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It should be noted that these measurements may vary, as fluctuations due to seasonal 
changes, construction activity, weather, and others factors are likely to have an impact.   
A temporary ground water observation standpipe was installed in boring B-4 to allow for 
observations and test boring log information.   
 
Temporary dewatering during all excavations was highly recommended, which includes a 
strong system of sumps and pumps in the excavation with deep well points around the 
perimeter in an attempt to lower the water table of the area.   
 
Permanent subdrainage was also a critical recommendation that consists of perimeter and 
underfloor subdrainage.  
 
 
Recommended Foundation Type 
 
Based on this geotechnical report, the original recommendation for the building 
foundation was to utilize a mat slab as loose and soft soils extend up to ten feet below the 
proposed lowest floor.    
 
Technical design recommendations for the mat slab foundation included: 
 
Maximum contact pressure: 2,000 psf 
Modulus of subgrade reaction ks=100 pci for 1 SF plate  
Hydrostatic uplift pressures not required with permanent underfloor subdrainage 
3-4” concrete work mat recommended on freshly excavated subgrade 
 
Mat slabs tend to be overdesigned because of the additional cost and uncertainty of 
analysis, it is not expensive to overdesign the system relative to the total project cost, and 
the extra safety margins are modest in expenses. 
 
As-built Foundation Type 
 
Although the original geotechnical report recommended a mat slab system supporting 
two levels of parking throughout the entirety of the building footprint, changes were 
made to this design following a cost analysis comparing the system to a series of spread 
footings and micropiles.   
 
The soil supporting what would have been the lowest, second level of underground 
parking was determined to be very weak and would have required a 4-5’ thick mat slab 
foundation; however, if the parking garage was taken one level deeper to much stronger 
soils, the foundation could be adequately supported by spread footings. 
 
There were also minor concerns at the northern end of the building footprint where 
existing historic structures would have to be underpinned without knowing much about 
their condition or how they could be safely supported.  
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As a result of this cost analysis performed, the foundation was redesigned and built by 
making three levels of underground parking limited to the southern half of the footprint 
only, maintaining the same number of parking spaces and leaving the northern foundation 
left to support only a ground level floor.  This design change designated spread footings 
to the supporting structure of the southern half of the building and capped micropiles 14” 
in diameter supporting the northern half of the building.   
 
 
Differential Settlement Potential 
 
Since the foundation design 
chosen for construction 
involves two different 
foundation systems 
supporting the same building, 
this introduces a greater risk 
of differential settlement, 
which is when a part of a 
building foundation settles 
differently than its 
counterparts.   This can 
ultimately result in bending 
and deflection of the structure 
causing major problems to 
the entire building.    
 
With micropiles supporting 
the northern half of the 
building and spread footings 
supporting the other, there is a 
decent chance that one of these 
systems will settle differently 
than the other and potentially cause damage to the building.   A likely area of potential 
damage is the joint where the slabs of each foundation meet, as pictured in the section 
below.  The original mat slab foundation supporting the entire building as one system 
poses less of a risk with this type of issue because it would act as one structural system 
with more equal settlement occurring throughout its area. 
 
 
Proposed Mat Slab Design 
 
A mat slab is essentially made up of spread footings large enough that they are connected 
with one another, forming one entire slab that supporting all of the column and wall 
loads.  They are commonly used to combat soils with low bearing capacity.  They can 
become more economical than spread footings when spread footings occupy over half of 
the building footprint and less labor would be required to install one large mat slab. 

This!is!a!section!portraying!the!joint!connecting!the!northern!
slabTonTgrade!with!the!southern!elevated!slab!of!the!parking!
garage!where!complications!may!occur!due!to!differential!
settlement.!
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This mat slab design is intended to abide by the results of the geotechnical report more 
closely and reveal any critical aspects about the mat slab approach through further 
analysis that may prove it to be more beneficial to the project than the actual two-part 
foundation used for the building.  
 
 
Structural Breadth 
 
Slab Area = 44,175 ft 
Perimeter = 900 LF 
 
ϕ = 0.9!for!flexure!!!!!ϕ = 0.75!for!shear 
 
Maximum soil contact pressure = 2,000 psf 
 
Total load at top of footing for all columns = 56,000 kips    

(20,770 kips northern footprint 
  35,230 kips southern footprint) 

              
 
!"!#$!!"#$%&'!!"!"
!"#$%#&'!!"#! !≤ !"#$!!"#$%&'!!"#"!$%& 

 
!",!!!!!"#$
!!,!"#!!" !×!1,000

!"#
!"# = !1,268!!"#! ≤ 2,000 psf     

 
Largest Columns Loads: southern footprint = 1,100 kips, 18x24, column #46   

       
         northern footprint = 810 kips, 16x24, column #107 
 
Calculate Q: 
 
P = 1,100 kips     PD = 500 kips     PL = 600 kips 
 
Pu = 1.2 PD + 1.6 PL = 1560 kips 
 
Q = !!

! = !
!,!"#
!"# != 5.77!!"#   !!→!!!!5.77 ksf x 1,000 lbs/kip x (1’/12”)2 = 40.12 psi 

 
Calculate Vc: 
 
Vc = !4√!!! 
  
Vc = 0.75(4) 4,000 = 190!!"#                                      (4,000 psi concrete to be used) 
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To calculate the size of the mat slab, column #46 is used to evaluate punching shear with 
a tributary area of 20’ x 13.5’ that represent the largest column and the largest bay of the 
structure.   
 
Calculate d: 
 
d2 (Vc + !!) + d (Vc + !!)w = !! !(!" −!

!) 
 
Vc = 190 psi      q = 40.12 psi      W = 24”       B = 162” or 13.5’      L = 246” or 20’ 6” 
 
d2 (190 + !".!"! ) + d (190 + !".!"! )w = !".!"! !(162!×!246− 24!) 
 
d = 33.5” 
 
Calculate h: 
 
h = d + 3 + db/2  
 
h = 36.875 →  40” 
 
d with clearance adjustment:  d = 40 – 3 – 0.375 = 36.625” 
 
Calculate !: 
 
! = !!!"#$%&!!"#$%

! = ! !".!!!!  = 9.25’ 
 
 
Calculate !!!!!"#$%!#!!!"#$!@!!""!!"#$%&': 
 

ϕM! = !ϕ!!(60!!"#)(! − !
!
2!) 

 

ϕM! = !0.75!! 60!!"# ! − !1.96!!2 !  
 

ϕM! = 98.8!ft ∙ ! 
 
Calculate Mu (maximum moment):   
 
M! = !!×!!/!!

! = ! !.!!!×!!.!"/!!!  = 246.9 ft∙ ! 
 
!!
!! = !

!"#.!
!(!".!"#) = 1.679!!"!       → !"#!#9!!"#$!!!"#$ 

 
ϕM! → 310.86!ft ∙ !!! > 247!!ft ∙ !!! 
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a = 1.96(2) = 3.92” 
 
C = !.!"!.!" = 4.611" 
 
! = ! !.!!"!.!"" 36.5− 4.611 = !0.0207 !"!" !> !0.005!           for ϕ = 0.9 
 
 
Final Result:  36” thick mat slab;  4,000 psi concrete w/ #9 rebar @ 6” o.c.  
 
 
Construction Schedule Impact 
 
Foundation work on the actual project was scheduled between August 8 and September 
26, 2012 for a total of 35 workdays.  This work primarily included the installation of 
footings, strap beams, foundation walls, columns, and the slab on grade.  The auger 
pressure grouted piles were scheduled between May 31 and September 25, a total of 90 
workdays with one drill rig. 
 
The following information by RS Means is used to analyze production for the installation 
of the proposed mat slab system: 
 

 
 
In order to keep the mat slab option more realistic and fairly competitive with the actual 
schedule of 35 workdays, the number of crews was adjusted.  Productivity would be 
slightly slower than portrayed for #9 rebar, which is heavier than the #7 rebar used in this 
estimation.   
 
According to this information, the mat slab installation is much faster with a total of 
about 50 workdays, while the system actually used was technically 125 workdays.  This 
difference is largely due to the drilling of the micropiles occupying 90 workdays with one 
drill rig.  Assuming two drill rigs would have allowed for twice the production, this 
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would put the original operation at a total of 80 workdays, which is still longer than the 
complete mat slab installation. 
 
It is arguable as to whether the mat slab installation would have been completed this 
much faster than the micropile/spread footing system because coordinating such 
operations are completely different, allowing for different opportunities for acceleration 
that may or may not have been utilized.  Overall, this mat slab system installation is 
surely a competitive option regarding the project schedule.  
 
 
Budget Impact 
 
As previously mentioned, the primary reason behind the decision to replace the originally 
recommended mat slab system with the spread footing/micropile combination was the 
likely higher cost of the mat slab.   
 
Mat slabs generally use extra materials to compensate for the work that would otherwise 
be required to form and place individual spread footings and piers.  They also require 
intense quality control and attention to detail while the mat slab is being placed since they 
are usually very thick and monolithically poured.   
 

 
 
With a total estimate of about $2 million, the mat slab system most appropriate for this 
building is most likely much more expensive than the actual system used.  The actual 
foundation utilizing micropiles and piers was a total cost of about $750,000, the deep 
southern portion accounting for 40% of this cost and the micropile system at grade for the 
other 60%. 
 
 
Constructability Concerns 
 
The primary challenge in managing a successful installation of this mat slab system is 
maintaining a continuous workflow and effective mobilization on and around the entire 
construction site during the operation.  
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Requiring about 500 truckloads of concrete, there would be very heavy traffic throughout 
the site requiring careful access and egress planning and execution.  This need creates 
other constraints regarding the public, more specifically the heavier public traffic on 14th 
Street during peak works hours.  For this reason, the pour would need to be scheduled in 
accordance with this constraint during either off hours or an off day, depending on local 
laws and regulations. 
 
The planning and organization of staffing as well as types and quantities of equipment to 
be used on site is also very critical to this workflow, as major complications can occur if 
not enough workers are available or there is not a sufficient supply of back-up parts or 
standby equipment.  The selection of equipment can affect this organization depending 
on their constraints, such as the use of pump stations, their location, and their reach 
versus the use of conveyors to reach more difficult areas like the northwest corner. 
 
Another major constraint relating to the scheduling of this operation relates to the time of 
year in which this massive concrete pour would be occurring…August.  Large amounts 
of concrete create a lot of heat that can create complications during this time of year that 
require extra measures to be taken such as the use of retarders, ice, or other means of heat 
and hydration stabilizing admixtures in the concrete mixes.  Such measures should be 
planned in accordance with the weather forecast and adjusted as necessary in addition to 
routine quality control while taking place.  
 
 
Recommendation & Conclusion 
 
The reasoning behind the incorporation of either the proposed mat slab system or the 
concrete pier and micropile system is highly dependent on the priorities of the owner 
regarding time, cost, and quality.  According to the results of this analysis, it is clear the 
mat slab system is much more expensive than its alternate option chosen for construction; 
however, the risk involving the possibility of differential settlement with the differing 
northern and southern foundation types can arguably favor the mat slab system in regards 
to ensuring the quality of the building structure.  These critical aspects resulting from 
each foundation design outweigh the subtle scheduling differences of each system.   
Therefore, the mat slab system is not recommended on this particular project if the 
budget were to be the top priority, but it is recommended in the best interest of preserving 
the quality of the building.  
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Analysis #3: Site Specific Safety Plan 
 
Introduction 
 
The proposed safety plan is specific to the Louis at the 14th excavation for the foundation 
redesign described in Analysis #2.  The alternate mat foundation proposed requires a 
different approach to its excavation than that used on the actual project, and it takes 
careful consideration in utilizing prevention through design techniques as researched in 
Analysis #1.  By taking the entirety of the work site down to the same level instead of 
having two separate elevations of work areas, this design already puts the safety of the 
jobsite at an advantage. 
 
The intention of this safety plan is to provide the safest work environment possible 
relative to the excavation work.  Routine off-site practices, common documentation, 
orientation programs and similar safety efforts are not included if they are not unique to 
this site excavation.   
 
 
Excavation Support 
 
The actual excavation of Louis at the 14th utilized a drilled solider pile and wooden 
lagging system supporting the entirety of the southern half of the building foundation, 
which reached a depth 32 feet below the original site elevation.  A total of about 900 
linear feet required this protection around its perimeter.  The northern end of the 
foundation did not require any type of protection or support because it was designed to be 
at grade.   
 
As part of this analysis in accordance with the foundation redesign described in Analysis 
#2, interlocking sheet piling is utilized instead of the soldier pile and lagging system in an 
effort to provide a safer environment and possibly other benefits to be discussed, as well.   
 
According to the research of Analysis #1, interlocking sheet piling can be advantageous 
over solider pile and lagging systems for several reasons.  The most critical reason for 
choosing this method of support is that interlocking sheet piling is designed to withstand 
hydrostatic pressure and to be watertight.   It was recommended in the geotechnical 
report that the free-draining soldier pile and lagging system be used, but with the 
hindsight knowledge that excessive seepage occurred on the actual excavation, the use of 
a watertight support system may mitigate the complications caused by the risky 
groundwater conditions.  The fat clays throughout much of the soil also do not drain as 
freely as other soils and are more capable of contributing to hydrostatic pressures that can 
cause a hazardous blowout. 
 
Not only are interlocking sheet piles likely safer in this environment, but they also 
provide the opportunity to serve as permanent structural components of the foundation 
system, maximizing the space around the perimeter of the parking garage.  This would 
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replace the concrete foundation walls and the extra work that they would require after 
already installing another support system.  By using permanent structurally designed 
sheet piling, it is likely that the construction schedule can be accelerated in this approach.  
Like the solider pile and lagging, interlocking sheet piles would need to be anchored by 
means of tie-backs or tie rods because the maximum height of a cantilevered, unanchored 
sheet pile system is about 15 feet depending on conditions.  Anchored sheet piles can 
safely support depths up to about 35 feet, so this type of system would easily and safely 
support this particular excavation at a depth of about 22 feet.  

 
Sheet pile system with helical tie-backs. Image by EBS 
Geostructural, Inc. 

The design of the permanent sheet pile system with tiebacks would require further 
structural design work by professional engineers.  Calculations based on an average 
equivalent fluid pressure of about 1320 psf, additional soil types and their pressures, and 
appropriate surcharge loads within a forty-five degree angle of the sheet piling system in 
order to select the most appropriate type and gauge of piling as well as the tie back 
system to be installed.   
 
 

           
Image by J Steel Australasia 
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The sheet piling would most likely be designed utilizing Z sheets, shown above, which 
are ideal for higher walls that require greater bending strength.  
 
The safest design of the sheet pile and tie back system would require structural condition 
surveys for all existing structures within 1.5 to 2 times the depth of the excavation, or 33 
to 44 feet.  This area would include all adjacent buildings with the exception of 14th 
Street.   
 
The cost, however, would be higher than the solider pile and lagging system.  A basic 
calculation using R.S. Means was calculated below, which does not include extra costs 
for high strength sheet piles or the tiebacks that would be needed.  The cost of the tieback 
system would be very similar to that used with the soldier pile and lagging system used 
on the actual project.  The total estimated cost of a basic sheet pile system is $565,290.  
The actual project budget used $1,525,000, which included the excavation support system 
and deep foundation work.  Therefore, it is safe to assume that a fully engineering sheet 
pile system to support the excavation and replace the foundation walls would exceed this 
budget. 
 
Although the permanent sheet piling system is more expensive upfront, it does eliminate 
the need to install cast-in-place foundation walls if designed appropriately, which would 
save significant costs on material and require fewer activities in the construction 
schedule.  More importantly, it would mean fewer ongoing activities on the jobsite and 
open up extra space that would allow for a safer work environment.   
 

 
 
 
Dewatering System 
 
The dewatering system, permanent and temporary, is a critical aspect of the safety plan 
because if the groundwater is not adequately managed, it can create hazardous 
environments in many different aspects, especially with ongoing excavation operations.  
It can create potential long-term problems with the finished building structure, as well. 
 
The permanent sub drainage system used on the actual Louis at the 14th project site 
entailed 7 dewatering wells, 6 around the perimeter of the underground parking structure 
and 1 in the center of the parking structure.  Each of these wells is 60 feet deep and 30 
inches in diameter with 1 horsepower submersible pumps at the bottom of each well.  No 
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wells were used in the northern footprint area where the lowest floor level is at grade.  
The wells pump groundwater through a series of 4 inch diameter tubing to a sump pit and 
grit chamber for outlet.  It is assumed that this well system is adequate for the permanent 
building structure, and therefore a similar system shall be used in this analysis with a 
different layout of well locations to accommodate the larger excavation area.  
 
Throughout the excavation phase, complications involving excessive groundwater 
seepage occurred on multiple occasions, possibly indicating the need for stronger 
temporary dewatering pumps.  Geotechnical report details provide a limited amount of 
information on these elements and essentially leave the responsibility in the hands of the 
contractor to adequately evaluate and verify groundwater conditions as the excavation 
proceeds. 
 
Although this is very challenging to predict and with the benefit of hindsight, extra 
temporary sump pits and pumps are to be used in order to ensure the safest conditions.  
This excavation is 10 feet shallower than the original design used and is also about 
43,500 square feet of space, while the original was only about 15,000 square feet.  
Although only one permanent sump pit was installed in the original design, due to these 
differences, one sump pit will be utilized at both the northern half and the southern half 
of the building footprint to account for the extra area of excavation.  
 
As for the dewatering well locations, the larger dimensions of the proposed excavation 
shall require more wells to be installed but at shallower depths.  There will be 4 
additional wells installed to account for the northern excavation, making a total of 11 
dewatering wells to be installed.  After professionally designed, these wells would likely 
be 40-50 feet deep instead of 60 feet, and would likely have the same diameter as the 
originally used wells. 
 
A monitoring program is to be developed, as well, which will record the effect of the 
dewatering operations on the adjacent buildings to ensure that dewatering-induced 
settlements will be minimized.  If the findings of the program reveal such settlements or 
effects, the dewatering systems will need to be modified immediately, or additional 
underpinning of adjacent structures may be necessary.  The weather forecasts and 
expected amounts of precipitation should be taken into serious account as the system is 
modified, as well. 
 
Please see Appendix E for dewatering plans. 
 
 
Public Safety 
 
Safety to the public is another primary concern in addition to the safety of those working 
on site, especially since this project site is located in a congested area with highly active 
public areas bordering the entire property.  The public safety plan in accordance with this 
foundation redesign is highly similar to that used on the actual Louis at the 14th project. 
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As portrayed on the site plans in Appendix E, the north and south side of the building 
footprint are tightly pinned against adjacent occupied buildings, most of which are only 
one story high with the exception of a nine-story building in the northwest corner of the 
site.  The T Street Post Office building was underpinned using bracket piles on the actual 
project, which would need a similar modifications for the excavation of this redesign.   
 

 
An example of underpinning by bracket piles 
utilized for the adjacent post office building 
to the south in the actual construction and 
will likely be needed for the nine-story 
building in the adjacent northwest corner for 
the proposed redesign.   Photo by 
moretrench.com 

 
 
 
 
 
 
 

 
Since the northwest footprint was originally designed to have the lowest floor level at 
grade, this redesign being two stories deeper will likely introduce the need for 
underpinning the adjacent nine-story building.  This matter would need to be verified by 
professional engineers and acted on as appropriate. 
 
On the actual project, concerns were raised regarding pile driving and the disturbance it 
would cause to these neighboring building occupants.  As a result, all pile-type 
installations were required to be drilled to minimize this potential disturbance.  This 
constraint shall apply to this analysis and its construction operations, also.  The vibratory 
hammers to be used in the installation of the sheet piling system are not as disruptive to 
adjacent properties as pile driving since they focus vibrations vertically with little 
horizontal vibrations, but they may be a slight step further in causing inconveniences than 
drilling. 
 
14th Street borders the east side of the property is the main means of access and egress to 
the project site, with a public alley to the west available for limited use, as well.  Only a 
small portion of the public alley may be occupied for a short time because there are 
residential garages in the two-story brick building that need to be accessible to the 
residents at all times.   
 
The utilization of 14th Street and abiding by public rules and regulations had proven to 
require careful attention to detail in coordinating with ongoing construction operations.  
In order to provide adequate space for truck deliveries along this street, the same steps are 
to be taken as those used for the actual project.  This involves the closing of the existing 
sidewalk and several parking meter spaces, leaving the bike lane between these spaces 
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and active traffic open.  This curb lane closure may only occur during the hours of 
9:30am to 3:30pm and therefore must be coordinated with deliveries and other operations 
requiring this extra space.   
 

 
Above is a view of the actual project from 14th Street portraying the obstruction onto the public sidewalk 
requiring signage and protection as appropriate for the ongoing construction.  (picture by Russell Voigt) 

Sidewalk protection for pedestrian traffic along 14th Street shall be provided, as the 
ongoing work deems appropriate.  For example, it will likely require the highest level of 
protection with overhead coverage during operations occurring at the southeast footprint 
and while the historic façade preservation work is active, but once the intensity and 
nature of the work taking place in this area allows for it, the sidewalk protection may be 
removed or mitigated.  
 
Signage and flagging will be a critical aspect of the entire site, as well, but especially on 
14th street where the majority of public exposure and site access/egress will occur.  It is 
important that the contractor provides appropriate flagging operations during work hours 
and adequate signage that portray potential hazards and dangers in and around the jobsite.   
 
 
Workflow  
 
The excavation operations are to proceed from south to north, beginning with two critical 
areas that may require additional adjustments or modifications.  These areas include the T 
Street post office one-story building, which will require underpinning as previously 
mentioned, as well as the historic façade preservation.  Appropriately protecting these 
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two areas as soon is possible will ensure that the work is sufficiently completed and 
provide a safety cushion before the ongoing work becomes too busy to adequately 
manage these areas.   
 
Two ramps were used during the actual excavation of the southern three-story parking 
garage, one installed from grade level to one story below grade and the other down to the 
lowest parking garage level three stories below grade. 
 
With the entire footprint being excavated at the same level, this allows for more 
flexibility in option with access and egress that can be very beneficial in removing spoils.  
Therefore, three different ramps will be utilized as the excavation proceeds from south to 
north.  As portrayed in the workflow plan in Appendix E, two ramps are to be installed 
on opposite ends of the footprint along 14th Street that shall be the main means of access 
and egress for spoil removal.  Flagmen shall be stationed at each of the gates in front of 
the 14th Street ramps to avoid interference and disruptions by vehicle and pedestrian 
traffic. 
 
An additional ramp will be utilized on the west side of the excavation allowing for the 
use of the public alley as needed.   
 
 
Potential Hazards & Common Pitfalls 
 
•Excessive deflection or shifting of the sheet pile system causing failure or the need to 
reinstall the section 
 
•Displacing stockpile materials haphazardly while installing the sheet pile system, adding 
excessive surcharge loads on the support system before it is installed 
 
•Inadequate temporary dewatering systems can result in standing water or unstable soil 
conditions 
 
•Site congestion with dump trucks removing soils with likely interference or delays from 
14th Street traffic  
 
•Debris falling or equipment operating in the vicinity of the adjacent properties, 
especially the diverted sidewalk 
 
•Poor quality control on the permanent dewatering system can lead to costly 
complications later in the project or after occupancy 
 
-Poor quality control on the installation of the sheet pile system or the condition and care 
of the soils recommended for installation can lead to immediate failure or the system or 
excessive settlement causing damage 
 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 49"

•Inadequate communication between professional engineers and the contractors may 
affect any and all of the discussed topics, which can create a small inconvenience or an 
extremely hazardous situation  
 
 
Recommendation & Conclusion  
 
Stringent quality control should be maintained on a daily basis, especially for the 
monitoring of soils and groundwater conditions.  Once installed, the sheet pile system 
should be monitored for vertical and horizontal movements, and the geotechnical 
engineer should then review results on a regular basis.  Any type of protective system 
should be inspected by a competent person on a daily basis, also. 
 
Adjacent properties and the impact of the construction on them should be a regular 
priority not only for the sake of safety, but to avoid getting the jobsite shutdown from 
complaints or violations.   
 
Contractors involved in the excavation work should be involved in design decisions and 
strategies as early as possible, regardless of the project delivery system.  The design-build 
approach is highly recommended in fully utilizing prevention through design techniques 
and taking every appropriate safety measure as possible.  Contractors understand and 
recognize the potential hazards in a design more easily than a professional engineer and 
should be encouraged to provide their input in designs or means and methods whenever 
possible.   
 
Overall, predetermined planning and organization is key to executing this safety plan in a 
way that is most efficient to complete the job and provides a safe environment to those on 
site and in the public.  
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Analysis #4: Geothermal Loop System 
 
Introduction  
 
The existing mechanical design of Louis at the 14th is a water-to-air system that serves 
the entirety of the building, including ground floor retail spaces and residential units 
above.  Since the water source heat pumps are provided by the retail tenants, this allows 
an opportunity for the tenant to request the installation of ground source heat pumps to 
save on energy costs in the future.   
 
Complimenting the design used to build Louis at the 14th with the northern footprint built 
at grade, ground source heat pumps can possibly be installed with wells located 
underneath this portion of the building, fully utilizing the entirety of the building 
footprint.  The well locations would coordinate with the locations of the micropiles, and 
the wells will also be convenient to drill since the micropiles being drilled would use 
similar, if not the same equipment.   
 
The feasibility of this concept is analyzed regarding building loads, energy costs, project 
budget, and project schedule to determine if this would be a favorable option for the 
ground floor retail tenants to request.  
 
Mechanical Breadth 
 
The ground floor retail space relies on a water-to-air system separate from the rest of the 
building, which contains 14 water source heat pumps with two 5 SF direct outdoor air 
intake louvers and two 5 SF relief/exhaust louvers.  These 14 water source heat pumps 
are designed to accommodate about 13,020 SF of floor space for a total of 93 nominal 
tons of heating and cooling capacity as specified in Appendix F.   

 
Vertical closed-loop geothermal system. Image by Gipe Associates, Inc. 
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The well field to be located in the northern portion of the building footprint faces major 
constraints regarding the area available to install the walls.  The adjacent building 
structures and micropile foundation system leave very little flexibility to locate the 
geothermal wells.   
 
It is arguable as to whether or not this area allows for enough ground space to place the 
wells far enough apart such that the soil conductivity is not interfered with.  A general 
rule of thumb is to allow for 300 SF of well field area per ton of heating and cooling.  
With a 93 ton load, this rule would require at least 27,900 SF when only about 17,000 SF 
is available in the northern footprint area.   
 
Another possible constraint to the effectiveness of this ground source heat pump is the 
spacing of the wells because each well depends on the thermal conductivity of the soil 
around it by a certain radius determined by thermal conductivity testing.  This area is 
typically a diameter of 15 to 20 feet, both of which have been assessed in the site plans 
located in Appendix F.  The 15ft diameter spacing was chosen for this analysis because 
the 20ft spacing was proven to require too much area for the number of wells needed 
unless they were drilled unreasonably deep.   Therefore, depending on constructability 
and coordination with foundation structure and utilities, about 52 wells can fit into the 
footprint area with 15ft spacing.   
 
It was determined that by using a 11 4” U-tube pipe and 10% propylene (antifreeze), 
150ft of bore length per ton can be achieved with a ground temperature of 57℉.  
Therefore, 46 boreholes at a depth of 300ft and 1 borehole at 150ft would prove sufficient 
for the 93 ton load of the ground floor retail space.   
 
As for the water source heat pumps specified in Appendix F, they can remain exactly the 
same design but instead of being connected to the boiler and cooling towers, they are to 
be connected to the well system.  By totaling the required flow rates of these heat pumps 
for hydronic heating and cooling, the flow rate through the U-tube of the geothermal 
system is determined and the well field pump size can also be determined.  This total of 
296 gallons per minute calculated with a head loss of 1 gpm per 100ft of pipe would 
require a total flow rate of about 436 gpm to adequately feed this series of heat pumps. 
 
Lastly, by adding the geothermal loops, these 14 water source heat pumps lessen the 
loading on the boilers and cooling tower, allowing them to be significantly downsized.  
The ground floor retail was designed with dedicated boilers, each with a 712.5 MBH 
output capacity, along with its own 155-ton capacity cooling tower.  With this ground-
coupled heat pump system, only one boiler of 244 MBH heating capacity would be 
needed with a 63-ton cooling tower, both of which are specified in Appendix F. 
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Construction Schedule Impact 
 
This ground source heat pump system shall obviously require extra additional time in the 
critical path schedule of the project during the excavation phase.  A major advantage, 
however, is that the auger pressure grouted micropiles being drilled and installed in the 
northern footprint will require the same types of equipment that these geothermal wells 
demand, saving mobilization time and further utilizing the use of the equipment already 
being paid for.   
 
One geothermal well typically takes 1-2 days for complete installation.  1.5 wells per drill 
rig per day for complete installation is used for this analysis.  With two drill rigs being 
used, this schedule shall complete all 47 wells in about 35 workdays.  
 
The drilling of the auger pressure grouted piles on the actual project was scheduled in a 
window of almost 4 months from May 31 to September 25.  The installation of strap 
beams and foundation walls follow this activity on the critical path, which will now 
follow the completion of the geothermal wells, also.  By adding the drilling of the 
geothermal wells to this portion of the project schedule, it will delay these successors by 
35 workdays along with the final project completion.   
 
It is likely that this delay will be at a maximum because by installing the ground source 
heat pumps on the ground floor to these geothermal wells, less work will be required in 
this original schedule since these heat pumps were originally scheduled and intended to 
be installed in accordance with the larger cooling tower and boiler system.  Therefore the 
ultimate impact of the geothermal system installation to the original project schedule is 
slightly lesser than described.   
 
 
Budget Impact 
 
The final cost of this system may vary depending on sources and different rules of thumb 
commonly used for project estimation.   
 
The following expenses are according to David Hoffman guide to commercial 
geothermal system fundamentals: 
 

Initial Cost: $23-$45/SF → $299,460-$585,900 
Energy Costs (annual): $0.80-$1.10/SF → $10,416-$14,322 
Maintenance Costs (annual): $0.10/SF → $1,302 

 
The United State Department of Energy estimates full installation of the geothermal 
system to be approximately $1,500-$3,000/ton of nominal capacity, which would amount 
to between $139,500 and $279,000 for this particular system.  The amount of cooling 
energy will be reduced by 30-50%, while heating energy will see a reduction of 20-40% 
when compared to more traditional systems.  Based on these guidelines, the payback 
period of this geothermal loop system is 4 to 5 years. 
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It should be noted that these cost estimations do include the actual heat pumps in these 
approximations.  Since the actual water source heat pumps will not be changed for this 
proposed design, they are excluded from the next estimation to determine how much 
additional budget would be required compared to the actual design used.  
 
R.S. Means Green Building Cost Data provides detailed cost information for a 50-ton 
geothermal heat pump system, which was adjusted to better represent this particular 
system as follows: 
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R.S. Means also specifies pricing for the boilers and cooling tower of the original design 
and are compared to the resized equipment: 
 

 
 
Based on these observations, the proposed geothermal well system will initially cost 
about $100,000 more than the original system design, but it will save about $50,000 in 
resizing the boilers and cooling tower.  Therefore the ultimate additional budget needed 
for this geothermal system is about $50,000. 
 
 
Constructability Concerns 
 
The construction procedure required for the installation of this geothermal well system 
involves site plan development, well drilling, loop insertion, grouting, the excavation of 
trenches followed by header installation, and the flushing of the lines with charging of 
antifreeze.  Throughout this process, there are a few key concerns and potential 
complications that should be addressed. 
 
Regarding materials, quality products that can withstand harsh conditions are essential in 
preventing any complications that would require excavating to the geothermal loop to 
make such repairs.  For example, instead of threaded plastic pipe connections, thermal 
fusion welding should be specified that are able to endure much wider temperature ranges 
without damage or leaks.  
 
Since the sizing of each element of the geothermal loop is critical to the design and 
performance of the system, it is vital that the contractor adheres to design specifications 
and do not use alternative materials or methods without being approved by the engineer.  
Because there was a trend of uncertainty in the soil conditions of the actual project, it is 
advised that the design engineer be involved on site in order to determine more accurate 
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heat transfer properties of the soil that can impact the design and performance of the 
system.   
 
While sealing and grouting the vertical loops, quality control is critical because failure to 
completely grout voids can cause a loss of natural artesian pressure, aquifer 
contamination, or commingling of water from different aquifers that can become a threat 
to public health.  The void space between the piping and the borehole should be grouted 
in a continuous manner from bottom to top using appropriate grout placement operations.  
Additional grout will likely be required after a few hours of settlement occur.   
 
One single party should be designated responsibility for the installation of the entire 
geothermal loop system in order to ensure that installation, startup, and proper operation 
of the system are sufficiently completed.  Plumbers, well drillers, and HVAC contractors 
are involved in addition to all other contractors performing other work on site with whom 
coordination would take place.   
 
The most critical aspect of the proposed geothermal loop system is the location of the 
well field being located beneath the foundation and directly adjacent to the micropiles.  
This arrangement would require a structural analysis by a professional engineer to ensure 
that the vertical loops will not interfere with the performance of this foundation system.  
On the other hand, if this arrangement were to be approved by a professional engineer, 
the thermal conductivity of the soils would still be affected by the interference of the 
micropiles located throughout the well field, which is already a tight squeeze to begin 
with.   
 
On the other hand, there is current industry research investigating the feasibility and 
effectiveness of structurally encasing geothermal piping inside micropile and caisson 
foundation systems, which would drastically cut down on additional drilling time needed 
and mitigate congestion on the construction site.  Such an application could be more 
appropriate for this particular building and prove to be successful.  
 
Lastly, depending on local health department permitting ordinances, the location of these 
geothermal wells can be in violation of minimum horizontal separation from other 
existing elements such as drinking wells, public water supply wells, on-site wastewater 
systems, sewer lines, and property boundaries. 
 
 
Recommendation & Conclusion 
 
Based on this analysis, installing a ground coupled heat pump system for the ground floor 
retail would greatly benefit the tenant’s energy bills if the project budget and schedule 
could endure the additional work.  Unfortunately, the constructability issues that are 
likely to arise in the full design and installation process would cause complications and 
put the effectiveness of the system in jeopardy.  The location of the wells in coordination 
with the foundation, soil conductivity, and other existing constraints is the most 
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challenging aspect of this analysis that may or may not allow for the successful 
installation and operation of this system.   
If the current research were to find that encased geothermal loops in such foundation 
systems are, indeed, effective and advantageous, then this proposition would then be 
recommended.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 57"

Final Conclusion  
 
Many different perspectives and elements of the Louis at the 14th project have been 
considered and investigated throughout the fall and spring semesters as reported.  These 
specific analysis topics collectively focused on the foundation system of the building and 
exploiting the building footprint in the most efficient, effective, and safest manner 
possible.  All ideas and suggestions surfacing from these analyses are investigative in 
nature and should not be considered errors made by the actual project team. 
 
The findings of the analyses have proven to show potential benefits in alternative 
approaches suggested, but also have identified additional risks and challenges associated 
with them, as well.   
 
The prevention through design research conducted concerning building foundations and 
excavations revealed itself to be more difficult in pinpointing specific risks and hazards 
that can be avoided by design when compared to other finishing elements of a building.  
While the foundation design has minimal flexibility in adjusting for safety without large 
expenses, the contractor holds the majority of responsibility in the safest means and 
methods being chosen for its installation.   
 
Since engineers and contractors each have differing but valuable expertise, it is critical 
that each party actively communicates throughout the duration of the job.  For this 
reason, the design-build delivery system is highly recommended for implementing such 
prevention through design efforts.  
 
Although the mat slab foundation was the initial system of choice as preferred by the 
geotechnical report, its analysis has proven to match the expectations held by the actual 
project team in that it would have been much more expensive than the alternative 
combination system chosen for installation.  On the other hand, the risk of differential 
settlement over time is a legitimate concern and may or may not cause future 
complications.   
 
The geothermal loop system offers a practical energy alternative for ground floor tenants 
and fully exploits the building footprint in combination with the northern micropile 
foundation system.  The constructability concerns, however, make such a system 
arguably too challenging to proceed with such risks and would be best left to the 
judgment of a full professional engineering investigation.  The pending research on 
encasing geothermal loops within such foundation systems could be an appropriate 
solution to these constraints and should be seriously considered for future analyses. 
 
Overall, this report highlights the critical impacts on a building project that a foundation 
system and its counterparts are capable of making.  Such elements can thus be adjusted, 
changed, or enhanced in ways that greatly influence the schedule, budget, quality, safety, 
and overall success of a construction project. 
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Appendix A – Design & Construction 
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Constructability Concerns: Supporting Sketches 
 

 

 
^common window detail with adjacent masonry & metal panels 
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^embed plates installed on historic facade 
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^window receptor installation detail 
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^historic façade support plan 
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Appendix B – Project Cost Evaluation 
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      Actual Cost: $2,966,400 
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Actual Cost: $3,739,000 
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Actual Cost: $4,365,000 
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                                              Actual Cost: $4,242,000 
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Actual Cost:  $7,090,000 
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Typical Bay (column lines D-E & 3-4): 

 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 74#

 
 
 

 
 
 
 

 
 
 
 
 



! ! Louis&at&the&14th,!Washington,!D.C.!

Russell!Voigt!!|!!Senior!Thesis!Final!Report!!!!!!!! 75#

Mat Slab Redesign: 
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Appendix C – Project Schedule Details 
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Appendix D – Analysis #2: 
Foundation Details 
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Appendix F – Analysis #3:  
Detailed Safety Plans 
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Actual Excavation Support Plan: 
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Appendix F – Analysis #4:  
Geothermal Details 
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Ground Source Heat Pump schematic as proposed: 
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Recold, the pioneer of Dri-Fan forced draft evaporative coolers, now applies this principal to the cooling of process water. With the 

fan in the supply air stream, away from the high humidity air leaving the tower, the fan shaft and bearing are assured longer life.

SYSTEM

The process water enters the spray tree at the top of the unit, 
is sprayed down onto the heat exchanger surface or “fill”, giving 
up heat to the counterflowing air before returning to the system 
from the sump pan. Moist air does not enter the fan assembly, 
resulting in longer life and fewer service problems. 

HYDROSPRAY NOZZLES

Hydrospray nozzles are made of non-ferrous material, sized and 
spaced for optimum wetting of fill. The even distribution of spray 
across the fill material is extremely important in evaporative 
equipment.

ACCESSIBILITY

Recold cooling towers are designed for maximum accessibility 
for inspection and cleaning. Recold patented access doors 
on both sides of the unit provide ample access to the spray 
nozzles, fill, eliminators, bleeds and sump pan for service and 
maintenance. Recold access doors provide a complete air and 
water tight seal without gaskets or fasteners, and are “quick 
opening.”

CONSTRUCTION

Recold cooling towers are constructed of 300 series stainless 
steel (basin, fill supports and access doors) and heavy gauge 
hot dipped G-235 galvanized steel per ASTM A-525.

BLOWERS

A single, slow-speed forward curve blower is used for optimum 
efficiency and minimum noise. Each blower is balanced to 
eliminate unit vibration on Recold’s high precision electronic 
balancing equipment. Large blowers are made from galvanized 
steel and subject to careful quality control throughout. Fan 
shafts are coated to prevent corrosion. The blower drives are 
selected at 150% of rated brake horsepower.

Bearings are self-aligning, ball-bearing type, with external 
lubricating fittings and selected for 2000,000 hour average 
bearing life. Rugged, OSHA approved, belt guard and screen are 
provided for protection. Motor is mounted on an adjustable base.

INTEGRATED ASSEMBLY

Recold cooling towers are completely assembled at the factory 
and shipped as a unit.

FILL

High efficiency is accomplished by using a PVC fill design 
that provides the maximum amount of wetted surface within 
allowable airside pressure drop. Fill is conveniently sized for 
easy removal. The cooling tower fill shall be high efficiency, 
self-extinguishing PVC, a minimum of 40 mils thick. It shall have 
a flame spread rating of 25 per ASTM standard E-84 and be 
impervious to rot, decay, fungus or biological attack.

DRIFT ELIMINATORS

Eliminators are constructed of PVC assembled in removable, 
easy to handle sections. A three-pass design allows three 
changes in air flow resulting in decreased drift rates. The use of 
durable PVC eliminates the corrosion problems associated with 
galvanized eliminators.

TESTING

All Recold cooling towers are tested under the close supervision 
of the Quality Control Department before being released for 
shipment. Fans are run and spray systems operated to assure 
quiet, balanced operation without leaks, water carryover or 
vibration. Nozzles are checked for proper distribution.

Use this data for preliminary layouts only. Obtain current 

drawing from your Marley/Recold sales representative.

The UPDATE web-based selection software — available 

at spxcooling.com — provides JT Series model 

recommendations based on customer's specific design 

requirements.
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A

B
R

C

K

H

D

J

12" 2" DRAIN AND
OVERFLOW 

EXTERNAL
FLOAT BOX

SPRAY HEADER
CLEANOUT

12"
MAKEUP

INLET

OUTLET

ELIMINATOR
ACCESS

ACCESS
DOOR

2" LIFTING
HOLE (4)

7/8" MOUNTING
HOLE (6)

MODEL
DIMENSIONS 

inches

ACCESS DOORS
SUMP 
gallons 
note 4

FAR SIDE NEAR SIDE

A B C note 2 D H J K R TOP BOTTOM TOP BOTTOM
JT1830 80 76 31 84 — 6 53 611⁄4 1 1 — — 43
JT2140 96 76 37 102 — 6 65 61 1 1 — — 64
JT2550 - JT2565 1153⁄4 77 451⁄4 124 511⁄4 6 763⁄4 65 1 1 1 1 95
JT3175 - JT3185 1391⁄2 801⁄4 551⁄2 144 51 6 92 67 1 1 1 1 163
JT31100 1391⁄2 801⁄4 551⁄2 144 51 6 92 67 1 1 1 1 163
JT37110 - JT37130 1721⁄4 921⁄2 667⁄8 1801⁄4 713⁄4 6 115 71 2 1 2 1 248
JT37140 1721⁄4 921⁄2 667⁄8 1801⁄4 713⁄4 6 115 71 2 1 2 1 248
JT40160 - JT40180 1841⁄4 981⁄2 931⁄4 192 841⁄2 8 115 78 2 1 2 1 note 1 374
JT40215 - JT40240 208 981⁄2 933⁄8 217 961⁄2 8 1391⁄4 78 2 1 2 1 note 1 454
JT40265 208 981⁄2 933⁄8 217 961⁄2 8 1391⁄4 78 2 1 2 1 note 1 454
JT49290 - JT49310 221 1181⁄2 1001⁄2 225 80 10 1391⁄2 102 2 2 2 2 note 1 748
JT49340 - JT49360 2451⁄2 1181⁄2 1001⁄2 248 104 10 1641⁄2 102 2 2 2 2 note 1 880
JT49390 - JT49415 268 1181⁄2 1001⁄2 273 128 10 188 102 2 2 2 2 note 1 1012

Note

1   An additional bottom access door is installed on inlet 
connection end.

2   Overall width of unit at base rail is C plus 1".

3   Maximum overall height at blower (fan) section is 118".

4.   Water level at top of overflow stand pipe

5   Discharge duct flange is C minus 3" and K minus 3".

Model                  JT 1830 2140 2550 2565 3175 3185 31100 37100 37130 37140 40160 40180 40215 40240 40265 49290 49310 49340 49360 49390 49415

Nominal Tons† 26 36 47 57 73 83 92 113 130 142 164 178 195 212 232 264 280 300 325 340 364

Supply FPT 1⁄2 1⁄2 1⁄2 1⁄2 3⁄4 3⁄4 3⁄4 1 1 1 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4 11⁄4

Drain FPT 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5 5 5 5 5

Inlet MPT 21⁄2 3 3 4 4 4 (2) 3 (2) 4 (2) 4 (2) 4 (2) 4 (2) 4 (2) 4 (2) 4 (2) 4 (2) 5 (2) 5 (2) 5 (2) 6 (2) 6 (2) 6

Outlet MPT 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8

Fan Diamter 18 21 25 25 31 31 31 37 37 37 40 40 40 40 40 49 49 49 49 49 49

Fan RPM 625 600 430 500 350 400 462 360 410 445 385 415 385 415 430 243 267 246 271 253 278

Fan CFM 5880 8060 10800 13300 15700 17100 20200 24000 27300 29700 39100 42500 45100 47200 50300 55500 61000 64500 71000 74200 84500

Motor hp* (0"=1⁄4" SP) 2 3 3 5 5 7.5 10 10 15 20 20 25 20 25 30 25 30 30 40 40 50

Motor Frame 145T 182T 184T 184T 213T 215T 215T 254T 254T 256T 284T 256T 284T 286T 284T 284T 286T 286T 324T 324T 326T

Shipping Weight lb 853 1142 1597 1616 2504 2528 2557 3906 3943 3988 5133 5194 5579 5675 5709 7886 7916 8486 8624 8978 9028

Operating Weight lb** 1210 1675 2390 2410 3870 3900 3915 5980 6010 6060 8250 8310 9365 9460 9500 14120 14150 15820 16000 17410 17460

* For static pressure from 1⁄4" to 1⁄2" ESP, use next size larger motor. 
** At normal operating water level in cold water basin. 
Note: All piping connections are for standard GPM. Consult Recold for other 

flow rates.

† Nominal tons are based upon 95°F HW, 85°F CW, 78°F WB and 3 GPM/ton. 
The UPDATE web-based selection software provides JT model recommendations 
based on specific design requirements.
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CAPACITY CONTROLS

Dual Fan Motors—The dual fan motor package is available as 
a proven energy saving capacity control option. It consists of 
furnishing a high efficiency motor, a 1200 RPM, low speed 
motor, two sets of drives and belts, extended fan shaft and 
motor bases on opposite sides of the blower. A UL control-
starter panel is available as a completely wired package for one 
point connection.

Variable Speed Drive—A Variable Speed Drive automatically 
minimize the tower’s noise level during periods of reduced load 
and/or reduced ambient temperature without sacrificing the 
system’s ability to maintain a constant cold water temperature. 
This is a relatively inexpensive solution, and can pay for itself 
quickly in reduced energy costs.

Electric Damper Controls—An electric damper control package 
is available as an accessory for modulating the internal damper 
system. A proportional solid state actuator is factory mounted 
below the fan scroll and attached to the damper shaft by 
connecting linkage. A sensing bulb connected to the actuator by 
a capillary tube is normally mounted in the unit pan water basin 
for monitoring the system. However, when specified, a pressure 
control may be supplied for field mounting to allow direct 
head pressure control. An end switch located inside the motor 
actuator may be adjusted to cycle the fan motor on for pressure 
rise and off when dampers close.

CASING INSULATION

In order to further reduce the heat loss from the unit coil, 
factory installed insulation on exterior coil panels is available. A 
protective coat of paint is applied to the insulation for protection 
from the weather elements.

CONTROL – STARTER PANEL

Contains the fan motor starter, disconnect switch, thermostat 
sensing the cold water temperature to control the fan motor 
and control transformer when required by the supply power 
characteristics. All components are contained in a NEMA 12 
enclosure with UL label and mounted on the unit. Fan motor 
and controls are factory wired to the panel to provide single 
point connection for users power supply.

Panels for dual fan-motor arrangement include elapsed time 
meters for both motors to aid in determining energy savings. 
NEMA 3R and 4 enclosures are also available.

VIBRATION ISOLATORS

Spring type vibration isolator rails may be supplied for field 
installation—some units will require base frame structural 
support. 

ELECTRONIC WATER LEVEL CONTROL

The electronic water level control package provides a constant 
and accurate means of monitoring water level in the unit. For 
this reason, it is often recommended for those installations 
which require year round operation in low ambient conditions.

The complete package includes an electric float switch with 
stilling chamber which is factory installed in the pan section of 
the unit. An electric solenoid valve for water make-up is shipped 
loose for remote installation. All wiring must be provided in the 
field by others. 

PAN HEATER

The use of a remote sump tank located indoors is a common 
form of pan water freeze protection for evaporative cooling 
equipment. However, for those installations which will not allow 
this type of system, freeze protection may be provided by 
electric immersion heaters or steam or hot water coils installed 
in the pan.

The electric heater package consists of immersion heaters 
installed in the pan to provide efficient even heat distribution. 
Standard heaters are selected to provide approximately 
40°F pan water at -10°F ambient temperature. A low water 
cutout switch is supplied to prevent heater operation when 
the elements are not completely submerged. The heaters are 
monitored by a sump thermostat with remote sensing bulb 
located in the pan water. All heaters and controls are factory 
installed for field wiring by others.

NOTE: Pan heater packages are designed to prevent pan 
water freezing during unit shutdown with fans and pump idle.
STAINLESS STEEL CONSTRUCTION

In addition to the standard stainless steel basin, fill supports and 
access doors, 300 stainless steel construction is offered as an 
option for upper casing panels.
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